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Logic Diagrams (Continued) 

'F652 

OEBA----OI 

�O�~�B�-�-�-�-�-�-�~�)�~�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�_�,� 
CPBA-----+------------I �~�)�-�-�-�-�-�f�-�,� 

�S�B�A�-�-�-�-�-�+�_�~� 

CPAB 

SAB ---';--of--H 

Ao .... �~�+�-�H� 

TO 7 OTHER CHANNELS 
TUF/9581-12 

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

Functional Description 
In the transceiver mode, data present at the HIGH imped­
ance port may be stored in either the A or B register or both. 

The select (SAB, SBA) controls can multiplex stored and 
real-time. 

The examples in Figure 1 demonstrate the four fundamental 
bus-management functions that can be performed with the 
Octal bus transceivers and receivers. 

Data on the A or B data bus, or both can be stored in the 
internal D flip-flop by LOW to HIGH transitions at the appro-

4-534 

priate Clock Inputs (CPAB, CPBA) regardless of the Select 
or Output Enable Inputs. When SAB and SBA are in the real 
time transfer mode, it is also possible to store data without 
using the internal D flip-flops by simultaneously enabling 
OEAB and OEBA. In this configuration each Output reinforc­
es its Input. Thus when all other data sources to the two 
sets of bus lines are in at HIGH impedance, each set of bus 
lines will remain at its last state. 



Note A: Real· Time Note B: Real·Tlme Note C: Storage Note 0: Transfer Storage 
Transfer Bus B to Bus A Transfer Bus A to Bus B DatatoAorB 'r I ~ .....•...... 

t I 
I I I I ... __ .............. .----... ----. ) • 

~U1~nLm · "' · • "' · . · · "' · · "' • · "' • • II. · · II. · .. · II. · .. · II. · · "' • ..... iii · "' · iii ~ · II. · · "' · · II. · iii iii iii iii • II. · '~LiUrv' · '" · · . ,. · · ... · · . · ... · · ... · : .... ~ ! .... ! I 1, • '" · · '" · · '" · · '" • · '" · · '" · ... __ .... 1 ... ___ • ._--_ ....... _-_. 1111 1111 
IUL II III II 1111 1111 

, 111111 
, 11111 1111 ,111111 TL/F/95Bl-B . 

TLlF/B5BI-6 TL/F/9581-7 OEAD = CPAS CPBA SAB SBA TL/F/9581-9 

OEAB = CPAS CPBA SAB SBA OEAB = CPAS CPBA SAB SBA X H J X X X OEAB = CPAB CPBA SAB SBA 

L L X X X L H H X X L X L X X J X X H L HorL HotL H X 
L H J J X x 

Function Table 

Inputs Inputs/Outputs (Note 1) Operating Mode 

OEAB OEBA CPAB CPBA SAB SBA Ao thruA7 Bothru B7 

L H HorL HorL X X 
Input Input 

Isolation 

L H ./" ./" X X Store A and B Data 

X H ./" HorL X X Input Not Specified Store A. Hold B 

H H ./" ./" X X Input Output Store A in Both Registers 

L X HorL ./" X X Not Specified Input Hold A. Store B 

L L ./" ./" X X Output Input Store B in Both Registers 

L L X X X L 
Output Input 

Real-Time B Data to A Bus 

L L X HorL X H Store B Data to A Bus 

H H X X L X 
Input Output 

Real-Time A Data to B Bus 

H H HorL X H X Stored A Data to B Bus 

H L H orL HorL H H Output Output 
Stored A Data to B Bus and 
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'C to + 125'C 
Storage Temperature -65'Cto + 150'C Commercial O'Cto +70'C 
Ambient Temperature under Bias - 55'C to + 125'C Supply Voltage 
Junction Temperature under Bias -55'Cto + 175'C Military + 4.5V to + 5.5V 

Vee Pin Potential to Commercial + 4.5V to + 5.5V 

Ground Pin -0.5V to + 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 Vee = OV) 
Standard Output -0.5VtoVee 
TRI·STATE Output -0.5Vto +5.5V 

Current Applied to Output 
in LOW State (Max) twice the rated IOl (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 
54F174F 

Units Vee Conditions 
Min Typ Max 

VIH Input HIGH Voltage 2.0 V Recognized as a HIGH Signal 

Vil Input LOW Voltage O.B V Recognized as a LOW Signal 

Veo Input Clamp Diode Voltage -1.2 V Min liN = -18 mA (Non I/O Pins) 

VOH Output HIGH 54F10% Vee 2.0 10H = -12 mA (An. Bn) 
Voltage 74F10% Vee 2.0 V Min IOH = -12 mA (An, Bn) 

74F5%Vee 2.0 10H = -15 mA (An. Bn) 

VOL Output LOW 54F 10% Vee 0.55 
V Min 

10l = 4B mA (An. Bn) 
Voltage 74F 10% Vee 0.55 10l = 64 mA (An. Bn) 

IIH Input HIGH Current 5.0 ",A Max VIN = 2.7V (Non 1/0 Pins) 

Isvi Input HIGH Current 
10 ",A Max 

VIN = 7.0V 
Breakdown Test 

ISVIT Input HIGH Current 
1.0 mA Max 

VIN = 5.5V (An. Bn) 
Breakdown Test (1/0) 

III Input LOW Current -0.6 mA Max VIN = 0.5V (Non 1/0 Pins) 

IIH + 10ZH Output Leakage Current 70 ",A Max VOUT = 2.7V (An. Bn) 

III + 10Zl Output Leakage Current -650 ",A Max VOUT = 0.5V (An. Bn) 

lOS Output Short·Circuit Current -100 -225 mA Max VOUT = OV 

ICEX Output HIGH Leakage Current 250 ",A Max VOUT = Vee 

Izz Bus Drainage Test 500 ",A O.OV VOUT = Vee 

IceH Power Supply Current 105 135 mA Max Vo = HIGH 

leel Power Supply Current 118 150 mA Max Vo = LOW 

leez Power Supply Current 115 150 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. Vee = Mil TA. Vee = Com Fig 

Symbol Parameter Vee = +5.0V Units 
CL = 50pF 

CL = 50pF CL = 50pF No 

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 
2-3 

tpHL Clock to Bus 2.0 8.0 2.0 9.0 
ns 

tpLH Propagation Delay 2.0 8.5 2.0 9.0 
2-3 

tpHL Bus to Bus (,F651l 1.0 7.5 1.0 8.0 
ns 

tpLH Propagation Delay 1.0 7.0 1.0 7.5 
2-3 

tpHL Bus to Bus ('F652l 1.0 6.5 1.0 7.0 
ns 

tpLH Propagation Delay 2.0 8.5 2.0 9.5 
2-3 

tpHL SBA or SAB to A or B 2.0 8.0 2.0 9.0 
ns 

AC Operating Requirements: See Section 2 for Waveforms 

74F 54F 74F 

Symbol Parameter 
TA = +25'C 

TA. Vee = Mil TA.Vee = Com Units 
Fig 

Vee = +5.0V No 

Min Max Min Max Min Max 

tpZH Enable Time 2.0 9.5 2.0 10.0 

tPZL 'OEBAtoA 2.0 12.0 2.0 12.5 

tpHZ Disable Time 1.0 7.5 1.0 8.0 
2-5 

tpLZ 'OEBAtoA 2.0 8.5 2.0 9.0 
ns 

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 
2-5 

tpLZ OEABtoB 2.0 10.5 2.0 11.0 
ns 

Is(Hl Setup Time, HIGH or 5.0 5.0 
2-6 

ts(ll lOW, Bus to Clock 5.0 5.0 
ns 

th(Hl Hold Time, HIGH or 2.0 2.0 
2-6 

th(ll lOW, Bus to Clock 2.0 2.0 
ns 

tw(Hl Clock Pulse Width 5.0 5.0 
2-4 

!w(ll HIGH or lOW 5.0 5.0 
ns 

II 
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~National < 
~ Semiconductor 
54F /7 4F657 Octal Bidirectional Transceiver 
with a-Bit Parity Generator/Checker 
and TRI-STATE® Outputs 

General Description 
The 'F657 contains eight non-inverting buffers with 
TRI-STATE<Ill 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. 

Ordering Code: See Section 5 

Logic Symbols 

Features 
• 300 Mil 24-pin slimline DIP 
• Combines 'F245 and 'F280A functions in one package 

• TRI-STATE outputs 
• B Outputs sink 64 mA (48 mA mil) 
• 12 mA source current, B side 
• Input diodes for termination effects 

Connection Diagrams 

T/ii 
OE 

IEEEIIEC PIn AssIgnment 
for DIP, SOIC 
.and Flatpak 

PIn AssIgnment 
for LCC and PLCC 

95 96 a., Ne PAR ERR ODD/Mii 
1Ul1lID[]][]][1]I!)(]] 

ODD/ 
EVEN 

Ao 
AI 

PARRY 

ERROR 

110 
91 

B2 

93 

B4 

Bs 

B6 

B7 

TL/F/9SB4-5 

TL/F/95B4-1 

T/ii 1 

Ao 2 

vee 7 

As 8 

As 9 

~ 10 

ODD/E'lEN 11 

ERROR 12 
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24 OE 
23 Bo 

22 Bl 

21 B2 

20 B3 

19 GND 

18 GND 

17 B4 

IS B5 

15 Be 

14 a., 
13 PARllY 

TL/F/95B4-2 

B4 HlI III A7 
GNDIl]( 00 As 
GND Ii3I ill As 

NC Ii3I ITl NC 
B3 @ ~ Vee 
B21i11 (g1( A4 
B1@ ~A3 

~~l(JI{JIoV' 
1iID~~~~~~ 
BO OE T/ii Ne Ao A1 Az 

TLlF/9584-3 



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

54F174F 

Pin Names Description U.L. Input IIH/IIL 
HIGH/LOW Output IOH/IOL 

Ao-A7 Data Inputs/ 4.5/0.15 90 p.A/- 90 p.A 
TRI-STATE Outputs 150/40 (33.3) -3 mA/24 rnA (20 rnA) 

Bo-B7 Data Inputs/ 3.5/0.117 70 p.A/-70 p.A 
TRI-STATE Outputs 600/106.6 (80) -12 mA/64 rnA (48 rnA) 

T/R Transmit!Receive Input 2.0/0.067 40 p.A/- 40 p.A 
OE Enable Input 2.0/0.067 40 p.A/- 40 p.A 
PARITY Parity Input! 3.5/0.117 70 p.A/-70 p.A 

TRI-STATE Output 600/106.6 (80) -12 mA/64 rnA (48 rnA) 
ODD/EVEN ODD/EVEN Parity Input 1.0/0.033 20 p.A/ - 20 p.A 
ERROR Error Output 600/106.6 (80) -12 mA/64 rnA (48 rnA) 

Functional Description 
The Transmit!Receive (T/R) input determines the direction ty select (ODD/EVEN). If the Parity Select is HIGH and an 
of the data flow through the bidirectional transceivers. even number of A inputs are HIGH, the Parity output is 
Transmit (active HIGH) enables data from the A port to the HIGH. 
B port; Receive (active LOW) enables data from the B port In receiving mode (T /R LOW), the parity select and number 
to the A port. of HIGH inputs on port B are compared to the condition of 
The Output Enable (OE) input disables the parity and the Parity input. If an even number of bits on the B port are 
ERROR outputs and both the A and B ports by placing them HIGH, the parity select is HIGH, and the PARITY input is 
in a HIGH-Z condition when the Output Enable input is HIGH, then ERROR will be HIGH to indicate no error. If an 
HIGH. odd number of bits on the B port are HIGH, the parity select 

When transmitting (T /R HIGH), the parity generator detects is HIGH, and the PARITY input is HIGH, the ERROR will be 

whether an even or odd number of bits on the A port are LOW indicating an error. 

HIGH and compares these with the condition of the pari-

Function Table 

Number of 
Inputs 

Input! 
Outputs 

Inputs That Output 
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 

1,3,5,7 L H H L Z 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 Z 

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 
H = HIGH Voltage Level 
L = LOW Voltage Level 

III 
L H Bus A Data to Bus B X = Immaterial 
H X High-Z State 
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Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Current Applied to Output 
contact the National Semiconductor Sales Office/ in LOW State (Max) twice the rated 10l (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 damaged or have its useful life impaired. Functional operation under 

Ambient Temperature under Bias - 55·C to + 125·C 
these conditions is not implied. 

Note 2: Either voltage limit or current limit is sufficient to protect inputs. 
Junction Temperature under Bias - 55·C to + 175·C 

Vee 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) -30 mA to +5.0 mA Military - 55·C to + 125·C 
Voltage Applied to Output Commercial O·Cto +70·C 

in HIGH State (with Vee = OV) Supply Voltage 
Standard Output -0.5VtoVee Military + 4.5V to + 5.5V 
TRI-STATE Output -0.5V to + 5.5V Commercial + 4.5V to + 5.5V 

DC Electrical Characteristics 

Symbol Parameter 54F174F Units Vee Conditions 
Min Typ Max 

VIH Input HIGH Voltage 2.0 V Recognized as a HIGH Signal 

Vil Input LOW Voltage 0.8 V Recognized as a LOW Signal 

VeD Input Clamp Diode Voltage -1.2 V Min liN = -18mA 

VOH Output HIGH 54F10%Vee 2.5 10H = -1 mA (An) 
Voltage 54F 10% Vee 2.4 10H = -3 mA (An, Bn, Parity, ERROR) 

54F 10% Vee 2.0 10H = -12 mA (Bn, Parity. ERROR) 
74F 10% Vee 2.5 10H = -1 mA(An) 
74F 10% Vee 2.4 V Min 10H = -3 mA (An Bn. Parity. ERROR) 
74F 10% Vee 2.0 10H = -12 mA (Bn• Parity. ERROR) 
74F5% Vee 2.7 10H = -1 mA (An) 
74F5% Vee 2.7 10H = -3 mA (An. Bn. Parity. ERROR) 
74F5% Vee 2.0 10H = -15 mA (Bn• Parity. ERROR) 

VOL Output LOW 54F 10% Vee 0.5 10l = 20 mA (An) 
Voltage 54F 10% Vee 0.55 V Min 10l = 48 mA (Bn• Parity. ERROR) 

74F 10% Vee 0.5 10l = 24 mA (An) 
74F10% Vee 0.55 10l = 64 mA (Bn Parity. ERROR) 

IIH Input HIGH Current 20 
)J-A Max VIN = 2.7V (9DD/EVEN) 

40 VIN 2.7V (T/R. OE) 

levI Input HIGH Current 
100 )J-A Vee = 0 

VIN = 7.0V (T/R. OE. ODD/EVEN) 
Breakdown Test 

leVIT Input HIGH Current 1.0 
mA Max VIN = 5.5V (Parity. Bn) 

Breakdown Test (1/0) 2.0 VIN = 5.5 (An) 

III Input LOW Current -20 
)J-A Max VIN = 0.5V (O®/EVEN) 

-40 VIN = 0.5V (T IR. OE) 

10ZH Output Leakage Current 50 )J-A Max VOUT = 2.7V (ERROR) 

10Zl Output Leakage Current -50 )J-A Max VOUT = 0.5V (ERROR) 

IIH + 10ZH Output Leakage Current 70 
)J-A Max VI/O = 2.7V (Bn• Parity) 

90 VI/O = 2.7V (An) 

III + 10Zl Output Leakage Current -70 
)J-A Max VI/O = 0.5V (Bn• Parity) 

-90 VI/O = 0.5V (An) 

lOS Output Short-Circuit Current -60 -150 
mA Max VOUT = OV (An) 

-100 -225 VOUT = OV (Bn• Parity. ERROR) 

leEX Output HIGH Leakage 250 )J-A Max VOUT = Vee (ERROR) 
Current 1.0 mA Max VOUT = Vee (Bn• Parity) 

2.0 mA Max VOUT = Vee (An) 

Izz Bus Drainage Test 500 )J-A O.OV VOUT = Vee (An. Bn. Parity. ERROR) 

leeH Power Supply Current 101 125 mA Max Vo = HIGH 

leel Power Supply Current 112 150 mA Max Vo = LOW 

leez Power Supply Current 109 145 mA Max Vo = HIGHZ 
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations 

74F S4F 74F 

TA = +2SoC 
TA, Vee = Mil TA,Vee = Com Fig 

Symbol Parameter Vee = +S.OV 
CL = SOpF CL = SOpF 

Units 
No 

CL = SOpF 

Min Typ Max Min Max Min Max 

tpLH Propagation Delay 2.5 4.5 8.0 2.5 9.5 2.5 9.0 
2-3 

tpHL An to Bn. Bn to An 3.0 4 .. 9 7.5 3.0 8.5 3.0 8.0 
ns 

tpLH Propagation Delay 6.5 10.1 14.0 5.5 18.0 6.0 16.0 
2-3 

tpHL An to Parity 7.0 10.9 15.0 5.5 20.5 6.0 16.5 
ns 

tpLH Propagation Delay 4.5 7.8 11.0 4.0 14.0 4.0 13.0 
2-3 

tpHL ODD/EVEN to PARITY 4.5 8.8 12.0 4.5 16.5 4.5 13.5 
ns 

tpLH Propagation Delay 4.5 7.5 11.0 4.0 14.0 4.0 13.0 
2-3 

tpHL ODD/EVEN to ERROR 4.5 8.2 12.0 4.5 16.5 4.5 13.5 
ns 

tpLH Propagation Delay 8.0 14.0 20.5 7.5 27.0 7.5 23.0 
2-3 

tpHL BntoERROR 8.0 15.0 21.5 7.5 28.5 7.5 23.5 
ns 

tpLH Propagation Delay 7.0 10.8 15.5 6.0 20.0 6.0 17.0 
2-3 

tpHL PARITY to ERROR 7.5 11.8 16.5 6.5 22.0 7.5 18.5 
ns 

tpZH Output Enable Time 3.0 5.0 8.0 2.5 11.0 2.5 9.5 
2-5 

tPZL OEtoAn/Bn 4.0 6.5 10.0 3.5 13.5 3.5 11.0 
ns 

tpHZ Output Disable Time 1.0 4.5 8.0 1.0 9.5 1.0 9.0 
2-5 

tpLZ OEtoAn/Bn 1.0 4.9 7.5 1.0 8.5 1.0 8.0 
ns 

tPZH Output Enable Time 3.0 5.0 8.0 2.5 11.0 2.5 9.5 
2-5 

tPZL OE to ERROR (Note 1) 4.0 7.7 10.0 3.5 13.5 3.5 11.0 
ns 

tpHZ Output Disable TIme 1.0 4.5 8.0 1.0 9.5 1.0 9.0 
2-5 

tpLZ OEtoERROR 1.0 4.9 7.5 1.0 8.5 1.0 8.0 
ns 

tPZH Output 8Enable Time 3.0 5.0 8.0 2.5 11.0 2.5 9.5 
2-5 

tPZL OEtoPARITY 4.0 7.7 10.0 3.5 13.5 3.5 11.0 
ns 

tpHZ Output Disable Time 1.0 4.6 8.0 1.0 9.5 1.0 9.0 
2-5 

tpLZ OEtoPARITY 1.0 5.1 7.5 1.0 8.5 1.0 8.0 
ns 

Note 1: These delay times reflect the TRI·STATE recovery time only and not the signet time through the buffers or the parity check circuity. To assure VALID 
inloonation at the EI'Ii'iOR pin. time must be allowed lor 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 ailer the ERROR pin has been enabled (Output Enable times). VALID data at the ERROR pin;" (A to PARITY) + (Oulput 
Enable Time). 
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~National 
~ Semiconductor 
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 outpulling. 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. 

Ordering Code: See Section 5 

Logic Symbols 

sl/o 

TL/F/9585-1 

Features 
• Serial-to-parallel converter 
• 16-bit serial 110 shift register 
• 16-bit parallel-out storage register 
• Recirculating serial shifting 
• Recirculating parallel transfer 
• Common serial data 110 pin 
• Slim 24 lead package 

IEEEIIEC 

SRG16 

4-543 

....a 
§': 

TUF/9585-4 • 



c( 
C') 

""'" CD Connection Diagrams 

Pin Assignment Pin Assignment 
for DIP, sOle and Flatpak for Lee and pee 

cs 
020, 00 NC SI/O STCP STMR 

vee [TI][QJ[[]OOIIl[IJ[[I 
SHCP 015 

R/W 22 014 
[iJR/W STt.iR 4 21 013 03~ 

STCP 5 20 012 04 Ii] m SHCP 

SI/O 6 19 011 GND Ii] [II CS 

00 7 18 010 NC Ii] III NC 
01 8 17 09 05 1ffi1 ~Vcc 
O2 9 16 08 06 1111 Ill! 015 
03 10 15 07 07 [§] g§J 014 
04 11 14 06 

GND 12 13 Os 
1i]]@I~~I§~~ 

TUFI9585-2 OS 09010 NC 011 012 013 
TLIF19585-3 

Unit Loading/Fan Out: See Section 2 for U.L. definilions 

54F174F 
Pin Names Description U.L. Input IIH/IIL 

HIGH/LOW Output IOH/IOL 

CS Chip Select Input (Active LOW) 1.0/1.0 20 ",AI-0.6 mA 
SHCP Shift Clock Pulse Input (Active Falling Edge) 1.0/1.0 20 ".AI- 0.6 mA 
STMR Store Master Reset Input (Active LOW) 1.0/1.0 20 ",AI-0.6 mA 
STCP Store Clock Pulse Input 1.0/1.0 20 ",AI- 0.6 mA 
R/W Read/Write Input 1.0/1.0 20 ",AI- 0.6 mA 
SI/O Serial Data Input or 3.5/1.0 70 ",AI- 0.6 mA 

TRI-STATE Serial Output 150/40 (33.3) -3 mAl24 mA (20 mAl 

00-015 Parallel Data Outputs 

Functional Description 
The 16-blt 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 SeriallnputlOutput (SI/O) TRI-STATE buffer into 
the high impedance state. During serial shift-out operations, 
the SI/O 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. 

50/33.3 -1 mA120mA 

4-544 

The storage register has an asynchronous master reset 
(STMR) input that overrides all other inputs and forces the 
00-015 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. 



Shift Register Operations Table 

Control Inputs SilO 

CS R/W SHCP STCP Status 

H X X X HighZ 
L L X Data In 

L H "-- L Data Out 

L H "-- H Active 

Storage Register Operations Table 

Control Inputs Operating 

STMR CS R/W STCP Mode 

L X X X Reset; Outputs LOW 
H H X X Hold 
H X H X Hold 
H L L .../ Parallel Load 

Operating Mode 

Hold 
Serial Load 

Serial Output 
with Recirculation 

Parallel Load; 
No Shifting 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
"- = HIGH-to-LOW Transition 

J" = LOW-to-HIGH Transition 

Block Diagram 

PE 

SHIFT REGISTER 

SHCP _____ -+_+_t--L_,----1::>1 CP 00-015 

~------~~------~ 
R/W 

16 16 

STORAGE REGISTER 
10---01 CP 

STCP t.lR 

STt.lR---OI 

TLlF/9585-5 
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Absolute Maximum Ratings (Note 1) Recommended Operating 
If MllitarylAerospace specified devices are required, Conditions 
contact the National Semiconductor Sales Offlcel 

Free Air Ambient Temperature 
Distributors for availability and specifications. 

Military -55·C to + 125·C 
Storage Temperature - 65·C to + 150·C Commercial O·Cto +700C 
Ambient Temperature under Bias - 55·C to + 125·C Supply Voltage 
Junction Temperature under Bias -55·Cto + 175·C Military +4.5Vto +5.5V 

Vcc 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 mA to + 5.0 rnA 

Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output -0.5Vto Vcc 
TRI-STATE Output -0.5Vto +5.5V 

Current Applied to Output 
in LOW State (Max) twice the rated 10l (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 condHions is not implied. 
Note 2: Either voltage limit or current limit is sufficient to protect inputs. 

DC Electrical Characteristics 

Symbol Parameter 
54F174F 

Units Vee Conditions 
Min Typ Max 

VIH Input HIGH Voltage 2.0 V Recognized as a HIGH Signal 

Vil Input LOW Voltage 0.8 V Recognized as a LOW Signal 

Veo Input Clamp Diode Voltage -1.2 V Min liN = -18 mA (Non 1/0 pins) 

VOH Output HIGH 54F 10% Vee 2.5 10H = -1 rnA (an. 5110) 
Voltage 54F10% Vee 2.4 10H = -3 rnA (5110) 

74F 10% Vee 2.5 
V Min 

10H = -1 rnA (an. 5110) 
74F 10% Vcc 2.4 10H = -3 rnA (5110) 
74F5%Vee 2.7 10H = -1 rnA (an. 5110) 
74F5%Vee 2.7 10H = -3 rnA (5110) 

VOL Output LOW 54F10% Vee 0.5 10l = 20 rnA (All outputs) 
Voltage 74F 10% Vee 0.5 V Min 10l = 20 rnA (an) 

74F10% Vee 0.5 IOl = 24 rnA (5110) 

IIH Input HIGH Current 20 /JoA Max VIN = 2.7V (Non 1/0 pins) 

leVI Input HIGH Current 
100 /JoA Max 

VIN = 7.0V (Non 1/0 pins) 
Breakdown Test 

levlT Input HIGH Current 1.0 rnA Max VIN = 5.5V (5110) 
Breakdown Test (1/0) 

III Input LOW Current -0.6 rnA Max VIN = 0.5V 

IIH + Output Leakage Current 
70 /JoA Max VOUT = 2.7V (5110) 

10ZH 

III + Output Leakage Current 
-650 /JoA Max VOUT = 0.5V (5110) 

10Zl 

los Output Short-Circuit Current -60 -150 rnA Max VOUT = OV 

ICEX Output HIGH Leakage Current 250 /JoA Max VOUT = Vee 

Izz Bus Drainage Test 500 /JoA O.OV VOUT = Vee 

ICCH Power Supply Current 114 172 rnA Max Vo = HIGH 

leel Power Supply Current 114 172 rnA Max Vo = LOW 
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations 

74F 54F 74F 

TA = +25°C 
TA. Vee = Mil TA. Vee = Com Fig 

Symbol Parameter Vee = +5.0V 
CL = 50pF CL = 50pF 

Units 
No 

CL = 50pF 

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 2.5 12.0 
2-3 

tpHL STCPtoQn 3.0 10.5 13.5 2.5 15.0 
ns 

tpHL Propagation Delay 
6.0 16.5 20.5 5.5 22.5 ns 2-3 

STMRto Qn 

tpLH Propagation Delay 4.0 6.5 8.5 3.5 9.5 
2-3 

SHCP to SilO 4.5 8.0 10.5 4.0 12.0 
ns 

tpHL 

tPZH Output Enable Time 5.0 8.5 11.0 4.0 12.5 

tPZL CSto SI/O 5.5 9.0 11.5 4.5 13.0 
2-5 ns 

tpHZ Output Disable Time 3.5 5.5 7.5 3.0 8.5 

tpLZ CSto SI/O 3.0 4.5 6.5 2.5 7.5 

tPZH Output Enable Time 4.5 7.5 9.5 4.0 10.5 

tpZL R/ViitoSI/O 4.5 8.0 10.0 4.0 11.5 
2-5 ns 

tpHZ Output Disable Time 3.0 5.5 7.0 2.5 8.0 

tpLZ R/ViitoSI/O 2.5 4.0 5.5 2.0 6.5 

AC Operating Requirements: See Section 2 for Waveforms 

54F174F 54F 74F 

Symbol Parameter 
TA = +25°C 

TA. Vee = Mil TA. Vee = Com Units 
Fig 

Vee = +5.0V No 

Min Max Min Max Min Max 

ts(H) Setup Time, HIGH or LOW 3.5 4.0 

ts(L) CS or R/Vii to STCP 6.0 7.0 
2-6 ns 

th(H) Hold Time, HIGH or LOW 0 0 
th(L) CS or R/Vii to STCP 0 0 

ts(H) Setup Time, HIGH or LOW 3.0 3.5 

!s(L) SI/OtoSHCP 3.0 3.5 
2-6 ns 

th(H) Hold Time, HIGH or LOW 3.0 3.5 
th(L) Sl/OtoSHCP 3.0 3.5 

III 
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~ Semiconductor 

ADVANCED INFORMATION 

54F/74F674 
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. 

Logic Symbols 

IEEE/IEC 

t.4 

R/W 

CS 

CP 

Po 

PI 

P2 

P3 

P4 

P5 

Pa 

P7 

Pa 

Pg 

PIa 

P11 

P12 

P13 

P'4 
P15 3,40 I> V 51/0 

Features 
• 16-Bit serial I/O shift register 
• 16-Bit parallel-in, serial-out converter 
• Recirculating serial shifting 
• Common serial data I/O pin 
• Slim 24 lead DIP 

Connection Diagrams 

Pin Assignment 
for DIP, SOIC and Flatpak 

cs 1 24 Vcc 
CP 2 23 P15 

R/W 3 22 P14 

NC 4 21 P13 

TL/F 19586-1 t.4 5 20 P12 

51/0 6 19 P11 

Po 7 18 PIa 

PI 8 17 P9 

P2 9 16 Pa 

P3 10 15 P7 

p. 11 14 Pa 

GND 12 13 P5 

TLlF/9586-2 

Pin Assignment 
for LCC and PCC 

P2 P1 Po NC 51/0 M NC 
[j]ffm[Il[Il1Il1Il1ii 

P3 Ii] • III R/W 
P4 1i]] "rna; 

GND IHI "rn cs 
NC Ii]] IE []] NC 
P5 ilID 

" ~ VCC 
Pa fill :- " Illl P15 
P7 ilID :- ~ ~P14 

1'111'111'111'111'111'111'11. 
[j]~~~~~[§ 

Pa Pg PlaNe PllP12P13 
TLlF/9586-3 

TL/F/9586-4 
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Functional Description 
The 16-bit shift register operates in one of four modes, as 
indicated in the Shift Register Operations Table. 

Hold-a HIGH signal on the Chip Select (CS) input prevents 
clocking and forces the Serial InputlOutput (SilO) TRI­
STATE buffer into high impedance state. 

Serial Load-data present on the SilO pin shifts into the 
register on the falling edge of CPo Data enters the Qo posi­
tion and shifts toward Q15 on successive clocks. 

Shift Register Operations Table 

Control Inputs 

CS R/W 

H X 
L L 

L H 

L H 

H ~ HIGH Voltage Level 
L ~ LOW Voltage Level 
X = Immaterial 
"- ~ HIGH-to-LOW Transition 

Block Diagram 

M 

X 
X 

L 

H 

SilO 

CP Status 

X HighZ 

"- Dataln 

"- Data Out 

"- Active 

Serial Output-the SilO TRI-STATE buffer is active and the 
register contents are shifted out from Q15 and simulta­
neously shifted back into Qo. 

Parallel Load-data present on PO-P15 are entered into the 
register on the falling edge of CPo The SilO TRI-STATE 
buffer is active and represents the Q15 output. 

To prevent false clocking, CP must be LOW during a LOW­
to-HIGH transition of CS. 

Operating Mode 

Hold 
Serial Load 

Serial Output 
with Recirculation 

Parallel Load; 
No Shifting 

>-1-.51/0 

TL/F/9586-5 
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~National 
~ Semiconductor 
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. 

Ordering Code: See Section 5 

Logic Symbols 

cs 
SHCP 

R/W 

STCP 

R/W i 
-E 
'---to 

S 1-

51 

IEEE/IEC 

SRGI6 

>7(0/I)CS ~ HOLD J 
O} M ~ I SHIFT RIGHT 
~; 2 SHIFT RIGHT a: EN6 3 PARALLEL LOAD 

G7 

::J>C4fi -
....., 
3,40 
10340 80 
11340 80 

26.3.40 2180 

TLlF/9587-1 

5-~ so 

r 
9110 -I 
9111 -I 

-I 

-I 

1--' 
~, 

~, 

~, 

~ 
~ 
~ 
~ 

9126 I--

Features 
• Serial-to-parallel converter 
• 16-Bit serial I/O shift register 
• 16-Bit parallel out storage register 
• Recirculating parallel transfer 
• Expandable for longer words 
• Slim 24 lead package 
• 'F675A version prevents false clocking through CS or 

RiW inputs 

Connection Diagrams 

Pin Assignment 
for DIP, SOIC 
and Flatpak 

.cs I 24 Vee 
SHCP 2 23 0.5 
R/W 3 22 0. 4 

SI 4 21 0. 3 
STeP 5 20 0.2 

SO 6 19 011 

00 7 18 0. 0 

01 8 17 09 

Q2 9 16 08 
03 10 15 07 

Q4 11 14 a6 
GNO 12 13 a5 

TLlF/9587-2 

Pin Assignment 
for LCC and PCC 

02 O. 00 NC SO STCPSI 
[j]liiiIrn[§]IIl[§][§] 

a3 1i11 [!]R/W 
04@ rn SHCP 

GNO IBI rncs 
NCM! [I]NC 

asHE ~vee 
a,1i1I ~a.s 
07 1lID ::- ~0.4 

1lID~~~~~1§ 
08 a9 0.0 NC all 0.2 0.3 

TLlF/9587-3 
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Unit Loading/Fan Out: See Section 2 for U.L. definitions 

54F174F 

Pin Names Description U.L. Input IIH/IIL 
HIGH/LOW Output IOH/loL 

SI Serial Data Input 
CS Chip Select Input (Active LOW) 
SHCP Shift Clock Pulse Input (Active Falling Edge) 
STCP Store Clock Pulse Input (Active Rising Edge) 
R/W Read/Write Input 
SO Serial Data Output 

0 0-0 15 Parallel Data Outputs 

Functional Description 
The 16-Bit shift register operates in one of four modes, as 
determined by the signals applied to the Chip Select (CS), 
Read/Write (R/W) and Store Clock Pulse (STCP) input 
State changes are indicated by the falling edge of the Shift 
Clock Pulse (SHCP). In the Shift Right mode, data enters Do 
from the Serial Input (SI) pin and exits from 015 via the 
Serial Data Output (SO) pin. In the Parallel Load mode, data 
from the storage register outputs enter the shift register and 
serial shifting is inhibited. 

The storage register is in the Hold mode when either CS or 
R/W is HIGH. With CS and R/W both LOW, the storage 
register is parallel loaded from the shift register on the rising 
edge of STCP. 

To prevent false clocking of the shift register, SHCP should 
be in the LOW state during a LOW-to-HIGH transition of CS. 
To prevent false clocking of the storage register, STCP 
should be LOW during a HIGH-to-LOW transition of CS if 
R/W is LOW, and should also be LOW during a HIGH-to­
LOW transition of R/W if CS is LOW. 

Logic Diagram 

Sl-----I--I-.....,I-----I 

SH~--------i---+--~_I 

R!W 

STep 

1.011.0 20 /lA/- 0.6 mA 
1.0/1.0 20 /lA/-0.6 mA 
1.0/1.0 20 /lA/- 0.6 mA 
1.0/1.0 20 /lA/-0.6 mA 
1.0/1.0 20 /lA/-0.6 mA 
50/33.3 -1 mA/20mA 
50/33.3 -1 mA/20 rnA 

Shift Register Operations Table 

Control Inputs Operating 

CS R/W SHCP STCP Mode 

H X X X Hold 
L L '- X Shift Right 
L H '- L Shift Right 

L H '- H Parallel Load, 
No Shifting 

Storage Register Operations Table 

Inputs 

CS R/W 

H X 
L H 
L L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
.../ = LOW·to-HIGH Transition 
'- = HIGH-to-LOW Transition 

Operating 

STCP Mode 

X Hold 
X Hold 

./' Parallel Load 

0t 5 1-+-. SO 

TLlF/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/ Free Air Ambient Temperature 
Distributors for availability and specifications. Military - 55°C to + 125°C 
Storage Temperature -S5°C to + 150°C Commercial O"Cto +70"C 
Ambient Temperature under Bias - 55°C to + 125°C Supply Voltage 
Junction Temperature under Bias - 55°C to + 175°C Military + 4.5V to + 5.5V 
Vee Pin Potential to Commercial + 4.5V to + 5.5V 

Ground Pin -0.5Vto +7.0V 
Input Voltage (Note 2) -0.5Vto +7.0V 
Input Current (Note 2) -30 mA to +5.0 rnA 
Voltage Applied to Output 

in HIGH State (with Vee = OV) 
Standard Output -0.5VtoVee 
TRI-STATEI!> Output -0.5V to + 5.5V 

Current Applied to Output 
in LOW State (Max) twice the rated 10l (mA) 

Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have ijs useful life impaired. Functional operation under 
these conditions Is not implied. 
Note 2: Either voltage limij or current limij is sufficient to protect inputs. 

DC Electrical Characteristics 

Symbol Parameter 
54F174F 

Units Vee Conditions 
Min Typ Max 

VIH Input HIGH Voltage 2.0 V Recognized as a HIGH Signal 

Vil Input LOW Voltage 0.8 V Recognized as a LOW Signal 

Veo Input Clamp Diode Voltage -1.2 V Min liN = -1BmA 

VOH Output HIGH 54F 10% Vee 2.5 10H = -1 rnA 
Voltage 74F 10% Vee 2.5 V Min 10H = -1 rnA 

74F5% Vee 2.7 10H = -1 mA 

VOL Output LOW 54F 10% Vee 0.5 
V Min 

10l = 20 rnA 
Voltage 74F10% Vee 0.5 10l = 20mA 

IIH Input HIGH Current 20 p.A Max VIN = 2.7V 

leVI Input HIGH Current 
100 p.A Max 

VIN = 7.0V 
Breakdown Test 

III Input LOW Current -O.S mA Max VIN = 0.5V 

lOS Output Short-Circuit Current -SO -150 mA Max VOUT = OV 

leEx Output HIGH Leakage Current 250 p.A Max VOUT = Vee 

leeH Power Supply Current 10S 1S0 mA Max Vo = HIGH 

leel Power Supply Current 10S 160 rnA Max Vo = LOW 
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations 

74F S4F 74F 

TA = +2SoC 
TA. Vee = Mil TA. Vee = Com Fig 

Symbol Parameter Vee = +S.OV 
CL = SOpF CL = SOpF 

Units 
No 

CL = SOpF 

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 2.5 12.0 
2-3 

tpHL STCPtoQ" 3.0 10.5 13.5 2.5 15.0 
ns 

tpLH Propagation Delay 4.0 7.0 9.5 3.5 10.5 
2-3 

tpHL SHCPtoSO 4.5 8.0 10.5 4.0 12.0 
ns 

AC Operating Requirements: See Section 2 for Waveforms 

74F S4F 74F 

Symbol Parameter 
TA = +2SoC 

TA. Vee = Mil TA. Vee = Com Units 
Fig 

Vee = +S.OV No 

Min Max Min Max Min Max 

ts(H) Setup Time, HIGH or LOW 3.5 4.0 
Ig(L) CS or R/W to STCP 5.5 6.5 

2-6 ns 
MH) Hold Time, HIGH or LOW 0 0 
th(L) CS or R/W to STCP 0 0 

ts(H) Setup Time, HIGH or LOW 3.0 3.5 
ts(L) SltoSHCP 3.0 3.5 

2-6 ns 
th(H) Hold Time, HIGH or LOW 3.0 3.5 
th(L) SltoSHCP 3.0 3.5 

ts(H) Setup Time, HIGH or LOW 6.5 7.5 
Ig(L) R/WtoSHCP 9.0 10.0 

2-6 ns 
th(H) Hold Time, HIGH or LOW 0 0 
th(L) R/WtoSHCP 0 0 

ts(H) Setup Time, HIGH or LOW 7.0 8.0 
ts(L) STCPtoSHCP 7.0 8.0 

2-6 ns 
th(H) Hold Time, HIGH or LOW 0 0 
th(L) STCPtoSHCP 0 0 

ts(H) Setup Time, HIGH or LOW 3.0 3.5 
ts(L) CSto SHCP 3.0 3.5 

2-6 ns 
th(H) Hold Time, HIGH or LOW 3.0 3.5 
th(L) CSto SHCP 3.0 3.5 

Iw(H) SHCP Pulse Width 5.0 6.0 
tw(L) HIGH or LOW 5.0 6.0 

2-4 ns 
Iw(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 (PO-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 (SI) input shifts into the least signifi­
cant bit position. A HIGH signal on the ChIp Select (CS) 
input prevents both parallel and serial operations. 

Ordering Code: See Section 5 

Logic Symbols 

IEEE/IEC 

PIS .... 2o;::3::..D ----I 

Features 
• 16-bit parallel-to-serial conversion 
• 16-bit serial-in, serial-out 
• Chip select control 
• Slim 24 lead 300 mil package 

Connection Diagrams 
Pin Assignment 

for DIP, SOIC and Flatpak 

cs 1 24 Vee 

23 PIS 
22 PI. 
21 PI3 

TL/F/9SB8-1 
2D PI2 

SO 19 P" 
18 P,o 

PI 17 Pg 

P2 16 Pa 

P3 10 15 P7 

p. II 14 Ps 

GND 12 13 Ps 

TLlF/9588-2 

Pin Assignment 
for LCC and PCC 

P2 PI Po HC SO M 51 
li]1lBI III [!][l] III III 

P3~~ ~ III HC 
p.@ ~rn~ 

GHD lEI [IJCS 
HC(jID [i]HC 
Psli§i ~ ~Vee 
Pslfil ~ ~PIS 
P7 1i§i ~ ~p,. 

..J\JIl 
IiID§lilOOJ~~~~ 
P8 Pg P,o NC PI1 P'2 Pl3 

TL/F/9S88-3 
51 ... 1.a::3D;".. __ ......I 

TLlF/9S88-4 
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Unit Loading/Fan Out: See Section 2 for U.L. definitions 

54F174F 

Pin Names Description U.L. Input IIH/lIL 
HIGH/LOW Output IOH/lOL 

PO-P15 Parallel Data Inputs 1.0/1.0 20 ",AI-0.6 mA 
CS Chip Select Input (Active LOW) 1.0/1.0 20 ",AI-0.6 mA 
CP Clock Pulse Input (Active LOW) 1.0/1.0 20 ",AI-0.6 mA 
M Mode Select Input 1.0/1.0 20 ",AI-0.6 mA 
SI Serial Data Input 1.0/1.0 20 ",A/ -0.6 mA 
SO Serial Output 50/33.3 -1 mAl20mA 

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

Shift Register Operations Table 

HOLD-a HIGH signal on the Chip Select (CS) input pre­
vents clocking, and data is stored in the sixteen registers. 

Shift/Serial Load-data present on the SI pin shifts into 
the register on the falling edge of CP. Data enters the 00 
position and shifts toward 015 on successive clocks, finally 
appearing on the SO pin. 

Parallel Load-data present on PO-P15 are entered into 
the register on the falling edge of CPo The SO output repre­
sents the 015 register output. 
To prevent false clocking, CP must be LOW during a LOW­
to-HIGH transition of CS. 

Block Diagram 

CP-----~ 

51 >-------+1 Do 

PE 

4-555 

Control Input 

CS M 

H X 
L L 
L H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
'- = HIGH·to·LOW Transition 

Operating Mode 
CP 

X Hold 

"- Shift/Serial Load 

"- Parallel Load 

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 availability and specifications. 

Military -55'Cto +125'C 
Storage Temperature -65'C to + 150'C Commercial O'Cto +70'C 
Ambient Temperature under Bias -55'C to + 125'C Supply Voltage 
Junction Temperature under Bias - 55'C to + 175'C Military + 4.5V to + 5.5V 

Vee Pin Potential to Commercial + 4.5V to + 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 Vee = OV) 
Standard Output -0.5VtoVee 
TRI·STATEIII> Output -0.5Vto +5.5V 

Current Applied to Output 
in LOW State (Max) twice the rated 10L (mA) 

Note 1: Absoluta maximum ratings are values beyond which the device may 
be damaged or have its useful tife impaired. Functional operation under 
these conditions is not implied. 

Note 2: Either voltage limit or currant limit is sufficient to protect inputs. 

DC Electrical Characteristics 

Symbol Parameter 
54F174F 

Units Vee Conditions 
Min Typ Max 

VIH Input HIGH Voltage 2.0 V Recognized as a HIGH Signal 

VIL Input LOW Voltage 0.8 V Recognized as a LOW Signal 

Veo Input Clamp Diode Voltage -1.2 V Min liN = -18 mA 

VOH Output HIGH 54F10% Vee 2.5 10H = -1 mA 
Voltage 74F 10% Vee 2.5 V Min 10H = -1 mA 

74F5% Vee 2.7 10H = -1 mA 

VOL Output LOW 54F 10% Vee 0.5 
V Min 

10L = 20 mA 
Voltage 74F 10% Vee 0.5 10L = 20mA 

IIH Input HIGH Current 20 /LA Max VIN = 2.7V 

ISVI Input HIGH Current 
100 /LA Max 

VIN = 7.0V 
Breakdown Test 

IlL Input LOW Current -0.6 mA Max VIN = 0.5V 

los Output Short·Circuit Current -60 -150 mA Max VOUT = OV 

leEX Output HIGH Leakage Current 250 /LA Max VOUT = Vee 

lee 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 
TA. Vee = Mil TA. Vee = Com Fig 

Symbol Parameter Vee = +5.0V Units 
CL = 50pF 

CL = 50pF CL = 50pF No 

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 
2-3 

tpHL CP to SO 5.0 9.0 12.5 5.0 14.5 5.0 13.5 
ns 

AC Operating Requirements: See Section 2 for Waveforms 

74F 54F 74F 

Symbol Parameter 
TA = +25°C 

TA. Vee = Mil TA. Vee = Com Units 
Fig 

Vee = +5.0V No 

Min Max Min Max Min Max 

ts(H) Setup Time, HIGH or lOW 4.0 4.0 4.0 
ts(l) SltoCP 4.0 4.0 4.0 

2-6 ns 
th(H) Hold Time, HIGH or lOW 4.0 4.0 4.0 
th(l) SltoCP 4.0 4.0 4.0 

ts(H) Setup Time, HIGH or lOW 3.0 3.0 3.0 
ts(l) Pn toCP 3.0 3.0 3.0 

2-6 ns 
th(H) Hold Time, HIGH or lOW 4.0 4.0 4.0 
th(l) Pn toCP 4.0 4.0 4.0 

ts(H) Setup Time, HIGH or lOW B.O B.O B.O 
ts(l) MtoCP B.O B.O B.O 

2-6 ns 
th(H) Hold Time, HIGH or lOW 2.0 2.0 2.0 
th(l) MtoCP 2.0 2.0 2.0 

ts(l) Setup Time, lOW 
10.0 12.0 10.0 

CStoCP 
ns 2-6 

th(H) Hold Time, HIGH 
10.0 10.0 10.0 

CStoCP 

tw(H) CP Pulse Width 4.0 5.0 4.0 
2-4 

tw(l) HIGH or lOW 6.0 9.0 6.0 
ns 

II 
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~National 
~ Semiconductor 

ADVANCED INFORMATION 

54F/74F701 
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. Intemal 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=8" comparator. 

Logic Symbol 

00 01 ~ 03 04 05 06 07 

50 

51 TC 

S2 

LE 

OE 

CLOCK 

CEl 

CLRC CLRR 

5EL 

°a=b 
TL/F/9589-3 

Features 
• 8-bit counter/register/comparator 
• Synchronous parallel loading and counting 
• Look ahead carry capability for easy cascading 
• TRI-STATEIII> output for bus organized systems 
• Multi data path routing 
• 80 MHz count frequency 
• Fully expandable for 16, 24, 32, etc., bit systems 

Connection Diagram 
Pin Assignment for DIP, 

sOle and Flatpak 

C£T TC 

CLRC 2 Do 
CLRR 3 01 

CLOCK 4 21 O2 

5EL 5 20 03 

GNO 6 19 Vee 
GNO 7 18 Vee 

OE 8 17 04 

52 9 16 05 

51 10 15 06 

50 11 14 ~ 
LE 12 13 °a=b 

TLlF/9589-1 
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Functional Block Diagram .... 

OE 

...-----1 X..-...... ---D D(0:7) 

5EL 

52 

51 

50 

LLC----' 

CP 

>()--C> TC 

CLRR 

CLRC 

CET 

L~CO~U~PARA~TO~R:....j""-----1 >()--I::> Oa=b 

TL/F/95B9-2 
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~ r---------------------------------------------------------------------------~ 

~ '?JI 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. 

Logic Symbol 

TI.IF/9590-1 

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 
• Bi-directional control 
• Allows feedback from latches to original data bus 
• Allows independent operation of each side of the 

transceiver 

• 300 Mil 24-pin slimline DIP 

Connection Diagram 

Pin Assignment 
for DIP, sOle and Flatpak 

SELBA LEB 

Ao DEB 

AI Bo 

A2 Bl 

A3 B2 

Vee 6 B3 

A4 7 18 GROUND 

As 8 17 B4 

As 9 16 Bs 

A7 15 B6 

OEA ~ 
LEA SELA8 

TL/F/9590-2 
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Functional Block Diagram 
L EA 1:>--[>0-

SELAB 

EA 

Ao - - Bo 
I LfB 

OEB 

Al _ J READIIACK. TRANSCEIVER _ Bl 
I I 

I I I I 

A2 _ I REAOBACK. TRANSctJVER I B2 
I J 

I I I I 

A3 - I READBACK. TRANSCEIVER I ~ B3 

I I I I 

A4 _ 
I 

REAOBACK • TRANSCEIVER 
I 

_ B4 

I I I I 

A5 _ READBACK. TRANSCEIVER I B5 
I I 

I I I I 

As I REAOBACK. TRANSCEIVER I ~ Bs 

J I I I 

A7 - I REAOBACK • TRANSCEIVER _ B7 
I I 

I I I I I I 
SELBA 

TLlF/9590-3 II 

4-561 



~Nai:ional ADVANCED INFORMATION 

~ Semiconductor 
54F/74F707 
400 MHz 8-Bit TTL-Eel Register 

General Description 
The 'F707 TIl-ECl Shift Register is comprised of an 8-bit 
transparent holding register with TIL 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
lelloading 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 TIl-ECl translation applications in 
high resolution color graphics, instrumentation, and commu­
nication systems. 

Functional Block Diagram 

IoIOOE 

11 sc 
sc SI 

Po H Qo 
PI 0 S QI 

8 K>-
P2 L r-+-- H Q2 

Pn + P3 0 I Q3 r-- ~Q3 
p. I 

F Q. 
Ps N T QS 
P6 G Q6 r- ~Q7 P7 Q7 

[[ Y 

TL/F/9582-1 

Features 
• 400 MHz shift speed 
• 100 MHz parallel load speed 
• TIL parallel inputs 
• ECl serial input 
• 10K and 10KH ECl compatible 
• Transparent data holding register 
• Available in 20-lead DIP 

Applications 
• High resolution color graphics 
• CAE/CAD/CAM applications 
• Radar Processing 
• Instrumentation 

Connection Diagram 

Pin Assignment 
for DIP 

[[-1 

PO- 2 

P1- 3 

P2 - 4 

P3- 5 p.- 6 

PS- 7 

P6- 8 

P7- 9 

mGNO- 10 

20 f-VCC 

19 f-SI (DO) 

18 -MODE 

17 -ECLGND 

16 -SC (ECLCP) 

15 -SC 
14 -VEE 

13 -03 

12 -OUTGND 

ll-Q7 
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'F707 Logic Diagram 

MODE SC 

-t><>--
J ;-DATA P 

LATCH LSI Q,....-

Po 

SI 

~ lE M FF 
~ ClK 

ClK 
"--

1 r--
DATA P P 

LATCH LSI Q I--

~ lE M FF 
~ ClK 

C[j( 
"--

1 r--
DATA P P 

LATCH LSI Q r-
~ lE M FF 

~ ClK 

ClK 
"--

I r--
DATA P P 

LATCH LSI Q 

~ lE M FF 
~ ClK 

C[j( 

-----
j r;-DATA P 

LATCH LSI Q r-
~ lE M FF 

~ ClK 

ill ---
J r;-DATA P 

LATCH L SI Q t--

~ lE M FF 
~ ClK 

C[j( ---
I r---

DATA P P 

LATCH LSI Q I--

t-- lE M FF 
>--- CLK 

ClK 
'"--

1-
DATA P P 

LATCH LSI Q 

'-- lE '--M FF 

- ClK 

ClK - TLlF/9582-3 
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o r-------------~--------------------------------------------------------__, .... .... P.A National 
~ Semiconductor 

ADVANCED INFORMATION 

54F/74F710 
400 MHz Single Supply TTL-Eel Shift Register 

General Description 
The 'F710 Shift Register is comprised of an B-bit transpar­
ent holding register with TIL inputs for data and load enable 
which is translated internally to ECl levels. The holding reg­
Ister is the loading stage for the B-blt shift register. The shift 
register 15 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
lei 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 TIL and ECl 
logic are operating from a common voltage supply. 

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

Functional Block Diagram 

NODE 

! I sc 
5C 51 

Po H Qo 
PI 0 5 Q1 

8 

~ 
P2 L 8 H Q2 

Pn -+- P3 D --+- I 03 r- -03 
P4 I r 04 
Ps N T Os 
P6 G 06 r- -CIJ P7 07 

[E Y 

TUF/9791-1 

Features 
Ii 400 MHz shift speed 
• 100 MHz parallel load speed 
• TIL parallel inputs 
• ECl serial Input 
• 10K and 10KH ECl compatible (referenced to Vecl 
• Transparent data holding register 
• Available In 20-lead DIP 

Applications 
• High resolution color graphics 
• CAE/CAD/CAM applications 
• Radar Processing 
• Instrumentation 

Connection Diagram 

Pin Assignment, 
for DIP 

iI-I 
'-.../ 

20 ~Vcc 

PO- 2 19 ~Sl (DO) 

P1- 3 18i-MODE 

P2- 4 17 ~ECLVCC 

P3- 5 16 ~SC (ECLCP) 

P4- 6 15 -sc 
Ps- 7 14 -ECLGND 

P6- 8 13 -Q3 

P7- 9 12 -OUlVce 

mGND- 10 ll-Q7 

TL/F/9791-2 
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,--------------------------------------------------------------------------, ~ 
'F710 Logic Diagram 

... 
Q 

~ODE 5C 

--£>0-
1-

DATA P P 

LATCH L 51 Q-

~ LE >- _ M FF 

Po 

51 

I""""- CLK 

ill ---
I~ 

DATA P P 

LATCH L 51 Q-

>-- LE >--M FF 

>-- CLK 

ill ---
1 r;-DATA P 

LATCH L 51 Q-

~ LE 
""" 

_ M FF 

~ CLK 

ill ---
1 r---

DATA P P 

LATCH L 51 Q 

~ LE 

""" 
r-- ~ FF 

r-- CLK 

ill ----
l~r-DATA P 

LATCH 
~ LE ~ ~ M FF 

~ CLK 

ill ---
1 r--

DATA P P 

LATCH L 51 Q r-
~ LE 

""" 
r-- ~ FF 

~ CLK 

ill ----
.1 r--DATA P P 

LATCH L 51 Q r-.- LE 

"""" 
r-- ~ FF 

r-- CLK 

ill ---1 r;-DATA P 

LATCH L 51 Q 

L-. LE --M FF 

- CLK 

ill - II TL/F/9791-3 
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~ r-------------------------------------------------------------------------, .... .... 
~National ADVANCED INFORMATION 

~ Semiconductor 
54F/74F779 
8-Bit Bidirectional Binary Counter 
with TRI-STATE® Outputs 

General Description Features 
The 'F779 is a fully synchronous 8-stage upldown counter 
with multiplexed TRI-STATE 110 ports for bus-oriented ap­
plications. All control functions (hold, count up, count down, 
synchronous load) are controlled by two mode pins (So, 51). 
The device also features carry lookahead for easy cascad­
ing. All state changes are initiated by the riSing edge of the 
clock. 

• Multiplexed TRI-STATE 110 ports 
• Built-in lookahead carry capability 
• Count frequency 100 MHz typ 
• Supply current 80 mA typ 

Logic Symbols Connection Diagrams 

Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC and PCC 

1/031/~ NC 1/°11/°0 
1/°1 1 16 1/°0 [IDm[ID@][Ii CET 

CP TC 
1/°2 2 15 CP 

1/°3 3 14 CET 
GND [[J 

GND 4 13 Vee 
1/°4 [QJ 

1/°4 5 12 i'C 

1/°5 6 11 So 
NC rTII 

1/°6 10 SI I/Osli1l 

1/07 9 OE 1/06 Ii] 

OE 

TL/F/9593-1 

IEEE/IEC 
TL/F/9593-2 

1BI~1i]J1llI[ID 
I/~ OE NC SI So 

CTR OIY 256 
So ~}l~~LDH~J SI 

M- UP 
3 HOLD 

C£i EN4 
CP 2+/CS 

1-
OE EN6 

(1) 1/°0 
(2) 1/°1 
(4) 1/°2 
(8) 1/°3 
(16) 1/°4 
(32) 1/°5 
(64) 1/°6 
(128) I/~ 

TC 

TLlF/9593-5 
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r---------------------------------------------------------------------------------, ~ 
Logic Diagram 

OE So 5, CP 

~7 u ~7 

- n~ e ) ~ 7 

~7 r-~9 ~ ... z 
~ Q p------ ---------- ------ ------~ 1 I of 8 .-N. E . 

1 DETAIL A ,.... 
1 1 
19 -

.~ 
-j'Q 

~ 
1 

i .... 
I I r-" 

1 

P ..c ClK 
1 

- : 1 
1 

Tj=l-' 
_ K Q 

1 - - 1 
T 1 1 

oIh:r 1 Ao 1 
stages .. - -------- -------- ------ --- -_ .. 
~ .... DETAIL A 

CLK U D 

EI= 
I-

A, 

0, 

I II 

§bj .... DETAIL A ClK U D 

EI= 
I-

A2 

I II 

b3 .... DETAIL A 
ClK U D 

EI= 
I-

A3 

~ .... 
I II 

DETAIL A 
elK UD 

EI= 
-' 

A4 

I I 
=L I II 

ClK UD 

EI= 
-, - :::;j >3 .... DETAIL A As 

I 
=L I II 

CLK UD 

EI= --I :8 .... DETAIL A A6 

I II I 
....::::: II .,;.;;;;;;;; 8 .... ClK U D 

J:I-- DETAIL A A7 

I 

9 
TC 

TLlF/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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C'II 

co ~ National 
~ Semiconductor 
54F/74F821 
10-Bit D-Type Flip-Flop 

General Description Features 
The 'F821 is a 10-bit D-type flip-flop with TRI-STATEI!> true - TRI-STATE Outputs 
outputs arranged in a broadside pinout. The 'F821 is func- _ Direct replacement for AM D's Am29821 
tionally and pin compatible with the AMD's Am29821. 

Ordering Code: See Section 5 

Logic Symbols 

I I I I I I I I I I 
Do 0, O2 ~ 04 05 Os ~ Da 0, 

-<lOE 

-CP 

00 0, O2 03 04 05 06 07 Os 09 

I I I I I I I I II 
TL/F/9595-' 

IEEE/IEC 

Connection Diagrams 
Pin Assignment Pin Assignment 

for DIP, SOIC and Flatpak for LCC and PCC 

"-..-/ I? Os Os NC 04 03 02 
OE-l 24 -v~ (i][Q)[j]I!lIIlI!l[ID 

00- 2 23 -00 
01- 3 22 -0, DaIiJl 
02- 4 21 -02 o,lrn 

GNO~ 
03- 5 20 -03 NC Ii]) ;. 
04- 6 19 -04 CPfi§] :-
05- 7 18 -os Ogliil :-
0,- 8 17 ~OS °a liE ;. 
I?- 9 16 1-07 

°a- 10 151-°a 1iID~1iiI~~~~ 

11 07 0, 05 NC 04 03 02 

[!] 0, 

I!lDo 
mOE 
[jJ NC 

~Vcc 
~OO 
ijJ 0, 

OE-,EN 
CP~Cl 

rL--...,----' ... 
00- 10 I> v -00 

0,-
GNO-

14 ~09 

12 131-CP 
TL/F/9595-3 

TL/F/9595-2 0,-1-___ -1- 0, 

02- -02 
03- -03 

D4 - -04 
05- :"""Os 

D,- ~06 

I?- ~07 

Da- ~08 

0,- ~09 

TL/F/9595-5 

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

54F174F 
Pin Names Description U.L Input I'H/I'L 

HIGH/LOW Output IOH/IOL 

00-09 Data Inputs 1.0/1.0 20 ,...AI-0.6 mA 
DE Output Enable 

1.0/1.0 20 ,...AI-0.6 mA 
TRI-STATE Input 

CP Clock Input 1.0/1.0 20 ,...AI-0.6 mA 
0 0-0 9 TRI-STATE Outputs 150/40 (33.3) -3.0 mAl24 mA (20 mAl 
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Functional Description 
The 'F821 consists of ten Ootype edge-triggered flip-flops. 
This device has TRI-STATE true outputs for bus systems 
organized in a 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 0 
inputs that meet the setup and hold times requirements on 
the LOW-to-HIGH CP transition. With the OE LOW the con­
tent 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. 

Logic Diagram 

CP 

Function Table 

Inputa Internal 

OE CP D 

H H X 
H L X 

H .f L 

H .f H 

L .f L 

L .f H 

L H X 

L L X 

L = LOW Voltage Level 
H = HIGH Voltage Level 
X = Immaterial 
Z = High Impedance 

Q 
NC 
NC 

H 

L 

H 

L 

NC 

NC 

.../" = LOW·to·HIGH Transition 
NC = No Change 

Output 

0 

Z 
Z 

Z 

Z 

L 

H 

NC 

NC 

Function 

Hold 
Hold 

Load 

Load 

Data Available 

Data Available 

No Change in Data 

No Change in Data 

09 

TL/F/9595-4 

Please note that this diagram Is provided only for the understanding of logic operations and should not be used fa estimate propagation delays. 
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Absolute Maximum Ratings (Note 1) Recommended Operating 
If Mllltaryl Aerospace' specified devices are required, Conditions 
contact the National Semiconductor Sales Offlcel 

Free Air Ambient Temperature 
Distributors for availability and specifications. 

Military - 55·C to + 125·C 
Storage Temperature -65·Cto + 150·C Commercial O·Cto +70·C 
Ambient Temperature under Bias - 55·C to + 125·C Supply Voltage 
Junction Temperature under Bias -55·Cto + 175·C Military + 4.5V to + 5.5V 

Vee Pin Potential to Commercial + 4.5V to + 5.5V 

Ground Pin -0.5Vto +7.0V 

Input Voltage (Note 2) -0.5Vto +7.0V 

Input Current (Note 2) -30 mA to +5.0 mA 

Voltage Applied to Output 
in HIGH State (with Vee = OV) 
Standard Output -0.5V to Vee 
TRI-STATE Output -0.5V to + 5.5V 

Current Applied to Output 
in LOW State (Max) twice the rated IOl (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 condHions is not implied. 
Note 2: Either voltage limit or current IimH Is sufficient to protect Inputs. 

DC Electrical Characteristics 

Symbol Parameter 
54F174F 

Units Vee Conditions 
Min Typ Max 

VIH Input HIGH Voltage 2.0 V Recognized as a HIGH Signal 

Vil Input LOW Voltage 0.8 V Recognized as a LOW Signal 

VeD Input Clamp Diode Vollage -1.2 V Min liN = -18mA 

VOH Output HIGH 54F 10% Vee 2.5 10H = -1 mA 
Voltage 54F10% Vee 2.4 10H = -3mA 

74F 10% Vee 2.5 
V Min 

IOH = -1 mA 
74F 10% Vee 2.4 IOH = -3mA 
74F5%Vee 2.7 10H = -1 mA 
74F5%Vee 2.7 IOH=-3mA 

VOL Output LOW 54F 10% Vee 0.5 
V Min 

10l = 20mA 
Voltage 74F 10% Vee 0.5 10l = 24mA 

IIH Input HIGH Current 20 ",A Max VIN = 2.7V 

IBVI Input HIGH Current 
100 ",A Max 

VIN = 7.0V 
Breakdown Test 

III Input LOW Current -0.6 mA Max VIN = 0.5V 

IOZH Output Leakage Current 50 ",A Max VOUT = 2.7V 

IOZl Output Leakage Current -50 ",A Max VOUT = 0.5V 

los Output Short-Circuit Current -60 -150 mA Max VOUT = OV 

leEX Output HIGH Leakage Current 250 ",A Max VOUT = Vee 

leez 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 
TA. Vee = Mil TA. Vee = Com 

Symbol Parameter Vee = +5.0V 
CL = 50pF CL = 50pF 

CL = 50pF 

Min Typ Max Min Max Min Max 

fmax Maximum Clock Frequency 100 150 60 70 

tpLH Propagation Delay 2.0 6.4 9.5 2.0 10.5 2.0 10.5 

tpHL CP to On 2.0 6.2 9.5 2.0 10.5 2.0 10.5 

tPZH Output Enable Time 2.0 5.B 10.5 2.0 13.0 2.0 11.5 

tPZL OEtoOn 2.0 6.3 10.5 2.0 13.0 2.0 11.5 

tpHZ Output Disable Time 1.5 3.4 7.0 1.0 7.5 1.5 7.5 

tpLZ OEtoOn 1.5 3.5 7.0 1.0 7.5 1.5 7.5 

AC Operating Requirements: See Section 2 for Waveforms 

74F 54F 74F 

Symbol Parameter 
TA = +25'C 

TA. Vee = Mil TA. Vee = Com 
Vee = +5.0V 

Min Max Min Max Min Max 

ts(H) Setup Time, HIGH or lOW 2.5 4.0 3.0 
ts(l) Dn to CP 2.5 4.0 3.0 

th(H) Hold Time, HIGH or lOW 2.5 2.5 2.5 
th(l) Dn to CP 2.5 2.5 2.5 

tw(H) CP Pulse Width 5.0 6.0 6.0 
tw(l) HIGH or lOW 5.0 6.0 6.0 
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ns 
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ns 

ns 

Fig 
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No 
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~National 
~ Semiconductor 
54F/74F823 
9-Bit D-Type Flip-Flop 

General Description Features 
The 'F823 is a 9-bit buffered register. It features Clock En- - TRI-STATE~ outputs 
able and Clear which are ideal for parity bus interfacing in _ Clock Enable and Clear 
high performance microprogramming systems. _ Oirect replacement for AMO's Am29823 

The 'F823 is functionally and pin compatible with AMO's 
Am29823. 

Ordering Code: See Section 5 

Logic Symbols Connection Diagrams 

CP 

TlIF/9596-2 

IEEEIiEC 

00 

°1 

D:z 
03 

°4 

°s 
0& 

°7 
08 

TL/F/9596-1 

Pin AssIgnment for 
DIP, sOle and Flatpak 

OE U vee 
00 23 00 
0, 3 22 0, 

D2 4 21 D:z 
~ 20 03 
04 19 04 

Os 7 18 05 
Os 17 06 

I? 1& 0., 
D8 10 15 08 

CLR II 14 EN 

TL/F/9596-3 

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

54F174F 

Pin Names Description U.L. Input IIHIIIL 
HIGH/LOW Output IOHIiOL 

Do-Os Data Inputs 1.0/1.0 20 p.AI-0.6 rnA 
DE Output Enable Input 1.0/1.0 20 p.AI-0.6 rnA 
CLR Clear 1.0/1.0 20 p.AI- 0.6 rnA 
CP Clock Input 1.0/2.0 20 p.AI-1.2 rnA 
EN Clock Enable 1.0/1.0 20 ,...AI-0.6 rnA 

Oo-Os TRI-STATE Outputs 150/40 (33.3) -3 mAl24 rnA (20 rnA) 
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Pin Aulgnment 
for Lee and PCC 

I?D,D5 NCD4 D30:z 
[j)liIDlillIlrlllillil 

Dalm IIlD, 
CLRIilI [!]Ilo 
GNDIi3J [!JOE 

NC!iE [!]NC 
CPIW Ii!!Ivee 
Eli IilI IiZI Do 
081l!1 lillO, 

~(JI[JII(JIOIOIvV 
1i!l1i!!l~liiIliUllliiI 
0., Os Os NC 04 03 O2 
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r--------------------------------------------------------------------------,m 
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 0 inputs that meet 
the setup and hold times requirements on the LOW-to-HIGH 
CP transition. With the DE 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 

Inputs 

OE CLR EN 

H H L 
H H L 
H H H 
L H H 
H L X 
L L X 
H H L 
H H L 
L H L 
L H L 
L H L 
L H L 

L = LOW Voltage Level 
H = HIGH Voltage Level 
X = Immaterial 
Z = High Impedance 
..r = LOW·to-HIGH Transition 
NC = No Change 

Logic Diagram 

Eii-----r ..... 

Cp-4------1_.1 

CP 

H 
L 
X 
X 
X 
X 

../" 

../" 

../" 

../" 
H 
L 

0, 

Internal Output 
Function 

D Q 0 

X NC Z Hold 
X NC Z Hold 
X NC Z Hold 
X NC NC Hold 
X H Z Clear 
X H L Clear 
H H Z Load 
H L Z Load 
L H L Data Available 
H L H Data Available 
X NC NC No Change in Data 
X NC NC No Change in Data 

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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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·C to + 125·C 
Storage Temperature -S5·C to + 150"C Commercial O·Cto +70·C 
Ambient Temperature under Bias - 55·C to + 125·C Supply Voltage 
Junction Temperature under Bias - 55·C to + 175·C Military + 4.5V to + 5.5V 

Vee Pin Potential to Commercial +4.5Vto +5.5V 

Ground Pin -0.5V to + 7.0V 

Input Voltage (Note 2) -0.5Vto +7.0V 

Input Current (Note 2) -30 mA to +5.0 mA 

Voltage Applied to Output 
in HIGH State (with Vee = OV) 
Standard Output -0.5V to Vee 
TRI-STATE Output -0.5Vto +5.5V 

Current Applied to Output 
in LOW State (Max) twice the rated 10L (mA) 

Nole 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have Hs useful IHe impaired. Functional operation under 
these condHlons Is not Implied. 
Nole 2: Enher voltage limit or current limit is sufficient to protect inputs. 

DC Electrical Characteristics 

Symbol Parameter 
54F174F 

Units Vee Conditions 
Min Typ Max 

VIH Input HIGH Voltage 2.0 V Recognized as a HIGH Signal 

VIL Input LOW Voltage 0.8 V Recognized as a LOW Signal 

Veo Input Clamp Diode Voltage -1.2 V Min liN = -18mA 

VOH 54Fl0% Vee 2.5 10H = -1 mA 
54Fl0% Vee 2.4 IOH=-3mA 

Output HIGH 74F 10% Vee 2.5 
V Min 

10H = -1 mA 
Voltage 74F 10% Vee 2.4 10H = -3mA 

74F5%Vee 2.7 10H = -1 mA 
74F5%Vee 2.7 10H = -3mA 

VOL Output LOW 54F 10% Vee 0.5 
V Min 

10L = 20mA 
Voltage 74F 10% Vee 0.5 10L = 24mA 

IIH Input HIGH Current 20 p,A Max VIN = 2.7V 

leVI Input HIGH Current 
100 p,A Max 

VIN = 7.0V 
Breakdown Test 

IlL Input LOW -O.S mA Max VIN = O.5V (OE, CLR, EN) 
Current -1.2 mA Max VIN = 0.5V (CP) 

10ZH Output Leakage Current 50 p,A Max VOUT = 2.7V 

10ZL Output Leakage Current -50 p,A Max VOUT = 0.5V 

los Output Shorl-Circuit Current -SO -150 mA Max VOUT = OV 

leEX Output HIGH Leakage Current 250 ,.A Max VOUT = Vee 

Izz Buss Drainage Test 500 p,A O.OV VOUT = Vee 

leez Power Supply Current 75 100 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 
TA. Vee = Mil TA. Vee = Com Fig 

Symbol Parameter Vee = +5.0V 
CL = 50pF CL = 50pF 

Units 
No 

CL = 50pF 

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 10.5 
2-3 

tpHL CPtoOn 2.0 5.2 9.5 2.0 10.5 2.0 10.5 
ns 

tpHL Propagation Delay 
4.0 7.1 12.0 4.0 13.0 4.0 13.0 ns 2-3 

CLR to On 

tPZH Output Enable Time 2.0 5.B 10.5 2.0 13.0 2.0 11.5 

tPZL OEtoOn 2.0 5.5 10.5 2.0 13.0 2.0 11.5 
2-5 ns 

tpHZ Output Disable Time 1.5 2.9 7.0 1.0 7.5 1.5 7.5 

tpLZ OEtoOn 1.5 2.7 7.0 1.0 7.5 1.5 7.5 

AC Operating Requirements: See Section 2 for Waveforms 

74F 54F 74F 

Symbol Parameter 
TA = +25'C 

TA. Vee = Mil TA. Vee = Com Units 
Fig 

Vee = +5.0V No 

Min Max Min Max Min Max 

ts(H) Setup Time, HIGH or LOW 2.5 4.0 3.0 
ts(L) Dn toCP 2.5 4.0 3.0 

2-6 ns 
th(H) Hold Time, HIGH or LOW 2.5 2.5 2.5 
th(L) Dn toCP 2.5 2.5 2.5 

ts(H) Setup Time, HIGH or LOW 4.5 5.0 5.0 
ts(L) ENtoCP 2.5 3.0 3.0 

2-6 ns 
th(H) Hold Time, HIGH or LOW 2.0 3.0 2.0 
th(L) ENtoCP 0 1.0 0 

Iw(H) CP Pulse Width 5.0 6.0 6.0 
2-4 

tw(L) HIGH or LOW 5.0 6.0 6.0 
ns 

tw(L) CLR Pulse Width, LOW 5.0 5.0 5.0 ns 2-4 

tree CLR Recovery Time 5.0 5.0 5.0 ns 2-6 
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~ Semiconductor 
54F/74F825 
a-Bit D-Type Flip-Flop 
General Description Features 

• TRI-STATE@ output 
• Clock enable and clear 
• Multiple output enables 

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. 

• Direct replacement for AMD's Am24825 

The 'F825 is functionally and pin compatible with AM D's 
Am29825. 

Ordering Code: See Section 5 

Logic Symbols Connection Diagrams 

I I I I I I I I 

IEEEIIEC 

~:: ~ lEN 
0E3 .....1o ---.J 
CLR.....Io R 

Ejl.....lo Gl 

TLlF/9597-1 

CP- ~IC2 I' 

Do _r..'20~--:-1>--L.~1-- 00 

01- r-- 0l 

~- r--°2 
D3 - 1--03 

D.- r--o. 

D5 - r--°5 
D6- 1--06 

D7- r--~ 

TLlF/9597-4 

Pin Assignment 
for DIP, SOIC and Flatpak 

'--' 0E1- 1 24 roVce 

0E2- 2 23 r-0E3 

00- 3 22 -00 

01- 4 21 -01 

02- 5 20 -02 

03- 6 19 -03 

04- 7 18 -0. 

05- 8 17 -05 

06- 9 16 -06 

I?- 10 15 -07 

CLlI- 11 14 -EN 
GNO- 12 13 ~CP 

TLlF/9597-2 

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

Pin Names Description 

00-07 Data Inputs 
00-07 TRI-STATE Data Outputs 
OE" OE2, OE3 Output Enable Input 
EN Clock Enable 
CLR Clear 
CP Clock Input 

U.L 
HIGH/LOW 

1.0/1.0 
150/40 (33.3) 

1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/2.0 

54F174F 

Input I'HII'L 
Output IOHIIOL 

20 /LA/-0.6 rnA 
-3 mA/24 mA (20 mAl 

20 /LA/-0.6 rnA 
20 /LA/-0.6 rnA 
20 /LA/- 0.6 mA 
20 /LA/-1.2 mA 
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Pin Assignment 
for LCC and PCC 

06 05 04 NC 03 ~ 01 
/iilIiQII2]IIDIIIIIDOO 

I?Ii]J 
CLR Ii] 
GNO [!I 

NC liE 
CP Il!i 
ENIiiJ 
°71l!i :-

fi!I~~~liH~~ 
06 05 0. NC 03 02 01 

~ [!) Do 
rn~ 
rn 0E1 
[i]NC 

~Vce 
~0E3 
~Oo 
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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 0 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 

OE CLR 

H H 
H H 
H H 
L H 
H L 
L L 
H H 
H H 
L H 
L H 
L H 
L H 

L = LOW Voltage Level 
H = HIGH Voltage Level 
X = Immaterial 
Z = High Impedance 

Inputs 

EN 

L 
L 
H 
H 
X 
X 
L 
L 
L 
L 
L 
L 

.../" = LOW·to·HIGH Transition 
NC = No Change 

Logic Diagram 

EN------{"""""'I 

cP .... ------LJ 

CP 

H 
L 
X 
X 
X 
X 

../ 

../ 

../ 

../ 
H 
L 

Internal Output 
Function 

D Q 0 

X NC Z Hold 
X NC Z Hold 
X NC Z Hold 
X NC NC Hold 
X H Z Clear 
X H L Clear 
L H Z Load 
H L Z Load 
L H L Data Available 
H L H Data Available 
X NC NC No Change in Data 
X NC NC No Change in Data 

TLlF/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 (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"C to + 125"C 
Storage Temperature -65"C to + 1500C Commercial O"Cto +700C 
Ambient Temperature under Bias -55"Cto + 125"C Supply Voltage 
Junction Temperature under Bias -55"Cto + 175"C Military +4.5Vto +5.5V 
Vee Pin Potential to Commercial + 4.5V to + 5.5V 

Ground Pin -0.5Vto +7.0V 

Input Voltage (Note 2) -0.5Vto +7.0V 

I nput Current (Note 2) -SO rnA to +5.0 rnA 
Voltage Applied to Output 

In HIGH State (with Vee = OV) 
Standard Output -0.5VtoVee 
TRI-STATE Output -0.5Vto +5.5V 

Current Applied to Output 
in LOW State (Max) twice the rated 10L (rnA) 

Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have Its useful life Impaired. Functional operation under 
these condijions is not implied. 

Nole 2: Either voltage limit or current limit is sufficient to protect inputs. 

DC Electrical Characteristics 

Symbol Parameter 
S4F174F 

Units Vee Conditions 
Min Typ Max 

VIH Input HIGH Voltage 2.0 V Recognized as a HIGH Signal 

VIL Input LOW Voltage 0.8 V Recognized as a LOW Signal 

Veo Input Clamp Diode Voltage -1.2 V Min liN = -18mA 

VOH Output HIGH 54F 10% Vee 2.5 10H = -1 rnA 
Voltage 54F 10% Vee 2.4 10H=-SmA 

74F 10% Vee 2.5 
V Min 

10H = -1 rnA 
74F 10% Veo 2.4 10H = -SmA 
74F5% Vee 2.7 10H = -1 rnA 
74F5% Vee 2.7 10H = -SmA 

VOL Output LOW 54F 10% Veo 0.5 
V Min 

10L = 20 rnA 
Voltage 74F 10% Vee 0.5 10L = 24 rnA 

IIH Input HIGH Current 20 p.A Max VIN = 2.7V 

IBVI Input HIGH Current 
100 p.A Max 

VIN = 7.0V 
Breakdown Test 

IlL Input LOW Current -0.6 rnA Max VIN = 0.5V 

10ZH Output Leakage Current 50 p.A Max Your = 2.7V 

10ZL Output Leakage Current -50 p.A Max Your = O.SV 

los Output Short-Circuit Current -60 -150 rnA Max Your = OV 

IOEX Output HIGH Leakage Current 250 p.A Max Vour = Vee 

Izz Buss Drainage Test 500 p.A O.OV Your = Vee 

looz Power Supply Current 75 90 rnA 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. Vee = Mil TA. Vee = Com 

Symbol Parameter Vee = +5.0V 
CL = 50pF CL = 50pF 

CL = 50pF 

Min Typ Max Min Max Min Max 

fmax Maximum Clock Frequency 100 160 60 70 

tpLH Propagation Delay 2.0 6.5 9.5 2.0 10.5 2.0 10.5 

tpHL CP to On 2.0 6.6 9.5 2.0 10.5 2.0 10.5 

tpHL Propagation Delay 
4.0 7.4 12.0 4.0 13.0 4.0 13.0 

CLR to On 

tPZH Output Enable Time 2.0 6.5 10.5 2.0 13.0 2.0 11.5 

tPZL OEtoOn 2.0 6.6 10.5 2.0 13.0 2.0 11.5 

tpHZ Output Disable Time 1.5 3.5 7.0 1.0 7.5 1.5 7.5 

tpLZ OEtoOn 1.5 3.3 7.0 1.0 7.5 1.5 7.5 

AC Operating Requirements: See Section 2 for Waveforms 

74F 54F 74F 

Symbol Parameter 
TA = +25'C 

TA. Vee = Mil TA. Vee = Com 
Vee = +5.0V 

Min Max Min Max Min Max 

ts(H) Setup Time, HIGH or LOW 2.5 4.0 3.0 

ts(L) Dn to CP 2.5 4.0 3.0 

th(H) Hold Time, HIGH or LOW 2.5 2.5 2.5 

th(L) Dn to CP 2.5 2.5 2.5 

ts(H) Setup Time, HIGH or LOW 4.5 5.0 5.0 

ts(L) ENtoCP 2.5 3.0 3.0 

th(H) Hold Time, HIGH or LOW 2.0 3.0 1.0 

th(L) ENtoCP 0 2.0 0 

tw(H) CP Pulse Width 5.0 6.0 6.0 
tw(L) HIGH or LOW 5.0 6.0 6.0 

tw(L) CLR Pulse Width, LOW 5.0 5.0 5.0 

tree CLR Recovery Time 5.0 5.0 5.0 
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ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

ns 

Fig 
No 
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~ 
': ~ National 
51 ~ Semiconductor 

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

General Description 
The 'F827 and 'F828 10-bit bus buffers provide high per­
formance bus interface buffering for wide data/address 
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. 

Ordering Code: See Section 5 

Connection Diagrams 

Pin Assignment for 
DIP, Flatpak and sOle 

'F827 

0£1- 1 
'-...../ 

24 -Vee 
00- 2 23 1-°0 
01- 3 22 1-°1 
02- 4 211-°2 
03- 5 20 1-°3 
04- 6 191-°4 

05- 7 181-°5 
06- 8 171-°6 
07- 9 161-°7 

°8- 10 151-°8 
Dg- 11 141-0g 

GNO- 12 131-0£2 

TL/F/9598-1 

'F828 

0£1- 1 
'-../ 

24 -Vee 
00- 2 23 r-°o 
01- 3 22 1-01 

02- 4 211-°2 
03- 5 20 1-03 

04- 6 191-°4 
05- 7 181-°5 
0&- 8 17Hi6 

0,- 9 161-0, 

Os- lO 151-°8 
Og- 11 141-0g 

GNO- 12 13HlEz 

TL/F/9598-8 

Features 
• TRI-STATE<!> output 
• 'F828 is inverting 
• Direct replacement for AMD's Am29827 and Am29828 

Pin Assignment 
tor Lee and pee 

'F827 

07 06 0s NC 04 03 02 
[llJ1i]J III III III III III 

081i11 [!] 01 
Dg~ moo 

GNO Ii3I III OE1 
NC~ ~ mNC 

OE2 [§J ;:. ~ ~ vee 
OgliZl~ ~Biloo 
08 [§J ;. ~ ~ 01 

'111111111111111111111. 

1lID12i!I~~~~~ 
°7°6 0S NC 04 03 02 

'F828 

07 06 05 NC 04 03 O2 
[llJ1i]J1II1II1II1Il1II 
~~~~~~~~ 

1lID12i!I~~~~~ 
°7°& 05 NC 04 03 02 

TL/F/9598-2 

TLlF/9598-9 
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logic Symbols 

°1 

°2 

°3 

°4 

°5 

IEEE/IEC 
'F827 

'F827 

1'17 
00 

°1 

°2 
°3 

°4 

°5 

TLlF/9598-6 

TL/F/9598-3 
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OE1 

OE2 

IEEE/IEC 
'F828 

'F828 
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Unit Loading/Fan Out: See Section 2 for U.L. definitions 

54F174F 

Pin Names Description U.L. Input I'H/I'L 
HIGH/LOW Output IOH/IOL 

OE1,OE2 Output Enable Input 1.0/1.0 20 ,...AI-0.6 mA 
00-0 7 Data Inputs 1.0/1.0 20 ,...AI-0.6 mA 
00-0 7 Data Outputs, TRI-STATE 600/106.6 (80) -12 mAl64 mA (48 mA) 

Functional Description 
The 'F827 and 'F828 are line drivers designed to be em­
ployed as memory address drivers, clock drivers and bus­
oriented transmitters/receivers which provide improved PC 
board denSity. The devices have TRI-STATE outputs con­
trolled by the Output Enable (OE) pins. The outputs can sink 
64 mA (48 mA mil) and source 15 mAo Input clamp diodes 
limit high-speed termination effects. 

Logic Diagrams 

°9 

'F827 

°4 

Inputs 

OE Dn 

L H 
L L 
H X 

H ~ HIGH Voltage level 
L ~ LOW Voltage Level 
Z ~ High Impedance 
X ~ Immaterial 

°2 

°2 

Function Table 

Outputs 

On Function 

'F827 'F828 

H L Transparent 
L H Transparent 
Z Z HighZ 

°1 

°1 
TL/F/9598-4 

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

'F828 

TL/F/9598-11 

Please note that this diagmm 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/ 

Free Air Ambient Temperature 
Distributors for availability and specifications. 

Military -55·C to + 125·C 
Storage Temperature -65·Cto + 150·C Commercial O·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 
Vcc Pin Potential to Commercial + 4.5V to + 5.5V 

Ground Pin -0.5Vto +7.0V 

Input Voltage (Note 2) -0.5Vto +7.0V 

Input Current (Note 2) -30 mA to + 5.0 mA 

Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output -0.5VtoVcc 
TRI·STATE Output -0.5Vto +5.5V 

Current Applied to Output 
in LOW State (Max) twice the rated 10l (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 pmtect inputs. 

DC Electrical Characteristics 

Symbol Parameter 
54F174F 

Units Vee Conditions 
Min Typ Max 

VIH Input HIGH Voltage 2.0 V Recognized as a HIGH Signal 

Vil Input LOW Voltage 0.8 V Recognized as a LOW Signal 

VCD Input Clamp Diode Voltage -1.2 V Min liN = -18mA 

VOH Output HIGH 54F 10% Vcc 2.4 IOH=-3mA 
Voltage 54F 10% Vcc 2.0 10H = -12mA 

74F 10% Vcc 2.4 
V Min 

IOH=-3mA 
74F 10% VCC 2.0 10H = -12mA 
74F5% VCC 2.7 10H = -3mA 
74F5%VCC 2.0 10H = -15mA 

VOL Output LOW 54F10% VCC 0.55 
V Min 

10l = 48mA 
Voltage 74F 10% Vcc 0.55 10l = 64mA 

IIH Input HIGH Current 20 ",A Max VIN = 2.7V 

Isvi Input HIGH Current 
100 ",A Max 

VIN = 7.0V 
Breakdown Test 

III Input LOW Current -0.6 mA Max VIN = 0.5V 

10ZH Output Leakage Current 50 ",A Max VOUT = 2.7V 

10Zl Output Leakage Current -50 ",A Max VOUT = 0.5V 

los Output Short·Circuit Current -100 -225 mA Max VOUT = OV 

ICEX Output HIGH Leakage Current 240 ",A Max VOUT = Vcc 

Izz Bus Drainage Test 500 ",A O.OV VOUT = Vcc 

ICCH Power Supply Current (,F827) 30 45 mA Max Vo = HIGH 

lecl Power Supply Current (,F827) 60 90 mA Max Vo = LOW 

Iccz Power Supply Current ('F827) 40 60 mA Max Vo = HIGHZ 

ICCH Power Supply Current ('F828) 14 20 mA Max Vo = HIGH 

ICCl Power Supply Current ('F828) 56 85 mA Max Vo = LOW 

Iccz Power Supply Current (,F828) 35 50 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, Vee = Mil TA, Vee = Com 

Symbol Parameter Vee = +5.0V 
CL=50pF CL = 50pF 

CL = 50pF 

Min Typ Max Min Max Min Max 

tpLH Propagation Delay 1.0 3.0 5.5 1.0 7.5 1.0 6.5 

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 

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 2.5 10.0 2.5 9.5 

tpZL OE to On 3.5 6.8 11.5 3.0 12.5 3.0 12.0 

tpHZ Output Disable Time 1.5 3.3 8.0 1.5 9.0 1.5 8.5 

tpLZ OE to On 1.0 3.5 8.0 1.0 9.0 1.0 8.5 
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r----------------------------------------------------------------------, m 

II?JI National 
~ Semiconductor 
54F/74F841 
1 a-Bit Transparent Latci1 

General Description Features 
The 'F841 bus interface latch is designed to eliminate the _ TRI·STATEII!> output 
extra packages required to buffer existing latches and pro· _ Direct replacement for AMD's Am29841 
vide extra data width for wider address/data paths or buses 
carrying parity. The 'F841 is a 1 O·bit transparent latch, a 10· 
bit version of the 'F373. . 

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

Ordering Code: See Section 5 

Logic Symbols Connection Diagrams 

OE 

LE 

IEEEIIEC 

TLlF/9599-1 

°0 

°1 

. °2 

°3 

°4 

°5 
0& 

°7 

Os 

Og 

TLlF/9599-5 

Pin Assignment for 
DIP, SOIC and Flatpak 

OE 1 24 Vee 
°0 2 23 °0 
01 22 °1 

°2 O2 

°3 
0, 

°5 

0& 

°7 

°8 °8 
Og 11 14 Og 

GNO 12 13 LE 

TLlF/9599-2 

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

54F174F 

Pin Names Description U.L. Input 11HlllL 
HIGH/LOW Output IOH/IOL 

00-0 9 Data Inputs 1.0/1.0 20 ~AI-0.6 mA 
0 0-0 9 TRI·STATE Outputs 150/40 (33.3) -3 mAl24 mA (20 mAl 
OE Output Enable Input 1.0/1.0 20~/-0.6mA 

LE Latch Enable 1.0/1.0 20 ~AI-0.6 mA 
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°slill 
DgIiAI 

GNOIm 
NC liE 
LE liE 
Ogli1l 

Os liE 

Pin Assignment 
for LCC and PCC 

I? 06 05 NC 04 03 02 
Ii] lim m [!)[I1 [§] [[J 

mOl 
moo 
IlJOE 

" [I]NC 
" @I vee 
" BZI 00 
~ ~01 

~"'''''..JII .. ,..,~ ..... ..., ...... ..JII .. ~ ........ -.v 
IiEJggIZiI~~~~ 
07 06 05 NC 04 03 02 
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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. 

Function Table 

Inputs Internal Output 

OE LE D Q 0 

X X X X Z 
H H L L Z 
H H H H Z 
H L X NC Z 
L H L L L 
L H H H H 
L L X NC NC 
L X X H H 
L X X L L 
L X X H H 
H L X L Z 
H L X H Z 

Logic Diagram 

LE 

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 

HighZ 
HighZ 
HighZ 
Latched 
Transparent 
Transparent 
Latched 
Preset 
Clear 
Preset 
Latched 
Latched 

H ~ HIGH Voltage Level 
L ~ LOW Voltage Level 
X ~ Immaterial 
Z ~ HIGH Impedance 
NC ~ No Change 

D9 

09 

TL/F/9599-4 

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/ 

Free Air Ambient Temperature 
Distributors for availability and specifications. 

Military - 55'C to + 125'C 
Storage Temperature -65'C to + 150'C Commercial O'Cto +70'C 
Ambient Temperature under Bias -55'Cto + 125'C Supply Voltage 
Junction Temperature under Bias - 55'C to + 175'C Military + 4.5V to + 5.5V 

Vee Pin Potential to Commercial + 4.5V to + 5.5V 

Ground Pin -0.5Vto +7.0V 

Input Voltage (Note 2) -0.5Vto +7.0V 

Input Current (Note 2) -30 mA to +5.0 mA 

Voltage Applied to Output 
in HIGH State (with Vee = OV) 
Standard Output -0.5VtoVee 
TRI·STATE Output -0.5Vto +5.5V 

Current Applied to Output 
in LOW State (Max) twice the rated 10L (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 
54F174F 

Units Vee Conditions 
Min Typ Max 

VIH Input HIGH Voltage 2.0 V Recognized as a HIGH Signal 

VIL Input LOW Voltage O.B V Recognized as a LOW Signal 

VeD Input Clamp Diode Voltage -1.2 V Min liN = -1BmA 

VOH Output HIGH Voltage 54F 10% Vee 2.5 10H = -1 mA 
54F 10% Vee 2.4 10H = -SmA 
74F10% Vee 2.5 

V Min 
10H = -1 mA 

74F10% Vee 2.4 10H = -SmA 
74F5% Vee 2.7 10H = -1 mA 
74F5% Vee 2.7 10H = -SmA 

VOL Output LOW 54F10% Vee 0.5 
V Min 

10L = 20mA 
Voltage 74F10% Vee 0.5 10L = 24mA 

IIH Input HIGH Current 20 /LA Max VIN = 2.7V 

IBVI Input HIGH Current 
100 /LA Max 

VIN = 7.0V 
Breakdown Test 

IlL Input LOW Current -0.6 mA Max VIN = 0.5V 

10ZH Output Leakage Current 50 /LA Max VOUT = 2.7V 

10ZL Output Leakage Current -50 /LA Max VOUT = 0.5V 

los Output Short-Circuit Current -60 -150 mA Max VOUT = OV 

leEx Output HIGH Leakage Current 250 /LA Max VOUT = Vee 

Izz Bus Drainage Test 500 /LA O.OV VOUT = Vee 

leez Power Supply Current 69 92 mA Max Vo = HIGHZ 

• 
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-... CD AC Electrical Characteristics: See Section 2 for Waveforms and load Configurations 

74F 54F 74F 

TA = +25"C 
TAl Vee = Mil TAl Vee = Com Symbol Parameter Vee ':' +5.0V 

CL = 50pF CL=50pF 
CL = 50pF 

Min Typ Max Min Max Min Max 

tpLH Propagation Delay 2.5 8.0 2.0 9.0 
tpHL Onto On 1.5 6.5 1.5 7.0 

tpLH Propagation Delay 5.0 12.0 4.5 13.5 
tpHL lEto On 2.0 7.5 2.0 8.0 

tpZH Output Enable Time 2.5 8.5 2.0 9.5 

tPZL OEtoOn 2.5 9.0 2.0 10.0 

tpHZ Output Disable Time 1.0 6.5 1.0 7.5 
tpLZ OEtoOn 1.0 6.5 1.0 7.5 

AC Operating Requirements: See Section 2 for Waveforms 

74F 54F 74F 

Symbol Parameter 
TA = +25'C 

TAl Vee = Mil TAl Vee = Com 
Vee = +5.0V 

Min Max Min Max Min Max 

ts(H) Setup Time, HIGH or lOW 2.0 2.5 
ts(l) Onto lE 2.0 2.5 

tt,(H) Hold Time, HIGH or lOW 2.5 3.0 
tt,(l) Onto lE 3.0 3.5 

tw(H) LE Pulse Width, HIGH 4.0 4.0 
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r----------------------------------------------------------------------------, co 

'?JI National 
~ Semiconductor 
54F/74F843 
9-Bit Transparent Latch 

General Description Features 
• TRI-STATE® output The 'F843 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. 

• Direct replacement for AMD's Am29843 

The 'F843 is functionally and pin compatible with AM D's 
Am29843. 

Ordering Code: See Section 5 

Logic Symbols Connection Diagrams 
IEEE Symbol 

BE-b EN 

m-b 52 

CUi-bR 

LE- ~1 r 
00-,-Jl0i:--..,.I>--""'2V~-Oo 
01- -°1 

O2- -°2 

03- -°3 

0,- -0, 
05- -°5 

06- -°6 

0.,- -07 

0s- -os 

TUF/9453-6 

I I I I I I I I I 
~ OE Do 01 O2 03 0, 05 0& 0., Ds 

~ CLR 

-LE 

~ PRE 00 01 02 03 0, as 06 07 De 

I I I I I I I I I 
TL/F/9453-1 

Pin Assignment 
for DIP and SOIC 

BE 1 

00 2 

01 3 

02 4 

03 5 

0, 6 

05- 7 

D6 8 

0.,- 9 

0s- 10 

CUi- 11 

GHO- 12 

24 f-Vcc 
23 f-0o 
22 f-0l 
21 f-02 
201-°3 
191-0, 

181-05 

17 f-o& 
16 07 

15 Os 
14-m 

13 -LE 

TL/F/9453-2 

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

54F174F 

Pin Names Description U.L. Input IIH/IIL 
HIGH/LOW Output IOH/IOL 

Do-Os Data Inputs 1.0/1.0 20 /J-Al- 0.6 mA 
OE Output Enable Input 1.0/1.0 20 /J-Al-0.6 mA 
LE Latch Enable 1.0/1.0 20 /J-Al-0.6 mA 
CLR Clear 1.0/1.0 20 /J-Al-0.6 mA 
PRE Preset 1.0/1.0 20 /J-Al- 0.6 mA 
Oo-Os TRI-STATE Data Outputs 150/40 (33.3) -3 mAl24 mA (20 mAl 
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~ r------------------------------------------------------------------------------------------, 
-.::I' co 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 DE: is HIGH, the bus 

Function Table 

Inputs Internal Output 
Function 

CLR PRE OE LE D Q 0 

H H X X X X Z HighZ 
H H H H L L Z HighZ 
H H H H H H Z HighZ 
H H H L X NC Z Latched 
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 Z Latched 
H L H L X H Z Latched 

Logic Diagram 

LE 

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. 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = High Impedance 
NC = No Change 

°7 0, 08 

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 (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'C to + 125'C 
Storage Temperature -65'Cto +150'C Commercial O'Cto +70'C 
Ambient Temperature under Bias - 55'C to + 125'C Supply Voltage 
Junction Temperature under Bias - 55'C to + 175°C Military + 4.5V to + 5.5V 

Vee 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 mA to +5.0 mA 

Voltage Applied to Output 
in HIGH State (with Vee = OV) 
Standard Output -0.5V to Vee 
TRI-STATE Output -0.5Vto +5.5V 

Current Applied to Output 
in LOW State (Max) twice the rated 10l (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 
54F174F 

Units Vee Conditions 
Min Typ Max 

VIH Input HIGH Voltage 2.0 V Recognized as a HIGH Signal 

Vil Input LOW Voltage 0.8 V Recognized as a LOW Signal 

VeD Input Clamp Diode Voltage -1.2 V Min liN = -18mA 

VOH Output HIGH 54F10%Vee 2.5 10H = -1 mA 
Voltage 54F 10% Vee 2.4 IOH=-3mA 

74F 10% Vee 2.5 
V Min 

10H = -1 mA 
74F10%Vee 2.4 IOH=-3mA 
74F5% Vee 2.7 10H = -1 mA 
74F5%Vee 2.7 IOH=-3mA 

VOL Output LOW Voltage 54F10% Vee 0.5 
V Min 

10l = 20mA 
74F 10% Vee 0.5 10l = 24mA 

IIH Input HIGH Current 20 /JoA Max VIN = 2.7V 

IBVI Input HIGH Current 
100 /JoA Max 

VIN = 7.0V 
Breakdown Test 

III Input LOW Current -0.6 mA Max VIN = 0.5V 

10ZH Output Leakage Current 50 /JoA Max VOUT = 2.7V 

10Zl Output Leakage Current -50 /JoA Max VOUT = 0.5V 

los Output Short-Circuit Current -60 -150 mA Max VOUT = OV 

leEx Output HIGH Leakage current 250 /JoA Max VOUT = Vee 

Izz Bus Drainage Test 500 /JoA O.OV VOUT = Vee 

lee 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 
TA. Vee = Mil TA. Vee = Com Fig 

Symbol Parameter Vee = +5.0V 
CL = 50 pF CL = 50pF 

Units 
No 

CL = 50pF 

Min Typ Max Min Max Min Max 

tpLH Propagation Delay 2.5 5.4 8.0 2.0 9.0 
2-3 

tpHL Onto On 1.5 4.2 6.5 1.5 7.0 
ns 

tpLH Propagation Delay 5.0 8.5 12.0 4.5 13.5 
2-3 

tpHL lEtoOn 2.0 4.7 7.5 2.0 8.0 
ns 

tpLH Propagation Delay 
3.0 7.3 10.0 2.5 11.0 ns 2-3 

PRE to On 

tpHL Propagation Delay 
3.0 6.9 10.0 2.5 11.0 ns 2-3 

ClRtoOn 

tpZH Output Enable Time 2.5 5.0 8.5 2.0 9.5 
2-3 

tPZL DE to On 2.5 6.1 9.0 2.0 10.0 
ns 

tpHZ Output Disable Time 1.0 3.6 6.5 1.0 7.5 
2-5 

tpLZ OEtoOn 1.0 3.4 6.5 1.0 7.5 
ns 

AC Operating Requirements: See Section 2 for Waveforms 

74F 54F 74F 

Symbol Parameter 
TA = +25°C 

TA. Vee = Mil TA. Vee = Com Units 
Fig 

Vee = +5.0V No 

Min Max Min Max Min Max 

Is (H) Setup Time. HIGH or lOW 2.0 2.5 
Is (ll Onto lE 2.0 2.5 

2-6 ns 
th(Hl Hold Time, HIGH or lOW 2.5 3.0 

th (ll Onto lE 3.0 3.5 

Iw(H) lE Pulse Width, HIGH 4.0 4.0 ns 2-4 

Iw (ll PRE Pulse Width, lOW 5.0 5.0 ns 2-4 

tw(ll ClR Pulse Width, lOW 5.0 5.0 ns 2-4 

tree PRE Recovery Time 10.0 10.0 ns 2-6 

tree ClR Recovery Time 12.0 13.0 ns 2-6 
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.---------------------------------------------------------------------------~ co 

J?'A National 
~ Semiconductor 
54F/74F845 
8-Bit Transparent Latch 

General Description Features 
• TRI-STATE<!> outputs The 'FB45 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. 

• Direct replacement for AMD's Am29B45 

The 'FB45 is functionally- and pin-compatible with AMD's 
Am29B45. 

Ordering Code: See Section 5 

Logic Symbols Connection Diagrams 

" I I I I " 
Pin Assignment Pin Assignment 

for DIP, SOIC and Flatpak for LCC and PCC 

'-./ 06 Os 0, NC 03 O2 01 
O£I- I 24 -Vee IiJlIimIIl IIDm lID lID 
o~- 2 23 -0£3 

00- 3 22 -00 I?Irn 
01- 4 21-°1 

ClR~ 

GNOIiJI 
O2- 5 20 -02 

NC~ 
03- 6 19 -03 lE IiID 

TLlF/9601-3 

IEEE/IEC 
0,- 7 18 -04 PRE Ii] 

05- 8 17 -05 °7 1iID 
06- 9 16 '-°6 

I?- 10 15 r-07 IiID~Billi2lliH!I~ 

w- 11 14 r-PRE 
06 05 04 NC 03 02 01 

O£I .... ~ 0[2.... EN 

0[3 .... 

PRE .... 52 

W .... R 
GNO- 12 13 rolE 

Tl/F/9601-1 

LE- ~1 I' 

~-rl0~~~--~2V~r--~ 
DI- r--0l 

02- r-- 02 

03- r-- 03 
0,- r--O, 

0s- r--0s 

06- r-- 06 

I?- 1-°7 
Tl/F/9601-5 

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

54F174F 

Pin Names Description U.L. Input IIH/IIL 
HIGH/LOW Output IOH"OL 

00-0 7 Data Inputs 1.0/1.0 20 ,.,.AI-0.6 mA 
0 0-0 7 Data Outputs 150/40 (33.3) -3.0 ,.,.Al24 mA (20 mAl 
OE1-0ES Output Enables 1.0/1.0 20 ,.,.AI-0.6 mA 
LE Latch Enable 1.0/1.0 20 ,.,.AI-0.6 mA 
CLR Clear 1.0/1.0 20 ,.,.AI-0.6 mA 
PRE Preset 1.0/1.0 20 ,.,.AI -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 (DE) is LOW. When DE is HIGH, the bus 
output is in the high impedance state. 

TUF/9601-4 

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

Inputs 

CLR PRE OE LE 

H H H X 
H H H H 
H H H H 
H H H L 
H H L H 
H H L H 
H H L L 
H L L X 
L H L X 
L L L X 
L H H L 
H L H L 

Function Table 

Internal Output 

D Q 0 

X X Z 
L L Z 
H H Z 
X NC Z 
L L L 
H H H 
X NC NC 
X H H 
X L L 
X H H 
X L Z 
X H Z 

Function 

HighZ 
HighZ 
HighZ 
Latched 
Transparent 
Transparent 
Latched 
Preset 
Clear 
Preset 
Latched 
Latched 
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H ~ HIGH Voltage Level 
L ~ LOW Voltage Level 
X = \ Immaterial 
Z ~ High Impedance 
NC ~ No Change 



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'C to + 125'C 

Storage Temperature - 65'C to + 150'C Commercial O'Cto +70'C 
Ambient Temperature under Bias -55'Cto +125'C Supply Voltage 
Junction Temperature under Bias - 55'C to + 175'C Military + 4.5V to + 5.5V 

Vee Pin Potential to Commercial + 4.5V to + 5.5V 

Ground Pin -0.5V to + 7.0V 

Input Voltage (Note 2) -0.5Vto +7.0V 

Input Current (Note 2) -30 mA to +5.0 mA 

Voltage Applied to Output 
in HIGH State (with Vee = OV) 
Standard Output -0.5VtoVee 
TRI-STATE Output -0.5V to + 5.5V 

Current Applied to Output 
in LOW State (Max) twice the rated IOL (mA) 

Nole 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 Vee Conditions 
Min Typ Max 

VIH Input HIGH Voltage 2.0 V Recognized as a HIGH Signal 

VIL Input LOW Voltage 0.8 V Recognized as a LOW Signal 

VeD Input Clamp Diode Voltage -1.2 V Min liN = -18mA 

VOH Output HIGH 54F10% Vee 2.5 10H = -1 mA 
Voltage 54F 10% Vee 2.4 10H = -3mA 

74F 10% Vee 2.5 
V Min 

10H = -1 mA 
74F 10% Vee 2.4 IOH=-3mA 
74F5% Vee 2.7 10H = -1 mA 
74F5% Vee 2.7 IOH=-3mA 

VOL Output LOW 54F 10% Vee 0.5 
V Min 

10L = 20 mA 
Voltage 74F 10% Vee 0.5 10L = 24mA 

IIH Input HIGH Current 20 /LA Max VIN = 2.7V 

ISVI Input HIGH Current 
100 /LA Max 

VIN = 7.0V 
Breakdown Test 

IlL Input LOW Current -0.6 mA Max VIN = 0.5V 

10ZH Output Leakage Current 50 /LA Max VOUT = 2.7V 

10ZL Output Leakage Current -50 /LA Max VOUT = 0.5V 

los Output Short-Circuit Current -60 -150 mA Max VOUT = OV 

leEX Output HIGH Leakage Current 250 /LA Max VOUT = Vee 

Izz Bus Drainage Test 500 /LA O.OV VOUT = Vee 

leez 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 S4F 74F 

TA = +25°0 
TA. Vee = Mil TA. Vee = Com Fig 

Symbol Parameter Vee = +S.OV CL = SOpF CL = SOpF 
Units 

No 
CL = SOpF 

Min Typ Max Min Max Min Max 

tpLH Propagation Delay 2.5 4.8 8.0 2.0 9.0 
2-3 

tpHL On to On 1.5 3.8 6.5 1.5 7.0 
ns 

tpLH Propagation Delay 5.0 8.1 12.0 4.5 13.5 
2-3 

tpHL LEtoOn 2.0 4.4 7.5 2.0 8.0 
ns 

tpLH Propagation Delay 
3.0 5.9 10.0 2.5 11.0 ns 2-3 J5Ri: to On 

tpHL Propagation Delay 
3.0 6.5 10.0 2.5 11.0 ns 2-3 

c;[RtoOn 

tpZH Output Enable Time 2.5 5.8 9.5 2.0 10.5 2-5 
tPZL OEtoOn 2.5 7.6 12.0 2.0 13.0 

ns 

tpHZ Output Disable Time 1.0 3.1 7.5 1.0 8.5 
2-5 

tpLZ m:toOn 1.0 2.8 6.5 1.0 7.5 
ns 
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AC Operating Requirements: See Section 2 for Waveforms 

74F 54F 74F 

Symbol Parameter 
TA = +25'C 

TAl Vee = Mil TAl Vee = Com Units 
Fig 

Vee = +5.0V No 

Min Max Min Max Min Max 

ts(H) Setup Time, HIGH or LOW 2.0 2.5 
2-6 

ts (L) Onto LE 2.0 2.5 
ns 

th(H) Hold Time, HIGH or LOW 2.5 3.0 
2-6 

th (L) Onto LE 3.0 3.5 
ns 

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 

tree PRE Recovery Time 10.0 10.0 ns 2-6 

tree CLR Recovery Time 12.0 13.0 ns 2-6 
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~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 1 O-bit address latches and two 1 O­
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. 

Ordering Code: See Section 5 

Logic Symbol 

Features 
• Provides control for 16K, 64K, 256K or 1 Mbit DRAM 

systems 
• Outputs directly drive up to 88 DRAMs 
• Chip select for easy expansion 
• Provides memory refresh with error correction mode 
• 52-pin plastiC leaded chip carrier 

TL/F/9604-1 
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Connection Diagrams 

AR3~ 

AC3~ 
AR~~ 

AC~~ 
GND(ECL)~ 

LE~ 

AR61m 

AC6~ 

AR7~ 

AC7~ 
ARsilll 

ACS~ 

AR8~ 

Pin Assignment 
forPCC 

A~ AR2 ACt ARt ACo ARoMSa. CS CAS! RASoCASoRAStCASt 

@I~I!IDIi1l!!ruI!ID~ij}Jij]lTIll!Qllfllfl 

lHI~~IllI!MI~HQII±ilIm~~[§]~ 
AC8 ARg ACgSELoSELt MCt MCo RAS1 CAS3RAS3CAS2RASzOg 

Pin Assignment 
for Side Brazed DIP 

CS 1 52 

MSEL 2 51 

ARo 3 50 

ACo 4 49 

AR, 48 

AC, 47 

AR2 7 46 

A~ 8 45 

AR3 9 44 

AC3 10 43 

AR4 11 42 

AC. 12 41 

GND(ECL) 13 40 

LE 14 39 

ARS 15 38 

ACs 16 37 

AR6 17 36 

AC6 18 35 

AR7 19 34 

A~ 20 33 

ARB 21 32 

ACa 22 31 

ARg 23 30 

ACg 24 29 

SELo 25 28 

SEL, 26 27 
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Unit Loading/Fan Out: See Section 2 for U.L. definitions 

54F174F 
Pin Names Description U.L. Input IIH"IL 

HIGH/LOW Output IOH"OL 

ACo-ACg Column Address Inputs 1.0/1.0 20 ",AI-0.6 mA 
ARO-ARg Row Address Inputs 1.0/1.0 20 ",AI-0.6 mA 
MCO,MCl Mode Control Inputs 1.0/1.0 20 ",AI-0.6 mA 
CS Chip Select Input 1.0/1.0 20 ",AI-0.6 mA 
MSEL Multiplexer Select Input 1.0/1.0 20 ",AI-0.6 mA 
LE Latch Enable Input 1.0/1.0 20 ",AI-0.6 mA 
SELo, SELl Bank Select Inputs 1.0/1.0 20 ",AI-0.6 mA 
RASI Row Address Strobe In 1.0/1.0 20 ",AI-0.6 mA 
CASI Column Address Strobe In 1.0/1.0 20 ",AI-0.6 mA 
OE Output Enable 1.0/1.0 20 ",AI-0.6 mA 
RASo-RASa Row Address Strobe Outputs 150/1.667 -3 mAll.0mA 
CASo-CASa Column Address Strobe Outputs 150/1.667 -3 mAll.0mA 
OO-Og Address Outputs 150/1.667 -3mAll.0mA 

Pin Description 
Name 110 Description 

ARO-ARg I Address Inputs. ARo-ARg are latched in as the 10-bit Row Address for the RAM. These inputs drive 
ACo-ACg OO-Og when the 'F968 is in the Read/Write mode and MSEL is LOW. ACO-ACg are latched in as the 

Column Address, and will drive OO-Og when MSEL is HIGH and the 'F968 is in the Read/Write mode. The 
addresses are latched with the Latch Enable (LE) Signal. 

SELo-SELl 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 RASn and CASn signals after RASI 
and CASI go HIGH. 

LE I 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 I 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, MC1. 

CS I 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 I 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, MCl I 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. 

00-0 9 0 Address Outputs. These address outputs will feed the DRAM address inputs and provide drive for 
memory systems up to 500 pF in capaCitance. 

RASI I Row Address Strobe Input. During normal memory cycles, the decoded RASn output (RASo, RAS1, 
FiJiS2 or RASa) is forced LOW after receipt of RASI. In either refresh mode, all four RASn outputs will go 
LOW following RASI going HIGH. 

RASo-RASa 0 Row Address Strobe. Each one of the Row Address Strobe outputs provides a RASn Signal to one of the 
four banks of dynamic memory. Each will go LOW only when selected by SELo and SELl and only after 
RASI goes HIGH. All four go LOW in response to RASI in either of the Refresh modes. 

CASI I Column Address Strobe Input. This input gOing active will cause the selected CASn output to be forced 
LOW. 

CASo-~a 0 Column Address Strobe. During normal Read/Write cycles the two select bits (SELo, SELl) determine 
which ~n output will go active following CASI gOing HIGH. When memory error correction is performed, 
only the CASn signal selected by CNTRo and CNTRl will be active. For non-error correction cycles, all four 
CASn outputs remain HIGH. 
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Functional Description : 

The 74F968 is a 1 Mbit DRAM controller which is functional- A 10-bit multiplexer selects the output addre~s between the 
Iy equivalent to MilD's Am29368. The 74F968 provides input row addres,IiI, column address, refresh counter row ad-
row/column address multiplexing, refresh address genera- dress, column address, or zero (clear). Four R",!:? and four 
tion and bank selection for up to four banks of RAMs. CAS outputs select, the appropriate bank of RAMs and 
Twenty-two (22) address bits (ARo-ARe, ACo-ACg and strobe in the row and column addresses. 
bank select addresses SELo and SELl) are presented to It shouid be noted that the counters are cleared (MCo, MCl 
the controller. These addresses are latched by a 22-bit = 1, 1) on the next RASI transition, but the 0 outputs are 
latch. A 22-blt counter generates the refresh address. asynchrpnously cleared through the multiplexer. 

Mode Control Function Table , .. 

MCl MCo Operating Mode 

Refresh without Error Correction- Refresh cycles are performed with only the Row Counter being 
L L used to generate addresses. In this mode, all four RASn outputs are active while the four CASn signals 

are kept HIGH. 

Refresh with Error Correction/Initialize- During tl\ls mode, refresh cycles are done with both the 
Rowand Column counters generating the addresses. MSEL is used to select between the Rowand 

L H 
Column counter. All four RASn 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 CASn 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 Rowand Colun:m addresses 
H L are latched and multiplexed to the address output lines using MSEL; SELo and SELl are decoded to 

determine which RASn and CASn 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 mode, all 

H H 
four RASn outputs are driven LOW upon receipt of RASI so that DRAM wake-up cycles are performed. 
This mode also asynchronously clears the On outputs. 

H = HIGH Voltage Level 
L = LOW Voltage Level 

Address Output Function Table 

CS MCl MCa MSEL Mode MUXOutput 

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 

H H 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 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 MCI MCo SELl SELo Mode RASo RASI RAS2 RAS3 

L X X X X X Non-Refresh H H H H 

L L X X Refresh without Error Correction L L L L 

L H 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 CS MCI MCo CNTRI CNTRo SELl SELo CASo CASI CAS2 CAS3 

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 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 L 
X X X X H H H H 

H H 

L X X X X X X X H H H H 
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Block Diagram 

RASI 
CASI 

CS 
MC1 
Meo 

MSEL 
LE 
OE : 

CONTROL 
LOGIC 

CLR 

BANK 
LATCH 

SELo -

SEL1-

CLR--. 

ARO-ARg ~ ROW 
LATCH 

CLR--. 

....-r.!.2. COLUMN 
I---LATCH 

CLR___. 

Memory Cycle Timing 
The relationship between the 'F96S specifications and sys­
tem timing requirements is shown in Figures 1-6. T1, T2 
and T3 represent the minimum timing requirements at the 
'F96S inputs to guarantee that the RAM timing requirements 
are met and that maximum system performance is 
achieved. 
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The minimum requirement for T1, T2 and T3 are as follows: 

T1 Min = tAsR + tskew 
T2 Min = tRAH + tskew 

T3 Min = T2 + tskew + tAse. 
See RAM data sheet for applicable values for tRAH, tAse 
and tAS~' 
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i Memory Cycle Timing (Continued) 

ARn,ACn X~X 
"< 

On __________ ... XXXX*IolIOI~ ROW ADDRESS VALID *XXXXXXX)(XCOLUMN AIlIlRESS VAUDC= 

cs~ 
~ ________________________________ _JI 

Mcn~ 

WI I \~----------------------
RASn 

u.....J , 
MSEL ------------------~t ,'----
CASI ---------------------', ''---

CASn \, -r-
SELn )( )E 

MEMORY cyCu. TIMING 

---------------------R~/~;~~EWiD~S---------------------

WI/CASI \'----', \~---------
Tl/F/9604-5 

FIGURE 1. Dynamic Memory Controller Timing 

ARn,ACn 3 __ ;.... _________________________ _ 

On XXXX ROW ADDRESS VALID -XXXX COLUMN ADDRESS VALID 

WI 

r-A B 

Wn ~\\~ 

MSEL -f-

CASI -f-
C-

CASn 

Note A: Guaranteed maximum difference between fastast RASI to RAS" delay and the slowest An to On delay on any single device. 
Note B: Guaranteed maximum difference between fastest MSEL to On delay and the slowest RASI to 1'iASn delay on any single device. 
Note C: Guaranteed maximum difference between fastest CASI to m., delay and the slowest MSEL to On delay on any single device. 

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

-ARn,ACn -
1-

XXXX' ROW REfRESH ADDRESS t-llJUl COLUMN REfRESH ADDRESS Qn 
1-

i--Tl -

". 

~ I---IRAH -

RASI 

RASn lk:\~ 
T2 

I' MSEL 
'I 

T3 

¥ CASI 

.... lAse 

CASn 

TUF/9604-7 

FIGURE 3, Desired System Timing 

Refresh Cycle Timing 

MCn:::>E ________________________________________________________________ ___ 

Qn XXXX ROW REfRESH ADDRESS VALID j ~ 
COLUMN REfRESH ADDRESS VAUD 

RASI 

jA- B 

RASn lk:\\V 

MSEL ~ 

CASI 

c'" 
CASn 

Nole B: Guaranteed maximum difference between fastest MSEL to an delay and the slowest RASI to RASn delay on any single device. 

Nole C: Guaranteed maximum difference between fastest CASI to CASn delay and the slowest MSEL to an delay on any single device. 

Nole D: Guaranteed maximum difference between fastest RASI to RASn delay and Ihe slowest Men 10 an delay on any single device. 

FIGURE 4. Specifications Applicable to Refresh Cycle Timing (MCn = 00,01) 
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co r---------------------------------------------------------------------------------, 
CD 
G) Refresh Cycle Timing (Continued) 

MCn:::){ _______ M_Cn_=_o_' ____________________________________________ _ 

Qn XXX ROW REFRESH ADDRESS VALID ·XXXX 00LlJIII R£FRESH 
AIIlRISS VALJ) 

~ 

~ tRAH 

~\\{ 
RASI 

RASn 

MSEl r 
CASI 

f.-jtASC 

\:\\~ 

FIGURE 5. Designed Timing-Refresh with Error Correction 

MCn )(~ __ M_Cn_=_o_o __________________________________________ __ 

RA:~~~~~~~~~:f------,~~ RASn '\..IIoS .. S.lo.S~\~~ ____ _ 

FIGURE 6. Desired Timing-Refresh without Error Correction 

4-606 

TL/F/9604-9 

TL/F/9604-10 



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'C to + 125'C 
Storage Temperature - 65'C to + 150'C Commercial O'Cto +700C 
Ambient Temperature under Bias - 55'C to + 125'C Supply Voltage 
Junction Temperature under Bias - 55'C to + 175'C Military + 4.5V to + 5.5V 

Vcc Pin Potential to Commercial + 4.5V to + 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 Vcc = OV) 
Standard Output -0.5V to Vee 
3·State Output -0.5Vto +5.5V 

Current Applied to Output 
in LOW State (Max) twice the rated 10l (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 
54F174F 

Units Vee Conditions 
Min Typ Max 

VIH Input HIGH Voltage 2.0 V Recognized as a HIGH Signal 

Vil Input LOW Voltage 0.8 V Recognized as a LOW Signal 

VCD Input Clamp Diode Voltage -1.2 V Min liN = -18mA 

VOH Output HIGH 54F 10% Vcc 2.5 10H = -1 mA 
Voltage 54F 10% Vcc 2.4 10H = -3mA 

74F 10% Vcc 2.5 
V Min 

10H = -1 mA 
74F 10% Vcc 2.4 10H = -3mA 
74F 5% Vee 2.7 10H = -1 mA 
74F5%Vcc 2.7 10H = -3mA 

VOL Output LOW 54F 10% Vcc 0.5 10l = 1.0mA 
Voltage 54F 10% Vcc 0.8 

V Min 
10l = 12mA 

74F 10% Vcc 0.5 10l = 1.0mA 
74F 10% Vec 0.8 10l = 12mA 

IIH Input HIGH Current 20 /LA Max VIN = 2.7V 

IBVI Input HIGH Current 
100 /LA Max 

VIN = 7.0V 
Breakdown Test 

III Input LOW Current -0.6 mA Max VIN = 0.5V 

10ZH Output Leakage Current 50 /LA Max VOUT = 2.7V 

10Zl Output Leakage Current -50 /LA Max VOUT = 0.5V 

los Output Short-Circuit Current -60 -150 mA Max VOUT = OV 

ICEX Output HIGH Leakage Current 250 /LA Max VOUT = Vec 

Izz Buss Drainage Test 500 /LA O.OV VOUT = Vec 

ICCH Power Supply Current 300 mA Max Vo = HIGH 

ICCl Power Supply Current 300 mA Max Vo= LOW 

Iccz 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 = +2SoC 
TA. Vee = Com TA. Vee = Com Fig 

Symbol Parameter Vee = +S.OV 
CL = SOpF CL = SOOpF' 

Units 
No 

CL = SOpF 

Min Typ Max Min Max Min Typ Max 

tpLH Propagation Delay 3.0 7.0 11.0 2.5 12.0 19.0 
2-3 

tpHL AR to Qn 3.0 7.0 11.0 2.5 12.0 22.0 
ns 

tpLH Propagation Delay 3.0 7.0 11.0 2.5 12.0 19.0 
2-3 

tpHL ACtoQn 3.0 7.0 11.0 2.5 12.0 22.0 
ns 

tpLH Propagation Delay 3.5 8.0 12.0 3.0 13.0 23.0 
2-3 

tpHL RASlto RASn 3.5 7.0 12.0 3.0 13.0 20.0 
ns 

tpLH Propagation Delay 1.0 6.0 8.0 1.0 8.5 19.0 
2-3 

tpHL CASltoCASn 1.0 4.0 8.0 1.0 8.5 17.0 
ns 

tpLH Propagation Delay 3.0 9.0 13.0 2.5 14.0 24.0 
2-3 

tpHL MSELtoQn 3.0 8.0 13.0 2.5 14.0 21.0 
ns 

tpLH Propagation Delay 4.0 10.0 15.0 3.5 16.0 25.0 
2-3 

tpHL MCn to Qn 4.0 9.0 15.0 3.5 16.0 22.0 
ns 

tpLH Propagation Delay 3.5 11.0 17.5 3.0 18.5 24.0 
2-3 

tpHL MCntoRASn 3.5 8.0 17.5 3.0 18.5 22.0 
ns 

tpLH Propagation Delay 4.0 8.0 12.5 3.5 13.5 23.0 
2-3 

tpHL MCn to CASn 4.0 9.0 12.5 3.5 13.5 21.0 
ns 

tpLH Propagation Delay 4.0 10.0 15.0 3.5 16.0 25.0 
2-3 

tpHL LEtoRASn 4.0 9.0 15.0 3.5 16.0 24.0 
ns 

tpLH Propagation Delay 5.0 9.0 13.5 4.5 14.5 24.0 
2-3 

tpHL LEto CASn 5.0 9.0 13.5 4.5 14.5 24.0 
ns 

tpLH Propagation Delay 3.5 8.0 12.0 3.0 13.0 23.0 
2-3 

tpHL LE to Qn 3.5 7.0 12.0 3.0 13.0 22.0 
ns 

tpLH Propagation Delay 3.0 10.0 14.5 3.0 15.5 25.0 
2-3 

tpHL CS to Qn 3.0 8.0 14.5 3.0 15.5 23.0 
ns 

tpLH Propagation Delay 3.5 8.0 13.0 3.0 14.0 23.0 
2-3 

tpHL CSto RASn 3.5 8.0 13.0 3.0 14.0 23.0 
ns 

tpLH Propagation Delay 4.0 8.0 11.5 3.5 12.5 23.0 
2-3 

tpHL CSto CASn 4.0 8.0 11.5 3.5 12.5 23.0 
ns 

tpLH Propagation Delay 4.0 9.0 15.5 3.5 16.0 24.0 
2-3 

tpHL SELnto RASn 4.0 8.0 15.5 3.5 16.0 23.0 
ns 

tpLH Propagation Delay 4.5 9.0 14.5 4.0 15.5 24.0 
2-3 

tpHL SELntoCASn 4.5 9.0 14.5 4.0 15.5 24.0 
ns 

'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 

74F 

TA = +25'C 
TA. Vee = Com Fig 

Symbol Parameter Vee = +5.0V 
CL = 50pF 

Units 
No 

CL = 50pF 

Min Typ Max Min Max 

tpHZ Output Disable Time 1.0 5.0 9.5 1.0 10.0 
2-5 

tpLZ OEtoOn 1.0 4.0 9.5 1.0 10.0 
ns 

tPZH Output Enable Time 1.0 5.0 9.5 1.0 10.0 
2-5 

tPZL OEtoOn 1.0 6.0 9.5 1.0 10.0 
ns 

tpHZ Output Disable Time 1.0 5.0 9.5 1.0 10.0 
2-5 

tpLZ OEto RASn 1.0 4.0 9.5 1.0 10.0 
ns 

tPZH Output Enable Time 1.0 5.0 9.5 1.0 10.0 
2-5 

tpZL OEtoRASn 1.0 6.0 9.5 1.0 10.0 
ns 

tpHZ Output Disable Time 1.0 5.0 9.5 1.0 10.0 
2-5 

tpLz OEtoCASn 1.0 4.0 9.5 1.0 10.0 
ns 

tPZH Output Enable Time 1.0 5.0 9.5 1.0 10.0 
2-5 

OEtoCASn 1.0 6.0 9.5 1.0 10.0 
ns 

tpZL 

AC Operating Requirements: See Section 2 for Waveforms 

74F 

Symbol Parameter 
TA = +25'C 

TA. Vee = Com Units 
Fig 

Vee = +5.0V No 

Min Max Min Max 

ts(H) Setup Time, HIGH or LOW 5.0 5.0 
2-6 

ts(L) An to LE 5.0 5.0 
ns 

th(H) Hold Time, HIGH or LOW 5.0 5.0 
2-6 

th(L) An to LE 5.0 5.0 
ns 

ts(H) Setup Time, HIGH or LOW 5.0 5.0 
2-6 

ts(L) SEL to LE 5.0 5.0 
ns 

th(H) Hold Time, HIGH or LOW 5.0 5.0 
2-6 

th(L) SEL to LE 5.0 5.0 
ns 

tw(H) Pulse Width, HIGH or LOW 15.0 15.0 
2-4 

tw(L) CASn, RASn 15.0 15.0 
ns 

tskew an to CASn, RASn 10.0 10.0 ns 

• 
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~National 
~ Semiconductor 

ADVANCED INFORMATION 

54F/74F978 
Octal Flip-Flop with Serial Scanner 

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

Features 
• Edge-triggered D-type registers 
• On-line and off-line system diagnostics with indepen­

dent test clock 

Logic Symbol 

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

• RAM write-back for writable control store 
• Useful as input or output port for microprocessors 

• Cascadable for wide control words as used in 
microprogramming 

Connection Diagrams 

I I I I I I I I 
Pin Assignment Pin Assignment 

for 24-Pin DIP/SOIC for 28-Pin LCC/PLCC 

'-.../ 07 06 Os 0, 03 O2 0, 
OE-l 24 I-Vcc [jJ1i]J1ID1ID!Il1ID[[] 

- SOl 

- DCLK 

- TCLK MOOE- 2 23 I-TCLK 

00- 3 22 1-00 501 Ii] :- moo 
0, - 4 211-0' GNO~ mMOOE 

O2- 5 20 -02 
GNO Ii] mOE 
N/C Ii]] ITI N/C 

03- 6 19 -03 OCLK Ii]] Ii§] VCC 
0.- 7 18 -0. 500 Ii] Ii1l VCC 

-c OE 

- MODE 
SOO 00 0, 02 03 0. Os 0, 07 

I I I I I I I I I 
TLiF 19605-1 

0s- 8 17 -os 07 Ii]] ~ Ii§] TCLK 

06- 9 16 -06 

~- 10 15 -07 1i]]@l[gj]Ii1l~~1i§J 

501- 11 14 -500 06 Os 04 03 02 0, 00 

GNO- 12 131-DCLK TL/F/9605-3 

TL/F/9605-2 
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r----------------------------------------------------------------------------, ~ 
~Nationa~ 
~ Semiconductor 
29F52e 29F53 
8-Bit Registered Transceiver 

General Description 
The 29F52 and 29F53 are a-bit registered transceivers. Two 
a-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 Ao-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. 

Ordering Code: See Section 5 

logic Symbols 

flo 
-oOEB 

-oOEA 

CPA 

CPB 

-0 CEB 

-oeEA 

flo 
A, 

A2 

A3 

A4 

As 

As 

A7 

29F52 

IEEE/IEC 
29F52 

TL/F/9606-1 

80 

8, 

82 

83 

84 

85 

8s 
87 

TL/F/9606-4 

Features 
[J a-bit registered transceivers 
[J Separate clock, clock enable and TRI-STATE output 

enable provided for each register 
[J AMD Am2952/2953 functional equivalents 
[J Both inverting and non-inverting options available 
III 24-Pin slim line package 

An 
A, 

A2 

A3 

A4 

As 

As 

1..7 

29F53 

IEEE/IEC 
29F53 

TLlF/9606-7 

iio 

8, 
ii2 

ii3 

ii4 

iis 
8s 

ii7 

TLlF/9606-5 
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CO) 
II) 
t.L Connection Diagrams (Continued) en 
C'\I • Pin Assignment Pin Assignment C'\I 
II) for DIP, sOle and Flatpak for DIP, sOle and Flatpak 
t.L 
en 29F52 29F53 
C'\I 

Vee 24 Vee 
B6 2 23 A7 ii6 2 23 A7 

B5 3 22 As ii5 3 22 As 
B, 4 21 As ii, 4 21 As 
B3 5 20 A, ii3 5 20 A, 

B2 6 19 A3 ii2 6 19 A3 

Bl 7 18 A2 iiI A2 

Bo 8 17 AI AI 

OEB 9 16 Ao Ao 
CPA 10 15 OEA CPA OEA 

CEA 11 14 CPB CPB 

GND 12 13 CEB GND 12 13 CEB 

TUF/9606-2 TL/F/9606-8 

Pin Assignment Pin Assignment 
for Lee and pee for Lee and pee 

29F52 29F53 

OEB Bo BI NC B2 B3 B, OEB iio iiI NC ii2 ii3 ii, 
Ii] [§I III 00 IIi III III Ii] [§I III 00 IIi 00 III 

CPA 1m [II B5 CPA 1m [II ii5 
CEA~ mB6 CEA~ miis 
GND IBI mB7 GND IBI mii7 
NC~ III NC NC~ III NC 

CEBIi]! ~vee CEB Ii]! ~vcc 
CPBIili ~A7 CPBIili ~A7 
OEAIi]! ~A6 OEA Ii] ~A6 

1i]i~1ZiI~~~1i§I 1i]i~1ZiI~~~~ 
Ao AI A2 NC A3 A, A5 Ao AI A2 Ne A3 A, A5 

TUF/9606-3 TUF/9606-9 

Unit Loading/Fan Out: See Section 2 for u. L. definitions 

54F174F 

Pin Names Description U.L. Input IIH/IIL 
HIGH/LOW Output IOH/IOL 

Ao-A7 A-Register Inputs/ 3.5/1.083 70 ,..AlO.65 mA 
B·Register TRI-STATE Outputs 150/40 (33.3) -3 mAl24 mA (20 mAl 

Bo-B7 B Register I nputs/ 3.5/1.083 70 ,..A/0.65 mA 
A·Register TRI·STATE Outputs 600/106.6 (80) -12 mAl64 mA (48 mAl 

OEA Output Enable A-Register 1.0/1.0 20 ,..AI-0.6 mA 
CPA A-Register Clock 1.0/1.0 20 ,..AI-0.6 mA 
CEA A-Register Clock Enable 1.0/1.0 20 ,..AI-0.6 mA 
DEB Output Enable B-Register 1.0/1.0 20 ,..AI-0.6 mA 
CPB B-Register Clock 1.0/1.0 20 ,..AI-0.6 mA 
CEB B-Register Clock Enable 1.0/1.0 20 ,..A/ - 0.6 mA 
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Block Diagrams 

CPA 

ffi 

A2 

-V 

29F52 

CE CP 

OO-t: Do 

DI Ol-t: 

D2 02 

~ D3 03 
Register A 

D. 0. 
-t: 

DS %~ 
D& 0& 

~ 07H 

*' 
DO 

I............( °1 DI 

02 D2 

~~ ~ Reglstor B 

O. D. 

0S Ds 

F: D& 

D7 
CE CP 
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0Eii 

BO 

BI 

B2 

B3 

B. 

BS 

B& 

B7 

CPB 

CEii 

N 
CD 
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CD 
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~ r---------------------------------------------------------------------------------, 
Ie 
G) 
N • N 

Ie 
G) 
N 

Block Diagrams (Continued) 

OE 

H 

L 
L 

CPA 

ill 

Internal 
Q 

X 

L 
H 

H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

Z = HIGH Impedance 

Output Co'ntrol 

V-Output 

29F52 29F53 

Z Z 

L H 
H L 

.../ = LOW-to-HIGH Transition 

NC = No Change 

29F53 

CE CP 

QOK DO 

01 Q1 j 
O2 Q2 

03 Q3 j Register A 

0, Q, 

Os Qs~ 
0. Q6~ 

°7 Q+-~ 

QO DO 

1.-..0< Q1 01 

Q2 O2 

Q3 03 

Register 8 

Q, °4 

QS Os 

Q6 06 

Q7 ~ 

I CE CP 

CP8 

CfIj 

TL/F/9606-10 

Register Function Table (Applies to A or B Register) 

Function 
Inputs Internal 

Function 
0 CP CE 

Q 

Disable Outputs X X H NC Hold Data 

Enable Outputs L .../' L L Load Data 
H .../' L H 
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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·C to + 150·C Commercial O·Cto +70·C 
Ambient Temperature under Bias - 55·C to + 125·C Supply Voltage 
Junction Temperature under Bias - 55·C to + 175·C Military + 4.5V to + 5.5V 

Vee Pin Potential to Commercial + 4.5V to + 5.5V 

Ground Pin -0.5Vto +7.0V 

Input Voltage (Note 2) -0.5Vto +7.0V 

Input Current (Note 2) -30 mA to +5.0 mA 

Voltage Applied to Output 
in HIGH State (with Vee = OV) 
Standard Output -0.5V to Vee 
TRI-STATE Output -0.5Vto +5.5V 

Current Applied to Output 
in LOW State (Max) twice the rated 10L (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 
54F174F 

Units Vee Conditions 
Min Typ Max 

VIH Input HIGH Voltage 2.0 V Recognized as a HIGH Signal 

VIL Input LOW Voltage 0.8 V Recognized as a LOW Signal 

VeD Input Clamp Diode Voltage -1.2 V Min liN = -18 mA (Non I/O Pins) 

VOH Output HIGH 54F10% Vee 2.5 10H = -1 mA (An) 
Voltage 54F10% Vee 2.4 10H = -3 mA (An. Bn) 

54F10% Vee 2.0 10H = -12 mA (Bn) 
74F 10% Vee 2.5 10H = -1 mA (An) 
74F 10% Vee 2.4 V Min 10H = -3 mA (An. Bn) 
74F 10% Vee 2.0 10H = -12 mA (Bn) 
74F5% Vee 2.7 10H = -1 mA (An) 
74F5% Vee 2.7 10H = -3 mA (An. Bn) 
74F5% Vee 2.0 10H = -15 mA (Bn) 

VOL Output LOW 54F10% Vee 0.5 10L = 20 mA (An) 
Voltage 54F10% Vee 0.55 

V Min 
10l = 48 mA (Bn) 

74F 10% Vee 0.5 10l = 24 mA (An) 
74F 10% Vee 0.55 10l = 64 mA (Bn) 

IIH Input HIGH Current 20 ".A Max VIN = 2.7V (Non-I/O Pins) 

ISVI Input HIGH Current 
100 ".A Max 

VIN = 7.0V (Non-I/O Pins) 
Breakdown Test 

ISVIT Input HIGH Current 
1.0 mA Max 

VIN = 5.5V (An. Bn) 
Breakdown Test (I/O) 

III Input LOW Current -0.6 mA Max VIN = 0.5V (Non-I/O Pins) 

IIH + 10ZH Output Leakage Current 70 ".A Max VOUT = 2.7V (An. Bn) 

III + 10Zl Output Leakage Current -650 ".A Max VOUT = 0.5V (An. Bn) 

lOS Output Short-Circuit Current -60 -150 
mA Max VOUT = OV (An) 

-100 -225 VOUT = OV (Bn) 

leEX Output HIGH Leakage Current 250 ".A Max VOUT = Vec (An. Bn) 

IZZ Bus Drainage Test 500 ".A O.OV VOUT = VCC (An. Bn) 

ICCH Power Supply Current 130 190 mA Max Vo = HIGH 

ICCl Power Supply Current 190 mA Max Vo = LOW • Iccz 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. Vee = Mil TA.Vee = Com Fig 

Symbol Parameter Vee = +5.0V 
CL = 50pF CL=50pF 

Units 
No 

CL = 50pF 

Min Typ Max Min Max Min Max 

tpLH Propagation Delay 3.0 5.5 7.5 2.5 8.5 
2-3 

tpHL CPA or CPB to An or Bn 4.0 7.0 9.0 3.5 10.0 
ns 

tPZH Output Enable Time 2.5 5.5 7.5 2.0 8.5 
2-5 

tpZL OEA or OEB to An or Bn 3.5 7.0 9.5 3.0 10.5 
ns 

tpHZ Output Disable Time 2.5 6.5 9.0 2.0 10.0 
2-5 

tpLZ OEA or OEB to An or Bn 2.5 5.5 7.5 2.0 8.5 
ns 

AC Operating Requirements: See Section 2 for Waveforms 

74F 54F 74F 

Symbol Parameter 
TA = +25"C 

TA. Vee = Mil TA.Vee = Com Units 
Fig 

Vee = +5.0V No 

Min Max Min Max Min Max 

ts(H) Setup Time, HIGH or LOW 4.0 4.5 
2-6 

ts(L) An or Bn to CPA or CPB 4.0 4.5 
ns 

th(H) Hold Time, HIGH or LOW 2.0 2.5 
2-6 

th(L) An or Bn to CPA or CPB 2.0 2.5 
ns 

ts(H) Setup Time, HIGH or LOW 1.0 1.5 
2-6 

ts(L) CEA or CEB to CPA or CPB 4.0 4.5 
ns 

th(H) Hold Time, HIGH or LOW 2.0 2.5 
2-6 

th(L) CEA or CEB to CPA or CPB 2.0 2.5 
ns 

tw(H) Pulse Width, HIGH or LOW 3.0 3.5 
2-4 

tw(L) CPAorCPB 3.0 3.5 
ns 
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,----------------------------------------------------------------------------, ~ 

~National 
~ Semiconductor 
29F68 
Dynamic RAM Controller 

General Description 
The 29F66 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 29F66 is functionally equivalent to AMD's Am2966 and 
Motorola's MC74F2966. 

Ordering Code: See Section 5 

Logic Symbol 

t.lSEL 
LE 
SELl 
SELo 
MC1 
MCo 
RASI 
CASI 

TL/F/960B-1 

Features 
• High-performance memory controller 
• Replaces many SSI and MSI devices by grouping 

several unique functions 
• Functionally equivalent to AMD's Am2966 and 

Motorola's MC74F2966 
• Provides control for 16K, 64K, or 256K dynamic RAM 

systems 
• Outputs directly drive up to 66 DRAMs 
• Highest order two address bits select one of four banks 

of RAMs 
• Chip Select for easy expansion 
• Provides memory refresh with error correction mode 

Connection Diagram 

A~~ 
ARa~ 
ACa~ 

SELo~ 
SEL1§ 

t.lC1G§ 
t.lCo [lI 
RASIi2ID 

CAS3 1!!l 
RAS3~ 
CAS2~ 

HC~ 

RAS2~ 

Pin Assignment for Lee and pee 
AR7ACsAR6ACsARsLE GNOAC4AR4AC3AR3A~AR2 
@lIiIDIIIDIillIlIDMl~~01IIDlI@1[[][ID 

~~~Im~~I!9JI!il~~IHI~~ 
Oa 07 06 Os Va; Va; DE GNO 04 03 02 01 HC 

ILl HC 
[!] AC1 
ill ARl 
[!] ACo 
III ARo 
[II t.lSEL 
[]]CS 
~CASI 

I§j] RASo 
~ CASo 
BID RASo 
Bm CAS1 
I£J 00 

TUF/960B-2 
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Pin Description 
Name 1/0 Description 

ARo-ARs I Address Inputs. ARo-ARe are latched in as the 9-bit Row Address for 

ACo-ACs the RAM. These inputs drive Oo-Os when the 29F6B is in the Read/ 
Write mode and MSEL is LOW. ACo-ACe are latched in as the Column 
Address, and will drive Oo-Os when MSEL is HIGH and the 29F68 is in 
the Read/Write mode. The addresses are latched with the Latch 
Enable (LE) signal. 

SELo-SEL1 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 RASn and CASn signals after 
RASI and CASI go HIGH. 

LE I 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 I 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, MC1. 

CS I Chip Select. This active-LOW input is used to enable the 29F6B. When 
CS is 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). 

OE I 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 29F6B to control 
the same memory, thus providing an easy method to expand the 
memory size. 

MCo, MC1 I 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. 

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

RASI I Row Address Strobe Input. During normal memory cycles, the 
decoded RASn output (RASo, RAS1, RAS2 or RAS3) is forced LOW 
after receipt of RASI. In either refresh mode, all four RASn outputs will 
go LOW following RASI going HIGH. 

RASa-RAS3 a Row Address Strobe. Each one of the Row Address Strobe outputs 
provides a RASn signal to one of the four banks of dynamic memory. 
Each will go LOW only when selected by SELo and SEL1 and only after 
RASI goes HIGH. All four go LOW in response to RASI in either of the 
Refresh modes. 

CASI I Column Address Strobe Input. This input going active will cause the 
selected CASn output to be forced LOW. 

CASO-CAS3 a Column Address Strobe. During normal Read/Write cycles the two 
select bits (SELo. SEL1) determine which CASn output will go active 
following CASI going HIGH. When memory error correction is 
performed, only the CASn signal selected by CNTRa and CNTR1 will be 
active. For non-error correction cycles, all four CASn outputs remain 
HIGH. 
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Functional Description 
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 AM D'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 (ARo-ARa, ACo-ACa, and bank It should be noted that the counters are cleared (MCo, 
select addresses SELo and SELl) are presented to the con· MCl = 1,1) on the next RASI transition, but the 0 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 

MCl MCo 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 RASn outputs are active while the four CASn signals are kept 
HIGH. 

0 1 Refresh with Error Correctlon/lnltiallze-During this mode, refresh 
cycles are done with both the Rowand Column counters generating 
the addresses. MSEL is used to select between the Rowand Column 
counter. All four RASn outputs go active in response to RASI, while 
only one CASn output goes LOW in response to CAS!. The Bank 
Counter keeps track of which CASn 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 Rowand Column addresses are latched and multiplexed to the 
address output lines using MSEL; SELo and SELl are decoded to 
determine which RASn and CASn 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 RASn are driven LOW upon receipt of RASI so that DRAM 
wake·up cycles may be performed. This mode also asynchronously 
clears the On outputs. 

Address Output Function Table 

CS MCl MCo MSEL Mode MUXOutput 

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 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 X Read/Write Zero 

H H X Clear Refresh Counter Zero 

• 
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RAS Output Function Table 

RASI CS MC, MCo SEL, SELo Mode RASo RAS, RAS2 RASs 

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 CS MC, MCa CNTR, CNTRo SEL, SELo CASo CAS, CAS2 CASs 

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 H X X X X H H H H 

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 X X H H H H 

H H 

L X X X X X X X H H H H 
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,---------------------------------------------------------------------------------, ~ 
Unit Loading/Fan Out: See Section 2 for U.L. definitions 

Pin Names Description 

ACo-ACe Column Address 
ARo-ARe Row Address 
Oo-Oe Address Outputs 
MCo. MC1 Memory Cycle 
CS Chip Select Input 
MSEL Multiplexer Select Input 
LE Latch Enable Input 
SELo. SEL1 Select Inputs 
RASI Row Address Strobe In 
CASI Column Address Strobe In 
RASo-RASa Row Address Stobe Outputs 
CASo-CASa Column Address Strobe Outputs 
OE Output Enable 

Block Diagram 

LE SELo SEL, 

LATCH 

4 (BANK) -Q 

2 

rt---' 

~ 
CL 

BANK 
COUNTER 

Q 

( 1) tCNTRo., 

'7 
2f 
RAS 

CODE r-

I I 
,\7 

4 

MC, MCo RAs. CASI 

54F174F 

U.L. 
HIGH/LOW 

1.0/1.0 
1.0/1.0 
50/33.3 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
50/33.3 
50/33.3 
1.0/1.0 

ADDRESS 
ACo-Ac" 

Input IIH/IIL 
Output IOH/IOL 

20 ,...AI-0.6 mA 
20 ,...AI-0.6 mA 
-1 mAl20 mA 

20 ,...AI-0.6 mA 
20,...AI-0.6mA 
20 ,...AI-0.6 mA 
20,...AI-0.6mA 
20 ,...AI-0.6 mA 
20 ,...AI-0.6 mA 
20 ,...AI-0.6 mA 
-1 mA120 mA 
-1 mAl20mA 

20 ,...AI-0.6 mA 

ADDRESS 
ARo-ARB 

LATCH 

(MSB) r----. (LSB) 

Q Q 

I I 

~ ! 
CL CL 

COLUMN ROW 

LATCH 

COUNTER COUNTER 

Q Q 

I I 

f 
CAS MUX So-53 

CODE CONTROL r:--; 

1 I 

't""7 

4 

CAS. 
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Q) 
C\I 

Timing Waveforms 

ARn,ACn xAM\~~x 

On ____________ XXXX*~_111 ROW ADDRESS VALID *XXXXXXXXXCOLUMN ADDRESS VAI.JlX:= 

cs\ ~ __________________________________ __JI 

Mcn=:::){ 

RASI I ~~--------------------
RASn I 

LEJ ~ 

MSEL 
__________________ -JI ,'----

CASI 
____________________ -JI ''---

CASn \\ f 
SELn )E X 

MEMORY CYCLE TIMING ----------------------------------------------------RASI/CASI PULSE WIDTHS 

RASI/CASI ~~---------
TL/F/960B-4 

FIGURE 1. Dynamic Memory Controller Timing 

ARn,ACn:::)E __________________________________________________________ __ 

On XXX)( ROW ADDRESS VALID ~ COWMN ADDRESS VAUD 
I-

RASI 

rA B 

RASn \-\\~ 

MSEL 

CASI f-
C--

Nole A: Guaranteed maximum difference between fastest RASI to RASn delay and the slowest An to On delay on any single device. 

Nole B: Guaranteed maximum difference between fastest MSEL to On delay and the slowest RASI to RASn delay on any single device. 

Nola C: Guaranteed maximum difference between fastest CASI to CASn delay and the slowest MSEL to On delay on any single device. 

FIGURE 2. Specifications Applicable to Memory Cycle Timing (MCn = 1,0) 
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Timing Waveforms (Continued) 

-ARn,ACn -
1-

Qn XXXX ROW REFRESH ADDRESS ~ ~ COLUMN REFRESH ADDRESS 

--TI--

Il 

~\~IRAH-
RASI 

RASn 

T2 

I MSEL 
'I 

T3 
CASI -I-

..... lAse 

CASn 

FIGURE 3. Desired System Timing 

Refresh Cycle Timing 

MCn:::}E __________________________________________________________ _ 

Qn 
.1. I .............. 

XXXX* ROW REFRESH ADDRESS VALID ~ COLUMN ADDRESS VAUD 

I--D--I 

RASI 
B 

.\\\~ RASn 

MSEL 

CASI 

C .... 

CASn 

FIGURE 4. Specifications Applicable to Refresh Cycle Timing (MCn = 00,01) 
Note B: Guaranteed maximum difference between fastest MSEL to an delay and the slowest RASI to RASn delay on any single device. 

Note C: Guaranteed maximum difference between fastest CASI to CASn delay and the slowest MSEL to an delay on any Single device. 

Note D: Guaranteed maximum difference between fastest RASI to RASn delay and the slowest Men to On delay on any single device. 
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Refresh Cycle Timing (Continued) 

MCn:::>E _______ M_C_n_=_O_l ______________________________________________ _ 

an 
.1 

~ XXXf ROW REfRESH ADDRESS VALID COLUMN REFRESH 
ADDRESS VAUD 

.,. 
IASR 

IRAH 

~\\~ 
RASI 

MSEL 

CASI 

--jIASC 

CASn 'k:\\\: 

FIGURE 5. Designed Timing-Refresh with Error Correction 

MCn ______ -J)E~ __ M_Cn_=_o_o ______________________________________________ _ 

on-------------------------X>OOOf-----------------------

l'~1 
RASI j ____ ...IT 

RASn ..... \\ ...... \ ..... \\ ...... ~""'------
FIGURE 6. Desired Timing-Refresh without Error Correction 
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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 

Free Air Ambient Temperature 
Office/Distributors for availability and specifications. 

Military -55'Cto +125'C 
Storage Temperature -65'C to + 150'C Commercial O'Cto +70'C 
Ambient Temperature under Bias - 55'C to + 125'C Supply Voltage 
Junction Temperature under Bias -55'Cto + 175'C Military + 4.5V to + 5.5V 

Vee Pin Potential to Commercial + 4.5V to + 5.5V 

Ground Pin -0.5Vto +7.0V 

Input Voltage (Note 2) -0.5Vto +7.0V 

Input Current (Note 2) -SOmAto +5.0mA 

Voltage Applied to Output 
in HIGH State (with Vee = OV) 
Standard Output -0.5VtoVee 
TRI-STATE® Output -0.5Vto +5.5V 

Current Applied to Output 
in LOW State (Max) twice the rated 10L (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 
54F174F 

Units Vee Conditions 
Min Typ Max 

VIH Input HIGH Voltage 2.0 V Recognized as a HIGH Signal 

VIL Input LOW Voltage 0.8 V Recognized as a LOW Signal 

Veo Input Clamp Diode Voltage -1.2 V Min liN = -18mA 

VOH Output HIGH 54F10% Vee 2.5 10H = -1 mA 
Voltage 54F10% Vee 2.4 10H = -SmA 

74F 10% Vee 2.5 
V Min 

10H = -1 mA 
74F 10% Vee 2.4 10H = -SmA 
74F5% Vee 2.7 10H = -1 mA 
74F 5% Vee 2.7 10H=-SmA 

VOL Output LOW 54F 10% Vee 0.5 10L = 1.0mA 
Voltage 54F10% Vee 0.8 

V Min 
10L = 12.0mA 

74F 10% Vee 0.5 10L = 1.0 mA 
74F 10% Vee 0.8 10L = 12.0 mA 

IIH Input HIGH Current 20 ".A Max VIN = 2.7V 

IBVI input HIGH Current 
100 ".A Max 

VIN = 7.0V 
Breakdown Test 

IlL input LOW Current -0.6 mA Max VIN = 0.5V 

10ZH Output Leakage Current 50 ".A Max VOUT = 2.7V 

10ZL Output Leakage Current -50 ".A Max VOUT = 0.5V 

los Output Short-Circuit Current -60 -150 mA Max VOUT = OV 

leEX Output HIGH Leakage Current 250 ".A Max VOUT = Vee 

izz Bus Drainage Test 500 ".A O.OV VOUT = Vcc 

leeH Power Supply Current SOO mA Max Vo = HIGH 

ICCL Power Supply Current SOO mA Max Vo = LOW 

leez Power Suppiy Current SOO mA Max Vo = HIGHZ 
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AC Electrical Characteristics: 

29F 

TA = +25'C 
Symbol Parameter Vee = +5.0V 

CL = 50pF 

Min Max 

tpLH Propagation Delay 3.0 11.0 

tpHL AR to On 3.0 11.0 

tpLH Propagation Delay 3.0 11.0 

tpHL ACto On 3.0 11.0 

tpLH Propagation Delay 3.5 12.0 

tpHL RASI to RASi 3.5 12.0 

tpLH Propagation Delay 1.0 8.0 

tpHL CASIto CASi 1.0 8.0 

tpLH Propagation Delay 3.0 13.0 

tpHL MSEL to On 3.0 13.0 

tpLH Propagation Delay 4.0 15.0 

tpHL MCn to On 4.0 15.0 

tpLH Propagation Delay 3.5 17.5 

tpHL MCnto RASn 3.5 17.5 

tpLH Propagation Delay 4.0 12.5 

tpHL MCntoCASn 4.0 12.5 

tpLH Propagation Delay 4.0 15.0 

tpHL LEto RASn 4.0 15.0 

tpLH Propagation Delay 5.0 13.5 

tpHL LEtoCASn 5.0 13.5 

tpLH Propagation Delay 3.5 12.0 

tpHL LE to On 3.5 12.0 

See Section 2 for Waveforms and Load Configurations 

Military Commercial 
29F 29F 

TA. Vee = Mil TA. Vee = Com TA. Vee = Com Fig 
CL = 50pF CL = 50 pF CL = 500pF 

Units 
No 

Min Max Min Max Min Typ Max 

2.5 12.0 19.0 
2-3 

2.5 12.0 22.0 
ns 

2.5 12.0 19.0 
2-3 

2.5 12.0 22.0 
ns 

3.0 13.0 23.0 
2-3 

3.0 13.0 20.0 
ns 

1.0 8.5 19.0 
2-3 

1.0 8.5 17.0 
ns 

2.5 14.0 24.0 
2-3 

2.5 14.0 21.0 
ns 

3.5 16.0 25.0 
2-3 

3.5 16.0 22.0 
ns 

3.0 18.5 24.0 
2-3 

3.0 18.5 22.0 
ns 

3.5 13.5 23.0 
2-3 

3.5 13.5 21.0 
ns 

3.5 16.0 25.0 
2-3 

3.5 16.0 24.0 
ns 

4.5 14.5 24.0 
2-3 

4.5 14.5 24.0 
ns 

3.0 13.0 23.0 
2-3 

3.0 13.0 22.0 
ns 
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AC Electrical Characteristics: See Section 2 for Waveforms and load Configurations 

29F Military 29F Commercial 29F 

TA = +2SoC 
TA. Vee = Mil TA. Vee = Com Fig 

Symbol Parameter Vee = +S.OV Units 
CL = SOpF 

CL = SOpF CL = SOpF No 

Min Max Min Max Min Max 

tPZH Output Disable Time 1.0 9.5 1.0 10.0 
2-5 

tPZL OEtoQn 1.0 9.5 1.0 10.0 
ns 

tPZH Output Disable Time 1.0 9.5 1.0 10.0 
2-5 

tpZL OEtoQn 1.0 9.5 1.0 10.0 
ns 

tpHZ Output Disable Time 1.0 9.5 1.0 10.0 
2-5 

tpLZ OEto RASn 1.0 9.5 1.0 10.0 
ns 

tPZH Output Disable Time 1.0 9.5 1.0 10.0 
2-5 

tPZL OEtoRASn 1.0 9.5 1.0 10.0 
ns 

tpHZ Output Disable Time 1.0 9.5 1.0 10.0 
2-5 

tpLZ OEtoCASn 1.0 9.5 1.0 10.0 
ns 

tpZH Output Enable Time 1.0 9.5 1.0 10.0 
2-5 

tpZL OEto CASn 1.0 9.5 1.0 10.0 
ns 

tw(H) Pulse Width. HIGH or lOW 15.0 15.0 
2-4 

tw(l) CASn• RASn 15.0 15.0 
ns 

tskew Qn to CASn• RASn 10.0 10.0 ns 

AC Operating Requirements: See Section 2 for Waveforms 

29F Military 29F Commercial 29F 

Symbol Parameter 
TA = +25°C 

TA. Vee = Mil TA. Vee = Com Units 
Fig 

Vee = +5.0V No 

Min Max Min Max Min Max 

ts(H) Setup Time, HIGH or lOW 5.0 5.0 
2-6 

ts(l) An to lE 5.0 5.0 
ns 

th(H) Hold Time, HIGH or lOW 5.0 5.0 
2-6 

th(l) An to lE 5.0 5.0 
ns 

ts(H) Setup Time, HIGH or lOW 5.0 5.0 
2-6 

ts(l) SEl to lE 5.0 5.0 
ns 

th(H) Hold Time, HIGH or lOW 5.0 5.0 
2-6 

th(l) SEl to lE 5.0 5.0 
ns 
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ADVANCED INFORMATION 

• C"I 

Ie 
~ 29F524 • 29F525 

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. 

Logic Symbol 

Features 
• 29F524-Dual 7-deep or single 14-deep (with feed­

through and 0) registers 
• 29F52S-Dual 8-deep or single 16-deep registers 
• Allows saving addresses within its registers for use at a 

later time 
• Hold, or shift and load instructions 
• Number of delay cycles' can be changed by the user 

without interrupting the data flow 
• All registers available at TRI-STATE output 
• Functionally and pin compatible to AMD 

Am29524/ Am29525 . 

Connection Diagrams 

29F525 Pin Assignment Pin Assignment 
for DIP/SOle for Lee and pee 

29F525 29F525 

,(ECl), 

5, 1 52 D6 D5 D4 GND Vee D3 D2 

53 
[iJ1lg)[!][!J[IJ[!][[] 

00 
I?Ii1I III D, 0, 

O2 
10 Ii]I [II Do 
CP~ III 50 

03 11~ [I] 5, 
Vee (TTL) °7(j]J ~52 
GND (m) °ali] ~53 
DE 05 liE 1m 00 

TLlF/9611-11 05 °4 
06 11 18 °5 IiIDImWl~~~~ 

I? 12 17 0& 04 DE GNDVee 03 02 01 

10 13 16 °7 
'em)' 

CP 14 15 I, 
TL/F/96'1-2 

TL/F/9611-1 
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~National 
~ Semiconductor 

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 ~xx P C 

,'emperalure Range FamllY~ 
74F = CommercIal 

OR 

LSpeclal VarIations 

54F=Mllitary 
29F = Commercial or Military 

DevIce Type ------' 

Package Code-------' 
P = PlastIc DIP 

SP = Slim PlastIc DIP 
0= CeramIc DIP 

SO = Slim CeramIc DIP 
F=F1alpak 
L = Leadle •• ChIp CarrIer (LCC) 
0= PlastIc ChIp Carrier (PCC) 
S = Small Oulline Package (SOlC) 

OR = CommercIal grade 
devIce with burn-In 

DB = Military grade 
devIce wIth 
envIronmental and 
burn-In processIng 

- Temperalure Range 
C = CommercIal (OOC to + 70OC) 
M = Military (- 550C 10 + 125OC) 

TLIF/9790-1 

For most current packaging information, contact Product Marketing. 
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~National 
~ Semiconductor All dimensions are in inches (millimeters) 

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

~----------------------------·~I:~::I----------------------------~~ 
.AX 

42 41 .. 39 38 37 r 
0.110 ) 
j;IT9j 

l ,.¥'" .... 'IDENT D 
3 4 7 8 9 10 11 12 13 14 15 16 U 18 " ~ ~ H H " H H 

0.540, 
~i;rrzj 

0125.!.!!!.=.!...!! * I MAX 
i3ffii 1'7&'-1524, '.'10-'.20' 

; !~;- JJ U U U WJ ~u U U U U U U UJLUj t~Jl~ U U U U U 
(2.1140:l:D.254) (0.889-1.3911 

SEATING PlANE TVP TYP 
a.OtS-G.on 
~ 
TYP 

0.490 -----1 
r(~:1 I 

NOTE: FASTTM Product Shipped WITHOUT 
Protective Silicon "Bumpers". 

~I'a_~. ~~~ ~I'.D161.1 TYP MAX TYP 15. MAX 
0.510-0.120 ALLOWABLE 
~ 

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

t:::::1 (8.89D±D.203) 

o l'~:~ 

~"ILA 
TopYI .. Sld,VIew 

0.003 ~ 
(O,07Sh __ .. (0.381) 
MINTYP ~ MAX"' 

.!,lli.T'·"6 (0.559) (0.152) 
MAX TYP MIN TVP 

Detail A 

0,015 
iD.iiii" 
MINTYP 

5-4 

45'x~ 

0.007-0.011 

~ 
~ 

(O.381±O.254) 

'<;')(,q.,,",,",,"~ R TVP 

45°x~ 
(1.D16±D.254) 

3PLCS 

BoltomVlew 

.. 0.045-0.055 
LI1.l43-t.39T) 

TYP 

) 



,-----------------------------------------------------------------------------, ~ 
14 Lead Ceramic Flatpak 
NS Package Number W14B 

0.050 -0.080 
(1.270-2.0321 

0.004-0.006 
(0.102 -0.152) 

16 Lead Ceramic Flatpak 
NS Package Number W16A 

0.060-0.080 
(1.270-2.0321--1 I-

0.004-0.008 f.JH­
(0.102-0.1521 IIII 

0.020-0.040 I 
(0.608-1.0Ilil- I--

0.372-0.385 
(9.449-9.n91-+-------I 

0045._ 1-1 L-... 0.050±0.005 
(I:~:l - I 1- (1.270±0.127) 

D.25o!0.370 
(B.350-9.39BI 

t "'3'211'088--t-
0.280 MAX 0.245 -0.255 

(7.112) GLASS (B.223-Un) 

'1 ~Z34&87--t 
PIN NO. 1/ 

10ENT 0.250-0.370 

0.015-0.019 --II-­
(0.381-0.4831 

0.007 - 0.018 

(0.178 - OA571 

TYP ! 

0.311 - 0.390 

(9A23 - 9.9061 

(6.350 t3981 

.. ~_Ir __ ,0.005 MIN 
(0.1271 

W14B(REVD) 

0.050 to.006 11 1 (1.270 ±0.1211 

1 + 1-0.000 MIN ALL ENDS 

00.370 

(7.820 r.3981 

18 15 14 13 IZ " I~ B t 0.300 
PIN NO.1' , 0.245 - 0.276 

IDENT ~ (6.223 - 8.9851 

1-2345171--1 

_~7.8201 
MAX 
GLASS 

0.016-0.019 II 
(0.381-0.4821-11-

TYP 

5 .. 5 

'i I 

0.300! 0.370 

(7.820 - 9.3981 

~ 

W1BA(REYE) 

-! 
~ 
c 
3' 
CD 
::lI 
(II 

0' 
::lI 
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20 Lead Ceramic Flatpak 
NS Package Number W20A 

0.030-0.040 
(0.762 -1.016) 

j- (2.032-2.286) (13.72) MAX_ 
0.080-0.090 L 0.540 

rl- 0.050±0.0D5 n I -I ~.0.005 MINTYP I I (1.2TO±0.12T) - - (0.127) 

1 
0.250-0.320 

(6.350-8.128) 

~~~ 
~ 2019 18 17 16 15 14 13 12 11 i 
0.285 

(7.239) ) 0.260-0.270 
MAX GLASS (6.604 6.858) 

L I/' 2 3 4 5 6 7 8 9 10 ~ 
Yo i 
1'1 0.250 -0.320 

~ (6.350f·128) 
OPTIONAL 

PIN #1 
10ENT 

0.004-0.006 IL 
(0.102-0.152)- j _ 0.015-0.019 TYp--I-.(~:~:!) MAX 

I 
(0.381 0.483) 

0.008-0.012 
- (0.203 0.305) W20AIREVC) 

24 Lead Ceramic Flatpak 
NS Package Number W24C 

0.030-0.040 
(0.762 -1.016) 

- (2.032-2.286) r--- (14.99-15.88) r 0.080-0.090 0.590-0.625;_ 

rr- 0.050±0.005 L'I' 1_ - _1_: 0.005 MINTYP I I (l.270±0.127) (0.127) 

1 
0.250-0.320 

-f.---- ."." ." ''''''" .. " •. mtf·128) 

0.400 
(10.16) 0.365-0.380 

MAX GLASS D (9.271 - 9.652) 

0.011-0.025 ! ~ 
(0.27910.635) ~ 

• ;' 2 3 4 5 6 7 8 9 10 11 12 

0.011-0.025 omFr 
t,1j / 0.25010.320 

OPTIONAL/ / (6.350. ~-8.128) 
PIN #1 

_I.- 0.008-0.015 
(0.203 -0.381) 

10ENT 

IL (REFER o~:::II~~·t~ ~ . j 
0.004-0.009 _ _ _ 0.015-0.019 TYP _;0.045 
(0.102-0.229) I (0.381-0.483) (1.143) MAX 

_ 0.008-0.015 
(0.203-0.381) 

DETAIL "A" PIN #lIOENT OPTION 2 

W.'4C ,!lEV 01 
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14 Lead Ceramic Dual In-Line Package 
NS Package Number J 14A 

0.785 

1------(19.939)-------l .. ~1 
MAX 

0.025 

(0.635) 
RAD 

t 
0.220-0.310 

(5.588-7.874) 

L....,-,-r"'T"!'T"T':'T"T'~I"'T':'T"~~ 

0.290-0.320 

(7.366-8.128) 

.!:!!!!.. MJ I- • I 
(4.572) 

16 Lead Ceramic Dual In-Line Package 
NS Package Number J16A 

--
J14A(REVG) 

MAX 

0.025 
(0.635) 

RAO 

O.785~ 
(19.939) 

13 12 11 10 9 . ---r 

GLASS t SEALANT 

0.290-0.320 0.005 0.055 ±0.005 

~ "--,,., I .. ,::;:--1 ,r- ",m .. ,,,,, 

0.180 ~ 0.008-0.012 J 
(4.572) f 50 ±50 T(0.203-0.305) 

MAX 0.080 

~ 0 310 - 0.410 ~ (2.032) 
• MAX 

(7.874 -10.41) BOTH 

ENOS 

5-7 
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0.005-0.020 
(0.127 - 0.508) 
RAOTYP 

0.200 
(5.080) 

MAX 
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18 Lead Ceramic Dual In-Line Package 
NS Package Number J18A 

~RAOMAX 
(0.508) 

t 
0.310 

(7.874) MAX 

~:;"!""1'":;"T~~.,.-:;"T'"T'l:T'r.'T'"'U 
0.005 MIN­

(0.127) 

J!1!!!!. MAX 
(5.080) 

0.290-0.320 0.055 ±0.005 I (7.366-8.128) I (1.397±0.127) 
0.020-0.060 

(0.508-1.524) 
0.125-0.200 

(3.175-5.080) r:e-GLASS SEALANT"",n----+-t------t-t-i-+ 

0.180 til 0.008-0.012 I ~1=+=:t:=:::==:tT 
(~~) 95"±;- (0.203-0.305) 

j L 86" 94" L LjY-1f--------.l.-+-
0.310-0.410 TYP 0 100±0 010 0.098 0.150 

(7.874-10.41) (2:540±0:254) TYP (2.489) (3.810) 

0.018±0.003 MAX MIN 
(0.457±0.076) TYP- BOTH ENDS 

J18A (REV L} 

20 Lead Ceramic Dual In-Line Package 
NS Package Number J20A 

0.180 
(4.572) 

MAX 

0.290-0.320 
(7.366-8.128)·1 GLASS SEALANT 

0.985 
...-----------(25,019) ------_ 

MAX 

0.200 
(5.0BO) 

MAX 

0.008-0.012 
(0.203-0.305) 

0.125 - 0.200 
(3.175 - 5.080) 

I.- 0.310-0.410 
(7.874-10.41) 
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24 Lead Ceramic Dual In-Line Package 
NS Package Number J24A 

1.290 

--------132.766) --------. 115.240) I 
0.600 

MAX 'MAX 

0.025 

10.635) 
RAD 

,...-J~...J.!:l....l~~""!!!!l...J.!!.l....J..!!.L..J.:..:J...J.:.:.J-l!!!l...J1.!.:L.J..!,;J.......1- "'" 

0.514-0.526 

113.06-13.36) 

0.030-0.055 j""""':"T"T':T'"'1-::T"T":'T'"'T-:T"T":'T"T7T""T":'T"T.".,...=rT=-=r-' ___ l_ 
10.762-1.397) --.I 

RAD TYP 
0.180 

-114.986-15.748) - 10.127) --j MAX 0.020-0.070 I 
0.590-0.620 I 0.005 14.572) 

~ II \ MIN~~~~ 
95 '5 0.008-0.012 J ,,_--,,_+-s=}10.508i 1.778) 

+0.025 10.203-0.305) 

I 0 685 -0 060 I 0.098 -,"-----\--
- ( +0.635) - 12.489) 0.125-0.200 0.150 

17.40 -1.524 MAX TYP 13.17~~~.08o) 13M~~0) 

28 Lead Ceramic Dual In-line Package 
NS Package Number J28A 

0.025 

10.6351 
RAD 

0.030-0.055 

10.762-1.397) 
RAD TYP 

I- 0.590-0.620 ~ 

I c::114.986-15.748)~1 

95' _.50 0.008-0.012 ___ 
(0.203-0.305) 

L 0685 +0.025 I 
. -0.060 --------j 

(17 40 +0.635) 
. -1.524 

1.490 I f----------137.8461 MAX ----------1. 0.600 
1i15.24D) 

~MAXGLASS 

~~~~r 

0.514-0.526 

~~~~-"T'"'17r071"'T~~~~r.T~1"'T~~~~~-'~"" 

Ii 
0.060-0.100 

11.524-2.5401 

--j I, 

5-9 

0.100 ;0.010 

12.540 ; 0.254) 

-ih 
0.018' 0.002 

10.457 -0.5081 J28A.,REVE' 

." 
:::r 
'< en o· 
!!!.. 
c 
3' 
(1) 
::::I en o· 
::::I 
en 



o r-----------------------------------------------------------------------------~ 
C o 
·iii 
c 
CD 
E 
is 
~ 
.~ 
.c a.. 

14 Lead Small Outline Integrated Circuit (SOIC) 
NS Package Number M 14A 

0.150-0.158 _ 
(3.810-4.013) 

0.017 r (0.432) 
x 45° TYP :L8L~S 

L + 
r-IJ~-0.1107-0.010 t 

(0.178-0.254) 0.020-0.050 
TYP 0.004 (0.508-1.270) 

(0.102) TYP ALL LEADS 
ALLLEAOnps 

0.024-0.031 0.053-0.069 
(0.610-0.7871 (1.346-1.753) 0.004-0.010 

•• (0.102 -0.254) 
- - ~IIFTERrFlNISH 

t f-] L JCI ... 
(1.270) (0.356 -0.483) 

TYP TYP 

16 Lead Small Outline Integrated Circuit (SOIC) 
NS Package Number M16A 

~ (::!~=::!~I 1--
0017 

!- (0.4321 ." .. " I )(45D TYP L AllWDS 

_dE lib + 

.... J ... l. f j L--:I.N 
('.171-'.2541 I 1'.511-1.27DI 
TVP ALL LEADS 0.004 TYP ALL LEADS 

1 •. 1.21 
All LEAD TIPS 

+ 
t 

r1 0.3I5-'.3M ~ --111.779-1 ..... 1 

161514131211109 

~ 
15.791-&.1111 

LEAD NO.1 
IDENT 

~ 
(1.34&-1.7531 

+ 

0.004-0.010 
I01D2-0·25t1 

ARER LEAD FINISH 

~HHHHHHH~ ~ 
~ 
(0.&1'-'.7171 r-- It J L~ J_~ 

11.2701 1'.35&-'.4831 
TVP TYP 

5·10 



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

0.009-0.013 
(0.229-0.330/ 
TYPALlWllS 

0.396-0.412 

~~~ ,---ra a r 13 12 a a ~ I 
1 

0.394-0.419 

iiDF-"iD.&ii 

LEAD NO.1 !tr'\ 
10ENT ----;jV 

0.021 
(0.61&/ 

~~~fFfF~ 

0.093-0.104 0.031-0.044 
~II~ 

LLF"============\ 0.004-0.012 

L:~==7~-=to.-a. 
r L O.D3D_O:

ALlLEADS 

(0.162 -1.210/ 
TYPALLLEADS 

l¥primri9f~r tl L~ JL~ 
- (1.210/ (0.356-0.483/ 

TYP TYP 

UI6BCAEYCj 

20 Lead Small Outline Integrated Circuit (SOIC) 
NS Package Number M20B 

LEAD NO.1 
10ENT 

0.496-0.512 

20 19 18 

(12.598-13.DD5/~ 

11 16 15 1~ A A A I 

1 2 3 4 5 6 7 8 9 10 

.!ill.--J I-
(0.686) 

0.093-0.104 

~ 

t t 
0'_8' 

TYP ALL LEADS 

L- ---.l t 
, -c;;;;!..!::======::;;=='..p.t 0.031-0.044 t /' I ~ 0.004/ 

0.009-0.013 10.102) __ ~ 

~ ALL LEAD TIPS (0.162-1.210/ 
TYP All LEADS TYP ALL LEADS 

5-11 

~ 0.004-0.012 -.::1°.305
/ 

J L~ _!D-o.m, 
(1.210) 10.356-0.483/ 

TYP TYP 

M2C6CREVD) 

~ 
[ 
c 
3" 
CD 
:::I 
til 
0" 
:::I 
til 

II 



o r---------------------------------------------------------------------------------, 
c: o 
·in 
c: 
CD 
E 
is 
~ 
.~ 

.c: 
a.. 

24 Lead Small Outline Integrated Circuit (SOIC) 
NS Package Number M24B 

0.009-0.013 

~ 

--i::~:=:::)--
0.017 t--
10.432)11~ 
x45' 

0.037-0.044 
(0,940-1.1181 

t 
TYP ALL LEADS 0° _8 0 TYP ALL LEADS 

:i=~ =r::::!)JJ'~==r==",!I,l1::,8 + 

t 01. J Q:::~) 
iD.iOii TYP ALL LEAOS 

t 

ALL LEAD TIPS 

{ ' ~~ (15.14-15.54) 
N n n 21 ~ 19 18 17 16 15 14 13 

0.093-0.104 
12.362-2.642) 

~ 

5 6 7 8 9 10 11 12 

0.004-0.012 fiilntiiiticiOO 10.102io.3D5) 

J L~ J 1_ 0.01L.019 
11.270) 10.356-0.483} 

t 
TYP 

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

I' 18.10 (0.713) 'I 
17.70 (0.696) 

1.27 (0.050) 
esc 

0.49 (0.020) 
0.35 (0.013) 

10.65 (0.420) 
10.00 (0.393) 

1 

0.75 (0.030) x450 

0.25 (0.009) 

0.32 (0.01~3) -1~tl 
0.23 (0.009) r;-::::~===;:t ==~ 2.65 (0.105) L ! =_ 2.35 (0.092) 

\Je~: L 

1.27 (0.050) 
0.40 (0.015) 

0.30 (0.012) 
0.10 (0.003) 

1.1288 

'For most current package information contact product marketing. 
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14 Lead Plastic Dual In-Line Package 
NS Package Number N14A 

0.2BO 
(7.112) 

MIN 

0.300-0.320 

{f; 0.743 - 0.770 
~ (IB.B7 -19.56) 

~ ~~~:) 
2PLS -:-r (2'337)~( ) 14 13 12 11 10 

PIN NO. I IOENT ~ Ill-+ C\ 0.250 ±0.005 
"N ~ (6.350 ±0.127) 

l*.;=:;:::;=:;;;;;=;:;;:::;::n=;;:;;:;::::;::s:,;:dJ 

OPTION 1 0.130 ±0.005 

(3.302 ±0.127) 

e!41 
0.032 ± 0.005 

(0.BI3 ±0.127) 
RAo 

____ PiN NO. I loENT 

I 

OPTIONS 2,3 

I (1.651) 

95"5F-\ tJ 
0.145 - 0.200 

(3.683 - 5.0BO) 

0.009-0.015 90'U' ----(0.229-0.381) 

0.075 ±0.015 0.018 '0.003 I. .1 (1.905 ±0.381) ILL ~ ~ (0.457 ±0.076) 
0.325 ~~:~~ --I 0.100 ±0.010 0.125 - 0.140 

I. +1.016) (2.540 ±0.254) (3.175 - 3.556) 
\8.255 -0.381 

16 Lead Plastic Dual In-Line Package 
NS Package Number N16E 

0.743-0.780 
~---(IB.~-19.~)---~~ 

~ 0'280~ (7.112) 
MIN 0.030 

Ir::'~ or ~~-
0.009-0.015 

0.065 
(1.651) 

L 
95'±5' tJ 

I.. -I (0.229-0·:.:0±0.015 
+0040 ---

0.325 -0:015 (0.762±0.381) I--- J 
/. +1016) 0.100±0.010 
,8.255 -0:381 (2.540±0.254) 

TYP 

(0.457±0.076) MIN ~~ 0.125-0.140 
0.018±0.003 (3.175-3.556) 

5-13 

N14A(REVO) 

~=t7514 (0.813±0.127) 
R 

PIN NO.lI0ENT~ 

1 2 

OPTION 2 

NI6EIREVE) 



o r-----------------------------------------------------------------------------~ 
C o 

"US 
c 
CD 
E 
is 
B 
"~ 
.c a. 

20 Lead Plastic Dual In-Line Package 
NS Package Number N20A 

0.OS2 x 0.030 
(2.337 X 0.762) 

MAX DP 

PIN NO.lIDENT 

1.013-1.040 ::::1 
(25.73-26A2) 

'f==~~±1~8=='~7~1=&~1=5~1~4~1=3==12==~I~I~~ 

0.260 .0.005 
(6.604 .0.1271 

~~mm~~~~~~ 

0.03Z±0.005 

(0.813±O.I271~O 19 
RAD 

PIN NO.1IDENT~ 

0.065 
(1.651) 

0.130 0.005 
(3.302 

~~~++"rnrH~~~~ 

D.325 ~~:~: 
(U55 +1.016) 
~ -0.381 

O.oOS-O.OIJJ 
(0.229-0.381) 
TYP 

0.060.0.005 
(1.524.0.127) 

24 Lead Plastic Dual In-Line Package 
NS Package Number N24A 

-90', O.OO4'l 

0.125-0.140 
(3.175-3.556) 

t 
0.020 

(0.508) 
MIN 

I-------I~:.:~=~:~:)-----~·'"ll 
13 

N2DA!REVG) 

0.0&2 
IU7&) 

RAD 

PIN NO.lIDENT 

!1 CB CB I 0.540 '0.005 

~~~~F,T~FT.~7FTn=r.rT~r.rr~FTI~!::Jl·O.,27) 
" 1 I 

DonED OUTLINES 
REFLECT ALTERNATE r:..!:!!!!.:-l MOLDED BODY CONFIGURATION 

I~i~) _0._030_ 
10.762) 0.075 

0.600-0.620 MAX 11.905) 

F(15.24-IS.746) L,.".,.---+-I------'-"--H-.....,,--I-------' 

95".5" 

I---- 0.&25 ~:~: _I 

(15875+D·&35)~ . -D.381 

N24A (REV EI 

5·14 
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28 Terminal Ceramic Leadless Chip Carrier (LCC) 
NS Package Number E28A 

D 
TOP 

VIEW 
BonOM 

VIEW 

24 Lead Slim (0.300" Wide) Ceramic Dual In-Line Package 
NS Package Number J24F 

1.290 
1-------(32.77) MAX--------t 

0.030-0.055 
(0.762-1.397) 
RADTYP 

0.065-0.076 
1(1.651-1.930) 

SlOE 
VIEW 

E2BA {REV CJ 

0.060 ±O.005 
(1.524 ±O.127) TYP 0.020-0.070 17.36&-8.128) --

(0.506-1.778) 

0.180 

1 0.290-0.320 

~'D_~" 
1--0.310-0AI0 I ~;p03-0.305) 
I-- (1.874-10.41)--1 

0.100 :10.010 I 
(2.54 :10.254)--1 

TYP 

5·15 

J24FfREVGI 

II 



I/) 
c o 
.~ 
CP 
E 
is 
B 
~ a. 

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

0.009-0.015 
(0.229-0.381) 

0.325 ~~:~~~ 
18 255 + 1.016) 
~ . -0.381 

0.300 - 0.320 

r='~1 

-+--=:':--1 

0.092 
(2.337) 
(2 PL8) 

PIN NO.1 
10ENT 

OPTION 2 

0.065 

0.062 
(1.575) 

RAD 

~J (1.651) 

D.D75±0.015 I 
(1.905±0.381) I--

52 Lead Plastic Chip Carrier (PCC) 
NS Package Number V52A 

12SPAC£SAT 

/

_0,050=0,600 / 
~---+-

33 21 

0.026-0.032 
(0.660-0.813) 

TYP 

-

5-16 

1.243-1.270 
(31.57-32.26) 

MAX 

0.165-0.1110 
ii.1ii=rnij 

0.018-0.040 
~ 
0.095-0.125 
~ 

f 
0.260 ± 0.005 
(6.6D4±0.127) 

I 

N24C1REVF} 
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