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IMPORTANT NOTICE 

LOGIC DEVICES INCORPORATED (LDI) reserves the right to make 
changes to or to discontinue any semiconductor product or service 
identified in this publication without notice. LDI advises its customers 
to obtain the latest version of the relevant information to verify, before 
placing orders, that the information being relied upon is current. 

LDI warrants performance of its semiconductor products to current 
specifications in accordance with LDl's standard warranty. Testing and 
other quality control techniques are utilized to the extent that LDI deems 
necessary to support this warranty. Unless mandated by government 
requirements, specific testing of all parameters of each device is not 
necessarily performed. 

LDI assumes no liability for LDI applications assistance, customer 
product design, software performance, or infringement of patents or 
services described herein. Nor does LDI warrant or represent that any 
license, either expressed or implied, is granted under any patent right, 
copyright, mask work right, or other intellectual property right of LDI 
covering or relating to any combination, machine, or process in which 
such semiconductor products or services might be or are used. 

LOGIC DEVICES INCORPORATED products are not intended for use 
in life support applications, devices or systems. Use of a LOGIC 
Devices product in such application without the prior written consent of 
the appropriate LOGIC Devices officer is prohibited. 

Copyright© 1997, LOGIC Devices Incorporated 
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TO CONSTRUCT AV AUD PART NUMBER: 

In order to construct a valid LOGIC Devices part number, begin with the generic number obtained from the data sheet • 
header. To this number, append two or three characters from the tables below indicating the desired package code, 
temperature range, and screening. Finally, append one or two digits indicating the performance grade desired. Most 
devices are offered in several speed grades with the part number suffix indicating a critical path delay in nanoseconds. 

FOR MORE INFORMATION ON AVAILABLE PART NUMBERS: 

All products are not offered with all combinations of package styles, temperature ranges, and screening. The Ordering 
Information table on the last page of each data sheet indicates explicitly all valid combinations of package, temperature, 
screening, and performance codes for a given product. 

L 7C108 C M 8 20 L 
(1) (2) (3) (4) (5) (6) (7) 

Package Codes 

Suffix Description 

C, I* CerDIP 

D,H* Sidebraze, Hermetic DIP 

F Flatpack 

G Ceramic Pin Grid Array 

J Plastic J-Lead Chip Carrier 

K, T* Ceramic Leadless Chip Carrier 

M CerFlat 

P, N* Plastic DIP 

Q Plastic Quad Flatpack 

s Plastic SSOP 

w Plastic SOJ (J-Lead) 

y Ceramic SOJ (J-Lead) 

*Some devices are available in packages of 
two widths. For devices available in a single 
width, C, D, K, and P are used. 

Temperature Range 

Suffix Description 

c Commercial 
0°c to +70°C 

I Industrial 
-40°C to +85°C 

M Military 
-55°C to +125°C 

Key: 
(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 

Prefix, LOGIC Devices Inc. 
Device number 
Package code 
Temperature range 
Screening 
Performance/speed grade 
Low power designation 

Screening 

Suffix Description 

No 
Designator Commercial Flow 

B MIL-STD-883 
Class B Compliant 

============================================== Ordering Information 
1·3 
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a:=_:==:.::~=_= 12/16-bit Half-Band Interpolating/ 
DEv1cEs 1NcoRPoRATED Decimating Digital Filter 

..__F_E_A_TU_R_E_S ____ _..I I DESCRIPTION 

0 40 MHz Clock Rate 
0 Passband (0 to 0.22/ 5) 

Ripple: ±0.02 dB 

0 Stop band (0.28/ 5 to 0.5/ 5) 
Rejection: S9.4 dB 

0 User-Selectable 2:1 Decimation or 
1:2 Interpolation 

0 12-bit Two's Complement Input 
and 16-bit Output with User
Selectable Rounding to 9 through 
16 Bits 

0 User-Selectable Two's Complement 
or Inverted Offset Binary Output 
Formats 

0 Three-State Outputs 
0 Replaces TRW /Raytheon TMC2242 
0 Package Styles Available: 

• 44-pin Plastic LCC, J-Lead 
• 44-pin Plastic Quad Flatpack 

LF2242 BLOCK DIAGRAM 

CLK ----- TO ALL REGISTERS 

The LF2242 is a linear-phase, half
band (low pass) interpolating/ 
decimating digital filter that, unlike 
intricate analog filters, requires no 
tuning. The LF2242 can also signifi
cantly reduce the complexity of 
traditional analog anti-aliasing pre
filters without compromising the 
signal bandwidth or attenuation. 
This can be achieved by using the 
LF2242 as a decimating post-filter 
with an A/D converter and by 
sampling the signal at twice the rate 
needed. Likewise, by using the 
LF2242 as an interpolating pre-filter 
with a DI A converter, the corre
sponding analog reconstruction post
filter circuitry can be simplified. 

The coefficients of the LF2242 are 
fixed, and the only user program
ming required is the selection of the 
mode (interpolate, decimate, or pass
through) and rounding. The asyn
chronous three-state output enable 
control simplifies interfacing to a bus. 

Data can be input into the LF2242 at a 
rate of up to 40 million samples per 
second. Within the 40 MHz I/O 
limit, the output sample rate can be 
one-half, equal to, or two times the 

INT DEC SYNC 

2-3 

input sample rate. Once data is 
clocked in, the SS-value output 
response begins after 7 clock cycles Ill 
and ends after 61 clock cycles. The 
pipeline latency from the input of an 
impulse response to its correspond-
ing output peak is 34 clock cycles. 

The output data may be in either 
two's complement format or inverted 
offset binary format. To avoid 
truncation errors, the output data is 
always internally rounded before it is 
latched into the output register. 
Rounding is user-selectable, and the 
output data can be rounded from 16 
bit values down to 9 bit values. 

DC gain of the LF2242 is 1.00lS 
(0.0126 dB) in pass-through and 
decimate modes and O.S007 (-3.004 
dB) in interpolate mode. Passband 
ripple does not exceed ±0.02 dB from 
0 to 0.22/5 with stopband attenuation 
greater than 59.4 dB from 0.28/5 to 
0.5/5 (Nyquist frequency). The 
response of the filter is -6 dB at 
0.2Sf 5. Full compliance with CCIR 
Recommendation 601 (-12 dB at 
0.2S/5) can be achieved by cascading 
two devices serially. 

DECIMATION 
CIRCUIT 
~ ~S01s-o 

01 /16/97-LDS.2242-E 
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FIGURE 1. FREQUENCY RESPONSE OF FILTER 
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FREQUENCY (NORMALIZED) 

SIGNAL DEFINITIONS Inputs 

Power 
SI11--0 - Data Input 

12-bit two's complement data input 

Controls 

INT - Interpolation Control 

When INT is LOW and DEC is HIGH 
(Table 1), the device internally forces 
every other incoming data sample to 
zero. This effectively halves the input 
data rate and the output amplitude. 

DEC - Decimation Control 

When DEC is LOW and INT is HIGH 
(Table 1), the output register is strobed 
on every other rising edge of CLK 
(driven at half the clock rate), decimat
ing the output data stream. 

TABLE 1. Mooe SELECTION 

INT DEC MODE 

0 0 Pass-through* 

0 1 Interpolate 

1 0 Decimate 

1 1 Pass-through* 

port. Data is latched into the register on *Input and output registers run at full 
+5 V power supply. All pins must be the rising edge of CLK. The LSB is Slo clock rate 
connected. (Figure 2). 

Vee and GND 

Clock 

CLK - Master Clock 

The rising edge of CLK strobes all reg
isters. All timing specifications are ref
erenced to the rising edge of CLK. 

SYNC - Synchronization Control 

Incoming data is synchronized by hold
ing SYNC HIGH on CLKN, and then by 
bringing SYNC LOW on CLKN+1 with 
the first word of input data. SYNC is 
held LOW until resynchronization is 
desired, or it can be toggled at half the 
clock rate. For interpolation (INT = 
LOW), input data should be presented 
at the first rising edge of CLK for which 
SYNC is LOW and then at every alter
nate rising edge of CLK thereafter. 
SYNC is inactive if DEC and INT are 
equal (pass-through mode). 

Outputs 

5015-0 Data Output 

The current 16-bit result is available on 
the S01s-o outputs. The LF2242' s lim
iter ensures that a valid full-scale (7FFF 
positive or 8000 negative) output will 
be generated in the event of an internal 
overflow. The LSB is SOo (Figure 2). 
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LF2242 

DEVICES INCORPORATED 12/16-bit Half-Band Interpolating/ 
Decimating Digital Filter 

FIGURE 2. INPUT AND OUTPUT FORMATS 

Two's Complement Input Format 

I 11 10 s a i+ 3 2 1 o I 
-20 2-1 2-2 2-3 2-s 2-9 2-10 2-11 
(Sign) 

Two's Complement Output Format {TCO = 1, Non-interpolate) 

I 15 14 13 12 i+ 3 2 1 o I 
-2° 2-1 2-2 2-3 
(Sign) 

Two's Complement Output Format (TCO = 1, Interpolate) 

I 15 14 13 12 i+ 3 2 1 o I 
-21 20 2-1 2-2 
(Sign) 

Inverted Offset Binary Output Format (TCO = 0, Non-interpolate) 

I 15 14 13 12 it 3 2 o I 
~~242-3 ~2~3~4~5 

(Sign) 

Inverted Offset Binary Output Format {TCO = 0, Interpolate) 

I 15 14 13 12 it 3 2 o I 
~ ~ ~24 ~1~2~3~4 

(Sign) 

TABLE 2. ROUNDING FORMAT 

RND2-0 S01s S014 S013 S012 ... sos S01 sos 

000 x x x x ... x x x 
001 x x x x ... x x x 
010 x x x x ... x x x 
011 x x x x ... x x x 
100 x x x x ... x x x 
101 x x x x ... x x x 
110 x x x x ... x x R 

111 x x x x ... x R 0 

'R' indicates the half-LSB rounded bit (effective LSB position) 

2-5 

sos 

x 
x 
x 
x 
x 
R 

0 

0 

RND2-o - Rounding Control 

The rounding control inputs set the 
position of the effective LSB of the out
put data by adding a rounding bit to the 
internal bit position that is one below 
that specified by RND2-o. All bits below 
the effective LSB position are subse-

11 quently zeroed (Table 2). 

TCO - Two's Complement Format 
Control 

The TCO input determines the format 
of the output data. When TCO is 
HIGH, the output data is presented in 
two's complement format. When TCO 
is LOW, the data is in inverted offset 
binary format (all output bits are in
verted except the MSB - the MSB is 
unchanged). 

OE - Output Enable 

When the OE signal is LOW, the current 
data in the output register is available 
on the 5015-0 pins. When OE is HIGH, 
the outputs are in a high-impedance 
state. 

S04 S03 S02 S01 SOo 

x x x x R 

x x x R 0 

x x R 0 0 

x R 0 0 0 

R 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 
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DEVICES INCORPORATED 12/16-bit Half-Band Interpolating/ 

Decimating Digital Filter 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature . .. . .. .. .. . .. .. . . . . . .. . .. .. . . ... .. . . .. . .. . . . . . . . . . . .. . . . . .. . .. .. ... .. . . . . . . . . . . ... . . .. . . . . . . .. . .. . . . .. . . ... -65°C to + 150°C 

Operating ambient temperature........................................................................................... -55°C to+ 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ............................................................................... -0.5 V to Vee + 0.5 V 

Signal applied to high impedance output ...................................................................... -0.5 V to Vee + 0.5 V 

Output current into low outputs............................................................................................................. 25 mA 

Latch up current ............................................................................................................................... > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Temperature Range (Ambient) 

0°C to +70°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee= Min., IOH = -2.0 mA 

VOL Output Low Voltage Vee = Min., IOL = 4.0 mA 

\nH Input High Voltage 

\nL Input Low Voltage (Note3) 

llX Input Current Ground ~VIN ~Vee (Note 12) 

loz Output Leakage Current (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note 7) 

CIN Input Capacitance TA= 25°C, f = 1 MHz 

COUT Output Capacitance TA= 25°C, f = 1 MHz 

Supply Voltage 
4.75 v ~Vee~ 5.25 v 

Min Typ 

2.4 

2.0 

0.0 

Max 

0.4 

Vee 

0.8 

±10 

±40 

140 

10 

10 

10 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

pF 

pF 
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DEVICES INCORPORATED 

I SWITCHING CHARACTERISTICS 

LF2242 

12/16-bit Half-Band Interpolating/ 
Decimating Digital Filter 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

LF2242-
33 25 

Symbol Parameter Min Max Min Max 

tcvc Cycle Time 33 25 

tPW Clock Pulse Width 10 10 

ts Input Setup Time 10 8 

tH Input Hold Time 0 0 

to Output Delay 20 16 

tDIS Three-State Output Disable Delay (Note 11) 15 15 

tENA Three-State Output Enable Delay (Note 11) 15 15 

SWITCHING WAVEFORMS: PASS-THROUGH Mooe (INT= DEC) 

2 3 7 8 9 10 

CLK 

SYNC 

Sl11-o 

=:::::x ~ >e::: S01s-o x l(N) x l(N+1) x l(N+2) 

r~r: 
5E 

to1s tENA 

~~~~~~~~~~~~~~~~~~~~~Video Imaging Products 
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DEVICES INCORPORATED 

LF2242 

12/16-bit Half-Band Interpolating/ 
Decimating Digital Filter 

Sw1TCHING WAVEFORMS: INTERPOLATE Mooe (INT= O, DEC= 1) 

2 3 7 8 9 10 

CLK 

SYNC 

Sl11-o 

~ S01s-o ::=::J< x f(N) x l(N+1) x f{N+2) x::: t§"":: 
5E 

~IB b~ 

SWITCHING WAVEFORMS: DECIMATE MODE (INT = 1, DEC = 0) 

2 3 7 8 9 10 

CLK 

SYNC 

Sl11-o 

to-

HIGH IMPEDANCE ---~._ ___ _,X~ __ ......,_....._ __ so1s-o ::=::J<....._ __ __.x ..... ____ , - - _ t<N> , _ 1(N+2> 

tDIS tENA 

------------ ----------------
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DEVICES INCORPORATED 12/16-bit Half-Band Interpolating/ 

Decimating Digital Filter 

NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above Vee 
will be clamped beginning at-0.6 V and 
Vee+ 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of--0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
trns test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in 
the testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actual test conditions may vary b. Ground and Vee supply planes 
from those designated but operation is must be brought directly to the DUT 
guaranteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated 
by: 

4 
where 

N = total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 20 MHz clock 
rate. 

7. Tested with all inputs within 0.1 V of 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required DUT input 
levels relative to the OUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses 
from the internal circuitry are specified 
from the point of view of the device. 
Output delay, for example, is specified 
as a maximum since worst-case opera
tion of any device always provides data 
within that time. 

2-9 

11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the tDIS test, 
the transition is measured to the 
±200m V level from the measured 
steady.:.state output voltage with • 
± lOmA loads. The balancing volt-
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z-
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

F1GURE A. Ouwur loADtNG C1Rcurr 

FIGURE B. THRESHOLD LEVELS 

Vo.: Measured VoL with IOH = -10mA and loL = 10mA 
VoH' Measured VoH with loH = -10mA and loL = 10mA 

01/16/97-LDS.2242-E 
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DEVICES INCORPORATED 

ORDERING INFORMATION 

44-pin 

~ ~ ~ o lo ~ ~ ci ~ 
0 0 OJW O WI~>- ....1 Z .=: C/)C/)CJ)Ql-Cl-CJ)(.)(!)CJ) 

S012 GND 

S011 Vee 
S010 9 Sl1o 

sos Sis 

sos Top Sia 

GND Sl7 

Vee View Sis 

S07 Sis 

sos Sl4 

sos Sia 

S04 Vee 

~ N ~ 0 N ~ 0 0 ~ N Q 
OOOOCICICl(ij(ij(ijz 
CJ) CJ) CJ) CJ)~~~ CJ 

Plastlc J-Lead Chip Carrier 
Speed {J1) 

0°C to +70°C - COMMERCIAL SCREENING 

33 ns LF2242JC33 
25 ns LF2242JC25 

2-10 

LF2242 

12/16-bit Half-Band Interpolating/ 
Decimating Digital Filter 

44-pin 

S012 
S011 
S010 
SOs 
sos 

GND 
Vee 
S07 
sos 
sos 
S04 

~ ;:!: ~ a 
1

u ~ ~ c ~ 
o o 01w u wJ~ >---' z = cncncno1-c_cnu(!'cn 

• ~~~~~g:i~~~~(i!j 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

Top 
View 

C\IM'<tlOCOl'-o<X>O>O.,...C\I 
.,... .,... .,... .,... .,... ..- .,... .,... C\J C\J N 

MC\IT"""OC\l~ooT'""C\IC 

gggg~~~(i.j(i.j(i.ja 
a: a: a: 

Plastic Quad Flatpack 
{Q4) 

LF2242QC33 

LF2242QC25 

33 GND 
32 Vee 
31 Sl10 
30 Sis 
29 Sia 
28 Sl7 
27 Sis 
26 Sis 
25 Sl4 
24 Sia 
23 Vee 
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-~~-...._... = · 11 x 10-bit Image Filter 

,__F_E_A_TU_R_E_S___; ___ ___.I I DESCRIPTION 

0 66 MHz Data and Coefficient Input 
and Computation Rate 

0 Four 11 x 10-bit Multipliers with 
Individual Data and Coefficient 
Inputs and a 25-bit Accumulator 

0 User-Selectable Fractional or 
Integer Two's Complement Data 
Formats 

0 Fully Registered, Pipelined Archi
tecture 

0 Input and Output Data Registers, 
with User-Configurable Enables 

0 Three-State Outputs 
0 Fully TTL Compatible 
0 Ideally Suited for Image Processing 

and Filtering Applications 

0 Replaces TRW /Raytheon TMC2246 
0 Package Styles Available: 

• 120-pin Pin Grid Array 
• 120-pin Plastic Quad Flatpack 

LF2246 BLOCK DIAGRAM 

The LF2246 consists of an array of · 
four 11 x 10-bit registered multipliers 
followed by a summer and a 25-bit 
accumulator. All multiplier inputs 
are user accessible and can be up
dated every clock cycle with either 
fractional or integer two's comple
ment data. The pipelined architecture 
has fully registered input and output 
ports and an asynchronous three-state 
output enable control to simplify the 
design of complex systems. The 
pipeline latency for all inputs is five 
clock cycles. 

Storage for mixing and filtering 
coefficients can be accomplished by 
holding the data or coefficient inputs 
over multiple clock cycles. A 25-bit 
accumulator path allows cumulative 
word growth which may be internally 
rounded to 16 bits. Output data is 
updated every clock cycle and may be 
held under user control. All inputs, 

019--0 C111HJ ENB1 029--0 C211HJ ENB2 039--0 C311HJ 

ACC 

FSEL 

CLK ----- TO ALL REGISTERS 

2-11 

outputs, and controls are registered 
on the rising edge of clock, except for 
OEN. The LF2246 operates at a clock 
rate of 66 MHz over the full tempera- II 
ture and supply voltage ranges. 

The LF2246 is applicable for perform
ing pixel interpolation in image 
manipulation and filtering applica
tions. The LF2246 can perform a 
bilinear interpolation of an image (4-
pixel kernels) at real-time video rates 
when used with an image resampling 
sequencer. Larger kernels or more 
complex functions can be realized by 
utilizing multiple devices. 

Unrestricted access to all data and 
coefficient input ports provides the 
LF2246 with considerable flexibility in 
applications such as digital filters, 
adaptive FIR filters, mixers, and other 
similar systems requiring high-speed 
processing. 

ENB3 049--0 C410-0 ENB4 

J 
11 
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DEVICES INCORPORATED 

FIGURE 1A. INPUT FORMATS 

Data Coefficient 

Fractional Two's Complement (FSEL = O) 

19 8 7 ~2 1 o I I 10 9 8 ~ 2 1 0 I 
-20 2-1 2-2 2-7 2-a 2-9 -21 20 2-1 2-7 2-a 2-9 

(Sign) (Sign) 

Integer Two's Complement (FSEL = 1) 

19 8 7 ~2 1 o I I 10 9 8~ 2 1 0 I 
-29 28 27 22 21 20 -210 29 28 22 21 20 

(Sign) (Sign) 

FIGURE 1 B. OUTPUT FORMATS 

Fractional Two's Complement (FSEL = O) ---

I 1s 14 13 12 11 10 9 a 7 6 s 4 3 2 1 o 
-26 25 24 23 22 21 2° 2-1 2-2 2-3 2-4 2-s 2-6 2-7 2-a 2-9 

(Sign) 

Integer Two's Complement (FSEL = 1 )----

l1s 14 13 12 11 10 9 a 1 e s 4 3 2 o 
-215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20 
(Sign) 

SIGNAL DEFINITIONS 

Power 
Vee and GND 

+5 V power supply. All pins must be 
connected. 

Clock 
CLK - Master Clock 

The rising edge of CLK strobes all en
abled registers. All timing specifica
tions are referenced to the rising edge of 
CLK. 

Inputs 
Dl9-0-D49-0 - Data Input 

Dl-04 are 10-bit data input registers. 
The LSB is DNo (Figure la). 

Cl10-0-C410-0 - Coefficient Input 

Cl-C4are11-bit coefficient input regis
ters. The LSB is CNO (Figure la). 

Outputs 
S1s-0 - Data Output 

The current 16-bit result is available on 
the S15-0 outputs (Figure lb). 

Controls 
ENB1-ENB4 - Input Enable 

The ENBN (N = 1, 2, 3, or 4) input allows 
either or both the DN and CN registers to 
be updated on each clock cycle. When 
ENBN is LOW, registers DN and CN are 
both strobed by the next rising edge of 
CLK. When ENBN is HIGH and ENSEL 
is LOW, register DN is strobed while 
register CN is held. If both ENBN and 
ENSEL are HIGH, register DN is held, 
and register CN is strobed (Table 1). 

ENSEL - Enable Select 

The ENSEL input in conjunction with 
the individual input enables ENB1-
ENB4 determines whether the data or 
the coefficient input registers will be 
held on the next rising edge of CLK 
(Table 1). 

OEN - Output Enable 

When the OEN signal is LOW, the cur
rent data in the output register is avail
able on the S15-0 pins. When OEN is 
HIGH, the outputs are in a high-imped
ance state. 

LF2246 

11 x 10-bit Image Filter 

TABLE 1. INPUT REGISTER CONTROL 

ENB1·4 ENSEL 

1 1 

1 0 

0 x 
X = "Don't Care" 
'N' = 1, 2, 3, or 4 

INPUT REGISTER 
HELD 

Data 'N' 

Coefficient 'N' 

None 

OCEN - Clock Enable 

When OCEN is LOW, data in the pre
mux register (accumulator output) is 
loaded into the output register on the 
next rising edge of CLK. When OCEN 
is HIGH, data in the pre-mux register is 
held preventing the output register's 
contents from changing (if FSEL does 
not change). Accumulation continues 
internally as long as ACC is HIGH, 
despite the state of OCEN. 

FSEL - Format Select 

When the FSEL input is LOW, the data 
input during the current clock cycle is 
assumed to be in fractional two's 
complement format, and the upper 16 
bits of the accumulator are presented at 
the output. Rounding of the accumula
tor result to 16 bits is performed if the 
accumulator control input ACC is 
LOW. When FSEL is HIGH, the data 
input is assumed to be in integer two's 
complement format, and the lower 16 
bits of the accumulator are presented at 
the output. No rounding is performed 
when FSEL is HIGH. 

ACC - Accumulator Control 

The ACC input determines whether in
ternal accumulation is performed on 
the data input during the current clock 
cycle. If ACC is LOW, no accumulation 
is performed, the prior accumulated 
sum is cleared, and the current sum of 
products is output. If FSELis also LOW, 
one-half LSB rounding to 16 bits is per
formed on the result. This allows sum
mations without propagating roundoff 
errors. When ACC is HIGH, the emerg
ing product is added to the sum of the 
previous products, without additional 
rounding. 

~~~~~~~~~~~~~~~~~~~~Video Imaging Products 
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DEVICES INCORPORATED 11 x 10-bit Image Filter 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature ........................................................................................................... -65°C to + 150°C 

Operating ambient temperature . .. . .. . . .. .. . . . . .. . . .. ... .. . ... .. . .. . .. . ... .. . .. . . . . . . . ... . .. . . . . .. .. . . . . . . .. .. .. . ... . . . .. . -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................ ; ...................................... -0.5 V to Vee+ 0.5 V 

Signal applied to high impedance output ................................................. ..................... -0.5 V to Vee + 0.5 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latchup current ............................................................................................................................... > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°C to +70°C 

-55°C to + 125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee = Min., IOH = -2.0 mA 

VOL Output Low Voltage Vee= Min., IOL = 4.0 mA 

\nH Input High Voltage 

\nL Input Low Voltage (Note3) 

llX Input Current Ground :5 VIN :5 Vee (Note 12) 

loz Output Leakage Current (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note?) 

CJN Input Capacitance TA= 25°C, f = 1 MHz 

COUT Output Capacitance TA=25°C,f=1 MHz 

Supply Voltage 
4. 75 v ::; Vee ::; 5.25 v 
4.50 v ::; Vee ::; 5.50 v 

Min Typ 

2.4 

2.0 

0.0 

Max 

0.4 

Vee 

0.8 

±10 

±40 

100 

6 

10 

10 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

pF 

pF 
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DEVICES INCORPORATED 

I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to + 70°C) Notes 9, 10 (ns) 

Symbol Parameter Min 

tcvc Cycle Time 33 

tPWL Clock Pulse Width Low 15 

tPWH Clock Pulse Width High 10 

ts Input Setup Time 10 

tH Input Hold Time 0 

to Output Delay 

tOIS Three-State Output Disable Delay (Note 11) 

tENA Three-State Output Enable Delay (Note 11) 

MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

Symbol Parameter 

tcvc Cycle Time 

tPWL Clock Pulse Width Low 

tPWH Clock Pulse Width High 

ts Input Setup Time 

tH Input Hold Time 

to Output Delay 

tOIS Three-State Output Disable Delay (Note 11) 

tENA Three-State Output Enable Delay (Note 11) 

SWITCHING WAVEFORMS 

CONTROLS ~.ir--°"''""~~7'./ 
(Except OEN) ~'1'---../1'~~~""' 

3 

LF2246 

11 x 10-bit Image Filter 

LF2246-
33 25 15 

Max Min Max Min Max 

25 15 

10 7 

10 7 

8 5 

0 0 

15 13 11 

15 15 15 

15 15 15 

LF2246-
33 25 

Min Max Min Max 

33 25 

15 10 

10 10 

10 8 

0 0 

15 13 

15 15 

15 15 

4 5 6 

S1s-o ~---x ______ x ___ ~ 
tENA--b to I.__ 

HIGH IMPEDANCE __ S_N-_i --* SN ~ 

~~~~~~~~~~~~~~~~~~~~~Video Imaging Products 
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DEVICES INCORPORATED 

I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above Vee 
will be clamped beginning at-0.6 V and 
Vee+ 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of-0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tDIS test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in 
the testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(OUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actual test conditions may vary b. Ground and Vee supply planes 
from those designated but operation is must be brought directly to the DUT 
guaranteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated 
by: 

where 

NCV2F 
4 

N = total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 30 MHz clock 
rate. 

7. Tested with all inputs within 0.1 V of 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required OUT input 
levels relative to the OUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses 
from the internal circuitry are specified 
from the point of view of the device. 
Output delay, for example, is specified 
as a maximum since worst-case opera
tion of any device always provides data 
within that time. 
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LF2246 

11 x 10-bit Image Filter 

11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the tDIS test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
±lOmA loads. The balancing volt- •.. , . , 
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z-
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. 0lJTPUT LOADING CIRCUIT 

FIGURE B. THRESHOLD LEVELS 

VOL• Measured VoL with loH = -1 OmA and toL = 1 OmA 
VoH· Measured VoH with IOH = -1 OmA and IOL = 1 OmA 
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DEVICES INCORPORATED 11 x 10-bit Image Filter 

ORDERING INFORMATION 

120-pin 
1 2 3 4 5 6 7 8 9 10 11 12 13 

A 
,, ,., ,., ,., ,., ,., ,., ,., ,., ,., ,., ,., ,, 
\ I ,_1 ,_1 ,_, ,_, ,_1 ,_1 ,_1 ,_1 ,_1 ,_1 ,_, ,_. -ENSEL ENB2 ENB3 047 045 042 041 C410 C4a C46 C43 C4o C32 

B 
,., ,_1 ,., ,_1 ,., ,_1 ,., ,_1 ,., ,_1 ,., ,_1 ,., ,_1 ,., ,_1 ,., ,_1 ,., ,_1 ,., ,_1 ,., ,_1 ,., ,_1 

ACC FSEL ENB4 049 046 043 040 C49 C47 C44 C42 C3o C35 

c 
,., ,_1 ,., ,_1 ,., ,_1 ,., \_.1 ,., \_.1 ,., \_.1 ,., ,_1 ,., ,_1 ,., ,_1 ,., ,_1 ,., ,_1 ,., ,_1 ,., ,_1 
S15 OEN CLK ENB1 048 044 GNO Vee C45 C41 C31 C33 C36 

D 
,., ,_, ,..... , ..... ,_1 ,_1 ,., 

I I 
,., ,_1 ,., ,_1 ,., ,_1 

S13 S14 OGEN 
KEY 

C34 C37 C39 ,., ,., ,., ,., ,., ,., 
E ,_1 ,_1 ,_1 ,_1 ,_1 ,_1 

S11 S12 GNO C3a C310 030 

F 
,., ,., ,., ,., ,., ,., \_.1 \_.1 \_.1 ,_1 ,_1 ,_1 
S9 S10 Vee Top View 031 032 033 

G 
,., ,_1 ,., ,_1 ,., ,_1 Through Package 

,., ,_1 ,., ,_1 ,., ,_, 
S7 Sa GNO (i.e., Component Side Pinout) 035 036 034 ,., ,., ,., ,., ,., ,., 

H ,_1 ,_1 ,_1 ,_1 ,_, ,_1 
S6 S5 Vee GNO 03a 037 

J 
,., ,., ,., ,., ,., ,., \_.1 1_.I \_.1 ,_, ,_1 ,_1 
S4 S3 GNO 027 029 039 

K 
,., ,_1 ,., ,_1 ,., ,_1 ,., ,., ,., ,_1 ,_1 ,_1 
S2 S1 018 023 026 028 ,., ,., ,., ,., ,., ,., ,., ,., ,., ,., ,., ,., ,., 

L ,_1 ,_1 ,_1 ,_1 ,_1 ,_1 ,_, ,_1 ,_1 ,_1 ,_1 ,_1 ,_1 
So 017 015 012 C19 GNO Vee C2o C24 C2a 020 024 025 

M 
,., \_.1 ,., ,_1 ,., \_.1 ,., \_.1 ,., 

' .. ) 
,., ,_1 ,., \_.1 ,., ,_1 ,., ,_1 ,., ,_1 ,., ,., ,., ,_1 ,_1 ,_1 

019 014 011 c110 C17 C15 C13 C1o C22 C25 C29 021 022 

N 
,, ,_. ,., ,_1 ,., ,_1 ,., ,_1 ,., ,_1 ,., ,_1 ,., ,_1 ,., ,_1 ,., ,_1 ,., ,_1 ,., ,_1 ,., ,_1 ,, ,_. 
016 013 010 C1a C16 C14 c12 C11 C21 C23 C26 C27 c210 

Ceramic Pin Grid Array 
Speed (G4) 

0°c to + 70°C - COMMERCIAL SCREENING 
33 ns LF2246GC33 
25 ns LF2246GC25 
15 ns LF2246GC15 

-55°C to + 125°C - COMMERCIAL SCREENING 
33 ns LF2246GM33 
25 ns LF2246GM25 

-55°C to + 125°C - MIL-STD-883 CoMPLJANT 
33 ns LF2246GMB33 
25 ns LF2246GMB25 

~~~~~~~~~~~~~~~~~~~~~Video Imaging Products 
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DEVICES INCORPORATED 11 x 10-bit Image Filter 

Speed 

33 ns 
25 ns 
15 ns 

ORDERING INFORMATION 

120-pin 

CLK 
FSEL 
ACC 

OCEN 
OEN 

S15 
S14 

GNO 
S13 
S12 
S11 

Vee 
S10 
S9 
Sa 

GNO 
S7 
S6 
S5 

Vee 
S4 
S3 
S2 

GNO 
S1 
So 

019 
018 
017 
016 

..J 

~~~~~~~~~~;~~~~~~~8~~~~~~~~ 0 ~M wwwwwooooooooo0ouu>UUUUuuuu~uu 

·~E~~~~~E~~~~~~~~~~~§~~~~~~~~~m 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Top 
View 

Plastic Quad Flatpack 
(Q1) 

0°c to + 70°C - COMMERCIAL SCREENING 

LF2246QC33 
LF2246QC25 
LF2246QC15 

2-17 

90 C32 

89 C33 

88 C34 
87 C3s 

86 C36 
85 C37 

84 C3a 

83 C39 
82 C310 

81 030 

80 031 

79 032 
78 033 

77 034 
76 035 

75 036 

74 037 
73 038 

72 GNO 

71 039 

70 029 
69 028 
68 027 

67 026 

66 025 

65 024 

64 023 

63 022 

62 021 
61 020 

01/16/97-LOS.2246-G 
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DEVICES 1NcoRPoRATEo Image Filter with Coefficient RAM 

.__F_E_A_TU_R_E_S _____ I I DESCRIPTION 

0 66 MHz Data Input and Compu
tation Rate 

0 Four 11 x 10-bit Multipliers with 
Individual Data and Coefficient 
Inputs and a 25-bit Accumulator 

0 Four 32 x 11-bit Serially Loadable 
Coefficient Registers 

0 Fractional or Integer Two's 
Complement Operands 

0 Package Styles Available: 
• 84-pin Plastic LCC, J-Lead 
• 100-pin Plastic Quad Flatpack 
• 84-pin Pin Grid Array 

LF2247 BLOCK DIAGRAM 

ENBA 

The LF2247 consists of an array of four 
11 x 10-bit registered multipliers 
followed by a summer and a 25-bit 
accumulator. The LF2247 provides a 
coefficient register file containing four 
32 x 11-bit registers which are capable 
of storing 32 different sets of filter 
coefficients for the multiplier array. 
All multiplier data inputs are user 
accessible and can be updated every 
clock cycle with either fractional or 
integer two's complement data. The 
pipelined architecture has fully 
registered input and output ports and 

COEFFICIENT REGISTER FILE 

an asynchronous three-state output 
enable control to simplify the design 
of complex systems. The pipeline 
latency for all inputs is five clock • 
cycles. 

A 25-bit accumulator path allows 
cumulative word growth which may 
be internally rounded to 16 bits. 
Output data is updated every clock 
cycle and may be held under user 
control. The data inputs/ outputs and 
control inputs are registered on the 
rising edge of CLK. The Serial Data In 
signal, SDIN, is registered on the 

r-------------------------------------------------------------------------------
A4-0 

SDIN ___ _,_~ 

SEN-----'--~ 

SCLK -----'--~ 
'--"""T"""---' 

ACC----.i 

SEN 
SCLK 

Coefficient 
Register 2 

(32x 11·bit) 

OEN--------------------0. 

CLK ----•TO ALL REGISTERS 
(EXCEPT COEFFICIENT REGISTERS) S1s-0 

2-19 

SEN 
SCLK 

25 

Coefficient 
Register4 

(32x11·bit) 
I 

_____ J 

01/16/97-LDS.2247-D 



- ...-... .....-...-~ - ....... ~- ....... - .. ------- -- - -- .-i-- --~......--~ ----- LF2247 
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FIGURE 1A. INPUT FORMATS 

Data Coefficient 

----Fractional Two's Complement {FSEL = 0)----

l 9 a 1 ~ 2 1 o I 110 9 a~ 2 o 
~~~ ~~~ ~~~ ~~~ 

(Sign) (Sign) 

---- Integer Two's Complement {FSEL = 1) ----

1 9 a 1 ~ 2 1 o I I 10 9 a ~ 2 o 
-29 2a 27 22 21 20 -210 29 2s 22 21 20 
~~aj ~~aj 

FIGURE 1 B. OUTPUT FORMATS 

---Fractional Two's Complement {FSEL = 0)---

115 14 13 12 11 10 9 8 7 6 5 4 3 2 0 
-26 25 24 23 22 21 2° 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-a 2-9 

(Sign) 

----Integer Two's Complement {FSEL = 1) ----

l1s 14 13 12 11 10 g a 1 6 s 4 3 2 o 
-215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20 
(Sign) 

rising edge of SCLK. The LF2247 
operates at a clock rate of 66 MHz 
over the full temperature and supply 
voltage ranges. 

The LF2247 is applicable for perform
ing pixel interpolation in image 
manipulation and filtering applica
tions. The LF2247 can perform a 
bilinear interpolation of an image (4-
pixel kernels) at real-time video rates 
when used with an image resampling 
sequencer. Larger kernels or more 
complex functions can be realized by 
utilizing multiple devices. 

Unrestricted access to all data ports 
and an addressable coefficient register 
file provides the LF2247 with consid
erable flexibility in applications such 
as digital filters, adaptive FIR filters, 
mixers, and other similar systems 
requiring high-speed processing. 

SIGNAL DEFINITIONS 

Power 

Vee and GND 

+5 V power supply. All pins must be 
connected. 

Clocks 

CLK - Master Clock 

The rising edge of CLK strobes all 
enabled registers except for the 
coefficient registers. 

SCLK - Serial Clock 

The rising edge of SCLK shifts data 
into and through the coefficient 
register file when it is enabled for 
serial data shifting. 

2-20 

Inputs 

Dl9-0 - D49-0 - Data Input 

Dl-D4 are the 10-bit registered data 
input ports. Data is latched on the 
rising edge of CLK. 

A4-0 - Row Address 

A4-0 determines which row of data in 
the coefficient register file is used to 
feed data to the multiplier array. A4-0 
is latched on the rising edge of CLK. 
When a new row address is loaded 
into the row address register, data 
from the register file will be latched 
into the multiplier input registers on 
the next rising edge of CLK. 

SDIN - Serial Data Input 

SDIN is used to serially load data into 
the coefficient registers. Data present 
on SDIN is shifted into the coefficient 
register file on the rising edge of SCLK 
when SEN is LOW. The 11-bit coeffi
cients are loaded into the coefficient 
register file in 16-bit words as shown 
in Figure 2. The five most significant 
bits of the first 16-bit word determine 
which row the data is written to in the 
coefficient registers. Note that the five 
most significant bits of the remaining 
three 16-bit words are ignored. After 
all four 16-bit words are shifted into 
the register file, the lower eleven bits 
of each word (the coefficient data) are 
stored into the coefficient registers. 

Outputs 

S15-0 - Data Output 

S1s-o is the 16-bit registered data 
output port. 

Controls 

ENB1-ENB4 - Data Input Enables 

The ENBN (N = 1, 2, 3, or 4) inputs 
allow the DN registers to be updated 
on each clock cycle. When ENBN is 
LOW, data on DN9-0 is latched into 

01/16/97-LDS.2247·0 
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the DN register on the rising edge of 
CLK. When ENBN is HIGH, data on 
DN9-0 is not latched into the DN 
register and the register contents will 
not be changed. 

ENBA - Row Address Input Enable 

The ENBA input allows the row 
address register to be updated on each 
clock cycle. When ENBA is LOW, 
data on A4-0 is latched into the row 
address register on the rising edge of 
CLK. When ENBA is HIGH, data on 
A4-0 is not latched into the row 
address register and the register 
contents will not be changed. 

OEN - Output Enable 

When OEN is LOW, S1s-o is enabled 
for output. When OEN is HIGH, S1s-o 
is placed in a high-impedance state. 

OCEN - Clock Enable 

When OCEN is LOW, data in the pre
mux register (accumulator output) is 
loaded into the output register on the 
next rising edge of CLK. When OCEN 
is HIGH, data in the pre-mux register 
is held preventing the output 
register's contents from changing (if 
FSEL does not change). Accumulation 
continues internally as long as ACC is 
HIGH, despite the state of OCEN. 

FSEL - Format Select 

When FSEL is LOW, the data input 
during the current clock cycle is 
assumed to be in fractional two's 
complement format, and the upper 16 
bits of the accumulator are presented 
at the output. Rounding of the 
accumulator result to 16 bits is per-

LF2247 

Image Filter with Coefficient RAM 

FIGURE 2. SERIAL DATA FORMAT 

FIRST 16-BITWORD SECOND 16-BITWORD 

123 4 5 6 7 8 91011121314151617181920212223242526272829303132 

00010111111011ooxxxxxooo10001100 

ROW 
ADDRESS 

DATA FOR 
COEFFICIENT REGISTER 4 

THIRD 16-BIT WORD 

DON'T 
CARES 

DATA FOR 
COEFFICIENT REGISTER 3 

FOURTH 16-BITWORD 

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 

XXXXX00110100100XXXXX11111100100 

DON'T 
CARES 

DATA FOR 
COEFFICIENT REGISTER 2 

DON'T 
CARES 

DATA FOR 
COEFFICIENT REGISTER 1 

SHOWN IS SERIAL DATA STREAM TO LOAD ROW ADDRESS 2 WITH: 
COEFFICIENT REGISTER 1 = 7E4 
COEFFICIENT REGISTER 2 = 1A4 
COEFFICIENT REGISTER 3 = 08C 
COEFFICIENT REGISTER 4 = 7EC 

formed if the accumulator control 
input ACC is LOW. When FSEL is 
HIGH, the data input is assumed to be 
in integer two's complement format, 
and the lower 16 bits of the accumula
tor are presented at the output. No 
rounding is performed when FSEL is 
HIGH. 

ACC -Accumulator Control 

The ACC input determines whether 
internal accumulation is performed on 
the data input during the current 
clock cycle. If ACC is LOW, no 
accumulation is performed, the prior 
accumulated sum is cleared, and the 
current sum of products is output. If 
FSEL is also LOW, one-half LSB 
rounding to 16 bits is performed on 
the result. When ACC is HIGH, the 
emerging product is added to the sum 
of the previous products, without 
additional rounding. 

2-21 

SEN-Serial Input Enable 

The SEN input enables the shifting of 
serial data through the registers in the 
coefficient register file. When SEN is 
LOW, serial data on SDIN is shifted 
into the coefficient register file on the 
rising edge of SCLK. SEN must 
remain LOW until all four coefficients 
have been clocked in. SEN does not 
need to be pulsed between consecu
tive data sets. It can remain LOW 
while the entire register file is loaded 
by a constant bit stream. When SEN is 
HIGH, data can not be shifted into the 
register file and the register file's 
contents will not be changed. When 
enabling the coefficient register file for 
serial data input, the LF2247 requires 
a HIGH to LOW transition of SEN in 
order to function properly. Therefore, 
SEN needs to be set HIGH immedi
ately after power up to ensure proper 
operation of the serial input circuitry. 

01/16/97-LDS.2247-D 
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DEVICES INCORPORATED Image Filter with Coefficient RAM 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, B) 

Storage temperature . .. . . . ... .. . ... . . . . .. .. . .. . . .. . .. . . .. .. .. . . .. .. . ... .. . . . . ... . .. . . .. . .. . ... . .. . .. .. .. . . . . .. ... . . . .. .. . .. .. . . -65°C to + 150°C 

Operating ambient temperature .......................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground .......................................................................... -0.5 V to +7.0 V 

Input signal with respect to ground .............................................................................. -0.5 V to Vee + 0.5 V 

Signal applied to high impedance output... ................................................................... -0.5 V to Vee + 0.5 V 

Output current into low outputs ............................................................................................................ 25 mA 

Latchup current ..................... , ......................................................................................................... > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to + 125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee = Min., IOH = -2.0 mA 

VOL Output Low Voltage Vee= Min., IOL = 4.0 mA 

VIH Input High Voltage 

VIL Input Low Voltage (Note3) 

llX Input Current Ground :5 VIN :5 Vee (Note 12) 

loz Output Leakage Current Ground :5 Vour :5 Vee (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note?) 

CIN Input Capacitance TA=25°C,f=1 MHz 

COUT Output Capacitance TA=25°C,f=1 MHz 

Supply Voltage 

4.75 V :5 Vee :5 5.25 V 

4.50 v :5 Vee :5 5.50 v 

Min Typ 

2.4 

2.0 

0.0 

Max 

0.4 

Vee 

0.8 

±10 

±40 

100 

6.0 

10 

10 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

pF 

pF 
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I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

LF2247-
33 25 15 

Symbol Parameter Min Max Min Max Min Max 

tcvc Cycle Time 33 25 15 

tPWL Clock Pulse Width Low 15 10 7 

tPWH Clock Pulse Width High 10 10 7 I.I 
ts Input Setup Time 10 8 5 

tH Input Hold Time 0 0 0 

to Output Delay 15 13 11 

tOIS Three-State Output Disable Delay (Note 11) 15 15 15 

tENA Three-State Output Enable Delay (Note 11) 15 15 15 

MtLITARY OPERATING RANGE (-55°C to + 125°C) Notes 9, 10 (ns) 

LF2247-
33 25 

Symbol Parameter Min Max Min Max 

tcvc Cycle Time 33 25 

tPWL Clock Pulse Width Low 15 10 

tPWH Clock Pulse Width High 10 10 

ts Input Setup Time 10 8 

tH Input Hold Time 0 0 

to Output Delay 15 13 

tDIS Three-State Output Disable Delay (Note 11) 15 15 

tENA Three-State Output Enable Delay (Note 11) 15 15 

SWITCHING WAVEFORMS: DATA 1/0 

2 3 4 5 6 
CLK 

D 19-0 - 049-0 

A4-0 

CONTROLS 

(Except OEN) 

OEN 

;a tENAb 
tof 

S1s-o x SN-1 SN x SN+1 
HIGH IMPEDANCE 
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I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

LF2247-
33 25 15 

Symbol Parameter Min Max ivlin Max Min Max 

tscvc Serial Interface Cycle Time 62 62 62 

tSWL Serial Clock Pulse Width Low 30 30 30 

tSWH Serial Clock Pulse Width High 30 30 30 

tSENS Serial Enable Setup Time 20 20 20 

tSENH Serial Enable Hold Time 0 0 0 

tss Serial Data Input Setup Time 20 20 20 

tSH Serial Data Input Hold Time 0 0 0 

MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

LF2247-
33 25 

Symbol Parameter Min Max Min Max 

tscvc Serial Interface Cycle Time 62 62 

tSWL Serial Clock Pulse Width Low 30 30 

tSWH Serial Clock Pulse Width High 30 30 

tSENS Serial Enable Setup Time 20 20 

tSENH Serial Enable Hold Time 0 0 

tss Serial Data Input Setup Time 20 20 

tSH Serial Data Input Hold Time 0 0 

SWITCHING WAVEFORMS: SERIAL DATA INPUT 

2 63 64 
SCLK / " =11SEN"F "----tSWH 

SEN 

SDIN A3 C11 
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I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above Vee 
will be clamped beginning at-0.6 Vand 
Vee + 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of--0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tDIS test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in 
the testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUI) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actual test conditions may vary b. Ground and Vee supply planes 
from those designated but operation is must be brought directly to the DUT 
guaranteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated 
by: 

where 

NCV2F 
4 

N = total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 30 MHz clock 
rate. 

7. Tested with all inputs within 0.1 V of 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required OUT input 
levels relative to the DUI ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses 
from the internal circuitry are specified 
from the point of view of the device. 
Output delay, for example, is specified 
as a maximum since worst-case opera
tion of any device always provides data 
within that time. 

2-25 

11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the trns test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
± 1 OmA loads. The balancing volt- • 
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z-
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FtGURE A. OUTPUT LOADING C1Rcurr 

FIGURE B. THRESHOLD LEVELS 

VoL • Measured VoL with loH = -1 OmA and loL = 1 OmA 
VoH• Measured VoH with loH = -1 OmA and loL = 1 OmA 
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DEVICES INCORPORATED Image Filter with Coefficient RAM 

Speed 

33 ns 
25 ns 
15 ns 

ORDERING INFORMATION 

84-pin 

01s 

014 

013 
012 

011 
010 
019 

01s 
017 

016 
GNO 
SOIN 

Vee 
SCLK 

SEN 
Ao 
A1 
A2 
A3 
A4 

Top 
View 

CLK 
ENB1 

ENB2 
EN83 

049 
04s 
047 
046 
04s 
044 
043 
042 
041 
GNO 

040 
EN84 

GNO 

OEN 

OGEN 
ACC 

ENBA 32 54 FSEL 
33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 

0°C to +70°C - COMMERCIAL SCREENING 

Plastic J-Lead Chip Carrier 
(J3) 

LF2247JC33 
LF2247JC25 
LF2247JC15 
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DEVICES INCORPORATED 

ORDERING INFORMATION 

100-pin 

So 
NC 

015 
014 
013 
012 
011 
010 
019 
018 10 
017 11 
D16 12 

GND 13 
GNO 14 

NC 15 
SOIN 16 

NC 17 
Vee 18 
Vee 19 

SCLK 20 
SEN 21 

Ao 22 
Al 23 
A2 24 
A3 25 
A4 26 

ENBA 27 
NC 28 
NC 29 

D2o 30 

Speed 

0°C to +70°C - COMMERCIAL SCREENING 
33 ns 
25 ns 
15 ns 

LF2247 

Image Filter with Coefficient RAM 

Top 
View 

Plastic Quad Flatpack 
(Q2} 

LF2247QC33 
LF2247QC25 
LF2247QC15 

2-27 

80 
79 
78 
77 
76 
75 
74 
73 
72 
71 
70 
69 
68 
67 
66 
65 
64 
63 
62 
61 
60 
59 
58 
57 
56 
55 
54 
53 
52 
51 

S15 
CLK 
NC 
ENB1 
ENB2 
ENB3 
049 
048 
047 
046 
D45 
D44 
043 
042 
041 
GNO 
GNO 
040 
ENB4 
NC 
GNO 
GNO 
OEN 
OGEN 
ACC 
FSEL 
NC 
NC 
NC 
NC 
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DEVICES INCORPORATED Image Filter with Coefficient RAM 

Speed 

33 ns 
25 ns 
15 ns 

33 ns 
25 ns 

33 ns 
25 ns 

ORDERING INFORMATION 

84-pin 

1 2 3 4 5 6 7 8 9 10 11 

A 
.. ,... ,..... ,..... ,.... ,..... ,.... ,.... ,..... ,.... ,..... , ... ,_, ,_, ,_, ,_, ,_, ,_, ,_, ,_, ,_, ,_, ,_, 

B 

c 

D 

E 

F 

G 

H 

J 

K 

L 

ENB2 049 04B 046 043 042 040 OEN ACC FSEL 032 ,... ,... ,... ,.... ,... ,... ,... ,..... ,..... ,... , ... ,_, ,_, ,_, ,_, ,_, ,_, ,_, ,_, ,_, ,_, ,_, 
S15 ENB1 ENB3 047 044 GND ENB4 OCEN 030 031 034 ,.... , ..... 
' .. ) ' ... ) 
S14 CLK ,.... , ..... 
' .. ) ' .. ) 
S13 GNO ,.... ,.... , ..... ,_, ,_, ,_, 
Vee S11 S12 ,.... ,.... , .... ,_, ,_, ,_, 
S6 S10 S9 ,.... ,..... , .... ,_, ,_, ,_, 

GNO S1 Sa ,.... , .... ,_, ,_, 
S5 Vee ,.... , .... ,_, ,_, 
S4 S2 

,.... ,... , ... ,_, ,_, ,_, 
045 041 GNO 

Top View 

Through Package 

(i.e., Component Side Pinout) 

,..... ,..... , ..... ,_, ,_, ,_, 
011 017 016 

,..... , ... ,_, ,_, 
033 035 ,..... , .... ,_, ,_, 
036 037 ,.... ,.... , ... ,_, ,_, ,_, 

03B GNO 039 ,..... ,.... , .... ,_, ,_, ,_, 
02B 024 029 ,.... ,..... , .... ,_, ,_, ,_, 
027 025 026 ,.... , .... ,_, ,_, 

022 023 ,.... , .... ,_, ,_, 
ENBA 021 ,..... ,..... ,.... ,..... ,.... ,..... ,..... ,..... ,..... ,..... , ..... ,_, ,_, ,_, ,_, ,_, ,_, ,_, ,_, ,_, ,_, ,_, 

S3 S1 So 013 010 01B SOIN SEN A2 A4 020 ,... ,.... ,..... ,..... ,..... ,..... ,..... ,..... ,.... ,..... , ... ,_, ,_, ,_, ,_, ,_, ,_, ,_, ' .. ) ,_, ,_, ,_, 
GNO 015 014 012 019 Vee GNO SCLK Ao A1 A3 

Ceramic Pin Grid Array 
(G3) 

0°C to +70°C - COMMERCIAL SCREENING 

-55°C to + 125°C - COMMERCIAL SCREENING 

-55°C to + 125°C - MIL-STD-883 COMPLIANT 

LF2247GC33 
LF2247GC25 
LF2247GC15 

LF2247GM33 
LF2247GM25 

LF2247GMB33 
LF2247GMB25 
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.__I F_E_A_TU_R_E_S ____ ___.l I DESCRIPTION 

0 40 MHz Data and Computation Rate 
0 Two 12 x 12-bit Multipliers with 

Individual Data Inputs 

0 Separate 16-bit Input Port for 
Cascading Devices 

0 Independent, User-Selectable 1-16 
Clock Pipeline Delay for Each Data 
Input 

0 User-Selectable Rounding of Products 

0 Fully Registered, Pipelined 
Architecture 

0 Three-State Outputs 

0 Fully TTL Compatible 
0 Replaces TRW /Raytheon TMC2249 

0 Package Styles Available: 
• 120-pin Ceramic PGA 
• 120-pin Plastic Quad Flatpack 

LF2249 BLOCK DIAGRAM 

CLK ______. 

NEG1 

RND 

FT 

CAS1s-o 

The LF2249 is a high-speed digital 
mixer comprised of two 12-bit 
multipliers and a 24-bit accumulator. 
All multiplier inputs are user acces
sible, and each can be updated on 
every clock cycle. The LF2249 utilizes 
a pipelined architecture with fully 
registered inputs and outputs and an 
asynchronous three-state output 
enable control for optimum flexibility. 

Independent input register clock 
enables allow the user to hold the 

' data inputs over multiple clock cycles. 
Each multiplier input also includes a 
user-selectable 1-16 clock pipeline 
delay. The output of each multiplier 
can be independently negated under 

BDEL3-0 811-0 ENB CDEL3-0 C11-o ENC 

BE~~----------------a. 

NOTE: NUMBERS IN REGISTERS INDICATED 
NUMBER OF PIPELINE DELAYS. 

515-0 

2-29 

user control for subtraction of prod
ucts. The sum of the products can 
also be internally rounded to 16 bits 
during the accumulation process. 

A separate 16-bit input port con
nected to the accumulator is included 
to allow cascading of multiple 
LF2249s. Access to all 24 bits of the 
accumulator is gained by switching 
between upper or lower 16-bit words. 
The accumulated output data is 
updated on every clock cycle. 

All inputs and outputs of the LF2249 
are registered on the rising edge of 
clock, except for OE. Internal pipeline 
registers for all data and control 
inputs are provided to maintain 

DDEL3-o 011-0 END 

~---1 4 ,.____ NEG2 

01/16/97-LDS.2249-F 
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DEVICES INCORPORATED 

synchronous operation between the 
incoming data and all available 
control functions. The LF2249 oper
ates at a clock rate of 40 MHz over the 
full commercial temperature and 
supply voltage ranges. 

Because of its flexibility, the LF2249 is 
ideally suited for applications such as 
image switching and mixing, digital 
quadrature mixing and modulating, 
FIR filtering, and arithmetic function 
and waveform synthesis. 

SIGNAL DEFINITIONS 

Power 

Vee and GND 

+5 V power supply. All pins must be 
connected. 

Clock 

CLK - Master Clock 

The rising edge of CLK strobes all en
abled registers. All timing specifica
tions are referenced to the rising edge of 
CLK. 

Inputs 

A11-0-D11-0- Data Inputs 

All-0-011-0 are 12-bit data input regis
ters. Data is latched into the input reg
isters on the rising edge of CLK. The 
contents of the input registers are 
clocked into the top of the correspond
ing 16-stage pipeline delay (pushing the 
contents of the register stack down one 
register position) on the next clock cycle 
if the pipeline register stack is enabled. 
The LSBs are Ao-Do (Figure la). 

CAS15-0 - Cascade Data Input 

CAS1s-o is the 16-bit cascade data input 
port. Data is latched into the register on 
the rising edge of CLK. The LSB is CASO 
(Figure 1 a). 

LF2249 

12 x 12-bit Digital Mixer 

DETAILED VIEW OF BLOCK DIAGRAM OUTLINED AREA 

ADEL3-0 

i4 

9 

CLK~ 

A11-0 

i 12 

9 
R1 

• • • 

FIGURE 1A. INPUT FORMATS 

Data Input 

I 11 10 9 8 7 6 5 4 3 
-211 210 29 28 27 26 2s 24 23 
(Sign) 

Cascade Input 

I 1s 14 13 12 11 10 9 8 7 6 5 

2 
22 

4 

21 

3 
-223 222 221 220 219 2 18 2 11 2 16 2 1s 2 14 2 13 212 2 11 

(Sign) 

FIGURE 18. OUTPUT FORMATS 

Sum Output (Upper 16 bits) 

I 1s 14 13 12 11 10 9 8 7 6 5 4 3 
-223 222 221 2 20 2 19 218 211 2 16 21s 2 14 2 13 212 211 

(Sign) 

ENA 

0 
20 

2 
210 

2 
210 

• • • 

29 

29 

0 
28 

0 
28 

------ Sum Output (Lower 16 bits) -------

I 1s 14 13 12 11 10 g a 7 s 5 4 3 2 0 
21s 214 2 13 2 12 2 11 210 29 28 27 26 2s 24 23 22 2 1 2o 
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DEVICES INCORPORATED 

Outputs 

S15-0 - Data Output 

The current 16-bit result is available 
on the S15-0 outputs. The output data 
may be either the upper or lower 16 
bits of the accumulator output, de
pending on the state of SWAP. The 
LSB is So (Figure lb). 

Controls 

ENA-END - Pipeline Register Enable 

Input data in the N (N = A, B, C, or D) 
input register is latched into the corre
sponding pipeline register stack on 
each rising edge of CLK for which EN N 
is LOW. Data already in the N register 
stack is pushed down one register posi
tion. When ENN is HIGH, the data in 
the N pipeline register stack does not 
change, and the data in the N input 
register will not be stored in the register 
stack. 

ADEL3-o-DDEL3-0 - Pipeline Delay 
Select 

NDEL (N = A, B, C, or D) is the 4-bit 
registered pipeline delay select word. 
NDEL determines which stage of the N 
pipeline register stack is routed to the 
multiplier inputs. The minimum delay 
is one clock cycle (NDEL = 0000), and 
the maximum delay is 16 clock cycle 
(NOEL = 1111). Upon power up, the 
values of ADEL-DDEL and the con
tents of the pipeline register stacks are 
unknown and must be initialized by the 
user. 

NEG1-NEG2 - Negate Control 

The NEG1 and NEG2 controls deter
mine whether a subtraction or accumu
lation of products is performed. When 
NEG1 is HIGH, the product A x B is 
negated, causing the product to be sub
tracted from the accumulator contents. 
Likewise, when NEG2 is HIGH, the 
product C x D is negated, causing the 
product to be subtracted as well. NEG1 
and NEG2 determine the operation to 
be performed on the data input during 
the current clock cycle when ADEL
DDEL = 0000. 

CASEN - Cascade Enable 

When CASEN is LOW, data being in
put on the CAS15-0 inputs during that 
clock cycle will be registered and accu
mulated internally. When CASEN is 
HIGH, the CAS15-0 inputs are ignored. 

FT - Feedthrough Control 

When FT is LOW and ADEL-DDEL = 
0000, data being input on the CAS15-0 
inputs is delayed three clock cycles to 
align the data with the data being input 
on the An-o-Dn-o inputs. When FT is 
HIGH, the cascade data being input is 
routed around the three delay registers 
to simplify the cascading of multiple 
devices. 

2-31 
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12 x 12-bit Digital Mixer 

ACC - Accumulator Control 

The ACC input determines whether in
ternal accumulation is performed on 
the data input during the current clock 
cycle. If ACC is LOW, no accumulation 
is performed, the prior accumulated 
sum is cleared, and the current sum of 
products is output. When ACC is 
HIGH, the emerging products are • 
added to the sum of the previous prod-
ucts. 

RND - Rounding Control 

When RND is HIGH, the sum of the 
products of the data being input on 
the current clock cycle will be 
rounded to 16 bits. To avoid the accu
mulation of roundoff errors, round
ing is only performed during the first 
cycle of each accumulation process. 

SWAP-Output Select 

The SW AP control allows the user to 
access all 24 bits of the accumulator 
output by switching between upper 
and lower 16-bit words. When SW AP 
is HIGH, the upper 16 bits of the accu
mulator are always output. When 
SWAP is LOW, the lower 16 bits of the 
accumulator are output on every 
other clock cycle. As long as SW AP 
remains LOW, new output data will 
not be clocked into the output regis
ters. 

OE - Output Enable 

When the OE signal is LOW, the 
current data in the output registers 
is available on the S15-0 pins. When 
OE is HIGH, the outputs are in a 
high-impedance state. 
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DEVICES INCORPORATED 12 x 12-bit Digital Mixer 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature .................................................................... .'...................................... -65°C to + 150°C 

Operating ambient temperature........................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ............................................................ ........ ...... .... . -0.5 V to Vee + 0.5 V 

Signal applied to high impedance output ........................ .................. .... ........................ -0.5 V to Vee + 0.5 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latch up current ............................................................................................................................... > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to + 125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee= Min., IOH = -2.0 mA 

VOL Output Low Voltage Vee = Min., IOL = 4.0 mA 

VIH Input High Voltage 

VIL Input Low Voltage (Note3) 

llX Input Current Ground$ VIN$ Vee (Note 12) 

loz Output Leakage Current (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note 7) 

C1N Input Capacitance TA= 25°C, f = 1 MHz 

Cour Output Capacitance TA= 25°C, f = 1 MHz 

Supply Voltage 
4.75 v $Vee$ 5.25 v 
4.50 v $ Vee $ 5.50 V 

Min Typ 

2.4 

2.0 

0.0 

Max 

0.4 

Vee 

0.8 

±10 

±40 

100 

6 

10 

10 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

pF 

pF 
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SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

Symbol Parameter Min 

tcvc Cycle Time 40 

tPWL Clock Pulse Width, LOW 15 

tPWH Clock Pulse Width, HIGH 10 

ts Input Setup Time 8 

tH Input Hold Time 0 

to Output Delay 

tENA Three-State Output Enable Delay (Note 11) 

tDIS Three-State Output Disable Delay (Note 11) 

MILITARY OPERATING RANGE (-55°C to + 125°C) Notes 9, 10 (ns) 

Symbol Parameter 

tCYC Cycle Time 

tPWL Clock Pulse Width, LOW 

tPWH Clock Pulse Width, HIGH 

ts Input Setup Time 

tH Input Hold Time 

to Output Delay 

tENA Three-State Output Enable Delay (Note 11) 

tDJS Three-State Output Disable Delay (Note 11) 

SWITCHING WAVEFORMS 

CLK 

CONTROLS "7\.i.r--,1/'~7<:'7'-r-~ .~"'"'7'. ~----.... """'~ 
(Except OE) L::vl'--.l'N~~'"'-

*Assumes ADEL-DDEL = 0000 

0 0 0 
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LF2249-

40 33 25 
Max Min Max Min Max 

33 25 

15 10 

10 10 II 
8 7 

0 0 

17 15 14 

15 15 15 

15 15 15 

LF2249-

40 33 
Min Max Min Max 

40 33 

15 15 

10 10 

8 8 

0 0 

17 15 

15 15 

15 15 
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I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above Vee 
will be clamped beginning at-0.6 Vand 
Vee + 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of--0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
trns test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in 
the testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actual test conditions may vary b. Ground and Vee supply planes 
from those designated but operation is must be brought directly to the DUT 
guaranteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated 
by: 

where 

NCV2F 
4 

N =total number of device outputs 
C = capacitive load per output 
V =supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 25 MHz clock 
rate. 

7. Tested withallinputswithin0.1 Vof 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required DUT input 
levels relative to the DUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses 
from the internal circuitry are specified 
from the point of view of the device. 
Output delay, for example, is specified 
as a maximum since worst-case opera
tion of any device always provides data 
within that time. 
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11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the tDIS test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
± lOmA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

· F1GURE A. OUTPUT LOADING C1Rcurr 

FIGURE B. THRESHOLD LEVELS 

VoL• Measured VOL with IOH = -10mA and IOL = 10mA 
VoH• Measured VoH with loH = -10mA and loL = 10mA 
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DEVICES INCORPORATED 12 x 12-bit Digital Mixer 

Speed 

40 ns 
33 ns 
25 ns 

40 ns 
33 ns 

40 ns 
33 ns 

ORDERING INFORMATION 

120-pin 

A 

B 

c 

D 

E 

F 

G 

H 

J 

K 

L 

M 

N 

1 2 3 4 5 6 7 8 9 10 11 12 13 

,, ,.... ,.... ,.... ,.... ,.... ,.... ,.... ,.... ,.... ,.... ,.... ,, 
,_. \_.1 \_.1 \_.1 \_.1 \_.1 \_.1 \_.1 \_.1 \_.1 \_.1 \_.1 ,_. 

DDELo DDEL3 END D2 D4 D7 Ds D1o C11 Cg Cs C3 Co ,.... ,.... ,.... ,.... ,.... ,.... ,.... ,.... ,.... ,.... ,.... ,.... , .... 
\_.1 \_.1 \_.1 \_.1 \_.1 \_.1 \_.1 \_.1 \_.1 \_.1 \_.1 \_.1 \_.1 

NEG1 ACC DDEL1 Do D3 Ds D9 D11 C10 C7 Cs C2 CDEL.2 ,.... ,.... ,.... ,.... , .... 
\_.1 \_.I \_.I \_.1 \_.1 

S1s RND CLK DDEL2 D1 ,.... ,.... ,.... , .... 
\_.1 \_.1 \_.1 \ I 

S13 S14 NEG2 ,.... ,.... , .... 
\_.1 \_.1 \_.1 

S11 S12 GND ,.... ,.... , .... 
\_.1 \_.I \_.1 

S9 S10 Vee ,.... ,.... , .... 
\_.1 \_.1 \_.1 

,.... ,.... , .... 
\_.I \_.I \_.I 

Ds GND Vee 

KEY 

Top View 

Through Package 

,.... ,.... ,.... ,.... , .... 
\_.1 \_.1 \_.1 \_.1 \_.I 

Cs C4 C1 ENC CDEL1 ,.... ,.... , .... 
\_.1 \_.1 \_.1 

CDEL3 CDELo CASEN ,.... ,.... , .... 
\..,) \_.I \_.1 

FT CASo CAS1 ,.... ,.... , .... 
\_.I \_.I \_.I 

CAS2 CAS3 CAS4 ,.... ,.... , .... 
\_.1 \_.1 \_.1 

S7 Sa GND ,.... ,.... , .... 
\_.1 \_.1 \_.1 

(i.e., Component Side Pinout) CASS CAS7 CASs ,.... ,.... , .... 
\_.I \_.1 \_.1 

Sa Ss Vee ,.... ,.... , .... 
\_.I \_.I \_.1 

S4 S3 GND ,.... ,.... , .... 
' •• ) ' .... ) \_.1 
S2 S1 SWAP 

GND CAS9 CASa ,.... ,.... , .... 
\_.I \_.I \_.I 

CAS13 CAS11 CAS10 ,.... ,.... , .... 
\_.1 \_.1 \..,) 

ADELo CAS14 CAS12 ,.... ,.... ,.... ,.... ,.... ,.... ,.... ,.... ,.... ,.... ,.... ,.... , .... 
\_.I \_.1 \_.1 \_.1 \_.1 \_.1 \_.1 \_.1 \_.1 \_.1 \_.1 \_.1 \_.1 

So BDELo BDEL2 Bo B4 GND Vee A9 As A1 ADEL3 NC CAS1s ,.... ,.... ,.... ,.... ,.... ,.... ,.... ,.... ,.... ,.... ,.... ,.... , .... 
\_.I \_.I \_.I \_.I \_.I \_.I \_.I \_.1 \_.I \_.I \_.I \_.I \_.I 

OE BDEL3 B1 B3 B6 Ba B10 A10 A7 A4 Ao ADEL.2 ADEL1 ,, ,.... ,.... ,.... ,.... ,.... ,.... ,.... ,.... ,.... ,.... ,.... ,, 
,_. \_.1 \_.1 \_.1 \_.1 \_.1 \..,) \_.1 \_.1 \_.1 \_.1 \_.1 ,_. 

BDEL1 ENB B2 Bs B7 B9 B11 A11 As As A3 A2 ENA 

Ceramic Pin Grid Array 
(G4) 

0°c to + 70°C - COMMERCIAL SCREENING 

-55°C to +125°C- COMMERCIAL SCREENING 

-55°C to + 125°C - MIL-STD-883 CoMPLIANT 

LF2249GC40 

LF2249GC33 

LF2249GC25 

LF2249GM40 

LF2249GM33 

LF2249GMB40 

LF2249GMB33 

2-3S 01/16/97-LDS.2249-F 

II 



- ....-.. ....-....-...-.... - ~...-.-~ - ~ -~--~ -- ------ --~-----~ _..._.,.. ,.___ ~ LF2249 
DEVICES INCORPORATED 12 x 12-bit Digital Mixer 

Speed 

40 ns 
33 ns 
25 ns 

ORDERING INFORMATION 

120-pin 

CLK 
ACC 

NEG1 
NEG2 
RND 

S1s 
S14 

GND 
S13 
S12 
S11 

Vee 
S10 
S9 
Sa 

GND 
S1 
Se 
Ss 

Vee 
S4 
S3 
S2 

GND 
S1 
So 
6E 

SWAP 
BDELo 
BDEL1 

.:i.:::; .::is 
wwwwla a o-u-o 
OOOOZo..-NM~Lt)co~coZm..-..-u..-..-mco~col.t)"'ltMN..-
aaaawaaaaoaaaa~aaa>uuuuuuuuuuu 

·~~~S~~~~~~~~~~~~~~~~§~~~~~~a~m 

10 
11 
12 
13 
14 
15 
16 
17 
1B 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2B 
29 
30 

Top 
View 

_:j Mllil 0 ..- N M <q- Lt) CO ~ 0 CO O> 0 (.) ..- ..- 0 O> CO ~ CO Lt) "It M ~ ..- 01<1'. 
~gmmmmmmmmmamm 00 goo<<<<<<<<< <<m 
mm 

Plastic Quad Flatpack 
(Q1) 

0°C to +70°C - COMMERCIAL SCREENING 

LF2249QC40 
LF2249QC33 
LF2249QC25 

2-36 

90 Co 
B9 ENC 
BB CDEL3 
B7 CDEL2 
B6 CDEL1 
B5 CDELo 
B4 FT 
B3 CASEN 
B2 CA So 
B1 CAS1 
BO CAS2 
79 CAS3 
7B CAS4 
77 CASS 
76 CAS6 
75 CAS7 
74 CA Sa 
73 CAS9 
72 GND 
71 CAS10 
70 CAS11 
69 CAS12 
6B CAS13 
67 CAS14 
66 CAS1s 
65 NC 
64 ADE Lo 
63 ADEL1 
62 ADEL2 
61 ADEL3 

01 /16/97-LDS.2249-F 



- - - - - bF2250 - ~........_,-~ 

-a:;7;_==i~= . . . . - - - . -
~ 12 x 10-bit Matrix Multiplier 

I,___ F_E_AT_U_R_ES _____ l I DESCRIPTION· 

0 50 MHz Data and Computation 
Rate 

0 Nine Multiplier Array with 12-bit 
Data and 10-bit Coefficient Inputs 

0 Separate 16-bit Cascade Input and 
Output Ports 

0 On-board Coefficient Storage 
0 Four User-Selectable Filtering and 

Transformation Functions: 
• 3 x 3 Matrix Multiplier 
• Cascadable 9-Tap FIR Filter 
• Cascadable 3 x 3 Convolver 
• Cascadable 4 x 2 Convolver 

0 Replaces TRW /Raytheon 
TMC2250 

0 DECC SMD No. 5962-93260 
0 Available 100% Screened to 

MIL-STD-883, Class B 
0 Package Styles Available: 

• 120-pin Pin Grid Array 
• 120-pin Plastic Quad Flatpack 

LF2250 BLOCK DIAGRAM 

CLK 

MODE1-o 21 , 
2.L. CWE1-o , 

A11-o 
12_.L 

{ 
, 

DATA 
811-0 12..L 

INPUTS 7 

C11-o 
12,. 
" 

KA9-o 
10 L_ 

{ 
, 

COEFFICIENT 
KB9-o 10L 

INPUTS 7 

KC9-o 
10_.L 
7 

-... 
_,, 
-,. 

_,, 
-,. 

..... 

-... 

--,. 

_,, 
--,. 

The LF2250 is a high-speed matrix 
multiplier consisting of an array of 
nine 12 x 10-bit multipliers. Internal 
summing adders are also included to 
provide the configurations needed to 
implement matrix multiplications, 
cascadable FIR filters, and pixel 
convolvers. 

The 3 x 3 matrix multiplier (triple dot 
product) configuration of the LF2250 
allows users to easily perform three
dimensional perspective translations or 
video format conversions at real-time 
video rates. By using the LF2250 in 
this configuration, conversions can be 
made from the RGB (color component) 
format to the YIQ (quadrature encoded 
chrominance) or YUV (color differ
ence) formats and vice versa (YIQ or 
YUVtoRGB). 

In addition to color space conversions, 
the LF2250 offers a range of selectable 
configurations designed for filtering 
applications. When configured as a 9-
tap FIR filter, the LF2250 automatically 

® ® ® 
~ 

12., 

® ® ® -- , 
~ 

4., -- , 
4_.L 

7 

® ® ® 
4,. 

7 

12., , 
9-MUL TIPLIER 

ARRAY 
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selects the necessary internal bus 
structure and inserts the appropriate 
data path delay elements. In addition, 
a 16-bit cascade input port allows for 
the creation of larger filters without a 
reduction in throughput. 

Real-time video image filtering using 
the convolver modes of the LF2250 can 
provide edge detection, texture 
enhancement, and detail smoothing. 
Both pixel convolver configurations, 3 
x 3 and 4 x 2, deliver high-speed data 
manipulation in a single chip solution. 
By using the 16-bit cascade input port 
to cascade two devices, cubic convolu
tions (4 x 4-pixel) can be easily accom
modated with no decrease in through
put rates. 

All inputs and outputs, as well as all 
control lines, are registered on the 
rising edge of clock. The LF2250 
operates at clock rates up to 50 MHz 
over the full commercial temperature 
and supply voltage ranges. 

DATA CASCADE PIN 
OUTPUTS PORTS NAME 

~ ~ ~ 
...,. X11-o CASIN15-4 XC11-o 

..... Y11-a CASIN3-o YC11-a 
-• Y7-4 Y7-4 ...,. 
~ Y3-o CASOUT3-0 YC3-o ...,. 

...,. Z11-o CASOUT1s-4 ZC11-o 

01/16/97-LDS.2250-G 
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LF2250 
DEVICES INCORPORATED 12 x 10-bit Matrix Multiplier 

TABLE 1. Mooe SELECTION 

MODE1-o OPERATING MODE 

00 3 x 3 Matrix Multiplier 

01 9-Tap FIR Filter 

10 3 x 3 Convolver 

11 4 x 2 Convolver 

OPERA TING MODES 

The LF2250 can realize four different 
user-selectable digital filtering architec
tures as determined by the state of the 
mode (MODE1-o) inputs. Upon 
selection of the desired function, the 
LF2250 automatically chooses the 
appropriate internal data paths and 
input/ output bus structure. Table 1 
details the modes of operation. 

DATA FORMATTING 

The coefficient input ports (KA, KB, 
KC) are 10-bit fractional two's comple
ment format regardless of the operat
ing mode. The data input ports (A, B, 
C) are 12-bit integer two's complement 
format regardless of the operating 
mode. 

In the matrix multiplier mode (Mode 
00), the data output ports (X, Y, Z) are 
12-bit integer two's complement 
format. In the FIR filter and convolver 
modes (Modes 01, 10, 11), the X, Y, and 
Z ports are configured as the cascade
in (CASIN1s-o) and cascade-out 
(CASOUT15-0) ports. These ports 
assume 16-bit {12-bit integer, 4-bit 
fractional) two's complement data on 
both the inputs and outputs. Table 2 
shows the data port formatting for 
each of the four operating modes. 

TABLE 2. DATA PoRT FoRMAmNG 

BIT WEIGHTING 

The internal sum of products of the 
LF2250 can grow to 23 bits. However, 
in order to keep the output format of 
the matrix multiply mode (Mode 00) 
identical to the input format, the X, Y, 
and Z outputs are truncated to 12-bit 
integer words. In the filter modes 
(Modes 01, 10, 11), the cascade output 
is always half-LSB rounded to 16 bits 
(12 integer bits and 4 fractional bits). 
The user may half-LSB round the 
output to any size less than 16 bits by 
simply forcing a "1" into the bit 
position of the cascade input immedi
ately below the desired LSB. For 
example, if half-LSB rounding to 12 
bits is desired, then a "1" must be 
forced into the CASIN3 bit position 
(CASOUT4 would then be the LSB). 

In all four modes, the user may adjust 
the bit weighting, by applying an 
identical scaling correction factor to 
both the input and output data 
streams. If the coefficients are re
scaled, then the relative weightings of 
the cascade-in and cascade-out ports 
will differ accordingly. Figure 1 
illustrates the input and output bit 
weightings for all four modes. 

DATA OVERFLOW 

Because the LF2250' s matched input 
and output data formats accommodate 
unity gain (0 dB), input conditions that 
could lead to numeric overflow may 
exist. To ensure that no overflow 
conditions occur, the user must be 
aware of the maximum input data and 
coefficient word sizes allowable for 
each specific algorithm being per
formed. 

PIN NAMES 

MODE1-o A11-o 811-0 C11-o KA9-o KB9-o KC9-o XC11-o YC11-a 

00 A11-o 811-0 C11-o KA9-o K89-o KC9-o X11-o Y11-a 

01 A11-o A11-o NC KA9-o K89-o KC9-o CASIN1s-4 CASINa-o 

10 A11-o 811-0 C11-o KA9-o K89-o KC9-o CASIN1s-4 CASINa-o 

11 A11-o 811-0 NC KA9-o K89-o KC9-o CASIN1s-4 CASINa-o 

SIGNAL DEFINITIONS 

Power 

Vee and GND 

+5 V power supply. All pins must be 
connected. 

Clock 

CLK - Master Clock 

The rising edge of CLK strobes all 
enabled registers. All timing specifi
cations are referenced to the rising 
edge of CLK. 

Inputs 

A11-0, B11-o, C11-o - Data Inputs 

A, B, and Care the 12-bit registered 
data input ports. Data presented to 
these ports is latched into the multi
plier input registers for the current 
operating mode (Table 1). In the filter 
modes (Modes 01, 10, 11), the rising 
edge of CLK internally right-shifts 
new data to the next filter tap. · 

KA9-0, KB9-0, KC9-0 - Coefficient 
Inputs 

KA, KB, and KC are the 10-bit regis
tered coefficient input ports. Data 
presented to these ports is latched 
into the corresponding internal 
coefficient register set defined by 
CWEl-0 (Table 4) on the next rising 
edge of CLK. Table 3 shows which 
coefficient registers are available for 
each coefficient input port. 

Y7-4 VC3-o ZC11-o 

Y7-4 Ya-o Z11-o 

NC CASOUTa-o CASOUT1s.4 

NC CASOUTa-o CASOUT1s.4 

NC CASOUTa-o CASOUT15-4 

~~~~~~~~~~~~~~~~~~~~Video l~aging Products 
2-38 01 /16/97-LDS.2250-G 
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DEVICES INCORPORATED 

FIGURE 1 A. INPUT FORMATS 

---- Data Input (All Modes) ----

I 11 10 9 8 7 6 5 4 3 2 0 
_2 11 210 29 28 21 26 25 24 23 22 21 20 

(Sign) 

- Coefficient Input (All Modes) -

19 a 7 6 s 4 3 2 ol 
-2° 2-1 2-2 2-3 2-4 2-5 2--{l 2-7 2-a 2-9 

(Sign) 

----- Cascade Input (Modes 01, 10, 11) -----

I 1s 14 13 12 11 10 9 a 7 6 s 4 3 2 o 
-211 210 29 28 27 26 25 24 23 22 21 20 2-1 2-2 2-3 2-4 
(Sign) 

-- Internal Sum (All Modes) -

I 20 19 1 a 17 ~ 3 2 1 o I 
-211 210 29 28 2--{l 2-7 2-a 2-9 
(Sign) 

FIGURE 1 B.. OUTPUT FORMATS 

-----Result (Mode 00) -----

111 10 9 8 7 6 5 4 3 2 0 
_2 11 210 29 28 27 26 25 24 23 22 21 20 

(Sign) 

----- Cascade Out (Modes 01, 10, 11) -----

l1s 14 13 12 11 10 g a 7 6 s 4 3 2 o 
_211 2 10 29 28 21 26 25 24 23 22 21 2o 2-1 2-2 2-3 2-4 

(Sign) 

CASIN15-0 - Cascade Input 

In the filter modes (Modes 01, 10, 11), 
the 12-bit X port and four bits of the Y 
port are internally reconfigured as the 
16-bit registered cascade input port. 
Data presented to this port will be 
added to the internal sum of prod
ucts. 

Outputs 

X11-o, Y11-o, Z11-0 - Data Outputs 

X, Y, and Z are the 12-bit registered 
output ports for the matrix multiply 
mode (Mode 00). These ports are 
automatically reconfigured for the 
filter modes (Modes 01, 10, 11) as the 
cascade-in and cascade-out ports. 

2-39 

LF2250 

12 x 10-bit Matrix Multiplier 

CASOUT15-0 - Cascade Output 

In the filter modes (Modes 01, 10, 11), 
the 12-bit Z port and four bits of the Y 
port are internally reconfigured as the 
16-bit registered cascade output port. 

NOTE: The X, Y, and Z ports are 
automatically reconfigured by the LF2250 • 
as the cascade-in and cascade-out ports as 
required for each operating mode. 
Because both the X and Z ports are used 
for the cascade ports, all X port pins and 
all Z port pins are labelled as XC and 
ZC, respectively. All Y port pins that are 
used for the cascade ports are labelled as 
YC. Those Y port pins which are not 
used for the cascade ports are labelled as 
Y. 

Controls 

MODE1-o - Mode Select 

The registered mode select inputs 
determine the operating mode of the 
LF2250 (Table 1) for data being input 
on the next clock cycle. When switch
ing between modes, the internal 
pipeline latencies of the device must 
be observed. After switching operat
ing modes, the user must allow 
enough clock cycles to pass to flush 
the internal registers before valid data 
will appear on the outputs. 

CWE1-0 - Coefficient Write Enable 

The registered coefficient write enable 
inputs determine which internal 
coefficient register set to update 
(Table 4) on the next clock cycle. 

TABLE 3. COEFFICIENT INPUTS 

INPUT PORT REG. AVAILABLE 

KA KA1, KA2, KA3 

KB KB1 I KB2, KB3 

KC KC1 I KC2, KC3 

01/16/97-LDS.2250-G 



DEVICES INCORPORATED 

TABLE 4. CoEFF. REG. UPDATE 

CWE1-o COEFFICIENT SET 

00 Hold All Registers 

01 KA1, KB1, KC1 

10 KA2,KB2,KC2 

11 KA3,KB3,KC3 

DETAILS OF OPERATION 

3 x 3 Matrix Multiplier - Mode 00 

In this mode, all three input ports (A, 
B, C) and all three output ports (X, Y, 
Z) are utilized to implement a 3 x 3 
matrix multiplication (triple dot 
product). Each rounded 12-bit output 
is the sum of all three input words 
multiplied by the appropriate coeffi
cients (Table 5). The pipeline latency 
for this mode is five clock cycles. 
Therefore, the sum of products will 
be output five clock cycles after the 
input data has been latched. New 
output data is subsequently available 
every clock cycle thereafter. 

9-Tap FIR Filter - Mode 01 

This mode utilizes the 12-bit A and B 
data input ports as well as the 16-bit 
CASIN port. The input data should 
be presented to the A and B ports 
simultaneously. The resulting 9-
sample response, which is half-LSB 
rounded to 16 bits, begins after five 
clock cycles and ends after 13 clock 
cycles (Table 5). The pipeline latency 
from the input of an impulse response 
to the center of the output response is 
nine clock cycles. The latency from 
the CASIN port to the CASOUT port 
is four clock cycles. New output data 
is available every clock cycle. 

3 x 3-Pixel Convolver - Mode 10 

When configured in this mode, line 
delayed data is loaded through the A, 
B, and C input ports. During each 
cycle, a new rounded 16-bit output 

(comprising of the summation of the 
multiplications of the last nine data 
inputs with their related coefficients) 
becomes available (Table 5). The 
CASIN term is also added to each 
new output. The internal bus struc
ture and pipeline delays allow new 
input data to be added every cycle 
while maintaining the structure of the 
filtering operation. This addition of 
new data every cycle produces the 
effect of the convolution window 
moving to the next pixel column. 

TABLE 5. LATENCY EQUATIONS 

LF2250 

12 x 10-bit Matrix Multiplier 

4 x 2-Pixel Convolver -Mode 11 

Using the A and B ports, input data is 
loaded and multiplied by the on
board coefficients. These products 
are then summed with the CASIN 
data and rounded to create the 16-bit 
output. The cascade ports allow 
multiple devices to be used together 
for use with larger kernels. As with 
Mode 10, each cycle results in a 16-bit 
output created from the products and 
summations performed. 

3 x 3 Matrix Multiplier - Mode 00 

X(n+4) A(n)KA1(n) + B(n)KB1 (n) + C(n)KC1 (n) 

Y(n+4) A(n)KA2(n) + B(n)KB2(n) + C(n)KC2(n) 

Z(n+4) A(n)KA3(n) + B(n)KB3(n) + C(n)KC3(n) 

CASOUT(n+ 12) 

9-Tap FIR Filter - Mode 01 

A(n+8)KA3(n+8) + A(n+ 7)KA2(n+ 7) + A(n+6)KA 1 (n+6) 

+ B(n+5)KB3(n+8) + B(n+4)KB2(n+7) + B(n+3)KB1(n+6) 

+ B(n+2)KC3(n+8) + B(n+1)KC2(n+7) + B(n)KC1(n+6) 

+ CASIN(n+9) 

3 x 3-Pixel Convolver - Mode 1 O 

CASOUT(n+6) A(n+2)KA3(n+2) + A(n+ 1)KA2(n+1) + A(n)KA 1 (n) 

+ B(n+2)KB3(n+2) + B(n+1)KB2(n+1) + B(n)KB1(n) 

+ C(n+2)KC3(n+2) + C(n+1)KC2(n+1) + C(n)KC1(n) 

+ CASIN(n+3) 

4 x 2-Pixel Convolver - Mode 11 

CASOUT(n+ 7) A(n+3)KA3(n+3) + A(n+2)KA2(n+2) + A(n+ 1)KA1(n+1) 

+ A(n)KC3(n+3) + B(n+3)KB3(n+3) + B(n+2)KB2(n+2) 

+ B(n+1)KB1(n+1) + B(n)KC1(n+1) 

+ CASIN(n+4) 

2-40 01/16/97-LDS.2250-G 
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DEVICES INCORPORATED 12 x 10-bit Matrix Multiplier 

FIGURE 2. 3 x 3 MATRIX MULTIPLIER - MODE 00 

II 

21 

x y z 
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DEVICES INCORPORATED 

FtGURE 3. 9-TAP FIR FtLTER- Mooe 01 

21 

10 

NOTE: NUMBERS IN REGISTERS INDICATE 
NUMBER OF PIPELINE DELAYS 

LF2250 

12 x 10-bit Matrix Multiplier 

CASO UT 
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DEVICES INCORPORATED 

FtGURE 4. 3 x 3-PixEL CoNVOLVER - Mooe 1 O 

10 

10 

16 21 

100002 
(HALF-LSB ROUNDING) 

LF2250 

12 x 10-bit Matrix Multiplier 

• 

CASO UT 
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DEVICES INCORPORATED 

FIGURE 5. 4 x 2-PIXEL CONVOLVER - MODE 11 

A 

KA 

10 

10 

CASIN 

NOTE: NUMBERS IN REGISTERS INDICATE 
NUMBER OF PIPELINE DELAYS 

LF2250 

1 ~ x 10-bit Matrix Multiplier 

CASO UT 
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DEVICES INCORPORATED 12 x 10-bit Matrix Multiplier 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature ................. ............. ............. .. .............................. .................. ....... ....... -65°C to + 150°C 

Operating ambient temperature........................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ...................... .. .... .................. ......... ......... ............... -0.5 V to Vee + 0.5 V 

Signal applied to high impedance output ........ ...................................... ...................... .. -0.5 V to Vee+ 0.5 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latch up current ............................................................................................................................... > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to + 125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee= Min., IOH = -2.0 mA 

VOL Output Low Voltage Vee= Min., IOL = 4.0 mA 

VlH Input High Voltage 

VIL Input Low Voltage (Note3) 

llX Input Current Ground~ VIN~ Vee (Note 12) 

loz Output Leakage Current (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note 7) 

C1N Input Capacitance TA=25°C, f = 1 MHz 

Cour Output Capacitance TA=25°C, f = 1 MHz 

Supply Voltage 
4.75 v ~Vee~ 5.25 v 
4.50 v ~ Vee ~ 5.50 v 

Min Typ 

2.4 

2.0 

0.0 

Max 

0.4 

Vee 

0.8 

±10 

±40 

160 

12 

10 

10 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

pF 

pF 
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DEVICES INCORPORATED 12 x 10-bit Matrix Multiplier 

I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

LF2250-
33 25 20 

Symbol Parameter Min Max Min Max Min Max 

tcvc Cycle Time 33 25 20 

tPWL Clock Pulse Width Low 15 10 6 

tPWH Clock Pulse Width High 10 10 8 

ts Input Setup Time 8 6 6 

tH Input Hold Time 0 0 0 

to Output Delay 18 16 15 

MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

LF2250-
33 25 

Symbol Parameter Min Max Min Max 

tcvc Cycle Time 33 25 

tPWL Clock Pulse Width Low 15 10 

tPWH Clock Pulse Width High 10 10 

ts Input Setup Time 12 9 

tH Input Hold Time 2 2 

to Output Delay 25 20 
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LF2250 
DEVICES INCORPORATED 12 x 10-bit Matrix Multiplier 

SWITCHING WAVEFORMS: 3 x 3 MATRIX MULTIPLIER - MooE 00 

CLK 

CWE1-o 

KA, KB, KC • A, B,C 

MODE1-o XXXXXXXXX __________ o_o __________ ><z. 

X11-o 

Y11-o 

Z11-o 

SWITCHING WAVEFORMS: 9-TAP FIR FILTER- Mooe 01 

CLK 

CWE1-o 

KA, KB, KC 

A,B 

MooE1-o xxxxxxxxx"'"--------------01._ ____________ xxxxxxx 

cAs1N15-o xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx>CfilD<xxxxxxxxxxxxxxxxxxxx 

CASOUT15-o 
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_..._.,..~_..._.... LF2250 
DEVICES INCORPORATED 12 x 10-bit Matrix Multiplier 

SWITCHING WAVEFORMS: 3 x 3-PixeL CoNVOLVER - Mooe 10 

10 11 
CLK 

CWE1-0 

KA, KB, KC 

A,B,C 

MooE1-0 xxxxxxxxx'"----------------""'""'10'--------------------><& 

cAs1N1s-0 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx>C§D<xxxxxxxxxxxxxxxxxxxxxx 
to 

CASOUT1s-0 

SWITCHING WAVEFORMS: 4 x 2-PixeL CoNVOLVER - Mooe 11 

10 11 

MooE1-0 xxxxxxxxx.._ _________________ 1""1 _________________ ....,X& 

cAs1N1s-o xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx>C]D<xxxxxxxxxxxxxxx 
to 

CASOUT1s-0 QB 
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NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above Vee 
will be clamped beginning at-0.6 V and 
Vee+ 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of-0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tDIS test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in 
the testing of this device. The following 
measures are recommended: 

a. A0.1 µFceramiccapacitorshould be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actual test conditions may vary b. Ground and Vee supply planes 
from those designated but operation is must be brought directly to the DUT 
guaranteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated 
by: 

where 

N = total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 20 MHz clock 
rate. 

7. Tested with all inputs within0.1 Vof 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required DUT input 
levels relative to the DUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses 
from the internal circuitry are specified 
from the point of view of the device. 
Output delay, for example, is specified 
as a maximum since worst-case opera
tion of any device always provides data 
within that time. 
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12 x 10-bit Matrix Multiplier 

11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the tDIS test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
± lOmA loads. The balancing volt- • 
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z-
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. 0lIJPUT LOADING CIRCUIT 

FIGURE B. THRESHOLD LEVELS 

VoL" Measured VoL with loH = -10mA and loL = 10mA 
VoH• Measured VoH with loH = -1 OmA and loL = 1 OmA 
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ORDERING INFORMATION 

120-pin 1 2 3 4 5 6 7 8 9 10 11 12 13 

A 
, ... ,_, ,. ... 

\,.) 
,. ... 
\,.) 

,. ... 
\~) 

,. ... 
\.,,) 

,. ... 
\.,,) 

,. ... 
\_,1 

,. ... 
\_,1 

, ... 
\_,1 

, ... 
\_,1 

, ... 
\_,I 
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\_,I 

, ... ,_, 
XC1 XC9 XC10 MODEo C11 Ca C7 Cs C3 C1 B10 B7 B4 

B 
, ... 
\_,I 

, ... 
\_,I 

, ... 
\_,1 

, ... 
\_,I 

,. ... 
\_,I 

, ... 
\_,1 

,. ... 
\_,I 

, ... 
\_,1 

, ... 
\_,1 

, ... 
\_,1 
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\_,1 
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\_,1 
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\_,1 

XC4 XCs xca XC11 MODE1 Cg Cs C4 C2 B11 B9 B6 B2 
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,. ... 
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,. ... 
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\_,I 
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,. ... 
\_,I 

, ... 
\_,I 

, ... 
\_,I 

,. ... 
\_,I 

, ... 
\_,I 
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\_,I 
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\_,I 

XC1 XC2 XC6 Vee GND C10 GND Vee Co Ba Bs B3 B1 

D 
, ... 
\_,1 

, ... 
\_,1 

, ... 
\_,1 

, ... 
\ I 

, ... 
\_,I 

, ... 
\_,I 

,. ... 
\_,1 

YC11 XCo XC3 
KEY 

CLK Bo A10 ,. ... , ... , ... , ... , ... , ... 
E \_,I \_,1 \_,1 \_,1 \_,1 \_,1 

YC9 YC10 GND A11 Ag Aa 

F 
, ... ,. ... , ... , ... , ... , ... 
\_,I \_,I \_,I \,.,) \_,I \_,I 

Y7 YCa Vee Top View A7 As As 

G 
, ... 
\_,1 

,. ... 
\_,1 

, ... 
\_,1 Through Package 

, ... 
\_,I 

,. ... 
\_,1 

, ... 
\_,1 

Vs Ye GND (i.e., Component Side Pinout) A3 A2 A4 , ... , ... , ... , ... ,. ... , ... 
H \_,1 \.,) \_,1 \_,1 \_,1 \_,1 

Y4 YCo Vee GND Ao A1 
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, ... 
\_,I 
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\_,1 

, ... 
\_,I 
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\_,I 
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\_,I 
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\.,,) 
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\_,I 
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\_,1 
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,. ... 
\_,1 
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\_,I 
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\_,I 
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\_,I 
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\_,I 
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\_,I 
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\_,I 
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\_,I 
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\_,I 

, ... 
\_,I 
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\_,I 
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\_,I 
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ZC2 ZC1 ZC9 ZC11 KC2 KC4 KCs KC9 KB2 KBs KB9 KA2 KA3 

N 
, ... ,_, , ... 

\_,1 
, ... 
\_,1 

, ... 
\_,1 

,. ... 
\_,1 

, ... 
\_,I 

,. ... 
\_,1 

, ... 
\_,I 
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\_,I 

, ... 
\_,1 

, ... 
\_,1 
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, ... ,_, 
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Ceramic Pin Grid Array 
Speed (G4) 

0°C to +70°C _.;..COMMERCIAL SCREENING 
33 ns LF2250GC33 
25 ns LF2250GC25 
20 ns LF2250GC20 

-55°C to + 125°C ~COMMERCIAL SCREENING . 
33 ns LF2250GM33 
25 ns LF2250GM25 

-55°C to + 12s0 c - MIL-STD-883 CoMPLIANT 
33 ns LF2250GMB33 
25 ns LF2250GMB25 
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Speed 

33 ns 
25 ns 
20 ns 

ORDERING INFORMATION 

120-pin 

XCG 
xcs 
XC4 
XC3 
XC2 
XC1 
xco 

GND 
YC11 
YC10 
YC9 
Vee 
vca 

V7 
VG 

GND 
Vs 
V4 

vco 
vee 
VC1 
YC2 
VC3 

GND 
zco 
ZC1 
ZC2 
ZC3 
ZC4 
zcs 

0 -WW 
~uom~~ogg_o o o -o 
~x~~~~5~~uuuuu5uuu~Guu8mm~~m~~ 

.om~~W~VMN~omm~~~~MN~omm~~~VMN~ 

~~~~~~~~~~~~~~~~~~e~emmmmmmmmm 

B 
9 
10 
11 
12 
13 
14 
15 
16 
17 
1B 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2B 
29 
30 

Top 
View 

Plastic Quad Flatpack 
(01) 

0°c to +70°C-COMMEACIAL SCREENING 

LF2250QC33 
LF2250QC25 
LF2250QC20 
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90 84 

B9 83 
BB CLK 
B7 82 
B6 81 
B5 Bo 
B4 A11 
B3 A10 
B2 A9 
B1 AB 
BO A7 
79 A6 
7B As 
77 A4 
76 A3 
75 A2 
74 A1 
73 AO 
72 GND 
71 CWEO 
70 CWE1 
69 KA9 
68 KAa 
67 KA7 
66 KA6 
65 KAs 
64 KA4 
63 KA3 
62 KA2 
61 KA1 
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0Ev1cEs 1NcoRPoRArEo Corrector (3 x 12-bits) 

.__I F_E_AT_U_R_ES ____ ___,j j DESCRIPTION 

0 50 MHz Data and Computation 
Rate 

0 Full Precision Internal Calculations 
with Output Rounding 

0 On-board 10-bit Coefficient Storage 
0 Overflow Capability in Low 

Resolution Applications 
0 Two's Complement Input and 

Output Data Format 
0 3 Simultaneous 12-bit Channels 

(64 Giga Colors) 
0 Applications: 

• Component Color Standards 
Translations (RGB, YIQ, YUV) 

• Color-Temperature Conversion 
• Image Capturing and Manipulation 
• Composite Color Encoding/ 

Decoding 
• Three-Dimensional Perspective 

Translation 

0 Replaces TRW /Raytheon TMC2272 
0 Package Styles Available: 

• 120-pin Pin Grid Array 
• 120-pin Plastic Quad Flatpack 

LF2272 BLOCK DIAGRAM 

CLK 

CWEL1-o 
2., 

7 

A11-o 
12..._ 

{ 
7 

DATA 12, 
811-0 INPUTS 7 

C11-o 
12_, 
7 

KA9-o 
101_ 

{ 
7 

COEFFICIENT 
K89-o 

10; 
INPUTS 7 

KC9-o 
10,. 
7 

The LF2272 is a high-speed digital 
colorspace converter I corrector 
consisting of three simultaneous 12-
bit input and output channels for 
functionality up to 64 Giga (236) 

colors. Some of the applications the 
LF2272 can be used for include 
phosphor colorimetry correction, 
image capturing and manipulation, 
composite color encoding/ decoding, 
color matching, and composite color 
standards conversion/ transcoding. 

The 3 x 3 matrix multiplier (triple dot 
product) allows users to easily 
perform three-dimensional perspec
tive translations or video format 
conversions at real-time video rates. 
By using the LF2272, conversions can 
be made from the RGB (color compo
nent) format to the YIQ (quadrature 
encoded chrorninance) or YUV (color 
difference) formats and vice versa 
(YIQ or YUV to RGB). Differing 
signal formats in each stage of a 
system can be disregarded. For 

---p 

.... ® ® ® 
- ® ® ® .... 
~ 

. ® ® ® .,. 

---p 

9-MUL TIPLIER . ARRAY ..,.. 
. .,. 
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example, using an LF2272 at each 
format interface allows each stage of a 
system to operate on the data while in II 
the appropriate format. 

All inputs and outputs, as well as all 
control lines, are registered on the 
rising edge of clock. The LF2272 
operates at clock rates up to 50 MHz 
over the full commercial temperature 
and supply voltage ranges. A nar
rower data path can be used to allow 
the LF2272 to work with many 
different imaging applications. 

DETAILS OF OPERATION 

All three input ports (A, B, C) and all 
three output ports (X, Y, Z) are 
utilized to implement a 3 x 3 matrix 
multiplication (triple dot product). 
Each truncated 12-bit output is the 
sum of all three input words multi
plied by the appropriate coefficients 
(Table 1). The pipeline latency is five 
clock cycles. Therefore, the sum of 

12; . X11-o 7' .,. 
12., } Y11-o DATA -, ~ 

OUTPUTS 12,. -, ~ Z11-o 
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products will be output five clock 
cycles after the input data has been 
registered. New output data is 
subsequently available every clock 
cycle thereafter. 

DATA FORMATTING 

The data input ports (A, B, C) and 
data output ports (X, Y, Z) are 12-bit 
integer two's complement format. 

The coefficient input ports (KA, KB, 
KC) are 10-bit fractional two's 
complement format. Refer to 
Figures la and lb. 

BIT WEIGHTING 

The internal sum of products of the 
LF2272 can grow to 23 bits. How
ever, in order to keep the output 
format identical to the input format, 
the X, Y, and Z outputs are rounded 
to 12-bit integer words. The rounding 
is done only at the final output stage 
to allow accuracy, with correct 
rounding and overflow, for applica
tions requiring less than 12-bit integer 
words. The user may adjust the bit 
weighting by applying an identical 
scaling correction factor to both the 
input and output data streams. 

LF2272 

Colorspace Converter/ 
Corrector (3 x 12-bits) 

TABLE 1. LATENCY EQUATIONS 

X(n+4) 

Y(n+4) 

Z(n+4) 

A(n)KA 1 (n) + B(n)KB1 (n) + C(n)KC1 (n) 

A(n)KA2(n) + B(n)KB2(n) + C(n)KC2(n) 

A(n)KA3(n) + B(n)KB3(n) + C(n)KC3(n) 

DATA OVERFLOW SYSTEMS SMALLER THAN 12-BITS 

Because the LF2272' s matched input 
and output data formats accommo
date unity gain (O dB), input condi
tions that could lead to numeric 
overflow may exist. To ensure that 
no overflow conditions occur, the 
user must be aware of the maximum 
input data and coefficient word sizes 
allowable for each specific algorithm 
being performed. 

Using a data path less than 12-bits 
requires the input data to be right 
justified and sign extended to 12-bits 
because the LF2272 carries out all 
calculations to full precision. Since all 
least-significant bits are used, the 
desired X, Y, and Z outputs are 
rounded correctly and upper-order 
output bits are used for overflow. 

FIGURE 1 A. INPUT FORMATS 

111 10 9 8 7 6 5 4 3 2 0 
-211 210 29 28 21 26 25 24 23 22 21 20 
(Sign) 

---- Coefficient Input----

19 8 7 6 5 4 3 2 0 
-2° 2-1 2-2 2-3 2-4 2-5 2--{j 2-7 2-a 2-9 

(Sign) 

---- Internal Sum ----

120 19 18 17 '!)+ 3 2 0 
-211 210 29 28 2--{j 2-7 2-a 2-9 
(Sign) 

FIGURE 1.e. OUTPUT FORMAT 

------- Result-------

111 10 9 8 7 6 5 4 3 2 0 
-211 210 29 28 27 26 25 24 23 22 21 20 
(Sign) 
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SIGNAL DEFINITIONS 

Power 

Vee and GND 

+5 V power supply. All pins must be 
connected. 

Clock 

CLK - Master Clock 

The rising edge of CLK strobes all 
enabled registers. All timing specifi
cations are referenced to the rising 
edge of CLK. 

Inputs 

A11-0, B11-o, C11-0 - Data Inputs 

A, B, and C are the 12-bit registered 
data input ports. Data presented to 
these ports is latched into the multi
plier input registers. 

KA9-D, KB9-D, KC9-D - Coefficient 
Inputs 

KA, KB, and KC are the 10-bit regis
tered coefficient input ports. Data 
presented to these ports is latched 
into the corresponding internal 
coefficient register set defined by 
CWEL1-0 (Table 3) on the next rising 
edge of CLK. Table 2 shows which 
coefficient registers are available for 

TABLE 2. COEFFICIENT INPUTS 

INPUT PORT REG. AVAILABLE 

KA KA1, KA2, KA3 
KB KB1,KB2,KB3 
KC KC1,KC2,KC3 

each coefficient input port. 

Outputs 

X11-0, ¥11-0, Z11-0 - Data Outputs 

X, Y, and Z are the 12-bit registered 
data output ports. 

Controls 

CWEL1-0- Coefficient Write Enable 

The registered coefficient write enable 
inputs determine which internal 
coefficient register set to update 
(Table 3) on the next clock cycle. 

2-55 

LF2272 
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Corrector (3 x 12-bits) 

TABLE 3. CoEFF. REG. UPDATE 

CWEL1-o COEFFICIENT SET 

00 Hold All Registers 

01 KA1, KB1, KC1 
10 KA2,KB2,KC2 
11 KA3, KB3, KC3 

01/16/97-LOS.2272-E 
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FIGURE 2. DETAILED FUNCTIONAL DIAGRAM 

A 

KA 

B 

KB 

c 

KC 

CWEL~ 

x y 
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MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature ........................................................................................................ ... -65°C to + 150°C 

Operating ambient temperature........................................................................................... -55°C to + 125°C 

Vee supply voltage with respeet to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ............................................................................... -0.5 V to Vee + 0.5 V 

Signal applied to high impedance output ...................................................................... -0.5 V to Vee+ 0.5 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latchup current ............................................................................................................................... > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to +125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee = Min., IOH = -2.0 mA 

VOL Output Low Voltage Vee = Min., IOL = 4.0 mA 

VIH Input High Voltage 

VIL Input Low Voltage (Note 3) 

llX Input Current Ground :5; VIN :5; Vee (Note 12) 

loz Output Leakage Current (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note 7) 

CIN Input Capacitance TA= 25°C, f = 1 MHz 

Cour Output Capacitance TA= 25°C, f = 1 MHz 

Supply Voltage 
4.75 v :5; Vee :5; 5.25 v 
4.50 v :5; Vee :5; 5.50 v 

Min Typ 

2.4 

2.0 

0.0 

Max 

0.4 

Vee 

0.8 

±10 

±40 

160 

12 

10 

10 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

pF 

pF 
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I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

33 
Symbol Parameter Min 

tcvc Cycle Time 33 

tPWL Clock Pulse Width Low 15 

tPWH Clock Pulse Width High 10 

ts Input Setup Time 8 

tH Input Hold Time 0 

to Output Delay 

MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

Symbol Parameter 

tcvc Cycle Time 

tPWL Clock Pulse Width Low 

tPWH Clock Pulse Width High 

ts Input Setup Time 

tH Input Hold Time 

to Output Delay 

SWITCHING WAVEFORM 

2 3 4 

Z11-o 

2-58 

Max 

18 

6 

LF2272 

Colorspace Converter/ 
Corrector (3 x 12-bits) 

LF2272-
25 20 

Min Max Min Max 

25 20 

10 6 

10 8 

6 6 

0 0 

16 15 

LF2272-
33 25 

Min Max Min Max 

33 25 

15 10 

10 10 

12 9 

0 0 

25 20 

7 8 

to 
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NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above Vee 
will be clamped beginning at-0.6 Vand 
Vee + 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of-0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tDIS test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in 
the testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actual test conditions may vary b. Ground and Vee supply planes 
from those designated but operation is must be brought directly to the DUT 
guaranteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated 
by: 

4 
where 

N = total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 20 MHz clock 
rate. 

7. Tested with all inputs within 0.1 V of 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required DUT input 
levels relative to the DUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses 
from the internal circuitry are specified 
from the point of view of the device. 
Output delay, for example, is specified 
as a maximum since worst-case opera
tion of any device always provides data 
within that time. 
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Colorspace Converter/ 
Corrector (3 x 12-bits) 

11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the tDIS test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with ~ .. ·.· "· -.1 • 

± lOmA loads. The balancing volt-~ 
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z-
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. OUTPUT LOADING C1Rcurr 

FIGURE B. THRESHOLD LEVELS 

VoL' Measured VOL with loH = -10mA and loL = 10mA 
VoH' Measured VoH with loH = -1 OmA and loL = 1 OmA 
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ORDERING INFORMATION 

120-pin 1 2 3 4 5 6 7 8 9 10 

A 
, ... ,_, , ... 

\,,) 
, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.I 

, ... 
\_.1 

, ... 
\_.I 

X1 Xg X10 GND C11 Cs C7 Cs C3 C1 

B 
, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

X4 Xs Xe X11 GND Cg Cs C4 C2 811 

c , ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.I 

, ... 
\_.1 

, ... 
\_.1 

X1 X2 Xs Vee GND C10 GND Vee Co Ba 

D 
, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\ I 

Y11 Xo X3 KEY , ... , ... , ... 
E \_.I \_.1 \_.1 

Y9 Y10 GND 
F 

, ... , ... , ... 
\_.1 \_.I \_.1 

Y7 Ya Vee Top View 

G 
, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 Through Package 

Vs Vs GND (i.e., Component Side Pinout) , ... , ... , ... 
H \_.I \_.1 \_.1 

Y4 Yo Vee 
J 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

Y1 Y2 GND 
K 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

Y3 Zo Z3 

L 
, ... 
\_.I 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

Z1 Z4 Zs GND Keo GND Vee K8o K84 K8s 

M 
, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

Z2 Z1 Z9 Z11 KC2 KC4 KCs KC9 K82 KBs 

N 
, ... ,_, , ... 

\_.1 
, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.I 

, ... 
\_.1 

Zs Zs Z10 KC1 KC3 KCs KC1 KCs KB1 KB3 

Ceramic Pin Grid Array 
Speed (G4) 

0°c to +70°C - COMMERCIAL SCREENING 
33 ns LF2272GC33 
25 ns LF2272GC25 
20 ns LF2272GC20 

-55°C to + 125°C - COMMERCIAL SCREENING 
33 ns LF2272GM33 
25 ns LF2272GM25 

-55°C to + 125°C - MIL·STD·883 CoMPLIANT 
33 ns LF2272GMB33 
25 ns LF2272GMB25 
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Colorspace Converter/ 
Corrector (3 x 12-bits) 

11 12 13 

, ... 
\_.1 

, ... 
\_.I 

, ... ,_, 
B10 B7 B4 , ... 
\_.1 

, ... 
\_.1 

, ... 
\_.I 

89 8s 82 , ... 
\_.1 

, ... 
\_.I 

, ... 
\_.1 

J3s 83 B1 , ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

CLK Bo A10 , ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

A11 Ag As , ... 
\_.1 

, ... 
\_.I 

, ... 
\_.1 

A7 As As , ... 
\_.1 

, ... 
\_.1 

, ... 
\_.I 

A3 A2 A4 , ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

GND Ao A1 , ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

KAs CWEL1 CWELo , ... 
\_.I 

, ... 
\_.1 

, ... 
\_.1 

KA4 KA1 KA9 , ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

KA1 KAs KAs , ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

K89 KA2 KA3 , ... 
\_.I 

, ... 
\_.1 

, ... ,_, 
KBs KB7 KAO 
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. ORDERING INFORMATION 

Speed 

33 ns 
25 ns 
20 ns 

120-pin 

Xe 
Xs 
X4 
X3 
X2 
X1 
Xo 7 

GND 8 
Y11 9 
Y10 10 
Y9 11 

Vee 12 
Ye 13 
Y7 14 
Ye 15 

GND 16 
Ys 17 
Y4 18 
Yo 19 

Vee 20 
Y1 21 
Y2 22 
Y3 23 

GND 24 
Zo 25 
Z1 26 
Z2 27 
Z3 28 
Z4 29 
Zs 30 

0°C to +70°C - COMMERCIAL SCREENING 

Top 
View 

Plastic Quad Flatpack 
(Q1) 

LF2272QC33 
LF2272QC25 
LF2272QC20 
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Colorspace Converter/ 
Corrector (3 x 12-bits) 

84 
83 
CLK 
82 
81 
Bo 
A11 
A10 
A9 
AB 
A7 
Ae 
As 
A4 
A3 
A2 
A1 
Ao 
GND 
CWEO 
CWE1 
KA9 
KAB 
KA7 
KAe 
KAS 
KA4 
KA3 
KA2 
KA1 
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- ·=· :.::..~-=~ · ·l:·F2301--- - ----- -~-.......-~- ......... 
-~~-..._.... = Image Resampling Sequencer 

.._F_E_A_T_UR_E_S ____ ___.l I DESCRIPTION 

0 40 MHz Clock Rate 
0 High-Speed Image Manipulation 
0 Maximum Image Size: 4096 x 4096 

Pixels 

0 Supports Following Interpolation 
Algorithms: 
• Nearest-Neighbor 
• Bilinear Interpolation 
• CubicConvolution 

0 Applications: 
• VideoSpecial-Effects 
• Image Recognition 
• High-Speed Data Encoding/ 

Decoding 
0 Available 100% Screened to 

MIL-STD-883, Class B 
0 Replaces TRW /Raytheon TMC2301 
0 Package Styles Available: 

• 68-pin Pin Grid Array 
• 68-pin Plastic LCC, J-Lead 

LF2301 BLOCK DIAGRAM 

LOR WEN 83-0 P11-0 

PARAMETER 
STORAGE 

SOURCE 
ADDRESS 

GENERATOR 

FRACTION INTEGER 

CA1-0 X11-0 

INPUT IMAGE 
BOUNDARY 

COMPARATOR 

The LF2301 is a self-sequencing 
address generator designed to filter a 
two-dimensional image or remap 
and resample it from one set of 
Cartesian coordinates (x,y) into a 
newset(u,v). 

The LF2301 can resample digitized 
images or perform such manipula
tions as rotation, panning, zooming, 
and warping as well as compression 
in real-time. 

By using two LF2301s in a Image 
Transformation System (ITS), near
est-neighbor, bilinear interpolation, 
and cubic convolution algorithms, 
with kernel sizes up to 4 x 4 pixels, 
are all possible (see Figure 1). This 
system can also implement simple 
static filters with kernel sizes up to 
16 x 16 pixels. 

NOOP INTER INIT 

CONTROL 

WALK COUNT 

TARGET 
ADDRESS 

GENERATOR 

2·63 

ACC 
DONE 
END 

DETAILS OF OPERATION 

Most video applications use a pair of 
LF2301s in tandem to construct an 
ITS. One LF2301 is the row coordi
nate generator (x to u) and the other 
is the column generator (y to v). 
External RAM is needed for storage 
of the interpolation coefficient 
lookup table, as well as for buffers of 
the source and destination images. 
An external Multiplier-Accumulator 
is required when performing interpo
lation or implementing static filters. 

The ITS is capable of performing the 
general second-order coordinate 
transformation of the form: 

x(u,v)=Au2+Bu+Cuv+Dv2+Ev+F 

y(u,v)=Gu2+Hu+Kuv+Lv2+Mv+N 

where parameters A through N of 
the transform are user-defined. 
The system steps sequentially 
through each pixel in the "target" 
image lying within a user-defined 
rectangle. For each "target" pixel 
at (u,v), the LF2301 points to a 
corresponding "source" pixel at 
(x,y). 

01/16/97-LDS.2301 ·B 
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SIGNAL DEFINITIONS 

Power 

Vee and GND 

+SV power supply. All pins must be 
connected. 

Clock 

CLK- Master Clock 

The rising edge of CLK strobes all 
enabled registers. 

Inputs 

P11-o - Parameter Register Data Input 

P11-o is the 12-bit Parameter Register 
Data input port. Pn-o is latched on the 
rising edge of CLK. 

B3-0- Parameter Register Address Input 

B3-0 is the 4-bit Parameter Register 
Address input port. B3-0 is latched on 
the rising edge of CLK. 

Outputs 

X11-o- Source Address Output 

Xn-o is the 12-bit registered Source 
Address output port. 

CA7-0 -Coefficient Address Output 

CA7-0 is the 8-bit registered Coefficient 
Address output port. 

U11-o-Target Address Output 

Un-o is the 12-bit registered Target 
Address output port. 

Controls 

INIT - Initialize 

When INIT is HIGH for a minimum of 
two clock cycles, the control logic is 
cleared and initialized for the start of a 
new image transformation. When INIT 
goes LOW, normal operation begins 
after two clock cycles. INIT is latched 
on the rising edge of CLK. 

WEN - Write Enable 

When WEN is LOW, data latched into 
the device on P11-o is loaded into the 
preload register addressed by the data 

LF2301 

Image Resampling Sequencer 

FIGURE 1. IMAGE TRANSFORMATION SYSTEM (ITS) 

P11-0 

83-0 
INIT, LOR, 

WEN, NOOP, OETA 

12 
4 
5 

INTER 

END 

LF2301 
Row 

Address 
Generator 

(X) 

CA1-0 

1 

IMAGE DATA IN 

11 

X11-0 
12 24 

ACC 
SOURCE 

UWRI t--1--- IMAGE 

U11-0 ~ 
RAM 

I--, 

< 

11 
x 

41 ACC 

INTERPOLATION 
LMA 1009/2009 12 12X 12blt t---+ COEFFICIENT 

RAM 

! 
CA1-0 

L+ 

~ LF2301 
Column 

L____+ Address 
Generator 

INTER (Y) 

END 

CLK-

latched into the device on B3-0. When 
WEN is HIGH, data cannot be loaded 
into the preload registers and their 
contents will not be changed. WEN is 
latched on the rising edge of CLK. 

LDR-Load Data Register 

When LDR is HIGH, data in all 
preload registers is latched into the 
Transformation Parameter Registers. 
When LDR is LOW, data cannot be 
loaded into the Transformation 
Parameter Registers and their contents 
will not be changed. LDR is latched on 
the rising edge of CLK. 

ACC-Accumulate 

The registered ACC output initializes 
the accumulation register of the 
extemalmultiplier-accumulator. At 
the start of each interpolation "walk," 
ACC goes LOW for one cycle effectively 
clearing the storage register by loading 
in only the new first product. ACC 
from either the row or column LF2301 
maybe used. 

2-64 

y 
Multiplier-

Accumulator 

f>x,v,P 
Door 

'1 

Yn-0 ~ ~ 12 24 DESTINATION 
V11-0 IMAGE 

RAM 

< 

'1 
IMAGE DATA OUT 

UWRI - Target Memory Write Enable 

The Target Memory Write Enable goes 
LOW for one clock cycle after the end 
of each interpolation "walk." When 
OETA is HIGH, this registered output 
is forced to the high-impedance state. 
UWRI from either the row or column 
LF2301 may be used. 

INTER-Interconnect 

When two LF230ls are used to form an 
ITS, the END flag on each device is 
connected to INTER on the other 
device. The END flag from the row 
device indicates an "end of line" to the 
column device. The END flag from the 
column device indicates a "bottom of 
frame" to the row device, forcing a 
reset of the address counter. 

NOOP- No Operation 

When NOOP is LOW, the clock is 
overridden holding all address 
generators in their current state. Xll-0 
and CA7-0are forced to the high-

01/16/97-LDS.2301-B 
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impedance state. Users may then 
access external memory. Normal 
operation resumes on the next clock 
cycle after NOOP goes HIGH. NOOP 
is latched on the rising edge of CLK. 

OET A-Target Memory Output Enable 

WhenOETAisHIGH, UWRiand Un-o 
are forced to the high-impedance state. 
When OETA is LOW, UWRI and Un-o 
are enabled on the next clock cycle. 
OETA is latched on the rising edge of 
CLK. 

Flags 

CZERO- Coefficient Zero 

If in a row device x<O, 
XMIN~x~XMAX, orx~4096, the 
registered CZERO flag goes HIGH. If 
O~x<XMIN orXMAX<x<4096,CZERO 
goes LOW. In an ITS, when the source 
address falls outside a rectangle with 
vertices (XMIN, YMIN), (XMAX, 
YMIN), (XMIN, YMAX), and (XMAX, 
YMAX), the logical AND of the CZERO 
flags from the row and column of the 
LF2301s will go LOW representing 
an invalid address. 

END- End of Row/Frame 

When two LF2301s are used to form an 
ITS, the END flag on each device is 
connected to INTER on the other 
device. The END flag from the row 
device indicates an "end of line" to the 
column device. The END flag from the 
column device indicates a "bottom of 
frame" to the row device, forcing a 
reset of the address counter. 

When Mode is set to "00" or "10" 
END goes HIGH on the row device for 
(K+ 1) x (K+ 1) clock cycles starting 
[2 x (K+l) x (K+l)] + 1 clock cycles 
before the last X address of a row. END 
goes HIGH on the column device for 
(K + 1 )3 x (UMAX-UMIN) clock cycles 
starting at (K+ 1)3 x(UMAX-UMIN)+1 
clock cycles before the last X address of 
a frame. 

LF2301 

Image Resampling Sequencer 

When Mode is set to "01" or "11" 
END goes HIGH on the row device for 
K+ 1 clock cycles starting at (K+ 1) + 2 
clock cycles before the last X address of 
a row. END goes HIGH on the column 
device for (K + 1) x (K + 1) clock cycles 
startingat[(K+l)x(K+l)]+ 1 clock cycles 
before the last X address of a frame. 

DONE- End of Transform 

In a two LF2301 system, after the last 
walk of the last row of an image, the 
registered DONE flag goes HIGH 
indicating the end of the transform. 
DONE goes HIGH one clock cycle 
before the last X address of a frame. If 
AIN is HIGH, DONE will remain 
HIGH for one clock cycle. If AIN is 
LOW, DONE will remain HIGH until a 
new transform begins. 

Transformation Control Parameters 

XMIN,XMAX, YMIN, YMAX 

XMIN,XMAX, YMIN, YMAXdefine 
the valid area in the source image from 
which pixels may be read. The CZERO 
flags will denote a valid memory read 
whenever the LF2301s generate an 
(x,y) address within this boundary. 

UMIN, UMAX, VMIN, VMAX 

UMIN, UMAX, VMIN, VMAXdefine 
the area in the destination image into 
which pixels will be written. 
(UMIN, VMIN) is the top left corner 
and (UMAX + 1, VMAX) is the bottom 
right corner. The following conditions 
must be met: UMAX>UMIN and 
VMAX>VMIN. 

xo,yo 

xo, yo determine what the first pixel 
read out of the source image will be at 
the beginning of an image transforma
tion. xo, yo will be the upper left corner 
of the original image in non-inverting, 
non-reversing applications. 

dx/du 

dx/ du is the displacement along the 
x axis corresponding to a one-pixel 
movement along the u axis. 
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dx/dv 

dx/ dv is the displacement along the 
x axis corresponding to each one-pixel 
movement along the v axis. 

dy/du 

dy I du is the displacement along the 
y axis corresponding to each one-pixel 
movement along the u axis. 

dy/dv 

dy I dv is the displacement along the 
y axis corresponding to each one-pixel 
movement along the v axis. 

d2x/du2 

d2x/ du2 determines the rate of change 
of dx/ du with each step along a line in 
the output image. 

d2x/dv2 

d2x/ dv2 determines the rate of change 
of dx/ dv with each step down a 
column in the output image. 

d2y/du2 

d2y / du2 determines the rate of change 
of dy I du with each step along a line in 
the output image. 

d2y/dv2 

d2y / dv2 determines the rate of change 
of dy I dv with each step down a 
column in the output image. 

d2x/dudv 

d2x/ dudv determines the rate of 
change of dx/ du while moving 
vertically through the output image. 
d2x/ dudv also determines the rate of 
change of dx/ dv while moving 
horizontally through the output image. 

d2y/dudv 

d 2y I dudv determines the rate of 
change of dy I dv while moving 
horizontally through the output image. 
d2y I dudv also determines the rate of 
change of dy I du while moving 
vertically through the output image. 

01/16/97-LDS.2301-B 
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TABLE 1. MODE SELECTION 

M1 Mo MODE 

0 0 single-pass operation (CW) 

0 1 pass 1 of two-pass operation 

1 0 single-pass operation (CCW) 

1 1 pass 2 of two-pass operation 

R/C- Row/Column Select 

When set to 0, the LF2301 functions as 
a row device. When set to 1, the 
LF2301 functions as a column device. 

Mi-a-Mode 

This 2-bit control word defines four 
modes as follows (see table 1): · 

The 1st and 3rd modes are single
pass operations where the device 
walks through a (K + 1) x (K + 1) 
kernel for each output pixel. K is the 
kernel size determined by K3-o in 
Parameter Register 7. In mode 00, the 
spiral walk is in the clockwise direc
tion. In mode 10, the spiral walk is in 
the counter clockwise direction. 

The 2nd and 4th modes are used 
together to perform a two-pass opera
tion. The first pass (mode 01) performs 
a (K+l) kernel in the horizontal 
dimension. The second pass (mode 11) 
performs a (K + 1) kernel in the vertical 
dimension. 

The result of pass 1 is stored in the 
destination image memory and is used 
as the source image data for the second 
pass. A system to switch source and 
destination memory banks could be 
designed, or utilization of a second 
LF2301 pair in a pipelined architecture 
could be used. In this case, the system 
would require a third image buffer for 
the final destination image. 

K.3-o - Kernel 

Kernel determines the length of the 
spiral walk when performing image 
transformations and the size of the 
filter when implementing static filters 
(see table 2). When performing image 
transformations, the longest spiral walk 

LF2301 

Image Resampling Sequencer 

possible is 4 x 4 pixels (Kernel= 3). For 
static filters, kernels of up to 16 x 16 
pixels (Kernel= 15) are possible. 

FOV-Field of View 

FOV determines the distance between 
pixels in a spiral walk. An FOV of 1 
means each step in a spiral walk is one 
pixel. An.POV of 2 means each step is 
two pixels, and so on. FOV can be set 
as high as 7 (see Table 3). It is impor
tant to note when FOV is 0, the x and y 
addresses will not change during a 
spiral walk. They will remain fixed at 
the first pixel address of the spiral 
walk. 

ALR-Autoload 

When set HIGH and upon INIT being 
strobed, the LDR control is automati
cally asserted which causes the data 
currently stored in the Preload Regis
ters to be loaded into the Transforma
tion Parameter Registers. 

AIN-Autoinit 

A new transform automatically begins 
if the AIN bit is HIGH when the end of 
an image is reached. The DONE flag 
will go HIGH for one clock cycle. If 
AIN is LOW, UWRI and the DONE 
flag remain HIGH until the user 
strobes the INIT control to begin a new 
image transformation. 

PIPE - Pipe Control 

In order to compensate for buffered 
source image RAM, PIPE adjusts the 
timing of UWRI and ACC. If the PIPE 
bit is HIGH, UWRI and ACC will have 
a one clock cycle delay added relative 
to the generation of the target address. 

TM- Test Mode 

Calculations of the source image and 
coefficient addresses are made by an 
internal 28-bit accumulator. TM 
allows access to the sign bit and the 
seven bits below the four coefficient 
address bits in the accumulator. When 
TM is HIGH the sign bit and 11 bits 
below the source image address are fed 
to X11-o (see Figure 2). When TM is 
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LOW, the source image address is fed 
to Xn-o. Two clock cycles are required 
to access both the MS and LS words of 
the internal accumulator. 

Functional Description 

The LF2301 is an address generator 
designed to be used in an image 
transformation system (ITS). When 
implementing an LF2301-based ITS, 
second-order image transformations 
can be performed like resampling, 
rotation, warping, panning, and 
rescaling, all at real-time video rates. 
2D filtering operations, like pixel 
convolutions, can also be performed. 

In most applications two LF2301s are 
used, one to generate the row addresses 
and the other to generate the column 

TABLE 2. KERNEL 

Ka K2 K1 Ko Kernel 

0 0 0 0 1 x 1 
0 0 0 1 2x2 

0 0 1 0 3x3 
0 0 1 1 4x4 

0 1 0 0 5x5 
0 1 0 1 6x6 

0 1 1 0 7x7 
0 1 1 1 8x8 

1 0 0 0 9x9 
1 0 0 1 10x 10 

1 0 1 0 11 x 11 
1 0 1 1 12x12 

1 1 0 0 13x13 
1 1 0 1 14x14 

1 1 1 0 15x15 
1 1 1 1 16x16 

TABLE 3. FIELD OF VIEW 

F2 F1 Fo FOV 

0 0 0 0 
0 0 1 1 

0 1 0 2 
0 1 1 3 

1 0 0 4 
1 0 1 5 

1 1 0 6 
1 1 1 7 
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addresses. An example of an ITS 
implemented with two LF2301s is 
shown in Figure 1. In this system the 
following components are used: two 
LF2301s, a multiplier-accumulator 
(MAC), interpolation coefficient RAM, 
and source I target image RAM. 
Maximum image size is 4096 x 4096 
pixels. Data word size is determined 
by the word size of the external RAM. 

A typical ITS performs image transfor
mations as follows: 

a. The LF2301s generate sequential 
pixel addresses (left to right, top to 
bottom) which fill the rectangle in the 
target image RAM defined by 
(UMIN,VMIN)and (UMAX + 1, VMAX). 
It is important to note that the U value 
of the last pixel address on each line of 
the target RAM is UMAX + 1. 

b. The LF2301s calculate the address 
of the corresponding pixel in the 
source image RAM for each target pixel 
address generated. 

c. If interpolation is needed, the 
external MAC sums the products of the 
source pixels and the interpolation 
coefficients. Control signals for the 
MAC and address signals for the 
interpolation coefficient RAM are 
provided by the LF230ls. 

d. The new pixel value is written into 
the target image RAM. 

The LF2301s generate source pixel 
addresses according to the following 
general second order equations: 

x = Au2 + Bu + Cuv + Dv2 + Ev + F 

y=Gu2 + Hu+Kuv+ Lv2+Mv+N 

where (x, y) and ( u, v) are the source 
and target coordinates respectively. 
A through N are user-defined param
eters. The actual second order equa
tions used are shown in Figure 3. 
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FIGURE 2. TEST MODE DATA ROUTING 

28-BIT INTERNAL 
ACCUMULATOR 

SIGN 

WALK COUNTER 

x 11-0!T 11-0 

CA7-4 

___ ___._ ___ _,,_ ______ CAJ-o 

FIGURE 3. ADDRESS TRANSFORMATION EQUATIONS 

x Xo + ( dx )m + (~) n + (~)mn + (d2x\(m2- m) + (d2x\ (n2- n) 
du dv dudv \du2

/\ 2 \dv2
) 2 

+ FOV · CAX(w) + FOV · m · CAX(ker) 

y Yo + (_Qy_)m + (_Qy_) n + (~)mn + (sfy_\(m
2

- m) + (sfy_\ (n2- n) 
du dv dudv \du 2

)\ 2 \dv2
) 2 

+ FOV · CAY(w) + FOV · m · CAY(ker) 

u UMIN+ m 

v VMIN + n 

NOTE: (m2; m) APPROXIMATES THE EXPONENTIAL CHARACTERISTIC OF m2. 
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Transformation Parameter Register 
Loading 

The LF2301 allows Transformation 
Parameters to be updated on-the-fly. 
The loading of these registers is 
double-buffered (see Figure 4). Any 
or all of the first level registers can be 
loaded using P11-o, B3-0, and WEN 
without affecting the parameters 
currently in use. 

LDR simultaneously updates all 
Transformation Parameter Registers. 
If Autoload (ALR) is active, these 
registers will be updated automati
cally at the beginning of each new 
image. Note that NOOP does not 
affect the loading of the Transforma
tion Parameter Registers. 

LF2301 
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FIGURE 4. LOR CONTROL FOR PARAMETER UPDATE 

83-0 

LDR 

CLK~ 

PRELOAD 
REGISTERS 

TRANSFORMATION 
PARAMETER 
REGISTERS 

TABLE 4. PARAMETER REGISTER FORMATS (Row OR CoLUMN Mooe) 
ADDA MSB FORMAT LSB ROW COLUMN 

0000 211 210 29 23 21 z; 2s 2" 23 :22 21 2° XMIN YMIN 

0001 211 210 29 23 21 z; 25 2" 23 :22 21 2° XMAX YMAX 

0010 z; 2s 2" 23 22 21 2° z-1 ~ 2-3 2"" 2-5 XO (LS) yo (LS) 

0011 ALR AIN PIPE RIC M1 Mo -212 211 210 29 23 21 Controls, xo 1MS) Controls,_y_o (LS) 

0100 z-1 ~ ~ 2"" 2-5 2-5 z-1 ~ 2-"9 z-10 z-11 z-12 dx/du (LS) dy/du (LS) 

0101 TM F2 F1 Fo -27 z; 2s 2" 23 :22 21 2° Controls, dx/du 1MS1 Controls, ~du (MSl 

0110 z-1 ~ ~ 2"" 2-5 ~ z-1 ~ 2-"9 z-10 z-11 z-12 dx/dv (LS) dy/dv (LS) 

0111 K3 K2 K1 Ko -27 z; 25 2" 23 :22 21 2° Kernel, dx/dv JMS) Kernel, ~dv (MS) 

1000 2-"9 z-10 z-11 z-12 z-13 z-14 z-1s z-1s z-11 z-1e z-19 ~ d2x/dudv (LS) d2y/dudv (LS) 

1001 -23 22 21 2° z-1 ~ 2-3 2"" 2-5 ~ z-1 ~ d2x/dudv (MS) d2y/dudv (MS) 

1010 2-"9 z-10 z-11 z-12 z-13 z-14 z-1s z-1e z-11 z-1e z-19 ~ d2x/du2 (LS) d2y/du2 (LS) 

1011 -23 22 21 2° z-1 ~ ~ 2"" 2-5 ~ z-1 ~ d2x/du2 (MS) d'.:z'[du2 (MS) 

1100 2-"9 z-10 z-11 z-12 z-13 z-14 z-1s z-1s z-11 z-1e z-19 ~ d2x/dv2 (LS) d2y/dv2 (LS) 

1101 -23 22 21 2° z-1 ~ 2-3 2"" 2-5 ~ z-1 ~ d2x/dv2 (M~) d'.:z'[dv2 _{_MS) 

1110 211 210 29 23 21 z; 2s 2" 23 :22 21 2° UMIN VMIN 

1111 211 210 29 23 21 23 25 2" 23 :22 21 2° UMAX VMAX 

2-68 01/16/97-LDS.2301-B 



- ..-... ...-...-~ 
-~~-~ - - _,.. __ .. -- -------- --~ ----- -....-. _.,._... ...___ ~ 

DEVICES INCORPORATED 

Static Filter 

Static filtering at real-time video 
rates can be performed as shown in 
Figure 5. This mode is selected by 
loading Ml-0 with "00" for a clock
wise spiral walk. A counterclock
wise spiral walk could be selected by 
loading Ml-0 with "10." In this 
example, a static filter with a kernel 
size of 3 x 3 pixels is desired. Load
ing K3-0 with "0010" selects a kernel 
size of 3 x 3. The first pixel selected 
is determined by xo and yo. In this 
example, the first pixel is (6,6). In 
this case, the LF2301s should ad
dress consecutive pixels during each 
spiral walk. For this to occur, FOV 
must be set to 1 (F2-o loaded with 
"001"). 

After the last pixel of a spiral walk 
has been selected, the next pixel 
address is determined by adding 
dx/ du to the current X address and 
by adding dy I du to the current Y 
address (unless the kernel just 
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completed was the last for that line). 
At the end of the first spiral walk, 
pixel (7,5) is addressed. Since the 
first pixel of the next spiral walk 
should be (7,6), dx/ du is selected to 
be 0 and dy I du is selected to be 1. 

After the last pixel of the last spiral 
walk on the first line has been 
selected, the first pixel address of the 
second line is determined by adding 
dx/ dv to xo and by adding dy I dv to 
yo. Since the first pixel of the first 
spiral walk on the second line 
should be (6,7), dx/ dv is selected to 
be 0 and dy I dv is selected to be 1. 
Second order differential terms are 
not used in this filter and are there
fore set to 0. 

UMIN and VMIN are both selected to 
be 6. UMAX and VMAX are both 
selected to be 7. Table 5 shows the 
values loaded into all Parameter 
Registers. Table 6 shows the ITS 
outputs for the 3 x 3 static filter. 
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FIGURE 5. 3 x 3 STATIC FILTER 

5 6 7 8 9 

4 • • • • • 
5 

CEi--~ 
0 

2 

6 ----1 • 
7 

------· 
• 

8 • • • • • 
1 :::: 1st pixel of 1st spiral walk, 
2 :::: 1st pixel of 2nd spiral walk, etc. 

TABLE 5. PARAMETER REGISTERS 

ADDR Row(HEX) Column (HEX) 

0000 000 000 
0001 FFF FFF 
0010 oco oco 
0011 000 100 
0100 000 000 
0101 100 101 
0110 000 000 
0111 200 201 
1000 000 000 
1001 000 000 

1010 000 000 
1011 000 000 

1100 000 000 
1101 000 000 
1110 006 006 
1111 007 007 
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TABLE 6. ITS OUTPUTS FOR 3 x 3 STATIC FILTER 

Cycle x y CAx (HEX) CAy (HEX) u v INIT ACC UWRI ENDx EN Di DONE 

1 6 6 00 00 x x 1 0 1 0 0 0 
2 6 6 00 00 x x 0 0 1 0 0 0 
3 6 6 00 00 x x 0 0 1 0 0 0 
4 6 6 00 00 x x 0 0 1 0 0 0 
5 7 6 01 01 x x 0 1 0 0 0 0 
6 7 7 02 02 x x 0 1 1 0 0 0 
7 6 7 03 03 x x 0 1 1 0 0 0 
8 5 7 04 04 x x 0 1 1 0 0 0 
9 5 6 05 05 x x 0 1 1 0 0 0 
10 5 5 06 06 x x 0 1 1 0 0 0 
11 6 5 07 07 x x 0 1 1 1 0 0 
12 7 5 08 08 x x 0 1 1 1 0 0 
13 7 6 00 00 6 6 0 0 1 1 0 0 
14 8 6 01 01 6 6 0 1 0 1 0 0 
15 8 7 02 02 6 6 0 1 1 1 0 0 
16 7 7 03 03 6 6 0 1 1 1 0 0 
17 6 7 04 04 6 6 0 1 1 1 0 0 
18 6 6 05 05 6 6 0 1 1 1 0 0 
19 6 5 06 06 6 6 0 1 1 1 0 0 
20 7 5 07 07 6 6 0 1 1 0 0 0 
21 8 5 08 08 6 6 0 1 1 0 0 0 
22 8 6 00 00 7 6 0 0 1 0 0 0 
23 9 6 01 01 7 6 0 1 0 0 0 0 
24 9 7 02 02 7 6 0 1 1 0 0 0 
25 8 7 03 03 7 6 0 1 1 0 0 0 
26 7 7 04 04 7 6 0 1 1 0 0 0 
27 7 6 05 05 7 6 0 1 1 0 0 0 
28 7 5 06 06 7 6 0 1 1 0 0 0 
29 8 5 07 07 7 6 0 1 1 0 1 0 
30 9 5 08 08 7 6 0 1 1 0 1 0 
31 6 7 00 00 8 6 0 0 1 0 1 0 
32 7 7 01 01 8 6 0 1 0 0 1 0 
33 7 8 02 02 8 6 0 1 1 0 1 0 
34 6 8 03 03 8 6 0 1 1 0 1 0 
35 5 8 04 04 8 6 0 1 1 0 1 0 
36 5 7 05 05 8 6 0 1 1 0 1 0 
37 5 6 06 06 8 6 0 1 1 0 1 0 
38 6 6 07 07 8 6 0 1 1 1 1 0 
39 7 6 08 08 8 6 0 1 1 1 1 0 
40 7 7 00 00 6 7 0 0 1 1 1 0 
41 8 7 01 01 6 7 0 1 0 1 1 0 
42 8 8 02 02 6 7 0 1 1 1 1 0 
43 7 8 03 03 6 7 0 1 1 1 1 0 
44 6 8 04 04 6 7 0 1 1 1 1 0 
45 6 7 05 05 6 7 0 1 1 1 1 0 
46 6 6 06 06 6 7 0 1 1 1 1 0 
47 7 6 07 07 6 7 0 1 1 0 1 0 
48 8 6 08 08 6 7 0 1 1 0 1 0 
49 8 7 00 00 7 7 0 0 1 0 1 0 
50 9 7 01 01 7 7 0 1 0 0 1 0 
51 9 8 02 02 7 7 0 1 1 0 1 0 
52 8 8 03 03 7 7 0 1 1 0 1 0 
53 7 8 04 04 7 7 0 1 1 0 1 0 
54 7 7 05 05 7 7 0 1 1 0 1 0 
55 7 6 06 06 7 7 0 1 1 0 1 0 
56 8 6 07 07 7 7 0 1 1 0 0 1 
57 9 6 08 08 7 7 0 1 1 0 0 1 

58 6 6 00 00 8 7 0 0 1 0 0 1 
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Image Rotation& Bilinear Interpolation 

Figure 8 shows an example of rotating 
an image 30Q and using bilinear 
interpolation. This mode is selected by 
loading Mt-0 with "00" for a clockwise 
spiral walk. A counterclockwise spiral 
walk could be selected by loading Mt-0 
with "10." Bilinear interpolation 
requires a kernel size of 2 x 2 pixels. 
Loading K3-0 with "0001" selects a 
kernel size of 2 x 2. The first pixel 
selected is determined by xo and yo. In 
this example, the first pixel is (O,O). In 
this case, the LF2301s should address 
consecutive pixels during each spiral 
walk. For this to occur, FOV must be 
set to 1 (F2-o loaded with "001"). 

After the last pixel of a spiral walk has 
been selected, the next pixel address is 
determined by adding dx/ du to the 
current X address and by adding 
dy I du to the current Y address 
(unless the kernel just completed was 
the last for that line). At the end of the 
first spiral walk, pixel (0,1) is addressed. 
Since the next calculated pixel should 
be (0.866,0.5), dx/ du is selected to be 
0.866 and dy I du is selected to be 0.5. 
However, after adding dx/ du and 
dy I du to the X and Y addresses 
respectively, the generated address is 
(0.866,1.5). The Y address is off by a 
value of 1. This is due to the fact that 
the last pixel address of a spiral walk 
is used to calculate the first pixel 
address of the next spiral walk. In 
order for the LF2301s to generate the 
correct result, d y I du must be modified 
by subtracting a 1 from it. The correct 
value of dy I du is -0.5. Figure 6 shows 
how the unmodified differential terms 
were calculated. 

After the last pixel of the last spiral 
walk on the first line has been selected, 
the first pixel address of the second 
line is determined by adding dx/ dv to 
xo and by adding dy I dv to yo. Since 
the first calculated pixel of the first 

LF2301 

Image Resampling Sequencer 

spiral walk on the second line should 
be (-0.5,0.866), dx/ dv is selected to 
be -0.5 and dy I dv is selected to be 
0.866. Second order differential terms 
are not used in this transform and are 
therefore setto 0. 

It is important to note that the integer 
portion of the address generated in the 
LF2301 is used as the X or Y pixel 
address. The fractional portion (sub
pixel portion) is used as the coefficient 
RAM address. 

UMIN and VMIN are both selected to 
be 0. UMAX and VMAX are both 
selected to be 2. Table 7 shows the 
values loaded into all Parameter 
Registers. Table 8 shows the ITS 
outputs for this example. 

FIGURE 6. DIFFERENTIAL TERMS 

~ = cos 30Q = 0.866 
du 

_Qy_ = sin 30Q = 0.5 
du 

~ = -sin 30Q= -0.5 
dv 

_Qy_ =cos 30Q = 0.866 
dv 

FIGURE 7. 30° IMAGE ROTATION 

8 source image pixels 

• calculated pixels 
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FIGURE 8. 30° IMAGE ROTATION 

-1 0 1 2 3 
5 1,2 

0 .___.. Q 0 

-- - , 3 4 
1 ..... - ..... 

- -- a.i. 2 • • -- --3 • • • • • -
4 • • Q G) 0 

1 = 1st pixel of 1st spiral walk, 
2 = 1st pixel of 2nd spiral walk, etc. 
• source image pixels 
._ calculated pixels 

TABLE 7. PARAMETER REGISTERS 

ADDR Row(HEX) Column (HEX) 

0000 000 000 
0001 FFF FFF 
0010 000 000 
0011 000 100 
0100 DDB 800 
0101 100 1FF 
0110 800 DDB 
0111 1FF 100 
1000 000 000 
1001 000 000 

1010 000 000 
1011 000 000 

1100 000 000 
1101 000 000 

1110 000 000 
1111 002 002 
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TABLE 8. ITS OUTPUTS FOR 30° IMAGE ROTATION WITH BILINEAR INTERPOLATION 
--

Cycle x y CAx (HEX) CA_y_ (HEX) u v INIT ACC UWRI ENDx END_y_ DONE 
1 0 0 00 00 x x 1 0 1 0 0 0 
2 0 0 00 00 x x 0 0 1 0 0 0 
3 0 0 00 00 x x 0 0 1 0 0 0 

4 0 0 00 00 x x 0 0 1 0 0 0 
5 1 0 01 01 x x 0 1 0 0 0 0 
6 1 1 02 o~ x x 0 1 1 0 0 0 
7 0 1 03 03 x x 0 1 1 0 0 0 

8 0 0 DO 80 0 0 0 0 1 0 0 0 
9 1 0 D1 81 0 0 0 1 0 0 0 0 
10 1 1 D2 82 0 0 0 1 1 1 0 0 
11 0 1 D3 83 0 0 0 1 1 1 0 0 

12 1 1 BO 00 1 0 0 0 1 1 0 0 
13 2 1 B1 01 1 0 0 1 0 1 0 0 
14 2 2 B2 02 1 0 0 1 1 0 0 0 
15 1 2 B3 03 1 0 0 1 1 0 0 0 

16 2 1 90 80 2 0 0 0 1 0 0 0 
17 3 1 91 81 2 0 0 1 0 0 0 0 
18 3 2 92 82 2 0 0 1 1 0 0 0 
19 2 2 93 83 2 0 0 1 1 0 0 0 

20 -1 0 80 DO 3 0 0 0 1 0 0 0 
21 0 0 81 D1 3 0 0 1 0 0 0 0 
22 0 1 82 D2 3 0 0 1 1 0 0 0 
23 -1 1 83 D3 3 0 0 1 1 0 0 0 

24 0 1 50 50 0 1 0 0 1 0 0 0 
25 1 1 51 51 0 1 0 1 0 0 0 0 
26 1 2 52 52 0 1 0 1 1 1 0 0 
27 0 2 53 53 0 1 0 1 1 1 0 0 

28 1 1 30 DO 1 1 0 0 1 1 0 0 
29 2 1 31 D1 1 1 0 1 0 1 0 0 
30 2 2 32 D2 1 1 0 1 1 0 0 0 
31 1 2 33 D3 1 1 0 1 1 0 0 0 

32 2 2 10 50 2 1 0 0 1 0 0 0 
33 3 2 11 51 2 1 0 1 0 0 0 0 
34 3 3 12 52 2 1 0 1 1 0 1 0 
35 2 3 13 53 2 1 0 1 1 0 1 0 

36 -1 1 00 BO 3 1 0 0 1 0 1 0 
37 0 1 01 B1 3 1 0 1 0 0 1 0 
38 0 2 02 B2 3 1 0 1 1 0 1 0 
39 -1 2 03 B3 3 1 0 1 1 0 1 0 

40 -1 2 DO 30 0 2 0 0 1 0 1 0 
41 0 2 01 31 0 2 0 1 0 0 1 0 
42 0 3 D2 32 0 2 0 1 1 1 1 0 
43 -1 3 D3 33 0 2 0 1 1 1 1 0 

44 0 2 BO BO 1 2 0 0 1 1 1 0 
45 1 2 B1 B1 1 2 0 1 0 1 1 0 
46 1 3 B2 B2 1 2 0 1 1 0 1 0 
47 0 3 B3 B3 1 2 0 1 1 0 1 0 
48 1 3 90 30 2 2 0 0 1 0 1 0 
49 2 3 91 31 2 2 0 1 0 0 1 0 
50 2 4 92 32 2 2 0 1 1 0 0 1 
51 1 4 93 33 2 2 0 1 1 0 0 1 

52 0 0 00 00 3 2 o. 0 1 0 0 1 
53 1 0 01 01 3 2 0 1 0 0 0 1 
54 1 1 02 02 3 2 0 1 1 0 0 1 
55 0 1 03 03 3 2 0 1 1 0 0 1 
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Pass 1 of Two-Pass Operation 

Pass 1 of the two-pass operation 
performs horizontal filtering on an 
image as shown in Figure 9. This 
mode is selected by loading Ml-0 with 
"01." In this example, a horizontal 
filter with a kernel size of 3 pixels is 
desired. Loading K3-0 with "0010" 
selects a kernel size of 3. The first pixel 
selected is determined by xo and yo. In 
this example, the first pixel is (O,O). In 
this case, the LF2301s should address 
consecutive pixels during each pixel 
walk. For this to occur, FOV must be 
set to 1 (F2-0 loaded with "001"). 

After the last pixel of a pixel walk has 
been selected, the next pixel address is 
determined by adding dx/ du to the 
current X address and by adding dy I du 
to the current Y address (unless the 
kernel just completed was the last for 
that line). At the end of the first pixel 
walk, pixel (2,0) is addressed. Since 
the first pixel of the next pixel walk 
should be (1,0), dx/ du is selected to be 
-1 and dy I du is selected to be 0. After 
the last pixel of the last pixel walk on 
the first line has been selected, the first 

F1GURE 9. PAss 1 OF Two-PASS 
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3 

e 
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00--..~0 

4 5 6 
·------~------.... ______ ... •------~· 

• 
3 0 0 0 

1 = 1st pixel of 1st walk, 
2 = 1st pixel of 2nd walk, etc. 

pixel address of the second line is 
determined by adding dx/ dv to xo and 
by adding dy I dv to yo. Since the first 
pixel of the first pixel walk on the 
second line should be (0,1), dx/ dv is 
selected to be 0 and dy I dv is selected 
to be 1. Second order differential terms 
are not used in this filter and are 
therefore set to 0. 

TABLE 10. ITS OUTPUTS FoR PAss 1 OF Two-PAss 

Cycle x y CAx (HEX) CA_y (HEX) u v INIT 
1 0 0 00 00 x x 1 
2 0 0 00 00 x x 0 
3 0 0 00 00 x x 0 

4 0 0 00 00 x x 0 
5 1 0 01 01 x x 0 
6 2 0 02 02 x x 0 

7 1 0 00 00 5 5 0 
8 2 0 01 01 5 5 0 
9 3 0 02 02 5 5 0 

10 2 0 00 00 6 5 0 
11 3 0 01 01 6 5 0 
12 4 0 02 02 6 5 0 

13 0 1 00 00 7 5 0 
14 1 1 01 01 7 5 0 
15 2 1 02 02 7 5 0 

16 1 1 00 00 5 6 0 
17 2 1 01 01 5 6 0 
18 3 1 02 02 5 6 0 

19 2 1 00 00 6 6 0 
20 3 1 01 01 6 6 0 
21 4 1 02 02 6 6 0 

22 0 0 00 00 7 6 0 
23 1 0 01 01 7 6 0 
24 2 0 02 02 7 6 0 
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TABLE 9. p ARAMETER REGISTERS 

ADDR Row(HEX) Column (HEX) 

0000 000 000 
0001 FFF FFF 
0010 000 000 
0011 040 140 
0100 000 000 
0101 1FF 000 
0110 000 000 
0111 200 201 
1000 000 000 
1001 000 000 
1010 000 000 
1011 000 000 
1100 000 000 
1101 000 000 
1110 005 005 
1111 006 006 

UMIN and VMIN are both selected to 
be 5. UMAX and VMAX are both 
selected to be 6. Table 9 shows the 
values loaded into all Parameter 
Registers. Table 10 shows the ITS 
outputs for the Pass 1 of a Two-Pass 
operation. 

ACC UWRI ENDx END_y_ DONE 
0 1 0 0 0 
0 1 0 0 0 
0 1 0 0 0 

0 1 0 0 0 
1 0 1 0 0 
1 1 1 0 0 

0 1 1 0 0 
1 0 0 0 0 
1 1 0 0 0 

0 1 0 0 0 
1 0 0 1 0 
1 1 0 1 0 

0 1 0 1 0 
1 0 1 1 0 
1 1 1 1 0 

0 1 1 1 0 
1 0 0 1 0 
1 1 0 1 0 

0 1 0 1 0 
1 0 0 0 1 
1 1 0 0 1 

0 1 0 0 1 
1 0 1 0 1 
1 1 1 0 1 
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Pass 2 of Two-Pass Operation 

Pass 2 of the two-pass operation 
performs vertical filtering on an image 
as shown in Figure 10. This mode is 
selected by loading M1-0 with "11." In 
this example, a vertical filter with a 
kernel size of 3 pixels is desired. 
Loading K3-0 with "0010" selects a 
kernel size of 3. The first pixel selected 
is determined by xo and yo. In this 
example, the first pixel is (0,0). In this 
case, the LF2301 s should address 
consecutive pixels during each pixel 
walk. For this to occur, FOV must be 
set to 1 (F2-0 loaded with "001"). 

After the last pixel of a pixel walk has 
been selected, the next pixel address is 
determined by adding dx/ du to the 
current X address and by adding 
dy I du to the current Y address 
(unless the kernel just completed was 
the last for that line). At the end of the 
first pixel walk, pixel (0,2) is addressed. 
Since the first pixel of the next pixel 
walk should be (1,0), dx/ du is 
selected to be 1 and dy I du is selected 
to be -2. After the last pixel of the last 
pixel walk on the first line has been 

F1GURE 10. PAss2 OFTwo-PAss 
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1 = 1st pixel of 1st walk, 
2 = 1st pixel of 2nd walk, etc. 

selected, the first pixel address of the 
second line is determined by adding 
dx/ dv to xo and by adding dy I dv to 
yo. Since the first pixel of the first pixel 
walk on the second line should be (0,1), 
dx/ dv is selected to be 0 and dy I dv 
is selected to be 1. Second order 
differential terms are not used in this 
filter and are therefore set to 0. 

TABLE 12. ITS OUTPUTS FoR PAss 2 OF Two-PAss 

Cycle x y CAx (HEX) CA_y_ (HEX) u v INIT 
1 0 0 00 00 x x 1 
2 0 0 00 00 x x 0 
3 0 0 00 00 x x 0 

4 0 0 00 00 x x 0 
5 0 1 01 ,01 x x 0 
6 0 2 02 02 x x 0 

7 1 0 00 00 5 5 0 
8 1 1 01 01 5 5 0 
9 1 2 02 02 5 5 0 

10 2 0 00 00 6 5 0 
11 2 1 01 01 6 5 0 
12 2 2 02 02 6 5 0 

13 0 1 00 00 7 5 0 
14 0 2 01 01 7 5 0 
15 0 3 02 02 7 5 0 

16 1 1 00 00 5 6 0 
17 1 2 01 01 5 6 0 
18 1 3 02 02 5 6 0 

19 2 1 00 00 6 6 0 
20 2 2 01 01 6 6 0 
21 2 3 02 02 6 6 0 

22 0 0 00 00 7 6 0 
23 0 1 01 01 7 6 0 
24 0 2 02 02 7 6 0 
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TABLE 11. PARAMETER REGISTERS 

ADDR Row(HEX) Column (HEX) 

0000 000 000 
0001 FFF FFF 
0010 000 000 
0011 oco 1CO 
0100 000 000 
0101 101 1FE 
0110 000 000 
0111 200 201 
1000 000 000 
1001 000 000 

1010 000 000 
1011 000 000 

1100 000 000 
1101 000 000 

1110 005 005 
1111 006 006 

UMIN and VMIN are both selected to 
be 5. UMAX and VMAX are both 
selected to be 6. Table 11 shows the 
values loaded into all Parameter 
Registers. Table 12 shows the ITS 
outputs for the Pass 2 of a Two-Pass 
operation. 

ACC UWRI ENDx END_y_ DONE 

0 1 0 0 0 
0 1 0 0 0 
0 1 0 0 0 

0 1 0 0 0 
1 0 1 0 0 
1 1 1 0 0 

0 1 1 0 0 
1 0 0 0 0 
1 1 0 0 0 

0 1 0 0 0 
1 0 0 1 0 
1 1 0 1 0 

0 1 0 1 0 
1 0 1 1 0 
1 1 1 1 0 

0 1 1 1 0 
1 0 0 1 0 
1 1 0 1 0 

0 1 0 1 0 
1 0 0 0 1 
1 1 0 0 1 

0 1 0 0 1 
1 0 1 0 1 
1 1 1 0 1 
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LF2301 
DEVICES INCORPORATED Image Resampling Sequencer 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature ............................................................................................................. -65°C to+ 150°C 

Operating ambient temperature ............................................................................................. -55°C to+ 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ................................................................................ -0.5 V to Vee+ 0.5 V 

Signal applied to high impedance output ....................................................................... -0.5 V to Vee + 0.5 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latchupcurrent ................................................................................................................................ > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range(Ambient) 

0°c to +70°C 

-55°C to+ 125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee = Min., IOH = -2.0 mA 

VOL Output Low Voltage Vee = Min., IOL = 4.0 mA 

~H Input High Voltage 

~L Input Low Voltage (Note 3) 

llX Input Current Ground::::; VIN::::; Vee (Note 12) 

loz Output Leakage Current Ground::::; VouT::::; Vee (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note 7) 

CIN Input Capacitance TA= 25°C, f = 1 MHz 

COUT Output Capacitance TA= 25°C, f = 1 MHz 

Supply Voltage 
4.75 v::::; Vee::::; 5.25 v 
4.50 v ::::; Vee ::::; 5.50 v 

Min Typ 

2.4 

2.0 

0.0 

Max 

0.4 

Vee 

0.8 

±10 

±10 

75 

5 

10 

10 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

pF 

pF 

===========================================Video Imaging Produ.cts 
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DEVICES INCORPORATED Image Resampling Sequencer 

I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

LF2301-
66 55 25 

Symbol Parameter Min Max Min Max Min Max 

tcvc Cycle Time 66 55 25 

tPW Clock Pulse Width 30 25 10 

ts Input Setup Time 20 18 10 

tH Input Hold Time 2 2 0 

tHI Input Hold Time, INTER 10 10 5 

to Output Delay 35 27 15 

tDE Output Delay, END 45 37 15 

tENA Three-State Output Enable Delay (Note 11) 35 27 15 

tDIS Three-State Output Disable Delay (Note 11) 20 18 15 

MILITARY OPERATING RANGE (·55°C to +125°C) Notes 9, 10 (ns) 

LF2301-
66 55 30 

Symbol Parameter Min Ma:ic Min Max Min Max 

tcvc Cycle Time 66 55 30 

tPW Clock Pulse Width 30 25 10 

ts Input Setup Time 20 18 12 

tH Input Hold Time 2 2 0 

tHI Input Hold Time, INTER 10 10 6 

to Output Delay 35 27 18 

tDE Output Delay, END 45 37 18 

tENA Three-State Output Enable Delay (Note 11) 35 27 18 

tDIS Three-State Output Disable Delay (Note 11) 20 18 18 
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DEVICES INCORPORATED Image Resampling Sequencer 

SWITCHING WAVEFORMS: DATA INPUTS (PARAMETER STORAGE) 

HJ:•~ 
tcvc 

tPW3 t CLK"' / ' ' / "-
P11-0 ) )!( 

I 

03-0 )!( )I( 

WEN ) ) 

LOR ) K • I 

SWITCHING WAVEFORMS: DATA OUTPUTS AND CONTROL LINES 

CLK 

HIGH IMPEDANCE 

CZERO,ACC,-----~,~~~lr-----+----------------------
DONE-----1--/~~/1~-----+-----------------------

INTER _________ __.F-ts ___ t_H1={~------------------

2-n 01/16/97-LDS.2301-B 



- ....-... ...-... -...-... - ....,._, ...._, -......_, - -----.. -- ------ --~~-~ -~ ,.___ ~ LF2301 
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I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits· in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above Vee 
will be clamped beginning at-0.6 Vand 
Vee + 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of-0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 rnA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tDIS test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off 
times. As a result, care must be exer
cised in the testing of this device. The 
following measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device 
Vee and the tester common, and de
vice ground and tester common. 

4. Actual test conditions may vary b. Ground and Vee supply planes 
from those designated but operation is must be brought directly to the DUT 
guaranteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated 
by: 

where 

NCV2F 
4 

N = total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with no output load at 
15 MHz clock rate. 

7. Tested with all inputs within 0.1 V of 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required DUT input 
levels relative to the DUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the 
point of view of the external system 
driving the chip. Setup time, for ex
ample, is specified as a minimum since 
the external system must supply at 
least that much time to meet the worst
case requirements of all parts. Re
sponses from the internal circuitry are 
specified from the point of view of the 
device. Output delay, for example, is 
specified as a maximum since worst
case operation of any device always 
provides data within that time. 

2-78 

. I 
11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the trns test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
± lOmA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for 
Z-to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which 
is the worst case for leakage current. 

FIGURE A. OUTPUT LoADtNG CIRCUIT 

FIGURE 8. THRESHOLD LEVELS 

Vol' Measured VOL with IOH = -10mA and IOL= 10mA 
VoH' Measured VoH with loH =-10mAand IOL= 10mA 
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Speed 

66 ns 
55 ns 
25 ns 

ORDERING INFORMATION 

68-pin 

X1 

X2 
X3 
X4 
Xs 
Xs 
X1 
Xs 

GND 
X9 

X10 
X11 

P11 

P10 
pg 

Pa 
p7 

a: -
o '°"'..,."' o ~awoa: 

l
o 

z 0 ~ <C <C <C <C ~ z 8 <C <C N lo I::: :: ~ 
~X(.)(.)(.)(.)(.)(.)~>(.)(.)(.)<(~~~ 

Top 
View 

Plastic J-Lead Chip Carrier 
(J2} 

0°Cto + 70°C-COMMERCIALSCREENING 

LF2301JC66 
LF2301JC55 
LF2301JC25 
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GND 
U9 

Us 

U1 

Us 

Us 

U4 

U3 

GND 
U2 

U1 

Uo 

DONE 
END 
INTER 
OETA 
INIT 
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ORDERING INFORMATION 

68-pin 

1 2 3 4 5 6 7 8 9 10 11 

A T 
, ... 
\_,1 

, ... 
\_,1 

, ... 
\_,I 

, ... 
\_,1 

, ... 
\_,1 

, ... 
\_,I 

, ... 
\_,I 

, ... 
\_,I 

, ... 
\_,1 

WEN 83 81 LOR Vee CLK P1 p3 Ps 

B 
, ... 
\_,I 

, ... ,_. , ... 
\_,I 

, ... 
\_,I 

, ... 
\_,I 

, ... 
\_,I 

, ... 
\_,I 

, ... 
\_,I 

, ... 
1_,1 

, ... ,_, , ... 
\_,I 

OETA INIT 82 Bo NOOP GND Po P2 p4 Pa p7 

c , ... 
1_,1 

, ... 
\_,I 

, ... 
\_,I 

, ... 
\_,I 

END INTER pg Pe 

D 
, ... , ... , ... , ... 
\_,I \_,I \_,I \_,I 

Uo DONE P11 P10 

E 
, ... , ... , ... , ... 
\_,I \_,1 \_,I \_,I 

U2 U1 
Top View X10 X11 

F 
, ... , ... Through Package , ... , ... 
\_,I \_,I \_,I \_,I 

U3 GND (i.e., Component Side Pinout) GND Xs 

G 
, ... 
1_,1 

, ... 
\_,I 

, ... 
\_,I 

, ... 
\_,I 

Us U4 X1 Xe , ... , ... , ... , ... 
H \_,I \_,I \_,1 \_,I 

U1 Ua Xs Xs , ... , ... , ... , ... 
J \_,I \_,1 \_,1 \_,1 

Us Ua X3 X4 , ... , ... , ... , ... , ... , ... , ... , ... , ... , ... , ... 
K 1_,1 

,_. 
\_, I ,_ I \_,I \_,1 \_,1 \_,I \_,I 

,_. 
\_,1 

GND U10 UWRICZEROCA1 GND CA3 CAs CA7 X1 X2 

L 
, ... 
\_,1 

, ... 
\_,1 

, ... 
\_,1 

, ... 
\_,I 

, ... 
\_,1 

, ... 
\_,1 

, ... 
\_,1 

, ... 
\_,1 

, ... 
\_,I 

U11 ACC CAo Vee CA2 CA4 CAa Xo GND 

Ceramic Pin Grid Array 
Speed (G1) 

0°C to +70°C-COMMERCIAL SCREENING 

66 ns LF2301GC66 
55 ns LF2301GC55 
25 ns LF2301GC25 

-55°C to+ 125°C-CoMMERCIAL SCREENING 

66 ns LF2301GM66 
55 ns LF2301GM55 
30 ns LF2301GM30 

-55°C to+ 125°C-MIL-STD-883 COMPLIANT 

66 ns LF2301 GMB66 
55 ns LF2301GMB55 . 
30 ns LF2301 GMB30 
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".~ ... ·.... . Hodzontal/Vertical.Digital Image.Filter .. ·: 

.__F_E_A_TU_R_E_S ____ ____.I I DESCRIPTION 

0 80 MHz Data Rate 

0 12-bit Data and Coefficients 

0 On-board Memory for 256 Horizon
tal and Vertical Coefficient Sets 

0 LF Interface™ Allows All 512 
Coefficient Sets to be Updated 
Within Vertical Blanking 

0 Selectable 12-bit Data Output with 
User-Defined Rounding and 
Limiting 

0 Seven 3K x 12-bit, Programmable 
Two-Mode Line Buffers 

0 16 Horizontal Filter Taps 

0 8 Vertical Filter Taps 

0 Two Operating Modes: Dimension
ally Separate and Orthogonal 

0 Supports Interleaved Data Streams 

0 Horizontal Filter Supports Decima
tion up to 16:1 for Increasing 
Number of Filter Taps 

0 3.3 Volt Power Supply 

0 5Volt1/0 Tolerant 

0 Available 100% Screened to 
MIL-STD-883, Class B 

LF3310 BLOCK DIAGRAM 

12 

The LF3310 is a two-dimensional digital 
image filter capable of filtering data at 
real-time video rates. The device contains 
both a horizontal and a vertical filter 
which may be cascaded or used concur
rently for two-dimensional filtering. The 
input, coefficient, and output data are all 
12 bits and in two's complement format. 

The horizontal filter is designed to take 
advantage of symmetric coefficient sets. 
When symmetric coefficient sets are used, 
the horizontal filter can be configured as a 
16-tap FIR filter. When asymmetric 
coefficient sets are used, it can be config
ured as an 8-tap FIR filter. The vertical 
filter is an 8-tap FIR filter with all re
quired line buffers contained on-chip. 
The line buffers can store video lines with 
lengths from 4 to 3076 pixels. 

Horizontal filter Interleave/Decimation 
Registers (l/D Registers) and the 
vertical filter line buffers allow inter
leaved data to be fed directly into the 

device and filtered without separating 
the data into individual data streams. 
The horizontal filter can handle a 
maximum of sixteen data sets inter
leaved together. The vertical filter can 
handle interleaved video lines which 
contain 3076 or less data values. The I/ 
D Registers and horizontal accumulator 
facilitate using decimation to increase 
the number of filter taps in the horizon
tal filter. Decimation of up to 16:1 is 
supported. 

The device has on-chip storage for 256 
horizontal coefficient sets and 256 
vertical coefficient sets. Each filter's 
coefficients are loaded independently 
of each other allowing one filter's 
coefficients to be updated without 
affecting the other filter's coefficients. 
In addition, a horizontal or vertical 
coefficient set can be updated indepen
dently from the other coefficient sets in 
the same filter. 

DIN11-o---r~--.---------- 16· TAP HORIZONTAL FILTER 
256 COEFFICIENT SET STORAGE 

12 

DOUT11-o 
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LF3310 
DEVICES INCORPORATED Horizontal I Vertical Digital Image Filter 

FIGURE 1. LF3310 FUNCTIONAL BLOCK DIAGRAM 

I~ 

1 llr 
I~ lz lz ~ 

~ ~ 0 
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DEVICES INCORPORATED 

SIGNAL DEFINITIONS 

Power 

Vee and GND 

+3.3 V power supply. All pins must 
be connected. 

Clock 

CLK - Master Clock 

The rising edge of CLK strobes all 
enabled registers. 

Inputs 

DIN11-o - Data Input 

DIN11-o is the 12-bit registered data 
input port. Data is latched on the 
rising edge of CLK. 

HCF11-o -Horizontal Coefficient Input 

HCF11-o is used to load data into the 
horizontal coefficient banks and the 
configuration/ control registers. Data 
present on HCFn-o is latched into the 
Horizontal LF Interface™ on the rising 
edge of CLK when HLD is LOW (see 
the LF Interface™ section for a full 
discussion). 

HCA7-0 - Horizontal Coefficient 
Address 

HCA7-0 determines which row of data 
in the horizontal coefficient banks is 
fed to the multipliers in the horizontal 
filter. HCA7-0 is latched into the 
Horizontal Coefficient Address 
Register on the rising edge of CLK 
when HCEN is LOW. 

VCF11-o- Vertical Coefficient Input 

VCF11-0 is used to load data into the 
vertical coefficient banks and the 
configuration/ control registers. Data 
present on VCF11-o is latched into the 
Vertical LF Interface™ on the rising 
edge of CLK when VLD is LOW (see 
the LF Interface™ section for a full 
discussion). 

LF3310 

Horizontal I Vertical Digital Image Filter 

FIGURE 2. INPUT FORMATS 

Input Data 

111 10 9 ~ 2 0 
-211 210 29 22 21 20 
(Sign) 

Coefficient Data 

111 10 9 ~ 2 0 
-20 2-1 2-2 2-9 2-10 2-11 

(Sign) 

,...---------11 
FIGURE 3. HORIZONTAL AND VERTICAL ACCUMULATOR FORMATS 

Horizontal Accumulator Output 

I 31 30 29 ~ 2 o I 
-220 219 21s 2-9 2-10 2-11 
(Sign) 

TABLE 1. OUTPUT FORMATS 

SLCT4-o 811 810 89 ... 
00000 F11 F10 F9 ... 
00001 F12 F11 F10 ... 
00010 F13 F12 F11 ... 

10010 F29 F2s F21 ... 
10011 F3o F29 F2s ... 
10100 F31 F3o F29 ... 

VCA7-0- Vertical Coefficient Address 

VCA7-0 determines which row of data 
in the vertical coefficient banks is fed 
to the multipliers in the vertical filter. 
VCA7-0 is latched into the Vertical 
Coefficient Address Register on the 
rising edge of CLK when VCEN is 
LOW. 

Outputs 

DOUT11-o - Data Output 

DOUT11-o is the 12-bit registered data 
output port. 

2-83 

Vertical Accumulator Output 

l 31 30 29 ~ 2 o I 
-220 219 21s 2-9 2-10 2-11 
(Sign) 

86 Ss . .. 82 81 So 

F6 Fs . .. F2 F1 Fo 

F1 F6 . .. F3 F2 F1 

Fa F1 . .. F4 F3 F2 

F24 F23 . .. F20 F19 F18 

F2s F24 . .. F21 F20 F19 

F26 F2s . .. F22 F21 F2o 

Controls 

HLD - Horizontal Coefficient Load 

When HLD is LOW, data on HCF11-0 
is latched into the Horizontal LF 
Interface™ on the rising edge of CLK. 
When HLD is HIGH, data can not be 
latched into the Horizontal LF 
Interface™. When enabling the LF 
Interface™ for data input, a HIGH to 
LOW transition of HLD is required in 
order for the input circuitry to func
tion properly. Therefore, HLD must 
be set HIGH immediately after power 
up to ensure proper operation of the 
input circuitry (see the LF Interface™ 
section for a full discussion). 

02/07/97-LDS.3310- A 
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HCEN - Horizontal Coefficient 
Address Enable 

When HCEN is LOW, data on HCA7-0 
is latched into the Horizontal Coeffi
cient Address Register on the rising 
edge of CLK. When HCEN is HIGH, 
data on HCA7-0 is not latched and the 
register's contents will not be changed. 

VLD- Vertical Coefficient Load 

When VLD is LOW, data on VCF11-o is 
latched into the Vertical LF Interface™ 
on the rising edge of CLK. When VLD 
is HIGH, data can not be latched into 
the Vertical LF Interface™. When 
enabling the LF Interface™ for data 
input, a HIGH to LOW transition of 
VLD is required in order for the input 
circuitry to function properly. There
fore, VLD must be set HIGH immedi
ately after power up to ensure proper 
operation of the input circuitry (see 
the LF Interface™ section for a full 
discussion). 

VCEN- Vertical Coefficient Address 
Enable 

When VCEN is LOW, data on VCA7-0 
is latched into the Vertical Coefficient 
Address Register on the rising edge of 
CLK. When VCEN is HIGH, data on 
VCA7-0 is not latched and the 
register's contents will not be 
changed. 

TXFR- Horizontal Filter LIFO 
Transfer Control 

TXFR is used to change which LIFO in 
the data reversal circuitry sends data 
to the reverse data path and which 
LIFO receives data from the forward 
data path. When TXFR goes LOW, the 
LIFO sending data to the reverse data 
path becomes the LIFO receiving data 
from the forward data path, and the 
LIFO receiving data from the forward 
data path becomes the LIFO sending 
data to the reverse data path. The 
device must see a HIGH to LOW 
transition of TXFR in order to switch 
UFOs. 

LF3310 

Horizontal I Vertical Digital Image Filter 

HACC - Horizontal Accumulator 
Control 

When HACC is HIGH, the horizontal 
accumulator is enabled for accumula
tion and the accumulator output 
register is disabled for loading. When 
HACC is LOW, no accumulation is 
performed and the accumulator 
output register is enabled for loading. 
HACC is latched on the rising edge of 
CLK. 

VACC- Vertical Accumulator Control 

When V ACC is HIGH, the vertical 
accumulator is enabled for accumula
tion and the accumulator output 
register is disabled for loading. When 
V ACC is LOW, no accumulation is 
performed and the accumulator 
output register is enabled for loading. 
V ACC is latched on the rising edge of 
CLK. 

HSHEN - Horizontal Shift Enable 

HSHEN enables or disables the 
loading of data into the forward and 
reverse I/D Registers in the horizontal 
filter when the device is in Dimension
ally Separate Mode. If the device is 
configured such that the horizontal 
filter feeds the vertical filter, HSHEN 
also enables or disables the loading of 
data into the input register (DIN11-o). 
If the device is configured such that 
the vertical filter feeds the horizontal 
filter and the vertical limit register is 
under shift control, HSHEN also 
enables or disables the loading of data 
into the vertical limit register in the 
vertical round/select/limit circuitry. 
In Orthogonal Mode, HSHEN also 
enables or disables the loading of data 
into the input register (DIN11-o) and 
the line buffers in the vertical filter. It 
is important to note that in Orthogo
nal Mode, either HSHEN or VSHEN 
can disable data loading. Both must 
be active to enable data loading in 
Orthogonal Mode. Also in Orthogo
nal Mode, the horizontal and vertical 
limit registers can not be disabled. 

2-84 

When HSHEN is LOW, data is loaded 
into and shifted through the registers 
HSHEN controls and the forward and 
reverse l/D Registers on the rising 
edge of CLK. When HSHEN is HIGH, 
data is not loaded into or shifted 
through the registers HSHEN controls 
and the I/D Registers, and their 
contents will not be changed. HSHEN 
is latched on the rising edge of CLK. 

VSHEN - Vertical Shift Enable 

VSHEN enables or disables the 
loading of data into the line buffers 
in the vertical filter when the device 
is in Dimensionally Separate Mode. 
If the device is configured such that 
the vertical filter feeds the horizon
tal filter, VSHEN also enables or 
disables the loading of data into the 
input register (DIN11-o). If the 
device is configured such that the 
horizontal filter feeds the vertical 
filter and the horizontal limit 
register is under shift control, 
VSHEN also enables or disables the 
loading of data into the horizontal 
limit register in the. horizontal 
round/select/limit circuitry. In 
Orthogonal Mode, VSHEN also 
enables or disables the loading of 
data into the input register (DIN11-0) 
and the forward and reverse l/D 
Registers in the horizontal filter. It 
is important to note that in Orthogo
nal Mode, either HSHEN or VSHEN 
can disable data loading. Both must 
be active to enable data loading in 
Orthogonal Mode. Also in Orthogo
nal Mode, the horizontal and verti
cal limit registers can not be dis
abled. 

When VSHEN is LOW, data is 
loaded into and shifted through the 
registers YSHEN controls and the 
line buffers on the rising edge of 
CLK. When VSHEN is HIGH, data 
is not loaded into or shifted through 
the registers VSHEN controls and 
the line buffers, and their contents 
will not be changed. VSHEN is 
latched on the rising edge of CLK. 
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HRSL3-0 - Horizontal Round/Select/ 
Limit Control 

HRSL3-0 determines which of the 
sixteen user-programmable round/ 
select/limit registers are used in the 
horizontal round/ select/limit cir
cuitry. A value of 0 on HRSL3-0 
selects round/ select/limit register 0. 
A value of 1 selects round/ select/ 
limit register 1 and so on. HRSL3-0 is 
latched on the rising edge of CLK (see 
the horizontal round, select, and limit 
sections for a complete discussion). 

VRSL3-0- Vertical Round/Select/Limit 
Control 

VRSL3-0 determin.es which of the 
sixteen user-programmable round/ 
select/limit registers are used in the 
vertical round/ select/limit circuitry. 
A value of 0 on VRSL3-0 selects 
round/ select/limit register 0. A value 
of 1 selects round/ select/limit register 
1 and so on. VRSL3-0 is latched on the 
rising edge of CLK (see the vertical 
round, select, and limit sections for a 
complete discussion). 

OE-Output Enable 

When OE is LOW, DOUT11-0 is 
enabled for output. When OE is 
HIGH, DOUTn-o is placed in a high
impedance state. 

OPERATIONAL MODES 

Dimensionally Separate 

In Dimensionally Separate Mode, the 
horizontal and vertical filters are 
cascaded together to form a two
dimensional image filter (see Figures 4 
and 5). Bit 1 in Configuration Register 
4 determines the cascade order. If this 
bit is set to "O", data on DIN11-o is fed 
into the horizontal filter first. The 
horizontal filter then feeds data into 
the vertical filter. If this bit is set to 
"l", data on DIN11-o is fed into the 
vertical filter first. The vertical filter 
then feeds data into the horizontal 
filter. 

LF3310 

Horizontal I Vertical Digital Image Filter 

F1GURE 4. DIMENSIONALLY SEPARATE Mooe: H TO V 

12 
DIN1H> ----:,,.__-+! HORIZONTAL FILTER 

12 

12 
f--.,<---... DOUT11-0 

FIGURE 5. DIMENSIONALLY SEPARATE Mooe: V ro H 

12 
DIN11-0~"'---*-------~ 

Orthogonal 

In Orthogonal Mode, the horizontal and 
vertical filters are used concurrently to 
implement an orthogonal kernel on the 
input data (see Figure 6). The HV Filter 
can handle kernel sizes of 3-3, 5-5, and 7-7 
(see Figure 7). Data delay elements at the 
input of the horizontal filter and the 
output of the vertical filter are used to 
properly align data so that the orthogonal 
kernel is implemented correctly. The data 
delays are automatically set to the correct 
lengths based on the programmed length 
of the line buffers and the kernel size. 

2·85 

12 
HORIZONTAL FILTER 

12 

DOUT11-0 

Kernel sizes of 3-3, 5-5, and 7-7 require 
that the horizontal filter's output be 
delayed by LB - 2, 2(LB) - 3, and 
3(LB) - 4 clock cycles respectively 
before being added to the vertical 
filter's output (LB is the programmed 
line buffer length). The data delay at 
the input of the horizontal filter 
handles the LB, 2(LB), and 3(LB) 
delays. The data delay at the output 
of the vertical filter handles the - 2, - 3, 
and - 4 delays. For example, if the line 
buffers are programmed for a length 
of 720 and a 5-5 kernel is selected, the 
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FIGURE 6. ORTHOGONAL MODE 

12 
DIN11-0-~~-----<-- HORIZONTAL FILTER 

FIGURE 7. 3-3, 5-5, AND 7-7 ORTHOGONAL KERNELS 

V1 

V1 V2 
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H1 HV2 H3 H1 H2 HV3 H4 Hs H1 H2 H3 HV4 Hs Ha H7 

V3 V4 Vs 

Vs Va 

V7 

horizontal filter input data delay will be FUNCTIONAL DESCRIPTION 
1440 clock cycles and the vertical filter Horizontal Filter 
output data delay will be 3 clock cycles. 

It is important to note that the first 3, 
5, or 7 multipliers of the horizontal 
and vertical filters must be used in 
Orthogonal Mode. If other multipliers 
are used, data from the horizontal 
and vertical filters will not line up 
correctly because the data delays are 
calculated assuming that the first 3, 5, 
or 7 multipliers are used. Also, the 
ALUs in the horizontal filter should 
be configured to accept data from the 
forward l/D Register path into ALU 
Input A and force ALU Input B to 0. 

The horizontal filter is designed to 
filter a digital image in the horizontal 
dimension. This FIR filter can be 
configured to have as many as 16 taps 
when symmetric coefficient sets are 
used and 8 taps when asymmetric 
coefficient sets are used. 

AL Us 

The ALUs double the number of filter 
_taps available, when symmetric 
coefficient sets are used, by pre-adding 
data values which are then multiplied 
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by a common coefficient (see Figure 8). 
The AL Us can perform two opera
tions: A+B and B-A. Bit 0 of Configu
ration Register 0 determines the ALU 
operation. A+B is used with even
symmetric coefficient sets. B-A is 
used with odd-symmetric coefficient 
sets. Also, either the A or B operand 
may be set to 0. Bits 1 and 2 of 
Configuration Register 0 control the 
ALU inputs. A+O or B+O are used 
with asymmetric coefficient sets. 

Interleave/Decimation Registers 

The Interleave/Decimation Registers 
(I/D Registers) feed the ALU inputs. 
They allow the device to filter up to 
sixteen data sets interleaved into the 
same data stream without having to 
separate the data sets. The I/D 
Registers should be set to a length 
equal to the number of data sets 
interleaved together. For example, if 
two data sets are interleaved together, 
the I/D Registers should be set to a 
length of two. Bits 1 through 4 of 
Configuration Register 1 determine 
the I/D Register length. 

The I/D Registers also facilitate using 
decimation to increase the number of 
filter taps. Decimation by N is accom
plished by reading the horizontal 
filter's output once every N clock 
cycles. The device supports decima
tion up to 16:1. With no decimation, 
the maximum number of filter taps is 
sixteen. When decimating by N, the 
number of filter taps becomes 16N 
because there are N-1 clock cycles 
when the horizontal filter's output is 
not being read. The extra clock cycles 
are used to calculate more filter taps. 

When decimating, the I/D Registers 
should be set to a length equal to the 
decimation factor. For example, when 
performing a 4:1 decimation, the I/D 
Registers should be set to a length of 
four. When not decimating or when 
only one data set (non-interleaved 
data) is fed into the device, the I/D 
Registers should be set to a length of 
one. 
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FIGURE 8. SYMMETRIC COEFFICIENT SET EXAMPLES 

8 7 6 5 4 3 2 

Even-Tap, Even-Symmetric 

Coefficient Set 

I I 
7 6 5 4 3 2 

Odd-Tap, Even-Symmetric 

Coefficient Set . 

FIGURE 9. 1/0 REGISTER DATA PATHS 

EVEN-TAP MODE 

HSHEN enables or disables the 
loading of data into the forward and 
reverse l/D Registers when the 
device is in Dimensionally Separate 
Mode (see the HSHEN section for a 
full discussion). When in Orthogo
nal Mode, HSHEN also enables or 
disables the loading of data into the 
input register (DIN11-o) and the line 
buffers. 

It is important to note that in Or
thogonal Mode, either HSHEN or 
VSHEN can disable the loading of 
data into the input register (DINn-o), 
l/D Registers, and line buffers. 
Both must be active to enable data 
loading in Orthogonal Mode. 

ODD-TAP MODE 

I/D Register Data Path Control 

The multiplexer in the middle of the 
l/D Register data path controls how 
data is fed to the reverse data path. 
The forward data path contains the l/D 
Registers in which data flows from left 
to right in the block diagram in Figure 
1. The reverse data path contains the 
l/D Registers in which data flows 
from right to left. When the filter is 
configured for an even number of 
taps, data from the last l/D Register in 
the forward data path is fed into the 
first l/D Register in the reverse data 
path (see Figure 9). When the filter is 
configured for an odd number of taps, 
the data which will appear at the 
output of the last l/D Register in the 
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Coefficient Set 

ODD-TAP INTERLEAVE MODE 

forward data path on the next clock 
cycle is fed into the first l/D Register 
in the reverse data path. Bit 5 in 
Configuration Register 1 configures 
the filter for an even or odd number of 
taps. 

When interleaved data is fed through 
the device and an even tap filter is 
desired, the filter should be config
ured for an even number of taps (Bit 5 
of CR1 set to "0") and the l/D Register 
length should match the number of 
data sets interleaved together. When 
interleaved data is to be fed through 
the device and an odd tap filter is 
desired, the filter should be set to 
Odd-Tap Interleave Mode. Bit 0 of 
Configuration Register 1 configures 

02/07/97-LDS.3310- A 

El 



DEVICES INCORPORATED 

FIGURE 10. DATA REVERSAL 

the filter for Odd-Tap Interleave 
Mode. When the filter is configured 
for Odd-Tap Interleave Mode, data 
from the next to last I/D Register in 
the forward data path is fed into the 
first I/D Register in the reverse data 
path. 

When the filter is configured for an 
odd number of taps (interleaved or 
non-interleaved modes), the filter is 
structured such that the center data 
value is aligned simultaneously at the 
A and B inputs of the last ALU in the 
forward data path. In order to achieve 
the correct result, the user must divide 
the coefficient by two. 

Data Reversal 

Data reversal circuitry is placed after the 
multiplexer which routes data from the 
forward data path to the reverse data path 
(see Figure 10). When decimating, the 
data stream must be reversed in order for 
data to be properly aligned at the inputs 
of the ALUs. When data reversal is 
enabled, the circuitry uses a pair of UFOs 
to reverse the order of the data sent to the 
reverse data path. When TXFR goes 
LOW, the LIFO sending data to the 
reverse data path becomes the LIFO 
receiving data from the forward data 
path, and the LIFO receiving data from 
the forward data path becomes the LIFO 
sending data to the reverse data path. The 
device must see a HIGH to LOW transi
tion of TXFR in order to switch UFOs. If 
decimating by N, TXFR should go low 

LF3310 
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once every N clock cycles. When data 
reversal is disabled, the circuitry functions 
like an I/D Register. When feeding 
interleaved data through the filter, data 
reversal should be disabled. Bit 6 of 
Configuration Register 1 enables or 
disables data reversal. 

Horizontal Rounding 

The horizontal filter output may be 
rounded by adding the contents of one 
of the sixteen horizontal round registers 
to the horizontal filter output (see 
Figure 11). Each round register is 32 
bits wide and user-programmable. 
This allows the filter's output to be 
rounded to any precision required. 
Since any 32-bit value may be pro-

grammed into the round registers, the 
device can support complex rounding 
algorithms as well as standard Half
LSB rounding. HRSL3-o determines 
which of the sixteen horizontal round 
registers are used in the rounding 
operation. A value of 0 on HRSL3-o 
selects horizontal round register 0. A 
value of 1 selects horizontal round 
register 1 and so on. HRSL3-0 may be 
changed every clock cycle if desired. 
This allows the rounding algorithm to 
be changed every clock cycle. This is 
useful when filtering interleaved data. 
If rounding is not desired, a round 
register should be loaded with 0 and 
selected as the register used for round
ing. Round register loading is dis
cussed in the LF Interface™ section. 

F1GURE 11. HORIZONTAL AND VERTICAL RouNo/SELEcrlL1M1T CIRCUITRY 

VRSL3-0 DATA IN 

I 
1VE-RTiCAL-Rsi- - - - - - - - - - - _1_2_ 

DATA OUT 
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12 

DATA OUT 
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TABLE 2. CONFIGURATION REGISTER 0 - ADDRESS 200H 
BITS FUNCTION DESCRIPTION 

0 ALU Mode O: A+ B 
1: 8-A 

1 Pass A 0 : ALU Input A = 0 
1 : ALU Input A = Forward Register Path 

2 Pass B 0 : ALU Input B = 0 
1 : ALU Input B = Reverse Register Path 

11-3 Reserved Must be set to "O" 

TABLE 3. CONFIGURATION REGISTER 1 - ADDRESS 201 H 
BITS FUNCTION 

0 Odd-Tap Interleave Mode 

4-1 1/D Register Length 

5 Horizontal Tap Number 

6 Horizontal Data Reversal 

11-7 Reserved 

Horizontal Select 

The word width of the horizontal filter 
output is 32 bits. However, only 12 
bits may be sent to the filter output. 
The horizontal filter select circuitry 
determines which 12 bits are passed 
(see Table 1). The horizontal select 
registers control the horizontal select 
circuitry. There are sixteen horizontal 
select registers. Each select register is 
5 bits wide and user-programmable. 
HRSL3-0 determines which of the 

DESCRIPTION 

0: Odd-Tap Interleave Mode Disabled 
1 : Odd-Tap Interleave Mode Enabled 

0000: 1 Register 
0001: 2 Registers 
0010: 3 Registers 
0011: 4 Registers 
0100: 5 Registers 
0101: 6 Registers 
0110: 7 Registers 
0111: 8 Registers 
1000: 9 Registers 
1001: 1 O Registers 
101 O: 11 Registers 
1011: 12 Registers 
1100: 13 Registers 
1101: 14 Registers 
111 O: 15 Registers 
1111 : 16 Registers 

0: Even Number of Taps 
1 : Odd Number of Taps 

0 : Data Reversal Enabled 
1 : Data Reversal Disabled 

Must be set to "O" 

sixteen horizontal select registers are 
used in the horizontal select circuitry. 
A value of 0 on HRSL3-0 selects 
horizontal select register 0. A value of 
1 selects horizontal select register 1 
and so on. HRSL3-0 may be changed 
every clock cycle if desired. This 
allows the 12-bit window to be 
changed every clock cycle. This is 
useful when filtering interleaved data. 
Select register loading is discussed in 
the LF Interface™ section. 
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Horizontal Limiting 

An output limiting function is pro
vided for the output of the horizontal 
filter. The horizontal limit registers 
determine the valid range of output 
values when limiting is enabled (Bit 1 
in Configuration Register 5). There 
are sixteen 24-bit horizontal limit 
registers. HRSL3-0 determines which 
horizontal limit register is used during 
the limit operation. A value of 0 on 
HRSL3-0 selects horizontal limit 
register 0. A value of 1 selects hori
zontal limit register 1 and so on. Each 
limit register contains both an upper 
and lower limit value. If the value fed 
to the limiting circuitry is less than the 
lower limit, the lower limit value is 
passed as the filter output. If the 
value fed to the limiting circuitry is 
greater than the upper limit, the upper 
limit value is passed as the filter 
output. HRSL3-0 may be changed 
every clock cycle if desired. This 
allows the limit range to be changed 
every clock cycle. This is useful when 
filtering interleaved data. When 
loading limit values into the device, 
the upper limit must be greater than 
the lower limit. Limit register loading 
is discussed in the LF Interface™ 
section. 

Vertical Filter 

The vertical filter is designed to filter a 
digital image in the vertical dimen
sion. It is a FIR filter which can be 
configured to have as many as 8 taps. 

Line Buffers 

There are seven on-chip line buffers. 
The maximum delay length of each 
line buffer is 3076 cycles and the 
minimum is 4 cycles. Configuration 
Register 2 (CR.2) determines the delay 
length of the line buffers. The line 
buffer length is equal to the value of 
CR.2. plus 4. A value of 0 for CR.2. sets 
the line buffer length to 4. A value of 
3072 for CR.2. sets the line buffer length 
to 3076. Any values for CR.2. greater 
than 3072 are not valid. 
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The line buffers have two modes of 
operation: delay mode and recirculate 
mode. Bit 0 of Configuration Regis
ter 3 determines which mode the 
line buffers are in. In delay mode, 
the data input to the line buffer is 
delayed by an amount determined 
by CR2. In recirculate mode, the 
output of the line buffer is routed 
back to the input of the line buffer 
allowing the line buffer contents to 
be read multiple times. 

Bit 1 of Configuration Register 3 
allows the line buffers to be loaded 
in parallel. When Bit 1 is "l ", the 
input register (DINll-0) loads all 
seven line buffers in parallel. This 
allows all the line buffers to be 
preloaded with data in the amount 
of time it normally takes to load a 
single line buffer. 

VSHEN enables or disables the 
loading of data into the line buffers 
when the device is in Dimensionally 
Separate Mode (see the VSHEN 
section for a full discussion). When 
in Orthogonal Mode, VSHEN also 
enables or disables the loading of 
data into the input register (DIN11-o) 
and the forward and reverse I/D 
Registers. 

It is important to note that in Or
thogonal Mode, either HSHEN or 
VSHEN can disable the loading of 
data into the input register (DIN11-0), 
I/D Registers, and line buffers. 
Both must be active to enable data 
loading in Orthogonal Mode. 

Interleaved Data 

The vertical filter is capable of 
handling interleaved data. The 
number of data sets it can handle is 
determined by the number of data 
values contained in a video line. If 
the interleaved video line has 3076 
data values or less, the vertical filter 
can handle it no matter how many 
data sets are interleaved together. 

LF3310 
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Vertical Rounding 

The vertical filter output may be 
rounded by adding the contents of one 
of the sixteen vertical round registers 
to the vertical filter output (see Figure 
11). Each round register is 32 bits 
wide and user-programmable. This 
allows the filter's output to be 
rounded to any precision required. 
Since any 32-bit value may be pro
grammed into the round registers, the 
device can support complex rounding 

algorithms as well as standard Half
LSB rounding. VRSL3-0 determines 
which of the sixteen vertical round 
registers are used in the rounding 
operation. A value of 0 on VRSL3-o 
selects vertical round register 0. A 
value of 1 selects vertical round 
register 1 and so on. VRSL3-o may be 
changed every clock cycle if desired. 
This allows the rounding algorithm to 
be changed every clock cycle. This is 
useful when filtering interleaved data. 

TABLE 4. CONFIGURATION REGISTER 2 - ADDRESS 202H 
BITS I FUNCTION j DESCRIPTION 

11-0 J Line Buffer Length J See Line Buffer Description Section 

TABLE 5. CONFIGURATION REGISTER 3 - ADDRESS 203H 
BITS FUNCTION DESCRIPTION 

0 Line Buffer Mode O : Delay Mode 
1 : Recirculate Mode 

1 Line Buffer Load O : Normal Load 
1 : Parallel Load 

11-2 Reserved Must be set to "O" 

TABLE 6. CONFIGURATION REGISTER 4-ADDRESS 204H 
BITS FUNCTION DESCRIPTION 

0 HV Filter Mode O: Orthogonal Mode 
1 : Dimensionally Separate 

1 HV Direction O: Horizontal to Vertical 
1 : Vertical to Horizontal 

3-2 Orthogonal Kernel Size 00: 3-3 Kernel 
01: 5-5 Kernel 
10: 7-7 Kernel 
11 : Not Used 

4 Limit Register Load Control O : Limit Registers Always Enabled 
1 : Limit Registers Under Shift Enable Control 

11-5 Reserved Must be set to "O" 

TABLE 7. CONFIGURATION REGISTER 5 - ADDRESS 205H 
BITS FUNCTION DESCRIPTION 

0 Vertical Limit Enable O: Vertical Limiting Disabled 
1 : Vertical Limiting Enabled 

1 Horizontal Limit Enable O : Horizontal Limiting Disabled 
1 : Horizontal Limiting Enabled 

11-2 Reserved Must be set to "O" 
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TABLE 8. HCFNCF11-9 DECODE 

11 10 9 DESCRIPTION 

0 0 0 Coefficient Banks 
0 0 1 Configuration Registers 
0 1 0 Horizontal Select Registers 
0 1 1 Vertical Select Registers 
1 0 0 Horizontal Round Registers 
1 0 1 Vertical Round Registers 
1 1 0 Horizontal Limit Registers 
1 1 1 Vertical Limit Registers 

If rounding is not desired, a round 
register should be loaded with 0 and 
selected as the register used for 
rounding. Round register loading is 
discussed in the LF Interface™ section. 

Vertical Select 

The word width of the vertical filter 
output is 32 bits. However, only 12 
bits may be sent to the filter output. 
The vertical filter select circuitry 
determines which 12 bits are passed 
(see Table 1). The vertical select 
registers control the vertical select 
circuitry. There are sixteen vertical 
select registers. Each select register is 
5 bits wide and user-programmable. 
VRSL3-0 determines which of the 
sixteen vertical select registers are 
used in the vertical select circuitry. A 
value of 0 on VRSL3-0 selects vertical 
select register 0. A value of 1 selects 
vertical select register 1 and so on. 
VRSL3-0 may be changed every clock 
cycle if desired. This allows the 12-bit 
window to be changed every clock 
cycle. This is useful when filtering 
interleaved data. Select register 
loading is discussed in the LF 
Interface™ section. 

Vertical Limiting 

An output limiting function is pro
vided for the output of the vertical 
filter. The vertical limit registers 
determine the valid range of output 
values when limiting is enabled (Bit 0 
in Configuration Register 5). There 
are sixteen 24-bit vertical limit regis
ters. VRSL3-0 determines which 
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TABLE 9. HRZ. ROUND REGISTERS 

REGISTER ADDRESS (HEX) 

0 800 
1 801 . . . . . . 

14 SOE 
15 80F 

TABLE 10. HRz. SELECT REGISTERS 

REGISTER ADDRESS (HEX) 

0 400 
1 401 . . . . . . 

14 40E 
15 40F 

TABLE 11. HRz. LIMIT REGISTERS 

REGISTER ADDRESS (HEX) 

0 coo 
1 C01 . . . . . . 

14 COE 
15 COF 

vertical limit register is used during 
the limit operation. A value of 0 on 
VRSL3-0 selects vertical limit register 
0. A value of 1 selects vertical limit 
register 1 and so on. Each limit 
register contains both an upper and 
lower limit value. If the value fed to 
the limiting circuitry is less than the 
lower limit, the lower limit value is 
passed as the filter output. If the 
value fed to the limiting circuitry is 
greater than the upper limit, the upper 
limit value is passed as the filter 
output. VRSL3-0 may be changed 
every clock cycle if desired. This 
allows the limit range to be changed 
every clock cycle. This is useful when 
filtering interleaved data. When 
loading limit values into the device, 
the upper limit must be greater than 
the lower limit. Limit register loading 
is discussed in the LF Interface™ 
section. 
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TABLE 12. VRT. ROUND REGISTERS 

REGISTER ADDRESS (HEX) 

0 AOO 
1 A01 . . . . . 

14 AOE 
15 AOF 

TABLE 13. VRT. SELECT REGISTERS 

REGISTER ADDRESS (HEX) 

0 600 
1 601 . . . . . 
14 60E 
15 60F 

TABLE 14. VRT. LIMIT REGISTERS 

REGISTER ADDRESS (HEX) 

0 EOO 
1 E01 . . . . . 

14 EOE 
15 EOF 

Coefficient Banks 

The coefficient banks store the coeffi
cients which feed into the multipliers 
in the horizontal and vertical filters. 
There is a separate bank for each 
multiplier. Each bank can hold 256 
12-bit coefficients. The banks are 
loaded using an LF Interface™. There 
is a separate LF Interface™ for the 
horizontal and vertical banks. Coeffi
cient bank loading is discussed in the 
LF Interface™ section. 

Configuration and Control Registers 

The configuration registers determine 
how the HV Filter operates. Tables 2 
through 7 show the formats of the six 
configuration registers. There are 
three types of control registers: 
round, select, and limit. There are 
sixteen round registers for the 
horizontal filter and sixteen for the 
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FIGURE 12. COEFFICIENT BANK LOADING SEQUENCE 

( 

COEFFICIENT SET 1 
A "\ r 

COEFFICIENT SET 2 
A 

'I ( 

COEFFICIENT SET 3 
A 

CLK___Jl__Jl__J1__~~~ 
-I W1 f- -I W2 f- -I W3 f-

HLDNLD ~ · f.1-------------1J l _f L-----..{. I ,1------------11 ____ _. 

HCFNCF11-o~~~~ 

W1: Coefficient Set 1 written to coefficient banks during this clock cycle. 

W2: Coefficient Set 2 written to coefficient banks during this clock cycle. 

W3: Coefficient Set 3 written to coefficient banks during this clock cycle. 

FIGURE 13. CONFIGURATION/CONTROL REGISTER LOADING SEQUENCE 

CONFIG REG SELECT REG ROUND REGISTER LIMIT REGISTER 
~ ~ ~----'-------.. r---~~----

CLK 

W1 W2 

W1: Configuration Register loaded with new data on this rising clock edge. 

W2: Select Register loaded with new data on this rising clock edge. 

W3: Round Register loaded with new data on this rising clock edge. 

W4: Limit Register loaded with new data on this rising clock edge. 

vertical filter. Each register is 32 bits wide. 
HRSL3-o and VRSL3-o determine which 
horizontal and vertical round registers 
respectively are used for rounding. 

There are sixteen select registers for the 
horizontal filter and sixteen for the vertical 
filter. Each register is 5 bits wide. 
HRSL3-0 and VRSL3-o determine which 
horizontal and vertical select registers 
respectively are used in the select cir
cuitry. 

There are sixteen limit registers for the 
horizontal filter and sixteen for the vertical 
filter. Each register is 24 bits wide and 
stores both an upper and lower limit 
value. The lower limit is stored in bits 11-
0 and the upper limit is stored in bits 23-
12. HRSL3-o and VRSL3-o determine 
which horizontal and vertical limit 
registers respectively are used for limiting 
when limiting is enabled. Configuration 
and control register loading is discussed 
in the LF Interface™ section_ 

LF Interface™ 

The Horizontal and Vertical LF 
Interfaces™ are used to load data into 
the horizontal and vertical coefficient 
banks respectively. They are also 
used to load data into the configura
tion and control registers. 

The following section describes how 
the Horizontal LF Interface™ works. 
The Horizontal and Vertical LF 
Interfaces™ are identical in function. 
If HLD and HCF11-o are replaced with 
VLD and VCF11-o, the following 
section will describe how the Vertical 
LF Interface™ works. 

HLD is used to enable and disable the 
Horizontal LF Interface™. When HLD 
goes LOW, the Horizontal LF 
Interface™ is enabled for data input. 
The first value fed into the interface 
on HCF11-o is an address which 
determines what the interface is going 
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W3 W4 

to load. The three most significant 
bits (HCFn-9) determine if the LF 
Interface™ will load coefficient banks 
or configuration/ control registers (see 
Table 8). The nine least significant 
bits (HCF8-0) are the address for 
whatever is to be loaded (see Tables 
9-14). For example, to load address 
15 of the horizontal coefficient banks, 
the first data value into the LF 
Interface™ should be OOFH. To load 
horizontal limit register 10, the first 
data value should be COAH. The first 
address value should be loaded into 
the interface on the same clock cycle 
that latches the HIGH to LOW 
transition of HLD (see Figures 12 and 
13). 

The next value(s) loaded into the 
interface are the data value(s) which 
will be stored in the bank or register 
defined by the address value. When 
loading coefficient banks, the inter-
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face will expect eight values to be 
loaded into the device after the 
address value. The eight values are 
coefficients 0 through 7. When 
loading configuration or select 
registers, the interface will expect one 
value after the address value. When 
loading round registers, the interface 
will expect four values after the 
address value. When loading limit 
registers, the interface will expect two 
values after the address value. 
Figures 12 and 13 show the data 
loading sequences for the coefficient 
banks and configuration/ control 
registers. 

Table 15 shows an example of loading 
data into the coefficient banks. The 
following data values are written into 
address 10 of coefficient banks 0 
through 7: 210H, 543H, C76H, 9E3H, 
701H, 832H, F20H, 143H. Table 16 
shows an example of loading data 
into a configuration register. Data 
value 003H is written into Configura
tion Register 4. Table 17 shows an 
example of loading data into a round 
register. Data value 7683F4A2H is 
written into horizontal round register 
12. Table 18 shows an example of 
loading data into a select register. 
Data value OOFH is loaded into 

TABLE 15. COEFFICIENT BANK LOADING FORMAT 

HNCF11 HNCF10 HNCF9 HNCFs HNCF1 

1st Word - Address 0 0 0 0 0 

2nd Word - Bank o 0 0 1 0 0 

3rd Word - Bank 1 0 1 0 1 0 

4th Word - Bank 2 1 1 0 0 0 

5th Word - Bank 3 1 0 0 1 1 

6th Word - Bank 4 0 1 1 1 0 

7th Word - Bank 5 1 0 0 0 0 

8th Word - Bank 6 1 1 1 1 0 

9th Word - Bank 7 0 0 0 1 0 

TABLE 16. CONFIGURATION REGISTER LOADING FORMAT 

HNCF11 HNCF10 HNCF9 HNCFs 

1st Word - Address 0 0 1 0 

2nd Word - Data 0 0 0 0 

TABLE 17. ROUND REGISTER LOADING FORMAT 

HNCF11 HNCF10 HNCF9 HNCFs 

1st Word - Address 1 0 0 0 

2nd Word - Data R R R R 

3rd Word - Data R R R R 

4th Word - Data R R R R 

5th Word - Data R R R R 

R = Reserved. Must be set to "O". 
*This bit represents the LSB of the Round Register. 
**This bit represents the MSB of the Round Register. 

HNCF1 

0 

0 

HNCF1 

0 

1 

1 

1 

O** 
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HNCFs HNCFs 

0 0 

0 0 

1 0 

1 1 

1 1 

0 0 

0 1 

0 1 

1 0 

HNCFs HNCFs 

0 0 

0 0 

HNCFs HNCFs 

0 0 

0 1 

1 1 

0 0 

1 1 

horizontal select register 2. Table 19 
shows an example of loading data 
into vertical limit register 7. Data 
value 390H is loaded as the lower 
limit and 743H is loaded as the upper 
limit. 

It takes 95 clock cycles to load S 
coefficient sets into the device. II 
Therefore, it takes 2304 clock cycles to 
load all 256 coefficient sets. Assum-
ing an 80 MHz clock rate, all 256 
coefficient sets can be updated in 28.8 
µs, which is well within vertical 
blanking time. It takes SS or 35 clock 
cycles to load S round or limit regis-
ters respectively. Therefore, it takes 

HNCF4 HNCF3 HNCF2 HNCF1 HNCFo 

0 1 0 1 0 

1 0 0 0 0 

0 0 0 1 1 

1 0 1 1 0 

0 0 0 1 1 

0 0 0 0 1 

1 0 0 1 0 

0 0 0 0 0 

0 0 0 1 1 

HNCF4 HNCF3 HNCF2 HNCF1 HNCFo 

0 0 1 0 0 

0 0 0 1 1 

HNCF4 HNCF3 HNCF2 HNCF1 HNCFo 

0 1 1 0 0 

0 0 0 1 O* 

1 0 1 0 0 

0 0 0 1 1 

1 0 1 1 0 
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256 clock cycles to update all round 
and limit registers (both horizontal 
and vertical). Assuming an 80 MHz 
clock rate, all horizontal and vertical 
round/limit registers can be updated 
in 3.2 µs. 

The coefficient banks and configura
tion/ control registers are not loaded 
with data until all data values for the 
specified address are loaded into the 
LF Interface™. In other words, the 
coefficient banks are not written to 
until all eight coefficients have been 
loaded into the LF Interface™. A 
round register is not written to until 
all four data values are loaded. 

After the last data value is loaded, the 
interface will expect a new address 
value on the next clock cycle. After 
the next address value is loaded, data 
loading will begin again as previously 
discussed. As long as data is loaded 

into the interface, HLD must remain 
LOW. After all desired coefficient 
banks and configuration/ control 
registers are loaded with data, the LF 
Interface™ must be disabled. This is 
done by setting HLD HIGH on the 
clock cycle after the clock cycle which 
latches the last data value. It is 
important that the LF Interface™ 
remain disabled when not loading 
data into it. 

The horizontal coefficient banks may 
only be loaded with the Horizontal LF 
Interface™ and the vertical coefficient 
banks may only be loaded with the 
Vertical LF Interface™. The configu
ration and control registers may be 
loaded with either the Horizontal or 
Vertical LF Interfaces™. Since both LF 
Interfaces™ operate independently of 
each other, both LF Interfaces™ can 
load data into their respective coeffi-

TABLE 18. SELECT REGISTER LOADING FORMAT 

HNCF11 HNCF10 HNCF9 HNCFs 

1st Word-Address 0 1 0 0 

2nd Word - Data 0 0 0 0 

TABLE 19. LIMIT REGISTER LOADING FORMAT 

HNCF11 HNCF10 HNCF9 HNCFs 

1st Word - Address 1 1 1 

2nd Word - Data O* 0 1 

3rd Word - Data O** 1 1 

* This bit represents the MSB of the Lower Limit. 
**This bit represents the MSB of the Upper Limit. 

0 

1 

1 

HNCF7 HNCFa HNCFs 

0 0 0 

0 0 0 

HNCF1 HNCFa HNCFs 

0 0 0 

1 0 0 

0 1 0 
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dent banks at the same time. Or, one 
LF Interface™ can load the configura
tion/ control registers while the other 
loads it's respective coefficient banks. 
If both LF Interfaces™ are used to load 
a configuration or control register at 
the same time, the Vertical LF 
Interface™ will be given priority over 
the Horizontal LF Interface™. For 
example, if the Horizontal LF 
Interface™ attempts to load data into 
a configuration register at the same 
time that the Vertical LF Interface™ 
attempts to load a horizontal round 
register, the Vertical LF Interface™ 
will be allowed to load the round 
register while the Horizontal LF 
Interface™ will not be allowed to load 
the configuration register. However, 
the Horizontal LF Interface™ will 
continue to function as if the write 
occurred. 

HNCF4 HNCF3 HNCF2 HNCF1 HNCFo 

0 0 0 1 0 

0 1 1 1 1 

HNCF4 HNCF3 HNCF2 HNCF1 HNCFo 

0 0 1 1 1 

1 0 0 0 0 

0 0 0 1 1 
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Contact factory for additional information. 

~~~~~~~~~~~~~~~~~~~Video Imaging Products 
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~ Horizontal Digital Image Filter 

.__F_E_A_T_UR_E_S ____ ___.I I DESCRIPTION 

0 80 MHz Data Rate 
0 12-bit Data and Coefficients 
0 On-board Memory for 256 

Coefficient Sets 
0 LF Interface™ Allows All 256 

Coefficient Sets to be Updated 
Within Vertical Blanking 

0 Selectable 16-bit Data Output with 
User-Defined Rounding and 
Limiting 

0 32-Tap FIR Filter 
0 Cascadable for More Filter Taps 
0 Single or Dual Filter Modes 
0 Supports Interleaved Data Streams 
0 Supports Decimation up to 16:1 for 

Increasing Number of Filter Taps 

0 3.3 Volt Power Supply 
0 5 Volt I/O Tolerant 
0 Available 100% Screened to 

MIL-STD-883, Class B 

LF3320 BLOCK DIAGRAM 

The LF3320 filters digital images in 
the horizontal dimension at real-time 
video rates. The input and coefficient 
data are both 12 bits and in two's 
complement format. The output is 
also in two's complement format and 
may be rounded to 16 bits. 

The LF3320 is designed to take 
advantage of symmetric coefficient 
sets. When symmetric coefficient sets 
are used, the device can be configured 
as a single 32-tap FIR filter or as two 
separate 16-tap FIR filters. When 
asymmetric coefficient sets are used, 
the device can be configured as a 
single 16-tap FIR filter or as two 
separate 8-tap FIR filters. Multiple 
LF3320s can be cascaded to create 
larger filters. 

Interleave/Decimation Registers 
(I/D Registers) allow interleaved data 
to be fed directly into the device and 
filtered without separating the data II 
into individual data streams. The 
LF3320 can handle a maximum of 
sixteen data sets interleaved together. 
The I/D Registers and on-chip 
accumulators facilitate using decima-
tion to increase the number of filter 
taps. Decimation of up to 16:1 is 
supported. 

The LF3320 contains enough on-board 
memory to store 256 coefficient sets. 
Two separate LF Interfaces™ allow all 
256 coefficient sets to be updated 
within vertical blanking. 

ROUT11-o .....,12~--------~ 12 
RIN11-o 

12 
DIN11-o ---~--------.i 

CAA7-0 _,...__ ______ _ 

CENA ______ ~ 

12 256 
CFA11-o --,r-----..i COEFFICIENT 

STORAGE 

SET 
LDA-----..i 

INTERLEAVE I DECIMATION 

REGISTERS 

16-TAP 

FILTER A 

OED 

ROUND 

SELECT 

LIMIT 

CIRCUITRY 

DOUT1s-o 
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16-TAP 

FILTER B 

256 

COEFFICIENT 

SET 

STORAGE 

12 
COUT11-o 

CAB7-0 

CENB 

12 
CFB11-0 

LDB 
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FIGURE 1. LF3320 FUNCTIONAL BLOCK DIAGRAM 

I~ I~ I~ 
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SIGNAL DEFINITIONS 

Power 

Vee and GND 

+3.3 V power supply. All pins must 
be connected. 

Clock 

CLK - Master Clock 

The rising edge of CLK strobes all 
enabled registers. 

Inputs 

DIN11-o - Data Input 

DINn-o is the 12-bit data input port to 
Filter A In Dual Filter Mode, DINn-o 
can also be the 12-bit input port to 
Filter B. Data is latched on the rising 
edge of CLK. 

RIN11-o- Reverse Cascade Input 

In Single Filter Mode, RIN11-o is the 
12-bit reverse cascade input port. This 
port is connected to ROUT11-o of 
another LF3320. In Dual Filter Mode, 
RIN11-0 can be the 12-bit input port to 
Filter B. Data is latched on the rising 
edge of CLK. 

CFA11-o - Coefficient A Input 

CFA11-o is used to load data into the 
Filter A coefficient banks (banks 0 
through 7) and the configuration/ 
control registers. Data present on 
CFAn-o is latched into the Filter ALF 
Interface™ on the rising edge of CLK 
when LOA is LOW (see the LF 
Interface™ section for a full discus
sion). 

CAA7-0- Coefficient Address A 

CAA7-0 determines which row of data 
in coefficient banks 0 through 7 is fed 
to the multipliers. CAA7-0 is latched 
into Coefficient Address Register A on 
the rising edge of CLK when CENA is 
LOW. 

LF3320 

Horizontal Digital Image Filter 

FIGURE 2. INPUT FORMATS 

Input Data 

I 11 10 9 i+ 2 0 
-211 210 29 
(Sign) 

Coefficient Data 

I 11 10 9 ~ 2 0 
-20 2-1 2-2 2-9 2-10 2-11 

(Sign) 

FIGURE 3. ACCUMULATOR OUTPUT FORMATS 

Accumulator A Output 

I 31 30 29 i+ 2 0 
-220 219 21a 2-9 2-10 2-11 
(Sign) 

TABLE 1. OUTPUT FORMATS 

SLCT4-0 S1s S14 S13 ... 
00000 F1s F14 F13 ... 
00001 F16 F1s F14 ... 
00010 F11 F16 F1s ... 

01110 F29 F2a F21 ... 
01111 F3o F29 F2a ... 
10000 F31 F3o F29 ... 

CFB11-o- Coefficient B Input 

CFB11-o is used to load data into the 
Filter B coefficient banks (banks 8 
through 15) and the configuration/ 
control registers. Data present on 
CFB11-o is latched into the Filter B LF 
Interface™ on the rising edge of CLK 
when LOB is LOW (see the LF 
Interface™ section for a full discussion). 

CAB7-0- Coefficient Address B 

CAB7-0 determines which row of data in 
coefficient banks 8 through 15 is fed to the 
multipliers. CAB7-0 is latched into 
Coefficient Address Register B on the 
rising edge of CLK when CENB is LOW. 

2-99 

Accumulator B Output 

I 31 30 29 Ii> 2 0 
-220219 21a 2-9 2-102-11 
(Sign) 

Sa S1 . .. S2 S1 So 

Fa F1 . .. F2 F1 Fo 

F9 Fa . .. F3 F2 F1 

F10 F9 . .. F4 F3 F2 

F22 F21 . .. F16 F1s F14 

F23 F22 . .. F11 F16 F1s 

F24 F23 . .. Frn F11 F16 

Outputs 

DOUT1s-o - Data Output 

DOUT1s-o is the 16-bit registered data 
output port for the overall filter (Single 
Filter Mode) or Filter A (Dual Filter 
Mode). 

COUT11-o-Cascade Output 

In Single Filter Mode, COUT11-o is a 12-
bit registered cascade output port. 
COUT11-o should be connected to 
DIN11-o of another LF3320. In Dual 
Filter Mode, COUT11-o is a 12-bit 
registered output port for the lower 
twelve bits of the 16-bit Filter B output. 

02/07/97-LDS.3320- A 
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ROUT11-o - Reverse Cascade Output 

In Single Filter Mode, ROUTll-0 is a 12-
bit registered cascade output port. 
ROUT11-0 on one device should be 
connected to RIN11-0 of another LF3320. 
In Dual Filter Mode, ROUT3-0 is a 4-bit 
registered output port for the upper 
four bits of the 16-bit Filter B output. In 
this mode, ROUTll-4 is disabled. 

Controls 

LDA - Coefficient A Load 

When LDA is LOW, data on CFA11-o 
is latched into the Filter ALF 
Interface™ on the rising edge of CLK. 
When LDA is HIGH, data is not 
loaded into the Filter ALF Interface™. 
When enabling the LF Interface™ for 
data input, a HIGH to LOW transition 
of LDA is required in order for the 
input circuitry to function properly. 
Therefore, LDA must be set HIGH 
immediately after power up to ensure 
proper operation of the input circuitry 
(see the LF Interface™ section for a 
full discussion). 

CENA - Coefficient Address Enable A 

When CENA is LOW, data on CAA7-o 
is latched into Coefficient Address 
Register A on the rising edge of CLK. 
When CENA is HIGH, data on CAA7-0 
is not latched and the register's 
contents will not be changed. 

LDB - Coefficient B Load 

When LDB is LOW, data on CFB11-o is 
latched into the Filter B LF Interface™ 
on the rising edge of CLK. When LDB 
is HIGH, data is not loaded into the 
Filter B LF Interface™. When enabling 
the LF Interface™ for data input, a 
HIGH to LOW transition of LDB is 
required in order for the input cir
cuitry to function properly. Therefore, 
LDB must be set HIGH immediately 
after power up to ensure proper 
operation of the input circuitry (see 
the LF Interface™ section for a full 
discussion). 

LF3320 

Horizontal Digital Image Filter 

CENB - Coefficient Address Enable B 

When CENB is LOW, data on CAB7-0 
is latched into Coefficient Address 
Register B on the rising edge of CLK. 
When CENB is HIGH, data on CAB7-0 
is not latched and the register's 
contents will not be changed. 

TXFRA - Filter A LIFO Transfer 
Control 

TXFRA is used to change which LIFO 
in the data reversal circuitry sends 
data to the reverse data path and 
which LIFO receives data from the 
forward data path in Filter A. When 
TXFRA goes LOW, the LIFO sending 
data to the reverse data path becomes 
the LIFO receiving data from the 
forward data path, and the LIFO 
receiving data from the forward data 
path becomes the LIFO sending data 
to the reverse data path. The device 
must see a HIGH to LOW transition of 
TXFRA in order to switch LIFOs. 
TXFRA is latched on the rising edge of 
CLK. 

TXFRB - Filter B LIFO Transfer 
Control 

TXFRB is used to change which LIFO 
in the data reversal circuitry sends 
data to the reverse data path and 
which LIFO receives data from the 
forward data path in Filter B. When 
TXFRB goes LOW, the LIFO sending 
data to the reverse data path becomes 
the LIFO receiving data from the 
forward data path, and the LIFO 
receiving data from the forward data 
path becomes the LIFO sending data 
to the reverse data path. The device 
must see a HIGH to LOW transition of 
TXFRB in order to switch LIFOs. 
TXFRB is latched on the rising edge of 
CLK. 

ACCA - Accumulator A Control 

When ACCA is HIGH, Accumulator 
A is enabled for accumulation and the 
Accumulator A Output Register is 

2-100 

disabled for loading. When ACCA is 
LOW, no accumulation is performed 
and the Accumulator A Output 
Register is enabled for loading. 
ACCA is latched on the rising edge of 
CLK. 

ACCB - Accumulator B Control 

When ACCB is HIGH, Accumulator B 
is enabled for accumulation and the 
Accumulator B Output Register is 
disabled for loading. When ACCB is 
LOW, no accumulation is performed 
and the Accumulator B Output 
Register is enabled for loading. ACCB 
is latched on the rising edge of CLK. 

SHENA - Filter A Shift Enable 

In Dual Filter Mode, SHENA enables 
or disables the loading of data into the 
Input (DIN11-o), Reverse Cascade 
Output (ROUT11-o) and Filter A l/D 
Registers. When SHENA is LOW, 
data is latched into the Input/Cascade 
Registers and shifted through the l/D 
Registers on the rising edge of CLK. 
When SHENA is HIGH, data can not 
be loaded into the Input/Cascade 
Registers or shifted through the l/D 
Registers and their contents will not 
be changed. 

In Single Filter Mode, SHENA also 
enables or disables the loading of data 
into the Reverse Cascade Input 
(RIN11-o), Cascade Output (COUT11-
o), and Filter B l/D Registers. It is 
important to note that in Single Filter 
Mode, either SHENA or SHENB can 
disable data loading. Both must be 
active to enable data loading in Single 
Filter Mode. SHENA is latched on the 
rising edge of CLK. 

SHENB - Filter B Shift Enable 

In Dual Filter Mode, SHENB enables 
or disables the loading of data into the 
Reverse Cascade Input (RIN11-o), 
Cascade Output (COUT11-o), and 
Filter B l/D Registers. When SHENB 
is LOW, data is latched into the 
Cascade Registers and shifted through 
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the l/D Registers on the rising edge of 
CLK. When SHENB is HIGH, data 
can not be loaded into the Cascade 
Registers or shifted through the l/D 
Registers and their contents will not 
be changed. 

In Single Filter Mode, SHENB also 
enables or disables the loading of data 
into the Input (DINn-o), Reverse 
Cascade Output (ROUT11-o) and Filter 
A 1/0 Registers. It is important to 
note that in Single Filter Mode, either 
SHENA or SHENB can disable data 
loading. Both must be active to enable 
data loading in Single Filter Mode. 
SHENB is latched on the rising edge 
of CLK. 

RSLA3-0 - Filter A Round/Select/Limit 
Control 

RSLA3-0 determines which of the 
sixteen user-programmable round/ 
select/limit registers are used in the 
Filter A round/select/limit circuitry. 
A value of 0 on RSLA3-0 selects 
round/ select/limit register 0. A value 
of 1 selects round/ select/limit register 
1 and so on. RSLA3-0 is latched on the 
rising edge of CLK (see the round, 
select, and limit sections for a com
plete discussion). 

RSLB3-0 - Filter B Round/Select/Limit 
Control 

RSLB3-0 determines which of the 
sixteen user-programmable round/ 
select/limit registers are used in the 
Filter B round/select/limit circuitry. 
A value of 0 on RSLB3-0 selects 
round/ select/limit register 0. A value 
of 1 selects round/ select/limit register 
1 and so on. RSLB3-0 is latched on the 
rising edge of CLK (see the round, 
select, and limit sections for a com
plete discussion). 

OED- DOUT Output Enable 

When OED is LOW, DOUT1s-o is 
enabled for output. When OED is 
HIGH, DOUT15-0 is placed in a high
impedance state. 

LF3320 

Horizontal Digital Image Filter 

OEC -COUT/ROUT Output Enable 

When OEC is LOW, COUT11-o and 
ROUT3-0 are enabled for output. When 
OEC is HIGH, COUT11-0 and ROUT3-0 
are placed in a high-impedance state. 

OPERATIONAL MODES 

Single Filter Mode 

In this mode, the device operates as a 
single FIR filter (see Figure 4). It can 
be configured to have as many as 32 

FIGURE 4. SINGLE FILTER MODE 

ROUT11-o 

DIN11-o 

l/D 
REGISTERS 

FILTER 
A 

taps if symmetric coefficient sets are 
used. If asymmetric coefficient sets 
are used, the device can be configured 
to have as many as 16 taps. Cascade 
ports are provided to facilitate 
cascading multiple devices to increase 
the number of filter taps. Bit 1 in 
Configuration Register 5 determines 
the filter mode. In Single Filter Mode, 
DINll-0 is the data input for the filter 
and DOUT1s-o is the data output for 
the filter. 

VD 
REGISTERS 

FILTER 
B 

RIN11-0 

COUT11-0 

DOUT1s-0 

FIGURE 5. DUAL FILTER Mooe 

DIN11-0 
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VD 
REGISTERS 

FILTER 
A 

DOUT1s-o 

RIN11-0 VD 
REGISTERS 

FILTER 
B 

ROUT3-o I COUT11-0 
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FIGURE 6. SYMMETRIC COEFFICIENT SET EXAMPLES 

8 7 6 5 4 3 2 

Even-Tap, Even-Symmetric 

Coefficient Set 

I I 

7 6 5 4 3 2 

Odd-Tap, Even-Symmetric 

Coefficient Set 

FIGURE 7. 1/0 REGISTER DATA PATHS 

EVEN-TAP MODE 

Dual Filter Mode 

In this mode, the device operates as 
two separate FIR filters (see Figure 5). 
Each filter can be configured to have 
as many as 16 taps if symmetric 
coefficient sets are used. If asymmet
ric coefficient sets are used, each filter 
can be configured to have as many as 
8 taps. In Dual Filter Mode, DIN11-o is 
the data input for Filter A. Either 
RIN11-o or DIN11-o can be the data 
input for Filter B. The Filter B input is 
determined by Bit 2 in Configuration 
Register 5. DOUT1s-o is the data 
output for Filter A. COUT11-o and 
ROUT3-0 together form the data 
output for Filter B. COUT11-o is the 
twelve least significant bits and 
R?UT3-0 is the four most significant 
bits of the 16-bit Filter B output. 

ODD-TAP MODE 

FUNCTIONAL DESCRIPTION 

AL Us 

The AL Us double the number of filter 
taps available, when symmetric 
coefficient sets are used, by pre
adding data values which are then 
multiplied by a common coefficient 
(see Figure 6). The AL Us can perform 
two operations: A+B and B-A. Bit O of 
Configuration Register 0 determines 
the operation of the AL Us in Filter A. 
Bit 0 of Configuration Register 2 
determines the operation of the AL Us 
in Filter B. A+B is used with even
symmetric coefficient sets. B-A is 
used with odd-symmetric coefficient 
sets. Also, either the A or B operand 
may be set to 0. Bits 1 and 2 of 
Configuration Register 0 and Configu
ration Register 2 control the ALU 

2-102 

8 7 6 5 

4 3 2 1 

Even-Tap, Odd-Symmetric 

Coefficient Set 

ODD-TAP INTERLEAVE MODE 

inputs in Filters A and B respectively. 
A +O or B+O are used with asymmetric 
coefficient sets. 

Interleave/Decimation Registers 

The Interleave/Decimation Registers 
(l/D Registers) feed the ALU inputs. 
1:hey allow the device to filter up to 
sIXteen data sets interleaved into the 
same data stream without having to 
separate the data sets. The l/D Regis
ters should be set to a length equal to 
the number of data sets interleaved 
together. For example, if two data sets 
are interleaved together, the I/D 
Registers should be set to a length of 
two. Bits 1 through 4 of Configuration 
Register 1 and Configuration Register 3 
dete~~e the length of the I/D Regis
ters m Filters A and B respectively. 

Video Imaging Products 
02/07/97-LDS.3320· A 



- .....-... ........ -...-.... - ...--~-~ ---.. --.. -- ------- ---......-~-~ -~ .,.___ ..._.... LF3320 
DEVICES INCORPORATED Horizontal Digital Image Filter 

TABLE 2. CONFIGURATION REGISTER 0 - ADDRESS 200H 
BITS FUNCTION DESCRIPTION 

0 ALU Mode Filter A 0: A+B 
1: 8-A 

1 Pass A Filter A 0 : ALU Input A = 0 
1 : ALU Input A= Forward Register Path 

2 Pass B Filter A 0: ALU Input 8 = 0 
1 : ALU Input B = Reverse Register Path 

11-3 Reserved Should be set to "O" 

TABLE 3. CONFIGURATION REGISTER 1 - ADDRESS 201 H 
BITS FUNCTION 

0 Filter A Odd-Tap 
Interleave Mode 

4-1 Filter A 1/D Register Length 

5 Filter A Tap Number 

6 Filter A Data Reversal 

11-7 Reserved 

The I/D Registers also facilitate using 
decimation to increase the number of 
filter taps. Decimation by N is accom
plished by reading the filter's output 
once every N clock cycles. The device 
supports decimation up to 16:1. With 
no d_ecimation, the maximum number 
of filter taps is sixteen. When deci
mating by N, the number of filter taps 
becomes 16N because there are N-1 
clock cycles when the filter's output is 
not being read. The extra clock cycles 
are used to calculate more filter taps. 

DESCRIPTION 

0: Odd-Tap Interleave Mode Disabled 
1 : Odd-Tap Interleave Mode Enabled 

0000: 1 Register 
0001: 2 Registers 
001 O: 3 Registers 
0011: 4 Registers 
0100: 5 Registers 
0101: 6 Registers 
0110: 7 Registers 
0111: 8 Registers 
1000: 9 Registers 
1001: 10 Registers 
1010: 11 Registers 
1011: 12 Registers 
1100: 13 Registers 
1101: 14 Registers 
1110: 15 Registers 
1111: 16 Registers 

0: Even Number of Taps 
1: Odd Number of Taps 

O : Data Reversal Enabled 
1 : Data Reversal Disabled 

Should be set to "O" 

When decimating, the I/D Registers 
should be set to a length equal to the 
decimation factor. For example, 
when performing a 4:1 decimation, 
the I/D Registers should be set to a 
length of four. When not decimat
ing or when only one data set (non
interleaved data) is fed into the 
device, the I/D Registers should be 
set to a length of one. 

2·103 

I/D Register Data Path Control 

The three multiplexers in the I/D 
Register data path control how data 
is routed through the forward and 
reverse data paths. The forward 
data path contains the I/D Registers 
in which data flows from left to 
right in the block diagram in Figure Ill 
1. The reverse data path contains 
the I/D Registers in which data • · 
flows from right to left. 

In Single or Dual Filter Modes, data 
is fed from the forward data path to 
the reverse data path as follows. 
When the filter is configured for an 
even number of taps, data from the 
last I/D Register in the forward data 
path is fed into the first I/D Register 
in the reverse data path (see Figure 7). 
When the filter is configured for an 
odd number of taps, the data which 
will appear at the output of the last 
I/D Register in the forward data 
path on the next clock cycle is fed 
into the first I/D Register in the 
reverse data path. Bit 5 in Configu
ration Register 1 and Configuration 
Register 3 configures Filters A and B 
respectively for an even or odd 
number of taps. 

When interleaved data is fed 
through the device and an even tap 
filter is desired, the filter should be 
configured for an even number of 
taps and the I/D Register length 
should match the number of data 
sets interleaved together. When 
interleaved data is fed through the 
device and an odd tap filter is 
desired, the filter should be set to 
Odd-Tap Interleave Mode. Bit 0 of 
Configuration Register 1 and Con
figuration Register 3 configures 
Filters A and B respectively for 
Odd-Tap Interleave Mode. When 
the filter is configured for Odd-Tap 
Interleave Mode, data from the next 
to last I/D Register in the forward 
data path is fed into the first I/D 
Register in the reverse data path. 

02/07/97-LDS.3320· A 



- ~ ~-~ 
-~~-~ - --~----
- - .. ____ -_ ___.. ~- ___.. 
_..._..,.~_..._.,.. 

DEVICES INCORPORATED 

When the filter is configured for an 
odd number of taps (interleaved or 
non-interleaved modes), the filter is 
structured such that the center data 
value is aligned simultaneously at 
the A and B inputs of the last ALU 
in the forward data path. In order 
to achieve the correct result, the user 
must divide the coefficient by two. 

FIGURE 8. DATA REVERSAL 

LF3320 

Horizontal Digital Image Filter 

Data Reversal 

Data reversal circuitry is placed after 
the multiplexers which route data 
from the forward data path to the 
reverse data path (see Figure 8). 
When decimating, the data stream 
must be reversed in order for data to 
be properly aligned at the inputs of 
the AL Us. When data reversal is 
enabled, the circuitry uses a pair of 
UFOs to reverse the order of the data 
sent to the reverse data path. TXFRA 
and TXFRB control the UFOs in Filters 
A and B respectively. When TXFRA/ 
TXFRB goes LOW, the LIFO sending 
data to the reverse data path becomes 
the LIFO receiving data from the 
forward data path, and the LIFO 
receiving data from the forward data 
path becomes the LIFO sending data 
to the reverse data path. The device 
must see a HIGH to LOW transition of 
TXFRA/TXFRB in order to switch 
UFOs. If decimating by N, TXFRA/ 
TXFRB should go LOW once every N 
clock cycles. When data reversal is 
disabled, the circuitry functions like 

an I/D Register. When feeding 
interleaved data through the filter, 
data reversal should be disabled. Bit 6 
of Configuration Register 1 and 
Configuration Register 3 enables or 
disables data reversal for Filters A and 
B respectively. 

Cascading 

Three cascade ports are provided to 
allow cascading of multiple devices 
for more filter taps (see Figure 9). 
COUT11-o of one device should be 
connected to DIN11-o of another 
device. ROUT11-0 of one device 
should be connected to RIN11-o of 
another device. As many LF3320s as 
desired may be cascaded together. 
However, the outputs of the LF3320s 
must be added together with external 
adders. 

Bit 0 of Configuration Register 5 
determines how the device will send 
data to the reverse data path when 
multiple LF3320s are cascaded 
together. If a LF3320 is the last in the 

FIGURE 9. MULTIPLE LF3320s CASCADED TOGETHER 

.......... ..... ~F:33.?9 .. ........... ~F:3.3.?.9 

16 

L4C381 

~-----+------' 

16 

DATA OUT 
128 TAP RESULT 
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cascade chain, Bit 0 of Configuration 
Register 5 should be set to a "O". This 
will cause the data from the end of the 
forward data path to be routed to the 
beginning of the reverse data path 
based on how the filter is configured 
(even/ odd number of taps or inter
leave mode). If a LF3320 is not the last 
in the cascade chain, Bit 0 of Configura
tion Register 5 should be set to a "l". 
This will cause RIN11-0 to feed data to 
the reverse data path. When not 
cascading, Bit 0 of Configuration 
Register 5 should be set to a "O". 

Special data routing circuitry is used to 
feed the COUT and ROUT output 
registers. The data routing circuitry is 
required to correctly align data in the 

forward and reverse data paths as data 
passes from one LF3320 to another. The 
COUT and ROUT registers are loaded 
with data which is two clock cycles 
behind the current output of the l/D 
Register just before the ROUT or COUT 
register. This correctly accounts for the 
extra delays added to the forward and 
reverse data paths by the input/ output 
cascade registers. 

Output Adder 

The Output Adder adds the Filter A 
and B outputs together when the 
device is in Single Filter Mode. If 24-
bit data and 12-bit coefficients or 12-
bit data and 24-bit coefficients are 
desired, the LF3320 can facilitate this 

FIGURE 10. F1L TER A AND B RouNo/SELECT/L1M1T CIRCUITRY 

RSL83-o DATA IN 

DATA OUT 

DATA IN RSLA3-o 

-- -- - - -- - - - -- - - -- - - -FILTER-A RSL 
16 

DATA OUT 
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by scaling the Filter B output by 2-12 

before adding it to the Filter A output. 
Bit 3 in Configuration Register 5 
determines if the Filter B output is 
scaled before being added to the Filter 
A output. 

Rounding 

The overall filter output (Single Filter 
Mode) or Filter A and B outputs (Dual 
Filter Mode) may be rounded by 
adding the contents of one of the 
sixteen Filter A or B round registers to 
the overall filter, Filter A, or Filter B 
outputs (see Figure 10). The Filter A 
round registers are used for the 
overall filter (Single Filter Mode) or 
Filter A (Dual Filter Mode). The Filter 
B round registers are used for Filter B 
(Dual Filter Mode). Each round 
register is 32 bits wide and user
programmable. This allows the filter's 
output to be rounded to any precision 
required. Since any 32-bit value may 
be programmed into the round 
registers, the device can support 
complex rounding algorithms as well 
as standard Half-LSB rounding. 
RSLA3-0 determines which of the 
sixteen Filter A round registers are 
used in the Filter A rounding circuitry. 
RSLB3-0 determines which of the 
sixteen Filter B round registers are 
used in the Filter B rounding circuitry. 
A value of 0 on RSLA/RSLB3-0 selects 
Filter A/B round register 0. A value 
of 1 selects Filter A/B round register 1 
and so on. RSLA/RSLB3-0 may be 
changed every clock cycle if desired. 
This allows the rounding algorithm to 
be changed every clock cycle. This is 
useful when filtering interleaved data. 
If rounding is not desired, a round 
register should be loaded with 0 and 
selected as the register used for 
rounding. Round register loading is 
discussed in the LF Interface™ section. 

Output Select 

The word width of the overall filter, 
Filter A, and Filter B outputs is 32 bits. 
However, only 16 bits may be sent to 
DOUT1s-o (Single or Dual Filter Modes) 

02/07/97-LDS.3320- A 
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TABLE 4. CONFIGURATION REGISTER 2 - ADDRESS 202H 
BITS FUNCTION DESCRIPTION 

0 ALU Mode Filter B 0: A+B 
1: 8-A 

1 Pass A Filter B 0 : ALU Input A = 0 
1 : ALU Input A = Forward Register Path 

2 Pass B Filter B 0 : ALU Input B = 0 
1 : ALU Input B = Reverse Register Path 

11-3 Reserved Must be set to "O" 

TABLE 5. CONFIGURATION REGISTER 3 - ADDRESS 203H 
BITS FUNCTION 

0 Filter B Odd-Tap 
Interleave Mode 

4-1 Filter B l/D Register Length 

5 Filter B Tap Number 

6 Filter B Data Reversal 

11-7 Reserved 

and COUT11-0/ROUT3-0 (Dual Filter 
Mode). The Filter A/B select circuitry 
determines which 16 bits are passed (see 
Table 1). The Filter A/B select registers 
control the Filter A/B select ciicuitry. 
There are sixteen Filter A and B select 
registers. The Filter A select registers are 
used for the overall filter (Single Filter 
Mode) or Filter A (Dual Filter Mode). The 
Filter B select registers are used for Filter B 
(Dual Filter Mode). Each select register is 
5 bits wide and user-programmable. 
RSLA3-0 determines which of the sixteen 

DESCRIPTION 

0: Odd-Tap Interleave Mode Disabled 
1: Odd-Tap Interleave Mode Enabled 

0000: 1 Register 
0001: 2 Registers 
0010: 3 Registers 
0011: 4 Registers 
0100: 5 Registers 
0101: 6 Registers 
0110: 7 Registers 
0111: 8 Registers 
1000: 9 Registers 
1001: 1 O Registers 
1010: 11 Registers 
1011: 12 Registers 
1100: 13 Registers 
1101: 14 Registers 
1110: 15 Registers 
1111 : 16 Registers 

0 : Even Number of Taps 
1 : Odd Number of Taps 

0: Data Reversal Enabled 
1 : Data Reversal Disabled 

Must be set to "O" 

Filter A select registers are used in the 
Filter A select circuitry. RSLB3-0 deter
mines which of the sixteen Filter B select 
registers are used in the Filter B select 
circuitry. A value of 0 on RSLA/RSLB3-0 
selects Filter A/B select register 0. A 
value of 1 selects Filter A/B select register 
1 and so on. RSLA/RSLB3-0 may be 
changed every clock cycle if desired. This 
allows the 16-bit window to be changed 
every clock cycle. This is useful when 
filtering interleaved data. Select register 
loading is discussed in the LF Interface™ 
section. 
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Output Limiting 

An output limiting function is provided 
for the overall filter, Filter A, and Filter 
B outputs. The Filter A limiting 
circuitry is used to limit the overall 
filter output (Single Filter Mode) and 
the Filter A output (Dual Filter Mode). 
The Filter B limiting circuitry is used to 
limit the Filter B output (Dual Filter 
Mode). The Filter A and B limit 
registers determine the valid range of 
output values for the Filter A and B 
limiting circuitry respectively. There 
are sixteen 32-bit user-programmable 
limit registers for both Filters A and B. 
The Filter A limit registers are used for 
the overall filter (Single Filter Mode) or 
Filter A (Dual Filter Mode). The Filter 
B limit registers are used for Filter B 
(Dual Filter Mode). RSLA3-0 deter
mines which of the sixteen Filter A limit 
registers are used in the Filter A limit 
circuitry. RSLB3-0 determines which of 
the sixteen Filter B limit registers are 
used in the Filter B limit circuitry. A 
value of 0 on RSLA/RSLB3-0 selects 
Filter A/B limit register 0. A value of 1 
selects Filter A/B limit register 1 and so 
on. Each limit register contains an 
upper and lower limit value. If the 
value fed to the limiting circuitry is less 
than the lower limit, the lower limit 
value is passed as the filter output. If 
the value fed to the limiting circuitry is 
greater than the upper limit, the upper 
limit value is passed as the filter output. 
Bit 1 and 0 in Configuration Register 4 
enable and disable Filter A and B 
limiting respectively. RSLA/RSLB3-0 
may be changed every clock cycle if 
desired. This allows the limit range to 
be changed every clock cycle. This is 
useful when filtering interleaved data. 
When loading limit values into the 
device, the upper limit must be greater 
than the lower limit. Limit register 
loading is discussed in the LF 
Interface™ section. 

Coefficient Banks 

The coefficient banks store the 
coefficients which feed into the 
multipliers in Filters A and B. There 
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is a separate bank for each multi
plier. Each bank can hold 256 12-bit 
coefficients. The banks are loaded 
using an LF Interface™. There is a 
separate LF Interface™ for the Filter 
A and B banks. Coefficient bank 
loading is discussed in the LF 
Interface™ section. 

TABLE 6. 
BITS 

0 

1 

11-2 

TABLE 7. 
BITS 

0 

1 

2 

3 

CONFIGURATION REGISTER 4 -ADDRESS 204H 
FUNCTION DESCRIPTION 

Filter B Limit Enable O : Limiting Disabled 
1 : Limiting Enabled 

Filter A Limit Enable 0 : Limiting Disabled 
1 : Limiting Enabled 

Reserved Must be set to "O" 

CONFIGURATION REGISTER 5 - ADDRESS 205H 
FUNCTION DESCRIPTION 

Cascade Mode 0: Last In Line 
1 : First or Middle in Line 

Single/Dual Filter Mode O: Single Filter Mode 
1 : Dual Filter Mode 

Filter B Input 0: RIN11-o 
1 : DIN11-o 

Output Adder Control 0: Filter A + Filter B 

Configuration and Control Registers 

The configuration registers deter
mine how the LF3320 operates. 
Tables 2 through 7 show the formats 
of the six configuration registers. 
There are three types of control 
registers: round, select, and limit. 
There are sixteen round registers for 
Filter A and sixteen for Filter B. 
Each register is 32 bits wide. 
RSLA3-0 and RSLB3-0 determine 
which Filter A and B round registers 
respectively are used for rounding. 

1 : Filter A + Filter B (Filter B Scaled by 2-12) 

11-4 Reserved 

FIGURE 11. COEFFICIENT BANK LOADING SEQUENCE 

r 
COEFFICIENT SET 1 

..A. 
\ ( 

COEFFICIENT SET 2 
A 

'r 

Must be set to "O" 

COEFFICIENT SET 3 
..A. 

CLK____n__n____JL_~~~ 
-j W1 f- -j W2 f- -j W3 f-

J LDA/LDB 1 
I r Ir I r 

CFA/CFB11-o~~~~ 

W1: Coefficient Set 1 written to coefficient banks during this clock cycle. 

W2: Coefficient Set 2 written to coefficient banks during this clock cycle. 

W3: Coefficient Set 3 written to coefficient banks during this clock cycle. 

F1GURE 12. CoNFIGURATioNICoNTROL REGISTER LOADING SEQUENCE 

CLK 

W1 W2 W3 

ADDR1 DATA1 ADDR2 DATA1 ADDR3 DATA1 DATA2 DATA3 DATA4 ADDR4 DATA1 DATA2 DATA3 DATA4 

W1: Configuration Register loaded with new data on this rising clock edge. 

W2: Select Register loaded with new data on this rising clock edge. 

W3: Round Register loaded with new data on this rising clock edge. 

W4: Limit Register loaded with new data on this rising clock edge. 
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TABLE 8. CFA/CFB11-9 DECODE 

11 10 9 DESCRIPTION 

0 0 0 Coefficient Banks 
0 0 1 Configuration Registers 
0 1 0 Filter A Select Registers 
0 1 1 Filter B Select Registers 
1 0 0 Filter A Round Registers 
1 0 1 Filter B Round Registers 
1 1 0 Filter A Limit Registers 
1 1 1 Filter B Limit Registers 

There are sixteen select registers for 
Filter A and sixteen for Filter B. Each 
register is 5 bits wide. RSLA3-0 and 
RSLB3-0 determine which Filter A and 
B select registers respectively are used 
in the select circuitry. 

There are sixteen limit registers for 
Filter A and sixteen for Filter B. Each 
register is 32 bits wide and stores both 
an upper and lower limit value. The 
lower limit is stored in bits 15-0 and 
the upper limit is stored in bits 31-16. 
RSLA3-0 and RSLB3-0 determine which 
Filter A and B limit registers respec
tively are used for limiting when 
limiting is enabled. Configuration 
and control register loading is dis
cussed in the LF Interface™ section. 

LF Interface™ 

The Filter A and B LF Interfaces™ are 
used to load data into the Filter A and 
B coefficient banks respectively. They 
are also used to load data into the 
configuration and control registers. 

The following section describes how 
the Filter ALF Interface™ works. The 
Filter A and B LF Interfaces™ are 
identical in function. If LDA and 
CFA11-o are replaced with LDB and 
CFB11-o, the following section will 
describe how the Filter B LF 
Interface™ works. 

LDA is used to enable and disable the 
Filter A LF Interface™. When LDA 
goes LOW, the Filter A LF Interface™ 
is enabled for data input. The first 
value fed into the interface on CFA11-o 
is an address which determines what 
the interface is going to load. The 

LF3320 

Horizontal Digital Image Filter 

TABLE 9. FLTR. A ROUND REGISTERS 

REGISTER ADDRESS {HEX) 

0 800 
1 801 . . . . . . 

14 SOE 
15 80F 

TABLE 10. FLTR.A SELECT REGISTERS 

REGISTER ADDRESS {HEX) 

0 400 
1 401 . . . . . . 

14 40E 
15 40F 

TABLE 11. FLTR. A LIMIT REGISTERS 

REGISTER ADDRESS (HEX) 

0 coo 
1 C01 . . . . . . 

14 COE 
15 COF 

three most significant bits (CFAll-9) 
determine if the LF Interface™ will 
load coefficient banks or configura
tion/ control registers (see Table 8). 
The nine least significant bits (CFAs-o) 
are the address for whatever is to be 
loaded (see Tables 9 through 14). For 
example, to load address 15 of the 
Filter A coefficient banks, the first data 
value into the LF Interface™ should be 
OOFH. To load Filter A limit register 
10, the first data value should be 
COAH. The first address value should 
be loaded into the interface on the 
same clock cycle that latches the 
HIGH to LOW transition of LDA (see 
Figures 11 and 12). 

The next value(s) loaded into the 
interface are the data value(s) which 
will be stored in the bank or register 
defined by the address value. When 
loading coefficient banks, the interface 
will expect eight values to be loaded 
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TABLE 12. FLTR. B ROUND REGISTERS 

REGISTER ADDRESS {HEX) 

0 AOO 
1 A01 . . . . . . 

14 AOE 
15 AOF 

TABLE 13. FLTR.8 SELECT REGISTERS 

REGISTER ADDRESS (HEX) 

0 600 
1 601 . . . . . . 

14 60E 
15 60F 

TABLE 14. FL TR. B LIMIT REGISTERS 

REGISTER ADDRESS {HEX) 

0 EOO 

1 E01 . . . . . . 
14 EOE 
15 EOF 

into the device after the address value. 
The eight values are coefficients 0 
through 7. When loading configura
tion or select registers, the interface 
will expect one value after the address 
value. When loading round or limit 
registers, the interface will expect four 
values after the address value. Fig
ures 11 and 12 show the data loading 
sequences for the coefficient banks 
and configuration/ control registers. 

Table 15 shows an example of loading 
data into the coefficient banks. The 
following data values are written into 
address 10 of coefficient banks 0 
through 7: 210H, 543H, C76H, 9E3H, 
701H, 832H, F20H, 143H. Table 16 
shows an example of loading data 
into a configuration register. Data 
value 003H is written into Configura
tion Register 4. Table 17 shows an 
example of loading data into a round 
register. Data value 7683F4A2H is 
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written into Filter A round register 12. 
Table 18 shows an example of loading 
data into a select register. Data 
value OOFH is loaded into Filter A 
select register 2. Table 19 shows an 
example of loading data into Filter B 
limit register 7. Data value 3B60H is 
loaded as the lower limit and 72A4H 
is loaded as the upper limit. 

It takes 95 clock cycles to load 5 
coefficient sets into the device. There
fore, it takes 2304 clock cycles to load 
all 256 coefficient sets. Assuming an 
80 MHz clock rate, all 256 coefficient 
sets can be updated in 28.8 µs, which 
is well within vertical blanking time. 

It takes 55 clock cycles to load 5 round 
or limit registers. Therefore, it takes 320 
clock cycles to update all round and 
limit registers (both Filters A and B). 
Assuming an 80 MHz clock rate, all 
Filter A and B round/limit registers can 
be updated in 4.0 µs. 

The coefficient banks and configuration/ 
control registers are not loaded with data 
until all data values for the specified 
address are loaded into the LF Interface™. 
In other words, the coefficient banks are 
not written to until all eight coefficients 
have been loaded into the LF Interface™. 
A round register is not written to until all 
four data values are loaded. 

TABLE 15. COEFFICIENT BANK LOADING FORMAT 

CFA/B11 CFA/B10 CFA/B9 CF A/Ba CFA/B1 

1st Word - Address 0 0 0 0 0 

2nd Word - Bank 0 0 0 1 0 0 

3rd Word - Bank 1 0 1 0 1 0 

4th Word - Bank 2 1 1 0 0 0 

5th Word - Bank 3 1 0 0 1 1 

6th Word - Bank 4 0 1 1 1 0 

7th Word - Bank 5 1 0 0 0 0 

8th Word - Bank 6 1 1 1 1 0 

9th Word - Bank 7 0 0 0 1 0 

TABLE 16. CONFIGURATION REGISTER LOADING FORMAT 

CFA/B11 CFA/B10 CFA/B9 CF A/Ba 

1st Word - Address 0 0 1 0 

2nd Word - Data 0 0 0 0 

TABLE 17. ROUND REGISTER LOADING FORMAT 

CFA/B11 CFA/B10 CFA/B9 CF A/Ba 

1st Word - Address 1 0 0 0 

2nd Word - Data R R R R 

3rd Word - Data R R R R 

4th Word - Data R R R R 

5th Word - Data R R R R 

R = Reserved. Must be set to "O". 
*This bit represents the L5B of the Round Register. 
**This bit represents the M5B of the Round Register. 

CFA/B1 

0 

0 

CFA/B1 

0 

1 

1 

1 

O** 
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CFA/B6 CFA/Bs 

0 0 

0 0 

1 0 

1 1 

1 1 

0 0 

0 1 

0 1 

1 0 

CFA/B6 CFA/Bs 

0 0 

0 0 

CFA/B6 CFA/Bs 

0 0 

0 1 

1 1 

0 0 

1 1 

After the last data value is loaded, the 
interface will expect a new address 
value on the next clock cycle. After the 
next address value is loaded, data 
loading will begin again as previously 
discussed. As long as data is loaded 
into the interface, LDA must remain 
LOW. After all desired coefficient 
banks and configuration/ control 
registers are loaded with data, the LF 
Interface™ must be disabled. This is 
done by setting LDA HIGH on the 
clock cycle after the clock cycle which 
latches the last data value. It is impor
tant that the LF Interface™ remain 
disabled when not loading data into it. 

CFA/B4 CFA/B3 CFA/B2 CFA/B1 CF A/Bo 

0 1 0 1 0 

1 0 0 0 0 

0 0 0 1 1 

1 0 1 1 0 

0 0 0 1 1 

0 0 0 0 1 

1 0 0 1 0 

0 0 0 0 0 

0 0 0 1 1 

CFA/B4 CFA/B3 CFA/B2 CFA/B1 CF A/Bo 

0 0 1 0 0 

0 0 0 1 1 

CFA/B4 CFA/B3 CFA/B2 CFA/B1 CF A/Bo 

0 1 1 0 0 

0 0 0 1 O* 

1 0 1 0 0 

0 0 0 1 1 

1 0 1 1 0 
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The Filter A coefficient banks may 
only be loaded with the Filter A LF 
Interface™ and the Filter B coefficient 
banks may only be loaded with the 
Filter B LF Interface™. The configura
tion and control registers may be 
loaded with either the Filter A or B LF 
Interfaces™. Since both LF 
Interfaces™ operate independently of 
each other, both LF Interfaces™ can 
load data into their respective coeffi-

dent banks at the same time. Or, one 
LF Interface™ can load the configura
tion/ control registers while the other 
loads it's respective coefficient banks. 
If both LF Interfaces™ are used to load 
a configuration or control register at 
the same time, the Filter B LF 
Interface™ will be given priority over 
the Filter ALF Interface™. For 
example, if the Filter A LF Interface™ 
attempts to load data into a configura-

TABLE 18. SELECT REGISTER LOADING FORMAT 

CFA/B11 CFA/B10 CFA/B9 CFA/Bs 

1st Word - Address 0 1 0 0 

2nd Word - Data 0 0 0 0 

TABLE 19. LIMIT REGISTER LOADING FORMAT 

CFA/811 CFA/810 CFA/89 CFA/8s 

1st Word - Address 1 1 1 

2nd Word - Data R R R 

3rd Word - Data R R R 

4th Word - Data R R R 

5th Word - Data R R R 

R = Reserved. Must be set to "O". 
* This bit represents the MSB of the Lower Limit. 
** This bit represents the MSB of the Upper Limit. 

0 

R 

R 

R 

R 

CFA/81 CFA/8s CFA/8s 

0 0 0 

0 0 0 

CFA/81 CFA/8s CFA/8s 

0 0 0 

0 1 1 

O* 0 1 

1 0 1 

O** 1 1 
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tion register at the same time that the 
Filter B LF Interface™ attempts to load 
a Filter A round register, the Filter B 
LF Interface™ will be allowed to load 
the round register while the Filter A 
LF Interface™ will not be allowed to 
load the configuration register. 
However, the Filter A LF Interface™ 
will continue to function as if the write 
occurred. 

CFA/84 CFA/83 CFA/82 CFA/81 CFA/80 

0 0 0 1 0 

0 1 1 1 1 

CFA/84 CFA/83 CFA/82 CFA/81 CFA/80 

0 0 1 1 1 

0 0 0 0 0 

1 1 0 1 1 

0 0 1 0 0 

1 0 0 1 0 
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Contact factory for additional information. 
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.__F_E_A_T_UR_E_S ______ l I DESCRIPTION 

0 80 MHz Data Rate 
0 12-bit Data and Coefficients 
0 On-board Memory for 256 Coeffi

cient Sets 

0 LF Interface™ Allows All 256 
Coefficient Sets to be Updated 
Within Vertical Blanking 

0 Selectable 16-bit Data Output with 
User-Defined Rounding and 
Limiting 

0 Seven 3K x 12-bit, Programmable 
Two-Mode Line Buffers 

0 8 Filter Taps 
0 Cascadable for More Filter Taps 
0 ·Supports Interleaved Data Streams 
0 3.3 Volt Power Supply 
0 5Volt1/0 Tolerant 
0 Available 100% Screened to 

MIL-STD-883, Class B 

LF3330 BLOCK DIAGRAM 

12 

The LF3330 filters digital images in 
the vertical dimension at real-time 
video rates. The input and coefficient 
data are both 12 bits and in two's 
complement format. The output is 
also in two's complement format and 
may be rounded to 16 bits. 

The filter is an 8-tap FIR filter with all 
required line buffers contained on
chip. The line buffers can store video 
lines with lengths from 4 to 3076 
pixels. 

Multiple LF3330s can be cascaded 
together to create larger vertical 
filters. 

Due to the length of the line buffers, 
interleaved data can be fed directly 
into the device and filtered without 

DIN11-o --+-~1------------....i 

3K LINE BUFFER 
w 
C!J 

3K LINE BUFFER a: C2 
wo 
~ I--en 

separating the data into individual 
data streams. The number of inter
leaved data sets that the device can 
handle is limited only by the length of I.I 
the on-chip line buffers. If the inter-
leaved video line has 3076 data values 
or less, the filter can handle it. 

The LF3330 contains enough on-board 
memory to store 256 coefficient sets. 
The LF Interface™ allows all 256 
coefficient sets to be updated within 
vertical blanking. 

Selectable 16-bit data output with 
user-defined rounding and limiting 
minimizes the constraints put on 
coefficient sets for various filter 
implementations. 

u. I-
ROUND 3K LINE BUFFER ..JW 

3K LINE BUFFER 

3K LINE BUFFER 

3K LINE BUFFER 

3K LINE BUFFER 

<C en 32 SELECT S:2 I- DOUT1s-o I- z LIMIT a: w w-
>S:2 CIRCUITRY 
a. u. 
<( u. 
I- w OE ·0 a:iu 

<O 
L!) 
C\I 

12 
'----------------------~COUT11-o 
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FIGURE 1. LF3330 FUNCTIONAL BLOCK DIAGRAM 
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g 
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Vertical Digital Image Filter 
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SIGNAL DEFINITIONS 

Power 

Vee and GND 

+3.3 V power supply. All pins must 
be connected. 

Clock 

CLK - Master Clock 

The rising edge of CLK strobes all 
enabled registers. 

Inputs 

DIN11-o-Data Input 

DIN11-o is the 12-bit registered data 
input port. Data is latched on the 
rising edge of CLK. 

CF11-o- Coefficient Input 

CF11-o is used to load data into the 
coefficient banks and configuration/ 
control registers. Data present on 
CF11-o is latched into the LF 
Interface™ on the rising edge of CLK 
when LD is LOW (see the LF 
Interface™ section for a full discus
sion). 

CA7-0- Coefficient Address 

CA7-0 determines which row of data 
in the coefficient banks is fed to the 
multipliers. CA7-0 is latched into the 
Coefficient Address Register on the 
rising edge of CLK when CEN is 
LOW. 

Outputs 

DOUTls-o - Data Output 

DOUTls-o is the 16-bit registered data 
output port. 

COUT11-o- Cascade Data Output 

COUTll-0 is a 12-bit cascade output 
port. COUTll-0 on one device should 
be connected to DIN11-o of another 
LF3330. 

FIGURE 2. INPUT FORMATS , 

Input Data 

I 11 10 9 ~ 2 0 
-211 210 29 22 21 20 
(Sign) 

TABLE 1. OUTPUT FORMATS 

SLCT4-0 S1s S14 S13 ... 
00000 F1s F14 F13 ... 
00001 F16 F1s F14 ... 
00010 F11 F16 F1s ... 

01110 F29 F2a F21 ... 
01111 F3o F29 F2a ... 
10000 F31 F3o F29 ... 

Controls 

LD - Coefficient Load 

When LD is LOW, data on CF11-o is 
latched into the LF Interface™ on 
the rising edge of CLK. When LD is 
HIGH, data can not be latched into 
the LF Interface™. When enabling 
the LF Interface™ for data in~t, a 
HIGH to LOW transition of LD is 
required in order for the input 
circuitry to function properly. 
Therefore, LD must be set HIGH 
immediately after power up to 
ensure proper operation of the input 
circuitry (see the LF Interface™ 
section for a full discussion). 

CEN - Coefficient Address Enable 

When CEN is LOW, data on CA7-0 is 
latched into the Coefficient Address 
Register on the rising edge of CLK. 
When CEN is HIGH, data on CA7-o 
is not latched and the register's 
contents will not be changed. 

LF3330 

Vertical Digital Image Filter 

Coefficient Data 

111 10 9 ~ 2 0 
-20 2-1 2-2 2-9 2-10 2-11 

(Sign) 

Sa S1 . .. S2 S1 So 

Fa F1 . .. F2 F1 Fo 

F9 Fa . .. F3 F2 F1 

F10 F9 . .. F4 F3 F2 

F22 F21 ... F16 F1s F14 

F23 F22 ... F11 F16 F1s 

F24 F23 . .. F1a F11 F16 

FIGURE 3. ACCUMULATOR FORMAT 

Accumulator Output 

I 31 30 29 I!\+ 2 0 
-220 219 21a 2-9 2-102-11 
(Sign) 

ACC-Accumu/ator Control 

When ACC is HIGH, the accumulator is 
enabled for accumulation and the 
accumulator output register is disabled 
for loading. When ACC is LOW, no 
accumulation is performed and the 
accumulator output register is enabled for 
loading. ACC is latched on the rising 
edgeofCLK 

SHEN-Shift Enable 

SHEN enables or disables the loading of 
data into the input/ cascade registers and 
the line buffers. When SHEN is LOW, 
data is loaded into the input/ cascade 
registers and shifted through the line 

~~~~~~~~~~~~~~~~~~~~Video Imaging Products 
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TABLE 2. CONFIGURATION REGISTER 0 - ADDRESS 200H 
BITS ] FUNCTION l DESCRIPTION 

11-0 ] Line Buffer Length J See Line Buffer Description Section 

TABLE 3. CONFIGURATION REGISTER 1 - ADDRESS 201 H 
BITS FUNCTION DESCRIPTION 

0 Line Buffer Mode O : Delay Mode 
1 : Recirculate Mode 

1 Line Buffer Load 0 : Normal Load 
1 : Parallel Load 

11-2 Reserved Must be set to "O" 

TABLE 4. CONFIGURATION REGISTER 2 - ADDRESS 202H 
BITS FUNCTION DESCRIPTION 

0 Limit Enable O : Limiting Disabled 
1 : Limiting Enabled 

11-1 Reserved Must be set to "O" 

TABLE 5. CONFIGURATION REGISTER 3 - ADDRESS 203H 
BITS FUNCTION 

0 Cascade Mode 

11-1 Reserved 

buffers on the rising edge of CLK. When 
SHEN is HIGH, data can not be loaded 
into the input/ cascade registers or shifted 
through the line buffers and thier contents 
will not be changed. 

RSL3-0 - Round/Select/Limit Control 

RSL3-0 determines which of the 
sixteen user-programmable round/ 
select/limit registers are used in the 
round/ select/limit circuitry. A value 
of 0 on RSL3-0 selects round/ select/ 
limit register 0. A value of 1 selects 
round/ select/limit register 1 and so 
on. RSL3-0 is latched on the rising 
edge of CLK (see the round, select, 
and limit sections for a complete 
discussion). 

OE- Output Enable 

When OE is LOW, DOUT1s-o is enabled 
for output. When OE is HIGH, DOUT1s-o 
is placed in a high-impedance state. 

DESCRIPTION 

0 : First Device 
1 : Cascaded Device 

Must be set to "O" 

FUNCTIONAL DESCRIPTION 

Line Buffers 

The maximum delay length of each line 
buffer is 3076 cycles and the minimum is 4 
cycles. Configuration Register 0 (CRo) 
determines the delay length of the line 
buffers. The line buffer length is equal to 
the value of CRo plus 4. A value of 0 for 
CRo sets the line buffer length to 4. A 
value of 3072 for CRo sets the line buffer 
length to 3076. Any values for CRo 
greater than 3072 are not valid. 

The line buffers have two modes of 
operation: delay mode and recirculate 
mode. Bit 0 of Configuration Register 1 
determines which mode the line buffers 
are in. In delay mode, the data input to 
the line buffer is delayed by an amount 
determined by CRo. In recirculate mode, 
the output of the line buffer is routed back 
to the input of the line buffer allowing the 
line buffer contents to be read multiple 
times. 

2-116 
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Vertical Digital Image Filter 

FIGURE 4. RSL CIRCUITRY 

RSL3-o DATA IN 

DATA OUT 

Bit 1 of Configuration Register 1 allows 
the line buffers to be loaded in parallel. 
When Bit 1 is "l ", the input register 
(DIN11-0) loads all seven line buffers in 
parallel. This allows all the line buffers to 
be preloaded with data in the amount of 
time it normally takes to load a single line 
buffer. 

Interleaved Data 

The LF3330 is capable of handling 
interleaved data. The number of data sets 
it can handle is determined by the 
number of data values contained in a 
video line. lf the interleaved video line 
has 3076 data values or less, the LF3330 
can handle it no matter how many data 
sets are interleaved together. 

02/07/97-LDS.3330- A 
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Cascading 

A cascade port is provided to allow 
cascading of multiple devices for more 
filter taps (see Figure 5). COUTn-o of 
one device should be connected to 
DINn-o of another device. As many 
LF3330s as desired may be cascaded 
together. However, the outputs of the 
LF3330s must be added together with 
external adders. 

The first line buffer on a cascaded 
device must have its length shortened 
by two delays. This is to account for 
the added delays of the input register 
on the device and the cascade output 
register from the previous LF3330. If 
Bit 0 of Configuration Register 3 is set 
to "l", the length of the first line 
buffer will be reduced by two. This 
will make its effective length the same 
as the other line buffers on the device. 
If Bit 0 of Configuration Register 3 is 
set to "O", the length of the first line 
buffer will be the same as the other 
line buffers. When cascading devices, 
the first LF3330 should have Bit 0 of 
Configuration Register 3 set to "O". 
Any LF3330s cascaded after the first 
LF3330 should have Bit 0 of Configu-

ration Register 3 set to "1". When not 
cascading, Bit 0 of Configuration 
Register 3 should be set to "O". 

It is important to note that the first 
multiplier on all cascaded devices 
should not be used. This is because 
the first multiplier does not have a line 
buffer in front of it. The coefficient 
value sent to the first multiplier on a 
cascaded device should be "O". 

Rounding 

The filter output may be rounded by 
adding the contents of one of the 
sixteen round registers to the filter 
output (see Figure 4). Each round 
register is 32 bits wide and user
programmable. This allows the filter's 
output to be rounded to any precision 
required. Since any 32-bit value may 
be programmed into the round 
registers, the device can support 
complex rounding algorithms as well 
as standard Half-LSB rounding. RSL.3-o 
determines which of the sixteen round 
registers are used in the rounding 
operation. A value of 0 on RSL3-0 
selects round register 0. A value of 1 
selects round register 1 and so on. 

LF3330 

Vertical Digital Image Filter 

RSL3-0 may be changed every clock 
cycle if desired. This allows the 
rounding algorithm to be changed 
every clock cycle. This is useful when 
filtering interleaved data. If rounding 
is not desired, a round register should 
be loaded with 0 and selected as the 
register used for rounding. Round 
register loading is discussed in the LF 
Interface™ section. 

Output Select 

The word width of the filter output is 32 
bits. However, only 16 bits may be sent to 
OOUT15-0. The select circuitry deter
mines which 16 bits are passed (see 
Table 1). There are sixteen select registers 
which control the select circuitry. ·Each 
select register is 5 bits wide and user
programmable. RSL.3-o determines which 
of the sixteen select registers are used in 
the select circuitry. Select register 0 is 
chosen by loading a 0 on RSL.3-o. Select 
register 1 is chosen by loading a 1 on 
RSL.3-o and so on. RSL.3-o may be changed 
every clock cycle if desired. This allows 
the 16-bit window to be changed every 
clock cycle. This is useful when filtering 
interleaved data. Select register loading is 
discussed in the LF Interface™ section. 

FIGURE 5. MULTIPLE LF3330s CASCADED TOGETHER 

..... J,f~:.p9 ..... v=~~s.9 
LINE BUFFERS 

:cour 
LINE BUFFERS 

16 16 

L4C381 
'-------.i+----~ 

16 

:cour DIN; 

DATA OUT 
29TAP RESULT 

............ J,.F..3.~3.9 . . ............... ~.f~~.3.9 .. . 

LINE BUFFERS 
:cour 

LINE BUFFERS 

16 16 

L4C381 
~---~+)+-----~ 

16 

~~~~~~~~~~~~~~~~~~~~Video Imaging Products 
2-117 02/07/97-LDS.3330· A 

• 



- ~ .....-....-~ - ...--~- ...... - .. -----~ -- ------- ---..,.-, ....._._ ........ -----
DEVICES INCORPORATED 

Limiting 

An output limiting function is pro
vided for the output of the filter. The 
limit registers determine the valid 
range of output values when limiting 
is enabled (Bit 0 in Configuration 
Register 2). There are sixteen 32-bit 
limit registers. RSL3-0 determines 
which limit register is used during the 
limit operation. A value of 0 on RSL3-o 
selects limit register 0. A value of 1 
selects limit register 1 and so on. Each 
limit register contains both an upper 
and lower limit value. If the value fed 
to the limiting circuitry is less than the 
lower limit, the lower limit value is 
passed as the filter output. If the 
value fed to the limiting circuitry is 
greater than the upper limit, the upper 
limit value is passed as the filter 
output. RSL3-0 may be changed every 
clock cycle if desired. This allows the 
limit range to be changed every clock 

cycle. This is useful when filtering 
interleaved data. When loading limit 
values into the device, the upper limit 
must be greater than the lower limit. 
Limit register loading is discussed in 
the LF Interface™ section. 

Coefficient Banks 

The coefficient banks store the coeffi
cients which feed into the multipliers 
in the filter. There is a separate bank 
for each multiplier. Each bank can 
hold 256 12-bit coefficients. The banks 
are loaded using the LF Interface™. 
Coefficient bank loading is discussed 
in the LF Interface™ section. 

Configuration and Control Registers 

The configuration registers determine 
how the LF3330 operates. Tables 2 
through 5 show the formats of the four 
configuration registers. There are 

FIGURE 6. COEFFICIENT BANK LOADING SEQUENCE 

LF3330 

Vertical Digital Image Filter 

three types of control registers: round, 
select, and limit. There are sixteen 
round registers. Each round register 
is 32 bits wide. RSL3-0 determines 
which round register is used for 
rounding. 

There are sixteen select registers. Each 
select register is 5 bits wide. RSL3-0 
determines which select register is 
used for the select circuitry. 

There are sixteen limit registers. 
Each limit register is 32 bits wide 
and stores both an upper and lower 
limit value. The lower limit is 
stored in bits 15-0 and the upper 
limit is stored in bits 31-16. RSL3-0 
determines which limit register is 
used for limiting when limiting is 
enabled. Configuration and control 
register loading is discussed in the 
LF Interface™ section. 

COEFFIC~NT SET 1 COEFFICIENT SET 2 COEFFICIENT SET 3 

( \( \( ' 
CLK__lL___fLJL_j~~Ln_n__n_ 

-j W1 I- -j W2 I- -j W3 1-
LD -----i . 11--L _________ J L J l. J 
~ 111'-----------~~---~ 

W1: Coefficient Set 1 written to coefficient banks during this clock cycle. 

W2: Coefficient Set 2 written to coefficient banks during this clock cycle. 

W3: Coefficient Set 3 written to coefficient banks during this clock cycle. 

FIGURE 7. CONFIGURATION/CONTROL REGISTER LOADING SEQUENCE 

CONFIG REG SELECT REG ROUND REGISTER LIMIT REGISTER 

~~ ~------~ ~------~ 

CLK 

W1 W2 W3 

LO 

CF11-o ADDR1 DATA1 ADDR2 DATA1 ADDR3 DATA1 DATA2 DATA3 DATA4 ADDR4 DATA1 DATA2 DATA3 DATA4 

W1: Configuration Register loaded with new data on this rising clock edge. 
W2: Select Register loaded with new data on this rising clock edge. 

W3: Round Register loaded with new data on this rising clock edge. 

W4: Limit Register loaded with new data on this rising clock edge. 
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LF Interface™ 

The LF Interface™ is used to load data 
into the coefficient banks and configu
ration/ control registers. LD is used to 
enable and disable the LF Interface™. 
When LD goes LOW, the LF 
Interface™ is enabled for data input. 
The first value fed into the interface 
on CF11-o is an address which deter
mines what the interface is going to 
load. The three most significant bits 
(CFll-9) determine if the LF 
Interface™ will load coefficient banks 
or configuration/ control registers (see 
Table 6). The nine least significant bits 
(CFs-o) are the address for whatever is 
to be loaded (see Tables 7 through 9). 
For example, to load address 15 of the 
coefficient banks, the first data value 
into the LF Interface™ should be 
OOFH. To load limit register 10, the 
first data value should be EOAH. The 
first address value should be loaded 
into the interface on the same clock 
cycle that latches the HIGH to LOW 
transition of LO (see Figures 6 and 7). 

The next value(s) loaded into the 
interface are the data value(s) which 
will be stored in the bank or register 

TABLE 6. CF11-9 DECODE 

11 10 9 DESCRIPTION 

0 0 0 Coefficient Banks 
0 0 1 Configuration Registers 
0 1 1 Select Registers 
1 0 1 Round Registers 
1 1 1 Limit Registers 

defined by the address value. When 
loading coefficient banks, the interface 
will expect eight values to be loaded 
into the device after the address value. 
The eight values are coefficients 0 
through 7. When loading configura
tion or select registers, the interface 
will expect one value after the address 
value. When loading round or limit 
registers, the interface will expect four 
values after the address value. Fig
ures 6 and 7 show the data loading 
sequences for the coefficient banks 
and configuration/ control registers. 

Table 10 shows an example of loading 
data into the coefficient banks. The 
following data values are written into 
address 10 of coefficient banks 0 
through 7: 210H, 543H, C76H, 9E3H, 
701H, 832H, F20H, 143H. Table 11 
shows an example of loading data 

TABLE 10. COEFFICIENT BANK LOADING FORMAT 

CF11 CF10 CFe CF a CF1 CFs CFs 

1st Word - Address 0 0 0 0 0 0 0 

2nd Word - Bank O 0 0 1 0 0 0 0 

3rd Word - Bank 1 0 1 0 1 0 1 0 

4th Word - Bank 2 1 1 0 0 0 1 1 

5th Word - Bank 3 1 0 0 1 1 1 1 

6th Word - Bank 4 0 1 1 1 0 0 0 

7th Word - Bank 5 1 0 0 0 0 0 1 

8th Word - Bank 6 1 1 1 1 0 0 1 

9th Word - Bank 7 0 0 0 1 0 1 0 

TABLE 11. CONFIGURATION REGISTER LOADING FORMAT 

CF11 CF10 CFe CF a CF1 CFs CFs 

1st Word - Address 0 0 1 0 0 0 0 

2nd Word - Data 0 0 0 0 0 0 0 

2-119 
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TABLE 7. ROUND REGISTERS 

REGISTER ADDRESS (HEX) 

0 AOO 
1 A01 . . . . . 
14 AOE 
15 AOF II 

TABLE 8. SELECT REGISTERS 

REGISTER ADDRESS (HEX) 

0 600 
1 601 . . . . . . 
14 60E 
15 60F 

TABLE 9. LIMIT REGISTERS 

REGISTER ADDRESS (HEX) 

0 EOO 
1 E01 . . . . . . 
14 EOE 
15 EOF 

CF4 CF3 CF2 CF1 CFo 

0 1 0 1 0 

1 0 0 0 0 

0 0 0 1 1 

1 0 1 1 0 

0 0 0 1 1 

0 0 0 0 1 

1 0 0 1 0 

0 0 0 0 0 

0 0 0 1 1 

CF4 CF3 CF2 CF1 CFo 

0 0 1 0 0 

0 0 0 1 1 
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into a configuration register. Data 
value 003H is written into Configura
tion Register 4. Table 12 shows an 
example of loading data into a round 
register. Data value 7683F4A2H is 
written into round register 12. Table 
13 shows an example of loading data 
into a select register. Data value 
OOFH is loaded into select register 2. 
Table 14 shows an example of loading 
data into limit register 7. Data value 
3B60H is loaded as the lower limit 
and 72A4H is loaded as the upper 
limit. 

It takes 95 clock cycles to load S 
coefficient sets into the device. There
fore, it takes 2304 clock cycles to load 
all 256 coefficient sets. Assuming an 
80 MHz clock rate, all 256 coefficient 

sets can be updated in 28.8 µs, which 
is well within vertical blanking time. 
It takes SS clock cycles to load S round 
or limit registers. Therefore, it takes 
160 clock cycles to update all round 
and limit registers. Assuming an 80 
MHz clock rate, all round/limit 
registers can be updated in 2.0 µs. 

The coefficient banks and configura
tion/ control registers are not loaded 
with data until all data values for the 
specified address are loaded into the 
LF Interface™. In other words, the 
coefficient banks are not written to 
until all eight coefficients have been 
loaded into the LF Interface™. A 
round register is not written to until 
all four data values are loaded. 

TABLE 12. ROUND REGISTER LOADING FORMAT 

CF11 CF10 CFe CF a 

1st Word • Address 1 0 1 0 

2nd Word- Data R R R R 

3rd Word - Data R R R R 

4th Word - Data R R R R 

5th Word - Data R R R R 

R = Reserved. Must be set to "O". 
*This bit represents the LSB of the Round Register. 
**This bit represents the MSB of the Round Register. 

TABLE 13. SELECT REGISTER LOADING FORMAT 

CF11 CF10 CFe CF a 

1st Word • Address 0 1 1 0 

2nd Word • Data 0 0 0 0 

TABLE 14. LIMIT REGISTER LOADING FORMAT 

CF11 CF10 CFe CF a 

1st Word· Address 1 1 1 

2nd Word- Data R R R 

3rd Word - Data R R R 

4th Word • Data R R R 

5th Word - Data R R R 

R = Reserved. Must be set to "O". 
* This bit represents the MSB of the Lower Limit. 
**This bit represents the MSB of the Upper Limit. 

0 

R 

R 

R 

R 

CF1 CFs CFs 

0 0 0 

1 0 1 

1 1 1 

1 0 0 

O** 1 1 

CF1 CFs CFs 

0 0 0 

0 0 0 

CF1 CFs CFs 

0 0 0 

0 1 1 

O* 0 1 

1 0 1 

O** 1 1 
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After the last data value is loaded, the 
interface will expect a new address 
value on the next clock cycle. After 
the next address value is loaded, data 
loading will begin again as previously 
discussed. As lon~s data is loaded 
into the interface, LD must remain 
LOW. After all desired coefficient 
banks and configuration/ control 
registers are loaded with data, the LF 
Interface™ must be disabled. This is 
done by setting LD HIGH on the clock 
cycle after the clock cycle which 
latches the last data value. It is 
important that the LF Interface™ 
remain disabled when not loading 
data into it. 

CF4 CF3 CF2 CF1 CFo 

0 1 1 0 0 

0 0 0 1 O* 

1 0 1 0 0 

0 0 0 1 1 

1 0 1 1 0 

CF4 CF3 CF2 CF1 CFo 

0 0 0 1 0 

0 1 1 1 1 

CF4 CF3 CF2 CF1 CFo 

0 0 1 1 1 

0 0 0 0 0 

1 1 0 1 1 

0 0 1 0 0 

1 0 0 1 0 
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Contact factory for additional information. 
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0Ev1cEs 1N~oRPORATEo High-Speed Image Filter with Coefficient RAM 

~F_E_A_T_U_RE_S ____ ~l I DESCRIPTION 

0 80 MHz Data Input and Computa
tion Rate 

0 Four 12 x 12-bit Multipliers with 
Individual Data and Coefficient 
Inputs 

0 Four 256 x 12-bit Coefficient Banks 
0 32-bitAccumulator 
0 Selectable 16-bit Data Output with 

User-Defined Rounding and Limiting 

0 Two's Complement Operands 
0 3.3 Volt Power Supply 
0 5Volt1/0 Tolerant 
0 Package Styles Available: 

• 120-pin Plastic Quad Flatpack 
• 120-pin Ceramic PGA 

LF3347 BLOCK DIAGRAM 

CC1Hl 
[5 

CCCLK 

ENBA 

A7-0 

ACC-----

SHIFT4-0 ___ ___,..___.., 

The LF3347 consists of an array of 
four 12x12-bit registered multipliers 
followed by two summers and a 
32-bit accumulator. The LF3347 
provides four 256x12-bit coefficient 
banks which are capable of storing 
256 different sets of filter coefficients 
for the multiplier array. All multi
plier data inputs are user accessible 
and can be updated every clock cycle 
with two's complement data. The 
pipelined architecture has fully 
registered input and output ports 
and an asynchronous three-state 
output enable control to simplify the 
design of complex systems. 

A 32-bit accumulator allows cumula
tive word growth which may be 
internally rounded to 16-bits. Out-
put data is updated every clock cycle I.I 
and may be held under user control. 
The data inputs/ outputs and control 
inputs are registered on the rising 
edge of CLK. The Control/ Coeffi-
cient Data Input, CC11-o, is regis-
tered on the rising edge of CCCLK. 

The LF3347 is ideal for performing 
pixel interpolation in image manipu-
lation and filtering applications. 
The LF3347 can perform a bilinear 
interpolation of an image (4-pixel 
kernels) at real-time video rates when 

SELRND3-0 

Rounding/ "----~ 
Limiting 

Registers 

t>-------- OGEN 

CiE-----------------d 

CLK ----TO ALL REGISTERS NOTE; NUMBERS IN REGISTERS INDICATE 
NUMBER OF PIPELINE DELAYS S1s-o 

Video Imaging Products 
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DEVICES INCORPORATED 

used withanimageresampling 
sequencer. Larger kernels or more 
complex functions can be realized by 
utilizing multiple devices. 

Unrestricted access to all data 
ports and addressable coefficient 
banks provides the LF3347 with 
considerable flexibility in applica
tions such as digital filters, adap
tive FIR filters, mixers, and other 
similar systems requiring high
speed processing. 

SIGNAL DEFINITIONS 

Power 

VccandGND 

+3.3 V power supply. All pins must be 
connected. 

Clocks 

CLK- Master Clock 

The rising edge of CLK strobes all 
enabled registers. 

CCCLK - Coefficient/Control Clock 

When LD is LOW, the rising edge of 
CCCLK latches data on CC11-o into the 
device. 

Inputs 

D111-o-D411-o-Data Input 

Dl-D4 are the 12-bit registered data 
input ports. Data is latched on the 
rising edge of CLK. 

A7-0 - Row Address 

A7-0 determines which row in the 
coefficient banks feed data to the 
multipliers. A7-0 is latched on the 
rising edge of CLK. When a new row 
address is loaded into the row 
address register, data from the 
coefficient banks will be latched into 
the multiplier input registers on the 
next rising edge of CLK. 

LF3347 

High-Speed Image Filter with Coefficient RAM 

FIGURE 1. INPUT FORMATS 

Data Coefficient 

------ Fractional Two's Complement ------

111 10 9 if 2 o I 111 10 e ~ 2 o I 
-20 2-1 2-2 2-9 2-10 2-11 -20 2-1 2-2 2-9 2-10 2-11 

(Sign) (Sign) 

Integer Two's Complement 

111 10 9 ~ 2 ol 
-211 210 29 22 21 20 
(Sign) 

TABLE 1. OUTPUT FORMATS 

SHIFT4-0 S1s S14 S13 . . . 
00000 F1s F14 F13 . . . 
00001 F16 F15 F14 . . . 
00010 F11 F16 F1s . . . 

01110 F29 F2a F21 . . . 
01111 F30 F29 F28 . . . 
10000 F31 F30 F29 . . . 

CC11-o-Control/Coefficient Data Input 

CC11-o is used to load data into the 
coefficient banks and control regis
ters. Data present on CC11-o is 
latched on the rising edge of CCCLK 
when LD is LOW. 

Outputs 

S1s-o - Data Output 

515-0 is the 16-bit registered data 
output port. 

Controls 

ENB1-ENB4- Data Input Enables 

The ENBN (N = l, 2, 3, or 4) inputs 
allow the DN registers to be updated 
on each clock cycle. When ENBN is 
LOW, data on DNll-0 is latched into 
the DN register on the rising edge of 

2-124 

111 10 9 ~ 2 ol 
-211 210 29 22 21 20 
(Sign) 

Sa S1 ... S2 S1 So 

Fa F7 ... F2 F1 Fo 

F9 Fa ... F3 F2 F1 

F10 F9 ... F4 F3 F2 

F22 F21 ... F1s F1s F14 

F23 F22 ... F11 F16 F1s 

F24 F23 ... Frn F11 F1s 

CLK. When ENBN is HIGH, data on 
DNll-0 is not latched into the ON 
register and the register contents will 
not be changed. 

ENBA-Row Address Input Enable 

The ENBA input allows the row 
address register to be updated on 
each clock cycle. When ENBA is 
LOW, data on A7-0 is latched into 
the row address register on the rising 
edge of CLK. When ENBA is HIGH, 
data on A7-0 is not latched into the 
row address register and the register 
contents will not be changed. 

OE-Output Enable 

When OE is LOW, 515-0 is enabled for 
output. When OE is HIGH, 515-0 is 
placed in a high-impedance state. 

Video Imaging Products 
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DEVICES INCORPORATED High-Speed Image Filter with Coefficient RAM 

TABLE2. REGISTER FORMATS 

Register Load Address Bits Register Description 

cso OOOH 11-0 Coefficient Set O 
CS1 001H 11-0 Coefficient Set 1 

CS255 OFFH 11-0 Coefficient Set 255 

RNDO 800H 31-0 Rounding Register O 
RND1 801H 31-0 Rounding Register 1 

RND15 80FH 31-0 Rounding Register 15 

LMTO COOH 31-16/15-0 Upper I Lower Limit Register 0 
LMT1 C01H 31-16/15-0 Upper I Lower Limit Register 0 

LMT15 COFH 31-16/15-0 Upper I Lower Limit Register 15 

OCEN- Output Clock Enable 

When OCEN is LOW, the output 
register is enabled for data loading. 
When OCEN is HIGH, output register 
loading is disabled and the register's 
contents will not change. 

ACC-Accumulator Control 

The ACC input determines whether 
internal accumulation is performed. If 
ACC is LOW, no accumulation is 
performed, the prior accumulated sum 
is cleared, and the current sum of 
products is output. When ACC is 
HIGH, the emerging product is added to 
the sum of the previous products. 

LD- Load Control 

LD enables the loading of data into the 
coefficient banks and control registers 
(control registers are the round and limit 
registers). When LD is LOW, data on 
CC11-0 is latched into the device on the 
rising edge of CCCLK. When LD is 
HIGH, data cannot be loaded into the 
coefficient banks and control registers. 
When enabling the input circuitry for 
data loading, the LF3347 requires a 
HIGH to LOW transition of LD in order 
to function properly. Therefore, LD 
needs to be set HIGH immediately after 

power up to ensure proper operation of 
the input circuitry. 

It takes five CCCLKclock cycles to load 
one coefficient set into the four coefficient 
banks or to load one control register. 
When the input circuitry is enabled (LD 
goes LOW), the first value loaded into the 
device on CC11-0 is an address which 
determines what will be loaded (see 
Table2). Thenextfourvaluesloadedon 
CC11-0 is the data to be loaded into the 
coefficient banks or control register (see 
Tables 3-5). After the last data value is 
loaded, another coefficient bank address or 
control register may be loaded by feeding 
another address into CCl 1--0. When all 
desired coefficient banks and control 
registers are loaded, the input circuitry 
must be disabled by setting LD HIGH. 

SELRND3-0- Round Select 

SELRND3-0 allows the user to select 
which rounding register will be used 
in the rounding circuit to round/ offset 
the data. 

SHIFT4-0- Shift 

SHIFT4-0 determines which 16-bits of 
the 32-bits from the accumulator are 
passed to the output (see Table 1). 

2-125 

A1-o SELRND3-o SELLMT3-o 

OOH 
01H 

FFH 

0000 
0001 

1 1 1 1 

0000 
0001 

1 1 1 1 

FIGURE 2. ROUNDING, SELECTING, 

LIMITING CIRCUITRY 

RND31-o 

SHIFT4-o 

ULMT1s-0 
LLMT1s-o --.-i... _ __i 

SELLMT3-o-Limit Select 

SELLMT3-0 allows the user to control 
which limiting register will be used in 
the limiting circuit to set the upper and 
lower limits on the data. 

LMTEN-Limit Enable 

When LMTEN is LOW, limiting.is 
enabled and the selected limit register 
is used to determine the valid range of 
output values for the overall filter. 
When HIGH, limiting is disabled. 

Video Imaging Products 
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FUNCTIONAL DESCRIPTION 

Coefficient Banks 

The LF3347 has four coefficient banks 
which feed coefficient values to the 
multipliers. Each bank can store 25612-bit 
coefficients. In the example shown in 
Table 3, address 10 in coefficient banks 1 
through 4 is loaded with the following 
values: ABCH, 789H, 456H, 123H. The 
coefficient banks are not written to until all 
four coefficients have been loaded into the 
device. 

A7-0 determines which coefficient set is 
sent to the multipliers. A value of 0 on 
A7-0 selects set 0. A value of 1 selects 
set 1 and so on. 

Rounding' Offset 

The accumulator output may be rounded 
before being sent to the output select 
section. Rounding is user-selectable and is 
accomplished by adding the contents of a 
round register to the accumulator output 
(see Figure 2). There are sixteen 32-bit 
round registers. In the example in Table 4, 
round register 10 is loaded with 
76543210H. A round register is not 
written to until all four data values have 
been loaded into the device. 

SELRND3-0 determines which round 
register is used for rounding. A value of 0 
on SELRND3-0 selects round register 0. A 
value of 1 selects round register 1 and so 
on. If rounding is not desired, a round 
register should be loaded with 0 and 
selected as the register for rounding. 

Output Select 

The filter output word width is 32-bits. 
However, only 16-bits may be sent to 
thedeviceoutput. SHIFT4-0deter
mines which 16 bits are passed to the 
device output (See Table 1). 

Output Limiting 

An output limiting function is provided for 
the output of the filter. When limiting is 
enabled (LMTEN LOW), thelimitregister 
selected with SELLMT3-0 determines the 
valid range of output values for the overall 
filter. There are sixteen 32-bit limit 

LF3347 

High-Speed Image Filter with Coefficient RAM 

registers. Each limit register contains both 
an upper and lower limit value. The lower 
limit is stored in bits 15-0 and the 
upper limit is stored in bits 31-16. If the 
value fed to the limiting circuitry is less 
than the lower limit, the lower limit is 
passed to the device output. If the value 
fed to the limiting circuitry is greater than 
the upper limit, the upper limit is passed to 
the device output. When loading limit 
values into the device, the upper limit must 

be greater than the lower limit. In the 
example shown in Table 4, limit register 15 
is loaded with a lower limit of 0123H and 
an upper limitof7FEDH. Alimitregister 
is not written to until all four data values 
have been loaded into the device. 

SELLMT3-0 determines which limit 
register is used for limiting. A value of 0 on 
SELLMT3-0 selects limit register 0. A value 
of 1 selects limit register 1 and so on. 

TABLE 3. COEFFICIENT BANK LOADING FORMAT 

CC11 CC10 CC9 cca CC7 CCG CCs CC4 
1st Word 0 0 0 0 0 0 0 0 
Address 

2nd Word 1 0 1 0 1 0 1 1 
Bank 1 

3rd Word 0 1 1 1 1 0 0 0 
Bank2 

4th Word 0 1 0 0 0 1 0 1 
Bank3 

5th Word 0 0 0 1 0 0 1 0 
Bank4 

TABLE 4. ROUND REGISTER LOADING. FORMAT 

CC11 CC10 CC9 cca CC7 CCG CCs 
1st Word 1 0 0 0 0 0 0 
Address 

2nd Word R R R R 0 0 0 

3rd Word R R R R 0 0 1 

4th Word R R R R 0 1 0 

5th Word R R R R **O 1 1 

R =Reserved. Must be set to "O". 
* This bit represents the LSB of the Round Register. 

**This bit represents the MSB of the Round Register. 

CC4 
0 

1 

1 

1 

1 

TABLE 5. LIMIT REGISTER LOADING FORMAT 

CC11 CC10 CC9 cca CC7 CC6 CCs CC4 

1st Word 1 1 0 0 0 0 0 0 
Address 

2nd Word R R R R 0 0 1 0 

3rd Word R R R R *O 0 0 0 

4th Word R R R R 1 1 1 0 

5th Word R R R R **O 1 1 1 

R = Reserved. Must be set to "O". 
* This bit represents the MSB of the Lower Limit Register. 

**This bit represents the MSB of Upper Limit Register. 

CCa CC2 CC1 cco 

1 0 1 0 

1 1 0 0 

1 0 0 1 

0 1 1 0 

0 0 1 1 

CC a CC2 CC1 cco 

1 0 1 0 

0 0 0 *O 

0 0 1 0 

0 1 0 0 

0 1 1 0 

CC a CC2 CC1 CCo 
1 1 1 1 

0 0 1 1 

0 0 0 1 

1 1 0 1 

1 1 1 1 
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MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature ............... ...................................... ....... ............................................. .. -65°C to + 150°C 

Operating ambient temperature . . . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . . .. . .. . . . . . . . .. . . . . . . . . . .. . . .. . . . . . .. . . . . . . . . . . . . . . .. .. -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground .......................................................................................... -0.5 V to 5.5 V 

Signal applied to high impedance output ................................................................................. -0.5 V to 5.5 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latch up current ............................................................................................................................... > 400 mA 

ESD (MIL-STD-883D METHOD 3015.7) .......................................................................................... > 2000 V 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range(Ambient) 

0°C to +70°C 

-55°C to +125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee= Min., IOH = -4 mA 

VOL Output Low Voltage Vee= Min., IOL = 8.0 mA 

VIH Input High Voltage 

VIL Input Low Voltage (Note3) 

llX Input Current Ground~ VIN~ Vee (Note 12) 

loz Output Leakage Current Ground~ Vour ~Vee (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note 7) 

CIN Input Capacitance TA= 25°C, f = 1 MHz 

COUT Output Capacitance TA= 25°C, f = 1 MHz 

Supply Voltage 
3.00 v ~ Vee ~ 3.60 v 
3.00 v ~ Vee ~ 3.60 v 

Min Typ 

2.4 

2.0 

0.0 

Max 

0.4 

Vee 

0.8 

±10 

±10 

150 

2 

10 

10 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

PF 

pF 
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SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

Symbol Parameter Min 

tcvc Cycle Time 25 

tPWL Clock Pulse Width Low 10 

tPWH Clock Pulse Width High 10 

ts Input Setup Time 8 

tH Input Hold Time 0 

tD Output Delay 

tDIS Three-State Output Disable Delay (Note 11) 

tENA Three-State Output Enable Delay (Note 11) 

MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

Symbol Parameter 

tcvc Cycle Time 

tPWL Clock Pulse Width Low 

tPWH Clock Pulse Width High 

ts Input Setup Time 

tH Input Hold Time 

to Output Delay 

tDIS Three-State Output Disable Delay (Note 11) 

tENA Three-State Output Enable Delay (Note 11) 

SWITCHING WAVEFORMS: DATA 1/0 

2 

A1-o 

CONTROLS "<""'7':""7\.1.r---"""'-1,~ ~--... 
(ExceptOE) ~~''-----------'''~ ~-~ 

OE _______ _,, 

S1s-o ___ ___,. 

Min 

25 

10 

10 

8 

0 

3 4 

2-128 

LF3347-
25 15 12 

Max Min Max Min Max 

15 12 

7 5 

7 5 

5 3 

0 0 

13 10 8 

15 12 10 

13 11 8 

LF3347-
25 15 12 

Max Min Max Min Max 

15 12 

7 5 

7 5 

5 3 

0 0 

13 10 8 

15 12 10 

13 11 8 

6 7 

SN 
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DEVICES INCORPORATED High-Speed Image Filter with Coefficient RAM 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

LF3347-

25 15 12 
Symbol Parameter Min Max Min Max Min Max 

teeeYe Control Coefficient Interface Cycle Time 25 15 12 

teCWL Control Coefficient Clock Pulse Width Low 10 7 5 

teeWH Control Coefficient Clock Pulse Width High 10 7 5 

tee ENS Control Coefficient Enable Setup Time 8 5 3 

teeENH Control Coefficient Enable Hold Time 0 0 0 
.. 

tees Control Coefficient Data Input Setup Time 8 5 5 

teeH Control Coefficient Data Input Hold Time 0 0 0 

MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

LF3347-

25 15 12 
Symbol Parameter Min Max Min Max Min Max 

tee eye Control Coefficient Interface Cycle Time 25 15 12 

teeWL Control Coefficient Clock Pulse Width Low 10 7 5 

teeWH Control Coefficient Clock Pulse Width High 10 7 5 

tee ENS Control Coefficient Enable Setup Time 8 5 3 

teeENH Control Coefficient Enable Hold Time 0 0 0 

tees Control Coefficient Data Input Setup Time 8 5 5 

teeH Control Coefficient Data Input Hold Time 0 0 0 

SWITCHING WAVEFORMS: COEFFICIENT BANK AND CONTROL REGISTER INPUT 

6 

....____-~~ 
w 

W: Configuration Banks/Control Registers written to on this clock cycle. 
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I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of theseproductsatvalues beyond 
those indicated in the Operating Condi
tions table is not implied. Exposure to 
maximum rating conditions for ex
tended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chipfrom damag
ing substrate injection currents and ac
cumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot. Input levels 
below ground will be clamped begin
ning at -0.6 V. The device can with
stand indefinite operation with inputs 
or outputs in the range of -0.5 V to 
+5.5 V. Device operation will not be 
adversely affected, however, input cur
rent levels will be well in excess of 100 
mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tDIS test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of Iott and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/turn-off times. 
As a result, care must be exercised in the 
testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(OUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actualtestconditionsmayvaryfrom b. GroundandVeesupplyplanesmust 
those designated but operation is guar- be brought directly to the DUT socket or 
anteed as specified. contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated 
by: 

where 

NCV2F 
4 

N =total number of device outputs 
C = capacitive load per output 
V =supply voltage 
F =clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 30 MHz clock 
rate. 

7. Tested with all inputs within 0.1 V of 
Vee or Ground, no load. 

8. These parameters are guaranteed but 
not 100% tested. 

c. Input voltages on a test fixture 
should be adjusted to compensate for 
inductive ground and Vee noise to main
tain required DUT input levels relative 
to the DUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses from 
the internal circuitry are specified from 
the point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation of 
any device always provides data within 
that time. 

2-130 

11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the trns test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
±lOmA loads. The balancing volt
age, VTH, is set at 3.0 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. OUTPUT LOADING CIRCUIT 

FIGURE B. THRESHOLD LEVELS 

VoL• Measured VOL with loH = -10mA and loL = 10mA 

VoH• Measured VoH with loH = -10mA and loL = 10mA 
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ORDERING INFORMATION 

Speed 

25 ns 
15 ns 
12 ns 

120-pin 

SHIFTo 
SHIFT1 
SHIFT2 
SHIFTJ 
SHIFT4 

SELLMTo 
SELLMT1 
SELLMT2 
SELLMT3 

LMTEN 
OGEN 

6E 
Vee 

GND 
S15 
S14 
S13 
S12 
S11 
S10 
S9 
Sa 
S1 
Ss 
S5 
S4 
SJ 
S2 
S1 
So 

8 c: zz 
)<'. o5 5 --' z UJ UJ 
(.) (!) Ul Ul 

• omoo~w~~MN~omoo~w~~MN~omoo~ID~~MN~ N~~~~~~~~~~oooooooooommmmmmmmm 
~~~~~~~~~~~~~~~~~~~~~ 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Top 
View 

Plastic Quad Flatpack 
(Q1) 

0°C to+ 70°C-CoMMERCIALSCREENING 

LF3347QC25 
LF3347QC15 

LF3347QC12 

90 D34 
89 D33 
88 D32 
87 D31 
86 D3o 
85 CC11 
84 CC10 
83 CC9 
82 CCa 
81 CC1 
80 CCs 
79 CC5 
78 CC4 
77 CCJ 
76 CC2 
75 CC1 
74 CCo 
73 CCCLK 
72 [5 
71 ENBA 
70 GND 
69 Vee 
68 A1 
67 As 
66 A5 
65 A4 
64 A3 
63 A2 
62 A1 
61 Ao 
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ORDERING INFORMATION 

120-pin 
1 2 3 4 5 6 7 8 9 10 11 12 13 

A 
, .. 
' .. } , .... ,_ ... , .... ,_ ... , .... ,_ ... , .... ,_ ... , .... 

\_,1 
, .... 
\_,I 

, .... 
\_,1 

, .... 
\_,I 

, .... 
\_,I 

, .... 
\_,I 

, .... 
\_,1 

, .. ,_. 
CLK SRND2 SRND1 ENB4 0410 047 046 043 040 GNO 0310 037 034 

B 
, .... 
\_,I 

, .... 
\_,I 

, .... 
\_,1 

, .... ,_ .... , .... 
\_,1 

, .... 
\_,I 

, .... 
\_,I 

, .... 
\_,I 

, .... 
\_,I 

, .... 
\_,I 

, .... 
\_,I 

, .... 
\_,I 

, .... 
\_,I 

SHIFT2 SHIFT! GNO SANDO 0411 046 044 042 Vee 0311 039 036 031 

c , .... 
\_,1 

, .... 
\_,1 

, .... 
\_,1 

, .... 
\_,I 

, .... 
\_,I 

, .... 
\_,1 

, .... 
\_,1 

, .... 
\_,1 

, .... , .... 
\_,1 \_,1 

, .... 
\_,I 

, .... 
\_,1 

, .... 
\_,I 

SLMTo SHIFT4 SHIFTo SRND3 ACC 049 045 041 ENB3 03s 035 033 030 

D 
, .... 
\_,1 

, .... 
\_,1 

, .... 
\_,I 

, .... 
\ I 

, .... 
\_,I 

, .... 
\_,1 

, .... 
\_,1 

SLMT3 SLMT1 SHIFT3 KEY 032 CC11 CC9 ,.... ,.... , .... , .... , .... , .... 
E \_,I \_,I \_,I \_,I \_,I \_,I 

OCEN LMTEN SLMT2 CC10 CCs CC1 

F 
, .... , .... , .... , .... , .... , .... 
\_,I \_,I \_,I \_,I \_,I \_,I 

GNO Vee OE Top View CCs CCs CC4 

G 
, .... 
\_,1 

, .... 
\_,1 

, .... 
\_,I Through Package 

, .... 
\_,I 

, .... 
\_,1 

, .... 
\_,I 

S13 S1s S14 (i.e., Component Side Pinout) CC2 CC1 CC3 , .... , .... , .... ,.... ,.... , .... 
H \_,1 \_,1 \_,I \_,1 \_,I \_,I 

S12 S11 S10 ill CCCLK CCo 

J 
, .... 
\_,I 

, .... 
\_,1 

, .... 
\_,1 

, .... 
\_,1 

, .... ,_ .... , .... 
\_,I 

S9 Se Ss A1 GNO ENBA 

K 
, .... 
\_,1 

, .... 
\_,1 

, .... 
\_,1 

, .... 
\_,1 

, .... 
\_,1 

, .... 
\_,1 

S1 Ss S2 A3 As Vee 
L 

, .... 
\_,I 

, .... 
\_,I 

, .... 
\_,I 

, .... 
\_,I 

, .... 
\_,I 

, .... 
\_,I 

, .... 
\_,I 

, .... 
\_,I. 

, .... 
\_,I 

, .... 
\_,I 

, .... 
\_,I 

, .... 
\_,1 

, .... 
\_,1 

S4 S1 Vee 0111 017 013 Vee 0210 026 022 Ao A4 As 

M 
, .... 
\_,1 

, .... 
\_,I 

, .... 
\_,1 

, .... 
\_,1 

, .... 
\_,1 

, .... 
\_,1 

, .... 
\_,1 

, .... 
\_,I 

, .... 
\_,I 

, .... 
\_,I 

, .... 
\_,1 

, .... ,_ ... , .... 
\_,I 

S3 GNO 0110 016 015 012 010 0211 026 025 021 A1 A2 

N 
, .. ,_. , .... 

\_,1 
, .... 
\_,I 

, .... 
\_,I 

, .... 
\_,I 

, .... 
\_,I 

,.... , .... 
\_,I \_,1 

, .... 
\_,1 

, .... 
\_,I 

, .... 
\_,1 

, .... 
\_,1 

, .. ,_. 
So ENB1 019 016 014 011 GNO ENB2 029 027 024 023 020 

Ceramic Pin Grid Array 
Speed (G4) 

0°C to +70°C-COMMERCIALSCREENING 
25 ns LF3347GC25 
15 ns LF3347GC15 
12 ns LF3347GC12 

-55°C to+ 125°C-COMMERCIAL SCREENING 
25 ns LF3347GM25 
15 ns LF3347GM15 
12 ns LF3347GM12 

-55°Cto+125°C-MIL-STD-883COMPLIANT 
25 ns LF3347GM825 
15 ns LF3347GM815 
12 ns LF3347GMB12 

Video Imaging Products 
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...... F_E_A_TU_R_E_S ____ ___.I I DESCRIPTION 

0 66 MHz Data and Computation Rate 
0 Two Independent 8-Tap or Single 

16-Tap FIR Filters 

0 10-bit Data and Coefficient Inputs 
0 32 Programmable Coefficient Sets 
0 Supports Interleaved Coefficient Sets 
0 User Programmable Decimation up 

to 16:1 

0 Maximum of 256 FIR Filter Taps, 
16 x 16 2-D Kernels, or 10 x 20-bit 
Data and Coefficients 

0 Replaces Harris HSP43168 
0 DECC SMD No. 5962-97504 
0 Available 100% Screened to 

MIL-STD-883, Class B 
0 Package Styles Available: 

• 84-pin Plastic LCC, J-Lead 
• 100-pin Plastic Quad Flatpack 
• 84-pin Ceramic PGA 

LF43168 BLOCK DIAGRAM 

INB9-o/ 10 

The LF43168 is a high-speed dual FIR 
filter capable of filtering data at real
time video rates. The device contains 
two FIR filters which may be used as 
two separate filters or cascaded to 
form one filter. The input and coeffi
cient data are both 10-bits and can be 
in unsigned, two's complement, or 
mixed mode format. 

The filter architecture is optimized for 
symmetric coefficient sets. When 
symmetric coefficient sets are used, 
each filter can be configured as an 8-tap 
FIR filter. If the two filters are cas
caded, a 16-tap FIR filter can be 
implemented. When asymmetric 
coefficient sets are used, each filter is 
configured as a 4-tap FIR filter. If both 
filters are cascaded, an 8-tap filter can 

OUTs-o ----~-,,<--------------

10 
INA9-0 ---r---+-----------------

be implemented. The LF43168 can 
decimate the output data by as much 
as 16:1. When the device is pro-
grammed to decimate, the number of • 
clock cycles available to calculate filter 
taps increases. When configured for 
16:1 decimation, each filter can be 
configured as a 128-tap FIR filter (if 

symmetric coefficient sets are used). 
By cascading these two filters, the 
device can be configured as a 256-tap 
FIR filter. 

There is on-chip storage for 32 
different sets of coefficients. Each set 
consists of eight coefficients. Access 
to more than one coefficient set 
facilitates adaptive filtering opera
tions. The 28-bit filter output can be 
rounded from 8 to 19 bits. 

CSEL4-o ---r---+--.......-----....--------+------+------. 

CIN9-0 --,
10
--t----.j 

As-o --r--+---l 

WR---+---l COEFFICIENT 

BANK A 

CONTROL 

FILTER 

CELLA 

COEFFICIENT 

BANKS 

OEL~---------------------' 

OEH------------------------------' 
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DEVICES INCORPORATED 

SIGNAL DEFINITIONS 

Power 

Vee and GND 

+5 V power supply. All pins must be 
connected. 

Clock 

CLK - Master Clock 

The rising edge of CLK strobes all 
enabled registers. 

Inputs 

INA9-D - Data Input (FIR Filter A) 

INA9-0 is the 10-bit registered data 
input port for FIR Filter A. INA9-0 
can also be used to send data to FIR 
Filter B. Data is latched on the 
rising edge of CLK. 

INB9-D - Data Input (FIR Filter B) 

INB9-0 is the 10-bit registered data 
input port for FIR Filter B. Data is 
latched on the rising edge of CLK. 
INB9-1 is also used as OUTs-o, the nine 
least significant bits of the data output 
port (see OUT27-0 section). 

CIN9-D-Coefficient/Control Data Input 

CIN9-0 is the data input port for the 
coefficient and control registers. Data 
is latched on the rising edge of WR. 

AB-a - Coefficient/Control Address 

LF43168 

Dual 8-Tap FIR Filter 

FIGURE 2A. INPUT FORMATS 

Data Coefficient 

--------Fractional Unsigned--------

1._~_8_7__..l\\+."'--2 __ 0__.I I 9 a 1 i\\+ 2 0 
2-7 2-a 2-9 

------Fractional Two's Complement------

l 9 a 1~2 1 ol 19 a 1i\\+2 o 
~~~ ~~~ ~~~ ~~~ 

(Sign) (Sign) 

FIGURE 2B. OUTPUT FORMATS 

Fractional Unsigned 

I 21 26 25 ii> 2 0 
29 20 2 1 2 -16 2 -11 2-18 

Outputs 

OUT21-0 - Data Output 

OUT27-0 is the 28-bit registered data 
output port. OUTs-o is also used as 
INB9-1, the nine most significant bits 
of the FIR Filter B data input port (see 
INB9-0 section). If both filters are 
configured for even-symmetric 
coefficients, and both input and 
coefficient data is unsigned, the filter 
output data will be unsigned. Other
wise, the output data will be in two's 
complement format. 

Fractional Two's Complement 

I 21 26 2s ~ 2 o I 
-29 20 21 2 -16 2 -11 2 -10 

(Sign) 

FWRD - Forward ALU Input 

When FWRD is LOW, data from the 
forward decimation path is sent to the 
"A" inputs on the ALUs. When 
FWRD is HIGH, "O" is sent to the "A" 
inputs on the AL Us. This signal is 
latched on the rising edge of CLK. 

RVRS - Reverse ALU Input 

AS-o provides the write address for data Controls 
on CIN9-0. Data is latched on the 

When RVRS is LOW, data from the 
reverse decimation path is sent to the 
"B" inputs on the ALUs. When RVRS 
is HIGH, "O" is sent to the "B" inputs 
on the AL Us. This signal is latched on 
the rising edge of CLK. 

falling edge of WR. SHFTEN - Shift Enable 

WR- Coefficient/Control Write 

The rising edge of WR latches data on 
CIN9-0 into the coefficient/ control 
register addressed by As-o. 

CSEL4-D - Coefficient Select 

CSEL4-0 determines which set of 
coefficients is sent to the multipliers in 
both FIR filters. Data is latched on the 
rising edge of CLK. 

When SHFfEN is LOW, data on 
INA9-0 and INB9-0 can be latched into 
the device and data can be shifted 
through the decimation registers. 
When SHFfEN is HIGH, data on 
INA9-0 and INB9-0 can not be latched 
into the device and data in the input 
and decimation registers is held. This 
signal is latched on the rising edge 
of CLK. 

2-135 

TXFR - LIFO Transfer Control 

When TXFR goes LOW, the LIFO 
sending data to the reverse decimation 
path becomes the LIFO receiving data 
from the forward decimation path, 
and the LIFO receiving data from the 
forward decimation path becomes the 
LIFO sending data to the reverse 
decimation path. The device must see 
a HIGH to LOW transition of TXFR in 
order to switch UFOs. This signal is 
latched on the rising edge of CLK. 

01/16/97-LDS.43168-D 
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DEVICES INCORPORATED 

ACCEN -Accumulate Enable 

When ACCEN is HIGH, both accumu
lators are enabled for accumulation 
and writing to the accumulator output 
registers is disabled (the registers hold 
their values). When ACCEN goes 
LOW, accumulation is halted (by 
sending zeros to the accumulator 
feedback inputs) and writing to the 
accumulator output registers is 
enabled. This signal is latched on the 
rising edge of CLK. 

MUX1-0-Mux/Adder Control 

MUX1-o controls the Mux/ Adder as 
shown in Table 3. Data is latched on 
the rising edge of CLK. 

OEL - Output Enable Low 

When OEL is LOW, OUTs-o is enabled 
for ou~and INB9-1 can not be used. 
When OEL is HIGH, OUTs-0 is placed 
in a high-impedance state and INB9-1 
is available for data input. 

OEH - Output Enable High 

When OEH is LOW, OUT27-9 is 
enabled for output. When OEH is 
HIGH, OUT27-9 is placed in a high
impedance state. 

FUNCTIONAL DESCRIPTION 

Control Registers 

There are two control registers which 
determine how the LF43168 is config
ured. Tables 1 and 2 show how each 
register is organized. Data on CIN9-0 
is latched into the addressed control 
register on the rising edge of WR. 
Address data is input on As-o. Con
trol Register 0 is written to using 
address OOOH. Control Register 1 is 
written to using address OOlH (Note 
that addresses 002H to OFFH are 
reserved and should not be written 
to). When a control register is written 
to, a reset occurs which lasts for 6 CLK 
cycles from when WR goes HIGH. 
This reset does not alter any data in 
the coefficient banks. Control data 
can be loaded asynchronously to CLK. 

LF43168 

Dual 8-Tap FIR Filter 

TABLE 1. CoNTAOL REGISTEA O - AooAess OOOH 
BITS FUNCTION DESCRIPTION 

0-3 Decimation Factor/ 0000 = No Decimation, Delay by 1 
Decimation Register Delay Length 0001 = Decimate by 2, Delay by 2 

4 Filter Mode Select 

5 Coefficient Symmetry Select 

6 FIR Filter A: Odd/Even Taps 

7 FIR Filter B: Odd/Even Taps 

8 FIR Filter B Input Source 

9 Interleaved/Non-Interleaved 
Coefficient Sets 

Bits 0-3 of Control Register 0 control 
the decimation registers. The decima
tion factor and decimation register 
delay length is set using these bits. 
Bit 4 determines if FIR filters A and B 
operate separately as two filters or 
together as one filter. Bit 5 is used to 
select even or odd-symmetric coeffi
cients. Bits 6 and 7 determine if there 
are an even or odd number of taps in 
filters A and B respectively. When the 
FIR filters are set to operate as two 
separate filters, bit 8 selects either 
INA9-0 or INB9-0 as the filter B input 
source. Bit 9 determines if the coeffi
cient set used is interleaved or non
interleaved (see Interleaved Coeffi
cient Filters section). Most applica
tions use non-interleaved coefficient 
sets (bit 9 set to "O"). 

2-136 

0010 = Decimate by 3, Delay by 3 
0011 = Decimate by 4, Delay by 4 
0100 = Decimate by 5, Delay by 5 
0101 = Decimate by 6, Delay by 6 
0110 = Decimate by 7, Delay by 7 
0111 = Decimate by 8, Delay by 8 
1000 = Decimate by 9, Delay by 9 
1001 = Decimate by 10, Delay by 1 O 
1010 = Decimate by 11, Delay by 11 
1011 = Decimate by 12, Delay by 12 
1100 = Decimate by 13, Delay by 13 
1101 = Decimate by 14, Delay by 14 
1110 = Decimate by 15, Delay by 15 
1111 = Decimate by 16, Delay by 16 

0 = Single Filter Mode 
1 = Dual Filter Mode 

0 = Even-Symmetric Coefficients 
1 = Odd-Symmetric Coefficients 

0 = Odd Number of Filter Taps 
1 = Even Number of Filter Taps 

0 = Odd Number of Filter Taps 
1 = Even Number of Filter Taps 

O = Input from INA9-0 
1 = Input from IN89-0 

0 = Non-Interleaved Coefficient Sets 
1 = Interleaved Coefficient Sets 

Bits 0 and 1 of Control Register 1 
determine the input and coefficient 
data formats respectively for filter A. 
Bits 2 and 3 determine the input and 
coefficient data formats respectively 
for filter B. Bit 4 is used to enable or 
disable data reversal on the reverse 
decimation path. When data reversal 
is enabled, the data order is reversed 
before being sent to the reverse 
decimation path. Bits 5-8 select where 
rounding will occur on the output 
data (See Mux/ Adder section). Bit 9 
enables or disables output rounding. 

Coefficient Banks 

The coefficient banks supply coeffi
cient data to the multipliers in both 
FIR filters. The LF43168 can store 32 
different coefficient sets. A coefficient 

01/16/97-LDS.43168-D 
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TABLE 2. CONTROL REGISTER 1 - ADDRESS 001 H 
BITS FUNCTION 

0 FIR Filter A Input Data Format 

1 FIR Filter A Coefficient Format 

2 FIR Filter B Input Data Format 

3 FIR Filter B Coefficient Format 

4 Data Order Reversal Enable 

5-8 Output Round Position 

9 Output Round Enable 

set consists of 8 coefficient values. 
Each bank can hold 32 10-bit values. 
CSEL4-0 is used to select which 
coefficient set is sent to the filter 
multipliers. The coefficient set fed to 
the multipliers may be switched every 
CLK cycle if desired. 

Data on CIN9-0 is latched into the 
addressed coefficient bank on the 
rising edge of WR. Address data is 
input on As-o and is decoded as 
follows: Al-0 determines the bank 
number ( "00", "01 ", "1 O", and "11" 
correspond to banks 0, 1, 2, and 3 
respectively), A2 determines which 
filter ("O" =filter A, "1" =filter B), A7-3 
determines which set number the 
coefficient is in, and As must be set to 
"1". For example, an address of 
"100111011" will load coefficient set 7 
in bank 3 of filter A with data. Coeffi
cient data can be loaded asynchro
nously to CLK. 

DESCRIPTION 

O =Unsigned 

1 = Two's Complement 

O =Unsigned 

1 = Two's Complement 

0 =Unsigned 

1 = Two's Complement 

O =Unsigned 

1 = Two's Complement 

O =Enabled 

1 = Disabled 

0000 = 2-10 

0001 = 2-9 

0010 = 2-a 

0011 = 2-7 

0100 = 2--B 

0101 = 2-5 

0110 = 2-4 

0111 = 2-3 

1000 = 2-2 

1001 = 2-1 

1010 = 2° 
1011 = 21 

O = Enabled 

1 =Disabled 

Decimation Registers 

The decimation registers are provided 
to take advantage of symmetric filter 
coefficients and to provide data 
storage for 2-D filtering. The outputs 
of the registers are fed into the AL Us. 
Both inputs to an ALU need to be 
multiplied by the same filter coeffi
cient. By adding or subtracting the 
two data inputs together before being 
sent to the filter multiplier, the num
ber of filter taps needed is cut in half. 
Therefore, an 8-tap FIR filter can be 
made with only four multipliers. The 
decimation registers are divided into 
two groups, the forward and reverse 
decimation registers. As can be seen 
in Figure 1, data flows left to right 
through the forward decimation 
registers and right to left through the 
reverse decimation registers. The 
decimation registers can be pro-
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LF43168 

Dual 8-Tap FIR Filter 

grammed to decimate by 2to16 (see 
Decimation section and Table 1). 
SHFTEN enables and disables the 
shifting of data through the decima
tion registers. When SHFTEN is LOW, 
data on INA9-0 and INB9-0 can be 
latched into the device and data can 
be shifted through the decimation 
registers. When SHFTEN is HIGH, fil!m 
data on INA9-0 and INB9-0 can not be ... 
latched into the device and data in the 
input and decimation registers is held. 

Data feedback circuitry is positioned 
between the forward and reverse 
decimation registers. It controls how 
data from the forward decimation 
path is fed to the reverse decimation 
path. The feedback circuitry can 
either reverse the data order or pass 
the data unchanged to the reverse 
decimation path. The mux/ demux 
sends incoming data to one of the 
UFOs or the data feedback decimation 
register. The UFOs and decimation 
register feed into a mux. This mux 
determines if one of the UFOs or the 
decimation register sends data to the 
reverse decimation path. 

If the data order needs to be reversed 
before being sent to the reverse 
decimation path (for example, when 
decimating), Data Reversal Mode 
should be enabled by setting bit 4 of 
Control Register 1 to "O". When Data 
Reversal is enabled, data from the 
forward decimation path is written 
into one of the UFOs in the data 
feedback section while the other LIFO 
sends data to the reverse decimation 
path. When TXFR goes LOW, the 
LIFO sending data to the reverse 
decimation path becomes the LIFO 
receiving data from the forward 
decimation path, and the LIFO 
receiving data from the forward 
decimation path becomes the LIFO 
sending data to the reverse decimation 
path. The device must see a HIGH to 
LOW transition of TXFR in order to 
switch UFOs. The size of data blocks 
sent to the reverse decimation path is 
determined by how often TXFR goes 
LOW. To send data blocks of size 8 to 

01/16/97-LDS.43168-D 
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the reverse decimation path, TXFR 
would have to be set LOW once every 
8 CLK cycles. Once a data block size 
has been established (by asserting 
TXFR at the proper frequency), 
changing the frequency or phase of 
TXFR assertion will cause unknown 
results. 

If data should be passed to the reverse 
decimation path with the order 
unchanged, Data Reversal Mode 
should be disabled by setting bit 4 of 
Control Register 1 to "1" and TXFR 
must be set LOW. When Data Rever
sal is disabled, data from the forward 
decimation path is written into the 
data feedback decimation register. 
The output of this register sends data 
to the reverse decimation path. The 
delay length of this register is the 
same as the forward and reverse 
decimation register's delay length. 

When the LF43168 is configured to 
operate as a single FIR filter, the 
forward and reverse decimation paths 
in filters A and B are cascaded together. 
The data feedback section in filter B 
routes data from the forward decima
tion path to the reverse decimation 
path. The configuration of filter B's 
feedback section determines how data 
is sent to the reverse decimation path. 
Data going through the feedback 
section in filter A is sent through the 
decimation register. 

The point at which data from the 
forward decimation path is sent to the 
data feedback section is determined 
by whether the filter is set to have an 
even or odd number of filter taps. If 
the filter is set to have an even number 
of taps, the output of the third for
ward decimation register is sent to the 
feedback section. If the filter is set to 
have an odd number of taps, the data 
that will be output from the third 
forward decimation register on the 
next CLK cycle is sent to the feedback 
section. 

Decimation 

Decimation by N is accomplished by 
only reading the LF43168's output once 
every N clock cycles. For example, to 
decimate by 10, the output should 
only be read once every 10 clock 
cycles. When not decimating, the 
maximum number of taps possible 
with a single filter in dual filter mode 
is eight. When decimating by N, there 
are N - 1 clock cycles between output 
readings when the filter output is not 
read. These extra clock cycles can be 
used to calculate more filter taps. As 
the decimation factor increases, the 
number of available filter taps increases 
also. When programmed to decimate 
by N, the number of filter taps for a 
single filter in dual filter mode increases 
to8N. 

Arithmetic Logic Units 

The AL Us can perform the following 
operations: B + A, B -A, pass A, pass 
B, and negate A (-A). If FWRD is 
LOW, the forward decimation path 
provides the A inputs to the ALUs. If 
FWRD is HIGH, the A inputs are set to 
"O". If RVRS is LOW, the reverse 
decimation path provides the B inputs 
to the ALUs. If RVRS is HIGH, the B 
inputs are set to "O". FWRD, RVRS, 
and the filter configuration determine 
which ALU operation is performed. If 
FWRD and RVRS are both set LOW, 
and the filter is set for even-symmetric 
coefficients, the ALU will perform the 
B +A operation. If FWRD and RVRS 
are both set LOW, and the filter is set 
for odd-symmetric coefficients, the 
ALU will perform the B - A operation. 
If FWRD is set LOW, RVRS is set 
HIGH, and the filter is set for even
symmetric coefficients, the ALU will 
perform the pass A operation. If 
FWRD is set LOW, RVRS is set HIGH, 
and the filter is set for odd-symmetric 
coefficients, the ALU will perform the 
negate A operation. If FWRD is set 
HIGH, RVRS is set LOW, and the filter 
is set for either even or odd-symmetric 
coefficients, the ALU will perform the 
pass B operation. 
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Dual 8-Tap FIR Filter 

Accumulators 

The multiplier outputs are fed into an 
accumulator. Each filter has its own 
accumulator. The accumulator can be 
set to accumulate the multiplier 
outputs or sum the multiplier outputs 
and send the result to the accumulator 
output register. When ACCEN is 
HIGH, both accumulators are enabled 
for accumulation and writing to the 
accumulator output registers is 
disabled (the registers hold their 
values). When ACCEN goes LOW, 
accumulation is halted (by sending 
zeros to the accumulator feedback 
inputs) and writing to the accumula
tor output registers is enabled. 

Mux/Adder 

When the LF43168 is configured as 
two FIR filters, the Mux/ Adder is 
used to determine which filter drives 
the output port. When the LF43168 is 
configured as a single FIR filter, the 
Mux/ Adder is used to sum the 
outputs of the two filters and send the 
result to the output port. If 10-bit data 
and 20-bit coefficients or 20-bit data 
and 10-bit coefficients are required, 
the Mux/ Adder can facilitate this by 
scaling filter B's output by 2-10 before 
being added to filter N s output. 
MUX1-o determines what function the 
Mux/ Adder performs (see Table 3). 

The Mux/ Adder is also used to round 
the output data before it is sent to the 
output port. Output data is rounded by 
adding a "1" to the bit position selected 
using bits 5-8 of Control Register 1 (see 
Table 2). For example, to round the 

TABLE 3. MUX1-o FuNcr10N 
MUX1-o FUNCTION 

00 Filter A + Filter B 

(Filter B Scaled by 2-10) 

01 Filter A + Filter B 

10 Filter A 

11 Filter B 

01 /16/97-LDS .43168-D 
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FIGURE 3. SYMMETRIC COEFFICIENT SET EXAMPLES 

I I I I 
8 7 6 5 4 3 2 

Even-Tap, Even-Symmetric 

Coefficient Set 

I I 

7 6 5 4 3 2 

Odd-Tap, Even-Symmetric 

Coefficient Set 

LF43168 

Dual 8-Tap FIR Filter 

8 7 6 5 l 1 l l 
I T 

T 1 4 3 2 1 

Even-Tap, Odd-Symmetric 

Coefficient Set 

FIGURE 4. EVEN-SYMMETRIC COEFFICIENT FILTER CONFIGURATIONS (No DECIMATION) 

EVEN-TAP FILTER 

output to 16 bits, bits 5-8 of Control 
Register 1 should be set to "0011". This 
will cause a "1" to be added to bit 
position 2-7, 

Symmetric Coefficients 

The LF43168 filter architecture is 
optimized for symmetric filter coeffi
cient sets. Figure 3 shows examples of 
the different types of symmetric 
coefficient sets. In even-symmetric 
sets, each coefficient value appears 
twice (except in odd-tap sets where 
the middle value appears only once). 
In odd-symmetric sets, each coefficient 
appears twice, but one value is 
positive and one is negative. If the 

two data input values that will be 
multiplied by the same coefficient are 
added or subtracted before being sent 
to the filter multiplier, the number of 
multipliers needed for an N-tap filter 
is cut in half. Therefore, an 8-tap filter 
can be implemented with four multi
pliers if a symmetric coefficient set is 
used. 

FILTER CONFIGURATIONS 

Figures 4-6 show the data paths from 
filter input to filter multipliers for all 
symmetric coefficient filters. Figure 7 
shows the interleaved coefficient filter 
configuration. Each diagram shows 

2-139 

ODD-TAP FILTER 

one of the two FIR filters when the 
device is configured for dual filter 
mode. The diagrams can be expanded 
to include both filters when the device 
is configured for single filter mode. 

Even-Symmetric Coefficient Filters 

Figure 4 shows the two possible 
configurations when the device is 
programmed for even-symmetric 
coefficients and no decimation. 
Note that coefficient 3 on the odd
tap filter must be divided by two to 
get the correct result (The coefficient 
must be input to the device already 
divided by two). 

01/16/97-LDS.43168-D 
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LF43168 

DEVICES INCORPORATED Dual 8-Tap FIR Filter 

FIGURE 5. DECIMATING, EVEN·SYMMETRIC COEFFICIENT FILTER CONFIGURATIONS 

EVEN-TAP FILTER ODD-TAP FILTER 

FtGURE 6. Ooo·SYMMETRIC COEFFICIENT FILTER CONFIGURATIONS 

EVEN-TAP FILTER (NO DECIMATION) DECIMATING, EVEN-TAP FILTER 

Figure 5 shows the two possible 
configurations when the device is 
programmed as a decimating, even
symmetric coefficient filter. The delay 
length of the decimation registers will 
be equal to the decimation factor that 
the device is programmed for. Since 
only four coefficients (effectively 
eight) can be sent to the filter multipli-

ers on a clock cycle, it may be neces
sary (depending on the coefficient set) 
to change the coefficients fed to the 
multipliers on different CLK cycles for 
filters with more than eight taps. Note 
that for the odd-tap filter, the middle 
coefficient of the coefficient set must 
be divided by two to get the correct 
result. 

2-140 

Odd-Symmetric Coefficient Filters 

Figure 6 shows the two possible 
configurations when the device is 
programmed for odd-symmetric 
coefficients. Note that odd-tap, odd
symmetric coefficient filters are not 
possible. 

01/16/97-LDS.43168-D 
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DEVICES INCORPORATED 

Interleaved Coefficient Filters 

Figure 7 shows the filter configuration 
when the device is programmed for 
interleaved coefficients. An inter
leaved coefficient set contains two 
separate odd-tap, even-symmetric 
coefficient sets which have been 
interleaved together (see Figure 8). If 
two data sets are interleaved into the 
same serial data stream, they can both 
be filtered by different coefficient sets 
if the two coefficient sets are also 
interleaved. The LF43168 is config
ured as an interleaved coefficient filter 
by programming the device for 
interleaved coefficient sets, even
symmetric coefficients, odd number of 
filter taps, and data reversal disabled. 
Note that coefficient 3, in Figure 7, 
must be divided by two to get the 
correct result. 

Asymmetric Coefficient Filters 

It is possible to have asymmetric 
coefficient filters. Asymmetric coeffi
cient sets do not exhibit even or odd 
symmetric properties. A 4-tap asym
metric filter is possible by putting the 
device in even-tap, pass A mode and 
then feeding the asymmetric coeffi
cient set to the multipliers. An 8-tap 
asymmetric filter is possible if the 
device is clocked twice as fast as the 
input data rate. It will take two CLK 
cycles to calculate the output. On the 
first CLK cycle, the reverse decimation 
path is selected to feed data to the 
filter multipliers. On the second CLK 
cycle, the coefficients sent to the 
multipliers are changed (if necessary) 
and the forward decimation path is 
selected to feed data to the filter 
multipliers. 

LF43168 

Dual 8-Tap FIR Filter 

FIGURE 7. INTERLEAVED COEFFICIENT FILTER CONFIGURATION 

N = Delay Length (Decimation Factor) 

ODD·TAP INTERLEAVED FILTER 

FIGURE 8. INTERLEAVED COEFFICIENT SET EXAMPLE 

7 6 5 4 3 2 1 

Odd·Tap, Even-Symmetric 

Coefficient Set A 

I I I 1 

-7 6 5 4 3 2 

Odd-Tap, Even-Symmetric 

Coefficient Set B 
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I , I , 11 1111 I I 
14 13 12 11 10 9 8 7 6 5 4 3 2 

Interleaved Coefficient Set 

Consisting of Sets A and B 
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DEVICES INCORPORATED Dual 8-Tap FIR Filter 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature ........................................................................................................... -65°C to+ 150°C 

Operating ambient temperature........................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ............................................................................... -0.5 V to Vee + 0.5 V 

Signal applied to high impedance output .............................................................. ........ -0.5 V to Vee + 0.5 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latch up current ............................................................................................................................... > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°C to +70°C 

-55°C to + 125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee= Min., IOH = -2.0 mA 

VOL Output Low Voltage Vee= Min., IOL = 4.0 mA 

VIH Input High Voltage 

VIL Input Low Voltage (Note3) 

llX Input Current Ground ~ VIN ~ Vee (Note 12) 

loz Output Leakage Current Ground~ Vour ~Vee (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note7) 

CIN Input Capacitance TA= 25°C, f = 1 MHz 

COUT Output Capacitance TA= 25°C, f = 1 MHz 

Supply Voltage 

4.75 v ~Vee~ 5.25 v 
4.50 v ~ Vee ~ 5.50 v 

Min Typ 

2.6 

2.0 

0.0 

Max 

0.4 

Vee 

0.8 

±10 

±10 

300 

500 

12 

12 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

µA 

pF 

pF 
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LF43168 
DEVICES INCORPORATED Dual 8-Tap FIR Filter 

SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE Notes 9, 10 (ns) 

LF43168-
30 22 15 

Symbol Parameter Min Max Min Max Min Max 

tCYC Cycle Time 30 22 15 

tPW Clock Pulse Width 12 8 7 

ts Input Setup Time 15 12 5 

tH Input Hold Time 0 0 0 

tWP Write Period 30 22 15 

tWPW Write Pulse Width 12 10 7 

tWHCH Write High to Clock High 5 3 2 

tcws CIN9-0 Setup Time 12 10 5 

tCWH CIN9-0 Hold Time 0 0 0 

tAWS Address Setup Time 10 8 5 

tAWH Address Hold Time 0 0 0 

to Output Delay 14 12 11 

tENA Three-State Output Enable Delay (Note 11) 12 12 12 

tDIS Three-State Output Disable Delay (Note 11) 12 12 12 

SWITCHING WAVEFORMS 

CLK 

INPUTS/ ~~~~~~~ r-~~~1,~~~~~~~~~~~~-t-~~~~~~~~~~~
CONTROLS* ~~~~~~---/•'-~~-'''--~~~~~~~~~~~---+~~~~~~~~~~~-

OEL 

OEH ~-----'1 
tENAI to~ 

HIGH IMPEDANCE 4-------.*=.__-=--=--=--=--=--=--=--=--=--=-:x..._ __ _ 
,_ ___ 1_01_s3 

OUT27-0 __ ___,X ...... _______ . 

*includes INA9-o, INB9-0, CSEL4-0, ACCEN, MUX1-o, SHFTEN, FWRD, RVRS, and TXFR. 

2-143 01/16/97-LDS.43168-D 

.. 



- ....-... ...-....-~ - ....... ......-.-~ - -_ .. __ .. -- ------ ---.....-~-.......-. 
-~..._.,__...,._... LF43168 
DEVICES INCORPORATED Dual 8-Tap FIR Filter 

SWITCHING CHARACTERISTICS 

MILITARY OPERATING RANGE Notes 9, 10 (ns) 

LF43168-
39 30 22 

Symbol Parameter Min Max Min Max Min Max 

tcvc Cycle Time 39 30 22 

tPW Clock Pulse Width 15 12 8 

ts Input Setup Time 17 15 12 

tH Input Hold Time 0 0 0 

tWP Write Period 39 30 22 

tWPW Write Pulse Width 15 12 10 

tWHCH Write High to Clock High 8 5 3 

tcws CIN9-0 Setup Time 15 12 10 

tCWH CIN9-0 Hold Time 0 0 0 

tAWS Address Setup Time 10 10 8 

tAWH Address Hold Time 0 0 0 

to Output Delay 17 15 12 

tENA Three-State Output Enable Delay (Note 11) 12 12 12 

tDIS Three-State Output Disable Delay (Note 11) 12 12 12 

SWITCHING WAVEFORMS 

CLK 

INPUTS/ ------------~1,-----,1,~--------------------t------------~ 
CONTROLS*----------../'-----'''----------------+-------------~ 

WR __ _, 

OEL 

tDIS 3 tENA-=1 tD ~ 
OUT27-0 __ _,,x ...... ,_=========----- ·---H-IG_H_IM_PE_D_AN_C_E ----{----~----=--=--=--=--=--=--=--=-===x ...... __ _ 

OEH ------------'I 

*includes INA9-o, INB9-o, CSEL4-o, ACCEN, MUX1-o, SHFTEN, FWRD, RVRS, and TXFR. 
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DEVICES INCORPORATED 

I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values beyond 
those indicated in the Operating Condi
tions table is not implied. Exposure to 
maximum rating conditions for ex
tended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Neverthe
less, conventional precautions should 
be observed during storage, handling, 
and use of these circuits in order to 
avoid exposure to excessive electrical 
stress values. 

3. This device provides hard clamping of 
transient undershoot and overshoot. In
put levels below ground or above Vee 
will be clamped beginning at-0.6 V and 
Vee + 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of-0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in_ 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tDIS test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/turn-off times. 
As a result, care must be exercised in the 
testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(OUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actualtestconditionsmayvaryfrom b. Ground and Vee supply planes 
those designated but operation is guar- must be brought directly to the OUT 
anteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated by: 

where 

NCV2F 
4 

N = total number of device outputs 
C =capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 20 MHz clock 
rate. 

7. Tested with all inputs within 0.1 V of 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required OUT input 
levels relative to the OUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements ofall parts. Responses from 
the internal circuitry are specified from 
the point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation of 
any device always provides data within 
that time. 

2-145 

LF43168 

Dual 8-Tap FIR Filter 

11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the trns test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
± lOmA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

F1GURE A. Ouwur loADING C1Rcurr 

FIGURE B. THRESHOLD LEVELS 

Ve;._• Measured Ve;._ with IOH = -1 OmA and loL = 1 OmA 
VoH• Measured VoH with IOH = -1 OmA and loL = 1 OmA 
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DEVICES INCORPORATED 

ORDERING INFORMATION 

Speed 

30 ns 
22 ns 
15 ns 

84-pin 

CIN7 
CINs 
CINs 
CIN4 
GND 
CIN3 
CIN2 
CIN1 
Cl No 
INA9 
INAs 
INA7 
INAs 
IN As 
Vee 

INA4 
INA3 
INA2 
INA1 
INAo 
INB9 

0°c to +70°C - COMMERCIAL SCREENING 

Plastic J-Lead Chip Carrier 
(J3) 

LF43168JC30 
LF43168JC22 
LF43168JC15 

2-146 

LF43168 

Dual 8-Tap FIR Filter 

RVRS 
FWRD 
SHFTEN 
TXFR 
ACCEN 
Vee 
CLK 

GND 
OEH 
OUT27 
OUT26 
OUT2s 
OUT24 
OUT23 
OUT22 
OUT21 
OUT20 
OUT19 
OUT10 
OUT17 
Vee 

01/16/97-LDS.43168-D 
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DEVICES INCORPORATED 

ORDERING INFORMATION 

100-pin 

CINB 
NC 

CIN7 
NC 

CINs 
CINs 
CIN4 
GND 
GND 
CIN3 
CIN2 
CIN1 
Cl No 
INA9 
INAa 
INA7 
INAs 
INAs 
Vee 
Vee 
INA4 
INA3 
INA2 
INA1 
INAo 

NC 
NC 

INB9 
IN Ba 
INB7 

Speed 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

0°C to +70°C - COMMERCIAL SCREENING 
30 ns 
22 ns 
15 ns 

Top 
View 

Plastic Quad Flatpack 
(Q2) 

LF43168QC30 
LF43168QC22 
LF43168QC15 
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80 
79 
78 
77 
76 
75 
74 
73 
72 
71 
70 
69 
68 
67 
66 
65 
64 
63 
62 
61 
60 
59 
58 
57 
56 
55 
54 
53 
52 
51 

LF43168 

Dual 8-Tap FIR Filter 

MUX1 
MUXo 
RVRS 
NC 
FWRD 
SHFTEN 
TXFR II 
ACCEN 
Vee 
vee 
CLK 
GND 
GND 
OEH 
OUT21 
OUT2s 
OUT2s 
OUT24 
OUT23 
OUT22 
OUT21 
OUT20 
OUT19 
OUT1s 
OUT11 
NC 
vee 
Vee 
GND 
GND 
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DEVICES INCORPORATED Dual 8-Tap FIR Filter 

ORDERING INFORMATION 

84-pin 
.. 

1 2 3 4 5 6 7 8 9 10 11 

A 
T , .. ,.. .. ,.. .. ,.. .. ,.. .. ,.. .. ,.. .. ,.. .. ,.. .. ,.. .. , .. ' ..... , __ , 

\_, I 
, __ , 

\_,I 
, __ , , __ , , __ , , __ , , __ , 

' ' CINs CSEL4 CSEL.3 CSEL1 As A7 A4 A1 GND WR RVRS 

B 
,.. .. ,.. .. ,.. .. ,.. .. ,.. .. ,.. .. ,.. .. ,.. .. ,.. .. ,.. .. ,.. .. 
I.,) 

, __ , , __ , , __ , , __ , 
'--' 

, __ , , __ , 
1 ..... 1 

, __ , \ I 
~ 

CINs CIN7 CIN9 CSEL2 Vee A2 A3 Ao MUX1 MUXoSHFTEN 

c ,.. .. ,.. .. ,.. .. 
' .. ) , __ , , __ , ,.. .. , __ , ,.. .. , __ , ,..... , ..... , __ , , __ , 
CIN4 CINs CSELo As As FWRD TXFR 

D 
,.. .. , __ , ,.. .. , __ , ,.. .. , __ , ,.. .. , __ , 
CIN3 GND ACCEN Vee 

E 
,.. .. , __ , ,.. .. , __ , ,.. .. , __ , ,.. .. 

\_,I 
,.. .. , __ , ,.. .. , __ , 

Cl No CIN1 CIN2 Top View CLK GND OEH 

F 
,.. ... ,.. ... ,.. .. 

Through Package 
,.. .. ,.. .. ,.. ... 

\_,I 
, __ , , __ , , __ , , __ , , __ , 

Vee INA9 INAs (i.e., Component Side Pinout) OUT26 OUT22 OUT21 ,.. ... ,.. .. ,.. .. ,.. .. ,.. .. ,.. .. 
G , __ , , __ , , __ , , __ , , __ , , __ , 

INA6 INAs INA1 OUT2s OUT23 OUT24 ,.. ... 
H ' .. ) 

,.. .. , __ , ,.. .. , __ , ,.. .. , __ , 
INA4 INA3 OUT20 OUT21 

J 
,.. ... 
\_,I 

,.. .. , __ , ,.. ... 
\_,I 

,.. ... 
\_,I 

,.. ... , __ , ,.. ... , __ , ,.. ... , __ , 
INA2 INAo INB3 OEL OUT9 OUT11 OUT19 ,.. ... ,.. ... ,.. .. ,.. ... ,.. ... 

K 
, __ , , __ , , __ , , __ , , __ , ,.. ... , __ , ,.. ... , __ , ,.. .. , __ , ,.. ... , __ , ,.. ... , __ , ,.. ... , __ , 
INA1 IN Ba INB1 GND IN82 IN Bo Vee OUT13 OUT16 Vee OUT1a 

L 
, .. ,_, ,.. ... , __ , ,.. ... ,.. ... ,.. ... , __ , , __ , , __ , ,.. ... , __ , ,.. ... , __ , ,.. ... , __ , ,.. ... 

\_,I 
,.. ... , __ , , .. ,_, 

IN89 INBs INBs IN84 INB1 OUT11 OUT10 OUT12 OUT14 OUT1s GND 

Ceramic Pin Grid Array 
Speed (G3) 

0°c to + 70°C - COMMERCIAL SCREENING 

30 ns LF43168GC30 
22 ns LF43168GC22 
15 ns LF43168GC15 

-55°C to + 125°C - COMMERCIAL SCREENING 

39 ns LF43168GM39 
30 ns LF43168GM30 
22 ns LF43168GM22 

-55°C to +125°C- MIL-STD-883 COMPLIANT 

39 ns LF43168GMB39 
30 ns LF43168GMB30 
22 ns LF43168GMB22 

2-148 01/16/97-LDS.43168-D 



= ===.:=a:~ · 1 -F4.!.>·8·8-1----===== ::.:..= = ::;-M ~ " 
-~~-~ 

- 8 x 8-bit Digital Filter 

,__F_E_A_TU_R_E_S ____ ____.I I DESCRIPTION 

0 40 MHz Maximum Sampling Rate 
0 320 MHz Multiply-Accumulate Rate 
0 8 Filter Cells 
0 8-bit Unsigned or Two's Complement 

Data 

0 8-bit Unsigned or Two's Complement 
Coefficients 

0 26-bit Data Outputs 
0 Shift-and-Add Output Stage for 

Combining Filter Outputs 

0 Expandable Data Size, Coefficient 
Size, and Filter Length 

0 User-Selectable 2:1, 3:1, or 4:1 
Decimation 

0 Available 100% Screened to 
MIL-STD-883, Class B 

0 Replaces Harris HSP43881 and 
HSP43881/883 

0 Package Styles Available: 
• 84-pin Plastic LCC, J-Lead 
• 100-pin Plastic Quad Flatpack 
• 84- in Ceramic PGA 

LF43881 BLOCK DIAGRAM 

TCCI 

CIN1-o 

The LF43881 is a video-speed digital 
filter that contains eight filter cells 
(taps) cascaded internally and a shift
and-add output stage. An 8 x 8 
multiplier, three decimation registers, 
and a 26-bit accumulator are con
tained in each filter cell. The output 
stage of the LF43881 contains a 26-bit 
accumulator which can add the 
contents of any filter stage to the 
output stage accumulator shifted right 
by 8 bits. 8-bit unsigned or two's 
complement format for data and 
coefficients can be independently 
selected. 

Expanded coefficients and word sizes 
can be processed by cascading mul
tiple LF43881s to implement larger 
filter lengths without affecting the 
sample rate. By reducing the sample 

DIENB, CIENB, 
DIN1-0 ERASE, DCM1-o TCS 

SHADD----------------..i 

SENBL ----------------- OUTPUT 
SENBH STAGE 

RESET-------------------

26 
TO ALL CELLS 

CLK ---- TO ALL REGISTERS SUM2s-o 

2-149 

rate, a single LF43881 can process 
larger filter lengths by using multiple 
passes. The sampling rate can range 
from 0 to 40 MHz. Over 1000 taps 
may be processed without overflows 
due to the architecture of the device. 

The output sample rate can be re
duced to one-half, one-third, or one
fourth the input sample rate by using 
the three decimation registers con
tained in every filter cell. Matrix 
multiplication, N x N spatial correla
tions/ convolutions, and other 2-D 
operations for image processing can 
also be achieved using these registers. 

TCCO 

COUT1-o 

01/17/97-LDS.43881·G 
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DEVICES INCORPORATED 

FIGURE 1. FILTER CELL DIAGRAM 

TCCI 

CIN1-o 

DIENB.D 

TCS 

DIN1-0 

DCM1 

DC Mo 

RESET 

DIENB 

CIENB 

AD Ro 

ADR1 

ADR2 

ERASE 

AD Ro 

ADR1 

ADR2 

CIENB.D 

C.TCCI 

CIN7 
C1-o 

B 

DIN7 XREG 

LATCHES 

DECODER 

CLK ------TO ALL REGISTERS 

.... 

~ 

DCMLD 

DCMo.D 

RESET.D 

DIENB.D 

CIENB.D 

ADRo.D 

ADRLD 

ADR2.D 

ERASE.D 

CELLO 

CELL 1 

CELL2 

CELL3 

CELL4 

CELLS 

CELL6 

CELL 7 

DCMo.D 

RESET.D TO ALL REGISTERS (EXCEPT ACCUMULATOR AND T-REGISTER) 
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LF43881 

8 x 8-bit Digital Filter 

DCM1.D 

TRI-STATE BUFFERS 
ON FILTER CELL 7 ONLY 
--------------I 

I 
TCCO I 

I 
I 

COUT1-o I 
I 

07-0 I 

COENB I 
I I 
I_ - - - - -- - - - - - _ _J 

Ce-o 

1------- --------I 
I I 
I I 
I I 

Xe-0 I I 
I 
I 
I 

RESET.D 

ERASE.D 

CELLn 

CELLn 

AOUT2s-o 
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DEVICES INCORPORATED 

FILTER CELL DESCRIPTION 

8-bit coefficients are loaded into the 
C register (CIN7-0) and are output as 
COUT7-0 (the COENB signal enables 
the COUT7-0 outputs). The path 
taken by the coefficients varies 
according to the decimation mode 
chosen. With no decimation, the 
coefficients move directly from the 

· C register, bypassing all decimation 
registers, and are available at the 
output on the following clock cycle. 
When decimation is chosen, the 
coefficient output is delayed by 1, 2, 
or 3 clock cycles depending on how 
many decimation registers the 
coefficients pass through (D1, D2, or 
D3). The number of decimation 
registers the coefficients pass 
through is determined by DCM1-o. 
Refer to Table 1 for choosing a 
decimation mode. 

CIENB enables the C and D registers 
for coefficient loading. The registers 
are loaded on the rising edge of CLK 
when CIENB is LOW. CIENB is 
latched and delayedinternally which 
enables the registers for loading one 
clock cycle after CIENB goes active 
(loading takes place on the second 
rising edge of CLK after CIENB goes 
LOW). Therefore, CIENB must be 
LOW one clock cycle before the 
coefficients are placed on the CIN7-0 
inputs. The coefficients are held when 
CIENB is HIGH. 

DIENB enables the X register for the 
loading of data. The X register is 
loaded on the rising edge of CLK 
when DIENB is LOW. DIENB is 
latched and delayed internally (load
ing takes place on the second rising 
edge of CLK after DIENB goes LOW). 
Therefore, DIENB must be LOW one 
clock cycle before the data is placed on 
the DIN7-0 inputs. The X register is 
loaded with all zeros when DIENB is 
HIGH. 

The output of the C register (Cs-o) and 
X register (Xs-o) provide the inputs of 
the 8 x 8 multiplier. The multiplier is 
followed by two pipeline registers, 

LF43881 
8 x 8-bit Digital Filter 

FIGURE 2. OUTPUT STAGE DIAGRAM 

SHADD ADR2-o.D 

26 26 26 26 26 26 26 26 

D 

a 

0 

D 

OUTPUT 
BUFFER 

TRI-STATE 
BUFFER 

CLK --- TO ALL REGISTERS 26 

RESET.D TO ALL REGISTERS 

M REGO and M REG1. The output of 
the multiplier is sign extended and is 
used as one of the inputs to the 26-bit 
adder. The output of the 26-bit 
accumulator provides the second 
input to the adder. Both the accumu
lator and T register are loaded simul
taneously with the output of the 
adder. 

The accumulator is loaded with the 
output of the adder on every clock 
cycle unless cleared. Clearing the 
accumulator can be achieved using 
two methods. The first method, when 
both RESET and ERASE are LOW, 
causes all accumulators and all 

registers in the device to be cleared 
together. RESET and ERASE are 
latched and delayed internally caus
ing the clearing to occur on the second 
clock cycle after RESET and ERASE go 
active. 

The second method, when only 
ERASE is LOW, clears a single accu
mulator of a selected cell. The cell is 
selected using the ADR2-o inputs 
(decoded to Cell n). ERASE is latched 
and delayed internally causing the 
clearing to occur on the second clock 
cycle after ERASE goes active. Refer 
to Table 2 for clearing registers and 
accumulators. 
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TABLE 1. DECIMATION MOOE SELECTION 

DCM1 DCMO Decimation Function 

0 0 Decimation registers not used 

0 1 One decimation register used (decimation by one-half) 

1 0 Two decimation registers used (decimation by one-third) 

1 1 Three decimation registers used (decimation by one-fourth) 

TABLE 2. REGISTER AND ACCUMULATOR CLEARING 

ERASE RESET Clearing Effect 

0 0 All accumulators and all registers are cleared 

0 1 Only the accumulator addressed by ADR2-0 is cleared 

1 0 All registers are cleared (accumulators are not cleared) 

1 1 No clearing occurs, internal state remains the same 

OUTPUT STAGE DESCRIPTION 

The 26-bit adder contained in the 
output stage can add the contents of 
any filter cell accumulator (selected by 
ADR2-0) with the 18 most significant 
bits of the output buffer. The result is 
stored back into the output buffer. 
The complete operation takes only one 
clock cycle. The eight least significant 
bits of the output buffer are lost. 

The Zero multiplexer is controlled by 
the SHADD input signal. This allows 
selection of either the 18 most signifi
cant bits of the output buffer or all 
zeros for the adder input. When 
SHADD is LOW, all zeros will be 
selected. When SHADD is HIGH, the 
18 most significant bits of the output 
buffer are selected enabling the shift
and-add operation. SHADD is 
latched and delayed internally by one 
clock cycle. 

The output multiplexer is also con
trolled by the SHADD input signal. 
This allows selection of either a filter 
cell accumulator, selected by ADR2-o, 
or the output buffer to be output to 
the SUM25-0 bus. Only the 26 least 
significant bits from either a filter cell 
accumulator or the output buffer are 
output on SUM25-0. If SHADD is 
LOW during two consecutive clock 
cycles (low during the current and 
previous clock cycle), the output 

multiplexer selects the contents of a 
filter cell accumulator addressed by 
ADR2-o. Otherwise, the output 
multiplexer selects the contents of the 
output buffer. 

If the same address remains on the 
ADR2-o inputs for more than one clock 
cycle, SUM25-0 will not change to 
reflect any updates to the addressed 
cell accumulator. Only the result from 
the first selection of the cell (first clock 
cycle) will be output. This allows the 
interface of slow memory devices 
where the output needs to be active 
for more than one clock cycle. Normal 
FIR operation is not affected because 
ADR2-o is changed sequentially. 

NUMBER SYSTEMS 

Data and coefficients can be repre
sented as either unsigned or two's 
complement numbers. The TCS and 
TCCI inputs determine which of the 
two formats is to be used. All values 
are represented as 9-bit two's comple
ment numbers internally. The value 
of the ninth bit is determined by the 
number system selected. The ninth bit 
is a sign extended bit when the two's 
complement mode is chosen. When 
the unsigned mode is chosen, the 
ninth bit is zero. 

LF43881 
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SIGNAL DEFINITIONS 

Power 

Vee and GND 

+5 V power supply. All pins must be 
connected. 

Clock 

CLK - Master Clock 

The rising edge of CLK strobes all 
registers. All timing specifications are 
referenced to the rising edge of CLK. 

Inputs 

DIN7-0 - Data Input 

8-bit data is latched into the X register 
of each filter cell simultaneously. The 
TCS signal selects the a~riate 
data format type. The DIENB signal 
enables loading of the data. 

CIN7-0 - Coefficient Input 

8-bit coefficients are latched into the C 
register of Filter Cell 0. The TCCI 
signal selects the appropriate coeffi
cient format type. The CIENB signal 
enables loading of the coefficients. 

Outputs 

SUM2s-o - Data Output 

The 26-bit result from an individual 
filter cell will appear when ADR2-o is 
used to select the filter cell result. 
SHADD in conjunction with ADR2-o is 
used to select the output from the 
shift-and-add output stage. 

COUT7-0-Coefficient Output 

The 8-bit coefficient output from 
Filter Cell 7 can be connected to the 
CIN7-0 coefficient input of the same 
LF43881 to recirculate the coefficients. 
COUT7-0 can also be connected to the 
CIN7-0 of another LF43881 to cascade 
the devices. The COENB signal 
enables the output of the coefficients. 

~~~~~~~~~~~~~~~~~~~~Video Imaging Products 
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Controls 

TCS - Data Format Control 

The TCS input determines the inter
pretation of the input data. When 
TCS is HIGH, two's complement 
arithmetic is used. When TCS is 
LOW, unsigned arithmetic is used. 

TCCI - Coefficient Input Format Control 

The TCCI input determines the 
interpretation of the coefficients. 
When TCCI is HIGH, two's comple
ment arithmetic is used. When TCCI 
is LOW, unsigned arithmetic is used. 

TCCO - Coefficient Output Format 

The TCCO output shows the format of 
the COUT7-0 coefficient output. 
TCCO follows the TCCI input. When 
cascading multiple LF43881s, the 
TCCO output of one device should be 
connected to the TCCI input of 
another device. The COENB signal 
enables TCCO. 

DIENB - Data Input Enable 

The DIENB input enables the X 
register of every filter cell. While 
DIENB is LOW, the X registers are 
loaded with the data present at the 
DIN7-0 inputs on the rising edge of 
CLK. While DIENB is HIGH, all bits 
of DIN7-0 are forced to zero and a 
rising edge of CLK will load the X 
register of every filter cell with all 
zeros. DIENB must be low one clock 
cycle prior to presenting the input 
data on the DIN7-0 input since it is 
latched and delayed internally. 

CIENB - Coefficient Input Enable 

The CIENB input enables the C and D 
registers of every filter cell. While 
CIENB is LOW, the C and appropriate 
D registers are loaded with the 
coefficient data on the rising edge of 
CLK. While CIENB is HIGH, the 
contents of the C and D registers are 
held and the CLK signal is ignored. 
By using CIENB in its active state, 
coefficient data can be shifted from 
cell to cell. CIENB must be low one 
clock cycle prior to presenting the 
coefficient data on the CIN7-0 input 
since it is latched and delayed inter
nally. 

COENB-Coefficient Output Enable 

The COENB input enables the 
COUT7-0 and TCCO outputs. When 
COENB is LOW, the outputs are 
enabled. When COENB is HIGH, the 
outputs are placed in a high-imped
ance state. 

DCM1-0-Decimation Control 

The DCM1-o inputs select the num
ber of decimation registers to use 
(Table 1). Coefficients are passed 
from one cell to another at a rate 
determined by DCM1-o. When no 
decimation registers are selected, 
the coefficients are passed from cell 
to cell on every rising edge of CLK 
(no decimation). When one decima
tion register is selected, the coeffi
cients are passed from cell to cell on 
every other rising edge of CLK (2:1 
decimation). When two decimation 
registers are selected, the coeffi
cients are passed from cell to cell on 
every third rising edge of CLK (3:1 
decimation) and so on. DCMl-0 is 
latched and delayed internally. 
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ADR2-o - Cell Accumulator Select 

The ADR2-o inputs select which cell's 
accumulator will available at the 
SUM2s-o output or added to the 
output stage accumulator. In both 
cases, ADR.2-0 is latched and delayed 
by one clock cycle. If the same 
address remains on the ADR2-o inputs • 
for more than one clock cycle, 
SUM2s-o will not change if the con-
tents of the accumulator changes. 
Only the result from the first selection 
of the cell (first clock cycle) by ADR2-o 
will be available. ADR2-0 is also used 
to select which accumulator to clear 
when ERASE is LOW. 

SENBH - MSB Output Enable 

When SENBH is LOW, SUM2s-16 is 
enabled. When SENBH is HIGH, 
SUM25-16 is placed in a high-imped
ance state. 

SENBL - LSB Output Enable 

When SENBL is LOW, SUM1s-o is 
enabled. When SENBL is HIGH, 
SUM1s-o is placed in a high-imped
ance state. 

RESET - Register Reset Control 

When RESET is LOW, all registers are 
cleared simultaneously except the cell 
accumulators. RESET can be used 
with ERASE to clear all cell accumula
tors. RESET is latched and delayed 
internally. Refer to Table 2. 

ERASE - Accumulator Erase Control 

When ERASE is LOW, the cell accu
mulator specified by ADR2-o is 
cleared. When RESET is LOW in 
conjunction with ERASE, all cell 
accumulators are cleared. Refer to 
Table 2. 

01/17/97-LDS.43881-G 



- ....-... ~-~ - ....... .-.-. -......--. - -_ .. ___ -- ------ --~ ........ --....... ----- LF43881 
DEVICES INCORPORATED 8 x 8-bit Digital Filter 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature ............................................................... .......................................... .. -65°C to + 150°C 

Operating ambient temperature........................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground .. ...... .............................................. ...... ................... -0.5 V to Vee + 0.5 V 

Signal applied to high impedance output ................................................. ..................... -0.5 V to Vee + 0.5 V 

Output current into low outputs ............................................................... .-............................................. 25 mA 

Latchup current ............................................................................................................................... > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to+ 125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee= Min., IOH = -400 µA 

VOL Output Low Voltage Vee= Min., IOL = 2.0 mA 

VIH Input High Voltage 

VIL Input Low Voltage (Note 3) 

llX Input Current Ground~ VIN~ Vee (Note 12) 

loz Output Leakage Current (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note 7) 

CIN Input Capacitance TA= 25°C, f = 1 MHz 

COUT Output Capacitance TA= 25°C, f = 1 MHz 

Supply Voltage 
4.75 V ~Vee~ 5.25 v 
4.50 v ~ Vee ~ 5.50 v 

Min Typ 

2.6 

2.0 

0.0 

Max 

0.4 

Vee 

0.8 

±10 

±10 

160 

750 

10 

10 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

µA 

pF 

pF 
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I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

50 
Symbol Parameter Min 

tcvc Cycle Time 50 

tPW Clock Pulse Width 20 

ts Input Setup Time 16 

tH Input Hold Time 0 

tooc Coefficient Output Delay 

toos Sum Output Delay 

tENA Three-State Output Enable Delay (Note 11) 

tDIS Three-State Output Disable Delay (Note 11) 

Max 

24 

27 

20 

20 

MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

Symbol Parameter 

tCYC Cycle Time 

tPW Clock Pulse Width 

ts Input Setup Time 

tH Input Hold Time 

tooc Coefficient Output Delay 

toos Sum Output Delay 

tENA Three-State Output Enable Delay (Note 11) 

tDIS Three-State Output Disable Delay (Note 11) 

SWITCHING WAVEFORMS 

CLK 

DIN7-0 
CIN1-o 

CONTROLS* 

OUTPUTSt 

OUTPUT ENABLES:j: 

ts tH 

tPW 

*includes DIENB, CIENB, ERASE, RESET, TCS, TCCI, SHADD, DCM1-o, and ADR2-o. 

tincludes TCCO, SUM2s-o, and COUT1-o. 

:!:includes SENBL, SENBH, and COENB. 
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LF43881-
40 33 25 

Min Max Min Max Min Max 

39 33 25 

16 13 10 

14 13 10 

0 0 0 

20 18 16 

25 21 18 

15 15 12 

15 15 12 

LF43881-
50 40 33 

Min Max Min Max Min Max 

50 39 33 

20 16 13 

20 17 13 

0 0 0 

24 20 18 

31 25 21 

20 15 15 

20 15 15 
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I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above Vee 
will be clamped beginning at-0.6 Vand 
Vee + 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of-0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tDIS test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in 
the testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actual test conditions may vary b. Ground and Vee supply planes 
from those designated but operation is must be brought directly to the DUT 
guaranteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated 
by: 

where 

NCV2F 
4 

N = total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 20 MHz clock 
rate. 

7. Tested withallinputswithin0.1 Vof 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required DUT input 
levels relative to the DUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses 
from the internal circuitry are specified 
from the point of view of the device. 
Output delay, for example, is specified 
as a maximum since worst-case opera
tion of any device always provides data 
within that time. 
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11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the tDIS test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
±10mA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. OllfPUT LOADING C1Rcurr 

FIGURE B. THRESHOLD LEVELS 

VoL• Measured Vai. with IOH = -10mA and loL = 10mA 
VoH• Measured VoH with loH = -10mA and lai. = 10mA 
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ORDERING INFORMATION 

Speed 

50 ns 
40 ns 
33 ns 
25 ns 

84-pin 

SUM23 
SUM22 

Vee 
SUM21 
SUM20 
SUM19 
SUM10 

GND 
SUM11 
SUM1s 

Vee 
SUM1s 
SUM14 
SUM13 
SUM12 

GND 
SUM11 
SUM10 
SUM9 
SU Ma 
SUM1 

0°c to +70°C - COMMERCIAL SCREENING 

Plastic J-Lead Chip Carrier 
(J3) 

LF43881JC50 
LF43881JC40 
LF43881JC33 
LF43881JC25 
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CO UT a 
COUT1 I 

GND • TCCO 
COENB 
Vee 
ERASE 
RESET 
DIENB 
TCS 
DIN1 
DINs 
DINs 
DIN4 
DIN3 
DIN2 
DIN1 
DI No 
CIENB 
TCCI 
Vee 
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ORDERING INFORMATION 

100-pin 

• 
DCM1 1 

SUM24 2 
GND 3 
GND 

SUM23 
SUM22 

Vee 
Vee 8 

SUM21 9 
SUM20 10 
SUM19 11 
SUM1s 12 

GND 13 
GND 14 

SUM11 15 
SUM1s 16 

Vee 17 
Vee 18 

SUM1s 19 
SUM14 20 
SUM13 21 
SUM12 22 

GND 23 
SUM11 24 
SUM10 25 
SUM9 26 
SU Ms 27 
SUM7 28 

NC 29 
SU Ms 30 

Speed 

§ffi~~~~~~~~g~~~~~~ra~oo 

Top 
View 

Plastic Quad Flatpack 
{Q2) 

0°C to +70°C - COMMERCIAL SCREENING 

50 ns 
40 ns 
33 ns 
25 ns 

LF43881 QC50 

LF43881 QC40 
LF43881 QC33 
LF43881QC25 
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80 COUT4 
79 COUTS 
78 Vee 
n vee 
76 COUTS 
75 COUT7 
74 GND 
73 GND 
72 TCCO 
71 COE NB 
70 Vee 
69 Vee 
68 ERASE 
67 RESET 
66 DIENB 
65 TCS 
64 DIN7 
63 DINS 
62 DINS 
61 DIN4 
60 DIN3 
59 DIN2 
58 DIN1 
57 DINO 
56 CIENB 
55 TCCI 
54 Vee 
53 CIN7 
52 CINs 
51 GND 
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ORDERING INFORMATION 

84-pin 

1 2 3 

A 
... ,... ,... , ... 

\ I \ I \ I 

GND COENB V~c 
B 

, ... ,_, , ... ' .. ) 
, ... ,_. 

4 5 

, ... ,_, , ... ,_. 
RESET DIN7 , ... ,_, , ... ,_. 

6 7 8 9 

, ... ,_, , ... ,_, , ... ,_, , ... ,_, 
DINS DIN3 DI No TCCI , ... ,_. , ... ,_. , ... ,_, , ... ,_, 

Vee COUT1 TCCO ERASE TCS DIN1 DIN2 CiEf\JB CIN7 

c , ... ,_, , ... ,_. , ... ,_. , ... ,_. , ... ,_. 
COUTS COUTS DIENB DINs DIN4 

D 
, ... ,_. , ... ,_. 

COUT3 COUT4 

E 
, ... 
' .. ) 

, ... ,_. , ... ,_, , ... ,_, 
COUT1 GND COUT2 Top View CIN1 

F 
, ... ,_, , ... ,_. , ... ,_. Through Package 

, ... ,_. 
GND COLITo SHADD (i.e., Component Side Pinout) SUMl , ... , ... , ... , ... 

G ,_, ,_. ,_, ,_, 
ADR2 DC Mo CLK SUM1 

H 
, ... ,_, , ... ,_, 

ADR1 AD Ro 

J 
, ... ,_. , ... ,_. , ... ,_, , ... ,_. , ... ,_. 
Vee SUM25 SUM2o SUM11 SUM1s 

K 
, ... ,_. , ... ,_. , ... ,_. , ... ,_. , ... ,_. , ... ,_, , ... ,_. , ... ,_. , ... ,_. 

SENBH SUM24 GN D Vee SUM19 GND SUM1s SUM12 SUM10 , ... , ... , ... , ... , ... , ... , ... , ... , ... 
L \ I ,_, ,_. ,_. ,_, ,_. 

'-' 
,_. ,_. -
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10 11 

, ... ,_, , ... ,_. 
Vee GND , ... ,_. , ... ,_. 
CINs CIN4 , ... ,_, , ... ,_. 
CINs CIN3 , ... ,_. , ... ,_, 
CIN2 Vee , ... ,_, , ... ,_, 
CINo SENBL , ... ,_, , ... ,_. 
Vee GND , ... ,_, , ... ,_. 
SUM3 SUM2 , ... ,_. , ... ,_, 
SUMs SUM4 , ... ,_, , ... ,_. 
SUM7 GND , ... ,_. , ... ,_, 
SUMa SU Ma , ... , ... ,_. 

\ I -DCM1 SUM23 SUM22 SUM21 SUM1s SUM14 Vee SUM13 GND SUM11 SUM9 

Ceramic Pin Grid Array 
Speed (G3) 

0°C to + 70°C - COMMERCIAL SCREENING 

50 ns LF43881 GC50 
40 ns LF43881 GC40 
33 ns LF43881 GC33 
25 ns LF43881 GC25 

-55°C to +125°C-COMMERCIAL SCREENING 

50 ns LF43881 GM50 
40 ns LF43881 GM40 
33 ns LF43881GM33 

.· 
-55°C to +125°C-MIL-STD-883 COMPLIANT 

50 ns LF43881 GMB50 
40 ns LF43881 GMB40 
33 ns LF43881 GMB33 
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......_F_E_A_TU_R_E_S _____ I I DESCRIPTION 

0 40 MHz Maximum Sampling Rate 
0 320 MHz Multiply-Accumulate Rate 
0 8 Filter Cells 
0 8-bit Unsigned or 9-bit Two's 

Complement Data/ Coefficients 

0 26-bit Data Outputs 
0 Shift-and-Add Output Stage for 

Combining Filter Outputs 
0 Expandable Data Size, Coefficient 

Size, and Filter Length 

0 User-Selectable 2:1, 3:1, or 4:1 
Decimation 

0 DECC SMD No. 5962-92097 
0 Available 100% Screened to 

MIL-STD-883, Class B 

0 Replaces Harris HSP43891 and 
HSP43891/883 

0 Package Styles Available: 
• 84-pin Plastic LCC, }-Lead 
• 100-pin Plastic Quad Flatpack 
• 84-pin Ceramic PGA 

LF43891 BLOCK DIAGRAM 

The LF43891 is a video-speed digital 
filter that contains eight filter cells 
(taps) cascaded internally and a shift
and-add output stage. A 9 x 9 multi
plier, three decimation registers, and a 
26-bit accumulator are contained in 
each filter cell. The output stage of the 
LF43891 contains a 26-bit accumulator 
which can add the contents of any 
filter stage to the output stage accu
mulator shifted right by 8 bits. 8-bit 
unsigned or 9-bit two's complement 
format for data and coefficients can be 
independently selected. 

Expanded coefficients and word sizes 
can be processed by cascading mul
tiple LF43891s to implement larger 
filter lengths without affecting the 
sample rate. By reducing the sample 

DINa-o 
DIENB, CIENB, 
ERASE, DCM1-o 

SENBL ---------------~ OUTPUT 
SENBH STAGE 

RESET--+-------------~ 

26 
TO ALL CELLS 

CLK ---- TO ALL REGISTERS SUM25·0 
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rate, a single LF43891 can process 
larger filter lengths by using multiple 
passes. The sampling rate can range 
from 0 to 40 MHz. Over 1000 taps 
may be processed without overflows 
due to the architecture of the device. 

The output sample rate can be re
duced to one-half, one-third, or one
fourth the input sample rate by using 
the three decimation registers con
tained in every filter cell. Matrix 
multiplication, N x N spatial correla
tions/ convolutions, and other 2-D 
operations for image processing can 
also be achieved using these registers. 

01 /17 /97-LDS.43891 ·G 
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FIGURE 1. FILTER CELL DIAGRAM 

CIENB.D 

DIENB.D--------, 

LD 

DCMo.D 

LO LD 

Ce--0 

LF43891 

9 x 9-bit Digital Filter 

DCMi.D 

TRI-STATE BUFFER 
ON FIL TEA CELL 7 ONLY :-------------, 
1 

COUTe-o : 
I 
I 

1 COENB I 
I I 
~-------------J 

1------- -------
1 

I 
I 

DINe-o ---------.i XREG 1-----------------------------------------X•e~-o----------------~1 ----~ 

DCM1 

DC Mo 

RESET 

DIENB 

CIENB 

AD Ro 

ADR1 

ADR2 

ERASE 

AD Ro 

ADR1 

ADR2 

LATCHES 

DECODER 

CLK ------.TO ALL REGISTERS 

DCM1.D 

DCMo.D 

RESET.D 

DIENB.D 

CIENB.D 

ADRo.D 

ADRi.D 

ADR2.D 

ERASED 

CELLO 
CELL 1 

..... CELL2 
CELL3 
CELL4 
CELLS 
CELL6 
CELL 7 

RESET.D TO ALL REGISTERS (EXCEPT ACCUMULATOR AND T-REGISTER) 
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RESET.D 

ERASE.D 

CELLn 

CELLn D a 

AOUT2s-o 
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DEVICES INCORPORATED 

FILTER CELL DESCRIPTION 

9-bit coefficients are loaded into the 
C register (CINs-o) and are output as 
COUTs-o (the COENB signal enables 
the COUTs-o outputs). The path 
taken by the coefficient.s varies 
according to the decimation mode 
chosen. With no decimation, the 
coefficients move directly from the 
C register, bypassing all decimation 
registers, and are available at the 
output on the following clock cycle. 
When decimation is chosen, the 
coefficient output is delayed by 1, 2, 
or 3 clock cycles depending on how 
many decimation registers the 
coefficients pass through (01, 02, or 
03). The number of decimation 
registers the coefficients pass 
through is determined by DCM1-0. 
Refer to Table 1 for choosing a 
decimation mode. 

CIENB enables the C and D registers 
for coefficient loading. The registers 
are loaded on the rising edge of CLK 
when CIENB is LOW. CIENB is 
latched and delayed internally which 
enables the registers for loading one 
clock cycle after CIENB goes active 
(loading takes place on the second 
rising edge of CLK after CIENB goes 
LOW). Therefore, CIENB must be 
LOW one clock cycle before the 
coefficients are placed on the CINs-o 
inputs. The coefficients are held when 
CIENB is HIGH. 

OIENB enables the X register for the 
loading of data. The X register is 
loaded on the rising edge of CLK 
when DIENB is LOW. DIENB is 
latched and delayed internally (load
ing takes place on the second rising 
edge of CLK after DIENB goes LOW). 
Therefore, DIENB must be LOW one 
clock cycle before the data is placed on 
the DINs-o inputs. The X register is 
loaded with all zeros when OIENB is 
HIGH. 

The output of the C register (Cs-o) and 
X register (Xs-o) provide the inputs of 
the 9 x 9 multiplier. The multiplier is 
followed by two pipeline registers, 

LF43891 

9 x 9-bit Digital Filter 

FIGURE 2. OUTPUT STAGE DIAGRAM 

SHADD ADR2-o.D 

26 26 26 26 26 26 26 26 

D 

a 

0 

D 

25-8 

OUTPUT 
BUFFER 

26 

TRI-STATE 
BUFFER 

CLK --- TO ALL REGISTERS 26 

RESET.D TO ALL REGISTERS 

M REGO and M REGl. The output of 
the multiplier is sign extended and is 
used as one of the inputs to the 26-bit 
adder. The output of the 26-bit 
accumulator provides the second 
input to the adder. Both the accumu
lator and T register are loaded simul
taneously with the output of the 
adder. 

The accumulator is loaded with the 
output of the adder on every clock 
cycle unless cleared. Clearing the 
accumulator can be achieved using 
two methods. The first method, when 
both RESET and ERASE are LOW, 
causes all accumulators and all 

2-163 

registers in the device to be cleared 
together. RESET and ERASE are 
latched and delayed internally caus
ing the clearing to occur on the second 
clock cycle after RESET and ERASE go 
active. 

The second method, when only 
ERASE is LOW, clears a single accu
mulator of a selected cell. The cell is 
selected using the AOR.2-o inputs 
(decoded to Cell n). ERASE is latched 
and delayed internally causing the 
clearing to occur on the second clock 
cycle after ERASE goes active. Refer 
to Table 2 for clearing registers and 
accumulators. 

01/17/97-LDS.43891-G 
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DEVICES INCORPORATED 

TABLE 1. DECIMATION Mooe SELECTION 

DCM1 DCMO Decimation Function 

0 0 Decimation registers not used 

0 1 One decimation register used (decimation by one-half) 

1 0 Two decimation registers used (decimation by one-third) 

1 1 Three decimation registers used (decimation by one-fourth) 

TABLE 2. REGISTER AND ACCUMULATOR CLEARING 

ERASE RESET Clearing Effect 

0 0 All accumulators and all registers are cleared 

0 1 Only the accumulator addressed by ADR2-0 is cleared 

1 0 All registers are cleared (accumulators are not cleared) 

1 1 No clearing occurs, internal state remains the same 

OUTPUT STAGE DESCRIPTION 

The 26-bit adder contained in the 
output stage can add the contents of 
any filter cell accumulator (selected by 
ADR2-o) with the 18 most significant 
bits of the output buffer. The result is 
stored back into the output buffer. 
The complete operation takes only one 
clock cycle. The eight least significant 
bits of the output buffer are lost. 

The Zero multiplexer is controlled by 
the SHADD input signal. This allows 
selection of either the 18 most signifi
cant bits of the output buffer or all 
zeros for the adder input. When 
SHADD is LOW, all zeros will be 
selected. When SHADD is HIGH, the 
18 most significant bits of the output 
buffer are selected enabling the shift
and-add operation. SHADD is 
latched and delayed internally by one 
clock cycle. 

The output multiplexer is also con
trolled by the SHADD input signal. 
This allows selection of either a filter 
cell accumulator, selected by ADR2-o, 
or the output buffer to be output to 
the SUM25-0 bus. Only the 26 least 
significant bits from either a filter cell 
accumulator or the output buffer are 
output on SUM2s-o. If SHADD is 
LOW during two consecutive clock 

cycles (low during the current and 
previous clock cycle), the output 
multiplexer selects the contents of a 
filter cell accumulator addressed by 
ADR2-o. Otherwise, the output 
multiplexer selects the contents of the 
output buffer. 

If the same address remains on the 
ADR2-o inputs for more than one clock 
cycle, SUM25-0 will not change to 
reflect any updates to the addressed 
cell accumulator. Only the result from 
the first selection of the cell (first clock 
cycle) will be output. This allows the 
interface of slow memory devices 
where the output needs to be active 
for more than one clock cycle. Normal 
FIR operation is not affected because 
ADR2-o is changed sequentially. 

NUMBER SYSTEMS 

Data and coefficients can be repre
sented as either 8-bit unsigned or 9-bit 
two's complement numbers. All 
values are represented as 9-bit two's 
complement numbers internally. If 
the most significant or sign bit is a 
zero, the multiplier can multiply 8-bit 
unsigned numbers. 
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SIGNAL DEFINITIONS 

Power 

Vee and GND 

+5 V power supply. All pins must be 
connected. 

Clock 

CLK - Master Clock 

The rising edge of CLK strobes all 
registers. All timing specifications are 
referenced to the rising edge of CLK. 

Inputs 

DINB-0 - Data Input 

9-bit data is latched into the X register 
of each filter cell simultaneously. The 
DIENB signal enables loading of the 
data. 

CINs-o - Coefficient Input 

9-bit coefficients are latched into the C 
register of Filter Cell 0. The CIENB 
signal enables loading of the coeffi
cients. 

Outputs 

SUM2s-o - Data Output 

The 26-bit result from an individual 
filter cell will appear when ADR2-o is 
used to select the filter cell result. 
SHADD in conjunction with ADR2-o is 
used to select the output from the 
shift-and-add output stage. 

COUTs-o-Coefficient Output 

The 9-bit coefficient output from 
Filter Cell 7 can be connected to the 
CINs-o coefficient input of the same 
LF43891 to recirculate the coefficients. 
COUTB-0 can also be connected to the 
CINs-o of another LF43891 to cascade 
the devices. The COENB signal 
enables the output of the coefficients. 

01/17/97-LDS.43891 ·G 
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Controls 

DIENB - Data Input Enable 

The DIENB input enables the X 
register of every filter cell. While 
DIENB is LOW, the X registers are 
loaded with the data present at the 
DINB-0 inputs on the rising edge o~ 
CLK. While DIENB is HIGH, all bits 
of DINs-o are forced to zero and a 
rising edge of CLK will load the X 
register of every filter cell with all 
zeros. DIENB must be low one clock 
cycle prior to presenting t~e inp~t 
data on the DINs-o input smce it is 
latched and delayed internally. 

CIENB - Coefficient Input Enable 

The CIENB input enables the C and D 
registers of every filter cell. While 
CIENB is LOW, the C and appropriate 
D registers are loaded with the 
coefficient data on the rising edge of 
CLK. While CIENB is HIGH, the 
contents of the C and D registers are 
held and the CLK signal is ignored. 
By using CIENB in its active state, 
coefficient data can be shifted from 
cell to cell. CIENB must be low one 
clock cycle prior to presenting the 
coefficient data on the CINB-0 input 
since it is latched and delayed inter
nally. 

COENB - Coefficient Output Enable 

The COENB input enables the 
COUTs-o output. When COENB is 
LOW, the outputs are enabled. When 
COENB is HIGH, the outputs are 
placed in a high-impedance state. 

DCM1-o- Decimation Control 

The DCMl-0 inputs select the num
ber of decimation registers to use 
(Table 1). Coefficients are passed 
from one cell to another at a rate 
determined by DCM1-o. When no 
decimation registers are selected, 
the coefficients are passed from cell 
to cell on every rising edge of CLK 
(no decimation). When one decima
tion register is selected, the coeffi
cients are passed from cell to cell on 
every other rising edge of C~K <::1 
decimation). When two decimation 
registers are selected, the coeffi
cients are passed from cell to cell on 
every third rising edge of CLK (~:1 
decimation) and so on. DCM1-o is 
latched and delayed internally. 

ADR2-o - Cell Accumulator Select 

The ADR.2-0 inputs select which cell's 
accumulator will available at the 
SUM2s-o output or added to the 
output stage accumulator. In both 
cases, ADR.2-o is latched and delayed 
by one clock cycle. If the same . 
address remains on the ADR.2-0 mputs 
for more than one clock cycle, 
SUM2s-o will not change if the con
tents of the accumulator changes. 
Only the result from the first selection 
of the cell (first clock cycle) by ADR.2-o 
will be available. ADR.2-o is also used 
to select which accumulator to clear 
when ERASE is LOW. 

LF43891 

9 x 9-bit Digital Filter 

SENBH - MSB Output Enable 

When SENBH is LOW, SUM25-16 is 
enabled. When SENBH is HIGH, 
SUM25-16 is placed in a high-imped
ance state. 

SENBL - LSB Output Enable 

When SENBL is LOW, SUM1s-o is 
enabled. When SENBL is HIGH, 
SUM1s-o is placed in a high-imped
ance state. 

RESET - Register Reset Control 

When RESET is LOW, all registers are 
cleared simultaneously except the cell 
accumulators. RESET can be used 
with ERASE to clear all cell accumula
tors. RESET is latched and delayed 
internally. Refer to Table 2. 

ERASE - Accumulator Erase Control 

When ERASE is LOW, the cell accu
mulator specified by ADR.2-0 is 
cleared. When RESET is LOW in 
conjunction with ERASE, all cell 
accumulators are cleared. Refer to 
Table 2. 

======================================================Video lmagin~11~~1~~~3:~~ 2-165 
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-~ ..___ ~ LF43891 
DEVICES INCORPORATED 9 x 9-bit Digital Filter 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, B) 

Storage temperature .................................................... ............................................. .......... -65°C to + 150°C · 

Operating ambient temperature........................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ............................................................................... -0.5 V to Vee + 0.5 V 

Signal applied to high impedance output ...................................................................... -0.5 V to Vee + 0.5 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latch up current . .. .. ... .. . .. . .. . .. . ... .. . ... .... ... ... . .. . . . .. . . .. . .. . ... ... .. . . . .. .. . .. ... .. . .. . .. . .... . . .. . .. . . .. . .. . . . .. . .. . . .. . .. . . .. ... .. > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to +125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee= Min., IOH = -400 µA 

VOL Output low Voltage Vee= Min., IOL = 2.0 mA 

VIH Input High Voltage 

VIL Input Low Voltage (Note 3) 

llX Input Current Ground~ VIN~ Vee (Note 12) 

loz Output Leakage Current (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note7) 

CIN Input Capacitance TA= 2s0 c, f = 1 MHz 

COUT Output Capacitance TA= 25°C, f = 1 MHz 

Supply Voltage 

4.75 V ~Vee~ 5.25 v 
4.50 v ~Vee ~ 5.50 v 

Min Typ 

2.6 

2.0 

0.0 

Max 

0.4 

Vee 

0.8 

±10 

±10 

160 

750 

10 

10 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

µA 

pF 

pF 
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I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

LF43891-
50 40 33 25 

Symbol Parameter Min Max Min Max Min Max Min Max 

tcvc Cycle Time 50 39 33 25 
tPW Clock Pulse Width 20 16 13 10 

ts Input Setup Time 16 14 13 10 

tH Input Hold Time 0 0 0 0 
tODC Coefficient Output Delay 24 20 18 16 
tODS Sum Output Delay 27 25 21 18 

tENA Three-State Output Enable Delay (Note 11) 20 15 15 12 

tDIS Three-State Output Disable Delay (Note 11) 20 15 15 12 

MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

LF43891-
50 40 33 

Symbol Parameter Min Max Min Max Min Max 

tcvc Cycle Time 50 39 33 
tPW Clock Pulse Width 20 16 13 

ts Input Setup Time 20 17 13 

tH Input Hold Time 0 0 0 

tODC Coefficient Output Delay 24 20 18 
tODS Sum Output Delay 31 25 21 
tENA Three-State Output Enable Delay (Note 11) 20 15 15 

tDIS Three-State Output Disable Delay (Note 11) 20 15 15 

SWITCHING WAVEFORMS 

tPW 

CLK 

DINe-o ------1 ... ----~---...ILr----------------------
CINe-o ------'l'----~--'11'-----------------------

CONTROLS• -----~----~----""-----------------------

OUTPUTSt 

OUTPUT ENABLES:j: 

•includes DIENB, CIENB, ERASE, RESET, SHADD, DCM1-o, and ADR2-o. 

tincludes SUM2s-o and COUTs-o. 

:j:includes SENBL, SENBH, and COENB. 
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DEVICES INCORPORATED 

I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above Vee 
will be clamped beginning at-0.6 V and 
Vee + 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of-0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
trns test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in 
the testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(OUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actual test conditions may vary b. Ground and Vee supply planes 
from those designated but operation is must be brought directly to the OUT 
guaranteed as specified. socket or contactor fingers. 

5. Supply current for.a given applica
tion can be accurately approximated 
by: 

where 

NCV2F 
4 

N = total number of device outputs 
C = capacitive load per output 
V =supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 20 MHz clock 
rate. 

7. Tested withallinputswithin0.1 Vof 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required OUT input 
levels relative to the OUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses 
from the internal circuitry are specified 
from the point of view of the device. 
Output delay, for example, is specified 
as a maximum since worst-case opera
tion of any device always provides data 
within that time. 

2-168 
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11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the tDIS test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
± lOmA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

F1GURE A. 0l1TPUT LOADING C1Rcurr 

FIGURE B. THRESHOLD LEVELS 

VOL' Measured VOL with IOH=-10mAand IOL= 10mA 
VoH' Measured VoH with IOH = -10mA and IOL = 10mA 
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ORDERING INFORMATION 

Speed 

50 ns 
40 ns 
33 ns 
25 ns 

84-pin 

SUM23 
SUM22 

Vee 
SUM21 
SUM20 
SUM19 
SUM1a 

GND 
SUM11 
SU Mm 

Vee 
SUM1s 
SUM14 
SUM13 
SUM12 

GND 
SUM11 
SUM10 
SU Mg 
SU Ma 
SUM1 

0°C to + 70°C - COMMERCIAL SCREENING 

Top 
View 

Plastic J-Lead Chip Carrier 
(J3) 

LF43891 JC50 
LF43891JC40 
LF43891 JC33 
LF43891JC25 
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COUTs 
COUT1 • GND 
COUTa 
COENB 

I 

Vee 
ERASE 
RESET 
DIENB 
DI Na 
DIN1 
DINs 
DINs 
DIN4 
DIN3 
DIN2 
DIN1 
DI No 
CIENB 
Cl Na 
Vee 
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DEVICES INCORPORATED 

ORDERING INFORMATION 

Speed 

50 ns 
40 ns 
33 ns 
25 ns 

100-pin 

DCM1 
SUM24 

GND 
GND 

SUM23 
SUM22 

Vee 7 
Vee 8 

SUM21 9 
SUM20 10 
SUM19 11 
SUM1s 12 

GND 13 
GND 14 

SUM17 15 
SUM1a 16 

Vee 17 
Vee 18 

SUM1s 19 
SUM14 20 
SUM13 21 
SUM12 22 

GND 23 
SUM11 24 
SUM10 25 
SUM9 26 
SUMS 27 
SUM7 28 

NC 29 
SUMS 30 

0°C to +70°C-CoMMERCIAL SCREENING 

Top 
View 

Plastic Quad Flatpack 
(Q2) 

LF43891 QC50 

LF43891 QC40 
LF43891 QC33 
LF43891 QC25 

2-170 

80 
79 
78 
77 
76 
75 
74 
73 
72 
71 
70 
69 
68 
67 
66 
65 
64 
63 
62 
61 
60 
59 
58 
57 
56 
55 
54 
53 
52 
51 

LF43891 

9 x 9-bit Digital Filter 

COUT4 
COUTS 
Vee 
Vee 
COUTe 
COUT7 
GND 
GND 
COUTS 
COENB 
Vee 
Vee 
ERASE 
RESET 
DIENB 
DINS 
DIN7 
DI Na 
DINS 
DIN4 
DIN3 
DIN2 
DIN1 
DINO 
CIENB 
CINs 
Vee 
CIN7 
Cl Na 
GND 
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Speed 

50 ns 
40 ns 
33 ns 
25 ns 

50 ns 
40 ns 
33 ns 

50 ns 
40 ns 
33 ns 

ORDERING INFORMATION 

84-pin 

A 

B 

c 

D 

E 

F 

G 

H 

J 

K 

L 

2 3 4 5 

T ,... ,... ,... ,... , ... 
,_1 \_,I \_,I \ I \ I 

GND COENB Vee RESET DiN7 ,, ,, ,, ,, ,, 
\ I \ I \ I \ I \ I 

vec co"'Gr1 co"'Gra ~ oiNa ,... , ... 
\_,I \_,I 

COUTs COUTs ,... , ... 
\ I \ I 

c00r3 COUr4 , ... 
\_,I 

, ... 
\_,I 

, ... 
\_,1 

COUT1 GND COUT2 

, ... 
\ I 

DIENB 

6 7 

, ... 
\_,I 

, ... 
\_,I 

DIN6 DIN3 , ... 
\_,I 

, ... 
\_,I 

DIN1 DIN2 , ... 
\_,I 

, ... 
\_,I 

DINS DIN4 

Top View 
, ... 
\_,I 

, ... 
\_,1 

, ... 
\_,I Through Package 

8 

, ... 
\_,I 

DI No , ... 
\_,I 

CIENB 

GND COUTo SHADD (i.e., Component Side Pinout) , ... , ... , ... 
\_,I \_,I \_,I 

ADR2 DC Mo GLK , ... , ... 
\_,I \_,I 

ADR1 AD Ro , ... 
\_,I 

, ... 
\_,I 

, ... 
\_,I 

, ... 
\_,I 

, ... 
\_,I 

Vee SUM25 SUM20 SUM11 SUM1s 

9 

, ... 
\_,1 

GI Na , ... 
\_,I 

GIN7 

, ... 
\_,I 

GIN1 , ... 
\_,I 

SUMJ , ... 
\_,I 

SUM1 

10 11 

, ... , ... 
\_,1 \ I -Vee GND , ... 
\_,I 

, ... 
\_,I 

GIN6 CIN4 , ... 
\_,I 

, ... 
\_,1 

GINS CIN3 , ... 
\_,I 

, ... 
\_,I 

GIN2 Vee ,... , ... 
\_,I \_,I 

GINO SENBL ,, ,, 
\_,I \_,I 

Vee GND ,, ,, 
\_,I \_,I 

SUM3 SUM2 ,, ,, 
\_,1 \_,1 

SUMs SUM4 ,... , ... 
\ I \_,I 

S~ GND ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, 
\_,I \_,I \_,I \_,I \ I \ I \ I \ I \ I \_,I \_,1 

SENBH SUM24 GND Vee SUM19 GND SUM1s SUM12 SUM10 SUMa SUMs ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, ,, 
\ I \ I \ I \ I \ I \ I \ I \ I \ I \ I ,_. 

0&11 s~ s~ s~1 s0M1a sLJ'M14 vec sLJ'M13 GND sU'M11 suM9 

Ceramic Pin Grid Array 
{G3) 

0°C to +70°C - COMMERCIAL SCREENING 

-55°C to +125°C-COMMERCIAL SCREENING 

-55°C to + 12s0 c - MIL-STD-883 COMPLIANT 

LF43891 GC50 

LF43891 GC40 
LF43891 GC33 
LF43891 GC25 

LF43891 GM50 
LF43891 GM40 
LF43891 GM33 

LF43891 GMB50 
LF43891 GMB40 
LF43891GMB33 
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DEv1cEs INCORPORATED 12 x 12-bit Alpha Mixer 

~F_E_A_T_UR_E_S ____ ___.I I DESCRIPTION 

0 50 MHz Data and Computation 
Rate 

0 Two's Complement or Unsigned 
Operands 

0 On-board Programmable Delay 
Stages 

0 Programmable Output Rounding 
0 Replaces Harris HSP48212 
0 Package Styles Available: 

• 68-pin Plastic LCC, J-Lead 
• 64-pin Plastic Quad Flatpack 

LF48212 BLOCK DIAGRAM 

BYPASS 

DEL 

[i) 

CLK

MIXEN

O'E-

NOTE: NUMBERS IN REGISTERS INDICATE 
NUMBER OF PIPELINE DELAYS. 

The LF48212 is a high-speed video 
alpha mixer capable of mixing video 
signals at real-time video rates. It 
takes two 12-bit video signals and 
mixes them together using an alpha 
mix factor. Alpha determines the 
weighting that each video signal 
receives during the mix operation. 
The input video data can be in either 
unsigned or two's complement 
format, but both inputs must be in the 

0:11·0 
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same format. Independently con
trolled programmable delay stages are 
provided for the input and control 
signals to allow for allignment of 
input data if necessary. The delay 
stages can be programmed to have 
from 0 to 7 delays. The 13-bit output 
of the alpha mixer is registered with 
three-state drivers and may be 
rounded to 8, 10, 12, or 13-bits. 

DINA11-o DINB11.o 

DOUT12·0 

01/17/97-LDS.48212-D 
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DEVICES INCORPORATED 

SIGNAL DEFINITIONS 

Power 

VccandGND 

+5 V power supply. All pins must be 
connected. 

Clock 

CLK - Master Clock 

The rising edge of CLK strobes all 
enabled registers except for the Delay 
Control Register. 

Inputs 

DINA11-0- Pixel Data Input A 

DINA11-o is one of the 12-bit regis
tered data input ports. Data is latched 
on the rising edge of CLK. 

DINB11-0 - Pixel Data Input B 

DINB11-0 is the other 12-bit registered 
data input port. Data is latched on the 
rising edge of CLK. 

a11-0 - Alpha Mix Input 

CX.11-0 determines the weighting 
applied to the data input signals 
before being mixed together. DINA11-0 
and DINB11-0 receive weightings of CX. 
and 1.0 - a. respectively. CX.11-0 is 
unsigned and restricted to the range of 
0to1.0. Figure 1 shows the data 
format for CX.11-0. If a value greater 
than 1.0 is latched into the Alpha Mix 
Input, internal circuitry will force the 
value to be equal to 1.0. Data is 
latched on the rising edge of CLK. 

DEL - Delay Data Input 

DEL is used to load the Delay Control 
Register. The Delay Control Register 
contains a 15-bit value which deter
mines the number of delay stages 
added to the input and control signals. 
The 15-bit data value is loaded serially 
into the Delay Control Register using 
DEL and LD. Data present on DEL is 
latched on the rising edge of LD. 

LF48212 

12 x 12-bit Alpha Mixer 

FIGURE 1. ALPHA MIX INPUT FORMAT 

I 11 10 9 8 7 6 5 4 3 2 0 
20 2-1 2-2 2-3 2-4 2-s 2-a 2-1 2-a 2-e 2-10 2 11 

Outputs 

DOUT12-o - Data Output 

DOUT12-o is the 13-bit registered data 
output port. 

Controls 

TC - Data Format Control 

TC determines if the input data is in 
unsigned or two's complement 
format. If TC is LOW, the data is in 
two's complement format. If TC is 
HIGH, the data is in unsigned format. 
Data present on TC is latched on the 
rising eclge of CLK. TC only affects 
the data that is bein~tched into the 
LF48212. Changing TC does not affect 
internal data already in the pipeline. 

MIXEN - Alpha Mix Input Enable 

When HIGH, data on CX.11-0 is latched 
into the LF48212 on the rising edge of 
CLK. When LOW, data on CX.11-0 is not 
latched and the last value loaded is 
held as the alpha mix value. 

LD - Load Strobe 

The rising edge of LD latches the data 
on DEL into the Delay Control Register. 

BYPASS - Bypass Delay Stage Control 

The BYPASS control is used to bypass 
the internal programmable delay 
stages. When BYPASS is set HIGH, 
the Delay Control Register will 
automatically be loaded with a "O". 
This will set the number of program
mable delay stages to zero for all 
input and control signals. When 
BYPASS is LOW, the desired number 
of delay stages can be set by loading 

2-174 

the Delay Control Register with the 
appropriate value. Note that this 
signal is not intended to change 
during active operation of the 
LF48212. 

RND1-o - Output Rounding Control 

RNDl-0 determines how the output of 
the LF48212 is rounded. The output 
may be rounded to 8, 10, 12, or 13-bits. 
Table 1 lists the different rounding 
possibilities and the associated value 
for RND1-o. Rounding is accom
plished by adding a "1" to the bit to 
the right of what will become the least 
significant bit. Then the bit that had 
the "1" added to it and all bits to the 
right of it are set to "O". Data present 
on RND1-o is latched on the rising 
edge of CLK. When RND1-o is latched 
in, it only applies to the video input 
data latched in at the same time. 
Changing RND1-o does not affect the 
rounding format for internal data 
already in the pipeline. 

OE - Output Enable 

When OE is LOW, DOUT12-o is 
enabled for output. When OE is 
HIGH, DOUT12-o is placed in a high
impedance state. 

TABLE 1. OUTPUT ROUNDING 

RND1-o ROUNDING FORMAT 

00 Round to 8-bits 

01 Round to 10-bits 

10 Round to 12-bits 

11 Round to 13-bits 

01/17/97-LDS.48212·0 
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DEVICES INCORPORATED 

FUNCTIONAL DESCRIPTION 

The two video signals to be mixed 
together are input to the LF48212 
using DINAn-o and DINBn-o. Data 
present on DINAn-o and DINBn-o is 
latched on the rising edge of CLK. 
The input data may be in either 
unsigned or two's complement 
format, but both inputs must be in the 
same format. TC determines the 
format of the input data. When TC is 
HIGH, the input data is in unsigned 
format. When TC is LOW, the input 
data is in two's complement format. 
TC is latched on the rising edge of 
CLK and only affects the input data 
latched in at the same time. The data 
alreadri_n the pipeline is not affected 
when TC changes. 

DINAn-o and DINBn-o are mixed 
together using an alpha mix factor 
(C:X.11-0) as defined by the equation 
listed in Figure 2. C:X.11-0 is unsigned 
and restricted to the range of 0 to 1.0. 
MIXEN controls the loading of alpha 
mix data. When MIXEN is HIGH, 
data present on an-0 is latched on the 
rising edge of CLK. When MIXEN is 
LOW, data present on C:X.11-0 is not 
latched and the last value loaded is 
held as the alpha mix value. 

It is possible to add extra delay stages 
to the input data and control signals 
by using the programmable delay 
stages. The 15-bit value (DELAY14-0) 
stored in the Delay Control Register 
determines the number of delay stages 
added. DELAY14-0 is divided into 5 
groups of 3-bits each. Each 3-bit 
group contains the delay information 
for one of the input data or control 
signals. Figure 3 shows the block 
diagram of the Delay Control Register 
as well as a list of the input data and 
control signals that may be delayed 
and the DELAY signals that control 
them. The delay length can be pro
grammed to be from 0 to 7 stages. The 
delay length is set by loading the 
binary equivalent of the desired delay 
length into the appropriate 3-bit 
group. For example, to add four extra 

delay stages to DINBn-o, DELAYS-3 
should be set to "100". DELAY14-0 is 
loaded serially into the Delay Control 
Register using DEL and LD. DELAYo 
is the first value loaded and DELAY14 
is the last. Data present on DEL is 
latched on the rising edge of LD. 
BYPASS is used to disable the pro
grammable delay stages. When 
BYPASS is HIGH, the Delay Control 
Register is automatically loaded with 
a "O". This sets all programmable 
delay stages to a length of zero. When 
BYPASS is LOW, the Delay Control 
Register may be loaded to set the 
desired number of delay stages. Note 
that BYPASS is not intended to change 
during active operation of the 
LF48212. 

The Adjust stage of the LF48212 is 
used to maximize the precision of the 
output data. Since a can never be 
larger than 1.0, the most significant bit 

LF48212 

12 x 12-bit Alpha Mixer 

of the internal summer output is not 
needed. The Adjust stage takes the 
output of the internal summer and left 
shifts the data one bit position. This 
removes the MSB of the internal 
summer output and provides one 
more bit of precision for the output 
data. 

The output data of the LF48212 may 
be rounded to 8, 10, 12, or 13-bits. 
RNDl-0 determines how the output is 
rounded (See Table 1). RND1-o is 
latched on the rising edge of CLK and 
only affects the input data latched in 
at the same time. The data already in 
the pipeline is not affected when 
RNDt-0 changes. 

FIGURE 2. OUTPUT EauATION 

OUTPUT= <X(DINA) + (1 - C:X.)DINB 

FIGURE 3. DELAY CONTROL REGISTER. BLOCK DIAGRAM 

DEL--

Ui----<> 
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DELAY14} 

.-------.... DELAY13 RND1-0 DELAY 

DELAY12 

DELAY11} 
.---------• DELAY10 Tc DELAY 

DELAY& 

DELAYS } 

.-------• DELAY7 Cl11-0 DELAY 

DELAYS 

DELAYS } 

.---------• DELAY4 DINB11-0 DELAY 

DELAY3 

DELAY2 } 

.---------• DELAY1 DINA11-0 DELAY 

DELA Yo 
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DEVICES INCORPORATED 12 x 12-bit Alpha Mixer 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature ........................................................................................................... -65°C to +150°C 

Operating ambient temperature .......................................................................................... -55°C to +125°C 

Vee supply voltage with respect to ground .. .. .. .. .. .... .. .. .... .. .... ...... .. .. .. .... .. .... .............. .... .... .. -0.5 V to + 7 .0 V 

Input signal with respect to ground .............................................................................. -0.5 V to Vee + 0.5 V 

Signal applied to high impedance output.. .................................................................... -0.5 V to Vee + 0.5 V 

Output current into low outputs .. . . .. .. . . . . . . . . . . .. . . . . . .. . . . . . . . . . . . . . . . . . .. .. . . . . . . ... .. . .. . . . .. . . .. . . . . ... . .. .. . .. . .. . ... . .. . . . .. . . .. .. . 25 mA 

Latchup current ....... : ....................................................................................................................... > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Temperature Range (Ambient) 

0°c to +70°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee= Min., IOH = -400 µA 

VOL Output Low Voltage Vee= Min., IOL = 2.0 mA 

VIH Input High Voltage 

VIL Input Low Voltage (Note 3) 

llX Input Current Ground~ VIN~ Vee (Note 12) 

loz Output Leakage Current Ground ~ Vour ~ Vee (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note 7) 

CIN Input Capacitance TA=25°C,f=1 MHz 

COUT Output Capacitance TA= 25°C, f = 1 MHz 

Supply Voltage 
4.75 v ~Vee~ 5.25 v 

Min Typ 

2.6 

2.0 

0.0 

Max 

0.4 

Vee 

0.8 

±10 

±10 

120 

500 

10 

10 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

µA 

pF 

pF 
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DEVICES INCORPORATED 12 x 12-bit Alpha Mixer 

SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

LF48212-
25 20 

Symbol Parameter Min Max Min Max 

tcvc Cycle Time 25 20 
I 

tPW Clock Pulse Width 10 10 

ts Input Setup Time 10 10 II 
tH Input Hold Time 0 0 

to Output Delay 13 13 

tENA Three-State Output Enable Delay (Note 11) 13 13 

tDIS Three-State Output Disable Delay (Note 11) 13 13 

SWITCHING WAVEFORMS: DATA uo 

tPW 

CLK 

ts tH 
DINA11-o 
DINB11-o 

ts tH 

U11-o 

ts tH 

CONTROLS* 

OE 

DOUT12-o 
tENA =1---tois==:J 

----~ HIGH IMPEDANCE 

*includes MIXEN, TC, and RND1-o. 
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DEVICES INCORPORATED 12 x 12-bit Alpha Mixer 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

LF48212-
25 20 

Symbol Parameter Min Max Min Max 

tLC LD Cycle Time 25 20 

tLPW LO Pulse Width 10 10 

tDS DEL Setup Time 12 12 

tDH DEL Hold Time 0 0 

SWITCHING WAVEFORMS: DELAY CONTROL REGISTER DATA 

LD -E·~ t ~~={ ______ _ 
DEL ---r•os 1 IOH3----------------------
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DEVICES INCORPORATED 

I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress ·values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above Vee 
will be clamped beginning at-0.6 V and 
Vee+ 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of-0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 rnA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tDIS test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in 
the testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(OUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actual test conditions may vary b. Ground and Vee supply planes 
from those designated but operation is must be brought directly to the DUT 
guaranteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated 
by: 

where 

NCV2F 
4 

N = total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 40 MHz clock 
rate. 

7. Tested withallinputswithin0.1 Vof 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required DUT input 
levels relative to the OUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses 
from the internal circuitry are specified 
from the point of view of the device. 
Output delay, for example, is specified 
as a maximum since worst-case opera
tion of any device always provides data 
within that time. 
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11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the tDIS test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
± lOmA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z-: 
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. OUTPUT LOADING CIRCUIT 

FIGURE 8. THRESHOLD LEVELS 

VOL' Measured VoL with loH = -10mA and loL = 10mA 
VoH' Measured VoH with IOH = -1 OmA and loL = 1 OmA 
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DEVICES INCORPORATED 

ORDERING INFORMATION 

Speed 

25 ns 
20 ns 

68-pin 

DINB11 
DINB10 
DIN89 
DIN Ba 
DINB1 
DIN Ba 
GND 

DINBs 
NC 

DINB4 
DIN83 
DINB2 
DINB1 
DIN Bo 
RND1 
RN Do 

DEL 

0°c to + 70°C - COMMERCIAL SCREENING 

Top 
View 

Plastic J-Lead Chip Carrier 
(J2) 

LF48212JC25 
LF48212JC20 
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OE 
DOUT12 
DOUT11 
DOUT10 
DOLJTg 
GND 
DO UT a 
DOUT1 
NC 
DO UT a 
DOUTs 
Vee 
DOUT4 
DOUT3 
DOUT2 
DOUT1 
DOUTo 
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DEVICES INCORPORATED 

ORDERING INFORMATION 

64-pin 

DINB11 
DINB10 2 
DINB9 3 
DINBa 4 
DINB7 5 
DINB6 6 

GND 7 
DINBs 8 
DINB4 9 
DINB3 10 
DINB2 11 
DINB1 12 
DIN Bo 13 
RND1 14 
RN Do 15 

DEL 16 

Speed 

Top 
View 

"CX)CllO..-C\IM'<:f"lOCO"CX)CllQ..-C\I 
,.. ,.. ,.. C\I C\I C\I C\I C\I C\I C\I C\I C\I C\I C') C') C') 

Plastic Quad Flatpack 
(03) 

0°C to +70°C - COMMERCIAL SCREENING 

25 ns 
20 ns 

LF48212QC25 
LF48212QC20 
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II 48 OE 
47 DOUT12 
46 DOUT11 
45 DOUT10 
44 DOUT9 
43 GND 
42 DOUTa 
41 DOUT7 
40 DOUT6 
39 DOUTs 
38 Vee 
37 DOUT4 
36 DOUT3 
35 DOUT2 
34 DOUT1 
33 DOUTo 
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~F_E_A_T_UR_E_S ____ ____.I I DESCRIPTION 

0 40 MHz Data Input and Compu
tation Rate 

0 1024 x 24-bit Memory Array 
0 Histograms of Images up to 4K x 

4K with 10-bit Pixel Resolution 

0 Memory Array Flash Clear 
0 User-Programmable Modes: 

Histogram, Histogram Accumulate, 
Look Up Table, Bin Accumulate, 
Delay Memory, Delay and Subtract, 
Single Port RAM 

a DECC SMD No. 5962-94573 
0 Available 100% Screened to 

MIL-STD-883, Class B 

0 Replaces Harris HSP48410 and 
HSP48410/883 

0 Package Styles Available: 
• 84-pin Plastic LCC, J-Lead 
• 84-pin Ceramic PGA 

LF48410 BLOCK DIAGRAM 

The LF48410 is capable of generating 
histograms and Cumulative Distribu- · 
tion Functions of video images. It 
may also be used as a look up table, a 
bin accumulator, a delay memory 
(delay and subtract also possible), or 
a single port RAM. The on-chip 1024 
x 24-bit memory array facilitates 
histograms of images up to 4K x 4K 
pixels with a 10-bit pixel resolution. 
Once the histogram of a video image 
is stored in the memory array, the 
Cumulative Distribution Function can 
be calculated by putting the device in 
Histogram Accumulate Mode. 
Transformation functions can be 
performed on pixel values when the 

RAM ARRAY 

DATA IN DATA OUT 

DIN23-0 ADDRESS WR 
ADDER 
INPUT 

CONTROL 
IOA9·0 

10 
PIN9·0 

CLK 
(TO ALL REGISTERS) 

WR 
RB 

uws CONTROL 
START 

i=C 

FCT2-0 FUNCTION MUX CONTROL SIGNALS [5 DECODE 
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device is in Look Up Table Mode. If 
the Cumulative Distribution Function 
is the desired transformation func
tion, the LF48410 can calculate it and 
have it available for Look Up Table 
Mode. When the device is in Delay 
Memory Mode, it functions as a video 
row buffer. In this mode, the LF48410 
can buffer video lines as long as 1029 
pixels. The device can also function 
as an asynchronous single port RAM. 
During asynchronous modes, the 
device can be configured as a 1024 x 
24, 1024 x 16, or 1024 x 8-bit RAM. A 
Flash Clear function is provided 
which sets all memory array locations 
and data path registers to "O". 

24 
Dl023-0 
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DEVICES INCORPORATED 

SIGNAL DEFINITIONS 

Power 

Vee and GND 

+5 V power supply. All pins must be 
connected. 

Clock 

CLK - Master Clock 

When operating in a synchronous 
mode, the rising edge of CLK strobes 
all enabled registers. CLK has no 
effect when operating in an asynchro
nous mode. 

Inputs 

PIN9-0 - Pixel Data Input 

PIN9-0 provides address information 
to the memory array in Histogram, 
Bin Accumulate, and Look Up Table 
Modes. Data is latched on the rising 
edge of CLK. 

DIN23-0 - Data Input 

In Bin Accumulate Mode, DIN23-0 
provides data to the internal summer 
to be added to data already in the 
memory array. In Look Up Table 
Mode, DIN23-0 is used to load the 
memory array with the desired 
values. In Delay Memory Mode, the 
data to be delayed is input to the 
memory array using DIN23-0, and in 
Delay and Subtract Mode it also 
provides data to be subtracted from 
the delayed data. In all four modes, 
DIN23-0 is latched on the rising edge 
of CLK. 

IOA9-0 -Asynchronous Address Input 

IOA9-0 provides address information 
to the memory array in Asynchro
nous 16 and 24 Modes. 

FCT2-o - Function Input 

FCT2-0 is used to put the LF48410 into 
one of its eight modes of operation 
(Table 1). Data is latched on the 

LF48410 
1024 x 24-bit Video Histogrammer 

rising edge of LD. To ensure proper 
operation of the device, START must 
be HIGH while changing modes, and 
there must be at least one rising ed~ 
of CLK between the rising edge of LD 
and the falling edge of START. 

Inputs/Outputs 

DI023-0 - Data Input/Output 

In all synchronous modes, Dl023-0 is 
the 24-bit registered data output port. 
In all asynchronous modes, D1023-0 is 
both the data input and data output 
port for the memory array. 

Controls 

ST ART - Device Enable 

START is used to enable and disable 
the synchronous modes of operation 
(except for the Delay Memory and 
Delay and Subtract Modes). The 
synchronous mode sections explain 
how START functions in each mode. 
ST ART has no effect in asynchronous 
modes. Data is latched on the rising 
edge of CLK. ST ART must be held 
HIGH when changing from one mode 
to another. To ensure proper opera
tion of the device, there must be at 
least one rising ed~ of CLK between 
the rising edge of LD and the falling 
edge of START. 

RD - Read/Output Enable 

In all synchronous modes, RD is used 
as an o~ut enable for Dl023-0. 
When RD is LOW, Dl023-0 is enabled 
for output. When RD is HIGH, Dl023-
o is placed in a high-impedance state. 
In all asynchronous modes, RD is 
used as a read enable for the memory 
array (see asynchronous mode 
sections for details). 

WR - Write Enable 

In all asynchronous modes, WR is 
used as a write enable for the 
memory array (see asynchronous 
mode sections for details). WR has 
no effect in the synchronous modes. 

UWS - Upper Word Select 

UWS is only used in Asynchronous 
16 Mode. If UWS is LOW and a 
memory write is performed, data on 
Dl015-0 is written to the lower 16 bits 
of the addressed 24-bit word. If UWS 
is LOW and a memory read is per
formed, the lower 16 bits of the 
addressed 24-bit word will be output 
on Dl015-0. If UWS is HIGH and a 
memory write is performed, data on 
DI07-0 is written to the upper 8 bits of 
the addressed 24-bit word. If UWS is 
HIGH and a memory read is per
formed, the upper 8 bits of the 
addressed 24-bit word will be 
output on DI07-0. 

FC - Flash Clear 

When FC is LOW, all memory array 
locations and data path registers are 
set to "O". To ensure that Flash Clear 
functions properly, FC should not be 
set LOW until START is HIGH 
(synchronous modes) or WR is HIGH 
(asynchronous modes). 

LD - Function Load Strobe 

Data present on FCT2-0 is latched into 
the LF48410 on the rising edge of LD. 
To ensure proper operation of the 
device, there must be at least one 
rising edge of CLK between the rising 
edge of LD and the falling edge of 
START. 

TABLE 1. LF48410 Mooes 

FCT2-o MODE 

0 0 0 Histogram 

0 0 1 Histogram Accumulate 

0 1 0 Delay and Subtract 

0 1 1 Look Up Table 

1 0 0 Bin Accumulate 

1 0 1 Delay Memory 

1 1 0 Asynchronous 24 

1 1 1 Asynchronous 16 

~~~~~~~~~~~~~~~~~~~~Videolmaging Products 
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HISTOGRAM MODE 

When the LF48410 is in this mode, the 
chip is configured as shown in Figure 
1. The memory array keeps track of 
how many times a particular pixel 
value is used in a video image. The 
pixel value is input on PIN9-0 and is 
latched on the rising edge of CLK. 
Data at the address defined by PIN9-0 
is read out of the memory array and 
incremented by one. The data is then 
written back to the memory array, in 
the same location it was read from, 
and is also output on Dl023-0 (if RD is 
LOW). As long as START is LOW, 
the device will be enabled for Histo
gram Mode. When STAR! is HIGH, 
the device will still read pixel values, 
but the addres-sed data will not be 
incremented. The unchanged data is 
output on D1023-0 and is not written 
back to the memory array (writing is 
disabled). START is delayed inter
nally three clock cycles to match the 
latency of the address generator. 

HISTOGRAM ACCUMULATE 
MODE 

When the LF48410 is in this mode, the 
chip is configured as shown in Figure 
2. This mode is used to calculate the 
Cumulative Distribution Function of 
a video image. Before this can be 
done, the histogram of the image 
must already be in the me.mory array. 
The internal counter is used to 
generate address data for the memory 
array. Data at the address defined by 
the counter is read out of the memory 
array and added to the sum of the 
data from all previous address 
locations. This new value is written 
back to the memory array, in the 
same location where the last read 
occurred, and is also output on 
Dl023-0 (if RD is LOW). After all 
memory locations with histogram 
data are accumulated, the memory 
array will contain the Cumulative 
Distribution Function. 

After this mode is selected, the 
internal counter and all data path 
registers are reset to zero when 

LF48410 
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FIGURE 1. HISTOGRAM MODE 

RAM ARRAY 

DATA IN DATA OUT 

WR 

Dl023--0 

PIN9-0 

START-----~ CONTROL 

CLK - TO ALL REGISTERS 

FIGURE 2. HISTOGRAM AccuMULATE Mooe 

RAM ARRAY 

DATA IN DATA OUT 

ADDRESS WR 

START-----~ CONTROL 

START is set LOW. Every rising edge 
of CLK causes the counter to incre
ment its output by one until the 
counter reaches a value of 1023. At 
this point, the counter will hold the 
value of 1023 and writing to the 
memory array will be disabled .. As 
long as START is LOW, the device 
will be enabled for Histogram Accu
mulate Mode. When START is 
HIGH, the counter will still increment 
its address values, but the addressed 
data will not be added to anything. 
The unchanged data is output on 
Dl023-0 and is not written back to the 
memory array (writing is disabled). 
START is delayed internally three 
clock cycles to match the latency of 
the address generator. 

01023--0 

LOOK UP TABLE MODE 

When the LF48410 is in this mode, the 
chip is configured as shown in Fi~re 
3. This mode is used to perform fixed 
transformation functions on pixel 
values. The transformation function 
can be loaded into the memory array 
in Look Up Table Write Mode, 
Asynchronous 16/24 Mode, or 
Histogram Accumulate Mode. In. 
Look Up Table Write Mode, data is 
loaded into the memory array using 
DIN23-o, CLK, and START. The 
internal counter is used to generate 
address data for the memory array. 
When START goes LOW, the counter 
is reset to zero. As long as START is 
LOW, data on DIN23-0 is latched on 
the rising edge of CLK and loaded 

~~~~~~~~~~~~~~~~~~~~Video Imaging Products 
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FIGURE 3. LOOK UP TABLE MODE 

RAM ARRAY 

DIN23-0 DATA IN DATA OUT 

ADDRESS 

PIN9-0 

CLK--------
(TO ALL REGISTERS) ~~-~ 

Sfi'iRT CONTROL 

FIGURE 4. BIN ACCUMULATE MODE 

DIN23·0 

PIN9-0 

Sfi'iRT------+I CONTROL 

CLK - TO ALL REGISTERS 

into the memory array at the address 
defined by the counter. The value 
already in the memory array at that 
address is output on DI023-0 (if RD is 
LOW). Every rising edge of CLK 
causes the counter to increment its 
output by one until the counter 
reaches a value of 1023. At this point, 
the counter will hold the value of 
1023 and writing to the memory array 
will be disabled. DIN23-0 is delayed 
internally three clock cycles to match 
the latency of the address generator. 
In Asynchronous 16/24 Mode, data is 
loaded into the memory array as 
detailed in the asynchronous mode 

LF48410 

1024 x 24-bit Video Histogrammer 

Dl023-0 

DI023-0 (if RD is LOW). If Look Up 
Table Write Mode was used to load 
the memory array, it is important to 
wait until the third clock cycle after 
START goes HIGH to input data on 
PIN9-0 to insure that all data is 
written into the memory array before 
any reading is done. 

BIN ACCUMULATE MODE 

When the LF48410 is in this mode, the 
chip is configured as shown in Figure 
4. PIN9-0 provides address data for 

NOTE: ~~~~~~~tP~~~ti~~b~°tfvAiEs the memory array and is latched on 
the rising edge of CLK. Data at the 
address defined by PIN9-0 is read out 
of the memory array and added to 
the data on DIN23-0. This new value 
is written back to the memory array, 
in the same location where the last 

Dl023-0 

NOTE: NUMBER IN REGISTER INDICATES 
NUMBER OF PIPELINE DELAYS. 

sections. If the Cumulative Distribu
tion Function is the desired transfer-
mation function, the memory array 
will contain this data as soon as the 
Histogram Accumulate function has 
been completed. 

Once the memory array contains the 
desired data, the device needs to be 
put in Look Up Table Read Mode by 
setting START HIGH. In Look Up 
Table Read Mode, pixel values are 
input on PIN9-0 and are latched on 
the rising edge of CLK. Data at the 
address defined by PIN9-0 is read out 
of the memory array and output on 

2-186 

read occured, and is also output on 
DI023-0 (if RD is LOW). As long as 
START is LOW, the device will be 
enabled for Bin Accumulate Mode. 
When START is HIGH, the device 
will still read address values on PIN9-
o, but the addressed data will not be 
added to anything. The unchanged 
data will be output on DI023-0 and is 
not written back to the memory array 
(writing is disabled). START and 
DIN23-0 are delayed internally three 
clock cycles to match the latency of 
the address generator. 

DELAY MEMORY MODE 

When the LF48410 is in this mode, the 
chip is configured as shown in Figure 
5. This mode allows the device to 
function as a row buffer. The internal 
counter is used to generate address 
data for the memory array. When 
START goes LOW, the counter is 
reset to zero. Delay length (row 
length) is determined by reseting the 
counter every N-4 clock cycles, where 
N is the number of delays. For 
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example, to set the number of delays 
to 10, START would have to be set 
LOW every 6 cycles. The maximum 
delay length is 1029 and the mini
mum delay length is 6. Data on 
DIN23-0 is latched on the rising edge 
of CLK and loaded into the memory 
array at the address defined by the . 
counter. Data is output on Dl023-0 (1f 
RD is LOW). If the counter reaches 
the value of 1023, the counter will 
hold this value and writing to the 
memory array will be disabled. 

DELAY AND SUBTRACT MODE 

When the LF48410 is in this mode, the 
chip is configured as shown in Figure 
6. The internal counter is used to 
generate address data fqr the memory 
array. When START goes LOW, the 
counter is reset to zero. Delay length 
(row length) is determined by 
reseting the counter every N-4 clock 
cycles, where N is the number of . 
delays. The maximum delay length is 
1029 and the minimum delay length 
is 6. Data on DIN23-0 is latched on the 
rising edge of CLK and loaded into 
the memory array at the address 
defined by the counte!:__Data is 
output on DI023-0 (if RD is LOW). 
Before data read from the memory 
array is output to DI023-0, input data 
is subtracted from it according to the 
following formula: OUTc = D<C-N+1) 
- D<C-3). OUTc is the data sent to the 
output port (Dl023-0) on clock ~ycle 
C. D<C-N+1) is the data latched mto 
the device on clock cycle C-N+l, and 
D<C-3) is the data latched into the 
device on clock cycle C-3. N is the 
number of delays. For example, to 
determine what will be output on 
DI023-0 on clock cycle 12 when the 
device is set for 10 delays, set C=12 
and N=lO to obtain: OUT12 = D3 - D9. 
If the counter reaches the value of 
1023 the counter will hold this value 
and ~riting to the memory array will 
be disabled. 

LF48410 
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FIGURE 5. 

DIN23-0 

DELAY MEMORY Mooe 

RAM ARRAY 

DATA IN 

START---------i CONTROL 

Dl023-0 

NOTE: NUMBER IN REGISTER INDICATES 
NUMBER OF PIPELINE DELAYS. 

FIGURE 6. DELAY AND SUBTRACT Mooe 

RAM ARRAY 

DIN23-0 DATA OUT 

ADDRESS WR 

START-----~ CONTROL 

ASYNCHRONOUS 16 MODE 

When the LF48410 is in this mode, the 
chip is configured as shown in Figure 
7. This mode allows the device to 
function as an asynchronous single 
port RAM. Each 24-bit memory 
location is split into two parts, the 
lower 16 bits and the upper 8 bits. 
IOA9-0 addresses the 24-bit memory 
locations, and UWS addresses the 
lower 16 or upper 8 bits of those 
locations. If UWS is LOW, the lower 
16 bits of the 24-bit memory location 
are addressed. If UWS is HIGH, the 
upper 8 bits are addressed. Address 

Dl023-0 

NOTE: NUMBER IN REGISTER INDICATES 
NUMBER OF PIPELINE DELAYS_ 

data on IOA9-0 and UWS is latched 
into the device on the falling edge of 
RD or WR. If RD latches the address 
data, a memory read is performed. 
Data at the specified address is 
output on DI01s-o (if UWS was 
latched LOW) or DI07-0 (if UWS was 
latched HIGH). If UWS was latched 
LOW /HIGH, Dl016-23/DIOS-23 will 
output zeros during a memory read. 
If WR latches the address data, a 
memory write is performed. After 
the falling edge of WR latches the 
address, data on DI01s-o (if UWS was 
latched LOW) or DI07-0 (if UWS was 
latched HIGH) is written to the RAM 
on the rising edge of WR. 

~~~~~~~~~~~~~~~~~~~~Video Imaging Products 
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ASYNCHRONOUS 24 MODE 

When the LF48410 is in this mode, the 
chip is configured as shown in Figure 
7. In this mode, the device functions 
the same as when in Asynchronous 16 
Mode except that the 24-bit memory 
locations are not split into two parts. 
All 24 bits are used during a read or 
write operation. When reading, data 
is output on Dl023-0. When writing, 
data is input on Dl023-0. UWS is not 
used in this mode. 

LF48410 
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FIGURE 7. ASYNCHRONOUS 16/24 Mooe 

RAM ARRAY 

DATA IN DATA OUT 

ADDRESS WR 

10 

WR~---l.r-~..__--, 

CONTROL R5---
uws~-----t1-i._~~___J 

2·188 

24 
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MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature ........................................................................................................... :--65°C to + 150°C 

Operating ambient temperature .................................................................................. _........ -55°C to + 125°C 

Vee supply voltage with respect to ground .......................................................................... -0.5 V to +7.0 V 

Input signal with respect to ground .............................................................................. -0.5 V to Vee + 0.5 V 

Signal applied to high impedance output.. .................................................................... -0.5 V to Vee + 0.5 V 

Output current into low outputs ............................................................................................................ 25 mA 

Latch up current ............................................................................................................................... > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°C to +70°C 

-55°C to + 125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee= Min., IOH = -2.0 mA 

VOL Output Low Voltage Vee= Min., IOL = 4.0 mA 

~H Input High Voltage 

~L Input Low Voltage (Note 3) 

llX Input Current Ground ~ VIN ~ Vee (Note 12) 

loz Output Leakage Current Ground~ VouT ~Vee (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note 7) 

CIN Input Capacitance TA= 25°C, f = 1 MHz 

COUT Output Capacitance TA=25°C,f=1 MHz 

Supply Voltage 

4.75 v ~Vee~ 5.25 v 
4.50 v ~ Vee ~ 5.50 v 

Min Typ 

2.6 

2.2 

0.0 

Max 

0.4 

Vee 

0.8 

±10 

±10 

310 

500 

12 

12 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

µA 

pF 

pF 
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I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

LF48410-
30 25 

Symbol Parameter Min Max Min Max 

tcvc Cycle Time 30 25 

tPWL Clock Pulse Width Low 12 10 

tPWH Clock Pulse Width High 12 10 

tPS PIN9-0 Setup Time 13 12 

tPH PIN9-o Hold Time 0 0 

tos DIN23-0 Setup Time 13 12 

tDH DIN23-o Hold Time 0 0 

tss START Setup Time 13 12 

tSH START Hold Time 0 0 

tcv Read/Write Cycle Time 65 55 

tAS Address Setup Time 15 13 

tAH Address Hold Time 1 1 

tWL WR Pulse Width Low 15 12 

tWH WR Pulse Width High 15 12 

twos Dl023-0 Setup Time 15 12 

tWOH DI023-0 Hold Time 1 1 

tRL RD Pulse Width Low 43 35 

tRH RD Pulse Width High 17 15 

tRO RD Low to Dl023-0 Valid 43 35 

tOH RD High to Dl023-0 Valid 0 0 

tLL LD Pulse Width 12 10 

tLS LD Setup to START 30 25 

tFS FCT2-o Setup Time 10 10 

tFH FCT2-o Hold Time 0 0 

tFL FC Pulse Width 35 35 

to Output Delay 19 15 

tENA Three-State Output Enable Delay (Note 11) 19 18 

tOIS Three-State Output Disable Delay (Note 11) 19 18 
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I SWITCHING CHARACTERISTICS 

MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

LF48410-

39 30 
Symbol Parameter Min Max Min Max 

tcvc Cycle Time 39 30 

tPWL Clock Pulse Width Low 15 12 

tPWH Clock Pulse Width High 15 12 • tPS PIN9-o Setup Time 16 15 

tPH PIN9-0 Hold Time 1 1 

tos DIN23-0 Setup Time 16 15 

tOH DIN23-0 Hold Time 1 1 

tss START Setup Time 16 15 

tSH START Hold Time 0 0 

tcv Read/Write Cycle Time 80 65 

tAS Address Setup Time 20 16 

tAH Address Hold Time 2 2 

tWL WR Pulse Width Low 20 15 

tWH WR Pulse Width High 20 15 

twos 01023-o Setup Time 20 16 

tWOH 01023-0 Hold Time 2 2 

tRL RD Pulse Width Low 55 43 

tRH RD Pulse Width High 20 17 

tRO RD Low to 01023-o Valid 55 43 

tOH RD High to 01023-o High Z 0 0 

tLL LO Pulse Width 15 12 

tLS LO Setup to START 39 30 

tFS FCT2-o Setup Time 15 12 

tFH FCT2-o Hold Time 1 1 

tFL FC Pulse Width 35 35 

to Output Delay 24 19 

tENA Three-State Output Enable Delay (Note 11) 24 19 

tDIS Three-State Output Disable Delay (Note 11) 27 27 
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SWITCHING WAVEFORMS: HISTOGRAM MODE 

2 3 4 5 6 7 

CLK 

START 

PIN9-0 

RD 

tDIS t:= tENA E tD E 
Dl023-0 x x 3• >C HIGH IMPEDANCE 

*RAM contents not changed. 

SWITCHING WAVEFORMS: H1sTOGRAM AccuMULATE MoDE 

2 3 4 5 6 7 

CLK 

START 

RD 

tDIS t:= tENA E tD E 
Dl023-0 x x 3• >C HIGH IMPEDANCE 

*RAM contents not changed. 

SWITCHING WAVEFORMS: BIN ACCUMULATE MODE 

2 3 4 5 6 7 

tDIS i- tENA E tD ~------
Dl023-0 =============>-- HIGH IMPEDANCE -------~ x'-___ _,X'---3-· __ >C 

*RAM contents not changed. 
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SWITCHING WAVEFORMS: LOOK UP TABLE WRITE MODE 

2 3 4 5 6 7 
CLK 

START* 

DIN23-0 • to f RD =:L,s }: ]' tENA E 
Dl023-0 x x x >C HIGH IMPEDANCE 

*START must be held LOW a minimum of tsH after the rising edge of CLK that loads the last value of DIN23-o. 

SWITCHING WAVEFORMS: LOOK UP TABLE READ MODE 

2 3 4 5 6 7 
CLK 

START* 

PIN9-0 

RD ~tDIS }: ]',ENA E 
Dl023-0 

HIGH IMPEDANCE 
__ 'of->C 

*START must be held HIGH a minimum of tsH after the rising edge of CLK that loads the last value of PIN9-0. 

SWITCHING WAVEFORMS: DELAY MEMORY/DELAY AND SUBTRACT MODE 

2 3 4 5 6 7 8 9 10 11 12 13 14 

Shown are the waveforms for a delay length of 1 O. 
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SWITCHING WAVEFORMS: ASYNCHRONOUS WRITE 16/24 MODE 

RD 

IOA9-0 ---------...1.r-------"""'- r------;-----------------
UWS* -------/''---------/ '-----+--------------------

*applies only to 16-bit Asynchronous Mode. 

SWITCHING WAVEFORMS: ASYNCHRONOUS READ 16/24 MODE 

WR 

RD 

IOA9-o -------.1.r-----+-----... r--------+------------------
UWS* 

*applies only to 16-bit Asynchronous Mode. 

SWITCHING WAVEFORMS: FUCNTION LOAD 

LD---L~~ 
FCT2-05k S------

tLS ~ 
START* -----------~ 

*there must be at least one rising edge of CLK between 

the rising edge of LO and the falling edge of ST ART. 

HIGH IMPEDANCE 

SWITCHING WAVEFORMS: FLASH CLEAR 

FC -------~tFL=-1------
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I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above Vee 
will be clamped beginning at-0.6 V and 
Vee + 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of--0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 rnA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tDIS test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in 
the testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actual test conditions may vary b. Ground and Vee supply planes 
from those designated but operation is must be brought directly to the DUT 
guaranteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated 
by: 

where 

NCV2F 
4 

N = total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 20 MHz clock 
rate. 

7. Tested with all inputs within 0.1 V of 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required DUT input 
levels relative to the DUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses 
from the internal circuitry are specified 
from the point of view of the device. 
Output delay, for example, is specified 
as a maximum since worst-case opera
tion of any device always provides data 
within that time. 
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11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the tDIS test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
± lOmA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. 0l1TPUT LOADING CIRCUIT 

FIGURE B. THRESHOLD LEVELS 

VoL • Measured VOL with loH = -1 OmA and loL = 1 OmA 
VoH• Measured VoH with loH = -1 OmA and loL = 1 OmA 
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DEVICES INCORPORATED 1024 x 24-bit Video Histogrammer 

Speed 

30 ns 
25 ns 

ORDERING INFORMATION 

84-pin 

FC 

RD 
START 

[5 
FCT2 

FCT1 

FCTo 

WR 

GND 
uws 
IOA9 
IOAs 
IOA7 
IOAs 
IOAs 
IOA4 
IOA3 
IOA2 
IOA1 

Top 
View 

DI Na 
DIN9 
DIN10 
DIN11 
DIN12 
DIN13 
DIN14 
DIN1s 
DIN1s 
DIN11 
GND 
DIN10 
DIN19 
DIN20 
DIN21 
DIN22 
DIN23 
DI023 
DI022 

IOAo 31 DI021 
Vee 32 54 DI020 

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 

o ~ N M ~ ~ w ~ 0 ro m o ~ N M ~ ~ w ~ m m 
QQQQQQQQzQQ6666666666 
00000000~000000000000 

Plastic J-Lead Chip Carrier 
(J3) 

0°C to +70°C - COMMERCIAL SCREENING 

LF4841 OJC30 

LF48410JC25 
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DEVICES INCORPORATED 1024 x 24-bit Video Histogrammer 

ORDERING INFORMATION 

84-pin 

1 2 3 4 5 6 7 8 9 10 11 

A 
T , ... ,_. , ... 

'--' 
, ... 
1 ...... • 

, ... 
1 ...... • 

, ... 
1 ...... • 

, ... , ... , ... , ... , ... , ... 
1 ...... • '--' ' ...... ' 1 ...... • 1 ...... • 

,_, 
Pl No PIN2 PIN3 PINS PINS Vee PIN9 DIN2 DIN4 DINS DINS 

B 
, ... , ... ,. ... , ... , ... , ... , ... , ... , ... , ... 

I 
, ... 

1 ...... • 1 ...... • 1 ...... • '--' 1 ...... • 1 ...... • 1 ...... • 1 ...... 1 1 ...... • 1 ...... 1 ...... • 
START FC PIN1 PIN4 PIN? DIN1 DI No DIN3 DINs DIN? DIN10 

c , ... , ... , ... , ... , ... , ... , ... 
1 ...... 1 1 ...... • 1 ...... • 1 ...... • 1 ...... • 1 ...... • 1 ...... • 
[5 RD PINS CLK GND DIN9 DIN11 

I .. 
I 

D 
, ... 
1 ...... • 

, ... 
1 ...... • 

, ... 
1 ...... • 

, ... 
'--' FCT1 FCT2 DIN12 DIN13 

E 
, ... , ... , ... , ... , ... , ... 
1 ...... • 1 ...... • 1 ...... • 1 ...... • 1 ...... • 1 ...... • 

GND WR FCTo Top View DIN14 DIN1s DIN16 

F 
, ... 
1 ...... • 

, ... 
1 ...... • 

, ... 
1 ...... • Through Package 

, ... 
1 ...... • 

, ... 
1 ...... • 

, ... 
1 ...... • 

IOAs UWS IOA9 (i.e., Component Side Pinout) GND DIN21 DIN17 , ... , ... , ... , ... , ... , ... 
G 1 ...... • 1 ...... • 1 ...... • 1 ...... • 1 ...... • 1 ...... • 

IOA7 IOAs IOAs DIN18 DIN20 DIN19 

H 
, ... 
1_..1 

, ... 
1_..• 

, ... 
1_..• 

, ... 
l_..1 

IOA4 IOA3 DIN23 DIN22 , ... , ... , ... , ... , ... , ... , ... 
J 1_..• 1_..• I ...... I 1_..• 1_..• 1_..• 1_..• 

IOA2 IOAo DIOs Dl09 DI010 DI021 Dl023 , ... , ... , ... , ... , ... 
I 

, ... , ... , ... , ... , ... , ... 
K 1_..• 1_..• 1_..• 1 ...... 1 I_. 1 ...... • I I 1_..1 1_..• 1_..• 1_,• ...... 

IOA1 DIOo DI01 Dl04 DI07 DIOs DI012 DI01s Dl018 DI020 DI022 , ... , ... , ... , ... , ... , ... , ... , ... , ... , ... , ... 
L 

,_. 
I I I I 1_,1 1_,1 1_,1 1_,1 1_,1 1_,1 1_,1 

,_. 
...... ...... 

Vee DI02 Dl03 OIOs GNO 01013 01011 01014 OI01s 01017 01019 

Ceramic Pin Grid Array 
Speed (G3) 

0°C to +70°C - COMMERCIAL SCREENING 
30 ns LF4841 OGC30 
25 ns LF4841 OGC25 

-55°C to + 125°C - COMMERCIAL SCREENING 
39 ns LF4841 OGM39 
30 ns LF4841 OGM30 

-55°C to+ 125°C - MIL-STD-883 COMPLIANT 
39 ns LF48410GMB39 
30 ns LF48410GMB30 
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0Ev1cEs 1NcoRPORATEo Two Dimensional Convolver . . 

~F_E_A_T_U_RE_S _____ __,, I DESCRIPTION 

D 40 MHz Data and Computation 
Rate 

D Nine Multiplier Array with 8-bit 
Data and 8-bit Coefficient Inputs 

D Separate Cascade Input and Output 
Ports 

D On-board Programmable Row 
Buffers 

D Two Coefficient Mask Registers 
D On-board 8-bit ALU 
D Two's Complement or Unsigned 

Operands 
D Replaces Harris HSP48908 
D DECC SMD No. 5962-93007 
D Available 100% Screened to 

MIL-STD-883, Class B 
D Package Styles Available: 

• 84-pin Plastic LCC, J-Lead 
• 100-pin Plastic Quad Flatpack 
• 84-pin Ceramic PGA 

The LF48908 is a high-speed two 
dimensional convolver that imple
ments a 3 x 3 kernel convolution at 
real-time video rates. Programmable 
row buffers are located on-chip, 
eliminating the need for external data 
storage. Each row buffer can store up 
to 1024 pixels. Two internal register 
banks are provided allowing two 
separate sets of filter coefficients to be 
stored simultaneously. Adaptive filter 
operations are possible when both 
register banks are used. An on-chip 
ALU is provided, allowing real-time 
arithmetic and logical pixel point 
operations to be performed on the 
image data. The 3 x 3 convolver 
comprises nine 8 x 8-bit multipliers, 
various pipeline registers, and sum
mers. A complete sum-of-products 
operation is performed every clock 

FIGURE 1. LF48908 BLOCK DIAGRAM 

16 
CASl1s-o 

DIN7-0 
8 5 ROW I CIN9-0 -r- .... 

BUFFERS 

3 
A2-0 

Li5 ...... 

Cs .... 3x3 
CONVOLVER 

CLK 

HOLD .... 

EALU .... 
CONTROL 

RESET LOGIC 

FRAME ... 
5E ... 
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cycle. The FRAME signal resets all 
data registers without affecting the 
control and coefficient registers. 

Pixel and coefficient input data are • 
both 8-bits and can be either signed or 
unsigned integers. Image data should 
be in a raster scan non-interlaced 
format. The LF48908 can internally 
store images as wide as 1024 pixels for 
the 3 x 3 convolution. By using 
external row buffers and multiple 
LF48908s, longer pixel rows can be 
used and convolutions with larger 
kernel sizes can be performed. Out-
put data is 20-bits and this guarantees 
no overflow for kernel sizes up to 4 x 4. 
A separate cascade input is used as 
the data input for summing results 
from multiple LF48908s. It can also 
function as the data input path when 
external line buffers are used. 

20 
-+ DOUT19-0 

-r CAS01-o 

01/17/97-LDS.48908-E 
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FIGURE 2. LF48908 FUNCTIONAL BLOCK DIAGRAM 

ALU 

CLK 

HOLD 

EALU 

RESET 

FRAME 

OE 

16 
CASl1s-o ---'-----

NOTE: NUMBERS IN REGISTER INDICATE 
NUMBER OF PIPELINE DELAYS. 

H 

G 

7-0 

D 
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LF48908 

Two Dimensional Convolver 

ROW 
BUFFER 

E 

DOUT19-0 

15-8 

8 

F 

8 

c 

B 

A 
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DEVICES INCORPORATED 

SIGNAL DEFINITIONS 

Power 

Vee and GND 

+5 V power supply. All pins must be 
connected. 

Clock 

CLK - Master Clock 

The rising edge of CLK strobes all 
enabled registers except for the 
Control Logic Registers. 

Inputs 

DIN7-0 - Pixel Data Input 

DIN7-0 is the 8-bit registered pixel 
data input port. Data is latched on the 
rising edge of CLK. 

CIN9-0 - Coefficient and Control Logic 
Register Input 

CIN7-0 is used to load the Coefficient 
Registers or can be used to provide a 
second operand input to the ALU. 
CINS-0 is used to load the Initializa
tion Register. CIN9-0 is used to load 
the ALU Microcode and Row Buffer 
Length Registers. The Control Regis
ter Address Lines, A2-o, determine 
which register will receive the CIN 
data. The CIN data is loaded into the 
addressed register by using the CS 
and LD control inputs. 

CASI15-0 - Cascade Input 

The cascade input is used when 
multiple LF48908s are cascaded 
together or when external row buffers 
are needed. This allows convolutions 
of larger kernels or longer row sizes. 

Outputs 

DOUT19-0 - Data Output 

DOUT19-0 is the 20-bit registered data 
output port. 

LF48908 

Two Dimensional Convolver 

CAS07-0 - Cascade Output 

The data presented on CAS07-0 is the 
internal ALU output delayed by twice 
the programmed internal row buff er 
length. 

Controls 

RESET - Reset Control 

When RESET is LOW, all internal 
circuitry is reset, all outputs are forced 
LOW, all Control Logic Registers are 
loaded with their default values 
(which is 0 for each one except the 
ALU Microcode Register which has a 
default value of "0000011000"), and all 
other internal registers are loaded 
with a "O". 

FRAME - New Frame Input Control 

When asserted, FRAME signals the 
start of a new frame. When FRAME is 
LOW, all internal circuitry is reset 
except for the ALU Microcode, Row 
Length, Initialization, Coefficient, and 
ALU Registers. 

EALU - Enable ALU Register Input 

When HIGH, data on CIN7-0 is latched 
into the ALU Register on the next 
rising edge of CLK. When LOW, data 
on CIN7-0 will not be latched into the 
ALU Register and the register con
tents will not be changed. 

HOLD - Hold Control 

The HOLD input is used to disable 
CLK from all of the internal circuitry. 
HOLD is latched on the rising edge of 
CLK and takes effect on the next rising 
edge of CLK. When HOLD is HIGH, 
CLK will have no effect on the 
LF48908 and all internal data will 
remain unchanged. 

OE - Output Enable 

When OE is LOW, DOUT19-0 is 
enabled for output. When OE is 
HIGH, DOUT19-0 is placed in a high
impedance state. 

2-201 

A2-0 - Control Logic Address Lines 

Az-o determines which Control Logic 
Register will receive the CIN9-0 data. 

CS - Chip Select 

When CS is LOW, data can be loaded 
into the Control Logic Registers. 
When CS is HIGH, data can not be 
loaded and the register contents will 
not be changed. 

LD - Load Strobe 

If CS and LD are LOW, the data 
present on CIN9-0 will be latched into 
the Control Logic Register addressed 
by Az-o on the rising edge of LD. 

FUNCTIONAL DESCRIPTION 

The LF48908, a two-dimensional 
convolver, executes convolutions using 
internal row buffers to reduce design 
complexity and board space require
ments. 8-bit image data, in raster scan, 
non-interlace format, is convolved with 
one of two internal, 3 x 3 user
programable filter kernels. Two 1024 x 8-
bit row buffers provide the data delay 
needed to perform two-dimensional 
convolutions on a single chip. The result 
output of 20-bits allows for word growth 
during the convolution operation. 

The input data path (DIN7-0) provides 
access to an 8-bit ALU. This allows 
point operations to be performed on 
the incoming data stream before 
reaching the row buffers and the 
convolver. The length of these buffers 
is programmable for use in various 
video formats without the need for 
additional external delay. 

This device is configured by loading 
the coefficent data (filter kernels) and 
row buffer length through the 
coefficent data path (CIN7-0). Internal 
registers are addressed using the Az-o 
address lines. Chip Select (CS) and 
Load Strobe (LD) complete the 
configuration interface which may be 
controlled by standard microproces
sors without additional external logic. 

01/17/97-LDS.48908-E 
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The filtered image data is output on 
the Data Output bus (DOUT19-0). This 
bus is registered with three-state 
drivers to facilatate use on a standard 
microprocessor system bus. 

Data Input 

Image data is input to the 3 x 3 
convolver using DIN7-0. Data present 
on DIN7-0 is latched into a program
mable pipeline delay on the rising 
edge of CLK. The programmable 
pipeline delay (1 to 4 clock cycles) 
allows for synchronization of input 
data when multiple LF48908s are 
cascaded together to perform larger 
convolutions. This delay is pro
gramed via the Initialization Register 
(see Table 3). The image data format, 
unsigned or two's complement, is also 
controlled by this register. 

Coefficient data is input to the 3 x 3 
convolver using either of two Coef
ficient Registers (CREGO or CREG1). 
The Coefficient Registers are loaded 
through CIN7-0 using the A2-0, CS, and 
LO controls. The coefficient data 
format, unsigned or two's comple
ment, is determined by the Initializa
tion Register. 

Arithmetic Logic Unit 

The input data path ALU with shifter 
allows pixel point operations to be 
performed on the incoming image. 
These operations include arithmetic 
functions, logical masking, and left/ 
right shifts. The 10-bitALU Micro
code Register controls the various 
operations. The three upper bits 
control the shift amount and direction 
while the seven lower bits determine 
the arithmetic or logical operation. 
The shift operation is performed on 
the output of the ALU. This shift 
operation is independent of the 
arithmetic or logical operation of the 
ALU. 

Tables 1 and 2 show the operations of 
the ALU Microcode Register. The "A" 
operand comes from the DIN input 

LF48908 

Two Dimensional Convolver 

data path, while the "B" operand is 
taken from the ALU Register. The 
ALU Register is loaded using CIN7-0 
and EALU. With EALU HIGH, data 
from CIN7-0 is loaded into the ALU 
Register on the rising edge of CLK. 
With EALU LOW, the data is held in 
the ALU Register. Since CIN7-0 is also 
used to load the Control Logic Regis
ters, it is possible to overwrite data in 
those registers if CS and LD are active 
when loading the ALU Register. 
Therefore, special care must be taken 
to ensure that CS and LD are not 
active when writing to the ALU 
Register. 

Programmable Row Buffers 

The two internal row buffers provide 
the delay needed to perform the two
dimensional convolution. The row 
buffers function like 8-bit serial shift 
registers with a user-programmable 
delay from 1 to 1024 stage.s (it is 
possible to select delay stages of 1 or 
2, but this leads to meaningless results 
for a 3 x 3 kernel convolution). The 
row buffer length is set via the Row 
Length Register (see Row Length 
Register Section). The row buffers are 
connected in series to provide the 
proper pixel information to the 

multiplier array. The Cascade Output 
(CAS07-0) provides a 2X row delay of 
the input data allowing for cascading 
of LF48908s to handle larger frames 
and/ or kernel sizes. If more than 1024 
delay stages are needed, it is possible 
to use external row buffers and bypass 
the internal row buffers. Bit 0 of the 
Initialization Register determines if 
internal or external row buffers are 
used. If Bit 0 is a "O", the internal row 
buffers are used. If Bit 0 is a "l ", the 
internal row buffers are bypassed and 
external row buffers may be used. 

3 x 3 Multiplier Array 

The multiplier array comprises nine 
8 x 8-bit multipliers. The active 
Coefficient Register supplies the 
coefficents to each of the multipliers, 
while the pixel data comes from the 
data input path and row buffers. The 
array forms a sum-of-products result 
as defined by the equation listed in 
Figure 3. 

CONTROL LOGIC 

Four sets of registers, the ALU Micro
code, Row Length, Initialization, and 
Coefficient, define the Control Logic 
section. These registers are updated 

FIGURE 3. MULTIPLIER ARRAY OUTPUT 

PIXEL INPUT DATA FILTER KERNEL 

P1 P2 P3 A B c 

P4 P5 P6 D E F 

P7 PS pg G H 

MULTIPLIER ARRAY OUTPUT= A(P1) + B(P2) + C(P3) 

+ D(P4) + E(P5) + F(P6) 

+ G(P7) + H(P8) + l(P9) 
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FIGURE 4. LF48908 CONTROL LOGIC BLOCK DIAGRAM 

A2-o 

o----- ENCR1 

o----..ENCRo 

o----..CAS 

LD ------------uA~E~~E~~ CR1 

cs 

10 
CIN9-D 

LMC 

EOR 

GAS 

CRo 

ENCR1 
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INITIALIZATION REGISTER 

10 
ALU MICROCODE 

10 
ROW LENGTH 

INITIALIZATION DATA 

COEFFICIENT REGISTER 0 

c 
A 

CR1------n 

thro~ the CIN bus using A2-o, CS, 
and LD (see Figure 4). All the Control 
Logic Registers are set to their default 
values when RESET is active. FRAME 
does not affect the values in these 
registers. 

ALU Microcode Register 

Operation of the ALU and shifter are 
determined by the value stored in the 
ALU Microcode Register. This 10-bit 
instruction word is divided into two 
fields. The lower seven bits define the 
arithmetic and logical operations of the 
ALU. The upper three bits specify shift 
distance and direction. Tables 1 and 2 
detail the various instruction words. 
This register is loaded through CIN 9-0 
using the A2-o, CS, and LD controls. 
Also see Arithmetic Logic Unit section. 

COEFFICIENT REGISTER 1 

Row Length Register 

The value stored in the Row Length 
Register determines the number of 
delay stages for each row buffer. The 
number of delay stages should be set 
equal to the row length of the input 
image. The Row Length Register may 
be loaded with the values 0 through 
1023 (0 represents 1024 delay stages). 
It is possible to program the row 
buffers to have 1 or 2 delay stages, but 
this will lead to meaningless results 
for a 3 x 3 convolution. This register is 
loaded through CIN9-0 using the A2-0, 
CS, and LD controls. Once the Row 
Length Register has been loaded, a 
new value can not be loaded until the 
LF48908 has been reset. This is done 
by asserting RESET. After RESET goes 
HIGH, the Row Length Register must 

be loaded within 1024 CLK cycles. If 
the Row Length Register is not loaded 
within 1024 CLK cycles, the register 
will automatically be loaded with a 110". 

Initialization Register 

The Initialization Register configures 
various functions of the device 
including: input data delay, input 
data format, coefficent data format, 
output rounding, cascade mode, and 
cascade input shift (see Table 3). This 
register is loaded through CINs-o 
using the A2-0, CS, and LD controls. 

Coefficient Registers - CREGo, CREGt 

The Coefficient Registers are used to 
store the filter coefficients for the 
multiplier array. Each Coefficient 

---------------------Video Imaging Products 
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TABLE 1. ALU SHIFT OPERATIONS 

ALU MICROCODE REGISTER 

REGISTER BIT 

9 8 7 OPERATION 

0 0 0 No Shift (Default) 

0 0 1 Shift Right 1 

0 1 0 Shift Right 2 

0 1 1 Shift Right 3 

1 0 0 Shift Left 1 

1 0 1 Shift Left 2 

1 1 0 Shift Left 3 

1 1 1 Not Valid 

Register can hold nine 8-bit values. 
This allows two different 3 x 3 filter 
kernels to be stored simultaneously on 
the LF48908. The outputs of CREGO 
and CREG1 are connected to the 
coefficient inputs of the multiplier 
array (A through I). The register used 
to supply the coefficient data is 
determined by the address written to 
the Address Decoder. If a "101" is 
written to the Address Decoder, 
CREGO will provide the coefficient 
data. If a "110" is written to the 
Address Decoder, CREG1 will be used. 
It is possible to switch between the 
two Coefficient Registers in real time. 
This facilitates adaptive filtering 
operations. It is important to remem
ber to meet the tLCS timing specifica
tion when switching tpe Coefficient 
Registers. When a Coefficient Register 
is selected to supply data to the 
multiplier array (one of the registers is 
always selected), all of its outputs are 
enabled simultaneously. When RESET 
is asserted, CREGO is the default 
register selected to supply the coeffi
cient data. 

CREGO and CREG1 are loaded 
through CIN7-0 using the A2-o, CS, and 
LD controls. The nine coefficient 
values are presented on CIN7-0 one by 
one, in order from A to I. As each 
value is placed on CIN7-0, it is latched 
into the selected Coefficient Register 
using CS and LD. The register to be 

LF48908 

Two Dimensional Convolver 

TABLE 2. ALU LOGICAL AND ARITHMETIC OPERATIONS 

ALU MICROCODE REGISTER 

REGISTER BIT 

6 5 4 3 2 1 

0 0 0 0 0 0 

1 1 1 1 0 0 

0 0 1 1 0 0 

0 1 0 1 0 0 

1 1 0 0 0 0 

1 0 1 0 0 0 

0 1 1 0 0 0 

1 0 0 1 0 1 

1 0 0 1 1 0 

0 0 0 1 0 0 

0 0 1 0 0 0 

0 1 0 0 0 0 

0 1 1 1 0 0 

1 0 1 1 0 0 

1 1 0 1 0 0 

1 1 1 0 0 0 

1 0 0 0 0 0 

0 1 1 0 0 0 

1 0 0 1 0 0 

loaded is determined by the data on 
A2-0 during the load operation. If 
CREGo is to be loaded, "010" must be 
placed on A2-0 during the load opera
tion. If CREG1 is to be loaded, "011" 
must be placed on A2-0. If desired, the 
Coefficient Register that is not being 
used to send data to the multiplier 
array can be loaded with coefficient 
data while the LF48908 is in active 
operation. 

Address Decoder 

The Address Decoder is used to load 
the Control Logic Registers and to 
determine which Coefficient Register 
sends data to the multiplier array. To 
load a Control Logic Register, the 
address of the register must be placed 
on A2-o, the data to be written must be 
placed on the CIN bus, and CS and 
LD must be asserted. The data is 

2-204 

0 OPERATION 

0 Logical (00000000) 

0 Logical (11111111) 

0 Logical (A) (Default) 

0 Logical (B) 

0 Logical (A) 

0 Logical (B) 

1 Arithmetic (A + B) 

0 Arithmetic (A - B) 

0 Arithmetic (B - A) 

0 Logical (A AND B) 

0 Logical (A AND B) 

0 Logical (A AND B) 

0 Logical (A OR B) 

0 Logical (A OR B) 
0 Logical (A OR B) 

0 Logical (A NANO B) 

0 Logical (A NOR B) 

0 Logical (A XOR B) 

0 Logical (A XNOR B) 

latched into the addressed register 
when LD goes HIGH. To select a 
Coefficient Register (CREGO or 
CREG1) to send data to the multiplier 
array, the appropriate address must be 
placed on A2-o, and CS and LD must 
be asserted. When LD goes HIGH, the 
addressed register will begin supply
ing coefficient data to the multiplier 
array. Table 4 lists all of the register 
addresses. 

The Control Logic Registers can be 
modified during active operation of 
the LF48908. If this is done, it is very 
important to meet the tLCS timing 
specification. This is to ensure that the 
outputs of the Control Logic Registers 
have enough time to change before the 
next rising edge of CLK. If tLCS is not 
met, unexpected results may occur on 
DOUT19-0 for one clock cycle. There 
are two situations in which tLCS may 
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DEVICES INCORPORATED 

be ignored. If the LF48908 is not in 
active operation or if the innactive 
Coefficient Register is being written to 
during active operation. 

Cascade Operation 

The Cascade Input lines (CASlls-o) 
and Cascade Output lines (CAS07-0) 
are used to allow convolutions of 
kernel sizes larger than 3 x 3. The 
Cascade Input lines are also used to 
allow convolutions on row lengths 
longer than 1024 pixels. The Cascade 
Mode Bit (Bit 0) of the Initialization 
Register determines the function of 
the Cascade Input lines. If the Cas
cade Mode Bit is a "O", then the 
Cascade Input lines are to be used to 
cascade multiple LF48908s together to 
perform convolutions of larger kernel 
sizes. CASlls-o will be left shifted (by 
an amount determined by bits 7 and 8 
of the Initialization Register) and then 
added to DOUT19-0. Cascading is 
accomplished by connecting CAS07-0 
and DOUT19-0 of one LF48908 to 
DIN7-0 and CASlls-o respectively of 
another LF48908. If the Cascade 
Mode Bit is a "l", then the Cascade 
Input lines are to be used with exter
nal row buffers to allow for longer 
row lengths. In this mode, the Cas
cade Input lines are split into two 8-bit 
data busses (CASlls-s and CASl7-0) 
which are fed directly into the multi
plier array. 

TABLE 3. INITlALIZAllON REGISTER 

BIT FUNCTION 

0 CASCADE MODE 

0 Multiplier input from internal row buffers 

1 Multiplier input from external buffers 

2 1 INPUT DATA DELAY 

0 0 No data delay registers used 

0 1 One data delay register used 

1 0 Two data delay registers used 

1 1 Three data delay registers used 

3 INPUT DATA FORMAT 

0 Unsigned integer format 

1 Two's complement format 

4 COEFFICIENT DATA FORMAT 

0 Unsigned integer format 

1 Two's complement format 

6 5 OUTPUT ROUNDING 

0 0 No rounding 

0 1 Round to 16 bits (i.e. DOUT19-4) 

1 0 Round to 8 bits (i.e. DOUT19-12) 

1 1 Not valid 

B 7 CASl15-0 INPUT SHIFT 

0 0 No shift 

0 1 Shift CASl15-0 left two 

1 0 Shift CASl15-0 left four 

1 1 Shift CASl15-0 left eight 

2-205 
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Two Dimensional Convolver 

TABLE 4. CONTROL LOGIC 

ADDRESS MAP 

A2-0 FUNCTION 

000 Load Row Buffer Length 
Register 

001 Load ALU Microcode Register 

010 Load Coefficient Register 0 

011 Load Coefficient Register 1 

100 Load Initialization Register 

101 Select Coefficient Register O 
for Internal Processing 

110 Select Coefficient Register 1 
for Internal Processing 

111 No Operation 
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MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature ........................................................................................................... -65°C to +150°C 

Operating ambient temperature .......................................................................................... -55°C to +125°C 

Vee supply voltage with respect to ground .. .... .. .. .. .. .. ............ .... .......... .... .. .. .. .. .. .. .. .. .. .. .. .. .. .. -0.5 V to + 7 .0 V 

Input signal with respect to ground .............................................................................. -0.5 V to Vee + 0.5 V 
Signal applied to high impedance output.. .................................................................... -0.5 V to Vee + 0.5 V 

Output current into low outputs ............................................................................................................ 25 mA 

Latch up current ............................................................................................................................... > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to +125°C 

. ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee = Min., IOH = -400 µA 

VOL Output Low Voltage Vee = Min., IOL = 2.0 mA 

VIH Input High Voltage 

VIL Input Low Voltage (Note3) 

llX Input Current Ground~ VIN~ Vee (Note 12) 

loz Output Leakage Current Ground::;; VouT::;; Vee (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note 7) 

CIN Input Capacitance TA=25°C,f=1 MHz 

COUT Output Capacitance TA= 25°C, f = 1 MHz 

Supply Voltage 
4.75 v ~Vee~ 5.25 V 

4.50 V ~ Vee ~ 5.50 v 

Min Typ 

2.8 

2.0 

0.0 

Max 

0.4 

Vee 

0.8 

±10 

±10 

110 

500 

10 

12 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

µA 

pF 

pF 
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SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

LF48908-
50 31 25 

Symbol Parameter Min Max Min Max Min Max 

tcvc Cycle Time 50 31 25 

tPWH Clock Pulse Width High 20 12 8 

tPWL Clock Pulse Width Low 20 13 8 

IDS Data Input Setup Time 14 13 8 

tDH Data Input Hold Time 0 0 0 

tcs CIN1-o Setup Time 16 14 10 

tCH CIN1-o Hold Time 0 0 0 

tES EALU Setup Time 14 12 10 

tEH EALU Hold Time 0 0 0 

tD Output Delay 22 16 15 

tENA Three-State Output Enable Delay (Note 11) 22 16 15 

tDIS Three-State Output Disable Delay (Note 11) 32 28 8 

SWITCHING WAVEFORMS! CONVOLVER DATA 1/0 

CLK 

DIN7-o ---""'1.,..--------1----... 1.r-------------------
CASl1s-o ___ __, '"---------1----~· '--------------------

------tCH 
CIN1-o ---""'1.,-----+---- --------------------

(ALU REG DATA) ___ _,~-----4------'''---------------------
----~-tEH 

EALU ___ ,, 
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MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

LF48908-
50 37 25 

Symbol Parameter Min Max Min Max Min Max 

tCYC Cycle Time 50 37 25 

tPWH Clock Pulse Width High 20 15 8 

tPWL Clock Pulse Width Low 20 15 8 

tos Data Input Setup Time 17 16 8 

tDH Data Input Hold Time 0 0 0 

tcs CIN7-0 Setup Time 20 17 10 

tCH CIN7-o Hold Time 0 0 0 

tES EALU Setup Time 17 15 10 

tEH EALU Hold Time 0 0 0 

to Output Delay 28 19 15 

tENA Three-State Output Enable Delay (Note 11) 28 19 15 

tDIS Three-State Output Disable Delay (Note 11) 40 35 8 

SWITCHING WAVEFORMS: CONVOLVER DATA 1/0 

CLK 

DIN7-0 ----1.,,-------+-----.. ,,-------------------
CASl1s-o ----'''-----+-----' '--------------------

----tCH 
CIN1-o ----...1_,-----+----- --------------------

(ALU REG DATA) ----'''-----+-----' '--------------------
----tEH 

EALU ___ ,, 
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COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

LF48908-
50 31 25 

Symbol Parameter Min Max Min Max Min Max 

tLPW LO Pulse Width 20 12 8 

tLCS LO Setup Time (Applies only during active operation) 30 25 15 

tcos Configuration Data Setup Time 16 14 10 

tCDH Configuration Data Hold Time 0 0 0 

tAS Address Setup Time 13 13 10 
II 

tAH Address Hold Time 0 0 0 

tcss CS Setup Time 0 0 0 

tCSH CS Hold Time 0 0 0 

MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

LF48908-
50 37 25 

Symbol Parameter Min Max Min Max Min Max 

tLPW LO Pulse Width 20 15 8 

tLCS LO Setup Time (Applies only during active operation) 37 30 15 

tcos Configuration Data Setup Time 20 17 10 

tCDH Configuration Data Hold Time 0 0 0 

tAS Address Setup Time 15 15 10 

tAH Address Hold Time 0 0 0 

tcss CS Setup Time 0 0 0 

tCSH CS Hold Time 0 0 0 

SWITCHING WAVEFORMS: CONFIGURATION DATA 

CLK -----------------------tL-PW--------~-~---_-_-_.:-_-_--tL-CS-*-=--=--=--=--=--=·~~ 
'-....._ _____ _ 

LD 

--~---tCDH 

CIN9-0 ______ _, 

---tAS -----tAH 

cs ----------------------.c tcss tCSH~.------------------------------~ 

*applies only when the LF48908 is in active operation. 
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COMMERCIAL OPERATING RANGE {0°C to +70°C) Notes 9, 10 (ns) 

LF48908-
50 31 25 

Symbol Parameter Min Max Min Max Min Max 

tHS HOLD Setup Time 12 11 9 

tHH HOLD Hold Time 1 1 0 

tFPW FRAME Pulse Width 50 31 8 

tFS FRAME Setup Time 25 21 20 

tRPW RESET Pulse Width 50 31 8 

MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

LF48908-
50 37 25 

Symbol Parameter Min Max Min Max Min Max 

tHS HOLD Setup Time 14 13 9 

tHH HOLD Hold Time 2 2 0 

tFPW FRAME Pulse Width 50 37 8 

tFS FRAME Setup Time 30 25 20 

tRPW RESET Pulse Width 50 37 8 

SWITCHING WAVEFORMS: CONTROL SIGNALS 

CLK ___ ,¥ "-. _J ~---d 
!== tHS ~ tHH ---~--i---- tHS ~ 

HOLD ~ ~ 

~----~--~--~--~======-i------~tF-PW-------~~--=~--==--_tF=S=====:=============== FRAME "l_ ,¥ 

"'-'-----

~----~-~tRPW=-=1..------~----~--~--~-~~-~~--------~-~ RESET "l_ ____)" 
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I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above Vee 
will be clamped beginning at-0.6 V and 
Vee + 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of-0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tDIS test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in 
the testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actual test conditions may vary b. Ground and Vee supply planes 
from those designated but operation is must be brought directly to the DUT 
guaranteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated 
by: 

where 

NCV2F 

4 

N = total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 20 MHz clock 
rate. 

7. Tested with all inputs within 0.1 V of 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required DUT input 
levels relative to the OUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses 
from the internal circuitry are specified 
from the point of view of the device. 
Output delay, for example, is specified 
as a maximum since worst-case opera
tion of any device always provides data 
within that time. 

2-211 

11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the tDIS test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
± lOmA loads. The balancing volt- •

1 

age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z-
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. OUTPUT LOADING CIRCUIT 

FIGURE 8. THRESHOLD LEVELS 

VOL" Measured VOL with loH =-10mA and loL = 10mA 

VoH" Measured VoH with IOH = -10mA and loL = 10mA 
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ORDERING INFORMATION 

Speed 

50 ns 
31 ns 
25 ns 

84-pin 

CIN3 
CIN4 
CINs 
CINs 
CIN1 
Cl Na 
CIN9 
GND 
CLK 
Vee 

HOLD 
Lo 
cs 
A2 
A1 
Ao 

EALU 
CASl1s 
CASl14 
CASl13 
CASl12 

0°c to +70°C- COMMERCIAL SCREENING 

Top 
View 

Plastic J-Lead Chip Carrier 
(J3) 

LF48908JC50 
LF48908JC31 
LF48908JC25 

2-212 

LF48908 

Two Dimensional Convolver 

CASOs 
CAS01 
DOUTo 
DOUT1 
DOUT2 
GND 
DOUT3 
DOUT4 
DOUTs 
DOUTs 
DOUT1 
Vee 
DO UT a 
GND 
DOUT9 
DOUT10 
DOUT11 
DOUT12 
DOUT13 
DOUT14 
GND 
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ORDERING INFORMATION 

100-pin 

CIN1 
CIN2 

NC 
NC 

Cl Na 
CIN4 
CINs 
CIN6 
CIN7 
Cl Na 
CIN9 
GND 
GND 
CLK 
Vee 
Vee 

HOLD 
[5 

cs 
A2 
A1 
Ao 

EALU 
CASl1s 
CASl14 
CASl13 
CASl12 

NC 
NC 

CASl11 

Speed 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

0°c to +70°C - COMMERCIAL SCREENING 

50 ns 
31 ns 
25 ns 

Top 
View 

Plastic Quad Flatpack 
(02) 

LF48908QC50 
LF48908QC31 
LF48908QC25 

2-213 

LF48908 

Two Dimensional Convolver 

80 GND 
79 CASOs 
78 NC 
77 CAS06 
76 CASO? 
75 DOUTO 
74 DOUT1 • 73 DOUT2 

I 

72 GND 
71 GND 
70 DOUTa 
69 DOUT4 
68 DOUTs 
67 DOUT6 
66 DOUT7 
65 vcc 
64 vcc 
63 DOUTa 
62 GND 
61 GND 
60 DOUT9 
59 DOUT10 
58 DOUT11 
57 DOUT12 
56 DOUT1a 
55 DOUT14 
54 GND 
53 GND 
52 DOUT1s 
51 DOUT16 
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Speed 

50 ns 
31 ns 
25 ns 

50 ns 
37 ns 
25 ns 

50 ns 
37 ns 
25 ns 

ORDERING INFORMATION 

84-pin 

1 2 3 4 5 6 7 8 9 10 11 

T ,.,. ,..... ,..... ,.... ,.... ,.... ,.... ,.... ,.... ,..... ,.,. 
A ,_, \_,I \_,1 \_,1 \_,I \_,I \_,I 1_,1 1_,1 \_,I ,_, 

B 

c 

D 

E 

F 

G 

H 

J 

K 

L 

CIN2 Cl No DIN7 DINs DIN2 DIN1 OE CAS01 CAS03 CAS04 CASOs ,..... ,..... ,..... ,..... ,.... ,..... ,..... ,.... ,.... ,.... , ..... 
\_,I \_,I 1_,I \ I \ I \ I \ I \ I \ I \ I I I 

CINs CIN3 CIN1 DiN6 DiN3 CASOo GND CAS02 GND CASOs DOUTo ,..... , .... 
\_,I \_,1 

CIN6 CIN4 ,.... , ..... 
\_,I 1_,I 

CINs CIN7 , ... 
\_,I 

, ... 
\_,1 

CLK GND , ... , ... 
\_,I \_,1 

, ... 
\_, I 

CINs , ... 
\_,I 

A1 Vee HOLD , ... 
\_,I 

, ... 
\_,1 

cs A2 , ... 
\_,I 

, ... 
\_,I 

Ao EALU ,..... , ..... 
\_,I \_,1 

CASl1s CASl13 

, ... 
\_,I 
[5 

,..... ,..... , ..... 
\_,1 \_,I \_,1 

DIN4 DINO Vee 

Top View 

Through Package 

(i.e., Component Side Pinout) 

,..... ,.... , .... 
\_,I 1_,I \_,I 

CASIS CASl2 CASl1 

,..... , ..... 
\_,1 \_,1 

CAS07 DOUT1 ,..... , ..... 
\_,I \_,I 

DOUT2 GND ,..... ,..... , ..... 
1_,1 \_,1 \_,1 

DOUT3 DOUT4 DOUTs ,..... ,..... , ..... 
\_,I \_,I \_,1 

DOUT7 DOUT9 DOUTs ,.... ,..... , ..... 
\_,1 \_,I \_,1 

Vee GND DOUTB ,.... , ..... 
\_,I \_,I 

DOUT11 OOUT10 ,..... , .... 
1_,I \_,I 

OOUT14 DOOT12 ,..... ,..... ,..... ,..... ,.... ,..... ,.... ,.... ,.... ,.... , .... 
\_,I \_,1 \_,I \_,I 1_,I 1_,I 1_,I \_,I 1_,1 \_,I \_,1 

CASl14 CASl11 CASl10 CASl7 CASl4 Vee FRAMEDOUT1900UT16 GND OOUT13 ,... ,..... ,.... ,.... ,..... ,..... ,.... ,.... ,.... ,..... , ... 
l I \ I \ I \ I I I \ I \ I \ I I I \ I l I 

CAS'i12 CAsl9 CAsls CAsls CAsl3 RESET CAslo GND OOUT1soOOT11ooUT1s 

Ceramic Pin Grid Array 
(G3) 

0°C to +70°C - COMMERCIAL SCREENING 

-55°C to +125°C-COMMERCIAL SCREENING 

-ss0c to +125°C-MIL·STD·883 CoMPLIANT 

LF48908GC50 
LF48908GC31 
LF48908GC25 

LF48908GM50 
LF48908GM37 
LF48908GM25 

LF48908GMB50 
LF48908GMB37 
LF48908GMB25 
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- Programmable Line Buffer 

.__F_E_A_T_UR_E_S ____ ___.I I DESCRIPTION 

0 50 MHz Maximum Operating 
Frequency 

0 Programmable Buffer Length from 
2 to 1281 Clock Cycles 

0 10-bit Data Inputs and Outputs 
0 Data Delay and Data Recirculation 

Modes 

0 Supports Positive or Negative Edge 
System Clocks 

0 Expandable Data Word Width or 
Buff er Length 

0 Replaces Harris HSP9501 
0 Package Style Available: 

• 44-pin Plastic LCC, J-Lead 

LF9501 BLOCK DIAGRAM 

MODS EL 

Dl9·0 

CLKSEL 

CLKEN 

CLK 

10 

The LF9501 is a high-speed, 10-bit 
programmable line buffer. Some 
applications the LF9501 is useful for 
include sample rate conversion, data 
time compression/ expansion, soft
ware controlled data alignment, and 
programmable serial data shifting. By 
using the MODSEL pin, two different 
modes of operation can be selected: 
delay mode and data recirculation 
mode. The delay mode provides a 
minimum of 2 to a maximum of 1281 
clock cycles of delay between the 
input and output of the device. The 
data recirculation mode provides a 
feedback path from the data output to 
the data input for use as a program
mable circular buffer. 

By using the length control input 
(LCI0-0) and the length control enable 
(LCEN) the length of the delay buffer 
or amount of recirculation delay can 

LC010-o LCEN 

w 
....I 

cc al::? cc 
w << w 
I- 10 ::? cc 10 I-
U) ::? >- U) 

a ~ :5 a 
w Cl w w 
cc 0 c cc 

cc 
a.. 

10 

TO ALL REGISTERS 

2-215 

be programmed. Providing a delay 
value on the LC10-o inputs and driving 
LCEN LOW will load the delay value 
into the length control register on the 
next selected clock edge. Two regis
ters, one preceeding the program
mable delay RAM and one following, 
are included in the delay path. There
fore, the programmed delay value 
should equal the desired delay minus 
2. This consequently means that the 
value loaded into the length control 
register must range from 0 to 1279 (to 
provide an overall range of 2 to 1281). 

The active edge of the clock input, 
either positive or negative edge, can 
be selected with the clock select 
(CLKSEL) input. All timing is based 
on the active clock edge selected by 
CLKSEL. Data can be held tempo
rarily by using the clock enable 
(CLKEN) input. 

OE 

10 
009-0 

01/17/97-LOS.9501·0 

II 
I 



DEVICES INCORPORATED 

SIGNAL DEFINITIONS 

Power 

Vee and GND 

+5 V power supply. All pins must be 
connected. 

Clock 

CLK - Master Clock 

The active edge of CLK, selected by 
CLKSEL, strobes all registers. All 
timing specifications are referenced to 
the active edge of CLK. 

Inputs 

DI9-0 - Data Input 

10-bit data, from the data input, is 
latched into the device on the active 
edge of CLK when MODSEL is LOW. 

LC10-o - Length Control Input 

The 11-bit value is used to specify the 
length of the delay buffer, between 
Dl9-0 and 009-0, or the amount of 
recirculation delay. An integer value 
ranging from 0 to 1279 is used to 
select a delay ranging from 2 to 1281 
clock cycles. The value placed on the 
LC10-o inputs is equal to the desired 
delay minus 2. The data presented on 
LC10-o is loaded into the device on the 
active edge of CLK, selected by__ 
CLKSEL, in conjunction with LCEN 
being driven LOW. 

Outputs 

D09-0 - Data Output 

The 10-bit data output appears on 
D09-0 on the Nth clock cycle, where N 
is the overall delay (desired delay). 

Controls 

LCEN - Length Control Enable 

When LCEN is driven LOW, the next 
active clock edge will cause the 
loading of the delay value present at 
the LC10-0 input. 

OE - Output Enable 

The Output Enable controls the state 
of D09-0. Driving OE LOW enables 
the output port. When OE is HIGH, 
D09-0 is placed in a high-impedance 
state. The internal transfer of data is 
not affected by this control. 

MODS EL - Mode Select 

The Mode Select pin is used to choose 
the desired mode of operation: data 
delay mode or data recirculation 
mode. Driving MODSEL LOW places 
the device in the delay mode. The 
device operates as a programmable 
pipeline register. New data from the 
Dl9-0 input is loaded on every active 
edge of CLK. Driving MODSEL 
HIGH places the device in the data 
recirculation mode. The device 
operates as a programmable circular 
buffer. The output of the device is 
routed back to the input. MODSEL 
may be changed during device 
operation (synchronously), however, 
the required setup and hold times, 
with respect to CLK, must be met. 

2-216 
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Programmable Line Buffer 

CLKSEL - Clock Select 

The CLKSEL control allows the 
selection of the active edge of CLK. A 
LOW on CLKSEL selects negative
edge triggering of the device. Driving 
CLKSEL HIGH selects positive-edge 
triggering. All timing specifications 
are referrenced to the selected active 
edge of CLK. 

CLKEN - Clock Enable 

The Clock Enable control enables and 
disables the CLK input. Driving 
CLKEN LOW enables CLK and causes 
the device to operate in a normal 
fashion. When CLKEN is HIGH, CLK 
is disabled and the device will hold all 
internal operations and data. CLKEN 
may be changed during device 
operation (synchronously), however, 
the required setup and hold times, 
with respect to CLK, must be met. 
The changing of CLKEN takes effect 
on the active edge of CLK following 
the edge in which it was latched. 
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DEVICES INCORPORATED Programmable Line Buffer 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature ........................................................................................................... -65°C to + 150°C 

Operating ambient temperature .......................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground .......................................................................... -0.5 V to +7.0 V 

Input signal with respect to ground .............................................................................. -0.5 V to Vee + 0.5 V 

Signal applied to high impedance output.. .................................................................... -0.5 V to Vee + 0.5 V 

Output current into low outputs ............................................................................................................ 25 mA 

Latch up current ............................................................................................................................... > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Temperature Range (Ambient) 

0°C to +70°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee= Min., IOH = -4.0 mA 

VOL Output Low Voltage Vee= Min., IOL = 4.0 mA 

VIH Input High Voltage 

VIL Input Low Voltage (Note 3) 

llX Input Current Ground::; VIN::; Vee (Note 12) 

loz Output Leakage Current Ground::; Vour::; Vee (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note 7) 

CIN Input Capacitance TA= 25°C, f = 1 MHz 

COUT Output Capacitance TA= 25°C, f = 1 MHz 

Supply Voltage 
4.75 v::; Vee::; 5.25 v 

Min Typ 

2.4 

2.0 

0.0 

Max 

0.4 

Vee 

0.8 

±10 

±10 

125 

500 

10 

10 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

µA 

pF 

pF 
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DEVICES INCORPORATED Programmable Line Buffer 

I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

LF9501-
40 31 25 20 

Symbol Parameter Min Max Min Max Min Max Min Max 

tCYC Cycle Time 40 31 25 20 

tPW Clock Pulse Width 15 12 10 8 

tDS Data Input Setup Time 12 10 8 6 

tDH Data Input Hold Time 2 2 2 2 

tES Clock Enable to Clock Setup Time 12 10 8 6 

tEH Clock Enable to Clock Hold Time 2 2 2 2 

tLS Length Control Input Setup Time 13 10 8 6 

tLH Length Control Input Hold Time 2 2 2 2 

tLES Length Control Enable to Clock Setup Time 13 10 8 6 

tLEH Length Control Enable to Clock Hold Time 2 2 2 2 

tMS Mode Select Setup Time 13 10 8 6 

tMH Mode Select Hold Time 2 2 2 2 

tOUT Clock to Data Out 22 16 15 14 

tOH Output Hold Time (Note 8) 4 4 4 4 

tENA Three-State Output Enable Delay (Note 11) 25 20 15 14 

tDIS Three-State Output Disable Delay (Note 11) 25 24 15 14 

FUNCTIONAL TIMING - CLKSEL LOW 

*When CLKSEL is HIGH, assume CLK is inverted. 
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SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

LF9501-
40 31 25 20 

Symbol Parameter Min Max Min Max Min Max Min Max 

tCYC Cycle Time 40 31 25 20 

tPW Clock Pulse Width 15 12 10 8 

tos Data Input Setup Time 12 10 8 6 

tDH Data Input Hold Time 2 2 2 2 

tES Clock Enable to Clock Setup Time 12 10 8 6 

tEH Clock Enable to Clock Hold Time 2 2 2 2 

tLS Length Control Input Setup Time 13 10 8 6 

tLH Length Control Input Hold Time 2 2 2 2 

tLES Length Control Enable to Clock Setup Time 13 10 8 6 

tLEH Length Control Enable to Clock Hold Time 2 2 2 2 

tMS Mode Select Setup Time 13 10 8 6 

tMH Mode Select Hold Time 2 2 2 2 

tour Clock to Data Out 22 16 15 14 

tOH Output Hold Time (Note 8) 4 4 4 4 

tENA Three-State Output Enable Delay (Note 11) 25 20 15 14 

tDIS Three-State Output Disable Delay (Note 11) 25 24 15 14 

CLOCK ENABLE TIMING - CLKSEL LOW 

CLK* / l / 
ltES 

/ ' ™"if 
~ 

tESJ 
tPW t CLKEN 

INTERNAL 
CLOCK ' / ' / ' r--

LENGTH CONTROL TtMING-CLKSEL LOW 

CLK* ----
tLES ~-~--tLEH tMH 

*When CLKSEL is HIGH, assume CLK is inverted. 
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I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above Vee 
will be clamped beginning at-0.6 Vand 
Vee + 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of--0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tDIS test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified JOH and JOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of JOH and JOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in 
the testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(OUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actual test conditions may vary b. Ground and Vee supply planes 
from those designated but operation is must be brought directly to the OUT 
guaranteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated 
by: 

where 

NCV2F 
4 

N = total number of device outputs 
C =capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 25 MHz clock 
rate. 

7. Tested withallinputswithin0.1 Vof 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 1003 tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required OUT input 
levels relative to the OUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses 
from the internal circuitry are specified 
from the point of view of the device. 
Output delay, for example, is specified 
as a maximum since worst-case opera
tion of any device always provides data 
within that time. 

2-220 
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11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the trns test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
±10mA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. 0lJTPUT LOADING CIRCUIT 

FIGURE B. THRESHOLD LEVELS 

VoL• Measured VOL with IOH =-10mA and loL = 10mA 
VoH• Measured VoH with loH = -1 OmA and loL = 1 OmA 
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ORDERING INFORMATION 

44-pin 

Speed 

D01 

D02 

D03 

Vee 
GND 
DOs 
DOs 

D01 
DOa 

0°C to +70°C-COMMERCIAL SCREENING 

40 ns 
31 ns 
25 ns 
20 ns 

Plastic J-Lead Chip Carrier 
{J1} 

LF9501JC40 
LF9501JC31 
LF9501JC25 
LF9501JC20 

2-221 

LF9501 

Programmable Line Buffer 

Dia 
Dll 
Dl2 

Dl3 

Dl4 

Vee 
GND 
Dis 

Dl1 
Dia 
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~ 2K Programmable Line Buffer 

..._F_E_A_T_U_RE_S _____ .......... 11 DESCRIPTION 

D 50 MHz Maximum Operating 
Frequency 

D Programmable Buffer Length from 
2 to 2049 Clock Cycles 

D 10-bit Data Inputs and Outputs 
D Data Delay and Data Recirculation 

Modes 

D Supports Positive or Negative Edge 
System Clocks 

D Expandable Data Word Width or 
Buffer Length 

D Package Style Available: 
• 44-pin Plastic LCC, J-Lead 

LF9502 BLOCK DIAGRAM 

MODSEL 

REGISTER 

Dl9-0 
10 

CLKSEL a: 
:ii::~ 

CLKEN 
() <( 
0 a: 
_J w () z 

CLK w 
(!) 

10 

The LF9502 is a high-speed, 10-bit 
programmable line buffer. Some 
applications the LF9502 is useful for 
include sample rate conversion, data 
time compression/ expansion, soft
ware controlled data alignment, and 
programmable serial data shifting. By 
using the MODSEL pin, two different 
modes of operation can be selected: 
delay mode and data recirculation 
mode. The delay mode provides a 
minimum of 2 to a maximum of 2049 
clock cycles of delay between the 
input and output of the device. The 
data recirculation mode provides a 
feedback path from the data output to 
the data input for use as a program
mable circular buffer. 

By using the length control input 
(LCto-o) and the length control enable 
(LCEN) the length of the delay buffer 
or amount of recirculation delay can 

LC010-o LCEN 

11 

REGISTER 

w 
_J ::a: CD <( 
<( a: ::a: 

10 ::a: >- 10 
<( ::i a: w 
(!) c 
0 :ii:: a: C\I a. 

10 

TO ALL REGISTERS 

2-223 

be programmed. Providing a delay 
value on the LCto-0 inputs and driving 
LCEN LOW will load the delay value 
into the length control register on the II 
next selected clock edge. Two regis-
ters, one preceeding the program-
mable delay RAM and one following, 
are included in the delay path. There-
fore, the programmed delay value 
should equal the desired delay minus 
2. This consequently means that the 
value loaded into the length control 
register must range from 0 to 2047 (to 
provide an overall range of 2 to 2049). 

The active edge of the clock input, 
either positive or negative edge, can 
be selected with the clock select 
(CLKSEL) input. All timing is based 
on the active clock edge selected by 
CLKSEL. Data can be held tempo-
rarily by using the clock enable 
(CLKEN) input. 

OE 

10 
009-0 

01/17/97-LDS.9502-C 
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SIGNAL DEFINITIONS 

Power 

VccandGND 

+5 V power supply. All pins must be 
connected. · 

Clock 

CLK - Master Clock 

The active edge of CLK, selected by 
CLKSEL, strobes all registers. All 
timing specifications are referenced to 
the active edge of CLK. 

Inputs 

DI9-0 - Data Input 

10-bit data, from the data input, is 
latched into the device on the active 
edge of CLK when MODSEL is LOW. 

LC10-o - Length Control Input 

The 11-bit value is used to specify the 
length of the delay buffer, between 
DI9-0 and 009-0, or the amount of 
recirculation delay. An integer value 
ranging from 0 to 2047 is used to 
select a delay ranging from 2 to 2049 
clock cycles. The value placed on the 
LC10-0 inputs is equal to the desired 
delay minus 2. The data presented on 
LC10-o is loaded into the device on the 
active edge of CLK, selected by___ 
CLKSEL, in conjunction with LCEN 
being driven LOW. 

LF9502 

2K Programmable Line Buffer 

Outputs 

D09-0 - Data Output 

The 10-bit data output appears on 
D09-0 on the Nth clock cycle, where N 
is the overall delay (desired delay). 

Controls 

LCEN - Length Control Enable 

When LCEN is driven LOW, the next 
active clock edge will cause the 
loading of the delay value present at 
the LCl0-0 input. 

OE - Output Enable 

The Output Enable controls the state 
of D09-0. Driving OE LOW enables 
the output port. When OE is HIGH, 
D09-0 is placed in a high-impedance 
state. The internal transfer of data is 
not affected by this control. 

MODSEL - Mode Select 

The Mode Select pin is used to choose 
the desired mode of operation: data 
delay mode or data recirculation 
mode. Driving MODSEL LOW places 
the device in the delay mode. The 
device operates as a programmable 
pipeline register. New data from the 
DI9-0 input is loaded on every active 
edge of CLK. Driving MODSEL 
HIGH places the device in the data 
recirculation mode. The device 
operates as a programmable circular 
buffer. The output of the device is 
routed back to the input. MODSEL 
may be changed during device 
operation (synchronously), however, 
the required setup and hold times, 
with respect to CLK, must be met. 

2-224 

CLKSEL - Clock Select 

The CLKSEL control allows the 
selection of the active edge of CLK. A 
LOW on CLKSEL selects negative
edge triggering of the device. Driving 
CLKSEL HIGH selects positive-edge 
triggering. All timing specifications 
are referrenced to the selected active 
edge of CLK. 

CLKEN - Clock Enable 

The Clock Enable control enables and 
disables the CLK input. Driving 
CLKEN LOW enables CLK and causes 
the device to operate in a normal 
fashion. When CLKEN is HIGH, CLK 
is disabled and the device will hold all 
internal operations and data. CLKEN 
may be changed during device 
operation (synchronously), however, 
the required setup and hold times, 
with respect to CLK, must be met. 
The changing of CLKEN takes effect 
on the active edge of CLK following 
the edge in which it was latched. 
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DEVICES INCORPORATED 2K Programmable Line Buffer 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature . . . . . . . . . . . . . .. . . . . . . . . . . .. . . . . . . . . . . . .. . . . . . .. . . . .. . . .. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. ... -65°C to + 150°.c 

Operating ambient temperature .......................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground .......................................................................... -0.5 V to +7.0 V 

Input signal with respect to ground .............................................................................. -0.5 V to Vee + 0.5 V 

Signal applied to high impedance output.. .................................................................... -0.5 V to Vee + 0.5 V 

Output current into low outputs . .. .. . .. . . . . . .. . .. .. .. .. . . . . . . . .. .. . .. .. . .. .. . . . .. . . .. .. . .. .. . . .. . . . . .. . . . . . . . . .. . .... .. .... . .. . . .. . .. . . . . . . 25 mA 

Latch up current ............................................................................................................................... > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Temperature Range (Ambient) 

0°c to +70°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee= Min., IOH = -4.0 mA 

VOL Output Low Voltage Vee= Min., IOL = 4.0 mA 

~H Input High Voltage 

~L Input Low Voltage (Note 3) 

llX Input Current Ground ::; VIN ::; Vee (Note 12) 

loz Output Leakage Current Ground::; VouT::; Vee (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 r Vee Current, Quiescent (Note7) 

CIN Input Capacitance TA=25°C, f = 1 MHz 

COUT Output Capacitance TA=25°C,f=1 MHz 

Supply Voltage 

4.75 v::; Vee::; 5.25 v 

Min Typ 

2.4 

2.0 

0.0 

Max 

0.4 

Vee 

0.8 

±10 

±10 

125 

500 

10 

10 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

µA 

pF 

pF 
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DEVICES INCORPORATED 2K Programmable Line Buffer 

I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

LF9502-
40 31 25 20 

Symbol Parameter Min Max Min Max Min Max Min Max 

tCYC Cycle Time 40 31 25 20 

tPW Clock Pulse Width 15 12 10 8 

tos Data Input Setup Time 12 10 8 6 

tDH Data Input Hold Time 2 2 2 2 

tES Clock Enable to Clock Setup Time 12 10 8 6 

tEH Clock Enable to Clock Hold Time 2 2 2 2 

tLS Length Control Input Setup Time 13 10 8 6 

tLH Length Control Input Hold Time 2 2 2 2 

tLES Length Control Enable to Clock Setup Time 13 10 8 6 

tLEH Length Control Enable to Clock Hold Time 2 2 2 2 

tMS Mode Select Setup Time 13 10 8 6 

tMH Mode Select Hold Time 2 2 2 2 

tOUT Clock to Data Out 22 16 15 14 

tOH Output Hold Time (Note 8) 4 4 4 4 

tENA Three-State Output Enable Delay (Note 11) 25 20 15 14 

tDIS Three-State Output Disable Delay (Note 11) 25 24 15 14 

FUNCTIONAL TIMING - CLKSEL LOW 

*When CLKSEL is HIGH, assume CLK is inverted. 
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DEVICES INCORPORATED 2K Programmable Line Buffer 

I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

LF9502-
40 31 25 20 

Symbol Parameter Min Max Min Max Min Max Min Max 

tcvc Cycle Time 40 31 25 20 

tPW Clock Pulse Width 15 12 10 8 

tos Data Input Setup Time 12 10 8 6 • tOH Data Input Hold Time 2 2 2 2 

tES Clock Enable to Clock Setup Time 12 10 8 6 

tEH Clock Enable to Clock Hold Time 2 2 2 2 

tLS Length Control Input Setup Time 13 10 8 6 

tLH Length Control Input Hold Time 2 2 2 2 

tLES Length Control Enable to Clock Setup Time 13 10 8 6 

tLEH Length Control Enable to Clock Hold Time 2 2 2 2 

tMS Mode Select Setup Time 13 10 8 6 

tMH Mode Select Hold Time 2 2 2 2 

tOUT Clock to Data Out 22 16 15 14 

tOH Output Hold Time (Note 8) 4 4 4 4 

tENA Three-State Output Enable Delay (Note 11) 25 20 15 14 

tDIS Three-State Output Disable Delay (Note 11) 25 24 15 14 

CLOCK ENABLE TIMING - CLKSEL LOW 

CLK* / l / 
ltES 

/ '\. 

™"!i 
'------

tESJ 
tPW t CLKEN 

INTERNAL 
~ CLOCK '\. / '\. / '\. 

LENGTH CONTROL TIMING - CLKSEL LOW 

CLK* ---
tLES --+----->--- tLEH tMH 

*When CLKSEL is HIGH, assume CLK is inverted. 
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DEVICES INCORPORATED 2K Programmable Line Buffer 

I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above Vee 
will be clamped beginning at-0.6 V and 
Vee + 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of-0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tDIS test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in 
the testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actual test conditions may vary b. Ground and Vee supply planes 
from those designated but operation is must be brought directly to the DUT 
guaranteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated 
by: 

where 

NCV2F 
4 

N = total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 25 MHz clock 
rate. 

7. Tested withallinputswithin0.1 Vof 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required DUT input 
levels relative to the DUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses 
from the internal circuitry are specified 
from the point of view of the device. 
Output delay, for example, is specified 
as a maximum since worst-case opera
tion of any device always provides data 
within that time. 

2-228 

11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the trns test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
±lOmA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. OUTPUT LOADING C1Rcurr 

FIGURE B. THRESHOLD LEVELS 

Vol· Measured VOL with IOH = -10mA and IOL= 10mA 
VoH' Measured VoH with loH = -1 OmA and IOL = 1 OmA 
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DEVICES INCORPORATED 

44-pin 

DOo 

D03 

Vee 
GND 
DOs 
DOs 
D01 
DO a 

Speed 

0°c to +70°C - COMMERCIAL SCREENING 

40 ns 
31 ns 
25 ns 
20 ns 

LF9502 

2K Programmable Line Buffer 

....J 

lz w 

I~ 
w en 

(.) (.) ~ ~"' "'.., "'g zzddgggg:: 

• 

Top 
View 

01~ 8 0 6 0 0 u 0 g ~ 
Cl ....J ....J ....J ....J ....J ....J ....J 

Plastic J-Lead Chip Carrier 
(J1) 

LF9502JC40 
LF9502JC31 
LF9502JC25 
LF9502JC20 
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Dia 
Dl1 
Dl2 
Dl3 
Dl4 
Vee 
GND 
Dis 
Dis 
Dl7 
Dis 
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DEv1cEs INCORPORATED 16-bit Cascadable ALU 

.__I F_E_AT_U_R_E_S ____ __.I I DESCRIPTION 

0 High-Speed (15ns), Low Power 
16-bit Cascadable ALU 

0 Implements Add, Subtract, Accu
mulate, Two's Complement, Pass, · 
and Logic Operations 

0 All Registers Have a Bypass Path 
for Complete Flexibility 

0 DECC SMD No. 5962-89959 
0 Available 100% Screened to 

MIL-STD-883, Class B 
0 Package Styles Available: 

• 68-pin Plastic LCC, J-Lead 
• 68-pin Ceramic LCC 
• 68-pin Ceramic PGA 

l4C381 BLOCK DIAGRAM 

P, G, C1s 
OVF,Z 

FTF 

A1s-Ao 

The L4C381 is a flexible, high speed, 
cascadable 16-bit Arithmetic and 
Logic Unit. It combines four 381-type 
4-bit AL Us, a look-ahead carry 
generator, and miscellaneous interface 
logic - all in a single 68-pin package. 
While containing new features to 
support high speed pipelined architec
tures and single 16-bit bus configura
tions, the L4C381 retains full perform
ance and functional compatibility with 
the bipolar '381 designs. 

The L4C381 can be cascaded to 
perform 32-bit or greater operations. 
See "Cascading the L4C381" toward 

81s-Bo 

FTAB 

OSA 
OSB 

CLK ____. TO ALL REGISTERS F1s-Fo 
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the end of this data sheet for more 
information. 

ARCHITECTURE 

The L4C381 operates on two 16-bit 
operands (A and B) and produces a 
16-bit result (F). Three select lines 
control the ALU and provide 3 
arithmetic, 3 logical, and 2 initializa
tion functions. Full ALU status is 
provided to support cascading to 
longer word lengths. Registers are 
provided on both the ALU inputs and 
the output, but these may be bypassed 
under user control. An internal 
feedback path allows the registered 
ALU output to be routed to one of the 
ALU inputs, accommodating chain 
operations and accumulation. Fur
thermore, the A or B input can be 
forced to Zero allowing unary func
tions on either operand. 

ALU OPERATIONS 

The S2-So lines specify the operation 
to be performed. The ALU functions 
and their select codes are shown in 
Table 1. 

The two functions, B minus A and 
A minus B, can be achieved by setting 
the carry input of the least significant 
slice and selecting codes 001 and 010 
respectively. 

TABLE 1. ALU FUNCTIONS 

S2-So FUNCTION 

000 CLEAR (F = 00 • • • 00) 

001 NOT(A) + B 

010 A+ NOT(B) 

011 A+B 

100 AXORB 

101 AORB 

110 AANDB 

111 PRESET (F = 11 • • • 11) 

01/15/97-LDS.381-M 

I • 



= ...:=.. .:. = ...:=.. - ~ -~--- -- - ------ -_...__.. -...---~ 
-~~-..._... 

DEVICES INCORPORATED 

ALU STATUS 

The ALU provides Overflow and Zero 
status bits. Carry, Propagate, and 
Generate outputs are also provided 
for cascading. These outputs are 
defined for the three arithmetic 
functions only. The ALU sets the Zero 
output when all 16 output bits are 
zero. The Generate, Propagate, C16, 
and OVF flags for the A + B operation 
are defined in Table 2. The status 
flags produced for NOT(A) + B and 
A + NOT(B) can be found by comple
menting Ai and Bi respectively in 
Table 2. 

OPERAND REGISTERS 

The L4C381 has two 16-bit wide in
put registers for operands A and B. 
These registers are rising edge trig
gered by a common clock. The A 
register is enabled for input by setting 
the ENA control LOW, and the B 
register is enabled for input by setting 
the ENB control LOW. When either 
the ENA control or ENB control is 
HIGH, the data in the corresponding 
input register will not change. 

This architecture allows the L4C381 to 
accept arguments from a single 16-bit 
data bus. For those applications that 
do not require registered inputs, both 
the A and B operand registers can be 
bypassed with the FTAB control line. 
When the FTAB control is asserted 
(FTAB =HIGH), data is routed 
around the A and B input registers; 
however, they continue to function 
normally via the ENA and ENB 
controls. The contents of the input 
registers will again be available to the 
ALU if the FTAB control is released. 

OUTPUT REGISTER 

The output of the ALU drives the 
input of a 16-bit register. This rising
edge-triggered register is clocked by 
the same clock as the input registers. 
When the ENF control is LOW, data 
from the ALU will be clocked into the 

L4C381 

16-bit Cascadable ALU 

TABLE 2. ALU STATUS FLAGS 

Bit Carry Generate = gi = AiBi 
Bit Carry Propagate = pi = Ai + Bi 

for i = O ... 15 
for i = 0 ... 15 

Po =po 
Pi = pi (Pi-1) 

and 

Go =go 

Gi = gi +pi (Gi-1) 
Ci = Gi-1 + Pi-1 (Co) 

then 

G = NOT(G1s) 

P = NOT(P15) 

C16 = G15 + P1sCo 
OVF = C15 XOR C16 

output register. By disabling the 
output register, intermediate results 
can be held while loading new input 
operands. Three-state drivers con
trolled by the OE input allow the 
L4C381 to be configured in a single 
bidirectional bus system. 

The output register can be bypassed 
by asserting the FTF control signal 
(FTF = HIGH). When the FTF control 
is asserted, output data is routed 
around the output register, however, 
it continues to function normally via 
the ENF control. The contents of the 
output register will again be available 
on the output pins if FTF is released. 
With both FTAB and FTF true (HIGH) 
the L4C381 is functionally identical to 
four cascaded 545381-type devices. 

OPERAND SELECTION 

The two operand select lines, OSA and 
OSB, control multiplexers that precede 
the ALU inputs. These multiplexers 
provide an operand force-to-zero 
function as well as F register feedback 
to the B input. Table 3 shows the 
inputs to the ALU as a function of the 
operand select inputs. Either the A or 
B operands may be forced to zero. 

3-4 

for i = 1 ... 15 

for i = 1 ... 15 

for i = 1 ... 15 

TABLE 3. OPERAND SELECTION 

OSB OSA OPERAND B OPERAND A 

0 0 F A 

0 1 0 A 

1 0 B 0 

1 1 B A 

When both operand select lines are 
low, the L4C381 is configured as a 
chain calculation ALU. The registered 
ALU output is passed back to the B 
input to the ALU. This allows accu
mulation operations to be performed 
by providing new operands via the A 
input port. The accumulator can be 
preloaded from the A input by setting 
OSA true. By forcing the function 
select lines to the CLEAR state (000), 
the accumulator may be cleared. Note 
that this feedback operation is not 
affected by the state of the FTF 
control. That is, the F outputs of the 
L4C381 may be driven directly by the 
ALU. The output register continues to 
function, however, and provides the 
ALU B operand source. 

01/15/97-LDS.381-M 
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L4C381 
DEVICES INCORPORATED 16-bit Cascadable ALU 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature ... ...... .. .............. ............... ............... ........ .................... .......... .......... .... -65°C to + 150°C 

Operating ambient temperature........................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latch up current ............................................................................................................................... > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°C to +70°C 

-55°C to + 125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee= Min., IOH = -2.0 mA 

VOL Output Low Voltage Vee= Min., IOL = 8.0 mA 

~H Input High Voltage 

~L Input Low Voltage (Note 3) 

llX Input Current Ground~ VIN~ Vee (Note 12) 

loz Output Leakage Current Ground~ VOUT ~Vee (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note 7) 

Supply Voltage 

4.75 V ~Vee~ 5.25 V 

4.50 V ~ Vee~ 5.50 V 

Min Typ 

2.4 

2.0 

0.0 

15 

Max 

0.5 

Vee 

0.8 

±20 

±20 

30 

1.5 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

3-5 01/15/97-LDS.381-M 
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I SWITCHING CHARACTERISTICS - COMMERCIAL OPERATING RANGE {0°C to + 70°C) 

GUARANTEED MAXIMUM COMBINATIONAL DELAYS Notes 9, 10 (ns) 

~ 
L4C381-55 L4C381-40 L4C381-26 

F1s-Fo P,G OVF,Z C1s F1s-Fo P,G OVF,Z C16 F1s-Fo P,G OVF,Z C16 t 

FT AB = 0, FTF = 0 

Clock 32 38 53 36 26 30 44 32 22 22 26 22 

Co - - 34 22 - - 28 20 - - 18 18 

82-80, 08A, 088 - 42 42 42 - 32 34 35 - 22 22 22 

FTAB = 0, FTF = 1 

Clock 56 38 53 36 46 30 44 32 28 22 26 22 

Co 37 - 34 22 30 - 28 20 22 - 18 18 

82-80, 08A, 088 55 42 42 42 40 32 34 35 26 22 22 22 

FTAB = 1, FTF = 0 

A15-AO, 815-80 - 36 46 37 - 30 40 32 - 22 22 22 

Clock 32 - - - 26 - - - 22 - - -
Co - - 34 22 - - 28 20 - - 18 18 

82-80, 08A, 088 - 42 42 42 - 32 34 35 - 22 22 22 

FTAB = 1, FTF= 1 

A15-AO, 815-80 55 36 46 37 40 30 40 32 26 22 22 22 

Clock (08A, 088 = 0) 56 38 53 36 46 30 44 32 28 22 26 22 

Co 37 - 34 22 30 - 28 20 22 - 18 18 

82-80, 08A, 088 55 42 42 42 40 32 34 35 26 22 22 22 

GUARANTEED MINIMUM SETUP AND HOLD TIMES W1TH RESPECT TO CLOCK R1s1NG EDGE Notes 9, 10 (ns) 

L4C381-55 L4C381-40 L4C381-26 

FTAB = 0 FTAB = 1 FTAB = 0 FTAB = 1 FTAB =0 FTAB = 1 

Input Setup Hold Setup Hold Setup Hold Setup Hold Setup Hold Setup Hold 

A15-Ao, 815-80 8 2 35 2 8 2 28 2 8 2 16 2 

Co 21 0 21 0 16 0 16 0 8 0 8 0 

82-80, 08A, 088 44 0 44 0 32 0 32 0 18 0 18 0 

ENA, EN8, ENF 10 2 10 2 10 2 10 2 8 2 8 2 

TRt-STATE ENABLE/D1sABLE TIMES Notes 9, 10, 11 (ns) CLOCK CYCLE TIME AND PULSE WIDTH Notes 9, 1 a (ns) 

L4C381-55 L4C381-40 L4C381-26 L4C381-55 L4C381-40 L4C381-26 

tENA 20 18 16 Minimum Cycle Time 43 34 20 

tDIS 20 18 16 Highgoing Pulse 15 10 10 

Lowgoing Pulse 15 10 10 

3-6 01/15/97-LDS.381-M 
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DEVICES INCORPORATED 16-bit Cascadable ALU 

I SWITCHING CHARACTERISTICS - COMMERCIAL OPERATING RANGE {0°C to +70°C) 

GUARANTEED MAXIMUM COMBINATIONAL DELAYS Notes 9, 10 (ns) 

~ 
L4C381-20 L4C381-15 

F15-Fo P,G OVF,Z C16 F15-Fo P,G OVF,Z C1s t 

FTAB=O, FTF=O 

Clock 11 20 20 20 11 15 15 15 

Co - - 14 14 - - 13 13 

82-80, 08A, 088 - 18 20 18 - 14 15 14 

FTAB = 0, FTF = 1 

Clock 20 20 20 20 15 15 15 15 
.. 

Co 18 - 14 14 14 - 13 13 

82-80, 08A, 088 20 18 20 18 15 14 15 14 

FT AB = 1, FTF = 0 

A15-AO, B1s-Bo - 16 20 17 - 14 15 14 

Clock 11 - - - 11 - - -
Co - - 14 14 - - 13 13 

82-80, 08A, 088 - 18 20 18 - 14 15 14 

FTAB = 1, FTF = 1 

A15-AO, B1s-Bo 20 16 20 17 15 14 15 14 

Clock (08A, 088 = 0) 20 20 20 20 15 15 15 15 

Co 18 - 14 14 14 - 13 13 

82-80, 08A, 088 20 18 20 18 15 14 15 14 

GUARANTEED MINIMUM SETUP AND Hoto TIMES WITH RESPECT TO CLOCK RISING EDGE Notes 9, 1 O (ns) 

L4C381-20 L4C381-15 

FTAB = 0 FTAB = 1 FTAB = 0 FTAB = 1 

Input Setup Hold Setup Hold Setup Hold Setup Hold 

A15-AO, B1s-Bo 5 0 14 0 5 0 12 0 

Co 12 0 12 0 10 0 10 0 

82-80, 08A, 088 15 0 15 0 12 0 12 0 

ENA,ENB,ENF 5 0 5 0 5 0 5 0 

TRI-STATE ENABLE/DISABLE T1MES Notes 9, 10, 11 (ns) CLOCK CYCLE TIME AND PULSE WIDTH Notes 9, 10 (ns) 

L4C381-20 L4C381-15 L4C381-20 L4C381-15 

tENA 8 6 Minimum Cycle Time 18 14 

tDIS 8 6 Highgoing Pulse 5 4 

Lowgoing Pulse 5 4 

3-7 01/15/97-LDS.381-M 
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I SWITCHING CHARACTERISTICS - M1L1TARY OPERATING RANGE (-55°C to + 12s°C) 

GUARANTEED MAXIMUM COMBINATIONAL DELAYS Notes 9, 10 (ns) 

~ 
L4C381-65 L4C381-45 L4C381-30 

F1s-Fo P,G OVF,Z C1s F1s-Fo P,G OVF,Z C1s F1s-Fo P,G OVF,Z C16 t 

FTAB = 0, FTF = 0 

Clock 37 44 63 45 28 34 50 34 26 28 34 28 
Co - - 42 25 - - 32 23 - - 22 22 
82-80, 08A, 088 - 48 48 48 - 38 38 38 - 28 28 28 

FT AB = 0, FTF = 1 

Clock 68 44 63 45 56 34 50 34 34 28 34 28 
Co 42 - 42 25 32 - 32 23 26 - 22 22 
82-80, 08A, 088 66 48 48 48 46 38 38 38 30 28 28 28 

FTAB = 1, FTF = 0 

A1s-Ao, B1s-Bo - 44 56 44 - 32 46 36 - 28 28 28 
Clock 37 - - - 28 - - - 26 - - -
Co - - 42 25 - - 32 23 - - 22 22 
82-80, 08A, 088 - 48 48 48 - 38 38 38 - 28 28 28 

FTAB = 1, FTF = 1 

A1s-Ao, 815-BO 65 44 56 44 45 32 46 36 30 28 28 28 
Clock (08A, 088 = 0) 68 44 63 45 56 34 50 34 34 28 34 28 
Co 42 - 42 25 32 - 32 23 26 - 22 22 
82-So, 08A, 088 66 48 48 48 46 38 38 38 30 28 28 28 

GUARANTEED MINIMUM SETUP AND HoLD TIMES W1rn RESPECT TO CLOCK R1s1NG EDGE Notes 9, 10 (ns) 

L4C381-65 L4C381-45 L4C381-30 

FTAB = 0 FTAB = 1 FTAB = 0 FTAB = 1 FTAB =0 FTAB = 1 

Input Setup Hold Setup Hold Setup Hold Setup Hold Setup Hold Setup Hold 

A15-AO, 81s-80 10 3 43 3 8 3 33 3 8 3 20 3 

Co 25 0 25 0 20 0 20 0 12 0 12 0 

82-80, OSA, 088 50 0 50 0 36 0 36 0 20 0 20 0 

ENA, ENS, ENF 12 2 12 2 10 2 10 2 10 2 10 2 

TRt-STATE ENABLe/D1sABLE TIMES Notes 9, 10, 11 (ns) CLOCK CYCLE TIME AND PULSE WIDTH Notes 9, 10 (ns) 

L4C381-65 L4C381-45 L4C381-30 L4C381-65 L4C381-45 L4C381-30 

tENA 22 20 18 Minimum Cycle Time 52 38 26 

tDIS 22 20 18 Highgoing Pulse 20 15 12 

Lowgoing Pulse 20 15 12 
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I SWITCHING CHARACTERISTICS- M1uTARY OPERATING RANGE (-55°C to +125°C) 

GUARANTEED MAXIMUM COMBINATIONAL DELAYS Notes 9, 10 (ns) 

~ 
L4C381-25 L4C381-20 

F15-Fo P,G OVF,Z C16 F15-FO P,G OVF,Z C16 t 

FT AB = 0, FTF = 0 

Clock 14 24 24 24 14 20 20 20 
Co - - 18 18 - - 16 16 
S2-So, OSA, OSB - 22 24 22 - 18 20 18 

FT AB = 0, FTF = 1 

Clock 25 24 24 24 20 20 20 20 • Co 21 - 18 18 17 - 16 16 
S2-So, OSA, OSB 25 22 24 22 20 18 20 18 

FTAB = 1, FTF = 0 

A15-Ao, 815-Bo - 20 25 22 - 17 20 17 
Clock 14 - - - 14 - - -
Co - - 18 18 - - 16 16 
S2-So, OSA, OSB - 22 24 22 - 18 20 18 

FTAB = 1, FTF = 1 

A15-AO, B1s-Bo 25 20 25 22 20 17 20 17 
Clock (OSA, OSB = 0) 25 24 24 24 20 20 20 20 
Co 21 - 18 18 17 - 16 16 
S2-So, OSA, OSB 25 22 24 22 20 18 20 18 

GUARANTEED MINIMUM SETUP AND HOLD TIMES W1TH RESPECT TO CLOCK RISING EDGE Notes 9, 10 (ns) 

L4C381-25 L4C381-20 

FTAB = 0 FTAB = 1 FTAB = 0 FTAB = 1 

Input Setup Hold Setup Hold Setup Hold Setup Hold 

A15-AO, B1s-Bo 7 2 14 2 6 2 12 2 

Co 14 0 14 0 12 0 12 0 

S2-So, OSA, OSB 19 0 19 0 16 0 16 0 

ENA, ENB, ENF 7 0 7 0 6 0 6 0 

TR1·STATE ENABLe/D1sABLE TIMES Notes 9, 10, 11 (ns) CLOCK CYCLE TIME AND PULSE WIDTH Notes 9, 10 (ns) 

L4C381-25 L4C381-20 L4C381-25 L4C381-20 

tENA 14 10 Minimum Cycle Time 20 18 

tDIS 14 10 Highgoing Pulse 8 6 

Lowgoing Pulse 8 6 
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I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above Vee 
will be clamped beginning at-0.6 V and 
Vee + 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of--0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tDIS test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in 
the testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actual test conditions may vary b. Ground and Vee supply planes 
from those designated but operation is must be brought directly to the DUT 
guaranteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated 
by: 

where 

NCV2F 
4 

N = total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 5 MHz clock 
rate. 

7. Tested withallinputswithin0.1 Vof 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required DUT input 
levels relative to the DUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses 
from the internal circuitry are specified 
from the point of view of the device. 
Output delay, for example, is specified 
as a maximum since worst-case opera
tion of any device always provides data 
within that time. 

3-10 
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11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the tDIS test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
±lOmA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. 0U1PUT LOADING CIRCUIT 

FIGURE 8. THRESHOLD LEVELS 

VoL' Measured VoL with loH = -10mA and IOL = 10mA 
VoH' Measured VoH with loH = -10mA and loL = 10mA 
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DEVICES INCORPORATED 

I CASCADING THE L4C381 

Cascading the L4C381 to 32 bits is 
accomplished simply by connecting 
the C16 output of the least significant 
slice to the Co input of the most sig
nificant slice. The S2-So, OSA, OSB, 
ENA, ENB, and ENF lines are 
common to both devices. The Zero 
output flags should be logically 
ANDed to produce the Zero flag for 
the 32-bit result. The OVF and C16 
outputs of the most significant slice 
are valid for the 32-bit result. 

Propagation delay calculations for this 
configuration require two steps: First 
determine the propagation delay from 
the input of interest to the 06 output 
of the lower slice. Add this number 
to the delay from the Co input of the 
upper slice to the output of interest 

(of the Co setup time, if the F register 
is used). The sum gives the overall 
input-to-output delay (or setup time) 
for the 32-bit configuration. This 
method gives a conservative result, 
since the 06 output is very lightly 
loaded. Formulas for calculation of 
all critical delays for a 32-bit system 
are shown in Figures 4A through 40. 

Cascading to greater than 32 bits can 
be accomplished in two ways: The 
simplest (but slowest) method is to 
simply connect the 06 output of each 
slice to the Co input of the next more 
significant slice. Propagation delays 
are calculated as for the 32-bit case, 
except that the Co to C16 delays for all 
intermediate slices must be added to 
the overall delay for each path. A 

L4C381 

16-bit Cascadable ALU 

faster method is to use an external 
carry-lookahead generator. The P and 
G outputs of each slice are connected 
as inputs to the CLA generator, which 
in turn produces the Co inputs for 
each slice except the least significant. 
The 06 outputs are not used in this 
case, except for the most significant 
one, which is the carry out of the 
overall system. The carry in to the • 
system is connected to the Co input of 
the least significant slice, and also to 
the carry lookahead generator. 
Propagation delays for this configura-
tion are the sum of the time to P, G, 
for the least significant slice, the 
propagation delay of the carry look-
ahead generator, and the Co to output 
time of the most significant slice. 

================================================================= Arithmetic Logic Un its 
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DEVICES INCORPORATED 

FIGURE 4A. FT AB = 0, FTF = 0 

From 
Clock 
Clock 
Co 
S2-So, OSA, OSS 
A,S 
Co 
S2-So, OSA, OSS 
ENA, ENS, ENF 
Minimum cycle time 

To 
-+ F 
-+ Other 
-+ Other 
-+ Other 
Setup time 
Setup time 
Setup time 
Setup time 

,----------------------, 
I A31-A16 831-816 
I 
I 

w-CLOCK 

MOST 
SIGNIFICANT 

SLICE 

16 t 
F31·F16 

FIGURE 48. FTAB = 0, FTF = 1 
From· To 
Clock ..... F 
Clock ..... Other 
Co ..... F 
Co ..... Other 
S2-So, OSA, OSS ..... F 
S2-So, OSA, OSS ..... Other 
A,S Setup time 
Co Setup time 
S2-So, OSA, OSB Setup time 
ENA, ENS, ENF Setup time 
Minimum cycle ~ime 

A31·A16 831-816 

MOST 
SIGNIFICANT 

SLICE F31-F1s 

L4C381 

16-bit Cascadable ALU 

Calculated Specification Limit 
Same as 16-bit case 
(Clock-+ C16) + (Co-+ Out) 
(Co -+ C16) + (Co -+ Out) 
(S2-So, OSA, OSS-+ C16) +(Co-+ Out) 
Same as 16-bit case 
(Co-+ C16) + (Co Setup time) 
(S2-So, OSA, OSS-+ C16) +(Co Setup time) 
Same as 16-bit case 
(Clock-+ C16) + (Co Setup time) 

A1s-Ao 81s-80 

CLOCK 

Co,80-82 
08A,088 

w-CLOCK 

16 t 
F1s-Fo 

LEAST 
SIGNIFICANT 
SLICE 

_____________________________ J 

3-12 

Calculated Specification Limit 
(Clock-+ C16) + (Co-+ F) 
(Clock -+ C16) + (Co -+ Out) 
(Co -+ C16) + (Co -+ F) 
(Co -+ C16) + (Co -+ Out) 
(S2-So, OSA, OSS -+ C16) + (Co-+ F) 
(S2-So, OSA, OSS -+ C16) + (Co-+ Out) 
Same as 16-bit case 
(Co-+ C16) + (Co Setup time) 
(S2-So, OSA, OSS -+ C16) + (Co Setup time) 
Same as 16-bit case 
(Clock-+ C16) + (Co Setup time) 

A1s-Ao 81s-80 

CLOCK 

Co,80-82 
08A,OS8 

F1s-Fo 

LEAST 
SIGNIFICANT 
SLICE 

01/15/97-LDS.381-M 
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DEVICES INCORPORATED 

FtGURE 4C. FT AB = 1, FTF = 0 

From 
Clock 
A, B 
Co 
S2-So, OSA, OSB 
A,B 
Co 
S2-So, OSA, OSB 
ENA, ENB, ENF 
Minimum cycle time 

To 
-+ F 
-+ Other 
-+ Other 
-+ Other 
Setup time 
Setup time 
Setup time 
Setup time 

(F register accumulate loop) 

r----------------------~ 

I 
A31·A16 831-816 I 

I 
I 
I 
I 
I 
I 

MOST 
SIGNIFICANT 

SLICE 

I 
I 
I 
I 

~CLOCK! 
F31-F16 : 

______________________ J 

FIGURE 40. FT AB = 1, FTF = 1 

From To 
A,B -+ F 
A,B -+ Other 
Co -+ .F 
Co -+ Other 
S2-So, OSA, OSB -+ F 
S2-So, OSA, OSB -+ Other 
A,B Setup time 
Co Setup time 
S2-So, OSA, OSB Setup time 
ENA, ENB, ENF Setup time 
Minimum cycle time 
(F register accumulate loop) 

A31-A1s 831-816 

MOST 
SIGNIFICANT 

SLICE F31-F16 
) _____________________ _ 

L4C381 

16-bit Cascadable ALU 

Calculated Specification Limit 
Same as 16-bit case 

·(A, B-+ C16) + (Co-+ Out) 
(Co-+ C16) + (Co-+ Out) 
(S2-So, OSA, OSB -+ C16) + (Co -+ Out) 
(A, B-+ C16) + (Co Setup time) 
(Co-+ C16) + (Co Setup time) 
(S2-So, OSA, OSB-+ C16) + (Co Setup time) 
Same as 16-bit case 
(Clock-+ C16) + (Co Setup time) 

A1s-Ao 81s-80 

Co,So-82 
OSA,088 

w--CLOCK 

16 i 
F1s-Fo 

Calculated Specification Limit 
(A, B -+ C16) + (Co -+ F) 
(A, B -+ C16) + (Co -+ Out) 
(Co -+ C16) + (Co -+ F) 
(Co -+ C16) + (Co -+ Out) 

LEAST 

SIGNIFICANT 
SLICE 

(S2-So, OSA, OSB -+ C16) + (Co-+ F) 
(S2-So, OSA, OSB -+ C16) + (Co-+ Out) 
(A, B-+ C16) + (Co Setup time) 
(Co-+ C16) + (Co Setup time) 
(S2-So, OSA, OSB-+ C16) + (Co Setup time) 
Same as 16-bit case 
(Clock-+ C16) + (Co Setup time) 

A15-Ao 

F1s-Fo 

81s-80 

Co,So-S2 
OSA,OSB 

LEAST 
SIGNIFICANT 
SLICE 

! ____________________________ _ 
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DEVICES INCORPORATED 

ORDERING INFORMATION 

68-pin 

ln .q- ('I') C\I ...... 0 

~<~~~~~<~mmmmmm~~ m-= A9 ()10 :.! 60~ 87 

A1o ?11 59~ 86 
A11 ?12 58~ Bs 
A12 ?13 57~ 84 
A13 )14 56( 83 

A14 ~15 55~ 82 
A1s ?16 54) 81 

CLK )11 Top 53"1 Bo 
Vee 1>1s 52< ENA 

GND ?19 View 51~ ENB 

C1~ ?20 50) FTAB 
P ,>21 49) OSB 
G 1>22 48~ OSA 

ZERO )23 47) S2 
OVF >24 46) S1 
ENF >25 45 'I So 

FTF >26 44~ Co 
~~~~34~ULJUU~~~ 
~£l~~~£~~~~~~~~~& 

Plastic J-Lead Chip Carrier 
Speed (J2) 

Ceramic Leadless 
Chip Carrier (K3) 

0°C to + 70°C - COMMERCIAL SCREENING 
55 ns L4C381JC55 L4C381KC55 
40 ns L4C381JC40 L4C381KC40 
26 ns 
20 ns 
15 ns 

L4C381JC26 
L4C381JC20 
L4C381JC15 

L4C381KC26 
L4C381KC20 
L4C381KC15 

-55°C to +125°C-CoMMERCIAL SCREENING 
65 ns L4C381KM65 
45 ns L4C381KM45 
30 ns L4C381KM30 
25 ns L4C381 KM25 
20 ns L4C381KM20 

65 ns 
45 ns 
30 ns 
25 ns 
20 ns 

-ss°C to +125°C-MIL-ST0-883 COMPLIANT 
L4C381 KMB65 
L4C381 KMB45 
L4C381 KMB30 
L4C381 KM825 
L4C381 KMB20 

3-14 

68-pin 

1 2 

A ,. , ... ,_, 
AB 

B 
, ... ,_, , .. ,_, 
A1o A9 

c , ... ,_, , ... ,_, 
A12 A11 

D 
, ... ,_, , ... ,_, 
A14 A13 

E 
, ... ,_, , ... ,_, 

CLK A15 

F 
, ... ,_, , .. ,_, 

GND Vee 

G 
, ... , .. ,_, ,_. 
p C1e 

H 
, ... ,_, , ... ,_, 

ZERO G 
J 

, ... ,_, , ... ,_, 
ENF OVF 

K 
, ... ,_, , .. ,_, 
FTF 5E 

L 
, ... ,_, 
F1s 

3 

, ... ,_, 
A1 , ... ,_, 
As 

, ... ,_, 
F14 , ... ,_, 
F13 

L4C381 

16-bit Cascadable ALU 

4 

, ... ' .. ) 
As , ... ,_, 
A4 

5 6 7 

, ... ,_, , ... ,_, , ... ,_, 
A3 A1 B15 , ... ,_, , ... ,_, , ... ,_, 
A2 Ao B14 

Top View 

Through Package 

8 

, ... ,_, 
B13 , ... ,_, 
B12 

(i.e., Component Side Pinout) 

, ... ,_, , ... ,_, , ... ,_, , ... ,_, , ... ,_, 
F12 Flo Fa Fe F4 , ... ,_, , ... ,_, , ... ,_ .... , ... ,_, , ... ,_, 
F11 F9 F7 Fs F3 

9 10 11 

, .. 
' .. ) 

, .. ,_, 
B11 B9 , .. ,_, , .. ,_, , .. ,_, 
B10 Ba B7 , .. ,_, , .. ,_, 

Bs Be , .. ,_, , .. ,_, 
B3 84 , .. ,_, , .. ,_, 
B1 B2 , .. ,_, , .. ,_, 

ENA Bo , ... ,_, , ... 
I I 

FTAB ENB , ... ,_, , ... ,_, 
OSA OSB , ... ,_, , ... ,_, 

S1 S2 , .. ,_, , .. ,_, , ... ,_, 
F2 Co So , .. ,_, , ... ,_, 
F1 Fo 

Ceramic Pin Grid Array 
(G1) 

L4C381GC55 
L4C381GC40 
L4C381GC26 
L4C381GC20 
L4C381GC15 

L4C381GM65 
L4C381GM45 
L4C381GM30 
L4C381GM25 
L4C381GM20 

L4C381GMB65 
L4C381GMB45 
L4C381GMB30 
L4C381GMB25 
L4C381GMB20 

Arithmetic Logic Units 
01/15/97-LDS.381-M 
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- 16-bit Cascadable ALU (Extended Set) · 

I FEATURES 

0 High-Speed (15ns), Low Power 
16-bit Cascadable ALU 

0 Extended Function Set 
(32 Advanced ALU Functions) 

0 All Registers Have a Bypass Path 
for Complete Flexibility 

0 Replaces IDT7383 

0 Available 100% Screened to 
MIL-STD-883, Class B 

0 Package Styles Available: 
• 68-pin Plastic LCC, J-Lead 
• 68-pin Ceramic LCC 
• 68-pin Ceramic PGA 

l4C383 BLOCK DIAGRAM 

A1s·Ao 

ENA ---

N, C16 ---~4~---" 
OVF,Z 

CLK ---.. TO ALL REGISTERS 

I DESCRIPTION 

The L4C383 is a flexible, high speed, 
cascadable 16-bit Arithmetic and Logic 
Unit. The L4C383 is capable of 
performing up to 32 different 
arithmetic or logic functions. 

The L4C383 can be cascaded to perform 
32-bit or greater operations. See 
"Cascading the L4C383" on the next 
page. 

ARCHITECTURE 

The L4C383 operates on two 16-bit 
operands (A and B) and produces a 16-

B1s-Bo 

FTAB 

5 
S4-0 

F1s-Fo 

bit result (F). Five select lines control 
the ALU and provide 19 arithmetic and 
13 logical functions. Registers are 
provided on both the ALU inputs and 
the output, but these may be bypassed 
under user control. An internal feed-
back path allows the registered ALU II 
output to be routed to one or both of 
the ALU inputs, accommodating chain 
operations and accumulation. 

ALU OPERA TIO NS 

The 54-So lines specify the operation to 
be performed. The ALU functions and 
their select codes are shown in Table 1. 

ALU STATUS 

The ALU provides Overflow and Zero 
status bits. A Carry output is also 
provided for cascading multiple 
devices, however it is only defined for 
the 19 arithmetic functions. The ALU 
sets the Zero output when all 16 output 
bits are zero. The N, 06 and OVF flags 
for the arithmetic operations are 
defined in Table 2. 

OPERAND REGISTERS 

The L4C383 has two 16-bit wide input 
registers for operands A and B. These 
registers are rising edge triggered by a 
common clock. The A register is 
enabled for input by setting the ENA 
control LOW, and the B register is 
enabled for input by setting the ENB 
control LOW. When either the ENA 
control or ENB control is HIGH, the 
data in the corresponding input register 
will not change. 

This architecture allows the L4C383 to 
accept arguments from a single 16-bit 
data bus. For those applications that do 
not require registered inputs, both the 
A and B operand registers can be 
bypassed with the FTAB control line. 

================================================================= Arithmetic Logic Un its 
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DEVICES INCORPORATED 

TABLE 1. ALU FUNCTIONS 

S4-So FUNCTION 

00000 A+ B +Co 

00001 AORB 

00010 A+ 8 +Co 

00011 A+ B +Co 

00100 A+Co 

00101 AORF 

00110 A-1 +Co 

00111 A+Co 

01000 A+ F +Co 

01001 AORF 

01010 A+ F +Co 

01011 A+ F +Co 

01100 F + B +Co 

01101 AORB 

01110 F + 8 +Co 

01111 F + B +Co 

10000 AXORB 

10001 AANDB 

10010 AANDB 

10011 AXNOR B 

10100 AXORF 

10101 AANDF 

10110 AANDF 

10111 ALL 1's +Co 

11000 B+Co 

11001 AANDB 

11010 B+Co 

11011 8-1 +Co 

11100 F+Co 

11101 AORB 

11110 F-1+Co 

11111 F+Co 

When the FT AB control is asserted 
(FTAB =HIGH), data is routed 
around the A and B input registers; 
however, they continue to function 
normally via the ENA and ENB 
controls. The contents of the input 
registers will again be available to the 
ALU if the FTAB control is released. 

L4C383 

16-bit Cascadable ALU {Extended Set) 

TABLE 2. ALU STATUS FLAGS 

Bit Carry Generate = gi = AiBi 

Bit Carry Propagate = pi = Ai + Bi 

for i = 0 ... 15 
for i = 0 ... 15 

Po =po 

Pi = pi {Pi-1) 

and 

Go =go 

Gi = gi +pi (Gi-1) 

Ci = Gi-1 + PH (Co) 

then 

Cm = G15 + P15Co 

OVF = C15 XOR Cm 

tori= 1 ... 15 

for i = 1 ... 15 

for i = 1 ... 15 

Zero = All Output Bits Equal Zero 

N = Sign Bit of ALU Operation 

OUTPUT REGISTER 

The output of the ALU drives the input of 
a 16-bit register. This rising-edge
triggered register is clocked by the same 
clock as the input registers. When the 
ENF control is LOW, data from the ALU 
will be clocked into the output register. 
By disabling the output register, interme
diate results can be held while loading 
new input operands. Three-state drivers 
controlled by the OE input allow the 
L4C383 to be configured in a single 
bidirectional bus system. 

The output register can be bypassed by 
asserting the FTF control signal (FTF = 
HIGH). When the FTF control is asserted, 
output data is routed around the output 
register, however, it continues to function 
normally via the ENF control. The 
contents of the output register will again 
be available on the output pins if FTF is 
released. 

CASCADING THE L4C383 

Cascading the L4C383 to 32 bits is 
accomplished simply by connecting the 
Cl6 output of the least significant slice to 
the Co input of the most sig-nificant slice. 
The 54-So, ENA, ENB, and ENF lines are 

3-16 

common to both devices. The Zero 
output flags should be logically ANDed 
to produce the Zero flag for the 32-bit 
result. The OVF and C16 outputs of the 
most significant slice are valid for the 32-
bit result. 

Propagation delay calculations for this 
configuration require two steps: First 
determine the propagation delay from the 
input of interest to the Cl6 output of the 
lower slice. Add this number to the delay 
from the Co input of the upper slice to the 
output of interest (of the Co setup time, if 
the F register is used). The sum gives the 
overall input-to-output delay (or setup 
time) for the 32-bit configuration. This 
method gives a conservative result, since 
the Cl6 output is very lightly loaded. 
Formulas for calculation of all critical 
delays for a 32-bit system are shown in 
Figures 4A through 40. 

Cascading to greater than 32 bits can be 
accomplished by simply connecting the 
Cl6 output of each slice to the Co input of 
the next more significant slice. 
Propagation delays are calculated as 
for the 32-bit case, except that the Co 
to Cl6 delays for all intermediate slices 
must be added to the overall delay for 
each path. 

02/06/97-LDS.383-A 
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DEVICES INCORPORATED 

FIGURE 4A. FTAB = 0, FTF = 0 
From 
Clock 
Clock 
Co 
S4-SO 
A,B 
Co 
S4-So 
ENA, ENB, ENF 
Minimum cycle time 

To 
-+ F 
-+ Other 
-+ Other 
-+ Other 
Setup time 
Setup time 
Setup time 
Setup time 

,----------------------, 
I A31-A16 831-816 
I 
I 
I 
I 
I 
I 

rn-CLOCK 

MOST 
SIGNIFICANT 

SLICE 
I 
I 
I 

16 t 
F31-F1e 

~----------------------

FIGURE 48, FT AB = 0, FTF = 1 

From To 
Clock -+ F 
Clock -+ Other 
Co -+ F 
Co -+ Other 
S4-SO -+ F 
S4-So -+ Other 
A,B Setup time 
Co Setup time 
S4-So_ Setup time 
ENA, ENB, ENF Setup time 
Minimum cycle time 

-----------------------

MOST 
SIGNIFICANT 

SLICE 

A31-A16 831-816 

F31-F16 

! 

L4C383 

16-bit Cascadable ALU (Extended Set) 

Calculated Specification Limit 
Same as 16-bit case 
(Clock -+ C16) + (Co -+ Out) 
(Co-+ C16) + (Co-+ Out) 
(S4-So-+ C16) + (Co-+ Out) 
Same as 16-bit case 
(Co-+ C16) + (Co Setup time) 
(S4-So-+ C16) + (Co Setup time) 
Same as 16-bit case 
(Clock-+ C16) + (Co Setup time) 

A1s-Ao 81s-80 

CLOCK 

Co,84-80 

w-CLOCK 

16 t 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I F15-FO I 
I I _____________________________ J 

Calculated Specification Limit 
(Clock-+ C16) + (Co -+ F) 
(Clock -+ C16) + (Co -+ Out) 
(Co-+ C16) + (Co-+ F) 
(Co-+ C16) + (Co-+ Out) 
(S4-So -+ C16) + (Co -+ F) 
(S4-So -+ C16) + (Co-+ Out) 
Same as 16-bit case 
(Co-+ C16) + (Co Setup time) 
(S4-So-+ C16) +(Co Setup time) 
Same as 16-bit case 
(Clock-+ C16) +(Co Setup time) 

,----------------------------, 
A1s-Ao 81s-80 : 

I 
I 
I 
I 

CLOCK 1 
I 
I 

Co,84-80 : 
I 
I 
I 
I 
I 

LEAST 
SIGNIFICANT 
SLICE 

1 LEAST 
I 
1 SIGNIFICANT 
I 

F1s-Fo : SLICE 
L----------------------------j 

================================================================= Arithmetic Logic Units 
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DEVICES INCORPORATED 

FIGURE 4C. FT AB = 1, FTF = 0 
From 
Clock 
A,B 
Co 
S4-So 
A,B 
Co 
S4-So 
ENA, ENB, ENF 
Minimum cycle time 

To 
-+ F 
-+ Other 
-+ Other 
-+ Other 
Setup time 
Setup time 
Setup time 
Setup time 

(F register accumulate loop) 

A31-A1e 831-816 

rn-CLOCK 

MOST 
SIGNIFICANT 

SLICE 

16 t 
F31-F1e ______________________ J 

FIGURE 40. FTAB = 1, FTF = 1 

From To 
A,B -+ F 
A,B -+ Other 
Co -+ F 
Co -+ Other 
S4-So -+ F 
S4-So -+ Other 
A,B Setup time 
Co Setup time 
S4-SO Setup time 
ENA, ENB, ENF Setup time 
Minimum cycle time 
(F register accumulate loop) 

A31-A16 831-816 

MOST 16 
SIGNIFICANT 

SLICE F31-F16 

'----------------------~ 

L4C383 

16-bit Cascadable ALU (Extended Set) 

I 

Calculated Specification Limit 
Same as 16-bit case 
(A, B-+ C16) + (Co-+ Out) 
(Co -+ C16) + (Co -+ Out) 
(S4-So -+ C16) + (Co -+ Out) 
(A, B -+ C16) + (Co Setup time) 
(Co-+ C16) +(Co Setup time) 
(S4-So-+ C16) + (Co Setup time) 
Same as 16-bit case 
(Clock-+ C16) + (Co Setup time) 

A1s-Ao 81s-80 

Co,S4-So 

rn-CLOCK 

16 t 
F1s-Fo 

Calculated Specification Limit 
(A, B-+ C16) + (Co-+ F) 
(A, B -+ C16) + (Co -+ Out) 
(Co-+ C16) + (Co-+ F) 
(Co-+ C16) + (Co-+ Out) 
(S4-So-+ C16) + (Co-+ F) 
(S4-So -+ C16) + (Co -+ Out) 
(A, B-+ C16) + (Co Setup time) 
(Co-+ C16) + (Co Setup time) 
(S4-So-+ C16) +(Co Setup time) 
Same as 16-bit case 
(Clock-+ C16) + (Co Setup time) 

A1s-Ao 81s-80 

Co,S4-So 

16 

: F1s-Fo 

LEAST 
SIGNIFICANT 

SLICE 

LEAST 
SIGNIFICANT 
SLICE 

I_ - - - - - - - - - - - - - - - - - - --- - - - - - - -
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L4C383 
DEVICES INCORPORATED 16-bit Cascadable ALU (Extended Set) 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature .......... ...................................... ................... ........................................ -65°C to+ 150°C 

Operating ambient temperature........................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs............................................................................................................. 25 mA 

Latchup current ............................................................................................................................... > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to + 125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee= Min., IOH = -2.0 mA 

VOL Output Low Voltage Vee= Min., IOL = 8.0 mA 

~H Input High Voltage 

~L Input Low Voltage (Note 3) 

llX Input Current Ground::::; VIN::::; Vee (Note 12) 

IOZ Output Leakage Current Ground::::; VouT::::; Vee (Note 12) 

lec1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note 7) 

Supply Voltage 
4.75 v::::; Vee::::; 5.25 v 
4.50 v::::; Vee ::::; 5.50 v 

Min Typ 

2.4 

2.0 

0.0 

15 

Max 

0.5 

Vee 

0.8 

±20 

±20 

30 

1.5 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

=========================================================== Arithmetic Logic Un its 
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DEVICES INCORPORATED 16-bit Cascadable ALU (Extended Set) 

I SWITCHING CHARACTERISTICS - CoMMERCIAL OPERATING RANGE {0°C to +70°C) 

GUARANTEED MAXIMUM COMBINATIONAL DELAYS Notes 9, 10 (ns) 

~ 
L4C383-55 L4C383-40 L4C383-26 

F1s-Fo N OVF,Z C16 F1s-Fo N OVF,Z C16 F1s-Fo N OVF,Z C16 t 

FT AB = O, FTF = 0 

Clock 32 38 53 36 26 30 44 32 22 22 26 22 
Co - - 34 22 - - 28 20 - - 18 18 
84-80 - 42 42 42 - 32 34 35 - 22 22 22 

FT AB = 0, FTF = 1 
Clock 56 38 53 36 46 30 44 32 28 22 26 22 
Co 37 - 34 22 30 - 28 20 22 - 18 18 
84-80 55 42 42 42 40 32 34 35 26 22 22 22 

FT AB = 1, FTF = 0 

A15-AO, 815-80 - 36 46 37 - 30 40 32 - 22 22 22 
Clock 32 - - - 26 - - - 22 - - -
Co - - 34 22 - - 28 20 - - 18 18 
84-80 - 42 42 42 - 32 34 35 - 22 22 22 

FTAB = 1, FTF = 1 
A15-Ao, 815-80 55 36 46 37 40 30 40 32 26 22 22 22 
Clock 56 38 53 36 46 30 44 32 28 22 26 22 
Co 37 - 34 22 30 - 28 20 22 - 18 18 
84-80 55 42 42 42 40 32 34 35 26 22 22 22 

GUARANTEED MINIMUM SETUP AND HOLD TIMES WITH RESPECT TO CLOCK RISING EDGE Notes 9, 10 (ns) 

L4C383-55 L4C383-40 L4C383-26 

FTAB = 0 FTAB = 1 FTAB = 0 FTAB = 1 FTAB = 0 FTAB = 1 

Input Setup Hold Setup Hold Setup Hold Setup Hold Setup Hold Setup Hold 

A15-AO, 815-80 8 2 35 2 8 2 28 2 8 2 16 2 

Co 21 0 21 0 16 0 16 0 8 0 8 0 

84-So 44 0 44 0 32 0 32 0 18 0 18 0 

ENA, EN8, ENF 10 2 10 2 10 2 10 2 8 2 8 2 

TRI-STATE ENABLE!D1sABLE TIMES Notes 9, 10, 11 (ns) CLOCK CvcLE T1ME AND PULSE WtoTH Notes 9, 10 (ns) 

L4C383-55 L4C383-40 L4C383-26 L4C383-55 L4C383-40 L4C383-26 

tENA 20 18 16 Minimum Cycle Time 43 34 20 

tDIS 20 18 16 Highgoing Pulse 15 10 10 

Lowgoing Pulse 15 10 10 
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I SWITCHING CHARACTERISTICS - COMMERCIAL OPERATING RANGE (0°C to +70°C) 

GUARANTEED MAXIMUM COMBINATIONAL DELAYS Notes 9, 10 (ns) 

~ 
L4C383-20 L4C383-15 

F1s-Fo N OVF,Z C1s F1s-Fo N OVF,Z C16 t 

FT AB = 0, FTF = 0 

Clock 11 20 20 20 11 15 15 15 
Co - - 14 14 - - 13 13 
S4-SO - 18 20 18 - 14 15 14 

FTAB=0,FTF=1 

Clock 20 20 20 20 15 15 15 15 • Co 18 - 14 14 14 - 13 13 
S4-SO 20 18 20 18 15 14 15 14 

FTAB = 1, FTF = 0 

A15-AO, 81s-80 - 16 20 17 - 14 15 14 
Clock 11 - - - 11 - - -

Co - - 14 14 - - 13 13 
S4-So - 18 20 18 - 14 15 14 

FTAB = 1, FTF = 1 

A15-AO, 815-80 20 16 20 17 15 14 15 14 
Clock 20 20 20 20 15 15 15 15 
Co 18 - 14 14 14 - 13 13 
S4-So 20 18 20 18 15 14 15 14 

GUARANTEED MINIMUM SETUP AND HoLD TIMES WITH RESPECT TO CLOCK RISING EDGE Notes 9, 10 (ns) 

L4C383-20 L4C383-15 

FTAB = 0 FTAB = 1 FTAB = 0 FTAB = 1 

Input Setup Hold Setup Hold Setup Hold Setup Hold 

A15-AO, 81s-80 5 0 14 0 5 0 12 0 

Co 12 0 12 0 10 0 10 0 

S4-So 15 0 15 0 12 0 12 0 

ENA, EN8, ENF 5 0 5 0 5 0 5 0 

TRI-STATE ENABLE/D1sABLE TIMES Notes 9, 10, 11 (ns) CLOCK CYCLE TIME AND PULSE WIDTH Notes 9, 10 (ns) 

L4C383-20 L4C383-15 L4C383-20 L4C383-15 

tENA 8 6 Minimum Cycle Time 18 14 

tDIS 8 6 Highgoing Pulse 5 4 

Lowgoing Pulse 5 4 

================================================================= Arithmetic Logic Un its 
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I SWITCHING CHARACTERISTICS- M1LITARY OPERATING RANGE (-55°C to +125°C) 

GUARANTEED MAXIMUM COMBINATIONAL DELAYS Notes 9, 10 (ns) 

~ 
L4C383-65 L4C383-45 L4C383-30 

F1s-Fo N OVF,Z C1s F1s-Fo N OVF,Z C16 F1s-Fo N OVF,Z C1s t 

FTAB = 0, FTF = 0 

Clock 37 44 63 45 28 34 50 34 26 28 34 28 
Co - - 42 25 - - 32 23 - - 22 22 
84-80 - 48 48 48 - 38 38 38 - 28 28 28 

FT AB = 0, FTF = 1 

Clock 68 44 63 45 56 34 50 34 34 28 34 28 
Co 42 - 42 25 32 - 32 23 26 - 22 22 
84-80 66 48 48 48 46 38 38 38 30 28 28 28 

FTAB=1,FTF=O 

A15-Ao, 815-80 - 44 56 44 - 32 46 36 - 28 28 28 
Clock 37 - - - 28 - - - 26 - - -

Co - - 42 25 - - 32 23 - - 22 22 
84-80 - 48 48 48 - 38 38 38 - 28 28 28 

FTAB = 1, FTF = 1 

A15-Ao, 815-80 65 44 56 44 45 32 46 36 30 28 28 28 
Clock 68 44 63 45 56 34 50 34 34 28 34 28 
Co 42 - 42 25 32 - 32 23 26 - 22 22 
84-80 66 48 48 48 46 38 38 38 30 28 28 28 

GUARANTEED MINIMUM SETUP AND HOLD TIMES WITH RESPECT TO CLOCK RISING EDGE Notes 9, 10 (ns) 

L4C383-65 L4C383-45 L4C383-30 

FTAB = 0 FTAB = 1 FTAB = 0 FTAB = 1 FTAB = 0 FTAB = 1 

Input Setup Hold Setup Hold Setup Hold Setup Hold Setup Hold Setup Hold 

A15-AO, 815-80 10 3 43 3 8 3 33 3 8 3 20 3 

Co 25 0 25 0 20 0 20 0 12 0 12 0 

84-80 50 0 50 0 36 0 36 0 20 0 20 0 

ENA, EN8, ENF 12 2 12 2 10 2 10 2 10 2 10 2 

TRI-STATE ENABLEID1SABLE T1MES Notes 9, 10, 11 (ns) CLOCK CYCLE TIME AND PULSE WIDTH Notes 9, 10 (ns) 

L4C383-65 L4C383-45 L4C383-30 L4C383-65 L4C383-45 L4C383-30 

tENA 22 20 18 Minimum Cycle Time 52 38 26 

tDIS 22 20 18 Highgoing Pulse 20 15 12 

Lowgoing Pulse 20 15 12 

============================================== Arithmetic Logic Un its 
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-~ ..__,_ ~ L4C383 
DEVICES INCORPORATED 16-bit Cascadable ALU (Extended Set) 

I SWITCHING CHARACTERISTICS - MILITARY OPERATING RANGE (-ss 0 c to + 12s°C) 

GUARANTEED MAXIMUM COMBINATIONAL DELAYS Notes 9, 10 (ns) 

~ 
L4C383-25 L4C383-20 

F1s-Fo N OVF,Z C1s F1s-Fo N OVF,Z C1s t 

FT AB = 0, FTF = 0 

Clock 14 24 24 24 14 20 20 20 
Co - - 18 18 - - 16 16 
S4-SO - 22 24 22 - 18 20 18 

FTAB = 0, FTF = 1 

Clock 25 24 24 24 20 20 20 20 
.. 

Co 21 - 18 18 17 - 16 16 
S4-SO 25 22 24 22 20 18 20 18 

FTAB = 1, FTF = 0 

A15-AO, 81s-Bo - 20 25 22 - 17 20 17 
Clock 14 - - - 14 - - -
Co - - 18 18 - - 16 16 
S4-SO - 22 24 22 - 18 20 18 

FTAB = 1, FTF= 1 

A15-AO, B1s-Bo 25 20 25 22 20 17 20 17 
Clock 25 24 24 24 20 20 20 20 
Co 21 - 18 18 17 - 16 16 
S4-SO 25 22 24 22 20 18 20 18 

GUARANTEED MINIMUM SETUP AND HoLD TIMES W1rn RESPECT TO CLOCK RISING EDGE Notes 9, 1 O (ns) 

L4C383-25 L4C383-20 

FTAB = 0 FTAB = 1 FTAB = 0 FTAB = 1 

Input Setup Hold Setup Hold Setup Hold Setup Hold 

A15-Ao, 815-80 7 2 14 2 6 2 12 2 

Co 14 0 14 0 12 0 12 0 

84-80 19 0 19 0 16 0 16 0 

ENA, ENB, ENF 7 0 7 0 6 0 6 0 

TRI-STATE ENABLEID1sABLE TIMES Notes 9, 10, 11 (ns) CLOCK CYCLE TIME AND PULSE WIDTH Notes 9, 10 (ns) 

L4C383-25 L4C383-20 L4C383-25 L4C383-20 

tENA 14 10 Minimum Cycle Time 20 18 

tOIS 14 10 Highgoing Pulse 8 6 

Lowgoing Pulse 8 6 
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DEVICES INCORPORATED 16-bit Cascadable ALU (Extended Set) 

I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values beyond 
those indicated in the Operating Condi
tions table is not implied. Exposure to 
maximum rating conditions for ex
tended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Neverthe
less, conventional precautions should 
be observed during storage, handling, 
and use of these circuits in order to 
avoid exposure to excessive electrical 
stress values. 

3. This device provides hard clamping of 
transient undershoot and overshoot. In
put levels below ground or above Vee 
will be clamped beginning at-0.6 Vand 
Vee + 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of-0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tDIS test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in the 
testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actualtestconditionsmayvaryfrom b. Ground and Vee supply planes 
those designated but operation is guar- must be brought directly to the DUT 
anteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated by: 

where 

NCV2F 

4 

N = total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 5 MHz clock 
rate. 

7. Tested with all inputs within 0.1 V of 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required DUT input 
levels relative to the DUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses from 
the internal circuitry are specified from 
the point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation of 
any device always provides data within 
that time. 

3-24 

11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the tDIS test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
±lOmA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. OUTPUT loADING CIRCUIT 

FIGURE 8. THRESHOLD LEVELS 

VOL. Measured VOL with IOH = -1 OmA and IOL = 1 OmA 
VoH• Measured VoH with loH = -1 OmA and loL = 1 OmA 
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DEVICES INCORPORATED 

ORDERING INFORMATION 

68-pin 

Plastic J-Lead Chip Carrier 
Speed (J2) 

Ceramic Leadless 
Chip Carrier (K3) 

0°C to +70°C - COMMERCIAL SCREENING 
55 ns L4C383JC55 
40 ns L4C383JC40 
26 ns L4C383JC26 
20 ns L4C383JC20 
15 ns L4C383JC15 

-55°C to + 125°C - COMMERCIAL SCREENING 
65 ns 
45 ns 
30 ns 
25 ns 
20 ns 

65 ns 
45 ns 
30 ns 
25 ns 
20 ns 

-ss 0 c to + 12s0 c - MIL-STD-883 COMPLIANT 
L4C383KMB65 
L4C383KMB45 
L4C383KMB30 
L4C383KMB25 
L4C383KMB20 

3-25 

L4C383 

16-bit Cascadable ALU (Extended Set) 

68-pin 

A 

B 

c 

D 

E 

F 

1 2 3 4 5 6 7 8 9 10 11 

,.... ,.... ,.... ,.... ,.... ,.... ,..... ,.... , .... ,_. ,_. ,_. ,_. ,_. ,_. ,_. ,_, ,_. 
As A7 As A3 A1 B1S B13 B11 B9 ,.... ,... ,.... ,.... ,.... ,.... ,.... ,.... ,.... ,... , .... ,_. ,_,. ,_. ,_, ,_,.I ,_. ,_. ,_. ,_. ,_,. ,_. 

A10 A9 As A4 A2 Ao B14 B12 B10 Ba B7 ,..... , .... ,_. ,_. 
A12 A11 ,.... , .... ,_. ,_. 
A14 A13 ,.... , .... ,_, ,_. 
CLK A1s ,.... , ..... ,_. ,_. 
GND Vee 

Top View 

Through Package 

(i.e., Component Side Pinout) 

,.... , ..... ,_. ,_. 
Bs Bs ,.... , .... ,_. ,_. 
B3 B4 ,..... , .... ,_. ,_. 
B1 B2 ,.... , .... ,_. ,_. 

ENA Bo ,.... , .... 
G I I I I 

GND c-;'s 
,..... , .... ,_. ,_. 

H 

K 

FTAB ENB ,.... , ..... ,_. ,_. 
S3 84 ,.... ,.... ,.... , .... ,_. ,_, ,_. ,_. 

ENF OVF S1 Sl2 ,.... ,... ,.... ,.... ,.... ,.... ,..... ,.... ,.... ,... , .... ,_. ,_,. ,_. ,_. ,_. ,_. ,_, ,_. ,_. , __ , ,_. 
FTF OE f14 F12 F10 Fa Fs F4 F2 Co So ,..... ,.... ,.... ,.... ,.... ,.... ,..... ,.... , .... ,_. ,_. ,_. ,_, ,_, ,_. ,_. ,_. ,_. 

Rs R3 R1 ~ ~ ~ ~ R ~ 

Ceramic Pin Grid Array 
(G1) 

L4C383GC55 
L4C383GC40 
L4C383GC26 
L4C383GC20 
L4C383GC15 

L4C383GM65 
L4C383GM45 
L4C383GM30 
L4C383GM25 
L4C383GM20 

L4C383GMB65 
L4C383GMB45 
L4C383GMB30 
L4C383GMB25 
L4C383GMB20 

Arithmetic Logic Units 
02/06/97-LDS.383-A 
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- - --- bSH32 - ....,._ ....--.-~ 
-:;;;===~=~~ . .. . . " ~~· - -. -
-~~-~ = 32-bit Cascadable Barrel Shifter 

.__I F_E_AT_U_R_ES ____ ___.I I DESCRIPTION 

0 32-bit Input, 32-bit Output Multi
plexed to 16 Lines 

0 Full 0-31 Position Barrel Shift 
Capability 

0 Integral Priority Encoder for 32-bit 
Floating Point Normalization 

0 Sign-Magnitude or Two's Comple
ment Mantissa Representation 

0 32-bit Linear Shifts with Sign or 
Zero Fill 

0 Independent Priority Encoder 
Outputs for Block Floating Point 

0 DECC SMD No. 5962-89717 
0 Available 100% Screened to 

MIL-STD-883, Class B 
q Package Styles Available: 

• 68-pin Plastic LCC, J-Lead 
• 68-pin Ceramic LCC 
• 68-pin Ceramic PGA 

LSH32 BLOCK DIAGRAM 

32 

Sl4·Slo -----+--..i 

The LSH32 is a 32-bit high speed 
shifter designed for use in floating 
point normalization, word pack/ 
unpack, field extraction, and similar 
applications. It has 32 data inputs, 
and 16 output lines. Any shift con
figuration of the 32 inputs, including 
circular (barrel) shifting, left shifts 
with zero fill, and right shift with sign 
extend are possible. In addition, a 
built-in priority encoder is provided to 
aid floating point normalization. 

SHIFT ARRAY 

The 32 inputs to the LSH32 are 
applied to a 32-bit shift array. The 32 
outputs of this array are multiplexed 
down to 16 lines for presentation at 
the device outputs. The array may be 

SIGN 131-lo 

32 

RIGHT/LEFT -----+---+--

32-bit 

BARREL 
SHIFT 

ARRAY 
FILL/WRAP -----+----+---.___...-------.----' 

NORM -----+----' 

5 

S04·SOo Y1s-Yo OE MS/LS 

configured such that any contiguous 
16-bit field (including wraparound of 
the 32 inputs) may be presented to the 
output pins under control of the shift 
code field (wrap mode). Alterna
tively, the wrap feature may be 
disabled, resulting in zero or sign bit • 
fill, as appropriate (fill mode). The 
shift code control assignments and the 
resulting input to output mapping for 
the wrap mode are shown in Table 1. 

Essentially the LSH32 is configured as 
a left shift device. That is, a shift code 
of 000002 results in no shift of the 
input field. A code of 000012 provides 
an effective left shift of 1 position, etc. 
When viewed as a right shift, the shift 
code corresponds to the two's comple-
ment of the shift distance, i.e., a shift 
code of 111112 (-ho) results in a right 
shift of one position, etc. 

When not in the wrap mode, the 
LSH32 fills bit positions for which 
there is no corresponding input bit. 
The fill value and the positions filled 
depend on the RIGHT /LEFT (R/[) 
direction pin. This pin is a don't care 
input when in wrap mode. For left 
shifts in fill mode, lower bits are filled 
with zero as shown in Table 2. For 
right shifts, however, the SIGN input 
is used as the fill value. Table 3 
depicts the bits to be filled as a 
function of shift code for the right shift 
case. Note that the R/L input changes 
only the fill convention, and does not 
affect the definition of the shift code. 

In fill mode, as in wrap mode, the shift 
code input represents the number of 
shift positions directly for left shifts, 
but the two's complement of the shift 
code results in the equivalent right 
shift. However, for fill mode the R/L 
input can be viewed as the most 

~~~~~~~~~~~~~~~~~~~~special Arith~etic Functions 
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TABLE 1. WRAP MODE SHIFT CODE DEFINITIONS 

Shift Code Ya1 Yao Y29 ... Y16 Y1s ... Y2 

00000 131 130 129 ... 116 115 ... 12 

00001 130 129 128 ... 115 114 ... 11 

00010 129 128 127 ... 114 113 ... lo 

00011 128 127 126 ... 113 112 ... 131 . . . . . .. . . ... . 
. . . . . .. . . . . . . 
. . . . . .. . . ... . 

01111 116 115 114 ... 11 lo ... 119 

10000 115 114 113 ... lo 131 ... 118 

10001 114 113 112 ... 131 130 ... 117 

10010 113 112 111 . . . 130 129 ... 116 . . . . ... . . ... . 
. . . . ... . . ... . 
. . . . ... . . ... . 

11100 13 12 11 ... 120 119 ... 16 

11101 12 11 lo ... 119 118 ... 15 

11110 11 lo 131 ... 118 117 ... 14 

11111 lo 131 130 ... 117 116 ... 13 

TABLE 2. FILL Mooe SHIFT Cooe DEFINITIONS - LEFT SHIFT 

Shift Code Ya1 Yao Y29 ... Y16 Y1s ... Y2 

00000 131 130 129 ... 116 115 ... 12 

00001 130 129 128 ... 115 114 ... 11 

00010 129 128 127 ... 114 113 ... lo 

00011 128 127 126 ... 113 112 ... 0 . . . . ... . . . . . . . . . . . .. . . ... . 
. . . . . .. . . . . . . 

01111 116 115 114 ... 11 lo ... 0 

10000 115 114 113 ... lo 0 ... 0 

10001 114 113 112 ... 0 0 ... 0 

10010 113 112 111 ... 0 0 ... 0 . . . . ... . . ... . 
. . . . . .. . . . . . . 
. . . . ... . . ... . 

11100 13 12 11 ... 0 0 . . . 0 

11101 12 11 lo ... 0 0 ... 0 

11110 11 lo 0 ... 0 0 ... 0 

11111 lo 0 0 ... 0 0 ... 0 

Y1 

11 

lo 

131 

130 . 
. 
. 

118 

117 

116 

115 . 
. 
. 
15 

14 

13 

12 

Y1 

11 

lo 

0 

0 . . 
. 
0 

0 

0 

0 . 
. 
. 
0 

0 

0 

0 

LSH32 

32-bit Cascadable Barrel Shifter 

Yo 

lo 

131 

130 

129 . 
. 
. 

117 

116 

115 

114 . 
. 
. 
14 

13 

12 

11 

Yo 

lo 

0 

0 

0 . 
. 
. 
0 

0 

0 

0 . 
. 
. 
0 

0 

0 

0 

significant bit of a 6-bit two's comple
ment shift code, comprised of R/[ 
concatenated with the Sl4-Slo lines. 
Thus a positive shift code (R/[ = O) 
results in a left shift of 0-31 positions, 
and a negative code (R/[ = 1) a right 
shift of up to 32 positions. The LSH32 
can thus effectively select any contigu
ous 32-bit field out of a (sign extended 
and zero filled) 96-bit "input." 

OUTPUT MULTIPLEXER 

The shift array outputs are applied to 
a 2:1 multiplexer controlled by the 
MS/LS select line. This multiplexer 
makes available at the output pins 
either the most significant or least 
significant 16 outputs of the shift 
array . 

PRIORITY ENCODER 

The 32-bit input bus drives a priority 
encoder which is used to determine 
the first significant position for 
purposes of normalization. The 
priority encoder produces a five-bit 
code representing the location of the 
first non-zero bit in the input word. 
Code assignment is such that the 
priority encoder output represents the 
number of shift positions required to 
left align the first non-zero bit of the 
input word. Prior to the priority 
encoder, the input bits are individu
ally exclusive OR' ed with the SIGN 
input. This allows normalization in 
floating point systems using two's 
complement mantissa representation. 
A negative value in two's complement 
representation will cause the exclusive 
OR gates to invert the input data to 
the encoder. As a result the leading 
significant digit will always be "1." 
This affects only the encoder inputs; 
the shift array always operates on the 
raw input data. The priority encoder 
function table is shown in Table 4 . 

~~~~~~~~~~~~~~~~~~~ Special Arlth~etic Functions 
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DEVICES INCORPORATED 32-bit Cascadable Barrel Shifter 

TABLE 3. F1LL Mooe SHIFT Cooe DEFINITIONS - RIGHT SHIFT 
NORMALIZE MUL TIPLXER 

Shift Code Y31 Y3o Y29 ... Y1s Y1s 

00000 s s s ... s s 
00001 s s s ... s s 
00010 s s s ... s s 
00011 s s s ... s s . . . . ... . . 
. . . . . .. . . 
. . . . ... . . 

01111 s s s ... s s 
10000 s s s ... s 131 

10001 s s s ... 131 130 

10010 s s s ... 130 129 . . . . . . . . . 
. . . . . .. . . 
. . . . ... . . 

11100 s s s ... 120 119 

11101 s s s ... 119 118 

11110 s s 131 ... 118 117 

11111 s 131 130 ... 117 116 

TABLE 4. PRIORITY ENCODER FUNCTION TABLE 

131 130 129 ... 116 115 . .. 12 

1 x x ... x x . .. x 
0 1 x ... x x . .. x 
0 0 1 ... x x . .. x . . . . .. . . . .. . 
. . . . .. . . . .. . 
0 0 0 ... 1 x . .. x 
0 0 0 ... 0 1 . .. x 
0 0 0 ... 0 0 . .. x . . . . .. . . . .. . . . . . . . . . . .. . 
0 0 0 ... 0 0 . .. 0 

0 0 0 ... 0 0 . .. 0 

0 0 0 ... 0 0 . .. 0 

. .. Y2 

. .. s . .. s . .. s . .. 131 ... . . .. . 

... . 

. .. 119 . .. 118 . .. 117 . .. 116 . .. . 

... . 

. .. . 

. .. 16 . .. 15 . .. 14 . .. 13 

11 lo 

x x 
x x 
x x . . 
. . 
x x 
x x 
x x . . 
. . 
1 x 
0 1 

0 0 

Y1 Yo 

s s 
s 131 

131 130 

130 129 . . 
. . 
. . 

118 117 

117 116 

116 115 

115 114 . . 
. . 
. . 
15 14 

14 13 

13 12 

12 11 

Shift Code 

00000 

00001 

00010 . 
. 

01111 

10000 

10001 . 
. 

11110 

11111 

11111 

The NORM input, when asserted 
results in the priority encoder output 
driving the internal shift code inputs 
directly. It is exactly equivalent to 
routing the S04-SOo outputs back to 
the Sl4-Slo inputs. The NORM input 
provides faster normalization of 32-bit 
data by avoiding the delay associated 
with routing the shift code off chip . 
When using the NORM function, the .. 
LSH32 should be placed in fill mode, 
with the R/L input low. 

APPLICATIONS EXAMPLES 

Normalization of mantissas up to 32 
bits can be accomplished directly by a 
single LSH32. The NORM input is 
asserted, and fill mode and left shift 
are selected. The normalized mantissa 
is then available at the device output 
in two 16-bit segments, under the 
control of the output data multiplexer 
select, the MS/LS. 

If it is desirable to avoid the necessity 
of multiplexing output data in 16-bit 
segments, two LSH32 devices can be 
used in parallel. Both devices receive 
the same input word, with the MS/LS 
select line of one wired high, and the 
other low. Each device will then 
independently determine the shift 
distance required for normalization, 
and the full 32 bits of output data will 
be available simultaneously. 

~~~~~~~~~~~~~~~~~~~~special Arith~etic Functions 
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LONG-WORD NORMALIZATION 
(MULTIPLE CYCLES) 

Normalization of floating point 
mantissas longer than 32 bits can be 
accomplished by cascading LSH32 
units. When cascading for normaliza
tion, the device inputs are overlapped 
such that each device lower in priority 
than the first shares 16 inputs with its 
more significant neighbor. -Fill mode 
and left shift are selected, however, 
internal normalization (NORM) is not 
used. The most significant result half 
of each device is enabled to the 
output. The shift out (504-SOo) lines 
of the most significant slice are 
connected to the shift in lines of all 

slices, including the first. The excep
tion is that all 514 lines are grounded, 
limiting the shift distance to 16 
positions. The shift distance required 
for normalization is produced by the 
priority encoder in the most signifi
cant slice. The priority encoder will 
produce the shift code necessary to 
normalize the input word if the 
leading non-zero digit is found in the 
upper 16 bits. If this is the case, the 
number of shift positions necessary to 
accomplish normalization is placed on 
the 504-SOo outputs for use by all 
slices, and the appropriate 0-15 bit 
shift is accomplished. If the upper 16 
bits are all zero, then the maximum 
shift of 15 places is executed. Single 

F1GURE 1. S1NGLE CvcLe LONG-WORD NoRMALIZATION Us1NG LSH32s 

163-148 147-132 131-116 

MSBs 

147-132 131-116 11s-lo 

l31-l1s l1s-lo 0 

Y63-Y4B Y41-Y32 

clock normalization requiring shifts 
longer than 16 bits can be accom
plished by a bank-select technique 
described below. 

SINGLE CYCLE LONG-WORD 
NORMALIZATION 

An extension of the above concept is a 
single clock normalization of long 
words (potentially requiring shifts of 
more than 15 places). The arrange
ment of LSH32s required is shown in 
Figure 1. Cascading of LSH32 units is 
accomplished by connecting the 513-
Sio input lines of each unit to the 503-
SOo outputs of the most significant 
device in the row as before. Essen-

115-10 0 

0 

V31-Y16 Y1s-Yo 
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tially the LSH32s are arranged in 
multiple rows or banks such that the 
inputs to successive rows are left
shifted by 16 positions. The outputs 
of each row are multiplexed onto a 
three-state bus. The normalization 
problem then reduces to selecting 
from among the several banks that 
one which has the first non-zero bit 
of the input value among its 16 most 
significant positions. If the most 
significant one in the input file was 
within the upper 16 locations of a 
given bank, the S04 output of the 
most significant slice in that bank will 
be low. Single clock normalization 
can thus be accomplished simply by 
enabling onto the three-state output 
bus the highest priority bank in which 
this condition is met. In this way the 
input word will be normalized 
regardless of the number of shift 
positions required to accomplish this. 

LSH32 

32-bit Cascadable Barrel Shifter 

The number of shift positions can be 
determined simply by concatenation 
of the S03-S0o outputs of the most 
significant slice in the selected row 
with the encoded Output Enable-bits 
determining the row number. Note 
that lower rows need not be fully 
populated. This is because they 
represent left shifts in multiples of 16 
positions, and the lower bits of the 
output word will be zero filled. In 
order to accomplish this zero fill, the 
least significant device in each row is 
always enabled, and the row select is 
instead connected to the SI4 input. 
This will force the shift length of the 
least significant device to a value 
greater than 15 whenever the row 
containing that device is not selected. 
This results in zero fill being accom
plished by the equivalently positioned 
slice in a higher bank, as shown in the 
diagram. 

3-31 

BLOCK FLOATING POINT 

With a small amount of external logic, 
block floating point operations are 
easily accomplished by the LSH32. 
Data resulting from a vector operation 
are applied to the LSH32 with the 
NORM-input deasserted. The S04-
SOo outputs fill then represent the 
normalization shift distance for each 
vector element in turn. By use of an 
external latch and comparator, the • 
maximum shift distance encountered 
across all elements in the vector is 
saved for use in the next block opera-
tion (or block normalization). During 
this subsequent pass through the data, 
the shift code saved from the previous 
pass is applied uniformly across all 
elements of the vector. Since the 
LSH32 is not used in the internal 
normalize mode, this operation can be 
pipelined, thereby obtaining the 
desired shift distance for the next pass 
while simultaneously applying the 
normalization required from the 
previous pass. 

01 /16/97-LDS.32-N 
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MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature . . . . . . . . . .. . . .. . . .. .. . . . .. .. .. ... . . .. . .. . . .. .. .. . . .. . . . . . . .. . . .. . .. . . . . . .. . .. . . . . .. . . . .. .. . . . . . .. . .. . . . .. . . -65°C to + 150°C 

Operating ambient temperature........................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs............................................................................................................. 25 mA 

Latch up current ............................................................................................................................... > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to + 125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee= Min., IOH = -2.0 mA 

VOL Output Low Voltage Vee= Min., IOL = 8.0 mA 

VIH Input High Voltage 

VIL Input Low Voltage (Note 3) 

llX Input Current Ground ~ VIN ~Vee (Note 12) 

loz Output Leakage Current Ground~ VouT ~Vee (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note 7) 

Supply Voltage 
4.75 v ~Vee~ 5.25 v 
4.50 v ~ Vee ~ 5.50 v 

Min Typ 

2.4 

2.0 

0.0 

10 

Max 

0.4 

Vee 

0.8 

±20 

±20 

30 

1.5 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 
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I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

Symbol Parameter Min 

tlY I, SIGN Inputs to Y Outputs 

tlYN I, SIGN Inputs to Y Outputs, Normalize Mode 

ti SO I, SIGN Inputs to SO Outputs 

tSIY SI, RIGHT/LEFT to Y Outputs 

tMSY MS/LS Select to Y Outputs 

tDIS Three-State Output Disable Delay (Note 11) 

tENA Three-State Output Enable Delay (Note 11) 

MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

Symbol Parameter 

tlY I, SIGN Inputs to Y Outputs 

tlYN I, SIGN Inputs to Y Outputs, Normalize Mode 

ti SO I, SIGN Inputs to SO Outputs 

tSIY SI, RIGHT/LEFT to Y Outputs 
-

tMSY MS/LS Select to Y Outputs 

tDIS Three-State Output Disable Delay (Note 11) 

tENA Three-State Output Enable Delay (Note 11) 

SWITCHING WAVEFORMS 

131-10 
SIGN 

814-Slo 
RIGHT/LEFT 

MS/LS 

* 
* 

f---tlY, tlYN-

804-SOo 
.I 

1-t1so~ 
Y31-Yo * tSIY 

Min 

LSH32-
42 32 20 

Max Min Max Min Max 

42 32 20 

75 60 20 

55 42 20 

52 40 20 

28 24 15 

20 20 15 

20 20 15 

LSH32-
50 40 30 

Max Min Max Min Max 

50 40 30 

85 75 58 

65 52 42 

62 52 40 

32 26 24 

22 20 17 

22 20 17 

~ 

f-tMS~ 

I 

Y31-Yo 
_______ c ___ to_,. =:) "'"" 'MPEDANCE i= !ENA =ii...-----------
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I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above Vee 
will be clamped beginning at-0.6 V and 
Vee + 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of-0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tDIS test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in 
the testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actual test conditions may vary b. Ground and Vee supply planes 
from those designated but operation is must be brought directly to the DUT 
guaranteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated 
by: 

where 

NCV2F 
4 

N = total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 5 MHz clock 
rate. 

7. Tested with all inputs within 0.1 V of 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required DUT input 
levels relative to the DUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses 
from the internal circuitry are specified 
from the point of view of the device. 
Output delay, for example, is specified 
as a maximum since worst-case opera
tion of any device always provides data 
within that time. 

11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the trns test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
±lOmA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. OUTPUT LOADING CIRCUIT 

FIGURE B. THRESHOLD LEVELS 

VoL' Measured VOL with IOH = -1 OrnA and IOL = 10mA 
VoH' Measured VoH with loH = -10mA and loL = 10mA 
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ORDERING INFORMATION 

68-pin 

Plastic J-Lead Chip Carrier 
Speed (J2) 

Ceramic Leadless 
Chip Carrier (K3) 

0°C to +70°C-COMMERCIAL SCREENING 
42 ns LSH32JC42 
32 ns LSH32JC32 
20 ns LSH32JC20 

-55°C to +125°C-CoMMERCIAL SCREENING 
50 ns 
40 ns 
30 ns 

50 ns 
40 ns 
30 ns 

-55°C to + 125°C - MIL-STD-883 COMPLIANT 
LSH32KMB50 
LSH32KMB40 
LSH32KMB30 

LSH32 
32-bit Cascadable Barrel Shifter 

68-pin 

A 

B 

c 

D 

E 

F 

G 

H 

K 

1 2 3 4 5 6 7 8 9 10 11 

~ 
, ... ,_, , ... ,_. , ... ,_. , ... ,_. , ... ,_. , ... ,_. , ... ,_. , ... ,_. , ... ,_. 
129 128 126 124 122 120 118 116 114 , ... ,_, , ... ,_, , ... ,_. , ... ,_, , ... ,_. , ... ,_. , ... ,_. , ... ,_, , ... ,_. , ... ,_, , ... ,_, 

131 130 127 125 123 121 119 117 115 GND GND , ... , ... , ... , ... ,_, ,_. ,_. ,_, 
S04 SIGN 112 113 , ... ,_. , ... ,_. , ... ,_, , ... ,_. 
S02 S03 110 111 , ... , ... , ... , ... ,_. ,_ ... 

Top View 
,_. ,_. 

SOo S01 la Jg 

"'' "'' Through Package , ... , ... 
I I I I 

,_. ,_. 
81.i NORM (i.e., Component Side Pinout) 16 17 , ... ,_. , ... ,_. , ... ,_. , ... ,_. 
Sl2 Sl3 14 Is , ... , ... , ... , ... ,_, ,_. ,_. ,_. 
Sia Sl1 12 13 , ... ,_. , ... ,_, , ... ,_. , ... ,_. 
FiW R/[ Jo 11 , ... ,_. , ... ,_, , ... ,_. , ... ,_. , ... ,_. , ... ,_. , ... , ... , ... , ... , ... ,_. ,_. ,_. ,_, ,_ ... 

Y31/15 Y30/14 Y2a112 Y26/10 Y2418 Y221s Y2014 Y1B12 Y1s10 Vee Vee , ... ,_. , ... ,_ ... , ... ,_. , ... ,_. , ... ,_. , ... ,_, , ... ,_ ... 
Y29/13 Y21111 Y2s19 Y23/7 Y211s Y19;3 Y1111 

Ceramic Pin Grid Array 
(G1) 

LSH32GC42 
LSH32GC32 
LSH32GC20 

LSH32GM50 
LSH32GM40 
LSH32GM30 

LSH32GMB50 
LSH32GMB40 
LSH32GMB30 

, ... , ... ,_. ,_. 
OE MS/[$ 
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- 32-bit Barrel Shifter with Registers 

.__I F_E_AT_U_R_ES ____ ___,J j DESCRIPTION 

D 32-bit Input, 32-bit Output Multi
plexed to 16 Lines 

D Full 0-31 Position Barrel Shift 
Capability 

D Integral Priority Encoder for 32-bit 
Floating Point Normalization 

D Sign-Magnitude or Two's Comple
ment Mantissa Representation 

D 32-bit Linear Shifts with Sign or 
Zero Fill 

D Independent Priority Encoder 
Outputs for Block Floating Point 

D Available 100% Screened to 
MIL-STD-883, Class B 

D Package Styles Available: 
• 68-pin Plastic LCC, J-Lead 
• 68-pin Ceramic LCC 
• 68-pin Ceramic PGA 

LSH33 BLOCK DIAGRAM 

32 

The LSH33 is a 32-bit high speed 
shifter designed for use in floating 
point normalization, word pack/ 
unpack, field extraction, and similar 
applications. It has 32 data inputs, 
and 16 output lines. Any shift con
figuration of the 32 inputs, including 
circular (barrel) shifting, left shifts 
with zero fill, and right shifts with 
sign extension are possible. In addi
tion, a built-in priority encoder is 
provided to aid floating point normal
ization. 

Input/Output registers provide 
complete pipelined operation. Both 
have independent bypass paths for 
complete flexibility. When FTI = 1, 
the input registers are bypassed. 
Likewise, when FTO= 1, the output 
registers are bypassed. 

SIGN 131-lo 

32 

32-bit 

BARREL 
SHIFT 

RIGHT/LEFT _ ____. __ .___.___ _ ___.., ARRAY 
FILL/WRAP ------t--1-1--L-.-----.._J 

CLK 
ENO 

FTO 

MS/LS 

6E 

Y1s-Yo 

SHIFT ARRAY 

The 32 inputs, which can be regis
tered, to the LSH33 are applied to a 
32-bit shift array. The 32 outputs, 
which can also be registered, of this 
array are then multiplexed down to 
16 lines for presentation at the device El' 
outputs. The array may be configured 
such that any contiguous 16-bit field 
(including wraparound of the 32 
inputs) may be presented to the 
output pins under control of the shift 
code field (wrap mode). Alterna-
tively, the wrap feature may be 
disabled, resulting in zero or sign bit 
fill, as appropriate (fill mode). The 
shift code control assignments and the 
resulting input to output mapping for 
the wrap mode are shown in Table 1. 

Essentially the LSH33 is configured as 
a left shift device. That is, a shift code 
of 000002 results in no shift of the 
input field. A code of 000012 provides 
an effective left shift of 1 position, etc. 
When viewed as a right shift, the shift 
code corresponds to the two's comple-
ment of the shift distance, i.e., a shift 
code of 111112 (-110) results in a right 
shift of one position, etc. 

When not in the wrap mode, the 
LSH33 fills bit positions for which 
there is no corresponding input bit. 
The fill value and the positions filled 
depend on the RIGHT /LEFT (R/[) 
direction pin. This pin is a don't care 
input when in wrap mode. For left 
shifts in fill mode, lower bits are filled 
with zero as shown in Table 2. For 
right shifts, however, the SIGN input 
is used as the fill value. Table 3 
depicts the bits to be filled as a 
function of shift code for the right shift 
case. Note that the R/L input changes 
only the fill convention, and does not 
affect the definition of the shift code. 

~~~~~~~~~~~~~~~~~~~~special Arith~etic Functions 
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TABLE 1. WRAP Mooe SHIFT Cooe DEFINITIONS 

Shift Code Y31 Y3o Y29 ... Y1s Y1s 

00000 131 130 129 ... 116 115 

00001 130 129 128 ... 115 114 

00010 129 128 127 ... 114 113 

00011 128 127 126 ... 113 112 . . . . ... . . . . . . ... . . 
. . . . ... . . 

01111 116 115 114 ... 11 lo 
10000 115 114 113 ... lo 131 

10001 114 113 112 ... 131 130 

10010 113 112 111 ... 130 129 . . . . ... . . . . . . ... . . 
. . . . . .. . . 

11100 13 12 11 ... 120 119 

11101 12 11 lo ... 119 118 

11110 11 lo 131 ... 118 117 

11111 lo 131 130 ... 117 116 

. .. Y2 

. .. 12 ... 11 ... lo . .. 131 . .. . ... . 

. .. . ... 119 . .. 118 ... 117 ... 116 . .. . . .. . 

. .. . 

. .. 16 ... 15 ... 14 . .. 13 

LSH33 
32-bit Barrel Shifter with Registers 

Y1 

11 

lo 
131 

130 . 
. 
. 

118 

117 

116 

115 . . 
. 
15 

14 

13 

12 

Yo 

lo 
131 

130 

129 . . 
. 

117 

116 

115 

114 . 
. 
. 
14 

13 

12 

11 

In fill mode, as in wrap mode, the shift 
code input represents the number of 
shift positions directly for left shifts, 
but the two's complement of the shift 
code results in the equivalent right 
shift. However, for fill mode the R/[ 
input can be viewed as the most 
significant bit of a 6-bit two's comple
ment shift code, comprised of R/[ 
concatenated with the SI4-Sio lines . 
Thus, a positive shift code (R/L = 0) 
results in a left shift of 0-31 positions, 
and a negative code (R/L = 1) a right 
shift of up to 32 positions. The LSH33 
can thus effectively select any contigu
ous 32-bit field out of a (sign extended 
and zero filled) 96-bit "input." 

OUTPUT MULTIPLEXER 

The shift array outputs can be regis
tered and then applied to a 2:1 multi
plexer controlled by the MS/LS select 
line. This multiplexer makes available 
at the output pins either the most 
significant or least significant 16 
outputs of the shift array. 

TABLE 2. F1LL Mooe SHIFT Cooe DEFINITIONS - LEFT SHIFT 

Shift Code Y31 Y3o Y29 ... Y1s 

00000 131 130 129 . . . 116 

00001 130 129 128 ... 115 

00010 129 128 127 ... 114 

00011 128 127 126 ... 113 . . . . ... . . . . . ... . 
. . . . . .. . 

01111 116 115 114 ... 11 

10000 115 114 113 ... lo 
10001 114 113 112 ... 0 

10010 113 112 111 ... 0 . . . . ... . 
. . . . ... . 
. . . . ... . 

11100 13 12 11 ... 0 

11101 12 11 lo ... 0 

11110 11 lo 0 ... 0 

11111 lo 0 0 ... 0 

Y1s . .. Y2 

115 ... 12 

114 . .. 11 

113 . .. lo 
112 . .. 0 . . .. . 
. . .. . 
. . .. . 
lo . .. 0 

0 ... 0 

0 ... 0 

0 . .. 0 . . .. . 
. . .. . 
. . .. . 
0 . .. 0 

0 ... 0 

0 ... 0 

0 ... 0 

Y1 

11 

lo 

0 

0 . . 
. 
0 

0 

0 

0 . . 
. 
0 

0 

0 

0 

Yo 

lo 

0 

0 

0 . 
. 
. 
0 

0 

0 

0 . 
. 
. 
0 

0 

0 

0 

PRIORITY ENCODER 

The 32-bit input bus drives a priority 
encoder which is used to determine 
the first significant position for 
purposes of normalization. The 
priority encoder produces a five-bit 
code representing the location of the 
first non-zero bit in the input word. 
Code assignment is such that the 
priority encoder output represents the 
number of shift positions required to 
left align the first non-zero bit of the 
iuput word. Prior to the priority 
encoder, the input bits are individu
ally exclusive OR' ed with the SIGN 
input. This allows normalization in 
floating point systems using two's 
complement mantissa representation . 
A negative value in two's complement 
representation will cause the exclusive 
OR gates to invert the input data to 
the encoder. As a result, the leading 
significant digit will always be "1." 
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TABLE 3. F1LL Mooe SHIFT Cooe DEFINITIONS - RIGHT SHIFT 
This affects only the encoder inputs; 
the shift array always operates on the 
raw input data. The priority encoder 
function table is shown in Table 4. 

Shift Code V31 V3o Y29 ... Y1s Y1s 

00000 s s s ... s s 
00001 s s s ... s s 
00010 s s s ... s s 
00011 s s s . . . s s . . . . ... . . 
. . . . ... . . 
. . . . . . . . . 

01111 s s s ... s s 
10000 s s s ... s 131 

10001 s s s ... 131 130 

10010 s s s ... 130 129 . . . . ... . . 
. . . . ... . . 
. . . . ... . . 

11100 s s s ... 120 119 

11101 s s s ... 119 118 

11110 s s 131 ... 118 117 

11111 s 131 130 ... 117 116 

TABLE 4. PRIORITY ENCODER FUNCTION TABLE 

131 130 129 ... 116 115 ... 12 

1 x x ... x x ... x 
0 1 x ... x x . .. x 
0 0 1 . . . x x ... x . . . ... . . ... . 
. . . ... . . ... . 
0 0 0 ... 1 x ... x 
0 0 0 ... 0 1 ... x 
0 0 0 ... 0 0 . .. x . . . ... . . . . . . 
. . . ... . . ... . 
0 0 0 . . . 0 0 ... 0 

0 0 0 ... 0 0 ... 0 

0 0 0 ... 0 0 ... 0 

. .. Y2 

. .. s . .. s . .. s ... 131 . .. . 

... . 

... . 

. .. 119 ... 118 . .. 117 . .. 116 . .. . 

... . 

... . 

... 16 . .. 15 . .. 14 . .. 13 

11 lo 

x x 
x x 
x x . . 
. . 
x x 
x x 
x x . . . . 
1 x 
0 1 

0 0 

Y1 Yo 

s s 
s 131 

131 130 

130 129 . . 
. . 
. . 

118 117 

117 116 

116 115 

115 114 . . 
. . 
. . 
15 14 

14 13 

13 12 

12 11 

Shift Code 

00000 

00001 

00010 . 
. 

01111 

10000 

10001 . 
. 

11110 

11111 

11111 

NORMALIZE MULTIPLEXER 

The NORM input, when asserted, 
results in the priority encoder output 
driving the internal shift code inputs 
directly. When using the NORM 
function, the LSH33 should be placed • 
in fill mode, with the R/L input low. 

When NORM is high (not asserted), 
the SI/04-Sl/Oo port acts as the shift 
code input to the shifter. 

APPLICATIONS EXAMPLES 

Normalization of mantissas up to 32 
bits can be accomplished directly by a 
single LSH33. To do this, the NORM 
input is asserted, and fill mode and 
left shift are selected. The normalized 
mantissa is then available at the 
device output in two 16-bit segments, 
under the control of the output data 
multiplexer select, the MS/LS signal. 

If it is desirable to avoid the necessity 
of multiplexing output data in 16-bit 
segments, two LSH33 devices can be 
used in parallel. Both devices receive 
the same input word, with the MS/LS 
select line of one wired high, and the 
other low. Each device will then 
independently determine the shift 
distance required for normalization, 
and the full 32 bits of output data will 
be available simultaneously. 
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DEVICES INCORPORATED 32-bit Barrel Shifter with Registers 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature ............................................. ......................... ..................................... -65°C to + 150°C 

Operating ambient temperature........................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to + 7 .0 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latch up current ............................................................................................................................... > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°C to +70°C 

-55°C to + 125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee= Min., IOH = -2.0 mA 

VOL Output Low Voltage Vee= Min., IOL = 8.0 mA 

VIH Input High Voltage 

VIL Input Low Voltage (Note3) 

llX Input Current Ground:$ VIN:$ Vee (Note 12) 

loz Output Leakage Current Ground:$ VouT :$Vee (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note7) 

Supply Voltage 
4.75 v :$Vee:$ 5.25 v 
4.50 v :$Vee :$ 5.50 v 

Min Typ 

2.4 

2.0 

0.0 

10 

Max 

0.4 

Vee 

0.8 

±20 

±20 

30 

1.5 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 
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LSH33 
32-bit Barrel Shifter with Registers 

J SWITCHING CHARACTERISTICS - COMMERCIAL OPERATING RANGE (0°C to +70°C) 

GUARANTEED MAXIMUM COMBINATIONAL DELAYS Notes 9, 10 (ns) 

~ 
LSH33-40 LSH33-30 LSH33-20 

Y1s-Yo S04-S0o Y1s-Yo S04-SOo Y1s-Yo S04-SOo t 

FTI = 0, FTO = 0 

CLK 28 28 24 24 15 15 
MS/LS 28 - 24 - 15 -

FTI = 0, FTO= 1 
CLK (NORM = 0/1) 73/40 55/- 58/30 42/- 20/20 20/-
Sl4-Slo 52 - 40 - 20 -
R/[, F/W 52 - 40 - 20 -
MS/LS 28 - 24 - 15 -

FTI = 1, FTO = 0 

CLK 28 28 24 24 15 15 
MS/LS 28 - 24 - 15 -

FTI = 1, FTO = 1 
131-lo, SIGN 

(NORM= 0/1) 73/40 55/- 58/30 42/- 20/20 20/-
Sl4-Slo 52 - 40 - 20 -
R/[, F/W 52 - 40 - 20 -
MS/LS 28 - 24 - 15 -

GUARANTEED MINIMUM SETUP AND HOLD TIMES WITH RESPECT TO CLOCK RISING EDGE Notes 9, 10 (ns) 

LSH33-40 LSH33-30 LSH33-20 

FTl=O FTI = 1 FTl=O FTI = 1 FTl=O FTI = 1 

Input Setup Hold Setup Hold Setup Hold Setup Hold Setup Hold Setup Hold 

131-lo, SIGN 12 3 20 2 10 3 15 2 8 0 8 2 

814-Slo 17 0 17 0 15 0 15 0 8 0 8 0 

R/[, F/W 12 0 12 0 10 0 10 0 8 0 8 0 

ENI, ENO 12 0 12 0 10 0 10 0 8 0 8 0 

TRI-STATE ENABLE/DISABLE T1MES Notes 9, 10, 11 (ns) CLOCK CYCLE TIME AND PULSE WIDTH Notes 9, 10 (ns) 

LSH33-40 LSH33-30 LSH33-20 LSH33-40 LSH33-30 LSH33-20 

tENA 20 17 15 Minimum Cycle Time 30 20 15 

tDIS 20 17 15 Highgoing Pulse 12 9 7 

Lowgoing Pulse 12 9 7 
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DEVICES INCORPORATED 32-bit Barrel Shifter with Registers 

I SWITCHING CHARACTERISTICS - MILITARY OPERATING RANGE (-55°C to + 12s°C) 

GUARANTEED MAXIMUM COMBINATIONAL DELAYS Notes 9, 10 (ns) 

~ 
LSH33-50 LSH33-40 LSH33-30 

Y1s-Yo S04-SOo Y15-YO S04-SOo Y1s-Yo S04-SOo t 

FTI = 0, FTO = 0 

CLK 32 32 28 28 24 24 
MS/LS 32 - 28 - 24 -

FTI = 0, FTO= 1 

CLK (NORM = 0/1) 80/50 65/- 73/40 55/- 58/30 42/-
Sl4-Slo 62 - 52 - 40 -
R/[, F/W 62 - 52 - 40 -
MS/LS 32 - 28 - 24 -

FTI = 1, FTO = 0 

CLK 32 32 28 28 24 24 
MS/LS 32 - 28 - 24 -

FTI = 1, FTO = 1 

131-lo, SIGN 

(NORM= 0/1) 80/50 65/- 73/40 55/- 58/30 42/-
Sl4-Slo 62 - 52 - 40 -
R/[, F/W 62 - 52 - 40 -
MS/LS 62 - 28 - 24 -

GUARANTEED MINIMUM SETUP AND HOLD TIMES WITH RESPECT TO CLOCK RISING EDGE Notes 9, 10 (ns) 

LSH33-50 LSH33-40 LSH33-30 

FTl=O FTI = 1 FTl=O FTI = 1 FTl=O FTI = 1 

Input Setup Hold Setup Hold Setup Hold Setup Hold Setup Hold Setup Hold 

131-lo, SIGN 15 3 20 2 12 3 20 2 10 0 15 2 

814-Slo 20 0 20 0 17 0 17 0 15 0 15 0 

R/[, F/W 15 0 15 0 12 0 12 0 10 0 10 0 

ENI, ENO 15 0 15 0 12 0 12 0 10 0 10 0 

TRI-STATE ENABLEID1sABLE TIMES Notes 9, 10, 11 (ns) CLOCK CYCLE TIME AND PULSE WIDTH Notes 9, 10 (ns) 

LSH33-50 LSH33-40 LSH33-30 LSH33-50 LSH33-40 LSH33-30 

tENA 22 20 17 Minimum Cycle Time 35 30 20 

tDJS 22 20 17 Highgoing Pulse 15 12 9 

Lowgoing Pulse 15 12 9 
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DEVICES INCORPORATED 32-bit Barrel Shifter with Registers 

I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above Vee 
will be clamped beginning at -0.6 V and 
Vee+ 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of-0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tDIS test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/turn-off times. 
As a result, care must be exercised in 
the testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actual test conditions may vary b. Ground and Vee supply planes 
from those designated but operation is must be brought directly to the DUT 
guaranteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated 
by: 

where 

NCV2F 
4 

N = total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 5 MHz clock 
rate. 

7. Tested with all inputs within 0.1 V of 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required DUT input 
levels relative to the DUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses 
from the internal circuitry are specified 
from the point of view of the device. 
Output delay, for example, is specified 
as a maximum since worst-case opera
tion of any device always provides data 
within that time. 

11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the tDIS test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
±10mA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. OUTPUT LOADING CIRCUIT 

FIGURE B. THRESHOLD LEVELS 

VoL' Measured VoL with loH = -10mA and IOL = 10mA 
VoH' Measured VoH with IOH = -10mA and loL = 10mA 
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Speed 

40 ns 
30 ns 
20 ns 

50 ns 
40 ns 
30 ns 

50 ns 
40 ns 
30 ns 

ORDERING INFORMATION 

68-pin 

Cl 
m 00 ~ ~ ~ V M N ~ 0 ~ 00 ~ ~ ~ V Z 
~~~~~~~~~~======~ 

( "[':'f~43'{11:6a~M~~~ 
130 ()10 :_~ 60~ GND 

131 ?11 59) 113 
SIGN ) 12 58( 112 
Sl/04 (()13 57~ 111 

Sl/03 ? 14 56) 110 
Sl/02 ? 15 55s 19 
Sl/01 )16 54( Is 

s1100 ~17 Top 53~ 11 
NORM () 1s 52~ 16 

CLK ?19 View 51) 15 
ENI )20 50( 14 

~ ~21 49~ 13 
ENO ?22 48s 12 
FTO )23 47( 11 

~ (()24 46~ lo 
F/W ?25 45) Vee 

Y3111s )26 44) Vee 
~~ 

v MN~ om ro ~ID~ v ~ ~ ~ olwl~ 
~~~~~~~~~~~~~~~o~ 

Plastic J-Lead Chip Carrier Ceramic Leadless 
(J2) Chip Carrier (K3) 

0°c to + 70°C - COMMERCIAL SCREENING 
LSH33JC40 LSH33KC40 
LSH33JC30 LSH33KC30 
LSH33JC20 LSH33KC20 

-55°C to +125°C-COMMERCIAL SCREENING 
LSH33KM50 
LSH33KM40 
LSH33KM30 

-55°C to + 125°C - MIL-STD-883 COMPLIANT 
LSH33KMB50 
LSH33KMB40 
LSH33KMB30 
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LSH33 

32-bit Barrel Shifter with Registers 

68-pin 

A 

B 

c 

D 

E 

F 

G 

H 

K 

1 2 

... ,. ... 
1 .. ) 
129 ,. ... 

1_.• 
, .. ,_, 

131 130 ,... , ... 
\_.I \_.1 

Sl/04 SIGN ,... , ..... 
\_.1 \_.I 

Sl/02 Sl/03 ,... , ... 
\_.I \_.I 

Sl/Oo Sl/01 ,..... , ..... 
\_.I \_.1 

CLK NORM ,... , ..... 
\_.1 \_.I 

FTI ENi ,... , ..... ,_.. ,_. 
FTO ENO 

3 

,. ... 
1_.• 
128 ,. ... 

1_.• 

127 

4 

,. ... 
1_.• 
126 ,. ... 
\_.I 

125 

5 6 7 

,. ... 
1_.• 

,. ... 
1_.• 

,. ... 
1_.• 

124 122 120 ,. ... 
1_.• 

,. ... 
1_.• 

,. ... 
1_.• 

123 121 119 

Top View 

Through Package 

8 

,. ... 
1_.• 
118 ,. ... 

1_.1 

117 

(i.e., Component Side Pinout) 

9 

,. ... 
1_.• 
116 ,. ... 
1_.• 

115 

10 11 

,. ... 
1_.• 
114 , .. ,_, ,. ... 

1_.1 

GND GND ,..... , ... ,_. '-' 
112 113 ,... , ..... 
\_.I \_.1 

110 111 ,..... , ... 
\_.1 \_.I 

la 19 ,..... , ... ,_. ,_, 
16 17 ,..... , ..... 

\_.1 \_.I 

14 Is ,..... , ..... 
\_.I \_.1 

12 13 ,..... ,..... ,..... , ..... 
\_.1 \_.I \_.I \_.1 

FlW R/[ lo 11 ,... ,... ,..... ,..... ,..... ,..... ,..... ,..... ,..... ,.... , ... 
\_.I \....,1 \_.I \_.1 \_.I \_.I \_.I \_.I \_.I \....,1 \_.1 

Y31/15 Y30/14 Y28/12 Y26/10 Y24/8 Y22/6 Y20/4 Y18/2 Y16/0 Vee Vee ,..... ,..... ,..... ,..... ,..... ,..... ,..... ,..... , ..... 
\_.I \,, ... ) \_.I \_.1 \_.I \_.I \_.1 \_.1 \ J 

Y29113 Y21111 Y2s19 Y23!7 Y211s Y1913 Y1111 OE MS/CS 

Ceramic Pin Grid Array 
(G1) 

LSH33GC40 
LSH33GC30 
LSH33GC20 

LSH33GM50 
LSH33GM40 
LSH33GM30 

LSH33GMB50 
LSH33GMB40 
LSH33GMB30 
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0Ev1cEs 1NcoRPoRATEo 64-bit Digital Correlator · 

FEATURES 

0 High Speed (SO MHz), Low Power 
(125 mW), CMOS 64-bit Digital 
Correlator 

0 Replaces TRW /Raytheon 
TDC1023 /TMC2023 

0 Bit Can be Selectively Masked 
0 Three-State Outputs 
0 DECC SMD No. 5962-89711 
0 Available 100% Screened to 

MIL-STD-883, Class B 
0 Package Styles Available: 

• 24-pin Plastic DIP 
• 24-pin Ceramic DIP 
• 28-pin Ceramic LCC 

L 1 OC23 BLOCK DIAGRAM 

AOUT --------~ 

AIN __...,----,---,--,---, 

CLKA A64 

... 

I DESCRIPTION 

The LlOC23 is a high speed CMOS 
64-bit digital correlator. It is pin
for-pin equivalent to the TRW I 
Raytheon TDC1023/TMC2023. The 
LlOC23 operates over the full 
military ambient temperature range 
using advanced CMOS technology. 

The LlOC23 produces the 7-bit corre
lation score of two input words of up 
to 64 bits, denoted A and B. The A 
and B inputs are serially shifted into 
two independently clocked 64-bit 
registers. The A register is clocked on 

~---------Bour 

.----,---,----,.----,._ BIN 

CLKB 

LCL 

xi.--------' 

~-------~ Mour 

r---r---r---ir-"""14- MIN 

CLKM 

CLKC 

CLKS 

Rs-a CFL 

the rising edge of CLK A, and the B 
register is clocked on the rising edge 
ofCLKB. 

The outputs of the B register drive a 
64-bit transparent latch, denoted the 
C latch. The C latch is controlled by 

11
, 

the LCL (Load C Latch) input. A 
HIGH level on the LCL input causes 
the C latch to be transparent, allowing 
the contents of the B register to be 
applied directly to the correlator 
array. When the LCL input is LOW, 
the data in the C latch is held, so that 
the B input may be loaded with a new 
correlation reference without affecting 
the current reference value stored in C. 

Each bit in the A register is exclusive 
NOR' ed with the corresponding bit in 
the C latch, implementing a single bit 
multiplication at each bit position. 

The mask register, denoted by M, is a 
third 64-bit register, which is serially 
loaded from the M input on the rising 
edge of CLK M. Bit positions in the 
M register which are set to zero mask 
the corresponding bits in the A and C 
registers from participating in the 
correlation score. This can be used to 
reduce the effective length of the 
correlation, or to correlate against only 
one channel of a bit-multiplexed 
datastream without deinterleaving 
the data. 

The output of the masking process is a 
64-bit vector which contains ones in 
the locations in which A and B data 
match, and which are unmasked 
(M register contains a '1'). This 64-bit 
vector is applied to a pipelined digital 
summer which calculates the total 
number of ones in the vector (the 
correlation score). The summer 
network contains three pipeline 
stages, which are clocked on the rising 
edge of CLK S. Calculation of a 
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3-45 01/16/97-LDS.23-H 



- ~ .....-...-..-... - ...,._, ....... _ ........ - .. _____ .. -- ------ --~-----....,_.. -~~-...._.... 

DEVICES INCORPORATED 

correlation score therefore requires 
three clock cycles, but a new result can 
be obtained on each cycle once the 
pipeline is filled. 

Because a portion of the summer logic 
is located between the input registers 
and the first pipeline register, some 
timing restrictions exist between 
CLK Sand CLK A, CLK B, or CLK M. 
CLK S may be tied to an input clock 
(usually CLK A) to obtain a continu
ously updated correlation score, 
delayed by three cycles from the data. 
Under this condition, CLK Smay be 
skewed later than CLK A by no more 
than tsK to assure that the A register 
outputs have not changed before the 
S clock occurs. 

Alternatively, CLK S may be asyncro
nous to the input clocks, as long as 
data is stable at the pipeline register 
inputs prior to the CLK S rising edge. 
This condition can be met by assuring 
that CLK S occurs at least tPS after the 
input clock. 

The summer output represents a 
count of the number of matching 
positions in the input data streams. 
This 7-bit result can be inverted (one's 
complemented) by loading a 'l' into 
the INV register. 

Correlation values which exceed a 
predetermined threshold can be 
detected via the Threshold register 
and Comparator. The Threshold 
register is loaded with a 7-bit value 
via the R6-0 pins at the rising edge of 
CLK C and while OE is HIGH. To 
achieve synchronization with the 
digital summer, the Threshold register 
contents are fed into pipeline registers 
clocked by CLK S. The compare flag 
output (CFL) goes HIGH when the 
summer output is equal to or greater 
than the contents of the Threshold 
register. 

Cascading the LlOC23 devices for 
longer correlation lengths and more 
bits of reference or data precision is 
easily accomplished. The A, B, and M 
registers have serial outputs to 
directly drive the corresponding 
inputs of succeeding devices. The 
correlation scores of multiple devices 
in such a system should be added 
together to obtain the overall correla
tion score. 

Correlation on data exceeding one bit 
of precision can be accomplished by 
first calculating single-bit correlation 
scores at each bit position, then 
adding the results after weighting 
them appropriately. Thus, one 
L10C23 would be used for each bit of 
precision in the data. 

L10C23 

64-bit Digital Correlator 

Logic Devices' L4C381 16-bit ALU can 
be used to assist in adding the outputs 
of several LlOC23 correlators. When 
adding several 7-bit correlation scores, 
advantage can be taken of the fact that 
the sum of two 7-bit numbers will not 
exceed 8 bits. Thus the L4C381 can 
simultaneously perform two 7-bit 
additions. The first two operands are 
applied to A6-0 and B6-0, with the 
result appearing on F7-0. The second 
pair of operands are applied to A14-8 
and B14-8, with the result appearing in 
FlS-8. The unused inputs are tied to 
ground. If it can be guaranteed that at 
least one of the input scores will not 
reach its maximum value of 64, then 
this technique can also be applied in 
the second tier of adders. In this case, 
while the inputs have 8 bits of preci
sion, the maximum value that their 
sum can assume is 255, which is 
expressable in 8 bits. 

Alternatively, when performing long 
correlations on relatively slow data
streams, one L4C381 can be config
ured using its feedback mode to 
accumulate the correlation scores of a 
number of LlOC23s. To accomplish 
this, the outputs of all the correlators 
are tied together on a three-state bus. 
Each one is sequentially enabled and 
clocked into the L4C381, which 
accumulates the total resulting score. 
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DEVICES INCORPORATED 64-bit Digital Correlator 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature . .. . . .. . .. . .. . . .. .. . . .. . .. . . . . .. .. .. . . . .. . . . . . .. . . . . .. . .. .... . . . ... . ... . .. . . . . .. . . . . . . . . . . . .. . . . .. . . . . ..... -65°C to + 150°C 

Operating ambient temperature .......................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground .......................................................................... -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latch up current ............................................................................................................................... > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°C to +70°C 

-55°C to + 125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee= Min., IOH = -2.0 mA 

VOL Output Low Voltage Vee= Min., IOL = 4.0 mA 

\IJH Input High Voltage 

VIL Input Low Voltage (Note3) 

llX Input Current Grounds VIN s Vee (Note 12) 

loz Output Leakage Current Grounds VouT s Vee (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note?) 

Supply Voltage 

4.75 vs Vee s 5.25 v 

4.50 v s Vee s 5.50 v 

Min Typ 

3.5 

2.0 

0.0 

25 

Max 

0.5 

Vee 

0.8 

±20 

±20 

100 

0.5 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 
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DEVICES INCORPORATED 64-bit Digital Correlator 

I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

L10C23-

50 
Symbol Parameter Min Max Min 

tPABM A, B, M Clock Period 50 28 

tPW A, B, M, S, C Clock Pulse Width 20 12 

ts Input Setup Time 20 10 

tH Input Hold Time 0 0 

tBLCL B Clock to LCL Hold 20 12 

tcs C Clock to S Clock 50 28 

tDABM A, B, M Clock to A, B, M Out 25 

tPS S Clock Period, A, B, M Clock to S Clock Delay 50 28 

tSK A, B, M Clock to S Clock Skew (Note 8) 3 

tDR S Clock to R6-o 35 

toe S Clock to CFL 25 

tENA Output Enable Time (Note 11) 30 

tDIS Output Disable Time (Note 11) 35 

SWITCHING WAVEFORMS 

A,B,M 
DATA 

CLK 
A,B,M 

A,B,M 
OUT 

LCL 

CLKS 

CLKC 

Rs-o 

CFL 

---~~~~~~-tPS~~~~~~--i 

---~~~~~-tPW~~~--~ 

ts------

tsK ------ tPw------ tPW----~ 

tDR-----t to1s---

OUT 

toe 

30 
Max 

20 

3 

30 

20 

18 

16 

20 
Min Max 

20 

8 

10 

0 

8 

20 

18 

20 

3 

22 

18 

16 

14 

tENA 

OUT 
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I SWITCHING CHARACTERISTICS 

MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

L10C23-
60 35 20 

Symbol Parameter Min Max Min Max Min Max 

tPABM A, B, M Clock Period 58 33 20 

tPW A, B, M, S, C Clock Pulse Width 20 14 8 

ts Input Setup Time 22 12 12 

tH Input Hold Time 0 0 0 

tBLCL B Clock to LCL Hold 20 14 8 

tcs C Clock to S Clock 58 33 20 

tDABM A, B, M Clock to A, B, M Out 30 23 20 

tPS S Clock Period, A, B, M Clock to S Clock Delay 58 33 20 

tSK A, B, M Clock to S Clock Skew (Note 8) 3 3 3 

tDR S Clock to Re-o 40 35 27 

toe S Clock to CFL 30 23 18 

tENA Output Enable Time (Note 11) 35 20 18 

tors Output Disable Time (Note 11) 40 18 16 

SWITCHING WAVEFORMS 

---------tPS~------

A,B,M 
DATA 

CLK 
A,B,M 

A,B,M 
OUT 

LCL 

CLKS 

CLKC 

Rs-o 

CFL 

i-------tPW-----~ 

----- tPW----

toR-i----i trns--- tENA 

OUT OUT 

toe 

~~~~~~~~~~~~~~~~~~~~special Arith~etic Functions 
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I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above Vee 
will be clamped beginning at-0.6 V and 
Vee + 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of-0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
trns test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and ma,y be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in 
the testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(OUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actual test conditions may vary b. Ground and Vee supply planes 
from those designated but operation is must be brought directly to the DUT 
guaranteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated 
by: 

where 

NCV2F 
4 

N = total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 5 MHz clock 
rate. 

7. Tested with all inputs within 0.1 V of 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required OUT input 
levels relative to the OUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
mil system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses 
from the internal circuitry are specified 
from the point of view of the device. 
Output delay, for example, is specified 
as a maximum since worst-case opera
tion of any device always provides data 
within that time. 

3·50 
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64-bit Digital Correlator 

11. For the tEN A test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the trns test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
± 1 OmA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FtGURE A. 0lITPUT LOADING CIRCUIT 

FIGURE 8. THRESHOLD LEVELS 

VOL' Measured VoL with IOH = -10mA and IOL = 10mA 
VoH' Measured VOH with IOH =-10mA and IOL= 10mA 

01 /16/97-LDS.23-H 
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L 10C23 
DEVICES INCORPORATED 64-bit Digital Correlator 

ORDERING INFORMATION 

24-pin - 0.3" wide 24-pin - 0.6" wide 

. '-/ 

Vee [ 1 24 P CLKB Vee q 1 
-.;;;:;T 

24 P CLKB 
MIN [ 2 23 P CLKM MIN q 2 23 P CLKM 
AIN [ 3 22 P CLKA A1N q 3 22 P CLKA 
BIN [ 4 21 p LCL BIN q 4 21 P LCL 

CLK C [ 5 20 IJ MouT CLKC q 5 20 p MouT 
CLK S [ 6 19 IJ AOUT CLKS q 6 19 p AouT 

INV [ 7 18 IJ BOUT INV q 7 18 p BOUT 
OE [ 8 17 p CFL OE q 8 17 p CFL 
Re [ 9 16 IJ GND Re q 9 16 b GND 
Rs [ 10 15 IJ Ro Rs [ 10 15 IJ Ro 
R4 [ 11 14 P R1 R4 q 11 14 P R1 
Ra [ 12 13 P R2 Ra q 12 13 P R2 

Plastic DIP Plastic DIP Ceramic DIP 
Speed (P2) (P1) (C4) 

0°C to +70°C- COMMERCIAL SCREENING 

50 ns L10C23NC50 L10C23PC50 L10C23CC50 

30 ns L 10C23NC30 L10C23PC30 L10C23CC30 

20 ns L10C23NC20 L10C23PC20 L10C23CC20 

-55°C to +125°C- COMMERCIAL SCREENING 

60 ns L10C23CM60 
35 ns L10C23CM35 

20 ns L10C23CM20 

-55°C to +125°C- MIL-STD-883 COMPLIANT 
60 ns L 1 OC23CMB60 

35 ns L 1 OC23CMB35 

20 ns L 1 OC23CMB20 

~~~~~~~~~~~~~~~~~~~~special Arith~etic Functions 
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ORDERING INFORMATION 

28-pin 

cc :::!: <( 

~~88~~~ 
<( :::!: > > (.) (.) (.) 

'YTI11':~~ 
NC >s :_: 25~ LCL 

B1N >e 24~ MouT 

CLK c >1 Top 23) AouT 
CLK S )B 22(, BouT 

INV )9 View 21) CFL 

OE ) 10 20) GND 

Re )11 19) GND 
~~:;~uz_;a 

a:a:a:~iEci:~ 

Ceramic Leadless Chip Carrier 
Speed (K1) 

0°C to + 70°C - COMMERCIAL SCREENING 
50 ns L 1 OC23KC50 
30 ns L 1 OC23KC30 
20 ns L 1 OC23KC20 

-55°C to +125°C- COMMERCIAL SCREENING 
60 ns L 1 OC23KM60 
35 ns L 1 OC23KM35 

20 ns L 1 OC23KM20 

60 ns 
35 ns 
20 ns 

-55°C to +125°C- MIL·STD-883 COMPLIANT 
L 1 OC23KMB60 

L 10C23KMB35 
L 1 OC23KMB20 

L10C23 

64-bit Digital Correlator 

~~~~~~~~~~~~~~~~~~~~special Arith~etic Functions 
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~ Coordinate Transformer 

_F_E_A_T_U_RE_S ____ ___.I I DESCRIPTION 

Cl Rectangular-to-Polar or Polar-to-
Rectangular at 50 MHz 

Cl 24-Bit Polar Phase Angle Accuracy 
Cl Replaces Raytheon TMC2330A 
Cl Available 100% Screened to 

MIL-STD-883, Class B 
Cl Package Styles Available: 

• 120-pin Plastic Quad Flatpack 
• 120-pin Ceramic PGA 

L2330 BLOCK DIAGRAM 

The L2330 is a coordinate transformer 
that converts bidirectionally between 
Rectangular and Polar coordinates. 

When in Rectangular-to-Polar mode, 
the L2330 is able to retrieve phase and 
magnitude information or backward 
map from a rectangular raster display 
to a radial data set. 

When in Polar-to-Rectangular mode, 
the L2330 is able to execute direct 
digital waveform synthesis and 
modulation. Real-time image-space 
conversions are achieved fromradially
generated images, such as RADAR, 
SONAR, and ultrasound to raster 
display formats. 

Functional Description 

The L2330 converts bidirectionally 
between Rectangular (Cartesian) and 
Polar (Phase and Magnitude) coordi
nates. The user selects the numeric 
format. A valid transformed result is 

seen at the output after 22 clock cycles 
and will continue upon every clock 
cycle thereafter. 

When in Rectangular-to-Polar mode, 
the user inputs a 16-bit Rectangular 
coordinate and the output generates a 
Polar transformation with 16-bit 
magnitude and 16-bit phase. The user 
may select the data format to be either 
two's complement or sign-and
magnitude Cartesian data format. 
Polar Magnitude data is always in 
magnitude format only. Polar Phase 
Angle data is modulo 21t so it may be 
regarded as either unsigned or two's 
complement format. 

When in Polar-to-Rectangular mode, 
the user inputs 16-bit Polar Magnitude 
and 32-bit Phase data and the output 
generates a 16-bit Rectangular coordi
nate. The use may select the data 
format to be either two's complement 
or sign-and-magnitude Cartesian data 
format. 

ENXR -- -- OERX ... .... 

XRIN1s-o 
16 / ...... 

7 --

2 L_ ...... POLAR 
16 L_,,, 

RXOUT1s-o ENYP1-o 7 --7 --

YPIN31-o 
32L _,,, t 7 -- .,,,,__ 

OEPY ..... 

2L_.,, 
ACC1-o 7 -- RECTANGULAR 

16 .L ..... 
PYOUT1s-o 7 --

TCXY 
__.,, -,,.. 

RTP .... __.,, 
OVF ... ,.. 

CLK .. 
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l2330 FUNCTIONAL BLOCK DIAGRAM 

XRIN1s-o ENXR YPIN31-o ENYP1-o ACC1 ACCo 

AM 

TCXY *TRANSFORM 
RTP PROCESSOR 

RXOUT1s-o OVF PYOUT1s-o 

'REQUIRES 18 CYCLES TO COMPLETE AND IS FULLY PIPELINED 
"WHEN ATP IS HIGH 'n' IS 16-BITS, WHEN ATP IS LOW 'n' IS 24-BITS 

SIGNAL DEFINITIONS 

Power 

VccandGND 

+5V power supply. All pins must be 
connected. 

Clock 

CLK- Master Clock 

The rising edge of CLK strobes all 
enabled registers. 

Inputs 

XRJN1s-o - x-coordinate/Magnitude 
Data Input 

XRIN1s-o is the 16-bit Cartesian 
x-coordinate/Polar Magnitude Data 
input port. XRIN1s-o is latched on the 
rising edge of CLK. 

YPIN31-0- y-coordinate/Phase Angle 
Data Input 

YPIN31-0 is the 32-bit Cartesian 
y-coordinate/Polar Phase Angle Data 
input port. When RTP is HIGH, the 
input accumulators should not be used. 
When ACC is LOW, the upper 16 bits of 
YPIN are the input port and the lower 
16 bits become "don't cares". YPIN31-0 
is latched on the rising edge of CLK. 

L2330 

Coordinate Transformer 

Outputs 

RXOUT1s-o - x-coordinate/Magnitude 
Data Output 

RXOUT1s-o is the 16-bit Cartesian 
x-coordinate/Polar Magnitude Data 
output port. When OERX is HIGH, 
RXOUT1s-o is forced into the high
impedance state. 

PYOUT1s-o-y-coordinate/Phase Angle 
Data Output 

PYOUTls-o is the 16-bit Cartesian 
y-coordinate/Polar Phase Angle Data 
output port. When OEPY is HIGH, 
PYOUTls-o is forced into the high
impedance state. 

Controls 

ENXR - x-coordinate/Magnitude Data 
Input Enable 

When ENXR is HIGH, XRIN is latched 
into the input register on the rising 
edge of clock. When ENXR is LOW, 
the value stored in the register is 
unchanged. 

ENYP1-o -y-coordinate/Phase Angle 
Data Input Control 

ENYP1-o is the 2-bit y-coordinate/ 
Phase Angle Data Input Control that 
determines four modes as shown in 

TABLE 1. REGISTER OPERATION 

ENYP1-o M c 
00 Hold Hold 

01 Load Hold 

1 0 Hold Load 

1 1 Clear Load 

TABLE 2. ACCUMULATOR CONTROL 

ACC1-o Configuration 

00 No accumulation (normal operation) 

01 PM accumulator path enabled 

1 0 FM accumulator path enabled 

1 1 Logical OR of PM and FM (Nonsensical) 

Special Arithmetic Functions 
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Table 1. 'M' is the Modulation 
Register and 'C' is the Carrier Register 
as shown in the Functional Block 
Diagram. 

ACCI-o - Accumulator Control 

ACCl-O is the 2-bit accumulator 
control that determines four modes 
as shown in Table 2. Changing of the 
internal phase Accumulator struc
ture is very useful when RTP is LOW 
allowing for waveform synthesis and 
modulation. ACCl-o set to '00' is 
most commonly used when RTP is 

HIGH unless performing backward 
mapping from Cartesian to Polar 
coordinates. 

TCXY - Data Input/Output Format 
RTP - Rectangular-to-Polar Select 

When RTP is HIGH, Rectangular-to
Polar conversion mode is selected. 
When RTP is LOW, Polar-to-Rectangu
lar conversion mode is selected. 

When TCXY is HIGH, two's comple
ment format is selected. When TCXY 
is LOW, sign-and-magnitude format 
is selected. 

FIGURE 1A. INPUT FORMATS 

XAIN YPIN 

----------~(ATP=O}----------~ 

Integer Unsigned Magnitude Fract. Unsigned Mag./Two's Comp. 

I 15 14 13 I\\+ 2 o I I 31 30 29 I\\+ 2 o I 
215 214 213 22 21 20 *±20 2-1 2-2 2-29 2-30 2-31 

Integer Signed Magnitude (ATP = 1, TCXY = 0) -----

.-I 1_5_1_4_1_3 __ i\\+...--2-1-o-...I I 31 30 29,,. 10 11 16 I 

NS 214 213 22 21 20 NS 214 213 22 21 20 

----- Integer Two's Complement (ATP = 1, TCXY = 1} -----

I 15 14 13 I\\+ 2 1 o I I 31 30 29 I\\+ 10 11 16 I 
-215 214 213 22 21 20 -215 214 213 22 21 20 

~~~~~~~~~-(ATP=O)~~~~~~~~~

Fractional Unsigned Magnitude Fract. Unsigned Mag./Two's Comp. 

I 15 14 13 I\\+ 2 o I I 31 30 29 I\\+ 2 o I 
20 2-1 2-2 2-13 2-14 2-15 *±20 2-1 2-2 2-29 2-30 2-31 

----- Fractional Two's Complement (ATP = 1, TCXY = 1} ----

I 15 14 13 I\\+ 2 1 o I I 31 30 29 I\\+ 10 11 1 s I 
-20 2-1 2-2 2-13 2-14 2-15 -20 2-1 2-2 2-13 2-14 2-15 

*±2° denotes two's complement sign or highest magnitude bit. Since phase angles are modulo 2it 

and phase accumulator is modulo 232, this bit may be regarded as ±lt. 

NS denotes negative sign. (i.e. '1' negates the number) 

Special Arithmetic Functions 
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OVF - Overflow Flag OERX - x-coordinate/Magnitude Data OEPY -y-coordinate/Phase Angle Data 
Output Enable Output Enable 

OVF will go HIGH on the clock the 
magnitude of either of the current 
Cartesian coordinate outputs exceed 
the maximum range. OVF will return 
LOW on the clock that the Cartesian 
output value(s) return within range. 
An overflow condition can only 

When OERX is LOW, RXOUT1s-o is 
enabled for output. When OERX is 
HIGH, RXOUT1s-o is placed in a 
high-impedance state. 

When OEPY is LOW, PYOUT1s-0 is 
enabled for output. When OEPY is 
HIGH, PYOUTts-o is placed in a 
high-impedance state. 

occur when RTP is LOW. 

FIGURE 1 B. OUTPUT FORMATS 

RX OUT PY OUT 

-----Integer Signed Magnitude (RTP = 0, TCXY = 0) -----

I 1 s 14 13 i!i 2 1 o I I 1s 14 13 i!i 2 o 
NS 214 213 NS 214 213 

----- Integer Two's Complement {RTP = 0, TCXY = 1) -----

I 1 s 14 13 i!i 2 1 o I I 1s 14 13 i!i 2 o 
-215 214 213 22 21 20 -215 214 213 22 21 20 

-----------(RTP=1)----------

Integer Unsigned Magnitude Fract. Unsigned Mag.!Two's Comp. 

I 15 14 13 i!i 2 o I I 1s 14 13 i!i 2 1 o I 
215 214 213 22 21 20 *±20 2-1 2-2 2-13 2-14 2-15 

-----Fractional Signed Magnitude {RTP = 0, TCXY = 0) -----

11 s 14 13 i!i 2 1 o I I 1s 14 13 i!i 2 o I 
NS 2-1 2-2 2-13 2-14 2-15 NS 2-1 2-2 2-13 2-14 2-15 

---- Fractional Two's Complement (RTP = 0, TCXY = 1) ----

I 15 14 13 i!i 2 1 o I I 1s 14 13 i!i 2 o 
-20 2-1 2-2 2-13 2-14 2-15 -20 2-1 2-2 2-13 2-14 2-15 

----------~(RTP=1)----------~ 

Fractional Unsigned Magnitude 

I 1s 14 13 i!i 2 1 o I 
20 2-1 2-2 2-13 2-14 2-15 

Fract. Unsigned Mag.!Two's Comp. 

I 1s 14 13 i!i 2 o I 
*±20 2-1 2-2 2-13 2-14 2-15 

*±2° denotes two's complement sign or highest magnitude bit. Since phase angles are modulo 27t 

and phase accumulator is modulo 232, this bit may be regarded as ±7t. 

NS denotes negative sign. (i.e. '1' negates the number) 
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Conversion Ranges 

The L2330 supports 16-bit unsigned 
radii and 16-bit signed Cartesian 
coordinates. Since the 16-bit rectangu
lar coordinate space does not com
pletely cover the polar space defined 
by 16-bit radii, certain values of "r" 
will not map correctly. This condition 
is indicated by the overflow (OVF) flag. 

In Polar-to-Rectangular conversions, 
no overflow occurs for r ~ 32767 
(7FFFH). Overflow will always occur 
when r > 46341 (BSOSH). Note that 
in signed magnitude mode r = 46340 
(B504H) will also cause an overflow. 
For 32767 ~ r ~ 46340, overflow may 
occur depending on the exact values 
of r and 0. Figure 2 shows, for the 
first quadrant, these three regions: 
A= no overflow (correct conversion), 
B =possible overflow, C =overflow. 
The other quadrants are mapped in 
a similar manner. 

When in signed magnitude mode, the 
overflows on the other three quadrants 
are the same as in the first. This occurs 
because the signed magnitude number 
system is symmetric about zero. For 
example, if a given rand angle 0 cause 
an overflow, the same r will cause an 
overflow for the angles-0, n+0 ,n-0. 

However, when in two's complement 
mode, the overflows aren't quite the 
same. This occurs because the two's 

complement number system is not 
symmetric about zero. For example, if 
the X or Y component of the input is 
-32768 (8000H), no overflow occurs. 
But if the X or Y component of the 
input is +32768, overflow does occur. 

FIGURE 2. CONVERSION RANGES 

rr/2 
65535 i------

L2330 

Coordinate Transformer 

When converting from Rectangular-to
Polar, if both inputs are zero the radius 
is zero but the angle is not defined. 
The L2330 will output 4707H in this 
case. Since the angle is not defined for a 
zero length vector, this is not an error. 

32767 65535 

Special Arithmetic Functions 
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Internal Precision 

When performing a coordinate 
transformation, inaccuracies are 
introduced by a combination of 
quantization and approximation 
errors. The accuracy of a coordinate 
transformer is dependent on the 
word length used for the input 
variables, the word length used for 
internal calculations, as well as the 
number of iterations or steps per
formed. Truncation errors are due to 
the finite word length, and approxi
mation errors are due to the finite 
number of iterations. For example, in 
the case of performing a polar-to
rectangular transformation, the 
accuracy of the rotation will be 
determined by how closely the input 
rotation angle was approximated by 
the summation of sub-rotation 
angles. 

In this study, we examine the effec
tiveness of 16-bit internal precision 
versus 24-bit internal precision. 
10,000 random Rectangular coordi
nates were converted to Polar and 
back to Rectangular. The resulting 
Rectangular coordinates from this 
double conversion were then com
pared to the original Rectangular 

coordinates input to the device. 
These vectors, with maximum word 
width of 16-bits, were sent through a 
16-bit internal processor versus a 24-
bit internal processor. The Rectan
gular coordinates were limited to the 
following conditions: 

-32769<x<32768 
-32769<y<32768 

Using the 16-bit internal processor, 
the resulting Rectangular coordi
nates were compared to the original 
Rectangular coordinates (see Table 
3). Using the 24-bit internal proces
sor, the resulting Rectangular 

L2330 

Coordinate Transformer 

coordinates were compared to the 
original Rectangular coordinates 
(see Table 3). By way of comparison 
between the 16-bit internal processor 
and the 24-bit internal processor, we 
find that the 24-bit internal processor 
is significantly more accurate. This 
accuracy is due to internal word 
length. During coordinate transfor
mation, the number of bits truncated 
within a 24-bit internal processor are 
much smaller than in a 16-bit inter
nal processor resulting in smaller 
error. 

TABLE 3. DOUBLE CONVERSION ERROR 

Error Internal 16-bit Internal 24-bit 

Mean Error (X) 0.0216 --O.Q118 

Mean Error (Y) --0.0036 --0.0028 

Mean Absolute Error (X) 1.5736 0.5116 

Mean Absolute Error (Y) 1.0756 0.5160 

Root Mean Square Error (X) 2.0168 0.7664 

Root Mean Square Error (Y) 1.4356 0.7738 

Max Error (X) 6.0/-7.0 3.0/-3.0 

Max Error (Y) 5.0/-5.0 3.0/-3.0 

Standard Deviation of Error (X) 2.0168 0.7664 

Standard Deviation of Error (Y) 1.4357 0.7739 

Special Arithmetic Functions 
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Circle Test 

When performing a polar-to-rectangu
lar transformation, a 24-bit internal 
processor proves to be significantly 
more accurate than a 16-bit internal 
processor. 

In this study, we compare how accu
rately a coordinate transformer with a 
16-bit internal processor versus a 24-
bit internal processor can calculate all 
the coordinates of a circle. By setting 
the radius to 7FFFH (maximum before 
overflow),0 is incremented using the 
accumulator of the L2330 in steps of 
0000 4000H until all the points of a full 
circle are calculated into rectangular 
coordinates. 

The resulting rectangular coordinates 
were plotted and graphed. A graphi
cal representation of the resulting 
vectors for both 16-bit and 24-bit 
internal processors are compared near 
45°. Theoretically, a perfect circle is the 
desired output but when the resulting 
vectors from a coordinate transformer 
with 16-bit internal processor are 
graphed and displayed as shown in 
Figure 3, we see significant errors due 
to the inherent properties of a digital 
coordinate transformation system. In 
comparison, the 24-bit internal proces
sor proves to be significantly more 
accurate than a 16-bit internal proces
sor due to minimization of truncation 
errors. In many applications, this 
margin of error is of great significance 
especially when being used in applica
tions such as medical ultrasound or 
modulation techniques. 

Data values for Figure 3 and Figure 4 
are shown in Table 4. By looking at 
these values, we observe the step 
resolution on a 16-bit internal proces
sor is not 1 unit in the x and y. In most 
cases, the minimum step resolution is 2 
units in the x and y. On the other 

hand, step resolution on a 24-bit 
internal processor is 1 unit in the x and 
y thus resulting in greater accuracy. 

The minimum theoretical angle 
resolution that could be produced is 
0.00175° when x = 7FFFH and y = lH. 
A 16-bit internal processor can produce 
a minimum angle resolution of only 

L2330 

Coordinate Transformer 

0.00549° and will not be able to properly 
calculate the theoretical minimum angle 
resolution. On the other hand, a 24-bit 
internal processor can produce a 
minimum angle resolution of 0.00002° 
and could therefore properly calculate 
the theoretical minimum angle resolu
tion. 

FIGURE 3. CIRCLE TEST RESULT NEAR 45° (16·BIT INTERNAL PROCESSOR) 

23200 

23190 

23180 

y 23170 

23160 

23150 

23140 +-----+----+----+---+----+---'!.. 

23140 23150 23160 23170 23180 23190 23200 

x 

FIGURE 4. CIRCLE TEST RESULT NEAR 45° (24-BIT INTERNAL PROCESSOR) 
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TABLE4. RESULTANT DATA VALUES OF CIRCLE TEST NEAR 45° 

16-bit Internal Processor 24-bit Internal Processor 

x x(HEX) y y(HEX) x x(HEX) y y(HEX) 

23201 5AA1 23139 5A63 23199 5A9F 23140 5A64 
23199 5A9F 23141 5A65 23198 5A9E 23141 5A65 
23199 5A9F 23141 5A65 23198 5A9E 23141 5A65 
23199 5A9F 23141 5A65 23197 5A9D 23142 5A66 
23199 5A9F 23141 5A65 23197 5A9D 23142 5A66 
23197 5A9D 23143 5A67 23196 5A9C 23143 5A67 
23197 5A9D 23143 5A67 23196 5A9C 23143 5A67 
23197 5A9D 23143 5A67 23195 5A9B 23144 5A68 
23197 5A9D 23143 5A67 23194 5A9A 23145 5A69 
23195 5A9B 23145 5A69 23194 5A9A 23145 5A69 
23195 5A9B 23145 5A69 23194 5A9A 23145 5A69 
23195 5A9B 23145 5A69 23193 5A99 23146 5A6A 
23195 5A9B 23145 5A69 23192 5A98 23147 5A6B 
23192 5A98 23148 5A6C 23191 5A97 23148 5A6C 
23192 5A98 03148 5A6C 23191 5A97 23148 5A6C 
23192 5A98 23148 5A6C 23191 5A97 23148 5A6C 
23192 5A98 23148 5A6C 23190 5A96 23149 5A6D 
23190 5A96 23150 5A6E 23189 5A95 23150 5A6E 
23190 5A96 23150 5A6E 23189 5A95 23150 5A6E 
23190 5A96 23150 5A6E 23189 5A95 23150 5A6E 
23190 5A96 23150 5A6E 23188 5A94 23151 5A6F 
23187 5A93 23152 5A70 23187 5A93 23152 5A70 
23187 5A93 23152 5A70 23186 5A92 23153 5A71 
23187 5A93 23152 5A70 23186 5A92 23153 5A71 
23187 5A93 23152 5A70 23186 5A92 23153 5A71 
23185 5A91 23154 5A72 23185 5A91 23154 5A72 
23185 5A91 23154 5A72 23184 5A90 23155 5A73 
23185 5A91 23154 5A72 23184 5A90 23155 5A73 
23185 5A91 23154 5A72 23184 5A90 23155 5A73 
23183 5A8F 23156 5A74 23183 5A8F 23156 5A74 

-------------------- Special Arithmetic Functions 
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MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature ............................................................................................................. -65°C to+ 150°C 

Operating ambienttemperature ............................................................................................. -55°C to+ 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ................................................................................ -0.5 V to Vee + 0.5 V 

Signal applied to high impedance output ....................................................................... -0.5 V to Vee + 0.5 V 

Output current into low outputs ........................................................................ ; .................................... 25 mA 

Latchupcurrent ................................................................................................................................ > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range(Ambient) 

0°c to +70°C 

-55°C to+ 125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee = Min., IOH = -2.0 mA 

VOL Output Low Voltage Vee = Min., IOL = 4.0 mA 

~H Input High Voltage 

~L Input Low Voltage (Note 3) 

llX Input Current Ground ::; VIN ::; Vee (Note 12) 

loz Output Leakage Current Ground ~ VouT ~ Vee (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note 7) 

CIN Input Capacitance TA= 25°C, f = 1 MHz 

COUT Output Capacitance TA= 25°C, f = 1 MHz 

Supply Voltage 
4.75 v ~Vee~ 5.25 v 
4.50 v ~Vee ~ 5.50 v 

Min Typ 

2.4 

2.0 

0.0 

Max 

0.4 

Vee 

0.8 

±10 

±10 

95 

5 

10 

10 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

pF 

pF 
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I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

L2330-
50 25 20 

Symbol Parameter Min Max Min Max Min Max 

tcvc Cycle Time 50 25 20 

tPWL Clock Pulse Width Low 10 8 7 

tPWH Clock Pulse Width High 8 7 6 

ts Input Setup Time 12 7 6 

tH Input Hold Time 1 0 0 

to Output Delay 22 18 16 

tENA Three-State Output Enable Delay (Note 11) 13 13 13 

tDIS Three-State Output Disable Delay (Note 11) 13 13 13 

MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

L2330-
50 25 20 

Symbol Parameter Min Max Min Max Min Max 

tcvc Cycle Time 50 25 20 

tPWL Clock Pulse Width Low 11 9 7 

tPWH Clock Pulse Width High 8 7 6 

ts Input Setup Time 13 7 6 

tH Input Hold Time 2 2 1 

to Output Delay 25 20 18 

tENA Three-State Output Enable Delay (Note 11) 15 14 13 

tOIS Three-State Output Disable Delay (Note 11) 15 14 13 

~~~~~~~~~~~~~~~~~~~- Special Arithmetic Functions 
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SWITCHING WAVEFORMS: 

CLK 

ATP 

TCXY 

___ _, 

No AccuMULATION 

ENXR ~"7l""",......,~.....,..,....,,...~"7'o.1.,,----..i ,...,.....,,..."' 

ENYP1-0 ~~~~~~~~T'----'''T'-'~~"' 

XRIN1s-0 ~~~~~~~7'.L~~.1-""'~'7'. 
YPIN31-0 ~~~~~~~Vl''----J'I'°'~;;:,., ·'----

L2330 

Coordinate Transformer 

23 24 

to I":: 
~~~~~:::~ -x~x-x-x---x-x~x-x-x---x-x ......... x---x-x--x-x ......... x-x ........ x---x-x,.._..x .... x ........ x---x""x,.._.x..,.x ......... x-r-,(-A)-..... XID< __ ,.;..;(B);.___>®C 

SWITCHING WAVEFORMS: PHASE MODULATION 

CLK 

RTP,TCXY ~'--------------------------------------

ENXR QQO" '<xx» AZZA AZZA AZZA ax 
xR1N1s-o ~xxxxxxxxxxxxxxxxxxxxxxxxxx 
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DEVICES INCORPORATED 

I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values beyond 
those indicated in the Operating Condi
tions table is not implied. Exposure to 
maximum rating conditions for ex
tended periods may affect reliability. 

2. The products described by this 
specification include internal cir
cuitry designed to protect the chip from 
damaging substrate injection currents 
and accumulations of static charge. 
Nevertheless, conventional precau
tions should be observed during stor
age, handling, and use of these circuits 
in order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above Vee 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
trns test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in the 
testing of this device. The following 
measures are recommended: 

will be clamped beginning at-0.6 V and a. A 0.1 µF ceramic capacitor should be 
Vee+ 0.6 V. The device can withstand installed between Vee and Ground 
indefinite operation with inputs in the leads as close to the Device Under Test 
range of-0.5 V to +7.0 V. Device opera- (DUT) as possible. Similar capacitors 
ti on will not be adversely affected, how- should be installed between device Vee 
ever, input current levels will be w~ll in · and the tester common, . and device 
excess of 100 mA. ground and tester common. 

4. Actual test conditions may vary from b. Ground and Vee supply planes must 
those designated but operation is guar- be brought directly to the DUT socket or 
anteed as specified. contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated 
by: 

where 

NCV2F 
4 

N =total number of device outputs 
C =capacitive load per output 
V =supply voltage 
F =clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 20 MHz clock 
rate. 

7. Tested with all inputs within 0.1 V of 
Vee or Ground, no load. 

8. These parameters are guaranteed but 
not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required DUT input 
levels relative to the DUT ground pin. 

10. Each parameter is shown as a mini
mum or maximum value. Input require
ments are specified from the point of view 
of the external system driving the chip. 
Setup time, for example, is specified as a 
minimum since the external system must 
supply atleastthatmuch timetomeetthe 
worst-case requirements of all parts. 
Responses from the internal circuitry are 
specified from the point of view of the 
device. Output delay, for example, is 
specified as a maximum since worst
case operation of any device always pro
vides data within that time. 

L2330 

Coordinate Transformer 

11. For the tENA test, the transition is 
measured to the 1.5 V crossing point with 
datasheet loads. For the tDIS test, the 
transition is measured to the ±200m V 
level from the measured steady-state 
output voltage with ±lOmA loads. 
The balancing voltage, VTH, is set at 
3.5 V for Z-to-0 and 0-to-Z tests, and 
set at 0 V for Z-to-1and1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. 0UTPlJT loADING CIRCUIT 

FIGURE B. THRESHOLD LEVELS 

VoL• Measured VoL with loH = -10mA and loL = 10mA 
VoH" Measured VoH with loH = -10mA and loL = 10mA 

~~~~~~~~~~~~~~~~~~~=Special Arithmetic Functions 
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DEVICES INCORPORATED 

ORDERING INFORMATION 

Speed 

50 ns 
25 ns 
20 ns 

120-pin 

Vee 
PYOUT4 
PYOUTa 

GND 
PYOUT2 
PYOUT1 
PYOUTo 

Vee 
OEPY 
GND 
RTP 
CLK 

GND 
TCXY 

ENYPo 
GND 

ENYP1 
AC Co 
ACC1 

Vee 
YPINo 
YPIN1 
YPIN2 
YPINa 
YPIN4 
YPINs 
YPIN6 

GND 
YPIN7 
YPINa 

0°c to+ 70°C-CoMMERCIAL SCREENING 

Top 
View 

~~~~~~§~~~~~~ a.a. a.a.a. a.a.a. a.a. 
>- >- >- >- >- >- >- >- >- >-

Plastic Quad Flatpack 
(Q1) 

L2330QC50 
L2330QC25 
L2330QC20 

3-65 

L2330 

Coordinate Transformer 

RXOUT10 
RXOUT11 
GND 
RXOUT12 
RXOUT13 
RXOUT14 
Vee 

I 

RXOUT1s • GND 
OERX 
Vee 
XRIN1s 
XRIN14 
XRIN13 
GND 
XRIN12 
XRIN11 
XRIN10 
XRINg 
XRINa 
XRIN1 
XRIN6 
GND 
XRINs 
XRIN4 
XRINa 
GND 
XRIN2 
XRIN1 
Vee 

Special Arithmetic Functions 
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ORDERING INFORMATION 

120-pin 1 2 3 4 5 6 7 8 9 10 11 12 13 

A 
, ... ,_ .. , ... ' ... ) 

, ... 
' ... ) 

, ... 
' .... ) 

, ... 
\..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, ... ,_. 
PY05 PY07 PY08 PY010 PY012 PY014 PY015 RXOO RX02 RX04 RX06 RX08 RX010 

B 
, ... 
\..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, ... 
,..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, ... 
,..,...1 

, ... 
\..,...1 

PY03 PY04 PY06 PY09 PY011 PY013 OVF RX01 RX03 RX05 RX07 RX09 RX012 

c , ... 
\..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, ... 
,..,...1 

, ... 
\..,...1 

PY01 PY02 Vee GND GND vce GND vcc GND GND VCC RX011 RX013 

D 
,.... , ..... 
,..,...1 \..,...1 

, ... 
\..,...1 

, ... 
\ I 

, ... 
\..,...1 

, ... 
,..,...1 

, ... 
\..,...1 

OEPY PYOO GND 
KEY 

GND RX014RX015 , ... , ... , ... , ... , ... , ... 
E \..,...1 \..,...1 \..,...1 \..,...1 ,..,...1 \..,...1 

RTP GND vce vec GND OERX 

F 
, ... , ... , ... , ... , ... , ... 
\_.1 \..,...1 \_.1 \..,...1 \_.1 \_.1 

TCXY GND CLK Top View vcc XRl15 XRl14 

G 
, ... 
\..,...1 

, ... 
\..,...1 

, ... 
\..,...1 Through Package 

, ... 
\..,...1 

, ... 
,..,...1 

, ... 
,..,...1 

ENYP1 ENYPO GND (i.e., Component Side Pinout) GND XRl12 XRl13 , ... , ... , ... , ... , ... , ... 
H \..,...1 \..,...1 \..,...1 \..,...1 ,..,...1 \..,...1 

ACCO ACC1 vce XRl9 XRl10 XRl11 

J 
, ... 
\..,...1 

, ... 
\..,...1 

, ... 
,..,...1 

, ... 
\..,...1 

, ... 
,..,...1 

, ... 
,..,...1 

YPIO YPl1 YPl3 GND XRl7 XRl8 

K 
, ... 
,..,...1 

, ... 
,..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

YPl2 YPl4 GND GND XRl5 XRl6 

L 
, ... 
\..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, ... , ... , ... 
\..,...1 \..,...1 \..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, .... 
\..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, ... 
,..,...1 

, ... 
\..,...1 

YPl5 YPl7 GND vcc YPl14 vcc GND vec YPl27 YPl31 vec XRl3 XRl4 , ... , ... , ... , ... , ... , ... , ... , ... , ... , ... , ... , ... , ... 
M ' ....... ' \..,...1 ' ....... ' ' ....... ' \..,...1 ,..,...1 ,..,...1 ,..,...1 ,..,...1 ' ....... I \..,...1 ,..,...1 \..,...1 

YPl6 YPl9 YPl11 YPl13 YPl16 YPl18 YPl20 YPl23 YPl25 YPl28 ENXR XRl1 XRl2 

N 
, ... ,_. , ... 

\..,...1 
, ... 
\..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, ... 
,..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, ... 
\..,...1 

, ... 
,..,...1 

, ... ,_. 
YPl8 YPl10 YPl12 YPl15 YPl17 YPl19 YPl21 YPl22 YPl24 YPl26 YPl29 YPl30 XRIO 

Ceramic Pin Grid Array 
Speed (G4) 

0°c to +70°C-CoMMERCIALSCREENING 
50 ns L2330GC50 

25 ns L2330GC25 

20 ns L2330GC20 

-55°C to+ 125°C-COMMERCIAL SCREENING 
50 ns L2330GM50 

25 ns L2330GM25 
20 ns L2330GM20 

-55°C to+ 125°C-MIL·STD·883 CoMPLIANT 
50 ns L2330GMB50 

25 ns L2330GMB25 

20 ns L2330GMB20 

Special Arithmetic Functions 
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~ Digital Synthesizer 

.__F_E_A_T_U_R_E_S ____ __.l I DESCRIPTION 

D Digital Waveform Synthesis at 
50MHz 

D 24-Bit Polar Phase Angle Accuracy 
D User-selectable Waveform Synthesis, 

Frequency Modulation, or Phase 
Modulation. 

D Amplitude Input for Amplitude 
Modulation and Gain Adjustment. 

D Replaces Raytheon TMC2340A 
D Available 100% Screened to 

MIL-STD-883, Class B 
D Package Styles Available: 

• 120-pin Plastic Quad Flatpack 
• 120-pin Cerami.c PGA 

L2340 BLOCK DIAGRAM 

ENA 

The 12340 is a digital synthesizer 
that performs waveform synthesis, 
modulation, and demodulation. 

The L2340 automatically generates 
quadrature matched pairs of 16-bit 
sine and cosine waves in DAC
compatible 16-bit offset binary format 
with15-bit amplitude and 32-bit phase 
inputs. 

Output waveforms can be phase or 
frequencymodulated. Digitaloutput 
frequencies are restricted to the 
Nyquist limit. 

Functional Description 

The L2340 converts Polar (Phase and 
Magnitude) data into Rectangular 
(Cartesian) coordinates. The user 

_.. ,,,.. 

AM14-o 
15L _., 

7 --

selects the numeric format. A valid 
transformed result is seen at the output 
after 22 clock cycles and will continue 
upon every clock cycle thereafter. 

15-bit amplitude and 32-bit phase 
data are input into the L2340 to 
produce an output of 16-bit rectangu
lar data. The user may select the data 
format to either 16-bit offset binary 
or 15-bit unsigned magnitude format. 
High accuracy phase increment 
values with minimal accumulation 
error is accomplished by use of a 32-
bit phase accumulator. 

The phase accumulator structure 
supports frequency or phase modula
tion and is selected by ENPl-0 and 
accumulator controls FM and PM. 

• OEI 

ENP1-o 
2 L _. 
/ ,,,.. 

32L -"' 
16 L-11o. 

115-0 PH31-o Digital 
/ ,,,.. 

7 --
Synthesizer ..... OEQ ~ _. 

FM ,,,.. 

PM 
_.. 16 L_. -- Q1s-o 7 --

OBIQ 
_. ,.. 

CLK ... 
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DEVICES INCORPORATED 

l2340 FUNCTIONAL BLOCK DIAGRAM 

AM14-o ENA PH31-o ENP1-o FM PM 

AM 

15 

OBIQ----;.i 

11s-o 

*TRANSFORM 
PROCESSOR 

Q1s-o 

'REQUIRES 18 CYCLES TO COMPLETE AND IS FULLY PIPELINED 

SIGNAL DEFINITIONS 

Power 

VccandGND 

+SV power supply. All pins must be 
connected. 

Clock 

CLK-Master Clock 

The rising edge of CLK strobes all 
enabled registers. 

Inputs 

AM14-0-Amplitude Modulation Data Input 

AM14-0 is the 15-bit Amplitude 
Modulation Data input port. AM14-0 
is latched on the rising edge of CLK. 

PH31-0-Phase Angle Data Input 

PH31-0 is the 32-bit Phase Angle Data 
input port. Input phase accumulators 
are loaded through this port into 
registers enabled by ENP1-0. PH31-0 is 
latched on the rising edge of CLK. 

L2340 

Digital Synthesizer 

Outputs 

Iis-o-x-coordinate Data Output 

hs-o is the 16-bit Cartesian x-coordi
nate Data output port. When OEI is 
HIGH, hs-o is forced into the high
impedance state. hs is forced HIGH if 
OBIQisLOW. 

Qis-o-y-coordinate Data Output 

Qis-o is the 16-bit Cartesian y-coordi
nate Data output port. When OEQ is 
HIGH, Qis-o is forced into the high
impedance state. Qis is forced HIGH if 
OBIQisLOW. 

Controls 

ENA-Amplitude Modulation Data 
Input Enable 

When ENA is HIGH, AM is latched 
into the input register on the rising 
edge of clock. When ENA is LOW, the 
value stored in the register is un
changed. 

ENP1-o- Phase A1odulation Data Input 
Control 

ENPl-0 is the 2-bit Phase Modulation 
Data Input Control that determines one 
of the four modes shown in Table 1. 
'M' is the Modulation Register and 'C' 
is the Carrier Register as shown in the 
Functional Block Diagram. 

TABLE 1. REGISTER OPERATION 

ENP1-0 Configuration 

00 No registers enabled, current data held 

0 1 M register input enabled, C data held 

1 0 C register input enabled, M data held 

1 1 M register = 0, C register input enabled 

TABLE 2. ACCUMULATOR CONTROL 

FM PM Configuration 

0 0 No accumulation (normal operation) 

0 1 PM accumulator path enabled 

1 0 FM accumulator path enabled 

1 1 Logical OR of PM and FM (Nonsensical) 

Special Arithmetic Functions 
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FM, PM -Frequency Modulation, 
Phase Modulation Control 

OBIQ - Data Input/Output Format OEQ - y-coordinate Data Output 
Select Enable 

FM and PM is the 2-bit Frequency 
Modulation/Phase Modulation 
Control that determines one of the four 
modes shown in Table 2. When full
scale is exceeded, the accumulator will 
roll over correctly allowing continuous 
phase accumulation through 27t 
radians. 

When OBIQ is HIGH, offset binary 
format is selected. When OBIQ is 
LOW, unsigned formatis selected. 

When OEQ is LOW, QI5-0 is enabled 
for data output. When OEQ is HIGH, 
Q15-0 is placed in a high-impedance 
state. 

FIGURE 1 A. INPUT FORMATS 

AM 

OEI - x-coordinate Data Output 
Enable 

When OEI is LOW, 115-0 is enabled for 
data output. When OEI is HIGH, 115-0 
is placed in a high-impedance state. 

PH 

~~~~~~~~~~(RTP=O)~~~~~~~~~~ 

Integer Unsigned Magnitude Fract. Unsigned Mag.!Two's Comp. 

I 14 13 12 jf 2 o I 131 30 29 !i 2 al 
214 213 212 22 21 20 *±20 2-1 2-2 2-29 2--JO 2-31 

*±2° denotes two's complement sign or highest magnitude bit. Since phase angles are modulo 2rt 

and phase accumulator is modulo 232
, this bit may be regarded as ±rt. 

FIGURE 1 B. OUTPUT FORMATS 

Q 

------ Integer Unsigned Magnitude (OBIQ = 0) ------

I 14 13 12 jf 2 1 o I I 14 13 12 ~ 2 o 
214 213 212 22 21 20 214 213 212 22 21 20 

---------Offset Binary (OBIQ = 1) ---------

I 1s 14 13 jf 2 o I I 1s 14 13 l!i 2 o 
NS 214 213 22 21 20 NS 214 21a 22 21 20 

NS denotes negative sign. (i.e. '1' negates the number) 

Special Arithmetic Functions 
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Circle Test 

When performing a coordinate 
transformation, inaccuracies are 
introduced by a combination of 
quantization and approximation 
errors. The accuracy of a coordinate 
transformer is dependent on the 
word length used for the input 
variables, the word length used for 
internal calculations, as well as the 
number of iterations or steps per
formed. Truncation errors are due to 
the finite word length and approxi
mation errors are due to the finite 
number of iterations. For example, in 
the case of performing a polar-to
rectangular transformation, the 
accuracy of the rotation will be 
determined by how closely the input 
rotation angle was approximated by 
the summation of sub-rotation 
angles. 

In this study, we compare how 
accurately a coordinate transformer 
with a 16-bit internal processor 
versus a 24-bit internal processor 
can calculate all the coordinates of a 
circle. By setting the radius to 
7FFFH, e is incremented using the 
accumulator of the L2340 in steps of 
0000 4000H until all the points of a 
full circle are calculated into rectan
gular coordinates. 

The resulting rectangular coordi
nates were plotted and graphed. A 
graphical representation of the 
resulting vectors for both 16-bit and 
24-bit internal processors are com
pared at 45°. Theoretically, a perfect 
circle is the desired output but when 
the resulting vectors from a coordi
nate transformer with 16-bit internal 
processor are graphed and displayed 
as shown in Figure 2, we see signifi
cant errors due to the inherent 
properties of a digital synthesizer. 
In comparison, the 24-bit internal 
processor proves to be significantly 
more accurate than a 16-bit internal 
processor due to minimization of 
truncation errors. In many applica
tions, this margin of error will 

introduce noise when performing 
waveform sythesis, modulation, and 
demodulation. 

Data values for Figure 2 and Figure 3 
are shown in Table 3. By looking at 
these values, we observe the step 
resolution on a 16-bit internal 
processor is not 1 unit in the x and y. 
In most cases, the minimum step 
resolution is 2 units in the x and y. 
On the other hand, step resolution 
on a 24-bit internal processor is 1 
unit in the x and y thus resulting in 
greater accuracy. 

L2340 

Digital Synthesizer 

The minimum theoretical angle 
resolution that could be produced is 
0.00175° when x = 7FFFH and y = lH. 
A 16-bit internal processor can 
produce a minimum angle resolution 
of only 0.00549° and will not be able 
to properly calculate the theoretical 
minimum angle resolution. On the 
other hand, a 24-bit internal proces
sor can produce a minimum angle 
resolution of 0.00002° and could 
therefore properly calculate the 
theoretical minimum angle resolu
tion. 

FIGURE 2. CIRCLE TEST RESULT NEAR 45° (16-BIT INTERNAL PROCESSOR) 

23200 

23190 

23180 

y 23170 

23160 

23150 

23140 +----+---t---+--+---+---x 
23140 23150 23160 23170 23180 23190 23200 

x 

FIGURE 3. CIRCLE TEST RESULT NEAR 45° (24-BIT INTERNAL PROCESSOR) 

23200 

23190 

23180 

y 23170 

23160 

23150 

23140 +---+--+---+----r--------t---"1 

23140 23150 23160 23170 23180 23190 23200 

x 
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DEVICES INCORPORATED Digital Synthesizer 

TABLE 3. RESULTANT DATA VALUES OF CIRCLE TEST NEAR 45° 

16-bit Internal Processor 24-bit Internal Processor 

x x(HEX) y y(HEX) x x(HEX) y y(HEX) 

23201 5AA1 23139 5A63 23199 5A9F 23140 5A64 
23199 5A9F 23141 5A65 23198 5A9E 23141 5A65 
23199 5A9F 23141 5A65 23198 5A9E 23141 5A65 
23199 5A9F 23141 5A65 23197 5A9D 23142 5A66 
23199 5A9F 23141 5A65 23197 5A9D 23142 5A66 
23197 5A9D 23143 5A67 23196 5A9C 23143 5A67 
23197 5A9D 23143 5A67 23196 5A9C 23143 5A67 
23197 5A9D 23143 5A67 23195 5A9B 23144 5A68 

.. 
23197 5A9D 23143 5A67 23194 5A9A 23145 5A69 
23195 5A9B 23145 5A69 23194 5A9A 23145 5A69 
23195 5A9B 23145 5A69 23194 5A9A 23145 5A69 
23195 5A9B 23145 5A69 23193 5A99 23146 5A6A 
23195 5A9B 23145 5A69 23192 5A98 23147 5A6B 
23192 5A98 23148 5A6C 23191 5A97 23148 5A6C 
23192 5A98 03148 5A6C 23191 5A97 23148 5A6C 
23192 5A98 23148 5A6C 23191 5A97 23148 5A6C 
23192 5A98 23148 5A6C 23190 5A96 23149 5A6D 
23190 5A96 23150 5A6E 23189 5A95 23150 5A6E 
23190 5A96 23150 5A6E 23189 5A95 23150 5A6E 
23190 5A96 23150 5A6E 23189 5A95 23150 5A6E 
23190 5A96 23150 5A6E 23188 5A94 23151 5A6F 
23187 5A93 23152 5A70 23187 5A93 23152 5A70 
23187 5A93 23152 5A70 23186 5A92 23153 5A71 
23187 5A93 23152 5A70 23186 5A92 23153 5A71 
23187 5A93 23152 5A70 23186 5A92 23153 5A71 
23185 5A91 23154 5A72 23185 5A91 23154 5A72 
23185 5A91 23154 5A72 23184 5A90 23155 5A73 
23185 5A91 23154 5A72 23184 5A90 23155 5A73 
23185 5A91 23154 5A72 23184 5A90 23155 5A73 
23183 5A8F 23156 5A74 23183 5A8F 23156 5A74 
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MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature ............................................................................................................. -65°C to+ 150°C 

Operating ambienttemperature ............................................................................................. -55°C to+ 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ................................................................................ -0.5 V to Vee + 0.5 V 

Signal applied to high impedance output ....................................................................... -0.5 V to Vee + 0.5 V 

Output current into low outputs . . .. ... ... . .. .. . . . . ... . .. . . .. . . ... . .. . .. . . .. . .. . .. . .. .. .. .. . . .. . ... . ... . . . . . . . . .. . .. . .. . .. . ... .. . .. .. .. . .. .. . 25 mA 

Latchupcurrent ................................................................................................................................ > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range(Ambient) 

0°c to +70°C 

-55°C to+ 125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee = Min., IOH = -2.0 mA 

VOL Output Low Voltage Vee= Min., IOL = 4.0 mA 

VIH Input High Voltage 

VIL Input Low Voltage (Note 3) 

llX Input Current Grounds VIN s Vee (Note 12) 

IOZ Output Leakage Current Grounds VouT s Vee (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note 7) 

CIN Input Capacitance TA = 25°C, f = 1 MHz 

COUT Output Capacitance TA= 25°C, f = 1 MHz 

Supply Voltage 
4.75 vs Vee s 5.25 v 

4.50 v s Vee s 5.50 v 

Min Typ 

2.4 

2.0 

0.0 

Max 

0.4 

Vee 

0.8 

±10 

±10 

95 

5 

10 

10 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

pF 

pF 

~~~~~~~~~~~~~~~~~~~= Special Arlthm~ic Functions 
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I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

Symbol Parameter Min 

tcvc Cycle Time 50 

tPWL Clock Pulse Width Low 10 

tPWH Clock Pulse Width High 8 

ts Input Setup Time 12 

tH Input Hold Time 1 

to Output Delay 

tENA Three-State Output Enable Delay (Note 11} 

tOIS Three-State Output Disable Delay (Note 11} 

MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

Symbol Parameter Min 

tCYC Cycle Time 50 

tPWL Clock Pulse Width Low 11 

tPWH Clock Pulse Width High 8 

ts Input Setup Time 13 

tH Input Hold Time 2 

to Output Delay 

tENA Three-State Output Enable Delay (Note 11} 

tDIS Three-State Output Disable Delay (Note 11} 

3-73 
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L2340-
50 25 20 

Max Min Max Min Max 

25 20 

8 7 

7 6 

7 6 

0 0 • 22 18 16 

13 13 13 

13 13 13 

L2340-
50 25 20 

Max Min Max Min Max 

25 20 

9 7 

7 6 

7 6 

2 1 

25 20 18 

15 14 13 

15 14 13 
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SWITCHING WAVEFORMS: No ACCUMULATION 

CLK ___ _, 

OBIQ 

ENA ...,......~,......,.......,.,...,...,~~"" 1,.-----..1~"7t'. 

ENP1-o ~~~~~~~~1'...__-J 

AM14-0 ..,......~"<'""'7~~~~~1,1----.1~7"."" ,, 

PH31-0 ::.L..,;.~~~.::.L....~~''---""''-"'-_,,,, 

L2340 

Digital Synthesizer 

22 23 24 

to I= 
~:::~ -x~x-x-x-x-x-x-x---x-x---x-x---x--x---x-x~x ..... x,....,.....x ..... x~x..,..x ......... x..,,.x~x..,....x,,...x~x,.,x"""7'>r-1<A-) -xzx __ ,_<8>_ ...... >©C 

SWITCHING WAVEFORMS: PHASE MODULATION 

OBIQ ~......_-----------------------------------

AM14-0 ~xxxxxxxxxxxxxxxxxxxxxxxxxx 

ENP1-0 
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I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values beyond 
those indicated in the Operating Condi
tions table is not implied. Exposure to 
maximum rating conditions for ex
tended periods may affect reliability. 

2. The products described by this 
specification include internal cir
cuitry designed to protect the chip from 
damaging substrate injection currents 
and accumulations of static charge. 
Nevertheless, conventional precau
tions should be observed during stor
age, handling, and use of these circuits 
in order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above Vee 
will be clamped beginning at-0.6 V and 
Vee+ 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of-0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tDIS test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in the 
testing of this device. The following 
measuresarerecommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actual testconditionsmayvaryfrom b. GroundandVeesupplyplanesmust 
those designated but operation is guar- be brought directly to the DUT socket or 
anteed as specified. contactorfingers. 

5. Supply current for a given applica
tion can be accurately approximated 
by: 

where 

NCV2F 
4 

N =total number of device 01.itputs 
C =capacitive load per output 
V =supply voltage 
F =clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 20 MHz clock 
rate. 

7. Tested with all inputs within 0.1 V of 
Vee or Ground, no load. 

8. These parameters are guaranteed but 
not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required DUT input 
levels relative to the DUT ground pin. 

10. Each parameter is shown as a mini
mum or maximum value. Input require
mentsarespecified from thepointof view 
of the external system driving the chip. 
Setup time, for example, is specified as a 
minimumsincetheexternalsystemmust 
supplyatleastthatmuchtimetomeetthe 
worst-case requirements of all parts. 
Responses from the internal circuitry are 
specified from the point of view of the 
device. Output delay, for example, is 
specified as a maximum since worst
case operation of any device always pro
vides data within that time. 

L2340 

Digital Synthesizer 

11. For the tENA test, the transition is 
measured to the 1.5V crossingpointwith 
datasheet loads. For the trns test, the 
transition is measured to the ±200m V 
level from the measured steady-state 
output voltage with ±lOmA loads. 
The balancing voltage, VTH, is set at 
3.5 V for Z-to-0 and 0-to-Z tests, and 
set at 0 V for Z-to-1and1-to-Z tests. 

12. These parameters are only tested at II 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. OUTPUT loAOING CIRCUIT 

FIGURE B. THRESHOLD LEVELS 

Voc' Measured VoL with loH =-10mA and loL = 10mA 
VoH' Measured VoH with loH = -1 OmA and loL = 1 OmA 

Special Arithmetic Functions 
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ORDERING INFORMATION 

Speed 

50 ns 
25 ns 
20 ns 

120-pin 

Vee 
04 
03 

GND 
02 
01 
oo 

Vee 
OEO 
GND 
GND 
CLK 
GND 

0610 
EN Po 
GND 

ENP1 
PM 
FM 

Vee 
PHO 
PH1 
PH2 
PH3 
PH4 
PHs 
PHs 

GND 
PH7 
PHe 

0°C to+ 70°C-COMMERCIAL SCREENING 

Top 
View 

Plastic Quad Flatpack 
(Q1) 

L2340QC50 
L2340QC25 
L2340QC20 

3-76 

L2340 

Digital Synthesizer 

90 110 
89 111 
88 GND 
87 112 
86 113 
85 114 
84 Vee 
83 115 
82 GND 
81 OEI 
80 Vee 
79 GND 
78 AM14 
77 AM13 
76 GND 
75 AM12 
74 AM11 
73 AM10 
72 AM9 
71 A Me 
70 AM7 
69 A Ms 
68 GND 
67 AMS 
66 AM4 
65 AM3 
64 GND 
63 AM2 
62 AM1 
61 Vee 

Special Arithmetic Functions 
02/07/97-LDS.2340-A 



- ..-... ...-.... - ...-.... - ~ ,,___,_~ - ------ -- ------- ----~~-~ - .._.... .._.,__ ..._... L2340 
DEVICES INCORPORATED Digital Synthesizer 

ORDERING INFORMATION 

120-pin 1 2 3 4 5 6 7 8 9 10 11 12 13 

A 
, ... , ... , ... , ... , ... , ... , ... , ... , ... , ... , ... , ... , ... ,_, \_) \ .. ) \_.I \_.I l_.l l_.l l_.l l_.1 l_.l l_.1 l_.l ' ' -as 07 OB 010 012 014 015 10 12 14 16 18 110 

B 
, ... 
l_.l 

, ... 
l_.l 

, ... 
l_.1 

, ... 
\_.I 

, ... 
l_.l 

, ... 
l_.l 

, ... 
l_.1 

, ... 
l_.l 

, ... 
l_.l 

, ... 
l_.l 

, ... 
l_.l 

, ... 
l_.l 

, ... 
\_.I 

03 04 06 09 011 013 GND 11 13 15 17 19 112 

c , ... 
l_, 

, ... 
l_.l 

, ... 
l_.l 

, ... 
l_.l 

, ... 
l_.l 

, ... 
l_.1 

, ... 
l_.l 

, ... 
l_.l 

, ... 
l_.l 

, ... 
l_.l 

, ... 
l_.1 

, ... 
\_.I 

, ... 
l_.l 

01 02 VCC GND GND vcc GND vee GND GND vee 111 113 

D 
, ... , ... , ... , ... , ... , ... , ... 
l_.l l_.l l_.1 l I l_.1 l_.1 l_.l 

OEQ ao GND 
KEY GND 114 11S , ... , ... , ... , ... , ... , ... 

E l-1 l_.1 l_.1 l_.1 l_.l l_.1 

GND GND vee vec GND OEI • F 
, ... , ... , ... , ... , ... , ... 
l-1 \_.I l_.1 l_.1 \_.I l_.l 

OBIQ GND CLK Top View vee GND AM14 

G 
, ... 
l_) 

, ... 
l_.1 

, ... 
l_.1 Through Package 

, ... 
l_.1 

, ... 
l_.1 

, ... 
l_.1 

ENP1 ENPO GND (i.e., Component Side Pinout) GND AM12 AM13 , ... , ... , ... , ... , ... , ... 
H l_, l_.1 l_.1 \_.I l_.1 l_.1 

PM FM vee AM9 AM10 AM11 , ... , ... , ... , ... , ... , ... 
J l_.1 l_.1 \_.I l_.l l_.1 l_, 

PHO PH1 PH3 GND AM7 AMB 

K 
, ... 
l_.l 

, ... 
l_.1 

, ... 
l_.1 

, ... 
\_.I 

, ... 
\_.I 

, ... 
l_.1 

PH2 PH4 GND GND AMS AM6 

L 
, ... 
l_.1 

, ... 
l_.1 

, ... 
l_.1 

, ... 
l_.1 

, ... 
l_.1 

, ... 
l_.1 

, ... 
l_.1 

, ... 
l_.1 

, ... 
l_.1 

, ... 
l_.1 

, ... 
l_.1 

, ... 
l_.1 

, ... 
l_, 

PHS PH7 GND vee YPl14 vce GND vec PH27 PH31 vce AM3 AM4 

M 
, ... 
l_.l 

, ... 
l_.l 

, ... 
\_.I 

, ... 
l_.1 

, ... 
l_.1 

, ... 
l_.l 

, ... 
l_.1 

, ... 
l_.1 

, ... 
l_.1 

, ... 
l_.l 

, ... 
\_.I 

, ... 
l_.l 

, ... 
l_.1 

PH6 PH9 PH11 PH13 PH16 PH18 PH20 PH23 PH25 PH28 ENA AM1 AM2 

N 
, ... ,_, , ... 

l_.1 
, ... 
l_.1 

, ... 
l_.1 

, ... 
l_.1 

, ... 
l_.1 

, ... 
l_.1 

, ... 
l_.l 

, ... 
\_.I 

, ... 
l_.1 

, ... 
l_.1 

, ... 
l_.1 

, ... ,_, 
PHB PH10 PH12 PH1S PH17 PH19 PH21 PH22 PH24 PH26 PH29 PH30 AMO 

Ceramic Pin Grid Array 
Speed (G4) 

0°C to+ 70°C-COMMERCIAL SCREENING 

50 ns L2340GC50 
25 ns L2340GC25 
20 ns L2340GC20 

-55°C to+ 125°C-COMMERCIAL SCREENING 

50 ns L2340GM50 
25 ns L2340GM25 

20 ns L2340GM20 

-55°Cto+125°C-MIL-STD-883CoMPLIANT 

50 ns L2340GMB50 

25 ns L2340GMB25 

20 ns L2340GMB20 
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~ Template Matcher· 

~F_E_A_T_UR_E_S ____ ~' 'DESCRIPTION 

D 40MHz Data and Computation Rate 
D 1024-tap High-Speed Digital 

Transversal Filter and Template 
Matcher 

D Variable Window Sizes: 1 x 1024, 
2 x 512, 4 x 256, 8 x 128, 16 x 64, and 
32x32 

D Processor Cascadability can be 
Implemented for Extended Data/ 
Coefficient Precision, Increased 
Filter-Tap Power, and Increased 
Window Sizes 

D DECC SMD No. 5962-90504 
D Available 100% Screened to 

MIL-STD-883, Class B 

D Package Styles Available: 
• 132-pin Ceramic Flatpack 
• 144-pin Plastic Quad Flatpack 

L64230 BLOCK DIAGRAM 

The 164230 is a high-speed, 1024-tap 
Digital Filter and Template Matcher. 
The device can be configured as a 1-D 
(one-dimensional) filter used in such 
applications as radar, sonar, or other 
forms of signal processing. The 
L64230 can also be implemented in 
2-D (two-dimensional) applications, 
such as real-time image processing 
such as: pattern matching, correlation, 
convolution, noise elimination, 
morphing, dilation and erosion. 

The L64230 is arranged as 32 (total) 
32-tap filters with the outputs of each 
of the filters being summed and then 
delayed by the variable-length shift 
registers. In a multiprocessor system, 
this delayed output is then summed 
with the incoming partial result to 
form the complete output. In addition 
to carrying in the partial result into 
the L64230, the input can be used to 
vary the threshold when clipping the 
output to a single bit. 

L _. 

Each filter performs the basic XNOR 
and AND logic operations. The Ai, j 
and Bi, j are stored in double buffered 
registers. Bi, j controls the XNOR gate 
while the Ai, j controls the AND gate. 
The XNOR gate performs inversion 
(erosion) or magnitude differencing 
(template matching). The AND gate 
performs masking (template matching) 
or 1-bitmultiplication (FIR filtering, 
dilation erosion). The outputs of all 
taps are summed to produce the final 
result. It should be noted that no 
significant bits of any signal are lost. 

The L64230 has 32 single-bit inputs 
(Dl31-0). For 1-D filtering, the only 
active input is Dio. However, when 
performing 2-D operations over a 
window of size N x M, N of the inputs 
are active. A video shift register, with a 
raster scanned signal as its input 
would provide the N active data 
inputs. 

L _. 
0131-0 /32 ... /16 ... 0015-0 

PR1s-o 
L_ _.. 

7 16-.... 

Cl1-o L._ .... 32 x 32-TAP ...... SRO /8 ... ... 
FIR FILTERS 

REGAOR1-o 
/ _.. 78 -.... AND 

- COEFFICIENT .... + BNKLOO WE ,. 
CONTROL LOGIC 

COE FF 
_.. 
- .... 

--- .. """'--SE LALL --..... .... BNKLOI 

CLK • 
Logic Products 
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SIGNAL DEFINITIONS 

Power 

Vee and GND 

+5 V power supply. All pins must be 
connected. 

Clock 

CLK- Master Clock 

The rising edge of CLK strobes all 
registers. All timing specifications are 
referenced to the rising edge of CLK. 

Inputs 

Dl31-0- Data Input 

When the L64230 is implemented in a 
1-D filtering application, only pin Dlo 
is used. Pins, DI31-1 are left discon
nected. However, in a 2-D filtering 
application with a window size of 32 x 
32, the L64230 operates with all 32 
data inputs active. 

CI7-0 - Coefficient/Control Input 

Eight control bits or four sets of 
coefficients (both Ai, j and Bi, j) are 
loaded into the master section of the 
coefficient/ control registers. Cl7 is the 
MSB. 

PR1s-0 - Partial Result Input 

The partial result is summed with the 
processor results to provide the final 
data output. In a multiprocessor 
system, D031-0outputs of the preced
ing L64230 are connected to the 
corresponding partial result input. 
The partial results can be used in 
varying the threshold of the output, 
like clipping the output to a single bit. 
Disconnected PR pins are automati
cally assigned a LOW value. PR1s is 
theMSB. 

BNKLDI- Bank Load Input 

In order to bank load coefficients/ 
control inputs from master to slave 
registers, set BNKLDI to HIGH. When 
asynchronously loading coefficients/ 
control inputs, BNKLDI is held LOW 
until bank loading occurs. When 
coefficient/ control input loading is 
performed synchronously, BNKLDI is 
always held HIGH. 

REG AD R7-0- Coefficient/Control 
Register Address Inputs 

Controls the master register location 
that will be loaded with the coeffi
cient/ control inputs. Loading occurs 
only when WE is LOW. REGADR7 is 
theMSB. 

Outputs 

D015-0- Data Output 

The value of the output is the sum of 
delayed output of the 1024 taps and 
the partial result (PR1s-o). 0015 is the 
MSB. 

SRO- Shift Register Output 

In a 1-D filter application, SRO is the 
Dlo input delayed by 1025 cycles and 
inverted. This signal is usually 
connected to the Dlo of the next 
L64230 in a 1-D, multiprocessor 
system. SRO is not used in 2-D 
processing. 

BNKLDO- Bank Load Output 

BNKLDO is the BNKLDI signal 
delayed by one CLK cycle. BNKLDO 
was designed to be used in a 1-D 
multiprocessor system as input for 
BNKLDI in the next L64230. 
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Controls 

SELALL - Coefficient Register Select-All 

When LOW, SELALL enables the 
loading of the values at CI7-0 into the 
master latches of all 256, 4-tap groups 
in the processor simultaneously. This 
quickly initializes the L64230. When 
HIGH, SELALL enables the loading of 
the values into the master latches 
found at the locations determined by 
COEFF and REGADR7-0. 

WE- Write Enable 

When WE is held LOW, the coeffi
cient/ control signals are loaded into 
the register location indicated by 
COEFF and REGADR7-0. 

COEFF-Coefficient Input Indicator 

The data on the CI bus is interpreted as 
coefficient data when COEFF is held 
HIGH. When COEFF is held LOW, 
data is interpreted as control inputs. 
(See Table 1, the Processor Control/ 
Coefficient Memory Map, for more 
detail.) 

OPERATION 

L64230 operation is fairly straightfor
ward. After the internal master 
registers have been loaded with the 
data indicating the operating mode, 
the user need only supply a system/ 
data clock and the input data. Once 
the L64230 is setup and running, 
some or all of the coefficients (the set of 
Ai, j and Bi, j) can be changed while the 
processor is operating. 

Logic Products 
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CONTROL SIGNALS 

As mentioned in the previous para- · 
graph, the operation of the L64230 is 
simple. However, both the initializa
tion of the processor and loading of the 
Control/Coefficient Data will prove to 
be a bit more interesting. 

To initialize the processor and all the 
coefficients, the delay value of the 
variable delay element and the con-

figuration must be specified. The 
Processor Control/ Coefficient Memory 
Map (Table 1) gives more detail as to 
the memory map of L64230. 

If SELALL is HIGH, only one of the 
eight Control/ Coefficient bits will be 
latched each time WE goes LOW. 
When SELALL is pulsed LOW, all 
1024 Ai, Bi coefficients will be loaded 
as shown (WE can be HIGH or LOW). 

L64230 

Template Matcher 

However, the MUXCON and OUTDEL 
values will change only when WE is 
LOW. 

OUTDEIA-0 variable set the number of 
delays performed by the variable delay 
element. The Window Configurations 
(Table 2) displays the various window 
shapes and corresponding active data 
inputs for the most common window 
configurations. Other configurations 
can be obtained. 

Table 1. Processor Control/Coefficient Memory Map 
Coeff REGADR1-o Cl1 Cls Cls Cl4 Cl3 Cl2 Ch Clo 

0 0 x x x MUXCON4 MUXCON3 MUXCON2 MUXCON1 MUXCONo 

0 1 x x x x OUTDEL3 OUTDEL2 OUTDEL1 OUTDELo 

1 0 Bo,3 Ao,3 80,2 Ao.2 Bo.1 Ao,1 Bo,o Ao,o 

1 1 Bo,7 Ao,7 80,s Ao,6 Bo,s Ao,s Bo,4 Ao,4 

1 2 Bo,11 Ao,11 Bo,10 Ao,10 Bo,9 Ao,9 Bo.a Ao.a 

1 7 Bo,31 Ao,31 Bo,30 Ao,30 Bo,29 Ao,29 Bo,2a Ao,2a 

1 8 81,3 A1,3 81,2 A1,2 81,1 A1,1 81,0 A1,o 

1 15 81,31 A1,31 81,30 A1,30 81,29 A1,29 81,2a A1,2a 

1 247 830,31 A30,31 830,30 A30,30 830,29 A30,29 830,2a A30,2a 

1 248 831,3 A31,3 831.2 A31,2 831.1 A31,1 831,0 A31,0 

1 255 831,31 A31,31 831,30 A31,30 831,29 A31,29 831,2a A31,2a 

Table2. Window Configurations 
MUXCON4-o Configuration Active Inputs 

11111 1 x 1024 Dlo 

11110 2 x 512 Dlo, Dils 

11100 4 x 256 Dlo, Dia, Ohs, Dl24 

11000 8 x 128 Dlo, 014, Dia, 0112, Ohs, D120, 0124, Dl2a 

10000 16 x 16 Dlo, 012, 014, Dis, Dia, 0110, 0112, DJ14, Dl1s, Dl1a, 0120, D122, 0124, 0126, D12a,Dl30 

00000 32 x 32 All 
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FUNCTIONAL OVERVIEW Figure 1. 
1=0 

The L64230 is designed to perform 
FIR Filtering, Template Matching and 
Morphological Operations over a 
variety of window sizes. Figure 1 
shows the two basic functions "per
formed by the L64230. 

1D:y(n) = PR(n - 1) + L [(Bi XNOR Dlo(n - i - DL Y - 3)) AND Ai] 
1023 

31 31 

2D:y(n) = PR(n - 1) + L L [(Bi, i XNOR Dli(n - j - DL Y - 3)) AND Ai, i] 
For these equations, all Dii, Ai, j, and 
Bi, j are one bit wide. Depending 
upon the application the L64230 is 
being used in, the control variables: 
Ai, j and Bi, j can be set appropriately 
to implement one of the four previ
ously mentioned functions. For FIR 
Filtering, Bi, j = 1 and Ai, j is the 
inverted impulse response. For the 
application of Template Matching, Bi, 
j is the template and Ai, j is the "don't 
care" mask. Erosion is implemented 
by setting Bi, j = 0 and Ai, j as the 
inverted structuring element. Dila
tion is setup much the same way as 
FIR Filtering, with the exception 
being that the multi-bit output is 
clipped to a single bit. In addition, 
for all functions it is possible to 
reduce the effective window size by 
masking some elements within the 
window by setting Ai, j= 1 (refer to 
Table 2). DLY is the value of the 
variable length output delay, con
trolled by OUTDEL4-0. The preceding 
functions are outlined in Table 3. 

COEFFICIENT/CONTROL SIG
NAL LOADING METHODS 

Coefficients and control signals are 
double-buffered by master and slave 
registers. To load a new coefficient or 
control signal, the data must first be 
placed on the CI bus. The data is then 
latched into the the master register 
designated by REGADR7-0 and 
COEFF, when WE is LOW. An alterna
tive method to loading the master 

i=O J=O 

registers with coefficient data indi
vidually, is to hold SELALL LOW. 
This makes it possible to quickly 
initialize the processor by simulta
neously loading all the coefficient 
registers with the data loaded on the 
CI bus. Now that the master registers 
are loaded, the user is given three 
different choices as to how to transfer 
the data from the master latches into 
the slave or active latches. 

METHOD I 

The first method is to load the 
coefficient or control signal to the 
master latch asynchronously (in 
reference to CLK), then transfer the 
data to the slave latch synchronously. 
Once all 256 master latches have 
been loaded (implementing either of 
methods mentioned in the above 
paragraph), the coefficients can be 
made active simultaneously by 
enabling the slave latches, when both 
BNKLDI and CLK are HIGH. This 
method extends to the user, the 
ability to update the coefficient sets 
into the processor without modifying 
the active set of coefficients. 

METHOD II 

The second method involves both the 
loading and transferring of the coeffi
cients synchronously. This can be 
done by simply tying BNKLDI HIGH. 

Table 3. Functional Summary 
Functions Al,J Bl,J PR 

FIR Filter Inverted 1 0 
Impulse Response 

Template Matching "Don't Care" Template 0 
Mask 

Erosion Inverted 0 -1 
Structuring Element 

Dilation Inverted 1 -1 
Structuring Element 

3-82 

WE is then pulsed low when CLK is 
LOW. During this time, a new 
coefficient on the CI bus is loaded 
into the master latch, again deter
mined by REGADR7-0 and COEFF. 
On the next rising edge of CLK, the 
coefficient is transferred to the slave 
latch, thus becoming the active 
coefficient or control signal. In this 
way, a new coefficient can replace 
the current one within one clock 
cycle. This can be done only with 
slower clock speed, with cycle time 
80ns (COM) or more. 

METHOD III 

The third method is to asynchro
nously load and transfer over several 
cycles the new coefficients. If it is 
not convenient to supply BNKLDI or 
WE signals synchronous to CLK, this 
technique is used. BNKLDI can be tied 
HIGH and WE operated asynchro
nously. In this case every time a new 
coefficient is loaded, the processor 
output could be invalid for u~ 20 
cycles after the rising edge of WE. The 
processor could be invalid for up t~ 
1050 cycles after the rising edge of WE 
if control signals (COEFF = 0) are 
loaded. 

Output 

DO is the Filter Output 

DO Represents 
Correlation to Template 

D01s is Output 

D01s is Inverted Output 

Logic Products 
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MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature ............................................................................................................. -65°C to+ 150°C 

Operating ambienttemperature ............................................................................................. -55°C to+ 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ................................................................................ -0.5 V to Vee + 0.5 V 

Signal applied to high impedance output ....................................................................... -0.5 V to Vee +· 0.5 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latchupcurrent ................................................................................................................................ > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range(Ambient) 

0°c to +70°C 

-55°C to+ 125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee= Min., IOH =-3.2 mA 

VOL Output Low Voltage Vee= Min., IOL = 3.2 mA 

~H Input High Voltage 

~L Input Low Voltage (Note 3) 

llX Input Current Ground:::; VIN:::; Vee (Note 12) 

ICC1 Vee Current, Dynamic (Notes 5, 6) 

lce2 Vee Current, Quiescent (Note 7) 

CIN Input Capacitance TA= 25°C, f = 1 MHz 

COUT Output Capacitance TA= 25°C, f = 1 MHz 

Supply Voltage 
4.75 v:::; Vee:::; 5.25 v 
4.50 v:::; Vee :::; 5.50 v 

Min Typ 

2.4 

2.25 

0.0 

Max 

0.4 

Vee 

0.8 

±200 

300 

10 

15 

20 

Unit 

v 

v 

v 

v 

µA 

mA 

mA 

pF 

pF 
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I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

LF64230 
85 50 25* 

Symbol Parameter Min Max Min Max Min Max 

tcvc Cycle Time 85 50 25 

tPWH Clock Pulse Width HIGH 25 20 10 

tPWL Clock Pulse Width LOW 25 20 10 

tDIS Input Data Setup Time 20 15 10 

tDIH Input Data Hold Time 7 5 2 

tOUT Output Delay of DO 20 15 15 

too Output Delay of SRO and BNKLDO 20 15 15 

tRS REGADR to WE LOW Setup Time 15 10 10 

tRH REGADR to WE HIGH Hold Time 15 10 0 

tcs Cl to WE LOW Setup Time 15 10 10 

tCH Cl to WE HIGH Hold Time 15 10 0 

tww WE Pulse Width LOW 25 20 10 

twc WE Cycle Time 65 50 25 

tcss Cl to SELALL LOW Setup Time 150 100 50 

tCHS Cl to SELALL HIGH Hold Time 150 100 50 

tws SELALL Pulse Width LOW 150 100 50 

tsc SELALL Cycle Time 350 250 100 

tLS BNKLDI Setup Time 20 15 10 

tLH BNKLDI Hold Time 7 5 0 

tWL WE to BNKLDI HIGH Setup Time 7 5 5 

tLW WE to BNKLDI LOW Hold Time tPWH+20 ~PWH+15 tPWH+ 10 

tSSB SELALL to BNKLDI HIGH Setup Time 150 100 50 

tHSB SELALL to BNKLDI LOW Hold Time 150 100 50 

tCLW CLK LOW before WE LOW 25 20 15 

tWCL CLK HIGH after WE HIGH 25 20 15 

tPRS Input Partial Result Setup Time 40 30 20 

tPRH Input Partial Result Hold Time 7 5 20 

*Advanced Information 

Logic Products 
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I SWITCHING CHARACTERISTICS 

MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

LF64230 
75 60 45* 

Symbol Parameter Min Max Min Max Min Max 

tcvc Cycle Time 75 60 45 

tPWH Clock Pulse Width HIGH 30 25 15 

tPWL Clock Pulse Width LOW 30 25 15 

tDIS Input Data Setup Time 25 20 15 

tDIH Input Data Hold Time 15 7 5 II 
tOUT Output Delay of DO 25 20 20 

too Output Delay of SRO and BNKLDO 25 20 20 

tRS REGADR to WE LOW Setup Time 20 15 15 

tRH REGADR to WE HIGH Hold Time 20 15 5 
-

tcs Cl to WE LOW Setup Time 20 15 15 

tCH Cl to WE HIGH Hold Time 20 15 5 

tww WE Pulse Width LOW 30 25 15 

twc WE Cycle Time 75 60 45 

tcss Cl to SELALL LOW Setup Time 200 150 50 

tCHS Cl to SELALL HIGH Hold Time 200 150 50 

tws SELALL Pulse Width LOW 200 150 50 

tsc SELALL Cycle Time 400 300 100 

tLS BNKLDI Setup Time 25 20 15 

tLH BNKLDI Hold Time 15 7 5 

tWL WE to BNKLDI HIGH Setup Time 15 7 5 
-

tLW WE to BNKLDI LOW Hold Time tPWH+25 tPWH+20 ~PWH+20 

tSSB SELALL to BNKLDI HIGH Setup Time 200 150 50 

tHSB SELALL to BNKLDI LOW Hold Time 200 150 50 

tCLW CLK LOW before WE LOW 30 25 20 

tWCL CLK HIGH after WE HIGH 30 25 20 

tPRS Input Partial Result Setup Time 50 40 25 

tPRH Input Partial Result Hold Time 15 7 5 

*Advanced Information 
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SWITCHING WAVEFORMS: NORMAL FILTER OPERATION. 

--------tcvc----------i 
i----- tPWH----+------ tPWL-----

tOIH 

SRO ---------------~1----------------
BNKLDO ~~-----------~--' ~---------------~ 

SWITCHING WAVEFORMS: LOADING CONTROLS INTO MASTER REGISTERS USING WE (SELALL HIGH) 

~ twc 
i WE / 

REGADR r~ - -~''"l x >C COEFF 

Cl 
~tcs tcH l 

x >C 

SWITCHING WAVEFORMS: LOADING CONTROLS INTO MASTER REGISTERS USING SELALL (WE HIGH) 

r tsc i 
SElAL:,======fc"~ .. ,J,.....t-CH_S_l __________________________ ~~~-x-,.....-_ _,_/ _________ >C 

SWITCHING WAVEFORMS: COEFFICIENT/CONTROL SIGNAL LOADING (METHOD I) 

""------~ 
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SWITCHING WAVEFORMS: COEFFICIENT/CONTROL SIGNAL LOADING (METHOD II) 

CLK ------...J/ "-------'~ 
WE 

SWITCHING WAVEFORMS: COEFFICIENT/CONTROL SIGNAL LOADING (METHOD Ill) 

CLK 

WE OR 

SE LALL 

---- CYCLE~S 20 Cycles for Coefficients---~ 
n ~S ~ 1050 Cycles for Controls 

oo ______ ___,XXXXXXXXXXXXXXXXXXXXXXXX~ 

SWITCHING WAVEFORMS: PARTIAL RESULT INPUT TIMING 

"-------'~ 
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I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values beyond 
those indicated in the Operating Condi
tions table is not implied. Exposure to 
maximum rating conditions for ex
tended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. N everthe
less, conventional precautions should 
be observed during storage, handling, 
and use of these circuits in order to 
avoid exposure to excessive electrical 
stress values. 

3. This device provides hard clamping of 
transient undershoot and overshoot. In
put levels below ground or above Vee 
will be clamped beginning at-0.6 V and 
Vee + 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of-0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
trns test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in the 
testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actualtestconditionsmayvaryfrom b. Ground and Vee supply planes 
those designated but operation is guar- must be brought directly to the DUT 
anteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated by: 

where 

NCV2F 
4 

N = total number of device outputs 
C =capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 10 MHz clock 
rate. 

7. Tested withallinputswithin0.1 Vof 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required DUT input 
levels relative to the DUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses from 
the internal circuitry are specified from 
the point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case opera ti on of 
any device always provides data within 
that time. 
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11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the trns test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
± lOmA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. OUTPUT LOADING CIRCUIT 

FIGURE B. THRESHOLD LEVELS 

VoL• Measured VoL with loH =-10mA and loL= 10mA 
VoH• Measured VoH with IOH = -1 OmA and IOL = 1 OmA 
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ORDERING INFORMATION 

Speed 

75ns 
60ns 
45ns 

132-pin 

vcc 
Cl7 

GND 
NC 
Clo 

GND 
Cls 
Cl4 

GND 
Cl3 

vcc 
Cl2 
Cl1 
Clo 

VCC 
GND 
CLK 

BNKLDI 
BNKLOO 

vcc 
010 

GND 
011 

vcc 
012 

GND 
013 
014 

GND 
Dis 
016 
017 

vcc 

0°c to +70°C-COMMERCIALSCREENING 

-55°C to+ 125°C-CoMMERCIAL SCREENING 

-55°C to+ 12s°C-MIL-STD-883 CoMPLIANT 

Top 
View 

Ceramic Flatpack 
(FS) 

LF64230FMB75 
LF64230FMB60 
LF64230FMB45 
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vcc 
NC 
007 
006 
005 
GNO 
004 
NC 
003 ... 002 
001 
GND 
OOo 
VCC 
VCC 
GNO 
SRO 
REGADR2 
REGADR1 
REGADRo 
vcc 
COEFF 
WE 
GND 
SELALL 
REGAORa 
GND 
REGADR4 
RE GAD Rs 
GNO 
RE GAD Ro 
REGADR7 
vcc 
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ORDERING INFORMATION 

Speed 

85 ns 
50 ns 
25 ns 

144-pin 

VCC 
Cl7 

GND 
NC 
Cls 

GND 
Cls 
NC 
Cl4 

GND 
Cl3 

vcc 
Cl2 
Cl1 
Clo 

VCC 
NC 

GND 
NC 

CLK 
NC 

BNKLDI 
BNKLDO 

vcc 
DIO 

GND 
Dl1 
Dl2 

GND 
Dl3 
Dl4 

GND 
Dis 
Dis 
Dl7 

VCC 

0°c to + 70°C - COMMERCIAL SCREENING 

Top 
View 

Plastic Quad Flatpack 
(QS) 

L64230QC85 
L64230QC50 
L64230QC25 
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vcc 
D07 
DOB 
DOS 
GND 
D04 
D03 
D02 
D01 
GND 
DOo 
vcc 
NC 
NC 
NC 
NC 
NC 
vcc 
GND 
SRO 
REGADR2 
REGADR1 
REG AD Ro 
VCC 
COE FF 
WE 
GND 
SE LALL 
REGADR3 
GND 
REGADR4 
RE GAD Rs 
GND 
REGADRs 
REGADR7 
vcc 
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MULTIPLIERS & MULTIPLIER-ACCUMULATORS ........................................................................................... 4-1 
Multipliers 

LMU08 8 x 8-bit Parallel Multiplier, Signed ................................................................................................................... 4-3 
LMU8U 8 x 8-bit Parallel Multiplier, Unsigned .............................................................................................................. 4-3 
LMU12 12 x 12-bit Parallel Multiplier ........................................................................................................................... 4-11 
LMU112 12x12-bit Parallel Multiplier, Reduced Pinout ............................................................................................. 4-17 
LMU16 16 x 16-bit Parallel Multiplier ........................................................................................................................... 4-23 
LMU216 16 x 16-bit Parallel Multiplier, Surface Mount ............................................................................................... 4-23 
LMU18 16 x 16-bit Parallel Multiplier, 32 Outputs ..................................................................................................... 4-31 
LMU217 16 x 16-bit Parallel Multiplier, Microprogrammable, Surface Mount ........................................................ 4-39 .. 

Multiplier-Accumulators 
LMA1008 8 x 8-bit Multiplier-Accumulator ..................................................................................................................... 4-45 
LMA1009 12 x 12-bit Multiplier-Accumulator ................................................................................................................. 4-51 
LMA2009 12 x 12-bit Multiplier-Accumulator, Surface Mount ..................................................................................... 4-51 
LMA1010 16 x 16-bit Multiplier-Accumulator ................................................................................................................. 4-59 
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0Ev1cEs1NcoRPoRATEo , . , 8 x 8-bit Parallel Multiplier 

I FEATURES 

0 20 ns Worst-Case Multiply Time 
0 Low Power CMOS Technology 
0 LMU08 Replaces TRW TMC208K 
0 LMU8U Replaces TRW TMC28KU 
0 Two's Complement (LMU08), or 

Unsigned Operands (LMU8U) 
0 Three-State Outputs 
0 DECC SMD No. 5962-88739 
0 Available 100% Screened to 

MIL-STD-883, Class B 
0 Package Styles Available: 

• 40-pin Plastic DIP 
• 40-pin Ceramic DIP 
• 44-pin Plastic LCC, J-Lead 
• 44-pin Ceramic LCC 

LMU08/8U BLOCK DIAGRAM 

CLK A __ _..,_ _____ ~-:> 

I DESCRIPTION 

The LMUOB and LMUBU are high
speed, low power 8-bit parallel 
multipliers. They are pin-for-pin 
equivalents with TRW TMC208K and 
TMC28KU type multipliers. Full 
military ambient temperature range 
operation is attained by the use of 
advanced CMOS technology. 

Both the LMU08 and the LMU8U 
produce the 16-bit product of two 
8-bit numbers. The LMU08 accepts 
operands in two's complement format, 
and produces a two's complement 
result. The product is provided in two 
halves with the sign bit replicated as 
the most significant bit of both halves. 

A1-o 87-0 

8 8 

-----,.-----
CLK B -----ii--i----1-------1-------' 

16 

8 8 

8 8 

R1s-a R1-o 

This facilitates use of the LMU08 
product as a double precision oper
and in 8-bit systems. The LMU8U 
operates on unsigned data, producing 
an unsigned magnitude result. 

Both the LMU08 and the LMU8U 
feature independently controlled 
registers for both inputs and the 
product, which along with three-state 
outputs allows easy interfacing with • 
microprocessor busses. Provision is ~ 

made in the LMU08 and LMU8U for 
proper rounding of the product to 
8-bit precision. The round input is 
loaded at the rising edge of the logical 
OR of CLK A and CLK B for the 
LMU08. The LMU8U latches RND on 
the rising edge of CLK A only. In 
either case, a 'l' is added in the most 
significant position of the lower 
product byte when RND is asserted. 
Subsequent truncation of the least 
significant product byte results in a 
correctly rounded 8-bit result. 

===================================================== Multipliers 
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FIGURE 1 A. INPUT FORMATS 

AIN BIN 

------LMUOS Fractional Two's Complement ------

I 1 6 si\;+2 1 ol 11 6 si\;+2 ol 
~~~ ~~~ ~~~ ~~~ 

(Sign) (Sign) 

------ LMUOS Integer Two's Complement-------

11 6 si\;+2 ol 11 6 si\;+2 ol 
-27 26 2s 22 21 20 -27 26 2s 22 21 20 

(Sign) (Sign) 

------- LMUSU Unsigned Fractional--------

11 6 si\;+2 1 ol 

-------- LMUSU Unsigned Integer--------

11 6 si\;+2 ol 

FIGURE 1 B. OUTPUT FORMATS 

MSP LSP 

------LMUOS Fractional Two's Complement ------

11 s 14 13 i\i 10 9 a I I 1 6 s i\i 2 o I 
_2o 2-1 2-2 2-s 2-6 2-1 _ 2o 2-a 2-9 2-12 2-13 2-14 

(Sign) (Sign) 

------ LMUOS Integer Two's Complement------

I 1s 14 13 i\i 10 9 a I 11 6 si\;+2 ol 
-214 213 212 29 20 27 -214 26 2s 22 21 20 
(Sign) (Sign) 

------- LMUSU Unsigned Fractional-------

I 1s 14 13 i\i 10 9 a I 

-------- LMUSU Unsigned Integer--------

I 1s 14 13 i\i 10 9 a I 
21s 214 213 

================================================================================ Multipliers 
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MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature ........................................................................................................... -65°C to + 150°C 

Operating ambient temperature .......................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground .. .. .. .. . .. .. .. . .... . .. .. .. .. .. .... . .. ... .. . .. .. .. . .. .. .. .. .. .. .. .. . ... ... -0.5 V to + 7 .o V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs............................................................................................................. 25 mA 

Latch up current ................................................................................................................................ > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to + 125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee= Min., IOH = -2.0 mA 

VOL Output Low Voltage Vee = Min., IOL = 8.0 mA 

VIH Input High Voltage 

VIL Input Low Voltage (Note 3) 

llX Input Current Ground ~ VIN ~ Vee (Note 12) 

toz Output Leakage Current Ground ~ VouT ~ Vee (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note 7) 

Supply Voltage 
4.75 v ~Vee~ 5.25 v 
4.50 v ~ Vee ~ 5.50 v 

Min Typ 

2.4 

2.0 

0.0 

8 

Max 

0.5 

Vee 

0.8 

±20 

±20 

24 

1.0 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

================================================================================ Multipliers 
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DEVICES INCORPORATED 

I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

Symbol Parameter Min 

tMC Clocked Multiply Time 

tPW Clock Pulse Width 20 

ts Input Register Setup Time 14 

tH Input Register Hold Time 4 

to Output Delay 

tENA Three-State Output Enable Delay (Note 11) 

tOIS Three-State Output Disable Delay (Note 11) 

MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

Symbol Parameter Min 

tMC Clocked Multiply Time 

tPW Clock Pulse Width 25 

ts Input Register Setup Time 20 

tH Input Register Hold Time 5 

to Output Delay 

tENA Three-State Output Enable Delay (Note 11) 

tOIS Three-State Output Disable Delay (Note 11) 

SWITCHING WAVEFORMS 

INPUT 

LMU08/8U 

8 x 8-bit Parallel Multiplier 

LMU08/8U-

70 50 35 20 
Max Min Max Min Max Min Max 

70 50 35 20 

20 10 8 

14 14 10 

0 0 0 

25 20 20 15 

24 22 22 15 

22 20 20 15 

LMU08/8U-
90 60 45 25 

Max Min Max Min Max Min Max 

90 60 45 25 

20 15 10 

15 15 15 

2 2 2 

35 22 22 20 

35 24 24 20 

35 22 22 20 

tPW ---r---- tPW -----
CLKA 
CLK B 

CLK R 

R1s-o 

i--------tMC---------,.....-------. 

---to---

HIGH IMPEDANCE 

=============================================================================== Multipliers 
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DEVICES INCORPORATED 

I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above Vee 
will be clamped beginning at-0.6 V and 
Vee + 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of--0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tors test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in 
the testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actual test conditions may vary b. Ground and Vee supply planes 
from those designated but operation is must be brought directly to the DUT 
guaranteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated 
by: 

where 

NCV2F 
4 

N = total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 5 MHz clock 
rate. 

7. Tested with all inputs within0.1 Vof 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required DUT input 
levels relative to the DUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses 
from the internal circuitry are specified 
from the point of view of the device. 
Output delay, for example, is specified 
as a maximum since worst-case opera
tion of any device always provides data 
within that time. 

LMU08/8U 

8 x 8-bit Parallel Multiplier 

11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the tDIS test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
± lOmA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. OUTPUT loAOING CIRCUIT 

FIGURE B. THRESHOLD LEVELS 

VoL• Measured VoL with IDH = -1 DmA and loL = 1 DmA 
VoH• Measured VoH with IDH = -1 OmA and loL = 1 OmA 

============================================================================== Multipliers 
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DEVICES INCORPORATED 

LMUOB- ORDERING INFORMATION 

Speed 

70 ns 
50 ns 
35 ns 
20 ns 

90 ns 
60 ns 
45 ns 
25 ns 

40-pin - 0.6" wide 

R10 
R9 
Ra 

CLKR 
OEM 
OEL 

(R1) RSL 
Re 
Rs 
R4 
R3 
R2 
R1 
Ro 
Ao 
A1 
A2 
A3 
A4 
As 

Plastic DIP 
{P3) 

1 

2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

20 

40 

39 
38 
37 
36 
35 
34 
33 
32 
31 

30 
29 
28 
27 
26 
25 
24 
23 

22 
21 

R11 
R12 
R13 
R14 
RSM (R1s) 
BS (B1) 
Be 
Bs 
GND 
B4 
Vee 
B3 
B2 
B1 
Bo 
RND 
CLKB 
CLKA 
AS (A1) 
Ae 

Ceramic DIP 
{C11) 

0°c to +70°C- COMMERCIAL SCREENING 
LMU08PC70 
LMU08PC50 
LMU08PC35 
LMU08PC20 

-55°C to + 125°C - COMMERCIAL SCREENING 

-55°C to +125°C- MIL·STD-883 COMPLIANT 
LMU08CMB90 
LMU08CMB60 
LMU08CMB45 
LMU08CMB25 

LMU08/8U 

8 x 8-bit Parallel Multiplier 

44-pin 

a: !S 
(.) ltlJ ~ 0 - N M .. ~ 
zodcl:O:ci:ci:ci:ci:ci:a: 

OEL 7 NC 
(R1) RSL BS (B1) 

Re 

Top 
View 

R1 
B2 

Bo 

< .{ ~ ~ ~ < ~ ~ ~ ~ §E 
g d d a: 

Plastic J-Lead 
Chip Carrier {J1) 

LMU08JC70 
LMU08JC50 
LMU08JC35 
LMU08JC20 

Ceramic Leadless 
Chip Carrier {K2) 

LMU08KMB90 
LMU08KMB60 
LMU08KMB45 
LMU08KMB25 

================================================================================ Multipliers 
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LMUSU - ORDERING INFORMATION 

Speed 

70 ns 
50 ns 
35 ns 
20 ns 

90 ns 
60 ns 
45 ns 
25 ns 

40-pin - 0.6" wide 

R10 
R9 
Ra 

CLKR 
OEM 

R1 

Re 
Rs 
R4 
R3 
R2 
R1 
Ro 
Ao 
A1 
A2 
A3 
A4 
As 

Plastic DIP 
(P3) 

2 
3 

4 

5 

7 

8 

9 
10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

40 

39 
38 

37 

36 

35 
34 

33 

32 
31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

R11 
R12 
R13 

R14 
R1s 
B7 

Be 
Bs 
GND 
B4 
Vee 
B3 
B2 

Bl 
Bo 
RND 
CLKB 
CLKA 
A7 
As 

Ceramic DIP 
(C11) 

0°c to +70°C- COMMERCIAL SCREENING 
LMU8UPC70 
LMU8UPC50 
LMU8UPC35 
LMU8UPC20 

-55°C to + 125°C - COMMERCIAL SCREENING 

-55°C to + 125°C - MIL-STD-883 CoMPLIANT 
LMU8UCMB90 
LMU8UCMB60 
LMU8UCMB45 
LMU8UCMB25 

LMU08/8U 

8 x 8-bit Parallel Multiplier 

44-pin 

a: 
ol~ ~ 0 - N M ~ ~ 
zod~&:a:a:a:a:a:a: 

OEL 7 NC 
R1 

Re 

Bs 

Top GND 

View 
B4 

Vee 
B3 

Bl 

Bo 

.;;: ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
...J ...J a: 

Plastic J-Lead 
Chip Carrier (J1) 

LMU8UJC70 
LMU8UJC50 
LMU8UJC35 
LMU8UJC20 

() 0 

Ceramic Leadless 
Chip Carrier (K2) 

LMU8UKMB90 
LMU8UKMB60 
LMU8UKMB45 
LMU8UKMB25 

====================================================== Multipliers 
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0Ev1cEs 1Nc~RPORATE0 · · 12 x 12-bit Parallel Multiplier 

FEATURES 

0 20 ns Worst-Case Multiply Time 
0 Low Power CMOS Technology 
0 Replaces TRW MPY012H 
0 Two's Complement, Unsigned, or 

Mixed Operands 
0 Three-State Outputs 
0 Available 1003 Screened to 

MIL-STD-883, Class B 
0 Package Styles Available: 

• 64-pin Sidebraze, Hermetic DIP 
• 68-pin Ceramic PGA 

LMU12 BLOCK DIAGRAM 

TCA 

CLK A ----e.------r> 

I DESCRIPTION 

The LMU12 is a high-speed, low 
power 12-bit parallel multiplier. It is 
pin and functionally compatible with 
TRW MPY012H devices. Full military 
ambient temperature range operation 
is attained by the use of advanced 
CMOS technology. 

The LMU12 produces the 24-bit 
product of two 12-bit numbers. Data 
present at the A inputs, along with 
the TCA control bit, is loaded into the 
A register on the rising edge of 
CLK A. B data and the TCB control 
bit are similarly loaded by CLK B. 

A11-o TCB 811-0 

12 

.___.....,.. __ .... 
CLK B ---+-.--------+-----.....l 

RS FORMAT ADJUST 

R23-12 R11-o 

The TCA and TCB controls specify 
the A and B operands as two's 
complement when HIGH, or un
signed magnitude when LOW. 

RND is loaded on the rising edge of 
the logical OR of CLK A and CLK B. 
RND, when HIGH, adds '1' to the 
most significant bit position of the 
least significant half of the product. 
Subsequent truncation of the 12 least 
significant bits produces a result 
correctly rounded to 12-bit precision. 

At the output, the Right Shift control 
(RS) selects either of two output 
formats. RS LOW produces a 23-bit 
product with a copy of the sign bit 
inserted in the MSB position of the 
least significant half. RS HIGH gives 
a full 24-bit product. Two 12-bit 
output registers are provided to hold 
the most and least significant halves 
of the result (MSP and LSP) as 
defined by RS. These registers are 
loaded on the rising edge of CLK M 
and CLK L respectively. For asyn
chronous output, these registers may 
be made transparent by setting the 
feed through control (Ff) HIGH. 

==================================================== Multipliers 
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FIGURE 1 A. INPUT FORMATS 

AIN BIN 

-----Fractional Two's Complement (TCA, TCB = 1 )-----

111 10 9 i+ 2 1 o I 111 10 9 i+ 2 1 o 
-20 2-1 2-2 2-9 2-10 2-11 -20 2-1 2-2 2-9 2-10 2-11 

(Sign) (Sign) 

Integer Two's Complement (TCA, TCB = 1) 

I 11 10 9~ 2 o I 111 10 9 ~ 2 0 
-211 210 29 22 21 20 -211 210 29 22 21 20 
(Sign) (Sign) 

-------Unsigned Fractional (TCA, TCB = 0)-------

-------Unsigned Integer (TCA, TCB = 0)-------

111 10 9 i+ 2 o I 111 10 9 i+ 2 o 
211 210 29 22 21 20 211 210 29 22 21 20 

FIGURE 1 B. OUTPUT FORMATS 

MSP LSP 

------Fractional Two's Complement (RS= 0)------

123 22 21 i+ 14 13 12 I I 11 1 o 9 i+ 2 1 o 
-20 2-1 2-2 2-9 2-10 2-11 -20 2-12 2-13 2-20 2-21 2-22 
~~aj ~~aj 

------Fractional Two's Complement (RS= 1)------

123 22 21 i+ 14 13 12 I I 11 1 o 9 i+ 2 1 o 
-21 20 2-1 2-a 2-9 2-10 2-11.2-12 2-13 2-20 2-21 2-22 

(Sign) 

-------Integer Two's Complement (RS= 1)-------

123 22 21l!i1413121 111 10 9 i+ 2 0 
-223 222 221 214 213 212 211 210 29 22 21 20 
(Sign) 

--------Unsigned Fractional (RS= 1)--------

123 22 21 i+ 14 13 12 I I 11 1 o 9 i+ 2 1 o 
2-1 2-2 2-3 2-10 2-11 2-12 2-13 2-14 2-15 2-22 2-23 2-24 

--------Unsigned Integer (RS= 1)--------

123 22 21 i+ 14 13 12 I 111 10 9 i+ 2 0 
223 222 221 214 213 212 211 210 29 

============================================================ Multipliers 
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DEVICES INCORPORATED 12 x 12-bit Parallel Multiplier 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature ........................................................................................................... -65°C to + 150°C 

Operating ambient temperature .......................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground .......................................................................... -0.5 V to +7.0 V 

Input signal with respect to ground ...................................................................................... -3.0 V to +7.0 V 

Signal applied to high impedance output.............................................................................. -3.0 V to +7.0 V 

Output current into low outputs . .. . . .. . . .. . .. . . . . . . . .. . .. . . . .. . .. . . . . . ... . . . . . .. . . .. . . . . . .. . .. . .. . . . . .. . . .. . .. . . .. . . .. .............. .. . . . . . 25 mA 

Latchup current ............................................................................................................................... > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to + 125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee = Min., IOH = -2.0 mA 

VOL Output Low Voltage Vee = Min., IOL = 8.0 mA 

VIH Input High Voltage 

VIL Input Low Voltage (Note 3) 

llX Input Current Ground~ VIN~ Vee (Note 12) 

loz Output Leakage Current Ground :5 VouT :5 Vee (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lec2 Vee Current, Quiescent (Note 7) 

Supply Voltage 
4.75 v ~Vee:::; 5.25 v 
4.50 V ~ Vee :::; 5.50 V 

Min Typ 

2.4 

2.0 

0.0 

17 

Max 

0.5 

Vee 

0.8 

±20 

±20 

35 

1.0 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 
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DEVICES INCORPORATED 12 x 12-bit Parallel Multiplier 

I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE {0°C to +70°C) Notes 9, 10 (ns) 

LMU12-
65 45 35 20 

Symbol Parameter Min Max Min Max Min Max Min Max 

IMC Clocked Multiply Time 65 45 35 20 

tMUC Unclocked Multiply Time 95 65 55 40 

tPW Clock Pulse Width 25 15 15 8 

ts Input Register Setup Time 18 15 12 10 

tH Input Register Hold Time 2 2 2 0 

to Output Delay 26 25 25 15 

tENA Three-State Output Enable Delay (Note 11) 22 22 20 15 

tOIS Three-State Output Disable Delay (Note 11) 20 20 18 15 

MILITARY OPERATING RANGE {-55°C to + 125°C) Notes 9, 10 (ns) 

LMU12-
75 55 45 25 

Symbol Parameter Min Max Min Max Min Max Min Max 

IMC Clocked Multiply Time 75 55 45 25 

tMUC Unclocked Multiply Time 110 75 65 45 

tPW Clock Pulse Width 25 20 15 10 

ts Input Register Setup Time 18 15 15 12 

tH Input Register Hold Time 2 2 2 2 

to Output Delay 30 30 25 20 

tENA Three-State Output Enable Delay (Note 11) 26 26 24 20 

trns Three-State Output Disable Delay (Note 11) 24 24 22 20 

SWITCHING WAVEFORMS 

ts----
INPUT ----
CLKA 
CLK B -------..r 1 

CLKL 

CLKM ---------+-----------------i------------tMuc-----------
OEL 

OEM ----------r 
R23-o 

HIGH IMPEDANCE 

=================================================================Multipliers 
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DEVICES INCORPORATED 12 x 12-bit Parallel Multiplier 

I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above Vee 
will be clamped beginning at-0.6 V and 
Vee + 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of-0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 m.A. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tDIS test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified !OH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of !OH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/turn-off times. 
As a result, care must be exercised in 
the testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(OUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actual test conditions may vary b. Ground and Vee supply planes 
from those designated but operation is must be brought directly to the DUT 
guaranteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated 
by: 

where 

NCV2F 
4 

N = total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 5 MHz clock 
rate. 

7. Tested with all inputs within 0.1 V of 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required DUT input 
levels relative to the OUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses 
from the internal circuitry are specified 
from the point of view of the device. 
Output delay, for example, is specified 
as a maximum since worst-case opera
tion of any device always provides data 
within that time. 

11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the trns test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
±lOmA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. OlfTPUT loADtNG CIRCUIT 

FIGURE B. THRESHOLD LEVELS 

Vol· Measured VOL with IOH = -10mA and IOL = 10mA 
VoH' Measured VoH with IOH = -1 OmA and loL = 1 OmA 

====================================================== Multipliers 
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DEVICES INCORPORATED 12 x 12-bit Parallel Multiplier 

ORDERING INFORMATION 

64-pin 68-pin 

A7 [ 1 
""'CT 

64 p As 
As [ 2 63 p A9 
As q 3 62 p A10 1 2 3 4 5 6 7 8 9 10 11 
A4 q 4 61 p A11 
A3 [ 5 60 p CLKA , ... , ... , ... , ... , ... , ... , ... , ... , ... 
A2 [ 6 59 p CLKB A T 1 ..... 1 1 ..... 1 1 ..... 1 1 ..... 1 1 ..... 1 1 ..... 1 1 ..... 1 1 ..... 1 1 ..... 1 
A1 [ 7 58 p RND NC Ao A2 A4 As As A10 CLKA RND 
Ao [ 8 57 p TCA B 

, ... , .. , ... , ... , ... , ... , ... , ... , ... , .. , ... 
1 ..... 1 ,_, 1 ..... 1 1 ..... 1 1 ..... 1 1 ..... 1 1 ....... 1 ..... 1 1 ..... 1 ,_, 1 ..... 1 

Ro [ 9 56 p Bo R1 Ro A1 A3 As A7 Ag A11 CLKB TCA NC 
R1 [ 10 551J Bl c , ... , ... , ... , ... 
R2 [ 11 54 p B2 1 ..... 1 1 ..... 1 1 ..... 1 1 ..... 1 

R3 [ 12 531J 83 R3 R2 Bl Bo , ... , ... , ... , ... 
R4 [ 13 52 p 84 D 1 ..... 1 1 ..... 1 1 ..... 1 1 ..... 1 

Rs [ 14 51 p Bs Rs R4 B3 B2 
Rs [ 15 50 p Vee E 

, ... , ... , ... , ... 
1 ..... 1 1 ..... 1 1 ..... 1 1 ..... 1 

R7 [ 16 49 p Vee R7 Rs Top View 
Bs B4 

Rs [ 17 48 p Vee · 
F 

, ... , ... 
Through Package 

, ... , ... 
R9 [ 18 47 p Bs 

1 ..... 1 1 ..... 1 1 ..... 1 1_,1 

R9 RB (i.e., Component Side Pinout) Vee Vee R10 [ 19 461J B7 , ... , ... , ... , ... 
R11 [ 20 451J BB G 1 ..... 1 1 ..... 1 1_,1 1_,1 

OEL [ 21 44IJ B9 R11 R10 Bs Vee 
OEM [ 22 43 p 810 H 

, ... , ... , ... , ... 
\_..I \_..I 1 ..... 1 1_,1 

GND [ 23 42 p 811 OEM OEL BB B7 
GND [ 24 41 p TCB 

J 
, ... , ... , ... , ... 

FT [ 25 40 p R23 
1_,1 1 ..... 1 1_,1 1_,1 

GND GND B10 Bg 
RS [ 26 39 p R22 , ... , .. , ... , ... , ... , ... , ... , ... , ... , .. , ... 

CLK L [ 27 38 p R21 K 1 ..... 1 ,_, 1 ..... 1 1 ..... 1 1 ..... 1 1 ..... 1 1_,1 1_,1 1 ..... 1 ,_, 1 ..... 1 

CLKM [ 28 37 p R2o NC FT CLK L R12 R14 R16 R1s R2o R22 TCB B11 , ... , ... , ... , ... , ... , ... , ... , ... , ... 
R12 [ 29 361J R19 L 1_,1 1 ..... 1 1 ..... 1 1_,1 1_,1 1 ..... 1 1_,1 1_,1 1_,1 
R13 [ 30 35 p R1s RS CLK M R13 R1s RH R19 R21 R23 NC 
R14 [ 31 341J R11 
R1s [ 32 331J R16 

* 64-pin DIP not recommended for new designs 

Sidebraze Hermetic DIP Ceramic Pin Grid Array 
Speed (D6) (G2) 

0°C to +70°C- COMMERCIAL SCREENING 
65 ns LMU12DC65 LMU12GC65 
45 ns LMU12DC45 LMU12GC45 
35 ns LMU12DC35 LMU12GC35 
20 ns LMU12GC20 

-55°C to + 125°C - COMMERCIAL SCREENING 
75 ns LMU12DM75 LMU12GM75 
55 ns LMU12DM55 LMU12GM55 
45 ns LMU12DM35 Uv1U12GM45 
25 ns LMU12GM25 

-55°C to +125°C- MIL-STD-883 COMPLIANT 
75 ns LMU12DMB75 LMU12GMB75 
55 ns LMU12DMB55 LMU12GMB55 
45 ns LMU12DMB35 LMU12GMB45 
25 ns LMU12GMB25 

=======================================================Multipliers 
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DEv1cEs INCORPORATED 12 x 12-bit Parallel Multiplier 

FEATURES 

D 25 ns Worst-Case Multiply Time 
D Low Power CMOS Technology 
D Replaces TRW MPY112K 
D Two's Complement or Unsigned 

Operands 

D Three-State Outputs 
D Available 100% Screened to 

MIL-STD-883, Class B 
D Package Styles Available: 

• 48-pin Plastic DIP 
• 48-pin Sidebraze, Hermetic DIP 
• 52-pin Plastic LCC, J-Lead 

LMU112 BLOCK DIAGRAM 

CLK A ----------"'"> 

I DESCRIPTION 

The LMU112 is a high-speed, low 
power 12-bit parallel multiplier built 
using advanced CMOS technology. 
The LMUl 12 is pin and functionally 
compatible with TRW's MPY112K. 

The A and B input operands are 
loaded into their respective registers 
on the rising edge of the separate 
clock inputs (CLK A and CLK B). 
Two's complement or unsigned 
magnitude operands are accommo
dated via the operand control bit (TC) 

A11-o TC 811-0 

12 

CLKB ---~.,__-----~1------__J 

24 

FORMAT ADJUST 

16 

RESULT REGISTER 

R23-8 

which is loaded along with the B 
operands. The operands are specified 
to be in two's complement format 
when TC is asserted and unsigned 
magnitude when TC is deasserted. 
Mixed mode operation is not allowed. 

For two's complement operands, the 
17 most significant bits at the output 
of the asynchronous multiplier array 
are shifted one bit position to the left . 
This is done to discard the redundant 
copy of the sign-bit, which is in the 
most significant bit position, and 
extend the bit precision by one bit. 
The result is then truncated to the 16 
MSB's and loaded into the output 
register on the rising edge of CLK B. 

The contents of the output register are 
made available via three-state buffers 
by asserting OE. When OE is de
asserted, the outputs (R23-8) are in the 
high impedance state. 

====================================================== Multipliers 
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DEVICES INCORPORATED 12 x 12-bit Parallel Multiplier 

FIGURE 1A. INPUT FORMATS 

AIN BIN 

------Fractional Two's Complement {TC= 1)------

I 11 10 9 i!t+ 2 1 o I I 11 10 9 i!t+ 2 o I 
-20 2-1 2-2 2-9 2-10 2-11 -20 2-1 2-2 2-9 2-10 2-11 

(Sign) (Sign) 

Integer Two's Complement (TC = 1) 

I 11 10 9 ~ 2 ol I 11 10 9 ~2 ol 
-211 210 29 22 21 20 -211 210 29 22 21 20 
(Sign) (Sign) 

--------Unsigned Fractional (TC= 0)--------

I 11 10 9 i!t+ 2 o I 

--------Unsigned Integer (TC= 0) --------

l111091\i2 ol I 11 10 9 ¥ 2 o I 
211 210 29 22 21 20 211 210 29 22 21 20 

F1GURE 1 e. OUTPUT FoRMATS 

MSP LSP 
-----Fractional Two's Complement-----

I 23 22 21 ~ 14 13 12 I 11110 9 al 
-20 2-1 2-2 2-9 2-102-11 2-12 2-13 2-14 2-15 

(Sign) 

-----Integer Two's Complement-----

123 22 21 ~ 14 13 12 I 11110 9 al 
-222 221 220 213 212 211 210 29 2s 21 

(Sign) 

------Unsigned Fractional------

123 22 21 iM' 14 13 12 I I 11 10 9 a I 
2-1 2-2 2-3 2-10 2-11 2-12 z-13 2-14 2-15 2-16 

-------Unsigned lnteger-------

123 22 21 i!t+ 14 13 12 I 111 10 9 a I 
223 222 221 214 213 212 211 210 29 2s 

===============================================================Multipliers 
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LMU112 

DEVICES INCORPORATED 12 x 12-bit Parallel Multiplier 

MAXIMUM RATINGS Above which useful fife may be impaired (Notes 1, 2, 3, 8) 

Storage temperature ........................................................................................................... -65°C to + 150°C 

Operating ambient temperature .......................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground .......................................................................... -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs............................................................................................................. 25 mA 

Latch up current ............................................................................................................................... > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°C to +70°C 

-55°C to +125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee = Min., IOH = -2.0 mA 

VOL Output Low Voltage Vee= Min., IOL = 8.0 mA 

\nH Input High Voltage 

\nL Input Low Voltage (Note 3) 

llX Input Current Ground $ VIN $ Vee (Note 12) 

loz Output Leakage Current Ground$ VouT $Vee (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note 7) 

Supply Voltage 
4.75 v $Vee$ 5.25 v 
4.50 v $ Vee $ 5.50 v 

Min Typ 

2.4 

2.0 

0.0 

10 

Max 

0.5 

Vee 

0.8 

±20 

±20 

20 

1.0 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

============================================================================== Multi pliers 
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DEVICES INCORPORATED 12 x 12-bit Parallel Multiplier 

I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

LMU112-
60 50 25 

Symbol Parameter Min Max Min Max Min Max 

tMC Clocked Multiply Time 60 50 25 

tPW Clock Pulse Width 15 15 10 

ts Input Register Setup Time 15 15 10 

tH Input Register Hold Time 3 3 1 

to Output Delay 25 25 20 

tENA Three-State Output Enable Delay (Note 11) 25 25 20 

tOIS Three-State Output Disable Delay (Note 11) 25 25 20 

MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

LMU112-
65 55 30 

Symbol Parameter Min Max Min Max Min Max 

tMC Clocked Multiply Time 65 55 30 

tPW Clock Pulse Width 20 20 12 

ts Input Register Setup Time 15 15 12 

tH Input Register Hold Time 3 3 3 

to Output Delay 30 30 25 

tENA Three-State Output Enable Delay (Note 11) 30 30 25 

tOIS Three-State Output Disable Delay (Note 11) 30 30 25 

SWITCHING WAVEFORMS 

INPUT 

CLKA 

---- lPW ------t---- lPW 

CLKB i---to---1 
HIGH IMPEDANCE L IENA =1---------J----

R23-a 

======================================================Multipliers 
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DEVICES INCORPORATED 12 x 12-bit Parallel Multiplier 

I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values beyond 
those indicated in the Operating Condi
tions table is not implied. Exposure to 
maximum rating conditions for ex
tended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Neverthe
less, conventional precautions should 
be observed during storage, handling, 
and use of these circuits in order to 
avoid exposure to excessive electrical 
stress values. 

3. This device provides hard clamping of 
transient undershoot and overshoot. In
put levels below ground or above Vee 
will be clamped beginning at-0.6 V and 
Vee + 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of--0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tDIS test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in the 
testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUI) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actualtestconditionsmayvaryfrom b. Ground and Vee supply planes 
those designated but operation is guar- must be brought directly to the DUI 
anteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated by: 

where 

NCV2F 
4 

N = total number of device outputs 
C =capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 5 MHz clock 
rate. 

7. Tested with all inputs within 0.1 V of 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required DUI input 
levels relative to the DUI ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses from 
the internal circuitry are specified from 
the point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation of 
any device always provides data within 
that time. 

11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the tDIS test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
± lOmA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. OUTPUT LOADING 0Rcurr 

FIGURE 8. THRESHOLD LEVELS 

VoL• Measured VOL with loH = -10mA and loL = 10mA 
VoH• Measured VOH with IOH = -1 OmA and IOL = 1 OmA 

--------------------------Multipliers 
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DEVICES INCORPORATED 

ORDERING INFORMATION 

Speed 

48-pin 

A10 
A11 
Bo 
81 
82 
83 
84 
85 
86 
87 
Bs 

Vee 
Vee 

89 
810 
811 
TC 

CLKB 
OE 
R23 
R22 
R21 
R20 
R19 

Plastic DIP 
(PS) 

3 

4 
5 

6 

7 

8 

9 
10 

11 
12 

13 

14 

15 

16 

17 

18 
19 
20 

21 

22 

23 

24 

48 Ag 

47 As 
46 A1 
45 As 
44 A5 
43 A4 
42 A3 
41 A2 
40 A1 
39 Ao 
38 CLKA 
37 GND 
36 GND 
35 Ra 
34 R9 
33 R10 
32 R11 
31 R12 
30 R13 
29 R14 
28 R15 
27 R16 
26 R11 
25 R1s 

Sidebraze Hermetic DIP 
(OS) 

0°C to +70°C - COMMERCIAL SCREENING 
60 ns LMU112PC60 LMU112DC60 
50 ns 
25 ns 

LMU112PC50 
LMU112PC25 

LMU112DC50 
LMU112DC25 

-55°C to + 125°C - COMMERCIAL SCREENING 
65 ns LMU112DM65 
55 ns LMU112DM55 
30 ns LMU112DM30 

65 ns 
55 ns 
30 ns 

-55°C to +125°C- MIL-STD-883 COMPLIANT 
LMU112DM865 
LMU112DM855 
LMU112DMB30 

52-pin 

84 

Bs 

Ba 

Vee 
Vee 

89 

810 

811 

TC 

CLKB 
NC 

LMU112 

12 x 12-bit Parallel Multiplier 

~ &l clJ m ~ ~ ~ < ~ .!{ ~ < .;( 

Top 
View 

IW (') ~ ..- 0 O> aJ ,..._ <O LO V (") (.) 

0 a: a: a: a: a: a: a: a: a: a: a: z 

Plastic J-Lead Chip Carrier 
(JS) 

LMU112JC60 
LMU112JC50 
LMU112JC25 

NC 

A3 

A2 
A1 

Ao 

CLKA 
GND 

GND 

Ra 
Rg 

R10 

R11 
R12 

========================================================== Multipliers 
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~ 16 x 16-bit Parallel Multiplier,~~ 

~F_E_A_TU_R_E_S ____ ____.I I DESCRIPTION 

D 20nsWorst-CaseMultiplyTime 

D Low Power CMOS Technology 
D Replaces TRW MPY016/TMC216, 

Cypress CY7C516, IDT 7216L, and 
AMDAm29516 

D Two's Complement, Unsigned, or 
Mixed Operands 

D Three-StateOutputs 
D DECC SMD No. 5962-86873 
D Available 100% Screened to 

MIL-STD-883, Class B 
D Package Styles Available: 

• 64-pin Sidebraze, Hermetic DIP 
• 68-pin Ceramic PGA 
• 68-pin Plastic LCC, J-Lead 
• 68-pin Ceramic LCC 

LMU16/216 BLOCK DIAGRAM 

TCA 

The LMU16 and LMU216 are high
speed, low power 16-bit parallel 
multipliers. The LMU16 and LMU216 
are functionally identical; they differ 
only in packaging. Full military 
ambient temperature range operation 
is attained by the use of advanced 
CMOS technology. 

The LMU16 and LMU216 produce the 
32-bit product of two 16-bit numbers. 
Data present at the A inputs, along with 
the TCA control bit, is loaded into the A 
register on the rising edge of CLK A. B 
data and the TCB control bit are 
similarly loaded by CLK B. The TCA 
and TCB controls specify the A and B 
operands as two's complement when 
HIGH, or unsigned magnitude when 
LOW. 

A1s-o 

B1s-o/ 
R1s-o 

CLK A 
CLKB-+....----------+-----_.J 

AND----

RS-------w 

CLK M ----------1> CLK L 

MSPSEL -------------io>. 

OEM ----------------d 

R31-1e 

RND is loaded on the rising edge of 
the logical OR of CLK A and CLK B. 
RND, when HIGH, adds '1' to the 
most significant bit position of the 
least significant half of the product. 
Subsequent truncation of the 16 least 
significant bits produces a result 
correctly rounded to 16-bit precision. 

At the output, the Right Shift control 
(RS) selects either of two output 
formats. RS LOW produces a 31-bit 
product with a copy of the sign bit 
inserted in the MSB postion of the 
least significant half. RS HIGH gives a 
full 32-bit product. Two 16-bit output 
registers are provided to hold the 
most and least significant halves of the 
result (MSP and LSP) as defined by 
RS. These registers are loaded on the 
rising edge of CLK M and CLK L 
respectively. For asynchronous 
output, these registers inay be made 
transparent by setting the feed 
through control (FT) HIGH. 

The two halves of the product may be 
routed to a single 16-bit three-state 
output port (MSP) via a multiplexer. 
MSPSEL LOW causes the MSP 
outputs to be driven by the m~o~s=t -= 
significant half of the result. MSPSEL 
HIGH routes the least significant half 
of the result to the MSP outputs. In 
addition, the LSP is available via the B 
port through a separate three-state 
buffer. 

The output multiplexer control 
MSPSEL uses a pin which is a supply 
ground in the TRW MPY016H/ 
TMC216H. When this control is LOW 
(GND), the function is that of the 
MPY016H/TMC216H, thus allowing 
full compatibility. 

============================================================================= Multi pliers 
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FIGURE 1A. INPUT FORMATS 

AIN BIN 

----- Fractional Two's Complement (TCA, TCB = 1) -----

I 1s 14 13 it 2 1 o I I 1s 14 13 it 2 1 o 
-20 2-1 2-2 2-13 2-14 2-15 -20 2-1 2-2 2-13 2-14 2-15 

(Sign) (Sign) 

----- Integer Two's Complement (TCA, TCB = 1) -----

I 1s 14 13 it 2 1 o I I 1s 14 13 it 2 o 
-215 214 213 22 21 20 -215 214 213 22 21 20 
(Sign) (Sign) 

-------Unsigned Fractional (TCA, TCB = O)-------

l 1s 14 13 it 2 1 o I I 1s 14 13 it 2 1 o I 
~ 242~ ~4~5~6 ~ 242~ ~4~5~6 

-------Unsigned Integer (TCA, TCB = O)-------

l 1s 14 131\\+ 2 1 o I I 1s 14 13 it 2 o 
215 214 213 215 214 213 

F1GURE 1s. OUTPUT FORMATS 

MSP LSP 

------Fractional Two's Complement (RS = 0) ------

I 31 3o 29 it 10 11 16 I I 1s 14 13 it 2 1 o 
-20 2-1 2-2 2-13 2-14 2-15 -20 2-16 2-17 2-28 2-29 2-30 

(Sign) (Sign) 

------Fractional Two's Complement (RS = 1) ------

I 31 30 29 it 10 11 16 I I 1 s 14 13 it 2 1 o 
-21 20 2-1 2-12 2-132-14 2-15 2-16 2-17 2-28 2-29 2-30 

(Sign) 

-------Integer Two's Complement (RS = 1 )-------

I 31 3o 29 it 10 11 16 I I 1 s 14 13 it 2 o 
_ 2 31 230 2 29 2 18 2 11 2 16 2 15 2 14 2 13 22 2 1 2 o 
(Sign) 

-------- Unsigned Fractional (RS= 1) --------

I 31 3o 29 it 10 11 16 I I 15 14 13 !\\+ 2 1 o 
2-1 2-2 2-3 2-14 2-15 2-16 2-112-182-19 2~0 2-31 2~2 

-------- Unsigned Integer (RS= 1) --------

I 31 30 29 it 10 11 16 I I 1s 14 13 it 2 o 
231 230 229 218 217 216 215 214 213 
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DEVICES INCORPORATED 16 x 16-bit Parallel Multiplier 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature ........................................................................................................... -65°C to + 150°C 

Operating ambient temperature .......................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground .......................................................................... -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latchup current ............................................................................................................................... > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°C to +70°C 

-55°C to + 125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee= Min., IOH = -2.0 mA 

VOL Output Low Voltage Vee = Min., IOL = 8.0 mA 

VIH Input High Voltage 

VIL Input Low Voltage (Note 3) 

llX Input Current Ground ~ VIN ~ Vee (Note 12) 

IOZ Output Leakage Current Ground~ VOUT ~Vee (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note 7) 

Supply Voltage 
4.75 v ~Vee~ 5.25 v 
4.50 V ~ Vee ~ 5.50 V 

Min Typ 

2.4 

2.0 

0.0 

12 

Max 

0.5 

Vee 

0.8 

±20 

±20 

25 

1.0 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 
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DEVICES INCORPORATED 16 x 16-bit Parallel Multiplier 

I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

LMU16/216-

65 55 45 35 
Symbol Parameter Min Max Min Max Min 

trv1C Clocked Multiply Time 65 55 

tMUC Unclocked Multiply Time 85 75 

lPw Clock Pulse Width 15 15 15 

ts Input Setup Time 15 15 15 

tH Input Hold Time 1 1 1 

to Output Delay 30 30 
tSEL Output Select Delay 25 25 

tENA Three-State Output Enable Delay (Note 11) 25 25 

tDIS Three-State Output Disable Delay (Note 11) 25 25 

M1uTARY QPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

75 65 
Symbol Parameter Min Max Min Max Min 

trv1C Clocked Multiply Time 75 65 

trviuc Unclocked Multiply Time 95 85 

lPW Clock Pulse Width 20 15 15 

ts Input Setup Time 15 15 15 

tH Input Hold Time 2 2 2 

to Output Delay 35 30 
tSEL Output Select Delay 30 30 

tENA Three-State Output Enable Delay (Note 11) 25 25 

tDIS Three-State Output Disable Delay (Note 11) 25 25 

SWITCHING WAVEFORMS 

INPUT 

CLKA 
CLKB 

CLKL 
CLKM 

R31-o 

tPW----t-o-----tPW----~ 

i---------tMC--------i 

Max Min Max 

45 35 

65 55 

10 

12 

1 

30 25 

25 25 

25 25 

25 22 

LMU16/216-

55 40 
Max Min Max 

55 40 

75 60 

15 

15 

2 

30 25 

30 25 

25 25 

25 25 

25 20 
Min Max Min Max 

25 20 

38 30 

10 9 

12 11 

1 1 

20 18 

20 18 

20 18 

20 18 

30 25 
Min Max Min Max 

30 25 

43 38 

10 10 

12 12 

2 2 

20 20 

20 20 

20 20 

22 22 
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DEVICES INCORPORATED 16 x 16-bit Parallel Multiplier 

I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values beyond 
those indicated in the Operating Condi
tions table is not implied. Exposure to 
maximum rating conditions for ex
tended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Neverthe
less, conventional precautions should 
be observed during storage, handling, 
and use of these circuits in order to 
avoid exposure to excessive electrical 
stress values. 

3. This device provides hard clamping of 
transient undershoot and overshoot. In
put levels below ground or above Vee 
will be clamped beginning at-0.6 V and 
Vee + 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of-0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tDIS test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/turn-off times. 
As a result, care must be exercised in the 
testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. · 

4. Actualtestconditionsmayvaryfrom b. Ground and Vee supply planes 
those designated but operation is guar- must be brought directly to the DUT 
anteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated by: 

where 

NCV2F 
4 

N = total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 5 MHz clock 
rate. 

7. Testedwithallinputswithin0.1 Vof 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required DUT input 
levels relative to the DUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses from 
the internal circuitry are specified from 
the point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation of 
any device always provides data within 
that time. 

11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the trns test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
± lOmA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. OUTPUT loAOING CIRCUIT 

FIGURE B. THRESHOLD LEVELS 

VoL• Measured VoL with loH = -10mA and loL = 10mA 
VoH• Measured YOH with IOH =-10mA and IOL = 10mA 
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LMU16- ORDERING INFORMATION 

64-pin 68-pin 

A4 [ 1 "" 64p As 
A3 [ 2 63 p As 
A2 [ 3 62 p A7 1 2 3 4 5 6 7 8 9 10 11 
Ai [ 4 61 p AB 
Ao [ 5 sop A9 , ... , ... , ... , ... , ... , ... , ... , ... , ... 

OEL [ 6 59p A10 A T ,_, ,_, ,_, ,_, ,_, ,_, ,_, ,_, ,_, 
CLK L [ 7 58p Ai1 NC CLK 8 OEL Ai A3 As A7 A9 A11 
CLK B [ 8 57 p Ai2 B 

, ... , .. , ... , ... , ... , ... , ... , ... , ... , .. , ... 
Ro, Bo q 9 56 p A13 

,_, ,_, ,_, ,_, ,_, ,_, ,_, ,_, ,_, ,_, ,_, 
R/81 R/Bo CLK L Ao A2 A4 As As A10 Ai2 NC 

Ri, Bi q 10 55 p A14 c , ... , ... , ... , ... 
R2, B2 q 11 54 p Ais 

,_, ,_, ,_, ,_, 
R3, B3 [ 12 53p CLKA R/83 R/82 A14 A13 , ... , ... , ... , ... 
R4, 84 [ 13 52 p RND D 1 ... ) 

,_, ,_, ,_, 
Rs, Bs [ 14 51 p TCA R!Bs R/84 CLKA A1s 
Rs, Bs [ 15 50Q TCB E 

, ... , ... , ... , ... ,_, ,_, ,_, ,_, 
R7, B7 [ 16 49 p Vee R/87 R/86 Top View TCA RND 
Ra, Ba [ 17 48 p Vee 

F 
, ... , ... 

Through Package 
, ... , ... 

R9, B9 [ 18 47 p GND 
,_, ,_, ,_, ,_, 

R10, Bio q 19 46 p GND R/89 R/Bs (i.e., Component Side Pinout) Vee TCB , ... , ... , ... , ... 
R11, Bi1 q 20 45 p MSPSEL G ,_, ,_, ,_, ,_, 
Ri2, B12 q 21 44p FT R/811 R/810 GND Vee 
R13, B13 q 22 43 p RS H 

, ... , ... , ... , ... ,_, ,_, ,_, ,_, 
R14, B14 q 23 42 p OEM R/813 R/812 MSPSEL GND 
Ris, Bis q 24 41 ~ CLKM 

J 
, ... , ... , ... , ... 

Ris q 25 40 ] R31 
,_, ,_, ,_, ,_, 

R17 [ 26 39 p R3o R/815 R/814 RS FT , ... , .. , ... , ... , ... , ... , ... , ... , ... , .. , ... 
Ria [ 27 38 p R29 K ,_, ,_, ,_, ,_, ,_, ,_, ,_, ,_, ,_, ,_, ,_, 
R19 q 28 37 p R2B NC R1s R10 R20 R22 R24 R26 R2s R3o CLKM OEM 

R2o q 29 36 p R27 L 
, ... , ... , ... , ... , ... , ... , ... , ... , ... ,_, ,_, ,_, ,_, ,_, ,_, ,_, ,_, ,_, 

R21 q 30 35 p R2s R11 R19 R21 R23 R2s R27 R29 R31 NC 
R22 q 31 34 p R25 
R23 q 32 33 p R24 

* 64-pin DIP not recommended for new designs 

Sidebraze Hermetic DIP Ceramic Pin Grid Array 
Speed (06) {G2) 

0°c to +70°C- COMMERCIAL SCREENING 
65 ns LMU16DC65 LMU16GC65 
55 ns LMU16DC55 LMU16GC55 
45 ns LMU16DC45 LMU16GC45 
35 ns LMU16DC35 LMU16GC35 
25 ns LMU16GC25 
20 ns LMU16GC20 

-55°C to +125°C - COMMERCIAL SCREENING 
75 ns LMU16DM75 LMU16GM75 
65 ns LMU16DM65 LMU16GM65 
55 ns LMU16DM55 LMU16GM55 
40 ns LMU16DM40 LMU16GM40 
30 ns LMU16GM30 
25 ns LMU16GM25 

-55°C to + 125°C - MIL-STD-883 COMPLIANT 
75 ns LMU16DMB75 LMU16GMB75 
65 ns LMU16DMB65 LMU16GMB65 
55 ns LMU16DMB55 LMU16GMB55 
40 ns LMU16DMB40 LMU16GMB40 
30 ns LMU16GMB30 
25 ns LMU16GMB25 

--------------------------Multipliers 
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DEVICES INCORPORATED 

LMU216- ORDERING INFORMATION 

Speed 

68-pin 

Plastic J-Lead 
Chip Carrier (J2) 

Ceramic Leadless 
Chip Carrier (K3) 

0°c to +70°C - COMMERCIAL SCREENING 

65 ns LMU216JC65 
55 ns LMU216JC55 
45 ns LMU216JC45 
35 ns LMU216JC35 
25 ns LMU216JC25 
20 ns LMU216JC20 

-55°C to +125°C- COMMERCIAL SCREENING 

75 ns 
65 ns 
55 ns 
40 ns 
30 ns 
25 ns 

-55°C to +125°C- MIL-STD-883 COMPLIANT 

LMU216KMB75 
LMU216KMB65 
LMU216KMB55 
LMU216KMB40 
LMU216KMB30 
LMU216KMB25 

LMU16/216 

16 x 16-bit Parallel Multiplier 
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- 16 x 16-bit Parallel Multiplier . 

._F_E_A_TU_R_E_S ____ __,I I DESCRIPTION 

0 20 ns Worst-Case Multiply Time 
0 Low Power CMOS Technology 
0 Full32-bit Output Port -

No Multiplexing Required 

0 Two's Complement, Unsigned, or 
Mixed Operands 

0 Three-State Outputs 
0 DECC SMD No. 5962-94523 
0 Available 100% Screened to 

MIL-STD-883, Class B 
0 Package Styles Available: 

• 84-pin Plastic LCC, J-Lead 
• 84-pin Ceramic PGA 

LMU18 BLOCK DIAGRAM 

CLK--

ENA --+------

TCA 

The LMU18 is a high-speed, low 
power 16-bit parallel multiplier. The 
LMU18 is an 84-pin device which 
provides simultaneous access to all 
outputs. Full military ambient 
temperature range operation is 
attained by the use of advanced 
CMOS technology. 

The LMU18 produces the 32-bit 
product of two 16-bit numbers. Data 
present at the A inputs, along with the 
TCA control bit, is loaded into the A 
register on the rising edge of CLK. B 

A1s-o TCB B1s-o 

16 

ENB ...__~--...~~~ 

RS--------- FORMAT ADJUST 

16 16 

FT---------------1-----'--

ENR --------

MSPSEL ------------

R31-1s R1s-o 

data and the TCB control bit are 
similarly loaded. Loading of the A 
and B registers is controlled by the 
ENA and ENB controls. When HIGH, 
these controls prevent application of 
the clock to the respective register. 
The TCA and TCB controls specify the 
operands as two's complement when 
HIGH, or unsigned magnitude when 
LOW. 

RND is loaded on the rising edge of 
CLK, providing either ENA or ENB 
are LOW. RND, when HIGH, adds '1' 
to the most significant bit position of 
the least significant half of the prod
uct. Subsequent truncation of the 16 
least significant bits produces a result 
correctly rounded to 16-bit precision. 

At the output, the Right Shift control 
(RS) selects either of two output 
formats. RS LOW produces a 31-bit 
product with a copy of the sign bit 
inserted in the MSB postion of the 
least significant half. RS HIGH gives a 
full 32-bit product. Two 16-bit output 
registers are provided to hold the 
most and least significant halves of the 
result (MSP and LSP) as defined by 
RS. These registers are loaded on the 
rising edge of CLK, subject to the ENR 
control. When ENR is HIGH, clocking 
of the result registers is prevented. 
For asynchronous output these 
registers may be made transparent by 
setting the feed through control (FT) 
HIGH. 

The two halves of the product may be 
routed to a single 16-bit three-state 
output port (MSP) via a multiplexer. 
MSPSEL LOW causes the MSP 
outputs to be driven by the m,,_o..,,,s=t ===

significant half of the result. MSPSEL 
HIGH routes the least significant half 
of the result to the MSP pins. The 
MSB of the result is available in both 
true and complemented form to aid 
implementation of higher precision 
multipliers. 
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FIGURE 1 A. INPUT FORMATS 

AIN BIN 

----- Fractional Two's Complement (TCA, TCB = 1) -----

I 1 s 14 13 I\\+ 2 1 o I I 1s 14 13 I\\+ 2 1 o 
-20 2-1 2-2 2-13 2-14 2-15 -20 2-1 2-2 2-13 2-14 2-15 

~~ ~~ 

----- Integer Two's Complement (TCA, TCB = 1) -----

I 1s 14 13 I\\+ 2 1 o I I 1s 14 13 I\\+ 2 o 
-215 214 213 22 21 20 -215 214 213 22 21 20 

(Sign) (Sign) 

-------Unsigned Fractional (TCA, TCB = O)-------

l 15 14 13 I\\+ 2 1 o I I 1s 14 13 I\\+ 2 1 o 

-------Unsigned Integer (TCA, TCB = 0)-------

115 14 13 I!\+ 2 1 o I I 1s 14 13 I\\+ 2 o 
2 15 2 14 2 13 

2
2 

2
1 

2
o 2 15 2 14 2 13 2 2 2 1 2 o 

FIGURE 1 B. OUTPUT FORMATS 

MSP LSP 

------Fractional Two's Complement (RS = 0)------

l 31 30 29 I\\+ 10 11 16 I I 1 s 14 13 I\\+ 2 1 o 
-20 2-1 2-2 2-13 2-14 2-15 -20 2-16 2-17 2-28 2-29 2-30 

~~ ~~ 

------Fractional Two's Complement (RS= 1)------

l 31 30 29 I\\+ 10 11 16 I I 1 s 14 13 I\\+ 2 1 o 
-21 20 2-1 2-12 2-13 2-14 2-15 2-16 2-17 2-28 2-29 2-30 

(Sign) 

-------Integer Two's Complement (RS = 1) -------

I 31 30 291\\+ 10 11 16 I I 1s 14 131\\+ 2 o 
_ 2 31 2 30 

2
29 

2
18 

2
17 

2
16 

2
15 

2
14 

2
13 2 2 2 1 

2
o 

(Sign) 

-------- Unsigned Fractional (RS= 1) --------

I 31 30 29 I\\+ 10 11 16 I I 1 s 14 13 I\\+ 2 1 o 
2-1 2-2 2-3 2-14 2-15 2-16 2-17 2-18 2-19 2-30 2-31 2-32 

-------- Unsigned Integer (RS= 1) --------

I 31 30 29 I\\+ 10 11 16 I I 1 s 14 13 I\\+ 2 o 
231 230 229 2

18 2 17 
2

16 215 214 2 13 
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MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature ........................................................................................................... -65°C to +150°C 

Operating ambient temperature .......................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground .......................................................................... -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs............................................................................................................. 25 mA 

Latch up current ............................................................................................................................... > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to +125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee = Min., IOH = -2.0 mA 

VOL Output Low Voltage Vee = Min., IOL = 8.0 mA 

VIH Input High Voltage 

VIL Input Low Voltage (Note 3) 

llX Input Current Ground ~ VIN ~ Vee (Note 12) 

loz Output Leakage Current Ground ~ VouT ~ Vee (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note 7) 

Supply Voltage 
4.75 v ~Vee::; 5.25 v 
4.50 v ~ Vee ::; 5.50 v 

Min Typ 

2.4 

2.0 

0.0 

25 

Max 

0.5 

Vee 

0.8 

±20 

±20 

45 

1.0 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 
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DEVICES INCORPORATED 16 x 16-bit Parallel Multiplier 

I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

LMU18-
65 45 35 20 

Symbol Parameter Min Max Min Max Min Max Min Max 

tMC Clocked Multiply Time 65 45 35 20 

tMUC Unclocked Multiply Time 85 65 55 30 

tPW Clock Pulse Width 15 15 15 9 

ts Input Setup Time 15 15 12 11 

tH Input Hold Time 5 5 5 1 

to Output Delay 30 30 28 18 

tSEL Output Select Delay 25 25 25 18 

tENA Three-State Output Enable Delay (Note 11) 25 20 20 18 

tOIS Three-State Output Disable Delay (Note 11) 24 20 20 18 

MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

LMU18-
75 55 45 25 

Symbol Parameter Min Max Min Max Min Max 

tMC Clocked Multiply Time 75 55 45 25 

tMUC Unclocked Multiply Time 95 85 65 38 

tPW Clock Pulse Width 20 15 15 10 

ts Input Setup Time 15 15 12 12 

tH Input Hold Time 5 5 5 2 

to Output Delay 35 35 33 20 

tSEL Output Select Delay 30 30 30 20 

tENA Three-State Output Enable Delay (Note 11) 25 20 20 20 

tOIS Three-State Output Disable Delay (Note 11) 24 20 20 20 

SWITCHING WAVEFORMS 

ts 
tHt---------

CLOCK ------""'I 

MS PS EL 
-----------------------·1~--------+------

1-----tSEL---

R31-o 
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I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values beyond 
those indicated in the Operating Condi
tions table is not implied. Exposure to 
maximum rating conditions for ex
tended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Neverthe
less, conventional precautions should 
be observed during storage, handling, 
and use of these circuits in order to 
avoid exposure to excessive electrical 
stress values. 

3. This device provides hard clamping of 
transient undershoot and overshoot. In
put levels below ground or above Vee 
will be clamped beginning at-0.6 V and 
Vee + 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of--0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
trns test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VoH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in the 
testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(OUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actualtestconditionsmayvaryfrom b. Ground and Vee supply planes 
those designated but operation is guar- must be brought directly to the DUT 
anteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated by: 

where 

NCV2F 
4 

N = total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 5 MHz clock 
rate. 

7. Tested withallinputswithin0.1 Vof 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required DUT input 
levels relative to the DUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses from 
the internal circuitry are specified from 
the point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation of 
any device always provides data within 
that time. 

11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the tDIS test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
±lOmA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. 0lITPUT LOADING CIRCUIT 

FIGURE B. THRESHOLD LEVELS 

Vex: Measured VOL with IOH = -1 OmA and IOL = 1 OmA 
VoH• MeasuredVOHWith IOH=-10mAand IOL= 10mA 
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4-35 01/15/97-LDS.18-J 



- ~ ~-~ 
-~~-~ - -_ .. _ .... -- ------ ---....-.~-~ _..._.,....._,_._.._.... 

DEVICES INCORPORATED 

ORDERING INFORMATION 

Speed 

65 ns 
45 ns 
35 ns 
20 ns 

84-pin 

810 
811 
812 
813 

814 
81s 

EN8 
CLK 
OEL 
GND 
Vee 

Ro 
R1 
R2 
R3 
R4 
Rs 
Rs 
R1 

Rs 
Ag 

0°c to + 70°C - COMMERCIAL SCREENING 

Top 
View 

Plastic J-Lead Chip Carrier 
(J3) 

LMU18JC65 
LMU18JC45 
LMU18JC35 
LMU18JC20 

LMU18 

16 x 16-bit Parallel Multiplier 

A11 
A12 
A13 
A14 
A1s 
ENA 
AND 
TCA 
TC8 
Vee 
GND 
GND 
MSPSEL 
FT 
RS 
OEM 
ENA 
R31 
R31 
R3o 
R29 

============================================================ Multi pliers 
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DEVICES INCORPORATED 16 x 16-bit Parallel Multiplier 

ORDERING INFORMATION 

84-pin 

1 2 3 4 5 6 7 8 9 10 11 

A "', ... ,_, , ... 
\.._) 

, ... 
\..,,) 

, ... 
\.._) 

, ... 
\..,) 

, ... , ... , ... 
\...,..I \...,..I \...,..I 

, ... 
\...,..I 

, ... 
\...,..I 

, ... ,_, 
Bg B7 B6 B4 Bl B3 A2 As A7 Aa A11 

B 
, ... , ... , ... , .... , ... , .... , ... () , ... , ... , ... 
\...,..I \..,) \...,..I \...,..I \...,..I \...,..I \...,..I \...,..I \...,..I \...,..I 

B12 B10 Ba Bs B2 Al A3 As Ag A10 A13 

c , ... , ... , ... , ... , ... , ... , ... 
\...,..I \...,..I \...,..I \...,..I \...,..I \...,..I \...,..I 

B13 B11 Bo Ao A4 A12 A14 

D 
, ... , ... , ... , ... 
\...,..I ' ........ ' \...,..I ' ........ ' 
B1S B14 A1s ENA 

E 
, ... , ... , ... , ... , ... , ... 
' ........ ' ' ........ ' \..,) \...,..I \...,..I \...,..I 

OEL CLK GND Top View Vee TCA TCB 

F 
, ... , ... , ... 

Through Package 
, ... , ... , ... 

\...,..I \...,..I \...,..I \...,..I \...,..I \...,..I 

Ro ENB Vee (i.e., Component Side Pinout) GND GND RND , ... , ... , ... , ... ,...... , ...... 
G \...,..I \...,..I \...,..I \...,..I \...,..I \...,..I 

R1 R2 R3 RS FT MSPSEL , ... , ... ,...... , ...... 
H \...,..I \...,..I \...,..I \...,..I 

R4 Rs ENR OEM , ... , ... , ... , ... , ... , ... , ... 
J \...,..I \...,..I \...,..I \...,..I \...,..I \...,..I \...,..I 

Rs Ra R17 R18 R22 R3o R31 , ... , ... , ... , ... , ... , ... , ... , ... , ... , ... , ... 
K \...,..I \...,..I \...,..I \...,..I \...,..I \...,..I \...,..I \...,..I \...,..I \...,..I \...,..I 

R7 R10 R11 R14 GND Vee R21 R24 R27 R29 R31 

L 
, ... ,_, , ... 

\...,..I 
, ... 
\...,..I 

, ... 
\...,..I 

, ... 
\...,..I 

, ... , ... , ... , ... , ... , ... 
\...,..I \...,..I \.._) \...,..I \...,..I ,_, 

Rg R12 R13 R1s R16 R19 R20 R23 R2s R26 R2a 

Ceramic Pin Grid Array 
Speed (G3) 

0°c to +70°C - COMMERCIAL SCREENING 

65 ns LMU18GC65 
45 ns LMU18GC45 
35 ns LMU18GC35 
20 ns LMU18GC20 

-55°C to +125°C - COMMERCIAL SCREENING 

75 ns LMU18GM75 
55 ns LMU18GM55 
45 ns LMU18GM45 
25 ns LMU18GM25 

-55°C to + 125°C - MIL-STD-883 COMPLIANT 

75 ns LMU18GMB75 
55 ns LMU18GMB55 
45 ns LMU18GMB45 
25 ns LMU18GMB25 

=========================================================== Multipliers 
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.__F_E_A_T_U_R_ES ______ I I DESCRIPTION 

D 20 ns Worst-Case Multiply Time 
D Low Power CMOS Technology 
D Replaces Cypress CY7C517, 

IDT 7217L, and AMO Am.29517 

D Single Clock Architecture with 
Register Enables 

D Two's Complement, Unsigned, or 
Mixed Operands 

D Three-State Outputs 
D DECC SMD No. 5962-87686 
D Available 100% Screened to 

MIL-STD-883, Class B 
D Package Styles Available: 

• 68-pin Plastic LCC, J-Lead 
• 68-pin Ceramic LCC 
• 64-pin Ceramic Flatpack 

LMU217 BLOCK DIAGRAM 

CLK~ 

ENA -..------1..i 

TCA 

The LMU217 is a high-speed, low 
power 16-bit parallel multiplier. Full 
military ambient temperature range 
operation is attained by the use of 
advanced CMOS technology. 

The LMU217 produces the 32-bit 
product of two 16-bit numbers. Data 
present at the A inputs, along with the 
TCA control bit, is loaded info the A 
register on the rising edge of CLK. B 
data and the TCB control bit are 
similarly loaded. Loading of the A 
and B registers is controlled by the 
ENA and ENB controls. When HIGH, 
these controls prevent application of 
the clock to the respective register. 
The TCA and TCB controls specify 

A1s-o 

16 

B1s-o/ 
R1s-o 

ENB .....__.....,.... _ ___, 

FORMAT ADJUST 

FT---------+---+----1-~ 

ENA-------

MSPSEL ----------

OEL 

R31-16 

the operands as two's complement 
when HIGH, or unsigned magnitude 
when LOW. 

RND is loaded on the rising edge of 
CLK, provided either ENA or ENB are 
LOW. RND, when HIGH, adds '1' to 
the most significant bit position of the 
least significant half of the product. 
Subsequent truncation of the 16 least 
significant bits produces a result 
correctly rounded to 16-bit precision. 

At the output, the Right Shift control 
(RS) selects either of two output 
formats. RS LOW produces a 31-bit 
product with a copy of the sign bit 
inserted in the MSB postion of the 
least significant half. RS HIGH gives a 
full 32-bit product. Two 16-bit output 
registers are provided to hold the 
most and least significant halves of the 
result (MSP and LSP) as defined by 
RS. These registers are loaded on the 
rising edge of CLK, subject to the ENR 
control. When ENR is HIGH, clocking 
of the result registers is prevented. 
For asynchronous output, these 
registers may be made transparent by 
setting the feed through control (FT) 
HIGH. 

The two halves of the product may be 
routed to a single 16-bit three-state 
output port (MSP) via a multiplexer. 
MSPSEL LOW causes the MSP 
outputs to be driven by the m_o_s_t __ 
significant half of the result. MSPSEL 
HIGH routes the least significant half 
of the result to the MSP pins. In 
addition, the LSP is available via the B 
port through a separate three-state 
buffer. 

========================================================= Multi pliers 
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DEVICES INCORPORATED 16 x 16-bit Parallel Multiplier 

FIGURE 1 A. INPUT FORMATS 

AIN BIN 

----- Fractional Two's Complement (TCA, TCB = 1) -----

I 1 s 14 13 l\i 2 1 o I I 1s 14 13 l\i 2 1 o 
-20 2-1 2-2 2-13 2-14 2-15 -20 2-1 2-2 2-13 2-14 2-15 

(Sign) (Sign) 

----- Integer Two's Complement (TCA, TCB = 1) -----

I 15 14 131\i 2 1 o I I 1s 14 131\i 2 o 
-215 214 213 22 21 20 -215 214 213 22 21 20 

(Sign) (Sign) 

-------Unsigned Fractional (TCA, TCB = O)-------

l 1s 14 131\i 2 1 o I I 1s 14 131\i 2 1 o 

-------Unsigned Integer (TCA, TCB = O)-------

l 1s 14 131\i 2 1 o I I 1s 14 131\i 2 o 
215 214 213 215 214 213 

FIGURE 1 B. OUTPUT FORMATS 

MSP LSP 

------Fractional Two's Complement (RS = 0)------

l 31 30 29 l\i 10 11 16 I I 1 s 14 13 l\i 2 1 o 
-20 2-1 2-2 2-13 2-14 2-15 -20 z-16 2-17 2-28 2-29 2-30 

(Sign) (Sign) 

------Fractional Two's Complement (RS = 1) ------

l 31 30 29 l\i 10 11 16 I I 1 s 14 13 l\i 2 1 o 
-21 20 2-1 2-12 2-13 2-14 2-15 2-16 2-11 2-28 2-29 2-30 

(Sign) 

-------Integer Two's Complement (RS= 1)-------

l 31 30 29 l\i 10 11 16 I I 1 s 14 13 l\i 2 o 
-231 230 229 218 211 216 215 214 213 22 21 20 

(Sign) 

-------- Unsigned Fractional (RS= 1) --------

I 31 30 29 l\i 10 11 16 I I 1 s 14 13 l\i 2 1 o I 
2-1 2-2 2-3 2-14 2-15 2-16 2-112-182-19 2-30 2-31 2-32 

-------- Unsigned Integer (RS= 1) --------

j 31 30 29 l\i 10 11 16 I I 1 s 14 13 l\i 2 o 
2

31 2 30 2 29 
2

1a 2 11 
2

16 
2

15 
2

14 
2

13 
2

2 
2

1 
2

o 
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DEVICES INCORPORATED 16 x 16-bit Parallel Multiplier 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature ........................................................................................................... -65°C to + 150°C 

Operating ambient temperature .......................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground .......................................................................... -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latch up current ............................................................................................................................... > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to +125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee= Min., IOH = -2.0 mA 

VOL Output Low Voltage Vee = Min., IOL = 8.0 mA 

~H Input High Voltage 

~L Input Low Voltage (Note 3) 

llX Input Current Ground~ VIN~ Vee (Note 12) 

loz Output Leakage Current Ground::::; VouT::::; Vee (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note 7) 

Supply Voltage 
4.75 v ~Vee~ 5.25 V 

4.50 V ~ Vee ~ 5.50 V 

Min Typ 

2.4 

2.0 

0.0 

12 

Max 

0.5 

Vee 

0.8 

±20 

±20 

25 

1.0 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

====================================================== Multipliers 
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I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

LMU217-
65 55 45 35 25 20 

Symbol Parameter Min Max Min Max Min Max Min Max Min Max Min Max 

tMC Clocked Multiply Time 65 55 45 35 25 20 

tMUC Unclocked Multiply Time 85 75 65 55 38 30 

tPW Clock Pulse Width 15 15 15 10 10 9 

ts Input Setup Time 15 15 15 12 12 11 

tH Input Hold Time 3 3 3 1 1 1 

to Output Delay 30 30 30 25 20 18 

tSEL Output Select Delay 25 25 25 25 20 18 

tENA Three-State Output Enable Delay (Note 11) 25 25 25 25 20 18 

tDIS Three-State Output Disable Delay (Note 11) 25 25 25 25 20 18 

MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

LMU217-
75 65 55 40 30 25 

Symbol Parameter Min Max Min Max Min Max Min Max Min Max Min Max 

tMC Clocked Multiply Time 75 65 55 40 30 25 

tMUC Unclocked Multiply Time 95 85 75 60 43 38 

tPW Clock Pulse Width 20 15 15 15 10 10 

ts Input Setup Time 15 15 15 15 12 12 

tH Input Hold Time 3 3 3 2 2 2 

to Output Delay 35 30 30 25 20 20 

tSEL Output Select Delay 30 30 30 25 20 20 

tENA Three-State Output Enable Delay (Note 11) 25 25 25 25 20 20 

tDIS Three-State Output Disable Delay (Note 11) 25 25 25 25 20 20 

SWITCHING WAVEFORMS 
t---ts-t---tH-

INPUT __ _,)1~'---f-----')!(I'----------------------

ts -----t- IH 

1-tPw-----tPw----+--tPW 

CLK _____ __,_%1 { Y ·~·------
r-------- IMC -------t---to-i 
r----------tMUC---------1 

MSPSEL ------------------)1(,.
11
.,_ ______ +-----~ 
L---tSEL---

to1s-=:1 CtENA 

----------~}1>--Hl_GH_IM_PE_DA_NC_E_~{.._ _______ _,)K,'-----~ R31-o 

===================================================================Multipliers 
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I NOTES 

1. Maximum Ratings indicate stress 9. AC specifications are tested with 
specifications only. Functional oper- input transition times less than 3 ns, 
ationoftheseproductsatvaluesbeyond output reference levels of 1.5 V (except 
those indicated in the Operating Condi- trns test), and input levels of nominally 
tions table is not implied. Exposure to 0 to 3.0 V. Output loading may be a 
maximum rating conditions for ex- resistive divider which provides for 
tended periods may affect reliability. specified IOH and IOL at an output 

voltage of VOH min and VOL max 
2. The products described by this spec- respectively. Alternatively, a diode 
ification include internal circuitry de- bridge with upper and lower current 
signed to protect the chip from damag- sources of IOH and IOL respectively, 
ing substrate injection currents and ac- and a balancing voltage of 1.5 v may be 
cumulations of static charge. N everthe- used. Parasitic capacitance is 30 pF 
less, conventional precautions should minimum, and may be distributed. 
be observed during storage, handling, 
and use of these circuits in order to This device has high-speed outputs ca
avoid exposure to excessive electrical · pable of large instantaneous current 
stress values. pulses and fast turn-on/tum-off times. 

3. Thisdeviceprovideshardclampingof 
transient undershoot and overshoot. In
put levels below ground or above Vee 
will be clamped beginning at -0.6 V and 
Vee + 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of-0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

As a result, i:are must be exercised in the 
testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actualtestconditionsmayvaryfrom b. Ground and Vee supply planes 
those designated but operation is guar- must be brought directly to the DUT 
anteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated by: 

where 

NCV2F 
4 

N = total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 5 MHz clock 
rate. 

7. Tested withallinputswithin0.1 Vof 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compenSa.te for inductive ground and Vee 
noise to maintain required DUT input 
levels relative to the DUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses from 
the internal circuitry are specified from 
the point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation of 
any device always provides data within 
that time. 

11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the tDIS test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
± lOmA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. OUTPUT loADING CIRCUIT 

FIGURE B. THRESHOLD LEVELS 

VoL' Measured VOL with loH = -10mA and loL = 10mA 
VoH' MeasuredVoH with IOH = -10mA and loL = 10mA 

-------------------------Multipliers 
4-43 01/13/97-LDS.217-D 



- ~ ~-~ - ...._ .---. -.---. 
___ .. __ .. _ - ------ -- -...,.-. -....--....__.. -~~-..._... 

DEVICES INCORPORATED 

ORDERING INFORMATION 

68-pin 

w 
en 

1

....1 

a::!; 0..00 CD<(O<( 
oizlw en 1- en z z 8 8 o o zlz ~ ;'.!: ~ 
zwoa:~::2;~~>>1-1-a:w<(<(<( 

Top 
View 

Ag 

As 

A4 
A3 

Speed 
Plastic J-Lead 

Chip Carrier (J2) 
Ceramic Leadless 
Chip Carrier (K3) 

0°C to +70°C ~COMMERCIAL SCREENING 
65 ns LMU217JC65 
55 ns LMU217JC55 
45 ns LMU217JC45 
35 ns LMU217JC35 
25 ns LMU217JC25 
20 ns LMU217JC20 

-55°C to + 125°C - COMMERCIAL SCREENING 

-55°C to + 125°C - MIL-STD-883 COMPLIANT 
75 ns LMU217KMB75 
65 ns LMU217KMB65 
55 ns LMU217KMB55 
40 ns LMU217KMB40 
30 ns LMU217KMB30 
25 ns LMU217KMB25 

LMU217 

16 x 16-bit Parallel Multiplier 

64-pin 

R31 
R3o 
R29 
R2B 
R27 
R26 
Rzs 
R24 
R23 
R22 
R21 
R20 
R19 
Ria 
R17 
R1e 

1 
2 
3 
4 

8 
9 
10 
11 
12 
13 
14 
15 
16 

Ceramic Flatpack 
(F4) 

LMU217FMB75 
LMU217FMB65 
LMU217FMB55 
LMU217FMB40 
LMU217FMB30 
LMU217FMB25 

Top 
View 

48 A12 
47 A11 
46 A10 
45 Ag 
44 AB 
43 A7 
42 Ae 
41 As 
40 A4 
39 A3 
38 A2 
37 A1 
36 Ao 
35 OEL 
34 CLK 
33 ENB 
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' DEVICES INCORPORATED " 8 x 8-bit ~ultiplier-Accumulator . 

~F_E_A_TU_R_E_S ____ ~I I DESCRIPTION 

D 20 ns Multiply-Accumulate Time 
D Low Power CMOS Technology 
D Replaces Raytheon TMC2208 
D Two's Complement or Unsigned 

Operands 
D Accumulator Performs Preload, 

Accumulate, and Subtract 

D Three-State Outputs 
D DECC SMD No. 5962-90708 
D Available 100% Screened to 

MIL-STD-883, Class B 
D Package Styles Available: 

• 48-pin Plastic DIP 
• 48-pin Sidebraze, Hermetic DIP 
• 68-pin Plastic LCC, J-Lead 

LMA 1008 BLOCK DIAGRAM 

The LMA1008 is a high-speed, low 
power 8-bit multiplier-accumulators. 
It is pin-for-pin equivalent to the 
Raytheon TMC2208 multiplier
accumulators. Full ambient tempera
ture range operation is achieved by the 
use of advanced CMOS technology. 

The LMA1008 produces the 16-bit 
product of two 8-bit numbers. The 
results of a series of multiplications 
may be accumulated to form the sum 
of products. Accumulation is per
formed to 19-bit precision with the 
multiplier product sign extended as 
appropriate. 

A7·0 

8 

CLK A ---<11>----------~>A REGISTER 

CLK B 

AND 

TC 

ACC 

SUB 

OEX LEX 
OEM PRELOAD LEM 

OEL 
CONTROL 3 LEL 

LOGIC 
PREL 

3 
OEX LEX 
OEM 
OEL 19 

CLK R 

R1B-16 R1s-a R1-o 

4-45 

Data present at the A and B input 
registers is latched on the rising edges 
of CLK A and CLK B respectively. 
RND, TC, ACC, and SUB controls are 
latched on the rising edge of the logical 
OR of CLK A and CLK B. TC specifies 
the input as two's complement 
(TC HIGH) or unsigned magnitude 
(TC LOW). RND, when HIGH, adds 
'1' to the most significant bit position 
of the least significant half of the •. 
product. Subsequent truncation of the 
8 least significant bits produces a result 
correctly rounded to 8-bit precision. 

The ACC and SUB inputs control 
accumulator operation. ACC HIGH 
results in addition of the multiplier 
product and the accumulator contents, 
with the result stored in the accumula-
tor register on the rising edge of 
CLK R. ACC and SUB HIGH results 
in subtraction of the accumulator 
contents from the multiplier product, 
with the result stored in the accumula-
tor register. With ACC LOW, no 
accumulation occurs and the next 
product is loaded directly into the 
accumulator register. 

The LMA1008 output register (accu
mulator register) is divided into three 
independently controlled sections. The 
least significant result (LSR) and most 
significant result (MSR) registers are 8 
bits in length. The extended result 
register (XTR) is 3 bits long. 

Each output register has an independ
ent output enable control. In addition 
to providing control of the three-state 
output buffers, when OEX, OEM, or 
OEL are HIGH and PREL is HIGH, 
data can be preloaded via the bidirec
tional output pins into the respective 
output registers. Data present on the 
output pins is latched on the rising 
edge of CLK R. The interrelation of 
PREL and the enable controls is 
summarized in Table 1. 
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TABLE 1. PRELOAD TRUTH TABLE 

PREL OEX OEM OEL XTR MSR LSR 

L L L L OUT OUT OUT 

L L L H OUT OUT z 
L L H L OUT z OUT 

L L H H OUT z z 
L H L L z OUT OUT 

L H L H z OUT z 
L H H L z z OUT 

L H H H z z z 
H L L L z z z 
H L L H z z PREL 

H L H L z PREL z 
H L H H z PREL PREL 

H H L L PREL z z 
H H L H PREL z PREL 

H H H L PREL PREL z 
H H H H PREL PREL PREL 

PREL= Preload data to appropriate register 
OUT = Register available on output pins 
Z =High impedance state 

FIGURE 1 B. OUTPUT FORMATS 

XTR 

LMA1008 

8 x 8-bit Multiplier-Accumulator 

FIGURE 1 A. INPUT FORMATS 

AIN BIN 

----Fractional Two's Complement (TC = 1) ----

11 6 5 i+ 2 o I I 1 e 5 i+ 2 o 
-20 2-1 2-2 2-s 2-s 2-1 -2o 2-1 2-2 2-s 2-s 2-1 

(Sign) (Sign) 

Integer Two's Complement (TC = 1) 

11 6 5 ~2 o I 17 6 5~ 2 0 
-27 26 25 22 21 20 -27 26 2s 22 21 20 

(Sign) (Sign) 

Unsigned Fractional (TC = 0) 

11 6 5 ~2 o I 11 6 5~ 2 0 
2-1 2-2 2-3 2-s 2-7 2-a 2-1 2-2 2-3 2-s 2-7 2-a 

------Unsigned Integer {TC= 0) ------

l165i+2 ol 

MSR LSR 

---------Fractional Two's Complement---------

118 17 161 
-24 23 22 

(Sign) 

115 14 13 i+ 10 9 a I I 1 e 5 i+ 2 o 
21 20 2-1 2-4 2-s 2-s 2-1 2-a 2-9 2-12 2-13 2-14 

---------Integer Two's Complement---------

110 17 161 
-218 217 216 
(Sign) 

115 14 13 i+ 10 9 a I 
21s 214 213 

-----------Unsigned Fractional-----------

lrn 11 161 11 s 14 13 ~ 10 9 a I 
22 21 20 

-----------Unsigned lnteger-----------

110 17 161 115 14 13 * 10 9 a I 0 
210 217' 216 215 214 213 
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DEVICES INCORPORATED 8 x 8-bit Multiplier-Accumulator 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature ........................................................................................................... -65°C to + 150°C 

Operating ambient temperature .......................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground .......................................................................... -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs............................................................................................................. 25 mA 

Latch up current ............................................................................................................................... > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°C to +70°C 

-55°C to + 125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee = Min., IOH = -2.0 mA 

VOL Output Low Voltage Vee = Min., IOL = 8.0 mA 

~H Input High Voltage 

~L Input Low Voltage (Note 3) 

llX Input Current Ground~ VIN~ Vee (Note 12) 

loz Output Leakage Current Ground~ VouT ~Vee (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note 7) 

Supply Voltage 
4.75 v ~Vee~ 5.25 V 

4.50 v ~ Vee ~ 5.50 V 

Min Typ 

2.4 

2.0 

0.0 

12 

Max 

0.5 

Vee 

0.8 

±20 

±20 

25 

1.0 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

4-47 01/15/97-LDS.1008-E 

• 



- ~ ~-..-..... - ,_...._, ......,._, -........._ - .. ----- -- ------ -- ....,_.. -----___.. -----
DEVICES INCORPORATED 

I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

Symbol Parameter 

tMC Clocked Multiply Time 

tPW Clock Pulse Width 

ts Input Register Setup Time 

tH Input Register Hold Time 

tsp Preload Setup Time 

tHP Preload Hold Time 

to Output Delay 

tENA Three-State Output Enable Delay (Note 11) 

tDIS Three-State Output Disable Delay (Note 11) 

MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

Symbol Parameter 

tMC Clocked Multiply Time 

tPW Clock Pulse Width 

ts Input Register Setup Time 

tH Input Register Hold Time 

tsp Preload Setup Time 

tHP Preload Hold Time 

to Output Delay 

tENA Three-State Output Enable Delay (Note 11) 

tDIS Three-State Output Disable Delay (Note 11) 

SWITCHING WAVEFORMS 

A7-o 
87-0 

CLKA 
CLKB 

CLKR 

PREL 

OE* 

R19-o 

*includes OEX, OEM, OEL 

4-48 

LMA1008 

8 x 8-bit Multiplier-Accumulator 

LMA1008-
40 20 

Min Max Min Max 

40 20 

15 8 

10 10 

0 0 

12 12 

2 2 

23 18 

19 18 

16 16 

LMA1008-
50 25 

Min Max Min Max 

50 25 

15 10 

11 11 

2 2 

13 13 

2 2 

25 20 

21 20 

18 18 
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DEVICES INCORPORATED 8 x 8-bit Multiplier-Accumulator 

I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values beyond 
those indicated in the Operating Condi
tions table is not implied. Exposure to 
maximum rating conditions for ex
tended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Neverthe
less, conventional precautions should 
be observed during storage, handling, 
and use of these circuits in order to 
avoid exposure to excessive electrical 
stress values. 

3. This device provides hard clamping of 
transient undershoot and overshoot. In
put levels below ground or above Vee 
will be clamped beginning at-0.6 Vand 
Vee + 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of-0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tDIS test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/turn-off times. 
As a result, care must be exercised in the 
testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(OUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actualtestconditionsmayvaryfrom b. Ground and Vee supply planes 
those designated but operation is guar- must be brought directly to the DUT 
anteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated by: 

where 

NCV2F 
4 

N = total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 5 MHz clock 
rate. 

7. Tested with all inputs within 0.1 V of 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required OUT input 
levels relative to the DUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses from 
the internal circuitry are specified from 
the point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation of 
any device always provides data within 
that time. 

4-49 

11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the tDIS test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
± lOmA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. 0LITPUT LOADING CIRCUIT 

FIGURE 8. THRESHOLD LEVELS 

VOL' Measured VoL with IOH = -10mA and loL = 10mA 
VoH' Measured VoH with loH = -1 OmA and IOL = 1 OmA 
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DEVICES INCORPORATED 

LMA1008 - ORDERING INFORMATION 

48-pin 

R12 

R11 2 
R10 3 
R9 4 
RB 5 

OEM 6 
CLKR 7 
PREL 8 

R7 9 
Rs 10 
Rs 11 

GND 12 
R4 13 
R3 14 
R2 15 
R1 16 
Ro 17 

OEL 18 
SUB 19 
ACC 20 
RND 21 

Ao 22 
A1 23 
A2 24 

Sidebraze Hermetic DIP 
Speed {DG) 

48 
47 
46 
45 
44 

43 
42 

41 
40 
39 
38 
37 
36 
35 
34 
33 

32 
31 

30 
29 
28 
27 
26 
25 

R13 
R14 

R1s 
R16 

R11 

R1B 

OEX 

TC 

B7 

Bs 
Bs 

Vee 
B4 

B3 
B2 

B1 

Bo 
CLKB 

CLKA 

A7 

As 

As 

A4 

A3 

Plastic DIP 
{PS) 

0°C to +70°C- COMMERCIAL SCREENING 

40 ns LMA 1008PC40 
20 ns LMA 1008PC20 

50 ns 
25 ns 

-55°C to + 125°C - COMMERCIAL SCREENING 

-ss0 c to +125°C - MIL-STD-883 CoMPLIANT 

50 ns LMA1008DMB50 
25 ns LMA1008DMB25 

68-pin 

NC 

Bo 

83 
84 

Bs 

OEX 
GND 

NC 
NC 

4-50 

LMA1008 

8 x 8-bit Multiplier-Accumulator 

co <( 
:.:::.:: oucoo 

~~dd~~~~~~~~~~~a~ 

Top 
View 

() () co ,._ <O "' .. "' "' - 0 "' co 1::2: 0 () () 
ZZOCOCOCOCOCOCOCOCOCOCOC~azz 

Plastic J-Lead 
Chip Carrier {J2) 

LMA 1008JC40 
LMA 1008JC20 

NC 
NC 
NC 
OEL 
Ro 
R1 
R2 
R3 

Rs 
Rs 
R7 
PREL 
CLKR 
NC 
NC 
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~ 12 x 12-bit Multiplier-Accumulator 

FEATURES I I DESCRIPTION 
~~~~~~~~~~~~~~ 

Cl 20 ns Multiply-Accumulate Time 
Cl Low Power CMOS Technology 
Cl Replaces TRW TDC1009/TMC2009 
Cl Two's Complement or Unsigned 

Operands 

Cl Accumulator Performs Preload, 
Accumulate, and Subtract 

Cl Three-State Outputs 
Cl DECC SMD No. 5962-90996 
Cl Available 100% Screened to 

MIL-STD-883, Class B 
Cl Package Styles Available: 

• 64-pin Sidebraze, Hermetic DIP 
• 68-pin Ceramic PGA 
• 68-pin Plastic LCC, J-Lead 
• 68-pin Ceramic LCC 

LMA 1009/2009 BLOCK DIAGRAM 

CLK A 
CLK B 

AND 
TC 

. ACC 
SUB 

OEX LEX 
OEM PRE LOAD LEM 
OEL 

CONTROL 3 LEL 
LOGIC 

PREL 

OEX LEX 
OEM 
OEL 27 

CLK A 

The LMA1009 and LMA2009 are high
speed, low power 12-bit multiplier
accumulators. They are pin-for-pin 
equivalent to the TRW TDC1009 I 
TMC2009 multiplier-accumulators. 
The LMA1009 and LMA2009 are 
functionally identical; they differ only 
in packaging. Full ambient tempera
ture range operation is achieved by the 
use of advanced CMOS technology. 

The LMA1009 /2009 produces the 24-
bit product of two 12-bit numbers. The 
results of a series of multiplications 
may be accumulated to form the sum of 
products. Accumulation is performed 
to 27-bit precision with the multiplier 
product sign extended as appropriate. 

A11-o 

R2s-24 R23·12 

4-51 

811-0 

12 

R11-o 

Data present at the A and B input 
registers is latched on the rising edges 
of CLK A and CLK B respectively. 
RND, TC, ACC, and SUB controls are 
latched on the rising edge of the logical 
OR of CLK A and CLK B. TC specifies 
the input as two's complement 
(TC HIGH) or unsigned magnitude 
(TC LOW). RND, when HIGH, adds '1' 
to the most significant bit position of 
the least significant half of the product. • 
Subsequent truncation of the 12 least 
significant bits produces a result 
correctly rounded to 12-bit precision. 

The ACC and SUB inputs control 
accumulator operation. ACC HIGH 
results in addition of the multiplier 
product and the accumulator contents, 
with the result stored in the accumula-
tor register on the rising edge of CLK R. 
ACC and SUB HIGH results in subtrac-
tion of the accumulator contents from 
the multiplier product, with the result 
stored in the accumulator register. 
With ACC LOW, no accumulation 
occurs and the next product is loaded 
directly into the accumulator register. 

The LMA1009/2009 output register 
(accumulator register) is divided into 
three independently controlled sections. 
The least significant result (LSR) and 
most significant result (MSR) registers 
are 12 bits in length. The extended 
result register (XTR) is 3 bits long. 

Each output register has an independ-
ent output enable control. In addition 
to providing control of the three-state 
output buffers, when OEX, OEM, or 
OEL are HIGH and PREL is HIGH, 
data can be preloaded via the bidirec-
tional output pins into the respective 
output registers. Data present on the 
output pins is latched on the rising 
edge of CLK R. The interrelation of 
PREL and the enable controls is sum-
marized in Table 1. 
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DEVICES INCORPORATED 

TABLE 1. PRELOAD TRUTH TABLE 

PREL OEX OEM OEL XTR MSR LSR 

L L L L OUT OUT OUT 

L L L H OUT OUT z 
L L H L OUT z OUT 

L L H H OUT z z 
L H L L z OUT OUT 

L H L H z OUT z 
L H H L z z OUT 

L H H H z z z 
H L L L z z z 
H L L H z z PREL 

H L H L z PREL z 
H L H H z PREL PREL 

H H L L PREL z z 
H H L H PREL z PREL 

H H H L PREL PREL z 
H H H H PREL PREL PREL 

PREL= Preload data to appropriate register 
OUT = Register available on output pins 
Z =High impedance state 

FtGURE 1 B. OUTPUT FORMATS 

XTR 

LMA 1009/2009 

12 x 12-bit Multiplier-Accumulator 

FtGURE 1A. INPUT FORMATS 

AIN BIN 

----Fractional Two's Complement (TC= 1) ----

I 11 10 9 i+ 2 o I I 11 10 9 i+ 2 0 
-20 2-1 2-2 2-9 2-10 2-11 -20 2-1 2-2 2-9 2-10 2-11 

(Sign) (Sign) 

Integer Two's Complement (TC = 1) 

111 10 9 ~2 o I I 11 10 9~ 2 ·O 
-211 210 29 22 21 20 -211 210 29 22 21 20 
(Sign) (Sign) 

------Unsigned Fractional (TC = 0) ------

111 10 9 i+ 2 o I 111 10 9 i+ 2 o 
~ 242~ ~0~1~2 ~ 242~ ~0~1~2 

------Unsigned Integer (TC= 0) ------

111 10 9 i+ 2 o I I 11 10 9 ~ 2 0 
211 210 29 211 210 29 

MSR LSR 

---------Fractional Two's Complement---------

126 25 241 
-24 23 22 

(Sign) 

123 22 21 i+ 14 13 i 2 I I 11 10 9 ~ 2 o 
21 20 2-1 2-a 2-9 2-10 2-11 2-12 2-13 2-20 2-21 2-22 

---------Integer Two's Complement---------

126 25 241 
-226 22s 224 
(Sign) 

123 22 21 i+ 14 13 12 I 
223 222 221 214 213 212 

111 10 9 i+ 2 0 
211 210 29 

---------~Unsigned Fractional-----------

l26 25 241 
22 21 20 

123 22 21 ~ 14 13 12 I 
2-1 2-2 2~ 2-10 2-11 2-12 

-----------Unsigned lnteger-----------

126 25 241 123 22 21 i+ 14 13 12 I I 11 10 9 i+ 2 0 
226 22s 224 223 222 221 214 213 212 211 210 29 
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LMA 1009/2009 
DEVICES INCORPORATED 12 x 12-bit Multiplier-Accumulator 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature ........................................................................................................... -65°C to + 150°C 

Operating ambient temperature .......................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground .......................................................................... -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs............................................................................................................. 25 mA 

Latch up current ............................................................................................................................... > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to +125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee = Min., IOH = -2.0 mA 

VOL Output Low Voltage Vee= Min., IOL = 8.0 mA 

VIH Input High Voltage 

VIL Input Low Voltage (Note 3) 

llX Input Current Ground:::; VIN:::; Vee (Note 12) 

loz Output Leakage Current Ground :::; VouT :::; Vee (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note 7) 

Supply Voltage 
4.75 v:::; Vee:::; 5.25 v 
4.50 v :::; Vee :::; 5.50 v 

Min Typ 

2.4 

2.0 

0.0 

12 

Max 

0.5 

Vee 

0.8 

±20 

±20 

25 

1.0 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 
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DEVICES INCORPORATED 12 x 12-bit Multiplier-Accumulator 

I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

75 
Symbol Parameter Min 

tMC Clocked Multiply Time 

tPW Clock Pulse Width 15 

ts Input Register Setup Time 15 

tH Input Register Hold Time 2 

tsP Preload Setup Time 15 

tHP Preload Hold Time 2 

to Output Delay 

tENA Three-State Output Enable Delay (Note 11) 

tOIS Three-State Output Disable Delay (Note 11) 

MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

Symbol Parameter 

tMC Clocked Multiply Time 

tPW Clock Pulse Width 

ts Input Register Setup Time 

tH Input Register Hold Time 

tSP Preload Setup Time 

tHP Preload Hold Time 

to Output Delay 

tENA Three-State Output Enable Delay (Note 11) 

tOIS Three-State Output Disable Delay (Note 11) 

SWITCHING WAVEFORMS 

A11-o 
811-0 

CLKA 
CLK B 

CLKR 

PREL 

OE* 

R26-o 

*includes OEX, OEM, OEL 

Min 

20 

20 

2 

20 

2 

4-54 

95 

Max Min 

75 

15 

15 

2 

15 

2 

30 

30 

25 

Max Min 

95 

20 

20 

2 

20 

2 

35 

35 

30 

LMA 1009/2009-
55 45 20 

Max Min Max Min Max 

55 45 20 

15 8 

12 10 

2 2 

12 10 

2 2 

25 25 18 

30 25 18 

25 25 18 

LMA 1009/2009-

65 55 25 
Max Min Max Min Max 

65 55 25 

15 10 

15 12 

2 2 

15 12 

2 2 

30 25 20 

35 30 20 

30 30 20 
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DEVICES INCORPORATED 12 x 12-bit Multiplier-Accumulator 

I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values beyond 
those indicated in the Operating Condi
tions table is not implied. Exposure to 
maximum rating conditions for ex
tended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. N everthe
less, conventional precautions should 
be observed during storage, handling, 
and use of these circuits in order to 
avoid exposure to excessive electrical 
stress values. 

3. This device provides hard clamping of 
transient undershoot and overshoot. In
put levels below ground or above Vee 
will be clamped beginning at-0.6 V and 
Vee+ 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of-0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tDIS test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in the 
testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actualtestconditionsmayvaryfrom b. Ground and Vee supply planes 
those designated but operation is guar- must be brought directly to the OUT 
anteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated by: 

where 

NCV2f 

4 

N = total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 5 MHz clock 
rate. 

7. Tested with all inputs within0.1 V of 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required OUT input 
levels relative to the DUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 

. of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses from 
the internal circuitry are specified from 
the point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation of 
any device always provides data within 
that time. 

4-55 

11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the tDIS test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
± lOmA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. OUTPUT LOADING CIRCUIT 

FIGURE B. THRESHOLD LEVELS 

VoL' Measured VoL with loH = -1 OmA and Im= 1 OmA 
VoH' Measured VoH with loH = -1 OmA and loL = 10mA 
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DEVICES INCORPORATED 

LMA1009- ORDERING INFORMATION 

64-pin 

A4 [ 1 -= 64 p As 
A3 [ 2 63 p As 
A2 [ 3 62 p A7 
A1 [ 4 61 p AB 
Ao [ S sop A9 

ACC [ 6 s9p A10 
SUB [ 7 sap A11 
RND [ 8 s1p CLKA 
OEL [ 9 S6 p CLKB 

Ro [ 10 ssp Bo 
R1 [ 11 s4p 81 
R2 [ 12 53 p B2 
R3 [ 13 S2 p B3 
R4 [ 14 S1 p B4 
Rs [ 1S sop Bs 

GND [ 16 49 p Vee 
Rs [ 17 4ap Ba 
R1 [ 18 47p 87 
RB [ 19 46p BB 
R9 [ 20 4S p B9 

Rio [ 21 44 p B10 
R11 [ 22 43p 811 

CLKR [ 23 42p TC 
PREL [ 24 41 p OEX 
OEM [ 2S 40 p R26 

R12 [ 26 39 p R2s 
R13 [ 27 38 p R24 
R14 [ 28 37 p R23 
R15 [ 29 36 p R22 
R16 [ 30 asp R21 
R17 [ 31 34 p R2o 
R1B [ 32 aap R19 

* 64-pin DIP not recommended for new designs 

Sidebraze Hermetic DIP 
Speed (D6) 

0°C to + 70°C - COMMERCIAL SCREENING 

75 ns LMA 1009DC75 
55 ns LMA 1009DC55 
45 ns LMA 1009DC45 
20 ns 

-55°C to + 125°C - COMMERCIAL SCREENING 

95 ns LMA 1009DM95 
65 ns LMA 1009DM65 
55 ns LMA1009DM55 
25 ns 

-55°C to +125°C- MIL-STD-883 COMPLIANT 

95 ns LMA 1009DMB95 
65 ns LMA 1009DMB65 
55 ns LMA 1009DMB55 
25 ns 

4-56 

LMA 1009/2009 

12 x 12-bit Multiplier-Accumulator 

68-pin 

1 2 3 4 5 6 7 8 9 10 11 

A ... , .. 
1 ... ) 

, .. 
1_1 

, .. 
1_1 

, .. 
,_1 

, .. 
,_1 

, .. 
,_1 

, .. 
,_1 

, .. 
,_1 

, .. 
,_1 

NC AND ACC A1 A3 As A7 A9 A11 
B 

, .. 
,_1 

, .. , .. 
,_, 1_1 

, .. 
,_1 

, .. 
,_1 r:,. , .. 

,_1 r:,. , .. 
1_1 

, .. ,_, , .. 
,_1 

Ro OEL SUB Ao A2 A4 As AB A1o CLKA NC 
c , .. 

,_1 
, .. 
,_1 

, .. 
1_.,I 

, .. 
1_1 

R2 R1 Bo CLKB 

D 
, .. 
,_1 

, .. 
,_1 

, .. 
1_1 

, .. 
,_1 

R4 R3 B2 B1 , .. , .. , .. , .. 
E ,_ .. ,_1 ,_1 ,_1 

GND Rs Top View B4 B3 

F 
, .. 
,_1 

, .. 
,_1 Through Package , .. 

,_1 
, .. 
1_1 

R7 Ra (i.e., Component Side Pinout) Vee 85 

G 
, .. ,_ .. , .. 

1_1 
, .. 
1_1 

, .. 
,_1 

R9 Ra B7 Ba 

H 
, .. 
,_1 

, .. 
1_1 

, .. 
,_1 

, .. 
,_1 

R11 R10 B9 Ba 

J 
, .. 
,_1 

, .. 
1_1 

, .. 
1_1 

, .. 
,_1 

PREL CLK R B11 B10 , .. , ... , .. , .. , .. , .. , .. , .. , .. , ... , .. 
K ,_1 -'---'- ,_ .. ,_1 ,_1 1_1 1 .. ) ,_1 ,_1 I I ,_1 .. ,.. OEM R13 R15 R11 R1a R21 R23 R2s o'E.x TC 

L 
, .. 
1_1 

, .. 
1_1 

, .. 
1_1 

, .. 
1_1 

, .. 
1_1 

, .. 
1_1 

, .. 
1_1 

, .. 
,_1 

, .. 
,_1 

R12 R14 R1a R1B R20 R22 R24 R26 NC 

Ceramic Pin Grid Array 
(G2) 

LMA 1009GC75 

LMA 1009GC55 

LMA 1009GC45 
LMA 1009GC20 

LMA 1009GM95 
LMA 1009GM65 

LMA 1009Givi55 

LMA 1009GM25 

LMA1009GMB95 

LMA 1009GMB65 

LMA 1009GMB55 

LMA 1009GMB25 
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DEVICES INCORPORATED 

LMA2009 - ORDERING INFORMATION 

68-pin 

co 
0~~mro~m8o8~VMN~D~ 
~COCOCOCOCOCO>Z>COCOCOCOCOCOU 

-(~6~ 
OEX ~ 10 :.~ 60) CLK A 

R26 ~11 S9) A11 
R2s 

1
>12 S8) A10 

R24 13 s1c Ag 

~>14 ~~M 
~~1S ~~ 
R21 > 16 S4) A6 
R2o ~11 Top s3) As 
R19 (> 18 s2(, A4 
R18 ~19 View s1) A3 

R11 ~20 sos A2 
R16 ~21 49s A1 
R1s ~22 48) Ao 
R14 ~23 47) ACC 
R13 ~24 46) SUB 
~) 

1
2s 4S(, RND 

OEM ( 26 44~ OEL 

Speed 

~ 
m~~~~~~~~~~~ococ~~~ 
a: _J (!) (!) 
a. u 

Plastic J-Lead 
Chip Carrier (J2) 

Ceramic Leadless 
Chip Carrier (K3) 

0°c to +70°C - COMMERCIAL SCREENING 
75 ns LMA2009JC75 
55 ns LMA2009JC55 
45 ns LMA2009JC45 
20 ns LMA2009JC20 

-55°C to + 125°C - COMMERCIAL SCREENING 

95 ns 
65 ns 
55 ns 
25 ns 

-55°C to +125°C-MIL-STD-883 COMPLIANT 
LMA2009KMB95 
LMA2009KMB65 
LMA2009KMB55 
LMA2009KMB25 

4-57 

LMA 1009/2009 

12 x 12-bit Multiplier-Accumulator 

• 
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~ DEVICES INCORPORATED. .. . : ·. '. ' . . . 16 x 16~bit-Multiplier-Accumulator: 

.__F_E_A_T_UR_E_S _____ __.I I DESCRIPTION 

0 20 ns Multiply-Accumulate Time 
0 Replaces TRW TMC2210, Cypress 

CY7C510, IDT 7210L, and AMO 
Am29510 

0 Two'sComplementorUnsigned 
Operands 

0 Accumulator Performs Preload, 
Accumulate, and Subtract 

0 Three-StateOutputs 
0 DECC SMD No. 5962-88733 
0 Available 100% Screened to 

MIL-STD-883, Class B 
0 Package Styles Available: 

• 64-pin Sidebraze, Hermetic DIP 
• 68-pin Ceramic PGA 
• 68-pin Plastic LCC, J-Lead 
• 68-pin Ceramic LCC 

LMA 1010/2010 BLOCK DIAGRAM 

The LMA1010 and LMA2010 are high
speed, low power 16-bit multiplier
accumulators. The LMA1010 and 
LMA2010 are functionally identical; 
they differ only in packaging. Full 
military ambient temperature range' 
operation is achieved with advanced 
CMOS technology. 

The LMA1010 and LMA2010 produce 
the 32-bit product of two 16-bit num
bers. The results of a series of multipli
cations may be accumulated to form the 
sum of products. Accumulation is 
performed to 35-bit precision with the 
multiplier product sign extended as 
appropriate. 

Data present at the A and B input 
registers is latched on the rising edges 

A1s-o 

16 

B1s-o 
R1s-o 

CLK A ----------•>A REGISTER 

CLK B 

RND 

TC 

ACC 

SUB 

OEX 
LEX 

OEM PRELOAD LEM 

OEL 
CONTROL 3 LEL 

LOGIC 
PREL 

OEX LEX 
OEM 
OEL 35 

CLK R 

R34-32 RJ1-1s 

4-59 

of CLK A and CLK B respectively. 
RND, TC, ACC, and SUB controls are 
latched on the rising edge of the logical 
OR of CLK A and CLK B. TC specifies 
the input as two's complement 
(TC HIGH) or unsigned magnitude 
(TC LOW). RND, when HIGH, adds '1' 
to the most significant bit position of 
the least significant half of the product. 
Subsequent truncation of the 16 least 
significant bits produces a result • 
correctly rounded to 16-bit precision. :A 

ACC and SUB control accumulator 
operation. ACC HIGH results in 
addition of the multiplier product and 
the accumulator contents, with the 
result stored in the accumulator register 
on the rising edge of CLK R. ACC and 
SUB HIGH results in subtraction of the 
accumulator contents from the 
multiplier product, with the result 
stored in the accumulator register. 
With ACC LOW, no accumulation 
occurs and the next product is loaded 
directly into the accumulator register. 

The LMAlOl0/2010 output register 
(accumulator register) is divided into 
three independently controlled sections. 
The least significant result (LSR) and 
most significant result (MSR) registers 
are 16 bits in length. The extended 
result register (XTR) is 3 bits long. The 
output signals R15-0 and input signals 
Bis-o share the same bidirectional pins. 

Each output register has an indepen-
dent output enable control. In addition 
to providing three-state control of the 
output buffers, when OEX, OEM, or 
OEL are HIGH and PREL is HIGH, 
data can be preloaded via the bidirec-
tional output pins into the respective 
output registers. Data present on the 
output pins is latched on the rising 
edge of CLK R. The interrelation of 
PREL and the enable controls is sum-
marized in Table 1. 

01/15/97-LDS.10/2010-L 
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DEVICES INCORPORATED 

TABLE 1. PRELOAD TRUTH TABLE 

PREL OEX OEM OEL XTR MSR LSR 

L L L L OUT OUT OUT 

L L L H OUT OUT z 
L L H L OUT z OUT 

L L H H OUT z z 
L H L L z OUT OUT 

L H L H z OUT z 
L H H L z z OUT 

L H H H z z z 
H L L L z z z 
H L L H z z PREL 

H L H L z PREL z 
H L H H z PREL PREL 

H H L L PREL z z 
H H L H PREL z PREL 

H H H L PREL PREL z 
H H H H PREL PREL PREL 

PREL= Preload data to appropriate register 
OUT = Register available on output pins 
Z = High impedance state 

FIGURE 1 B. OUTPUT FORMATS 

XTR 

LMA 1010/2010 

16 x 16-bit Multiplier-Accumulator 

FIGURE 1 A. INPUT FORMATS 

AIN BIN 

----Fractional Two's Complement (TC= 1) ----

I 1s 14 13 ~ 2 o I I 1s 14 13 ~ 2 o 
-20 2-1 2-2 2-13 2-14 2-15 -20 2-1 2-2 2-13 2-14 2-15 

(Sign) (Sign) 

----Integer Two's Complement (TC= 1) ----

I 15 14 13 ~ 2 o I 
-215 214 213 22 21 20 
(Sign) 

I 1s 14 13 ~ 2 o 
-215 214 213 22 21 20 
(Sign) 

------Unsigned Fractional (TC = 0) ------

11 s 14 13 ~ 2 o I I 1s 14 13 ~ 2 o 

------Unsigned Integer (TC= 0) ------

11 s 14 13 '!¥! 2 o I I 1s 14 13 '!¥! 2 o 
215 214 213 215 214 213 

MSR LSR 

---------Fractional Two's Complement---------

I 34 33 32 I 
-24 23 22 

(Sign) 

134 33 321 
-234 233 232 
(Sign) 

134 33 321 
22 21 20 

134 33 321 
234 233 232 

l 31 30 29 ~ 18 11 16 I I 1 s 14 13 ~ 2 o 
21 20 2-1 2-12 2-13 2-14 2-15 2-16 2-11 2-28 2-29 2-30 

Integer Two's Complement 

I 31 30 29 ~ rn 11 16 I I 1s 14 13~ 2 0 
231 230 229 218 211 216 215 214 213 22 21 20 

Unsigned Fractional 

I 31 30 29 ~ 18 11 16 I I 1s 14 13~ 2 0 
2-1 2-2 2-3 2-14 2-15 2-16 2-17 2-18 2-19 2-30 2-31 2-32 

Unsigned Integer 

I 31 30 29 ~ 18 17 161 I 1s 14 13~ 2 0 
231 230 229 218 211 216 215 214 213 22 21 20 

4-60 01/15/97-LDS.10/2010-L 
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DEVICES INCORPORATED 16 x 16-bit Multiplier-Accumulator 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, B) 

Storage temperature ........................................................................................................... -65°C to + 150°C 

Operating ambient temperature .......................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground .......................................................................... -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latch up current ............................................................................................................................... > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to + 125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee = Min., IOH = -2.0 mA 

VOL Output Low Voltage Vee = Min., IOL = 8.0 mA 

VIH Input High Voltage 

VIL Input Low Voltage (Note 3) 

llX Input Current Ground::; VIN::; Vee (Note 12) 

loz Output Leakage Current Ground::; VouT::; Vee (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note 7) 

Supply Voltage 
4.75 v::; Vee::; 5.25 v 
4.50 v ::; Vee ::; 5.50 v 

Min Typ 

2.4 

2.0 

0.0 

12 

Max 

0.5 

Vee 

0.8 

±20 

±20 

25 

1.0 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

4-61 01/15/97-LDS.10/2010-L 
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DEVICES INCORPORATED 16 x 16-bit Multiplier-Accumulator 

I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

65 55 
Symbol Parameter Min Max Min Max 

tMC Clocked Multiply Time 65 55 

tPW Clock Pulse Width 15 15 

ts Input Register Setup Time 15 15 

tH Input Register Hold Time 2 2 

tsP Preload Setup Time 15 15 

tHP Preload Hold Time 2 2 

to Output Delay 30 25 

tENA Three-State Output Enable Delay(Note 11) 30 30 

tDIS Three-State Output Disable Delay(Note 11) 30 25 

MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

Symbol Parameter 

tMc Clocked Multiply Time 

tPW Clock Pulse Width 

ts Input Register Setup Time 

tH Input Register Hold Time 

tSP Pre load Setup Time 

tHP Pre load Hold Time 

to Output Delay 

tENA Three-State Output Enable Delay(Note 11) 

tDIS Three-State Output Disable Delay(Note 11) 

SWITCHING WAVEFORMS 

A15-o 
815-0 

75 65 
Min Max Min Max 

75 65 

20 15 

20 15 

2 2 

20 15 

2 2 

35 30 

35 30 

35 25 

LMA 1010/2010-
45 35 25 20 

Min Max Min Max Min Max Min Max 

45 35 25 20 

15 10 10 9 

12 12 12 10 

2 2 2 2 

12 12 12 10 

2 2 2 2 

25 25 20 18 

25 25 20 18 

25 25 20 18 

LMA 1010/2010-
55 40 30 25 

Min Max Min Max Min Max Min Max 

55 40 30 25 

15 15 10 10 

15 15 12 12 

2 2 2 2 

15 15 12 12 

2 2 2 2 

30 25 20 20 

30 25 20 20 

25 25 20 20 

CLKA 
CLK B 

~ts~~1 
~~~~~~~~~~~~~~~~~~ ~tpw~..__~~~~~-~~~~~-~~--

i------tMC------------CLKR 

PREL 

OE* 

OUTPUT R34-0 
HIGH IMPEDANCE 

*includes OEX, OEM, OEL 

4-62 01/15/97-LDS.10/2010-L 
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DEVICES INCORPORATED 16 x 16-bit Multiplier-Accumulator 

I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values beyond 
those indicated in the Operating Condi
tions table is not implied. Exposure to 
maximum rating conditions for ex
tended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Neverthe
less, conventional precautions should 
be observed during storage, handling, 
and use of these circuits in order to 
avoid exposure to excessive electrical 
stress values. 

3. Thisdeviceprovideshardclampingof 
transient undershoot and overshoot. In
put levels below ground or above Vee 
will be clamped beginning at-0.6 V and 
Vee + 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of--0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tDIS test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in the 
testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(OUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actual testconditionsmayvaryfrom b. Ground and Vee supply planes 
those designated but operation is guar- must be brought directly to the DUT 
anteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated by: 

where 

NCV2F 
4 

N = total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 5 MHz clock 
rate. 

7. Tested with all inputs within 0.1 V of 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required DUT input 
levels relative to the DUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses from 
the internal circuitry are specified from 
the point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation of 
any device always provides data within 
that time. 

4-63 

11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the tDIS test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
± lOmA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. OUTPUT LOADING CIRCUIT 

FIGURE 8. THRESHOLD LEVELS 

VoL' Measured VOL with IDH = -10mA and IOL = 10mA 

VoH' Measured VoH with loH = -1 OmA and loL = 10mA 

01/15/97-LDS.10/2010-L 
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DEVICES INCORPORATED 16 x 16-bit Multiplier-Accumulator 

LMA1010- ORDERING INFORMATION 

64-pin 68-pin 

'7 
As 1 64 Ar 
As 2 63 AB 
A4 3 62 A9 1 2 3 4 5 6 7 8 9 10 11 
A3 4 61 A10 
A2 5 60 A11 , ... , ... , ... , ... , ... , ... , ... , ... , ... 
A1 6 59 A12 A T 

, __ , , __ , , __ , , __ , , __ , , __ , , __ , , __ , , __ , 
Ao 7 58 A13 NC B/Ro A1 A3 As A7 A9 A11 A13 

Bo, Ro 8 57 A14 B 
, ... , __ , , .. ,_, , ... , __ , , ... , __ , , ... , __ , , ... , __ , , ... , __ , , ... , __ , , ... , __ , , .. ,_. , ... ,_, 

61, R1 9 56 A1s B/R2 B/R1 Ao A2 A4 Ae As A10 A12 A14 NC 
62, R2 10 55 OEL c , ... , ... , ... , ... , __ , , __ , , __ , , __ , 
63, R3 11 54 RND B/R4 B/R3 OEL A1s 
B4, R4 12 53 SUB , ... , ... , ... , ... 
Bs, Rs 13 52 ACC D 

, __ , , __ , ,_, , __ , 
Be, Re 14 51 CLKA B/Re B/Rs SUB RND , ... , ... , ... , ... 
Br, R7 15 50 CLKB E , __ , , __ , , __ , , __ , 

GND 16 49 Vee GND B/Rr Top View CLKA ACC 
Ba, Ra 17 48 TC F 

, ... , ... Through Package 
, ... , ... , __ , , __ , , __ , ,_, 

B9, R9 18 47 OEX B/R9 B/Rs (i.e., Component Side Pinout) Vee CLKB 
B10, R10 19 46 PREL 

G 
, ... , ... , ... , ... 

811, R11 20 45 OEM 
, __ , , __ , , __ , , __ , 

812, R12 21 44 CLKR B/R11 B/R10 OEX TC , ... , ... ,..... , ..... 
B13, R13 22 43 R34 H 

, __ , , __ , ,_. ,_. 
814, R14 23 42 R33 B/R13 B/R12 OEM PREL 
B1s, R1S 24 41 R32 J 

, ... , ... , ... , ... , __ , , __ , , __ , , __ , 
R16 25 40 R31 B/R1s B/R14 R34 CLK R 
R17 26 39 R3o , ... , .. , ... , ... , ... , ... , ... , ... , ... , .. , ... 
R1a 27 38 R29 K , __ , ,_, , __ , , __ , , __ , ,_, , __ , , __ , , __ , ,_, , __ , 
Rm 28 37 R>A NC R16 R1B R20 R22 R24 R26 R2s R3a R32 R33 , ... , ... , ... r.:,. () r.:,. (_:,. (_21 () R2o 29 36 R27 L , __ , , __ , , __ , 
R21 30 35 R26 R1r R19 R21 R23 R2s R2r R29 R31 NC 
R22 31 34 R25 
R23 32 33 R24 

* 64-pln DIP not recommended for new designs 

Sidebraze Hermetic DIP Ceramic Pin Grid Array 
Speed (D6) (G2) 

0°C to +70°C - COMMERCIAL SCREENING 
65 ns LMA 101 ODC65 LMA 101 OGC65 
55 ns LMA 101 ODC55 LMA 101 OGC55 
45 ns LMA 101 ODC45 LMA 101 OGC45 
35 ns LMA 101 OGC35 
25 ns LMA 101 OGC25 
20 ns LMA 101 OGC20 

-55°C to + 125°C - COMMERCIAL SCREENING 
75 ns LMA1010DM75 LMA 1010GM75 
65 ns LMA1010DM65 LMA 101 OGM65 
55 ns LMA1010DM55 LMA1010GM55 
40 ns LMA 1010GM40 
30 ns LMA1010GM30 
25 ns LMA 1010GM25 

-55°C to + 12s0 c - MIL-STD-883 CoMPLIANT 
75 ns LMA1010DMB75 LMA 101 OGMB75 
65 ns LMA1010DMB65 LMA 101 OGMB65 
55 ns LMA1010DMB55 LMA1010GMB55 
40 ns LMA 101 OGMB40 
30 ns LMA 101 OGMB30 
25 ns LMA1010GMB25 

4-64 01/15/97-LDS.10/2010-L 
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LMA2010- ORDERING INFORMATION 

68-pin 

'<tMN~o ~-~ 
~~~~~~~~~~~~~~~Sm 

(~~ 
A15 ?10 :.: 60'1 B2, R2 

OEL (11 59) B3, R3 
AND (12 58) B4, R4 

SUB (>13 57~ Bs, Rs 
ACC ~14 56~ Be, Rs 

CLK A >15 55~ B7, R7 
CLK B >16 54'i GND 

Vee >17 Top 53< GND 
Vee >18 52)t' Ba, Ra 
Vee >19 View 51) B9, Rg 

Vee >20 50) B10, R10 
TC >21 49) B11, R11 

OEX >22 4a'i B12, R12 

PREL >23 47< B13, R13 
OEM >24 46< B14, R14 

CLK R 
1
>25 45)t' B15, R1s 

R34 >26 44C R16 
\..3UUuL~~) 

M N ~ o rn ro ~ © ~ ~ M N ~ o rn ro ~ 
M M M M N N N N N N N N N N ~ ~ ~ ocococococococococococococococococ 

Plastic J-Lead Chip Carrier 
Speed (J2) 

Ceramic Leadless 
Chip Carrier (K3) 

0°C to +70°C - COMMERCIAL SCREENING 
65 ns LMA201 OJC65 
55 ns LMA201 OJC55 
45 ns LMA201 OJC45 
35 ns LMA201 OJC35 
25 ns LMA201 OJC25 
20 ns LMA201 OJC20 

-55°C to+ 125°C - COMMERCIAL SCREENING 
75 ns 
65 ns 
55 ns 
40 ns 
30 ns 
25 ns 

75 ns 
65 ns 
55 ns 
40 ns 
30 ns 
25 ns 

-55°C to +125°C-MIL-STD-883 COMPLIANT 
LMA201 OKMB75 
LMA201 OKMB65 
LMA201 OKMB55 
LMA201 OKMB40 
LMA201 OKMB30 
LMA201 OKMB25 
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0Ev1cEs 1NcoRPoRATEo 12-bit Cascadable Multiplier-Summer 

FEATURES 

D 12 x 12-bit Multiplier with 
Pipelined 26-bit Output Summer 

D Summer has 26-bit Input Port Fully 
Independent from Multiplier 
Inputs 

D Cascadable to Form Video Rate FIR 
Filter with 3-bit Headroom 

D A, B, and C Input Registers Sepa
rately Enabled for Maximum 
Flexibility 

D 28 MHz Data Rate for FIR Filtering 
Applications 

D High Speed, Low Power CMOS 
Technology 

D DECC SMD No. 5962-94608 
D Available 100% Screened to 

MIL-STD-883, Class B 
D Package Styles Available: 

• 84-pin Plastic LCC, J-Lead 
• 84-pin Ceramic PGA 

LMS12 BLOCK DIAGRAM 

A11-o 

CLK---

26 

ENC-------' 

I DESCRIPTION 

The LMS12 is a high-speed 12 x 12-bit 
combinatorial multiplier integrated 
with a 26-bit adder in a single 84-pin 
package. It is an ideal building block 
for the implementation of very high
speed FIR filters for video, RADAR, 
and other similar applications. The 
LMS12 implements the general form 
(A• B) + C. As a result, it is also useful 
in implementing polynomial approxi
mations to transcendental functions. 

ARCHITECTURE 

A block diagram of the LMS12 is 
shown below. Its major features are 
discussed individually in the follow
ing paragraphs. 

MULTIPLIER 

The An-o and Bn-o inputs to the 
LMS12 are captured at the rising edge 
of the clock in the 12-bit A and B input 
registers, respectively. These registers 
are independently enabled by the 

811-0 

~-------- FTS 

825-0 

OE 

4-67 

ENA and ENB inputs. The registered 
input data are then applied to a 
12 x 12-bit multiplier array, which 
produces a 24-bit result. Both the 
inputs and outputs of the multiplier 
are in two's complement format. The 
multiplication result forms the input 
to the 24-bit product register. 

SUMMER 

The C2s-o inputs to the LMS12 form a 
26-bit two's complement number 
which is captured in the C register at 
the rising edge of the clock. The C 
register is enabled by assertion of the 
ENC input. The summer is a 26-bit 
adder which operates on the C 
register data and the sign extended 
contents of the product register to 
produce a 26-bit sum. This sum is 
applied to the 26-bit S register. 

OUTPUT 

The FTS input is the feedthrough 
control for the S register. When FTS is 
asserted, the summer result is applied 
directly to the S output port. When 
FTS is deasserted, data from the S 
register is output on the S port, 
effecting a one-cycle delay of the 
summer result. The S output port can 
be forced to a high-impedance state by 
driving the OE control line high. FTS 
would be asserted for conventional 
FIR filter applications, however the 
insertion of zero-coefficient filter taps 
may be accomplished by negating 
FTS. Negating FTS also allows 
application of the same filter transfer 
function to two interleaved datas
treams with successive input and 
output sample points occurring on 
alternate clock cycles. 

01/15/97-LDS.512-H 
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FIGURE 1. FLOW DIAGRAM FOR 5-TAP FIR FILTER 

x(n) ---.-----,----.-----.--------, 

1----------- -----, 

I 
I 
I 
I 
I 
I 
I 
I 
I 

APPLICATIONS 

The LMS12 is designed specifically for 
high-speed FIR filtering applications 
requiring a throughput rate of one 
output sample per clock period. By 
cascading LMS12 units, the transpose 
form of the FIR transfer function is 
implemented directly, with each of the 
LMS12 units supplying one of the 
filter weights, and the cascaded 
summers accumulating the results. 
The signal flow graph for a 5-tap FIR 
filter and the equivalent implementa
tion using LMS12's is shown in 
Figure 1. 

h4 h3 h2 h1 

The operation of the 5-tap FIR filter 
implementation of Figure 1 is depicted 
in Table 1. The filter weights h4 - ho 
are assumed to be latched in the B 
input registers of the LMS12 units. 
The x(n) data is applied in parallel to 
the A input registers of all devices. 
For descriptive purposes in the table, 
the A register contents and sum 
output data of each device is labelled 

ho 

y(n) 

y(n) 

according to the index of the weight 
applied by that device; i.e., So is 
produced by the rightmost device, 
which has ho as its filter weight and 
Ao as its input register contents. Each 
column represents one clock cycle, 
with the data passing a particular 

·point in the system illustrated across 
each row. 

============================================================ Multiplier-Summers 
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TABLE 1. TIMING EXAMPLE FOR 5-TAP NONDECIMATING FIR FILTER 

CLK Cycle 1 2 3 4 5 6 7 8 

X(n) Xn Xn+1 Xn+2 Xn+3 Xn+4 Xn+S Xn+6 Xn+7 

A4 Register Xn Xn+1 Xn+2 Xn+3 Xn+4 Xn+S Xn+6 
Sum4 h4Xn h4Xn+1 h4Xn+2 h4Xn+3 h4Xn+4 h4Xn+s 

A3 Register Xn Xn+1 Xn+2 Xn+3 Xn+4 Xn+S Xn+6 
Sum 3 h3Xn h3Xn+1 h3Xn+2 h3Xn+3 h3Xn+4 h3Xn+s 

+h4Xn-1 +h4Xn + h4Xn+1 +h4Xn+2 + h4Xn+3 + h4Xn+4 

A2 Register Xn Xn+1 Xn+2 Xn+3 Xn+4 Xn+S Xn+6 
Sum2 h2Xn h2Xn+1 h2Xn+2 h2Xn+3 h2Xn+4 h2Xn+s 

+ h3Xn-1 +h3Xn +h3Xn+1 +h3Xn+2 +h3Xn+3 +h3Xn+4 
+h4Xn-2 +h4Xn-1 +h4Xn +h4Xn+1 +h4Xn+2 +h4Xn+3 

A1 Register Xn Xn+1 Xn+2 Xn+3 Xn+4 Xn+S Xn+6 
Sum 1 h1Xn h1Xn+1 h1Xn+2 h1Xn+3 h1Xn+4 h1Xn+s 

+h2Xn-1 +h2Xn +h2Xn+1 + h2Xn+2 +h2Xn+3 +h2Xn+4 
+h3Xn-2 + h3Xn-1 +h3Xn + h3Xn+1 +h3Xn+2 +h3Xn+3 

+h4Xn-3 + h4Xn-2 + h4Xn-1 +h4Xn + h4Xn+1 +h4Xn+2 

Ao Register Xn Xn+1 Xn+2 Xn+3 Xn+4 Xn+S Xn+6 
Sumo hoXn hoXn+1 hoXn+2 hoXn+3 hoXn+4 hoXn+s 

+h1Xn-1 +h1Xn +h1Xn+1 + h1Xn+2 +h1Xn+3 +h1Xn+4 

+h2Xn-2 + h2Xn-1 +h2Xn +h2Xn+1 +h2Xn+2 +h2Xn+3 
+h3Xn-3 +h3Xn-2 +h3Xn-1 +h3Xn +h3Xn+1 + h3Xn+2 

+h4Xn-4 +h4Xn-3 +h4Xn-2 + h4Xn-1 +h4Xn +h4Xn+1 

FIGURE 2A. INPUT FORMATS 

AIN BIN 

--------- Fractional Two's Complement ---------

111 10 9 ~ 2 o I I 11 10 9 ~ 2 o 
-20 2-1 2-2 2-9 2-10 2-11 -20 2-1 2-2 2-9 2-10 2-11 

(Sign) (Sign) 

Integer Two's Complement 

111 10 9 ~ 2 o I I 11 10 9 ~ 2 0 
-211210 29 22 21 20 -211 210 29 22 21 20 
(Sign) (Sign) 

FtGURE 2B. OUTPUT FORMATS 

--------- Fractional Two's Complement ---------

l2s 241 
-23 22 

(Sign) 

123 22 21 ~ 14 13 12 I I 11 10 9 ~ 2 0 
21 20 2-1 2-a 2-9 2-10 2-112-122-13 2-20 2-21 2-22 

--------- Integer Two's Complement ---------

l2s 241 
-225 224 
(Sign) 

123 22 21 1!i 14 13 12 I 111 10 9 ~ 2 o 
223 222 221 214 213 212 211 210 29 

9 

Xn+a 

Xn+7 

h4Xn+6 

Xn+7 

h3Xn+6 

+h4Xn+s 

Xn+7 

h2Xn+6 

+h3Xn+s 

+ h4Xn+4 

Xn+7 

h1Xn+6 

+h2Xn+S 

+h3Xn+4 

+h4Xn+3 

Xn+7 

hoXn+6 

+h1Xn+s 

+h2Xn+4 

+h3Xn+3 

+h4Xn+2 

===================================================================== Multiplier-Summers 
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MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature ........................................................................................................... -65°C to + 150°C 

Operating ambient temperature .......................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground .......................................................................... -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latch up current ............................................................................................................................... > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to + 125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee = Min., IOH = -2.0 mA 

VOL Output Low Voltage Vee = Min., IOL = 4.0 mA 

VIH Input High Voltage 

VIL Input Low Voltage (Note 3) 

llX Input Current Ground :$ VIN :$ Vee (Note 12) 

loz Output Leakage Current Ground :$ VOUT :$ Vee (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note 7) 

Supply Voltage 
4.75 v :$Vee:$ 5.25 v 
4.50 v :$ Vee :$ 5.50 v 

Min Typ 

2.4 

2.0 

0.0 

15 

Max 

0.5 

Vee 

0.8 

±20 

±20 

25 

1.0 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

================================================ Multiplier-Summers 
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I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

LMS12-

65 50 40 35 
Symbol Parameter Min Max Min Max Min Max Min Max 

tCP Clock Period 

tPW Clock Pulse Width 

tSAB A, B, Data Setup Time 

tsc C Data Setup Time 

tSEN ENA, ENB, ENC Setup Time 

tHAB A, B, Data Hold Time 

tHC C Data Hold Time 

tHEN ENA, ENB, ENC Hold Time 

to Clock to S-FT = 1 

Clock to S-FT = O 

tENA Three-State Output Enable Delay (Note 11) 

tDIS Three-State Output Disable Delay (Note 11) 

SWITCHING WAVEFORMS 

INPUTS 
A,B,C 

CLOCK 

tSAB tHAB 
---- tsc ---.J------<- tHc 

---tSEN ---i--__.-+-- tHEN 

40 35 30 

15 15 12 

15 12 12 

15 10 7 

15 12 12 

5 5 5 

5 5 5 

5 5 5 

50 40 35 

25 25 25 

25 25 25 

22 22 22 

.--- tPW ----i 

---tPW----i 

25 

8 

10 

7 

10 

2 

2 

2 

S OUTPUTS ~~~----+-~--J~'--~
----- t D ----]-i' 

OE 

Ltms 3.,__ ___ H_1G_H 1_MP_:t=_DA_Nc_E_

1

_EN_A=J-~====================== R OUTPUTS 

30 

20 

20 

20 

================================================= Multiplier-Sum me rs 
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I SWITCHING CHARACTERISTICS 

MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

Symbol Parameter 

tCP Clock Period 

tPW Clock Pulse Width 

tSAB A, B, Data Setup Time 

tsc C Data Setup Time 

tSEN ENA, ENB, ENC Setup Time 

tHAB A, B, Data Hold Time 

tHC C Data Hold Time 

tHEN ENA, ENB, ENC Hold Time 

to Clock to S-FT = 1 

Clock to S-FT = O 

tENA Three-State Output Enable Delay (Note 11) 

tDIS Three-State Output Disable Delay (Note 11) 

SWITCHING WAVEFORMS 

INPUTS 
A,B,C 

CLOCK 

tSAB tHAB 
---- tsc -----~ tHc 

i---tSEN --------+--- tHEN 

LMS12-
65 50 

Min Max Min Max 

40 35 

15 15 

15 15 

15 15 

15 15 

5 5 

5 5 

5 5 

50 45 

25 25 

25 25 

22 22 

i-----tPW---

i---tPW----i 

40 
Min Max 

30 

12 

12 

12 

12 

5 

5 

5 

35 

25 

25 

22 

S OUTPUTS ~~~~~~---~-----~~ 
-----to-----J 

ROUTPUTS ~~~~~~~~-~-t-oi_s~~~>---~~-H-IGH_1_MP_~_A_Nc_E_tE_N_A=l--~_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_ 

================================================ Multi plier-Sum me rs 
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I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above Vee 
will be clamped beginning at-0.6 V and 
Vee + 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of-0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tDIS test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in 
the testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actual test conditions may vary b. Ground and Vee supply planes 
from those designated but operation is must be brought directly to the DUT 
guaranteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated 
by: 

where 

NCV2F 
4 

N = total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 5 MHz clock 
rate. 

7. Tested with all inputs within 0.1 V of 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required DUT input 
levels relative to the DUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses 
from the internal circuitry are specified 
from the point of view of the device. 
Output delay, for example, is specified 
as a maximum since worst-case opera
tion of any device always provides data 
within that time. 

11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the tDIS test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
± lOmA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. OUTPUT loADtNG CtRcurr 

FIGURE 8. THRESHOLD LEVELS 

VoL• Measured VoL with loH = -10mA and IOL = 10mA 
VoH• Measured VOH with IOH = -10mA and IOL = 10mA 

================================================Multiplier-Summers 
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Speed 

65 ns 
50 ns 
40 ns 
35 ns 

ORDERING INFORMATION 

84-pin 

82 

83 

84 

CLK 

Bs 
8s 
87 

Ba 
89 

810 

811 
EN8 

825 

824 

823 

822 

821 

S20 

OE 

FT8 
Vee 

I
<( 0 lu .,.. oZ::.,.. m co,.... co Lt> "l:f' M <"1- oZ o ...... t\I M "l:f' 

mmw<C<C<C<C<C<C<C<C<C~<C<ewuuuuu 

Plastic J-Lead Chip Carrier 
(J3) 

0°C to + 70°C - COMMERCIAL SCREENING 

LMS12JC65 
LMS12JC50 
LMS12JC40 
LMS12JC35 

GND 

Cs 
Cs 
C7 
Ca 
C9 
C10 

C11 

C12 
C13 
C14 
C1s 
C1s 
C17 
C1a 
C19 
C20 
C21 

C22 

C23 
C24 

==================:::::;============================= Multiplier-Summers 
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ORDERING INFORMATION 

84-pin 

1 2 3 4 5 6 7 8 9 10 11 

A 
'9' , .. ,_. , ... 

'~ . ...' 
, ... 
\_.1 

, ... 
\_,I 

, ... 
\_.1 

, ... 
\_,I 

, ... 
\_.1 

, ... 
\_.1 

, ... 
l_.1 

, ... 
\_.1 

, .. ,_. 
B1 ENA A11 Ag As As A2 ENC C1 C2 GND 

B 
, ... , ... , ... , ... , ... , ... , ... , ... , ... , ... () \_.1 \_,I \_.1 \_.1 \_.I \_.1 \_.I \_.1 \_.1 \_.I 

B4 B2 Bo A10 A7 A3 A1 Co C3 C4 Cs 

c , ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_,I 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.I 

CLK B3 As A4 Ao Cs C7 

D 
, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.I 

Bs Bs Ca Cg 

E 
, ... 
\_.I 

, ... 
l_.1 

, ... 
l_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... , __ , 
B9 Ba B10 Top View C13 C11 C12 

F 
, ... , ... , ... 

Through Package 
, ... , ... , ... , __ , , __ , , __ , 
\_,1 \_,1 

, __ , 
ENB B7 B11 (i.e., Component Side Pinout) C14 C1s C10 , ... , ... , ... , ... , ... , ... 

G \_,1 
, __ , , __ , , __ , 

\_.1 
, __ , • S2s S24 S23 C18 C17 C16 

H 
, ... , __ , , ... , __ , , ... 

\_.I 
, ... 
\_,I 

S22 S21 C20 C19 

J 
, ... , __ . , ... , __ , , ... 

\_.1 
, ... 
\_.I 

, ... 
\_.1 

, ... 
\_,1 

, ... 
\_.I 

S20 FTS S10 S9 Ss C23 C21 

K 
, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.I 

, ... 
\_.1 

, ... , __ , , ... 
\_.1 

, ... 
\_.1 

, ... , ... , ... 
\_.1 \_.1 

, __ , 
OE S19 S1a S1s S12 S13 Ss S3 So C24 C22 

L 
, .. ,_. , ... 

\_.I 
, ... , ... , ... , __ , 

\_.1 \_.1 
, ... 
\_.1 

, ... 
\_.1 

, ... 
\_.1 

, ... , __ , , ... 
\_.1 

, .. ,_. 
Vee 817 S16 S14 811 Sa 87 S4 82 81 C2s 

Ceramic Pin Grid Array 
Speed (G3) 

0°C to +70°C - COMMERCIAL SCREENING 
65 ns LMS12GC65 
50 ns LMS12GC50 
40 ns LMS12GC40 
35 ns LMS12GC35 

-55°C to + 125°C - COMMERCIAL SCREENING 
65 ns LMS12GM65 
50 ns LMS12GM50 
40 ns LMS12GM40 

-55°C to + 125°C - MIL-STD-883 COMPLIANT 
65 ns LMS12GMB65 
50 ns LMS12GMB50 
40 ns LMS12GMB40 

================================================ Multi plier-Summers 
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REGISTER PRODUCTS ........................................................................................................................................................ 5-1 
Pipeline Registers 

L29C520 4 x 8-bit Multilevel Pipeline Register (1-4 Stages) ........................................................................................... 5-3 
L29C521 4 x 8-bit Multilevel Pipeline Register (1-4 Stages) ........................................................................................... 5-3 
LPR520 4 x 16-bit Multilevel Pipeline Register (1-4 Stages) ....................................................................................... 5-11 
LPR200 8 x 16-bit Multilevel Pipeline Register (1-8 Stages) ....................................................................................... 5-17 
L29C525 16 x 8-bit Dual 8-Deep Pipeline Register (1-16 Stages) ................................................................................. 5-25 
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FEATURES 

0 Four 8-bit Registers 
0 Implements Double 2-Stage Pipe

line or Single 4-Stage Pipeline 
Register 

0 Hold, Shift, and Load Instructions 
0 Separate Data In and Data Out Pins 
0 High-Speed, Low Power CMOS 

Technology 

0 Three-State Outputs 
0 DECC SMD No. 5962-91762 
0 Available 100% Screened to 

MIL-STD-883, Class B 

0 Replaces IDT29FCT520/IDT29FCT521 
and AMD Am29520/ Am29521 

0 Package Styles Available: 
• 24-pin Plastic DIP 
• 24-pin Ceramic DIP 
• 28-pin Plastic LCC, J-Lead 
• 28-pin Ceramic LCC 
• 24-pin Ceramic Flatpack 
• 24-pin Plastic SSOP 

L29C520/521 BLOCK DIAGRAM 

DB·O 

2 

11-0--1--

CLK-

I DESCRIPTION 

The L29C520 and L29C521 are pin
for-pin compatible with the 
IDT29FCT520 /IDT29FCT521 and 
AMD Am29520/ Am29521, imple
mented i!l low power CMOS. 

The L29C520 and L29C521 contain 
four registers which can be configured 
as two independent, 2-level pipelines 
or as one 4-level pipeline. 

The Instruction pins, 11-o, control the 
loading of the registers. For either 
device, the registers may be config
ured as a four-stage delay line, with 
data loaded into Rl and shifted 
sequentially through R2, R3, and R4. 
Also, for the L29C520, data may be 
loaded from the inputs into either Rl 
or R3 with only R2 or R4 shifting. The 
L29C521 differs from the L29C520 in 
that R2 and R4 remain unchanged 
during this type of data load, as 
shown in Tables 1 and 2. Finally, 11-o 
may be set to prevent any register 
from changing. 

REG 1 
REG2 
REG3 

Y1-o 

REG4 
6E 

S1-0 

5-3 

The S1-o select lines control a 4-to-1 
multiplexer which routes the contents 
of any of the registers to the Y output 
pins. The independence of the I and S 
controls allows simultaneous write 
and read operations on different 
registers. 

TABLE 1. 

L29C520 INSTRUCTION TABLE 

11 lo Description 

L L D-+R1 R1-+R2 R2-+R3 R3-+R4 

L H HOLD HOLD D-+R3 R3-+R4 

H L D-+R1 R1-+R2 HOLD HOLD 

H H ALL REGISTERS ON HOLD 

TABLE 2. 
L29C521 INSTRUCTION TABLE 

11 lo Description 

L L D-+R1 R1-+R2 R2-+R3 R3-+R4 

L H HOLD HOLD D-+R3 HOLD 

H L D-+R1 HOLD HOLD HOLD 

H H ALL REGISTERS ON HOLD 

TABLE 3. OUTPUT SELECT 

S1 So Register Selected 

L L Register 4 

L H Register 3 

H L Register 2 

H H Register 1 

01/15/97-LDS.520/1 ·M 
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DEVICES INCORPORATED 4 x 8-bit Multilevel Pipeline Register 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature ........................................................................................................... -65°C to +150°C 

Operating ambient temperature .......................................................................................... -55°C to +125°C 

Vee supply voltage with respect to ground .......................................................................... -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs............................................................................................................. 25 mA 

Latchup current ............................................................................................................................... > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to + 125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee= Min., IOH =-15.0 mA 

VOL Output Low Voltage Vee= Min., IOL = 24.0 mA 

VIH Input High Voltage 

VIL Input Low Voltage (Note3) 

llX Input Current Ground~ VIN~ Vee (Note 12) 

loz Output Leakage Current Ground ~ Vour ~ Vee (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note 7) 

Supply Voltage 
4.75 V ~Vee~ 5.25 V 

4.50 v ~Vee ~ 5.50 v 

Min Typ 

2.4 

2.0 

0.0 

Max 

0.5 

Vee 

0.8 

±20 

±20 

30 

1.5 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

~~~~~~~~~~~~~~~~~~~~~~~~Pipeline Registers 
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DEVICES INCORPORATED 4 x 8-bit Multilevel Pipeline Register 

I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

L29C520/521-
22 14 

Symbol Parameter Min Max Min Max 

tPD Clock to Output Delay 22 14 

tSEL Select to Output Delay 20 13 

tPW Clock Pulse Width 10 7 

tSJ Instruction Setup Time 10 5 

tHJ Instruction Hold Time 3 1 

tSD Data Setup Time 10 5 

tHD Data Hold Time 3 1 

tENA Three-State Output Enable Delay (Note 11) 21 15 

tDJS Three-State Output Disable Delay (Note 11) 15 12 • MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

L29C520/521-
30 24 16 

Symbol Parameter Min Max Min Max Min Max 

tPD Clock to Output Delay 30 24 16 

tSEL Select to Output Delay 30 22 15 

tPW Clock Pulse Width 15 10 8 

tSJ Instruction Setup Time 15 10 6 

tHJ Instruction Hold Time 5 3 2 

tso Data Setup Time 15 10 6 

tHD Data Hold Time 5 3 2 

tENA Three-State Output Enable Delay (Note 11) 25 22 16 

tDIS Three-State Output Disable Delay (Note 11) 20 16 13 

SWITCHING WAVEFORMS 

)I( 
ts1 tHI 

)I( 
tso tHD 

{ 
tPW 

} .Y 
tPW J CLK -----------1 

x 
81-0 -----'-fT'-------+---------' '------------
OE L ____ tSEL--1--_t_PD-1-i 

Y1-0 -------------~-~ -C,,,,3 't::tt~=t 
HIGH IMPEDANC: 

~~~~~~~~~~~~~~~~~~~~~~~~Pipeline Registers 
5-5 01/15/97-LDS.520/1-M 
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DEVICES INCORPORATED 4 x 8-bit Multilevel Pipeline Register 

I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of, these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for. 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and oversl;wot. 
Input levels below ground or above Vee 
will be clamped beginning at-0.6 V and 
Vee + 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of-0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tDIS test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in 
the testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actual test conditions may vary b. Ground and Vee supply planes 
from those designated but operation is must be brought directly to the DUT 
guaranteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated 
by: 

where 

N = total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 5 MHz clock 
rate. 

7. Tested withallinputswithin0.1 Vof 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required DUT input 
levels relative to the DUT ground pin. 

· 10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses 
from the internal circuitry are specified 
from the point of view of the device. 
Output delay, for example, is specified 
as a maximum since worst-case opera
tion of any device always provides data 
within that time. 

5-6 

11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the trns test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
±lOmA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. OUTPUT LOADING CIRCUrT 

FtGURE B. THRESHOLD LEVELS 

VOL• Measured VoL with loH = -10mA and loL = 10mA 
voo• Measured VOH with loH = -1 OmA and loL = 1 OmA 

01/15/97-LDS.520/1-M 
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DEVICES INCORPORATED 

L29C520 - ORDERING INFORMATION 

24-pin-0.3" wide 

Io [ 1 '-./ 24 p Vee 

11 [ 2 23 p So 
Do [ 3 22 p S1 
01 [ 4 21 p Yo 

02 q 5 20 Y1 

03 q 6 19 p Y2 
04 [ 7 18 YJ 
Os [ 8 17 p Y4 

06 [ 9 16 p Ys 

07 [ 10 15~ Ys 
CLK [ 11 14 p Y7 

GND [ 12 13p OE 

Plastic DIP Ceramic DIP 
Speed (P2) (C1) 

0°C to +70°C - COMMERCIAL SCREENING 

22 ns L29C520PC22 L29C520CC22 
14 ns L29C520PC14 L29C520CC14 

-55°C to + 125°C - COMMERCIAL ScREENING 

30 ns L29C520CM30 
24 ns L29C520CM24 
16 ns L29C520CM16 

-55°C to +125°C-MIL·STD-883 COMPLIANT 
30 ns L29C520CMB30 
24 ns L29C520CMB24 
16 ns L29C520CMB 16 

L29C520/521 

4 x 8-bit Multilevel Pipeline Register 

28-pin 

II 

Plastic J-Lead Chip Carrier Ceramic Leadless 
(J4) Chip Carrier (K1) 

L29C520JC22 L29C520KC22 
L29C520JC14 L29C520KC14 

L29C520KM30 
L29C520KM24 
L29C520KM 16 

L29C520KMB30 
L29C520KMB24 
L29C520KMB16 

5-7 01/15/97-LDS.520/1-M 
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DEVICES INCORPORATED 

L29C520 - ORDERING INFORMATION 

Speed 

22 ns 
14 ns 

30 ns 
24 ns 
16 ns 

24-pin 

lo~ 
11~ 
Do~ 
D1~ 
D2~ 
D3~ 
D4~ 
D5~ 
D6~ 
D7~ 

CLK ~ 
GND~ 

1. 24 
2 23 
3 22 
4 21 
5 20 
6 19 
7 18 
8 17 
9 16 
10 15 
11 14 
12 13 

Ceramic Flatpack 
{M1) 

0°c to +70°C-COMMERCIAL SCREENING 

}=:::::l Vee 
}=:::::l So 
}=:::::l S1 
}=:::::l Yo 
}=:::::l Y1 
}=:::::l Y2 
}=:::::l Y3 
}=:::::l Y4 
}=:::::l Y5 
}=:::::l Y6 
}=:::::l Y7 
}=:::::l OE 

-55°C to + 125°C - COMMERCIAL SCREENING 

-55°C to + 125°C - MIL-STD-883 COMPLIANT 
L29C520MMB30 
L29C520MMB24 
L29C520MMB16 

L29C520/521 

4 x 8-bit Multilevel Pipeline Register 

24-pin - 0.209" wide 

lo 
11 

Do 
D1 
D2 
D3 
D4 
D5 
D6 
D7 

CLK 
GND 

Plastic SSOP 
{S1) 

Vee 
So 
S1 
Yo 
Y1 
Y2 
Y3 
Y4 
Y5 
Y6 
Y1 
OE 

L29C520SC22 
L29C520SC14 

~~~~~~~~~~~~~~~~~~~~~~~~Pipeline Registers 
5-8 01/15/97-LDS.520/1-M 
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DEVICES INCORPORATED 

L29C521 - ORDERING INFORMATION 

24-pin - 0.3" wide 

lo q 1 '-' 24 IJ Vee 

11 [ 2 23p So 
Do q 3 22 p S1 
01 q 4 21 IJ Yo 

02 C 5 20 IJ Y1 

03 q 6 19 IJ Y2 

04 q 7 18 IJ Y3 

Ds qa 111J Y4 

06 q 9 16 IJ Ys 
07 q 10 15 IJ Y6 

CLK q 11 14IJ Y7 

GND q 12 13IJ OE 

Plastic DIP Ceramic DIP 
Speed (P2) (C1) 

0°C to +70°C- COMMERCIAL SCREENING 
22 ns L29C521 PC22 L29C521 CC22 
14 ns L29C521 PC 14 L29C521CC14 

-55°C to +125°C - COMMERCIAL SCREENING 
30 ns L29C521 CM30 
24 ns L29C521 CM24 
16 ns L29C521CM16 

30 ns 
24 ns 
16 ns 

-ss0 c to +125°C-MIL-STD-883 COMPLIANT 
L29C521 CMB30 
L29C521 CMB24 
L29C521CMB16 

5-9 

L29C520/521 

4 x 8-bit Multilevel Pipeline Register 

28-pin 

0 0 8 0 ~ 
zo.::£>cncn - ~ ~ ( ': 3 21f:2s 27 ~ 

D1 )s :.1 2s., NC 
02 )6 24,.i Yo 

D3 (7 Top 23~ Y1 
04 ()a 22., Y2 
os )9 View 21 ( Y3 

06 ~10 20~ Y4 

NC )11 19.., Ys 
'\... 12 13 14 15 16 17 18 I 

""-" '-' '-' '-' .....,. ......, '-' '"" 
o ~~I~>-~~ 

0 C!J 

Plastic J-Lead Chip Carrier Ceramic Leadless 
(J4) 

L29C521JC22 
L29C521JC14 

Chip Carrier (K1) 

L29C521 KC22 
L29C521KC14 

L29C521 KM30 
L29C521 KM24 
L29C521KM16 

L29C521 KMB30 
L29C521 KMB24 
L29C521KMB16 

01/15/97-LDS.520/1-M 
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DEVICES INCORPORATED 4 x 8-bit Multilevel Pipeline Register 

L29C521 - ORDERING INFORMATION 

24-pin 

lo c::=\ ')::=: 1 • 24 F=4~ Vee 
11 c::=\ ')::=: 2 23 F=:4~ So 

Do c::=\ ')::=: 3 22 F=:4~ S1 
01 c::=\ ')::=: 4 21 F=4~ Yo 
02 c::=\8 5 20 F:=4~ Y1 
03 c::=\8 6 19 F=4~ Y2 
04 c::=\ )==j 7 18 F=:4~ Y3 
Os c::=\ \:==j 8 17 F=:4~ Y4 
Os c::=\ \:==j 9 16 F=4~ Ys 
07 c::=\ )==j 10 15 F:=4~ Ys 

CLK c::=\ \:==j 11 14 F=4~ Y7 
GND c::=\~ 12 13 F=4~ OE 

Ceramic Flatpack 
Speed (M1) 

0°c to +70°C - COMMERCIAL SCREENING 

-55°C to + 125°C - COMMERCIAL SCREENING 

-ss0 c to + 12s0 c - MIL·STD-883 CoMPLIANT 
30 ns L29C521 MMB30 
24 ns L29C521 MMB24 
16 ns L29C521MMB16 

5-10 01/15/97-LDS.520/1-M 
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~ 4 x 16-bit Multilevel Pipeline Register 

FEATURES 

0 Four 16-bit Registers 
0 Implements Double 2-Stage Pipe

line or Single 4-Stage Pipeline 
Register 

0 Hold, Shift, and Load Instructions 
0 Separate Data In and Data Out Pins 
0 High-Speed, Low Power CMOS 

Technology 
0 Three-State Outputs 
0 DECC SMD No. 5962-89716 
0 Available 100% Screened to 

MIL-STD-883, Class B 

0 Package Styles Available: 
• 40-pin Plastic DIP 
• 40-pin Ceramic DIP 
• 44-pin Plastic LCC, J-Lead 
• 44-pin Ceramic LCC 

LPR520 BLOCK DIAGRAM 

015-0 

2 
11-0--1--

CLK-

I DESCRIPTION 

The LPR520 is functionally compatible The Sl-0 select lines control a 4-to-1 
with the L29C520 but have 16-bit inputs multiplexer which routes the contents 
and outputs. The LPR520 is implemented of any of the registers to the Y output 
in low power CMOS. pins. The independence of the I and S 

The LPR520 contains four registers 
which can be configured as two 
independent, 2-level pipelines or as 
one 4-level pipeline. 

The Instruction pins, h-0, control the 
loading of the registers. The registers 
may be configured as a four-stage 
delay line, with data loaded into Rl 
and shifted sequentially through R2, 
R3, and R4. Also, data may be loaded 
from the inputs into.either Rl or R3 
with only R2 or R4 shifting. Finally, 
h-o may be set to prevent any register 
from changing. 

REG 1 
REG2 

Y1s-o 
REG3 
REG4 BE 

S1-0 

controls allows simultaneous write 
and read operations on different 
registers. 

TABLE 1. 
LPR520 INSTRUCTION TABLE 

11 lo Description 

L L D-.R1 R1-.R2 R2-.R3 R3-.R4 

L H HOLD HOLD D-.R3 R3-.R4 

H L D-.R1 R1-.R2 HOLD HOLD 

H H ALL REGISTERS ON HOLD 

TABLE 2. OUTPUT SELECT 

S1 So Register Selected 

L L Register 4 

L H Register 3 

H L Register 2 

H H Register 1 

~~~~~~~~~~~~~~~~~~~~~~~~Pipeline Registers 
5-11 01/16/97-LDS.P520-A 
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________ ....., 
----- LPR520 
DEVICES INCORPORATED 4 x 16-bit Multilevel Pipeline Register 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature ........................................................................................................... -65°C to + 150°C 

Operating ambient temperature .......................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground .......................................................................... -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latchup current ............................................................................................................................... > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°C to +70°C 

-55°C to + 125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee = Min., IOH = -2.0 mA 

VOL Output Low Voltage Vee = Min., IOL = 8.0 mA 

VIH Input High Voltage 

VIL Input Low Voltage (Note3) 

llX Input Current Ground~ VIN~ Vee (Note 12) 

loz Output Leakage Current Ground~ Vour ~Vee (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note 7) 

Supply Voltage 
4.75 v ~Vee~ 5.25 v 
4.50 v ~ Vee ~ 5.50 v 

Min Typ 

2.4 

2.0 

0.0 

10 

Max 

0.5 

Vee 

0.8 

±20 

±20 

40 

1.0 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

5-12 01/16/97-LDS.P520·A 
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DEVICES INCORPORATED 4 x 16-bit Multilevel Pipeline Register 

I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

LPR520-
25 22 15 

Symbol Parameter Min Max Min Max Min Max 

lPD Clock to Output Delay 25 22 15 

tSEL Select to Output Delay 25 20 15 

lPW Clock Pulse Width 10 10 8 

tSI Instruction Setup Time 13 10 6 

lHI Instruction Hold Time 3 3 1 

tSD Data Setup Time 13 10 6 

lHD Data Hold Time 3 3 1 

tENA Three-State Output Enable Delay (Note 11) 25 21 15 

lDIS Three-State Output Disable Delay (Note 11) 25 15 12 • MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

LPR520-
30 24 18 

Symbol Parameter Min Max Min Max Min Max 

lPD Clock to Output Delay 30 24 18 

tSEL Select to Output Delay 30 22 18 

lPW Clock Pulse Width 15 10 9 

ts1 Instruction Setup Time 15 10 8 

lHI Instruction Hold Time 5 3 2 

tSD Data Setup Time 15 10 8 

lHD Data Hold Time 5 3 2 

lENA Three-State Output Enable Delay (Note 11) 25 22 16 

lDIS Three-State Output Disable Delay (Note 11) 20 16 13 

SWITCHING WAVEFORMS 

11-o y )!( 
ts1 tHI 

D1s-o ~ )!( 
i---tPW---

} 
tso tHD 

'} CLK ~ 
tPW 

81-0 1 tSEL ~·] 5E Cm,.=3 
Y1s-o 

't::: ~~ =t::= 
HIGH IMPEDANCE 

5-13 01/16/97-LDS.P520-A 
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DEVICES INCORPORATED 4 x 16-bit Multilevel Pipeline Register 

I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injectio~ currents and ac
cumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above Vee 
will be clamped beginning at -0.6 V and 
Vee+ 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of--0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
trns test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in 
the testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(OUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actual test conditions may vary b. Ground and Vee supply planes 
from those designated but operation is must be brought directly to the DUT 
guaranteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated 
by: 

where 

NCV2F 
4 

N = total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 5 MHz clock 
rate. 

7. Tested with all inputs within 0.1 V of 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required OUT input 
levels relative to the OUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses 
from the internal circuitry are specified 
from the point of view of the device. 
Output delay, for example, is specified 
as a maximum since worst-case opera
#on of any device always provides data 
within that time. 

11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the trns test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
± lOmA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. OVTPur LOADING C1Rcurr 

FIGURE B. THRESHOLD LEVELS 

Vot.• Measured VOL with IOH = -10mA and lot.= 10mA 
VOH• Measured VOH with IOH = -10mA and lot.= 10mA 

~~~~~~~~~~~~~~~~~~~~~~~~Pipeline Registers 
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DEVICES INCORPORATED 

LPR520 - ORDERING INFORMATION 

Speed 

40-pin - 0.6" wide 

lo [ 1 "" 40 p Vee 

11 [ 2 39 p So 
Do [ 3 38 p S1 

01 [ 4 37 p Yo 
02 [ 5 36 p Y1 

03 0 6 35 p Y2 

04 [ 7 34 p Y3 

Ds [ 8 33 p Y4 

Ds [ 9 32 p Ys 
07 q 10 31 p Ys 
oaq11 3opY1 
09 C 12 29 p Ya 

010 [ 13 20p Y9 
011 q 14 27 p Y10 

012 q 15 26 p Y11 

013 q 16 25 p Y12 

014 q 17 24 p Y13 

D1s [ 18 23 lJ Y14 

CLK G 19 22 lJ Y1s 
GND q 20 21 p OE 

Plastic DIP 
(P3) 

......_ __ ..... 

Ceramic DIP 
(C11) 

0°C to + 70°C - COMMERCIAL SCREENING 
25 ns LPR520PC25 
22 ns LPR520PC22 
15 ns LPR520PC15 

-55°C to + 125°C - COMMERCIAL SCREENING 

30 ns 
24 ns 

18 ns 

-55°C to + 12s0 c - MIL-STD-883 COMPLIANT 
LPR520CMB30 
LPR520CMB24 

LPR520CMB18 

5-15 

LPR520 

4 x 16-bit Multilevel Pipeline Register 

44-pin 

Plastic J-Lead Chip Carrier 
(J1) 

LPR520JC25 
LPR520JC22 
LPR520JC15 

Ceramic Leadless 
Chip Carrier (K2) 

LPR520KMB30 

LPR520KMB24 
LPR520KMB18 

01 /16/97-LDS. P520-A 
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- 16-bit Multilevel Pipeline Register 

jFEATURES 

0 Eight 16-bit High-Speed Pipeline 
Registers 

0 Programmable Multilevel Register 
Configurations 

0 Access time of 12 ns 
0 Hold, Shift, and Load Instructions 
0 Replaces IDT73200 
0 Available 100% Screened to 

MIL-STD-883, Class B 
0 Package Styles Available: 

• 48-pin Plastic DIP 
• 48-pin Sidebraze, Hermetic DIP 
• 52-pin Plastic LCC, J-Lead 
• 52-pin Ceramic LCC 

LPR200 BLOCK DIAGRAM 

13·0--+-. 

CLK

CEN-

I DESCRIPTION 

The LPR200 is a programmable 
multilevel pipeline register. This 
device is pin-for-pin compatible with 
the IDT73200. 

The LPR200 contains eight 16-bit 
high-speed pipeline registers which 
can be configured as eight indepen
dent, 1-level pipelines; four inde
pendent, 2-level pipelines; two 
independent, 4-level pipelines; or as 
one 8-level pipeline. 

The Instruction pins, I3-0, control the 
loading of the registers. The registers 
can be configured as an eight-stage 
delay line with data loaded into A 
and shifted sequentially through B, C, 
D, E, F, G and H as shown in Table 1. 
The Instruction pins may also be set 
to prevent any register from changing. 

5-17 

The Select lines, S2-o, control an 8-to-1 
multiplexer which routes the contents 
of any of the registers to the Y output 
pins. The independence of the I and S 
controls allow simultaneous write 
and read operations on different 
registers. 

AREG 

BREG 

GREG 

DREG 

EREG 
x 

Y1s-o ::J 
:::: 

FREG 
5E 

GREG 

HREG 

SEL2-o 

01/16/97-LDS.P200-A 
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DEVICES INCORPORATED 

SIGNAL DEFINITIONS 

Power 

VccandGND 

+5 V power supply. All pins must be 
connected. 

Clock 

CLK - Master Clock 

The rising edge of CLK strobes all 
registers. 

Inputs 

D15-0 - Data Input 

16-bit data input port. Data is latched 
into the regist~rs on the rising edge of 
CLK. 

Outputs 

Y1s-o - Data Output 

16-bit data output port. 

Controls 

I3-0 - Instruction Control 

The instruction control pins select 
which register operation will be 
carried out. Refer to Table 2. 

SEL2-0 - Output Select 

The output select pins control which 
register contents will appear at the 
Y1s-o output pins. Refer to Table 3. 

CEN - Clock Enable 

When CEN is LOW, the instruction 
designated by I3-0 is performed on the 
registers. When CEN is HIGH, no 
register operations are performed. 

LPR200 
· 16-bit Multilevel Pipeline Register 

TABLE 1. REGISTER LOAD OPERATIONS 

Single 8-Level 

B F 

c G 
D H 
[_ 1 

Four 2-Level 

$$ 
$$ 

OE - Output Enable 

When OE is LOW, the register data 
specified by SEL2-o is available on the 
Y1s-0 output pins. When OE is HIGH, 
the output port is in a high-impedance 
state. 

Two 4-Level 

J 1 
A E 

B F 

c G 
D H 

1 1 

Eight 1-Level 

~~~~~~~~~~~~~~~~~~~~~~~Pipeline Registers 
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LPR200 

DEVICES INCORPORATED 16-bit Multilevel Pipeline Register 

TABLE 2. LPR200 INSTRUCTION TABLE TABLE 3. LPR200 
Inputs OUTPUT SELECT 

Mnemonics 13 12 11 lo Description SEL2 SEL1 SE Lo V1s-o 

LDA 0 0 0 0 D1s-o-+A 0 0 0 A 

LDB 0 0 0 1 D1s-o-+B 0 0 1 B 

LDC 0 0 1 0 D1s-o-+C 0 1 0 c 
LDD 0 0 1 1 D1s-o-+D 0 1 1 D 

LDE 0 1 0 0 D1s-o-+E 1 0 0 E 

LDF 0 1 0 1 D1s-o-+F 1 0 1 F 

LDG 0 1 1 0 D1s-o-+G 1 1 0 G 

LDH 0 1 1 1 D1s-o-+H 1 1 1 H 

LSHAH 1 0 0 0 D1s-o-+A A-+B B-+C C-+D D-+E E-+F F-+G G-+H 

LS HAD 1 0 0 1 D1s-o-+A A-+B B-+C C-+D 

LS HEH 1 0 1 0 D1s-o-+E E-+F F-+G G-+H 

LSHAB 1 0 1 1 D1s-o-+A A-+B .. 
LSHCD 1 1 0 0 D1s-o-+C C-+D 

LSHEF 1 1 0 1 D1s-o-+E E-+F 

LSHGH 1 1 1 0 D1s-o-+G G-+H 

HOLD 1 1 1 1 ALL REGISTERS ON HOLD 

5-19 01 /16/97-LDS. P200-A 
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DEVICES INCORPORATED 16-bi.t Multilevel Pipeline Register 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature ............................................. .............................................. ................ -65°C to+ 155°C 

Operating ambient temperature........................................................................................... -55°C to+ 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to + 7 .0 V 

Input signal with respect to ground ............................................................................... -0.5 V to Vee + 0.5 V 

Signal applied to high impedance output ...................................................................... -0.5 V to Vee + 0.5 V 

Output current into low outputs ............................................................................................................. 50 mA 

Latch up current . . . ... ... . .. . .. ... . .. .. .. .... .. .. . .. . .. ... . . . ... . . .. . .. . . .. .. . . . . . ... . . .. . .. .. .. . .. .. . . .. .. .. . ...... . . . .. . .. .. . . .. . .. .. .. . .. . .. . > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to +125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee= Min., IOH = -8.0 mA 

VOL Output Low Voltage Vee= Min., IOL = 16 mA 

~H Input High Voltage 

~L Input Low Voltage (Note 3) 

llX Input Current Ground ~ V1N ~ Vee (Note 12) 

loz Output Leakage Current (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note?) 

CIN Input Capacitance TA= 25°C, f = 1 MHz 

CouT Output Capacitance TA= 25°C, f = 1 MHz 

Supply Voltage 

4.75 v ~Vee~ 5.25 v 
4.50 v ~Vee ~ 5.50 v 

Min Typ 

2.4 

2.0 

0.0 

10 

2.0 

Max 

0.4 

Vee 

0.8 

±20 

±20 

30 

10 

10 

12 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

pF 

pF 
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DEVICES INCORPORATED 16-bit Multilevel Pipeline Register 

I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C} Notes 9, 10 (ns) 

LPR200-
20 15 12 

Symbol Parameter Min Max Min Max Min Max 

tcvc ·Cycle Time 20 15 12 

tPW Clock Pulse Width 5 5 5 

tPD Clock to Output Delay 20 15 12 

tSEL Select to Output Delay 20 15 12 

tSI Instruction Setup Time 5 5 4 

tHI Instruction Hold Time 2 2 2 

tso Data Setup Time 4 4 3 

tHD Data Hold Time 2 2 1 

tsc Clock Enable Setup Time 5 5 5 • tHC Clock Enable Hold Time 2 2 2 

tDIS Three-State Output Disable Delay (Note 11) 10 9 8 

tENA Three-State Output Enable Delay (Note 11) 15 10 9 

SWITCHING WAVEFORMS 

y: ~~~~~~~~~~~~~* __ .f=-IDl_S:J~~~-H-IG-HIM-PE-~"~=:1 
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LPR200 

DEVICES INCORPORATED 16-bit Multilevel Pipeline Register 

I SWITCHING CHARACTERISTICS 

MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

LPR200-
20 15 

Symbol Parameter Min Max Min Max 

tcvc Cycle Time 20 15 

tPW Clock Pulse Width 6 5 

tPD Clock to Output Delay 20 15 

tSEL Select to Output Delay 20 15 

tSI Instruction Setup Time 6 5 

tHI Instruction Hold Time 3 2 

tso Data Setup Time 5 4 

tHD Data Hold Time 3 2 

tsc Clock Enable Setup Time 6 5 

tHC Clock Enable Hold Time 2 2 

tDIS Three-State Output Disable Delay (Note 11) 13 9 
---

tENA Three-State Output Enable Delay (Note 11) 13 10 

SWITCHING WAVEFORMS 

CLK fu c·~~ .____ 
D:: ==~g=: :EJL--~--tPw_m=l __ _ 

sE~-0 f-.---ts-EL--3--------x~------------~ 

y: -------------* __ F_to_is3 ____ H_IG-HIM-PE_~;-- ·~=J 
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DEVICES INCORPORATED 16-bit Multilevel Pipeline Register 

I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above Vee 
will be clamped beginning at-0.6 V and 
Vee+ 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of--0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tDIS test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in 
the testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actual test conditions may vary b. Ground and Vee supply planes 
from those designated but operation is must be brought directly to the DUT 
guaranteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated 
by: 

where 

NCV2F 
4 

N = total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 10 MHz clock 
rate. 

7. Tested with all inputs within 0.1 V of 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required DUT input 
levels relative to the DUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses 
from the internal circuitry are specified 
from the point of view of the device. 
Output delay, for example, is specified 
as a maximum since worst-case opera
tion of any device always provides data 
within that time. 

5·23 

11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the trns test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
± lOmA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

F1GURE A. OUTPUT loAOING CIRcurr 

FIGURE B. THRESHOLD LEVELS 

Vex.' Measured VOl with loo =-1DmA and IOl = 10mA 
Voo' Measured VOH with IOH = -10mA and IOl = 10mA 

01/16/97-LDS.P200-A 
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DEVICES INCORPORATED 

LPR200 - ORDERING INFORMATION 

48-pin 

11 48 12 
lo 47 13 

GEN 3 46 Yo 
45 Y1 

D1 5 44 Y2 
D2 6 43 V3 
D3 7 42 GND 
04 8 41 Y4 
Os 9 40 Vs 
06 10 39 Vs 
07 11 38 Y1 

GND 12 37 Vee 
Vee 13 36 GND 

Da 14 35 Ya 
09 15 34 yg 

010 16 33 Y10 
011 17 32 Y11 
012 18 31 GND 
D13 19 30 Y12 
014 20 29 Y13 
015 21 28 Y14 

SEL.2 22 27 Y1s 
SEL1 23 26 5E 
SELo 24 25 CLK 

Speed 
Plastic DIP 

(PS) 
Sidebraze Hermetic DIP 

(DS) 

20 ns 
15 ns 
12 ns 

20 ns 
15 ns 

0°C to +70°C - COMMERCIAL SCREENING 
LPR200PC20 
LPR200PC15 
LPR200PC12 

-:55°C to + 125°C - COMMERCIAL SCREENING 

-55°C to + 125°C-MIL-STD-883 COMPLIANT 
LPR200DMB20 
LPR200DMB15 

5-24 

LPR200 

16-bit Multilevel Pipeline Register 

52-pin 

lz (,) C\I ..... 0 w 0 ..... C\I (') 

ZCCCUB.::~!2>->->->-

NC 
GNO 
Y4 

06 Ys 

Y6 

Top Y1 

View 
Vee 
GNO 

09 Ya 

010 Y9 

011 Y10 

Y11 

GNO 

~ ~ ~ ~ ..:i .:l ~ 1w ~ ~ ~ ;:! u 
cccllillillidO>->->->-Z 

Plastic Leaded Chip Carrier 
(JS) 

LPR200JC20 
LPR200JC15 
LPR200JC12 

Ceramic Leadless 
Chip Carrier (K10) 

LPR200KMB20 
LPR200KMB15 

01 /16/97-LDS.P200-A 
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- Dual Pipeline Register 

~F_E_A_TU_R_E_S _____ ~I I DESCRIPTION 

D Dual 8-Deep Pipeline Register 
D Configurable to Single 16-Deep 
D Low Power CMOS Technology 
D Replaces AMO Am29525 
D Load, Shift, and Hold Instructions 
D Separate Data In and Data Out Pins 
D Three-State Outputs 
D DECC SMD No. 5962-91696 
D Available 100% Screened to 

MIL-STD-883, Class B 
D Package Styles Available: 

• 28-pin Plastic DIP 
• 28-pin Ceramic DIP 
• 28-pin Plastic LCC, J-Lead 
• 28-pin Ceramic LCC 

L29C525 BLOCK DIAGRAM 

07-0 
8 

11·0~ 
2 

CLK--+-

The L29C525 is a high-speed, low 
power CMOS pipeline register. It is 
pin-for-pin compatible with the AMD 
Am29525. The L29C525 can be 
configured as two independent 8-level 
pipelines or as a single 16-level 
pipeline. The configuration imple
mented is determined by the instruc
tion code (h-o) as shown in Table 2. 

The h-o instruction code controls the 
internal routing of data and loading of 
each register. For instruction h-o = 00 
(Push A and B), data applied at the 
07-0 inputs is latched into register AO 
on the rising edge of CLK. The 
contents of AO simultaneously move 
to register Al, Al moves to A2, and so 
on. The contents of register A7 are 
wrapped back to register BO. The 
registers on the B side are similarly 
shifted, with the contents of register 
B7 lost. 

~ 

5-25 

Instruction 11-o = 01 (Push B) acts 
s~milarly to the Push A and B 
instruction, except that only the B side 
registers are shifted. The input data is 
applied to register BO, and the 
contents of register B7 are lost. The 
contents of the A side registers are 
unaffected. Instruction h-o = 10 (Push 
A) is identical to the Push B 
instruction, except that the A side 
registers are shifted and the B side 
registers are unaffected. 

Instruction It-0 = 11 (Hold) causes no .. 
internal data movement. It is equiva-
lent to preventing the application of a 
clock edge to any internal register. 

The contents of any of the registers is 
selectable at the output through the 
use of the S3-0 control inputs. The 
independence of the I and S control 
lines allows simultaneous reading and 
writing. Encoding for the S3-0 controls 
is given in Table 3. 

AO 
A1 
A2 
A3 
A4 
AS 
A6 
A7 

Y1-o 
BO 8 
81 

OE 
82 
83 
84 
85 
86 
87 

$3.0 
4 

01 /15/97-LDS.29C525-E 
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DEVICES INCORPORATED Dual Pipeline Register 

TABLE 1. REGISTER LOAD OPERATIONS 

Single 16 Level Dual 8 Level 

Push A and B Push B Push A Hold All Registers 

HOLD HOLD HOLD HOLD 

AO BO AO BO AO BO AO BO 
A1 B1 A1 B1 A1 B1 A1 B1 
A2 B2 A2 B2 A2 B2 A2 B2 
A3 B3 A3 B3 A3 B3 A3 B3 
A4 B4 A4 B4 A4 B4 A4 B4 
A5 B5 A5 B5 A5 B5 A5 B5 
A6 B6 A6 B6 A6 B6 A6 B6 
A7 B7 A7 B7 A7 B7 A7 B7 

TABLE 2. INSTRUCTION SET TABLE 3. OUTPUT SELECT 

Inputs S3 S2 S1 So Y1-o 

Mnemonics 11 lo Description 0 0 0 0 AO 

Shift 0 0 Push A and B 0 0 0 1 A1 

LOB 0 1 Push B 0 0 1 0 A2 

LOA 1 0 Push A 0 0 1 1 A3 

HLO 1 1 Hold All Registers 0 1 0 0 A4 

0 1 0 1 A5 

0 1 1 0 A6 

0 1 1 1 A7 

1 0 0 0 BO 

1 0 0 1 B1 

1 0 1 0 B2 

1 0 1 1 B3 

1 1 0 0 B4 

1 1 0 1 B5 

1 1 1 0 B6 

1 1 1 1 B7 
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DEVICES INCORPORATED Dual Pipeline Register 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature ........................................................................................................... -65°C to + 150°C 

Operating ambient temperature .......................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground .......................................................................... -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs............................................................................................................. 25 mA 

Latch up current ............................................................................................................................... > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to + 125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee= Min., IOH =-12 mA 

VOL Output Low Voltage Vee= Min., IOL = 24 mA 

VlH Input High Voltage 

VIL Input Low Voltage (Note3) 

llX Input Current Ground~ VIN~ Vee (Note 12) 

loz Output Leakage Current Ground ~ VouT ~ Vee (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note7) 

Supply Voltage 
4.75 v ~Vee~ 5.25 v 
4.50 v ~ Vee ~ 5.50 v 

Min Typ 

2.4 

2.0 

0.0 

10 

Max 

0.5 

Vee 

0.8 

±20 

±20 

35 

1.0 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 
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DEVICES INCORPORATED Dual Pipeline Register 

I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

L29C525-
20 15 

Symbol Parameter Min Max Min Max 

tPD Clock to Output Delay 20 15 

tSEL Select to Output Delay 20 15 

tPW Clock Pulse Width 12 10 

tsD Data Setup Time 7 5 

tHD Data Hold Time 0 0 

tSI Instruction Setup Time 7 5 
tHI Instruction Hold Time 2 2 

tENA Three-State Output Enable Delay (Note 11) 15 15 
tDIS Three-State Output Disable Delay (Note 11) 13 13 

MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

L29C525-
25 20 

Symbol Parameter Min Max Min Max 

tPD Clock to Output Delay 25 20 

tSEL Select to Output Delay 25 20 
tPW Clock Pulse Width 12 12 

tso Data Setup Time 7 7 

tHD Data Hold Time 2 2 

ts1 Instruction Setup Time 7 7 

tHI Instruction Hold Time 2 2 

tENA Three-State Output Enable Delay (Note 11) 15 15 

tDIS Three-State Output Disable Delay (Note 11) 13 13 

SWITCHING WAVEFORMS 

1-tso tHD-

07-0 * * 1--tSI tHI-

11-o * * tPW 
_, 

tPW 

~ { y CLK 

f--tPD-

f tSEL I 

83-0 

i-to1s-=J 

~ 
~tENA 

* 
~ HIGH IMPEDANCE ~ 
J "" 

Y1-o 
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DEVICES INCORPORATED 

I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above Vee 
will be clamped beginning at-0.6 Vand 
Vee + 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of-0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tDIS test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in 
the testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actual test conditions may vary b. Ground and Vee supply planes 
from those designated but operation is must be brought directly to the DUT 
guaranteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated 
by: 

where 

NCV2F 
4 

N = total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 5 MHz clock 
rate. 

7. Tested withallinputswithin0.1 Vof 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required DUT input 
levels relative to the DUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses 
from the internal circuitry are specified 
from the point of view of the device. 
Output delay, for example, is specified 
as a maximum since worst-case opera
tion of any device always provides data 
within that time. 

L29C525 

Dual Pipeline Register 

11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the tms test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
± 1 OmA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. OUlPUT loADING CIRCUIT 

FIGURE B. THRESHOLD LEVELS 

Ve:;..• Measured VOl with JOH= -10mA and JoL = 10mA 
VoH• Measured VoH with JOH =-10mA and JoL= 10mA 

~~~~~~~~~~~~~~~~~~~~~~~Pipeline Registers 
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_...._.....~_..._.,.. L29C525 
DEVICES INCORPORATED Dual Pipeline Register 

ORDERING INFORMATION 

28-pin - 0.3" wide 28-pin - 0.4" wide 

S1 [ 1 'J 28 p S2 S1 q 1 'J 28 p 82 

So [ 2 27 P S3 So [j 2 27 P S3 
Do [ 3 26 p Yo Do ~ 3 26 lJ Yo 
01 [ 4 25 IJ Y1 01 Cl 4 25 P Y1 
02 [ 5 24 P Y2 02 [ 5 24 P Y2 
03 [ 6 23 p Y3 03 0 6 23 P Y3 

Vee [ 7 22 p Vee Vee [ 7 22 p Vee 
GND [ 8 21 D GND GND C 8 21 P GND 

04 [ 9 20 P OE 04 c 9 20 P OE 
Os [ 10 19 P Y4 Os [ 10 19 P Y4 
06 [ 11 18 P Ys 06 0 11 18 P Ys 
07 [ 12 17 P Y6 07 [ 12 17 P Y6 
lo [ 13 16 P Y1 lo [ 13 16 P Y7 

CLK [ 14 15 p 11 CLK [ 14 15 p 11 

Plastic DIP Ceramic DIP Ceramic DIP 
Speed {P10) (CS) (C10) 

0°C to +70°C- COMMERCIAL SCREENING 
20 ns L29C525PC20 L29C525CC20 L29C5251C20 
15 ns L29C525PC15 L29C525CC15 L29C5251C15 

-55°C to + 125°C - COMMERCIAL SCREENING 
25 ns L29C525CM25 L29C5251M25 
20 ns L29C525CM20 L29C5251M20 

-55°C to +125°C- MIL-STD-883 COMPLIANT 
25 ns L29C525CMB25 L29C5251MB25 
20 ns L29C525CMB20 L29C5251MB20 
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DEVICES INCORPORATED 

ORDERING INFORMATION 

28-pin 

Plastic J-Lead Chip Carrier 
Speed (J4) 

Ceramic Leadless 
Chip Carrier (K1) 

0°C to +70°C - COMMERCIAL SCREENING 
20 ns L29C525JC20 
15 ns L29C525JC15 

-55°C to +125°C- COMMERCIAL SCREENING 

25 ns 
20 ns 

-SSC>C to+ 12s0 c - MIL·STD-883 COMPLIANT 
L29C525KMB25 
L29C525KMB20 

L29C525 

Dual Pipeline Register 

• 
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- 4/8-bit Variable Length Shift Register 

,__.F_E_A_TU_R_E_S ____ __.l I DESCRIPTION 

0 Variable Length 4 or 8-bit Wide 
Shift Register 

0 Selectable Delay Length from 3_ to 
18 Stages 

0 Low Power CMOS Technology 
0 Replaces TRW /Raytheon TMC2011 
0 Load, Shift, and Hold Instructions 
0 Separate Data In and Data Out Pins 
0 DECC SMD No. 5962-96793 
0 Available 100% Screened to 

MIL-STD-883, Class B 
0 Package Styles Available: 

• 24-pin Plastic DIP 
• 24-pin Ceramic DIP 
• 28-pin Plastic LCC, J-Lead 
• 28-pin Ceramic LCC 

L 1 OC11 BLOCK DIAGRAM 

4 
03-0 

CLK ----. 

4 
L3-o 

MODE 

4 
07-4 

The L10C11 is a high-speed, low 
power CMOS variable length shift 
register. The LlOCl 1 consists of two 
4-bit wide, adjustable length shift 
registers. These registers share control 
signals and a common clock. Both 
shift registers can be programmed 
together to any length from 3 to 18 
stages inclusive, or one register can be 
fixed at 18 stages of delay while the 
other is variable. The configuration 
implemented is determined by the 
Length Code (L3-0) and the MODE 
control line as shown in Table 1. 

Each input is applied to a chain of 
registers which are clocked on the 
rising edge of the common CLK input. 
These registers are numbered Rl 
through R17 and Rl' through R17', 
corresponding to the D3-0 and D7-4 
data fields respectively. A multi
plexer serves to route the contents of 
any of registers R2 through R17 to the 
output register, denoted R18. A 
similar multiplexer operates on the 
contents of R2' through R17' to load 

• • • 

• • • 

5-33 

R18'. Note that the minimum-length 
path from data inputs to outputs is Rl 
to R2 to R18, consisting of three stages 
of delay. 

The MODE input determines whether 
one or both of the internal shift 
registers have variable length. When 
MODE = 0, both D3-0 and D7-4 are 
delayed by an amount which is 
controlled by L3-0. When MODE = 1, 
the D7-4 field is delayed by 18 stages 
independent of L3-0. 

The Length Code (L3-0) controls the .. 
number of stages of delay applied to 
the D inputs as shown in Table 1. 
When the Length Code is 0, the inputs 
are delayed by 3 clock periods. When 
the Length Code is 1, the delay is 4 
clock periods, and so forth. The 
Length Code and MODE inputs are 
latched on the rising edge of CLK. 
Both the Length Code and MODE 
values may be changed at any time 
without affecting the contents of 
registers Rl through R17 or Rl' 
through R17'. 

R17 

R16 

R15 

• 
• Y3-o 

• 
R4 

R3 

R2 

R17' 

R16' 

R15' 

• 
• Y1-4 

• 
R4' 

R3' 

R2' 

Pipeline Registers 
01/15/97-LDS.11-J 
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DEVICES INCORPORATED 

TABLE 1. CONTROL ENCODING 

Length Code Mode=O Mode= 1 

Delay Delay 

L3 L2 L1 Lo V3-0 V7-4 Y3-0 Y1-4 

0 0 0 0 3 3 3 18 

0 0 0 1 4 4 4 18 

0 0 1 0 5 5 5 18 

0 0 1 1 6 6 6 18 

0 1 0 0 7 7 7 18 

0 1 0 1 8 8 8 18 

0 1 1 0 9 9 9 18 

0 1 1 1 10 10 10 18 

1 0 0 0 11 11 11 18 

1 0 0 1 12 12 12 18 

1 0 1 0 13 13 13 18 

1 0 1 1 14 14 14 18 

1 1 0 0 15 15 15 18 

1 1 0 1 16 16 16 18 

1 1 1 0 17 17 17 18 

1 1 1 1 18 18 18 18 

L10C11 

4/8-bit Variable Length Shift Register 

MAXIMUM RATINGS 

Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature . ... ... ..... ... ..... .... ..... ....... .... .... . . ....... -65°C to + 150°C 

Operating ambient temperature..................................... -55°C to+ 125°C 

Vee supply voltage with respect to ground ...................... -0.5 V to +7.0 V 

Input signal with respect to ground .................................. -3.0 V to +7.0 V 

Signal applied to high impedance output ......................... -3.0 V to +7.0 V 

Output current into low outputs ....................................................... 25 mA 

Latchup current ......................................................................... > 400 mA 

OPERATING CONDITIONS 

To meet specified electrical and switching characteristics 

Mode 

Active Operation, Com. 

Active Operation, Mil. 

Temperature Range 

0°c to +70°C 

-55°C to +125°C 

Supply Voltage 

4.i5 v $;Vee$; 5.25 v 
4.50 V $; Vee $; 5.50 v 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition Min Typ Max Unit 

VOH Output High Voltage Vee= Min., IOH =-12 mA 2.4 v 

VOL Output Low Voltage Vee= Min., IOL = 24 mA 0.5 v 

VlH Input High Voltage 2.0 Vee v 

VIL Input Low Voltage (Note3) 0.0 0.8 v 

llX Input Current Ground$; VIN$; Vee (Note 12) ±20 µA 

lee1 Vee Current, Dynamic (Notes 5, 6) 10 20 mA 

lee2 Vee Current, Quiescent (Note 7) 1.0 mA 

5-34 01/15/97-LDS.11·J 
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DEVICES INCORPORATED 4/8-bit Variable Length Shift Register 

I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

Symbol Parameter Min 

tPD Output Delay 

tPW Clock Pulse Width 15 

tSD Data Setup Time 20 

tHD Data Hold Time 2 

tSL L3-o, MODE Setup Time 20 

tHL L3-0, MODE Hold Time 2 

MILITARY OPERATING RANGE (-55°C to + 125°C) Notes 9, 10 (ns) 

Symbol Parameter 

tPD Output Delay 

tPW Clock Pulse Width 

tSD Data Setup Time 

tHD Data Hold Time 

tSL L3-0, MODE Setup Time 

tHL L3-o, MODE Hold Time 

SWITCHING WAVEFORMS 

07-0 

L3-o 
MODE 

CLK 

Y1-o 

* 
* 

Min 

15 

25 

2 

25 

2 

tsD tHD --I 

* tSL tHL-i 

-* 
tPW 

J_ 

{ .T 
tPD 

5-35 

L10C11-
25 20 15 

Max Min Max Min Max 

25 20 15 

12 10 

10 8 

0 0 

10 a· 
0 0 

L10C11-
30 25 20 

Max Min Max Min Max 

30 25 20 

12 12 

10 10 

2 0 

10 10 

2 0 

tPW 1' 
t 
* 

01/15/97-LDS.11-J 
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DEVICES INCORPORATED 4/8-bit Variable Length Shift Register 

I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above Vee 
will be clamped beginning at-0.6 V and 
Vee + 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of -0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tDIS test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/turn-off times. 
As a result, care must be exercised in 
the testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actual test conditions may vary b. Ground and Vee supply planes 
from those designated but operation is must be brought directly to the DUT 
guaranteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated 
by: 

where 

NCV2F 
4 

N =total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 5 MHz clock 
rate. 

7. Testedwithallinputswithin0.1 Vof 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required DUT input 
levels relative to the DUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses 
from the internal circuitry are specified 
from the point of view of the device. 
Output delay, for example, is specified 
as a maximum since worst-case opera
tion of any device always provides data 
within that time. 

11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the trns test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
± 1 OmA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. OlfTPUT LOADING CIRCUIT 

FIGURE B. THRESHOLD LEVELS 

VOL' Measured VOL with IOH = -10mA and loL = 10mA 

VOH' Measured VOH with loH = -10mA and IOL= 10mA 

~~~~~~~~~~~~~~~~~~~~~~~~Pipeline Registers 
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L10C11 
DEVICES INCORPORATED 4/8-bit Variable Length Shift Register 

ORDERING INFORMATION 

24-pin - 0.3" wide 24-pin - 0.6" wide 

Do [ 1 --.;;;;;T24 IJ Yo Do [ 1 
'-' 

24 b Yo 
01 [ 2 23 p Y1 01 [ 2 23 b Y1 
02 [ 3 22 p Y2 02 [ 3 22 b Y2 
03 [ 4 21 p Y3 03 [ 4 21 b Y3 
Lo [ 5 20 p L2 Lo [ 5 20 b L2 
L1 [ 6 19 p L3 L1 [ 6 19 IJ L3 

Vee [ 7 18 p GND Vee [ 7 18 IJ GND 
CLK [ 8 17 IJ MODE CLK [ 8 17 p MODE 

04 [ 9 16 IJ Y4 04 [ 9 16 p Y4 

Os [ 10 15 IJ Vs Os [ 10 15 p Vs 

06 [ 11 14 b Y6 06 [ 11 14 p Y6 

07 [ 12 13 b Y7 07 [ 12 13 p Y7 

Plastic DIP Ceramic DIP Plastic DIP 
Speed (P2) (C1) (P1) 

0°C to +70°C- COMMERCIAL SCREENING 
25 ns L 10C11PC25 L 10C11 CC25 L 10C11NC25 
20 ns L 10C11 PC20 L 10C11CC20 L 10C11 NC20 
15 ns L 10C11 PC15 L10C11CC15 L10C11NC15 

-55°C to +125°C - COMMERCIAL SCREENING 
30 ns L 10C11CM30 
25 ns L10C11CM25 
20 ns L 10C11CM20 

-55°C to +125°C- MIL-STD-883 COMPLIANT 
30 ns L 1 OC11 CMB30 
25 ns L 1 OC11 CMB25 
20 ns L 1 OC11 CMB20 
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DEVICES INCORPORATED 

ORDERING INFORMATION 

28-pin 

C\J ,... 0 0 ,... C\J (I') 

0 0 0 >- >- >- >-

(

- J""'\.~ . .I""\..~ 4 3 2 r1': 2a 27 26 ) 
D3 )5 :.1 25~ NC 
Lo )6 24) L2 

L1 >1 23) L3 
Vee >a Top 22) GND 

CLK > 9 View 21) GND 

D4 > 10 20) MODE 
NC >11 19) NC 
~~iuz.;a 

lC'> CO ,...... ,...... CO LO .q-
0 0 0 >- >- >- >-

Plastic J-Lead Chip Carrier Ceramic Leadless 
Chip Carrier (K1) Speed (J4) 

0°c to +70°C - COMMERCIAL SCREENING 
25 ns L 10C11JC25 
20 ns L10C11JC20 
15 ns L10C11JC15 

-55°C to + 125°C - COMMERCIAL SCREENING 

30 ns 
25 ns 
20 ns 

-55°C to + 125°C - MIL-STD-883 CoMPLtANT 
L 1 OC11 KMB30 
L 1 OC11 KMB25 
L 1 OC11 KMB20 

L 10C11 

4/8-bit Variable Length Shift Register 

5-38 01/15/97-LDS.11-J 



_:_===..::::-.:~ · · .. -L-21-e-1-1-- - -- --- -,__....,........._._~ 

_...._.....~-~ 

. -· _. . · ,.8-bit Variable Length Shift Register . 

.__F_E_A_TU_R_E_S ____ ___.I I DESCRIPTION 

0 Variable Length 8-bit Wide Shift 
Register 

0 Selectable Delay Length from 1 to 
16 Stages 

0 Low Power CMOS Technology 
0 Replaces TRW /Raytheon TMC2111 
0 Load, Shift, and Hold Instructions 
0 Separate Data In and Data Out Pins 
0 DECC SMD No. 5962-96793 
0 Available 100% Screened to 

MIL-STD-883, Class B 
0 Package Styles Available: 

• 24-pin Plastic DIP 
• 24-pin Ceramic DIP 
• 28-pin Plastic LCC, J-Lead 
• 28-pin Ceramic LCC 

L21 C11 BLOCK DIAGRAM 

8 
D1-o 

CLK ___. TO ALL REGISTERS 

The L21C11 is a high-speed, low 
power CMOS variable length shift 
register. It consists of a single 8-bit 
wide, adjustable length shift regis
ter. The shift register can be pro
grammed to any length from 1to16 
stages inclusive. The length of the 
shift register is determined by the 
Length Code (L3-0) as shown in 
Table 1. 

The data input is applied to a chain 
of registers which are clocked on the 
rising edge of the CLK input. These 
registers are numbered Rl through 
R15. A multiplexer serves to route 
the contents of any register, Rl 
through R15, or the data input, D7-0, 
to the output register, denoted R16. 
Note that the minimum-length path 
from data input to output is through 
R16, consisting of a single stage of 
delay. 

• • • 
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The Length Code (L3-0) controls the 
number of delay stages applied to the 
D7-0 inputs as shown in Table 1. 
When the Length Code is 0, the input 
is delayed by 1 clock period. When 
the Length Code is 1, the delay is 2 
clock periods, and so forth. The 
Length Code inputs are latched on the 
rising edge of CLK. The Length Code 
value may be changed at any time 
without affecting the contents of 
registers Rl through R15.· 

R15 

R14 

R13 

• 
• 
• Y1-o 

R3 

R2 

R1 

01/15/97-LDS.21C11-D 
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DEVICES INCORPORATED 

TABLE 1. CONTROL ENCODING 

Length Code Delay 

L3 L2 L1 Lo Y1-o 

0 0 0 0 1 

0 0 0 1 2 

0 0 1 0 3 

0 0 1 1 4 

0 1 0 0 5 

0 1 0 1 6 

0 1 1 0 7 

0 1 1 1 8 

1 0 0 0 9 

1 0 0 1 10 

1 0 1 0 11 

1 0 1 1 12 

1 1 0 0 13 

1 1 0 1 14 

1 1 1 0 15 

1 1 1 1 '16 

L21C11 

8-bit Variable Length Shift Register 

MAXIMUM RATINGS 

Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature ..................................................... -65°C to+ 150°C 

Operating ambient temperature..................................... -55°C to + 125°C 

Vee supply voltage with respect to ground ...................... -0.5 V to +7.0 V 

Input signal with respect to ground .................................. -3.0 V to +7.0 V 

Signal applied to high impedance output ......................... -3.0 V to +7.0 V 

Output current into low outputs ....................................................... 25 mA 

Latch up current ......................................................................... > 400 mA 

OPERATING CONDITIONS 

To meet specified electrical and switching characteristics 

Mode Temperature Range 

Active Operation, Com. 0°c to +70°C 

Active Operation, Mil. -55°C to + 125°C 

Supply Voltage 

4.75 V ~Vee~ 5.25 v 
4.50 v ~Vee ~ 5.50 v 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition Min Typ Max Unit 

VOH Output High Voltage Vee= Min., IOH =-12 mA 2.4 v 

VOL Output Low Voltage Vee= Min., IOL = 24 mA 0.5 v 

VIH Input High Voltage 2.0 Vee v 

VIL Input Low Voltage (Note 3) 0.0 0.8 v 

llX Input Current Ground~ VIN~ Vee (Note 12) ±20 µA 

lee1 Vee Current, Dynamic (Notes 5, 6) 10 20 mA 

lee2 Vee Current, Quiescent (Note?) 1.0 mA 
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DEVICES INCORPORATED 8-bit Variable Length Shift Register 

I SWITCHING CHARACTERISTICS 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

L21C11-
25 20 15 

Symbol Parameter Min Max Min Max Min Max 

tPD Output Delay 25 20 15 

tPW Clock Pulse Width 15 12 10 

tso Data Setup Time 20 10 8 

tHD Data Hold Time 2 0 0 

tSL Length Code Setup Time 20 10 8 

tHL Length Code Hold Time 2 0 0 

MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

L21C11-
30 25 20 

Symbol Parameter Min Max Min Max Min Max 

tPD Output Delay 30 25 20 

tPW Clock Pulse Width 15 12 12 

tso Data Setup Time 25 10 10 

tHD Data Hold Time 2 2 0 

tSL Length Code Setup Time 25 10 10 

tHL Length Code Hold Time 2 2 0 

SWITCHING WAVEFORMS 

tsD tHD-

07-0 * * tSL tHL-

L3-o * * tPW .1 tPW J 

{ } x CLK 

tPD ~ 
* Y7-o 
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I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above Vee 
will be clamped beginning at-0.6 Vand 
Vee+ 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of-0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tDIS test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in 
the testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actual test conditions may vary b. Ground and Vee supply planes 
from those designated but operation is must be brought directly to the DUT 
guaranteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated 
by: 

where 

NCV2F 
4 

N = total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 5 MHz clock 
rate. 

7. Tested withallinputswithin0.1 Vof 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required DUT input 
levels relative to the DUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses 
from the internal circuitry are specified 
from the point of view of the device. 
Output delay, for example, is specified 
as a maximum since worst-case opera
tion of any device always provides data 
within that time. 

5-42 

11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the tDIS test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
±10mA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. OUTPUT LOADING CIRCUIT 

FIGURE B. THRESHOLD LEVELS 

VoL• Measured VoL with loH = -10mA and loL = 10mA 
VoH' Measured VoH with loH = -1 OmA and loL = 1 OmA 
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DEVICES INCORPORATED 

ORDERING INFORMATION 

24-pin - 0.3" wide 

\,J 

Do q 1 24 p Yo 
01 q 2 23p Y1 

02 q 3 22 p Y2 

03 q 4 21 p Y3 

Lo qs 20p L2 
L1 q 6 19 tJ L3 

Vee [ 7 mp GND 

CLK [ 8 17IJ GND 

04 [ 9 16 P Y4 

Os [ 10 15 p Ys 

06 [ 11 14p Y6 
07 [ 12 13p Y7 

Plastic DIP Ceramic DIP 
Speed (P2) (C1) 

0°c to +70°C-CoMMERCIAL SCREENING 
25 ns L21C11PC25 
20 ns L21C11 PC20 
15 ns L21C11 PC15 

-55°C to + 125°C - COMMERCIAL SCREENING 
30 ns L21 C11 CM30 
25 ns L21C11CM25 
20 ns L21 C11 CM20 

-55"C to + 125°C - MIL-STD-883 CoMPLIANT 
30 ns 
25 ns 
20 ns 

L21 C11 CMB30 
L21 C11 CMB25 
L21 C11 CMB20 

5-43 

L21C11 

8-bit Variable Length Shift Register 

28-pin 

C\I T- 0 0 T- C\J C') 

Cl Cl Cl >- >- >- >-

(~ ';~11fYa~26) 
03 ?s :_~ 25~ NC 

Lo ()6 24~ L2 
L1 )7 23r' L3 

Vee >a Top 22~ GNO 

CLK >9 View 21) GND 

04 >10 20) GNO 
NC )11 19 NC 

( 12 ~.~ 15 16 17.~ ) ._....,.....,....., .....,....., ....., """ 
LO CD ........ ........ (0 LO q-
Q Cl Cl >- >- >- >-

Plastic J-Lead Chip Carrier Ceramic Leadless 
(J4) 

L21C11JC25 
L21C11JC20 
L21C11JC15 

Chip Carrier (K1) 

L21 C11 KMB30 
L21 C11 KMB25 
L21 C11 KMB20 

01/15/97-LDS.21e11-D 

II 



...-.. ~-...-... -~ ....---...--. - - _ .. ___ -- ------ --~-......--~ -----
DEVICES INCORPORATED 



-~§~~~··· ···- ··--· .. ---- ~ ........ _ ----·-···---·-----·--------'-------··--&29Ga~~a~ 
_..._..,..~-.......... . •' 

~ ~ . 8-bit Serial Scan_ Shadow. Registe~ :: 

.__F_E_A_TU_R_E_S ______ I I DESCRIPTION 

Cl Octal Register with Additional 8-bit 
Shiftable Shadow Register 

a Serial Load/Verify of Writable 
Control Store RAM 

a Serial Stimulus/Observation of 
Sequential Logic 

a High-Speed, Low Power CMOS 
Technology 

Cl Replaces AMD Am29818 
Cl DECC SMD No. 5962-90515 
Cl Available 100% Screened to 

MIL-STD-883, Class B 
Cl Package Styles Available: 

• 24-pin Plastic DIP 
• 24-pin Sidebraze, Hermetic DIP 
• 28-pin Ceramic LCC 

L29C818 BLOCK DIAGRAM 

The L29C818 is a high-speed octal 
register designed especially for 
applications using serial-scan diagnos
tics or writable control store. It is pin 
and functionally compatible with the 
AMD Am29818 bipolar device. 

The L29C818 consists of an octal 
register, the P register, internally 
connected to an 8-bit shift register, the 
S register. Each has its own corres
ponding clock pin and the P register 
has a three-state output control. 

An input control signal, MODE, in 
combination with the S register serial 
data input (SDI) pin controls data 
routing within the L29C818. When 
the MODE input is LOW, indicating 
normal operation, data present on the 
D7-0 pins is loaded into the P register 
on the rising edge of CLK P. The 
contents of the P register are visible on 
the output pins Y7-0 when the OE 
control line is LOW. 

SDl----- 1------+-- SDO 

CLK S ---+-+---I> S REGISTER 

MODE ---1~-t---.t 

CLKP--------o 

5E ----------o.' 

Y7-o 

Yo 

So 

Also, data present on the SDI pin is 
loaded into the least significant 
position of the S register on the rising 
edge of CLK S. In this mode, the S 
register performs a right-shift opera
tion with the contents of each bit 
position replaced by the value in the 
next least significant location. The 
value in S7 is shifted out on the serial 
data output (SDO) pin. The SDI and 
SDO pins allow serial connection of 
multiple L29C818 devices into a 
diagnostic loop. When MODE is 
LOW, the operation of the P and S 
registers are completely independent 
and no timing relationship is enforced 
between CLK P and CLK S. 

When MODE is HIGH, the internal 
multiplexers route data between the S 
and P registers and the Y port. The 
contents of the S register are loaded 
into the P register on the rising edge of 

Y1 Y7 

SDO 

S1 S7 

S REGISTER 

===============================================Shadow Registers 
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DEVICES INCORPORATED 

CLK P. In diagnostic applications, this 
allows a data value input via serial 
scan to be loaded into the active data 
path of the machine. 

When the MODE pin is HIGH, CLK S 
causes a parallel, rather than serial, 
load of the S register. In this mode, 
the S register is loaded from the Y7-0 
pins at the rising edge of CLK S. This 
is useful in writable control store 
applications for read-back of the 
control store via the serial path. 

When MODE is HIGH, the SDI pin is 
used as a control input to enable or 
disable the loading of the S register. It 
also affects routing of the S register 
contents onto the D7-0 outputs. When 
SDI is LOW, the S register is enabled 
for loading as above. When SDI is 
HIGH however, CLK Sis prevented 
from reaching the S register and no 
load occurs. In order to allow the SDI 
pin to serve as an enable signal for all 
L29C818 devices in a serial configura
tion, special handling of the SDI input 

TABLE 1. FUNCTION TABLE 

Inputs 

MODE SDI CLKS CLKP 

0 x _J x 
0 x x _J 

1 0 _J x 
1 1 _J x 
1 x x _J 

L29C818 

8-bit Serial Scan Shadow Register 

is required. When MODE is HIGH, 
the SDI input drives the SDO output 
directly, bypassing the S register. This 
means that the SDI value will apply 
simultaneously to all L29C818s in a 
serial loop. However, to ensure 
proper operation of a given device, 
the user must ensure that the SDI 
setup time to CLK S is extended by 
the sum of the SDI to SDO delays of 
all previous devices in the serial path. 

The D7-0 port is normally used as the 
input port to the D register. For 

D output remains enabled until the 
first rising edge of CLK S during 
which either SDI or MODE is LOW. 
Thus to load a control store RAM, 
data would be shifted in with MODE 
LOW. When an entire control store 
word is present in the serial S regis
ters, the SDI and MODE pins are 
brought HIGH for one or more cycles, 
preventing further shifting of the S 
registers and enabling the contents 
onto the D port for writing into the 
RAM. 

writable control store applications To verify the contents of a control 
however, this port is connected to the store RAM, the RAM is read into the 
1/0 pins of the RAM used as a control D register in the normal fashion. 
store. In order to load this RAM Then, the D contents are transferred in 
through the serial path, it is necessary parallel to the S register by driving 
to drive the S register contents onto MODE HIGH with SDI LOW. The S 
the D7-0 pins. This is accomplished register contents are then scanned out 
when MODE and SDI are HIGH and a serially by returning MODE LOW and 
CLK S rising edge occurs. Note from applying CLK S pulses. 
above that with SDI HIGH, no loading 
of the S register occurs. However, a 
flip-flop is set which synchronously 
enables the D port output buffer. The 

Outputs Action 

PREG SREG Y1-o D7-0 SDO 

N/A SHIFT Normal Hl-Z S1 

LOADD N/A Normal Input S1 

N/A LOADY Input* Hl-Z SDI 

N/A HOLD Normal Output SDI 

LOADS N/A Normal Hl-Z SDI 

*If OE is LOW, the P register value will be loaded into the S register. If OE is HIGH, a value may be applied externally to the Y1-o pins. 

5-46 01/15/97-LDS.818-I 



L29C818 
DEVICES INCORPORATED 8-bit Serial Scan Shadow Register 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2, 3, 8) 

Storage temperature ............................................................................................................ -65°C to +150°C 

Operating ambient temperature .......................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground .......................................................................... -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latchup current ............................................................................................................................... > 400 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to + 125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 4) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee= Min., IOH =-12.0 mA 

VOL Output Low Voltage Vee= Min., IOL = 24.0 mA 

VIH Input High Voltage 

VIL Input Low Voltage (Note 3) 

llX Input Current Ground :5 VIN :5 Vee (Note 12) 

loz Output Leakage Current Ground :5 VouT :5 Vee (Note 12) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note7) 

Supply Voltage 
4.75 v::;; Vee::;; 5.25 v 
4.50 v ::;; Vee ~ 5.50 v 

Min Typ 

2.4 

2.0 

0.0 

10 

Max 

0.5 

Vee 

0.8 

±20 

±20 

15 

1.0 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

===================================================================== Shadow Registers 
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DEVICES INCORPORATED 8-bit Serial Scan Shadow Register 

I SWITCHING CHARACTERISTICS - NORMAL REGISTER OPERATION 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

L29C818-
25 15 

Symbol Parameter Min Max Min Max 

tPWP CLK P Pulse Width 15 10 

tPDY CLK P to Y7-0 13 9 

tSDP D7-o to CLK P Setup Time 8 6 

tHDP CLK P to D7-0 Hold Time 2 2 

tSMP MODE to CLK P Setup Time 15 15 

tHMP CLK P to MODE Hold Time 2 2 

tENA Three-State Output Enable Delay (Note 11) 25 25 

tDIS Three-State Output Disable Delay (Note 11) 15 15 

MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

L29C818-

30 24 
Symbol Parameter Min Max Min Max 

tPWP CLK P Pulse Width 15 15 

tPDY CLK P to Y7-0 18 12 

tSDP D7-o to CLK P Setup Time 10 8 

tHDP CLK P to D7-0 Hold Time 2 2 

tSMP MODE to CLK P Setup Time 15 15 

tHMP CLK P to MODE Hold Time 2 2 

tENA Three-State Output Enable Delay (Note 11) 30 30 

tDIS Three-State Output Disable Delay (Note 11) 20 20 

SWITCHING WAVEFORMS- NORMAL REGISTER OPERATION 

MODE -----
07-0 -----../ 

tSDP ----<~--- tHDP 

CLKP 
----------~ 

HIGH IMPEDANCE 

tDJS 
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I SWITCHING CHARACTERISTICS - SERIAL SHIFT OPERATION 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

L29C818-
25 15 

Symbol Parameter Min Max Min Max 

tPWS CLK S Pulse Width 25 15 

tDsso CLK S to SDO 25 25 

tSSIS SDI to CLK S Setup Time 10 10 

tHSSI CLK S to SDI Hold Time 0 0 

tSMS MODE to CLK S Setup Time 12 12 

tHSM CLK S to MODE Hold Time 2 2 

tDMSO MODEtoSDO 16 16 

tDSISO SDI to SDO 16 15 

MILITARY OPERATING RANGE (-55°C to + 125°C) Notes 9, 1 o (ns) 

L29C818-
30 24 

Symbol Parameter Min Max Min Max 

tPWS CLK S Pulse Width 25 25 

tDsso CLK S to SDO 30 30 

tSSIS SDI to CLK S Setup Time 12 12 

tHSSI CLK S to SDI Hold Time 0 0 

tSMS MODE to CLK S Setup Time 12 12 

tHSM CLK S to MODE Hold Time 5 5 

tDMSO MODEtoSDO 18 18 

tDSISO SDI to SDO 18 18 

SWITCHING WAVEFORMS- SERIAL SHIFT OPERATION 

MODE 

tSMS 

SDI ••• 

CLKS ••• 

SDO ••• 

======================================================================= Shadow Registers 
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I SWITCHING CHARACTERISTICS - PIPELINE LOAD FROM SHADOW 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

L29C818-
25 15 

Symbol Parameter Min Max Min Max 

tSMP MODEtoCLK P 15 15 

tHPM CLK P to MODE Hold Time 2 2 

tSSP CLKS to CLK P 10 10 

MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

L29C818-
30 24 

Symbol Parameter Min Max Min Max 

tSMP MODEtoCLK P 15 15 

tHPM CLK P to MODE Hold Time 2 2 

tSSP CLKSto CLK P 15 15 

SWITCHING WAVEFORMS.:__ PIPELINE LOAD FROM SHADOW 

MODE t J tSMP 

J 
tHPM 

CLKP 

tssP 

CLKS 

====================================================== Shadow Registers 
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L29C818 
DEvicEs iNcoRPoRATED 8-bit Serial Scan Shadow Register 

I SWITCHING CHARACTERISTICS - SHADOW LOAD FROM y PORT 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

L29C818-
25 15 

Symbol Parameter Min Max Min Max 

ts vs Y7-o to CLK S Setup Time 5 5 

tHSY CLK S to Y7-o Hold Time 5 5 

tSMS MODE to CLK S Setup Time 12 12 

tHSM CLK S to MODE Hold Time 2 2 

tSSIS SDI to CLK S Setup Time 10 10 

tHSSI CLK S to SDI Hold Time 0 0 

MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

L29C818-
30 24 

Symbol Parameter Min Max Min Max • ts vs Y7-o to CLK S Setup Time 5 5 

tHSY CLK S to Y7-o Hold Time 5 5 

tSMS MODE to CLK S Setup Time 12 12 

tHSM CLK S to MODE Hold Time 5 5 

tSSIS SDI to CLK S Setup Time 12 12 

tHSSI CLK S to SDI Hold Time 0 0 

SWITCHING WAVEFORMS - SHADOW LOAD FROM y PORT 

Y1-o <"l--~~E~_E_R_NA_LL_Y_DR_IV_EN~~-')1K~~~~~~~~~~-

tsvs-+------.---tHsv--~ 

CLKS 

MODE 

t-- tSMS -t-tHSM-

SDI 
1'_ ______ / 

1-tss1s -t-- tHSSI -

================================================ Shadow Registers 
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I SWITCHING CHARACTERISTICS - SHADOW READ VIA D PORT 

COMMERCIAL OPERATING RANGE (0°C to +70°C) Notes 9, 10 (ns) 

L29C818-
25 15 

Symbol Parameter Min Max Min Max 

tSMS MODE to CLK S Setup Time 12 12 

tHSM CLK S to MODE Hold Time 2 2 

tSSIS SDI to CLK S Setup Time 10 10 

tHSSI CLK S to SDI Hold Time 0 0 

tENAD CLK S to D7-0 Enable Delay (Note 11) 85 80 

tDISD CLK S to D7-0 Disable Delay (Note 11) 30 25 

MILITARY OPERATING RANGE (-55°C to +125°C) Notes 9, 10 (ns) 

L29C818-
30 24 

Symbol Parameter Min Max Min Max 

tSMS MODE to CLK S Setup Time 12 12 

tHSM CLK S to MODE Hold Time 5 5 

tSSIS SDI to CLK S Setup Time 12 12 

tHSSI CLK S to SDI Hold Time 0 0 

tENAD CLK S to D7-0 Enable Delay (Note 11) 90 90 

tDISD CLK S to D7-0 Disable Delay (Note 11) 35 35 

SWITCHING WAVEFORMS- SHADOW READ VIAD PORT 

MODE .T ~ 1'. .T 
tSMS tHSM 1-tSMS tHSM 

SDI ;¥ 1' ~ ;¥ 

tSSIS tHSSI 1-tSSIS tHSSI 

CLKS ¥ y 
tENAD tDISD-t::I HIGH IMPEDANCE l HIGH IMPEDANCE 'LLLL/ 

"-".~ '//I 07-0 

======================================================================= Shadow Registers 
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DEVICES INCORPORATED 8-bit Serial Scan Shadow Register 

I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above Vee 
will be clamped beginning at-0.6 Vand 
Vee + 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of-0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, input current levels will be well in 
excess of 100 rnA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
trns test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/turn-off times. 
As a result, care must be exercised in 
the testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actual test conditions may vary b. Ground and Vee supply planes 
from those designated but operation is must be brought directly to the OUT 
guaranteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated 
by: 

where 

NCV2F 
4 

N = total number of device outputs 
C =capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 5 MHz clock 
rate. 

7. Tested with all inputs within 0.1 V of 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required DUT input 
levels relative to the DUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses 
from the internal circuitry are specified 
from the point of view of the device. 
Output delay, for example, is specified 
as a maximum since worst-case opera
tion of any device always provides data 
within that time. 

11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the trns test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
± lOmA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. 01JTPUT loAOING CtRCUrT 

FIGURE B. THRESHOLD LEVELS 

VOL• Measured VoL with loH =-10mA and IOL = 10mA 

VoH• Measured VoH with loH = -10mA and loL = 10mA 
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ORDERING INFORMATION 

Speed 

24-pin - 0.3" wide 

OE [ 1 ~24IJ VCC 

CLK S [ 2 23 IJ MODE 
Do [ 3 221J Yo 
D1 [ 4 21 IJ Y1 

D2 [ 5 201J Y2 
D3 [ 6 191J Y3 

D4 [ 7 18IJ Y4 
Ds [ 8 171J Ys 
D6 [ 9 161J Y6 

D7 [ 10 15p Y7 
SDI [ 11 14p SDO 

GND [ 12 13IJ CLK P 

Plastic DIP 
(P2) 

Sidebraze 
Hermetic DIP (D2) 

0°c to +70°C- COMMERCIAL SCREENING 
25 ns L29C818PC25 
15 ns L29C818PC15 

30 ns 
24 ns 

30 ns 
24 ns 

-55°C to + 125°C - COMMERCIAL SCREENING 

-55°C to + 125°C - MIL-STD-883 COMPLIANT 
L29C818DMB30 
L29C818DMB24 

L29C818 

8-bit Serial Scan Shadow Register 

28-pin 

Ceramic Leadless Chip Carrier 
(K1) 

L29C818KMB30 
L29C818KMB24 

================================================ Shadow Registers 
5-54 01/15/97-LDS.818-I 
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~ . SCSI Bus Controller ; 

.__F_E_A_T_U_R_ES _____ __.I I DESCRIPTION 

0 Asynchronous Transfer Rate Up to 
4 Mbytes I sec 

0 Low Power CMOS Technology 
0 Replaces NCR 5380/53C80/ 

53C80-40 and AMO Am5380 I 
53C80 

0 On-Chip SCSI Bus Drivers 
0 Supports Arbitration, Selection/ 

Reselection, Initiator or Target Roles 

0 Programmed or OMA I/0, Hand
shake or Wait State OMA Interlock 

0 DECCSMDNo. 
5962-90548 - L53C80 

0 Package Styles Available: 
• 40 I 48-pin Plastic DIP 
• 48-pin Sidebraze, Hermetic DIP 
• 44-pin Plastic LCC, J-Lead 

L5380/53C80 BLOCK DIAGRAM 

D7-0 

cs 
IOR 
IOW 

A2 

A1 

Ao 
RESET 

IRQ 

DRQ 
DACK 

EOP 
READY 

CONTROL 
LOGIC 

ARBITRATION 
LOGIC 

REQ/ACK 
HANDSHAKE 

LOGIC 

The L5380/53C80 are high perform
ance SCSI bus controllers which 
support the physical layer of the SCSI 
(Small Computer System Interface) 
bus as defined by the ANSI X3T9 .2 
committee. It is pin and functionally 
compatible with the NMOS NCR5380, 
while offering up to a 2.Sx perform
ance improvement, lOx power reduc
tion, and lower cost. Replacement of 
the NMOS 5380 by the LOGIC Devices 
L5380 I 53C80 will result in an imme
diate transfer rate improvement due 
to REQ/ ACK and DRQ/DACK 
handshake response times up to 5 
times faster than previous devices. 
While remaining firmware compatible 
with the NCR5380, the L5380/53C80 
provides bug fixes and state machine 
enhancements allowing even larger 
throughput gains for new designs. 

The L5380/53C80 supports asynchro
nous data transfer between initiator 
and target at up to 4 Mbytes/sec. It 
operates in either initiator or target 
roles and offers a choice of program
med I/0 (direct microprocessor 
manipulation of handshake) or any of 
several OMA modes (autonomous 
handshake and data transfer opera
tions). The L5380/53C80 has internal 
hardware to support arbitration and 
can monitor and generate interrupts 
for a variety of error conditions. It 
provides extensive bus status monitor
ing features and includes buffers 
capable of directly driving a termi
nated SCSI bus for a compact imple
mentation. 

RST,BSY 
'-----r---+-.....__.._ ___ _,, SEL, ACK 

ATN 

.___ __ ~, 110, REa 
CID, MSG 

CONTROL AND STATUS BUS 
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PIN DEFINITIONS 

A. SCSI Bus 

SDB1-0 - SCSI DAT A BUS 7-0 

Bidirectional/ Active low. The 8-bit 
SCSI data bus is defined by these pins. 
SDB7 is the most significant bit. 
During arbitration phase, these lines 
contain the SCSI ID numbers of all 
initiators arbitrating for the SCSI bus; 
SDB7 represents the initiator with the 
highest priority. During the selec
tion/ reselection phase, these lines 
contain the ID number of the device 
that won the arbitration along with 
the ID number of the device to be 
selected I reselected. 

SDBP - SCSI DAT A BUS PARITY 

Bidirectional/ Active low. SDBP is the 
parity bit of the SCSI data bus. Odd 
parity is used, meaning that the total 
number of ones on the bus, including 
the parity bit, is odd. Parity is always 
generated when sending information, 
however checking for parity errors 
when receiving information is a user 
option. Parity is not valid during 
arbitration phase. 

SEL - SELECT 

Bidirectional/ Active low. SEL is 
asserted by the initiator to select a 
target. It is also asserted by the target 
when reselecting it as an initiator. 

BSY - BUSY 

Bidirectional/ Active low. BSY is 
asserted to indicate that the SCSI bus 
is active. 

ACK - ACKNOWLEDGE 

Bidirectional/ Active low. ACK is 
asserted by the initiator during any 
information transfer phase in response 
to assertion of REQ by the target. 
Similarly, ACK is deasserted after 
REQ becomes inactive. These two 
signals form the data transfer hand-

shake between the initiator and target. 
Data is latched by the target on the 
lowgoing edge of ACK for target 
receive operations. 

ATN - ATTENTION 

Bidirectional/ Active low. ATN is 
asserted by the initiator after success
ful selection of a target, to indicate an 
intention to send a message to the tar
get. The target responds to A TN by 
entering the MESSAGE OUT phase. 

RST - SCSI BUS RESET 

Bidirectional/ Active low. RST when 
active indicates a SCSI bus reset 
condition. 

I/O - INPUT/OUTPUT 

Bidirectional/ Active low. I/0 is 
controlled by the target and specifies 
the direction of information transfer. 
When l/O is asserted, the direction of 
transfer is to the initiator. l/O is also 
asserted by the target during RESE
LECTION phase to distinguish it from 
SELECTION phase. 

C/D - CONTROL/DAT A 

Bidirectional/ Active low. CID is 
controlled by the target and when 
asserted, indicates CONTROL (com
mand or status) information is on the 
SCSI ~ta bus. DATA is specified 
when C/D is deasserted. 

MSG - MESSAGE 

Bidirectional/ Active low. MSG is 
controlled by the target, and when 
asserted indicates MESSAGE phase. 

REQ - REQUEST 

Bidirectional/ Active low. REQ is 
asserted by the target to begin the 
handshake associated with transfer of 
a byte over the SCSI data bus. REQ is 
deasserted upon receipt of ACK from 
the initiator. Data is latched by the 
initiator on the lowgoing edge of REQ 
for initiator receive operations. 

6-4 
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SCSI Bus Controller 

B. Microprocessor Bus 

CS - CHIP SELECT 

Input/ Active low. This signal enables 
reading or writing of the internal 
registers by the microprocessor, using 
memory mapped 1/0. An alternate 
method for reading selected registers 
is available for DMA. 

DRQ - DMA REQUEST 

Output/ Active high. This signal is 
used to indicate that the L5380/53C80 
is ready to execute the next cycle of a 
DMA transfer on the microprocessor 
bus. For send operations, it indicates 
that the output data register is ready 
to receive the next byte from the DMA 
controller or CPU. For receive opera
tions, it indicates that the input data 
register contains the next byte to be 
read by the DMA controller or CPU. 

IRQ - INTERRUPT REQUEST 

Output/ Active high. The L5380 / 
53C80 asserts this signal to indicate to 
the microprocessor that one of the 
several interrupt conditions have been 
met. These include SCSI bus fault 
conditions as well as other events 
requiring microprocessor intervention. 
Most interrupt types are individually 
maskable. 

!OR - I/O READ 

Input/ Active low. IOR is used in con
junction with CS and A2--0 to execute a 
memory mapped read of a L5380 / 
53C80 internal register. It is also used 
in conjunction with DACK to execute 
a DMA read of the SCSI Input Data 
Register. 

READY - READY 

Output/ Active high. Ready is used 
rather than DRQ as an alternate 
method for controlling DMA data 
transfer. This DMA type is termed 
blockmode DMA and must be specifi
cally enabled by the CPU. In block-

01/22/97-LDS.5380-H 
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mode DMA, data is throttled by treat
ing the L5380/53C80 as wait state 
memory. 1/0 (DMA) cycles are 
initiated at the maximum rate sustain
able by the DMA controller/memory 
subsystem, but all cycles are extended 
(wait-states inserted) until READY is 
asserted by the L5380/53C80. This is 
generally the fastest OMA method 
since memory subsystem addressing 
can be overlapped with SCSI opera
tions (flyby mode). 

DACK - DMA ACKNOWLEDGE 

Input/ Active low. DACK is used in 
conjunction with IOR or IOW to 
enable reading or writing of the SCSI 
Input and Output Data Registers 
when in DMA mode. DACK resets 
DRQ and must not occur simultane
ously with CS. 

EOP - END OF PROCESS 

Input/ Active low. This input is used 
to indicate to the L5380/53C80 that a 
DMA transfer is to be concluded. The 
L5380/53C80 can automatically 
generate an interrupt in response to 
receiving EOP from the DMA control
ler. 

RESET - CPU BUS RESET 

Input/ Active low. This input clears 
all internal registers and state machines. 
It does not result in assertion of the 
RST signal on the SCSI bus and 
therefore affects only the local L5380/ 
53C80 and not other devices on the 
bus. 

IOW - I/O WRITE 

Input/ Active low. IOW is used in 
conjunction with CS and A2-0 to 
execute a memory mapped write of a 
L5380/53C80 internal register. It is 
also used in conjunction with DACK 
to execute a DMA write of the SCSI 
Output Data Register. 

A2-0 - ADDRESS 2-0 

Inputs/ Active high. These signals, in 
conjunction with CS, IOR, and IOW, 
address the L5380/53C80 internal 
registers for CPU read/write opera
tions. 

D1-0 - DAT A 7-0 

Bidirectional/ Active high. These 
signals are the microprocessor data 
bus. D7 is the most significant bit. 

L5380/53C80 
INTERNAL REGISTERS 

Overview 

The L5380/53C80 contains registers 
that are directly addressed by the 
microprocessor. These registers allow 
for monitoring of SCSI bus activity, 
controlling the operation of the 
L5380/53C80, and determining the 
cause of interrupts. In many cases, a 
read-only and a write-only register are 
mapped to the same address. Some 
addresses are dummy registers which 
are used to implement a control 
operation but do not correspond to a 
physical register. The state of the CPU 
data bus when writing or reading 
these dummy registers is 'don't care'. 
Tables 1 and 3 show the address and 
name of each register as well as bit 
definitions. 

Register Descriptions 

A. Write Operations 

The following paragraphs give 

L5380/53C80 

SCSI Bus Controller 

asserts its ID via this register. The 
device which wins arbitration also 
asserts the "OR" of its ID and the ID 
of the target/initiator to be selected/ 
reselected. In programmed 1/0 mode 
this register is written using CS and 
IOW with Az-0 = 000. In OMA mode, 
it is written when IOW and DACK are 
simultaneously active, irrespective of 
the state of the address lines. Note 
that a "1" written to the Output Data 
Register becomes a low state when 
asserted on the active-low SCSI bus .. 

WRITE ADDRESS 1 
Initiator Command Register 

The Initiator Command Register is a 
read/write register which allows CPU 
control of the SCSI signals asserted by 
the initiator. Some bits in this register 
are not readable, and these positions 
are mapped to status bits useful in 
monitoring the progress of arbitration. 
These, along with the initiation of 
system-wide reset and test functions, 
may also be of use to the target. 

Rl Bit 7 -Assert RST 

When this bit is set, the L5380/53C80 
asserts the RST line on the SCSI bus, 
initializing all devices on the bus to 
the reset condition. All logic and 
internal registers of the L5380/53C80 
are reset, except for the Assert RST bit 
itself, the Testmode bit (Rl bit 6) and 
the IRQ (interrupt request) latch. The 
IRQ pin becomes active indicating a 
SCSI bus reset interrupt. This inter
rupt is not maskable. 

Rl Bit 6-Testmode 

detailed descriptions of the function of When this bit is set, the L5380/53C80 
each bit in the L5380 / 53C80 internal 

places all outputs, including both SCSI 
registers for write operations as 
shown in Table 1. 

WRITE ADDRESS 0 
Output Data Register 

and CPU signals, in a high impedance 
state. This effectively removes the 
device from the system as an aid to 
system diagnostics. Note that internal 
registers may still be written to while 

The Output Data Register is a write- in Testmode. The L5380/53C80 
only register used for sending infor- returns to normal operation when 
mation to the SCSI data bus. During Testmode is reset. The Testmode bit is 
arbitration, the arbitrating SCSI device reset by either writing a "O" to Rl bit 6 

6-5 01/22/97-LDS.5380-H 
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or via the RESET (CPU reset) pin. 
Testmode is not affected by the RST 
(SCSI bus reset) signal, or by the 
Assert RST bit in the Initiator Com
mand Register (Rl bit 7). 

Rl Bit 5 - Not Used 

Rl Bit 4 - Assert ACK 

When this bit is set, ACK is asserted 
on the SCSI bus. Resetting this bit 
deasserts ACK. Note that ACK will 
be asserted only if the Targetmode bit 
(R2 bit 6) is reset, indicating that the 
L5380/53C80 is acting as an initiator. 

Rl Bit 3 - Assert BSY 

When this bit is set, BSY is asserted on 
the SCSI bus. Resetting this bit deas
serts BSY. BSY is asserted to indicate 
that the device has been selected or 
reselected, and deasserting BSY causes 
a bus free condition. 

Rl Bit 2 -Assert SEL 

When this bit is set, SEL is asserted on 
the SCSI bus. Resetting this bit deas
serts SEL. SEL is normally asserted 
after a successful arbitration. 

Rl Bit 1-Assert ATN 

When this bit is set, ATN is asserted 
on the SCSI bus. Resetting this bit 
deasserts A TN. A TN is asserted by 
the initiator to request message out 
phase. Note that ATN will be asserted 
only if the Targetmode bit (R2 bit 6) is 
reset, indicating that the L5380/53C80 
is acting as an initiator. 

Rl Bit 0 - Assert Data Bus 

When this bit is set, the open drain 
SCSI data bus and oaritv drivers are 
enabled and the co~tents of the 
Output Data Register are driven onto 
the SCSI data lines. In addition to the 
Assert Data Bus bit, enabling of the 
SCSI bus drivers requires one of the 
following two sets of conditions: 

When the L5380 I 53C80 is operating 
as an initiator, the Targetmode bit 
(R2 bit 6) must be reset, the I/O pin 
must be negated (initiator to target 

transfer) and no phase mismatch 
condition can exist. A phase mis
match occurs when the MSG, C/D, 
and I/Obits of the Target Command 
Register (R3) do not match the corre
sponding SCSI control lines. 

When the L5380/L53C80 is operating· 
as a target, the Targetmode bit will be 
set, and in this case Assert Data Bus 
will enable the outputs uncondition
ally. 

The Assert Data Bus bit need not be 
set for arbitration to occur; when the 
Arbitrate bit (R2 bit 0) is set, and a bus 
free condition is detected, the data bus 
will be enabled for arbitration regard
less of the state of the Assert Data Bus 
bit. 

Finally, note that the Testmode bit 
(Rl bit 6) overrides all other controls, 
including Assert Data Bus and Arbi
trate, and disables all outputs. 

WRITE ADDRESS 2 
Mode Register 

The Mode register is a read/write 
register which provides control over 
several aspects of L5380 I 53C80 
operation. Programmed I/O or two 
different types of DMA transfer may 
be selected, initiator or target device 
operation is accommodated, and 
parity checking and interrupts may be 
enabled via this register. The function 
of each individual bit is described as 
follows: 

R2 Bit 7 - Blockmode 

This bit must be used in conjunction 
with DMA Mode (R2 bit 1). It is used 
to select the type of handshake 
desired between the L5380 I 53C80 and 
the external DMA controller. See 
"L5380/53C80 Data Transfers" for a 
complete discussion of the transfer 
types supported. 

R2 Bit 6 - Targetmode 

When this bit is set, the L5380 I 53C80 
will operate as a SCSI target q_evice. 
This enables the SCSI signals I/O, 
CID, MSG, and REQ to be asserted. 

6-6 
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When Targetmode is reset, the device 
will operate as an initiator. This 
enables the SCSI signals ATN and 
ACK to be asserted. Targetmode also 
affects state machine operation for 
DMA transfers and the conditions 
necessary for enabling the SCSI Data 
bus drivers. (See Assert Databus, 
Rl bit 0). 

R2 Bit 5 - Enable Parity Check 

When this bit is set, information 
received on the SCSI data bus is 
checked for odd parity. The Parity 
Error latch will be set whenever data 
is received under DMA control or the 
Current SCSI Data Register (Read 
Register 0) is read by the CPU. The 
state of the Parity Error latch can be 
determined by reading RS bit 5, and it 
can be reset by a read to Address 7. 
Note that ENABLE PARITY CHECK 
must be set if parity error interrupts 
are to be generated. This interrupt can 
be separately masked by the Enable 
Parity Interrupt bit (R2 bit 4) while 
retaining the state of the Parity Error 
latch for later examination by the 
CPU. 

R2 Bit 4 - Enable Parity Interrupt 

When this bit is set, the L5380/53C80 
will set the interrupt request latch, 
and assert IRQ (interrupt request) if it 
detects a parity error. Enable Parity 
Check (R2 bit 5) must also be set if 
parity error interrupts are desired. 

R2 Bit 3 - Enable End Of DMA 
Interrupt 

When this bit is set, the L5380/53C80 
will set the interrupt request latch, 
and assert IRQ (interrupt request) if it 
detects a valid EOP (End of Process) 
signal. EOP is normally generated by 
a DMA controller to indicate the end 
of a DMA transfer. EOP is valid only 
when coincident with IOR or IOW and 
DACK. 

01/22/97-LDS.5380-H 
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R2 Bit 2 - Monitor Busy 

When this bit is set, the L5380/53C80 
continuously monitors the state of the 
BSY signal. Absence of BSY for a 
period longer than 400 ns (but less than 
1200 ns) will cause the L5380/53C80 to 
set the BSYERR and IRQ (interrupt 
request) latches. In addition, the six 
least significant bits of the Initiator 
Command Register are reset, and all 
SCSI data and control outputs are 
disabled until the BSYERR latch is reset. 
This effectively disconnects the L5380 I 
53C80 from the SCSI bus in response to 
an unexpected disconnect by another 
device. It also allows the CPU to be 
interrupted when the SCSI bus becomes 
free in systems where arbitration is not 
used and an EOP signal is not available. 

R2Bit1-DMAMode 

When this bit is set, the L5380/53C80's 
internal state machines automatically 
control the SCSI signals REQ and ACK 
(as appropriate for initiator or target 
operation) and the CPU signals DRQ 
and READY. DMA Mode must be set 
prior to starting a DMA transfer in 
either direction. The OMA Mode bit is 
reset whenever a bus free condition is 
detected (BSY is not active). This aborts 
DMA operations when a loss of BSY 
occurs, regardless of the state of the 
Monitor Busy bit (R2 bit 2.) The DMA 
Mode bit is not reset when EOP is 
received, but must be specifically reset 
by the CPU. EOP does, however, 
inhibit additional DMA cycles from 
occurring. 

R2 Bit 0 -Arbitrate 

This bit is set to indicate a desire to 
arbitrate for use of the SCSI bus. Before 
setting the Arbitrate bit, the SCSI 
Output Data Register (Write Register 0) 
must be written with the SCSI ID 
assigned to the arbitrating SCSI device. 
The bit position of register RO which is 
set represents the priority number of 
the SCSI device, with bit 7 the highest 
priority. See the section on "Arbitra
tion" for a full discussion of the L5380 I 
53C80 arbitration procedure. 

L5380/53C80 

SCSI Bus Controller 

TABLE 1. WRITE REGISTERS 

Address O - Output Data Register 

7 6 5 4 3 2 0 

Address 1 - Initiator Command Register 

7 6 5 4 3 2 0 

ASSERT TEST 
RST MODE 

ASSERT ASSERT ASSERT ASSERT ASSERT 
ACK BSY SEL ATN. DATA 

BUS 

Address 2 - Mode Register 

7 6 5 4 3 2 0 
BLOCK TARGET ENABLE ENABLE ENABLE MONI- OMA ARBI-
MODE MODE PARITY PARITY EODMA TOR MODE TRATE 

CHECK INT'RPT INT'RPT BUSY 

Address 3 - Target Command Register 

7 6 5 4 3 2 0 

LAST ASSERT ASSERT ASSERT ASSERT 
BYTE REQ MSG CID TIO 
SENT 

Address 4 - ID Select Register 

7 6 5 4 3 2 1 0 

I SDB7 I SDBe I SDBs I SDB• I 8083 SDB2 SDB1 SD Bo 

Address 5 - Start OMA Send 

7 6 5 4 3 2 1 0 

Address 6 - Start OMA Target Receive 

7 6 5 4 3 2 1 0 

Address 7 - Start OMA Initiator Receive 

7 6 5 4 3 2 0 
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WRITE ADDRESS 3 
Target Command Register 

The Target Command Register is a 
read/write register which allows CPU 
control of the SCSI signals asserted by 
the target. In addition, this register 
contains a read-only status flag useful 
in unambiguously determining when 
the last byte of a DMA transfer has 
actually been sent over the SCSI bus. 

When operating as an initiator with 
DMA mode set, the Assert MSG, 
Assert C/D, and Assert Y;o bits are 
used as a template to compare against 
the corresponding SCSI control signals 
provided by the target. A phase 
mismatch interrupt will be generated 
on the falling edge of the REQ input if 
the template does not match the state 
of the signals. Therefore the CPU 
should initialize these bits to the phase 
of the expected data transfer. An 
interrupt, then, will signal an intent by 
the target to change to a new phase. 
The SCSI information transfer phases 
and their associated direction of data 
transfer are given in Table 2. 

R3 Bits 7-4 - Not Used 

R3 Bit 3 - Assert REQ 

When this bit is set, REQ is asserted 
on the SCSI bus. Resetting this bit 
deasserts REQ. Note that REQ will be 
asserted only if the Targetmode bit 
(R2 bit 6) is set, indicating that the 
L5380 I 53C80 is acting as a target. 

R3 Bit 2 - Assert MSG 

When this bit is set, MSG is asserted 
on the SCSI bus. Resetting this bit 
deasserts MSG. Note that MSG will 
be asserted only if the Targetmode bit 
(R2 bit 6) is set, indicating that the 
L5380 I 53C80 is acting as a target. 
When operating as an initiator, this bit 
is compared against the MSG input, 
and an interrupt is generated if they 
differ at the falling edge of REQ. 

R3 Bit 1 - Assert C/D 

When this bit is set, C/D is asserted 
on the SCSI bus. Resetting this bit 
9.easserts C/D. Note that C/D will be 
asserted only if the Targetmode bit 
(R2 bit 6) is set, indicating that the 
L5380 I 53C80 is acting as a target. 
When operating as an initiator, this bit 
is compared against the C/D input, 
and an interrupt is generated if they 
differ at the falling edge of REQ. 

R3 Bit 0 - Assert I/0 

When this bit is set, l/0 is asserted on 
the SCSI bus. Resetting this bit 
deasserts 1/0. Note that I/O will be 
asserted only if the Targetmode bit 
(R2 bit 6) is set, indicating that the 
L5380 I 53C80 is acting as a target. 
When operating as an initiator, this bit 
is compared against the I/0 input, 
and an interrupt is generated if they 
differ at the falling edge of REQ. 

WRITE ADDRESS 4 
ID Select Register 

The ID Select Register is a write-only 
register which is used to monitor 
selection or reselection attempts to the 
L5380/53C80. In arbitrating systems, 
an ID number is assigned to each SCSI 
device by setting a single bit position 
of the ID Select Register. Each SCSI 
data pin is inverted and compared 
with the corresponding bit in the ID 
Select Register. If any matches are 
found while a bus free condition exists 
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and SEL is active, the L5380 I 53C80 
will generate an interrupt to indicate a 
selection or reselection. During 
selection or reselection, parity check
ing may be enabled by setting the 
Enable Parity Check bit (R2 bit 5). This 
interrupt may be masked by resetting 
all bits in this register. 

WRITE ADDRESS 5 
Start DMA Send 

This is a dummy register. Writes to 
this location are detected and cause 
the L5380/53C80 internal state 
machine to execute a DMA send 
operation. This location is used for 
either initiator or target DMA send. 
The DMAMODE bit (R2 bit 1) must be 
set prior to writing this location. 

WRITE ADDRESS 6 
Start DMA Target Receive 

This is a dummy register. Writes to 
this location are detected and cause 
the L5380/53C80 internal state 
machine to execute a target DMA 
receive operation. The DMAMODE 
bit (R2 bit 1) and the Targetmode bit 
(R2 bit 6) must be set prior to writing 
this location. 

WRITE ADDRESS 7 
Start DMA Initiator Receive 

This is a dummy register. Writes to 
this location are detected and cause 
the L5380 I 53C80 internal state 
machine to execute an initiator DMA 

TABLE 2. SCSI INFORMATION TRANSFER PHASES 

MSG C/D TIO Phase Direction 

0 0 0 Message In Target - Initiator 

0 0 1 Message Out Initiator - Target 

0 1 0 Unused 

0 1 1 Unused 

1 0 0 Status In Target - Initiator 

1 0 1 Command Initiator - Target 

1 1 0 Data In Target - Initiator 

1 1 1 Data Out Initiator - Target 
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receive operation. The DMAMODE 
bit (R2bit1) must be set and the 
Targetmode bit (R2 bit 6) must be 
reset prior to writing this location. 

B. READ OPERATIONS 

The following paragraphs give 
detailed descriptions of the function of 
each bit in the L5380/53C80 internal 
registers for read operations as shown 
in Table 3. 

READ ADDRESS O 
Current SCSI Data Bus 

The Current SCSI Data Bus Register 
allows the microprocessor to monitor 
the SCSI data bus~ny time, by 
asserting CS and IOR with address 
lines A2--0 = 000. The SCSI data lines 
are not actually registered, but gated 
directly onto the CPU bus whenever 
Address 000 is read by the CPU. 
Therefore, reads of this location 
should only be done when the SCSI 
data lines are guaranteed to be stable 
by the SCSI protocol. For systems 
which implement SCSI bus arbitra
tion, this location is read to determine 
whether devices having higher 
priorities are also arbitrating. Program
med 1/0 data transfer uses this 
location for reading data transferred 
on the SCSI data bus. With parity 
checking enabled, SCSI data bus 
parity checking is done at the begin
ning of the read cycle for fast error 
detection. Note that the SCSI data bus 
is inverted to become active high 
when presented to the CPU. 

READ ADDRESS 1 
Initiator Command Register 

Reading bit 7 or bits 4-0 of the Initia
tor Command Register simply reflects 
the status of the corresponding bit in 
the register. Bits 6 and 5 are mapped 
to other signals as discussed below: 

Rl Bit 6 - Arbitration In Progress 

For this bit to be active, the Arbitrate 
bit (R2 bit 0) must be set. When 
ARBITRATION IN PROGRESS is set, 

it indicates that the L5380/53C80 has 
detected a bus free condition and is 
currently arbitrating for control of the 
bus. See the section on "Arbitration" 
for a complete discussion of the 
L5380/53C80 arbitration mechanism. 
Resetting the Arbitrate bit will reset 
ARBITRATION IN PROGRESS. 

Rl Bit 5 - Lost Arbitration 

For this bit to be active, the Arbitrate 
bit (R2 bit 0) must be set. When LOST 
ARBITRATION is set, it indicates that 
the L5380/53C80 has arbitrated for 
the SCSI bus (see R1 bit 6 above) and 
has detected the assertion of SEL by 
another (higher priority) device. The 
L5380 I 53C80 responds to loss of 
arbitration by immediately discon
tinuing the arbitration attempt. 
Resetting the Arbitrate bit will reset 
LOST ARBITRATION. 

READ ADDRESS 2 
Mode Register 

Reading the Mode Register simply 
reflects the status of the bits in that 
register. 

READ ADDRESS 3 
Target Command Register 

Reading the Target Command Regis
ter simply reflects the status of the 
bits in that register, except for bit 7, 
LAST BYTE SENT. 

R3 bit 7 - Last Byte Sent 

This read only bit indicates that the 
last byte of data loaded into the 
L5380/53C80 during a OMA send 
operation has actually been trans
ferred over the SCSI bus. Note that 
the end of process flag and the corre
sponding interrupt occur when this 
byte is loaded into the L5380/53C80, 
but do not reflect whether it has 
actually been sent. This bit is not 
present in the NCR5380, but is present 
in the NCR53C80. Last Byte Sent is 
reset when the DMAMODE bit 
(R2 bit 1) is reset. 

6·9 

L5380/53C80 

SCSI Bus Controller 

READ ADDRESS 4 
Current SCSI Control Register 

The Current SCSI Control Register 
provides a means for the CPU to 
directly monitor the state of the SCSI 
bus control signals. The SCSI control 
lines are not actually registered, but 
gated directly onto the CPU bus 
whenever Address 100 is read by the 
CPU. The value of each bit position 
represents the complement of the cor
responding (low true) SCSI Signal Pin. 

READ ADDRESS 5 
DMA Status Register 

The DMA Status Register provides a 
means for the CPU to determine the 
status of a OMA transfer and to 
determine the cause of an interrupt. It 
also makes available the final two 

included in the Current SCSI Control . 
SCSI bus signals which are not • 

Register. The function of each indi-
1 

vidual bit is defined as follows: 

RS Bit 7 - End of DMA 

When this bit is set, it indicates that a 
valid EOP has been received during a 
DMA transfer. A valid EOP occurs 
when EOP, DACK, and either IOR or 
IOW are simultaneously active for the 
minimum specified time. End of 
DMA is reset when the DMAMODE 
bit (R2 bit 1) is reset. 

Note that for OMA send operations, 
an END OF OMA status indicates 
only that the last byte of the transfer is 
loaded into the Output Data Register 
of the sending device, not that it has 
actually been transferred over the 
SCSI bus. For this reason, the L5380 I 
53C80 provides an additional status 
bit; Last Byte Sent (R3 bit 7) which 
indicates that this final byte has been 
transferred to the receiving end. This 
bit is not present in the NCR5380. 

Also, note that the DMAMODE bit is 
reset automatically whenever a loss of 
busy condition is detected, which in 
turn resets END OF DMA. Therefore 
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the DMA Status Register should be 
read prior to resetting the Assert BSY 
bit (Rl bit 3) at the conclusion of a 
DMA transfer. 

RS Bit 6 - DMA Request 

This bit reflects the state of the DRQ 
(DMA Request) signal. In program
med I/O, this bit can be polled by the 
CPU to determine whether there is a 
pending request for byte transfer. 
For DMA send operations, DMA 
REQUEST is reset when DACK and 
IOW are simultaneously asserted. For 
DMA receive operations, simultane
ous DACK and IOR will reset DMA 
REQUEST. DMA REQUEST is reset 
unconditionally when the 
DMAMODE bit (R2 bit 1) is reset. 

RS Bit S - Parity Error 

This bit can only be sel if Enable 
Parity Check (R2 bit 5) is set. When 
enabled, the Parity Error bit is set if 
incoming SCSI data in either initiator 
or target mode, or during selection 
phase, does not correctly reflect odd 
parity. PARITY ERROR can be reset 
by a read to the Reset Error /Interrupt 
Register (Register 7). 

RS Bit 4 - Interrupt Request 

This bit reflects the state of the IRQ 
signal. The L5380 I 53C80 asserts IRQ 
to generate an interrupt to the CPU. 
See the section on "Interrupts" for 
further information on the possible 
sources of interrupts in the L5380 I 
53C80. INTERRUPT REQUEST can be 
reset by a read to the Reset Error I 
Interrupt Register (Register 7). 

RS Bit 3 - Phase Match 

When this bit is set, it indicates that 
the MSG, C/D, and l/0 lines match 
the state of the Assert MSG, Assert 
C/D, and Assert l/O bits in the Target 
Command Register. PHASEMATCH 
is not actually registered, but repre
sents a continuous comparison of 
these three phase bits to the corre
sponding internal register locations. 
This bit is intended for use by the 
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TABLE 3. READ REGISTERS 

Address O - Current SCSI Data Bus 

7 6 5 4 3 2 0 

Address 1 - Initiator Command Register 

7 6 5 4 3 2 0 
ASSERT ARB. IN LOST ASSERT ASSERT ASSERT ASSERT ASSERT 

RST PRO- ARB. ACK BSY SEL ATN DATA 
GRESS BUS 

Address 2 - Mode Register 

7 6 5 4 3 2 1 0 
BLOCK TARGET ENABLE ENABLE ENABLE MONI- OMA ARBl-
MODE MODE PARITY PARITY EODMA TOR MODE TRATE 

CHECK INT'RPT INT'RPT BUSY 

Address 3 - Target Command Register 

7 6 5 4 3 2 1 0 

LAST 
BYTE 
SENT 

ASSERT ASSERT ASSERT ASSERT 
REQ MSG CID TIO 

Address 4 - Current SCSI Control Register 

7 6 5 4 3 2 0 

I RST I BSY I REQ I MSG I CID TIO SEL I PARITY I 
Address 5 - OMA Status Register 

7 6 5 4 3 2 1 0 

END OMA PARITY INTER- PHASE BUSY 
OF REO. ERROR RUPT MATCH ERROR ATN ACK 

OMA REQ. 

Address 6 - Input Data Register 

7 6 5 4 3 2 1 0 

I SDB1 I SDB• I SDBs I SDB• I SDB3 SDB2 SDB1 SD Bo 

Address 7 - Reset Error/Interrupt Register 

7 6 5 4 3 2 0 
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initiator to detect that the target 
device has changed to a different 
information transfer phase. When the 
LS380/S3C80 detects a phase mis
match, PHASEMATCH is reset, and 
information transfer to or from the 
SCSI bus is inhibited. 

RS Bit 2 - Busy Error 

This bit can only be set if the Monitor 
Busy bit (R2 bit 2) is set. When set, 
Busy Error indicates that the BSY pin 
has been false for a period at least 
equal to a bus settle delay (400 ns). 
When the Busy Error condition is 
detected, all SCSI signal pins are 
disabled, and the DMAMODE bit 
(R2 bit 1) and bits S-0 of the Initiator 
Command Register are reset. Busy 
Error can be reset by a read to the 
Reset Error /Interrupt Register 
(Register 7). 

RS Bits 1,0-ATN,ACK 

Like the Current SCSI Control Regis- · 
ter, these bits provide a means for the 
CPU to directly monitor the state of 
the SCSI bus control signals. The SCSI 
control lines are not actually regis
tered, but gated directly onto the CPU 
bus whenever Address Sis read by 
the CPU. The value of each bit 
position represents the complement of 
the corresponding (low true) SCSI 
Signal Pin. 

READ ADDRESS 6 
Input Data Register 

This register acts as a temporary 
holding register for information 
received from the SCSI data bus dur
ing OMA transfers (DMAMODE bit, 
R2 bit 1 is set). In the initiator mode, 
the LS380/S3C80 latches the SCSI data 
when REQ goes active. In the target 
mode, data is latched when ACK goes 
active. The contents of this register 
represent the negation of the low-true 
SCSI data. The contents of the SCSI 
Input Data Register are gated onto the 
CPU data bus when DACK and IOR 
are simultaneously true, or by a CPU 
read of location 6. Note that DACK 
and CS must never be active simulta-

neously in order to prevent conflicting 
read operations. Parity may option
ally be checked on the data as it is 
loaded into this register. 

READ ADDRESS 7 
Reset Error/Interrupt Register 

This is a dummy register. Reads to 
this location are detected and used to 
reset the Interrupt Request Latch (IRQ 
signal) and the PARITY ERROR, 
INTERRUPT REQUEST, and BUSY 
ERROR latches (visible as bits S, 4, and 
2 of Register S). 

INTERRUPTS 

The LS380/S3C80 generates interrupts 
to the CPU by setting the Interrupt 
Request Latch, which directly drives 
the IRQ (Interrupt Request) line. The 
IRQ output will reflect the state of the 
Interrupt Request Latch under all 
conditions except when Testmode 
(Rl bit 6) is active, when it is in a high 
impedance state. The Interrupt 
Request Latch may be reset by reading 
Address 7, the Reset Error /Interrupt 
Register. A read of this location also 
resets several error condition latches 
as discussed in the section on "Inter
nal Registers". 

Interrupts may be caused by any of six 
conditions, most of which may be 
masked by resetting enable bits in the 
appropriate registers. The following 
sections describe each interrupt type, 
its cause, and how it may be reset. 
Upon receiving an interrupt, the CPU 
may read the Current SCSI Control 
Register (R4) and the DMA Status 
Register (RS) to determine the cause of 
the interrupt. While the following 
discussions indicate the expected 
values of these registers following an 
interrupt, it is recommended that bits 
in these registers which are not 
germane to determining the cause of 
an interrupt be masked off in firm
ware prior to implementing a compari
son. A typical operational sequence for 
an interrupt service routine is given at 
the end of this section. 
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SCSI Bus Reset Interrupt 

A SCSI Bus Reset Interrupt occurs 
when the SCSI RST signal becomes 
active. This may be due to another 
SCSI device driving the RST line, or 
because the Assert RST bit (Rl bit 7) 
has been set, causing the LS380/S3C80 
to drive the SCSI RST line. The value of 
the SCSI RST line is visible as R4 bit 7; 
however, this line is not latched and 
therefore may have changed state by 
the time the CPU responds to the 
interrupt and polls this location. For 
this reason, a SCSI Bus Reset Interrupt 
should be assumed if no other inter
rupt condition is active when reading 
Registers 4 and S. 

The SCSI Bus Reset Interrupt is 
nonmaskable. The expected read 
values for the Current SCSI Control 
Register and the DMA Status Register 
upon encountering this interrupt are 
given in Table 4. 

Selection/Reselection Interrupt 

A Selection/Reselection Interrupt 
occurs when the SCSI SEL signal 
becomes active, the SCSI bus matches 
the bit set in the ID Select Register, 
and BSY has been false for at least a 
bus settle delay. When the l/O pin is 
asserted, the interrupt should be 
interpreted as a reselection. The 
Selection/Reselection Interrupt may 
be masked by resetting all bits in the 
ID Select Register. The expected read 
values for the Current SCSI Control 
Register and the DMA Status Register 
upon encountering this interrupt are 
given in Table 4. 

Loss of Busy Interrupt 

A Loss of Busy Interrupt occurs when 
the SCSI BSY signal has been inactive 
for at least a bus settle delay (400 ns). 
The Loss of Busy Interrupt may be 
masked by resetting the Monitor Busy 
bit (R2 bit 2). Resetting Monitor Busy 
also prevents the Busy Error latch 
(Read RS bit 2) from being set. The 
expected read values for the Current 
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SCSI Control Register and the DMA 
Status Register upon encountering 
this interrupt are given in Table 4. 

Phase Mismatch Interrupt 

DMA read operations (DMAMODE 
bit, R2 bit 1 is set) when ACK is active 
for target receive, or REQ is active for 
initiator receive. 

L5380/53C80 
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The Parity Error latch is set when 
parity error checking is enabled and 
one of the above parity error condi
tions is encountered. This latch is 

A Phase Mismatch Interrupt occurs TABLE 4. INTERRUPT READ VALUES 
when the DMAMODE bit (R2 bit 1) is 
set, REQ is active on the SCSI bus, and Read Address 4 - Current SCSI Control Register 
the SCSI phase signals MSG, C/D, 
and I/Odo not match the correspond
ing bits in the Target Command 
Register. This interrupt is intended 
for use by the initiator to detect a 
change of phase by the target during a 
DMA transfer. When operating as a 
target, the SCSI phase lines will 
normally be asserted via the Target 
Command Register, so no phase 
mismatch will be generated unless 
another SCSI device is erroneously 
driving the phase lines to an unin
tended state. 

7 1 6 l 5 l 4 

RST I BSY I REQ'l MSG 
SCSI Bus Reset Interrupt 

x I 0 I 0 I 0 

Selection/Reselection Interrupt 

0 1 0 1 0 l x 
Loss of Busy Interrupt 

0 l 0 l 0 l 0 

Phase Mismatch Interrupt 

0 l 1 J 1 l x 
Parity Error Interrupt 

0 I x I x I x 
End of OMA Interrupt 

0 I 1 I x I x 

1 3 l 2 l 
I CID I TIO l 
I 0 I 0 l 

1 x l1=RESELl 

l 0 J 0 l 

l x _I x J 

I x I x l 
I x I x l 

The result of the continuous compari
son of the SCSI phase lines to the 
Target Command Register contents is 
visible as the Phase Match bit (Read 
RS bit 3). This flag operates irrespec
tive of the state of DMAMODE and 
REQ. As long as a phase mismatch 
condition persists, the L5380/53C80 is Read Address 5 - OMA Status Register 
prevented from recognizing active 
REQ inputs, and SCSI output data 
drivers are disabled. 

The Phase Mismatch Interrupt is 
nonmaskable, however it will only 
occur when operating in DMAMODE. 
The expected read values for the 
Current SCSI Control Register and the 
DMA Status Register upon encounter
ing this interrupt are given in Table 4. 

Parity Error Interrupt 

A Parity Error Interrupt occurs when 
incorrect parity is detected during a 
read of the SCSI bus. Parity checking 
occurs under the following conditions: 
Parity is checked during a program
med I/O read of the Current SCSI 
Data Register (Read RO), when CS and 
IOR are active and the .A2-o lines are 
000. Parity is also checked during 

7 6 5 4 

END OMA PARITY INTER-
OF REO ERROR RUPT 

OMA REQ 

SCSI Bus Reset Interrupt 

0 0 0 1 
Selection/Reselection Interrupt 

0 0 0 1 
Loss of Busy Interrupt 

0 0 0 1 

Phase Mismatch Interrupt 

0 0 0 1 

Parity Error Interrupt 

x x 1 1 

End of OMA Interrupt 

1 0 0 1 
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PHASE BUSY 
MATCH ERROR 

1 0 

x 0 

X. 1 

0 x 

x x 

x 0 

1 l 0 

SEL jPARITY 

0 1 o· 

1 l x 

0 l 0 

0 l x 

x 1 x 

0 I x 

1 0 

ATN ACK 

0 0 

x 0 

0 0 

x 0 

x x 

0 x 
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visible as bit S of theDMA Status 
Register (Read RS). The Parity Error 
Interrupt may be masked and setting 
of the Parity Error latch prevented by 
resetting the Enable Parity Check bit 
(Write R2 bit S). The Parity Error latch 
can be reset by reading the Reset 
Error/Interrupt Register (Read R7). 
The expected read values for the 
Current SCSI Control Register and the 
DMA Status Register upon encounter
ing this interrupt are given in Table 4. 

End of DMA Interrupt 

An End of DMA Interrupt occurs 
when a valid EOP (End of Process) 
signal is detected during a DMA 
transfer. EOP is valid when EOP, 
DACK, and either IOR or IOW are 
simultaneously asserted for the mini
mum specified time. EOP inputs not 
occurring during 1/0 read or write 
operations are ignored. 

The End of DMA latch is set whenever 
the DMAMOOE bit (R2 bit 1) is set 
and a valid EOP is received. This 
latch is visible as bit 7 of the DMA 
Status Register (Read RS). The End of 
DMA Interrupt may be masked by 
resetting the Enable EODMA Inter
rupt bit (Write R2 bit 3). This bit does 
not affect the End of DMA latch, 
however. The End of DMA latch can 
be reset by resetting the DMAMOOE 
bit in the Mode Register. The expected 
read values for the Current SCSI 
Control Register and the DMA Status 
Register upon encountering this · 
interrupt are given in Table 4. 

DATA TRANSFERS 

The L5380/53C80 supports program
med 1/0 under CPU control or DMA 
transfer via a DMA controller when 
transferring information to and from 
the SCSI data bus. Programmed 1/0 
can be implemented entirely in 
firmware or using minimum external 
logic for accessing the appropriate 
registers. Under DMA control, the 
L5380/53C80's OMA interface logic 
and internal state machines provide 

the necessary control of the REQ-ACK 
handshake. Each type of transfer is 
fully described in the following 
sections. 

Programmed 1/0 

Two forms of programmed 1/0 are 
supported by the L5380/53C80. For 
normal programmed 1/0, the SCSI 
handshake is accomplished by setting 
bits in the Initiator or Target Com
mand registers to assert SCSI control 
lines, and polling the Current SCSI 
Control and DMA Control registers 
for the appropriate responses. Since 
for this method the control is contained 
in firmware, the cycle times are 
relatively slow. It is most appropriate 
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for transferring small blocks of data 
such as SCSI command blocks or 
messages, where the overhead of 
setting up a OMA controller could 
be significant. 

Pseudo OMA 

An alternate method of programmed 
1/0 allows the state machines of the 
L5380 I 53C80 to handle the SCSI 
handshake, thereby improving 
performance in systems which do not 
employ a hardware DMA controller. 
To implement Pseudo DMA, the 
OMAMODE bit is set. The CPU polls 
the DRQ bit in the OMA Control 
Register to determine when a byte 
should be written to or read from the 

TABLE 5. TYPICAL INTERRUPT SERVICE ROUTINE POLLING SERVICE 

Read Address 5 > TEMP : Read OMA Status Reg to variable TEMP 

IF TEMP "AND" HEX (10) = 0 : IRQ not active, so L5380/L53C80 
THEN GO TO NEXT DEVICE was not the source of this interrupt 

TEMP "AND" HEX (AC)-+ TEMP : Mask off irrevelant bits 

IF TEMP> HEX (7F) THEN : End of OMA Interrupt 
GOTOEODMA 

IF TEMP > HEX (1 F) THEN : Parity Error Interrupt 
GOTO PARERR 

IF TEMP > HEX (03) THEN : Loss of Busy Interrupt 
GOTO BYSERR 

IF TEMP= HEX (00) THEN : Phase Mismatch Interrupt 
GO TO PHASERR 

Read Address 4-+ TEMP : Read Current SCSI Control Reg 
to variable TEMP 

TEMP "AND" HEX (06)-+ TEMP : Mask off irrevelant bits 

IF TEMP= HEX (06) THEN : Reselection Interrupt 
GOTO RESEL 

IF TEMP= HEX (02) THEN : Selection Interrupt 
GOTOSEL 

IF TEMP= HEX (00) THEN : SCSI Bus Reset Interrupt 
GOTO RESET 
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L5380/53C80. When reading or 
writing, external logic must be used to 
decode the L5380/53C80 location and 
produce DACK, since it is used by the 
internal state machines. Also, CS 
must be suppressed since it may not 
be asserted simultaneously with 
DACK. 

Normal DMA Mode 

Normal DMA mode is obtained when 
the DMAMODE bit is set but the 
Blockmode bit is reset. The DMA 
process is started by writing to the 
Start DMA Send, Start DMA Initiator 
Receive, or Start DMA Target Receive 
locations as appropriate. Once 
started, the internal state machines of 
the L5380/53C80 manage the REQ
ACK handshake protocol, as well as 
the DRQ-DACK handshake with the 
DMA controller. 

The L5380 I 53C80 will assert DRQ 
whenever it is ready to transfer a byte 
to or from the DMA controller. In 
response to DRQ, the controller asserts 
DACK and IOR to read the byte, or 
DACK and IOW to write a byte to the 
L5380/53C80. For write operations, 
the byte is latched at the rising edge of 
the logical AND of DACK and IOW. 
The transfer can be terminated by 
asserting EOP during a read or write 
operation, or by resetting the 
DMAMODE bit. 

Block DMA Mode 

When the Blockmode bit is set, the 
DMA handshake is no longer depend
ent on interlocked DRQ-DACK cycles. 
Instead, the DMA controller may be 
allowed to free-run, with data flow 
throttled by inserting "wait-states" in 
the DMA transfer to or from the 
L5380/53C80. Wait-states, which are 
idle clock cycles inserted during the 
I/O read or write operation, are 
inserted by the DMA controller until 
the READY output of the L5380 I 
53C80 goes true, allowing the bus 
cycle to conclude. 

The READY output will be deasserted 
under the following conditions: For 
send operations, READY will be false 
whenever the Output Data Register 
contains a byte which has not been 
transferred over the SCSI bus. This 
allows the DMA controller to access 
RAM to fetch the next byte, but 
postpones the end of the CPU bus 
cycle until the previous byte has been 
transferred, freeing the Output Data 
Register to receive it. 

For receive operations, READY will be 
false whenever the Input Data Regis
ter is empty. This allows the DMA 
controller to address the RAM for a 
write operation, but postpones the 
end of the CPU bus cycle until the 
incoming byte is stored in the Input 
Data Register and is available on the 
CPU bus. 

Note that when blockmode is 
employed, DACK may optionally 
remain asserted throughout the DMA 
transfer, since it is not used in an 
interlocked DMA handshake (Its 
interlock function is replaced by IOR 
or IOW). Also, DRQ will be asserted 
in the normal way when operating in 
blockmode. To gain the abovemen
tioned performance benefits, it should 
be used only to initiate the first byte 
transfer, with READY used to throttle 
succeeding transfers. This methodol
ogy is compatible with DMA control
lers such as the Intel 8237 and AMD 
Am9516/9517. 

In summary, blockmode operation 
offers the potential for improved 
transfer rates by overlapping the 
DMA memory access with the SCSI 
transfer. This is of particular value 
when used with DMA controllers 
capable of "flyby" operation, where 
the data is transferred directly from 
memory to the peripheral, and does 
not pass through the DMA controller 
itself. This transfer rate gain is 
achieved at the expense of locking up 
the CPU bus for a time equal to the 
SCSI transit time of the entire block. 
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This may be strongly preferable in 
some systems where net disk access 
time is a crucial performance factor. 
Also, the time required to arbitrate for 
the CPU bus on a byte-by-byte basis 
may well be longer than the cycles 
wasted waiting for SCSI transfers to 
take place, especially with fast 
peripherals which operate from a 
high speed sector buffer. 

Terminating DMA Transfers 

DMA transfers, either normal or 
blockmode, may be terminated in a 
number of ways. The following 
sections describe these methods, 
along with providing information 
about correct sequencing of various 
signals to effect a clean exit from a 
DMA process. 

EOP Signal 

The EOP signal is usually generated 
by a DMA controller to indicate that 
its transfer counter has decremented 
to zero. In order to be recognized by 
the L5380/53C80, it should be asserted 
simultaneously with the DACK and 
IOR or IOW signals corresponding to 
the last byte in the transfer. Note that 
in the case of send operations, assert
ing EOP indicates to the L5380 I 53C80 
that SCSI transfers should cease after 
transmission of the byte loaded while 
EOP is asserted. In order to deter
mine when this last byte has actually 
been sent, the Last Byte Sent flag in 
the Target Command Register may be 
examined. This flag is not present in 
the NCR implementation of the 5380, 
but is available in the 53C80, a non
pin-compatible variant. The EOP 
input does not reset the DMAMODE 
bit, but after transmission of the last 
byte causes the internal state machine 
to return to an idle condition, so that 
no further SCSI handshaking will 
occur until another transmission is 
explicitly initiated. Note that the 
NCR version of the 5380, upon 
receiving an EOP, will stop asserting 
DRQ, but will continue to issue ACK 
in response to additional REQ inputs, 
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potentially causing data loss if the 
target initiates another data transmis
sion without an intervening phase 
change. The L5380/53C80 prevents 
this spurious OMA handshake from 
occurring. 

DMAModeBit 

Resetting the DMAMODE bit in the 
Mode Register causes a hard reset of 
the internal DMA state machines, and 
thus an effective termination of a 
OMA transfer. Since unlike the EOP 
case the state machine is not allowed 
to exit gracefully, care must be taken 
in the timing of DMAMODE reset. 

For receive operations, the 
DMAMODE bit should be reset after 
the last DRQ is received, but prior to 
asserting DACK to prevent an addi
tional REQ or ACK from occurring. 
For normal DMA mode, resetting this 
bit will cause DRQ to go inactive. 
However, the last byte received 
remains in the SCSI Input Data 
Register and may be read either by 
the normal DACK and IOR DMA 
read or using a CPU read of Address 6. 
For blockmode DMA, READY will 
remain asserted when DMAMODE is 
reset, allowing the DMA controller to 
retrieve the last byte in the normal 
fashion. The NCR version of the 5380 
fails to keep READY asserted when 
DMAMODE is reset, potentially 
causing deadlock on the CPU bus. 

Bus Phase Mismatch 

When operating in DMAMODE as an 
initiator, a bus phase mismatch can be 
used to terminate a data transfer. If the 
CID, I/0, and MSG lines fail to match 
the corresponding bits in the Target 
Command Register, it will prevent 
recognition of REQ and will disable the 
SCSI data and parity output drivers. 
Also, when REQ becomes active, an 
interrupt will be generated. Because 
REQ is not recognized, the effect is to 
stop the OMA transfer, although the 
state machine does not return to idle 
until either DMAMODE is reset or a 
valid EOP is received. 

One caution should be observed 
when using phase changes to end 
OMA transfers: While this method 
does not require the initiator to keep a 
transfer counter, it depends on the 
target causing a phase change between 
any two consecutive information 
transfer phases. Since this is not 
required by the protocol, it must be 
guaranteed by the target software. 
Otherwise the target may begin a new 
information transfer without the 
initiator recognizing the boundary 
between the two. 

ARBITRATION 

The L5380/53C80 contains on-chip 
hardware to assist in arbitrating for 
the SCSI bus. This arbitration logic 
cooperates with the host firmware to 
effect SCSI arbitration, as described in 
the following paragraphs: 

The SCSI arbitration timeline begins 
with detection of a bus free condition 
at time to. Bus free is defined as BSY 
and SEL inactive for at least a bus 
settle delay (400 ns). Following the 
bus settle delay, the SCSI device must 
wait an additional bus free delay of 
800 ns, for a total of 1200 ns after to, · 
prior to driving any signal. Thus a 
minimum of 1200 ns must elapse from 
initial deassertion of BSY to the begin
ning of an arbitration attempt. A final 
constraint is that arbitration may not 
begin if more than a bus set delay 
(1800 ns) has elapsed since BSY 
became active (arbitration began), 
corresponding to 2200 ns after to. 

The CPU indicates a desire to arbi
trate by setting the Arbitrate bit 
(R2 bit 0). When Arbitrate is set, the 
L5380/53C80 will monitor the state of 
BSY and SEL to detect a bus free 
condition. The actual implementation 
uses an internal delay line to provide 
a time reference for detection of a bus 
free condition. This delay is nomi
nally 800 ns during which BSY and 
SEL must be inactive. This time 
represents the center of the window 
between the Bus Settle Delay (400 ns) 
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and the Bus Free Delay (400 + 800 = 
1200 ns). When Bus Free is detected, 
the L5380/53C80 waits for an addi
tional time of nominally 900 ns (1700 ns 
nominal since to) and asserts BSY and 
the contents of the Output Data 
Register. This time represents the 
center of the 1200 ns-2200 ns window 
between the earliest and latest legal 
arbitration attempt. Since the actual 
delays are process and temperature 
dependent, they will vary in practice, 
but will always remain well within 
the specified limits. 

Once arbitration has begun (BSY and 
the Output Data Register asserted,) 
the Arbitration In Progress bit (Rl bit 6) 
will be set, allowing the CPU to detect 
the fact that arbitration has begun. 
The CPU should then wait one 
arbitration delay (2.2 µs) before 
reading the bus to determine whether ~ 
arbitration has been won or lost. The ta. 
Lost Arbitration bit (R2 bit 7) will be 
active if the L5380/53C80 has detected 
SEL active on the SCSI bus, indicating 
that another SCSI device has declared 
itself the winner of the arbitration. 
SEL active also disables the SCSI 
output drivers, allowing the winning 
arbitrator to proceed with its transfer. 

BUG FIXES/ENHANCMENTS 

The NCR5380 and the Am5380 have 
some architectural bugs, both pub
lished and unpublished. The LOGIC 
Devices L5380/53C80 was designed to 
eliminate these bugs while maintain
ing pin and architectural compatibil
ity. A list of these errors along with 
solutions implemented in the L5380/ 
53C80 is itemized below. 

1. When executing blockmode OMA 
send operations, the READY signal is 
intended to insert memory wait states 
as a mechanism to throttle data 
transfer, with the OMA controller in a 
free-running loop. The NCR/ 
Am5380 erroneously allows the 
contents of the Output Data Register 
to be overwritten by subsequent bytes 
prior to acknowledgment of the 
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current byte by the SCSI receiver. 
This causes loss of data when operat
ing in blockmode if the sender's DMA 
cycle is faster than the receiver's. 

2. Assertion of EOP during 
blockmode DMA transfers fails to 
cause assertion of READY in the 
NCR/ Am5380. This may prevent the 
CPU from becoming bus master and 
can result in lockup of the CPU bus in 
a not-ready state. In block DMA send 
mode when EOP is received, the 
L5380 I 53C80 reasserts READY 
immediately after transmitting the 
final byte. For receive mode, READY 
is asserted immediately. 

3. When a valid EOP is detected, the 
NCR/ Am5380 prevents assertion of 
additional DRQ's, but continues to 
respond to SCSI handshakes. This 
means that additional data transmit
ted without phase change may be lost. 
The L5380/53C80, like the NCR/ 
Am5380 remains in DMAMODE after 
an EOP. However, the internal state 
machine returns to an idle condition 
and does not respond to additional 
SCSI handshake attempts until 
another data transfer is explicitly 
initiated. 

4. When operating as an initiator in 
DMAMODE, the NCR/ Am5380 leaves 
ACK asserted after receipt of a valid 
EOP, requiring the CPU to deassert it. 
When a valid EOP is detected, the 
LS380/53C80 deasserts ACK properly. 

5. If the NCR/ Am5380 is not termi
nated on the SCSI side, the floating RST 
pin will cause spurious interrupts. The 
L5380/53C80 contains internal high 
value pullups to set unterminated SCSI 
pins to the inactive state. 

6. During DMA send operations, when 
a valid EOP signal is received by the 
NCR/ Am5380, no convenient indica
tion exists to indicate that the last byte 
of data (loaded simultaneously with 
EOP) has in fact been successfully 
transmitted. The L5380 I 53C80 pro
vides Last Byte status bit mapped to 
bit 7 of the Target Command Register. 
This bit will be set after a valid EOP has 
occurred, and the final byte has been 
transmitted successfully. 

7. During the reselection phase, the 
NCR/ AM5380 may reset the reselec
tion interrupt if the contents of the 
Target Command Register do not 
match the current SCSI bus phase. The 
L5380/53C80 does not spuriously reset 
this interrupt. 
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8. In the NCR/ Am5380, the phase 
mismatch interrupt is captured in an 
edge triggered fashion on the active 
edge of REQ. During reselection, this 
interrupt might not be generated even 
though a phase change has occurred. 
The reason for this is as follows: 

• The initiator DMAMODE bit 
must be set in order to receive a 
phase-match interrupt. 

• However, the DMAMODE bit 
cannot be set unless BSY is active. 

• BSY will be driven active by the 
target only after the relesection 
has occurred. 

• Once BSY has been asserted by 
the target, it may then assert REQ 
before the initiator has set the 
DMAMODE bit, and the initiator 
will then fail to generate an 
interrupt. 

The L5380/53C80 interrupt latch will 
be set if a phase mismatch condition 
exists when the later of REQ or 
DMAMODE become active. In this 
way, the mismatch will always be 
detected, even if the target asserts 
REQ before the initiator sets 
DMAMODE. 
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MAXIMUM RATINGS Above which useful life may be impaired 

Storage temperature ..... ... . .... ...... .. . . ..... .. ........ .... ... .... .. ........... .. ... . .... .... .. . ...... .............. ........ -65°C to + 150°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Output voltage ............................................................................................................................. 0.0 V to Vee 

Input voltage ............................................................................................................................ 0.0 V to +5.5 V 

loL Low Level Output Current (SCSI Bus) ............................................................................................ 48 mA 

IOL Low Level Output Current (other pins) .............................................................................................. 8 mA 

loH High Level Output Current (other pins) ........................................................................................... -4 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Temperature Range (Ambient) 

0°C to +70°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions 

Symbol Parameter Test Condition 

VIL Input Low Voltage 

ViH Input High Voltage 

VOL Output Low Voltage Vee= Min, IOL = 48 mA 
(SCSI bus) 

VOL Output Low Voltage Vee = Min, IOL = 8 mA 
(other pins) 

VOH Output High Voltage Vee= Min, IOH = -4 mA 
(other pins) 

llN Input Current* Vee = Max, VIN = 0 - Vee (SCSI bus) 

llN Input Current* Vee= Max, VIN= 0- Vee (other pins) 

Ice Supply Current Vee = Max, VIH = 2.4, 
VIL= 0.4, 4 MHz cycle, 
No Load, No Termination 

Ice Supply Current Same as above, inputs stable 
Quiescent 

*Not tested at low temperature extreme. 

Supply Voltage 
4.75 v $Vee$ 5.25 v 

Min Typ 

0.0 

2.0 

3.5 

10 

Max 

0.8 

Vee 

0.5 

0.5 

65 

20 

20 

1.5 

Unit 

v 

v 

v 

v 

v 

µA 

µA 

mA 

mA 
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OMA INTERFACE WITH 8237 A 

IOR IOW RESET IOR IOW RESET IRQ 

DREQx DRQ 
8237 A 
DMA DACKx DACK 

CONTROLLER READY READY 
L5380/ 

OE LATCH 

A1s-o 

CLK 

AEN 

ADSTB 

STB 

A7-4 

SWITCHING CHARACTERISTICS 

A3-0 

ARBITRATION TIMING (ns - except where noted) 

Symbol Parameter 

EOP EOP 

DB7-0 

SYSTEM DATA BUS 

ADDRESS BUS A1s-o 

T1 BSY False Duration to Detect Bus Free Condition 

T2 SCSI Bus Clear (High Z) from BSY False 

L53CBO 
SCSI 

CONTROLLER 

D7·0 A2-0 cs 

T3 Arbitrate (BSY and SCSI ID Asserted) from BSY False (Bus Free Detected) 

T4 SCSI Bus Clear (High Z) from SEL True (Lost Arbitration) 

ARBITRATION WAVEFORMS 

SEL 

SDB1-o 
SDBP 

6·18 

L5380/53C80-
Commercial 
Min Max 

0.4 µs 1.2 µs 

1.2 µs 

1.2 µs 2.2 µs 

60 
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CPU WRITE CYCLE TIMING (ns) 

Commercial 
2 Mbytes/sec 4 Mbytes/sec 

Symbol Parameter Min Max Min Max 

T1 Address Setup to Write Enable 10 5 

T2 Address Hold from End of Write Enable 5 5 

T3 Width of Write Enable 40 20 

T4 Data Setup to End of Write Enable 20 5 

TS Data Hold from End of Write Enable 10 5 

CPU WRITE CYCLE WAVEFORMS 

A2-o vzzzzzzzf_T1-j ~ T2 3= 
cs ' I . f--- T3 

IOW -----------~ / 

.. 1;-T4=T5-:I~ 
01-07/ ........... /..--z-z ..... 2 ...... z----/-/_/ ....... /-/---...-7-2-2-2 ...... z----/...-.¥ ¥,......Z ....... /...,....7 ...... 1---...-/-2-z ....... /-z---...-2-z..,,.../ ....... Z....,.2-.......-z 

CPU READ CYCLE TIMING (ns) 

Commercial 
2 Mbytes/sec 4 Mbytes/sec 

Symbol Parameter Min Max Min 

T1 Address Setup to Read Enable 10 5 

T2 Address Hold from End of Read Enable 5 5 

T3 Data Access Time from Read Enable 50 

CPU READ CYCLE WAVEFORMS 

:: VZZZZZZZL~~-~-----r--T-2 3zzzzzoZZZZZ/ 

:: ~* T3 ~ XZZZZZZZ7ZZZZ772 

Max 

30 
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OMA WRITE INITIATOR SEND TIMING (ns) 

Commercial 
2 Mbytes/sec 4 Mbytes/sec 

Symbol Parameter Min Max Min Max 

The following apply for all OMA Modes 

T1 DRQ False from Write Enable 60 30 
(concurrence of IOW and DACK) 

T2 Width of Write Enable 60 20 
(concurrence of IOW and DACK) 

T4 Data Setup to End of Write Enable 20 5 

T5 Data Hold from End of Write Enable 15 5 

T6 Concurrent Width of EOP, IOW, and DACK 50 20 

T9 REQ False to ACK False 90 45 

T13 End of Write Enable to Valid SCSI Data 65 45 

T14 SCSI Data Setup Time to ACK True 60 65 

The following apply for Normal OMA Mode only 

T7 REQ False to DRQ True 60 30 

TB DACK False to ACK True (REQ True) 1B5 165 

T10 REQ True to ACK True (DACK False) 70 35 

The following apply for Blockmode OMA only 

T3 IOW Recovery Time 40 20 

TB IOW False to ACK True (REQ True) 1B5 165 

T10 REQ True to ACK True (IOW False) 70 35 

T11 REQ False to READY True 60 30 

T12 IOW False to READY False 70 35 

OMA WRITE INITIATOR SEND WAVEFORMS 

~~~~~~~~~~~~~~~~~~~~~~-Peripheral Products 
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OMA READ INITIATOR RECEIVE TIMING (ns) 

Commercial 
2 Mbytes/sec 4 Mbytes/sec 

Symbol Parameter Min Max Min Max 

The following apply for all OMA Modes 

T1 DRQ False from Concurrence of IOR and DACK 60 30 

T3 Data Access Time from Concurrence of 60 20 
IOR and DACK 

T4 Concurrent Width of EOP, IOR, and DACK 50 20 

T7 REQ True to ACK True 70 35 

T12 SCSI Data Setup Time to REQ True 20 5 

T13* SCSI Data Hold Time from REQ True 15 10 

The following apply for Normal OMA Mode only 

T5 REQ True to DRQ True 60 30 

T6 DACK False to ACK False (REQ False) 90 55 

TS REQ False to ACK False (DACK False) so 55 

The following apply for Blockmode OMA only 

T2 IOR Recovery Time 40 20 

T6 IOR False to ACK False (REQ False) 90 45 

TS REQ False to ACK False (IOR False) so 45 

T9 REQ True to READY True 60 30 

T10 READY True to CPU Data Valid 15 15 

T11 IOR False to READY False 70 35 

OMA READ INITIATOR RECEIVE WAVEFORMS 

DRQ 

07-0 BYTE N 

07-0 

READY 

*Data must be held on the SCSI bus until ACK becomes True 
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OMA WRITE TARGET SEND TIMING (ns) 

Commercial 
2 Mbytes/sec 4 Mbytes/sec 

Symbol Parameter Min Max Min Max 

The following apply for all OMA Modes 

T1 DRQ False from Write Enable 60 30 
(concurrence of IOW and DACK) 

T2 Width of Write Enable 60 20 
(concurrence of IOW and DACK) 

T4 Data Setup to End of Write Enable 20 5 

T5 Data Hold from End of Write Enable 15 5 

T6 Concurrent Width of EOP, IOW, and DACK 50 20 

T9 ACK True to REQ False 90 45 

T13 End of Write Enable to Valid SCSI Data 60 45 

T14 SCSI Data Setup Time to REQ True 60 65 

The following apply for Normal OMA Mode only 

T7 ACK True to DRQ True 60 30 

TB DACK False to REQ True (ACK False) 185 165 

T10 ACK False to REQ True (DACK False) 70 35 

The following apply for Blockmode OMA only 

T3 IOW Recovery Time 40 20 

TB IOW False to REQ True (ACK False) 1B5 165 

T10 ACK False to REQ True (IOW False) 70 35 

T11 ACK True to READY True 60 30 

T12 IOW False to READY False 70 35 

OMA WRITE TARGET SEND WAVEFORMS 

READY 
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DMA READ TARGET RECEIVE TIMING (ns) 

Commercial 

2 Mbytes/sec 4 Mbytes/sec 
Symbol Parameter Min Max Min Max 

The following apply for all OMA Modes 

T1 DRQ False from Concurrence of IOR and DACK 60 30 

T3 Data Access Time from Concurrence of 60 20 
IOR and DACK 

T4 Concurrent Width of EOP, IOR, and DACK 50 20 

T7 ACK True to REQ Fals~ 70 45 

T12 SCSI Data Setup Time to ACK True 20 10 

T13* SCSI Data Hold Time from ACK True 15 10 

The following apply for Normal OMA Mode only 

TS ACK True to DRQ True 60 30 

T6 DACK False to REQ True (ACK False) 90 45 

TB ACK False to REQ True (DACK False) 80 45 

The following apply for Blockmode OMA only 

T2 IOR Recovery Time 40 20 • T6 IOR False to REQ True (ACK False) 90 45 

TB ACK False to REQ True (IOR False) 80 45 

T9 ACK True to READY True 60 30 

T10 READY True to CPU Data Valid 15 15 

T11 IOR False to READY False 70 35 

DMA READ TARGET RECEIVE WAVEFORMS 

DRQ 

07-0 

READY 

*Data must be held on the SCSI bus until REQ becomes False 
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I NOTES 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry de
signed to protect the chip from damag
ing substrate injection currents and ac
cumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above Vee 
will be clamped beginning at-0.6 Vand 
Vee + 0.6 V. The device can withstand 
indefinite operation with inputs in the 
range of --0.5 V to +7.0 V. Device opera
tion will not be adversely affected, how
ever, inpu~ current levels will be well in 
excess of 100 mA. 

9. AC specifications are tested with 
input transition times less than 3 ns, 
output reference levels of 1.5 V (except 
tDIS test), and input levels of nominally 
0 to 3.0 V. Output loading may be a 
resistive divider which provides for 
specified IOH and IOL at an output 
voltage of VOH min and VOL max 
respectively. Alternatively, a diode 
bridge with upper and lower current 
sources of IOH and IOL respectively, 
and a balancing voltage of 1.5 V may be 
used. Parasitic capacitance is 30 pF 
minimum, and may be distributed. 

This device has high-speed outputs ca
pable of large instantaneous current 
pulses and fast turn-on/ turn-off times. 
As a result, care must be exercised in 
the testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

4. Actual test conditions may vary b. Ground and Vee supply planes 
from those designated but operation is must be brought directly to the DUT 
guaranteed as specified. socket or contactor fingers. 

5. Supply current for a given applica
tion can be accurately approximated 
by: 

where 

NCV2F 
4 

N = total number of device outputs 
C = capacitive load per output 
V = supply voltage 
F = clock frequency 

6. Tested with all outputs changing ev
ery cycle and no load, at a 5 MHz clock 
rate. 

7. Tested withallinputswithin0.1 Vof 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 1003 tested. 

c. Input voltages should be adjusted to 
compensate for inductive ground and Vee 
noise to maintain required DUT input 
levels relative to the DUT ground pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the exter
nal system must supply at least that 
much time to meet the worst-case re
quirements of all parts. Responses 
from the internal circuitry are specified 
from the point of view of the device. 
Output delay, for example, is specified 
as a maximum since worst-case opera
tion of any device always provides data 
within that time. 
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11. For the tENA test, the transition is 
measured to the 1.5 V crossing point 
with datasheet loads. For the tDIS test, 
the transition is measured to the 
±200m V level from the measured 
steady-state output voltage with 
± lOmA loads. The balancing volt
age, VTH, is set at 3.5 V for Z-to-0 
and 0-to-Z tests, and set at 0 V for Z
to-1 and 1-to-Z tests. 

12. These parameters are only tested at 
the high temperature extreme, which is 
the worst case for leakage current. 

FIGURE A. OUTPUT LOADING CIRCUIT 

FIGURE B. THRESHOLD LEVELS 

VOL• Measured VoL with loH = -10rnA and loL = 1 OrnA 

VoH' Measured VoH with loH = -1 OrnA and loL = 1 OrnA 
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L5380 - ORDERING INFORMATION 

40-pin -0.6" wide 

Do 40 D1 

SDB7 39 D2 

SDBs 38 D3 

SDBs 37 D4 

SDB4 36 Ds 

SDB3 35 Ds 

SDB2 34 D7 

SDB1 33 A2 

SDBo 32 A1 

SDBP 10 31 Vee 

GND 11 30 Ao 

SEL 12 29 IOW 

BSY 13 28 RESET 

ACK 14 27 EOP 

ATN 15 26 DACK 

RST 16 25 READY 

Ito 17 24 IOR 

CID 18 23 IRQ 

MSG 19 22 DRQ 

REQ 20 21 cs 

Plastic DIP 
Speed (P3) 

0°c to +70°C-CoMMERCIAL SCREENING 

4 L5380PC4 
2 L5380PC2 

44-pin 

SDB3 

SDB2 

SDB1 

ATN 

L5380/53C80 

SCSI Bus Controller 

1~1~1~1~ 0 0 - N M ~ ~ en en en en o z o o o o o 

7 

8 

9 

Top 
View 

I~ o 01~10 01en a ojoc ~ en,:::::. 10 en w z o oc oc o o 
OC :::i:OC o--U) 

oc 

Plastic J-Lead Chip Carrier 
(J1) 

L5380JC4 
L5380JC2 

Ds 

D7 

A2 
A1 

Vee 

NC 

Ao 

IOW 

EOP 

DACK 

~~~~~~~~~~~~~~~~~~~~~~~Peripheral Products 
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L53C80 - ORDERING INFORMATION 

Speed 

4 
2 

48-pin 
SDB1 

RST 

GND 

BSY 

SEL 

ATN 

NC 
RESET 

IRQ 

DRQ 

EOP 

DACK 

GND 

READY 

Ao 

A1 

A2 
NC 

Cs 
IOW 

IOR 

07 

06 

Os 

Plastic DIP 
(PS) 

4 

5 

7 

8 

9 
10 

11 

12 

13 
14 

15 

16 

17 

18 

19 

20 

21 
22 

23 

24 

48 SDBs 

47 SDBs 

46 GND 

45 SDB4 

44 SDB3 

43 SDB2 

42 NC 

41 SDB1 

40 SDBo 

39 GND 

38 SDBP 

37 REQ 

36 ACK 

35 l/O 
34 GND 

33 CID 
32 MSG 

31 NC 

30 Do 

29 01 

28 02 
27 03 

26 04 

25 Vee 

Sidebraze Hermetic DIP 
(DS) 

0°c to +70°C -COMMERCIAL SCREENING 

L53C80PC4 L53C80DC4 
L53C80PC2 L53C80DC2 

44-pin 

RESET 

IRQ 

L5380/53C80 

SCSI Bus Controller 

SDB2 

SDB1 

SDBo 

GND 

35 SDBP 

l>IOC ~ ~ ~ U • M N - 0 i)oooo uooooo 
-- > 

Plastic J-Lead Chip Carrier 
(J1) 

L53C80JC4 
L53C80JC2 

REQ 

CID 
MSG 
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MEMORY PRODUCTS .......................................................................................................................................................... 7-1 
64K Static RAMs 

L7C162 16K x 4, Separate 1/0, 2 Chip Enables+ Output Enable ............................................................................... 7-3 
L7C164 16K x 4, Common 1/0, 1 Chip Enable ............................................................................................................ 7-11 
L7C166 16K x 4, Common 1/0, 1 Chip Enable+ Output Enable .............................................................................. 7-11 

256K Static RAMs 
L7C194 64K x 4, Common 1/0, 1 Chip Enable ............................................................................................................ 7-21 
L7C195 64K x 4, Common 1/0, 1 Chip Enable+ Output Enable .............................................................................. 7-21 
L7C197 256K x l, Separate 1/0, 1 Chip Enable ............................................................................................................ 7-29 
L7C199 32K x 8, Common 1/0, 1 Chip Enable+ Output Enable .............................................................................. 7-37 

1M Static RAMs 
L7C106 256K x 4, Common 1/0, 1 Chip Enable+ Output Enable ............................................................................ 7-45 
L7C108 128K x 8, Common 1/0, 1 Chip Enable+ Output Enable ............................................................................ 7-51 
L7C109 128K x 8, Common 1/0, 2 Chip Enables+ Output Enable .......................................................................... 7-51 

Special Architecture RAMs 
L7C174 BK x 8, Cache-Tag ............................................................................................................................................... 7-61 
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DEv1cEs 1NcoRPORATED 16K x 4 Static RAM 

~F_E_A_T_U_R_ES _____ __,, I DESCRIPTION 

0 16K x 4 Static RAM with Separate 
I/0 and High Impedance Write 

0 Auto-Powerdown™ Design 
0 Advanced CMOS Technology 
0 High Speed - to 12 ns maximum 
0 Low Power Operation 

Active: 325 mW typical at 25 ns 
Standby: 400 µ W typical 

0 Data Retention at 2 V for Battery 
Backup Operation 

0 DECC SMD No. 5962-89712 
0 Available 100% Screened to 

MIL-STD-883, Class B 

0 Plug Compatible with IDT 71982 
and Cypress CY7C162 

0 Package Styles Available: 
• 28-pin Plastic DIP 
• 28-pin Ceramic DIP 
• 28-pin Plastic SOJ 
• 28-pin Ceramic LCC 

L7C162 BLOCK DIAGRAM 

I-
() 

8 
w 
_J 

ROW w 
ADDRESS (/) 

3: 
0 
a: 

CONTROL 

The L7C162 is a high-performance, 
low-power CMOS static RAM. The 
storage cells are organized as 16,384 
words by 4 bits per word. Data In and 
Data Out are separate. This device is 
available in four speeds with maxi
mum access times from 12 ns to 25 ns. 

Inputs and outputs are TTL compat
ible. Operation is from a single +5 V 
power supply. Power consumption is 
325 mW (typical) at 25 ns. Dissipation 
drops to 60 mW (typical) when the 
memory is deselected. 

Two standby modes are available. 
Proprietary Auto-PowerdownTM 
circuitry reduces power consumption 
automatically during read or write 
accesses which are longer than the 
minimum access time, or when the 
memory is deselected. In addition, 
data may be retained in inactive 

256 x 64 x 4 
MEMORY 
ARRAY 

COLUMN SELECT 
& COLUMN SENSE 

03-0 

13-0 __________ _J 

4 
COLUMN ADDRESS 

storage with a supply voltage as low 
as 2 V. The L7C162 consumes only 
30 µW (typical) at 3 V, allowing 
effective battery backup operation. 

The L7C162 provides asynchronous 
(unclocked) operation with matching 
access and cycle times. Two active
low Chip Enables and a three-state 
output with a separate Output Enable 
control simplify the connection of 
several chips for increased storage 
capacity. 

Memory locations are specified on 
address pins Ao through A13. Reading 
from a designated location is accom
plished by presenting an address and 
driving CE1, CE2, and OE LOW while 
WE remains HIGH. The data in the 
addressed memory location will then 
appear on the Data Out pins within • 
one access time. The output pins stay 
in a high-impedance state when WE is 
LOW or CE1, CE2, or OE is HIGH. 

Writing to an addressed location is 
accomplished when the active-low 
CE1, CE2, and WE inputs are all LOW. 
Any of these signals may be used to 
terminate the write operation. The 
Data In and Data Out signals have the 
same polarity. 

Latchup and static discharge protec
tion are provided on-chip. The 
L7C162 can withstand an injection 
current of up to 200 mA on any pin 
without damage. 

=================================================================== 64K Static RAMs 
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DEVICES INCORPORATED 16K x 4 Static RAM 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2) 

Storage temperature .......................................................... .................................. ............... -65°C to + 150°C 

Operating ambient temperature........................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to + 7 .0 V 

Output current into low outputs............................................................................................................. 25 mA 

Latch up current ............................................................................................................................... > 200 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode Temperature Range (Ambient) Supply Voltage 
Active Operation, Commercial 0°C to +70°C 4.5 V ::; Vee ::; 5.5 V 

Active Operation, Industrial -40°C to +85°C 4.5 v ::; Vee ::; 5.5 v 
Active Operation, Military -55°C to + 125°C 4.5 v ::; Vee::; 5.5 v 
Data Retention, Commercial 0°C to +70°C 2.0 v::; Vee::; 5.5 v 
Data Retention, Industrial -40°C to +85°C 2.0 v::; Vee ::; 5.5 v 
Data Retention, Military -55°C to + 125°C 2.0 V::; Vee ::; 5.5 v 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 5) 

L7C162 

Symbol Parameter Test Condition Min Typ Max Unit 

VoH Output High Voltage Vee= 4.5 V, IOH = -4.0 mA 2.4 v 

VOL Output Low Voltage IOL= 8.0 mA 0.4 v 

~H Input High Voltage 2.2 Vee v 
+0.3 

~L Input Low Voltage (Note 3) -3.0 0.8 v 

llX Input Leakage Current Ground ~VIN ~Vee -10 +10 µA 

loz Output Leakage Current (Note 4) -10 +10 µA 

lee2 Vee Current, TTL Inactive (Note 7) 12 25 mA 

lee3 Vee Current, CMOS Standby (Note 8) 80 300 µA 

lee4 Vee Current, Data Retention Vee = 3.0 V (Note 9) 10 150 µA 

CiN Input Capacitance Ambient Temp = 25°C, Vee= 5.0 V 5 pF 

COUT Output Capacitance Test Frequency= 1 MHz (Note 10) 7 pF 

L7C162-

Symbol Parameter Test Condition 25 20 15 12 Unit 

lce1 J Vee Current, Active l (Note 6) 100 120 140 165 mA 

=================================================================== 64K Static RAMs 
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DEVICES INCORPORATED 16K x 4 Static RAM 

SWITCHING CHARACTERISTICS Over Operating Range 

READ CYCLE Notes 5, 11, 12, 22, 23, 24 (ns) 

L7C162-
25 20 15 12 

Symbol Parameter Min Max Min Max Min Max Min 

tAVAV Read Cycle Time 25 20 15 12 

tAVQV Address Valid to Output Valid (Notes 13, 14) 25 20 15 

tAXQX Address Change to Output Change 3 3 3 3 

tCLQV Chip Enable Low to Output Valid (Notes 13, 15) 25 20 15 

tCLQZ Chip Enable Low to Output Low Z (Notes 20, 21) 3 3 3 3 

tCHQZ Chip Enable High to Output High Z (Notes 20, 21) 10 8 8 

tOLQV Output Enable Low to Output Valid 12 10 8 

tOLQZ Output Enable Low to Output Low Z (Notes 20, 21) 0 0 0 0 

tOHQZ Output Enable High to Output High Z (Notes 20, 21) 10 8 5 

tPU Input Transition to Power Up (Notes 1 o, 19) 0 0 0 0 

tPD Power Up to Power Down (Notes 1 o. 19) 25 20 20 

tCHVL Chip Enable High to Data Retention (Note 10) 0 0 0 0 

READ CYCLE - ADDRESS CONTROLLED Notes 13, 14 

tAVAV 

ADDRESS .>-
tAVQV 

:1 
DATA OUT PREVIOUS DATA VALID 71E-XXXXX¥ DATA VALID 

tAXQX 
f--- tPU I tPD t ICC 

READ CYCLE - CE/OE CONTROLLED Notes 13, 15 

OE 

DATA OUT 

HIGH 
i,--,""'"7"...,.....,.......,~-;,---------------------,i1MPEDANCE ___ ,._ ________ -'II _____ ~~--~ 

DATA VALID 

Max 

12 

12 

5 

6 

5 

20 

ICC 

tPu ---1-i------- tPD ------<-ii 
______ ..... *50% 50%~~------------------

DATA RETENTION Note 9 

DATA RETENTION MODE --y---------il 
-------------....~1 4.5V 

·ix. 4.5VX_ > 2 V 

I- tAVAV a vcc 

Fv;; tCHVL 

CE 7/777777777~ '-...._ ______ __,/ ~S\\\SS\\SS\\S\" 
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L7C162 
DEVICES INCORPORATED 16K x 4 Static RAM 

I SWITCHING CHARACTERISTICS Over Operating Range 

WRITE CYCLE Notes 5, 11, 12, 22, 23, 24 (ns) 

L7C162-
25 20 15 12 

Symbol Parameter Min Max Min Max Min Max Min Max 

t.AVAV Write Cycle Time 20 20 15 12 

tCLEW Chip Enable Low to End of Write Cycle 15 15 12 10 

t.Avsw Address Valid to Beginning of Write Cycle 0 0 0 0 

t.AVEW Address Valid to End of Write Cycle 15 15 12 10 

tEWAX End of Write Cycle to Address Change 0 0 0 0 

twLEW Write Enable Low to End of Write Cycle 15 15 12 10 

tDVEW Data Valid to End of Write Cycle 10 10 7 6 

tEWDX End of Write Cycle to Data Change 0 0 0 0 

twHQZ Write Enable High to Output Low Z (Notes 20, 21) 0 0 0 0 

twLOZ Write Enable Low to Output High Z (Notes 20, 21) 7 7 5 4 

WRITE CYCLE- WE CONTROLLED Notes 16, 17, 18, 19 

t.AVAV 

ADDRESS --*- Jr--
tCLEW 

SS: ~ IZZZZZZJ rzzzzzzzz7ZL 
tAVEW tEWAX----.J 

~~ 
twLEW _T 

DATA IN 

i--------: I- t.AVBW tDVEW 1tEWDX 
I. 

..< DATA-IN VALID -,;;:~~ 
ll.. ..£ .L. .L../ 

_I tWLQZ 
HIGH IMPEDANCE f--- twHOZ 

./ ~ .I 

' .I ~ DATA OUT 

tpu tPD 
tPU : ==i _____ _ ICC ------~ 

WRITE CYCLE - CE CONTROLLED Notes 16, 17, 18, 19 

t.AVAV 

ADDRESS -*- -*-
t.AVBW tCLEW 

4'.. .T 
t.AVEW tEWAX--i 

~ 
twLEW ZZZLLZZZLLLZZZL 

DATA IN 

tDVEW ] tEWDX 

l DATA-IN VALID -*-
DATA OUT 

HIGH IMPEDANCE 

f--- tPU tPD 

ICC 

============================================= 64K Static RAMs 
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!NOTES 

1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground will be clamped beginning at-0.6 V. 
A current in excess of 100 mA is required to 
reach -2.0 V. The device can withstand in
definite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

4. Tested withGNDs;VoUTs;Vec. The de
vice is disabled, i.e., CEl =Vee, ITz =Vee. 

5. A series of normalized curves is available 
to supply the designer with typical DC and 
AC parametric information for Logic Devices 
Static RAMs. These curves may be used to 
determine device characteristics at various 
temperatures and voltage levels. 

6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
i.e., CEl s; VIL, CE2 s; VIL, WE s; VIL. Input 
pulse levels are 0 to 3.0 V. 

7. Tested with outputs open and all address 
and data inputs changing at the maximum 
read cycle rate. The device is continuously 
disabled, i.e., CEt ~ VIH, CE2 ~ VIH. 

8. Tested with outputs open and all ad
dress and data inputs stable. The device 
is continuously disabled, i.e., CE1 =Vee, 
CE2 =Vee. Input levels are within 0.2 V 
of Vee or GND. 

9. Data retention operation requires 
that Vee never drop below 2.0 V. CT1 
must be ~Vee - 0.2 V or CE2 must be 
~Vee- 0.2 V. All other inputs must 
meet VIN~ Vee- 0.2 V or VIN s; 0.2 V to 
ensure full powerdown. For low power 
version (if applicable), this require
ment applies only to CEi, CE2, and WE; 
there are no restrictions on data and 
address. 

10. These parameters are guaranteed but 
not 100% tested. 

11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 
IOH plus 30 pF (Fig. la), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 

12. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
tAVEW is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require
ments of all parts. Responses from the inter
nal circuitry are specified from the point of 
view of the device. Access time, for ex
ample, is specified as a maximum since 
worst-case operation of any device always 
provides data within that time. 

13. WE is high for the read cycle. 

14. The chip is continuously selected (CEt 
low, CE2 low). 

15. All address lines are valid prior-to or 
coincident-with the CE1 and CE2 transition 
to active. 

16. The internal write cycle of the mem~ 
is defined~ the overlap of CEi and CE2 
active and WE low. All three signals must be 
active to initiate a write. Any signal can 
terminate a write by going inactive. The 
address, data, and control input setup and 
hold times should be referenced to the sig
nal that becomes active last or becomes inac
tive first. 

17. If WE goes low before or concurrent 
with the latter of CEt and CEZ going active, 
the output remains in a high impedance 
state. 

18. If CEl and CE2 goes inactive before or 
concurrent with WE going high, the output 
remains in a high impedance state. 

19. Powerup from Iee2 to Iee1 occurs as a 
result of any of the following conditions: 

a. Falling edge of CE2 (CEi active) or the 
falling edge of CEi (CE2 active). 

b. Falling edge of WE (IT!, CE active). 

c. Transition on any address line (CEt, CE2 
active). 

d. Transition on any data line (CEt, CE2, 
and WE active). 

The device automatically powers down 
from Iee1 to Iee2 after tPD has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 

L7C162 

16K x 4 Static RAM 

20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 

21. Transition is measured ±200 mV from 
steady state voltage with specified loading 
in Fig. lb. This parameter is sampled and 
not 100% tested. 

22. All address timings are referenced from 
the last valid address line to the first transi
tioning address line. 

23. CEi, CEZ, or WE must be inactive during 
address transitions. 

24. This product is a very high speed device 
and care must be taken during testing in 
order to realize valid test information. In
adequate attention to setups and proce
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the Vee and ground planes di
rectly up to the contactor fingers. A 0.01 µF 
high frequency capacitor is also required 
between Vee and ground. To avoid signal 
reflections, proper terminations must be 
used. 

FIGURE 1a. 

R1 480Q 
+5 v 

INCLUDING I 30 pF 
JIG AND 
SCOPE 

FIGURE 1b. 

R1 480Q 
+5V 

INCLUDING I_ 5 pF 
JIG AND 
SCOPE 

F1GURE2. 

R2 
255Q 

R2 
255Q 
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DEVICES INCORPORATED 

ORDERING INFORMATION 

28-pin - 0.3" wide 

Ao [ 1 ""7 28 p Vee 
A1 [ 2 27 p A13 
A2 [ 3 26 p A12 
A3 [ 4 25 p A11 
A4 [ 5 24 p A10 
As [ 6 23 p Ag 

As [ 7 22 p 13 
A7 [ 8 21 b 12 
As [ 9 20 p 03 
lo [ 10 19 b 02 
11 [ 11 18 b 01 

CE1 [ 12 17 p Oo 
OE [ 13 16 b WE 

GND [ 14 15 p CE2 

Plastic DIP Ceramic DIP 
Speed (P10) (CS) 

0°C to +70°C - COMMERCIAL SCREENING 
20 ns L7C162PC20 L7C162CC20 
15 ns L7C162PC15 L7C162CC15 
12 ns L7C162PC12 L7C162CC12 

-40°C to +85°C - COMMERCIAL SCREENING 
20 ns L7C162Pl20 
15 ns L7C162Pl15 
12 ns L7C162Pl12 

-55°C to + 125°C - COMMERCIAL SCREENING 
25 ns L7C162CM25 
20 ns L7C162CM20 
15 ns L7C162CM15 

-ss0 c to + 12s0 c - MIL-STD-883 COMPLIANT 
25 ns L7C162CM825 
20 ns L7C162CMB20 
15 ns L7C162CM815 

L7C162 

16K x 4 Static RAM 

28-pin-0.3" wide 

r----
Ao c 1 28 p Vee 
A1 C 2 27 p A13 
A2 c 3 26 p A12 
A3 C 4 25 p A11 
A4 C 5 24 p A10 
As C 6 23 p Ag 

As C 7 22 p 13 
A7 c 8 21 p 12 
As C 9 20 p 03 
lo c 10 19 p 02 
11 c 11 18 p 01 

CE1 c 12 17 p Oo 
OE c 13 16 p WE 

GND c 14 15 p CE2 
'--

Plastic SOJ 
(W2) 

L7C162WC20 
L7C162WC15 
L7C162WC12 

L7C162Wl20 
L7C162Wl15 
L7C162Wl12 

================================================================= 64K Static RAMs 
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DEVICES INCORPORATED 

ORDERING INFORMATION 

28-pin 

f 3211:28 V') 
A3 4 :.~ 26) A12 

A4 ( 5 25~ A11 
As )6 24) A10 
As [)7 23() A9 
A1 )a Top 22 13 

Aa >9 View 21? 12 

lo )10 20? 03 

~ 1>11 19~ 02 
CE1 )12 18,i 01 
'~~~~!Z) _....., .................... "" 

lw olC\llw o 
Ot§~3::0 

Ceramic Leadless Chip Carrier 
Speed (KS) 

0°C to +70°C - COMMERCIAL SCREENING 
20 ns L7C162KC20 
15 ns L7C162KC15 
12 ns L7C162KC12 

20 ns 
15 ns 
12 ns 

-40°C to +85°C - COMMERCIAL SCREENING 

-55°C to + 125°C - COMMERCIAL SCREENING 
25 ns L7C162KM25 
20 ns L7C162KM20 
15 ns L7C162KM15 

25 ns 
20 ns 
15 ns 

-55°C to+ 125°C-MIL-STD-883 COMPLIANT 
L7C162KMB25 
L7C162KMB20 
L7C162KMB15 

L7C162 

16K x 4 Static RAM 
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- .. . 16K x 4 .Static RAM 

.__F_E_A_T_UR_E_S ____ _____.I I DESCRIPTION 

D 16K x 4 Static RAM with Common 
I/0 

D Auto-Powerdown™ Design 
D Advanced CMOS Technology 
D High Speed - to 12 ns maximum 
D Low Power Operation 

Active: 325 mW typical at 25 ns 
Standby: 400 µ W typical 

D Data Retention at 2 V for Battery 
Backup Operation 

D Available 100% Screened to 
MIL-STD-883, Class B 

D Plug Compatible with IDT 6198/ 
7188 and Cypress CY7C164/166 

D Package Styles Available: 
• 24-pin Plastic DIP 
• 22/24-pin Ceramic DIP 
• 24-pin Plastic SOJ 
• 22/28-pin Ceramic LCC 

L7C164/166 BLOCK DIAGRAM 

ROW 8 
ADDRESS 

CE 

WE 

OE 
(L7C166 only) 

1-
(.) 
w 
..J 
w 
en 
3 
0 
a: 

CONTROL 

The L7C164 and L7C166 are high
performance, low-power CMOS static 
RAMs. The storage cells are organ
ized as 16,384 words by 4 bits per 
word. Data In and Data Out signals 
share I/ 0 pins. The L7Cl 64 has a 
single active-low Chip Enable. The 
L7C166 has a single Chip Enable and 
an Output Enable. These devices are 
available in four speeds with max
imum access times from 12 ns to 25 ns. 

Inputs and outputs are TTL compat
ible. Operation is from a single +5 V 
power supply. Power consumption is 
325 mW (typical) at 25 ns. Dissipation 
drops to 60 mW (typical) when the 
memory is deselected. 

Two standby modes are available. 
Proprietary Auto-Powerdown TM 

circuitry reduces power consumption 
automatically during read or write 
accesses which are longer than the 
minimum access time, or when the 

256 x 64 x 4 
MEMORY 
ARRAY 

COLUMN SELECT 
& COLUMN SENSE 

1103-0 

memory is deselected. In addition, 
data may be retained in inactive 
storage with a supply voltage as low 
as 2 V. The L7C164 and L7C166 
consume only 30 µW (typical) at 3 V, 
allowing effective battery backup 
operation. 

The L7C164 and L7C166 provide 
asynchronous (unclocked) operation 
with matching access and cycle times. 
An active-low Chip Enable and a 
three-state I/0 bus simplify the 
connection of several chips for 
increased capacity. 

Memory locations are specified on 
address pins Ao through A13. For the 
L7C164, reading from a designated 
location is accomplished by pre
senting an address and driving CE 
LOW while WE remains HIGH. For 
the L7C166, CE and OE must be LOW 
while WE remains HIGH. The data in 
the addressed memory location will 
then appear on the Data Out pins 
within one access time. The output 
pins stay in a high-impedance state 
when CE or OE is HIGH, or WE is 
LOW. 

Writing to an addressed location is 
accomplished when the active-low CE 
and WE inputs are LOW. Either 
signal may be used to terminate the 
write operation. Data In and Data Out 
signals have the same polarity. 

Latchup and static discharge pro
tection are provided on-chip. The 
L7C164 and L7C166 can withstand an 
injection current of up to 200 mA on 
any pin without damage. 
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DEVICES INCORPORATED 16K x 4 Static RAM 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2) 

Storage temperature ................ ................................................. ...... ............. ............... ... .. ... -65°C to + 150°C 

Operating ambient temperature........................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 
Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 
Output current into low outputs............................................................................................................. 25 mA 

Latch up current ............................................................................................................................... > 200 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 
Active Operation, Commercial 

Active Operation, Industrial 

Active Operation, Military 

Data Retention, Commercial 

Data Retention, Industrial 

Data Retention, Military 

Temperature Range (Ambient) 

0°c to +70°C 

-40°C to +85°C 

-55°C to + 125°C 

0°c to +70°C 

-40°C to +85°C 
-55°C to+ 125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 5) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee = 4.5 V, IOH = -4.0 mA 

VOL Output Low Voltage IOL= 8.0 mA 

VIH Input High Voltage 

VIL Input Low Voltage (Note 3) 

llX Input Leakage Current Ground ~ V1N ~ Vee 

loz Output Leakage Current (Note 4) 

lcc2 Vee Current, TTL Inactive (Note 7) 

Ices Vee Current, CMOS Standby (Note 8) 

ICC4 Vee Current, Data Retention Vee = 3.0 V (Note 9) 

CIN Input Capacitance Ambient Temp = 25°C, Vee = 5.0 V 

COUT Output Capacitance Test Frequency= 1 MHz (Note 10) 

Symbol Parameter Test Condition 

ICC1 J Vee Current, Active l (Note 6) 

Supply Voltage 
4.5 v::;; Vee ::;; 5.5 V 

4.5 v::;; Vee ::;; 5.5 v 
4.5 v ::;; Vee ::;; 5.5 V 

2.0 v ::;; Vee ::;; 5.5 V 

2.0 v ::;; Vee ::;; 5.5 v 
2.0 v::;; Vee::;; 5.5 v 

L7C164/166 

Min Typ Max 

2.4 

0.4 

2.2 Vee 
+0.3 

-3.0 0.8 

-10 +10 

-10 +10 

12 25 

80 300 

10 150 

5 

7 

L7C164/166-

25 20 15 12 

100 120 140 165 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

µA 

µA 

pF 

pF 

Unit 

mA 

================================================================== 64K Static RAMs 
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_,.......~-~ L7C164/166 
DEVICES INCORPORATED 16K x 4 Static RAM 

SWITCHING CHARACTERISTICS Over Operating Range 

READ CYCLE Notes 5, 11, 12, 22, 23, 24 (ns) 

L7C164/166-
25 20 15 12 

Symbol Parameter Min Max Min Max Min Max Min Max 

tAVAV Read Cycle Time 25 20 15 12 

tAVQV Address Valid to Output Valid (Notes 13, 14) 25 20 15 12 

tAxox Address Change to Output Change 3 3 3 3 

tCLQV Chip Enable Low to Output Valid (Notes 13, 15) 25 20 15 12 

tCLQZ Chip Enable Low to Output Low Z (Notes 20, 21) 3 3 3 3 

tCHQZ Chip Enable High to Output High Z (Notes 20, 21) 10 8 8 5 

tOLQV Output Enable Low to Output Valid 12 10 8 6 

tOLQZ Output Enable Low to Output Low Z (Notes 20, 21) 0 0 0 0 

tOHQZ Output Enable High to Output High Z (Notes 20. 21) 10 8 5 5 

tPU Input Transition to Power Up (Notes 1 o, 19) 0 0 0 0 

tPD Power Up to Power Down (Notes 1 o, 19) 25 20 20 20 

tCHVL Chip Enable High to Data Retention (Note 10) 0 0 0 0 

READ CYCLE -ADDRESS CONTROLLED Notes 13, 14 

• DATA VALID 

READ CYCLE - CE/OE CONTROLLED Notes 13, 15 

OE 

DATA OUT DATA VALID 

ICC 

tPU ___ ,_.__, ----- tPD ------•1 ______ ..... * 50% 50% ~---------------------

DATA RETENTION Note 9 

DATA RETENTION MODE ---------~
1 ---------------...~·11 4.5V 4.5V-* >

2
V 

i:= tAVAV I 
'-..._ ______ __,/ W?ICSSS\S\\SS\SSSS' 

Vee 

~ tCHVL 

i5E 7//77777777~ 

=================================================================== 64K Static RAMs 
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L7C164/166 
DEVICES INCORPORATED 16K x 4 Static RAM 

SWITCHING CHARACTERISTICS Over Operating Range 

WRITE CYCLE Notes 5, 11, 12, 22, 23, 24 (ns) 

L7C164/166-
25 20 15 12 

Symbol Parameter Min Max Min Max Min Max Min Max 

f.AVAV Write Cycle Time 20 20 15 12 

tCLEW Chip Enable Low to End of Write Cycle 15 15 12 10 

f.AVBW Address Valid to Beginning of Write Cycle 0 0 0 0 

f.AVEW Address Valid to End of Write Cycle 15 15 12 10 

tEWAX End of Write Cycle to Address Change 0 0 0 0 

twLEW Write Enable Low to End of Write Cycle 15 15 12 10 

tDVEW Data Valid to End of Write Cycle 10 10 7 6 

tEWDX End of Write Cycle to Data Change 0 0 0 0 

tWHQZ Write Enable High to Output Low Z (Notes 20, 21) 0 0 0 0 

twLOZ Write Enable Low to Output High Z (Notes 20, 21) 7 7 5 4 

WRITE CYCLE -WE CONTROLLED Notes 16, 17, 18, 19 

,_ ___________ f.AVAV ---------------i 

---------- tCLEW ----------i 
~ 

-------------- f.AVEW --------------tEWAX-

----------""""'~~,....~~"~"~1-------twLEW ------Ji~~,.-------------

f---+- f.AVBW 1---- tDVEW ----i----i1 tEWDX 

DATA IN ----+-------+-----<!{ DATA-INVALID )-~::...:~ 

j twLQZ 
/------+-----..!~ J ---------<, 11>-------------------<1~--~~~~-

HIGH IMPEDANCE I- twHOZ 
DATA OUT 

ICC ----------------tP-U~--------_-_-_.:-1"i------tPD-----J .... _____________ ~ -------tPU -------~----~ 

WRITE CYCLE - CE CONTROLLED Notes 16, 17, 18, 19 

f.AVAV 

ADDRESS x x 
tAVBW tCLEW 

~ _;f 

f.AVEW tEWAX~ 

~ 
tWLEW V7ZZ7ZZZZZZZZZ7 

DATA IN 

tDVEW l tEWDX l DATA-IN VALID -* 
DATA OUT 

HIGH IMPEDANCE 

1-tPU tPD 

ICC 

---------------------- 64K Static RAMs 
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DEVICES INCORPORATED 

!NOTES 

1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground will be clamped beginning at--0.6 V. 
A current in excess of 100 rnA is required to 
reach -2.0 V. The device can withstand in
definite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

4. Tested with GND :5: VOlJf :5: Vee. The 
device is disabled, i.e., CE= Vee. 

5. A series of normalized curves is available 
to supply the designer with typical DC and 
AC parametric information for Logic Devices 
Static RAMs. These curves may be used to 
determine device characteristics at various 
temperatures and voltage levels. 

6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
i.e., CE :5: VIL, WE :5: VIL. Input pulse levels 
are 0 to 3.0 V. 

7. Tested with outputs open and all address 
and data inputs changing at the maximum 
read cycle rate. The device is continuously 
disabled, i.e., CE ~ VIH. 

8. Tested with outputs open and all address 
and data inputs stable. The device is con
tinuously disabled, i.e., CE= Vee. Input 
levels are within 0.2 Vof Vee or GND. 

9. Data retention operation r~ires that 
Vee never drop below 2.0 V. CE must be 
;::: Vee - 0.2 V. All other inputs must meet 
VIN~ Vee- 0.2 V or VIN :5: 0.2 V to ensure 
full powerdown. For low power version (if 
tpplicable), this requirement applies only to 
CE and WE; there are no restrictions on data 
and address. 

10. These parameters are guaranteed but 
not 100% tested. 

11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 
IOH plus 30 pF (Fig. la), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 

12. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
tA VEW is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require
ments of all parts. Responses from the inter
nal circuitry are specified from the point of 
view of the device. Access time, for ex
ample, is specified as a maximum since 
worst-case operation of any device always 
provides data within that time. 

13. WE is high for the read cycle. 

14. The chip is continuously selected (CE 
low). 

15. All address lines are valid prior-to or 
coincident-with the CE transition to active. 

16. The internal write cycle of the memory 
is defined by the overlap of CE active and 
WE low. All three signals must be active to 
initiate a write. Any signal can terminate a 
write by going inactive. The address, data, 
and control input setup and hold times 
should be referenced to the signal that be
comes active last or becomes inactive first. 

17. If WE goes low before or concurrent 
with the latter of CE going active, the output 
remains in a high impedance state. 

18. If CE goes inactive before or concurrent 
with WE going high, the output remains in 
a high impedance state. 

19. Powerup from Iee2 to Iee1 occurs as a 
result of any of the following conditions: 

a. Falling edge of CE. 

b. Falling edge of WE (<:E active). 

c. Transition on any address line (CE 
active). 

d. Transition on any data line (CT, and WE 
active). 

The device automatically powers down 
from Iee1 to Iee2 after tPD has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 

L7C164/166 

16K x 4 Static RAM 

20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 

21. Transition is measured ±200 mV from 
steady state voltage with specified loading 
in Fig. lb. This parameter is sampled and 
not 100% tested. 

22. All address timings are referenced from 
the last valid address line to the first transi
tioning address line. 

23. CE or WE must be inactive during ad
dress transitions. 

24. This product is a very high speed device 
and care must be taken during testing in 
order to realize valid test information. In
adequate attention to setups and proce
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the Vee and ground planes di
rectly up to the contactor fingers. A 0.01 µF 
high frequency capacitor is also required 
between Vee and ground. To avoid signal 
reflections, proper terminations must be 
used. 

FIGURE 1a. 

INCLUDING 
JIG AND 
SCOPE 

FIGURE 1b. 

+SV 

R1 480Q 

I 
30 pF 

R1 480Q 

INCLUDING I_ 5 pF 
JIG AND 
SCOPE 

FtGURE2. 

R2 
255Q 
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- ...-... ....-...-~ - ...... ...-- ...... - .. _____ .. -- ------ -_.....,._, -----...__, 
-~ ..._,__ ..._.... L7C164/166 
DEVICES INCORPORATED 16K x 4 Static RAM 

L7C164- ORDERING INFORMATION 

22-pin - 0.3" wide 24-pln - 0.3" wide 

Ao C: 1 24 P Vee 
Ao [ 1 ....., 22 IJ Vee A1 C: 2 23 p A13 
A1 D 2 21 p A13 A2 C: 3 22 p A12 
A2 ~ 3 20 IJ A12 A3 C: 4 21 p A11 
A3 [ 4 19 lJ A11 A4 C: 5 20 p A10 
A4 ~ 5 18 lJ A10 As C: 6 19 p Ag 
As [ 6 17 lJ Ag As q 7 18 p NC 
As [ 7 16 lJ 1/03 A7 qa 17 p 1/03 
A7 [ 8 15 lJ 1/02 AB c::j 9 16 p 1/02 
Aa [ 9 14 IJ 1/01 CE q 10 15 p 1/01 

CE [ 10 13 IJ l/Oo NC q 11 14 p 1/0o 
GND [ 11 12 IJ WE GND q 12 13 p WE 

Ceramic DIP Plastic SOJ 
Speed (C3) (W1) 

0°C to + 70°C - COMMERCIAL SCREENING 
20 ns L7C164CC20 L7C164WC20 
15 ns L7C164CC15 L7C164WC15 
12 ns L7C164CC12 L7C164WC12 

-40°C to +85°C - COMMERCIAL SCREENING 
20 ns L7C164Wl20 
15 ns L7C164Wl15 
12 ns L7C164Wl12 

-55°C to +125°C .....;COMMERCIAL SCREENING .• 
25 ns L7C164CM25 
20 ns L7C164CM20 
15 ns L7C164CM15 

-55°C to + 12s0 c - MIL-STD-883 CoMPLIANT 
25 ns L7C164CMB25 
20 ns L7C164CMB20 
15 ns L7C164CMB15 

======================================================== 64K Static RAMs 
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DEVICES INCORPORATED 

L7C164- ORDERING INFORMATION 

22-pin 

() 

"' "' () <I" <C<C><C -----r 2:1:2221) 
A7 >3 :.J 20~ A3 

Aa )4 19~ A2 

Ag )s Top 18~ A1 
A10 >6 17( Ao 

A11 >7 View 16~ 1/03 

A12 )a 1s~ 1/02 

A13 )g 14~ 1/01 

~~ 
1w o 1w 8 (.) a :s: ::::= 

Ceramic Leadless Chip Carrier 
Speed (K4) 

0°c to + 70°C - COMMERCIAL SCREENING 
20 ns L7C164KC20 
15 ns L7C164KC15 
12 ns L7C164KC12 

20 ns 
15 ns 
12 ns 

-40°C to +85°C - COMMERCIAL SCREENING 

-55°C to +125°C-CoMMERCIAL SCREENING 
25 ns L7C164KM25 
20 ns L7C164KM20 
15 ns L7C164KM15 

25 ns 
20 ns 
15 ns 

-55°C to +125°C-MIL-STD-883 CoMPLIANT 
L7C164KMB25 
L7C164KMB20 
L7C164KMB15 

L7C164/166 

16K x 4 Static RAM 

================================================================ 64K Static RAMs 
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L7C164/166 
DEVICES INCORPORATED 16K x 4 Static RAM 

L7C166 - ORDERING INFORM.ATION 

24-pin - 0.3" wide 24-pin - 0.3" wide 

Ao q 1 -..;;;;T24 p Vee Ao C 1 24 p Vee 

A1 q 2 23 p A13 A1C2 23 p A13 

A2 q 3 22 p A12 A2 c 3 22 p A12 

A3 q 4 21 p A11 A3 C 4 21 p A11 

A4 q 5 20 p A10 A4 c 5 20 p A10 

As q 6 19 p A9 As C 6 19 p Ag 

As q 7 18 IJ NC As C 7 18 p NC 

A1 q 8 17 p 1/03 A7 c 8 17 p 1/03 

Aa q 9 16 p 1/02 Aa C 9 16 p 1/02 

CE q 10 15 p 1/01 CE C 10 15 p 1/01 

OE q 11 14 p 1/0o OE c 11 14 p l/Oo 

GND q 12 13 p WE GND C 12 13 p WE 

Plastic DIP Ceramic DIP Plastic SOJ 
Speed (P2) (C1) (W1) 

0°c to +70°C - COMMERCIAL SCREENING 
20 ns L7C166PC20 L7C166CC20 L7C166WC20 
15 ns L7C166PC15 L7C166CC15 L7C166WC15 
12 ns L7C166PC12 L7C166CC12 L7C166WC12 

-40°C to +85°C - COMMERCIAL SCREENING 
20 ns L7C166Pl20 L7C166Wl20 
15 ns L7C166Pl15 L7C166Wl15 
12 ns L7C166Pl12 L7C166Wl12 

-55°C to +125°C-CoMMERCIAL SCREENING 
25 ns L7C166CM25 
20 ns L7C166CM20 
15 ns L7C166CM15 

-55°C to + 125°C - MIL-STD-883 COMPLIANT 
25 ns L7C166CMB25 
20 ns L7C166CMB20 
15 ns L7C166CMB15 

================================================================= 64K Static RAMs 
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DEVICES INCORPORATED 

L7C166- ORDERING INFORMATION 

28-pin 

0 (.) (.) 8 (.) 
~ZZ>Z -/ ¥"¥11fYsn 

A1 >4 :.~ 26~ NC 
A2 )s 25~ A13 

A3 )s 24~ A12 

A4 >7 23., A11 
As >a Top 22< Arn 
As >9 View 21) A9 

A7 >10 20) 1/03 

Aa > 11 19~ 1/02 
CE ) 12 18) 1/01 

~ 
1w o (.) 1w 8 
O~Z!i:::::: 

Ceramic Leadless Chip Carrier 
Speed (KS) 

0°c to +70°C - COMMERCIAL SCREENING 
20 ns L7C166KC20 

15 ns L7C166KC15 
12 ns L7C166KC12 

20 ns 
15 ns 
12 ns 

-40°C to +85°C - COMMERCIAL SCREENING 

-55°C to + 125°C - COMMERCIAL SCREENING 
25 ns L7C166KM25 
20 ns L7C166KM20 
15 ns L7C166KM15 

25 ns 
20 ns 
15 ns 

-55°C to +125°C-MIL-STD-883 CoMPLIANT 
L7C166KMB25 
L7C166KMB20 
L7C166KMB15 

L7C164/166 

16K x 4 Static RAM 
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, D~v1cE_s 1NcoRPoRATED 64 K x 4 Static RAM ~.: 

~F_E_A_TU_R_E_S ____ ___.I I DESCRIPTION 

D 64K x 4 Static RAM with Common 
I/0 

D Auto-Powerdown™ Design 
D Advanced CMOS Technology 
D High Speed - to 15 ns maximum 
D Low Power Operation 

Active: 210 mW typical at 35 ns 
Standby: 5 mW typical 

D Data retention at 2 V for Battery 
Backup Operation 

D DECC SMD No. 
5962-88681 - L7C194 
5962-89524 - L7Cl 95 

D Available 100% Screened to 
MIL-STD-883, Class B 

D Plug Compatible with IDT 71258/ 
61298 and Cypress CY7C194/195 

D Package Styles Available: 
• 24/28-pin Plastic DIP 
• 24/28-pin Ceramic DIP 
• 24/28-pin Plastic SOJ 
• 28-pin Ceramic LCC 

L7C194/195 BLOCK DIAGRAM 

ROW 8 
ADDRESS 

CE 

WE 

OE 
(L7C195 only) 

1-
() 
w 
....I 
w 
en 
~ 
0 
a: 

CONTROL 

The L7C194 and L7C195 are high
performance, low-power CMOS static 
RAMs. The storage cells are organ
ized as 65,536 words by 4 bits per 
word. Data In and Data Out signals 
share I/O pins. The L7C194 has a 
single active-low Chip Enable. The 
L7C195 has a single Chip Enable and 
an Output Enable. These devices are 
available in four speeds with max
imum access times from 15 ns to 35 ns. 

Inputs and outputs are TTL compat
ible. Operation is from a single +5 V 
power supply. Power consumption is 
210 mW (typical) at 35 ns. Dissipation 
drops to 50 mW (typical) when the 
memory is deselected. 

Two standby modes are available. 
Proprietary Auto-Powerdown TM 

circuitry reduces power consumption 
automatically during read or write 
accesses which are longer than the 

256 x 256 x 4 
MEMORY 
ARRAY 

COLUMN SELECT 
& COLUMN SENSE 

8 

1/03-0 

COLUMN ADDRESS 

minimum access time, or when the 
memory is deselected. In addition, 
data may be retained in inactive 
storage with a supply voltage as low 
as 2 V. The L7C194 and L7C195 
consume only 150 µ W (typical) at 3 V, 
allowing effective battery backup 
operation. 

The L7C194 and L7C195 provide 
asynchronous (unclocked) operation 
with matching access and cycle times. 
An active-low Chip Enable and a 
three-state I/O bus simplify the 
connection of several chips for 
increased capacity. 

Memory locations are specified on 
address pins Ao through Ais. For the 
L7Cl 94, reading from a designated 
location is accomplished by presenting • 
an address and driving CE LOW 
while WE remains HIGH. For the 
L7C195, CE and OE must be LOW. 
The data in the addressed memory 
location will then appear on the Data 
Out pins within one access time. The 
output pins stay in a high-impedance 
state when CE or OE is HIGH, or WE 
is LOW. 

Writing to an addressed location is 
accomplished when the active-low CE 
and WE inputs are LOW. Either 
signal may be used to terminate the 
write operation. Data In and Data Out 
signals have the same polarity. 

Latchup and static discharge 
protection are provided on-chip. The 
L7Cl 94 and L7Cl 95 can withstand an 
injection current of up to 200 mA on 
any pin without damage. 

================================================================= 256K Static RAMs 
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-~ .._.._ ..._... L7C194/195 
DEVICES INCORPORATED 64K x 4 Static RAM 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2) 

Storage temperature ....................... ...................................... ....................... ....................... -65°C to+ 150°C 
Operating ambient temperature........................................................................................... -55°C to+ 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latch up current ............................................................................................................................... > 200 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 
Active Operation, Commercial 

Active Operation, Industrial 

Active Operation, Military 

Data Retention, Commercial 

Data Retention, Industrial 

Data Retention, Military 

Temperature Range (Ambient) 

0°C to +70°C 

-40°C to +85°C 

-55°C to + 125°C 

0°c to +70°C 

-40°C to +85°C 

-55°C to + 125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 5) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee= 4.5 V, IOH =-4.0 mA 

VOL Output Low Voltage IOL = 8.0 mA 

VIH Input High Voltage 

VIL Input Low Voltage (Note3) 

llX Input Leakage Current Ground ::; VIN ::; Vee 

loz Output Leakage Current (Note4) 

lee2 Vee Current, TTL Inactive (Note7) 

lee3 Vee Current, CMOS Standby (Note8) 

lee4 Vee Current, Data Retention Vee = 3.0 V (Note 9) 

CIN Input Capacitance Ambient Temp= 25°C, Vee= 5.0 V 

COUT Output Capacitance Test Frequency= 1 MHz (Note 10) 

Symbol Parameter Test Condition 

lee1 I Vee Current, Active I (Note 6) 

Supply Voltage 
4.5 v $ Vee $ 5.5 v 
4.5 v $ Vee $ 5.5 V 

4.5 v $Vee $,5.5 v 
2.0 v $Vee $ 5.5 v 
2.0 v $Vee $ 5.5 v 
2.0 v $Vee $ 5.5 V 

L7C194/195 

Min Typ Max 

2.4 

0.4 

2.2 Vee 
+0.3 

-3.0 0.8 

-10 +10 

-10 +10 

10 20 

1 3 

50 200 

5 

7 

L7C194/195-

35 25 20 15 

75 100 125 160 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

µA 

pF 

pF 

Unit 

mA 
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- -------- -----.......- ........ ----- L7C194/195 
DEVICES INCORPORATED 64K x 4 Static RAM 

SWITCHING CHARACTERISTICS Over Operating Range 

READ CYCLE Notes 5, 11, 12, 22, 23, 24 (ns) 

L7C194/195-
35 25 20 15 

Symbol Parameter Min Max Min Max Min Max Min 

tAVAV Read Cycle Time 35 25 20 15 

tAvav Address Valid to Output Valid (Notes 13, 14) 35 25 20 

tAxax Address Change to Output Change 3 3 3 3 

tCLQV Chip Enable Low to Output Valid (Notes 13, 15) 35 25 20 

tCLQZ Chip Enable Low to Output Low Z (Notes 20, 21) 3 3 3 3 

tCHQZ Chip Enable High to Output High Z (Notes 20, 21) 15 10 8 

tOLQV Output Enable Low to Output Valid 15 12 10 

tOLQZ Output Enable Low to Output Low Z (Notes 20, 21) 0 0 0 0 

tOHQZ Output Enable High to Output High Z (Notes 20, 21) 10 10 8 

tPU Input Transition to Power Up (Notes 10, 19) 0 0 0 0 

tPD Power Up to Power Down (Notes 10, 19) 35 25 20 

tCHVL Chip Enable High to Data Retention (Note 1 O) 0 0 0 0 

READ CYCLE - ADDRESS CONTROLLED Notes 13, 14 

-ADDRESS 

i--------tAvav------~ 

PREVIOUS DATA VALID 7!E-XXXX.Xl DATA OUT DATA VALID 

ICC ____ i----___ tP_u_-_-_-_::µ~~·==========-t_PD __ --_-_-_-_-_-_-_-_-_~_·~~-----------------~ 

READ CYCLE - CE/OE CONTROLLED Notes 13, 15 

DATA OUT 

ICC 

HIGH 
r,......,,.....,......,......,-,......,._.,_--------------------'11MPEDANCE 

DATA VALID _ ___,,__ ________ --41-+-+-+-<....-+--~ 

tPU --1-i--• ----- tPD ------iJ 
-------~ 50% 50% ~---------------------

DATA RETENTION Note 9 

DATA RETENTION MODE --1.,__ _______ l 
--------------...~! 4.5V 4.5VJ!':_ >

2
V 

l- tAVAV -i 
'-.. ..... ______ __,/ v;;sk\SSS\SSS\SSSSS" 

Vee 

~ tCHVL 

CE ?//////////~ 

Max 

15 

15 

8 

8 

5 

20 

================================================================= 256 K Static RAMs 
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- ....-... ...-...-~ - .....--~- ...... - .. ____ .. -- ------ --~ ..... -~ _..._.... ..,._..._...._.,.. L7C194/195 
DEVICES INCORPORATED 64K x 4 Static RAM 

SWITCHING CHARACTERISTICS Over Operating Range 

WRITE CYCLE Notes 5, 11, 12, 22, 23, 24 (ns) 

L7C194/195-
35 25 20 15 

Symbol Parameter Min Max Min Max Min Max Min Max 

t.AVAV Write Cycle Time 25 20 20 15 

tCLEW Chip Enable Low to End of Write Cycle 25 15 15 12 

t.AVBW Address Valid to Beginning of Write Cycle 0 0 0 0 

t.AVEW Address Valid to End of Write Cycle 25 15 15 12 

tEWAX End of Write Cycle to Address Change 0 0 0 0 

tWLEW Write Enable Low to End of Write Cycle 20 15 15 12 

tDVEW Data Valid to End of Write Cycle 15 10 10 7 

tEWDX End of Write Cycle to Data Change 0 0 0 0 

tWHOZ Write Enable High to Output Low Z (Notes 20, 21) 0 0 0 0 

tWLQZ Write Enable Low to Output High Z (Notes 20, 21) 10 7 7 5 

WRITE CYCLE - WE CONTROLLED Notes 16, 17, 18, 19 

i------------- t.AVAV ---------------i 
ADDRESS ~--_JJ11(, ____________________________ _),

1
i('--------

i---------- tCLEW ----------

.f-LLLL.L..LJL.L.L 
i------i--------- t.AVEW ----------..- tEWAX-

---+---+-----~~~~~~.~.ls..~-------~tWLEW--------<J~~,_--------------

f---+ tAVBW I tDVEW ----i---~1 tEWDX 

DATA IN -----+---------+----..(l<"-------DA_T_A-_IN_V_AL_ID _____ __.._1t~~~2~7~------------

DATA OUT 

-1 tWLQZ 
./,,..------+----{. HIGH IMPEDANCE f--- tWHQZ _,r 

-----+----<~ _,rl>--------"-.;;;;.;..;....;..;;~-=--------<1~-----------~ 

Ice 
-

---------------tP_u_-_-_-_-_-_-_-__ ~t"i----tPD-----j .... _________ ~ ,___----tPU ----~~---~ 

WRITE CYCLE - CE CONTROLLED Notes 16, 17, 18, 19 

tAVAV 

ADDRESS )( -*-
tAVBW tCLEW 

4'. ± 
t.AVEW tEWAX--1 

~ 
tWLEW 

.LI L.LLLL.L.LLZLZL 

DATA IN 

tDVEW I tEWDX 

l DATA-IN VALID -*-
DATA OUT 

HIGH IMPEDANCE 

f--- tPU tPD 

ICC ______________ J--==i~----

===================================================== 256K Static RAMs 
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DEVICES INCORPORATED 

jNOTES 

1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground will be clamped beginning at-0.6 V. 
A current in excess of 100 mA is required to 
reach -2.0 V. The device can withstand in
definite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

4. Tested with GND ::; VoUT ::; Vee. The 
device is disabled, i.e., CE= Vee. 

5. A series of normalized curves is available 
to supply the designer with typical DC and 
AC parametric information for Logic Devices 
Static RAMs. These curves may be used to 
determine device characteristics at various 
temperatures and voltage levels. 

6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
i.e., CE ::; VIL, WE ::; VIL. Input pulse levels 
are 0 to 3.0 V. 

7. Tested with outputs open and all address 
and data inputs changing at the maximum 
read cycle rate. The device is continuously 
disabled, i.e., CE ~ VIH. 

11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 
!OH plus 30 pF (Fig. la), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 

12. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
tA VEW is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require
ments of all parts. Responses from the inter
nal circuitry are specified from the point of 
view of the device. Access time, for ex
ample, is specified as a maximum since 
worst-case operation of any device always 
provides data within that time. 

13. WE is high for the read cycle. 

14. The chip is continuously selected (CE 
low). 

15. All address lines are valid prior-to or 
coincident-with the CE transition to active. 

16. The internal write cycle of the memory 
is defined by the overlap of CE active and 
WE low. All three signals must be active to 
initiate a write. Any signal can terminate a 
write by going inactive. The address, data, 
and control input setup and hold times 
should be referenced to the signal that be
comes active last or becomes inactive first. 

17. If WE goes low before or concurrent 
with the latter ofCE going active, the output 
remains in a high impedance state. 

18. If CE goes inactive before or concurrent 
with WE going high, the output remains in 
a high impedance state. 

19. Powerup from Icc2 to !CCI occurs as a 
result of any of the following conditions: 

a. Falling edge of CE. 
8. Tested with outputs open and all address WE CE 
and data inputs stable. The device is con- b. Falling edge of ( active). 
tinuously disabled, i.e., CE= Vee. Input c. Transition on any address line (CE 
levels are within 0.2 V of Vee or GND. active). 

9. Data retention operation r~ires that 
Vee never drop below 2.0 V. CE must be 
~ Vcc-0.2 V. All other inputs must meet 
VIN~ Vee - 0.2 V or VIN::; 0.2 V to ensure 
full powerdown. For low power version (if 
~licable), this requirement a pp lies only to 
CE and WE; there are no restrictions on data 
and address. 

10. These parameters are guaranteed but 
not 100% tested. 

d. Transition on any data line (CE, and WE 
active). 

The device automatically powers down 
from !CCI to Icc2 after tPD has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 

L7C194/195 

64K x 4 Static RAM 

20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 

21. Transition is measured ±200 m V from 
steady state voltage with specified loading 
in Fig. lb. This parameter is sampled and 
not 100% tested. 

22. All address timings are referenced from 
the last valid address line to the first transi
tioning address line. 

23. CE or WE must be inactive during ad
dress transitions. 

24. This product is a very high speed device 
and care must be taken during testing in 
order to realize valid test information. In
adequate attention to setups and proce
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the Vee and ground planes di
rectly up to the contactor fingers. A O.Dl µF 
high frequency capacitor is also required 
between Vee and ground. To avoid signal 
reflections, proper terminations must be 
used. 

FIGURE 1a. 

R1 48011 
+5 v 

OUTPUT cJ-~~----..--~~~-. 

INCLUDING I_ 30 pF 
JIG AND 
SCOPE 

FIGURE 1b. 

R1 48011 
+5V 

OUTPUT ' >------+-------

INCLUDING I_ 5 pF 
JIG AND 
SCOPE 

FIGURE 2. 

R2 
25511 

R2 
25511 
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-~....._.,__..._,.. L7C194/195 
DEVICES INCORPORATED 64K x 4 Static RAM 

L7C194- ORDERING INFORMATION 

24-pin - 0.3" wide 24-pin - 0.3" wide 

Ao [ 1 '"-' 24 p Vee Ao q 1 24 p Vee 

A1 [ 2 23 p A15 A1 q2 23 p A15 

A2 [ 3 22 p A14 A2 q 3 22 p A14 

A3 [ 4 21 p A13 A3 q 4 21 p A13 

A4 [ 5 20 p A12 A4 q 5 20 p A12 

A5 [ 6 19 p A11 A5 Ci 6 19 p A11 

As q 7 18 p A10 As Ci 7 18 p A10 

A1 q 8 17 p 1103 A7 Ci 8 17 p 1/03 

Aa q 9 16 p 1/02 Aa Ci 9 16 p 1/02 

Ag q 10 15 p 1/01 Ag q 10 15 p 1/01 

CE q 11 14 p l/Oo CE q 11 14 p 1/0o 

GND q 12 13 p WE GND q 12 13 p WE 

Plastic DIP Ceramic DIP Plastic SOJ 
Speed (P2) (C1) (W1) 

0°C to + 70°C - COMMERCIAL SCREENING 
25 ns L7C194PC25 L7C194CC25 L7C194WC25 
20 ns L7C194PC20 L7C194CC20 L7C194WC20 
15 ns L7C194PC15 L7C194CC15 L7C194WC15 

-40°C to +85°C - COMMERCIAL SCREENING 
25 ns L7C194Pl25 L7C194Wl25 
20 ns L7C194Pl20 L7C194Wl20 
15 ns L7C194Pl15 L7C194Wl15 

-55°C to +125°C-COMMERCIAL SCREENING 
35 ns L7C194CM35 
25 ns L7C194CM25 
20 ns L7C194CM20 

-55°C to +125°C- MIL-STD-883 CoMPLIANT 
35 ns L7C194CMB35 
25 ns L7C194CMB25 
20 ns L7C194CMB20 

----------------------256K Static RAMs 
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L7C194/195 
DEVICES INCORPORATED 64K x 4 Static RAM 

L7C194 - ORDERING INFORMATION 

28-pin 

• 
Ceramic Leadless Chip Carrier 

Speed (KS) 

0°c to +70°C - COMMERCIAL SCREENING 
25 ns L7C194KC25 
20 ns L7C194KC20 
15 ns L7C194KC15 

-40°C to +85°C - COMMERCIAL SCREENING 
25 ns 
20 ns 
15 ns 

-55°C to + 125°C - COMMERCIAL SCREENING c 

35 ns L7C194KM35 
25 ns L7C194KM25 
20 ns L7C194KM20 

-55°C to + 125°C - MIL-STD-883 COMPLIANT 
35 ns L7C194KMB35 
25 ns L7C194KMB25 
20 ns L7C194KMB20 

================================================================= 256K Static RAMs 
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- ...-... ..-.... -...-... - ...-.~-~ - -_ .. ____ -- ------- --~~-.......-.. _.._.....~_...._..,. L7C194/195 
DEVICES INCORPORATED 64K x 4 Static RAM 

L7C195- ORDERING INFORMATION 

28-pin - 0.3" wide 28-pin - 0.3" wide 

NC q 1 "'28 b Vee NC c:'128 p Vee 

Ao [ 2 27 p A15. Ao c: 2 27 p A15 
A1 q 3 26 b A14 A1 c: 3 26 p A14 
A2 q 4 25 ~ A13 A2 c: 4 25 p A13 
A3 q 5 24 p A12 A3 c: 5 24 p A12 
A4 q 6 23 b A11 A4 C: 6 23 p A11 
As q 7 22 p A10 As C: 7 22 p A10 
As q 8 21 p NC As C: 8 21 p NC 

A7 q 9 20 p NC A7 C: 9 20 p NC 
As q 10 19 p 1/03 As c: 10 19 p 1/03 
Ag q 11 18 p 1/02 A9 c: 11 18 p 1/02 
CE q 12 17 p 1/01 CE c: 12 17 p 1/01 
OE q 13 16 p l/Oo OE C: 13 16 p l/Oo 

GND [ 14 15 b WE GND C: 14 15 p WE .____. ...__ 

Plastic DIP Ceramic DIP Plastic SOJ 
Speed (P10) (CS) (W2) 

0°C to +70°C - COMMERCIAL SCREENING 
25 ns L7C195PC25 L7C195CC25 L7C195WC25 
20 ns L7C195PC20 L7C195CC20 L7C195WC20 
15 ns L7C195PC15 L7C195CC15 L7C195WC15 

-40°C to +85°C - COMMERCIAL SCREENING 
25 ns L7C195Pl25 L7C195Wl25 
20 ns L7C195Pl20 L7C195Wl20 
15 ns L7C195Pl15 L7C195Wl15 

-55°C to + 125°C - COMMERCIAL SCREENING 
35 ns L7C195CM35 
25 ns L7C195CM25 
20 ns L7C195CM20 

-55°C to +125°C- MIL-STD-883 CoMPLIANT 
35 ns L7C195CMB35 
25 ns L7C195CMB25 
20 ns L7C195CMB20 

================================================================== 256K Static RAMs 
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0Ev1cEs1NcoRPORATEo 256K x 1 Static RAM 

~F_E_A_T_UR_E_S ____ ____.l I DESCRIPTION 

0 256K x 1 Static RAM with Separate 
I/0, Chip Select Powerdown 

0 Auto-Powerdown™ Design 
0 Advanced CMOS Technology 
0 High Speed - to 15 ns maximum 
0 Low Power Operation 

Active: 165 mW typical at 35 ns 
Standby: 5 mW typical 

0 Data Retention at 2 V for Battery 
Backup Operation 

0 Available 100% Screened to 
MIL-STD-883, Class B 

0 Plug Compatible with IDT71257, 
Cypress CY7C197 · 

0 Package Styles Available: 
• 24-pin Plastic DIP 
• 24-pin Ceramic DIP 
• 24-pin Plastic SOJ 
• 28-pin Ceramic LCC 

L7C197 BLOCK DIAGRAM 

DIN 

ROW __ 1..,.0'---+-....i 
ADDRESS 

1-
(.) 
w 
..J 
w 
Cl) 

s: 
0 
a: 

The L7C197 is a high-performance, 
low-power CMOS static RAM. The 
storage circuitry is organized as 
262,144 words by 1 bit per word. This 
device is available in four speeds with 
maximum access times from 15 ns 
to 35 ns. 

Operation is from a single +5 V power 
supply and all interface signals are 
TTL compatible. Power consumption 
is 165 mW (typical) at 35 ns. Dissipa
tion drops to 50 mW (typical) when 
the memory is deselected. 

Two standby modes are available. 
Proprietary Auto-Powerdown TM 

circuitry reduces power consumption 
automatically during read or write 
accesses which are longer than the 
minimum access time, or when the 
memory is deselected. In addition, 
data may be retained in inactive 
storage with a supply voltage as low 

1024 x 256 
MEMORY 
ARRAY 

COLUMN SELECT 
& COLUMN SENSE 

8 

COLUMN ADDRESS 

Dour 

as 2 V. The L7C197 consumes only 
150 µW (typical) at 3 V, allowing 
effective battery backup operation. 

The L7C197 provides asynchronous 
(unclocked) operation with matching 
access and cycle times. An active-low 
Chip Enable and a three-state output 
simplify the connection of several 
chips for increased capacity. 

Memory locations are specified on ad
dress pins Ao through A17. Reading 
from a designated location is accom
plished by presenting an address and 
driving CE LOW while WE remains 
HIGH. The data in the addressed 
memory location will then appear on 
the Data Out pin within one access 
time. The output pin s~s in a high
impedance state when CE is HIGH or 
WE is LOW. 

Writing to an addressed location is 
accomplished when the active-low CE 
and WE inputs are both LOW. Either 
signal may be used to terminate the 
write operation. Data In and Data Out 
signals have the same polarity. 

Latchup and static discharge pro
tection are provided on-chip. The 
L7C197 can withstand an injection 
current of up to 200 mA on any pin 
without damage. 

================================================================== 256 K Static RAMs 
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- ~ ~-...-.. - .....,.....__ ....... - .. ----- -- ------ -_.___. .....--_,_...,. ----- L7C197 
DEVICES INCORPORATED 256K x 1 Static RAM 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2) 

Storage temperature ............................................................................................ ............... -65°C to + 150°C 

Operating ambient temperature ..................................................................................... : ..... -55°C to+ 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 
Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 
Output current into low outputs ............................................................................................................. 25 mA 

Latch up current ............................................................................................................................... > 200 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 
Active Operation, Commercial 

Active Operation, Industrial 

Active Operation, Military 

Data Retention, Commercial 

Data Retention, Industrial 

Data Retention, Military 

Temperature Range (Ambient) 

0°C to +70°C 

--40°C to +85°C 

-55°C to + 125°C 

0°C to +70°C 

--40°C to +85°C 
-55°C to+ 125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 5) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee= 4.5 V, IOH = -4.0 mA 

VOL Output Low Voltage IOL= 8.0 mA 

VlH Input High Voltage 

VIL Input Low Voltage (Note 3) 

llX Input Leakage Current Ground ::; V1N ::; Vee 

loz Output Leakage Current (Note4) 

lce2 Vee Current, TTL Inactive (Note 7) 

lce3 Vee Current, CMOS Standby (Note 8) 

lee4 Vee Current, Data Retention Vee = 3.0 V (Noto 9) 

CIN Input Capacitance Ambient Temp = 25°C, Vee = 5.0 V 

COUT Output Capacitance Test Frequency= 1 MHz (Note 10) 

Symbol Parameter Test Condition 

lee1 J Vee Current, Active J (Note 6) 

Supply Voltage 
4.5 V::; Vee::; 5.5 V 

4.5 v s Vee s 5.5 v 
4.5 vs Vee s 5.5 v 
2.0 vs Vee s 5.5 v 
2.0 vs Vee s 5.5 v 
2.0 vs Vee s 5.5 v 

L7C197 

Min Typ 

2.4 

2.2 

-3.0 

-10 

-10 

10 

1 

50 

L7C197-

35 25 20 

75 100 125 

Max 

0.4 

Vee 
+0.3 

0.8 

+10 

+10 

20 

3 

200 

5 

7 

15 

160 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

µA 

pF 

pF 

Unit 

mA 
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- ....-.... ...-... - ...-... - ....... ~-.-..... - .. _ .. __ .. -- --- ---- --~_,,_,__......,. ----- L7C197 
DEVICES INCORPORATED 256K x 1 Static RAM 

l SWITCHING CHARACTERISTICS Over Operating Range 

READ CvcLE Notes 5, 11, 12, 22, 23, 24 (ns) 

L7C197-
35 25 20 15 

Symbol Parameter Min Max Min Max Min Max Min Max 

tA.VAV Read Cycle Time 35 25 20 15 

t.Avav Address Valid to Output Valid (Notes 13, 14) 35 25 20 15 

t.Axax Address Change to Output Change 3 3 3 3 

tCLQV Chip Enable Low to Output Valid (Notes 13, 15) 35 25 20 15 

tCLQZ Chip Enable Low to Output Low Z (Notes 20, 21) 3 3 3 3 

tCHQZ Chip Enable High to Output High Z (Notes 20, 21) 15 10 8 8 

tPU Input Transition to Power Up (Notes 10, 19) 0 0 0 0 

tpo Power Up to Power Down (Notes 1 o, 19) 35 25 20 20 

tCHVL Chip Enable High to Data Retention (Note 1 O) 0 0 0 0 

READ CYCLE -ADDRESS CONTROLLED Notes 13, 14 

ADDRESS ~ -
i--------- t.Avav ------~:! 

DATA OUT PREVIOUS DATA VALID -*>(XXX )(¥ DATA VALID 
i---- t.Axax -----i 

ICC ____ i----___ tP_U_-_-_-_::;~~==========-t_PD_--:_-_-_-_--:;_--:;_-::.,-=._-==..~~.__--------------~ .. 
READ CYCLE - CE CONTROLLED Notes 13, 15 

i----------------tAVAV--------------

CE ~1~,~~~~~~~~~~~~~~~~~~~~~~~~-*~11 
~----- tCLQV ------~ 
i----- tCLQZ ---~, l tcHaz-=i HIGH 

__ ,___H_IG_H_IM_P_E_DA_N_CE ____ ..... ~:-..., __ s_.;-~-s=,_--_.L+~: ..... s:i,--~:f=-L=~~~1.:::::::::::::::::::::::::oA::T::A::vA::L::10:::::::::::::::::::::::::::::::::::::.>MPEDANCE DATA OUT 

ICC 

I- tPU --1-i--• ----- tPO -----·~1 

------~t¥ 50% 50% ~---------------------

DATA RETENTION Note 9 

vcc 

~ tCHVL 

BE 7//77777777~ """"------__,/ ~\\\\\S\\\SS\\S' 

================================================================== 256K Static RAMs 
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DEVICES INCORPORATED 256K x 1 Static RAM 

I SWITCHING CHARACTERISTICS Over Operating Range 

WRITE CYCLE Notes 5, 11, 12, 22, 23, 24 (ns) 

L7C197-
35 25 20 15 

Symbol Parameter Min Max Min Max Min Max Min Max 

iAVAV Write Cycle Time 25 20 20 15 

tCLEW Chip Enable Low to End of Write Cycle 25 15 15 12 

tAVBW Address Valid to Beginning of Write Cycle 0 0 0 0 

tAVEW Address Valid to End of Write Cycle 25 15 15 12 

tEWAX End of Write Cycle to Address Change 0 0 0 0 

tWLEW Write Enable Low to End of Write Cycle 20 15 15 12 

tDVEW Data Valid to End of Write Cycle 15 10 10 7 

tEWDX End of Write Cycle to Data Change 0 0 0 0 

twHOZ Write Enable High to Output Low Z (Notes 20, 21) 0 0 0 0 

twLOZ Write Enable Low to Output High Z (Notes 20, 21) 10 7 7 5 

WRITE CYCLE -WE CONTROLLED Notes 16, 17, 18, 19 

i---------- tCLEW ---------~ 

..T LLL/_/LJL.LLLLL.LLL.LL. 
i---t--------- tAVEW ---------->--tEWAX-1 

---+----+--------~-:s:-:s:-~k_1-o------ iWLEW ------J~~-----------------------

~tAVBW r iDVEW ----ii----i1 tEWDX 

DATA IN ~-----+----------------------<1-{ ___________ D_A_TA_-_IN_VA_L_ID ________ __.}~~~~~:2;!:,7~----------~ 

~I twLaz /--------+-------.1-,... HIGH IMPEDANCE I- tWHQZ 
~-----+-----<, rl>-----------------------------------<1{~--------~ DATA OUT 

ICC ------------------------------tP_U_-_-_-_-_-_-_-_,:--t"i-----tPD~"---------------------------tPU ------~---~ 

WRITE CYCLE - CE CONTROLLED Notes 16, 17, 18, 19 

tAVAV 

- ~ -*--ADDRESS 

iAVBW tCLEW 

~ £ 
tAVEW tEWAX--1 

~~ 
twLEW 

ILZLL.ZLLZZLLZLL 

DATA IN 

tDVEW ~J tEWDX l DATA-IN VALID -*-
DATA OUT 

HIGH IMPEDANCE 

1-tPU iPD 

ICC __________ J~==t~~~-

============================================= 256K Static RAMs 
7-32 03/05/95-LDS.197-F 



- ...-.... ...-.... -...-.... 
-~ ..... -~ --_ .. ____ -- ------ --.......-~--..... -----

DEVICES INCORPORATED 

I NOTES 

1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground will be clamped beginning at -0.6 V. 
A current in excess of 100 mA is required to 
reach -2.0 V. The device can withstand in
definite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

4. Tested with GND ~ VolJf ~Vee. The 
device is disabled, i.e., CE= Vee. 

5. A series of normalized curves is available 
to supply the designer with typical DC and 
AC parametric information for Logic Devices 
Static RAMs. These curves may be used to 
determine device characteristics at various 
temperatures and voltage levels. 

6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
i.e., CE ~ VIL, WE ~VIL. Input pulse levels 
are 0 to 3.0 V. 

7. Tested withoutputsopenandalladdress 
and data inputs changing at the maximum 
read cycle rate. The device is continuously 
disabled, i.e., CE ;;:: VIH. 

8. Tested with outputs open and all address 
and data inputs stable. The device is con
tinuously disabled, i.e., CE= Vee. Input 
levels are within 0.2 V of Vee or GND. 

9. Data retention operation r~ires that 
Vee never drop below 2.0 V. CE must be 
;;:: Vee - 0.2 V. All other inputs must meet 
VIN;;:: Vee - 0.2 Vor VIN~ 0.2 V to ensure 
full powerdown. For low power version (if 
applicable), this requirement applies only to 
CE and WE; there are no restrictions on data 
and address. 

10. These parameters are guaranteed but 
not 100% tested. 

11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 
IOH plus 30 pF (Fig. la), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 

12. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
tA VEW is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require
ments of all parts. Responses from the inter
nal circuitry are specified from the point of 
view of the device. Access time, for ex
ample, is specified as a maximum since 
worst-case operation of any device always 
provides data within that time. 

13. WE is high for the read cycle. 

14. The chip is continuously selected (CE 
low). 

15. All address lines are valid prior-to or 
coincident-with the CE transition to active. 

16. The internal write cycle of the memory 
is defined by the overlap of CE active and 
WE low. All three signals must be active to 
initiate a write. Any signal can terminate a 
write by going inactive. The address, data, 
and control input setup and hold times 
should be referenced to the signal that be
comes active last or becomes inactive first. 

17. If WE goes low before or concurrent 
with the latter of CE going active, the output 
remains in a high impedance state. 

18. If CE goes inactive before or concurrent 
with WE going high, the output remains in 
a high impedance state. 

19. Powerup from Iee2 to Iee1 occurs as a 
result of any of the following conditions: 

a. Falling edge of CE. 

b. Falling edge of WE (CE active). 

c. Transition on any address line (CE 
active). 

d. Transition on any data line (c:E, and WE 
active). 

The device automatically powers down 
from Iee1 to Iee2 after tPD has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 

L7C197 

256K x 1 Static RAM 

20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 

21. Transition is measured ±200 m V from 
steady state voltage with specified loading 
in Fig. lb. This parameter is sampled and 
not 100% tested. 

22. All address timings are referenced from 
the last valid address line to the first transi
tioning address line. 

23. CE or WE must be inactive during ad
dress transitions. 

24. This product is a very high speed device 
and care must be taken during testing in 
order to realize valid test information. In
adequate attention to setups and proce
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the Vee and ground planes di
rectly up to the contactor fingers. A 0.01 µF 
high frequency capacitor is also required 
between Vee and ground. To avoid signal 
reflections, proper terminations must be 
used. 

FIGURE 1a. 

R1 480Q 
+5 v 

INCLUDING I_ 30 pF 
JIG AND 
SCOPE 

FIGURE 1b. 

R1 480Q 
+SV 

OUTPUT • >--------

INCLUDING I_ 5 pF 
JIG AND 
SCOPE 

FIGURE 2. 

R2 
255Q 

R2 
25SQ 
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DEVICES INCORPORATED 256K x 1 Static RAM 

ORDERING INFORMATION 

24-pin - 0.3" wide 24-pin - 0.3" wide 

Ao [ 1 ~24 b Vee Ao q 1 24 p Vee 

A1 [ 2 ~3 b A17 A1 q 2 23 P A11 

A2 [ 3 22 b A16 A2 q 3 22 p A16 

A3 [ 4 21 b A15 A3 D 4 21 P A1s 

A4 [ 5 20 b A14 A4 C 5 20 p A14 

As [ 6 19 b A13 As c:; 6 19 p A13 

As [ 7 18 IJ A12 As c 7 18 p A12 

A1 [ 8 17 p A11 A7 C 8 17 p A11 

As [ 9 16 p A10 As c 9 16 p A10 

Dour [ 10 15 p Ag Dour c 10 15 p Ag 

WE [ 11 14 IJ DIN WE c 11 14 p DIN 
GND [ 12 13 b CE GND c 12 13 p CE 

Plastic DIP Ceramic DIP Plastic SOJ 
Speed {P2) {C1) {W1) 

0°C to +70°C - COMMERCIAL SCREENING 
25 ns L7C197PC25 L7C197CC25 L7C197WC25 
20 ns L7C197PC20 L7C197CC20 L7C197WC20 
15 ns L7C197PC15 L7C197CC15 L7C197WC15 

-40°C to +85°C - COMMERCIAL SCREENING 
25 ns L7C197Pl25 L7C197Wl25 
20 ns L7C197Pl20 L7C197Wl20 
15 ns L7C197Pl15 L7C197Wl15 

-55°C to + 125°C - COMMERCIAL SCREENING 
35 ns L7C197CM35 
25 ns L7C197CM25 
20 ns L7C197CM20 

-55°C to + 125°C - MIL-STD-883 COMPLIANT 
35 ns L7C197CMB35 
25 ns L7C197CMB25 
20 ns L7C197CMB20 

================================================================ 256 K Static RAMs 
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ORDERING INFORMATION 

28-pin 

(.) ..... 
C\J ..- 0 () ..-

<C <C <C > <C 

~Ya~ 
NC >4 :.~ 26~ NC 

A3 )s 25~ A16 

A4 >6 24) A1s 

As >7 23) A14 

A6 >s Top 22<) A13 

A7 >9 View 21) A12 

As >10 20~ A11 

Dour >11 19) A10 

NC ) 12
13 14 15 16 17

18
) NC 

~~ 

lw o Jw !;; ~ :s: a (.) Cl 

Ceramic Leadless Chip Carrier 
Speed (KS) 

0°C to +70°C-COMMERCIAL SCREENING 
25 ns L7C197KC25 

20 ns L7C197KC20 

15 ns L7C197KC15 

25 ns 
20 ns 
15 ns 

-40°C to +85°C - COMMERCIAL SCREENING 

-55°C to +125°C-COMMERCIAL SCREENING 
35 ns L7C197KM35 

25 ns L7C197KM25 

20 ns L7C197KM20 

35 ns 
25 ns 
20 ns 

-55°C to +125°C-MIL-STD-883 CoMPLIANT 
L7C197KMB35 

L7C197KMB25 

L7C197KMB20 

L7C197 

256K x 1 Static RAM 
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~F_E_A_T_UR_E_S ____ ____.I I DESCRIPTION 

D 32K x 8 Static RAM with Chip 
Select Powerdown, Output Enable 

The L7C199 is a high-performance, 
low-power CMOS static RAM. The 
storage circuitry is organized as 32,768 
words by 8 bits per word. The 8 Data 
In and Data Out signals share 1/0 
pins. This device is available in four 
speeds with maximum access times 
from 15 ns to 35 ns. 

D Auto-Powerdown™ Design 
D Advanced CMOS Technology 
D High Speed - to 15 ns maximum 
D Low Power Operation 

Active: 350 mW typical at 35 ns 
Standby: 5 mW typical 

D Data Retention at 2 V for Battery 
Backup Operation 

D DECC SMD No. 5962-88662 
D Available 100% Screened to 

MIL-STD-883, Class B 
D Plug Compatible with IDT71256, 

Cypress CY7C198/199 

D Package Styles Available: 
• 28-pin Plastic DIP 
• 28-pin Ceramic DIP 
• 28-pin Plastic SOJ 
• 28-pin Ceramic Flatpack 
• 28-pin Ceramic LCC 
• 32-pin Ceramic LCC 

L7C199 BLOCK DIAGRAM 

Vee GND 

l l 

ROW 
ADDRESS 

I
C) 

~ 
w 
(/) 

$: 
0 
a: 

CONTROL 

Inputs and outputs are TTL compat
ible. Operation is from a single +5 V 
power supply. Power consumption is 
350 mW (typical) at 35 ns. Dissipation 
drops to 50 mW (typical) when the 
memory is deselected. 

Two standby modes are available. 
Proprietary Auto-Powerdown TM 

circuitry reduces power consumption 
automatically during read or write 
accesses which are longer than the 
minimum access time, or when the 
memory is deselected. In addition, 
data may be retained in inactive 
storage with a supply voltage as low 

1024 x 32 x 8 
MEMORY 
ARRAY 

COLUMN SELECT 
& COLUMN SENSE 

DATA 
1/0 

as 2 V. The L7C199 consumes only 
150 µW (typical), at 3 V, allowing 
effective battery backup operation. 

The L7Cl 99 provides asynchronous 
(unclocked) operation with matching 
access and cycle times. An active-low 
Chip Enable and a three-state 1/0 bus 
with a separate Output Enable control 
simplify the connection of several 
chips for increased storage capacity. 

Memory locations are specified on 
address pins Ao through A14. Reading 
from a designated location is accom
plished by presenting an address and 
driving CE and OE LOW while WE 
remains HIGH. The data in the 
addressed memory location will then 
appear on the Data Out pins within 
one access time. The output pins stay 

~;i~iA~~~:~~~~~:~~;hen CE or l:~ff.~:;ii;t:t.i 
Writing to an addressed location is 
accomplished when the active-low CE 
and WE inputs are both LOW. Either 
signal may be used to terminate the 
write operation. Data In and Data Out 
signals have the same polarity. 

Latchup and static discharge pro
tection are provided on-chip. The 
L7Cl 99 can withstand an injection 
current of up to 200 mA on any pin 
without damage. 

----------------------256K Static RAMs 
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DEVICES INCORPORATED 32K x 8 Static RAM 

MAXIMUM RATINGS Above which useful life maybe impaired (Notes 1, 2) 

Storage temperature ..................................................................... ...................................... -65°C to + 150°C 

Operating ambient temperature........................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 
Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 
Output current into low outputs............................................................................................................. 25 mA 

Latch up current ............................................................................................................................... > 200 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Industrial 

Active Operation, Military 

Data Retention, Commercial 

Data Retention, Industrial 

Data Retention, Military 

Temperature Range (Ambient) 

0°c to +70°C 

-40°C to +85°C 

-55°C to + 125°C 

0°C to +70°C 

-40°C to +85°C 

-55°C to + 125°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 5) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee= 4.5 V, IOH = -4.0 mA 

VOL Output Low Voltage IOL= 8.0 mA 

VIH Input High Voltage 

VIL Input Low Voltage (Note 3) 

llX Input Leakage Current Ground ~VIN ~ Vee 

loz Output Leakage Current (Note 4) 

lcc2 Vee Current, TTL Inactive (Note7) 

lee3 Vee Current, CMOS Standby (Note 8) 

1Ce4 Vee Current, Data Retention Vee = 3.0 V (Note 9) 

CIN Input Capacitance Ambient Temp= 25°C, Vee = 5.0 V 

COUT Output Capacitance Test Frequency= 1 MHz (Note 10) 

Symbol Parameter Test Condition 

lee1 I Vee Current, Active I (Note 6) 

Supply Voltage 

4.5 v ~ Vee ~ 5.5 v 
4.5 v ~ Vee ~ 5;5 v 
4.5 v ~ Vee ~ 5.5 v 
2.0 V ~ Vee ~ 5.5 v 
2.0 v ~ Vee ~ 5.5 v 
2.0 v ~ Vee ~ 5.5 v 

L7C199 

Min Typ 

2.4 

2.2 

-3.0 

-10 

-10 

10 

1 

50 

L7C199-

35 25 20 

95 120 145 

Max 

0.4 

Vee 
+0.3 

0.8 

+10 

+10 

20 

3 

200 

5 

7 

15 

180 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

µA 

pF 

pF 

Unit 

mA 
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DEVICES INCORPORATED 32K x 8 Static RAM 

SWITCHING CHARACTERISTICS Over Operating Range 

READ CYCLE Notes 5, 11, 12, 22, 23, 24 (ns) 

L7C199-
35 25 20 15 

Symbol Parameter Min Max Min Max Min Max Min 

tAVAV Read Cycle Time 35 25 1T 20 15 I 

tAvav Address Valid to Output Valid (Notes 13, 14) 35 25 20 

tAXQX Address Change to Output Change 3 3 3 3 

tCLQV Chip Enable Low to Output Valid (Notes 13, 15) 35 25 20 

tCLQZ Chip Enable Low to Output Low Z (Notes 20, 21) 3 3 3 3 

tCHQZ Chip Enable High to Output High Z (Notes 20, 21) 15 10 8 

tOLQV Output Enable Low to Output Valid 15 12 10 

tOLQZ Output Enable Low to Output Low Z (Notes 20, 21) 0 0 0 0 

tOHQZ Output Enable High to Output High Z (Notes 20, 21) 10 10 8 

tPU Input Transition to Power Up (Notes 10, 19) 0 0 0 0 

tPD Power Up to Power Down (Notes 1 o, 19) 35 25 20 

tCHVL Chip Enable High to Data Retention (Note 1 O) 0 0 0 0 

READ CYCLE - ADDRESS CONTROLLED Notes 13, 14 

tAVAV 

ADDRESS 71( 

tAvav 
.I 

DATA OUT PREVIOUS DATA VALID "*XXXXX*- DATA VALID 
tAXQX 

1-tPU ; tPD { ICC 

READ CYCLE - CE/OE CONTROLLED Notes 13, 15 

CE 

DATA OUT 

HIGH 
v-:,.....,.....,...~,.....,_,,_--------------------'lllMPEDANCE 

----i----------4-+-+-~E--+-+-~ DATA VALID 

ICC 

tPU ---1-i------- tPD ____ ____,..,, ______ ...... * 50% 50% ~---------------------

DATA RETENTION Note 9 

DATA RETENTION MODE __ J,__ ______ _,l 
---------------...~i 4.5V 4.5VX_ >

2
V 

I- tAVAV I 
'\...._ _______ / W?k\\\S\\\\\\S\\S' 

vcc 

~ tCHVL 

cr 7//77777777~ 

Max 

15 

15 

8 

8 

5 

20 
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DEVICES INCORPORATED 32K x 8 Static RAM 

I SWITCHING CHARACTERISTICS Over Operating Range 

WRITE CYCLE Notes 5, 11, 12, 22, 23, 24 (ns) 

L7C199-
35 25 20 15 

Symbol Parameter Min Max Min Max Min Max Min Max 

tAVAV Write Cycle Time 25 20 20 15 

tCLEW Chip Enable Low to End of Write Cycle 25 15 15 12 

tAVBW Address Valid to Beginning of Write Cycle 0 0 0 0 

tAVEW Address Valid to End of Write Cycle 25 15 15 12 

tEWAX End of Write Cycle to Address Change 0 0 0 0 

twLEW Write Enable Low to End of Write Cycle 20 15 15 12 

tDVEW Data Valid to End of Write Cycle 15 10 10 7 

tEWDX End of Write Cycle to Data Change 0 0 0 0 

tWHQZ Write Enable High to Output Low Z (Notes 20, 21) 0 0 0 0 

tWLQZ Write Enable Low to Output High Z (Notes 20, 21) 10 7 7 5 

WRITE CYCLE - WE CONTROLLED Notes 16, 17, 18, 19 

ADDRESS 

i---------- tCLEW ----------

.f-LLLL..LL.JLLLLL 
-~--------- tAVEW _________ ._..,___ tEWAX-

---+----+--------~..+-.2\:-:s::--~·ls_~-------~tWLEW~--------<J~~~----------------------~ 

I--+- tAVBW I tDVEW ----i----i1 tEWDX 

DATA IN -------+-------------+--------ci<.._ __________ DA_T_A-_JN_V_AL_JD __ -+-------'}t~~=~=J~~7-------------

HIGH IMPEDANCE I--- tWHQZ 
DATA OUT 

J tWLQZ 
f,,....--------+-------J~ .x 

----------~~ JI>-----------------------------------<!~~--------~ 

ICC ------------------------------tP_U_-_-_-_-_-_-_-_,~t'i----tPD-----j~-------------------i------tPU------i~~--~ 

WRITE CYCLE -- CE CONTROLLED Notes 16, 17, 18, 19 

tAVAV 

ADDRESS *- -*-
tAVBW tCLEW 

~ + 
tAVEW tEWAX-1 

~ 
tWLEW 

'LZLLZLLLL..ZLL 

DATA IN 

tDVEW ~J tEWDX 1 DATA-JN VALID -*-
DATA OUT 

HIGH IMPEDANCE 

1-tPU tPD 

ICC __________ J--=={~-----

-----------------------256K Static RAMs 
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DEVICES INCORPORATED 

jNOTES 

1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground will be clamped beginning at--0.6 V. 
A current in excess of 100 mA is required to 
reach -2.0 V. The device can withstand in
definite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

4. Tested with GND $; VOUT $;Vee. The 
device is disabled, i.e., CE= Vee. 

5. A series of normalized curves is available 
to supply the designer with typical DC and 
AC parametric information for Logic Devices 
Static RAMs. These curves may be used to 
determine device characteristics at various 
temperatures and voltage levels. 

6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
i.e., CE $; VIL, WE $; VIL. Input pulse levels 
are 0 to 3.0 V. 

7. Tested with outputs open and all address 
and data inputs changing at the maximum 
read cycle rate. The device is continuously 
disabled, i.e., CE ~ VIH. 

8. Tested with outputs open and all address 
and data inputs stable. The device is con
tinuously disabled, i.e., CE =Vee. Input 
levels are within 0.2 V of Vee or GND. 

9. Data retention operation r~ires that 
Vee never drop below 2.0 V. CE must be 
~Vee - 0.2 V. All other inputs must meet 
VIN~ Vee - 0.2 V or VIN$; 0.2 V to ensure 
full powerdown. For low power version (if 
<'l}Plicable), this requirement applies only to 
CE and WE; there are no restrictions on data 
and address. 

10. These parameters are guaranteed but 
not 100% tested. 

11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 
Iott plus 30 pF (Fig. la), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 

12. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
tA VEW is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require
ments of all parts. Responses from the inter
nal circuitry are specified from the point of 
view of the device. Access time, for ex
ample, is specified as a maximum since 
worst-case operation of any device always 
provides data within that time. 

13. WE is high for the read cycle. 

14. The chip is continuously selected (CE 
low). 

15. All address lines are valid prior-to or 
coincident-with the CE transition to active. 

16. The internal write cycle of the memory 
is defined by the overlap of CE active and 
WE low. All three signals must be active to 
initiate a write. Any signal can terminate a 
write by going· inactive. The address, data, 
and control input setup and hold times 
should be referenced to the signal that be
comes active last or becomes inactive first. 

17. If WE goes low before or concurrent 
with the latter of CE going active, the output 
remains in a high impedance state. 

18. If CE goes inactive before or concurrent 
with WE going high, the output remains in 
a high impedance state. 

19. Powerup from Iee2 to Iee1 occurs as a 
result of any of the following conditions: 

a. Falling edge of CE. 
b. Falling edge of WE (CE active). 

c. Transition on any address line (CE 
active). 

d. Transition on any data line (CE, and WE 
active). 

The device automatically powers down 
from Iee1 to Iee2 after tPD has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 

L7C199 

32K x 8 Static RAM 

20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 

21. Transition is measured ±200 m V from 
steady state voltage with specified loading 
in Fig. lb. This parameter is sampled and 
not 100% tested. 

22. All address timings are referenced from 
the last valid address line to the first transi
tioning address line. 

23. CE or WE must be inactive during ad
dress transitions. 

24. This product is a very high speed device 
and care must be taken during testing in 
order to realize valid test information. In
adequate attention to setups and proce
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the Vee and ground planes di
rectly up to the contactor fingers. A 0.01 µF 
high frequency capacitor is also required 
between Vee and ground. To avoid signal 
reflections, proper terminations must be 
used. 

FIGURE 1a. 

R1 480Q 
+5 v 

OUTPUT 

INCLUDING I_ 30 pF 
JIG AND 
SCOPE 

FIGURE 1b. 

R1 480Q 
+5V 

INCLUDING I_ 5 pF 
JIG AND 
SCOPE 

FtGURE2. 

R2 
255Q 

R2 
255Q 
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DEVICES INCORPORATED 32K x 8 Static RAM 

ORDERING INFORMATION 

28-pin - 0.3" wide 28-pin-0.6" wide 

~ 
A14 [ 1 281J Vee A14 [ 1 

'\_,/ 

28 IJ Vee 

A12 d 2 27IJ WE A12 [ 2 27 IJ WE 
A1 ~ 3 261J A13 A1 [ 3 26 p A13 

A6 d 4 25 IJ As A6 [ 4 25 ~ As 
As q 5 24IJ A9 As [ 5 24 IJ Ag 

A4 [ 6 231J A11 A4 [ 6 23 p A11 

A3 D 7 22p OE A3 [ 7 22 p OE 
A2 [ 8 21 p A10 A2 [ 8 21 IJ A10 

A1 d 9 20 IJ CE A1 [ 9 20 IJ CE 
Ao ~ 10 19IJ 1/01 Ao [ 10 19 ~ 1/07 

l/Oo d 11 18 p 1/06 l/Oo [ 11 18 IJ 1/06 
1/01 q 12 11 p I/Os 1/01 [ 12 17 p I/Os 

1/02 d 13 16 p 1/04 1/02 [ 13 16 ~ 1/04 
GND q 14 15 p 1/03 GND [ 14 15 p 1/03 ....___ 

Plastic DIP Ceramic DIP Plastic DIP Ceramic DIP 
Speed (P10) (CS) (P9) (C6) 

0°c to + 70°C - COMMERCIAL SCREENING 
25 ns L7C199PC25 L7C199CC25 L7C199NC25 L7C1991C25 
20 ns L7C199PC20 L7C199CC20 L7C199NC20 L7C1991C20 
15 ns L7C199PC15 L7C199CC15 L7C199NC15 L7C1991C15 

-40°C to +85°C - COMMERCIAL SCREENING 
25 ns L7C199Pl25 L7C199Nl25 
20 ns L7C199Pl20 L7C199Nl20 
15 ns L7C199Pl15 L7C199Nl15 

-55°C to +125°C-CoMMERCIAL SCREENING 
35 ns L7C199CM35 L7C1991M35 
25 ns L7C199CM25 L7C1991M25 
20 ns L7C199CM20 L7C1991M20 

-55°C to +125°C-MIL-STD-883 CoMPLIANT 
35 ns L7C199CMB35 L7C1991M835 
25 ns L7C199CMB25 L7C1991MB25 
20 ns L7C199CMB20 L7C1991MB20 

================================================================= 256K Static RAMs 
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DEVICES INCORPORATED 

ORDERING INFORMATION 

28-pin-0.3" wide 

A14 Vee 
A12 WE 

A7 A13 
As As 

As A9 

A4 A11 
A3 OE 
A2 A10 

A1 CE 
Ao 1/07 

l/Oo 1/06 

1/01 I/Os 

1/02 1/04 

GND 1/03 

Plastic SOJ 
Speed (W2) 

0°c to + 70°C - COMMERCIAL SCREENING 
25 ns L7C199WC25 
20 ns L7C199WC20 
15 ns L7C199WC15 

-40°C to +85°C - COMMERCIAL SCREENING 
25 ns L7C199Wl25 
20 ns L7C199Wl20 
15 ns L7C199Wl15 

35 ns 
25 ns 
20 ns 

35 ns 
25 ns 
20 ns 

-55°C to + 125°C - COMMERCIAL SCREENING 

-ss0 c to +125°C-MIL-STD-883 CoMPLIANT 

28-pin 

A14 c=::4 
A12 c=::4 

A7 c=::4 
A6 c=::4 
As c=::4 
A4 c=::4 
A3 c=::4 
A2 c=::4 
Ai c=::4 
Ao c=::4 

l/Oo c=::4 
1/01 c=::4 
1/02 c=::4 

GND c=::4 

L7C199 

32K x 8 Static RAM 

1 • 28 
2 27 
3 26 
4 25 
5 24 
6 23 
7 22 
8 21 
9 20 
10 19 
11 18 
12 17 
13 16 
14 15 

Ceramic Flatpack 
(M2) 

L7C199MC25 
L7C199MC20 
L7C199MC15 

L7C199MM35 
L7C199MM25 
L7C199MM20 

L7C199MMB35 
L7C199MMB25 
L7C199MMB20 

E;=::=i Vee 
E;=:=:J WE 
E;=:=:J A13 
E;=:=:J As 
E;=:=:J Ag 
E;=:=:J A11 
E;=::=i BE 
E;=:=:J A10 
E;=::=i CE 
E;=::=i 1/07 
E;=::=i 1/06 
E;=::=i 1/05 
E;=::=i 1/04 
E;=::=i 1/03 

================================================================= 256 K Static RAMs 
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DEVICES INCORPORATED 

ORDERING INFORMATION 

28-pin 

Ceramic Leadless Chip Carrier 
Speed (KS) 

0°c to + 70°C - COMMERCIAL SCREENING 
25 ns L7C199KC25 
20 ns L7C199KC20 
15 ns L7C199KC15 

25 ns 
20 ns 
15 ns 

-40°C to +85°C - COMMERCIAL SCREENING 

-55°C to +125°C-CoMMERCIAL SCREENING 
35 ns L7C199KM35 
25 ns L7C199KM25 
20 ns L7C199KM20 

35 ns 
25 ns 
20 ns 

-55°C to +125°C-MIL-STD-883 COMPLIANT 
L7C199KMB35 
L7C199KMB25 
L7C199KMB20 

32-pin 

L7C199 

32K x 8 Static RAM 

N '<t () (.) IW C') 

.:;: ..;( ..;( z ~ :s: ..;( 
~ I'"\. __ ,.. 

( 432:1:323130") 
A6 ?5 :_] 29~ As 

A5 ?6 28~ Ag 
A4 ?7 27) A11 

A3 ()8 26~ NC 
A2 >9 Top 25( oE 
A1 ~10 View 24~ A10 

Ao ?11 23~ CE 
NC ?12 22~ 1/07 

l/Oo ) 13 21 C 1/06 
~ 14 15 16 17 18 19 20 ) 
~""" 

QQ~~QQQ 
- - (!} - - -

Ceramic Leadless Chip Carrier 
(K7) 

L7C199TC25 
L7C199TC20 
L7C199TC15 

L7C199TM35 
L7C199TM25 
L7C199TM20 

L7C199TMB35 
L7C199TMB25 
L7C199TMB20 
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DEv1cEs 1NcoRPoRATED · . 256K x 4 Static RAM 

I~ F_E_AT_U_R_E_S _______ l I DESCRIPTION 

0 256K x 4 Static RAM with Chip 
Select Powerdown, Output Enable 

0 Auto-Powerdown™Design 
0 Advanced CMOS Technology 
0 High Speed- to 17 ns maximum 
0 Low Power Operation 

Active: 400 mW typical at 25 ns 
Standby: 5 mW typical 

0 Data Retention at 2 V for Battery 
Backup Operation 

0 Plug Compatible with Cypress 
CY7Cl06 

0 Package Styles Available: 
• 28-pin Plastic DIP 
• 28-pin Sidebraze, Hermetic DIP 
• 28-pin Plastic SOJ 

L7C106 BLOCK DIAGRAM 

ROW 
ADDRESS 

1-
() 
w 
_J 

w 
en 
;:: 
0 
a: 

The L7C106 is a high-performance, 
low-power CMOS static RAM. The 
storage circuitry is organized as 262,144 
words by 4 bits per word. The 4 Data 
In and Data Out signals share I/0 pins. 
The L7C106 has an active-low Chip 
Enable and a separate Output Enable. 
This device is available in three speeds 
with maximum access times from 17 ns 
to25 ns. 

Inputs and outputs are TTL compat
ible. Operation is from a single +5 V 
power supply. Power consumption 
is 400 mW (typical) at 25 ns. Dissipa
tion drops to 50 mW (typical) when 
the memory is deselected. 

Two standby modes are available. 
Proprietary Auto-Powerdown ™ 
circuitry reduces power consumption 
automatically during read or write 
accesses which are longer than the 

512x512x4 
MEMORY 
ARRAY 

COLUMN SELECT 
& COLUMN SENSE 

1/03·0 

minimum access time, or when the 
memory is deselected. In addition, 
data may be retained in inactive 
storage with a supply voltage as low 
as 2 V. The L7C106 consumes only 
1.5 mW (typical), at 3 V, allowing 
effective battery backup operation. 

The L7Cl 06 provides asynchronous 
(unclocked) operation with matching 
access and cycle times. An active-low 
Chip Enable and a three-state I/O bus 
with a separate Output Enable control 
simplify the connection of several chips 
for increased storage capacity. 

Memory locations are specified on 
address pins Ao through A17. Reading 
from a designated location is 
accomplished by presenting an 
address and driving CE and OE LOW 
while WE remains HIGH. The data in 
the addressed memory location will 
then appear on the Data Out pins 
within one access time. The output 
pins s~ in a high-impedance state 
when CE or OE is HIGH, or WE is 
LOW. 

Writing to an addressed location is 
acco~lished when the active-low CE 
and WE inputs are both LOW. Either 
signal may be used to terminate the 
write operation. Data In and Data Out 
signals have the same polarity. 

Latchup and static discharge protection 
are provided on-chip. The L7C106 can 
withstand an injection current of up to 
200 rnA on any pin without damage. 

===================================================================== 1 M Static RAMs 
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DEVICES INCORPORATED 256K x 4 Static RAM 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2) 

Storage temperature ........................................................................................................... -65°C to +150°C 
Operating ambient temperature........................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 
Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 
Output current into low outputs ............................................................................................................. 25 mA 

Latch up current ............................................................................................................................... > 200 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 
Active Operation, Commercial 

Active Operation, Industrial 

Data Retention, Commercial 

Data Retention, Industrial 

Temperature Range (Ambient) 

0°c to +70°C 

-40°C to +85°C 

0°c to +70°C 

-40°C to +85°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 5) 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee= 4.5 V, loH = -4.0 mA 

VOL Output Low Voltage IOL= 8.0 mA 

VlH Input High Voltage 

VIL Input Low Voltage (Note 3) 

llX Input Leakage Current GND ~VIN ~Vee 

loz Output Leakage Current (Note 4) 

lcc2 Vee Current, TTL Inactive (Note?) 

ICC3 Vee Current, CMOS Standby (Note 8) 

ICC4 Vee Current, Data Retention Vee = 3.0 V (Note 9) 

CIN Input Capacitance Ambient Temp = 25°C, Vee = 5.0 V 

COUT Output Capacitance Test Frequency= 1 MHz (Note 10) 

Symbol Parameter Test Condition 

lee1 I Vee Current, Active l (Note 6) 

Supply Voltage 
4.5 v ::;; Vee ::;; 5.5 v 
4.5 V::;; Vee::;; 5.5 v 
2.0 v::;; Vee::;; 5.5 v 
2.0 v::;; Vee::;; 5.5 V 

L7C106 

Min Typ 

2.4 

2.2 

-3.0 

-10 

-10 

10 

1 

500 

Max 

0.4 

Vee 
+0.3 

0.8 

+10 

+10 

20 

4.0 

1000 

5 

7 

L7C106-

25 20 17 

100 125 145 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

µA 

pF 

pF 

Unit 

mA 
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- -------- --~~- .......... _..._.,..~-~ L7C106 
DEVICES INCORPORATED 256K x 4 Static RAM 

j SWITCHING CHARACTERISTICS Over Operating Range 

READ CYCLE Notes 5, 11, 12, 22, 23, 24 (ns) 

L7C106-
25 20 17 

Symbol Parameter Min Max Min Max Min 

f.AVAV Read Cycle Time 25 20 17 

f.Avav Address Valid to Output Valid (Notes 13, 14) 25 20 

f.Axax Address Change to Output Change 3 3 3 

tCLQV Chip Enable Low to Output Valid (Notes 13, 15) 25 20 

tCLOZ Chip Enable Low to Output Low Z (Notes 20, 21) 3 3 3 

tCHQZ Chip Enable High to Output High Z (Notes 20, 21) 10 8 

tOLQV Output Enable Low to Output Valid 10 10 

tOLQZ Output Enable Low to Output Low Z (Notes 20. 21) 0 0 0 

tOHQZ Output Enable High to Output High Z (Notes 20, 21) 10 7 

tPU Input Transition to Power Up (Notes 10, 19) 0 0 0 

tPD Power Up to Power Down (Notes 10. 19) 25 20 

tCHVL Chip Enable High to Data Retention (Note 10) 0 0 0 

READ CYCLE - ADDRESS CONTROLLED Notes 13, 14 

ADDRESS 

DATA OUT PREVIOUS DATA VALID *'" X.X XXX7!E- DATA VALID 
~--- f.Axax ----

ICC ______ 1----_____ tP_u_-_-_-_:;µ~-•_-::_-::_-::_-::_-::_-::_-::_-::_-::_::_t_PD __ --_-_-_-_-_-_-_-_-_~_•~~--------------------------------

READ CYCLE- CE/OE CONTROLLED Notes 13, 15 

OE 

DATA OUT 
HIGH 

---~~~~~~-------J~~z:~~~----------1DDJAITTA~VVJAWL1iDD------------------1 1MPEDANCE 

Max 

17 

17 

8 

9 

6 

17 

ICC 

tPU --1-i--• ----- tPD ------i1 
________ ,¥: 50% 50% ~--------------------------------------

DATA RETENTION Note 9 

DATA RETENTION MODE --o--------~, 
------------------------~-.!, 4.5 v 4.5 v± > 

2 
v 

i=f.AvAVj 

"---------/ Vtt?kS\\\S\\\S\SSSS' 

vcc 

~ tCHVL 

CE 17777777777~ 
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DEVICES INCORPORATED 256K x 4 Static RAM 

j SWITCHING CHARACTERISTICS Over Operating Range 

WRITE CYCLE Notes 5, 11, 12, 22, 23, 24 (ns) 

L7C106-
25 20 17 

Symbol Parameter Min Max Min Max Min Max 

'tAVAV Write Cycle Time 20 20 17 

tCLEW Chip Enable Low to End of Write Cycle 15 15 13 

'tAVBW Address Valid to Beginning of Write Cycle 0 0 0 

'tAVEW Address Valid to End of Write Cycle 15 15 13 

tEWAX End of Write Cycle to Address Change 0 0 0 

tWLEW Write Enable Low to End of Write Cycle 15 15 13 

tDVEW Data Valid to End of Write Cycle 10 9 8 

tEWDX End of Write Cycle to Data Change 0 0 0 

tWHQZ Write Enable High to Output Low Z (Notes 20, 21) 0 0 0 

tWLQZ Write Enable Low to Output High Z (Notes 20, 21) 7 7 

WRITE CYCLE - WE CONTROLLED Notes 16, 17, 18, 19 

i------------ 'tAVAV ----------------i 

---------- tCLEW ----------

.fLLLLL.LJL.LL..L 
i---+--------- tAVEW ----------- tEWAX-

1--t- 'tAVBW I tDVEW ----i----il tEWDX 

DATA IN ~---+--------+------{ _______ DA_T_A-_IN_V_AL_ID _____ __.Jt~2=~~~7-+-------

] 
tWLOZ 

DATA OUT 
./---------.,.._ HIGH IMPEDANCE I- twHOZ r 

-------<.~ 1~--------.;;._;.;.;;....;;..;......;.;.;..;;;.. ______ --<I,~----~ 

ICC ----------------tP-U~------_-_-_-_:-"-ri----tPD~----------~ i--------tPU--------i~--~~-~ 

WRITE CYCLE - CE CONTROLLED Notes 16, 17, 18, · 19 

'tAVAV 

ADDRESS * )IE 

'tAVBW tCLEW 

~ J-

tAVEW tEWAX-1 

~~ 
tWLEW 

.L. 'L.LZ7ZZZZZZZZZ 

DATA IN 

tDVEW J tEWDX 

~ DATA-IN VALID JIE 

DATA OUT 
HIGH IMPEDANCE 

I--- tPU tPD 

ICC 

6 
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DEVICES INCORPORATED 

!NOTES 

1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion inclu~e internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

3. This product provides hard damping of 
transient undershoot. Input levels below 
ground will be damped beginning at --0.6 V. 
A current in excess of 100 mA is required to 
reach -2.0 V. The device can withstand in
definite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

4. Tested with GND $; Vour $;Vee. The 
device is disabled, i.e., CE= Vee. 

5. A series of normalized curves is available 
to supply the designer with typical DC and 
AC parametric information for Logic Devices 
Static RAMs. These curves may be used to 
determine device characteristics at various 
temperatures and voltage levels. 

6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
i.e., CE $;VIL, WE $; VIL. Input pulse levels 
are 0 to 3.0 V. 

7. Tested with outputs open and all address 
and data inputs changing at the maximum 
read cycle rate. The device is continuously 
disabled, i.e., CE :::: VIH. 

8. Tested with outputs open and all address 
and data inputs stable. The device is con
tinuously disabled, i.e., CE= Vee. Input 
levels are within 0.2 V of Vee or GND. 

9. Data retention operation r~ires that 
Vee never drop below 2.0 V. CE must be 
:::: Vee - 0.2 V. All other inputs must meet 
VIN:::: Vee - 0.2 V or VIN$; 0.2 V to ensure 
full powerdown. For low power version (if 
~licable), this requirement a pp lies only to 
CE and WE; there are no restrictions on data 
and address. 

10. These parameters are guaranteed but 
not 100% tested. 

11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 
!OH plus 30 pF (Fig. la), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 

12. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
tA VEW is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require
ments of all parts. Responses from the inter
nal circuitry are specified from the point of 
view of the device. Access time, for ex
ample, is specified as a maximum since 
worst-case operation of any device always 
provides data within that time. 

13. WE is high for the read cycle. 

14. The chip is continuously selected (CE 
low). 

15. All address lines are valid prior-to or 
coincident-with the CE transition to active. 

16. The internal write cycle of the memory 
is defined by the overlap of CE active and 
WE low. All three signals must be active to 
initiate a write. Any signal can terminate a 
write by going inactive. The address, data, 
and control input setup and hold times 
should be referenced to the signal that be
comes active last or becomes inactive first. 

17. If WE goes low before or concurrent 
with the latter of CE going active, the output 
remains in a high impedance state. 

18. If CE goes inactive before or concurrent 
with WE going high, the output remains in 
a high impedance state. 

19. Powerup from Icc2 to !CCI occurs as a 
result of any of the following conditions: 

a. Falling edge of CE. 
b. Falling edge of WE (CE active). 

c. Transition. on any address line (CE 
active). 

d. Transition on any data line (CE, and WE 
active). 

The device automatically powers down 
from !CCI to Icc2 after tPD has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 

L7C106 

256K x 4 Static RAM 

20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 

21. Transition is measured ±200 mV from 
steady state voltage with specified loading 
in Fig. lb. This parameter is sampled and 
not 100% tested. 

22. All address timings are referenced from 
the fast valid address line to the first transi
tioning address line. 

23. CE or WE must be inactive during ad
d:ress transitions. 

24. This product is a very high speed device 
and care must be taken during testing in 
order to realize valid test information. In
adequate attention to setups and proce
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the Vee and ground planes di
rectly up to the contactor fingers. A 0.01 µF 
high frequency capacitor is also required 
between Vee and ground. To avoid signal 
reflections, proper terminations must be 
used. 

FIGURE 1a. 

R1 480Q 
+5 v 

OUTPUT 

INCLUDING I_ 30 pF 
JIG AND 
SCOPE 

FIGURE 1b. 

R1 480Q 
+SV 

INCLUDING I_ 5 pF 
JIG AND 
SCOPE 

FtGURE2. 

R2 
255Q 

R2 
255Q 

========================================================== 1 M Static RAMs 
7-49 03/08/95-LDS.106-0 



- ~ ...... -~ 
-~~-~ - .. ------ -- ------- -- ......... -.....--...,._.. _..._....~_...._.,. L7C106 

DEVICES INCORPORATED 256K x 4 Static RAM 

ORDERING INFORMATION 

28-pin - 0.4" wide 28-pin-0.4" wide 

Ao 28 Vee Ao 28 Vee 
A1 2 27 A17 A1 2 27 A11 
A2. 3 26 A16 A2 3 26 A16 
A3 4 25 A1s A3 4 25 A1s 
A4 5 24 A14 A4 5 24 A14 
As 6 23 A13 As 6 23 A13 
As 7 22 A12 As 7 22 A12 
A7 8 21 A11 A7 8 21 A11 
As 9 20 NC As 9 20 NC 
Ag 10 19 1/03 Ag 10 19 1/03 

A10 11 18 1/02 A10 11 18 1/02 
CE 12 17 1/01 CE 12 17 1/01 
OE 13 16 1/0o OE 13 16 l/Oo 

GND 14 15 WE GND 14 15 WE 

Plastic DIP Sidebraze Hermetic DIP Plastic SOJ 
Speed (P11) (011) (W7) 

0°C to +70°C - COMMERCIAL SCREENING 

25 ns L7C106PC25 L7C106DC25 L7C106WC25 
20 ns L7C106PC20 L7C106DC20 L7C106WC20 
17 ns L7C106PC17 L7C106DC17 L7C106WC17 

-40°C to +85°C - COMMERCIAL SCREENING 

25 ns L7C106Pl25 L7C106Wl25 
20 ns L7C106Pl20 L7C106Wl20 
17 ns L7C106Pl17 L7C106Wl17 

==================================================================== 1 M Static RAMs 
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c ~ _,. .• _, ___ 128K,~ 8-Static:RAM (Llo~~p~w~.~);·.~~ 

........ 1 F_E_A_TU_R_E_S ____ _.I I DESCRIPTION 

0 128K x 8 Static RAM with Chip 
Select Powerdown, Output Enable 

0 Auto-Powerdown™ Design 
0 Advanced CMOS Technology 
0 High Speed- to 17 ns maximum 
0 Low Power Operation 

Active: 550 mW typical at 25 ns 
Standby: 5 mW typical 

0 Data Retention at 2 V for Battery 
Backup Operation 

0 DECC SMD No. 5962-89598 
0 Available 100% Screened to 

MIL-STD-883, Class B 

0 Plug Compatible with Cypress 
CY7C108/109, IDT71024/71B024, 
Micron MT5C1008, Motorola 
MCM6226A/62L26A, Sony 
CXK581020 

0 Package Styles Available: 
• 32-pin Sidebraze, Hermetic DIP 
• 32-pin Plastic SOJ 
• 32-pin Ceramic LCC 

l7C108/109 BLOCK DIAGRAM 

ROW 
ADDRESS 

l
o 
w 
..J 
w 
en 
::: 
0 
a: 

The L7C108 and L7C109 are high
perforrnance, low-power CMOS static 
RAMs. The storage circuitry is organ
ized as 131,072 words by 8 bits per 
word. The 8 Data In and Data Out 
signals share I/0 pins. The L7C108 has 
a single active-low Chip Enable. The 
L7C109 has two Chip Enables (one 
active-low). These devices are available 
in three speeds with maximum access 
times from 17 ns to 25 ns. 

Inputs and outputs are TIL compat
ible. Operation is from a single +5 V 
power supply. Power consumption 
is 550 mW (typical) at 25 ns. Dissipa
tion drops to 50 mW (typical) when 
the memory is deselected. 

Two standby modes are available. 
Proprietary Auto-Powerdown™ 
circuitry reduces power consumption 
automatically during read or write 
accesses which are longer than the 
minimum access time, or when the 
memory is deselected. In addition, 
data may be retained in inactive 
storage with a supply voltage as low 
as 2 V. The L7C108 and L7C109 

512 x 256 x 8 
MEMORY 
ARRAY 

COLUMN SELECT 
& COLUMN SENSE 

1/07-0 

consume only 1.5 mW (typical), at 3 V, 
allowing effective battery backup 
operation. 

The L7C108 and L7C109 provide 
asynchronous (unclocked) operation 
with matching access and cycle times. 
The Chip Enables and a three-state I/0 
bus with a separate Output Enable 
control simplify the connection of 
several chips for increased storage 
capacity. 

Memory locations are specified on 
address pins Ao through A16. For the 
L7C108, reading from a designated 
location is accomplishe<!.Ey presenting 
an address and driving CE1 and OE 
LOW while WE remains HIGH. For 
the L7C109, CE1 and OE must be 
LOW while CE2 and WE are HIGH. 
The data in the addressed memory 
location will then appear on the Data 
Out pins within one access time. The 
output pins stay in a high-impedance 
state when CE1 or OE is HIGH, or CE2 
(L7C109) or WE is LOW. 

Writing to an addressed location is 
accomplished when the active-low 
CE1 and WE inputs are both LOW, 
and CE2 (L7C109) is HIGH. Any of 
these signals may be used to terminate 
the write operation. Data In and Data 
Out signals have the same polarity. 

Latchup and static discharge protection 
are provided on-chip. The L7C108 and 
L7C109 can withstand an injection 
current of up to 200 rnA on any pin 
without damage. 
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_..._.....~_....._.... L7C108/109 
DEVICES INCORPORATED 128K x 8 Static RAM (Low Power) 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2) 

Storage temperature ..... ....... ............ ....... ................ ....... ... .................. ............ .... ................ -65°C to + 150°C 

Operating ambient temperature........................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latchup current ................................................... , ........................................................................... > 200 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode Temperature Range (Ambient) Supply Voltage 
Active Operation, Commercial 0°c to +70°C 4.5 v::; Vee::; 5.5 v 
Active Operation, Industrial -40°C to +85°C 4.5 v ::; Vee ::; 5.5 v 
Active Operation, Military -55°C to+ 125°C 4.5 v ::; Vee ::; 5.5 v 
Data Retention, Commercial 0°c to +70°C 2.0 v ::; Vee ::; 5.5 v 
Data Retention, Industrial -40°C to +85°C 2.0 v::; Vee ::; 5.5 v 
Data Retention, Military -55°C to + 125°C 2.0 v ::; Vee ::; 5.5 v 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 5) 

L7C108/109 L7C108-U109-L 

Symbol Parameter Test Condition Min Typ Max Min Typ Max Unit 

VOH Output High Voltage Vee= 4.5 V, IOH =-4.0 mA 2.4 2.4 v 

VOL Output Low Voltage IOL= 8.0 mA 0.4 0.4 v 

V1H Input High Voltage 2.2 Vee 2.2 Vee v 
+0.3 +0.3 

VIL Input Low Voltage (Note 3) -3.0 0.8 -3.0 0.8 v 

llX Input Leakage Current GND ~VIN~ Vee -10 +10 -10 +10 µA 

loz Output Leakage Current (Note 4) -10 +10 -10 +10 µA 

lee2 Vee Current, TTL Inactive (Note 7) 10 20 10 mA 

lee3 Vee Current, CMOS Standby (Note 8) 1 3.0 0.9 mA 

lee4 Vee Current, Data Retention Vee = 3.0 V (Note 9) 500 1000 300 µA 

C1N Input Capacitance Ambient Temp = 25°C, Vee = 5.0 V 5 5 pF 

Cour Output Capacitance Test Frequency= 1 MHz (Note 10) 7 7 pF 

L7C108/109-

Symbol Parameter Test Condition 25 20 17 Unit 

lce1 l Vee Current, Active I (Note 6) 145 180 210 mA 

======================================================== 1 M Static RAMs 
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DEVICES INCORPORATED 128K x 8 Static RAM (Low Power) 

SWITCHING CHARACTERISTICS Over Operating Range 

READ CYCLE Notes 5, 11, 12, 22, 23, 24 (ns) 

L7C108/109-
25 20 17 

Symbol Parameter Min Max Min Max Min Max 

f.AVAV Read Cycle Time 25 20 17 

tAVQV Address Valid to Output Valid (Notes 13, 14) 25 20 17 

tAXQX Address Change to Output Change 3 3 3 

tCLQV Chip Enable Low to Output Valid (Notes 13, 15) 25 20 17 

tCLQZ Chip Enable Low to Output Low Z (Notes 20, 21) 3 3 3 

tCHQZ Chip Enable High to Output High Z (Notes 20, 21) 10 8 8 

tOLQV Output Enable Low to Output Valid 10 10 9 

tOLQZ Output Enable Low to Output Low Z (Notes 20, 21) 0 0 0 

tOHQZ Output Enable High to Output High Z (Notes 20, 21) 10 7 6 

tPU Input Transition to Power Up (Notes 10, 19) 0 0 0 

tPD Power Up to Power Down (Notes 10, 19) 25 20 17 

tCHVL Chip Enable High to Data Retention (Note 10) 0 0 0 

READ CYCLE - ADDRESS CONTROLLED Notes 13, 14 

DATA VALID 

READ CYCLE - CE/OE CONTROLLED Notes 13, 15 

CE 

HIGH i,....,,........,.......,......,,............., ___________________ IMPEDANCE 

----1,..----------41--+---+-<~-f-~ DATA OUT DATA VALID 

ICC 

tPU --1.;------- tPD -----•-i1 

-------'* 50% 50% *---------------------

DATA RETENTION Note 9 

DATA RETENTION MODE ---+-->---------<-ii 
-------------~-..Ji 4.5V 4.5V_.7-I'.:. >

2
V 

i:=- tAVAV I 
'-.'-______ _,/ WA\\SS\S\S\\\\S\" 

vcc 

~ tCHVL 

BE 7//77777777~ 
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DEVICES INCORPORATED 128K x 8 Static RAM (Low Power) 

I SWITCHING CHARACTERISTICS Over Operating Range 

WRITE CYCLE Notes 5, 11, 12, 22, 23, 24 (ns) 

L7C108/109-
25 20 17 

Symbol Parameter Min Max Min Max Min Max 

t.AVAV Write Cycle Time 20 20 17 

tCLEW Chip Enable Low to End of Write Cycle 15 15 13 

t.AVBW Address Valid to Beginning of Write Cycle 0 0 0 

t.AVEW Address Valid to End of Write Cycle 15 15 13 

tEWAX End of Write Cycle to Address Change 0 0 0 

twLEW Write Enable Low to End of Write Cycle 15 15 13 

tDVEW Data Valid to End of Write Cycle 10 9 8 

tEWDX End of Write Cycle to Data Change 0 0 0 

twHOZ Write Enable High to Output Low Z (Notes 20, 21) 0 0 0 

tWLOZ Write Enable Low to Output High Z (Notes 20, 21) 7 7 6 

WRITE CYCLE- WE CONTROLLED Notes 16, 17, 18, 19 

ADDRESS 

i----------- tCLEW -----------

..T.LLL..L.LZJZZZZ 
i----if---------- t.AVEW ------------- tEWAX-

I--+- tAVBW r,_ ___ tDVEW ----t----~1 tEWDX 

DATA IN ----------+------ci< DATA-IN VALID 2::~ ~? 

DATA OUT 
I 

twLOZ /--------i, HIGH IMPEDANCE 1--- tWHQZ ,4 ------<'- J~-----_:.;;.;;;..;..:,;;.;;..;;;;.;...;;_:=.;;.. ______ -(~...._----~ 

Ice 
i--------i--t-PU---_-_-_t_Pu_-_-_-_-_-_-_-_-.~~:-=--=--=--=-t-PD-~"-----------

WRITE CYCLE - CE CONTROLLED Notes 16, 17, 18, 19 

tAVAV --
- -* )IE -ADDRESS 

tAVBW tCLEW 

~ 7 
t.AVEW tEWAX-

~ 
tWLEW :LLLL77Z7777777 

DATA IN 

tDVEW :I tEWDX l DATA-IN VALID -*-
DATA OUT 

HIGH IMPEDANCE 

1--- tPU tPD 

ICC 

================================================================ 1 M Static RAMs 
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!NOTES 

1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground will be clamped beginning at -0.6 V. 
A current in excess of 100 mA is required to 
reach -2.0 V. The device can withstand in
definite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

4. Tested with GND :s; VoUT :s; Vee. The de
vice is disabled, i.e., CE1 = Vee, CEz = GND. 

5. A series of normalized curves is available 
to supply the designer with typical DC and 
AC parametric information for Logic Devices 
Static RAMs. These curves may be used to 
determine device characteristics at various 
temperatures and voltage levels. 

6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
i.e., ITi :s; VIL, CEZ 2: VIH, WE :s; VIL. Input 
pulse levels are 0 to 3.0 V. 

7. Tested with outputs open and all address 
and data inputs changing at the maximum 
read cycle rate. The device is continuously 
disabled, i.e., CEI 2: VIH, CEz :s; VIL. 

8. Tested with outputs open and all ad
dress and data inputs stable. The device 
is continuously disabled, i.e., CEI = Vee, 
CEz = GND. Input levels are within 0.2 V 
of Vee or GND. 

9. Data retention operation requires that 
Vee never drop below 2.0 V. ITi must be 
;;::: Vee - 0.2 V or CEz must be ::;; 0.2 V. All 
other inputs must meet VIN:::: Vee- 0.2 V or 
VIN ::;; 0.2 V to ensure full powerdown. For 
low power version (if applicable), this re
~ement applies only to CE1, CEz, and 
WE; there are no restrictions on data and 
address. 

10. These parameters are guaranteed but 
not 100% tested. 

L7C108/109 

128K x 8 Static RAM (Low Power) 

11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 
IOH plus 30 pF (Fig. la), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 

12. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
tA VEW is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require
ments of all parts. Responses from the inter
nal circuitry are specified from the point of 
view of the device. Access time, for ex
ample, is specified as a maximum since 
worst-case operation of any device always 
provides data within that time. 

13. WE is high for the read cycle. 

14. The chip is continuously selected (CEI 
low, CEz high). 

15. All address lines are valid prior-to or 
coincident-with the CEI and CEz transition 
to active. 

16. The internal write cycle of the memory 
is defined~ the overlap of CEI and CEZ 
active and WE low. All three signals must be 
active to initiate a write. Any signal can 
terminate a write by going inactive. The 
address, data, and control input setup and 
hold times should be referenced to the sig
nal that becomes active last or becomes inac
tive first. 

17. If WE goes low before or concurrent 
with the latter of CEI and CEz going active, 
the output remains in a high impedance 
state. 

18. If CE1 and CEz goes inactive before or 
concurrent with WE going high, the output 
remains in a high impedance state. 

19. Powerup from Jeez to !CCI occurs as a 
result of any of the following conditions: 

a. Rising edge of CEz (IT! active) or the 
falling edge of CE1 (CEz active). 

b. Falling edge of WE (Cfu, CEz active). 

c. Transition on any address line (CEI, CEZ 
active). 

d. Transition on any data line (CEI, CEZ, 
and WE active). 

The device automatically powers down 
from !CCI to Iccz after tPD has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 

20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 

21. Transition is measured ±200 m V from 
steady state voltage with specified loading 
in Fig. lb. This parameter is sampled and 
not 100% tested. 

22. All address timings are referenced from 
the last valid address line to the first transi
tioning address line. 

23. ITI, CEZ, or WE must be inactive during 
address transitions. 

24. This product is a very high speed device 
and care must be taken during testing in 
order to realize valid test information. In
adequate attention to setups and proce
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the Vee and ground planes di
rectly up to the contactor fingers. A 0.01 µF 
high frequency capacitor is also required 
between Vee and ground. To avoid signal 
reflections, proper terminations must be 
used. 

FIGURE 1a. 

R1 480Q 
+5 v 

OUTPUT u-~~~.--~~~-. 

INCLUDING 
JIG AND 
SCOPE 

FIGURE 1b. 

+5V 

I 
30 pF 

R1 480Q 

OUTPUT r>-~~---....-~~~ .... 

INCLUDING I_ 5 pF 
JIG AND 
SCOPE 

FIGURE 2. 

R2 
255Q 

R2 
255Q 
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DEVICES INCORPORATED 128K x 8 Static RAM (Low Power) 

L7C108 ORDERING INFORMATION 

32-pin-0.4" wide 32-pin 

NC [ 1 '""' 32 p Vee NC c:j 1 32 p Vee 
Ao [ 2 31 p A16 Ao C:j2 31 p A1s 
A1 [ 3 30 p NC A1 c:j 3 30 p NC 
A2 [ 4 29 p WE A2 q 4 29 l=J WE 
A3 [ 5 28 p A15 A3 c:j 5 28 p A1s 
A4 [ 6 27 p A14 A4 c:j 6 27 p A14 
As [ 7 26 p A13 As c:j 7 26 p A13 
As [ 8 25 p A12 As c:j 8 25 p A12 
A7 [ 9 24 p OE A1 c:j 9 24 p OE 
As [ 10 23 p A11 As c:j 10 23 p A11 
A9 [ 11 22 P CE1 A9 q 11 22 p CE1 

A10 [ 12 21 p 1/07 A10 c:j 12 21 p 1/07 
l/Oo [ 13 20 p I/Os 1/0o c:j 13 20 p I/Os 
1/01 [ 14 19 p I/Os 1/01 c:I 14 19 p I/Os 
1/02 [ 15 18 p 1/04 1/02 c:I 15 18 p 1/04 

GND [ 16 17 p 1/03 GND c:j 16 17 p 1/03 

Sidebraze Hermetic DIP Plastic SOJ (0.4" wide) 
Speed (012) (WG) 

0°c to + 70°C - COMMERCIAL SCREENING 
25 ns L7C108DC25* L7C108WC25* 
20 ns L7C108DC20* L7C108WC20* 
17 ns L7C108DC17* L7C108WC17* 

-40°C to +85°C - COMMERCIAL SCREENING 
25 ns L7C108Wl25* 
20 ns L7C108Wl20* 
17 ns L7C108Wl17* 

-55°C to + 125°C - COMMERCIAL SCREENING 
25 ns L7C108DM25 
20 ns L7C108DM20 

-55°C to + 125°C - MIL-STD-883 CoMPLIANT 
25 ns L7C108DMB25 
20 ns L7C108DMB20 

*The Low Power version is specified by adding the "L" suffix after the speed grade (e.g., L7C108Wl17L) 

======================================================== 1 M Static RAMs 
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DEVICES INCORPORATED 

L7C108 ORDERING INFORMATION 

32-pin 

l-y~~~~~~-
A3 ?s 29 WE 

A4 ?6 28) A15 

As )7 27~ A14 

As [>8 2s~ A13 
A7 ()9 Top 2s< A12 

A8 )10 View 245 OE 

A9 > 11 23~ A11 

A10 ?12 22~ CE1 

l/Oo ) 13 21 J 1/07 

l ~ ~ ~ !! 18 ~ ~ 
"-""""' "'"" "'"" "'""......, "'"" '"' 
QQ~QQQQ 
- - C!l - - - -

Ceramic Leadless Chip Carrier 
Speed (K10) 

0°C to +70°C-COMMERCIAL SCREENING 
25 ns L 7C 108KC25* 
20 ns L7C108KC20* 
17 ns L7C108KC17* 

25 ns 
20 ns 
17 ns 

-40°C to +85°C - COMMERCIAL SCREENING 

-55°C to + 125°C - COMMERCIAL SCREENING 
25 ns L7C108KM25 
20 ns L7C108KM20 

25 ns 
20 ns 

-ss 0 c to + 12s0 c - MIL-STD-883 CoMPLIANT 
L7C108KMB25 
L7C108KMB20 

L7C108/109 

128K x 8 Static RAM (Low Power) 

*The Low Power version Is specified by adding the "L" suffix after the speed grade (e.g., L7C108KC17L) 
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DEVICES INCORPORATED 128K x 8 Static RAM {Low Power) 

L7C109 ORDERING INFORMATION 

32-pin - 0.4" wide 32-pin 

NC q 1 '-/ 32 lJ Vee NC q 1 32 p Vee 
Ao q 2 31 P A16 Ao q 2 31 p A16 
A1 q 3 30 p CE2 A1 q 3 30 p CE2 
A2 q 4 29 p WE A2 q 4 29 l=J WE 
A3 q 5 28 P A1s A3 q 5 28 p A1s 
A4 q 6 27 p A14 A4 c 6 27 p A14 
As q 7 26 p A13 As c; 7 26 p A13 
As q 8 25 P A12 As q 8 25 p A12 
A1 q 9 24 p OE A1 C: 9 24 p OE 
As q 10 23 P A11 As c: 10 23 p A11 
A9 q 11 22 P CE1 A9 d 11 22 p CE1 

A10 q 12 21 lJ 1/07 A10 c: 12 21 p 1/07 
1/0o q 13 20 p I/Os 1/0o c: 13 20 p I/Os 
1/01 q 14 19 p I/Os 1/01 c: 14 19 p I/Os 
1/02 q 15 18 lJ 1/04 1/02 c: 15 18 p 1/04 

GND d 16 17 p 1/03 GND c: 16 17 p 1/03 

Sidebraze Hermetic DIP Plastic SOJ (0.4" wide) 
Speed (012) (W6) 

0°c to + 70°C - COMMERCIAL SCREENING 
25 ns L7C109DC25* L7C109WC25* 

20 ns L7C109DC20* L7C109WC20* 

17 ns L7C109DC17* L7C109WC17* 

-40°C to +85°C - COMMERCIAL SCREENING 
25 ns L7C109Wl25* 

20 ns L7C109Wl20* 

17 ns L7C109Wl17* 

-55°C to + 125°C - COMMERCIAL SCREENING 
25 ns L7C109DM25 

20 ns L7C109DM20 

-55°C to +125°C-MIL-STD-883 COMPLIANT 
25 ns L7C109DMB25 

20 ns L7C109DMB20 

*The Low Power version is specified by adding the "L" suffix after the speed grade (e.g., L7C109W117L) 
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DEVICES INCORPORATED 

L7C109 ORDERING INFORMATION 

32-pin 

(.) <O N 

~ .;: ~ ~ ~ .;: ~ 
-'""''""~'""""'"""'" I 432~32313oJ 

A3 ?5 29~ WE 
A4 ?6 28~ A1s 
As )7 27) A14 
A6 >s 26 A13 
A1 [>9 Top 2s?) A12 
As > 10 View 24< OE 

A9 >11 23~ A11 
A10 >12 22) CE1 
1/0o > 13 21 1/07 l 14 15 16 17 18 19 20 ) 
~ 

QQ~QQQQ 
- - (.!J - - - -

Ceramic Leadless Chip Carrier 
Speed (K10) 

0°c to +70°C - COMMERCIAL SCREENING 
25 ns L7C109KC25* 
20 ns L7C109KC20* 
17 ns L7C109KC17* 

25 ns 
20 ns 
17 ns 

-40°C to +85°C - COMMERCIAL SCREENING 

-55°C to + 125°C - COMMERCIAL SCREENING 
25 ns L7C109KM25 
20 ns L7C109KM20 

25 ns 
20 ns 

-ss0 c to +125°C-MIL-STD-883 CoMPLIANT 
L7C109KMB25 
L7C109KMB20 

L7C108/109 

128K x 8 Static RAM (Low Power) 

*The Low Power version is specified by adding the "L" suffix after the speed grade (e.g., L7C109KC17L) 
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'~F_E_AT_U_R_E_S ____ ~I I DESCRIPTION 

0 SK x S CMOS Static RAM with S-bit 
Tag Comparison Logic 

0 High Speed Address-to-MATCH 
- 12 ns maximum 

0 High Speed Flash Clear 
0 High Speed Read Access Time 

-12 ns maximum 

0 Low Power Operation 
Active: 300 mW typical at 35 ns 
Standby: 500 µ W typical 

0 Data Retention at 2 V for Battery 
Backup Operation 

0 Available 100% Screened to 
MIL-STD-SS3, Class B 

0 Plug Compatible with IDT7174, 
IDT71B74, MK4SH74 

0 Package Styles Available: 
• 2S-pin Plastic DIP 
• 2S-pin Ceramic DIP 
• 28-pin Plastic SOJ 
• 32-pin Ceramic LCC 

l7C174 BLOCK DIAGRAM 

The L7C174 is a high-performance, 
low power CMOS static RAM opti
mized for use as the address tag 
comparator in high speed cache 
memory systems. One L7C174 can be 
used to map SK cache lines into a 
1 megabyte address space by compar
ing 20 address bits organized as 
13-line address bits and 7-page 
address bits. 

The storage circuitry is organized as 
Sl 92 words by S bits per word and 
includes an S-bit data comparator 
with MATCH output. The S-bit data 
is input/ output on shared I/O pins 
and comparison is performed between 
S-bit incoming data and accessed 
memory locations. Also provided is a 
high speed CLEAR control which 
clears all memory locations to zero 
when activated. This allows all 
address tag bits to be cleared when 
powering on or when flushing the 
cache. 

ROW 8 ROW 256 x 32 x 8 
MEMORY 
ARRAY 

ADDRESS -----r-----• SELECT 

CLEAR ----------1 

1107-0 

WE 
OE-<>--.....+--n 

CE 

8 

1 (if MATCH) 

8 

8 COLUMN SELECT 
& COLUMN SENSE 

8 

5 

COLUMN 
ADDRESS 

MATCH 
(OPEN DRAIN) 

This device is available in five speed 
grades with maximum address-to
MATCH times of 12 ns to 35 ns. 
Operation is from a single +5 V power 
supply with power consumption only 
being 300 mW (typical) at 35 ns. 
Dissipation drops to 500 µW (typical) 
when the memory is deselected 
(Enable is high). 

The L7C174 consumes only 30 µW 
(typical) at 3 V allowing effective 
battery backup operation. For mini
mal power consumption, data may be 
retained in inactive storage with a 
supply voltage as low as 2 V. 

The L7C174 provides fully asynchro
nous (unclocked) operation with 
matching access and cycle times. An 
active low Chip Enable and Output 
Enable along with a three state I/0 
bus simplify the connection of several 
chips for increased storage capacity. 
Wide tag addresses are easily accom
modated by paralleling devices and 
Wire-ORing the MATCH outputs. A 
low on the MATCH output indicates a 
data mismatch. 

Memory locations are specified on 
address pins Ao through A12 with 
functions defined in the Truth Table. 

During CLEAR, the state of the I/0 
pins remain completely defined by the 
WE, CE, and OE control inputs. Data 
In has the same polarity as Data Out. 

Latchup and static discharge protec
tion are provided on-chip. The 
L7C174 can withstand an injection 
current of up to 200 mA on any pin 
without damage. 

==================================================== Special Architecture Static RAMs 
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DEVICES INCORPORATED SK x 8 Cache-Tag Static RAM 

TRUTH TABLE MAXIMUM RATINGS 

WE CE OE CLEAR MATCH VO FUNCTION Above which useful life may be impaired (Notes 1, 2) 

x x x L H - Reset all bits to low Storage temperature ............................................. -65°C to + 150°C 

x H x H H High-Z Deselect chip Operating ambient temperature............................ -55°C to + 125°C 
Vee supply voltage with 

H L H H L DIN No MATCH respect to ground ............................................... -0.5 V to +7.0 V 
H L H H H DIN MATCH Input signal with respect to ground ....................... -3.0 V to +7.0 V 

H L L H H Dour Read 
Signal applied to high 

impedance output.. ............................................. -3.0 V to +7.0 V 
L L x H H DIN Write Output current into low outputs ............................................. 25 mA 

x = Don't Care; L = V1L; H = VIH Latch up current ............................... .................................. > 200 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 

Active Operation, Commercial 

Active Operation, Industrial 

Active Operation, Military 

Data Retention, Commercial 

Data Retention, Industrial 

Data Retention, Military 

Temperature Range (Ambient) 

0°c to +70°C 
-40°C to +85°C 
-55°C to + 125°C 

0°c to +70°C 
-40°C to +85°C 

-55°C to+ 125°C 

Supply Voltage 

4.5 v ~ Vee ~ 5.5 v 
4.5 v ~ Vee ~ 5.5 v 
4.5 V ~ Vee ~ 5.5 V 

2.0 v ~ Vee ~ 5.5 v 
2.0 v ~ Vee ~ 5.5 v 
2.0 v ~Vee ~ 5.5 v 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 5) 

L7C174 

Symbol Parameter Test Condition Min Typ Max Unit 

VOH Output High Voltage (Note 11) Vee= 4.5 V, IOH =-4.0 mA (all except MATCH pin) 2.4 v 

VOL Output Low Voltage (Note 11) IOL = 8.0 mA (all except MATCH pin) 0.4 v 

IOL = 18.0 mA (MATCH pin) 0.4 v 

VIH Input High Voltage 2.2 Vee v 
+0.3 

VIL Input Low Voltage (Note 3) -3.0 0.8 v 

llX Input Leakage Current Ground :5 VIN :5 Vee -10 +10 µA 

loz Output Leakage Current Ground :5 VOUT :5 Vee, OE= Vee (except MATCH pin) -10 +10 µA 

lee3 Vee Current, CMOS Standby (Note 8) 100 500 µA 

lee4 Vee Current, Data Retention Vee = 3.0 V (Note 9) 10 200 µA 

CIN Input Capacitance Ambient Temp = 25°C, Vee = 5.0 V 5 pF 

COUT Output Capacitance Test Frequency= 1 MHz (Note 10) 7 pF 

L7C174-

Symbol Parameter Test Condition 35 25 20 15 12 Unit 

lee1 l Vee Current, Active 1(Note6) 90 115 140 165 195 mA 

====================================Special Architecture Static RAMs 
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L7C174 
DEVICES INCORPORATED BK x 8 Cache-Tag Static RAM 

SWITCHING CHARACTERISTICS Over Operating Range 

MATCH AND CLEAR CYCLE Notes 5, 11, 12, 22, 23, 24 (ns) 

L7C174-
35 25 20 15 12 

Symbol Parameter Min Max Min Max Min Max Min Max Min Max 

tAVAV MATCH Cycle Time 35 25 20 15 12 

tAVMV Address Valid to MATCH Valid 30 22 20 15 12 

tAXMX Address Change to MATCH Change 3 3 3 3 3 

tCLMV Chip Enable Low to MATCH Valid 20 15 10 10 8 

tCHMH Chip Enable High to MATCH High 3 3 3 3 3 

tOLMH Output Enable Low to MATCH High 3 3 3 3 3 

twLMH Write Enable Low to MATCH High 3 3 3 3 3 

tCLMH CLEAR Low to MATCH High 0 25 0 20 0 15 0 12 0 10 

tDVMV Data Valid to MATCH Valid 20 15 15 13 10 

tDXMX Data Change to MATCH Change 0 0 0 0 0 

tCLCL CLEAR Cycle Time 65 55 45 35 30 

tCLCH CLEAR Pulse Width 20 15 15 12 12 

tcux CLEAR Low to Inputs Don't Care 0 0 0 0 0 

tCLIR CLEAR Low to Inputs Recognized 70 60 50 50 45 

MATCH CYCLE .. 

CLEAR CYCLE 
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DEVICES INCORPORATED BK x 8 Cache-Tag Static RAM 

I SWITCHING CHARACTERISTICS Over Operating Range 

READ CYCLE Notes 5, 11, 12, 22, 23, 24 (ns) 

L7C174-
35 25 20 15 12 

Symbol Parameter Min Max Min Max Min Max Min Max Min 

f.AVAV Read Cycle Time 35 25 20 15 12 

f.Avav Address Valid to Output Valid (Notes 13, 14) 35 25 20 15 

tAxax Address Change to Output Change 3 3 3 3 3 

tCLQV Chip Enable Low to Output Valid (Notes 13, 15) 15 12 10 8 

teLOZ Chip Enable Low to Output Low Z (Notes 20, 21) 3 3 3 3 3 

teHOZ Chip Enable High to Output High Z (Notes 20, 21) 15 10 8 8 

tOLQV Output Enable Low to Output Valid 15 12 10 8 

tOLQZ Output Enable Low to Output Low Z (Notes 20, 21) 0 0 0 0 0 

tOHQZ Output Enable High to Output High Z (Notes 20, 21) 12 10 8 5 

teHVL Chip Enable High to Data Retention (Note 1 O) 0 0 0 0 0 

READ CYCLE - ADDRESS CONTROLLED Notes 13, 14 

ADDRESS 

-------------- tAVAV ------------i 
~-..r~~~~~~~~~~~~~~~~~---1-r--~~ 
___JE- ..71'\. 

DATA OUT 

------ tAvav ------.I 
PREVIOUSDATAVALID °*: XXXX* DATA VALID 

-- tAxax ____ J 

READ CYCLE- CE/OE CONTROLLED Notes 13, 15 

CT~-: tcLov-tAvAv--~ 
~i...~-...... -----~~~-tC-LQ_Z_ --_----~-_-~-------------------1 ICHQZ 

·~---------------

IOHQZ HIGH 

DATA OUT 

tOLQZ 
HIGH IMPEDANCE 

i--.-__ ....... __ .,_ _______________ .........i IMPEDANCE 
DATA VALID 

' 

DATA RETENTION Note 9 

DATA RETENTION MODE~ J,,_._ 
Vee i--- teHVL J 4.5 v 4.5 v t f.AVAV ____:; v 

ce ;zzzzzzzzz7712\ii; '--------.....,/----Vi-~H-s ........ s-s ........ s-s----s-s--s-s-s ........ s-s~s-s,......., 

Max 

12 

8 

5 

6 

5 
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DEVICES INCORPORATED SK x 8 Cache-Tag Static RAM 

I SWITCHING CHARACTERISTICS Over Operating Range 

WRITE CYCLE Notes 5, 11, 12, 22, 23, 24 (ns) 

L7C174-
35 25 20 15 12 

Symbol Parameter Min Max Min Max Min Max Min Max Min Max 

tAVAV Write Cycle Time 25 20 20 15 12 

tCLEW Chip Enable Low to End of Write Cycle 25 15 15 12 10 

tAVBW Address Valid to Beginning of Write Cycle 0 0 0 0 0 

tAVEW Address Valid to End of Write Cycle 25 15 15 12 10 

tEWAX End of Write Cycle to Address Change 0 0 0 0 0 

twLEW Write Enable Low to End of Write Cycle 20 15 15 12 10 

tDVEW Data Valid to End of Write Cycle 15 10 10 7 6 

tEWDX End of Write Cycle to Data Change 0 0 0 0 0 

tWHQZ Write Enable High to Output Low Z (Notes 20, 21) 0 0 0 0 0 

twLOZ Write Enable Low to Output High Z (Notes 20, 21) 10 7 7 5 4 

WRITE CYCLE - WE CONTROLLED Notes 16, 17, 18 

i------------- tAVAV ---------------i 

ADDRESS __ JJ~ll'-----------------------------------------------------~'~i----------------
i----------- tCLEW ----------i 

CE~ £ZZZZZZIZZZZZZZ • t------------ tAVEW --------------tEWAX-
---+--------------.~~,....~T"""'\·~·~t-------twLEW ------J~~------------------------

I--- tAVBW I tDVEW -------.-11 tEWDX 

DATA IN ---------------------+--------ci-{,,__ __________ DA_T_A-_IN_V_AL_ID ________ ___.}~~Z=Lt;,_7+-----------~ 

.I tWLQZ 
/---------------..1, J ------------<, Jl>-----------------------------------cI, ____ ~~~--HIGH IMPEDANCE I- twHOZ 

DATA OUT 

WRITE CYCLE - CE CONTROLLED Notes 16, 17, 18 

i---------------~VAV--------------~ 

ADDRESS 

------r----- tCLEW ------

CE 

WE 

DATA IN DATA-IN VALID 

DATA OUT 
HIGH IMPEDANCE 

=================================== Special Architecture Static RAMs 
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I NOTES 

1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground will be clamped beginning at-0.6 V. 
A current in excess of 100 mA is required to 
reach -2.0 V. The device can withstand in
definite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

5. A series of normalized curves is available 
to supply the designer with typical DC and 
AC parametric information for Logic Devices 
Static RAMs. These curves may be used to 
determine device characteristics at various 
temperatures and voltage levels. 

6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
i.e., CE ::;; VIL, WE ::;; VIL. Input pulse levels 
are 0 to 3.0 V. 

L7C174 

BK x 8 Cache-Tag Static RAM . 

IOH plus 30 pF (Figs. la and le), and input 22. All address timings are referenced from 
pulse levels of 0 to 3.0 V (Fig. 2). the last valid address line to the first transi

12. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
tA VEW is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require
ments of all parts. Responses from the inter
nal circuitry are specified from the point of 
view of the device. Access time, for ex
ample, is specified as a maximum since 
worst-case operation of any device always 
provides data within that time. 

13. WE is high for the read cycle. 

14. The chip is continuously selected (CE 
low). 

15. All address line~re valid prior-to or 
coincident-with the CE transition to active. 

16. The internal write cycle of the memory 
is defined by the overlap of CE active and 
WE low. All three signals must be active to 
initiate a write. Any signal can terminate a 
write by going inactive. The address, data, 
and control input setup and hold times 
should be referenced to the signal that be
comes active last or becomes inactive first. 

17. If WE goes low before or concurrent 
with the latter of CE going active, the output 
remains in a high impedance state. 

18. If CE goes inactive before or concurrent 
with WE going high, the output remains in 
a high impedance state. 

19. Powerup from Iee2 to Iee1 occurs as a 
result of any of the following conditions: 

tioning address line. 

23. CE or WE must be inactive during ad
dress transitions. 

24. This product is a very high speed device 
and care must be taken during testing in 
order to realize valid test information. In
adequate attention to setups and proce
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the Vee and ground planes di
rectly up to the contactor fingers. A 0.01 µF 
high frequency capacitor is also required 
between Vee and ground. To avoid signal 
reflections, proper terminations must be 
used. 

FIGURE 1a. 
R1 480Q 

+5 v 

OUTPUT (}-~~----....---~~~-. 

INCLUDING I_ 30 pF 
JIG AND 
SCOPE 

FIGURE 1b. 

R1 480Q 
+5V 

OUTPUT (}--~~-...>--~~~-.. 

R2 
255Q 

R2 
255Q 

7. Tested withoutputsopenandalladdress a. Falling edge of CE. 
and data inputs changing at the maximum 

INCLUDING I_ 5 pF 
JIG AND 
SCOPE 

read cycle rate. The device is continuously b. Falling edge of WE (CE active). 
disabled, i.e., CE ~ VIH. 

8. Tested with outputs open and all address 
and data inputs stable. The device is con
tinuously disabled, i.e., CE= Vee. Input 
levels are within 0.2 V of Vee or GND. 

9. Data retention operation r~ires that 
Vee never drop below 2.0 V. CE must be 
~Vee - 0.2 V. All other inputs must meet 
VIN~ Vee - 0.2 V or VIN::;; 0.2 V to ensure 
full powerdown. For low power version (if 
applicable), this requirement applies only to 
CE and WE; there are no restrictions on data 
and address. 

10. These parameters are guaranteed but 
not 100% tested. 

11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 

c. Transition on any address line (CE 
active). 

d. Transition on any data line (CE, and WE 
active). 

The device automatically powers down 
from Iee1 to Iee2 after tPD has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 

20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 

21. Transition is measured ±200 m V from 
steady state voltage with specified loading 
in Fig. lb. This parameter is sampled and 
not 100% tested. 

FIGURE 1c. 

+5V 

L7C174 
MATCH 
PIN 

FIGURE 2. 

R1 20on 

: INCLUD: 1
1 

30 pF 

JIG AND 
SCOPE 
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ORDERING INFORMATION 

28-pin - 0.3" wide 28-pin - 0.6" wide 

CLEAR ~ IJ Vee CLEAR [ 1 
.'7 

28 IJ Vee 

A12 q2 27p WE A12 [ 2 27 p WE 

A7 [ 3 26 IJ MATCH A7 [ 3 26 p MATCH 

A6 [ 4 25 IJ As A6 [ 4 25 IJ As 
As [ 5 24p Ag As [ 5 24 p Ag 

A4 [ 6 23IJ A11 A4 [ 6 23 p A11 

A3 [ 7 22p OE A3 [ 7 22 p OE 

A2 [ 8 21 p A10 A2 [ 8 21 p A10 

A1[9 20IJCE A1 [ 9 20 p CE 

Ao [ 10 mp 1101 Ao [ 10 19 p 1/07 

l/Oo [ 11 18 p 1/06 l/Oo [ 11 18 p 1/06 

1/01 [ 12 11 IJ I/Os 1/01 [ 12 17 jJ I/Os 

1/02 [ 13 16 p 1/04 1/02 [ 13 16 p 1/04 

GND [ 14 15 jJ 1/03 GND [ 14 15 IJ 1/03 
....._____ 

• Plastic DIP Ceramic DIP Plastic DIP Ceramic DIP I 

Speed (P10) (CS) (P9) (C6) 

0°C to +70°C - COMMERCIAL SCREENING 
25 ns L7C174PC25 - L7C174NC25 -
20 ns L7C174PC20 L7C174CC20 L7C174NC20 L7C1741C20 
15 ns L7C174PC15 L7C174CC15 L7C174NC15 L7C1741C15 
12 ns L7C174PC12 L7C174CC12 L7C174NC12 L7C1741C12 

-40°C to +85°C - COMMERCIAL SCREENING 
25 ns L7C174Pl25 L7C174Nl25 
20 ns L7C174Pl20 L7C174Nl20 
15 ns L7C174Pl15 L7C174Nl15 
12 ns L7C174Pl12 L7C174Nl12 

-55°C to + 125°C - COMMERCIAL SCREENING 
25 ns L7C174CM25 L7C1741M25 
20 ns L7C174CM20 L7C1741M20 
15 ns L7C174CM15 L7C1741M15 

-55°C to +125°C-MIL-STD-883 CoMPLIANT 
25 ns L7C174CMB25 L7C1741MB25 
20 ns L7C174CMB20 L7C1741MB20 
15 ns L7C174CMB15 L7C1741MB15 

===================================================================== Special Architecture Static RAMs 
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ORDERING INFORMATION 

Speed 

35 ns 
25 ns 
20 ns 
15 ns 
12 ns 

35 ns 
25 ns 
20 ns 
15 ns 
12 ns 

25 ns 
20 ns 
15 ns 

25 ns 
20 ns 
15 ns 

28-pin - 0.3" wide 

CLEAR q 1 28 p Vee 
A12 q 2 27 p WE 

A7 d 3 26 p MATCH 
Asq4 25pAa 
As q 5 24 p Ag 

A4 c 6 23 p A11 
A3 q 7 22 p OE 
A2 q 8 21 p A10 
A1 c 9 20 p CE 
Ao c 10 19 p 1/07 

1/0o q 11 18 p I/Os 
1/01 C 12 17 p I/Os 
1/02 c 13 16 p 1/04 

GND q 14 15 p 1/03 ......__ _ ___, 

Plastic SOJ 
(W2) 

0°C to +70°C-COMMERCIAL SCREENING 
L7C174WC35 
L7C174WC25 
L7C174WC20 
L7C174WC15 
L7C174WC12 

-40°C to +85°C - COMMERCIAL SCREENING 
L7C174Wl35 
L7C174Wl25 
L7C174Wl20 
L7C174Wl15 
L7C174Wl12 

-55°C to +125°C-COMMERCIAL SCREENING 

-55°C to +125°C-MIL-STD-883 COMPLIANT 

32-pin 

L7C174 

SK x 8 Cache-Tag Static RAM 

Ceramic Leadless Chip Carrier 
(K7) 

-
-

L7C174KC20 
L7C174KC15 
L7C174KC12 

L7C174KM25 
L7C174KM20 
L7C174KM15 

L7C174KMB25 
L7C174KMB20 
L7C174KMB15 

===================================== Special Architecture Static RAMs 
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:~~.~i~ =-,, -· -· -~---·--_ .. _ .. _ .. ··-~1:-ae201-120212oa1204-
. DEv1cEs INCORPORATED · · . ·51211 K/2K/4K x 9-bit Asynchronous FIFO 

L.-F_E_A_T_U_RE_S _____ __JI I DESCRIPTION 

D First-In/First-Out (FIFO) using 
Dual-Port Memory 

D Advanced CMOS Technology 
D High Speed - to 10 ns Access Time 
D Asynchronous and Simultaneous 

The L8C201, LBC202, LBC203, and 
L8C204 are dual-port First-In/First
Out (FIFO) memories. The FIFO 
memory products are organized as: 

L8C201 - 512 x 9-bit 
L8C202 - 1024 x 9-bit 
L8C203 - 2048 x 9-bit 
L8C204 - 4096 x 9-bit 

Read and Write 
D Fully Expandable by both Word 

Depth and/ or Bit Width 

D Empty and Full Warning Flags 
D Half-Full Flag Capability 
D Auto Retransmit Capability 
D Plug Compatible with IDT720x, 

Cypress CY7C4x, and Samsung 
KM75COx 

D DECC SMD No. 
5962-89536 - L8C202 

D Package Styles Available: 
• 28-pin Plastic DIP 
• 32-pin Plastic LCC 

Each device utilizes a special algorithm 
that loads and empties data on a first
in/ first-out basis. Full and Empty flags 
are provided to prevent data overflow 
and underflow. Three additional pins 
are also provided to allow for unlimited 
expansion in both word size and depth. 
Depth Expansion does not result in a 
flow-through penalty. Multiple devices 
are connected with the data and control 
signals in parallel. The active device is 
determined by the E~nsion In (XI) 
and Expansion Out (XO) signals which 
are daisy chained from device to 
device. 

L8C201/202/203/204 BLOCK DIAGRAM 

1jJ WRITE 
CONTROL 

A __ __,_., READ 
CONTROL 

DATA INPUTS 
Da-o 
9 

DATA OUTPUTS 
Qa-o 

RESET RS 
r1-----r--------~{_!L~O~G~IC_J FURT 

t-----+---- El= 
L.::~~i------t---..ff 

'---..__--1 EXPANSION----~ 

Xi------~ LOGIC 1------ XO/HF 

The read and write operations are 
internally sequential through the use 
of ring pointers. No address informa
tion is required to load and unload 
data. The write ~eration occurs 
when the Write (W) signal is LOW. 
Read occurs when Read (R) goes 
LOW. The nine data outputs go to the 
high impedance state when R is 
HIGH. Retransmit (RT) capability 
allows for reset of the read pointer 
when RT is pulsed LOW, allowing for 
retransmission of data from the 
beginni~. Read Enable (R) and Write 
Enable (W) must both be HIGH 
during a retransmit cycle, and then R 
is used to access the data. A Half-Full 
(HF) output flag is available in the 
single device and width expansion 
modes. In the depth expansion 
configuration, this pin provides the 
Expansion Out (XO) information 
which is used to tell the next FIFO that 
it will be activated . 

These FIFOs are designed to have the 
fastest data access possible. Even in 
lower cycle time applications, faster 
access time can eliminate timing 
bottlenecks as well as leave enough 
margin to allow the use of the devices 
without external bus drivers. 

The FIFOs are designed for those 
applications requiring asychronous 
and simultaneous read/ writes in 
multiprocessing and rate buffer 
applications. 

===================================================================== Fl FO Products 
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DEVICES INCORPORATED 

SIGNAL DEFINITIONS 

Inputs 

RS-Reset 

Reset is accomplished whenever the 
Reset (RS) input is taken to a LOW 
state. During reset, both internal read 
and write pointers are set to the first 
location. A reset is required after 
power-up before a write operation can 
take place. Both the Read Enable (R) 
and Write Enable (W) inputs must be 
in the HIGH state during the window 
shown (i.e., tWHSH before the rising 
edge of RS) and should not change 
until tSHWL after the rising edge of 
RS. Hall-Full Flag (HF) will be reset to 
high after Reset (RS). 

W - Write Enable 

A write cycle is initiated on the falling 
edge of this input if the Full Flag (FF) 
is not set. Data setup and hold time 
must be adhered to with respect to the 
rising edge of the Write Enable (W). 
Data is stored in the RAM array 
sequentially and independently of any 
on-going read operation. 

To prevent data overflow, the Full 
Flag (FF) will go LOW, inhibiting 
further write operations. Upon the 
completion of a valid read operation, 
the Full Flag (FF) will go HIGH after 
tRHFH, allowing a valid write to 
begin. When the FIFO is full, the 
internal write pointer is blocked from 
W, so external changes in W will not 
affect the FIFO when it is full. 

R- Read Enable 

A read cycle is initiated on the falling 
edge of the Read Enable (R) provided 
the Empty Flag (EF) is not set. The 
data is accessed on a First-In/First
Out basis, independent of any ongo
ing write operation. After Read 
Enable (R) goes HIGH, the Data 
Outputs (Ds-o) will return to a high 
impedance condition until the next 
read operation. When all the data has 
been read from the FIFO, the Empty 
Flag (EF) will go LOW, allowing the 

L8C201 /202/203/204 

512/1 K/2K/4K x 9-bit Asynchronous FIFO 

"final" read cycle but inhibiting 
further read operations with the data 
outputs remaining in a high imped
ance state. Once a valid write operat
ing has been accomplished, the Empty 
Flag (EF) will go HIGH after tWHEH 
and a valid read can then begin. 
When the FIFO is empty, the internal 
read pointer is blocked from R so 
external changes in R will not affect 
the FIFO. 

FL/RT -First Load/Retransmit 

This is a dual-purpose input. In the 
Depth Expansion Mode, this pin is 
grounded to indicate that it is the first 
loaded (see Operating Modes). In the 
Single Device Mode, this pin acts as 
the retransmit input. The Single 
Device Mode is initiated by grounding 
the Expansion In (XI). 

The FIFOs can be made to retransmit 
data when the Retransmit Enable 
control (RT) input is pulsed LOW. A 
retransmit operation will set the 
internal read pointer to the first location 
and will not affect the write pointer. 
Read Enable (R) and Write Enable (W) 
must be in the HIGH state during 
retransmit. This feature is useful when 
less than the full memory has been 
written between resets. Retransmit will 
affect the Half-Full Flag (HF), depend
ing on the relative locations of the read 
and write pointers. The retransmit 
feature is not compatible with the 
Depth Expansion Mode. 

XI - Expansion In 

This input is a dual-purpose pin. 
Expansion In (XI) is grounded to 
indicate an operation in the single 
device mode. Expansion In (XI) is 
connected to Expansion Out (XO) of 
the previous device in the Depth 
Expansion or Daisy Chain Mode. 

Ds-o - Data Input 

Data input signals for 9-bit wide data. 
Data has setup and hold time require
ments with respect to the rising edge 
ofW. 

Outputs 

FF - Full Flag 

The Full Flag (FF) will go LOW, 
inhibiting further write operations, 
indicating that the device is full. If the 
read pointer is not moved after Reset 
(RS), the Full Flag (FF) will go LOW 
after 512 writes for the L8C201, 1024 
writes for the L8C202, 2048 writes for 
the L8C203, and 4096 writes for the 
L8C204. 

EF - Empty Flag 

The Empty Flag (EF) will go LOW, 
inhibiting further read operations, 
when the read pointer is equal to the 
write pointer, indicating that the 
device is empty. 

XO/HF - Expansion Out/Half-Full Flag 

This is a dual-purpose output. In the 
Single Device Mode, when Expansion 
In (XI) is grounded, this output acts as 
an indication of a half-full memory. 

After half of the memory is filled and 
at the falling edge of the next write 
operation, the Half-Full Flag (HF) will 
be set to LOW and will remain set 
until the difference between the write 
pointer and read pointer is less than or 
equal to one-half of the total memory 
of the device. The Half-Full Flag (HF) 
is then deasserted by the rising edge 
of the read operation. 

In the Depth Expansion Mode, 
Expansion In (XI) is connected to 
Expansion Out (XO) of the previous 
device. This output acts as a signal to 
the next device in the daisy chain by 
providing a pulse to the next device 
when the previous device reaches the 
last location of memory. 

Qs-o - Data Output 

Data outputs for 9-bit wide data. This 
data is in a high impedance condition 
whenever Read Enable (R) is in a 
HIGH state or the device is empty. 

======================================================================= Fl FO Products 
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OPERATING MODES 

Single Device Mode 

A single FIFO may be used when the 
application requirements are for the 
number of words in a single device. 
The FIFOs are in a Single Device 
Configuration when the Expansion In 
(XI) control input is grounded. In this 
mode the Half-Full Flag (HF), which is 
an active-low output, is the active 
function of the combination pin XO/ 
HF. 

Width Expansion Mode 

Word width may be increased simply 
by connecting the corresponding input 
control signals of multiple devices. 
Status flags (EF, FF, and HF) can be 
detected from any one device. Any 
word width can be attained by adding 
additional FIFOs. Flag detection is 
accomplished by monitoring the FF, 
EF, and HF signals on either (any) 
device used in the width expansion 
configuration. Do not connect any 
output signals together. 

Depth Expansion (Daisy Chain) Mode 

The FIFOs can easily be adapted to 
applications where the requirements 
are for greater than the number of 
words in a single device. Any depth 
can be attained by adding additional 
FIFOs. The FIFOs operates in the 
Depth Expansion configuration when 
the following conditions are met: 

1. The first device must be designated 
by grounding the First Load (FL) 
control input. 

2. All other devices must have FL in 
the HIGH state. 

3. The Expansion Out (XO) pin of 
each device must be tied to the 
Expansion In (XI) pin of the next 
device with the last device connect
ing back to the first. 

L8C201 /202/203/204 

512/1 K/2K/4K x 9-bit Asynchronous FIFO 

4. External logic is needed to generate 
a composite Full Flag (FF) and 
Empty Flag (EF). This requires the 
ORing of all EFs and ORing of all 
FFs (i.e., all must be set to generate 
the correct composite FF or EF). 

5. The Retransmit (RT) function and 
Half-Full Flag (HF) are not avail
able in the Depth Expansion Mode. 

Bidirectional Mode 

Applications which require data 
buffering between two systems (each 
system capable of read and write 
operations) can be achieved by pairing 
FIFOs. Care must be taken to assure 
that the appropriate flag is monitored 
by each system (i.e., FF is monitored 
on the device when W is used; EF is 
monitored on the device when R is 
used). Both Depth Expansion and 
Width Expansion may be used in this 
mode. 
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- ~ ~-~ - ........ ~- ........... ------------ - ------ -- _,,,,,_, .__... -........ - .._.... .._..._ ...._... L8C201 /202/203/204 
DEVICES INCORPORATED 512/1 K/2K/4K x 9-bit Asynchronous FIFO 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2) 

Storage temperature ............................. ........... ....... ........ ..................................... ............... -65°C to + 150°C 
Operating ambient temperature........................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 
Input signal with respect to ground ........................................................................................ -0.5 V to +7.0 V 
Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 
Output current into low outputs ............................................................................................................. 25 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 
Active Operation, Commercial 
Active Operation, Industrial 

Temperature Range (Ambient) 
0°C to +70°C 

-40°C to +85°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions (Note 5) 

Symbol Parameter Test Condition 

VoH Output High Voltage Vee= 4.5 V, IOH =-2.0 mA 

VOL Output Low Voltage Vee = 4.5 v, IOL = 8.0 mA 

VIH Input High Voltage 

VIL Input Low Voltage (Note 3) 

llX Input Leakage Current Ground ::;; V1N ::;; Vee 

loz Output Leakage Current R 2'. V1H, GND::;; Vour::;; Vee 

ICC2 Vee Current, TTL Inactive All Inputs= VIH MIN (Note 6) 

ICC3 Vee Current, CMOS Standby All Inputs= Vee (Note 12) 

CIN Input Capacitance Ambient Temp = 25°C, Vee = 4.5 V 

Cour Output Capacitance Test Frequency= 1 MHz (Note 9) 

Symbol Parameter Test Condition 

lee1 J Vee Current, Active I (Note 5) 

Supply Voltage 
4.5 V ::; Vee ::; 5.5 V 

4.5 v ::; Vee ::; 5.5 v 

LBC201 /202/203/204 

Min Typ Max 

2.4 

0.4 

2.0 Vee 
+0.3 

-0.5 0.8 

-1 +1 

-10 +10 

15 

5 

5 

7 

LBC201 /202/203/204-

25 15 12 10 

100 120 150 180 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

pF 

pF 

Unit 

mA 

-----------------------FIFO Products 
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- .....-.... ......-... - ..-.... - ..-.... ..-.-.-.-.... - ----------- ------- --~~-....._... 
-~~-..._.,... L8C201 /202/203/204 
DEVICES INCORPORATED 512/1 K/2K/4K x 9-bit Asynchronous FIFO 

SWITCHING CHARACTERISTICS Over Operating Range 

ASYNCHRONOUS AND RESET TIMING (ns) 

L8C201 /202/203/204-
25 15 12 10 

Symbol Parameter Min Max Min Max Min Max Min Max 

tRLRL Read Cycle Time (MHz) 35 25 20 15 

tRLQV Read Low to Output Valid (Access Time) 25 15 12 10 

tRHRL Read High to Read Low (Notes 8, 9) 10 10 8 5 

tRLRH Read Low to End of Read Cycle (Notes 8, 9) 25 15 12 10 

tRHQV Read High to Output Valid 5 5 5 5 

tRHQZ Read High to Output High Z (Note 14) 20 15 15 15 

tWLWL Write Cycle Time (Note 9) 35 25 20 15 

twLWH Write Low to Write High (Notes 8, 9) 25 15 12 10 

tWHWL Write High to End of Write Cycle (Notes 8, 9) 10 10 8 5 

tDVWH Data Valid to Write High (Notes 8, 9) 15 10 8 8 

tWHDX Write High to Data Change (Notes 8, 9) 0 0 0 0 

tSLSH Reset Cycle Time (Notes 9, 10) 25 15 12 10 

tSLWL Reset Low to Write Low (Notes 9, 1 O) 35 25 20 15 

tWHSH Write High to Reset High (Notes 9, 10) 25 15 12 10 

tRHSH Read High to Reset High (Notes 9, 10) 25 15 12 10 

tSHWL Reset High to Write Low (Notes 9, 1 O) 10 10 8 5 

tSLEL Reset Low to Empty Flag Low 25 15 12 10 

tSLHH Reset Low to Half-Full Flag High 25 15 12 10 

tSLFH Reset Low to Full Flag High 25 15 12 10 • ASYNCHRONOUS READ AND WRITE OPERATION 

RESET TIMING 

f-------------ISLWL-----------1 
f-......--------ISLSH----------i 

================================================= FIFO Products 
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- ~ ~-...-... - ....... ....-.-~ - ------ -- - ~---- ---.......-...--~ 
_...._....~-...._... L8C201 /202/203/204 
DEVICES INCORPORATED 512/1 K/2K/4K x 9-bit Asynchronous FIFO 

I SWITCHING CHARACTERISTICS Over Operating Range 

Fuu./EMPTY FLAG AND RETRANSMIT T1M1NG (ns) 

L8C201 /202/203/204-

Symbol Parameter 

tRLQV Read Low to Output Valid (Access Time) 

tRLEL Read Low to Empty Flag Low 

tRHFH Read High to Full Flag High 

twHEH Write High to Empty Flag High 

twLFL Write Low to Full Flag Low 

tTLAL Retransmit Cycle Time 

tTLTH Retransmit Low to End of Retransmit Cycle (Notes 8, 9, 10) 

tAHTH Read/Write High to Retransmit High (Notes 8, 9, 10) 

tTHAL Retransmit High to Read/Write Low (Note 9) 

FULL FLAG FROM LAST WRITE TO FIRST READ 

LAST WRITE IGNORED 
WRITE 

R 

w 
tWLFL 

FF 

EMPTY FLAG FROM LAST READ TO FIRST WRITE 

DATA 
OUT 

RETRANSMIT 

LAST READ 

tRLEL 

IGNORED 
READ 

FIRST READ 

tRHFH 

FIRST WRITE 

tWHEH 

25 15 

I Min Max Min Max 

25 15 

25 15 

25 15 

25 15 

25 15 

35 25 

25 15 

25 15 

10 10 

ADDITIONAL ADDITIONAL 
READS WRITES 

ADDITIONAL FIRST READ 
WRITES 

i-------trLTH -------~ 

--------tAHTH------~-- tTHAL 

12 10 

Min Max Min Max 

12 10 

12 10 

12 10 

12 10 

12 10 

20 15 

12 10 

12 10 

8 5 
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- ~ ~-...-... - ......... -----~ - --------- -.. ----- ---...... ...... -......_. - ~ ..._.,_._ ~ L8C201 /202/203/204 
DEVICES INCORPORATED 512/1 K/2K/4K x 9-bit Asynchronous FIFO 

I SWITCHING CHARACTERISTICS Over Operating Range 

FuLL/HALF-FULL/EMPTY FLAG TIMING (ns) 

L8C201 /202/203/204-
25 15 12 10 

Symbol Parameter Min Max Min Max Min Max Min Max 

tRHFH Read High to Full Flag High 25 15 12 10 

tEHRH Read Pulse Width After Empty Flag High 25 15 12 10 

tRHHH Read High to Half-Full Flag High 25 15 12 10 

tWHEH Write High to Empty Flag High 25 15 12 10 

tWLHL Write Low to Half-Full Flag Low 25 15 12 10 

tFHWH Write Pulse Width After Full Flag High (Note 9) 25 15 12 10 

EMPTY FLAG TIMING 

tWHEH-i---_., 

FULL FLAG TIMING 

: \\S\SS\\\\~\\\\\\\\\\\\\\\\\~R~~\f tr"w"J-----

HALF-FULL FLAG TIMING 

HALF-FULL OR LESS MORE THAN 
HALF-FULL 

HALF-FULL OR LESS 

tRHHH 

======================================================================== Fl FO Products 
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- ~ ~-...-... - ~~-...--. - .. ------ -- ------- ---.......-----~ _..._..,. ..._,__ ~ L8C201 /202/203/204 
DEVICES INCORPORATED 51211 K/2K/4K x 9-bit Asynchronous FIFO 

I SWITCHING CHARACTERISTICS Over Operating Range 

EXPANSION TIMING (ns) 

Symbol Parameter 

tALOL Read/Write to Expansion Out Low (Note 11) 

tAHOH Read/Write to Expansion Out High (Note 11) 

txLXH Expansion In Pulse Width (Notes 9, 11) 

tXHXL Expansion In High to Expansion In Low (Notes 9, 11) 

tALXL Read/Write Low to Expansion In Low (Notes 9, 11) 

EXPANSION Our 

EXPANSION IN 

WRITE TO 
LAST PHYSICAL 

~ LOCATION -G-
J 

---txLXH---~---tXHXL----

WRITE TO 
FIRST PHYSICAL 

LOCATION 

L8C201 /202/203/204-
25 15 

Min Max Min 

25 

25 

25 15 

10 10 

15 12 

READ FROM 
FIRST PHYSICAL 

LOCATION 

12 

Max Min Max 

15 12 

15 12 

12 

10 

8 

10 

Min Max 

12 

12 

10 

10 

8 

=============================================================== FIFO Products 
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LBC201 /202/203/204 
DEVICES INCORPORATED 512/1 K/2K/4K x 9-bit Asynchronous FIFO 

FIGURE 1. FIFO MEMORY (DEPTH EXPANSION) BLOCK DIAGRAM 

xo 
,__...., ____ _,FF EF ------~ 

Da-o -------t--+--e------ L8C20X 1--------+---+---r-------- Qa-o 

1---~---+---1FF EFi----1--1---+---+-----1 

._i---..,......_._ L8C20X .._--~-

TABLE 1. RESET AND RETRANSMIT (SINGLE DEVICE CONFIGURATJON/WtDTH EXPANSION MODE} 

INPUTS INTERNAL STATUS OUTPUTS 

MODE RS RT XI Read Pointer Write Pointer EF FF HF 

Reset 0 x 0 Location Zero Location Zero 0 1 1 

Retransmit 1 0 0 Location Zero Unchanged x x x 
Read/Write 1 1 0 Increment Increment x x x 

TABLE 2. RESET AND FIRST LOAD TRUTH TABLE (DEPTH EXPANSION/COMPOUND EXPANSION MODE) 

INPUTS 

MODE RS RT XI 

Reset First Device 0 0 (1) 

Reset All Others 0 1 (1) 

Read/Write 1 (2) (1) 

(1) See Figure 1 (Depth Expansion Block Diagram) 
(2) Unchanged 

INTERNAL STATUS OUTPUTS 

Read Pointer Write Pointer EF FF 

Location Zero Location Zero 0 1 

Location Zero Disabled Location Zero Disabled 0 1 

x x x x 

======================================================== FIFO Products 
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- ~ ....-...-...-... 
-~~-~ 
- -_ .. ___ -- - ------ --~ ---- ._.._.. -----

DEVICES INCORPORATED 

I NOTES 

1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground will be clamped beginning at-0.6 V. 
A current in excess of 100 mA is required to 
reach -2 V. The device can withstand in
definite operation with inputs as low as-3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

4. "Typical" supply current values are not 
shown but may be approximated. At a Vee 
of +5.0 V, an ambient temperature of +25°C 
and with nominal manufacturing parame
ters, the operating supply currents will be 
approximately 3 I 4 or less of the maximum 
values shown. 

5. Tested with outputs open and data in
puts changing at the specified read and 
write cycle rate. The device is neither full or 
empty for the test. 

6. Tested with outputs open in the worst 
~at~ iEPut control signal combination (i.e., 
W, R, XI, FL, and RS). 

7. These parameters are guaranteed but not 
100% tested. 

8. Test conditions assume input transition 
times of 5 ns or less, reference levels of 1.5 V, 
output loading for specified IOL and IOH 
plus 30 pF (Fig. 2a), and input pulse levels of 
0 to 3.0 V (Fig. 3). 

9. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
tRLRH is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require-

L8C201 /202/203/204 

512/1 K/2K/4K x 9-bit Asynchronous FIFO 

men ts of all parts. Responses from the inter
nal circuitry are specified from the point of 
view of the device. Access time, for ex
ample, is specified as a maximum since 
worst-case operation of any device always 
provides data within that time. 

10. When cascading devices, the reset pulse 
width must be increased to equal tSLSH + 
tsLHH. 

11. It is not recommended that Logic De
vices and other vendor parts be cascaded 
together. The parts are designed to be pin
for-pin compatible but temperature and 
voltage compensation may vary from ven
dor to vendor. Logic Devices can only guar
antee the cascading of Logic Devices parts to 
other Logic Devices parts. 

12..:.......Te~ed ~ith output open and RS= FL 
= XI = R = w = Vee. 

13. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 

14. Transition is measured ±200 mV from 
steady state voltage with specified loading 
in Fig. 2b. This parameter is sampled and 
not 100% tested. 

15. This product is a very high speed device 
and care must be taken during testing in 
order to realize valid test information. Inad
equate attention to setups and procedures 
can cause a good part to be rejected as faulty. 
Long high-inductance leads that cause sup
ply bounce must be avoided by bringing the 
Vee and ground planes directly up to the 
contactor fingers. A 0.01 µF high frequency 
capacitor is also required between Vee and 
ground. To avoid signal reflections, proper 
terminations must be used. 

F1auRE2a. 

+5 v 

OUTPUT 

INCLUDING 
JIG AND 
SCOPE 

FtGURE 2b. 

+5V 

OUTPUT 

INCLUDING 
JIG AND 
SCOPE 

FIGURE 3. 

R1 4800 

I 30pF 
R2 
2550 

R1 4800 

f'' 
R2 
2550 
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L8C201 /202/203/204 

DEVICES INCORPORATED 512/1 K/2K/4K x 9-bit Asynchronous FIFO 

L8C201 - ORDERING INFORMATION 

28-pin - 0.3" wide 28-pin - 0.6" wide 

w Vee w 28 Vee 
Da 04 Da 2 27 04 
03 Ds 03 3 26 Os 
02 De D2 4 25 06 
01 07 01 5 24 07 
Do FDFiT Do 6 23 FDFiT 
Xi RS Xi 7 22 RS 
FF E"F FF 8 21 EF 
Oo XO/HF Oo 9 20 XO/HF 

01 07 01 10 19 07 
02 Oe 02 11 18 Oe 
03 Os 03 12 17 Os 
Os 04 Os 13 16 04 

GND Fi GND 14 15 Fi 

Plastic DIP Plastic DIP .. Speed (P10) (P9) 

0°c to +70°C - COMMERCIAL SCREENING 

I 
25 ns LBC201PC25 L8C201NC25 
15 ns LBC201PC15 L8C201NC15 
12 ns L8C201PC12 L8C201NC12 
10 ns L8C201PC10 L8C201NC10 

-40°C to +85°C - COMMERCIAL SCREENING 

25 ns L8C201Pl25 L8C201Nl25 
15 ns L8C201Pl15 L8C201Nl15 
12 ns L8C201 Pl12 L8C201Nl12 
10 ns L8C201Pl10 L8C201Nl10 

==================================================== FIFO Products 
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DEVICES INCORPORATED 

L8C201 - ORDERING INFORMATION 

Speed 

25 ns 
15 ns 
12 ns 
10 ns 

25 ns 
15 ns 
12 ns 
10 ns 

32-pin 

8 015:·~ ~ 0 Cl 
..D...Cl....CJ. r1 

[
/ 4 3 2 1 32 31 30 h 

D2 5 0 29µ De 

D1 [ 6 20b D1 
Do [ 7 21b NC 

Xi D 0 Top 2eb FDm 
FF ~ 9 25b R8 
oa [ 10 View 24b E"F 
01 D 11 23p XO/HF 

NC ~ 12 22p 01 
02 [ 13 21 p 06 

14 15 16 17 18 19 20 
~L-J L-J L-J-c:::::T 

a a~ ~ 1 a: a a 
CD 

Plastic J-Lead Chip Carrier 
(JG) 

0°C to +70°C-CoMMERCIAL SCREENING 

L8C201JC25 
L8C201JC15 
L8C201JC12 
L8C201JC10 

-40°C to +85°C - COMMERCIAL SCREENING 

L8C201Jl25 
L8C201Jl15 
L8C201Jl12 
L8C201Jl10 

L8C201 /202/203/204 

512/1 K/2K/4K x 9-bit Asynchronous FIFO 
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__ ......_. .. -....... ----- L8C201 /202/203/204 
DEVICES INCORPORATED 512/1 K/2K/4K x 9-bit Asynchronous FIFO 

L8C202 - ORDERING INFORMATION 

28-pin - 0.3" wide 28-pin - 0.6" wide 

w Vee w 28 Vee 

Da 04 Da 2 27 04 

03 Os 03 3 26 Os 
02 06 02 4 25 06 

01 07 01 5 24 07 

Do FDR=r Do 6 23 FliR=r 
Xi RS Xi 7 22 RS 
FF E"F FF 8 21 E"F 
Oo XO/HF Qo 9 20 XO/HF 

01 07 01 10 19 07 
02 06 02 11 18 06 

03 Os 03 12 17 Os 
Os 04 Qa 13 16 04 

GND R GND 14 15 R 

Plastic DIP Plastic DIP 
Speed (P10) (P9) 

0°C to +70°C-CoMMERCIAL SCREENING 

25 ns L8C202PC25 L8C202NC25 

15 ns L8C202PC15 L8C202NC15 
12 ns L8C202PC12 L8C202NC12 

10 ns L8C202PC10 L8C202NC10 

-40°C to +85°C - COMMERCIAL SCREENING 

25 ns L8C202Pl25 L8C202Nl25 

15 ns L8C202Pl15 L8C202Nl15 
12 ns L8C202Pl12 L8C202Nl12 
10 ns L8C202Pl10 L8C202Nl10 

============================================================================================== FI F 0 Products 
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DEVICES INCORPORATED 

L8C202 - ORDERING INFORMATION 

Speed 

25 ns 
15 ns 
12 ns 
10 ns 

25 ns 
15 ns 
12 ns 
10 ns 

32-pin 

8 013: g goo 
.Cl r-:u::J....Cl.. ~= 

[
/ 4 3 2 1 32 31 30 b 

025 • 2906 
D1 [ 6 20p D1 
Do [ 7 21p NC 

Xi q 0 Top 26b Fl!R'T 
Fi= d 9 25b Rs 
ao q 10 View 24p E'F 
Q1 q 11 23p XO/HF 

NC 0 12 22p Q1 

Q2 [ 13 21l:J as 
14 15 16 17 18 19 20 
L-..JL::::JL-..J L-..J L-..JL:r 

8 0 ~ gia: 0 0 
CJ 

Plastic J-Lead Chip Carrier 
(J6) 

0°C to + 70°C - COMMERCIAL SCREENING 

L8C202JC25 
L8C202JC15 
L8C202JC12 
L8C202JC10 

-40°C to +85°C - COMMERCIAL SCREENING 

L8C202Jl25 
L8C202Jl15 
L8C202Jl12 
L8C202Jl10 

L8C201 /202/203/204 

512/1 K/2K/4K x 9-bit Asynchronous FIFO 
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DEVICES INCORPORATED 512/1 K/2K/4K x 9-bit Asynchronous FIFO 

L8C203 - ORDERING INFORMATION 

28-pin - 0.3" wide 28-pin - 0.6" wide 

w Vee w Vee 
Da D4 Da 2 D4 
D3 D5 D3 3 D5 
D2 D6 D2 4 D6 
D1 D7 D1 5 D7 
Do FDITT' Do 6 FDITT' 
Xi RS Xi 7 RS 
FF EF FF 8 21 EF 

Oo XO/HF Oo 9 XO/HF 

01 07 01 10 19 07 
02 06 02 11 06 
03 05 03 12 05 
Os 04 Os 13 04 

GND R GND 14 15 R 

Plastic DIP Plastic DIP • Speed (P10) (P9) 

0°C to +70°C-COMMERCIAL SCREENING 

25 ns L8C203PC25 L8C203NC25 
15 ns L8C203PC15 L8C203NC15 
12 ns L8C203PC12 L8C203NC12 
10 ns L8C203PC10 L8C203NC10 

-40°C to +85°C - COMMERCIAL SCREENING 

25 ns L8C203Pl25 L8C203Nl25 
15 ns L8C203Pl15 L8C203Nl15 
12 ns L8C203Pl12 L8C203Nl12 
10 ns L8C203Pl10 L8C203Nl10 

======================================================================= Fl FO Products 
8-17 01/22/97-LDS.8e201/2/3/4-F 



- ~ ....-...-~ -......-. ...... -~ - .. ------ -- - --~-- ------ ....... -~ _...._..... .._.._ ....._.... 

DEVICES INCORPORATED 

L8C203 - ORDERING INFORMATION 

32-pin 

8 ~I~~~ o c 
~,,,, 

[
/ 4 3 2 1 32 31 30 b 

02 5 • 29 06 

01 [ s 20b 01 
Do [ 7 21b NC 

Xi [ 0 Top 2sb FDR1 
F"F C 9 2sb Rs 
ao c 10 View 24b E'F 
01 [ 11 23b XO/HF 
NC [ 12 22b 01 . 
Q2 q 13 21 p Qe 

14 15 16 17 18 19 20 
L.:J ·w c:::r L....n:::JL.::: 

a o ~ ~ 1 cr: a a 
(.!) 

Plastic J-Lead Chip Carrier 
Speed (J6) 

0°C to + 70°C - COMMERCIAL SCREENING 

25 ns LBC203JC25 
15 ns LBC203JC15 
12 ns LBC203JC12 
10 ns LBC203JC10 

-40°C to +85°C - COMMERCIAL SCREENING 

25 ns LBC203Jl25 
15 ns LBC203Jl15 
12 ns LBC203JI 12 
10 ns LBC203Jl10 

L8C201 /202/203/204 

512/1 K/2K/4K x 9-bit Asynchronous FIFO 
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L8C201 /202/203/204 
DEVICES INCORPORATED 512/1 K/2K/4K x 9-bit Asynchronous FIFO 

L8C204 - ORDERING INFORMATION 

28-pin - 0.3" wide 28-pin - 0.6" wide 

w Vee w 28 Vee 
Ds 04 Os 2 27 04 
03 Ds 03 3 26 Os 
02 06 02 4 25 06 
01 07 D1 5 24 07 
Do FURT Do 6 23 FDR1' 
Xi RS Xi 7 22 RS 
FF EF FF 8 21 EF 
Qo XO/HF Qo 9 20 XO/HF 

Q1 Q7 Q1 10 19 Q7 
Q2 . 06 Q2 11 18 Q6 
Q3 Qs Q3 12 17 Qs 
Qs Q4 Qs 13 16 Q4 

GND R GND 14 15 R 

Plastic DIP Plastic DIP • Speed · (P10) (P9) 

0°C to +70°C - COMMERCIAL SCREENING 

25 ns L8C204PC25 L8C204NC25 
15 ns L8C204PC15 L8C204NC15 
12 ns L8C204PC12 L8C204NC12 
10 ns L8C204PC10 L8C204NC10 

-40°C to +85°C - COMMERCIAL SCREENING 

25 ns L8C204Pl25 L8C204Nl25 
15 ns L8C204Pl15 L8C204Nl15 
12 ns L8C204Pl12 L8C204Nl12 
10 ns L8C204P110 L8C204Nl10 

============================================================= FIFO Products 
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DEVICES INCORPORATED 

L8C204- ORDERING INFORMATION 

Speed 

25 ns 
15 ns 
12 ns 
10 ns 

25 ns 
15 ns 
12 ns 
10 ns 

32-pin 

8 01~ ~ ~ o cs 
.r::::J....C.l. 

[
/ 4 3 2 1 32 31 30 h 

D2 5 0 29µ 06 
D1 [ 6 2ap 07 

Do [ 7 21p NC 

Xi ca Top 261J FDITT' 
FF [ 9 2sp R'S 
ao [ 10 View 24p E'F 
Q1 [ 11 23p XO/HF 
NC [ 12 22p Q7 

Q2 [ 13 21 p 06 
14 15 16 17 18 19 20 

"""CT"CJ'""D"l: w--cr w 

a a~ ~ 1 a: a a 
CJ 

Plastic J-Lead Chip Carrier 
(J6) 

0°c to +70°C-CoMMERCIAL SCREENING 

L8C204JC25 
L8C204JC15 
L8C204JC12 
L8C204JC10 

-40°C to +85°C - COMMERCIAL SCREENING 

L8C204Jl25 
L8C204Jl15 
L8C204Jl12 
L8C204Jl10 

L8C201 /202/203/204 

512/1 K/2K/4K x 9-bit Asynchronous FIFO 
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DEv1cEs 1NcoRPORATED 512/1 K/2K/4K x 9-bit Synchronous FIFO 

~F_E_A_TU_R_E_S ____ ~I I DESCRIPTION 

D First-In/First-Out (FIFO) using 
Dual-Port Memory 

D Write and Read Clocks can be 
synchronous or asynchronous 

D Advanced CMOS Technology 
D High Speed - to 15 ns Cycle Time 
D Empty and Full Warning Flags 
D Programmable Almost-Empty and 

Almost-Full Warning Flags 

D Plug Compatible with IDT722xl 
D Package Styles Available: 

• 32-pin Plastic LCC, J-Lead 

The LBC211, LBC221, LBC231, and 
L8C241 are synchronous dual-port 
First-In/First-Out (FIFO) memories. 
The FIFO memory products are 
organized as: 

L8C211 - 512 x 9-bit 
L8C221-1024 x 9-bit 
L8C231 - 2048 x 9-bit 
L8C241-4096x9-bit 

Each device utilizes a special algo
rithm that loads and empties data on a 
first-in/ first-out basis. Full and 
Empty Flags are provided to prevent 
data overflow and underflow. Pro
grammable Almost Full and Almost 
Empty Flags are provided and may be 
programmed to trigger at any position 
in the memory array. 

L8C211/221/231/241 BLOCK DIAGRAM 

RS ·I RESET ------ LOGIC 

WEN1---------+---------.;----_.------, 
WEN2---------<1>-+--------
WCLK------t--1~-------J..t_ _ __, ____ ~ 

RAM ARRAY 
512 x 9-bit 
1K x9-bit 
2K x 9-bit 
4K x 9-bit 

REN1------~-4-------41..r-----_.---....._~ 

REN2 ---------<1>-+-------
RCLK ---------+-------Jl>l-------.------~ 

OE -----------------a. 

DATA OUTPUTS 
08-0 

DATA INPUTS 
08-0 

9 

The read and write operations are 
internally sequential through the use 
of ring pointers. No address informa
tion is required to load and unload 
data. Data present at the input port is 
written to the FIFO if the Write Clock 
is pulsed when the device is enabled 
for writing. Data is read from the 
FIFO if the Read Clock is pulsed when 
the device is enabled for reading. 
Multiple FIFOs can be connected 
together to expand the word width 
and depth. 

These FIFOs are designed to have the 
fastest data access possible. Even in 
lower cycle time applications, faster 
access time can eliminate timing 
bottlenecks as well as leave enough 
margin to allow the use of the devices 
without external bus drivers. 

OFFSET 
REGISTER ------CD 
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DEVICES INCORPORATED 

SIGNAL DEFINITIONS 

Power 

Vee and GND 

+5 V power supply. All pins must be 
connected. 

Clocks 

WCLK - Write Clock 

Data present on Ds-o is written into 
the FIFO on the rising edge of WCLK 
when the FIFO is configured for 
writing. The Full Flag (FF) and the 
Programmable Almost-Full Flag (PAF) 
are synchronized to the rising edge of 
WCLK. 

RCLK - Read Clock 

Data is read from the FIFO and 
presented on the output port (Qs-o) 
after to has elapsed from the rising 
edge of RCLK if the FIFO is config
ured for reading and if the output port 
is enabled. The Empty Flag (EF) and 
the Programmable Almost-Empty Flag 
(PAE) are synchronized to the rising 
edge of RCLK. The Write and Read 
Clocks can be tied together and driven 
by the same external clock or they 
may be controlled by seperate external 
clocks. 

Inputs 

RS-Reset 

A reset occurs when RS is set LOW. A 
reset is required after power-up before 
a write operation can take place. 
During reset, the internal read and 
write pointers are set to the first 
physical location, the output register is 
initialized to zero, the offset registers 
are initialized to their default values 
(0007H), the Empty Flag (EF) and 
Programmable Almost-Empty Flag 
(PAE) are set LOW, the Full Flag (FF) 
and Programmable Almost-Full Flag 
(PAF) are set HIGH, and the WEN2/ 
LD signal is configured. 

L8C211/221/231/241 

512/1 K/2K/4K x 9-bit Synchronous FIFO 

WEN1 - Write Enable 1 

If the FIFO is configured to allow 
loading of the offset registers, WEN1 is 
the only write enable. If WEN1 is 
LOW, data on Ds-o is written to the 
FIFO on the rising edge of WCLK. If 
WEN1 and LD are LOW, data on Ds-o 
is written to the programmable offset 
registers as defined in the WEN2/LD 
section. If the FIFO is configured to 
have two write enables, data on Ds-o is 
written to the FIFO on the rising edge 
of WCLK if WEN1 is LOW and WEN2 
is HIGH. When the FIFO is full, 
WEN1 is ignored exct::pt when loading 
the offset registers. 

FIGURE 1. OFFSET REGISTERS 

WEN2/LD - Write Enable 2/Load 

The function of this signal is defined 
during reset. If during reset WEN2/ 
LD is HIGH, this signal functions as a 
second write enable (WEN2). WEN2 is 
used when depth expansion is needed 
(see Depth Expansion Mode Section). 
If during reset WEN2/LD is LOW, this 
signal functions as an offset regist~ 
load/read control. When WEN2/LD 
is configured to be a write enable, data 
on Ds-o is written to the FIFO on the 
rising edge of WCLK if WEN1 is LOW 
and WEN2 is HIGH. When the FIFO 
is full, WEN2 is ignored. 

LBC211 OFFSET REGISTERS 

8 7 6 5 4 3 2 1 0 

PAE LSB x E7 E6 Es E4 E3 E2 E1 Eo 
PAE MSB x x x x x x x x Ea 
PAF LSB x F7 F6 Fs F4 F3 F2 F1 Fo 
PAF MSB x x x x x x x x Fa 

L8C221 OFFSET REGISTERS 

8 7 6 5 4 3 2 1 0 

PAE LSB x E7 E6 Es E4 E3 E2 E1 Eo 
PAE MSB x x x x x x x Eg Ea 
PAF LSB x F7 F6 Fs F4 F3 F2 F1 Fo 
PAFMSB x x x x x x x F9 Fa 

. L8C231 OFFSET REGISTERS 

8 7 6 5 4 3 2 1 0 

PAE LSB x E7 E6 Es E4 E3 E2 E1 Eo 
PAE MSB x x x x x x E10 E9 Ea 
PAF LSB x F7 F6 Fs F4 F3 F2 F1 Fo 
PAFMSB x x x x x x F10 Fg Fa 

L8C241 OFFSET REGISTERS 

8 7 6 5 4 3 2 1 0 

PAE LSB x E7 E6 Es E4 E3 E2 E1 Eo 
PAE MSB x x x x x E11 E10 E9 Ea 
PAF LSB x F7 F6 Fs F4 F3 F2 F1 Fo 
PAF MSB x x x x x F11 F10 F9 Fa 

Eo/Fo are the least significant bits. 

X = Don't Care. 
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DEVICES INCORPORATED 

When WEN2/LD is configured to be 
an offset register load/read control, it 
is possible to write to or read from the 
offset registers. The values stored in 
the offset registers determine how the 
Programmable Almost-Empty (PAE) 
and Programmable Almost-Full (PAF) 
Flags operate (see PAE and PAF 
sections). There are four 9-bit offset 
registers. Two are used to control the 
Programmable Almost-Empty Flag 
and two are used to control the 
Programmable Almost-Full Flag (see 
Figure 1). Data on Ds-o is written to 
an offset register on the rising edge of 
WCLK if LO and WEN1 are LOW. 
After reset, data is written to the offset 
registers in the following order: PAE 
LSB, PAE MSB, PAF LSB, PAF MSB. 
After the PAF MSB register has been 
loaded, the sequence repeats starting 
with the PAE LSB register. Ifregister 
loading is stopped, the next register in 
sequence will be loaded when the next 
register write occurs. If LD, REN1, 
and REN2 are LOW, data is read from 
an offset register and presented on Qs-0 
(if the output port is enabled) after tD 
has elapsed from the rising edge of 
RCLK. The offset registers are read in 
the same order they are written to. It 
is not possible to read from and write 
to the offset registers at the same time. 

REN1, REN2 - Read Enables 1 and 2 

Data is read from the FIFO and pre
sented on Qs-o after tD has elapsed from 
the rising edge of RCLK if REN 1 and 
REN2 are LOW and if the output port is 
enabled. If either Read Enable goes 
HIGH, the last value loaded in the 
output register will remain unchanged. 
The Read Enable signals are ignored 
when the FIFO is empty. 

Ds-o - Data Input 

Ds-o is the 9-bit registered data input 
port. 

L8C211/221/231/241 

512/1 K/2K/4K x 9-bit Synchronous FIFO 

OE - Output Enable 

When OE is LOW, the output port 
(Qs-o) is enabled for output. When 
OE is HIGH, Qs-o is placed in a high
impedance stat~The flag outputs are 
not affected by OE. 

Outputs 

Qs-o - Data Output 

Qs-o is the 9-bit registered data output 
port. 

FF - Full Flag 

The Full Flag goes LOW when the 
FIFO is full of data. When FF is LOW, 
the FIFO can not be written to. The 
Full Flag is synchronized to the rising 
edge of WCLK. 

EF - Empty Flag 

The Empty Flag goes LOW when the 
read pointer is equal to the write 
pointer, indicating that the FIFO is 
empty. When EF is LOW, read opera
tions can not be performed. The 
Empty Flag is synchronized to the 
rising edge of RCLK. 

PAF - Programmable Almost-Full Flag 

PAF goes LOW when the write pointer 
is (Full - N) locations ahead of the 
rea~nter. N is the value stored in 
the PAF offset register and has a 
default value of 7. PAF is synchro
nized to the rising edge of WCLK. 

PAE - Programmable Almost-Empty Flag 

PAE goes HIGH when the write 
pointer is (N + 1) locations ahead of 
the re~ointer. N is the value stored 
in the PAE offset re~r and has a 
default value of 7. PAE is synchro
nized to the rising edge of RCLK. 

OPERATING MODES 

Single Device Mode 

A single FIFO may be used when the 
application requirements are for the 
number of words in a single device. 

Width Expansion Mode 

Word width may be increased simply 
by connecting the corresponding input 
control signals of multiple devices. 
Any word width can be attained by 
adding the appropriate number of 
FIFOs. Status flags can be monitored 
from any one of the devices. 

Depth Expansion Mode 

The FIFOs can easily be adapted to 
applications where the requirements 
are for greater than the number of 
words in a single device. If the FIFOs 
are configured to use WEN2 and 
external logic is used to direct the flow 
of data into the cascaded FIFOs, depth 
expansion can be accomplished. 
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DEVICES INCORPORATED 512/1 K/2K/4K x 9-bit Synchronous FIFO 

MAXIMUM RATINGS Above which useful life may be impaired (Notes 1, 2) 

Storage temperature ......................... .................................................................................. -55°C to+ 125°C 

Operating ambient temperature ................................................................................................. 0°C to +70°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -0.5 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -0.5 V to + 7 .0 V 

Output current into low outputs ............................................................................................................. 50 mA 

OPERATING CONDITIONS To meet specified electrical and switching characteristics 

Mode 
Active Operation, Commercial 

Active Operation, Industrial 

Temperature Range (Ambient) 

0°c to +70°C 

-40°C to +85°C 

ELECTRICAL CHARACTERISTICS Over Operating Conditions 

Symbol Parameter Test Condition 

VOH Output High Voltage Vee= 4.5 V, IOH = -2.0 mA 

VOL Output Low Voltage Vee = 4.5 V, IOL = 8.0 mA 

~H Input High Voltage 

~L Input Low Voltage 

llX Input Leakage Current Ground ::; V1N ::; Vee 

loz Output Leakage Current Ground ::; VouT::; Vee 

lee1 Vee Current, Active 

C1N Input Capacitance Ambient Temp= 25°C, Vee= 4.5 V 

CouT Output Capacitance Test Frequency= 1 MHz 

Supply Voltage 
4.5 V::; Vee ::; 5.5 V 

4.5 V ::; Vee ::; 5.5 v 

L8C211/221/231/241 

Min Typ Max 

2.4 

0.4 

2.0 

0.8 

-1 +1 

-10 +10 

90 

10 

10 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

pF 

pF 
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L8C211/221/231/241 
DEVICES INCORPORATED 512/1 K/2K/4K x 9-bit Synchronous FIFO 

I SWITCHING CHARACTERISTICS Over Operating Range 

RESET TIMING Notes 3, 4, 5 (ns) 

L8C211/221/231/241-
50 25 20 15 

Symbol Parameter Min Max Min Max Min Max Min Max 

tRS Reset Pulse Width 50 25 20 15 

tRSS Reset Setup Time 50 25 20 15 

tRSF Reset to Flag and Output Valid 50 25 20 15 

RESET TIMING 

RS 
,__ __ tRSS __ __, 

REN1 --~-~--+--~-~~~~~~~~~+--~~~~~~~ 

REN2 

EF .......,,......,.:"""'7'<~""'7'<"""*"..,,......,.......,,.......,,......,.....,.:"""'7'<""'71.. I 

PAE ~~~~~~~~~~~~~+Jo..-~~~~+--~~~~~~~~~~~~~~~~~ 

FF .......,,......,.:"""'7'<~....,....-*"..,,......,.......,,.......,,......,'t"""'7"r7'1::""7't'b-~~~~+--~~~~~~~~~~~~~~~~~ 

PAF ........,......_...........,. _ _.._......,..._.__...._..........,.._...........,._,,, 

---tRSS---

tRSF---J 

aa-o· -x-x---x--x""""'x .......... x-x-x--x-x,_...,.....x...,.XX>d'll.-s------------------
*after reset, Qa-o will be LOW if OE = 0 and in HIGH IMPEDANCE if OE = 1. 

============================================================= FIFO Products 
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DEVICES INCORPORATED 512/1 K/2K/4K x 9-bit Synchronous FIFO 

I SWITCHING CHARACTERISTICS Over Operating Range 

WRITE CYCLE TIMING Notes 3, 4 (ns) 

LBC211/221/231/241-
50 25 20 15 

Symbol Parameter Min Max Min Max Min Max Min Max 

tcvc Cycle Time 50 25 20 15 

tPWH Clock Pulse Width HIGH 20 10 8 6 

tPWL Clock Pulse Width LOW 20 10 8 6 

tos Data Setup Time 10 6 5 4 

tDH Data Hold Time 1 1 1 1 

tENS Enable Setup Time 10 6 5 4 

tENH Enable Hold Time 1 1 1 1 

tWFF Write Clock to Full Flag 25 15 12 10 

tSKEW1 Skew Time Between Read and Write Clocks for Empty and Full Flags (Note 6) 15 10 8 6 

WRITE CYCLE TIMING 

-

___ ..... FtsKEw1 
RCLK , """----/ """~-----------

=========================================================== FIFO Products 
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DEVICES INCORPORATED 512/1 K/2K/4K x 9-bit Synchronous FIFO 

SWITCHING CHARACTERISTICS Over Operating Range 

READ CYCLE TIMING Notes 3, 4 (ns) 

Symbol Parameter 

tcvc Cycle Time 

lPWH Clock Pulse Width HIGH 

tPWL Clock Pulse Width LOW 

to Output Delay 

tENS Enable Setup Time 

tENH Enable Hold Time 

lOE Output Enable to Output Valid 

tOLZ Output Enable to Output in Low Impedance (Notes 7, 8) 

tOHZ Output Enable to Output in High Impedance (Notes 7, 8) 

tREF Read Clock to Empty Flag 

tSKEW1 Skew Time Between Read and Write Clocks for Empty and Full Flags (Note 9) 

READ CYCLE TIMING 

REN1 

REN2 

,__ _____ tcvc ____ __,..., 

tPWH -----~-- tPWL 

Min 

50 

20 

20 

3 

10 

1 

3 

0 

3 

15 

L8C211/221/231/241-
50 25 20 

Max Min Max Min Max 

25 20 

10 8 

10 8 

25 3 15 2 12 

6 5 

1 1 

25 3 13 3 10 

0 0 

25 3 13 3 10 

25 15 12 

10 8 

---- tREF ---i 

EF 

HIGH IMPEDANCE 

i---+-- tOHZ 

15 

Min 

15 

6 

6 

2 

4 

1 

3 

0 

3 

6 

WCLK _____ / F tSKEW1 

"""------· """~----------~ 

Max 

10 

8 

8 

10 
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DEVICES INCORPORATED 512/1 K/2K/4K x 9-bit Synchronous FIFO 

SWITCHING CHARACTERISTICS Over Operating Range 

FIRST DATA WORD TIMING Notes 3, 4 (ns) 

Symbol Parameter 

tcvc Cycle Time 

tPWH Clock Pulse Width HIGH 

tPWL Clock Pulse Width LOW 

to Output Delay 

tos Data Setup Time 

tDH Data Hold Time 

tOE Output Enable to Output Valid 

tOLZ Output Enable to Output in Low Impedance (Notes 7, 8) 

tREF Read Clock to Empty Flag 

tSKEW1 Skew Time Between Read and Write Clocks for Empty and Full Flags 

FIRST DATA WORD TIMING 

REN1 

REN2 

EF 
~~~~~~~~~~~~~~~~~----

*latency timing is only relevant when the Empty Flag is LOW. 
when tSKEW1 is less than minimum specification, tFRL = tcvc + tSKEW1. 
when tSKEW1 is greater than minimum specification, tFRL = 2(tcvc) + tSKEW1. 

50 

Min Max 

50 

20 

20 

3 25 

10 

1 

3 25 

0 

25 

15 

L8C211/221/231/241-
25 20 15 

Min Max Min Max Min Max 

25 20 15 

10 8 6 

10 8 6 

3 15 2 12 2 10 

6 5 4 

1 1 1 

3 13 3 10 3 8 

0 0 0 

15 12 10 

10 8 6 
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DEVICES INCORPORATED 512/1 K/2K/4K x 9-bit Synchronous FIFO 

SWITCHING CHARACTERISTICS Over Operating Range 

EMPTY FLAG TIMING Notes 3, 4 (ns) 

Symbol Parameter 

tcvc Cycle Time 

tPWH Clock Pulse Width HIGH 

tPWL Clock Pulse Width LOW 

to Output Delay 

tos Data Setup Time 

tDH Data Hold Time 

tENS Enable Setup Time 

tENH Enable Hold Time 

tREF Read Clock to Empty Flag 

tSKEW1 Skew Time Between Read and Write Clocks for Empty and Full Flags 

EMPTY FLAG TIMING 

WCLK 

WEN2 

Da-o 

RCLK 

REN1 

REN2 

*latency timing is only relevant when the Empty Flag is LOW. 
when tSKEW1 is less than minimum specification, tFRL = tcvc + tSKEW1. 
when tSKEW1 is greater than minimum specification, tFRL = 2(tcvc) + tSKEW1. 

50 

Min Max 

50 

20 

20 

3 25 

10 

1 

10 

1 

25 

15 

L8C211/221/231/241-
25 20 15 

Min Max Min Max Min Max 

25 20 15 

10 8 6 

10 8 6 

3 15 2 12 2 10 

6 5 4 

1 1 1 

6 5 4 

1 1 1 

15 12 10 

10 8 6 
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L8C211/221/231/241 
DEVICES INCORPORATED 512/1 K/2K/4K x 9-bit Synchronous FIFO 

I SWITCHING CHARACTERISTICS Over Operating Range 

FULL FLAG TIMING Notes 3, 4 (ns) 

L8C211/221/231/241-
50 25 20 15 

Symbol Parameter Min Max Min Max Min Max Min Max 

tcvc Cycle Time 50 25 20 15 

tPWH Clock Pulse Width HIGH 20 10 8 6 

tPWL Clock Pulse Width LOW 20 10 8 6 

to Output Delay 3 25 3 15 2 12 2 10 

tos Data Setup Time 10 6 5 4 

tDH Data Hold Time 1 1 1 1 

tENS Enable Setup Time 10 6 5 4 

tENH Enable Hold Time 1 1 1 1 

tWFF Write Clock to Full Flag 25 15 12 10 

tSKEW1 Skew Time Between Read and Write Clocks for Empty and Full Flags 15 10 8 6 

FULL FLAG TIMING 

======================================================================= Fl FO Products 
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DEVICES INCORPORATED 512/1 K/2K/4K x 9-bit Synchronous FIFO 

SWITCHING CHARACTERISTICS Over Operating Range 

PROGRAMMABLE ALMOST-EMPTY/FULL FLAG TIMING Notes 3, 4 (ns) 

LBC211/221/231/241-
50 25 

Symbol Parameter Min Max Min Max Min 

tCYC Cycle Time 50 25 20 

tPWH Clock Pulse Width HIGH 20 10 8 

tPWL Clock Pulse Width LOW 20 10 8 

tENS Enable Setup Time 10 6 5 

tENH Enable Hold Time 1 1 1 

tPAF Write Clock to Programmable Almost-Full Flag 25 15 

tPAE Read Clock to Programmable Almost-Empty Flag 25 15 

tSKEW2 Skew Time Between Read/Write Clocks for Almost-Empty/Full Flags 30 20 18 

PROGRAMMABLE ALMOST-EMPTY FLAG Note 10 

WCLK 

WEN2 _____ _,, 

RCLK 

*PAE is synchronized to the rising edge of RCLK, but in this case the PAE transition takes place in the next clock cycle. 

PROGRAMMABLE ALMOST-FULL FLAG Note 11 

WCLK 

WEN2 ------

PAF 

RCLK 

tENH 
REN1 

REN2 

*PAF is synchronized to the rising edge of WCLK, but in this case the PAF transition takes place in the next clock cycle. 

20 

Max 

12 

12 

15 

Min Max 

15 

6 

6 

4 

1 

10 

10 

15 
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DEVICES INCORPORATED 512/1 K/2K/4K x 9-bit Synchronous FIFO 

I SWITCHING CHARACTERISTICS Over Operating Range 

WRITEIREAD OFFSET REGISTER TIMING Notes 3, 4 (ns) 

L8C211/221/231/241-
50 25 20 15 

Symbol Parameter Min Max Min Max Min Max Min Max 

tcvc Cycle Time 50 25 20 15 

tPWH Clock Pulse Width HIGH 20 10 8 6 

tPWL Clock Pulse Width LOW 20 10 8 6 

to Output Delay 3 25 3 15 2 12 2 10 

tos Data Setup Time 10 6 5 4 

tDH Data Hold Time 1 1 1 1 

tENS Enable Setup Time 10 6 5 4 

tENH Enable Hold Time 1 1 1 1 

tOE Output Enable to Output Valid 3 25 3 13 3 10 3 8 

tOLZ Output Enable to Output in Low Impedance (Notes 7, 8) 0 0 0 0 

WRITE OFFSET REGISTER 

WCLK 

LD 

WEN1 

tDHii :J ,tos 
D8-0 .... x ...... x.-....x---x ..... x.-....X)K PAE LssXXX PAE MSB xxxxx PAF LSB xzzxx PAF MSB xxxxxx 

READ OFFSET REGISTER 

RCLK 

LD 

REN1 -------..1 
REN2 
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DEVICES INCORPORATED 

I NOTES 

1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

3. Test conditions assume input transition 
times of 5 ns or less, reference levels of 1.5 V, 
and input pulse levels of 0 to 3.0 V (Fig. 2). 

4. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
tos is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require
ments of all parts. Responses from the inter
nal circuitry are specified from the point of 
view of the device. Access time, for ex
ample, is specified as a maximum since 
worst-case operation of any device always 
provides data within that time. 

5. The Read and Write Clocks can be free
running during reset. 

6. tsKEWI is the minimum time between the 
rising edge of RCLK and the rising edge of 
WCLK for a Full Flag transition to occur in 
that clock cycle. If tSKEWI is not satisfied, a 
Full Flag transition may not occur until the 
next rising WCLK edge. 

7. These parameters are guaranteed but not 
100% tested. 

8. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 

9. tsKEWI is the minimum time between the 
rising edge of WCLK and the rising edge of 
RCLK for an Empty Flag transition to occur 
in that clock cycle. If tsKEWI is not satisfied, 
an Empty Flag transition may not occur 
until the next rising RCLK edge. 

L8C211/221/231/241 

512/1 K/2K/4K x 9-bit Synchronous FIFO 

10. tsKEW2 is the minimum time between the 
rising edge of WCLK and the rising edge of 
RCLK to guarantee that the Programmable 
Almost-Empty Flag will make a transition 
to HIGH during that clock cycle. IftsKEW2 is 
not satisfied, the Programmable Almost
Empty Flag may not make the transition to 
HIGH until the next rising edge of RCLK. 

11. tsKEW2 is the minimum time between the 
rising edge of RCLK and the rising edge of 
WCLK to guarantee that the Programmable 
Almost-Full Flag will make a transition to 
HIGH during that clock cycle. If tsKEW2 is 
not satisfied, the Programmable Almost
Full Flag may not make the transition to 
HIGH until the next rising edge of WCLK. 

12. It is not recommended that Logic De
vices and other vendor parts be cascaded 
together. The parts are designed to be pin
for-pin compatible but temperature and 
voltage compensation may vary from ven
dor to vendor. Logic Devices can only guar
antee the cascading of Logic Devices parts to 
other Logic Devices parts. 

13. This product is a very high speed device 
and care must be taken during testing in 
order to realize valid test information. Inad
equate attention to setups and procedures 
can cause a good part to be rejected as faulty. 
Long high-inductance leads that cause sup
ply bounce must be avoided by bringing the 
Vee and ground planes directly up to the 
contactor fingers. A 0.01 µF high frequency 
capacitor is also required between Vee and 
ground. To avoid signal reflections, proper 
terminations must be used. 

FIGURE 2. 
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Speed 

50 ns 
25 ns 
20 ns 
15 ns 

50 ns 
25 ns 
20 ns 
15 ns 

L8C211 - ORDERING INFORMATION 

32-pin 

0°C to +70°C - COMMERCIAL SCREENING 

C\I M 'oi:t U1 <O P' CO 
0000000 
~ 

[
/ 4 3 2 1 32 31 30 p -

D1 5 e 29 RS 
Do [ 6 20p WEN1 

PAF [ 7 21p WCLK 

PAE [a Top 2sp WEN2, L5 
GND [ 9 2sp Vee 
REN1 [ 10 View 24D as 
RCLK [ 11 23p 01 
REN2 [ 12 22p Os 

OE [ 13 21p Qs 
14 15 16 17 18 19 20 

-=-i.:.:J LJ LJ LJ LJ LJ 

ltbltt 8 6 0 8 0 

Plastic J-Lead Chip Carrier 
(JG) 

L8C211JC50 
L8C211JC25 
L8C211JC20 
L8C211JC15 

-40°C to +85°C - COMMERCIAL SCREENING 

L8C211Jl50 
L8C211Jl25 
L8C211Jl20 
L8C211Jl15 

=================================================FIFO Products 
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Speed 

50 ns 
25 ns 
20 ns 
15 ns 

50 ns 
25 ns 
20 ns 
15 ns 

L8C221 - ORDERING INFORMATION 

32-pin 

0°C to +70°C - COMMERCIAL SCREENING 

a 8 c3 cs C3 o C3 
riri-=-~ 

[
/ 4 3 2 1 32 31 30 h -

D1 5 e 29JJ RS 
Do [ 6 28~ WEN1 

PAF [ 7 27~ WCLK 

PAE [ 0 Top 26 p wEN2, L5 
GND ( 9 25p Vee 

REN1 c 10 View 24p as 
RCLK [ 11 23p Q7 

REN2G12 22p Qs 

OE C 13 21 p Qs 
14 15 16 17 18 19 20 
~ 

lllillt 0 0 0 8 0 

Plastic J-Lead Chip Carrier 
(J6) 

L8C221JC50 
L8C221JC25 
L8C221JC20 
L8C221JC15 

-40°C to +85°C - COMMERCIAL SCREENING 

L8C221Jl50 
L8C221Jl25 
L8C221Jl20 
L8C221Jl15 
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Speed 

50 ns 
25 ns 
20 ns 
15 ns 

50 ns 
25 ns 
20 ns 
15 ns 

L8C231 - ORDERING INFORMATION 

32-pin 

0°C to +70°C - COMMERCIAL SCREENING 

C\I M .q- U') <O f'-. CO 
0000000 
r-l_[""]~ 

[
/ 4 3 2 1 32 31 30 h -

01 5 e 29µ RS 
Do [ 6 28~ WEN1 

PAF [ 7 27~ WCLK 

PAE [ 0 Top 25~ wEN2, ill 
GND [ 9 25~ Vee 
REN1 [ 10 View 24~ as 
RCLK [ 11 230 01 
REN2 [ 12 220 Os 

OE [13 210 Os 
14 15 16 17 18 19 20 

-i:::::rc:::.n:: LJ LJ LJ 

lttltt 8 6 0 8 0 

Plastic J-Lead Chip Carrier 
(J6) 

L8C231JC50 
L8C231JC25 
L8C231JC20 
L8C231JC15 

-40°C to +85°C - COMMERCIAL SCREENING 

L8C231Jl50 
L8C231Jl25 
L8C231Jl20 
L8C231Jl15 

====================================================================== Fl FO Products 
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L8C241 -ORDERING INFORMATION 

32-pin 

8800000 
r1 r1_r1_Dr1_DJ'"'""I 

[
/ 4 3 2 1 32 31 30 ., -

01 5 e 29J-J RS 
Do [ 6 20p WEN1 

PAF [ 7 210 WCLK 

PAE [ 0 Top 2ap wEN2, w 
GND [ 9 2sp Vee 

REN1 [ 10 View 24p aa 

RCLK [ 11 23p Q7 

REN2[12 22pas 

OE [ 13 21 p Qs 
14 15 16 17 18 19 20 
~ 

lttltt 0 6 0 8 0 

I 

Plastic J-Lead Chip Carrier • 
~S~p-ee_d-'------------------------------------(~J-6) __________________________________ --I : 

0°C to +70°C-COMMERCIAL SCREENING 

50 ns 
25 ns 
20 ns 
15 ns 

50 ns 
25 ns 
20 ns 
15 ns 

-40°C to +85°C - COMMERCIAL SCREENING 

L8C241JC50 
L8C241JC25 
L8C241JC20 
L8C241JC15 

L8C241Jl50 
L8C241Jl25 
L8C241Jl20 
L8C241Jl15 

==================================================================== Fl FO Products 
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Copies of the LOGIC Devices "Quality Assurance Program Manual" and "Quality Assurance 
Reliability Manual" may be obtained from LOGIC Devices by contacting our applications group 
at (408) 542-5446 between 8:00AM and 6:00PM Pacific time, Monday through Friday. Both manuals 
may also be downloaded from LOGIC Devices Website at http://www.logicdevices.com . 
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Latchup and ESD Protection 
Latchup is a destructive phenomenon 
which was once common in CMOS 
circuits but has now been largely 
eliminated by improved circuit design 
techniques. Latchup takes place 
because of the existence in CMOS of an 
inherent PNPN or NPNP structure 
between Vee and ground. Either of 
these two can form a pair of transistors 
connected so as to form a positive 
feedback loop, with the collector of one 
transistor driving the base of the other. 
The result is a low-impedance path 
from Vee to ground, which cannot be 
interrupted except by the removal of 
power. This condition can be destruc
tive if the area involved is sufficiently 
large to dissipate excessive power. One 
example of the formation of such a 
structure is shown in Figure 1. The 
equivalent circuit is shown in Figure 2. 

As shown in Figure 1, the N+ regions 
which form the source and drain of an 
N-channel MOS transistor also act as 
the emitters of a parasitic NPN 
transistor. The P-well forms the base 
region and the N-substrate is the 
collector. The current gain of this 
transistor is relatively high because it 
is formed vertically and therefore the 
base width is quite small. This is 
especially true of fine-geometry 
CMOS processes which tend to have 
very shallow wells to reduce sidewall 
capacitance. The P+ region in the well 
is called a "well tap" and is present to 
form a low-resistance connection 
between the well and ground. The 
source region cannot serve this 
function because it forms a diode 
between the N+ source and the P-well. 

Also shown in Figure 1 is an addi
tional parasitic PNP transistor. The 
source and drain regions of the P
channel MOS device form the emit
ters, the N-substrate is the base, and 
the P-well is the collector. This 

transistor is a PNP, and generally has 
a beta (/J) much less than 1 since it is 
formed laterally and the gate region is 
relatively large. Like the vertical 
NPN, it can have multiple emitters. 
The N+ region tied to Vee in the 
substrate functions similarly to the 
well tap discussed above. 

Note that the base of the NPN and the 
collector of the PNP are a common 
region (the P-well), and similarly the 
base of the PNP and the collector of the 
NPN are common (the N-substrate). 
Thus, the PNPN structure necessary for 
latchup is formed. Also, due to the the 
physical distance between the well and 
substrate taps and the base regions 
which they attempt to contact, a small 
resistance exists between the base 
regions and their respective well taps, 
denoted Rs (substrate) and Rw (well). 

Latchup begins when a perturbation 
causes one of the bipolar transistors to 
turn on. An example would be 
excursion of the output pad below 
ground or above Vee due to transmis
sion-line ringing. If the pad goes 
more than 0.7 V below ground, the 
NPN will turn on since its base is at 
approximately ground potential. The 
NPN's collector current will cause a 
voltage drop across Rs, the bulk 
substrate resistance. This voltage 
drop turns on the PNP. 

The PNP transistor's collector current 
forces a similar voltage drop across 
Rw, the well resistance. This raises 
the base voltage of the NPN above 
ground and can cause the NPN to 
continue to conduct even after the 
output pad returns to a normal 
voltage range. In this case, the current 
path shifts to the grounded emitter. 

Note that any effect which can cause 
a transient turn-on of either transis
tor can cause the latchup process. 

Common causes include: 

1. Ringing of unprotected I/O pins 
outside the ground to Vee region. 

2. Radiation-induced carriers gener
ated in the base of the bipolar 
transistors. 

3. Hot-powerup of the device, with 
inputs driven HIGH before Vee is 
applied. 

4. Electrostatic discharge. 

PROTECTING AGAINST LATCHUP 

Latchup, while once a severe problem 
for CMOS, is now a relatively well
understood phenomenon. In order for 
latchup to occur, the product of the 
current gains of the two parasitic 
transistors must exceed 1. Thus, the 
primary means for avoiding latchup 
is the insertion of structures known 
as "guard rings" around all MOS 
transistors (and other structures) 
likely to be subjected to latchup
causing transients. This includes 
output buffer transistors and any 
devices which form a part of the ESD 
protection network. These guard Im 
rings absorb current which would ...:. 
otherwise drive the base of the lateral · 
device, and thus dramatically reduce 
its gain. 

Since external electrical perturbations 
are the dominant cause of latchup in 
non-radiation environments, protect
ing the "periphery" of the chip is most 
important. Therefore, since guard 
rings require a lot of area, they are 
generally used only in critical areas 
such as those mentioned above. 

As an additional protective measure, 
strict rules are enforced in the layout 
regarding the positioning of the 
substrate and well taps. They are 
spaced closely together throughout 

====================================================== Technology and Design Features 
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FIGURE 1. PARASITIC TRANSISTOR STRUCTURES IN PARALLEL CMOS 

Well Tap 

P+ . 

Rw 

FIGURE 2. 
EQUIVALENT CIRCUIT FOR lATCHUP PATH 

Vee 

Rs 

Rw 

Output Pad 

Vee 

N-Channel 
Transistor 

P-Channel 
Transistor 

Substrate 
Tap 

the die, reducing the values of Rs and 
Rw. This makes it more difficult to 
develop the base drive necessary to 
regenerate the latchup condition. 

Measurement of susceptibility to 
latchup is done by connecting a 
current source to an input or output 
of the device under test. By increas
ing the current forced to flow into the 
pin and noting the point at which 
latchup occurs, a measure of the 
device's ability to resist latchup
inducing carrier injection is obtained. 
Note that depending on the device, 
the current source may require a 
rather large voltage compliance in 
order to provide an adequate test. 

While early CMOS devices had a 
latchup trigger current of a few tens 
of milliamps, most current LOGIC 
Devices products typically can 
withstand more than 1 amp without 
latching. As a result, latchup is no 
longer a practical concern, except for 

N+ 

extreme conditions such as driving 
multiple inputs HIGH with a low
impedance source during powerup 
of the device. 

ELECTROSTATIC DISCHARGE 

Input protection structures on CMOS 
devices are used to protect against 
damage to the gate oxides of input 
transistors when accumulated static 
charge is discharged through a device. 
This charge can often reach potentials 
of several thousand volts. The input 
protection network is designed to 
shunt this charge safely to ground or 
Vee, bypassing the delicate MOS 
transistors. 

Several features are required of a good 
input protection network. Since static 
discharge pulses exhibit very fast rise
times, it must have a very fast turn-on 
time. It must be capable of carrying 
large instantaneous currents without 
damage. It must prevent the voltage 

==================================================== Technology and Design Features 
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at the circuit input from rising above 
approximately 10 V during the time 
when the several-thousand-volt 
discharge is shunted to ground. It 
must not create appreciable delay for 
fast edges which are within the 0-5 V 
input range. And finally, it must be 
well protected against latchup caused 
by inputs which are driven beyond 
the supply rails, injecting current into 
the substrate. Much research and 
experimentation has been devoted to 
optimizing the tradeoffs between 
these conflicting goals. 

All LOGIC Devices products employ 
one of the three input protection 
structures shown in Figure 3. Most 
devices currently use the Type 1 input 
protection. This structure is designed 
to absorb very high static discharge 
energies and will draw substantial 
current from the input pin if driven 
beyond either supply rail. Hence, it 
provides a "hard" clamp. Besides its 
advantages for static protection, this 
clamp can effectively reduce under-

Latchup and ESD Protection 

shoot energy, preventing oscillation of 
an unterminated input back above the 
0.8 V VIL MAX level. This makes the 
circuit ideal for noisy environments 
and ill-behaved signals. This input 
structure may not be driven to a high 
level without power applied to the 
device, however. To do so would 
result in current flowing through the 
diode connected to the device's V cc 
rail, and supplying power to the entire 
board or system backward through 
the device Vee pin. This may over
stress the bond wire or device metalli
zation, resulting in failure. 

The Type 2 structure employs a series 
resistor prior to the two clamp diodes. 
This results in a "soft" clamping effect. 
This structure will withstand the 
transient application of voltages outside 
the supply rails for brief periods 
without drawing excessive current. In 
contrast to the Type 1 structure, this 
circuit will provide only a modest 
reduction of the energy in an under
shoot pulse. However, it is somewhat 

more tolerant of power-up sequences 
which cause the inputs to be driven 
before Vee is applied. In the course of 
routine product upgrades, devices 
employing this structure are being 
redesigned to use a Type 1 input 
protection. 

The Type 3 structure uses a large area 
N-channel transistor (part of an open
drain output buffer) to protect the 
input. The drain-well junction of this 
device serves the function of a diode 
connected between the input and 
ground, protecting against negative 
excursions of the input. The ava
lanche breakdown of the output 
device serves to protect against 
positive pulses, giving the effect of a 
zener diode between the input and 
ground. This circuit is used only for 
inputs which are designed to have 
their inputs driven without power 
applied. The lack of a diode to Vee 
prevents sourcing of power from the 
inputs to the Vee supply. 

FIGURE 3. INPUT PROTECTION DEVICES 

================================================== Technology and Design Features 
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Power Dissipation in LOGIC Devices Products 
In calculating the power dissipation of 
LOGIC Devices products, attention 
must be given to a number of formerly 
second-order effects which were 
generally ignored when dealing with 
bipolar and NMOS technologies. By far 
the dominant contributor to power 
dissipation in most CMOS devices is 
the effective current path from the 
supply to ground, created by the 
repetitive charging and discharging of 
the load capacitance. This is distinct 
from DC loading effects, which may 
also consume power. The power 
dissipated in the load capacitance is 
proportional to CV2F, where C is the 
load capacitance, Vis the voltage 
swing, and Fis the switching fre
quency. This mechanism can fre
quently contribute 80% or more of the 
total device dissipation of a truly 
complementary device operating at a 
high clock rate. 

The second contributor to the power 
dissipation of a CMOS device is the 
DC current path between Vee and 
ground present in the input level 
translators. These circuits are voltage 
amplifiers which are designed to 
convert worst case 0.8-2.0 V TTL-

. compatible input levels to 0 and 5 V 
internal levels. With 2.0 V applied to 
the input of most level translator 
circuits, about 1 rnA will flow from 
the power supply to ground. A 
floating input will at best have similar 
results, and may result in oscillations 
which can dissipate orders of magni
tude more power and cause malfunc
tioning of the device. 

The power dissipation of input level 
translators exhibits a strong peak at 
about 1.4 V but is reduced substan
tially when the input voltage exceeds 
3.0 V (see Figure 1). Fortunately, this 
voltage is easy to achieve in practice, 
even for bipolar devices with TTL 1/0 

structures. These generally will 
produce a VOH of at least 3.5 V if not 
fully loaded. As a result, dissipation 
in the input structures is usually 
negligible compared to other sources. 

Two further sources of power dissipa
tion in CMOS come from the core 
logic. The sources of internal power 
dissipation are the same as those 
discussed for external nodes, namely 
repetitive charging of the parasitic 
load capacitances on each gate output, 
and the power drawn due to a direct 
current path to ground when gate 

FIGURE 1. 

1200 

900 

600 
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1 
) 

0 
~ 

0 It) oq- It) It) 
...... N ...... N 
N co C'? C? c:i c:i 

input voltage levels transition through 
the linear region. In practice, the 
internal voltage waveforms are 
characterized by high edge rates and 
rail-to-rail swings. For this reason, the 
latter source of dissipation is usually 
negligible, unless NMOS or other non
complementary logic design tech
niques have been used. 

The capacitance of typical internal 
nodes in CMOS logic circuits are a 
few femtofarads. However, there can 
be thousands, or tens of thousands 
of such nodes. As a result, the core 

It) It) It) It) It) It) 
...... N ...... N ...... N oq- 0 It) ,... <O N 
C\i cw; cw; .,;. .,;. in 

VrH 
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power dissipation is strongly depend
ent on the average rate at which these 
nodes switch (the "F" in CV2F). 
Fortunately, for most complex logic 
circuits, with non-pathological exter
nal stimulus only a small fraction of 
the logic nodes switch on any given 
cycle. For this reason, internal power 
is generally quite small for these 
device types. Exceptions include 
devices containing long shift registers 
or other structures which can exhibit 
high duty cycles on most internal 
nodes. These devices can dissipate 
significant power in the core logic if 
stimulated with alternating data 
patterns and clocked at a high rate. 

To summarize, of the several contribu
tors to power dissipation, the CV2F 
power of the outputs is usually 
dominant. Because output loading is 
system-dependent, it is not possible 

Power Dissipation in LOGIC Devices Products 

for the manufacturer to accurately 
predict total power dissipation in 
actual use. As a result, LOGIC 
Devices extrapolates measured power 
dissipation values to a zero-load 
environment and publishes the 
resulting value. This value includes 
the effects of worst-case input and 
power-supply voltages, temperature, 
and stimulus pattern, but not CV2F. 
This value is weakly frequency 
dependent, and the frequency at 
which it is measured is published in 
the device data sheet. The maximum 
value is for worst-case pattern, and 
the typical is for a more random 
pattern and is therefore more repre
sentative of what would be experi
enced in actual practice. 

A good estimate of total power 
dissipation in a particular system 
under worst-case conditions can be 

obtained by adding the calculated 
output power to the typical published 
figure. The output power is given by: 

where: 

NCV2F 
4 

N = the number of device outputs 
(divided by 2 to account for the 
assumption that on average, half 
of the outputs switch on any 
given cycle) 

C = the output load capacitance, per 
pin, given in Farads 

V = the power supply voltage 

F = the clock frequency (divided by 2 
to account for the fact that a 
registered output can at most 
switch at only half the clock rate). 

A less pessimistic estimate, appropri
ate for complex devices when reason
able input voltage levels and non
pathological patterns can be expected, 
would neglect the published value 
and use only the calculated value as 
given above. 

===========================================Technology and Design Features 
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DEVICES INCORPORATED 

LOGIC Devices/MIL-STD-1835 Package Code Cross-Reference 

LOGIC DEVICES MIL-STD-1835 MIL-STD-1835 
PACKAGE CODE DESCRIPTION PACKAGE DESIGNATOR DIMENSION REFERENCE 

CERAMIC DIP 

Cl 24-pin, 0.3" wide GDIP3-T24 0-9 
C2 20-pin, 0.3" wide GDIP1-T20 0-8 
C3 22-pin, 0.3" wide NIA NIA 
C4 24-pin, 0.6" wide GDIP1-T24 0-3 
cs 28-pin, 0.3" wide GDIP4-T28 0-15 
C6 28-pin, 0.6" wide GDIP1-T28 0-10 
C7 16-pin, 0.3" wide GDIP1-T16 0-2 
cs 18-pin, 0.3" wide GDIP1-T18 0-6 
C9 32-pin, 0.6" wide GDIP1-T32 0-16 

ClO 28-pin, 0.4" wide NIA NIA 
Cll 40-pin, 0.6" wide GDIP1-T40 0-5 

SIDEBRAZE, HERMETIC DIP 

D1 24-pin, 0.6" wide CDIP2-T24 0-3 
02 24-pin, 0.3" wide CDIP4-T24 0-9 
03 40-pin, 0.6" wide CDIP2-T40 0-5 
04 64-pin, 0.9" wide, cavity up CDIP1-T64 0-13 
05 48-pin, 0.6" wide CDIP2-T48 0-14 
06 64-pin, 0.9" wide, cavity down CDIP1-T64 0-13 
07 20-pin, 0.3" wide CDIP2-T20 0-8 
08 22-pin, 0.3" wide NIA NIA 
09 28-pin, 0.6" wide CDIP2-T28 0-10 
010 28-pin, 0.3" wide CDIP3-T28 0-15 
011 28-pin, 0.4" wide NIA NIA 
012 32-pin, 0.4" wide NIA NIA 

FLATPACK 

Fl 24-pin COFP4-F24 F-6A 
F2 28-pin COFP4-F28 F-12 
FS 132-pin CQCC1-Gl32 C-G7 

CERAMICPGA 

Gl 68-pin, cavity up CMGA3-P68 P-AC 
G2 68-pin, cavity down CMGA3-P68 P-AC 
G3 84-pin CMGA15-P84 P-BC 
G4 120-pin CMGA3-Pl21 P-AC 
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LOGIC Devices/MIL-STD-1835 Package Code Cross-Reference 

LOGIC DEVICES MIL-STD-1835 MIL-STD-1835 
PACKAGE CODE DESCRIPTION PACKAGE DESIGNATOR DIMENSION REFERENCE 

CERAMIC LEADLESS CHIP CARRIER 

Kl 28-pin, 0.450" x 0.450" CQCC1-N28 C-4 
K2 44-pin, 0.650" x 0.650" CQCC1-N44 C-5 
K3 68-pin, 0.950" x 0.950" CQCC1-N68 C-7 
K4 22-pin, 0.290" x 0.490" NIA NIA 
KS 28-pin, 0.350" x 0.550" CQCC4-N28 C-llA 
K6 20-pin, 0.290" x 0.425" CQCC3-N20 C-13 
K7 32-pin, 0.450" x 0.550" CQCC1-N32 C-12 
KB 20-pin, 0.350" x 0.350" CQCC1-N20 C-2 
K9 48-pin, 0.550" x 0.550" NIA NIA 
KlO 32-pin, 0.450" x 0.700" NIA NIA 

CERAMIC FLATPACK 

Ml 24-pin GDFP2-F24 F-6 
M2 28-pin GDFP2-F28 F-11 

CERAMICSOJ 

Yl 32-pin, 0.440" wide NIA NIA 

• I 
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DEVICES INCORPORATED ' 

Thermal Considerations 

The temperature at which a semi
conductor device operates is one of 
the primary determinants of its 
reliability. This temperature is often 
referred to as the "junction tempera
ture", although this term is more 
appropriate for bipolar than MOS 
technologies. Heat dissipated in the 
device during operation escapes 
through a path consisting of one or 
more series thermal impedances 
terminating in the surrounding air 
(see Figure. 1). 

The presence of this nonzero thermal 
impedance causes the temperature of 
the device to rise above that of the air. 
Each of the components of the overall 
thermal impedance causes a rise in 
temperature which is linearly depen
dent on the power dissipated in the 
device. The coefficient is called e, and 
has the units °C/W. Thee value for 
each thermal impedance represents 
the amount of temperature rise across 
the impedance as a function of the 
power dissipation. Usually, e is given 
a subscript indicating the two points 
between which the impedance is 

FIGURE 1. 

measured. Thus the junction tem
perature of an operating device is 
given by: 

where: 

T. 
J 

Ti= TAMB +(Pd• 8JA) 

junction temperature of the 
device, °C, 

T AMB = ambient air temperature, in°C 

Pd power dissipation of the 
device, in W, 

sum of all thermal imped
ances between the die and 
the ambient air, in °C/W. 

The thermal impedance of a given 
device is dependent on several factors. 
The package type is the predominant 
effect; ceramic packages have much 
lower thermal impedances than 
plastic, and packages with large 
surface areas tend to dissipate heat 
faster. Another factor which is be
yond the control of the device manu
facturer but which is nonetheless 
important is the temperature and flow 
rate of the cooling air. Secondary 

effects include the size of the die, the 
method of attaching the die to the 
package, and the organization of high 
power dissipation elements on the die. 

Because all LOGIC Devices products 
are built with low-power CMOS 
technology, thermal impedance is less 
of a concern than it would be for 
higher power technologies. As an 
example, consider a typical NMOS 
multiplier similar to the LMU16, 
packaged in a 64-pin plastic DIP. 
Assuming 1 W power dissipation and 
8JA of 50°C/W, the actual die tem
perature would be 50°C above the 
surrounding air. By contrast, the 
LOGIC Devices LMU16 has a typical 
power dissipation of only 60 mW. This 
device in the same package would 
operate at only 3° above the ambient 
air temperature. Since operating 
temperature has an exponential 
relationship to device failure rate (see 
Quality and Reliability Manuals), the 
reduction of die temperature available 
with LOGIC Devices low-power 
CMOS translates to a marked increase 
in expected reliability. 
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Package Marking Guide 

.---------------- Manufacturer's logo (designator) 

1
.-------------- Pin 1 mark (optional if there is a notch, tab, etc.) 

e J MIL-STD-883 compliant indicator 

c 
.-------------------- LOGIC Devices Inc. part number prefix 

.----------------- Device number 

~

1 
__________ Package code 

1

.------------ Temperature range 

L 7C108 C M B 20 L 

I I J Low power designator (optional) 

Speed 

Screening 

~------------- Fab location code 

1
~------------ Die stepping (revision) 

S A 9A A Li 

I 

I J~---- ESD class 

.__ _______ Lead finish (A= solder dip; C = gold) 

.______________ Fabrication date code (year, quarter) 

r.-------- Date code (year, week) 

USA 1234 9615 

I .____ __________ Quality Assurance job number 

.___ _______________ Country of origin {may be imprinted on package) 

NOTE: Package marking may occur on top and bottom of package due to space limitations 
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Mechanical Drawings 
0 Ceramic Dual In-line Package 

0 Sidebraze, Hermetic Dual In-line Package 

0 Flatpack 

0 Ceramic Pin Grid Array 

0 Plastic J-Lead Chip Carrier 

D Ceramic Leadless Chip Carrier 

D Ceramic Flatpack 

0 Plastic Dual In-line Package 

D Plastic Quad Flatpack 

D Plastic Small Scale Outline Package 

0 Plastic Small Outline J-Lead 

D Ceramic Small Outline J-Lead 

• 
i 
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CERAMIC DIP (ORDERING CODE: C, I) 

C1 - 24-pin, 0.3 11 wide 

24 
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C2 - 20-pin, 0.3 11 wide 

20 

E:::::::::i1 g:~~; 
I 7 .__. .__. .__. o.944 .__. .__. .__. .__. I 
~0.956~ SEATING PLANE 

0.145 

g:!~~ b Q.1751 

~-t.011 
-.--- I I 11 0.016 0.031 

o.125_J ~ ~ ~ ~0020 
0.200 0.100 . 

TYPICAL 
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CERAMIC DIP (ORDERING Cooe: C, I) 

C3-22-pin, 0.3 11 wide 

22 

E::::::::::i1g~~~ I; 1.082~~~~1 
1.078-.j 

0.145 

g:~~~t 0.17] 

~ 0.011 
.---- I I 11 o.01s 0.031 

0.125 J ~ ~ 0.100 ~ ~ 0 020 
0.200 TYPICAL . 

C4 - 24-pin, 0.6 11 wide 

24 

I 
0.575 
0.600 

...,....,..,...,..,......,..,...,.....,.,...._l 

Mechanical Drawings 

SEATING PLANE 

1

1 
1.242 1 

• 1.258 • SEATING PLANE 

0.145 

gi~~b 0.185] . 

~ 0.010 
-.-- I I 11 O.Q16 0.040 

0.125 J -+! ~ 0.100 -+! ~ 0 020 
0.200 TYPICAL . 
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CERAMIC DIP (ORDERING CooE: C, I) 

C5 - 28-pin, 0.3 11 wide 

28 

E::::::::::::: IJ g:~:~ 
k 1.440 .1 
. 1.460 

0.145 

g~~b 0.175] 

~ 0.011 
-.--- I I 11 0.016. 0.031 

0.125_J ~ ~0.100 ~~0020 
0.200 TYPICAL . 

CG - 28-pin, 0.6 11 wide 

28 

0.575 
0.600 

............... ...,..,....,..,...,......,_..._l 

Mechanical Drawings 

SEATING PLANE 

1

1 
1.440 I 

.. 1.460 .. SEATING PLANE 

0.145 

g~~~b 0.18] 

~ 0.020 
-.---- I I 11 0.016 o.o4o 

0.135J ~ ~0.100 ---.i ~0020 
0.180 TYPICAL . 
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DEVICES INCORPORATED 

CERAMIC DIP (ORDERING CooE: C, I) 

C7-16-pin, 0.3 11 wide 

16 

SEATING PLANE 

E:::::::i1 g:~~~ 
I ~ .._. .._. . o.745 __. .._. .._. I 
i..-- 0.855 ---.J 

0.145 

g:~~~b 0.175] 

~ loo11 
-.-- I I 11 0.016 0.031 

0.125j -.i ~ -.i ~ 0020 
0.200 0.100 . 

TYPICAL 

CS-18-pin, 0.3 11 wide 

18 E::::::::i1 g:~:~ 
1-1 o.s1s , ~ ~ ~ I 

-- 0.945 ----.! SEATING PLANE 

0.145 

g:~~~b 0.175] 

~ To.011 
-.-- I I 11 0.016 0.031 

0.125j -.i ~ -.i ~ 0020 
0.200 0.100 . 

TYPICAL 
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CERAMIC DIP (ORDERING CooE: C, I) 

C9 - 32-pin, 0.6 11 wide 

32 

0.575 
0.600 

------....___________,., ............... ..,......,..,..J_ 

1

1 
1.620 , 1 
1.675 

0.145 

g~b '"] 
~0010 

__..- I I 11 0.016 o.o4o 
o.125_J ~ ~0.100 ~~ 0020 
0.200 TYPICAL . 

C10- 28-pin, 0.4 11 wide 

28 

E::::::::::::: IJ g:~:! 
1

1 I 1.390 <'------- 1.410 _____ ____..,_ 0.125 

0.195 

Mechanical Drawings 

SEATING PLANE 

SEATING PLANE 

g:~~~b~:-1i-~~ _ _.___,_ ~lcg:!~;~ o· 

0.009 15· 
0.011 

0.125 J -.I ~ 0.100 -.I~ g·g~~ I o.4so I 
0.160 TYPICAL · ~ 0.520 ~ 
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CERAMIC DIP (ORDERING CooE: C, I) 

C11 - 40-pin, 0.6" wide 

40 

I 
0.510 
0.620 

............... ........,.._..,.,.,......,....___............,.............._l 
I 1 

Z096 ~I 
MAX 

~~~ r=r: 
0.125rjl 0045~ ~ -+J ~0100 _.j~0014 ggi: 
0 _200 0.065 BSC 0.023 

0.005 
MIN 

Mechanical Drawings 

SEATING PLANE 
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SIDEBRAZE, HERMETIC DIP (ORDERING CODE: D, H) 

01 - 24-pin, 0.6 11 wide 

0.500 
0.610 

Mechanical Drawings 

I~=========== I J_ 
" 1.188 .. 

1.290 

t:0.600---1 

g:~~ t SSC ===i I 

012~U 11 LI I I 11\:og~~ LJ ~Loos 
-· -~_J --.! ~ ~ ~ -+!~ I~ BSC 0.018 
0.200 0.045 0.100 0.014 

0.065 BSC 0.026 
SEATING PLANE 

02 - 24-pin, 0.3 11 wide 

24 

g:~~~JJrmr + 

0.125 _J -.I I.- 0.100 --.I I.- 0.016 0.060 

t
0.300-.i 

0.320 =ii 

Fl 
-.II.- 0.008 

0.012 

.-=~~.040 
0.175 TYPICAL 0.020 

SEATING PLANE 
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S10EBRAZE, HERMETIC DIP (ORDERING CooE: D, H) 

03 - 40-pin, 0.6 11 wide 

40 

~;;;;;;~:::I::::::: lj; 
1

1 
1.980 I 

"" 2.020 )lo t0.600j 
0.125 0.620 

0.195-_j_ 

~~~-040 I I 0008 
0.125 _J -.! k- 0.100 0.016 J ~ 0.060 -.JI.- 0:012 
0.175 TYPICAL 0.020 SEATING PLANE 

04 - 64-pin, 0.9 11 wide, cavity up 

64 

II 
0.125 ~ 0.890-----.J 

o.195 b l.----c o.910 =---.I 
-1 ~ ~ 

r- I I 11~0.040 -ii--0.008 
0.125 J -.j I- -.ii- 0.060 -11- 0.012 
0.175 0.100 0.016 

TYPICAL 0.020 SEATING PLANE 
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S10EBRAZE, HERMETIC DIP (ORDERING CooE: D, H) 

05 - 48-pin, 0.6 11 wide 

48 

~; ;·;;;;;;; [::: j::::::::: lj~ 
I 1 I 2.376 

II( 2.424 )Ir t 0.600 j 
0.125 0.620 

o.
195

~\E.MO I I 0006 
o.125J -.J k-0.100 0.016-Jj._ 0.060 -..lk- 0:012 
0.175 TYPICAL 0.020 SEATING PLANE 

06 - 64-pin, 0.9 11 wide, cavity down 

64 

~::::::::::::::::::::::::::::::11: 
0.090 

0.120 LID PLANE~ 0.1001i.- 0.890 ----.i. 
o.150 b I.--o.910 --.I 

~t t ~ ~0.008 
r- ~· ~ ~~ 0030 0.012 0.125J- -· 
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0.100 0.01G SEATING PLANE 
TYPICAL 0.020 
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- ...-... ....-.... - ...-... - ....._, .-.-. -....._, - ------- -- ------ --~--....- ....... -~~-..._... Mechanical Drawings 
DEVICES INCORPORATED 

S1oeBRAZE, HERMETIC DIP (ORDERING CooE: D, H) 

07-20-pin, 0.3 11 wide 

20 

g::::: I: I]~ 
~~:g~g~ t0.300--1 

g::~;bm + 0.320 =ii 

~~-040R 
0.125 J--.i j._ 0.100 -.I j._ 0.016 0.060 -.!~ g:g~~ 
0.175 TYPICAL 0.020 SEATING PLANE 

08-22-pin, 0.3 11 wide 

22 

• ~ ~I : : : : : I : : IJ 
J 1 1.089 I 

ti( TI11 .. t 0 300 __, 

g::~;~ f 0:32o=il 

. ~~-040R 
0.125 J -.I j._ 0.100 -.I j._ 0.016 0.060 -.I~ g:g~~ 
0.175 TYPICAL 0.020 

SEATING PLANE 
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- ~ ..-..-~ 
-~~-~ 
- .. _ .. ___ -- ------- --~-----~ _.,._........._...._....._.,.. Mechanical Drawings 

DEVICES INCORPORATED 

S10EBRAZE, HERMETIC DIP (ORDERING Cooe: D, H) 

09 - 28-pin, 0.6" wide 

28 _.--.__r-t-=--=-=--....,_,...., ,...., ,...., ,...., _,...., ,...., ,...., ....., 

I 
D. M~ 

0.605 

1~============= l_J 
·• 1.386 •· 

~:~~b 1.414 t:~:j 

~~i0040~ I 
0.125 J -.J ~ 0.100 _.j ~ 0.016 0.060 ----1!.- g:g~~ 
0.175 TYPICAL 0.020 

SEATING PLANE 

010-28-pin, 0.3 11 wide 

28 

~~~I::::I::]J 
1 ,

1 

1.385 .. 1 

~::~;b 1.414 tg:~~gj 

~~i0.040R 
.--- I I 11 - _ 11 _ 0.008 

0.125_J ~ ~0.100 ~~0.016 0.060 ~~0.012 
0.175 TYPICAL 0.020 

SEATING PLANE 
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- ....-... ....-... -.....-... - ..-....~-...--. - .. ------- -- ------ -_ _,__,~--..... _.....,......,.._.._,... Mechanical Drawings 
DEVICES INCORPORATED 

S10EBRAZE, HERMETIC DIP (ORDERING CooE: D, H) 

011 - 28-pin, 0.4 11 wide 

28 

~~]~~~~~~[~~IJ 
1: 1.386 .1 

g:~~~b 1.414 tg:~gj 

~~~*0.040R 
o.125 j ~ 1.-o.rno II 0.016 0.060 -.1i.-o.008 
0.175 TYPICAL -..j ~ 0.020 0.012 

SEATING PLANE 

012-32-pin, 0.4 11 wide 

32 

~~~]~~~~~~[~~]}! a 
1.1 

· 1.584 .I 
g~~~b 1.616 tg::~gj 

~~~*0.040. Fl 
o.125 J ~ !.-- o.100 II o.orn o.060 -.Ii.- o.008 
0.175 TYPICAL -..j ~ 0.020 0.012 

SEATING PLANE 
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- ~ ~-.--... - ~.-.-.-~ - ------ -- -__ ... __ -
-~~-...__, -----
DEVICES INCORPORATED 

FLATPACK (ORDERING Cooe: F) 

F1 -24-pin 

F2-28-pin 

0.050 
TYPICAL 

24 -.! f.- -11~ 0.015 
--ii-- 0.022 

~I+- 0.005 
0.590 MIN , ..... ,._ _____ 0.640 ----"'P-I . 

28 

0.050 
TYPICAL 

-.! f.- _ 11 ~ 0.015 
--ii-- 0.019 

0.650 
14---- 0.740 -----'rp-j 

-.!!+- 0.004 
-.- 0.006 

+ 

_L 0.004 
--;----ii- 0.006 

Mechanical Drawings 

~BASE AND 
~ h- SEATING PLANE 

1.095 0.260 
1.105 0.286 

~_j_ 
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- ~ ....-... -...-.... - ......__.....___ ....... - - ------- -- - ------ -----.......-~ -~~-~ 

DEVICES INCORPORATED 

FLATPACK (ORDERING Cooe: F) 

F3-144-pin 

• 

11 0.0256 BSC 

Top 
View 

0.394 

-------- ~:~~~ sa.----------a-1 

::~~:SQ. 

0.025 --1 r- 0.020--j r- ! 
:::t~ t,.,,, 

10' 

11-25 

Mechanical Drawings 

t0.010 
0.020 

llo.025 
0.037 



- ~ ..-..-~ - ~~-......--. - -------- ------- ---........- .__.... -......... _..._...~-~ Mechanical Drawings 
DEVICES INCORPORATED 

FLATPACK (ORDERING Cooe: F) 

F4-64-pin 

§,~ ~18 
cici cici 

11~--~~~---L-!~! 
_:t_ I I 

uuuuuuuuuuuuuuuu i 

~~1~~ 
a 
C/J 

010 LO LO -- C') "<t" ..... 
ci ci 

d 
C/J 

LO I LO co ..... 
co O> 
ci ci 

,__ I- I- t;l ~lo ..... C\J 
00 "] 
ci ci 

i 

0J t d 
"] C/J 

~ 
LOILO i 
a:> ..... 
t.q IX! .......... 

t ""I 
""I 

c.i 
Cf) 
CD • ~CJ 0 LO .___ I- I- I-
0 
ci 
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- .....-... ....-...-~ - ~~- ......... - - -~---- -- - .. _ ... __ -
-~ ....... -~ _.._.,.. ..._._,_..._..... 

DEVICES INCORPORATED 

FLATPACK (ORDERING Cooe: F) 

FS-132-pin 

81~ 00 
c:i c:i 

j_~~I 
r-===!:il 

j_~~I 

r-~~I 
0 
(/) 
co 
in 
C\J 
0 
c:i 

• 

ci 
(/) 

~115 °' °' c:i c:i 

Mechanical Drawings 

ci 
(/) 

:::rl1~ 1--
00 
c:i c:i 
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- ..-..... ~-~ - ~ .-.-. -.....,_, - .. _ .. ___ -- - --- ---- -- ....... .....--~ - .._... ,.._,__ ....._... Mechanical Drawings 
DEVICES INCORPORATED 

CERAMIC PGA (ORDERING CooE: G) 

G1 - 68-pin, cavity up 

PIN 1 INDEX 

~ 
L:J 

0.020 x 45' 11 10 9 8 7 6 5 4 3 2 1 

(3X)_~---1---aif-A.-A-+=H+-~1-&-~ 

0·998 TYPICAL 
1.012 

A 
B 
c 
D 
E 
F 
G 
H 
J 

---l.--HIH!}~A-A.-A-fH'r&-EH~I K 

g~~~l r-Wa§so.--1 
~I u tr LI u u u u ~f---t-~045 '--SEATING PLANE 

0.175 J -..Ji.- 0.055 

0.185 0.018 0.045 
0.022 0.055 

DIA. TYP. 

G2 - 68-pin, cavity down 

0.070 x 45· 
PIN 1 INDEX 

TOP 
VIEW 

0.030 x45' 
(3X) 

0.990 
1.010 

o.6311 - 1
·
138 SQ.~ 0.070 

1110 9 8 7 6 5 4 3 2 1 

0.027 r-
l__j__ 1.180 _10.100 

+ I u rnm~n~ T-t '-- SEATING PLANE 

0.172] ~~ 0.050TYPICAL 

0.188 0.016 DIA 0.050 DIA. TYPICAL 
0.020 · 4 PLCS. 

L 

A 
B 
c 
D 
E 
F 
G 
H 
J 
K 
L 
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- ...-.... ....-.... -...-... - ~~-.---. --------- -- -------- ------~-~ - .,._... .._,_,_ ~ Mechanical Drawings 
DEVICES INCORPORATED 

CERAMIC PGA (ORDERING Cooe: G) 

G3-84-pin 

g:~~gl r ::~~~SQ.~ 

0.020 x 45' 
(4X) 

0·988 TYPICAL 
1.012 

11 10 9 8 7 6 5 4 3 2 1 

~· ~ ~ ,_l__ tr LI u LI LI LI LI LI u LI wi~l~o-.04-5 ~"--- SEATING PLANE 

0.145 J --.! i.-- -+J r.- 0.055 
0.155 0.018 0.055 

0.022 DIA. TYP. 
DIA. TYP. 

G4-120-pin 

PIN 1 INDEX ./0.020x45'REF. 1s1211109 a 76 5 4 3 2 1 
"---------..~ (4 PLCS.) 

A 
B 
c 
D 
E 
F 
G 
H 
J 
K 
L 

A 
l&i~e-9...e-f~A-fl.~re I B 

~ 
L::J 

g:~~] r :~~bsa.~ 
c 
D 
E 
F 
G 
H 
J 
K 
L 

-'-~--f€1-&13-e-e-i=HT0-8-0-€r&e1 M 
-'-~----i.---ff:t-e-e-e~:re--e-El-&i9-e-61 N 

0.095 
0.105 

~· ,_l__ 
J 

- ~LI LI LI LI LI LI LI LI LI LI LI IUl-----,-l-g:-g~;~'--sEATING PLANE 

0.180 TYP. ~ ~ -+J i.--
0.018 
0.022 

DIA. TYP. 

0.045 
0.055 

4 PLCS. 
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DEVICES INCORPORATED 

CERAMIC PGA (ORDERING CooE: G) 

GS-132-pin 

PIN1 INDEX~ 

-------------------. 

1:1 
L:J 

Mechanical Drawings 

14131211109 8 7 6 5 4 3 2 1 

~...-~~~~~~~&E~&a"8-<&-GI A 

1 ·290 TYPICAL 
1.310 

1&19-e-&<'~&El-e-&a-&19-el B 
c 
D 
E 
F 
G 
H 
J 
K 
L 
M 

--''-~3-e--&<:H3-&E.-e-<&e~3-e--61 N 
--''-~...---f,A-Rl-A-<!'1-A-+H~TT-t'~FH'lf-BI p 

~~~] f-- ~!;~sa-1 
~I ,_j_ 

o.no] -Jn~ u u u u um ~n~-------.-l-O-.OSO----.,;:,-"-SEATING PLANE 

0.190 0.016 0.031 
0.020 0.039 

4 PLCS. 
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DEVICES INCORPORATED 

PLASTIC J-LEAD CHIP CARRIER (ORDERING CooE: J) 

J1 - 44-pin, 0.690 11 x 0.690 11 

0.05011+-
BASIC PIN 1 

0.045 x 45• ' 

Reference: JEDEC - M0-047-AC 
JEDEC - MS-018-AC 

J2 - 68-pin, 0.990 11 x 0.990 11 

0.05011, BASIC 

PIN 1 
0.045 x 45• 

0.045 x 45° ' 

n 
0.950 SQ 
0.958 . 

1 
____ 0.985 SQ ---~ 

0.995 . 

Reference: JEDEC - M0-047-AE 
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Mechanical Drawings 

_ ~I I._ 0.020 
--i ,- MINIMUM 

::1 
--r 0.890 

T 0.930 

_J 
~ ~:;~~ 0.090 

0.130 



- ~ ...-....-.....-.... - ~~-...-. - -_ .. __ .. -- ------ -_....,_..~-....,._.. -----
DEVICES INCORPORATED 

PLASTIC J-LEAD CHIP CARRIER {ORDERING CooE: J) 

J3-84-pin, 1.19011 x 1.19011 

0.045 x 45' 

0.0501" BASIC 
PIN 1 

' 

Reference: JEDEC - M0-047-AF 

0.045 x 45' 

1.150 SQ 
1.158 . 

J4 - 28-pin, 0.490 11 x 0.490 11 

0.045 x 45• 

t 
0.450 SQ 
0.456 . 

l 
1~ 0.485 SQ~~ ~ I 
~0.495 ·~ . ~ 
Reference: JEDEC - M0-047-AB 

JEDEC - MS-018-AB 

Mechanical Drawings 

--j r- 0.020 MINIMUM 

I 
=f~t 

~ t 0.165 
--i 0.200 

0.090 
0.130 

0.013 
___r 0.021 

t 

t 0.165 
0.180 

0.090 
0.120 

1.090 SQ 
1.130 . 

0.390 SQ 
0.430 . 

* 

========================================================= Package Information 
11-32 



- ...-.... ......-... -...-.... - ~...-..- ........ - .. _ .. ____ -- -.. ---- ---....~- ........ 
-~~-~ 

DEVICES INCORPORATED 

PLASTIC J-LEAD CHIP CARRIER (ORDERING CooE: J) 

JS - 52-pin, 0.790" x 0.790" 

I'== 0.785 SQ --j,-~0.795 . ,,.. 

Reference: JEDEC - M0-047-AD 

J6 - 32-pin, 0.490" x 0.590" 

0.045 x 45° 

0.0501 
BASIC 

PIN 1 
v 

0.547 
0.553 

0.750 SQ 
0.756 . 

Mechanical Drawings 

0.165 
0.200 

0.090 
0.130 

t 0.100 
0.140 

0.060 
0.095 

Reference: JEDEC - M0-052-AE 
JEDEC - MS-016-AE 

================================================ Package Information 
11-33 



- ....-.. ..-... -...-... - .....--. .....-.-~ - - ... ____ -- ------ --~ ....... -...,._.. _..._..,......._,__.._,... Mechanical Drawings 
DEVICES INCORPORATED 

PLASTIC J-LEAD CHIP CARRIER (ORDERING CooE: J) 

J7 - 20-pin, 0.390" x 0.390" 

PIYN 1 0.045 x 45° ~1 r- ~~~l~UM 
0.045 x 45· \ I 
~A0~1~ L ~ 0 ~~ t ~ 0.013 f 

g 0.350 SQ. I 0.021 0.290 t ~ 0.356 D.33o 

I"'""' 0.385 ,,Jt-1- ~ ~t 0.165 t r- 0.395 -.i ~ 0.180 

SQ. 0.090 
0.120 

Reference: JEDEC - M0-047-AA 
JEDEC - MS-018-AA 
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- ....-.. ~-....-.. - ~ ~-.-.-. - ___ .. ___ _ 
- ------ -_..._.~ .. ..._. 
-~...._,_.-~ 

DEVICES INCORPORATED 

CERAMIC LEADLESS CHIP CARRIER (ORDERING CooE: K, T) 

K1 - 28-pin, 0.45011 x 0.450 11 

0.020 x 45' 

Top View Side View 

K2 - 44-pin, 0.650 11 x 0.650 11 

0.020x45" 

Top View Side View 

Mechanical Drawings 

Bottom View 

Bottom View 

0.045 
0.055 
TYP. 

0.045 
0.055 
TYP. 
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- ...-... ~-~ - ...... ....._._....._. - .. ------ -- ------ ---...--~-~ _...._........._._.-~ 

DEVICES INCORPORATED 

CERAMIC LEADLESS CHIP CARRIER (ORDERING Cooe: K, T) 

K3 - 68-pin, 0.950 11 x 0.950 11 

0.040 x 45' 
(3x) 

14------g:~~~----

Top View 

K4 - 22-pin, 0.290 11 x 0.490 11 

0.050 ~ 
~ 0.284 ~ 0.088_.l 

1_ 0.296 _I -1 

T 
0.484 
0.500 

~-l_ 
0.012 R 
(4x) 

Side View 

r- 0.060 r- 0.120 

Top View Side View 

Mechanical Drawings 

Bottom View 

Bottom View 

0.045 
0.055 
TYP. 

0.045 
0.055 
TYP. 
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- ~ ~-.....-.... - ........ .--.- ........ - .. -~--- -- ------ -------~-......._.. 
-~~-~ 

DEVICES INCORPORATED 

CERAMIC LEADLESS CHIP CARRIER (ORDERING CooE: K, T) 

KS - 28-pin, 0.350 11 x 0.550 11 

0.020 x 45' 

r--- 0.345 
I o.355 

0.050 __, 

0.070--11 

0.544 
0.560 

r-- 0.060 
~0.085 

.. '---------'ll o.021r 
0.029 

0.040 x45' 
{3x) 

Top View Side View 

KG - 20-pin, 0.290 11 x 0.425 11 

0.020 x 45' 
I 0.296 _,, ~ 0.284 ·1 t_j 

0.419 
0.431 

,..____,,.U_ 
0.040 x 45' 
(3x) 

r- 0.060 
ro.120 

l 0.022 
0.030 

Top View Side View 

Mechanical Drawings 

Bottom View 

Bottom View 

0.045 
0.055 
TYP. 

0.045 
0.055 
TYP. 
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- ....-... ...-..-~ - .-..- ----.-~ - -_ .. __ ., -- ------- -_......,__,..._......_.. -----
DEVICES INCORPORATED 

CERAMIC LEADLESS CHIP CARRIER (ORDERING CooE: K, T) 

K7 - 32-pin, 0.450 11 x 0.550 11 

0.020 x 45' I 
0.445 .... ,..._ __ 0.460 __ _, 

0.544 
0.560 

... '-----------J'LL o.021J 
0.029 

0.040 x 45' 
(3x) 

Top View 

KB - 20-pin, 0.350 11 x 0.350 11 

0.020 x 45• 

0.345 
0.355 

Side View 

r- 0.060 
~ 0.120 

. ""'-------'LL o.021J 
0.029 

0.040 x 45• 
(3x) 

Top View Side View 

Mechanical Drawings 

Bottom View 

Bottom View 

0.045 
0.055 
TYP. 
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- ....-... ....-...-~ - ......_....__ ........ - .. _ .. __ .. _ - ------- --~ _,,.,._ .. ~ 
_..._......._,_._~ 

DEVICES INCORPORATED 

CERAMIC LEADLESS CHIP CARRIER (ORDERING Cooe: K, T) 

K9 - 48-pin, 0.550" x 0.550" 

0.020 x4s· 

K10 - 32-pin, 0.450" x 0. 700" 

"--- 0.440 I - . 0.460 

0.050__, 

0.080-11 

0.690 
0.715 

r- 0.060 r- 0.100 

... -----....ll 
0.012 R 
(3x) 

Top View Side View 

PIN 1 

' 

Bottom View 

Mechanical Drawings 

0.050 
TYP. 
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- .....-... ...-.. - ..-.... - ......_......_._......_ - .. ------- -- ------ -_ ___.. ~- _,__. 
_.._....~-~ 

DEVICES INCORPORATED 

CERAMIC FLATPACK (ORDERING CODE: M) 

M1 -24-pin 

M2-28-pin 

0.050 
TYPICAL 

24 -+l ~ 

a 

_ 11_ 0.015 
--ir- 0.022 

-+l i.- 0.005 

!'"---- 0.630 --~ 
MIN. 

28 

a 

0.050 
TYPICAL 

-+l~ - 11 _ 0.015 
--ir- 0.022 

-+l i.- 0.005 
MIN. 

14~f----- 0.730 ---~ 

Mechanical Drawings 

_I,._ 0.004 
--i 0.009 

T 

0.330 

T 

V
BASEAND 
SEATING PLANE 

_ 11_ 0.004 
--ir- 0.009 

V
BASEAND 
SEATING PLANE 

-r 

J 
0.250 
0.370 

g~ J Ii-:, 
~ i.- 0.045 
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- .....-.... ....-... - ..-.... 
-~~- ........ - - ------ -- ------ -_....., ----- ___.. -----

DEVICES INCORPORATED 

PLASTIC DIP (ORDERING CODE: P, N) 

P1 - 24-pin, 0.6 11 wide 

24 

I 
0.530 
0.550 

............... ......-....--...,...,.........-1 

Mechanical Drawings 

1 
.. 
1 I . - 1.250 14------ 1.270 -------')lr- SEATING PLANE 

g:~:± 

LWUWUWUWJ============ 0.010 

0.120 r ~ ~ 0.100 ---1 ~ 0.016 °-040 

0.140 TYPICAL 0.020 

P2 - 24-pin, 0.3 11 wide 

24 

l:::::::::::i1 g:~~g 
1

1 
1.160 .1 
1.270 

g:~ 
L\MwuwuwJ============ 0.010 

o.120J ~ ~ 0.100 _.j ~0.016 °·040 

0.140 TYPICAL 0.020 

I 0.610 I 
r--o.675--4 

SEATING PLANE 
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- ...-..... .....-... - ...-... - ....--....-.-~ - .. _ .. __ .. -- ------- -- ...... ~-~ - ..._.... .._,__ ..._... 

DEVICES INCORPORATED 

PLASTIC DIP (ORDERING Cooe: P, N) 

P3 - 40-pin, 0.6 11 wide 

40 

:::3= 
L~-~-~-~-~-~ -~ ----- 0.010 

0.120 r -.1 i..- 0.100 ~ i.._ 0.016 °·040 

0.140 TYPICAL 0.020 

P4 - 64-pin, 0.9 11 wide 

64 

l 
0.790 
0.810 

J 
1.1 3.170 

.1 3.230 

Mechanical Drawings 

SEATING PLANE 

r-- 0.600 ___, 

I.- o.620 ~I 

E : 
0.008 ° -1~ 1~· 0.012-. 

I 0.610 I 
r--o.675_, 

SEATING PLANE 

:::] t=~=.j 
L-:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 0010 :~:1 Jt,&-

0.120 J _j l- 0.100 _j~o.016 o.o4o I o.910 I 
0.140 TYPICAL 0.020 r- 0.975 ----J 
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- ....-... ....-... -....-.... - ~.,_-~ - .. -~--~-- -------- -
_......_..~_.._._.. - ..._.... ..._,__ ..._... 

DEVICES INCORPORATED 

PLASTIC DIP (ORDERING Cooe: P, N) 

PS - 48-pin, 0.6 11 wide 

48 

I 
0.530 
0.550 

~ ............... ~ ............... ~_J_ 
f<lll, .1 ________ ~::~~--------~-! 

~::! 
L~::::::=:::::::=:::::::::::::::======-== 0.010 

0.120 J -l I.- 0.100 --..! I.- 0.016 °·040 

0.140 TYPICAL 0.020 

PG - 20-pin, 0.3" wide 

20 

E:::::::::iJ g~~g 

Mechanical Drawings 

SEATING PLANE 

1--0.600_, 

I,- o.620 --,I 

E I 0008 --- ,J~ ~ 
0.012-

I 0.610 I 
~0.675__, 

1

1 1.045 .................................... I 
1.065----..i SEATING PLANE 

g:~3= 
LWMmMJ----r------------___ ---.._____ 0.010 

0.120 n i.- 0.100 ~ 1.- 0.016 o.o4o 
0.140 TYPICAL 0.020 
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Mechanical Drawings 
DEVICES INCORPORATED 

PLASTIC DIP (ORDERING Cooe: P, N) 

P7 - 32-pin, 0.3 11 wide 

32 [::::::::::::::i1 g:~~ 
Lr------g~ ~ o· 

ffllYUYtrn V V V V V V V ~t 0.010 g:g~~-~~1•• 
o.120 J -.! !.- o.100 -.I I.- o.016 o.o4o I o.325 I 
0.140 TYPICAL 0.020 r- 0.365 ~ 

PS - 22-pin, 0.3 11 wide 

22 

E::::::::::i1 g:~~g 
I ~ 1.080 .1 
~ 1.100 SEATING PLANE 

g3= 
L........_._~-=====::::: T~ 

o.120J -.J I.- 0.100 _.! !._ o.orn °·040 

0.140 TYPICAL 0.020 
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- ...-... ....-...-~ - .....--...-......-.-..-. - ------- -- - ____ ..,. -
_...._......._._-.....,. 
-~~-~ 

DEVICES INCORPORATED 

PLASTIC DIP (ORDERING CooE: P, N) 

P9 - 28-pin, 0.6 11 wide 

28 

Mechanical Drawings 

SEATING PLANE g:l 
~WWUWNum!====. ======== 0.010 

0.120 _J -.! !.._ 0.100 J ~ 0.016 o.o
4
o 

0.140 TYPICAL 0.020 

P1 O - 28-pin, 0.3" wide 

28 

E:::::::::::::i1 g:~~ 
I ' 1.370 .1 

1.390 

g3= 
~~=========-====lo.010 

0.120 _J -.I !.- 0.100 -.I I.- 0.016 0.040 
0.140 TYPICAL 0.020 

r-- 0.600 ___, 

I,- o.620 --,I 

SEATING PLANE 
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- ....-... ~-~ - ....... ~-~ -------- -- ------ ------~-...._.. ----- Mechanical Drawings 
DEVICES INCORPORATED 

PLASTIC DIP (ORDERING Cooe: P, N) 

P11-28-pin,0.4 11 wide 

28 

SEATING PLANE 

[:::::::::::::iJ 
1_

1 
1.450 .1 

~ 1.490 

1J l:± 
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DEVICES INCORPORATED 

DSP PRODUCTS 

SPEED (ns) 
PART NO. PRODUCT DESCRIPTION COM. MIL. PACKAGE AVAILABILITY 

VIDEO IMAGING PRODUCTS 

LF2242 12/16-bit Half-Band Digital Filter 25 - 44-lead PLCC/PQFP 

LF2246 11 x 10-bit Image Filter 15 25 120-lead PGA/PQFP 
LF2247 11 x 10-bit Image Filter with Coefficient RAM 15 25 84-lead PGA/PLCC, 100-lead PQFP 
LF2249 12 x 12-bit Digital Mixer 25 33 120-lead PGA/PQFP 

LF2250 12 x 10-bit Matrix Multiplier 20 25 120-lead PGA/PQFP 
LF2272 Colorspace Converter (3 x 12-bits) 20 25 120-lead PGA/PQFP 

LF2301 Image Resampling Sequencer 25 30 68-lead PGA/PLCC 

LF3310 Horizontal/Vertical Digital Image Filter TBA TBA TBA 
LF3320 Horizontal Digital Image Filter TBA TBA TBA 
LF3330 Vertical Digital Image Filter TBA TBA TBA 

LF3347 HighSpeed Image Filter with Coefficient RAM 12 - 120-lead PGA/PQFP 

LF43168 Dual 8-Tap FIR Filter 15 22 84-lead PGA/PLCC, 100-lead PQFP 
LF43881 8 x 8-bit Digital Filter 25 33 84-lead PGA/PLCC, 100-lead PQFP 
LF43891 9 x 9-bit Digtial Filter 25 33 84-lead PGA/PLCC, 100-lead PQFP 

LF48212 12 x 12-bit Alpha Mixer 20 - 68-lead PLCC, 64-lead PQFP 
LF48410 1024 x 24-bit Video Histogrammer 25 30 84-lead PGA/PLCC 
LF48908 Two Dimensional Convolver 25 25 84-lead PGA/PLCC, 100-lead PQFP 

LF9501 1280 x 10-bit Frame Buffer 20 - 44-lead PLCC 
LF9502 2048 x 10-bit Frame Buffer 20 - 44-lead PLCC 

ARITHMETIC LOGIC UNITS 

L4C381 16-bit Cascadable ALU 15 20 68-lead LCC/PGA/PLCC 
L4C383 16-bit Cascadable ALU (Extended Set) 15 20 68-lead LCC/PGA/PLCC 

SPECIAL ARITHMETIC FUNCTIONS 

LSH32 32-bit Barrel Shifter 20 30 68-lead LCC/PGA/PLCC 
LSH33 32-bit Barrel Shifter with Registers 20 30 68-lead LCC/PGA/PLCC 

L10C23 64 x 1 Digital Correlator 20 20 24-lead DIP, 28-lead LCC 

L2330 Coordinate Transformer 20 20 120-lead PGA/PQFP 
L2340 Digital Synthesizer 20 20 120-lead PGA/PQFP 

L64230 Template Matcher 25 45 132-lead FP /144-lead PQFP 
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DEVICES INCORPORATED 

DSP PRODUCTS (CONTINUED) 

SPEED (ns) 
PART NO. PRODUCT DESCRIPTION COM. MIL. PACKAGE AVAILABILITY 

MULTIPLIERS 

LMU08 8 x 8-bit, Signed 20 25 40-lead DIP, 44-lead LCC/PLCC 
LMU8U 8 x 8-bit, Unsigned 20 25 40-lead DIP, 44-lead LCC/PLCC 

LMU12 12 x 12-bit 20 25 64-lead DIP, 68-lead PGA 
LMU112 12 x 12-bit, Reduced Pinout 25 30 48-lead DIP, 52-lead PLCC 

LMU16 16x16-bit 20 25 64-lead DIP, 68-lead PGA 
LMU216 16 x 16-bit, Surface Mount 20 25 68-lead LCC/PLCC 

LMU18 16 x 16-bit, 32 Outputs 20 25 84-lead PGA/PLCC 

LMU217 16x16-bit, Microprogramable, Surface Mount 20 25 68-lead LCC/PLCC 

MULTIPLIER-ACCUMULATORS 

LMA1008 8 x 8-bit 20 25 48-lead DIP, 68-lead PLCC 

LMA1009 12x12-bit 20 25 64-pin DIP, 68-pin PGA 
LMA2009 12 x 12-bit, Surface Mount 20 25 68-lead LCC/PLCC 

LMA1010 16x16-bit 20 25 64-pin DIP, 68-pin PGA 
LMA2010 16 x 16-bit, Surface Mount 20 25 68-lead LCC/PLCC 

MULTIPLIER-SUMMERS 

LMS12 12 x 12 + 26-bit, FIR 35 40 84-pin PGA, 84-lead PLCC 

PIPELINE REGISTERS 

L29C520 4 x 8-bit Multilevel (1-4 Stages) 14 16 24-pin DIP /FP, 28-lead LCC/PLCC 
L29C521 4 x 8-bit Multilevel (1-4 Stages) 22 24 24-pin DIP /FP, 28-lead LCC/PLCC 

LPR520 4 x 16-bit Multilevel (1-4 Stages) 15 18 40-pin DIP, 44-lead LCC/PLCC 
LPR200 8 x 16-bit Multilevel (1-8 Stages) 12 15 48-pin DIP, 52-lead LCC/PLCC 

L29C525 16 x 8-bit Dual 8-Deep (1-16 Stages) 15 20 28-pin DIP /FP, 28-lead PLCC 

LlOCll 4/8-bit Var. Length (3-18 Stages) 15 20 24-pin DIP, 28-lead PLCC 
L21C11 8-bit Var. Length (1-16 Stages) 15 20 24-pin DIP, 28-lead PLCC 

PERIPHERAL PRODUCTS 

SPEED (ns) 
PART NO. PRODUCT DESCRIPTION COM. MIL. PACKAGE AVAILABILITY 

SCSI BUS CONTROLLERS 

L5380 SCSI Bus Controller 4Mb/s - 40-pin DIP, 44-lead PLCC 
L53C80 SCSI Bus Controller 4Mb/s 2Mb/s 48-pin DIP, 44-lead LCC/PLCC 

==========================================Product Listing 
12-4 



- ......-.... ....-.. -...-.... - ....,_, .----....... - .. ------- -- ---~-- -- ...... -.....-~ _...._..,...~-~ 

DEVICES INCORPORATED 

MEMORY PRODUCTS 

SPEED (ns) 
PART NO. PRODUCT DESCRIPTION COM. MIL. PACKAGE AVAILABILITY 

64K STATIC RAMS 

L7C162 16K x 4, Separate 1/0 12 15 28-pin DIP /SOJ/LCC 
L7C164 16K x 4, Common 1/0 12 15 22-pin DIP, 24-pin SOJ 
L7C166 16K x 4, Common 1/0 +OE 12 15 24-pin DIP /SOJ, 28-lead LCC 

256K STATIC RAMS 

L7C194 64K x 4, Common I/ 0 15 20 24-pin DIP /SOJ, 28-lead LCC 
L7C195 64K x 4, Common 1/0 +OE 15 20 28-pin DIP /SOJ 
L7C199 32K x 8, Common 1/0 +OE 15 20 28-pin DIP /FP /SOJ, 28/32-lead LCC 

lMSTATICRAMS 

L7C106 256K x 4, Common 1/0, 1 CE+ OE 17 - 28-pin DIP /SOJ 
L7C108 128K x 8, Common I/O, 1 CE+ OE 17 20 32-pin DIP /SOJ, 32-lead LCC 
L7C109 128K x 8, Common 1/0, 2 CE+ OE 17 20 32-pin DIP /SOJ, 32-lead LCC 

SPECIAL ARCHITECTURE STA TIC RAMS 

L7C174 BK x 8, Cache-Tag 12 15 28-pin DIP /SOJ, 32-lead LCC 

FIFO PRODUCTS 

L8C201 512 x 9, Asynchronous 10 - 28-pin DIP, 32-lead PLCC 
L8C202 lK x 9, Asynchronous 10 - 28-pin DIP, 32-lead PLCC 
L8C203 2K x 9, Asynchronous 10 - 28-pin DIP, 32-lead PLCC 
L8C204 4K x 9, Asynchronous 10 - 28-pin DIP, 32-lead PLCC 
L8C211 512 x 9, Synchronous 15 - 32-lead PLCC 
L8C221 1 K x 9, Synchronous 15 - 32-lead PLCC 
L8C231 2K x 9, Synchronous 15 - 32-lead PLCC 
L8C241 4K x 9, Synchronous 15 - 32-lead PLCC 

I .. 
I 
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DEVICES INCORPORATED 

DECC SMD PRODUCTS (LISTED BY LOGIC DEVICES PART NUMBER) 

PART NO. DECC SMD NUMBER AVAILABILITY PRODUCT DESCRIPTION 

DSP PRODUCTS 

L10C23 5962-89711 Released 64 x 1 Digital Correlator 
L2330 5962-92331 Consult Factory 16 x 16-bit Coordinate Transformer 
L29C520 5962-91762 Released 4 x 8-bit Multilevel Pipeline Register 
L29C521 5962-91762 Released 4 x 8-bit Multilevel Pipeline Register 
L29C525 5962-91696 Released 16 x 8-bit Dual 8-Deep Pipeline Register 
L29C818 5962-90515 Released 8-bit Sefial Scan Shadow Register 
L4C381 5962-89959 Released 16-bit Cascadable ALU 
L64230 5962-90504 Released Template Matcher 
LF2250 5962-93260 Released 12 x 10-bit Matrix Multiplier 
LF2301 5962-89715 Consult Factory Image Resampling Sequencer 
LF43168 5962-97504 Released Dual 8-Tap FIR Filter 
LF43891 5962-92097 Released 9 x 9-bit Digital Filter 
LF48410 5962-94573 Released 1024 x 24-bit Video Histogrammer 
LF48908 5962-93007 Released Two Dimensional Convolver 
LMA1008 5962-90708 Released 8 x 8-bit Multiplier-Accumlator 
LMA1009 5962-90996 Released 12 x 12-bit Multiplier-Accumlator 
LMA2009 5962-90996 Released 12 x 12-bit Multiplier-Accumlator 
LMA1010 5962-88733 Released 16 x 16-bit Multiplier-Accumlator 
LMA2010 5962-88733 Released 16 x 16-bit Multiplier-Accumlator 
LMS12 5962-94608 Released 12 x 12 + 26-bit Multiplier-Summer, FIR 
LMU08 5962-88739 Released 8 x 8-bit Parallel Multiplier 
LMU8U 5962-88739 Released 8 x 8-bit Parallel Multiplier 
LMU16 5962-86873 Released 16 x 16-bit Parallel Multiplier 
LMU216 5962-86873 Released 16 x 16-bit Parallel Multiplier 
LMU217 5962-87686 Released 16 x 16-bit Parallel Multiplier 
LMU18 5962-94523 Released 16 x 16-bit Parallel Multiplier w /32 outputs 
LPR520 5962-89716 Released 4 x 16-bit Multilevel Pipeline Register 
LSH32 5962-89717 Released 32-bit Barrel Shifter 

PERIPHERAL PRODUCTS 

L53C80 5962-90548 Released SCSI Bus Controller 

MEMORY PRODUCTS 

L7C108 5962-89598 Released 128K x 8 Static RAM 
L7C109 5962-89598 Released 128K x 8 Static RAM 
L7C162 5962-89712 Released 16K x 4 Static RAM 
L7C194 5962-88681 Released 64K x 4 Static RAM 
L7C195 5962-89524 Released 64K x 4 Static RAM 
L7C199 5962-88662 Released 32K x 8 Static RAM 
L8C202 5962-89536 Released 1024 x 9-bit Asynchronous FIFO 
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DEVICES INCORPORATED 

DECC SMD PRODUCTS (LISTED BY SMD NUMBER) 

DECCSMDNO. LOGIC PART NO. AVAILABILITY PRODUCT DESCRIPTION 

DSP PRODUCTS 

5962-86873 LMU16/LMU216 Released 16 x 16-bit Parallel Multiplier 
5962-87686 LMU217 Released 16 x 16-bit Parallel Multiplier 
5962-88733 LMA1010/LMA2010 Released 16 x 16-bit Multiplier-Accumlator 
5962-88739 LMU08/LMU8U Released 8 x 8-bit Parallel Multiplier 
5962-89711 L10C23 Released 64 x 1 Digital Correlator 
5962-89716 LPR520 Released 4 x 16-bit Multilevel Pipeline Register 
5962-89717 LSH32 Released 32-bit Barrel Shifter 
5962-89959 L4C381 Released 16-bit Cascadable ALU 
5962-90504 L64230 Released Template Matcher 
5962-90515 L29C818 Released 8-bit Serial Scan Shadow Register 
5962-90708 LMA1008 Released 8 x 8-bit Multiplier-Accumulator 
5962-90996 LMA1009 /LMA2009 Released 12 x 12-bit Multiplier-Accumlator 
5962-91696 L29C525 Released 16 x 8-bit Dual 8-Deep Pipeline Register 
5962-91762 L29C520 /L29C521 Released 4 x 8-bit Multilevel Pipeline Register 
5962-92097 LF43891 Released 9 x 9-bit Digital Filter 
5962-93007 LF48908 Released Two Dimensional Convolver 
5962-93260 LF2250 Released 12 x 10-bit Matrix Multiplier 
5962-94523 LMU18 Released 16 x 16-bit Parallel Multiplier w /32 outputs 
5962-94573 LF48410 Released 1024 x 24-bit Video Histogrammer 
5962-94608 LMS12 Released 12 x 12 + 26-bit Multiplier-Summer, FIR 
5962-90504 L64230 Released Template Matcher 
5962-96793 L10C11/L21C11 Released 4/8-bit Variable Length Shift Register 
5962-97504 LF43168 Released Dual 8-Tap FIR Filter 

PERIPHERAL PRODUCTS 

5962-90548 L53C80 Released SCSI Bus Controller 

MEMORY PRODUCTS 

5962-88662 L7C199 Released 32K x 8 Static RAM 
5962-88681 L7C194 Released 64K x 4 Static RAM 
5962-89524 L7C195 Released 64K x 4 Static RAM 
5962-89536 L8C202 Released 1024 x 9-bit Asynchronous FIFO 
5962-89598 L7C108 /L7C109 Released 128K x 8 Static RAM 
5962-89712 L7C162 Released 16K x 4 Static RAM 

I 

I 
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DEVICES INCORPORATED 

CORPORATE HEADQUARTERS 
1320 Orleans Drive 
Sunnyvale, CA 94089 Applications Hotline: (408) 542-5446 
TEL: (408) 542-5400 Customer Service Hotline: (408) 542-5433 
FAX: (408) 542-0080 E-Mail Address: info@logicdevices.com 
(800) 851-0767 (Toll free - Outside California) 
(800) 233-2518 (Toll free - Inside California) 

Internet: www.logicdevices.com 
Cage Number: 65896 

NORTH AMERICAN REGIONAL SALES OFFICES 

SOUTH-EASTERN OFFICE 
9700 Koger Blvd., Suite 204 
St. Petersburg, FL 33702 
TEL: (813) 579-9992 
FAX: (813) 576-5643 

NORTH-EASTERN OFFICE 
160 Meister Ave., Suite 12 
Somerville, NJ 08876 
TEL: (908) 707-0033 
FAX: (908) 707-8574 

WESTERN OFFICE 
1320 Orleans Drive 
Sunnyvale, CA 94089 
TEL: (408) 542-5400 
FAX: (408) 542-0080 

NORTH AMERICAN SALES REPRESENTATIVES 

ALABAMA 
REP ONE ASSOCIATES 
Huntsville, AL 
(205) 539-7371 

ARIZONA 
LUSCOMBE ENGINEERING 
Scottsdale, AZ 
(602) 949-9333 

ARKANSAS 
COMPONENT TECHNOLOGY 
Richardson, TX 
(972) 783-8831 

CALIFORNIA (NORTHERN) 
LOGIC DEVICES INC. 
Sunnyvale, CA 
(408) 542-5400 

CALIFORNIA (SAN DIEGO) 
EARLE ASSOCIATES 
San Diego, CA 
(619) 278-5441 

CALIFORNIA (SOUTHERN) 
UNITEC SALES INC. 
Irvine, CA 
(714) 789-7550 

CANADA 
JRL ASSOCIATES 
Newmarket, Ontario 
(905) 853-6891 

COLORADO 
AKI 
Denver, CO 
(303) 756-0700 

CONNECTICUT 
NRG-LINDCO 
Fairfield, CT 
(203) 384-1112 

DELAWARE 
TAI CORPORATION 
Moorestown, NJ 
(609) 778-5353 

FLORIDA 
DYNE-A-MARK 
Ft. Lauderdale, FL 
(954) 485-3500 

DYNE-A-MARK 
Largo, FL 
(813) 586-3778 

DYNE-A-MARK 
Maitland, FL 
(407) 660-1661 

DYNE-A-MARK 
Palm Bay, FL 
(407) 725-7470 

GEORGIA 
REP ONE ASSOCIATES 
Norcross, GA 
(770) 209-9242 

IDAHO (NORTHERN) 
WESTERN TECHNICAL SALES 
Spokane, WA 
(509) 922-7600 

IDAHO (SOUTHERN) 
FIRST SOURCE 
Boise, ID 
(208) 378-4680 

ILLINOIS (NORTHERN) 
ALPHA TECHNOLOGIES INT'L, LTD. 
Hinsdale, IL 
(630) 654-4998 

ILLINOIS (SOUTHERN) 
MIDTEC ASSOCIATES 
St. Louis, MO 
(314) 275-8666 

INDIANA 
APPLIED DATA MANAGEMENT 
Cincinnati, OH 
(513) 579-8108 

IOWA 
MIDTEC ASSOCIATES 
Lenexa, KS 
(913) 541-0505 

KANSAS 
MIDTEC ASSOCIATES 
Lenexa, KS 
(913) 541-0505 

KENTUCKY 
APPLIED DATA MANAGEMENT 
Cincinnati, OH 
(513) 579-8108 

LOUISIANA 
COMPONENT TECHNOLOGY 
Richardson, TX 
(972) 783-8831 

MAINE 
A/DSALES 
Tewksbury, MA 
(508) 851-5400 
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DEVICES INCORPORATED 

NORTH AMERICAN SALES REPRESENTATIVES 

MARYLAND 
DGR 
Timonium, MD 
(410) 453-0969 

MASSACHUSETIS 
A/DSALES 
Tewksbury, MA 
(508) 851-5400 

MICHIGAN 
APPLIED DATA MANAGEMENT 
Woodhaven, MI 
(313) 675-6327 

MICHIGAN 
APPLIED DATA MANAGEMENT 
Chelsea, MI 
(313) 475-0523 

MINNESOTA 
COMPREHENSIVE TECHNICAL SALES 
Navarre, MN 
(612) 471-7181 

MISSISSIPPI 
REP ONE ASSOCIATES 
Huntsville, AL 
(205) 539-7371 

MISSOURI (EASTERN) 
MIDTEC ASSOCIATES 
St. Louis, MO 
(314) 275-8666 

MISSOURI (WESTERN) 
MIDTEC ASSOCIATES 
Lenexa, KS 
(913) 541-0505 

NEBRASKA 
MIDTEC ASSOCIATES 
Lenexa, KS 
(913) 541-0505 

NEVADA (LAS VEGAS AREA) 
LUSCOMBE ENGINEERING 
Scottsdale, AZ 
(602) 949-9333 

NEVADA (NORTHERN) 
LOGIC DEVICES INC. 
Sunnyvale, CA 
(408) 542-5400 

NEW HAMPSHIRE 
A/DSALES 
Tewksbury, MA 
(508) 851-5400 

NEW JERSEY (NORTHERN) 
NORTHEAST COMPONENTS CO. 
Ramsey, NJ 
(201) 825-0233 

NEW JERSEY (SOUTHERN) RHODE ISLAND 
TAI CORPORATION AID SALES 
Moorestown, NJ Tewksbury, MA 
(609) 778-5353 (508) 851-5400 

NEW MEXICO SOUTH CAROLINA 
LUSCOMBE ENGINEERING BENCHMARK TECHNICAL SALES 
Scottsdale, AZ Raleigh, NC 
(602) 949-9333 (919) 557-1985 

NEW YORK (METRO) TENNESSEE (EASTERN) 
NORTHEAST COMPONENTS CO. REP ONE ASSOCIATES 
Ramsey, NJ Norcross, GA 
(201) 825-0233 (770) 209-9242 

NEW YORK (UPSTATE - BINGHAMTON) TENNESSEE (WESTERN) 
FOSTER & WAGER, INC. REP ONE ASSOCIATES 
Vestal, NY Huntsville, AL 
(607) 748-5963 (205) 539-7371 

NEW YORK (UPSTATE- BUFFALO) TEXAS 
FOSTER & WAGER, INC. COMPONENT TECHNOLOGY 
Rochester, NY Austin, TX 
(716) 385-7744 (512) 258-8167 

NEW YORK (UPSTATE - SYRACUSE) COMPONENT TECHNOLOGY 
FOSTER & WAGER, INC. Houston, TX 
Liverpool, NY (713) 550-5266 
(315) 457-7954 

NORTH CAROLINA 
BENCHMARK TECHNICAL SALES 
Fuquay-Varina, NC 
(919) 557-1985 

OHIO (NORTHERN) 
APPLIED DATA MANAGEMENT 
Eastlake, OH 
(216) 946-6812 

OHIO (SOUTHERN) 
APPLIED DATA MANAGEMENT 
Cincinnati, OH 
(513) 579-8108 

OKLAHOMA 
COMPONENT TECHNOLOGY 
Richardson, TX 
(972) 783-8831 

OREGON 
WESTERN TECHNICAL SALES 
Beaverton, OR 
(503) 644-8860 

PENNSYLVANIA (EASTERN) 
TAI CORPORATION 
Moorestown, NJ 
(609) 778-5353 

PENNSYLVANIA (WESTERN) 
APPLIED DATA MANAGEMENT 
Cincinnati, OH 
(513) 579-8108 

COMPONENT TECHNOLOGY 
Richardson, TX 
(972) 783-8831 

UTAH 
FIRST SOURCE 
Sandy, UT 
(801) 561-1999 

VERMONT 
AID SALES 
Tewksbury, MA 
(508) 851-5400 

VIRGINIA 
DGR 
Timonium, MD 
(410) 453-0969 

WASHINGTON (EASTERN) 
WESTERN TECHNICAL SALES 
Spokane, WA 
(509) 922-7600 

WASHINGTON (WESTERN) 
WESTERN TECHNICAL SALES 
Bellevue, WA 
(206) 641-3900 

WISCONSIN 
ALPHA TECHNOLOGIES INT'L, LTD. 
Hinsdale, IL 
(630) 654-4998 
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DEVICES INCORPORATED 

NORTH AMERICAN DISTRIBUTORS 

ALABAMA 
ALL AMERICAN 
Huntsville, AL 
(205) 837-1555 

MILGRA Y ELECTRONICS 
Madison, AL 
(205) 464-8646 

ARIZONA 
ALL AMERICAN 
Phoenix, AZ 
(602) 966-0006 

JAN DEVICES 
Phoenix, AZ 
(602) 870-1190 

MILGRAY 
Phoenix, AZ 
(602) 914-4240 

CALIFORNIA (NORTHERN) 
ALL AMERICAN 
Fremont, CA 
(510) 623-3660 

ALL AMERICAN 
San Jose, CA 
(408) 441-1300 

ALL AMERICAN 
Visalia, CA 
(209) 734-8861 

BELL MICROPRODUCTS (CORPORA TE) 
San Jose, CA 
(408) 451-9400 

JAN DEVICES 
Mountain View, CA 
(408) 943-5700 

MILGRA Y ELECTRONICS 
San Jose, CA 
(408) 456-0900 

CALIFORNIA (SOUTHERN) 
ALL AMERICAN 
Calabasas, CA 
(818)' 878-0555 

ALL AMERICAN 
Cypress, CA 
(714) 229-8600 

ALL AMERICAN 
San Diego, CA 
(619) 658-0200 

ALL AMERICAN 
Tustin, CA 
(714) 573-5013 

BELL MICROPRODUCTS 
Irvine, CA 
(714) 470-2900 

BELL MICROPRODUCTS 
Westlake Village, CA 
(805) 496-2606 

BELL MICROPRODUCTS 
San Diego, CA 
(619) 597-3010 

JAN DEVICES (CORPORATE) 
Reseda, CA 
(818) 757-2000 

MILGRA Y ELECTRONICS 
San Diego, CA 
(619) 457-7545 

MILGRA Y ELECTRONICS 
Thousand Oaks, CA 
(805) 371-9399 

MILGRA Y ELECTRONICS 
Irvine, CA 
(714) 753-1282 

CANADA 
ALL AMERICAN 
Mississauga, Ontario 
(905) 670-5946 

MILGRA Y ELECTRONICS 
Mississauga, Ontario 
(905) 678-0958 

MILGRA Y ELECTRONICS 
Vancouver, B.C. 
(604) 454-0900 

MILGRA Y ELECTRONICS 
Pointe Claire, Quebec 
(514) 426-5900 

COLORADO 
ALL AMERICAN 
Wheat Ridge, CO 
(303) 422-1701 

MILGRA Y ELECTRONICS 
Westminster, CO 
(303) 657-2750 

CONNECTICUT 
ALL AMERICAN 
Danbury, CT 
(203) 791-3818 

MILGRA Y ELECTRONICS 
Milford, CT 
(203) 878-5538 

DELAWARE 
MILGRA Y ELECTRONICS 
Mt. Laurel, NJ 
(609) 778-1300 

FLORIDA 
ALL AMERICAN 
Clearwater, FL 
(813) 532-9800 

ALL AMERICAN 
Deerfield Beach, FL 
(954) 429-2800 

ALL AMERICAN (CORPORA TE) 
Miami, FL 
(305) 621-8282 

BELL MICROPRODUCTS 
Altamonte Springs, FL 
(407) 682-1199 

BELL MICROPRODUCTS 
Deerfield Beach, FL 
(305) 429-1001 

BELL MICROPRODUCTS 
Miami, FL 
(305) 448-5856 

JAN DEVICES 
Apopka, FL 
(407) 889-2022 

MILGRA Y ELECTRONICS 
Lake Mary, FL 
(407) 321-2555 

GEORGIA 
ALL AMERICAN 
Norcross, GA 
(770) 441-7500 

BELL MICROPRODUCTS 
Marietta, GA 
(770) 980-4922 

MILGRA Y ELECTRONICS 
Norcross, GA 
(404) 446-9777 

ILLINOIS 
ALL AMERICAN 
Lisle, IL 
(708) 852-7708 

ALL AMERICAN 
Schaumburg, IL 
(847) 303-1995 

BELL MICROPRODUCTS 
Schaumburg, IL 
(708) 413-8530 

MILGRA Y ELECTRONICS 
Palatine, IL 
(708) 202-1900 

INDIANA 
MILGRA Y ELECTRONICS 
Indianapolis, IN 
(317) 781-9997 
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DEVICES INCORPORATED 

KANSAS 
BELL MICROPRODUCTS 
Overland Park, KS 
(913) 491-4340 

MILGRA Y ELECTRONICS 
Overland Park, KS 
(913) 236-8800 

MARYLAND 
ALL AMERICAN 
Columbia, MD 
(410) 309-6262 

BELL MICROPRODUCTS 
Columbia, MD 
(410) 720-5100 

BELL MICROPRODUCTS 
Ijamsville, MD 
(301) 865-5933 

JAN DEVICES 
Berlin, MD 
(410) 208-0500 

MILGRA Y ELECTRONICS 
Columbia, MD 
(410) 730-6119 

MASSACHUSETTES 
ALL AMERICAN 
Bedford, MA 
(617) 275-8888 

BELL MICROPRODUCTS 
North Billerica, MA 
(508) 667-2400 

JAN DEVICES 
Melrose, MA 
(617) 662-3901 

MILGRA Y ELECTRONICS 
Wilmington, MA 
(508) 657-5900 

MICHIGAN 
ALL AMERICAN 
Livonia, MI 
(313) 464-2202 

MINNESOTA 
ALL AMERICAN 
Eden Prairie, MN 
(612) 944-2151 

BELL MICROPRODUCTS 
Eden Prarie, MN 
(612) 943-1122 

NEW JERSEY 
ALL AMERICAN 
Marlton, NJ 
(609) 596-6666 

NORTH AMERICAN DISTRIBUTORS 

BELL MICROPRODUCTS 
Clifton, NJ 

TEXAS 

(201) 777-4100 

MILGRA Y ELECTRONICS 
Parsippany, NJ 
(201) 335-1766 

NEW YORK 
ALL AMERICAN 
Rochester, NY 
(716) 292-6700 

BELL MICROPRODUCTS 
Smithtown, NY 
(516) 543-2000 

NEW YORK (METRO) 
ALL AMERICAN 
Hauppauge, NY 
(516) 434-9000 

MAST DISTRIBUTORS 
Ronkonkoma, NY 
(516) 471-4422 

ALL AMERICAN 
Austin, TX 
(512) 335-2280 

ALL AMERICAN 
Houston, TX 
(713) 955-1993 

ALL AMERICAN 
Richardson, TX 
(972) 231-5300 

BELL MICROPRODUCTS 
Austin, TX 
(512) 258-0725 

BELL MICROPRODUCTS 
Richardson, TX 
(214) 783-4191 

MILGRA Y ELECTRONICS 
Austin, TX 
(512) 331-9961 

MILGRA Y ELECTRONICS 
MILGRAY ELECTRONICS (CORPORATE) Dallas, TX 
Farmingdale, NY (214) 248-1603 
(516) 420-9800 

MILGRA Y ELECTRONICS 
NEW YORK (UPSTATE) Stafford, TX 

MILGRA Y ELECTRONICS (713) 870-8101 
Pittsford, NY 
(716) 381-9700 UTAH 

ALL AMERICAN 
NORTH CAROLINA Midvale, UT 

ALL AMERICAN (801) 565-8300 
Morrisville, NC 
(919) 462-8950 BELL MICROPRODUCTS 

Centerville, UT 
MILGRA Y ELECTRONICS (801) 295-3900 
Raleigh, NC 
(919) 790-8094 MILGRAY ELECTRONICS 

Murray, UT 
OHIO (801) 261-2999 

ALL AMERICAN 
Warrensville Heights, OH VIRGINIA 
(216) 514-0625 BELL MICROPRODUCTS 

Herndon, VA 
MILGRA Y ELECTRONICS (703) 834-3696 
Cleveland, OH 
(216) 447-1520 WASHINGTON 

ALL AMERICAN 
OREGON Bothell, WA 

ALL AMERICAN (206) 806-4800 
Beaverton, OR 
(503) 531-3333 BELL MICROPRODUCTS 

Redmond, WA 
MILGRAY ELECTRONICS (206) 861-5710 
Beaverton, OR 
(503) 626-4040 WISCONSIN 

ALL AMERICAN 
PENNSYLVANIA Brookfield, WI 

BELL MICROPRODUCTS (414) 792-0438 
Doylestown, PA 
(215) 230-9833 
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