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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).
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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.

(1]




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 1level.

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.

(2]




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. 1In 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.

(31




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.

[4]




S8ection 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.

(5]




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. 1In
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 MH2) 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.

(6]




An EMI problem on a device designed in the late 1970's 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 techniques. 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.

[71




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 and
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.

(8]




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.

[9]




Part Number Part Name Techncloqy Logic Type

CD4013B D-type flip-flop CMOS Sequential
SN54AL8S74A D-type flip-flop Advanced Low Sequential
Power Schottky
CD4585B 4-bit magnitude CMOSs Combinational
comparator
SN54LS85 4-bit magnitude Low Power Combinational
comparator S8chottky

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 Belection

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 (Vvdd) 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 BO 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 (B0) and most significant
(B3) bits for word B. This shouid 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 Vee
SET PRESET-——
CLK FLIP Q CLK FLIP Q
RESET—————] CLEARTL-———l
SET1—— PRESET T~
CLK FLIP Q CLK FLIP Q
DATA FLOP o] DATA FLOP 2]
RESETA l 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 QUTPUTS
Set Reset Clock D Q O-not
H L X X H L
L H X X L H
H H X X H H
L L LtoH H H L
L L LtoH L L H
8EN54LS74A
INPUTS QUTPUTS
preset-not Clear-not Clock D Q O-not
L H X X H L
H L X X L H
L L X X H H
H H LtoH H H L
H H L toH 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]




Figure 6.3.2 - CD4013B Die Photograph With Labels

(13]




Figure 6.3.3 - SN54ALS74A Die Photograph With Labels

(14]




The CD4013B IC's are in l14-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 Fiqure 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 SNS4ALS74A 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 (sioz) 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]




~ A0 —|
Al ——
A2 —

WORD "A" —

(A3 —

~A>B — A>B
CASCADING A=B— —— A=B

INPUTS | A<B

\A<B —

~ B 0 ——

B1—
B2—

WORD "B" —

_B3—]

CD4585B Vdd=16 Vss=8
SN54L.S85 Vcc=16 Gnd=8

Figure 6.3.4 - Comparator Functional Diagram

INPUTS OUTPUTS
COMPARING CASCADING
A3,B3|] A2,B2|]A1,B1]A0,B0O A<B A=B A>B A<B A=B A>B
A3>B3 X X X X X X(H) L L H
A3=B3 | A2>B2 X X X X X(H) L L H
A3=B3 | A2=B2 | A1>B1 X X X X(H) L L H
A3=B3 | A2-B2 | A1=B1|A0>BO X X X(H) L L H
A3=B3 | A2=B2 | A1=B1 | A0=BO L L H L L H
A3=B3 | A2=B2 | A1=B1 | A0=BO L H L(X) L H L
A3=B3 | A2=B2 { A1=B1 | A0=BO H L L(X) L L
A3=B3 | A2=B2 | A1=B1 { A0<BO X X X H L L
A3=B3 | A2=B2 | A1<B1 X X X X H L L
A3=B3 | A2<B2 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 SNS54ALS74A 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.

(17]
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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 BO and B3 is shown in Figure 6.4.3.3.

(20]
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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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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 1lids on two of each of the part types were theun 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
CF, gas.

[31]




The CD4013B and CD4585B are passivated with silicon dioxide
(5i0,) 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 pliasma
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 ° 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.

[32)




7.0 INSTRUMENTATION AND TEST FIXTURE

This saction 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. 1In both cases the isolation was 26 decibels
(dB) or better.

[33]
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Figure 7.1.1 - Sketch of DUT Fixture
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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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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 92516 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 92532 module is capable of 32-channel stored pattern
generation with 8000 memory depth plus 4 strobe/data
channels. This module is controlled by the 92516 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 4B 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 d4B.

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. 1Isolation was very poor for 5 MHz and below, however,
isclation increased to 46 dB at higher frequency. The
insertion loss was less then 3.3 4B, 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. 1Isolation
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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A square wave between 1 and 200 kHz was applied t¢ the LF
port with the high frequency port and the output terminated
with S0 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 2FSC-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 4B 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. 1In
both cases, the insertion loss was measured to be between 2.8
and 6.5 4B 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 4dB (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.

45 —_
- iN
40 H_ } ] 2
! {
/ \l\ // \\ /.-'
-~ 35 < il & \ — — e
o o N e >
@ / |- o \g ‘ /
" _f Ne—gE P g
i 30 y . ' 7 X
o} B\‘E i \tl y \
- o Gedgo i N
g c _ L S S [
! ! l ¥ i ’
- | ;
18 t
ul { | ! i { ' !
S At A e e
~ ! : | ! i ; ! : 1
z b | l L f i
g 18, e o4 —— 41_-.. »’— JUSIURY WS SN GV SRR - T - v -
O I J ! 1
l,’; 10 | l [ —J
|
|
I3 i — e e N Tl e 1‘
,_,+~——+—-'f-~¢~-«"* g R
]
( ! i
!
0 + -+ % f— it
9] 413 30 120 180 Nels} 240 R0
F (MHZ)
a 1SLLA ThON + INGERTION LSS
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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 r.ot pass through waveforms with a period of less than

1 us, and it AC couples the signals. External level shifting
would be requi.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 (mvV).

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 4B (50% power)
point occurs at approximately 150 MiIz. 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.
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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 facilif:ates 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 ©
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 systen.

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 (2 = R + jX) were used in Equation 1 to calculate
upset power.

Pave = (1/8)Vpp?(R/ (R%+X?)) 1)
Where P,y 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 vddqd,
clock input, and data input pins through the combiner
described in Section 7.4. The RF interference was discrete
CwWw 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
Freq(MHz) |Z2] (ohms) Theta(deqg) 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) [2] (ohms) Theta(deg) 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(MHZz) |2 ]| (ohms) Theta(deg) 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 1n Eguatlon 1 in the form of conductance
(G). Where G = R/(R +X 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.
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Figure 8.3.1 -~ CD4013B Input Conductance Versus Frequency

The peak-to-peak voltage levels required to cause upset are
provided in Table 8.3.2.

Freq(MHz

Pin 14, vdd

A(V) B(V) c(v) D(V)
2.1 2.1 0.8 0.8
4.8 6.0 8.4 5.2
7.6 7.3 6.3 5.2
4.5 4.8 4.8 4.8
* * 3.6 4.4
* * * *
Pin 5, Data
A(V) B(V) c(V) D(V)
3.2 4.0 2.2 2.8
9.0 7.0 2.7 3.6
7.2 10.4 3.1 3.6
9.4 10.8 4.4 4.8
* * 3.9 6.4
%* * * *

Table 8.3.2 -~ CD4013B Upset Voltage Levels

(continued on next page)
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Freq(MH2z A(V) B(V) c(Vv) D(V)
1.2 2.8 3.2 l.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 = SN1 S,R = low
B = SN2 S,R = low
C = 8N1 8,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. 8imilar 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.
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Figure 8.3.2 - CD4013B Upset Power Versus Frequency
SN 1, Set and Reset Low
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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 {ne
same shape as the data waveform offset by half a clock
cycle. The system clock provided the timing for the sampling
of th> voltage levels of the Q9 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 vdad
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 §.3.7 - 8.3.10 show the
waveforms for the condition of RF injected into pin 14, vdaq,
at 1.2, 5, 10, and S50 MHz. Figures 8.3.71 - 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 conditicn of RF injected into pin
3, the clock input at the same frequencies.

[64)




cLock — LI LI LT 1L LT 1T 11
o | [
| [

SAMPLING

RaTe L LLLLOI O I Et i Pttt ettt

Figure 8.3.6 - CD4013B Timing Diagram
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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 Photograpn
RF Interference on Vvdd
Top trace = 10 MHz RF
Bottom trace = Q output
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Figure 8.3.10 - CD40133 RF Upset Oscilloscope Photograph

RF Interference on Vvdd
Top trace = 50 MHz RF
Bottom trace = Q output
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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 - CD4013B RF Upset Oscilloscope Photograph
RF Interference on Data Input
Top trace = 5 MHz RF
Bottom trace = Q output

Figure 8.3.13 - CD4013B RF Upset Oscilloscope Photograph
RF Interference on Data Input
Top trace = 10 MHz RF
Bottom trace = Q output

(e8]




g b

S RE R RS S ]

Figure 8.3.14 - CD4013B RF Upset Oscilloscope Photograph
RF Interference on Data Input
Top trace = 50 MHz RF
Bottom trace = Q output
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Figure 8.3.15 - CD4013B RF Upset Oscilloscope Photograph
RF Interference on Clock Input
Top trace = 1.2 MH2 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
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Figure 8.3.17 ~ CD4013B RF Upset Oscilloscope Photograph
RF 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, S0, 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

Freq(MHZ iZ] (ohms) Theta(deg) 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 €2 183
100.0 90 -72 28 86
200.0 32 -45 23 23

Pin 2, Data

Freq(MHz |Z2] (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 [Z2| (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 - S8NS54ALS74A 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 Vcec, 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(MH2 A(V) B(V) cC(V) D(v) E(V) FWV)
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 5.9 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
Freq(MHZ A(V) B(V) c(Vv) 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
Freq (MHz A(V) B(V) cC(Vv) D(V) E(V) 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 = 8N 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 MHZz
* =

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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Figure 8.4.1 - SNS4ALS74A Input Conductance Versus Frequency
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Figure 8.4.2 - SN54ALS74A Upset Power Versus Frequency
SN 1, No Sync, Clk = 1.25 kHz
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Figure 8.4.3 - SNS4ALS74A Upset Power Versus Frequency

SN 1, No Sync, Clk = 500 kHz
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Figure 8.4.4 - SN54ALS74A Upset Power Versus Frequency

SN 1, No 8ync, Clk = 1.25 MHz
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Figure 8.4.5 - SN54ALS74A Upset Power Versus Frequency
SN 1, Sync, Clk = 1.25 MHz
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Figure 8.4.6 - SNS54ALS74A Upset Power Versus Frequency
SN 4, No Sync, Clk = 1.25 MHz
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Figure 8.4.7 - SNS54ALS74A Upset Power Versus Frequency,

SN 4, Sync, Clk = 1.25 MHz
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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 ¢f these two signals is allowed to
occur without the synchronizatior.

The waveforms related to operating the SN54ALS74A using the
DAS920v are shown in Figure 3.4.8. The clock frequency was
varied from 1.25 kHz to 1.25 MHzZ. 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-~fl»p that had RF on the
data cr clock input failed under *‘hose 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 are provided in Figures
8.4.9 - 8.4.26. The photographs show the Q output wavefornm,
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,
Vec at 1.2, 5, 10, 50, 100, and 200 MHz. Figures 8.4.:5 -
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 MH=z.

CLEAR ] L
PRESET — 1 L ] 1L
DATA——J LT L _ I L_T 1 T 1

cock LI LI LML riroure
1 ] | S N N
Q | l e

SAMPLING
RATE L e e e e

Figure 8.4.8 ~ SN54ALS74A Timing Diagram
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Figure 8.4.9 - SNS4ALS74A 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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Fiqure 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 - SNS4ALS74A 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 ~ SNS54ALS74A 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

Figqure 8.4.20 - SNS4ALS74A 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 output
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Figure 8.4.22 - SNS54ALS74A 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 - SNS54ALS74A RF Upset Oscilloscope Photograph
RF Interference on Clock Input
Top trace = Q output
Bottom trace = 100 MHz RF

Figure 8.4.26 - SNS4ALS74A 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 Testing

The upset tests were performed with RF applied to the vdd, BoO
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.
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N 2
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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",

I¢. should be noted that the same instruction set is used for
both the CD4585B and the SN541LS85 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). 2All 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 768 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.
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Table 8.5.2 - Comparator Instruction Set 2
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The complex input impedance of the vdad, BO input, : 1 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, vda

Freq(MHz Z| (ohms Theta(degq) R(ohms) X(ohms)
1.2 1100 ~-80 191 1083
5.0 2R7 -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

Freq(MHz) Z| (ohms Theta{(deqg) 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

Fregq(MHZ Z| (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, BO input, and B3 input pins.
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Figure 8.5.1 - CD4585B Input Conductance Versus Frequency
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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(MH2 I.S.1(V) I.S.2(V) 1I.8.3(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, BO

Freq(MHz I.s.1(v) I.S.2(V) I.8.3(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

Freg (MHZ) I.S.1(V) I.S.2(V) I.S8.3(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 * * *

* = 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 8.5.2 - CD4585B Upset Power Versus Frequency
Instruction Set 1

20

——@— PIN16 VDD PORT
—— PIN 11 BO PORT
—o— PIN14B3 PORT

POWER (dBm)

30 - @i ferdcdodod b b -
-40 L . i
1 10 100
FREQUENCY (MHz)

Figure 8.5.3 ~ CD4585B Upset Power Versus Frequency
Instruction Set 2
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Figure 8.5.4 - CD4585B Upset Power Versus Frequency
Instruction set 3

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 B0 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 MHzZ 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 8.5.5 - CD4585B RF Upset Oscilloscope Photographn
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 Vvdd
Trace = A>B output
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CD4585B RF Upset Oscilloscope Photograph
RF Interference at 50 MHz on vdd
Trace = A>B output

Figure 8.5.7

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 BO Input
Trace = A>B output

8.6 SN541.885 Upset Testing

The upset tests were performed with RF applied to the Vecc, BO
input, and B3 input pins. The RF interference was discrete
Cw at 1.2, 5, 10, S0, 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

Freq(MHzZ 2| (ohms Theta(deg) 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(MH2 Z| {ohnms Theta(deqg) 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 12] (ohms) Theta(deg) 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 ~ SN541LS85 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

Vce, BO input, and B3 input pins.
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Figure 8.6.1 - SN54LS85 Input Conductance Versus Frequency
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The peak-to-peak upset voltage levels are provided in Table
8.6.2‘

Pin 16, Vcc

Freq (MH2Z I.s.1(v}) I.s8.2(V) 1I.8.3(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, BO

Freq(MHZz I.S.1(V) I.8.2(V) I.8.3(V)
l.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.8.1(V) I.s.2(V) I.8.3(V)
1.2 1.4 2.2 l.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.8.) 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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Figure 8.6.2 - SN54LS85 Upset Power Versus Frequency
Instruction Set 1
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Figure 8.6.3 - SN54LS85 Upset Power Versus Frequency
Instruction Set 2
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Figure 8.6.4 - SN54LS85 Upset Power Versus Frequency
Instruction set 3

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 B0 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 - SN54L585 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 BO Input
Trace = A>B output
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Figure 8.6.9 -~ 8SN54LS85 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
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Figure 8.6.11 - SNS4LS85 RF Upset Oscilloscope Photograph
RF Interference at 50 MHz on BO Input
Trace = A>B output

Figure 8.6.12 - SN54LS85 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, B0, 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.

10 e J oA ““*QL: " idi

[ / N ' \
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w 1 AL N\ : : {Ti] —e— ALS74 vCC PORT
g : : : g
< 6 AT NN ) [Tl e CD4585 VDD PORT
3 //: 4 —e— LS85 VCC PORT
> /] N

OO SRS v

1 10 100 1000
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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
Power Inputs

8.7.2 Data, Clock, B0, 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 - B0 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. 1In 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. 8ince 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.

—&— CD4013 DATA PORT
—e— CD4013 CLK PORT
—o— ALS74 DATA PORT
————— ALS74 CLK PORT
—a— (CD4585 B0 PORT
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FREQUENCY (MHz)

Figure 8.7.3.1 - CMOS and Schottky Upset Voltage
Comparison for Inputs
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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 potentizal 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].

[115]




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 QVC 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 Interface' shown in Figurie 7.5.1 Clusists
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 beanm 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.

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 bean.

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 tr2 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. 8Since 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.qg.,
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.

[120]




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 will 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 (TG1l).
This is the input node for TGl. 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 waveforns
present at the output node of TGl. 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 MHZz, 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 9.3.1.2 - CD4013B Oscilloscope Photograph, No RF
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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 9.3.1.8 - CD4013B QVC Waveforms at Output Node of
NAND Gate 2, Data Input Signal Path
A. No RF
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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A. No RF

B. 5 MHZz RF on Data Input Pin
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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
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Figure 9.3.1.13 - CD4013B QVC Waveforms on Metallization

at Q0 Ovtput Pin Bond Pad

A. N RF

B. 5 hdz 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

Figure 9.3.1.15 - CD4013B Oscilloscope Photograph
Top trace = Clock input with 5 MHz RF
Bottom trace = Q output
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Inverter 7, Clock Input Signal Path
No RF
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B. 5 MHz RF on Clock Input Pin
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5 MHz RF on Data Input Pin

on Source of P-channel MOSFET of
No RF
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A.
B.
C'

Figure 9.3.1.29 - CD4013B QVC Waveforms on vdd Node
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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 CD458SB 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 B0 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 9.3.1.31 - CD4013B Input Protection Circuit
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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.uns (Figure 9.3.2.17). Some coupling of the RF signal
is observead.
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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 = B0 input
Bottom trace = Q output

Figure 9.3.2.3 - CD4585B Oscilloscope Photograph
Top trace = BO input with 1 MHz RF
Bottom trace = Q output
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Figure 9.3.2.4 -~ CD4585B Oscilloscope Photograph
Top trace = BO input with 5 MHz RF
Bottom trace = Q output

Figure 9.3.2.5 - CD4585B Oscilloscope Photograph
Top trace = B0 input with 10 MHz RF
Bottom trace = Q output

(155]




N A
31 : Pl , LT
/ i / \
{ i
oo A T TR
T ) Y
14 — . , ' \ .
! 3 5 ? 1 | 5
(psec) (rsec)
A. B

i L o
SO e
S R

Figure 9.3.2.6 - CD4585B QVC Waveforms at BO Input
Pin Bond Pad Prior to ESD Network
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

[156]

#




i | ‘)MMAMQ -, ”mlm mlsut inlnll"fi n;l'hi

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 BO Input Pin
D. 10 MHz RF on BO Input Pin
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B. 1 MHz RF on BO Input Pin
C. 5 MHz RF on BO Input Pin
D. 10 MHz RF on BO Input Pin

[158]




-1 U SN AU S S S e Sy | Y I -1 r Y T r
.S 1.5 2.5 3.5 4.5 5.5 6.5 1.5 1 k] S 7
(psec) (psec)
A. B.
Lo » SRR
q iR T S L
[Mw»».w W~
3 . A o
A )
VVW V\f\/‘% .
27 :
A .
. . . . 24 .
N . o z
1 vl ol
] " : f ;
(] :
! 15 ’ T.TS ZIS 3.TS 4.5 S.TS 6,15 7.15 ! s ) l.‘S Z.‘S ;; 415 o S.IS fﬁls 1.8
(rsec) (psec)
c. D.

Figure 9.3.2.9 -

CD4585B QVC Waveforms on Output Node
of Inverter 29, BO Input Signal Path

A.
B.
cC.
D.

No RF
1 MHZz RF on BO Input Pin
5 MHz RF on BO Input Pin
10 MHz RF on BO Input Pin

(159]




~

—
i

~_d

[7 T S PR D
- 4

(psec)

Figure 9.3.2.10 -

T T v Y v T
.5 1.5 25 35 4.5 5.5

v Y T e B D A m e
7.5 .S 1.5 2.5 18 4.5 S.S 6.5 1.5
(rsec)

CD4585B QVC Waveforms on Output Node of
NAND Gate 27, BO Input Signal Path

A.
B.
C.
D.

No RF

1 MHz RF on BO Input Pin

5 MHz RF on BO Input Pin

10 MHz RF on BO Input Pin

(160}




o
‘% /fﬂdk\ f\_f \mfﬂ
3 1| ’V . \
i i U
4 /
b
L] \\] N~ - . L :
S T e I
(rsec) (rsec)
A. B.
I r _
| i, A
DR W, 0 Sl g it i ,ﬁff il
RN J\JVV\A ] | S !

; ) ‘ T

[ y k .\ !

| \ |
31 i 1 \ : 31 '

. i

; & j
2 | ’ 2

i \/ J 11

-
’ 8
"L T T Ty T YT T -1 T T T T T T T
.5 1.5 2.5 15 4.5 5.5 6.5 75 S 1.5 2.5 3.5 45 5.5 6.5
{ysec) (psec)
C. D.

Figure 9.3.2.11 -
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- CD4585B QVC Waveforms on Output Node of
AND Gate 42
A. No RF
B. 1 MHz RF on BO Input Pin
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Figure 9.3.2.13 - CD4585B QVC Waveforms on Output Node of
Inverter 43
A. No RF
B. 1 MHz RF on B0 Input Pin
C. 5 MHz RF on BO Input Pin
D. 10 MHz RF on BO Input Pin
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Figure 9.3.2.15 - CD4585B QVC Waveforms on Vdd Node on
Source of P-channel MOSFET of Inverter 29
A. No RF
B. 1 MHz RF on BO Input Pin
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Figure 9.3.2.16 - CD4585B QVC Waveforms on Vss Node on
Source of N-channel MOSFET of Inverter 29
A. No RF
B. 1 MHz RF on BO Input Pin
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Figure 9.3.2.17 - CD4585B QVC Waveforms on Metallization
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Figure 6.3.5
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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 9.3.3.1 - SN54LS85 Logic Diagram
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and Outputs are on the Right Hand Side
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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 Vecc) 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
SNS4LS85 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 dQue to the facts that
there was no edge-triggered input, such as on the SNS54ALS74A,
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:

- 2 2 2
Pave = (1/8)VPP“{R/(R°+X°)}.

Where P,,, 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 cgmp%ex 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 freguency.

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

S) Can be measured up to a frequency of 1 GHz with the an
HP4191A Impedance Analy:zer.

10.3 SEM QVC 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 technigque 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.1l

Part Number

CD4013B

CD4585B

SN54ALS74A

SNS54LS85

DEVICE DATA SHEETS

Catalog - Page Numbers

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

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

ALS/AS Logic Data Book,
Copyright 198s6,

pgs. 2-77 through 2-79 and
Military Products Baseline and
Errata to Data Books, Copyright
1989, pg. ALS-4

TTL Logic Data Book,
Copyright 1988,
pgs. 2-263 through 2-269
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CMOS 4-Bit Magnitude
Comparator
High Voltage Types {20 VoIt Rating)

The RCA CD45858 15 2 4 it magnitude com
paralor devigned for use 1n computer gnd
logic applicatlons that require the comparsnn
of two 4 tnt words Thas logic Circu.t deter
miney whether one 4 i1 wotd (Binary of
BCDI s less than™ ‘equal 10 7. or “ greatsr
than' 3 tecond 4 bit word

The CD45S85B has eight compar.ag puts
{A3. 83 thiough AQ BO), theae outputs (A
<B A : 8.A " B)and three cakading nputs
(A< B A - B APt ing permit systemsy
desinners 10 pxoand the comparator tuncthion
to B8 12 16 AN bty When 3 5 g
CD4A5S858 v used, the cascading mputs are
connected as follows {A<TB) tow tA . B)
* high {A ™81 - high

Cascading these units tor comparsan of more
than 4 bity 15 accomplished as shown n
Fig 33

The CD45858 types are supphed in 16-lead
hermetic dual-in-line ceramic packages (O
and F suftixes) 16-1ead dual-in-tine plashc
packages (£ sultix) 16-lead ceramic fiat
packages (K suffix). and i chip form (m
suffix} This device 18 pin-compatibie with
fow-power TTL type 7485 and the CMQOS
types MC 14585 and 40085

MAXIMUM RATINGS, Ansolule Marum Values

Features
® Expansion to 8,12.16

® Medium speed operation
compares two 4 it words

® 100% tested for guiercent curcent at 20 vV

% Standardized symmetsical output characternistics

"5V, 10-V, and 15V parametric ratings

o Maximum nput current of 1 A ac 18 v L
over full package temperature range.
100nAat 18 Vand 25 C

® Noise margin (full package temperature range)

angel = 1 Vatvpg =5V

® Meets all requirements of JEDEC Tentative
Standard No. 13A, “Stendard Specifications
tor Description of ‘B’ Series CMOS Devices™

Applications

® Servo motor controly

CD45858B Types

I

e

4N bits by cascading umts

UL Y

J
180 ns (typ bat 10 V oot & tyqe
s i

FUNCTIONAL DIAGRAM

2Vatvpp =10V
25VatVpp - 15V

® Process contratlery O M e e
Fig 1 Tyocel outour low fs.anf current
charactecstics

DC SUPPLY NOLTAGE RANGE 'V et
Soimages setereied t v gg Termihg: 0% 20y
INPUT VL TASE RANGE ALt INPLITS 05 Vpp od Y
OC INPUT LURKENT ANY ONE INPUT T10ma
POWER (1SSIPATION PER PACKAGE P,
Foc T, 4010 <60 C tPACRAGE TYPE ¢ LIRS
For T, 26010 85 C 1PACKAGE TVPE E Dirgre ¢ vearty a1 12 mW (0 200 =
For Ty 85 co < 100 U 1PACKAGE TYPES D F Xy SO0 W
Foe Ta 210010 1125 C PACRAGE T¥PES D F Ky Dyt cdery a1 12 mW O 200wy
DEVICE DISSPATION PER QUTPUT THANSISTOR
FOR T, FULl PACKAGE TEMPERATURE BANGE (A1 Paivage 1,00 100~y
VPERATING TEMPEHATURE RANGE AN
PACKAGE TYPES D F K MY EE AT I
PACKALE TYPE € 40 1. 2B
STORAGE TEMPERATUAE RANGE (1 1 [CERRTIIEN T A L
LEAD TEMPERATURE 1 (IURING SULUERING Fog 2 Moimum output 10w ipnkf current
AT datancs T I 1 4D R VY RU T T ev e ane T Yy . BN RN maca et
- toumt watad
i
RECOMMENDED OPERATING CONDITIONS i
For Y. operating thould be selrcted 30 that oper z
81100 i1 always within the following ranges i
LIMITS Z
CHARACTERISTIC UNITS -
Min Max H
Suoaly Voitage Range 1For To  Fun Pack e *
Temperature Range! s I Yo 1
Fgd  Titism outous mgh sauece: current
Naagre vty
37t
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CDA45858 Types

TRUTH TABLE

INPUTS QUTPUTS
COMPARING CASCADING
Al, B3 | A2 B2{ Al B1| A0, B0 | A<B A=-B]|ADB|A<B|A=8|A>B
A3> 8] x b3 .3 X x 1 0o 0 1
A)=83 [ A2> 82 X X X X 1 0 [ 1
AJ=83 | A2-82 | A1> BT X X x 1 ] 0 '
AJ=B3 | A2=82 | A1 =81 A0 > BO X X 1 [ 0 1
A)=B3 |A2=-82 | A1 =81 | AQ=80 2] 0 1 0 0 1
A)-B3 | A2=82 | A1«B) } ADO=~BO 0 1 X [ 1 0
AJ=8) |A2=82 | A1=B1 | A0=80 1 0 X 1 0 0
AJ=B) |A2-82 | A1 -8t | AO<BO X X X 1 0 0
A3 =83 |A2~8B2 [ A1 < B} X X X X t 1] 0
AJ=B3 | A2<B2 X X X X X 1 a 0
AJ< 83 X X X X X X ! 0 0
X = Don't Care Logec | = High Levei Logc 0 « Low Level
.
o
o
-
- -y [ 14
SO op FeOTECTION
»
s oVT
. = D=1 D8
- -
» >
-0 .
»
wreli o

Fig4 - Logc shagram. -cL v.oee

ham . PLACT vOLTEE Cwpgt =

= = = . 3 L3 ( C s L e L T [ "f_'""’ fiitar e o K
dg2egstoepreispeeriisnst i) . EE it Y bode
iiiean o ‘sevace vouram 1 5 !
ahetatitt I 3 x
1 i HH 35 1ol ) H '3
B BB B 2. 311 S 3 Ve
i i i i
T Shit 2 :
s U k,
T b :
b :
BE HE R RR i
ee il b S H L1
3 .
TRELRIE 2 ( g T
peifsttevsi i} 1 Fi [ i ] Ly 3
1 13141 L T ] E
it Fogla el e e
£og. 6~ Minmum aviput hgh (B cel curremt £ 6 - Trpwcel ponsitron 1:me 81 8 funcion of Fg *  Tyoce propegeron deisy time | o™
CRar acTormi s osd cesecitence Dering Mputs o outputt) ax s func

r10n of load copsc ronce

2
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STATIC ELECTRICAL CHARACTE RISTICS
1

LIMITS AT INDICATED TEMPERATURES (°C) U}
CHARAC CONDITIONS | Values st -55, +25. +125 Apply 1o D, F. K. H. Peckages
TERISTIC Values st —40, +75. +85 Apoly to £ Packege r
2% s
Vo Vin |Voo
- ] (Wi 1 IVI| =65 | -40 | +85 |«125 [Min. | Typ. |Man.
_ 05 & s 5| 1%0] ts0] - 004] 5
v v Siiheans mig
o(\;::‘.. 010} 10 wl 10 300 300 004 | 10].4
Current 015 15 0] 20| 600{ 600 004] 20
1pg Max
0z20] 20| 100! 100 ] 3000| 3000 008 | 100
r 04 05| 5| 064] OE1| 042] 036! 059 T -
Output Law
Gk Curient] 05 010] 0] 16f 15 vip 09 13| 26 -
‘oL M ts {ois{ 15| 42 «] 28] 24| 34| e8] -
b —
o Mg 46 0S| 5| oeal 061 ] 042] - 036)-051] -1) - Ima
1put He
‘Source) 25 05| 5 2 18 13] 118 6] -32
Current 95 Jotw]| 0| 16| 15| 11] ool 23 -26] -
1oK Min
1315 015] 15 47L 4 28 24| -34] -68] -
IOutput Volitage 05 5 005 Z 0/005
Low Level 0.10] 10 005 - 0]00s
VoL Me 015 15 00s - oloos|
Outpat - 05§ 5 495 4.95] S} -
Voltage 0.10] 10 995 9. 0] -
High Level
Vou M - 0151} 15 1435 1495/ 15 -
0545 5 15 - i)
tngut Low -
Voltage 19 10 3 - E)
VigMan  hsazs] - |15 4 ~ - 4y
Input Hign as4as| - 5 35 35 -
Voliage. 1.9 - 10 7 7 - -
ViMoo [Te3s( - |18 ¥ o -1 -
1nout Current owlmwlov] o] v § o [ - ]or05]01funl
1N Man
DYNAMIC ELECTRICAL CHARACTERISTICS
At Ty 25C Inputi, 1y =200 € - 500F Ry < 200ki1
) v IMIT [
CHARACTERISTIC TEST CONDITIONS | (0O T (e UNITS
RS S L_°1'_r__,"‘-
Propagation Delay Time 5 300 500
Comparing inputs 1o 10 125 250
Qutputs. Tpy . TPLH 15 80 160 s
5 200 400
Cascading Inputs to 0 80 160
Outputs. \pi(. IPLH 15 | 50 120
Tt T T s 100 200
Tranution Time, 10 50 100 o
RCIs 1Y) J 15 40 80
SR L) SRR R . -
Input Capacitance. Cipy Any Mnu( L S 75 pF

CD45858 Types

]

DR T
CLoce eyt retavy e

Trpece: dynarmwc pOwer diaseton as ¢
function »f chack Pyt trequency (e
Frg 9-dymomwc power drasipatnon teet

cocuat
v
T
FREOUNCT | pany
L COunT wote)
“'_l' - Q=) o 02 @ e
ol ap & Ay Ay
voo ot |
3 - <
u-cmv-@{-a
100,5 o " e
: u-omn;@H
Ogzitd
e 92 By P

*2cy - 32040

Frg 9 - Dynamic power Gimpetan tost Ccocust

Yoo
LII"A]
Yoo ~ote
\-@.. weatung moyTs
- N ALY
vas 10 807w vpp &0 Wy
COMRECT At mACD
TS 0 Tuge
l Yoo O Vs
vis
“is oens
Fg. 10 - tnput cunrent test erecun
Yoo
wors (= omars
Yim

I “ove
ves TEST AN ComaminatiOn
oF weyTs
A SRR
Frg 11 Input vOltoge 188! cocuit

Reproduced with the permission of

[191]

73

Harris Corporation.




CD45858B Types
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TEAMINAL ASSIGNMENT

02— « b vy

ar—t? N ]
u..m'j s i
taemiw o o eepiuT
tacann s b aimont
PSR D
a— obe e

b T NS ol
oo wiw

321

97 - 108
12464 2687 — ——

sicw 12007

Dimensions and Pod Layout for COLSB5aM

TA® OAOIDGrapAs 87T Gmensond of s8Ch CMOS chp
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SN54ALST4A, SN54AST4, SNT4ALSTAA, SNT4AST4
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED
FLIP-FLOPS WITH CLEAR AND PRESET

02661, APRIL 1982 - REVISED MAY 1986

® Package Options Include Plastic *"Small OQutline’’ SNS4ALS74A. SNSAAST4 . . . J PACKAGE
... D DR N PACKA
Packages. Ceramic Chip Carriers, and Standard SN74ALST4A. sm:;i?:lewy D DR N PACKAGE
Plastic and Leramic 300-mil DIPs ‘

® Dependable Texas Instruments Quality and Reliability 1CR [ e vee
10{J2 13(] 2CR

TYPICAL MAXIMUM | TYPICAL POWER 1cx s 12% 20
TYPE CLOCK FREQUENCY DISSIPATION 1PRE(Je 1] 2CLK
{(Cy = 50 pF PER FLIP-FLOP 10 Os 1of] 2PRE

16 s o[] 20

‘ALS74A S0 MH2 6 mw GND [: 7 8 26

"AS M 134 MHz 26 mW
description SNE4ALST4A. SN54AST4 . . . FK PACKAGE

N

{TOP VIEW)

These devices contain two independent D-type positive-edge-

ts

ircui

ALS and ASC

«
striggered flip-flops. A low level at the Preset or Ciear inputs sets Q |('3 Q 8|§
or r2sets the outputs regardless of the levels of the other inputs. e -
When Preset and Clear are inactive (high), data at the D input
meeting the setup time requirements are transferred to the outputs 1Clk g4 18y 2D p
on the positive-going edge of the clock pulse. Clock triggering NClls 17 NC
occurs at a voltage level and is not directly related to the rise time 1PRE[] 6 16 {1 2CLK
of the clock pulse. Following the hold time interval, data at the NCll7 15 NC_
D input may be changed without affecting the levels at the 1qpe 14{} 2PRE
outputs.
The SNS54ALS74A and SNS54AS74 are characterized for operation E g Lz, 'g 2
over the full military temperature range of -55°C 10 126°C. The ©
SN74ALS74A and SN74AS74 are characternized for operation
from 0°C to 70°C. NC — No nternal connection
FUNCTION TABLE logic symbol!
)
INPUTS OUTPUTS 1PRE o s |5 a
PRESET CLEAR CLOCK D Q Q ek o—p o
L H x X H L LR i SERLAY
H L X X L H 1cLR ﬁ{f? R
L L X X He He #RE ] —2 2
H H H H H L zc;: Jari] ® =
H H t L L H 2ctR 3t .
H H L b 0, G,
* The output levels in this configuration are not guaranteed to meet the TThis symbo! 1s in accordance with ANSVIEEE Std
rurmmum levels for Vg if the lows at Preset and Clear are near V) 91.1984 and IEC Publication 617-12
maxmum Furthermore, this configuraton 1S nonstable; that ss, it wiil Pin numbers shown are for D, L and N packages.
not persist when either Preset or Clear returns to 1ts inactive {high) level
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage. VCC . . P 7V
Input voltage Lo U V)
Operating free-air temperature range. SNS4ALS74A, SNH54AS74 .. -55°C to 125°C
SN74A1S74A, SN74AS74 0°C to 70°C
Storage temperature range . -65°C 10 150°C
PRODUCTION DATA dacuments centain information . Copynght < 1982 Texas Instruments lncorporated
current 83 of pubhcation date. Products conferm (]
to spacificstions per '!ln torms of Toxas instruments TE Q
waerranty Pt » g does not INSTRUMENN 2-77
nacastanly include 1esting of sl parsmeters -
POST OF01CE AU HRS010 » DALLAS TEKAS 74264

Reproduced with the permission of Texas
Instruments Incorporated.
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SNS4ALS74A, SN74ALSTAA
DUAL D-TYPE POSITIVE-EDGE-TRIGGERED
FLIP-FLOPS WITH CLEAR AND PRESET

recommended operating conditions

SNS4ALST4A SN74ALST4A UNIT
MIN NOM MAX MIN NOM MAX
Vee  Supply voltage 4.5 5 5.5 4.5 6 6.6 v
ViH High-level input voitage 2 2 \
ViL Low-level input voitage 0.7 0.8 v
oM High-level output current -0.4 -0.4 mA
oL Low-level output current 4 8 mA
fetock Clock fraquency [s] 30 [o] 34 MHz
PRE or CLR low 15 15
tw Puise durstion CLK tigh 17.5 14.5 ns
2 CLK low 17.5 14.5
y Setup time Dats 16 15 s
Y pefore CLKt PRE or CLR inactive 10 10
> th Hold time. data after CLK! 2 0 sns
5 Ta Operating free-air temperature - 65 125 [ 70 °C
o
g_ electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
> SNGAALST4A SNT4ALSTAA
PARAMETER TEST DITIONS UNIT
(7] coN MIN TYP' MAX | MIN_ TYP' MAX
O [vx Ve = 45 V, | = 18 mA -1.5 -1.5 v
=" VoM Vee # 45V1w0565V, o = -0.4 mA Vee-2 vec-2 \
2 v Vee = 45 V. oL = 4 mA 025 04 025 04|
oL
a‘ Vee = 4.6 V. lor = 8 mA 0.35 0.5
ClK or O 0.1 0.1
J V, =55V, Vi=17V A
! or cc = 55 ! 0.2 02| "
CLX or D 20 20
| v =55V, V=27V
H or CLR cc 5 ! 40 40 A
ClK or O -0.2 -0.2
; Vi =568V, V=04V A
L PREor CLR cC ! Y —oe ] "
10t Vee = 5.5V, Vo = 225V -30 -112 | -30 -112 | mA
Icc Vge = 55V, See Note 1 2.4 4 24 4 mA
TAU typical velues ace st Vee = 5V, T = 25°C.
$The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, is.
NOTE 1: Icc is messured with D, CLK, and PRE grounded, then with D. CLK, and TLR grounded.
switching characteristics {(see Note 2)
Vee =45V 065V,
CL = 50 pF.
FROM T0 R = 500Q,
PARAMETER UNIT
(INPUT) (OUTPUT) TA = MIN to MAX
SNG4ALST4A SNTLALST4A
MIN MAX | MAN MAX
fnax 30 34 MHz
—_ — — 1
{PLH FAE or CLR QoG 3 18 3 31 ns
TPHL 5 17 5 15
- 5 1
1PN cLx Qor G 5 23 51 s
tPHL «5 20 5 18
NOTE 2 Load circurt and voltage waveforms are shown i Section!
Texas WP
578 EXAS

INSTRUMENTS

POST OFFICE BOX £55012 « DALLAS TEXAS 75265
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SN54AS74, SN74AS74

DUAL D-TYPE POSITIVE-EDGE-TRIGGERED
FLIP-FLOPS WITH CLEAR AND PRESET

recommended operating conditions

SN54A574 SN74AS74
MIN NOM MAX MIN  NOM MAX unir
vee Supply voitage 45 5 586 4.5 5 £5 v
Vi High-level input voltage 2 2 v
viL Low-level input voltage 0.8 0.8 \
10H High-lavel output current -2 -2 mA
oL Low-level output current 20 20 mA
felock Clock frequency [+ 80 Qo 105 | MHz
PRE of CLR low 4 4
tw Pulse duration CLK high 4 4 ns
CLK fow 5.5 5.5 2
Setup time Data 4.5 4.5 -
tsu before CLK PRE or CLR inactive 2 2
th Hold time, data after CLK ? 0 0 ns .m.
Ta _ Operating free-air temperature -55 125 [+ 70 °C 5
2
electrical characteristics over recommended operating free-air tempaerature range (uniess otherwise noted} 6
SNE4AST4 SNT74AS74 12]
PARAM T C TIONS UNIT
RAMETER TEST CONDITION MIN_ TYPT MAX | MIN TYRT MAX <
VIK Vee = 45V, Iy = —18 mA -1.2 -1.2 \ o]
Vou Ve = 45V1055V, lon = -2 mA Vee -2 Vee-2 v 5
VoL Vee = A5 V. oL = 20 mA 025 05 025 06| Vv
I Veg = 55 V. Vi= 7V 01 0Y | mA _m_'
CLK or D 20 20 <
h v =55V, =27V
H IPRE or CLR cc = 88 Vi =2 0 o) ™
CLK or D -0.5 -0.5
i === V, =55V, =04V mA
" [PRE or CLR cc Vi=0 18 ~18
gt Vee = 5.5 V. Vo = 2.25V -30 -112 | -30 -112 | mA
icc Ve = 55V See Note | 10.5 16 05 16 | mA
YAl typical values sre st Vo = 5V, Ta = 25°C.
$The output conditions have been chosen to produce a current that closely appraximates one half of the true short-current output current, iog.
NOTE 1: Icg is measured with D. CLK, and PRE grounded, then with D, CLK, and CLR grounded.
switching characteristics (see Note 2)
Vec = 45V 55V,
Cp =~ 60 pF,
FROM TO Ry = 6000,
PARAMETER UNIT|
RAMETE UNPUT) {OUTPUT) Ta = MIN 10 MAX
SN54AS74 SN74AS74
MIN MAX MiN MAX
fmax 90 105 MHz
tPLH ARE T - 3 8.5 3 7.5
— EorcCl Qora 35 15| 35 os | ™
oLy — 35 9| as 8
TorL cix QorQ 45 05| 45 9 ™
NOTE 2 Load circunt and voltage wavetorms are shown in Section
T {i’
EXAS 2.79

INSTRUMENTS

POST QFEICE BOX 65%012 « DALLAS TEXAS 75265

Reproduced with the permission of Texas
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ALS BASELINE
2ND QTR 89

R R Y Y Y N N N N R RN RN R R R R R R R R R R X

S4ALST4A ALS/AS LOGIC DATA 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

XX R R N N N Ny N R N R RN R N R R R R A RN

54ALS86 ALS/AS LOGIC DATA BOOK NO ERRATA

1986, PAGE: 2-81
BEB B BB BUANE RSN N RRVNNN RS BCRNBREEENRBEBRBNNN BN TER IR RATEIANBRRNG BN EN
S54ALS109A ALS/AS LOGIC DATA BOOK NO ERRATA

1986, PAGE 2-89
[ PR N EEEFRRNSENNNRYNNRRENNNNENRRSERRRRRRR RN R RRR R N RRRRRRRR AR R R R RN ER X ENN]
S4ALS112A ALS/AS LOGIC DATA BOOK NO ERRATA

1986, PAGE 2-93

[ E R R R R N R N Y R R N R R A R R NN

S4ALS113A ALS/AS LOGIC DATA BOOK ERRATA 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 | - CHANGE TO: ICC IS MEASURED WITH J, K, CLK, AND PRE/ GROUNDED.
[ IR R EEEERNN NS NESNENENNEEEEEREEEERNEREN NN N R R RN NRRRR R R R RN R R N R NN NN R X NN NRNERRNR]
S4ALS114A ALS/AS LOGIC DATA BOOK NO ERRATA
1986, PAGE 2-101
I E R RN R ERRR R NN RN N NNRNNNEREENERARNRYEEEEEEEEEEERERS R R R R R F N AR N R AN NN NN NN
S54ALS133 ALS/AS LOGIC DATA BOOK ERRATA DATE: 10-10-86
1986, PAGE 2-109

SWITCHING CHARACTERISTICS PAGE: 2-110

CORRECTION: FROM: TO:

tPHL, ANY INPUT TO Y S ns MIN 1 ns MIN

L R R Y Y Yy Ny Yy Y Y N YN Y ¥
S4ALS 137 ALS/AS LOGIC DATA BOOK NO ERRATA

1986, PAGE 2-115
(I XN E N RN NN R R RN RN NNENEEEN NI REREE N R R R EEERER R R RN N RE NN EE RN ERNEREENRENENRNN]
S4ALS138 ALS/AS LOGIC DATA BOOK NO ERRATA

1986, PAGE 2-119
[N N RN N REE RN EENEN R YRR N RS R RN R R E RN RN N EE NN NN NN RN NERERENEENEERERNNRNYYNN]
545ALS 139 ALS/AS LOGIC DATA BOOK, NO ERRATA

1986, PAGE 2-125
SN NS RSN RRT RN N RV ESATTATGRNNS NIRRT BB RARAPRRRGN NS ERAS AR NSRS
S4ALSI1S] ALS/AS LOGIC DATA BOOK NO ERRATA

1986, PAGE 2-129
BN OORB AR BN BN ROUNBNBINN AR RB OB R AP ANEDN AT NN R RSN AN ARG IR P INNSBERN N NENENN
54ALS153 ALS/AS LOGIC DATA BOOK NO ERRATA

1986, PAGE 2-133

(R R R AR RN N N R N N N Y RN N R PNy Y RNy XY

ALS-4

Reproduced with the permission of Texas
Instruments Incorporated. (Errata data book)
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SN5485, SN54L585, SN54SR5
SN7485, SN741585, SN74S85
4-BIT MAGNITUDE COMPARATORS

MARCH 1974 REVISED MAR_H 1988

description

TYPCAL TYPICAL SN5485. SN54L585. SN54S86 J OR W PACKAGE
TYPE POWER DELAY SN7485 N PACKAGE
DISSIPATION (4 86T WORDS) SN74LS85. SN74S85 O OR N PACKAGE
8% 275 mw 23 ns (TOP VIEW)
1585 52 mW 24 ns e
sS85 365 mw 11 ng 83 _Tlij:hn vee
A< Bin
A= Bin
A> Bin
These four-bit magnitude comparators perform A> Bout
companson of straight binary snd streght BCO iB-4-2. 1) A - Bout
codes. Three fully decoded decisions about two 4-bit A< Sout
woreds (A, B} are made and are extemally avedable st three GND

outputs. These devices are fully expandable to any
number of bits without external gates Words of greater
length may be compsred by connecting COMparators in
cascade. The A > B, A < B.and A = Boutputs of e
stage handhing less significant bits are connected 10 the
corresponding A > B. A < B, and A = B mputs of the
next stage handiing more-significant bits The stage
handling the least-significant bits must have a high-fevei

SNGALSSS. SN54885 = FX PACKAGE
(YOP VIEW)

N

voltage apphed to the A = B input The cascading paths A= Bf" 8
of the 85, 1585, and "S85 are implemented with only A> Bin Qo
8 two -gate-level delsy to reduce oversll companson times NC >
for long words An altarnate method of casceding which A> Bout 8
further reduces the compsnson time 1s shown in the A = Bout
typical spphication data r_‘
-
NC  No mntemnad connecthon
FUNCTION TABLE
COMPARING CASCADING ouTPUTS
NPUTS WNPUTS
Al 83 A2 82 Al 81 AO, 80 A>8 A8 A=-8 A8 AcS A=8
A3 > B3 X X 3 X X X H L L
Al < 82 X X X X X 3 L H L
A3 - 83 A2 > B2 3 X X X X H L L
A3 = 83 A2 < B2 X X X X X L H L
A3 - B2 A2 - B2 Al > BI X 3 X X H L L
A3 - B8] A2 - 82 Al < Bt X X x X L " L
A2 - B3 A2 - 82 Al - B AO » BO X X 3 M L t
A3 B3 A2 82 Al : B AQ < 80 x X 3 1 M .
A3 . 83 Az 82 Al B8 A0 = 80 H L L H L L
A3 - 83 Az 82 AY Bl AQ0 - 80 L H L L b L
A3 - 83 A2 82 Al AO - BO x X H L L "
A3 83 A2 - B2 Al 3] AQ = 80 2] H L L L t
A4 - B3 LYY a1 . Bl AQ - BO L L L R N
PRODUCTION DATA decuments coatain informetson
current oo of publicstion dote "I“'mcm.:.: T %
wnﬁ:etn-..ll_o torms of Tores rsmonts EXAS 2 263

necessardy mI‘L tosting of o ’.Il.;'m
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SN5485, SN54LS85, SN54S85,
SN7485, SN74LS85, SN74S85
4-BIT MAGNITUDE COMPARATORS

logic diagrams (pasitive logic)

A<B
A=8
A>8

A
81

logic symbol?

-;j:}“q
1s) )
—{
m
—d
L
: o~
"3
+/ 1
14y
2) = |
]
1)
12
an i/
=
pa——
—
—
=g
110y
1 F
@
—1—
ComP
o0 1
2
JOSIITETIR I 44
p3 5L 45 ol
o A2 12 ab—— ~a
a3 ] pa g
DO—‘;—:-—-) pa 3
| LI
o0 5 P~a
o (:1) .
o e
IORNITTIN X

' This symbol 15 1 sccordancae with ANSI/IEEE Std 91.1984 and IEC Publication 617 12
Pin numbers shown are for D J N. and W packages

(5}

6)

¥4l

2.264

Texas
INSTRUME

BOST OFFICE BOX 885012 » DALLAS

.

TENAS 75288
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SN5485, SNH4LS85, SNH4S85,
SN7485, SN74LS85, SN74S85
4-BIT MAGNITUDE COMPARATORS

schematics of inputs and outputs

EQUIVALENT OF EACH
INPUT FOR ‘85

T

~

INPUT

A -8 Any Aor B

EQUIVALENT ur EACH
INPUT FOR 'LS8S

vee -

eq

NPT

17l

EQUIVALENT OF EACH
INPUT FOR 'S8%

Vee

INPUT

A 8. Any Aor B
Req = 167 %I NOM Raq - 933 U NOM 2
A>8 AcB A > a_i < B
Rag = 4 kil NOM Raq = 2 8 kil NOM
72
[<}]
TYPICAL OF ALL OUTPUTS TYPICAL OF ALL OUTPUTS TYPICAL OF ALL OUTPUTS Q
FOR BS FOR "LSBS FOR "S85 >
Q
-—— 48— Vcc -— —— Ve (]
- Vce 120 81 ROM 50 11 NOM
10 11 NOM 3 [ .—_.J
ovTPUT ouTeyT
“uTeuT
e
absoiute maximum ratings over operating free-air temperature range (unless otherwise noted)
f SNSA SN74
SNSMLS SN74LS unIT
SN54S SN7as
Suppiy voltage V(o tsee Note 1: 7 7 ?
L nput voltage 55 7 55
l i teearmitter voltag 5% 59
U Dperating free g temaeiat e cange | 5510 126
r OCBGR TeMperature carge 65 10 150
. T T — - T — It
NoThe T lage car Bacsnt Interemmitter Lot age e weth ceae E U o twend gronned Terane
TR TR L300 DETW RS T s Thtees 0 3 Mg et e e Lot B aseestoe TRiS (e 400068 1o €40 A put i s T w !
ty rmopie e Boaaet of e RS ange LRG
Texas JQ; 2 265
INSTRUMENTS
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SN5485, SN7485

4-BIT MAGNITUDE COMPARATORS

recommended operating conditions

" SN5485 SN7485 T
i MIN NOM MAX | MIN NOM MAX
[ Suppry voitage. Voo ) 45 5 sslais 5  sos) v
Hgh leve: ou;:):;:uvven(, '0:*— -400 -400 | LA
Low leve! output current. g 16 16 { mAa
Operating tree s temperature, Ty -55 125 0 0 Cc
electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)
PARAMETER TEST CONDITIONS! MIN TYP! MAX |UNIT
Vin  Hgh level input voltage 2 \2
Vi Low level npyut voltage 08| Vv
'
Vik  Input clamp voltage Vee « MIN, I = - 12 mA -15 \
Vv ~ MIN, Vi 2V,
| Vo Hgh leve! output voitage cc ™ 24 34 v
1 Vi =08V, oy -400 LA
v = MN, Vig=2V,
}[ VoL Low level output voltage cc ' 02 04y v
P Vi =08V, oL * 16 mA
' N Input current at Mmaxmmum INput voltage Vee s MAX, V=55V 1| mA
! A < B, A >Binputs 40
- | 5w Hogh-tevel input current 8. ey Vee = MAX, V=24V uA
_‘ L all other inputs 120
— i A -8, A > B inputs| -16
[T Low-ievel input current Ve s MAX, V=04V mA
U ! all other inputs -48
@ ¥ Short tou 5 Voo~ MAX, Vg - 0 Sh5a85 1 20 25 a
LU 1 reent S - = m.
P ) os u tut cu cc - Yo SN7485 | -8 55
5 ‘LCC Supply current Vee = MAX,  See Note 4 55 88 | mA
1)
7] 'For c0nG 10Ns thown 85 MIN or MAX . use the approDriate valus spacit1ed under racommended opersting conditions
TAN typzal veues @@ et Vo =5V TA25°C
SNO( mare than one Cutpu! thould e shorted 8t 8 t:me
NOTE 4 i o9 messurod with Dulputs Open. A = B grounded, and sl! Other Nputs 81 45 V
switching characteristics, Vec =5V, TA = 256°C
FROM TO NUMBER OF
PARAMETER‘ TEST CONDITIONS [MIN TYP MAX | UNIT
INPUT QUTPUT GATE LEVELS
1 7
Any A or B & A<B. A>B 2 12
t o ata nput ns
PLr oy Ao neu 3 17 26
1 A8 4 23 35
1 11
SR S—— _
A<B A>B 2 : . 15
[Ty Any A or B data input ‘—‘“—*3——‘ Cp = 15pF, L—‘———-‘—‘zo P ns
R = 400 ;.
[L A8 4 See Note 5 20 30 ——
) [ A.BorA-8B A8 1 7 1 ns
p—— —
L tPHL A< BorA-8 A -B 1 u ns
i P A8 A=Q 2 137 20 | ns
i [ A8 A -8 2 F 17 ) ns
! oL A -8o0orA-8 A- B 1 ’ Bl ns
3 —
|L“ 1Py ] A ~BorA =8 A- 8 ] ] 1" 17 s
1'91 s T rO0BGaToN delay hme low 1o hegh level output
(3T oropsgation delay time high o low level oulput
NDTE 5 (o8d crcuts 8nd voitage wavelorms are shawn i Sectoan
l
Texas "
2 266 INSTRUMENTS
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SN54LS85, SN74LS85
4-8IT MAGNITUDE COMPARATORS

recommended operating conditions

S = -y —
R SN dLSBS SNIILSBS
o —— UNIT
) {MIN NOM max MIN NOM MAX ||
Supply voltage. Vec 1 445 5 5% | 47 15 5 5 75 V J
High level output current. Iy 400 4001 .a
Low-level output cutrent, 1Q| 44 8! ma
Operating free-air temperature, Tp 95 12% I o 70 [
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
SN54L585 SN74LS85
PARAMETER TEST CONDITIONS' — Y UNIT
MIN TYP! MAX |MIN TYP: MAX
VIH High level input voitage 2 2 v
ViL Lowlevet input voltage 07 a7 v
Vik |nput clamp voltage Vee = MIN, 1= -18mA 15 ts v
v = MIN, ViH= 2V,
Von High-level output voltage cc ™ 25 34 21 34 v
Vi = Vi max, toi = ~400 LA
Vec MIN. 1L s dama 025 04 025 04 2
Vour Lowlevel ourput voitage Vi =2V, \%
VIL - Vg max gL - 8mA 03% 05
Inputcurrent | A g A >Binputs 01 01 b
n at maxsmum Vee = MAX, Vy=71v mA Q
\nput voltage all other inputs 03 03 ;
High-level A < B, A > Binputs 20 20 Q
i Vee = MAX, Vy=21v A
H nput current all other inputs cc ! 60 60 ® O
Low-level A < B A>Bimnputs -04 04
U7 i Veg ® MAaX, Vy<04vV mA -4
(NPUT current atl other inputs -2 12 -
lgs  Shortcircuit output current® Vee = MAX -20 100 | 20 100 | mA =
lcc  Supely current Vee = MAX, See Note 4 104 20 104 20 | mA
"For conditions shown 81 MIN or MAX, use the BpPropriate value spec 1ed under recommended 6perating CONTITIONY
lAu typicsl values 3@ 8t Ve * 5V, Ta =25 C
$Not More than One DutPUT $hOuld Be shovted 8t 8 trme. and uration Of the $horl CirCutt ShOUID MOt ex: €& ONE W O
NOTE @ Icc 18 messured with Outputs opan, A = B grounded, and a!l other inputt st 4 5 V
switching characteristics, VcC =5V, To = 25°C
. FROM 10 NUMBER OF
PARAMETER TESTCONODITIONS [MIN  TYP MAX |UNIT
INPUT OUTPUT GATE LEVELS
1 14
A<B A >B 2
tPLH Any A o¢ 8 data input 3
A=B 4
1
A<B A>B 2
1PHL Any A or B data snput 3 Cy = 150F
A 2%
A=B 4
Ser Note 5
1PLH A« BorA-g A B 1
PHL A« BorA B A B 1
PLH A -8 A8 2
PHL A-8 A:=8B 2
thLH A BorA-8 A8 ) ;
o feme | A BeA 8 AE L
.'PLH = propagation delay tme fow to hugh level output
topy = propsgation delay tume. high 10 low level output
NOTE 5 Load crcuits and voltage wavelorms are shown 0 Section 1
Texas 2 267
INSTRUMENTS
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SN54585, SN74585
4-BIT MAGNITUDE COMPARATORS

|

recommended operating conditions

1

SN54585 SN7ass NIt
MIN NOM MAX | MIN NOM MAX
?‘;)—l.y voltage, Ve 45 S S5 | 475 s 525 V—4
High level output current, 10H 1 )] mA
Low levei outhut current. g 20 20| mA
Operating lree air temperature, Ty -55 125 0 70 C

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

PARAMETER TEST CONDITIONS' MIN TYP! MAX(|{UNIT
Vi Highievel input voltage 2 v
Vi Lowlevel inpur voltage o8 v
Vik  Input clamp voltage Vee < MIN, 1) = 18 mA -12 v
Vee = MIN, V=2V, SNS4S85 | 25 34
VOH High-level output voitage ce " v
Vi =08V, lon* -1mA ISNT4585 27 34
Ve *MING Vg =2V,
VoL Lowlevel output voltage cc H 0% v
ViL=08V. 1g - 20mA
[ Input current at maximum input voltage Veg = MAX, V55V ¥l mA
' High level 1 t A8 A8 wouts v MAX, V=27V 0 A
v Input curren = . R “
- ™ all other inputs cc ! 150
—
r~ A < B, A > 8 inputs -2
TS Low ievel input current Voo = MAX, V205V mA
O all other inputs -6
® 105 Shorrcicurt output current?t Vce * MAX —40 -100 | mA
< Vce = MAX, See Note 4 13 115
O lcc Supptly curcent VCC »MAX, Tpa =125 C, SNSASBEW 110 mA
o See Note 4
[7) -
'For canditians thown as MIN of MAX, use the sapropriste value 106 1t ied UNJer recommended ooerating CONdITIONg
LA rypicat vatuss sre at Ve * 5 V. T4 =25 €
INOt mare than One OLTDUT ShOUIS be ShOrTed 81 8 Limne, 8Nd dUTALION of The SNOFT Circuit $hOuld NOt eacedd 0NN 18CONT
NOTE 4 Icc 't Messured with outputs open, A =« B grounded, snd st other «nputs 814 5 V
switching characteristics, Ve =5V, Ta = 25°C
FAOM YO NUMBER OF
PARAMETER® TEST CONDITIONS MIN  TYP MAX|UNIT
INPUT OUTPUT GAYE LEVELS
1 9
A<B8 A>B 2 15
f Any AorB t n
PLH ny A or B daia 1npu 3 05 6
A=B 4 12 18
1 59
Any A o 8 d ArB.AE 2 Cy = 15pfF !
' ] t t : of o
PHL ny v ata inpu 3 RL ek 165 s
A-B 4 L : N 165
See Note 5 e
LM A< BorAac-8 A>B 1 5 751 ns
PHL A<BorA-8 A -8B 1 55 851 ns
LM A-8 A-E 2 ?7 105 ns
1PHL Ac:8 Ax-B 2 5 7% ns
F PLH A -BorA B A-B 1 5 75 ny
I e A -BorA 8 A8 1 55 85| m |
1lplN propagation detay tine low 1o high level output
Tpay - PrOPagaton delay time. high o iow level autput
NOTE 5 L(oad crcuits and voltage waveforms #re shown n Section t
2-268 3
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SN5485, SN54LS85, SN54585,
SN7485, SN74LS85, SN74585
4-BIT MAGNITUDE COMPARATORS

TYPICAL APPLICATION DATA

wsel 83 p COMPARISON OF TWO N-BIT WORDS
A23 a3
822 a2 This apphcation demonstrates how these magnitude
A22 A2 A s comparators can be cascaded to compare longer
o ]
:zzv il A8 p— NC words The example ilustrated shows the companson
B20 80 A B of two 24-bit words: however. the design s
A20 AD expandable to n-bits As an example, one comparatcr
819 ————-{ A - B 85 can be used with five of the 24-bit cumparators
t :': 1585. $85 ustrated to expand the wo.Jd sength to 120-brts
A9 Typical comparnison umes for vartous word lengths
a18 = using the ‘RS, 'LS85, or 'S8S are:
A8 ::] A3
817 ————{ &2 WORD NUMBER
a1 A2 LENGTH OF PKGS ‘85 1585 ‘'$85
816 — & : : 1-4 bits 1 23ns 24ns  1lns
16—l = - .
a6 AD Ne 5-24 bits 2-6 46ns 48ns 22 ns
815 ——-——4 B0 A B
A5 AD 25-120 bits 8N 69ns 72ns 33ns
814 ———{a-
= 2
ara A g 1585 's85 o
>
B13 83 83 Q
a13 A3 a3 (@]
812 B2 82
A12 — a2 A2 OUTPUTS -4
811 8 A-B -} A<Bb—0 | o
B10 80 A B 80 A - 8
A10 ——— A0 — A0
I S 85 e 85
N A=B . s8s5. 585 A 1s8s.'sss
A9 A A
B8 | B3
A8 A3
87 B2
A? A2
86 81 A- B
A5 At A+Bp— NC
8s [ A 8
AS —————J A0
e N
L—qAa= .
Al A 1585, 'S85
83 83
A3 ——Ja3
82 ——— B2
a2 ——— A2
61 — @1 A B
Al —————{ a1 A<B
L$8) B0 ——————— BO A 8
A0 ————4 A0
L—4Aa B as
— da- MPARISON OF TWO 24 BIT WORDS
I A8 ses ses co 'so
Lt —a 8
» {?
INS Texas ¥ 2 269
NSTRUMENTS
POt T R BN ) e AL AS TEXAS TSRS
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APPENDIX A.2 OP-AMP COMBINER DATA

1989 Databook, Comlinear Corporation
January 1989, pgs. 2-3 through 2-6

Op-amp Combiner Parts List
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Comlinear
Corporation

CLC1

APPLICATIONS:

coaxial ine drving

DAC current to voitage ampiitier
flash A to D driving

baseband and video communications
radar ang 'F processors

OESCRIPTION:

The CLC103 1s a high-power. wideband op amp designed for the
most demanding high-speed applications. The wide bandwdth,
fast settling, inear phase, and very low harmonic distortion provide
the designer with the signal fidelity needed 1n applications such as
driving tlash A to Ds. The 80MHz tull-power bandwidth and 200mA
output current of the CLC103 efiminate the need for power buffers
in most appilications; the CLC1031s an excellent chorce for driving
large high-speed signals into coaxial ines

in the design of the CLC103 special care was taken n order to
guarantee that the output settle quickly to within 0 4% of the final
value for use with ultra fast flash A to D converters This s one of
the most demanding of ail op amp requirements since setthng time
1s affected by the op amp’s bandvadth, passband gain flatness, and
harmonic distortion. This tugh degree of performance ensures
excellent performance in many other demanding applications
as well

The dynamic performance of the CLC103 1s based on Comimnear’s
proprietary op amp topology This new design provides perfor-
mance far 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 ime at a gain ot

1, and maximum slew rate ata gain of + 1, the Comlinear design
provides consistent, predictable performance across its entire gan
range For example, the table below shows how the - 3dB band-
width remains nearly constant over a wide range of gains. And
since the amphtier 1s inherently stable, no external compensation
15 required The result 1s shorter design time and the abiity to
accommodate design changes (1n gain, for example) without l0ss
of parformance or redesign of compensation circuits

The CLC103 15 constructed using thick him resistor /bipolar tran-
sistor technology The CLC103Al1s specified over a temperature
range of 25 Cto +85 'C. while the CLC103AM (s specitied aver
a range of - 55-C to +125°C and 1s screened to Cominear’'s
M Standard tor high reliability apphcations Both devices are
packaged in 24-pin ceramic DIPs

Typical Performance

gann setting . ‘

parameter +4{+20{+40f 4! 20]7 40} units |

3d8 bandwidth 2301150 (130 |155( 1451125 | MHz |
nse ime (20V) 4 4 4 4 4 4 ns
siew rate 6] 6} 6] 6 6 6} V/ns
| setting tme (04%) | 10| 10 12] 10 10} 12! ns

Fast Settling, High Current
Wideband Op Amps

9

=t

FEATURES:

80MHZ tull-power bandwidth (20V,,. 10011}
200mA output current

0 4% setting n 10ns

B6000V/us slew rate

4ns nse and fall times (20V)

Protacted uncer one o Mare Of Tha M-IGeINg Batents 4088 739 4 307 020
4820279 4435683 4712678 4757213 4764 T 478068

CLC103 Equivalent Circurt Dhagram
{alt undesignated pins are internaily ynconnected)

Package Dimensions
- -

: | ' T‘L ¢

Comimnear Corporation ® 4800 Wheaton Drive. Fort Colling, CO 80525 ¢ (303) 226-0500 TLX 45-088) @ FAX (303) 226-0564

DSIN3

23
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Conditons typ min and max ratings’
Ambient Temperature (AM)'_ | +25°C § 55 C | +25°C |+ 125°C o
Ambient Temperature (Al)' +25 C 25°C | 125°C | +B5'C
FREQUENCY DOMAIN RESPONSE
* 3dB bandwidth Vo © 4V 150 1125 -135 120 MKz SSBW
gain flatness Vou = 4V
peaking 01 10 S0MH2 01 - 06 .03 <03 dB GFPL
. peaking +S50MH2z 02 <15 <06 - 06 a8 GFPH
. rotiott a1 100MMH2 - <04 06 <08 [1: GFR
group delay o 75MHz 30:05| - - - ns GO
unear phase deviahion 1o 75MHz 1 <3 <2 v 4 ° LPD
reverse 1solation - non-inverting to 150MH2 55 45 45 -45 dB Ritd
TIME DOMAIN RESPONSE
nse and falt ime 5V step 23 .28 - 26 - 29 ns TRS
20V step 4 <5 <5 <8 ns TRL
seithing time 10 0 4% 10V step 10 <25 <20 25 ns TSP
overshoot 5V step 5 <18 <10 <10 % [0}
slew rate {overdriven input) 6 >5 =5 I} Vins SR
overioad recovery
< 50ns puise. 200% overdrive 30 — — ~ ns OR
DISTORTION AND NOISE RESPONSE
* 2nd harmonic distortion 2Vpp. 20MHZ - 48 <-40 | <-40 4§ «<-40 | d8c HO2
* 3rd harmonic distortion 2Vpe. 20MHZ 48 <-40 | <. 40 | <-40 ] dBc HO3
equivaient Input noIse
noise fioor “+100kHz - 158 < 152 < 15827 < 152f dBm{1MHz) | SNF
integrated noive 1kHz 10 100MH2 28 < < 56 <56 BV INV
M noise floor -SMHz - 158 < 152 «1-152 < 1521 dBmi{iHz) | SNF
. integrated noise SMHz to 100MHz 28 <56 < 56 <56 uv INV
STATIC. DC PERFORMANCE
« input offset voltage 10 <30 <25 <30 my vIO
. average emperatyre coethicient a5 <80 <80 <80 uvr°Cc ovio
*input bias current non-inverting 10 <40 < 30 < 40 A IBN
. average temperature coefficient 20 <125 <125 <125 nA/°C OIBN
*nput bias current inverting 20 <110 <60 <10 A 8t
. average temperature coethicient 250 <500 <500 < 500 nA/°C Digt
* power supply rejection ratio 54 >45 ~45 >45 d8 PSRR
common mode rejection ratio 38 >30 >30 >30 a8 CMRR
* supply current no load 30 <36 <34 <36 mA IcC
MISCELLANEOUS PERFORMANCE
aon-inverhing input resistance 250 >100 >100 >100 L3} RIN
capacitance 24 <3 <3 <3 pF CIN
output impedance at 0C — <01 <01 <01 n RO
at 100MHz 2,45 — - - 0N, nH 20
output voltage range no icad - >4 >t >t by VO

MTBF 15 1 76 milkan hours (AM version. GF o 707C case, per MiL-HDBK-217E)

Absolute Maximum Rat

supply voitage (V) +20V

Ovtput Voltage Limt output current + 200mA
20(*——"——\-———— thermal res:istance {0 see thermal model
¢ junction lemperature +175°C
operating temperature Al -25°C 1o +85°C
B roe 3 AM —55°C 10 +125°C
. ‘ } storage temperature 65°C 1o +150°C
3 e lead temperature {soldering 108)  +300°C
e S 4 *note t Parameters preceded by an * are the linai alectrical test parameters and are 100% tested
} nove 2 / AM ury are tested at - 55°C (power stabie), + 25°C (low-duty cycle pulsed tesung). and + 125°C
How duty Cycle pulsed testing) Al uruts are tested only at + 25°C atthough thew performance 18
k] Quarantesd at  25°C and + 85"C as indicated above
? note 2 This rating protects aganst damage (o the input stage causad by saturation of etther the
nput 0f oUtPUL stages Under transient COndiions not exceeding 1us (duty Cycle not excesding
L 10%) nput voltage may be as large as twice the masimum V.. should never exceed
° g 0 ® o SV (V m 18 the voitage at the non-inverting nput, pin 7§
Ver note 3 This rating protects against exceeding transistor coltecior-emitter breakdown ratings

Recommended Vee 18 ¢ 15V

Comirnnsr 908 ot 0 ¢ 1B CPINGE o Are WO RS
24
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Non-lnvetting Gain and Phase

aENEs=
aEEaa

==ua
SEhs

Aalative Gan 108/ o
Phase 45 deareon div

SINN T

TR SN
EERSUEC SN

anan SR

20MKy 1 av 200MH2

R.mm' Bandwigin

Prase 43 degreas’div

Relative Gan 198 diw

10MHzZ /v 100MRY

Smal Signst Pulse Response (Inv. Non-inv)

Eﬂﬁsﬂgllll
N“ﬂ-\
3&!&&!3%!!
mz:‘:;‘..ngmmn

gfr a2 wlin IR 16

3@2&5%32&&
i) |
Rhgee

" e e

"Nod

Snsodiv
2nd and Jrd Harmonic Distortion lnlercept

00 e

BT

s e
“ﬁﬁ#ﬂﬂl
‘mwncvmn

Equivatent Inpul Noise*®

48m)

intarceot Point g+

s 3 8 8

“Typical Performance Characlerisics (A, = +20, V.. = 15, A= W0) -

inverting Gain snd Phase

REEENERERN
s T
(! umEn SRS
e kgﬂ'
3 SE\
3 SN
H TN

.ll-l.lh

200 div 200MH

Relative Bandwidth vs. Ve

WIIﬂIﬂIIIF'
e
IIIAdIIIII

Large Signat Pulu Rosponu {lnv, Non-inv)

auns

= .!!!F"
ll&llllmll
sﬂﬁﬂﬂlllull

ﬁﬁmsulngul
[ 1
RRCCEARERR

Snardiv
2-Tone 3rd Order Intermod. inteccapt

mllﬂﬁll‘.ﬂﬂ
ggwﬁﬂ.lﬁﬁ

Setting Parcenlage

3

!umn&s
3R 5

]

A ,

ME&&ENEE
] -]

REESDNEE 2

10 20 30 40 SC 60 IC A2 90 100
Fraquency IMHE

°

t . . . .

Broadband Inverling and Non-inverting Gain

NN oS
msssaaasm 2 |

100MMZ /drv 1GHz
G-ua vs. Frequency for Various Loads

HRENREEEER
IEIPEEEHII
sRnn N

BEERERLANS
NN
lllllliﬁl\

20MH2/div 200MHz

Settling Time

LlEESEEwRmE
INENEENERE
mrﬂxuﬂggwug

Time

CMRR and PSRAR

m%ﬁwﬁﬁﬁ

, W muura* ».\'\
R." Mh_ ,;.,..‘

ALY 100 100 10"
fraquency (M1

107 104

RYESTITR

te € 1he poms: o the
CAna v Ty e

ot ommenmdy
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tigure 1. recommended non-inverting gan circun

e .
- B e
. - e
- n Wl i
* ?
e et R
.ty o T Lo M0 e Sg S WA
< v

figure 2: recommended inverting gain circur
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CLC103 Opevation

The CLC103 s based on Comlinear s propnetary op amp topoiogy a
umque design which utes current teedback mstead of the usual
vaoltage teedback This design prowides dynamic pertormance far
beyond that previously avadable yetitis used basicaity the same as the
famiiar voltage-leedback op amp (see the gan equatons above) A
compiete aisCus$Ion of current teeaback 1S given .n apphcation note
AN300- 1

Layout Considerations

To obtain optimum perlormance trom acy c/Cut sperating at hgh
frequencres. good PC layout s essential Fortunateiy the stabla. weil-
behaved response ot the CLC 103 makes vpe:ation at hign trequencies
less sensitive 10 layout than 1s the case with dther wideband Op amps,
even though the CLC103 has a much wider bandwidrn

in general. a good layout 15 on@ which minimizes the unwanted
coupling of a 3ignal between nodes in a circut A continuous ground
plane trom the s1gnal INpyt 1o dulpul on Ihe Circuit side of the board '
heiptul Traces shouid be kept short 10 mirimize nductance it long
traces are needed, use MICTOSIND transmission lines which are term-
nated tn their characlenishc 1mpedance Al some hgh-impedance
nodes. Ot in sensitive areas such as near pin S of the CLC10J, stray
capacitance should be kept smail by keeping nodes small and remov-
ing ground plane Girectly around the node

The t V¢ connections to the CLC 103 are internally bypassed 1o ground
with 0 uF capaciors 10 prov:de godd figh- lrequency decouphng it .g
recommaended that 1,F or larger be p ded 101
tow -trequency decoupiing The DO1uF capac'(ovs shown at pins 18
and 20 in igures 1 and 2 shouid be kept within 0 17 of those pins A
wide sinp ol ground plane shouid be provided tor a signai return path
between the 1080-r65:3101 ground and Lhese capaciors

Since fe layout of the PC board forms such an important part of the
circut, much ime can be saved 1t protolype amplhifier boards are tested
early 1n the design stage Encased/connectorized amphifiers are
avallabie trom Comhnear

Setiling Time, Ottest, and Dntt

After an output transition has oCcutred. the oulput settles very rapisly
to the hinal value and no change occurs tor several microseconds
Therealter. thermal gradients inside the CLC 103 wilt cause the output
10 bagin to drift. When this Cannot be tolerated. Or when the initial ottset
voitags and drift 13 unacceptable. the use of a composite ampliier s
advised

A composite ampliier can 810 be reterred 10 as a feed-forward
ampiher Most feed-forward techniques such as Ihose ysad in the vast
majordy of wideband op amps. INvoive the use of a wideband AC-
coupled channel in paraliel with 3 law.bandwioth. hgh-gain DC-

eoupled ol For the ¢ SUGQH for use with
the CLC103 the CLC103 replaces he moeband AC -coupied amphtier
and a low cost monohth:c 0P amp 3 used 10 Supply Migh open-1o0p
gain al iow traquencies Since the CLC103 1s strctly DC coupled
HDughout CToSsOver distorhion of less thar C01d8 and 1" results
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tigure 1 non-nverting gain compoerte amp
10 be used with hgure Y crrcun
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For composite operalion «n the non-nverting mode, the cucut in hg-
ure t should be modilied by the addiion of the circul shown in figure 3
For inverting operation. modily the circuit in hgure 2 by the addition of
the circuit in igure 4 Keep ali resistors which connect 1o the CLC 103
within 0 27 ot the CLC103 pins The other side of these resislors shouid
likew'se be as c10se to U1 as possible For good overall results. U1
should be s«miar 10 the LF 356 1s gives 5./ “C input ottset dnift and
the Crossover lrequency occurs at about 2MHz Since UY has 3
feedback network composed of R, + R, and a 15k!) resistor, which is
in parallel with Ry and the internal 1 Skil teadback resistor of the
CLC103, Ry, musl ba adjusted to match the leedback ratos of the two
networks This s done by driving the composite amphitier with a 7OkHI
3quare wave large enough to produce a transition trom < 5V 1o 5V
at the CLC103 outpul and adjusting Ry, until the output of U1 1s at a
minimum R, shoutd be about 9 SR, for best results. thus. R, should be
adjusted around the value of 0 5Rg

Bias Control

In normal operation. the bias control pin {pin 16) 18 left unconnected
However, it control over iha bias of the ampiilier 1 desired. the bias
cantrol pin may be driven with a TTL signal. a TTL high level will turn
the ampl:her o!t

Distortion and Noise

The graphs of intercept point versus irequency on the preceding page
make it sasy to predict the dislortion at any irequency, given the
output voltage of the CLC103 FirstL convert the output volage Vo to
Vems = {Vpp/ 2y 2) and then 10 P = {1010g15(20V.me?)) 10 get the output
power it dBm At the frequency of interest its 2nd harmonic will
b€ S; = |}, - P)AB below the level of P ks third harmomc wili be
Sy = 2()3- P)AB below the jevet of P as wili the two-tone third order
intermoduiation products These approximations are useful tor P< - 108
COMPression levels
Approximate noise igure can be determinad for the CLC103 using the
Equivalent Input Noise graph on the preceding oage The following
equation can be used to determing norse hgure (F} in dB
1? Ry?
QA ,;
F=10logf1+ ——

uTR at

ve?

where v 18 the rms noise vollage and 1, 18 the rms noise current

Beyond the braakpain! of the curves (1 ¢, where they are fla) broadband

noise hgure equals 3pot noise, 30 Af should equal one (1) and v, and

1 shouls be read direcily off the graph Below the breakpoint, the noise
“ must be integrated and Al set to the appropriate bancwidth

A Notes and

Apphcation notes that address 10pICS SUCh B3 data Convers:on. tiber
oplics. and general high-frequency circut design are avaitable from
C or your Co ar 58189 BNy

Comiinear mantains a staft of highly-quahtied apphications enginee's
10 prowide techmcal and design assistance

To pin?
To pini9 of CLOIOY
ot CLTI0%
R 310K 415K |[{Rg+Rp)
“Vee
To v . ey
n Rp TROSSOVER %
ADJUST

figure 4. nverting gain composite amplitier
o be usad with figure 2 circult
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R1 - 39 ohm

R2 - 25 ohm

R3, R4 - 27 ohm
RS, R6 - 270 ohm
R7, R8 - 150 kiiohm
R9 - 5 kilohm pot
R10 - 50 kilohm
R11 - 180 ohm
R12, R13 - 22 ohm
R14 - 50 ohm

R15 - 316 ohm
R16 - 230 ohm

C1, C3, C5, C7 - 1 uF
C2, C4, C6, C8 - 0.01 uF

D1, D2 - 1N4148
RELAY 1, RELAY 2 - Teledyne 412

Ut - CLc103Al

Parts List for Op-amp Combiner
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MISSION
of

Rome Awr Development Center

RADC plans and executes research, development, test and
selected acquisition programs in support of Command, Control,
Communications and Intelligence (C*I) actiuities. Technical and
engineering support within areas of competence is provided to
ESD Program Offices (POs) and other ESD elements to
perform effective acquisition of C*I systems. The areas of
technical competence include communications, command and
control, battle management information processing, surveillance
sensors, tntelligence data collection and handling, solid state
sciences, electromagnetics, and propagation, and electronic
reliability/maintainability and compatibility.




