




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































AC Electrical Characteristics Vee=5V, TA=25'C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpHL, tpLH Maximum Propagation 60 120 ns 
Delay From Inputs A thru 0 to any Output 

tpHL, tpLH Maximum Propagation 60 120 ns 
Delay From Bi to any Output 

tpHL, tpLH Maximum Propagation \ 60 120 ns 
Delay From L T to any Output 

Is Minimum Set Up Time 10 20 ns 
Inputs A thru 0 to LE 

tH Minimum Hold Time -3 0 ns 
Inputs A thru 0 to LE 

tw Minimum Pulse Width 16 ns 
forLE 

AC Electrical Characteristics CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

TA=25'C 
74HC 54HC 

TA = -40 to 85'C TA= -55 to 125'C 
Symbol Parameter Conditions Vee Units 

Typ Guaranteed Limits 

tpHL, tpLH Maximum Propagation LE=OV 2.0V 300 600 756 894 ns 
Delay from Inputs LT = Vee 4.5V 60 120 151 179 ns 
A thru 0 to any Output Bi=vce 6.0V 51 102 129 152 ns 

tpHL, tpLH Maximum Propagation LT=Vee 2.0V 300 600 756 894 ns 
Delay from Bi to 4.5V 60 120 151 179 ns 
any Output 6.0V 51 102 129 152 ns 

tPHL, tpLH Maximum Propagation BI=OV 2.0V 300 600 756 894 ns 
Delay from L T to 4.5V 60 120 151 179 ns 
any Output 6.0V 51 102 129 152 ns 

ts Minimum Set Up Time 2.0V 100 126 149 ns 
Inputs A thru 0 to LE 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

tH Minimum Hold Time 2.0V 0 0 0 ns 
Inputs A thru 0 to LE 4.5V 0 0 0 ns 

6.0V 0 0 0 ns 

tw Minimum Pulse Width 2.0V 80 100 120 ns 
forLE 4.5V 16 20 24 ns 

6.0V 14 17 20 ns 

tr, tf Maximum Input Rise and 2.0V 1000 1000 1000 ns 
Fall Time 4.5V 500 500 500 ns 

6.0V 400 400 400 ns 

GpD Power Dissipation pF 
Capacitance (Note 5) 

GIN Maximum Input 5 10 10 10 pF 

Capacitance 

Note 5: CPO determines the no load dynamic power consumption, Po=Cpo Vcc2 f+lcc Vee. and the no load dynamic current consumption, 
�I�s�~�C�P�D� Vce f+lce· 
Note 6: Refer to Section 1 for Typical MM54/74HC AC Switching Waveforms and Test Circuits. 
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INPUTS 

A, B, C, D (PIns 7, 1, 2, 61-BCO data inputs. A (pin 7) is the 
least-significant data bit and 0 (pin 6) is the most significant 
bit. Hexadecimal data A-F at these inputs will cause the 
outputs to assume a logic low, offering an alternate method 
of blanking the display. 

OUTPUTS 

a-g-Decoded, buffered outputs. These outputs, unlike the 
4511, have CMOS drivers, which will produce typical CMOS 
output voltage levels. 

Output Characteristics (Vcc=5V) 

! 
-25 r--r.~~--~~~~ 

!;:; -20 1-1-1--..10""""-1--
~ --~~--~ 
~ -15 I-I~A.~;""""""T:':~~ 
0: 

~ -10 H-,"'~H----t---t---I 

~ - 5 'IU'-+--""' 
'j' 
E 

4 2 1 

Vo-OUTPUT VOLTAGE (V} 

TL/F/5373-2 

-The expected minimum curves are not guarantees, but are design aids. 

Typical Applications 

HC 
4511 

• • • 

••• 
TL/F/5373-4 

Typical Common Cathode LED Connection 
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CONTROLS 

Bi (Pin 4)-Active-low display blanking input. A logic low on 
this input will cause all outputs to be held at a logiC low, 
thereby blanking the display. L T is the only input that will 
override the BI input. 

L T (Pin 3)-Active-low lamp test. A low logic level on this 
input causes all outputs to assume a logic high. This input 
allows the user to test all segments of a display, with a 
single control input. This input is independent of all other 
inputs. 

LE (Pin 51-Latch enable input. This input controls the 4-bit 
transparent latch. A logic high on this input latches the data 
present at the A, B, C and 0 inputs; a logic low allows the 
data to be transmitted through the latch to the decoder. 

.. 
§. ... 
!!l 
0: 

a 
"" ijj ... 
:::I := 
:::I 
c 

1, 

25 

20 

15 

10 

HC 
4511 

VO-OUTPUT VOLTAGE (VI 

TLlF/5373-3 

+V 

7500 

TLlF/5373-5 

Incandescent Bulb Driving Circuit 



.,.. .,.. 
Logic Diagram II) 

~ 
0 'HC4511 
:x: 
~ iii IT ..... LE 

:IE 5 

:IE ...... .,.. .,.. 
II) 
~ 
0 (2', A 

:x: 
~ 
II) LE 

:IE 
:IE 

(21) B 

LE 

LE 

lE 

TLlF/5373-6 

Display 

TL/F/5373-7 

Segment Identification 

TL/F/5373-8 
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'?JI National . 
~ Semiconductor 

PRELIMINARY 

MM54HC4514/MM74HC4514 
4-to-16 line Decoder with Latch 

General Description 
This utilizes microCMOSTM Technology, 3.5 micron silicon 
gate P-well CMOS decoder, which is well suited to memory 
address decoding or data routing application. It possesses 
high noise immunity and low power dissipation usually asso­
ciated with CMOS circuitry, yet speeds comparable to low 
power Schottky TTL circuits. It can drive up to 10 LS-TTL 
loads. 

The MM54HC4514/MM74HC4514 contain a 4-to-16 line de­
coder and a 4-bit latch. The latch can store the data on the 
select inputs, thus allowing a selected output to remain high 
everi though the select data has changed. When the LATCH 
ENABLE input to the latches is high the outputs will change 
with the inputs. When LATCH ENABLE goes low the data 
on the select inputs is stored in the latches. The four select 
inputs determine which output will go high provided the 

Connection Diagram 
Dual-In-Llne Package 

INPUTS OUTPUTS . . 
VoID . 'INHIBIT IN 0 

24 123 22 

IN c' 'S10 sa S9 S14 S15 

21 20 19 18 17 16 15 

r+ LATCH 4-TO·16 DECODER 

7 8 9 10 

STROBE IN A IN B S7 S6 S5 S4 S3 Sl S2 

INHIBIT input is low. If the INHIBIT input is high all outputs 
are held low thus disabling the decoder. 

The MM54HC4514/MM74HC4514 is functionally and pinout 
equivalent to the CD4514BM/CD4514BC and the 
MC1451BAlMC1451BC. All inputs are protected agail')st 
damage due to static discharge diodes from Vee and 
ground. 

Features 
• Typical propagation delay: 18 ns 
• Low quiescent power: 80 ".A maximum (74HC series) 
• Low input current: 1 ".A maximum 
• ·Fanout of 10 LS-TTL loads (74HC series) 

S12 S13 ' 

14 13 

so 

11 .r. 
Vss 

Truth Table 

Data Inputs 

LE Inhibit D C B A 

H 
H 
H 
H 

H 
H 
H 
H 

H 
H 
H 
H 

H 
H 
H 
H 

L 
L 
L 
L 

L 
L 
L 
L 

L 
L 
L 
L 

L 
L 
L 
L 

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

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

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

iH H L L 
H H L H 
H H H L 
H H H H 

Selected 
Output 

High 

SO 
S1 

. S2 

S3 

S4 
S5 
S6 
S7 

S8 
S9 
S10 

S11 

S12 
S13 
S14 
S15 

'~ __ ~~ __ J' '~ ____________ ~ __________ -J' 

INPUTS OUTPUTS 

TL/F/5215-1 x 
MM54HC4514/MM74HC4514 

54HC4514 (J) 74HC4514 (J,N) L 
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Absolute Maximum Ratings (Notes.1 and 2) Operating Conditions 
Supply Voltage (Vee) -0.5 to +7.0V Min Max Units 

DC Input Voltage (VIN) -1.5to Vee+1.5V Supply Voltage(Vecl 2 6 V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee 'V 

Clamp Diode Current (11K. 10K) ±20mA (VIN.VOUT) 

DC Output Current. per pin (lOUT) ±25mA Operating Temperature RangeCT Al 
MM74HC -40 +85 ·C 

DC Vee or GND Current. per pin (lecl ±50mA MM54HC -55 +125 ·C 
. Storage Temperature Range CT STG) -65·Cto +150·C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr. ttl Vee=2.0V 1000 ns 
Lead Temperature (TLl (Soldering 10 seconds) 260·C Vee=4.5V 500 ns 

Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25·C 
74HC 54HC 

Symbol Parameter Conditions Vee 
TA= -40 to 85·C TA= -55 to 125·C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level Input 2.0V 1.5 1.5 1.5 V 
Voltage. 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level Input 2.0V 0.3 0.3 0.3 V 
Voltage 4.5V 0:9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level Output VIN=VIH orVIL 
Voltage !IOUT! ";;20 /LA 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
!IOUT!";;4.0 mA 4.5V 4.2 3.98 3.84 3.7 V 
!IOUT!";;5.2 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level Output VIN = VIH or VIL 
Voltage !IOUT!";;20 /LA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
!IOUT!";;4.0 mA 4.5V 0.2 0.26 0.33 0.4 V 
!IOUT!";;5.2 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input Current VIN=VeeorGND 6.0V ±0.1 ±1.0 ±1.0 /LA 

Icc . Maximum Quiescent Supply VIN=VeeorGND 6.0V 8.0 80 160 /LA 
Current IOUT=O /LA 

Nole 1: Maximum Ratings are those values beyond which damage 10 the device may occur. 
'. 

Nole 2: Unless otherwise specified all voltages are referenced to ground. 
Nole 3: Power Oissipation temperature derating - plastic "N" package: -12 mWI"C from 65·C to 85·C; ceramic "J" package: -12 mwCc from 
100·C to 125·C. I 

Note 4: .For a power supply of 5V ± 10% the worst case output voltages (VOH. and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = 5.5V and 4.5V respectively. (The VIH value at 5.5V Is 3.85V.) The worst case leakage current (lIN. 
Icc. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 

e 

... 

-
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AC Electrical Characteristics Vee=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpHL Maximum Propagation Delay Data to Output 18 30 ns 

tpLH Maximum Propagation Delay Data to Output 24 45 ns 

tpHL Maximum Propagation Delay LE to Output 18 30 ns 

tpLH Maximum Propagation Delay LE to Output 24 45 ns 

tpHL Maximum Propagation Delay Inhibit to Output 16 30 ns 

tpLH Maximum Propagation Delay Inhibit to Output .18 30 ns 

ts Minimum Set Up Time, Date to LE 20 ns 

tH Minimum Hold Time, LE to Data 0 ns 

tH Minimum Pulse Width, Latch Enable 16 ns 

AC Electrical Characteristics Vee = 2.0V-6.0V, CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85°C TA=-55t0125°C 
Units 

Typ Guaranteed Limits 

tpHL Maximum Propagation 2.0V 80 175 220 263 ns 
Delay Data to Output 4.5V 18 35 44 53 ns 

6.0V 16 30 38 45 ns 

tpLH· Maximum Propagation 2.0V 120 250 312 375 ns 
Delay Data to Output 4.5V 27 50 65 75 ns 

6.0V 22 43 53 65 ns 

tpHL Maximum Propagation 2.0V 80 175 220 263 n!? 
Delay LE to Output 4.5V 19 35 44 53 ns 

6.0V 17 30 38 45 ns 

tpLH Maximum Propagation 2.0V 120 250 312 375 ns 
Delay LE to Output 4.5V 27 50 65 75 ns 

6.0V 22 43 53 65 ns 

tpHL Maximum Propagation 2.0V 70 175 220 263 ns 
Delay Inhibit to Output 4.5V 18 35 44 53 ns 

6.0V 16 30 38 45 ns 

tpLH Maximum Propagation 2.0V 80 175 220 263 ns 
Delay Inhibit to Output 4 .. 5V 19 35 44 53 ns 

6.0V 17 30 38 45 ns 
, 

Is Minimum Set Up Time, 2.0V 100 125 150 ns 
Data to LE 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

tH Minimum Hold Time, 2.0V 0 0 0 ns 
LEtoData 4.5V 0 0 0 ns 

6.0V 0 0 0 ns 

tw Minimum Pulse Width, 2.0V 80 100 120 ns 
Latch Enable 4.5V 16 20 24 ns 

6.0V 14 17 20 ns 

CPD Power Dissipation pF 
Capacitance 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: CpO determines the no load dynamic power consumption. Po=Cpo Vee2 I+lee Vee. and the no load dynamic current consumption. 
Is = CPO vee 1+ Icc. 
Nota 6: Refer to Section 1 for Typical MM54174HC AC Switching Waveforms and Test Circuits. 
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Logic Diagram 

AIl:lI 9 81 

Hl:1I10 82 

nCO 7 S4 

Alell 6 S5 

HCll 5 S6 

ABCll 457 

DATA 
linD 18 sa 

TL/F/5215-2 
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~National 
~ Semiconductor 
MM54HC4538/MM74HC4538 Dual 
Retriggerable Monostable Multivibrator 

General Description 
The MM54HC4538/MM74HC4538 high speed monostable 
multivibrators (one shots) are implemented in micro· 
CMOSTM Technology, 3.5 micron silicon gate P·well CMOS. 
They feature speeds comparable to low power Schottky 
TTL circuitry while retaining the low power and high noise 
immunity characteristic of CMOS circuits. 

Each multivibrator features both a negative, A, and a posi· 
tive, B, transition triggered input, either of which can be 
used as an inhibit input. Also included is a clear input that 
when taken low resets the one shot. The 'HC4538 is reo 
triggerable. That is, it may be triggered repeatedly while 
their outputs are generating a pulse and the pulse will be 
extended. 

Pulse width stability over a wide range of temperature and 
supply is achieved using linear CMOS techniques. The out· 

Connection Diagram 

Voo T1B 
Aa Ba CIa Us 

12B Coa INPUT INPUT OUT OUT 

~-----Ico 

TIA T2A COA AA BA QA iiA Vss 
INPUT INPUT OUT OUT 

TOP VIEW 
TL/F/5217-1 

MM54HC4538/MM74HC4538 

54HC4538 (J) 74HC4538 (J,N) 

Truth Table 

Clear 
L 
X 
X 
H 
H 

H = High Level 
L = Low Level 

Inputs 

A 
X 
H 
X 
L 
t 

t = Transislion from Low 10 High 
J. = Translstion from High 10 Low 

B 
X 
X 
L 
J. 
H 

Outputs 

Q Q 
L H 
L H 
L H 

..n. "1.r 

..n. "1.r 

..n. = One High Level Pulse 
"1.r = One Low Level Pulse 

X = Irrelevant. 

put pulse equ;ition is Simply: PW = 0.7(R) (C) where PW is in 
seconds, R is in Ohms, and C is in Farads. This device is pin 
compatible with the CD4528, and the CD4538 one shots. All 
inputs are protected from damage due to static discharge by 
diodes to Vcc and ground. 

Features 
• Schmitt trigger on A and B inputs 
• Wide power supply range: 2-6V 
• Typical Trigger Propagation Delay: 32 ns 

• Fanout of 10 LS·TTL loads (74HC) 
• Low Input current: 1 p.A max 

. Block Diagram 

ex RX 

6 4---.. 5-___ '" 

7 

RX 
VOO 

14 

·10 
12_~ __ 
11-____ ~ 

9 

13 ____ ....J 

RX AND eX ARE EXTERNAL COMPONENTS 
TLlF/5217-2 
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Absolute Maximum Ratings (Notes 1 and 2) Operating Conditions 
Supply Voltage(VeC> -0.5 to +7.0V Min Max Units 
DC Input Voltage(VIN) -1.5toVcc+1.5V Supply Voltage(Vcc) 2 6. V 

DC Output Voltage(VOUT) -0.5 to Vcc+0.5V DC Input or Output Voltage 0 Vcc V 

Clamp Diode Current(lIK. 10K> ±20mA (VIN.VOUT) 

DC Output Current. per pin(IOUT) ±25mA Operating Temperature Range(TJI} 

DC Vee or GND Current. per pin(lcc) ±50mA MM74HC -40 +85 ·C 
MM54HC -55 +125 ·C 

Storage Temperature Range(T STG) -65·Cto +1500C Input Rise or Fall Times (Reset only) 
. Power Dissipation(Po) (Note 3) 500mW (t,. tf) Vee=2.0V 1000 ns 
Lead Temperature(T L.l (Soldering 10 seconds) 260·C Vcc=4.5V, 500 ns 

Vcc=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25·C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 85·C TA= -55 to 125"C Units 

Typ Guaranteed Limits 

VIH Minimum High Level Input 2.0V 1.5 1.5 / 1.5 V 
Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

Vil Maximum Low Level Input 2.0V 0.3 0.3 0.3 V 
Voltage, 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level Output VIN=:,VIHorVll 
'Voltage IIOUTI';;20 p,A 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN=VIH orVll 
lIoUTI';;4.0 rnA 4.5V 3.98 3.84 3.7 V 
IIOUTI';;5.2 rnA 6.0V 5.48 5.34 5.2 V 

VOL Maximum Low Level Output- VIN=VIH orVIL 
Voltage IIOUTI';;20 p,A 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0,1) V 
6.0V 0 0.1 0.1 0.1 V 

VIN=VIH orVIL 
IIOUTI,;; 4mA 4.5V 0.26 0.33 0.4 V 
IIOUTI ,;; 5.2 rnA 6.0V 0.26· 0.33 0.4 V 

liN Maximum Input Current VIN = Vcc or GND 6.0V ±0.5 ±5.0 ±10 p,A 
(Pins 2.14) 

liN Maximum Input Current VIN=VccorGND 6.0V ±0.1 ±1.0 ±1.0 p,A 
(All other pins) 

Icc Maximum Quiescent Supply VIN=VeeorGND 
Current IOUT=Op,A 6.0V 100 150 250 400 p,A 

Pins 2 and 14=0.5Vcc 

Nole I: Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise speclffed all voltages are referenced to ground. 
Note 3: Power DIssipation Temperature Derating: Plastic "N" Package: -12mW re from 65°e to 85°e Ceramic "J" Package: -12mW rc from l00"C to 125°C 
Note 4: For a power supply of 5V ±10% the worst case output voltages (VOH. and Vou occur for HC at 4.5V. Thus the 4.5V values should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = 5.5V and 4.5V respectively. (The VIH value at 5.5V Is 3.85V,) The worst case leakage current 
(liN. IcC. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 

'\ 
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AC Electrical Characteristics Vcc=5V, TA=25' C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ Limit Units 

tpLH Maximum Propagation Delay A, or B to Q 23 45 ns 

tpHL Maximum Propagation Delay A, or B to Q 26 50 ns 

tpHL Maximum Propagation Delay Clear to Q 23 45 ns 

tpLH Maximum Propagation Delay Clear to Q 26 45 ns 

tw Minimum Pluse Width A, B or Clear 10 16 ns 

AC Electrical Characteristics CL =50 pF tr=tf=6 ns (Unless otherwise specified) 

TA=25'C 
74HC 54HC 

Symbol Parameter Conditions Vee TA= -40 to 8S'C TA= -55 to 125'C Units, 
Typ Guaranteed Limits 

tpLH Maximum Propagation 2.0V 100 250 315 373 ns 
Delay A, or B to Q 4.5V 25 50 63 75 ns 

6.0V 21 43 54 63 ns 

tPHL Maximum Propagation 2.0V 110 275 347 410 ns 
Delay A, or B to Q 4.5V 28 55 69 82 ns 

6.0V 23 47 59 70 ns 

tpHL Maximum Propagation 2.0V 100 250 315 373 ns 
Delay Clear to Q 4.5V 25 50 63 75 ns 

tl.OV 21 43 54 63 ns 

tPLH Maximum Propagation 2.0V 110 275 347 410 ns 
Delay Clear to Q 4.5V 28 55 69 82 ns 

S.OV 23 47 59 70 ns 

trLH, tTHL Maximum Output 2.0V 30 75 95 110 ns 
Rise and Fall 4.5V 10 15 19 22 ns 
Time 6.0V 8 13 16 19 ns 

tr, tf Maximum Input 2.0V 1000 1000 1000 ns 
Rise and Fall 4.5V 500 500 500 ns 
Time (Reset only) 6.0V 400 400 400 ns 

tw Minimum Pluse Width 2.0V 80 101 119 ns 
A,B,Clear 4.5V 16 20 24 ns 

6.0V 14 17 20 ns 

two Output Pulse Width Cx=12pF Min 3.0V 283 190 ns 
Rx=l kO 5.0V 147 120 ns 

Max 3.0V 283 400 ns 
5.0V 147 185 ns 

two Output Pulse Width Cx=100pF Min 3.0V 1.2 ,""S 
Rx=10 kO 5.0V 1.0 ,""S 

Max 3.0V 1.2 ,""S 
5.0V 1.0 ,""S 

two Output Pulse Width Cx=1000pF Min 3.0V 10.5 9.4 ,""S 
Rx=10 kO 5.0V 10.0 9.3 ,""S 

Max 3.0V 10.5 11.6 ,""S 
5.0V 10.0 11.7 ,""S 

qN Maximum Input 25 pF 
Capacitance (Pins 2 & 14) 

CIN Maximum Input 5 10 10 10 pF 
Capacitance (Other Inputs) 

CPO Power Dissipation (per one shot) 150, pF 
Capacitance (Note 5) 

atwo Pulse Width Match 
Between Circuits in ±1 % 
Same Package 

Note 5: Cpo determines the no load dynamic consumption, Po = Cpo Vec2f+lce Vee. and the no load dynamic current consumption. Is = Vee f + Icc. 
Note 6: Refer to Section 1 for Typical MM54174HC AC Switching Waveforms and Test Circuits. 

, 
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Logic Diagram 

r U~REF;;'CE-' - O;'PUT - -, 
CIRCUIT LATCH 

I 
I 
I 
I 

_ R;!TLA,.!2!4 ____ ...I 
TLlF/5217-3 

Circuit Operation 
The 'HC4538 operates as follows (refer to logic diagram). In 
the quiescent state, the external timing capacitor, Cx, is 
charged to Vee. When a trigger occurs, the Q output goes 
high and Cx discharges quickly to the lower reference volt­
age (VREF Lower = % Vee). Cx then charges, through Rx, 
back up to the upper reference voltage (VREF Upper = % 
Vee), at which point the one-shot has timed out and the Q 
output goes low. 

The following, more detailed description of the circuit opera­
tion refers to both the logic diagram and the timing diagram. 

QUIESCENT STATE 
In the quiescent state, before an input trigger appears, the 
output latch is high and the reset latch is high (#1 in logic 
diagram). 

Thus the Q output (pin 6 or 10) of the monostable multivibra­
tor is low (#2, timing diagram). 

The output of the trigger-control circuit is low (# 3), and tran­
sistors M1, M2, and M3 are turned off. The external timing 
capacitor, Cx, is charged to Vee (#4), and the upper refer­
ence circuit has a low output (# 5). Transistor M4 is turned 
on and transmission gate T1 is turned off. Thus the lower 
reference circuit has Vee at the noninverting input and a 
resulting low output (#6). 

In addition, the output of the trigger-control reset circuit is 
low. 

TRIGGER OPERATION 
The 'HC4538 is triggered by either a rising-edge signal at 
input A (# 7) or a falling-edge signal at input B (# 8), with the 

. unused trigger input and the Reset input held at the voltage 
levels shown in the Function Table. Either trigger signal will 
cause the output of the trigger-control circuit to go high 
(#9). . 
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Timing Diagram 

\ STATE 'I' (A INPUT) (B INPUT) 'hi' rQUIESCENT I TRIGGER CYCLE_r=TRIGGER CYCLE 

TRIGGER INPUT A ev ........ i-------:l1 (PIN 40R12) _ 10 ____ -+ ________ .... 

TRIGGER INPUT B ®LJ. r---------------------
(PIN 5 OR 11) 

~~-----...Irllo--------.... TRIGGER-CONTROL ® 
CIRCUIT OUTPUT ___ !-_ 

CD 
Rx/Cx INPUT -~@~""I/ 
(PIN 20R 14) 12 ___ ~ 

\'liEF LOWER I'@ ® VREF UPPER 
UPPER REFERENCE 

CIRCUIT 
® r-l@ r-l ... ____ ---orn ___ _ 

LOWER REFERENCE 
CIRCUIT 

@ 
® n@ n " _____ R-] ___ __ 

RESETINPUT-----------------------~'zii'~Ur------------

(PIN 3 OR 13) lei 

RESET LATCH 

(PI~~~~~~_...;®;;...~I ,~1@;;;;;9 ____ .. I n-.-J L-
I-T-I !-T-!!----....I I---T+trr---l ' 

The trigger-control circuit going high simultaneously initiates 
three events. First, the output latch goes low, thus taking 
the Q output of the 'HC4538 to a high state (#10). Second, 
transistor M3 is turned on, which allows the external timing 
capacitor, Cx, to rapidly discharge toward ground (#11). 
(Note that the voltage across Cx appears at the input of the 
upper reference circuit comparator). Third, transistor M4 is 
turned off and transmission gate T1 is turned on, thus allow­
ing the voltage across Cx to also appear at the input of the 
lower reference circuit comparator. 

When Cx discharges to the reference voltage of the lower 
reference circuit (#12), the outputs of both reference cir­
cuits will be high (#13). The trigger-control reset circuit goes 
high, resetting the trigger-control circuit flip-flop to a low 
state (#14). This turns transistor M3 off again, allowing Cx 
to begin to charge back up toward Vee, with a time constant 
t = RxCx (#15). In addition, transistor M4 is turned on and 
transmission gate T1 is turned off. Thus a high voltage level 
is applied to the input of the lower reference circuit compar­
ator, causing its output to go low (#16). The monostable 
multivibrator may be retriggered at any time after the trigger­
control circuit goes low. 

When Cx charges up to the reference voltage of the upper 
reference circuit (#17), the output of the upper reference 
circuit goes low (#18). This causes the output latch to tog-
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gle, taking the Q output of the 'HC4538 to a low state (#19), 
and completing the time-out cycle. 

RESET OPERATION 

A low voltage applied to the Reset pin always forces the Q 
output of the 'HC4538 to a low state. 

The timing diagram illustrates the case in which reset oc­
curs (#20) while Cx is charging up toward the reference 
voltage of the upper reference circuit (# 21). When a reset 
occurs, the output of the reset latch goes low (# 22), turning 
on transistor M1. Thus Cx is allowed to quickly charge up to 
Vee (#23) to await the next trigger signal. 

RETRIGGER OPERATION 

In the retriggerable mode, the 'HC4538 may be retriggered 
during timing out of the output pulse at any time after the 
trigger-control circuit flip-flop has been reset (#24). Be­
cause the trigger-control circuit flip-flop resets shortly after 
Cx has discharged to the reference voltage of the lower 
reference circuit (#25), the minimum retrigger time, trr is a 
function of internal propagation delays and the discharge 
time of Cx: 

Vec(volts) • Cx(pF) , 
t,,(ns) "" 72 + 30.5 ' at room temperature 



POWER-DOWN CONSIDERATIONS 
Large values of Cx may cause problems when powering 
down the HC4538 because of the amount of energy stored 
in the capacitor. When a system containing this device is 
powered down, the capacitor may discharge from Vee 
through the input protection diodes at pin 2 or pin 14. Cur­
rent through the protection diodes must be limited to 30 mA; 
therefore, the turn-off time of the Vee power supply must 
not be faster than t = VeeeCx/(30 mAl. For example, if 
Vee = 5V and Cx = 15 p.F, the Vee supply must turn off no 
faster than t = (15V)e(15 p.F)/30 mA = 2.5 ms. This is 
usually not a problem because power supplies are heavily 
filtered and cannot discharge at this rate. 

When a more rapid decrease of Vee to zero volts occurs, 
the HC4538 may sustain damage. To avoid this possibility, 
use an external clamping diode, Ox, connected from Vee to 
the Cx pin. 
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~National 
~ Semiconductor 

MM54HC4543/MM74HC4543 BCD-to-7 Segment 
Latchl Decoder/Driver for Liquid Crystal Displays 

General Description 
The MM54HC4543/MM74HC4543 BCD-to-7 segment 
latch/decoder/driver utilize microCMOSTM Technology, 3.5 
micron silicon gate P-well CMOS, and can be used either as 
a high speed decoder or as a display driver. This circuit 
contains a 4-bit latch, BCD-to-7 segment decoder, and 7 
output drivers. Data on the input pins flow through to the 
output when the LATCH ENABLE (LE) is high and is latched 
on the high to low transition of the LE input. The PHASE 
input (PH) controls the polarity of the 7 segment outputs. 
When PH is low the outputs are true 7 segment, and when 
PH is high the outputs are inverted 7 segment. When the 
PHASE input is driven by a liquid crystal display (LCD) back-

, plane waveform the segment pins output the correct seg­
ment waveform for proper LCD AC drive voltages. 

In addition a BLANKING INPUT (BI) is provided, which will 
blank the display. 

Connection Diagram 

LE c 

15 

2 

Dual-In-Llne Package 

9 e 

14' 13 

3 4 

B D 

d 

12 

5 

A 

c 

11 

6 

Ph 

MM54HC4543/MM74HC4543 

54HC4543 (J) 74HC4543 (J,N) 

b a 

10 9 

-

7 

BI 
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The MM54HC4543/MM74HC4543 are functionally and pin­
out equivalent to the CD4543BC/CD4543BM and, the 
MC14543BAlMC14543BC. All inputs are protected from 
damage due to static discharge by diodes to Vee and 
ground. 

Features 
• Typical propagation delay: 60 ns 
• Supply voltage range: 2-6V 
• Maximum input current: 1 ,.,.A 
• Maximum quiescent supply current: 80 ,.,.A (74HC) 

• Display blanking 
• Low dynamic power consumption 

Truth Table 
Inputs Outputs 

LE BI Ph' D C B A a b c d e I 9 Display 

X H L X X X X L L L L L L L Blank 

H L L L, L L L H H H H H H 'L Q 

H L L L L L H L H H L L L L 1 
H L L L L H L H H L H H L H 2 
H L L L L H H H H H H L L H 3 

H L L L H L L L H H L L H H 4 
H L L L H L H H L H H L H H 5 
H L L L H H L H L H H H H H 6 
H L L L H H H H H H L L L L 7 

H L L H L L L H H H H H H H 6 
H L L H L L H H H H H L H H 9 
H L L H L H L L L L L L L L Blank 
H L L H L H H L L L L L L L Blank 

H L L H H L L L L L L L L L Blank 
H L L H H L H L L L L L L L Blank 
H L L H H H L L L L L L L L Blank 
H L L H H H H L L L L L L L Blank 

L L L X X X X 
Inverse of Output Display 

H Combinations as 
Above above 

X-Don't care 
t = Same as above combinations 
'= For liquid crystal readouts. apply a square wave to Ph . 
.. = Depends upon the BCD code previously applied when LE-H 

Display Format . 
",,;;, . . ,-,. 
T 

11-,,1 , _,I =/'1'_'1'= I'':; 1-,I/=tI'3 
~-I "- 1_ I '1_'1'_ '11_'1_' 

TL/F/5128-2 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee) -0.5 to +7.0V Min Max Units 
DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(Vee) 2 6 V 

DC Output Voltage (VOUT) -0.5 to Vee + 0.5V . DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K. 10K> ±20mA (VIN.VOUT) 

-DC Output Current. per pin (lOUT) ±25mA Operating Temperature Range(T Al 
MM74HC -40 +85 ·C 

DC Vee or GND Current. per pin {IcC> ±50mA MM54HC -55 +125 ·C 
Storage Temperature Range (T STG) -65·Cto +150·C Input Rise or Fall Times 
Power Dissipation (Po) (Note' 3) 500mW (t,. t,) Vee=2.0V 1000 ns 
Lead Temperature (T U (Soldering 10 seconds) 260·C, Vee = 4.5V 500 ns 

Vee=6.0V 400 ns 

DC Electrical Characteristics (Note 4) 

TA=25·C 
74HC 54HC 

TA=-40to85·C TA=-55to125"C 
Symbol Parameter Conditions Vee Units 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH Minimum High Level VIN=VIH orVIL 
Output Voltage IIOUTI~20 /LA 2.0V 2.0 1.9 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 V 

VIN = VIH or VIL 
II0UTI~0.4 mA 4.5V 4.2 3.98 3.84 3.7 V 
IIOUTI~0.52 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN=VIH orVIL 
Output Voltage IIOUTI~20 /LA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 '0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN=VIHorVIL 
IIOUTI s: 0.4 mA 4.5V 0.2 0.26 0.33 0.4 V - IIOUTI~0.52 mA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input, VIN=Vee or GND 6.0V ±0.1 ±1.0 ±1.0 /LA 
Current 

lee Maximum Quiescent VIN";Veeor GND 6.0V 8.0 80 160 /LA 
Supply Current 10UT=0/LA 

Nole I: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation. temperature derating - plastic "N" package: -12 mW I'C from 6S'C to 8S'C; ceramic "J" package: -12 mW I'C from 
100'C to 12S·C. 
Note 4: For a power supply of SV ±10% the worst case output voltages (VOH. and VoLl occUr for HC at 4.SV. Thus the 4.SV velues should be used when 
designing with this supply. Worst case VIH and VIL occur at Vee = S.SV and 4.SV respectively. (The VIH value at S.SV Is 3.8SV.) The worst case leakage current (liN. 
Icc. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 
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, AC Electrical Characteristics 
Vcc=5V, TA=25°C, CL =15 pF, tr=tf=6 ns 

Symbol Parameter Conditions Typ Guaranteed 
Units Limit 

tpHL, tpLH Maximum Propagation 60 100 ns 
Delay Data LE, 81, Ph to Output 

ts Minimum Set Up Time 20 ns 
LEto Data 

tH Minimum Hold Time 10 ns , 
DatatoLE 

tw Minimum LE Pulse Width 16 ns 

) 

AC Electrical Characteristics CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

TA=2SoC 
74HC 54HC 

TA= -40 to 85°C TA=-SSt012SoC 
Symbol Parameter Conditions Vee Units 

Typ Guaranteed Limits 

tpHL, tpLH Maximum Propagation 2.0V 300 600 760 895 ns 
Delay Data LE, Ph, BI to Output 4.5V 60 120 151 179 ns 

.6.0V 51 102 129 152 ns 

ts Minimum Set Up Time 2.0V 100 125 150 ns 
LEtoData 4.5V 20 25 30 ns 

6.0V 17 21 25 ns 

tH Minimum Hold Time 2.0V 50 63 75 ns 
Data to LE 4.5V 10 

, 
13 15 ns 

6.0V 9 11 13 ns 

tw Minimum LE Pulse Width 2.0V 80 100 120 ns 
4.5V 16 20 24 ns 
6.0V 14 17 20 ns 

CPO Power Dissipation pF 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: CPO determines the no load dynamic power consumption. Po=Cpo vcc2 I+lec Vce. and the no load dynamic current consumption. 
Is=Cpo Vce I+lec· 
Note 6: Refer to Section t for Typical MM54174HC AC Switching Waveforms and Test Circuits . 

• 
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Logic Diagram 

II ... 
.. ~ I' I 

L ..... I" ... 
1 

... ---r1c ' ~ -l....) 
Ln 

II >---!. 
~ r-

3 .. ... r:::-:- -U :-nJ tn ~ 
~ L 

... J I .......... -.~ 1 -::- - ~ .....,....... . ... .. I .. Lnc- 1 ->+= ~ .. 1 .. 1 --.... 
~ - ~ 

1 "-
... 

;:f"").l-- ---, . .. "- ~ tIS.:' I'" ... I I 
..' -"- Extlulh'tOR ... .----------, 

1 .. YCC-Pfn1' I .. .. OND -PInS LE ~ ~~---~.~~: 
TL/F/5128-3 

Typical Applications 

. 4 Digit LCD Display 

- - - -I I I I I I I I 
I-I - - -I I· I-I I I -. - -BP BP BP r- BP 

) 11111 l' . · . · · , · 8'··""1 
.bCd.'1I 

yP~ 
bede', 

Ph '-1 Ph Ph 

LE 81 ABeD LE 81 ABeD LEBIABCD IN ABC D 

I 

1\ 
. 

........ 
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0. .. { ....... 

-"- _ ... -"- ......... 
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~National PRELIMINARY 

~ Semiconductor 

MM54HC4560/MM74HC4560 4 Bit BCD Adder 

General Description Features 
• Wide supply range: 2V to 6V This silicon gate CMOS adder performs the addition at LS­

TIL speeds of two 4-bit numbers in NBCO (natural binary 
coded decimal) format, resulting in sum and carry outputs in 
NBCO code. 

• Low quiescent consumption: 8 /LA at 25'C 

This device can also subtract when one set of inputs is 9's 
Complemented 
All inputs and outputs are active high. The carry input for the 
least significant digit is connected to GNO for no carry in. 
All inputs are protected from damage due to static dis­
charge by internal diode clamps to. Vee and ground. 

Connection Diagram 

• Low input current: < 1 /LA 
• Fanout of 10 LS-TIL loads 

Dual-In-Llne Package 

Vee Al Bl 81 82 83 84 COUT 

b6 15 14 13 12 11 10 9 

1 4 7 18 
A2 B2 A3 B3 A4 B4 GIN GND 

1LIF/5374-1 

MM54HC4560/MM74HC4560 

54HC4560 (J) 74HC4560 (J,N) 

Truth Table* 
INPUT OUTPUT 

A4 AS A2 A1 B4 B3 B2 B1 CIN COUT S4 S3 

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

0 0 0 0 0 0 0 
0 0 0 0 1 0 0 
1 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 l' 0 

0 0 0 1 1 0 

'Partlal truth table to show logic operation for representative input values 
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Absolute Maximum Ratings (Notes 1 and 2) Operating Conditions 
Supply Voltage (Vee) -0.5 to +7.0V Min Max' Units 

DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(Vee) 2 6 V 

DC Output Voltage (Vour) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vcc V 

Clamp Diode Current (11K. 10K! ±20rnA (VIN.Vour) 

DC Output Current. per pin (lour) ±25rnA Operating Temperature Range(T Al 
MM74HC -40 +85 ·C 

DC Vee or GND Current. per pin (Icc) ±50mA MM54HC -55 +125 ·C 
Storage Temperature Range (T 8TG) -65·Cto + 150"C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (t,. tt) Vee = 2.0V 1000 ns 
Lead Temperature (T u '(Soldering 10 seconds) 300"C Vee=4.5V 500 ns 

Vee=6.0V 400 ns 
I 

DC Electrical Characteristics (Note 4) 

TA=25·C 
74HC 54HC 

TA=-40t085"C TA= -55 to 125·C 
Symbol Parameter Conditions Vee Units 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0V 1.5 1.5 1.5 V 
Input Voltage 4.5V 3.15 3.15 3.15 V 

6.0V 4.2 4.2 4.2 V 

VIL Maximum Low Level 2.0V 0.3 0.3 0.3 V 
Input Voltage 4.5V 0.9 0.9 0.9 V 

6.0V 1.2 1.2 1.2 V 

VOH' Minimum High Level VIN = VIH or VIL 
Output Voltage IlourlS:20 pA 2.0V 2.0 1.9 - 1.9 1.9 V 

4.5V 4.5 4.4 4.4 4.4 V 
6.0V 6.0 5.9 5.9 5.9 'V 

VIN=VIH orVIL 
IlourlS:4.0 rnA 4.5V 4.2 3.98 3.84 3.7 V 
IlourlS:5.2 mA 6.0V 5.7 5.48 5.34 5.2 V 

VOL Maximum Low Level VIN = VIH or VIL 
Output Voltage lIourl s: 20 pA 2.0V 0 0.1 0.1 0.1 V 

4.5V 0 0.1 0.1 0.1 V 
6.0V 0 0.1 0.1 0.1 V 

VIN = VIH or VIL 
IlourlS:4 rnA 4.5V 0.2 0.26 0.33 0.4 V 
Iiourl s: 5.2 rnA 6.0V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN = Vee or GND 6.0V ±.o.1 ±1.0 ±1.0 p.A 
Current 

Icc Maximum Quiescent VIN=VeeorGND 6.0V 8 80 160 p.A 
Supply Current lour=O p.A 

Nota 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur, 
Nota 2: Unless otherwise speclfled all voltages are referenced to ground. , 
Nota 3: Power Dissipation temperature derating - plastic uN" package: '-12 mWrC from 6S"C to 8S"C; ceramic UJ" package: -12 mWrC from 
l00"C to 12S"C. 
Nota 4: For a power supply of SV ± 10% the worst case output voltages (YOH. and VoLl occur for HC at 4.SV. Thus the 4.SV values should be used when 
designing with this supply. Worst case VIH and VIL occur at vee =5.SV and 4.SV respectNely. (The VIH value at S.SV Is 3.8SV.) The worst case leakage current (lIN. 
Icc. and lozl occur for CMOS at the higher voltage and so the 6.0V values should be used. 

4-414 



AC Electrical Characteristics 
Vcc=5V. TA=25'C. CL =15 pF.'tr=t,=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpHL. tpLH Maximum Propagation 30 ns 
Delay From A or B to 8n 

tpHL. tpLH Maximum Propagation 30 ns 
Delay From A or B to COUT 

tpHL. tpLH Maximum Propagation 25 ns 
Delay From CIN to COUT 

tPHL. tpLH Maximum Propagation 25 ns 
Delay From CIN to 8n 

At I Electrical Characteristics 
CL =50 pF. tr=t,=6 ns (unless otherwise specified) 

TA=25'C 
74HC 54HC 

TA=:"'40to85'C TA=-55to125'C 
Symbol Parameter Conditions Vee Units 

Typ Guaranteed Limits 

tpHL. tpLH . Maximum Propagation 2.0V 75 175 219 262 ns 
Delay From A or B to 8n 4.5V 21 35 44 53 ns 

6.0V 18 30 38 45 ns 

tpHL. tpLH Maximum Propagation 2.0V 73 175 219 262 ns 
Delay From A or B t~ COUT 4.5V 20 35 44 53 ns 

6.0V 18 30 38 45 ns 

tpHL. tpLH Maximum Propagation 2.0V 63 150 189 225 ns 
Delay From CIN to COUT 4.5V 18 30 38 45 ns 

6.0V 16 26 32 39 ns 

tpHL. tpLH Maximum Propagation 2.0V 63 150 189 225 ns 
Delay From CIN to 8n 4.5V 18 30 38 45 ns 

6.0V 16 26 32 39 ns 

trHL. tTLH Maximum Output 2.0V 30 75 95 110 ns 
Rise and Fall 4.5V 8 15 19 22 ns 
Time 6.0V 6 13 16 19 ns 

CIN Maximum Input 5 10 10 10 ,...F 
Capacitance 

CPO Power Dissipation (Note 5) ,...F 
Capacitance 

Note 5: CPO determines the no load dynarrilc power consumption. Po= CPO Vcc2 1+ ICC Vcc. and the no load dynamic current consumption. 
Is=Cpo VCC f+lcc· 
Nole 6: Refer to Section 1 for Typical MM54174HC AC Switching Waveforms and Test Circuits. 

-
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Section 5 

MM54HCT/MM74HCT 
Data Sheets 



~Nattonal 
~ Semiconductor 

PRELIMINARY 

MM54HCTOO/MM74HCTOO Quad 2 Input NAND Gate 

General Description 
The MM54HCTOO/MM74HCTOO are logic functions fabri­
cated using mlcroCMOSTM' Technology, 3.0 micron silicon 
gate N-well CMOS, which provides the inherent benefits of 
CMOS-low quiescent power and wide power supply range. 
These devices are input and output characteristic and pin­
out compatible with standard DM54LS174LS logic families. 
All inputs are protected from static discharge damage by 
Internal diodes to Vee and ground. 
MM54HCT IMM7 4HCT devices are intended to interlace be­
tween TIL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS-

Connection Diagram' 

TIL devices and. can be used to reduce power consumption 
in existing designs. 

Features 
• TIL, LS pin-out and threshold compatible 
• Fast switching: tpLH, tpHL = 8 ns (typ) . 
• Low power: 10 p.W at DC, 2.5 mW at > 5 MHz 
• High fan·out, 10 LS-TIL loads 

Dual-In-Una Packaga 

A1 11 Y1 A2 12 Y2 

MM54HCTOO/MM74HCTOO 

54HCTOO (J) 74HCTOO (J,N) 

5-2 

7 

UNO 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee> -0.5 to + 7.0V Min Max Units 
DC InputVoltage (VIN) -1.5 to Vee+1.5V Supply Voltage (Vee> 4.5 5.5 V 
DC Output Voltage (VOUT) -0.5 to Vcc+0.5V DC Input or Output Voltage 0 Vee V 
Clamp Diode Current (11K: 10K> ±20mA (VIN,VOUT) 
DC Output Current, per pin (lOUT) ±25mA 

Operating Temperature Range (TAl 
DC Vee or GND Current, per pin (Ice> ±50mA 
Storage Temperature Range (T STG) -65'Cto +150'C 

MM74HCT -40. +85 'C 

Power Dissipation (PD) (Note 3) 500mW 
MM54HCT -55 +125 'C 

Lead Temperature (TO (Soldering 10 seconds) 260'C Input Rise or Fall Times 

(tr' ttl 500 ns 

DC Electrical Characteristics Vee=5V ±10% (unless otherwise specified) 

TA=2S'C 
74HCT S4HCT 

TA =·-40 to 8S'C TA=-SSt012S'C Symbol Parameter Conditions Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0 2.0 2.0 V 
Input Voltage 

VIL Maximum Low Level ., 0.8 0.8 0.8 V 
Input Voltage 

VOH Minimum High Level VIN=VIH orVIL 
Output Voltage l'oUTI=20P.A Vee Vee- 0.1 Vee-0.1 Vee-O.1 V 

lOUT =4.0 mA, Vee=4.5V 4.2 3.98 3.84 3.7 V 
lOUT =4.8 mA, Vee=5.5V 5.7 4.98 4.84 4.7 V 

VOL Maximum Low Level VIN=VIH 
Voltage IIOUTI=20p.A 0 0.1 0.1 0.1 V 

lOUT =4.0 mA, Vee=4.5V 0.2 0.26 0.33 0.4 V 
lOUT =4.8 mA, Vee=5.5V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=VCCorGND ±0.1 ±1.0 ±1.0 ",A 
Current 

Icc Maximum Quiescent VIN=VccorGND 2.0 20 40 p.A 
Supply Current IOUT=Op.A 

VIN = 2.4V or O.4V (Note 4) 100 p.A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrO from 65'0 to 8S'C; ceramic "J" package: -12 mWrC from 
100'C to 125'0, 

Note: 4: This is measured per Input with all other Inputs held at Vec or ground. 

, 
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AC Electrical Characteristics Vcc=5.0V, t,.=t,=6 ns, CL =15 pF, TA=25'C, (unless otherwise noted) 

Symbol I Parameter I Conditions I Typ I Guaranteed Limit I Units 

tpLH, tpHL I Maximum Propagation Delay I I 10 I 15 '. I ns 

AC Electrical Characteristics Vcc=5.0V±10%, tr=t,=6 ns, CL =50 pF, (unless otherwise noted) 

TA=2S'C 
74HCT 54HCT 

TA';"-4!lto8S'C TA=-SSto125"C 
Symbol Parameter Conditions Units 

Typ Guaranteed Limits 

tpLH, tpHL Maximum Propagation Delay 10 18 24 27 ns 

trHL, tTLH Maximum Output Rise & Fall Time 8 15 19 22 ns 

CPO Power Dissipation Capacitance (Note 5) 20 pF 

CIN Input CapaCitance - 5 10 10 10 pF 

Nole 5: cpo determines the no load dynamic power ccnsumption, Po=cpo vee2 f+lee Vee, and the no load dynamic current ccnsumpUon, 
Is = Cpo Vee f+ Icc. 
Nole 6: Refer to Section 1 for Typical MM54174HCT AC Switching Waveforms and Test Circuits . 

. 
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.~National 
~ Semiconductor 

PRELIMINARY 

MM54HCT04/74HCT04 Hex Inverter 

General Description 
The MM54HCT04174HCT04 are logic functions fabricated 
using microCMOSTM Technology, 3.0 micron silicon gate N­
well CMOS, which provides the inherent benefits of CMOS -
low quiescent power and wide power supply range, but are 
input and output characteristic as well as pin-out compatible 
with standard DM54LS174LS devices. The MM54HCT041 
MM74HCT04, triple buffered, inverting hex inverters, feature 
low power dissipation and fast switching times. All inputs 
are protected from static discharge by internal diodes to 
Vee and ground. 

MM54HCT IMM7 4HCT devices are intended to interface be­
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS­
TTL devices and can be used to reduce power consumption 
in existing designs. 

Connection Diagram 

vrc 

114 

Al 

AS 

13 12 

V1 A2 

AS 

11 

Features 
• TTL, LS pin-out and threshold compatible 
• Fast switching: T PLH, T PHL = B ns (typ) 
• Low power: 10 p.Wat DC, 2.5 mW at 5 MHz 
• High fan-out: ~ 10 LS loads 
• Inverting, triple buffered 

V5 A4 V4 

10 

A3 V3 
J 
QND 

TLlF/5296-1 

MM54HCT04/MM74HCT04 

54HCT04 (J) 74HCT04 (J,N) 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee) -O.Sto +7.0V Min Max Units 
DC Input Voltage (VIN) -1.S to Vcc+ 1.SV Supply Voltage (Vee) 4.5 5.5 V 
DC Output Voltage (VOUT) -0.5 to Vcc+0.5V DC Input or Outpu1 Voltage 0 Vcc V 
Clamp Diode Current (11K, 10K> ±20mA (VIN,VOUT) 
DC Output Current, per pin (lOUT) ±25mA 

Operating Temperature Range (TAl DC Vee or GND Current, per pin (lee) ±SOmA 
MM74HCT -40 +85 ·C 

Storage Temperature Range (T 8TG) -65·Cto +150·(4 
MM54HCT -55 +125 ·C 

, 

Power Dissipation (Po) (Note 3) SOOmW 
Lead Temperature (TLl (Soldering 10 seconds) 260·C Input Rise or Fall Times 

(It-, ttl 500 ns 

DC Electrical Characteristics 
Vcc=5V ±10% (unless otherwise specified) 

TA=25"C 
74HCT 54HCT 

TA=-40t085·C TA= -55 to 125·C 
Symbol Parameter Conditions Units 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0 2.0 2.0 V 
Input Voltage 

VIL Maximum Low Level 0.8 0.8 0.8 V 
Input Voltage 

VOH Minimum High Level VIN=VIL 
Output Voltage lioUTI = 20 p.A Vcc Vcc-0.1 Vee-0.1 Vcc-0.1 V 

IloUTI=4.0mA, Vee=4.SV 4.2 3.98 3.84 3.7 V 
IIOUTI =4.8 mA, Vee = 5.5V, 5.7 4.98 4.84 4.7 V 

VOL Maximum Low Level VIN=VIH 
Voltage lioUTI=20 p.A 0 0.1 0.1 0.1 V 

lioUTI=4.0 mA, Vcc=4.5V 0.2 0.26 0.33 0.4 V 
IloUTI = 4.8 mA, Vee = S.5V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=VeeorGND ±0.1 ±1.0 ±1.0 p.A 
Current 

Icc Maximum Quiescent VIN=VccorGND 2.0 20 40 p.A 
Supply Current IOUT=Op.A 

VIN=2.4VorO.4V (Note 4) 100 p.A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
/ Note 2: Unless othelWise specified all voltages are referenced to ground. 

Note 3: Power Dissipation. temperature derating - plastic UN" package: -12 mWrC from 65·C to 85·C; ceramic uJu package: -12 mWrC from 
100"C to 125"C. 
Note: 4: This Is measured per input with all other Inputs held at Vee or ground, 

. 
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AC Electrical Characteristics 
Vcc=5.0V, tr=tf=6 ns, CL =15 pF, TA=25°C, (unless otherwise noted) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpLH, tpHL Maximum ProPllgation 10 15 ns 
Delay , 

AC Electrical Characteristics 
Vcc=5.0V±10%, tr=tf=6 ns, CL =50 pF, (unless otherwise noted) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions 
TA=-40t085°C TA= -55to 125"C 

Units 
Typ Guaranteed Limits 

tpLH, tpHL Maximum Propagation Delay 10 18 24 27 ns 

trHL, tTLH Maximum Output Rise & Fall Time 8 15 19 22 ns 

CPO Power Dissipation Capacitance (Note 5) 20 pF 

GIN Input Capacitance 5 10 10 10 pF 

Note 5: CpO determines the ~o load dynamic power comsumption. Po=Cpo Vcc2 1+lee Vee. and the no load dynamic current consumption. IS = Cpo Vee I 
+Iee· 
Note 6: ReIer to Section 1 lor Typical MM54174HCT AC Switching Waveforms and Test Circuits. 

, 

\ 
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~National 
~ Semiconductor 

PRELIMINARY 

MM54HCT05/MM74HCT05 Hex Inverter (Open Drain) 

General Description 
The MM54HCT05/MM74HCT05 are logic functions fabri­
cated using microCMOSTM Technology, 3.0 micron silicon 
gate N-well CMOS, which provides the inherent benefits of 
CMOS-low quiescent power and wide power supply range. 
These devices are also input-output characteristically and 
pin-out compatible with standard DM54LS/DM74LS logic 
families. The MM54HCT05/MM74HCT05 open drain Hex 
Inverter requires the addition of an external resistor to per­
form a wire-NOR function. 

All inputs are protected from static discharge damage by 
internal diodes to Vee and ground. 

MM54HCT/MM74HCT devices are intended to interface be­
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS­
TTL devices and can be used to reduce power consumption 
in existing designs. 

Connection Diagram 

A6 Y6 

13 12 

AI V1 A2 

AS 

Features 
• Open drain for wire-NOR function 
,. LS-TTL pinout and threshold compatible 

• Fan-out of 10 LS-TTL loads 
• Typical propagation delays: 

. tpLH (with 1 k!1 resistor) 10 ns 
tpHL (with 1 k!1 resistor) 8 ns 

YS A4 Y4 

11 10 9 8 

Y2 A3 Y3 GND 
TL/F/5069-1 

MM54HCT05/MM74HCT05 

54HCT05 (J) 74HCT05 (J,N) 

Logic Diagram Typical Application 

~OUTPUT 

"""~9 
TLIF/5358-2 

TLIF/5358-3 

MM54HCT05/MM74HCT05 
Note: Can be extended to more than 2 inputs. 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vcel -0.5 to +7.0V Min Max Units 

DC Input Voltage (VIN) -1.5 to Vcc+1.5V Supply Voltage(Vcel 4.5 5.5 V 

DC Output Voltage (VOUT) -0.5 to Vcc+ 0.5V DC Input or Output Voltage 0 Vcc V. 

Clamp Diode Current (ilK, 10K) ±20mA (VIN,VOUT) 

DC Output Current, per pin (lOUT) ±25mA Operating Temperature Range(T A) 
MM74HCT -40 +85 'c 

DC Vcc or GND Current, per pin (Icel ±50mA MM54HCT -55 +125 'c 
Storage Temperature Range (T STG) -65'Cto + 150'C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (I"ttl 500 ns 
Lead Temperature (TO (Soldering 10 seconds) 260'C 

DC Electrical Characteristics (Vcc=5V ±10%, unless otherwise specified) 

TA~25'C 
74HCT 54HCT 

Symbol Parameter Conditions 
TA~-40to85'C TA~-55toI25'C 

Units , 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0 2.0 2.0 V 
Input Voltage 

VIL Maximum Low Level 0.8 0.8 0.8 V 
Input Voltage 

VOH Minimum High Level VIN ~ VIH or VIL. RL ~ 1 k/L 
Output Voltage IloUTI ~ 20 /LA Vee Vee 0.1 Vee 0.1 Vee 0.1 V 

VOL Maximum Low Level VIN~VIH 
Voltage IIOUTI~20 /LA 0 0.1 0.1 0.1 V 

IloUTI~4.0 mAo Vee~4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI~4.8 mAo Vee~5.5V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN ~ Vee 0' GND ±0.1 ±1.0 ±1.0 /LA 
Current 

ILKG Minimum High Level VIN~VIHorVIL. VOuT~Vee 0.5 5.0 10 /LA 
Output Leakage 
Current 

lee Maximum Quiescent VIN~VeeorGND 2.0 20 40 /LA 
Supply Current IOUT~OvA 

VIN~2.4VorO.4V 100 /LA 
(Note 4) 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation, temperature derating - plastic UN" package: -12 mwrc from 65°C to 85°C; ceramIc "J" package: -12 mWI'C from 
100'C to 125'C. 
Note 4: This is measured per Input with all other inputs held at Vee or ground. 

AC Electrical Characteristics Vcc=5V, TA=25'C, CL =15 pF, t r=tf=6 ns unless otherwise noted. 

Symbol Parameter Conditions Typ 
Guaranteed 

Units Limit 

tpHL Maximum Propagation Delay RL ~1 kn 8 15 ns 

tpLH Maximum Propagation Delay RL ~1 kn 9 16 ns 

AC Electrical Characteristics Vcc=5V ±10%, CL =50 pF, tr =tf=6 ns unless otherwise specified 

TA~25'C 
74HCT 54HCT 

TA~ -40 to 85'C TA~-55toI25'C 
Symbol Parameter 'Conditions Units 

Typ Guaranteed Limits 

tpHL Maximum Propagation RL ~1kn 10 18 24 27 ns 
Delay 

tpLH Maximum Propagation RL ~1kn 12 20 25 30 ns 
Delay 

tTHL Maximum Output 10 15 19 22 ns 
Fallnme 

CPO Power Dissipation (per gate) 20 pF 
Capacitance (Note 5) RL = 00 

CIN Maximum Input 5 10 10 pF 
Capacitance 

Note 5: CpO determines the no load dynamic power consumption, Po~ CPO Vee2 f+ IcC Vee. and the no load dynamic current consumption, 
Is~CPD Vee f+lee, 
Note 6: Refer to Section 1 for Typical MM54/74HCT AC Switching Waveforms and Test Circuits, 
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AC Electrical Characteristics 
l 

Vcc=5V. TA=25°C. CL =15 pF. t,.=tj=6 ns unless otherwise noted. 

Symbol Parameter Conditions Typ Guaranteed 
Units 

Limit 

tpHL Maximum Propagation RL =1 kO 8' 15 ns , 
Delay 

tpLH Maximum Propagation RL =1 kG 9 16 ns 
Delay 

AC Electrical Characteristics 
Vcc=5V ±10%. CL =50 pF.t,.=tj=6"ns unless otherwise specified 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions 
TA=-40to85°C , TA=-55to125"C 

Units 
Typ Guaranteed Umlts 

tpHL Maximum Propagation RL =1 kO 10 18 24 27 ns 
Delay 

tpLH Maximum Propagation RL =1 kO 12 20 25 30 ns 
Delay 

trHL Maximum Output 10 15 19 22 ns 
Fall Time 

CPO Power Dissipation (per gate) 20 pF 
CapaCitance (Note 5) RL=oo 

CIN Maximum Input 5 10 10 pF 
Capacitance 

Note 6; Cpo determines the nO load dynamic power consumpUon, Po=Cpo Vcfil f+lcc Vec. and the no "load dynamic current consumpUon. 
Is=Cpo Vee f+lee, 
Note 6: Refer to SectIon 1 for Typical MM54174HCT AC Switching Waveforms and Test Circuits. 

. 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee) -0.5 to + 7.0V Min Max Units 

DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(Vee) 4.5 5.5 V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (ilK, 10K) ±20mA (VIN,VOUT) 

DC Output Current, per pin (lOUT) ±25mA 
Operating Temperature Range(T Al 

MM74HCT -40 +85 ·C 
DC Vee or GND Current, per pin (ice) ±50mA MM54HCT -55 +125 ·C 
Storage Temperature Range (T STG) -65·C to + 150·C Input Rise or Fall Times 
Power Dissipation (PD) (Note 3) 500mW (tr, ttl 500 ns 

Lead Temperature (T U (Soldering 10 seconds) 260·C 

DC Electrical Characteristics 
Vcc=5V ±100/0 (unless otherwise specified) 

TA=25·C 
74HCT 54HCT 

TA= -40 to 85·C TA= -55 to 125·C 
, Symbol Parameter Conditions Units 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0 2.0 2.0 V 

Input Voltage 

VIL Maximum Low Level 0.8 0.8 0.8 V 
Input Voltage 

VOH Minimum High Level VIN=VIH 
Output Voltage ilOUTI =20 /LA Vee Vee-0.1 Vee-O.1 Vee- 0.1 V 

IIOUTI=4.0mA, Vee=4.5V 4.2 3.98 3.84 3.7 V 

IIOUTI =4.8 mA, Vee = 5.5V 5.7 4.98 4.84' 4.7 V 

VOL Maximum Low Level VIN=VIL 
, 

Voltage IIOUTI = 20 /LA 0 0.1 0.1 0.1 V 

ilOUTI =4.0 rnA, Vee=4.5V 0.2 0.26 0.33 0.4 V 

IIOUTI=4.8 rnA, Vee=5.5V 0.2 0.26 0.33 .0.4 V 

liN Maximum Input VIN= Vee or GND ±0.1 ±1.0 ±1.0 /LA 
Current 

Icc Maximum Quiescent VIN=Vee or GND 2.0 20 40 /LA 
Supply Current IOUT=O/LA 

VIN = 2.4V or O.4V (Note 4) 100 /LA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic '"N'" package: -12 mWrC from 65'C to 85'C; ceramic '"J'" package: -12 mWrC from 
100'C to 125'C. 
Note 4: This is measured per input with all otherinputs held at Vee or ground. 
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AC Electrical Characteristics Vcc=5.0V, tr=tf=6 ns, CL =15 pF, TA=25°C, (unless otherwise noted) 

'Symbol I Parameter I ConditIons I Typ I Guaranteed Umlt I UnIts 

tpLH, tpHL L Maximum Propagation Delay I I 10 I 15 I AS 

. AC Electrical Characteristics Vcc=5.0V±10%, tr=tf=6 ns, CL =50 pF, (unless otherwise noted) 

TA=25°C 
74HCT 54HCT 

/ 

TA= -40 to 85°C TA=-55to125°C 
Symbol Parameter CondItIons Units 

Typ Guaranteed LImIts 

tpLH, tpHL Maximum Propagation Delay 10 17 21 24 ns 

tTHL,lTLH Maximum Output Rise & Fall Time 8 15 19 22 ns 

CPO Power Dissipation Capacitance (Note 5) 20 pF 

CIN Input Capacitance 5 10 10 10 pF 

Nota 5: CPO determines the no loed dynamic power consumption. Po=Cpo Vec2 I+lee Vee. and the no load dynamic current consumption. 
Is=Cpo Vee 1+ lee. 
Nota 6: Refer to Section 1 for Typical MM54174HCT AC SwHching Waveforms and Test CircuHs. 

-
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~National 
~ Semiconductor 

PRELIMINARY 

MM54HCT7 4/MM7 4HCT7 4 
Dual D Flip-Flop with Preset and Clear 

General Description 
The" MM54HCT74/MM74HCT74 utilizes microCMOSTM 
Technology, 3.0 micron silicon gate N'well CMOS, to 
achieve operation speeds similar to the equivalent LS-TTL 
part. It possesses the high noise immunity and low power 
consumption of standard CMOS integrated circuits, along 
with the ability to drive 10 LS-TTL loads. 

This flip-flop has independent data, preset, clear, and clock 
inputs and a and a outputs. The logic level present at the 
data input is transferred to the output during the positive-go­
ing transition of the clock pulse. Preset and clear are inde­
pendent of the clock and accomplished by a low level at the 
appropriate input. " 

The 54HCT174HCT logic family is functionally and pinout 
compatible with the standard 54LS174LS logic family. All 
inputs are protected from damage due to static discharge by 
internal diode clam"ps to Vee and ground. 

Connection Diagram 

Vee 

ClRI 

ClR2 

01 

Dual-In-Line Package 

02 

ClKI 

CLK2 

PRI 

TOP VIEW 

PR2 

01 

MM54HCT74/MM74HCT74 

Q2 

ill 

54HCT74 (J) 74HCT74 (J,N) 

ii2 

GNO 

TLlF/5106-1 

MM54HCT/MM74HCT devices are intended to interface be­
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS­
TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 
• Typical propagation delay: 20 ns 
• Low quiescent current: 40 /LA maxim·um (74HCT series) 
• Low input current: 1 /LA maximum 
• Fanout of 10 LS-TTL loads 

Truth Table 

5-13 

Inputs outputs 

PR CLR CLK 0 Q Q 

L H X X H L 
H L X X L H 
L L X X H' H' 
H H i H H L 
H H i L L H 
H H L X 00 00 

Note: 00 = the level of a before the indicated input condl· 
tions were established. 

'This configuration is nonstable; that is, it will not persisl when 
preset and clear inputs return to their inactive (high) level. 



\ . 

Absolu~e Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee) -0.5 to +7.0V Min Max Units 

DC Input Voltage (VIN) -1.5 to Vee+l.5V Supply Voltage(Vee) 4.5 5.5 V 

DC Output Voltage (V OUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K, 10K) ±20mA (VIN,VOUT) 

DC Output Current, per pin (lOUT) ±25mA Operating Temperature Range(T A) 
MM74HCT -"40 +85 ·C 

DC Vee or GND Current, per pin (Ieel ±50mA" MM54HCT -55 +125 ·C 
Storage Temperature Range (T STG) -65·Cto +150·C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr, tf) 500 ns 
Lead Temperature (T t.l (Soldering 10 seconds) 260"C 

"DC Electrical Characteristics 
Vee=5V ±10% (unless otherwise specified) 

TA=25·C 
74HCT 54HCT 

Symbol Parameter Conditions 
TA= ..,.40 to 85·C TA= -55 to 125·C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0 2.0 2.0 V 
Input Voltage 

VIL Maximum Low Level 0.8 0.8 0.8 V 
Input Voltage 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage /louTI=20 /LA Vee Vee-0.1 Vee- Ool Vee- O.l V 

IIOUTI=4.0 mA, Vee=4.5V 4.2 3.98 3.84 3.7 V 
. I IIOUTI = 4.8 mA, Vee = 5.5V 5.7 4.98 4.84 4.7 V 

VOL Maximum Low Level VIN = VIH or VIL 
Voltage IIOUTI=20 /LA 0 0.1 0.1 0.1 V 

/louTI=4.0 mA, Vee=4.5V 0.2 0.26 0.33 0.4 V 
/louTI =4.8 mA, Vee=5.5V ,0.2 0.26 0,33 0.4 V 

liN Maximum Input VIN=VeeorGND ±0.1 ±:I.O ±1.0 /LA 
Current 

Icc Maximum Quiescent VII-J=VeeorGND 
Supply Current IOUT=O/LA 4.0 40 80 /LA 

VIN =2.4V Oi OAV (Nole 4) 100 - /LA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless othe<wise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating - plastiC "N" package: -12 mWrC from 65·C to 85·C; ceramic. "J" package: -12 mWrC from 
100·C to 125·C. 

Note 4: Tt)ls Is measured per pin. All other inputs are held at Vee Ground. 

, 
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AC Electrical Characteristics 
Vcc=5V. TA=25'C. CL =15 pF. tr=tf=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

fMAX Maximum Operatin 50 30 MHz 
Frequency From Clock 
toQora 

tPHL. tpLH Maximum Propagation 18 30 ns 
Delay Clock to a or a 

tpHL. tpLH Maximum Propagation 18 30 ns 
Delay From Preset or 
Clear to Q or a 

tREM Minimum Removal Time. , 20 ns 
Preset or Clear to Clock 

ts Minimum Set Up Time 20 ns 
Data to Clock 

tH Minimum Hold Time -3 0 ns 
Clock to Data 

tw Minimum Pulse Width 8 ·16 ns 
Clock. Preset or Clear 

AC Electrical Characteristics 
Vcc=5.0V±10% CL =50 pF. tr=tf=6 ns (unless otherwise specified) 

. TA=25'C 
74HCT 54HCT 

Symbol Parameter Conditions 
TA= -40 to 85'C TA= -55 to 125'C 

Units 
Typ Guaranteed Limits 

fMAX Maximum Operating 27 21 .18 MHz 
Frequency 

tpHL. tpLH Maximum Propagation 21 35 44 52 ns 
Delay From Clock to 
Oora 

tpHL. tpLH Maximum Propagation 21 35 44 52 ns 
Delay From Preset or 
Clear to a or a \ 

tREM Minimum Removal Time 20 25 30 ns 
Preset or Clear to Clock 

Is Minimum Set Up Time 20 25 30 ns 
Data to Clock I 

tH Minimum Hold Time -3 0 0 0 ns 
Clock to Data 

tw Minimum Pulse Width 9 16 20 24 ns 
Clock. Preset or Clear 

, 

tr.tf Maximum Input Rise and 500 500 500 ns 
Fall Time 

tTHL. tTLH Maximum Output 15 19 22 ns 
Rise and Fall Time 

Cpo Power Dissipation (per flip-flop) pF 
Capacitance (Note 5)' 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: CpO determines the no load dynamic power consumption, Po= CpO Vcc2 f+ Icc Vcc: and the no load dynamic current consumption, 
Is=Cpo Vee f+lee. 
Note 6: Refer to Section 1 for Typical MM54174HCT AC Switching Waveforms and· Test Circuits. 
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~National 
~ Semiconductor 

PRELIMINARY 

MM54HCT109/MM74HCT109 
Dual J-K Flip-Flops with Preset and Clear 

General Description 
These high speed J-K FLIP-FLOPS utilize microCMOSTM 
Technology, 3.0 micron silicon gate N-well CMOS. They 
possess the low power consumption and high noise immuni­
ty of standard CMOS integrated circuits, along with the abili­
ty t!l drive 10 LS-TTL loads. 

Each flip flop hall independent J, K. PRESET, CLEAR, and 
CLOCK inputs and a and a outputs. These devices are 
edge sensitive to the clock input and change state on the 
positive going transition of the clock pulse. Clear and preset 
are independent of the clock and accomplished by a low 
logic level on the corresponding input. • 

The 54HCT/74HCT logic family is functionally as well as 
pin-out compatible with the standard 54LS174LS logic fami­
Iy. All inputs are protected from damage due to static dis­
chage by internal diode clamps to Vee and ground. 

Connection Diagram 
Dual-In-Llne Package 

VCC CLR 2 J2 K2 CLK 2 PI! 2 

116 115 14 113 12 111 

1 

CLR 1 

ILl 
PI! 

I I 2p 
J1 K1 

14 15 
CLK1 PR1 

Q2 02 

10 II 

7 

01 
18 

GND 
TL/F/S306-1 

MM54HCT109/MM74HCT109 

54HCT109 (J) 74HcT109 (J,N) 

MM54HCT IMM74HCT devices are intended to interface be-
. tween TTL and NMOS components and standard CMOS 

devices. These parts are also plug in replacements for LS­
TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 
• Typical propagation delay: 20 ns 
• Low input current: 1 /LA maximum 
• Low quiescent current: 40 /LA maximum (74HCT series) 
• Output drive capability: 10 LS-TTL loads 

Function Table 

Inputs Outputs 

PR CLR CLK J K Q Q 

L H X X X H L 
H L X X X L H 
L L X X X HO HO 

H H t L L L H 
H H t H L TOGGLE 
H H t L H 00 ao 
H H t H H H L 
H H L X X ao ao 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vecl -0.5 to + 7.0V Min Max Units 

DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(Vcc) 4.5 5.5 V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K, 10K) ±20mA (VIN,VOUT) 

DC Output Current, per pin (lOUT) ±25mA 
Operating Temperature Range(T A) 

MM74HCT -40 +85 ·C 
, DC Vee or GND Current, per pin (Icc) ±50mA MM54HCT -55 +125 ·C 
Storage Temperature Range (TSTG) -65·Cto + 150·C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr, tl) 500·' ns 

Lead Temperature (T Ll (Soldering 10 seconds) 260·C 

DC Electrical Characteristics 
Vee=5V ±10% (unless otherwise specified) 

TA=25·C 
74HCT 54HCT 

Symbol Parameter Conditions 
TA= -40 to 85·C TA= -55 to 125·C 

Units 
Typ Guaranteed Limits' 

VIH Minimum High Level 2.0 2.0 2.0 V 

Input Voltage 

VIL Maximum Low Level 
.. 

0.8 0.8 0.8 V 
Input Voltage 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI=20 IJoA Vee Vee- 0.1 Vee-0.1 Vee- 0.1 V 

IIOUTI=4.0 mA, Vcc= 4.5V 4.2 3.98 3.84 3.7 V 

i1ouTI=4.8 mA, Vee=5.5V 5.7 4.98 4.84 4.7 V 

VOL Maximum Low Level VIN = VIH or VIL 
Voltage IIOUTI=20 IJoA 0 0.1 0.1 0.1 V 

i1ouTI=4.0 mA, VCC=4.5V 0.2 0.26 0.33 0.4 V 

Ilourl=4.8 mA, Vcc=5.5V 
: 

V 0.2 0.26 0.33 0.4 

liN Maximum Input VIN=VeeorGND ±0.1 ±1.0 ±1.0 IJoA 
Current 

Icc Maximum Quiescent VIN = Vcc or GND 4.0 40 80 IJoA 
Supply Current IOUT=OIJoA F-F 

VIN = 2.4V or 0.4V (Note 4) 100 ",A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 

Nota 3: Power Dissipation temperature derating - plastiC "N" package: -12 mWI"C from 6S'C to 8S'C; ceramic "J" package: -12 mWI"C from 
100'C 10 125'C. 
Note 4: Measured per pin, all other inputs held al Vee or GND. 
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AC Electrical Characteristics 
Vcc=5V. TA=25"C. CL =15 pF. tr=tf=6 ns 

Symbol Parameter Conditions Typ . Guaranteed 
Units 

Limit 

fMAX Maximum Operating 50 30 MHz 
Frequency 

tpHL. tpLH Maximum Propagation 18 30 ns 
Delay From Clock to a or a 

tpHL. tpLH Maximum Propagation 18 30 ns 
Delay From Preset or Clear to a or a 

tREM Minimum Removal Time. 20 ns 
Preset or Clear to Clock 

ts Minimum Set Up TIme 10 20 ns 
J orKClock 

tH Minimum Hold Time -3 0 ns 
Clock to J or K 

tw Minimum Pulse Width 8 16 ns 
Clock. Preset or Clear 

AC Electrical Characteristics 
Vcc=5.0V ±10% CL=50 pF. tr=tf=6 ns (unless otherwise speCified) 

TA=2!i"C 
74HCT 54HCT 

Symbol Parameter Conditions 
TA= -40 to 85"C TA= -55 to 125"C 

Units 
Typ Guaranteed Limits 

fMAX Maximum Operating 27 22 18 MHz 
Frequency 

tpHL. tpLH Maximum Propagation 22 35 44 52 ns 
Delay From Clock to 
aora 

tpHL. tpLH Maximum Propagation 22 35 44 52 ns 
Delay Froin Preset 
or Clear to a or a 

tREM Minimum Removal Time 20 25 30 ns 
Preset or Clear to Clock 

Is Minimum Set Up Time 10 20 25 30 ns 
J or K to Clock 

tH Minimum Hold Time -3 0 0 0 ns 
Clock to J or K 

tw Minimum Pulse Widtn 16 20 24 ns 
Clock. Preset or Clear 

1,-. tf Maximum Input Rise and 500 500 500 ns 
Fall Time 

tTHL. tTLH Maximum Output 15 - 19 22 ns 
Rise and Fall Time 

Cpo Power DisSipation (per flip-flop) pF 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

Note 5: CpO determines the no load dynamic power consumption. Po=Cpo Vee2 f+lee Vee. and the no load dynamic current consumption. 
IS=CPD Vee 1+'lce-
Note 6: Reier to Section 1 lor Typical MM54174HCT AC Switching Wavelorms and Test Circuits. 
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~Nat1onal 
~ Semiconductor 

PRELIMINARY 

MM54HCT138/MM74HCT138 3-to-8 Line Decoder 

General Description 
This decoder utilizes microCMOSTM Technology. 3.0 micron 
silicon gate N-well CMOS. and are well suited to memory 
address decoding or data routing applications. Both circuits 
feature high noise immunity and low power consumption 
usually associated with CMOS circuitry. yet have speeds 
comparable to low power Schottky TTL logic. 

The MM54HCT138/MM74HCT138 have 3 binary select in­
puts (A. B. and C). If the device is enabled these inputs 
determine which one of the eight normally high outputs will 
go low. Two active low and one active high enables (G1. 
G2A and G2B) are provided to ease the cascading de-
coders. . . 

The decoders' output can drive 10 low power Schottky TTL 
equivalent loads and are functionally and pin equivalent to 
the 54LS138174LS138. All inputs are protected from dam­
age due to static discharge by diodes to Vee and ground. 

MM54HCT IMM7 4HCT devices are intended to interface be­
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS­
TTL devices and can be used to reduce power consumption 
in E!.xisting designs. 

Features 
• TTL Input Compatible 
• Typical propagation delay: 20 ns 
• Low quiescent current: 80 p.A maximum (74HCT series) 
• Low input current: 1 p.A maximum 
• Fanout of 10 LS-TTL loads 

Connection Diagram 
Dual-In-Llne Package 

Logic Diagram 

DATA OUTPUTS 

Vee YO Y1 Y2 Y3 Y4 V5 V6' 

r;6 

-

1 

15 14 13 12 11 lD 8 

C)o. 

2 3 4 5 6- 7 II 
c. mUll 01 Y70ND 

OUTPUT 
SELECT 

TOP VIEW TL/F/5120-1 

MM54HCT138/MM74HCT138 

54HCT138 (J) 74HCT138 (J,N) 

Truth Table 
Inputs 

Enable Select 

G1 G2· C.jB A 

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

'G2~G2A+G2B 

01 8 

Outputs 

YO Y1 Y2 Y3 Y4 

H H H H H 
H H H H H 
L H H H H 
H L H H H 
H H L H H 
H H H J:. H 
H H H H L 
H H H H H 
H H H H H 
H H H H H 

H ~ high level L ~ low level X ~ dont'! care 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee> -0.5 to +7.0V M!n Max Units 
DC Input Voltage (VIN) -1.5 to Vee + 1.5V Supply Voltage(Vec) 4.5 5.5 V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K, 10K> ±20mA (VIN,VOUT) 

DC Output Current, per pin (lOUT) ±25mA Operating Temperature Range(T Al 
MM74HCT -40 +85 ·C 

DC Vee or GND Current, per pin (lee) ±50mA MM54HCT -55 +125 ·C 
Storage Temperature Range (T 8TG) -65·Cto +150·C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (t" tf) 500 ns 
Lead Temperature (T U (Soldering 10 seconds) 260·C . , 

DC Electrical Characteristics • 
Vee=5V ±10% (unles~ otherwise specified) 

TA=25·C 
74HCT 54HCT 

TA=-40t085·C TA= -55to 125'C 
Symbol Parameter Conditions Units 

Typ Guaranteed limits 

VIH Minimum High Level 2.0 2.0 2.0 V 
Input Voltage 

VIL Maximum Low Level 0.8 0.8 0.8 V 
Input Voltage 

VOH Minimum High Level VIN = VIH or VIL 
Output Vol~age IIOUTI=20 p.A Vee Vee-0•1 Vee-0.1 Vee-Ool V 

IIOUTI = 4.0 mA, Vee = 4.5V 4.2 3.98 3.84 3.7 V 
IIOUTI = 4.8 mA, Vee = 5.5V 5.7 4.98 4.84 4.7 \ V 

VOL Maximum Low Level VIN = VIH or VIL 
Voltage IIQUTI=20 p.A 0 0,1 0.1 0.1 V 

IIOUTI=4.0mA, Vee=4.5V 0.2 0.26 0.33 0.4 V 
116uTI=4.8 mA, Vee=5.5V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=VeeorGND ±0.1 ±1.0 ±1.0 p.A 
Current 

IcC Maximum Quiescent VIN=Veeor GND 8.0 80. 160 p.A 
Supply Current 10UT=0p.A 

VIN = 2.4V or O.4V (Note 4) 100 p.A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic '''N'' package: -12 mW I'C from 65"C to 85"C; ceramic .. J" package: -12 mW I'C from 
100"C to 125"C. 

Note 4: This is measured per input pin. All other Inputs are held at Vce or ground. 
I 

.-
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AC Etectrical Characteristics TA=25"C, Vcc=5.0V, tr=tf=6 ns CL =15 pF (unless otherwise specified) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpHL Maximum Propagation Delay. A, B, or C to Output 20 35 ns 

tpLH Maximum Propagation Delay, A, B, or C to Output 13 25 ns 

tpHL Maximum Propagation Delay, G1 to Y Output 14 25 ns 

tpLH Maximum Propagation Delay, G1 to Y Output 13 25 . ns 

tpHL Maximum Propagation Delay, G2A or G2B to Y Output 17 30 ns 

tpLH Maximum Propagation Delay, G2A or G2B to Y Output 13 25 ns 

, 
AC Electrical Characteristics 
Vcc=5V ±10% CL =50 pF, tr=tf=6 ns (unless otherwise specified) 

TA=25"C 
74HCT 54HCT 

Symbol Parameter Conditions 
TA= -40 to 85"C T= -55 to 125"C 

Units 
, Typ Guaranteed Limits 

tpHL Maximum Propagation Delay 24 40 50 60 ns 

A, B, or C to Output 

tpLH Maximum Propagation Delay 18 30 38 45 ns 

A, B. or C to Output 

tpHL Maximum Propagation Delay 17 30 38 45 ns 

G1 to Y Output 

tpLH Maximum Propagation Delay 20 30 38 45 ns 

G1 to Y Output 

tpHL Maximum Propagation Delay 23 35 43 52 ns 

G2A or G2B to Y Output 

tpLH Maximum Propagation Delay 18 30 38 45 ns 

G2A or G2B to Y Output 

tTHL, tTLH Maximum Output 15 19 22 ns 
Rise and Fall Time , 

CIN Input Capacitance 5 10 10 pF 

CPD Power Dissipation pF 

Capacitance (Note 5) 

Note 5: Cpo determines the no load dynamic power consumption. Po=Cpo Vei;2 f+lee Vee. and the no load dynamic current consumption, 
Is=Cpo Vee f+lee· 
Note 6: Refer to Section 1 for Typical MM54174HCT AC Switching Waveforms and Test Circuijs. 

\ 
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~National . 
~ Semiconductor 

PRELIMINARY 

MM54HCT139/MM74HCT139 DuaI2-To-4 Line Decoder 

General Description 
This decoder utilizes microCMOSTM Technology, 3.0 micron 
silicon gate N-well CMOS, and is well suited to memory ad­
dress decoding or data routing applications. It possesses 
the high noise immunity and low power consumption usually 
associated with CMOS circuitry, yet has speeds comparable 
to low power Schottky TTL logic. 

The MM54HCT139/MM74HCT139 contains two indepen­
dent one-of-four decoders each with a single active low en­
able input (G1, or G2). Data on the select inputs (A1 and 91, 
or A2 and 92) cause one of the four normally high outputs 
to go low. 

These devices are input and output characteristic and pin­
out compatible with standard DM54LS174LS logic families. 
All inputs are protected from static discharge damage by 
internal diodes to Vee and ground. MM54HCT/MM74HCT 

Connection Diagram 
SELECT OATA OUTl'UTS 

ENABLE _____ 
VCC G2 "2 82 2YO 2Yl 2V2 2Y3 

ENABLE A1 B" uo 1Y1 1Y2 1Y3 GND 
Gl ______ 

SELECT DATA OUTPUTS 

TLlF/5311-1 

MM54HCT139/MM74HCT139 

54HCT139 (J) 74HCT139 (J,N) 

Logic Diagram 

. devices arEi intended to interface between TTL and NMOS 
components and standard CMOS devices. These parts are 
also plug in replacements for LS-TTL devices and can be 
used to reduce power consumption in existing designs. 

Features 
• LS-TTL pin-out and threshold compatibility 
• Typical propagation delays: 

Select to output (4 delays): 19 ns 
Select to output (5 delays): 24 ns 
Enable to output: 20 ns 

• Fanout of 10 LS-TTL loads 

Truth Table 
'HCT139 

Inputs 

Enable Select 

.G B A YO' 

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

H = high level, L = low level, X = don't care 

Outputs 

Y1 _ Y2 

H H 
H H 
L H 
H L 
H H 

Y3 

H 
H 
H 
H 
L 

% MM54HCT139/MM74HCT139 
- -, 

ENABLE G --;;>Oo-;:=~c:=====tE::[):>--t)o--i><>-- Yo 

~,~r 
Yl 

OUTPUTS 

Y2 

Y3 

TL/F/5311-2 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions· 
Supply Voltage (Vee> -0.5 to + 7.0V Min Max Units 

DC Input Voltage (V,N) -1.'5 to Vee+1.5V Supply Voltage (Vee> 4.5 5.5 V 

DC Output Voltage (VOUT) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (1,K. 10K) ±20mA (V,N.VOUT) 

DC Output Current. per pin (lOUT) ±25mA Operating Temper~ture Range (T A) 
'C MM74HCT -40 +85 

DC Vee or GND Current. per pin (Ice> ±50mA MM54HCT -55 +125 'C 
Storage Temperature Range (T 8m) -65'Cto +150'C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr. ttl 500 ns 
Lead Temperature (T Ll (Soldering 10 seconds) 260'C 

i 

DC Electrical Characteristics (Note 4) , 
Vee=5V ±10% (unless otherwise specified) 

TA=25'C 
74HCT 54HCT 

TA= -40 to 85'C TA= -55 to 125'C 
. Symbol Parameter Conditions Units 

Typ Guaranteed Limits 

V,H Minimum High Level , 2.0 2.0 2.0 V 
Input Voltage 

V,L Maximum Low Level 0.8 0.8 0.8 V 
Input Voltage 

VOH Minimum High Level Y,N =V,H or V,L 
Output Voltage IIOUTI = 20 ",A Vee Vee-0.1 Vee-O.1 Vee-0.1 V 

IIOUTI=4.0 mAo Vee=4.5V 4.2 3.96 . 3.84 3.7 V 
IIOUTI=4.8 mAo Vee=5.5V 5..7 4.96 4.84 4.7 ·V 

, 
VOL Maximum Low Level Y,N = V,H or V,L 

Voltage IIOUTI = 20 ",A 0 0.1 0.1 0.1 V 
IIOUTI=4.0 mAo Vcc=4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI=4.8 mAo Vcc=5.5V 0.2 0.26 0.33 0.4 V 

liN Maximum Input V,N = Vee or GND ±0.1 ±1.0 ±1.0 ",A 
Current 

IOZ Maximum Tri-State® VOUT= Vee or GND ±0.5 ±5.0 ±10 ",A 
Output Leakage Enable = V,H or VIL 
Current 

Icc Maximum Quiescent Y,N = Vee or GND 8.0 80 160 ",A 
Supply Current IOUT=O",A 

Y,N = 2.4V or 0.4V (Note 4) 100 ",A. 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur . 
. Nole 2: Unless otherwise specified all voltages are referenced to ground. 
Nole 3: Power Dissipation temperature derating - plastic "N" package: -12 mWI'C from 65'C to 85'C; ceramic "J" package: -12 mWI'C from 
100'C to 125'C. -
Nole 4: Measured per pin. all other inpulS held at Vc.c and GND . 

. -
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AC Electrical Characteristics 
Vcc=5V, TA=25·C, CL =15 pF, tr=t,=6 ns (unless otherwise noted.) 

Symbol Parameter . Typ Guaranteed 
Units 

Limit 

tpHL, tpLH Maximum Propagation ~ t9 30 ns 
Delay Binary Select to Any Output 
4 levels of delay 

tpHL, tpLH Maximum Propagation Delay 24 38 ns 
Binary Select to Any Output -
5 levels of delay 

tPHL, tpLH Maximum Propagation Delay 20 30 ns 
Enable to any Output 

AC Electrical Characteristics Vcc=5V±10%, tr"';tf=6 ns, CL =50 pf (unless otherwise noted.) 

TA=25"C 
74HCT 54HCT 

Symbol Parameter 
TA= -40·C to 85·C TA= -55 to 125·C 

Units 
Typ Guaranteed Llml~s 

tpHL, tpLH Maximum Propagation 21 35 44 53 ns 
Delay, Binary ·Select to Any 
Output, 4 levels of delay 

tpHL, tpLH Maximum Propagation 26 44 55 66 ns 
Delay, Binary Select to Any 
Output, 5 levels of delay 

tpHL, tpLH Maximum Propagation Delay 21 35 44 53 ns 
Enable to Any Output 

tTHL, tTLH Maximum Output Rise 9 15 19 22 ns 
and Fall Time 

CPO Power Dissipation pF 
Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 . pF 
Capacitance 

Note 5: Cpo determines the no load dynamic power consumption, Po=Cpo Vcc2 f+lcc Vee. and th,e no load dynamic current consumption. 
IS = Cpo Vee 1+ lee. 
Nole 6: R~fer to Section 1 for Typical MM54174HCT AC Switching Waveforms and Test Circuits . 

. . . 
" 

, , 
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~National 
~ Semiconductor 

PRELIMINARY 

MM54HCT149/MM74HCT149 
8 Line to 8 Line Priority Encoder 

General Description 
This priority encoder is implemented in microCMOSTM 
Technology, 3.0 micron silicon gate N-well CMOS. It has the 
high noise immunity and low power consumption typical of 
CMOS circuits, as well as the speeds and output drive simi­
lar to LS-TTL. 

This priority, encoder accepts 8 input request lines, R17-
RIO, and outputs 8 lines, R07-ROO. It is the logical combi­
nation of a '148 8-3 line priority encoder driving a '138 3-8' 
line decoder. Only one request output can be low at a time. 
The output that is low is dependent on the highest priority 
request input that is low. The order of priority is RI7 highest 
and RIO lowest. Also provided is and enable input, ROE, 
which when high forces all outputs high. A request output 
is also provided, Rap, which goes low when any Ai is 
active. 

All inputs to this device are protected from damage due to 
electrostatic discharge by diodes to Vee and Ground. ' 

Connection Diagram 
... 

Dual-In-Line Package 

vcr iiiiiiiiRDP 

! ! ! ! ! ! 1 J 

T T T T T TTl 
_111111111 
RIO RI1 RI2 RI3 Rl4 lif5 IiI6 IiI1 iIliE GMB 

MM5~HCT149/MM74HCT149 

, TLlF/5312-1 

54HCT149 (J) 74HCT149 (J,N) 

MM54HCT/MM74HCT devices are intended to interface be­
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS­
TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 
• Typical propagation delay: 20 ns 
• Low quiescent current: 80 /-LA maximum (74HCT series) 
• Low input current: 1 /-LA maximum 
• Fanout of 10 LS-TTL loads 
• Internal switched pull up resistors provided to reduce 

power consumption 

Truth Table 

Inputs Outputs 

01234567RQE01234567ROP 

X X X X X X X X H H H H H H H H H H 
H H H H H H H H L H H H H H H H H H 
XXXXXXXL 
X X X X X X L H 
X X X X X L H H 
X X X X L H H H 
XXXLHHHH 
X X L H H H H H 
X L H H H H H H 
L H H H H H H H 

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

L 
L 
L 
L 
L 
L 
L 
L 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltege (Vecl -0.5 to + 7.0V Min Max _ Units 

DC Input Voltege (VIN) -1.5 to Vee+1.5V Supply Voltege (Vee) 4.5 5.5 V 

DC Output Voltege (VOUT) -0.5 to Vee + 0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K, 10K> ±20mA (VIN,VOUT) 

DC Output Current, per pin (lOUT) ±35mA Operating Temperature Range (T A) 
MM74HCT -40 +85 ·C 

DC Vee or GND Current, per pin (Ieel ±70mA MM54HCT -55 +1~5 ·C 
Storage Temperature Range (T STG) -65·Cto +150"C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (tr, til 500 ns 
Lead Temperature (Tt> (Soldering 10 seconds) 260·C 

DC Electrical Characteristics Vee=5V ±10% (unless otherwise specified) 

• 
TA=2S·C 

74HCT S4HCT 

Symbol Parameter Conditions 
TA=-40to8S·C TA=-SSto125"C 

Units 
Typ Guaranteed Limits 

VIH Minimum High Level 2.0 2.0 2.0 V 
Input Voltege 

VIL Maximum Low Level 0.8 0.8 0.8 V 
Input Voltege 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltege ilOUTI = 20 pA Vee Vee-0•1 Vee-O.1 Vee-0.1 V 

IIOUTI=4.0 rnA, Vee=4.SV 4.2 3.98 3.84 3.7 V 
IIOUTI=4.8 mA, Vee=5.5V 5.7 4.98 4.84 4.7 V 

VOL Maximum Low Level VIN = VIH or VIL 
Voltege IIOUTI=20 pA 0 0.1 0.1 0.1 V 

IIOUTI=4.0 mA, Vee=4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI = 4.8 rnA, Vee = 5.5V 0.2 0.26 0.33 0.4 V 

liN Maximum Input Current VIN=VeeorGND ±0.1 ±1.0 ±1.0 pA 

lee Maximum Quiesgent VIN=Vee or GND M 80 160 pA 
Supply Current IOUT=OpA 

, 

VIN = 2.4V or O.4V (Note 4) 100 p.A 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may ooeur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating - plastic "N°° package: -12 mWrC from 65·C to 85·C; ceramic OOJOO package: -12 mWrC from 
10o·e to 125·C. 
Note 4: Measured per Input. other Inputs held at Vee or GND. 

, 
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AC Electrical Characteristics Vcc=5V, TA=25'C, CL =15 pF, tr=t,=6 ns 

Symbol Parameter Conditions Typ Guaranteed Limit Units 

tpHL tPLH Maximum Propagation Delay ROE to any Output 16 20 ns 

tpLH tPHL Maximum Propagation Delay RIN to RON '(same Output) 17 22 ns 

tpHL, tpLH Maximum Propagation Delay RIN to a different Output 18 23 ns 

AC Electrical Characteristics Vcc=5V±10%, CL =50 pf tr=t,=6 ns (unless otherwise specified) 

74HCT 54HCT 

Symbol Parameter Conditions 
TA=25'C TA= -40 to 85'CTA= -55 to 125'C 

Units 
Typ Guaranteed Limits 

tpHL. tpLH Maximum Propagation Delay ROE to any Output 17 23 29 35 ns 

tpLH. tpHL Maximum Propagation Delay RIN to RON (same Output) 18 25 31 46 ns 

tpHL. tpLH Maximum Propagation Delay RIN to a different Output 20 26 33 39 ns 

trHL. tTLH Maximum Output Rise and Fa.1i Time 10 15 19 22 ns 

CPO Power Dissipation Capacitance (Note 5) 50 pF 

CIN Maximum Input Capacitance 5 10 10 10 pF 

Note 5: Cpo determines the no load dynamic power consumption. PO=CPD Vee2 f+lee Vee. and the no load dynamic current consumption. 
IS = CPD Vee f+ Icc, 
Note 6: Refer to Section 1 for Typical MM54f74HCT AC Switching Waveforms and Test Circuits, 

Simplified Logic Diagram 

iii'I " ...... 
7-U 

R07 

~ 

iiiB~ ~ 
ROB 

U 

Ri5 "'" 
~ R05 ... FL-" 

~7 

1iIi-"'" ~ ~ R04 
...... 

U 
r--

-

iiij " 
~ =:I R03 

..... 
~7 

r-r 

1ii2"'" 
ROZ >=I 

...... 
~7 r-r 

-

"'" 
~I:::: ::::f ROI 

iiJj ... 
~7 

........ 

ROO 

lIiii" ...... -t 

m"'" "...~ 7 "=t ;:r=t>-RQP 
TLlF/5312-2 
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~ Semiconductor 

PRELIMINARY 

MM54HCT240/MM74HCT240 
Inverting Octal TRI-STATE® Buffer 
MM54HCT241/MM74HCT241 Octal TRI-STATE Buffer 
MM54HCT244/MM74HCT244 Octal TRI-STATE Buffer 
General Description 
These TRI-STATE buffers utilize microCMOSTM Technolo­
gy, 3.0 micron silicon gate N-well CMOS, and are general 
purpose high' speed inverting and non-inverting buffers. 
They possess high drive current outputs which enable high 
SPeed operation even when driving large bus capacitances. 
These circuits achieve speeds comparable to low power 
Schottky devices, while retaining the low power consump­
tion of CMOS. All three devices' are TTL input compatible 
and have a fanout of 15 LS-TTL equivalent inputs. 

. MM54HCT IMM7 4HCT devices are intended to interface be­
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS­
TTL devices and can be used to reduce power consumption 
in existing designs. 

The MM54HCT240/MM74HCT240 is an inverting buffer 
andthe MM54HCT244/MM74HCT244 is non-inverting buff-

er. Each device has two active low enables (1G and 2G), 
and each enable independently controls 4 buffers. 
MM54HCT241/MM74HCT241 is also a non-inverting buffer 
like the 244 except that the 241 has one active high enable, 
each again controlling 4 buffers. . 

All inputs are protected from damage due to static dis-
charge by diodes to Vee and Ground. . 

Features 
• TTL input compatible 
• Typical propagation delay: 12 ns 
• TRI-STATE outputs for connection to system buses 
• Low quiescent current: 80 p.A 
• Output current: 6 mA 

Connection' Diagrams 
Dual-In-Une Packages 

Vce 20 WI 2A4 lY2 2A3 lY3 2A2 lY4 2Al 

10 lAl 2Y4 lA2 2Y3 lA3 2Y2 lA4 2Yl GND 
TL/L/5D2D-l 

MM54HCT240/MM74HCT240 
~4HCT240 (J) 74HCT240 (J,N) 

10 lAl 2Y4 lA2 2Y3 lA3 2Y2 lA4 2Yl GND 

TL/L/5D2D-2 
MM54HCT241/MM74HCT241 

54HCT241 (J) 74HCT241 (J,N), 
Vec 20 lYl 2A4 lY2 2A3 lY3 2A2 W4 2Al 

10 lAl 2Y4 lA2 2Y3 lA3 2Y2 lA4 2Yl GND 
TL/F/5327-1 

MM54HCT244/MM74HCT244 
54HCT244 (J) 74HCT244 (J,N) 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vee) -0.5 to +7.0V Min Max Units 

DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(Veel 4.5 5.5 V 

DC Output Voltage (Vour) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current '(11K, 10K) ±20mA (VIN,Vour) 

DC Output Current, per pin (lour) ±35mA Operating Temperature Range(T A) 
MM74HCT -;-40 +85 ·C 

DC Vee or GND Current, per pin (Ieel ±70mA 
, 

MM54HCT -55 +125 ·C 
Storage Temperature Range (T srG) - 65·C to + 150·C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (lr, til 500 ns 

Lead Temperature (T U (Soldering 10 seconds) 260·C 

DC Electrical Characteristics 
Vee=5V ±100/0 (unless.otherwise specified) 

TA=25·C 
74HCT 54HCT 

TA = -40 to 85·C TA= -55 to 125·C 
Symbol Parameter Conditions Units 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0 2.0 2.0 V 
Input Voltage 

VIL Maximum Low Level 0.8 0.8 0.8 V 
Input Voltage 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage Ilourl=20 /LA Vee Vee- 0.1 Vee- 0.1 Vee- O.1 V 

Ilourl=6.0 mA, Vee=4.5V 4.2 3.98 3.84 3.7 V 

Iiourl =7.2 mA, Vee=5.5V 5.7 4.98 4.84 4.7 V 

VOL Maximum low level VIN = VIH or VIL 
Voltage Iiourl = 20 /LA 0 0.1 0.1 0.1 V 

Houri =6.0 mA, Vee=4.5V 0.2 0.26 0.33 0.4 V 

Houri =7.2 mA, Vee=5.5V 0.2 0:26 0,33 0.4 V 

I",oj Maximum Input VIN = Vee or GND ±0.1 ±1.0 ±1.0 /LA 
Current 

IOZ Maximum TRI-STATE Vour=VeeorGND ±0.5 ±5.0 ±10 /LA 
Output Leakage G=VIH 
Current G=GND 

• Icc Maximum Quiescent VIN = Vee or GND 8.0 80 160 /LA 
Supply Current lour=O/LA I 

VIN = 2.4V or O.4V (Note 4) 100 ",A 

NOle 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Nole 2: Unless otherwise specified all voltages are referenced to ground. 

NOle 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 65'C to 85'C; ceramic "J'; package: -12 mWrC from 
100'C to 125'C. 

Note 4: Measured per Input. All other inputs at Vee or GND. 

Truth Tables 
'HC240 'HC241 'HC244 

1G 1A 1Y 2G 2A 2Y 1G 1A 1V 2G 2A 2Y 1G 1A 1Y 2G 2A 2Y 

L L H L L H L L L L L Z L L L L L L 
,L H L L H L L H H L H Z L H H L H H 
H L Z H L Z H L Z H L L H L Z H L Z 
H H Z H H Z H H Z H H H H H Z H H Z 

H = high level, L = low level, Z = high impedance 

, 
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AC Electrical Characteristics MM54HCT240/MM74HCT240 

Vcc=5.0V. t,=tf=6 ns TA=25"C. (unless otherwise specified) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limits 

tpHL. tpLH Maximum 'Output CL =45 pF 12 18 ns 
Propagation Delay 

tPZL. tPZH Maximum Output CL =45pF 14 28 ns 
Enable Time RL =1 kG 

tpLZ. tpHZ Maximum Output CL =5pF 13 25 ns 
Disable Time RL =1 kG 

I 

AC Electrical Characteristics MM54HCT240/MM74HCT240 

Vcc=5.0V ±10%. t,=tf=,6 ns (unless otherwise specified) 

TA=2S"C 
74HCT S4HCT 

TA=-40to8S"C TA=-SSto125"C 
Symbol Parameter Conditions Units 

Typ Guaranteed Limits 
-, 

tpHL. tpLH Maximum Output CL =50pF 12 20 25 30 ns 
Propagation Delay CL=150pF 22 30 38 45 ns 

tPZH. tpZL Maximum Output RL =1 kG 'I CL=50pF 15 30 38 45 ns 
Enable Time I CL=150pF 20 40 50 60 ns 

tpHZ. tpLZ Maximum Output RL =;1 kG 15 30 38 45 ns 
Disable TIme CL =50pF 

trHL. trLH Maximum Outpat CL =50pF 6 12 15 18 ns . Rise and Fall Time 

CIN Maximum Input 5 10 10 ,10 pF 
Capacitance 

COUT Maximum Output 15 20 20 20 pF 
Capacitance 

CpD Power Dissipation (per output) G=Vcc 12 pF 
Capacitance (Note 5) G=GND 50 pF 

AC Electrical Characteristics MM54HCT241/MM74HCT241. M,M54HCT244/MM74HCT244 

Vcc=5.0V. t,=tf=8 ns TA=25"C. (unless otherwise specified) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limits 

tpHL. tpLH Maximum Output CL =45pF 13 20 ns 
Propagation Delay 

tPZL. tPZH Maximum Output CL =45pF 17 28 ns 
Enable Time RL =1 kG 

tpLZ. tpHZ Maximum Output CL =5pF 15 25 ns 
Disable Time RL=1 kG 

. 

I 

\ 
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AC Electrical Characteristics MM54HCT241/MM74HCT241, MM54HCT244/MM74HCT244 

Vcc=5.0V ±10%, tr=tf=6 ns (unless otherwise specified) 

TA=25'C 
74HCT 54HCT 

TA=-40t085'C TA= -55to 125'C 
Symbol Parameter Conditions Units 

Typ Guaranteed Limits 

tpHL, tpLH Maximum Output CL =50pF 14 23 29 34 ns 
Propagation Delay 

CL =150 pF 17 33 42· 49 ns 

tpZH, tpZL Maximum Output RL =1 kn CL =50pF 17 30 38 45 ns 
Enable Time CL=150pF 22 40 50 60 ns 

tpHZ, tpLZ Maximum Output RL =1 kO 17 30 38 45 ns 
Disable TIme CL =50 pF 

tTHL, tTLH Maximum Output CL =50pF 6 12 15 18 ns 

Rise and Fall Time , 

CIN Maximum Input 5 10 10 10 pF 
Capacitance 

COUT Maximum Output 15 20 20 20 pF 

Capacitance 

CpD Power Dissipation (per output) G=Vcc 12 pF 

Capacitance (Note 5) G=GND 45 pF 

Nole 5: CPO determines the no load dynamic power consumption. Po = Cpo Vee2 f + Icc Vee.and the no load dynamic current consumption. IS = Cpo Vee f+ Icc. 
Nole 6: Refer to Section 1 for Typical MM54174HCT AC Switching Waveforms and Test Circuits. 

Logic Diagrams 

'HCT240 'HCT241 'HCT244 
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~National 
~ Semiconductor 

PRELIMINARY 

MM54HCT245/MM74HCT245 
Octal TRI-STATE® Transceiver 

General Description 
This TRI-STATE bi-directional buffer utilizes microCMOSTM 
Technology, 3.0 micron silicon gate N-well CMOS, and Is 
intended. for two-way asynchronous communication be­
tween data buses. They have high drive current outputs 
which enable high speed operation even when driving large 

. bus capacitances. These circuits possess the low power 
consumption of CMOS circuitry, yet have speeds compara­
ble to low power Schottky TTL circuits. 
All three devices are TTL input compatible and can drive up 
to 15 LS-TTL loads, and all inputs are protected from dam­
age due to static discharge by diodes to Vee and ground. 
MM54HCT245/MM74HCT245 has one active low enable in­
put (G), and a direction control (DIR). When the DIR input is 
high, data flows from the A inputs to the B outputs. When 
DIRis low, data flows from B to A. 
MM54HCT/74HCT devices are intended to inteNace be­
tween TTL and NMOS components and standard CMOS 

Connection Diagram 

ENABLE 
Vee G 81 B2 83 64 8S B6 87 BB 

DIR A1 A2 A3 A4 AS AIS A7 AI GND 

TLIF/5165-1 

MM54HCT245/MM74HCT245 

54HCT245 (J) 74HCT245 (J,N) 

devices. These parts are also plug in replacements for LS­
TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 
• TTL Input Compatible 
• Octal TRI-STATE outputs for /LP bus applications: 

6 mA, typo 
• High speed: 12 ns typical propagation delay 
• Low Power: 80 /LA (74 Series) 

Truth Table 

Control 
Operation Inputs 

G OIR 245 

L L B data to A bus 

L H A data to B bus 

H X isolation 

H = high level L = low level, X = Irrelevant 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltal;le (Vee! -0.5 to + 7.0V Min Max. Units 
DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage(Vee! 4.5 5.5 V 

DC Output Voltage (Vour) -0.5 to Vee+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K, 10K! ±20mA (VIN,Vour) 

DC Output Current, per pin (lour) ±35mA Operating Temperature Range(T Al 
( MM74HCT -40 +85 ·C 

DC Vee or GND Current, per pin (lee) ±70mA MM54HCT -55 +125 ·C 
Storage Temperature Range (T STG) -65·Cto +150·C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (t" tf) 500 ns 
Lead Temperature (T L) (Soldering 10 seconds) 260·C 

DC Electrical Characteristics 
(Vee=5V±10%, unless othel\yise specified.) 

TA=25·C 
74HCT 54HCT 

TA=-40t085·C TA= -55 to 125·C 
Symbol Parameter Conditions Units 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0 2.0 2.0 V 
Input Voltage 

VIL Maximum Low Level 0.8 0.8 0.8 V 
Input Voltage 

VOH Minimum High Level VIN=VIHorVIL 
Output Voltage Ilourl=20 /LA Vee Vee-O.1 Vee-0.1 Vee-O.1 V, 

Ilourl=6.0 mA, Vee=4.5V 4.2 3.98 3.84 3.7 V 
Ilourl=7.2 mA, Vee=5.5V 6.7 4.98 4.84 4.7 V 

VOL Maximum Low Level VIN = VIH or VIL 
Voltage Iiourl = 20 /LA 0 0.1 0.1 0.1 V 

Iiourl =6.0 mA, Vee=4.5V 0.2 0.26 0.33 0.4 V 
Iiourl = 7.2 mA, Vee = 5.5V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN = Vee or GND ±0.1 ±1.0 ±1.0 /LA 
Current 

loz Maximum Tri-State Vour=VeeorGND ±0.5 ±5.0 ±10 /LA 
Output Leakage G=VIH 
Current 

Icc Maximum Quiescent VIN=VeeorGND 8 80 160 /LA 
Supply Current 10ur=0 /LA 

VIN = 2.4V or O.4V (Note 4) 100 /LA 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified ali voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plasHc "N" package: -12 mWrC from 65·C to 85·C; ceramic' "J" package: -12 mWrC from 
100·C to 125·C. 
Note 4: Measured per Input. Ali other inputs at Vee or ground. 

, 
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AC Electrical Characteristics MM54HCT245/MM74HCT245 
Vcc=5.0V, tr=tf=6 ns, TA=25°C, (unless otherwise specified) 

Symbol Parameter Conditions Typ Guaranteed 
Units 

Umlt 

tpHL, tpLH Maximum Output CL ... 45pF 15 20 ns 
Propagation Delay 

tpZL, tPZH Maximum Output CL =45 pF 18 28 ns 
Enable Time RL =1 kO 

tpLZ, tpHZ Maximum Oulput CL =5pF 16 I 25 ns 
Disable Time RL =1 kO 

AC Electrical Characteristics MM54HCT245174HCT245 
Vcc=5.0V ±10%, tr=tf=6 ns (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

TA=-40to85°C TA=-55to125"C 
Symbol Parameter Conditions Units 

Typ Guaranteed Umlts 

tpHL, tpLH Maximum Output CL =50pF 14 23 29 34 ns 
Propagation Delay CL=150pF 17 30 38 45 ns 

tpZH, tpZL Maximum Output RL =1 kO I CL =50pF 17 30 38 45 ns 
Enable Time I CL =150pF .20 35 43 52 ns 

tpHZ, tpLZ Maximum Output RL =1 kO 18 30 38 45 ns 
Disable Time 

tTHL, trLH Maximum Output CL =50pF 8 12 15 18 ns 
Rise and Fall Time 

GN Maximum Input 5 10 10 10 pF 
Capacitance 

GoUT Maximum Output 15 20 20 20 pF 
Capacitance 

CPO Power Dissipation (Note 5) G = Vec pF 
CapaCitance G=GND , 

Note 5: Cpo determinsstha no load power consumption. Po=Cpo Vee21+Iee Vee. and the no load dynamic current consumption, Is=Cpo Vee 1+ Icc. 

Note 6: Refer to Section 1 for Typical MM54174HCT AC Switching Waveforms and Test Circuits. 
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, ~National 
~ Semiconductor 

PRELIMINARY 

MM54HCT373/MM74HCT373 
TRI-STATE® Octal D-Type Latch 
MM54HCT37 4/MM7 4HCT37 4 
TRI-STATE Octal D-Type Flip-Flop 

General Description 
The MM54HCT373/MM74HCT373 Octal O-TYPE LATCH­
ES and MM54HCT374/MM74HCT374 Octal O-TYPE FLIP. 
FLOPS utilize microCMOSTM Technology, 3.0 micron silicon 
gate N-well CMOS, which provides the inherent benefits of 
low power consumption and wide power supply range, but 
are LS-TIL input and output characteristic & pinout compat­
ible. The TRI-STATE outputs are capable of driving 15 LS 
TIL loads. All inputs are protected from damage due to 
static discharge by internal diodes to Vee and ground. 

When the MM54HCT373/MM74HCT373 LATCH ENABLE 
input is high, the a outputs will follow the 0 inputs. When 
the LATCH ENABLE goes low, data at the 0 inputs will be 
retained at the outputs until LATCH ENABLE returns high 
again. When a high logic level is applied to the OUTPUT 
CONTROL input, all outputs go to a high impedance state, 
regardless of what signals are present at the other inputs 
and the state of the storage elements. 

The MM54HCT374/MM74HCT374 are positive edge trig­
gered flip-flops. Data at the 0 inputs, meeting the setup and 
hold time requirements, are transferred to the a outputs on 
positive going transitions of the CLOCK (CK) input. When a 
high logic level is applied to th,e OUTPUT CONTROL (OC) 
input, all outputs go to a high impedance state, 

Connection Diagrams 
Dual-in-Line Package 

vee 80 80 70 80 60 50 50 LE 

20 40 40 

TL/F/5367-1 

MM54HCT373/MM74HCT373 

54HCT373 (J) 74HCT373 (J,N) 

regardless of what signals are present at the other inputs 
and the state of the storage elements. 

MM54HCT/MM74HCT devices are intended to interface be­
tween TIL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS­
TIL devices and can be used to reduce power consumption 
in existing designs. 

Features 
• TIL input characteristic compatible 
• Typical propagation delay: 15 ns 
• Low input current: 1 /LA maximum 
• Low quiescent current: 80 /LA maximum 
• Compatible with bus-oriented systems 
• Output drive capability: 15 LS-TIL loads 

Dual-in-Line Package 

~ ~ m ro ro ~ m ~ ro ~ 

OC 10 10 20 ·30 

11 

10 

40 40 GNO 

TL/F/5367-2 

MM54HCT374/MM74HCT374 

54HCT374 (J) 74HCT374. (J,N) 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage (Vcc) -Q.5to +7.0V ' Min Max Units 
DC Input Voltage (VIN) -1.5 to Vcc+1.5V Supply Voltage(Vcc) 4.5 5.5 V 

DC Output Voltage (VOUT) -0.5 to Vcc+0.5V DC Input or Output Voltage 0 Vcc V 

Clamp Diode Current (11K, loKI ±20mA (VIN,VOUT) 

DC Output Current, per pin (lOUT) ±35mA Operating Temperature RangeCT AI 
MM74HCT -40 +85 ·C 

DC Vcc or GND Current, per pin (Icc) ±70mA MM54HCT -55 +125 ·C 
Storage Temperature Range CT STG) -65·C 10 + 150·C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (Ir, tt) 500 ns 
Lead Temperature CT L.l (Soldering 10 seconds) 260·C 

DC Electrical Characteristics 
Vcc=<5V ±10% (unless otherwise specified) 

'TA=2S·C 
74HCT S4HCT 

TA=-40to8SOC TA=-SSto12SOC 
Symbol Parameter Conditions Units 

Typ Guaranteed Limits 

VIH Minimum High Level 2.0 ~ 2.0 .2.0 V 
Inpul Voltage 

VIL Maximum Low Level 0.8 0.8 0.8 V 
Input Voltage 

VOH Minimum High Level VIN=VIH orVIL 
Output Voltage IIOUTI=20p.A Vee Vcc-0.1 Vcc-0.1 Vcc-0•1 V 

IIOUTI=6.0mA, Vcc= 4.5V 4:2 3.98 3.84 3.7 V 
IIOUTI=7.2 mA, Vee=5.5V 5.7 4.98 4.84 4.7 V 

VOL Maximum Low Level VIN=VIH orVIL 
Voltage IIOUTI=20 p.A 0 0.1 0.1 0.1 V 

IIOUTI=6.0 mA, Vcc= 4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI=7.2.mA, Vcc=5.5V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=VeeorGND ±0.1 ±1.0 ±1.0 . p.A 
Current 

loz Maximum TRI-STATE VOUT= Vcc or GND ±0.5 ±5.0 ±10 p.A 
Output Leakage Enable = VIH or VIL 
Current 

Icc Maximum Quiescent VIN=Vee or GND '- 8.0 80 160 p.A 
Supply Current IOUT=Op.A 

VIN = 2.4V or 0.4V (Note 4) 100 p.A 

Nole 1: Absolute Maximum Ratings are those values beyond which damage to the device may. occur, 
Note 2: Unless otherwise specified all voltages are referenced to ground, 
Nole 3: Power Dissipation temperature deraHng - plastiC "N" package: -12 mWI"C from 65'C to .85'C; ceramic "J" package: -12 mWI"C from 
100'C to 125'C. 
Note 4: Measured per pin, All othera tied to Vee or ground, 
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AC Electrical Characteristics MM54HCT373/MM74HCT373 

Vcc=5.0V. tr=t,=6 ns TA = 25°C (unless otherwise specified) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpHL. tpLH Maximum Propagation Delay CL =45pF 18 25 ns 
Data to Output 

tpHL. tpLH Maximum Propagation Delay CL =45pF 21 30 ns 
Latch Enable to Output 

tpZH. tpZL ' Maximum Enable Propagation Delay CL =45pF 20 28 ns 
Control to Output RL=1 kO 

. tpHZ. tpLZ Maximum Disable Propagation Delay CL =5pF 18 25 ns 
Control to Output RL =1 kO 

tw Minimum Clock Pulse Width 16 ns 

1$ Minimum Setup Time Data to Clock 5 ns 

tH Minimum Hold Time Clock to Data 10 ns 

AC Electrical Characteristics MM54HCT373/MM74HCT373 

. Vcc=5.0V ±10%. tr=t,=6 ns (unless otherwise specified) 

TA=25°C 
74HCT 54HCT 

Symbol Parameter Conditions 
TA= -40 to 85°C TA= -55 to 125°C 

Units 
Typ Guaranteed Limits 

tpHL. tpLH Maximum Propagation CL =50 pF 22 30 37 45 ns 
Delay Data to Output CL =150pF 30 40 50 60 ns 

tpHL. tpLH Maximum Propagation Delay CL =50 pF 25 35 44 53 ns 
Latch Enable to Output. CL =150pF 32 45 56 68 ns 

tPZH. tpZL Maximum Enable Propagation CL =50 pF 21 30 37 45 ns 
Delay Control to Output CL=150pF 30 40 50 60 ns 

RL =1 kO 

tpHZ. tpLZ Maximum Disable Propagation CL =50pF 21 30 37 45 ns 
Delay Control to Output RL=1 kO 

tw Minimum Clock Pulse Width 16 20 24 ns 

1$ Minimum Setup Time Data to Clock 5 6 8 ns 

tH Minimum Hold Time Clock to Data 10 13 20 ns 

ciN Maximum Input Capacitance 10 10 10 pF 

GoUT Maximum Output Capacitance 20 20 20 pF 

CPD Power Dissipation Capacitance (Note 5) G=Vcc pF 
G=GND pF 

Truth Tables 
'373 '374 

Output Enable 
Data 

373 573 Output 
Clock Data 

Output Output 
Control G Output Output Control (374) (534) 

L H H H L L t H H L 
L H L L H L t L L H 
L L X 00 00 L L X 00 00 
H X X Z Z H X X Z Z 

H = high level, L = low level H = High Level, L = Low Level 
00 = level of output before steady-state input conditions X = Don't Care 
were established. i = Transition from low-to·hlgh 
Z = high impedance . Z = High impedance state 

00 = The level of the output before steady stele Input condi-
tions were established. 
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. . 
AC Electrical Characteristics MM54HCT374/MM74HCT374 
Vcc=5.0V. tr=t,=6 ns TA=25"C (unless otherwise specified) 

Symbol Parameter Conditions Typ Guaranteed 
Units 

Umlt 

fMAX Maximum Clock Frequency 50 30 MHz 

tpHL. tpLH Maximum Propagation Delay CL =45 pF 20 32 ns 
to Output 

tPZH. tPZL Maximum Enable Propagation Delay CL =45 pF 19 28 ns 
Control to Output RL =1 kG 

tpHZ. tpLZ Maxill"!um Disable Propagation Delay CL =5 pF 17 25 ns 
Control to Output RL =1 kG 

tw Minimum Clock Pulse Width 20 ns 

ts Minimum Setup Time Data to Clock 5 ns 

tH Minimum Hold Time Clock to Data 16 ns I 

AC Electrical Characteristics MM54HCT374/MM74HCT374 
Vcc=5.0V ±10%. tr=t,=6 ns-(unless otherwise specified) 

TA=2SoC 
74HCT S4HCT 

TA= -40 to 85"C TA=-SSto12SoC 
Symbol Parameter Conditions Units 

Typ Guaranteed Limits 

fMAx Maximum Clock 30 24 20 MHz 
Frequency . 

tpHL. tpLH Maximum Propagation Delay CL =5Q pF 22 36 45 48 ns 
to Output CL =1.50pF 30 46 57 69 ns 

tpZH. tpZL Maximum Enable Propagation CL =50pF 21 30 37 45 ns 
Delay·Control to Output CL =150pF 30 40 50 60 ns 

RL =1 kG 

tpHZ. tpLZ Maximum Disable Propagation CL =50pF 21 30 37 45 ns 
Delay Control to Output RL=1kG 

tW Minimum Clock Pulse Width 16 20, 24 ns 

Is Minimum Setup Time Data: to Clock 20 25 30 ns 

tH Minimum Hold Time Clock to Data 5 5 5 ns 

CIN Maximum Input Capacitance 10 10 10 pF 

GoUT Maximum Output Capacitance 20 20 20 pF 

CPO Power Dissipation Capacitance (Note 5) G=VCC pF 
G=GND pF 

Note 5: CPO detennlnes the no load power consumption. Po=Cpo Vee! 1+ Icc Vee. and the no load dynamic current consumption, Is=Cpo Vee f+ Icc. 
Note II> Refer to Section 1 for Typical MM54t74HCT AC Sw~chlng Wavefonns and Test Circuits. 

, 
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Logic Diagrams 
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~National 
~ Semiconductor 

PRELIMINARY 

MM54HCT640/MM74HCT640 
Inverting Octal TRI-STATE® Transceiver 
MM54HCT643/MM74HCT643 
True-Inverting Octal TRI-STATE Transceiver 

General Description 
These TRI-STATE bi-directional buffers ulilize micro­
CMOSTM Technology, 3.0 micron silicon gale N-well CMOS, 
and are inlended for two-way asynchronous communication 
between data buses. They have high drive current outputs 
which enable high speed operation even when driving large 
bus capacitances. These circuits possess the low power 
consumption of CMOS Circuitry, yet have speeds compara­
ble to low power Schottky TTL circuits. 

All devices are TTL input compatible and can drive up to 15 
LS-TTL loads, and all inputs are protected from damage due 
to static discharge by diodes to Vee and ground. 

80th the MM54HCT640/MM74HCT640 and the 
MM54HCT643/MM74HCT643 have one active-low enable 
input (G), and a direction control (DIR). When the DIR input 
is high, data flows from the A inputs to the 8 outputs. When 
DIR is low, data flows from 8 to A. The MM54HCT6401 
MM54HCT640 transfers inverted data from one ·bus to the 

Connection Diagrams 
ENABLE 

~ ij ~ ~ n M ~ U ~ U 

DIA 1.1 1.2 1.3 M 01.5 1.6 1.7 AS GND 

TLlF/5344-1 

MM54HCT640/MM74HCT640 

54HCT640 (J) 74HCT640 (J,N) 

Truth Table . 

Control 
Inputs 

other. The MM54HCT643/MM54HCT643 transfers inverted 
data from the A bus to the 8 bus and non-inverted data from 
the 8 bus to the A bus. 

MM54HCT IMM74HCT devices are intended to interface be­
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS­
TTL devices and can be used to reduce power consumption 
in existing designs. 

Features 
• TTL Input Compatible 
• ,Octal TRI-STATE outputs for p.P bus applications: 

6 mA, typical. 

• High Speed: 12 ns typical propagation delay 

• Low power: 80 ~A'maximum (74HCT) 

ENABlE 

~ ij ~ ~ n " ~ M ~ U 

OIA 1.1 A2 1.3 A4 AS I.e 1.7 A8 GND 

lL/F/5344-2 

MM54HCT643/MM74HCT643 

54HCT643 (J) 74HCT643 (J,N) 

Operation 

G DIR 640 643 

L L 8 data to A bus 8 data to A bus 

.L H Ii. data to 8 bus A data to B bus 

H X Isolation Isolation 

H=hlgh level, L=low'level, X=lrrelevant 
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Absolute Maximum Ratings (Notes 1 & 2) Operating Conditions 
Supply Voltage {Veel -0.5 to + 7.0V Min Max Units 
DC Input Voltage (VIN) -1.5 to Vee+1.5V Supply Voltage{Veel 4.5 5.5 V 

DC Output Voltage (VOUT) -0.5 to Vec+0.5V DC Input or Output Vollage 0 Vec V 

Clamp Diode Current (11K, 10K) ±20mA (VIN,VOUT) 

DC Output Current, per pin (lOUT) ±35mA Operating Temperature Range(T A) 
MM74HCT -40 +85 ·C 

DC Vec or GND Currenl, per pin (Icel ±70mA MM54HCT -55 +125 ·C 
Siorage Temperature Range (T 8TG) -65·Cto +150·C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (Ir, ttl 500 ns 
Lead Temperature (T t.l (Soldering 10 seconds) 260·C 

DC Electrical Characteristics (Vcc=5V ±10%, unless otherwise specified) 

TA=2S·C 
74HCT S4HCT 

Symbol Parameter Conditions 
TA= -40to 8S·C TA= -S5to 12S·C 

Units 
TyP Guaranteed Limits 

. VIH Minimum High Level 2.0 2.0 2.0 V 
Input Voltage 

VIL Maximum Low Level 0.8 0.8 0.8 V 
Input Voltage 

VOH Minimum High Level VIN = VIH or VIL 
Output Voltage IIOUTI=20 /A-A Vcc Vcc O.1 Vcc O.1 Vec O.1 V 

lIouTI=6.0mA, Vcc= 4.5V 4.2 3.98 3.84 3.7 V 
IIOUTI.=7.2mA, Vec=5.5V 5.7 4.98 4.84 4.7 V 

VOL Maximum Low Level VIN = VIH or VIL 
Voltage IIOUTI=20 /A-A 0 0.1 0.1 0.1 V 

lIouTI=6.0mA, Vcc=4.5V 0.2 0.26 0.33 0.4 V 
IIOUTI=7.2mA, Vec=5.5V 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=VeeorGND :fO.l ±1.0 ±1.0 /A-A 
Current 

loz Maximum Tri-State VOUT= Vce or GND ±0.5 ±5.0 ±10 /A-A 
Output Leakage Enable=VIH orVIL 
Current 

Icc Maximum Quiescent VIN=VccorGND 8 80 160 /A-A 
Supply Current lOUT = OvA 

VIN=2.4VorO.4V 100 /A-A 
(Note 4) , 

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 
Note 3: Power Dissipation temperature derating - plastic "N" package: -12 mWrC from 6S·C to 8S·C; ceramic "J" package: -12 mWrC from 
100"C to 12S·C. 
Note 4: Measured per input. All other Inputs held at Vee or ground. 

AC Electrical Characteristics MM54HCT640/MM74HCT640 

Vee=5.0V, tr=tf=6 ns, TA=25·C (unless otherwise specified) 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limits 

tPHL, tpLH Maximum Output 13 20 ns 
Propagation Delay CL=45 pF 

tpZL, tPZH Maximum Output RL =1 kn 17 28 ns 
Enable Time 

ti'LZ' tpHz Maximum Output CL =5pF 16 25 ns 
Disable Time RL =1 kn 
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AC Elec;trical Characteristics MM54HCT640/MM74HCT640 
Vee=5.0V ± 10%, tr=tf=6 ns (unless otherwise specified) 

TA=25oC 
74HCT 54HCT 

Symbol Parameter Conditions 
TA=-40to8SOC TA= -55 to 125°C 

Units 
Typ Guaranteed Limits 

tpHL, tpLH Maximum Output CL =50pF 14 23. 29 34 ns 
Propagation Delay CL =150pF 17 30 38 45 ns 

tpzH, tpZL Maximum Output RL =1k.!l I CL=50pF 17 30 38 .45 ns 
Enable Time I CL =150pF 20 35 43 52 ns 

tpHZ, tpLZ Maximum Output RL =1k.!l 18 30 38 45 ns 
Disable Time CL =50pF 

tTHL, ~LH Maximum Output 6 12 15 18 ns 
Rise and Fall Time . 

CIN Maximum Input 5 .10 10 10 pF 
Capacitance 

COUT Maximum Output 15 20 20 20 pF 
Capacitance 

CPO Power Dissipation (per o)Jtput) §.=Vee pF 
Capacitance (Note 5) G=GND pF 

AC Electrical Characteristics MM54HCT643/MM74HCT643 
Vee=5.0V, tr=tf=6 ns, TA=25°C (unless otherwise specified) 

Symbol Parameter Conditions Typ Guaranteed Units 
Limits 

tpHL, tpLH Maximum Output 13 20 ns 
Propagation Delay CL =45pF 

tpZL, tpZH Maximum Output RL =1 k.!l 17 28 ns 
Enable Time 

tpLZ, tpHZ Maximum Output CL =5pF 16 25 ns 
Disable TIme RL =1 k.!l 

AC Electrical Characteristics MM54HCT643/MM74HCT643 
Vcc=5.0V ± 10%, tr=tf=6 ns (unless otherwise specified) 

TA=25oC 
74HCT 54HCT 

Symbol Parameter Conditions TA= -40 to85oC TA=-55to125°C Units 
Typ Guaranteed Limits 

tpHL, tpLH MaximumOutput CL =50pF 14 23 29 34 ns 
Propagation Delay CL =150pF. 17 30 38 45 ns 

tpZH, tPZL Maximum Output 8L =1k.!l I CL =50pF 17 30 38 45 ns 
Enable Time I CL =150pF 20 35 43 52 ns 

tpHZ, tpLZ Maximum Output RL = k.!l 18 30 38 45 ns 
Disable Time CL =50pF ns 

tTHL, tTLH Maximum Output 6 12 15 18 ns 
Rise and Fall Time 

CIN Maximum.lnput 5 10 10 10 pF 
Capacitance, 

COUT Maximum Output 15 20 20 20 pF 
Capacitance 

CPO Power Dissipation (per output) §. = Vee pF 
Capacitance (Note 5) G=GND pF 

Nole 5: Cpo determines the no load power consumption. Po = CpOVCC2f +lccVcc. The no load dynamic current consumption.ls=CpoVcc +Icc. 
Nole 6: Refer to Section 1 for Typical MM54/74HCT AC Switching Waveforms and Test Circuits. 
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~National 
~ Semiconductor 

PRELIMINARY 

MM54HCT68S/MM74HCT688 
8-Bit Magnitude Comparator (Equality Detector) 

General Description 
This equality detector utilizes microCMOSTM Technology, 
3.0 micron silicon gate N-well CMOS to compare bit for bit 
two 8-bit words and indicate whether or not they are equal. 
The P = Q output indicates equality when it is low. A single 
active low enable is provided to facilitate cascading of sev­
eral packages and enable comparison of words greater than 
8 bits. 

This device is useful in memory block decoding applica­
tions, where memory block enable signals must be generat­
ed from computer address information. 

The comparator combines the low power consumption of 
CMOS, but inputs are compatible with TTL logic levels, and 
the output can drive 10 low power Schottky equivalent 
loads. 

Connection and Logic Diagrams 

Dual·ln·Llne Package 

Vce P = 0 07 P7 OS PS ,os PS 04 P4 

11 

10 

G PO 00 P1 01 P2 02 P3 03 GND 

TL/F/5018-1 

MM54HCT688/MM74HCT688 

54HCT688 (J) 74HCT688 (J,N) 

Truth Table 
Inputs 

Data. 
Enable P=Q 

P,Q G 

P=Q L L 
P>Q L H 
P<Q L H 

X H H 

MM54HCT/MM74HCT devices are intended to interface be­
tween TTL and NMOS components and standard CMOS 
devices. These parts are also plug in replacements for LS­
TTL devices and can be used to reduce power consumption 
in existing designs. 

All inputs are protected from damage due to static dis­
charge by diodes to Vee and ground. 

Features 
• TTL Input Compatible 
• Typical propagation delay: 20 ns 
.• Low quiescent current: 80 p.A maximum (74HCT series) 
• Large output current: 4 mA 

G (1) 

TL/F/5018-2 
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Absolute Maximum Ratings JNotes 1 & 2) Operating Conditio'ns 
Supply Voltage (Vecl -0.5 to +7.0V Min Max Units 
DC Input Voltage (VIN) -1.5 to Vcc+1.5V Supply Voltage(Vee) 4.5 5.5 V 

DC Output Voltage (VOUT) -0.5 to Vcc+0.5V DC Input or Output Voltage 0 Vee V 

Clamp Diode Current (11K, loKl ±20mA (VIN,VOUT) 

DC Output Current, per pin (lOUT) ±25rnA Operating Temperature Range(T Al 
MM74HCT6BB -40 +B5 "C 

DC Vcc or GND Current, per pin (ICC) ±50mA MM54HCT6BB -55 +125 "C 
Storage Temperature Range (T STG) -65"C to + 150"C Input Rise or Fall Times 
Power Dissipation (Po) (Note 3) 500mW (t,., tl) 500 ns 
Lead Temperature (T L.l (Soldering 10 seconds) 260"C 

DC Electrical Characteristics 
(Vee=5V ±10% unless otherwise specified) 

TA=2S"C 
74HCT S4HCT 

TA=-40to8S"C TA=-SSt012S"C 
Symbol Parameter Conditions Units 

Typ Guaranteed Umlts 

VIH Minimum High Level 2.0 2.0 2.0 V 
Input Voltage 

VIL Maximum Low Level O.B O.B O.B V 
Input Voltage 

VOH Minimum High Level VIN = O.BV or 2.0V 
Output Voltage . ilOUT! = 20 /LA Vee Vcc-·1 Vee-·1 Vcc-·1 V 

!IOUT!=4.0 rnA, Vee=4.5V 4.2 3.9B 3.B4 3.7 V 
!IOUT!=4.8 mA, Vee=5.5V 5.7 4.9B 4.B4 '4.7 V 

VOL Maximum Low Level VIN = VO.BV or 2.0V 
Voltage !IOUT!=20 /LA 0 0.1 0.1 0.1 V 

!IOUT!=4.0 mA, Vcc=4.5V 0.2 0.26 0.33 0.4 V 
!IOUT!=4.8 mA, Vcc=5.5V . 0.2 0.26 0.33 0.4 V 

liN Maximum Input VIN=VccorGND ±0.1 ·±1.0 ±1.0 /LA 
Current " 

Icc Maximum Quiescent VIN=VCCorGND B.O 80 160 IJ.A 
Supply Current IOUT=O/LA 

VIN = 2.4V or 0.4V (Note 4) 100 /LA , , 
Note 1: Absolute Maximum Ratings are those values beyond which-damage to the device may occur . 
Note 2: Unless otherwise specified all voltages are referenced to ground. . 
Note 3: Power Dissipation temperature derating ..,. plastic "N" package: -12 mW I"C from 65°C to 85°C; ceramic "J" package: -12 mW I"C from 
100°C to 125°C. 

Note 4: Measured per pin. All other Inputs held at Vee or ground: 

I 

, 

5·44 



AC Electrical Characteristics 
Vcc=5V, TA=25'C, CL =15 pF, tr=t,=6 ns 

Symbol Parameter Conditions Typ 
Guaranteed 

Units 
Limit 

tpHL, tpLH Maximum Propagation '19 30 ns 
Delay - P or Q to output 

tpHL Maximum Propagation 13 20 ns 
Delay - Enable to output 

tpHL Maximum Propagation 10 18 ns 

Delay - Enable to output 

AC Electrical Characteristics 
Vcc=5V ±10%, CL =50 pF, tr=t,=6 ns (unless otherwise specified) 

TA=25'C 
74HCT 54HCT 

Symbol Parameter Conditions 
TA = -40 to 85'C TA = -55 to 125'C 

Units 
Typ Guaranteed Limits 

tpHL, tpLH Maximum Propagation 22 34 42 51 ns 

Delay - P or Q to output 

tpHL Maximum Propagation 16 23 29 35 ns 

Delay - Enable to output 

tpLH Maximum Propagation 13 21 26 32 ns 

Delay - Enable to output 

tTHL, tTLH Maximum Output Rise 8 15 19 22 ns 

and Fall Time 

Cpo Power Dissipation 60 pF 

Capacitance (Note 5) 

CIN Maximum Input 5 10 10 10 pF 

Capacitance 

Note 5: Cpo determines the no load dynamic power consumption. Po= CPO Vcc2 f+lcc Vee. and the no load dynamic current consumption, 18= CPO Vcc+1cc· 

Note 6: Refer to Section 1 for Typical MM54174HCT AC Switching Waveforms and Test Circuits, 
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Section 6 

Enhancement Programs 



National's A + Program 
A + Program: A comprehensive program that utilizes Na­
tional's experience gained from participation in the many 
Militaryl Aerospace programs. 

A program that not only assures high quality but also in­
creases the reliability of molded integrated circuits. 

The A + program is intended for users who cannot perform 
incoming inspection of ICs or do not wish to do so, yet need 
significantly better than usual incoming quality and higher 
reliability levels for their standard integrated circuits. 

Users who specify A + 'processed parts wi" find that the 
program: 

• Eliminates incoming electrical inspection. 

• Eliminates the need for, and thus the added cost of, inde-
pendent testing laboratories. 

• Reduces the cost of reworking assembled boards. 

• Reduces field failures. 

• Reduces equipment down time. 

• Reduces the need for excess inventories due to yield 
loss incurred as a result of processing performed at inde­
pendent testing laboratories. 

The A + Program Saves You Money 

It is a widely accepted fact that down-time of equipment is 
costly not only in lost hours of machine usage but also cost­
ly in the repair and maintenance cycle. One of the added 
advantages of the A + program is the burn-in screen, which 
is one of the most effective screening procedures in the 
semiconductor industry. Failure rates as a result of the burn­
in can be decreased many times. The objective of burn-in is 
to stress the device much higher than it would be stressed 
during normal usage. ' 

Reliability vs. Quality 

The words "reliability" and "quality" are often used inter­
changeably, as though they connoted identical facets of a 
product's merit. But reliability and quailty are different, and 
IC users must understand the essential difference between 
the two concepts in order to evaluate properly the various 
vendors' programs'lor products improvement that are gen­
erally available, and National's A + program in particular. 

The concept of quality gives us information about the popu­
lation and faulty IC devices among good devices, and gen­
era"y relates to the number of faulty devices that arrive at a 
user's plant. But looked at in another way, quality can in­
stead relate to the number of faulty ICs that escape detec­
tion at the IC vendor's plant. 

It is the function of a vendor's Quality Control arm to monitor 
the degree of success of that vendor in redUCing the num­
ber of faulty ICs that escape detection. Quality Control does 
this by testing the outgoing parts on a sampled basis. The 
Acceptable Quality Level (AQL) in turn determines the strin­
gency of the sampling. As the AQL decreases it becomes 
more difficult for defective parts to escape detection, thus 
the quality of the shipped parts increases. 
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The concept of reliability, on the other hand, refers to how 
well a part that is initially good will withstand its environ­
ment. Reliability is measured by the precentage of parts that 
fail in a given period of time. 

Thus the difference between quality and reliability means 
the ICs of high quality may, in fact be of low reliability, while 
those of low quality'may be of high reliability. 

Improving the Reliability of Shipped Parts 

The most important factor !hat affects a part's reliability is 
its construction: the materials used and the method by 
which they are assembled. 

ReliabilitY cannot be tested into a part. Still, there are tests 
and procedures that an IC vendor can implement which will 
subject the IC to stresses in excess of those that it will en­
dure in actual I,Ise, and which will eliminate marginal, short­
life parts. 

In any' test of reliability the weaker parts will normally fail 
first. Further, stress tests will accelerate, or shorten, the 
time of failure of the weak parts. Because the stress tests 
cause weak parts to fail prior to shipment to the user, the 
population of shipped parts will in fact demonstrate a higher 
reliability in use. 

National's A + Program 

National has combined the successful B+ program with the 
Military/Aerospace processing specifications and provides 
the A + program as the best practical approach to maxi­
mum quality and reliability on molded devices. The following 
flow chart shows how we do it step by step. 

SEM 
Randomly selected wafers are taken from produc­
tion regularly and subjected to SEM analysis. 

EpOXY B Processing for All Molded Parts 
At National, all molded semiconductors, Including 
ICs, have been built by this process for some time 
now. All processing steps, inspections, and QC 
monitoring are designed to provide highly reliable 
products. (A reliability report is available that gives, 
in detail, the background of Epoxy B, the reason for 
its selection at National, and reliability data that 
proves its success.) 

Six Hour, 1SlrC Bake 
This stress places the die bond and all wire bonds 
into a combined tensile 'and shear stress mode, and 
helps eliminate marginal bonds and electrical con­
nections. 



National's A + Program (Continued) 

High Temperature (100'C) Functional Electrical 
Test 
A high temperature test with voltages applied 
places the die under the most severe stress possi­
ble. The test is actually performed at 100'C-15'C 
higher than the commercial ambient limit. All devic­
es are thoroughly exercised at the 100'C ambient. 

Electrical Testing 
Every device is tested at 25'C for functional and DC 
parameters. 

Burn-In Test 
Each device is burned-in for 160 hours at a mini­
mum junction temperature of +125'C or under 
equivalent conditions of time and temperature, as 
established by a time-temperature regression curve 
based on 0.96eV activation energy. All burn-in done 
under steady-state conditions unless otherwise 
specified. 

DC Functional and Parametric Tests 
These room-temperature functional and parametric 
tests are the normal, final tests through which all 
National products pass. 

Thermal Shock Monitor 
Samples from each package type 
are selected at random each 
week and submitted to cycles of 

liquid to liquid thermal shock -65'C to + 150'C. In 
addition, samples are selected every four weeks 
and subjected to 2000 temperature cycles of O'C to 
+ 25'C. 

Tlghter-than~normal QC Inspection Plans 
Most vendors sample inspect outgoing parts to a 
0.3% AOL. When you specify the A + program, we 
sample your parts to a 0.035% AOL at room tem­
perature and 0.05% AQL at T A Max. This eight 
times tightening (from 0.3 to 0.035% AOL) coupled 
with three 100% electrical tests, dramatically reduc­
es the number of "escapes" and allows us to guar­
antee the AQLs listed below. 

Ship Parts 
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Here are the QC sample plans used in our A + test pro­
gram: 

Test Temperature AQL 
Electrical Functionality 25'C 1 0.035% 
Parametric, DC 25'C 
Parametric, AC 25'C 0.1% 
Electrical Functionality At each temperature 

0.05% 
Parametric, DC extreme. 
Mechanical 

Critical 0.01% 
Major 0.28% 



National's B + Program 
B+ Program: a comprehensive program that assures high 
quality and high reliability of molded integrated circuits. 

The B + program improves both the quality and the reliabili­
ty of National's digital, linear, and CMOS Epoxy B integrated 
circuit products. It is intended for the manufacturing user 
who cannot perform incoming inspection of ICs, or does not 
wish to do so, yet needs significantly-better-than-usual in­
coming quality and reliability levels for standard ICs. a Integrated circuit users who specify B +, processed parts 

._ will find that the program: 

:::I: . • Eliminates incoming electrical inspection. 

• Eliminates the need for, and thus the added cost of, inde-
pendent testing laboratories. 

• Reduces the cost of reworking assembled boards. 

• Reduces field failures. 

• Reduces equipment down time. 

Reliability Saves You Money 

With the increases population .of integrated circuits in mod­
ern electronic systems has come an increased concern with 
IC failures in such systems. . 

And rightly so, for at last two reasons. 

First of all, the effect of component reliability on system 
reliability can be quite dramatic. For example, suppose that 
you, as a system manufacturer, were to choose an IC that is 
99 percent reliable. You would find ttlat if your system used 
only 70 such ICs, the· overall reliability of the system's IC 
portion would be only 50 percent. In other words, only one 
out of two of your systems would operate. The result? A 
system very costly to produce and probably very difficult to 
sell. 

Secondly, whether the system is large or small you cannot 
afford to be hounded by the spectre of unnecessary mainte­
nance costs. Not only because labor, repair, and rework 
costs have risen-and promise to continue to rise-but also 
because field replacement may be prohibitively expensive. If 
you ship a system that contains a marginally-performing IC, 
an IC that later fails in the field, the cost of replacement may 
be-literally-hundreds of times more than the cost' of the 
failed IC itself. 

Improving The Reliability of Shipped Parts 

The most important factor that affects a part's reliability is 
its construction: the materials used and the method by 
which they are assembled. . 

Now, it's true that reliability cannot be tested into a part. 
Still, there are tests and procedures that an IC vendor can 
implement, which will subject the IC to stresses in excess of 
those that it will endure in actual use, and which will elinii­
nate most marginal, short-life parts. 

In any test for reliability the weaker parts will normally fail 
first. Further, stress tests will accelerate, or shorten, the 
time to failure of the weak parts. Because the stress tests 
cause weak parts to fail prior to shipment to the user, the 
population of shipped parts will in fact demonstrate a higher 
reliability in use. 

Quality Improvement' 

When an IC vendor specifies 100 percent final testing of its 
parts then, in theory, every shipped part should be a good 
part. However, in any population of mass-produced items 
there does exist some small percentage of defective parts. 

One of the best ways to reduce the number of such faulty 
parts is, simply, to retest the parts prior to shipment. Thus, if 
there is a one percent chance that a bad part will escape 
detection initially, retesting the parts reduces that probability 
to only 0.01 percent. (A comparable tightening of the ac 
group's sampled-test plan ensures the maintenance of the 
improv~d quality level.) 

National's B+ Program Gets I,t All Together 

We've stated that the B + program improves both the quali­
ty and the reliability of National's mOlded integrated Circuits, 
and pOinted out the difference between those two concepts. 
Now, how do we bring them together? The answer is in the 
B + program processing, which is a continuum of stress and 
double testing. With the exception of the final ac inspec­
tion, which is sampled, all steps of the B+ process are 
performed on 100 percent of the program parts. The follow­
ing flow chart shows how we do it, step by step. 

SEM 
Randomly selected wafers are taken from produc­
tion regularly and subjected to SEM analysis. 

Epoxy B Processing for All Molded Parts 
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At National, all molded semiconductors, including 
ICs, have been built by this process for some time 
now. All proceSSing steps, inspections, and ac . 
monitOring are designed to provide highly reliable 
products. (A reliability report is available that gives, 
in detail, the background of Epoxy B, the reason for 
its selection at National, and reliability data that 
proves its success.) 

Six Hour,150·C Bake 
This stress places the die bond and all wire bonds 
into a combined tensile and shear stress mode, and 
helps eliminate marginal bonds and electrical con­
nections. 

High Temperature (100"C) Functional Electrical 
Test 

. A high temperature test such as this with voltages 
applied places the die under the most severe stress 
possible, The test is actually performed at 100·C-



National's B + Program (Continued) 

15'C higher than the commercial ambient limit. All 
devices are thoroughly exercised at the 100'C am­
bient. (Even though Epoxy B processing has virtual­
ly eliminated thermal intermittents, we perform this 
test to ensure against even the remote possibility of 
such a problem. Remember, the emphasis in the 
B + program is on the elimination of those margin­
ally-performing devices that would otherwise lower 
field reliability of the parts.) 

DC Functional and Parametric Tests 
These room-temperature functional and parametric 
tests are the normal, final tests through which all 
National products pass. 

Thermal Shock Monitor 
Samples from each package type are 
selected at random each week and 
submitted to 100 cycles of liquid to liq­
uid thermal shock -65'C to +150'C. 
In addition, samples are selected every 
four weeks and subjected to 2000 tem­
perature cycles of O'C to + 25'C. 

Tighter-than-normal QC InspectlQn Plans 
Most vendors sample inspect outgoing parts to a 
0.3% AQl. When you specify the B+ program, we 
sample your parts to a 0.035% AQL at room tem­
perature and 0.05% AQL at T A Max. This eight 
times tightening (from 0.3 to 0.035% AQL) coupled 
with two 100% electrical tests, dramatically reduces 
the number of "escapes" and allows us to guaran­
tee the AQLs listed below. 

Ship Parts 

Here are the QC sampling plans used in our B + test pro­
gram: 

Test 
Electrical Functionality 
Parametric, DC 
Parametric, AC 
Electrical Functionality 
Parametric, DC 
'Mechanical 

Critical 
Major 

Temperature AQL 

25'Cl 
25'C 0.035% 

25'C 0.1% 

At each temperature 1 0.05% 
extreme. 

0.01% 
0.28% 
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MM54HC/883 
A High Speed CMOS Family for High· Reliability Systems 

At National Semiconductor, there has historically been a 
close relationship between our growth in CMOS technology 
and our growth in the Mill Aero portion of the integrated 
circuit marketplace. National began manufacturing CMOS 
devices in 1971 and was one of the first companies to quali­
fy CMOS logic devices to MIL-M-38510. Today, National is 
the acknowledged leader in advanced CMOS technology 
and is one of the leading supplier's of Military/Aerospace 
ICs. These two aspects of leadership come together to prQ­
vide the industry's premier Mill Aero logic family-54HCI 
8838 and 54HC/883S high speed CMOS. 

National's 54HC screening utilizes the Class 8 and Class S 
requirements of MIL-STD-883 and MIL-M-38510. National's 
8838/RETSTM 54HC devices are processed through the 
most compliant Class 8 screening flow offered off-the-shelf 
by any semiconductor manufacturer. Prior to its release to 
production, each device must pass the full Group A, 8, C, 
and D qualification defined in Method 5005 of MIL-STD-883. 
Production screening is performed in accordance with 
Method 5004 of MIL-STD-883, with quality conformance 
testing in accordance with Method 5005. The quality confor­
mance test frequency is as defined in MIL-M-38510. The 
production lines utilized operate with the same level of con­
trol as the MIL-M-38510 line, and use the same specifica­
tions for calibration, rework, resubmission, and operator cer­
tification as JAN products. 

The manufacturing system is tailored to MIL-M-38510 be­
cause we feel that MIL-M-38510 provides clear and un­
equivocal procedures. JAN parts have clearly defined elec­
trical test and burn-in requirements. National provides this 
same level of definition and standardization through the 
RETS (which is explained in detail in National's Reliability 
HandbooK), a simplified,. but comprehensive description of 
the actual electrical testing performed on each device type. 

At the time of this book's printing, we are preparing RET's 
for the entire 54HC/8838 high speed CMOS family. 

National has also looked toward the needs of the space 
vehicle manufacturers, and has developed a program for 
Class S devices,883Si/RETSTM. This program provides ma­
terial screened to the Class S requirements of Method 5004 
of MIL-STD-883, with quality conformance testing in accord­
ance with the Class S requirements of Method 5005. All 
883S/RETS devices are manufactured entirely in the U.S. 

The screening flows for 8838/RETS and 883S/RETS are 
shown in Figures 1 and 2 respe~ively. 

The military specifications employed in the National screen­
ing flows are dynamic documents .. They are subject to con­
tinual review and revision by the govemment. As changes 
are made to these key documents, National will continue to 
incorporate those changes into the 8838/RETS and 883S1 
RETS programs in order to ensure that the parts provided 
will enable systems manufacturers to maximize the reliability 
and performance of their equipment. 

Military screened 54HC high speed CMOS devices, both 
Class 8 and Class S, will provide the military systems manu­
facturer with the best combination of performance, reliabili' 
ty, and power consumption available in the marketplace. 
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WAFER FABRICATION & 
DEVICE ASSEMBLY 

PRECAP YISUAllNSPECTION 
MIL·STo·BB3 METHOD 2010 

CONDITION B 

SEALING 

STABLlLlZATION BAKE 
MIL·STo·BB3 METHOD looB 

CONDITION C 

TEMPERATURE CYCLING 
MIL-STD-B83 METHOD 1010 

CONDITION C 

EXTERNAL VISUAL 
MIL·STo-8B3 METHOD 2009 

NATIONAL oFF·THE-SHELF 
INVENTORY PROGRAM 

TlJF/9999-1 

FIGURE 1: National's 883B/RETSTII 
Class B screening flow 

NOTES" 
1. ALL METHODS REFERENCED ARE MIL·STo·883 TEST METHODS. 
2. THESE TESTS ARE PERFORMED ON A SAMPLE BASIS. ALL OTHER 

TESTS ARE PERFORMED 100%. 
3. ACCEPTANCE CRITERIA SHALL BE IN ACCORDANCE WITH 

MIL·M-311510 • 
•. THE PDA FOR STATIC I AND STATIC" BURN·IN SHALL BE 5% 

TOTAL. 
5. THE PoA INCLUDES 4 FAILURES. 
6. GROUP A AND BOND PULL AND DIE SHEAR TESTING OF GROUP B 

MAY BE PERFORMED oN·L1NE. 
7. ALL ELECTlIICAL TESTING SHALL BE IN ACCORDANCE WITH 7HE 

APPLICABLE RETS DR THE APPLICABLE MIL·S·S8510 DETAIL 
SPECIFICATION. 



N01E 2 

NOTE 2 

NOTE 2 

SEALING 

STABILIZATION BAKE 
(METHDD lODB. CD.D. C) 

TEMPERATURE CYCllNG 
(METHOD 100B, CONO. C) 

CONSTANT ACCELERATION 
(METHOD 2001, CONo. E) 

Y1 AXIS ONLY 

PlNO (METHOD 20201 CONDo A NOTE 3 

SERIALIZATION 

INTERIM ELECTRICAL TEST 
25°C DC NOTE 7 

READ·ANQ·RECORD 
All PARAMETERS 

STATIC I BURN-IN 
24 HRS _125°e 

VIN=VOUT=O 

INTERIM 
. ELECTRICAL lEST 

2S'C DC NOTE 7 
COMPUTE .0.5 

PDA PER NOTE 4 

STATIC II BURN·IN 
24 HRS - 125°e 
VIN=VOUY=Vcc 

INTERIM 
ELECTRICAL TEST 

25°C DC NOTE 7 
COMPUTE As 

PDA PER NOIE 4 

DYNAMIC BURN·IN 
240 HRS - 125°C 

V1N=VOUy=D TO Vee 
AT 1DO kHz 

INTERIM ELECTRICAL TEST 
(POST BUR.-'.) DC 2S'C NOTES 5, 7 

PDA=5% 

DRIFT Cal CALCULATION NOTE 5 

NOTE 1 

NOTES 2, 6 

TL/F/9999-2 

FIGURE 2: National's 883S/RETSTM 
Class S CMOS screening flow 
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IRELIABILITY REPORT 
INTRODUCTION 

Until recently, the primary reasons for the popularity of CMOS logic circuits have been low power dissipation, tolerance to wider 
variations in power supply voltage, and the flexibility of using a broader range of power supplies. Although the acceptance of 
CMOS in logic applications has been increasing over the past decade, its growth has been limited by its inherently slower speed 
compared with its bipolar counterparts. 

The metal gate technology, from which all of the popular CMOS families were built, typically yielded a 90 ns propagation delay 
for a buffered gate, and a guaranteed maximum more than double that, whereas, the bipolar equivalents in the popular low 
power Schottky family provided typical delay of 8 ns with maximums of 15. Under real-world demands of increasingly faster 
computer processing times, many systems simply could not use CMOS and at the same time meet system specifications. 

The arrival of the silicon gate process allowed CMOS to make its largest technological improvement since its inception. By 
employing this process, National Semiconductor has been able to increase CMOS speeds to the point where they are now equal 
to LS speeds, while still maintaining the earlier power dissipation and supply voltage attractiveness. 

Series 54HC174HC High Speed CMOS was announced in the summer of 1981 and will include, when fully developed, nearly 200 
logic devices. Many of these devices will be equivalents to those functions popular today in both "LS" and "4000" families. 

Prepared by 

Dave Tovar 

Manager, CMOS Product Engineering 

Approved by 

Tapan Pramanik 

Manager, CMOS Reliability Engineering 
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~RELIABILITY REPORT 
KEY FEATURES OF THE SERIES 54HC174HC FAMILY 
• LS speeds at CMOS· power 
• Operation over a 2V to 6V power supply range 
• Output sink and source capability of 4 mA 
• AC guarantees across the applicable temperature range 

HIGH SPEED (HC) CMOS DEVICE FABRICATION 
High Speed CMOS wafer fabrication is designed to produce reliable, high performance devices which require minimum handling 
restrictions. At National Semiconductor, these objectives are achieved through the use of advanced materials, process innova­
tions, and rigorous controls. 
This high speed logic family represents an advanced 3.5 micron, single metal, polysilicon gate, oxide-isolated CMOS process. 
This process makes' uSe of advanced technologies, including extensive use of ion implantations to tightly control substrate 
profiles. 
National's HC processing permits the fabrication of MOS transistors with threshold voltages on the order of one-half that of the 
more conventional metal gate process. Coupled with thinner gate oxides and self-aligning gates, these lower threshold voltages 
allow higher speed circuit operation with lower supply voltages. In addition, the threshold voltage distribution from run to run is 
much tighter, so that long term uniformity of device characteristics is assured. 
Figure 1 represents the cross section of the HC process employed at National. 

HCMOB INVERTER 

FIGURE 1. HCMOS Cro .. Section 

.. National Semiconductor Corporation, 2900 semiconductor Drive, Santa Clara, California 95051 • (408) 721-5000 
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IRELIABILITY REPORT 
ACCELERATED LIFE TEST 

Accelerated life testing at elevated temperatures is a principal method of simulating long-term operation within a short period of 
time. This method is particularly useful because it provides a means of accelerating time-to-failure of temperature sensitive 
failure mechanisms. As a result, data is gathered for failure rate predictions at any operating field ambient. 

The following tests have been conducted at an ambient temperature of 125°C with devices biased at a maximum voltage of 5.5 
volts. Complete functional and parametric testing to data sheet specifications is performed at reported data points. 

HIGH TEMPERATURE BIAS RELIABILITY TEST RESULTS 
125"C OPERATION AT 5.5 VOLTS 

CERDIP, GLASS SEALED HERMETIC DIP, J 

Device Rei Lot '" 

MM54HC04J RBC71305 
MM54HC04J RBC72012 
MM54HC139J RBC72177 
MM54HC164J RBC72178 
MM54HCOOJ RBC72196 
MM54HC390J RBC72223 
MM54HC393J RBC72224 
MM54HC04J RBC72346 
MM54HC174J RBC72348 

Actual Failure Rate =2/1,757,664 device-hours 

=0.11% per 1000 hrs at 125°C. 

Notes: (1) Parametric Failure 

(2) Gate Oxide Rupture 

M DIP EPOXY MOLDED, N 

Device Rei Lot '" 

MM54HC04N 72011 
MM54HC04N 72064 
MM54HC04N 72065 
MM54HCOON 72084 
MM54HC164N 72142 
MM54HCS88N 72320 
MM54HC393N 72339 
MM54HC390N 72347 
MM54HC349N 72349 

Actual Failure Rate = 1/1,900,000 device-hours 

SS 

51 
360 
200 
192 
256 
189 
127 
324 
255 

SS 

358 
384 
384 

120 
256 
122 
104 
1;14 
108 

= 0.05% per 1000 hrs at 125°C. 

Notes: (1) Parametric Failure 

168 Hours 500 Hours 

1 (1) 0 
1 (2) 0 

0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

166 Hours 500 Hours 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

1 (1) 0 
0 0 
0 0 

1000 Hours 

0 
0 

Stopped 
Stopped 

0 
0 
0 
0 
0 

1000 Hours 

0 
0 
0 
0 
0 
0 
0 
0 
0 

Quiescent current leakages were measured on molded pieces of two lots subjected to both HTOpL and T&H. Measurements 
were conducted before and after testing. Results are listed in Table 1. 

!II National Semiconductor Corporation, 2900 Semiconductor Drive, Santa Clara, California 95051 • (408) 721-5000 
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Te,st Leg 

HTOpL A 
B 
C 
D 

T&H A 
B 
C 
D 

HTOpL A 
B 
C 

T&H A 
B 
C 

TABLE 1 
Average Icc Shifts for Lots 

MM54HC04A RBC72064 and RBC72065 
(Units In Nanoamps) 

Average At 
SS o Hours 

48 4 
48 21 
48 0 
48 0 

48 2 
48 17 
48 16 
48 18 

48 0 
48 I 0 
48 0 

48 0 
48 0 
48 0 

AverageAt 
1000 Hours 

3 
25 
2 
0 

19 
12 

I 14. 
16 

0 
0 
0 

0 
0 
0 

Threshold voltage measurements were also read before and after on one lot of cerdip and two lots of molded DIPs. Results are 
listed in Table 2. 

Lot Leg 

72012.J A 
B 
C 
D 

720B4.N A 
B 
C 
D 

72065.N A 
B 
C 
D 

TABLE 2 
VT Shifts After 1000 Hours Bum-In 

(Units In Volts) 

Pre 

Avg. Avg. 
SS VTN Vtp 

48 .387 .579 
48 .347, .570 
48 .394 :570 
48 .350 .567 

48 .470 .580 
48 .530 .580 
48 .400 .527 
48 .471 .519 

48 .428 .580 
48 .453 .579 
48 .380 .529 
48 .402 .526 

Post 

Avg. Avg. 

VTN VTP 

.390 .580 

.402 .580 

.440 .580 

.336 .580 

.472 .570 

.499' .571 

.467 .570 

.518 .575 

.423 .572 

.448 .570 

.412 .570 

.453 .572 

II NaDonai Semiconductor Corporation, 2900 Semiconductor Drive, Santa Clara, California 95051 • (408) 721-5000 
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IRELIABILITY REPORT 
RESULTS 

HC high temperature bias failure rates are calculated and derated at 85°C and 45°C operating environments for molded dual-in­
line packages. The Arrhenius relationship is employed to compute the equivalent derated failure rate using an activation energy 
of 1.0eV. An average confidence limit of 60% is reported for these derated figures as seen in Table 3. 

Device Lots Qty 

Various 9 1,900 

Table 3 
High Temperature Operating Life Test 

TA=125°C, Vcc=5.5V Static 
60% Confidence Level 

Dev. # Fall ;\@ 

Hours 125°C 

1,900,000 1 0.1032 

;\ = Failure Rate; %/1000 Hours at Temperature. 

;\@ ;\@ 

85°C 45°C 

0.0039 6.7100x10- 5 

(This data can be further extrapolated to lower temperatures using a 1.0eV activation energy as illustrated in the failure rate 
versus temperature plot of Figure 2.) 

1000/OK 
2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 

0.1 

0.01 
;r 
== :: 
C) 
C) 
C) 

::::: 
~ e-

0.001 
w 
l-
cC 

== w 
== ::::) 

-' < .. 
0.0001 

0.00001 LL. __ ...I.-__ ........ -...,..J....I.. __ ...... __ ... 

125 85 50 25 o 
TEMPERATURE (OC) 

FIGURE 2. Failure Rate vs Temperature 
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_RELIABILITY REPORT 
TEMPERATURE HUMIDITY BIAS TEST (THB) 

The steady state humidity test at 85°C and 85% relative humidity is the most common temperature/humidity test in use today. 
T~is is al) accelerated test; that is. it involves stress levels considerably in excess of the field-use levels encountered by a 
device. The test is intended to trigger moisture-related failure mechanisms occurring over a period of months or years in the 
field. Results are seen below. 

Device Rei Lot '* SS 

MM54HC04N RBC72011 340 
MM54HC04N RBC72064 192 
MM54HC04N RBC72065 192 
MM54HCOON' RBC72084 96 
MM54HC393N RBC72339 95 
MM54HC04N RBC73025 225 
MM54HC390N .RBC72347 48 

Cumulative Percent Failures at 1000 Hrs = 6/1188 = 0.51% 

Note: 1. Parametric Failures 

2. Continuity Failures 

3. Functional Failure 

BIASED PRESSURE POT TEST 

168 Hours 500 Hours 1000 Hours 

0 Oi 0 
0 0 0 

1 (1) 6 1 (1) 
0 1 (1) 0 

2 (1. 2) 0 1 (3) 
0 0 0 
0 0 0 

Another commonly used test is the "pressure cooker" test. This test is usually performed with devices in an operating mode 
while being exposed to saturated steam (100% RH). The most common condition is 115°C. At saturation. this temperature 
corresponds to a water vapor pressure of 1489mm Hg (28.8 psia). Due to its severity. this test is destructive to virtually all plastic 
packages. It creates failure mechanisms which would never be triggered at temperature and humidity extremes found in even 
the most severe application. For this reason. the test is limited to a relative few number of hours. and results are interpreted on a 
purely qualitative. comparative basis.' . 

Device 

MM54HC04N 
MM54HC04N 
MM54HCOON 
MM54HC04N 
MM54HC174N 

IMPROVED INPUT PROTECTION 

Biased Pressure Pot Test Results 
TA=115°C, Vcc=5.5V 

Rei Lot '* SS 

RBC72064 75 
RBC72065 75 
RBC72084 75 
RBC73025 148 
RBC73024 54 

96 Hours 

0 
0 
0 
0 
0 

192 Hours 

0 
0 
0 
0 
1 

The single most prevalent cause of "infant mortality" field failures in CMOS microcircuits is generally gate oxide damage. This 
can result from any transient voltage condition,such as electrostatic discharge (ESO). inductive spikes. etc. An improved input 
protection circuitry which takes full advantage of the HC silicon gate process has been carefully deSigned to reduce the 
susceptibility of these HC circuits to oxide ruptures due to large static voltages. 

In conjunction with the input protection. the output parasitic diodes also protect the circuit from large static voltages occurring 
between any input. output. or supply pin. . 

III National Semiconductor Corporation, 2900 Semiconductor Drive, Santa Clara, California 95051. (408) 721·5000 
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E-IRELIABILITY REPORT 
Figure 3 shows a. schematic of the input protection network employed. The network consists of three elements: a polysilicon 
resistor, a diode connected to Vee, and a distributed diode resistor connected to ground. This HC process utilizes the polyresis­
tor to more effectively isolate the input diodes than the diode resistor used in metal gate CMOS. This resistor will slow down 
incoming transients and also helps to dissipate some of the energy. Connected to the resistor are the two diodes which clamp 
the input spike and prevent large voltages from appearing across the transistor. These diodes are larger than those used in 
metal gate CMOS, to enable greater current shunting and make them less susceptible to damage. The input network is ringed by 
Vqe and ground diffusions, which prevent the substrate currents caused by these transients from affecting other circuitry. 

The parasitiC output diodes that isolate the output transistor drains from the substrate are also important in preventing damage. 
They clamp large voltages that appear across the output pins. These diodes are also ringed by Vee and ground diffusions to 
again shunt substrate currents, thus preventing damage to other parts of the circuit. 

POLYSILICON 
RESISTOR 

DIDDE 

INPUT--'\II'V\r-.... ~,..,.,,--I 

DIFFUSED DIODE 
RESISTOR , 

Vee 

--
FIGURE 3. Input Protection Network 

HIGH SPEED LOGIC INPUT PROTECTION ZAP TEST 

DUTPUT 
DIODES 

Input gates of twenty MM54HCOON were subjected to a high voltage (VZAP) burst in order to test input protection circuits. The 
inputs under test were subjected to a voltage pulse from a 100 pF source charged to 1000V and 2000V respectively, according 
to the test circuit shown in Figure 4. . 

,POWER 
SUPPLY 

SI 
Rl 2 R2 

, ~TODEVICE 
-1-. Cl UNDER TEST 

Rl = currenllimiling reSistor; R2 = 1.Sk 

R1 = current limiting resistor; R2 = 1.5k 
FIGURE 4. High Speed Logic Input Protection VZAP Test 
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_RELIABILITY REPORT 
Each input under test was subjected to a sequential VZAP accordingly: 

Positive Negative 

(1) Voo 
(2) Input 
(3) Input 
(4) Vss 
(5) Output 
(6) Input 

VZAP six times (6X) for each condition. 
ZAP results appear in Table 4. 

TABLE 4 
VZAP Test Results 

Condition 1 

Voltage 1000V 
Capacitance 100pF 

Energy Discharged . 50 p.J 
Result 0/20" 

Input 
Voo 
Vss 
Input 
Input 

Output 

Condition 2 

2000V 
100pF 
200 p.J 
0/20· 

"Input leakages equal to or less than 4 nA. 

HIGH SPEED LOGIC HTOPL BUy-oFF 
In addition to ongoing long-term reliability studies and aUdits, National does an initial 168 hours high temperature bias design 
buy-off on every single HC product type before it is released into production. The primary reason behind this program is to 
assure the capture of any design-related reliability problem which might pass through all electrical tests. Accelerated conditions 
are the same as previously mentioned, i.e., TA=125°C, Vcc=5.5 volts, burn-in time is 168 hours. 

Device SS Results at 168 Hours 

MM74HCOON 45 0 
MM74HC02N 50 0 
MM74HC04N 50 04 
MM74HCU04N 50 0 
MM74HCOBN 49 0 
MM74HC10J 50 0 
MM74HC11J 50 0 
MM74HC14N 48 0 
MM74HC73J 50 0 
MM74HC76J 50 '0 
MM74HC86J 50 0 
MM74HC107J 50 0 
MM74HC112J 40· 0 
MM74HC113J 50 0 
MM74HC139N 45 0 
MM74HC147N 50 0 
MM74HC151N 50 0 
MM74HC160J 50 0 
MM74HC161J 50 0 
MM74HC164N 45 0 
MM74HC174N 45 0 
MM74HC192N 50 0 
MM74HC193N 49 0 
MM74HC242N 50 0 

, 

MM74HC251J 50 0 
MM74HC253N 50 0 
MM74HC259N 50 0 
MM74HC266J 50 a 
MM74HC390N 49 0 
MM74HC393N 50 0 
MM74HC688N 50 0 

II National Semiconductor Corporation, 2900 Semiconductor Drive, Santa Clara, California 95051 • (408) 721-5000 
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HANDLING AND TEST GUIDE 

Introduction 

All CMOS low threshold dev[ces are susceptible to damage by the electrostatic discharge (ESD) of energy through the devices. 
Although all CMOS devices have input protection networks-which are effective in a large number of device-handling situations, 
they are not effective in 100% of the cases (please refer to specific devices in National's CMOS Databook). 

In order to be totally safe, proper handling procedures must be used to eliminate damage and subsequent yield loss caused by 
static electrical charges. It is the purpose of this application guide to outline proper handling procedures for CMOS devices. 

General Handling Procedures 

1. The leads of CMOS devices must be in contact with conductive material to avoid build-up of static charge. Containers used for 
transporting or storing CMOS components should be made of such material or lined with antistatic protection. Rails for 
handling and shipping MOS devices must be made of electrically conductive material or be made static-free by an appropriate 
surface coating. In no case will CMOS devices be inserted into polystyrene foam or other high dielectric materials. Any surface 
coating which is not at ground potential must not come in direct contact with device pins. 

2. Devices must be packed in conductive containers, rails or envelopes for storing. In addition, devices must be kept at ground 
potential and should never come in contact with nonconductive plastics. 

3. All electrical equipment must be hard-wired to ground. Soldering iron tips, metal parts of fixtures and tools, and all handling 
systems must be grounded. 

, Cleaning 

1. Devices should be cleaned by a solvent which will assure complete removal of foreign matter, flux, residual matter, etc., from 
the exterior of the package. 

2. A static neutralizing ion blower should be used when manually cleaning devices or subassemblies with brushes. 

3. All automatic cleaning should be grounded. 

4. All cleaning baskets should be grounded. 

Assembly 

1. Subassembly modules and printed circuit boards should be manufactured and handled using the same procedures as those 
described above for individual CMOS devices. 

2. CMOS parts should be the last to be inserted into printed circuit boards or systems so as to avoid overhandling. 

3. Circuit boards containing CMOS devices which are being transported between work stations and test areas should be 
contained in antistatic material or have all board terminals shorted together using a conductive shorting bar. Only handling 
trays of conductive material should be used. 

4. All automatic insertion equipment, solder machines, metallic parts of conveyor systems, and soldering irons should be 
grounded. 
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IjRELIABILITY REPORT 
Note: These precautions should be taken until the subassembly is. inserted into the complete system in which the proper 
voltages are applied. Subassemblies should never be constructed, fixtured, stored, or transported in polystyrene or any other 
high dielectric materials. 

General Operating Procedure. 
The National CMOS product line is comprised of many different device types for a variety of applications. The following 
operating proc8dures apply in a' general sense to all CMOS devices, but reference to device specification sheets is still 
necessary to assure correct operating values. 
A. Before making any physical connections or applying any external signal sources, be sure that all power supplies are off. Be 

sure, also, to observe proper static ground conditions. 
B. Power supplies should be turned up slowly to the necessary voltages so as to avoid rapid supply changes. 
C. After poWer supplies have been turned on, apply external input signals. 

Note: Fallure to perform the power-on procedure in this order can result In damage to CMOS circuitry. 
D. To power down, remove input Signals, then turn power supplies off slowly. 
E. If CMOS devices are operated at an elevated environmental temperature, allow devices to reach room temperature before 

they are powered down. 
F. Do not leave inputs to any CMOS device unused. , For NAND gates, the unused inputs should be tied to Vee; unused inputs to 

NOR gates should be tied to ground. 

Testing 
1. Use grounded metallic fixtures where possible. Any surface that is not at ground potential should not come into direct contact 

with device pins. 
2. Use a static-neutrali.;ing ion air blower when running automatic handlers. Use conductive handling trays when transferring 

devices. 
S. Do not insert devices or boards with power turned on. 
4. Ensure that AC signals do not cause excessive current leakage. 

Electrical Failure Modea Caused by Improper Handling 
If proper handling techniques are not followed, the generation of static electrical discharges may damage the CMOS devices, 
resulting in inoperable or degraded parts. Typical failure modes are: 

a. Shorted or open gates 
b. Shorted input protection diodes 
c. Open metal paths in the device input circuitry 
d. Degraded device characteristics 

The presence of these failure modes can be detected easily using a transistor curve tracer. 
, , 
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0.092 
12.331) 

DIANOM 
12X) 

PIN NO. I IDENT 

0.280 ~ 11.112) 0.030 
MIN 10.162) 

0.300-0.320 MAX 

ll.62o=Wii 

P! tJ 0.009-0.015 96"±5" ~ 

0.015,0.016 1 '0.025 ·1 (1.906 '0.381) .1- J 
0.326 -0.015 0.100 '0.010 

, tlJ.635) 12.540 '0.254) \8.255 -0.381 

NS Package N16A 

B6"94" 
TVP 0.020 

0125 10.50B) 

~ ~ 0 o1B ,0.003 _._ MIN 
----. -- 13.115) 
10.4~1 ,0.076) MIN 

17.112) ~ 0'280~ 

0.D32±0.00547'4 
10.BI3±0.127) 

PIN NRO. lIDENT~ . • 

1 2 

MIN 0.030 
IU62) 
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I ~1'62-8"28)'M 11.651) 

f;;r~_J L 

95"±5" ~ J 
10.229-0.381) I-

o o3o±0.015 . I • +0.025' I IO:762±O.381) J 
0.325 -0.015 0.100±0.010 

I +0.635\ 12.540±0.254) \8.255 -0.3811 TVP • 

NS Package N16E 
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12.337) 
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I2X) 
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122.&iii-----l 

MA~ ill 1m Iii1 IiiiII 
11 1& 15 14' 13121110, 
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~I::~~:)~ . 
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...:J 16.350 '0.1211 

b=;:;:;=;::i'f"i'ff9'iFiTI'n. ---1 
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~ I~Z~) 

~
ll.62~~.,28) 

0.009-0.015 1 
95"±5" - -10.229-0.381) J 

1 ,I ~ ~ 
• tlJ 025 10.635f0.381) 

• 0.325 -0:015 . 0.100'0.010 . 

---.0:635) 12.540 ,o.2~~ . (8.255 -0.381 T 

Nl8A(REVC) 

NS Package N18A 
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OPTION 2 

N18E(REVC) 
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OIA. NOM 
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-I 
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MIN ~I~:~~:)- j[~DITlI~~FsT~rr~~~~:J::JL.l211 
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i7.62ii:a.i2ii 0.030 

I 
(0.1621 

~==:::!:MAX 

I 0.3ZS+0.02S~ I- -O.OIS 

18.25s+0.63S) 
~ -0.381 

D.OD._o.OlrJ· = • 
(0.22'-02541 

TV, 
O.060:!:D.00S. I 0.100iO.Ol0 

11.524'0.1211 ~(2.54D'02541-J 

0.009":'0.015 
(0.Z29-0.381) 

0.325 +0.025 
-0.015 

4.2~ +O.~5\-+--~~--_1 
X -0.381/ 

NS Packag~ N20A 

NS Package N24C 

8·5 

0.03Z±O.OOS 

10'813±O'IZ1)~'1B 
RAD 

PINNO.IIDENT~ 

I 

OPTlDNZ 

N24CIR~V DI 

"1J 
::r 
'< 
UJ 
n' 
et 
c 
3' 
CD 
:s 
UJ 
0' 
:s 
UJ 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 




