


QUALITY ASSURED

Our quality system focuses on the continuing high quality of our
components and the best possible service for our customers. We have
athree-sided quality strategy: we apply a system of total quality control
and assurance; we operate customer-oriented dynamic improvement
programs; and we promote a partnering relationship with our
customers and suppliers.

PRODUCT SAFETY

In striving for state-of-the-art perfection, we continuously improve
components and processes with respect to environmental demands.
Our components offer no hazard to the environment in normal use
when operated or stored within the limits specified in the data sheet.

Some components unavoidably contain substances that, if exposed
by accident or misuse, are potentially hazardous to health. Users of
these components are informed of the danger by warning notices in
the data sheets supporting the components. Where necessary the
warning notices also indicate safety precautions to be taken and
disposal instructions to be followed. Obviously users of these
components, in general the set-making industry, assume
responsibility toward the consumer with respect to safety matters and
environmental demands.

All used or obsolete components should be disposed of according to
the regulations applying at the disposal location. Depending on the
location, electronic components are considered to be ‘chemical,’
‘special’ or sometimes ‘industrial’ waste. Disposal as domestic waste
is usually not permitted.
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Signetics reserves the right to make changes, without notice, in the products, including
circuits, standard cells, and/or software, described orcontained hereininorder toimprove
design and/or performance. Signetics assumes no responsibility or liability for the use
of any of these products, conveys no license or title under any patent, copyright, or mask
work rightto these products, andmakes no representations orwarranties thatthese prod-
ucts are free from patent, copyright, or mask work right infringement, unless otherwise
specified. Applications thatare described herein for any of these products are forillustra-
tive purposes only. Signetics makes no representation or warranty that such applications
will be suitable for the specified use without further testing or modification.

LIFE SUPPORT APPLICATIONS

Signetics Products are not designed for use in life support appliances, devices, or
systems where malfunction of a Signetics Productcan reasonably be expected to result
in a personal injury. Signetics customers using or selling Signetics Products for use in
such applications do so at their own risk and agree to fully indemnify Signetics for any
damages resulting from such improper use or sale.

Signetics registers eligible circuits under
the Semiconductor Chip Protection Act.

© Copyright 1992 Signetics Company.

All rights reserved.



FAST TTL Logic Series

August 1992

Preface

FAST TTL Logic from Philips Semiconductors-Signetics

Philips Semiconductors—Signetics would like to thank you for your interest in our FAST
product line. Because of its wide customer acceptance, FAST has become the preferred high
performance bipolar logic family. With over 230 products in production, Signetics offers the
widest selection of FAST products with an emphasis on integrated MS| and LS! solutions.

This 1992 FAST Data Handbook updates the 1989 FAST Data Handbook and 1990 FAST
Supplement Handbook. Specifications for several new products have been added, some
Preliminary Specifications have been updated to Product Specifications, specifications for a
number of industrial temperature grade products (-40° to +85°C) have been added and
several products which are being discontinued have been highlighted to alert the user.

Each data sheet contained in this handbook is designed to stand alone and reflect the listed
DC and AC specification for a particular product. Each commercial 74F product is specified
overa 10% Vcc range, both for AC and DC parameters. Additionally, DC specifications for
Vow and Vg, are provided over the 5% Vg range.

Al reference to military products has been deleted, specifically to reflect government
requirements imposed by Revision C of MIL-STD 883, including the general provisions of
Paragraph 1.2. Specifications for military grade FAST products are available from your
nearest Philips Semiconductors—Signetics sales office, sales representative or authorized
distributor.

If you require additional information regarding these products, please contact your nearest
Philips Semiconductors-Signetics sales office, sales representative or authorized distributor.

PHILIPS SEMICONDUCTORS-SIGNETICS STANDARD PRODUCTS GROUP



Product Status

FAST TTL Logic Series

DEFINITIONS

Data Sheet
Identification

Product Status

Definition

Objective Specification Formative or in Design

This data sheet contains the design target or goal specifications for
product development. Specifications may change in any manner
without notice.

pr lion Product

This data sheet contains preliminary data, and supplementary data
will be published at a later date. Signetics reserves the right to make
changes at any time without notice in order to improve design and
supply the best possible product.

Product Sp

Full Pr

This data sheet contains Final Specifications. Signetics reserves the
right to make changes at any time without notice, in order to improve
design and supply the best possible product.
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Introduction

74F FAST TTL Product Description

Signetics has combined advanced oxide-isolated fabrication techniques with standard TTL
functions to create a new family designed for the 1980s and '90's. The high operating speeds
of FAST can push system operating speeds into areas previously reserved for 10K ECL, but
with simple TTL design rules and single 5V power supplies. Low input loading allows the user
to mix LS, ALS, and HCMOS in the same system without the need for translators and
restrictive fanout requirements.

FAST circuits are pin-for-pin replacements for 74S types. These circuits offer dissipation three
to four times lower than the 74S types and higher operating speeds. Existing systems can
achieve much lower power and improved performance by replacing the 74S types with the
corresponding FAST devices.

The input structure provides better noise immunity because of higher thresholds, while the
oxide-isolation and new circuit techniques create devices that have less variation with
temperature or supply voltage than existing TTL logic families. Signetics guarantees all AC
parameters under realistic system conditions — across the supply voltage spread and the
temperature range, and with 50pF output loads.

The use of high-capacitance PNP inputs has been avoided, and clamping diodes have been
added to both the inputs and outputs to prevent negative overshoots. High input breakdown
voltages allow unused inputs to be tied directly to Ve without pull-up resistors.

Features

® 3ns Propagation delays
® 4mWi/gate Power dissipation
® Guaranteed AC performance over temperature and extended V¢ range: 5V +10%

® High impedance NPN base input structure on many types for reduced bus loading in LOW
state (ly_ = 20pA)

® Standard TTL functions and pinouts

® Replacement for “S” types at 1/4 the power

Xi



Philips Semiconductors-Signetics FAST TTL Logic Series

Introduction
56 Mg 100K ECL Yee
a8 10K ECL ' ‘
10K 10K S4.1K 3450
=
£ 40
1
3 \
S 32
MR _
n 24 S-TTL
2 1\
(=]
\
r 16
2 o\ -1
FAST
. \ l I\ LS-TTL
1 1
0o 2 4 6 8 10 12 14

GATE DELAY - ns

Figure 1. The Speed/Power Spectrum Figure 2. Basic FAST Gate
5.0 My sov
Ta= +25°C
. low APPLIED
>
1 4.0
w
5
Q 30 \ Y—\— STTL
; \
=
o
5 20
o LS-TTL FAST
1
5
S 1.0 ‘ \
0

0 0.5 1.0 15 2.0 2.5
Vin - INPUT VOLTAGE -V

Figure 3. Transfer Functions at Room Temperature

August 1992

Xii




Philips Semiconductors—Signetics FAST TTL Logic Series

Introduction
tpLy and tpy for a Gate Vor vs. lop
20 [ [ I 1.0 I [ I
18} Vee = 5.0V
T = +25°C > -55°C +25°C |
2 16 oy —— ufa 0.8
1 1 tPHL —— Y}
> <
3 = /| 125c
@ 12 0 o0s ——
z
g1 §
=
) . A
3 + 5 04 rd
g s = £ 2
—-——
g 4 l';’/ 8 0.2 4//
1= 1 {,/ Vee = 5.0V
2 >8 ”’ Lo
o . 1]
0 100 200 0 20 40 60 80 100
LOAD CAPACITANCE —Cy - pF loL - OUTPUT LOW CURRENT — mA
Figure 4. Propagation Delay vs. Load Capacitance Figure 5. Output LOW Characteristics
(74F00) (74F00)
Von vs. loy
o Toow 11 °
cc = 5-0 — —
Ta = +25°C / Veg = 5.0V S5
ya 2
8 < 125°C L 45
W2 +25°C e
cZ -55° \ 3
10 6 S5°C =N 3 2
wo S
=R z
o
- ql’ 4 2 g
=N <
22 / )
- 5
2 A 1 S
/ T
i
0 <
0 50 100 150 200 250 0 40 80 120 180 200

LOAD CAPACITANCE - pF

Figure 6. Fall Time vs. Load Capacitance
(74F00)

lon — OUTPUT HIGH CURRENT — mA

Figure 7. Output HIGH Characteristics

(74F00)

August 1992

Xiii




Philips Semiconductors-Signetics FAST TTL Logic Series

Ordering Information

Signetics’ commercial FAST products are
generally available in both standard
dual-in-line and surface mounted options.
The ordering code specifies temperature
range, device number, and package style as
shown below. For commercial products, the
standard temperature range is 0°C to 70°C.
Available package options are shown on

individual data sheets in the “Ordering Code”
block. For surface mounted devices the SO
plastic dual-in-line package is supplied up to
and including 28 pins. Above 28 pins, the
plastic leaded chip carrier is utilized.

A wide variety of functions and package
options are available for military products.

Information on military products is available
from the nearest Signetics sales office, sales
representative or authorized dealer. The
Signetics Military Products Data Manual
contains specifications, package and ordering
information for all military-grade products.

ORDERING CODE EXAMPLES
N 74F240 N
[ — Package Code
Device Number
Temperature Range*
TEMPERATURE DEVICE
RANGE NUMBER PACKAGE CODE
. . N = Plastic Dual In-Line Package (DIP)
Cong:lgn;cge;lggnge, 74FXXX D = Plastic SO DIP (surface mounted)
A = Plastic Leaded Chip Carrier (PLCC)
Military Range: See Military Products Data Manual

-656°C to 125°C

* Please note that the temperature range prefix "N" is omitted on the package due to dimensional constraints.
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A . SECTION 1
Availability Guide INDICES

NO. OF AVAILABILITY
DEVICE PINS DESCRIPTION DIP SMD
74F00 14 Quad 2-Input NAND Gate A SO
74F02 14 Quad 2-Input NOR Gate A SO
74F04 14 Hex Inverter A SO
74F06 14 Hex Inverter Buffer/Driver (OC) A SO
74F06A 14 Hex Inverter Buffer/Driver (OC) A SO
74F07 14 Hex Buffer/Driver (OC) A SO
74F07A 14 Hex Buffer/Driver (OC) A SO
74F08 14 Quad 2-Input AND Gate A SO
74F10 14 Triple 3-Input NAND Gate A SO
74F 11 14 Triple 3-Input AND Gate A SO
74F14 14 Hex Inverter Schmitt Trigger A SO
74F20 14 Dual 4-Input NAND Gate A SO
74F27 14 Triple 3-Input NOR Gate A SO
74F30 14 8-Input NAND Gate A SO
74F32 14 Quad 2-Input OR Gate A SO
74F37 14 Quad 2-Input NAND Buffer (OC) A SO
74F38 14 Quad 2-Input NAND Buffer A SO
74F40 14 Dual 4-Input NAND Buffer A SO
74F51 14 Dual 2-Wide 2-Input, 2-Wide 3-Input AND-OR-INVERT Gate A SO
74F64 14 4-2-3-2 Input AND/OR Gate A SO
74F74 14 Dual D-Type Flip-Flop A SO
74F85 16 4-Bit Magnitude Comparator A SOL
74F86 14 Quad 2-Input Exclusive-OR Gate A SO
174F86 14 Quad 2-Input Exclusive-OR Gate (Industrial) A SO
74F109 16 Dual JK Positive Edge Triggered Flip-Flop A SO
74F112 16 Dual JK Negative Edge Triggered Flip-Flop A SO
174F112 16 Dual JK Negative Edge Triggered Flip-Flop (Industrial) A SO
74F113 14 Dual JK Negative Edge Triggered Flip-Flop without Reset A SO
74F114 14 Dual JK Negative Edge Triggered Flip-Flop A SO
74F125 14 Quad Buffer A SO
74F126 14 Quad Buffer A SO
74F132 16 Quad 2-Input NAND Schmitt Trigger A SO
74F133 16 13-Input NAND Gate A SO
74F138 16 1-0f-8 Decoder/Demultiplexer A SO
74F139 16 Dual 1-of-4 Decoder/Demultiplexer A SO
74F148 16 8 Line to 3 Line Priority Encoder A SO
74F151A 16 8-Input Multiplexer A SO
74F153 16 Dual 4-Input Multiplexer A SO
74F154 14 1-of-16 Decoder/Demultiplexer A SO
74F157 16 Quad 2-Input Data Selector/Multiplexer NINV A SO
74F157A 16 Quad 2-Input Data Selector/Multiplexer NINV A SO
74F158 16 Quad 2-Input Data Selector/Multiplexer INV A SO
74F158A 16 Quad 2-Input Data Selector/Multiplexer INV A SO
74F161A 16 4-Bit Binary Counter, Asynchronous Reset A SO
74F163A 16 4-Bit Binary Counter, Synchronous Reset A SO
74F164 14 8-Bit Serial/Parallel-In, Serial Out Shift Register A SO
74F166 16 8-Bit Bidirectional Universal Shift Register A SO
74F169 16 4-Bit Up/Down BCD Binary Synchronous Counter A SO
74F173 16 Quad D Flip-Flop (3-State) A SO
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Availability Guide SE&E%’;&
NO. OF AVAILABILITY
DEVICE PINS DESCRIPTION DIP SMD
74F174 16 Hex D Flip-Flop with Master Reset A SO
74F175 16 Quad D Flip-Flop with Master Reset A SO
174F175 16 Quad D Flip-Flop with Master Reset (Industrial) A SO
74F 181 24 4-Bit Arithmetic Logic Unit A SOL
74F182 16 Look Ahead Carry Generator A SO
74F189A 16 64-Bit Random Access Memory, INV (3-State) A SO
74F191 16 Asynchronous Presettable Up/Down BCD Binary Counter A SO
74F193 16 Up/Down BCD Binary Counter with Separate Up/Down Clocks A SO
74F194 16 4-Bit Bidirectional Universal Shift Register A SO
74F195 16 4-Bit Parallel Access Shift Register A SO
74F198 24 8-Bit Bidirectional Universal Shift Register A SOL
74F199 24 8-Bit Parallel Access Shift Register A SOL
74F219A 16 64-Bit Random Access Memory, NINV (3-State) A SO
74F225 20 16 x 5 Asynchronous FIFO (3-State) A SO
74F240 20 Octal Inverter Buffer, INV (3-State) A SOL
74F241 20 Octal Buffer, NINV (3-State) A SOL
74F242 14 Octal Bus Transceiver, INV (3-State) A SO
74F243 14 Octal Bus Transceiver, NINV (3-State) A SO
74F244 20 Octal Buffer, NINV (3-State) A SOL
174F244 20 Octal Buffer, NINV (3-State) (Industrial) A SOL
74F245 20 Octal Transceiver (3-State) A SOL
74F251A 16 8-Input Multiplexer (3-State) A Sle)
74F253 16 Dual 4-Input Multiplexer A SO
74F256 16 Dual Addressable Latch A SO
74F257A 16 Quad 2-Line to 1-Line Selector/Multiplexer, NINV (3-State) A SO
74F258A 16 Quad 2-Line to 1-Line Selector/Multiplexer, INV (3-State) A SO
74F259 16 8-Bit Addressable Latch A SO
74F260 14 Dual 5-Input NOR Gate A SO
74F269 24 8-Bit Bidirectional Binary Counter (3-State) A SO
74F273 20 Octal D Flip-Flop A SOL
74F280A 14 9-Bit Odd/Even Parity Generator/Checker A SO
74F280B 14 9-Bit Odd/Even Parity Generator/Checker (Higher Speed 74F280A) A SO
174F280B 14 9-Bit Odd/Even Parity Generator/Checker (Higher Speed 74F280A) (Industrial) A SO
74F283 16 4-Bit Binary Adder with Fast Carry A SO
74F298 16 Quad 2-Input Multiplexer with Storage A SO
74F299 20 8-Bit Universal Shift/Storage Register (3-State) A SOL
74F322 20 8-Bit Serial/Parallel Register with Sign Extend (3-State) A SOL
74F323 20 8-Bit Universal Shift/Storage Register with Sync Reset and Common /O Pins (3-State) A SOL
74F350 16 4-Bit Shifter A SO
74F353 16 Dual 4-Input Multiplexer (Inverted 74F253) A SO
74F365 16 Hex Buffer Driver (3-State) A SO
74F366 16 Hex Inverter (3-State) A SO
74F367 16 Hex Buffer Driver (3-State) A SO
74F368 16 Hex Inverter Driver (3-State) A SO
74F373 20 QOctal Transparent Latch (3-State) A SO
74F374 20 Octal D Flip-Flop (3-State) A o]
74F377 20 Octal D Flip-Flop with Enable A SO
74F378 16 Hex D Flip-Flop with Enable A SO
74F379 16 Quad D Flip-Flop with Enable A SO

August 1992




Philips Semiconductors—Signetics FAST TTL Logic Series

Availability Guide S ke
NO. OF AVAILABILITY

DEVICE PINS DESCRIPTION DIP SMD
74F381 20 4-Bit Arithmetic Logic Unit A SOL
74F382 20 4-Bit Arithmetic Logic Unit A SOL
74F385 20 Quad Serial Adder/Subtractor A SOL
74F393 16 Dual 4-Bit Binary Ripple Counter A Sle]
74F395 16 4-Bit Cascadable Shift Register (3-State) A SO
74F398 20 Quad 2-Port Register with True and Complementary Outputs A SOL
74F399 16 Quad 2-Port Register A SO
74F410 18 Register Stack — 16 x 4 RAM 3-State Output Register (3-State) A

74F455 24 Octal Bufter with Parity Generator Checker, INV (3-State) A SOL
74F456 24 Octal Buffer with Parity Generator Checker, NINV (3-State) A SOL
74F521 20 Octal Identity Comparator A SOL
74F524 20 8-Bit Register Comparator (OC + 3-State) A SOL
74F533 20 Qctal Transparent Latch,, INV (3-State) A SOL
74F534 20 Octal D Flip-Flop, INV (3-State) A SOL
74F537 20 1-of-10 Decoder (3-State) A SOL
74F538 20 1-of-8 Decoder (3-State) A SOL
74F539 20 Dual 1-of-4 Decoder (3-State) A SOL
74F540 20 Octal Inverted Buffer (3-State) (Broadside Pin-out of 74F240) A SOL
74F541 20 Octal Buffer (3-State) (Broadside Pin-out of 74F244) A SOL
74F543 24 Octal Registered Transceiver, NINV (3-State) A SOL
74F544 24 Octal Registered Transceiver, INV (3-State) A SOL
74F545 20 Octal Bidirectional Transceiver with 3-State Inputs/Outputs, NINV A SOL
74F552 28 Octal Registered Transceiver with Parity and Status Flags, NINV (3-State) A SOL
74F564 20 Octal D Flip-Flop (3-State) (Broadside Pin-out of 74F534) A SOL
74F569 20 4-Bit Bidirectional Binary Synchronous Counter A SOL
74F573 20 Octal Transparent Latch (3-State) (Broadside Pin-out of 74F373) A SOL
74F574 20 Octal D Flip-Flop (3-State) (Broadside Pin-out of 74F374) A SOL
74F579 20 8-Bit Bidirectionai Binary Counter (3-State) A SOL
74F595 16 8-Bit Shift Register with Output Latches (3-State) A SO
74F597 16 8-Bit Shift Register with Input Latches A SO
74F598 20 8-Bit Shift Register with Input Latches (3-State) A SOL
74F604 28 Dual Octal Register (3-State) A SOL
74F620 20 Octal Bus Transceiver, INV (3-State) A SOL
74F621 20 Octal Bus Transceiver, NINV (OC) A SOL
74F623 20 Octal Bus Transceiver, NINV (3-State) A SOL
74F640 20 Octal Bus Transceiver, INV (3-State) A SOL
74F641 20 Octal Bus Transceiver with Common Output Enable, NINV (OC) A SOL
74F642 24 Octal Bus Transceiver with Common Output Enable, INV (OC) A SOL
74F646 24 Octal Bus Transceiver/Register, NINV (3-State) A SOL
74F646A 24 Octal Bus Transceiver/Register, NINV (3-State) A SOL
74F647 24 Octal Bus Transceiver/Register, NINV (OC) A SOL
74F648 24 Octal Bus Transceiver/Register, INV (3-State) A SOL
74F648A 24 Octal Bus Transceiver/Register, INV (3-State) A SOL
74F649 24 Octal Bus Transceiver/Register, INV (OC) A SOL
74F651 24 Octal Bus Transceiver/Register, INV (3-State) A SOL
74F651A 24 Octal Bus Transceiver/Register, INV (3-State) A SOL
74F652 24 Octal Bus Transceiver/Register, NINV (3-State) A SOL
74F652A 24 Octal Bus Transceiver/Register, NINV (3-State) A SOL
74F653 24 Octal Bus Transceiver/Register, INV (3-State + OC) A SOL
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Availability Guide S
NO. OF AVAILABILITY
DEVICE PINS DESCRIPTION DIP SMD
74F655A 24 Octal Buffer/Driver with Parity, INV (3-State) A SOL
174F655A 24 Octal Buffer/Driver with Parity, INV (3-State) (Industrial) A SOL
74F656A 24 Octal Buffer/Driver with Parity, NINV (3-State) A SOL
174F656A 24 Octal Buffer/Driver with Parity, NINV (3-State) (Industrial) A SOL
74F657 24 Octal Transceiver with 8-Bit Parity Generator/Checker (3-State) A SOL
174F657 24 Octal Transceiver with 8-Bit Parity Generator/Checker (3-State) (Industrial) A SOL
74F670 16 4 x 4 Register File A SOL
74F674 24 16-Bit Serial/Parallel-In, Serial-Out Shift Register (3-State) A SOL
74F676 24 16-Bit Parallel-In, Serial-Out Shift Register (3-State) A SOL
74F711A 20 Quint 2-to-1 Data Selector Multiplexer (3-State) A SOL
74F711-1 20 Quint 2-to-1 Data Selector Multiplexer with 30Q Series Termination Resistors A SOL
74F712A 24 Quint 3-to-1 Data Selector Multiplexer (3-State) A SOL
74F712-1 24 Quint 3-to-1 Data Selector Multiplexer with 30Q Series Termination Resistors A SOL
74F723A 24 Quint 3-to-1 Data Selector Multiplexer (3-State) A SOL
74F723-1 24 Quint 3-to-1 Data Selector Multiplexer with 30Q Series Termination Resistors A SOL
74F725A 24 Quint 4-to-1 Data Selector Multiplexer (3-State) A SOL
74F725-1 24 Quint 4-to-1 Data Selector Multiplexer with 302 Series Termination Resistors A SOL
74F733 20 Quad Data Multiplexer, INV A SOL
74F756 20 Octal Inverter Buffer, INV (Open Collector 74F240) A SOL
74F757 20 Octal Buffer, NINV (Open Collector 74F241) A SOL
74F760 24 Octal Buffer, NINV (Open Collector 74F244) A SOL
74F764-1 40 DRAM Dual Ported Controller with Latch A PLCC
74F765-1 40 DRAM Dual Ported Controller without Latch A PLCC
74F776 28 Octal Bidirectional Latched Pi-Bus Transceiver (3-State + OC) A SOwP
174F776 28 Octal Bidirectional Latched Pi-Bus Transceiver (3-State + OC) (Industrial) A SOwP
74F779 16 8-Bit Bidirectional Counter (3-State) A SOL
74F786 16 4-Input Asynchronous Bus Arbiter A SOL
74F804 20 Hex 2-Input NAND Driver A SOL
74F805 24 Hex 2-Input NOR Driver A SOL
74F807 28 Octal Shift’/Count Transceiver with Adder and Parity A SOUPLCC
74F808 20 Hex 2-Input AND Driver A SOL
74F821 20 10-Bit Interface Register, NINV (3-State) A SOL
74F822 24 10-Bit Interface Register, INV (3-State) A SOL
74F823 24 9-Bit Interface Register, NINV (3-State) A SOL
74F824 24 9-Bit Interface Register, INV (3-State) A SOL
74F825 24 8-Bit Interface Register, NINV (3-State) A SOL
74F826 24 8-Bit Interface Register, INV (3-State) A SOL
74F827 24 10-Bit Buffer/Line Driver, NINV (3-State) A SOL
74F828 24 10-Bit Buffer/Line Driver, INV (3-State) A SOL
74F832 20 Hex 2-Input OR Driver A SOL
74F835 24 8-Bit Shift Register with 2:1 Multiplexer-In, Latched “B” Inputs & Serial-Out A SOL
74F841 20 10-Bit Bus Interface Latch, NINV (3-State) A SOL
74F842 24 10-Bit Bus Interface Latch, INV (3-State) A SOL
74F843 24 9-Bit Bus Interface Latch, NINV (3-State) A SOL
74F844 24 9-Bit Bus Interface Latch, INV (3-State) A SOL
74F845 24 8-Bit Bus Interface Latch, NINV (3-State) A SOL
74F846 24 8-Bit Bus Interface Latch, INV (3-State) A SOL
74F861 24 10-Bit Bus Transceiver, NINV (3-State) A SOL
74F862 24 10-Bit Bus Transceiver, INV (3-State) A SOL
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Availability Guide S
NO. OF AVAILABILITY

DEVICE PINS DESCRIPTION DIP SMD
74F863 24 9-Bit Bus Transceiver, NINV (3-State) A SOL
74F884 24 9-Bit Bus Transceiver, INV {3-State) A SOL
74F 1240 20 Octal Inverter Buffer (3-State), Light Load 74F240 A SOL
74F1241 20 Octal Buffer (3-State), Light Load 74F241 A SOL
74F1243 14 Quad Transceiver (3-State), Light Load 74F243 A SOL
74F1244 20 Octal Buffer (3-State), Light Load 74F244 A SOL
74F 1245 20 Octal Bus Transceiver (3-State), Light Load 74F245 A SOL
74F 1604 28 Dual Octal Latch A SOL
74F1762 40 4-MBit Memory Address Controller A PLCC
74F1763 48 1-MBit Intelligent DRAM Controller A PLCC
74F1764 48 1-MBit DRAM Dual Ported Controller with Latch A PLCC
74F1764-1 48 1-MBit DRAM Dual Ported Controller with Latch A PLCC
74F1765 48 1-MBit DRAM Dual Ported Controller without Latch A PLCC
74F1765-1 48 1-MBit DRAM Dual Ported Controller without Latch A PLCC
74F1766 48 Burst Mode DRAM Controller A PLCC
74F1779 16 8-Bit Up/Down Counter, Common 1/O (3-State), Extended Function of 74F779 A SOL
74F 1804 20 Hex 2-Input NAND Driver (Center Power Pin 74F804) A SOL
74F1805 20 Hex 2-Input NOR Driver (Center Power Pin 74F805) A SOL
74F1808 20 Hex 2-Input AND Driver (Center Power Pin 74F808) A SOL
74F1832 20 Hex 2-Input OR Driver (Center Power Pin 74F832) A SOL
74F2952 24 Octal Transceiver, NINV (3-State) A SOL/PLCC
74F2953 24 Octal Transceiver, INV (3-State) A SOL/PLCC
74F3037 16 Quad 2-Input 30Q Line Drive, NINV A SOL
174F3037 16 Quad 2-Input 30Q Line Drive, NINV (Industrial) A SOL
74F3038 16 Quad 2-Input 30Q Line Drive, NINV (OC) A SOL
74F3040 16 Dual 4-Input 30Q Line Drive, NINV A SOL
74F3893 20 Quad Futurebus Backplane Transceiver (3-State + OC) A PLCC
74F5074 14 Synchronizing Dual D-Type Flip-Flop A SO
74F5300 8 LED Driver SO
74F8960 28 Octal Latched Bidirectional Futurebus Transceiver, INV (OC) A PLCC
74F8961 28 Octal Latched Bidirectional Futurebus Transceiver, NINV (OC) A SOUPLCC
74F30240 24 Octal 30Q Transmission Line/Backplane Driver, INV (OC) A SOL
74F30244 24 Octal 30Q Transmission Line/Backplane Driver, NINV (OC) A SOL
74F50109 16 Synchronizing Dual D-Type Flip-Flop A SO
74F50728 14 Synchronizing Cascaded Dual D-Type Flip-Flop A SO
74F50729 16 Synchronizing Dual D-Type Flip-Flop with Edge Triggered Set & Reset A SO
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Discontinued Products SE&E%;;
- |
DISCONTINUED PRODUCTS
74F13 74F412 74F657A
74F83 74F432 74F732
74F151 74F547 74F755
74F160A 74F548 74F764
74F162A 74F563 74F765
74F168 74F568 74F881
74F190 74F582 74F882
74F192 74F583 74F1242
74F251 74F588 74F1760
74F257 74F605 74F30245
74F258 74F622 74F30640
74F352 74F654
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GATES
FUNCTION DEVICE NUMBER
Inverters Hex Inverter 74F04
Hex Inverter, Schmitt Trigger 74F14
NAND Quad 2-Input 74F00
Triple 3-Input 74F10
Dual 4-Input 74F20
8-Input 74F30
Quad 2-Input, Schmitt Trigger 74F132
13-Input 74F133
AND Quad 2-Input 74F08
Triple 3-Input 74F11
NOR Quad 2-Input 74F02
Triple 3-Input 74F27
Dual 5-Input 74F260
OR Quad 2-Input 74F32
Exclusive-OR Quad 2-Input : 74F86
Combination Gates Dual 2-Wide 2-Input, 2-Wide 3-Input AND-OR-Invert 74F51
4-2-3-2 Input AND-OR 74F64
GATES
FUNCTION DEVICE NUMBER CLOCK EDGE SET RESET METASTABLE IMMUNITY
Dual D 74F74 T Low Low
Dual D 74F5074 T Low Low Yes
Dual D 74F50728 T Low Low Yes
Dual D 74F50729 T High High Yes
Dual JR 74F109 T Low Low
Dual JK 74F50109 T Low Low Yes
Dual JK 74F112/174F 112 { Low Low
Dual JK 74F113 { Low Low
Dual JK 74F114 { Low Low
MULTIPLE FLIP-FLOPS
FUNCTION DEVICE NUMBER CLOCK EDGE RESET OUTPUT
Quad D 74F173 T High NINV
Quad D with Master Reset 74F175/174F175 T Low NINV INV
Quad D with Enable 74F379 T NINV INV
Hex D with Master Reset 74F174 T Low NINV
Hex D with Enable 74F378 T NINV
Octal D 74F273 T Low NINV
Octal D, 3-State 74F374 T NINV
Octal D, 3-State 74F534 T INV
Octal D with Enable 74F377 T NINV
Octal D, 3-State 74F564 T INV
Octal D, 3-State 74F574 T NINV
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OTHER REGISTERS, REGISTER FILES
FUNCTION DEVICE NUMBER CLOCK EDGE PARALLEL ENTRY BITS
Quad 2 Port, NINV, INV 74F398 T 2D (Mux) 4x2
Quad 2 Port, NINV 74F399 T 2D (Mux) 4x2
Dual Octal, 3-State 74F604 ) 8D 8
Register File 74F670 T 2D 4x4
10-Bit, NINV, 3-State 74F821 ) 2D 10
10-Bit, INV, 3-State 74F822 T 2D 10
9-Bit, NINV, 3-State 74F823 T 2D 9
9-Bit, INV, 3-State 74F824 T 2D 9
8-Bit, NINV, 3-State 74F825 T 2D 8
8-Bit, INV, 3-State 74F826 T 2D 8
LATCHES
FUNCTION DEVICE NUMBER ENABLE LEVEL RESET LEVEL OUTPUT
Dual Addressable 74F256 1 (Low) Low NINV
Dual Octal Latch 74F1604 1 (Low) NINV
Octal Transparent, 3-State 74F373 1 (High) INV
Octal Transparent, 3-State 74F533 1 (High) INV
(Broadside version of 74F373)
Octal Transparent, 3-State 74F573 1 (High) NINV
(Broadside version of 74F373)
8-Bit Addressable 74F259 1 (High) Low NINV
8-Bit Interface, 3-State 74F845 1 (High) Low NINV
8-Bit Interface, 3-State 74F846 1 (High) Low INV
9-Bit Interface, 3-State 74F843 1 (High) Low NINV
9-Bit Interface, 3-State 74F844 1 (High) Low INV
10-Bit Interface, 3-State 74F841 1 (High) NINV
10-Bit Interface, 3-State 74F842 1 (High) INV
MULTIPLEXERS
FUNCTION DEVICE NUMBER ENABLE LEVEL SELECT INPUTS OUTPUT
Dual 4-Input 74F153 2 (Low) 2 (High) NINV
Dual 4-Input, 3-State 74F253 2 (High) NINV
Dual 4-Input, 3-State 74F353 2 (High) INV
Quad 2-Input 74F157/157A 1 (Low) 1 (High) NINV
Quad 2-Input 74F158/158A 1 (Low) 1 (High) INV
Quad 2-Input, 3-State 74F257A 1 (High) NINV
Quad 2-Input, 3-State 74F258A 1 (High) INV
Quad 2-Input 74F298 1 (High) INV
Quad 3-Input 74F712A/712-1 2 (High) NINV
Quad 3-Input 74F723A/723-1 1 (High) 2 (High) NINV
Quad 4-Input 74F725A/725-1 2 (High) NINV
Quint 2-Input 7AFT1AT11-1 1 (High) NINV
8-Input 74F151A 1 (Low) 3 (High) NINV, INV
8-Input, 3-State 74F251A 3 (High) NINV, INV
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DECODER/MULTIPLEXERS

FUNCTION DEVICE NUMBER | ADDRESS INPUTS ENABLE LEVEL OUTPUT
Dual 1-of-4 74F139 2+2 1 (Low) + 1 (Low) 4 (Low) + 4 (Low)
Dual 1-of-4 74F539 2+2 1 (Low) + 1 (Low) 4 (High) + 4 (High)
1-of-8 74F138 3 2 (Low), 1 (High) 8 (Low)
1-of-8 74F538 3 2 (Low), 1 (High) 8 (High)
1-0f-10 74F537 4 1 (Low), 1 (High) 10 (High)
1-of-16 74F154 4 2 (Low) 16 (Low)

BUFFERS, DRIVERS AND TRANSCEIVERS
FUNCTION DEVICE NUMBER OUTPUT

Dual 4-Input NAND Transmission Line Driver 74F3040 INV
Dual 4-Input NAND Buffer 74F40 INV
Quad 2-Input NAND Buffer 74F37 INV
Quad 2-Input NAND Buffer, OC 74F38 INV
Quad 2-Input NAND Transmission Line Driver 74F3037/174F3037 INV
Quad 2-Input Transmission Line Driver 74F3038 NINV
Quad Futurebus Backplane Transceiver, OC + 3-State 74F3893 NINV
Hex Inverter Buffer/Driver, OC 74F06/A INV
Hex Inverter Buffer/Driver, OC 74F07/A INV
Hex 2-Input NAND Driver, OC (Corner Vg and GND) 74F804 INV
Hex 2-Input NAND Driver, OC (Corner V¢ and GND) 74F1804 INV
Hex 2-Input NOR Driver, OC (Corner Vg and GND) 74F805 INV
Hex 2-Input NOR Driver, OC (Corner Vgg and GND) 74F1805 INV
Hex 2-Input AND Driver, OC (Corner Vg and GND) 74F808 INV
Hex 2-Input AND Driver, OC (Corner Vg and GND) 74F1808 INV
Hex 2-Input OR Driver, OC (Corner Vgc and GND) 74F832 INV
Hex 2-Input OR Driver, OC (Corner Ve and GND) 74F1832 INV
Octal Inverter Buffer, OC 74F756 INV
Octal Buffer, OC 74F757 NINV
Octal Buffer, OC 74F760 NINV
Octal 30Q Transmission Line/Backplane Driver, OC 74F30240 INV
Octal 30Q Transmission Line/Backplane Driver, OC 74F30244 NINV
Octal Transceiver, OC 74F621 NINV
Octal Transceiver, OC 74F623 NINV
Octal Transceiver, OC 74F641 NINV
Octal Transceiver, OC 74F642 INV
Octal Transceiver/Register, OC 74F647 NINV
Octal Transceiver/Register, OC 74F649 INV
Octal Transceiver/Register, OC + 3-State 74F653 INV
Pi-Bus Transceiver (Octal Bidirectional Latched Transceiver), OC 74F776 NINV
Octal Latched Bidirectional Futurebus Transceiver, OC 74F8960 INV
Octal Latched Bidirectional Futurebus Transceiver, OC 74F8961 NINV
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SHIFT REGISTERS
FUNCTION DEVICE BITS SERIAL ENTRY PARALLEL ENTRY CLOCK
NUMBER EDGE
Serial-In/Parallel-Out 74F164 8 Dsa, Dsb T
Serial-in/Paraliel-Out Ouiput Laich, 3-State 747595 8 Os b
Serial-In/Parallel-In/Serial-Out, Parallel-Out 74F195 4 J, K 4D T
Serial-In/Parallel-in/Parallel-Out, Shift Right 74F199 8 J, K 8D T
Serial-In/Parallel-In/Serial-Out, Parallel-Out 74F598 8 Dso, Ds1 81/0 T
Serial-In/Parallel-in/Serial-Out 74F674 16 SI/0 SI/O, 16D 1
Serial-In/Parallel-In/Serial-Out 74F676 16 Sl 16D T
Serial-In/Parallel-In/Serial-Out, 10/9 Bit 74F847 10/9 Ds 10D T
Serial-In/Parallel-In/Parallel-Out, Shift Right, 3-State 74F395 4 Ds 4D )
Serial-In/Parallel-In/Serial-Out, Parallel-Out, 3-State 74F322 8 Do, D¢ 81/0 T
Serial-In/Parallel-In/Parallel-Out 74F194 4 Dg, Dg| 4D T
Serial-In/Parallel-In/Parallel-Out, Shift Right 74F199 8 J, K T
Serial-In/Parallel-In/Serial-Out 74F166 8 Ds T
Serial-In/Parallel-In/Parallel-Out, Bidirectional 74F198 8 Dsr, Dy 8D T
Serial-In/Parallel-In/Serial-Out, Parallel-Out, 3-State 74F299 8 Dso, Ds7 81/0 T
Serial-In/Parallel-In/Serial-Out, Parallel-Out, 3-State 74F323 8 Dso, Ds7 81/0 )
Parallel-In/Serial-In/Serial-Out, Multiplexed Inputs 74F539 8 Ds, Dna, Dno 8D T
Parallel-In/Serial-In/Serial-Out, 2:1 Multiplexed Inputs 74F835 8 Ds, Dna, Dno 8D T
Parallel-In/Serial-Out, Input Latch 74F597 8 Ds 8D T
Parallel-In/Parallel-Out, 3-State 74F350 4 SIIo 4y T
Parallel-In/Parallel-Out, 3-State 74F604 16 Ao—A7, Bo—B; T
Parallel-Iin/Parallel-Out, True & Complement Output 74F398 8 S loa—lod, Ha—l1d T
Parallel-In/Parallel-Out 74F399 8 S loa—ltod, l1a—t1d T
COUNTERS
FUNCTION DEVICE MODULUS | PRESETTABLE | PARALLEL ENTRY | CLOCK
NUMBER EDGE
Synchronous (Asynchronous Reset) 74F161A 16 X Synchronous T
Synchronous (Synchronous Reset) 74F163A 16 X Synchronous T
Up/Down, Binary 74F169 16 X Synchronous T
Up/Down, BCD Binary 74F191 16 X Asynchronous T
Up/Down, BCD Binary 74F193 16 X Asynchronous T
Bidirectional, Binary 74F269 256 X Synchronous T
Up/Down, 3-State 74F569 16 X Synchronous T
Up/Down 74F579 256 X Synchronous (I/O) T
Up/Down, 3-State Multiplexed 74F779 256 X Synchronous (//O) T
Up/Down, 3-State Multiplexed 74F1779 256 X Synchronous (1/O) T
Ripple Counter 74F393 10 X {
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THREE-STATE BUFFERS, DRIVERS AND TRANSCEIVERS
FUNCTION DEVICE NUMBER OUTPUT

Quad Buffer 74F125 NINV
Quad Buffer 74F126 INV
Quad Bus Transceiver 74F242 INV
Quad Bus Transceiver 74F243 NINV
Quad Bus Transceiver 74F1243 NINV
Hex Buffer 74F365 NINV
Hex Inverter 74F366 INV
Hex Buffer, 4-Bit and 2-Bit 74F367 NINV
Hex Inverter, 4-Bit and 2-Bit 74F368 INV
Octal Buffer 74F240 INV
Octal Buffer 74F241 NINV
Octal Buffer 74F244/174F244 NINV
Octal Buffer 74F1240 INV
Octal Buffer 74F1241 NINV
Octal Buffer 74F1244 NINV
Octal Buffer with Parity 74F455 INV
Octal Buffer with Parity 74F456 NINV
Octal Buffer with Parity 74F655A/174F655A INV
Octal Buffer with Parity 74F656A/174F656A NINV
Octal Driver 74F540 INV
Octal Driver 74F541 NINV
Octal Transceiver 74F245 NINV
Octal Transceiver 74F545 NINV
Octal Transceiver 74F620 INV
Octal Transceiver 74F640 INV
Octal Transceiver 74F1245 NINV
Octal Transceiver with Parity 74F657/\74F657 NINV
Octal Transceiver/Register 74F646/646A NINV
Octal Transceiver/Register 74F648/648A INV
Octal Transceiver/Register 74F651/651A INV
Octal Transceiver/Register 74F652/652A NINV
10-Bit Buffer 74F827 NINV
10-Bit Buffer 74F828 INV
10-Bit Transceiver 74F861 NINV
10-Bit Transceiver 74F862 INV
9-Bit Transceiver 74F863 NINV
9-Bit Transceiver 74F864 INV
Octal Registered Transceiver 74F543 NINV
Octal Registered Transceiver 74F544 INV
8-Bit Registered Transceiver 74F2952 NINV
8-Bit Registered Transceiver 74F2953 INV
Octal Registered Transceiver with Parity and Status Flags 74F552 INV
Octal Shift/Count Transceiver with Adder and Parity 74F807 INV
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INDICES
PRIORITY ENCODERS
FUNCTION DEVICE NUMBER ENABLE LEVEL INPUT/OUTPUT LEVEL
8-to-3 74F148 Low Active Low
ARITHMETIC FUNCTIONS
FUNCTION DEVICE NUMBER
4-Bit Arithmetic Logic Unit 74F181
4-Bit Arithmetic Logic Unit 74F381
4-Bit ALU with Overflow Output for Two's Complement 74F382
4-Bit Binary Full Adder with Fast Carry 74F283
Look Ahead Carry Generator 74F182
Quad Serial Adder/Subtractor 74F285

COMPARATORS
FUNCTION DEVICE NUMBER
4-Bit Identity Comparator 74F85
8-Bit Comparator 74F521
8-Bit Register Comparator 74F524
PARITY
FUNCTION DEVICE NUMBER
9-Bit Odd/Even Parity Generator/Checker 74F280A/280B/174F280B
SPECIAL FUNCTIONS
FUNCTION DEVICE NUMBER
16 x 5 Asynchronous FIFO (3-State) 74F225
64-Bit RAM 74F189A/219A
Register Stack — 16 x 4 RAM 3-State Output Register 74F410
DRAM Dual-Ported Controller with Refresh 74F764-1
DRAM Dual-Ported Controller without Latch 74F765-1
4-Bit Asynchronous Bus Arbiter 74F786
1-MBit Memory Address Controller 74F1762
1-MBit Intelligent DRAM Controller 74F1763
1-MBit DRAM Dual-Ported Controller with Latch 74F1764
1-MBit DRAM Dual-Ported Controller without Latch 74F1765
Burst Mode DRAM Controller 74F1776
LED Driver 74F5300
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SUMMARY

The Signetics Company was founded in
September, 1961 by a group of scientists and
engineers who were among the pioneers in
the development of integrated circuits.
Signetics, acquired by Philips in 1975, was
the first company in the world to be
established for the sole purpose of designing,
developing, manufacturing, and marketing
ICs. Philips celebrated its 100th anniversary
in 1991. On 1st January 1991, the Integrated
Circuits and Discrete Semiconductor
Business Units, formerly part of Philips
Components, were merged into an
autonomous product division (PD)—Philips
Semiconductors as part of a major
reorganization to focus Philips’
semiconductor activities and to strengthen its
standing in selected strategic markets. At the
heart of this reorganization comes quality.

The Signetics approach to Quality
Management has evolved with each

evolution building upon the foundation laid.
The emphasis in the 1960s and 1970s was
quality by policy, documentation, and
inspection. The emphasis in the 1980s was
quality by employee involvement and process
control. In the 1990s quality is achieved by
emphasizing process and product Design For
Manufacturability (DFM) and to customer
requirements. (See Figure 1.) To ensure
transformation, a formal Design Development
Process (DDP) exists which requires the
utilization of Cross-Functional Teams (CFTs)
to assure that the customer Dimensions of
Performance are met.

The modern Signetics Quality Journey (see
Table 1) began in 1980. During the ensuing
decade it achieved a 90-fold improvement in
product electrical quality, 30-fold

improvement in product visual and
mechanical quality and a 20-fold
improvement in product reliability. The great
reduction in defect levels and a continued
commitment to our customers made possible
the following industry firsts:

o Ship-To-Stock Program

o Self-Qualification Program

o Zero Defects Warranty Policy

The Journey never ends—Signetics

continues to strive for EXCELLENCE in all

aspects of our business through company

focus and initiatives aimed at achieving three

performance level goals in 1994:

¢ Industry Leader in Customer Satisfaction

o With Products of Six Sigma Quality and
Reliability

« And World Class Responsiveness to
Customer Needs and Wants.

N

Quality by policy, documentation, inspection

Quality by employee involvement, information
systems, barrier removal, process control

Quality by process and product design for
manufacturability and to customer requirements

1

0.8

0.6

0.4

0.2

1975

Figure 1. Evolution of Signetics Quality Mahagement

1980

1985 1990

1995
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SIGNETICS’ QUALITY
IMPROVEMENT PROCESS

In 1979, Signetics recognized that quality
was becoming a major competitive issue, not
only in the semiconductor business but also
in other industries. Increases in the volume of
products imported from the Far East (steel,
automobiles, and consumer products) sent
strong signals that new competitive forces
were at work.

An investigation into a variety of quality
programs was started. The company realized
that quality improvement would require a
contribution from all employees. Management
commitment and participation, however, was
recognized as the primary prerequisite for this
program to work successfully. Resources
required for the resolution of defects were
under management control.

The “Signetics Quality Journey” from 1980
into the decade of the '90s is summarized in
Table 1. In 1980 a program was developed
which focused on quality management.
Rearranging previous quality control
philosophies, we developed a decentralized,
distributed quality organization and
simultaneously installed a Quality
Improvement Process (QIP) based on the
14-Step improvement program advocated by
Phil Crosby. The process was formally begun
company-wide in 1981. Since then
substantial progress has been made in every
aspect of our operations. From incoming raw
material conformance to improvements in
clerical errors — every department and
individual is involved and striving for Zero
Defects. Zero Accept sampling plans and
Zero Defects warranties are evidence of our
ongoing commitment to and progress in
quality. The Crosby 14 steps evolved into 9
elements as the foundation of the QIP. The
QIP continued to expand, including more
processes and disciplines as Signetics' vision
cleared.

Today the Total Quality Management (TQM)
model is applied to the QIP, as illustrated in
Figure 2, having a far-reaching impact on all
aspects of our business. The customer is at
the start (driver) and end (goal) of the TQM
model which requires a driver, system,
measures and goal. The customer is the
primary driver. Leadership is provided by
Quality Improvement Teams (QITs) which
ensure that customer interaction occurs and
that the organization supports the mission, Ql
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policy and customer direction. TQM requires
a clear set of management principles which
mandate systems and measurements
consistent with stated objectives. TQM
endorses and utilizes the seven major
examination categories of the U.S.A. Malcolm
Baldrige National Quality Award. Together,
the examination categories address all major
components of an integrated, prevention
based system built around continuous
improvement and customer satisfaction.

ZERO DEFECTS WARRANTY

In the '80s, American industry demanded
increased product quality of its I1C suppliers in
order to meet growing international
competitive pressure. As a result of this
quality focus, it became clear that what once
was thought to be unattainable— Zero
Defects— is, in fact, achievable.

Signetics offers a Zero Defects Warranty
which states that we will take back an entire
lot if a single defective part is found. This
precedent setting warranty implemented in
1985 effectively ended the IC industry’s “war
of the AQLs" (Acceptable Quality Levels).
The ongoing efforts of IC suppliers to reduce
PPM (Parts Per Million) defect levels is now a
competitive customer service measure. This
intense commitment to quality provides an
advantage to today's electronics OEM. That
advantage can be summed up in four words:
Reduced Cost of Ownership.

As IC customers look beyond purchase price
to the total cost of doing business with a
supplier, it is apparent that a
quality-conscious supplier represents a viable
cost reduction resource. Consistent
high-quality circuits reduce requirements for
expensive test equipment and personnel, and
allow for smaller inventories, less rework, and
fewer field failures. Programs such as Self
Qualification and Ship-To-Stock implemented
in 1984 and Cycle Time Management (CTM)
implemented in 1989 help reduce cost of
ownership.

STATISTICAL PROCESS
CONTROL (SPC)

Although application of statistics in our
process development and manufacturing
activities goes back to the early 1970's, the
corporate-wide emphasis on Statistical

Process Control (SPC) did not come until
mid-1984.

A natural evolution of our quality
improvement process made introduction of
SPC and other related programs an inevitable
event. SPC was, therefore, introduced under
the QIP umbrella. The Crosby definition of
Quality, “Conformance To Requirements
(Specification)” was expanded to include
“Conformance To Specified Targets”. The
measurement definition of “continuous
improvement” was expanded to include
“Continuous Reduction of Variability Around
the Specified Target”.

The objective of SPC is to institutionalize a
systematic and scientific approach to
business and manufacturing activities. This
approach utilizes sound statistical theory.
Managers are expected to be able to turn
data into information and to make decisions
solely on data (not perception).

The most critical and challenging aspect of
implementing SPC is the establishment of a
discipline within the operating areas so that
decision making is fundamentally based on
verifiable data and so that actions are
documented. The other is the realization that
statistical tools merely point out the problems
but are not themselves solutions. The burden
of action on the process is still on the
shoulders of the person that implemented it.
In order to implement SPC effectively, three
steps are continually followed:

1. Documenting and understanding the
process and using process flow charts
and component diagrams.

2. Establishing data collection systems and
using SPC tools to identify process prob-
lems and opportunities for improvement.

3. Acting on the process and establishing
guidelines to monitor and maintain
process control.

Repeating steps 1-3 again.

These fundamentals are the basis of
establishing specifications and operating
philosophy with respect to SPC. The
management of SPC, be it policy, function
deployment or ongoing continuous
improvement is accomplished in a systematic
way by following the four step Plan, Do,
Check, Act — PDCA/Shewart/Deming Cycles
of Learning.
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Table 1.  Signetics Quality Journey
: ¢ Cross Functional Customer Driven
F ® gﬁ\;vﬁlt\ﬂatenal . e Customer Operation * i )
i ips
C * Product Quality p  In-process Quality Management e Involve Everyone
e Individual * Manufacturing Control Practices o Competitive &
u Responsibility for Excellence _ Functonal
s Quality e Product Reliability |e Cycle Time unctional
Management Benchmarks
e No Waiver Policy » e Cycle Time
Audits o Recognition sPC o Measurement- Management
L] L]
SUPPLIER L o Ship-to-Stock Implementation TQRDC e Broaden to
o Certification (STS) o Supplier Teams Equipment &
Program Service
l .
N « Design e 6 Sigma §\rategy
I Development ¢ Responsiveness
T ¢ Decentralized Q & ¢ SPC Introduction géﬂgc-g:]e Strategy .
R Function o JIT Manufacturing | * Early Failure C/A | | poye Market ’ ?%r:;: nl'nqarklng
! e Crosby 14 Steps & Program le Ti M thgd I
A INTERNAL Absolutes e Zero Accept Cycle Time ethodology
Sampling Plans s 14 Stepsto 9 Reduction —Mfg. Excellence
T e 33 QITs Formed « Repoat 14 Steps Elements « Inventory —Quality & Service
] ¢ AllEmployees e Customer Reduction o QIP Audits
v Sign ZD Pledge Workshop « Baldrige o 1SO 9001
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s Planning o TQE Award
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STSP o Listening Communications Relationship
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Customer
CUSTOMER |+ PPM Program * gxs\omer Process | o Advocate Program Certifications o Customer Survey
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Notiﬁgatio,, o Lot Traceability o Electronic Data ¢ Quality Strategy
Interchange Communications
» Self Qual Program
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Total Customer
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1980 — 1983 1984 — 1985 1986 — 1988 1989 — 1990 1991 — 1994
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S | g n et ICS Ql P Information/Analysis
e Customer Survey
« Employee Survey
e Benchmarking
] ¢ Baldrige Assessment [—™
e CTM Barriers
e SO 9001 Audits
e TQE Assessment
Quality Planning
¢ Planning Process
e Measures
Customer Leadership « Goals Results
* Mission ™ « Plans & Accountabilty | | |* Cycle Time
* Needs e Quality Reduced
Improvement - e Quality/Reliability Sg::::::gn
» Expectations Policy | Quality Assurancelof L] Improved | &
. SIT Structure & Products and Sen:lces e Cost Reduced Market Success
« Requirements esponsibilities ¢ SPC, DOE, Problem
q e Personal Solving ' gi&ﬁ;r‘:\rﬁ’;‘:\t
i i .
nvolvement Lol ® g:aosclgrsmsDevelopmem e « Supplier
Partnering
» Make/Market Process .
) e Complaints/
« Steps to 6 Sigma Returns Reduced
o Supplier Management
o Audits
Employee Involvement
o Teams
— PATs/MCTs
—CATs
Le] —CFTs -
e Improvement Ideas
e Training
* Recognition
Driver System Measures of Goal
y Progress
Figure 2. Total Quality Management Model
CYCLE TIME MANAGEMENT Design-Development focuses on getting the barrier identification at the root cause level
(CTM) right products and processes to production and removal of those barriers (e.g.
Cycle Time Management efforts are focused within the market window interval. eliminating causes of rejects thereby
on Design-Development Process and Make-Market concentrates on getting product  eliminating rework or product sort). Also, the
Make-Market Process Responsiveness. Both into the customers hands within Customer acceleration of results from reducing cycle
are aimed at reducing the cycle time of 'tasks Lead Time Requirements. Cycle time time increases the frequency of events
from current performance (Baseline) to management directly links to quality thereby increasing the cycles of learning
improvement in its requirement for task required for quality improvement.

entitlement (Using Existing Resources) then
to improved entitiement and theoretical limit.
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DESIGN FOR
MANUFACTURABILITY (DFM)
AND SIX SIGMA

A by-product of CTM application to the
Design-Development Process (DDP) is the
Signetics proprietary DDP manual introduced
in January 1991 followed by Cross Functional
Team (CFT) training. The DDP applies to all
product, package and technology groups in
Signetics. CFT’s are used to drive the project
from planning phase until all objectives of the
new product contract are met. The
requirements for SPC, DFM and meeting Six
Sigma objectives are contained in the DDP
manual. The CFTs are responsible for
assuring that DFM occurs with an objective of
Six Sigma. A Six Sigma design means that
any desired characteristic of a part has a
yield of 99.9997% or a defect rate of 3.4PPM
(Cp of 2 0or Cy of 1.5)

QUALITY PERFORMANCE

Our Quality Improvement Process has
influenced our entire production cycle - from
the purchases of raw materials to the
shipment of finished product. The
involvement of all areas of the company has
resulted in impressive quality improvements.
A traditional quality gauge is final electrical
and visual/mechanical product defect levels
as measured upon first submittal results at
outgoing Quality Assurance gates; Estimated
Process Quality (EPQ). This is the PPM
Level at our outgoing inspection for all
accepted and rejected lots. (See Figures 3
and 4.) Current product shipments routinely
record below 20PPM (Parts Per Million)
electrical defect levels and 150PPM
visual/mechanical defect levels. Since we
utilize zero accept sampling on all finished
product inspection, any lot with one or more

rejects is rejected and 100 percent inspected.

The most meaningful measure of our quality
is how we measure up to our customer’s
expectations. Many customers routinely send
us incoming inspection data or ratings on our
products and services. In 1991, Signetics
also implemented a formal annual customer
survey to solicit inputs on Signetics
performance to the Dimension of
Performance deemed relevant by the
customer. Signetics is very appreciative of
the recognition given by customers. Since
1986, Signetics has received over 70 formal
commendation plaques from customers in
recognition of Quality, Delivery and Service.
Due to this type of performance, a number of
our customers have eliminated expensive
incoming inspection testing and have
subscribed to the Ship-to-Stock Program.
(See Figure 5.)

PPM
1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992Jan. 1984 projection
YEAR
Figure 3. Electrical Product Quality Based on First Time Q.A. Submission Resulits
3900 1238
PPM

1981 1982 1983

1984 1985 1986 1987 1988 1989 1990

YEAR

pree)

1991 1992 Jan. 1994 projection

Figure 4. Visual/Mechanical Product Quality Based on First Time Q.A. Submission Results
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CUSTOMERS
100
504
14
6
° 772
1984 1985 1991 1992 Jan.
YEAR
1984 | 1985| 1986 | 1987 1988 | 1989 | 1990 1991| Jan. 1992
s\\‘ Asia Customers 4 4 4
Euro Customers 8 19 | 35 | 42 | 45 45
/] us.Customers | & | 14 | 27 | 36 | 56 | 68 | 73 | 78 79
Figure 5. Signetics Ship-To-Stock Customer Growth
SHIP-TO-STOCK PROGRAM several m?iOf manufacturers after they had RELIABILITY ASSURANCE
Ship-to-Stock is a formal program developed ~ Worked with us and had a chance to PROGRAMS

at the request of our customers to help them
reduce their costs by eliminating incoming
test and inspection. Through close work with
these customers in our quality improvement
program, they became confident that our
defect rates were so low that the redundancy
of incoming inspections and testing was not
only expensive, but unnecessary. They also
saw that added component handling
increased the potential of causing defects.

Ship-to-Stock is a joint program between
Signetics and a customer which formally
certifies specific parts to go directly into the
customer's assembly line or inventory. This
program was developed at the request of
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experience the data exchange and joint
corrective action occurring as part of our
quality improvement program.

Manufacturers using large volumes of ICs,
those who are evaluating Just-in-Time
delivery programs, or those who want to
reduce or avoid high-cost incoming inspection
are strongly encouraged to participate in this
worthwhile program. Contact your local sales
representative for further assistance and
information on how to participate in this
program.
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Focus on Product Reliability

From 1981 to 1984, continuing improvements
in process and material quality had a
significant impact on product reliability.

Since 1984, the company has intensified its
effort to markedly improve product reliability.
Corporate Reliability Engineering, Group and
Plant Reliability Units and Manufacturing
Engineering work jointly on numerous
improvement activities. These focused
activities enhance the reliability of future
products by providing improved methods for
reliability assessment, increased
understanding of failure physics, advanced
analytical techniques, and aid in the
development of material and processes.
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Figure 6. Signetics Early Failure Rate (EFR) Levels

EARLY FAILURE RATE (EFR) related defects. From these data, focused
FOCUS failure mechanism corrective actions can be
developed. Average EFR levels on a broad
cross section of processes, have been
reduced from 720FPM to less than 100FPM
since the corrective action effort was initiated
in 1986 (reference Figure 6). Details of that
activity are available upon request.

In 1986 Signetics intensified the focus on
Early Life Reliability because of the
significantimpact EFR failures have on end
system reliability performance. This program,
which has now become a standard element in
our reliability monitoring activities, provides
quality engineering with statistically
significant definition of low level process

Table 2.  Reliability Assurance Programs

RELIABILITY MEASUREMENT
PROGRAMS

Comprehensive product and process
qualification programs have been developed
to assure that our customers are receiving
highly reliable products for their critical
applications. Additionally, ongoing reliability
monitoring programs, SURE IIl and Product
Monitor, sample standard production on a
regularly established basis (see Table 2).

RELIABILITY FUNCTION TYPICAL STRESS

FREQUENCY

High Temperature Operating Life
Temperature-Humidity, Biased, Static
New Process Qualification High Temperature Storage Life
Pressure Pot

Temperature Cycle

Each new wafer fab process (and facility)
Each new assembly process (and facility)

High Temperature Operating Life
Temperature-Humidity, Biased, Static
High Temperature Storage Life
Pressure Pot

Temperature Cycle

Electrostatic Discharge Characterization

New Product Qualification

Each new product family

High Temperature Operating Life
Temperature-Humidity, Biased, Static

SURE Il Pressure Pot Each fab process family, every four weeks
Temperature Cycle
Product Monitor Pressure Pot Each plastic package type and technology

family at each assembly plant, every week
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DESCRIPTION OF STRESSES

High Temperature Operating Life
Static High Temperature Life (SHTL)
stressing applies static DC bias to the device.
This has specific mefit in detecting ionic
contamination problems which require
continuous uninterrupted bias to drive
contaminants to the silicon surface. The
voltage bias must be maintained until the
devices are cooled down to room
temperature from the elevated life test
temperature. Dynamic High Temperature Life
(DHTL) stressing is not as effective in
detecting such problems because the bias
continuously changes, intermittently
generating and healing the problem. For this
reason, SHTL has typically been used as the
accelerated life stress for Logic products.
DHTL is useful for products such as memory
and micro-processor/controller where a large
portion of the area can only be accessed by
dynamic means.

HTSL-High Temperature Storage
Life

This stress exposes the parts to elevated
temperatures (150°C-175°C) with no applied
bias. For plastic packages, 175°C is the high
end of its safe temperature region without
accelerating untypical failure mechanisms.
This test is intended to accelerate potential
mechanical package-related failure
mechanisms such as Gold-Aluminum bond
integrity and other process instabilities.

THBS-Temperature-Humidity,
Biased, Static

The accelerated temperature and humidity
bias is performed at 85°C and 85% relative
humidity (85°C/ 85% RH). In general, the
worst case bias condition is the one which
minimizes the device power dissipations and
maximizes the applied voltages. Higher
power dissipations tend to lower the humidity
level at the chip surface and lessen the
corrosion susceptibility.

TMCL-Temperature-Cycling, Air
to Air

The device is cycled between the specified
upper and lower temperature without power
in an air or Nitrogen environment. Normal
temperature extremes are -65°C and +150°C
with a minimum 10 minute dwell and 5 minute
transition per MIL-STD-883C, Method

1010.5, Condition C. This is a good test to
measure the overall package to die
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mechanical compatibility, because the
thermal expansion coefficients of the plastic
are normally very much higher than those of
the die and leadframe. However, for large die
the stress may be too severe and induce

e blam by Al mab bn Avan At a A

failures that would not be expected in a rea
application.

PPOT-Pressure Pot

This stress exposes the devices to saturated
steam at elevated temperature and pressure.
The standard condition is 20 PSIG which
occurs at a temperature of 127°C and 100%
RH. The stress is used to test the moisture
resistance of plastic encapsulated devices.
The plastic encapsulant is not a moisture
barrier and will saturate with moisture within
72 hours. Since the chip is not powered up
the chip temperature and relative humidity will
be the same as the autoclave once
equilibrium is reached. Because the steam
environment has an unlimited supply of
moisture and ample temperature to catalyze
thermally activated events, it is effective at
detecting corrosion problems, contamination
induced leakage problems, and general
glassivation stability and integrity. Itis also a
good test for both package integrity (cracks in
the package), and for die cracks (the
moisture swells the plastic enough to stress
the die; also the moisture causes leakage
paths in the crack itself).

PRODUCT AND PROCESS
QUALIFICATION PROGRAMS
Qualification activity is centered around new
products and processes and changes in
products and processes. The goal is to
assure that the products can meet the
qualification requirements prior to general
release, and on an ongoing basis to
demonstrate conformance to those
requirements. The nature and extent of
reliability stressing required depends on the
type of change and the amount of applicable
reliability data available.

A full qualification may include Early Failure
Rate (EFR), Intrinsic Failure Rate (IFR), and
Environmental Endurance Stressing. Such
stress plans are reserved for introductions or
changes that involve new or untested
material or processes and, as such should be
subjected to the maximum reliability
interrogation. This normally entails a full
range of biased and unbiased temperature
and humidity stresses along with
thermo-mechanical stresses.
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For changes that are of limited scope, the full
range of qualification stressing may not be:
warranted. In these instances, the nature and
extent of the change is examined and only
those stresses which provide a valuable
vamative ~fthaa Abaman Aav thana i

measure o1 ineé Snange, of 1nose which will

detect potential weakness, are performed.

SELF-QUAL PROGRAM (SQP)
Self-Qual, initiated in 1984, is a joint program
between Signetics and a customer that
formally communicates the qualification
activities for a new or changed product,
process, or material. The Self Qual process
provides our customer’s engineering groups
an opportunity to participate in the
development of the qualification plan. During
the qualification process, customers may
audit the project, and can receive interim
updates of qualification progress. Upon
completion, formal detailed engineering
reports are provided.

The major impact to the customer comes
from the reduced workload on the component
engineering and qualification groups. These
engineering resources generally divide their
time between routine qualification activity and
problem resolution on critical components. By
eliminating the need to perform qualification
for one of the basic supplier changes the
customer component engineer can spend
more of his time resolving the critical product
issues. In addition, the total amount of stress
hardware needed to perform qualification life
tests and other environmental evaluations
can be reduced, saving the customer facility
costs and reducing operating expense.

Self-Qual is a no-risk proposition for the
customer. Each Self-Qual proposal provides
a detailed description of what we are
changing and why. ltincludes a detailed plan
of what we intend to do to establish the
reliability of the products affected. If the
customer wishes to have product added to
the plan or select some additional stresses,
or prefers alternative stress conditions,
Signetics will do everything possible to
accommodate those requests. After that, if
the customer is still uncomfortable with the
recommended change, they are under no
obligation to accept our data, and they may
also perform their own qualification program.
Customers who are interested in participating
in this program should contact their local
sales representative or the Corporate
Reliability Engineering department directly.
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SURE Il RELIABILITY
MONITORING PROGRAM

In order to implement an improvement
program, a standard measure of performance
was needed. The results from the SURE Il
Reliability Monitoring Program are used as
basic ongoing measures of product reliability
performance. This program samples all
generic families of products manufactured
and utilizes standardized stress methods and
test procedures. A measurement philosophy
was adopted based on the premise of
continual improvement toward our
performance standard of zero defects. We
also increased our standard Pressure Pot
stress conditions from 15 PSIG/121°C to

20 PSIG/127°C. This reduced stress duration
from 168 hours to 72 hours, and increased

high volume sampling, which increased
sensitivity to low defect levels. Our standard
monitoring program, SURE I, includes the
stress conditions as described in Table 3. The
continuous improvement results are shown in
Figure 7 Signetics Reliability Index as Failure
Per Million (FPM). The FPM value includes
all rejects from all accelerated stresses
divided by total units submitted to all
stresses. This is a relative number used to
manage continuous reliability improvement. It
should not be interpreted as an expected
failure rate. Figure 8 shows the continuous
improvement in the SURE 11l 1000 Hour
High-Temperature (T; > 150°C) Operating
Life Test FPM (includes early and intrinsic
failure rates) for all technologies combined.

The 428 FPM for 1991 derates to 1 FIT at
45°C ambient temperature when
assumptions of 0.7eV, 60% UCL and an 8°C
junction rise above ambient are used.
Admittedly the 1 FIT calculation for 1991
includes all technologies and unsubstantiated
assumptions, but is a plausible number.
Detailed FIT calculations by family do exist.
Failure rate information is provided in the
Signetics Product Reliability Summary Report
available to all customers. In addition, the
Signetics Reliability Handbook and the
Signetics Process Technology and
Manufacturing Facility Roadmap publications
further define the rationale for methods used
and the formation of process, product and
package families.

FPM 20000 —— 19517

15000

10000

5000

1986

1987

ALL SURE lil STRESSES

1988 1989 1990

YEAR

* Failures during product lifetime at customer less than 3.4PPM (6 Sigma)

Figure 7. Signetics Reliability Index

1991

1992 Jan. 1994 Projection

10000

FPM
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*1AT@0.7eV, Tymp =

SURE lll MONITOR, 1000 HOURS, ALL TECHNOLOGIES

Ty> 150°C
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45°C, 60% UCL

Figure 8. High-Temperature Operating Life Test FPM
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Projection
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Table 3.

SURE il Reliability Monitoring Program

RELIABILITY FUNCTION STRESS CONDITIONS # UNITS
Tj2 150°C, Tamp = 125°C to 150°C,
Static High Temperature Biased condition = Static,
Operating Life (SHTL) Voo = MAX, 135/150 Monthly
Duration = 1000 hours
Tamp = 85°C £ 3°C,
- Humidity = 85% RH + 5%
Temperature-Humidity, h Al 70
Biased, Static (THBS) Biased condition = Static, 100 Monthly
Vee = MAX,
Duration = 1000 hours
Tamb = -65°C ( +0°C -10°C) to +150°C ( +10°C -0°C), Air-to-Air,
Temperature Cycling Dwell time = 10 minutes minimum each extreme, 100 Monthly
(TMCL) Biased condition = None,
Duration = 1000 cycles for plastic package, 300 cycles for ceramic package
Tamo = 127°C £ 2°C, 20 PSIG +0.5 PSIG (PPOT).
100% saturated steam,
Pressure Pot Biased condition = None, 100 Weekly
Duration = 72 hours
435/450 per Family

NOTE: V¢c = MAX is generally equal to Vg = MAX as specified in data handbook

PRODUCT MONITOR

In addition to the SURE Il program, each
assembly plant performs Pressure Pot
(20PSIG, 127°C, 72hours) reliability monitors
on a weekly basis for each molded package
type by pin count. The purpose of this
program is to monitor the consistency of the
assembly operations for such attributes as
molding quality and die attach and wire bond
integrity. This data is reported back to
manufacturing operations and corporate and
group reliability and quality assurance
departments by electronic mail each week.

RELIABILITY EVALUATION

In addition to the product performance
monitors encompassed in the SURE 1l|
program, Corporate and Group Reliability
Engineering departments sustain a broad
range of evaluation and qualification
activities. Included in the engineering process
are:

@ Evaluation and qualification of new or
changed materials, assembly/wafer-fab

processes and equipment, product
designs, facilities, and subcontractors.

® Devices or generic group failure rate
studies.

® Advanced environmental stress
development.

® Failure mechanism characterization and
corrective action/prevention reporting.

The environmental stresses utilized in the
engineering programs are similar to those
utilized for the SURE Il program; however,
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more highly accelerated conditions and
extended durations typify these engineering
projects. Additional stress systems such as
biased pressure pot, power-temperature
cycling, and cycle-biased temperature-
humidity, are included in some evaluation
programs.

STRESS FACILITY QUALITY
Quality improvement has reached all
functional areas of the company, and the
reliability stress laboratories are no exception.
Corporate Reliability Laboratory (CRL) is one
of the many areas where the benefits of the
quality improvement process pays repeated
dividends.

CRL utilizes stress which accelerate failure
rates hundreds to thousands of times,
requiring precision and control to make
reliability data meaningful. Stress loading
schedules are maintained with absolute
regularity and chambers are never off-line
beyond scheduled loading plans. Board
currents are recorded prior to and at each
interval on biased stresses, and monitoring of
in-oven currents is conducted daily.

Thermal modeling of the Temperature Cycling
systems has been accomplished and all
loads are carefully weighed to ensure that
thermal ramps are consistent.

Pressure Pot and Biased Pressure Pot
systems utilize microprocessor controllers,
and are accurate to within 0.1 degree
centigrade. Saturation is guaranteed via
automatic timing circuits, and a host of
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fail-safe controls ensure that test groups are
never damaged.

Electrostatic discharge (ESD) handling
precautions are standard procedures in the
laboratories, and the occurrences of devices
lost, zapped, or overstressed have become
almost non-existent.

MANUFACTURING FACILITIES
Signetics, as part of a multinational
corporation, utilize manufacturing facilities for
wafer fabrication, package assembly, and test
in three states and six overseas countries as
shown in Table 4. Wafer fabrication is
performed in fabs which report to the Product
Groups. Assembly operations in Korea and
Thailand report to Assembly Manufacturing
Operations (AMO). Assembly subcontractors
are scheduled and controlled through the
AMO organization. Assembly subcontractors
process all product to Signetics’
specifications and materials. We have on-site
quality assurance personnel at each
subcontractor site to audit assembly
processes and procedures.

TYPICAL IC MANUFACTURING
FLOW

The manufacturing process for integrated
circuits begins with wafer fabrication. The
wafers are then electrically sorted,
assembled, and tested prior to customer
shipment. Quality assurance inspections are
utilized throughout the manufacturing
process, with manufacturing being
responsible for the process/product quality.
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Table 4.  Product Manufacturing
FACILITIES DESIGNATION LOCATION PROCESS OR PACKAGE FAMILIES
Fab 01 Sunnyvale, California, USA Bipolar, Linear, Junction Isolated and Quality Assurance
Walor Fab 24 Orem, Utah, USA giggiliai\; AnglSra?mgged' Schottky, Oxide Isolated, ECL, PLD and
Fabrication Fab 22 Albuquerque, New Mexico, USA | NMOS, CMOS, ACMOS, BiCMOS, EPROM and Quality Assurance
Fab 23 Albuquerque, New Mexico, USA | CMOS EPROM, Flash EPROM, BiCMOS, and Quality Assurance
MOS #2 Nijmegen, The Netherlands HC(T) CMOS Logic and Quality Assurance
Alphatec (R) Bangkok, Thailand Ceramic DIP and Quality Assurance
Anam (L) Seoul, Korea Plastic DIP, SO, PLCC, Metal Can and Quality Assurance
ASAT (C) Hong Kong Plastic QFP, SO, and Quality Assurance
HANA (M) Bangkok, Thailand Plastic DIP and Quality Assurance
Assembly Hyundai (W) Ichon, Kyungki, Korea Plastic DIP, SO, PLCC, Ceramic DIP and Quality Assurance
MEC (T) Osaka, Japan Plastic SO EIAJ, QFP and Quality Assurance
Orem (P) Orem, Utah, USA Ceramic DIP, Flat Pack, QFP, PGA and Quality Assurance
Pebei (B) Kaosiung, Taiwan Plastic DIP, SO, SSOP, PLCC, and Quality Assurance
SigKor (K) Seoul, Korea Plastic DIP, SO, PLCC, and Quality Assurance
Sig Thai (V) Bangkok, Thailand Plastic DIP, SO, and Quality Assurance
Rohm (G) Kyoto, Japan Plastic QFP and Quality Assurance
TAO5 Sunnyvale, California, USA Wafer Sort, Final Test and Quality Assurance
SigKor Seoul, Korea Final Test and Quality Assurance
Test SigThai Bangkok, Thailand Final Test and Quality Assurance
Albuquerque Albuquerque, New Mexico, USA | Wafer Test and Quality Assurance
Orem Orem, Utah, USA Wafer Test, Military Final Test and Quality Assurance
Table 5.  Package Construction
ITEMS PLASTIC DIP SO AND PLCC CERAMIC DIP(CERDIP) CERAMIC FLAT PACK
Lead Frame Copper, 194 Alloy Copper, 194 or PMC102 Alloy-42 Alloy-42
Lead Finish Tin/Lead Solder Dip (60/40) E"é'g‘fjgr%‘l’;‘:j'(ggfzgt” 40) | Tin/Lead Solder Dip (60/40) | Tin/Lead Solder Dip (60/40)
Bond Area Finish | Silver Spot Silver Spot Silver Spot Silver Spot
Die Attach ?ﬂ;f;’;ﬂ;‘it’?'ym'de or ?‘g‘gf;iﬂ;iﬁ'ym'de o | Silver Filled Glass Silver Filled Glass
Bond Wire Gpld. 1.0-1.3 mils in Gpld, 1.0-1.3 mils in Aluminum, 1.0-1.3 mils in Aluminum, 1.0-1.3 mils in
Diameter Diameter Diameter Diameter
Wire Bonding Thermosonic Thermosonic Ultrasonic Ultrasonic
Die Ball Ball Stitch Stitch
Lead Frame Stitch Stitch Stitch Stitch
Package Material | Novolac Epoxy Novolac Epoxy Ceramic Ceramic

SPECIAL PROCESSING
SUPR Il LEVEL B -

For our customers who require an infant
mortality rate level less than that normally
provided for our standard products (typically
less than 1000PPM), we offer our Signetics
Upgraded Product Reliability (SUPR)
program.

Devices are burned-in per Signetics
specification 850-227 schematics for a
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minimum of 21 hours at junction temperature
between 155°C to 175°C. For a 1.0eV
activation energy, 21 hours at 155°C is
equivalent to 168 hours at 125°C.

Following burn-in, all devices are cooled
down under bias and tested within 96 hours.
All devices are tested before and after
burn-in, yield calculated and compared to
Percent Defective Allowed (PDA). If a lot fails
PDA, itis investigated and good units
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submitted to a second burn-in. All “SUPRIII
B” devices carry a “B” marking.

The SUPR program was introduced in 1972
to improve quality and reliability and was
expanded in 1975 to SUPR Il A which
included the burn-in option, SUPR Il B. With
the implementation of the Signetics Quality
Improvement Process in 1980, standard
product quality levels and guarantees caught
up and passed SUPR II. All processing,
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except for burn-in, is now standard. The
Signetics standard warranty is Zero Defects.

“Evaluation of Early Failure Levels and The
Effectiveness of Burn-In" is available upon
request through your local sales office. This
brochure is an aid for those users and
purchasers of integrated circuits who need to
make a decision regarding burn-in.

PUBLICATIONS

Signetics routinely publishes documents
supporting the Quality and Reliability
Improvement Process. The following
significant documents are currently available.

IC Quality Series

Quality and Reliability Policy Manual
(850-8000)

This manual is the starting point for
understanding the policies of Signetics
pursuant to constantly improving the high
standards of quality and reliability in the
manufacture of monolithic integrated circuits.
Responsibilities and authority of
organizations are defined along with
governing specifications and operator
instruction documents.

Signetics QIP Total Quality
Management

This booklet describes the TQM model,
patterned after the U.S.A. Malcom Baldrige
National Quality Award criteria and how the
model is applied to the Signetics Quality
Improvement Process.

Supplier Partnership Guide

This booklet defines Signetics philosophy,
policy and requirements for establishing
strategic partnerships with raw material
suppliers.

Product Symbol Formats

This publication provides a guide for
determining standard product symbol format
and content for decoding inventory and
product in field usage since 1980. Since date
code 8717, Signetics has symbolized the
assembly start computer Lot ID on
commercial products providing full traceability
back to start of wafer fabrication.

Quality Attributes EDI System

This manual defines system requirements for
Electronic Data Interchange (EDI) of Quality
Attributes (pass/fail) Data.

Monthly Product Outgoing Quality
Summary Reports

Estimated Process Quality (EPQ) in PPM for
electrical, visual/ mechanical and hermeticity
by part number or by family.
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Statistical Process Control

This booklet introduces the Signetics SPC
system including terminologies, philosophy,
organization, training and implementation
strategy and status.

Ship-To-Stock Program

This booklet defines the “joint program”
requirements of Signetics and the customer
to formally certify specific products to go
directly into the assembly line or inventory
with reduced or no incoming inspection
thereby reducing cost of ownership.

Customer Return Immediate Service
Program (CRISP)

This booklet defines the joint responsibilities
of Signetics and the customer to assure that
correlation samples are investigated and
results reported per the Signetics 1-4-5 cycle
time commitments.

IC Reliability Series

Signetics Reliability Handbook

This handbook is a detailed guide to
Signetics Reliability Qualification and
Monitoring activities. Itincludes reference
sections that deal with the application and
statistics of integrated circuit reliability issues.

Product Reliability Summary

Yearly, SURE lIl monitoring data is
summarized and published for all product
families in a Product Reliability Summary.
Summaries like this one provide a detailed
overview of product family performance and
estimates the reliability of those products in
use conditions.

Quarterly Reliability Update

Detailed results, by part number, package
type, date code, assembly location, and by
stress and test interval are routinely
published in the Signetics Quarterly
Reliability Update. The “Update” is available
at the end of each quarter, and contains the
results of reliability monitors which completed
during the previous quarter, plus
approximately 3 years of history for each
product family.

SMD Reliability (The Reliability and
Durability of Surface Mount
Packages)

In support of Signetics’ leadership in Surface
Mount Device (SMD) technology, we have
published in-depth studies and evaluations on
the reliability and durability of SMD packages.
The Surface Mount Reliability report covers
evaluation of products after exposure to the
unique environments created by various SMD
soldering and cleaning processes.
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Process Technology and
Manufacturing Facility Roadmap

This document defines the various process
technologies in production in Signetics
manufacturing facilities, and defines in detail,
the fab and assembly processes and
locations qualified to produce all released
products.

Thermal Characteristics of Integrated
Circuit Packages

This is a comprehensive collection of thermal
characterization data for all packages
manufactured by Signetics. Thermal
resistance data to Case, and to Ambient are
provided. Details on airflow effects and die
size are included.

SSQP - Signetics Self-Qual
Program-Reports

In addition to the regular publications of
reliability monitor results, a special program
for the publication of qualification proposals
and final engineering reports has been in
place since January of 1984. Self-Qual
Reports are available on all major process
changes and introductions, thereby reducing
customer cost of ownership.

Evaluation of Early Failure Levels
and the Effectiveness of Burn-In

This report provides results of the Signetics
Early Failure Rate (EFR) program
implemented in 1986 to identify and eliminate
root causes of infant mortality and to aid
users of IC components faced with a decision
regarding Burn-In of purchased integrated
circuits.

DATA AVAILABILITY

The previously referenced documents are
available to all our customers. Many are
available in your local sales office, or from:

Corporate Quality System Group
Mail Stop #35

811 East Arques Avenue

P. O. Box 3409

Sunnyvale, CA 94088-3409, USA

where you can be placed on a standard
mailing list for all documentation which meet
your requirement(s).
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INPUT STRUCTURES

There are three types of input structures used
in FAST circuits: diffusion diode, PNP vertical
transistor, and NPN transistor. Each of these
are discussed below.

The diffusion diode input is most often used
with FAST circuits. The input diode is labeled
as D1 in Figure 1. There can be more than
one if NAND logic is to be performed. In the
oxide-isolated processes these are
base-collector diffusions. Each input pin also
has a Schottky clamp diode D2. This diode is
standard for most TTL circuits, and is
included to limit negative input voltage
excursions that are generally the result of
inductive undershoot.

The static diode input function of voltage
versus current is shown in Figure 2. If the pin
voltage is negative, most of the relatively high
negative current flows through the clamp
Schottky D2. At OV the current flows from
Ve through R1.and D1 to the pin. Switching
from a logic Low level to a logic High level
occurs when the input pin voltage rises high
enough to force the current from the D1 path
to the Q3-Q2-Q1 path. This happens when
the base voltage of transistor Q3 is at three
base-emitter drops (3Vgg), and the pin is at
2Vgg, which is the standard FAST threshold
switching voltage. At this voltage the input
current is very small, just the leakage
currents of diodes D1, D3, and clamp diode
D2. The current remains at this small,
positive value until breakdown voltage is
reached.

Transistor Q3 and resistor R2 provide a
current gain by increasing the amount of
current available to Q2 and Q1 when the pin
voltage is high. R3 bleeds current off the

base of Q2 to pull it low when the pin voltage
is low. D3 speeds up this process during the
High-to-Low pin transition. When the
switching transients are over, D3 is reverse
biased.

The current of Figure 2 is scaled for the case
where the pin is required to pull down a single
10KQ resistor R1 (20pA maximum in the
High state and 0.6mA maximum in the Low
state), which is defined as a standard FAST
Unit Load (UL). For some parts, pin current
can exceed a UL, especially in the logic Low
state. This will happen if the pin must sink the
current from more than one R1 resistor, or if
the value of R1 is less than 10KQ, which will
be the case if the capacitance at the base of
the transistor Q3 is too large for the required
switching speed. In this event, the actual
number of ULs is listed for each input in the
specification sheet for the part. Note: UL, as
defined here, is less than the normally
defined Schottky TTL Unit Load. The
correlation is one Schottky Unit Load — 1.67
ULs. This is an important point to remember
for fan-in and fan-out calculations in systems
that mix FAST with other TTL families.

The PNP vertical transistor has found wide
acceptance in its various forms in low power
Schottky logic because it provides a
high-impedance input which is usually
desirable. It was not used with early FAST
circuits because the original oxide-isolated
processes did not provide a fully suitable
PNP vertical structure. It is now frequently the
input of choice for new parts built with
improved processes. The PNP transistor Q3
is fabricated with the P-type substrate as the
grounded collector, the N-type Epi as the
base, and the P-type normal base diffusion

as the emitter. The process must be tailored
to provide a suitable current gain for this
vertical structure and must have provision to
remove the considerable substrate current
without an appreciable rise in substrate
voitage. Referring to Figure 3, Q3 functions
as an emitter follower for pin voltages low
enough to provide an emitter-base forward
bias. This occurs at an emitter voltage below
the 3Vgg value provided by the D3-Q2-Q1
stack, and gives the desired 2Vgg pin
threshold. At pin voltages above this value,
Q8 turns off and the current through R1 is
directed to Q2-Q1 through D3. The Schottky
diode D2 speeds up the High to Low
transition if the pin voltage falls more rapidly
than the base of Q2; otherwise, D2 is off. The
PNP input characteristics are shown in Figure
4. If the input voltage is negative with respect
to ground, a large clamp current flows
through D1. As the voltage rises, D1 turns off
and the input current falls to the base current
of Q3; for the usual values of R1, this is in the
range of about 10pA. This decreases as the
lead voltage rises. At threshold, Q3 turns off
and the input current drops to a low value
determined by the leakage of D1, D2, and
Q3. The current remains at this low value
until the onset of breakdown. Since all PNP
inputs are protected with ESD structures, the
breakdown current is set by this, and not the
actual PNP device.

The NPN input is shown with two variations in
Figures 5 and 6. It has limited use in standard
TTL circuits, and is used in selected FAST
devices, especially where its superior
high-impedance input characteristics are
useful. A typical plot of static input current
versus input voltage is shown in Figure 7.

Figure 1. Diode Input
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Figure 4. PNP Input Characteristics

Figure 5. NPN Input

Figure 6. NPN Input
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There are some significant differences
between this function and that of the diffusion
diode input shown in Figure 2, the most
important being the much lower input current
in the region from OV to threshold and the
controlled increase of input current above
Vee.

When the pin voltage is negative, the large
negative clamp current is supplied through
the clamp Schottky diode D3. For positive
voltages, from OV to the switching threshold
of 2Vgg, Q1 is off, and the input current |y_is
very small, just the leakage current of Q1,
D2, and D3 with low reverse bias. As the
input voltage rises above 2Vgg Q1 turns on,
and the current that had been flowing through
D4 now flows through Q1, blocking Schottky
diode D1 to V¢c. The value of this current is
determined by the current source transistor
Q2 with its base connected to voltage
reference Vs, and by the size of the emitter
resistor R2. The current is nearly constant
within the normal operating range of input
voltages and has a typical value of 0.1mA to
1.0mA. The pin must supply only a small
fraction of this bias current, the ratio of Q1
collector current to base current being the
bipolar B factor. Typically, Iy base input
current is less than 20pA in the voltage range
from OV to Ve. This value is the specification
for a standard FAST NPN Unit Load. As in
the diode input case, its larger currents are
needed to reduce delay times or to provide
tor multiple-input transistors connected to the
same pin, the specification sheet tor the
particular device will identify the input pins

32

which have NPN ULs larger than one, and
will list their values.

In normal operation, the pin voltage will be
limited in the negative direction by the diode
clamp D3, and will be less than Vcg in the
positive direction. The actual input voltage
may exceed V¢ tor three reasons: there
may be inductive overshoot in badly
terminated systems; the Vg pin may be
floating or grounded; or the input pin may be
forced high by electrostatic discharge or
incoming inspection testing.

For the inductive overshoot case, when the
pin voltage exceeds Vg part of the Q1
collector current begins to flow from the pin
through limiting resistor R1 and Schottky
diode D2. The current from V¢ through D1
decreases by exactly this amount, since Q2
is a constant current source. As the voltage
continues to rise, D1 becomes reverse
biased and prevents high currents flowing
from the pin into Vc. All the Q2 current flows
into the pin through the R1-D2-Q1-Q2-R2
path to ground. As stated before, this current
is typically small, in the range of 0.1mA to
1.0mA, and nearly independent of pin
voltage, as shown by the |, plateau in Figure
7. | provides a clamping action to ground for
pin voltages in excess of Vgc which is usually
desirable to reduce overshoot.

For the case where V¢ is grounded or
floating, the input current is nearly zero for
positive voltages between zero and
approximately 7V. The conducting path
through R1-D2-Q1 is available, but the
current source Q2 will be shut off because,
without V¢ drive, the Q2 base reference Vgs
will be at OV. This is the specified standard
setup for incoming inspection. For the
incoming inspection testing case where Vgc
is connected to a 5V source, the response is
shown in Figure 7. The current remains on
the Q2-limited plateau until the pin voltage is
high enough to cause non-destructive
collector-emitter reach-through of Q2. At this
point, input current increases as the pin
voltage rises and R1 functions to limit this
current and prevent damage to Q2.

The electrostatic discharge case is similar to
the incoming inspection case except that Q2
may be off if the V¢ pad is floating, in which
case it breaks down at a slightly higher
voltage. The NPN input produces
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reach-through at a relatively low voltage
compared with the diode input. The effect of
this non-destructive reach-through is to
greatly increase the ability of the device to
survive electrostatic discharge. The
discharge current is passed through the chip
at a relatively low power dissipation, and this
is shared by elements R1, D2, Q1, Q2 and
R2, so that none of them dissipate enough
power to do damage. By way of contrast, with
a diode input, the clamp Schottky diode
breaks down at high voltage with high
dissipation in a localized area, and may suffer
damage.

Another advantage of the NPN inputiis its
ability to interface on the chip to either a
conventional TTL interior design, or to the
increasingly popular current-mode interior
logic. The conventional TTL interface is
shown in Figure 6. In this case the Q2 current
source is designed to provide sufficient
current to insure that in the Low state, with
current flowing through the R3-D4-Q2 path,
the base-emitter stack of Q3—Q4 is shut off.
The 2Vge input threshold is set by the
forward drops of Q1, D4, Q4 and Q3.

The current-mode logic interface is shown in
Figure 5. The output voltage is the drop
across R3, and is referenced to V¢ (or some
on-chip regulated voltage lower than Vgc) as
is required for current-mode logic. For this
case, voltage reference REF2 is normally
fixed at 2Vgg + 1 Schottky drop to provide a
pin threshold voltage of 2Vgg. In fact, REF2
can be tailored to set the switching threshold
voltage to any desirable level; it can be set to
something other than an integral number of
base emitter drops, or it can be designed to
reduce the sometimes undesirable
temperature variations of input threshold.

INPUT CONSIDERATIONS

Static Input Current

A comparison of input current for various
input voltage ranges for each of the three
types of inputs is shown in Figure 8.

The majority of FAST devices available to
date have diode inputs and supply current to
their drivers that may be as large as 600pA at
V) of 0.5V for a single unit load input. If a
driver cannot sink the necessary current for a
particular number of loads, the system
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designer must either add a buffer circuit
designed to drive with higher current, or
switch to devices that have high-impedance
inputs. These are available on many
Signetics FAST designs, and are specified to
have input current less than 20uA over the
full switching range from OV to Vgc. Typical
input current for the NPN structure at room
temperature is less than 1pA below switching
threshold voltage and 3pA above threshold.
Typical PNP input current is less than 10pA
below threshold voltage and 1pA above
threshold.

Input Capacitance

Input capacitance, measured using a
small-signal variation about a static DC
operating point, is usually the least for the
NPN. When one includes the added
capacitance of the elements common to each
input, such as the pin, pad, bond wire, and
clamp Schottky diode, the percentage
difference for total static input capacitance for
any of the three types of inputs is not very
large.

Dynamic Input Current

In many applications the total current an input
pin draws during a switching transition is a
more important consideration than its input
capacitance. This dynamic input current is
often larger than the value of static
capacitance would predict because each of
the three types of input structure normally
includes some sort of speed-up mechanism,
usually a "kicker” Schottky diode, connected
to an internal node of the circuit. The kickers
deliver current, related in a non-linear way to
input edge-rates. High-dynamic input current
does not always equate to fast circuit
switching. NPN inputs are usually faster than
diode or PNP inputs, butin general have the
lowest total dynamic current. The percentage
differences for dynamic current tend to be
larger than the respective differences for
static capacitance.

Switching Threshold Voltage

The FAST input switching threshold voltage is
set quite high for TTL at two base-emitter
junction forward-bias drops. FAST input
structures have enough gain that the voltage
range in which they switch from one state to
the other, as shown by a static DC transfer
function curve, is completed within about
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100mV of the 2Vgg threshold. For a typical
part at room temperature, Vgg is about
800mV, and the switching threshold is
nominally at 1.6V; the static transfer range
uncertainty of about 100mV gives a nominal
threshold for solid Lows and Highs of about
1.55V and 1.65V respectively. The FAST
threshold voltage was chosen higher than
other TTL families to give a larger noise
margin with respect to ground, and to be
more nearly centered in the region where a
FAST output driver stage switches with
maximum edge rates, which occurs between
about 0.6V and 2.6V.

Because the FAST threshold is set by the
base-emitter junction voltage, itis dependent
on junction temperature and current density.
Vgg increases by about 1.2mV for each
degree Celsius drop in junction temperature;
current density changes by about a decade
for a 60mV change in Vgg The total variation
due to processing differences, temperature,
and current density is about 150mV per
junction, or 300mV total change in input
threshold to give limits of 1.25V Low and
1.95V High. The FAST V)_and V} limits are
0.8V and 2.0V respectively, a tight spec for
V|H.

HYSTERESIS CONSIDERATIONS
Hysteresis has frequently been added to the
inputs of TTL circuits in the past. The
purpose is to increase noise immunity, which
is accomplished by adjusting threshold
voltages in a direction to reinforce an input
level once a critical value has been reached.
The procedure works well for slow circuits
where the likelihood of slow, noisy inputs is
high. it does not accomplish what is intended
for FAST parts. There are several reasons:
FAST threshold is already high and well
centered so noise problems are automatically
minimized. Inductive ground bounce, which is
discussed at length later, causes problems
with fast edge rates that completely swamp
the typical benefits of hysteresis. It thus
becomes a further complication in an already
complicated picture and is more apt to hurt
noise margins than to help. Because of this,
the two major suppliers of FAST have
eliminated hysteresis circuits except those
specifically designed as Schmidt triggers; the
'F13, 'F14, and 'F132.
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INPUT VOLTAGE INPUT CURRENT
RANGE DIODE PNP NPN
Below Ground Schottky Clamp Schottky Clamp Schottky Clamp
Ground to V1 High (to 600uA) Low (to 20pA) Leakage
V1 to Voo Leakage Leakage Low (to 20pA)
Above Ve Leakage Leakage Clamp 100 to 1000pA
Figure 8. Input Current for Input Voltage Ranges

ELECTROSTATIC DISCHARGE
(ESD) CONSIDERATIONS

Itis universally true that no bipolar integrated
circuit process can provide devices with such
high breakdown voltages that they are able to
withstand ESD without some structure
punching through or breaking down. The
necessary condition for survival when this
occurs is that the energy dissipation in any
volume of the chip must be kept low enough
so that neither the silicon nor the
interconnecting metal can melt. This can be
accomplished in two ways: the breakdown
voltage should be as low as practical,
consistent with normal circuit operation, and
the energy should be dissipated in as large a
volume as is possible. Circuit components
that are particularly sensitive to charge
damage must be protected by structures that
are less fragile. All Signetics FAST parts are
designed with these requirements in mind,
and although, as a rule of thumb, a
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fabricate these parts tends to be more ESD
damage-prone than a junction-isolated
process, FAST is about as rugged as other
TTL families in general. If FAST parts are
handled with the same care afforded any
other high-technology parts, they will not be
damaged.

ESD sources usually fit into one of two
categories: people or other objects that have
accumulated static charge and touch the
parts; or, they generate their own charge, as
is the case when a circuit makes sliding
contact with an insulator. In the first instance,
static voltages tend to be high, over 10,000V,
and discharge is usually limited by relatively
high series resistance. In the second case,
voltages are lower, around 200V, but there is
very little series resistance to limit discharge
current. Both possibilities are simulated with
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discharge models that are used in the
majority of the test setups, and parts are
designed in a way to improve survival for
both ESD conditions.

Experience has shown that inputs of TTL
circuits are much more likely to suffer ESD
damage than outputs. Since negative
voltages are discharged through clamp
ground diodes with low chip dissipation, only
voltages positive with respect to substrate
ground are apt to produce input damage.

Circuits with diode inputs have a positive
voltage breakdown in the relatively high
range of from 15V to 25V. Schottky diodes
connected to an input pin usually break down
before junction diodes, and if they are
stressed beyond their limits the Schottky

diodes usually sustain damage in the corners.

A diffusion guard-ring around the diode
increases the uniformity of the breakdown,
and as a result maximizes the dissipation
volume at break-down and increases the
ability of the device to survive ESD. All
Signetics FAST circuits have guard-rings on
Schottky diodes that connect to input or
output pins.

NPN inputs are designed to have low holdoff

voltage for positive voltages in excess of Vgc.

Under static discharge the input structure
forward biases, and the current-source
transistor conducts the ESD current to
substrate with a relatively low
collector-emitter reach-through voltage. The
input current for normal operation is low
enough that a series limiting resistor can be
added,; this limits ESD current, especially for
the case where the ESD source has no
appreciable series resistance itself.

As processes improve, it is often possible to
improve ESD protection. Most new releases
and many parts that have been recently
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redesigned onto new processes have specific
ESD structures included which protect up to
2000V for the standard resistance limited
case — the human body model.

FLOATING INPUTS

FAST inputs should not be allowed to float.
All unused inputs, even those on unused
gates, should be tied to a voltage source of
relatively low impedance that will get them
out of the logic picture and out of trouble. For
a Low input this can be ground, or the output
of a permanently low driver. For a High input
this can be V¢, protected by a series
resistor if circuit damaging voltage spikes are
possible in the system, or a permanently high
driver.

Properly tied High or Low inputs will not pick
up enough spurious noise to cause problems.
If they are allowed to float, the results can be
disastrous. Floating diode inputs usually pull
to within a few Mv of 3Vgg above ground, a
Ve above threshold. The input voltage will
fall about 1V per 0.1mA of current that is
capacitively coupled from an adjacent
Low-going pin. Since pin-to-pin input
capacitance is in the order of one pF for an
IC in a PC environment, an adjacent pin
falling at 1.0V/ns couples in about 1.0mA of
current, enough to switch the input to a Low
state for as long as the current lasts. The
normal FAST circuit response will be to
switch or oscillate. The problem is even
worse for high-impedance low-capacitance
NPN or PNP inputs. In this case the static
voltage to which they float is determined in
part by leakage, and is not predictable.

To reiterate, FAST inputs must not be allowed
to float. To do so is to invite serious system
problems.
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OUTPUT CONSIDERATIONS

The purpose of the output stage is to supply
current to a load to force it to a High state or
to sink current from the load to force itto a
Low state. The speed at which the load can
be switched from one state to the other
depends on how much supply current or sink
current is available from the output driver.
There must be an amount in excess of that
which is required to maintain the static load
voltage, and it is the excess current that is
available to charge or discharge the load
capacitance. Most FAST circuits are
designed to fit into one of those categories,
based on output drive capability; the normal
output stage, the buffer driver which can
supply approximately twice as much current,
and the high current drivers designed to drive
low-impedance terminations.

Both normal drivers and buffers may be
3-State, which means that, in addition to Low
and High states, they can be forced to a
high-impedance OFF state as a third possible
choice. This allows multiple components to
be connected to a bus simultaneously, with
only the single-selected device providing
actual drive capability.

The basic components of an output stage are
shown in Figure 9.

The pull-down drive-components sink load
currents to force a Low state at the output
pin; the pull-up driver components supply
current to force a High state. The control
components turn on the selected driver and
turn off the nonselected driver in response to
the logic input signal. Far 3-State parts, the
control components turn off both drivers if the
3-State control signal is active. The output
Schottky clamp is included to suppress

inductive undershoots, and is a part of every
FAST circuit. The load requires a static
current to keep it in either a logic High or Low
state. The drivers must also charge and
discharge the load capacitance C|, which is
generally one of the major factors that
influence switching speed.

Since to a large extent, they function
independently of each other, the pull-up
driver, pull-down driver and control blocks are
discussed independently.

PULL-UP DRIVERS

Open-Collector

The simplest pull-up driver consists of no
more than a fixed pull-up resistor tied to V¢c.
For this case, the control stage interacts only
with the pull-down driver. In the Low state,
this must sink the current from both the
pull-up resistor and load. In the High state,
the pull-up resistor must supply all of the load
current. Most often, the pull-up resistor is not
physically a part of the integrated circuit chip
itself, but is added externally. In this case the
only circuit element connected to the output
pad (in addition to the ever-present Schottky
clamp) is the collector of the pull-down driver
transistor, hence the name “Open-Collector.”
Parts with this output stage can be tied
together for bus applications. If any of the
connected pull-down stages is active, it will
pull the bus Low; only if all of them are off
can the external resistor puli the bus High.
This action provides a "wired” logical function
that is free in the sense that no additional
components are required to achieve it. Some
Open-Collector FAST parts also have 3-State

inputs that serve to disable output pull-down
stages regardless of the action of the normal
logic function.

The Open-Collector output voltage depends
on the load, the value of the pull-up resistor,
and the voltage to which this is connected. If
the resistor value is Low, the output will rise
to nearly the full value of the pull-up source
voltage; in particular, the Open-Collector
output can rise to Vg, a voltage higher than
that obtainable with a standard Darlington
totem-pole pull-up.

High-drive Open-Collector parts are ideal as
drivers for terminated transmission lines. In
this application the line is terminated at the
receiving end with a resistor network that
provides the proper impedance and an
equivalent source voltage of about 3V. The
circuit pull-down drive sinks the termination
current through the line at relatively low chip
power dissipation when it is on. When itis
turned off, the line pulls the output high,
charging the stray capacitance from an
impedance equal to the line characteristic
impedance. Since the current is supplied by
the line, the chip power dissipation falls. Very
fast rise times approaching 1ns can be
obtained with this scheme. Rise times, in
general, for open-collector outputs are
determined by the R, product of the pull-up
resistor and the stray capacitance, and are
limited only be the ability of the chip to pull
the load Low.

Signetics has a new family of parts designed
specifically for driving heavy loads in
terminated or unterminated environments.
The majority of these are Open-Collector
functions. They are discussed in detail later.

Vee
PULL-UP Veo
DRIVER ouPT&UT Yoo
LOGIC INPUT CONTROL PIN om
— | coMPONENTS i _[. L
3-STATE INPUT J
SCHOTTKY c. L
PULL-DOWN =
DRIVER 1 CLAMP I
ON-CHIP = EXTERNAL

Figure 9. Output Stage Basic Components
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Standard Darlington

Most FAST pull-up drivers use dual
transistors, connected as shown in Figure 10,
with the emitter of the first device Qp
delivering current to the base of the driver Q,.
This configuration is called a Darlington
circuit and provides a composite current gain
nearly as large as the product of the current
gains of Qp and Qa.

The major advantage of the Darlington
pull-up, as compared to the Open-Collector,
is that the pin is actively pulled high by the
emitter-follower action of Q, which is capable
of supplying large currents to quickly charge
output capacitance. Despite the large output
current that is available, the drive
requirements of Q, are low, so that the
voltage drop across R is small, and the pad
will pull up to a voltage nearly as high as Vg
—2VgEg.

For the case where the output pin voltage is
High, the phase-splitter transistor Q. is off,
and the base of Qy is pulled high by resistor
Rc. The current which flows through Rg is
just sufficient to provide base drive to Q. The
base voltage of Qy, will be just slightly below
Vce, and the output pin voltage will be less
than this by the sum of the Vg drops of Qy,
and Q,, both of which are on. Most of the
base current for Q, and the current through
pull-down resistor Ry, is supplied from Ve
through R, and Qp. Q;, has a Schottky clamp
to prevent saturation when the current
through R, is large. Resistor R, limits the
amount of current flowing from V¢ through
Q, to a value small enough that Q, will not be
damaged if the output pin is accidentally
grounded for a short period of time. This
short circuit output current is called lpg, and
its value is approximately the maximum
current available to charge the output
capacitance at the beginning of a
Low-to-High transition. The minimum current
available when the pin has reached the
minimum guaranteed high voltage Voy is
called output high current (lon). and is
specified to be either 1mA or 3mA,
depending on the type of driver. The
maximum output voltage that the pull-up
driver can achieve occurs at maximum Vg
and at high temperatures with corresponding
low values of transistor Vgg and high current
gain. Conversely, the minimum high voltage
occurs at low Vgg and low temperatures.

In the Low state, the pull-down driver Qg is on
and the pin voltage is the Qq saturation
voltage Vgar. Qc is on and its collector
resistor R is pulled down to Vgg + Vsar; the
Vge of Qq, Vsar of Qc. Qg is also on, with its
emitter at Vgar, and the current through Ry, is
low. The base-emitter voltage of Q; is nearly
zero and Q, is off.
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The rate at which the pull-up driver can force
a Low-to-High transition depends on a
number of factors. The first, and obvious,
consideration is that the control components
must turn off the pull-down driver very quickly.
During the short time that both pull-up and
pull-down are on, there is a large
feed-through current spike that is wasted as
far as switching the load is concerned; it also
increases chip power dissipation and
produces undesirable voltage spikes in Vco
and ground. Assuming the pull-down is off,
the Low-to-High transition speed is governed
by: 1) the rate at which R can pull-up the
base of Qp; 2) the amount of pin current
required to drive the load and charge the load
capacitance; 3) the value of Ry; 4) the
physical size and current gain of Q,; and 5)
the amount of Q, base drive current that is
lost through Ry, to ground. The amount of Ry,
drive current lost can be reduced by
connecting Ry, to the output pin instead of
ground, and this is done in a number of FAST
parts. For this case, the static current through
Ry, with the pin high is less than if Ry, is
grounded, but switching feed-through current
spike for a High-to-Low transition may be
increased because Ry, cannot effectively
pull-down the base of Q, until after the pin
voltage falls.

The pin can be driven above its maximum
high value by an external pull-up or by
positive reflections from a transmission line.
When this happens, Q; and Qy, do not have
sufficient base-emitter drive to keep them on.
If the pin voltage rises significantly above

Ve Qa will begin to leak current into Veg.
For the case where Ry is tied to the pin
instead of ground, the reverse transistor
action of Q, allows a high pin-to-V¢c current.
This is not usually a problem in normal
operation, but should be avoided in system
applications where the Ve pin may be
intentionally grounded.

3-State

For all 3-State FAST parts, the leakage paths
to a grounded V¢ pin are blocked with
Schottky diodes. A typical 3-State pull-up is
shown in Figure 11. S, is the series Schottky
blocking diode. 3-State Schottkys Syy and Sio
serve to simultaneously turn off the pull-up
and pull-down drivers. The 3-State control is
active when it is pulled low to within Vgar of
ground. In this state it sinks all the available
drive current for Q, and Q and pulls their
bases down to (Vsar + Vschotky) Which is
essentially one Vge. The voltage drop across
R is large and 3-State power dissipation is
typically high. Q, and Qy, are off for normal
TTL voltage ranges of the output pin; a
negative undershoot large enough to drive
the pin about one Vg below ground will allow

36

them to turn on and supply current from Vgg;
this action aids the clamping Schottky diode
in preventing the pin voltage from falling
lower.
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Figure 12. Basic FAST Pull-Down
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PULL-DOWN DRIVERS

The basic FAST pull-down driver is shown in
Figure 12. Qg is the pull-down driver
transistor, a big Schottky-clamped device
capable of sinking large currents. Cq is the
stray base-collector capacitance of Qq, and
its unavoidable presence has an important
effect on the performance of the pull-down
driver Q. is the Schottky-clamped phase
splitter. It functions as a current-limited,
low-impedance driver for Qg when the logic
input voltage V| is high, and as an inverting
driver for pull-up Q by virtue of the current
through R; when V) is low and Qg is off. Z4 is
the pull-down impedance network which
insures that Qq is off when V) is low.

Switching to the logic Low state occurs when
VN is larger than the Vgg drops of Q. plus
Qq. both of which are initially on. Part of the
total emitter current available from Q; comes
from R which has a voltage drop of Vgc —
VgEg — Vsat. The remainder of the Q; emitter
current is supplied through its base Schottky
clamp or by other components not shown in
Figure 12 but discussed in the section on
control components. A portion of the total Qc
emitter current is lost in the pull-down
network Zg4; the remainder is available as
base current for pull-down driver Qq. The
amount of current Qg can sink depends on its
base drive, its current gain, and its collector
voltage. This current is specified on a
per-part basis in the data sheets at output low
voltage (Vo) of 0.5V. The current which Qq
can sink in the switching range with the pin
voltage at 2 5V is called available current
(lav). and is usually at least 70mA for FAST.
The manner in which this current varies as
the pin voltage decreases from 2.5V to Vg is
not specified as a FAST family parameter,
since it is critically dependent on circuit
design for a particular part, but is included as
a specification for selected parts, especially
those tailored to drive transmission lines.
Several innovative circuit improvements that
increase lay| by increasing the drive current
for Qq are shown in Figures 19a and 19b.
Speed-up Schottky diodes Sgy and Sgz have
been added to the standard pull-down circuit
as shown in Figure 13a. Both are
reverse-biased and off in the High state,
since R pulls the collector of Q. nearly to
Vcc. Both connect the collector of Q to
nodes that need to be discharged during a
High-to-Low transition. S to the base of Q,,
Ss2 to the pin. They will conduct if these node
voltages are higher than Vgg + Vgar +
Vschottky, OF approximately 2Vige; they are
quite effective above 2Vgg. Other networks
are available which function down to lower
voltages; these are especially useful for
transmission line drivers. Figure 13b shows a
dynamic kicker that gives an impulse of
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current which is especially useful in
discharging high capacitive loads.

The network of elements labeled Z4 in Figure
12 is the pull-down impedance which insures
that Qq is off when the value of Vyy falls
below 2Vge. When the voltage at the base of
Qg is being pulled high by Q; or low by Z,
the output pin voltage responds by moving in
the opposite direction. This produces a
change in voltage across Cq4, which is the
sum of the base voltage change and the
collector voltage change, so the amount of
charge required by Cq is magnified by a
factor which is larger than unity.

This well-known Miller-effect causes the
apparent value of Cg, as perceived by the
drivers, to be a factor of about five times
larger than the already large physical junction
capacitance, all of which means that the
drivers Q. and Zg need to supply or sink
much more current during an output transition
than is necessary to maintain static
conditions. When static conditions do exist
internally in the circuit, noise voltage spikes
on the output pin, V¢ or ground can
momentarily force the base of Qq in the
direction to produce a serious output glitch,
and the drivers must respond quickly to
counter this coupled noise.

The simplest Z4 element is a resistor R,y tied
to ground, as shown in Figure 14. It will pull
the base of Qq all the way down to OV if Vy is
less than one Vge. This provides good
immunity to coupled noise, but slows down
the High-to-Low pad transition somewhat
because the base of Qg must rise a full Vgg
before the output can begin to change. The
value of R,y needs to be relatively large to
prevent a serious loss of base drive current
when Qg is on, which makes it easier to
capacitively couple voltage spikes to the base
of Qq and, in part, nullifies the good noise
immunity the full Vg swing provides.

The addition of a series Schottky diode
solves most of the problems. This is shown in
Figure 15. The Qq base voltage cannot pull
below a Schottky drop, so the switching
speed is unimpaired. The value of R;; can be
less than R;1 for the same current when the
base is high, so the effect of coupled charge
is less and the noise margin is acceptable.

The circuit of Figure 16 is standard with many
TTL families. It pulls the base of Qg down
even less than does R,5 — Sgp, butit has a
relatively high dynamic impedance and is
somewhat noise sensitive. It has the
advantage that it tends to “square up” the
input voltage-to-output voltage transfer
function, hence its popular name “squaring
circuit.” It is frequently used in simple gates
where the shape of the transfer function may
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be important. For more complicated circuits,
where there are one or more stages of logic
with gain between input and output pins, the
squaring ability is pretty much lost; in fact, it
is likely that high-gain, multiple-logic level
FAST circuits will oscillate if the input voltage
is held at near threshold for any length of
time.

Vee

Vee

Figure 13.

Figure 14,
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Figure 17 shows a popular dynamic circuit
that is used in conjunction with a resistor or
squaring circuit pull-down, and which insures
that C4 cannot couple enough charge to the
base of Qq to slow down a Low-to-High
transition. In operation, as the emitter of Q,
rises, charge is coupled through C4 into the
base of Q.4 which turns on and shunts the
Miller current flowing through Cgy to ground.
When the transition is finished, the current
through C,4 stops and Q4 turns off. When
the High-to-Low transition of Qy, occurs, C,4
discharges through Sg4. Because Qzq
reduces the problems associated with Miller
current, the circuit is called a “Miller Killer.”

Figure 18 shows an active pull-down for the
base of Qq. The drive for Q,5 (not shown)

must be aenarated from the same sianal that
must be generated irom tne same signai that

drives the base of Q;. When Q¢ is on, Q5
must be off, and when Q is off, Q.5 turns on
to hold the base of Qg low. The impedance is
very low, eliminating the capacitive-coupling
noise problem.

CONTROL COMPONENTS

This section covers 3-State control drivers,
special 3-State problems, and V¢c turn-on
current and 3-State glitches during power-up.

3-State Control Drivers

The normal TTL 3-State scheme is shown in
Figure 11 . The 3-State control voltage in the
OFF state is high enough that Sy and Sy, are
reverse-biased; in the active state the control
voltage is low, usually Vgar, so that the
Q,—Qp base emitter stack is off, as is the

38

Qc—Qq stack In the 3-State mode, R is
dissipating maximum power. Blocking
Schottky diode S,. prevents current from
flowing backwards through Q; if the Vcc pin
is grounded; the output pin high voltage can
be about 4.5V before there is any significant
3-State leakage current. The only exception
to this general rule with FAST is for the diode
input transceiver function, where the same
pin acts as an input or an output. In this case,
the pin supplies one or more normal FAST
unit loads of current if it is Low, and tends to
pull to 2Vge if itis floating. NPN and PNP
input transceivers have normal low 3-State
leakage.

There are several innovative improvements to
the basic 3-State circuit, as shown in Figure
19. The addition of inverter Qc — Rep With a
blocking Schottky S, allows the addition of
feedback diodes Sgy and S, to increase lay;
Scz cannot be included in series with Ry
because its forward voltage drop would lower
Vou. 3-State power is not increased, since
only one Rg;y is pulled low. The current
through Q is available as added base drive
to Qg. So nothing is wasted. An additional
transistor may be paralleled with Qg1 and Qe
to control an active pull-down version of
impedance Zg which, discussed in a previous
section, eliminates the Miller turn-on problem.

Icc Considerations

There is no formal family specification that
limits the amount of V¢ current a FAST
circuit may draw during turn-on as Vg rises
from zero to 4.5V. However, for most new

designs, and especially for circuits that have

high lcc requirements, an effort has ben
made to limit maximum turn-on Icg to 110%
of lccmax. This precaution prevents an
undesirable system situation where the Vgc
power supply is large enough to drive the
devices, but can't power them up. The major
component of turn-on current is V¢g to
ground feed-through of output stages. Unless
specific steps are taken to prevent it, the
pull-up Darlington turns on if V¢ is greater
than 2Vgg, and remains on until the on-chip
voltage is high enough to set the phase
splitter solidly in one or the other of its two
states. The solution is to incorporate extra
circuit components that will set the phase
splitter at voltages nearly as low as 2Vgg, or
turn off the top device with a separate 3-State
type structure which activates at low Ve
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voltages and becomes inoperative when Vcc
is high.

The amount of current that can be fed from
an output pin back into a grounded V¢ pin,
or through the chip to ground for an open Ve
pin, depends on the design. Generally,
3-State feedback current is specifically limited
to low values which are leakage or
break-down related. Other parts have
medium to high current. Those with
Darlington pull-downs connected to the
output pin conduct the most.

Some 3-State parts, especially selected
buffer functions, have additional circuit
elements to insure that as they power on they
source or sink no appreciable output current,
provided that the 3-State control pins are in
the active state as Vg rises. This means that
Vce can be turned on or off at will in the
system to conserve power, and bus voltages
will not be affected. Parts with this capability
are identified in the specific data sheets.

GROUND VOLTAGE AND OTHER
NOISE PROBLEMS

Ground Voltage As a Serious
Problem

Excessive ground noise voltage in a system
usually produces serious degradation of
switching speed. it may also produce
unwanted glitches on outputs, or spurious
clocks which cause flip-flops to lose data, or
relaxation oscillations that completely disrupt
a system. Itis, without doubt, one of the
major causes of logic systems failure...
difficult to accommodate, and difficult to
eliminate.

The problem is not unique with FAST, butis
greatly aggravated by the high transition rates
and large currents for which FAST is
designed. Because of this, FAST can
optimally replace other TTL families only in
systems that have been carefully designed at
the PC board level. Well planned layout is
vital, and multi-layer boards with ground and
Vcc planes are often necessary. Great care
must be taken to insure adequate bypassing
for Vcc. The problems are not trivial, but they
can be solved satisfactorily to yield systems
whose performance is not exceeded in the
TTL world.

Sources of Ground Noise

Ground lead inductance is the source of most
ground noise voltage; it causes a voltage
drop proportional to the rate at which the
current through it changes.

Inductance is a measure of the amount of
energy stored in the magnetic field
associated with a current. Low values of
inductance imply low energy, which means
low voltage required to affect a change in
current. As a general rule, inductance
decreases as current is allowed to spread out
in space, and current interactions decrease.
The inductance of a thin wire far removed
from the return current path is high; thatof a
large conductor coaxially encircled by the
return path is low. Inductance tends to
increase faster than linearly with conductor
length, but only approximately logarithmically
with decreasing cross-section dimensions.
From a logic system viewpoint, ground
planes are better than ground traces; wide
lines are better than narrow lines; close
spacing to planes is good; loops that allow
magnetic flux linkages are bad; wire lengths

of fractions of inches count; and sockets with
long pins add significant inductance to a PC
card.

Ground noise voltage is increased by
feed-through current spikes. These occur
when both top and bottom devices of the
output totem-pole driver are on
simultaneously, and heavy currents are
allowed to flow directly from V¢ to ground.
They can be minimized in one of two ways:
drive the devices such that one is turned off
before the other can turn on, or more
commonly, drive them together, but very fast,
so the feed-through current can flow for only
a short time.

Although most ground noise results from
ground inductance, resistance also
contributes. Static ground offsets unrelated to
rates of current change occur, and add to the
total ground voltage. Generally speaking,
those measures which reduce ground
inductance also reduce ground resistance.

Estimating The Magnitude of
Ground Noise

The accurate modeling of ground noise
related problems in logic design is a complex
procedure that requires numerical analysis to
determine system currents and voltages as a
function of time. This can only be
accomplished in a satisfactory manner it one
has reasonable electrical models, especially
for input stages and output drivers of the
integrated circuits used in the system. These
data are available on request for many of the
FAST logic functions. Signetics is prepared to
assist customers in solving the sometimes
formidable problems associated with large
system simulation.

3-STATE
CONTROL

Se

LOGIC
INPUT

Figure 19. Improved 3-State Circuit

Figure 20.
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The following discussion derives the
minimum peak-value of ground noise that will
occur as an integrated circuit discharges a
capacitor through ground lead inductance. It
points out the minimum problems that will
exist. In the real world, the peak ground
voltage will always be larger than the simple
derivation predicts.

The load capacitor C and its discharge path
are shown in Figure 20. The capacitor has
been previously charged to a positive voltage,
and is discharging through pull-down
transistor Qg and lead ground inductance Lg.
As the current changes, it develops a ground
voltage Vg across Lg that is equal to the
product of Lg times the rate at which it
changes.

The discharge current |y will vary with time:
starting from zero, it will increase to a
maximum value, and then eventually return to
zero. There are an infinite number of ways lg
can vary, depending on how the transistor
allows charge to flow at any instant in time,
but each of the possible current-versus-time
discharge curves must define the same area,
equal in value to the total charge Q that is
removed from the capacitor as its voltage
falls by an amount V.

The voltage drop Vg across the inductor at
any instant in time will be determined by the
slope of the current-versus-time curve, that
is, by the rate at which current is changing.
The unique curve that has the required area
and minimum slope is triangular, as shown in
Figure 21. The ground voltage for this case is
a square wave as shown in Figure 22. It will

be positive while the current is increasing,
and negative when the current is decreasing.

The equations of interest in estimating Vg are:

Charge = Q = CV = Iyax 7> = triangle area

Ground voltage = V9 = (triangle slope)(L) =
=2 luax L
T
Combining the two equations to eliminate

Imax gives:
Vg =4CVL
T2

This lower limit of peak ground voltage will
always be exceeded in the real world, where
ground voltages are usually spikes, not
square waves. If a spike is large enough and
long enough, the chip will erroneously
recognize it as a valid input, and respond
either by glitching, slowing down, clocking
incorrectly, or oscillating.

An example using values typical for a FAST
circuitin a 16-pin DIP illustrates the potential
for trouble. If the circuit discharges one
standard FAST load of 50pF in 2ns with a
voltage change of 3V through a ground
inductance of 10nH, the minimum ground
voltage will be:

Vg = 4x50x10712x3 x10 x10°
(2)(10'9)2

= 15V

This value is high, and suggests that if
transition times are not to be seriously
degraded, inductances must be kept as small
as possible, and loads must be minimized.
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Effects of Ground Noise on Input

Stages

FAST TTL input voltages are referenced to
system ground as illustrated in Figure 23
which shows an equivalent input and output
stage. The equivalent input circuit is
represented by Ry and the four diodes D1
through D4. These components establish an
input switching threshold voltage of 2Vgg
relative to chip ground. The on-chip voltage
Vn must be different from this value by a
margin large enough to guarantee a static
Low or High with sufficient overdrive to insure
switching speed. The on-chip voltage V) that
is actually available is the difference between
the input pin voltage Vpjy and the total
ground voltage noise V. Vg is the sum of the
steady state voltage due to ground current
flowing through Ry, and the inductive voltage
drop across Lg. The inductive voltage is
usually the larger of the two, and since it
depends on current changes, it will have both
positive and negative polarities for each
switching cycle. This means that either Low
or High input voltages which are too close to
switching threshold will allow the noise
margin to be exceeded, and if the ground
voltage noise persists long enough, the input
will switch erroneously. The result of this
depends on the chip function. Combinatorial
logic usually slows down or produces output
glitches. Latches and flip-flops may be
clocked inadvertently, and stored data will be
lost. Complex circuits that have multiple
outputs may oscillate, particularly if one
polarity of ground noise results in a rapid
change of ground current that produces the
opposite polarity ground noise.

Ground noise adds a dimension of difficulty in
measuring input threshold voltage. FAST
parts are guaranteed to have input thresholds
between the limits 0.6V and 2.0V. A typical
method of verifying this is to determine the
voltage at which the input actually switches.
This requires some care, since the true
threshold voltage is masked by any noise
voltage contributed by the test system or
ground inductance. For accurate results, the
input pin voltage should approach the
switching threshold slowly and smoothly. At
threshold the input will switch. Sensing this
point is easy for those circuits where an
output also switches, glitches, or oscillates. It
is much harder to sense this point for those
circuits where an input change produces no
output change, for example, with flip-flops
which change state only when clocked. The
input switch point for these devices can be
inferred by measuring the input current as a
function of input voltage. Clocking the part
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may produce enough ground noise to distort
the measurement, even if the output doesn’t
switch.

Effects of Ground Noise on
Output Stages

The most obvious effect that ground noise
has on output stages is to directly change the
voltage available to force discharge current
through the pull-down device. If the only
source of ground voltage is from the
particular output of interest, the ground and
output pin inductances will always slow down
a High-to-Low transition. They produce a
voltage in opposition to the output pin voltage
at the beginning of the discharge when
currents tend to be high and voltage changes
rapidly. As discharge continues, the available
drive decreases, and currents increase less
rapidly. Eventually the current begins to fall,
and the ground voltage reverses polarity,
which tends to limit the rate at which the
current decreases. If currents have been
high, and the inductances are large, there
may be substantial undershoot at the end of
the switching cycle which can drive the output
pin below ground.

I1f multiple outputs are switching
simultaneously, the total ground noise needs
to be considered to determine the result for a
particular output. For this case, it can happen
that ground noise will, in fact, speed up an
output; on the other hand, it may introduce
delays that are much larger than those
possible with single output switching. This
behavior makes it difficult to predict, except
on a case by case basis, what the actual
effects of multiple output switching will be.
Curves of delay versus multiple switching
have been published, but these serve only as
rough guides to indicate potential problems,
and need to be backed up with actual
analysis for any particular application.

In addition to the direct influence on
discharge voltage, excessive ground noise
can affect the operation of the control
components, and alter both rise and fall times
by driving pull-up or pull-down stages
incorrectly. One example of this can be
understood with reference to Figure 24. The
scenario is that the output pin is Low, but on
the verge of switching High, with V|y falling
and Qc ready to turn off. A problem occurs if,
at the instant before the pull-up transistor Q,
turns on to pull the output pin high, the
voltage from output pin to chip ground falls.
This can happen as a result of inductive
undershoot driving the output pin down, or by
a rise in ground voltage caused by currents
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completely unrelated to the output of interest.
The low output-pin-to-chip-ground voltage
pulls down the emitter of Q. through Schottky
clamp diode Sy, and if V)y is not low enough
to counteract this, Qc will not turn off. The net
result is that R¢ cannot rise, and the transition
is delayed until the noise voltage from output
to ground disappears.

Vcc Noise As an Additional

Problem

Inductance in the V¢ lead produces noise in
the on-chip Vg voltage that is entirely
analogous to ground voltage. The effects of
V¢ noise can be nearly as harmful as those
produced by ground noise, the only
significant difference being the fact that TTL
input voltages are referenced to ground
instead of V¢c. If multiple outputs are
switching simultaneously, the total ground
noise needs to be considered to determine
the result for a particular output. For this
case, it can happen that ground noise will, in
fact, speed up an output; on the other hand, it
may introduce delays that are much larger
than those possible with single output
switching. This behavior makes it difficult to
predict, except on a case by case basis, what
the actual effects of multiple output switching
will be. Curves of delay versus multiple
switching have been published, but these
serve only as rough guides to indicate
potential problems, and need to be backed up
with actual analysis for any particular
application.

The first symptom of excessive V¢c inductive
voltage drop is a change in the edge rate for
a Low-to-High transition. This will decrease if
the on-chip Vg falls, and increase if it rises.
If the ground to V¢ voltage falls below a
minimum value, internal circuit delays or
glitches can occur, and functions with
flip-flops or other storage elements may lose
data. As is the case with excessive ground
noise, FAST circuits may break into
relaxation oscillation.

Because V¢ to ground voltage must remain
above a minimum value to avoid logic errors
and glitches, it is absolutely vital that V¢c to
ground bypassing is adequate. This requires
low inductance V¢ and ground PC traces,
and low inductance bypass capacitors. FAST
parts are guaranteed to function properly for
low V¢ of 4.5V. This means that pin voltages
must not fall below this value for any
appreciable time: fractions of nanoseconds.
Vce system voltage should be close to the
maximum guaranteed value for safe system
design.
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Designing To Reduce the Effects
of Ground Noise

The typical 1.5V minimum value for ground
noise, calculated in the preceding example,
points out the possibility of noise-related
problems when only one standard 50pF load
is being driven by an output stage.
Simultaneous switching of more than one
such load obviously increases the risk of
trouble, and raises the question of how an
octal part can work at all. Fortunately, the real
world, with careful PC layout, is not usually
so grim.

The standard 50pF load is a lot of
capacitance, chosen so one can estimate the
chip response for a single output switching.
under conditions that approach worst case.
On a modern PC board a wire trace that has
S0pF stray capacitance is several feet long
and looks like a resistive delay line instead of
a lumped capacitor.

Traces on a PC card must be short to behave
like lumped capacitance for an output stage.
For this case, a major contributor to driver
current is the load presented by the input
stages of the driven circuits, and the
associated stray capacitance As previously
mentioned, the input current for FAST parts is
related to edge rates, and is generally larger
than the measured static value of input
capacitance would predict. Because of this,
the useful fan-out of FAST circuits may be
more dependent on ground noise of drivers
with heavy capacitive loads than on the
amount of current available to a static DC
load, which is the guaranteed data sheet

value.

Most of Signetics' FAST parts are available in
surface mount packages, and these have
lower ground inductance than the standard
DIP parts.

Inductance of output signal pins reduces the
rate at which associated ground current can
change, and this reduces ground noise

voltage without a corresponding reduction of
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static output voltage. This inductance may be
intentionally increased by adding trace length
on the PC board; one needs to be careful,
and anticipate the increase in output ringing
during switching transitions

In summary, there are many potential
problems that one can anticipate in logic
systems with fast edge rates. Some of these
are dependent on the available components
and their respective packages, and the
system designer must be certain that the
demands made of them are not more than
they can handle. A second major
consideration is the system layout, especially
from the standpoint of ground, V¢, and
signal lead inductance. If one is careful with
PC design and layout, and chooses
components wisely, FAST systems deliver
performance second to none in the TTL
world.

Heavy Current Drivers

Signetics has a new family of parts defined
that are capable of driving currents much
larger than those achieved with standard
FAST parts.

The parts presently available are:

F3037 Quad 2-input NAND
F3038 Quad 2-input NAND,
Open-Collector
F3040 Dual 4-input NAND
F30240 | Octal Line Driver,
Open-Collector
F30244 | Octal Line Driver,
Open-Collector
F30245 | Octal Transceiver,
Open-Collector
F30640 | Octal Transceiver,
Open-Collector

Others are in the planning stage.
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The drivers are husky enough to assure
incident wave-switching driving transmission
lines with impedance levels as low as 30Q.
They are the best choice available for
applications that need the ultimate in speed
and drive capability.

All the parts use multiple center ground and
Ve pins. Special precautions have been
taken to insure minimum feed-through current
during switching, and this, coupled with the
low V¢c and ground inductance, results in
minimum V¢ and ground noise, and allows
maximum edge-rate and speed.

The parts are available on several different
packages, including ceramic. Because the
power dissipation is application dependent,
the user needs to choose a package and an
environment carefully to be sure the
maximum temperature ratings are not
exceeded. These maximum ratings are part
of the individual data sheets.
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Figure 24.
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INTRODUCTION

Signetics’ FAST data sheets have been
configured for quick usability. They are
self-contained and should require minimum
reference to other sections for amplifying
information.

All references to military products have been
deleted from this manual, specifically to
reflect recent government requirements
imposed via Revision C of MIL-STD-883,
including the general provisions of Paragraph
1.2. Specifications for military-grade FAST
products are included in the Military Products
Data Manual available from the nearest
Signetics Sales Office or Sales
Representative.

TYPICAL PROPAGATION DELAY

AND SUPPLY CURRENT

The typical propagation delays listed at the
top of the data sheets are the average
between tpy and tpyy for the most significant
data path through the part.

In the case of clocked product, this is
sometimes the maximum frequency of
operation. In any event, this number is under
the operation conditions of Vg = 5.0V and
Ta = 25°C.

The typical Icc current shown in that same
specification block is the average current (in
the case of gates, this will be the average of
the Iccn and Igoy currents) at Veg = 5.0V and
Ta =25°C. It represents the total current
through the individual functions.

LOGIC SYMBOLS

There are two types of logic symbols. The
conventional one, “Logic Symbol,” explicitly
shows the internal logic (except for complex
logic). The other is “Logic Symbol
(IEEE/IEC)" as developed by the IEC and
IEEE. The International Electrotechnical
Commission (IEC) has developed a very

powerful symbolic language that can show
the relationship of each input of a digital logic
circuit to each output without explicitly
showing the internal logic. Intemnationally,
Working Group 2 of IEC Technical Committee
TC3 s preparing a new document
(Publication 17-12) that will consolidate the
original work started in the mid-1960s and
published in 1972 (Publication 117-15), and
the amendments and supplements that have
followed. Similarly, for the USA, IEEE
Committee SCC11 has revised the
publication IEEE Std 91/ANSI Y32.14-1973.

The updated version |IEEE Standard Graphic
Symbols for Logic Functions ANSI/IEEE Std
91-1984 (revision of ANSVIEEE Std-1973)
ANSI 732.14-1973 can be ordered through:

|IEEE Service Center
445 Hoes Lane
Piscataway, New Jersey
Phone: (201) 981-0060

ABSOLUTE MAXIMUM RATINGS
The Absolute Maximum Ratings table carries
the maximum limits to which the part can be
subjected without damaging it. There is no
implication that the part will function at these
extreme conditions. Thus, specifications such
as the most negative voltage that may be
applied to the outputs only guarantees that if
less than -0.5V is applied to the output pin,
after the voltage is removed, the part will not
have been shorted.

Input and output voitage specifications in this
table reflect the device breakdown voltages in
the positive direction (+7.0V) and the effect of
the clamping diodes in the negative direction.

Absolute Maximum Ratings imply that any
transient voltages, currents, and
temperatures will not exceed the maximum
ratings. Absolute Maximum Ratings are
shown in Table 1.

TABLE 1. ABSOLUTE MAXIMUM RATINGS
(Operation beyond the limits set forth in this table may impair the useful life of the device.
Unless otherwise noted, these limits are over the operating free-air temperature range.)
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RECOMMENDED OPERATING

CONDITIONS

The Recommended Operating Conditions
table has dual purposes. It sets
environmental conditions (operating free-air
temperature), and it sets the conditions under
which the limits set forth in the DC Electrical
Characteristics table and AC Electrical
Characteristics table will be met. Another way
of looking at this table is to think of it not as a
set of limits guaranteed by Signetics, but as
the conditions Signetics uses to test the parts
and guarantee that they will then meet the
limits set forth in DC and AC Electrical
Characteristics tables.

Some care must be used in interpreting the
numbers in these tables. Signetics feels
strongly that the specifications set forth in a
data sheet should reflect as accurately as
possible the operation of the part in an actual
system. In particular, the input threshold
values of Vyy and Vy_can be tested by the
user with parametric test equipment. If Vi
and Vy_are applied to the inputs, the outputs
will be at the voltage guaranteed by the DC
Electrical Characteristics table. There is a
tendency on the part of some users to use
Vi and Vy_ as conditions applied to the
inputs test the part for functionality in a “truth
table exerciser” mode. This frequently causes
problems because of the noise present at the
test head of automated test equipment.
Parametric tests, such as those used for the
output levels under the Vi and Vy_conditions
are done fairly slowly, on the order of
milliseconds, and any noise present at the
inputs has settled out before the outputs are
measured. Butin functionality testing, the
outputs are examined much faster, before the
noise on the inputs has settled out and the
part has assumed its final and correct output
state. Thus, Vi and Vy_ should never be used
in testing the functionality of any FAST part
type. For these types of tests, input voltages
of +4.5V and 0.0V should be used for the
High and Low states, respectively.

SYMBOL PARAMETER RATING UNIT
Vee Supply Voltage 0.5t0+7.0 \"
Vin Input Voltage -0.5t0 +7.0 \

N Input Current -30 to +5.0 mA
Vout Voltage applied to output in High output state -0.5to +Vee v

Standard outputs 40 mA

lout Current applied to output in Low output state 3-State outputs 48 mA

All Buffer outputs 128 mA

Ta Operating free-air temperature range 0to +70 °C
Ts1a Storage temperature -65 to +150 °C
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In no way does this imply that the devices are
noise sensitive in the final system. The use of
*hard” Highs and Lows during functional
testing is done primarily to reduce the effects
of the large amounts of noise typically
present at the test heads of automated test
equipment with cables that may at times
reach several feet. The situation in a system
on a PC board is less severe than in a noisy
production environment. Typical
recommended operating conditions are
shown in Table 2.

DC ELECTRICAL

CHARACTERISTICS

This table reflects the DC limits used by
Signetics during their testing operations
conducted under the conditions set forth in
the Recommended Operating Conditions
table. Voy, for example, is guaranteed to be
no less than 2.7V when tested with Vg =
+4.7V, Vi = 0.8V across the temperature
range of 0°C to +70°C, and with an output
current of loy = -1.0mA.

In this table, one sees the heritage of the
original junction isolated Schottky family —
Vo = 0.5V at lg, = 20mA. This gives the
user a guaranteed worst case Low-state
noise immunity of 0.3V. In the High state the
noise immunity is 0.7V worst case. Although
at first glance it would seem one-sided to
have greater noise immunity in the High state
than in the Low state, more noise immunity is
a useful state of affairs. Because the
impedance of an output in the High state is
generally much higher than in the Low state,
more noise immunity in the High state is
needed. This is because the noise source
couples noise onto the output connection of
the device. That output tries to pull the noise
source down by sinking the energy to ground
or to Vg depending on the state. The ability

of the output to do that is determined by its
output impedance. The lower half of the
output stage is a very low-impedance
transistor which can effectively pull the noise
source down. Because of the higher
impedance of the upper stage of the output, it
is not as effective as shunting the noise
energy to Vcg, so than an extra 0.4V of noise
immunity in the High state compensates for
the higher impedance. The result is a nice
balance of sink-and-drive current capabilities
with the optimum amount of noise immunity
in both states.

Vou and Vg values may vary depending on
whether 5% or 10% V¢ swings are
specified. The type of output structure,
standard: 3-State, or buffer will also affect the
value of Vou and Vgi. Generally, as the
output current and Vg variation increase, the
guaranteed minimum Vpy decreases and the
maximum Vg increases. Signetics specifies
and tests Vo and Vg for both 5% and 10%
Vee swing.

1;, the maximum input current at maximum
input voltage, is a measure of the input
leakage current at a guaranteed minimum
input breakdown voltage. The test conditions
for 1) vary according to the type of input
structure being tested. Diode inputs are
tested with the Vcc = MAX and 7.0V at the
input. Itis necessary to turn off Vg for the
NPN input test to measure leakage.
Otherwise, the current source is on and the
leakage is undetectable. When |, is being
measured on transceiver /O pins, both Vo
and the input voltage is 5.5V. The reduced
input voltage is necessary because of the
output structure connected to the input
structure. Output structures break down
faster than input structures and it is
impossible to test the input without testing the
output also.

TABLE 2. RECOMMENDED OPERATING CONDITIONS

I for both Diode and NPN input structures is
less than 20pA typically. Iy is less than 20pA
for NPN inputs and less than 600pA for Diode
inputs. If multiple structures are tied together
in the design, then the input current values
also multiply. The fan-out for the devices with
NPN inputs is 30 times greater than those
with Diode inputs. This means the output
current sinking ability of the device driving the
input to the Low state could be 30 times less
when driving NPN devices. For transceiver
11O pins, the outputs are in the
high-impedance state when the inputs are
tested. Therefore, a maximum of 50pA extra
leakage is allowed and combined with the Iy
and Iy values. These tests are called Iy +
lozu and Iy + loz_ to more accurately
describe the true measurement being made.

lozu is tested only on Open Collector outputs
as a leakage test with setup conditions that
would put the output in the High state if it
were not in the 3-State high impedance
condition. lozy is similar except the setup
condition is for the Low state.

low is tested only on Open Collector outputs
as leakage test for the lower output transistor
structure. Both V¢c and Vpy are at the same
value so that there is not a current path to or
from V¢ that would mask the leakage path.

Short circuit output current is a parameter
that has appeared on digital data sheets
since the inception of integrated circuit logic
devices, but the meaning and implications of
that specification has totally changed.
Originally, log was an attempt to reassure the
user that if a stray oscilloscope probe
accidentally shorted an output to ground, the
device would not be damaged. In this
manner, an extremely long time was
associated with the log test. However,
thermally induced malfunctions could occur
after several seconds of sustained test.

SYMBOL PARAMETER LIMITS UNIT
Min. Norm. Max.

Vee Supply Voltage 45 5.0 55 v
M High-level input voltage 20 %
Vi Low-level input voltage 08 v

Ik Input clamp current -18 mA
Vou High-level output voltage Open Collector 45 \)

Standard -1 mA

loH High-level output current 3-State -3 mA

Buffer -15 mA

Standard 20 mA

loL Low-level output current 3-State 24 mA

Buffer 64 mA

Ta Operating free-air temperature range 0 70 °C
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Over a period of time, log became a measure
of the ability of an output to charge line
capacitance. Assume a device is driving a
long line and is in the Low state. When the
output is switched High, the rise time of the
output waveform is limited by the rate at
which the line capacitance can be charged to
the new state of Voy. At the instant the
output switches, the line capacitance looks
like a short to ground. lgg is the current
demanded by the capacitive load as the
voltage begins to rise and the demand
decreases. We now reach the critical point in
our discussion. The full value of log need only
be supplied for a few hundred microseconds
at most, even with 1.0uF of line capacitance
tied to the output, a load that is unrealistically
high by several order of magnitude.

The effect of a large los surge through the
relatively small transistors that make up the
upper part of the output stage is not serious —
as long as that current is limited to a short
duration. If the hard short is allowed to
remain, the full log current will flow through
the output state and may cause functional
failure or damage to the structure. As test
induced failure may occur if the lpg test time
is excessive. As long as the condition is brief,
typically 50ms or less with ATE equipment,
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the local heating does not reach the point
where damage or functional failures may
occur. As we have already seen, this is
considerably longer than the time of the
effective current surge that must be supplied
by the device in the case of charging the
capacitance. The Signetics data sheet limits
for los refiect the conditions that the part will
see in the system — full los spikes for
extremely short periods of time. Problems
could occur if slow test equipment of test
methods ground an output for too long a time,
causing functional failure or damage. DC
electrical characteristics are shown in Table
3.

AC ELECTRICAL
CHARACTERISTICS

The AC Electrical Characteristics table
contains the guaranteed limits when tested
under the conditions set forth in the AC Test
Circuits and Waveforms section. In some
cases, the test conditions are further defined
by the AC setup requirements (see Table 5)
— this is generally the case with counters
and flip-flops where setup and hold times are
involved.
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All of the AC Characteristics are guaranteed
with 50pF load capacitance. The reason for
choosing 50pF over 15pF as load
capacitance is that it allows more leeway in
dealing with stray capacitance, and also
loads the device during rising or falling output
transitions, which more closely resembles the
loading to be expected in average
applications, thus giving the designer more
useful delay figures.

Although the 50pF load capacitance will
increase the propagation delay by an average
of about 1ns for FAST devices, it will increase
several nanoseconds for standard Schottky
devices.

The load resistor of 500Q is conveniently
specified as both a pull-up and pull-down load
resistor.

FAST products are being released in the
surface mounted SO package as a
commercial option. Because of the reduced
inductance inherent in this package, minimum
propagation delays are being derated by
0.2ns. This is reflected by a note at the
bottom of Table 4.
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TABLE3. DC ELECTRICAL CHARACTERISTICS

(Over recommended operating free-air temperature range unless otherwise noted.)

SYMBOL PARAMETER TEST CONDITIONS! LIMITS UNIT | Vet
Min. | Typ.2 | Max.
Viy High-level input voltage Recognized as a High signal over | 2.0 \'
recommended Vg and T range
Vi Low-level input voltage Recognized as a Low signal over 0.8 Vv
recommended Vg and Ta range
Vik (Vcp) | Input clamp diode voltage Iin =-18mA 0.8 \"
Standard® | +10% V¢g | lon = -1mA 25 34 v MIN
5% Voo 2.7 34 \' MIN
Vou High-level 3-State +10% Ve | lon = -3mA 24 33 v MIN
output voltage 5% Vee 27 33 v MIN
Buffers 1+10% Vg | low = -15mA 20 3.2 v MIN
5% Ve 20 3.1 v MIN
Standard® | £10% Vce | loL = 20mA 0.30 0.5 v MIN
5% Veo 0.30 0.5 v MIN
Vou Low-level 3-State +10% Vg | loL = 24mA 24 0.35 05 Vv MIN
output voltage 5% Vee 27 | 0.35 0.5 ' MIN
Buffers [ +10% Vg | lo, = 48mA 20 | 038 0.55 v [ MN
+5% Voo | lo = 64mA 20 | 0.42 0.55 v MIN
l High-level current Diode inputs ViN = 7.0V 100 HA | MAX
breakdown test NPN inputs Vin =7.0V 100 HA ] 0.0V
Transceiver I/O pins Vin = 5.5V 1.0 mA | 5.5V
™ High-level input current Vi = 2.7V (20pA xn High U.L.) n(20) HA | MAX
' Low-level input current | Diode inputs Vi = 0.5V (-0.6mA xn Low U.L.) n(-0.6) mA | MAX
NPN inputs V)L = 0.5V (-20uA x n Low U.L.) n(-20) HA J 0.0V
liy + lozy | High-level input current (/O pins) Vi = 2.7V (20pA xn High U.L.) n(20)+50 | pA | MAX
I+ lomm Low-level input Diode inputs ViL=0.5V (-0.6mAxnlowU.L) n(-0.6) mA | MAX
current (/O pins) NPN inputs ViL = 0.5V (-20pA x n Low U.L.) n(-20)-50 | pA | MAX
lozn 3-State, High-level OFF current Vour =27V 50 A | MAX
lozL 3-State, Low-level OFF current Vour = 0.5V -50 HA | MAX
lox Open Collector output leakage Vou = 4.5V 250 HA | MAX
los Output short- Standard®, 3-State Vout =0V -60 -150 mA | MAX
circuit current Buffer driver -100 -225 mA | MAX
Vour = 5.5V, not tested on NPN 250 HA | MAX
lcex Qutput High leakage current transceivers and Open Collector
outputs
Izz Bus drainage test Vour = 5.5V, 3-State 500 pA | 0.0V
NOTES:

1. Unless otherwise noted, conditions and limits apply throughout the temperature range for which the particular device is rated. The ground pin
is the reference level for all applied and resultant voltages.

. Unless otherwise stated on individual data sheets.

. Typical characteristics refer to Vo = 5V, Ta = 25°C.

. MIN and MAX refer to the values listed in the data sheet table of recommended operating conditions.

Standard refers to the totem-pole pull-up circuitry commonly used for the particular family, as distinguished from buffers, line drivers or

3-state outputs.

. For testing los, the use of high-speed test apparatus and/or sample-and-hold techniques are preferable in order to minimize internal heating
and more accurately reflect operational values. Otherwise, prolonged shorting of a High output may raise the chip temperature well above
normal and thereby cause invalid readings in other parameter tests. In any sequence of parameter tests, log tests should be performed last.

o OsrLON
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TABLE 4. ACELECTRICAL CHARACTERISTICS

LIMITS
' Ta=0°C to +70°C,
SYMBOL PARAMETER TEST CONDITION Ta=+25°C, V=5V, _ Vgc=5Vi10%, UNIT
C=50pF, R =500Q2 | C =50pF, R =500
Min. | Typ. | Max. Min. Max.
tpLn Propagation delay Waveform 3 3.0 53 7.0 3.0 8.0 ns
tPHL Dn to Q, 20 37 5.0 20 6.0
toLH Propagation delay Waveform 2 50 9.0 11.5 50 13.0 ns
tPHL EQ, 30 | 40 | 70 30 8.0
tozn Output enable time 74F373 Waveform 6 20 5.0 11.0 20 120 ns
. to High or Low level Waveform 7 20 56 75 20 8.5 ns
tpuz Output disable time Waveform 6 20 45 65 20 75 ns
toz to High or Low level Waveform 7 20 38 5.0 20 6.0 ns
fmax Maximum clock frequency Waveform 1 100 70 ns
tPLH Propagation delay Waveform 1 40 6.5 85 4.0 10.0 ns
tuL CPtoQ, 40 6.5 85 4.0 10.0
oz Output enable time 74F374 Waveform 6 20 9.0 15 20 125 ns
oz to High or Low level Waveform 7 20 53 75 20 8.5 ns
teHz Output disable time Waveform 6 20 53 70 20 8.0 ns
torz to High or Low level Waveform 7 20 43 55 20 6.5 ns
TABLES. AC SETUP REQUIREMENTS
LIMITS
Ta=0°C to +70°C,
SYMBOL PARAMETER TEST CONDITION Ta=+25°C, Vee=5V, Vee=5V+10%, UNIT
C=50pF, R =500Q | C_=50pF, R =500Q
Min. | Typ. | Max. Min. Max.
te (H) Set-up time Waveform 4 20 20 ns
ts (L) Dato E 20 20
th (H) Hold time 74F373 Waveform 4 3.0 3.0 ns
ta (L) Dato E 30 30
tw (H) E Pulse width, High Waveform 1 6.0 6.0 ns
e (H) Set-up time Waveform 5 20 20 ns
(L) Dnto CP 20 20
ta (H) Hold time 74F374 Waveform 5 20 20 ns
ta (L) Dnto CP 20 20
tw (H) CP Pulse width, Waveform 1 7.0 7.0 ns
tw(l) High or Low 6.0 6.0
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TEST CIRCUITS AND

WAVEFORMS

The 50092 load resistor, R to ground, as
described in Figure 1, acts as a ballast to
slightly load the totem-pole pull-up and limit
the quiescent High-state voltage to about
+3.5V. Otherwise, an output would rise
quickly to about +3.5V, but then continue to
rise slowly up to about +4.4V. On the
subsequent High-to-Low transition, the
observed tpy. would vary slightly with duty
cycle, depending on how long the output
voltage was allowed to rise before switching
to the Low state. Perhaps more importantly,
the 5002 load to ground can be a high
frequency, passive probe for a sampling
scope, which costs much less than the
equivalent, high impedance probe.
Alternately, the 500%2 load to ground can be
simply a 450Q resistor feeding into a 50Q
coaxial cable leading to a sampling scope
input connector, with the internal 50Q
termination of the scope completing the path
to ground. Note that with this scheme there
should be a matching cable from the device

AC WAVEFORMS

input pin to the other input of the sampling
scope; this also serves as a 50Q termination
for the pulse generator that supplies the input
signal.

Figure 2, Test Circuit for 3-State outputs,
shows a second 50092 resistor from the
device output to switch. For most
measurements this switch is open; it is closed
for measuring a device with Open Collector
outputs and for measuring one set of the
enable/disable parameters (Low-to-OFF and
OFF-to-Low) of a 3-State output. With the
switch closed, the pair of 50012 resistors and
the +7.0V supply establish a quiescent High
level of +3.5V, which correlates with the
High-level discussed in the preceding
paragraph.

As shown in Figure 3, AC Waveforms for
FAST 74F373 and 74F374, the disable times
are measured at the point where the output
voltage has risen or fallen by 0.3V from the
quiescent level (i.e., Low for tp 42 or High for
tonL?).

Since the rising or falling waveform is
RC-controlled, 0.3V of change is more linear
and is less susceptible to external influences.

More importantly, from the system designer's
point of view, 0.3V is adequate to ensure that
a device output has tumed OFF. It also gives
system designers more realistic delay times
to use in calculating minimum cycle times.

Good high frequency wiring practices should
be used in constructing test jigs. Leads on
the load capacitor should be as short as
possible to minimize ripples on the output
waveform transitions and to minimize
undershoot. Generous ground metal should
be used for the same reasons. A V¢ bypass
capacitor should be provided at the test
socket, also with minimum lead lengths. Input
signals should have rise and fall times of
2.5ns, and signal swing of OV to +3.0V,
1.0MHz square wave is recommended for
most propagation delay tests. The repetition
rate must necessarily be increased for testing
fuax. Two pulse generators are usually
required for testing such parameters

ax
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Vee
ViN Vour
PULSE
GENERATOR pur
Ry I CLs R
DEFINITIONS:
R = Load Resistor; see AC Characteristics for value.
C_ = Load capacitance includes jig and probe capacitance;
see AC Characteristics for value.
Ry = Termination resistance should be equal to Zoyr of pulse generators.
Figure 1. Test Circuit for Totem-Pole Outputs
Vee Lo 7.0V
R
ViN Vour -
PULSE D.UT.
GENERATOR
Ry I CLg R
SWITCH POSITION
TEST SWITCH
oLz closed
ton closed
All other open
DEFINITIONS:
RL = Load Resistor; see AC Characteristics for vaiue.
CL = Load capacitance includes jig and probe capacitance;
see AC Characteristics for value.
Ry = Termination resistance should be equal to Zoyy of pulse generators.

Figure 2. Test Circuit for 3-State Outputs
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DC SYMBOLS AND DEFINITIONS

Voltages ~ All voltages are referenced to
ground. Negative voltage limits are specified

as absolute values (i.e., -10V is greater than
-1 0\

LR

Supply voltage: The range of
power supply voltage over which
the device is guaranteed to operate
within the specified range.

Vee

Input clamp diode voltage: The
most negative voltage at an input
when the specified current is forced
out of that input terminal. This
parameter guarantees the integrity
of the input diode intended to
clamp negative ringing at the input
terminal.

Vikmax

Vin High-level input voltage: The
range of input voltages recognized
by the device as a logic High.

High-levei Minimum Input
voltage: This value is the
guaranteed input High threshold for
the device. The minimum allowed
input High in a logic system.

Vinmn

ViL Low-level Input voltage: The
range of input voltages recognized
by the device as a logic Low.

Low-level Maximum Input
voltage: This value is the
guaranteed input Low threshold for
the device. The maximum allowed
input Low in a logic system.

ViLmax

Vi Measurement voltage: The
reference voltage level on AC
waveforms for determining AC
performance. Usually specified as
1.5V for the FAST family.

High-level output voltage: The
minimum guaranteed High voltage

Voumn
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VoLmax

Vi

at an output terminal for the
specified output current lon and at
the minimum Vg value.

High-level output voltage: The
maximum guaranteed Low voltage
Ak b et sl ainbina tha

at an output terminail sinking the
specified load current loy.

Positive-going threshold
voltage: The input voltage of a
variable threshold device which
causes operation according to
specification as the input transition
rises from below V1_ (Min).

Negative-going threshold
voltage: The input voltage of a
variable threshold device which
causes operation according to
specification as the input transition
rises from below Vr, (Max).

Currents — Positive current is defined as
conventional current flow into a device.
Negative current is defined as conventional
current flow out of a device. All current limits
are specified as absolute values.

cC

hn

e

Supply current: The current
flowing into the Vg supply terminal
of the circuit with specified input
conditions and open outputs. Input
conditions are chosen to guarantee
worst-case operation unless
specified.

Input leakage current: The
current flowing into an input when
the maximum allowed voltage is
applied to the input.

High-level input current: The
current flowing into an input when a
specified High level voltage is
applied to that input.

Low-level input current: The
current flowing out of an input
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low1

lozn

lozu

when a specified Low-level voltage
is applied to that input.

Output current: The output
current that is approximately one
half of the short-circuit output
current (Ios).

High-level output current: The
leakage current flowing into a
turned-off Open Collector output
with a specified High-level output
voltage applied. For devices with a
pull-up circuit, the loy is the current
flowing out of an output which is in
the High-level state.

High-level output current: The
current necessary to guarantee the
Low to High transition in a 30Q
transmission line on the incident
wave.

Low-level output current: The
current flowing into an output which
is the Low-level state.

Low-level output current: The
current necessary to guarantee the
High to Low transition in a 30W
transmission line on the incident
wave.

Short-circuit output current: The
current flowing out of an output
which is in the High-level state
when that output is short-circuited
to ground.

OFF-state output current High:
The current flowing into a disabled
3-state output with a specified High
level output voltage applied.

OFF-state output current High:
The current flowing out of a
disabled 3-state output with a
specified Low level output voltage
applied.
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AC SYMBOLS AND DEFINITIONS  tezn

faax

toLH

teHL

teHz

Maximum clock frequency: The
maximum input frequency ata
clock input for predictable
performance. Above this frequency
the device may cease to function.

Propagation delay time: The
time between specified reference
points on the input and the output
waveforms with the output
changing from the defined
Low-level to High-level.

tpzL

Propagation delay time: The

time between specified reference

points on the input and the output
waveforms with the output ty
changing from the defined

High-level to Low-level.

Output disable time from High
level to a 3-State output: The
delay time between the specified
reference points on the input on the
input and output voltage
waveforms with the 3-State output
changing from the High-level to a
high impedance “OFF" state.

Output disable time from Low

level to a 3-State output: The

delay time between the specified
reference points on the inputonthe  th
input and output voltage

waveforms with the 3-State output
changing from the Low-level to a

high impedance “"OFF" state.
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Output enable time to a Low
level of a 3-State output: The
delay time between the specified
reference points on the input on the
input and output voltage
waveforms with the 3-State output
changing from a high impedance
“OFF" state to a High-level.

Output enable time to a Low
level of a 3-State output: The
delay time between the specified
reference points on the input on the
input and output voltage
waveforms with the 3-State output
changing from a high impedance
“OFF" state to a Low-level.

Setup time: The interval
immediately preceding the active
transition of the timing pulse
(usually the clock pulse) or
preceding the transition of the
control input to its latching level,
during which interval the data to be
recognized must be maintained at
the input to ensure its recognition.
A negative setup time indicates
that the correct logic level may be
initiated sometime after the active
transition of the timing pulse and
still be recognized.

Setup time: The interval
immediately following the active
transition of the timing pulse
(usually the clock pulse) or

preceding the transition of the
control input to its latching level,
during which interval the data to be
recognized must be maintained at
the input to ensure its recognition.
A negative hold time indicates that
the correct logic level may be
released prior to the active
transition of the timing pulse and
still be recognized.

tw Pulse width: The time between
the reference point on the leading
and trailing edges of a pulse.

tReC Recovering time: The time
between the reference point on the
trailing edge of an asynchronous
input control pulse and the
reference point on the activating
edge of a synchronous (clock)
pulse input such that the device will
respond to the synchronous input.

trLH Transition time, Low to High:
The time between two specified
reference points on a waveform,
normally 10% and 90% points, that
is changing from Low to High.

tTHL Transition time, High to Low:
The time between two specified
reference points on a waveform,
normally 90% and 10% points, that
is changing from High to Low.

t Y% Clock input and rise and fall
times: 10% and 90% value.
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INTRODUCTION

The properties of high-speed FAST logic
circuits dictate that care be taken in the
design and layout of a system.

Some general design considerations are
included in this section. This is notintended
to be a thorough guideline for designing
FAST systems, but a reference for some of
the constraints and techniques to be
considered when designing a high-speed
system.

HANDLING PRECAUTIONS

As described in the circuit characteristics
section, FAST devices are susceptible to
damage from electrostatic discharge (ESD).

® Signetics FAST devices are shipped in
conducting foam or anti-static tubes and
foil-lined boxes to minimize ESD during
shipment and unloading.

@ Before opening the shipment of FAST
devices, make sure that the individual is
grounded and all handling means (such as
tools, fixtures and benches) are grounded.

@ After removal from the shipping material,
the leads of the FAST devices should
always be grounded. In other words, FAST
devices should be placed leads-down on a
grounded surface, since ungrounded leads
will attract static charge.

® Do not insert or remove devices in sockets
with power applied. Ensure that power
supply transients, such as occur during
power turn on-off, do not exceed absolute
maximum ratings.

@ After assembly on PC boards, ensure that
ESD is minimized during handling, storage
or maintenance.

® FAST inputs should never be left floating
on a PC board. This precaution applies to
any TTL family. As a temporary measure, a
resistor with a resistance greater than
10kQ should be soldered on the input. The
resistor will limit accidental damage if the
PC board is removed and brought into
contact with static-generating material.

INPUT CLAMPING

FAST circuits are provided with clamp diodes
on the device inputs to minimize negative
ringing effects. These diodes should not be
used to clamp negative DC voltages or long
duration, negative pulses. Certain FAST part
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types with the NPN base input structure also
provide clamping of positive overshoots.

UNUSED INPUTS

Deamar dasicn milas diatate that all simiiand
rioper Gesign ruies Giclais tnat an unusea

inputs on TTL devices be tied either High or
Low. This is especially important with FAST
logic.

Electrically open inputs can degrade AC
noise immunity as well as the switching
speed of the device. Small geometries make
FAST more susceptible to damage by ESD
than other TTL families. Tying inputs to Veg
or GND, directly or through a resistor,
protects the device from in-circuit
electrostatic damage. Additionally, while most
unconnected TTL float High, FAST devices
with NPN inputs float Low. FAST devices do
not require an input resistor to tie the input
High. Inputs can be connected directly to Ve
as well as ground.

Possuble ways of handling unused inputs are:
. Unused active-High NAND or AND inputs
to Veg. The inputs should be maintained

at a voltage greater than 2.7V, but should
not exceed the absolute maximum rating.

2. Connect unused active-High NOR or OR
inputs to ground.

3. Tie unused active-High NAND or AND
inputs to a used input of the same gate,
provided that the High-level fan-out of the
driving circuit is not impaired.

4. Connect the unused active-High NAND or
AND inputs to the output of an unused
gate that is forced High.

MIXING FAMILIES WITH OTHER
TTL FAMILIES

Mixing the slower TTL families such as 74
and 74LS with the higher speed families such
as 74F is possible but must be done with
caution. Each family of TTL devices has
unique input and output characteristics
optimized to achieve the desired speed or
power features.

The unique speed/power characteristics of
FAST devices are achieved partially by the
internal fast rise and fall times, as well as
those at input and output modes. These fast
transitions can cause noise of various types
in a system. Power and ground line noise are
generated by the faster transitions of the
current in the output load capacitance. Signal

line noise can also be generated by the fast
output transitions.

The noise generated by 74F devices can be
minimized in systems designed with shorter
signal lines, good ground planes,
well-bypassed power distribution networks,
layouts that minimize adjacent signal lines
that run parallel, and improved impedance
matching in signal lines to reduce
transmission line type reflections.

INPUT-OUTPUT LOADING AND
FAN-OUT TABLE

For convenience in system design, the
input-output loading and fan-out
characteristics of each circuit are specified in
terms of unit load and actual load value. One
FAST Unit Load (U.L.) in the High state is
defined as 20pA,; thus both the input leakage
current, |;, and output High current-sourcing
capability, oy, are normalized to 20pA.

Similarly, one FAST Unit Load (U.L.) in the
Low state is defined as 0.6mA and both the
input Low current, I, and input Low
current-sinking capability, loi, are normalized
to 0.6mA.

For added convenience, the actual load value
in amperes is listed in the column adjacent to
U.L.

On some FAST devices, high-impedance
NPN base input structure has been utilized.
With this structure, the Low level input
current, Iy, has been reduced to 20pA. This
characteristic is 30 times lower than the
requirement of devices using the
conventional input structure. This feature
improves fan-out in the Low state and can
help reduce part count in system design by
eliminating buffers in some applications.

CLOCK PULSE REQUIREMENTS
All FAST clock inputs are buffered to increase
their tolerance of slow positive-clock edges
and heavy ground noise. Nevertheless, the
rise time on positive-edge-triggered devices
should be less than the nominal
clock-to-output delay measured between 0.8
to 2.0V levels of the clock driver for added
safety margin against heavy ground noise.
Not only a fast rising, clean clock pulse is
required, but the path between the clock drive
and clock input of the device should be
well-shielded from electromagnetic noise.
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TABLE 1. LOADING COMPARISONS

DRIVEN DEVICE FAMILY
DRIVING 74F | 74F(NPN) [ 74LS [ 74 | 74s J 8200/9300 L 82500
DEVICE lov (MIN.) I (MAX.)

FAMILY 0.6mA | 20pA | 0.4mA 1.6mA 2.0mA ] 1.6mA | 0.4mA
MAXIMUM NUMBER OF LOADS DRIVEN
74F 20mA 33 1,000 50 125 10 12 50
74F(NPN) 64mA 106 3,200 160 40 32 40 160
74LS 8mA 13 400 20 5 4 5 20
74LS Butfer 24mA 40 1,200 60 15 12 15 60
74 16mA 26 800 40 10 8 10 40
74 Buffer 40mA 78 2,400 120 30 24 30 120
74S 20mA 33 1,000 50 125 10 12 50
74S Buffer 60mA 100 3,000 150 375 30 37 150
INPUT LOADING AND OUTPUT Na(ly) = Cumulative maximum input Low GND

DRIVE COMPARISON

The logic levels of all TTL products are fully
compatible with each other. However, the
input loading and the output drive
characteristics of each family are different
and must be taken into consideration when
mixing them in a system, Table 1 shows the
relative drive capabilities of each family for
commercial temperature and voltage ranges.

FAST OUTPUTS TIED TOGETHER
The only FAST outputs that are designed to
be tied together are Open Collector and
3-State outputs. Standard FAST outputs
should not be tied together unless their logic
levels will always be the same; either High or
Low. When connecting Open Collector or
3-State outputs together, some general
guidelines must be observed.

Open Collector Outputs

These devices must be used whenever two
or more OR-tied outputs will be at opposite
logic levels at the same time. These devices
devices must have a pull-up resistor(s) added
between the OR-tie connector and Vg to
establish an active-High level. Only special
high voltage buffers can be tied to a higher
voltage than Vgc. The minimum and
maximum size of the pull-up resistor is
determined as follows.

R(Min) = -
lor = Na(hL)
R(Max) = in) —
Ni(lon) = Na(hw)
where:

Minimum lo, guarantee or OR tie
elements.

oo =
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current for all inputs tied to OR-tie
connection.

N(lon) = Cumulative maximum output High
leakage current for all outputs tied
to OR-tie connection.

Niy(l4) = Cumulative maximum input High

leakage current for all outputs tied
to OR-tie connection.

If a resistor divider network is used to provide
the High level, the R(Max) must be
decreased enough to provide the required
[Vow/R(pull-down)] current.

3-State Outputs

3-State outputs are designed to be tied
together, but are not designed to be active
simultaneously. In order to minimize noise
and protect the outputs from excessive power
dissipation, only one 3-State output should be
active at any time. This generally requires
that the output enable signals be
non-overlapping. When TTL decoders are
used to enable 3-State outputs, the decoder
should be disabled while the address is being
changed. Since all TTL decoder outputs are
subject to decoding spikes, non-overlapping
signals cannot normally guarantee when the
address is changing.

Since most 3-State output enable signals are
active-Low, shift register or edge-triggered
storage registers provide good output enable
buffers. Shift registers with one circulating
Low bit, such as the 'F164 or 'F194, are ideal
for sequential enable signals. The 'F174 or
'F273 can be used to buffer enable signals
from TTL decoders or microcode (ROM)
devices. Since the outputs of these registers
will change from Low-to-High faster than from
High-to-Low, the selection of one device at a
time is assured.

Good system design starts with a well
thought out ground layout. Try to use ground
plane if possible. This will save headaches
later on. If ground strip is used, try to reduce
ground path in order to minimize ground
inductance. This prevents crosstalk
problems. Quite often, jumper wire is used for
connecting to ground at the breadboarding
stage, but a solid ground must be used even
at the breadboarding stage.

Vee

Typical dynamic impedance of un-bypassed
Ve runs from 50Q to 100Q, depending on
Vcc and GND configuration. This is why a
sudden current demand, due to an |C output
switching, can cause momentary reduction in
Vg unless a bypass (decoupling) capacitor
is located near Vcc.

Not only is there a sudden current demand
due to output switching transient, there is
also a heavy current demand by the buffer
driver. Assuming the buffer output sees a
50Q dynamic load and the buffer Low-to-High
transition is 2.5V, the current demand is
50mA per buffer. If it is an octal buffer, the
current demand could be 0.4mA per package
in 3ns time!

The next step is to figure out the capacitance
requirement for each bypass capacitor. Using
the previously mentioned octal buffer and
assuming the Vg droop is 0.1V, then C is:

c 0.4A x 3 x 109 sec/0.1V
12 x 10F9

"o

This formula is derived as follows:
cQ=CV
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By differentiation:
AQ/At = CAV/At
since
AQ/At =i
the equation becomes:
i= CAV/At
hence
C =iavAV

Select the C bypass 20.02uF and try to use a
high quality RF capacitor. Place one bypass
capacitor for each buffer and one bypass
capacitor every two other types of IC
packages. Make sure that the leads are cut
as short as possible.

In addition, place bypass capacitors on a
board to care of board-level current
transients.
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CROSS-TALK

The best way to handle cross-talk is to
prevent it from occurring in the first place;
quick fixes are troublesome and costly. To
prevent cross-talk, maximize spacing
between signal lines and minimize spacing

between signal lines and ground lines.

Preferably, place ground lines between
signals. For added precaution, add a ground
trace alongside either the potential
corss-talker or the cross-listener.

For back-plane or wire-wrap, use twisted pair
for sensitive functions such as clocks,
asynchronous set or reset, or asynchronous
parallel load. In flat cable, make every other
conductor ground.

For multilayer PC boards, run signal lines in
adjacent planes perpendicular to prevent
magnetic coupling, and limit capacitive
coupling. Use power shield (Vcc or ground
plane) in between signal planes.

Since any voiiage change, noise or
otherwise, arriving at the unterminated end of
transmission lines double in amplitude, even
a partially terminated line reduces the
amplitude of the signal (noise or otherwise)
appearing at the end of the line; therefore,
using a terminating resistor whose value is
equal to the line characteristic impedance
will help reduce cross-talk.
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Effective January 1, 1985, this section has
been superseded by the 1990 Military
Products Data Manual, Volume 2, and the
Suplement to Military Products Data Manual
Volume 1, 1992. Information regarding this
manual can be obtained from the Military
Marketing Group at (408) 991-2722.

MILITARY STANDARD
PRODUCTS

The Signetics Military product line offerings
include Class B vendor standard products, as
well as products qualified to standard military
drawings. These products are designed to
offer our customers the optimum of quality,
reliability, delivery and cost. The benefits of
these products provide our customers:

® |ndustry-wide standardization;
® Fewer custom specifications;
® Cost savings associated with larger lots;

® Better lead times by reducing specification
negotiation time and allowing off-the-shelf
procurement; and,

® Industry standard marking.

SIGNETICS CLASS B STANDARD
PRODUCT (RB)

Signetics Class B standard product is offered
for use when a DESC Drawing product is not
available, or when program requirements
allow the use of vendor standard product.

Class B standard product conforms to
MIL-STD-883, general provisions Paragraph
1.2.1 (and its sub-paragraphs), except where
noted (see the “Product Non-compliance”
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section of the Military Data Manual or Data
Book). No other claims, express or implied,
are made of equivalence to JAN product or to
MIL-M-38510. Signetics compliant product
also conforms with JEDEC Publication 101,
except for marking content. Electrical test
requirements are as stated in the most
current Signetics Military Data Manual only.

® 100% final electrical tests include all Data
Manual parameter limits, test conditions,
and temperatures applicable to Subgroups
1,2,3,7, and 9 of MIL-STD-883, Method
5004 for digital products, or to Subgroups
1,2, 3, 4, and 9 for Linear products.

® Group A sample electrical inspection tests
include all final electrical subgroups as well
as all other Data Manual parameters with
specified minimum or maximum limits.

® End point electrical tests used for QCI
inspection sampling (Groups C and D) are
those Data Manual parameter limits, test
conditions, and temperatures applicable to
Group A Subgroups 1, 2, and 3 per
MIL-STD-883, Method 5005, or to
Subgroup 1 for Linear products.

Data Manual parameters which have no
specified minimum or maximum limits (typical
performance only) are not tested.

Parameters which have limits specified at
25°C only are tested only at that temperature.
Detailed parameter assignment to subgroups
and other test detail are contained in
documented Signetics Internal Product
Electrical specifications and are available
upon request. Actual test program symbolics
are available for customer review at the
factory, but are considered proprietary and
will not be copied or otherwise distributed
outside of Signetics.

QCI Groups A and B testing are performed
on all products and packages per
MIL-M-38510 and MIL-STD-883, Method
5005. Signetics utilizes inline Group A and
alternate Group B for all lines. QCI Groups C
and D are routinely performed on all
compliant families and package types.

Waivers, deviations, or exceptions of an kind
deemed necessary in the course of the
contracts must be issued in accordance with
DOD-STD-480. Should Signetics have
knowledge of the need for waivers at the time
of response to quote (RFQ) or order entry,
that information will be transmitted prior to
order entry.

Package types which do not have case
outlines letters assigned in MIL-M-38510,
Appendix C, will be assigned case outline
letters per JEDEC Publication 101.

The Signetics standard Product Assurance
Plan documentation is available for customer
review at the factory, and is considered

proprietary.

This category of product conforms to quality
level B-2 of MIL-HDBK-217 (nq = 6.5).

For Class B Standard Product, the part
number is listed as follows:

54ABT240BR A

Lead Finish Designator
Case Outline Designator

Device Class Designator

Generic Device Type
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4-Bit Bidirectional Binary Synchronous COUNter ... ... ... ouiittetieineninrinennneenenns TR S 562
Octal Transparent Latch (3-State) (Broadside Pinout of 74F373) . ... ... e 573
Octal D Flip-Flop. (3-State) (Broadside Pinout of 74F374) .. .......... ..o ittt i 573
8-Bit Bidirectional Binary Counter (3-State) . ..... ... .. .i.c it i i i e e 580
8-Bit Shift Register with Output Latches (3-State) . ............ .ottt 588
8-Bit Shift Register with Input Latches .. ...... ...ttt e 594
8-Bit Shift Register with Input Latches (3-State) ... .. ...t i i e i e i s 601
Dual Octal Register (3-State) .. ... ...ttt e e e 609
Octal Bus Transceiver, Inverting (3-State) ... ........cuuutittinnniii et iiiie it eaiieenaneee..ic.. 614
Octal Bus Transceiver, Non-inverting (Open Collector) . ......... ..t iiiiieriin e etiieie i 620
Octal Bus Transceiver, Inverting (Open Collector) . .. ... ... oottt it iainas 620
Octal Bus Transceiver, Non-inverting (3-State) . . .. ... ..ttt it 614
Octal Bus Transceiver, Inverting (3-State) .. .. ... ... ... ittt it ai et aanens 626
Octal Bus Transceiver with Common Output Enable, Non-inverting (Open Collector) ...............c.coviiiininn 630
Octal Bus Transceiver with Common Output Enable, Inverting (Open Collector) .................ccoiiiiiiiians 630
Octal Transceiver/Register, Non-inverting (3-State) . ... ...ttt inmniit e niit i 635
Octal Transceiver/Register, Non-inverting (3-State) . ... ...... ...ttt in ittt iiineeenens 635
Octal Transceiver/Register, Non-inverting (Open Collector) . .. ...........outititriiiiiii e iiniaaaaaaenn 645
Octal Transceiver/Register, INVerting (3-State) . ... ... ...ttt it e eanans 635

* Please see the Discontinued Product List in Section 1, page 8.
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10-Bit Bus Interface Latch, Non-inverting (3-State) ......... ... it i 818
10-Bit Bus Interface Latch, Inverting (3-State) . ... .......o ittt e e e 818
9-Bit Bus Interface Latch, Non-inverting (3-State) . .. ........vuiniunite ittt i i e e 818
9-Bit Bus Interface Latch, Inverting (3-State) . ...........coiuuint vttt e 818
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Quad 2-input NAND gate
[ T e T e i T i e S ]

Product specification

74F00

FEATURE TYPE TYPICAL TYPICAL
L4 Induztrial temp:arature range available PR?:’(:\'?A' CSUL:RF:RPELIIT
(-40°C 10 +85°C) DELAY ( TOTAL)
74F00 3.4ns 4.4mA
ORDERING INFORMATION
ORDER CODE
COMMERCIAL RANGE INDUSTRIAL RANGE
DESCRIPTION Vee =5V +10%, Vee =5V £10%,
Tamb = 0°C to +70°C Tamb = —=40°C to +85°C
14—pin plastic DIP N74FOON 174FOON
14-pin plastic SO N74F00D 174F00D
INPUT AND OUTPUT LOADNG AND FAN OUT TABLE
PINS DESCRIPTION 74F (U.L.) HIGH/LOW LOAD Vll_\cl).‘l;JvE HIGH/
Dna, Dnb Data inputs 1.01.0 20LLA/0.6mA
Qn Data output 50/33 1.0mA/20mA
NOTE: One (1.0) FAST unit load is defined as: 20[LA in the high state and 0.6mA in the low state.
LOGIC DIAGRAM FUNCTION TABLE
’ INPUTS OUTPUT
DOa 3
DOb :D’— To Dna Dnb Qn
p1a -4 6 L L H
s | Pp—u C v v
9
D2a :D_" H L H
10 2
pzo H H L
D3a _;—;—_—-D,_Jm NOTES
Vcc = Pin 14 D3b 1. H = High voltage level
GND=FPin7 2. L = Low voltage level
PIN CONFIGURATION LOGIC SYMBOL IEC/IEEE SYMBOL
1 &
2 N 3
U] 1 2 4 5 9 10 12 13
Doa[7] E Vee
pob[Z] 73] Db 4 .
03] 12] Daa DOs DObD1a D15 D2a D2b D3a D3b L
DuE E a3
9
o [s) 0] 026 Q0 01 02 @3 10 >~ 8
[]] E E D2a —
368 M 13 &_"_
Vee =Pin14
GND = Pin 7

October 4, 1990
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Quad 2-input NAND gate 74F00

ABSOLUTE MAXIMUM RATINGS
(Operation beyond the limit set forth in this table may impair the useful life of the device. Unless otherwise noted these limits are over the oper-
ating free air temperature range.)

SYMBOL PARAMETER RATING UNIT
Vee Supply voitage —05t0+7.0 v
ViN Input voltage -0.51t0+7.0 Y
IN Input current -30to +5 mA
Vour Voltage applied to output in high output state -0.5t0 Ve v
lout Current applied to output in low output state 40 mA
Tamb Operating free air temperature range Commercial range Oto +70 °C
Industrial range —40 to +85 °C
Tag Storage temperature range -85 to +150 °c

RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER LIMITS UNIT
MIN NOM MAX

Vee Supply voltage 45 5.0 55

ViH High—level input voltage 2.0 \

Vi Low—level input voltage 0.8 \

lik Input clamp current -18 mA

lon High—level output current -1 mA

loL Low—level output current 20 mA

Tamb Operating free air temperature range Commercial range 0 +70 °c
Industrial range —40 +85 °c

DC ELECTRICAL CHARACTERISTICS

(Over recommended operating free-air temperature range unless otherwise noted.)

SYMBOL PARAMETER TEST CONDITIONS! LIMITS UNIT
MIN TYP? MAX

Vo High-level output voltage Vee = MIN, VL = MAX +10%Vee 25 Vv

Vi = MIN, lop = MAX +5%Vee 2.7 34 v

Vo Low-level output voltage Vee = MIN, V. = MAX +10%Vee 0.30 0.50 Vv

Vi = MIN, o = MAX +5%Voo 0.30 0.50 v

Vik Input clamp voltage Ve =MIN, | = ik -0.73 -1.2 "
I Input current at maximum input voltage | Voo = MAX, V| = 7.0V 100 pA
[ High—level input current Vee = MAX, V= 2.7V 20 HA
I Low-level input current B Vcc,= MAX, V=05V 0.6 mA
los Short-circuit output current® Vee = MAX -60 -150 mA
lec Supply current (total) lcch | Vec = MAX ViN = GND 1.9 28 mA
lccL | Vec = MAX ViN=4.5V 6.8 10.2 mA

NOTES

. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.

2. All typical values are at V¢ = 5V, Tamp = 25°C.

3. Not more than one output should be shorted at a time. For testing los, the use of high-speed test apparatus and/or sample-and-hold tech-
niques are preferable in order to minimize internal heating and more accurately reflect operational values. Otherwise, prolonged shorting of a
high output may raise the chip temperature well above normal and thereby cause invalid readings in other parameter tests. In any sequence
of parameter tests, lgg tests should be performed last.

October 4, 1990 67



Philips Semiconductors—Signetics FAST Products Product specification

Quad 2-input NAND gate 74F00

AC ELECTRICAL CHARACTERISTICS

LIMITS
Tamb = +25°C Tamb = 0°C 10 +70°C | Tamp = —40°C to +85°C

SYMBOL PARAMETER TEST . Vee = +5.0V Vee = +5.0V: 10% Vee = +5.0V + 10% UNIT

CONDITION Cy = 50pF, C, = 50pF, C, = 50pF,

R. = 500Q2 RL = 500Q2 R_ = 500Q
MIN | TYP | MAX MIN MAX MIN MAX
toLH Propagation delay 24 3.7 50 24 6.0 2.0 6.5
oL Dna, Dnb to Tn Waveform1 | 55 | 32 | 43 20 53 15 6.0 ns
AC WAVEFORMS

Dna, Dnb

PHL

Vi v
Tn (] L]

Waveform 1. Propagation delay for inverting outputs

Note: For all waveforms, Vy = 1.5V.

TEST CIRCUIT AND WAVEFORM

| )
Vee 20 tw oo AMP (V)
NEGATIVE
PULSE M M
ViN Vout 1o% 10% ov
PULSE
GENERATOR puT - i‘— tTHL () tTLH (lf)—" [
RT CLS RL — TLH (tr) THL (‘«)—’1 i
AMP (V)
90% 90%
L L L 4 L L POSITIVE
= = = = = = PULSE \{'] V‘M\h
Test circuit for totem-pole outputs 10% 4 = ¢ I R_10% ov
W
DEFINITIONS:
Ry = Loadresistor; Input pulse definition
see AC electrical characteristics for value.
CL = Load capacitance includes jig and probe capacitance; . INPUT PULSE REQUIREMENTS
see AC electrical characteristics for value. family )
Ry = Termination resistance should be equal to Zoyr of amplitude| Vm | rep.rate | ty | tnu | tw
pulse generators. 74F 3.0V 1.5V 1MHz 500ns| 2.5ns | 2.5ns
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Quad 2-input NOR gate

Product specification

74F02

FEATURE TYPE | TYPICAL TYPICAL
© |ndustrial temperature range available PROPAGA- SUPPLY
. " TION DELAY | CURRENT
(—40°C to +85°C) ( TOTAL)
74F02 3.4ns 4.4mA
ORDERING INFORMATION
ORDER CODE
COMMERCIAL RANGE INDUSTRIAL RANGE
DESCRIPTION Vee =5V £10%, Ve = 5V £10%,
Tamb = 0°C to +70°C Tamo = —40°C to +85°C
14—pin plastic DIP N74F02N 174FO2N
14-pin plastic SO N74F02D 174F02D

INPUT AND OUTPUT LOADNG AND FAN OUT TABLE

PINS DESCRIPTION 74F (U.L.) HIGH/LOW LOAD Vféc]vE HIGH/
Dna, Dnb Data inputs 1.0/1.0 20pA/0.6mA
Qn Data output 50/33 1.0mA/20mA
NOTE: One (1.0) FAST unit load is defined as: 20pA in the high state and 0.6mA in the low state.
LOGIC DIAGRAM FUNCTION TABLE
2 INPUTS OUTPUT
DOa 1
Dob m— To Dna Dnb Qn
D1a :Is > 4 L L H
Dib_6 a1 L H L
8
H
M) > - -
H H L
D3a :i—D"—“ - NOTES:
Ve = Pin 14 bsb 1. H = High voltage level
| GND=Pin7 2. L = Low voltage level
PIN CONFIGURATION LOGIC SYMBOL IEC/IEEE SYMBOL
2 21 '
] 2 35 68 9 1 12 ~N 1
o [3 [14] vee 2
Doa [2 [13) @3 I
5
Dob [3 12] Dab D0a DOb D1a D1b D28 D2b D3a D3b o N 4
o [ [17] D3a -
D12 18] 10 72 @ a1 Q2 Q3 i
K. 10
0w [6 (9] D2a 9
ano [7 (8] D2b
14 1013 :; 13
Vee = Pin 14
GND = Pin 7
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Product specification

Quad 2-input NOR gate

74F02

ABSOLUTE MAXIMUM RATINGS

(Operation beyond the limit set forth in this table may impair the useful life of the device. Unless otherwise noted these limits are over the oper-
ating free air temperature range.)

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage 0510 +7.0 \'
Vin Input voltage -0510+7.0 \"
N Input current —30to +5 mA
Vour Voltage applied to output in high output state —-0.5to Voo v
lout Current applied to output in low output state 40 mA
Tamb Operating free air temperature range Commercial range 0to +70 °c
Industrial range —40to +85 °C
Tayg Storage temperature range -85 to +150 °c
RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER LIMITS UNIT
MIN NOM MAX
Vee Supply voltage 45 50 55 \
Vi High—evel input voltage 2.0 \
Vi, Low—level input voltagé 0.8 \
™ Input clamp current -18 mA
loH High—evel output current -1 mA
loL Low—level output current 20 mA
Tamb Operating free air temperature range Commercial range 0 +70 °c
Industrial range —40 +85 °c
DC ELECTRICAL CHARACTERISTICS
(Over recommended operating free-air temperature range unless otherwise noted.)
SYMBOL PARAMETER TEST CONDITIONS! LIMITS UNIT
" MIN TYP? MAX
Vou High-level output voltage Vee = MIN, Vi = MAX +10%Ves | 25 \%
Vi = MIN, lon = MAX +5%Vee 27 34 \"
Voo Low-level output voltage Voo = MIN, VL = MAX +10%Veo 0.30 0.50 Vv
Vi = MIN, o = MAX +5%Vee 0.30 0.50 v
Vik Input clamp voltage Vec =MIN, I} =ik -0.73 -1.2 v
N Input current at maximum input voltage | Vg = MAX, V| = 7.0V 100 WA
™ High—level input current Ve = MAX, V=27V 20 pA
e Low-level input current Vee = MAX, V,=0.5V 0.6 mA
los Short-circuit output current® Vee = MAX -60 -150 mA
lec Supply current (total)* lce | Voo = MAX 3.0 5.6 mA
lect | Voo = MAX 7.0 13.0 | mA
NOTES:

1. For cqnditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.
2. Alltypical values are at Veg = 5V, Tamp = 25°C.
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Quad 2-input NOR gate 74F02

3. Not more than one output should be shorted at a time. For testing los, the use of high-speed test apparatus and/or sample-and-hold tech-
niques are preferable in order to minimize internal heating and more accurately reflect operational values. Otherwise, prolonged shorting of a
high output may raise the chip temperature well above normal and thereby cause invalid readings in other parameter tests. In any sequence
of parameter tests, lgg tests should be performed last.

4. |gc is measured with outputs open.

AC ELECTRICAL CHARACTERISTICS

LIMITS
Tamp = +25°C Tamb = 0°C 10 +70°C | Tams = —40°C 10 +85°C
SYMBOL PARAMETER TEST Vee = +5.0V Vee = +5.0V £ 10% Ve =+5.0VE 10% | UNIT
CONDITION Cy = 50pF, Cy = 50pF, Cy = 50pF,
R = 500Q Ry = 500Q2 R, = 500Q2
MIN | TYP | MAX MIN MAX MIN MAX
toLH Propagation delay 25 44 55 25 6.5 25 7.0
rL Dna, Dnb to On Waveform1 { 5% | 35 | 43 20 53 15 6.0 ne
AC WAVEFORMS
Dne, Dnb v i
tPHL tPLH
Tn VM M
Waveform 1. Propagation delay for inverting outputs
NOTE: For all waveforms, Vy = 1.5V.
TEST CIRCUIT AND WAVEFORM
Vee
- [ tw | —— AWPY)
NEGATIVE
VIN Vout PULSE M Y™
PULSE 10% 10%
GENERATOR DUT. o
b‘— tTHL (%) tTLH (fr)—’l =
Ry CLg RL
I TN ) YTHL (4 )—-1 i
= = == T 90% 90% AMP ()
- - - POSITIVE
Test circuit for totem-pole outputs PULSE AL ™
10% 10% ov
DEFINITIONS: | w 1
R, = Load resistor;
see AC electrical characteristics for value. Input pulse definition
C_L = Load capacitance includes jig and probe capacitance;
see AC electrical characteristics for value. INPUT PULSE REQUIREMENTS
Ry = Termination resistance should be equal to Zoy of tamily
pulse generators. amplitude{ Vm | rep. rate tw tren trHL
74F 3.0V 1.5V| 1MHz 500ns| 2.5ns | 2.5ns
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Hex inverter

Product specification

74F04

FEATURE TYPE TYPICAL TYPICAL
® |ndustrial t ture ral ilabl PROPAGA- SUPPLY
N uz ia emp:ra re range available TION DELAY | CURRENT
(—40°C to +85°C) ( TOTAL)
74F04 3.5ns 6.9mA
ORDERING INFORMATION
ORDER CODE
COMMERCIAL RANGE INDUSTRIAL RANGE
DESCRIPTION Vee =5V £10%, Ve = 5V £10%,
Tamb = 0°C to +70°C Tamb = —40°C to +85°C
14—pin plastic DIP N74F04N 174F04N
14—-pin plastic SO N74F04D 174F04D

INPUT AND OUTPUT LOADNG AND FAN OUT TABLE

74F (U.L.) HIGH/LOW LOAD VALUE HIGH/
PINS DESCRIPTION LOW
nA Data inputs 1.0/1.0 20pA/0.6mA
nY Data output 50/33 1.0mA/20mA
NOTE: One (1.0) FAST unit load is defined as: 20pA in the high state and 0.6mA in the low state.
LOGIC DIAGRAM FUNCTION TABLE
INPUTS OUTPUT
2
w2 A v
2A _S—Do—‘ 2y L H
3A s__{>°__°_ ay H L
9 s NOTES:
4A —-—DO—'—— 4y 1. H = High voltage level
s M s 0 L 2. L = Low voltage level
A — o ¥
Ve = Pin 14 13
NG = pin7 A ———-Do—l 34
PIN CONFIGURATION LOGIC SYMBOL IEC/IEEE SYMBOL
1 1 2
5 9 1113 ——
1AE EVCC 3 N 4
wlz [13] 6A
(3] 73 ov 1A 2A 3A 4A 5A 6A 5 6
2v[4] 1] sa
aa[5] 10] s 1A 2A 3A 4A 5A 6A [] N 8
v (6 A
L TTTTTT n .
7 \4
GND 2l 2 4 6 8 10 12
13 N 12
Vcc=Pin14
GND = Pin 7
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Philips Semiconductors—Signetics FAST Products Product specification

Hex inverter 74F04

ABSOLUTE MAXIMUM RATINGS
(Operation beyond the limit set forth in this table may impair the useful life of the device. Unless otherwise noted these limits are over the oper-
ating free air temperature range.)

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage -0.510 +7.0 \
ViN Input voltage -0510+7.0 "
IN Input current -30 to +5 mA
Vour Voltage applied to output in high output state -0.5to Vo \
lout Current applied to output in low output state 40 mA
Tamb Operating free air temperature range Commercial range Oto +70 °c
Industrial range —40 to +85 °c
Teg Storage temperature range -85 to +150 °c

RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER LIMITS UNIT
MIN NOM MAX
Vee Supply voltage 45 5.0 55 \"
Viy High—level input voltage 2.0 \
Vi Low-level input voltage 0.8 \"
™ Input clamp current -18 mA
lon High—level output current -1 mA
loL Low—level output current 20 mA
Tamb Operating free air temperature range Commercial range 0 +70 °c
Industrial range —40 +85 °c

MNACI CATRDINAAL ALIADA N
VoV ELCVINIVAL VIMTARAV

(Over recommended operating free-air temperature range unless otherwise noted.)

SYMBOL PARAMETER TEST CONDITIONS! LIMITS UNIT
MIN TYP2 MAX
Vou High-level output voltage Vee = MIN, VL = MAX +10%Vce 25 v
Vi = MIN, lop = MAX +5%Vee 27 34 v
VoL Low-level output voltage Vee = MIN, VL = MAX +10%Vee 0.30 0.50 v
Vi = MIN, lg; = MAX +5%Vce 0.30 0.50 \
Vik Input clamp voltage Vee = MIN, I = Ik -0.73 -1.2 Vv
N Input current at maximum input voltage | Voo = MAX, V| = 7.0V 100 pA
m High—level input current Ve = MAX, V=27V 20 pA
I Low—evel input current Voo = MAX, V= 0.5V 0.6 mA
los Short-circuit output current3 Vee = MAX -60 -150 mA
lec Supply current (total) lccn | Vec = MAX Vin = GND 28 4.2 mA
L leot | Voo = MAX Viy = 4.5V 10.2 15.3 mA
NOTES:

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.

2. All typical values are at Vgg = 5V, Tamp = 25°C.

3. Not more than one output should be shorted at a time. For testing los, the use of high-speed test apparatus and/or sample-and-hold tech-
niques are preferable in order to minimize internal heating and more accurately reflect operational values. Otherwise, prolonged shorting of a
high output may raise the chip temperature well above normal and thereby cause invalid readings in other parameter tests. In any sequence
of parameter tests, Igg tests should be performed last.
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Philips Semiconductors—Signetics FAST Products Product specification

Hex inverter 74F04

AC ELECTRICAL CHARACTERISTICS

UMITS
Tamb = +25°C Tamb = 0°C to +70°C | Tamp = —40°C to +85°C
SYMBOL PARAMETER TEST Vee = +5.0V Vee = +5.0V £ 10% Ve =+5.0VE10% | UNIT
CONDITION C_ =50pF, Cy = 50pF, C. = 50pF,
RL = 500Q2 R, = 500Q2 Ry = 500Q2
MIN | TYP | MAX MIN MAX MIN MAX
tPLH Propagation delay 24 37 5.0 24 6.0 1.5 8.0
torL AtoY Waveform 1 | 1’5 | 32 | 43 15 53 1.1 65 ns

AC WAVEFORMS

A\l VM

PHL tPLH
\['] AL

Waveform 1. Propagation delay for inverting outputs

Note to AC Waveforms
1. For all waveforms, Vy = 1.5V.

TEST CIRCUIT AND WAVEFORMS

Vee |
90% )

tw | oo AMP (V)

NEGATIVE
PULSE VM A

YIN Vout
PULSE D.UT 10% 10% ov
GENERATOR
— l‘— tTHL () ‘YLH('«-)_’( re—

Ry CLS RL
:[ —> tTLH (%) THL (4 )—'i -
90%

AMP (V)
= = = = T = 90%
POSITIVE
Test circuit for totem-pole outputs PULSE A ™
10% A _10% ov
DEFINITIONS: I tw !
R. = Load resistor;
see AC electrical characteristics for value. Input pulse definition
CL = Load capacitance includes jig and probe capacitance;
see AC electrical characteristics for value. INPUT PULSE REQUIREMENTS
Rr = Termination resistance should be equal to Zgy7 of famity
pulse generators. amplitude| VM | rep. rate W | truw |ttt
74F 30V |15V| 1MHz 500ns| 2.5ns | 2.5ns
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Philips Semiconductors-Signetics FAST Products
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74F06, 74F06A, 74F07, 74F07A
o e e ]

Inverter/buffer drivers

Product specification

74F06 Hex inverter buffer/driver (Open Collector), 74F06A Hex inverter buffer/driver (Open Collector)
74F07 Hex buffer/driver (Open Collector), 74F07A Hex buffer/driver (Open Collector)

FEATURES FOR 74F06, 74F07
® Open Collector output drive 64mA

® High speed

® 12V output termination voltage

® Symmetrical propagation delays
FEATURES FOR 74F06A, 74F07A
® Open Collector output drive 48mA

® High speed

® 30V output termination voltage

® Replaces 7406 and 7407

® |mproved performance upgrade for 7406
and 7407

® Reduced loy leakage @ 30V

ORDERING INFORMATION
COMMERCIAL RANGE
DESCRIPTION Vee = 5V £10%,

Tamo = 0°C 10 +70°C

TYPICAL TYPICAL
PROPA- SUPPLY
TYPE GATION CURRENT
DELAY ( TOTAL)
74F086 3.5ns 30mA
74F06A 9.0ns 30mA
74F07 4.5ns 32mA
74F07A 10.0ns 32mA

INPUT AND OUTPUT LOADING AND FAN OUT TABLE

14—-pin plastic | N74F06N, N74FOSAN
DIP

14—pin plastic | N74F07D, N74FO7AD
e

PINS DESCRIPTION 74F (U.L.) HIGH/LOW LOAD Vf(;.\lfJIE HIGH/
An Data inputs ('F08, 'F07) 1.0/1.0 20pA/0.6mA
An Data inputs ('FOBA, 'FO7A) 1.0/0.7 20pA/0.4mA
Yn Data outputs ('F06) 0C/106.7 OC/64mA
Yn Data outputs ('FOBA) OC/80 OC/48mA
Yn Data outputs ('FO7) 0C/106.7 OC/64mA
Yn Data outputs ('FO7A) OC/80 OC/48mA
NOTES:
7. One (1.0) FAST unit load is defined as: 20pA in the High state and 0.6mA in the Low state.
8. OC = Open Collector
PIN CONFIGURATION LOGIC SYMBOL IEC/IEEE SYMBOL
74F06/74F06A 74F06/74F06A 74F06/74F06A
>
1.3 5 9 1113 S Fo R A
Ao E E Vee
3 N 4
vo[Z] 73] As
M EVS AD A1 A2 A3 A4 AS s .
v1[4] [11] A4
2[E] 9] v4 Yo Y1 V2 V3 V4 V5 9 N 8
" N 10
GNDE} 8] 2 4 6 8 10 12
13 N 12
Vee = Pin 14
GND = Pin7
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Philips Semiconductors—Signetics FAST Products

Product specification

Inverter/buffer drivers

74F06, 74F06A, 74F07, 74F07A

PIN CONFIGURATION LOGIC SYMBOL |IEC/IEEE SYMBOL
74F07/74F07A 74F07/74F07A 74F07/74F07A
135 9 13 R > o 2
AOE E‘lcc 3 4
vo|z 73] AS
‘"E ) vs A0 A1 A2 A3 A4 AS s .
v1[4] 7] A4
p2[5] 7] va YO Y1 Y2 Y3 Y4 Y5 9 8
v ’z] he 1 10
ao[T] 2] s 2 4 6 8 10 12
13 12
Vee = Pin 14
GND = Pin 7
LOGIC DIAGRAMS
74F06/74F06A 74F07/74F07A

Vee = Pin 14
GND = Pin 7
FUNCTION TABLE
INPUTS OUTPUTS
’F06, "FO6A ’F07, 'FO7A
An Yn Yn
L H L
L H
NOTES:
1. = High voltage level
2. L = Low voltage level
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Philips Semiconductors—Signetics FAST Products Product specification

Inverter/buffer drivers 74F06, 74F06A, 74F07, 74FQ7A

ABSOLUTE MAXIMUM RATINGS
(Operation beyond the limit set forth in this table may impair the useful life of the device. Unless otherwise noted these limits are over the
operating free air temperature range.)

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage —0.5t0 +7.0 Vv
Vin Input voltage -0.5t0+7.0 \"

In Input current -30to +5 mA

Vour Voltage applied to output in High output state 'FO6, 'FO7 -0.5t0 12 \"
'FO6A, 'FO7A -0.5t0 30

lout Current applied to output in Low output state 'FO6, 'FO7 128 mA

'FOBA, 'FO7A 96 mA

Tamb Operating free air temperature range 0to +70 °C

Tayg Storage temperature range —65 10 +150 °c

RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER LIMITS UNIT
MIN NOM MAX

Vee Supply voltage 45 5.0 55 v
Viy High—level input voltage 20 \
Vi Low—level input voltage 0.8 \"

I Input clamp current -18 mA
Vou High—level output voltage 'FO6, 'FO7 12 \"
'FO6BA, 'FO7A 30 "

loL Low-{evel output current 'F08, 'FO7 64 mA

'FOBA, 'FO7A 48 mA

Tamb Operating free air temperature range 0 +70 °c
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Philips Semiconductors—Signetics FAST Products Product specification

Inverter/buffer drivers 74F06, 74F06A, 74F07, 74F07A

DC ELECTRICAL CHARACTERISTICS

(Over recommended operating free-air temperature range unless otherwise noted.)

SYMBOL PARAMETER TEST CONDITIONS? LIMITS UNIT
Min Typ? | Max
lox High-level output current 'F06, 'FO7 Vce = MIN, Vi = MAX, Vo = MAX, 250 HA
"FOBA, 'FO7A | V), = MIN 100 pA
VoL Low-level output voltage Vee =MIN, |lg = MAX +10% Vco 030 | 050 | V
ViL = MAX,
Viu=MIN 5% Ve 0.30 | 050 v
Vik Input clamp voltage Vee = MIN, | = Ik -073 | -1.2 Vv
hy Input current at maximum input voltage Vee = MAX, V, = 7.0V 100 HA
I High—level input current Vee = MAX, V=27V .20 HA
I~ | Low-evel input current 'F08, 'FO7 Vge = MAX, V, = 0.5V -0.6 mA
'FO6A, 'FO7A -04 mA
74F06, |locH 5.0 8.0 mA
74F06A | lcoL . 30 43 mA
lec Supply current (total) | 74F07, |lcch Vee = MAX 10 14 mA
74F07A | lcoL 32 45 mA
NOTES:
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.

2. All typical values are at Vog = 5V, Tamp = 25°C.

3. Not more than one output should be shorted at a time. For testing lgg, the use of high-speed test apparatus and/or sample-and-hold
techniques are preferable in order to minimize internal heating and more accurately reflect operational values. Otherwise, prolonged shorting
of a High output may raise the chip temperature well above normal and thereby cause invalid readings in other parameter tests. In any
sequence of parameter tests, lgg tests should be performed last.

AC ELECTRICAL CHARACTERISTICS

LIMITS
Tomb = +25°C Tamo = 0°C 10 +70°C
QVYMROI ARAMETER TEST Vcc = +5.0V Vcc = +5.0V + 10% LINET
SYMBOL PARAMETER CONDITION Cy = 50pF, Cy = 50pF, UNIT
RL= 100Q2 R.= 100Q2
Min Typ Max Min Max
teLH Propagation delay .\ 20 35 6.0 1.5 6.5
. |Anto o Fo6 Waveform 1 15 30 55 10 6.0 ns
trLH Propagation delay § 5.0 9.0 11.0 4.0 15.0
o |anto¥n FOBA |  Waveform 1 20 | 40 | 60 20 8.0 ns
tpLH Propagation delay , 2.0 40 6.0 2.0 6.5
. |AntoYn Fo7 Waveform 2 30 | 50 [ 70 25 75 ns
tPLH Propagation delay ) 6.0 10.5 13.0 5.0 17.0
i, |AntoYn FO7A |  Waveform 2 50 | 75 | 100 40 13.0 ns
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Philips Semiconductors—Signetics FAST Products Product specification

Inverter/buffer drivers 74F06, 74F06A, 74F07, 74F07A

TYPICAL PROPAGATION DELAYS VERSUS LOAD FOR OPEN COLLECTOR OUTPUTS

14 tPLH _|

/ A versions
12 /

8 PLH

/ non-A

/ versions
6

Propegation delay (ns)

—— |
tPHL
2 both —|
versions
[}
0 100 200 300 400 500 600

Load resistor (Q2)

NOTE:

Whenusing Open—Collector parts, the value of the pull-up resistor greatly affects the value of the tp| 1. For example, changing the specified
pull-up resistor value from 500Q to 100 will improve the tp 4 up to 50% with only a slight increase in the tpyy . However, if the value of
the pull-up resistor is changed, the user must make certain that the total ig current through the resistor and the total I, 's of the receivers
does not exceed the lp. maximum specification.
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Inverter/buffer drivers 74F06, 74F06A, 74F07, 74F07A

AC WAVEFORMS
An \["] u An "] \["]
tPHL —™ [* tPLH ™ I tPLH —>] [* PHL >
Yn ™ ™ Yn \['] \{"]
Waveform 1. Propagation delay for inverting outputs Waveform 2. Propagation delay for non-inverting outputs
NOTE: For all waveforms, Vy = 1.5V.
TEST CIRCUIT AND WAVEFORMS
7.0V
Vce L |
90% tw % AP
NEGATIVE
Vin Vour AL PULSE M ™
GE:gRLSEOR oUT i i ov
AT
= l‘— THL (W) tTLH (tv)—'l l‘—
Rt CLs R
I — TLH () tTHL m)—-l [
AMP (V)
= = = = = = 90% $0%
POSITIVE
Test circuit for Open Collector outputs PULSE A\ Vt\h
10% k_10% ov
DEFINITIONS: I tw =
R = Loadresistor;
see AC electrical characteristics for value. Input pulse definition
CL = Load capacitance includes jig and probe capacitance;
see AC electrical characteristics for value. INPUT PULSE REQUIREMENTS
Ry = Termination resistance should be equal to Zoyr of tamily N
pulse generators. amplitude| Vm | rep. rate tw | tnw |
74F 3.0V 1.5V| 1MHz 500ns| 2.5ns | 2.5ns

July 24, 1992 80
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Document No. 853-0328

ECN No. 94536

Date of issue September 19, 1988
Status Product Specification
FAST Products

FAST 74F08
Gate

Quad Two-Input AND Gate

FUNCTION TABLE TYPE TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT
DELAY (TOTAL)
INPUTS OUTPUT 74F08 4.1 ns 7.1 mA
Dna Dnb Qn
L L L
L H L ORDERING INFORMATION
H L L PACKAGES Vee =cs?/'::w 05,2?:: m:N gim"c
H H H 14-Pin Plastic DIP N74F08N
H = High voltage level 14-Pin Plastic SO N74F08D

L = Low voltage level

LOGIC DIAGRAM

D 1

Oa

Dob ZD—_
4

Dia

D1p 5 1
9

D2a 8

D2b E':D_Qz
wf )+

Veo=Pin14  Dag 12
GND=Pin7 Dgp

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE

PIN CONFIGURATION

74F(UL) | LOADVALUE
PINS DESCRIPTION HIGHLOW | HIGH/LOW
D2 P Data inputs 1.0/1.0 20pA/0.6mA
Qn Data output 50/33 1.0mA/20mA
NOTE:

One (1.0) FAST Unit Load is defined as: 20pA in the High state and 0.6mA in the Low state.

LOGIC SYMBOL

LOGIC SYMBOL (IEEE/IEC)

DOE 14 VCC

Pob [2] [13] Dy,

% El 12] D34
Dy, [4] 11] 9,

D, 5] [10] Dy,

01 E E DZG
GND [7] g]a,

TOP VIEW

10 12 13

4 5 9
| 1] |
Dob D1aD1b023 Dzb D3aD

U__n.

Q

3b

Q
8 11

Vg =Pin 14

GND = Pin 7

1_ & 3
2|

4 6
5 |

9

— 8
10

12 11
13
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Philips Semiconductors-Signetics FAST Products Product Specification

Gate FAST 74F08

ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device.
Unless otherwise noted these limits are over the operating free-air temperature range.)

SYMBOL PARAMETER RATING UNIT
Vcc Supply voltage -0.5t0 +7.0 \
Vin Input voltage -0.51t0 +7.0 \

In Input current -30to +5 mA
Vour Voltage applied to output in High output state -0.5to +VCC )
lour Current applied to output in Low output state 40 mA
Ta Operating free-air temperature range 0to +70 °C
Tstg Storage temperature -65 to +150 °C
RECOMMENDED OPERATING CONDITIONS
LIMITS
SYMBOL PARAMETER UNIT

Min Nom Max
Vee Supply voltage 45 5.0 55
Viu High-level input voltage 2.0 v
Vi Low-level input voltage 0.8 '
[ Input clamp current -18 mA
loy High-level output current -1 mA
oL Low-level output current 20 mA
Ta Operating free-air temperature range 0] 70 °C

DC ELECTRICAL CHARACTERISTICS  (Over recommended operating free-air temperature range unless otherwise noted.)

LIMITS
SYMBOL PARAMETER TEST CONDITIONS' > UNIT
Min | Typ® | Max
i VCC =MIN, VIL = MAX ilO%Vcc 25 \"
VOH High-level output voltage 5o
VIH = MIN, IOH = MAX +5 /°VCC 2.7 34 \
V.~ =MIN, V= MAX +10%V, 0.30 | 0.50 \
VoL Low-level output voltage cc i ~cc
VlH = MIN, 'OL = MAX iS%VCC 0.30 | 0.50 \
VIK Input clamp voltage Vcc =MIN, |I = IlK -0.73 | -1.2 \"
Input current at maximum
I input voltage Vo = MAX, v =7.0V 100 KA
'IH High-level input current VCC = MAX, VI =27V 20 nA
e Low-level input current Voe = MAX, V, =05V -06 mA
los Short circuit output current® Ve = MAX -60 -150 | mA
I _ Vin=4-5V 55 | 83 | mA
lec Supply current (total) JL Vee = MAX 'N
'CCL V|N=GND 8.6 129 | mA
NOTES:

-

. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.

2. All typical values are at V. =5V, TA =25°C.

3. Not more than one output should be shorted at a time. For testing lgs- the use of high-speed test apparatus and/or sample-and-hold techniques are preferable in
order to minimize internal heating and more accurately reflect operational values. Otherwise, prolonged shorting of a High output may raise the chip temperature
well above normal and thereby cause invalid readings in other parameter tests. In any sequence of parameter tests, log tests should be performed last.
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Gate FAST 74F08
AC ELECTRICAL CHARACTERISTICS
LIMITS
T, =+25°C T, =0°C to +70°C
Vec =5V Ve =5V £10%
SYMBOL PARAMETER TEST CONDITION C_ = 50pF C, =50pF UNIT
RL = 500Q RL =500Q
Min Typ Max Min Max
t Propagation delay 3.0 4.2 5.6 3.0 6.6
PLH Waveform 1 ns
tPHL Dna' Dnb to Qn 25 4.0 53 25 6.3
AC WAVEFORMS
v . v
Dm, Dnb M M
tpLn tpHL
an Vu Vu
Waveform 1.
For Non-Inverting Outputs
NOTE: For all waveforms, VM =1.5V.
TEST CIRCUIT AND WAVEFORMS
P I tw e AMP’(V)
Vee NEGATIVE | N v, Vy
T PuLSE 10% 10% ov
— l'—'mL('.! —'l |'_‘1LN(‘)
7 v,
PULSE IN pUT T - I‘" trmlt) r— tuty
GENERATOR e 9% oy AMP (V)
Rr l c, R L :SEISEVE Vu Vu
= = = = ]:: = 1017 L tw 1 adul ov
Vg =158V
Test Circuit For Totem-Pole Outputs Input Pulse Definition
INP TS
DEFINITIONS FAMILY UT PULSE REQUIREMEN
R, = Load resistor; see AC CHARACTERISTICS for value. Amplitude | Rep.Rate |t |ty |ty
C, = Load capacitance includes jig and probe capacitance;
L ’
see AC CHARACTERISTICS for value. 74F sov 1MHz | 500ns | 25ns | 2.5ns
Ry = Termination resistance should be equal to Zoyrof
pulse generators.
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Document No. 853-0329
ECN No. 97683
Date of issue September 20, 1989

Status

Product Specification

FAST Products

PIN CONFIGURATION

FAST 74F10, 74F11

Gates

74F10 Triple 3-input NAND Gate
74F11 Triple 3-Input AND Gate

voe TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT
1YPE
DELAY (TOTAL)
74F10 3.5ns 3.3mA
74F11 4.2ns 5.3mA
ORDERING INFORMATION
COMMERCIAL RANGE
PACKAGES Voo = 5VE10%; T, = 0°C to +70°C

14-Pin Plastic DIP

N74F10N, N74F11N

14-Pin Plastic SO

N74F10D, N74F11D

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE

74F(U.L.) LOADVALUE
PINS DESCRIPTION HIGH/LOW | HIGH/LOW
D D_r}b, Dpe Data inputs 1.0/1.0 20uA/0.6mA
Qn Data output (‘F10) 50/33 1.0mA/20mA
Q, Data output (‘F11) 50/33 1.0mA/20mA

NOTE:

1. One (1.0) FAST Unit Load is defined as: 20pA in the High state and 0.6mA in the Low state.

LOGIC SYMBOL

LOGIC SYMBOL(IEEE/IEC)

74F10
DOa E E Vcc
Dob 2 E DOC
0,3 [12] 60
0, [4] [11] D,
Dic 2 10] Dy,
9, [€] 9] o,,
GND [7] 7] &,

TOP VIEW

74F10

1 2 13 3 4 5 9 10 1
AR
DOaDObDOcD1aD1bD1cD2aD2b°2c

9 9, 9,

T 1T

12 6 8
Vcc=pin14
GND =pin 7

74F10

SR

_2 12
a3

3

) \_6
5 |

9

0 | (8
1
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Product Specification

Gates

74F10, 74F11

PIN CONFIGURATION

LOGIC SYMBOL

LOGIC SYMBOL(IEEE/IEC)

74F11 74F11 74F11
D. alv . 1213 3 4 5 9 10 11 1 ry
- 1 LI 2 ) 12
Pon [2 121 0y, Doa Pob Poc P1a P15 P4 Dg Pat, © 13
D1a E E Qo 1a "1b "1c 2a 2b 2¢ ——-3—
Dy [4] 1] Dy, _4 | | 6
Q, Q 5
D1c (5] E Dzb 2 l 9|
Q —_—]
, [E] 5] o, Il = .
GND [7] (3] q IETIR
2 1"
TOP VIEW Vg =pin 14
GND =pin 7
LOGIC DIAGRAM FUNCTION TABLE
OUTPUTS
74F10 74F11 INPUTS Y
1 1 74F10 74F11
DOB Doa D D Q Q
2 12 & 2 12 Dna nb nc Qn n
D Q D Q
ob { =% o [ )% L L |t H L
Do — Doe — L | L H H L
3 3
Wi o el
4 6 — 4 6
D p,, 2 |
1b 3’— 9 T D_ Q Ho| L L H L
p. 5 p. 5
1c — 1c = | H L H H L
Doa 2 Dpq 2 H| W | L H L
10 — 10 8 H H H L H
°2b—1:)rl g, DZb—-—D— a,
V..=pini4 D, 1 p, 11 H = High voltage level
cc 2c — 2¢c —] L = Low voltage level
GND =pin 7

ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device.
Unless otherwise noted these limits are over the operating free-air temperature range.)

SYMBOL PARAMETER RATING UNIT
VCC Supply voltage -051t0+7.0 \"
Vin Input voltage -05t0+7.0 \"
In Input current -30to+5 mA
Vour Voltage applied to output in High output state 0.5t + Voo v
lout Current applied to output in Low output state 40 mA
Ta Operating free-air temperature range Oto+70 °C
Ts1a Storage temperature -65 to + 150 °C
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Gates 74F10, 74F11

RECOMMENDED OPERATING CONDITIONS

LIMITS
SYMBOL PARAMETER UNIT
Min Nom Max
VOC Supply voltage 4.5 5.0 55 \
Viy High-level input voltage 2.0 v
Vi Low-level input voltage 0.8 \
Ik Input clamp current -18 mA
lou High-level output current -1 mA
loL Low-level output current 20 mA
Ta Operating free-air temperature range 0 70 °C

DC ELECTRICAL CHARACTERISTICS  (Over recommended operating free-air temperature range unless otherwise noted.)

LIMITS
SYMBOL PARAMETER TEST CONDITIONS' 2 UNIT
Min | Typ® | Max
Voo = MIN, V= MAX +10%Vee | 25 v
Vou High-level output voltage
- - Oy
Vi = MIN, |, = MAX £5%Voe 27 | 34 \
v Vo = MIN, V) = MAX +10% Ve 035 [050 | V
oL Low-level output voltage
P g V= MIN, |, = MAX 5%V g 035 |050 | V
VIK Input clamp voltage VCC = MIN, II = IIK -0.73 | -1.2 \
Input current at 100
U maximum input voltage Vg =MAX, V, = 7.0V hA
High-level input current _ _ 20 HA
IIH g P VCC = MAX, VI =27V
I"_ Low-level input current VCC = MAX, V, =0.5V -0.6 mA
los Short-circuit output current Ve = MAX -60 -150 | mA
ICCH V|N=GND 1.8 21 mA
'F10
lecL V=45V 60 | 77 | mA
IN
lec Supply current Ve = MAX
(total) 11 lccH Vin=4-5V 4.7 | 6.2 mA
lecL Viy=GND 72 |97 | mA
NOTES:
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.

2. All typical values are at VC =5V, TA =25°C.

3. Not more than one output s%ould be shorted ata time. For testing 'os- the use of high-speed test apparatus and/or sample-and-hold techniques are preferable in
order to minimize internal heating and more accurately reflect operational values. Otherwise, prolonged shorting of a High output may raise the chip temperature’
well above normal and thereby cause invalid readings in other parameter tests. In any sequence of parameter test, log tests should be performed last.
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Gates 74F10, 74F11
AC ELECTRICAL CHARACTERISTICS
LIMITS
TA = +25°C TA =0°C to +70°C
VCC =5V VCC =5V +10%
SYMBOL PARAMETER TEST CONDITION C_=50pF G, = 50pF UNIT
RL = 500Q RL = 500Q
Min Typ Max Min Max
t Propagation delay 24 3.7 50 24 6.0
PLH = 74F10 Waveform 1 ns
toi. | Dpar Onty Prc © @, 15 32 4.3 15 53
t Propagation delay 3.0 42 56 3.0 6.6
PLH
ti | Dy Dy Dpo 0 Q, 74F11 1 Waveform 2 25 | 41 55 | 25 65 ns
AC WAVEFORMS
\ v v v
Dha' Dby Dpe M M Dha' DnbDne M ™
PHL PLH
Gn Vi Vi Qn
Waveform 1. For Inverting Outputs ('F10) Waveform 2. For Non-Inverting Outputs (‘'F11)
NOTE: For all waveforms, V,, = 1.5V.

TEST CIRCUIT AND WAVEFORMS

v v tw d AMP (V)
vce 90% 90%
T s [ vl
10% 10% ov
Vin Vour — L—-tml(l,) —’l !‘“rm(‘,)
PULSE DUT
GENERATOR -0 — I»—:m,(:) |._ totty
AMP (V)
*r c R POSIVE o o
_L LI PULSE Vm A
I tw d v
V=158V
Test Circuit For Totem-Pole Outputs Input Pulse Definition
DEFINITIONS
PUT PULS MENTS
R, = Loadresistor; see AC CHARACTERISTICS for value. FAMILY INPUT E REQUIRE
CL = Load capacitance includes jig and probe capacitance; Amplitude | Rep.Rate YWl Yl | Yra
C CHARACT! lue.
seeA' C .C ERISTICS for value 74F 3.0v 1MHz 500ns | 2.5ns | 2.5ns
RT = Termination resistance should be equal to Zoutof
pulse generators.
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Hex inverter schmitt trigger
O

FEATURE
® Industrial temperature range available
(—40°C to +85°C)

DESCRIPTION

The 74F14 contains six logic inverters
which accept standard TTL input
signals and provide standard TTL
output levels. They are capable of
transforming slowly changing input
signals into sharply defined, jitter free
output signals. In addition, they have
greater noise margin than conventional
inverters. Each circuit contains a
Schmitt trigger followed by a Darlington
level shifter and a phase splitter driving
a TTL totem—pole output. The Schmitt
trigger uses positive feedback to
effectively speed—up slow input
transitions, and provide different input
threshold voltages for positive—going
and negative—going input threshold
(typically 800mV) is determined
internally by resistor ratios and is
insensitive to temperature and supply
voltage variations.

Product specification

74F14

TYPE | TYPICAL PROPAGATION DELAY | TYPICAL SUPPLY CURRENT( TOTAL)
74F14 5.0ns 18mA
ORDERING INFORMATION
ORDER CODE
COMMERCIAL RANGE INDUSTRIAL RANGE
DESCRIPTION Vee = 5V £10%, Ve = 5V £10%,
Tamb = 0°C to +70°C Tamb = —40°C to +85°C
14—pin plastic DIP N74F14N 174F 14N
14-pin plastic SO N74F14D 174F14D
INPUT AND OUTPUT LOADNG AND FAN OUT TABLE
PINS DESCRIPTION TAP(UL) | LOAD VALME
Dn Data inputs 1.0/1.0 20pA/0.6mA
Qn Data output 50/33 1.0mA/20mA
Note to input and output loading and fan out table

1. One (1.0) FAST unit load is defined as: 20pA in the high state and 0.6mA in the low state.

LOGIC DIAGRAM FUNCTION TABLE
INPUTS OUTPUT
oo - bO*—'L To Dn Qn
3 > 4 ) L H
D1 Iip ar
5 6 ) H L
oz @ O a2 Notes to function table
9 8 1. H = High voltage level
D3 4®0_ a3 2. L = Low voltage level
D4 11 10 o4
Vec = Pin14 D5 b 2 as
GND = Pin 7
PIN CONFIGURATION LOGIC SYMBOL IEC/IEEE SYMBOL
1 o 1 N 2
3 9 11 13
no [11 ~ ) | | 3 4
& Ll
w [2 [13] Ds s ¢
01 [3] [72) as DOD1 D2 D3 D4 D5 N
w [4] 77] ps r 9 N8
p2 [3 [70] oe Q0 Q1 G2 Q3 Q4 Q5
@ ] 1 0o T T T R N0
GND (7] 8] a3 24 6 8 1012 13 12
Vee = Pin14
GND=Pin7
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Hex inverter schmitt trigger 74F14

ABSOLUTE MAXIMUM RATINGS
(Operation beyond the limit set forth in this table may impair the useful life of the device. Unless otherwise noted these limits are over the oper-
ating free air temperature range.)

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage —0.51t0 +7.0 \
ViN Input voltage -0.5t0+7.0 v
I Input current -30to +5 mA
Vour Voltage applied to output in high output state -0.5to Ve v
lout Current applied to output in low output state 40 mA
Tamb Operating free air temperature range ; Commercial range 0to +70 °c
Industrial range —40 to +85 °c
Tstg Storage temperature range —65 to +150 °c

RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER LIMITS UNIT
MIN NOM MAX
Vee Supply voltage 4.5 5.0 55 v
Vi High—level input voltage 2.0 \
ViL Low-level input voltage 0.8 v
Ik Input clamp current -18 mA
lon High—level output current -1 mA
loL Low-level output current 20 mA
Tamb Operating free air temperature range Commercial range 0 +70 °C
Industrial range —40 +85 °c
DC ELECTRICAL CHARACTERISTICS
{Over recommended operating free-air temperature range unless otherwise noted.)
SYMBOL PARAMETER TEST CONDITIONS? LIMITS UNIT
MIN TYP2 MAX
V1, Positive—going threshold Vee =5.0V 14 1.7 20 \
Vi Negative-going threshold Vee =5.0V 0.7 0.9 1.1 \
AVr Hysteresis (V1,— V1) Vee =5.0V 0.4 0.8 \"
Vou High-level output voltage Vee = MIN, V, = Vr_um, +10%Vcee 25 Vv
lon = MAX +5%Voe 27 3.4 v
Vou Low-level output voltage Vee = MIN, V= Vr,max +10%Vce 0.30 0.50 Vv
loL = MAX +5%Vee 0.30 0.50 v
Vik Input clamp voltage Vee =MIN, I = Ik -0.73 -1.2 v
I, Input current at positive—going threshold Vec=5.0V, V)= Vg, 0 pA
I- ) Input current at negative—going threshold Vec =5.0V, V=V -175 pA
I Input current at maximum input voltage Vee = MAX, V= 7.0V 100 HA
I High—level input current Ve = MAX, V)= 2.7V 20 pA
e Low-level input current Vee = MAX, V= 0.5V -0.6 mA
los Short-circuit output current® Vee = MAX -60 -150 mA
lec Supply current (total) lccH | Vee = MAX Viy = GND 13 22 mA
IccL | Voo = MAX ViN = 4.5V 23 32 mA
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Hex inverter schmitt trigger 74F14

Notes to DC electrical characteristics

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.

2. Alltypical values are at Vg = 5V, Tamp = 25°C.

3. Not more than one output should be shorted at a time. For testing los, the use of high-speed test apparatus and/or sample-and-hold tech-
niques are preferable in order to minimize internal heating and more accurately reflect operational values. Otherwise, prolonged shorting of a
high output may raise the chip temperature well above normal and thereby cause invalid readings in other parameter tests. In any sequence
of parameter tests, log tests should be performed last.

AC ELECTRICAL CHARACTERISTICS

LIMITS
Tamb = +25°C Tamb = 0°C t0 +70°C | Tomp = —40°C to +85°C
SYMBOL PARAMETER TEST Vee = +5.0V Ve = +5.0V £ 10% Vee = +5.0V£10% | UNIT
CONDITION Cy = 50pF, C, = 50pF, C_ = 50pF,
Ry = 500Q2 R = 500Q2 R, =500Q2
MIN | TYP | MAX MIN MAX MIN MAX
R i Kl Kol A I

AC WAVEFORMS

Tn

Waveform 1. Propagation delay for inverting outputs

Note to AC Waveforms
1. For all waveforms, Vi = 1.5V.

TEST CIRCUIT AND WAVEFORMS

Vee I
90%

tw ! grvn AMP (V)

NEGATIVE

PULSE YN vour PULSE VMIO% W%vu
GENERATOR pUT. ov
I“ THL (1) TLH (!r)—'" [
Rt CLS RL
I '-— HTLH () m e e
AMP (V)
90%

- - -7 POSITIVE o
Test circuit for totem-pole outputs PULSE M :M\B
10% K_10%

DEFINITIONS: | w > ov
R. = Loadresistor;

see AC electrical characteristics for value. Input pulse definition
CL = Load capacitance includes jig and probe capacitance;

see AC electrical characteristics for value. INPUT PULSE REQUIREMENTS
Ry = Termination resistance should be equal to Zgyr of family

pulse generators. amplitude( Vm | rep. rate tw trn tyHL

74F 3.0V 1.5V| 1MHz 500ns| 2.5ns | 2.5ns

November 26, 1990 90



Philips Semiconductors—Signetics FAST Products Product specification

Hex inverter schmitt trigger 74F14

NOTES
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FAST 74F20

Document No. 853-0332
ECN No. 95935
Date of issue March 3, 1989 G O Te
Status Product Specification D
ual 4-Input NAND Gate
FAST Products P
TYPE TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT
DELAY (TOTAL)
74F20 3.5ns 22 mA
ORDERING INFORMATION
COMMERCIAL RANGE
PACKAGES Voo = 5VE10%; T, = 0°C 10 +70°C
14-Pin Plastic DIP N74F20N
14-Pin Plastic SO N74F20D
INPUT AND OUTPUT LOADING AND FAN-OUT TABLE
74F(U.L.) LOADVALUE
PINS DESCRIPTION HIGHILOW | HIGH/LOW
Dna Dnb' Dnc, Dnd Data inputs 1.0/1.0 20pA/0.6mA
9, 9, Data outputs 50/33 1.0mA/20mA
NOTE:
One (1.0) FAST Unit Load is defined as: 20pA in the High state and 0.6mA in the Low state.
PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC)
1
Doa [1] 14] Vee 12 45 9 101213 2 &
Dob 2] 73] 0,4 | . \_6
ne [3] 12] 0, Doa Pab Poc PadP1a P16 P1c P1d 5
DO d E E D 1b QO 01 10 8
a T_T 12
°o E E D1a —
GND [7] 3] a, 6 8 13|
TOP VIEW
Voo =Pin 14
GND = Pin 7

92




Philips Semiconductors-Signetics FAST Products Product Specification

Gate FAST 74F20

LOGIC DIAGRAM

1 9
Doa Dia
2 10
Dob 65 Dib _
0 12 Q
Doc Dic
5 13
Dog Dyg
Ve =pin 14
GND = pin 7

FUNCTION TABLE

INPUTS OUTPUT
Dna Dnb Dnc Dnd c'n
L X X X H
X L X X H
X X L X H
X X X L H
H H H H L

H = High voltage level
L = Low voltage level
X = Don't care

ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device.
Unless otherwise noted these limits are over the operating free-air temperature range.)

SYMBOL PARAMETER RATING UNIT
VCC Supply voltage -0.5t0 +7.0 v
Vin Input voltage -0.5t0 +7.0 \
In Input current -30to +5 mA
Vour Voltage applied to output in High output state 0.5t +V v
lout Current applied to output in Low output state 40 mA
Ta Operating free-air temperature range O0to +70 °C
TSTG Storage temperature -65 to +150 °C

RECOMMENDED OPERATING CONDITIONS

LIMITS
SYMBOL PARAMETER UNIT
Min Nom Max
VCC Supply voltage 4.5 5.0 55 \
Viy High-level input voltage 2.0 \
Vi Low-level input voltage 0.8 \
lik Input clamp current -18 mA
lon High-level output current -1 mA
loL Low-level output current 20 mA
Ta Operating free-air temperature range 0 70 °C
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Gate FAST 74F20

DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted.)
] LIMITS
SYMBOL PARAMETER TEST CONDITIONS - 5 UNIT
Min | Typ“ | Max
V.. = MIN, V, = MAX +10%V, 25 \"
Vou High-level output voltage ce L - = v
Vi, = MIN, I, = MAX 5%V 2.7 34
Vo, Low-level output voltage Ve = MIN, V, = MAX +10%Vge 030 | 050 | V
Viy = MIN, I = MAX 5%V 0.30 | 0.50 \"
Vi Input clamp voltage Voo = MIN, II = lIK 073 | -1.2 v
1, !nput current at maximum Ve = MAX, V' =70V 100 HA
input voltage
I High-level input current Voo = MAX V, = 2.7V 20 HA
I Low-level input current Ve = MAX, VI =0.5V -0.6 mA
los Short circuit output current® Vee = MAX -60 -150 mA
| V,,,=GND 0.9 14 | mA
loe Supply current (total) CCH Ve = MAX IN A
lecL V=45V 34 51 | m
NOTES:

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.

2. All typical values are at Voo = 5V, T, = 25°C.

3. Not more than one output should be shorted at a time. For testing |g, the use of high-speed test apparatus and/or sample-and-hold techniques are preferable in
order to minimize internal heating and more accurately reflect operational values. Otherwise, prolonged shorting of a High output may raise the chip temperature
well above normal and thereby cause invalid readings in other parameter tests. In any sequence of parameter tests, |, tests should be performed last.

AC ELECTRICAL CHARACTERISTICS

LIMITS
TA =+25°C TA =0°C to +70°C
Vee =5V Vee =5V 110%
SYMBOL PARAMETER TEST CONDITION C, = 50pF C, =50pF UNIT
R, =500Q R, =500Q
L =
Min Typ Max Min Max
t Propagation delay 24 3.7 50 24 6.0
PLH ol Waveform 1 ns
PHL D a Dy P Ppg 0 Q, 2.0 3.2 43 2.0 5.3
AC WAVEFORMS
Dna Bhp: Oner Dpg Vm Yu

Waveform 1. For Inverting Outputs

NOTE: For all waveforms, V,, = 1.5V.
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Gate FAST 74F20

TEST CIRCUIT AND WAVEFORMS

P | AMP (V)

t
90% w %0%
Vee NEGATIVE Vu Ve

T Pulse 10% 10% y , ov
— |'—'7ML('f) _‘I I’_'TLH(')

Vin Vour
PULSE pUT — l'—'m«('.’ r"'mL(")
GENERATOR b % 0% AMP )
Ry J_ c, R, sgligvs Vu Vu
= = = - :L: - e % g tw d ok ov
VM =1.5V
Test Circuit For Totem-Pole Outputs Input Pulse Definition
R MENTS
DEFINITIONS FAMILY INPUT PULSE REQUIREMEN
RL = Load resistor; see AC CHARACTERISTICS for value. Amplitude | Rep.Rate YWl Y | YHL
C, = Load capacitance includes jig and probe capacitance;
L F 3.0 00ns | 2.5ns | 2.5
see AC CHARACTERISTICS for value. 7 v MHz | 500ns| 25ns | 250

RT = Termination resistance should be equal to Zoyrof
pulse generators.
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Triple 3-input NOR gate

Product specification

FEATURE TYPE | TYPICAL TYPICAL
® |ndustrial t ilabl PROPAGA- SUPPLY
n ui ial tempfra ure range available TION GURRENT
(-40°C 10 +85°C) DELAY ( TOTAL)
74827 3.0ns 8.5mA
ORDERING INFORMATION
ORDER CODE
COMMERCIAL RANGE INDUSTRIAL RANGE
DESCRIPTION Ve =5V £10%, Vee = 5V £10%,
Tamb = 0°C to +70°C Tamb = —40°C to +85°C
14—pin plastic DIP N74F27N 174F27N
14—pin plastic SO N74F27D 174F27D
INPUT AND OUTPUT LOADNG AND FAN OUT TABLE
74F (U.L.) HIGH/ LOAD VALUE HIGH/
PINS DESCRIPTION LOW Low
Dna, Dnb, Dnc Data inputs 1.0/1.0 20pA/0.6mA
Qn Data output 50/33 1.0mA/20mA
Note to input and output loading and fan out table
1. One (1.0) FAST unit load is defined as: 20pA in the high state and 0.6mA in the low state.
LOGIC DIAGRAM FUNCTION TABLE
1 INPUTS OUTPUT
oo i D Dnb D Tn
2 12 na n nc
Dob ] >o—— To
a3 L L L H
Doc )
s ! X X H L
o1 i X H X C
4 6
o {) o H X X C
De )) Notes to function table
D2a 2 \ 1. H = High voltage level
2. L = Low voltage level
p2b 10 ‘D 8 @
1 {
Ve = Pin 14 D2e -—)
GND = Pin 7
PIN CONFIGURATION LOGIC SYMBOL IEC/IEEE SYMBOL
1 21
—\UJ ] 1 2133 4 5 9 10n —
Doa [7] Vee 2 12
pob [2] 13] Doc 13
01a {3 12] Go D0a Db Doc D1aD1bD1c D2a D2b D2c 3
Dib (4 1] D2
L—-. :' ¢ 4 6
o1c [5] 10] b6 @ a1 Q2 5
[e}] E 9] D2a 9
o [7] (8] o2 o s
12 6 8 S
11
Veec =Pin14
GND = Pin 7
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Triple 3-input NOR gate 74F27

ABSOLUTE MAXIMUM RATINGS ‘
(Operation beyond the limit set forth in this table may impair the useful life of the device. Unless otherwise noted these limits are over the oper-
ating free air temperature range.)

SYMBOL PARAMETER RATING UNIT
Veo Supply voltage -0.510 +7.0 \
Vin Input voltage -0.5t0+7.0 v
In Input current -30to +5 mA
Vour Voltage applied to output in high output state -0.5to Vee v
lour Current applied to output in low output state 40 mA
Tamb Operating free air temperature range Commercial range 0to +70 °c
Industrial range —40 to +85 °c
Tstg Storage temperature range —65 to +150 °c

RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER LIMITS UNIT
MIN NOM MAX
Vee Supply voltage 45 5.0 55 v
ViH High—level input voltage 2.0 \
' Low-level input voltage 08 \
Ik Input clamp current -18 mA
loH High—evel output current -1 mA
loL Low-level output current 20 mA
Tamb Operating free air temperature range Commercial range 0 +70 °c
Industrial range —40 +85 °c

DC ELECTRICAL CHARACTERISTICS

(Over recommended operating free-air temperature range unless otherwise noted.)

SYMBOL PARAMETER TEST CONDITIONS! LIMITS UNIT
MIN TYP2 MAX
Vou High-level output voltage Vce = MIN, Vi = MAX +10%Vee 25 \J
Vi = MIN, lgy = MAX +5%Vec 2.7 34 v
VoL Low-level output voltage Vee = MIN, Vi = MAX +10%Vee 0.30 0.50 A
Vi = MIN, lg; = MAX +5%Veo 030 | 050 v
Vik Input clamp voltage Vee = MIN, | = Ik -0.73 -1.2 \%
I Input current at maximum input voltage | Vec = MAX, V| = 7.0V 100 pA
I High—evel input current Vee = MAX, V) =2.7V 20 HA
e Low-level input current Vee = MAX, V, =0.5V -0.6 mA
los Short-circuit output current® Vee = MAX -60 -150 mA
lec Supply current (total) lcon | Voo = MAX Vin = GND 40 5.5 mA
lccL | Vee = MAX VN = 4.5V 8.5 12.0 mA

Notes to DC electrical characteristics
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.
2. Alltypical values are at Vgg = 5V, Tymp = 25°C.
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Product specification

Triple 3-input NOR gate 74F27

. Not more than one output should be shorted at a time. For testing lgs, the use of high-speed test apparatus and/qr sample-and-hold tech-
niques are preferable in order to minimize internal heating and more accurately reflect operational values. Otherwise, prolonged shorting of a
high output may raise the chip temperature well above normal and thereby cause invalid readings in other parameter tests. In any sequence

of parameter tests, los tests should be performed last.

AC ELECTRICAL CHARACTERISTICS

LIMITS
Tamb = +25°C Tamb = 0°C 10 +470°C [ Tomp = —-40°C to +85°C
SYMBOL PARAMETER TEST Vee = +5.0V Vee = +5.0V 1 10% Vec =+5.0V110% | UNIT
CONDITION Cy = 50pF, Cy = 50pF, C, = 50pF,
R = 500Q Ry = 500Q2 Ry = 500Q
MIN | TYP | MAX MIN MAX MIN MAX
tPLH Propagation delay 20 35 5.0 1.5 55 1.0 7.0
torL Dna, Dnb, Dnc to Gin Waveform 1 | y'5 | 25 | 45 1.0 45 10 55 ns
AC WAVEFORMS
Dna, Dnb, Dnc m Vm
tPHL tPLH
. VM M
Waveform 1. Propagation delay for inverting outputs
Note to AC Waveforms
1. For all waveforms, Vyy = 1.5V.
TEST CIRCUIT AND WAVEFORMS
Vee
90% I w — L oom MM
NEGATIVE
ViN Vourt PULSE M ™
PULSE 10% 10%
GENERATOR DUT. ov
“‘ ATHL (1) LH (H"' r*
RT CL< R
I TLH ) THL (lf)—.| [
= T = =TT T 90% 90% AMPY)
- - -7 POSITIVE
Test circuit for totem-pole outputs PULSE VM AL
10% K _10% ov
DEFINITIONS: f w 1
RL Load resistor;
see AC electrical characteristics for value. Input pulse definition
CL Load capacitance includes jig and probe capacitance;
see AC electrical characteristics for value. INPUT PULSE REQUIREMENTS
Rr = Termination resistance should be equal to Zoyt of family
pulse generators. amplitude| VM | rep. rate tw i trHL
74F 3.0V 1.5V{ 1MHz 500ns| 2.5ns | 2.5ns
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Document No. 853-0050 F AST 74 F 3 O
ECN No. 95941
Date of issue March 3, 1989 G O Te
Status Product Specification 8‘ ln p u T N AND G a _I_ e
FAST Products
TYPE TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT
DELAY (TOTAL)
74F30 3.2ns 1.7mA
ORDERING INFORMATION
COMMERCIAL RANGE
PACKAGES Ve =5V410%; T, =0°C 10 +70°C
14-Pin Plastic DIP N74F30N
14-Pin Plastic SO N74F30D
INPUT AND OUTPUT LOADING AND FAN-OUT TABLE
74F(U.L.) LOAD VALUE
PINS DESCRIPTION HIGHLOW | HIGH/LOW
D, Data inputs 1.0/1.0 20uA/0.6mA
Q Data output 50/33 1.0mA/20mA
NOTE:
One (1.0) FAST Unit Load is defined as: 20pA in the High state and 0.6mA in the Low state.
PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC)
D, [ v L. &
cc 1.2 3 4 5 6 11 12 2
% [2] 1] N LI 3
o, [3] [12] D, D, Dy, D, D4 D, Dy D D PR
o, 2] il o, 5 s
b, [5 NC
o 5] ml o o
o, [6] (9] N ]
11
GND [7] 8] a —
8 12
TOP VIEW
VCC =Pin 14
GND=Pin7
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Gate FAST 74F30
LOGIC DIAGRAM FUNCTION TABLE
INPUTS OUTPUT
1 b, b, b, D, D, D, D, D,
D L X X X X X X X H
p. | X L X X X X X X H
b 5 X X L X X X X X H
D — X X X L X X X X H
Dc 4 | g8 — X X X X L X X X H
d 5 } Q X X X X X L X X H
De 5 1 X X X X X X L X H
Dy — X X X X X X X L H
D. 1| H H H H H H H H L
g 12 H = High voltage level
D —_— L = Low voltage level
h X = Don't care
Vcc =pin 14
GND = pin 7

ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device.
Unless otherwise noted these limits are over the operating free-air temperature range.)

SYMBOL PARAMETER RATING UNIT
VCC Supply voltage -0.5t0 +7.0 \
Vin Input voltage -0.5to0 +7.0 \'
llN Input current -30to +5 mA
VOUT Voltage applied to output in High output state -0.5t0 +Vcc Vv
lout Current applied to output in Low output state 40 mA
Ta Operating free-air temperature range 0to +70 °C
Tstg Storage temperature -65 to +150 °C

RECOMMENDED OPERATING CONDITIONS

LIMITS
SYMBOL PARAMETER UNIT
Min Nom Max
Vcc Suipply voitage 4.5 5.0 5.5 Vv
Vi High-level input voltage 2.0 '
Vi Low-level input voltage 0.8 \"
ik Input clamp current -18 mA
lon High-level output current -1 mA
loL Low-level output current 20 mA
Ta Operating free-air temperature range 0 70 °C
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Product Specification

Gate

FAST 74F30

DC ELECTRICAL CHARACTERISTICS

Over recommended operating free-air temperature range

unless otherwise noted.)

LIMITS
SYMBOL PARAMETER TEST CONDITIONS' > UNIT
Min | Typ® | Max
Voo =MINV = MAX +10%V, 28 \
Vou High-level output voltage e L - -CC
Vi = MIN, I, = MAX 5%V 2.7 34 \Y
Vo, Low-level output voltage Vee = MIN, V, = MAX +10%Vee 0.30 | 0.50 '
Vi =MIN, I = MAX 5%V 0.30 | 0.50 \Y
Vik Input clamp voltage Voo = MIN, l| =k -0.73 | -1.2 v
| Input current at maximum V.. =MAX, V, = 7.0V 100
! input voltage ce ! nA
I High-level input current Voo = MAX, Vl =27V 20 pA
'u. Low-level input current Vcc = MAX, VI =0.5V -0.6 mA
los Short circuit output current® Ve = MAX -60 -150 mA
! V,,=GND 0.6 1.5 | mA
CCH IN
[ Supply current (total) V.. = MAX
cc cc -
'CCL VIN_4.5V 2.8 40 | mA
NOTES:

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.

2. All typical values are at V,

cc=5V. Tp=25°C.

3. Not more than one output should be shorted at a time. For testing log» the use of high-speed test apparatus and/or sample-and-hold techniques are preferable in
order to minimize internal heating and more accurately reflect operational values. Otherwise, prolonged shorting of a High output may raise the chip temperature
well above normal and thereby cause invalid readings in other parameter tests. In any sequence of parameter tests, | ;g tests should be performed last.

AC ELECTRICAL CHARACTERISTICS

LIMITS
TA =+25°C TA =0°C to +70°C
VCC =5V VCC =5V +10%
SYMBOL PARAMETER TEST CONDITION C, = 50pF G, =50pF UNIT
RL = 500Q RL =500Q
Min Typ Max Min Max
t Propagation delay 1.5 35 5.0 1.5 55
PLH g |Waveform 1 ns
tPHL 2 Dy Dc’ Dd' De, Df, Dg’ Dh to Q 1.0 3.0 4.5 1.0 5.0
AC WAVEFORMS
D,.D,. Dc. Dy Vi Ym
D, . D . Dg. Dy 'PHL1 ‘PLH’[
—_ J—

Q

Waveform 1. For Inverting Outputs

NOTE: For all waveforms, V,, = 1.5V.
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Product Specification

Gate FAST 74F30
TEST CIRCUIT AND WAVEFORMS
207 } tw | 0% AMP (V)
Vee NEGATIVE | N v,, Vu
T PuLSE 10% 10% ov
— |’— Tty -'l l“ trunt)
v, v,
PULSE 2 DUT A —" |'_ trunft) t Tty
GENERATOR AL 0% % AMP (V)
Ry _l_ c, R, Bosmve |/ Va
= = = = ::[ = 7 L tw 1 o ov
Vy =15V
Test Circuit For Totem-Pole Outputs Input Pulse Definition
P Ul N
DEFINITIONS FAMILY INPUT PULSE REQUIREMENTS
R, = Load resistor; see AC CHARACTERISTICS for value. Amplitude | Rep.Rate wol Yen | Y
C, = Load capacitance includes jig and probe capacitance;
L ’ .0V 1 . .
see AC CHARACTERISTICS for value. i MHz | 800ns| 2.5ns | 2.5ns
RT = Termination resistance should be equal to ZOUT of
pulse generators.
\
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Quad 2-input OR gate

Product specification

74F32

FEATURE
® |ndustrial temperature range available TYPE TYPICAL PROPAGATION DELAY | TYPICAL SUPPLY CURRENT( TOTAL)
(—40°C to +85°C) 74F32 4.1ns 8.2mA
ORDERING INFORMATION
ORDER CODE
) COMMERCIAL RANGE INDUSTRIAL RANGE
DESCRIPTION Vee = 5V £10%, Vee = 5V £10%,
Tamb = 0°C to +70°C Tamb = —40°C to +85°C
14—pin plastic DIP N74F32N 174F32N
14-pin plastic SO N74F32D 174F32D
INPUT AND OUTPUT LOADNG AND FAN OUT TABLE
PINS DESCRIPTION 74F (U.L.) HIGH/LOW LOAD Vll:\é.\l;‘l,E HIGH/
Dna, Dnb Data inputs 1.0/1.0 20pA/0.6mA
Qn Data output 50/33 1.0mA/20mA
Note to input and output loading and fan out table
1. One (1.0) FAST unit load is defined as: 20pA in the high state and 0.6mA in the low state.
LOGIC DIAGRAM FUNCTION TABLE
P INPUTS OUTPUT
Doa 3 -
mbzt>—“ Qo Dna Dnb Qn
D1a 4 6 L - L
Dib__5 E >——a1 L R "
9
gz; 5 LI, H L H
H H H
D3 — 1 Notes to function table
psb—13 a3 "
Vge = Pin 14 1. H = High voltage level
GND = Pin 7 2. L = Low voltage level
PIN CONFIGURATION LOGIC SYMBOL IEC/IEEE SYMBOL
1 ? 1 &
—\ S 12 5 9 10 12 13 2
0oa 7] 4] voc
pob[2] [13] Dab s
— 6
0 [3] E D3a D0aDOb D1aD1bD2a D2bD3aD3b 5
Dia E E Q3
o1 (5] 1) D26 Q0 Q1 @2 Q3 : 8
10
a1[8] [9] D2a
ano[7] 8] a2 12
36 8 N "
13
Vce = Pin 14
GND = Pin7
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Quad 2-input OR gate 74F32

ABSOLUTE MAXIMUM RATINGS
(Operation beyond the limit set forth in this table may impair the useful life of the device. Unless otherwise noted these limits are over the oper-
ating free air temperature range.)

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage -0.5t0 +7.0 v
ViN Input voltage -0.5t0+7.0 v
IIN Input current -30to +5 mA
Vour Voltage applied to output in high output state -0.5to Veo \'
lout Current applied to output in low output state 40 mA
Tamo Operating free air temperature range Commercial range 0to +70 °c
Industrial range —40 to +85 °c
Teg Storage temperature range —65 to +150 °c

RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER LIMITS UNIT
MIN NOM MAX
Vee Supply voltage 4.5 5.0 55 v
Vi High—evel input voltage 20 \
Vi Low—level input voltage 0.8 v
li Input clamp current -18 mA
loH High—level output current -1 mA
loL Low—level output current 20 mA
Tamo Operating free air temperature range Commercial range 0 +70 °c
Industrial range —40 +85 °C

(Over recommended operating free-air temperature range unless otherwise noted.)

SYMBOL PARAMETER TEST CONDITIONS? LIMITS UNIT
MIN TYP2 MAX
VoH High-level output voltage Vee = MIN, Vi = MAX +10%Vee 25 Vv
Vi = MIN, loy = MAX +5%Vee 2.7 3.4 v
VoL Low-level output voltage Vee = MIN, VL = MAX +10%Vee 0.30 0.50 \%
Vi = MIN, lg = MAX +5%Vco 0.30 0.50 \
Vik Input clamp voltage Vee=MIN, I =1k -0.73 -1.2 \
] Input current at maximum input voltage | Voc = MAX, V= 7.0V 100 HA
M High-evel input current Vee = MAX, V=27V 20 HA
I Low-level input current Vee = MAX, V| =0.5V -0.6 mA
los Short-circuit output current® Vee = MAX -60 -150 mA
lcc Supply current (total) lcch | Voo = MAX VN =4.5V 6.1 9.2 mA
lccL | Voo = MAX Vin = GND 10.3 15.5 mA
Notes to DC electrical characteristics

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.
2. Alltypical values are at Vog = 5V, Tamp = 25°C.
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Quad 2-input OR gate

74F32

3. Not more than one output should be shorted at a time. For testing los, the use of high-speed test apparatus and/or sample-and-hold tech-
niques are preferable in order to minimize internal heating and more accurately reflect operational values. Otherwise, prolonged shorting of a
high output may raise the chip temperature well above normal and thereby cause invalid readings in other parameter tests. In any sequence
of parameter tests, lgg tests should be performed last.

AC ELECTRICAL CHARACTERISTICS

LIMITS
Tamb = +25°C Tamb = 0°C 10 +70°C | Tymp = —40°C to +85°C
SYMBOL PARAMETER TEST Vee = +5.0V Vee =+5.0V+10% Veo =+5.0V£10% | UNIT
CONDITION Cy =50pF, C, = 50pF, C, = 50pF,
Ry = 500Q R, = 500Q2 R = 500Q2
MIN | TYP | MAX MIN MAX MIN MAX
teLH Propagation delay 3.0 4.2 56 3.0 6.6 3.0 6.6
thriL Dna, Dnb to Qn Waveform 1 | 35 | 40 [ 53 | 30 63 3.0 63 ns
AC WAVEFORMS
Dna, Dnb i ia
PLH PHL
en m VM
Waveform 1. Propagation delay for inverting outputs
Note to AC Waveforms
1. For all waveforms, Vi = 1.5V.
TEST CIRCUIT AND WAVEFORMS
vee = | tw | oo AP
NEGATIVE
PULSE A VM
PULSE VIN Vout 10% 10% ov
D.U.T.
GENERATOR "‘ ATHL () HLH (!r)"l “"
Rt CLg RL
fTLH ) trHL () i
| = e
= = = = = = POSITIVE
) PULSE M M
Test circuit for totem-pole outputs 10% v 10%
l w — ov
DEFINITIONS:
R. = Loadresistor; I
see AC electrical characteristics for value. Input pulse definition
C_ = Load capacitance includes jig and probe capacitance; INPUT PULSE REQUIREMENTS
see AC electrical characteristics for value. family
Ry = Termination resistance should be equal to Zgyt of amplitude| VM | rep. rate ty [ trHL
pulse generators.
74F 3.0V 1.5V| 1MHz 500ns| 2.5ns | 2.5ns
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Document No. 853-0051
ECN No. 99679
Date of issue May 24, 1990
Status Product Specification
FAST Products
FUNCTION TABLE
INPUTS OUTPUT
Dna Dnb Qn
L L H
L H H
H L H
H H L
H = High voltage level
L = Low voltage level
LOGIC DIAGRAM
D ! 3
Oa o)
Dob Z-lD"_ %
4
D1a 65

D2a

D3a

VCC =Pin 14
GND = Pin 7

9
8.—
D2b @02
12
115
Do 13] P10

PIN CONFIGURATION

FAST 74F37

Buffer

Quad 2-Input NAND Buffer

TYPE TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT
DELAY (TOTAL)
74F37 3.5ns 13 mA
ORDERING INFORMATION
COMMERCIAL RANGE
PACKAGES Ve = 5VE10%; T, =0°C 1o +70°C
14-Pin Plastic DIP N74F37N
14-Pin Plastic SO N74F37D

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE

7aF(U.L) | LOADVALUE
PINS DESCRIPTION HIGH/LOW | HIGH/LOW
Dna’ Dnb Data inputs 1.0/2.0 20pA/1.2mA
Q, Data output 750/106.6 15mA/64mA
NOTE:

One (1.0) FAST Unit Load is defined as: 20pA in the High state and 0.6mA in the Low state.

LOGIC SYMBOL

LOGIC SYMBOL (IEEE/IEC)

DOa E
Doy [2]
%3]
D1al4]
leE
Q (€]
GND [7]

14] Ve
13] Dy,
12] D,
1] @5

10] Dyy,
E DZa

2

TOP VIEW

1 2

10 12 13

||

O

DOa

Q, Q

o
-

4 5 9
| ||
D, D, D

obP1aP16P2a 26230

Q, Q

D D

3b

2 3

!

o—g

Pin 14

Pin7

58

C

}

-

o fo

(e

-t

1

(2
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Buffer FAST 74F37

ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device.
Unless otherwise noted these limits are over the operating free-air temperature range.)

SYMBOL PARAMETER RATING UNIT
VCC Supply voltage 0510 +7.0 \
Vin Input voltage -0.51t0 +7.0 v
In Input current -30to +5 mA
Vour Voltage applied to output in High output state 0510 +V o v
lout Current applied to output in Low output state 128 mA
TA Operating free-air temperature range 0to +70 °C
Tsta Storage temperature -65 to +150 °C

RECOMMENDED OPERATING CONDITIONS

LIMITS
SYMBOL PARAMETER UNIT
Min Nom Max
Vcc Supply voltage 45 5.0 55 v
Vi High-level input voltage 2.0 v
Vi Low-level input voltage 08 \
Ik Input clamp current -18 mA
lon High-level output current -15 mA
loL Low-level output current 64 mA
Ta Operating free-air temperature range 0 70 °C
DC ELECTRICAL CHARACTERISTICS  (Over recommended operating free-air temperature range unless otherwise noted.)
LIMITS
SYMBOL PARAMETER TEST CONDITIONS' > UNIT
Min | Typ® | Max
| A iﬂ)%Vcc 25 \
V_ . =MIN op=-1m - o s o
‘e = on 9 27 | 34 V
Vou High-level output voltage V, =MAX +5%Vee
= +10%V, 20 v
Viy =MIN o= -15mA o cc
iS%Vcc 2.0 v
Voo = MIN +10%V 055 | V
Vou Low-level output voltage V) = MAX lo.= MAX ce
VIH =MIN iS%VCC 0.42 | 0.55 v
Vik Input clamp voltage Vec =MIN I =1, 073 | -1.2 \
Input current at maximum
Y input voltage Voo =MAX, v =7.0V 100 BA
I High-level input current Voo =MAX, V, =27V 20 MA
'IL Low-level input current Vcc = MAX, VI =05V -1.2 mA
los Short circuit output current Vcc = MAX -100 -225 | mA
| V,,= GND 30 | 60 mA
Icc Supply current (total) CCH Vcc = MAX IN
leoL V=45V 23 |33 | mA

NOTES:

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.

2. All typical values are at V. = 5V, TA =25°C.

3. Not more than one output should be shorted at a time. For testing log: the use of high-speed test apparatus and/or sample-and-hold techniques are preferable in
order to minimize internal heating and more accurately reflect operational values. Otherwise, prolonged shorting of a High output may raise the chip temperature
well above normal and thereby cause invalid readings in other parameter tests. In any sequence of parameter tests, log tests should be performed last.
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Buffer FAST 74F37

AC ELECTRICAL CHARACTERISTICS

LIMITS
Tp= +25°C T, =0°C 10 +70°C
Vec =5V Ve =5V £10%
SYMBOL PARAMETER TEST CONDITION C, = 50pF C, =50pF UNIT
R__=500Q R _=500Q
Min Typ Max Min Max
t Propagation delay 25 35 55 20 6.5
PLH = Waveform 1 ns
PHL D Dpy to Q 1.5 25 45 1.5 50
AC WAVEFORMS
Waveform 1.For inverting Outputs
NOTE: For all waveforms, V,, = 1.5V.
TEST CIRCUIT AND WAVEFORMS
PVl tw | Y oom— AP
Vee NEGATIVE Vi Vu
T PuLsE 10% 10%
ov
- l‘"nﬂ.(‘ Pl "l [ tru(t)
\7 v
PULSE 2 DUT T - [‘— trunlt ) [ttty
GENERATOR o 90% 90% AME.00)
o I A "
= = = = j:-: = e 2 T tw 1 R_"')’E‘_' ov
V= 1.5V
Test Circuit For Totem-Pole Outputs Input Pulse Definition
DEFINITIONS FAMILY INPUT PULSE REQUIREMENTS
R, = Load resistor; see AC CHARACTERISTICS for value. Amplitude | Rep.Rate t t
A il w | Yrn | Yl
= Load capacitance includes jig and probe capacitance;
L X 500 . .
see AC CHARACTERISTICS for value. i 1MHz ns| 2:5ns | 2.5ns
RT = Termination resistance should be equal to ZOUT of
pulse generators.
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]
Quad 2-input NAND buffer (open collector)

74F38

FEATURE
® |Industrial temperature range available TYPE | TYPICAL PROPAGATION DELAY | TYPICAL SUPPLY CURRENT( TOTAL)
(—40°C to +85°C) 74F38 7.0ns 13mA
ORDERING INFORMATION
ORDER CODE
COMMERCIAL RANGE INDUSTRIAL RANGE
DESCRIPTION Vee =5V +10%, Vee = 5V +10%,
Tamb = 0°C to +70°C Tamb = —40°C to +85°C

14—pin plastic DIP N74F38N 174F38N
14-pin plastic SO N74F38D 174F38D

INPUT AND OUTPUT LOADNG AND FAN OUT TABLE

PINS DESCRIPTION 74F (U.L.) HIGH/LOW LOAD Vt(l).‘l’.lvE HIGH/
Dna, Dnb Data inputs 1.0/2.0 20pA/1.2mA
Qn Data output 0C/106.7 OC/64mA
Notes to input and output loading and fan out table
1. One (1.0) FAST unit load is defined as: 20pA in the high state and 0.6mA in the low state.
2. OC = open collector
LOGIC DIAGRAM FUNCTION TABLE
' INPUTS OUTPUT
DOa 3
s 2| P Dna Dnb Tn
Dib_5 a1 v H H
9
D2a :D__° H L H
10 T2
D20 H H L
D3a J‘;_—D,—“ o Notes to function table
Ve = Pin 14 D3b 1. H = High voltage level
GND = Pin7 2. L = Low voltage level
PIN CONFIGURATION LOGIC SYMBOL IEC/IEEE SYMBOL
— ,—‘ 1.2 45 9 101213 1 >
e S [ L] ]] : i
Dob [2 13] D3b
] B DO0a DObD1a D1bD2a D2b D3a D3b 4 6
To [3] 12] D3a s AN
D1a [7] mE3 °
D1b [5] [10] D28 SR 10 >——a
@ [6] 9] D2a T T T T 12
GND [7] Ak 368 m - N 1
Vee =Pin14
GND=Pin7
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Quad 2-input NAND buffer (open collector) 74F38

ABSOLUTE MAXIMUM RATINGS
(Operation beyond the limit set forth in this table may impair the useful life of the device. Unless otherwise noted these limits are over the oper-
ating free air temperature range.)

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage -0.5t0 +7.0 \
Vin Input voltage -0.5t0+7.0 \"
IIN Input current -30to +5 mA
Vourt Voltage applied to output in high output state -0.5to V¢e \
lout Current applied to output in low output state 128 mA
Tamo Operating free air temperature range Commercial range 0to +70 °C
Industrial range —40 to +85 °c
Tsg Storage temperature range —65 to +150 °c

RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER LIMITS UNIT
MIN NOM "MAX
Vee Supply voltage 4.5 5.0 55 \
Vi High—evel input voltage 2.0 \"
Vi Low—level input voltage 0.8 v
li Input clamp current -18 mA
VoH High—level output voltage 45 \
loL Low—level output current 64 mA
Tamb Operating free air temperature range Commercial range 0 +70 °c
Industrial range —40 +85 °C

DC ELECTRICAL CHARACTERISTICS

(Over recommended operating free-air temperature range unless otherwise noted.)

SYMBOL PARAMETER TEST CONDITIONS? LIMITS UNIT
MIN TYP2 MAX
loH High-level output current Vce = MIN, Vi = MAX, Vi = MIN, Vo = MAX 250 pA
VoL Low-level output voltage Vee = MIN, Vi = MAX +10%Vee 0.55 \
Vi = MIN, lo = MAX +5%Vee 0.42 0.55 \'
Vik Input clamp voltage Vee = MIN, =1k -0.73 -1.2 v
Iy Input current at maximum input voltage | Voo = MAX, V,=7.0V 100 HA
lin High—evel input current Voo = MAX, V=27V 20 HA
I Low—level input current Vee = MAX, V, =0.5V -1.2 mA
lce Supply current (total) lccH | Voo = MAX ViNn = GND 4.0 7.0 mA
lecl | Voo = MAX VN = 4.5V {1 22 30 mA
Notes to DC electrical characteristics

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.
2. All typical values are at Vgg = 5V, Tamp = 25°C.
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Quad 2-input NAND buffer (open collector) 74F38

AC ELECTRICAL CHARACTERISTICS

LIMITS
» Tamb = +25°C Tamb = 0°C 10 +70°C | Tamp = —40°C to +85°C
SYMBOL PARAMETER TEST Vee = +5.0V Vee = +5.0V £ 10% Vee =+5.0V+10% | UNIT
CONDITION Cp = 50pF, Cy = 50pF, Cy = 50pF,
Ry = 500Q Ry = 50002 R = 50002
MIN | TYP | MAX MIN MAX MIN MAX
tPLH Propagation delay 75 100 | 125 75 13.0 75 145
torL Dna, Dnb to On Waveform1 | 4’5 | 30 | 50 | 15 55 15 6.0 ns
AC WAVEFORMS
Dna, Dnb - Ve
PHL PLH
Tn m m
Waveform 1. Propagation delay for inverting outputs
Note to AC Waveforms

1. For all waveforms, Vy = 1.5V.

TYPICAL PROPAGATION DELAYS VERSUS LOAD FOR OPEN COLLECTOR OUTPUTS

18

16

14

12

t
10 PLH

Propagation delay (ns)

/,

4 —
\\____4 tPHL
2
0
0 100 200 300 400 500 600

Load resistor (Q2)

Note to typical propagation delays versus load for open collector outputs

1. When using open collector parts, the value of the pull-up resistor greatly affects the value of the tp . For example, changing the specified
pull-up resistor value from 500 ohm to 100 ohm will improve the tp( 4 up to 50% with only a slight increase in the tpyy . However, if the value
of the pull-up resistor is changed, the user must make certain that the total lo current through the resistor and the total Iy_'s of the receivers

does not exceed the I minimum specification.
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Quad 2-input NAND buffer (open collector) 74F38

TEST CIRCUIT AND WAVEFORM

vee 70V tw »|  oo% AMP (V)
NEGATIVE
? PULSE u
10% 10%
ViN Vour RL l‘— —»i ov
PULSE LU.T. t e—
GENLLSE a D.U.T. THL (%) HLH ()
Ry adn l-— TLH ) THL m——i e
90% 90% AMP (1
POSITIVE
= = = =T T PULSE M A\l
Test circuit for open collector outputs 10% [ '™ | K10% ov
DEFINITIONS:
R. = Loadresistor; Input pulse definition
see AC electrical characteristics for value.
CL = Load capacitance includes jig and probe capacitance; family INPUT PULSE REQUIREMENTS
see AC electrical characteristics for value. i v rep. rate
Rr = Termination resistance should be equal to Zoyt of amplitude| Vu P tw tru trhe
pulse generators. 74F 3.0V 1.5V]| 1MHz 500ns| 2.5ns | 2.5ns
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Document No. 853-0053

ECN No. 96314

Date of issue April 11, 1989

Status Product Specification

FAST Products

FUNCTION TABLE
INPUTS OUTPUT
Dna Dnb Dnc Dnd on

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

H = High voltage level
L = Low voltage level
X = Don't care

FAST 74F40
Buffer

Dual 4-Input NAND Buffer

TYPE TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT
DELAY (TOTAL)
74F40 3.5ns 6 mA
ORDERING INFORMATION
COMMERCIAL RANGE
PACKAGES Voo =5V410%; T, = 0°C to +70°C
14-Pin Plastic DIP N74F40N
14-Pin Plastic SO N74F40D

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE

LOGIC DIAGRAM 74F(U.L) LOAD VALUE
PINS DESCRIPTION HIGHLOW | HIGHILOW
Doa 1 Do Dy D D | Data inputs 1.0/20 20pA/1.2mA
Dob :'— 6~ Q,Q Data outputs 750/106.7 15mA/64mA
Q, 0 1
Doc — 0
Dog 5 NOTE:
9 One (1.0) FAST Unit Load is defined as: 20pA in the High state and 0.6mA in the Low state.
D1a 5]
! D1b 1_2_ 8 6
Vcc=P|n14 D1C 12 4
GND = Pin7 D 13 |
NC=Pin3,11 U1d ]
PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC)
D
0a [1] 4] Vee 1 2 4 5 9 10 1213 a1 &>
Do [2] [13] Dy L l —:"— \_6
Ne [3] 12] D, DoaPobPocPodP1aP16P1cP1a e
DOc [I E NC 9
Dod (5] 10] D, Q Q, 10 8
g, [¢] [e]o,, Z I 2
7 8] a 1
GND E :] Q1 Veg =Pin 14 1
GND=Pin7
TOP VIEW NC = Pin 3,11
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Buffer FAST 74F40

ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device.
Unless otherwise noted these limits are over the operating free-air temperature range.)

SYMBOL PARAMETER RATING UNIT
VOC Supply voltage -0.5t0 +7.0 \"
Vin Input voltage -0.5t0 +7.0 \"
in input current -30 10 +5 mA
Vo,JT Voltage applied to output in High output state -0.5t0 +Vcc Vv
lour Current applied to output in Low output state 128 mA
Ta Operating free-air temperature range 0to +70 °C
Ts1a Storage temperature -65 to +150 °C

RECOMMENDED OPERATING CONDITIONS
LIMITS
SYMBOL PARAMETER UNIT
Min Nom Max

Vcc Supply voltage 45 5.0 55 \
Vi High-level input voltage 2.0

Vi Low-level input voltage 0.8 Vv
Ik Input clamp current -18 mA
|0H High-level output current -15 mA
IOL Low-level output current 64 mA
Ta Operating free-air temperature range 0 70 °C

DC ELECTRICAL CHARACTERISTICS  (Over recommended operating free-air temperature range unless otherwise noted.)

LIMITS
SYMBOL PARAMETER TEST CONDITIONS' 2 UNIT
Min | Typ® | Max
i10%Vcc 25 \"
|~ = -1mA
_ Vec=MIN | "oH +5%V 27 | 34 v
Vou High-level output voltage V) = MAX cc
VIH - MIN L _15mA +1 O%Vcc 20 v
OH™
iS%VCC 20 v
V..=MN
cc +109 055 | V
Vo Low-level output voltage V, =MAX loL= MAX 10%Vee
V:H - MIN 5%V 042|055 | V
VlK Input clamp voltage Vcc = MIN, lI = IIK 073 | -1.2 \"
Input current at maximum
h input voltage Voo = MAX, V| = 7.0V 100 HA
'IH High-level input current VCC = MAX, Vl =27V 20 HA
e Low-level input current Voo = MAX, V, = 0.5V -1.2 mA
'os Short circuit output current® Voo = MAX -100 -225 | mA
ec V, = GND 175 | 40 | mA
Icc Supply current (total) H Vcc = MAX IN
lect V= 45V "n |17 | ma

NOTES:

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.

2. All typical values are at Voo =5V, Ty =25°C.

3. Not more than one output should be shorted at a time. For testing 'os' the use of high-speed test apparatus and/or sample-and-hold techniques are preferable in
order to minimize internal heating and more accurately reflect operational values. Otherwise, prolonged shorting of a High output may raise the chip temperature
well above normal and thereby cause invalid readings in other parameter tests. In any sequence of parameter tests, log tests should be performed last.
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Buffer FAST 74F40

AC ELECTRICAL CHARACTERISTICS

LIMITS
T, =+25°C T, =0°C10+70°C
V..z=5V V.~=5V110%
SYMBOL PARAMETER TEST CONDITION ce g, UNIT
C_=50pF C_ = 50pF
RL =500Q RL =500Q
Min Typ Max Min Max
oLk Propagation delay ~ _ Waveform 1 2.0 40 6.0 1.5 7.0 ns
tort Dpa: Doy Dy Do 0 T, 15 3.0 50 10 55
AC WAVEFORMS
\'
D Vm M
ha’ Dnb' Dnc' Dnd
tPHL PLH
Qn \/ M \" M

Waveform 1. For Inverting Outputs

NOTE: For all waveforms, V,, = 1.5V.

TEST CIRCUIT AND WAVEFORMS

| AMP (V)

t
90% Y w 90%
Vee NEGATIVE
v v
PULSE ™ b
T 10%

10% ov
— L—‘ml(‘,) _J L_'YLN(‘)

Vin Vour
PULSE our | - r—' Tt |'-'mL('|)
GENERATOR ry o AMP (V)
Ry _L c, Ry poee Vu Vi
— = - - ::[ - 1% j ) t w 1 hadad ov
VM =15V
Test Circuit For Totem-Pole Outputs Input Pulse Definition
DEFINITIONS FAMILY INPUT PULSE REQUIREMENTS
R, = Loadresistor; see AC CHARACTERISTICS for value. Amplitude | Rep.Rate Wl Y | YrhL
C, = Load capacitance includes jig and probe capacitance;
L
see AC CHARACTERISTICS for value. 74F | 30V MHz | 500ns| 2.5ns | 2.5ns

RT = Termination resistance should be equal to Zoyr ©f
pulse generators.
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Document No. 853-0054

ECN No. 95962

Date of issue March 3, 1989
Status Product Specification
FAST Products

FAST 74F51
Gate

Dual 2-Wide 2-Input, 2-Wide 3-Input AND-OR-Invert Gate

TYPE TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT
DELAY (TOTAL)
74F51 3.0ns 3.5 mA

ORDERING INFORMATION

COMMERCIAL RANGE

PACKAGES Vo = 5V£10%; T, = 0°C 10 +70°C
14-Pin Plastic DIP N74F51N
14-Pin Plastic SO N74F51D

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE

74F(U.L.) LOAD VALUE
PINS DESCRIPTION HIGH/LOW HIGH/LOW

p_,b,.D D D . D

na’ Prb’ Pne’ Prar Prer Pni|Data inputs 1.0/1.0 20pA/0.6mA

Q,Q Data outputs 50/33 1.0mA/20mA

NOTE:
One (1.0) FAST Unit Load is defined as: 20pA in the High state and 0.6mA in the Low state.

PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC)

9

Doa ] [14] Ve ll 1|2 1|3 T 1|o 1|1 T :lg l4 5 10 | & >1

Dia 2 13] D 1

01: El 12] Do: P06 P06 Poc "4 oe ot °1a 16 %1c P1a 13 N\ 8

Dy [4] 11] Dy 11?_

0,4 [5] 10] D, a, a, - -

_ >1

o I Ty o H 1™ b

GND [7] B a : -

TOP VIEW

VCC =Pin 14
GND=Pin7
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Gate FAST 74F51
LOGIC DIAGRAM FUNCTION TABLE for 3-Input Gates
INPUTS OUTPUT
—
b 1 Do, Dy, Doc Doq Doo Dy 6o
Oa 12 H H H X X X L
Dob X X X H H H L
DOc 13 8 = All other combinations H
D 9 Qo H = High voltage level
od L = Low voltage level
D 10 X = Don't care
Oe 11
Dy FUNCTION TABLE for 2-Input Gates
D, 2 INPUTS | outpur
a —
D, 3 Dia | Dy D, Dig 9,
o 4 6 Q1 H H X X L
1c 5 X X H H L
D1 d All other combinations H
H = High voltage level
Veg=pin14 L = Low voltage level
GND = pin 7 X = Don't care

ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device.
Unless otherwise noted these limits are over the operating free-air temperature range.)

SYMBOL PARAMETER RATING UNIT
Vcc Supply voltage -0.5t0 +7.0 v
Vin Input voltage -0.510 +7.0 v
I Input current -30to +5 mA
Vour Voltage applied to output in High output state -0.5to +VCC \"
lour Current applied to output in Low output state 40 mA
Ta Operating free-air temperature range O0to +70 °C
TSTG Storage temperature -65 1o +150 °C

RECOMMENDED OPERATING CONDITIONS

LIMITS
SYMBOL PARAMETER UNIT
Min Nom Max
Vee Supply voltage 4.5 50 55 v
Viu High-level input voltage 2.0 v
Vi Low-level input voltage 0.8 v
Ik Input clamp current -18 mA
lon High-level output current -1 mA
IOL Low-level output current 20 mA
Ta Operating free-air temperature range 0 70 °C
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Product Specification

Gate

FAST 74F51

DC ELECTRICAL CHARACTERISTICS  (Over recommended operating free-air temperature range unless otherwise noted.)
; LIMITS
SYMBOL PARAMETER TEST CONDITIONS - > UNIT
Min | Typ“ | Max
=MIN, V, = MAX +10%V, 25 \"
Vou High-leve! output voltage Veo L ce
Vi, = MIN, 15, = MAX 5%V 2.7 34 v
Vo Low-level output voltage Vee = MIN, V, = MAX +10%Vee 0.30 | 0.50 v
Vi = MIN, 15, = MAX 5%V 030 (050 | V
Vi Input clamp voltage Vec =MIN, I =1 -0.73 | -1.2 v
I !nput current at maximum Vg = MAX, Vl =70V 100 nA
input voltage
Iy High-level input current Voo =MAX, V, =27V 20 pA
e Low-level input current Vec = MAX, V| =0.5V -0.6 mA
los Short circuit output current® Ve = MAX -60 -150 mA
| V,,=GND 1.8 30 | mA
lee Supply current (total) CCH Vg = MAX IN
lecL Vin=4.5V 55 75 | mA
NOTES:

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.

2. All typical values are at V,

=5V,T,=25°C.

3. Not more than one output should be shorted at a time. For testing |4, the use of high-speed test apparatus and/or sample-and-hold techniques are preferable in
order to minimize intemal heating and more accurately reflect operational values. Otherwise, prolonged shorting of a High output may raise the chip temperature
well above normal and thereby cause invalid readings in other parameter tests. In any sequence of parameter tests, log tests should be performed last.

AC ELECTRICAL CHARACTERISTICS

LIMITS
T, =+25°C T,=0°C10+70°C
V..=5V Voo =5V £10%
SYMBOL PARAMETER TEST CONDITION C,_=50pF C,_ = 50pF UNIT
R, =500Q R, = 5000
Min Typ Max Min Max
oLk Propagation delay = |Waveform 1 2.0 35 55 15 6.5 ns
oL Do Do D D Prer Ot 12 @, 10 25 40 1.0 45
AC WAVEFORMS
Dna ! I:}'lb' DnC’
Dnd ' Dne' an

Waveform 1. For Inverting Outputs

NOTE: For all waveforms, V=15V,
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Gate FAST 74F51

TEST CIRCUIT AND WAVEFORMS

oy f tw Warrealt 20
v
& s | X 0
T 10% 10% o
l - I""md") —', F— tuntt)
v,
PULSE m 3 - l'— truutt) b= tnatt)
GENERATOR bur i - .
fr l c, R poses | Avw Vu
10% 10%
= = = = ::[' =3 % I tw A N Vv
VM =15V
Test Circuit For Totem-Pole Outputs Input Pulse Definition
DEFINITIONS FAMILY INPUT PULSE REQUIREMENTS

RL = Load resistor; see AC CHARACTERISTICS for value. Amplitude | Rep.Rate YWl Y | YL
CL = Load capacitance includes jig and probe capacitance;
see AC CHARACTERISTICS for value.
Ry = Termination resistance should be equal to Zoyt of
pulse generators.

74F 3.0v 1MHz 500ns | 2.5ns | 2.5ns
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Document No. 853-0334 FAST 7 4 F64
ECN No. 96147
Date of issue March 28, 1989 G O-I-e
Status Product Specification
Four-Two-Three-Two-Input AND-OR-Invert Gate
FAST Products
TYPE TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT
DELAY (TOTAL)
74F64 4.0ns 2.5 mA
ORDERING INFORMATION
COMMERCIALRANGE T
PACKAGES Voo = 5V£10%; T, =0°C 10 +70°C
14-Pin Plastic DIP N74F64N
14-Pin Plastic SO N74F64D
INPUT AND OUTPUT LOADING AND FAN-OUT TABLE
74F(U.L) | LOADVALUE
PINS DESCRIPTION HIGH/LOW | HIGH/LOW
D, Data inputs 1.0/1.0 20uA/0.6mA
[e) Data output 50/33 1.0mA/20mA
NOTE:
One (1.0) FAST Unit Load is defined as: 20pA in the High state and 0.6mA in the Low state.
PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC)
o, [ Vee 3 21
" e L]
1
l)b E ED@ D, D, D, D, D, D, D, D, D l)l D, 12 &
by [& itlo 1
f - N 8
o, [5] 0] o, o EE oy
Dl E E Di T _g_
anp [7] 8] q s 5
TOP VIEW 1_9__ &
Vg =Pin 14
GND = Pin7

March 28, 1989
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Gate FAST 74F64
LOGIC DIAGRAM FUNCTION TABLE
INPUTS OUTPUT
b 2 b, b, O, D, O, B, D D, D, D D | @
23] ) H H H X X X X X X x x| L
Db X X H H H H X X X X x| L
c X X X X X X H H H X X L
Dy X X X X X X X X X H H| L
D e All other combinations H
D H = High voltage level
f L = Low voltage level
D X = Don't care
g
Dy
D.
i
5
Dy
Vcc=pin 14
GND =pin 7

ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device.
Unless otherwise noted these limits are over the operating free-air temperature range.)

SYMBOL PARAMETER RATING UNIT
Vcc Supply voltage 0510 +7.0 \
Vin Input voltage ) -0.5t0 +7.0 '
In Input current -30to +5 mA
Vour Voltage applied to output in High output state -0.510 +V \"
lout Current applied to output in Low output state 40 mA
Ta Operating free-air temperature range Oto +70 °C
TsTG Storage temperature -65 to +150 °C

RECOMMENDED OPERATING CONDITIONS

LIMITS
SYMBOL PARAMETER UNIT
Min Nom Max
V... Supply voltage 45 5.0 55 \
cC PPYy g

Viu High-level input voltage 2.0

A Low-level input voltage 0.8 \
Ik Input clamp current -18 mA
lon High-level output current -1 mA
lo Low-level output current 20 mA
Ta Operating free-air temperature range 0 70 °C
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Gate FAST 74F64

DC ELECTRICAL CHARACTERISTICS  (Over recommended operating free-air temperature range unless otherwise noted.)
1 LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ“ | Max
Ve = MIN, V, = MAX +10%V, 25 v
Vou High-level output voltage ce * " e - — "
= VIH = MiN, iOH = MAX is%vcc 2.7 3.4 V
Vo Low-level output voltage Ve = MIN, V, = MAX +10%V, 0.30 | 0.50 v
V, = MIN, I, = MAX 5%V 030 | 050 | V
Vik Input clamp voltage Vee =MIN, I =1, -0.73 | 1.2 v
11 !nput current at maximum vcc = MAX, vI =70V 100 HA
input voltage
[ High-level input current Vec = MAX, Vl =27V 20 pA
|"_ Low-level input current Vee = MAX, VI =0.5V -0.6 mA
los Short circuit output current® Ve = MAX -60 -150 | mA
| Vv, ,=GND 19 28 | mA
(. Supply current (total) CCH Vg = MAX IN
'CCL VIN=4‘5V 3.1 47 | mA
NOTES:

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.

2. Al typical values are at Vi, = 5V, Ty = 25°C.

3. Not more than one outpu!cs?\ould be shorted at a time. For testing log: the use of high-speed test apparatus and/or sample-and-hold techniques are preferable in
order to minimize internal heating and more accurately reflect operational values. Otherwise, prolonged shorting of a High output may raise the chip temperature

well above normal and thereby cause invalid readings in other parameter tests. In any sequence of parameter tests, log tests should be performed last.

AC ELECTRICAL CHARACTERISTICS

LIMITS
TA =+25°C TA =0°C to +70°C
VCC =5V VOC =5V +10%
SYMBOL PARAMETER TEST CONDITION C_ = SopF G, = S0pF UNIT
RL =500Q RL =500Q
Min Typ Max Min Max
t Propagation delay 25 46 6.0 25 70
o D toQ Waveform 1 20 32 45 | 20 55 ns
n
AC WAVEFORMS
Dn

Waveform 1. For Inverting Outputs

NOTE: For all waveforms, V=15V
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Product Specification

Gate

FAST 74F64

TEST CIRCUIT AND WAVEFORMS

Vee

PULSE
GENERATOR DUy

P
i—
5

Test Circuit For Totem-Pole Outputs

DEFINITIONS
R, = Load resistor; see AC CHARACTERISTICS for value.
L
CL = Load capacitance includes jig and probe capacitance;
see AC CHARACTERISTICS for value.
RT = Termination resistance should be equal to ZOUT of
pulse generators.

o) | tw | Voo AMP)
NG “
10% 10%
ov
- |’"mL(',) '—'l —tun®)
— l" tun) —toty
90% 90% AME (V)
PoeeT A\ A\
10% | - | N
Vy=15V
input Pulse Definition
INPUT PULSE REQUIREMENTS
FAMILY
Amplitude | Rep.Rate tw Y | YA
74F 3.0v 1MHz 500ns | 2.5ns | 2.5ns

March 28, 1989
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FEATURE
® Industrial temperature range available
(~40°C to +85°C)
DESCRIPTION
The 74F74 is a dual positive edge-trig-
gered D-type flip—flop featuring individual
data, clock, set, and reset inputs; also
true and complementary outputs. Set
(SD) and reset (RD) are asynchronous
active low inputs and operate indepen-
dently of the clock input. When set and
reset are inactive (high), data at the D in-
put is transferred to the Q and Q outputs
on the low-to—high transition of the clock.
Data must be stable just one setup time
prior to the low—to-high transition of the
clock for predictable operation. Clock trig-
gering occurs at a voltage level and is not
directly related to the transition time of the
positive-going pulse. Following the hold
time interval, data at the D input may be
changed without affecting the levels of the
output.

ucts

Product specification

Dual D-type flip—flop

74F74

TYPE TYPICAL frmax TYPICAL SUPPLY CURRENT( TOTAL)
74F74 125MHz 11.5mA
ORDERING INFORMATION
ORDER CODE
COMMERCIAL RANGE INDUSTRIAL RANGE
DESCRIPTION Vce = 5V 110%, Vee = 5V £10%,
Tamb = 0°C to +70°C Tamb = —40°C to +85°C

14-pin plastic DIP N74F74N 174F74N

14-pin plastic SO N74F74D 174F74D

INPUT AND OUTPUT LOADING AND

FAN OUT TABLE

PINS DESCRIPTION e, | LoD LT
Do, D1 Data inputs 1.0/1.0 20uA/0.6mA
CPO, CP1 Clock inputs (active rising edge) 1.0/1.0 20pA/0.6mA
3Do, SD1 Set inputs (active low) 1.0/3.0 20pA/1.8mA
RDO, RD1 Reset inputs (active low) 1.0/3.0 20pA/1.8mA
Qo, Q1, Q0, Q1 | Data outputs 50/33 1.0mA/20mA

Note to input and output loading and fan out table

1. One (1.0) FAST unit load is defined as: 20pA in the high state and 0.6mA in the low state.

PIN CONFIGURATION LOGIC SYMBOL IEC/IEEE SYMBOL
2 12
N A Ng ®
5
Do [] [14] vee s — A ero Do D1 LA .
Do E EHDi 4 — ol spo E— 1D N 6
cro 3] 2] py 1 —— RDo —Nn
Do [4] [11] cp1 " —— cP1 0
@ E [16) 5D+ 10 ——of sD1 “———B S 9
% [¢] 5] a1 * RD;O @ o1 01 B——icz R
GND [7] 3] a1 T T 13 N r >~ —
Ve = Pin 14 56 938
GND = Pin7
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Product specification

Dual D-type flip—flop 74F74
LOGIC DIAGRAM FUNCTION TABLE
INPUTS OUTPUTS OPERATING
SD|RD {CP | D Q Q MODE
L H X X H L Asynchronous set
H L X X L H Asynchronous reset
L L X X H H Undetermined*
H H T h H L Load "1”
H H T [ L H Load "0”
H H T X NC NC Hold
Notes to function table
1. H = High voltage level
2. h = High voltage level one setup time prior to low—to—high clock
transition
3. L = Low voltage level
4. 1 = Low voltage level one setup time prior to low—to—high clock
transition
5. NC= No change from the previous setup
6. X = Don'tcare
7. T = Low-to-high clock transition
8. F = Notlow-to—high clock transition
Zﬁcn = :in u 9. * = This setup is unstable and will change when either set or reset
=Pin7

ABSOLUTE MAXIMUM RATINGS

return to the high level

(Operation beyond the limit set forth in this table may impair the useful life of the device. Unless otherwise noted these limits are over the oper-

ating free air temperature range.)

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage -051t0+7.0 Vv
Vin Input voltage -0.51t0+7.0 v
In Input current -30to +5 mA
Vout Voltage applied to output in high output state -0.5t0 Ve v
lout Current applied to output in low output state 40 mA
Tamb Operating free air temperature range Commercial range 0to +70 °c
Industrial range —40 to +85 °c
Teg Storage temperature range —65 to +150 °c
RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER LIMITS UNIT
MIN NOM MAX
Vee Supply voltage 45 5.0 55 "
ViH Highlevel input voltage 2.0 \
Vi Low—level input voltage 0.8 v
lik Input clamp current -18 mA
lon High—evel output current -1 mA
lou Low-level output current 20 mA
Tamb Operating free air temperature range Commercial range 0 +70 °c
Industrial range -40 +85 °c

October 23, 1990
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Dual D-type flip—flop 74F74

DC ELECTRICAL CHARACTERISTICS

(Over recommended operating free-air temperature range unless otherwise noted.)

SYMBOL PARAMETER TEST LIMITS UNIT
CONDITIONS?! MIN | TYP2 | MAX
Vo High—ievei output voitage Vee = MiN, Vi = MAX, | ion= MAX | £10%Vec | 2.5 \
Vi =MIN +5%Voe | 27 | 34 v
VoL Low-level output voltage Vee = MIN, Vi = MAX, | loL= MAX | £10%Vco 0.30 | 0.50 \
Vi =MIN +5%Vee 030 [ 050 | V
Vik Input clamp voltage Vee = MIN, | = Ik -0.73 | -1.2 \
Iy Input current at maximum input voltage Vee = MAX, V= 7.0V 100 HA
Iy High—level input current Vee = MAX, V| =2.7V 20 HA
I Low-level input current Dn, CPn | Vgc = MAX, V| =0.5V 06 | mA
SDn, RDn | Voo = MAX, V= 0.6V -1.8 | mA
los Short—circuit output current® Vee = MAX -60 -150 | mA
lec Supply current® (total) Vee = MAX 15| 16 mA
Notes to DC electrical characteristics

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.

2. All typical values are at Vg = 5V, Tamp = 25°C.

3. Not more than one output should be shorted at a time. For testing lps, the use of high-speed test apparatus and/or sample-and-hold tech-
niques are preferable in order to minimize internal heating and more accurately reflect operational values. Otherwise, prolonged shorting of a
high output may raise the chip temperature well above normal and thereby cause invalid readings in other parameter tests. In any sequence
of parameter tests, lgg tests should be performed last.

4. Measure Igc with the clock input grounded and all outputs open, then with Q and Q outputs high in turn.

AC ELECTRICAL CHARACTERISTICS

LIMITS
Tamb = +25°C Tamb = 0°C to +70°C | Tamp = —40°C to +85°C

SYMBOL PARAMETER TEST Vee = +5.0V Vec=+5.0VE10% | Vec=+5.0V+10% | UNIT

CONDITION C, = 50pF, C_ = 50pF, C, = 50pF,

Ry = 500Q R_ = 500Q R, = 50002
MIN | TYP | MAX MIN MAX MIN MAX
frnax Maximum clock frequency Waveform 1 100 | 125 100 90 MHz
tLH Propagation delay 3.8 53 6.8 3.8 78 38 8.5
toHL CPn to Qn or On Waveform1 | 44 | 62 | 80 | 44 92 44 9.2 ne
toLH Propagation delay 3.2 4.6 6.1 3.2 71 3.2 75
o SDn, RDn to Qn or Gn Waveform2 | 35 | 70 | o0 | 35 105 25 105 | "
AC SETUP REQUIREMENTS
LIMITS
Tamb = +25°C Tamb = 0°C 10 +70°C | Tomp = —40°C to +85°C

SYMBOL PARAMETER TEST Vee = +5.0V Vee = +5.0V £ 10% Vee = +5.0V £ 10% UNIT

CONDITION C_ =50pF, Cy =50pF, Cy = 50pF,

Ry = 500Q Ry = 500Q R, = 50002
MIN | TYP | MAX MIN MAX MIN MAX
tsu (H) Setup time, high or low 2.0 2.0 2.0
tou (L) Dn to CPn Waveform 1| 35 30 30 ns
th (H) Hold time, high or low 1.0 1.0 1.0
ta(L) Dn to CPn Waveform 1| 45 10 10 ns
tw (H) CPn pulse width, 4.0 4.0 4.0
tw (L) high or low Waveform 1| 55 50 5.0 -
tw (L) SDn, RDn pulse width, low Waveform2 | 4.0 4.0 4.0 ns
Recovery time

trec SDn, RDn to CPn Waveform 3 20 2.0 2.0 ns
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Dual D-type flip—flop 74F74

AC WAVEFORMS
! 1fmax "o \h—tw(L) —
— n VM VM
CPn VN . tw(l) _Z i
__/<_ tw(H) [“* tpLH < tpHL ™
- >
[* tpLH tPHL -
M m
Qn M ™ —]
— < tPHL “* tpLH
[ tPHL <+ tPLH
an M M
Tn VM \L']

Waveform 2. Propagation delay for set and reset to output,

Waveform 1. Propagation delay for data to output, set and reset pulse width

data setup time and hold times, and clock
width, and maximum clock frequency

SDn or RDn M

< tYrec

CPn M

Waveform 3. Recovery time for set or reset to clock

Note to AC waveforms
1. For all waveforms, Vjy = 1.5V. .
2. The shaded areas indicate when the input is permitted to change for predictable output performance..

TEST CIRCUIT AND WAVEFORMS

veo =\ | w | o AMP(V)
NEGATIVE
PULSE VM A
VIN vour 10% 10% ov
PULSE
GENERATOR OUT. l‘— THL () TLH (")_’{ <
Rt l I s R TLH ) >
. AMP (V)
= = = = = = 90% 90%
POSITIVE
Test circuit for totem-pole outputs PULSE M V)%
10% X_10% o
DEFINITIONS: I tw 1
RL = Loadresistor; I t pulse definiti
see AC electrical characteristics for value. nput pu’se cefinftion
CL = Load capacitance includes jig and probe capacitance; INPUT PULSE REQUIREMENTS
see AC electrical characteristics for value. family
Rr = Termination resistance should be equal to Zoyt of amplitude| VM | rep. rate tw titn tTHL
pulse generators.
74F 3.0V 1.5V| 1MHz 500ns| 2.5ns | 2.5ns
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Document No. 853-0055

ECN No. 99494

Date of issue April 27, 1990

Status Product Specification
FAST Products
FEATURES

» High-impedance NPN base inputs
for reduced loading (20pA in High

and Low states)

- Magnitude comparison of any
binary words

Serial of parallel expansion
without extra gating

DESCRIPTION

The 74F85 is a 4-bit magnitude compara-
tor that can be expanded to almost any
length. It compares two 4-bitbinary, BCD,
or other monotonic codes and presents
the three possible magnitude results at
the outputs. The 4-bit inputs are weighted
(A,-A;) and (B -B;) whereAaand B, are
the most significant bits. The operahon of
the 74F85 is described in the Function
Table, showing all possible logic condi-
tions. The upper part of the table de-
scribes the normal operation under all
conditions that will occur in a single de-
vice or in a series expansion scheme. In
the upper part of the table the three out-
puts are mutually exclusive. In the lower
part of the table, the outputs reflect the
teed-forward conditions that exists in the

PIN CONFIGURATION

FAST 74F85

Comparator

4-Bit Magnitude Comparator

TYPE TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT
DELAY (TOTAL)
74F85 7.0ns 40mA
ORDERING INFORMATION
COMMERCIAL RANGE
PACKAGES Vo =5V410%; T, =0°C o +70°C
16-Pin Plastic DIP N74F85N
16-Pin Plastic SOL N74F85D

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE

PINS DESCRIPTION ";:SI:'(I::.CL)\}V Lg:;[:_l‘ll:cl;vl;s
Ao' Aa Comparing inputs 1.0/0.033 20pA/20pA
By By Comparing inputs 1.0/0.033 20pA/20pA
lncg 'a-p' lasg | Expansion inputs (active High) 1.0/0.033 20pA/20pA
A<B, A=B, A>B | Data outputs (active High) 50/33 1.0mA/20mA
NOTE:

One (1.0) FAST Unit Load is defined as: 20pA in the High state and 0.6mA in the Low state.

parallel expansion scheme. The expan-
sion inputs I, g and | are the
least sngnlflcant |t posmons A\ﬁﬁwn used
for series expansion, the A>B, A=B and
A<B outputs of the least significant word
are connected to thecorresponding | A8’
l_g and |, g inputs of the next higher

LOGIC SYMBOL

stage. Stages can be added in this man-
ner to any length, but a propagation delay
penalty of about 15ns is added with each
additional stage. For proper operationthe
expansion inputs of the least significant
word should be tied as follows: | rsB =Low,
. >
I,_g=High and Ipeg=LoW.

LOGIC SYMBOL(IEEE/IEC)

B3 [1] 76] Vee
1A<B 2] 15] Ag
'A=B [3] 4] B>
1a-8 [4] 13] A,
AB 5 2] A
ool fo
A<B 4 [10] A
GND [3] 5] 8o

TOP VIEW

10 12 13 15 1 14 |1
AgA A A; BgB,B,By
2—] AB
3—14 1A=B
a_—{laB
A>B A=B A<B
5 6 7
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LOGIC DIAGRAM
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FUNCTION TABLE
COMPARING INPUTS EXPANSION INPUTS OUTPUTS H = High voltage level
L = Low voltage level
AS’BS AZ’B2 A1,B1 AyB, |A>B las |A=B A>B  A<B  A=B | x - Dontcare
o¢\3>B3 X X X X X X H L L
A3<83 X X X X X X L H L
A3=B3 A2>B2 X X X X X H L L
A3=B3 A2<B2 X X X X X L H L
A3=Ba A2=B2 A\‘>B1 X X X X H L L
l\3=B3 A2=B2 A1<B1 X X X X L H L
A3=B3 A2=B2 A1=B1 A0>B0 X X X H L L
A3=BS A2=B2 A1=B1 A0<B0 X X X L H L
A3=B3 A2=B2 A,=B, A0=BO H L L H L L
I\s=B3 A2=B2 A1=B1 A0=B0 L H L L H L
A3=B3 A2=B2 A1=B1 A0=BO L L H L L H
A3=B3 A2=B2 A1=B1 AO=BO X X H L L H
A3=B3 A2=B2 A1=B1 A0=Bo H H L L L L
A3=B3 A2=B2 A1=B1 A0=Bo L L L H H L
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Comparator - FAST 74F85
APPLICATION The parallel expansion scheme shown in
Figure 1 demonstrates the most efficient
INPUTS general use of these comparators. The
(LSB) B B expansion inputs can be used as a fifth
g AZ input bit position except on the least sig-
Bz: B, nificant device which must be connected
A, —— A, as in the serial scheme.The expansion
B,, B, A<B inputs used by labeling 1, o as an "A"
A A, AsB—nNC input, 1, , as an "B" input and setting
B, B, A>B Ip_g=Low. The 'F85 can be used as 5-bit
Ay Ay comparator only when the outputs are
Bio | used to drive the (A-A,) and (B, B,) in-
A IA-B puts of another 'F85 device. The parallel
19 A8 technique can be expanded to any num-
B B ber of bits as shown in Table 1.
18 3
';18 Qa
A’ A2 Table1
17 2
Byg —1 B, A<B WORD NUMBER<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>