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PUBLISHING OR PRESENTING A PAPER
OUTSIDE OF TEK?

All papers and articles to be published or presented outside Tektronix must pass
through Technical Communications Services (TCS) for confidentiality review.
TCS helps Tektronix employees write, edit and present technical papers.
Further, the department interfaces with Patents and Licensing to make sure that
patent and copyright protection has been undertaken for all patentable and
copyrightable material discussed in the paper or article.

For more information and for assistance in producing your paper, contact
Eleanor McElwee, ext. 8924 (Merlo Road). [
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Why TR?

Technology Report serves two
purposes. Long-range, it promotes the
flow of technical information among
the diverse segments of the Tektronix
engineering and scientific community.
Short-range, it publicizes current
events (new services available and
notice of achievements by members of
the technical community).

Contributing to TR

Do you have an article or paper to
contribute or an announcement to
make? Contact the editors on ext.
MR-8934 or write to d.s. 53-077.

How long does it take to see an article
appear in print? That is a function of
many things (the completeness of the
input, the review cycle and the
timeliness of the content). But the
minimum is six weeks for simple
announcements and as much as 14
weeks for major technical articles.

The most important step for the
contributor is to put the message on
paper so that the editor will have
something with which to work. Don’t
worry about organization, spelling,
and grammar. The editors will take
care of those when they put the article
into shape for you. [
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COMPUTER-AIDED THERMAL ANALYSIS

© OF A COPPER CLAD EPOXY GLASS BOARD

in Engineering Services.

Gordon Ellison is a specialist in the thermal characteristics of electronic devices and systems. He joined Tektronix
in 1976 from the National Cash Register Company. He holds a B.A. in physics from the University of California,
Los Angeles, and a M.A. in physics from the University of Southern California, Los Angeles. Gordon is available
to aid you in thermal analysis, call him at extension 7887 (Beaverton). He is part of the Thermal Analysis Group

Computer analysis methods can be successfully applied to
most thermal systems such as silicon transistor chips, chip
packages, heat sinks, and complete electronic enclosures.
Most practical applications of thermal analysis involve
three modes of heat transfer: conduction, radiation, and
convection. Convection may also require the thermal
analyst to consider air flow characteristics.

The accuracy of a computer-aided study depends on the
complexity of the thermal system and the judgement of the
thermal analyst. Very complex systems usually require the
thermal analyst to make many simplifying assumptions to
translate the physical system into a mathematical model
that the thermal analyst can set up and solve economically
and on schedule. The complexity of the math model is
usually limited by the accuracy of the data that char-
acterizes phenomena such as convective heat transfer and
resistance to air flow.

A SYSTEM IS ANALYZED

The following application problem illustrates two very
different methods of thermal analysis. Furthermore, in
this application, conduction, radiation, and convection
(the three dominant modes of heat transfer) play signi-
ficant roles.

10z Cu
0.062
EPOXY-GLASS
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t 6.0in
N

Figure 1. Double clad epoxy-glass circuit board with three
TO-220 transistor packages.

Let us consider the case of a 0.062-inch thick epoxy-glass
card having a one-ounce (0.0014 inch) copper cladding on
both surfaces. The board is oriented vertically with three
TO-220 transistors attached (figure 1). The total power
dissipation on this 3-inch by 6-inch card is 10 watts.
Although this thermal system appears rather simple, an
accurate analysis must include the effects of the dominant
heat transfer mechanisms. In this case, omission of the
thermal spreading resistance (the localized conductive hot
spots in the immediate vicinity of the transistors) or free
convection and radiation from the surface will lead to very
significant errors. Most of the computational complexity
in this case is due to the poor heat conduction of epoxy-
glass and very thin copper layers. Large temperature
gradients can be expected and must be provided for in the
thermal modeling.

The least accurate of the input parameters required in this
type of analysis is the unit surface conductance, or heat-
transfer coefficient, h. The following discussion outlines a
reasonable method of computing h from the sum of free
convection and radiation heat fluxes (watts per square
inch):

(Q/A)COI‘W
and (Q/A)..q

0.0022 {(T, — T,) / H} /4

3.657 x 10~ x e x {(T, + 273)* —
(Ta + 273)%,

T, and T, are the average surface and ambient tempera-
tures, respectively, in °C. e is the gray-body surface
emissivity for radiation and H is the plate height in inches.
The numerical procedure, outlined here, consists of cal-
culating and plotting the total (Q/A) = (Q/A.ony +
(Q/A),,q for several temperature rises, T; — T,. The total
heat transfer coefficient for one side may be computed for
every point on a Q/A vs T, - T, graph from h = (Q/A) /
(Ty—T,). The resultant h for the epoxy-glass card is plot-
ted in figure 2. At Q = 10 watts, h = 0.00648 and 0.00737
watts/in2. °C for ¢ = 0.25 and 0.9, respectively. The
smaller and larger values for e are for oxidized copper and
copper painted flat black, respectively.

Two different digital-computer programs are used to
compute a temperature profile for the card. The actual
temperatures are determined experimentally to provide an
indication of the accuracy of the computer modeling.
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Figure 2. Average heat transfer coefficient vs. total power
dissipation. Includes natural convection and radiation.

The equation for this type of problem is:

2T
372

2T
dy?

3T

= = —Qv/k

for a source density Qv (watts/unit volume) and a thermal
conductivity k.

The two computer programs use different approaches to
solve this equation consistent with boundary conditions:

aT 3 e R S edges.

ax ay 9z

koT
0z

= + h(Ty — T,) at the surface.
s A

The positive sign corresponds to the z=0 surface; the
negative sign corresponds to the opposing surface.

One of my programs, TAMS (Thermal Analyzer for Multi-
layer Structures) uses a Fourier-series solution of the form:

Txy,2) = E E Apmn (Z)cos@cos :y

=0=m =

where the Fourier coefficients are determined according to
the boundary conditions at the exterior surfaces and
consistent with the intermediate boundary conditions re-
quiring continuity of heat flux and temperature at the
various material interfaces. Most of the input to this
program is shown in figure 3: card dimensions A, B;
copper layer thicknesses and conductivities tl, t4, k1, k4;
epoxy-glass thickness t2 and t3 and conductivity k2, k3;
heat source locations and dimensions (xi, yi, /\xi, Ayi, i = 1
— 3); and heat transfer coefficients for each of the two
exterior surfaces.

The second program used, NETFA (Network Thermal and
Flow Analyzer) is a general-purpose thermal-network
analyzer for solving most thermal problems that can be

Kooty
Korto
K ts
Kooty

Figure 3. TAMS (Thermal Analyzer for Multi-layer
Structures) model of circuit card.

described as a network of thermal conductances. The
program is based on an energy balance at each and every
node. Figure 4 illustrates the thermal network model for
this problem. Note the typical circuit elements that inter-
connect the various nodes. Most of the NETFA input
consists of the interconnected nodes and the numerical
values of these elements.
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Figure 4. 540 node thermal network model.
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Figure 5. Experimental and theoretical temperature
profiles on copper clad, epoxy-glass card. Emissivity =
0.25 (oxidized copper).

The temperature at the ith node is calculated iteratively
using

N
Y cinTo+Q0

Toi)h = ——1tl

N
E C (0.j)
j#i

where Q(i) is the heat dissipation at node i if a source exists
there; C (i,j) are the interconnecting conductances.

C = hA

S

Ci= kAL : Conduction

: Convection/radiation

A is the node surface area; A, L, and k are the cross-
sectional area, path length, and thermal conductivity,
respectively, for a conduction element. The iterative
method is particularly useful when the conductances are
temperature-dependent.

RESULTS

The results from the TAMS and NETFA computations are
plotted in figure 5 for the case e = 0.25 and in figure 6 for e
= 0.9. Experimental measurements of temperature using
iron-constantan thermocouples indicate good agreement
with the computed data; both the theoretical and experi-
mental profiles follow a value of y = constant that runs
approximately through the center of the transistors.
Neither TAMS nor NETFA produces the continuous
curves shown; these programs compute temperatures at
discrete locations, which are node centers with the NETFA
program and at user-selected spots with TAMS.

Figure 6. Experimental and theoretical profiles on copper
clad, epoxy-glass card. Emissivity = 0.9 (painted black).

The computing times were 2.2 and 29.5 central-processor
seconds on the CYBER 175 for TAMS and NETFA,
respectively. The data preparation time is usually much
less for TAMS than for NETFA. Because TAMS requires
less computing time, it is the preferred computational tool
for thermal systems represented by three-dimensionaly
rectangular solid configurations such as small IC chips or
very large extruded aluminum heat sinks. NETFA on the
other hand, finds many applications in complex, free-
convection cooled enclosures as well as other complex
geometries. With either program, the input coding time is
usually much less than the time required by empirical
studies. Furthermore, once a theoretical model is estab-
lished, simulating physical changes is quite easy.

ACKNOWLEDGEMENTS

I am indebted to Larry Haroun for assembling the test
apparatus and measuring the temperature profiles. Imants
Golts of the Scientific Computing Center suggested that
this article should be written; his comments were of
considerable value.

FOR MORE INFORMATION

User’s manuals for NETFA are available from me or from
the Scientific Computer Center. (My extension is 7887
(Beaverton); the SCC can be reached at 6870 (Beaverton).)
The TAMS user manual is in preparation; meanwhile, you
can request a rough edition from me. Information on other
thermal programs is available by typing HELP,
THERMAL on your Cyber terminal.[]
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PATENT RECEIVED, No. 4,171,515

MIXER TERMINATION FOR FLAT
FREQUENCY RESPONSES

Gordon Long,
Frequency Domain
Instrumentation, ext.
7193 (Beaverton).

A mixer translates an input radio
frequency (RF) signal to an output
intermediate frequency (IF) signal
which is the difference signal that
results when the RF is mixed with a
local oscillator (LO) signal in the
mixer circuit. When the input is a low-
frequency band of signals, the desired
conversion is Fir = Fro — Fre. A filter is
used in the input RF path to pass
desired signals and suppress signals
that produce undesired signals of the
same frequency that will be passed by
the IF circuitry. These undesired
signals are caused by the harmonic
conversion and  upper-sideband
conversion of practical mixers. An IF
band-pass filter is also used because a
second mixer translates from one IF to
a second IF.

The RF and IF filters reflect out-of-
band signal energy. When these filters
are connected to the mixer signal
ports, several dB of deviation from an
ideal (flat) conversion response is
caused by reflection and remixing of
out-of-band signals.

Previous solutions to this flatness
problem involved insertion of a
resistive attenuator in either or both
paths where reflections occur (see
figure 1). This solution works because
desired signals are attenuated only
once but reflections are attenuated
twice. This solution is a compromise,
trading signal loss for conversion
flatness. Typically the tradeoff is 3to 5
dB of loss for 1 dB of overall flatness.

HOW THE INVENTION WORKS

Figure 2 shows a double balanced
mixer having three ports with input
and output filters at the mixer ports.
The invention substitutes a frequency

RESISTIVE
ATTENUATOR
LOW-PASS BAND-PASS >
®— FILTER FILTER i
gt OUTPUT
DOUBLE-BALANCED
MIXER
LOCAL
OSCILLATOR

Figure 1. A typical double-balanced mixer before this invention. Resistance in
the signal path reduced sensitivity between 3 to 5 dB.

L1
LOWPASS I~~~
RF INPUT FILTER

DOUBLE-BALANCED

MIXER
BAND-PASS
ELTER
IF
HIGH-PASS I OUTPUT
R1 FILTER o
LOCAL
OSCILLATOR

Figure 2. A block diagram of a double-balanced mixer using the present

invention.

diplexer for the usual low-pass filter.
(A frequency diplexer has three or
more ports and splits the signal energy
at one port into two or more
frequency-dependent paths.)

In this invention the common port of
the input filter is connected to the
mixer. Now the low-pass portion of
the diplexer becomes the RF input
filter and retains the same pass-band
and stop-band characteristics of the
earlier mixer’s two-port low-pass
filter. With the common port of the
diplexer connected to the mixer, the
high-pass portion is available to
terminate the appropriate range of
mixer-generated out-of-band signals,
thereby suppressing these reflections
and thus improving conversion
flatness. Sensitivity is also improved
because it eliminates the signal path
attenuation of the earlier technique.

For the illustrated low-pass high-pass
diplexer where the common junction is
a parallel connection, L1 and CI

represent the last element in the
adjacent filter. For example, the low-
pass component L1 causes high-
impedance out-of-band filter
behavior. R1 is the termination
resistance for the high-pass filter
channel.

Using a double-balanced mixer, out-
of-band reflections can be suppressed
in either or both output ports of the
mixer. (An IF band-pass diplexer
would consist of an appropriately
designed band-stop and band-pass
filter combination.) Also the range of
out-of-band signals generated by the
mixer extends upward from 2 x Fig,

The invention can also be used with a
single-balanced mixer. However, this
application would require a more
complex group of filters because there
is just one signal port for the mixer. An
IF diplexer in this case is “a must” and
the input high-pass filter must
terminate all signals higher than the

intermediate frequency.
Continued on page 7
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ADDITIONS TO
THE COMMITTEE
PARTICIPATION LIST

Al Zimmerman, Digital Products
Coordination, started the ball rolling
when he suggested that Technology
Report publish his short list of
industry-wide committees and their
Tektronix members. TR did, in the
March issue. As a result, TR has
received reader inputs listing
additional committees and their
Tektronix members.

We are publishing an updated list here
for those who could benefit from the
work of these committees, or who
could add to the list, or who would
want to be involved in or know about
the work of these committees.

If you can contribute more names of
committees and their Tek members,
send your inputs to Art Andersen, d.s.
53-077. Please supply the organization
name, the committee name, its
function, its Tektronix representa-
tives, and their positions. Technology
Report will publish an updated list. (1

Continued from page 6

In both single- and double-balanced
mixers the upper limit for proper
termination depends upon the
frequency range of the third harmonic
of the local-oscillator signal.

This mixer termination system can
improve the performance of the first
mixer of production spectrum
analyzers such as the 7L5, 7L12, and
TIE13;

ABOUT THE INVENTOR

Gordon Long started at Tektronix in
1960 after graduating from Caltech.
Initially he worked in sampling scopes,
but switched from time to frequency
domain when we entered the spectrum
analyzer field. The 491, 712, 514, and
the newly announced 492 are analyzers
that he has contributioned to. For
further information call Gordon at
ext. 7193 (Beaverton). [J

A PARTIAL LIST OF COMMITTEES
WITH TEKTRONIX MEMBERS

ANSI Y14.5 Dimensioning and Tolerancing of Engineering Drawings
e Chuck Sullivan, ext. 241 (Town Center)
ANSI X3J2 ANSI Standard Committee for the BASIC Programming
Language
e Dan Taylor, ext. 3621 (Wilsonville)

ANSI X3H3 Graphic Standards
e Dave Straayer, ext. 3544 (Wilsonville)
e Ken Willett, ext. 3419 (Wilsonville)

ASTM E43.20 Committee on Metric Practice
e Chuck Sullivan, ext. 241 (Town Center)

EIA JT-20 Committee on Electric Optic Devices
e Peter Keller, ext. 6344 (Beaverton)

EIA JT-31 Committee on Optical Characteristics of Display Devices
e Ron Robinder, ext. 6643 (Beaverton)

IEC SC66B/WG4 Expression of the Properties of Logic Analyzers
e Murlan Kaufman, ext. 1761 (Beaverton)
IEC SC66B/WG3 Expression of the Properties of Spectrum
Analyzers
° Morris Engelson, ext. 5946 (Beaverton)

IEC SG65/WG6 Subcommittee on Physical Data Transmission
e Maris Graube, ext. 6234 (Beaverton)

IEEE Pascal Standards Committee
e Bill Price, ext. 5847 (Beaverton)

IEEE Computer Society Committee for Local Network Standards
e Maris Graube, ext. 6234 (Beaverton)

IEEE Computer Society Test Technology Committee
e Harley Perkins, ext. 6186 (Beaverton)
e Steve Pataki, Subcommittee on Digital Test, ext. 6073
(Beaverton)
IEEE Instrument Society, GPIB Committee
e Maris Graube, ext. 6234 (Beaverton)

IEEE Technical Committee on Automatic Instrumentation
e Robert Chew, ext. 5626 (Beaverton)

Instrument Society of America, GPIB Committee
e Maris Graube, ext. 6234 (Beaverton)

International Purdue Workshop
e Maris Graube, ext. 6234 (Beaverton)

ISO TC97/SC5/Working Group 4-Pascal
e Bill Price, ext. 5847 (Beaverton)

Joint X3J9-IEEE Pascal Standards Committee (JPC)
e Bill Price, ext. 5847 (Beaverton)

X3J9 American National Standards Committee — Pascal
e Bill Price, ext. 5847 (Beaverton)



















