
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Note A: Real-Time Note B: Real-Time Note C: Storage Note D: Transfer Storage
Transfer Bus B to Bus A Transfer Bus A to Bus B DatatoAorB
r - U
R 1 A \ : '
L} L ) ) ) ) (N N] ) L}
. ) L} " ) < ) [N X] ) @ L
L} L} ) (AN ) (%) L] (NN [} 1% [}
< [ (] @ < . (XX} ' @ 2 ] (AN} ' 3 < L} ] ] @
(%} (%3 [%] [%3 ) [N ] [%] ] (%3
2 T T 2 a T TvT v 2 ] [RX] ' a2 1 1 1 2
] ' ) (LX) ] ] . .
L} L} L] " [} L] L}
[ ] ] o ' ] . .
[ ] ) LY ] . . ]
] [ . [ : [ ' :
. eyl i R L Y
-
-_— - TL/F/9581-8 —_—
TL/F/9581-6 TL/F/9581-7 OEAB OEDA CPAB CPBA SAB SBA TL/F/9581-9
OEAB OEBA CPAB CPBA SAB SBA OEAB OEBA CPAB CPBA SAB SBA X H - X x X OEAB OEBA CPAB CPBA SAB SBA
L L b3 X X L H H X X LoX L X X - X X H L HorL Horl H X
L H e e X X
Function Table
Inputs Inputs/Outputs (Note 1) Operating Mode
OEAB OEBA CPAB CPBA SAB SBA Ag thru Az Bg thru By
L H HorlL HorL X X Isolation
Input Input
L H v e X X Store A and B Data
X H e HorlL X X Input Not Specified Store A, Hold B
H H e e X X Input Output Store A in Both Registers
L X HorlL -~ X X Not Specified Input Hold A, Store B
L L e e X X Output Input Store B in Both Registers
L L X X X L Real-Time B Data to A Bus
Output Input
L L X HorlL X H Store B Data to A Bus
H H X X L X Real-Time A Data to B Bus
Input Output
H H HorL X H X Stored A Data to B Bus
Stored A Data to B Bus and
H L HorlL HorlL H H Output Output Stored B Data to A Bus

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

-/~ = LOW to HIGH Clock Transition

Note 1: The data output functions may be enabled or disabled by various signals at OEAB or OEBA inputs. Data input functions are always enabled, i.e., data at the
bus pins will be stored on every LOW to HIGH transition on the clock inputs.
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Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . .
" Free Air Ambient Temperature
Distributors for availability and specifications. Military —55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°C to +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5V to +5.5V
Vg Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Voo = 0V)
Standard Output —0.5Vto Vge
TRI-STATE Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated Ig (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units | Vce Conditions
Min Typ Max
Vi Input HIGH Voltage 2.0 \ Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voitage —-1.2 \ Min IIn = —18 mA (Non /0 Pins)
VoH Output HIGH 54F 10% Vo 20 loH = —12mA (An, Bp)
Voltage 74F 10% Voo 2.0 \' Min lon = —12mA (Ap, Bp)
74F 5% Voo 20 lon = —15mA (Ap, Bp)
VoL Output LOW 54F 10% Ve 0.55 v Min loL = 48 mA (Ap, Bp)
Voltage 74F 10% Vo 0.55 loL = 64 mA (Ap, Bp)
iH Input HIGH Current 5.0 pA Max | V|y = 2.7V (Non /O Pins)
Isvi Input HIGH Current VN = 7.0V
Breakdown Test 10 KA Max
lBvIT Input HIGH Current ViN = 5.5V (Ap, Bp)
Breakdown Test (I/0) 1.0 mA Max
L Input LOW Current —-0.6 mA Max | VN = 0.5V (Non /O Pins)
Iy + lozn | Output Leakage Current 70 RA Max | Vout = 2.7V (An, Bp)
i + lozL Output Leakage Current —650 LA Max | Vourt = 0.5V (Ap, Bp)
los Output Short-Circuit Current —100 —225 mA Max | Vout =0V
Icex Output HIGH Leakage Current 250 LA Max | Vout = Vcc
Izz Bus Drainage Test 500 RA 0.0V | Vout = Vcc
lccH Power Supply Current 105 135 mA Max | Vo = HIGH
lcoL Power Supply Current 118 150 mA Max | Vo =LOW
lccz Power Supply Current 115 150 mA Max | Vo = HIGHZ

4-536




AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C _ _
Symbol Parameter Vge = +5.0V TAc’ v:cso_ l:ll TA(’:VC: 50 C: m Units ':g
C_L = 50 pF L p L p
Min Max Min Max Min Max
fmax Max. Clock Frequency 90 90 MHz 2-1
tpLH Propagation Delay 2.0 7.0 2.0 8.0 ns 2.3
tPHL Clock to Bus 2.0 8.0 2.0 9.0
tpLH Propagation Delay 2.0 8.5 2.0 9.0 ns 2-3
tPHL Bus to Bus ('F651) 1.0 75 1.0 8.0
tpLH Propagation Delay 1.0 7.0 1.0 7.5 ns 2.3
tPHL Bus to Bus ('F652) 1.0 6.5 1.0 7.0
tPLH Propagation Delay 2.0 8.5 2.0 9.5 ns 23
tPHL SBAorSABtoAorB 2.0 8.0 2.0 9.0
AC Operating Requirements: ses Section 2 for Waveforms
74F 54F 74F
Ta = +25°C _ - Fig
Symbol Parameter Ve = +5.0V Ta, Vcc = Mil Ta, Vcc = Com Units No
Min Max Min Max Min Max
tpzH Enable Time 2.0 9.5 2.0 10.0
tpzL *OEBAto A 2.0 12.0 2.0 12.5
tPHZ Disable Time 1.0 75 1.0 8.0 ns 2.5
tpLz *OEBAto A 2,0 8.5 2.0 9.0
tpzH Enable Time 2.0 9.5 2.0 10.0
tpzL OEABtoB 3.0 13.0 3.0 14.0
tPHZ Disable Time 2.0 9.0 2.0 10.0 ns o5
tpLZ OEABto B 20 10.5 20 11.0
ts(H) Setup Time, HIGH or 5.0 5.0 ns 2.6
ts(L) LOW, Bus to Clock 5.0 5.0
th(H) Hold Time, HIGH or 2.0 2.0 ns 2-6
th(L) LOW, Bus to Clock 20 2.0
tw(H) Clock Pulse Width 5.0 5.0 ns o4
tw(l) HIGH or LOW 5.0 5.0
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National K
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54F/74F657 Octal Bidirectional Transceiver
with 8-Bit Parity Generator/Checker

and TRI-STATE® Outputs

General Description

The 'F657 contains eight non-inverting buffers with
TRI-STATE® outputs and an 8-bit parity generator/checker.
It is intended for bus-oriented applications. The buffers have
a guaranteed current sinking capability of 24 mA (20 mA mil)
at the A port and 64 mA (48 mA mil) at the B port.

Features

® 300 Mil 24-pin slimline DIP

m Combines 'F245 and 'F280A functions in one package
m TRI-STATE outputs

m B Outputs sink 64 mA (48 mA mil)

® 12 mA source current, B side

W Input diodes for termination effects

Ordering Code: see section 5

Logic Symbols Connection Diagrams
IEEE/IEC Pin Assignment Pin Assignment
i, [ Fmsnr for (lj)::, tSOI’:: for LCC and PLCC
o PR e e
000/ GSEEVD‘) /R 24|-0F IR
EVEN 64(0DD) 22 23}-5, 8E @
2K = A3 22 |8, OND i3] ElAg
11300 L paRry rp—{4 21}~-8, G:ZE %:g
0, 3(EVEN) j—ERROR e E 20|~8; B Voo
9, 4000) A,—6 19 }—GND 8, @A,
Ag—>{vo 14 [ B, Vee—17 18 |—GND i) 28 Az
Ay 5, As—18 17}~8, ("] n
Ay —> [—>5, Ag=19 16|—Bg 3 B9 (21 2 3 4 B3
Ay —> le—>8; A =f10 15}-8¢ By OET/RNC Ag A Ay
Aye—> le—> 8, 0DD/EVEN—{ 11 14}-8; TL/F/9584-3
As ¢ > 85 ERROR—{12 13 |=PARITY
Ag—> —> B
Ay ] l—>8; TL/F/9584-2
TL/F/9584-5
P Ly 1dld
_Ag Ay Ay Ay Ay A Ag Ay
—J/R
—Ojoe ERROR JO—
—] ODD/EVEN
By By B, By B, Bs Bg By PARMY

Frrrrrrrd

TL/F/9584-1
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Unit Loading/Fan Out: see Section 2 for U.L. definitions

54F/74F
Pin Names Description U.L. Input Lix/\iL
HIGH/LOW Output lgy/loL
Ao-A7 Data Inputs/ 4.5/0.15 90 pA/— 90 pA
TRI-STATE Outputs 150/40 (33.3) | —3 mA/24 mA (20 mA)
Bo-B7 Data Inputs/ 3.5/0.117 70 pA/ =70 pA
TRI-STATE Outputs 600/106.6 (80) | —12 mA/64 mA (48 mA)
T/R Transmit/Receive Input | 2.0/0.067 40 pA/—40 pA
OE Enable Input 2.0/0.067 40 pA/—40 pA
PARITY Parity Input/ 3.5/0.117 70 pA/~70pA
TRI-STATE Output 600/106.6 (80) | —12 mA/64 mA (48 mA)
ODD/EVEN | ODD/EVEN Parity Input |  1.0/0.033 20 pA/—20 pA
ERROR Error Output 600/106.6 (80) | —12 mA/64 mA (48 mA)

Functional Description

The Transmit/Receive (T/R) input determines the direction
of the data flow through the bidirectional transceivers.
Transmit (active HIGH) enables data from the A port to the
B port; Receive (active LOW) enables data from the B port
to the A port.

The Output Enable (OE) input disables the parity and
ERROR outputs and both the A and B ports by placing them
in a HIGH-Z condition when the Output Enable input is
HIGH.

When transmitting (T/R HIGH), the parity generator detects
whether an even or odd number of bits on the A port are
HIGH and compares these with the condition of the pari-

ty select (ODD/EVEN). If the Parity Select is HIGH and an
even number of A inputs are HIGH, the Parity output is
HIGH.

In receiving mode (T/R LOW), the parity select and number
of HIGH inputs on port B are compared to the condition of
the Parity input. If an even number of bits on the B port are
HIGH, the parity select is HIGH, and the PARITY input is
HIGH, then ERROR will be HIGH to indicate no error. If an
odd number of bits on the B port are HIGH, the parity select
is HIGH, and the PARITY input is HIGH, the ERROR will be
LOW indicating an error.

Function Table

Number of Input/
Inputs That Inputs Output Outputs
Are High OE T/R ODD/EVEN Parity ERROR Outputs Mode
0,2,4,6,8 L H H H z Transmit
L H L L z Transmit
L L H H H Receive
L L H L L Receive
L L L H L Receive
L L L L H Receive
1,357 L H H L 4 Transmit
L H L H z Transmit
L L H H L Receive
L L H L H Receive
L L L H H Receive
L L L L L Receive
Immaterial H X X z z Zz
H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
Z = High Impedance
Function Table
— Inputs — Outputs
OE T/R
L L Bus B Data to Bus A [‘ z Eéarvvo?::g:,;?,\:'
L H Bus A Datato Bus B X = Immaterial
H X High-Z State
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Functional Block Diagram

o _ﬂ—l 0,
TR
T
c‘: i—l-l 5
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e e B
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>° »"“B}b‘; »—1- : PARITY
o ODD/EVEN @ |
Dagi'pt

TL/F/9584-4
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D
Absolute Maximum Ratings (ote 1) 3
If Military/Aerospace specified devices are required, Current Applied to Output
contact the National Semiconductor Sales Office/ in LOW State (Max) twice the rated lg|_ (mA)
Distributors for availability and specifications. Note 1: Absolute maximum ratings are values beyond which the device may
Storage Temperature —65°C to +150°C be damageﬁ or have ilts u;eful life impaired. Functional operation under
. . . . these conditions is not implied.
Ambient Temperature under Bias —55°Cto +126°C Note 2: Either voltage limit or current limit is sufficient to protect inputs.
Junction Temperature under Bias —55°Cto +175°C
Vg Pin Potential to Recommended Operating
Ground Pin —0.5Vto +7.0V Conditions
Input Voltage (Note 2) —0.5Vto +7.0V Free Air Ambient Temperature
Input Current (Note 2) —30mAto +5.0 mA Military ~55°Cto +125°C
Voltage Applied to Output Commercial 0°Cto +70°C
in HIGH State (with Vgc = 0V) Supply Voltage
Standard Output —0.5Vto Ve Military +45Vto +5.5V
TRI-STATE Output —0.5Vto +5.5V Commercial +45Vto +55V
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max
VIH Input HIGH Voltage 2.0 \% Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 \" Min In= —18 mA
Vou Output HIGH 54F 10%Vcg 25 loH = —1mA (Ap)

Voltage 54F10% Vec | 24 loq = —3 mA (Ap, By, Parity, ERROR)
54F10% Vce | 2.0 loH = —12 mA (B, Parity, ERROR)
74F10% Voo | 2.5 lon = —1mA (Ay)
74F10% Voo | 2.4 \' Min lon = —3 mA (Ap, By, Parity, ERROR)
74F10% Voo | 2.0 loq = —12 mA (Bp, Parity, ERROR)
74F 5% Vcg 2.7 loH = —1mA (Ap)
74F 5% Vcg 2.7 loq = —3 mA (Ap, By, Parity, ERROR)
74F 5% Vcg 2.0 loq = —15 mA (B, Parity, ERROR)

VoL Output LOW 54F 10% Vcc 0.5 loL = 20 mA (Ap)

Voltage 54F 10% Vcg 0.55 v Min loL = 48 mA (B, Parity, ERROR)
74F 10% Voo 0.5 loL = 24 mA (Ap)
74F 10% Vcg 0.55 loL = 64 mA (B, Parity, ERROR)

I} Input HIGH Current 20 A Max VN = 2.7V (ODD/EVEN)
40 s Vin 2.7V (T/R, OF)
Isvi Input HIGH Current _ o | Vin = 7.0V (T/R, OE, ODD/EVEN)

Breakdown Test 100 | pA | Ve =0

lsvIT Input HIGH Current 1.0 mA Max ViN = 5.5V (Parity, Bp)
Breakdown Test (I/0) 2.0 VIN = 5.5 (Ap)
i Input LOW Current —20 A Max VN = 0.5V (ODD/EVEN)
—40 | M Vin = 0.5V (T/R, OF)
lozH Output Leakage Current 50 pA Max Vout = 2.7V (ERROR)
lozL Output Leakage Current —50 nA Max Vout = 0.5V (ERROR)
i + lozn | Output Leakage Current 70 A Max Viyo = 2.7V (Bp, Parity)
90 B Vio = 2.7V (Ap)
it + lozL | Output Leakage Current -70 A Max Viso = 0.5V (By, Parity)
-g0 | M Vio = 0.5V (Ap)
los Output Short-Circuit Current —60 —150 mA Max VouTt = 0V (An)
-100 —225 Vout = 0V (Bp, Parity, ERROR)
lcEx Output HIGH Leakage 250 pA Max Vout = Ve (ERROR)
Current 1.0 mA Max Vout = Vcc (Bn, Parity)
2.0 mA Max Vout = Ve (An)
Izz Bus Drainage Test 500 nA 0.0v Vout = Vce (An, Bp, Parity, ERROR)
lccH Power Supply Current 101 125 mA Max Vo = HIGH
lcoL Power Supply Current 112 150 mA Max Vo = LOW
lccz Power Supply Current 109 145 mA Max Vo = HIGH 2
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C )
_ Ta, Vec = Mil Ta, Vcc = Com Fig
Symbol Parameter Vee = +5.0V CL = 50 pF CL = 50 pF Units No
CL = 50 pF
Min Typ Max Min Max Min Max
tPLH Propagation Delay 25 4.5 8.0 25 9.5 25 9.0 ns 2-3
tPHL AntoBp, Bhto A 3.0 4.9 7.5 3.0 8.5 3.0 8.0
tpLH Propagation Delay 6.5 10.1 14.0 5.5 18.0 6.0 16.0 ns 2.3
tPHL An to Parity 7.0 10.9 15.0 5.5 20.5 6.0 16.5
tpLH Propagation Delay 4.5 7.8 11.0 4.0 14.0 4.0 13.0 ns 2.3
tPHL ODD/EVEN to PARITY 45 8.8 12.0 45 16.5 45 13.5
tpLH Propagation Delay 4.5 7.5 11.0 4.0 14.0 4.0 13.0 ns 2.3
tpHL ODD/EVEN to ERROR 45 8.2 12.0 4.5 16.5 45 13.5
tPLH Propagation Delay 8.0 14.0 20.5 7.5 27.0 7.5 23.0 ns 2.3
tPHL Bn to ERROR 8.0 15.0 21.5 75 28.5 7.5 23.5
tPLH Propagation Delay 7.0 10.8 1565 6.0 20.0 6.0 17.0 ns 2-3
tPHL PARITY to ERROR 7.5 11.8 16.5 6.5 22.0 75 18.5
tpzH Output Enable Time 3.0 5.0 8.0 25 11.0 25 9.5 ns 2.5
tpzL OE to Ay/Bp 4.0 6.5 10.0 35 13.5 3.5 11.0
tpHZ Output Disable Time 1.0 45 8.0 1.0 9.5 1.0 9.0 ns 2 s
tpLz OE to Ap/Bj, 1.0 4.9 7.5 1.0 8.5 1.0 8.0
tpzH Output Enable Time 3.0 5.0 8.0 2.5 11.0 25 9.5 ns 2.5
tpzL OE to ERROR (Note 1) 4.0 7.7 10.0 3.5 135 35 11.0
tpHz Output Disable Time 1.0 45 8.0 1.0 9.5 1.0 9.0 ns 2.5
tpLz OE to ERROR 1.0 4.9 7.5 1.0 8.5 1.0 8.0
tpzH Output 8Enable Time 3.0 5.0 8.0 25 11.0 25 9.5 ns o5
tpzL OE to PARITY 4.0 7.7 10.0 3.5 13.5 3.5 11.0
tPHZ Output Disable Time 1.0 4.6 8.0 1.0 9.5 1.0 9.0 ns 25
tpLz OE to PARITY 1.0 5.1 75 1.0 8.5 1.0 8.0

Note 1: These delay times reflect the TRI-STATE recovery time only and not the signal time through the buffers or the parity check circuity. To assure VALID
information at the ERROR pin, time must be allowed for the signal to propagate through the drivers (B to A), through the parity check circuitry (same as A to
PARITY), and to the ERROR output after the ERROR pin has been enabled (Output Enable times). VALID data at the ERROR pin > (A to PARITY) + (Output
Enable Time).
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54F/74F673A

16-Bit Serial-In, Serial/Parallel-Out Shift Register

General Description

The 'F673A contains a 16-bit serial-in, serial-out shift regis-
ter and a 16-bit parallel-out storage register. A single pin
serves either as an input for serial entry or as a TRI-
STATE® serial output. In the Serial-out mode, the data recir-
culates in the shift register. By means of a separate clock,
the contents of the shift register are transferred to the stor-
age register for parallel outputting. The contents of the stor-
age register can also be parallel loaded back into the shift
register. A HIGH signal on the Chip Select input prevents
both shifting and parallel transfer. The storage register may
be cleared via STMR.

Features

Serial-to-parallel converter

16-bit serial 1/0 shift register
16-bit parallel-out storage register
Recirculating serial shifting
Recirculating parallel transfer
Common serial data I/0 pin

m Slim 24 lead package

Ordering Code: see section 5

Logic Symbols

si/0
cs
SHCP
R/W
STMR
STCP
Qo Qy Q; Q3 Q4 Q5 Q Q7 Qg Qg Q19 011Q12Q13014 %5

TL/F/9585-1

IEEE/IEC
SRG16
STMR ——LR10
STcP E:>8(0/1)C9
| o D
o B
B 34 s1/0
[ :IENG ? 77 j ’
—E 68
& _
W"—h} C4/3 —
= L
473,40
111,3,4D |9D 10211 Q
412,340 Jop 10212 Q
Q
Qs
Qs
9
——Q8
—_._Q9
Qo
Q4
— Q2
Q3
Q4
26,3,4075 |9D 10226 Qs

TL/F/9585-4
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Connection Diagrams

Pin Assignment

for DIP, SOIC and Flatpak

— /

cs—1 24—V
SHCP—{ 2 2305
R/W—3 2210y
STMR—] 4 21f~q,3
STCP—15 20~Q,,
si/o—6 19}=0y,

Q=7 180y

I 17}-0

Q=19 16-0g

oz =10 15}=q,

Q=11 14|05
GND—12 13=Qg

TL/F/9585-2

Pin Assignment

for LCC and PCC
Q, Q4 Qg NC SI/0 STCP STMR
[ [0 [ (81 (D (€] (8]
[ b b b b | [ ]

Q3 @ A RrR/W
Q4 3] [3] SHCP
GND [i2] s
NC i3 ANe
Qs i8] 28 Ve
Qg [ 27 Q5

0y [l [28 Q44

[P RCRCRO
Qg Qg Qqp NC Qq1 Q15 Qq3

TL/F/9585-3

Unit Loading/Fan Out: see section 2 for U.L. dsfinitions

54F/74F

Pin Names Description U.L. Input /I

HIGH/LOW Output lon/loL
cs Chip Select Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA
SHCP Shift Clock Pulse Input (Active Falling Edge) 1.0/1.0 20 pA/—0.6 mA
STMR Store Master Reset Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA
STCP Store Clock Pulse Input 1.0/1.0 20 pA/—0.6 mA
R/W Read/Write Input 1.0/1.0 20 pA/—0.6 mA
SI/0 Serial Data Input or 3.5/1.0 70 pA/—0.6 mA

TRI-STATE Serial Output 150/40 (33.3) | —3 mA/24 mA (20 mA)

Qo-Q15 Parallel Data Outputs 50/33.3 —1mA/20 mA

Functional Description

The 16-bit shift register operates in one of four modes, as
indicated in the Shift Register Operations Table. A HIGH
signal on the Chip Select (CS) input prevents clocking and
forces the Serial Input/Output (SI/0) TRI-STATE buffer into
the high impedance state. During serial shift-out operations,
the SI/0 buffer is active (i.e., enabled) and the output data
is also recirculated back into the shift register. When parallel
loading the shift register from the storage register, serial
shifting is inhibited.

The storage register has an asynchronous master reset
(STMR) input that overrides all other inputs and forces the
Qop-Q15 outputs LOW. The storage register is in the Hold
mode when either CS or the Read/Write (R/W) input is
HIGH. With CS and R/W both LOW, the storage register is
parallel loaded from the shift register.
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Shift Register Operations Table §
_ fontrol Inputs s?I/‘O Operating Mode
cs R/W SHCP STCP atus
H X X X High Z Hold H = HIGH Voltage Level
L L X DataIn Serial Load L = LOW Voltage Level
Serial Outout X = Immaterial o
L H ~_ L Data Out 'erla u pu ) - = HIGH-to-LOW Transition
with Recirculation
. Parallel Load;
L H ~ H Active No Shifting
Storage Register Operations Table
Control Inputs Operating
STMR | ©S | R/W | STCP Mode
H = HIGH Voltage Level
L X X X Reset; Outputs LOW L = LOW Voltage Level
X = Immaterial
H H X Hold _/~ = LOW-to-HIGH Transition
H X H X Hold
H L L e Parallel Load
Block Diagram
s —of> 'D :
Q v
PE Po-P
»] D, 0715 L—-sr/o
< SHIFT REGISTER
SHCP ! ) Of cp Q-5
R N
/W > ) P
i/
A6 A6
% v
Do=D15
STORAGE REGISTER
N O cP
STCP MR Qp-Q
P 0~Q15
s ——o0] >0 T
A6
v
Q=045
TL/F/9585-5
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Absolute Maximum Ratings (vote 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . .
" N Free Air Ambient Temperature
Distributors for availability and specifications. Military —B5°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C  gypply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5V to +5.5V
V¢ Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Vgc = 0V)
Standard Output —0.5VtoVee
TRI-STATE Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated lg|_ (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units | Vee Conditions
Min  Typ Max
ViH Input HIGH Voltage 2.0 \ Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 A Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 \" Min | Iy = —18 mA (Non /0 pins)
VoH Output HIGH 54F10% Vgc | 25 loH = —1mA (Qp, SI/0)
Voltage 54F10% Voo | 2.4 loH = —3 mA (SI/0)
74F10% Voo | 25 v Min loH = —1mA (Qp, SI/0)
74F10% Voo | 2.4 loq = —3mA (SI/0)
74F 5% Voo 2.7 lon = —1mA (Qp, SI/0)
74F 5% Voo 2.7 loqH = —3mA (SI/0)
VoL Output LOW 54F 10% Vo 0.5 loL = 20 mA (All outputs)
Voltage 74F 10% Ve 0.5 \ Min | loL =20 mA (Qp)
74F 10% Vcc 0.5 loL = 24 mA (SI/0)
I Input HIGH Current 20 pA Max | V|y = 2.7V (Non /0O pins)
IBviI Input HIGH Current ViN = 7.0V (Non I/0 pins)
Breakdown Test 100 KA Max
lsviT Input HIGH Current 1.0 mA Max | V|Ny = 5.5V (SI/0)
Breakdown Test (I/0)
M Input LOW Current —0.6 mA Max | V|y = 0.5V
Iy + Output Leakage Current 70 wA Max | Vour = 2.7V (SI/0)
lozH
I + Output Leakage Current —650 A Max | Vour = 0.5V (SI/0)
lozL
los Output Short-Gircuit Current —60 —150 mA Max | Voyur = OV
lcEx Output HIGH Leakage Current 250 pA Max | Vout = Vcc
Izz Bus Drainage Test 500 pA 0.0V | Vout = Veo
lccH Power Supply Current 114 172 mA Max | Vo = HIGH
lcoL Power Supply Current 114 172 mA Max | Vo =LOW

4-546




AC Electrical Characteristics: sce section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C "
Ta, Vee = Mil | Ta,Vec = Com Fig
Symbol Parameter Vee = +5.0V — 7= Units
CL = 50 pF CL = 50 pF CL = 50 pF No
Min Typ Max Min Max Min Max

fmax Maximum Clock Frequency 100 130 85 MHz | 2-1
tPLH Propagation Delay 3.0 8.0 10.5 25 12.0 ns 2-3
tPHL STCP to Qp 3.0 10.5 13.5 25 15.0
tPHL Propagation Delay

STMR 0 Qp, 6.0 16.5 20.5 5.5 22.5 ns 2-3
tPLH Propagation Delay 4.0 6.5 8.5 3.5 9.5 ns P
tPHL SHCP to SI/0 4.5 8.0 10.5 4.0 12.0
tpzH Output Enable Time 5.0 8.5 11.0 4.0 125
tpzL CStoSI/O0 5.5 9.0 11.5 45 13.0 ns | 225
tpHz Output Disable Time 3.5 5.5 7.5 3.0 8.5
tpLz CStoSI’O 3.0 45 6.5 25 75
tpzH Output Enable Time 4.5 7.5 9.5 4.0 10.5
tpzL R/W to SI/O 45 8.0 10.0 4.0 11.5 ns | 2-5
tpHZ Output Disable Time 3.0 5.5 7.0 2.5 8.0
tpLz R/W to SI/0 25 4.0 5.5 2.0 6.5
AC Operating Requirements: see section 2 for Waveforms

54F/74F 54F 74F
Ta = +25°C _ _ . Fig
Symbol Parameter Veo = +5.0V Ta, Vce = Mil Ta, Vcc = Com | Units No
Min Max Min Max Min Max

ts(H) Setup Time, HIGH or LOW 3.5 4.0
ts(L) CSor R/W to STCP 6.0 7.0 ns ag
th(H) Hold Time, HIGH or LOW 0 0
th(L) CSorR/Wto STCP 0 0
ts(H) Setup Time, HIGH or LOW 3.0 3.5
fs(L) SI/0 to SHCP 3.0 3.5 ns P
th(H) Hold Time, HIGH or LOW 3.0 3.5
th(L) SI/0 to SHCP 3.0 3.5
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54F/74F674

ADVANCED INFORMATION

16-Bit Serial/Parallel-In, Serial-Out Shift Register

General Description

The 'F674 is a 16-bit shift register with serial and parallel
load capability and serial output. A single pin serves alter-
nately as an input for serial entry or as a TRI-STATE® serial
output. In the serial-out mode the data recirculates in the
register. Chip Select, Read/Write and Mode inputs provide
control flexibility.

Features

m 16-Bit serial 170 shift register

m 16-Bit parallel-in, serial-out converter
m Recirculating serial shifting

m Common serial data /0 pin

m Slim 24 lead DIP

Logic Symbols Connection Diagrams
I T O O I | oronnAsugnment
cs Po P1 P2 Ps Py P5 Pg Py Pg Py PygPy1P1aPy3Pi4Pys ’ P
_ N
cP {1 24|-Veo
R/W 2 23}=p,s
M s1/0 R/W—{3 22=Pyy
I NC—{ 4 21}~Py3
TL/F/9586-1 M5 20=Pyp
si/o—6 19}=Py,
IEEE/IEC Po—7 1] ST
oTe L E 17}-Pg
M=—1°1,0 P,—9 16}=Pg
1 3 Pz—{10 15—P;
R/"_/—E & Pa—{11 14}-pg
_[: EN GND—{12 13}~Ps
cs &
— Cc4(0/1/2, TL/F/9586-2
& —b (0/1/2)-
Po 3,4D  (0,1,2) 4D e
Py——13, 4D Pin Assignment
P for LCC and PCC
Pz P, Py Po NCSI/OM NC
3 [ [ E BE
Py = (o o ol o ]
Ps —— P32 @ RN
P ——T N B3
P GND @G
97 NCE mNC
8 Ps Vee
Py —— Pg Pis
Pro—— Py Py
Py = (RO
Pip —— mEE
P Pg PgP1gNCP1P12Py3
13 TL/F/9586-3
P14 =—
Pyg =——13,4D ' v »- SI/0

TL/F/9586-4
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Functional Description

The 16-bit shift register operates in one of four modes, as Serial Output—the SI/0 TRI-STATE buffer is active and the
indicated in the Shift Register Operations Table. register contents are shifted out from Q45 and simulta-
Hold—a HIGH signal on the Chip Select (CS) input prevents neously shifted back into Qo.

clocking and forces the Serial Input/Output (SI/0) TRI- Parallel Load—data present on Po—P15 are entered into the
STATE buffer into high impedance state. register on the falling edge of CP. The SI/O TRI-STATE
Serial Load—data present on the SI/O pin shifts into the buffer is active and represents the Q15 output.

register on the falling edge of CP. Data enters the Qg posi- To prevent false clocking, CP must be LOW during a LOW-
tion and shifts toward Q45 on successive clocks. to-HIGH transition of CS.

Shift Register Operations Table

— CQ:troI Inplis — sst"to Operating Mode
Cs R/W ] CP atus

H X X X High Z Hold

L L X ~ Data In Serial Load

L H L ~ Data Out Sgnal OL.Itpm .

with Recirculation
. Parallel Load;
L H H ~ Active No Shifting

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

- = HIGH-to-LOW Transition

Block Diagram

N _.[>__:Dc Po~Pis

A 4

Po=P15
Q5 L—» si/0
& cP

al
I
&

R+

TL/F/9586-5
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54F/74F675A

16-Bit Serial-In, Serial/Parallel-Out Shift Register

General Description

The 'F675A contains a 16-bit serial in/serial out shift regis-
ter and a 16-bit parallel out storage register. Separate serial
input and output pins are provided for expansion to longer
words. By means of a separate clock, the contents of the
shift register are transferred to the storage register. The
contents of the storage register can also be loaded back
into the shift register. A HIGH signal on the Chip Select
input prevents both shifting and parallel loading.

Features

m Serial-to-paralle! converter

m 16-Bit serial 1/0 shift register

m 16-Bit parallel out storage register
m Recirculating parallel transfer

m Expandable for longer words

m Slim 24 lead package

m 'F675A version prevents false clocking through CS or
R/W inputs

Ordering Code: sce Section 5
Logic Symbols

1

cs N

STCP 0y 9y @y 03 Q4 Q5 Qg Q7 Qg Qg Q4gQy4Qy5 Q3044 Qy5 SO

TL/F/9587-1
IEEE/IEC
7 (0/1)CS SRets
[ 0 HOLD
stee °}u9 1 SHIFT RIGHT
Sw 173 2 SHIFT RIGHT
R/W & 3 PARALLEL LOAD

EN6

c_s-E 67 5F—s0
& -
i c4/3
SHCP —b) I: She

Sl—-3,4D
-10,3,4D 8D
|11.3.4D 8D

—

9210f—0,
9z11—0,

1263, 8D

TL/F/9587-5

Connection Diagrams

Pin Assignment
for DIP, SOIC
and Flatpak
— /

. CS=—1 24-Vee
SHCP—{ 2 23=Q5
R/W—3 22~Qy4

sl—{4 2103
STcP—15 20f—0Qy,
S0—16 190y
Qo— 7 18 —Qw
Q-8 1710
Q=19 16—Qg
Q;—{10 1510,
Q= 14—=Qg
GND—]12 131=05
TL/F/9587~2

Pin Assignment
for LCC and PCC

Q, Qq Qp NC SOSTCPSI
[1 9 (3] [81 (7] (6] (5]
[l bd ol b b b )

Qg R/W
QB SHCP
oND (kS
Nc 5 [@Ne
Qs Vee
% Q5
Q; i8] Z8 0y,
@l 2]
Qg Qg Q19 NC Q41 Q2 Q43
TL/F/9587-3
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Unit Loading/Fan Out: see section 2 for U.L. definitions g
54F/74F
Pin Names Description U.L. Input hiy/liL
HIGH/LOW | Output lgn/loL
S| Serial Data Input 1.0/1.0 20 pA/—0.6 mA
CS Chip Select Input (Active LOW) 1.0/1.0 20 nA/—0.6 mA
SHCP Shift Clock Pulse Input (Active Falling Edge) 1.0/1.0 20 pA/—0.6 mA
STCP Store Clock Pulse Input (Active Rising Edge) 1.0/1.0 20 pA/—0.6 MA
R/W Read/Write Input 1.0/1.0 20 pA/—0.6 mA
SO Serial Data Output 50/33.3 —1mA/20 mA
Qp-Q15 Parallel Data Outputs 50/33.3 —1mA/20 mA
Functional Description Shift Register Operations Table
The 16-Bit shift register operates in one of four modes, as Control Inputs Operating
determingd by the signals applied to the Chip Select .(CS). cs R/W SHCP STCP Mode
Read/Write (R/W) and Store Clock Pulse (STCP) input.
State changes are indicated by the falling edge of the Shift H X X X Hold
Clock Pulse (SHCP). In the Shift Right mode, data enters Dg L L ™~ X Shift Right
from the Serial Input (S!) pin and exits from Qqs via the L H ~~ L Shift Right
Serial Data Output (SO) pin. In the Parallel Load mode, data
from the storage register outputs enter the shift register and L H ™~ H Paralk?l !_oad,
serial shifting is inhibited. No Shifting
The storage register is in the Hol_d_ mode when either CS or . R bl
R/W is HIGH. With TS and R/W both LOW, the storage Storage Register Operations Table
register is parallel loaded from the shift register on the rising Inputs Operating
edge of STCP. j— s Mode
To prevent false clocking of the shift register, SHCP should cs R/W STCP
be in the LOW state during a LOW-to-HIGH transition of CS. H X X Hold
To prevent false clocking of the storage register, STCP L H X Hold
should be LOW during a HIGH-to-LOW transition of CS if L L Va Parallel Load
R/W is LOW, and should also be LOW during a HIGH-to- H = HIGH Vortag Level
4o W if 8 i = oltage Level
LOW transition of R/W if CS is LOW. L — LOW Voltage Level
X = Immaterial
—/~ = LOW-to-HIGH Transition
™\~ = HIGH-to-LOW Transition
Logic Diagram
c‘s—o% '! )c ‘L
v
s % PE Po=Pis
SHCP cpP Qs » SO
Q=05
R/W—-D Ais
A 4
Do=Dys
STCP—D—— P
Q=05
Ais
v
Q-Q
0TS TL/F/9587-4
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ : .
" . " N Free Air Ambient Temperature
Distributors for availability and specifications. Military —55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°C to +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +55V
Vcg Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0vV
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Vcc = 0V)
Standard Output —0.5VtoVee
TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated lg_ (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 \" Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \" Recognized as a LOW Signal
Vebp Input Clamp Diode Voltage —-1.2 \" Min In= —18mA
VoH Output HIGH 54F 10% Vce 25 loy = —1mA
Voltage 74F 10% Vo 2.5 \ Min loH= —1mA
74F 5% Voo 2.7 lon= —1mA
VoL Output LOW 54F 10% Vg 0.5 v Min loL = 20 mA
Voltage 74F 10% Ve 0.5 loL = 20 mA
I Input HIGH Current 20 HA Max ViN =27V
Igvi Input HIGH Current VN = 7.0V
Breakdown Test 100 KA Meax
e Input LOW Current —0.6 mA Max ViN = 0.5V
los Output Short-Circuit Current —60 —150 mA Max Vout = 0V
Icex Output HIGH Leakage Current 250 pA Max Vout = Vco
lccH Power Supply Current 106 160 mA Max Vo = HIGH
lcoL Power Supply Current 106 160 mA Max Vo = LOW
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AC Electrical Characteristics: seo Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C
_ Tas Vecc = Mil | Ta, Vec = Com Fig
Symbol Parameter Vee = +5.0V CL = 50 pF CL = 50 pF Units No
CL = 50 pF
Min Typ Max Min Max Min Max
frmax Maximum Clock Frequency 100 130 85 MHz | 2-1
tPLH Propagation Delay 3.0 8.0 10.5 25 12.0 ns 2-3
tPHL STCPto Q, 3.0 10.5 13.5 25 15.0
tpLH Propagation Delay 4.0 7.0 9.5 3.5 10.5 ns 2.3
tPHL SHCP to SO 4.5 8.0 10.5 4.0 12.0
AC Operating Requirements: see section 2 for Waveforms
74F 54F 74F
Ta = +25°C _ _ Fig
Symbol Parameter Voo = +5.0V Ta, Vec = Mil Ta,Vec = Com | Units No
Min Max Min Max Min Max
ts(H) Setup Time, HIGH or LOW 35 4.0
ts(L) CS or R/W to STCP 5.5 6.5 ns o_6
th(H) Hold Time, HIGH or LOW 0 0
th(L) CS or R/Wto STCP 0 0
ts(H) Setup Time, HIGH or LOW 3.0 3.5
ts(L) Sl to SHCP 3.0 35 ns 26
th(H) Hold Time, HIGH or LOW 3.0 3.5
th(L) Sl to SHCP 3.0 3.5
ts(H) Setup Time, HIGH or LOW 6.5 7.5
ts(L) R/W to SHCP 9.0 10.0 ns o6
th(H) Hold Time, HIGH or LOW 0 0
th(L) R/W to SHCP 0 [}
ts(H) Setup Time, HIGH or LOW 7.0 8.0
ts(L) STCP to SHCP 7.0 8.0 ns o8
th(H) Hold Time, HIGH or LOW 0 0
th(L) STCP to SHCP 0 0
ts(H) Setup Time, HIGH or LOW 3.0 3.5
ts(L) CS to SHCP 3.0 3.5 ns 2.6
th(H) Hold Time, HIGH or LOW 3.0 3.5
thiL) CS to SHCP 3.0 3.5
tw(H) SHCP Pulse Width 5.0 6.0
twil) HIGH or LOW 5.0 6.0 ns P
tw(H) STCP Pulse Width 6.0 7.0
tw(l) HIGH or LOW 5.0 6.0
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54F/74F676

16-Bit Serial/Parallel-In, Serial-Out Shift Register

General Description

The 'F676 contains 16 flip-flops with provision for synchro-
nous parallel or serial entry and serial output. When the
Mode (M) input is HIGH, information present on the parallel
data (Pp—P15) inputs is entered on the falling edge of the
Clock Pulse (CP) input signal. When M is LOW, data is shift-
ed out of the most significant bit position while information
present on the Serial (Sl) input shifts into the least signifi-
cant bit position. A HIGH signal on the Chip Select (CS)
input prevents both parallel and serial operations.

Features

W 16-bit parallel-to-serial conversion
® 16-bit serial-in, serial-out

m Chip select control

W Slim 24 lead 300 mil package

Ordering Code: see section 5

Logic Symbols Connection Diagrams
Lttt Pin Assignment
~Olcs Po P1 P2 P3 Py Ps Pg Py Pg Py PygPyyPyaPysPyyPys for DIP, SOIC and Flatpak
~Qjcp _ \/
s i 24 |=Vee
2 23 }—p.
—u 0 15
Ne—3 2}-r,
I si—{4 21}=Pys
TL/F/9588-1 IV P 20 P|2
\EEE/IEC so—{6 19}~py,
EE/} Po—{7 18}~Pyo
v—lo SRG16, P,—8 17},
“‘3 1 9
1 P,—9 16}-pg
& « P Ps—{10 15}~p,
(3 P11 14}-Pg
ro—{2. 3 GND—{12 13}-p5
P TL/F/9588-2
P —
,,2_ Pin Assignment
o for LCC and PCC
——
— Py Py Pg NC SO M SI
Ps [ 9 & EE
o] o o o o o )
o] Py 2 ENe
7 P, 3 @ P
Pg=— GND i@ @S
Pg=— NC 8 [TINC
P'o— P5 VCC
Pyy=—t Ps E:w
P, @ £
Pig—] 7 14
- (PR
o . B
14 Pg PgPygNC PyyPyz Pys
Ps—230 | TL/F/9588-3
Si=—{1,30

TL/F/9588-4
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Unit Loading/Fan Out: see Section 2 for U.L. definitions

54F/74F

Pin Names Description U.L. Input hy/h

HIGH/LOW | Output lon/loL
Po-P1s5 Parallel Data Inputs 1.0/1.0 20 pA/—0.6 MA
cs Chip Select Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA
CP Clock Pulse Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA
M Mode Select Input 1.0/1.0 20 pA/—0.6 MA
S| Serial Data Input 1.0/1.0 20 pA/—0.6 mA
SO Serial Output 50/33.3 —1mA/20 mA

Functional Description
The 16-bit shift register operates in one of three modes, as Shift Register Operations Table

indicated in the Shift Register Operations Table.
HOLD—a HIGH signal on the Chip Select (CS) input pre- Control Input Operating Mode
vents clocking, and data is stored in the sixteen registers. cs M CP
Shift/Serial Load—data present on the Sl pin shifts into H X X Hold
the register on the falling edge of CP. Data enters the Qg L L -~ Shift/Serial Load
position and shifts toward Q15 on successive clocks, finally L H ~ Parallel Load
appearing on the SO pin. arallel Loa
Parallel Load—data present on Po-P5 are entered into H = HIGH Voltage Level
the register on the falling edge of CP. The SO output repre- ')'( - Ier;vaX;ilﬁge Level
sents the Qs register output. - = HIGH-to-LOW Transition
To prevent false clocking, CP must be LOW during a LOW-
to-HIGH transition of CS.
Block Diagram
M
Po=P1s5
[
PE Po=P1s5
Q5 ——>50
s N »lo
| g ]

TL/F/9588-5
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Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ ' .
Free Air Ambient Temperature
Distributors for avalilability and specifications. Military —_55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
V¢ Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Vgg = 0V)
Standard Output —0.5Vto Vge
TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated lg; (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functi P under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 20 \ Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 \ Min In= —18 mA
VoH Output HIGH 54F 10% Vg 25 loH = —1mA
Voltage 74F 10% Vg 25 \ Min loH= —1mA
74F 5% Voo 2.7 loH = —1mA
VoL Output LOW 54F 10% Vo 0.5 v Min loL = 20 mA
Voltage 74F 10% Vo 0.5 loL = 20 mA
1T} Input HIGH Current 20 rA Max VN = 2.7V
Igvi Input HIGH Current VIN = 7.0V
Breakdown Test 100 KA Max
[T Input LOW Current —0.6 mA Max | VN = 0.5V
los Output Short-Circuit Current —60 —150 mA Max Vout = 0V
lcEx Output HIGH Leakage Current 250 rA Max Vout = Vee
lcc Power Supply Current 52 mA Max
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C _ _
Symbol Parameter Vee = +5.0V Té’ v__‘f%; h:“ TA(’:V(:: 50 C: ™ | units ::3
CL = 50 pF L P L p
Min Typ Max Min Max Min Max
fmax Maximum Clock Frequency 100 110 45 90 MHz | 2-1
tpLH Propagation Delay 4.5 9.0 11.0 4.5 17.0 4.5 12.0 ns 2_3
tPHL CPt0 SO 5.0 9.0 125 5.0 14.5 5.0 13.5
AC Operating Requirements: ses Section 2 for Waveforms
74F 54F 74F
Ta = +25°C _ _ Fig
Symbol Parameter Vee = +5.0V Tas Vec = Mil Ta,Vcc = Com | Units No
Min Max Min Max Min Max

ts(H) Setup Time, HIGH or LOW 4.0 4.0 4.0
ts(L) Sl to CP 4.0 4.0 4.0 ns 2.6
th(H) Hold Time, HIGH or LOW 4.0 4.0 4.0
th(L) Slto CP 4.0 4.0 4.0
ts(H) Setup Time, HIGH or LOW 3.0 3.0 3.0
ts(L) Pn to CP 3.0 3.0 3.0 ns | 2-6
th(H) Hold Time, HIGH or LOW 4.0 4.0 4.0
th(L) Pnto CP 4.0 4.0 4.0
ts(H) Setup Time, HIGH or LOW 8.0 8.0 8.0
ts(L) M to CP 8.0 8.0 8.0 ns | 2-6
th(H) Hold Time, HIGH or LOW 2.0 2.0 2.0
th(L) Mto CP 2.0 2.0 2.0
ts(b) Setup Time, LOW 10.0 12.0 10.0

CStoCP

- ns 2-6

th(H) Hold Time, HIGH

CSt0CP 10.0 10.0 10.0
tw(H) CP Pulse Width 4.0 5.0 4.0 ns 2-4
tw(l) HIGH or LOW 6.0 9.0 6.0
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54F/74F701

ADVANCED INFORMATION

Register, Counter, Comparator

General Description

The 'F701 is a high speed 8-bit expandable regis-
ter/counter/comparator. It is capable of synchronous load-
ing of the counter and/or register as well as an up/down
counting facility. The device incorporates an 8-bit bidirec-
tional data bus which is used to input data to the register or
counter. The data bus is also used to output the values held
in the register and counter. Internal data paths allow the
value held in the register to be transferred to the counter or
the values to be transferred from the counter to the register.
The outputs of the counter and the register are compared in
an “A=B" comparator.

Features

| 8-bit counter/register/comparator

m Synchronous parallel loading and counting

® Look ahead carry capability for easy cascading
m TRI-STATE® output for bus organized systems
® Multi data path routing

B 80 MHz count frequency

m Fully expandable for 16, 24, 32, etc., bit systems

Logic Symbol

Do D; D, Dy D, Dy Dg Dy

Sp—
Sy — — 1c
Sy =

LE =

OF —
CLOCK =—
CET —
CLRC —
SEL —

—— CLRR

a=b
TL/F/9589-3

Connection Diagram

Pin Assignment for DIP,
SOIC and Flatpak
N\

CET—1 24~TC
CLRC—] 2 23=Dg
CLRR—3 221D,

CLOCK—1 4 21-D,

SEL=—15 20 -0,
GND—]6 19}-Vee
GND—]7 181=Vec

0E—{8 1710,
s;—9 16 |—Ds
sy—{10 15—Dg
So—{11 14]-0;
LE=12 13=0g=p

TL/F/9589-1
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Functional Block Diagram

s &c ’ £ 0(0:7)
Ty

«>—>0
SEL W ] seux
S2
o E
S1 § ——[_MUX MUX

COUNTER H'—DO_D i

Y

COMPARATOR Oa=b

TL/F/9589-2
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702

National
Semiconductor

54F/74F702
Read-Back Transceiver

General Description

The 'F702 is a byte wide readback transceiver with bidirec-
tional controls. It is a buffered transceiver that features
readback capabilities allowing previously latched data to be
read back to the originating bus. These extra pathways are
controlled with separate enables in order to allow indepen-
dent operation of each side of the transceiver.

The Read-Back Transceiver can be used as a buffered in-
terface between two busses. Data can be transmitted from
A to B and temporarily stored in the B latch. Later, the data
in the B latch can be accessed by the A bus in order to
verify that the correct data is held by the B latch.

ADVANCED INFORMATION

Bus integrity can be verified using the 'F702. Data from A is
stored in the B latch. Later, the data is fed back to the A bus
and compared to a matching word in the system. If the
match is good, then the A bus is maintaining the correct
state. The B bus can also be checked in the same manner.

Features

W Bi-directional control

m Allows feedback from latches to original data bus

m Allows independent operation of each side of the
transceiver

® 300 Mil 24-pin slimline DIP

Logic Symbol
I I I I

SELAB Ay Ay Ay Ag Ay A5 Ag Ay
SELBA

OEA

OEB

LEA

LE8 B, B; B, B; By Bs Bg By

TL/F/9590-1

Connection Diagram

Pin Assignment
for DIP, SOIC and Flatpak
-/ _
SELBA=]1 24 |—LEB
Ag—]2 23 |—0EB
AM—13 22—By
Ap—4 21}-8,
Az=15 20 =B,
Vec—16 1985
Ay—17 18 [=GROUND
As—18 17}-8,
Ag—{9 16|85
A;—{10 15 |=Bg
OEA—] 11 14]-~By
EA-12 13 |—=SELAB

TL/F/9590-2
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Functional Block Diagram

LEA |:>—| >OT
A SELAB
otA >—>o
Ay <— l- —> By
. LEB
LEA OFEA oeB

A <— READBACK . TRANSCEIVER O By
T | | I

Ay <3 = READBACK . TRANSCEIVER I D B,
T | | [

Az <& I READBACK . TRANSCEIVER = > B3
T I | I

Ay <3 I READBACK.. R I —> B,
] I | |

A5 <& 1' READBACK . TRANSCEIVER || —> By
T | | I

Ag < r READBACK . TRANSCEIVER ‘ —> B;
| J I I

A < l READBACK . TRANSCEIVER = > By

| o}—<a B
SELBA D—{ :

_oq_q()_gﬁ

TL/F/9590-3
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54F/74F707

ADVANCED INFORMATION

400 MHz 8-Bit TTL-ECL Register

General Description

The 'F707 TTL-ECL Shift Register is comprised of an 8-bit
transparent holding register with TTL inputs for data and
load enable which is translated internally to ECL levels. The
holding register is the loading stage for the 8-bit shift regis-
ter. The shift register is a single direction, two output shift
register with a cascade input that is functional during serial
shift operations.

The shift register also features a mode input (MODE) and
differential ECL clock inputs (SC and SC) for synchronous
shifting and loading of data, both of which are done on the
rising edge of the clock. The mode input is provided for
selection of shifting or loading of data. Two outputs are
available, one for every fourth bit of the shift register. Paral-
lel loading will take place at speeds up to 100 MHz. Shifting
will take place at speeds up to 400 MHz. The 'F707 was
designed for high speed TTL-ECL translation applications in
high resolution color graphics, instrumentation, and commu-
nication systems.

Features

W 400 MHz shift speed

m 100 MHz parallel load speed

m TTL parallel inputs

m ECL serial input

® 10K and 10KH ECL compatible
m Transparent data holding register
| Available in 20-lead DIP

Applications

m High resolution color graphics
m CAE/CAD/CAM applications
B Radar Processing

| Instrumentation

Functional Block Diagram

MODE
sC
sc Ll i st
:‘1’ H s ?ﬂ
0
o | Mo [ T s H g§ .
pn+_.>_ RO — 3
Ps T
Ps 2 Q% Q
P7 9 7

TL/F/9582-1

Connection Diagram

Pin Assignment

for DIP
— N\
E- 20 }=Vee
Po—{2 19 |—s1 (00)
P13 18 |—~MODE
P—{4 17 —ECLGND
2t 16 f—sc (EcLcp)
P,—16 15}~5C
Ps—7 14f=Vee
Pg—18 13f=0Q3
P9 12 = 0UTGND
TILGND—{ 10 11—=0q;

TL/F/9582-2
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’F707 Logic Diagram

MODE —D

DATA
LATCH
LE

P

DATA
LATCH

>

DATA
LATCH

DATA
LATCH

>

DATA
LATCH
LE

>

DATA
LATCH

>

DATA
LATCH
LE

>

DATA
LATCH
LE

TL/F/9582-3
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54F/74F710

ADVANCED INFORMATION

400 MHz Single Supply TTL-ECL Shift Register

General Description

The 'F710 Shift Register is comprised of an 8-bit transpar-
ent holding register with TTL inputs for data and load enable
which is translated internally to ECL levels. The holding reg-
ister is the loading stage for the 8-bit shift register. The shift
register is a single direction, two output shift register with a
cascade input that is functional during serial shift opera-
tions.

The shift register also features a mode input (MODE) and
differential ECL clock inputs (SC and SC) for synchronous
shifting and loading of data, both of which are done on the
rising edge of the clock. The mode input is provided for
selection of shifting or loading of data. Two outputs are
available, one for every fourth bit of the shift register. Paral-
lel loading will take place at speeds up to 100 MHz. Shifting
will take place at speeds up to 400 MHz. The 'F710 was
designed to be used in systems where both TTL and ECL
logic are operating from a common voltage supply.

The 'F710 can be used in applications of high speed
TTL-ECL translation such as high resolution color graphics,
instrumentation, and communication systems.

Features

W 400 MHz shift speed

B 100 MHz parallel load speed

B TTL parallel inputs

| ECL serial input

m 10K and 10KH ECL compatible (referenced to Vgc)
® Transparent data holding register

| Available in 20-lead DIP

Applications

m High resolution color graphics
m CAE/CAD/CAM applications
® Radar Processing

m Instrumentation

Functional Block Diagram

MODE
Sc
sc 1 l I sl
:? H s %‘:
- 0
s | et :§ L s ||1 g§ ]
Pn +—’>— 7 o IV $
Ps T Q
N 5
Ps %
Py ¢ Q; &

TL/F/9791-1

Connection Diagram

Pin Assignment

for DIP
— N\
E~1 20 [=Vee
Po=]2 19 =i (o)
Py=13 18 }~MODE
P,—4 17 |-EcLvee
P3=15 16 |=SC (ECLCP)
P16 15f=5¢C
Ps=47 14 J—ECLGND
Pg—18 13=0;
Py=19 12 f~outvee
TILGND—{ 10 11f~aq,

TL/F/9791-2
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’F710 Logic Diagram

MODE —D

Po -I > DATA P
LATCH
LE
Py —D DATA 3
LATCH
—] €
P, —-} DATA P
L_ LATCH
Le
Ps —> DATA 3
LATCH
—{u
Py —D DATA P
LATCH
LE
P5—| S>— DATA P
LATCH
e
Pg —D DATA P
LATCH
¢
Py -D DATA P
L LATCH
Le

_D_q,

TL/F/9791-3
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54F/74F779

ADVANCED INFORMATION

8-Bit Bidirectional Binary Counter

with TRI-STATE® Outputs

General Description

The 'F779 is a fully synchronous 8-stage up/down counter
with multiplexed TRI-STATE 1/0 ports for bus-oriented ap-
plications. All control functions (hold, count up, count down,
synchronous load) are controlled by two mode pins (Sg, S1).
The device also features carry lookahead for easy cascad-
ing. All state changes are initiated by the rising edge of the
clock.

Features

® Multiplexed TRI-STATE 1/0 ports
m Built-in lookahead carry capability
® Count frequency 100 MHz typ

® Supply current 80 mA typ

Logic Symbols Connection Diagrams
| | Pin Assignment Pin Assignment
Sa—— for DIP, SOIC and Flatpak for LCC and PCC
- 1/031/0, NC 1/041/0q
—Ofcer 170,41 16170 B @HEGEE
i L o 170,42 15}—cp Mg o ol o]
—Ojoe 1/0;—3 14f=Ce - o [3]
/g 1/011/0,1/05 /04 /05 /05 /0y GND— 4 13}-Vee o
Frrrrrni Yo -5 12}~ /Né@
TL/F/9593-1 1/05—6 11f=5so
1/0s—7 10f-s, /05
1/0,—8 9f-0F 1/0g
IEEE/IEC
CTR DIV 256 TL/F/9503-2
So—{%
Pj— 1} I:Tng vll-l'l‘ELD mca]
M={up TL/F/9593-3
3|HoLo
CET —b> EN4
cp
=
OF —ENG

(1) 6V |e>i/0,

(2) le—>1/0,
) > 1/0,
(®) > 1/0;
(16) [/ 04
(32) > 1/05
(64) > 1/05

(128) __ |e>1/0,

4,5,6,CT=256 Tc
4,5,6,CT=0

9y Oy

TL/F/9593-5
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Logic Diagram

¢ 0E Sy % é}
@ 1
HRE
RN RS QU —2 N L ——
¢ 1of8 T
! DETAIL A >0
1 1
1 .3 J = O— :
| :| H—+ o] oLk '
™[ L=F— ) :
' FD 1 ? 1
To : :
,g];:';s--_--_-----_--_--.-----------ACL--J
- CLK uD 0y
= DETAIL A AN
]
! - CLK ub 02
= DETAIL A y o
]
- CLK up 03
- DETAIL A N
]
1~ - CLK UD 0
- DETAIL A A ‘
- 4 E p—1
|
o= o
= CLK uo s
):'— DETAIL A A E
|
=
- DETAIL A oK vo N %
s E—1
|
- CLK up 07
1 DETAIL A e
]

TL/F/9593~-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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821

The 'F821 is a 10-bit D-type flip-flop with TRI-STATE® true
outputs arranged in a broadside pinout. The 'F821 is func-

National

Semiconductor

54F/74F821
10-Bit D-Type Flip-Flop

General Description

Features

tionally and pin compatible with the AMD’s Am29821.

m TRI-STATE Outputs
m Direct replacement for AMD’s Am29821

Ordering Code: sece Section 5
Logic Symbols

L1111l

| &

1 11
Do Dy D D3 D, Dg Dg Dy Dy Dy
oF

cP

0g 0y 0, 03 04 05 O 07 Og Og

Frrrrrrred
TL/F/9595-1
IEEE/IEC

OF = EN

P ¢

Dy =110 > Vl—o0,
D — 0,
D, — —0,
D3 — — 03
D5 — — 05
Dg = — 05
07 = 07
Dg =1 = 0g

TL/F/9595~5

Connection Diagrams

Pin Assignment

for DIP, SOIC and Flatpak
— -

OE—{1 24 Voo
Dp—{2 2310,
D,—3 2210,
e 21}~0,
D3—5 20 -0
Dy—6 1910,
Ds—7 1805
DG- 8 17 _03
D;~{9 160,
Dg—{10 15}—=0g
Dg—{ 11 14 =09

GND—{12 13f~-cp

TL/F/9595-2

Unit Loading/Fan Out: see Section 2 for U.L. definitions

54F/74F
Pin Names Description u.L. Input lip/I
HIGH/LOW Output lon/loL

Do-Dg Data Inputs 1.0/1.0 20 pA/—0.6 mA
OE Output Enable

TRI-STATE Input 1.0/1.0 20 pA/—0.6 mA
CP Clock Input 1.0/1.0 20 pA/—0.6 mA
0p-0Og TRI-STATE Outputs | 150/40 (33.3) | —3.0 mA/24 mA (20 mA)

Pin Assignment
for LCC and PCC
[ @ BE
(o o o 2 ]

(RO

91 29 [21 22 23 24 |8
07 0g 05 NC 0,4 05 0,

TL/F/9595-3
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Functional Description
The 'F821 consists of ten D-type edge-triggered flip-flops. Function Table

This device has TRI-STATE true outputs for bus systems
organized in a broadside pinning. The buffered Clock (CP) Inputs Internal | Output Function
and buffered Output Enable (OE) are common to all flip- OE CP D Q o
flops. The flip-flops will store the state of their individual D
inputs that meet the setup and hold times requirements on H H X NC Z Hold
the LOW-to-HIGH CP transition. With the OE LOW the con- H L X| NG Z | Hold
tent of the flip-flops are available at the outputs. When the H _— L H z Load
OE is HIGH, the outputs go to the high impedance state.
Operation of the OE input does not affect the state of the H ~ H L z Load
flip-flops. L ~ L| H L | DataAvailable
L —~ H L H Data Available
L H X NC NC No Change in Data
L L X NC NC No Change in Data
L = LOW Voltage Level
H = HIGH Voltage Level
X = Immaterial
Z = High Impedance
-/~ = LOW-to-HIGH Transition
NC = No Change
Logic Diagram

Do Dy Dg Dg

o
—
o
—
o

—Olo
=
I—
L—On
=l
—
-0l

0p 0, 0y 03 04 05 0Og 0; Og 0O
TL/F/9595-4
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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821

Absolute Maximum Ratings note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . .
- 5 N Free Air Ambient Temperature
Distributors for‘ availability and specifications. Military —B5°C to +125°C
Storage Temperature —65°Cto +150°C Commercial 0°C to +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Ve Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Voo = 0V)
Standard Output —0.5Vto Vee
TRI-STATE Output —-0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated Ig|_ (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 \'% Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \" Recognized as a LOW Signal
Vep Input Clamp Diode Voltage —-1.2 \ Min N = —18mA
VoH Output HIGH 54F 10% Vg 25 lon=—1mA
Voltage 54F 10% V¢ 24 loH = —3mA
74F 10% Vg 2.5 v Min loh=—1mA
74F 10% Ve 2.4 loH = —3mA
74F 5% Voo 2.7 lon = —1mA
74F 5% Vo 2.7 loH = —3mA
VoL Output LOW 54F 10% Vo 0.5 v Min loL = 20 mA
Voltage 74F 10% Vg 0.5 loL = 24 mA
iH Input HIGH Current 20 rA Max ViN = 2.7V
IBvI Input HIGH Current ViN = 7.0V
Breakdown Test 100 KA Max
I Input LOW Current —-0.6 mA Max | Viy= 0.5V
lozH Output Leakage Current 50 pA Max Vourt = 2.7V
lozL Output Leakage Current —50 pA Max | Voyr = 0.5V
los Output Short-Circuit Current —60 —150 mA Max Vout = 0V
lcex Output HIGH Leakage Current 250 rA Max Vout = Voo
lccz Power Supply Current 78 100 mA Max Vo =HIGHZ
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C .
TasVcc = Mil | Ta, Voo = Com Fig
Symbol Parameter Vee = +5.0V e = Units
Cy = 50pF Cp = 50 pF Cp = 50 pF No
Min Typ Max Min Max Min Max
fmax Maximum Clock Frequency 100 150 60 70 ns 2-1
tpLH Propagation Delay 2.0 6.4 9.5 2.0 10.5 2.0 10.5 ns | 2-3
tPHL CPtoOp 2.0 6.2 9.5 2.0 10.5 2.0 10.5
tpzH Output Enable Time 2.0 5.8 10.5 2.0 13.0 2.0 115
tpzL OEto O, 2.0 6.3 10.5 2.0 13.0 2.0 11.5 ns | 2-5
tpHz Output Disable Time 1.5 3.4 7.0 1.0 7.5 1.5 7.5
tpLz OEto O, 1.5 3.5 7.0 1.0 7.5 1.5 75
AC Operating Requirements: see Section 2 for Waveforms
74F 54F 74F
Ta = +25°C o _ Fig
Symbol Parameter Voo = +5.0V Ta, Vec = Mil Ta,Vec = Com | Units No
Min Max Min Max Min Max
ts(H) Setup Time, HIGH or LOW 25 4.0 3.0
ts(L) Dnto CP 25 4.0 3.0 ns P
th(H) Hold Time, HIGH or LOW 25 25 25
th(L) Dnto CP 25 25 25
tw(H) CP Pulse Width 5.0 6.0 6.0 ns P
tw(l) HIGH or LOW 5.0 6.0 6.0
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54F/74F823
9-Bit D-Type Flip-Flop

General Description Features

The 'F823 is a 9-bit buffered register. It features Clock En- W TRI-STATE® outputs

able and Clear which are ideal for parity bus interfacing in ~ ® Clock Enable and Clear

high performance microprogramming systems. m Direct replacement for AMD’s Am29823

The 'F823 is functionally and pin compatible with AMD’s
Am29823. :

Ordering Code: seo Section 5

Logic Symbols Connection Diagrams
Pin Assignment for Pin Assignment
Dlo 1 D|2 DL L1 D|7 Dla DIP, SOIC and Flatpak for LCC and PCC
o L \ Dy Dy Ds NC D, Ds D,
CLR OE~f1 24f=Veo [T {3 (5 (& (1 (B (&
EN Dp—}2 23}-0, [ o 0 )
CP 0y 0, 0, O3 0, 05 Og O O 013 22[~0, 5@ @y
o 01 02 03 04 05 0g 07 Og P 21}, TRE@ 10y
Il who oND [z €
TL/F/9596-2 3 NC B3] mNe
0,6 18f=0, s Voo
IEEE/IEC 057 18[-0 B o,
_ og—{8 17}-0g 03 @ B0,
Ly 0,~{9 160, [
CR=AR Dg={10 15}=04 DROBEEEE
e ] a-n I 07 O Og NC 0, 03 0,
cP fc2 oD~ 12 13b=cp TL/F/9596-4
0 b V}—o,
;" _°° TL/F/9596-3
1 1
0, — —0,
03— — 03
0, — —o0,
05 =] — 05
05— — 05
07— 07
Dg— - F— 05

TL/F/9596-1

Unit Loading/Fan Out: see Section 2 for U.L. definitions

54F/74F

Pin Names Description U.L. Input h/liL

HIGH/LOW Output Ign/loL
Do~Dg Data Inputs 1.0/1.0 20 uA/—0.6 mA
OE Output Enable Input 1.0/1.0 20 pA/—0.6 mA
CLR Clear 1.0/1.0 20 pA/—0.6 mA
cP Clock Input 1.0/2.0 20 pA/—1.2mA
EN Clock Enable 1.0/1.0 20 pA/—0.6 mA
0Op-0Og TRI-STATE Outputs | 150/40(33.3) | —3 mA/24 mA (20 mA)
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Functional Description

The 'F823 device consists of nine D-type edge-triggered
flip-flops. It has TRI-STATE true outputs and is organized in
broadside pinning. The buffered Clock (CP) and buffered
Output Enable (OE) are common to all flip-flops. The flip-
flops will store the state of their individual D inputs that meet
the setup and hold times requirements on the LOW-to-HIGH
CP transition. With the OE LOW the contents of the flip-
flops are available at the outputs. When the OE is HIGH, the
outputs go to the high impedance state. Operation of the
OE input does not affect the state of the flip-flops. In addi-

tion to the Clock and Output Enable pins, the 'F823 has
Clear (CLR) and Clock Enable (EN) pins.

When the CLR is LOW and the OE is LOW, the outputs are
LOW. When CLR is HIGH, data can be entered into the flip-
flops. When EN is LOW, data on the inputs is transferred to
the outputs on the LOW to HIGH clock transition. When the
EN is HIGH, the outputs do not change state regardless of
the data or clock inputs transitions. This device is ideal for
parity bus interfacing in high performance systems.

Function Table
_ Inpu_ts Intirnal Output Function
OE LR EN CcP D Q (o]
H H L H X NC z Hold
H H L L X NC 4 Hold
H H H X X NC z Hold
L H H X X NC NC Hold
H L X X X H z Clear
L L X X X H L Clear
H H L - H H z Load
H H L —/~ H L z Load
L H L e L H L Data Available
L H L /-~ H L H Data Available
L H L H X NC NC No Change in Data
L H L L X NC NC No Change in Data
L = LOW Voltage Level
H = HIGH Voltage Level
X = Immaterial
Z = High Impedance

-/~ = LOW-to-HIGH Transition
NC = No Change

Logic Diagram

2]

cP

0 0, 0,

| S o o
03 0, 05 0 0, 05
TL/F/9596-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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823

Absolute Maximum Ratings note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . .
. o PP Free Air Ambient Temperature
Distributors for availability and specifications. Military —55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Vg Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Vgc = 0V)
Standard Output —0.5Vto Vee
TRI-STATE Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated Ig (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 Vv Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 v Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 v Min IN= —18mA
VoH 54F 10% Vce 2.5 lon= —1mA
54F 10% Vo 2.4 lon = —3mA
Output HIGH 74F 10% Ve 25 v Min loH= —1mA
Voltage 74F 10% Ve 2.4 loH= —3mA
74F 5% Voo 2.7 loH = —1mA
74F 5% Vo 27 loH = —3mA
VoL Output LOW 54F 10% Vg 0.5 v Min loL = 20 mA
Voltage 74F 10% Voo 0.5 loL = 24 mA
I Input HIGH Current 20 pA Max ViN = 2.7V
Ivi Input HIGH Current ViN = 7.0V
Breakdown Test 100 KA Max
i Input LOW —0.6 mA Max Vin = 0.5V (OE, CLR, EN)
Current —-1.2 mA Max ViN = 0.5V (CP)
lozH Output Leakage Current 50 nA Max Vout = 2.7V
lozL Output Leakage Current —50 pA Max Vout = 0.5V
los Output Short-Circuit Current —60 —150 mA Max Vourt = 0V
Icex Output HIGH Leakage Current 250 pA Max Vout = Vce
Izz Buss Drainage Test 500 pA 0.0V | Vour = Vcc
lccz Power Supply Current 100 mA Max Vo = HIGH Z




AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C .
Tas Vcc = Mil | Ta, Vee = Com . Fig
Symbol Parameter Vgec = +5.0V It 7 Units
CL = 50 pF CL = 50 pF CL = 50 pF No
Min Typ Max Min Max Min Max
fmax Maximum Clock Frequency 100 160 60 70 MHz | 2-1
tpLH Propagation Delay 2.0 5.6 9.5 2.0 10.5 2.0 105 ns 2.3
tPHL CPto Oy 20 5.2 9.5 2.0 10.5 2.0 10.5
tPHL Propagation Delay _
CLR10 0, 4.0 74 12.0 4.0 13.0 4.0 13.0 ns 2-3
tpzH Output Enable Time 2.0 5.8 10.5 20 13.0 2.0 11.5
tpzL OEto 0, 2.0 5.5 10.5 2.0 13.0 2.0 11.5 ns | 2-5
tpHZ Output Disable Time 1.5 2.9 7.0 1.0 7.5 1.5 75
tpLz OEto Oy, 15 27 7.0 1.0 75 1.5 75
AC Operating Requirements: see Section 2 for Waveforms
74F 54F 74F
Ta = +25°C - _ . Fig
Symbol Parameter Vee = +5.0V Tas Vec = Mil Ta, Vcc = Com | Units No
Min Max Min Max Min Max
ts(H) Setup Time, HIGH or LOW 25 4.0 3.0
ts(L) Dpto CP 25 4.0 3.0 ns | 2-6
th(H) Hold Time, HIGH or LOW 25 25 25
thiL) Dnto CP 25 25 25
ts(H) Setup Time, HIGH or LOW 4.5 5.0 5.0
ts(L) EN to CP 25 3.0 3.0 ns P
th(H) Hold Time, HIGH or LOW 2.0 3.0 2.0
th(L) ENtoCP 0 1.0 0
tw(H) CP Pulse Width 5.0 6.0 6.0 ns | 2-a
tw(L) HIGH or LOW 5.0 6.0 6.0
tw(L) CLR Pulse Width, LOW 5.0 5.0 5.0 ns -
trec CLR Recovery Time 5.0 5.0 5.0 ns 2-
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825

National
Semiconductor

54F/74F825
8-Bit D-Type Flip-Flop

General Description

The 'F825 is an 8-bit buffered register. It has Clock Enable
and Clear features which are ideal for parity bus interfacing
in high performance microprogramming systems. Also in-
cluded in the 'F825 are multiple enables that allow multi-
user control of the interface.

The 'F825 is functionally and pin compatible with AMD’s
Am29825.

Features

m TRI-STATE® output

m Clock enable and clear
m Multiple output enables

m Direct replacement for AMD’s Am24825

Ordering Code: see section 5

Logic Symbols Connection Diagrams
LLLLLLLL S o,
o % Or 0 05 0y 05 0 37 or DIP, and Flatpa or an
oF, _ ‘- Dg D5 Dy NC D3 D Dy
ok, (2 | 241=Vee (1l fig) [3] (8] (7] (E] 5]
R 0E,— 2 23 |~ 0k [l el b o |
o Dp—{3 22[~0,
o Dy —{4 21}~0,
Op 04 0 03 04 05 O Oy 0,5 20}-o,
Frrrerrl b6 190
TL/F/9597-1 D=7 181=0,
IEEE/IEC S 17}-05
o - & Dg—{9 16 |—0g
OE, = EN 0,10 1510, [ &9 (2] (22 3 4 )
o, = - W 0g 05 0,4 NC 03 0, 0,
e eNp—{12 13}-cp
EN D6t
P —p> 1c2 TL/F/9597-2

=20 > al—o,

Dy = 04
D, — 0,
Dy — 03
Dy — =0,
D5 = 05
Dg —— — 0
D7 = 07

TL/F/9597-4

Unit Loading/Fan Out: see Section 2 for U.L. definitions

54F/74F
Pin Names Description U.L. Input lix/lL

HIGH/LOW Output lon/loL
Do-D7 Data Inputs 1.0/1.0 20 pA/—0.6 mA
0p-O7 | TRI-STATE Data Outputs | 150/40 (33.3) | —3 mA/24 mA (20 mA)
OE;, OEj, OE3 | Output Enable Input 1.0/1.0 20 pA/—0.6 mA
EN_ Clock Enable 1.0/1.0 20 nA/—0.6 mA
CLR Clear 1.0/1.0 20 nA/—0.6 mA
CcP Clock Input 1.0/2.0 20 pA/—1.2mA

TL/F/9597-3
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Functional Description

The 'F825 consists of eight D-type edge-triggered flip-flops.
This device has TRI-STATE true outputs and is organized in
. broadside pinning. In addition to the clock and output en-
able pins, the buffered clock (CP) and buffered Output En-
able (OE) are common to all flip-flops. The flip-flops will
store the state of their individual D inputs that meet the
setup and hold times requirements on the LOW-to-HIGH CP
transition. With the OE LOW the contents of the flip-flops
are available at the outputs. When the OE is HIGH, the out-
puts go to the high impedance state. Operation of the OE

input does not affect the state of the flip-flops. The 'F825
has Clear (CLR) and Clock Enable (EN) pins.

When the CLR is LOW and the OE is LOW the outputs are
LOW. When CLR is HIGH, data can be entered into the flip-
flops. When EN is LOW, data on the inputs is transferred to
the outputs on the LOW-to-HIGH clock transition. When the
EN is HIGH the outputs do not change state, regardless of
the data or clock input transitions.

Function Table
__ __ Inpu_ts lntcfnal Output Function
E CLR EN CP D Q o
H H L H X NC 4 Hold
H H L L X NC 4 Hold
H H H X X NC Z Hold
L H H X X NC NC Hold
H L X X X H 4 Clear
L L X X X H L Clear
H H L e L H 4 Load
H H L e H L Z Load
L H L -~ L H L Data Available
L H L e H L H Data Available
L H L H X NC NC No Change in Data
L H L L X NC NC No Change in Data
LOW Voltage Level

HIGH Voltage Level
Immaterial

High Impedance

-/~ = LOW-to-HIGH Transition
NC = No Change

o

L
H
X
z

Logic Diagram

w—o >0

%,
OE _ ¢
S oamla .!
% 04

s

;

2

;

3

TR

4 S 8 7

TL/F/9597-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (ote 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . L
: Free Air Ambient Temperature
Distributors for availability and specifications. Military —85°C to +125°C
Storage Temperature —65°Cto +150°C Commercial 0°C to +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Vg Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Vg = 0V)
Standard Output —0.5Vto Ve
TRI-STATE Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated Ig (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 \ Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 v Recognized as a LOW Signal
Vebp Input Clamp Diode Voltage -1.2 \ Min N = —18 mA
VoH Output HIGH 54F 10% Vgg 25 lon = —1mA
Voltage 54F 10% Ve 2.4 loy = —3mA
74F 10% Ve 25 v Min loH= —1mA
74F 10% Vo 2.4 loy = —3mA
74F 5% Vg 2.7 loH= —1mA
74F 5% Voo 2.7 loH = —3mA
VoL Output LOW 54F 10% Ve 0.5 v Min loL = 20 mA'
Voltage 74F 10% Ve 0.5 loL = 24mA
v Input HIGH Current 20 RA Max ViN = 2.7V
IBvi Input HIGH Current ViN = 7.0V
Breakdown Test 100 KA Max
he Input LOW Current —-0.6 mA Max VN = 0.5V
lozH Output Leakage Current 50 pA Max Vour = 2.7V
lozL Output Leakage Current —50 RA Max Vout = 0.5V
los Output Short-Circuit Current —60 —150 mA Max Vout = 0V
IcEx Output HIGH Leakage Current 250 pA Max Vout = Vce
Izz Buss Drainage Test 500 pA 0.0V | Voutr = Vcc
lccz Power Supply Current 75 90 mA Max Vo = HIGHZ
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C .
Tas Vee = Mil | Ta, Vec = Com Fig
Symbol Parameter Vee = +5.0V It - Units
CL = 50 pF CL = 50 pF CL = 50 pF No
Min Typ Max Min Max Min Max
fmax Maximum Clock Frequency 100 160 60 70 MHz | 2-1
tPLH Propagation Delay 2.0 6.5 9.5 2.0 10.5 2.0 10.5 ns 2_3
tPHL CPto O, 2.0 6.6 9.5 2.0 10.5 2.0 10.5
tPHL Propagation Delay -
TR0 Oy 4.0 7.4 12.0 4.0 13.0 4.0 13.0 ns |2-3
tpzH Output Enable Time 2.0 6.5 10.5 2.0 13.0 2.0 11.5
tpzL OEto O, 2.0 6.6 10.5 2.0 13.0 2.0 11.5 ns | 2-5
tpHZ Output Disable TIme 1.5 3.5 7.0 1.0 7.5 1.5 75
tpLz OEto O, 1.5 3.3 7.0 1.0 7.5 15 75
AC Operating Requirements: see Section 2 for Waveforms
74F 54F 74F
Ta = +25°C _ _ . Fig
Symbol Parameter Voo = +5.0V Ta, Vec = Mil Ta, Vec = Com | Units No
Min Max Min Max Min Max
ts(H) Setup Time, HIGH or LOW 25 4.0 3.0
ts(L) Dp to CP 25 4.0 3.0 ns 2.6
th(H) Hold Time, HIGH or LOW 25 25 25
th(L) Dp to CP 25 25 25
ts(H) Setup Time, HIGH or LOW 4.5 5.0 5.0
ts(L) EN to CP 25 3.0 3.0 ns Pars
th(H) Hold Time, HIGH or LOW 2.0 3.0 1.0
th(L) ENto CP 0 2.0 0
tw(H) CP Pulse Width 5.0 6.0 6.0 ns o 4
tw(l) HIGH or LOW 5.0 6.0 6.0
tw(L) CLR Pulse Width, LOW 5.0 5.0 5.0 ns 2-4
trec CLR Recovery Time 5.0 5.0 5.0 ns 2-6
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827 828

National
Semiconductor

54F/74F827 ¢ 54F/74F828
10-Bit Buffers/Line Drivers

General Description
The 'F827 and 'F828 10-bit bus buffers provide high per-

Features

formance bus interface buffering for wide data/address ® 'F828 is inverting

paths or buses carrying parity. The 10-bit buffers have NOR
output enables for maximum control flexibility.

The 'F827 and 'F828 are functionally- and pin-compatible to
AMD’s Am29827 and Am29828. The 'F828 is an inverting

version of the 'F827.

® TRI-STATE® output

m Direct replacement for AMD’s Am29827 and Am29828

Ordering Code: see Sections

Connection Diagrams

Pin Assignment for
DIP, Flatpak and SOIC

'F827

— -/

O {1 24=Vee
D=2 23}=0,
D=3 22|~0,
D=4 210,
D3—15 20 =0
D,—16 19=0,
Ds=17 18}=05
D=8 17}=0g
0,9 16}~0;
Dg=110 15]=0g
Dg—{ 11 14]~=0g

GND—{ 12 13 |=0E,

'F828

— N

OF,~11 24 [=Vee
Dy—2 23=0p
03 22}=0,
D=4 21}=0,
D;—{5 20|~ 05
D,—6 19f-0,
Ds—{7 18}=0g
Dg—18 17 =0
0;-19 16[=0,
Dg={10 15=0g
Dy—{ 11 14}=04

GND—] 12 13 |=0E,

Pin Assignment
for LCC and PCC
'F827

D; Dg Ds NC D, D D,
1 [ (3] (8] (] 61 5]

TL/F/9598-1

TL/F/9598-8

(i3] B9 (21 B2 3 A
07 0g 05 NC 04 03 0,

TL/F/9598-2

'F828

D7 Dg D5 NC D Dy Dy
i) [0 (3] [B] (7] [€] (5]

NENEEHE
0, 0 05 NC 04 03 0,

TL/F/9598-9
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Logic Symbols
IEEE/IEC
'F827
OE_'x> &
OF, EN1
-t
Dy 09
W > 1v T‘-
0, | 0,
T3 05
A [0,
A 05
D5 &
i | 07
Dg 0Og
D | B
'F827

TL/F/9598-6

—Oj o,
—OJoE,

Dy Dy D, D3 Dy D5 Dg D7 Dg Dg

0p 0y 0, 03 0, O5 O 0, Og Og

TL/F/9598-3

TL/F/9598-7

IEEE/IEC
'F828
%, 3
0E, EN1
e N
Do 0
o D> v 2
il ROy
D2 Ry
D5 05
D4 L0y
D5 | 05
D6 | 06
ol (0
Ds 05
D 0
'F828

—O]0E,
—OoE,

Do Dy D, D3 Dy Dg Dg D; Dg Dg

0p 0y 0, O3 04 O5 O Oy Og Og

TIPPPYTITY

TL/F/9598-10
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827 ¢ 828

Unit Loading/Fan Out: see section 2 for U.L. definitions

54F/74F
Pin Names Description U.L. Input lix/l
HIGH/LOW Output lon/loL
OE;, OEz | Output Enable Input 1.0/1.0 20 pA/—0.6 mA
Do-D7 Data Inputs 1.0/1.0 20 pA/—0.6 MA
0Op-07 Data Outputs, TRI-STATE | 600/106.6 (80) [ —12 mA/64 mA (48 mA)
Functional Description Function Table
The 'F827 and 'F828 are line drivers designed to be em- Inputs Outputs
ployed as memory address drivers, clock drivers and bus- F .
oriented transmitters/receivers which provide improved PC OE Dn On unction
board density. The devices have TRI-STATE outputs con- 'F827 'F828
trolled by the Output Enable (OE) pins. The outputs can sink
64 mA (48 mA mil) and source 15 mA. Input clamp diodes L H H L Transparent
limit high-speed termination effects. L L L H Transparent
H X z z High Z

H = HIGH Voltage level

L = LOW Voltage Level

Z = High Impedance

X = Immaterial
Logic Diagrams

'F827
Dy Dg b7 Dg Ds D4 D3 D, Dy Do

%,
OE,

0q 0g 0y g 05 04 03 02 04 0o
TL/F/9598-4
Please note that this diagram is provided only for the und: ding of logic op and should not be used to estimate propagation delays.
’F828
Dg Dg b7 Dg Ds D4 03 D, Dy Do
OF,
o \ g g > ¢ g g oF,
69 68 67 66 65 64 63 62 61 60

TL/F/9598-11

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . .
P " Free Air Ambient Temperature
Distributors for availablility and specifications. Military —B55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C  gypply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5V to +5.5V
Vg Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) ~0.5Vto +7.0V
Input Current (Note 2) —30 mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Voo = 0V)
Standard Output —0.5Vto Vee
TRI-STATE Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated lg| (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units | V¢c Conditions
Min Typ Max
VIH Input HIGH Voltage 2.0 \" Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voltage —-1.2 \ Min In= —18mA
VoH Output HIGH 84F 10% Vo 2.4 loH = —3mA
Voltage 54F 10% Vo 2.0 loH = —12mA
74F 10% Voo 2.4 v Min loH = —3mA
74F 10% Vo 2.0 loH = —12mA
74F 5% V¢ 2.7 loH = —3mA
74F 5% Voo 2.0 loy = —15mA
VoL Output LOW 54F 10% Vcg 0.55 v Min loL = 48 mA
Voltage 74F 10% Vgg 0.55 loL = 64 mA
IIH Input HIGH Current 20 MA Max | VN =27V
lavi Input HIGH Current VN = 7.0V
Breakdown Test 100 KA Max
L Input LOW Current —-0.6 mA Max | Viy = 0.5V
lozn Output Leakage Current 50 MA Max | Vout = 27V
lozL Output Leakage Current —50 pA Max | Vout = 0.5V
los Output Short-Circuit Current —100 —225 mA Max | Voyt = OV
IcEx Output HIGH Leakage Current 240 RA Max | Vout = Vcc
Izz Bus Drainage Test 500 pA 0.0V | Vout = Vcc
lccH Power Supply Current ('F827) 30 45 mA Max | Vo = HIGH
lcoL Power Supply Current ('F827) 60 90 mA Max | Vo = LOW
lecz Power Supply Current ('F827) 40 60 mA Max | Vo =HIGHZ
lccH Power Supply Current ('F828) 14 20 mA Max | Vo = HIGH
leoL Power Supply Current ('F828) 56 85 mA Max | Vo = LOW
lccz Power Supply Current ('F828) 35 50 mA Max | Vo = HIGHZ
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827 ¢ 828

AC Electrical Characteristics: sce section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C _ _
Symbol Parameter Vce = +5.0V Té’ v:cso_ n:" TA(’:V‘;C 50 c:__’ ™ | units '::g
CL = 50 pF L= P L=P
Min Typ Max Min Max Min Max
tPLH Propagation Delay 1.0 3.0 5.5 1.0 7.5 1.0 6.5 ns 2.3
tPHL Data to Output (F827) 1.5 3.3 5.5 1.5 7.0 1.5 6.0
tpLH Propagation Delay 1.0 3.0 5.0 1.0 6.5 1.0 5.5 ns 23
tPHL Data to Output ('F828) 1.0 2.0 4.0 1.0 5.0 1.0 4.0
tpzH Output Enable Time 3.0 5.7 9.0 25 10.0 2.5 9.5 ns o5
tpzL OE to O, 3.5 6.8 1.5 3.0 12.5 3.0 12.0
tpHz Output Disable Time 15 3.3 8.0 15 9.0 1.5 8.5 ns 25
tpLz OE to Oy, 1.0 35 8.0 1.0 9.0 1.0 8.5
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National
Semiconductor

54F/74F841
10-Bit Transparent Latch
Features

m TRI-STATE® output
m Direct replacement for AMD’s Am29841

General Description

The 'F841 bus interface latch is designed to eliminate the
extra packages required to buffer existing latches and pro-
vide extra data width for wider address/data paths or buses
carrying parity. The 'F841 is a 10-bit transparent latch, a 10-
bit version of the 'F373.

The 'F841 is functionally and pin compatible to AMD’s
Am29841. o

Ordering Code: see section s

Logic Symbols Connection Diagrams
Pin Assignment for Pin Assignment
DIP, SOIC and Flatpak for LCC and PCC
Do Dy D, D3 D4 D5 Dg Dy Dg Do ey B, Dg Ds NC D D D,
OF OE—1 24 Lvoc
LE Dp—]2 23[=0,
0y 0g 07 Og 05 0, 05 0, 0, 0 013 210,
‘ Dy—4 21f~o0,
- p— e
TL/F/9599-1 e 20[=05
0,6 19}~0,
IEEE/IEC Ds—17 1805
e Dg=—18 17 }~04 -
—{9 160
te—]ct ';7_ . . _07 [ @z EEHEE
o.—1p > vl—o 8 -8 07 0g 05 NC 0, 03 0,
Do_ _oo Dg—] 11 14—0g TL/F/9599-3
! ! GND—12 13f-LE
D, —0;
Dy — —03 TL/F/9599-2
D, — L—o0,
D — 05
DG— _06
D7 = —0;
Dg — —0g
Dg — — 0g
TL/F/9599-5

Unit Loading/Fan Out: see section 2 for U.L. definitions

54F/74F
Pin Names Description U.L. Input i/l
HIGH/LOW Output loy/loL
Do-Dg Data Inputs 1.0/1.0 20 nA/—0.6 mA
Op-0g TRI-STATE Outputs | 150/40 (33.3) | —3 mA/24 mA (20 mA)
OE Output Enable Input 1.0/1.0 20 pA/—0.6 mA
LE Latch Enable 1.0/1.0 20 pA/—0.6 mA
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841

Functional Description

The 'F841 device consists of ten D-type latches with
TRI-STATE outputs. The flip-flops appear transparent to the
data when Latch Enable (LE) is HIGH. This allows asyn-
chronous operation, as the output transition follows the data
in transition.

On the LE HIGH-to-LOW transition, the data that meets the
setup and hold time is latched. Data appears on the bus
when the Output Enable (OE) is LOW. When OE is HIGH
the bus output is in the high impedance state.

Function Table
__ Inputs Internal Output Function
OE LE D Q o
X X X X z High Z
H H L L z High Z H = HIGH Voltage Level
H H H H z High Z L = LOW Voltage Level
X = Immaterial
H L X NC z Latched Z = HIGH Impedance
L H L L L Transparent NC = No Change
L H H H H Transparent
L L X NC NC Latched
L X X H H Preset
L X X L L Clear
L X X H H Preset
H L X L 4 Latched
H L X H z Latched
Logic Diagram
Do 0 Dg Dy
D D D ]
g a a a a
LE LE LE LE
LE —Dc
OF +
'°|> | |
0 07 Og 0q

TL/F/9589-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.

4-586




Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . .
Free Air Ambient Temperature
Distributors for availability and specifications. Military —55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°C to +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Vg Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Vcc = 0V)
Standard Output —0.5Vto Vee
TRI-STATE Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated Ig; (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter SAF/74F Units | Vec Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 \" Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vebp Input Clamp Diode Voltage -1.2 \' Min In= —18 mA
VoH Output HIGH Voltage ~ 54F 10% Vg 25 loH= —1mA
54F 10% Ve 2.4 loH= —3mA
74F 10% Ve 2.5 v Min lo = —1mA
74F 10% Vco 24 loH = —3mA
74F 5% Vo 2.7 loH = —1mA
74F 5% Vg 2.7 loH= —3mA
VoL Output LOW 54F 10% V¢ 0.5 v Min loL = 20 mA
Voltage 74F 10% Vo 0.5 loL = 24 mA
IH Input HIGH Current 20 pA Max | VN =27V
IBVI Input HIGH Current ViN = 7.0V
Breakdown Test 100 KA Max
i Input LOW Current —0.6 mA Max | Vi = 0.5V
lozH Output Leakage Current 50 A Max | Vout = 2.7V
lozL Output Leakage Current -50 pA Max | Vout = 0.5V
los Output Short-Circuit Current —60 —150 mA Max | Vour =0V
IceEx Output HIGH Leakage Current 250 pA Max | Vout = Vcc
1zz Bus Drainage Test 500 pA 0.0V | Vout = Vcc
lccz Power Supply Current 69 92 mA Max | Vo =HIGHZ

4-587

84:]




841

AC Electrical Characteristics: seo Section 2 for Waveforms and Load Configurations

74F 54F 74F
Tp = +25°C '
: Ta Vec = Mil Tas Vec = Com Fig
Symbol Parameter Vee = +5.0V It - Units
CL = 50 pF CL = 50 pF CL = 50 pF No
Min Typ Max Min Max Min Max
tPLH Propagation Delay 25 8.0 2.0 9.0 ns 2.3
tPHL Dnto Op 1.5 6.5 1.5 7.0
tPLH Propagation Delay 5.0 12.0 4.5 13.5 ns 2.3
tPHL LE to Op 2.0 7.5 2.0 8.0
tpzH Output Enable Time 25 8.5 2.0 9.5
tpzL OEto O, 25 9.0 2.0 10.0 ns | 225
tPHZ Output Disable Time 1.0 6.5 1.0 7.5
tpLZ OE to Oy 1.0 6.5 1.0 7.5
AC Operating Requirements: sees Section 2 for Waveforms
74F 54F 74F
Ta = +25°C _ — Fig
Symbol Parameter Veo = +5.0V Ta, Ve = Mil Ta,Vece = Com | Units No
Min Max Min Max Min Max
ts(H) Setup Time, HIGH or LOW 2.0 25
ts(L) DphtoLE 2.0 2.5 ns o6
th(H) Hold Time, HIGH or LOW 25 3.0
th(L) Dhto LE 3.0 3.5
tw(H) LE Pulse Width, HIGH 4.0 4.0 ns 2-4

4-588




£v8

National
Semiconductor

54F/74F843
9-Bit Transparent Latch

General Description Features

The 'F843 bus interface latch is designed to eliminate the ™ TRI-STATE® output

extra packages required to buffer existing latches and pro-  m Direct replacement for AMD’s Am29843
vide extra data width for wider address/data paths or buses

carrying parity.

The 'F843 is functionally and pin compatible with AMD’s

Am29843.

Ordering Code: sce section 5

Logic Symbols Connection Diagrams
IEEE Symbol Pin Assignment Pin Assignment
_ for DIP and SOIC for PCC
iy _ 7 Dy Dg D5 NC D D3 D,
PRE=31S2 o1 24|=Vee NmEEDEE
TR—BR Dy 2 23}-0,
LE—C1 0,3 2210, Dg {2 D,
- - CR 31 D,
Dp—10___ > 2V[—0, il 2o GND mot
0;— —0 N 20[=05 NC T mNe
0,— Lo, 0,—{s 19}~0, u @ Ve
03— —0; Ds—7 18[—05 PRE 7 &7 0y
Dy~ —o, Dg—18 171—0g 0g @ 290,
05— o 09 161—0;
Dg— o Dg—{ 10 15}-0g ) 70 23 2 23 A S
6 _ —
o, o CR—{11 14|~ PRE 07 0g 05 NC 04 03 0
b _07 eND— 12 13b-1e TL/F/9453-3
8 8
TL/F/9453-6 TL/F/9453-2

—Oloe Do Dy Dz D3 Dy D5 Dg Dy Dg
—OjcLr
—ie

—OJPRE o, 0, 0, 05 0, 05 O 0; O

TL/F/9453-1

Unit Loading/Fan Out: see Section 2 for U.L. definitions

54F/74F

Pin Names Description U.L. Input i/l

HIGH/LOW Output loH/loL
Do-Dg Data Inputs 1.0/1.0 20 pA/—0.6 MA
OE Output Enable Input 1.0/1.0 20 uA/—0.6 mA
LE Latch Enable 1.0/1.0 20 pA/—0.6 mA
CLR Clear 1.0/1.0 20 pA/—0.6 mA
PRE Preset 1.0/1.0 20 pA/—0.6 MA
0Op-0Og TRI-STATE Data Outputs | 150/40 (33.3) [ —3 mA/24 mA (20 mA)
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Functional Description

The ’F843 consists of nine D-type latches with TRI-STATE
outputs. The flip-flops appear transparent to the data when
Latch Enable (LE) is HIGH. This allows asynchronous oper-
ation, as the output transition follows the data in transition.
On the LE HIGH-to-LOW transition, the data that meets the
setup times is latched. Data appears on the bus when the
Output Enable (OE) is LOW. When OE is HIGH, the bus

Function Table

output is in the high impedance state. In addition to the LE
and OE pins, the ’F843 has a Clear (CLR) pin and a Preset
(PRE). These pins are ideal for parity bus interfacing in high
performance systems. When CLR is LOW, the outputs are
LOW if OE is LOW. When CLR is HIGH, data can be en-
tered into the latch. When PRE is LOW, the Outputs are
HIGH if OE is LOW. Preset overrides CLR.

Inputs Internal | Output
— Function
CLR PRE OE LE D Q 0
H H X X X X V4 High Z
H H H H L L 4 High Z
H H H H H H z High Z H = HIGH Voltage Level
H H H L X| NC z Latched L = LOW Voltage Level
H H L H L L L | Transparent )z( - :;‘;ﬁ':ﬂdance
H H L H H H H Transparent NC = No Change
H H L L X| NC NC Latched
H L L X X H H Preset
L H L X X L L Clear
L L L X X H H Preset
L H H L X L z Latched
H L H L X H 4 Latched
Logic Diagram
e o>
Do Dy D, 03 D4 Dg Dg 0y Dg
D D D D D D D D D

p—ao

R

4>
LE—DO—
4>

E

o

04 5 O 07 g
TL/F/9453-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Recommended Operating

Conditions

Free Air Ambient Temperature

Military —55°Gto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
V¢ Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Vo = 0V)
Standard Output —0.5VtoVce
TRI-STATE Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated Ig| (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units | Vce Conditions
Min Typ Max
VIH Input HIGH Voltage 20 \ Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vebp Input Clamp Diode Voltage -1.2 \ Min | Iy = —18mA
VoH Output HIGH 54F10% Vo | 2.5 loH= —1mA
Voltage 54F 10% Voo | 24 loH = —3mA
74F 10% Voo | 25 v Min loH= —1mA
74F 10% Voo | 24 loH = —3mA
74F 5% Vo 2.7 loH = —1mA
74F 5% Voo 2.7 lon = —3mA
VoL Output LOW Voltage 54F 10% Vo 0.5 v Min loL = 20 mA
74F 10% Vg 0.5 loL = 24 mA
IiH Input HIGH Current 20 HA Max | Viy = 2.7V
1BV Input HIGH Current VN = 7.0V
Breakdown Test 100 KA Max
IR Input LOW Current —0.6 mA | Max | Vy = 0.5V
lozH Output Leakage Current 50 pA Max | Vout = 2.7V
lozL Output Leakage Current —50 MA Max | Voyt = 0.5V
los Output Short-Circuit Current —60 —150 | mA | Max | Voyr = OV
IcEX Output HIGH Leakage current 250 RA Max | VouTt = Vcc
7z Bus Drainage Test 500 pA | 0.0V | VouT = Vee
lcc Power Supply Current 65 90 mA | Max
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations

74F 54F 74F
] Ta = +25°C _ _
Symbol Parameter Ve = +5.0V Té’ V:cﬂ* ':" TAC’:V(’:;;, c: ™ | units ::g
CL = 50 pF L P L p
Min Typ Max Min Max Min Max
tPLH Propagation Delay 25 5.4 8.0 2.0 9.0 ns 2.3
tPHL Dp to O 1.5 4.2 6.5 1.5 7.0
tPLH Propagation Delay 5.0 8.5 12.0 4.5 13.5 ns o_3
tPHL LE to Op 2.0 4.7 75 2.0 8.0
tPLH Propagation Delay
PRE to O, 3.0 7.3 10.0 25 11.0 ns 2-3
tPHL Propagation Delay
TR0 O, 3.0 6.9 10.0 25 11.0 ns 2-3
tpzH Output Enable Time 25 5.0 8.5 2.0 9.5 ns 2.3
tpzL OEto O, 25 6.1 9.0 2.0 10.0
tPHZ Output Disable Time 1.0 3.6 6.5 1.0 7.5 ns o5
tpLz OEtoOp 1.0 3.4 6.5 1.0 7.5
AC Operating Requirements: ses section 2 for Waveforms
74F 54F 74F
Ta = +25°C _ _ Fig
Symbol Parameter Voo = +5.0V Tas Vec = Mil TasVcc = Com | Units No
Min Max Min Max Min Max
ts (H) Setup Time, HIGH or LOW 2.0 25
ts (L) DhtoLE 20 25 ns 2-6
th (H) Hold Time, HIGH or LOW 25 3.0
th (L) DnhtoLE 3.0 3.5
tw (H) LE Pulse Width, HIGH 4.0 4.0 ns 2-4
tw (L) PRE Pulse Width, LOW 5.0 5.0 ns 2-4
tw (L) CLR Pulse Width, LOW 5.0 5.0 ns 2-4
trec PRE Recovery Time 10.0 10.0 ns 2-6
trec CLR Recovery Time 12.0 13.0 ns | 2-6
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National
Semiconductor
54F/74F845
8-Bit Transparent Latch

General Description

The 'F845 bus interface latch is designed to eliminate the
extra packages required to buffer existing latches and pro-

Features
m TRI-STATE® outputs
m Direct replacement for AMD's Am29845

S8

vide extra data width for wider address/data paths or buses
carrying parity.

The 'F845 is functionally- and pin-compatible with AMD's
Am29845.

Ordering Code: see Section 5

Logic Symbols Connection Diagrams
LLLLL L Pin Assignment Pin Assignment
for DIP, SOIC and Flatpak for LCC and PCC
OEy Do Dy Dy D3 Dy Ds Dg Dy
0E, 7 Dg Ds D, NC D3 Dy Dy
g:; oF,—{1 24=Vee [ 9l (3] (8] (7] (€] (5]
" 05, ~{2 23|-0E; ] [P
PRE Op O3 Op 03 04 05 0g 07 L K 22}-0, o, 12
TTTTTTTI o4 21f-o, o
TL/F/9601-3 D,—5 2010, NC 5] 2
IEEE/IEC ps—{6 19}~05 LE@E
%, p D17 18}~0, PRE
3%, . Ds—{8 17105 0, (8 _
05— ¥ b 0 ) P2 8 A
- B3 B
PRE—ES2 A 1510, 0g 05 04 NC O3 0 0
i) L 4 NC 05 02 04
aR-blr TR—11 14}-PRE TR /o812
re—dcr oND—]12 13}-LE

=i D> 2V}—o0,
01—

TL/F/9601-1

— 0,

D, — — 0,
D3 —1 — 03
0, — —0,
D5 — — o5
Dg— — 0
D7 — [— 07

TL/F/9601-5

Unit Loading/Fan Out: see Section 2 for U.L. definitions

54F/74F
Pin Names Description u.L. Input L/l
HIGH/LOW Output lon/loL

Do-D7 Data Inputs 1.0/1.0 20 pA/—0.6 mA

0p-07 Data Outputs 150/40 (33.3) —3.0 pA/24 mA (20 mA)
OE;-OE3 Output Enables | 1.0/1.0 20 pA/—0.6 mA

LE Latch Enable 1.0/1.0 20 pA/—0.6 MA

CLR Clear 1.0/1.0 20 uA/—0.6 MA

PRE Preset 1.0/1.0 20 pA/—0.6 MA
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Functional Description

The 'F845 consists of eight D-type latches with TRI-STATE
outputs. The flip-flops appear transparent to the data when
Latch Enable (LE) is HIGH. This allows asynchronous oper-
ation as the output transition follows the data in transition.

Logic Diagram

On the LE HIGH-to-LOW transition, the data that meets the
setup times is latched. Data appears on the bus when the
output Enable (OE) is LOW. When OE is HIGH, the bus
output is in the high impedance state.

Do Dy Dy D3 D5 Ds Dy
() ) () ()
D
) O 0 E 0 0
w—o >0 ! l ! l
LE —DO— ‘
OF, | % | % I %
OE * - &~ ¢ . *
ED o o o % e o o 4
O (] 1 2 3 4 5 6 7
TL/F/9601-4
Pleass note that this diagram is provided only for the ling of logic op and should not be used to estimate propagation delays.
Function Table
Input_s Internal | Output Function
CLR PRE OE LE D Q (o]
H H H X X[ X Z |Highz H = HIGH Voltage Level
H H H H L L z High Z L = LOW Voltage Level
H H H HH H Y4 High Z X = Immaterial
H H H L X| NC z |Latched No o S Crpocance
H H L H L L L Transparent
H H L H H H H Transparent
H H L L X NC NC | Latched
H L L X X H H Preset
L H L X X L L Clear
L L L X X H H Preset
L H H L X L 4 Latched
H L H L X H b4 Latched

4-594




Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ . .
Free Air Ambient Temperature
Distributors for availability and specifications. Military —55°Cto + 125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
V¢ Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Vg = 0V)
Standard Output —0.5VtoVco
TRI-STATE Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated Ig_ (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 v Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 \" Min N = —18mA
VoH Output HIGH 54F 10% Vg 25 loH= —1mA
Voltage 54F 10% Vcg 24 loH = —3mA
74F 10% Vco 25 v Min loH = —1mA
74F 10% Vo 2.4 loH = —3mA
74F 5% Vo 2.7 loH= —1mA
74F 5% Vcc 2.7 loH = —3mA
VoL Output LOW 54F 10% Vg 0.5 v Min loL = 20 mA
Voltage 74F 10% Vo 0.5 loL = 24 mA
I Input HIGH Current 20 pA Max Vin =27V
Isvi Input HIGH Current VIN = 7.0V
Breakdown Test 100 A Max
e Input LOW Current —0.6 mA Max VN = 0.5V
lozH Output Leakage Current 50 nA Max Vourt = 2.7V
lozL Output Leakage Current —50 BA Max Vout = 0.5V
los Output Short-Circuit Current —-60 —150 mA Max Vout = OV
lcex Output HIGH Leakage Current 250 LA Max Vout = Vee
7z Bus Drainage Test 500 pA 0.0V Vout = Vec
Iccz Power Supply Current 63 85 mA Max Vo = HIGHZ
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C
Tas Vec = Mil Ta, Vcc = Com Fig
Symbol Parameter Vee = +5.0V - = Units
Cy = 50 pF CL = 50 pF CL = 50 pF No
Min Typ Max Min Max Min Max
tPLH Propagation Delay 25 4.8 8.0 2.0 9.0 ns 2.3
tPHL Dnto Op 1.5 3.6 6.5 1.5 7.0
tpLH Propagation Delay 5.0 8.1 12.0 45 13.5 ns 2-3
tPHL LE to Op 2.0 4.4 7.5 2.0 8.0
tPLH g%”fg‘g‘m Delay 3.0 59 100 25 110 | ns |2-3
n
tpHL Propagation Delay -
TR0 Oy, 3.0 6.5 10.0 25 11.0 ns 2-3
tezH Output Enable Time 25 5.8 9.5 2.0 10.5 ns 2.5
tpzL OE to Op 25 7.6 120 2.0 13.0
trHZ Output Disable Time 1.0 3.1 7.5 1.0 8.5 ns 25
tpLz OE to Op, 1.0 2.8 6.5 1.0 7.5
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AC Operating Requirements: see Section 2 for Waveforms

74F 54F 74F
Symbol Parameter ",l' :c== ++2; :KI Tas Vcc = Mil Ta,Vcc = Com | Units '::g
Min Max Min Max Min Max

ts (H) Setup Time, HIGH or LOW 2.0 25 ns 2-6
ts (L) DhtoLE 2.0 2.5

th (H) Hold Time, HIGH or LOW 25 3.0 ns 2.6
th (L) DntoLE 3.0 3.5

tw (H) LE Pulse Width, HIGH 4.0 4.0 ns -
tw (L) PRE Pulse Width, LOW 5.0 5.0 ns -
tw (L) CLR Pulse Width, LOW 5.0 5.0 ns -
trec PRE Recovery Time 10.0 10.0 ns -
trec CLR Recovery Time 12.0 13.0 ns -
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968

National |
Semiconductor
54F/74F968

1 Mbit Dynamic RAM Controller

General Description

The 'F968 is a high performance memory controller, replac-
ing many SSI and MSI devices by grouping several unique
functions. It provides two 10-bit address latches and two 10-
bit counters for row and column address generation during
refresh. A 2-bit bank select latch for row and column ad-
dress generation during refresh and a 2-bit bank select latch
for the two high order address bits are provided to select
one of the four RAS and CAS outputs.

Features

B Provides control for 16K, 64K, 256K or 1 Mbit DRAM
systems

| Outputs directly drive up to 88 DRAMs

m Chip select for easy expansion

B Provides memory refresh with error correction mode

m 52-pin plastic leaded chip carrier

Ordering Code: see section 5
Logic Symbol

fo

os ACo - ACq
MSEL

SELg
SEL
MG,
MC;

RASI
cas|
OF

SLLLILITS

ARg - ARg %

o
o

—Of CAS3
—Of CAS,
—Of CAs,

—0f CAS

—O) Rass
—O) Ras,
—O| Ras,
—O) ras,

TL/F/9604-1

4-598




Connection Diagrams

Pin Assignment
for PCC

AC; ARy AC ARy ACq ARMSEL TS CAS) RAS, CAS(RAS, CAS,

[20] (13] [8] [17] [fe] (1] (74 [i3] (i) 1) i) [3] &)
[l o Dl e o o b bl B b |

ARz
ACs

AR, 23] Ela,
Ac, [z Q3

GND (ECL)

(A [] (R A K
[34] (351 (38) [57] (28] (3] [4al [41] [42) (3] (4] (4] (4]

ACg ARg ACqSELGSEL MC, MCo RASI CAS3RAS 5CAS, RAS, Qg

Pin Assignment
for Side Brazed DIP
— -/
st 52 [—CAS|
MSEL—]2 51— RAS,
ARp—]3 50 [—CAS,
ACp—14 49 |- RAS,
AR(—5 48— Cas,
AC;—6 47}-0qq
ARy —{7 46 Lo,
AC,—8 4510,
ARy —{9 4410
Acz—10 431-0q,
AR, —{11 42 |—GND(TTL)
AC,—{12 41}-0E
GND(ECL)—{13 40 |=Vcc (TTL)
LE—{14 39 |-V (ECL)
ARg—{15 38|05
ACs—{16 370
ARg—{17 360y
Acg—{18 3510
AR; =119 340
AC;—{20 33|—RAS,
ARg—] 21 32|—CAS,
ACg—{22 31|~ RaS;
ARg—] 23 30 |~ CAS;
ACq—] 24 29 |—RASI
SELg—] 25 281—MCy
SEL,—] 26 27 -Mc,

TL/F/9604-2

TL/F/9604-3
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Unit Loading/Fan Out: see Section 2 for U.L. definitions

54F/74F

Pin Names Description U.L. Input i/l
HIGH/LOW | Output lon/loL
ACp-ACq Column Address Inputs 1.0/1.0 20 pA/—0.6 mA
ARp-ARg Row Address Inputs 1.0/1.0 20 nA/—0.6 mA
MCo, MC4 Mode Control Inputs 1.0/1.0 20 pA/—0.6 mA
CS Chip Select Input 1.0/1.0 20 nA/—0.6 mA
MSEL Multiplexer Select Input 1.0/1.0 20 pA/—0.6 mA
LE Latch Enable Input 1.0/1.0 20 pA/—0.6 mA
SELq, SEL1 | Bank Select Inputs 1.0/1.0 20 nA/—0.6 mA
RASI| Row Address Strobe In 1.0/1.0 20 pA/—0.6 mA
CAsI Column Address Strobe In 1.0/1.0 20 pA/—0.6 MA
OE Output Enable 1.0/1.0 20 pA/—0.6 mA
RASo-RAS3 | Row Address Strobe Outputs 150/1.667 | —3mA/1.0mA
CASp-CAS3 | Column Address Strobe Outputs | 150/1.667 | —3 mA/1.0 mA
Qo-Qg Address Outputs 150/1.667 -3 mA/1.0mA

Pin Description

Name 1/0 Description

ARp-ARg | Address Inputs. ARg—ARg are latched in as the 10-bit Row Address for the RAM. These inputs drive

ACo-ACg Qp-Qg when the 'F968 is in the Read/Write mode and MSEL is LOW. ACp-ACg are latched in as the
Column Address, and will drive Qp—Qg when MSEL is HIGH and the 'F968 is in the Read/Write mode. The
addresses are latched with the Latch Enable (LE) signal.

SELg~SEL4 I Bank Select. These two inputs are normally the two higher order address bits, and are used in the
Read/Write mode to select which bank of memory will be receiving the RAS,, and CAS,, signals after RASI
and CASI go HIGH. R

LE | Latch Enable. This active-HIGH input causes the Row, Column and Bank Select latches to become
transparent, allowing the latches to accept new input data. A LOW input on LE latches the input data,
assuming it meets the setup and hold time requirements.

MSEL | Multiplexer Select. This input determines whether the Row or Column Address will be sent to the memory
address inputs. When MSEL is HIGH the Column Address is selected, while the Row Address is selected
when MSEL is LOW. The address may come from either the address latch or refresh address counter
depending on MCy, MC4.

CsS | Chip Select. This active-LOW input is used to enable the 'F968. When CS is active, the 'F968 operates
normally in all four modes. When CS goes HIGH, the device will not enter the Read/Write mode. This
allows other devices to access the same memory that the 'F968 is controlling (e.g., DMA controller).

OE | Output Enable. This active-LOW input enables/disables the output signals. When OE is HIGH, the outputs
of the 'F968 enter the high impedance state. The OE signal allows more than one 'F968 to control the
same memory, thus providing an easy method to expand the memory size.

MCo, MC4 | Mode Control. These inputs are used to specify which of the four operating modes the 'F968 should be
using. The description of the four operating modes is given in the Mode Control Function Table.

Qp-Qg O | Address Outputs. These address outputs will feed the DRAM address inputs and provide drive for
memory systems up to 500 pF in capacitance.

RASI| | Row Address Strobe Input. During normal memory cycles, the decoded RAS, output (RASg, RAS;,
RAS, or RASg) is forced LOW after receipt of RASL. In either refresh mode, all four RASy, outputs will go
LOW following RASI going HIGH.

RASp-RAS3 o Row Address Strobe. Each one of the Row Address Strobe outputs provides a RAS, signal to one of the
four banks of dynamic memory. Each will go LOW only when selected by SELg and SEL4 and only after
RASI goes HIGH. All four go LOW in response to RASI in either of the Refresh modes.

CASI | Column Address Strobe Input. This input going active will cause the selected CAS, output to be forced
LOW.

CASp-CAS3 (o] Column Address Strobe. During normal Read/Write cycles the two select bits (SELg, SEL4) determine
which CAS, output will go active following CASI going HIGH. When memory error correction is performed,
only the CAS;, signal selected by CNTRg and CNTR4 will be active. For non-error correction cycles, all four
CAS, outputs remain HIGH.
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Functional Description

The 74F968 is a 1 Mbit DRAM controller which is functional-
ly equivalent to AMD's Am29368. The 74F968 provides
row/column address multiplexing, refresh address genera-
tion and bank selection for up to four banks of RAMs.
Twenty-two (22) address bits (ARg—ARg, ACo—~ACg and
bank select addresses SELg and SEL4) are presented to
the controller. These addresses are latched by a 22-bit
latch. A 22-bit counter generates the refresh address.

A 10-bit multiplexer selects the output address between the
input row address, column address, refresh counter row ad-
dress, column address, or zero (clear). Four RAS and four
CAS outputs select .the appropriate bank of RAMs and
strobe in the row and column addresses.

It should be noted that the counters are cleared (MCp, MC4
= 1, 1) on the next RASI transition, but the Q outputs are

896

asynchronously cleared through the multiplexer.

Mode Control Function Table

MC4 MCo Operating Mode

Refresh without Error Correction— Refresh cycles are perforrried with only the Row Counter being
used to generate addresses. In this mode, all four AS,, outputs are active while the four CAS|, signals
are kept HIGH. .

Refresh with Error Correction/Initlalize— During this mods, refresh cycles are done with both the
Row and Column counters generating the addresses. MSEL is used to select between the Row and
Column counter. All four RAS,, outputs go active in response to RASI, while only one CAS, output goes
LOW in response to CASI. The Bank Counter keeps track of which CAS,, output will go active. This
mode of operation is possible when supported by an error detection/correction circuit such as the
'F632. . .

Read/Write— This mode is used to perform Read/Write cycles. Both the Row and Column addresses
are latched and multiplexed to the address output lines using MSEL; SELO and SEL are decoded to
determine which RAS,, and CAS,, will be active.

Clear Refresh Counter— This mode will clear the three refresh counters (Row, Column and Bank) on
the HIGH-to-LOW transition of RASI, putting them at the start of the refresh sequence. In this modes, all
four RAS), outputs are driven LOW upon receipt of RASI so that DRAM wake-up cycles are performed.
This mode also asynchronously clears the Qn, outputs.

I

H

= HIGH Voltage Level
= LOW Voltage Level

Address Output Function Table

[ MC4 MCo MSEL Mode MUX Output
L L X Refresh without Error Correction Row Counter Address
L H H Refresh with Error Correction Column Counter Address
L L Row Counter Address
H L H Read/Write Column Address Latch
L Row Address Latch
X Clear Refresh Counter Zero
L L X Refresh without Error Correction Row Counter Address
L H H Refresh with Error Correction Column Counter Address
H L Row Counter Address
H L X Read/Write Zero
H X Clear Refresh Counter Zero
H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
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RAS Output Function Table
RASI | CS | MCy | MCo | SEL{ | SELg Mode RAS; | RAS; | RAS, | RAS;
L X X X X X Non-Refresh H H H H
L X X Refresh without Error Correction L L L L
X X Refresh with Error Correction L L L L
L L Read/Write L H H H
L H L L H H L H H
H H L H H L H
H H H H H L
H H X X Clear Refresh Counter L L L L
L L X X Refresh without Error Correction L L L L
H L H Refresh with Error Correction L L L L
H L Read/Write H H H H
H H Clear Refresh Counter L L L L
CAS Output Function Table
Inputs Internal Counter Inputs Outputs
CASI [ MC4 MCo CNTRy CNTRo SEL4 SELg CASy CAS, CAS; CAS3
L L X X X X H H H H
L L H H H
L H L H X X H L H H
H L H H L H
L H H H H H L
L L L H H H
H L X X L H H L H H
H L H H L H
H H H H H H L
H H X X X X H H H H
L L X X X X H H H H
L L L H H H
L H L H X X H L H H
H H L H H L H
H H H H H L
H X X X X H H H H
H
L X X X X X X X H H H H
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Block Diagram

RAS| — —>cr

CAS| =

s—=0

MC,——— CONTROL
LOGIC

[ ® BANK
LATCH
SELg

SEL; ——

RAS -7:— RASg = RAS3

CNTRy
CNTR,

BANK
COUNTER | 2,
v

CLR =P
-~ - —_
oS e TS, - B85
10| row COLUMN
ARy = ARy —7“—1 | TcH COUNTER
CLR —>] 10
Iy
1 £10
4 10
10 | MULTIPLEXER | —A~— Qg = Qg
I\ /I
,10
7
10| coLuMn ROW
ACy=ACq—>“—1 “LaTcH COUNTER T
CLR =P CLR

Memory Cycle Timing

The relationship between the 'F968 specifications and sys-
tem timing requirements is shown in Figures 1-6. T1, T2
and T3 represent the minimum timing requirements at the
'F968 inputs to guarantee that the RAM timing requirements
are met and that maximum system performance is
achieved.

TL/F/9604-4

The minimum requirement for T1, T2 and T3 are as follows:
T1 Min = tasR t+ tskew
T2 Min = tRaH T+ tskew
T3 Min = T2 + tgkew t+ tasc.

See RAM data sheet for applicable values for tran, tasc
and tasg.
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Memory Cycle Timing ‘(Continued)

an ‘ XX Row Anoress VAL JOOORRRIII oMy Aookess VAo
&S\ /

MCn X

RASn A\NN\N _/

/ —
o s N
ssL.. X X

MEMORY CYCLE TIMING
RASI/CAS! PULSE WIDTHS

RASI/CAS| . X 7/ N

TL/F/9604~-5
FIGURE 1. Dynamic Memory Controller Timing
ARn, ACn x .
. I
an XOOCOXK  ROW ADDRESS VALID COLUMN ADDRESS VALID
RAS! /
la— A B
RASn RN
MSEL £
CAS| £/
la— C —>{
CASn RN
TL/F/9604-6
Note A: d maxi difference b fastest RASI to RAS;, delay and the slowsst A, to Q,, delay on any single device.
Note B: d i difference fastest MSEL to Q,, delay and the slowest RASI to RAS,, delay on any single device.
Note C: d maxi difference b fastest CASI to CAS,, delay and the slowest MSEL to Qp, delay on any single device.

FIGURE 2. Specifications Applicable to Memory Cycle Timing (MCy, = 1,0)

4-604




Memory Cycle Timing (continued)

ARn, ACn %

XOXOXXK ROW REFRESH ADDRESS COLUMN REFRESH ADDRESS

Qn

T

RSl 4 bsn tm_—l
R %\\3[

MSEL

T3
CAS| *
1 [hse
= =\

FIGURE 3. Desired System Timing

Refresh Cycle Timing

TL/F/9604-7

MCn X

an XXXX)k ROW REFRESH ADDRESS VALlo)m COLUMN REFRESH ADDRESS VALID

w

RASI __/
I-— A

i

RASn TN

MSEL v A

casl £

e
Ty

CASn
Note B: d i difference b fastest MSEL to Qn, delay and the slowest RASI to RAS,, delay on any single device.
Note C: Gt d i difference b fastest CASI to CAS,, delay and the slowest MSEL to Q, delay on any single device.
Note D: d i difference bety fastest RASI to RAS), delay and the slowest MC,, to Q,, delay on any single device.

FIGURE 4. Specifications Applicable to Refresh Cycle Timing (MC, = 00,01)

TL/F/9604-8
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Refresh Cycle Timing (continued)
en X MCn = 01
an XXX)k ROW REFRESH ADDRESS VALID M

Rl A tusg o
RASn RNk
MSEL £
cas! +#
| tasc

CASn *\_ ﬁk

FIGURE 5. Designed Timing—Refresh with Error Correction

MCn X Mcn=00
an
RASI _7( LQASR
o EANANANY

FIGURE 6. Desired Timing—Refresh without Error Correction

TL/F/9604-9

TL/F/9604-10
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Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
Y P - Military —55°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Ve Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Vg = 0V)
Standard Output —0.5Vto Veg
3-State Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated Ig)_ (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max
ViH Input HIGH Voltage 2.0 \" Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 Vv Min IIN= —18mA
VoH Output HIGH 54F 10% Vo 25 lon= —1mA
Voltage 54F 10% Ve 2.4 loH = —3mA
74F 10% Voo 2.5 v Min loH = —1mA
74F 10% Voo 24 loH = —3mA
74F 5% Vo 2.7 loH= —1mA
74F 5% Vg 2.7 loy = —3mA
VoL Output LOW 54F 10% Voo 0.5 loL = 1.0mA
Voltage 54F 10% Vg 0.8 v Min loL=12mA
74F 10% Voo 0.5 loL = 1.0mA
74F 10% Voo 0.8 loL = 12mA
iy Input HIGH Current 20 pA Max ViN = 2.7V
IBVI Input HIGH Current VN = 7.0V
Breakdown Test 100 KA Max
IiL Input LOW Current —-0.6 mA Max V|N = 0.5V
lozn Output Leakage Current 50 RA Max Vout = 2.7V
lozL Output Leakage Current —50 MA Max Vout = 0.5V
los Output Short-Circuit Current —60 —150 mA Max Vout = 0V
lcex Output HIGH Leakage Current 250 pA Max Vout = Vce
7z Buss Drainage Test 500 RA 0.0V Vout = Ve
lccH Power Supply Current 300 mA Max Vo = HIGH
lcoL Power Supply Current 300 mA Max Vo = LOW
lccz Power Supply Current 300 mA Max Vo = HIGHZ
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations

74F
Ta = +25°C

_ Ta, Vec = Com Tas Vcc = Com . Fig

Symbol Parameter Vee = +5.0V CL = 50 pF Cy = 500 pF* Units No
CL = 50 pF
Min Typ Max Min Max Min Typ Max

tPLH Propagation Delay 3.0 7.0 11.0 25 12.0 19.0 ns 2-3
tPHL AR to Qp 3.0 7.0 11.0 25 12,0 22.0
tPLH Propagation Delay 3.0 7.0 11.0 25 12.0 19.0 ns 2-3
tPHL ACtoQq 3.0 7.0 11.0 25 12.0 22.0
tPLH Propagation Delay 3.5 8.0 12.0 3.0 13.0 23.0 ns 2.3
tPHL RASI to RAS,, 3.5 7.0 12.0 3.0 13.0 20.0
tPLH Propagation Delay 1.0 6.0 8.0 1.0 8.5 19.0 ns 2-3
tPHL CASI to CASp 1.0 4.0 8.0 1.0 8.5 17.0
tPLH Propagation Delay 3.0 9.0 13.0 2.5 14.0 24.0 ns 2-3
tPHL MSEL to Qp, 3.0 8.0 13.0 25 14.0 21.0
tPLH Propagation Delay 4.0 10.0 15.0 3.5 16.0 25.0 ns 2.3
tPHL MG, to Q, 4.0 9.0 15.0 3.5 16.0 22,0
tPLH Propagation Delay 3.5 11.0 17.5 3.0 18.5 24.0 ns 2-3
tPHL MC, to RAS, 3.5 8.0 17.5 3.0 18.5 22.0
tPLH Propagation Delay 4.0 8.0 12.5 3.5 13.5 23.0 ns 2.3
tPHL MC,, to CAS, 4.0 9.0 12.5 3.5 13.5 21.0
tPLH Propagation Delay 4.0 10.0 15.0 3.5 16.0 25.0 ns 2.3
tPHL LE to RAS, 4.0 9.0 15.0 3.5 16.0 24.0
tPLH Propagation Delay 5.0 9.0 13.5 4.5 14.5 24.0 ns 2 g
tPHL LE to CAS,, 5.0 9.0 13.5 4.5 14.5 24.0
tPLH Propagation Delay 3.5 8.0 12.0 3.0 13.0 23.0 ns 2.3
tPHL LE to Q, 3.5 7.0 12.0 3.0 13.0 22.0
tPLH Propagation Delay 3.0 10.0 14.5 3.0 15.5 25.0 ns 2-3
tPHL CStoQp 3.0 8.0 14.5 3.0 15.5 23.0
tPLH Propagation Delay 3.5 8.0 13.0 3.0 14.0 23.0 ns 2_3
tPHL CS to RAS,, 35 8.0 13.0 3.0 14.0 23.0
tPLH Propagation Delay 4.0 8.0 11.5 3.5 12,5 23.0 ns 2.3
tpHL CS to CAS,, 4.0 8.0 115 35 12,5 23.0
tPLH Propagation Delay 4.0 9.0 15.5 3.5 16.0 24.0 ns 2_3
tPHL SEL to RAS, 4.0 8.0 15.5 3.5 16.0 23.0
tPLH Propagation Delay 4,5 9.0 14.5 4.0 15.5 24.0 ns 2-3
tPHL SELj to CAS,, 45 9.0 14.5 4.0 15.5 24.0

*These values are given for typical derivative with a 500 pF load; these are not guaranteed specifications.
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AC Electrical Characteristics (Continued): See Section 2 for Waveforms and Load Configurations bl
74F
Ta = +25°C _
Symbol Parameter Vee = +5.0V TA(’.:V? 50 c: m Units ':g
CL = 50 pF L= 0P
Min Typ Max Min Max
tPHZ Output Disable Time 1.0 5.0 9.5 1.0 10.0 ns 2_5
tpLz OEtoQp, 1.0 40 9.5 1.0 10.0
tpzH Output Enable Time 1.0 5.0 9.5 1.0 10.0 ns 2.5
tpzL OE to Qp 1.0 6.0 9.5 1.0 10.0
tPHZ Output Disable Time 1.0 5.0 9.5 1.0 10.0 ns 25
tpLz OE to RAS,, 1.0 40 9.5 1.0 10.0
tpzH Output Enable Time 1.0 5.0 9.5 1.0 10.0 ns 2-5
tpzL OE to RAS,, 1.0 6.0 9.5 1.0 10.0
tPHZ Output Disable Time 1.0 5.0 9.5 1.0 10.0 ns P
tpLz OE to CAS,, 1.0 4.0 9.5 1.0 10.0
tpzH Output Enable Time 1.0 5.0 9.5 1.0 10.0 ns 2.5
tpzL OE to CAS,, 1.0 6.0 9.5 1.0 10.0
AC Operating Requirements: sece Section 2 for Waveforms
74F
Ta = +25°C _ Fig
Symbol Parameter Voo = +5.0V Ta, Vcc = Com Units No
Min Max Min Max
ts(H) Setup Time, HIGH or LOW 5.0 5.0 ns 2.6
ts(L) Apto LE 5.0 5.0
th(H) Hold Time, HIGH or LOW 5.0 5.0 ns P
th(L) AntoLE 5.0 5.0 E
ts(H) Setup Time, HIGH or LOW 5.0 5.0 ns 2.6
ts(L) SELto LE 5.0 5.0
th(H) Hold Time, HIGH or LOW 5.0 5.0 ns o6
th(L) SELto LE 5.0 5.0
tw(H) Pulse Width, HIGH or LOW 15.0 15.0 ns P
tw(L) CAS,, RAS, 15.0 15.0
tskew Qq, to CAS,,, RAS, 10.0 10.0 ns

4-609



978

National
Semiconductor

54F/74F978

ADVANCED INFORMATION

Octal Flip-Flop with Serial Scanner

General Description

The 'F978 is a high speed low power octal flip-flop with a
buffered Data Clock (DCLK), Test Clock (TCLK), and a buff-
ered Output Enable (OEN). Serial diagnostics are performed
with on-board multiplexers.

Features

m Edge-triggered D-type registers

m On-line and off-line system diagnostics with indepen-
dent test clock

m Inputs and outputs on opposite sides of package allow-
ing easy interface with microprocessors

m RAM write-back for writable control store

B Useful as input or output port for microprocessors

m Cascadable for wide control words as used in
microprogramming

Logic Symbol

|

Pin Assignment

Connection Diagrams

Pin Assignment

for 24-Pin DIP/SOIC for 28-Pin LCC/PLCC
Do Dy Dz D3 D4 D5 Dg D7
SDI _ \\ D7 Dg Dg D4 D3 D, Dy
DCLK OE—{1 24=Vee [ 9 [ E 7 EE
TeLK MoDE—] 2 23 |—TeLK () (]
oF Dp—3 22|~0, DI 2 @0,
WODE o4 21b=o0 GND 3 (31 MODE
1 1 _—
SDO 0y 0y 0, O3 0, 05 Og 07 0,15 20k-o0 GND (3 [z OE
TTTTTTTT1 ns i N/CE @w/e
3 3 DCLK Vee
TL/F/9605-1 0,7 18}-0, <D0 Ve
D5—8 17 =05 0, B8 TCLK
Dg—9 16}=0g 0
p,—{10 15}=0; €69 2 263 B9 B3
soi—{11 14}-sp0 Og 05 04 03 05 04 0g
GND—4 12 13 }=DCLK TL/F/9605-3

TL/F/9605-2
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29F52029F53
8-Bit Registered Transceiver

General Description

The 29F52 and 29F53 are 8-bit registered transceivers. Two
8-bit back to back registers store data flowing in both direc-
tions between two bidirectional buses. Separate clock,
clock enable and TRI-STATE® output enable signals are
provided for each register. The Ag—A7 output pins are guar-
anteed to sink 24 mA (20 mA mil.) while the Bo—B7 output
pins are designed for 64 mA.

The 29F53 is an inverting option of the 29F52. Both trans-
ceivers are AMD Am2952/2953 functional equivalents.

Features

o 8-bit registered transceivers

o Separate clock, clock enable and TRI-STATE output
enable provided for each register

o AMD Am2952/2953 functional equivalents

o Both inverting and non-inverting options available

@ 24-Pin slimline package

Ordering Code: see Section 5

Logic Symbols
29F52

LIl l1l
Ao Ar Ay Az Ay A Ag A7
0EB

OEA
CPA
cPB
CEB

CEA
By By B, By B, Bs Bg By

811486

TL/F/9606-1

IEEE/IEC
29F52

57} ENT |

=) EN2

OEA ENS

OFB ——{EN4

CPA——1>C5

CPB ——1>C6

ho<—>{Vi35 2,46V }<—>g,
Ay<g—d—] ——> 5,
Ay <t—b—] —t—>B,
Ay <t—b— ——>B;
Ay <—>—] ——>8,
A <—>—] ——b 85
Ag<t—b—] —— 85
Ay 4—>—] > B,

TL/F/9606-4

29F53

bbbdddddé

Ag Ay Ag A3 Ay A5 Ag Ay
OEB

OEA
CPA
CPB
CEB

CEA
By By By By By By Bg By

7799799

do11b4

TL/F/9606-7
IEEE/IEC
29F53
RAe—gv135 2,46VP—e>h
A< P> B
Ry << P> B,
Ay 4>~ P> B
A< Sedp B,
Ag et 5
Ag < P—at— B
e P—e— B,

TL/F/9606-5
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29F52¢29F53

Connection Diagrams (continued)

Pin Assignment
for DIP, SOIC and Flatpak

29F52
-/
B;—{1 24V
Bg—2 23—4Ay
B;—{3 22|—Ag
By—{4 21=Ag
B;—5 204,
B,—16 19f—A;
B, —7 184,
By—8 174
0EB—9 16f=4g
CPA=110 15 |~ OEA
CEA—{ 11 14 }=cPB
GND—{12 13|~ CEB
Pin Assignment
for LCC and PCC
29F52

OEB By By NC B By B,

Ag Aq Ay NC Ag Ay Ag

TL/F/9606-2

TL/F/9606-3

Pin Assignment
for DIP, SOIC and Flatpak
29F53
_ -/
8,1 24=Vee
Bg—12 2314,
Bs—3 22—Ag
By—4 2145
P 204,
8,16 19f=4;
8, -7 18[—A4,
Bo—{8 17 =24,
OEB—{9 16 =Ry
cPA—{10 15 |~ OEA
CEA—{ 11 14 —cPB
GND—{12 13|~ CEB
TL/F/9606-8
Pin Assignment
for LCC and PCC

(O]
NEORDEE
Ao Ay Ay NC Az A, Ag

TL/F/9606-9

Unit Loading/Fan Out: see Section 2 for U.L. definitions

54F/74F
Pin Names Description u.L. Input liy/ly
HIGH/LOW Output lon/loL
Ao-A7 A-Register Inputs/ 3.5/1.083 70 pA/0.65 mA
B-Register TRI-STATE Outputs 150/40 (33.3) —3 mA/24 mA (20 mA)
Bo-B7 B Register Inputs/ 3.5/1.083 70 pA/0.65 mA
A-Register TRI-STATE Outputs | 600/106.6 (80) | —12 mA/64 mA (48 mA)
OEA Output Enable A-Register 1.0/1.0 20 A/ —0.6 MA
CPA A-Register Clock 1.0/1.0 20 pA/—0.6 MA
CEA A-Register Clock Enable 1.0/1.0 20 uA/—0.6 mA
OEB Output Enable B-Register 1.0/1.0 20 pA/—0.6 mA
CPB B-Register Clock 1.0/1.0 20 pA/—0.6 mA
CEB B-Register Clock Enable 1.0/1.0 20 nA/—0.6 mA
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Block Diagrams a
N
29F52 ':,'
CPA %
@ a
! ﬂc 0EB
CE_ cP l*L
Ay Dy Q By
M Dy Q By
A D, Q, B,
A3 Dy Q3 B3
Register A
Ay D, Q By
As Dg Qs By
) ) : 4% )
A7 by 9 17 By
Q Dy
Q Dy
Q, D,
Q3 D3
Register B
Q D,
Q5 D5
Q Dg
9 Dy
CE_CP
= o>
cPB
CEB
TL/F/9606-6
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Block Diagrams (Continued)

29F53
CPA
CEA
_ CE cP -
Ay Do Q By
A Dy Q By
Ay D, Q, B,
As Dy Q3 B;
Register A
Ay Dy Q B,
Ag Ds Qs B
Ag Dg Q% B
Ly L 9 B
Q Do
Q D,
Q D,
Q D3
Register B
Q Dy
Qs D5
Q Dg
9 Dy
CE_CP
O o>
cPB
53]
TL/F/9606-10
Output Control Register Function Table (Applies to A or B Register)
OE Inle(;nal Y-Output Function Inputs Intt:;nal Function
29F52 | 29F53 D CP CE
H X 4 4 Disable Outputs X X H NC Hold Data
L L L H Enable Outputs L e L L Load Data
L H H L H e L H

H = HIGH Voltage Level
L = LOW Voltage Level

X = Immaterial

Z = HIGH Impedance

—/~ = LOW-to-HIGH Transition
NC = No Change
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Absolute Maximum Ratings (ote 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
contact the National Semiconductor Sales Office/ : .
" Free Air Ambient Temperature
Distributors for availability and specifications. Military —E5°Cto +125°C
Storage Temperature —65°Cto +150°C Commercial 0°Cto +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
V¢ Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0mA
Voltage Applied to Output
in HIGH State (with Voo = 0V)
Standard Output —0.5Vto Ve
TRI-STATE Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated gL (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter 54F/74F Units | Vge Conditions
Min Typ Max
VIH Input HIGH Voltage 2.0 \' Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Vep Input Clamp Diode Voltage —-1.2 \ Min Iin = —18 mA (Non 1/0 Pins)
VoH Output HIGH 54F 10% Ve 25 lon = —1mA (Ap)
Voltage 54F 10% Vo 2.4 loH = —3mA (Ap, Bp)
54F 10% Vg 2.0 loH = —12mA (Bp)
74F 10% V¢ 25 loH = —1mA(Ap)
74F 10% Vg 24 Vv Min lon = —3mA (An, Bp)
74F 10% Vg 2.0 loH = —12mA (Bp)
74F 5% Voo 2.7 lon = —1mA (Ap)
74F 5% Vo 2.7 loH = —3mA (An, Bp)
74F 5% Vo 2.0 loy = —15mA (Bp)
VoL Output LOW 54F 10% Vgc 0.5 loL = 20 mA (Ap)
Voltage 54F 10% Vcc 0.55 v Min loL = 48 mA (Bp)
74F 10% Vg 0.5 loL = 24 mA (An)
74F 10% Voo 0.55 loL = 64 mA (Bp)
IIH Input HIGH Current 20 pA Max | Vin = 2.7V (Non-1/0 Pins)
IBvi Input HIGH Current VIN = 7.0V (Non-I/0 Pins)
Breakdown Test 100 KA Max
IBviT Input HIGH Current VIN = 5.5V (Ap, Bp)
Breakdown Test (I/0) 1.0 mA Max
R Input LOW Current —0.6 mA Max ViN = 0.5V (Non-I/0 Pins)
Iy + lozw | Output Leakage Current 70 pA Max | Vout = 2.7V (Ap, Bp)
e + lozL Output Leakage Current —650 pA Max | Vourt = 0.5V (An, Bp)
los Output Short-Circuit Current —60 —-150 mA Max Vout = 0V (Ap)
—100 —225 Vout = 0V (Bp)
lcex Output HIGH Leakage Current 250 MA Max | Vout = Vec (An. Bn)
Izz Bus Drainage Test 500 pA 0.0V | Vourt = Vce (An, Bn)
lccH Power Supply Current 130 190 mA Max | Vo = HIGH
lcoL Power Supply Current 190 mA Max | Vo = LOW
lccz Power Supply Current 190 mA Max | Vo =HIGHZ
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations

74F 54F 74F
Ta = +25°C " '
_ Ta, Vcc = Mil Ta Vcc = Com Fig
Symbol Parameter Vee = +5.0V CL = 50pF CL = 50 pF Units No
CL = 50 pF
Min Typ Max Min Max Min Max
tPLH Propagation Delay 3.0 55 7.5 2.5 8.5 ns 2-3
tPHL CPA or CPB to A, or By, 4.0 7.0 9.0 3.5 10.0
tpzH Output Enable Time 2.5 55 7.5 2.0 8.5 ns o5
tpzL OEA or OEB to A, or B, 3.5 7.0 9.5 3.0 10.5
tpHZ Output Disable Time 2.5 6.5 9.0 2.0 10.0 ns 2.5
tpLz OEA or OEB to A, or B, 25 55 75 2.0 8.5
AC Operating Requirements: see Section 2 for Waveforms
74F 54F 74F
Ta = +25°C _ _ . Fig
Symbol Parameter Voo = +5.0V Ta, Vec = Mil Ta, Vecc = Com Units No
Min Max Min Max Min Max
ts(H) Setup Time, HIGH or LOW 4.0 4.5 ns 2.6
ts(L) Ap or By, to CPA or CPB 4.0 4.5
th(H) Hold Time, HIGH or LOW 2.0 2.5 ns 2-6
th(L) An or B, to CPA or CPB 2.0 25
ts(H) Setup Time, HIGH or LOW 1.0 1.5 ns 2.6
ts(L) CEA or CEB to CPA or GPB 4.0 4.5
th(H) Hold Time, HIGH or LOW 2.0 25 ns 2.6
th(L) CEA or CEB to CPA or CPB 2.0 25
tw(H) Pulse Width, HIGH or LOW 3.0 3.5 ns P
twiLl) CPA or CPB 3.0 35
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29F68
Dynamic RAM Controller

General Description

The 29F68 is a high-performance memory controller, re-
placing many SSI and MSI devices by grouping several
unique functions. It provides two 9-bit address latches and
two 9-bit counters for row and column address generation
during refresh. A 2-bit bank select latch for row and column
address generation during refresh, and a 2-bit bank select
latch for the two high order address bits are provided to
select one of the four RAS and CAS outputs.

The 29F68 is functionally equivalent to AMD’s Am2968 and
Motorola’s MC74F2968.

Features
m High-performance memory controller

m Replaces many SSI and MSI devices by grouping
several unique functions

B Functionally equivalent to AMD’s Am2968 and
Motorola’s MC74F2968

m Provides control for 16K, 64K, or 256K dynamic RAM
systems

m Outputs directly drive up to 88 DRAMs

m Highest order two address bits select one of four banks
of RAMs

B Chip Select for easy expansion
m Provides memory refresh with error correction mode

Ordering Code: see section 5

Logic Symbol
9 9

olcs ACy - ACg AR = ARg ol—

—useL ol—
1

—Le Py .
— s, P
——qSELy o
R— MC, Q s

TL/F/9608-1

Connection Diagram

Pin Assignment for LCC and PCC
AR7ACG AR5 ACs AR5 LE GND AC4 AR AC3 AR3AC, AR,
20 [19) (18] 7] (i€} 5] (4 (3] 2 (1) [0l (3] (8]
[ o e o o f ol b N o ]

AC; 1 NC
ARg 22 [E] AC,
ACg &3 [5] ARy
SELy ACy
SEL @ [31 ARy
MC, MSEL
MCo mes
RASI B2 CAsl
CASy % RAS,
RAS; 50 CASg
CAS, B RAS,
NC 52 CAS,

Qg Q7 Qg Q5 Ve Vo OEGND Q, Q3 Q, Oy NC

TL/F/9608-2
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Pin Description

Name

1/0

Description

ARo-ARg
ACg-ACg

Address Inputs. ARp—ARg are latched in as the 9-bit Row Address for
the RAM. These inputs drive Qp—Qg when the 29F68 is in the Read/
Write mode and MSEL is LOW. ACp-ACg are latched in as the Column
Address, and will drive Qp—-Qg when MSEL is HIGH and the 29F68 is in
the Read/Write mode. The addresses are latched with the Latch
Enable (LE) signal.

SELo—SEL,

Bank Select. These two inputs are normally the two higher order
address bits, and are used in the Read/Write mode to select which
bank of memory will be receiving the RAS,, and CAS}, signals after
RASI and CASI go HIGH.

LE

Latch Enable. This active-HIGH input causes the Row, Column and
Bank Select latches to become transparent, allowing the latches to
accept new input data. A LOW input on LE latches the input data,
assuming it meets the setup and hold time requirements.

MSEL

Multiplexer Select. This input determines whether the Row or Column
Address will be sent to the memory address inputs. When MSEL is
HIGH the Column Address is selected, while the Row Address is
selected when MSEL is LOW. The address may come from either the
address latch or refresh address counter depending on MCo, MC4.

Chip Select. This active-LOW input is used to enable the 29F68. When
CSis active, the 29F68 operates normally in all four modes. When CS
goes HIGH, the device will not enter the Read/Write mode. This allows
other devices to access the same memory that the 29F68 is controlling
(e.g., DMA controller).

Output Enable. This active-LOW input enables/disables the output
signals. When OE is HIGH, the outputs of the 29F68 enter the high
impedance state. The OE signal allows more than one 29F68 to control
the same memory, thus providing an easy method to expand the
memory size.

MCp, MC4

Mode Control. These inputs are used to specify which of the four
operating modes the 29F68 should be using. The description of the
four operating modes is given in the Mode Control Function Table.

Qo-Qs

Address Outputs. These address outputs will feed the DRAM address
inputs and provide drive for memory systems up to 500 pF in
capacitance.

RASI

Row Address Strobe Input. During normal memory cycles, the
decoded RAS,, output (RASy, RAS1, RAS, or RASg) is forced LOW
after receipt of RASL. In either refresh mode, all four RAS, outputs will
go LOW following RASI going HIGH.

Row Address Strobe. Each one of the Row Address Strobe outputs
provides a RAS}, signal to one of the four banks of dynamic memory.
Each will go LOW only when selected by SELg and SEL¢ and only after
RASI goes HIGH. All four go LOW in response to RASI in either of the
Refresh modes.

Column Address Strobe Input. This input going active will cause the
selected CAS,, output to be forced LOW.

Column Address Strobe. During normal Read/Write cycles the two
select bits (SELg, SEL1) determine which CAS,, output will go active
following CASI going HIGH. When memory error correction is
performed, only the CAS,, signal selected by CNTRg and CNTR1 will be
active. For non-error correction cycles, all four CAS,, outputs remain
HIGH.
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[2]
Functional Description a
The 29F68 is designed to be used with 16k, 64k, or 256k A 9-bit multiplexer selects the output address between the @
dynamic RAMs and is functionally equivalent to AMD’s input row address, column address, refresh counter row ad-
AM2968. The 29F68 provides row/column address multi- dress, column address, or zero (clear). Four RAS and four
plexing, refresh address generation and bank selection for CAS outputs select the appropriate bank of RAMs and
up to four banks of RAMs. strobe in the row and column addresses.
Twenty (20) address bits (ARg—-ARg, ACo—ACg, and bank It should be noted that the counters are cleared (MG,
select addresses SELg and SEL4) are presented to the con- MC4 = 1,1) on the next RASI transition, but the Q outputs
troller. These addresses are latched by a 20-bit latch. A 20- are asynchronously cleared through the multiplexer.
bit counter generates the refresh address.
Mode Control Function Table
MCy MCp Operating Mode
0 0 Refresh without Error Correction. Refresh cycles are performed with
only the Row Counter being used to generate addresses. In this mode,
all four RAS,, outputs are active while the four CAS, signals are kept
HIGH.
0 1 Refresh with Error Correction/Initialize—During this mode, refresh
cycles are done with both the Row and Column counters generating
the addresses. MSEL is used to select between the Row and Column
counter. All four RAS,, outputs go active in response to RASI, while
only one CASy, output goes LOW in response to CASI. The Bank
Counter keeps track of which CAS,, output will go active. This mode is
also used on system power-up so that the memory can be written with
a known data pattern.
1 0 Read/Write— This mode is used to perform Read/Write cycles. Both
the Row and Column addresses are latched and multiplexed to the
address output lines using MSEL; SELq and SEL are decoded to
determine which RAS,, and CAS, will be active.
1 1 Clear Refresh Counter—This mode will clear the three refresh
counters (Row, Column, and Bank) on the HIGH-to-LOW transition of
RASI, putting them at the start of the refresh sequence. In this mode,
all four RASy, are driven LOW upon receipt of RASI so that DRAM
wake-up cycles may be performed. This mode also asynchronously
clears the Q, outputs.
Address Output Function Table
[ MC; MCo MSEL Mode MUX Output
L L L X Refresh without Error Correction Row Counter Address
L H H Refresh with Error Correction Column Counter Address
L Row Counter Address
H L H Read/Write Column Address Latch
L Row Address Latch
H H X Clear Refresh Counter Zero
H L X Refresh without Error Correction Row Counter Address
H H Refresh with Error Correction Column Counter Address
L Row Counter Address
X Read/Write Zero
H H X Clear Refresh Counter Zero
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RAS Output Function Table
RASI | CS | MCy4 MCo | SELy | SELg Mode RAS, | RAS; | RAS; | RAS;
L X X X X X Non-refresh H H H H
H L L L X X Refresh without Scrubbing L L L L
L H X X Refresh with Scrubbing L L L L
H L L L Read/Write L H H H
L H H L H H
H L H H L H
H H H H H L
H H X X Clear Refresh Counter L L L L
H - L L X X Refresh without Error Correction L L L L
L H Refresh with Error Correction L L L L
H L Read/Write H H H H
H H Clear Refresh Counter L L L L
CAS Output Function Table
Inputs Internal Counter Inputs Outputs
CAsI [ MC, MCyp CNTR{ CNTRp SEL4 SELg CAS, CAS;4 CAS; CAS;3
H L L L X X X X H H H H
L H L L X X L H H H
L H H L H H
H L H H L H
H H H H H L
H L X X L L L H H H
L H H L H H
H L H H L H
H H H H H L
H H X X X X H H H H
L X X X X H H H H
H L L X X L H H H
L H H L H H
H L H H L H
H H H H H L
H X X X X H H H H
H
L X X X X X X H H
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Unit Loading/Fan Out: see Section 2 for U.L. definitions

8946¢

54F/74F
Pin Names Description U.L. Input i/l

HIGH/LOW | Output lon/loL
ACp~ACg Column Address 1.0/1.0 20 pA/—0.6 mA
ARp-ARg Row Address 1.0/1.0 20 nA/—0.6 mA

Qo-Qg Address Outputs 50/33.3 —1mA/20 mA
MCp, MC4 Memory Cycle 1.0/1.0 20 pA/—0.6 mA
CS Chip Select Input 1.0/1.0 20 pA/—0.6 mA
MSEL Multiplexer Select Input 1.0/1.0 20 pA/—0.6 MA
LE Latch Enable Input 1.0/1.0 20 uA/—0.6 mA
SELg, SELy | Select Inputs 1.0/1.0 20 pA/—0.6 MA
RASI Row Address Strobe In 1.0/1.0 20 pA/—0.6 mA
CASI Column Address Strobe In 1.0/1.0 20 pA/—0.6 mA

RASp-RAS3 | Row Address Stobe Outputs 50/33.3 —1mA/20 mA

ASg—CAS3 | Column Address Strobe Outputs 50/33.3 —1mA/20 mA
OE Output Enable 1.0/1.0 | 20 pA/—0.6 mA

Block Diagram
_ ADDRESS ADDRESS _
RASI LE SELy SEL, ACo = ACg ARg = ARg MSEL TS
LATCH LATCH LATCH
(BANK) B (MSB) —>] (Lsp)

ol
=1
o

|—|_/
y y A
cL \% cL Vv cL \%4
BANK COLUMN ROW
COUNTER COUNTER COUNTER
Q [ Q

9 o Yo \s
s : ¥
A 4 A A A
RAS | cAs MUX So=S3 ’
CODE CODE CONTROL > uux
(]
-7 iy <
4 4 9
MC MCo RAS, CASI CAS, Q, O

TL/F/9608-3
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Timing Waveforms

ARn, ACn

an YRR Row aooress vALID YOOOOQRQC Y ouum avoress vao )

&N /S

MCn X

RASI / N

> =\ /
e AT\

MSEL 7 ) U
CASI e \
CASn \ 5 7‘

SELn }'4 X

MEMORY CYCLE TIMING

RASI/CAS| PULSE WIDTHS

RASI/CASI AN 7/ N\

FIGURE 1. Dynamic Memory Controller Timing

ARn, ACn >(
an XXX ROW ADDRESS VALID )@zzz% COLUMN ADDRESS VALID

RASI __/

@

-

|<- A
RASh RN

MSEL £

CAsl £
C—>

2 AN

Note A: Gt d i difference b fastest RASI to RAS,, delay and the slowest A, to Qp, delay on any single device.
Note B: Guaranteed maximum difference between fastest MSEL to Q,, delay and the slowest RAS| to RAS, delay on any single device.
Note C: Guaranteed i difference b fastest CASI to CAS,, delay and the slowest MSEL to Q, delay on any single device.

FIGURE 2. Specifications Applicable to Memory Cycle Timing (MC, = 1,0)

TL/F/9608-4

TL/F/9608-5
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Timing Waveforms (continued)

ARn, ACn %
an XXXX)k ROW REFRESH ADDRESS 4 COLUMN REFRESH ADDRESS
RASI 7 fsn
tran
RRSn AN
T, '
MSEL 7\!

- - 4( — I<—kASC
= =\

FIGURE 3. Desired System Timing

TL/F/9608-6

Refresh Cycle Timing

MCn X

an XXX ROW REFRESH ADDRESS VALID )@ZZZ* COLUMN ADDRESS VALID
D

v _/
RRSn RN
useL 7
casi 7

n *\°\’\\

FIGURE 4. Specifications Applicable to Refresh Cycle Timing (MC,, = 00,01)
Note B: Guaranteed maximum difference between fastest MSEL to Q, delay and the slowest RASI to RAS,, delay on any single device.
Note C: Guaranteed maximum difference between fastest CASI to CAS,, delay and the slowest MSEL to Qp, delay on any single device.
Note D: Guaranteed maximum difference between fastest RASI to RAS,, delay and the slowest MC, to Qp, delay on any single device.

@

TL/F/9608-7
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Refresh Cycle Timing (continued)

MCn X

Qn

MCn =01

COLUMN
XX)(* ROW REFRESH ADDRESS VALID *Zzzz* N RETRESH

RASI 7 s

MSEL

CASI

CASn

MCn

Qn

MK

tRan

7l

7

<—>1 tasc

FIGURE 5. Designed Timing—Refresh with Error Correction

RN\ S

X Mcen=00

RASI f

RASn

I'*‘ASR*I

FIGURE 6. Desired Timing—Refresh without Error Correction

TL/F/9608-8

TL/F/9608-9
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Absolute Maximum Ratings (Note 1)

Recommended Operating

If Military/Aerospace specified devices are required, Conditions
please contact the National Semiconductor Sales . R
: M- " Free Air Ambient Temperature
Office/Distributors for availability and spe::ll‘icatlons.o Military —55°C o +125°C
Storage Temperature —65°Cto +150°C Commercial 0°C to +70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
Ve Pin Potential to Commercial +4.5Vto +5.5V
Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) —0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Output
in HIGH State (with Vg = 0V)
Standard Output —0.5VtoVge
TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated lg (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Typ Max
Vi Input HIGH Voltage 2.0 Vv Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \" Recognized as a LOW Signal
Vep Input Clamp Diode Voltage —-1.2 " Min In = —18mA
VoH Output HIGH 54F 10% V¢ 25 loH= —1mA
Voltage 54F 10% Vo 24 loy = —3mA
74F 10% Ve 25 v Min loy = —1mA
74F 10% V¢ 2.4 lo = —3mA
74F 5% Vcg 2.7 loH= —1mA
74F 5% Vg 2.7 loy = —3mA
VoL Output LOW 54F 10% V¢ 0.5 loL = 1.0mA
Voltage 54F 10% Vg 0.8 v Min loL = 120 mA
74F 10% Vg 0.5 loL = 1.0mA
74F 10% Ve 0.8 loL = 120 mA
I Input HIGH Current 20 RA Max VIN = 2.7V
Igvi Input HIGH Current ViN = 7.0V
Breakdown Test 100 KA Max
I Input LOW Current —0.6 mA Max Vin = 0.5V
lozH Output Leakage Current 50 pA Max Vout = 2.7V
lozL Output Leakage Current -50 pA Max Vout = 0.5V
los Output Short-Circuit Current —60 —150 mA Max Vout = 0V
IcEX Output HIGH Leakage Current 250 wA Max Vout = Vecc
Izz Bus Drainage Test 500 HA 0.0V Vout = Vce
lcch Power Supply Current 300 mA Max Vo = HIGH
locL Power Supply Current 300 mA Max Vo = LOW
lccz Power Supply Current 300 mA Max Vo = HIGHZ
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29F68

AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations

Military Commercial
29F 20F 20F
Ta = +25°C . "
Ta, Vcc = Mil | Ta, Vec = Com Ta, Vec = Com . Fig

Symbol Parameter Vee = +5.0V i - = Units

CL = 50 pF CL = 50 pF CL = 50 pF CL = 500 pF No

Min Max Min Max Min Max Min Typ Max
tPLH Propagation Delay 3.0 11.0 2.5 12.0 19.0 ns | 2-3
tPHL AR to Q 3.0 11.0 2.5 12.0 22.0
tPLH Propagation Delay 3.0 11.0 2.5 12.0 19.0 ns | 2-3
tpHL ACto Qp 3.0 11.0 2.5 12.0 22,0
tPLH Propagation Delay 3.5 12.0 3.0 13.0 23.0 ns | o3
tpHL RASI to RAS; 3.5 12.0 3.0 13.0 20.0
tpLH Propagation Delay 1.0 8.0 1.0 8.5 19.0 ns | 2-3
tPHL CASI to CAS; 1.0 8.0 1.0 8.5 17.0
tPLH Propagation Delay 3.0 13.0 2.5 14.0 24.0 ns | 2-3
tPHL MSEL to Q 3.0 13.0 2.5 14.0 21.0
tPLH Propagation Delay 4.0 15.0 3.5 16.0 25.0 ns | 2-3
tPHL MCy, to Qn 4.0 15.0 3.5 16.0 22.0
tPLH Propagation Delay 3.5 175 3.0 18.5 24.0 ns | 2-3
tpHL MC, to RAS,, 3.5 17.5 3.0 18.5 22.0
tPLH Propagation Delay 4.0 12.5 3.5 13.5 23.0 ns | 2-3
tPHL MCh, to CAS;, 4.0 12,5 3.5 13.5 21.0
tPLH Propagation Delay 4.0 15.0 3.5 16.0 25.0 ns | 2-3
tPHL LE to RAS, 4.0 15.0 3.5 16.0 24.0
tPLH Propagation Delay 5.0 13.5 4.5 145 24.0 ns | 2-3
tPHL LE to CAS, 5.0 13.5 45 14.5 24,0
tPLH Propagation Delay 3.5 12.0 3.0 13.0 23.0 ns | 2-3
tPHL LE to Qp 3.5 12.0 3.0 13.0 22.0
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations

29F Military 29F Commercial 29F
Ta = +25°C - _ ]
Symbol Parameter Ve = +5.0V Té’ V:%o_ l\'l:lll TAC’:VC: 50 C: m Units I:;g
Cp = 50 pF L P L p

Min Max Min Max Min Max
tpzH Output Disable Time 1.0 9.5 1.0 10.0 ns 25
tpzL OEtoQp 1.0 9.5 1.0 10.0
tpzH Output Disable Time 1.0 9.5 1.0 10.0 ns 25
tpzL OE to Q, 1.0 9.5 1.0 10.0
tPHZ Output Disable Time 1.0 9.5 1.0 10.0 ns P
tpLz OE to RAS, 1.0 9.5 1.0 10.0
tpzH Output Disable Time 1.0 9.5 1.0 10.0 ns P
tpzL OE to RAS,, 1.0 9.5 1.0 10.0
tPHZ Output Disable Time 1.0 9.5 1.0 10.0 ns P
tpLz OE to CAS,, 1.0 9.5 1.0 10.0
tpzH Output Enable Time 1.0 9.5 1.0 10.0 ns o5
tpzL OE to CAS, 1.0 9.5 1.0 10.0
tw(H) Pulse Width, HIGH or LOW 15.0 15.0 ns P
twiL) CASp, RAS, 15.0 15.0
tskew Qp, to CAS;, RAS, 10.0 10.0 ns

AC Operating Requirements: see section 2 for Waveforms
29F Military 29F Commercial 29F

Ta = +25°C s _ . Fig

Symbol Parameter Veg = +5.0V Ta, Vcc = Mil Ta, Vcc = Com Units No
Min Max Min Max Min Max

ts(H) Setup Time, HIGH or LOW 5.0 5.0 ns 2-6
ts(L) AptoLE 5.0 5.0 :
th(H) Hold Time, HIGH or LOW 5.0 5.0 ns 26
th(L) AptoLE 5.0 5.0
ts(H) Setup Time, HIGH or LOW 5.0 5.0 ns 2.6
ts(L) SEL to LE 5.0 5.0
th(H) Hold Time, HIGH or LOW 5.0 5.0 ns P
th(l) SEL to LE 5.0 5.0
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29F524 ¢ 29F525

National
Semiconductor

29F524 ¢ 29F525

ADVANCED INFORMATION

Dual 7- and 8-Deep Pipeline Registers

General Description

The 29F524/525 are 8-bit wide, 14- and 16-word deep pipe-
line registers with TRI-STATE® outputs. The registers are
organized as two 7- or 8-byte shift registers. A single clock
is provided and operation of the shift registers is under mi-
croprogram control.

In the 29F524, the shift registers are 7 deep. All fourteen
registers are available at the output. The input data is fed
directly to the output or an all-zero byte.

The shift registers are 8 deep in the 29F525. Any of the
sixteen registers may be cascaded to from a single 14- or
16-byte-long pipeline register.

Features

m 29F524—Dual 7-deep or single 14-deep (with feed-
through and 0) registers

W 29F525—Dual 8-deep or single 16-deep registers

W Allows saving addresses within its registers for use at a
later time

m Hold, or shift and load instructions

m Number of delay cycles can be changed by the user
without interrupting the data flow

m All registers available at TRI-STATE output

® Functionally and pin compatible to AMD
Am29524/Am29525

Logic Symbol Connection Diagrams
29F525 Pin Assignment Pin Assignment
for DIP/SOIC for LCC and PCC
I 20F525 20F525
D; D, Dz D, D5 D
lp D0 D1 D2 D3 04 05 Dg By (EcL),
Iy s 28}-s, Dg D5 D4 GND Ve D3 Dy
S, so—{2 27}-s; [ [@ = E @ EE
0 ()
5, 0p—3 26}~0,
s D=4 25|10, Dy 12 &0
: 0,5 24}-0 lo 3 310
53 2 2 cP E m 50
o ( D;— 6 23}-04 - B ms,
Ve (EcL)—{ 7 22 Voo (TTL
OE 0y 0, 0, O5 0, Og Og O ce c 0; @ Es,
ek Bt W T Bt T Bt GND(ECL)—{ 8 21-0ND (L) o S3
I l ' I I I I | 0,~{9 20 |—=0E 05 @ 28 0y
TL/F/9611-11 DS- 10 19 _04 (]
Dg—{ 11 18}=0g [ 29 1 22 23 4] 25
0,—12 17}-0s 04 OEGND Ve 05 0, Oy
lb={13 1610, ()
cp—d14 15}, TL/F/9611-2
TL/F/9611-1
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Ordering Information

The device number is used to form part of a simplified purchasing code where the package type and temperature range are
defined as follows:

74F XXX P C QR
Special Variations

.emperature Range Family QR = Commercial grade
74F = Commercial device with burn=in
54F = Military QB =Miltary grade
29F = Commercial or Military device with

environmental and
Device Type burn=in processing
Package Code Temperature Range
P =Plastic DIP
SP=Slim ;lastlc DIP C=Commercial (0°C to +70°C)
D =Ceramic DIP M = Military (=55°C to +125°C)
SD =Slim Ceramic DIP
F =Flatpak

L=Leadless Chip Carrier (LCC)
Q=Plastic Chip Carrier (PCC)
S =Small Outline Package (SOIC)
TL/F/9790-1

For most current packaging information, contact Product Marketing.
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Physical Dimensions

National
Semiconductor All dimensions are in inches (millimeters)

52 Lead Side Brazed Ceramic Dual In-Line Package
NS Package Number D52A

26%
{66 70)
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52 51 50 49 48 47 46 45 44 43 42 41 40 39 B I
=

F=ar=y P S i ]

1K
K]
@
H
9

31 3 9 28 27
= =

0.610
(15.49)
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/ PIN NO. 1 IDENT )

o — e —

1 2 3 4 5

=
~1
i
]
[
I
[
i
i
i
i
[
|
|
i

0540
(]
0.030-04 MAX
(:::?l:) (0.762-1.524) 5449 _p.200
MIN {2.794-5.080)
f 0.1000.010 0.035-0.055
11,540:0.254)"" [ {0.889-1.397)
SEATING PLANE w w
0015-0.023
0,381 -0.580)
w
NOTE: FAST™ Product Shipped WITHOUT 04%

(12.45)
MAX

0.008-0015  0.040 L)

{0.203-0.381) {1.016)
w AX TYP

Protective Silicon “Bumpers”.

15° MAX
0.590 - 0.620 ALLOWABLE
(14.99-15.75)

D824 (REV A

20 Terminal Ceramic Leadless Chip Carrier (LCC)
NS Package Number E20A 02020005

{5.080£0.727)
e 450 % 0.015£0.010
¥ {0.381£0.254)
0.350+0.008 0.015 0.007-0.011
@0tz | 0.063-0.075 0.3 007 -0,
8. 3 0.083-0.075 0.381 -
‘ (8.890£0.203) ‘ _—>| |"_u.suo-1.sus) ';m “)P ‘ {0.178-0.279)
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— g
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Z (1143 -1.397) /|
DETAIL A v ooer-0088 | [ A oms-ngss
(1.7uzT;Pz,1na) (1143-1.397)
Top View Side View e

450 x 0.04020.010
{1.016£0.250)

Bottom View
0.003 LN
m (0.381)
MINTYP MAXTYP

0.022
0,559 —> 41 %
MAXTYP MINTYP

Detail A
E20A (REV O
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14 Lead Ceramic Flatpak
NS Package Number W14B

0.050 -0.080 ]
(1.270-2.032)

0.004 -0.006
(0.102-0.152)

0.020-0.035 | L_

(0.508 —0.889)

0.372-0.385
(9.449-9,779)
o5 | | 0.050:£0.005
(1143 | ™1 T (.20z0.27)
MAX
0.250—0.370
{6.350—9.398)
* 413121110 9 8
0.280 mAX | 0.245-0.265
{7.112) GLASS {6.223-6.477)
234 8 7
PIN NO, 1 |
IDENT 0.250-0.370
{6.350—9.398)

{0.381-0.483)
P

‘W14B (REV D)

16 Lead Ceramic Flatpak

NS Package Number W16A
0.050-0.080 e
(1.270-2.032)
0.004-0.006

0.371 - 0.390

0.007 - 0.018

(0.102-0.152)

| —

0.020-0.040 .
(0.508-1.016)

(0.178 - 0.457)

(9.423 - 9.906)

r"(mo 10.127)
—{ [~—0.000 MIN ALL ENDS

0.050 +0.005

0.300 - 0.370
(7.620 - 9.398)

16115 14 131211 10 8 0.300

PIN NO.1
IDENT

2345878

0.245-0275 | (7.620)

(6.223 — 6.985) MAX
GLASS

0.300 - 0.370
(7.620 - 9.398)

"
0.015-0.019 JL
(0.381-0.482)

TYP

‘W1BA (REV E)
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Physical Dimensions

20 Lead Ceramic Flatpak

NS Package Number W20A
0.080 —0.090 0.540
> " (2.032—2.286) I (13.72) MAX
0.030—0.040 0.050+0.005 0.005
Oee—t0e) | | fznzoazn | 0| [ > gz MNP
0.250-0.320
{6.350—8.128)
[ T T 20 19 18 17 16 15 14 13 12 11
0.285
H m ) 0.260—0.270
1 MAX GLASS {6.604 —6.858)
2345678910
0.250-0.320
OPTIONAL {6.350—8.128)
PIN #1 l
IDENT
0.045
=22 max
0.004—0.006 l 0.015-0018 _’! (1.183)
{0102—0.152) “ > 0381-0.483) "
) 0.008—0.012
{0.203-0.305) WEOAREV Gy
24 Lead Ceramic Flatpak
NS Package Number W24C
0.080—0.090 c 0.590 - 0.625 |
(2.032—2.286) (14.99-15.88)
0.030 —0.040 0.050 +0.005 0.005 wyN TYP
—— | |— = | | — —
{0.762—-1.016) (1.270£0.127) (0.127)
0.250-0.320
(6.350—8.128)
T 24 23 22 21 20 19 18 17 16 15 14 13
0.400
a (wélL:,ss ) 0.365—0.380
| | MAX 9.271-9.652)
0.011-0.025 ©21=-8652) g 511 _g.008
m (0.279 —0.635)
[ [/ ] I£2 3456789101112
-‘ T
0.250-0.320
OPTIONAL (6.350 —8.128)
0.008-0.015
PIN #1 (0.203-0.381)
IDENT i | .
OPTION #1 ; DETAIL “*A"' PIN #1 IDENT OPTION 2
(REFER DETAIL **A"")
0.004—0.009 0.015-0.019 0.045
002=0.229 % > (0.381-0483) " “ag X
0.008-0.015
(0.203 -0.381) W24C (EV DY
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14 Lead Ceramic Dual In-Line Package

NS Package Number J14A
0.785
{19.939)
MAX
0025 [14] [13] [32] [71] o] [e] [%®]
(0.635)
RAD 0.220-0.310
(5.588—7.874)
L l2] [0 [af Is] [sf [2]
0.280-0.320 0.005 - 0.200
(7.366-8.128) (ﬂ-&ﬁ:‘) GLASS 0.060 +0.005 {5.080)
I — e — |
l SEA'LA"‘T {1.524 0.127) MAX' g 020-0.060
0.180 ! - (0.508—1.524)
== MAXf ——] 5081,
(4.572) [T
} 95° +5° 86°94° TYP \ ‘
[ 10° MAX * 0.008-0.012 ]J
0.310-0.410 {0.203-0.305)
el Jye 0.018 £0.003 __l I__ 0.425-0.200
(1.874-10.41) : {0.457 £0.076) 3 175_F 080)
(2.489) (3.175-5.080)
MAX BOTH ENDS o 0.100 +0.010 0.150
{2.540 =0.258) @an
MIN J14A (REV G)
16 Lead Ceramic Dual In-Line Package
NS Package Number J16A
| 0.785 |
{19.939)
MAX ’
0.025 &
{0.635)
RAD 0.220-0.310
(5.588-7.874)
0.005—0.020
(0.127—0.508)
RAD TYP
GLASS
SEALANT 0.200
| .0:200-0.320 _0.005 0.055+0.005 )
(7.366—8.128) "’ (0327) {1.397+0.127) ~ 0.150
— AN L — 4 L {3.810)
l ! iy
0.180 e 0.008-0.012 4
{4.572) //95 £5 [~ (0.203—0.305) U l A6e 940
MAX TYP
_0.080 _0.018::0.003 __ 0.125-0.200 0.020—0.060
0.310 - 0.410 ("’"‘:‘32) {0.457£0.076) {3.175—5.080) {0.508—1.524)
{7.87a—10.41) BO#: -~
ENDS 0.100+0.010 | e 0.037 +0.005
(2 540 10.254) (0.940 +0.127)

J16A (REV K)

suoisuawi( [eaisAyd
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Physical Dimensions

18 Lead Ceramic Dual In-Line Package

NS Package Number J18A
0.020
m RAD MAX
0.025
{0.63) "0
DI (2] [3] [ [sTTsT [z] (8] {g]
0.005 \o o
o™ e
oomsoos | |1 —dwax
0.200-0.320 0.055 +0.005 (0.840+0.127) 7 0.020~0.060
= wsse—sazm| ez | [~ 0501520
GLASS SEALANT 0.125-0.200
~NH - = {3.175—5.080)
080 | | 0.008-0.012
sz gsege | (0-203-0.305) ]_r ] 1
86° 94°
0.310 - 0.410 L_ e L_ 0.100+0.010 ‘_\ 0.098 0150
(7.874-10.41) (2.540%0. 254) ="{2.489) (3'}'!::‘0)
MAX
0.018:£0.003
{0457 £0.076) | BOTH ENDS
J18A (REV L)
20 Lead Ceramic Dual In-Line Package
NS Package Number J20A
0.985
0025 {#5.019) >
(o 535) \ MAX
P [1s] [18] [37] [16] [1s] [1a] [13] [12] rd
MW_
(5.588—7.874)
/4 (2] [a] Ta] [s] [ef L] Lo [e]
0.005-0.020
(0.127-0.508)
RAD TYP 0.037::0.005
r (0.94020.127)
0.005 0.055:£0.005
0.180 0.290-0.320 I 0z (1.397£0.127) ™~ 0.020-0.050
“sn2) [~ as6=a.128 GLASS SEALANT | MIN S8=1520)
) | 1 \ 0.200
1 5.
Y m | Y ‘,m’"
1
95°45° 86° 04° 0,150
0.008—0.012 @8i0) ::;:-::::
0.203-0.305) MIN  (3.175-5.080)
om 0.410 0.060 0.018::0.003 }1_
(7 7.874-10.41) {1.528) {0.4570.076)
BOTH E"“!ﬁé 0.100+0.010

(2.540£0.254)

J20A (REV M)




24 Lead Ceramic Dual In-Line Package

NS Package Number J24A

0.025

(0.635)
RAD \9

1.290
(32.766)

0.600

_(15.240)
MAX

MAX
[2] [23] [22] [o1] [o] [1s] [is] [v7] [ie] [is] [a] [w3]
~

GLASS

0.514-0.526
(13.06-13.36)

om_uu%/ D0 E N G o &
(0.762-1.397)
RAD TYP
0.180
0.590-0.620 | 0.005 GLASS 0.055 +0.005 (4.572)
\ {14.986-15.748) ' (o.w’: . SEALANT {tae7 0020 | | MAX | 020-0.070
+ \ = (0.508-1.778)
! ¥
15 0.008-0.012 ———I—
+0.025 (0.203-0.305) j_[
0.685
| e mm oo | [ i ¢ mem e
0 . * 94 (3175-5.080 3810
(mu _1'52") MAX 259070253} e BUESND B8
J24A (REV H)
28 Lead Ceramic Dual In-Line Package
NS Package Number J28A
1.490
MAX 0.600
(37.846) (52400
@) [7) [ [7 @ [# [z [7) (@ [ 66 6 6 [ MAX GLASS
0.025
(0.635)
N 0514-0526
(13.06-13.36)
. J
0.030-0.055
—— 1 2 3 4 5 6 7 8 9 10 1 12 13| |14
S — O T O 7 7 G O (e o ol [ T [ ]
RAD TYP
0.180
as2) 0225
l 0.590-0.620 MAX GLASS o 0.055 +0.005 (5.715)
{14.986-15.748) Y SEALANT ~ 39720020 Max
T < 1 0.020-0.070

o

0.008-0.012

e T 5w/

e
o 313
! +0.635
(‘7"" N

o]

=
0.060-0.100
{1524-2.500)

0.100 +0.010

0.018 +0.002

(2.540 +0.254)

(0.457 +0.508)

0.125

(3.175)
MIN

J28A (REV Er

fiu508-1.778)

T

suoisuawi [esishud
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Physical Dimensions

14 Lead Small Outline Integrated Circuit (SOIC)

NS Package Number M14A
23360304
{8.534-8.738)
T AAAAR
u.mL.z«
(5.791-6.198)
N aariay
0.020 j .
o508
0.150-0.158
{3810-4.013)
oo 0.024-0.031  0.053-0.069
WTZ) poge (0.610-0.787) (1.346—1.753) (:m_::;g)
x45 ™ ALL LEADS \ AFTER LEAD FINISH
l ? i)

0.007 -0.010 0.050 _,] ‘
(0.178-0.254) 0. m 0.050 (, m) -
e 0.004 um {0.508—1.270)

oy TYP ALL LEADS
ALL LEAD TIPS

f

0.014-0.019
-l {0.355-0.433)
v

M14A (REV F)

16 Lead Small Outline Integrated Circuit (SOIC)

NS Package Number M16A
0.385-0.34
[~ Ram-i000
% 15 14 13 122 11 10 9
0.228-0.204
{5.791-6.198) o
LEADNOLA 2 3 4 5 68 1 8
IDENT
0.020
(0.508)
0.150-0.158
o D.150-0.158
(wo;t::;a) 0.053-0.069 0.004-0.010
S g {1.386-1.753) @ 102-0758
"t5e * * AFTER LEAD FINISH
Lms r = .
| 1
L ? i o N D D A i
0.024-0.031 ? f
0007-0.010 omn om N I ) ol le_noa-0ms
(n 780254 0501270} azm) 0% 0483
TYP ALL LEADS
m mz e ey
ALLLEAD TIPS




16 Lead (0.300" Wide) Small Outline Integrated Circuit (SOIC)
NS Package Number M16B

0.396-0.412
{10.06—10.45)
6 15 4 13 12 11 10 9

AAAAAAARD

o —rO
Tr00000

1.2 3 4 5 6

0.027
josss 1 I™

suoisuawi( [eaisAyd

0.291-0.209
* faoi-15%)
0.01
(n:a;) I~ 0.093-0.104 0.037-0.044
0.009—0.013 X 45° (2.362-2.642) (0.940-1.118)
L J 0.004-0.012

{0.229-0.330) .004-0.
TYP ALL LEADS {0.102-0.305)

- _L
I 1 Wil o R

‘Es‘i-;: hes N_(T:W%EE:E; .z ﬁﬂ:‘iééé}:i‘li,
20 Lead Small Outline Integrated Circuit (SOIC)
NS Package Number M20B
e
20 19 18 17 16 15 14 13 12 1
DAAANARAARAR
A e /’O
EREINERY
;%Ab
- 0.291-0.299 =
- (7.391-7.585) 0.083-0.108
0.432 {2362—2.602)
(x‘s.’ r' ‘ * 0.004 -0.012

— T g
o~ ‘j st | J L'l ...,,T_.,.,,,

0.009-0.013 o 050
0.102 0.030—0.050 0.050 —»
(0.229-0.330) ALL(LEAD s {0.762—1.270) (1.270) . 356 -0 483)

3

TYP ALL LEADS VP ALL LEADS

M208 (REV D)
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Physical Dimensions

24 Lead Small Outline Integrated Circuit (SOIC)

NS Package Number M24B
0.596-0.612
= - {15.14-15.50)
_ __24 23 2 21 20 19 18 17 16 15 14 13
0394-0.419
(10.01-10.64)
LEADND.1___| O
DENT |
1 5 6 7 8 9 10 1 12
0.027
0.686)
0.291-0.299
(7.391-7.504)
0.017 0.037-0.044  0.093-0.104
] 0940 1.118)  (2.362-2.642)
0.009-0.013 x45°
(0.229-0.330) —— 0.004-0.012
TP ALi LEADS 0°-8° TYP ALL LEADS (0.102-0.305)
T ‘ 0.030-0.050 , \ 0.050 0.014-0.019
0.004 - {0.762—1.270) ~ {0.356 -0.483)
©.102) TYP ALL LEADS e
ALL LEAD TIPS

M2¢8 (REV G-

28 Lead Small Outline Integrated Circuit (SOIC)
*NS Package Number M28B

HI]HHHH[IHHHHHHH

15

—

18.10 (0.713)
17.70 (0.696)

—

1.27 (0.050)
BSC

—

0.49 (0.020)
0.35 (0.013)

—

| _INDEX
AREA

7.60 (0.300)
7.40 (0.291)

0.32 (0.013)
0.23 (o ooe) [

10.65 (0.420)
10.00 (0.393)

075 (0.030) _,co
0.25 (0.009) **°

-—.'

—

2.65 (0.105)

e

1.27 (0.050)
0.40 (0.015)

*For most current package information contact product marketing.

k l 2.35 (0.092)
j

0.30 (0.012)
0.10 (0.003)

M28B




14 Lead Plastic Dual In-Line Package

a leaishuyd

suoisuswi

NS Package Number N14A
0.743 - 0.770
0030 (18.87 — 19.56)
oggz (22861~
—=% 2pL)
(2.331) [ig]
2PLS L 0.032 £0.005
PIN NO. 1 IDENT 0.250 +0.005 (0.813£0.127)
0.280 \@ @ (6.350 £0.127) RAD
== (7.112) = ) [ @~——PIN NG. 1 IDENT
Min DO OO T
0.300-0.320 0.130 +0.005
2070920 OPTION 1 _ 0.130+0.005 O0PTIONS 2,3
76208128 0.065 OPTIONS 3 [ @30z =0.120)
(1.651) (o.ass) —— 0.145 — 0.200
¥ 1651 [ 13583 - 5.080)
, ‘ * T )
j'__l ? ‘f_ Wy ) ‘
95°*5‘z 0.008-0.015 "‘g‘fi ©) o
(0.229-0.381) - (i's_na')
0075:0015 __| _IL 0.018 :0.003 MIN
{1905 20.381) {0.457 20.076)
0325 "g 3‘}2 0.100 0,010 0.125 - 0.140
— (2540 :0.250) (3.175 - 3.556)
(8.255 :;,3“;'13) N14A (REV D)
16 Lead Plastic Dual In-Line Package
NS Package Number N16E
0.743-0.780
0o __| {18.87-19.81)
{2.286)
0.092 NOM 5 [ [E [2 [[6 fd 3 0.032£0.005 EREND
D(Izkzﬁi‘;l')a (u.mﬁo.m)\
0.2502:0.005
PIN D, 1 umn\ @ T )
PIN NO. 1 IDENT——
A e ’ SEERERCRERCRURC] B
)
MiN 0.030 OPTION 1 l__°§'“°" 2 OPTION 2
0.300-0.320 | (0.762) o
fTez-sazg | X 0.055 '1’:‘:: 0.130:£0.005
1 {1.851) { ’ {3.302£0.127) {
—f— { Joniand ) i 0.145-0.200
, | (3583=5.080)
95°5° f 400+ 49 *
0.009-0.015 TP 0.020
U™ {0.229-0.381) o (O508)
l————» 0.030:+0.015 | |__ __H_‘ 0.018+0.003 (% MIN
0.325 "g pote {0.762£0.381) 05720076 N
1016 0.10010.010
(s 2557 351) {2.540£0.254)
TYP N16E (REV E)
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Physical Dimensions

20 Lead Plastic Dual In-Line Package

NS Package Number N20A
1.013-1.040
0.092 X 0.030 {25.73-2642)
(2.337 X 0.762) 0.032:+0.005
0] [%) [] [7] [] [5] &) [33] [72] [7] PYTEET XTI
MAX DP RN
RAD
PIN NO. 1 IDENT 0.260 :0.005
20 N 5.60020127) PIN NO. 1 IDENT~__
) OPTION 1 I
MIN
0.300-0.320 OPTION 2
{7.620-8.128) 0
0.060 NOM 0040 )\ OPTION? L 0.130 0005
0065  (1.524) {1.016) 4° (4x) — e B
a8 TYP TYP {3302 0.127)
A \ 0.145-0200
T— H |  GoBa-s.080)
Bes | n 009-0.015 80°:0.008° ]
(n zzs-o 381) 0.020
l | UW“*W“‘_I l__ T oaseom0 (@5
' o 060 £0.005 {2.5400.254) 0.018+0.003 (3.175-3556) MIN
0,325 0040 I saax002n) | {0.457+0.076)
-0.015
+1.016
(azss 0381)
N20A (REV G)
24 Lead Plastic Dual In-Line Package
NS Package Number N24A
| 1.243-1.270
(31.57-32.26)
24] [23] J22] [21} faof J19| i8] [J17] {16] (15 [1a] |13
i
i 1
0.062 | :
e 1f 0540 s0.005
I[1371620.127)
PIN NO. 1 IDENT l :
o '
NN O W 0 E
DOTTED OUTLINES
REFLECT ALTERNATE
0.580 MOLDED BODY CONFIGURATION
(14.73) 0.030
M (0.762) 0.075 0.040 0.160 0.005
0.600-0.620 MAX {.905) 0.060 D) -100 0.
{15:24-15.748) } {1.528) TYP _'[ r_ (4.064 £0.121) {
% r f‘ L] [ 0.170-0.210
I I {la38-533)
| oo |\ oaos-oms v o } I
o525 10025 |~ 0229-0.387) v
i 0018 0.075 +0.015 I‘ 0.018 :o.ooi‘;“;_ 0140 (o aan
f (1sa7s 0555 {1,905 20.381) ‘i l‘mmm AT 0076) (o= MIN
(2.540 +0.254)

N2¢A (REV E)




28 Terminal Ceramic Leadless Chip Carrier (LCC)

NS Package Number E28A
0408
(10.26) 0.065—0.076
sa r‘m
—_—
prevagl
(15"',15) -——m.zas;lﬁ.sa)
ToP BOTTOM SIDE
VIEW VIEW VIEW
E28A (REV C)
24 Lead Slim (0.300” Wide) Ceramic Dual In-Line Package
NS Package Number J24F
0.025 1.290
m) RAD m) MAX
0315 max 0.295
{8.007) GLASS a3 "X
J\
(0.762-1.397)
GLASS 0.060 0005 _ RADTYP 1 200-0320
SEMANT‘\ nsasazn | 0.020-0.070 {7366-8.128) |
@508-1778)y
0180 \ 0.225
{as12) ¥ {5.115)
MAX MAX
r A 0.008-0.012
86° 94° | B \~=—{0.203-0.305)
MAX ™ 0.100 :amn., L 0.018 +0.003 0.125 L ’l v
0.095 100 +0. 018 +0. == 0.310-0.410
2413 23;2"4 I T Reang o457 tom)'ﬁ ~ G 7874-1047)

J24F(REV 6)

suoisuawiq jeaisfyd




Physical Dimensions

24 Lead Slim (0.300” Wide) Plastic Dual In-Line Package
NS Package Number N24C

1.283-1.270
0.092 {31.657-32.26)
(2.337) MAX
(2PLS)
PINNO. 1 @ 0.260:£0.005
IDENT (6.604£0.127)
—/ILILZ_I&ILUT‘ILHLI“L’J
OPTiON 2 0.062 EJECTOR PINS
0.300-0.320 (1.575) OPTIONAL
T52-8.28) o 000
(1.016) 0.130:£0.
TP 19020005
{3.302£0.127)
R [ g—'g‘% 0.145—0.200
I (O (3.683-5.080)
0.009—0.015 I —F T T
(0.220—0.387) _0.065 |
! (1.651) I 01250145
0.018:£0.003 -{3.175—3.556)
+0.040 : 0.0180.003
0.325 ~ 0.015 } MIN ‘ :gz:_%g;; L J (0_4571:0.(}7'5’3‘] L MIN
(255 1016) ! ! 0.100£0.010 90°£4° TYP
—0.38 {2.50£0.254)
™
N24C (REV F)

52 Lead Plastic Chip Carrier (PCC)

0.785-0.795

0.785—0.7%5
{19.94—20.19)

lgigigigigipigigiginisiyl,

iy 457
12 SPACES AT 191-4.572)
0050=0600 0.018-0.040
—b= _
(1.210=15.24) 0.026 -0.032 357 1.
W s—0873) {0.457=1.016)
e —
5 5 1. 0.085-0.125
Aoonpononnoagd @a3=a175)
b 2o -
d i] =r
d i =L
g b =T
E b 0.013-0.018 é [,
12 SPACES AT b 0.330-0.457)
0050=0600 h 0.750£0.003 R = VM)
(1.270=15.24) (19.05 £0.076) —IL (18.03-18.54)
= o E L,
g ] 3
i 0.085 =
= sl (1183) =
N 4 ®\ pe v =5
uUuauUatror auoaor
a %21 “X 7 ) I
0.085
0.060 | |
o752 EAD 41 IDENT o] |
0.750:+0,003
{19.05£0.076)

(19.94-20.19)

VS2A (REV &)
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National
Semiconductor

Bookshelf of Technical Support Information

National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technical
literature.

This bookshelf is a compilation of books that are currently available. The listing that follows shows the publication year and
section contents for each book.

Please contact your local National sales office for possible complimentary copies. A listing of sales offices follows this
bookshelf.

We are interested in your comments on our technical literature and your suggestions for improvement.
Please send them to:

Technical Communications Dept. M/S 23-200
2900 Semiconductor Drive

P.O. Box 58090

Santa Clara, CA 95052-8090

For a recorded update of this listing plus ordering information for these books from National’s Literature Distribution operation,
please call (408) 749-7378.

ALS/AS LOGIC DATABOOK—1987

Introduction to Bipolar Logic ® Advanced Low Power Schottky ® Advanced Schottky

ASIC DESIGN MANUAL/GATE ARRAYS & STANDARD CELLS—1987

SSI/MSI Functions e Peripheral Functions ¢ LSI/VLS| Functions e Design Guidelines ® Packaging

ASIC 1.5 CMOS GATE ARRAY DESIGN MANUAL—1988

CMOS LOGIC DATABOOK—1988

CMOS AC Switching Test Circuits and Timing Waveforms ¢ CMOS Application Notes ® MM54HC/MM74HC
MMS54HCT/MM74HCT © CD4XXX ® MM54CXXX/MM74CXXX ® Surface Mount

DATA COMMUNICATION/LAN/UART DATABOOK—Rev. 1—1988

LAN [EEE 802.3 ¢ High Speed Serial/IBM Data Communications ® ISDN Components ® UARTs
Modems e Transmission Line Drivers/Receivers

DRAM MANAGEMENT—1988

Dynamic Memory Control ® Error Detection and Correction ® Microprocessor Applications for the
DP8408A/09A/17/18/19/28/29 e Microprocessor Applications for the DP8420A/21A/22A

GRAPHICS DATABOOK—1988

Advanced Graphics Chipset ® Application Notes

INTERFACE DATABOOK—1988

Transmission Line Drivers/Receivers ® Bus Transceivers ® Peripheral Power Drivers ® Display Drivers
Memory Support ® Microprocessor Support ® Level Translators and Buffers ® Frequency Synthesis ® Hi-Rel Interface

LINEAR APPLICATIONS HANDBOOK—1986

The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit
applications using both monolithic and hybrid circuits from National Semiconductor.

Individual application notes are normally written to explain the operation and use of one particular device or to detail various
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by
keeping each application note intact, arranging them in numerical order, and providing a detailed Subject Index.




LINEAR 1 DATABOOK—1988

Voltage Regulators ® Operational Amplifiers e Buffers ® Voltage Comparators  Instrumentation Amplifiers ® Surface Mount

LINEAR 2 DATABOOK—1988

Active Filters ® Analog Switches/Multiplexers ® Analog-to-Digital ¢ Digital-to-Analog ® Sample and Hold
Sensors ® Voltage References @ Surface Mount

LINEAR 3 DATABOOK—1988

Audio Circuits  Radio Circuits e Video Circuits ® Motion Control e Special Functions ¢ Surface Mount

LS/S/TTL DATABOOK—1987

Introduction to Bipolar Logic ® Low Power Schottky ® Schottky ® TTL ¢ Low Power

MASS STORAGE HANDBOOK—Rev. 2—1988

Winchester Disk Preamplifiers ¢ Winchester Disk Servo Control ® Winchester Disk Pulse Detectors
Winchester Disk Data Separators/Synchronizers and ENDECs ® Winchester Disk Data Controlier
SCSI Bus Interface Circuits ¢ Floppy Disk Controllers

MEMORY DATABOOK—Rev. 1—1988

PROMs ¢ EPROMs ® EEPROMs ® Flash EPROMs ¢ Flash EEPROMs e TTL I/0O SRAMs
ECL 1/0 SRAMs ¢ ECL 1/0 Memory Modules

MICROCONTROLLER DATABOOK—1988

COP400 Family ¢ COP800 Family ¢ COPS Applications ® HPC Family ¢ HPC Applications
MICROWIRE and MICROWIRE/PLUS Peripherals ® Display/Terminal Management Processor (TMP)
Microcontroller Development Tools

SERIES 32000 MICROPROCESSORS DATABOOK—1988

Series 32000 Overview ® Central Processing Units ® Slave Processors ® Peripherals ® Board Level Products
Development Systems and Tools ® Software Support @ Application Notes ¢ NSC800 Family

RELIABILITY HANDBOOK—1986

Reliability and the Die ® Internal Construction  Finished Package ® MIL-STD-883 ¢ MIL-M-38510

The Specification Development Process ® Reliability and the Hybrid Device e VLSI/VHSIC Devices
Radiation Environment e Electrostatic Discharge ¢ Discrete Device ® Standardization
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