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MM74HCA240 Inverting Octal TRI-STATE® Buffer
MM74HCA241 Octal TRI-STATE® Buffer

General Description

These TRI-STATE buffers utilize advanced silicon-gate
CMOS technology. They possess high drive current outputs
which enable high speed operation even when driving large
bus capacitances. These circuits achieve speeds compara-
ble to low power Schottky devices, while retaining the ad-
vantage of CMOS circuitry, i.e., high noise immunity and low
power consumption. Each has a fanout of 15 LS-TTL equiv-
alent inputs.

The MM74HCA240 is an inverting buffer and has two active
low enables (1G and 2G). Each enable independently con-
trols 4 buffers. MM74HCA241 is a non-inverting buffer that
has one active iow enable and one active high enable, each
again controlling 4 buffers. Neither device has Schmitt trig-
ger inputs.

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

September 1990

Features

B Typical propagation delay: 12 ns

B TRI-STATE outputs for connection to system buses
m Wide power supply range: 2-6V

B Low quiescent supply current: 40 pA

= Output current: 6 mA

B Low output noise generation

| QOS specification VoLv, VoLp

® Identical pinout to HC

m Speed upgrade to HC

Connection Diagrams dua-in-Line Packages
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Truth Table
HCA240
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H=nhigh level, L=Ilow level, Z= high impedance

TRI-STATE® is a registered trademark of National Semiconductor Corporation.
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Absolute Maximum Ratings (votes 12 2)

Storage Temperature Range (Tstg)

—-85°Cto +150°C

Lead Temp. Soldering 10 seconds 260°C
If Milltary/Aerospace specified devices are required, ead Temp. (Ty) (Soldering 10 )
please contact the National Semiconductor Sales . egs
Office/Distributors for availability and specifications. oPeratlng Conditions
Supply Voltage (Vcc) -0510 +7.0V Min  Max  Units
Supply Voltage (Vco) 2 6 v
DC Input Voltage (Vi) —1.5t0 Veg+1.5V DG Input or Output Voltage o v v
DG Output Voltage (Vout) —0.5t0 Vg +0.5V M: Voun) g cc
Clamp Diode Current (li, lox) +20 mA Opera;ing Temp. Range (Tx)
DC Output Current, per pin (Io(:j']') +35mA MM74HCA —40 +85 °C
DC V¢ or GND Current, per pin {Icc) +70 mA Input Rise or Fall Times
Power Dissipation (Pp) %) Veo=20V 1000 ns
(Note 3) 600 mW Voo=4.5V 500 ns
8.0. Package only 500 mW Voo =6.0V 400 ns
DC Electrical Characteristics (vote 4)
Ty 25°C 74HCA
Symbol Parameter Conditions Vee A Tao=—-40t085°C | Units
Typ Guaranteed Limits
VIH Minimum High Level 2.0V 1.5 1.5 A
Input Voltage 3.0v 21 21 v
4.5V 3.15 3.15 \
6.0V 4,2 4.2 v
ViL Maximum Low Level 2.0V 0.5 0.5 v
Input Voltage 3.0v 0.9 0.9 v
4.5V 1.35 1.35 \
6.0V 1.8 1.8 v
Von Minimum High Level Vin=Vigor Vi
Output Voltage llout| <20 pA 20v 2.0 1.9 1.9 v
3.0v 3.0 2.9 2.9 v
4.5V 45 4.4 4.4 \'
6.0V 6.0 5.9 59 \'
VIN=ViHor Vi, 3.0v 2.78 2.68 2.63 v
I|0UT| <6.0mA 45v | 4.28 4.18 4.13 v
louTl<7.8 mA 60v | 578 5.68 5.63 v
VoL Maximum Low Level ViN=Viqor Vi
Output Voltage lloutl<20 pA 2.0v 0 0.1 0.1 \'
3.0v 0 0.1 0.1 v
4.5v 0 0.1 0.1 v
6.0V 0 0.1 0.1 v
VIN = VIH or V"_ 3.0v 0.2 0.26 0.33 v
nOUTi <6.0mA 4.5V 0.2 0.26 0.33 v
louTI<7.8 mA 6.0v 0.2 0.26 0.33 v
N Maximum Input Current Vin=Vgc or GND 8.0V +0.1 +1.0 pA
loz Maximum TRI-STATE VIN=Vj40F ViL 6.0V +05 +5 pA
Output Leakage Vout=Vgg or GND
Current G=Viu, G=V)_
cc Maximum Quiescent VIN=Vc or GND 8.0V 4.0 40 pA
Supply Current louT=0pA
Vorp Quiet Qutput Figures 1, 2
Maximum Dynamic Vor (Note 5) 55 +0.550 v
Vovv Quiet Output Figures 1, 2 _
Maximum Dynamic Vg (Note 5) 55 0.750 v

Note 1: Absolute Maximum Ratings are those valuas 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/°G from 65°C to 85°C; ceramic “J” package: —12 mW/*C from 100°C to 125°C.

Note 4: For a power supply of 5V 1 10% the worst case output voltages (Vopr, and Vo) occur for HCA at 4.5V, Thus the 4.5V values should be used when
designing with this supply. Worst case Vi and Vj_ occur at Voo =5.5V and 4.5V respectively. (The V| valus at 5.5V is 3.85V.) The worst case leakage current (i,

lgc, and lgz) occur for CMOS at the higher voltage and so the 6.0V values should be used.

Note 5: n = number of device outputs, n — 1 outputs switching, each driven OV to 5.5V, one output @ ground

IE L501l22 0086181 301 W



AC Electrical Characteristics mMm74HCA240 Voo =5V, TA=25°C, t,=t;=6 ns

Symbol Parameter Conditions Typ Guaranteed Limit Units
tPHL, tPLH Maximum Propagation Delay C_L=45pF 11 17 ns
tpzH, tpz1 Maximum Enable Delay Rp=1k$ 14 24 ns

to Active Qutput Cp=45pF
tPHZ, tPLZ Maximum Disable Delay R =1k 14 24 ns
from Active Output C_L=5pF
AC Electrical Characteristics wm7ancazso
Vee=2.0V to 6.0V, C =50 pF, t,=4%=6 ns (unless otherwise specified)
TA=25C 74HCA .
Symbol Parameter CondHions Vee Ta=—40to 85°C Units
Typ Guaranteed Limits
tpHL. tPLH Maximum Propagation Cy=50pF 2.0v 36 90 115 ns
Delay C =150 pF 2.0v 51 130 165 ns
Cp=50pF 3.3v 18 27 35 ns
C.=150 pF 3.3v 26 39 50 ns
Cp=50pF 4.5V 12 18 23 ns
CL=150pF 4.5V 17 26 33 ns
C. =50 pF 6.0V 11 15 20 ns
C_=150 pF 6.0V 16 22 28 ns
tpzh, tpzL Maximum Output Enable RL=1k0
Time Cp =50 pF 2.0V 45 125 155 ns
CL=150 pF 2.0V 60 165 205 ns
C_=50pF 3.3v 23 38 47 ns
C_=150 pF 3.3v 30 50 62 ns
C=50pF 4.5V 15 25 31 ns
C_L=150 pF 4.5V 20 33 41 ns
C_=50pF 6.0V 13 21 26 ns
CL=150 pF 6.0V 17 28 35 ns
tpHz, tPLz Maximum Output Disable RL=1kQ 20V 45 125 155 ns
Time C =50pF 3.3V 23 38 47 ns
4.5V 15 25 31 ns
6.0V 13 21 26 ns
trins trie Maximum Output 2.0V 60 75 ns
Rise and Fall Time 3.3v 60 75 ns
4.5V 12 15 ns
6.0V 10 13 ns
Cpp Power Dissipation (per buffer)
Capacitance (Note 5) G=V4 12 pF
G= viL 50 pF
Cin Maximum Input Capacitance 5 10 10 pF
Cout Maximum Output Capacitance 10 pF
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AC Electrical Characteristics Mm74HcA241 Vgg=5V, Ta=25°C, t, = =6 ns

Symbol Parameter Conditions Typ Guaranteed Limit Units
tpHL. tPLH Maximum Propagation Delay CL=45pF 14 17 ns
tpzH, tPZL Maximum Enable Delay to RL=1kQ 1G 14 24 ns

Active Output CL=45pF 2G 14 24 ns
teHz. toLz Maximum Disable Delay R =1k 1G 14 24 ns
from Active Input C_=5pF P 14 24 ns
AC Electrical Characteristics mm7aHca241
Veo=2.0V to 6.0V, C| =50 pF, t,=1=6 ns (unless otherwise specified)
Ta=25°C 74HCA
Symbol Parameter Conditions Vee Ta=—401085C | units
Typ Guaranteed Limits
teHL, tPLH Maximum Propagation Cp=50pF 2.0V 42 90 115 ns
Delay C_ =150 pF 2.0V 51 130 165 ns
CL=50pF 3.3v 21 27 35 ns
CL=150 pF 3.3v 26 39 50 ns
C =50pF 4.5V 14 18 23 ns
C_=150 pF 4.5v 17 26 33 ns
C =50 pF 6.0V 10 15 20 ns
C =150 pF 6.0V 14 22 28 ns
tpzhs tezL Maximum Output Enable RL=1kQ
Time Cy=50pF 20V 45 125 155 ns
CL=150 pF 20V 103 165 205 ns
C_=50pF 3.3v 23 38 47 ns
CL=150 pF 3.3v 32 50 62 ns
CL=50pF 4,5V 15 25 31 ns
Cy =150 pF 4.5V 21 33 41 ns
CL=50pF 6.0V 13 21 26 ns
CL=150pF 6.0V 17 28 35 ns
tpHz, tpLz Maximum Output Disable RL=1kQ 2.0V 45 126 155 ns
Time CpL=50pF 3.3V 23 38 47 ns
4,5V 15 25 31 ns
6.0V 13 21 36 ns
treHs tTHL Maximum Output 2.0V 60 75 ns
Rise and Fall Time 3.3v 60 75 ns
4.5V 12 15 ns
6.0V 10 13 ns
Cpp Power Dissipation (per buffer)
Capacitance (Note 5) G=V),G=V|y 12 pF
G=Viy, G=V)L 50 pF
CiN Maximum Input Capacitance 5 10 10 pF
Cout Maximum Output Capacitance 10 pF
Note 5: Cpp ines the no load dynamic power cor P Pp=Cpp Vce? f+Igs Ve, and the no load dynamic current consumption, Is=Cpp Veg f+lce.
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Logic Diagram
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HCA Noise Characteristics

The setup of a noise characteristics measurement is critical
to the accuracy and repeatability of the tests. The following
is a brief description of the setup used to measure the noise
characteristics of HCA.
Equipment:

Word Generator

Printed Circuit Board Test Fixture

Dual Trace Oscilloscope

Procedure;
1. Verify Test Fixture Loading: Standard Load 50 pF, 5001}.

2. Deskew the word generator so that no two channels have
greater than 150 ps skew between them. This requires
that the oscilloscope be deskewed first. Swap out the
channels that have more than 150 ps of skew until all
channels being used are within 150 ps. It is important to
deskew the word generator channels before testing. This
will ensure that the outputs switch simultaneously.

3. Terminate all inputs and outputs to ensure proper loading
of the outputs and that the input levels are at the correct

4. Set Vg to 5.0V.

5. Set the word generator to toggle all but one output at a
frequency of 1 MHz. Greater frequencies will increase
DUT heating and affect the results of the measurement.

6. Set the word generator input levels at 0V LOW and 5.5V
HIGH for HCA devices. Verify levels with a digital voit
meter.

Vorp/VoLy and Voup/Vouy:

¢ Determine the quiet output pin that demonstrates the
greatest noise levels. The worst case pin will usually be
the furthest from the ground pin. Monitor the output volt-
ages using a 50Q coaxial cable plugged into a standard
SMB type connector on the test fixture. Do not use an
active FET probe.

Measure VaLp and VpoLy on the quiet output during the
HL transition. Measure Voup and Vv on the quiet out-
put during the LH transition.
* Verify that the GND reference recorded on the oscillo-
scope has not drifted to ensure the accuracy and repeat-
ability of the measurements.

voltage.
ACTIVE
QUTPUTS

X -

VoL
QUIET
OUTPUT
UNDER TEST = = mee-mc-memm e o mnmee YoLp
I\/ """"""" VoL
oLy TL/F/10885-5
FIGURE 1. Quiet Output Nolse Voltage Waveforms
Note A. Vo v and Vo p are measured with respact 10 ground referencs.
Note B. input pulses have the following characteristics: f = 1 MMz, t, = 3 ns, t; = 3 ns, skew < 150 ps.
V(ic
@ 7-Input T 4500 @
:’pu : : > """ \L
WORD -L 50 pF Oscilloscope
GENERATOR g 500 Inputs
Vee |
X 45090
AAA L)
—I > LA A4 - — |
GND pF Probes are grounded as

GND is supplied via 6
a copper plans

Lo
v

close to DUT pins as possibla.

Load capacitors are placed
as close to DUT as possible.
TL/F/10885-6

FIGURE 2. Simuitaneous Switching Test Circuit
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Physical Dimensions inches (milimeters)
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LIFE SUPPORT POLICY

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury

=
i S [oreme? ]

| TYP 0.100:0.010 9.125-0.140  {0.508)
0.060 +0.005 Z.540:0253) 00180003 | 3.175-3556) MIN
0325 0000 (1524z027) ! 04578278
-0.005
+1.016
('1“ -nm)

NOA (REV )

Order Number MM74HCA240N or MM74HCA24 1N
NS Package Number N20A

NATIONAL’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

MM74HCA240 Inverting Octal TRI-STATE Buffer/MM74HCA241 Octal TRI-STATE Buffer

Francais Tel: (+49) 0-180-532 93 58
Itatiane  Tel: (+49) 0-180-534 16 80

to the user.
National Semiconductor National Semiconductor Natlonal Semiconductor National Semiconductor
ration Europe Hong Kong Ltd. Japan Ltd.
1111 West Bardin Road Fax: {+49) 0-180-530 85 86 13th Floor, Straight Block, Tel: 81-043-299-2309
Arlington, TX 76017 Email: cnjwge@tevm2.nsc.com QOcean Centre, 5 Canton Rd. Fax: 81-043-209-2408
Tel: 1(800) 272-9959 Deutsch Tel: (+49) 0-180-530 85 85 Tsimshatsui, Kowloon
Fax: 1(B00) 737-7018 English Tel: (+46) 0-180-532 78 32 Hong Kong

Tel: (852) 2737-1600
Fax: (852) 2736-9960

National does nol assume any

ity for use ot any circuitry dascribed, no circuit patent licenses are implied and National resarves the right at any time without notica 1o change said crcuilry and specificaions.
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