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PREFACE

Martin Marietta Astronautics Group submits this Final
Technical Report MCR-89-505 to Rome Air Development Center in
fulfillment of requirements of contract F30602-87-C-0079,
"Test Diagnostics of RF Effects in Integrated Circuits," CDRL
item A004, Technical Report (Final).

The work for this contract was performed during the previous
two years in the Failure Analysis Laboratory of Martin
Marietta Astronautics Group in Denver, Colorado. The
instrumentation that was used to perform the internal circuit
voltage measurements was developed as a part of an earlier
IRAD task at Martin Marietta. Daniel Koellen and Steven
Anderson are to be acknowledged for their work on the IRAD
and for their significant contributions to this program.

This was a very successful program that provided information
on the propagation of RF interference into and upon
integrated circuit chips. The information obtained increases
the understanding of the RF effects and will be valuable to
RADC for validating new SPICE models.
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1.0 INTRODUCTION

Integrated circuits (IC's) bave revolutionized circuit design
for commercial and military electronics. There are several
advantages to using integrated circuits versus using discrete
components in electronic systems. Their use reduces system
weight and size, increases reliability, and may reduce cost.
These advantages become more significant as the integrated
circuit complexity and density increases.

The disadvantages also become more significant with the
complexity and density increase. The trend is toward IC's
which operate at higher frequency, lower power and with
closer physical placement of individual circuit elements on
the IC chip. These characteristics cause the IC's to be more
susceptible to electrical overstress and damage due to
electrical transients such as electrostatic discharge (ESD).
Integrated circuit manufacturers have addressed many of the
problems with innovations in processing, layout, and design.
For example, protection networks have been incorporated in
many integrated circuits that reduce their susceptibility to
damage due to ESD.

The manufacturers have not adequately addressed the
electromagnetic compatibility (EMC) of integrated circuits.
EMC means that the integrated circuit will be able to
function as intended in its end-use electromagnetic
environment to a large extent. The manufacturers have not
measured the susceptibility of integrated circuits to
electromagnetic interference and have not considered
electromagnetic compatibilty during the design and
fabrication phases of manufacturing. It is likely that the
susceptibilty of integrated circuits to electromagnetic and
radio frequency (RF) interference increases as their
complexity increases [1-5]. In order for manufacturers to
include EMC in the IC design they need to understand the
response of internal nodes to injected interference. The
purpose of this study was to develop a method to measure the
response of the internal nodes to conducted interference
injected into various device inputs and to track subsequent
internal propagation.
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2.0 PROBLEM DEFINITION

The susceptibility of integrated circuits to upset by
injection of RF signals is a quantity that is not specified
or measured by the manufacturer. This parameter is important
to the circuit designer if a device is to be used in a
circuit that will operate in a strong RFI (Radio Frequency
Interference) environment. The designer may use extensive
shielding and/or filtering to attenuate RFI coupling to the
integrated circuit. If the susceptibility of the device to
RFI were known, the filtering and shielding required might be
reduced or eliminated, perhaps reducing design time, cost,
weight and packaging difficulties. The susceptibility of a
system to RF signals could be better predicted if the
susceptibility of its integrated circuits were known.

An effective way of obtaining EMC would be to use devices
that have reduced or no susceptibility to RFI rather than
designing external circuitry to obtain the same. Simply
measuring or attempting to model the susceptibility of the
device to RFI is not the complete answer. The best approach
is to design-in EMC at the chip level.

Factors internal to the chip effect the susceptibility to
RFI. These factors include processing technology, structure
size and placement. Earlier studies performed at Martin
Marietta and at RADC [6,7] found that the RF susceptibility
of the two functionally identical devices analyzed were
different. The two devices studied were the Intel 8086
16-bit microprocessor and the CD4013B dual D-type flip-flop.
The structures of the two devices differed in processing
technology (NMOS vs CMOS) and in configuration. The
evaluation showed that only 2.5 milliwatts of RFI
conductively coupled to an input of the 8086 was required for
upset while the CD4013B required 300 milliwatts. Thus, while
two devices with different configuration and processing can
respond properly in their intended operating scheme, they
differ substantially in their EMC. Additionally, when the
clock input of the CD4013B was modified such that the ESD
protection network was removed from the circuit, the device
was found to be 8 dB less susceptible. The circuit that was
included to protect the device from ESD seems to have
increased the device's susceptibility to EMI. The factors
contributing to these changes in susceptibility must be
understood so that EMC parameters can be included in the
design of the device.
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New designs for integrated circuits are implemented using
computer aided design (CAD) techniques that produce the
physical layout of the various processing layers according to
design rules. Alignment tolerance, etch tolerance, metal
step coverage, current density, via formation and other
factors presently influence the generation of the design
rules. Design rules that address the device's EMC have not
been generated. In order to implement EMC at the initial
chip design stage, design rules and CAD parameters must be
generated that address the EMC of the device. To do this,
one must be able to study the effects of various processing,
layout and design factors on EMC. The response of the
internal nodes of integrated circuit to RFI needs to be
measured without effecting the operation and response of the
measured node. Implementing these data into changes in
design rules and perhaps into device processing would improve
the manufacturer's ability to design-in EMC.
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3.0 APPROACH

The approach used to accomplish this study consisted of the
following tasks. The appropriate section is listed and a
brief summary of the contents is provided.

Section 4 (Task 1) - Literature Review and Vendor Contact
A computer database search of published materials by the
Martin Marietta Research Library was performed and the
Government Information and Data Exchange Program (GIDEP)
Engineering Data Bank was reviewed. Vendors were
contacted about including electromagnetic compatibility
into their IC design.

Section 5 (Task 2) - Program Plan Development
A program plan was developed which utilized the
information gained during the literature review and
vendor contacts in conjunction with the initial technical
proposal.

Section 6 (Task 3) - Device Selection and Circuit
Schematic Development

Four devices were selected for RF upset characterization
based upon technology, function, nodal accessibility,
chip physical layout, input protection circuit
structures, and previous test history. Circuit
schematics, logic diagrams, and component physical
layouts were developed.

Section 7 (Task 4) - Instrumentation and Test Fixture
Instrumentation was assembled and combiner circuitry was
designed and built. Fixturing was designed and built to
allow testing of the IC's within the Scanning Electron
Microscope (SEM) chamber.

Section 8 (Task 5) - Device RF Upset Characterization
RF upset characterization was performed on two inputs and
a power pin for each device. RF interference signals
from 1.2 MHz to 200 MHz were combined with the intended
signal, and upset levels at which improper device output
occurred were measured and recorded.

Section 9 (Task 6) - SEM Quantitative Voltage Contrast
Measurements

Circuit internal nodes were measured using SEM
quantitative voltage contrast (QVC) with and without RF
interference signals. The propagation, attenuation, and
intercoupling of the RF signals were measured.
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Section 10 - Conclusions
Conclusions from the device upset characterization and
the measurements using the SEM QVC system are presented.
Comparisons between technologies, device function, and
input function are provided.
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4.0 LITERATURE REVIEW AND VENDOR CONTACT

This section discusses the literature search and the vendor
contacts that were made prior to the preparation of the test
plan.

4.1 Literature Review

The Martin Marietta Research Library and the GIDEP
Engineering Data Bank were used for the literature search.
The following key words were used: eletromagnetic
interference (EMI), EMI upset, EMI susceptibility, RF
interference (RFI), RF upset, RF susceptibility, EMC,
combiner, and integrated circuit. Abstracts for documents
were obtained from the following databanks: Defense Research,
Development, Test and Evaluation Online Systems (DROLS), the
Institute of Electrical Engineers database of Physics
Abstracts, Electrical and Electronic Abstracts, and Computer
and Control Abstracts (INSPEC), the National Technical
Information Service (NTIS), Scientific and Technical
Aerospace Reports (STAR), International Aerospace Abstracts
(IAA), Applied Science and Technology Index (ASTI), and the
Government Publications Index. The abstracts were obtained
and selected articles were obtained and reviewed. In
addition, recent magazine articles and various symposium
proceedings were reviewed. The pertinent articles are listed
in the bibliography.

These articles provided useful information in a number of
areas and were used during the program plan development.

4.2 Vendor Contacts

The following vendors were contacted: Signetics, National
Semiconductor (Fairchild), SGS-Thompson (MOSTEK), INMOS and
Unisys (Burroughs). The area of questioning was related to
the inclusion of electromagnetic compatibility into their IC
design. None of the manufacturers indicated that this was a
concern during design. One manufacturer indicated that
silicon designs with several parallel metal traces carrying
high frequency (greater than 20 MHz) signals are sensitive to
capacitive coupling. He stated that a method to compensate
for this effect is to use a metallization ground plane
separate from the signal line metallization plane.
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An EMI problem on a device designed in the late 19701s was
identified by one of the manufacturers. A particular input
was sensitive to EMI due to coupling of the EmI from the bond
pad to an adjacent metallization line. This adjacent line was
susceptible due to the small geometry of the transistors to
which it was connected. The manufacturer modified his design
to include a larger transistor that would not respond to the
fast EMI signal, this transistor acted as a low pass filter.
This problem did not cause the manufacturer to have a concern
about including EMC into design considerations.

The response was surprising since it is imperative that the
devices operate as intended in a variety of environments.
Relatively common scenarios can produce narrow-band and
broad-band interference with enough amplitude to cause a
concern [2,3].

It is possible that EMC has been considered to some extent
but it has not been fully addressed due to the difficulties
of incorporating changes that produce an EMI immune circuit
and at the same time do not degrade other parameters of
interest, such as operating frequency.

4.3 Conclusions

The literature review provided information on: EMI
measurement techniques, upset susceptibility levels and
concerns, protect circuitry effects, computer simulations,
electromagnetic environments, and internal node voltage
measurement teohniques. This information helped in the
development of the program plan. The vendor contacts
provided insight into the lack of data in the area of EMC,
reinforcing the necessity of obtaining this type of
information.
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5.0 PROGRAM PLAN DEVELOPMENT

A Program Plan was written to explicitely identify the tasks
to be performed during this study, establish the schedule,
and discuss related work. The sections in the Program Plan
were: Introduction, Definition cf Problem, Approach, Test
Method, Data, Test Configuration, Device Selection ard
Preparation, Work Breakdown Structure, Program Schedule, IRAD
Activity, References, and Bibliography.

The contents of the Program Plan are inciuded in the
appropriate sections of this report.
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6.0 DEVICE SELECTION AND CIRCUIT SCHEMATIC DEVELOPMENT

6.1 Device Selection

There were a number of considerations involved in selecting
devices for this study. It was desired to obtain information
about the sensitivity of and the sensitivity differences
between combinational logic and sequential logic circuits,
test different technologies, test different ESD input protect
structures, and test circuits which have widespread usage.
For the SEM measurements it was important that the
passivation could be removed without changing the
characteristics of the part and that internal nodes were
accessible for probing. Long parallel metallization runs on
the die surface were desired to analyze coupling effects.

The criteria used to identify candidate devices for selection
are shown below.

Circuit Density
-Medium and large scale

Manufacturing Technology
-Bipolar
-MOS
-Gallium arsenide

Functional Type
-Digital
-Analog

Previous Evaluation Work
Package Type

Thirty-five part types of different densities, technologies
and functional types were initially identified. The
testability, availability, and cost were then considered and
the list was reduced to twelve part types. Additional
analyses and evaluations were performed, including
destructive physical analysis, and the final selection was
made. The four part types selected are listed in Table
6.1.1.
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Part Number Part Name Technclogy Logic Type

CD4013B D-type flip-flop CMOS Sequential

SN54ALS74A D-type flip-flop Advanced Low Sequential
Power Schottky

CD4585B 4-bit magnitude CMOS Combinational
comparator

SN54LS85 4-bit magnitude Low Power Combinational
comparator Schottky

Table 6.1.1 - Device Description

Data sheets for each of these device types are provided in
Appendix A.1.

These device types provide a direct comparison between
functionally similar circuits processed from complementary
metal-oxide-semiconductor (CMOS) and Schottky technologies.

6.2 Pin Selection

Three pins on each device were selected for injection of
RFI. These were selected as a result of an evaluation of
their function, the results of previous studies (6,7], and by
their electrical and physical internal paths. A variety of
input protect structures, physical layouts, and electrical
functions were desired to obtain as much comparison data as
possible. The CD4013B had been tested previously [6,7] with
RF being injected into power (Vdd) and the clock and data
inputs. These pins were also used during this test on both
of the D-type flip-flops. Power is labelled Vdd for the CMOS
device and is labelled Vcc for the Schottky device.

For the 4-bit magnitude comparators, the pins selected were
power (Vdd or Vcc) and the B0 and B3 inputs. There were many
more possibilities on this part type than on the flip-flop.
Many factors were considered, with the final selection being
primarily determined by the combination of the electrical
function and the physical internal path. The B0 input has
one of the longest metal runs to the first gate on the CMOS
circuit. The B3 input has one of the shortest metal runs to
the first gate. For the Schottky device there was little
physical difference between pin layouts. Functionally these
two pins are the least significant (BO) and most significant
(B3) bits for word B. This should provide an interesting
comparison by function.

[10]



6.3 Device Description

The CD4013B and the SN54ALS74A are dual D-type
positive-edge-triggered flip-flops. Each IC has two
identical independent flip-flops and each flip-flop has a
single data input. The logic level present at the data input
is transferred to the Q output during the positive-going
transition of the clock pulse. The functional diagrams for
both device types are shown in Figure 6.3.1.

Vdd Vcc

SET PRESET

CLK- FLIP CLK FLIP
DATA- FLO DATA FLOP

RESET- CLEAR

SET PRESET-

CLK- FLIP OQ LK- FLIP

DATA- FLOP DATA FLOP -

RESET CLEAR

Vss GND

CD4013B SN54ALS74A

Figure 6.3.1 - Flip-Flop Functional Diagrams
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The set input on the CD4013B is equivalent to the preset-not
input on the SN54ALS74A. The reset input on the CD4013B is
equivalent to the clear-not input on the SN54ALS74A. These
inputs are equivalent, however they require the opposite
logic levels as shown in Table 6.3.1.

CD4013B
INPUTS OUTPUTS

Set Reset Clock D Q 0-not
H L X X H L
L H X X L H
H H X X H H
L L L to H H H L
L L L to H L L H

SN54LS74A
INPUTS OUTPUTS

preset-not Clear-not Clock D Q 0-not
L H X X H L
H L X X L H
L L X X H H
H H L to H H H L
H H L to H L L H

H = Logic high level
L = Logic low level
X = Don't care

Table 6.3.1 - Function Tables for Flip-Flops

For the CD4013B, a high level on the reset input produces a
low level on the Q output and a high level on the Q-not
output. A high level on the set input produces a high level
on the Q output and a low level on the Q-not output. When
reset and set are low, th2 logic level on the D input is
transferred to the Q output at the rising edge of the clock
pulse.

For the SN54ALS74A, a low level on the clear-not input
produces a low level on the Q output and a high level on the
Q-not output. A low level on the preset-not input produces a
high level on the Q output and a low level on the Q-not
output. When clear-not and preset-not are high, the level on
the D input is transferred to the Q output at the rising edge
of the clock pulse.

[12]



IN
IN 2 "IN 1 ; 22

IN
PIN 3 2

9

4

1)1-% 4 5

Or I
T(j 4m

3-

PIN 3- 2

TG 2

TG I

, Elm
PIN' 2s

Figure 6.3.2 CD4013B Die Photograph With Labels

(13]



P
PIN 1 PIN 14 2

PIN 2

Q1

20

16
fTTIN 1

- a-oq 2

QQ.1
PIN 10

4 Q pRESff 2

10

Oil

PIN PIN PIN

2 Q

13 PIN 7

Figure 6.3.3 SN54ALS74A Die Photograph With Labels

(14]



The CD4013B IC's are in 14-lead dual-in-line ceramic packages
(CERDIP's). They are manufactured using complementary
n-channel and p-channel metal-oxide-semiconductor field
effect transistors (MOSFET's). The substrate is n-type
silicon. A die photograph is shown in Figure 6.3.2. The die
measures 67 mils by 67 mils. The interconnect bond wires are
1.2 mil aluminum. The minimum linewidth of the aluminum
metallization is 9 microns and the minimum spacing between
lines is 8.5 microns. The recommended maximum operating
clock frequency with 5 volts on Vdd is 3.5 megahertz (MHz).

The SN54ALS74A IC's are in 14-lead CERDIP's. They are
manufactured using advanced low power Schottky (ALS) bipolar
transistor technology. The substrate is p-type silicon and
individual collector tubs are isolated along the surface of
the die with a silicon dioxide (SiO2 ) insulator. A die
photograph is shown in Figure 6.3.3. The die measures 45
mils by 45 mils. The interconnect bond wires are 1 mil
aluminum. The minimum linewidth of the aluminum
metallization is 4.2 microns and the minimum spacing between
lines is 6.5 microns. The recommended maximum clock
frequency with 5 volts on Vcc is 25 MHz.

The CD4585B and the SN54LS85 are 4-bit magnitude
comparators. These circuits compare two 4-bit words, A and
B, and provide the response to this comparison at the output
pins. The output pins are A<B, A=B, and A>B. In addition,
there are three cascade inputs which can be connected to the
outputs of another 4-bit magnitude comparator to allow
comparison of two 8-bit words. The cascade inputs form the
least-significant bits and are therefore active in affecting
the output of the comparator in the case where the two 4-bit
A and B words are equal. The functional diagram for these
device types is shown in Figure 6.3.4.

The function table is shown in Table 6.3.2. The values in
parentheses are for the CD4585B. Where there are no
parentheses, the input states for both device types are
identical. The primary result of the differences noted in
the function of the two circuits is that for the top four
rows in the function table, a high logic level is required on
the A>B cascade input on the CD4585B for the circuit to
function correctly. A low logic level on the A>B cascade
input causes the A>B output to be low, regardless of the
values for word A or B.

[15]
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Figure 6.3.4 - Comparator Functional Diagram

IN PUTS
COMPARING CASCADING OUTPUTS

A3,13 A2,82 A1,131 A0,130 A'cB A=B A>B A<B A=B A>'B

A3>133 X x X X X X(H) L L H
A3=B3 A2>B2 X X X X X(H) L L H
A3=133 A2=B32 Al1>B1 X X x X(H) L L H
A3=B3 A2=B2 Al=Bl A0>130 X X X(H) L L H

A3=133 A2=B32 Al=B1 AO=BO L L H L L H
A3=133 A2=132 Al =Bl AO=130 L H L(X) L H L
A3=B3 A2=B2 A1=131 AO=BO H L L(X) H L L

A3=B3 A2=B2 Al=Bl AO<BO X X X H L L
A3=B3 A2=82 A1<Bl X X X X H L L
A3=B3 A2<132 X X X X X H L L
A3<B3 X X X X X X H L L

H =Logic high level
L =Logic low level
X =Don't care

Table 6.3.2 -Comparator Function Table Note: ( ) are
for the CD4585B, rest of data valid for
both device types.
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The CD4585B IC's are in 16-lead CERDIP's. They are
manufactured using complementary MOSFET's using an n-type
silicon substrate. A die photograph is shown in Figure
6.3.5. The die measures 100 mils by 75 mils. The
interconnect bond wires are 1.2 mil diameter aluminum. The
minimum linewidth of the aluminum metallization is 9 microns
and the minimum spacing between metallization lines is 8.5
microns. This device does not have a recommended maximum
clock frequency like the CD4013B or SN54ALS74A since it has
no clock input. The specification related to frequency is
the propagation delay time between a change in the input
logic level and the time at which the output is guaranteed to
be correct. The maximum propagation delay is 600 ns at Vdd =
5 volts.

The SN54LS85 IC's are in 16-lead CERDIP's. They are
manufactured using low power Schottky (LS) bipolar transistor
technology. The n-type collector tubs are junction isolated
in contrast to the SN54ALS74A ALS process which has
dielectric isolation. A die photograph is shown in Figure
6.3.6. The die measures 65 mils by 58 mils. The
interconnect bond wires are 1 mil diameter aluminum. The
minimum linewidth of the aluminum metallization is 4 microns
and the minimum spacing between aluminum metallization lines
is 10 microns. The maximum specified propagation delay time
is 45 ns at Vcc = 5 volts.
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6.4 Circuit Schematic and Physical Layout

The circuit schematics and the physical layouts of each of
the four devices were developed to allow internal node
identification for measurement using the SEM. A ten inch by
sixteen inch photograph was used initially to identify each
of the transistors on the devices. From this, a logic
diagram was developed and the gates were numbered. The logic
diagrams and the gate locations are shown in the following
sections.

6.4.1 CD4013B

The overall photograph of the CD4013B with the pins and gates
labelled was shown in Figure 6.3.2. The numbering for the
gates is provided in the logic diagram in Figure 6.4.1.1.
Individual gates are standard CMOS structures such as the
inverter, NAND, and transmission gate shown in Figure
6.4.1.2. The structure for the clock input is shown in
Figure 6.4.1.3 and for the data input in Figure 6.4.1.4.

6.4.2 SN54ALS74A

The overall photograph of the SN54ALS74A with the pins and a
portion of the transistors labelled was shown in Figure
6.3.3. The numbering of the transistors is provided in
Appendix A.1 on the schematic supplied by the manufacturer.
The complete schematic was not developed. The logic diagram
from the data sheet is provided in Figure 6.4.2.1. An
adequate number of components were identified to allow
identification of the nodes of interest. The structure for
the clock input is shown in Figure 6.4.2.2 and the structure
for the data input is shown in Figure 6.4.2.3.

6.4.3 CD4585B

The overall photograph of the CD4585B with the pins and gates
labelled was shown in Figure 6.3.5. The numbering for the
gates is provided in the logic diagram in Figure 6.4.3.1.
Individual gates are standard CMOS structures such as the
inverter, NAND, and NOR gate illustrated in Figure 6.4.3.2.
NOR gates with additional inputs, such as gate 36, are
produced by placing additional p-channel FET's in series and
n-channel FET's in parallel. The input structure used for
both B0 and B3 is shown in Figure 6.4.3.3.
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Figure 6.4.2.3 -SIN54ALS74A Data Input Schematic
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Figure 6.4.3.1 -CD4585B Logic Diagram
Note: Logic gates are numbered 1
through 44, inputs are on the left
hand side, and outputs are on the
right hand side.
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Figure 6.4.3.3 CD4585B Input Circuit Schematic
For B0 and B3 Inputs

6.4.4 SN54LS85

The overall photograph of the SN54LS85 with the pins and
nodes labelled was shown in Figure 6.3.6. The logic diagram
is shown in Figure 6.4.4.1. The schematics corresponding to
the sections in the logic diagram are shown in Figures
6.4.4.2 through 6.4.4.4. Figure 6.4.4.2 is the schematic for
the input NAND gate (A3, B3 inputs). Figure 6.4.4.3 is the
schematic for the two AND gates and the NOR gate that follow
the input NAND gate. Figure 6.4.4.4 is the schematic for the
output section AND gates (A>B output).
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A3

AlNIA
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Figure 6.4.4.2 - SN54LS85 Input Section Schematic
Note: Reference Figure 6.4.4.1
for labelling scheme.

VCC

i N2

Figure 6.4.4.3 - SN54LS85 Center Section Schematic
Note: Reference Figure 6.4.4.1
for labelling scheme.
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Figure 6.4.4.4 - SN54LS85 Output Section Schematic
Note: Reference Figure 6.4.4.1
for labelling scheme.

6.5 Device Preparation

The following procedure was performed to prepare parts for
the SEM measurements.

An initial detailed electrical parametric test was performed
on five each of the CD4013B and the SN54ALS74A IC's using a
GenRad 1732 automated test system and on five each of the
CD4585B and the SN54LS85 IC's using the Tektronix 3260
automated test system. RF upset susceptibility threshold
testing was performed at RF frequencies of 1.2, 10, and
50 MHz.

The lids on two of each of the part types were thek removed
by polishing the tops on a diamond wheel until they were very
thin and then removing the remaining ceramic with an Xacto
knife or pin. The die surface passivation was removed with
hydrofluoric acid (HF) fumes or with a plasma stripper using
CF4 gas.
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The CD4013B and CD4585B are passivated with silicon dioxide
(SiO 2 ) and were stripped using HF fumes. Approximately
forty-five seconds were required to remove the passivation.
The parts were then rinsed for one minute in deionized water,
one minute in isopropyl alcohol, and blown dry using nitrogen
gas.

The SN54ALS74A and the SN54LS85 are passivated with silicon
nitride (Si3N4 ) and were stripped using the plasma
stripper. The gold headers had to be coated with photoresist
prior to the etching process to prevent gold redeposition on
the die surfaces. Approximately twenty minutes were required
to remove the passivation. The photoresist was removed using
a one minute acetone rinse followed by a one minute rinse in
deionized water and then blown dry using nitrogen gas. A
five minute, 300 °C bake was then performed to eliminate
current leakage due to surface charge induced by the plasma
stripping process.

The entire die surface area on all part types was exposed to
an electron beam for thirty minutes at 5 kiloelectron-volts
(keV). The beam current was 2 X 10- 9 amps and the working
distance was 39 millimeters. The purpose of this test was t..
simulate exposure that will occur during the SEM QVC
measurements.

The RF upset threshold susceptibility testing and the
detailed electrical parametric testing were repeated after
deprocessing. No significant deviation from the initial
measurements was noted and the devices were ready for SEM QVC
testing.
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7.0 INSTRUMENTATION AND TEST FIXTURE

This section describes the instrumentation and test fixturing
that were used to test the selected integrated circuits for
upset level.

7.1 Test Fixture

The test fixture was designed and built to allow the device
under test (DUT) to be tested in the SEM chamber. Figure
7.1.1 shows a sketch of the DUT fixture and Figure 7.1.2 is a
photograph of the test fixture. Shop drawings are provided
in Figures 7.1.3 - 7.1.7. The DUT fixture consists of two
printed circuit boards, one oriented horizontaly the other
vertically. Each board has eight SMB connectors through
which the input signals are applied to the 16-pin zero
insertion force socket. The circuit boards are made of PTFE
material with copper clad on both sides. Isolation between
signal lines is provided by a ground plane between the
traces. Each of the signal lines was designed to be of equal
length to eliminate timing problems due to variation in the
propagation delay of signals applied to different pins. The
two boards are attached to the mounting frame, which in turn
is attached to the SEM stage.

Figure 7.1.8 shows a sketch of one of the two digital signal
interface connector and cable assemblies, which connects one
of the two 40-pin dual inline vacuum feedthrough connectors
to the SMB connectors on the DUT fixture. Shop drawings are
provided in Figures 7.1.9 - 7.1.11. A 35 ohm series resistor
is built into the interface connector for each line to reduce
ringing. The signals are applied to every other pin of the
dual inline connector while the remaining pins are grounded
to reduce signal coupling. Another coaxial cable connects
the DUT card to an SMA vacuum feedthrough connector to which
the RF signal is applied.

The capacitance of the dual inline feedthrough connector and
cable assembly was measured to be approximately 20 picofarads
(pF). The capacitance of the DUT fixture input was measured
to be approximately 30 pF.

To measure the isolation between adjacent inputs, a digital
1 megahertz (MHz) signal was applied to an input and the
coupled signal was measured on an adjacent input. Next, a
1 MHz and a 500 kilohertz (kHz) signal were applied to two
inputs and the coupled signal was measured on the input pin
between them. In both cases the isolation was 26 decibels
(dB) or better.
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Figure 7.1.2 - Photograph of DUT Fixture
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The SEM interface was also characterized with an RF input. A
sinusoidal signal ranging in frequency from 1 to 200 MHz was
applied to pin 8 of the DUT board through an SMA connector on
the front of the vacuum panel and coupling was measured on
pins 7 and 9 of the DUT socket. For most of the frequency
range, isolation was in excess of 40 dB. At 60 MHz there
seems to be a resonance, and isolation between pins 8 and 7
drops to 14.2 dB. Figure 7.1.12 shows the SEM interface
isolation characteristics.
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Figure 7.1.12 - Characterization of SEM Interface
With Sinusoidal Signal Applied to
Pin 8 and Coupling Measured on Pins
7 and 9
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7.2 Data Acquisition System

A Tektronix DAS9200 system was used to supply the test
vectors to the DUT and to acquire the outputs of the DUT.
The DAS9200 is based on a Motorola 68010 microprocessor and
it is equipped with 2 megabytes of random access memory , a
20 megabyte hard-disk drive, 400 kilobyte floppy-disk drive,
high resolution color monitor, color printer, three RS-232C
ports and 8 module slots. To generate and acquire signals,
there are three modules.

The 92A16 module can acquire 16 channels of data at rates of
up to 200 MHz and memory depth of 4000 per channel. It uses
two P6461 8-channel probes to acquire data with either an
internal or external clock. For each channel, P6461 probes
provide individual flex cables with a hybrid circuit at the
end which acquires the reference and signal inputs from the
DUT.

The 92S16 module is capable of 16-channel algorithmic pattern
generation with 1000 memory depth plus 2 strobe/data
channels. Two P6464 pattern generation probes deliver the
output pattern to the DUT. Each P6464 probe provides 8
channels of data output plus strobe and clock channels. For
each channel there is an individual flex cable with a hybrid
circuit channel driver at the end.

The 92S32 module is capable of 32-channel stored pattern
generation with 8000 memory depth plus 4 strobe/data
channels. This module is controlled by the 92S16 module,
together they provide a capability for 48-channels of pattern
generation. The DAS9200 is set for a TTL threshold level of
1.4 volts, signals below this level are interpreted as low
and signals above this level are interpreted as high.
Signals are sampled and stored on the rising edge of the DAS
clock.
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7.3 RF Signals

The RF interference signal was generated using a
Hewlett-Packard 8656A signal generator which is capable of
generating signals from 0.1 to 990 MHz. The signal used, was
a continuous wave (CW) sinusoid ranging in frequency from 1.2
to 200 MHz. The signal was conditioned using a 40 dB RF
amplifier and a 0 to 12 dB variable attenuator. The
Electronic Navigation model 603L 40 dB RF amplifier is rated
at 3 watts (W) for a bandwidth of 0.8 to 1000 MHz. The
Hewlett-Packard 355C VHF variable attenuator is rated at
0.5 W for a bandwidth of DC to 1000 MHz with a 50 ohm load.

7.4 Combiner

A method was required to add the RF interference signal to
the digital signal. Several schemes were analyzed: 1) a
Picosecond Pulse Labs model 5590 bias-tee, a mini Circuits
model ZFSC-2-4 splitter/combiner and a circuit using a
Comlinear CLC103 op-amp. The following criteria were used to
evaluate the three given combiners: power handling
capability, distortion, insertion loss, coupling between
inputs, and ability to drive various loads.

7.4.1 Picosecond Pulse Labs Bias-tee

A bias-tee has three ports, one high frequency input port (RF
port), one low frequency input port (LF port), and one output
port. The Picosecond Pulse Labs model 5590 bias-tee tested
was rated at 25 W at DC. With additional inductors, the low
frequency cutoff of the RF port is specified at 10 kHz and
the insertion loss is specified at 0.5 dB.

A 1 to 300 MHz sine wave was applied to the RF port with a
50 ohm load on the output and a 1 megohm load on the LF
port. Isolation was very poor for 5 MHz and below, however,
isolation increased to 46 dB at higher frequency. The
insertion loss was less then 3.3 dB, which is very good.
(Figure 7.4.1.1.)

A 1 to 300 MHz sine wave was applied to the RF port with a
1 megohm load on the output and on the LF port. Isolation
was very poor for 5 MHz and below, however, isolation
increased to 51 dB at higher frequency. The insertion loss
was between 35 and 57 dB for all frequencies tested, this is
very poor. (Figure 7.4.1.2.)
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Figure 7.4.1.1 - Characterization of Bias-tee Isolation
and Insertion Loss (50 ohm load)

A square wave between 1 and 200 kHz was applied tc the LF
port with the high frequency port and the output terminated
with 50 ohm loads. The insertion loss and the isolation were
measured to be between 2.9 and 5 dB for all frequencies
tested, these values are good for the insertion loss but are
very bad for the isolation.

The bias-tee is only usable for DC inputs on the LF port such
as Vcc pin upset testing, and 5 MHz and above inputs on the
RF port.
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7.4.2 Mini-Circuits Splitter/Combiner

The ZFSC-2-4 Mini-Circuits splitter/combiner is a three port
network and can be used in two ways: 1) to split an incoming
signal into two outputs and, 2) to combine two incoming
signals into one output. This device is rated at 1 W, with
23 dB isolation and 0.5 dB insertion loss for a frequency
range of 200 kHz to 1 GHz. For this project, only the
combiner configuration was evaluated.
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A 1 to 300 MHz signal was applied to input 1 with 50 ohm
loads on input 2 and the output. Next, a signal was applied
to input 2 with 50 ohm loads on input 1 and the output. In
both cases, the insertion loss was measured to be between 2.8
and 6.5 dB and the input isolation was measured to be between
25.1 and 41.6 dB. Both inputs behaved the same (Figure
7.4.2.1).

A 1 to 300 MHz signal was applied to input 1 with 1 megohm
loads on input 2 and the output. The input isolation was
measured to be between 42.6 and 91 dB (power) which is very
good, while the insertion loss was measured to be between
39.5 and 47.8 dB (power) which is very poor, see Figure
7.4.2.2. Due to impedance mismatch it is necessary to
calculate the isolation and the insertion loss in terms of
power.

A 1 to 300 MHz signal was applied to input 2 with a 50 ohm
load on input 1 and a 1 megohm load on the output. The input
isolation was measured to be between 3.3 and 28.7 dB and the
insertion loss was measured to be between 36.6 and 47.4 dB
(power), very poor for both of these parameters.
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Figure 7.4.2.1 - Characterization of Splitter/Combiner for
Isolation and Insertion Loss (50 ohm loads)
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A square wave with period ranging between 20 nanoseconds (ns)
and 1 microsecond (us) was applied to input 1 with 50 ohm
loads on input 2.and the output. The same square wave was
then applied to input 2 with 50 ohm loads on input 1 and the
output. In both instances, the insertion loss was between

2.8 and 6 dB and the input isolation was between 14 and
27.6 dB. Both of these parameters are within the usable
range. However, a square wave with a period of less than
1 us could not be passed through the combiner.

This combiner is not usable with loads other than 50 ohm, it
does nnt pass through waveforms with a period of less than1 us, and it AC couples the signals. External level shifting

would be requiA.ed to obtain digital logic levels.
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7.4.3 Op-amp Combiner

The third combiner evaluated is based on the Comlinear CLC103
op-amp, using a circuit similar to that published in an
earlier RADC report [8]. The CLC103 is rated at Iout of 200
mA for a full power bandwidth of 80 MHz with a 20 V
peak-to-peak input. A copy of the data sheet for the
Comlinear Corporation CLC103 op-amp and the parts list for
the combiner circuit are in Appendix A.2. This data sheet
was reprinted with the written permission of Comlinear
Corporation. A schematic of the combiner circuit is shown in
Figure 7.4.3.1.

The RF input of the combiner was characterized for a
frequency range of 0.1 to 200 MHz with a 1 megohm load. The
gain of the circuit decreases from 6.8 dB at 1 MHz to -7.4 dB
at 200 MHz. The isolation between the RF and the digital
input is between 33.4 and 45.3 dB. Figure 7.4.3.2 shows the
characteristics of the op-amp combiner with respect to
frequency.

The op-amp combiner was also characterized for digital inputs
using the DAS9200. With the digital input switching 0 to
4.5 volts (V) at frequencies ranging from 1 kHz to 25 MHz,
the combiner output remained at 4.8 V and the coupled signal
at the RF port was 10 millivolts (mV).

As can be seen in Figure 7.4.3.2, the transfer function of
the op-amp combiner for RF is flat until the -3 dB point is
reached at approximately 70 MHz. However, the response of
the combiner flattens out again until the -6 dB (50% power)
point occurs at approximatrly 150 MIz. Thus, the 50% power
bandwidth of the op-amp combiner circuit is approximately
150 MHz.

The op-amp combiner circuit exhibited characteristics
superior to those of the Picosecond Pulse Labs bias-tee and
the Mini-Circuits splitter/combiner. Thus, the op-amp
combiner circuit was chosen for the RF upset testing.
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7.5 Test Configuration

The test configuration is shown in Figure 7.5.1. The
equipment required to synchronize the RF and digital signals
consists of a Hewlett-Packard model 8082A pulse generator and
Tektronix P6460 external control probe for the DAS9200
system. The pulse generator is capable of producing fast
pulses with repetition rates between 1 kHz and 250 MHz,
transition times down to 1 ns and amplitudes up to 5 V. The
P6460 probe is used to acquire the external clock signal for
the DAS9200 system.

[54]



The modulation and synchronization control clock works as
follows: The RF signal from the Hewlett-Packard 8656A signal
generator is applied to the external trigger input of the
Hewlett-Packard 8082A pulse generator, the output of which is
fed to the clock input of the Tektronix P6460 external
control probe which supplies the clock signal for the DAS9200
system. Thus, the DAS9200 is synchronized with the RF
signal.

The RF signal produced by the Hewlett-Packard 8656A signal
generator goes to the Modulation and Synchronization Control
block and to the variable attenuator. The output of the
variable attenuator goes to the 40 dB RF amplifier, the
output of which is applied to the RF port of the combiner.
The test pattern for the DUT pin being tested is applied to
the digital port of the combiner. A Tektronix storage
oscilloscope is used to measure the RF input into the
combiner and the combined output of the combiner. The output
of the combiner is connected to an SMA vacuum feedthrough
connector, which in turn is connected to the DUT fixture by a
coaxial cable.

The pattern generator and acquisition pods from the data
acquisition system described in Section 7.2, are connected to
the dual inline vacuum feedthrough connectors, which are
connected to the DUT fixture by the coaxial cable assembly
described in Section 7.1. The data acquisition system also
provides the trigger signal for the E-beam tester interface.
Thus, the QVC sampling rate is synchronized with the digital
test signals for the DUT, which in turn are synchronized with
the RF interference signal.

The E-beam tester interface is controlled by the IBM AT
personal computer, which facilitates displaying and storing
the acquired QVC waveforms. The E-beam tester interface also
provides the trigger signal for the Hewlett-Packard 1900A
pulse generator which generates the fast pulses for the beam
blanker. The E-beam tester interface also permits the
computer to take over the control of the SEM during a QVC
waveform acquisition.
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8.0 DEVICE RF UPSET CHARACTERIZATION

This section describes the RF upset characterization testing
and the results obtained.

8.1 Definition of Upset

In this report, circuit upset due to injected RFI will be
defined in three levels: functional failure, parametric
changes, and feedthrough.

Functional failure is defined as any anomalous output logic
level (e.g. a logic 1 when a logic 0 is expected or a logic 0
when a logic 1 is expected) at one or more output pins. To
prevent permanent device damage the power level was not
increased above the level that caused a functional failure.

Parametric changes can be divided into DC (supply current,
threshold levels and output levels) and AC (propagation
delay, rise/fall times, and set and hold times)
characteristics. Although a minor change in these parameters
may not cause a nominal device to go out of specification, it
could cause a system failure if the device is used in a
marginal design or if the device itself is marginal. Any
change in the measured parameters as a resulted of the
injected RFI will be considered upset.

Feedthrough is coupling of the RFI to other internal nodes or
to the outputs. This was measured at the outputs using an
oscilloscope and at a variety of internal nodes using the SEM
QVC system.

8.2 Test Methodology

Figure 8.2 illustrates the test methodology. The device
under test (DUT) was operated in its intended mode and the
output waveform stored in the data acquisition system
(DAS9200). The RF interference test waveform at the lowest
frequency and at an initial amplitude was applied and the
circuit operated. The RF level was increased or decreased
until the upset threshold level was reached. The
peak-to-peak RF voltage upset level was recorded, the device
was verified to be functioning properly without RF
interference, the RF frequency was increased, and the test
repeated.
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The peak-to-peak upset voltage level and the complex
impedance (Z = R + jX) were used in Equation 1 to calculate
upset power.

Pave = (1/8)Vpp2 (R/(R 2+X2)) i)

Where Pave is average power, Vpp is peak-to-peak RF
voltage, R is the real part of the complex input impedance,
and X is the imaginary part of the complex input impedance.

An upset condition is detected by the DAS9200 by comparing
the output waveform on both Q and Q-not with RF applied, to
the normal operating baseline waveform. The normal operating
baseline waveform, for a given output, is the sequence of
high and low logic levels that occurs without RF applied.

To better describe the data, a number of graphs are
provided. In analyzing the results it is apparent that a
comparison of upset susceptibility can be done most easily by
comparing voltage levels for the different conditions for a
given device type. To compare one device type to another it
is more meaningful to relate upset power levels, since this
takes into account the differences in impedance of the
inputs.
Specifics of the test vectors and the upset criteria are

discussed for each of the devices in the following sections.

8.3 CD4013B Upset Testing

The upset tests were performed with RF applied to the Vdd,
clock input, and data input pins through the combiner
described in Section 7.4. The RF interference was discrete
CW at frequencies of 1.2, 5, 10, 50, 100, and 200 MHz. All
testing was performed without synchronization between the RF
signal and the clock and data input signals. Two devices,
serial number (SN) 1 and 2, were tested with set and reset
active and with set and reset low.
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The complex input impedances of the Vdd, clock input, and
data input pins were measured with respect to Vss at each of
the RF test frequencies using an HP4191A Impedance Analyzer.
Measurements were taken at 1.2, 5, and 10 MHz with the system
calibrated up to 15 MHz and measurements were taken at 50,
100, and 200 MHz with the system calibrated up to 1000 MHz.
The measured values along with the computed values for the
real (R) and imaginary (X) parts for the complex input
impedance are given in Table 8.3.1.

Pin 14, Vdd
Frea(MHz) IZI(ohms) Theta(deq) R(ohms) X(ohms)

1.2 1200 -61 582 1049
5.0 360 -85 31 359

10.0 186 -81 29 184
50.0 38 -71 12 36

100.0 10 -30 9 5
200.0 29 74 8 28

Pin 5, Data
Freq(MHz) IZI(ohms) Theta(deq) R(ohms) X(ohms)

1.2 23000 -88 803 22986
5.0 5700 -89 99 5699

10.0 2800 -87 146 2796
50.0 596 -84 62 593
100.0 311 -80 54 306
200.0 167 -75 43 161

Pin 3, Clock
Freq(MHz) IZI(ohms) Theta(deq) R(ohms) X(ohms)

1.2 21000 -88 733 20987
5.0 5100 -88 178 5097

10.0 2500 -85 218 2490
50.0 555 -80 96 547

100.0 305 -74 84 293
200.0 172 -71 56 163

Table 8.3.1 - CD4013B Complex Input Impedance Measurements

The values for the real and imaginary portions of the complex
impedance are used in Equation 1 in the form of conductance
(G). Where G = R/(R2+Xz). The units used for
conductance are siemens (S). Figure 8.3.1 displays input
conductance versus frequency for the Vdd, clock input, and
data input pins.

[60]



10' 1.

..~......... ............. .......... ...... -

....... .. ...- , ... .

10 2

........ .......-.. C OC P R

L 10 6 ..... ... ~----.--.
z~ ~ . ......

----- --

Pi .4 Vdd .. CLC PR

10.07673 . .

100. * 6 3. 4.4..............

.... Pi. 5. Data

FreQ(M ~F) A(V) (~) D

1.2 3.2 4.0 2.2 2.8
5.0 9.0 7.0 2.7 3.6

10.0 7.2 10.4 63 3.6
50.0 9.4 10.8 4.4 4.8

100.0 **3.9 6.4
200.0 ***

Tabl 83.2 4. 2.213 Upe2Vlag8evl
(cotiue on0 next page).

10.0 72 10.43[613.



Pin 3, Clock
FreQ(MHz) AMV B(V) CIY) D(Y

1.2 2.8 3.2 1.6 1.9
5.0 7.4 4.9 2.9 2.4

10.0 6.4 7.4 2.8 3.6
50.0 10.4 10.8 3.8 5.0

100.0 * * 2.6 6.0
200.0 * * *

A = SNI S,R = low
B = SN2 S,R = low
C = SNI S,R = active
D = SN2 S,R = active
* = No upset achieved

Table 8.3.2 - CD4013B Upset Voltage Levels (cont.)

The voltages in Table 8.3.2 and the input conductance values
are inserted into Equation 1 to calculate average upset
power. The resulting graphs, plotted as dBm versus frequency
are given in Figures 8.3.2 - 8.3.5. Similar results were
obtained on each serial number for the given conditions. The
data and clock pins were more susceptible to upset, by 6 to 8
dB, with set and reset active than with set and reset low.
The difference is easily identified in Table 8.3.2, with up
to seven volts difference between upset voltage levels for
the set and reset low conditions versus the active
conditions. The condition of the set and reset pins, low or
active, did not have as significant of an effect upon the
upset levels for the Vdd pin.

30 ___-

. .... ...... ......... .
S 10 . . . . .. . . . . . . ...... . .. .. .. .. . .. . . .

0 -- 4 PIN14VDDPORT
...4.-..- PIN 3 CLOCK PORT

W -10 - - "- PIN 5 DATA PORT

0 -

S -20 -............ .....

.. ....... .. .. ... . ..

10 100
FREQUENCY (MHz)

Figure 8.3.2 - CD4013B Upset Power Versus Frequency
SN 1, Set and Reset Low
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Figure 8.3.3 CD4013B Upset Power Versus Frequency
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Figure 8.3.4 -CD4013B Upset Power Versus Frequency

SN 2, Set and Reset Low
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Figure 8.3.5 - CD4013B Upset Power Versus Frequency
SN 2, Set and Reset Active

The waveforms related to operating the CD4013B using the
DAS9200 are shown in Figure 8.3.6. The clock frequency is
1.25 MHz which produces an 800 ns clock period. These
waveforms are for the case when set and reset were active.
When set and reset were low, the output waveforms had the
same shape as the data waveform offset by half a clock
cycle. The system clock provided the timing for the sampling
of thi voltage levels of the Q and Q-not outputs. Both
outputs of the two flip-flops were sampled every 200 ns.
Both flip-flops failed when RF was injected into the Vdd
input, while only the flip-flop that had RF on the data or
clock input failed under those conditions.

The waveforms, as they appear on the oscilloscope, were
photographed at the point where the DAS9200 system detected a
failure. Photographs for serial number 1 with set and reset
low are provided in Figures 8.3.7 - 8.3.18. Each photograph
shows the RF waveform appearance prior to the combiner and
the Q output waveform. Figures b.3.7 - 8.3.10 show the
waveforms for the condition of RF injected into pin 14, Vdd,
at 1.2, 5, 10, and 50 MHz. Figures 8.3.11 - 8.3.14 show the
waveforms for the condition of RF injected into pin 5, the
data input at the same frequencies. Figuras 8.3.15 - 8.3.18
show the waveforms for the conditirn of RF injected into pin
3, the clock input at the same frequencies.
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Figure 8.3.7 - CD4013B RF Upset oscilloscope Photograph
RF Interference on Vdd
Top trace = 1.2 MHz RF
Bottom trace = Q output
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Figure 8.3.8 -CD4013B RF upset oscilloscope Photograph
RF Interference on Vdd
Top trace = 5 MHz RF
Bottom trace =Q output

Figure 8.3.9 -CD4013B RF Upset Oscilloscope Photograph
RF Interference on Vdd
Top trace = 10 MHz RF
Bottom trace = Q output
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Figure 8.3.10 - CD4013B RF Upset oscilloscope Photograph
RF Interference on Vdd
Top trace = 50 MHz RF
Bottom trace = Q output

ils~ l !,l~ s *t~k il

Figure 8.3.11 - CD4013B RF Upset Oscilloscope Photograph
RF Interference on Data Input
Top trace = 1.2 MHz RF
Bottom trace = Q output
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Figure 8.3.12 - CD4OI03b R" Upset uscilloscope Photograph
RF Interference on Data Input
Top trace = 5 MHz RF
Bottom trace = Q output
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Figure 8.3.13 - CD4013B RF Upset Oscilloscope Photograph
RF Interference on Data Input

Top trace = 10 MHz RF
Bottom trace = Q output
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Figure 8.3.14 - CD4013B RF Upset Oscilloscope Photograph
RF Interference on Data Input
Top trace = 50 MHz RF
Bottom trace = Q output

Figure 8.3.15 - CD4013B RF Upset Oscilloscope Photograph
RF Interference on Clock Input
Top trace = 1.2 MHz RF
Bottom trace = Q output
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Figure 8.3.16 - CD4013B RF Upset Oscilloscope Photograph

RF Interference on Clock Input
Top trace = 5 MHz RF
Bottom trace = Q output

Figure 8.3.17 - CD4013B RF Upset Oscilloscope Photograph
FF Interference on Clock Input
Top trace = 10 MHz RF
Bottom trace = Q output
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Figure 8.3.18 - CD4013B RF Upset Oscilloscope Photograph
RF Interference on Clock Input
Top trace = 50 MHz RF
Bottom trace = Q output
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8.4 SN54ALS74A Upset Testing

The upset tests were performed with RF applied to the Vcc,
clock input, and data input pins. The RF interference was
discrete CW at 1.2, 5, 10, 50, 100, and 200 MHz. Testing was
performed with and without synchronization between the RF
signal and the clock and data signals.

The complex input impedance of the Vcc, clock input, and data
input pins were measured with respect to the ground pin at
each of the RF test frequencies. The measured values along
with the computed values for the real (R) and imaginary (X)
parts of the complex input impedance are given in Table
8.4.1.

Pin 14, Vcc
Freg(MHz) IZI(ohms) Theta(deq) R(ohms) X(ohms)

1.2 1400 -10 1379 243
5.0 1100 -37 878 662

10.0 771 -54 453 624
50.0 190 -74 52 183

100.0 90 -72 28 86
200.0 32 -45 23 23

Pin 2, Data
Freq(MHz) IZI(ohms) Theta(deq) R(ohms) X(ohms)

1.2 28000 -88 977 27983
5.0 6800 -89 119 6799

10.0 3400 -89 59 3399
50.0 691 -88 24 691

100.0 343 -87 18 342
200.0 162 -85 14 161

Pin 3, Clock
Freq(MHz) IZI(ohms) Theta(deq) R(ohms) X(ohms)

1.2 31000 -88 1082 30981
5.0 7600 -89 133 7599

10.0 3800 -89 66 3799
50.0 772 -89 13 772

100.0 385 -88 13 385
200.0 185 -86 13 184

Table 8.4.1 - SN54ALS74A Complex Input Impedance Measurements

The values for the real and imaginary portions of the complex
impedance are used in Equation 1 in the form of conductance.
Figure 8.4.1 displays input conductance versus frequency for
the Vcc, clock input, and data input pins.
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The peak-to-peak upset voltage levels are provided in Table
8.4.2.

Pin 14, Vcc
Freq(MHz) A(V) B(V) C(V) D(V) EM F(V)

1.2 6.0 6.4 6.4 9.6 5.6 10.0
5.0 5.5 6.2 6.0 6.4 6.0 7.2

10.0 5.4 6.0 6.8 6.1 5.9 23.0
50.0 5.0 4.8 4.8 6.7 4.4 8.4

100.0 2.4 2.8 4.0 * 4.2 *
200.0 * 1.0 1.2 * * *

Pin 2, Data
Frec (MHz) A(V) B(V) C(V) D(V) E(V) F(V)

1.2 2.4 2.5 2.3 5.6 2.8 4.0
5.0 2.6 3.6 8.0 8.0 5.6 8.8

10.0 2.6 5.2 3.6 3.4 6.3 10.0
50.0 3.0 3.4 3.6 7.3 3.0 2.8

100.0 3.1 2.3 2.2 3.3 3.1 2.2
200.0 1.8 1.2 1.4 0.9 * *

Pin 3, Clock
Frec (MHz) AMV) B(V) C(V) D(V) EM F(V)

1.2 1.9 1.6 2.0 2.2 2.0 3.4
5.0 1.4 1.8 2.1 2.0 2.2 3.2

10.0 1.4 1.6 1.8 2.0 1.8 3.3
50.0 1.5 1.5 1.8 2.1 1.7 2.6

100.0 1.6 1.4 1.8 2.4 1.6 3.2
200.0 1.0 1.0 1.5 1.3 1.2 2.4

A = SN 1, No sync, Clk = 1.25 kHz
B = SN 1, No sync, Clk = 500 kHz
C = SN 1, No sync, Clk = 1.25 MHz
D = SN 1, Sync, Clk = 1.25 MHz
E = SN 4, No sync, Clk = 1.25 MHz
F = SN 4, Sync, Clk = 1.25 MHz

= - No upset achieved

Table 8.4.2 - SN54ALS74A Upset Voltage Levels

The voltages in Table 8.4.2 and the input conductance values
are inserted into Equation 1 to calculate average upset
power. The resulting graphs, plotted as dBm versus
frequency, are given in Figures 8.4.2 - 8.4.7.
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The results indicate that the clock operating frequency has
little effect on the upset level. The parts exhibited lower
upset voltage levels without synchronization of the RF with
the clock. This effect is expected since the most sensitive
coincidence of the timing of these two signals is allowed to
occur without the synchronizatior.

The waveforms related to operating the SN54ALS74A using the
DAS920U are shown in Figure 9.4.8. The clock frequency was
varied from 1.25 kHz to 1.25 MHz. The sampling rate for the
output level varied from 200 us at 1.25 kHz to 200 ns at
1.25 MHz. Both flip-flops failed when RF was injected into
the Vcc input while only the flip-flip that had RF on the
data cr clock input failed under those conditions.

The waveforms, as they appear on the oscilloscope, were
photographed at the point where the DAS9200 system detected a
failure. Photographs for serial number 1 with set and reset
active and no synchronization between the timing of the RF
interference and the digital signals ars provided in Figures
8.4.9 - 8.4.26. The photographs show the Q output waveform,
the RF waveform appearance prior to the combiner and the
sampling signal waveform. Figures 8.4.9 - 8.4.14 show the
waveforms for the condition where RF is injected into pin 14,
Vcc at 1.2, 5, 10, 50, 100, and 200 MHz. Figures 8.4.75 -
8.4.20 show the waveforms for the condition where RF is
injected into pin 5, the data input at 1.2, 5, 10, 50, 100,
and 200 MHz. Figures 8.4.21 - 8.4.76 show the waveforms
where RF is injected into pin 3, the clock input at 1.2, 5,
10, 50, 100, and 200 MHz.

CLEARIL

P RE,' ET JJ L

DATA

CLOCK FVLFLVL JLLVLKLrLKL
1 I --I_ I t___

SAM PI NG II I I III I IIIIIIIII I I 111 I111 11 11lit 11
RATE

Figure 8.4.8 - SN54ALS74A Timing Diagram
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Figure 8.4.9 - SN54ALS74A RF Upset Oscilloscope Photograph
RF Interference on Vcc
Top trace = 1.2 MHz RF
Bottom trace = Q output

Figure 8.4.10 - SN54ALS74A RF Upset Oscilloscope Photograph
RF Interference on Vcc
Top trace = 5 MHz RF
Bottom trace = Q output
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Figure 8.4.11 - SN54ALS74A RF Upset Oscilloscope Photograph
RF Interference on Vcc
Top trace = 10 MHz RF
Bottom trace = Q output

Figure 8.4.12 - SN54ALS74A RF Upset Oscilloscope Photograph
RF Interference on Vcc
Top trace = 50 MHz RF
Bottom trace = Q output
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Figure 8.4.13 SN54ALS74A RF Upset Oscilloscope Photograph
RF Interference on Vcc
100 MHz RF (not shown)
Bottom trace = Q output

Figure 8.4.14 - SN54ALS74A RF Upset Oscilloscope Photograph
RF Interference on Vcc
Top trace = 200 MHz RF
Bottom trace = Q output
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Figure 8.4.15 - SN54ALS74A RF Upset Oscilloscope Photograph
RF Interference on Data Input
Top trace = 1.2 MHz RF
Bottom trace = Q output

Figure 8.4.16 - SN54ALS74A RF Upset Oscilloscope Photograph
RF Interference on Data Input
Top trace = 5 MHz RF
Bottom trace = Q output
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Figure 8.4.17 SN54ALS74A RF Upset Oscilloscope Photograph
RF Interference on Data Input
Top trace = 10 MHz RF
Bottom trace = Q output

Figure 8.4.18 SN54ALS74A RF Upset Oscilloscope Photograph
RF Interference on Data Input
Top trace = 50 MHz RF
Bottom trace = Q output
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Figure 8.4.19 - SN54ALS74A RF Upset Oscilloscope Photograph
RF Interference on Data Input
Top trace = 100 MHz RF
Bottom trace = Q output

Figure 8.4.20 - SN54ALS74A RF Upset Oscilloscope Photograph
RF Interference on Data Input
Top trace = 200 MHz RF
Bottom trace = Q output
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Figure 8.4.21 - SN54ALS74A RF Upset Oscilloscope Photograph
RF Interference on Clock Input
Top trace = 1.2 MHz RF
Bottom trace = Q outDut

Figure 8.4.22 - SNS4ALS74A RF Upset Oscilloscope Photograph
RF Interference on Clock Input
Top trace = 5 MHz RF
Bottom trace = Q output
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Figure 8.4.23 - SN54ALS74A RF Upset Oscilloscope Photograph
RF Interference on Clock Input
Top trace = 10 MHz RF
Bottom trace = Q output

Figure 8.4.24 - SN54ALS74A RF Upset Oscilloscope Photograph
RF Interference on Clock Input
Top trace = 50 MHz RF
Bottom trace = Q output
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Figure 8.4.25 - SN54ALS74A RF Upset Oscilloscope Photograph
RF Interference on Clock Input
Top trace = Q output
Bottom trace = 100 MHz RF

Figure 8.4.26 - SN54ALS74A RF Upset Oscilloscope Photograph
RF Interference on Clock Input
Top trace = 200 MHz RF
Bottom trace = Q output
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8.5 CD4585B Upset TestinQ

The upset tests were performed with RF applied to the Vdd, B0
input, and B3 input pins. The RF interference was discrete
CW at 1.2, 5, 10, 50, 100, and 200 MHz. All testing was
performed without synchronization between the RF signal and
the digital input signals. One device was tested and three
different sets of test vectors (instruction sets) were used.
The first and second instruction set were subsets of the
third set. The first instruction set included 16
input/output combinations. Each of these 16 combinations
were supplied to the DUT for two DAS9200 clock cycles as
shown in Table 8.5.1.

INPUTS OUTPUTS
A<B A=B A>B A3 A2 Al AO B3 B2 B1 B A<B A=B A>B

0 0 1 1 0 0 0 0 1 1 0 0 0 1
0 0 1 1 0 0 0 0 1 1 0 0 0 1
0 1 0 0 1 0 0 0 1 0 1 1 0 0
0 1 0 0 1 0 0 0 1 0 1 1 0 0
0 0 1 0010 0 1 0 0 0 1
0 0 1 0010 0 1 0 0 0 1
0 1 0 0 1 0 1 0 1 0 1 0 1 0
0 1 0 0 1 0 1 0 1 0 1 0 1 0
0 0 1 i 0 1 0 1 0 1 0 0 0 1
0 0 1 1 0 1 0 1 0 1 0 0 0 1
0 1 0 1 0 0 0 1 0 0 1 1 0 0
0 1 0 1 0 0 0 1 0 0 1 1 0 0
0 0 1 1 1 0 1 1 1 0 0 0 0 1
0 0 1 1 1 0 1 1 1 0 0 0 0 1
0 1 0 1 0 1 1 1 0 1 1 0 1 0
0 1 0 1 0 1 1 1 0 1 1 0 1 0
0 0 1 0 1 0 1 0 1 0 0 0 0 1
0 0 1 0 1 0 1 0 1 0 0 0 0 1
q 0 0 0 0 1 0 0 0 1 1 1 0 0
1 0 0 0 01 0 0 0 1 1 1 0 0
0 0 1 1 0 0 1 0 1 0 0 0 0 1
0 0 1 1 0 0 1 0 1 0 0 0 0 1
0 1 0 0 0 1 1 0 0 1 1 0 1 0
0 1 0 0 0 1 1 0 0 1 1 0 1 0
0 0 1 1 0 1 1 1 0 1 0 0 0 1
0 0 1 1 0 1 1 1 0 1 0 0 0 1
1 0 0 0 1 0 1 1 0 0 1 1 0 0
1 0 0 0 1 0 1 1 0 0 1 1 0 0
0 0 1 1 0 1 1 1 0 1 0 0 0 1
0 0 1 1 0 1 1 1 0 1 0 0 0 1
0 1 0 1 0 1 1 1 0 1 1 0 1 0
0 1 0 1 0 1 1 1 0 1 1 0 1 0

Table 8.5.1 - Comparator Instruction Set 1
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Logic low levels are indicated with a "0" and logic high
levels are indicated with a '"i".

T a. should be noted that the same instruction set is used for
both the CD4585B and the SN54LS85 comparators. The logic
level in Table 8.5.1 for the A>B cascade input is valid only
for the SN54LS85. For the CD4585B, the A>B cascade input was
always at a logic high level as required for correct
operation.

The test vectors (input pin values for a given line) for
instruction set one were chosen to provide a number of
different combinations and to provide output logic level
change sequences that could be easily monitored with an
oscilloscope. Each of the three output pins changed in a
repetitive manner. Evaluation of these test vectors
indicated that they did not test for all possible output
conditions which could be upset.

The second set of test vectors included 24 input combinations
(each repeated twice as in instruction set 1). All expected
upsettable output conditions were included and the repetitive
sequence of output level changes were maintained. These are
shown in Table 8.5.2. Again it should be noted that the A>B
cascade input was always at a logic high level for the
CD4585B.

There were many possible input combinations that were not
tested in instruction set 1 or 2. The third instruction set
included all possible input combinations. For the third set,
the cascade inputs were in their three possible states, 001,
010, or 100 for A<B, A=B, or A>B respectively, while the A
and B words were incremented from 0000 and 0000 to 1111 and
1111. This produced a total of 762 test vectors, i.e., 3
cascade input combinations times 2 possible values for
words A and B. The values of the output pins for each test
vector were as provided in Table 6.3.2. This test was
pertormed to assure that the most sensitive test vector was
included.

[89]



INPUTS OUTPUTS
A<B A=B A>B A3 A2 Al AO B3 B2 B1 B0 A<B A=B A>B

0 0 1 0 0 1 0 0 0 1 0 0 0 1
0 0 1 0 0 1 0 0 0 1 0 0 0 1
0 0 1 0 1 0 0 0 1 0 0 0 0 1
0 0 1 0100 0 1 0 0 0 0 1
0 1 0 0 0 1 0 0 0 1 0 0 1 0

0 1 0 0 0 1 0 0 0 1 0 0 1 0
0 1 0 010 1 0 0 0 1 0
0 1 0 0 1 0 0 0 1 0 0 0 1 0
0 1 0 1 0 1 1 1 0 1 1 0 1 0
0 1 0 1 0 1 1 1 0 1 1 0 1 0

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

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

0 0 1 1 0 1 0 1 0 1 1 1 0 0
0 0 1 1 1 0 0 1 1 0 1 1 0 0
0 0 1 1 1 0 0 1 1 0 1 1 0 0
0 1 0 0 0 1 1 0 0 1 0 0 0 1
0 1 0 0 0 1 1 0 0 1 0 0 0 1
0 1 0 0101 1 0 0 0 0 1
0 1 0 0 1 0 1 0 1 0 0 0 0 1
0 1 0 0 0 1 0 0 0 1 0 0 1 0
0 1 0 0 0 1 0 0 0 1 0 0 1 0
0 1 0 0100 1 0 0 0 1 0
0 1 0 0 1 0 0 0 1 0 0 0 1 0
0 1 0 1 0 1 1 1 0 1 1 0 1 0
0 1 0 1 0 1 1 1 0 1 1 0 1 0

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

0 1 0 1010 1 0 1 1 1 0 0

0 1 0 1010 1 0 1 1 1 0 0

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

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

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

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

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

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

Table 8.5.2 - Comparator Instruction Set 2
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The complex input impedance of the Vdd, BO input, I B3
input pins were measured with respect to the Vss pin at each
of the RF test frequencies. The measured values along with
the computed values for the real (R) and imaginary (X) parts
of the complex input impedance are given in Table 8.5.3.

Pin ,6, Vdd
Freq(MHz) IZI(ohms) Theta(deg) R(ohms) X(ohms)

1.2 1100 -80 191 1083
5.0 2P- -81 45 283

10.0 150 -79 29 147
50.0 27 -62 13 24

100.0 11 20 10 4
200.0 39 72 12 37

Pin 11, BO
Fre(MHz) IZI (ohms) Theta(deg) R(ohms) X(ohms)

1.2 22000 -89 384 21997
5.0 5400 -89 94 5399

10.0 2700 -87 141 2696
50.0 572 -83 70 568

100.0 298 -79 57 292
200.0 158 -74 44 152

Pin 14, B3
Freq(MHz) IZI(ohms) Theta(deQ) R(ohms) X(ohms)

1.2 24000 -89 419 23996
5.0 6000 -89 105 5999

10.0 2900 -89 51 2900
50.0 613 -85 53 611

100.0 311 -82 43 308
200.0 159 -77 36 155

Table 8.5.3 - CD4585B Complex Input Impedance Measurements

The values for the real and imaginary portions of the complex
impedance are used in Equation 1 in the form of conductance.
Figure 8.5.1 displays input conductance versus frequency for
Vdd, B input, and B3 input pins.
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The peak-to-peak upset voltage levels are provided in
Table 8.5.4. The voltage readings in the three columns are
for instruction set 1 (I.S.1), instruction set 2 (I.S.2), and
instruction set 3 (I.S.3).

Pin 16, Vdd
Freq(MHz) I.S.I(V) I.S.2(V) I.S.3(V)

1.2 3.0 2.5 4.4
5.0 9.4 9.2 10.0

10.0 10.0 10.0 9.2
50.0 4.0 4.4 4.4

100.0 * * *
200.0 * * *

Pin 11, B0
Freq(MHz) I.S.1(V) I.S.2(V) I.S.3(V)

1.2 2.8 3.0 3.4
5.0 5.6 5.6 8.0

10.0 6.4 8.4 9.2
50.0 * * *

100.0 * * *
200.0 * * *

Pin 14, B3
Freq(MHz) I.S.1(V) I.S.2(V) I.S.3(V)

1.2 2.9 2.9 3.6
5.0 5.6 5.6 6.2

10.0 6.4 8.4 9.2
50.0 * * *

100.0 * * *
200.0 * A *

• =Upset not acheived

Table 8.5.4 - CD4585B Upset Voltage Levels For
Instruction Sets (I.S.) 1, 2, and 3

The voltages in Table 8.5.4 and the input conductance values
are inserted into Equation 1 to calculate average upset
power. The resulting graphs, plotted as dBm versus
frequency, are given in Figures 8.5.2 - 8.5.4.

When the first and second instruction sets were used, the
least-significant bit was switching at a rate of 500 kHz.
During these two sets, output levels detected at the time of
failure with the DAS9200 were different than expected. For
example, all outputs would be low at a given time rather than
simply the wrong output being high. For the third run the
operating frequency was decreased to 250 kHz to assure that
the part was not being operated at too high of a data rate.
The result of the decrease in operating frequency was a
slight increase in the voltage levels required for upset.
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Figure 8.5.4 - CD4585B Upset Power Versus Frequency
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The waveforms, as they appear on the osciloscope, were
photographed at the point where the DAS9200 system detected a
failure. The A>B output was monitored. Due to the
similarity of the appearance of the output waveforms for a
number of input conditions, only a limited number of
photographs were taken. Waveforms of the failures that
occurred with RF interference on Vdd, are shown in Figures
8.5.5 - 8.5.7 at 1.2, 5, and 50 MHz. The appearance at
10 MHz was similar to the 5 MHz waveform. Waveforms of the
failures that occurred with RF interference on the B input
are shown in Figures 8.5.8 and 8.5.9 at 1.2 and 5 MHz. The
appearance at 10 MHz was similar to the 5 MHz waveform. The
appearance of the output waveforms with RFI on the B3 input
were similar to the output waveforms with RFI on the B
input.
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Figure 8.5.5 - CD4585B RF Upset Oscilloscope Photograph

RF Interference at 1.2 MHz on Vdd
Trace = A>B output

Figure 8.5.6 - CD4585B RF Upset Oscilloscope Photograph
RF Interference at 5 MHz on Vdd
Trace = A>B output
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Figure 8.5.7 - CD4585B RF Upset Oscilloscope Photograph
RF Interference at 50 MHz on Vdd
Trace = A>B output

Figure 8.5.8 - CD4585B RF Upset Oscilloscope Photograph
RF Interference at 1.2 MHz on BO Input
Trace = A>B output
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Figure 8.5.9 - CD4585B RF Upset Oscilloscope Photograph
RF Interference at 5 MHz on B Input
Trace = A>B output

8.6 SN54LS85 Upset TestinQ

The upset tests were performed with RF applied to the Vcc, B
input, and B3 input pins. The RF interference was discrete
CW at 1.2, 5, 10, 50, 100, and 200 MHz. All testing was
performed without synchronization between the RF signal and
the input signals. One device was tested and three different
sets of test vectors were used. These were the same sets of
test vectors described in the previous section.

The complex input impedance of Vcc, the clock input, and the
data input were measured with respect to the ground pin at
each of the RF test frequencies. The measured values along
with the computed values for the real (R) and imaginary (X)
parts of the complex input impedance are given in Table
8.6.1.
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Pin 16, Vcc
Frec (MHz) I Z I (ohms) Theta(deq) R(ohms) X(ohms)

1.2 40 78 8 39
5.0 135 32 114 71

10.0 141 1 141 2
50.0 44 -60 22 38

100.0 10 -36 8 6
200.0 30 80 5 29

Pin 9, BO
Freq(MHz) IZI(ohms) Theta(deq) R(ohms) X(ohms)

1.2 1400 -13 1364 315
5.0 1300 -20 1222 445

10.0 1100 -36 890 647
50.0 355 -74 98 341

100.0 176 -78 37 172
200.0 77 -76 19 75

Pin 1, B3
Freq(MHz) IZI(ohms) Theta(deq) R(ohms) X(ohms)

1.2 573 21 535 205
5.0 764 4 762 48

10.0 782 -18 744 242
50.0 420 -74 116 404
100.0 207 -79 39 203
200.0 89 -78 18 87

Table 8.6.1 - SN54LS85 Complex Input Impedance Measurements

The values for the real and imaginary portions of the complex
impedance are used in Equation 1 in the form of conductance.
Figure 8.6.1 displays input conductance versus frequency for
Vcc, BO input, and B3 input pins.
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The peak-to-peak upset voltage levels are provided in Table
8.6.2.

Pin 16, Vcc
Freq(MHz) I.S.1(V) I.S.2(V) I.S.3(V

1.2 3.0 2.9 2.8
5.0 15.0 8.4 12.0

10.0 11.6 7.6 10.0
50.0 7.0 9.6 9.2
100.0 3.6 3.8 3.6
200.0 * * *

Pin 9, B0
Freq(MHz) I.S.1(V) I.S.2(V) I.S.3(V)

1.2 1.5 1.3 1.4
5.0 7.0 4.7 5.6

10.0 7.2 4.8 5.0
50.0 2.3 2.6 2.6

100.0 5.4 4.2 3.4
200.0 1.0 1.8 1.7

Pin 1, B3
Freq(MHz) I.S.1(V) I.S.2(V) I.S.3(V)

1.2 1.4 2.2 1.4
5.0 2.4 3.2 6.4

10.0 4.4 4.2 6.4
50.0 3.0 2.6 2.6

100.0 6.0 3.2 3.6
200.0 2.0 1.6 1.6

Table 8.6.2 - SN54LS85 Upset Voltage Levels For Instruction
Sets (I.S.) 1, 2, and 3

The voltages in Table 8.6.2 and the input conductance values
are inserted into Equation 1 to calculate average upset
power. The resulting graphs, plotted as dBm versus
frequency, are given in Figures 8.6.2 - 8.6.4. The least
significant bit was changing at the rate of 1.25 MHz for each
of the three runs. The only difference between the runs was
the instruction set. The curves for the BO and B3 inputs
show little increase with frequency primarily due to the
shape of the admittance curves. The basic shape and the
approximate upset levels are similar for each of the graphs.
Upset voltage levels are both higher and lower comparing
between the three runs at the different RF interference
frequencies, i.e., there is no indication that the
instruction set used is critical for determining the upset
voltage level.
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The A>B output waveforms, as they appear on the oscilloscope,
were photographed at the point where the DAS9200 system
detected a failure. Due to the similar appearance of the
output waveforms for a number of input conditions only a
limited number of photographs were taken. Waveforms of the
failures that occurred with RF interference on Vcc are shown
in Figures 8.6.5 - 8.6.7 at 1.2, 5, and 50 MHz. The
appearance at 10 MHz was similar to the 5 MHz waveform and
the appearance at 100 MHz was similar to the 50 MHz
appearance. Waveforms of the failures that occurred with RF
interference on the BO input are shown in Figures 8.6.8 -
8.6.12 at 1.2, 5, 10, 50, and 200 MHz. The appearance at
100 MHz was similar to the 50 MHz waveform. The appearance
of the output waveforms with RFI on the B3 input were similar
to the output waveforms with RFI on the BO input.
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Figure 8.6.5 - SN54LS85 RF Upset Oscilloscope Photograph
RF Interference at 1.2 MHz on Vcc
Trace A>B output

Figure 8.6.6 - SN54LS85 RF Upset Oscilloscope Photograph
RF Interference at 5 MHz on Vcc
Trace = A>B output
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Figure 8.6.7 - SN54LS85 RF Upset Oscilloscope Photograph
RF Interference at 50 MHz on Vcc
Trace = A>B output

Figure 8.6.8 - SN54LS85 RF Upset Oscilloscope Photograph
RF Interference at 1.2 MHz on B0 Input
Trace = A>B output
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Figure 8.6.9 S N54LS85 RF Upset oscilloscope Photograph
RF Interference at 5 MHz on BO Input
Trace A >B output

Figure 8.6.10 -SN54LS85 RF Upset oscilloscope Photograph
RF Interference at 10 MHz on BO Input
Trace = A>B output

[106]



Figure 8.6.11 -SN54LS85 RF Upset Oscilloscope Photograph
RF Interference at 50 MHz on BO Input
Trace = A>B output

Figure 8.6.12 - SN54LSSS RF Upset Oscilloscope Photograph
RF Interference at 200 MHz on BO Input
Trace = A>B output
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8.7 Upset Susceptibilty Comparison

A comparison of the upset susceptibilities can be performed
in a variety of ways between the four device types tested.
Two basic technologies, Schottky and CMOS, are represented
and two device functions, flip-flops (sequential logic) and
comparators (combinational logic), as well as measurements
on the power, clock, data, BO, and B3 inputs. These will be
compared in different combinations to allow better
understanding of the data.

8.7.1 Power Input Comparison

The upset levels for the Vdd and Vcc pins have been combined
and plotted together to allow comparison between the four
device types. Figure 8.7.1.1 shows the comparison between
the peak-to-peak voltage levels. In general the parts
exhibit a low voltage upset level at low frequencies which
peaks at mid-frequency and then decreases at higher
frequencies. The comparison between upset power levels is
shown in Figure 8.7.1.2. This comparison shows that the
power required for upset is relatively constant for the
Schottky devices except for the lowest frequency on the
SN54LS85. For the CMOS devices the power required for upset
increases at a fairly constant rate up to 50 MHz.
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Figure 8.7.1.1 - Upset Voltage Level Comparison for
Power Inputs
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Figure 8.7.1.2 - Upset Power Level Comparison for
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8.7.2 Data, Clock, BO, and B3 Input Comparison

Examination of the graphs from Sections 8.3 - 8.6 showing
upset power levels, indicates that a limited number of inputs
can be used for the comparison and the data will be
representative of the complete data base.

There are a total of 8 inputs to be compared; CD4013B - data
and clock inputs, SN54ALS74A - data and clock inputs, CD4585B
- B0 and B3 inputs, and SN54LS85 - BO and B3 inputs. A chart
with curves of each of these eight inputs would be too
crowded and difficult to interpret. Therefore, relevant
comparisons will be considered and specific graphs of these
will be shown. A review of the data indicates that for both
of the comparator types the upset voltage and upset power for
B0 and B3 are very close (reference Tables 8.5.2 and 8.6.2,
and Figures 8.5.4 and 8.6.4). For the comparisons, either BO
or B3 can be used and it will properly represent the data for
the other one. For the following figures, BO is displayed.
The data and clock inputs exhibit enough of a difference that
both will be displayed for each technology.
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A comparison of the upset voltage levels is given in Figures
8.7.2.1 and 8.7.2.2. Figure 8.7.2.1 shows the CMOS devices
and Figure 8.7.2.2 shows the Schottky devices. The CMOS
devices exhibit similar behavior, with increasing voltage
required for upset as frequency increases. From later
testing, it appears that this is primarily due to the
attenuation of the voltage level in the input protection
circuit (Reference Section 9.) The response of the Schottky
devices is different than that of the CMOS devices. The data
and BO inputs resemble the power pin voltage response. The
clock input on the SN54ALS74A has a relatively constant
voltage upset level of 1 to 2 volts peak-to-peak over the
entire frequency range. The clock circuitry sets the
internal states of the transistor on the rising edge. This
edge triggering combined with the fact that there is no
series protection circuit resistor, such as on the clock
input for the CMOS device, produces this high RF upset
susceptibility.

The same combinations as displayed in Figures 8.7.2.1 and
8.7.2.2 are shown in Figures 8.7.2.3 and 8.7.2.4 as dBm
versus frequency. The CMOS dBm curves in Figure 8.7.2.3 are
even more tightly grouped than the voltage curves. This
indicates that the circuit function is secondary to the
technology effect. The CMOS devices with their input protect
circuitry have a fairly constant decrease in susceptibility
with increasing frequency. The Schottky data in Figure
8.7.2.4 show a significant difference between the power
levels required for upset between the two device types. This
is due to the conductance difference of the inputs (reference
Figures 8.4.1 and 8.6.1). The conductance of the inputs on
the SN54LS85 are higher than the SN54ALS74A. In fact, from
Figures 8.3.1, 8.4.1, and 8.5.1 the ALS device conductance is
more comparable to the CMOS conductance.

As given in Appendix A.1, the specified current for a low
condition on the inputs of the ALS device is -200 uA while it
is -1200 uA for the LS device. The specified current for a
high condition on the inputs of the ALS device is 20 uA while
it is 60 uA for the LS device. These numbers directly relate
to the power required for upset. More current is required to
operate the LS device than the ALS device and consequently,
more power is required for upset on the LS device.
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8.7.3 Technology Comparison

A comparison between the upset voltage levels for the CMOS
and Schottky devices' inputs is provided in Figure 8.7.3.1.
This is a combination of Figures 8.7.2.1 and 8.7.2.2. A
comparison between the same inputs showing upset power versus
frequency is provided in Figure 8.7.3.2. Since all three of
the CMOS curves are tightly grouped, two of the curves have
been eliminated in Figure 8.7.3.3 for ease of viewing.

Below 10 MHz, the ALS device is the most susceptible to upset
followed by the CMOS device and then the LS device. At
50 MHz and above the CMOS device becomes the least
susceptible due to the attenuation of the RFI by the input
protect circuitry. The relatively flat appearance of the
curve for the LS input is due to the same appearance of the
conductance (Figure 8.4.1). Above 100 MHz the conductance in
Figure 8.4.1 is increasing, indicating that the slope of the
susceptibility curve will increase and likely be similar to
the CMOS or ALS curve slopes.
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Figure 8.7.3.1 - CMOS and Schottky Upset Voltage
Comparison for Inputs

[113]



0-

710 7r

- C--- 0137 DATA PORT
W -U-CD4013 CLK PORT

o -0-- LS74 90 PORT

1 10 100 1000

FREQUENCY (MHz)

Figure 8.7.3.2 CMOS and Schottky Upset Power
Comparison for Inputs

10 - --

0

-10 -CD4013 DATA PORT
I I-e--lo ALS74 DATA PORT

cc-U ALS74 CLK PORT
S -20 ----- ------ LS85 BO PORT

0

-30.

1 10 100 1000

FREQUENCY (MHZ)

Figure 8.7.3.3 -Upset Power Comparson for One CMOS
and Three Schottky Inputs

[114]



9.0 SEM QUANTITATIVE VOLTAGE CONTRAST MEASUREMENTS

Measurements were performed on the scanning electron
microscope utilizing an energy spectrometer to perform
quantitative measurement of the voltages present on the
integrated circuit surface. Three of the four previously
tested parts were measured in this system. Due to time
limitations the fourth part was not measured. A discussion
of quantitative voltage contrast, the QVC system used for
this study, and the results of the measurements will be given
in this section. Daniel Koellen published an article [9]
discussing the details of the QVC system utilized for this
study. Sections 9.1 and 9.2 contain information that has
been extracted from that article. Most of the information
has been copied directly with the remainder being modified to
correspond to the configuration used in this test.

9.1 Quantitative Voltage Contrast

When a metallization trace within an IC is bombarded by the
electron beam of a SEM, low energy secondary electrons are
produced. For aluminum, the range of secondary electron
kinetic energy is between 1 and 15 eV [10], they are easily
influenced by nearby electric fields. Thus, a potential on
the bombarded conductor will influence the secondary electron
intensity and energy distribution.

The potential of the conductor modifies the potential barrier
the secondary electrons must overcome at the surface of the
conductor before they are emitted. A positive potential
increases the barrier permitting fewer electrons to be
emitted while a negative potential lowers the barrier and
permits a greater number of electrons to be emitted. This
intensity modulation is utilized for qualitative voltage
contrast imaging of voltage levels, often used for
determining logic states or trace continuity. Since this
effect is non-linear it is not used for quantitative voltage
measurements [10-12].
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The energy distribution of the secondary electrons is also
modified by a potential present on a bombarded metallization
trace. The energy distribution is shifted by an amount
proportional to the potential on the trace. For example, a
potential of five volts will shift the energy distribution by
five electron-volts (10,12,13]. The potential on a trace is
measured by detecting the shift in the energy distribution
using an electron energy spectrometer. A voltage-time
waveform is constructed through a sampling technique in which
the electron beam of the SEM is pulsed on synchronous with
the device's clock or operating signals. Voltage
measurements are made in specific time increments and the
waveform is reconstructed from this collection of voltage
measurements. The measured waveform must be repetitive as in
any sampling scheme.

9.2 Scanning Electron Microscope OVC System

A Cambridge Stereoscan 180 SEM was modified for QVC
measurements. The electron source and column, specimen
chamber, vacuum system and the SEM control electronics were
retained and utilized for the QVC SEM system.
Instrumentation designed and built specifically for QVC
applications includes the electron spectrometer for electron
energy analysis, the beam blanker to pulse the electron beam
on, the interface for functional signals from the exerciser
to the DUT socket in the SEM chamber and the linearization
(feedback) unit which quantifies the voltage measurements.

The ,,E-beam Tester Interfaces' shown in Figuze 7.L.1 .o;L s
of a boxcar averager, a linearization circuit, and a beam
blanker pulse generator. The boxcar averager is a commercial
unit that provides sample and hold for the linearization
unit, variable delay for the beam blanker, signal averaging
and waveform reconstruction.

The electron spectrometer measures the energy of the
secondary electrons emitted from the sample. From this, the
shift in the secondary electron energy distribution is
derived. An electron spectrometer must meet the following
criteria [14]: 1) reduce the effect of local retarding
fields at the IC surface, 2) determine the secondary electron
energy distribution, and 3) suppress backscattered and
tertiary electrons produced within the spectrometer.

In addition, the electron spectrometer designed for this
system needed to satisfy the following conditions: 1) good
linearity, 2) high transmission, 3) low profile for short
working distance, 4) voltage range of +/-15 volts, 5) easy
alignment, 6) serviceability and 7) reliable operation.
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A diagram of the electron spectrometer built for this system
is shown in Figure 9.2.1. The secondary electrons enter the
spectrometer at the the bottom through the extraction grid
and, if they have sufficient energy, travel through the
retarding grid and are deflected to the right towards the
scintillator. The scintillator and the signal processing
electronics of the SEM were maintained.

The extraction grid produces a large field normal to the
surface of the IC that accelerates the secondary electrons to
the spectrometer and reduces the effect of local retarding
fields from nearby traces. The potential on the extraction
grid can vary from 0 to 2000 volts with 1000 volts normally
applied, giving a field of 500 V/mm at the IC surface.

The retarding (or filter) grid produces a barrier in which
only electrons of sufficient kinetic energy can traverse.
The electron spectrometer may be thought of as an electron
filter that permits transmission of electrons with a kinetic
energy greater than the value determined by the retarding
grid potential. The detector current is then proportional to
the integral of the portion of the electron energy
distribution greater than the retarded energy.

The deflection electrode and grid guide the filtered
electrons toward the detector. The shield electrode reduces
the influence of the extraction field on the filtered
electrons.

The suppression grid prevents backscattered electrons and
tertiary electrons generated at the top plate from reentering
the spectrometer. The suppression grid is biased at -40
volts and the top plate at +5 volts.
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The beam blanker was designed to the following conditions: 1)
produce a pulse of sufficiently short duration, 2) be able to
blank electron beams within the range of beam energies to be
used, 3) be easily aligned, 4) be easily serviced and 5)
maintain a constant load to the pulse generator.

A diagram of the beam blanker built for this system is shown
in Figure 9.2.2. The blanking plate assembly is a ceramic
substrate with gold metal traces. The electron beam is
deflected using complementary pulses referenced to ground.
These pulses are fed to the blanking plate via the center
conductor; the conductors on the lower and upper side of the
assembly are at ground. At the blanking plate, a thin film
50 ohm resistor terminates the signal trace to ground. The
substrates are mounted parallel to each other but oriented
180 degrees from each other.

E Beam

Thin Film Termination Resisto

-------------

Figure 9.2.2 - Beam Blanker

The beam blanker is situated between the two condenser lenses
in the electron column. Below the plates is an aperture that
blanks the electron beam.

During operation complementary pulses are applied to the
blanking plates, deflecting the electron beam toward the
positively biased plate. When an electron pulse is required,
ground potential is applied to the plates and the electron
beam aligns with the aperture. This generates an electron
pulse. The time duration of the electron pulse is determined
by the length of time that the plates are at ground
potential.
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The linearization unit is used to acquire and process the
detected secondary electron signal from tri electron
spectrometer and detector. The linearization unit provides
feedback to the electron spectrometer to maintain the
detector current at a predetermined value. This is done by
changing the potential on the retarding grid until the
detector current returns to its nominal value. The change in
retarding grid potential is proportional to the change in
sample voltage and is used as the measured voltage. The
linearization unit is necessary for calibration for accurate
voltage measurements.

A sample and hold unit samples the detector current
coincident with the electron beam pulse. The sampled voltage
is subtracted from a reference voltage which is set at the
level required for nominal detector current. The error
signal is added to the signal from the feedback amplifier and
the summed signal controls the retarding grid voltage. The
summed signal is also the measured voltage output. Using a
sample and hold on the feedback amp permits operation over a
wide range of duty cycles without changing the system
bandwidth.

9.3 QVC Measurements

Measurements were taken at internal nodes on the CD4013B,
CD4585B, and the SN54LS85. The waveforms acquired will be
presented and discussed in this section.

9.3.1 CD4013B QVC Measurements

The most extensive QVC measurements performed for this study
were taken on the CMOS devices. Measurements on the CD4013B
were taken at internal nodes with no RF interference, with
5 MHz, 10 MHz, and 20 MHz RF interference on the data input,
and with no RF interference and 5 MHz RF interference on the
clock input. Waveforms were taken along the signal path, at
internal Vdd and Vss contacts, and at adjacent associated
circuitry. The waveforms are printed on standard computer
forms. The originals are relatively large and only one would
fit per page of this report. Since there are over 60 of
these plots for this section alone, a reduction of the size
was required. This was accomplished on a copy machine, thus
the plots presented here are reduced copies of the originals.

Each of the QVC waveform plots displays voltage versus time.
The horizontal axis (time scale) is labelled, e.g.,
microseconds. The vertical axis (voltage scale) is not
labelled. The units for the numbers on this axis are volts.
The time per horizontal division and voltage per vertical
division is provided on each of the oscilloscope photographs.
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Figure 9.3.1.1 provides the logic diagram for the CD4013B for
easy reference to the waveforms. Figures 9.3.1.2 - 9.3.1.5
show the osciloscope waveforms of the data input and Q output
under the four test conditions, no RF, and 5 MHz, 10 MHz, and
20 MHz RF. The QVC waveforms wil.l be presented by node with
each of the four test conditions presented together for
comparison.

Figure 9.3.1.6 shows the QVC waveforms after the data input
pin ESD protect network, prior to transmission gate 1 (TG1).
This is the input node for TG1. The variation of the voltage
amplitude and offset is partly due to the measurement
system. Amplitude and offset could be altered by adjustment
of the operating parameters of the system irrespective of the
actual signal. This and the limited operating frequency of
about 20 MHz are the primary deficiencies of the SEM QVC
system used for this study.

Figure 9.3.1.7 shows the data input signal QVC waveforms
present at the output node of TG1. This transmission gate is
active during the first half of each of the logic levels on
the data input, i.e., it transmits the logic level present
during the first half of the high data level and then locks
in the logic level at that time (falling edge of the clock
pulse) followed by transmitting through the low logic level
during the first half of the low data level and then locks in
the logic level present at that time. For the 5 Mhz signal,
the effect of this timing is to transmit through the high
logic level and lock in on a high level followed by
transmitting through the low level but locking in on a high
level. The 5 MHz RF interference signal is within the
operating capability of this device. At 10 MHz the circuit
cannot respond properly and a distorted waveform occurs. A
similar effect appears to be occurring at 20 MHz.

Figure 9.3.1.8 show the data input signal QVC waveforms
following inversion of the signals by NAND gate 2. The
signals from NAND gate 3 are shown in Figure 9.3.1.9 (this
was not measured at 20 MHz).

The slave section transmission gate (TG3) and the NAND gates
and inverters going to the Q output were measured and are
shown in Figures 9.3.1.10 - 9.3.1.13.
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Figures 9.3.1.14 - 9.3.1.25 show the waveforms at various
nodes along the clock and data signal paths with 5 MHz RFI on
the clock input pin.

The effect on the clock signal, of RF interference on the
data input pin, was measured at 5 MHz, 10 MHz, and 20 MHz
(Figures 9.3.1.26 - 9.3.1.28). The coupling effect was also
measured at internal contact points for Vdd and Vss (Figures
9.3.1.29 and 9.3.1.30). Coupling is apparent.
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Figure 9.3.1.1 - CD4013B Logic Diagram

Note: Transmission gates are numbered
TG 1 through TG 4, logic gates are
numbered 1 through 12, inputs are on
the left hand side, and outputs are on
the right hand side.
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Figure 9.3.1.2 CD4013B Oscilloscope Photograph, No RF
Top trace = Data input
Bottom trace =Q output
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Figure 9.3.1.3 - CD4013B Oscilloscope Photograph
Top trace = Data input with 5 MHz RF
Bottom trace = Q output
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Figure 9.3.1.4 - CD4013B Oscilloscope Photograph
Top trace = Q output
Bottom trace = Data input with 10 MHz RF
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Figure 9.3.1.5 - CD4013B Oscilloscope Photograph
Top trace = Q output
Bottom trace = Data input with 20 MHz RF
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Figure 9.3.1.9 -CD4013B QVC Waveforms at output Node of
NAND Gate 3, Data Input Signal Path
A. No RF
B. 5 MHz RF on Data Input Pin
C. 10 MHz RF on Data Input Pin
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Figure 9.3.1.10 - CD4013B QVC Waveforms at Output Node of
TG3, Data Input Signal Path
A. NoRF
B. 5 MHz RF on Data Input Pin
C. 10 MHz RF on Data Input Pin
D. 20 MHz RF on Data Input Pin
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NAND Gate 4, Data Input Signal Path
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Figure 9.3.1.12 - CD4013B QVC Waveforms at Output Node of
Inverter 9, Data Input Signal Path
A. No RF
B. 5 MHz RF on Data Input Pin
C. 10 MHz RF on Data Input Pin
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Figure 9.3.1.13 -CD4013B QVC Waveforms on Metallization
at Q Output Pin Bond Pcid
A. N RF
B. 5 "~z RF on Data Input Pin
C. 10 MHz RF on Data Input Pin
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Figure 9.3.1.14 - CD4013B Oscilloscope Photograph, No RF
Top trace = Clock input
Bottom trace = Q output
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Figure 9.3.1.15 - CD4013B Oscilloscope Photograph

Top trace =Clock input with 5 MHz RF
Bottom trace = Q output
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Figure 9.3.1.16 - CD4013B QVC Waveforms at Clock Input

Pin Bond Pad Prior to EBD Network
A. No RF
B. 5 MHz RIF on Clock Input Pin
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Figure 9.3.1.17 - CD4013B QVC Waveforms at Input Node of

Inverter 7, Clock Input Signal Path
A. No RF
B. 5 MHz RF on Clock Input Pin
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Figure 9.3.1.18 - CD4013B QVC Waveforms on Output Node of

Inverter 7, Clock Input Signal Path

A. No RF
B. 5 MHz RF on Clock Input Pin
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Figure 9.3.1.19 -CD4013B QVC Waveforms on Output Node of
Inverter 8, Clock Input Signal Path
A. No RF

B. 5 MHz RF on Clock Input Pin
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Figure 9.3.1.20 -CD4013B QVC Waveforms on Output Node
of TG1
A. No RF
B. 5 MHz RF on Clock Input Pin
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Figure 9.3.1.23 -CD4013B QVC Waveforms on Output Node
of NAND Gate 4
A. No RF
B. 5 M4Hz RF on Clock Input Pin
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A. No RF
B. 5 MHz RF on Clock Input Pin
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B. 5 MHz RF on Clock Input Pin
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B. 5 MHz RF on Data Input Pin
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Figure 9.3.1.28 - CD413B QVC Waveforms on Output Node
of Inverter 8
A. No RP
B. 5 MHz RF on Data Input Pin
C. 10 MHz RF on Data Input Pin
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Figure 9.3.1.30 -CD4013B QVC Waveforms on Vss Node
on Source of N-channel MOSFET of
Inverter 11
A. No RF
B. 5 MHz RF on Data Input Pin
C. 10 MHz RF on Data Input Pin
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Voltage amplitude variations occurred with the QVC system
between different physical locations. For instance, near the
perimeter of the package or on metallization where residual
glassivation was present, the amplitude was lower. Due to
this condition and the limited bandwidth of the SEM QVC
system, additional testing was required. Mechanical probing
of the input structure was performed to measure the
attenuation of the input signal, due to the input protection
network, over frequency. Two Tektronix P6501 high frequency
probes were used to obtain the signal levels at the bond pad
and after the protect resistor on the data and clock inputs.
Measurements were taken at 1 MHz, 5 MHz, 10 MHz, 50 MHz,
100 MHz, 150 MHz, and 200 MHz. The attenuation was measured
on pin 3, clock, and pin 5, data, with both a high and low
logic level. These are shown in Figure 9.3.1.31.

9.3.2 CD4585B QVC Measurements

Measurements on the CD4585B were taken at internal nodes with
no RF interference, with 1 MHz, 5 MHz, and 10 MHz RF
interference on the BO input. Waveforms were taken along the
signal path, at internal Vdd and Vss contacts, and at traces
adjacent to the input trace with the RFI.

Figure 9.3.2.1 provides the logic diagram for the CD4585B for
easy reference when viewing the waveforms. Figures 9.3.2.2 -
9.3.2.5 show the waveforms taken on the oscilloscope of the
BO input and the A>B output under the four test conditions,
i.e., no RF, and RF at 1 MHz, 5 MHz, and 10 MHz.

Figure 9.3.2.6 shows the QVC waveforms before the ESD
protection network on the BO input. Figure 9.3.2.7 shows the
same waveforms after the ESD protection network at inverter
28 input node. The apparent difference in amplitude is due
to the measuremnet system and not to an increase in the
signal level.
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Figure 9.3.2.8 shows the appearance of the waveforms on the
output node of the first inverter, G28. Figure 9.3.2.9 shows
the same waveforms on the output node of the second inverter,
G29. The waveforms in Figures 9.3.2.7 and 9.3.2.9 should
look the same since they have been inverted two times. It
should be noted that the waveforms for "no RF" in Figures
9.3.2.8 and 9.3.2.9 were taken at a later time and are on a
different scale than the other waveforms. They cannot be
used for direct comparison. The waveforms with 1 MHz RF
interference in Figures 9.3.2.7 and 9.3.2.9 look similar with
some change of wave shape. The waveforms with 5 MHz and
10 MHz RF interference are being affected by the RF
interference. The waveform with 10 MHz interference already
has the appearance of the resulting output waveform.

Figures 9.3.2.10 - 9.3.2.14 show the waveforms at additional
nodes through the circuit. The primary effect of these later
gates is wave shaping.

The appearance of the waveforms at internal nodes continued
changing further into the circuit at the lower frequencies
than at the higher frequencies. With 10 MHz RF interference
the waveforms changed little after going through two gates.
With 5 MHz RF interference the waveforms changed little after
going through three gates. With 1 MHz RF interference the
waveforms were changing slightly through the entire circuit.

The appearance of Vdd and Vss at internal nodes was recorded
with no RF and with 1 MHz RF interference (Figures 9.3.2.15
and 9.3.2.16). The appearance of an adjacent parallel
metallization line was measured under these same two
condit-ons (Figure 9.3.2.17). Some coupling of the RF signal
is observed.
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Figure 9.3.2.1 - CD4585B Logic Diagram
Note: Logic gates are numbered 1
through 44, inputs are on the left
hand side, and outputs are on the
right hand side.
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Figure 9.3.2.2 - CD4585B Oscilloscope Photograph, No RF
Top trace = B input
Bottom trace Q output

Figure 9.3.2.3 - CD4585B Oscilloscope Photograph
Top trace = B input with 1 MHz RF
Bottom trace = Q output
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Figure 9.3.2.4 -CD4585B Oscilloscope Phontograph
Top trace = BO input with 5 MHz RF
Bottom trace =Q output
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Figure 9.3.2.5 -CD4585B Oscilloscope Photograph
Top trace = BO input with 10 M4Hz RF
Bottom trace =Q output
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Figure 9.3.2.6 -CD4585B QVC waveforms at HO Input
Pin Bond Pad Prior to ESD Network
A. No RP
B. 1 MHz RF on HO Input Pin

C. 5 MHz RF on BO Input Pin

D. 10 MHz RF on BO Input Pin
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Figure 9.3.2.7 - CD4585B QVC Waveforms at Input Node
of Inverter 28, BO Input Signal Path
A. No RF
B. 1 MHz RF on BO Input Pin
C. 5 MHz RF on EQ Input Pin
D. 10 MHz RF on EQ Input Pin
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Figure 9.3.2.8 - CD4585B QVC Waveforms at Output Node
of Inverter 28, BO Input signal Path
A. No RF
B. 1 M4Hz RF on BO Input Pin
C. 5 MHz RF on BO Input Pin
D. 10 MHz RF on BO Input Pin
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Figure 9.3.2.10 - CD4585B QVC Waveforms on Output Node of
NAND Gate 27, BO Input Signal Path
A. No RF
B. 1 MHz RF on BO Input Pin
C. 5 MHz RF on BE Input Pin
D. 10 MHz RF on BE Input Pin
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Figure 9.3.2.12 - CD4585B QVC Waveforms on output Node of
AND Gate 42

A. No RF
B. 1 MHz RF on B0 Input Pin
C. 5 Mhz RF on B0 Input PinD. 10 MHz RF on DO Input Pin

(162]



2

4 .. . - i '.. . . . . . .

I I

3 7'

(-t (-*ec1

A. B.

32 3- 2 ) 1

S S

.s I.S Z.S 3.S 4!S . E.'S 7.S S I.S Z.S 3S 4.5 S.% 6.S 7.1s

(PseC) (Psec)

C. D.

Figure 9.3.2.13 - CD4585B QVC Waveforms on Output Node of
Inverter 43
A. No RF
B. 1 MHz RF on B Input Pin
C. 5 MHz RF on BO Input Pin
D. 10 MHz RF on B Input Pin
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Figure 9.3.2.14 -CD4585B QVC Waveforms on Bond Pad of A>B
Output Pin
A. No RF
B. 1 MHz RF on BO Input Pin
C. 5 MHz RF on BO Input Pin
D. 10 MHz RF on BO Input Pin
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Source of P-channel MOSFET of Inverter 29
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B. 1 MHz RF on BO Input Pin
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9.3.3 SN54LS85 QVC Measurements

Limited QVC measurements were taken on the SN54LS85. The
logic diagram is shown in Figure 9.3.3.1 for easy reference
to the waveforms. Oscilloscope waveforms are shown in
Figures 9.3.3.2 and 9.3.3.3 of the BO input and the A>B
output with no RF and with 5 MHz RF interference. Three sets
of internal node waveforms were acquired and are shown in
Figures 9.3.3.4 - 9.3.3.6. Wave shaping of the signal occurs
through the stages as shown. The output node of logic
section 16 has the appearance of the oscilloscope output
waveform.
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Figure 9.3.3.2 - SN54LS85 oscilloscope Photograph, No RF

Top trace = A>B output
Bottom trace = BO input

Figure 9.3.3.3 - SN54LS85 Oscilloscope Photograph
Top trace = A>B output
Bottom trace = BO input with 5 MHz RF
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10.0 CONCLUSIONS

This study provided excellent RF upset susceptibility data on
the CD4013B, CD4585B, SN54ALS74A, and SN54LS85 integrated
circuits. The SEM QVC system enabled measurement of
waveforms at internal nodes of the integrated circuits.
Thus, providing information on the effects of RFI on the
circuit behavior. A discussion of the conclusions of this
study along with recommendations for additional analyses are
included in this section.

10.1 RF Upset Susceptibility

Excellent results were obtained for the RF upset
susceptibility of the four device types. All of these
devices exhibit relatively low upset power levels indicating
that RF upset is a valid concern. Conclusions from the RF
upset data include:

1) The peak-to-peak voltage level required for upset on the
power pins (Vdd and Vcc) was low at low frequencies,
increased at mid-frequencies and then decreased at the higher
frequencies (ref. Figure 8.7.1.1).

2) The power level required for upset on the power pins was
relatively constant versus frequency for the Schottky devices
and steadily increased with frequency for the CMOS devices,
due to the low pass filtering by the input protect network
(ref. Figure 8.7.1.2)

3) The peak-to-peak voltage level required for upset on the
signal input pins (data, clock, BO, and B3) increased with
frequency on the CMOS devices, was relatively constant on the
SN54ALS74A clock input, and peaked at 5 MHz for the remainder
of the Schottky inputs (ref. Figure 8.7.3.1).

4) The power level required for upset on the signal input
pins increased with frequency on the CMOS and SN54ALS74A
devices but was relatively constant versus frequency for the
SN54LS85 devices (ref. Figure 8.7.3.2).

5) The input most sensitive to RF upset was the clock input
on the SN54ALS74A devices. The input circuit for this pin
does not contain a series resistor and the clock circuitry
responds to the rising edge of the input signal. These
factors produced an input that caused circuit upset in the 1
to 3 volt peak-to-peak range.
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6) The integrated circuit that was the least susceptible to
RF upset was the SN54LS85. This is due to the facts that
there was no edge-triggered input, such as on the SN54ALS74A,
and that the input conductance was higher on this device type
than on the other three device types.

10.2 Input Conductance Data

The differences between the appearance of the curves for the
peak-to-peak voltage data and the appearance of the curves
for the power level data are primarily due to the input
conductance versus frequency. The input conductance is the
latter portion of the equation used to calculate upset
power. This equation is:

Pave = (I/8)Vpp2 lR/(R
2+X2)}"

Where Pave is average power, Vpp is peak-to-peak voltage, R
is the real part of the complex input impedance, and X is the
imaginary part of the c~mpiex input impedance. The input
conductance (G) is R/(R +X ).

The input conductance curves had the following attributes:

1) Relatively simple and quick to obtain.

2) Provides information on order of magnitude of power
required for upset versus frequency for a given device type.

3) Provides comparison between technologies versus frequency.

4) Provides a technique for selecting inputs to be used for
additional RF upset voltage measurements.

5) Can be measured up to a frequency of 1 GHz with the an
HP4191A Impedance Analyzer.

10.3 SEM OVC Measurements

The quantitative voltage contrast technique on the scanning
electron microscope is an excellent method for obtaining
voltage waveforms at internal nodes on integrated circuits,
within certain constraints. These internal waveform
measurements are essential for understanding RFI effects.
The following summarizes these attributes and limitations:

1) The SEM QVC measurement technique provides a non-loading
non-interfering voltage waveform acquisition capability.
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2) The glass passivation layer could be successfully removed
from the surface of the IC's to allow the SEM QVC
measurements without effecting their RF upset
characteristics.

3) Interface connectors and fixturing were able to provide
access to the IC's in the SEM chamber for the RF testing.

4) The maximum frequency of the RFI that could be acquired
with the system was approximately 20 MHz. Therefore, the
Schottky devices could not be measured above their normal
operating frequency.

5) Examination of the waveforms at an output pin, for a
circuit that was subjected to RFI, is not adequate for
understanding the internal effects. For instance, two
frequencies of RFI may produce similar output pin responses
and the voltage waveforms at internal points may be
significantly different.

10.4 Additional Testing

Additional RF upset testing is necessary to provide data for
integrated circuit manufacturers to decrease the
susceptibility of their circuits to RF upset. The
information is also important for system design
considerations. Recommendations and difficulties related to
this additional testing follows:

1) A combiner circuit that can be used in the GHz range needs
to be designed. The combiner used for this study was limited
to about 200 MHz and a significantly different design will be
required to test at the frequencies necessary for the faster
technologies.

2) A voltage measurement technique with higher bandwidth is
required. Two possibilities are the electro-optic laser
prober and a probe utilizing the multiphoton photoelectric
effect. These optical techniques are being developed and may
provide the picosecond or sub-picosecond measurement
capability necessary for GHz testing. The first technique
requires an electro-optic material such as GaAS. Circuits
manufactured with this technology are of great interest,
making this a viable alternative.
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3) Low power, high speed complex circuits such as VHSIC,
VLSIC, ULSIC, and MIMIC require RF characterization. The
systems in which these circuits are used become so complex
that it is very difficult to assure EMC. Testing of the
circuits is also a formidable task but is easier than testing
at the system level and also provides quantitative component
susceptibility data.

4) High impedance, high frequency mechanical probes can be
used for additional input circuit characterization. These
have a bandwidth of 750 MHz and can be used to gain
information on input circuit effects and how these relate to
device upset susceptibility.

This study has provided a significant amount of information
on integrated circuit RF upset susceptibility. It has also
shown that additional studies are warranted with new combiner
designs and new measurement techniques for more complex
circuits.
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APPENDIX A.1 DEVICE DATA SHEETS

Part Number Catalog - Page Numbers

CD4013B RCA CMOS Integrated Circuits, 185
Copyright 1983, pgs. 90-93

CD4585B RCA CMOS Integrated Circuits, 189
Copyright 1983, pgs. 371-374

SN54ALS74A ALS/AS Logic Data Book, 193
Copyright 1986,
pgs. 2-77 through 2-79 and
Military Products Baseline and
Errata to Data Books, Copyright
1989, pg. ALS-4

SN54LS85 TTL Logic Data Book, 198
Copyright 1988,
pgs. 2-263 through 2-269
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hit (A 8Ri 2h"'l" V at V 0  - 5OV
Caoadiq iesechi cisnmijicoi ii "'ie2% V at VoD 1 iV

thhn 4 b-t s acsonip.oid 10 showni
Fq t3 ISMeetitt1 tequiretnrt f JE DEC Tontaiwe ----

Standard No. 13A. "Standard SpeIfc...c...o..
T he CD45858 types ae stcplid in16-lesad tnt Descroptioin of 'S Striet C.O Derce.
htietic dui .n-Iihe ceiamic packiages ID0
end F sufltros t6-ieait dual-inlne pastc 7
package I 16. stt Elad Cetaihuc flist
packae 9# seK s and in chip term ri Aoplicario'is .
sotliol rho$ devce is piit-conrpt.oie wilh
Ieo-poottf TTL type 7485 sod the CMOS * Semrvo otor-cetrots C Procscoonttolee
types MCi455 and 40G85 Pgq t r .... ~,..e A.

MAXtMUM RATINGS. Aniclti, M-a.Iies

esssl IIT ANt~tii 'ON N-7~~ 10-A

Tii A i.6lcCO PA C 001 -PE f-i2(,

1Ai Cu 'P.,i T~~ui~i PI5 ii,.i:,~ i,.y~~i
DI>CD I 

........
t...t. tii',.5Oi

AitV ~si uha Etfhdhit' ......... .. c

1E.P~1-I- i -

RECOMMENDED OPERATING CONDITIONSI
Fo mnrvum .eliebiliry, nostai oPe.t-codtoresithd be selectedl sohat eter t '----

etio- as lways witthiv tre tolowong r-gas t- p

CHARACTERISTIC LIfS UNITS'

Scci Viisil R-Wo tic TA li son
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CD4585B Typos

TRUTH TABLE

COAPPARING INUS CASCADING OUPT

A3. 93 A2. 5Q Al. Si A O. S0 A<8 A-.IA>B MA<S AS A>S

A3>53 > 82 x 0 0 I

A 3 - 3 A 2 >: 5 2 A A I > K I 0 0 0 0
A3-B3 A2 B2 Ai>B :1 AO K 0 0 I
A3.B3 A2-B2 AlI AO>B K K0 0 0 0 10

A153AS~AIi O-O 0 0 1 0 ,
A3 - 3 A?-S2 Al-S1 AO 0 50 0 1 0
A.'-B3 A 21 A2I BI ACO 00 X XI 0 0

A3 : 3 A-2 A,<B al K K K I 0 0
A3-83 A2<02 K K K K K 0 0
A3<B3 K x K x x 0 0

x O - - C-* Lop, I - .. L. Lo. 0 -

.............. -

372
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C045858 Types

STATIC ELECTRICAL CHARACTERISTICS -......
LIMITS AT INDICATED TEMPERATURES'C) U.

CHARAC CONDITIONS VIu..t.. SS. .S. 5I2SAppt y@OF. .M Packs" I. r '

TERISTIC Valuer at -40. *75. *05 Aply to fE tP'kaq T

V) (VI I) - 40 *6 o125 M. T 5.... . - ....

6M. 60 . I00S, - 00', o ,oo"'* .:.-".-' .,.... .'7

04 05 5 06-01 0403 5] It *.* -1-P
t

wc .o~~,
1

'
0 10 I S 10 300 300 00 51_ :1

0u,-c., ., 01 fO 16 15 ,a .1 -- C O

015 is is 20 600 600 004 36 . --

'DOu 3o000q 0 00 005)

100 Me. 020 0 100 100 5300003000 008o00

L 04 0,5 5 064 061 042 036 051 1 d a _

So L le 010 10 1 96 I 1 0 09 13 26.
,--1, -t.,.-i - AV a--- - -drnnv P .n e~. d-

IOLM IS 0.1S 4 4 2d 4

46 05 5 064 .061 042 -036 -051 -1 Al

0,1HP -- - - -- - o-n

_25 0. 5 5 I' 1 5 15 1 3.1 Is - -3

C....... 95 010 16 1 1 0 3 -

13 015 Is 4 2 4 -28 4 -34 -68 o t

,p t,~~ o 0 5 5 006 5 0 005

LO L e 0.10 10 005 0 00S

VOL M-, 0.1 6 15 00 0 05 V

anln - 0.65 S955 - -lmQ,

Vo ~0.10 10 996 9,9 10 a...

Ilge [ .. . .0 , ,I I , - .0 * -** , . ..

v.M. C A 1I 1495 14.AT S is

Inin Lc. | V '- - -TS

........... i -

....... 
......I '

V.tll.W 1.9 10 3 3
- - tq SV - 0,..-~ e ov .ne 11-1no~

ICL T .S135 1 4 - - 4

Ip, qM 06.45 - 635 35

'lce'enq 1.9 - 07 3 7

V , M 1 13.5 15 1.I _I ,

In~n~nel 0 0Is 19 !o I0 l !1 - 10 S 101 aA *c7..

_INM
- -. e "In =1,

DYNAMIC ELECTRICAL CHARACTERISTICS i '.oe*

At T 25 C t , t 2-.e Cr *OpF R L 2 k1 C N

CHARACTERISTIC TEST CONDITIONS VOID 'M -____ UNIT

Ueeel 
1
PHL 1PLI-4 _5_s_16_ In

Casc.dnq Inp s I. o so,

O.'Pn'., PHI> 'P~Ll 5 6 2

TaecnT-ee 10 50 10 n

Inline C-P4vlnn' CIN Anltlv 5 76 1 A

373
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CD4585B Types
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SN54ALS74A, SN54AS74, SN74ALS74A, SN74AS74
DUAL D.TYPE POSITIVE-EDGE-TRIGGERED

FLIP.FLOPS WITH CLEAR AND PRESET
0266 1. APRIL 1982 - REVISED MAY 1986

* Package Options Include Plastic -Small Outline" SN54ALS74A. S54AS74 .. J PACKAGE
SN74ALS74A. SN74AS74 .. 0 OR N PACKAGE

Packages. Ceramic Chip Carriers, and Standard ITPVIEW)
Plastic and Ceramic 300-mul DIPs

* Dependable Texas instruments Quality and Reliability ICifLR 1 = 4 ]VCC
10D 2133 2CLR

TYPICAL MAXIMUM TYPICAL POWER ICLK C 3 12U 20

TYPE CLOCK FREQUENCY DISSIPATION I PRE C 4 iif 2CLK

(CL 50 PHI PER FLIP FLOP 1tO 5s iof 2PWE

ALS74A 50 MHz 6 mW GND 7L_ 8Q 20
ASA 1_,34 MHz 26 mW102

description SN64ALS74A. SN54AS74. . FK PACKAGE
ITOP VIEW)

These devices contain two Independent 0-type positive-edge- I

..triggered flip-flops. A low level at the Preset or Clear inputs setsol I
or I-sets the outputs regardless of the levels of the other inputs. 0" Z >

When Preset and Clear are inactive (high), data at the D input 3 2 1 20 19

meeting the setup time requirements are transferred la the outputs 1 CLK 14 18 20

on the positive-going edge of the clock pulse. Clock triggering NC 15 17 NC

occurs at a voltage level and is not directly related to the rise time 1 5R-E 16 16 2CLK C
of the clock pulse. Following the hold time interval, data at the NC 7 15 NC

input may be changed without affecting the levels at the IQ 8 141 2PRE a

outputs. 9 1011 1213 1

The SN54ALS74A and SN54AS74 are characterized for operation Z(44

over the full military temperature range of - 55 0C to 125 0C. The
SN74ALS74A and SN74AS74 are characterized for operation

from 00 C to 70*C. NC -No internal connection

FUNCTION TABLE logic symbol I

INPUTS OUTPUTS I 3 Fu tO.
PRESET CLEAR CLOCK 0 Q ICIK >ci

L H X X H L 10I (2 oo6

H L X X L H 2- 1101 19l
L L X X H.2CLK

H H r H H L 2,Ll Il

H H L I L H 21 1

H H L X 00 00

The output levels in this configuration ate not guaranteed to meet the 
t
This symbol is in accordance with ANSI/IEEE Sid

mririrrum levels lor VOH if the lows at Preset and Clear are neat ViL 91. 1984 and lEG Publication 61 712

mraximumt Fuirthermore, this configuration is nonstable; that is. it will Pin numbers shown are lot 0. 4. arnd N packages.

rnot persist whern either Preset or Cleat returns to its inactive lhtghj level

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage. VCC . .... 7 V

Input voltage 7..

Operating free air temperature range. SN54ALS74A. SN54AS74 -55
0 C to 125*C

SN74AI-S74A. SN74AS74 01C to 701C

Storage trporalure range -65 IC to 150'*C

PROOucr001 DATA decomant" coatmn Informationp,,tr-i/4?T~sIr~.ret rr~oa~

'",rrat as of pals.Calia. date Pr.cts conform
to ecfcoe pat it. lanse .4 To.@$ lwsts.0mants TExAs 4 2-77
standard oraitatnl Ptsdantta proirawritg does CC N Te v ENU

rltiiV ic.dsE taiting of all pa'artatmts IS R M N
Prl.r 1t, ... rvSSr'20 1 1A' As iv,"vr

Reproduced with the permission of Texas
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SN54ALS74A, SN74ALS74A
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED
FLIP-FLOPS WITH CLEAR AND PRESET

recommended operating conditions

SN54ALS74A SN74ALS74A UNrT
MIN NOM MAX MW NOM MAX

VCC Supply voltage 4.5 5 5.5 4.5 6 5.6 V

VIm High-level input voltage 2 2 V

VIL Low-level input voltage 0 7 0.8 V

IOH High-level output current -0.4 -0.4 mA

IOL Low-level output current 4 8 mA

fclock Clock frequency 0 30 0 34 MHz

WE or C low 15 15

tw  Pulse duration CLK high 17 5 14.5 ns

CLKlow 17.5 14.5

Setup time Data 16 15
ISU before CLKt PIIE or CLA inectve 10 10

Ih Hold time. data after CLK t 2 0 .' n.
r-I
rn TA Operating free-air temperature -55 125 0 70 1C
0)w
: electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
CL

PARAMETIER TEST CONDITIONS SNS4ALS74A SNt74AU174A UNIT
ATS OMIN TYP

T 
MAX M11 TYP

t 
MAX

, VIK VCC = 4.5 V, II - -18mA -1.5 -1.5 V

=, VO H  VCC - 4.5 V to 5.5 V. IOH = -0.4 mA VCC-2 VCC-2 V
0 VCC - 4.5 V. !OL = 4 mA 0.25 0.4 0.25 0.4

VOL VCC = 4.5 V. IOL 8 mA 0.35 0.5

CLK or D 0.1 0.1 mAII VCC = 5.5 V. V1 = 7 V mA20.
or 0.2 0.2 __

CLK or 0 20 20
I _ o RV V4=2.7V0 40

CLK or 0 -0.2 -0.2
Ill VCC = 5.5 V, VI = 0.4 V mA

or CL. -0.4 -0.4

Io$ VCC = 5.5V, VO = 2.25V -30 -112 -30 -112 mA

ICC VCC - 5.5 V, See Note 1 2.4 4 2.4 4 mA

t
All typical values are at VCC -5 V, TA - 25°C.

tThe output conditions have been ciosen to produce a current ttat closely approximates one half of the true short-circuit Output Current. loS.

NOTE 1: ICC is measured with D. CLK, and PRE grounded, then with 0. CLK. and UCR grounded.

switching characteristics (see Note 2)

Vcc - 4.5 V to 5.5 V.

CL - 50 pF.
FROM TO RL - SW 0Q,

PARAMETER To UNIT
(INPUT) IOUTPUT) TA - M to MAX

SNS4ALS74A SN74ALS74A
MIN MAX M MAX

fmax 30 34 MHz

p!"H r 3 18 3 13t
pEL ______o__a_5 17 5 15

CLK 0 or 5 23 5 16 n

1
pHL _ *5 20 5 18

NOTE 2 Load circu,t and voltage waveforms are shown ,n Secton 1

2-78 TExAs
INSTRUMENTS

SCsT oi nIt box eSwl 2 - ODmLAS 'IsAS 75265
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SN54AS74, SN74AS74
DUAL 0-TYPE POSITIVE-EDGE-TRIGGERED

FLIP-FLOPS WITH CLEAR AND PRESET

recommended operating conditions

SN64AS74 S N74AS74 -
MN NOM MAX MN NOM MAX UI

VCC Supply voltage 4,5 5 5.5 4.5 -5 55

VIN Htgh.level input voltage 2 -_2

VIL Low-level input voltage 0.8 0.8 V

- Oll High-level output current -2 -2 MA

IOL Low-level output current 20 20 mAI

fclock Clock frequency 0 90 0 105 MHz
PRE or CLR low 4 4

tw Pulse duration CIK high 4 4 n

CLK low 5.5 5.5

Setup time Data 4.5 4.5 n
befu ore CLKf WE ar CR inactive 2 2 - r

t
h Hold time, data after CIK t 0 0 flu

TA Operating free-air temperature -55 125 1 0 70 
0

-C -

electrical characteristics over recommended operating free-air temperature range (unless otheirwise noted)

PARAMETER TEST CON~DITIONS UNIT74B74S7
________MIN TYPt MAX MN TYPt'WMAX UI

VIK VCC =4.5 V. 11= 18 MA -1.2 -1.2 V V

VON VCC -4.5 Vto 5. V, 'o0H - 2mA VCC -2 VCC-2 V

VOL VC - 4.5 V. 'OL -20 mA 0.25 0.5 0.25 0.6 V
VCC = 5. 

5 
. V=V0.1 1 A

CLKF. or 0A 40 20

CLK or 0 C . V . -0.5 -0.5 m

1
t VCC = 5.5 V V 0 - 2.25 V -30 -112 -30 -112 mA

'cc VC = 5.5 V See Note 1 10.5 16 10.5 16 mA

1
All typical values are at VCC = 5 V. TA 25 OC.

tThe output corrd-hiona have been chosen to produce a current that closely approximates one haff of the true shor Xcurrant. IuDu 'S_
NOTE 1: 'CC is measured with 0. CIK. and PRlE grounded, then wrth 0, CLK. and MLR grounded.

switching characteristics (see Note 2)

VC-4.5 V to 5.5 V.

CL- 50pF

PARAMETER FROM TO R'- = 600 0. UNIT
(INPUT) (OUTPUT) TA - MI to MAX

SN54AS74- SN74AS74

________ ___________ ____________ MN MAX MIN MAX __

t
mav ______________________ 90 105 M-f

- - 3 8.5 37.5
tHPEo CLR, a or Q 3.5 11.5 3 -.5 10.5

tPH CLK 0 or 5 3.5 9 3.5 8

tPHL 1________ 4__________ _ 45 10.5 4.59

NOTE 2 Load c~cuiC arrO voltage wavelorms ate shown ,n Seitonl

E-xAs A4 2-79
IN STRU ME NTS

vO)ST uril ,r 00so 6"2 -OAILAS TErA 7a5265
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ALS BASELINE
2ND QTR 89

;:;LSA AL/ 0 OI DAT BOOK ERRATA DATE: 10-10-86
1986. PAGE 2-77

RECOMMENDED OPERATING CONDITIONS/SWITCHING CHARACTERISTICS PAGE: 2-78

CORRECTION: FROM: TO:
fmax 30 MHz MIN 25 MHz MIN
tclock 30 MHz MAX 25 MHz MAX

;;AL8 A LS/AS LOGIC DATA BOOK NO ERRATA
1986. PAGE: 2-81

.COM.......-........... ..........

1986. PAGE 2-89
..............................................

;:ALS12 ALS/AS LOGIC DATA BOOK NO ERRATA
1986, PAGE 2-93

54ALS13 AL/A LOI DATA BOOK ERTA DATE: 10-10-86
1986. PAGE 2-97 6-24-88

SWITCHING CHARACTERISTICS PAGE: 2-99
CORRECTION: FROM: TO:
tPLH, PRE/ TO Q OR Q/ 23 ns MAX 21 ns MAX
NOTE I - CHANGE TO: ICC IS MEASURED WITH J. K, CLK. AND PRE/ GROUNDED.

;:L1A ALS/AS LOGI DAA BOKN0ERT

1986. PAGE 2-101

54ALS133 ALS/AS LOGIC DATA BOOK ERRATA DATE: 10-10-86
1986, PAGE 2-109

SWITCHING CHARACTERISTICS PAGE: 2-110
CORRECTION: FROM: TO:

!PHL, ANY INPUT TO Y 5 ns MIN I ns MIN
M M ........... I...................... ..... ....

54ALS137 ALS/AS LOGIC DATA BOOK NO ERRATA
1986, PAGE 2-115

54AL513 AL/A LOI DTABK NO ERRATA

1986, PAGE 2-119

;;SAL513 ALS/AS LOGIC DATA BOOK. NO ERRATA
1986. PAGE 2-125

.............................................................

;:ALS15 ALS/AS LOGIC DATA BOOK NO ERRATA

1986, PAGE 2-133
MM............................................... .

ALS- 4

Reproduced with the permission of Texas
Instruments Incorporated. (Errata data book)
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SN5485. SN54LS85. SN54SH5
SN7485, SN74LS85. SN74S85

4-BIT MAGNITUDE COMPARATORS
MARCH 1974 iiEVISIO MAR-H 1988

TYPICAL TYPICAL SNS485. SN54LS85. SN64S85 J OR W PACKAGE
TYPE POWER DELAY SM7466 N PACKAGE

DISSIPATION (4 BIT WOROSI SN74LS85. SN74S85 D OR Nd PACKAGE
85 275 "W 23no (TOP VIEW)
LS85 52 -W 24 no 1, _1C

365 mW 11 no 83 U -J1  vc
A<Bn S A3

description A : Bin 3 4 B2

These four-btt magnitude comparators perform A> Bout E , 1Al
comparison of straight binary and straight BCD 18-4-2 1) A Bout 8 I-e
codes Three fully decoded decisions about two 4-bit A< Bout W AO
words (A. 8) are made end are externaly available At three GNO K: _9 BC
outputs. These devices are fully expandable to any

nube of bits without external gates Words of greater SN544LSS16. SAIS4SS6 FK PACKAGE
lengtht may be compared by connecting comparators in (TOP VIEW)
cascade The A > B. A <z B. and A - B outputs of a

stage handling less-significant bits ae connected to the

corresordrigA > 8B.A < B. and A - 8Binputs of the 4o z
next stage handling more-aignificant bits The stage
handlirng tfhe least significant bits must have a high-level A-Bn 43 2 1 20 19 g8
voltage applied to the A - B input The ceacedmng paths A>- Bin 5 is B 2
of the '85. 1 S85, and 'S85 are implemnented with only NC ]in 16 NC
a two-ga-levell delay to reduce overal comsparison toy*ie NC 616N

foe lon words An alternate method of cascading which A> Bout 37 t5 CA) 0

further reduces the Comparison time is shown in the A -Bout 8I 10

typical application data 91 10 '1 1 213

NC No .rmWrv-0 nri

FUNCTION TAKLE

COMPARING CASCAOP4G
OUTPUTSINPUTS INPUTS

A3.63 A282 Al.SI AO.60 A ,S A , 6 A - A A , A

A3 , 3 x x x X X X H L

A3 <83 x K x X K x L H L

A3 - 3 A2- 82 x K K x K H L

A3 -83 A2 82 x x x x K L. H L

43 x82 42 -82 Al BI x K x K HI L

A3 83 A2 B 2 Al 81 x K x K L

A2 -83 A? 82 Al 81R AGI 80 K K K H L

A3 83 A2 132 Al 81 AGO 80 K X x t

A3-83 42 82 Al 61 40= 80 H L 1 Hi

43-83 A2 82 Al 81 AO-8 W H L L Li

43-63 A2 82 Al 81I AG-BO x x H L L I

A3 6 3 A? - 82 Al II1 AGO 80 HH L L t

A3-B3 A2 B2 Al BI AG so L L Li i

PRODUICTION DATA derasrats.m.a.,leut
correetas af palilalse data Pred-u reefe. to
eilkatio ar Th toIrnia af toaes Iaistraniuts TE Asleadard "erst Pradastin loraeeziag desa "1 2 263

seceaasroy led taaIa Iao .11 paisoers INSTRUM ENTS
PO$ . 6~ i W ') -~O 2PIL

5  
iN1S 61

Reproduced with the permission Of Texas
Instruments Incorporated.
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SN5485, SN54LS85, SN54S85,
SN7485, SN74LS85, SN74S95
4-BIT MAGNITUDE COMPARATORS

logic diagrams (positive logic)

A3A

831

A2 13

Al

< (71

AO 10

so

logic symbolt

COMP

P2 013i P

P3 (1s! 010

(< 2) <P< <

00 (9) -

01 111)

02 (14)
11) 303 3)

Th,s SVynb0 %- cotdancas wtth ANSIEEE Sid 91-1984 and IEC Publication 617 12
P-~ '-b.' snow, a.e fo 0 J N. and W Packa.ges

2 264 TExAs 4
INSTRUMENTS

'OST O11.C( 80. GSW'2 - *L 5 'I.A5 '265

Repro:duced with the permission of Texas
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SN5485, SN54LS85, SNb4S85,
SN7485, SN74LS85, SN74S85

4-BIT MAGNITUDE COMPARATORS

schematics of inputs and outputs

EQUIVALENT OF EACH EOUIALENT U- EACH EQUIVALENT OF EACH
INPUT FOR '85 INPUT FOR 'LS,85 INPUT FOR 'S8,

CpC -- VCC

R_ 17I, t

-PU T TINPUT-

A -B Ary A o, B A 8, Any A o, 8
Rea 0  1 67 kO NOM Rec 933 Ii NOM

A 8B A < 0 A B9 B<A,, 4 kQ NOM Rea = 2 8 kfI NOM

TYPICAL OF ALL OUTPUTS TYPICAL OF ALL OUTPUTS TYPICAL OF ALL OUTPUTS
FOR 135 FOR "LS85 FOR 'S85

VCC 
I

VCC 1201 NOPA 50 It NOM VCC

1011!1 Nom
I-

OUTPUT OUTPUT

-UTPUT

No-

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

1 SN454 S SN74
IN54 SN5 S SN4 SN4S UNI

_____N74L 

"IT445SN4
S75 5 7 

7l 
7 

]

~~~qI *''O' p .q 
25 1o0

6',,,, 150 10

IEXAS 42 26ShINSTRULMENTS

Reproduced with the permission of Texas
Instruments Incorporated.

[200]



SN5485, SN7485
4-BIT MAGNITUDE COMPARATORS

recommended operating conditions

_- SN5485 SN7485 UNIT

MIN NOM MAX MIN NOM MAX

S J,, , - ta,, VCC 4 5 5 55 4 75 5 525 V
. t,, op ,, . o H -400 -400 ,A

LO le'vel o tou t Cutrrent. IL 16 16 enA

Om'~aht' t e trterate TA -55 125 0 70 C

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER f TEST CONDITIONS
t  

MIN TYP$ MAX UNIT
VIH Hgh level snout voltae 2 V

VI0  Lor level nvuTb voIta0 08 V

tVIK I n Ct clm t vOIIt t VCC MIN, 11 12 A -1 5 V
VCC •MIN. VIH 2 V.I VOH High iftel OUttut voltage VI .IH -0 A 2 4 3 4 V

V VIL -
=  

8 V I H -2 0 V.VOL Low Ivel outrbut voltage 02c 04 vI.VH
=
2

V I L 0 8BV . 1 O01. 16 - A0 2 4 V
"~ a1I o t c r e t r o a - * , u - P' , n u o l t b g e V C C F A X . V I - 5 5 V I - A

-4 ! 1H HqerhIeeI nput current VCC MAX V
I  

2 4 V 4 A

all other puts 120

I'L Lov-le? flnpt current A VCC MAX. V, 04V --- Aall other inputs -4 8

SN5485 20 5DO oos i ¢ uf T Output cturent VCC-MAX. VO 0 0 55t SN 7485 -18 55rn

CC Su ply current VCC MAX. Sai Note 4 -A

U) 0 0" On , bO~fl ai MIN o' MAX us.l rte apaOorat. .IIU. so
t

,*~ d ut la t*Com,,enfldd OP~O goltl d.t~on$

* A' yo, v. . V, - 5 V T A - 25'C
'NOt .0 eo thanoul o. tOI I t -1-1 U tt1d at a .,fl
NO7 4 )CC s - 8, -,$1 O utp-tt O an A - B 9 rou dad

, 
and ll other ,p t6 at 4 5 V

switching characteristics. VCC = 5 V. TA = 25'C

PARAMETERI FROM TO NUMBER OF TEST CONDITIONS MIN TYP MAX UNIT

INPUT OUTPUT GATE LEVELS

1 1

A,0 8. A " 8 2 12

tpL 
H  

Any A 0,8 datanP.1 3 17 26 n

A -8 4 23 35

1 El

TPH
L  Any A Or B data opot A<B. A>8C

L  15 0 " 
.

_______ 3 20 30
1_ 3_ _R

L 
- 400 !,

A B 4 Se Note 5 20 30

'PL H A , Bor A 8 A B 1 7 11 l

'PHL A Bor A-8 A 8 1 11 17 ns I

'PLH 5 9 A R 2 13 20 n$

AB A -S 2 1II 7 os

L A -B A A B1

'Pt L A .8ot A- 6 A- 8 -- E If t os

- rtwo0S~atono delay m, low to hg level Output

t-tc p, o - 8atO- delay t,'e h.h to low Iltoel output
N !' 5 Loai n-ur 81,1 tot1age .aefo S ate SO - S , 11 1

TEXAS
2 266 INSTRUMENTS

Reproduced with the permission of Texas
Instruments Incorporated.
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SN54LS85. SN74LS85
4-81T MAGNITUDE COMPARATORS

recommended operating conditions

S N54LSSS I _ _SN74 145 UNIT

Sc~l vltMe7N- NOAA MAX
4

IMIN NMMAX
Supl ..... Vcc '17,, ', -5 5-
Hqh level outpuvt current. ION 4 00 400 .A

Low level output current. 1OL 00 l

Opert,g tre,, tempercature. TA 55 125

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

SN54LS85 SN?4LS85
PARAMETER TEST CONDITIONS? ___-- UNIT

MIN TYPI MAX MIN TYP: MAX

VIH Hg level input voltage 2 2 V

VlL Low-level ,nput voltage 0 7 0 1 V

VIK Input clatmpvoltiage VCC- MIN. I 18r-A 1 5 5 V

VOH HghIevel outplt voltage VCC MIN. VIH 2V. 25 34 27 34 -V
VIL- VIL max. IOH -400 AI

VCC MIN. OL 4-rA 025 04 025 04

VOL Low level output voltage VI
H 

2 V. '

V_ L VIL maxIOL-BrrA 035 05

Input current A , B. A 8 npuis

II at ma-murn VCC MAX. V
I 

7 V mA

all othe- nputs 03 03flout v ol tage ________ ______________ _________

H,g- level A < B. A B ,nputs 20 20 W
11INO. V,,. MAX, V 1 ' 2 7 V -6._______

,nput current all other fnputs VV 60t 0
Low-level A BA>B

1
nputs 0 4 04,

Ill VCC MAX. V
1 

0 4 V12 1 A

IDS Short c~rcult output current' VCC MAX -20 100 20 100 -A

'CC Supply current VCC MAX. See Note 4 104 20 704 20 erA

For cOnld,,on, s own as MIN or MAX. us. Pr. *pOrat* value -rractaO uheec nmroeinine. 0uor.Tnd COnOn$

AIl tvp-cl .liueS .r* .r Vc
c 

- 5 V, TA ' 25 C

Not mole thn One O- ut fhould be Shol.d .t tine and 0ur- ,on o In.,, th -O ,1 -. ou, f O1 In e.- e.n. o O

NOTE 4 ICC t$ meitd s-tlh ou.tputs open. A B goJn Oea and oll other n us at 4 5 V

switching characteristics, VCC = 5 V, TA = 25'C

PARAMETER" FROM TO NUMBER OF TEST CONOITIONS MIN TYP MAX UNIT
INPUT OUTPUT GATE LEVELS

1 14

A<B,B 2 t74

IPL
H  

Any A or B data -Out 3 24 
0 3 24 36

A-B 4 27 4b

A B.A >B 2 1',
IPHL Any A or B rata nput CL Ibl -3 - 21) i]

RL  2 %A-B 4 p1 ~,~2. 4'

Se, Note 5

IL A B or A 13 A B 1 14 22 ". -

tpH
L  

A BorA 8 A-B 17 1.,

rPLA A-B A B 2 I 2 - 7 " '1
pHL A B A B 2

pH A B o, A B A 8 - - 14 .

pt - Bo, A B A B I - -

4,ptH oropagaton delay me low to hgh level Outpu
t
PHML proagaton delay Ire hrgh 10 0O level o.tp.t

NOTE 5 Load crCus and olage wavelorms are shown n Secion I

TEXAS 2 26
INSTRUMENTS
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SN54S85. SN74S85
4-BIT MAGNITUDE COMPARATORS

recommended operating conditions

SSN54Sa, U,741S85

MIN NOM MAX MIN NOM MAX

Sulyvolt-. VCC 4 5 5 55 4 75 5 525 V

"'gh level Ot0t ,tOnt H E 1 1

LoW level Output cutf t. lOL 20 20 A

Opeatng Ire, a - temperature. TA -55 125 0 70 C

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS' MIN TYPI MAX UNIT

VIM H, g level input voltage 2 V

VIL Low-level input vOIltae 08 V

VIK Input clarnp voltage VCC MIN. 1I -1i8mA -12 V

vOH Miteve t v VCC MIN, VIH :2 V. I SN,4S85 25 34
VIL 08V. IOH -1 A [SN74S85 27 34

VOL Low lIvel OoItlut volIge VCC MIN. VIH 2 V. 05 V

VOL 0 8V. IOL •20mA

II Input curtnt! al maximum inpurt voltage VCC MAX, V, 55V I -vA

A - 8. A " B no$ 50-. 4 4
1

Hl
4

qh level ,npulr cu.rrent Vccl i MAX. Vl 2 7 V 1 MA
Lall oher inputs 3 15 0

it L Low(el inpuJt current 8,VCC MAX. V
I 

"0 5 V rnA

all other inputs -6

JOS Sho ,r< lcu Otput C.et VCC MAX -40 -100 -A
VC VcMAX. See Note 4 73 115

CC Supply c,."ent VCC MAX. TA : 125 C. ASN54S8W 0 A
ICC SNASB5W110CD See Note 4(j}

tFor condlon$ fll-own an MIN OX MAX. us. the .omOor-te value tt ,hed -nde, rorommndeid o-rarngCOfld t.on$

tAll ,pt .l -1.u2 .. . .VCC - 5 V. TA  25 C

'Not -e0r then one outp.t s ouOld be sIhorted ata timr. anit du-ton of ht short -,rcor sthould not *lCaad One SOCOnd

NO TE 4 ICC -, -astured wit" OOtput oPan. A 8 rOurt dd. and .t, or,'e, Cot$ *l 4 5 V

switching characteristics, VCC = 5 V, TA = 25'C

PARAMETER' FROM TO NUMBEROF TEST CONDITIONS MIN TYP MAX UNIT
INPUT OUTPUT GATE LEVELS

1 5

A<B.A 8B 2 75
tpLH  AnyAor8d.Iatanpx, 3 05 16

A -S 4 12 18

1 55

IpHL Any A O, d tala Cp..t CL 150F .n
3 I1 165

A-S 4 RL-2W 11, 1 165
See Note 5

tPL H  A- BotA-B A ' 1 5 75 n$

IPHL A< RotA'8 A 8 1 55 85 n,

PLH A- B A- 1 2 7 105 n$

'pH L  Ar A - 1 2 5 75
t
p H A -RotA B A-B 1 5 75 n

lpA A O, A B A- B ] I 55 85 n$

ipLM oopagaton delay mtte low fo high level output
tpH L -topagarton delay Otme htgh tO low level t V op

NOTff 5 oad CCuts and voltage waeto-ms ale show,, , Sect-on

2-268 TEXAS 4
INSTRUMENTS
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SN5485, SN54LS85, SN54S85,
SN7485, SN74LS85, SN74S85

4.DIT MAGNITUDE COMPARATORS

TYPICAL APPLICATION DATA

Imsel 23 8.3COMPARISON OF TWOBIP NS-BIT WORDS

6:22 82This application demonstrates how these magnitude
A22 A.2comparators can be cascaded to compare longer
821 81 1 words The example illustrated shows the comparison

820 S A Bof two 24-bit words; however, the design is
A20 AOexpandable to n-bits As an example, one compa'atc'

B 1 A -8 ascan be used with five of the 24-bit ciumparators

A'9 A.8 SO. S85illustrated to expand the wo, J iength to 1 20-bIts
Typical comparison limes for various word lengths
using the 'P5. LS85. or 'S85 are.

817 B2WORD NUMBER
A1 2LENGTH OF PKGS '85 'LS85 'S85

Ali A A-BI N;5-24 bits 2-6 46 ns 48 ns 22 ns
Al O25-120 bits 8-31 69 ns 72 ns 33 ns

.1 A - B '8
A a)A14 - 'LS9 . 'S8

B13 63 6

E12 22 262

al iiii- A- 8 a i A < 8

Repodce wit th pemsso of TexasA
Intrmet Incorporated..
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APPENDIX A.2 OP-AMP COMBINER DATA
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1989 Databook, Comlinear Corporation 206
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Comlinear Fast Settling, High Current
Corporation Wideband Op Amps

APPLICATIONS: FEATURES:

*coaxialhline driving *80MHz full-power bandwidtht (20V., tOt fi
*OAC current to voltage amplifier * ?O0nA output current
*flash A to 0 driving *0 4hs settling in lOns
*basebaird and video communications *

60
00V/,,s slew rate

*radar and IF processors * ars rise and tall times (2012)

DESCRIPTION:

The CLC 103 is a high-power. wideband op amp designed tor the
most demanding high-speed applications The wide bandwidth.
fast settling. linear phase, and very low harmontic distortion provide
the designer with the signal fidelity needed in applications such as e
driving flash A to Os. The SOMHztfult-poreer bandwidth and 200rA * **
output current of the CLCIO3 eliriinate the need tor power butters 1 .. -

in most applications; the CLC 103 is an excellent choice tot driving
large high-speed signals into coaxial lines

in the design of the CLC103 special cafe was taken in ordet to
guarantee that the output settle quickly to wrthin 0 4% ot the tinal
value tot use with ultra tast tlash A to 0 converters This is one ot
the most demanding ot all op amp requirements Since settling time
is attected by the op amp s bandwidth. passband gain tlatness. and
harmoni'c distortion This high degree ot Pertormance ensures
excellent performance in many other demanding applications
as well

The dynamic pertorrnance of the CLC1O3 is based on Comrnear's
proprietary op amp topology Thrs new design provides pertor-
mance tar beyond that available from conventional op amp designs.
unlike conventional op amps where optimum gain-bandwidth
product occurs at a high gain. mir-mum settling time at a gain of I

I1, and maximum slew rate at a gain ot + i, the Comlinear design
provides consistent predictable pertormance across its entire gain 4 ,v

range For example, the table below shows how the -3dB band- L- -
width remain, nearty constant over a wide range of gains. And
since the amplifier is inherently stable, no external compensation
is required The result is shorter design time and the ability to- . . .

accommodate design changes (in gain, for example) without loss ~ . -

of P-rtormance or redesign of compensation circuits CL 0 Eiwvvient Crcv- 0-agrarm

The CLC103 is constructed using thick film resistori'bipolar tran- lair -dviile5giid pWns arrreriv~niiv -co-vneieio

sistor technology The CLCI03AI is specified over a temperature
range of 25-C to v85 C., while the CLCI03AMir is specified over Pnre ~rxen
a range of -55-C to 1250C and is screened to Comlinear's -

M Standard for high reliability applications Both devices are
packaged in 24-pin ceramic DIPS

Typical Perlormance -_

gain settng _ .

parameter + 4 -20 + 401 4 1- 20 401 uniits]j

3db bandwidth 230 150 130 155 t145 125 MHzL
rise time (2WV 4 4 4 ns
slew rate 6 6 6 6 6 6, Vmns
settling time (0 4%) 10 10 12 i0 tO 12; _ns __________________

Cemixear Corpration * 4600 Whreatn Drive. Fort Cofins. CO 11052S * 13031 226-0500 *TLX 45.0881 F AX (303) 226.0564

2 3

Reprinted with the permission of Comlinear Corporation.
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Parrneles oditins -y in and maxr lai -' untS StI~L:Ambient Temtperature AM)' 1 25, C 55i C7 25YC 12
Ambient Temperature (Al)' t25 C 25-C 125 G. W 8C

FREQUjENCY DOMAIN RESPONSE1
346 bandwidth V-- 4Vx 50 -125 .135 10 MHz SS8W

gain flatness V_, 4V,
* peal~ng 0 1 to 50MHZ 01 06 .03 03 d8 GFPL
* peaing 50MHz 02 5 <06 0 46 OH

'01101 ft 31 0MHZ - -,04 06 '08 d6B GFR
gr01up delay ta 75MHZ 30.05 - - n GD
linear phase denlol to 75MH z 1 '3 '2 '4 LPD
renerse isolation noi- innetig to I150MHZ 55 .45 '-45 -45 cI6 RiNi

TIME DOMAIN RESPONSE
rise and fall time 5V step 23 28 26 29 Ins TRS

20V step 4 < 5 ~ 5 5 ns TRL
settling title to 0 4% 10V2 step 10 <25 -20 --25 ns TSP
oershoot SI? step S 15 iv 10 < 10 % OS

slew rate loneirdrinen input) 6 >5 -15 -.5 VI ns SR
over load reconery

< 50ns pulse. 200% overdiv~e 30 - h. ~ is OR

DISTORTION AND NOISE RESPONSE
*2nd harmnonic distortion 2V2.. 20MHz 48 <-40 < -40 <- 40 d~c HD2
3rd harmronic dIstorIon 2V,.. 20MHZ 48 < - 40 _40 40 d~c HD3
equivalent input noise 

Nnose fl0or <100rHz - 158 152 1 TS2 15? 06r11(HzI N
,integratedl notse 1kHz to 100MHZ 28 <5 56 < 56 AV INV

* no~s fl0or '5MHz .. 158 152 <-152 < 152 d8m1,I1Hz) SNIF
S ntegrated r.se 5MHZ to 100MHz 28 < 56 56 < 56 AVI INV

STATIC. DC PERFORMANCE
input offset volage 10 <30 <25 <30 MrV VIO

* average fenlperature coefficient 35 <80 <80 <80 MVJ 'C OVIO
input twag current noll-innefting 10 <40 <30 <40 pA 1814

* average tetnperatire coefficient 20 '.125 . 125 iv 125 nA/'C DfBN
inlput bras Currenlt Iinerting 20 <110 <60 <110 AA IN1

* average temperature coettlcrel 250 < 500 < 500 <500So nA/*C DIft
*power supply releitot ratio 54 o45 1~45 >45 dB PSAIR
common mocle retecion, ratio 38 >30 >30 >30 d9 CAR

*supply current no load 30 < 36 .<34 < 36 huAl ICC

MISCELLANEOUS PERFORMANCEFR

capacitance 2.4 <3 13 <3 pF CN
output impedance aDC - <01 <01 <01 I[ ROI

aI100MHZ 2,45 - - fnN Z
output voltage range noload I- I>±11 >t11 >±11 V V,
MTBF is 1 76 millon hours (AM versionI. OF a 7Ccae per MIL-I4OBK-21 TEl

okwVle is supply voltg (V,,) ± 20V
outpt curent± 200MtA

Zn -thermal resistance [0.4 see thermral model
ju~nction temperature + l7SrC

noe3 operainrg temperature Al 25'C to + 115T
is 3 AM 551

t
Cto +125'C

storage temperature 5C to + 150,C
lead temperature (soldering 10s) +300-C
-- is t Prinainelars Preceded bry an. are the final etect,")a test piarameters and are 100% tested

S rx2 AMoinirsare estled at 55-C poie stable). t WC (low duty cycle Pulsed testleqI. anr 125'C
low duty cycle puts"d testirng) Al units are testeld only at + 25-C athrogh ther performance is
guaranrteedl at 25-C i" . g5nC asindicated above

note 2 This rating prowlcs against damage to the input stage "aused by saturation of artter the
inut c s4 tattt ges Under transient cornditions not exceeding tl.s (duly cycle not exceedinlg

10%) volrnn ipt iage mlay be as large as tice the maximum V-. should nevter exceed
0 5 ' .1 X , 5V V,. isthe olttaet thenon inverting input pin 71

V.. note 3 This raring protect aganst exiceeding transistor collector enitrv reedown itings
tiecornyneded 14, is t I 5V

2 4

Reprinted with the permission of Comlinear corporation.
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onlmngGai a.4 ph~.. In...1o Gain and Pha"_ Broadbmnd n -lng and Non Ilting Gahm

MEN-E~oNS ..Eu11u11u11
.E..mossoi

SURK m. 1.1110, m.*um~w~
Hq~3~2 '10b~~ 'MEN~50 Em 0ZHm~bd E 2Ot~ EU ~ z d, 20W., 0 IGH

Lang. Signal Gain and Pta.. R.Waiv* Band.W. . V Galanns FRnnany Wo Vanlo Load.

:U E6~ goab.j EEE 1,5I
MUUU*E*ONE -c *UP lU
*UE.EUEUE 

85 - mmuowns' m
o 10A~Ho 0. WDHZ a '0 12 14 6 0 20M0,11d, 2(0MUHZ

v M
Seaan Signal Paisa Raspoawa (In.. Non Inn Longo Signal Puh. Ranpona. (Inv. Non-Inn) Sal lng TIn_

"go, -~m ~'i uumn

S0 0 . .H Cr =. I F MEn

~ n .4 a 4IU E 91 7

1F1U -I , L.-,' tv
~ 0 0 02 in 06 '0aC20 '0 0 0 *0 0 ' 0
2~e RUNInn' 0ZOnqH Z

Egole ENROnt Anu on

''4n4 mg4 -0

0. '0 0 10 2 4 0 W. 1HH . '. 'C

EA "4 -OHI N a.. ..
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, , ,,* o

tigure 1 rocommeded non-rfleting gain circuit higute 2: recosmeandted invertlng gain cicld

CLCI03 Operation For Composite opealol n the non-,rvertrng mode, the circuin hg.

The CLCr03 ,s based on Comlnear s PrOpretary Op amp topology a use I ShOuld bermodhied by the additon ofthecrcut sho,n figure 3

arQue design which uses c ,rrert teedback nsread of he Usual FOs inverting operation, modify the circuit n tigure 2 by the addition of
voltage feedback This djesgn ciordes dynamic per ormane far the circut in Irgure 4 Keep all resistors which connect to the CLC 103

beyondthat previously avalable yet !s usel bastcaiy the Same as the withn 02 otheCLC103pihs The Other Srdeottese esistors should
familiar voltage feedback op amp (sen tie gan equations above) A likewvSe be as close to Ut as possible For good overall results Ut
compete dscusson of curreni tenndback is vhie n applicaon note should te smiar to the LF356 this gives bvO; C nput offset dritt and
AM300 t the croSove trequency occurs at about 2MHZ Since Ut has a

teedback network composed of R - N an a t51,t resistor, which IS
Laytout Considetatn. in Paratllel with As and the internal I 5kt teedback resistor Of the

To obtain opimum petto'mance tro an
1 

c.tcj~t opefaing at hgh CLC 103 Rn must be adiusted to match the feedback ratios 0f the two
requenres pgood PC layout s essential Fortunate,

0 
the stabte. wer- networks This is done by driving the composit amphliter with a 70kHz

behaved response ot the CLCtT3 makes oepahion at hign frequencies square wave large enough to produce a transition from 5V to 5V
less sensitine to layot than ,S the case with other widehand op amps, at the CLC103 output and adlusting R until the output of Ut is at a

even thoogh the CLCtO3 has a much wide bandwidth inurn R. shoud be about g SRI tor best results. thus RA, should be
udlustd around the valve 01 0,hA

0
In general a good layout is one which mnimzes the unwanted

couilng of a signal between nodes in a ciicuit A continuous ground Bian Coeltel
plane trom the Signal input to outpul O, the circuit side of the board s In normal operation. the bias control pin (pn 16) is left unconnected

helpul Traces should be kept Short to mnrmize i"doctnce It long However I control over the bias 01 the amplitier is desired the bias
traces are needed. use microstrip transmission lines ahic are term controt pin may he driven with a TL signal a et high level wilt turn
nared in their characterisic impedance At suome high-impedance cnth mpe t

node or in sensitive areas such as near Pin 5 ot the CLC103. slray

capacitahce should be kept small by keeping nodes small and remov. DatotlIon and Nos.
ing ground plane directly around the node

The graphs of intetcept point versus frequency on the preceding page
e nVvionnectiohstntheCLCtb3aenterniiyhnpasvedtvgrond make it easy to predict the distortion at any ftequency. given the

with 0 t
0

F capito rs tOprowde good high-frequency decouping his output volage Of the CLC 103 First convert the output votage Vo to
recommeoded that ItF or larger tantalum capacitors be provded 1ov V, (V.12V' 2) and then toP l0t0og0r120V,..l to get the ouput

lOw-freguency decoupling The 001
m

F capacitors shown at pins t8 power in d8r At the frequency of interest. its 2nd harmonic will

and 20 in tigures 1 and 2 should be kept within 0 1 of thOS, ore A Stt PdB below the levep01.P Ir third harmonic will be

wide strip Vi ground plane should he provided or a signal return path SeS 
2 t

1- P)dB below the level of aa wIl the two-tone third order

beween the load-resstor ground and them capacitors intermooulatton products TheseaproxmalinsareuseloltrP<- di

Snce tI;e layout o the PC boaro torms such an important part ot the corpresaron levels
circuit much time can be saved ,t prototype amptifier boards are tasted Approximate noise cgre can be determined for the CLCI03 using the
early in the design stage Encased/conecorzed ampitrers are Equo ivelt Input Noise graph on the preceding page The loilOwing
available flo n Conlhneasr equation can be used to determine noise tigure (F) in d8

Swellrg Thee. O11se4. and Drill r I, Fl
Altfr an Output transoion has Occurred. the oulput settles very rapidy F = o0tg I - A,i

to the tiae valve and no change Occurs for seveal microseconds I 4kTR.f I
Thereartear. th e rmal gradenw inside the CLCI 03 wiltl cause the output
to begin to drift When this cannot be tolerated or when the inital Offset where is the tin noise voltage end r, is the rms noise current
voltage and drifl is unacceptable. the use of a composite ampteiir is Beyond the breakpoit of thecurveslie.wteethey ate fla..roadband
advised noise figure equal spot noise so ,t should equal Oa (1) and v. and

IT Should be read direcity off the graph Below the breakpoint the noise

A composite amptitier can also be referred to as a feed-forward 'must be integrated and At set to the appropriate bandwidth

ampiitr Most feed-torward technigues Such as those used in the vast
matority of wdeba-d o amps involve the use o a wideband AC- Appaicacee Noles and Anstarnce
coupied channel in parallel with a low-bandwidth hgh-gan DC-

coupled amplt For the composite amplifier suggested Al use oth Appication notes that address topics Such as data convoerson tiber

the CC 103 the CLCIO3 replaces Ihe wdebatrd AC coupled ampi'ie optics. and general high-teguenc circuit design are available from

and a low cost mOnothhc op amp is used to Supoty high open-ioop Cohrtar or yoor Cothiar sale engineer

gain at -ow treuencies Since the CLCI 3 is strictly DC coupled Cominear maintains a stall of highly-qualtied applications engnee:s
t~tooghPovt. crosoer disort,on o less thar OldS and 1 " results to provide technical and design assistance

Copir C3 U, M Co 003

cv pn " ,5,( at 11003 o ,
9
i1 ion at 1 0'R

or CT r-5r / inenlibi or11013 v € iIOK+IIaveesl

" .1 T v, 000 ;.0

IgUr 3 aen-mretlrg gain conpired amp figure 4 mveting gain nmposa. aerplitlm¢

to be used with hgt. I circud In be used with figure 2 clrcui

256
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R1 - 39 ohm
R2 - 25 ohm
R3, R4 - 27 ohm
R5, R6 - 270 ohm
R7, RB 150 kl;ohm
R9 - 5 kllohm pot
R10 - 50 kilohm
R11 - 180 ohm
R12, R13 - 22 ohm
R14 - 50 ohm
R15 - 316 ohm
R16 - 230 ohm

Ci, C3, C5, C7 -1 uF
C2, C4, C6, C8 0.01 uF

D1, D2 - 1 N4148

RELAY 1, RELAY 2 - Teledyne 412

Ul - CLCl03AI

Parts List for Op-amp Combiner
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MISSION

of
Rome Air Development Center

RADC plans and executes research, development, test and

selected acquisition programs in support of Command, Control,
Communications and Intelligence (CSI) activities. Technical and
engineering support within areas of competence is provided to
ESD Program Offices (POs) and other ESD elements to
perform effective acquisition of C3I systems. The areas of
technical competence include communications, command and
control, battle management information processing, surveillance
sensors, intelligence data collection and handling, solid state
sciences, electromagnetics, and propagation, and electronic
reliability /maintainability and compatibility.


