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DATA SHEET CLASSIFICATIONS

Product Preview

This heading on a data sheet indicates that the device is in the
formative stages or in design (under development). The disclaimer at
the bottom of the first page reads: “This document contains
information on a product under development. Motorola reserves the
right to change or discontinue this product without notice.”

Advance Information

This heading on a data sheet indicates that the device is in sampling,
pre-production, or first production stages. The disclaimer at the
bottom of the first page reads: “This document contains information
on a new product. Specifications and information herein are subject
to change without notice.”

Fully Released

A fully released data sheet contains neither a classification heading
nor a disclaimer at the bottom of the first page. This document
contains information on a product in full production. Guaranteed limits
will not be changed without written notice to your Motorola
Semiconductor Sales Office.

The data sheets contained in this book were the most current available as of the date
of publication, April 1998.

A more current version of data sheets designated Product Preview or Advance
Information may be available. Please visit our website for the most up—to—date
information.

Our website can be found at  http://sps.motorola.com
Literature can be accessed directly at http://sps.motorola.com/cgi—bin/dlsrch
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Motorola reserves the right to make changes without further notice to any products herein. Motorola makes
no warranty, representation or guarantee regarding the suitability of its products for any particular purpose,
nor does Motorola assume any liability arising out of the application or use of any product or circuit, and specifi-
cally disclaims any and all liability, including without limitation consequential or incidental damages. “Typical”
parameters can and do vary in different applications. All operating parameters, including “Typicals” must be
validated for each customer application by customer’s technical experts. Motorola does not convey any
license under its patent rights nor the rights of others. Motorola products are not designed, intended, or autho-
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

An Introduction to VHC
Motorola’s Very High-Speed CMOS Logic Family

The VHC (Very High—Speed CMOS) logic family is designed for operation from Vcc = 2V-5.5V. When operating at supply
voltages less than the 5V range the VHC family features 5V—tolerant inputs to aid 3V-5V mixed system designs. Low power, low
switching noise and fast switching speeds make this family perfect for low power, low cost portable applications.

The VHCT products offer TTL compatibility with CMOS low power performance. VHCT accepts TTL level inputs and delivers
full swing (4.5V to 5.5V) outputs. The supply voltage range for VHCT is Vcc = 4.5V-5.5V.

The VHC/VHCT family pioneers a new “cost/performance” frontier. With typical speeds of less than 10ns, VHC/VHCT is the
perfect logic family to take the low cost, low power designs well into the future. Excellent noise performance makes VHC/VHCT
simple to use, with no need to sacrifice speed. VHC/VHCT can also improve system performance by drastically reducing static
and dynamic power consumption which extends battery life for portable and handheld applications. Customers can also utilize
VHC/VHCT to simplify system design in mixed voltage environments, as well as expedite development of low voltage systems.
The 5V tolerant input capability helps simplify mixed system designs.

The Motorola VHC/VHCT family is available in industry standard JEDEC SOIC, EIAJ SOIC, and the popular TSSOP
packages. VHC/VHCT temperature specifications range from —40°C to +85°C. The VHC/VHCT family is second sourced
(specification compatible) by two other major semiconductor suppliers for ease of use and availability.

* Fastest propagation delays in their class — VHC244 Tpq = 8.5ns maximum compared to
HC244A Tpd = 23ns max, and AC244 Tpq = 7.5ns max; at 4.5V, —-40°C to +85°C operating
temperature, 50pF loads

* VHC/VHCT also offers a “light load” 15pF specification for point—to—point applications

* Specified for 5V and 3V operation (VHC) — AC and DC tables ease design for either 3V
or 5V systems

* Very low noise — guaranteed noise specifications (Volp, Volv: Vihd. Vild)

* Inputs tolerate voltages from 0V to 7V — When the voltage on the input exceeds the supply
voltage, no current path to the supply exists. Guaranteed not to exceed £1pA. This feature
facilitates 3V-5V interface. A 3V to 5V/5V to 3V level shifter can be easily designed by
using a combination of VHC and VHCT product

e Low static ICC — 20pA maximum for gates, 40pA maximum for MSI and octals. Typical
static current is in the tens of nanoamps

e Industry standard packaging — SOIC, EIAJ SOIC, TSSOP packages. The TSSOP
package is footprint compatible with competitions SSOP type | package. The TSSOP
package is thinner than the SSOP type | package

* 8mAsink/source currentatVcc =4.5V; 4mAatVcc = 3.0V (VHC) — Good drive capability

e Latch—up immunity >+300mA — Exceeds the industry standard

e ESD immunity > 2kV HBM; >200V MM — Reliable operation. Industry standard
performance

Motorola plans to expand the VHC/VHCT family portfolio to around 80 popular functions. Customer input is always welcome.

Very High—Speed CMOS Logic 1 MOTOROLA
VHC Data — DL203 — Rev 2



An Introduction to VHC

MOTOROLA 2 Very High—Speed CMOS Logic
VHC Data — DL203 — Rev 2



MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Quad 2-Input NAND Gate

The MC74VHCOO is an advanced high speed CMOS 2-input NAND gate
fabricated with silicon gate CMOS technology. It achieves high speed
operation similar to equivalent Bipolar Schottky TTL while maintaining
CMOS low power dissipation.

The internal circuit is composed of three stages, including a buffer output
which provides high noise immunity and stable output. The inputs tolerate
voltages up to 7V, allowing the interface of 5V systems to 3V systems.

* High Speed: tpp = 3.7ns (Typ) at Vcc = 5V

* Low Power Dissipation: Icc = 2pA (Max) at Ta = 25°C

* High Noise Immunity: VNIH = VNIL = 28% Vcc

» Power Down Protection Provided on Inputs

» Balanced Propagation Delays

» Designed for 2V to 5.5V Operating Range

* Low Noise: VoLp = 0.8V (Max)

* Pin and Function Compatible with Other Standard Logic Families
e Latchup Performance Exceeds 300mA

* ESD Performance: HBM > 2000V; Machine Model > 200V
» Chip Complexity: 32 FETs or 8 Equivalent Gates

LOGIC DIAGRAM

Al _
Bl
4
A2 _
5 O——— Y2
B2 _
Y=AB
9
A3 _
10 k y—— VY3
B3
12
Al —— 11 —
13 k y— VY4
B4

Pinout: 14-Lead Packages (Top View)

Vcc B4 A4 Y4 B3 A3 Y3

[14] [13] [12] [n] [10] [6] [e]

OO E H

Al Bl Y A2 B2 Y2 GND

6/97

MC74VHCOO

D SUFFIX
14-LEAD SOIC PACKAGE
CASE 751A-03

*

DT SUFFIX
14-LEAD TSSOP PACKAGE
CASE 948G-01

M SUFFIX
14-LEAD SOIC EIAJ PACKAGE
CASE 965-01

ORDERING INFORMATION

MC74VHCXXD SOIC
MC74VHCXXDT TSSOP
MC74VHCXXM SOICEIAJ

FUNCTION TABLE

Inputs Output
A B Y
L L H
L H H
H L H
H H L
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MC74VHCOO0

MAXIMUM RATINGS*

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not

implied.
tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C
TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit This device contains protection
vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric
Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must
be taken to avoid applications of any

\Y DC Output Voltage -05toVec+05 | V
out P 9 cc voltage higher than maximum rated
K Input Diode Current -20 mA voltages to this high-impedance cir-
- cuit. For proper operation, Vj, and
lok Output Diode Current *20 mA Vout should be constrained to the
lout DC Output Current, per Pin +25 mA range GND-s (Vin or Vout) = Vcce.
C Supplv C 4G - tt0 Unused inputs must always be
lcc [ DC Supply Current, Ve and GND Pins £5 mA tied to an appropriate logic voltage
PD Power Dissipation in Still Air, SOIC Packagest 500 mw level (e.g., either GND or Vcc).

TSSOP Packaget 450 Unused outputs must be left open.
Tstg Storage Temperature —65to + 150 °C

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 2.0 5.5 \%
Vin DC Input Voltage 0 5.5 \
Vout DC Output Voltage 0 Vce \Y
TA Operating Temperature, All Package Types —-40 | +85 °C
ty, tf Input Rise and Fall Time Vce = 3.3V +0.3V 0 100 | ns/V
Vce =5.0V 0.5V 0 20
DC ELECTRICAL CHARACTERISTICS
Tp =25°C Ta =—40t0 85°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH High—Level Input 2.0 1.50 1.50 \
Voltage 3.0to |Vccx0.7 Vce x 0.7
55
VL Low-Level Input 2.0 0.50 0.50 \Y
Voltage 3.0to Vce x0.3 Vce x0.3
55
VOH High—Level Output Vin =V or V| 2.0 19 2.0 1.9 \
Voltage loH = —50pA 3.0 2.9 3.0 2.9
45 4.4 45 4.4
Vin =ViH or V|
loH = —4mA 3.0 2.58 2.48
IoH =—8mA 45 3.94 3.80
VoL Low-Level Output Vin = VIH or V|L 2.0 0.0 0.1 0.1 \
Voltage loL = 50pA 3.0 0.0 0.1 0.1
4.5 0.0 0.1 0.1
Vin = ViH or V|
loL =4mA 3.0 0.36 0.44
loL =8mA 4.5 0.36 0.44
MOTOROLA 4 Very High—Speed CMOS Logic
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MC74VHCO0

DC ELECTRICAL CHARACTERISTICS

Tp =25°C Tp =—40t085°C
vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
lin Input Leakage Current | Vijy = 5.5V or GND Oto 5.5 +0.1 +1.0 HA
Icc Quiescent Supply Vin = Vcc or GND 5.5 2.0 20.0 HA
Current
AC ELECTRICAL CHARACTERISTICS (Input ty = t; = 3.0ns)
Tp =25°C Tp =—40t085°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tPLH. Propagation Delay, Vcc=33+03V C|=15pF 55 7.9 1.0 9.5 ns
tPHL AorBtoY C| = 50pF 8.0 11.4 1.0 13.0
Vcc=5.0£05V C|=15pF 3.7 55 1.0 6.5
CL = 50pF 5.2 7.5 1.0 8.5
Cin Input Capacitance 4 10 10 pF
Typical @ 25 °C, Ve = 5.0V
CpD Power Dissipation Capacitance (Note 1.) 19 pF

1. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.

Average operating currentcan be obtained by the equation: Icc(oPry=CpDe*VCC ofin+lcc/4(pergate). Cppisusedtodetermine the no—load
dynamic power consumption; Pp = Cpp » Vo2 o fin + Icc » Vec.

NOISE CHARACTERISTICS (Input t; = tf = 3.0ns, C|_ = 50pF, V¢ = 5.0V, Measured in SOIC Package)

Tpa = 25°C
Symbol Characteristic Typ Max Unit
VoLp Quiet Output Maximum Dynamic VoL 0.3 0.8 \%
VoLv Quiet Output Minimum Dynamic Vo -03 -0.8 \%
VIHD Minimum High Level Dynamic Input Voltage 35 Y
VILD Maximum Low Level Dynamic Input Voltage 15 \Y
TEST POINT
AorB Vec OUTPUT
— GND DEVICE
UNDER .
TEST I G
Y 50% Ve =
*Includes all probe and jig capacitance
Figure 1. Switching Waveforms Figure 2. Test Circuit
INPUT _
Figure 3. Input Equivalent Circuit
Very High—Speed CMOS Logic 5 MOTOROLA

VHC Data — DL203 — Rev 2



MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Quad 2-Input NAND Gate

The MC74VHCTOOA is an advanced high speed CMOS 2—input NAND
gate fabricated with silicon gate CMOS technology. It achieves high speed
operation similar to equivalent Bipolar Schottky TTL while maintaining
CMOS low power dissipation.

The VHCT inputs are compatible with TTL levels. This device can be used
as a level converter for interfacing 3.3V to 5.0V, because it has full 5V CMOS
level output swings.

The VHCTOOA input structures provide protection when voltages between
0V and 5.5V are applied, regardless of the supply voltage. The output
structures also provide protection when Vcc = OV. These input and output
structures help prevent device destruction caused by supply voltage —
input/output voltage mismatch, battery backup, hot insertion, etc.

» High Speed: tpp = 5.0ns (Typ) at Vcc = 5V

* Low Power Dissipation: Icc = 2pA (Max) at Ta = 25°C

e TTL-Compatible Inputs: V|_ = 0.8V; V|4 = 2.0V

» Power Down Protection Provided on Inputs and Outputs

» Balanced Propagation Delays

» Designed for 4.5V to 5.5V Operating Range

* Low Noise: VoLp = 0.8V (Max)

* Pin and Function Compatible with Other Standard Logic Families
e Latchup Performance Exceeds 300mA

 ESD Performance: HBM > 2000V; Machine Model > 200V
» Chip Complexity: 48 FETs or 12 Equivalent Gates

LOGIC DIAGRAM
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MC74VHCTOOA

D SUFFIX
14-LEAD SOIC PACKAGE
CASE 751A-03

*

DT SUFFIX
14-LEAD TSSOP PACKAGE
CASE 948G-01

M SUFFIX
14-LEAD SOIC EIAJ PACKAGE
CASE 965-01

ORDERING INFORMATION

MC74VHCTXXAD SOIC
MC74VHCTXXADT  TSSOP
MC74VHCTXXAM SOIC EIAJ

FUNCTION TABLE

Inputs Output
A B Y
L L H
L H H
H L H
H H L

[J Motorola, Inc. 1997 6
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MC74VHCTOOA

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric

Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must

be taken to avoid applications of any
voltage higher than maximum rated
voltages to this high—impedance cir-
Ik Input Diode Current -20 mA cuit. For proper operation, Vjy and
Vout should be constrained to the
range GND = (Vjn or Vout) = Ve
lout | DC Output Current, per Pin +25 mA Unused inputs must always be
tied to an appropriate logic voltage

Vout DC Output Voltage Vcc =0 -05t0+7.0 \%
High or Low State | —0.5to Vcc + 0.5

lok Output Diode Current (VoyT < GND; VouT > Vce) +20 mA

Icc DC Supply Current, Vcc and GND Pins +50 mA level (e.g., either GND or V().

PD Power Dissipation in Still Air, SOIC Packagest 500 mw Unused outputs must be left open.
TSSOP Packaget 450

Tstg Storage Temperature —65to + 150 °C

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not
implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 45 55 \%
Vin DC Input Voltage 0 55 \
Vout DC Output Voltage Vcc=0 0 5.5 \Y
High or Low State 0 Vce
TA Operating Temperature —-40 | +85 °C
ty, tf Input Rise and Fall Time Vce =5.0V £0.5V 0 20 | ns/V

DC ELECTRICAL CHARACTERISTICS

Vee Tp =25°C Tp=—40t085°C
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 45to 2.0 2.0 \Y
Input Voltage 5.5
VL Maximum Low-Level 45to 0.8 0.8 \Y
Input Voltage 55
VOH Minimum High-Level loH =—50pA 4.5 4.4 4.5 4.4 \
Outnut Voltage
Vin = V|H or VL IoH =—-8mA 45 3.94 3.80
VoL Maximum Low-Level loL = 50pA 4.5 0.0 0.1 0.1 \
Outnut Voltage
Vin = ViH or V| loL =8mA 4.5 0.36 0.44
lin Maximum Input Vjn =5.5V or GND 0to5.5 +0.1 +1.0 HA
Leakage Current
Icc Maximum Quiescent Vin = Vcc or GND 5.5 2.0 20.0 MA
Supply Current
lccT Quiescent Supply Per Input: VN = 3.4V 5.5 1.35 1.50 mA
Current Other Input: Vcc or GND
loPD Output Leakage VouyT =5.5V 0 0.5 5.0 MA
Current
Very High—Speed CMOS Logic 7 MOTOROLA
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MC74VHCTOOA

AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)

Tp =25°C Tp =—-40t085°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tPLH: Propagation Delay, AorBtoY |Vcc=5.0+£05V C| =15pF 5.0 6.9 1.0 8.0 ns
tPHL CL = 50pF 55 7.9 1.0 9.0
Cin Input Capacitance 4 10 10 pF
Typical @ 25 °C, Vcc = 5.0V
CpD Power Dissipation Capacitance (Note 1.) 17 pF

. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.

Average operating currentcan be obtained by the equation: Icc(oPR)=CpD® Ve o fin+Icc/4 (pergate). Cppis usedto determine the no—load

dynamic power consumption; Pp = Cpp » Vcc2 o fin + Icc » Ve

NOISE CHARACTERISTICS (Input t; = tf = 3.0ns, C|_ = 50pF, Vcc = 5.0V, Measured in SOIC Package)

Tp =25°C
Symbol Characteristic Typ Max Unit
VoLp Quiet Output Maximum Dynamic Vo 0.4 0.8 \Y
VoLv Quiet Output Minimum Dynamic Vo -04 -08 \
VIHD Minimum High Level Dynamic Input Voltage 2.0 \%
VILD Maximum Low Level Dynamic Input Voltage 0.8 \
TEST POINT
AorB OUTPUT
DEVICE
UNDER .
TEST I G
Y =
*Includes all probe and jig capacitance
Figure 1. Switching Waveforms Figure 2. Test Circuit
MOTOROLA 8 Very High—Speed CMOS Logic

VHC Data — DL203 — Rev 2



MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Quad 2-Input NOR Gate

The MC74VHCO02 is an advanced high speed CMOS 2-input NOR gate
fabricated with silicon gate CMOS technology. It achieves high speed
operation similar to equivalent Bipolar Schottky TTL while maintaining
CMOS low power dissipation.

The internal circuit is composed of three stages, including a buffer output
which provides high noise immunity and stable output. The inputs tolerate
voltages up to 7V, allowing the interface of 5V systems to 3V systems.

* High Speed: tpp = 3.6ns (Typ) at Vcc =5V

* Low Power Dissipation: Icc = 2pA (Max) at Ta = 25°C

* High Noise Immunity: VNIH = VNIL = 28% Vcc

» Power Down Protection Provided on Inputs

» Balanced Propagation Delays

» Designed for 2V to 5.5V Operating Range

* Low Noise: VoL p = 0.8 V (Max)

* Pin and Function Compatible with Other Standard Logic Families
e Latchup Performance Exceeds 300mA

* ESD Performance: HBM > 2000V; Machine Model > 200V
» Chip Complexity: 40 FETs or 10 Equivalent Gates

LOGIC DIAGRAM
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FUNCTION TABLE

Inputs Output
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L L H
L H L
H L L
H H L
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MC74VHCO2

D SUFFIX
14-LEAD SOIC PACKAGE
CASE 751A-03

*

DT SUFFIX
14-LEAD TSSOP PACKAGE
CASE 948G-01

M SUFFIX
14-LEAD SOIC EIAJ PACKAGE
CASE 965-01

ORDERING INFORMATION

MC74VHCXXD SOIC
MC74VHCXXDT TSSOP
MC74VHCXXM SOICEIAJ

PIN ASSIGNMENT

Yi[] 10 14 [ vee
AL 2 131 v4
B1[] 3 12 1 B4
Y2 [ 4 1] A4
A2[] 5 101 v3
B2[] 6 9[]B3
GND [] 7 8 ] A3
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MC74VHCO02

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric

Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must

be taken to avoid applications of any
voltage higher than maximum rated
K Input Diode Current -20 mA voltages to this high-impedance cir-
cuit. For proper operation, Vj, and
Vout should be constrained to the
lout DC Output Current, per Pin +25 mA range GND = (Vjn or Vout) = Ve
Unused inputs must always be

Vout DC Output Voltage -05toVec+05 | V

lok Output Diode Current +20 mA

Icc DC Supply Current, Vcc and GND Pins +50 mA tied to an appropriate logic voltage
PD Power Dissipation in Still Air, SOIC Packagest 500 mw level (e.g., either GND or V).

TSSOP Packaget 450 Unused outputs must be left open.
Tstg Storage Temperature —65to + 150 °C

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not
implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 2.0 5.5 \%
Vin DC Input Voltage 0 5.5 \
Vout DC Output Voltage 0 Vce \Y
TA Operating Temperature —-40 | +85 °C
ty, tf Input Rise and Fall Time Vce = 3.3V +0.3V 0 100 | ns/V
Vce =5.0V 0.5V 0 20
DC ELECTRICAL CHARACTERISTICS
Tp =25°C Ta =—40t0 85°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 2.0 1.50 1.50 \
Input Voltage 3.0to |Vccx0.7 Vce x 0.7
55
VL Maximum Low-Level 2.0 0.50 0.50 \Y
Input Voltage 3.0to Vce x0.3 Vce x0.3
55
VOH Minimum High-Level Vin =V or V| 2.0 19 2.0 1.9 \
Output Voltage IoH = — 50pA 3.0 2.9 3.0 2.9
45 4.4 45 4.4
Vin =ViH or V|
loH = —4mA 3.0 2.58 2.48
IoH =—8mA 45 3.94 3.80
VoL Maximum Low-Level | Vjy=V|yor V)L 2.0 0.0 0.1 0.1 \
Output Voltage loL = 50pA 3.0 0.0 0.1 0.1
4.5 0.0 0.1 0.1
Vin = ViH or V|
loL =4mA 3.0 0.36 0.44
loL =8mA 4.5 0.36 0.44
MOTOROLA 10 Very High—Speed CMOS Logic
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DC ELECTRICAL CHARACTERISTICS

MC74VHCO2

Tp =25°C Tp =—40t085°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
lin Maximum Input Vin =5.5V or GND Oto 5.5 +0.1 +1.0 HA
Leakage Current
Icc Maximum Quiescent Vin = Vcc or GND 5.5 2.0 20.0 HA
Supply Current
AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)
Ta = 25°C Ta=—-40t085°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tPLH. Maximum Propagation Delay, Vcc=33+£0.3V  CL=15pF 5.6 7.9 1.0 9.5 ns
tPHL Input A or B to Output Y CL = 50pF 8.1 11.4 1.0 13.0
Vcc=5.0£05V  CL=15pF 3.6 55 1.0 6.5
CL = 50pF 51 7.5 1.0 8.5
Cin Maximum Input Capacitance 4 10 10 pF
Typical @ 25 °C, Vcc = 5.0V
CpD Power Dissipation Capacitance (Note 1.) 15 pF

1. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.
Averageoperating currentcan be obtained by the equation: Icc(opry=Cpp * Vcc o fin +Icc/ 4 (pergate). Cppis usedto determine the no—load
dynamic power consumption; Pp = Cpp » Vo2 e fin + Icc © Vec.

NOISE CHARACTERISTICS (Input t, = t = 3.0ns, C_ = 50pF, Ve = 5.0V)

Tp = 25°C
Symbol Characteristic Typ Max Unit
VoLp Quiet Output Maximum Dynamic Vo 0.3 0.8 \Y
VoLv Quiet Output Minimum Dynamic Vo -0.3 -0.8 \%
VIHD Minimum High Level Dynamic Input Voltage 3.5 \%
VILD Maximum Low Level Dynamic Input Voltage 15 \Y

TEST POINT
Vee
AorB OUTPUT
— GND DEVICE
UNDER .
TEST I CL
Y 50% Ve =
* Includes all probe and jig capacitance
Figure 1. Switching Waveforms Figure 2. Test Circuit
INPUT -
Figure 3. Input Equivalent Circuit
Very High—Speed CMOS Logic 11 MOTOROLA
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Hex Inverter

The MC74VHCO04 is an advanced high speed CMOS inverter fabricated
with silicon gate CMOS technology. It achieves high speed operation similar
to equivalent Bipolar Schottky TTL while maintaining CMOS low power
dissipation.

The internal circuit is composed of three stages, including a buffer output
which provides high noise immunity and stable output. The inputs tolerate
voltages up to 7V, allowing the interface of 5V systems to 3V systems.

* High Speed: tpp = 3.8ns (Typ) at Vcc = 5V

* Low Power Dissipation: Icc = 2pA (Max) at Ta = 25°C

* High Noise Immunity: VNIH = VNIL = 28% VcC

» Power Down Protection Provided on Inputs

» Balanced Propagation Delays

» Designed for 2V to 5.5V Operating Range

* Low Noise: VoLp = 0.8V (Max)

* Pin and Function Compatible with Other Standard Logic Families
» Latchup Performance Exceeds 300mA

* ESD Performance: HBM > 2000V; Machine Model > 200V
» Chip Complexity: 36 FETs or 9 Equivalent Gates

LOGIC DIAGRAM

1 2 —

AL >c V1
4 J—

A2 3 >¢ Y2
Y >¢ ¢

Y=A

9 8 —

A4 Y4
1 10 —

A5 Y5
13 2 —

A6 >¢ Y6

Pinout: 14—Lead Packages (Top View)

Vec A6 Y6 A5 Y5 A4 Y4
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Al YL A2 Y2 A3 Y3 GND
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MC74VHCO04

D SUFFIX
14-LEAD SOIC PACKAGE
CASE 751A-03

*

DT SUFFIX
14-LEAD TSSOP PACKAGE
CASE 948G-01

M SUFFIX
14-LEAD SOIC EIAJ PACKAGE
CASE 965-01

ORDERING INFORMATION

MC74VHCXXD SOIC
MC74VHCXXDT TSSOP
MC74VHCXXM SOICEIAJ

FUNCTION TABLE

Inputs Outputs
A Y
L H
H L
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MC74VHCO04

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric

Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must

be taken to avoid applications of any
voltage higher than maximum rated
K Input Diode Current -20 mA voltages to this high-impedance cir-
cuit. For proper operation, Vj, and
Vout should be constrained to the
lout DC Output Current, per Pin +25 mA range GND = (Vjn or Vout) = Ve
Unused inputs must always be

Vout DC Output Voltage -0.5toVcc +0.5 \%

lok Output Diode Current +20 mA

Icc DC Supply Current, Vcc and GND Pins +50 mA tied to an appropriate logic voltage
PD Power Dissipation in Still Air, SOIC Packagest 500 mw level (e.g., either GND or V).

TSSOP Packaget 450 Unused outputs must be left open.
Tstg Storage Temperature —65to + 150 °C

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not
implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 2.0 5.5 \%
Vin DC Input Voltage 0 5.5 \
Vout DC Output Voltage 0 Vce \Y
TA Operating Temperature -40 + 85 °C
ty, tf Input Rise and Fall Time Vce = 3.3V +0.3V 0 100 | ns/V
Vce =5.0V £0.5V 0 20
DC ELECTRICAL CHARACTERISTICS
Tp =25°C Ta =—40t085°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 2.0 1.50 1.50 \
Input Voltage 3.0to |Vccx0.7 Vce x 0.7
55
VL Maximum Low-Level 2.0 0.50 0.50 \Y
Input Voltage 3.0to Vce x0.3 Vce x0.3
55
VOH Minimum High-Level Vin =V or V| 2.0 19 2.0 1.9 \
Output Voltage loH = -50pA 3.0 2.9 3.0 2.9
45 4.4 45 4.4
Vin=ViH or V|
loH = —4mA 3.0 2.58 2.48
loH =-8mA 45 3.94 3.80
VoL Maximum Low-Level | Vjy=V|yor V)L 2.0 0.0 0.1 0.1 \
Output Voltage loL = 50pA 3.0 0.0 0.1 0.1
4.5 0.0 0.1 0.1
Vin = ViH or V|
loL =4mA 3.0 0.36 0.44
loL =8mA 4.5 0.36 0.44
Very High—Speed CMOS Logic 13 MOTOROLA
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MC74VHCO04

DC ELECTRICAL CHARACTERISTICS

Vee Tp =25°C Tp =—-40t0 85°C
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
lin Maximum Input Vin = 5.5 or GND Oto 5.5 +0.1 +0.1 HA
Leakage Current
Icc Maximum Quiescent Vin = Vcc or GND 5.5 2.0 20.0 HA
Supply Current
AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)
Tp = 25°C Ta =-4010 85°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tPLH» Maximum Propagation Delay, Vcc=33+£03V  CL=15pF 5.0 7.1 1.0 8.5 ns
tpHL [AorBtoY C| = 50pF 75 10.6 1.0 12.0
Vcc=5.0+x05vV  Cp=15pF 3.8 5.5 1.0 6.5
CL = 50pF 5.3 7.5 1.0 8.5
Cin Maximum Input Capacitance 4 10 10 pF

Typical @ 25 °C, Vg = 5.0V
CpD Power Dissipation Capacitance (Per Inverter) (Note 1.) 18 pF

1. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.

Averageoperatingcurrentcanbe obtainedbythe equation:icc(opr)=CppeVcc *fin*lcc/ 6 (perbuffer). Cppisusedtodeterminethe no-load
dynamic power consumption; Pp = Cpp  Vcc2 e fin + Icc @ Vec.

NOISE CHARACTERISTICS (Input t, = t; = 3.0ns, C|_ = 50pF, Vo = 5.0V)

Ta = 25°C
Symbol Characteristic Typ Max Unit
VoLp Quiet Output Maximum Dynamic Vo 0.4 0.8 \Y
VoLv Quiet Output Minimum Dynamic Vo -0.4 -0.8 \Y
VIHD Minimum High Level Dynamic Input Voltage 3.5 \%
VILD Maximum Low Level Dynamic Input Voltage 15 \Y
TEST POINT
OUTPUT
DEVICE
UNDER .
TEST I G
Y 50%Vce —
*Includes all probe and jig capacitance
Figure 1. Switching Waveforms Figure 2. Test Circuit
INPUT _
Figure 3. Input Equivalent Circuit
MOTOROLA 14 Very High—Speed CMOS Logic
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Hex Inverter
(Unbuffered)

The MC74VHCUO4 is an advanced high speed CMOS unbuffered inverter
fabricated with silicon gate CMOS technology. It achieves high speed
operation similar to equivalent Bipolar Schottky TTL while maintaining
CMOS low power dissipation.

The inputs tolerate voltages up to 7V, allowing the interface of 5V systems
to 3V systems.

» High Speed: tpp = 3.5ns (Typ) at Vcc = 5V

* Low Power Dissipation: Icc = 2pA (Max) at Ta = 25°C

» High Noise Immunity: VNIH = VNIL = 10% Vcc (Min.)

* Power Down Protection Provided on Inputs

» Balanced Propagation Delays

» Designed for 2V to 5.5V Operating Range

* Low Noise: VoLp = 0.8V (Max)

» Pin and Function Compatible with Other Standard Logic Families
» Latchup Performance Exceeds 300mA

* ESD Performance: HBM > 2000V; Machine Model > 200V
* Chip Complexity: 12 FETs or 3 Equivalent Gates

LOGIC DIAGRAM
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Pinout: 14-Lead Packages (Top View)
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Al Yl A2 Y2 A3 Y3 GND

6/97

MC74VHCUO4

D SUFFIX
14-LEAD SOIC PACKAGE
CASE 751A-03

*

DT SUFFIX
14-LEAD TSSOP PACKAGE
CASE 948G-01

M SUFFIX
14-LEAD SOIC EIAJ PACKAGE
CASE 965-01

ORDERING INFORMATION

MC74VHCUXXD SOoIC
MC74VHCUXXDT  TSSOP
MC74VHCUXXM SOIC EIAJ

FUNCTION TABLE

Inputs Outputs
A Y
L H
H L
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MC74VHCUO4

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric

Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must

be taken to avoid applications of any
voltage higher than maximum rated
K Input Diode Current -20 mA voltages to this high-impedance cir-
cuit. For proper operation, Vj, and
Vout should be constrained to the
lout DC Output Current, per Pin +25 mA range GND = (Vjn or Vout) = Ve
Unused inputs must always be

Vout DC Output Voltage -0.5toVcc +0.5 \%

lok Output Diode Current +20 mA

Icc DC Supply Current, Vcc and GND Pins +50 mA tied to an appropriate logic voltage
PD Power Dissipation in Still Air, SOIC Packagest 500 mw level (e.g., either GND or V).

TSSOP Packaget 450 Unused outputs must be left open.
Tstg Storage Temperature —65to + 150 °C

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not
implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 2.0 5.5 \%
Vin DC Input Voltage 0 5.5 \
Vout DC Output Voltage 0 Vce \Y
TA Operating Temperature -40 + 85 °C
DC ELECTRICAL CHARACTERISTICS
Tp =25°C Ta =—40t085°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
ViH Minimum High-Level 2.0 1.70 1.70 \
Input Voltage 3.0to |Vccx0.8 Vce x0.8
55
ViL Maximum Low-Level 2.0 0.30 0.30 \Y
Input Voltage 3.0to Vce x0.2 Vce x0.2
55
VOH Minimum High-Level Vin =V|L 2.0 1.8 2.0 1.8 \
Output Voltage loH = -50pA 3.0 2.7 3.0 2.7
45 4.0 45 4.0
Vin = GND
loH = —4mA 3.0 2.58 2.48
loH =-8mA 4.5 3.94 3.80
VoL Maximum Low-Level | Vjh=V|H 2.0 0.0 0.2 0.2 \
Output Voltage loL = 50pA 3.0 0.0 0.3 0.3
4.5 0.0 0.5 0.5
Vin=Vcc
loL =4mA 3.0 0.36 0.44
loL =8mA 4.5 0.36 0.44
MOTOROLA 16 Very High—Speed CMOS Logic
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MC74VHCUO4

DC ELECTRICAL CHARACTERISTICS

vee Ta =25°C Ta =-40t0 85°C
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
lin Maximum Input Vin = 5.5 or GND Oto 5.5 +0.1 +1.0 HA
Leakage Current
Icc Maximum Quiescent Vin = Vcc or GND 5.5 2.0 20.0 HA
Supply Current
AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)
Ta = 25°C Ta =—401t0 85°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tPLH. Maximum Propagation Delay, Vcc=33+£0.3V  CL=15pF 5.0 8.9 1.0 10.5 ns
tpHL [AorBtoY C| = 50pF 7.5 11.4 1.0 13.0
Vcc=5.0£05V  CL=15pF 35 55 1.0 6.5
CL = 50pF 5.0 7.0 1.0 8.0
Cin Maximum Input Capacitance 5 10 10 pF
Typical @ 25 °C, Vcc = 5.0V
CpD Power Dissipation Capacitance (Per Inverter) (Note 1.) 9 pF

1. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.

Averageoperatingcurrentcanbeobtainedbythe equation:icc(opr)=CppeVcc *fin*lcc/ 6 (perbuffer). Cppisusedtodeterminethe no—load
dynamic power consumption; Pp = Cpp Vo2 e fin + Icc © Vec.

NOISE CHARACTERISTICS (Input t, = t = 3.0ns, C_ = 50pF, Ve = 5.0V)

Tp = 25°C
Symbol Characteristic Typ Max Unit
VoLp Quiet Output Maximum Dynamic Vo 0.5 0.8 \%
VoLv Quiet Output Minimum Dynamic Vo -0.5 -0.8 \%
VIHD Minimum High Level Dynamic Input Voltage 4.0 \%
VILD Maximum Low Level Dynamic Input Voltage 1.0 \Y
TEST POINT
OUTPUT
DEVICE
UNDER .
TEST I G
Y 50%Vce —
* Includes all probe and jig capacitance
Figure 1. Switching Waveforms Figure 2. Test Circuit
®
1
; Parasitic Diode
)
INPUT " OUTPUT
)
A Parasitic Diode
)
Figure 3. Input Equivalent Circuit
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Hex Inverter

The MC74VHCTO4A is an advanced high speed CMOS inverter
fabricated with silicon gate CMOS technology. It achieves high speed
operation similar to equivalent Bipolar Schottky TTL while maintaining
CMOS low power dissipation.

The internal circuit is composed of three stages, including a buffer output
which provides high noise immunity and stable output. The inputs tolerate
voltages up to 7V, allowing the interface of 5V systems to 3V systems.

The VHCT inputs are compatible with TTL levels. This device can be used
as a level converter for interfacing 3.3V to 5.0V, because it has full 5V CMOS
level output swings.

The VHCTO4A input structures provide protection when voltages between
0V and 5.5V are applied, regardless of the supply voltage. The output
structures also provide protection when Vcc = 0V. These input and output
structures help prevent device destruction caused by supply voltage —
input/output voltage mismatch, battery backup, hot insertion, etc.

» High Speed: tpp = 4.7ns (Typ) at Vcc = 5V

* Low Power Dissipation: Icc = 2pA (Max) at Ta = 25°C

e TTL-Compatible Inputs: V|_=0.8V; V|4 = 2.0V

» Power Down Protection Provided on Inputs and Outputs

» Balanced Propagation Delays

» Designed for 4.5V to 5.5V Operating Range

* Low Noise: VoLp = 1.0V (Max)

* Pin and Function Compatible with Other Standard Logic Families
» Latchup Performance Exceeds 300mA

» ESD Performance: HBM > 2000V; Machine Model > 200V
» Chip Complexity: 48 FETs or 12 Equivalent Gates

LOGIC DIAGRAM
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Pinout: 14-Lead Packages (Top View)
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MC74VHCTO4A

D SUFFIX
14-LEAD SOIC PACKAGE
CASE 751A-03

*

DT SUFFIX
14-LEAD TSSOP PACKAGE
CASE 948G-01

M SUFFIX
14-LEAD SOIC EIAJ PACKAGE
CASE 965-01

ORDERING INFORMATION

MC74VHCTXXAD SOIC
MC74VHCTXXADT  TSSOP
MC74VHCTXXAM SOIC EIAJ

FUNCTION TABLE

Inputs Outputs
A Y
L H
H L
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MC74VHCTO4A

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric

Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must

be taken to avoid applications of any
voltage higher than maximum rated
voltages to this high—impedance cir-
Ik Input Diode Current -20 mA cuit. For proper operation, Vjy and
Vout should be constrained to the
range GND = (Vjn or Vout) = Ve
lout | DC Output Current, per Pin +25 mA Unused inputs must always be
tied to an appropriate logic voltage

Vout DC Output Voltage Vcc =0 -05t0+7.0 \%
High or Low State | —0.5to Vcc + 0.5

lok Output Diode Current (VoyT < GND; VouT > Vce) +20 mA

Icc DC Supply Current, Vcc and GND Pins +50 mA level (e.g., either GND or V().

PD Power Dissipation in Still Air, SOIC Packagest 500 mw Unused outputs must be left open.
TSSOP Packaget 450

Tstg Storage Temperature —65to + 150 °C

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not
implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 45 55 \%
Vin DC Input Voltage 0 55 \
Vout DC Output Voltage Vcc=0 0 5.5 \Y
High or Low State 0 Vce
TA Operating Temperature —-40 | +85 °C
ty, tf Input Rise and Fall Time Vce =5.0V £0.5V 0 20 | ns/V

DC ELECTRICAL CHARACTERISTICS

Vee Tp =25°C Tp=—40t085°C
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 45to 2.0 2.0 \Y
Input Voltage 5.5
VL Maximum Low-Level 45to 0.8 0.8 \Y
Input Voltage 55
VOH Minimum High-Level loH =—50pA 4.5 4.4 4.5 4.4 \
Outnut Voltage
Vin = V|H or VL IoH =—-8mA 45 3.94 3.80
VoL Maximum Low-Level loL = 50pA 4.5 0.0 0.1 0.1 \
Outnut Voltage
Vin = ViH or V| loL =8mA 4.5 0.36 0.44
lin Maximum Input Vjn =5.5V or GND 0to5.5 +0.1 +1.0 HA
Leakage Current
Icc Maximum Quiescent Vin = Vcc or GND 5.5 2.0 20.0 MA
Supply Current
lccT Quiescent Supply Per Input: VN = 3.4V 5.5 1.35 1.50 mA
Current Other Input: Vcc or GND
loPD Output Leakage VouyT =5.5V 0 0.5 5.0 MA
Current
Very High—Speed CMOS Logic 19 MOTOROLA
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MC74VHCTO4A

AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)

Tp =25°C Tp =—-40t085°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tPLH: Maximum Propagation Delay, Vcc=5.0£05vV  C| =15pF 4.7 6.7 1.0 7.5 ns
tPHL AtoY C =50pF 55 7.7 1.0 8.5
Cin Maximum Input Capacitance 4 10 10 pF
Typical @ 25 °C, Vcc = 5.0V
CpD Power Dissipation Capacitance (Note 1.) 11 pF

Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.

Averageoperating currentcanbe obtained by the equation:Ilcc(opRr)=Cpp e Vcc *fin +Icc/6 (perbuffer). Cppis usedtodetermine the no—load
dynamic power consumption; Pp = Cpp » Vo2 o fin + Icc » Ve

NOISE CHARACTERISTICS (Input t; = tf = 3.0ns, C|_ = 50pF, Vcc = 5.0V)

Tp =25°C
Symbol Characteristic Typ Max Unit
VoLp Quiet Output Maximum Dynamic Vo 0.8 1.0 \Y
VoLv Quiet Output Minimum Dynamic Vo -0.8 -1.0 \
VIHD Minimum High Level Dynamic Input Voltage 2.0 \%
VILD Maximum Low Level Dynamic Input Voltage 0.8 \
TEST POINT
A OUTPUT
DEVICE
UNDER .
TEST I CL
v =
* Includes all probe and jig capacitance
Figure 1. Switching Waveforms Figure 2. Test Circuit
MOTOROLA 20 Very High—Speed CMOS Logic
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Quad 2-Input AND Gate

The MC74VHCO08 is an advanced high speed CMOS 2-input AND gate
fabricated with silicon gate CMOS technology. It achieves high speed
operation similar to equivalent Bipolar Schottky TTL while maintaining
CMOS low power dissipation.

The internal circuit is composed of three stages, including a buffer output
which provides high noise immunity and stable output. The inputs tolerate
voltages up to 7V, allowing the interface of 5V systems to 3V systems.

* High Speed: tpp = 4.3ns (Typ) at Vcc = 5V

* Low Power Dissipation: Icc = 2pA (Max) at Ta = 25°C

* High Noise Immunity: VNIH = VNIL = 28% VcC

» Power Down Protection Provided on Inputs

» Balanced Propagation Delays

» Designed for 2V to 5.5V Operating Range

* Low Noise: VoLp = 0.8V (Max)

* Pin and Function Compatible with Other Standard Logic Families
» Latchup Performance Exceeds 300mA

* ESD Performance: HBM > 2000V; Machine Model > 200V
» Chip Complexity: 24 FETs or 6 Equivalent Gates

LOGIC DIAGRAM
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Pinout: 14—Lead Packages (Top View)
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MC74VHCO8

D SUFFIX
14-LEAD SOIC PACKAGE
CASE 751A-03

*

DT SUFFIX
14-LEAD TSSOP PACKAGE
CASE 948G-01

M SUFFIX
14-LEAD SOIC EIAJ PACKAGE
CASE 965-01

ORDERING INFORMATION

MC74VHCXXD SOIC
MC74VHCXXDT TSSOP
MC74VHCXXM SOICEIAJ

FUNCTION TABLE

Inputs Output
A B Y
L L L
L H L
H L L
H H H
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MC74VHCO08

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric

Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must

be taken to avoid applications of any
voltage higher than maximum rated
K Input Diode Current -20 mA voltages to this high-impedance cir-
cuit. For proper operation, Vj, and
Vout should be constrained to the
lout DC Output Current, per Pin +25 mA range GND = (Vjn or Vout) = Ve
Unused inputs must always be

Vout DC Output Voltage -05toVec+05 | V

lok Output Diode Current +20 mA

Icc DC Supply Current, Vcc and GND Pins +50 mA tied to an appropriate logic voltage
PD Power Dissipation in Still Air, SOIC Packagest 500 mw level (e.g., either GND or V).

TSSOP Packaget 450 Unused outputs must be left open.
Tstg Storage Temperature —65to + 150 °C

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not
implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 2.0 5.5 \%
Vin DC Input Voltage 0 5.5 \
Vout DC Output Voltage 0 Vce \Y
TA Operating Temperature —-40 | +85 °C
ty, tf Input Rise and Fall Time Vce = 3.3V +0.3V 0 100 | ns/V
Vce =5.0V £0.5V 0 20
DC ELECTRICAL CHARACTERISTICS
Tp =25°C Ta =—40t0 85°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 2.0 1.50 1.50 \
Input Voltage 3.0to |Vccx0.7 Vce x 0.7
55
VL Maximum Low-Level 2.0 0.50 0.50 \Y
Input Voltage 3.0to Vce x0.3 Vce x0.3
55
VOH Minimum High-Level Vin =V or V| 2.0 19 2.0 1.9 \
Output Voltage IoH = — 50pA 3.0 2.9 3.0 2.9
45 4.4 45 4.4
Vin =ViH or V|
loH = —4mA 3.0 2.58 2.48
IoH =—8mA 45 3.94 3.80
VoL Maximum Low-Level | Vjy=V|yor V)L 2.0 0.0 0.1 0.1 \
Output Voltage loL = 50pA 3.0 0.0 0.1 0.1
4.5 0.0 0.1 0.1
Vin = ViH or V|
loL =4mA 3.0 0.36 0.44
loL =8mA 4.5 0.36 0.44
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MC74VHCO8

DC ELECTRICAL CHARACTERISTICS

Tp =25°C Tp =—40t085°C
vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
lin Maximum Input Vin = 5.5V or GND Oto 5.5 +0.1 +1.0 HA
Leakage Current
Icc Maximum Quiescent Vin = Vcc or GND 5.5 2.0 20.0 HA
Supply Current
AC ELECTRICAL CHARACTERISTICS (Input ty = tf = 3.0 ns)
Tp =25°C Tp =—40t085°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tPLH, Maximum Propagation Delay, Vcc=33+03V C|=15pF 6.2 8.8 1.0 10.5 ns
tPHL AorBtoY C| = 50pF 8.7 12.3 1.0 14.0
Vcc=5.0x05V C|=15pF 43 5.9 1.0 7.0
CL = 50pF 5.8 7.9 1.0 9.0
Cin Maximum Input Capacitance 4 10 10 pF
Typical @ 25 °C, Vcc =5.0V
CpD Power Dissipation Capacitance (Note 1.) 18 pF

1. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.
Average operating currentcan be obtained by the equation: Icc(opPr)=CpDe*VcC® fintlcc/4 (pergate). Cppisusedtodetermine the no—load
dynamic power consumption; Pp = Cpp » Vo2 e fin + Icc » Vec.

NOISE CHARACTERISTICS (Inputt, = t; = 3.0 ns, C|_= 50pF, Vg = 5.0 V)

Tpa = 25°C
Symbol Characteristic Typ Max Unit
VoLp Quiet Output Maximum Dynamic VoL 0.3 0.8 \%
VoLv Quiet Output Minimum Dynamic Vo -0.3 -08 \
VIHD Minimum High Level Dynamic Input Voltage 35 Y
VILD Maximum Low Level Dynamic Input Voltage 15 \Y
TEST
Vee POINT
AorB OUTPUT
GND DEVICE
UNDER
tPLH tPHL TEST I cL
50% Vce
*Includes all probe and jig capacitance
Figure 1. Switching Waveforms Figure 2. Test Circuit
INPUT -
Figure 3. Input Equivalent Circuit
Very High—-Speed CMOS Logic 23 MOTOROLA
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Hex Schmitt Inverter

The MC74VHC14 is an advanced high speed CMOS Schmitt inverter
fabricated with silicon gate CMOS technology. It achieves high speed
operation similar to equivalent Bipolar Schottky TTL while maintaining
CMOS low power dissipation.

Pin configuration and function are the same as the MC74VHCO04, but the
inputs have hysteresis and, with its Schmitt trigger function, the VHC14 can
be used as a line receiver which will receive slow input signals.

The internal circuit is composed of three stages, including a buffer output
which provides high noise immunity and stable output. The inputs tolerate
voltages up to 7V, allowing the interface of 5V systems to 3V systems.

* High Speed: tpp = 5.5ns (Typ) at Vcc = 5V

* Low Power Dissipation: Icc = 2pA (Max) at Ta = 25°C

* High Noise Immunity: VNIH = VNIL = 28% VcC

» Power Down Protection Provided on Inputs

» Balanced Propagation Delays

» Designed for 2V to 5.5V Operating Range

* Low Noise: VoLp = 0.8V (Max)

* Pin and Function Compatible with Other Standard Logic Families
e Latchup Performance Exceeds 300mA

* ESD Performance: HBM > 2000V; Machine Model > 200V
* Chip Complexity: 60 FETs or 15 Equivalent Gates

LOGIC DIAGRAM

1 2 —
AL }c V1
3 4 —
A2 o Y2
5 6 —
A3 }c Y3
Y=A
9 g —
Ad o Y4
1 10 —
A5 o Y5
13 2 —
AG u) Y6

Pinout: 14-Lead Packages (Top View)

Ve A6 Y6 A5 Y5 A4 Y4

[14] [13] [12] [n] [s0] [6] [e]

OO E &

Al YL A2 Y2 A3 Y3 GND
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MC74VHC14

D SUFFIX
14-LEAD SOIC PACKAGE
CASE 751A-03

*

DT SUFFIX
14-LEAD TSSOP PACKAGE
CASE 948G-01

M SUFFIX
14-LEAD SOIC EIAJ PACKAGE
CASE 965-01

ORDERING INFORMATION

MC74VHCXXD SOIC
MC74VHCXXDT TSSOP
MC74VHCXXM SOICEIAJ

FUNCTION TABLE

Inputs Outputs
A Y
L H
H L
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MAXIMUM RATINGS*

MC74VHC14

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not

implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit This device contains protection
vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric
Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must
be taken to avoid applications of any

\Y DC Output Voltage -05toVec+05 | V
out P 9 cc voltage higher than maximum rated
K Input Diode Current -20 mA voltages to this high-impedance cir-
- cuit. For proper operation, Vj, and
lok Output Diode Current *20 mA Vout should be constrained to the
lout DC Output Current, per Pin +25 mA range GND-s (Vin or Vout) = Vcce.
C Supplv C 4G - tt0 Unused inputs must always be
lcc [ DC Supply Current, Ve and GND Pins £5 mA tied to an appropriate logic voltage
PD Power Dissipation in Still Air, SOIC Packagest 500 mw level (e.g., either GND or Vcc).

TSSOP Packaget 450 Unused outputs must be left open.
Tstg Storage Temperature —65to + 150 °C

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 2.0 5.5 \%
Vin DC Input Voltage 0 5.5 \
Vout DC Output Voltage 0 Vce \Y
TA Operating Temperature, All Package Types —-40 | +85 °C
DC ELECTRICAL CHARACTERISTICS
Tp =25°C Tap=—-40t085°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VT+ Positive Threshold 3.0 2.20 2.20 \
Voltage (Figure 3) 4.5 3.15 3.15
55 3.85 3.85
A Negative Threshold 3.0 0.9 0.90 \Y
Voltage (Figure 3) 4.5 1.35 1.35
6.0 1.65 1.65
VH Hysteresis Voltage 3.0 0.30 1.20 0.30 1.20 \%
(Figure 3) 45 0.40 1.40 0.40 1.40
55 0.50 1.60 0.50 1.60
VOH Minimum High-Level Vin=V|yqor V| 2.0 1.9 2.0 1.9 \
Output Voltage loH = —50pA 3.0 2.9 3.0 29
45 4.4 4.5 4.4
Vin =ViH or Vi
loH = —4mA 3.0 2.58 2.48
loH =—8mA 45 3.94 3.80
VoL Maximum Low-Level | Vjy=V|H or V|_ 2.0 0.0 0.1 0.1 \
Output Voltage loL = 50pA 3.0 0.0 0.1 0.1
45 0.0 0.1 0.1
Vin = ViH or V|
loL =4mA 3.0 0.36 0.44
loL = 8mA 45 0.36 0.44
Very High—Speed CMOS Logic 25 MOTOROLA
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MC74VHC14

DC ELECTRICAL CHARACTERISTICS

Ta =25°C Tp =—40t085°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
lin Maximum Input Vin = 5.5V or GND 0to 5.5 +0.1 +1.0 HA
Leakage Current
Icc Maximum Quiescent Vin = Vcc or GND 5.5 2.0 20.0 HA
Supply Current
AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)
Tp = 25°C Tp =—40t0 85°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tPLH, Maximum Propagation Delay, Vcc=33+03V C|=15pF 8.3 12.8 1.0 15.0 ns
tPHL AorBtoY CL = 50pF 10.8 16.3 1.0 18.5
Vcc=5.0+£05V Cp=15pF 55 8.6 1.0 10.0
CL = 50pF 7.0 10.6 1.0 12.0
Cin Maximum Input Capacitance 4 10 10 pF
Typical @ 25 °C, Vcc =5.0V
CpD Power Dissipation Capacitance (Note 1.) 21 pF

1. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.
Averageoperatingcurrentcanbe obtainedbythe equation:icc(opr)=CppeVcc *fin*lcc/ 6 (perbuffer). Cppisusedtodeterminethe no-load
dynamic power consumption; Pp = Cpp  Vcc2 e fin + Icc @ Vec.

NOISE CHARACTERISTICS (Inputt, = t; = 3.0ns, C|_= 50pF, VcG = 5.0 V)

Ta =25°C
Symbol Characteristic Typ Max Unit
VoLp Quiet Output Maximum Dynamic Vo 0.4 0.8 \Y
VoLv Quiet Output Minimum Dynamic Vo -04 -0.8 \Y
VIHD Minimum High Level Dynamic Input Voltage 3.5 \%
VILD Maximum Low Level Dynamic Input Voltage 15 \Y
MOTOROLA 26 Very High—Speed CMOS Logic
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(@) A Schmitt-Trigger Squares Up Inputs With Slow Rise and Fall Times

A

Y

MC74VHC14

TEST POINT

OUTPUT
DEVICE
UNDER

TEST I L

*Includes all probe and jig capacitance

Figure 1. Switching Waveforms

VT, TYPICAL INPUT THRESHOLD VOLTAGE (VOLTS)

EN

w

N

[N

Figure 2. Test Circuit

_ 1
V1) | —"] VHtyp
1] V1)
_—] //
//
3 4 5 6

Vce, POWER SUPPLY VOLTAGE (VOLTS)
VHtyp = (V1+ typ) - (VT typ)

Figure 3. Typical Input Threshold, V. T+, VT versus Power Supply Voltage

e

(b) A Schmitt-Trigger Offers Maximum Noise Immunity

Vee

V'n
: T— T—— V1=
L w
\ \ \
VOH
Vout Vout
VoL —— VoL
Figure 4. Typical Schmitt—Trigger Applications
INPUT -
Figure 5. Input Equivalent Circuit
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Quad 2-Input OR Gate

The MC74VHC32 is an advanced high speed CMOS 2-input OR gate
fabricated with silicon gate CMOS technology. It achieves high speed
operation similar to equivalent Bipolar Schottky TTL while maintaining
CMOS low power dissipation.

The internal circuit is composed of three stages, including a buffer output
which provides high noise immunity and stable output. The inputs tolerate
voltages up to 7V, allowing the interface of 5V systems to 3V systems.

* High Speed: tpp = 3.8ns (Typ) at Vcc = 5V

* Low Power Dissipation: Icc = 2pA (Max) at Ta = 25°C

* High Noise Immunity: VNIH = VNIL = 28% Vcc

» Power Down Protection Provided on Inputs

» Balanced Propagation Delays

» Designed for 2V to 5.5V Operating Range

* Low Noise: VoLp = 0.8V (Max)

* Pin and Function Compatible with Other Standard Logic Families
e Latchup Performance Exceeds 300mA

* ESD Performance: HBM > 2000V; Machine Model > 200V
» Chip Complexity: 48 FETs or 12 Equivalent Gates

LOGIC DIAGRAM

Y =A+B

A3 3

10 Y3
B3

12
A4 1

13 Y4
B4

Pinout: 14-Lead Packages (Top View)

Vcc B4 A4 Y4 B3 A3 Y3

[14] [18] [12] [] [10] [o] [e]

L] Lef [ef [ef Ls] Lef L7

B2 Y2 GND
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MC74VHC32

D SUFFIX
14-LEAD SOIC PACKAGE
CASE 751A-03

*

DT SUFFIX
14-LEAD TSSOP PACKAGE
CASE 948G-01

M SUFFIX
14-LEAD SOIC EIAJ PACKAGE
CASE 965-01

ORDERING INFORMATION

MC74VHCXXD SOIC
MC74VHCXXDT TSSOP
MC74VHCXXM SOICEIAJ

FUNCTION TABLE

Inputs Output
A B Y
L L L
L H H
H L H
H H H
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MC74VHC32

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric

Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must

be taken to avoid applications of any
voltage higher than maximum rated
K Input Diode Current -20 mA voltages to this high-impedance cir-
cuit. For proper operation, Vj, and
Vout should be constrained to the
lout DC Output Current, per Pin +25 mA range GND = (Vjn or Vout) = Ve
Unused inputs must always be

Vout DC Output Voltage -05toVec+05 | V

lok Output Diode Current +20 mA

Icc DC Supply Current, Vcc and GND Pins +50 mA tied to an appropriate logic voltage
PD Power Dissipation in Still Air, SOIC Packagest 500 mw level (e.g., either GND or V).

TSSOP Packaget 450 Unused outputs must be left open.
Tstg Storage Temperature —65to + 150 °C

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not
implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 2.0 5.5 \%
Vin DC Input Voltage 0 5.5 \
Vout DC Output Voltage 0 Vce \Y
TA Operating Temperature, All Package Types —-40 | +85 °C
ty, tf Input Rise and Fall Time Vce = 3.3V +0.3V 0 100 | ns/V
Vce =5.0V 0.5V 0 20
DC ELECTRICAL CHARACTERISTICS
Tp =25°C Ta =—40t0 85°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 2.0 1.50 1.50 \
Input Voltage 3.0to |Vccx0.7 Vce x 0.7
55
VL Maximum Low-Level 2.0 0.50 0.50 \Y
Input Voltage 3.0to Vce x0.3 Vce x0.3
55
VOH Minimum High-Level Vin =V or V| 2.0 19 2.0 1.9 \
Output Voltage IoH = — 50pA 3.0 2.9 3.0 2.9
45 4.4 45 4.4
Vin =ViH or V|
loH = —4mA 3.0 2.58 2.48
IoH =—8mA 45 3.94 3.80
VoL Maximum Low-Level | Vjy=V|yor V)L 2.0 0.0 0.1 0.1 \
Output Voltage loL = 50pA 3.0 0.0 0.1 0.1
4.5 0.0 0.1 0.1
Vin = ViH or V|
loL =4mA 3.0 0.36 0.44
loL =8mA 4.5 0.36 0.44
Very High—Speed CMOS Logic 29 MOTOROLA
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MC74VHC32

DC ELECTRICAL CHARACTERISTICS

Tp =25°C Tp =—40t085°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
lin Maximum Input Vin = 5.5V or GND Oto 5.5 +0.1 +1.0 HA
Leakage Current
Icc Maximum Quiescent Vin = Vcc or GND 5.5 2.0 20.0 HA
Supply Current
AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)
Ta = 25°C Tp =—401t085°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tPLH. Maximum Propagation Delay, Vcc=33+£0.3V  CL=15pF 55 7.9 1.0 9.5 ns
tPHL AorBtoY CL = 50pF 8.0 11.4 1.0 13.0
Vcc=5.0£05V  CL=15pF 3.8 55 1.0 6.5
CL = 50pF 5.3 7.5 1.0 8.5
Cin Maximum Input Capacitance 4 10 10 pF

Typical @ 25 °C, Vcc = 5.0V

CpD Power Dissipation Capacitance (Note 1.) 14 pF

1. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.
Averageoperating currentcan be obtained by the equation: Icc(opry=Cpp * Vcc o fin +Icc/ 4 (pergate). Cppis usedto determine the no—load
dynamic power consumption; Pp = Cpp » Vo2 e fin + Icc © Vec.

NOISE CHARACTERISTICS (Input t, = t = 3.0ns, C_ = 50pF, Ve = 5.0V)

Tp = 25°C
Symbol Characteristic Typ Max Unit
VoLp Quiet Output Maximum Dynamic Vo 0.3 0.8 \%
VoLv Quiet Output Minimum Dynamic Vo -0.3 -0.8 \%
VIHD Minimum High Level Dynamic Input Voltage 3.5 \%
VILD Maximum Low Level Dynamic Input Voltage 15 \Y
TEST
POINT
Vee
AorB OUTPUT
DEVICE
GND UNDER
TEST o
tPLH :[
Y 50% Vce
*Includes all probe and jig capacitance
Figure 1. Switching Waveforms Figure 2. Test Circuit
INPUT -
Figure 3. Input Equivalent Circuit
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Dual D-Type Flip-Flop
with Set and Reset

The MC74VHC74 is an advanced high speed CMOS D-type flip—flop
fabricated with silicon gate CMOS technology. It achieves high speed
operation similar to equivalent Bipolar Schottky TTL while maintaining
CMOS low power dissipation.

The signal level applied to the D input is transferred to Q output during the
positive gaing transition of the Clock pulse.

Reset (RD) and Set (SD) are independent of the Clock (CP) and are
accomplished by setting the appropriate input Low.

The internal circuit is composed of three stages, including a buffer output
which provides high noise immunity and stable output. The inputs tolerate
voltages up to 7V, allowing the interface of 5V systems to 3V systems.

* High Speed: fmax = 170MHz (Typ) at Vcc = 5V

* Low Power Dissipation: Icc = 2pA (Max) at Ta = 25°C

» High Noise Immunity: VNIH = VNIL = 28% VcC

» Power Down Protection Provided on Inputs

» Balanced Propagation Delays

» Designed for 2V to 5.5V Operating Range

* Low Noise: VoLp = 0.8V (Max)

* Pin and Function Compatible with Other Standard Logic Families
e Latchup Performance Exceeds 300mA

e ESD Performance: HBM > 2000V; Machine Model > 200V
» Chip Complexity: 128 FETs or 32 Equivalent Gates

LOGIC DIAGRAM

i ——— R =
5 9
D1 —2 QL D2 —12 — Q2
3 6 11 8 —
cP1 —p Q1 cp2 ——p — Q2
ﬁ 4 ﬁ 10

FUNCTION TABLE

Inputs Outputs

SD RD CP D Q Q
L H X X H L
H L X X L H
L L X X H* H*
H H va H H L
H H va L L H
H H L X No Change
H H H X No Change
H H ~ X No Change

* Both outputs will remain high as long as Set and Reset are low, but the output
states are unpredictable if Set and Reset go high simultaneously.
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MC74VHC74

D SUFFIX
14-LEAD SOIC PACKAGE
CASE 751A-03

*

DT SUFFIX
14-LEAD TSSOP PACKAGE
CASE 948G-01

M SUFFIX
14-LEAD SOIC EIAJ PACKAGE
CASE 965-01

ORDERING INFORMATION

MC74VHCXXD SOIC
MC74VHCXXDT TSSOP
MC74VHCXXM SOICEIAJ

PIN ASSIGNMENT

RDL[| 10 14 1 vee
p1 [ 2 13 1 RD2
cpil] 3 12 1 p2
sp1 [] 4 1] cp2
o1l 5 10 [I sp2
ol 6 91 Q2
GND [ 7 8 [l Q2
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MC74VHC74

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric

Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must

be taken to avoid applications of any
voltage higher than maximum rated
K Input Diode Current -20 mA voltages to this high-impedance cir-
cuit. For proper operation, Vj, and
Vout should be constrained to the
lout DC Output Current, per Pin +25 mA range GND = (Vjn or Vout) = Ve
Unused inputs must always be

Vout DC Output Voltage -05toVec+05 | V

lok Output Diode Current +20 mA

Icc DC Supply Current, Vcc and GND Pins +50 mA tied to an appropriate logic voltage
PD Power Dissipation in Still Air, SOIC Packagest 500 mw level (e.g., either GND or V).

TSSOP Packaget 450 Unused outputs must be left open.
Tstg Storage Temperature —65to + 150 °C

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not
implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 2.0 5.5 \%
Vin DC Input Voltage 0 5.5 \
Vout DC Output Voltage 0 Vce \Y
TA Operating Temperature, All Package Types —-40 | +85 °C
ty, tf Input Rise and Fall Time Vce = 3.3V +0.3V 0 100 | ns/V
Vce =5.0V 0.5V 0 20
DC ELECTRICAL CHARACTERISTICS
Tp =25°C Ta =—40t0 85°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 2.0 1.50 1.50 \
Input Voltage 3.0to |Vccx0.7 Vce x 0.7
55
VL Maximum Low-Level 2.0 0.50 0.50 \Y
Input Voltage 3.0to Vce x0.3 Vce x0.3
55
VOH Minimum High-Level Vin =V or V| 2.0 19 2.0 1.9 \
Output Voltage IoH = — 50pA 3.0 2.9 3.0 2.9
45 4.4 45 4.4
Vin =ViH or V|
loH = —4mA 3.0 2.58 2.48
IoH =—8mA 45 3.94 3.80
VoL Maximum Low-Level | Vjy=V|yor V)L 2.0 0.0 0.1 0.1 \
Output Voltage loL = 50pA 3.0 0.0 0.1 0.1
4.5 0.0 0.1 0.1
Vin = ViH or V|
loL =4mA 3.0 0.36 0.44
loL =8mA 4.5 0.36 0.44
MOTOROLA 32 Very High—Speed CMOS Logic
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DC ELECTRICAL CHARACTERISTICS

MC74VHC74

Tp =25°C Tp =—40t085°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
lin Maximum Input Vin = 5.5V or GND Oto 5.5 +0.1 +1.0 HA
Leakage Current
Icc Maximum Quiescent Vin = Vcc or GND 5.5 2.0 20.0 HA
Supply Current
AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)
Tp = 25°C Tp =—40t0 85°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tPLH, Maximum Propagation Delay, Vcc=33+03V C|=15pF 6.7 11.9 1.0 14.0 ns
tpHL [CPtoQorQ C| = 50pF 9.2 15.4 1.0 17.5
Vcc=5.0+x05vV  Cp=15pF 4.6 7.3 1.0 8.5
CL = 50pF 6.1 9.3 1.0 105
tPLH. Maximum Propagation Delay, Vcc=3.3+£0.3V  CL=15pF 7.6 12.3 1.0 145 ns
tPHL SDorRDtoQorQ CL = 50pF 10.1 15.8 1.0 18.0
Vcc=5.0£05vV  Cp=15pF 4.8 7.7 1.0 9.0
CL = 50pF 6.3 9.7 1.0 11.0
fmax Maximum Clock Frequency Vcc=33+£0.3V  CL=15pF 80 125 70 MHz
(50% Duty Cycle) CL = 50pF 50 75 45
Vcc=5.0+05vV  Cp=15pF 130 170 110
CL = 50pF 90 115 75
Cin Maximum Input Capacitance 4 10 10 pF
Typical @ 25 °C, Ve = 5.0V
CpD Power Dissipation Capacitance (Note 1.) 25 pF

1. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.
Average operating current can be obtained by the equation: Icc(opPR) = CpD ® Vcc © fin + Icc/2 (per flip—flop). Cpp is used to determine the
no—load dynamic power consumption; Pp = Cpp e V2 o fin + Icc » Vee.

TIMING REQUIREMENTS (Input t; = tf = 3.0ns)

Guaranteed Limit
Vce Tao=-40to

Symbol Parameter \ Ta =25°C 85°C Unit

tw Minimum Pulse Width, CP 3.3+03 6.0 7.0 ns
5005 5.0 5.0

tw Minimum Pulse Width, RD or SD 3.3+£0.3 6.0 7.0 ns
50+05 5.0 5.0

tsu Minimum Setup Time, D to CP 3.3+03 6.0 7.0 ns
5.0£0.5 5.0 5.0

th Minimum Hold Time, D to CP 3.3+£0.3 0.5 0.5 ns
50+05 0.5 0.5

trec Minimum Recovery Time, SD or RD to CP 3.3+03 5.0 5.0 ns
5.0£0.5 3.0 3.0
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MC74VHC74

SWITCHING WAVEFORMS

CP

Ufmax j
tPLH tPHL
_ 50% Ve
QorQ

Figure 1.

VALID
Vee
D ‘JT‘ 50%
GND
tsy th
Vee
50%
cP — GND

Figure 3.

INPUT

- tW —>
Sars D 50% / Yee
SDorRD 0
\_7 — GND
- tPHL
QorQ 50% Vg
—> tPLH
Qor 6 50% Ve
< Trec
Vee
cp 50%
— GND
Figure 2.
TEST POINT
OUTPUT

DEVICE
UNDER
TEST

C*

"n—

* Includes all probe and jig capacitance

Figure 5. Input Equivalent Circuit

Figure 4.
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Dual D-Type Flip-Flop
with Set and Reset

The MC74VHCT74A is an advanced high speed CMOS D-type flip—flop
fabricated with silicon gate CMOS technology. It achieves high speed
operation similar to equivalent Bipolar Schottky TTL while maintaining
CMOS low power dissipation.

The signal level applied to the D input is transferred to Q output during the
positive going transition of the Clock pulse.

Reset (RD) and Set (SD) are independent of the Clock (CP) and are
accomplished by setting the appropriate input Low.

The internal circuit is composed of three stages, including a buffer output
which provides high noise immunity and stable output. The inputs tolerate
voltages up to 7V, allowing the interface of 5V systems to 3V systems.

The VHCT inputs are compatible with TTL levels. This device can be used
as a level converter for interfacing 3.3V to 5.0V, because it has full 5V CMOS
level output swings.

The VHCT74A input structures provide protection when voltages between
0V and 5.5V are applied, regardless of the supply voltage. The output
structures also provide protection when VCC=0V. These input and output
structures help prevent device destruction caused by supply voltage —
input/output voltage mismatch, battery backup, hot insertion, etc.

* High Speed: fmax = 60MHz (Typ) at Vcc = 5V

* Low Power Dissipation: Icc = 2pA (Max) at Ta = 25°C

» Power Down Protection Provided on Inputs

» Balanced Propagation Delays

» Designed for 4.5V to 5.5V Operating Range

* Low Noise: VoLp = 0.8V (Max)

* Pin and Function Compatible with Other Standard Logic Families
e Latchup Performance Exceeds 300mA

* ESD Performance: HBM > 2000V; Machine Model > 200V

e Chip Complexity: 128 FETs or 32 Equivalent Gates

LOGIC DIAGRAM

RDL — RD2 13—(5
2 5 12 9
D1 ——] Q1 D2 —== — Q2
3 6 1 8 —
CcPL—p Q1 cP2——p —— Q2
o4 9 ooy —22
FUNCTION TABLE
Inputs Outputs
Sb RD CP D Q Q
L H X X H L
H L X X L H
L L X X H* H*
H H -/ H H L
H H va L L H
H H L X No Change
H H H X No Change
H H N X No Change

* Both outputs will remain high as long as Set and Reset are low, but the output
states are unpredictable if Set and Reset go high simultaneously.
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MC74VHCT74A

D SUFFIX
14-LEAD SOIC PACKAGE
CASE 751A-03

*

DT SUFFIX
14-LEAD TSSOP PACKAGE
CASE 948G-01

M SUFFIX
14-LEAD SOIC EIAJ PACKAGE
CASE 965-01

ORDERING INFORMATION

MC74VHCTXXAD SOIC
MC74VHCTXXADT TSSOP
MC74VHCTXXAM SOICEIAJ

PIN ASSIGNMENT

RDL[| 10 14 1 vee
p1 [ 2 13 1 RD2
cpil] 3 12 1 p2
sp1 [] 4 1] cp2
o1l 5 10 [I sp2
ol 6 91 Q2
GND [ 7 8 [l Q2
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MC74VHCT74A

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric

Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must

be taken to avoid applications of any
voltage higher than maximum rated
voltages to this high—impedance cir-
Ik Input Diode Current -20 mA cuit. For proper operation, Vjy and
Vout should be constrained to the
range GND = (Vjn or Vout) = Ve
lout | DC Output Current, per Pin +25 mA Unused inputs must always be
tied to an appropriate logic voltage

Vout DC Output Voltage Vcc =0 -05t0+7.0 \%
High or Low State | —0.5to Vcc + 0.5

lok Output Diode Current (VoyT < GND; VouT > Vce) +20 mA

Icc DC Supply Current, Vcc and GND Pins +50 mA level (e.g., either GND or V().

PD Power Dissipation in Still Air, SOIC Packagest 500 mw Unused outputs must be left open.
TSSOP Packaget 450

Tstg Storage Temperature —65to + 150 °C

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not
implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 45 55 \%
Vin DC Input Voltage 0 55 \
Vout DC Output Voltage Vcc=0 0 5.5 \Y
High or Low State 0 Vce
TA Operating Temperature —-40 | +85 °C
ty, tf Input Rise and Fall Time Vce =5.0V £0.5V 0 20 | ns/V

DC ELECTRICAL CHARACTERISTICS

vee Ta=25°C Tp =—40to 85°C
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 45to 2.0 2.0 \Y
Input Voltage 5.5
VL Maximum Low-Level 45to 0.8 0.8 \Y
Input Voltage 55
VOH Minimum High-Level loH =—50pA 4.5 4.4 4.5 4.4 \
Outnut Voltage
Vin = V|H or VL IoH =—-8mA 45 3.94 3.80
VoL Maximum Low-Level loL = 50pA 4.5 0.0 0.1 0.1 \
Outnut Voltage
Vin = ViH or V| loL =8mA 4.5 0.36 0.44
lin Maximum Input Vjn =5.5V or GND 0to5.5 +0.1 +1.0 HA
Leakage Current
Icc Maximum Quiescent Vin = Vcc or GND 5.5 2.0 20.0 MA
Supply Current
lccT Quiescent Supply Per Input: VN = 3.4V 5.5 1.35 1.50 mA
Current Other Input: Vcc or GND
loPD Output Leakage VouyT =5.5V 0 0.5 5.0 MA
Current
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AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)

MC74VHCT74A

Ta = 25°C Tp =—-40t085°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit

tPLH: Maximum Propagation Delay, Vcc=5.0£05V C| =15pF 5.8 7.8 1.0 9.0 ns
tPHL CPtoQorQ C| =50pF 6.3 8.8 1.0 10.0
tPLH: Maximum Propagation Delay, Vcc=5.0+£05V C| =15pF 7.6 10.4 1.0 12.0 ns
tPHL SDorRDtoQorQ CL = 50pF 8.1 11.4 1.0 13.0

fmax Maximum Clock Frequency Vcc=5.0+£05V  C| =15pF 100 160 80 MHz

(50% Duty Cycle) CL = 50pF 80 140 65
Cin Maximum Input Capacitance 4 10 10 pF
Typical @ 25 °C, Vcc = 5.0V
CpD Power Dissipation Capacitance (Note 1.) 24 pF

1. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.
Average operating current can be obtained by the equation: Icc(opRr) = CpD ® Vcc © fin + Icc/2 (per flip—flop). Cpp is used to determine the

no—load dynamic power consumption; Pp = Cpp e Vcc2 o fin + Icc Ve

TIMING REQUIREMENTS (Input t; = tf = 3.0ns)

Guaranteed Limit
Vce Tao=-40to

Symbol Parameter \ Ta =25°C 85°C Unit
tw Minimum Pulse Width, CP 5.0+£05 5.0 5.0 ns

tw Minimum Pulse Width, RD or SD 50+05 5.0 5.0 ns

tsy Minimum Setup Time, D to CP 5.0+05 5.0 5.0 ns

th Minimum Hold Time, D to CP 50+05 0.0 0.0 ns

trec Minimum Recovery Time, SD or RD to CP 5.0+0.5 35 3.5 ns
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MC74VHCT74A

SWITCHING WAVEFORMS

- tW —»]
<D or RD \ 1.5V Z 3V
SDorRD :

\_7 — GND

v - tPHL

CpP ~
or 15VV,
— GND QorQ cq
ty

—> tPLH
‘_I‘ Ufmax j 3v
tPLH tPHL I‘— QorQ +9VVeg — GN\D

\ VoH = ltec
_ 15V
QorQ VoL S
cp 15V
— GND
Figure 1. Figure 2.
TEST POINT
OUTPUT
VALID 2 DEVICE
UNDER
1.5V
D TEST o
GND
tsy th :|:
3V =
15V
CP — GND * Includes all probe and jig capacitance
Figure 3. Figure 4.
INPUT -
Figure 5. Input Equivalent Circuit
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Quad 2-Input XOR Gate

The MC74VHCS86 is an advanced high speed CMOS 2-input Exclu-
sive—OR gate fabricated with silicon gate CMOS technology. It achieves high
speed operation similar to equivalent Bipolar Schottky TTL while maintaining
CMOS low power dissipation.

The internal circuit is composed of three stages, including a buffer output
which provides high noise immunity and stable output. The inputs tolerate
voltages up to 7V, allowing the interface of 5V systems to 3V systems.

* High Speed: tpp = 4.8ns (Typ) at Vcc = 5V

* Low Power Dissipation: Icc = 2pA (Max) at Ta = 25°C

* High Noise Immunity: VNIH = VNIL = 28% Vcc

» Power Down Protection Provided on Inputs

» Balanced Propagation Delays

» Designed for 2V to 5.5V Operating Range

* Low Noise: VoLp = 0.8V (Max)

* Pin and Function Compatible with Other Standard Logic Families
e Latchup Performance Exceeds 300mA

* ESD Performance: HBM > 2000V; Machine Model > 200V
» Chip Complexity: 56 FETs or 14 Equivalent Gates

LOGIC DIAGRAM

Pinout: 14-Lead Packages (Top View)

L] Lo [7]

B2 Y2 GND

L] [2] [e] L
Al Bl Y1 A2
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MC74VHC86

D SUFFIX
14-LEAD SOIC PACKAGE
CASE 751A-03

*

DT SUFFIX
14-LEAD TSSOP PACKAGE
CASE 948G-01

M SUFFIX
14-LEAD SOIC EIAJ PACKAGE
CASE 965-01

ORDERING INFORMATION

MC74VHCXXD SOIC
MC74VHCXXDT TSSOP
MC74VHCXXM SOICEIAJ

FUNCTION TABLE

Inputs Output
A B Y
L L L
L H H
H L H
H H L
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MC74VHC86

MAXIMUM RATINGS*

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not

implied.
tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit This device contains protection
vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric
Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must
be taken to avoid applications of any

\Y DC Output Voltage -05toVec+05 | V
out P 9 cc voltage higher than maximum rated
K Input Diode Current -20 mA voltages to this high-impedance cir-
- cuit. For proper operation, Vj, and
lok Output Diode Current *20 mA Vout should be constrained to the
lout DC Output Current, per Pin +25 mA range GND-s (Vin or Vout) = Vcce.
C Supplv C 4G - tt0 Unused inputs must always be
lcc [ DC Supply Current, Ve and GND Pins £5 mA tied to an appropriate logic voltage
PD Power Dissipation in Still Air, SOIC Packagest 500 mw level (e.g., either GND or Vcc).

TSSOP Packaget 450 Unused outputs must be left open.
Tstg Storage Temperature —65to + 150 °C

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 2.0 5.5 \%
Vin DC Input Voltage 0 5.5 \
Vout DC Output Voltage 0 Vce \Y
TA Operating Temperature, All Package Types —-40 | +85 °C
tr, tf Input Rise and Fall Time Vce = 3.3V +0.3V 0 100 | ns/V
Vce =5.0V 0.5V 0 20
DC ELECTRICAL CHARACTERISTICS
Tp =25°C Tp =—-40t085°C
vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH High—Level Input 2.0 1.50 1.50 \
Voltage 3.0to |Vccx0.7 Vce x0.7
5.5
ViL Low—Level Input 2.0 0.50 0.50 \
Voltage 3.0to Vce x0.3 Vce x0.3
5.5
VOH High-Level Output Vin=V|yqorV|_ 2.0 19 2.0 1.9 \
Voltage loH = — 50pA 3.0 2.9 3.0 2.9
45 4.4 4.5 4.4
Vin = ViH or V|
loH = —4mA 3.0 2.58 2.48
IoH =—-8mA 4.5 3.94 3.80
VoL Low-Level Output Vin =V or V| 2.0 0.0 0.1 0.1 \
Voltage loL = 50pA 3.0 0.0 0.1 0.1
4.5 0.0 0.1 0.1
Vin = VIH or VL
loL =4mA 3.0 0.36 0.44
loL = 8mA 45 0.36 0.44
lin Input Leakage Current | Vjn = 5.5V or GND 0to5.5 +0.1 +1.0 HA
Icc Quiescent Supply Vin = Vcc or GND 55 2.0 20.0 HA
Current
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MC74VHC86

AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)

Tpa = 25°C Tp =—40t0 85°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tPLH: Propagation Delay, AorBtoY |Vcc=3.3+03V C|=15pF 7.0 11.0 1.0 13.0 ns

tPHL CL = 50pF 9.5 14.5 1.0 16.5
Vcc=5.0+x05vV  Cp=15pF 4.8 6.8 1.0 8.0
CL = 50pF 6.3 8.8 1.0 10.0
Cin Input Capacitance 4 10 10 pF
Typical @ 25 °C, Vcgc = 5.0V
CpD Power Dissipation Capacitance (Note 1.) 18 pF

1. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.

Average operating currentcan be obtained by the equation: Icc(opry=Cpp * Vcc o fin +Icc/ 4 (pergate). Cppis usedto determine the no—load
dynamic power consumption; Pp = Cpp  Vcc2 e fin + Icc @ Vec.

NOISE CHARACTERISTICS (Input t; = tf = 3.0ns, C|_ = 50pF, Vcc = 5.0V, Measured in SOIC Package)

Ta = 25°C
Symbol Characteristic Typ Max Unit
VoLp Quiet Output Maximum Dynamic Vo 0.3 0.8 \Y
VoLv Quiet Output Minimum Dynamic Vo -03 -08 \
VIHD Minimum High Level Dynamic Input Voltage 3.5 \%
VILD Maximum Low Level Dynamic Input Voltage 15 \Y
TEST POINT
AorB OUTPUT
DEVICE
UNDER .
TEST I G
Y 50% Ve =
* Includes all probe and jig capacitance
Figure 1. Switching Waveforms Figure 2. Test Circuit
INPUT -
Figure 3. Input Equivalent Circuit
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Quad Bus Buffer
with 3-State Control Inputs

The MC74VHC125 is a high speed CMOS quad bus buffer fabricated with
silicon gate CMOS technology. It achieves high speed operation similar to
equivalent Bipolar Schottky TTL while maintaining CMOS low power
dissipation. _

The MC74VHC125 requires the 3—state control input (OE) to be set High
to place the output into the high impedance state.

The internal circuit is composed of three stages, including a buffer output
which provides high noise immunity and stable output. The inputs tolerate
voltages up to 7V, allowing the interface of 5V systems to 3V systems.

* High Speed: tpp = 3.8ns (Typ) at Vcc = 5V

» Low Power Dissipation: Icc = 4pA (Max) at Tp = 25°C

* High Noise Immunity: VN|H = VNIL = 28% Vcc

* Power Down Protection Provided on Inputs

» Balanced Propagation Delays

» Designed for 2V to 5.5V Operating Range

* Low Noise: VoLp = 0.8V (Max)

* Pin and Function Compatible with Other Standard Logic Families
» Latchup Performance Exceeds 300mA

» ESD Performance: HBM > 2000V; Machine Model > 200V
» Chip Complexity: 72 FETs or 18 Equivalent Gates

LOGIC DIAGRAM

Active—Low Output Enables

Al 2 3 Y1
oL J
A2 > 6 Y2
s
A3 2 8 Y3
053 M
A4 12 = Y4
oE4 M/

FUNCTION TABLE

VHC125
Inputs  [Output
A OE Y
H L H
L L L
X H z
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MC74VHC125

D SUFFIX
14-LEAD SOIC PACKAGE
CASE 751A-03

*

DT SUFFIX
14-LEAD TSSOP PACKAGE
CASE 948G-01

<

M SUFFIX
14—-LEAD SOIC EIAJ PACKAGE
CASE 965-01

ORDERING INFORMATION

MC74VHCXXD SOIC
MC74VHCXXDT TSSOP
MC74VHCXXM SOICEIAJ

PIN ASSIGNMENT

OE1l] 10 14 I Vee
ALl 2 13 ] OE4
vil] 3 12 [1 pa
oE2[] 4 1 v4
r2 [ s 10 [1 0E3
v2[ 6 91 A3
GND [ 7 gl v3
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MC74VHC125

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric

Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must

be taken to avoid applications of any
voltage higher than maximum rated
K Input Diode Current -20 mA voltages to this high-impedance cir-
cuit. For proper operation, Vj, and
Vout should be constrained to the
lout DC Output Current, per Pin +25 mA range GND = (Vjn or Vout) = Ve
Unused inputs must always be

Vout DC Output Voltage -05toVec+05 | V

lok Output Diode Current +20 mA

Icc DC Supply Current, Vcc and GND Pins +50 mA tied to an appropriate logic voltage
PD Power Dissipation in Still Air, SOIC Packagest 500 mw level (e.g., either GND or V).

TSSOP Packaget 450 Unused outputs must be left open.
Tstg Storage Temperature —65to + 150 °C

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not
implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 2.0 5.5 \%
Vin DC Input Voltage 0 5.5 \
Vout DC Output Voltage 0 Vce \Y
TA Operating Temperature, All Package Types —-40 | +85 °C
ty, tf Input Rise and Fall Time Vce = 3.3V +0.3V 0 100 | ns/V
Vce =5.0V 0.5V 0 20
DC ELECTRICAL CHARACTERISTICS
Tp =25°C Ta =—40t0 85°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 2.0 1.50 1.50 \
Input Voltage 3.0to |Vccx0.7 Vce x 0.7
55
VL Maximum Low-Level 2.0 0.50 0.50 \Y
Input Voltage 3.0to Vce x0.3 Vce x0.3
55
VOH Minimum High-Level Vin =V or V| 2.0 19 2.0 1.9 \
Output Voltage IoH = — 50pA 3.0 2.9 3.0 2.9
45 4.4 45 4.4
Vin =ViH or V|
loH = —4mA 3.0 2.58 2.48
IoH =—8mA 45 3.94 3.80
VoL Maximum Low-Level | Vjy=V|yor V)L 2.0 0.0 0.1 0.1 \
Output Voltage loL = 50pA 3.0 0.0 0.1 0.1
4.5 0.0 0.1 0.1
Vin = ViH or ViL
loL =4mA 3.0 0.36 0.44
loL =8mA 4.5 0.36 0.44
loz Maximum Three-State | Vijn = V|H or V)L 55 +0.25 +2.50 HA
Leakage Current Vout = Vcc or GND
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MC74VHC125

DC ELECTRICAL CHARACTERISTICS

Tp =25°C Tp =—40t085°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
lin Maximum Input Vin = 5.5V or GND Oto 5.5 +0.1 +1.0 HA
Leakage Current
Icc Maximum Quiescent Vin = Vcc or GND 5.5 4.0 40.0 HA
Supply Current
AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)
Tp = 25°C Tp =—40t0 85°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tpLH, | Maximum Propagation Delay, Vcc=33+03V C|=15pF 5.6 8.0 1.0 9.5 ns
tpHL [AtoY CL = 50pF 8.1 11.5 1.0 13.0
Vcc=5.0+x05vV  Cp=15pF 3.8 5.5 1.0 6.5
CL = 50pF 53 7.5 1.0 8.5
tpzL, | Maximum Output Enable Time, |Vcc=3.3+0.3V  C| = 15pF 54 8.0 1.0 9.5 ns
tpzH |OEtoY R = 1kQ C| = 50pF 7.9 11.5 1.0 13.0
Vcc=5.0£05vV  Cp=15pF 3.6 5.1 1.0 6.0
R = 1kQ C|L = 50pF 5.1 7.1 1.0 8.0
tpLz, | Maximum Output Disable Time, |Vcc=3.3+0.3V  C| =50pF 9.5 13.2 1.0 15.0 ns
tpHz |OEtoY R = 1kQ
Vcc=5.0£05V  CL =50pF 6.1 8.8 1.0 10.0
Rl = 1kQ
tosLH. | Output-to—Output Skew Vcc=3.3+203V  Cp=50pF 15 15 ns
tOSHL (Note 1.)
Vcc=5.0+£05V  Cp =50pF 1.0 1.0
(Note 1.)
Cin Maximum Input Capacitance 4 10 10 pF
Cout Maximum Three—State Output 6 pF
Capacitance (Output in High
Impedance State)
Typical @ 25 °C, Vg = 5.0V
CpD Power Dissipation Capacitance (Note 2.) 14 pF

1. Parameter guaranteed by design. tosLH = [tPLHm — tPLHnl: tOSHL = ItPHLmM — tPHLnI-

2. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.
Averageoperatingcurrentcanbeobtainedbythe equation:icc(opr)=CppeVcc *fint+lcc/ 4 (perbuffer). Cppisusedtodeterminethe no—load
dynamic power consumption; Pp = Cpp  Vcc2 o fin + Icc » V.

NOISE CHARACTERISTICS (Input t; = t; = 3.0ns, C|_ = 50pF, Vo = 5.0V)

Ta = 25°C
Symbol Characteristic Typ Max Unit
VoLp Quiet Output Maximum Dynamic Vo 0.3 0.8
VoLv Quiet Output Minimum Dynamic Vo -03 -08 \Y
VIHD Minimum High Level Dynamic Input Voltage 35 \
VILD Maximum Low Level Dynamic Input Voltage 15 \
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MC74VHC125

SWITCHING WAVEFORMS

— Vce

GND

50% Vce

Figure 1.

TEST POINT

OUTPUT

DEVICE
UNDER

TEST I Cr

* Includes all probe and jig capacitance

Figure 3. Test Circuit

INPUT

_ /[ Vcc
OE SR 50% Y
— GND
t t
—> PZL PLZ —> < HIGH
. ] 50% Ve IMPEDANCE
= VoL-0.3V
— tPZH PHZ—> [=<—
VoH 0.3V
Y 50% Vce HIGH
IMPEDANCE
Figure 2.
TEST POINT
k0 CONNECT TO Ve WHEN
OUTPUT TESTING tp| 7 AND tpz
B%IEFE CONNECT TO GND WHEN
TESTING tpHz AND t
gl I o PHZ PZH.

* Includes all probe and jig capacitance

Figure 4. Test Circuit

Figure 5. Input Equivalent Circuit
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Quad Bus Buffer
with 3-State Control Inputs

The MC74VHC126 is a high speed CMOS quad bus buffer fabricated with
silicon gate CMOS technology. It achieves noninverting high speed
operation similar to equivalent Bipolar Schottky TTL while maintaining
CMOS low power dissipation.

The MC74VHC126 requires the 3—state control input (OE) to be set Low to
place the output into high impedance.

The internal circuit is composed of three stages, including a buffer output
which provides high noise immunity and stable output. The inputs tolerate
voltages up to 7V, allowing the interface of 5V systems to 3V systems.

* High Speed: tpp = 3.8ns (Typ) at Vcc = 5V

* Low Power Dissipation: Icc = 4pA (Max) at Tp = 25°C

* High Noise Immunity: VNIH = VNIL = 28% Vcc

* Power Down Protection Provided on Inputs

» Balanced Propagation Delays

» Designed for 2V to 5.5V Operating Range

* Low Noise: VoLp = 0.8V (Max)

* Pin and Function Compatible with Other Standard Logic Families
e Latchup Performance Exceeds 300mA

» ESD Performance: HBM > 2000V; Machine Model > 200V
» Chip Complexity: 72 FETs or 18 Equivalent Gates

LOGIC DIAGRAM
Active—High Output Enables

AL —2 SEE
n — * v

OE2 44/,/

A3 9 8 Y3
n —2 L
w1

OFs —13

FUNCTION TABLE

VHC126
Inputs  [Output
A OE Y
H H H
L H L
X L z

6/97

MC74VHC126

D SUFFIX
14-LEAD SOIC PACKAGE
CASE 751A-03

*

DT SUFFIX
14-LEAD TSSOP PACKAGE
CASE 948G-01

<

M SUFFIX
14—-LEAD SOIC EIAJ PACKAGE
CASE 965-01

ORDERING INFORMATION

MC74VHCXXD SOIC
MC74VHCXXDT TSSOP
MC74VHCXXM SOICEIAJ

PIN ASSIGNMENT

OEL[] 10 14 1 vee
ALl 2 13 [1 OE4
vil] 3 12 [1 pa
OE2[] 4 1 va
A2[] 5 10 [1 OE3
Y2[] 6 91 A3
GND [ 7 gl v3
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MC74VHC126

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric

Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must

be taken to avoid applications of any
voltage higher than maximum rated
K Input Diode Current -20 mA voltages to this high-impedance cir-
cuit. For proper operation, Vj, and
Vout should be constrained to the
lout DC Output Current, per Pin +25 mA range GND = (Vjn or Vout) = Ve
Unused inputs must always be

Vout DC Output Voltage -05toVec+05 | V

lok Output Diode Current +20 mA

Icc DC Supply Current, Vcc and GND Pins +50 mA tied to an appropriate logic voltage
PD Power Dissipation in Still Air, SOIC Packagest 500 mw level (e.g., either GND or V).

TSSOP Packaget 450 Unused outputs must be left open.
Tstg Storage Temperature —65to + 150 °C

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not
implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 2.0 5.5 \%
Vin DC Input Voltage 0 5.5 \
Vout DC Output Voltage 0 Vce \Y
TA Operating Temperature, All Package Types —-40 | +85 °C
ty, tf Input Rise and Fall Time Vce = 3.3V +0.3V 0 100 | ns/V
Vce =5.0V 0.5V 0 20
DC ELECTRICAL CHARACTERISTICS
Tp =25°C Ta =—40t0 85°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 2.0 1.50 1.50 \
Input Voltage 3.0to |Vccx0.7 Vce x 0.7
55
VL Maximum Low-Level 2.0 0.50 0.50 \Y
Input Voltage 3.0to Vce x0.3 Vce x0.3
55
VOH Minimum High-Level Vin =V or V| 2.0 19 2.0 1.9 \
Output Voltage IoH = — 50pA 3.0 2.9 3.0 2.9
45 4.4 45 4.4
Vin =ViH or V|
loH = —4mA 3.0 2.58 2.48
IoH =—8mA 45 3.94 3.80
VoL Maximum Low-Level | Vjy=V|yor V)L 2.0 0.0 0.1 0.1 \
Output Voltage loL = 50pA 3.0 0.0 0.1 0.1
4.5 0.0 0.1 0.1
Vin = ViH or ViL
loL =4mA 3.0 0.36 0.44
loL =8mA 4.5 0.36 0.44
loz Maximum Three-State | Vijn = V|H or V)L 55 +0.25 +2.50 HA
Leakage Current Vout = Vcc or GND
Very High—Speed CMOS Logic 47 MOTOROLA
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MC74VHC126

DC ELECTRICAL CHARACTERISTICS

Tp =25°C Tp =—40t085°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
lin Maximum Input Vin = 5.5V or GND Oto 5.5 +0.1 +1.0 HA
Leakage Current
Icc Maximum Quiescent Vin = Vcc or GND 5.5 4.0 40.0 HA
Supply Current
AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)
Tp = 25°C Tp =—40t0 85°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tpLH, | Maximum Propagation Delay, Vcc=33+03V C|=15pF 5.6 8.0 1.0 9.5 ns
tpHL [AtoY CL = 50pF 8.1 11.5 1.0 13.0
Vcc=5.0+x05vV  Cp=15pF 3.8 5.5 1.0 6.5
CL = 50pF 53 7.5 1.0 8.5
tpzL, | Maximum Output Enable Time, |Vcc=3.3+0.3V  C| = 15pF 54 8.0 1.0 9.5 ns
tpzH |OEtoY R = 1kQ C| = 50pF 7.9 11.5 1.0 13.0
Vcc=5.0£05vV  Cp=15pF 3.6 5.1 1.0 6.0
R = 1kQ C|L = 50pF 5.1 7.1 1.0 8.0
tpLz, | Maximum Output Disable Time, |Vcc=3.3+0.3V  C| =50pF 9.5 13.2 1.0 15.0 ns
tpHz |OEtoY R = 1kQ
Vcc=5.0£05V  CL =50pF 6.1 8.8 1.0 10.0
Rl = 1kQ
tosLH. | Output-to—Output Skew Vcc=3.3+203V  Cp=50pF 15 15 ns
tOSHL (Note 1.)
Vcc=5.0+£05V  Cp =50pF 1.0 1.0
(Note 1.)
Cin Maximum Input Capacitance 4 10 10 pF
Cout Maximum Three—State Output 6 pF
Capacitance (Output in High
Impedance State)
Typical @ 25 °C, Vg = 5.0V
CpD Power Dissipation Capacitance (Note 2.) 15 pF

1. Parameter guaranteed by design. tosLH = [tPLHm — tPLHnl: tOSHL = ItPHLmM — tPHLnI-

2. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.
Averageoperatingcurrentcanbeobtainedbythe equation:icc(opr)=CppeVcc *fint+lcc/ 4 (perbuffer). Cppisusedtodeterminethe no—load
dynamic power consumption; Pp = Cpp  Vcc2 o fin + Icc » V.

NOISE CHARACTERISTICS (Input t; = t; = 3.0ns, C|_ = 50pF, Vo = 5.0V)

Ta = 25°C
Symbol Characteristic Typ Max Unit
VoLp Quiet Output Maximum Dynamic Vo 0.3 0.8
VoLv Quiet Output Minimum Dynamic Vo -03 -08 \Y
VIHD Minimum High Level Dynamic Input Voltage 35 \
VILD Maximum Low Level Dynamic Input Voltage 15 \
MOTOROLA 48 Very High—Speed CMOS Logic
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MC74VHC126

SWITCHING WAVEFORMS

— Vce

GND

50% Vce

Figure 1.

TEST POINT

OUTPUT

DEVICE
UNDER

TEST I Cr

* Includes all probe and jig capacitance

Figure 3. Test Circuit

INPUT

— Vce
OE ¥ 50%
_/ GND
—> tpzL tpLZ ~ HIGH
. 50% Ve IMPEDANCE
= VoL-0.3V
— tpzH tF>Hz—>| ~
VoH 0.3V
Y 50% Vce HIGH
IMPEDANCE
Figure 2.
TEST POINT
k0 CONNECT TO Ve WHEN
OUTPUT TESTING tp| 7 AND tpz
B%IEFE CONNECT TO GND WHEN
TESTING tpHz AND t
gl I o PHZ PZH.

* Includes all probe and jig capacitance

Figure 4. Test Circuit

Figure 5. Input Equivalent Circuit
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MOTOROLA
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Quad 2-Input NAND Schmitt MC74VHC132
Trigger

The MC74VHC132 is an advanced high speed CMOS Schmitt NAND
trigger fabricated with silicon gate CMOS technology. It achieves high speed
operation similar to equivalent Bipolar Schottky TTL while maintaining
CMOS low power dissipation.

Pin configuration and function are the same as the MC74VHCO0O, but the
inputs have hysteresis and, with its Schmitt trigger function, the VHC132 can
be used as a line receiver which will receive slow input signals.

The internal circuit is composed of three stages, including a buffer output
which provides high noise immunity and stable output. The inputs tolerate Q
voltages up to 7V, allowing the interface of 5V systems to 3V systems. \@

D SUFFIX
14-LEAD SOIC PACKAGE
CASE 751A-03

. Wi . — - DT SUFFIX
High Speed: tpp = 4.9ns (Typ) at Vcc =5V L4-LEAD TSSOP PACKAGE

* Low Power Dissipation: Icc = 2pA (Max) at Ta = 25°C CASE 948G-01
* High Noise Immunity: VNIH = VNIL = 28% VcC
» Power Down Protection Provided on Inputs

» Balanced Propagation Delays

» Designed for 2V to 5.5V Operating Range

* Low Noise: VoLp = 0.8V (Max)

* Pin and Function Compatible with Other Standard Logic Families 14-LEAD SOIC EIA] PACKAGE
e Latchup Performance Exceeds 300mA CASE 965-01

* ESD Performance: HBM > 2000V; Machine Model > 200V
e Chip Complexity: 72 FETs or 18 Equivalent Gates

M SUFFIX

ORDERING INFORMATION

) i MC74VHCXXD SOIC
Pinout: 14-Lead Packages (Top View) MC74VHCXXDT  TSSOP

Voo B4 A4 va B3 A3 Y_3 MC74VHCXXM SOICEIAJ

[14] [13] [12] [n] [s0] [6] [e]

FUNCTION TABLE
) Inputs Output
A B Y
L L H
L H H
O G W E O R A
Al Bl YlL A2 B2 Y2 GND H H L

LOGIC DIAGRAM

P S Do,
Bl—>0—ro B31—0>O—|_O
o o,
ol o T°

Al —

12
Ad ——

6
_)—I><PY2
13

B4 ——
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B2 ——
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MC74VHC132

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric

Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must

be taken to avoid applications of any
voltage higher than maximum rated
K Input Diode Current -20 mA voltages to this high-impedance cir-
cuit. For proper operation, Vj, and
Vout should be constrained to the
lout DC Output Current, per Pin +25 mA range GND = (Vjn or Vout) = Ve
Unused inputs must always be

Vout DC Output Voltage -05toVec+05 | V

lok Output Diode Current +20 mA

Icc DC Supply Current, Vcc and GND Pins +50 mA tied to an appropriate logic voltage
PD Power Dissipation in Still Air, SOIC Packagest 500 mw level (e.g., either GND or V).

TSSOP Packaget 450 Unused outputs must be left open.
Tstg Storage Temperature —65to + 150 °C

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not
implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 2.0 5.5 \%
Vin DC Input Voltage 0 5.5 \
Vout DC Output Voltage 0 Vce \Y
TA Operating Temperature, All Package Types —-40 | +85 °C
DC ELECTRICAL CHARACTERISTICS
Tp =25°C Tap=—-40t085°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VT+ Positive Threshold 3.0 2.20 2.20 \
Voltage (Figure 3) 4.5 3.15 3.15
55 3.85 3.85
A Negative Threshold 3.0 0.9 0.90 \Y
Voltage (Figure 3) 4.5 1.35 1.35
55 1.65 1.65
VH Hysteresis Voltage 3.0 0.30 1.20 0.30 1.20 \%
(Figure 3) 45 0.40 1.40 0.40 1.40
55 0.50 1.60 0.50 1.60
VOH Minimum High-Level Vin=V|yqor V| 2.0 1.9 2.0 1.9 \
Output Voltage loH = —50pA 3.0 2.9 3.0 29
45 4.4 4.5 4.4
Vin =ViH or Vi
loH = —4mA 3.0 2.58 2.48
loH =—8mA 45 3.94 3.80
VoL Maximum Low-Level | Vjy=V|H or V|_ 2.0 0.0 0.1 0.1 \
Output Voltage loL = 50pA 3.0 0.0 0.1 0.1
45 0.0 0.1 0.1
Vin = ViH or V|
loL =4mA 3.0 0.36 0.44
loL = 8mA 45 0.36 0.44
Very High—Speed CMOS Logic 51 MOTOROLA
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MC74VHC132

DC ELECTRICAL CHARACTERISTICS

Ta =25°C Tp =—40t085°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
lin Maximum Input Vin = 5.5V or GND 0to 5.5 +0.1 +1.0 HA
Leakage Current
Icc Maximum Quiescent Vin = Vcc or GND 5.5 2.0 20.0 HA
Supply Current
AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)
Tp = 25°C Tp =—40t0 85°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tPLH» Maximum Propagation Delay, Vcc=33+£03V CpL=15pF 7.6 11.9 1.0 14.0 ns
tpHL [AorBtoY C| = 50pF 10.1 15.4 1.0 17.5
Vcc=5.0+£05V Cp=15pF 4.9 7.7 1.0 9.0
CL = 50pF 6.4 9.7 1.0 11.0
Cin Maximum Input Capacitance 4 10 10 pF
Typical @ 25 °C, Vcc =5.0V
CpD Power Dissipation Capacitance (Note 1.) 16 pF

1. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.

Average operating currentcan be obtained by the equation: Icc(opry=Cpp * Vcc o fin +Icc/ 4 (pergate). Cppis usedto determine the no—load
dynamic power consumption; Pp = Cpp  Vcc2 e fin + Icc @ Vec.

NOISE CHARACTERISTICS (Inputt, = t; = 3.0ns, C|_= 50pF, VcG = 5.0 V)

Ta =25°C
Symbol Characteristic Typ Max Unit
VoLp Quiet Output Maximum Dynamic Vo 0.3 0.8 \Y
VoLv Quiet Output Minimum Dynamic Vo -0.3 -0.8 \Y
VIHD Minimum High Level Dynamic Input Voltage 3.5 \%
VILD Maximum Low Level Dynamic Input Voltage 15 \Y
MOTOROLA 52 Very High—Speed CMOS Logic
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(@) A Schmitt-Trigger Squares Up Inputs With Slow Rise and Fall Times

A

Y

MC74VHC132

TEST POINT

OUTPUT
DEVICE
UNDER

TEST I L

*Includes all probe and jig capacitance

Figure 1. Switching Waveforms

VT, TYPICAL INPUT THRESHOLD VOLTAGE (VOLTS)

EN

w

N

[N

Figure 2. Test Circuit

_ 1
V1) | —"] VHtyp
1] V1)
_—] //
//
3 4 5 6

Vce, POWER SUPPLY VOLTAGE (VOLTS)
VHtyp = (V1+ typ) - (VT typ)

Figure 3. Typical Input Threshold, V. T+, VT versus Power Supply Voltage

e

(b) A Schmitt-Trigger Offers Maximum Noise Immunity

Vee

V'n
: T— T—— V1=
L w
\ \ \
VOH
Vout Vout
VoL —— VoL
Figure 4. Typical Schmitt—Trigger Applications
INPUT -
Figure 5. Input Equivalent Circuit
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3-to0-8 Line Decoder

The MC74VHC138 is an advanced high speed CMOS 3-to—8 decoder
fabricated with silicon gate CMOS technology. It achieves high speed
operation similar to equivalent Bipolar Schottky TTL while maintaining
CMOS low power dissipation.

When the device is enabled, three Binary Select inputs (A0 — A2)
determine which one of the outputs (YO — Y7) will go Low. When enable input
E3 is held Low or either E2 or E1 is held High, decoding function is inhibited
and all outputs go high. E3, E2, and E1 inputs are provided to ease cascade
connection and for use as an address decoder for memory systems.

The internal circuit is composed of three stages, including a buffer output
which provides high noise immunity and stable output. The inputs tolerate
voltages up to 7V, allowing the interface of 5V systems to 3V systems.

* High Speed: tpp = 5.7ns (Typ) at Vcc = 5V

* Low Power Dissipation: Icc = 4pA (Max) at Ta = 25°C

* High Noise Immunity: VN|H = VNIL = 28% Vcc

» Power Down Protection Provided on Inputs

» Balanced Propagation Delays

» Designed for 2V to 5.5V Operating Range

* Low Noise: VoLp = 0.8 V (Max)

* Pin and Function Compatible with Other Standard Logic Families
» Latchup Performance Exceeds 300mA

» ESD Performance: HBM > 2000V; Machine Model > 200V
* Chip Complexity: 122 FETs or 30.5 Equivalent Gates

FUNCTION TABLE

Inputs Outputs
E3 E2 E1 |A2 A1 AO|YO Y1 Y2 Y3 Y4 Y5 Y6 Y7
X X H|X X X|H HHHHHHH
X H X|[X X X|H HHWHHHHH
L X X|X X X|HHHHHHHH
H L L|fL L LJL HH HHHHH
H L L L L HH L HH HH H H
H L L L HL|HH L HHH H H
H L L L HHHHH L HH H H
H L L|H L L|HHHUHTLUHUHH
H L L|HLH|{HHHHUHTLHH
H L L|HHTL|HHHHUHUHTLH
H L L|HHH[H HHHHHHL
H = high level (steady state); L = low level (steady state);
X =don't care
A0 Oiﬁ
SELECT ) 13 —
INPUTS | AL o—— 12
3 0O——— VY3 ACTIVE-LOW
A2 - ié Y4 OUTPUTS
P
o— ¢
Oo—— Y7
6
ENABLE E3 |
INPUTS {  E2 —> LOGIC DIAGRAM
E 4
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MC74VHC138

D SUFFIX
16-LEAD SOIC PACKAGE
CASE 751B-05

*

DT SUFFIX
16-LEAD TSSOP PACKAGE
CASE 948F-01

M SUFFIX
16-LEAD SOIC EIAJ PACKAGE
CASE 966-01

ORDERING INFORMATION

MC74VHCXXXD SOIC
MC74VHCXXXDT  TSSOP
MC74VHCXXXM SOIC EIAJ

PIN ASSIGNMENT

A0l 1e 16 1 vee
Al 2 150 vo
alls 141 v1
Erl 4 132
205 12[vs
E3l] 6 10 va
v7 Q7 10 vs
o\D [ 8 o[l v6
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MC74VHC138

EXPANDED LOGIC DIAGRAM
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MC74VHC138

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric

Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must

be taken to avoid applications of any
voltage higher than maximum rated
K Input Diode Current -20 mA voltages to this high-impedance cir-
cuit. For proper operation, Vj, and
Vout should be constrained to the
lout DC Output Current, per Pin +25 mA range GND = (Vjn or Vout) = Ve
Unused inputs must always be

Vout DC Output Voltage -05toVec+05 | V

lok Output Diode Current +20 mA

Icc DC Supply Current, Vcc and GND Pins +75 mA tied to an appropriate logic voltage
PD Power Dissipation in Still Air, SOIC Packagest 500 mw level (e.g., either GND or V).

TSSOP Packaget 450 Unused outputs must be left open.
Tstg Storage Temperature —65to + 150 °C

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not
implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 2.0 5.5 \%
Vin DC Input Voltage 0 5.5 \
Vout DC Output Voltage 0 Vce \Y
TA Operating Temperature —-40 | +85 °C
ty, tf Input Rise and Fall Time Vce = 3.3V +0.3V 0 100 | ns/V
Vce =5.0V 0.5V 0 20
DC ELECTRICAL CHARACTERISTICS
Tp =25°C Ta =—40t0 85°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 2.0 1.50 1.50 \
Input Voltage 3.0to |Vccx0.7 Vce x 0.7
55
VL Maximum Low-Level 2.0 0.50 0.50 \Y
Input Voltage 3.0to Vce x0.3 Vce x 0.3
55
VOH Minimum High-Level Vin =V or V| 2.0 19 2.0 1.9 \
Output Voltage loH = —50pA 3.0 2.9 3.0 29
45 4.4 45 4.4
Vin =ViH or V|
loH = —4mA 3.0 2.58 2.48
IoH =—8mA 45 3.94 3.80
VoL Maximum Low-Level | Vjy=V|yor V)L 2.0 0.0 0.1 0.1 \
Output Voltage loL = 50pA 3.0 0.0 0.1 0.1
4.5 0.0 0.1 0.1
Vin = ViH or V|
loL =4mA 3.0 0.36 0.44
loL =8mA 4.5 0.36 0.44
MOTOROLA 56 Very High—Speed CMOS Logic
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DC ELECTRICAL CHARACTERISTICS

MC74VHC138

Tp =25°C Tp =—40t085°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
lin Maximum Input Vin =5.5V or GND Oto 5.5 +0.1 +1.0 HA
Leakage Current
Icc Maximum Quiescent Vin = Vcc or GND 5.5 4.0 40.0 HA
Supply Current
AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)
Tp = 25°C Tp =—40t0 85°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tPLH, Maximum Propagation Delay, Vcc=33+03V C|=15pF 8.2 11.4 1.0 135 ns
tpHL |[AtoY C| = 50pF 10.0 15.8 1.0 18.0
Vcc=5.0+x05vV  Cp=15pF 5.7 8.1 1.0 9.5
CL = 50pF 7.2 10.1 1.0 115
tPLH. Maximum Propagation Delay, Vcc=3.3+£0.3V  CL=15pF 8.1 12.8 1.0 15.0 ns
tPHL E3toY CL = 50pF 10.6 16.3 1.0 18.5
Vcc=5.0£05vV  Cp=15pF 5.6 8.1 1.0 9.5
CL = 50pF 7.1 10.1 1.0 115
tPLH: Maximum Propagation Delay, Vcc=33+£0.3V  CL=15pF 8.2 11.4 1.0 135 ns
tpHL |E20rEltoY C| = 50pF 10.7 14.9 1.0 17.0
Vcc=5.0+£05V  Cp =15pF 5.8 8.1 1.0 9.5
CL = 50pF 7.3 10.1 1.0 115
Cin Maximum Input Capacitance 4 10 10 pF
Typical @ 25 °C, Ve = 5.0V
CpD Power Dissipation Capacitance (Note 1.) 34 pF

1. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.
Average operating current can be obtained by the equation: Icc(opr) = CpD ® Vcc  fin + Icc. Cpp is used to determine the no—load dynamic
power consumption; Pp = Cpp e V2 o fin + Icc  Vee.

Very High—Speed CMOS Logic
VHC Data — DL203 — Rev 2
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MC74VHC138

SWITCHING WAVEFORMS

VALID VALID
Vee E3
A 50%
GND
tPLH tPHL
50% V
Y 50% Ve Y cc
Figure 1. Figure 2.
TEST POINT
. Vee OUTPUT
) DEVICE
—GND UNDER
{PHL TEST o
50% V. I
v cc =
* Includes all probe and jig capacitance
Figure 3. ) o
Figure 4. Test Circuit
INPUT ) o ——
Figure 5. Input Equivalent Circuit
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MOTOROLA
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3-to0-8 Line Decoder

The MC74VHCT138A is an advanced high speed CMOS 3-to—8 decoder
fabricated with silicon gate CMOS technology. It achieves high speed
operation similar to equivalent Bipolar Schottky TTL while maintaining
CMOS low power dissipation.

When the device is enabled, three Binary Select inputs (A0 — A2)
determine which one of the outputs (YO — Y7) will go Low. When enable input
E3 is held Low or either E2 or E1 is held High, decoding function is inhibited
and all outputs go high. E3, E2, and E1 inputs are provided to ease cascade
connection and for use as an address decoder for memory systems.

The VHCT inputs are compatible with TTL levels. This device can be used
as a level converter for interfacing 3.3V to 5.0V, because they have full 5V
CMOS level output swings.

The VHCT138A input structures provide protection when voltages
between OV and 5.5V are applied, regardless of the supply voltage. The
output structures also provide protection when Vcc = 0V. These input and
output structures help prevent device destruction caused by supply voltage
— input/output voltage mismatch, battery backup, hot insertion, etc.

* High Speed: tpp = 7.6ns (Typ) at Vcc = 5V

* Low Power Dissipation: Icc = 4pA (Max) at Ta = 25°C

e TTL-Compatible Inputs: V|_ = 0.8V; V|4 = 2.0V

» Power Down Protection Provided on Inputs and Outputs

» Balanced Propagation Delays

» Designed for 4.5V to 5.5V Operating Range

* Pin and Function Compatible with Other Standard Logic Families
e Latchup Performance Exceeds 300mA

* ESD Performance: HBM > 2000V; Machine Model > 200V

e Chip Complexity: 122 FETs or 30.5 Equivalent Gates

FUNCTION TABLE

Inputs Outputs

YO Y1 Y2 Y3 Y4 Y5 Y6 Y7 A0
SELECT
H H

INPUTS Al

E3

m
N
m
[
>
]
>
=
>
o

I T

A2

MC74VHCT138A

D SUFFIX
16-LEAD SOIC PACKAGE
CASE 751B-05

*

DT SUFFIX
16-LEAD TSSOP PACKAGE
CASE 948F-01

M SUFFIX
16—-LEAD SOIC EIAJ PACKAGE
CASE 966-01

ORDERING INFORMATION

MC74VHCTXXXAD SOIC
MC74VHCTXXXADT TSSOP
MC74VHCTXXXAM SOIC EIAJ

PIN ASSIGNMENT

A0 []
A1 (]

a2 [l
1 [0

E2 [

o 16 I vee
150 vo
141 v1
131 v2
12[vs

E3 (] 1[0 va

v7 [ 10fvs

G\D [ 8 ol v6

o o B W N

-

o—— Y3 ACTIVE-LOW
u 3, OUTPUTS

o—j@
O—— Y7 J

6
ENABLE E3 |
INPUTS Fp — 2 LOGIC DIAGRAM

rrrrrjlrrrr| X IX
rrrrrflrecrr X X I
I III|Irrrr XXX
IITIrr ([T Irrr|[X XX
IrIr|ITrrIr|X XX
IITII|IITIITIIrr|IITXT
IITII(TIIr I|(IX
IITII(TIrrII(IITXI
IITII(rITII(ITXIT
IITIr(TIITIITI(ITITXT
ITr I ITIII|IITXIT
IrII(IIITIII|(I

rTII(ZIIII(ITITXI

El

X
X
L
H
H
H
H
H
H
H
H
H=

high level (steady state); L = low level (steady state); X = don't care
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MC74VHCT138A

EXPANDED LOGIC DIAGRAM
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MC74VHCT138A

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric

Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must

be taken to avoid applications of any
voltage higher than maximum rated
voltages to this high—impedance cir-
Ik Input Diode Current -20 mA cuit. For proper operation, Vjy and
Vout should be constrained to the
range GND = (Vjn or Vout) = Ve
lout | DC Output Current, per Pin +25 mA Unused inputs must always be
tied to an appropriate logic voltage

Vout DC Output Voltage Vcc =0 -05t0+7.0 \%
High or Low State | —0.5to Vcc + 0.5

lok Output Diode Current (VoyT < GND; VouT > Vce) +20 mA

Icc DC Supply Current, Vcc and GND Pins +75 mA level (e.g., either GND or V().

PD Power Dissipation in Still Air, SOIC Packagest 500 mw Unused outputs must be left open.
TSSOP Packaget 450

Tstg Storage Temperature —65to + 150 °C

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not
implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 45 55 \%
Vin DC Input Voltage 0 55 \
Vout DC Output Voltage Vcc=0 0 5.5 \Y
High or Low State 0 Vce
TA Operating Temperature —-40 | +85 °C
ty, tf Input Rise and Fall Time Vce =5.0V £0.5V 0 20 | ns/V

DC ELECTRICAL CHARACTERISTICS

Vee Tp =25°C Tp=—40t085°C
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 45to 2.0 2.0 \Y
Input Voltage 5.5
VL Maximum Low-Level 45to 0.8 0.8 \Y
Input Voltage 55
VOH Minimum High-Level loH =—50pA 4.5 4.4 4.5 4.4 \
Outnut Voltage
Vin = V|H or VL IoH =—-8mA 45 3.94 3.80
VoL Maximum Low-Level loL = 50pA 4.5 0.0 0.1 0.1 \
Outnut Voltage
Vin = ViH or V| loL =8mA 4.5 0.36 0.44
lin Maximum Input Vjn =5.5V or GND 0to5.5 +0.1 +1.0 HA
Leakage Current
Icc Maximum Quiescent Vin = Vcc or GND 5.5 4.0 20.0 MA
Supply Current
lccT Quiescent Supply Per Input: VN = 3.4V 5.5 1.35 1.50 mA
Current Other Input: Vcc or GND
loPD Output Leakage VouyT =5.5V 0 0.5 5.0 MA
Current
Very High—Speed CMOS Logic 61 MOTOROLA
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MC74VHCT138A

AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)

Tp = 25°C Tp =—-40t085°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tPLH: Maximum Propagation Delay, Vcc=5.0£05vV  C| =15pF 7.6 10.4 1.0 12.0 ns
tPHL AtoY C =50pF 8.1 11.4 1.0 13.0
tPLH: Maximum Propagation Delay, Vcc=5.0£05vV C| =15pF 6.6 9.1 1.0 10.5 ns
tPHL E3toY CL = 50pF 7.1 10.1 1.0 115
tPLH: Maximum Propagation Delay, Vcc=5.0£05vV  C| =15pF 7.0 9.6 1.0 11.0 ns
tPHL E2orEltoY CL = 50pF 7.5 10.6 1.0 12.0
Cin Maximum Input Capacitance 4 10 10 pF

Typical @ 25 °C, Vcc = 5.0V
CpD Power Dissipation Capacitance (Note 1.) 49 pF

1. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.
Average operating current can be obtained by the equation: Icc(opRr) = CpD ® Vcc © fin + Icc. CpD is used to determine the no-load dynamic
power consumption; Pp = Cpp ¢ Vcc? o fin + Icc » Vec.

SWITCHING WAVEFORMS

VALID VALID oy
3V
A 15V
GND
VOH
——— VoL
Figure 1. Figure 2.
E20rE1
Y
Figure 3.
TEST CIRCUIT
TEST POINT
OUTPUT T
DEVICE
UNDER
TEST I N
* Includes all probe and jig capacitance
Figure 4. Test Circuit
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Dual 2-to-4 Decoder/
Demultiplexer

The MC74VHC139 is an advanced high speed CMOS 2-to—-4 decoder/
demultiplexer fabricated with silicon gate CMOS technology. It achieves high
speed operation similar to equivalent Bipolar Schottky TTL while maintaining
CMOS low power dissipation. _

When the device is enabled (E = low), it can be used for gating or as a data
input for demultiplexing operations. When the enable input is held high, all
four outputs are fixed high, independent of other inputs.

The internal circuit is composed of three stages, including a buffer output
which provides high noise immunity and stable output. The inputs tolerate
voltages up to 7V, allowing the interface of 5V systems to 3V systems.

» High Speed: tpp = 5.0ns (Typ) at Vcc = 5V

* Low Power Dissipation: Icc = 4pA (Max) at Tp = 25°C

* High Noise Immunity: VNIH = VNIL = 28% VcC

» Power Down Protection Provided on Inputs

» Balanced Propagation Delays

» Designed for 2V to 5.5V Operating Range

e Low Noise: VoLp = 0.8 V (Max)

* Pin and Function Compatible with Other Standard Logic Families
» Latchup Performance Exceeds 300mA

» ESD Performance: HBM > 2000V; Machine Model > 200V
» Chip Complexity: 100 FETs or 25 Equivalent Gates

LOGIC DIAGRAM

Diﬁ

MC74VHC139

D SUFFIX
16-LEAD SOIC PACKAGE
CASE 751B-05

*

DT SUFFIX
16-LEAD TSSOP PACKAGE
CASE 948F-01

M SUFFIX
16-LEAD SOIC EIAJ PACKAGE
CASE 966-01

ORDERING INFORMATION

MC74VHCXXXD SOIC
MC74VHCXXXDT  TSSOP
MC74VHCXXXM SOIC EIAJ

PIN ASSIGNMENT

ADDRESS ] A0a
3 5 T _
INPUTS | A1a 0——Y1a | AcTIVE-LOW Eall 10 160 Voo
DLYZa OUTPUTS Aoa [l 2 150 b
o Y3a Atall 3 14 [0 aop
Yoa [ 4 131 A1b
514? viall 5 12 [1 Yob
Y2a[] 6 111 Y1b
Yob Y3a Y2b
ADDRESS | Aob —2— 522 vob v3al] 7 101 Y20
INPUTS 13 n o GND [ 8 9 Y3b
Alb —— O—— Y1b | AcTIVE-LOW
10 Vo [ OUTPUTS
b2 vap
FUNCTION TABLE
5 154([) Inputs Outputs
E [A1 A0 [ YO Y1 Y2 V3
H X X | H H H H
L L L L H H H
L L H|H L H H
L H L H H L H
L H H | H H H L
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MC74VHC139

EXPANDED LOGIC DIAGRAM

En —Q

(1/2 OF DEVICE)
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INPUT

Figure 1. Input Equivalent Circuit
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MAXIMUM RATINGS*

MC74VHC139

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not

implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C
TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit This device contains protection
vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric
Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must
be taken to avoid applications of any

\Y DC Output Voltage -05toVec+05 | V
out P 9 cc voltage higher than maximum rated
K Input Diode Current -20 mA voltages to this high-impedance cir-
- cuit. For proper operation, Vj, and
lok Output Diode Current *20 mA Vout should be constrained to the
lout DC Output Current, per Pin +25 mA range GND-s (Vin or Vout) = Vcce.
C Supplv C 4G - n Unused inputs must always be
lcc [ DC Supply Current, Ve and GND Pins 75 mA tied to an appropriate logic voltage
PD Power Dissipation in Still Air, SOIC Packagest 500 mw level (e.g., either GND or Vcc).

TSSOP Packaget 450 Unused outputs must be left open.
Tstg Storage Temperature —65to + 150 °C

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 2.0 5.5 \%
Vin DC Input Voltage 0 5.5 \
Vout DC Output Voltage 0 Vce \Y
TA Operating Temperature —-40 | +85 °C
ty, tf Input Rise and Fall Time Vce = 3.3V +0.3V 0 100 | ns/V
(Figure 1) Vce =5.0V +0.5V 0 20
DC ELECTRICAL CHARACTERISTICS
Tp =25°C Ta =—40t0 85°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 2.0 1.50 1.50 \
Input Voltage 3.0to |Vccx0.7 Vce x 0.7
55
VL Maximum Low-Level 2.0 0.50 0.50 \Y
Input Voltage 3.0to Vce x0.3 Vce x 0.3
55
VOH Minimum High-Level Vin =V or V| 2.0 19 2.0 1.9 \
Output Voltage IoH = — 50pA 3.0 2.9 3.0 2.9
45 4.4 45 4.4
Vin =ViH or V|
loH = —4mA 3.0 2.58 2.48
IoH =—8mA 45 3.94 3.80
VoL Maximum Low-Level | Vjy=V|yor V)L 2.0 0.0 0.1 0.1 \
Output Voltage loL = 50pA 3.0 0.0 0.1 0.1
4.5 0.0 0.1 0.1
Vin = ViH or V|
loL =4mA 3.0 0.36 0.44
loL =8mA 4.5 0.36 0.44
Very High—Speed CMOS Logic 65 MOTOROLA
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MC74VHC139

DC ELECTRICAL CHARACTERISTICS

Tp =25°C Tp =—40t085°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
lin Maximum Input Vin =5.5V or GND Oto 5.5 +0.1 +1.0 HA
Leakage Current
Icc Maximum Quiescent Vin = Vcc or GND 5.5 4.0 40.0 HA
Supply Current
AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)
Tp = 25°C Tp =—40t0 85°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tPLH, Maximum Propagation Delay, Vcc=33+03V C|=15pF 7.2 11.0 1.0 13.0 ns
tpHL |[AtoY C| = 50pF 9.7 14.5 1.0 16.5
Vcc=5.0+x05vV  Cp=15pF 5.0 7.2 1.0 8.5
CL = 50pF 6.5 9.2 1.0 105
tPLH. Maximum Propagation Delay, Vcc=3.3+£0.3V  CL=15pF 6.4 9.2 1.0 11.0 ns
tPHL EtoY CL = 50pF 8.9 12.7 1.0 14.5
Vcc=5.0£05vV  Cp=15pF 4.4 6.3 1.0 7.5
CL = 50pF 5.9 8.3 1.0 9.5
Cin Maximum Input Capacitance 4 10 10 pF

Typical @ 25 °C, Vg = 5.0V
CpD Power Dissipation Capacitance (Note 1.) 26 pF

1. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.
Average operating current can be obtained by the equation: Icc(opR) = CpPD ® VccC © fin + Icc/2 (per decoder). Cpp is used to determine the
no—load dynamic power consumption; Pp = Cpp e Vcc?2 o fin + Icc » Vee.

SWITCHING WAVEFORMS

Vee
A 50% X
GND
tPLH tPHL

50% Vee

Figure 2.

_ Vee
E
—GND

TEST POINT

OUTPUT

DEVICE

UNDER
TEST

tPHL o

- 50% V
v cC
* Includes all probe and jig capacitance
Figure 3. ) o
Figure 4. Test Circuit
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Quad 2-Channel Multiplexer

The MC74VHC157 is an advanced high speed CMOS quad 2—channel
multiplexer fabricated with silicon gate CMOS technology. It achieves high
speed operation similar to equivalent Bipolar Schottky TTL while maintaining
CMOS low power dissipation.

It consists of four 2—input digital multiplexers with common select (S) and
enable (E) inputs. When E is held High, selection of data is inhibited and all
the outputs go Low.

The select decoding determines whether the A or B inputs get routed to
the corresponding Y outputs.

The internal circuit is composed of three stages, including a buffer output
which provides high noise immunity and stable output. The inputs tolerate
voltages up to 7V, allowing the interface of 5V systems to 3V systems.

* High Speed: tpp = 4.1ns (Typ) at Vcc = 5V

* Low Power Dissipation: Icc = 4pA (Max) at Ta = 25°C

* High Noise Immunity: VN|H = VNIL = 28% Vcc

» Power Down Protection Provided on Inputs

» Balanced Propagation Delays

» Designed for 2V to 5.5V Operating Range

* Low Noise: VoLp = 0.8V (Max)

* Pin and Function Compatible with Other Standard Logic Families
» Latchup Performance Exceeds 300mA

» ESD Performance: HBM > 2000V; Machine Model > 200V
» Chip Complexity: 82 FETs or 20 Equivalent Gates

EXPANDED LOGIC DIAGRAM

2
on
3 2 _vo
BO
AL —
7
Bl —2 Y1
NIBBLE< u DATA
INPUTS | p» OUTPUTS
10 9 v2
B2
14
A3
12
13 V3
{ B3
- 15
E—
el
s

[ —

FUNCTION TABLE

Inputs Outputs
E S YO-Y3
H X L
L L AO0—-A3
L H BO-B3

A0 — A3, BO — B3 =the levels of
the respective Data—Word Inputs.

6/97

MC74VHC157

D SUFFIX
16-LEAD SOIC PACKAGE
CASE 751B-05

*

DT SUFFIX
16-LEAD TSSOP PACKAGE
CASE 948F-01

M SUFFIX
16-LEAD SOIC EIAJ PACKAGE
CASE 966-01

ORDERING INFORMATION

MC74VHCXXXD SOIC
MC74VHCXXXDT  TSSOP
MC74VHCXXXM SOIC EIAJ

PIN ASSIGNMENT

s[1e 16 [1 Ve
Ao 2 50E

BO[] 3 14 [ A3
Yol 4 131 B3
ALl 5 120v3
B1[] 6 11 ] A2

vill 7 10 [ B2
GND ] 8 9 [l Y2
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MC74VHC157

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric

Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must

be taken to avoid applications of any
voltage higher than maximum rated
K Input Diode Current -20 mA voltages to this high-impedance cir-
cuit. For proper operation, Vj, and
Vout should be constrained to the
lout DC Output Current, per Pin +25 mA range GND = (Vjn or Vout) = Ve
Unused inputs must always be

Vout DC Output Voltage -05toVec+05 | V

lok Output Diode Current +20 mA

Icc DC Supply Current, Vcc and GND Pins +50 mA tied to an appropriate logic voltage
PD Power Dissipation in Still Air, SOIC Packagest 500 mw level (e.g., either GND or V).

TSSOP Packaget 450 Unused outputs must be left open.
Tstg Storage Temperature —65to + 150 °C

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not
implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 2.0 5.5 \%
Vin DC Input Voltage 0 5.5 \
Vout DC Output Voltage 0 Vce \Y
TA Operating Temperature —-40 | +85 °C
ty, tf Input Rise and Fall Time Vce =3.3V 0 100 | ns/V
Vce =5.0v 0 20
DC ELECTRICAL CHARACTERISTICS
Tp =25°C Ta =—40t0 85°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 2.0 1.50 1.50 \
Input Voltage 3.0to |Vccx0.7 Vce x 0.7
55
VL Maximum Low-Level 2.0 0.50 0.50 \Y
Input Voltage 3.0to Vce x0.3 Vce x 0.3
55
VOH Minimum High-Level Vin =V or V| 2.0 19 2.0 1.9 \
Output Voltage IoH = — 50pA 3.0 2.9 3.0 2.9
45 4.4 45 4.4
Vin =ViH or V|
loH = —4mA 3.0 2.58 2.48
IoH =—8mA 45 3.94 3.80
VoL Maximum Low-Level | Vjy=V|yor V)L 2.0 0.0 0.1 0.1 \
Output Voltage loL = 50pA 3.0 0.0 0.1 0.1
4.5 0.0 0.1 0.1
Vin = ViH or V|
loL =4mA 3.0 0.36 0.44
loL =8mA 4.5 0.36 0.44
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DC ELECTRICAL CHARACTERISTICS

MC74VHC157

Tp =25°C Tp =—40t085°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
lin Maximum Input Vin =5.5V or GND Oto 5.5 +0.1 +1.0 HA
Leakage Current
Icc Maximum Quiescent Vin = Vcc or GND 5.5 4.0 40.0 HA
Supply Current
AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)
Tp = 25°C Tp =—40t0 85°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tPLH, Maximum Propagation Delay, Vcc=33+03V C|=15pF 6.2 9.7 1.0 11.5 ns
tpHL [AorBtoY C| = 50pF 8.7 13.2 1.0 15.0
Vcc=5.0+£05V Cp=15pF 4.1 6.4 1.0 7.5
CL = 50pF 5.6 8.4 1.0 9.5
tPLH. Maximum Propagation Delay, Vcc=33+£03V CpL=15pF 8.4 13.2 1.0 155 ns
tPHL StoY CL = 50pF 10.9 16.7 1.0 19.0
Vcc=5.0+£05V Cp=15pF 5.3 8.1 1.0 9.5
CL = 50pF 6.8 10.1 1.0 115
tPLH: Maximum Propagation Delay, Vcc=33+£03V CpL=15pF 8.7 13.6 1.0 16.0 ns
tpyL |[EtoY C|L = 50pF 11.2 17.1 1.0 19.5
Vcc=5.0£05V Cp=15pF 5.6 8.6 1.0 10.0
CL = 50pF 7.1 10.6 1.0 12.0
Cin Maximum Input Capacitance 4 10 10 pF
Typical @ 25 °C, Ve = 5.0V
CpD Power Dissipation Capacitance (Note 1.) 20 pF

1. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.
Average operating current can be obtained by the equation: Icc(opr) = CpD ® Vcc  fin + Icc. Cpp is used to determine the no—load dynamic
power consumption; Pp = Cpp e V2 o fin + Icc  Vee.

NOISE CHARACTERISTICS (Input ty = tf = 3.0ns, C|_ = 50pF, Vcc = 5.0V)

Ta = 25°C
Symbol Characteristic Typ Max Unit
VoLp Quiet Output Maximum Dynamic Vo 0.3 0.8 \Y
VoLv Quiet Output Minimum Dynamic Vo -0.3 -0.8 \Y
VIHD Minimum High Level Dynamic Input Voltage 3.5 \%
VILD Maximum Low Level Dynamic Input Voltage 15 \Y
Very High—Speed CMOS Logic 69 MOTOROLA
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MC74VHC157

SWITCHING WAVEFORMS

— Vce _ — Ve
A BorS E 50%
GND GND
tPLH PHL
Y 50% Ve Y 50% Ve
Figure 1. Switching Waveform Figure 2. Inverting Switching
TEST POINT
OUTPUT
DEVICE
UNDER .
TEST I CL
*Includes all probe and jig capacitance
Figure 3. Test Circuit
INPUT —
Figure 4. Input Equivalent Circuit
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Octal Bus Buffer/Line Driver MC74VHC240
Inverting with 3-State Outputs

The MC74VHC240 is an advanced high speed CMOS octal bus buffer
fabricated with silicon gate CMOS technology. It achieves high speed
operation similar to equivalent Bipolar Schottky TTL while maintaining
CMOS low power dissipation.

The MC74VHC240 is an inverting 3—state buffer, and has two active—low DW SUFEIX
output enables. This device is designed to drive bus lines or buffer memory 20-LEAD SOIC WIDE PACKAGE
address registers. CASE 751D-04

The internal circuit is composed of three stages, including a buffer output
which provides high noise immunity and stable output. The inputs tolerate

voltages up to 7V, allowing the interface of 5V systems to 3V systems. '
A\ %@

* High Speed: tpp = 3.6ns (Typ) at Vcc = 5V
* Low Power Dissipation: Icc = 4pA (Max) at Ta = 25°C DT SUFFIX
. . . 20-LEAD TSSOP PACKAGE
* High Noise Immunity: VNIH = VNIL = 28% VcC CASE 948E—02
» Power Down Protection Provided on Inputs
» Balanced Propagation Delays
» Designed for 2V to 5.5V Operating Range
* Low Noise: VoLp = 0.9V (Max)
* Pin and Function Compatible with Other Standard Logic Families

» Latchup Performance Exceeds 300mA 0 LEAD S'%ISCUEI%( BACKAGE
* ESD Performance: HBM > 2000V; Machine Model > 200V a CASE 967-01

* Chip Complexity: 120 FETs or 30 Equivalent Gates

ORDERING INFORMATION
MC74VHCXXXDW SOIC WIDE

LOGIC DIAGRAM MC74VHCXXXDT ~ TSSOP
) 5 — MC74VHCXXXM SOIC EIAJ
Al }c YAL
p > 16 Va2
PIN ASSIGNMENT
6 U o o
A }‘ YA OEA[] 10 20 1 Vee
et T 2 Y mfz o spom
DATA INVERTING YB4[] 3 18 [] YAL
NPUTS| E 9 g [OUTPUTS w4 -
1 vB3 [ 5 16 1 va2
B2 22 T Ve y !
A3l 6 15 [1 B3
1 E — YB2[] 7 14 ] YA3
g3 15 5 Ye3 1 1
) ALl 8 1382
17 3 3 o —
B4 YB4 vB1[] 9 12 [1 YA4
GND [] 10 1 [ BL
outpuT) OFA 2 FUNCTION TABLE
ENABLES) oEg 22
INPUTS OUTPUTS
OEA, OEB A B YA, YB
L L H
L H L
H X z
4/98
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MC74VHC240

MAXIMUM RATINGS*

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not

implied.
tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C
TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit This device contains protection
vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric
Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must
be taken to avoid applications of any

\Y DC Output Voltage -05toVec+05 | V
out P 9 cc voltage higher than maximum rated
K Input Diode Current -20 mA voltages to this high-impedance cir-
- cuit. For proper operation, Vj, and
lok Output Diode Current *20 mA Vout should be constrained to the
lout DC Output Current, per Pin +25 mA range GND-s (Vin or Vout) = Vcce.
C Supplv C 4G - n Unused inputs must always be
lcc [ DC Supply Current, Ve and GND Pins 75 mA tied to an appropriate logic voltage
PD Power Dissipation in Still Air, SOIC Packagest 500 mw level (e.g., either GND or Vcc).

TSSOP Packaget 450 Unused outputs must be left open.
Tstg Storage Temperature —65to + 150 °C

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 2.0 5.5 \%
Vin DC Input Voltage 0 5.5 \
Vout DC Output Voltage 0 Vce \Y
TA Operating Temperature, All Package Types —-40 | +85 °C
ty, tf Input Rise and Fall Time Vce = 3.3V +0.3V 0 100 | ns/V
Vce =5.0V 0.5V 0 20
DC ELECTRICAL CHARACTERISTICS
Tp =25°C Ta =—40t0 85°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 2.0 1.50 1.50 \
Input Voltage 3.0to |Vccx0.7 Vce x 0.7
5.5
VL Maximum Low-Level 2.0 0.50 0.50 \Y
Input Voltage 3.0to Vce x0.3 Vce x 0.3
55
VOH Minimum High-Level Vin =V or V| 2.0 19 2.0 1.9 \
Output Voltage IoH = — 50pA 3.0 2.9 3.0 2.9
45 4.4 45 4.4
Vin =ViH or V|
loH = —4mA 3.0 2.58 2.48
IoH =—8mA 45 3.94 3.80
VoL Maximum Low-Level | Vjy=V|yor V)L 2.0 0.0 0.1 0.1 \
Output Voltage loL = 50pA 3.0 0.0 0.1 0.1
4.5 0.0 0.1 0.1
Vin = ViH or ViL
loL =4mA 3.0 0.36 0.44
loL =8mA 4.5 0.36 0.44
lin Maximum Input Vin = 5.5V or GND Oto 5.5 +0.1 +1.0 HA
Leakage Current
MOTOROLA 72 Very High—Speed CMOS Logic
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DC ELECTRICAL CHARACTERISTICS

MC74VHC240

Tp =25°C Tp =—40t085°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
loz Maximum Three-State | Vi = V)L or V|H 55 +0.25 +25 HA
Leakage Current Vout = Vcc or GND
Icc Maximum Quiescent Vin = Vcc or GND 5.5 4.0 40.0 HA
Supply Current
AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)
Tp = 25°C Tp =—40t0 85°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tPLH, Maximum Propagation Delay, Vcc=33+03V C|=15pF 5.3 7.5 1.0 9.0 ns
tPHL AtoYAorBtoYB CL = 50pF 7.8 11.0 1.0 12.5
Vcc=5.0+x05vV  Cp=15pF 3.6 5.5 1.0 6.5
CL = 50pF 51 7.5 1.0 8.5
tpzL, | Output Enable Time _ Vcc=3.3+0.3V  Cp=15pF 6.6 10.6 1.0 12.5 ns
tpzH | OEAto YA or OEB to YB R = 1kQ C| = 50pF 9.1 14.1 1.0 16.0
Vcc=5.0£05vV  Cp=15pF 4.7 7.3 1.0 8.5
Rl = 1kQ CL = 50pF 6.2 9.3 1.0 10.5
tpLZ, Output Disable Time ___ Vcc=3.3+£0.3V CL=50pF 10.3 14.0 1.0 16.0 ns
tPHZ OEA to YA or OEB to YB RL = 1kQ
Ve =5.0+05V  C| =50pF 6.7 9.2 1.0 10.5
Rl = 1kQ
tosLH. | Output to Output Skew Vcc=3.3+203V  Cp=50pF 15 15 ns
tOSHL (Note 1.)
Vcc=5.0+£05V  Cp =50pF 1.0 1.0
(Note 1.)
Cin Maximum Input Capacitance 4 10 10 pF
Cout Maximum Three—State Output 6 pF
Capacitance (Output in
High—-Impedance State)
Typical @ 25 °C, Vg = 5.0V
CpD Power Dissipation Capacitance (Note 2.) 17 pF

1. Parameter guaranteed by design. tosLH = [tPLHm — tPLHnl: tOSHL = ItPHLmM — tPHLnI-
2. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.
Average operating currentcan be obtained by the equation: Icc(opRr)=Cpp ® Ve * fin +Icc/ 8 (perbit). Cpp is used to determine the no—load
dynamic power consumption; Pp = Cpp  Vcc2 o fin + Icc » V.

NOISE CHARACTERISTICS (Input t; = t; = 3.0ns, C|_ = 50pF, Vo = 5.0V)

Ta = 25°C
Symbol Parameter Typ Max Unit
VoLp Quiet Output Maximum Dynamic Vo 0.6 0.9
VoLv Quiet Output Minimum Dynamic Vo -0.6 -09 \Y
VIHD Minimum High Level Dynamic Input Voltage 35 \
VILD Maximum Low Level Dynamic Input Voltage 15 \
Very High—Speed CMOS Logic 73 MOTOROLA
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MC74VHC240

SWITCHING WAVEFORMS

v . Vee
—Vvee OEA or OEB

— GND

GND bzl tpLz e

YAor YB

50% Ve /_ IMPEDANCE
VoL +0.3V

tPzH  tPHZ — (=
Von -0.3V

HIGH
IMPEDANCE

YAOr YB 50% Vee

YAor YB 50% Vce

Figure 1. Figure 2.

TEST CIRCUITS

TEST POINT TEST POINT

k0 CONNECT TO Ve WHEN
OUTPUT OUTPUT TESTING tp| 7 AND tpz| .
DEVICE DEVICE CONNECT TO GND WHEN
UNDER o UNDER o TESTING tpHz AND tpzH.
TEST I L TEST I L

*Includes all probe and jig capacitance * Includes all probe and jig capacitance

Figure 3. Test Circuit Figure 4. Test Circuit

INPUT ——

Figure 5. Input Equivalent Circuit
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Octal Bus Buffer/Line Driver
Inverting with 3-State Outputs

The MC74VHCT240A is an advanced high speed CMOS octal bus buffer
fabricated with silicon gate CMOS technology. It achieves high speed
operation similar to equivalent Bipolar Schottky TTL while maintaining
CMOS low power dissipation.

The MC74VHCT240A is an inverting 3—state buffer, and has two
active—low output enables. This device is designed to be used with 3—state
memory address drivers, etc.

The VHCT inputs are compatible with TTL levels. This device can be used
as a level converter for interfacing 3.3V to 5.0V, because it has full 5V CMOS
level output swings.

The VHCT240A input and output (when disabled) structures provide
protection when voltages between 0V and 5.5V are applied, regardless of
the supply voltage. These input and output structures help prevent device
destruction caused by supply voltage — input/output voltage mismatch,
battery backup, hot insertion, etc.

* High Speed: tpp = 5.6ns (Typ) at Vcc = 5V

* Low Power Dissipation: Icc = 4pA (Max) at Ta = 25°C

e TTL-Compatible Inputs: V|_ = 0.8V; V|4 = 2.0V

» Power Down Protection Provided on Inputs and Outputs

» Balanced Propagation Delays

» Designed for 4.5V to 5.5V Operating Range

* Low Noise: VoLp = 1.1V (Max)

* Pin and Function Compatible with Other Standard Logic Families
e Latchup Performance Exceeds 300mA

* ESD Performance: HBM > 2000V; Machine Model > 200V
e Chip Complexity: 110 FETs or 27.5 Equivalent Gates

LOGIC DIAGRAM

AL 2 > 18 Va1
PR 1
ps L > 1% Va3
pa L >c 12 Vg
DATA INVERTING
INPUTS " 9 — [ouTPuTs
BL YB1
B2 L3 Bc T Ym2
B3 2 & > VB3
Ba L So—2 B4
— 1
OUTPUT| OEA
ENABLES) org 22

4/98

MC74VHCT240A

DW SUFFIX
20-LEAD SOIC WIDE PACKAGE
CASE 751D-04

*

DT SUFFIX
20-LEAD TSSOP PACKAGE
CASE 948E-02

M SUFFIX
20-LEAD SOIC EIAJ PACKAGE
CASE 967-01

ORDERING INFORMATION
MC74VHCTXXXADW  SOIC WIDE
MC74VHCTXXXADT TSSOP
MC74VHCTXXXAM SOIC EIAJ

PIN ASSIGNMENT

OEA[] 10 20 [ Ve
ALl 2 19 [1 0EB
vB4 [l 3 18 [] YAL
p2fl 4 17 [1 B4
ve3 [ 5 16 [1 a2
A3 6 15 [1 B3
ve21] 7 14 [] YA3
A4l 8 13 ] B2
ve1 [l 9 12 [ a4
GND [] 10 1nfel
FUNCTION TABLE
INPUTS OUTPUTS
OEA, OEB A B YA, YB
L L H
L H L
H X z
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MC74VHCT240A

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric

Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must

be taken to avoid applications of any
voltage higher than maximum rated
voltages to this high—impedance cir-
Ik Input Diode Current -20 mA cuit. For proper operation, Vjy and
Vout should be constrained to the
range GND = (Vjn or Vout) = Ve
lout | DC Output Current, per Pin +25 mA Unused inputs must always be
tied to an appropriate logic voltage

Vout DC Output Voltage Output in 3—State -05t0+7.0 \%
High or Low State | —0.5to Vcc + 0.5

lok Output Diode Current (VoyT < GND; VouT > Vce) +20 mA

Icc DC Supply Current, Vcc and GND Pins +75 mA level (e.g., either GND or V().

PD Power Dissipation in Still Air, SOIC Packagest 500 mw Unused outputs must be left open.
TSSOP Packaget 450

Tstg Storage Temperature —65to + 150 °C

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not
implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 45 55 \%
Vin DC Input Voltage 0 55 \
Vout DC Output Voltage Output in 3—-State 0 5.5 \
High or Low State 0 Vce
TA Operating Temperature —-40 | +85 °C
ty, tf Input Rise and Fall Time Vce =5.0V £0.5V 0 20 | ns/V

DC ELECTRICAL CHARACTERISTICS

vee Ta=25°C Tp =—40to 85°C
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 45to 2.0 2.0 \Y
Input Voltage 5.5
VL Maximum Low-Level 45to 0.8 0.8 \Y
Input Voltage 55
VOH Minimum High-Level loH =—50pA 4.5 4.4 4.5 4.4 \
Outnut Voltage
Vin = V|H or VL IoH =—-8mA 45 3.94 3.80
VoL Maximum Low-Level loL = 50pA 4.5 0.0 0.1 0.1 \
Outnut Voltage
Vin = ViH or V| loL =8mA 4.5 0.36 0.44
lin Maximum Input Vjn =5.5V or GND 0to5.5 +0.1 +1.0 HA
Leakage Current
loz Maximum 3—-State Vin =VjLor ViH 5.5 +0.25 +25 MA
Leakage Current Vout = Vcc or GND
Icc Maximum Quiescent Vin = Vcc or GND 5.5 4.0 40.0 MA
Supply Current
MOTOROLA 76 Very High—Speed CMOS Logic
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MC74VHCT240A

DC ELECTRICAL CHARACTERISTICS

Ta =25°C Tp =—40t085°C
vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
lccT Quiescent Supply Per Input: VN = 3.4V 55 1.35 1.50 mA
Current Other Input: Vcc or GND
loPD Output Leakage VouT =5.5V 0 0.5 5.0 MA
Current
AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)
Tp =25°C Tp =—-40t085°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tPLH: Maximum Propagation Delay Vcc=5.0£05V  C| =15pF 5.6 7.8 1.0 9.0 ns
tPHL Ato YAorBto YB CL = 50pF 6.1 8.8 1.0 10.0
tpzL, Output Enable Time Vcc=5.0£05V  CL=15pF 7.7 10.4 1.0 12.0 ns
tpzH OEA to YA or OEB to YB RL = 1kQ CL = 50pF 8.2 11.4 1.0 13.0
tpLZ, Output Disable Time ___ Vcc=5.0£05V  C| =50pF 8.8 11.4 1.0 13.0 ns
tPHZ OEA to YA or OEB to YB R = 1kQ
tosLH. | Output to Output Skew Vcc=5.0£05V  C| =50pF 1.0 10 ns
tOSHL (Note 1.)
Cin Maximum Input Capacitance 4 10 10 pF
Cout Maximum Three—State Output 9 pF
Capacitance (Output in
High—Impedance State)
Typical @ 25 °C, Vcg = 5.0V
CpD Power Dissipation Capacitance (Note 2.) 19 pF

1. Parameter guaranteed by design. tos| H = [tPLHmM — tPLHNI: tOSHL = ItPHLmM — tPHLnI-
2. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.

Average operating currentcan be obtained by the equation: Icc(opR) = Cpp * Vcc * fin +Icc /8 (per bit). Cpp is used to determine the no—load
dynamic power consumption; Pp = Cpp Vo2 e fin + Icc © Vec.

NOISE CHARACTERISTICS (Input t; = tf = 3.0ns, C|_ = 50pF, Vo = 5.0V)

Ta = 25°C
Symbol Parameter Typ Max Unit
VoLp Quiet Output Maximum Dynamic Vo 0.9 11 \%
VoLv Quiet Output Minimum Dynamic Vo -0.9 -11 \Y
VIHD Minimum High Level Dynamic Input Voltage 2.0 \%
VILD Maximum Low Level Dynamic Input Voltage 0.8 \Y
Very High—Speed CMOS Logic 77 MOTOROLA
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MC74VHCT240A

SWITCHING WAVEFORMS

- 3V
OEA or OEB 1.5V
AorB ——— GND
tpzL  tpLZ -
HIGH
— = VAor VB L5y /_ IMPEDANCE
or VoL +0.3V
oL
PzH  tPHz — (=
- VoH -0.3V
YAorYB 1.5V HIGH
IMPEDANCE
Figure 1. Figure 2.
TEST CIRCUITS
TEST POINT TEST POINT
1kO CONNECT TO Vg WHEN
OUTPUT OUTPUT TESTING tp| 7 AND tpz] .
DEVICE DEVICE CONNECT TO GND WHEN
UNDER o UNDER - TESTING tpHz AND tpzh.
TEST I L TEST I L
*Includes all probe and jig capacitance * Includes all probe and jig capacitance
Figure 3. Test Circuit Figure 4. Test Circuit
INPUT ——
Figure 5. Input Equivalent Circuit
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Octal Bus Buffer

The MC74VHC244 is an advanced high speed CMOS octal bus buffer
fabricated with silicon gate CMOS technology. It achieves high speed
operation similar to equivalent Bipolar Schottky TTL while maintaining
CMOS low power dissipation.

The MC74VHC244 is a noninverting 3—state buffer, and has two
active—low output enables. This device is designed to be used with 3—state
memory address drivers, etc.

The internal circuit is composed of three stages, including a buffer output
which provides high noise immunity and stable output. The inputs tolerate
voltages up to 7V, allowing the interface of 5V systems to 3V systems.

* High Speed: tpp = 3.9ns (Typ) at Vcc = 5V

* Low Power Dissipation: Icc = 4pA (Max) at Ta = 25°C

» High Noise Immunity: VNIH = VNIL = 28% VcC

» Power Down Protection Provided on Inputs

» Balanced Propagation Delays

» Designed for 2V to 5.5V Operating Range

* Low Noise: VoLp = 0.9V (Max)

* Pin and Function Compatible with Other Standard Logic Families
» Latchup Performance Exceeds 300mA

» ESD Performance: HBM > 2000V; Machine Model > 200V
» Chip Complexity: 136 FETs or 34 Equivalent Gates

LOGIC DIAGRAM

AL2 N 18 va1
p2 2 N 10 va
e NS 14 va3
pa 2 N 22 vpa
DATA NONINVERTING
INPUTS ~ OUTPUTS
B L 2 vB1
B2 23 { T ve2
B3 L2 N 5 ve3
B4 L N 3 ve4
—
oUTPUT| OEA
ENABLES) oEg 22
FUNCTION TABLE
INPUTS OUTPUTS
OEA, OEB A B YA, YB
L L L
L H H
H X z

4/98

MC74VHC244

DW SUFFIX
20-LEAD SOIC WIDE PACKAGE
CASE 751D-04

*

DT SUFFIX
20-LEAD TSSOP PACKAGE
CASE 948E-02

M SUFFIX
20-LEAD SOIC EIAJ PACKAGE
CASE 967-01

ORDERING INFORMATION
MC74VHCXXXDW SOIC WIDE
MC74VHCXXXDT TSSOP
MC74VHCXXXM SOIC EIAJ

PIN ASSIGNMENT

OEA[] 10 20 [ Ve
ALl 2 19 [1 oEB
YB4[] 3 18 ] YAL
A2[] 4 17 [1 B4
YB3 [] 5 16 [1 A2
A3[] 6 15 [] B3
YB2[] 7 14 [] YA3
A4l 8 13 1 B2
vB1[] 9 12 {1 YA
GND [] 10 1] Bl
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MC74VHC244

MAXIMUM RATINGS*

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not

implied.
tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C
TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit This device contains protection
vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric
Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must
be taken to avoid applications of any

\Y DC Output Voltage -05toVec+05 | V
out P 9 cc voltage higher than maximum rated
K Input Diode Current -20 mA voltages to this high-impedance cir-
- cuit. For proper operation, Vj, and
lok Output Diode Current *20 mA Vout should be constrained to the
lout DC Output Current, per Pin +25 mA range GND-s (Vin or Vout) = Vcce.
C Supplv C 4G - tt0 Unused inputs must always be
lcc [ DC Supply Current, Ve and GND Pins £5 mA tied to an appropriate logic voltage
PD Power Dissipation in Still Air, SOIC Packagest 500 mw level (e.g., either GND or Vcc).

TSSOP Packaget 450 Unused outputs must be left open.
Tstg Storage Temperature —65to + 150 °C

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 2.0 5.5 \%
Vin DC Input Voltage 0 5.5 \
Vout DC Output Voltage 0 Vce \Y
TA Operating Temperature, All Package Types —-40 | +85 °C
ty, tf Input Rise and Fall Time Vce = 3.3V +0.3V 0 100 | ns/V
Vce =5.0V 0.5V 0 20
DC ELECTRICAL CHARACTERISTICS
Tp =25°C Ta =—40t0 85°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 2.0 1.50 1.50 \
Input Voltage 3.0to |Vccx0.7 Vce x 0.7
5.5
VL Maximum Low-Level 2.0 0.50 0.50 \Y
Input Voltage 3.0to Vce x0.3 Vce x 0.3
55
VOH Minimum High-Level Vin =V or V| 2.0 19 2.0 1.9 \
Output Voltage IoH = — 50pA 3.0 2.9 3.0 2.9
45 4.4 45 4.4
Vin =ViH or V|
loH = —4mA 3.0 2.58 2.48
IoH =—8mA 45 3.94 3.80
VoL Maximum Low-Level | Vjy=V|yor V)L 2.0 0.0 0.1 0.1 \
Output Voltage loL = 50pA 3.0 0.0 0.1 0.1
4.5 0.0 0.1 0.1
Vin = ViH or ViL
loL =4mA 3.0 0.36 0.44
loL =8mA 4.5 0.36 0.44
lin Maximum Input Vin = 5.5V or GND Oto 5.5 +0.1 +1.0 HA
Leakage Current
MOTOROLA 80 Very High—Speed CMOS Logic
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DC ELECTRICAL CHARACTERISTICS

MC74VHC244

Tp =25°C Tp =—40t085°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
loz Maximum Three-State | Vi = V)L or V|H 55 +0.25 +25 HA
Leakage Current Vout = Vcc or GND
Icc Maximum Quiescent Vin = Vcc or GND 5.5 4.0 40.0 HA
Supply Current
AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)
Tp = 25°C Tp =—40t0 85°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tPLH» Maximum Propagation Delay, Vcc=33+£03V  CL=15pF 5.8 8.4 1.0 10.0 ns
tpHL |AtoYAorBtoYB C| = 50pF 8.3 11.9 1.0 135
Vcc=5.0+x05vV  Cp=15pF 3.9 5.5 1.0 6.5
CL = 50pF 5.4 7.5 1.0 8.5
tpzL, | Output Enable Time Vcc=3.3+0.3V  Cp=15pF 6.6 10.6 1.0 12.5 ns
tpzH | OEAto YA or OEB to YB R = 1kQ C| = 50pF 9.1 14.1 1.0 16.0
Vcc=5.0£05vV  Cp=15pF 4.7 7.3 1.0 8.5
Rl = 1kQ CL = 50pF 6.2 9.3 1.0 10.5
tpLZ, Output Disable Time Vcc=3.3+£0.3V CL=50pF 10.3 14.0 1.0 16.0 ns
tPHZ OEA to YA or OEB to YB RL = 1kQ
Ve =5.0+05V  C| =50pF 6.7 9.2 1.0 10.5
Rl = 1kQ
tosLH. | Output to Output Skew Vcc=3.3+203V  Cp=50pF 15 15 ns
tOSHL (Note 1.)
Vcc=5.0+£05V  Cp =50pF 1.0 1.0
(Note 1.)
Cin Maximum Input Capacitance 4 10 10 pF
Cout Maximum Three—State Output 6 pF
Capacitance (Output in
High—-Impedance State)
Typical @ 25 °C, Vg = 5.0V
CpD Power Dissipation Capacitance (Note 2.) 19 pF

1. Parameter guaranteed by design. tosLH = [tPLHm — tPLHnl: tOSHL = ItPHLmM — tPHLnI-
2. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.
Average operating currentcan be obtained by the equation: Icc(opRr)=Cpp ® Ve * fin +Icc/ 8 (perbit). Cpp is used to determine the no—load
dynamic power consumption; Pp = Cpp  Vcc2 o fin + Icc » V.

NOISE CHARACTERISTICS (Input t; = t; = 3.0ns, C|_ = 50pF, Vo = 5.0V)

Ta = 25°C
Symbol Parameter Typ Max Unit
VoLp Quiet Output Maximum Dynamic Vo 0.6 0.9
VoLv Quiet Output Minimum Dynamic Vo -0.6 -09 \Y
VIHD Minimum High Level Dynamic Input Voltage 35 \
VILD Maximum Low Level Dynamic Input Voltage 15 \
Very High—Speed CMOS Logic 81 MOTOROLA
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MC74VHC244

SWITCHING WAVEFORMS

v - Vee
AorB — vcc OEA or OEB
— GND
GND 7L tPLZ -~
HIGH

tPLH PHL

YA or YB
YA or YB

50% Ve /_ IMPEDANCE
VoL +0.3V

tPzH  tPHZ — (=
Von -0.3V

HIGH
IMPEDANCE

YAor YB 50% Ve

Figure 1. Figure 2.

TEST CIRCUITS

TEST POINT TEST POINT

k0 CONNECT TO Ve WHEN
OUTPUT OUTPUT TESTING tp| 7 AND tpz| .
DEVICE DEVICE CONNECT TO GND WHEN
UNDER o UNDER o TESTING tpHz AND tpzH.
TEST I L TEST I L

*Includes all probe and jig capacitance * Includes all probe and jig capacitance

Figure 3. Test Circuit Figure 4. Test Circuit

INPUT ——

Figure 5. Input Equivalent Circuit
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Octal Bus Buffer/Line Driver
with 3-State Outputs

The MC74VHCT244A is an advanced high speed CMOS octal bus buffer
fabricated with silicon gate CMOS technology. It achieves high speed
operation similar to equivalent Bipolar Schottky TTL while maintaining
CMOS low power dissipation.

The MC74VHCT244A is a noninverting 3—state buffer, and has two
active—low output enables. This device is designed to be used with 3—state
memory address drivers, etc.

The VHCT inputs are compatible with TTL levels. This device can be used
as a level converter for interfacing 3.3V to 5.0V, because it has full 5V CMOS
level output swings.

The VHCT244A input and output (when disabled) structures provide
protection when voltages between 0V and 5.5V are applied, regardless of
the supply voltage. These input and output structures help prevent device
destruction caused by supply voltage — input/output voltage mismatch,
battery backup, hot insertion, etc.

* High Speed: tpp = 5.6ns (Typ) at Vcc = 5V

* Low Power Dissipation: Icc = 4pA (Max) at Ta = 25°C

e TTL-Compatible Inputs: V|_ = 0.8V; V|4 = 2.0V

» Power Down Protection Provided on Inputs and Outputs

» Balanced Propagation Delays

» Designed for 4.5V to 5.5V Operating Range

* Low Noise: VoLp = 1.1V (Max)

* Pin and Function Compatible with Other Standard Logic Families
e Latchup Performance Exceeds 300mA

* ESD Performance: HBM > 2000V; Machine Model > 200V
e Chip Complexity: 112 FETs or 28 Equivalent Gates

LOGIC DIAGRAM

AL2 N 18 va1
p2 2 N 10 va
a3 S NS 14 va3
pa 2 N 22 vpa
DATA NONINVERTING
INPUTS ~ OUTPUTS
B L 2 vB1
B2 12 { T ve2
B3 L2 N 5 ve3
B4 L N 3 ve4
—
OUTPUT| OEA
ENABLES) org 22
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MC74VHCT244A

DW SUFFIX
20-LEAD SOIC WIDE PACKAGE
CASE 751D-04

*

DT SUFFIX
20-LEAD TSSOP PACKAGE
CASE 948E-02

M SUFFIX
20-LEAD SOIC EIAJ PACKAGE
CASE 967-01

ORDERING INFORMATION
MC74VHCTXXXADW  SOIC WIDE
MC74VHCTXXXADT TSSOP
MC74VHCTXXXAM SOIC EIAJ

PIN ASSIGNMENT

OEA[] 10 20 [ Ve
ALl 2 19 [1 oEB
YB4[] 3 18 ] YAL
A2[] 4 17 [1 B4
YB3 [] 5 16 [1 A2
A3[] 6 15 [] B3
YB2[] 7 14 [] YA3
A4l 8 13 ] B2
vB1[] 9 12 {1 YA
GND [] 10 1] Bl
FUNCTION TABLE
INPUTS OUTPUTS
OEA, OEB A B YA, YB
L L L
L H H
H X z
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MC74VHCT244A

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric

Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must

be taken to avoid applications of any
voltage higher than maximum rated
voltages to this high—impedance cir-
Ik Input Diode Current -20 mA cuit. For proper operation, Vjy and
Vout should be constrained to the
range GND = (Vjn or Vout) = Ve
lout | DC Output Current, per Pin +25 mA Unused inputs must always be
tied to an appropriate logic voltage

Vout DC Output Voltage Output in 3—State -05t0+7.0 \%
High or Low State | —0.5to Vcc + 0.5

lok Output Diode Current (VoyT < GND; VouT > Vce) +20 mA

Icc DC Supply Current, Vcc and GND Pins +75 mA level (e.g., either GND or V().

PD Power Dissipation in Still Air, SOIC Packagest 500 mw Unused outputs must be left open.
TSSOP Packaget 450

Tstg Storage Temperature —65to + 150 °C

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not
implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 45 55 \%
Vin DC Input Voltage 0 55 \
Vout DC Output Voltage Output in 3—-State 0 5.5 \
High or Low State 0 Vce
TA Operating Temperature —-40 | +85 °C
ty, tf Input Rise and Fall Time Vce =5.0V £0.5V 0 20 | ns/V

DC ELECTRICAL CHARACTERISTICS

vee Ta=25°C Tp =—40to 85°C
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 45to 2.0 2.0 \Y
Input Voltage 5.5
VL Maximum Low-Level 45to 0.8 0.8 \Y
Input Voltage 55
VOH Minimum High-Level loH =—50pA 4.5 4.4 4.5 4.4 \
Outnut Voltage
Vin = V|H or VL IoH =—-8mA 45 3.94 3.80
VoL Maximum Low-Level loL = 50pA 4.5 0.0 0.1 0.1 \
Outnut Voltage
Vin = ViH or V| loL =8mA 4.5 0.36 0.44
lin Maximum Input Vjn =5.5V or GND 0to5.5 +0.1 +1.0 HA
Leakage Current
loz Maximum 3—-State Vin =VjLor ViH 5.5 +0.25 +25 MA
Leakage Current Vout = Vcc or GND
Icc Maximum Quiescent Vin = Vcc or GND 5.5 4.0 40.0 MA
Supply Current
MOTOROLA 84 Very High—Speed CMOS Logic
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MC74VHCT?244A

DC ELECTRICAL CHARACTERISTICS

Ta =25°C Tp =—40t085°C
vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
lccT Quiescent Supply Per Input: VN = 3.4V 55 1.35 1.50 mA
Current Other Input: Vcc or GND
loPD Output Leakage VouT =5.5V 0 0.5 5.0 MA
Current
AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)
Tp =25°C Tp =—-40t085°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tPLH: Maximum Propagation Delay Vcc=5.0£05V  C| =15pF 5.4 7.4 1.0 8.5 ns
tPHL Ato YAorBto YB CL = 50pF 5.9 8.4 1.0 9.5
tpzL, Output Enable Time Vcc=5.0+£05V C| =15pF 7.7 10.4 1.0 12.0 ns
tpzH OEA to YA or OEB to YB RL = 1kQ CL = 50pF 8.2 11.4 1.0 13.0
tpLZ, Output Disable Time Vcc=5.0£05V  C| =50pF 8.8 11.4 1.0 13.0 ns
tPHZ OEA to YA or OEB to YB R = 1kQ
tosLH. | Output to Output Skew Vcc=5.0£05V  C| =50pF 1.0 10 ns
tOSHL (Note 1.)
Cin Maximum Input Capacitance 4 10 10 pF
Cout Maximum Three—State Output 9 pF
Capacitance (Output in
High—Impedance State)
Typical @ 25 °C, Vcg = 5.0V
CpD Power Dissipation Capacitance (Note 2.) 18 pF

1. Parameter guaranteed by design. tos| H = [tPLHmM — tPLHNI: tOSHL = ItPHLmM — tPHLnI-
2. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.

Average operating currentcan be obtained by the equation: Icc(opR) = Cpp * Vcc * fin +Icc /8 (per bit). Cpp is used to determine the no—load
dynamic power consumption; Pp = Cpp Vo2 e fin + Icc © Vec.

NOISE CHARACTERISTICS (Input t; = tf = 3.0ns, C|_ = 50pF, Vo = 5.0V)

Ta = 25°C
Symbol Parameter Typ Max Unit
VoLp Quiet Output Maximum Dynamic Vo 0.9 11 \%
VoLv Quiet Output Minimum Dynamic Vo -0.9 -11 \Y
VIHD Minimum High Level Dynamic Input Voltage 2.0 \%
VILD Maximum Low Level Dynamic Input Voltage 0.8 \Y
Very High—Speed CMOS Logic 85 MOTOROLA
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MC74VHCT244A

AorB

tPLH

YA or YB

Figure 1.

TEST POINT

DEVICE
UNDER
TEST

OUTPUT ‘

I

*Includes all probe and jig capacitance

Figure 3. Test Circuit

SWITCHING WAVEFORMS

- 3V
OEA or OEB 15V

; : ——— GND
PZL PLZ <
HIGH

VA or VB L5y /_ IMPEDANCE
VoL +0.3V

tPzH  tPHZ — (=
Von -0.3V

HIGH
IMPEDANCE

YAorYB 15V

Figure 2.

TEST CIRCUITS

TEST POINT

ko CONNECT TO Ve WHEN
OUTPUT TESTING tp| 7 AND tpz| .

DEVICE CONNECT TO GND WHEN
UNDER TESTING tpHz AND tpzH.

TEST I o

* Includes all probe and jig capacitance

Figure 4. Test Circuit
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Octal Bus Transceiver

The MC74VHC245 is an advanced high speed CMOS octal bus
transceiver fabricated with silicon gate CMOS technology. It achieves high
speed operation similar to equivalent Bipolar Schottky TTL while maintaining
CMOS low power dissipation.

It is intended for two—way asynchronous communication between data
buses. The direction of data transmission is determined by the level of the
DIR input. The output enable pin (OE) can be used to disable the device, so
that the buses are effectively isolated.

All inputs are equipped with protection circuits against static discharge.

* High Speed: tpp = 4.0ns (Typ) at Vcc = 5V

* Low Power Dissipation: Icc = 4pA (Max) at Ta = 25°C

* High Noise Immunity: VNIH = VNIL = 28% VccC

» Power Down Protection Provided on Inputs

» Balanced Propagation Delays

» Designed for 2V to 5.5V Operating Range

e Low Noise: VoLp = 1.2V (Max)

* Pin and Function Compatible with Other Standard Logic Families
» Latchup Performance Exceeds 300mA

« ESD Performance: HBM > 2000V; Machine Model > 200V
* Chip Complexity: 308 FETs or 77 Equivalent Gates

APPLICATION NOTES

1. Do notforce asignal on an I/O pin when itis an active output, damage may
occur.

2. All floating (high impedence) input or I/O pins must be fixed by means of
pull up or pull down resistors or bus terminator ICs.

3. Aparasitic diode is formed between the bus and Vcc terminals. Therefore,
the VHC245 cannot be used to interface 5V to 3V systems directly.

LOGIC DIAGRAM

—1—)1—851

—1—)£BZ

—QEBS

> >
w N

Al pt 2] | «»>ps | B
DATA 14 DATA
PORT —<>—B5 | poRT

—1—)286

—1—)287

—1—)£B8

> > = X
o I > »;
- ‘no {o *\. #oa

OR -——————— T
OF 19

FUNCTION TABLE

Control Inputs
OE DIR Operation
L L Data Transmitted from Bus B to Bus A
Data Transmitted from Bus A to Bus B
H X Buses Isolated (High—Impedance State)
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MC74VHC245

DW SUFFIX
20-LEAD SOIC WIDE PACKAGE
CASE 751D-04

*

DT SUFFIX
20-LEAD TSSOP PACKAGE
CASE 948E-02

M SUFFIX
20-LEAD SOIC EIAJ PACKAGE
CASE 967-01

ORDERING INFORMATION

MC74VHCXXXDW SOIC WIDE
MC74VHCXXXDT TSSOP
MC74VHCXXXM SOIC EIAJ

PIN ASSIGNMENT

DR 1e 20 1 Vee
ALl 2 19 [1 oE
A2[] 3 18 [] B1
A3[] 4 17 [1 B2
A4l s 16 [1 B3
A5 (] 6 15 [] B4
A6l 7 14 [] BS
AT[] 8 13 [1 B6
A8l 9 12 [1 B7
GND [] 10 11 [] B8
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MC74VHC245

MAXIMUM RATINGS*

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not

implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C
TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit This device contains protection
vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric
Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must
be taken to avoid applications of any

\Y DC Output Voltage -05toVec+05 | V
out P 9 cc voltage higher than maximum rated
K Input Diode Current -20 mA voltages to this high-impedance cir-
- cuit. For proper operation, Vj, and
lok Output Diode Current *20 mA Vout should be constrained to the
lout DC Output Current, per Pin +25 mA range GND-s (Vin or Vout) = Vcce.
C Supplv C 4G - n Unused inputs must always be
lcc [ DC Supply Current, Ve and GND Pins 75 mA tied to an appropriate logic voltage
PD Power Dissipation in Still Air SOIC Packagest 500 mw level (e.g., either GND or Vcc).

TSSOP Packaget 450 Unused outputs must be left open.
Tstg Storage Temperature —65to + 150 °C

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 2.0 5.5 \%
Vin DC Input Voltage 0 5.5 \
Vout DC Output Voltage 0 Vce \Y
TA Operating Temperature —-40 | +85 °C
ty, tf Input Rise and Fall Time Vce = 3.3V +0.3V 0 100 | ns/V
Vce =5.0V 0.5V 0 20
DC ELECTRICAL CHARACTERISTICS
Tp =25°C Ta =—40t0 85°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 2.0 1.50 1.50 \
Input Voltage 3.0to |Vccx0.7 Vce x 0.7
55
VL Maximum Low-Level 2.0 0.50 0.50 \Y
Input Voltage 3.0to Vce x0.3 Vce x 0.3
55
VOH Minimum High-Level Vin =V or V| 2.0 19 2.0 1.9 \
Output Voltage IoH = — 50pA 3.0 2.9 3.0 2.9
45 4.4 45 4.4
Vin =ViH or V|
loH = —4mA 3.0 2.58 2.48
IoH =—8mA 45 3.94 3.80
VoL Maximum Low-Level | Vjy=V|yor V)L 2.0 0.0 0.1 0.1 \
Output Voltage loL = 50pA 3.0 0.0 0.1 0.1
4.5 0.0 0.1 0.1
Vin = ViH or ViL
loL = 4mA 3.0 0.36 0.44
loL =8mA 4.5 0.36 0.44
lin Maximum Input Vin =5.5V or GND Oto 5.5 +0.1 +1.0 HA
Leakage Current (DIR, OE)
MOTOROLA 88 Very High—Speed CMOS Logic
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DC ELECTRICAL CHARACTERISTICS

MC74VHC245

Tp =25°C Ta =—40t0 85°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
loz Maximum Three-State | Vi = V)L or V|H 55 +0.25 +25 HA
Leakage Current Vout = Vcc or GND
Icc Maximum Quiescent Vin = Vcc or GND 5.5 4.0 40.0 HA
Supply Current
AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)
Tp = 25°C Tp =—40t0 85°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tPLH» Maximum Propagation Delay, Vcc=33+£03V  CL=15pF 5.8 8.4 1.0 10.0 ns
tPHL AtoBorBto A CL = 50pF 8.3 11.9 1.0 135
Vcc=5.0+x05vV  Cp=15pF 4.0 5.5 1.0 6.5
CL = 50pF 5.5 7.5 1.0 8.5
tpzL, Output Enable Time Vcc=3.3+£0.3V  CL=15pF 8.5 13.2 1.0 155 ns
tpyH |OEtoAorB R =1kQ C| = 50pF 11.0 16.7 1.0 19.0
Vcc=5.0£05vV  Cp=15pF 5.8 8.5 1.0 10.0
R =1kQ C| =50pF 7.3 10.6 1.0 12.0
tpLZ, Output Disable Time Vcc=3.3+£0.3V CL=50pF 11.5 15.8 1.0 18.0 ns
tpHZ OEtoAorB R =1kQ
Vcc=5.0£05V  Cp =50pF 7.0 9.7 1.0 11.0
RL=1kQ
tosLH. | Output to Output Skew Vcc=3.3+203V  Cp=50pF 15 15 ns
tOSHL (Note 1.)
Vcc=5.0+£05V  Cp =50pF 1.0 1.0 ns
(Note 1.)
Cin Maximum Input Capacitance 4 10 10 pF
DIR, OE
Ciio Maximum Three—State 8 pF
1/0 Capacitance
Typical @ 25 °C, Ve = 5.0V
CpD Power Dissipation Capacitance (Note 2.) 21 pF

1. Parameter guaranteed by design. tosLH = [tPLHm — tPLHnl: tOSHL = ItPHLmM — tPHLnI-
2. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.
Average operating current can be obtained by the equation:Icc(opr) = Cpp * Vcc * fin + Icc /8 (perbit). Cpp is used to determine the no—load

dynamic power consumption; Pp = Cpp » Vcc2 o fin + Icc » Ve

NOISE CHARACTERISTICS (Input t; = t; = 3.0ns, C|_ = 50pF, Ve = 5.0V)

Ta =25°C
Symbol Parameter Typ Max Unit
VoLp Quiet Output Maximum Dynamic Vo 0.9 1.2 \Y
VoLv Quiet Output Minimum Dynamic Vo -0.9 -1.2 \
VIHD Minimum High Level Dynamic Input Voltage 35 \
VILD Maximum Low Level Dynamic Input Voltage 15 \Y
Very High—Speed CMOS Logic 89 MOTOROLA
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SWITCHING WAVEFORMS

Vee
DR X 50%
GND

—Vee

GND
AorB

50% Vce
AorB

Vee
50% Vce 50% V¢
— GND
tpzL  tpLZ
HIGH
50% Ve IMPEDANCE
VoL 0.3V
tPzH  tpHz —  [=—
VoH-0.3V
50% V.
vvee & HIGH

IMPEDANCE
Figure 1. Figure 2.
TEST CIRCUITS
TEST POINT TEST POINT

1kQ CONNECT TO Ve WHEN

OUTPUT OUTPUT TESTING tp| 7 AND tpz|..
DEVICE DEVICE CONNECT TO GND WHEN

UNDER UNDER TESTING tpyz AND tpzH.

TEST I cL TEST

I

* Includes all probe and jig capacitance

Figure 3.

* Includes all probe and jig capacitance

Figure 4.
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EXPANDED LOGIC DIAGRAM
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Octal Bus Transceiver

The MC74VHCT245A is an advanced high speed CMOS octal bus
transceiver fabricated with silicon gate CMOS technology. It achieves high
speed operation similar to equivalent Bipolar Schottky TTL while maintaining
CMOS low power dissipation.

It is intended for two—way asynchronous communication between data
buses. The direction of data transmission is determined by the level of the
DIR input. The output enable pin (OE) can be used to disable the device, so
that the buses are effectively isolated.

All inputs are equipped with protection circuits against static discharge.

The VHCT inputs are compatible with TTL levels. This device can be used
as a level converter for interfacing 3.3V to 5.0V, because it has full 5V CMOS
level output swings.

The VHCT245A input and output (when disabled) structures provide
protection when voltages between 0V and 5.5V are applied, regardless of
the supply voltage. These input and output structures help prevent device
destruction caused by supply voltage — input/output voltage mismatch,
battery backup, hot insertion, etc.

* High Speed: tpp = 4.9ns (Typ) at Vcc = 5V

* Low Power Dissipation: Icc = 4pA (Max) at Ta = 25°C

e TTL-Compatible Inputs: V|_ = 0.8V; V|4 = 2.0V

» Power Down Protection Provided on Inputs and Outputs

» Balanced Propagation Delays

» Designed for 4.5V to 5.5V Operating Range

* Low Noise: VoLp = 1.6V (Max)

* Pin and Function Compatible with Other Standard Logic Families
e Latchup Performance Exceeds 300mA

» ESD Performance: HBM > 2000V; Machine Model > 200V
* Chip Complexity: 304 FETs or 76 Equivalent Gates

APPLICATION NOTES

1. Do notforce a signal on an I/O pin when itis an active output, damage may
occur.

2. All floating (high impedence) input or I/O pins must be fixed by means of
pull up or pull down resistors or bus terminator ICs.

LOGIC DIAGRAM

Al 2—4—»— —4—& B1
A2 3—4—»— —<—>ﬂ B2
A3 4—4—.— _q_.ﬁ B3
Al a2 e | <> | B
DATA 6 14 DATA
PORT | AS——=>— —<>—B5 | poRrT
7 13
A6 ———>— —a—>»— B6
8 12
A7 ——a—>—] —a—>»— B7
9 11
A8 —a—>—] ——>— B3

LT
OF 19
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MC74VHCT245A

DW SUFFIX
20-LEAD SOIC WIDE PACKAGE
CASE 751D-04

*

DT SUFFIX
20-LEAD TSSOP PACKAGE
CASE 948E-02

M SUFFIX
20-LEAD SOIC EIAJ PACKAGE
CASE 967-01

ORDERING INFORMATION
MC74VHCTXXXADW  SOIC WIDE
MC74VHCTXXXADT TSSOP
MC74VHCTXXXAM SOIC EIAJ

PIN ASSIGNMENT

DR[| 1e 20 [1 Vee
ALl 2 19 [1 0E
A2[] 3 18 [] B1
A3[] 4 17 [1 B2
Al 5 16 [1 B3
A5 ] 6 15 [1 B4
A6l 7 14 [] BS
A7l 8 13 [1 B6
A8l 9 12 [1 B7
GND [] 10 11 [] B8
FUNCTION TABLE
Control Inputs
& DIR Operation
L L Data Tx from Bus B to Bus A
L H Data Tx from Bus A to Bus B
H X Buses Isolated (High—Z State)
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MC74VHCT?245A

MAXIMUM RATINGS*

Vce DC Supply Voltage -05t0+7.0 \ This device contains protection
Vin DC Input Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric

Vijo DC Output Voltage Outputs in 3—State -05t0+7.0 \% fields. However, precautions must
High or Low State [ - 0.5to Vcc + 0.5 be taken to avoid applications of any

voltage higher than maximum rated
voltages to this high—impedance cir-
lok Output Diode Current (VoyT < GND; VouT > Vce) +20 mA cuit. For proper operation, Vj, and
Vout should be constrained to the
range GND = (Vjn or Vout) = Ve
lcc | DC Supply Current, Vo and GND Pins +75 mA Unused inputs must always be
tied to an appropriate logic voltage

Ik Input Diode Current -20 mA

lout DC Output Current, per Pin +25 mA

Pp Power Dissipation in Still Air, SOIC Packagest 500 mw level (e.g., either GND or V().
TSSOP Packaget 450 Unused outputs must be left open.
Tstg Storage Temperature —65to + 150 °C

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—-maximum-rated conditions is not
implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 4.5 55 \%
Vin DC Input Voltage 0 55 \Y
Vijo DC Output Voltage Outputs in 3—State 0 55 \Y
High or Low State 0 Vce
TA Operating Temperature —-40 | +85 °C
tr, tf Input Rise and Fall Time Vce =5.0V +0.5V 0 20 ns/\V

DC ELECTRICAL CHARACTERISTICS

vee Tp =25°C Tp =—40t085°C
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 45to 2.0 2.0 \Y
Input Voltage 55
VL Maximum Low-Level 45to 0.8 0.8 \
Input Voltage 55
VOH Minimum High-Level loH = — 50pA 4.5 4.4 4.5 4.4 \
Outnut Voltage
Vin = ViH or V| loH =—-8mA 4.5 3.94 3.80
VoL Maximum Low-Level loL = 50pA 4.5 0.0 0.1 0.1 \
Outnut Voltage
Vin = ViH or V| loL = 8mA 45 0.36 0.44
lin Maximum Input Vijn =5.5V or GND 0to5.5 +0.1 +1.0 HA
Leakage Current
loz Maximum 3—-State Vin =VjLor ViH 55 +0.25 +25 MA
Leakage Current Vout = Vcc or GND
Icc Maximum Quiescent Vin = Vcc or GND 55 4.0 40.0 MA
Supply Current
lccT Quiescent Supply Per Input: V| = 3.4V 55 1.35 1.50 mA
Current Other Input: Vcc or GND
loPD Output Leakage VouT =5.5V 0 0.5 5.0 HA
Current
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MC74VHCT245A

AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)

Ta = 25°C Tp =—-40t085°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tPLH: Maximum Propagation Delay Vcc=5.0£05V C| =15pF 4.9 7.7 1.0 8.5 ns
tPHL AtoBorBto A CL = 50pF 5.4 8.7 1.0 9.5
tpzL, Output Enable Time Vcc=5.0+£05V C| =15pF 9.4 13.8 1.0 15.0 ns
tpzH OEtoAorB RL = 1kQ CL = 50pF 9.9 14.8 1.0 16.0
tpLZ, Output Disable Time Vcc=5.0£05V  C| =50pF 10.1 15.4 1.0 16.5 ns
tPHZ OEtoAorB R = 1kQ
tosLH. | Output to Output Skew Vcc=5.0+x0.5vV  Cp =50pF 1.0 1.0 ns
tOSHL (Note 1.)
Cin Maximum Input Capacitance 4 10 10 pF
Cout Maximum Three—State Output 13 pF
Capacitance (Output in
High—Impedance State)

Typical @ 25 °C, Vcg = 5.0V
CpD Power Dissipation Capacitance (Note 2.) 16 pF
1. Parameter guaranteed by design. tosLH = [tPLHm — tPLHnl» tOSHL = ItPHLm — tPHLNI-

2. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.

Average operating current can be obtained by the equation: Icc(opR) = Cpp * Vcc * fin + Icc/8 (per bit). Cpp is used to determine the no—load
dynamic power consumption; Pp = Cpp Vo2 e fin + Icc © Vec.

NOISE CHARACTERISTICS (Input t; = tf = 3.0ns, C|_ = 50pF, Vo = 5.0V)

Ta = 25°C
Symbol Parameter Typ Max Unit
VoLp Quiet Output Maximum Dynamic Vo 1.2 1.6 \%
VoLv Quiet Output Minimum Dynamic Vo -1.2 -1.6 \Y
VIHD Minimum High Level Dynamic Input Voltage 2.0 \%
VILD Maximum Low Level Dynamic Input Voltage 0.8 \Y
SWITCHING WAVEFORMS
3V
DIR X 1.5v
GND
o 3V
OE 1.5v 1.5v
AorB ——— GND
f] f] f—
PZL PLZ HIGH
Sora AorB 15V IMPEDANCE
or VoL +0.3V
oL
tPzH tpHZ —> [
VoH -0.3V
AorB 15V HIGH
IMPEDANCE
Figure 1. Figure 2.
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Octal D-Type Latch
with 3-State Output

The MC74VHC373 is an advanced high speed CMOS octal latch with
3-state output fabricated with silicon gate CMOS technology. It achieves
high speed operation similar to equivalent Bipolar Schottky TTL while
maintaining CMOS low power dissipation.

This 8—bit D—type latch is controlled by a latch enable input and an output
enable input. When the output enable input is high, the eight outputs are in a
high impedance state.

The internal circuit is composed of three stages, including a buffer output
which provides high noise immunity and stable output. The inputs tolerate
voltages up to 7V, allowing the interface of 5V systems to 3V systems.

» High Speed: tpp = 5.0ns (Typ) at Vcc = 5V

* Low Power Dissipation: Icc = 4pA (Max) at Ta = 25°C

* High Noise Immunity: VNIH = VNIL = 28% VcC

» Power Down Protection Provided on Inputs

» Balanced Propagation Delays

» Designed for 2V to 5.5V Operating Range

e Low Noise: VoLp = 0.9V (Max)

* Pin and Function Compatible with Other Standard Logic Families
e Latchup Performance Exceeds 300mA

» ESD Performance: HBM > 2000V; Machine Model > 200V
* Chip Complexity: 186 FETs or 46.5 Equivalent Gates

LOGIC DIAGRAM

’ po 2] 2 Qo
pr 4] -1 Q1
D2 L] 6 Q2
DATA | p3l 9 03
INPUTS — — Q NONINVERTING
D4 BB 12 04 OUTPUTS
D5 14 15 05
o L7 16 06
| D7 —18 |19 Q7
e |
OE

FUNCTION TABLE

INPUTS OUTPUT
OE LE D Q
L H H H
L H L L
L L X No Change
H X X z
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MC74VHC373

DW SUFFIX
20-LEAD SOIC WIDE PACKAGE
CASE 751D-04

*

DT SUFFIX
20-LEAD TSSOP PACKAGE
CASE 948E-02

M SUFFIX
20-LEAD SOIC EIAJ PACKAGE
CASE 967-01

ORDERING INFORMATION
MC74VHCXXXDW SOIC WIDE
MC74VHCXXXDT TSSOP
MC74VHCXXXM SOIC EIAJ

PIN ASSIGNMENT

oEl] 1e 20 [ Vee
Qf2 19 1 Q7
Do[] 3 18 [] D7
D1 4 17 [1 D6
Q1ls 16 [1 Q6
Q2[] 6 151 Q5
D2[| 7 14 [] D5
D3[ 8 131 D4
Q3[] 9 12 1 Q4
GND [] 10 11 LE
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MC74VHC373

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric

Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must

be taken to avoid applications of any
voltage higher than maximum rated
K Input Diode Current -20 mA voltages to this high-impedance cir-
cuit. For proper operation, Vj, and
Vout should be constrained to the
lout DC Output Current, per Pin +25 mA range GND = (Vjn or Vout) = Ve
Unused inputs must always be

Vout DC Output Voltage -05toVec+05 | V

lok Output Diode Current +20 mA

Icc DC Supply Current, Vcc and GND Pins +75 mA tied to an appropriate logic voltage
PD Power Dissipation in Still Air, SOIC Packagest 500 mw level (e.g., either GND or V).

TSSOP Packaget 450 Unused outputs must be left open.
Tstg Storage Temperature —65to + 150 °C

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not
implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 2.0 5.5 \%
Vin DC Input Voltage 0 5.5 \
Vout DC Output Voltage 0 Vce \Y
TA Operating Temperature —-40 | +85 °C
ty, tf Input Rise and Fall Time Vce =3.3V 0 100 | ns/V
Vce =5.0v 0 20
DC ELECTRICAL CHARACTERISTICS
Tp =25°C Ta =—40t0 85°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 2.0 1.50 1.50 \
Input Voltage 3.0to |Vccx0.7 Vce x 0.7
55
VL Maximum Low-Level 2.0 0.50 0.50 \Y
Input Voltage 3.0to Vce x0.3 Vce x 0.3
55
VOH Minimum High-Level Vin =V or V| 2.0 19 2.0 1.9 \
Output Voltage loH = —50pA 3.0 2.9 3.0 29
45 4.4 45 4.4
Vin =ViH or V|
loH = —4mA 3.0 2.58 2.48
IoH =—8mA 45 3.94 3.80
VoL Maximum Low-Level | Vjy=V|yor V)L 2.0 0.0 0.1 0.1 \
Output Voltage loL = 50pA 3.0 0.0 0.1 0.1
4.5 0.0 0.1 0.1
Vin = ViH or V|
loL =4mA 3.0 0.36 0.44
loL =8mA 4.5 0.36 0.44
lin Maximum Input Vin=5.5V or GND Oto 5.5 +0.1 +1.0 HA
Leakage Current
Very High—Speed CMOS Logic 97 MOTOROLA
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MC74VHC373

DC ELECTRICAL CHARACTERISTICS

Tp =25°C Ta =—40t0 85°C
vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
loz Maximum Three-State | Vi = V)L or V|H 55 +0.25 +25 HA
Leakage Current Vout = Vcc or GND
Icc Maximum Quiescent Vin = Vcc or GND 5.5 4.0 40.0 HA
Supply Current
AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)
Ta = 25°C Tp =—-40t085°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tPLH, Maximum Propagation Delay, Vcc=33+03V C|=15pF 7.0 11.0 1.0 13.0 ns
tPHL DtoQ C| = 50pF 9.5 145 1.0 16.5
Vcc=5.0£05V  CL=15pF 4.9 7.2 1.0 8.5
C| =50pF 6.4 9.2 1.0 10.5
tPLH. Maximum Propagation Delay, Vcc=3.3+£0.3V  CL=15pF 7.3 11.4 1.0 135 ns
tPHL LEto Q CL = 50pF 9.8 14.9 1.0 17.0
Vcc=5.0£05V  CL=15pF 5.0 7.2 1.0 8.5
C| =50pF 6.5 9.2 1.0 10.5
tpzL, Output Enable Time, Vcc=33+£0.3V  CL=15pF 7.3 11.4 1.0 135 ns
tpzH OEtoQ RL = 1kQ C| = 50pF 9.8 14.9 1.0 17.0
Vcc=5.0+£05V C| =15pF 55 8.1 1.0 9.5
R = 1kQ C| = 50pF 7.0 10.1 1.0 115
tpLz, Output Disable Time, Vcc=33+03V  C| =50pF 9.5 13.2 1.0 15.0 ns
tPHZ OEto Q RL = 1kQ
Vcc=5.0£05V  C| =50pF 6.5 9.2 1.0 105
R = 1kQ
tosLH. | Output to Output Skew Vcc=33+03V  C| =50pF 15 15 ns
tOSHL (Note 1.)
Vcc=55+£05V  CL =50pF 1.0 1.0 ns
(Note 1.)
Cin Maximum Input Capacitance 4 10 10 pF
Cout Maximum Three—State Output 6 pF
Capacitance (Output in
High—-Impedance State)
Typical @ 25 °C, Vcc = 5.0V
CpD Power Dissipation Capacitance (Note 2.) 27 pF

1. Parameter guaranteed by design. tosLH = [tPLHm — tPLHnl: tOSHL = ItPHLmM — tPHLnNI-
2. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.
Averageoperating currentcan be obtained by the equation:Icc(opr)=Cpp e Vcc o fin +lcc/8(perlatch). Cppisusedtodetermine the no-load
dynamic power consumption; Pp = Cpp  Vcc2 e fin + Icc @ Vec.

NOISE CHARACTERISTICS (Input t; = t; = 3.0ns, C|_= 50 pF, VcG = 5.0V)

Ta =25°C
Symbol Parameter Typ Max Unit
VoLp Quiet Output Maximum Dynamic Vo 0.6 0.9
VoLv Quiet Output Minimum Dynamic Vo -0.6 -0.9 \
VIHD Minimum High Level Dynamic Input Voltage 35 Y
VILD Maximum Low Level Dynamic Input Voltage 15 \
MOTOROLA 98 Very High—Speed CMOS Logic
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TIMING REQUIREMENTS (Input t; = tf = 3.0ns)

MC74VHC373

Ta =—-40
Ta =25°C to 85°C
Symbol Parameter Test Conditions Typ Limit Limit Unit
tw(h) Minimum Pulse Width, LE Vcc =3.3+0.3V 5.0 5.0 ns
Vce =5.0 0.5V 5.0 5.0
tsy Minimum Setup Time, D to LE Vcc =3.3+0.3V 4.0 4.0 ns
Vcc =5.0+0.5V 4.0 4.0
th Minimum Hold Time, D to LE Vcec =3.3£0.3V 1.0 1.0 ns
Vce =5.0 0.5V 1.0 1.0

SWITCHING WAVEFORMS

—Vce

GND

tPLH o
o) 50% VCC
50% VCC
Figure 1. Figure 2.
OE v,
OF —\\50% /Z ce
t t —ow VALID
—> fe— —
pzL  PLZ e i — e
Q _\ 50% VCC /- IMPEDANCE o
\ £ VOL +0.3V ” .
— e—tpzH tpHZ —> le—— e
\ LE So%
/e VOL-03V -
0,
Q £ 500 Ve \ o
IMPEDANCE
Figure 3. Figure 4.
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MC74VHC373

TEST CIRCUITS

TEST POINT TEST POINT
CONNECT TO Ve WHEN
OUTPUT cc
DEVICE OUTPUT 1Ko TESTING tp| 7 AND tpz|..
UNDER DEVICE CONNECT TO GND WHEN
TEST c* UNDER . TESTING tpHz AND tpzn.
I TEST I CL

*Includes all probe and jig capacitance * Includes all probe and jig capacitance

Figure 5. Figure 6.
EXPANDED LOGIC DIAGRAM
DO D1 D2 D3 D4 D5 D6 D7
L= L= Le Lo, G e, e
D Qp D Qf D Qf D Qp D Qp D Qf D Qf D Qp
LE LE LE LE LE LE LE LE
11
LE |
oo Y Y Y Y Y Y Y
2 5 6 9 12 15 16 19
Qo Q1 Q2 Q3 Q4 Q5 Q6 Q7
INPUT EQUIVALENT CIRCUIT
INPUT ) o———
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Octal D-Type Latch
with 3-State Output

The MC74VHCT373A is an advanced high speed CMOS octal latch with
3—state output fabricated with silicon gate CMOS technology. It achieves
high speed operation similar to equivalent Bipolar Schottky TTL while
maintaining CMOS low power dissipation.

This 8—bit D—type latch is controlled by a latch enable input and an output
enable input. When the output enable input is high, the eight outputs are in a
high impedance state.

The internal circuit is composed of three stages, including a buffer output
which provides high noise immunity and stable output.

The VHCT inputs are compatible with TTL levels. This device can be used
as a level converter for interfacing 3.3V to 5.0V, because it has full 5V CMOS
level output swings.

The VHCT373A input and output (when disabled) structures provide
protection when voltages between 0V and 5.5V are applied, regardless of
the supply voltage. These input and output structures help prevent device
destruction caused by supply voltage — input/output voltage mismatch,
battery backup, hot insertion, etc.

* High Speed: tpp = 7.7ns (Typ) at Vcc = 5V

* Low Power Dissipation: Icc = 4pA (Max) at Ta = 25°C

e TTL—Compatible Inputs: V|_ = 0.8V, V|4 = 2.0V

» Power Down Protection Provided on Inputs and Outputs

» Balanced Propagation Delays

» Designed for 4.5V to 5.5V Operating Range

* Low Noise: VoLp = 1.6V (Max)

* Pin and Function Compatible with Other Standard Logic Families
» Latchup Performance Exceeds 300mA

* ESD Performance: HBM > 2000V; Machine Model > 200V
e Chip Complexity: 196 FETs or 49 Equivalent Gates

LOGIC DIAGRAM

00— 2 00

D1 — 2 o1

D2 — L Q2

|I\?|£J¢s p3 2 L9 03 | NONINVERTING

(YRESAN 12 oy OUTPUTS
e B

D7 =5 19 o7

LE M

FUNCTION TABLE

INPUTS OUTPUT
OE LE D 0
L H H H
L H L L
L L X No Change
H X X z
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MC74VHCT373A

DW SUFFIX
20-LEAD SOIC WIDE PACKAGE
CASE 751D-04

*

DT SUFFIX
20-LEAD TSSOP PACKAGE
CASE 948E-02

M SUFFIX
20-LEAD SOIC EIAJ PACKAGE
CASE 967-01

ORDERING INFORMATION
MC74VHCTXXXADW  SOIC WIDE
MC74VHCTXXXADT TSSOP
MC74VHCTXXXAM SOIC EIAJ

PIN ASSIGNMENT

oEl] 1e 20 [ Vee
Qf2 19 1 Q7
Do[] 3 18 [] D7
D1 4 17 [1 D6
Q1ls 16 [1 Q6
Q2[] 6 151 Q5
D2[| 7 14 [] D5
D3[ 8 131 D4
Q3[] 9 12 1 Q4
GND [] 10 11 LE
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MC74VHCT373A

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric

Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must

be taken to avoid applications of any
voltage higher than maximum rated
voltages to this high—impedance cir-
Ik Input Diode Current -20 mA cuit. For proper operation, Vjy and
Vout should be constrained to the
range GND = (Vjn or Vout) = Ve
lout | DC Output Current, per Pin +25 mA Unused inputs must always be
tied to an appropriate logic voltage

Vout DC Output Voltage Outputs in 3—State -05t0+7.0 \%
High or Low State | —0.5to Vcc + 0.5

lok Output Diode Current (VoyT < GND; VouT > Vce) +20 mA

Icc DC Supply Current, Vcc and GND Pins +75 mA level (e.g., either GND or V().

PD Power Dissipation in Still Air, SOIC Packagest 500 mw Unused outputs must be left open.
TSSOP Packaget 450

Tstg Storage Temperature —65to + 150 °C

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not
implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 45 55 \%
Vin DC Input Voltage 0 55 \
Vout DC Output Voltage Outputs in 3—-State 0 5.5 \
High or Low State 0 Vce
TA Operating Temperature —-40 | +85 °C
ty, tf Input Rise and Fall Time Vce =5.0V £0.5V 0 20 | ns/V

DC ELECTRICAL CHARACTERISTICS

vee Ta=25°C Tp =—40to 85°C
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 45to 2.0 2.0 \Y
Input Voltage 5.5
VL Maximum Low-Level 45to 0.8 0.8 \Y
Input Voltage 55
VOH Minimum High-Level loH =—50pA 4.5 4.4 4.5 4.4 \
Outnut Voltage
Vin = V|H or VL IoH =—-8mA 45 3.94 3.80
VoL Maximum Low-Level loL = 50pA 4.5 0.0 0.1 0.1 \
Outnut Voltage
Vin = ViH or V| loL =8mA 4.5 0.36 0.44
lin Maximum Input Vjn =5.5V or GND 0to5.5 +0.1 +1.0 HA
Leakage Current
loz Maximum 3—-State Vin =VjLor ViH 5.5 +0.25 +25 MA
Leakage Current Vout = Vcc or GND
Icc Maximum Quiescent Vin = Vcc or GND 5.5 4.0 40.0 MA
Supply Current
MOTOROLA 102 Very High—Speed CMOS Logic
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MC74VHCT373A

DC ELECTRICAL CHARACTERISTICS

Ta =25°C Ta =—401t0 85°C
vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
lccT Quiescent Supply Per Input: VN = 3.4V 55 1.35 1.50 mA
Current Other Input: Vcc or GND
loPD Output Leakage VouT =5.5V 0 0.5 5.0 MA
Current
AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)
Ta = 25°C Tp =—-40t085°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tPLH: Maximum Propagation Delay, Vcc=5.0£05V  C| =15pF 7.7 12.3 1.0 135 ns
tPHL LEto Q CL = 50pF 8.5 13.3 1.0 14.5
tPLH: Maximum Propagation Delay, Vcc=5.0+£05V C| =15pF 5.1 8.5 1.0 9.5 ns
tPHL DtoQ CL = 50pF 5.9 9.5 1.0 10.5
tpzL, Output Enable Time, Vcc=5.0+£05V  C| =15pF 6.3 10.9 1.0 12.5 ns
tpzH OEtoQ R = 1kQ CL = 50pF 7.1 11.9 1.0 135
tpLz, Output Disable Time, Vcc=5.0£05vV  Cp=50pF 8.8 11.2 1.0 12.0 ns
tPHZ OEtoQ Rl = 1kQ
tosLH, | Output to Output Skew Vcc=55+05vV  CpL=50pF 1.0 1.0 ns
lOSHL (Note 1.)
Cin Maximum Input Capacitance 4 10 10 pF
Cout Maximum Three—State Output 6 pF
Capacitance (Output in
High—Impedance State)
Typical @ 25 °C, Vcg = 5.0V
CpD Power Dissipation Capacitance (Note 2.) 25 pF

1. Parameter guaranteed by design. tosiH = ltPLHm — tPLHnl tOSHL = tPHLmM — tPHLN!-

2. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.
Averageoperating currentcanbe obtained by the equation:Icc(opr)=Cpp e Vcc *fin tIcc/8(perlatch). Cppisusedto determine the no—load
dynamic power consumption; Pp = Cpp » Vo2 e fin + Icc © Vec.

NOISE CHARACTERISTICS (Input t; = tf = 3.0ns, C|_ = 50 pF, Vcc = 5.0V)

Ta = 25°C
Symbol Parameter Typ Max Unit
VoLp Quiet Output Maximum Dynamic VoL 1.2 1.6 \%
VoLv Quiet Output Minimum Dynamic Vo -1.2 -1.6 \%
VIHD Minimum High Level Dynamic Input Voltage 2.0 \%
VILD Maximum Low Level Dynamic Input Voltage 0.8 \%
TIMING REQUIREMENTS (Input t; = tf = 3.0ns)
Ta =-40
Ta = 25°C to 85°C
Symbol Parameter Test Conditions Typ Limit Limit Unit
tw(h) Minimum Pulse Width, LE Vce =5.0 £0.5V 6.5 8.5 ns
tsu Minimum Setup Time, D to LE Vcc =5.0+0.5V 15 15 ns
th Minimum Hold Time, D to LE Vcc =5.0+0.5V 35 35 ns
Very High—Speed CMOS Logic 103 MOTOROLA
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MC74VHCT373A

SWITCHING WAVEFORMS

—— VoH
Q Q 15V
VoL
Figure 1. Figure 2.
_ v
OE 15V ' VALID '
: : ——— GND
Pzl tPLZ -~
HIGH D
9 L5y IMPEDANCE
VoL +0.3V
tPzH  tPHZ — (=
VoH -0.3V LE
Q 15v \ HIGH
IMPEDANCE
Figure 3. Figure 4.

TEST CIRCUITS
TEST POINT TEST POINT
OUTPUT 140 CONNECT TO Ve WHEN
DEVICE 0 TESTING tp| 7 AND tpz| .
NDER DEVICE CONNECT TO GND WHEN
TEST UNDER o TESTING tpHz AND tpzH.

UTPUT
CL*
I TEST I

*Includes all probe and jig capacitance * Includes all probe and jig capacitance

Figure 5. Figure 6.
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EXPANDED LOGIC DIAGRAM

MC74VHCT373A

DO D1 D3 D4 D5 D6 D7
ey S e O s O e R B o B B e B B e B
D Qp+ D Q D QI+ D Qp+ D Qp+ D QI+ D QI+ D Qp+
LE LE LE LE LE LE LE LE
11
LE |
o ~ ~Y Y Y Y Y
2 6 9 12 15 16 19
Qo Q2 Q3 Q4 Q5 Q6 Q7
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Octal D-Type Flip-Flop
with 3-State Output

The MC74VHC374 is an advanced high speed CMOS octal flip—flip with
3-state output fabricated with silicon gate CMOS technology. It achieves
high speed operation similar to equivalent Bipolar Schottky TTL while
maintaining CMOS low power dissipation.

This 8-bit D-type flip—flop is controlled by a clock input and an output
enable input. When the output enable input is high, the eight outputs are in a
high impedance state.

The internal circuit is composed of three stages, including a buffer output
which provides high noise immunity and stable output. The inputs tolerate
voltages up to 7V, allowing the interface of 5V systems to 3V systems.

* High Speed: fmax = 185MHz (Typ) at Vcc =5V

* Low Power Dissipation: Icc = 4pA (Max) at Ta = 25°C

* High Noise Immunity: VNIH = VNIL = 28% VcC

» Power Down Protection Provided on Inputs

» Balanced Propagation Delays

» Designed for 2V to 5.5V Operating Range

e Low Noise: VoLp = 0.9V (Max)

* Pin and Function Compatible with Other Standard Logic Families
e Latchup Performance Exceeds 300mA

» ESD Performance: HBM > 2000V; Machine Model > 200V
* Chip Complexity: 266 FETs or 66.5 Equivalent Gates

LOGIC DIAGRAM

Do =—] L2 o
p1 4] LS o1
D2 ——] L6 o
DATA | p3.8 9 03
INPUTS — —— Q3 | NONINVERTING
pa 13 12 04 OUTPUTS
o5 14 15 05
og 17 16 06
p7 28| 19
ot b

FUNCTION TABLE

INPUTS OUTPUT
OE cP D Q
L v H H
L Va L L
L L, H = X No Change
H X X z
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MC74VHC374

DW SUFFIX
20-LEAD SOIC WIDE PACKAGE
CASE 751D-04

*

DT SUFFIX
20-LEAD TSSOP PACKAGE
CASE 948E-02

M SUFFIX
20-LEAD SOIC EIAJ PACKAGE
CASE 967-01

ORDERING INFORMATION
MC74VHCXXXDW SOIC WIDE
MC74VHCXXXDT TSSOP
MC74VHCXXXM SOIC EIAJ

PIN ASSIGNMENT

oEl] 1e 20 [ Vee
Qf2 19 1 Q7
Do[] 3 18 [] D7
D1 4 17 [1 D6
Q1ls 16 [1 Q6
Q2[] 6 151 Q5
D2[| 7 14 [] D5
D3[ 8 131 D4
Q3[] 9 12 1 Q4
GND [] 10 1] cp
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MC74VHC374

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric

Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must

be taken to avoid applications of any
voltage higher than maximum rated
K Input Diode Current -20 mA voltages to this high-impedance cir-
cuit. For proper operation, Vj, and
Vout should be constrained to the
lout DC Output Current, per Pin +25 mA range GND = (Vjn or Vout) = Ve
Unused inputs must always be

Vout DC Output Voltage -05toVec+05 | V

lok Output Diode Current +20 mA

Icc DC Supply Current, Vcc and GND Pins +75 mA tied to an appropriate logic voltage
PD Power Dissipation in Still Air, SOIC Packagest 500 mw level (e.g., either GND or V).

TSSOP Packaget 450 Unused outputs must be left open.
Tstg Storage Temperature —65to + 150 °C

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not
implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 2.0 5.5 \%
Vin DC Input Voltage 0 5.5 \
Vout DC Output Voltage 0 Vce \Y
TA Operating Temperature —-40 | +85 °C
ty, tf Input Rise and Fall Time Vce =3.3V 0 100 | ns/V
Vce =5.0v 0 20
DC ELECTRICAL CHARACTERISTICS
Tp =25°C Ta =—40t0 85°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 2.0 1.50 1.50 \
Input Voltage 3.0to |Vccx0.7 Vce x 0.7
55
VL Maximum Low-Level 2.0 0.50 0.50 \Y
Input Voltage 3.0to Vce x0.3 Vce x 0.3
55
VOH Minimum High-Level Vin =V or V| 2.0 19 2.0 1.9 \
Output Voltage IoH = — 50pA 3.0 2.9 3.0 2.9
45 4.4 45 4.4
Vin =ViH or V|
loH = —4mA 3.0 2.58 2.48
IoH =—8mA 45 3.94 3.80
VoL Maximum Low-Level | Vjy=V|yor V)L 2.0 0.0 0.1 0.1 \
Output Voltage loL = 50pA 3.0 0.0 0.1 0.1
4.5 0.0 0.1 0.1
Vin = ViH or V|
loL =4mA 3.0 0.36 0.44
loL =8mA 4.5 0.36 0.44
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MC74VHC374

DC ELECTRICAL CHARACTERISTICS

Tp =25°C Ta =—40t0 85°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
lin Maximum Input Vin = 5.5V or GND Oto 5.5 +0.1 +1.0 HA
Leakage Current
loz Maximum Three-State | Vi = V|_or V|H 55 +0.25 +25 HA
Leakage Current Vout = Vcc or GND
Icc Maximum Quiescent Vin = Vcc or GND 55 4.0 40.0 MA
Supply Current
AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)
Tp = 25°C Tp =-40t0 85°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
fmax Maximum Clock Frequency Vcc=3.3+£0.3V  CL=15pF 80 130 70 ns
(50% Duty Cycle) CL = 50pF 55 85 50
Vcc=5.0+x05vV  Cp=15pF 130 185 110
C| = 50pF 85 120 75
tPLH. Maximum Propagation Delay, Vcc=33+£0.3V  CL=15pF 8.1 12.7 1.0 15.0 ns
tPHL CPtoQ CL = 50pF 10.6 16.2 1.0 18.5
Vcc=5.0x05vV  Cp=15pF 5.4 8.1 1.0 9.5
CL = 50pF 6.9 10.1 1.0 115
tpzL, Output Enable Time, Vcc=33+£0.3V  CL=15pF 7.1 11.0 1.0 13.0 ns
tpyH |OEtoQ R = 1kQ C|L = 50pF 9.6 14.5 1.0 16.5
Vcc=5.0+£05V  Cp =15pF 5.1 7.6 1.0 9.0
R = 1kQ C|L = 50pF 6.6 9.6 1.0 11.0
tpLZ, Output Disable Time, Vcc=3.3+£03V  Cp =50pF 10.2 14.0 1.0 16.0 ns
tPHZ OEto Q R = 1kQ
Vcc=5.0£05V  C =50pF 6.1 8.8 1.0 10.0
R = 1kQ
tosLH. | Output to Output Skew Vcc=3.3+203V  Cp=50pF 15 15 ns
tOSHL (Note 1.)
Vec=5.0+0.5V  C| =50pF 1.0 1.0 ns
(Note 1.)
Cin Maximum Input Capacitance 4 10 10 pF
Cout Maximum Three—State Output 6 pF
Capacitance (Output in
High—-Impedance State)

Typical @ 25 °C, Ve = 5.0V

CpD Power Dissipation Capacitance (Note 2.) 32 pF

1. Parameter guaranteed by design. tosLH = [tPLHm — tPLHnl: tOSHL = ItPHLmM — tPHLnNI-

2. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.
Average operating current can be obtained by the equation: Icc(opr) = CpD ® Vcc * fin + Icc/8 (per flip—flop). Cpp is used to determine the
no—load dynamic power consumption; Pp = Cpp e Vcc?2 o fin + Icc » Vee.
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NOISE CHARACTERISTICS (Input t; = tf = 3.0ns, C|_= 50pF, Vg = 5.0V)

MC74VHC374

Ta = 25°C
Symbol Parameter Typ Max Unit
VoLp Quiet Output Maximum Dynamic Vo 0.6 0.9 \Y
VoLv Quiet Output Minimum Dynamic Vo -0.6 -0.9 \Y
VIHD Minimum High Level Dynamic Input Voltage 3.5 \%
VILD Maximum Low Level Dynamic Input Voltage 15 \Y
TIMING REQUIREMENTS (Input t; = tf = 3.0ns)
Ta =—-40
Ta = 25°C to 85°C
Symbol Parameter Test Conditions Typ Limit Limit Unit
tw Minimum Pulse Width, CP Vcc=33+03V 5.0 55 ns
Vcc=50£05V 5.0 5.0
tsu Minimum Setup Time, D to CP Vcc=33+03V 4.5 4.5 ns
Vcc=50+£05V 3.0 3.0
th Minimum Hold Time, D to CP Vcc=33+03V 2.0 2.0 ns
Vcc=50+£05V 2.0 2.0
tr, tf Maximum Input Rise and Fall Times Vcc=33+£03V ns
Vcc=50+£05V

SWITCHING WAVEFORMS

Vee OE _\\SE)%
CcP / — GND
— GND —> |l=—1tp7| tpLz—> <~ HiGH
__\ IMPEDANCE
Ufmax Q \50% Vee
71 VoL +0.3V
tPLH PHL
—> =~—1zH PHZ—= <~
Q 50% Ve o [ X Vou-0.3V
£50% Ve
/ HIGH
IMPEDANCE
Figure 1. Figure 2.
VALID
Vee
D 50%
GND
th —
—Vce
cp 50%
GND
Figure 3.
Very High—Speed CMOS Logic 109 MOTOROLA

VHC Data — DL203 — Rev 2



MC74VHC374

TEST CIRCUITS

TEST POINT
OUTPUT
DEVICE
UNDER
TEST

I

DEVICE
UNDER
TEST

TEST POINT
CONNECT TO Ve WHEN
OUTPUT 1k TESTING tpLz AND tpz] .
CONNECT TO GND WHEN
TESTING tpHz AND tpzH.

I

* Includes all probe and jig capacitance

Figure 4.

* Includes all probe and jig capacitance

Figure 5.

EXPANDED LOGIC DIAGRAM

DO
3

e S e B e M o

L

cp 2
SN Y AR VAR AN AR AN A e
2 5 6 9 12 15 16 19
Q0 Q1 Q2 Q3 Q4 Q5 Q6 Q7
INPUT EQUIVALENT CIRCUIT
_I
INPUT ) ———
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Octal D-Type Flip-Flop
with 3-State Output

The MC74VHCT374A is an advanced high speed CMOS octal flip—flop
with 3—state output fabricated with silicon gate CMOS technology. It
achieves high speed operation similar to equivalent Bipolar Schottky TTL
while maintaining CMOS low power dissipation.

This 8-bit D-type flip—flop is controlled by a clock input and an output
enable input. When the output enable input is high, the eight outputs are in a
high impedance state.

The internal circuit is composed of three stages, including a buffer output
which provides high noise immunity and stable output.

The VHCT inputs are compatible with TTL levels. This device can be used
as a level converter for interfacing 3.3V to 5.0V, because it has full 5V CMOS
level output swings.

The VHCT374A input and output (when disabled) structures provide
protection when voltages between 0V and 5.5V are applied, regardless of
the supply voltage. These input and output structures help prevent device
destruction caused by supply voltage — input/output voltage mismatch,
battery backup, hot insertion, etc.

* High Speed: fmax = 140MHz (Typ) at Vcc = 5V

* Low Power Dissipation: Icc = 4pA (Max) at Ta = 25°C

e TTL—Compatible Inputs: V|_ = 0.8V, V|4 = 2.0V

» Power Down Protection Provided on Inputs and Outputs

» Balanced Propagation Delays

» Designed for 4.5V to 5.5V Operating Range

* Low Noise: VoLp = 1.6V (Max)

* Pin and Function Compatible with Other Standard Logic Families
» Latchup Performance Exceeds 300mA

* ESD Performance: HBM > 2000V; Machine Model > 200V
e Chip Complexity: 276 FETs or 69 Equivalent Gates

LOGIC DIAGRAM

Do ] |2 o
D1 —— —: Q1
D2 —— — @
D3 2] L9 03
II\IIJF{\J'/?S E © Q4 NONINVERTING
ETER 5 2 OUTPUTS
D52 T
D6 <1 — 10 06
D7 |19 Q7
cp b

FUNCTION TABLE

INPUTS OUTPUT
OE cP D Q
L -/ H H
L / L L
L L, H = X No Change
H X X VA
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MC74VHCT374A

DW SUFFIX
20-LEAD SOIC WIDE PACKAGE
CASE 751D-04

*

DT SUFFIX
20-LEAD TSSOP PACKAGE
CASE 948E-02

M SUFFIX
20-LEAD SOIC EIAJ PACKAGE
CASE 967-01

ORDERING INFORMATION
MC74VHCTXXXADW  SOIC WIDE
MC74VHCTXXXADT TSSOP
MC74VHCTXXXAM SOIC EIAJ

PIN ASSIGNMENT

oEl] 1e 20 [ Vee
Qf2 19 1 Q7
Do[] 3 18 [] D7
D1 4 17 [1 D6
Q1ls 16 [1 Q6
Q2[] 6 151 Q5
D2[| 7 14 [] D5
D3[ 8 131 D4
Q3[] 9 12 1 Q4
GND [] 10 1] cp
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MC74VHCT374A

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric

Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must

be taken to avoid applications of any
voltage higher than maximum rated
voltages to this high—impedance cir-
Ik Input Diode Current -20 mA cuit. For proper operation, Vjy and
Vout should be constrained to the
range GND = (Vjn or Vout) = Ve
lout | DC Output Current, per Pin +25 mA Unused inputs must always be
tied to an appropriate logic voltage

Vout DC Output Voltage Outputs in 3—State -05t0+7.0 \%
High or Low State | —0.5to Vcc + 0.5

lok Output Diode Current (VoyT < GND; VouT > Vce) +20 mA

Icc DC Supply Current, Vcc and GND Pins +75 mA level (e.g., either GND or V().

PD Power Dissipation in Still Air, SOIC Packagest 500 mw Unused outputs must be left open.
TSSOP Packaget 450

Tstg Storage Temperature —65to + 150 °C

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not
implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 45 55 \%
Vin DC Input Voltage 0 55 \
Vout DC Output Voltage Outputs in 3—-State 0 5.5 \
High or Low State 0 Vce
TA Operating Temperature —-40 | +85 °C
ty, tf Input Rise and Fall Time Vce =5.0V £0.5V 0 20 | ns/V

DC ELECTRICAL CHARACTERISTICS

vee Ta=25°C Tp =—40to 85°C
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 45to 2.0 2.0 \Y
Input Voltage 5.5
VL Maximum Low-Level 45to 0.8 0.8 \Y
Input Voltage 55
VOH Minimum High-Level loH =—50pA 4.5 4.4 4.5 4.4 \
Outnut Voltage
Vin = V|H or VL IoH =—-8mA 45 3.94 3.80
VoL Maximum Low-Level loL = 50pA 4.5 0.0 0.1 0.1 \
Outnut Voltage
Vin = ViH or V| loL =8mA 4.5 0.36 0.44
lin Maximum Input Vjn =5.5V or GND 0to5.5 +0.1 +1.0 HA
Leakage Current
loz Maximum 3—-State Vin =VjLor ViH 5.5 +0.25 +25 MA
Leakage Current Vout = Vcc or GND
Icc Maximum Quiescent Vin = Vcc or GND 5.5 4.0 40.0 MA
Supply Current
MOTOROLA 112 Very High—Speed CMOS Logic
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DC ELECTRICAL CHARACTERISTICS

MC74VHCT374A

Ta =25°C Tp =—40t085°C
vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
lccT Quiescent Supply Per Input: VN = 3.4V 55 1.35 1.50 mA
Current Other Input: Vcc or GND
loPD Output Leakage VouT =5.5V 0 0.5 5.0 MA
Current
AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)
Tp =25°C Tp =—-40t085°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
fmax Maximum Clock Frequency Vcc=5.0£05V  C| =15pF 90 140 80 MHz
(50% Duty Cycle) CL = 50pF 85 130 95
tPLH: Maximum Propagation Delay, Vcc=5.0+£05V C| =15pF 4.1 9.4 1.0 10.5 ns
tPHL CPtoQ CL = 50pF 5.6 10.4 1.0 11.5
tpzL, Output Enable Time, Vcc=5.0+£05V  C| =15pF 6.5 10.2 1.0 11.5 ns
tpzH OEtoQ R = 1kQ CL = 50pF 7.3 11.2 1.0 125
tpLz, Output Disable Time Vcc=5.0£05vV  Cp=50pF 7.0 11.2 1.0 12.0 ns
tPHZ OEtoQ Rl = 1kQ
tosLH, | Output to Output Skew Vcc=5.0x05vV  Cp =50pF 1.0 1.0 ns
lOSHL (Note 1.)
Cin Maximum Input Capacitance 4 10 10 pF
Cout Maximum Three—State Output 9 pF
Capacitance (Output in
High—Impedance State)
Typical @ 25 °C, Vcg = 5.0V
CpD Power Dissipation Capacitance (Note 2.) 25 pF

1. Parameter guaranteed by design. tos| H = [tPLHmM — tPLHNI: tOSHL = ItPHLmM — tPHLnI-
2. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.
Average operating current can be obtained by the equation: lcc(oPry=CppeVcCe fin + Icc/8 (per flip—flop). Cpp is used to determine the

no—load dynamic power consumption; Pp = Cpp e V2 o fin + Icc  Vec.

NOISE CHARACTERISTICS (Input t; = tf = 3.0ns, C|_= 50pF, Vg = 5.0V)

Ta = 25°C
Symbol Parameter Typ Max Unit
VoLp Quiet Output Maximum Dynamic VoL 1.2 1.6 \%
VoLv Quiet Output Minimum Dynamic Vo -1.2 -1.6 \%
VIHD Minimum High Level Dynamic Input Voltage 2.0 \%
VILD Maximum Low Level Dynamic Input Voltage 0.8 \%

TIMING REQUIREMENTS (Input t; = tf = 3.0ns)
Ta =-40
Ta = 25°C to 85°C
Symbol Parameter Test Conditions Typ Limit Limit Unit
tw Minimum Pulse Width, CP Vcc=50+05V 6.5 8.5 ns
tsu Minimum Setup Time, D to CP Vcc=50+05V 25 25 ns
th Minimum Hold Time, D to CP Vcc=50+05V 25 25 ns
Very High—Speed CMOS Logic 113 MOTOROLA
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SWITCHING WAVEFORMS

/—SV

3v OE _\ \15\, y
——— GND
——— GND —> |f<=—1tp7| lpLz—> -~ HIGH
] IMPEDANCE
Q _\\1.5V /-
VoL +0.3V
— 7 VoH —> ~—1pzH fpHz—> [
Q 15v Q / VoH -0.3V
£ 15V
VoL \ HIGH
IMPEDANCE
Figure 1. Figure 2.
f VALID
3V
D 1.5V ><
GND
——— 3
GND
Figure 3.
TEST CIRCUITS
TEST POINT TEST POINT
1k0 CONNECT TO Ve WHEN
OUTPUT OUTPUT TESTING tp| 7 AND tpz|..
DEVICE DEVICE CONNECT TO GND WHEN
UNDER . UNDER . TESTING tpHz AND tpzH.
TEST I CL TEST I L
* Includes all probe and jig capacitance * Includes all probe and jig capacitance
Figure 4. Figure 5.
EXPANDED LOGIC DIAGRAM
DO D1 D2 D3 D4 D5 D6 D7
Ii Ii Il Ii 13 14 17 18
D Qb D Qb D Qb D Qf— D Qb D Qb D Qb D Qb
I—O> c I—O> c I—O> c > > C I—O> c

s

cp 2L . . o ¢ ¢ |
SN D VAR VAR VAN A AN VA e
2 5 6 9 12 15 16 19
Q0 Q1 Q2 Q3 Q4 Q5 Q6 Q7
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Dual 4-Bit Binary Ripple
Counter

The MC74VHC393 is an advanced high speed CMOS dual 4—bit binary
ripple counter fabricated with silicon gate CMOS technology. It achieves high
speed operation similar to equivalent Bipolar Schottky TTL while maintaining
CMOS low power dissipation.

This device consists of two independent 4—bit binary ripple counters with
parallel outputs from each counter stage. A +256 counter can be obtained by
cascading the two binary counters.

Internal flip—flops are triggered by high—to—low transitions of the clock
input. Reset for the counters is asynchronous and active—high. State
changes of the Q outputs do not occur simultaneously because of internal
ripple delays. Therefore, decoded output signals are subject to decoding
spikes and should not be used as clocks or as strobes except when gated
with the Clock of the VHC393.

The inputs tolerate voltages up to 7V, allowing the interface of 5V systems
to 3V systems.

* High Speed: fmax = 170MHz (Typ) at Vcc = 5V

* Low Power Dissipation: Icc = 4pA (Max) at Ta = 25°C

» High Noise Immunity: VNIH = VNIL = 28% VcC

» Power Down Protection Provided on Inputs

» Balanced Propagation Delays

» Designed for 2V to 5.5V Operating Range

* Low Noise: VoLp = 0.8V (Max)

* Pin and Function Compatible with Other Standard Logic Families
e Latchup Performance Exceeds 300mA

* ESD Performance: HBM > 2000V; Machine Model > 200V
e Chip Complexity: 236 FETs or 59 Equivalent Gates

LOGIC DIAGRAM

BINARY | — 31 o0
COUNTER 4,10
- 1,13 —— QB
CPn ——Op> 59
> nQC
6.8 nQD
RDn 212
FUNCTION TABLE
Inputs
Clock Reset Outputs
X H L
H L No Change
L L No Change
1 L No Change
! L Next State
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MC74VHC393

D SUFFIX
14-LEAD SOIC PACKAGE
CASE 751A-03

*

DT SUFFIX
14-LEAD TSSOP PACKAGE
CASE 948G-01

M SUFFIX
14-LEAD SOIC EIAJ PACKAGE
CASE 965-01

ORDERING INFORMATION

MC74VHCXXXD SOIC
MC74VHCXXXDT  TSSOP
MC74VHCXXXM SOIC EIAJ

PIN ASSIGNMENT

cpil] 1@ 14 1vee
RD1[] 2 13 [ CP2
1A [ 3 12 [1 RD2
108 [ 4 11 [1 2QA
1QC[ s 10 [1 208
10D 6 9 [12qc
GND [ 7 8 [120D
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MC74VHC393

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric

Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must

be taken to avoid applications of any
voltage higher than maximum rated
K Input Diode Current -20 mA voltages to this high-impedance cir-
cuit. For proper operation, Vj, and
Vout should be constrained to the
lout DC Output Current, per Pin +25 mA range GND = (Vjn or Vout) = Ve
Unused inputs must always be

Vout DC Output Voltage -05toVec+05 | V

lok Output Diode Current +20 mA

Icc DC Supply Current, Vcc and GND Pins +75 mA tied to an appropriate logic voltage
PD Power Dissipation in Still Air, SOIC Packagest 500 mw level (e.g., either GND or V).

TSSOP Packaget 450 Unused outputs must be left open.
Tstg Storage Temperature —65to + 150 °C

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not
implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 2.0 5.5 \%
Vin DC Input Voltage 0 5.5 \
Vout DC Output Voltage 0 Vce \Y
TA Operating Temperature —-40 | +85 °C
ty, tf Input Rise and Fall Time Vce =3.3V 0 100 | ns/V
Vce =5.0v 0 20
DC ELECTRICAL CHARACTERISTICS
Tp =25°C Ta =—40t0 85°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 2.0 1.50 1.50 \
Input Voltage 3.0to |Vccx0.7 Vce x 0.7
55
VL Maximum Low-Level 2.0 0.50 0.50 \Y
Input Voltage 3.0to Vce x0.3 Vce x 0.3
55
VOH Minimum High-Level Vin =V or V| 2.0 19 2.0 1.9 \
Output Voltage IoH = — 50pA 3.0 2.9 3.0 2.9
45 4.4 45 4.4
Vin =ViH or V|
loH = —4mA 3.0 2.58 2.48
IoH =—8mA 45 3.94 3.80
VoL Maximum Low-Level | Vjy=V|yor V)L 2.0 0.0 0.1 0.1 \
Output Voltage loL = 50pA 3.0 0.0 0.1 0.1
4.5 0.0 0.1 0.1
Vin = ViH or V|
loL =4mA 3.0 0.36 0.44
loL =8mA 4.5 0.36 0.44
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MC74VHC393

DC ELECTRICAL CHARACTERISTICS

Tp =25°C Tp =—40t085°C
vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
lin Maximum Input Vin = 5.5V or GND Oto 5.5 +0.1 +1.0 HA
Leakage Current
Icc Maximum Quiescent Vin = Vcc or GND 5.5 4.0 40.0 HA
Supply Current
AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)
Tp =25°C Tp =—-40t085°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
fmax Maximum Clock Frequency Vcc=33+03V C|=15pF 75 120 65 ns
(50% Duty Cycle) CL = 50pF 45 65 35
Vcc=5.0£05V  CL=15pF 125 170 105
CL = 50pF 85 115 75
tPLH. Maximum Propagation Delay, Vcc=3.3+£0.3V  CL=15pF 8.6 13.2 1.0 155 ns
tPHL CP to QA CL = 50pF 11.1 16.7 1.0 19.0
Vcc=5.0£05V  CL=15pF 5.8 8.5 1.0 10.0
CL = 50pF 7.3 10.5 1.0 12.0
tPLH: Maximum Propagation Delay, Vcc=33+£0.3V  CL=15pF 10.2 15.8 1.0 18.5 ns
tPHL CPto QB CL = 50pF 12.7 19.3 1.0 22.0
Vcc=5.0+£05V C| =15pF 6.8 9.8 1.0 11.5
C| = 50pF 8.3 11.8 1.0 135
tPLH: Maximum Propagation Delay, Vcc=33+03V  C| =15pF 11.7 18.0 1.0 21.0 ns
tPHL CPto QC CL = 50pF 14.2 215 1.0 245
Vcc=5.0£05V  CL =15pF 7.7 11.2 1.0 13.0
C| = 50pF 9.2 13.2 1.0 15.0
tPLH. Maximum Propagation Delay, Vcc=3.3+x03Vv  CpL=15pF 13.0 19.7 1.0 23.0 ns
tPHL CP to QD CL = 50pF 155 23.2 1.0 26.5
Vcc=5.0£05V C|=15pF 8.5 125 1.0 145
C| = 50pF 10.0 145 1.0 16.5
tPHL Maximum Propagation Delay, Vcc=33+03v CpL=15pF 7.9 12.3 1.0 14.5 ns
RD to Qn C| = 50pF 104 15.8 1.0 18.0
Vcc=5.0+£05V C|=15pF 54 8.1 1.0 9.5
C| = 50pF 6.9 10.1 1.0 11.5
tosLH. | Output to Output Skew Vcc=33+03V C| =50pF 15 15 ns
tOSHL (Note 1.)
Vcc=5.0x05V  C| =50pF 1.0 1.0 ns
(Note 1.)
Cin Maximum Input Capacitance 4 10 10 pF
Typical @ 25 °C, Vg = 5.0V
CpD Power Dissipation Capacitance (Note 2.) 23 pF

1. Parameter guaranteed by design. tosLH = [tPLHm — tPLHnl» tOSHL = ItPHLm — tPHLNI-

2. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.
Average operating current can be obtained by the equation: Icc(opPR) = CpD ¢ Vcc © fin + Icc/2 (per 4-bit counter). Cpp is used to determine
the no—load dynamic power consumption; Pp = Cpp e Vec2 e fin + Icc » Vee.
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MC74VHC393

NOISE CHARACTERISTICS (Input t; = tf = 3.0ns, C|_= 50pF, Vg = 5.0V)

Ta = 25°C
Symbol Parameter Typ Max Unit
VoLp Quiet Output Maximum Dynamic Vo 0.5 0.8 \Y
VoLv Quiet Output Minimum Dynamic Vo -05 -0.8 \Y
VIHD Minimum High Level Dynamic Input Voltage 3.5 \%
VILD Maximum Low Level Dynamic Input Voltage 15 \Y
TIMING REQUIREMENTS (Input t; = tf = 3.0ns)
Ta =—-40
Ta = 25°C to 85°C
Symbol Parameter Test Conditions Typ Limit Limit Unit
tw Minimum Pulse Width, CP Vcc=33+03V 5.0 5.0 ns
Vcc=5.0£05V 5.0 5.0
tw Minimum Pulse Width, RD Vcc=33+03V 5.0 5.0 ns
Vcc=5.0£05V 5.0 5.0
trec Minimum Recovery Time, RD to CP Vcc=33+03V 5.0 5.0 ns
Vcc=5.0£05V 4.0 4.0
tr, tf Minimum Input Rise and Fall Times Vcc=33+£03V 330 330 ns
Vcc=5.0£05V 100 100
SWITCHING WAVEFORMS
ty —>
— Vee v
_ \ —V
cp 50% RD 50% X “
GND GND
<~ tw tPHL
—> tPLH tPHL—J on 50% Vee
Qn 50% Ve trec
o — Vce
CcP 50%
GND
Figure 1. Figure 2.
TEST
POINT
OUTPUT
DEVICE
UNDER .
TEST I CL
* Includes all probe and jig capacitance
Figure 3. Test Circuit
MOTOROLA 118 Very High—Speed CMOS Logic
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EXPANDED LOGIC DIAGRAM

MC74VHC393

CP a>C
D 3,11 A
—Q>C
4,10
D QB
—O>C
|> 5,9
D QC
—Q>C
|> 6,8
D QD
RD 212 {>c
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MC74VHC393

TIMING DIAGRAM

| o e 2| s | 4| s || 7|89 |w]|un]|w|n]w]|s]|o]

o ] | I | |
® | L
COUNT SEQUENCE
Outputs

Count QD QC QB QA
0 L L L L
1 L L L H
2 L L H L
3 L L H H
4 L H L L
5 L H L H
6 L H H L
7 L H H H
8 H L L L
9 H L L H
10 H L H L
11 H L H H
12 H H L L
13 H H L H
14 H H H L
15 H H H H

MOTOROLA 120 Very High—Speed CMOS Logic
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Octal Bus Buffer

Inverting

The MC74VHC540 is an advanced high speed CMOS inverting octal bus
buffer fabricated with silicon gate CMOS technology. It achieves high speed
operation similar to equivalent Bipolar Schottky TTL while maintaining
CMOS low power dissipation.

The MC74VHC540 features inputs and outputs on opposite sides of the
package and two AND—ed active—low output enables. When either OE1 or
OE2 are high, the terminal outputs are in the high impedance state.

The internal circuit is composed of three stages, including a buffer output
which provides high noise immunity and stable output. The inputs tolerate
voltages up to 7V, allowing the interface of 5V systems to 3V systems.

* High Speed: tpp = 3.7ns (Typ) at Vcc = 5V

* Low Power Dissipation: Icc = 4pA (Max) at Ta = 25°C

* High Noise Immunity: VNIH = VNIL = 28% Vcc

» Power Down Protection Provided on Inputs

» Balanced Propagation Delays

» Designed for 2V to 5.5V Operating Range

* Low Noise: VoLp = 1.2V (Max)

* Pin and Function Compatible with Other Standard Logic Families
» Latchup Performance Exceeds 300mA

 ESD Performance: HBM > 2000V; Machine Model > 200V
* Chip Complexity: 124 FETs or 31 Equivalent Gates

LOGIC DIAGRAM

2 18 —
AL Y1
3 g 17 —
A2 Y2
4 g 16 —
A3 Y3
5 g 15 —

DATA | A4 Y4\ INVERTING
INPUTS ; u — [outpuTs
A5 Y5

7 13 —
A6 Y6
8 12 —
A7 Y7
9 1 —
A8 Y8
oE1 =
OUTPUT }D_
ENABLES | ——
oe2 19
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MC74VHC540

DW SUFFIX
20-LEAD SOIC WIDE PACKAGE
CASE 751D-04

*

DT SUFFIX
20-LEAD TSSOP PACKAGE
CASE 948E-02

M SUFFIX
20-LEAD SOIC EIAJ PACKAGE
CASE 967-01

ORDERING INFORMATION
MC74VHCXXXDW SOIC WIDE
MC74VHCXXXDT TSSOP
MC74VHCXXXM SOIC EIAJ

PIN ASSIGNMENT

[J Motorola, Inc. 1998 121

OEL[] 1@ 20 [] Vee
ALl 2 19 [1 OE2
K 18] V1
A3 [ 4 17 0v2
Ml s 16 [1v3
Al 6 150 v4
pel 7 1475
A7l 8 136
A8l 9 12[v7
GND ] 10 1fvs
FUNCTION TABLE
Inputs —
Output Y
OE1 | OE2 A
L L L H
L L H L
H X X z
X H X z
@ MOTOROLA
REV 1




MC74VHC540

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric

Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must

be taken to avoid applications of any
voltage higher than maximum rated
K Input Diode Current -20 mA voltages to this high-impedance cir-
cuit. For proper operation, Vj, and
Vout should be constrained to the
lout DC Output Current, per Pin +25 mA range GND = (Vjn or Vout) = Ve
Unused inputs must always be

Vout DC Output Voltage -05toVec+05 | V

lok Output Diode Current +20 mA

Icc DC Supply Current, Vcc and GND Pins +75 mA tied to an appropriate logic voltage
PD Power Dissipation in Still Air, SOIC Packagest 500 mw level (e.g., either GND or V).

TSSOP Packaget 450 Unused outputs must be left open.
Tstg Storage Temperature —65to + 150 °C

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not
implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 2.0 5.5 \%
Vin DC Input Voltage 0 5.5 \
Vout DC Output Voltage 0 Vce \Y
TA Operating Temperature, All Package Types —-40 | +85 °C
ty, tf Input Rise and Fall Time Vce = 3.3V +0.3V 0 100 | ns/V
(Figure 1) Vce =5.0V +0.5V 0 20
DC ELECTRICAL CHARACTERISTICS
Tp =25°C Ta =—40t0 85°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 2.0 1.50 1.50 \
Input Voltage 3.0to |Vccx0.7 Vce x 0.7
55
VL Maximum Low-Level 2.0 0.50 0.50 \Y
Input Voltage 3.0to Vce x0.3 Vce x 0.3
55
VOH Minimum High-Level Vin =V or V| 2.0 19 2.0 1.9 \
Output Voltage IoH = — 50pA 3.0 2.9 3.0 2.9
45 4.4 45 4.4
Vin =ViH or V|
loH = —4mA 3.0 2.58 2.48
IoH =—8mA 45 3.94 3.80
VoL Maximum Low-Level | Vjy=V|yor V)L 2.0 0.0 0.1 0.1 \
Output Voltage loL = 50pA 3.0 0.0 0.1 0.1
4.5 0.0 0.1 0.1
Vin = ViH or V|
loL =4mA 3.0 0.36 0.44
loL =8mA 4.5 0.36 0.44
MOTOROLA 122 Very High—Speed CMOS Logic
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MC74VHC540

DC ELECTRICAL CHARACTERISTICS

Tp =25°C Tp =—40t085°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
lin Maximum Input Vin = 5.5V or GND Oto 5.5 +0.1 +1.0 HA
Leakage Current
loz Maximum Three-State | Vi = V|_or V|H 55 +0.25 +25 HA
Leakage Current Vout = Vcc or GND
Icc Maximum Quiescent Vin = Vcc or GND 55 4.0 40.0 MA
Supply Current
AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)
Tp = 25°C Tp =-40t0 85°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tPLH. Maximum Propagation Delay, Vcc=3.3+£0.3V  CL=15pF 4.8 7.0 1.0 8.5 ns
tPHL AtoY CL = 50pF 7.3 10.5 1.0 12.0
(Figures 1 and 3)
Vcc=5.0+x05vV  Cp=15pF 3.7 5.0 1.0 6.0
CL = 50pF 52 7.0 1.0 8.0
tpzL. | Output Enable Time, Vcc=3.3+0.3V  Cp=15pF 6.8 10.5 1.0 12,5 ns
tpzH OEntoY R = 1kQ CL = 50pF 9.3 14.0 1.0 16.0
(Figures 2 and 4)
Vcc=5.0x05vV  Cp=15pF 4.7 7.2 1.0 8.5
RL = 1kQ C| = 50pF 6.2 9.2 1.0 10.5
tpLZ, Output Disable Time, Vcc=3.3+£0.3V  CL=50pF 11.2 15.4 1.0 175 ns
tPHZ OEntoY RL = 1kQ
(Figures 2 and 4)
Vcc=5.0£05V  CL =50pF 6.0 8.8 1.0 10.0
RL = 1kQ
tosLH, | Output to Output Skew Vcc=33+03V C| =50pF 15 ns
tOSHL (Note 1.)
Vcc=5.0£05V  C =50pF 1.0 ns
(Note 1.)
Cin Maximum Input Capacitance 4 10 10 pF
Cout Maximum Three—State Output 6 pF
Capacitance (Output in High
Impedance State)
Typical @ 25 °C, Vg = 5.0V
CpD Power Dissipation Capacitance (Note 2.) 17 pF

1. Parameter guaranteed by design. tosLH = [tPLHm — tPLHnl: tOSHL = ItPHLmM — tPHLnI-

2. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.
Average operating currentcan be obtained by the equation: Icc(opRr)=Cpp ® Vcc © fin +Icc/8 (perbit). Cpp is used to determine the no—load
dynamic power consumption; Pp = Cpp Vo2 e fin + Icc © Vee.

NOISE CHARACTERISTICS (Input t; = t; = 3.0ns, C|_ = 50pF, Ve = 5.0V)

Ta =25°C
Symbol Parameter Typ Max Unit
VoLp Quiet Output Maximum Dynamic Vo 0.9 1.2
VoLv Quiet Output Minimum Dynamic Vo -0.9 -1.2 \
VIHD Minimum High Level Dynamic Input Voltage 3.5 \%
VILD Maximum Low Level Dynamic Input Voltage 15 \
Very High—Speed CMOS Logic 123 MOTOROLA
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MC74VHC540

SWITCHING WAVEFORMS

—\ — Vcc
OE1 or OE2 50%

0,
vee \50/0 /
—— GND
—» le— ¢ t —> l«—
PzL PLZ HIGH
GND _ \ IMPEDANCE
\ \50% Vee
VoL +0.3V
50% Vee - ~— tpzH tHz 1 [
_ / Von -0.3V
Y 50% Vce \
/ HIGH
IMPEDANCE
Figure 1. Figure 2.
TEST CIRCUITS
TEST TEST
POINT POINT
T . CONNECT TO Ve WHEN
OUTPUT OUTPUT AN TESTING tp 7 AND tpz|..
DEVICE DEVICE CONNECT TO GND WHEN
UNDER UNDER TESTING tpHz AND tpzH.
TEST I cL TEST I cL
*Includes all probe and jig capacitance *Includes all probe and jig capacitance
Figure 3. Figure 4.
INPUT EQUIVALENT CIRCUIT
INPUT ) o —
MOTOROLA 124 Very High—Speed CMOS Logic
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Octal Bus Buffer

The MC74VHC541 is an advanced high speed CMOS octal bus buffer
fabricated with silicon gate CMOS technology. It achieves high speed
operation similar to equivalent Bipolar Schottky TTL while maintaining
CMOS low power dissipation. -

The MC74VHC541 is a noninverting type. When either OE1 or OE2 are
high, the terminal outputs are in the high impedance state.

The internal circuit is composed of three stages, including a buffer output
which provides high noise immunity and stable output. The inputs tolerate
voltages up to 7V, allowing the interface of 5V systems to 3V systems.

» High Speed: tpp = 3.7ns (Typ) at Vcc = 5V

* Low Power Dissipation: Icc = 4pA (Max) at Ta = 25°C

» High Noise Immunity: VN|H = VNIL = 28% VcC

» Power Down Protection Provided on Inputs

» Balanced Propagation Delays

» Designed for 2V to 5.5V Operating Range

* Low Noise: VoLp = 1.2V (Max)

* Pin and Function Compatible with Other Standard Logic Families
e Latchup Performance Exceeds 300mA

» ESD Performance: HBM > 2000V; Machine Model > 200V
* Chip Complexity: 134 FETs or 33.5 Equivalent Gates

LOGIC DIAGRAM

AL -2 I/i\ 8 v
n = I/i\ v,
A3 = I/i\ 1 vs
AL = N, v4
DATA e NONINVERTING
INPUTS ; ._I\I\ “ OUTPUTS
AS > Y5
A6 — I/i\ B ve
A7 2 I/i\ 2 v
g = I/i\ U ve
oE1 =
OUTPUT }D_
ENABLES | —
oe2 19

FUNCTION TABLE

Inputs
— Output Y
OEl1 | OE2 | A
L L L L
L L H H
H X X z
X H X V4

4/98

MC74VHC541

DW SUFFIX
20-LEAD SOIC WIDE PACKAGE
CASE 751D-04

*

DT SUFFIX
20-LEAD TSSOP PACKAGE
CASE 948E-02

M SUFFIX
20-LEAD SOIC EIAJ PACKAGE
CASE 967-01

ORDERING INFORMATION
MC74VHCXXXDW SOIC WIDE
MC74VHCXXXDT TSSOP
MC74VHCXXXM SOIC EIAJ

PIN ASSIGNMENT

OEL[] 10 20 [ Ve
ALl 2 19 [1 OE2
A2[] 3 18 [] Y1
A3[] 4 17 1 v2
A4l s 16 [1 Y3
A5T] 6 15 [] v4
A6l 7 14 [] Y5
A7[] 8 131 Y6
Asf] 9 121 v7
GND [] 10 1110 Y8

[J Motorola, Inc. 1998 125
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MC74VHC541

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric

Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must

be taken to avoid applications of any
voltage higher than maximum rated
K Input Diode Current -20 mA voltages to this high-impedance cir-
cuit. For proper operation, Vj, and
Vout should be constrained to the
lout DC Output Current, per Pin +25 mA range GND = (Vjn or Vout) = Ve
Unused inputs must always be

Vout DC Output Voltage -05toVec+05 | V

lok Output Diode Current +20 mA

Icc DC Supply Current, Vcc and GND Pins +50 mA tied to an appropriate logic voltage
PD Power Dissipation in Still Air, SOIC Packagest 500 mw level (e.g., either GND or V).

TSSOP Packaget 450 Unused outputs must be left open.
Tstg Storage Temperature —65to + 150 °C

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not
implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 2.0 5.5 \%
Vin DC Input Voltage 0 5.5 \
Vout DC Output Voltage 0 Vce \Y
TA Operating Temperature, All Package Types —-40 | +85 °C
ty, tf Input Rise and Fall Time Vce = 3.3V +0.3V 0 100 | ns/V
Vce =5.0V 0.5V 0 20
DC ELECTRICAL CHARACTERISTICS
Tp =25°C Ta =—40t0 85°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 2.0 1.50 1.50 \
Input Voltage 3.0to |Vccx0.7 Vce x 0.7
55
VL Maximum Low-Level 2.0 0.50 0.50 \Y
Input Voltage 3.0to Vce x0.3 Vce x 0.3
55
VOH Minimum High-Level Vin =V or V| 2.0 19 2.0 1.9 \
Output Voltage IoH = — 50pA 3.0 2.9 3.0 2.9
45 4.4 45 4.4
Vin =ViH or V|
loH = —4mA 3.0 2.58 2.48
IoH =—8mA 45 3.94 3.80
VoL Maximum Low-Level | Vjy=V|yor V)L 2.0 0.0 0.1 0.1 \
Output Voltage loL = 50pA 3.0 0.0 0.1 0.1
4.5 0.0 0.1 0.1
Vin = ViH or V|
loL =4mA 3.0 0.36 0.44
loL =8mA 4.5 0.36 0.44
MOTOROLA 126 Very High—Speed CMOS Logic

VHC Data — DL203 — Rev 2



MC74VHC541

DC ELECTRICAL CHARACTERISTICS

Tp =25°C Tp =—40t085°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
lin Maximum Input Vin = 5.5V or GND Oto 5.5 +0.1 +1.0 HA
Leakage Current
loz Maximum Three-State | Vi = V|_or V|H 55 +0.25 +25 HA
Leakage Current Vout = Vcc or GND
Icc Maximum Quiescent Vin = Vcc or GND 55 4.0 40.0 MA
Supply Current
AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)
Tp = 25°C Tp =-40t0 85°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tPLH. Maximum Propagation Delay, Vcc=3.3+£0.3V  CL=15pF 5.0 7.0 1.0 8.5 ns
tPHL AtoY CL = 50pF 7.5 10.5 1.0 12.0
Vcc=5.0+x05vV  Cp=15pF 3.5 5.0 1.0 6.0
CL = 50pF 5.0 7.0 1.0 8.0
tpzL. | Output Enable Time, Vcc=3.3+03V  Cp=15pF 6.8 10.5 1.0 12,5 ns
tpzH OEtoY R = 1kQ CL = 50pF 9.3 14.0 1.0 16.0
Vcc=5.0x05vV  Cp=15pF 4.7 7.2 1.0 8.5
RL = 1kQ C| = 50pF 6.2 9.2 1.0 10.5
tpLZ, Output Disable Time, Vcc=3.3+£0.3V  CL=50pF 11.2 15.4 1.0 175 ns
tPHZ OEtoY RL = 1kQ
Vcc=5.0£05V  CL =50pF 6.0 8.8 1.0 10.0
RL = 1kQ
tosLH, | Output to Output Skew Vcc=33+03V C| =50pF 15 15 ns
tOSHL (Note 1.)
Vcc=5.0+£05V  Cp =50pF 1.0 1.0 ns
(Note 1.)
Cin Maximum Input Capacitance 4 10 10 pF
Cout Maximum Three—State Output 6 pF
Capacitance (Output in High
Impedance State)
Typical @ 25 °C, Vg = 5.0V
CpD Power Dissipation Capacitance (Note 2.) 18 pF

1. Parameter guaranteed by design. tosLH = [tPLHm — tPLHnl: tOSHL = ItPHLmM — tPHLnI-

2. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.
Average operating currentcan be obtained by the equation: Icc(opRr)=Cpp ® Vcc © fin +Icc/8 (perbit). Cpp is used to determine the no—load
dynamic power consumption; Pp = Cpp Vo2 e fin + Icc © Vee.

NOISE CHARACTERISTICS (Input t; = t; = 3.0ns, C|_ = 50pF, Ve = 5.0V)

Ta =25°C
Symbol Parameter Typ Max Unit
VoLp Quiet Output Maximum Dynamic Vo 0.9 1.2
VoLv Quiet Output Minimum Dynamic Vo -0.9 -1.2 \
VIHD Minimum High Level Dynamic Input Voltage 3.5 \%
VILD Maximum Low Level Dynamic Input Voltage 15 \
Very High—Speed CMOS Logic 127 MOTOROLA
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MC74VHC541

SWITCHING WAVEFORMS

OEL or OE2 N

Vee

GND

50% Vce

Figure 1.

TEST CIRCUITS

TEST
POINT

\50% /

/7 Vee
50%

OUTPUT
DEVICE
UNDER

TEST I CL*

DEVICE
UNDER
TEST

—— GND
—> — tpz tpiz—> |j=—
pzL tPLZ HIGH
\ IMPEDANCE
\50% Vee
VoL +0.3V
— < tpzH tPHZ > <
/ VoH-0.3V
4/ HIGH
IMPEDANCE
Figure 2.
TEST
POINT
T . CONNECT TO Ve WHEN
OUTPUT ANA TESTING tp| 7 AND tpz|..
CONNECT TO GND WHEN
TESTING tpHz AND tpzH.
I

*Includes all probe and jig capacitance

*Includes all probe and jig capacitance

Figure 3. Figure 4.
INPUT EQUIVALENT CIRCUIT
INPUT p —— — —
MOTOROLA 128 Very High—Speed CMOS Logic
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Octal Bus Buffer

The MC74VHCT541A is an advanced high speed CMOS octal bus buffer
fabricated with silicon gate CMOS technology. It achieves high speed
operation similar to equivalent Bipolar Schottky TTL while maintaining
CMOS low power dissipation.

The MC74VHCT541A is a noninverting, 3—state, buffer/line driver/line
receiver. When either OE1 or OE2 is high, the terminal outputs are in the
high impedance state.

The VHCT inputs are compatible with TTL levels. This device can be used
as a level converter for interfacing 3.3V to 5.0V, because it has full 5V CMOS
level output swings.

The VHCT541A input and output (when disabled) structures provide
protection when voltages between 0V and 5.5V are applied, regardless of
the supply voltage. These input and output structures help prevent device
destruction caused by supply voltage — input/output voltage mismatch,
battery backup, hot insertion, etc.

* High Speed: tpp = 5.4ns (Typ) at Vcc = 5V

* Low Power Dissipation: Icc = 4pA (Max) at Ta = 25°C

e TTL—Compatible Inputs: V| = 0.8V, V|4 = 2.0V

* Power Down Protection Provided on Inputs and Outputs

» Balanced Propagation Delays

» Designed for 4.5V to 5.5V Operating Range

* Low Noise: VoLp = 1.6V (Max)

* Pin and Function Compatible with Other Standard Logic Families
e Latchup Performance Exceeds 300mA

* ESD Performance: HBM > 2000V; Machine Model > 200V
e Chip Complexity: 134 FETs or 33.5 Equivalent Gates

LOGIC DIAGRAM

AL 2 I/i\ v
n = I/i\ Y v
A3 = I/i\ 1 vs
Y N, Y4
DATA e NONINVERTING
INPUTS ._l\l OUTPUTS
6 14
A5 > Y5
A6 — I/i\ B ve
a7 S I/i\ 12 v
g = I/i\ Y ve
oE1 =
OUTPUT }g:)_
ENABLES | —
oe2 19
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MC74VHCT541A

DW SUFFIX
20-LEAD SOIC WIDE PACKAGE
CASE 751D-04

e

DT SUFFIX
20-LEAD TSSOP PACKAGE
CASE 948E-02

M SUFFIX
20-LEAD SOIC EIAJ PACKAGE
CASE 967-01

ORDERING INFORMATION
MC74VHCTXXXADW  SOIC WIDE
MC74VHCTXXXADT TSSOP
MC74VHCTXXXAM SOIC EIAJ

PIN ASSIGNMENT

OE1[] 10 20 [ Vee
ALl 2 19 [1 oE2
A2[] 3 18] v1
A3[] 4 17 1 v2
A4l s 16 [1 Y3
A5 6 15 [] v4
A6l 7 141 Y5
ATl 8 131 Y6
A8l 9 1220 v7
GND [] 10 1 Y8

FUNCTION TABLE

Inputs
— T Output Y
OEl1 [OE2 | A
L L L L
L L H H
H X X Z
X H X z
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MC74VHCT541A

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric

Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must

be taken to avoid applications of any
voltage higher than maximum rated
voltages to this high—impedance cir-
Ik Input Diode Current -20 mA cuit. For proper operation, Vjy and
Vout should be constrained to the
range GND = (Vjn or Vout) = Ve
lout | DC Output Current, per Pin +25 mA Unused inputs must always be
tied to an appropriate logic voltage

Vout DC Output Voltage Outputs in 3—State -05t0+7.0 \%
High or Low State | —0.5to Vcc + 0.5

lok Output Diode Current (VoyT < GND; VouT > Vce) +20 mA

Icc DC Supply Current, Vcc and GND Pins +75 mA level (e.g., either GND or V().

PD Power Dissipation in Still Air, SOIC Packagest 500 mw Unused outputs must be left open.
TSSOP Packaget 450

Tstg Storage Temperature —65to + 150 °C

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not
implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 45 55 \%
Vin DC Input Voltage 0 55 \
Vout DC Output Voltage Outputs in 3—-State 0 5.5 \
High or Low State 0 Vce
TA Operating Temperature —-40 | +85 °C
ty, tf Input Rise and Fall Time Vce =5.0V £0.5V 0 20 | ns/V

DC ELECTRICAL CHARACTERISTICS

vee Ta=25°C Tp =—40to 85°C
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 45to 2.0 2.0 \Y
Input Voltage 5.5
VL Maximum Low-Level 45to 0.8 0.8 \Y
Input Voltage 55
VOH Minimum High-Level loH =—50pA 4.5 4.4 4.5 4.4 \
Outnut Voltage
Vin = V|H or VL IoH =—-8mA 45 3.94 3.80
VoL Maximum Low-Level loL = 50pA 4.5 0.0 0.1 0.1 \
Outnut Voltage
Vin = ViH or V| loL =8mA 4.5 0.36 0.44
lin Maximum Input Vjn =5.5V or GND 0to5.5 +0.1 +1.0 HA
Leakage Current
loz Maximum 3—-State Vin =VjLor ViH 5.5 +0.25 +25 MA
Leakage Current Vout = Vcc or GND
Icc Maximum Quiescent Vin = Vcc or GND 5.5 4.0 40.0 MA
Supply Current
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MC74VHCT541A

DC ELECTRICAL CHARACTERISTICS

Ta =25°C Tp =—40t085°C
vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
lccT Quiescent Supply Per Input: VN = 3.4V 55 1.35 1.50 mA
Current Other Input: Vcc or GND
loPD Output Leakage VouT =5.5V 0 0.5 5.0 MA
Current
AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)
Tp =25°C Tp =—-40t085°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tPLH: Maximum Propagation Delay, Vcc=5.0£05V  C| =15pF 5.0 6.9 1.0 8.0 ns
tPHL AtoY CL = 50pF 55 7.9 1.0 9.0
tpzL, Output Enable Time, Vcc=5.0+£05V C| =15pF 8.3 11.3 1.0 13.0 ns
tpzH OEtoY RL = 1kQ CL = 50pF 8.8 12.3 1.0 14.0
tpLZ, Output Disable Time, Vcc=5.0£05V  C| =50pF 9.4 11.9 1.0 13.5 ns
tPHZ OEtoY R = 1kQ
tosLH. | Output to Output Skew Vcc=5.0£05V  C| =50pF 1.0 10 ns
tOSHL (Note 1.)
Cin Maximum Input Capacitance 4 10 10 pF
Cout Maximum Three—State Output 9 pF
Capacitance (Output in High
Impedance State)
Typical @ 25 °C, Vcg = 5.0V
CpD Power Dissipation Capacitance (Note 2.) 19 pF

1. Parameter guaranteed by design. tos| H = [tPLHmM — tPLHNI: tOSHL = ItPHLmM — tPHLnI-
2. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.

Average operating currentcan be obtained by the equation: Icc(opR) = Cpp * Vcc * fin +Icc /8 (per bit). Cpp is used to determine the no—load
dynamic power consumption; Pp = Cpp Vo2 e fin + Icc © Vec.

NOISE CHARACTERISTICS (Input t; = tf = 3.0ns, C|_ = 50pF, Vo = 5.0V)

Ta = 25°C
Symbol Parameter Typ Max Unit
VoLp Quiet Output Maximum Dynamic Vo 1.2 1.6 \%
VoLv Quiet Output Minimum Dynamic Vo -1.2 -1.6 \Y
VIHD Minimum High Level Dynamic Input Voltage 2.0 \%
VILD Maximum Low Level Dynamic Input Voltage 0.8 \Y
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MC74VHCT541A

Figure 1.

TEST POINT

DEVICE
UNDER
TEST

OUTPUT ‘

I

*Includes all probe and jig capacitance

Figure 3. Test Circuit

SWITCHING WAVEFORMS

- 3V
OE1 or OE2 15V

; : ——— GND
PZL PLZ <
HIGH

v L5y /_ IMPEDANCE
VoL +0.3V

tPzH  tPHZ — (=
Von -0.3V

HIGH
IMPEDANCE

Y 15V

Figure 2.

TEST CIRCUITS

TEST POINT

ko CONNECT TO Ve WHEN
OUTPUT TESTING tp| 7 AND tpz| .

DEVICE CONNECT TO GND WHEN
UNDER TESTING tpHz AND tpzH.

TEST I o

* Includes all probe and jig capacitance

Figure 4. Test Circuit
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Octal D-Type Latch MC74VHC573
with 3-State Output

The MC74VHC573 is an advanced high speed CMOS octal latch with
3-state output fabricated with silicon gate CMOS technology. It achieves
high speed operation similar to equivalent Bipolar Schottky TTL while
maintaining CMOS low power dissipation.

This 8—bit D—type latch is controlled by a latch enable input and an output DW SUFFIX
enable input. When the output enable input is high, the eight outputs are in a 20-LEAD SOIC WIDE PACKAGE
high impedance state. CASE 751D-04

The internal circuit is composed of three stages, including a buffer output
which provides high noise immunity and stable output. The inputs tolerate
voltages up to 7V, allowing the interface of 5V systems to 3V systems. '

\%@

» High Speed: tpp = 4.5ns (Typ) at Vcc = 5V DT SUEFIX
* Low Power Dissipation: Icc = 4pA (Max) at Ta = 25°C 20-LEAD TSSOP PACKAGE
* High Noise Immunity: VNIH = VNIL = 28% VcC CASE 948E-02

» Power Down Protection Provided on Inputs
» Balanced Propagation Delays

» Designed for 2V to 5.5V Operating Range
e Low Noise: VoLp = 1.2V (Max)

 Pin and Function Compatible with Other Standard Logic Families M SUEEIX
e Latchup Performance Exceeds 300mA 20-LEAD SOIC EIAJ PACKAGE
» ESD Performance: HBM > 2000V; Machine Model > 200V CASE 967-01

* Chip Complexity: 218 FETs or 54.5 Equivalent Gates
ORDERING INFORMATION

MC74VHCXXXDW SOIC WIDE
MC74VHCXXXDT TSSOP

LOGIC DIAGRAM MC74VHCXXXM SOIC EIAJ
Do 2| |19 Q0
D12 18 o1 PIN ASSIGNMENT
4 17 -
> 5 16 e OE [} 10 20 1 Ve
DATA D3 03 | NONINVERTING
INPUTS |y 6 15 o4 OUTPUTS poff 2 19 [1 Q0
7 14 D1[] 3 18 1 Q1
D5 —— 05
D6 2| L 13 06 D2 [} 4 170 Q
o7 2| [ 12 o7 03l 5 16 [1 Q3
D4[] 6 151 Q4
e |
D5 [| 7 14 ] Q5
OF D6 [ 8 1300 06
D709 12 [1 Q7
FUNCTION TABLE GND [] 10 1] LE
INPUTS OUTPUT
OE LE D Q
L H H H
L H L L
L L X No Change
H X X z
4/98
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MC74VHC573

MAXIMUM RATINGS*

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not

implied.
tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit This device contains protection
vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric
Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must
be taken to avoid applications of any

\Y DC Output Voltage -05toVec+05 | V
out P 9 cc voltage higher than maximum rated
K Input Diode Current -20 mA voltages to this high-impedance cir-
- cuit. For proper operation, Vj, and
lok Output Diode Current *20 mA Vout should be constrained to the
lout DC Output Current, per Pin +25 mA range GND-s (Vin or Vout) = Vcce.
C Supplv C 4G - n Unused inputs must always be
lcc [ DC Supply Current, Ve and GND Pins 75 mA tied to an appropriate logic voltage
PD Power Dissipation in Still Air, SOIC Packagest 500 mw level (e.g., either GND or Vcc).

TSSOP Packaget 450 Unused outputs must be left open.
Tstg Storage Temperature —65to + 150 °C

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 2.0 5.5 \%
Vin DC Input Voltage 0 5.5 \
Vout DC Output Voltage 0 Vce \Y
TA Operating Temperature —-40 | +85 °C
ty, tf Input Rise and Fall Time Vce =3.3V 0 100 | ns/V
Vce =5.0v 0 20
DC ELECTRICAL CHARACTERISTICS
Tp =25°C Ta =—40t0 85°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 2.0 1.50 1.50 \
Input Voltage 3.0to |Vccx0.7 Vce x 0.7
55
VL Maximum Low-Level 2.0 0.50 0.50 \Y
Input Voltage 3.0to Vce x0.3 Vce x 0.3
55
VOH Minimum High-Level Vin =V or V| 2.0 19 2.0 1.9 \
Output Voltage IoH = — 50pA 3.0 2.9 3.0 2.9
45 4.4 45 4.4
Vin =ViH or V|
loH = —4mA 3.0 2.58 2.48
IoH =—8mA 45 3.94 3.80
VoL Maximum Low-Level | Vjy=V|yor V)L 2.0 0.0 0.1 0.1 \
Output Voltage loL = 50pA 3.0 0.0 0.1 0.1
4.5 0.0 0.1 0.1
Vin = ViH or ViL
loL = 4mA 3.0 0.36 0.44
loL =8mA 4.5 0.36 0.44
lin Maximum Input Vin=5.5V or GND Oto 5.5 +0.1 +1.0 HA
Leakage Current
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DC ELECTRICAL CHARACTERISTICS

MC74VHC573

Tp =25°C Tp =—40t085°C
vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
loz Maximum Three-State | Vi = V)L or V|H 55 +0.25 +25 HA
Leakage Current Vout = Vcc or GND
Icc Maximum Quiescent Vin = Vcc or GND 5.5 4.0 40.0 HA
Supply Current
AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)
Tp =25°C Tp =—-40t085°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tPLH, Maximum Propagation Delay, Vcc=33+03V C|=15pF 7.6 11.9 1.0 14.0 ns
tPHL LEto Q C| = 50pF 10.1 15.4 1.0 17.5
Vcc=5.0£05V  CL=15pF 5.0 7.7 1.0 9.0
CL = 50pF 6.5 9.7 1.0 11.0
tPLH. Maximum Propagation Delay, Vcc=3.3+£0.3V  CL=15pF 7.0 11.0 1.0 13.0 ns
tPHL DtoQ CL = 50pF 9.5 145 1.0 16.5
Vcc=5.0£05V  CL=15pF 45 6.8 1.0 8.0
CL = 50pF 6.0 8.0 1.0 10.0
tpzL, Output Enable Time, Vcc=33+£0.3V  CL=15pF 7.3 11.5 1.0 135 ns
tpzH OEtoQ RL = 1kQ C| = 50pF 9.8 15.0 1.0 17.0
Vcc=5.0+£05V C| =15pF 5.2 7.7 1.0 9.0
R = 1kQ C| = 50pF 6.7 9.7 1.0 11.0
tpLZ. Output Disable Time, Vcc=3.3+203V  Cp=50pF 10.7 145 1.0 16.5 ns
tPHZ OEto Q RL = 1kQ
Vcc=5.0£05V  C| =50pF 6.7 9.7 1.0 11.0
R = 1kQ
tosLH. | Output to Output Skew Vcc=33+03V  C| =50pF 15 15 ns
tOSHL (Note 1.)
Vcc=55+05V  C|=50pF 1.0 1.0 ns
(Note 1.)
Cin Maximum Input Capacitance 4 10 10 pF
Cout Maximum Three—State Output 6 pF
Capacitance (Output in
High—-Impedance State)
Typical @ 25 °C, Vcc = 5.0V
CpD Power Dissipation Capacitance (Note 2.) 29 pF

1. Parameter guaranteed by design. tosLH = [tPLHm — tPLHnl: tOSHL = ItPHLmM — tPHLnNI-
2. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.
Averageoperating currentcan be obtained by the equation:Icc(opr)=Cpp e Vcc o fin +lcc/8(perlatch). Cppisusedtodetermine the no-load
dynamic power consumption; Pp = Cpp  Vcc2 e fin + Icc @ Vec.

NOISE CHARACTERISTICS (Input t; = t; = 3.0ns, C|_= 50 pF, VcG = 5.0V)

Ta =25°C
Symbol Parameter Typ Max Unit
VoLp Quiet Output Maximum Dynamic Vo 0.9 1.2
VoLv Quiet Output Minimum Dynamic Vo -0.9 -1.2 \
VIHD Minimum High Level Dynamic Input Voltage 35 Y
VILD Maximum Low Level Dynamic Input Voltage 15 \
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MC74VHCS57

3

TIMING REQUIREMENTS (Input t; = tf = 3.0ns)

Ta =—-40
Ta =25°C to 85°C
Symbol Parameter Test Conditions Typ Limit Limit Unit
tw(h) Minimum Pulse Width, LE Vcc =3.3+0.3V 5.0 5.0 ns
Vce =5.0 0.5V 5.0 5.0
tsy Minimum Setup Time, D to LE Vcc =3.3+0.3V 3.5 3.5 ns
Vcc =5.0+0.5V 3.5 3.5
th Minimum Hold Time, D to LE Vcec =3.3£0.3V 15 15 ns
Vce =5.0 0.5V 1.5 15

SWITCHING WAVEFORMS

—Vce

GND

o tPLH
Q 50% VCC
50% VCC
Figure 1. Figure 2.
OE —— Ve
OF —\\50% /
— e VALID
—> [—tpzL Pz —> e
— HIGH 5 -
Q _\\50% VCC /- IMPEDANCE o
7 VOL +0.3V sy i
™~ WPzH PHZ ™ < . e
/e X VOL-0.3V S0% =
Q £ 500 Ve \ o
IMPEDANCE
Figure 3. Figure 4.
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DEVICE
UNDER
TEST

* Includes all probe and jig capacitance

TEST POINT

OUTPUT

I

MC74VHC573

TEST CIRCUITS

TEST POINT
" CONNECT TO Ve WHEN

OUTPUT TESTING tp| 7 AND tpz] .
DEVICE CONNECT TO GND WHEN
UNDER TESTING tpHz AND tpzn.

TEST I o

* Includes all probe and jig capacitance

Figure 5. Figure 6.
EXPANDED LOGIC DIAGRAM

DO 2 >c
Qo0

pr 2 >c
01

p2 2 >c
Q2

D3 > >c
Q3

D4 8 >c
Q4

D5 >c
Q5

D6 -2 >c
Q6

7 =2 >c
Q7

LEL<{>—
OE
INPUT -
Figure 7. Input Equivalent Circuit
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Octal D-Type Latch
with 3-State Output

The MC74VHCT573A is an advanced high speed CMOS octal latch with
3-state output fabricated with silicon gate CMOS technology. It achieves
high speed operation similar to equivalent Bipolar Schottky TTL while
maintaining CMOS low power dissipation.

This 8—bit D—type latch is controlled by a latch enable input and an output
enable input. When the output enable input is high, the eight outputs are in a
high impedance state.

The VHCT inputs are compatible with TTL levels. This device can be used
as a level converter for interfacing 3.3V to 5.0V, because it has full 5V CMOS
level output swings.

The VHCT573A input and output (when disabled) structures provide
protection when voltages between 0V and 5.5V are applied, regardless of
the supply voltage. These input and output structures help prevent device
destruction caused by supply voltage — input/output voltage mismatch,
battery backup, hot insertion, etc.

* High Speed: tpp = 7.7ns (Typ) at Vcc = 5V

* Low Power Dissipation: Icc = 4pA (Max) at Ta = 25°C

e TTL-Compatible Inputs: V| = 0.8V, V|4 = 2.0V

» Power Down Protection Provided on Inputs and Outputs

» Balanced Propagation Delays

» Designed for 4.5V to 5.5V Operating Range

* Low Noise: VoLp = 1.6V (Max)

* Pin and Function Compatible with Other Standard Logic Families
» Latchup Performance Exceeds 300mA

* ESD Performance: HBM > 2000V; Machine Model > 200V
e Chip Complexity: 234 FETs or 58.5 Equivalent Gates

LOGIC DIAGRAM

Do 2| |19 oo
p1 2] L 18
D2 2 L 17
DATA D3 2> |16 53 | NONINVERTING
INPUTS | pg 6| |15 0 OUTPUTS
D5 —— L 14 05
D6 £ |13 o6
D7 2 12 7
e |
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MC74VHCT573A

DW SUFFIX
20-LEAD SOIC WIDE PACKAGE
CASE 751D-04

DT SUFFIX
20-LEAD TSSOP PACKAGE
CASE 948E-02

M SUFFIX
20-LEAD SOIC EIAJ PACKAGE
CASE 967-01

ORDERING INFORMATION
MC74VHCTXXXADW  SOIC WIDE
MC74VHCTXXXADT TSSOP
MC74VHCTXXXAM SOIC EIAJ

PIN ASSIGNMENT

[J Motorola, Inc. 1998 138

OE[] 10 20 [I vee
pof]2 19 [1 Qo
D1[] 3 18] Q1
D2 [] 4 17 11 Q2
D3l 5 16 [1 Q3
D4[] 6 151 Q4
D5[| 7 14 [] Q5
D6[] 8 13 [] Q6
p7( 9 121 Q7
GND [] 10 1L
FUNCTION TABLE
INPUTS OUTPUT
OE LE D Q
L H H H
L H L L
L L X No Change
H X X z
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MC74VHCTS573A

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric

Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must

be taken to avoid applications of any
voltage higher than maximum rated
voltages to this high—impedance cir-
Ik Input Diode Current -20 mA cuit. For proper operation, Vjy and
Vout should be constrained to the
range GND = (Vjn or Vout) = Ve
lout | DC Output Current, per Pin +25 mA Unused inputs must always be
tied to an appropriate logic voltage

Vout DC Output Voltage Outputs in 3—State -05t0+7.0 \%
High or Low State | —0.5to Vcc + 0.5

lok Output Diode Current (VoyT < GND; VouT > Vce) +20 mA

Icc DC Supply Current, Vcc and GND Pins +75 mA level (e.g., either GND or V().

PD Power Dissipation in Still Air, SOIC Packagest 500 mw Unused outputs must be left open.
TSSOP Packaget 450

Tstg Storage Temperature —65to + 150 °C

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not
implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 45 55 \%
Vin DC Input Voltage 0 55 \
Vout DC Output Voltage Outputs in 3—-State 0 5.5 \
High or Low State 0 Vce
TA Operating Temperature —-40 | +85 °C
ty, tf Input Rise and Fall Time Vce =5.0V £0.5V 0 20 | ns/V

DC ELECTRICAL CHARACTERISTICS

vee Ta=25°C Tp =—40to 85°C
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 45to 2.0 2.0 \Y
Input Voltage 5.5
VL Maximum Low-Level 45to 0.8 0.8 \Y
Input Voltage 55
VOH Minimum High-Level loH =—50pA 4.5 4.4 4.5 4.4 \
Outnut Voltage
Vin = V|H or VL IoH =—-8mA 45 3.94 3.80
VoL Maximum Low-Level loL = 50pA 4.5 0.0 0.1 0.1 \
Outnut Voltage
Vin = ViH or V| loL =8mA 4.5 0.36 0.44
lin Maximum Input Vjn =5.5V or GND 0to5.5 +0.1 +1.0 HA
Leakage Current
loz Maximum 3—-State Vin =VjLor ViH 5.5 +0.25 +25 MA
Leakage Current Vout = Vcc or GND
Icc Maximum Quiescent Vin = Vcc or GND 5.5 4.0 40.0 MA
Supply Current
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MC74VHCTS573A

DC ELECTRICAL CHARACTERISTICS

Ta =25°C Ta =—401t0 85°C
vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
lccT Quiescent Supply Per Input: VN = 3.4V 55 1.35 1.50 mA
Current Other Input: Vcc or GND
loPD Output Leakage VouT =5.5V 0 0.5 5.0 MA
Current
AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)
Ta = 25°C Tp =—-40t085°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tPLH: Maximum Propagation Delay, Vcc=5.0£05V  C| =15pF 7.7 12.3 1.0 135 ns
tPHL LEto Q CL = 50pF 8.5 13.3 1.0 14.5
tPLH: Maximum Propagation Delay, Vcc=5.0+£05V C| =15pF 5.1 8.5 1.0 9.5 ns
tPHL DtoQ CL = 50pF 5.9 9.5 1.0 10.5
tpzL, Output Enable Time, Vcc=5.0+£05V  C| =15pF 6.3 10.9 1.0 12.5 ns
tpzH OEtoQ R = 1kQ CL = 50pF 7.1 11.9 1.0 135
tpLz, Output Disable Time, Vcc=5.0£05vV  Cp=50pF 8.8 11.2 1.0 12.0 ns
tPHZ OEtoQ Rl = 1kQ
tosLH, | Output to Output Skew Vcc=55+05vV  CpL=50pF 1.0 1.0 ns
lOSHL (Note 1.)
Cin Maximum Input Capacitance 4 10 10 pF
Cout Maximum Three—State Output 6 pF
Capacitance (Output in
High—Impedance State)
Typical @ 25 °C, Vcg = 5.0V
CpD Power Dissipation Capacitance (Note 2.) 25 pF

1. Parameter guaranteed by design. tosiH = ltPLHm — tPLHnl tOSHL = tPHLmM — tPHLN!-

2. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.
Averageoperating currentcanbe obtained by the equation:Icc(opr)=Cpp e Vcc *fin tIcc/8(perlatch). Cppisusedto determine the no—load
dynamic power consumption; Pp = Cpp » Vo2 e fin + Icc © Vec.

NOISE CHARACTERISTICS (Input t; = tf = 3.0ns, C|_ = 50 pF, Vcc = 5.0V)

Ta = 25°C
Symbol Parameter Typ Max Unit
VoLp Quiet Output Maximum Dynamic VoL 1.2 1.6 \%
VoLv Quiet Output Minimum Dynamic Vo -1.2 -1.6 \%
VIHD Minimum High Level Dynamic Input Voltage 2.0 \%
VILD Maximum Low Level Dynamic Input Voltage 0.8 \%
TIMING REQUIREMENTS (Input t; = tf = 3.0ns)
Ta =-40
Ta = 25°C to 85°C
Symbol Parameter Test Conditions Typ Limit Limit Unit
tw(h) Minimum Pulse Width, LE Vce =5.0 £0.5V 6.5 8.5 ns
tsu Minimum Setup Time, D to LE Vcc =5.0+0.5V 15 15 ns
th Minimum Hold Time, D to LE Vcc =5.0+0.5V 35 35 ns
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MC74VHCTS573A

SWITCHING WAVEFORMS

—— VoH
Q Q 15V
VoL
Figure 1. Figure 2.
_ v
OE 15V ' VALID '
: : ——— GND
Pzl tPLZ -~
HIGH D
9 L5y IMPEDANCE
VoL +0.3V
tPzH  tPHZ — (=
VoH -0.3V LE
Q 15v \ HIGH
IMPEDANCE
Figure 3. Figure 4.

TEST CIRCUITS
TEST POINT TEST POINT
OUTPUT 140 CONNECT TO Ve WHEN
DEVICE 0 TESTING tp| 7 AND tpz| .
NDER DEVICE CONNECT TO GND WHEN
TEST UNDER o TESTING tpHz AND tpzH.

UTPUT
CL*
I TEST I

*Includes all probe and jig capacitance * Includes all probe and jig capacitance

Figure 5. Figure 6.
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Octal D-Type Flip-Flop
with 3-State Output

The MC74VHC574 is an advanced high speed CMOS octal flip—flip with
3-state output fabricated with silicon gate CMOS technology. It achieves
high speed operation similar to equivalent Bipolar Schottky TTL while
maintaining CMOS low power dissipation.

This 8-bit D-type flip—flop is controlled by a clock input and an output
enable input. When the output enable input is high, the eight outputs are in a
high impedance state.

The internal circuit is composed of three stages, including a buffer output
which provides high noise immunity and stable output. The inputs tolerate
voltages up to 7V, allowing the interface of 5V systems to 3V systems.

* High Speed: fmax = 180MHz (Typ) at Vcc =5V

* Low Power Dissipation: Icc = 4pA (Max) at Ta = 25°C

* High Noise Immunity: VNIH = VNIL = 28% VcC

» Power Down Protection Provided on Inputs

» Balanced Propagation Delays

» Designed for 2V to 5.5V Operating Range

e Low Noise: VoLp = 1.2V (Max)

* Pin and Function Compatible with Other Standard Logic Families
e Latchup Performance Exceeds 300mA

» ESD Performance: HBM > 2000V; Machine Model > 200V
* Chip Complexity: 266 FETs or 66.5 Equivalent Gates

LOGIC DIAGRAM

Do 2—] | 19

b1 2] 18 o1

D2 2] L 17

II\IIJI;AJ‘?S D3 2 — 2% 03 | nonmvermin

pal | L 15 o OUTPUTS
D5 -] 14 05

D6 2] |13 6

p7 2 — 12 o7

cpl b

FUNCTION TABLE

INPUTS OUTPUT
OE cP D Q
L v H H
L Va L L
L L, H = X No Change
H X X z
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MC74VHC574

DW SUFFIX
20-LEAD SOIC WIDE PACKAGE
CASE 751D-04

*

DT SUFFIX
20-LEAD TSSOP PACKAGE
CASE 948E-02

M SUFFIX
20-LEAD SOIC EIAJ PACKAGE
CASE 967-01

ORDERING INFORMATION
MC74VHCXXXDW SOIC WIDE
MC74VHCXXXDT TSSOP
MC74VHCXXXM SOIC EIAJ

PIN ASSIGNMENT

OE[] 1@ 20 [ Vee
Dof] 2 19 [1 Qo
D1l 3 18] Q1
D2 4 17 1 Q2
D3 s 16 [1 Q3
D4a[] 6 151 Q4
D5[] 7 14 [] Q5
D6 [] 8 131 Q6
D7 9 121 Q7
GND [ 10 1mce
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MC74VHCS574

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric

Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must

be taken to avoid applications of any
voltage higher than maximum rated
K Input Diode Current -20 mA voltages to this high-impedance cir-
cuit. For proper operation, Vj, and
Vout should be constrained to the
lout DC Output Current, per Pin +25 mA range GND = (Vjn or Vout) = Ve
Unused inputs must always be

Vout DC Output Voltage -05toVec+05 | V

lok Output Diode Current +20 mA

Icc DC Supply Current, Vcc and GND Pins +75 mA tied to an appropriate logic voltage
PD Power Dissipation in Still Air, SOIC Packagest 500 mw level (e.g., either GND or V).

TSSOP Packaget 450 Unused outputs must be left open.
Tstg Storage Temperature —65to + 150 °C

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not
implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 2.0 5.5 \%
Vin DC Input Voltage 0 5.5 \
Vout DC Output Voltage 0 Vce \Y
TA Operating Temperature —-40 | +85 °C
ty, tf Input Rise and Fall Time Vce =3.3V 0 100 | ns/V
Vce =5.0v 0 20
DC ELECTRICAL CHARACTERISTICS
Tp =25°C Ta =—40t0 85°C
Vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 2.0 1.50 1.50 \
Input Voltage 3.0to |Vccx0.7 Vce x 0.7
55
VL Maximum Low-Level 2.0 0.50 0.50 \Y
Input Voltage 3.0to Vce x0.3 Vce x 0.3
55
VOH Minimum High-Level Vin =V or V| 2.0 19 2.0 1.9 \
Output Voltage IoH = — 50pA 3.0 2.9 3.0 2.9
45 4.4 45 4.4
Vin =ViH or V|
loH = —4mA 3.0 2.58 2.48
IoH =—8mA 45 3.94 3.80
VoL Maximum Low-Level | Vjy=V|yor V)L 2.0 0.0 0.1 0.1 \
Output Voltage loL = 50pA 3.0 0.0 0.1 0.1
4.5 0.0 0.1 0.1
Vin = ViH or V|
loL =4mA 3.0 0.36 0.44
loL =8mA 4.5 0.36 0.44
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MC74VHC574

DC ELECTRICAL CHARACTERISTICS

Tp =25°C Ta =—40t0 85°C
vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
lin Maximum Input Vin = 5.5V or GND Oto 5.5 +0.1 +1.0 HA
Leakage Current
loz Maximum Three-State | Vi = V|_or V|H 55 +0.25 +25 HA
Leakage Current Vout = Vcc or GND
Icc Maximum Quiescent Vin = Vcc or GND 5.5 4.0 40.0 HA
Supply Current
AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)
Tp = 25°C Tp =—-40t085°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
fmax Maximum Clock Frequency Vcc=3.3+£0.3V  CL=15pF 80 125 — 65 — ns
(50% Duty Cycle) CL = 50pF 50 75 — 45 —
Vcc=5.0£05V  CL=15pF 130 180 — 110 —
C| =50pF 85 115 — 75 —
tPLH. Maximum Propagation Delay, Vcec=33+£0.3 CL = 15pF — 8.5 13.2 1.0 155 ns
tPHL CPtoQ CL = 50pF — 11.0 16.7 1.0 19.0
Vcc=5.0£05V  CL=15pF — 5.6 8.6 1.0 10.0
C| =50pF — 7.1 10.6 1.0 12.0
tpzL, Output Enable Time, Vcc=33+£0.3V  CL=15pF — 8.2 12.8 1.0 15.0 ns
tpzH OEto Q RL = 1kQ CL = 50pF — 10.7 16.3 1.0 18.5
Vcc=5.0£05V  CL=15pF — 5.9 9.0 1.0 10.5
R = 1kQ C| =50pF — 7.4 11.0 1.0 12.5
tpLZ, Output Disable Time, Vcc=3.3+£03V  Cp =50pF — 11.0 15.0 1.0 17.0 ns
tPHZ OEto Q R = 1kQ
Vcc=5.0£05V  C =50pF — 7.1 10.1 1.0 115
R = 1kQ
tosLH. | Output to Output Skew Vcc=3.3+20.3V  Cp=50pF — — 15 — 15 ns
tOSHL (Note 1.)
Vcc=5.0£05V  CL =50pF — — 1.0 — 1.0 ns
(Note 1.)
Cin Maximum Input Capacitance — 4 10 — 10 pF
Cout Maximum Three—State Output — 6 — — — pF
Capacitance, Output in
High—-Impedance State
Typical @ 25 °C, Ve = 5.0V
CpD Power Dissipation Capacitance (Note 2.) 28 pF

1. Parameter guaranteed by design. tosLH = [tPLHm — tPLHnl: tOSHL = ItPHLmM — tPHLnNI-

2. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.
Average operating current can be obtained by the equation: Icc(opr) = CpD ® Vcc * fin + Icc/8 (per flip—flop). Cpp is used to determine the
no—load dynamic power consumption; Pp = Cpp e Vcc?2 o fin + Icc » Vee.

Very High—Speed CMOS Logic 145 MOTOROLA
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C574

NOISE CHARACTERISTICS (Input t; = tf = 3.0ns, C|_= 50pF, Vg = 5.0V)

Ta = 25°C
Symbol Parameter Typ Max Unit
VoLp Quiet Output Maximum Dynamic Vo 0.9 1.2 \Y
VoLv Quiet Output Minimum Dynamic Vo -0.9 -12 \Y
VIHD Minimum High Level Dynamic Input Voltage — 3.5 \%
VILD Maximum Low Level Dynamic Input Voltage — 15 \Y
TIMING REQUIREMENTS (Input t; = tf = 3.0ns)
Ta =—-40
Ta = 25°C to 85°C
Symbol Parameter Test Conditions Typ Limit Limit Unit
tsu Minimum Setup Time, D to CP Vcc=33+03V — 35 35 ns
Vcc=50£05V — 35 35
th Minimum Hold Time, CP to D Vcc=33+03V — 15 15 ns
Vcc=50+£05V — 15 15
tw Minimum Pulse Width, CP Vcc=33+03V — 5.0 5.5 ns
Vcc=50+£05V — 5.0 5.0
SWITCHING WAVEFORMS
Vee o Vee
CP 50% OE
_/ —— GND — GND
— lw bzl tpLz ~
N HIGH
max - IMPEDANCE
50% V
— tPLH tPHL . Q ce Ve +03V
oL *U.
PZH tPHZ —> =
Q 50% V Vo -0.3V
cc : OH 0.
Q S0% Vee HIGH
IMPEDANCE
Figure 1. Figure 2.
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MC74VHC574

| VALID | EXPANDED LOGIC DIAGRAM
Vee
D 50% C 19
GND ? T 0
o " 0o 2] b @ }— Q
Vee
CP 50% p—op C 18
—GND D1 3 D Q 2_ QL
Figure 3. —a>C 17
02 2] p © )— Q2
TEST POINT —ap> C 16
3
03 5] b @ }— Q
OUTPUT 1
DEVICE p—ap C 15
UNDER D4 5 D Q Q4
CL* <
TEST :|:
—C 14
= D5 p ¢ )_ @
*Includes all probe and jig capacitance . &c 2 13 ]
. D6 — D Q
Figure 4. !
——ap C 12
p7 2 p ¢ o
TEST POINT <
CONNECT TO Ve WHEN
OUTPUT Lk TESTING tp| 7 AND tpz. cP iDO-
DEVICE CONNECT TO GND WHEN
UNDER o TESTING tpz AND tpzp. —
TEST I L OF
*Includes all probe and jig capacitance
Figure 5. Test Circuit
INPUT EQUIVALENT CIRCUIT
INPUT ) O ——
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Octal D-Type Flip-Flop
with 3-State Output

The MC74VHCT574A is an advanced high speed CMOS octal flip—flop
with 3—state output fabricated with silicon gate CMOS technology. It
achieves high speed operation similar to equivalent Bipolar Schottky TTL
while maintaining CMOS low power dissipation.

This 8-bit D-type flip—flop is controlled by a clock input and an output
enable input. When the output enable input is high, the eight outputs are in a
high impedance state.

The VHCT inputs are compatible with TTL levels. This device can be used
as a level converter for interfacing 3.3V to 5.0V, because it has full 5V CMOS
level output swings.

The VHCT574A input and output (when disabled) structures provide
protection when voltages between 0V and 5.5V are applied, regardless of
the supply voltage. These input and output structures help prevent device
destruction caused by supply voltage — input/output voltage mismatch,
battery backup, hot insertion, etc.

* High Speed: fmax = 140MHz (Typ) at Vcc = 5V

* Low Power Dissipation: Icc = 4pA (Max) at Ta = 25°C

e TTL-Compatible Inputs: V| = 0.8V, V|4 = 2.0V

» Power Down Protection Provided on Inputs and Outputs

» Balanced Propagation Delays

» Designed for 4.5V to 5.5V Operating Range

* Low Noise: VoLp = 1.6V (Max)

* Pin and Function Compatible with Other Standard Logic Families
» Latchup Performance Exceeds 300mA

* ESD Performance: HBM > 2000V; Machine Model > 200V
e Chip Complexity: 286 FETs or 71.5 Equivalent Gates

LOGIC DIAGRAM

D0 2— | o
p1 2 L 18 o1
4 17

D2 —— LAY
patA | p3 > |16 53 | NONINVERTING
INPUTS | pg 8| 15 o, OUTPUTS

D5 —; —1: Q5

D6 —— —

D7 —— —— Q7

crl b

ei ]

FUNCTION TABLE

INPUTS OUTPUT
OE cP D Q
L s H H
L -/ L L
L L, H = X No Change
H X X z
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MC74VHCT574A

DW SUFFIX
20-LEAD SOIC WIDE PACKAGE
CASE 751D-04

*

DT SUFFIX
20-LEAD TSSOP PACKAGE
CASE 948E-02

M SUFFIX
20-LEAD SOIC EIAJ PACKAGE
CASE 967-01

ORDERING INFORMATION
MC74VHCTXXXADW  SOIC WIDE
MC74VHCTXXXADT  TSSOP
MC74VHCTXXXAM SOIC EIAJ

PIN ASSIGNMENT

OE[] 1@ 20 [ Vee
Dof] 2 19 [1 Qo
D1l 3 18] Q1
D2 4 17 1 Q2
D3 s 16 [1 Q3
D4a[] 6 151 Q4
D5[] 7 14 [] Q5
D6 [] 8 131 Q6
D7 9 121 Q7
GND [ 10 1mce
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MC74VHCTS574A

MAXIMUM RATINGS*

Symbol Parameter Value Unit This device contains protection
Vee DC Supply Voltage _05t0+7.0 v C|rcu|try_ to gue_lrd against damage
due to high static voltages or electric

Vin DC Input Voltage -05t0+7.0 \ fields. However, precautions must

be taken to avoid applications of any
voltage higher than maximum rated
voltages to this high—impedance cir-
Ik Input Diode Current -20 mA cuit. For proper operation, Vjy and
Vout should be constrained to the
range GND = (Vjn or Vout) = Ve
lout | DC Output Current, per Pin +25 mA Unused inputs must always be
tied to an appropriate logic voltage

Vout DC Output Voltage Outputs in 3—State -05t0+7.0 \%
High or Low State | —0.5to Vcc + 0.5

lok Output Diode Current (VoyT < GND; VouT > Vce) +20 mA

Icc DC Supply Current, Vcc and GND Pins +75 mA level (e.g., either GND or V().

PD Power Dissipation in Still Air, SOIC Packagest 500 mw Unused outputs must be left open.
TSSOP Packaget 450

Tstg Storage Temperature —65to + 150 °C

* Absolute maximum continuous ratings are those values beyond which damage to the device
may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not
implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 45 55 \%
Vin DC Input Voltage 0 55 \
Vout DC Output Voltage Outputs in 3—-State 0 5.5 \
High or Low State 0 Vce
TA Operating Temperature —-40 | +85 °C
ty, tf Input Rise and Fall Time Vce =5.0V £0.5V 0 20 | ns/V

DC ELECTRICAL CHARACTERISTICS

vee Ta=25°C Tp =—40to 85°C
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 45to 2.0 2.0 \Y
Input Voltage 5.5
VL Maximum Low-Level 45to 0.8 0.8 \Y
Input Voltage 55
VOH Minimum High-Level loH =—50pA 4.5 4.4 4.5 4.4 \
Outnut Voltage
Vin = V|H or VL IoH =—-8mA 45 3.94 3.80
VoL Maximum Low-Level loL = 50pA 4.5 0.0 0.1 0.1 \
Outnut Voltage
Vin = ViH or V| loL =8mA 4.5 0.36 0.44
lin Maximum Input Vjn =5.5V or GND 0to5.5 +0.1 +1.0 HA
Leakage Current
loz Maximum 3—-State Vin =VjLor ViH 5.5 +0.25 +25 MA
Leakage Current Vout = Vcc or GND
Icc Maximum Quiescent Vin = Vcc or GND 5.5 4.0 40.0 MA
Supply Current
Very High—Speed CMOS Logic 149 MOTOROLA
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MC74VHCTS574A

DC ELECTRICAL CHARACTERISTICS

Ta =25°C Tp =—40t085°C
vee A A
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
lccT Quiescent Supply Per Input: VN = 3.4V 55 1.35 1.50 mA
Current Other Input: Vcc or GND
loPD Output Leakage VouT =5.5V 0 0.5 5.0 MA
Current
AC ELECTRICAL CHARACTERISTICS (Input t; = tf = 3.0ns)
Tp =25°C Tp =—-40t085°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
fmax Maximum Clock Frequency Vcc=5.0£05V  C| =15pF 90 140 80 MHz
(50% Duty Cycle) CL = 50pF 85 130 95
tPLH: Maximum Propagation Delay, Vcc=5.0+£05V C| =15pF 4.1 9.4 1.0 10.5 ns
tPHL CPtoQ CL = 50pF 5.6 10.4 1.0 11.5
tpzL, Output Enable Time, Vcc=5.0+£05V  C| =15pF 6.5 10.2 1.0 11.5 ns
tpzH OEtoQ R = 1kQ CL = 50pF 7.3 11.2 1.0 125
tpLz, Output Disable Time, Vcc=5.0£05vV  Cp=50pF 7.0 11.2 1.0 12.0 ns
tPHZ OEtoQ Rl = 1kQ
tosLH, | Output to Output Skew Vcc=5.0x05vV  Cp =50pF 1.0 1.0 ns
lOSHL (Note 1.)
Cin Maximum Input Capacitance 4 10 10 pF
Cout Maximum Three—State Output 9 pF
Capacitance, Output in
High—Impedance State
Typical @ 25 °C, Vcg = 5.0V
CpD Power Dissipation Capacitance (Note 2.) 25 pF

1. Parameter guaranteed by design. tos| H = [tPLHmM — tPLHNI: tOSHL = ItPHLmM — tPHLnI-

2. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.
Average operating current can be obtained by the equation: lcc(oPry=CppeVcCe fin + Icc/8 (per flip—flop). Cpp is used to determine the
no—load dynamic power consumption; Pp = Cpp e V2 o fin + Icc  Vec.

NOISE CHARACTERISTICS (Input t; = tf = 3.0ns, C|_= 50pF, Vg = 5.0V)

Ta = 25°C
Symbol Parameter Typ Max Unit
VoLp Quiet Output Maximum Dynamic VoL 1.2 1.6 \%
VoLv Quiet Output Minimum Dynamic Vo -1.2 -1.6 \%
VIHD Minimum High Level Dynamic Input Voltage 2.0 \%
VILD Maximum Low Level Dynamic Input Voltage 0.8 \%

TIMING REQUIREMENTS (Input t; = tf = 3.0ns)
Ta =-40
Ta = 25°C to 85°C
Symbol Parameter Test Conditions Typ Limit Limit Unit
tsu Minimum Setup Time, D to CP Vcc=50+05V 6.5 8.5 ns
th Minimum Hold Time, CP to D Vcc=50+05V 25 25 ns
tw Minimum Pulse Width, CP Vcc=50+05V 25 25 ns
MOTOROLA 150 Very High—Speed CMOS Logic
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SWITCHING WAVEFORMS

oE \

MC74VHCTS574A

— 3V
V

\" /
——— GND
—> |tz PLZ—> <~ yH
] IMPEDANCE
Ufmax Q _\\1.5V /-
tPLH tPHL VoL +0.3v
7 VoH > ~—tpzH Pz [
Q 15v 9 / VoH -0.3V
£15v
Vo \ HIGH
IMPEDANCE
Figure 1. Figure 2.
' VALID > EXPANDED LOGIC DIAGRAM
3V
D 15V >< =
—p> 19
GND 0o 2] b @ Qo
tsy th >
3v -
——b> 18
e L5V 3 Q Q
——— GND D1 — D
Figure 3. L $C
4 Q o2
D2 — D
TEST POINT —o>C 16
D3 > p @ )_ @
OUTPUT |
DEVICE —a>C 15
UNDER . o4 & b @ }— Q4
TEST I CL 4
—ap C 14
= D5 p ¢ }_ ®
*Includes all probe and jig capacitance . CC 0 13 -
_ D6 — D
Figure 4. !
——op> C 12
o7 2 p © ol
TEST POINT )
CONNECT TO Ve WHEN
OUTPUT 1kO TESTING tp| 7 AND tp7].. cp £Do.
DEVICE CONNECT TO GND WHEN
UNDER . TESTING tpz AND tpzH. —
TEST I L OF °| >
* Includes all probe and jig capacitance
Figure 5. Test Circuit
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

8-Bit Shift Register with

Output Storage Register
(3-State)

The MC74VHC595 is an advanced high speed 8-bit shift register with an
output storage register fabricated with silicon gate CMOS technology.

It achieves high speed operation similar to equivalent Bipolar Schottky
TTL while maintaining CMOS low power dissipation.

The MC74VHC595 contains an 8-bit static shift register which feeds an
8—hit storage register.

Shift operation is accomplished on the positive going transition of the Shift
Clock input (SCK). The output register is loaded with the contents of the shift
register on the positive going transition of the Register Clock input (RCK).
Since the RCK and SCK signals are independent, parallel outputs can be
held stable during the shift operation. And, since the parallel outputs are
3-state, the VHC595 can be directly connected to an 8-bit bus. This register
can be used in serial-to—parallel conversion, data receivers, etc.

The internal circuit is composed of three stages, including a buffer output
which provides high noise immunity and stable output. The inputs tolerate
voltages up to 7V, allowing the interface of 5V systems to 3V systems.

* High Speed: fmax = 185MHz (Typ) at Vcc = 5V

* Low Power Dissipation: Icc = 4pA (Max) at Ta = 25°C

» High Noise Immunity: VN|H = VNIL = 28% Vcc

» Power Down Protection Provided on Inputs

» Balanced Propagation Delays

» Designed for 2V to 5.5V Operating Range

* Low Noise: VoLp = 1.0V (Max)

* Pin and Function Compatible with Other Standard Logic Families
e Latchup Performance Exceeds 300mA

» ESD Performance: HBM > 2000V; Machine Model > 200V
» Chip Complexity: 328 FETs or 82 Equivalent Gates

LOGIC DIAGRAM

SERIAL
DATA{ 51 4 |15 0a ‘
INPUT L1 0p
_2 QC
| 3 op | PARALLEL
4 DATA
SHIFT STORAGE — QE [ qutPUTS
REGISTER REGISTER | 5 of
_6 QG
7
— QH
1
SCK —P> —| —>
o SERIAL
— 10 9
SCLR SQH } DATA
1 OUTPUT
RCK
— 13
OE
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MC74VHC595

D SUFFIX
16-LEAD SOIC PACKAGE
CASE 751B-05

*

DT SUFFIX
16-LEAD TSSOP PACKAGE
CASE 948F-01

M SUFFIX
16-LEAD SOIC EIAJ PACKAGE
CASE 966-01

ORDERING INFORMATION

MC74VHCXXXD SOIC
MC74VHCXXXDT  TSSOP
MC74VHCXXXM SOIC EIAJ

PIN ASSIGNMENT

QB[ Le 16 [] vee
ocq 2 15 [ QA
Q[ 3 14 sl
QE[] 4 13 0E
QFO s 12 [] RCK
QG [ 6 11 [1 sck
QHIl 7 10 [] SCLR
GND [] 8 9 1 SQH
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FUNCTION TABLE

MC74VHC595

Inputs Resulting Function
Serial Shift Reg Output Shift Storage Serial Parallel
Reset Input Clock Clock | Enable Register Register Output Outputs
Operation (SCLR) (S (SCK) (RCK) (OE) Contents Contents (SQH) (QA - QH)
Clear shift register L X X L, H, 1 L L U L U
Shift data into shift register H D 1 L,H ¢ L D - SRa; U SRG - SRy U
SRN - SRN+1
Registers remains H L, H, 1 X L U ki U ki
unchanged
Transfer shift register H L,H 1 L U SRN—STRN * SRN
contents to storage register
Storage register remains X X L,H L * U * U
unachanged
Enable parallel outputs X X X * b * Enabled
Force outputs into high X X X H * i * z
impedance state
SR = shift register contents D =data (L, H) logic level I = High—to-Low * = depends on Reset and Shift Clock inputs
STR = storage register contents U = remains unchanged t = Low—to—High ** = depends on Register Clock input
MAXIMUM RATINGS*
Symbol Parameter Value Unit This device contains protection
Vee DC Supply Voltage _05t0+7.0 v cm:unry_ to gue_lrd against damage
due to high static voltages or electric
Vin DC Input Voltage -05t0+7.0 \4 fields. However, precautions must
be taken to avoid applications of any
V, DC Output Volt: -05t0Vcc +0.5 \Y
out Hiput vorage o vee voltage higher than maximum rated
Ik Input Diode Current -20 mA voltages to this high—impedance cir-
- cuit. For proper operation, Vj, and
lok Output Diode Current t20 mA Vout should be constrained to the
lout DC Output Current, per Pin +25 mA range GND = (Vjn or Vout) = Vcce-
I 5C Suoolv C Y 4 GND Pi 250 " Unused inputs must always be
CC upply Current, Vcc an Ins = m tied to an appropriate logic voltage
PD Power Dissipation in Still Air, SOIC Packagest 500 mw level (e.g., either GND or Vcc).
TSSOP Packaget 450 Unused outputs must be left open.
Tstg Storage Temperature —-65to + 150 °C

* Absolute maximum continuous ratings are those values beyond which damage to the device

may occur. Exposure to these conditions or conditions beyond those indicated may adversely
affect device reliability. Functional operation under absolute—maximum-rated conditions is not

implied.

tDerating — SOIC Packages: — 7 mW/°C from 65° to 125°C
TSSOP Package: — 6.1 mW/°C from 65° to 125°C

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce DC Supply Voltage 2.0 55 \%
Vin DC Input Voltage 0 55 \Y
Vout DC Output Voltage 0 Vce \Y
TA Operating Temperature, All Package Types —-40 | +85 °C

tr, tf Input Rise and Fall Time Vce = 3.3V +0.3V 0 100 | ns/V

Vce =5.0V 205V | 0 20
Very High—Speed CMOS Logic 153 MOTOROLA
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MC74VHC595

DC ELECTRICAL CHARACTERISTICS

Vee Ta =25°C Ta =—40t085°C
Symbol Parameter Test Conditions \ Min Typ Max Min Max Unit
VIH Minimum High-Level 2.0 1.50 1.50 \
Input Voltage 3.0to |Vccx0.7 Vce x 0.7
55
VL Maximum Low-Level 2.0 0.50 0.50 \
Input Voltage 3.0to Vce x0.3 Vce x 0.3
55
VOH Minimum High-Level Vin =V or V| 2.0 19 2.0 1.9 \
Output Voltage loH = - 50pA 3.0 2.9 3.0 2.9
4.5 4.4 45 4.4
Vin =ViH or ViL
loH =—4mA 3.0 2.58 2.48
IoH =—8mA 4.5 3.94 3.80
VoL Maximum Low-Level | Vjy=V|yorV|_ 2.0 0.0 0.1 0.1 \
Output Voltage loL = 50pA 3.0 0.0 0.1 0.1
4.5 0.0 0.1 0.1
Vin =ViH or Vi
loL =4mA 3.0 0.36 0.44
loL = 8mA 45 0.36 0.44
loz Three—State Output Vin =V|H or V|L 5.5 +0.25 +2.50 HA
Off-State Current Vout = Vcc or GND
lin Maximum Input Vjn = 5.5V or GND 0to5.5 +0.1 +1.0 HA
Leakage Current
Icc Maximum Quiescent Vin = Vcc or GND 55 4.0 40.0 HA
Supply Current
AC ELECTRICAL CHARACTERISTICS (Inputt, =tf= 3.0 ns)
Tp =25°C Tp=—-40t085°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
fmax Maximum Clock Frequency Vcc=33+03V  C| =15pF 80 150 70 MHz
(50% Duty Cycle) R = 1kQ C| =50pF 55 130 50
Vcc=5.0£05V  CL=15pF 135 185 115
R = 1kQ C| =50pF 95 155 85
tPLH: Propagation Delay, Vcc=33+03V C|=15pF 8.8 13.0 1.0 15.0 ns
tPHL SCK to SQH C| = 50pF 11.3 16.5 1.0 18.5
Vcc=5.0£05V  CL=15pF 6.2 8.2 1.0 9.4
C| =50pF 7.7 10.2 1.0 11.4
tPHL Propagation Delay, Vcc=33+03V C|=15pF 8.4 12.8 1.0 13.7 ns
SCLR to SQH C| = 50pF 10.9 16.3 1.0 17.2
Vcc=5.0£05V  CL=15pF 5.9 8.0 1.0 9.1
C| =50pF 7.4 10.0 1.0 1.1
tPLH. Propagation Delay, Vcc=33+£03V  CL=15pF 7.7 11.9 1.0 135 ns
tPHL RCK to QA - QH C| =50pF 10.2 15.4 1.0 17.0
Vcc=5.0£05V  CL=15pF 5.4 7.4 1.0 8.5
C| =50pF 6.9 9.4 1.0 10.5
tpzZL, Output Enable Time, Vcc=3.3+£0.3V  CL=15pF 7.5 11.5 1.0 135 ns
tpzH OE to QA-QH R = 1kQ C| =50pF 9.0 15.0 1.0 17.0
Vcc=5.0£05V  CL=15pF 4.8 8.6 1.0 10.0
R = 1kQ C| =50pF 8.3 10.6 1.0 12.0
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AC ELECTRICAL CHARACTERISTICS

(Input ty = tf = 3.0 ns)

MC74VHC595

Ta =25°C Tp =—40t085°C
Symbol Parameter Test Conditions Min Typ Max Min Max Unit
tpLz, Output Disable Time, Vcc=33+03V C|=50pF 121 15.7 1.0 16.2 ns
tPHZ OE to QA - QH R = 1kQ
Vcc=5.0£05V  CL =50pF 7.6 10.3 1.0 11.0
RL = 1kQ
Cin Input Capacitance 4 10 10 pF
Cout Three—State Output 6 10
Capacitance (Output in High—
Impedance State), QA — QH
Typical @ 25 °C, Vg = 5.0V
CpD Power Dissipation Capacitance (Note 1.) 87 pF

1. Cpp is defined as the value of the internal equivalent capacitance which is calculated from the operating current consumption without load.
Average operating current can be obtained by the equation: Icc(opRr) = Cpp * Vcc *fin + Icc. Cpp is used to determine the no—load dynamic

power consumption; Pp = Cpp e Vo2 o fin + Icc » Vee.

NOISE CHARACTERISTICS (Input t; = tf = 3.0ns, C|_= 50pF, Vg = 5.0V)

Ta =25°C
Symbol Characteristic Typ Max Unit
VoLp Quiet Output Maximum Dynamic Vo 0.8 1.0 \%
VoLv Quiet Output Minimum Dynamic Vo -0.8 -10 \%
VIHD Minimum High Level Dynamic Input Voltage 3.5 \%
VILD Maximum Low Level Dynamic Input Voltage 15 \%
TIMING REQUIREMENTS (Input ty = tf = 3.0ns)
Ta=-40to
Ta =25°C 85°C
Ve A
Symbol Parameter \ Typ Limit Limit Unit
tsu Setup Time, Sl to SCK 3.3 35 35 ns
5.0 3.0 3.0
tsu(H) Setup Time, SCK to RCK 3.3 8.0 8.5 ns
5.0 5.0 5.0
tsu(L) Setup Time, SCLR to RCK 3.3 8.0 9.0 ns
5.0 5.0 5.0
th Hold Time, Sl to SCK 3.3 15 15 ns
5.0 2.0 2.0
th(L) Hold Time, SCLR to RCK 3.3 0 0 ns
5.0 0 0
trec Recovery Time, SCLR to SCK 3.3 3.0 3.0 ns
5.0 25 25
tw Pulse Width, SCK or RCK 3.3 5.0 5.0 ns
5.0 5.0 5.0
tw(L) Pulse Width, SCLR 3.3 5.0 5.0 ns
5.0 5.0 5.0
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MC74VHC595

SWITCHING WAVEFORMS

Vee
SCK 50%
—/ ——GND
-~ tW
— tPLH tPHL
SQH 50% Vce
Figure 1.
RCK Vee
— GND

tPLH TPHL
QA-QH
50% Vce

Figure 3.

Vee
SCLR

— GND

Vee
S|

GND

tW —>
/_VCC
SCLR 50%
—GND
PHL
0,
SOH 50% Vce
trec —>
Vee
SCK 50%
—GND
Figure 2.
o Vee
OE
— GND
{ { fe—
PzL  tPLZ HIGH
. IMPEDANCE
QA-QH 50% Vce
VoL +0.3V
PzH  tPHZ —>  (<—
VoH-0.3V
QA-QH 50% Vee \ HIGH

IMPEDANCE
Figure 4.
— Ve
SCK 50%
GND

. ; — Ve
su h RCK
— Ve GND
SCK or RCK 50%
GND
Figure 5. Figure 6.
TEST CIRCUITS
TEST POINT TEST POINT
1Ko CONNECT TO Ve WHEN
OUTPUT OUTPUT TESTING tpz AND tpzy .
DEVICE DEVICE CONNECT TO GND WHEN
UNDER .- UNDER o TESTING tpHz AND tpzH.
TEST I L TEST I L

* Includes all probe and jig capacitance

Figure 7.

* Includes all probe and jig capacitance

Figure 8.
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EXPANDED LOGIC DIAGRAM

12

MC74VHC595

RCK >¢
SR >¢ S b) qD L oa
——d> SRA ——a> STRA
R
(o N
D Q D o / 0B
——ad> SRB ——a> STRB
R
| N 2
D Q D o / QC
——a> SRC ——a>STRC
R
| N 3
D Q D o / QD
——a> SRD > STRD PARALLEL
R DATA
OUTPUTS
| ™\ 4
D Q D o / QE
——d> SRE > STRE
R
| N 5
D Q D O / QF
——a> SRF ——d> STRF
R
| N 6
D Q D o / QG
——a> SRG o >STRG
R
L D i I /
1 /
SCK Dc d> SRH > STRH
R
= “‘/ >c
SCLR 9
O / SQH
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MC74VHC595

TIMING DIAGRAM

s L I [
[

SCLR | I

RCK

ll

QA |

QB

Qc

QD

QE |

QF |

QG

QH

SQH |

NOTE: [ outputis in a high-impedance state.

L1LLEEL A

(I_I_I_

_

INPUT EQUIVALENT CIRCUIT

INPUT ) ———
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Advance Information
Analog Multiplexers/

Demultiplexers
High—Performance Silicon—-Gate CMOS

The MC74VHC4051, MC74VHC4052 and MC74VHC4053 utilize silicon—
gate CMOS technology to achieve fast propagation delays, low ON
resistances, and low OFF leakage currents. These analog multiplexers/
demultiplexers control analog voltages that may vary across the complete
power supply range (from Vcc to VEE).

The VHC4051, VHC4052 and VHC4053 are identical in pinout to the
high—speed HC4051A, HC4052A and HC4053A, and the metal-gate
MC14051B, MC14052B and MC14053B. The Channel-Select inputs
determine which one of the Analog Inputs/Outputs is to be connected, by
means of an analog switch, to the Common Output/Input. When the Enable
pin is HIGH, all analog switches are turned off.

The Channel-Select and Enable inputs are compatible with standard
CMOS outputs; with pullup resistors they are compatible with LSTTL
outputs.

These devices have been designed so that the ON resistance (Rgp) is
more linear over input voltage than Rgn of metal-gate CMOS analog

MC74VHC4051

MC74VHC4052
MC74VHC4053

&
D SUFFIX

16-LEAD SOIC PACKAGE
CASE 751B-05

*

DT SUFFIX
16-LEAD TSSOP PACKAGE
CASE 948F-01

switches. ORDERING INFORMATION
For a multiplexer/demultiplexer with channel—-select latches, see MC74VHCXXXXD SoIC

VHCA4351. MC74VHCXXXXDT  TSSOP

» Fast Switching and Propagation Speeds

* Low Crosstalk Between Switches

» Diode Protection on All Inputs/Outputs

* Analog Power Supply Range (Vcc — VEg) =2.0t0 12.0V

» Digital (Control) Power Supply Range (Vcc —GND)=2.0t0 6.0V

* Improved Linearity and Lower ON Resistance Than Metal-Gate
Counterparts

* Low Noise

FUNCTION TABLE — MC74VHC4051

* In Compliance With the Requirements of JEDEC Standard No. 7A c "
« Chip Complexity: VHC4051 — 184 FETs or 46 Equivalent Gates ontrol Inputs
VHC4052 — 168 FETs or 42 Equivalent Gates Select
VHC4053 — 156 FETs or 39 Equivalent Gates Enable | C B A | ON Channels
LOGIC DIAGRAM t t t h §f1’
MC74VHC4051 L L H L X2
Single—Pole, 8—Position Plus Common Off L L H H X3
_ L H L L X4
Y0 L H L H X5
R L H H L X6
15 - L H H H X7
X2——> 3 ., COMMON
ANALOG 1 <> X GUTPUT/ H X X X NONE
OUTPUTS | yg-lwes| DEMULTIPLEXER INPUT
5
X5—<->2 Pinout: MC74VHC4051 (Top View)
X6= = Vee X2 X1 X0 X3 A
X7 ——>
= I_II_II_II_II_II_II_II_I
CHANNEL 10
SELECT | B———
INPUTS | o9 | )
. _ 6
ENABLE
PIN16 =Vcc
PIN7 = VeE I_II_II_II_II_II_II_II_I
PIN8 = GND X4 X5 Enable VEg GND
This document contains information on a new product. Specifications and information herein are subject to
change without notice.
12/97
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MC74VHC4051 MC74VHC4052 MC74VHC4053

LOGIC DIAGRAM
MC74VHC4052
Double—Pole, 4—Position Plus Common Off

X0 ~Zan]
X1 L] ]
5 XSWITCH et x
X2 —a—>
X3
ANALOG | V] | ____ | COMMON
INPUTSIOUTPUTS | 1 OUTPUTS/INPUTS
5 3
= YSWITCH [« Y
Y2 —a— -
3
— A 10 | (0]
CHANNEL-SELECT
INPUTS | B— PIN 16 =Vce
— PIN7 =Vgg
6 PIN8=GND
ENABLE

LOGIC DIAGRAM
MC74VHC4053
Triple Single—Pole, Double—Position Plus Common Off

12 _
X0—=—> 14
ML XSWITCH  [*>— X
anaLoG | 7 i YSWITCH  jes—> v | COMMON
INPUTS/OUTPUTS | Y1—==> OUTPUTS/INPUTS
5
20
2 ZSWITCH  fes—2t 7
- et T
CHANNEL-SELECT | 10 PIN 16 = Ve
INPUTS 9 PIN7=Vgg
L PIN 8= GND
ENABLE

NOTE: This device allows independent control of each switch.
Channel-Select Input A controls the X—Switch, Input B controls
the Y=Switch and Input C controls the Z—Switch

FUNCTION TABLE — MC74VHC4052

Control Inputs
Select

Enable B A ON Channels
L L L YO0 X0
L L H Y1 X1
L H L Y2 X2
L H H Y3 X3
H X X NONE

X =Don't Care

Pinout: MC74VHC4052 (Top View)
Vee X2

I_II_II_II_II_II_II_II_I

La] [2] [3] [4] |5

YO Y2 Y Y3 Y1l

Le ] [7] [s]

Enable VEg GND

FUNCTION TABLE — MC74VHC4053

Control Inputs
Select
Enable C B A ON Channels
L L L L Z0 YO0 X0
L L L H Z0 YO0 X1
L L H L Z0 Y1 X0
L L H H Z0 Y1 X1
L H L L Z1 YO0 X0
L H L H Z1 YO X1
L H H L Z1 Y1l X0
L H H H Z1 Y1 X1
H X X X NONE
X =Don't Care

Pinout: MC74VHC4053 (Top View)
Vee Y

I_II_II_II_II_II_II_II_I

I_II_II_II_II_II_II_II_I

z Z0 Enable VEg GND

MOTOROLA 160

Very High—Speed CMOS Logic
VHC Data — DL203 — Rev 2



MAXIMUM RATINGS*

MC74VHC4051 MC74VHC4052 MC74VHC4053

This device contains protection
circuitry to guard against damage
due to high static voltages or electric
fields. However, precautions must
be taken to avoid applications of any
voltage higher than maximum rated
voltages to this high—impedance cir-
cuit. For proper operation, Vj, and
Vout should be constrained to the
range GND = (Vjn or Vout) = Vce.

Unused inputs must always be
tied to an appropriate logic voltage
level (e.g., either GND or V).
Unused outputs must be left open.

Symbol Parameter Value Unit
Vce Positive DC Supply Voltage (Referenced to GND) -05t0+7.0 \%
(Referenced to VEg) | —0.5to +14.0
VEE Negative DC Supply Voltage (Referenced to GND) —-7.0t0o+5.0 \%
Vs Analog Input Voltage VEg—-0.5t0 \%
Vce +0.5
Vin Digital Input Voltage (Referenced to GND) -05toVec+05| V
| DC Current, Into or Out of Any Pin +25 mA
Pb Power Dissipation in Still Air, SOIC Packaget 500 mw
TSSOP Packaget 450
Tstg Storage Temperature Range —65to + 150 °C
TL Lead Temperature, 1 mm from Case for 10 Seconds 260 °C
* Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — SOIC Package: — 7 mW/°C from 65° to 125°C
TSSOP Package: — 6.1 mW/°C from 65° to 125°C
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min Max | Unit
Vce Positive DC Supply Voltage (Referenced to GND) | 2.0 6.0 \%
(Referenced to VEg) | 2.0 12.0
VEE Negative DC Supply Voltage, Output (Referenced to —-6.0 | GND \%
GND)
Vis Analog Input Voltage VEE | Vcc \
Vin Digital Input Voltage (Referenced to GND) GND | Vcc \%
Vio* Static or Dynamic Voltage Across Switch 1.2 \%
TA Operating Temperature Range, All Package Types -55 |+125 | °C
tr, tf Input Rise/Fall Time Vcc=20V 0 1000 ns
(Channel Select or Enable Inputs) Vcc= 3.0V 0 800
Vcc =45V 0 500
Vcc=6.0V 0 400

* For voltage drops across switch greater than 1.2V (switch on), excessive V¢ current may be
drawn; i.e., the current out of the switch may contain both V¢ and switch input components. The

reliability of the device will be unaffected unless the Maximum Ratings are exceeded.

Very High—Speed CMOS Logic
VHC Data — DL203 — Rev 2
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MC74VHC4051 MC74VHC4052 MC74VHC4053

DC CHARACTERISTICS — Digital Section (Voltages Referenced to GND) VEg = GND, Except Where Noted

Guaranteed Limit
vVee
Symbol Parameter Condition \ -551t025°C | <85°C [ <125°C | Unit
VIH Minimum High—Level Input Voltage, | Rgn = Per Spec 2.0 1.50 1.50 1.50 \%
Channel-Select or Enable Inputs 3.0 2.10 2.10 2.10
4.5 3.15 3.15 3.15
6.0 4.20 4.20 4.20
VL Maximum Low-Level Input Voltage, | Rgn = Per Spec 2.0 0.5 0.5 0.5 \Y
Channel-Select or Enable Inputs 3.0 0.9 0.9 0.9
4.5 1.35 1.35 1.35
6.0 1.8 1.8 1.8
lin Maximum Input Leakage Current, Vin = Vcc or GND, 6.0 +0.1 +1.0 +1.0
Channel-Select or Enable Inputs VEE=-6.0V
Icc Maximum Quiescent Supply Channel Select, Enable and
Current (per Package) Vis=VccorGND; VEg=GND | 6.0 1 10 40
Vip=0V VEg=-6.0| 6.0 4 40 160
DC ELECTRICAL CHARACTERISTICS Analog Section
Guaranteed Limit
Vce VEE —-55to0
Symbol Parameter Test Conditions \ \ 25°C < 85°C | < 125°C | Unit
Ron Maximum “ON” Resistance Vin = VjLor Vg 3.0 0.0 TBD TBD TBD Q
V|s =Vce to VEE 4.5 0.0 190 240 280
Is < 2.0 mA (Figures 1, 2) 4.5 -45 120 150 170
6.0 -6.0 100 125 140
Vin = VL or ViH 3.0 0.0 TBD TBD TBD
Vs = V¢ or VEE (Endpoints) 4.5 0.0 150 190 230
Is = 2.0 mA (Figures 1, 2) 4.5 -45 100 125 140
6.0 -6.0 80 100 115
ARgpn | Maximum Difference in “ON” Vin = VjLor ViH 3.0 0.0 TBD TBD TBD Q
Resistance Between Any Two Vis =1/2 (Vcc - VEE) 45 0.0 30 35 40
Channels in the Same Package [lg < 2.0 mA 45 -45 12 15 18
6.0 -6.0 10 12 14
loff Maximum Off-Channel Leakage | Vijn = V)L or V|H; MA
Current, Any One Channel Vio =Vce - VEE; 6.0 -6.0 0.1 0.5 1.0
Switch Off (Figure 3)
Maximum Off-Channel VHC4051 | Vijy = V|_ or V|H; 6.0 -6.0 0.2 2.0 4.0
Leakage Current, VHC4052 | V|0 =Vce - VEE; 6.0 -6.0 0.1 1.0 2.0
Common Channel VHC4053 | Switch Off (Figure 4) 6.0 -6.0 0.1 1.0 2.0
lon Maximum On—-Channel VHC4051 | Vijn = V| or V|y; 6.0 -6.0 0.2 2.0 4.0 HA
Leakage Current, VHC4052 | Switch—to—Switch = 6.0 -6.0 0.1 1.0 2.0
Channel-to—Channel VHC4053 | Vcc - VEE; (Figure 5) 6.0 -6.0 0.1 1.0 2.0
MOTOROLA 162 Very High—Speed CMOS Logic
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MC74VHC4051 MC74VHC4052 MC74VHC4053

AC CHARACTERISTICS (C| =50 pF, Input t; = tf = 6 ns)

Guaranteed Limit
Vce
Symbol Parameter \% -55t025°C <85°C <125°C Unit
tPLH: Maximum Propagation Delay, Channel-Select to Analog Output 2.0 370 465 550 ns
tPHL (Figure 9) 3.0 TBD TBD TBD
45 74 93 110
6.0 63 79 94
tPLH, Maximum Propagation Delay, Analog Input to Analog Output 2.0 60 75 90 ns
tPHL (Figure 10) 3.0 TBD TBD TBD
45 12 15 18
6.0 10 13 15
tpLZ, Maximum Propagation Delay, Enable to Analog Output 2.0 290 364 430 ns
tPHZ (Figure 11) 3.0 TBD TBD TBD
45 58 73 86
6.0 49 62 73
tpzL, Maximum Propagation Delay, Enable to Analog Output 2.0 345 435 515 ns
tpzH (Figure 11) 3.0 TBD TBD TBD
45 69 87 103
6.0 59 74 87
Cin Maximum Input Capacitance, Channel-Select or Enable Inputs 10 10 10 pF
Ciio Maximum Capacitance Analog I/O 35 35 35 pF
(All Switches Off) Common O/I: VHC4051 130 130 130
VHC4052 80 80 80
VHC4053 50 50 50
Feedthrough 1.0 1.0 1.0
Typical @ 25 °C,Vcc =50V, VEg =0V
CpD Power Dissipation Capacitance (Figure 13)* VHC4051 45 pF
VHC4052 80
VHC4053 45

*Used to determine the no-load dynamic power consumption: Pp = Cpp Vcc2f + Icc Vec.

Very High—Speed CMOS Logic 163 MOTOROLA
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MC74VHC4051 MC74VHC4052 MC74VHC4053

ADDITIONAL APPLICATION CHARACTERISTICS (GND =0V)

Limit*
Vee | VEE
Symbol Parameter Condition \ \ 25°C Unit
BW Maximum On—-Channel Bandwidth | fi; = IMHz Sine Wave; Adjust fj, Voltage to ‘561 | ‘52 | ‘53 | MHz
or Minimum Frequency Response | Obtain 0dBm at Vog; Increase fin Frequency
(Figure 6) Until dB Meter Reads ~3dB; 2.251-2.251 80 | 95 120
R| = 50Q, C| = 10pF 450 [ -450 | 80 | 95 | 120
' 6.00 | -6.00 | 80 | 95 | 120
— Off-Channel Feedthrough Isolation | fi, = Sine Wave; Adjust fj, Voltage to Obtain 225 | -2.25 -50 dB
(Figure 7) 0dBm at V|g 450 | -4.50 -50
fin = 10kHz, R_ = 600Q, C|_=50pF | 6.00 | —6.00 -50
225 | -2.25 -40
450 | -4.50 —40
fin = 1.0MHz, R =50Q, C_= 10pF | 6.00 | —6.00 —40
— Feedthrough Noise. Vin < 1MHz Square Wave (t; = t; = 6ns); 225 | =2.25 25 mVpp
Channel-Select Input to Common | Adjust R|_ at Setup so that Ig = 0A; 450 | -4.50 105
I/O (Figure 8) Enable = GND R|_ =600Q, C|_=50pF | 6.00 | —6.00 135
2.25 |1 -2.25 35
4.50 | -4.50 145
Rl =10kQ, C_=10pF | 6.00 | —6.00 190
— Crosstalk Between Any Two fin = Sine Wave; Adjust fin Voltage to Obtain 2.25 | =2.25 -50 dB
Switches (Figure 12) 0dBm at V|g 4.50 | —4.50 -50
(Test does not apply to VHC4051) fin = 10kHz, R|_= 600Q, C|_ = 50pF | 6.00 | —6.00 -50
2.25 |1 -2.25 —60
4.50 | -4.50 —60
fin = 1.0MHz, R =50Q, C|_ = 10pF | 6.00 | —6.00 —60
THD Total Harmonic Distortion fin = 1kHz, R|_ = 10kQ, C|_= 50pF %
(Figure 14) THD = THDmeasured — THDsource
V|g = 4.0Vpp sine wave | 2.25 | -2.25 0.10
V|s = 8.0Vpp sine wave | 4.50 | —4.50 0.08
V|g = 11.0Vpp sine wave | 6.00 | —6.00 0.05
* Limits not tested. Determined by design and verified by qualification.
& 250 & 100 125°C
= =
T ju
= 200 = 80 ‘
w o w 25°C |
% 125°C %
& 150 ‘25°c— o 60
o TBD 9 TBD
= z -55°C
Z 100 g 40 —
s -55°C s
50 =20
0 025 050 075 10 125 15 175 20 225 0 05 10 15 20 25 30 35 40 45

Figure 1a. Typical On Resistance,V cc—-VEg=2.0V

Vis, INPUT VOLTAGE (VOLTS), REFERENCED TO VEg

Vis, INPUT VOLTAGE (VOLTS), REFERENCED TO VEg

Figure 1b. Typical On Resistance,V cc-VEg=3.0V
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105

90

125°C

75

60

25°C™]|

45

TBD

30

Ron. ON RESISTANCE (OHMS)

15

MC74VHC4051 MC74VHC4052 MC74VHC4053

0 05 10 15 20 25 30 35 40 45 50 55 60
Vjs, INPUT VOLTAGE (VOLTS), REFERENCED TO VEg

Figure 1c. Typical On Resistance,V cc-VEg=4.5V

Ron » ON RESISTANCE (OHMS)

75
125°C

60
25°C

45
TBD .

30

15

0 10 20 30 40 50 60 70 80 90
Vis, INPUT VOLTAGE (VOLTS), REFERENCED TO Vgg

Figure 1d. Typical On Resistance,V cc-VEg=6.0V

70 70
) @
= 5 125°C = 125°C
=5 e
Ll L
% 50 250c— :Z() 50 250C—
= | = |
2 40 TBD 2 40 TBD
w o & o
= 30 -55°C— Z 30 —55°C—
e e

s 20 s 20

o o

10 10

0 10 20 30 40 50 60 70 80 90 100 11.0 120 0 10 20 30 40 50 60 70 80 90 100 11.0 120
Vis, INPUT VOLTAGE (VOLTS), REFERENCED TO Vgg Vis, INPUT VOLTAGE (VOLTS), REFERENCED TO Vgg

Figure 1e. Typical On Resistance,V cc—-VEE=9.0V Figure 1f. Typical On Resistance, V. cc—-VEE =120V
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MC74VHC4051 MC74VHC4052 MC74VHC4053

PLOTTER

A

PROGRAMMABLE

POWER <—>| MINI COMPUTER
SUPPLY

DC ANALYZER

—*>Vcc

DEVICE
UNDER TEST

ANALOG IN >

COMMON OUT

GND = Y VEE

Figure 2. On Resistance Test Set-Up
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MC74VHC4051 MC74VHC4052 MC74VHC4053

VchQrc

16 —t Vee | 16 _t Vee

Y VEE ANALOG 10| ———
r COMMON O/l VCCLO ' r
° 0 COMMON O/
ViH =—6 ViH *=—6
l— 7 l— 7
It It
VEEY = VEEY —
Figure 3. Maximum Off Channel Leakage Current, Figure 4. Maximum Off Channel Leakage Current,
Any One Channel, Test Set-Up Common Channel, Test Set-Up
V
Vee —1 vee CcC Vos
16 0.1uF 16 T dB
| ON_| fin o——_on_} METER
y B T T3x
EE OFF COMMON Ofi I L
veel S o aeeTo = =
ViL <=—6 6
7 7
‘ e d
VEEY = VEEY = *Includes all probe and jig capacitance
Figure 5. Maximum On Channel Leakage Current, Figure 6. Maximum On Channel Bandwidth,
Channel to Channel, Test Set-Up Test Set-Up
Vis Vee A vpg Vee
0.14F 16 T m RL 16
fin o—| OFF T METER C MW ON/OFF COMMONO/l  ror
R * R — ANALOGI/O
L I CL % L OFFION L o POINT
= ~ = R L
6 6
7 7 - f vee
8 Vin < 1 MHz 8 1
VEE Y = v tr=tf=6ns VEE Y =
- HANNEL SELECT cc- = CHANNEL SELECT
ViLorV|H == ¢ SELEC GND—I_l—I_I— ¢ SELEC
*Includes all probe and jig capacitance *Includes all probe and jig capacitance
Figure 7. Off Channel Feedthrough Isolation, Figure 8. Feedthrough Noise, Channel Select to
Test Set-Up Common Out, Test Set—-Up
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MC74VHC4051 MC74VHC4052 MC74VHC4053

Vee
CHANNEL .
SELECT >0%
GND
PLH —> -~ —> <— IPHL
ANALOG / \
ouT 7 50% i

Figure 9a. Propagation Delays, Channel Select

to Analog Out

Vv
vee cC J
16
ON/OFF COMMON Ol
ANALOG 1/0 __T__O :,E‘T’JT
_—|OFF/ON A

= ;CL

8

I | I | = CHANNEL SELECT

*Includes all probe and jig capacitance

Figure 9b. Propagation Delay, Test Set—Up Channel

Select to Analog Out

Vce
16
- |—| |—| ANALOG /0 COMMON Ol
Vee - TEST
ANALOG POINT
IN 7 50% T cL*
GND =
PLH —> < tPHL 6
7
ANALOG . 8
ouT 50% N
*Includes all probe and jig capacitance
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Figure 11a. Propagation Delays, Enable to Figure 11b. Propagation Delay, Test Set-Up
Analog Out Enable to Analog Out
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Figure 12. Crosstalk Between Any Two
Switches, Test Set-Up
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Figure 14a. Total Harmonic Distortion, Test Set—Up
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Figure 13. Power Dissipation Capacitance,

Test Set-Up
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Figure 14b. Plot, Harmonic Distortion

APPLICATIONS INFORMATION

The Channel Select and Enable control pins should be at
Vcc or GND logic levels. Vcc being recognized as a logic
high and GND being recognized as a logic low. In this exam-
ple:

Vcc = +5V = logic high
GND = 0V = logic low

The maximum analog voltage swings are determined by
the supply voltages Vcc and VEE. The positive peak analog
voltage should not exceed V. Similarly, the negative peak
analog voltage should not go below VEE. In this example, the
difference between Vcc and VEE is ten volts. Therefore,
using the configuration of Figure 15, a maximum analog sig-
nal of ten volts peak—to—peak can be controlled. Unused
analog inputs/outputs may be left floating (i.e., not con-
nected). However, tying unused analog inputs and outputs to

Vcc or GND through a low value resistor helps minimize
crosstalk and feedthrough noise that may be picked up by an
unused switch.

Although used here, balanced supplies are not a require-
ment. The only constraints on the power supplies are that:

Vcec — GND = 2 to 6 volts

VEE — GND = 0 to -6 volts

Vce — VEE = 2 to 12 volts
and VEE < GND

When voltage transients above Vcc and/or below VEg are
anticipated on the analog channels, external Germanium or
Schottky diodes (Dy) are recommended as shown in Figure
16. These diodes should be able to absorb the maximum
anticipated current surges during clipping.

Very High—Speed CMOS Logic
VHC Data — DL203 — Rev 2
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v vV
—1 +5V ccC Vee —1 cC
16 Dx 16 Dx
W — 45V
ANALOG ANALOG
QU oo TN T aona QU ["onioFF |
_ SIGNAL - SIGNAL -
v 5V 5 — ]
X X
VEE VEE
6 11— TO EXTERNAL CMOS
7 10 —| CIRCUITRY 0to 5V 7
8 9 }—_| DIGITAL SIGNALS 8
A VEEY =
Figure 15. Application Example Figure 16. External Germanium or

Schottky Clipping Diodes

—T +5V —t +5V
16 16

+5V — — 45V +5V — — 45V
/\ ANALOG ANALOG /" ANALOG ANALOG /"
——— ON/OFF H—— ——— ONIOFF ——
Ver — SIGNAL SIGNAL v Ver — SIGNAL SIGNAL v
EE 5V EE EE EE
r—-
| | +5V *
g ié LSTTL/NMOS S ié | | LSTTL/NMOS
CIRCUITRY CIRCUITRY
8 9 8 9
— — L—
VEEY = *2K <R<10K JT- VEEY = et JT—
BUFFER
a. Using Pull-Up Resistors b. Using HCT Interface

Figure 17. Interfacing LSTTL/NMOS to CMOS Inputs
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Figure 18. Function Diagram, VHC4051
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10 D o LEVEL | 12

A SHIFTER :D ¢ Dc [{> T D O % X0
9 LEVEL 15

B D O SHIFTER ® D_C ® IDC :{> T D O '; % X2

6 LEVEL 1
ENABLE_DO_ SHIFTER 4> | Yo

Figure 19. Function Diagram, VHC4052
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10 LEVEL 4@_;— L

B _DO_ SHIFTER v
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Figure 20. Function Diagram, VHC4053

Very High—Speed CMOS Logic 171 MOTOROLA
VHC Data — DL203 — Rev 2



MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Advance Information
Quad Analog Switch/

Multiplexer/Demultiplexer
High—Performance Silicon—Gate CMOS

The MC74VHC4066 utilizes silicon—-gate CMOS technology to
achieve fast propagation delays, low ON resistances, and low OFF—
channel leakage current. This bilateral switch/multiplexer/demultiplexer
controls analog and digital voltages that may vary across the full
power—supply range (from Vcc to GND).

The VHCA4066 is identical in pinout to the metal-gate CMOS MC14066
and the high—speed CMOS HC4066A. Each device has four independent
switches. The device has been designed so that the ON resistances
(RoN) are much more linear over input voltage than RoN of metal-gate
CMOS analog switches.

The ON/OFF control inputs are compatible with standard CMOS
outputs; with pullup resistors, they are compatible with LSTTL outputs.
For analog switches with voltage—level translators, see the VHC4316.

» Fast Switching and Propagation Speeds

» High ON/OFF Output Voltage Ratio

» Low Crosstalk Between Switches

» Diode Protection on All Inputs/Outputs

* Wide Power-Supply Voltage Range (Vcc — GND) = 2.0 to 12.0 Volts
* Analog Input Voltage Range (Vcc — GND) = 2.0 to 12.0 Volts

» Improved Linearity and Lower ON Resistance over Input Voltage than
the MC14016 or MC14066

* Low Noise
e Chip Complexity: 44 FETs or 11 Equivalent Gates

LOGIC DIAGRAM

1 2
Xp ——=>—] —— Y),
13 [
A ON/OFF CONTROL
4 3
Xg —=>— —>—— Yp
5 [ ANALOG
B ON/OFF CONTROL OUTPUTS/INPUTS
8 9
Xg —>— —>— Y
coniorr controL & |
11 10
Xp —=>— —e>—— YD
D ONIOFF CONTROL 22— |
ON/OFF CONTRO ANALOG INPUTS/OUTPUTS = Xa, Xg, XC. XD
PIN 14 = Vec
PIN 7 = GND

This document contains information on a new product. Specifications and information herein are subject to

change without notice.
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MC74VHC4066

D SUFFIX
14-LEAD SOIC PACKAGE
CASE 751A-03

*

DT SUFFIX
14-LEAD TSSOP PACKAGE
CASE 948G-01

ORDERING INFORMATION

MC74VHCXXXXD SOIC
MC74VHCXXXXDT  TSSOP

PIN ASSIGNMENT

Xal 10 14 1 Vee
A ON/OFF
Yall 2 13 I conTROL
Y 3 12 [1 D ON/OFF
B0 0 CONTROL
xg [ 4 1 [1xp
B ON/OFF
conTroL [ 5 10 Ivp
CON/OFF [] 6 9l Ye
CONTROL
oo ff 7 8 I Xc

FUNCTION TABLE

On/Off Control State of
Input Analog Switch
L Off
H On
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MAXIMUM RATINGS*

MC74VHC4066

Symbol Parameter Value Unit
Vce Positive DC Supply Voltage (Referenced to GND) -0.5t0+14.0 \%
Vis Analog Input Voltage (Referenced to GND) -05toVcc+05 | V
Vin Digital Input Voltage (Referenced to GND) -05toVcc+05 | V
| DC Current Into or Out of Any Pin +25 mA
Pp Power Dissipation in Still Air, SOIC Packaget 500 mw
TSSOP Packaget 450
Tstg Storage Temperature —65to + 150 °C
TL Lead Temperature, 1 mm from Case for 10 Seconds 260 °C
* Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — SOIC Package: — 7 mW/°C from 65° to 125°C
TSSOP Package: — 6.1 mW/°C from 65° to 125°C
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min Max | Unit
Vce Positive DC Supply Voltage (Referenced to GND) 2.0 12.0 \%
Vis Analog Input Voltage (Referenced to GND) GND | Vcc \%
Vin Digital Input Voltage (Referenced to GND) GND | Vcc \%
V|o* Static or Dynamic Voltage Across Switch — 1.2 \Y
TA Operating Temperature, All Package Types -55 |+125 | °C
tr, tf Input Rise and Fall Time, ON/OFF Control ns
Inputs (Figure 10) Vcc=20V 0 1000
Vcc =30V 0 600
Vec =45V | 0 500
Vcc=9.0V 0 400
Vec =120V ]| 0 250

* For voltage drops across the switch greater than 1.2 V (switch on), excessive V¢ current may
be drawn; i.e., the current out of the switch may contain both V¢ and switch input components.

The reliability of the device will be unaffected unless the Maximum Ratings are exceeded.

DC ELECTRICAL CHARACTERISTIC Digital Section (Voltages Referenced to GND)

This device contains protection
circuitry to guard against damage
due to high static voltages or electric
fields. However, precautions must
be taken to avoid applications of any
voltage higher than maximum rated
voltages to this high—impedance cir-
cuit. For proper operation, Vj, and
Vout should be constrained to the
range GND = (Vjn or Vout) = Vce.

Unused inputs must always be
tied to an appropriate logic voltage
level (e.g., either GND or V).
Unused outputs must be left open.
1/0 pins must be connected to a
properly terminated line or bus.

Guaranteed Limit
Vce -55to
Symbol Parameter Test Conditions \ 25°C < 85°C | =125°C | Unit
VIH Minimum High-Level Voltage Ron = Per Spec 2.0 15 15 15 \%
ON/OFF Control Inputs 3.0 2.1 2.1 2.1
4.5 3.15 3.15 3.15
9.0 6.3 6.3 6.3
12.0 8.4 8.4 8.4
VL Maximum Low-Level Voltage Ron = Per Spec 2.0 0.5 0.5 0.5 \Y
ON/OFF Control Inputs 3.0 0.9 0.9 0.9
4.5 1.35 1.35 1.35
9.0 2.7 2.7 2.7
12.0 3.6 3.6 3.6
lin Maximum Input Leakage Current | Vin = Vcc or GND 12.0 +0.1 +1.0 +1.0 HA
ON/OFF Control Inputs
Icc Maximum Quiescent Supply Vin = Vcc or GND 6.0 2 20 40 HA
Current (per Package) Vio=0V 12.0 4 40 160
Very High—Speed CMOS Logic 173 MOTOROLA
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MC74VHC4066

DC ELECTRICAL CHARACTERISTICS Analog Section (Voltages Referenced to GND)

Guaranteed Limit
Vce -55to
Symbol Parameter Test Conditions \ 25°C < 85°C | = 125°C Unit
Ron Maximum “ON" Resistance Vin = VIH 2.0t — — — Q
V|s = Vg to GND 3.0t — — —
Is = 2.0 mA (Figures 1, 2) 4.5 120 160 200
9.0 70 85 100
12.0 70 85 100
Vin=VIH 2.0 — — —
V|s = V¢ or GND (Endpoints) 3.0 — — —
Ig = 2.0 mA (Figures 1, 2) 4.5 70 85 100
9.0 50 60 80
12.0 30 60 80
ARon Maximum Difference in “ON” Vin = VIH 2.0 — — — Q
Resistance Between Any Two Vis =1/2 (Vcc — GND) 4.5 20 25 30
Channels in the Same Package |Ig < 2.0 mA 9.0 15 20 25
12.0 15 20 25
loff Maximum Off-Channel Leakage | Vin = V)L 12.0 0.1 0.5 1.0 HA
Current, Any One Channel Vio = Vcc or GND
Switch Off (Figure 3)
lon Maximum On-Channel Leakage | Vinh=VIH 12.0 0.1 0.5 1.0 HA
Current, Any One Channel V|s =Vcc or GND
(Figure 4)

TAt supply voltage (Vcc) approaching 3 V the analog switch—on resistance becomes extremely non-linear. Therefore, for low-voltage
operation, it is recommended that these devices only be used to control digital signals.

AC ELECTRICAL CHARACTERISTICS (Cy =50 pF, ON/OFF Control Inputs: t; = tf = 6 ns)

Guaranteed Limit
Vece -55to
Symbol Parameter \Y 25°C < 85°C | = 125°C Unit
tPLH: Maximum Propagation Delay, Analog Input to Analog Output 2.0 40 50 60 ns
tPHL (Figures 8 and 9) 3.0 30 40 50
45 5 7 8
9.0 5 7 8
12.0 5 7 8
tpLZ, Maximum Propagation Delay, ON/OFF Control to Analog Output 2.0 80 90 110 ns
tpHZ (Figures 10 and 11) 3.0 60 70 80
45 20 25 35
9.0 20 25 35
12.0 20 25 35
tpzZL, Maximum Propagation Delay, ON/OFF Control to Analog Output 2.0 80 90 100 ns
tpzH (Figures 10 and 1 1) 3.0 45 50 60
45 20 25 30
9.0 20 25 30
12.0 20 25 30
C Maximum Capacitance ON/OFF Control Input — 10 10 10 pF
Control Input = GND
Analog I/0 — 35 35 35
Feedthrough — 1.0 1.0 1.0
Typical @ 25 °C, Vcc =5.0V
CpD Power Dissipation Capacitance (Per Switch) (Figure 13)* 15 pF

* Used to determine the no—load dynamic power consumption: Pp = Cpp Vcc2f + Icc Vee.
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ADDITIONAL APPLICATION CHARACTERISTICS (Voltages Referenced to GND Unless Noted)

MC74VHC4066

Limit*
Vce 25°C
Symbol Parameter Test Conditions \ 74HC Unit
BW Maximum On—Channel Bandwidth or | i, = 1 MHz Sine Wave 4.5 150 MHz
Minimum Frequency Response Adjust fi, Voltage to Obtain 0 dBm at Vpg 9.0 160
(Figure 5) Increase fj, Frequency Until dB Meter Reads — 3 dB 12.0 160
R =50Q, C_ =10 pF
— Off-Channel Feedthrough Isolation fin = Sine Wave 4.5 -50 dB
(Figure 6) Adjust fj, Voltage to Obtain 0 dBm at V|g 9.0 -50
fin =10 kHz, R_ =600 Q, C_ =50 pF | 12.0 -50
fin=1.0 MHz, R =50 Q, C|_ =10 pF 4.5 —-40
9.0 —-40
12.0 —-40
— Feedthrough Noise, Control to Vin = 1 MHz Square Wave (t; = tf = 6 ns) 45 60 mVpp
Switch Adjust R|_ at Setup so thatIg=0A 9.0 130
(Figure 7) R =600 Q, C_=50 pF 12.0 200
RL =10kQ, C_=10pF 4.5 30
9.0 65
12.0 100
— Crosstalk Between Any Two Switches | fi, = Sine Wave 4.5 -70 dB
(Figure 12) Adjust fi, Voltage to Obtain 0 dBm at V|g 9.0 -70
fin =10 kHz, R_ =600 Q, C| =50 pF | 12.0 -70
fin=1.0 MHz, R_ =50 Q, C|_= 10 pF 4.5 -80
9.0 —-80
12.0 -80
THD Total Harmonic Distortion fin = 1 kHz, R =10 kQ, C_ =50 pF %
(Figure 14) THD = THDMeasured — THDSource
V|s = 4.0 Vpp sine wave 45 0.10
V|s = 8.0 Vpp sine wave 9.0 0.06
V|s =11.0 Vpp sinewave | 12.0 0.04
* Guaranteed limits not tested. Determined by design and verified by qualification.
Very High—Speed CMOS Logic 175 MOTOROLA
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TBD TBD
Figure 1a. Typical On Resistance,V ¢cc=2.0V Figure 1b. Typical On Resistance,V ¢cc=4.5V
TBD TBD
Figure 1c. Typical On Resistance,V ¢cc=6.0V Figure 1d. Typical On Resistance,V cc=9.0V
PLOTTER
A
Y
PROGRAMMABLE
TBD POWER <——> MINICOMPUTER |« DC ANALYZER
SUPPLY
- + |—’ VCC
DEVICE
UNDER TEST
ANALOG IN X COMMON OUT
— GND
Figure le. Typical On Resistance,V cc =12V Figure 2. On Resistance Test Set-Up
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MC74VHC4066
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Figure 9. Propagation Delay Test Set-Up
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Figure 11. Propagation Delay Test Set—Up
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Figure 12. Crosstalk Between Any Two Switches,

Test Set-Up
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Figure 14. Total Harmonic Distortion, Test Set—Up
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Figure 15. Plot, Harmonic Distortion

APPLICATION INFORMATION

The ON/OFF Control pins should be at Vcc or GND logic
levels, Vcc being recognized as logic high and GND being
recognized as a logic low. Unused analog inputs/outputs
may be left floating (not connected). However, it is advisable
to tie unused analog inputs and outputs to Vcc or GND
through a low value resistor. This minimizes crosstalk and
feedthrough noise that may be picked—up by the unused I/O
pins.

The maximum analog voltage swings are determined by
the supply voltages Vcc and GND. The positive peak analog
voltage should not exceed V. Similarly, the negative peak
analog voltage should not go below GND. In the example

JVC(;=12V

below, the difference between Vcc and GND is twelve volts.
Therefore, using the configuration in Figure 16, a maximum
analog signal of twelve volts peak—to—peak can be con-
trolled.

When voltage transients above Vcc and/or below GND
are anticipated on the analog channels, external diodes (Dx)
are recommended as shown in Figure 17. These diodes
should be small signal, fast turn—on types able to absorb the
maximum anticipated current surges during clipping. An
alternate method would be to replace the Dx diodes with
MQOesorbs (Motorola high current surge protectors).
MOQesorbs are fast turn—on devices ideally suited for precise
DC protection with no inherent wear out mechanism.

—T Vee
Dx

Vee
Hlov—= ANALOG 1/0 14 ANALOG O/l -ty 5 °
AL TN JAmasal 1
ov— — 0oV
Dx Dx
L SELECTED Ve = SELECTED =
CONTROL L oTHeR conTRoL I CONTROL 1 oTHER conTRoL
— } INPUTS — } INPUTS
_L_ 7 — (Vcc OR GND) J__ 7 — (Vcc OR GND)
Figure 16. 12 V Application Figure 17. Transient Suppressor Application
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+5V
A
ANALOG [ —] 14
SIGNALS | —
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15 ,
1 R*=2T010kQ 1

a. Using Pull-Up Resistors
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———
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LSTTL/ BUFFER
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| | 15
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b. Using HCT Buffer

Figure 18. LSTTL/NMOS to HCMOS Interface

Vpp=5V Vcc=5TO 12V
|1_3 1 16 ANALOG [ — 14 ) ANALOG
3 SIGNALS | — — [ SIGNALS
5 VHC4066
_ 7| MC14504 5
_9 4 6 CONTROL
1 6 14 INPUTS
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I

Figure 19. TTL/INMOS-to—CMOS Level Converter
Analog Signal Peak—to—Peak Greater than 5V

(Also see VHC4316)
10F4
CHANNEL 4 SWITCHES
L
10F4
CHANNEL 3 SWITCHES
L COMMON 1/0
10F4
CHANNEL 2 SWITCHES
L
10F4 — OUTPUT
CHANNEL 1 10F4
SWITCHES INPUT —— SWITCHES LF356 OR
EQUIVALENT
0.01 pF
1 2 3 4 I
CONTROL INPUTS =
Figure 20. 4—Input Multiplexer Figure 21. Sample/Hold Amplifier
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Advance Information MC74VHC4316

Quad Analog Switch/Multiplexer/

Demultiplexer with Separate
Analog and Digital Power Supplies
High—Performance Silicon—Gate CMOS

The MC74VHC4316 utilizes silicon—gate CMOS technology to achieve
fast propagation delays, low ON resistances, and low OFF—channel leakage
current. This bilateral switch/multiplexer/demultiplexer controls analog and
digital voltages that may vary across the full analog power—supply range
(from Vcc to VEE).

The VHC4316 is similar in function to the VHC4066, the metal-gate
CMOS MC14016 and MC14066, and to the High—Speed CMOS HC4066A.
Each device has four independent switches. The device control and Enable
inputs are compatible with standard CMOS outputs; with pullup resistors,
they are compatible with LSTTL outputs. The device has been designed so
that the ON resistances (RoN) are much more linear over input voltage than
RoN of metal-gate CMOS analog switches. Logic—level translators are
provided so that the On/Off Control and Enable logic—level voltages need
only be Vcc and GND, while the switch is passing signals ranging between
Vcc and VEgE. When the Enable pin (active—low) is high, all four analog

D SUFFIX
16—-LEAD SOIC PACKAGE
CASE 751B-05

S

DT SUFFIX
16-LEAD TSSOP PACKAGE
CASE 948F-01

ORDERING INFORMATION

MC74VHCXXXXD SOIC
MC74VHCXXXXDT TSSOP

switches are turned off.

* Logic—Level Translator for On/Off Control and Enable Inputs

» Fast Switching and Propagation Speeds

» High ON/OFF Output Voltage Ratio

» Diode Protection on All Inputs/Outputs

* Analog Power—Supply Voltage Range (Vcc — VEE) = 2.0 to 12.0 Volts

» Digital (Control) Power—Supply Voltage Range (Vcc — GND) = 2.0 to
6.0 Volts, Independent of VEE

e Improved Linearity of ON Resistance

e Chip Complexity: 66 FETs or 16.5 Equivalent Gates

LOGIC DIAGRAM

PIN ASSIGNMENT

Xalle 16 [ Vce
A ONJOFF
Yall 2 15 [1 §NTaoL
Y 3 14 [1 D ON/OFF
B0 H CoNTROL
XB 04 131 XD
B ON/OFF
controL [ ® 12 1¥p
C ON/OFF
conTroL J 8 uive
ENABLE [] 7 10 [ X¢
GND ] 8 9 [ Vg

FUNCTION TABLE

Inputs State of

On/Off Analog
Enable Control Switch

L H On
L L Off
H X Off

X =don't care

o L | anaLoc 2., )
A SlswitcH[~ T A
A ONJOFF CONTROL 22 LEVEL |
o TRANSLATOR
o ~ [ AnaLOG 3y
B swicH[~ B
B ON/OFF CONTROL —> LEVEL [ ANALOG
| TRANSLATOR OUTPUTS/INPUTS
. 10 ~ [ AnALOG u
¢ ™ switcH[™ "C| PIN16=Vcc
PIN 8 = GND
C ONIOFF CONTROL —2 LEVEL | PIN9=V,
| d TRANSLATOR GND>V§EE
o 13 ~ [ AnALOG 2,
D ™ swrcH[~ D
D ON/OFF CONTROL 14 LEVEL I
7
ENABLE —4—d| TRANSLATOR

ANALOG INPUTS/OUTPUTS = X, Xg, X, Xp

This document contains information on a new product. Specifications and information herein are subject to
change without notice.
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MC74VHC4316

MAXIMUM RATINGS*

Symbol Parameter Value Unit
Vce Positive DC Supply Voltage (Ref. to GND) -05t0+7.0 \%
(Ref.to VEg) | —0.5t0+14.0
VEE Negative DC Supply Voltage (Ref. to GND) —-7.0t0+0.5 \%
Vs Analog Input Voltage VEg-0.5 \%
toVcc +0.5
Vin DC Input Voltage (Ref. to GND) -05toVecc+05| V
| DC Current Into or Out of Any Pin +25 mA
PD Power Dissipation in Still Air SOIC Packaget 500 mw
TSSOP Packaget 450
Tstg Storage Temperature —65to + 150 °C
TL Lead Temperature, 1 mm from Case for 10 Seconds 260 °C
*Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — SOIC Package: — 7 mW/°C from 65° to 125°C
TSSOP Package: — 6.1 mW/°C from 65° to 125°C
RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Min Max | Unit
Vce Positive DC Supply Voltage (Ref. to GND) 2.0 6.0 \%
VEE Negative DC Supply Voltage (Ref. to GND) —-6.0 | GND \%
Vs Analog Input Voltage VEe | Vcc \%
Vin Digital Input Voltage (Ref. to GND) GND | Vcc \Y
V|o* Static or Dynamic Voltage Across Switch — 1.2 \Y
TA Operating Temperature, All Package Types -55 [+125 | °C
tr, tf Input Rise and Fall Time Vcc=20V 0 1000 ns
(Control or Enable Inputs) Vcc=30V 0 600
(Figure 10) Vcc =45V 0 500
Vcc=6.0V 0 400

* For voltage drops across the switch greater than 1.2 V (switch on), excessive V¢ current may
be drawn; i.e., the current out of the switch may contain both V¢ and switch input components.

The reliability of the device will be unaffected unless the Maximum Ratings are exceeded.

This device contains protection
circuitry to guard against damage
due to high static voltages or electric
fields. However, precautions must
be taken to avoid applications of any
voltage higher than maximum rated
voltages to this high—impedance cir-
cuit. For proper operation, Vj, and
Vout should be constrained to the
range GND = (Vjn or Vout) = Vce.

Unused inputs must always be
tied to an appropriate logic voltage
level (e.g., either GND or V).
Unused outputs must be left open.
1/0 pins must be connected to a
properly terminated line or bus.

DC ELECTRICAL CHARACTERISTICS Digital Section (Voltages Referenced to GND) VEg = GND Except Where Noted

Guaranteed Limit
Vce -55to
Symbol Parameter Test Conditions \ 25°C = 85°C | =125°C Unit
VIH Minimum High—Level Voltage, Ron = Per Spec 2.0 15 15 15 \%
Control or Enable Inputs 3.0 2.1 2.1 2.1
4.5 3.15 3.15 3.15
6.0 4.2 4.2 4.2
VL Maximum Low-Level Voltage, Ron = Per Spec 2.0 0.5 0.5 0.5 \%
Control or Enable Inputs 3.0 0.9 0.9 0.9
4.5 1.35 1.35 1.35
6.0 1.8 1.8 1.8
lin Maximum Input Leakage Vin = Vcc or GND 6.0 +0.1 +1.0 +1.0 MA
Current, Control or Enable VEE=-6.0V
Inputs
Icc Maximum Quiescent Supply Vin =Vcc or GND HA
Current (per Package) Vio=0V VEg = GND 6.0 2 20 40
VEE=-6.0 6.0 4 40 160
MOTOROLA 182 Very High—Speed CMOS Logic
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DC ELECTRICAL CHARACTERISTICS

Analog Section (Voltages Referenced to VEE)

MC74VHC4316

Guaranteed Limit
Vce VEE —-55to
Symbol Parameter Test Conditions \ \VJ 25°C < 85°C | < 125°C | Unit
Ron Maximum “ON” Resistance Vin = VIH 2.0* 0.0 — — — Q
Vis =Vcc to VEE 3.0 0.0 TBD TBD TBD
Is = 2.0 mA (Figures 1, 2) 45 0.0 160 200 240
4.5 -45 90 110 130
6.0 -6.0 90 110 130
Vin =VIH 2.0 0.0 — — —
V|s = V¢ or VEg (Endpoints) 3.0 0.0 TBD TBD TBD
Is < 2.0 mA (Figures 1, 2) 4.5 0.0 90 115 140
4.5 -45 70 90 105
6.0 -6.0 70 90 105
ARpp | Maximum Difference in “ON” Vin=VIH 2.0 0.0 — — — Q
Resistance Between Any Two Vis =1/2 (Vcc - VEE) 3.0 0.0 TBD TBD TBD
Channels in the Same Package |Ig = 2.0 mA 4.5 0.0 20 25 30
4.5 -45 15 20 25
6.0 -6.0 15 20 25
loff Maximum Off—-Channel Leakage | Vin = VL 6.0 -6.0 0.1 0.5 1.0 HA
Current, Any One Channel Vio =Vcc or VEE
Switch Off (Figure 3)
lon Maximum On—Channel Leakage | Vinh = V|H 6.0 -6.0 0.1 0.5 1.0 MA
Current, Any One Channel V|s =Vcc or VEE
(Figure 4)

* At supply voltage (Vcc — VEE) approaching 2 V the analog switch—on resistance becomes extremely non-linear. Therefore, for low—voltage

operation, it is recommended that these devices only be used to control digital signals.

AC ELECTRICAL CHARACTERISTICS (C| =50 pF, Control or Enable t; = t; = 6 ns, VEg = GND)

Guaranteed Limit
Vce —-55to
Symbol Parameter \Y 25°C < 85°C | = 125°C Unit
tPLH, Maximum Propagation Delay, Analog Input to Analog Output 2.0 40 50 60 ns
tPHL (Figures 8 and 9) 3.0 TBD TBD TBD
45 6 8 9
6.0 5 7 8
tpLZ, Maximum Propagation Delay, Control or Enable to Analog Output 2.0 130 160 200 ns
tPHZ (Figures 10 and 11) 3.0 TBD TBD TBD
45 40 50 60
6.0 30 40 50
tpzL, Maximum Propagation Delay, Control or Enable to Analog Output 2.0 140 175 250 ns
tpzH (Figures 10 and 11) 3.0 TBD TBD TBD
45 40 50 60
6.0 30 40 50
C Maximum Capacitance ON/OFF Control — 10 10 10 pF
and Enable Inputs
Control Input = GND
Analog I/0 — 35 35 35
Feedthrough — 1.0 1.0 1.0
Typical @ 25 °C, Vcc =5.0V
CpD Power Dissipation Capacitance (Per Switch) (Figure 13)* 15 pF
*Used to determine the no—load dynamic power consumption: Pp = Cpp Vcc2f + Icc Vec.
Very High—Speed CMOS Logic 183 MOTOROLA
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MC74VHC4316

ADDITIONAL APPLICATION CHARACTERISTICS (GND =0V)

Vce VEE Limit*

Symbol Parameter Test Conditions \% \% 25°C Unit
BW Maximum On—Channel Bandwidth or | fj, = 1 MHz Sine Wave 2.25 -2.25 150 MHz
Minimum Frequency Response Adjust fj, Voltage to Obtain 0 dBm at Vog 4.50 -4.50 160

(Figure 5) Increase fj, Frequency Until dB Meter 6.00 —-6.00 160
Reads — 3 dB RL=50Q,C=10pF
— Off-Channel Feedthrough Isolation | fj; = Sine Wave 2.25 -2.25 —-50 dB
(Figure 6) Adjust fi, Voltage to Obtain 0 dBm at V|g 4.50 -4.50 -50
fin =10 kHz, R_ =600 Q, C|_ =50 pF [ 6.00 —-6.00 -50
fin=1.0MHz, R_. =50 Q,C =10pF | 225 -2.25 —-40
4.50 —-4.50 —-40
6.00 —-6.00 —-40
— Feedthrough Noise, Control to Vin = 1 MHz Square Wave (t; = tf = 6 ns) 2.25 -2.25 60 mVpp
Switch Adjust R|_ at Setup so thatIg=0A 4.50 -4.50 130
(Figure 7) R =600Q,C =50pF | 6.00 —6.00 200
RL=10kQ, C_=10pF | 2.25 -2.25 30
4.50 —-4.50 65
6.00 —-6.00 100
— Crosstalk Between Any Two fin = Sine Wave 2.25 -2.25 -70 dB
Switches Adjust fi, Voltage to Obtain 0 dBm at V|g 4.50 —-4.50 -70
(Figure 12) fin =10 kHz, R_ =600 Q, C_ =50 pF [ 6.00 —-6.00 -70
fin=1.0MHz, R_ =50 Q,C =10pF | 225 -2.25 -80
4.50 —4.50 —-80
6.00 —-6.00 -80
THD Total Harmonic Distortion fin=1kHz, R =10 kQ, C|_=50 pF %
(Figure 14) THD = THDMeasured — THDSource
V|s =4.0 Vpp sine wave | 2.25 -2.25 0.10
V|s = 8.0 Vpp sine wave 4.50 —-4.50 0.06
V|s =11.0 Vpp sine wave | 6.00 —-6.00 0.04

* Limits not tested. Determined by design and verified by qualification.

Figure 1a. Typical On Resistance, Figure 1b. Typical On Resistance,
Vcc-VEE=20V Vcc-VEE=30V
MOTOROLA 184 Very High—Speed CMOS Logic
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MC74VHC4316

Figure 1c. Typical On Resistance, Figure 1d. Typical On Resistance,
Vcc-VEE=45V Vcc-VEE=6.0V
TBD TBD
Figure 1e. Typical On Resistance, Figure 1e. Typical On Resistance,
Vcc-VEE=9.0V Vcc-VEE=12.0V
PLOTTER
A
Y
PROGRAMMABLE
POWER <—>| MINICOMPUTER DC ANALYZER
SUPPLY
i ——> Vcc
DEVICE
UNDER TEST
ANALOG IN > COMMON OUT
=oND YV

Figure 2. On Resistance Test Set—-Up
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Vee

_j Vee

Ve 16
veck o~(——{ o o
Vi
7 SELECTED T
8 CONTROL
9 INPUT

VEEY =

Figure 3. Maximum Off Channel Leakage Current,
Any One Channel, Test Set-Up

TOdB
METER

fin 0— F——

0.1pF

; SELECTED 1
CONTROL

INPUT

VEEY =

*Includes all probe and jig capacitance.

Figure 5. Maximum On-Channel Bandwidth
Test Set-Up

_j Vee

16

TEST
POINT

[
RL

= 7

SELECTED
CONTROL

VEEY = INPUT

I | I | CONTROL

*Includes all probe and jig capacitance.

:

Figure 7. Feedthrough Noise, Control to Analog Out,
Test Set-Up

Vee LO _t Vee

16
~—®—H o e
VEE{
VIH
7 SELECTED 1
8  CONTROL
INPUT

VEE

Figure 4. Maximum On Channel Leakage Current,
Test Set-Up

Vis
_j Vee
16
, TOdB
fin 0 OFF METER
0.1 pF RL RL ]: CL*
7
SELECTED
CONTROL
INPUT |
VEEY = =
*Includes all probe and jig capacitance.
Figure 6. Off-Channel Feedthrough Isolation,
Test Set-Up
— Vee

ANALOG IN

tPLH

ANALOG OUT

Figure 8. Propagation Delays, Analog In to
Analog Out
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_1 Vee
16

[ ] _AvaoGio| ——— [ANALOGON  TEST
[_ON | T O poNT

I 50 pF*
! SELECTED 1 vee
g CONTROL

INPUT

*Includes all probe and jig capacitance.

Figure 9. Propagation Delay Test Set-Up

POSITION (1) WHEN TESTING tpyyz AND tpzi
@ Z‘l; POSITION (2) WHEN TESTING tp| 7 AND tpz|

Vcﬂ
16 1kQ

Vee
€y
® o
_i_ Iso pF*
CONTROL =
| | | | OR
ENABLE
8
g

*Includes all probe and jig capacitance.

Figure 11. Propagation Delay Test Set—Up

Vee
16
Anvoes
N/IC { ONIOFF | N/IC
7
8  SELECTED
9  CONTROL
INPUT
VEE =

J LI L conrro

Figure 13. Power Dissipation Capacitance
Test Set-Up

MC74VHC4316

" o
ENABLE vee
<50% >
CONTROL GND
— 1) t — S
PzL  tPLZ HIGH
50% IMPEDANCE
ANALOG " : 10% — VoL
our > PZH tPHZ —>  |=—
90% — VOH
50% \ HIGH
IMPEDANCE

Figure 10. Propagation Delay, ON/OFF Control
to Analog Out

Vis
RL | J Vee
fin _| 16 RL

0.1y —Wt—]

! C* —
-.c ANALOG |/oI

TEST
i3 POINT
C*
- “ T
9 SELECTED J
l 1 CONTROL
VEE = INPUT
*Includes all probe and jig capacitance.
Figure 12. Crosstalk Between Any Two Switches,
Test Set-Up (Adjacent Channels Used)
Vis
Cil
10 pF 16 TO
fin o—] DISTORTION

R ==c  METER

7

8 SELECTED _1Vcc

9  CONTROL
INPUT

VEE =
*Includes all probe and jig capacitance.

Figure 14. Total Harmonic Distortion, Test Set—Up
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2.0 3.0
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Figure 15. Plot, Harmonic Distortion

APPLICATION INFORMATION

The Enable and Control pins should be at Vcc or GND
logic levels, Vcc being recognized as logic high and GND
being recognized as a logic low. Unused analog inputs/out-
puts may be left floating (not connected). However, it is ad-
visable to tie unused analog inputs and outputs to Vg or
VEE through a low value resistor. This minimizes crosstalk
and feedthrough noise that may be picked up by the unused
I/O pins.

The maximum analog voltage swings are determined by
the supply voltages Vcc and VEE. The positive peak analog
voltage should not exceed Vcc. Similarly, the negative peak
analog voltage should not go below VEE. In the example

below, the difference between Vcc and VEE is twelve volts.
Therefore, using the configuration in Figure 16, a maximum
analog signal of twelve volts peak—-to—peak can be con-
trolled.

When voltage transients above Vcc and/or below VEE are
anticipated on the analog channels, external diodes (Dx) are
recommended as shown in Figure 17. These diodes should
be small signal, fast turn—on types able to absorb the maxi-
mum anticipated current surges during clipping. An alternate
method would be to replace the Dx diodes with MOesorbs
(Motorola high current surge protectors). MOesorbs are fast
turn—on devices ideally suited for precise dc protection with
no inherent wear out mechanism.

J Ve =6V Vee —T Vee
— 16 - Dx 16 Dx
*6V= A\ ANALOG 10 o HAvoson N\ T oV
\V) — .
-6V — — -6V D Vee D
X SELECTED X
+6V T_ SELECTED L CONTROL VEE
CONTROL v INPUT
INPUT ENABLE CONTROL =
— <—{VEg L ) ENABLE CONTROL
VEE — INPUTS — INPUTS
I 8 — (Vcc OR GND) In — (Vcc OR GND)
-6V = =
Figure 16. Figure 17. Transient Suppressor Application
MOTOROLA 188 Very High—Speed CMOS Logic
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Vec=5V
A
ANALOG [ —] 16 ) ANALOG
SIGNALS | — — [ SIGNALS
R* * % * *
VHC4316 VeE =0
TO-6V
TTL 7 ENABLE
5 AND
6 | & CONTROL g
14 INPUTS
15

8
1 R*=2T010kQ 1

a. Using Pull-Up Resistors

MC74VHC4316

+5V
A
ANALOG [ —] 16 ) ANALOG
SIGNALS | — — | SIGNALS
[ VHCT VHC4316
| surrer | VEe=0
| [ TO-6V
LSTTL/ : ;
NMOS | |8 1] conTrOL
| | 14 [¢ mPUTS 9
[ | 15
f ! !
T T T

b. Using HCT Buffer

Figure 18. LSTTL/NMOS to HCMOS Interface

Veec=12V
12V R1
POWER GND =6V
SUPPLY R, =
VEE=0V
R1=R2
Vee
ANALOG ANALOG
INPUT R OUTPUT
v SIGNAL |, 10F4 SIGNAL AN
PP i SWITCHES \VAR
C Ry
R1=Rp
R3=R
VEE 3-R4

Figure 19. Switching a 0-to—12 V Signal Using a
Single Power Supply (GND #0 V)

10F4
SWITCHES
L

10F 4
SWITCHES
L COMMON 1/0

10F4
SWITCHES
 E—

10F4
SWITCHES

CHANNEL 4

CHANNEL 3

CHANNEL 2

CHANNEL 1

1 2 3 4
CONTROL INPUTS

Figure 20. 4-Input Multiplexer

—— OUTPUT
LF356 OR
EQUIVALENT

10F4

INPUT SWITCHES

0.01 pF

Il

Figure 21. Sample/Hold Amplifier
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SEMICONDUCTOR TECHNICAL DATA

Advance Information

Analog Multiplexer/ MC74VHC4351

Demultiplexer with

Address Latch
High—Performance Silicon—-Gate CMOS

The MC74VHC4351 utilizes silicon—-gate CMOS technology to achieve
fast propagation delays, low ON resistances, and low OFF leakage currents. DW SUFFIX
These analog multiplexers/demultiplexers control analog voltages that may 20-LEAD SOIC WIDE PACKAGE
vary across the complete power supply range (from Vcc to VEE). CASE 751D-04

The Channel-Select inputs determine which one of the Analog Inputs/
Outputs is to be connected, by means of an analog switch, to the Common
Output/Input. The data at the Channel-Select inputs may be latched by '
using the active—low Latch Enable pin. When Latch Enable is high, the latch \@@
is transparent. When either Enable 1 (active low) or Enable 2 (active high) is

. i I | itch t d off DT SUFFIX

inactive, all analog switches are turned off. _ _ 20-LEAD TSSOP PACKAGE
The Channel-Select and Enable inputs are compatible with standard CASE 948E—02

CMOS outputs; with pullup resistors, they are compatible with LSTTL

outputs.

This device has been designed so that the ON resistance (Rgp) is more ORDERING INFORMATION
linear over input voltage than Rgp of metal-gate CMOS analog switches. _

For multiplexers/demultiplexers without latches, see the VHC4051, MC74VHCXXXXDW  SOIC Wide
VHC4052, and VHC4053. MC74VHCXXXXDT ~ TSSOP

» Fast Switching and Propagation Speeds
* Low Crosstalk Between Switches

» Diode Protection on All Inputs/Outputs PIN ASSIGNMENT
* Analog Power Supply Range (Vcc — VEE) =2.0to 12.0V MC74VHC4351
» Digital (Control) Power Supply Range (Vcc — GND)=2.0t0 6.0 V
« Improved Linearity and Lower ON Resistance than Metal-Gate Types x4l 1e 20 1 Vee
+ Low Noise X6 2 19 [1 X2
* In Compliance with the Requirements Defined by JEDEC Standard NC [l 3 18 x1
No. 7A
» Chip Complexity: 222 FETs or 55.5 Equivalent Gates xQ 4 17 xo
X715 16 [1 X3
X5[ 6 15A
ENABLEL[] 7 14 1 NC
ENABLE2[] 8 13008
vee ] 9 121c
GND ] 10 1 Eﬁl&%HLE

NC = NO CONNECTION

This document contains information on a new product. Specifications and information herein are subject to
change without notice.
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LOGIC DIAGRAM
MC74VHCA4351
Single—Pole, 8—Position Plus Common Off and Address Latch

MC74VHC4351

' 17
X0 ——a—>
X1 18 FUNCTION TABLE
19 MC74VHC4351
X2 ——a—> |
ANALOG | x3 16 < 5l  MULTIPLEXER/ 4 COMMON Control Inputs ON
INPUTSIOUTPUTS | w4 —1 o 5| DEMULTIPLEXER [*>—— X outPUT/NPUT Enable Select Channel
— *
X5 2 1 2 C B A (LE = H)
L H L L L X0
X6 5 L H L L H X1
\ X7 ———> L H|fL H L X2
L H L H H X3
15 L H H L L X4
A — L H H L H X5
CHANNEL-SELECT 13 | CHANNEL L Hlnm n» L X6
INPUTS B T ADDRESS PIN 20 = VCC L H H H H X7
c—=—] LATCH PIN9=VEg H X [ X X X None
PIN 10 = GND X L X X X None
11
LATCH ENABLE 7—? PINS 3, 14 = NC X = don’t care
SWITCH J ENABLE1 *When Latch Enable is low, the Channel
ENABLES | ENABLE 2 Selection is latched and the Channel
Address Latch does not change states.
MAXIMUM RATINGS*
Symbol Parameter Value Unit This device contains protection
Vce | Positive DC Supply Voltage (Ref. to GND) -05t0+7.0 \% circuitry to guard against damage
(Ref. to VEE) —0.5t0 14.0 due to high static voltages or electric
- fields. However, precautions must
VEE Negative DC Supply Voltage (Ref. to GND) —-7.0to+0.5 \% be taken to avoid applications of any
Vis Analog Input Voltage VEE-05 \Y, voltage higher than maximum rated
toVcc +0.5 voltages to this high—impedance cir-
- cuit. For proper operation, Vj, and
Vin DC Input Voltage (Ref. to GND) -05toVec+05| V Vout should be constrained to the
I DC Current Into or Out of Any Pin +25 mA ranges indicated in the Recom-
————— —— mended Operating Conditions.
PpD Power Dissipation in Still Air SOIC or TSSOPT ;(5)8 mw Unused digital input pins must be
tied to an appropriate logic voltage
Tstg | Storage Temperature —65to + 150 °C level (e.g., either GND or V).
Unused Analog I/O pins may be left
TL Lead Temperature, 1 mm from Case for 10 Seconds 260 °C g P Y

open or terminated. See Applica-

* Maximum Ratings are those values beyond which damage to the device may occur.

Functional operation should be restricted to the Recommended Operating Conditions.

tDerating — SOIC Package: — 7 mW/°C from 65° to 125°C

TSSOP Package: — 6.1 mW/°C from 65° to 125°C

tions Information.

Very High—Speed CMOS Logic
VHC Data — DL203 — Rev 2

191

MOTOROLA



MC74VHC4351

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
Vce Positive DC Supply Voltage (Ref.to GND) | 2.0 6.0 \%
(Ref.to VEg) | 2.0 12.0
VEE Negative DC Supply Voltage (Ref. to GND) | —6.0 | GND \%
Vs Analog Input Voltage VEe | Vcc \%
Vin Digital Input Voltage (Ref. to GND) GND | Vcc \%
V|o* Static or Dynamic Voltage Across Switch — 1.2 \%
TA Operating Temperature, All Package Types -55 | +125 | °C
tr, tf Input Rise and Fall Time, Vcc =20V 0 1000 ns
Channel Select or Enable Vcc=30V 0 600
Inputs (Figure 9a) Vcc =45V 0 500
Vcc=6.0V 0 400

* For voltage drops across the switch greater than 1.2 V (switch on), excessive V¢ current may
be drawn; i.e., the current out of the switch may contain both V¢ and switch input components.
The reliability of the device will be unaffected unless the Maximum Ratings are exceeded.

DC ELECTRICAL CHARACTERISTICS Digital Section (Voltages Referenced to GND) VEg = GND, Except Where Noted

Guaranteed Limit
Vce —-55to0
Symbol Parameter Test Conditions \ 25°C < 85°C | = 125°C Unit
VIH Minimum High-Level Input Ron = Per Spec 2.0 15 15 15 \%
Voltage, Channel-Select or 3.0 2.1 2.1 2.1
Enable Inputs 4.5 3.15 3.15 3.15
6.0 4.2 4.2 4.2
VL Maximum Low-Level Input Ron = Per Spec 2.0 0.5 0.5 0.5 \%
Voltage, Channel-Select or 3.0 0.9 0.9 0.9
Enable Inputs 4.5 1.35 1.35 1.35
6.0 1.8 1.8 1.8
lin Maximum Input Leakage Vin = Ve or GND, 6.0 +0.1 +1.0 +1.0 HA
Current, Channel-Select or VEE=-6.0V
Enable Inputs
Icc Maximum Quiescent Supply Channel Select = Vg or GND HA
Current (per Package) Enables = Vcc or GND
Vis=Vcc orGND  VEg = GND 6.0 1 10 40
Vip=0V VEg=-6.0 6.0 4 40 160

DC ELECTRICAL CHARACTERISTICS Analog Section

Guaranteed Limit
Vce VEE —-55to
Symbol Parameter Test Conditions \ \ 25°C = 85°C | = 125°C | Unit
Ron | Maximum “ON” Resistance Vin = VL or V|H 3.0 0.0 TBD TBD TBD Q
V|s =Vccto VEE 4.5 0.0 190 240 280
Is = 2.0 mA (Figures 1, 2) 4.5 -4.5 120 150 170
6.0 -6.0 100 125 140
Vin = V)L or V|H 3.0 0.0 TBD TBD TBD
V|s = Ve or VEg (Endpoints) 45 0.0 150 190 230
Is = 2.0 mA (Figures 1, 2) 4.5 -4.5 100 125 140
6.0 -6.0 80 100 115
ARgp | Maximum Difference in “ON” Vin=VjLorViy 3.0 0.0 TBD TBD TBD Q
Resistance Between Any Two Vis=1/2 (Vcc - VEE) 4.5 0.0 30 35 40
Channels in the Same Package |Ig < 2.0 mA 4.5 -45 12 15 18
6.0 -6.0 10 12 14
MOTOROLA 192 Very High—Speed CMOS Logic
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DC ELECTRICAL CHARACTERISTICS

Analog Section

MC74VHC4351

Guaranteed Limit
Vce VEE -55to
Symbol Parameter Test Conditions \% \% 25°C < 85°C | < 125°C | Unit
loff Maximum Off-Channel Leakage | Vijn = V|_ or V|H 6.0 -6.0 0.1 0.5 1.0 HA
Current, Any One Channel Vio =Vce - VEE
Switch Off (Figure 3)
Maximum Off-Channel Leakage | Vin = V)L or V|H
Current, Common Channel Vio =Vce - VEE
Switch Off (Figure 4) 6.0 -6.0 0.2 2.0 4.0
lon Maximum On—Channel Leakage | Vin = V|_or VIH HA
Current, Channel to Channel Switch to Switch = Vcc — VEE
(Figure 5) 6.0 | —-6.0 0.2 2.0 4.0
AC ELECTRICAL CHARACTERISTICS (C| =50 pF, Input t; = tf = 6 ns)
Guaranteed Limit
Vece | -55t0
Symbol Parameter \Y 25°C < 85°C | < 125°C | Unit
tPLH, Maximum Propagation Delay, Channel-Select to Analog Output 2.0 370 465 550 ns
tPHL (Figure 9) 3.0 TBD TBD TBD
4.5 74 93 110
6.0 63 79 94
tPLH: Maximum Propagation Delay, Analog Input to Analog Output 2.0 60 75 90 ns
tPHL (Figure 10) 3.0 TBD TBD TBD
4.5 12 15 18
6.0 10 13 15
tPLH; Maximum Propagation Delay, Latch Enable to Analog Output 2.0 325 410 485 ns
tPHL (Figure 12) 3.0 TBD TBD TBD
45 65 82 97
6.0 55 70 82
tpLZ, Maximum Propagation Delay, Enable 1 or 2 to Analog Output 2.0 290 365 435 ns
tPHZ (Figure 11) 3.0 TBD TBD TBD
4.5 58 73 87
6.0 49 62 74
tpzL, Maximum Propagation Delay, Enable 1 or 2 to Analog Output 2.0 345 435 515 ns
tp7H (Figure 11) 3.0 TBD TBD TBD
45 69 87 103
6.0 59 74 87
Cin Maximum Input Capacitance — 10 10 10 pF
Cio Maximum Capacitance Analog I/O | Enable 1 = V|y, Enable 2 = V| — 35 35 35 pF
Common O/I — 130 130 130
Feedthrough — 1.0 1.0 1.0
CpD Power Dissipation Capacitance (Per Package) (Figure 19. )* Typical @ 25°C, Vcc = 5.0V pF
45
*Used to determine the no—load dynamic power consumption: Pp = Cpp Vec2f + Icc Vec.
Very High—Speed CMOS Logic 193 MOTOROLA
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TIMING REQUIREMENTS (Input ty = tf = 6 ns)

Guaranteed Limit
Vece | -55to
Symbol Parameter \ 25°C < 85°C | < 125°C Unit
tsu Minimum Setup Time, Channel-Select to Latch Enable 2.0 100 125 150 ns
(Figure 12) 3.0 TBD TBD TBD
4.5 20 25 30
6.0 17 21 26
th Minimum Hold Time, Latch Enable to Channel Select 2.0 0 0 0 ns
(Figure 12) 3.0 TBD TBD TBD
4.5 0 0 0
6.0 0 0 0
tw Minimum Pulse Width, Latch Enable 2.0 80 100 120 ns
(Figure 12) 3.0 TBD TBD TBD
4.5 16 20 24
6.0 14 17 20
tr, tf Maximum Input Rise and Fall Times, Channel-Select, Latch Enable, 2.0 1000 1000 1000 ns
and Enables 1 and 2 3.0 800 800 800
4.5 500 500 500
6.0 400 400 400
ADDITIONAL APPLICATION CHARACTERISTICS (GND=0.0V)
Limit*
Vce VEE 25°C
Symbol Parameter Test Condition \ \ 74VHC Unit
BW Maximum On—Channel Bandwidth or | fi5 = 1 MHz Sine Wave MHz
Minimum Frequency Response Adjust fi, Voltage to Obtain 0 dBm at Vpg
(Figure 6) Increase fj, Frequency Until dB Meter 225 | -225 80
Reads — 3 dB 450 | -4.50 80
RL.=50Q,C_=10pF | 6.00 —-6.00 80
— Off-Channel Feedthrough Isolation fin = Sine Wave dB
(Figure 7) Adjust fi, Voltage to Obtain 0 dBm at V|g
fin=10kHz, R_=600Q, C_ =50 pF | 2.25 [ -2.25 -50
4.50 —-4.50 -50
6.00 | -6.00 -50
fin=1.0 MHz, R. =50 Q, C| =10pF | 2.25 | -2.25 - 40
4.50 —-4.50 -40
6.00 | -6.00 —40
— Feedthrough Noise, Channel Select | Vi, = 1 MHz Square Wave mVpp
Input to Common O/l (tr=tf=6ns)
(Figure 8) Adjust R|_at Setup so thatIg=0A
Enable = GND 2.25 -2.25 25
RL=600Q,C_=50pF | 450 |-4.50 105
6.00 —-6.00 135
RL=10kQ, C_=10pF | 225 |-2.25 35
4.50 —-4.50 145
6.00 | -6.00 190
THD Total Harmonic Distortion fin =1 kHz, R = 10 kQ, C_ =50 pF %
(Figure 14) THD = THDMeasured — THDSource
V|s =4.0 Vpp sinewave | 2.25 | -2.25 0.10
V|s =8.0 Vpp sinewave | 450 | -4.50 0.08
V|s =11.0 Vpp sinewave | 6.00 | —6.00 0.05
* Limits not tested. Determined by design and verified by qualification.
MOTOROLA 194 Very High—Speed CMOS Logic
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Figure 2. On Resistance Test Set-Up
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Figure 5. Maximum On Channel Leakage Current,
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Figure 6. Maximum On Channel Bandwidth,
Test Set-Up
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Figure 7. Off Channel Feedthrough Isolation, Figure 8. Feedthrough Noise, Channel Select to
Test Set-Up Common Out, Test Set—Up
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Figure 10a. Propagation Delays, Analog In to
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APPLICATIONS INFORMATION

The Channel Select and Enable control pins should be at
Vcc or GND logic levels. Vcc being recognized as a logic
high and GND being recognized as a logic low. In this
example:

Vce =+ 5V =logic high
GND =0V = logic low

The maximum analog voltage swings are determined by
the supply voltages Vcc and VEE. The positive peak analog
voltage should not exceed V. Similarly, the negative peak
analog voltage should not go below VEE. In this example, the
difference between Vcc and VEE is ten volts. Therefore, us-
ing the configuration in Figure 15, a maximum analog signal
of ten volts peak—-to—peak can be controlled. Unused analog
inputs/outputs may be left floating (i.e., not connected). How-

_t 5V
*ov ANALOG = ANALOG eV
~ \J " siGNAL | on | SIGNAL \J_ oy

13

-5V
+5VT
12

*— 1
-5V y =—

TO EXTERNAL CMOS
CIRCUITRY
0TO5VDIGITAL
SIGNALS

15

= © o

o

Figure 15. Application Example

+5V
*ovV— ANALOG = ANALOG v
\7 “siona [L2YOFF T SiGNaL \/
VEE — +5v  ~— VEE
Vee | RSRSRSR
—17 5o
8 13 LSTTL/NMOS
9 12 CIRCUITRY
— 10 11

a. Using Pull-Up Resistors

ever, tying unused analog inputs and outputs to Vcc or GND
through a low value resistor helps minimize crosstalk and
feedthrough noise that may be picked up by an unused
switch.

Although used here, balanced supplies are not a require-
ment. The only constraints on the power supplies are that:

Vcec — GND = 2 to 6 volts

VEE — GND = 0 to — 6 volts

Vce - VEE =2 to 12 volts
and VEg = GND

When voltage transients above V¢ and/or below VEE are
anticipated on the analog channels, external Germanium or
Schottky diodes (Dyx) are recommended as shown in
Figure 16. These diodes should be able to absorb the maxi-
mum anticipated current surges during clipping.

Vee vee _T Vee
Dx 20 Dy
ON/OFF
Dx Dy
VEE VEE

Figure 16. External Germanium or
Schottky Clipping Diodes

—t +5V
20

+5V — — 45V
ANALOG ANALOG
sionaL | LONVORF IS GNAL \/
VEE — — VEE
=
| +5V
veeh |5 5 _P_<]T|_|I| }
8 131 | LSTTL/NMOS
9 12 1T < L] circutrY
o—| 10 1 _I_<H_
| — J_
= HCT =
V =
EE BUFFER

b. Using HCT Interface

Figure 17. Interfacing LSTTL/NMOS to CMOS Inputs
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MOTOROLA

SEMICONDUCTOR TECHNICAL DATA

Ordering Information

Device Nomenclature

MC 74 VHCX YYY A ZZ

Motorola
Circuit Identifier

Temperature Range
* 74 =-40to +85°C

Family Identifier

— Package Type
D Plastic Narrow JEDEC SOIC

* DW = Plastic Wide JEDEC SOIC
*M = Plastic EIAJ SOIC
* DT = Plastic TSSOP

Output Type

* VHC = Very High Speed CMOS * Indicates Full CMOS Output Swing
« VHCT = Very High Speed CMOS (Shown on VHCT Only; all VHC parts
TTL Compatible Inputs ' have full CMOS output swings)
* VHCU = Very High Speed CMOS, .
Unbuffered Function Type
MOTOROLA 202 Very High—Speed CMOS Logic

VHC Data — DL203 — Rev 2



Case Outlines

14-Pin Packages

D SUFFIX

PLASTIC SOIC PACKAGE

“A—

CASE 751A-03
ISSUE F

NOTES:

1

DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.

H H H H H H H 2. CONTROLLING DIMENSION: MILLIMETER.
3. DIMENSIONS A AND B DO NOT INCLUDE
14 8 MOLD PROTRUSION.
4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
B P7PL PER SIDE.
5. DIMENSION D DOES NOT INCLUDE DAMBAR
o . []0.25(0.010) @ | B® | PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
“ ” ” ” ” ” ” IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION.
_,I G |<_ / E L_ MILLIMETERS INCHES
—C R x45° |<— DIM [ MIN [ MAX [ MIN [ MAX
A | 855 | 875 | 0.337 | 0.344
I | \ B | 380 | 400 | 0150 | 0.157
¥ L C | 135 | 175 | 0.054 | 0.068
L D | 035 | 049 | 0.014 | 0.019
N~
SEATING K KM —EJ F | 040 [ 125 [ 0.016 | 0.049
D 14pPL G 1.27BSC 0.050 BSC
J | 019 [ 025 | 0.008 [ 0.009
|$|025 0.010) @lTl B®| A®| K | 010 | 025 | 0.004 | 0.009
M 0° 7° o 7
P | 580 | 620 | 0.228 | 0.244
R | 025 | 050 | 0.010 | 0.019
DT SUFFIX
PLASTIC TSSOP PACKAGE
CASE 948G-01
ISSUE O
14X K REF NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
@] 0100009 ®|T[U ®|VO)] Y145M, 1982.
2. CONTROLLING DIMENSION: MILLIMETER.
|Q|0.15 (0.006)|T u ©| 3. DIMENSION A DOES NOT INCLUDE MOLD FLASH,
PROTRUSIONS OR GATE BURRS. MOLD FLASH
T H H H H H H H N OR GATE BURRS SHALL NOT EXCEED 0.15
0.25(0.010) |— (0.006) PER SIDE.
72 [ 8 4. DIMENSION B DOES NOT INCLUDE INTERLEAD
2X FLASH OR PROTRUSION. INTERLEAD FLASH OR
PROTRUSION SHALL NOT EXCEED
l 2 0.25 (0.010) PER SIDE.
o 5. DIMENSION K DOES NOT INCLUDE DAMBAR
N . PROTRUSION. ALLOWABLE DAMBAR
PIN 1 PROTRUSION SHALL BE 0.08 (0.003) TOTAL IN
IDENT. EXCESS OF THE K DIMENSION AT MAXIMUM
O MATERIAL CONDITION.
1 7 6. TERMINAL NUMBERS ARE SHOWN FOR
DETAIL E REFERENCE ONLY.
H H H H H H H 7. DIMENSION A AND B ARE TO BE DETERMINED
® K AT DATUM PLANE -W-.
0[015(0.008) T|U ©]
| ( ) MILLIMETERS INCHES
—= K1 e DIM| MIN [ MAX | MIN | MAX
¢ — A | 490 | 510 [ 0193 [ 0.200
\vg B | 430 | 450 [ 0.169 | 0.177
JJ1 \ /‘ c| — T 120 — oo
T e — D [ 005 | 015 [ 0.002 [ 0.006
f F | 05 [ 075 ] 0020 [ 0.030
SECTION N-N G | 0658sC 0.026 BSC
H | 050 | 060 | 0.020 [ 0.024
J | 009 [ 020 0004 [ 0.008
[ L~ Cw Ji | 009 [ 016 [ 0.004 | 0.006
l C ! 7 AN =W K | 019 | 030 | 0.007 | 0.012
iinin|uisinin S o, o150 oo oo
(2]0.10 (0.004) — L 6.40 BSC 0.252 BSC
T—| SEATING le— = ool & el e
- > e -
PLANE D G H DETAILE
Very High—Speed CMOS Logic 203 MOTOROLA
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Case Outlines

14-Pin Packages (continued)
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VIEW P 3—\
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M SUFFIX
PLASTIC SOIC EIAJ PACKAGE
CASE 965-01
ISSUE O
LE ‘

M }
»M«:‘

DETAIL P

N7 -+

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANS|
Y14.5M, 1982.
CONTROLLING DIMENSION: MILLIMETER.
DIMENSIONS D AND E DO NOT INCLUDE MOLD
FLASH OR PROTRUSIONS AND ARE MEASURED
AT THE PARTING LINE. MOLD FLASH OR
PROTRUSIONS SHALL NOT EXCEED 0.15 (0.006)
PER SIDE.
TERMINAL NUMBERS ARE SHOWN FOR
REFERENCE ONLY.
THE LEAD WIDTH DIMENSION (b) DOES NOT
INCLUDE DAMBAR PROTRUSION. ALLOWABLE
DAMBAR PROTRUSION SHALL BE 0.08 (0.003)
TOTAL IN EXCESS OF THE LEAD WIDTH
DIMENSION AT MAXIMUM MATERIAL CONDITION.
DAMBAR CANNOT BE LOCATED ON THE LOWER
RADIUS OR THE FOOT. MINIMUM SPACE
BETWEEN PROTRUSIONS AND ADJACENT LEAD
TO BE 0.46 ( 0.018).

MILLIMETERS INCHES
DIM| MIN MAX MIN MAX
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16-Pin Packages

Case Outlines

A

L=A]

ﬂ_H_H_H:H_ i Af

@ 8
HH d HHHHEH
G

1

SEARNG
PLANE

= i=i=i=i=i=r=i R

C

ey M

D SUFFIX
PLASTIC SOIC PACKAGE

CASE 751B-05

ISSUE J

P gpL

[€]0250010) @] 8@ |

—>“<—Rx45° /

I
Xu

[@]0250010 D [T][ B®]

AQ |

\/%J

NOTES:

1.

2.
3.

. MAXIMUM MOLD PROTRUSION 0.15 (0.006)

. DIMENSION D DOES NOT INCLUDE DAMBAR

DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.

CONTROLLING DIMENSION: MILLIMETER.
DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.

PER SIDE.

PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION.

el

MIN

MILLIMETERS
MAX

10.00

INCHES
MIN | MAX
0.386 | 0.393

=
=

9.80

3.80 400 | 0.150 | 0.157

135 1.75 | 0.054 | 0.068

0.35 049 | 0.014 | 0.019

0.40 125 | 0.016 | 0.049

1.27BSC 0.050 BSC

0.19 0.25 | 0.008 | 0.009

0.10 0.004 | 0.009

0° 0° 7

5.80 0.229 | 0.244

0|02 |XR|[«|OMO|O|wm|>

0.25 0.010 | 0.019

16X K REF

DT SUFFIX
PLASTIC TSSOP PACKAGE

CASE 948F-01

ISSUE O

[]0150.008)] T[U ®]

ILEEEE

— r_{$| 0100009 ®[T|U ®| VO]

i

16

1

L
PIN 1

IDENT. \

©

9

8

|05 (0.008)] T| U ®]

i

1uboong

L

=H=

NOT
1

2.
3.

J

N

7/“

A i ¥

SECTION N-N

0.25 (0.010)

6. TERMINAL NUMBERS ARE SHOWN FOR

PLANE

]0.10 (0.004)
—T—| SEATING

l«e— H

DETAIL E

. DIMENSIONING AND TOLERANCING PER ANSI

. DIMENSION B DOES NOT INCLUDE INTERLEAD

. DIMENSION K DOES NOT INCLUDE DAMBAR

. DIMENSION A AND B ARE TO BE DETERMINED AT

ES:

Y14.5M, 1982.

CONTROLLING DIMENSION: MILLIMETER.
DIMENSION A DOES NOT INCLUDE MOLD FLASH.
PROTRUSIONS OR GATE BURRS. MOLD FLASH OR
GATE BURRS SHALL NOT EXCEED 0.15 (0.006) PER
SIDE.

FLASH OR PROTRUSION. INTERLEAD FLASH OR
PROTRUSION SHALL NOT EXCEED

0.25 (0.010) PER SIDE.

PROTRUSION. ALLOWABLE DAMBAR PROTRUSION
SHALL BE 0.08 (0.003) TOTAL IN EXCESS OF THE K
DIMENSION AT MAXIMUM MATERIAL CONDITION.
REFERENCE ONLY.

DATUM PLANE -W-.

MILLIMETERS
MIN MAX
4.90 5.10
4.30 4.50
1.20
0.15
0.75

INCHES
MIN | MAX
0.193 | 0.200
0.169 | 0.177
0.047
0.006
0.030

DIM
J

=

A
B
C
D
F
G
H
J
K

K
L
M

[

Very High—-Spee
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Case Outlines

16-Pin Packages (continued)

M SUFFIX
PLASTIC SOIC EIAJ PACKAGE
CASE 966-01

ISSUE O
NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
CONTROLLING DIMENSION: MILLIMETER.
d-h I-h I-h I-h I-h I-h I-h I-h ] . DIMENSIONS D AND E DO NOT INCLUDE MOLD
L L 9 L E FLASH OR PROTRUSIONS AND ARE MEASURED
L | L Q AT THE PARTING LINE. MOLD FLASH OR
1 PROTRUSIONS SHALL NOT EXCEED 0.15 (0.006)
+

N

|
<
w

PER SIDE.

HE M e T . TERMINAL NUMBERS ARE SHOWN FOR
REFERENCE ONLY.
THE LEAD WIDTH DIMENSION (b) DOES NOT

~

o

e—m—

INCLUDE DAMBAR PROTRUSION. ALLOWABLE
| e

@ Il Il Il | Il Il Il Il
L 8 DAMBAR PROTRUSION SHALL BE 0.08 (0.003)
- TOTAL IN EXCESS OF THE LEAD WIDTH
~z

DETAIL P DIMENSION AT MAXIMUM MATERIAL CONDITION.

DAMBAR CANNOT BE LOCATED ON THE LOWER
D RADIUS OR THE FOOT. MINIMUM SPACE
BETWEEN PROTRUSIONS AND ADJACENT LEAD
TO BE 0.46 ( 0.018).
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MIN MAX MIN MAX
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20-Pin Packages

Case Outlines

DW SUFFIX
PLASTIC SOIC WIDE PACKAGE
CASE 751D-04
ISSUE E

onHHHHHHHHH_

&

N
=

ITBtl 10x P
[€]0.010025@)] B @]

FOEEED v

@
"HHHEH
—’“‘—zoxD

o

NOTES:

DIMENSIONING AND TOLERANCING PER
ANSI Y14.5M, 1982.

CONTROLLING DIMENSION: MILLIMETER.
DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.

MAXIMUM MOLD PROTRUSION 0.150
(0.006) PER SIDE.

DIMENSION D DOES NOT INCLUDE
DAMBAR PROTRUSION. ALLOWABLE
DAMBAR PROTRUSION SHALL BE 0.13
(0.005) TOTAL IN EXCESS OF D DIMENSION
AT MAXIMUM MATERIAL CONDITION.

=

W N

Eal

@

1AARAARAN

[2x L
y B
PIN 1 U=
IDENT

\
[@]0.15(0.006)[ T[U ®]

MILLIMETERS INCHES
[Jjg [ DIM| MIN | MAX [ MIN | MAX
0.010(0.25 TIA B A | 1265 [ 12.95 [ 0499 | 0510
|$| ( )®| | ©| ®| B | 740 | 760 [ 0292 | 0.299
r C | 235 [ 265 0093 [ 0104
[= D | 035 | 049 [ 0014 | 0.019
F | 050 [ 090 [ 0020 [ 0035
G 1.27BSC 0.050 BSC
R x 450 J | 025 ] 0320010 [ 0.012
l K | 010 | 025 [ 0004 | 0.009
1 M 00 70 00 70
c P | 1005 | 1055 | 0.395 | 0.415
___________ _L [ R | 025 | 075 ] 0010 | 0.029
T SEATING %\
- PLANE ~—
——| |<—18x G K M
DT SUFFIX
PLASTIC TSSOP PACKAGE
CASE 948E-02
ISSUE A
4.‘ ’4— 20X K REF NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
|€B|015 0006|T|U@ |010 0004@|T|U@|V©| Y14.5M, 1982,

n

CONTROLLING DIMENSION: MILLIMETER.
DIMENSION A DOES NOT INCLUDE MOLD FLASH,
PROTRUSIONS OR GATE BURRS. MOLD FLASH
OR GATE BURRS SHALL NOT EXCEED 0.15
(0.006) PER SIDE.

DIMENSION B DOES NOT INCLUDE INTERLEAD
FLASH OR PROTRUSION. INTERLEAD FLASH OR
PROTRUSION SHALL NOT EXCEED 0.25 (0.010)
PER SIDE.

DIMENSION K DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.08 (0.003) TOTAL IN
EXCESS OF THE K DIMENSION AT MAXIMUM
MATERIAL CONDITION.

TERMINAL NUMBERS ARE SHOWN FOR
REFERENCE ONLY.

DIMENSION A AND B ARE TO BE DETERMINED
AT DATUM PLANE ~W-

bl

»

o

o

~

MILLIMETERS INCHES
DIM| MIN MAX MIN MAX
A 6.40 6.60 | 0.252 | 0.260
B 4.30 450 | 0.169 | 0.177
C — 1.20 — | 0.047
D 0.05 0.15 | 0.002 | 0.006
F 0.50 0.75 | 0.020 | 0.030

DETAIL E G 0.65 BSC 0.026 BSC
H 0.27 0.37 | 0.011 | 0.015
i J 0.09 0.20 | 0.004 | 0.008
e / i \ ,—_—| J1 0.09 0.16 | 0.004 | 0.006
i ¥ K 0.19 0.30 | 0.007 | 0.012
¥ 1l J\—‘JL\, ) B

» < L 6.40 BSC 0.252 BSC
D G H—> M| _0° ] 8° | o0°] 8°

DETAIL E
™ 0.100 (0.004)
—T—| SEATING
PLANE
Very High—Speed CMOS Logic 207 MOTOROLA
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Case Outlines

20-Pin Packages (continued)

M SUFFIX
PLASTIC SOIC EIAJ PACKAGE
CASE 967-01
ISSUE O
NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.

N~

CONTROLLING DIMENSION: MILLIMETER.
. DIMENSIONS D AND E DO NOT INCLUDE MOLD
FLASH OR PROTRUSIONS AND ARE MEASURED
i AT THE PARTING LINE. MOLD FLASH OR
| Ql PROTRUSIONS SHALL NOT EXCEED 0.15 (0.006)
PER SIDE.
+ E HE M° T TERMINAL NUMBERS ARE SHOWN FOR
REFERENCE ONLY.
“ . THE LEAD WIDTH DIMENSION (b) DOES NOT
INCLUDE DAMBAR PROTRUSION. ALLOWABLE

@ 1 1 1 1 | 1 1 1 1 1

= > | | DAMBAR PROTRUSION SHALL BE 0.08 (0.003)
|_|_| |_|_| |_|_| |_|_| |_|_| |_|_| |_|_| |_|_| |_|_| |_|_| 10 TOTAL IN EXCESS OF THE LEAD WIDTH
2z

-B=
-B=
-B=
-B=
=
|
-
m
le—
w

Eal

o

-

DIMENSION AT MAXIMUM MATERIAL CONDITION.

— DETAIL P DAMBAR CANNOT BE LOCATED ON THE LOWER
RADIUS OR THE FOOT. MINIMUM SPACE
D > BETWEEN PROTRUSIONS AND ADJACENT LEAD
TO BE 0.46 ( 0.018).

MILLIMETERS INCHES
I‘— [DIM| MIN | MAX | MIN | MAX
[ A — [ 205 [ — [o081
[ ¢ A1 | 005 [ 020 | 0002 | 0008
gl | b 035 | 050 | 0.014 | 0.020
ST TT T [ T c | 018 [ 027 | 0007 | 0011
D | 1235 | 1280 | 0.486 | 0.504
_’I I‘— b E 510 | 545 | 0201 | 0215

e 1.27 BSC 0.050 BSC
EH 0.13 (0.005) W E 0.10 (0.004) He | 740 | 820 | 0201 [ 0323
L 050 | 085 | 0020 | 0.033
Lg | 110 [ 150 | 0.043 | 0.059
M 0° | 10° 0° | 10°
Q1| 070 | 090 | 0.028 | 0.035
z — | o8| — [o03
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Case Outlines

Three Ways To Receive
Motorola Semiconductor Technical Information

Literature Centers

Printed literature can be obtained from the Literature Centers upon request. For those items that incur a cost, the U.S.
Literature Center will accept Master Card and Visa.

How to reach us:

USA/EUROPE/Locations Not Listed: Motorola Literature Distribution
P.O. Box 5405
Denver, Colorado 80217

Phone: 1-800-441-2447 or 1-303-675-2140

Nippon Motorola Ltd.

SPD, Strategic Planning Office

4-32-1, Nishi-Gotanda, Shinagawa—ku
Tokyo 141, Japan

Phone: 81-3-5487-8488

Motorola Semiconductors H.K. Ltd.
8B Tai Ping Industrial Park

51 Ting Kok Road

Tai Po, N.T., Hong Kong

Phone: 852-26629298

JAPAN:

ASIA/PACIFIC:

Mfax ] - Touch—Tone Fax

Mfax offers access to over 30,000 Motorola documents for faxing to customers worldwide. With menus and voice
instruction, customers can request the documents needed, using their own touch—tone telephones from any location, 7
days a week and 24 hours a day. A number of features are offered within the Mfax system, including product data sheets,
application notes, engineering bulletins, article reprints, selector guides, Literature Order Forms, Technical Training
Information, and HOT DOCS (4—digit code identifiers for currently referenced promotional or advertising material).

A fax of complete, easy—to—use instructions can be obtained with a first-time
phone call into the system, entering your FAX number and then, pressing 1.

How to reach us:

Mfax[0: RMFAXO@email.sps.mot.com — TOUCH-TONE 1-602—-244—-6609
Motorola Fax Back System — US & Canada ONLY 1-800-774-1848

Motorola SPS Internet Server

Motorola SPS'’s Electronic Data Delivery organization has set up a World Wide Web Server to deliver Motorola SPS’s
technical data to the global Internet community. Technical data such as the complete Master Selection Guide along with
the OEM North American price book are available on the Internet server with full search capabilities. Other data on the
server include abstracts of data books, application notes, selector guides, and textbooks. All have easy text search
capability. Ordering literature from the Literature Center is available on line. Other features of Motorola SPS’s Internet
server include the availability of a searchable press release database, technical training information, with on-line
registration capabilities, complete on-line access to the Mfax system for ordering faxes, an on—line technical support form
to send technical questions and receive answers through email, information on product groups, full search capabilities of
device models, alisting of the Domestic and International sales offices, and links directly to other Motorola world wide web
servers.

How to reach us:

After accessing the Internet, use the following URL:

http://motorola.com/sps/

How to reach MFAX directly:
After accessing the Internet, use the following URL:
http://motorola.com/sps/mfax

Very High—Speed CMOS Logic
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MOTOROLA AUTHORIZED DISTRIBUTOR & WORLDWIDE SALES OFFICES
NORTH AMERICAN DISTRIBUTORS

UNITED STATES

ALABAMA
Huntsville
Allied Electronics, Inc. .......

Arrow Electronics ...........

(205)721-3500
(205)837-6955
(205)837-9209
(205)830-2322
(205)837-8700

Newark .................... (205)837-9091
Wyle Electronics ............. (205)830-1119
Mobile
Allied Electronics, Inc. ....... (334)476-1875
ARIZONA
Phoenix
Allied Electronics, Inc. ....... (602)831-2002
FAl ... (602)731-4661

Future Electronics . ..........
Hamilton/Hallmark ..........
Wyle Electronics ............

(602)968-7140
(602)736-7000
(602)804—7000

Tempe
Arrow Electronics ........... (602)431-0030
Newark ..........coooeevi.. (602)966-6340
PENSTOCK ..o (602)967-1620
CALIFORNIA
Agoura Hills
Future Electronics ........... (818)865—-0040
Calabassas

Arrow Electronics ...........
Wyle Electronics ............

(818)880-9686
(818)880-9000

Culver City
Hamilton/Hallmark .......... (310)558-2000
Irvine
Arrow Electronics ........... (714)587-0404
Arrow Zeus ...l (714)581-4622
FAL . oo (714)753-4778
Future Electronics ........... (714)453-1515
Hamilton/Hallmark .......... (714)789-4100

CALIFORNIA — continued
San Jose
Allied Electronics, Inc. ....... (408)383-0366
Arrow Electronics ........... (408)441-9700
Arrow Electronics ........... (408)428-6400

Arrow Zeus ................ (408)629-4789

o (408)434-0369

Future Electronics . ........... (408)434-1122
Santa Clara

Wyle Electronics ............
Santa Fe Springs

(408)727-2500

Newark .................... (310)929-9722
Sierra Madre

PENSTOCK ................ (818)355-6775
Sunnyvale

Hamilton/Hallmark .......... (408)435-3600

PENSTOCK ................ (408)730-0300
Thousand Oaks

Newark ...........cooovnnn. (805)449-1480
Woodland Hills

Hamilton/Hallmark .......... (818)594-0404

COLORADO

Lakewood

o (303)237-1400

Future Electronics . .......... (303)232-2008
Denver

Allied Electronics, Inc. ....... (303)790-1664

Newark .................... (303)373-4540
Englewood

Arrow Electronics ...........
Hamilton/Hallmark ..........
PENSTOCK ................
Thornton
Wyle Electronics ............
CONNECTICUT

(303)799-0258
(303)790-1662
(303)799-7845

(303)457-9953

Bloomfield
Newark .................... (203)243-1731
Cheshire
Allied Electronics, Inc. ....... (203)272-7730
FAL. .o (203)250-1319

FLORIDA — continued

Tallahassee
o (904)668-7772
Tampa
Allied Electronics, Inc. ....... (813)579-4660
Newark .................... (813)287-1578
PENSTOCK ... (813)247-7556
Winter Park
Hamilton/Hallmark .......... (407)657-3300
PENSTOCK ................. (407)672-1114
GEORGIA
Atlanta
Allied Electronics, Inc. ....... (770)497-9544
FAL.....ooo (404)447-4767
Duluth
Arrow Electronics ........... (404)497-1300
Hamilton/Hallmark .......... (770)623-4400
Norcross
Future Electronics . .......... (770)441-7676
Newark .................... (770)448-1300
PENSTOCK ................ (770)734-9990
Wyle Electronics ............ (770)441-9045
IDAHO
Boise
Allied Electronics, Inc. ....... (208)331-1414
T (208)376-8080
Newark ..................... (208)342-4311
ILLINOIS
Addison

Wyle Laboratories ...........
Arlington Heights

Hamilton/Hallmark ..........
Chicago

Allied Electronics, Inc. (North) . (847)548-9330

Allied Electronics, Inc. (South) . (708)535-0038

FAL ..o (708)843-0034

Newark Electronics Corp. .... (773)784-5100
Hoffman Estates

Future Electronics . ..........

(708)620-0969

(847)797-7300

(708)882—1255

Wyle Laboratories Corporate . (714)753-9953 Futur.e Electronics ........... (203)250-0083 ltasca
Wyle Electronics ............ (714)789-9953 Hamilton/Hallmark .......... (203)271-5700 Arrow Electronics ........... (708)250-0500
Los Angeles Wallingford AITOW ZBUS oo (630)595-9730
EAL o (818)879-1234 Arrow Electror_ncs ........... (203)265-7741 Lombard
Manhattan Beach Wyle Electronics ............ (203)269-8077 Newark ........cooveiiin... (630)317-1000
PENSTOCK ...........cunn. (310)546-8953  FLORIDA Palatine
Newberry Park Altamonte Springs PENSTOCK ................ (708)934-3700
PENSTOCK ..o (805)375-6680 Future Electronics ........... (407)865—-7900 Rockford
Allied Electronics, Inc. ....... (815)636-1010
Orange County Clearwater hed ®
Allied Electronics, Inc. ....... (714)727-3010 FAL ... EEERIRRRRREE (813)530-1665  Springfield
Palo Alto Future Electronics . .......... (813)530-1222 Newark .................... (217)787-9972
NEWark ..o (415)812-6300 Deerfield Beach Wood Dale
Rancho Cordova Arrow Electronics ........... (305)429-8200 Allied Electronics, Inc. ....... (630)860-0007
Wyle Electronics ............ (916)638-5282 Wyle Electronics ............ (954)420-0500  INDIANA
Riverside Ft. Lauderdale Indianapolis
Allied Electronics. Inc (909)980-6522 Y (954)428-9494 Allied Electronics, Inc. ....... (317)571-1880
Noorrr ync. o (909)980-2105 Future Electronics . .......... (954)426-4043 Arrow Electronics ........... (317)299-2071
Rocklin T Hamilton/Hallmark .......... (954)677-3500 Hamilton/Hallmark .......... (317)575-3500
Hamilton/Hallmark . ... .. (916)632-4500 Newark ........cooevuinan... (954)486-1151 FAL....oooo (317)469-0441
R il Jacksonville Future Electronics ........... (317)469-0447
\?vsy?é/ Elctionics (916)783-9953 Allied Electronics, Inc. ....... (904)739-5920 NeWark . .....veveneneenn (317)844-0047
Sacramento Newark .................... (904)399-5041 Wyle Electronics ............ (317)581-6152
B ; _ Lake Mary Ft. Wayne
ﬁ/'i'le d Electronics, Inc. ... gig;gg;_?ég; Arrow Electronics ........... (407)333-9300 NEWarK ...ooveeeeeen. (219)484-0766
New.a;r.k """"""""""" (916)565-1760 AIMTOW Zeus ................ (407)333-3055 PENSTOCK ..........ccu.n. (219)432-1277
sanDieao Largo/Tampa/St. Petersburg IOWA
iﬂie d'%?e% onics. Inc (619)279-2550 Hamilton/Hallmark .......... (813)507-5000 Bettendorf
€5, NG Newark ............c.oo.... (813)287-1578 Newark ..........coooeeunn... (319)359-3711
Arrow Electronics ........... (619)565-4800 Wyle Electronics ............ (813)576-3004 Cedar Rapids
FAL oo [RERTERRTRRREY (619)623-2888 Miami Allied Electronics, Inc. ....... (319)390-5730
Future Electronics ... (619)625-2800 Allied Electronics, Inc. ........ (305)558-2511 Newark .................... (319)393-3800
Hamilton/Hallmark .......... (619)571-7540 Maitland KANSAS
Newark ..................... (619)453-8211 Wyle Electronics ............ (407)740-7450 Kansas City
PENSTOCK ................ (619)623-9100 Orlando Allied Electronics, Inc. ....... (913)338-4372
Wyle Electronics ............ (619)558-6600 Allied Electronics, Inc. ....... (407)539-0055 FAL. ..o (913)381-6800
San Fernando Valley FAL. ... (407)865-9555 Lenexa
Allied Electronics, Inc. ....... (818)598-0130 Newark .................... (407)896-8350 Arrow Electronics ............ (913)541-9542
MOTOROLA 210 TIMING SOLUTIONS
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AUTHORIZED DISTRIBUTORS - continued

UNITED STATES - continued

KANSAS - continued
Olathe

PENSTOCK ........

Overland Park

Future Electronics . . .
Hamilton/Hallmark ..
Newark ............

KENTUCKY
Louisville

Allied Electronics, Inc.
Newark ............

LOUISIANA
New Orleans

Allied Electronics, Inc.

MARYLAND
Baltimore

Allied Electronics, Inc.
FAL.............. ..

Columbia

Arrow Electronics ...

Arrow Zeus

Future Electronics . . .
Hamilton/Hallmark ..
PENSTOCK ........
Wyle Electronics .. ..

Hanover

Newark ............

MASSACHUSETTS
Bedford

Wyle Electronics . ...

Boston

Allied Electronics, Inc.
Arrow Electronics ...

Bolton

Future Corporate . . ..

Burlington

PENSTOCK ........

Peabody

Allied Electronics, Inc.
Hamilton/Hallmark ..

Wilmington
Arrow Zeus
Woburn

Newark ............

MICHIGAN
Detroit

Allied Electronics, Inc.
FAlL................
Future Electronics . ..

Grand Rapids

Allied Electronics, Inc.
Newark ............

Livonia

Arrow Electronics ...
Future Electronics . ..
Hamilton/Hallmark ..

Novi

Wyle Electronics .. ..

Saginaw

Newark ............

Troy

Newark ............

MINNESOTA
Bloomington

Wyle Electronics ... .

Burnsville

PENSTOCK ........

Eden Prairie

Arrow Electronics ...

Future Electronics . ..
Hamilton/Hallmark ..

Minneapolis

Allied Electronics, Inc.
Newark ............

(913)829-9330

(913)649-1531
(913)663-7900
(913)677-0727

....... (502)452-2293
(502)423-0280

....... (504)466-7575

....... (410)312-0810
(410)312-0833

(301)596-7800
(410)309-1541
(410)290-0600
(410)720-3400
(410)290-3746
(410)312-4844

(410)712-6922

(781)271-9953

....... (617)255-0361
(508)658-0900
........ (508)779-3111

...... 1-800-4NEWARK

(508)779-3000
(617)229-9100

....... (508)538-2401
(508)532-3701

(978)658-4776
(617)935-8350
....... (313)416-9300
(313)513-0015
(616)698-6800

....... (616)365-9960
(616)954-6700

(810)455-0850
(313)261-5270
(313)416-5800
(248)374-9953
(517)799-0480

(248)583-2899

......... (612)853-2280

......... (612)882-7630

(612)941-5280
(612)947-0909
(612)944-2200
(612)881-2600

....... (612)938-5633
(612)331-6350

MISSISSIPPI
Jackson
Newark ....................
MISSOURI
Earth City
Hamilton/Hallmark
St. Louis
Allied Electronics, Inc.
Arrow Electronics ...........
Future Electronics ...........

(601)956-3834

.......... (314)770-6300
....... (314)240-9405
(314)567-6888
(314)469-6805

FAL . ..o (314)542-9922
Newark .................... (314)453-9400
NEBRASKA
Omaha
Allied Electronics, Inc. ....... (402)697-0038
Newark .................... (402)592-2423
NEVADA
Las Vegas
Allied Electronics, Inc. ....... (702)258-1087
Wyle Electronics ............. (702)765-7117
NEW JERSEY
Bridgewater
PENSTOCK ................ (908)575-9490

East Brunswick

Allied Electronics, Inc. ....... (908)613-0828

Newark .................... (908)937-6600
Fairfield

FAL. ... (201)331-1133
Marlton

Arrow Electronics ........... (609)596—-8000

FAL. ... (609)988-1500

Future Electronics . .......... (609)596—-4080
Mt. Laurel

Hamilton/Hallmark .......... (609)222-6400

Wyle Electronics ............. (609)439-9110
Oradell

Wyle Electronics ............ (201)261-3200
Pinebrook

Arrow Electronics ...........

Wyle Electronics ............
Parsippany

Future Electronics ...........

Hamilton/Hallmark

(201)227-7880
(973)882-8358

(201)299-0400
(201)515-1641

NEW MEXICO
Albuquerque
Allied Electronics, Inc. ....... (505)266—7565
Hamilton/Hallmark ........... (505)293-5119
Newark .................... (505)828-1878
NEW YORK
Albany
Newark ...........coovvn.. (518)783-0983
Buffalo
Newark ..................... (716)631-2311
Great Neck
Allied Electronics, Inc. ........ (516)487-5211
Hauppauge
Allied Electronics, Inc. ....... (516)234-0485
Arrow Electronics ........... (516)231-1000
FAL . ..o (516)348-3700

(516)234-4000
(516)434-7400

Newark ...........coooeunn.. (516)567-4200

PENSTOCK ................ (516)724-9580

Wyle Electronics ............ (516)231-7850
Henrietta

Wyle Electronics ............ (716)334-5970
Konkoma

Hamilton/Hallmark .......... (516)737-0600
Pittsford

Newark ..............coout. (716)381-4244
Poughkeepsie

Allied Electronics, Inc. ....... (914)452-1470

Newark ..........coooevvnn.. (914)298-2810
Purchase

Arrow Zeus ................ (914)701-7400

NEW YORK - continued
Rochester
Allied Electronics, Inc. ....... (716)292-1670
Arrow Electronics ........... (716)427-0300
Future Electronics ........... (716)387-9550

T (716)387-9600
Hamilton/Hallmark .......... (716)272-2740
Syracuse
Allied Electronics, Inc. ........ (315)446-7411
FAL ..o (315)451-4405
Future Electronics ........... (315)451-2371
Newark .................... (315)457-4873
NORTH CAROLINA
Charlotte
Allied Electronics, Inc. ....... (704)525-0300
FAL. ... (704)548-9503
Future Electronics ............ (704)547-1107
Newark .................... (704)535-5650
Greensboro
Newark .................... (910)294-2142
Morrisville
Wyle Electronics ............ (919)469-1502
Raleigh
Allied Electronics, Inc. ....... (919)876-5845
Arrow Electronics ........... (919)876-3132
FAL. ... (919)876-0088
Future Electronics ............ (919)790-7111
Hamilton/Hallmark .......... (919)872-0712
OHIO
Centerville
Arrow Electronics ........... (513)435-5563
Cincinnati
Allied Electronics, Inc. ....... (513)771-6990
Newark ..........oooevun... (513)772-8181
Cleveland
Allied Electronics, Inc. ....... (216)831-4900
FAL ..o (216)446-0061
Newark .................... (216)391-9330
Columbus
Allied Electronics, Inc. ....... (614)785-1270
Newark .................... (614)326-0352
Dayton
FAL ... (513)427-6090

Future Electronics ...........
Hamilton/Hallmark

(513)426-0090
(513)439-6735
(513)294-8980

Mayfield Heights

Future Electronics ...........
Miamisburg

Wyle Electronics ............
Solon

Arrow Electronics ........... (216)248-3990

Hamilton/Hallmark ........... (216)498-1100

Wyle Electronics ............ (440)248-9996
Toledo

Newark ....................
Worthington

Hamilton/Hallmark

OKLAHOMA

Oklahoma City
Newark ....................

Tulsa
Allied Electronics, Inc. ....... (918)250-4505
FAL.....ooo (918)492-1500
Hamilton/Hallmark (918)459-6000

OREGON
Beaverton
Arrow/Almac Electronics Corp.

Future Electronics ...........
Hamilton/Hallmark

(216)449-6996

(937)436-9953

(419)866-0404

(614)888-3313

(405)843-3301

(503)629-8090
(503)645-9454
(503)526-6200

Portland
Allied Electronics, Inc. ....... (503)626—9921
FAL....ooo (503)297-5020
Newark .................... (503)297-1984
PENSTOCK ................ (503)646-1670

Wyle Electronics ............ (503)598-9953

TIMING SOLUTIONS
BR1333 —Rev 6

211

MOTOROLA



AUTHORIZED DISTRIBUTORS - continued

UNITESD STATES - continued UTAH CANADA
PENNSYLVANIA Draper
Allentown W)E)Ie Electronics ............ (801)523-2335 AI&%IE;I?

Newark .................... (610)434-7171  salt Lake City FAL. o (403)291-5333
Chadds Ford Allied Electronics, Inc. ....... (801)261-5244 Future Electronics ........... (403)250-5550
CAIIlted E!ﬁctronlcs, Inc. ....... (610)388-8455 ﬁ;rlow Electronics ........... Egggig—gg;g Hamilton/Hallmark .......... (800)663-5500

oatesvite  FAl.... ... . —

PENSTOCK ................ (610)383-9536  Futre Electronics ... ... (B01)467 4448 gy (800)463-9275
Ft. Washington Hamilton/Hallmark .......... (801)266-2022 FAL oo (403)438-5888
nger\ul\gglljrg """""""""" (215)654-1434 Newark .................... (801)261-5660 Future Electronics ........... (403)438-2858

[ ) West Valley Cit ilton/Hallmark .......... —

Allied Electronics, Inc. ... (717)540-7101 Wyle Bedoricy (801)974-9953 :ZV”V’;:E”/ Ha"ma'k ___________ Eggg;ggg_gggg
Pr,;llllae%eEl?ehclt?on'cs Inc 600)234-7769  VIRGINIA Saskatchewan
Pittslburgh 165, INC. e (609)234- Herndon Hamilton/Hallmark .......... (800)663-5500

Allied Electronics, Inc. ....... (412)931-2774 Ri':';vrfg; g (702)707-9010  ppiTiSH COLUMBIA

Arrow Electronics ........... (412)963-6807 Newark .. (804)282-5671 Vancouver

Newark ..., (412)788-4790 Spnngﬂeld Allied Electronl-cs, Inc. ....... (604)420-9691

SOUTH CAROLINA Allied Electronics, Inc. ....... (703)644-9515 Arrow Electronics ........... (604)421-2333
Greenvile Virginia Beach FAL.......... RRREEEERTRTEY (604)654-1050
Allied Electronics, Inc. ....... (864)288-8835 Allied Electronics, Inc. ... .. (757)363-8662 Future Electronics ............ (604)294-1166
Newark . .......oooveii... (864)288-9610  \jASHINGTON Hamilton/Hallmark .......... (604)420-4101
TENNESSEE Bellevue Newark .................... (800)463-9275
Knoxville Almac Electronics Corp. ..... (206)643-9992  MANITOBA

Newark .................... (423)588-6493 PENSTOCK ..o (206)454-2371 Winnipeg
Memphis Bothell FAL . oo (204)786-3075

Newark .................... (901)396-7970 Future Electronics . .. ........ (206)489-3400 Future Electronics ........... (204)944-1446

TEXAS Kirkland Hamilton/Hallmark .......... (800)663-5500
Austin ] NEeWArk .o (206)814-6230 Newark .............co.oon.. (800)463-9275

Allied Electronl_cs, Inc. ....... (512)219-7171 Redmond ONTARIO

Arrow Electronics ... (512)835-4180 Hamilton/Hallmark .......... (206)882-7000  Kanata

Future Electronics ... (512)502-0991 Wyle Electronics ............. (425)881-1150 PENSTOCK ................ (613)592-6088

FAL ... (512)346-6426  geqile London

Hamilton/Hallmark .......... (512)219-3700 Allied Electronics, Inc. ....... (206)251-0240 Newark .................... (519)685-4280

Newark ...........coooo..en. (512)338-0287 FAL . oo (206)485-6616 Mississauga

PENSTOCK ................ (512)346-9762  gpokane PENSTOCK ................ (905)403-0724

Wyle Electronics ............ (512)833-9953 Newark . ... (509)327-1935 Newark .................... (905)670-2888
Benbrook Ottawa

PENSTOCK ................ (817)249-0442 Wé?goagleslé’\l Allied Electronics, Inc. ....... (613)228-1964
Brownsville Arrow Electronics ........... (414)792-0150 Arrow Electronics ........... (613)226-6903

Allied Electronics, Inc. ........ (210)548-1129 Future Electronics . . ......... (414)879-0244 T (613)820-8244
Carrollton ) Wyle Electronics ............ (414)879-0434 Future Electronics ........... (613)727-1800

Arrow Electronics ........... (214)380-6464 Madison Hamilton/Hallmark .......... (613)226-1700

ArrowZeus ... (972)380-4330 Newark .. ..o, (608)278-0177 Toronto
Dallas Milwaukee Arrow Electronics ........... (905)670-7769

Allied Electronics, Inc. ....... (214)341-8444 Allied Electronics, Inc. ....... (414)796-1280 FAL. oo (905)612-9888

FAL ... (214)231-7195 FAL oo (414)792-9778 Future Electronics ........... (905)612-9200

Future Electronics ........... (214)437-2437 New Berlin Hamilton/Hallmark .......... (905)564-6060

Hamilton/Hallmark .......... (214)553-4300 Hamilton/Hallmark .......... (414)780-7200 Newark ........ooevvennn... (905)670-2888

Newark .................... (972)458-2528 Wauwatosa QUEBEC
El Paso Newark .........ccooveuoo... (414)453-9100 Montreal

Allied Electronics, Inc. ....... (915)779-6294 Arrow Electronics ............ (514)421-7411

FAlL ... (915)577-9531 FAl ... (514)694-8157

Newark .................... (915)772-6367 Future Electronics ........... (514)694-7710
Ft. Worth Hamilton/Hallmark .......... (514)335-1000

Allied Electronics, Inc. ....... (817)595-3500 Mt. Royal
Houston ) Newark .........cooovnvnn.. (514)738-4488

Allied Electronics, Inc. ....... (281)446-8005 Quebec City

Arrow Electronics ........... (713)647-6868 Arrow Electronics ........... (418)687-4231

FAl ... (713)952-7088 FAL . (418)682-5775

Future Electronics ............ (713)785-1155 Future Electronics ........... (418)877-6666

Hamilton/Hallmark .......... (713)781-6100

Newark ..........coooo... (281)894-9334

Wyle Electronics ............ (713)784—9953
Richardson

PENSTOCK ................ (214)479-9215

Wyle Electronics ............ (972)235-9953
San Antonio

Y (210)738-3330

Newark .................... (210)734-7960
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INTERNATIONAL DISTRIBUTORS
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ARGENTINA GREECE NORWAY
Electrocomponentes.. . . ... .. (5-41) 375-3366 EBV Elektronik .............. (30) 13414300 Arrow TahonicAIS .......... (47) 2237 8440
Elko...............oool (5-41) 372-1101 HONG KONG AISAVNEtEMG ............. (47) 6677 3600
AUSTRALIA Avnet WKK Components Ltd. . . . ... (852)2 357-8888 EBV Elektronik ............. (47) 2267 1780
Avnet VS| Electronics (Aust) ... (61)29878-1299 Famell ...................... (65) 788-0200 Future Electronics ........... (47) 2290 5800
Farnell ... e (61)29645-8888 Future Advanced Electronics Ltd. . . (852)2 305-3633 PHILIPPINES
Veltek Australia Pty. Ltd. .... (61)3 9574-9300 Nanco Electronics Supply Ltd. . . . . (852)2 333-5121 Alexan Commer_mal ......... (63) 2241-9493
=y Ellsktronik .............. (43) 189152-0 Qing Cheng Enterprises Ltd. . (852)2 493-4202 pg'[%egh"o'og'es Pre-tid . (G9)a5-781
Famell ..........oveen... (49) 8961 393939 H‘FJNGARY . EBV Elektronik ............ (48) 713 422944
SEI/Elbatex GmbH ............ (43) 1 866420 uture Electronics ... .. (36) 1224 0510 Future Electronics ... ... ... (48) 22 61 89202
Spoerle Electronic ... . .. .. ... (43) 131872700 Macro Group ................ (36) 12030277 Macro Group «.............. (48) 22 224337
BELGIUM SEl/Elbatex ................. (36) 11400194 SEVEIDAEX + .. .vvernn. .. (48) 22 6254877
EBV Elektronik ............. (32) 2 716 0010 Spoerle Electronic . ........... (36) 11294202 Spoerle Electronic .. . . ... . .. (48) 22 6060447
Famell ..................... (32) 3 227 3647 INDIA PORTUGAL
SEl/Belgium ................ (32) 2 460 0560 MaxIndialtd ............. 0091 11 625-0250 AMitron ATrow .. ............ (35) 114714806
Spoerle Electronic . .......... (32) 2 725 4660 INDONESIA Famnell ................... (44) 113289 0040
BRAZIL P.T.Ometraco ............ (62) 21 619-6166 ROMANIA
Future ..................... (019) 235-1511 IRELAND Macro Group . ............... (401) 6343129
Intertek .................... (011) 266-2922 Arrow Electronics ........... (353) 14595540 RUSSIA
Karimex ................... (011) 524-2366 EBV Elektronik ............. (353) 14564034 EBV Elektronik ............ (7) 095 9763510
Masktrade ................ (011) 3361-2766 Famnell ..................... (353) 18309277 Macro Group — Moscow . ... (7) 095 30600266
Panamericana .............. (011) 223-0222 Future Electronics . ........... (353) 6541330 Macro Group — St. Petersburg . ... (7) 8125311476
Siletek . ........... ... (011) 536-4401 Macro Group ............... (353) 16766904 SCOTLAND
TEC . it (011) 5505-2046 ISRAEL EBV Elektronik ........... (44) 141 4202070
Teleradio ................... (011) 574-0788 Future Israel Ltd. - . ... (972) 9 9586555 FUtUre . ..ooveee (44) 141 9413999
BULGARIA ITALY SINGAPORE
MacroGroup ................ (359) 2708140 AVnet EMG SRL -+ o (39) 2 381901 Farnell ....... [EEETERRERRRERS (65) 788—-0200
CHINA _ EBV Elektronik SRL (39) 2 66096290 Future Electronics ............ (65) 479-1300
Future Advanced Electronics Ltd. . . (852)2 305-3633 ST Strong Pte. Ltd .............. (65) 276-3996
Avnet WKK Components Ltd. . . . . . (852)2 357-8888 Fl_Jture Electronics ............. (39) 2 660941 Uraco Technologies Pte Ltd. ... (65)545-7811
China El. App. Corp. Beijing . . .. (86)10 81881566 Silverstar Ltd. SpA .......... (39) 266 1251 SLOVAKIA
China El. App. Corp. Xiamen . ... (86)592-553-487 JAPAN Macro Group ................ (42) 89634181
Nanco Electronics Supply Ltd. (852) 2 765-3025 AMSC Co., Ltd. ........... 81-422-54-6800 SEVEIDAteX .........vveeen... (42) 7722137
....................... or (852) 2 333-5121 Fuiji Electronics Co., Ltd. ....81-3-3814-1411 SLOVENIA
Qing Cheng Enterprises Ltd. . (852) 2 493-4202 Marubun Corporation ... ... 81-3-3639-8951 EBV Elektronik ........... (386) 611 330216
CZECH REPUBLIC Nippon Motorola Micro Elec. 81-3-3280-7300 SEl/Elbatex .............. (386) 611 957198
EBV Elektronik ........... (420) 2 90022101 OMRON Corporation ...... 81-3-3779-9053 S. AFRICA
Spoerle Electronic . .......... (420) 2 731355 Tokyo Electron Ltd. ........ 81-3-5561-7254 Avnet-ASD ............... (27) 11 4442333
SEl/Elbatex ............... (420) 2 4763707 KOREA Reutech Components ... ... (27) 11 3972992
Macro Group .............. (420) 2 3412182 Jung Kwang Semiconductors Ltd. .. 82-2—-278-5333 SPAIN
DENMARK Liteon Korea Ltd ............ 82-2-650-9700 Amitron A"OVY ------------- (34) 1304 30 40
Arrow Exatec .............. (45) 44 927000 Nasco Co. Ltd oo 82-2-3772-6810 EBV Elektronik ............ (34) 1804 32 56
AIS AVNELEMG ............. (45) 44 880800 LATVIA Farnell .............ooo... (44) 113 231 0447
ng E:g'ﬁm:t - f\ZESﬁLgej """ ((jg’)) gzgggg’éé Avnet Baltronic Ltd. .......... (71)8e2111s \?VEé’SeE'f\IO SA (3416371011
Famell....oovoeeeeieiin (45) 44 536644 Macro Group ..o (371) 7313195 ATOW-TRS ..o (46) 8 362970
Future Electronics . .. .. .. .. .. (45) 961 00 961 L'&;ﬁ’fg&p (370) 7764937 AVNEtEMG AB ............ (46) 8 629 14 00
ESTONIA TR R EBV Elektronik ............. (46) 405 92100
Arrow Field Eesti . ............ (372) 6503288 MALAYSIA Famell ..o (46) 8 730 5000
Avnet Baltronic .............. (372) 6397000 Farnell........ s (60) 3 773-8000 Future Electronics ........... (46) 8 441 5470
FINLAND Strong Electronllcs .......... (60) 4 656—-3768 SWITZERLAND
Arrow Field OY ............. (358) 97 775 71 Ultro Technologies Pte. Ltd. ... (65) 545-7811 EBV Elektronik ............. (41) 1 7456161
AVNEtEMG OY ............. (358) 96 13181 MEXICO Farnell ..................... (41) 1204 6464
EBV Elektronik ............. (358) 98557730 Avnet............. (3) 632-0182 SEI/ElbatexAG ............. (41) 56 4375111
Farmell .................... (358) 9 345 5400 Dicopel ...l (5) 705-7422 Spoerle Electronic ........... (41) 1 8746262
Future Electronics .......... (358) 9 525 9950 Future ......... ... ... ... ... (3) 122—0043 TAIWAN
FRANCE Semiconductores Profesionales . . . . .. (5) 658-6011 Avnet-Mercuries Co., Ltd ... (886)2516-7303
Arrow Electronique ........ (33)149784978 SEEren ..o (5) 325-0925 Solomon Technology Corp. .. (886)2 788-8989
AnetEMG ............... (33) 149 65 25 00 NETHERLANDS Strong Electronics Co. Ltd. .. (886)2917-9917
EBV Elektronik ............ (33) 1 40963000 HOLLAND THAILAND
Farnell ....... EEERERTRRRR (33) 474 659466 EBV Elektronik .. ... . ... .. (31) 3465 83010 Sahapiphat Ltd._ ............. (662) 237-9474
;:t\x;erflectromcs ........... ((é’,;)ll??(?gsjéé(l) Famell . (31) 30 241 2323 TLLJJ:tquc;I'EI't;Chnologles Pte. Ltd. ... (65)540-8328
SENSCAID « v\ (33) 169 19 89 00 gg‘;;i?&;rg”\'fs """"" ((3311))77%2‘7142‘21%(? EBV Elektronik ........... (90) 216 4631352
GERMANY o UNITED KINGDOM
AVNEtEMG ..., (49) 89 4511001 Spoerle Electronics - Arrow Electronics (UK) Ltd . . (44) 1 234 270027
EBV Elektronik GmbH .. .. .. (49) 89 99114-0 Nieuwegen ................ (31) 3060 91234 AVNEtEMG ............... (44) 1 462 488500
Famell................... (49) 89 61 393939 Spoerle Electronics - EBV Elektronik ........... (44) 1 628 783688
Future Electronics GmbH ... (49) 89-957 270 Veldhoven ................. (31) 4025 45430 Famell ................... (44) 1 132 636311
SEl/Jermyn GmbH .......... (49) 6431-5080 NEW ZEALAND Future Electronics Ltd. ... .. (44) 1 753 763000
Newark ..........ooooeunn. (49)2154-70011 Arrow Components NZ Ltd ... (64)4 570-2260 Macro Group ............. (44) 1 628 606000
Sasco Semiconductor ........ (49) 89-46110 Avnet PacificLtd ............ (64)9 6367801 Newark .................. (44) 1 420 543333
Spoerle Electronic .. ........ (49) 6103-304-0 Farnell ..................... (64)9 357-0646
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MOTOROLA WORLDWIDE SALES OFFICES

UNITED STATES VIRGINIA MEXICO
ALABAMA Richmond .................. (804)285-2100 Chihuahua ................. 52(14)39-3120

Huntsville (205)464-6800 WASHINGTON Mexico City ................ 52(5)282-0230
ALASKA . 800)635-8291 Bellevue ................... (425)454-4160 Guadalajara ................ 52(36)78-0750
ARIZONA T (800)635- Seattle (toll free) ............ (206)622-9960 Zapopan Jalisco ............ 52(36)78-0750

Phoenix ................... (602)302-8056 Wl\lllﬁvcv:gjllzleséllgrookfield (4147920122 Marketing .................. 52(36)21-2023
CALIFORNIA Miwaukee/brookneld ... Customer Service .......... 52(36)669-9160

Calabasas ................. (818)878-6800 Field Applications Engineering Available NETTERLAN DS 314993 612 11

Ivine ......... ... (714)753-7360 Through All Sales Offices Bt (31)

Los Angeles . .. ... (818)878-6800 PHILIPPINES

San Diego ... | (619)541-2163 Manila ..........ooiiii. (63)2 822-0625

sunnyvale ................. (408)749-0510 CANADA POLAND (48) 34 275575
COLORADO BRITISH COLUMBIA PUERTORICO """"""

Denver ..............oo.un. (303)337-3434 Vancouver ................. (604)606—8502 Rio Piedras (787)282-2300
CONNECTICUT ONTARIO AT B

Wallingford . ................ (203)949-4100 OMAWA v (613)226-3491 ~ RUSSIA ) 095 999 90 25
FLORIDA Mississauga . ............... (905)501-3500 oottt ™

Clearwater ................. (813)524-4177 QUEBEC SEOII}Z'IABNE 44Y1355 565447

Maitland . ..............oo.. (407)628-2636 Montreal . ......oee (514)333-3300 S”\Té A; (;'R‘*E """""""" (44)

Pompano Beach/Ft. Lauderdale . ... (954)351-6040 SPAIN T (65)4818188
GEtgﬁt?A (770)729-7100 INTERNATIONAL Madrid . ... 34(1)457-8204
DAHO AUSTRALIA [ 34(1)457-8254

BOISE . oo (208)323-9413 Melbourne ................ (61-3)9887 0711 SWEDEN
ILLINOIS Sydney ... (61-2)9437 8944 Solna......oovviiiiiii 46(8)734-8800

Chicago/Schaumburg . ... . . . .. 847)413-2500 BRAZIL SWITZERLAND
INDI%\?X chaumburg &47) SaoPaulo .............. 55(011)3030-5244 Geneva ... 41(22)79911 11

Indianapolis . ... ............ (317)571-0400 CH|NA Zurich ..o 41(1)730-4074

KOKOMO -+ v oo (765)455-5100 Beijing ...l 86-10-68437222 TAIWAN
IOWA Guangzhou .............. 86-20-87537888 Taipei ... 886(2)717-7089

Cedar Rapids ............... 319)378-0383 Shanghai ................ 86-21-63747668  THAILAND
KANSAS P ©19 THanjin ... 86-22-25325072 Bangkok ... 66(2)254-4910

Kansas City/Mission ......... (913)451-8555 ~ CZECH REPUBLIC TURKEY 00) 212 274 66 48
MARYLAND T T (820) 2 21852222 rrreeeeeeeeeiiean (90)

Columbia ... .ooereeii, (410)381-1570  FINLAND UNITED KINGDOM
MASSACHUSETTS HelSinKi . ... oo (358) 9 6866 880 Aylesbury ... 441 (296)395252

Marlborough . ............... (508)357-8207 Direct Sales Lines ......... (358) 9 6866 8844

Woburn ... (781)932-9700 i (358) 9 6866 8845
MICHIGAN F§ANCE 33134 635900 NORTH AMERICA

i _ QNS .o
M?NGKI(EtSOTA ................ (248)347-6800 GERIMANY FULL LINE REPRESENTATIVES

Minnetonka . ............... (612)932-1500 Langenhagen/Hanover ....... 49(511)786880 ARIZONA, Tempe
MISSOURI Munich ....... ... ... ... ... 49 89 92103-0 S&S Technologies, Inc (602)414-1100

StLLOUIS «ovvveeieaiinnn (314)275-7380 Nuremberg ................. 49 911 96-3190 CALIFORNIA Lot’)mis. """"

NEV.V _JERSEY Sipdelfingen ................ 49703179 710 Galena Technblogy Group ... (916)652-0268
NE&\!/I\;flslg.R.k ................. (973)808-2400 HVQV;\(—;‘é)E}l(dST\IG ................ 49 611 973050 INDIANA, Indianapolis
Bailey’s Electronics .......... 317)848-9958

Fairport . ................... (716)425-4000 KwaiFong ............... 852-2-610-6888 NEVI Aé; Clark ICsounty (317)

FishKill .. ..o (914)896-0511 TaiPO .t 852-2-666-8333 S&S Technologies, Inc. ... . . . (602)414-1100

Hauppauge ................ (516)361-7000 HUNGARY NEVADA, Reno
NS;{;;] CAROLINA owoproasss DA (36)12508329 Galena Tech. Group ......... (702)746-0642

"""""""""" NEW MEXICO, Albuquerque
OHIO Bangalore .................. 91-80-5598615 S&S Technologies, Inc. ....... (505)414-1100

Cleveland ... .. EEITERTRERS (440)349-3100 ISRAEL TEXAS, El Paso

Columbus/Worthington . . .. . .. (614)431-8492 Herzlia .................... 972-9-9522333 S&S Technologies, Inc. ...... (915)833-5461

Dayton ............ccoiinn (937)438-6800 ITALY UTAH, Salt Lake City
OKLAHOMA JAMIQIZT\I -------------------------- 39(2)82201 Utah Comp. Sales, Inc. ...... (801)572-4010

Tulsa ... (918)251-3414

OF e (918)258-0933 Kyusyu .............. 81-92-725-7583 WDAOSUE llyeﬁll)? N SpOKane ... (509)924-2322
OREGON Gotanda .................. 81-3-5487-8311

Portland ................... (503)641-3681 Nagoya .................. 81-52-232-3500
PENNSYLVANIA 0SaKA ..o 81-6-305-1801

Colmar .......cocovevien... (215)997-1020 Sendai ..., 81-22-268-4333 NORTH AMERICA

Philadelphia/Horsham ....... (215)957-4100 Takamatsu ............... 81-878-37-9972 HYBRID/MCM COMPONENT
TENNESSEE TOKYO .o 81-3-3440-3311 SUPPLIERS

Knoxville ................... (423)584-4841 KOREA
TEXAS Pusan .................... 82(51)4635-035 ChipSupply ..ot (407)298-7100

Austin ....... ... (512)502-2100 SeoUl . 82-2-3440-7200 EImo Semiconductor ........ (818)768-7400

Houston ................... (713)251-0006 MALAYSIA Minco Technology Labs Inc. .. (512)834-2022

Plano...................... (972)516-5100 Penang .................... 60(4)228-2514 SemiDicelnc. .............. (310)594-4631
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How 1o reach us:
USA/EURDPE! Locations Mot Listed: Motarala Larature Distrizution; JAPAN: Kippon Matorol Lk 520, Staegic Plarning Oficg, 4321,
PO, Box 5405, Denver, Colorads B0217. A03-675-2140 of 1-300—441-2447 Mishi-Gotanda, Shinagawa—ku, Tokyo 141, Japan. 81-3-5467-8408

Miax™: AMFANOE el sps.mot.com = TOUCHTOME B02-244-8500 ASIAPACIFIC: Mool Semicontucioes HE, Lid; 88 Tal Fing Indusinal Fark,

—US & Canada OHLY 1-800-774-1848 51 Ting Kok Read, Tai Po, N.T., Hong Kong, A52-56624200
INTERHET: niltg: e bonala. comisps
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