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1.0 EXECUTIVE SUMMARY .

- The objective of the Reliability Derating Procedures program was to
develop the framework leading to the creation of a military standard for
the derating of electronic and electromechanical devices for Air Force
application. Primary areas of investigation were: 1) relationship of case
temperatures to junction temperatures, 2) methods of verifying that derat-
ing has been accomplished, 3) relationship of reliability to cost, 4) de-
rating standards for complex devices, 5) creation and verification of ther-

mal models, and 6) temperature derating verification techniques through
data collection and testing.

A A LW T YT Y T L
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The specific devices identified for investigation under this program
were hybrids, complex integrated circuits, memory devices, microwave devices,
and gurface acoustic wave (SAW) devices. The overall approach divided the
program into five specific tasks: 1) a literature search and survey data,

2) parts derating standards and application guidelines, 3) case temperature
derating and measurement, 4) reliability versus cost, and 5) development of
a military standard frame vork.

The literature search and survey data task, while being highly suc-
cessful in obtaining industry response, did not produce e meaningful quan-
tity of data. Task ! results did highlight industry's need and desire for
consistent and standard guidance for new or advanced technology deratiag
and junction temperatures.
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The parts derating standards and application guidelines task was plan-
ned to use survey guidance from task !. As task 1l progressed, it was evi-
dent that aa alternative approach was needed, due to the lack of firm data.
The approach established was to investigate MIL-RDBK-217D data and algor-
ithms to determine what factors might be considered for derating, task 2.

¢ 38 34N

.
E

Each MIL-HDBK-217D factor, such as environment, package size, complex-
ity, temperature, voltage, etc., vas investigated in detail to determine
its impact on the subject device. The output of the investigation resulted
in specific derating criteria for each of the devices. The derating cri-
teria specified the parameters to de derated and the smount of derating in
relation to the three-level derating philosophy. The balance of the task
vas identification and guidance in relation to the failure modes and mech-
anisms. The approach for this later portion was to first identify the
failure mode origins, then group the modes, and finally to identify the
point of eolimination or control of specific failure wodes.

The case temperature derating and measurement task 3 was to develop
and verify models for junction teamperature dersting to case tewmperature de-
rating. This task was also to provide a cost-effective technique for act-

| PO APLLAA. S RAIARSE SN0 S LS

uval measurement of selected integrated circuit and semiconductor case temp= -
eratures telated to the junction Lemperatures. The task was sccoeplished oy
vith the creation of two specific types of wmcdels. The first model was an i
internal one predominately used for ncw devices ro approximate the thersmal -
impedance from the ¢hip junction to the case bottom (8jc). The second &
wodel was an external one for specific package types (axial studs, ceramic 'y
chip carriers, cerdip, flatpack, hybrid, and side-brazed). Each of the %
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specific package types identified a temperature measurement point on the
specific package. In conjunction with curves derived from model runs, the
actual junction temperature of the chip were estimated. Two of the six
package models have been verified for accuracy, through actual test meas-
urement data (with side-brazed and ceramic chip carriers). These models
were determined to be within 4 degrees centigrade (°C) of the measured
value.

Each package model required measurement of the board temperature and
junction temperature in order to determine the temperature value at the
specified device measurem2nt point. Two additional variables, ambient air
and radiation sink temperatures, were considered by providing tolerance
bands on each curve. The final portion of the task identified measurement
equipment available, with it's respective advantages, disadvantages, and
accuracies to determine which characteristics could be used to make the
temperature measurements in a system. It needs to be highlighted, to pre-
vent misapplication of the models, that the external models presented are
not universally applicable to all package sizes, mountings, chip sizes,
etc.

The reliability versus cost task (4) addressed the components which
drive the cost of reliability. The primary drivers addressed are the comn-
tract requirements, fuading level, temperature requirements, quality level,
and device cost,

The final task (5) was to develop a military standard framework which
would be used for the creation of the standard for the derating of elec-
tronics and electromechanical devices for Air Force application.

n
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2.0 DEVICE DERATING GUIDELINES
2.1 Derating Definitions

2.1.1 Derating Levels

The range of derating is generally defined as a point between the min-
imum derating point and the point of over-derating. The optimum derating,
therefore, should occur at or below the point of stress (i.e., voltage,
temperature) where a rapid increase in failure rate occurs for a small

increase in stress. Three derating levels are selected on the basis of the
criticality of the application.

Derating Level I (Maximum Derating)

This level pertains to equipment failure that would substantially
jeopardize the life of personnel, or seriously jeopardize the operational

oy mission. Repairs are considered unfeasible or economically unjustified at
A this level.

Level I deratin:. is also considered to be those stress levels below
which further relia.:{..+ derating gain is negligible, or where further
derating will create difficult design problems. This derating is intended

o for the most critical applications, or where the associated design diffi-
. culty can be justified by the reliability requirement.

Derating Level II

This derating level refers to failure that would degrade the
operational mission or would result in unjustifiable repair costs. Level
I1 derating is considered to be still in the range where reliability gains
are rapid as stress is decreased. However, achieving designs with these

reductions in allowed stress is significantly more difficult than at Level
III.

Derating Level III

This derating level pertains to equipment that is considered less
critical than Level I or II equipment. Level III failure does not
jeopardize the operational mission, or can be quickly and economically

repaired.
o Level III derating is also that stress level reduction which creates
> minor design difficulties, while generating the largest environmental
" reliability gain. This gain is realized because the effect of stress

increases dramatically as the absolute maximum rating is approached.

2.1.2 Part Quality Levels

Derating canno: be used to compensate for using parts of a lower
quality than necessary to meet usage relisbility requirements. The quality
level of a part has a direct effect on the predicted failure rate.
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Electrical testing of all parts in a lot is not guaranteed for commercial
or JAN level military parts. For high reliability applicaticns, only fully
tested and screened parts (including bura-in) should be used, in addition
to applying the appropriate derating levels. Section 6.0, Table 39, shows
the part quality levels and the screening requirements as specified in
MIL-HDBK-217D.

2.1.3 Environments
Equipment environmeats are commonly associsted with derating critical-

ity levels. The various operational environments, as defined in MIL-HDBK-
217D, can be assigned to these levels, as shown below.

Eovironment Tevel
Ground 111
Flight 11
Space 1

These environmental conditions are broad categoriec to give some guid-
ance in selecting the proper part derating requirema2nts. Ta the ground
environment, equipment required to be mobile or mission critical in most
cases should be rated in accordance with level II, Flight or airboine
equipment that may be crew-hazardous should be derated to level I.

The equipment environments versus derating levels in the table are
guidelines only; operationsl environment, program goals, operational objec-
tives, and life cycle cost may wodify or dictate the derating level selec-
tion,

2.2 Hybrid Devices

Hybrid devices are composed of elements such as integrated circuits,
transistors, capacitors, and/or resistor chips mounted on a common sub-
strate. This technology combines elements into a high density package to
decrease volume and sometimes power. The hybrid may use thick film or thin
films as interconnections and resistive elements. The primary faiiure
modes are failures of active componeats, integrated circuits or transistor
chips, and intercoanection faults.

Application

In hybrids, a deviation frem the nominal supply voltage will shift
internal bias points. This deviation, coupled with therwal effects, can
result in the device performing erratically. Some hybrid circuits are also
susceptible to electrostatic discharge. Since hybrids are affected by
these parameters, design precautions to control supply voltage and
electrostatic discharge handling precautions, such as grounding, should be
taken. However, the primary driver for derating is the junction
temperature.
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Derating

These derating criteria for hybrids are summarized in Table 1. Individ-
u¢l elements or devices contained in the hybrid package should be derated
individually, in accordance with the guidelines of AFSC Pamphlet 800-27.

TABLE 1. DERATING FOR HYBRID DEVICES

Level Level Level
I II II1
Maximum Junction 85 100 110
Temperature (°C)
Thick Film Power <50 <50 <50
Density watCS/inz watts/inz watts/inz
Thin Film Power <40 <40 <40
Density watts/in2 watts/in2 watts/in2
Note: For every degree C above 100°C cas~ temperature,
derate the power density 1 watt per square inch
beiow the values shown.

0 2.3 Compiex Integrated Circuits

Tne complex integrated circuits defined for derating guidelines in-
clude four spacific groups: 1) larpe-scale integration {LSI) and cuscom

LSI, 2) very high speed integrated circuite (VHSIC), 3) very large scale
integrated circuits (VL31), and 4) microprocessors.

Among the different technulogies used for fabricating the complex
arrays are: 1) bipalar, 2) p-channel metal «ide semiconductor (MOS), and
3) complementary metal oxide semiconductor (QMNS). The bipolar and p-chan-
nel MOS techniques require load rosistors and br the nature of their design
have higher static power digsipation than QNOS. The CMOS techaology uses
both p- and n-type transistors in series. The signal t%au turus the n-type
transistor on, turas the p-type tramsiitor off, and vice verra. There is
never a path to ground for the curremt, ex..pt through an external load.
This lack of a path resuits ir a saving of operation power, and in turn
reduces overall device tempecature. Howeve , as CMOS is operated at higher
frequencies, power dissipation increases significantly resulting in the
same ¢ffect as p-channel and bipolar.

Anglicetigg

MOS/CMOS devices tend to be highly sensitive to damage due to electro-
' static discharge. This discharge is due to 2xcessive noite on signal
Lo lines. The periormance of bipolar devices is affected by supply voltage
. deviations from the specified nominal, due to shifting bias points when
coupled with thermal effects. Increased Lipolar action in CMOS davices in
pactticular can lead to latch-up. Design precautions need to be taken to
ensure maximum operability of these complex devices by minimizing or
eliminating noise on signal lines and control of supply voltage deviations.
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Derating

These derating criteria for complex integrated circuits, LSI, VHSIC,
VLSI, and microprocessors, are summarized in Table 2.

TABLE 2. DERATING CRITERIA FOR COMPLEX INTEGRATED
CIRCUITS (LSI, VHSIC, LSI, MICROPROCESSORS)

Level Level Level
I I IT1
Maximum Junction 85 100 125
Temperature (°C)
Supply Voltage 0.75% 0.80 0.85
(of Rated Value)
Output Current 0.70 0.75 0.80
(of Rated Value)
Fan Out (Digital)
(of Maximum
Specified)
Bipolar 0.70 0.75 0.80
MOS 0.80 0.80 0.90
Operating Frequency
(Digital)
(of Maximum
Specified)
Bipolar 0.75 0.80 0.90
MOS 0.80 0.80 0.80
*Note: Designing balow 75 perceat of the supply voltage may
run the device below the recommended operating
voltage,

2.4 Memory Devices

The memory devices defined for derating guidelines include three spec-
ific technologies. They are 1) bipolar, 2) MOS, and 3) bubble. In the
bipolar and MOS technology, the memory group can be broken up into random
access memories (RAM) and read only memories (ROM).

The RAMs, in turn, can be categorized as static and dynamic. These
two RAMs differ in how they store data. Static RAMs are easier to use,
while dynamic RAMs are cheaper and use less power. However, dynamic RAMs
must be refreshed and recycled.

Although the bubble device and material technology is significantly
differeat from silicon devices, this technology is also based on a batch
manufacturing process. As a device, bubble memory is very well suited to
serial data storage. It is slower than silicon devices, but it is non-
volatile, and will allow data to be stored and retrieved efficiently.
Bubble memories are light, compact, and low-power devices.

Y
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Application

T 1 e

The performance of MOS devices is a function of the operating volt- :
ages, and their ability to handle high operating voltage decreases very ’
rapidly with reduced device sizes. Bipolar memory circuits do not suffer :
from this limitation. However, they are restricted, based on current drain i
and power dissipation limits. Bubble memory operation is dependent upon ’
the ability of the external support microelectronic devices to function d
properly within their specified limits. Design precautions should be taken :
to ensure that the proper tolerances are set for the particular device F
application in accordance with the device specificatious. !

i
Derating >
"

These derating criteria for memory devices (RAM and ROM) are specified ’
in Table 3. Table 4 represents the derating criteria selected for bubble i
memories. Bubble memory derating will also involve the use of the guide- J
lines specified within for the individual microelectronic devices. These K
devices make up the external support required for bubble memory operatiom. "

TABLE 3. DERATING CRITERIA FOR MEMORY DEVICES ;
(RAM AND ROM) b

Level Level Level K

I I [t .

Maximum Junction 85 100 125 N
Temperature (°C) °

o

Supply Voltage 0.75 0.890 0.85 ;.
(of Rated Value) -
Out put Current 0.70 0.75 0.80 °
(of Rated Value) .

3

n

c“

TABLE 4. DERATING CRITERIA FOR MEMORY DEVICES (BUBBLES) Iy
i

Lovel Level Level '.

1 11 1t K

Maximun Ambicnt 85 85 85 K
Opurating :
Temperature (°C) .
2.5 Microwave Devices N
~

L]

The microwave devices addressed in this section are 1) GaAs FET, 2) -
detectors and mixers, 3) varactor diodes, 4) step recovery diodes, 5) PIN u
diodes, 6) tunnel diodes, 7) IMPATT diodes, 8) Gunn diodes, and 9) transis- by
tors. -

\E The microwave devices are categorized, based on the amount of elec- s
ﬁi trical stress characteristic to a normal operating eavironment. There are -
& low and high electrical stressed devices, which are separated into four .
- groups for derating purposes. These groups are: o
c‘:‘ 7 ij
i b
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High electrical stressed devices:

Group 1 -~ GaAs FET
Group II - Transistors/IMPATT/Gunn Diodes

Low electrical stressed devices:

Group III - Varactor/Step Recovery/PIN/Tunnel
Group IV - Detectors/Mixers

- Silicon
- Germanium

The derating parameters selected for these devices are junction tempera-—
ture, voltage, and power. The selection was based on the predominant fail-
ure modes occurring in application. These modes are metal migration caused
by voltage and power stresses, junction shorts, and hermeticity problems,
all of which are predominately temperature-related failures.

2.5.1 GaAs FET Devices
Application

The field-effect transistor is a voltage-controlled device which has a
high input impedance and can perform the switching or amplification func-
tion. GaAs FETs are often used in amplifiers, but are also used in micro-

wave oscillators and mixers. GaAs FETs are subject to damage caused by
switching transieats and static discharge.

Derating

These derating criteria for GaAs FETs are listed in Table 5.

TABLE 5. GaAs FET DEVICE DERATING

Level Level Level

1 II III

Junction Temperature 95 105 125

(°c)

Power Dissipation 50 60 70
(percent)

Breakdown voltage 60 70 70
(percent)
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2.5.2 Transistors/IMPATT and Gunn Diodes

Application

Microwave transistors, IMPATT Diodes, and Gunn diodes are all classi-
fied as high electrically stressed devices. In fact, IMPATT diodes are
characterized by their ability to dissipate maximum power per unit volume,
while Gunn diodes and microwave transistors operate most efficiently at
power levels just below the maximum specified. Th: soltage applied to
these devices is a major concern for correct operation. Design precautions
need to be exercised to ensure that recommended specificaiton voltage
levels are not surpassed.

Derating
] These derating criteria for microwave transistors, IMPATT diodes, and
24l Gunn diodes are in Table 6.
' % TABLE 6. TRANSISTOR/IMPATT/GUNN DERATING
3
38 Level Level Level
fond 1 11 1891
Junction Temperature 95 105 125
(*c)
Power Dissipated 50 60 70
(percent)
Breakdown voltage 60 10 70
(percent)

2.5.3 Varactor/Step Recovery/PIN/Tunnel Diodes

Application

Varactor, step recovery, PIN, and tunnel diodes are described as being
low electrically atressed devices. They are low pover handling devices and
should not be subjected to unusually large power stresses. High junction
tempecature is a very destructive stress which should be limited.

Derating

These derating criteria for varactor, step recover, PIN, and tunnel
diodes are summarized in Table 7.

2.5.4 Silicon and Germanium Detectors and Mixers (Schottky)

Application

These minimally stressed devices typically operate at low power levels
and low noise figures. They are particularly sensitive to circuit tran-
sients and electrostatic discharges, which result in diode burcout. Pre-
cautions should be taken to safeguard against this.

9
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TABLE 7. VARACTOR/ STEP RECOVERY/PIN/
TUNNEL DERATING

(percent)

Level Level Level
I II II1
Junction Temperature 95 105 125
(*c)
Power Dissipation 50 60 70
(peccent)
Breakdown voltage 70 70 70

Derating

derating appears in Table 9.

TABLE 8. SILICON DETECTORS/MIXERS
(SCHOTTKY) DERATING

Silicon detectors and mixers aro widely used and are highly accepted.
However, germanium devices are not recommended for use.

These derating criteria for silicon detectors and mixers (Schottky)
are summarized in Table 8. Derating for germanium detectors and mixers has

been developed in spite of the negative recommendation. This group's

(percent)

Leval Level Level
[ 1t LI
Juuction Temperature 95 10% 125
{*c)
Power Dissipated S0 AQ 70
(percent)
Breakdown voliage 10 10 0

)
0
2

l'l

'}:i TABLE Y. GERMANIUM DETECTORS/MIXERS DERATING
{Q; Level Level Level
:_:.‘.. 1 1t 1t
e
i Junction Temperature % 90 105
e (*c)
t‘k\.‘"
Lie
,;453 Power Dissipated 50 60 70
:}?) (percent)
g
o Breakdown voltage 10 10 10
> . (peccent)
i0
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2.6 Surface Acoustic Wave (SAW) Devices

Surface acoustic wave (SAW) devices are currently being used as deiay
lines, oscillators, resonators, and filters. They are tailored to ihe
particular frequency and response desired for each application, with a
frequency range from 50 megahertz to about 2 gigahertz. Interest ‘n SAW
devices has evolved primarily because of two characteristics inherent to
the waves themselves. The first characteristic is the short wavelength and
related slow propagation velocity of the acoustic wave, as comparad to the
electromagnetic wave. This characteristic allows signal delay and iilter-
ing.

The second characteristic is the propagation of the acoustic waves
along the surface of the solid. This characteristic enables the energy
at a depth of one wavelength or less to be sensed and manipulated by the
SAW elements. A SAW device usually consists of the SAW element on its
piezoelectric substrate plus any auxiliary elements, such as an amplifier
or matching elements, and the packaging of the complete device. The most
commonly used substrate material is quartz due to its demonstrated tempera-
ture stability over a wide range. The input and output electronic inter-
face is achieved through interdigital transducers. Those transducers
create a strain on the substrate surface, with applied voltage causing the
generation of a physical wave.

Application

SAW devices are passive. They operate at a low power level and are
low heat generators. Since heat generation is minimal, the environment
determines the SAW operating temperature. The devices surrounding the SAW
device become a major concern when environmental temperatures rise. Pre-
cautions should be taken to ensure that the surrounding devices do not
create an unstable operating environment. The frequency stability demon-
strated by the SAW device is a design requirement which can cause part deg-
radation if it is not controlled. These devices have also exhibited sensi-
tivity to electrostatic discharge. Design attention is required to mini-
mize this stress.
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Derating

The derating level breakdown (I, II, and III) will not be applicable
to SAW devices, due to their passive operative nature. In most cases,
derating is inappropriate for SAW devices. However, input power and
opurating temperature are two parameters that require limiting. These
derating criteria for SAW devices are summarized in Table 10. ]
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TABLE 10. SAW DEVICE DERATING

3 o

Center Frequency (MHz)
> 500 < 500
Input Power (dB) 13 18
Temperature (°C) 125 125
(Operating Maximum)
i
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3.0 BASIS FOR DEVICE DERATING

3.1 Rationale of Device Derating

This section provides support and rationale for the derating criteria
specified for the particular device types under investigation. A litera-
ture search, along with a survey of the industry via letters and telephone
contacts (see Appendix 3), was implemented as a means of obtaining derating
criteria for the specified devices.

The derating information received did not address the more complex
device types. Therefore, MIL-HDBK-217D was used as the primary basis for
derating for the hybrid devices, complex integrated circuits, memory devices,
and the microwave devices. A survey was conducted within Martin Marietta
to supplement the MIL-HDBK-217D approach. The information received tended
to support the guidelines established using MIL-HDBK-217D. Due to the lack
of information published on SAW devices, the derating criteria was based on
discussions held with those device manufacturers knowledgeable with the
basic device design and applications. Each of these device types will be
discussed in their respective sections, with derating rationale and sup-
porting charts provided.

Using MIL-HDBK-217D, there are many factors which have to be consid-
ered due to their impact on the failure rate of each device type. The
failure rate drivers and factors investigated were quality level, environ-
ment, failure rate, interconnections, package size, density, complexity,
temperature, voltage, frequency, power, and application.

The failure rate of each device involves the combination of different
factors. The effect of the factors that are cowmon to all the devices will
be discussed in this section, while the remaining factors will be discussed
as they apply.

The quality factor used in the computation of the failure rate is the
same for all the microelectronic and microwave devices. The exception is
SAW devices, since they are not discussed in MIL-HDBK-217D.

Figure | shows a plot of the component quality level impact on failure
rate. The plot shows that the quality level impact increases significantly
at the levels going from B-2 to B-1 (vendor equivalent to 883 Class B).
The quality level is a direct multiplier in the failure rate calculation,
but is solely dependent on testing and inspection criteria.

The component environmental application factors of MIL-HDBK-217D have
a direct bearing on the individual failure rates. The following discussion
will assess the impact of the eavironment as related to the component level
failure rate. Figure 2 shows a plot of all the application environmental
factors for microelectronic devices as presented in NIL-HDBK-217D, Table
5.1.2.5-3. This table shows that the Cannon Launch (CL) environment over-
shadows all the other environmental factors. For that ceason, the CL en~
vironment was removed and the plot was regenerated in Figure 3. This fig-
ure shows that the level III ground eavironments are all in the lower third
of the curve.
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The next step was to select a typical LSI integrated circuit and per-
form a MIL-HDBK-217D prediction on the typical integrated circuit across
the temperature range of 0 to 200°C for each eavironmental application
factor. The circuit selected was a MIL-M-38510 quality level B component,
part number M38510/47001 (Generic 1802). The results of the iterative pre-
dicticn vere plotted in two ways. The first was to estabiish & failure
rate factor (multiplier) based on the particular environment using 0°C as
its bsse, and the second was to plot the actual failure rates predicted.
The two sets of curves are shown in Figures 4 and 5, respectively. The
factor plot (Figure 4) shows the driver of failure rate to be the tempara-
ture. For all the environments, the failure rate begins to show signifi-
cant increase as the component temperatures increase above 100°C. The lar-
gest failure rate multiplying factor scross the temperature rvange vas found
to be in the ground benign eavironment. This factor is calculated to be
30891. In order to investigsts and highlight the slopes of the lines, the
temperature range was reduced to 25 to 175°C. The regenerated plot is
showvn in Figure 6. Th2 reduced towuperature range did not reveal any addi-
tional information.
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The failure rate plot in Figure 5 confirmed that the ambient temperas-
ture is the controlling factor for failure rate. All the eaviconments
except for the CL override one another. The CL eavironment appears to
approach the rest of the environmeats at spproximately 200°C. The temper-
ature range was apain reduced and the curves regenerated (Pigure 7). The
expanded curves do aot add any additional iaformation,
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The result of the investigation of the environmental factors specified
in MIL-HDBK-217D indicates that they do not change the slope of the failure
rate and are not failure rate drivers. The environmental factors are only
multipliers to adjust the magnitude of the failure rate and should not be
the primary drivers for derating. This rationale can be applied to the
environmental factors for the microwave devices. If the curves were re-
plotted for the microwave devices, the new curves would look identical,
with the exception of an upward shift due to factor variations.

3.2 Basis for Hybrid Derating

Establishment of hybrid device derating criteria is not a commonly
addressed area. This is pointed out in the survey derating summary in
appendix 3. Only 4 respomses out of 32 addressed hybrids for derating.
Those 4 responses were concarned with junction temperature. The junction
temperature deratings specifically mentioned were 110°C and 105°C. Another
approach reported was to use 75 percent of the specified temperature rat-
ing. The lack of response from the survey led to the derivation of derat-
ing based on the data of MIL-HDBK-217D and knowledge of failure rate driv-
ers from Task 3 (Section 4) thermal models.

In order to arrive at a reasonable derating criteria, each major driv-
er in the hybrid failure rate must be investigated. The junction tempera-
ture of the integrated circuit elements can be investigated through the use
of the failure rate temperature acceleration factors for monolithic micro-
' electronics. Figure 8 shows the junction temperature impact on the temper-
- - ature acceleration factor for each technology addressed in MIL-HDBK217D.
The figure shows that there is no significant acceleration factor where
junction temperature is limited between 80°C to 90°C (less than 10) for all

A0 technologies. When the junction temperature rises to approximately 100°C,
[ the factor for (MOS and linear acceleration rises to approximately 16. At
e a junction temperature of approximately 110°C for OMOS and linear acceler-
- ation, the temperature acceleration factor begins to increase rapidly to

) approximately a value of 27. Thie analysis would teand to indicate signif-
s icant breakpoints for hybrid derating criteria.

R .
i}ﬁ A second driver to hybrid device failure rate is the quantity and type
iﬂ; of interconnections. Figure 9 shows bimetal and single metal bond inter-
f: connections. The figure shows the factor based on a single interconnect.
23 When the prediction is accomplished in accordsuce with MIL-HDBK-217D, the
-y interconnection failure rate contribution factor (1) is multiplied by the

- O total number of interconnections. Applying the junction temperatures in

i Figure 8 to the package temperature of Figure 9 minimizes the impact of

e interconnections. Based on the most severe curve in Figure 9, bimetal
.{23 bonds, the 85°C temperature factor is approximately 14, The factor at
Y 100°C is approxi—ately 30 and at 110°C the factor rises rapidly to approxi-
R mately 44. The curves of Figure 9 tend to support the breakpoints selected
5}: from the previous curves in Figure 8. (Figure 10 intentionally deleted).
o The third driver peculiar to hybrids is the package size impact on

ttf temperature. Figure 1l shows the impact of the seal perimeter (directly
iig related to package size) on failure rate as the package temperature in-

3% creases. An analysis showed that an increase in seal perimeter does not

E: chaange the shape of the curve, that is, the package failure rate factor is
A‘.‘\
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the same at a specific temperature regardless of the perimeter value.
Therefore, the fxgure is calculated on a seal perlmetet of two inches. As
with the previous figure, the base temperature of 25°C is used and again
the factors (multipliers) are compared tu the same breakpoints of 85, 100,
and 110°C. The factors associated with the three breakpoints are approxi-
mately 15, 33, and 48 respectively. This analysis (figure) again supports
the derating breakpoints established from the junction temperature and
interconnect analysis.

200

PACKAGE FAILURE RATE FACTOR

l J

0 100 150
PACKAGE TD‘PERATURE ~ degrees C

Figure 11, Hybrid: Package Temperature versus
Package Size (2-inch Perimeter Seal)

The final factor investigated for impact on the hybrid was the density
factor as defined in MIL-HDBK-217D., MIL-HDBK-217D defines density as a
measure of the mechanical .ouwplexity as a whole. The density formula is:
number of intercoanections

TAs + 1.0) where As = area of the substrate in

Density =

square inches.

This factor is based solely or mechanical complexity and is not related
directly to the common derating of power density. Figure 12 shows the den-
sity impact on the hybrid failure rate. Inspection of the curve shows no
obvious breakpoints to drive the derating criteria. A relationship does
exist however, with earlier figures (8 and 9). Both figures are based on
interconnections and in turn can be related to temperature. As the density
and temperature increase, the factor or multiplier will increase dramati-
cally.

20
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Figure 12, Hybrid: Density Impact on Failure Rate
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The thick/thin film trimming required to obtain a particular parameter
greatly affects the power density. As the device is trimmed, the power
density increases. MIL-STD-883B restricts trimming to a maximum of 50 per-
cent of the original size, thus creating the need for power density derat-
ing. In establishing the derating requirements for power density, the in-
dividual design limits have to be taken into consideration to allow for
design changes. The power density derating chosen supports the established
one. Based on this rationale, the derating criteria specified in section
2.2 (Table 1) was selected.

3.3 Basis for Complex Integrated Circuit Derating

The results of the survey (appendix 3) revealed no specific data re-
lated to integrated circuits. The lack of industry response to integrated
circuitry has required investigation of derating criteria to be developed
through MIL-HDBK-217D. The majority of the documents that address inte-
grated circuitry technology, iacluding MIL-HDBK-217D, consider two factors,
circuit complexity and circuit function. Complex integrated circuit devices
begin with the criteria of greater than 100 equivalent gate logic elements.
The different technologies, bipolar, MOS, and (MOS each define the number
of gate equivalents differently, according to MIL-HDBK-217D. Here is the
MIL-HDBK~217D definition of the gate equivaleats:

1 Bipolar: Gate equivalents = number of transistors
2.5
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2 CMOs: Gate equivalents = number of transistors
3.75

3 Mos: Gate equivalents = number of transistors.
3.0

Each element of MIL-HDBK-217D impacting the failure rate was investi-
gated to determine breakpoints. The impact of the quality and environ-
mental factors on the failure rate have previously been discussed in sec-
tion 3.1.

The temperature acceleration factor for complex integrated circuits is
the same factor used for all the microcircuit devices. Figure 1 previously
»ddressed in section 3.2, Basis for Hybrid Derating, shows the temperature
acceleration factor impact in relation to junction temperature for all the
technologies. Analysis of the breakpoints of the curves in Figure 1 con-
cluded that the junction temperature was to be 85, 100, and 110°C for lev-
els I, II, and III, respectively. For the present time, we will assume
these points are still valid. They may be modified upon investigation of
other failure rate drivers.

The voltage derating stress factor as presented in MIL-HDBK-217D is
applied only to (MOS technology. It is based upon the recommended specifi-
cation supply voltage and the operating supply voltage in actual applica-
tion. There are two CMOS ranges in which the application voltage affects
the failure rate, a value other than 1.0. These two ranges will be invest-
igated separately. In both cases the numerical value is related to junc-
tion temperature. Figure 13 shows a plot of junction temperature versus
the voltage stress multiplier. The multiplier is based on the minimum val-
ue for each voltage range. For example, the minimum value in the 12 to
15.5 volt (MOS range would be 0.11. This is derived by the applicable
formula:

v = 0.110e*
vhere

« = 0:168Vs(T] + 273)
298

Vs = operating voltage in actual operating

Tj = device junction temperature (°C).

When the value of x goes to zero, the value of v = 0.110.

Using the same approach for the 18 to 20 volt recommended specifica-
tion supply voltage, when x goes to zero in equation wv = 0.068eX, the
minioun is 7v = 0,068,

Only one obvious breakpoint is highlighted in the curves in Figure 13,

The breakpoint is associated with the 3 and 8 volt curves. The subject
breakpoints are associated with a junction temperature of approximately
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Figure 13, Complex IC: Junction Temperature versus Voltage Stress

125°C, The voltage stress multiplier at this specific po.nt is approxi-
mately 27. Using the 125°C and 27 multiplier would tend to fix the level
IIT derating and translate to an approximate percent of supply voltage de-
rating of 0.85 across the application voltage range.

The (MOS recommended specification supply voltage in the 18- to 20-volt
range is plotted in Figure 14, These curves show several breakpoints.
They are at a junction temperature of 125°C with 16 and 18 volts, 100°C
with 18 and 19 volts, and approximately 80°C with 20 volts. The voltage
stress multipliers range from approximately 17 to 25. These three junctionm
temperature breakpoints would tend to suggest temperature derating of 85,
100, and 125°C for Level I, II, and III, respectively. The respective de-
rating associated with the supply voltage is approximately 80 percent.

The last term investigated is the circuit complexity factor. This
term is solely dependent on the number of gates for the technology. MIL-
HDBK-217D differentiates complexity factors for bipolar and MOS, while
there is no separate complexity factor for CMOS technology. Figures 15
through 18 show the gate count impact on the failure rate for the bipolar
and MOS devices. Each technology, bipolar and MOS, has two complexity com=
ponents, Cl and C2. The results of complexity factor investigation for
both bipolar and MOS produced no outstanding results. The curves (Figure
15-18) show that as the number of gates increase the impact on the failure
rate also increased. The general slope of each curve is similar and the
comparable factors (Cl and C2) of MOS technology are less impacted by
increasing gate count than bipolar technology. An example of this impact
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Figure 18, - Gate Count Impact on Failure Rate of
MOS Devices (C2 Complexity)

is the Cl factor cf bipolar for 7500 gates (Figure 15) is greater than the
Cl factor of MOS (Figure 17) for the same number of gates (9.0 versus 5.6).
The same impact can be observed in Figures 16 and 18 for the C2 factors.
observed in Figures 16 and 18 for the C2 factors.

These derating criteria for complex integrated circuits, LSI, VHSIC,
VLSI, and microprocessors, are summarized in Table 1, sectien 2.3. The
selection of the specific derating levels was based on the information and
analysis conducted within Martin Marietta and the survey response from
industry. The analysis presented herein tends to support the industry
response; that is, it generally correlates with the most often selected
parameter.

3.4 Basis for Memory Device Derating

The industry survey did not produce any information regarding memory
devices. Also, the derating criteria received from other companies did not
cover memory devices. Because of the unavailability of external data and
derating for these devices, Martin Msrietta must again resort to internally
available data, analysis, and MIL-HDBK-217D.

The memory devices defined for derating guidelines include three
specific technologies. They are: 1) bipolar, 2) NOS, and 3) bubble. In
the bipolar and MOS technologies, the memory group can be divided into RAM
and ROM memories. The RAMs, in turn, can be categorized as static and
dynamic.
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The basic difference between dynamic and static RAMs is in the way
they store data. The static RAM uses a flip-flop to store a bit, while the
dynamic RAM uses a capacitor. The static RAM is easier to use because
refresh logic is not required. In addition, static RAM control signals
tend to be easier to generate because cycling is usually unnecessary. The
dynamic RAM draws less power. The static RAM draws power coatinuously to
sustain its flip-flops, while the dynamic RAM draws minimal power between
cycles., The dynamic RAM die size tends to be smaller than the static RAM
die size. The size is due to the difference in cell designs, and the die
size of the dynamic RAM is often at least 20 percent smaller than that of a
comparable static RAM from the same manufacturer.

The ROM is a random access memory in which the stored information is
fixed and non-volatile. A semiconductor ROM is a circuit whose stored in-
formation is fixed by a masking operation during wafer processing. Bipolar
ROMs offer access times in the 25 to 50 nanosecond range for transistor,
transistor logic (TTL) and 15 to 20 nanoseconds for (ECL), which represent
an order of magnitude improvement over equivalent MOS circuits. Historic-
ally, MOS ROMs have offered greater bit densities than have bipolar cir-
cuits. Most recently, however, technological advances have narrowed the
gap in bit densities.

Perhaps the most important characteristics of a memory chip are the
number of bits, speed capability, and power dissipation. The supply volt-
age and curreat play a major role in controlling the power distribution.
Again, since no data collected shed light on memory derating and failure
rate impact, MIL-HDBK-217D was used to derive the memory derating criteria.
The same factors affect memory failure rate as affect integrated circuits
as a whole, with the addition of a number of bits factor. The temperature
acceleration factor (Figure 9), quality level factor (Figure 1), and volt-
age stress factor for CMOS technology (Figures 13 and 14) previously inves-
tigated will be applicable to this memory discussion.

The derating parameters developed for the complex integrated circuits
based on the effect of these factors (section 3.3) will alsoc be applicable
to the memory device (RAM or ROM) derating. These parameters include the
supply voltage and junction tumperature. Due to the similarities with the
complex integrated circuit analysis and the importance of the current to
the operation of the device, the same derating will be specified for the
output curreat.

The analysis conducted on memory devices did not discover any substan-
tial information on the operating frequency. Therefore, a comnclusion could
not be drawn as to the effect of derating this parameter.

The Cl and C2 factors previously discussed for complex integrated cir-
tuits were based cn gate count. They were replaced with Cl and C2 factors
based on a device number of bits complexity for memory devices. Figures 19
through 21 show a plot of the impact of bit count on failure rate of var-
lous memory types. The curves are interesting, and at several points
appear to have a breakpoint or change of slope, but it is not customary or
practical to derate a memory device based on a percentage of bits.
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Figure 19, Bit Count Impact on Failure Rate of
Bipolar RAM Devices

Legend

& C1BIPOLAR
* G2 IPOLAR
OCIMOS
®CIMOS

COMPLEXITY FACTOR MULTIPLIER

0 20000 40000 60000 80000
NUMBER OF BITS

Figure 20, Bit Count Impact on Failure Rate of
ROM and PROM Devices

28

AT I I S TS S ARG AT w MR UL SR SR
R S Y A A R A O U SR SR




T T T T T T T T ST T T T T T T T TR R T TR Y AT TR AT S LS T AR AN WARE T TR LT AR T T W A T TR WS T BT R W TR Y PO TR LT T LW TV A I T TR T | T Y

Downloaded from http://www.everyspec.com

-" -

ol S

e e B Ko e, R BBy

150 4 iy
-. & i
5 r
; a p
" 5 &
3 s ¥
~4: @ 'LJ
) O [
= L.
g g X
: > "~
3 e »
X )Hg i
] “
& Legend |
; S a C1 FACTOR g
3 x C2 FACTOR R
- Y | R T T 1 :::‘
' 0 20000 40000 60000 80000 b
¢ NUMBER OF BITS _»
Figure 21. Memory Devices: Bit Count Impact on N
5 Failure Rate of MOS RAM Devices o
k™ By
X Based on this anslysis, these derating criteria for RAM or ROM de- o3
vices, as it appaars in Table 2, was selected. -
- . -
. Bubble memory technology (both device and material) is significantly P
X different from silicon integrated circuitry. However, they are both based ﬁf
B on a batch manufacturing process, with the cost of a function very strongly e
' dependent on the functional density per batch and manufacturing yields. o
» From this point of view, bubble technology has some very major disadvant- Re
- ages, coupled with some poteatial long-term bemefits. i":
% First of all, as a device it is very well suited to seria! storage of ?
N data. Although it is slower than any silicon integrated circuit based n::_
. storage circuit, it is non-volatile (or at least it can be designed to be). e
N Secondly, it can also be used to perform very simple logic functions which }_
" allow data to be stored and retrieved efficiently. Thirdly, it can be used '-'3
to preamplify the otherwise very small signal magnetically, so it can be ‘,."
- used to dezign a reasonably self-contained wemory chip. 3‘.‘
;j The bubble memory has wmajor dissdvantages, which are: ::::
::J 1l Very high material cost, caused by both very high initial substrate :‘:
4 cost and a very expensive, difficult, and low productivity l:quid ;’
3 phase epitaxy deposition process. Material cost is approximately -
¥ 30 to 50 times higher than silicon. o
¢ o)
" 2 A very high packaging cost, since every circuit has to have an :::-.
> individually adjusted bias field and a rotsting magaetic field )
¥ limit icto the package. ¥
Y. 3 Limited operational temperature range. ‘::
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Potential long-term benefits that stimulate bubble memory development
are:

| =

A processing method that typically requires only three masking
steps, only one of which is critical, comparad to the six and more
for silicon.

2 There is much room for improvement in bit density, since bubble
memory is based on a relatively simple design.

fw

Because it has only one critical masking step and no critical
alignment requirements, it is a technology best positioned to take
advantage of improvements in pattern definition techniques.

Due to the dearth of information received on bubble memory devices,
MIL-HDBK-217D was used in the determination of the derating criteria for
those memory devices. The apprcach taken by MIL-HDBK-217D is to divide the
overall bubble memory operating failure rate into two parts. They are: (1
control and detection structure, and 2) memory storage area. Each of these
parts has an associated failure rate that is accumulative in order to pro-
duce the overall device failure .rate. The factors affecting the failure
rates of both the control and detection structure, along with the memory
storage area, were then investigated. The analysis performed in sectionm
3.1 (Figures 1 through 6) or the effect of the quality and environmental
factors on failure rate also applies to bubble memories.

The device complexity factors, Cj} and Cy; for the control and detection
element, and Cj2 and Cyy for the memory storage area, were investigated
and their effect plotted in Figures 22 and 23, respectively. These com-
plexity factors are based on the number of bubble chips per device and
therefore Jo not represent a practical derating parameter.

The next factors reviewed were the duty cycle and the write duty cycle
of the control and detection structure. The duty cycle factor is applica-
tion dependent, since it is a function of the usage the bubble device ex-
periences.

The impact of the duty cycle factor on failure rate is plotted in Fig-
ure 24. The result is a straight line, indicating that this factor has a
linear relationship with failure rate. It is not practical or customary to
derate a device based on its usage. The write duty cycle is also based on
the usage of the bubble device, and was not used for derating. A plot was
generated showing the impact of the write duty cycle on the failure rate.
It is shown in Figure 25.
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Based on this analysis of bubble memory devices, it was concluded that
the maximum ambient operating temperature would be the only parameter
specified for derating. Other required derating will be applicable to
those microelectronic devices that compose the external support required
for proper bubble memory operation. The criteria for derating bubble
memories was summarized in Table 4, section 2.4.

3.5 Basis for Microwave Device Derating

The microwave device derating section covers the following device

types:
1 GaAs FETs
2 Transistors (microwave)
3 IMPATT diodes
4 Gunn diodes
2 Varactor diodes
6 Step recovery diodes
7 PIN diodes
8 Tunnel diodes
9 Silicon detectors or mixers

10 Germanium detectors or mixers.
The industry survey did not reveal any data or information on microwave
devices. Limited information received from the Martin Marietta survey, aand
MIL-HDBK-217D, were used as the basis for microwave device derating.

The results of the Martin Marietta survey are summarized in Figure 47
in Appendlx 3. The information received via the survey served as a means
of grouping the device types and establishing derating parameters. Actual
derat1ng values were not received, with the exceptxon of a recommended
junction temperature of less than 100°C or 110°C for all microwave devices.

After grouping the devices as specified in section 2.5, Microwave
Device Deratxng, MIL-HDBK-217D was used for the actual development of the
derating criteria. The device grouping, based on the amount of electrical
stress :ypzcally present during operation, is supported by MIL-HDBK-217D.
The part operating failure rates and the factort that impact them were in-
vestigated for each device grouping in order to determine the derating
criteria. In general, the factors investigated were:

1 Quality level

2 Environment

{
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|w

Application

i+

Frequency

Power

fon

o

Temperature.

These factors are not all applicable to each group of devices. Also, the
discussion in section 3.1 on the effect of the quality level and
environment on the failure rate applies directly to the microwave devices.

3.5.1 GaAs FETs

MIL-HDBK-217D indicates that the GaAs FET failure rate is primarily
dependent upon power and temperature stresses. The impact of case or
ambient temperature and the power stress ratio on the GaAs FET failure rate
is plotted in Figure 26, It appears that a break in the curve emerges at a
stress ratio of 0.60 and a temperature of 85°C. This indicates a sharp
rise in the failure rate due to overstressing. The objective of derating
is to minimize failures and to maintain a minimum failure rate, so it would
be approprlate to select a failure rate factor that would accomplish this
objective. Three is the approximate designated factor. Above this value,
the rise in failure rate is considerably more dynamic. The failure rate
factor associated with the 0.60 stress ratio is 3.34., This was established
as the Level II power dissipation derating value. Level I and Level III
values were 0.50 and 0.70, respectively.

39
4

4

E

4

-----------

FAILURE RATE FACTOR
(7]

1
I I I R AL E N NI EE
mmm/cAs: TEMPERATURE -doguu c
Tigure 26, Temperature Impact on Failure Rate

of GaAs FET
34
C L e s L0 ‘_ v ‘-' X -‘-\- T, ." N TR U h'—! ~
H l’ ‘Jt“‘tyi.‘.-{ . ‘.‘ “: ‘.L b ‘.-.-:.-‘ : N ;‘}.‘x‘:ﬂi‘:'- .\.
,- ‘\h \-.h o, - \.-\.E-. {.:. '.‘...\‘..\~ f“k. A ’
\ o' AN Ay LR .- . S




WIS

»
Al

T o
RALASM 7. 50

}l‘.
]

N

X

R

o

'y . v

- ,J,',;-. Oy

JT

»

e
o

Ed

24

'

oo

LA

Downloaded from http://www.everyspec.com

The relationship between the ambient temperature, junction
temperature, and power dissipation is represented by the following
equation

Tj =Ty + 03AP4-

The junction temperature can be controlled by derating the power. Power
derating also assures a low failure rate factor. Junction temperature
derating levels were established by utilizing vendor specifications for
GaAs FETs. A range of ejA of 200 to 260 degrees centigrade per watt

was used as an input into the equation, along with their respective power
digsipation values. The power was derated and the resulting junction
temperature computed for the two endpoints of the ejA range.

Here is a summary of the outcome of this work:

Pq = 50 percent yields T; midpoint = 87.5°C
P4 = 60 percent yields T; midpoint = 100°C
Pq = 70 percent yields Tj midpoint = 112.5°C.

Based on these calculations, the junction temperature derating for levels
I, II, and III were established as 95, 105, and 125°C, respectively.

Breakdown voltage was another electrical characteristic suggested for
derating. Based on the assumption that the power dissipation and junction
temperature values were as stated here, conservative and perhaps standard
breakdown voltage derating levels were established. They were:

Level I = 0.60
Level II 0.70
Level III 0.70,

The remaining factors affecting the GaAs FET failure rate are of no
consequence, since the application factor is power related and the assumed
complexity factor is oune.

3.5.2 Trausistor/IMPATT/Guun Diodes

IMPATT and Gunn diodes were grouped with microwave traunsistovs. A
suggestion received in the Martin Marietta survey pointed out that since
they are all high electrically stressed devices, diodes and transistors
should be in the same group. Using the failure rate model for microwave
transistors in MIL-HDBK-217D, the factors which were investigated due to
their impact on failure rate were operating power and frequency, and
temperature.

Several observations were made by plotting the impact of failure rate
of the operating power and frequency (Figure 27). First, as the power
level increases, the failure rate factor increases more rapidly at lower
frequencies. Second, as the frequency increases, the failure rste factor
rises sharply to above thirty for all power settings. Accordingly, the
failure rate factor was limited to ten.
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Figure 27, Operating Power and Frequency Impact
on Failure Rate of Microwave Trarsistors

The junction temperature impact on failure rate based on voltage
stress was plotted in Figures 28 and 29, respectively, for aluminum and
gold transistor material. In both figures, a junction temperature of 100°C
represents a sharp, drastic rise in the failure rate factor. The plot for
the aluminum material (Figure 28) attains a failure rate factor of ten at a
junction temperature of approximately 127°C. For the gold material (Figure
29), a failure rate factor of two was achieved at a junction temperature of
approximately 130°C. Based on the initial rise in the failure rate factor
at T; = 100°C, Level I and II deratirg criteria were set at 95°C and
105°C, respectively. Level III was set to 125°C.

Figures 28 and 29 show that the maximum operating junction temperature
of 200°C cannot be attained at voltage stress ratios of above 0.60. There-
fore, voltage breakdown d=rating levels I, II, ané III were set at 0.60,
0.70, and 0.70, respectively.

Based on conventicnal practice, the power dissipation derating levels
were set as gpecified in Table 6, Transisior/IMPATT/Gunn Derating.

3.5.3 Varactor/Step Recovery/PIN/Tuanel

These devices are categorized together, since they are all low elec-
trically stressed devices. They are also addressed in this grouping in
MIL-HDBK-217D. Figure 30 represents the ambient or case temperature impact
on failure rate based on the power stress ratio. At an ambient or case
temperature of 85°C and a power stress ratio of 0.50, a break in the curve
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Figure 28, Junction Temperature Impact on Failure
Rate of Microwave Transistors
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appears which is below the reasonable (in our judgement) failure rate fac-
tor of three. At temperatures above 85°C, the failure rate begins to rise
much more rapidly at the 0.50 stress level. Based on this and couventional
practice, the power dissipation levels (I, II, III) were set at 0.50, 0.60,
and 0.70, respectively.

The derating criteria for the junction temperature was set at 95, 105,
and 125°C for Level I, II, and III respectively to be consistent with the
derating already established. There was no information received to dis-
prove these values. The reverse voltage was derated to 0.70 across the
three levels based primarily on convention for these type of devices.

3.5.4 Silicon and Germanium Detectors/Mixers

Detectors and mixers are classified as low electrically stressed
devices. The base failure rate is the main factor affecting the operating
failure rate of these devices. The base rate is driven by the power stress
ratio and the ambient or case temperature. The detectors and mixers are
divided into categories based on their material. The silicon devices have
< a much wider temperature range than the germanium. The germanium devices
g are not recommended for new design. However, the germanium devices were

v researched and derating criteria established.
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The failure rate factors for each stress ratio, as they changed with
respect to the ambient or case temperature, were plotted in Figures 31
through 35 for the following devices:

1 Silicon mixers

2 Germanium mixers
3 Silicon detectors
4 8ilicon Schottky detectors

5 Germanium detectors.

The failure rate should be held below three, since a factor above that
results in a rapid increase in the failure rate, due to overstressing. The
curves for both silicon and germanium devices indicate that a power stress
ratio of at least 0.50 will hold the failure rate factor below three and
still provide a sufficient, nonrestrictive derating requirement. It was
established that Level I, II, and III power dissipation derating criteria
would be set at 0.50, 0.60, and 0.70, respectively.

The reverse voltage was set at 0.70 across all three levels for both
'3. the silicon and germanium devices. The voltage rate was based on the
N nature of the devices and their low stress applications.
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Figure 32, Temperature Impact on Failure Rate of
Germanium Microwave Mixers
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The junction temperature does vary with material used. Junction temp-
eratures of 95, 105, and 125°C for the silicon devices at Levels I, II, and
I1I, respectively, were selected for consistency. The temperatures were
also selected to conform with the recommendation of limiting Tj to 110°C.
Junction temperatures of 75, 90, and 105°C for the germanium devices were
selected at levels I, II, and III, respectively. Temperatures selected
were based on the one industry survey respcase on germanium devices.

3.6 Basis for SAW Device Derating

Surface Acoustic Wave (SAW) devices were specified as one of the new-
est technologies requiring derating guidelines and applications. Because
of the absence of published infcrmation on SAW devices, the industry survey
was used. The survey revealed that two companies are primarily involved in
the development of these devices. General information about SAW devices
(i.e., design processes, fabrication, etc.) was obtained, but published
derating guidelines were not available, due to the receat technology devel-
opment and the design of the device. Therefore, the suggested derating
parameters and values must be based on discussions held with those know-
ledgeable in the area and the basic device design and applications.

=
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There are two important characteristics about SAW devices which solicit
interest in terms of their usefulness: 1) the wavelsngth and the directly
related propagation velocity, and 2) surface propagation. Traits which
make SAW devices attractive are actually features inhereat to the waves
themselves.

i
71

The wavelength of an acoustic wave of a given frequency is about 103
times shorter than that of an electromagnetic wave of the same frequency.
Similarly, the propagation velocity is 109 times slower. This suggests
that a one or two ceantimeter long SAW device is equivalent to several
thousand electromagnetic wavelengths. Many kinds of signal manipulations
involve devices measured in wavelengths, thus creating an interest in SAW
device application.

-

¥y L2,
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Suvface propagation is the other characteristic that makes SAW devices
useful., Acoustic waves propagste along the surface of a solid in a prefer-
red direction. These acoustic waves, for all practical purposes, do not
extend more than two waveleagths below the surface, with most of the energy
at a depth of one wavelength or less. Therefore, energy can be sensed and
manipulated by metallic elements applied to the surface of the piezoelectric
substrate.

X P

R "Wy i Ch

PRI NP idn f:.l by
Furs¥s e

e

.

v
v

.

A SAW device usually consists of the SAW element on ite substrate plus
any auxiliary elements, such as an amplifier or matching elements, and the i
packaging of the complete device. The electrodes in actual 5AW devices are <
composed of fingers extending from a common bus, forming a comb-like
appearance. Two combs are placed so that their fingers overlap from oppo-
site sides, with the voltage between the two opposite electrodes creating a
strain on the substrate surface. As this strain varies with a changing
_ voltage, a physical wvave is generated at the surface. This wave has a |
3 frequeacy corresponding to the finger spacing. *
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This particular SAW layout or design is called an interdigital trans-
ducer. Most SAW devices have two transducers - one input and ome output.
The fingers in the transducers are spaced a quarter wavelength apart. The
finger width is a quarter wavelength of the desired frequency. Intetdigital
transducers normally consists of dozens or hurdreds of finger pairs. This
principle is illustrated in Figure 36.

PUT INPUT NOTE: ONLY- THREE FINGER PAIRS
TERMINALS TRANSDUCER ARE SHOWN FOR EACH
SURFACE TRANSDUCER TO ILLUSTRATE.
ACOUSTIC THE PRINCIPLE: TRANSDUCERS
WAVE g’(__)ah%g HAVE HUNDREDS
OUTRLT ?
+— TRANSDUCER
-\\\OUTPFT
TERMINALS
PREFERRED DIRECTION
OF PROPAGATION IN A
PIEZOELECTRIC
SUBSTRATE Aw 1227
TRANSDUCER B-14aa
FINGERS - A =WAVELENGTH (
Vi i BN, S acoue e
SUBSTRATE SECTION AA
Figure 36. SAW Transducer

Four major applications of SAW devices are curreatly beirg used both .
commercially and by the military: They are:

1 Delay lines

2 Oscillators.

3 Rescnators

4 Filters.

A firite travel time for signals betweea the input and output trsasducers
is inherent to the design of SAW devices, Due to this finite time, & SAW
device can function as a delay line. The great advantage of a SAW delay
line is the significant amount of delay that can be odtaiined in a very
small device, & SAW device can also function as an oscillator by placing
an amplifier in the loop Letween input and ocutput transducars. The ampli-
fier adjusts for the losses in the delay line, while the spaciag of the
fingers makes the transducers respoad only to the selected wavelengths for
which they were designed.

A 5AW resonator counsists of either one or two transducers, with a
grating extending in both directions of wave propagatior. The surface
acoustic wave is launched in both directions from the input transducer and
is reflected dback and forth by the adjacent gratings. This creates a
standing wvave at the designed frequency which is determined by the finger
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width and spacing. Since the finger width and spacing are chosen to reson-—
ate only at a desired wavelength, the resonator performs effectively as a
filter.

SAW devices are tailored to the particular frequency and response
desired for each application with a frequency range from 50 megahertz to
about ? gigahertz. There are a number of basic design variables (Tsble 11)
which can be employed to obtain a design which complies with a specific set
of requirements. The requirements are generally of the type listed:

1 PFrequency

2 Bandwidth

3 Resporise
4 Insertion loss
5 Frequency stability.

The frequency of a SAW device is determined by the width and spaciung
of the fingers. Finger spacing and width also generate the surface acous-
tic waves. The accuracy to which the desired center frequency is attained
is dependent upon the precision of the mask making and fabrication steps.
If a very exact frequency is required, the center frequency can be adjusted
over a very small range by two techniques. One is to vary the mass of the
fingers. Increasing the finger mass lowers the frequency very
slightly. Another is to rotate the whole pattern very slightly from exact
alignment along the principle axis of propagation. This allows the fre-
quency to be tuned over a small range by phase shifting.

The acoustic waves generated at the surface of {he substrate are
affected by the presence of the fingers. The fingers cause the waves to be
reflected back and forth between the fingers and the input and output
transducers. This effect is caused by a discontinuity in the impedance of
the substrate (represented by each finger). The discontinuity causes the
waves to peak ind be reflected. These reflections can be reduced by using
the appropriate techniques listed in Table 11. The bandwidth of a SAW
device is determined by the number of finger pairs in the transducers (de-
lay lines) or the number of lines in the gratings (resonator). Adding to
the number of finger pairs reduces the bandwidth.
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s " ﬁff Once the desired bandwidth is established, the next requirement is
' . usually to reduce the responses cutside this bandwidth to the lowest values
) \;$ possible (at least below some specified level). A narrow bandwidth is ob-
: ‘. tained by having a large number of finger pairs, but having numerous fingers
' 5 o results in reflected waves. To compensate for this, the thinned electrode
o 1 transducer design variable is applied (Table 11). This involves eliminat-
2%& ing groups of finger pairs until the traasducer consists of multiplc sets
b of a few finger pairs separated by space, while still maintaining the same
' g finger width and epacing. The same frequency and bandwidth will result.
,ﬁi; To prevent waves from being reflected across the open spaces between finger
3 sections dummy fingers are placed in the open sections.
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' S A,

"
% B TABLE 11, DESIGN VARIABLES
NUMBERS OF 149 FINGERS 113 FINGERS Number of fingers is related to bandwidth by the
!i ?&ﬂf&ggu%l‘é% ! ’ ;zixptessi(;n Af/fc=1/n where n is the numbgr of
nger pairs,
. SEPARATION aer pas
) ‘ Transducer separation determines delay.
. "
.
=ty O o NUMBER OF Multiple fingers produce stronger harmonics.
o FINGERS PER Three fingers per period provides stronger fun-
- e PERIOD damental, 2nd and 4th harmonics. plus (decreas-
i (WAVELENGTH). ingly) seven additional harmonics. Four fingers
s MAY BE TWO 8er period grovides stronger fundamental, 3rd,
24 (;j{:g KERO‘\?E? th and 11th harmonics.
l b OR3 OR 4
E_ (AS SHOWN == =
s HERE) PERIOD A PERIOD A g
THINNED 5 SECTIONS. 41 HINGERS EAUH. Either or both transducers can be thinned. Re-
TRANSDUCER SECTIONS SPALING < 100 moving groups of fingers while maintaining over-
{ALSQ CALLED all transducer length cuts down on second-order
8¥§8CTURE) effects resulting from internal reflections.
DUMMY Dummy fingers (not connected to either electrode)
FINGERS can be inserted to absorb waves reflected across
open spaces between finger sections.
ONE OR TWO ONE. PORT One port resonator behaves exactly like a bulk
s(é)fs%g A";%':!S i || l!:;; “'“ lrlill i Ii L crystal resanator and simplifies circuit design.
oY | 'l il I!I ” II i I Has high Q and low loss. Two port devices may
I I “ Il[ i ” ’l Pt Il l | have variable Q and are easier to build to given
it e requirements.
-
TWU SORT !
lixlum” I” ! ”l’ l I !i}lmmi”Eii“llﬂﬂl I
; ii: !
IU L | illﬁ.:m; i)
APODIZATION T Changing the overlap of the fingers from opposite
l i ““ | | [RRANAA vivctrodes in a determined patten results in
| “ ] weighting the frequency response of the trans.
ducer. Normally one of the transducers in a delay
| I ] line is apodized. Note that the shortened lingers
‘ ”m l | are continued (after a cap) by dummy fingers.
HEllEINNNERRAB | These suppress multiple reflectians acroass the
apen spaces and the associated second.order
elfects in the response curve.
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Insertion loss is a major consideration in many SAW device applica-
tions. It is defined as the proportion of the input energy that does not
appear at the output. There are two main causes of insertion loss:

1 Waves traveling away from transducer
2 Coupling coefficient.

The waves that are excited by the tranducer travel in both directions away
from the transducer. JIn a delay line, only those waves that travel toward
the output transducer are used; the other half are dissipated or absorbed.
Hall of the waves, or a quarter of the acoustic energy, that reach the out-
put transducer will travel past it and be absorbed or dissipated. This
translates into a minimum six decibel loss of the acoustic energy. Reson-
ators, however, are able to utilize both sets of waves due to the gratings
on both sides of the transducer. Delay lines typically exhibit a high in-
sertion loss, whereas resonators are associated with a low insertion loss.

The insertion loss which results from the electromechanical coupling
coefficient of the substrate material is a characteristic of the material
itself. There is no way to chamge it. All commonly used substrate materi-
als have low coupling coefficients, but some are much lower than others.
Table 12 lists the coupling coefficients of commonly used substrate mater-
ials for SAW devices along with their temperature coefficients (how much
the frequency of the device changes with each degree change in temperature).
There is clearly a trade-off to be made between increased coupling coefficient
and increased temperature stability depending on the device application.

As the table indicates, the coupling coefficient of lithium niobate is much
better than that of quartz, but its temperature coefficient is very poor
and that of quartz is nearly perfect.

SAW devices, in most cases, are used in the very low power level of
circuits. Therefore, even a 15 dB loss is translated into only a few milli-
watts or less in absolute terms. However, the loss is undesirable since

TABLE 12. COUPLING COEFFICIENTS OF COMMONLY USED SUBSTRATE
MATERIALS FOR SAW DEVICES

Temperature
Coefficient
Wave Velocity Coupling per Degree
Meters per sec | Coefficient in Perceat | Centigrade
Lithium
Niobate
(Y,2 cut) 3488 4,82 $4
Lithium
Tantalaste 35
(Y,2 cut) 3230 0.66
Quartz
{ST cut) 3158 0.116 Negligible
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the amplification needed to compensate for it may introduce instability,
phase distortion, or other types of noise in the signal. The coupling co-
efficient has to be considered in combination with the closely related
frequency stability.

The frequency stability of SAW devices has to be considered on three
different time scales, with each affected by different parameters:

1 Short term (less than a second)
2 Medium term (hours)
3 Long term (months).

The short term stability depends on the efficiency of the device, while
medium term stability is largely determined by the temperature coefficient
of the substrate material. Long term stability is a problem when frequency
stability is required over periods of many months, as in the case of fre-
quency sources. Experience indicates that with present technology the fre-
quency drift demonstrated by SAW devices is not as desirable as that shown
by crystal oscillators. The aging effect of SAW devices is at least one or
two parts per million per month while the best crystal oscillator achieves
a drift of about one part per million per year.

~ SAW devices are passive; they typically operate at a low power level
and are low heat generators. Due to these operating characteristics, de-
rating, in most cases, is inappropriate. The level I, II, and III derating
breakdown does not apply because of the operative nature of these devices
(passive) and their low population in systems. There has also been no in-
formation received from industry to support derating levels for SAW devices. ]

The frequency stability demonstrated by the SAW device is a design
requirement which can cause part degradation if it is not coutrolled. Life
tests that have been conducted on SAW filters suggest that the best fre-
quency stability exhibited by these devices is at low power, while main-
taining constant temperature range. The results of the tests with input
power of 13 dBs and 18 dBs and a center frequeacy of 500 megahertz are
illustrated in the plot of frequency change versus time of Figures 37 and
38. Figure 38 (18 dBs) shows that frequency stability is forfeited at in-
creased input power. The power ratio of the 18 dB samples is three times
that of the 13 dB samples. This situation creates an effect on aging which
is four times greater. It can be concluded that minimum aging and increas-
ed frequency stability occur at low input power. Therefore, input power is
the primary derating factor for SAW devices.
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The temperature dependence of SAW devices is driven by the substrate
material. Each substrate material has an associated temperature coefficient
(see Table 12) which determines how the frequency of the device changes
with each degree change in temperature. The frequency stability is deter- '
mined by the temperature coefficient of the substrate specified as a design .
consideration. Since SAW devices are low heat generators, their eanviron- '
ment determines the operating temperature. The devices surrounding the SAW l
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device are a major concern because of their heat potential. With such an
environment, industry indicates that the SAW operating temperature is not
to exceed 125°C.

Industry has determined through work with SAW devices that they are
not particularly sensitive to shock and vibration. However, SAWs are some-
what sensitive to electro-static discharge. Design attention is required
to minimize this stress.

Based on this discussion, the derating criteria for SAW devices out-
lined in Table 10, section 2.6, was selected.
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4,0 FAILURE MODES/MECHANISMS
4.1 General

Failure modes are a primary concern of reliability when considering
semiconductors and their failure rate. The origin of failure modes can
occur at many different points. The failure mode can be a result of inher-
ent design weaknesses (actual or potential), a manufacturing process, mat-
erials uged, or human error.

Generally, failure modes are initially identified through accumulated
experience or device physics analysis. Some failure modes can be elimin-
ated or controlled, while others are inherent in a particular device type.
The modes which can be eliminated or controlled are related somewhat in the
quality levels discussed in section 3.1.

The controlled modes can be translated to concerns in the overall
semiconductor, the die fabrication process, and the assembly process.
Figures 39 through 41 show the major reliability concern in each area,
respectively. The control method or comstraint for the concern is also
shown. Some of the concerns can only be controlled at the semiconductor
manufacturer's facility, while others can be controlled at the contractor's
facility or an independent testing laboratory. Figure 40 shows an example
of a semiconductor manufacturer control using internal visual inspection.
Such inspection controls such modes as glassivation, metalization, and
bonding pads. Electrical performance in which the control can take the
form of burn-in, baselining, or rescreening is an example of contractor's
facility control modes.

4.2 Application Guidelines

Specific failure mode information is not readily available for the
components under investigation, due to their recent eantry into the market.
The Martin Marietta survey (Appendix 3) revealed some failure mode data
with associated failure mechanisms.

VLSI and VHSIC devices are relatively new technologies. The failure
mechanism list is tentative in nature, since much of what needs to be known
will not be discovered until development is further along. The VLSI and
VHSIC devices, along with hybrids, have typically exhibited failures ia the
form of shorts, opens, leakage, and latch-up. According to sources at
Martin Marietta, the mechanisms associated with these failures are primar-
ily due to manufacturer's techniques and design applications. Both of
these mechanisms are controllable. Inadequate manufacturing techniques
have resulted in insufficient substrate contacts, lack of guard bars, and
lack of protection at the input/output point. The designer should imple-
ment safeguards into his design and create a system that would be tolerant
to such failures. The application of the design should also be specifical-
ly stated so as no discrepancies exist.

Since these devices represent a new technology still in a development
phase, failure mode/mechanism data has not been completely established.
However, many of the possible areas of concern can be identified through
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the extrapolation from what is known regarding existing technologies.
Other areas have been highlighted in the course of analysis over the last

few years.

It is possible to focus upon several specific portions of the

manufacturing process to the extent that process changes might impact reli-
ability, some physical parameters (such as threshold voltage and surface
mobility) that affect various failure mechanisms, and such specific failure
mechanisms as radiation sensitivity and multiple layer interconnects.
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Figure 41. Reliability Concermns: The Assembly Process

The main causes of failure of microelectronic parts, as §tated by
P.D.T. O'Connor in his paper "Microelectronic System Reliability Predic-

tion," are summarized in Table 12b with typical percentage contributiQns.
These percentage contributions can vary, based on’tecbnology, production
techniques, quality control, screening methods, circuit dﬁSlg?, szstem mat-
urity, maintenance, and use. However, they do represent typlcal. percent:
age points. An additional failure mode not cqvered in the table 1s an out_
of-spec overload condition which refers to failures not due to part proper

ties but due to system design.
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TABLE 12b. FAILURE MODES OF MICROELECTRONIC

;
:
;
N
;
5:

DEVICES
Typical Failure
Failure Mode Percent
Bulk Silicon, Surface Related 50
Foreign Materials/Particles 5
Bonds 25
Hermeticity 10
Other 10

As shown in Table 12b, the major causes of microelectronic part failure
(applicable also to LSI devices) are usually defects introduced during the
wafer fabrication process. Failures due to this type of defect can occur
when cross-sectional areas are reducad to the exteant that physical process-
es such as electromigration or localized overheating can change the part
characteristics within the operating lifetime. Normally, geometrics are
such that these processes would unot affect electrical characteristics in
the typical lifetime of a good part. However, imperfections due to non-
uniformity of diffusion, oxidation or metalization, crystal flows, etc.,
can lead to reduced cross-secticns in parts which otherwise pass initial
visual, electrical, and burn-in tests. Subsequent deterioration due
to these processes can ther result in failure. The probability of the
existence of failure-inducing imperfections is likely to be higher with
increasing complexity and packing density, other things being equal. How-
. ever, this aspect tends to be offset by improvements in fabrication
" technology.

TR T i 12N Faner e iabumamer tinl Caniie b &

e

The other two main internal failure modes shown in Table 12b, bond
failure and hermeticity, are package related and time dependent. Tempera-
ture is unlikely to be the prime faiiure factor in a purely mechanical pro-
cess, such as some bond failures, but is a factor intermetallic processes.
Temperature effects also affect the time to failure caused by a leaky
package. The relationship between temperature and time is unlikely to be

simple, since temperature cycling and the nature of impurities introduced
are likely to dominate.

R TR R T A AT T O LS I

=

Package related failure modes are not as highly correlated with chip
; complexity as are failures due to chip imperfections. The rate of occur-
. rence depends upon quality control duriang part fabrication and test.

- Microwave devices suffer from yet another set of failure modes. Ac-
é! cording to the article, "Reliability Life Tests on an Eacapsulated Milli-
meter Wave DDR IMPATT Diode," the priwmary failure mode appearing in their
accelerated lifu test was a junction short. Such shorts are caused by gold
in the ohmic metalization diffusing into the silicon layer through the
platinum barrier. This diffusion creates a curreat path. According to
Martin Marietta sources, the diffusion is commonly referred to as migra-
tion. It is typically a result of inadequate design application related to
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temperature stresses. Hermeticity problems in microwave devices have also
emerged due to design applicatious.

Microwave devices are another relatively wew technology with limited
information available on typical failure modes. To gain insight into poe-~
sible failure modes, it would be beneficial to examine data on diodes in
general.

The diode will generally fail either open ovr short. The following
information ‘taken from the Martin Marietta book, Reliability for the Engi-
neer (Book 7), is a summary of the percentage of the time that the general
purpose germanium, silicon, and surge limiting/logic diode will fail either
open or short. The short percent of failures for the germanium diodes is
65 percent, for the silicon diodes is 65 percent, and for the surge limit- I
ing/logic diodes is 45 percent. The open percent of failures for the ger-
manium diodes is 35 percent, for the silicon diodes is 35 percent, and for
the surge limiting/logic diodes is 55 percent.

Table 13 shows the most common causes of PIN diode failures and design
features used to eliminate these failures, as reported by Unitrode in their
book PIN Diode Designer's Handbook and Catalog. This information can be
directly used by designers of microwave devices (diodes in gemeral) to pos-
sibly prevent these failures from occurring.

Failure mode data was not available for memory devices. However, some
design considerations were pinpointed in a memory applications handbook for
memory subsystems. These designs will maximize RAM board yields during
manufacturing.

Some memory board designs are easy to manufacture. Others, while
functicnally identical, have low manufacturing yields due to wmany bad chips.
The difference between the two is usually the amount of margin designed
into the system. Power supply and timing margins are both critical.

. o e w e at e A

U

As margins go up to zero or negative, the amount ¢f soft errors
increases. Soft errors are those that occur intermittently. Soft errors
usually occur during a memory cycle where some system parameter has gone
out of specification. The solution to soft errors is a careful system
design and board layout. :

There are three things the system designer can do to maximize RAM
board yield during manufacturing:
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1 Design proper power supply decoupling
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2 Design as much margin as possible in all coatrol signal timing
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3 Rever allow spurious, shortened memory cycles to occur.
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These suggestions are applicable to a desigr with tolerance foc faults
built in.
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COMMON DIODE FAILLURES WITH DESICN FEATURES
TO ELIMINATE FAILURES

TABLE 13.

Diode Fallures

Design Features

Yhisker of ribbon-to-post connection
faliure. Whiskers or ribbon-to-dis bond
fallure. Broken whiskers or ribbon.
Insulficlent whisker pressure.

No whisker, ribbons, of posts necessary, Terminal
pins are bonded to the dle st spprozimarely
1000°C.

Mechanical faliure of the dle bond.

A unilarm, true mataliwgical bond takes place
slong both sides of the die. A fused Gisss seel
extending beyond both sides of the Gie-1o-pin
bond glives sdded strength.

Lead fatigue.

Lead brazed directly to pin. Lesd coes not extend
In1o the glass-to metal seal; hence, no Glass edge
1o cut Inlo the load. Lead bonding dnes not siress
glass sesl. Statistical quality-contro! sampling is
pesformed to assure uniformily of braze.

Impurities In protective coaling,
movement and change In charactor-
istics of costing (such as hardening
ot cracking}, pin holas In coating.

Glass is one of the most stable materiais known.
A thick glass seal fused directly to the silicon
surface eliminates the noed lor other protective
coalting.

Incomplste weld resulting In
imperfect seal.

No weld Is used {or hermetic seal. Glass siseve is
remeited and fused sround the silicon die to
permanently seal and passivate the surface.

Lack of hermaticity In plasiic devices.

Fused-in-glass construction.

Corrosion ol diocde components,

All components are inherently cocrosion resistant
Mataeriat conient Is verified by cenifications and
by regulsr independent 1aboratory analyses.

instabllity of paint used for
tight shields.

All paint cured during bakeout st 200°C.

Mismatch of thermal coelficient of
axpansion resuiting In thermat
fatigue fallures.

Terminal pins, siticon and glass seal are matched
for temperature coefficient of expansion, Material
content varified by certifications and regular
independent laboratory analyses.

Melting of eutectic compounds
a temperatures that exceed
diode ralings.

Lowest meliting combinstions ol elements is 200°C
above maximum raled temperalures.

Entrapped tiakes of copper oxide,
sliver paste and goid, plus glass
chips or other conductive or
non-conductive particles.

No copper, silver paste, or gold used in device.
In addition, there is absolutely no void in which
panicles may become entrapped. The metativrg:-
cal bond between dle faces and both the termmnal
pins and overall lused glass seal make Unrtrode
diodes void Iree.

Weid splash restdue contaminates
Junction.

No welding performed inside hermetic
glass seal.

Voltage-activated ionic and molecutar
migrations, including electromigration
of contact metals.

Migrations are restricted by virtue of the glass
adhering directly ta the siticon Power-siress
scroening eliminates the remaining estremely
small percentages of devices in which such
changes occur.
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5.0 TEMPERATURE MODELING AND VERIFICATION

5.1 Objective

The need has been established for a method of verifying the junction
temperature of a device to ensure that derating has been implemented.
Since the junction temperature of a device cannot be measured directly, a
point on the case where easy access for measurement can be obtained had to
be identified. The objective was to find a practical, reliable, and easy
to use method of establishing the derated junction temperature from the
thermally related case temperature (measurement point).

5.2 Approach

To accomplish the objective, analytical thermal models were developed
and verified that generate 2 practical method of computing or graphically
determining the derated temperatures. Two specific types of models were
developed and verified with test data for this purpose. The first model
was an internal thermal model approximating the thermal resistance from the
chip junction to the case bottom (83jc). This model was predominately
used for new designs as a ball park predictor, or quick look method of
deriving an initial thermal resistance (8jc). The second was an external
thermal model designed for specific package types to relate the measured
case temperature with the junction temperature. This model was used for
already existing devices that are housed in one of six package types. Both
of these models can be modified for the specific applications of the user.
The computer programs for the internal model, and the conduction calcula-
tions for the external model, are provided in appendices 5 and 6 respec-—
tively, so that modifications can be made to model specific designs and
assumptions.

Test measurements were performed on a 40-pin, side-brazed ceramic
package. Measurement data was acquired on the ceramic chip carrier package
for the purpose of verifying two of the external models. Siace a high cor-
relation between the models and the measurement data was obtained, it was
assumed that the models for the other package types were accurate. All
models were based on the same assumptions and ground rules.

Upon verification, the external models were used to provide a graphic
representaticn of the relationship between the juanction temperature and the
identi fied measurement point for each of the package types, based on speci-
fied assumptions. The implementation of derating was determined, In the
internal model, thermal resistance tables were generated for each level of
device coustruction. These tables were used in the computation of the
thermal resistance from the chip junction to the case bottom (83c).

This established the ball park prediction of 8;c for new desigus.

As in the case of the external model, the thermal resistance tables
produced by the internal model were based on certain assumptions. Each of
these models (internal and external) will be addressed ia the following
sections, along with their assumptions, specific applications, and results.
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5.3 Internal Model

Discrete devices can be modeled using approximations for heat spread-
ing effects at each level of construction. These models are particularly
useful for devices of new design when a ball park prediction of 8¢ is
required. Computer programs that aodel the internal thermal characteris-
tics of these discrete devices were developed for square, rectangular, and
circular surfaces. These models are dependent on critical assumptions, and
are operable over specific parameters, in order for them to be useful to
the average device user who is not familiar with the internal comstruction
of the device. The assumptions and parameters incorporated in these pro-

<
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grams are:
1 50-percent thermal dissipation area (100 percent for circular
surfaces)
2 100-percent attachment coverage
:g 3 Specified material conductivity
' {j 4 Surface shape
i 5 Spreading angle at each level of construction (variable input)
6 Thickness variability as chip dimensions vary at chip level.

The impact of the other thermal parameters such as cooling, internal
radiation, and secondary flow paths are discussed in the external model
(Section 5.4) since the thermal resistance calculated by the internal model
is independent of these parameters.

4

The applicability of these programs is dependeat upon the user knowing
the material of each level of the device; the material conductivity (sec-
tion 5.4, Table 30); and the spreading angle (appendix 5.4). The programs
are written so that the computer will cue the user when specific inputs are
required. For example, at the chip level, the program asks for the chip
material, the material conductivity, and the desired spreading angle. At
the attachment level, the program first provides the user with a list of
attachment materials and then asks for the choice to be entered. The
material conductivity and the spreading angle are ihen requested. The in-
ternal heat spreading angle has a significant impact on thermal resistance,
from the chip junction to the cese bottom (8jc)- The internal model
employs the spreading angle in the cowputation of the thermal resistance at
each level of device construction by allowing the model user to specify the
angle desired. There are many variables, such as attachment voids, chip
size, dissipation area, material type, and thickness, all which affect the
heat spreading function. This creates difficulty in specifying one angle
that typically represents the heat spread. Based on analysis (Appendix
5.4), it vas concluded that the correct spreading angle could not be deter-
mined. The spreading function is an important factor that needs considera-
tion when developing models. However, further investigation was not possi-
ble, due to program limitations. All the programs follow the same user-
friendly format.
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The programs, which are presented in appendix 5, allow for the modifi-
cation of these terms and others so that more specific cases can be insti-
tuted. They are written in the BASIC programming language and are well
documented with comments and section headings so that modifications can be
accomplished.

The programs that model the previously mentioned surface types con-
gsider the heat flow at each level of construction beginning with the chip
(device) itself. The thermal dissipation area is accounted for at this
level, with the thermal resistance being computed for these dimensions.
The next level dimensions are calculated, based on the thickness of the
device and the desired spreading angle. The calculation is refresented by
the following equation for the square and rectangular surfaces. The next
level dimension calculacion for circular devices is discussed in the
respective section.

L2 = L+2*T*TAN(A)
where
L2 = new length
L = present length
T = thickness of present level
A = spreading angle.

Units are in mils.

It should be noted that if the spread exceeds the dimensions of that
level of construction, then the point at which the spread touches the edge
becomes the dimensions for the next level.

The programs for the other levels follow the same format, with the
variable values changing in order to account for the varying materials,
spreading, and dimensions. The attachment materials and the intermediate
waterials have both been limited to the ones most widely used in industry.
However, this cau be wodified to incorporate any material used. The
attachment materials assumed are eutectics, silver, gold, and nonconduc-
tive epoxies. The inturmediate materials assumed are a gold header, beryl-
lia, alumina, molytav, ané nickeltab.

The result of the program's computation is a table comprised of ther-
mal resistance values for a variety of dimensions. By adding the thermal
resistance values for each level of coanstruction, & thermal resistance
value from the junction to the case can be calculated. The resulting
tables for each device level of the three different surface types are pre-
sented in their respective sections which immediately follow. The tables
have all been generated assuming a 45-degree spreading angle. For a more
detailed analysis of the spreadiang angle, see appendix 5.4,

5.3.1 Square Model

LS1 and VLSI devices are frequently square or aearly square. Since
the package features of these devices may also have a8 square format, such
: as hermetic chip cacriers, a square model is attractive. The programs
60
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that model the square devices employ the following equation for the compu-
tation of the thermal resistance at each level of the device construction:
Rl = T/(K*Wk(W+2*T*TAN(A)))
where

Rl = thermal resgistance (°C per watt)

T = thickness (mils)

W = width (mils)

K = material conductivity (watts per inch °C)
A = spreading angle (degrees).

The value for K must be divided by 1000 in order to have agreement among
measurement units.

Calculations have been performed for typical materials in the primary
heat flow path using various spreading angles. As expected, the thermal
resistance (Bjc) increases as the spreading angle decreases, with the
greatest impact occurring at the outermost packaging level. An increased
area is inversely proportional to the calculated thermal resistance.
Similar comparisons can also be made to estimate the effects of chip hot
spots and voids in the chip attachmeant which concentrate the thermal flow.

47k

o
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A sample calculation shown in Table 14 illustrates the use of the
tables generated by the square model. This particular example has four
levels of construction and assumes a 45-degree spread. Using Tables 15
through 18, the values for the thermal resistance and the next level dimen-
sions can be obtained for all the levels of construction. The dimensiouns
used to enter the tables subsequent to the device level are calculated in
the previous level's table and carried over. Interpolation may be required.
The thermal resistance values for each level are then summed and multiplied
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% by the power dissipated to obtain the junction to case temperature change.
> TABLE 14, SQUARE DEVICE SAMPLE CALCULATION
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TABLE 15. SQUARE SURFACE DEVICE - 502 DISSIPATION

- MATERIAL: SILICON
. CONDUCTIVITY: 2,13 (W/IN,®C)
; SPREADING ANGLE: 45 DEGREES
i
3 LENGTH # WIDTH THERMAL RESISTANCE Linc #  Winc
5 2 X 2 148, 51285 2.00 X 2,00
o 4 X 4 67, 17533 4,00 X 4,00
K A X & 40,23482 .00 X 4,00
- 2 X @ 28.20737 2.00 X 8,00
v 10 X 10 23.02737 10.00 X 10,00
A 15 X 1S 13.31180 15.00 X 15,00
T 20 Xz &, 81282 20,00 X 20,00
U, 2% X 25 7. 64324 25.00 X 25.00
i 20 X 30 5. 87526 20.00 X 30,00
i /W X 35 4,47073 35.00 X 35,00
e A0 X 40 2.81055 40.00 X 40,00
ek 45 X 45 3,17263 45,00 X 45,00
o S0 X 50 2.04243 50.00 X 50,00
B &0 X &0 2.29236 &0.00 X &0,00
N 70 X 70 1,79013 70.00 X 70,00
:\ 80 X 80 1.43342 80.00 X 80.00
20 X 90 _ 1.18205 90.00 X 90.00
0 100 X o0 1.12024 100,00 X 100,00
S 110 X 110 0.95512 110,00 X 110,00
2 120 X 120 0,82430 120,00 X 120,00
%, 130 X 130 0.71234 127.91 X 127.91
R 140 X 140 0, 43253 134,98 X 134,98
b 150 X 180 0. 56098 142,05 X 142,05
e 160 X 160 0. 50098 149,12 X 149,12
n 170 X 17v 0. 45017 156,19 X 186,19
s, 120 X 180 0, 40475 163,26 X 183,28
o 190 X 190 0. 36935 170,33 X 170,33
) 200 X 200 0. 33689 177.40 X 177,40
£ 250 X 280 0, 22473 212,759 X 212.7% ’
* 200 X 300 0. 14059 248,10 X 243.10
\nt /O X 3%O 0. 12049 283.45 X 283,45
N 400 X 400 0,0937% 318,80 X 318,80
N 45¢ X 450 0.07500 354,15 X 354,15
- 500 X S00 0,06138 389,50 X 339.50
N
1;.’5;:
5
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L
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TABLE 16. SQUARE SURFACE ATTACHMENT

MATERTAL: EUTECTIC
CONDUCTIVITY: 4.5 (W/IN.*D)
SPREADING ANGLE: 45 (DEGRES)

P D

ha“a I"Q'F

[\

e

LENGTH % WIDTH THEAMAL RERISTANCE Linc # Winc

B L T T s — - e A e i 99— o —— it - - s o s o s

*

H LOX z 18, 51852 2.00 X 2.00
Bl 4 X 4 5.5@556 4,00 X 4,00
) & X & 2. 64551 £.00 X 4,00
%w 8 X = 1.5432. 2.00 X 2.00
Ay 10 X 10 1.01010 10,00 X  10.00
& 15 X 15 Q. 4L297 15.00 X 15.00
Lo 20X 20 0.26455 20.00 X 20,00
' a9 X 25 0.,17094 25.00 X  25.00
30 X 30 0.11948 20.00 X 20.00
3m X 35 0,083818 35.00 X 35.00
80 X 4C ’ 0,0&6773S 40.00 X 40.00
45 X 45 Q.05368 45.00 X 4%5.00
S0 X S0 0.04357 50.00 X S50.0Q
AHD X &HO 0.03036 &0.00 X &60.00
70 X 70 0,QI234% 70.00 X 70,00
RO X 30 0.01715 . 30.00 X 80.00
@y X °0 Q0.01357 20.00 X 90.00
aa X 100 0.01100 100.00 X 100.00
110 X 110 G, 00910 110,00 X 110,00
120 X 120 Q. 00763 120,00 X 120,00
A X 1320 Q.00652 131.00 X 121.00
140 X 140 0, 005463 141.00 ¥ 141,00
EYOX S0 Q.00N49Y 151,00 X 151.00
tAD X 140 O,004%) 161.00 X 1&£1.0Q
170G X 170 G.00382 171.00 X 171,00
SR SR R Q. HN341 121,00 X 1R1.0Q
FRE SR S R} 0, O30 191,00 X 1921.00
RTINSy Te! Q.00274 201.00 X 201,00
et P S ¥ Q.M 77 251,00 X 251.00
20 X 200 Q.00 23 301.00 % 301.00
R0 386G 0. 00020 2R1.00 X 381.00
AT X AG0 O, Q0069 401.00 ¥ 401,00
A X an%g 0. Q005% 451.00 X 451,00
Ber & ROO 0. 00044 S01.00 X 305,00
63
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TABLE 17. SQUARE SURFACE - INTERMEDIATE MATERIAL

MATERIAL: GOLD HEADER
CONDUCTIVITY:  7.54 (W/IN.#D)
SFREADING AMGLE: 45 (DEGREES)

. PPt T

LENGTH # WIDTH  THERMAL RESISTANCE  Linc  #  Winc
" 2 X z 5. 52609 2.0 X 2.40
3 4 X 4 1.50712 4.40 X  4.40
A 2 X & 0. 62077 &40 X £.40 5
Y = X 8 0.39472 8.40 X  8.40 :
o X 1o Q. 25505 10.40 X 10.40 :
g 15 X 15 0.11483 15.40 X 15.40 k
" 20 X 20 0. 06501 20.40 X 20,40 2
)\ 25 X 25 Q. 04177 25.40 X 25.40 b
30 X 30 0.02908 20.40 X 30.40 .
{ 3 X 35 0.02141 35.40 X 35,40 :
g 40 X 40 0.01641 40.40 X 40,40 .
> 45 X 45 0.01293 45.40 X 45.40 ¥
. S0 X S0 0. 01052 50.40 X 50.40 y
; &0 X &0 0.00732 60.40 X 60,40 ;
3 70 X 70 Q. 00538 70.40 X 70.40 c
_ 20 X 80 Q. 00412 80.40 X 80.40 i
20 X 90 0. 00326 20,40 X 90.40 :
: 100 X 100 0. 00264 100.40 X 100.40 k
X 110 X 110 Q. 00218 110.40 X 110.40 X
N 120 X 120 0.00134 120,40 X 120.40 §
. 120 X 130 0.00156 120.40 X 130.40 §
N 140 X 140 0. 00135 140.40 X 140.40 P
! 150 X 150 Q.00118 150.40 X 150.40 3
160 X 160 0.00103 160.40 X 160.40 R
~ 170 X 170 0.00092 170.40 X 170.40 &
, 180 X 180 0. 00082 180,40 X 120.40 E
¢ 190 X 190 0. 00073 190,40 X 190.40 Q&
> 200 X 200 0. 00064 200.40 X 200.40 :
i 250 X 250 0. 00042 250.40 X 250.40 1
g 300 X 300 0.00029 300.40 X 200.40 o
3 I/WE X 380 0. 00022 350,40 X 350.40 2
. 4 X a0 2.00017 400,40 X 400.40 -
s 450 X A4S0 0. Q0013 450.40 X 450.40 T
3 00 X 500 0.00011 $00.40 X 500,40 N
A i
g 3
X %
? §
> \‘
3 6 p
Wt -
o by
2 i
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TABLE 18. 40-PIN CERAMIC SIDE BRAZED PACKAGE

MATERIAL: ALUMIMA

CONDUCTIVITY: .478 (W/IN.#C)
SPREADING ANGLE: 4% (DEGREES)
ATTACHMENT MATERIAL: EUTECTIC
INTERMEDIATE MATERIAL: GULD HEADER

LENGTH # WIDTH THERMAL RESISTANCE Linc * Winc
2 X 2 513.14441 106,00 X 1046.0QC
4 X 4 251.82081 108.00 X 103.00
6 X 6 164.82819 110.00 X 110,00
8 X 8 121.41362 112,00 X 112.00
10 X 10 94,91708 108.00 X 102.00
15 X 15 £0.47814 113.00 X 113.00
20 X 20 42,96175 112,00 X 112.00
25 X 25 32.90063 117,00 X 117.00
20 X 30 26,29382 122.00 X 122.00
33 X 35 21.65001 127.00 X 127,00
40 X 40 17.71495 124,00 X 124,00
43 X 45 15. 13628 129,00 X 129,00
50 X S50 13.11434 134,00 X 124,00
&0 X &0 10.16949 144,00 X 144.00
70 X 70 8. 15031 154,00 X 154.00
20 X 80 6.937646 160,00 X 1&0.00
S0 X <90 5.446942 170,00 X 170,00
100 X 100 4, 464901 180,00 X (80,00
110 X 110 A4,.Q0392 190,00 X 190,00
120 X 120 2, 484675 200,00 X 200,00
130 X 130 I 06528 210,00 X 210,00
140 X 140 2. 714695 220,00 X 220,00
1% X 180 2.842887 230,00 X 230,00
160 X 1&0 2,17922 24G.00 X 240,00
170 X 170 1.926900 230.00 X 250.00
180 X 180 1.73308 260,00 X 260,00
{190 X 190 1.621223 270.00 X 270.00
200 X 200 1.49433 280,00 X 280.00
25 X 280 1.014322 330.00 X 330,00
WO X 300 0.732404 380,00 X 3B0,.Q0
IBO X IO Q, 85603 420,00 X 430,00
400 X d00 0, 43539 430,00 X 420,00
450 X  A4%0 Q, 35087 B30.,00 X 830,00
500 X 500 Q. 23858 SBO.O0 X S380.90
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?tg 5.3.2 Rectangular Model

B
,‘jl The rectangular model is particularly applicable to chips which have
. concentrated power dissipation, such as output drivers sclong one side in a
o rectangular  region, as well as chips with high aspect ratios. The follow-
;': ing equation is used to model the thermal resistance of devices of this
,}i type:

T4

s R = 1 nlk 2T TAN(A) + W

N (L-w) (2 & TAN(A)) ~ "7\Ww 2 T TAN(A) + 1L

_5§f where

by .
g ) R = thermal resistance (°C per watt)

b L = length (mils)

Bl W = width (mils)

_ K = material conductivity (watts per inch °C)

Yra T = thickness (mils)

;%& A = spreadiug angle (degrees).

5

S The value for K must be divided by 1000 in order to have agreement

i; among the units of measurement.
;T&: The rectangular model is very similar to the square model, except
1 square dimensions cannot be modeled by the rectangular programs. If square
LC% dimensions were applied to the thermal resistance equaticn above, the result
A would be division by zero. However, using the concept of iimits, dimen-

sions up to the perfect square can be modeled correctly by the rectangular
s programs. -

o A sample calculation that employs Tables 19 through 22 is illustrated

' in Table 23. The steps involved in this calculation are identical to those
in the square model. It should be noted that the shape or behavior of the

chip determines which model to use and which tables to employ. Using val-

) ues from both the square and rectangular tables interchangesbly caa result

w in erroneous answers.

N TABLE 19. RECTANGULAR SURFACE DEVICE - 50Z DISSIPATION
MATERIAL: SILICON

CONDUCTIVITY: 2,13 (W/IH,4C) »
SPREADING ANGLE: 4% (DEGREES)

Ve Ve, ")

»
R
e "y

,.vl
)

i
|
o |
I . \
PR LEMGTH » WIDTH THERMAL RESISTAMLIE Ling 4  Uince ;

°3, 42361 2,00 X 4,00 f
75, 31254 2,00 % AJ00 ‘
G2, 19135 : 400 K 600 I
"!30 ("‘é‘iq . ‘IQUC' X :.:.-to‘:’{:, ‘4
36, PB2%7 A00 X 1000 \
32.18811 4,00 X 12,00 ;
66 .

L]

i
L}

R TR S ST Ph L i hR A L N

e N f
AR T R 2P N T e v e
> h'.,‘ o st .\.“. ;“&."-’\"f_.;.\ ;.'.‘.‘-“ )

5
PO AN




Downloaded from http://www.everyspec.com

TABLE 19, (CONTINUED)

6 X 8 33, 90026 .00 X 8.00
& X 10 29.07790 6.00 X 10.00
& X 12 25.51632 6.00 X 12.00
A Y 14 22.76464 6,00 X 14,00
& X 16 20,56767 6.00 X 16,00
3 X 13 18, 769320 6.00 X 18,00
g X 10 24,25437 8.00 X 10.00
] X 12 21.32400 8.00 X 12.00
8 X 14 19,05248 8.00 X 14.00
a X 16 17.22435 8.00 X 16.00
8 X 18 15.74303 8.00 X 18.00
& X 20 14,49566 .00 X 20.00 |
8 X 22 13, 43527 8,00 X 22.00 |
3 X 24 12,52351 8.00 X 24,00 |
10 X 15 17.45726 10,00 X 15,00
10 x 20 14. 13854 10,00 X 20,00 |
10 X 25 11.91016 10.00 X 25,00 |
1 X 20 10.30220 10,00 X 30.00
1S X 20 10.81927 15.00 X 20.00
15 X 25 ?.13631 15.00 X 25.00 ‘
15 X 20 7.91702 15.00 X 30.00
15 X as £.99019 15,00 X 35,00 |
15 X 40 6. 26062 15.00 X 40.0C |
15 X 45 85.467069 15,00 X 45,00 |
20 X 25 7.45344 20,00 X 25,00 }
2 X 30 6. 86590 20,00 X 30.00
20 X 3% 5.71385 20,00 X 35.00
20 X 40 5. 12094 20,00 X 40.00 :
20 X 45 4,464097 20,00 X 45,00 |
20 X %0 4.24416 20,00 X 0,00 ’
20 X 93 3,91035 20,00 X 54,89
20 X 60 3. 62573 20.00 X S2.,42
25 X @ &4 70063 25,00 X 30.00
2/ X 38 8, 96989 25,00 X 35,00
25 X 40 5, 38526 25,00 X 40.00
25 X 45 4,90802 25,00 X 45,00 !
2 X S0 4,51049 25,00 X S0.00 |
2 X o8 4,17302 25,00 X 8£5.00
2% X &0 3.83349 25,00 X 60.00 '
25 X &S 3,63204 25,00 X 65,00 ;
25 X 70 3.41155 25,00 X 70,00 g
mX 7S 3.21656 25,00 X 75.00 3
@ X =28 S, 23710 30,00 X 235,00 ;
DX 40 4.72759 30,00 X 40,00 i
X 45 4. 31089 30,00 X 45,00 ;
30 X S0 3. 96260 20,00 X 50,00 :
20 XSS 3, 66751 30,00 X 5,00 :
30 X &0 2. 81394 30.00 X 60.00 ;
WX &S 3.19367 30,06 X 65,00 ,
W/ X 70 3.00041 20,00 X 70.00 {
30 X 75 2.82945 30.00 X 75.00 :
:
67 :
'
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; ! TABLE 19. (CONTINUED)
135 30 X 8O 2.67709 20.00 X  £0.00
o 3 X B85 2.54045 30.00 X 834,10
. 20 X 90 2.41719 30.00 X &7.463
%g; 3\ X A0 4,21804 35.00 X 40.00
, ct- BN QL 2.24724 25.00 X 45,00
g; 25 X S0 R.53776 35.00 X S0.00
*E 3/ XS5 3 27510 35,00 X 55,00
e 35 X 40 2.04924 35.00 X 40.00
- 35 X 45 2.85310 35.00 X 45.00
Wy 25 X 70 2. 68038 25,00 X 70.00
ol s X 7S 2.52843 35.00 X 75.00
. 3 X a0 239264 35.00 X 80,00
o | X 85 2.27078 %5.00 X 84,10
A 35 X @0 2.16083 35,00 X 27.62
. 3% X 95 2.06110 35.00 X 91.17
ARE 235 X 100 1.97025 25.00 X 94,70
iy S X 105 1.88711 35.00 X 98.24
TN 40 X 45 3. 47660 40.00 X 45,00
i 40 X SO R 19759 40,00 X S0.00
MY 40 X 55 2,96080 40.00 X 55.00
: 0 X &0 2.75716 40,00 X 40.00
S 10 X &5 2.58011 30,00 X &5.00
rﬁj 40 X 70 2.42863 40,00 X 70.00
S 40 X 75 2,23711 40,00 X 75,00
N 0 X R0 2. 16446 40.00 X 80.00
2N 40 X 85 2.05442 40,00 X 84,10
AR X 90 1.95511 40,00 X 87,632
%S Q0 X 9% 1.86302 40,00 X 91,17
i 20 X 100 1.78293 40,00 X 94,70
Y an X 105 1.70730 40,00 X 938.24
g A X 11D 1.63879 40.00 X 101.77
Y a % 113 1.5751¢ 40,00 X 105,31
;). A0 X 120 1.51631 40.00 X 108,94
% 35 X S0 2.,91858 45,00 X 50,00
K I S 2,70289 45.00 X S5.00
iy a5 X &0 2,5173% 45.00 X &0,00
NN A X &S 2.35598 15,00 X &5.00
N a5 X Fo 2.21430 45,00 X 70.00
.. e X 78 2. 028%? 45,00 X 7%5.00
D s X 20 1 97703 45,00 X 20.00
- s X o3 1.82645 45,00 X 24,10
N s X 90 1. 72605 45.00 X ©7.42
e sy 95 1. 70287 45,00 X 91.17
o A% X 1o 1, 62894 4%,00 X 94,70
ol 4By 0% 1., 55040 45,00 X 93.24
25N s X 110 1,3974] 65,00 X 101.77
A e x 118 1.42934 435,00 X 105,31
A LE- T S St 1, 38562 45.00 % 108,84
0 ey 1e 1, 23579 45,00 X 112.32
2et, a5 ¥ 130 22942 95.00 X 115,91
L X as ¥ 125 . 28620 25,00 X 119.44
SR 68
S
N
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TABLE 19. (CONTINUED)

B0 X &0 2.64224 S50.00 X 40,00
S0 X 70 2.33412 50.00 X 70,00
=0 X 80 2. 090714 S0.00 X 20,00
S0 X 20 1.28941¢4 S0.00 X 90,00
50 £ 100 1,73158 50.00 X 100,00
=0 ¥ 110 1.59492 20,00 X 107.77
50 X 12 1.47240 50,00 X 114.84
50 X 130 1.37785 S50.00 X 121,91
50 X 140 1.,22018 J0.00 X 123,98
30 X 1580 1.21305 S0.00 X 134.05
&0 X 70 2.025%4 60.00 X 70.0G
&0 X =0 1.81497 40,00 X 820,00
A0 X 90 1.64440 £0.00 X 90,00
&0 X 100 1.50377 &0.00 X 100,00
60 X 110 1.38534 &0.,00 X 107,77
60 X 120 1.28433 60.00 X 114.23
&0 X 1z0 1.19714 &0.00 ¥ 121.91
&0 X 140 1.12110 60.00 X 128.98
&0 X 150 1.05412 80.00 X 1346.05
&0 X 160 Q.99485 60,00 X iaz.12
&0 X 170 0.94138 &0.00 X 150,1%
&0 X i 0.89425 60.00 X 157.26
70 X 80 . 0452 70.00 X 80,00
70 X 90 1.45419 70.00 X $0.00
70 X 1o 1.32939 70.00 X 100.00
70 Y 110 1, 22532 79,00 X 107.77
7Q X 120 1.13612 70.00 X 114,34
VS £ 120 1,05909 70,00 X 121.91
70 1 14¢Q Q. 99192 70,00 X 123,93
7¢ X 180 CLRRRT79 70.00 X 134.05
70 X &0 Q. 8303 70.00 X 143,12
" X 170 Q. 83350 70.00 X 150.'%
70 X 120 Q,72141 70,00 X 17,25
70 X 190 Q.753328 T0.00 X 164,322
70 X 200 0.71838 70.00 X 171,40
70 X 210 Q, 68735 70.00 X 173,47
2 90 1.30388 80,00 X 90,00
L X 100 1.192588 30.00 X 10G,00
20 X 110 1.09892 AR, Q00 X 107,77
80 X 120 1.0190 80,00 X 114,24
20 X 130 e 98001 20,00 X 121,91
20 ;140 Q. 88921 80,00 X 128,98
20 ¥ 1% 0,.3346873 80,00 X 134,08
30 X &0 0,73982 0,00 X 143,12
30 X 170 0.74733 .00 X 150,19
20 X 120 0, 71010 20.00 X 157.2&
20 X i QL 3TFH0C 20,00 X 184,33
20 X 00 2., 64504 80.00 X 171.40
80 X 19 0,.615650 820,00 X 173.47
=0 X 220 0. 59093 80.00 X 138%.94
20 X 22 0.546719 80.00 X 192,81
30 X 240 0. 54522 BU.00 X 199,48
69 |
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TABLE 19. (CONTINUED)

20 X 100 1.08127 ?0.00 £ 100,00
20 X 110 0.99645 F0.00 X 107.77
70 X 120 0.92407 #0.00 X 114.34
20 X 130 0.86155 ¥0.00 X 121.91
0 X 149 0.80700 P0.00 X 128.98
20 X 150 0. 75399 Z0.00 X 136.0%5
0 X 140 0.71638 Y0.00 X 143.12
0 X 170 0.467233 20.00 X 150.19
20 X 180 0.64412 P0,00 X 137.24
20 X 190 0.61322 PO.00 X 164.32
20 X 200 0.58515 90.00 X 171.40
0 X 210 0. 35955 20.00 X 178.47
20 X 220 0.33607% 20.00 X 1835.54
20 X 220 0.51453 20,00 X 192.61
0 X 240 0.49464 F0.00 X 197.48
90 X 250 0.47624 P0.00 X 206.75
20 X 260 Q. 43915 20.00 X 213.82
L0 X 270 0.443228 ®0.,00 X Z220.8%
100 X 110 1.03438 100,00 X 110,00
100 X 120 0.96082 100,00 X 120.00
100 X 130 0.89712 100,00 X 127.91
100 X 140 0.34142 100,00 X 134.98
100 X 130 0.79227 100,00 X 142,05
110 X 120 0. 8372y 110,00 X 120,00
110 X 130 0,82853 110,00 X {27.91
i10 X 140 0.77711 1i0,00 X 134,9¥8
110 X 150 0.72317& 110,00 X 142,03
110 X 140 069142 i10.00 X 149,12
120 X 130 0.74&973 120,00 X 127,91
2o X 140 0. 72202 120,00 X 134,98
120 X 130 0.5799Q 120,00 X 142,03
120 X 1460 0. 64244 120,00 X 149,12
120 X 170 Q. &ORPS 120,00 X 136,19
120 X 180 Q. 57977 120,00 X 163.2

130 X 140 0.47430 127,71 X 139.9%
20 X 150 Q. 63498 127.%10 X 142,08
120 X L0 V. 50003 127,91 X 149,12
130 X 1720 Q. 54U78 127.91 X 15&.19
13 < 130 0, 5058 127.921 X 163,26
120 X 190 0. 51502 127.90 X 170,33
140 X 159 0, G847 134,93 X 142,09
LA X 140 0. G629 134,98 X 11w, 1,
110 X t/0 (I X ¥ 13,98 X 154,19
140 x  1a¢ G HOFLE 124,98 X 15324
14 X {20 O AR329 (3,98 X 170,33
140 ¥ 200 Q. 441479 139.98 X 137,40
190 X 210 V. 33142 U3, PE 0 X 129,47
159 X 140 LSRN 142,0% X 19v,i2
190 X 15 0. B0 142,05 X 1546017
- A SR BTV L AT7RS 142,05 ¥ 182,06
150 X 1o 0. 45513 142,05 X 170,33

70
R R T TR I SR T




Downloaded from http://www.everyspec.com

TABLE 19. (CONTINUED)

150 X 200 ¢, 43465 142,05 X 177.40
150 X 210 0. 41595 142,05 X 184.47 ;
150 X 220 0. 39879 142,05 X 191.54 e
160 ¥ 170 0.47490 149.12 X 156.19 5
160 X 120 0. 45140 149.12 X 163,25 En
160 X 190 0. 43013 149,12 X 170,33 ¢
160 X 200 G. 41079 149,12 X 177.40 ke
160 X 210 0.39311 149,12 X 184,47 el
160 X 220 0. 37690 149,12 X 191.54 fer
160 X 230 0.36198 147,12 X 198.61 =
160 X 240 0. 34220 149,12 X 205,63 3
170 X 180 0.42794 156,19 X 163,24 i
170 X 190 0.40777 156,19 X 170.33 b
170 X 200 0.38943 156,19 X 177.40 p=
170 X 210 0.37247 156,19 X 1£4.47 &,
170 X 220 0.35730 156.19 X 191,54 _
170 X 220 0.34316 156,19 X% 195,61
170 X 240 0.33009 156,19 ¥ 205,48
170 X 250 0.31799 156.19 X 212,75
120 X 190 0.33761 163,26 X 170,33
180 X 200 0.37017 163,26 X 177.40
180 X 210 0. 35426 163,26 X 184,47
180 X 220 0. 3390 163,26 X 191.54
120 X 230 0, 32621 163,26 X 198,81
180 X 210 0.3137% i$3,26 X 205.68
180 X 250 0.30229 163,26 X 212,73
180 X 260 0. 29160 163,26 X 219.82
120 X 270 0, 28148 183,26 X 226,39
120 X 200 0.35279 170,33 X 177.490
190 X 210 0. 33752 170,33 X 124,47
190 ¥ 220 0. 32367 70033 X 191,54
P90 X 230 0, 31096 170,33 X 198,64
190 X 240 0, 29903 170,33 X 205,68 .
190 X 250 0. 28803 170,33 X 212,75 X
190 X 260 0, 2779 170,32 X Z19.&2 5
199 X 270 it 26841 170,33 X 226.89 &
90 X 280 0. 2595 170,33 X 233.9% £
200 X250 0.27514 177,80 X 212,79 -
200X 200 0, 22254 177,40 X 248,10 -
250 X 300 0, 13997 212,75 K 243,40 &
250 X 380 ¢. 16454 202079 X 283,49 e
300 ¥ 350 O, 13910 248,10 & 293,45 o
I % 400 0. 12263 2A8,10 X Ri&.30 o
300 ¥ A8 0, 1GD7 210 X 394,19 e
IO S D 0, 028 283.4% 318,80
WOV A% O, 2306 HB3.48 X 354,19
WO Y SO0 (L SS9 282,45k H3P.S0
Wy X A% 0. ARG BB K 38013 v
SIACIE O 07NRS G180 X ¥ G0 Ty
AGG X BNO 006924 31B.AD X A as e
0 X A00 ¢ 08370 .80 X 450,20 L
i
n )
1
e

v
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TABLE 19. (CONTINUED)

=200 L OAT7E85 254,15
450 S50 ..061#4 2m4.15
450 H00 0, OSEDE IS4, 15
A5G X &50 O ORET 6 =E4,15

00 b

555G 0, 05404 3o 80

450 2T, 50
421,35
4@0.39
4:‘.‘/5‘ L‘.‘l:."

4.-"”:!

> < <

X D€ XX X

>

TABLE 20. RECTANGULAR SURFACE ATTACHMENT - ABLEBOND 36-2 EPOXY

MATERIAL: EPOXY
CONDHICTIVIIYY 5, 10000E~02 (W/IN.#C)
SFREADING ANGLE: 45 (DEGREES)

: LENGTH # WINTH THERMAL RESISTANCE Linc * Winc

¢§2 =X 4 1987 STE37 2.00 X 4,00
g 20X & 1440, 45479 2,00 X 6.00
g A X £ BPE 7402 4,00 X 4&.00
AN 4 X 0L G4 4,00 X 2,00
g 4 ¥ 10 B w74 4,00 Y 10,00
4 X z 496, BRASL 4.00 X LE.00
&HOOX &= Ll 00 X F.00
&H 00X 10 A,00 X 10,00
&0 X 12 Lo X 1200
HO0X 14 Ha00 X 14,00
HOX 14& .00 X 16000
&HOOX 1a HL,00 X 1d.o0
R 4 10 JD“7U S.00 X 10,00
200X 12 HEd2 2,00 X 12,00
. o X 14 B ] 2.00 X 14,00
X 1 43 S.00 X 16000
@ X & 200,77 .00 X 18,00
=X 20 L&2, 304% ®,00 X 20,00
2 X a2 146, 95457 S.00 0 X 22000
820X R 193,992 2,00 X 24,00
10 X 15 196, 20143 10,00 X 1§00
10 X =0 151, 123875 10,00 X 20,00
10 X bl FELFLOLE 10,00 X 23,00
10 X =20 103, 523320 10,00 X 20,00
1% X 20 106,01372 15.00 X 20,00
1% X &, 24472 5.00 X 25,00
1% X T2 AWETS 15,00 X 20,00
50X SR RG4S 15,00 X 35,00
1% X 55, 22501 15.00 X 40,00
(% X 4w, 15,00 X 45,00
w0 X &b, 47Hu4 2,000 X 25,00
20 X b T =0, 00 X S0, 00
20X 20,00 X 35,00
20 X 20,00 X 40,00
200X 20,00 X 45,00
72
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TAELE 20. (CONTINUED)

Pjr.

20 X 50 31, 43162 20,00 X 50,00
20 ¥ S5 31, 40551 20.00 X 55.16
20 X 40 28, 86845 20.00 X 62,23
5 X 20 45, 60268 25.00 X 20.00
5 X 39 . 29.41858 25,00 X 35,00
25 X 40 24.71226 25.00 X 40,00
25 X 45 2101099 25,00 X 45,00
25 ¥ 50 28.02312 25.00 X 50,00
25 X 55 25, 56090 25,00 X 55,00
25 Y 60 23X, 49645 25.00 X 60,00
25 X 45 21.74045 25.00 X 45,00
25 X 70 20, 22895 25.00 X 70.00
25 X 75 16.91378 25.00 X 75.00
20 % 35 23, 23519 30,00 X 35,00
R0 X 40 29, 26775 20,00 X 40,00
30X 45 26. 14769 30,00 X 45,00
20 X 50 23.62928 30,00 X 50.00
20 K 55 21, 55248 30,00 X 55,00
0 X &0 19.81157 30,00 X 60,00
30K 48 18. 33175 30,00 X 65,00
30X 70 17.05732 30,00 X 70,00
30 X 7S 15, Y4860 30.00 X 75.00
20 X 80 14.9751% 30.00 X 80.00
30 X 8 14,11381 20.00 X 86,28
0 X 90 13, 34618 20,00 X 93,35
25X 40 25, 30200 I5.00 X 40,00
35X 45 23, GORST 35.00 X 45,00
3 X S0 20, 42669 I5.00 X 50.00
¥ XSS 18, 63230 35.00 X 55,00
WX 4O 17.12779 .00 X 60.00
B OX 4S5 L5, 84805 35,00 X 65,00
¥ OX 70 14.74621 35,00 X 70,00
3 X YS 13.7877% .00 X 75.00
3 X |0 12, 94625 35,00 X 80.00
3m X es 12.20177 35.00 X 86.28
3K R0 11, 53818 35,00 X 93,35
3m X 95 10, 94301 35,00 X 99,00
. WX 100 10, 40616 35.00 X 104,00
- IS X 10% 9.91967 35.00 X 109,00
: ac X 4s 15, 90781 40,00 X 45,00
“ 49 X 20 17,98999 40.00 X $0,00
N 0 X = 1. 40941 40,00 X 55,00
- 40 X &0 15. 08420 40.00 X  £0,00
: 40 X 4S 13, 95751 40,00 X 65,00
¢ 10 x 70 12,93720 40,00 X 70.00
- 40 X 7% 12, 14314 40,00 X 75.00
" 40 X 80 11. 40204 40,00 X 50,00
¥ a0 X &S 10, 74633 40,00 X 6,28
. 100X 90 10.161%20 40,00 X 93,35
. AN 95 P 6ITT0 10,00 X 99,00
A 30 X 100 9. 16496 40,00 X 104.00
Ly
Ny
s 73
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TABLE 20. (CONTINUED)

A0 X 105 8. 7356 40,00 X 109,00
40 X 110 2.324621 40,00 X 114,00
A0 X 118 7.989327 40,00 X 119.00
40 X 120 706186 40,00 X 124.00
45 X 50 1607307 43,00 X 50.00
45 X 535 14, 646086 43,00 X 55.00
1% X &0 12.47674 45,00 X  £0.00
15 X &3 12.4702% 45,00 X 4&5.00
As X 70 11, 403205 45,00 X 70.00
45 X 75 1034917 45,00 X 75.00
4% X 20 1018705 45,00 X 20,00
45 X 25 P.46011% 45,00 X 8&.28
15 X 0 2. Q7909 45,00 X 922,35
45 X 93 2.61072 45,00 X 92,00
45 X 100 &, 18234% 45,00 X 104,00
4% X 105 7. 80569 45,00 X 109.00
15 X 110 7. AS70% 45.00 X 114,00
4% X 118 7.13822 45.00 X 119.00
45 X 120 6,.23454%9 45,00 X 124,00
45 X 125 6.57370Q 45,00 X 129.00
45 X 130 6£.32674 45,00 ¥ 134.00
4% X 125 6, 095974 453,00 X 139.00
=50 X &0 12.17997 S0.00 X 460.00
50 X 70 10, 43524 S0.00 X 70,00
=50 X a0 Y. 20624 S0.00 X 80.00
50 X 20 2, 20500 50,00 X #0.00
50 X 100 7 . 40007 S0.00 X 100.00
=0 X 110 &£.73903 S0.00 X 113,15
500 X 120 LH.13649 50.00 X 124.00
30 X 130 5.71766& 50.00 X 134,00
a0 X 140 S.2143%9 S0.00 X 144,00
50 X 1850 4,946515 S0.00 X 154.00
&0 X 70 S.7931% H0.00 X 70.00
&0 X 20 7.71982 60,00 X 80.00
A0 X 2Q &, 8804) H0.00 X 20,00
&0 X 100 &, 20836 A0.00 X 100,00
&0 X 110 S.465109 0.00 X 113,15
A0 X 120 3.187489 &0.00 X 124,00
A0 X 120 4,7945% &£0.00 X 134,00
&0 X 140 4, 454689 &U.Q0 X 144,00
&HO O A 150 4,16356 Q.00 X 154,00
&0 X 140 3, 90647 60,00 X 164,00
&0 X 170 S ETI24 &£0.00 X 174,00
&0 X 130 2.47712 40,00 X 134,00
70 X 20 by L4697 70,00 X 20,00
70 X 20 S.92417 70.00 X 20,00
70 X 100 S 34297 70,00 X 100,00
70 X 110 4. 84873 70,00 X 113.15
70 X 120 4, 4464630 70,00 X 124,00
70 X 1320 4,12831 70.00 X 134,00
70 X 140 3.83744 7Q.00 X 144,00
74
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1 TABLE 20. (CONTINUED)
R { 70 X 150 3. 58487 70.00 X 154,00
e 70 X 160 2. 363255 70.00 X 164,00
- 70 X 170 3.16802 70.00 X 174,00
8 70 X 180 2.99394 70.00 X 184,00
o< 70 X 190 2.83796 70.00 X 194,00
o 70 X 200 2.49741 70.00 X 204,00
AR 70 X 210 2.57014 70.00 X 214,00
1! 820 X 90 5.20131 20,00 X 20,00
R 80 X 100 4,6%1324 80.00 X 100.00
e 20 X 110 4,27195 80.00 X 113.15
23 80 X 120 c] 0*13@ 20,00 X 124,00
06 20 X 130 5. 62458 80,00 X 134.00
ool 80 X 140 2.,369179 80,00 X 144,00
T 20 X 150 3.14747 80.00 X 154.00
20 X 160 2.95316 80,00 X 144,00
S 20 X 170 2.78150 80.00 X 174.00
A 80 X 180 2.62859 80,00 X 184.00
Koo 80 X 190 2,49172 80,00 X 194,00
e B0 X 200 2, 36833 80,00 X 204,00
P 30 X 210 2.25656 820.00 X 214,00
(@ 80 X 220 2. 15489 230,00 X 224.00
80 X 230 2.046196 20,00 X 234,00
20 X 240 1.97680 0,00 X 244,00
20 X 100 4. 18092 20,00 X 100,00
90 X 110 3.8074% 20,00 X 112,15
20 X 120 2. 49529 20,00 X 124,00
20 X 130 3.23061 20,00 X 134,00
T Q0 X 140 3, 00284 PO, 00 X 144.00
AN 20 X 150 2. 80826 90.00 X 154.00
SR 20 X 160 2.@320@ 20,00 X 144,00
N 20 X 170 2. 47907 F0.00 X 174.00
e 20 X 1RO . :.34?74 20,00 X 124,00
) 20X 190 2, 22070 P0.00 X 194,00
L 20 X 200 2011075 P0.00 X 204,00
Rl | P00 X 210 2.01124 F0.00 X 214,00
b3 20 X 220 1. 920632 20,00 X 224,00
i3 P00 X 230 1.83720 FOO0 X 234,00
LY 20 X 240 1.76183 90,00 X 244,00
9. 20 X ES0 1.&9193 20,00 X 254,00
k.- 200X 260 1. 62735 20,00 X 264,00
Aty 90 X 270 1.54753 20,00 X 274.00
5 100 X 110 3. 43444 100,00 X 110,00
‘e oo X 120 ? 15249 100,00 X 120,00
T s 100 X 130 2.91371 100,00 X 132.96
L3 100 X 140 2. 70845 100.00 X 144,00
- 100 X 150 2, 52030 100,00 X 154,00
Ry 1o X 120 287157 110,00 X 120,60
- 110 X 130 2. 65361 110,00 X 132,94
oy 110 X 140 2, A&H45 110,00 X 144,00
o 1O X 180 2.304324 110,00 X 154,00
L. 110 X 160 2.16194 HIO.00 X 144,00
a8
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TABLE 20. (CONTINUED)
120 X 130 Z.43644 120,00 X 132.96
120 X 140 2.26459 120,00 X 144,00
120 X 150 2. 11551 120.00 X 154,00
120 X 140 1.90463 120,00 X 164,00
120 X 170 1.86930 120.00 X 174,00
120 X 180 1.76664 120,00 X 184,00
120 X 140 2. 09358 132,96 X 144,00
120 X 150 1.95524 132,96 X 154,00
130 X 160 1.83437 122.96 X 164,00
130 X 170 1,7276% 132.96 X 174.00
130 ¥ 180 1.63276 132,96 X 184.00
120 X 190 1.54766 132,96 X 194,00
140 X 150 1.81716 144,00 X 154,00
140 X 140 1.70516 144,00 X 164.00
140 X 170 1.60592 144,00 X 174.00
140 X 180 1.51735 144,00 X 184,00
140 X 190 i.43858 144,00 X 194,00
140 X 200 1.386751 144,00 X 204,00
140 X 210 1.30291 144,00 X 214,00
150 X 160 1.59354 154.00 X 144,00
150 X 170 1. 50064 154,00 X 174,00
150 X 180 1.41796 154,00 X 134,00
150 X 190 1.34399 154,00 X 194,00
150 X 200 1,27742 154.00 X 204,00
50 X 210 1.21724 154,00 X 214,00
150 X 220 1. 16231 154,00 X 224,00
160 Y 170 1.40840 164,00 X 174,00
160 X 180 1.33052 164,00 X 184,00
160 X 190 1.26113 164,00 X 194,00
160 X 200 L. 19865 164.00 X 204,00
160 X 210 1.14199 164,00 X 214,00
160 X 220 1.09056 164,00 X 224,00
160 X 230 1. 04358 164,00 X 234,00
160 X 240 1, 00040 164.00 X 244,00
170 X 180 1,25374 174,00 X 124,00
170 X 190 1,18778 174.00 X 194,00
170 X 200 112922 174,00 X 204,00
170 X 210 1, 07579 174.00 X 214,00
170 X 220 1.02718 174,00 X 224,00
170 X 230 0,98293 174,00 X 234,00
170 X 240 0, PAZZO 174.00 X 344,00
170 X 250 Q. P08 174,00 X 254.00
180 X 190 L. izees 184,00 X 194.00
180 X 200 1, 06699 184,00 X 204,00
180 X 210 1. 01666 184,00 X 214.Q0
180 X 220 0, 97084 184,00 X 224,00
180 X 230 0. Y2204 184,00 X 234,00
180 X 240 O, 89049 134,00 X 244,00
180 X 280 O ESEL7 184,00 X 254,00
180 X 260 0, 8RIE9 184,00 X 2&4.00
1§60 X 270 0.7922 184,00 X 274,00
76
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TABLE 20. (CONTINUED)

120 X 200 1.01189 194,00 X 204,00
190 X 210 0.96321 194.00 X 214,00
190 X 220 0.92054 194,00 X 224,00
190 X 220 0.88057 194,00 X 224,00
190 X 240 0.84405 194,00 X 244,00
190 X 250 0.21071 194.00 X 254.00
120 X 260 0.77972 194,00 X 264,00
190 X 270 0.7509% 194,0¢ X 274.00
120 X 280 0.7243%9 194,00 X 284,00
j‘ 200 X 280 0.770352 204,00 X 254,00
3 200 X 300 0.64288 204.00 X 304,00
& 250 X 200 0.51533 254,00 X 204.00
M 250 X 350 0.4421¢4 254,00 X 354,00
i 200 X 350 0.326912 204,00 X 354.00
! 300 X 400 0.32308 304,00 X 403,00
3 300 X 450 0.287320 304,00 X 454,00
5 350 X 400 0.27723 354.00 X 404.00
rg 30 X 450 Q. 24652 354,00 X 454,00
J A50 X S00 0.22197 354,00 X S504.00
i 400 X 450 Q.21591 404,00 X 454,00
. 400 X 500 0.19440 104,00 X 504,00
: 400 X S50 0,17673 404,00 X 554,00
N 400 X &00 0.146208 404,00 X 404,00
o 450 X =00 Q.17289 454,00 X 204.00
¢ 450 X S50 0.13722 454,00 X 554,00
450 X 400 0.14415 454,00 X 404,00
| 450 X 450 0. 13309 454,00 X 454,00
. 500 X 850 0. 14145 S04.00 X 554.00
3
N
N TABLE 21. RECTANGULAR SURFACE HEADER - GOLD PLATE
! MATERIAL: GOLD
> CONDUCTIVITY:  7.54 (W/IN,#C)
S SPREADING ANGLE: 45 (DEGREES)
3
; LENGTH # WIDTH THERMAL RESISTANCE Linc #  Winc
R et et e
N 2 X 4 2.88199 2.40 X 4.40
R 2 X & 1.95265 2.40 X &,40
- 4 X 6 1.02028 4.40 X  £.40
. 4 X 8 0.77123 4.40 X  8.40
i 4 X 10 0.61992 4,40 X 10,40
= 4 X 12 0.5182% 4.40 X 12,40
- & X 8 0.52217 &80 X 8,40
- & X 10 0.41973 &.40 X 10.40
& A X 12 0. 25039 6,40 X 12,40
3! & X 14 0.20147 £.40 X 164.40
% & X 1& 0.26423 6,40 X 16.40
~ & X 18 0.23519 6,40 X 18.40
X
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i, TABLE 21. (CONTINUED)
s It
0y & X 10 0.31722 .40 X 10.40
s & X 1z 0.26527 8.40 X 12,40
. 2 X 14 0.22789 6.40 X 14.40
N 8 X 1é& 0.19975 8.40 X 16.40
7 @ X 1& 0.17720 8.40 X 18.40
20 8 X 20 0.1601% 8.40 X 20,40
Y 2 X 2z 0. 14574 .40 X 22.40
’ 8 X =24 0,13371 8.40 X 24.40
D 10 X 15 0.17115 10.40 X 15.40
: 10 x 20 0.12877 10.40 X 20.40
AN 10 X 25 0.10322 10,40 X 25,40
{178 10 X 30 0.08613 10,40 X 30,40
s 15 X 20 0. 02640 15.40 X 20,40
Gl 15 X 25 0. 06926 15.40 X 25.40
15 X =z 0.0577% 15.40 X 30.40
by 15 X =5 0.04958 15.40 X 35.40
Wi 15 X 40 0.04341 15.40 X 40.40
e 15 X 45 0.03861 15.40 X 45,40
hfp 20 X 25 0.05212 20,40 X 25,40
S 20 X 20 0.04:348 20.40 X 30.40
L5 20 X 3= 0.023731 20.40 X 35.40
i 20 X 40 0.03267 20.40 X 40.40
s 20 X 45 0. 02905 20.40 X 45,40
NN 20 X S0 0.02616 20,40 X S0.40
Yooy 20 X =5 0.02279 20.40 X 55,40
N 20 X 60 0.02182 20,40 X &0.40
_ 25 X 30 0. 02486 25.40 X 20.40
L 25 X as 0, 02991 25.40 X 35.40
L IS X 40 0. 02618 25.40 X 40,40
e 25 X 45 0.02329 25,40 X 45,40
P /X S0 0. 02097 25.40 X S0.40
Wy 25 X 88 0.01907 25.40 X S5.40
J 2B X w0 Q.01749 25.40 X 60.40
o8 25 X &5 0.01615 25.40 X &5.40
il 25 X 70 0. 01500 25.40 X 70.40
AR 25 X 75 0,01400 25.40 X 75.40
o X 2% Q. 02497 20.40 X 325,40
PN I X 40 Q. 02185 30.40 X 40.40
¢ ) 30 X 45 0,01943 30.40 X 45,40
N 0 X S0 0.01750 30,40 X 50,490
R 30y =5 0.01592 20,40 X S5.40
e I X &0 0.0145%9 30.40 X 40,40
IR 20 X 4S 0.01347 20.40 X 45,40
L X 70 0. 01251 30.40 X 70.40
9 30 X 7S 0.01168 30.40 X 75,40
-2 30 X 20 0.01095 30.40 X 30,40
3054 30 X &8s 0. Q1031 30.40 X 85,40
Ton 30 X 90 0.00974 30.40 X 90,40
23 IS X 40 0, Q1875 . 35.40 X 40,40
20 3| X 45 0. 01667 35.40 X 45,40
: 3 X 80 0.01501 35.40 X 50.40
78
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TABLE 21, (CONTINUED)

235 X 55 0.01365 35.40 X 55.40
35 X 40 0.01252 35.40 X 40.40
35 X &5 0.01156 I5.40 X 65.40
B X 70 0.01074 35.40 X 70.40
3 X 75 0.01002 35.40 X 75.40
3\ X 20 0.00940 25.40 X 20,40
3 X 85 0.00235 35.40 X 85,40
3|/ X 90 0. 00836 35.40 X 90,40
3/ X 95 0.,00792 35.40 X 95.40
2B X 100 0. 00752 $5.40 X 100.40
3 X 105 0.00714 35.40 X 105.40
10 X 4% 0.01460 40.40 X 45.40
40 X 50 0.01315 40.40 X 50.40
40 X 9% 0. 01195 40.40 X 55,40
40 X &0 0.01096 40.40 X 60,40
40 X &5 0.01012 40.40 X 45,40
40 X 70 0.00940 40.40 X 70.40
40 X 75 0.00878 40.40 X 75.40
40 X &0 0.00823 40.40 X 20,40
40 X a5 0.00775 40.40 X 85.40
0 X 90 0.00732 40,40 X 90.40
20 X 95 0.00693 40.40 X 95,40
40 X 100 0. 00659 40.40 X 100.40
40 X 105 ©0.00627 40.40 X 105.40
40 X 110 0.00599 40.40 ¥ 110,40
40 X 115 0.0Q0573 40.40 X 115.40
40 X 120 0.00549 40.40 X 120.40
45 X %0 0.01169 45.40 X 50,40
45 X S5 0.01064 45,40 X 55.40
15 X 40 0. 00975 45.40 X &0.40
45 X &S 0.00900 45,40 X 45,40
S X 70 0.00836 45.40 X 70,40
S X 7S 0, 007230 45,40 X 75,40
AS X 80 0.00732 45.40 X 20,40
45 x 8% 0. 00689 45.40 X 85,40
45 X 90 0. 004651 45.40 X 90.40
45 X 95 0.00617 43.40 X 95,40

2a 45 X 100 0, 00526 45.40 X 100,40
45 X 10S 0. 00558 45.40 X 105.40
a8 X 110 0. 00533 45.40 X 110.40
45 X 115 0, 00509 45.40 X 115,640

_ 45 X 120 0. 00483 45.40 X 120.40

l 45 X 12% 0. 00469 45.40 X 125,40
' 45 X 130 Q. 00451 45.40 X 130,40

e 45 X 135 0. 004324 45.40 X 135.40

S 50 X 40 0. 00879 50.40 X 60.40

3 S0 X 70 0, 00753 $0.40 X 70,40

) SO X 20 0. 0065% S0.40 X 30,40

N SO X 90 0, 00526 $0.40 X 90,40

0 SO X 100 0. 00527 $0.40 X 100,40

. SO X 110 0.00479 S0.40 X 110.40

N
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2 TABLE 21. (CONTINUED)
5 S0 X120 0.00440 S0.40 X 120,40
L 50 X 130 0. 00406 50,40 X 130,40
£ S0 X 140 0.00377 50.40 X 140,40
L 50 X 150 0. 00352 S0.40 X 150,40
o 60 X 70 0. 00628 60.40 X 70,40
. &0 X 80 0, 00549 60,40 X 20,40
ey 40 X 90 0.00429 60,40 X 90.40
b &0 X100 0.00440 &0, 40 X 100,40
. 0 X 110 0. Q0400 £0.40 X 110,40
o) &0 X 120 C. 00367 &0.40 X 120,40
i A0 X 130 0. 00338 £0.40 X 130,40
Y &0 X 140 0.00314 £0.40 X 140.40
P, 40 X 150 0.002932 &0.40 X 150,40
¥ 40 X 180 ¢. 00275 &0.80 X 160,40
) 50 X 1790 0. 00259 &£0.40 X 170,40
e &0 X T80 0.00245 60.40 X 180,40
;'\.‘.;{% 70 X 20 0.00471 70.40 X 80,40
N 70 X 20 0.00419 70.40 X 90,40
Bl 70 X 100 0.00377 70.40 X 100,40
b 70 X 110 0.00243 70.40 X 110,40
2 70 X 120 0.00314 70.40 X 120.40
N 70 X 130 0, Q0290 70.40 X 130,40
e 70 X 140 Q. 00270 70.40 X 140.40Q
e 00 X 150 0, 00252 70.40 X 150.40
R 70 X 140 0. 00234 70.40 X 160.40
SN 70 X 170 0,00222 70,40 X 170,40
- 720 % 1R 0. 00210 70,40 X 180,40
W 70 X 1%0 0,00199 70.40 X 190,40
A 70 X 200 0, 00189 70.40 X 200,40
N 70 X 210 0, 00180 70.40 X 210.40
Y a0 X 90 0.00367 £0.40 X 90.40
A 20 X 100 0, 00330 €0.40 X 120,40
) 20 X 110 0. Q0IV0 20,40 X 110,40
PN 8O X 1z0 0, 0275 20,40 X 120,40
DY g X 130 0. 00250 20,40 X 130,40
3598 80 X 110 0, 00234 80,40 X 140,40
e 20 X 150 0. 00220 80,40 X 150,40
o S0 X 160 0. QOR04 80,40 X 160,40
g0 X 170 0.00194 20.40 X 170,40
e g0 X 180 0,00184 80,40 X 180,40
s 20 X 190 0.00174 20.40 X 190,40
b 20 X 200 0.00169 20,40 X 200,40
e 80 X 210 0. Q0157 20.40 X 210,40
b &0 X 220 0. 00150 30.40 X 220,90
.. 20 X 230 0. 00144 80,40 X 230.40
oL 80 N 240 0,001 38 £0.40 X 240,90
SO 20 X 100 0.00274 20,40 X 100,40
[ 20 X 110 0,002467 20,40 X 110,40
i 0 X 120 Q. 00248 PG, 40 X 120,40
R Q0 X 130 0, 00224 ¥0,80 X 130,40
. 0 X 140 0. 00210 $0.40 X 140,40
s
TR 80
WY
Sy

Ay
’;

o




Downloaded from http://www.everyspec.com

TABLE 2). (CONTINUED)

90 X 150 0.00196 90.40 X 150.40
90 X 160 0.00184 90.40 X 160.40
90 X 170 0.00173 90.40 X 170.40
90 X 180 0.00163 20.40 X 180.40
90 X 190 0.00155 20,40 X 190.40
920 X 200 0.00147 90.40 X 200.40
20 X 210 0.00140 90.40 X 210.40
90 X 220 0.00134 90.40 X 220.40
20 X 230 0.00128 90,40 X 220.40
90 X 240 0.00122 90.40 X 240.40
90 X 250 0.00118 90.40 X 250.40
Y0 X 260 0.00113 90.40 X 260.40
90 X 270 0.00109 20.40 X 270.40
100 X 110 0. 00240 100,40 X 110.40
100 X 120 0.00221 100.40 X 120.40
100 X 130 0.00204 100.40 X 130.40
100 X 140 0.00189 100.40 X 140.40
100 X 150 0.00176 100.40 X 150.40
110 X 120 0. 00200 110.40 X 120.40
110 X 120 0.0018% 110.40 X 130.40
110 X 140 0.00172 110.40 X 140,40
110 X 150 0.00160 110.40 X 150,40
110 X 140 0.00150 110.40 X 140.40
120 X 130 0.00170 120,40 X 130.40
120 X 140 0.00152 120,40 X 140.40
120 X 150 0.00147 120.40 X 150.40
120 X 160 0.00138 120,40 X 1460.40
120 X 170 L 0.00120 120,40 X 170¢.40
120 X 180 S 0.00123 120,40 X 180, 40
130 X 140 0.00146 130.40 X 140.40
120 X 150 0.00138 130,40 X 1%50.40
130 X 160 0.00127 130,40 X 160,40
130 X 120 0.00120 130,40 X 170.40
130 X 120 0.00113 130,40 X 120,40
130 X. 190 0.00107 130,40 X 190.90Q
190 X 7150 - 0.00127 140,40 X 1%0.40
140 X 1a0 . 0.00118 140,40 X 140,40
140 X 170 a.00111 140,40 X 170.40
140 - X 180 0, 00105 130,40 X 120,40
180 X 190 0, 00100 140,40 X 190, 40
140 X 200 0, 00095 130,40 X 200,40
e 10 X 210 Q. 00090 140,40 X 210.40
o 1% X ta0 0.00110 150.40 X 160,40
! 180 X 170 0. 00104 150,40 X 170.40
150 X 120 0, 00098 150.40 X 180,40
150 X 190 ., Q0093 150,40 X 190,40
150 X 200 2. 000:8 150,40 X 200,40
150 X 210 0. 00024 150.40 X 210.40
150 X 220 0. 00030 150,40 X 220,430
160 X 170 Q. Q0098 160,840 X 170,480
160 X 180 0.00092 160,40 X 1350, 40
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TABLE 21. (CONTINUED)

160 X 190 0.00087 160.40 X 190.40
160 X 200 0., 00033 160,40 X 200,40

10 X 210 0. 00079 160,40 X 210,40

160 X 220 0. 00075 160,40 X 220.40

160 X 230 0. 00072 160,80 X 230.40

160 X 240 0. 000469 1£0.40 X 240,40

170 X 130 0. 00087 170.40 X 180.40

170 X 190 0. 00082 170.40 X 190,40

170 X 200 0, 00078 170.40 X 200,40

170 X 210 0, 00074 170.40 X 210,40

170 X 220 0.00071 170.40 X 220.40

170 X 230 0. 00068 170.40 X 230,40

170 X 240 0. 00045 170.40 X 240,40

170 X 250 0. 00062 170.40 X 250,40

120 X 190 0. 00078 180,40 X 190,40

180 X 200 0.00074 130.40 X 200,40

180 X 210 0.0007Q 120,40 X 210,40

180 X 220 0. 00067 180.40 X 220,40

180 X 230 0.000464 120,40 X 220.40

1820 X 240 0. 00061 120.40 X 240,40

180 X 250 0. 0005% 120.40 X 250,40

130 X 260 0. 00057 180,40 X 260,40

130 X 270 0. 00055 120,40 X 270,40

190 X 200 0. 00070 190,40 X 200.40

190 X 210 0.000467 190.40 X 210.40

190 X 220 0. 000464 190,40 X 220.40

190 X 230 0. 00061 190,40 X 230,40

120 X 240 0. 00058 190,40 X 240,40

190 X 2%C 0, C00%6 190,40 X 250,40

190 X 260 0.00054 190,40 X 280,40

190 X 270 0. QOOS2 190,40 X 270,40

190 X 280 0. 00050 190,90 X 220,40

200 X 280 0. QOOSE 200,40 X 250,40

200 X 200 0. 00044 200,40 X 200,40

250 X 300 0, 00035 250,40 X 200,40

280 X 3%0 0.00030 250,40 X 330,40

200 X 350 0. 0002% 200,40 X 350,40

200 X 400 0. 00022 300,40 X 4Q0.40

300 X AS0 0. 00020 200,40 X 450,40

3\WO X 00 0., 00019 350,40 X 400,40

350G X 450 0. 00017 350.40 X 450,40

. /O X SO0 0, 00018 350,40 X S00,40
T A0 X ASO 0, 00015 400,40 X 450,40
D% 300 X S00 0.00013 00,40 X 500,40
L] 200 X 850 0.00012 200,40 X 50,40
- 400 X 600 0,00011 400,40 X &00,40
o 450 X 500 0.00012 450,40 X 500,40
e 450 X S50 0,00011 450,40 X 590,40
“ 450 X &00 Q. 000i0 450,40 X 500,40
s 150 X 430 0. 00007 350,40 X 50,490
: SO0 X S50 0. 00010 $00.40 X 550,40
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TABLE 22, RECTANGULAR - 40 PIN CERAMIC SIDE BRAZED PACKAGE

MATERIAL: ALUMINA

CONDUCTIVITY: .47% (W/IN.#C)

SPREADIMNG ANGLE: 45 (DEGREES)

ATTACHMENT MATERIAL: NON-CONDUCTIVE EPOXY
INTERMEDIATE MATERIAL: GOLD HEADER

BRT0 v _SEeagE ¢ e T e e

WA R Y Ve

-,

RETCR T 0 TR L ALY

R

v 8

B FLAA S SR TEN g o S Sl IR SR PL I . Vise i g udindtuily bial S b

CENGTH # WIDTH THERMAL RESISTANCE Linc #* Winc
2 X 4 352.74793 106,00 X 102.00
2 X & 277 .60706 106,90 X 110.00
4 X & 202,486662 102.00 X 110.00
] X 2 171.72173 108,00 X 112.00
a X 10 150.21781 102,00 X 114.00
a X 12 134, 30350 108.00 X 116.00
A ) S 141, 03740 110,00 X 112.00
& X 10 124,243282 110,00 X 114,00
& X 12 111.582586 110,00 K 116.00
& X 14 101.60744 110,00 X 113.00
& X 1& 23, 49855 110.00 X 120,00
& X 2 26,72919 110.00 X 122.00
2 Y 1< 107.450Q17 112.00 X 114.00
2 X 2 *46.235520 112.00 X 11&.00
& X i4 3. 446430 112.00 X 112.00
2 1 1& £1.5461022 112,00 X 120,00
& X 18 73.87959 112,00 X 122,00
& X 20 70,99949 112,00 X 124,00
R X 22 &6, 73260 112,00 X 126.00
2 X 24 &2, 09387 112,00 X 128.00
1 X 1S 75,8452 114,00 X 112,00
10 20 &3, 70284 114,00 X 124.Q0
in X 25 88.2773& 114,00 X 122,00
10 X 20 A2, Q0475 113,00 X 134.00
1% 20 G1.12657 112,00 X 118,00
15 I 28 44, 54321 113,00 X 122,00
1% X0 39, 6447¢ 113,00 X 128.00
15 ¥ 3% 38, 79142 113,00 X 133,00
15 A0 32.47627 113.00 X 138.00
% X a5 30,0610 113,00 X 143,00
o0 X 2% 38, 00090 138,00 X 123,00
20 X oa 3%,90371 113.00 X 123.00
N f QI 30, ABOOS 118,00 X 122,00
20 ¥ 49 25, 88992 118,00 X 143,00
hadal X S0 24,05033 112,00 X 138,00
S0 b S C2.A7003 118,00 X 153,00
0 X 50 21.0987& 113,00 X 158,00
M r 2 29, 806068 123.00 X 128,00
o% F SIS 27.01987 122.00 X 133.00
2% Y g 24,.75137 122,00 X 138.00
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TABLE 22. (CONTINUED)

25 X 45 22.86230 123,00 X 142.00
25 X 50 21.26022 123.00 X 142.00
25 X S5 192.32157 123.00 X 153,00
25 X 40 18.468073 123.00 X 158,00
25 X L5 17.62410 123.00 X 163,00
25 X 70 160684619 122.00 X 162.00
25 X 73 15,24737 122,00 X 173,00
=0 X 23 23. 84627 122.00 X 127.00
20 X 40 21.8515%2 122,00 X 132.00
30 X A5 20, 18846 122,00 X 137.00
20 X &0 12.77723 122.00 X 142.00
30 X B 17.56167 . 122,00 X 147.00
20 X 60 - 146,30237 122.00 X 152.00
30 X &5 15. 54920 122,00 ¥ 157.00
30 X 70 14.74172 122.00 X 162.00
20 X 75 14, 00089 122.00 X 167,00
20 X 80 13,3330 122,00 X 172.0Q00
20 Y 25 12.7296& 122,00 X 177.00
30 X 20 12,17968 122.00 X 122.00
Rt X &Q i?,85714 127.00 X 132.00
33 X 43 132, 35939 127.00 X 137.0Q0
35 X SO 17.0837%5%9 127.00 X 142.00Q
35 X S5 15, 99057 127.00 X 147.00
35 X &0 15.033482 127.00 X 152.00
35 X &5 14, 192039 127.00 X 157.00
3% X 70 13.44108 127.00 X 162.00
3s X 73 12.77024 127,00 X 167,00
3G X =20 12.146578 127,00 X 172.00
35 X 35 11.61802 127,00 X 177.Q0
3% X 90 11.11209 127,00 X 182,00
25 98 10,465281 127,00 X 137.00
35 X 100 10,.24324 127,00 X 192.00
35 X 108 9, 85647 127,00 X 127,00
40 X 45 14, 206292 132.00 X 137.00
40 X 80 19,70282 132,00 X 142,440
a0 X 85 14.7Q178& 122,00 X 147.00
A X &0 1. 82777 132,00 £ 182,00
AQ X &9 13, 0872Q7 132,00 X 197.00
40 X 70 12,37174 §32.,00 X (62,00
AR X s 11.7578% 132.00 X 167.00
40 X 80 11.20437 132,00 X 172,00
a0 X 8% 10, 70258 132,00 X 177,09
a0 X %0 10, 248520 132,00 X 182,00
a0 X &5 L RIET 132,00 X 187.00
40 X 9.44208 122,00 X 192,00
40 X105 Q. 087221 132.00 X 197,00
10 X {10 8.79875 132,90 X 202,00
40 ¥ 1i% &.45327 132,00 X 207.00
0 1 120 2.16932 132,00 X 212,00
45 ¥ 50 14,%4283 137.00 X 142,00
X A% 5y 13.621239% 137,00 X 147.00
3 ».\
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TABLE 22. (CONTINUED)

45 X &0 12.21612 137.00 X 152,00
45 X &5 12.10567 137.00 X 157.00
AS X 70 11.47355 137.00 X 162,00
5 X 75 10.90704 137.00 X 167.00
A5 X 80 10. 39601 137,00 X 172.00
45 X 55 9, 93257 137.00 X 177.00
45 X 90 2.510032 127.00 X 182,00
45 X 95 2, 12316 137.00 X 187.00
45 X 100 2.74747 137,00 X 1i92.00
45 X 105 2. 43924 127.00 X 197,00
45 X 110 2. 13535 137.00 X 202.00
45 X 115 7.85315 137.00 X 207.00
45 X 120 7.59029 137.00 X Z2iz.00
45 X 125 7.34417 137.00 X 217.00
45 X 130 7.11514 137,00 X 222,00
43 £ 135 &, 29943 137.00 X 227.00
S0 X &0 11.95230 142,00 X 152.00
SO X 70 10.70¢28 142,00 X 162,00
S0 X &0 2, 70491 142,00 X 172.00
SO X 20 3, 22094 142,00 X 182,00
SQ X 100 2, 18993 142.00 X 192,00
S0 X 110 7.60141 182,00 X 202.00
SO X 120 7.09389 142,00 X 212.00
50 X 130 &, 25093 FAZ. 00 X 222,00
SO X 140 &.28115 192,00 X 232.00
S0 X 150 [, 21520 142,00 X 242,00
&0 X 70 ¥, 10149 141,00 X 154,00
i & X 30 B.24422 144,00 X (ad,00
- &0 X 90 7.5391% 144,00 ¥ 174,00
2 &0 X 100 &,94332 143,00 X (34,00
. &0 X 110 &, 44543 144,00 X 194,00
& X 120 &,Q1188 144,00 X 204,20
&2 X 130 8, 63401 144,00 X 214,00
&0 X 140 S, 30159 149,00 X 224,00
&0 ¥ 1%0 S.Q0672 144,00 X 234,00
& X f&0 4, 73248 L4, 00 X 244,00
& X 170 4,%5047¢ 144,00 X 2%4,00
&0 X 180 q, 29238 194,00 X 269,00
70 X 20O 7.3a882 154,00 X 184,00
20 X 9 &, 75799 189,00 X 179,060
70 X 100 & 23054 154,00 X 134,00
70 X 110 S.rELae 193,00 X 24,00
70 i 120 B PCA e S 194,00 X 204,00
70 X 130 5. 08409 1S4, 00 X 211,00
70 % a0 A, 7887 PS4.00 X 224,00
X %0 O -2 R 121,00 & 23,000
70 % 140 AL B s 194,00 X 244,00
M X 179 4,047 w0 1S4, 00 X 294, o0
0 X 180 TLEBG 2 IS4,Q0 X 244,00
pA0 X 199 E 83 Vo 199,090 X 274.00
70 ¥ 200 20200 PB4, X cEd, O
8S
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= 70 210 2.37706 154,00 X 294,00
i 20 90 £ 12909 164,00 174.00
= 20 100 5.65244 164,00 184,00
g% 20 110 S, 24625 164,00 194,00
5 g0 120 4.89571 164,00 X 204,00
0. 20 120 4.5899% 144,00 X 214.00
5 20 140 4,320/ 164,00 X 224.00
0t 20. . 150 4.08180 164,00 X 234,00
o 80 140 28482 164,00 X 244,00
5 20 170 2. 67626 164,00 X 254,00
Y 20 120 2.50260 164.00 X 264.00
p: 20 190  3.34477 164,00 X 274.00

S 200 3.20070 184.00
210 : J.06882 164,00

224,00
274,Q0

2 Z20 2.94710 1&4.00 304, 0C
&0 230 : 2.83492 144,00 314,00
20 240 2.73102 164,00 324,00
20 100 S. 1751 ' 174,00 124,00
20 110 §.304349 T 1Y 4.00 124,00

120 4.4345g 174,00
130 4.20513 174,00
140 2. 95904 174,00
130 3. 74052 174,00

204, 00
214,00
224,00

224,00

i,

z 140 2.545321 174,00 244,00

0 179 T 3APLS 174.00 254,00

2 180 21076 174,00 264,00
R 0 150 2. 0464634 174,00 274,00
N ¥Q 200 2493443 174,00 224,00
T 20 210 23135 174.00Q 294,00
o L 220 270234 174,00 H04.00
A3 90 230 2599632 174,00 314,00
1353 S0 240 250447 174,00 324,00
_); 20 250 2.41410 174.Q0 234,00
gﬁ 20 260 233378 174,00 J244., 00
N 0O 270 2L EELTR 174,00 354, 00
g 100 110 ; 184,00 194,00
e 16O 120 184,00 203,00

b 100 130 B.ES1ad 184,00 X 214,00

e 100 140 A &5490 184,00 . X 224,00
R 100 150 3 4G54 184,00 A3, 00
1 110 120 B 7EG2 190,00 X 200,00
o : 110 130 HLBEQETO 1#0,.00 210400

110 110 R 29704 : 190, 00 SR0.Q0

10 120 e 1145 120,00 3000

A Y
v‘\
B
'§§ 110
N 150
5 120
‘\ CRC TR
e 130
-“
Y
3

140
|20,
140

G145 PRO.00 X 240,00
TN 200,00 X 210,00
Q7748 20O, 00 X 220,00
150 074G 200,00 X 230,00
160 TERESL SO0, 00 X 240,00
170 deklaan 200,00 X EEQO, 00
180 o ATEQ SO0, 00 X 240,00
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TABLE 22. (CONTINUED)

<5$, .
'gﬁ 130 140 2.88578 210,00 220,00
p 120 150 2,72644 210,00 C 230,00

130
130
130
130
140
& 140
140
< 140
o 140
i

140 Z.58399 210,00
170 » 45583 - 210,00
120 3994 210,00
120 3439 210.00
150 &714 220,00
160 220,00
170 1253 220,00
120 248 220,00
120 436 220,00
’:{ 3

240,00
230,00
260,00
270,00
220,00
244G, Q0
250,00
260, 00
270,00

£t
)
LN }
[

5

%

— b3y P
£
i
<
ﬁ

T D e

E; 140 200 01333 220,00 220,00
0 140 210 - 3085 220,00 EP0.00

140 29205 230, 00
170 12827 2
130 2.08224 230,00
190 1.928467 230,00

240,00
250,00
260,00
270.00

NI AN AT T T O A Y SR R

ot

i 150
N 150
150
150

N SO O AV A A A

150 200 1.9031%9 220,00 280,00
150 210 i.82482 230,00 290,00
ate 220 1.752&9 230,00 300.00

160
140
140
L&
140
1460

170 2.0714%5 240,00
180 1.97230 249,00
120, 1.838821 240,00
200 1.30423 240, 00
210 1.729%7 240,00
220 1.64142 240,00

250,00
EEO L, 00
270,00
2EO, 00
290, 00
300,00

e

Sl A Y SR TSI CULY o1 -y i S RPe TSP AT ,

peX nsery

" adp ) 160 2320 1.589382 240,00 210400 :
ey 140 240 1. 54006 240,00 X 320,00 ;
K7 170 120 1.8763% 250,00 240,00 &
AR 1760 120 L.79211 : 250, 00 270,00 F
o 170 200 1. 71515 250,00 X 280,00

Ph - g , - g i o
= 170 210 1.644460 230, Q0 20, QO

2 170 X 220 1. S7967 250,00 X 300,00
170 230 1.51970 ZH0.00 X 310,00

17¢
A5 170
. 150
7 180
180

=a0 1.44414 20000
250 1.41259 250,00
190 1.707%3% 260,00
200 146349457 260,00
210 1.56737 240, 00

J20. 00
J30, 00
270,00

=230, 00
290,00

RAPT [ o

180 220 1. 850%51 d&0, 00 00, 00 b
180 2R0 1. 44858 2EOL00 210, 00
' 240 L, 39545 260,00 BAQ, 00

H=E0 130629 260,00
240 1.3004% 260,00
270 1.25771 260,00
SO0 270,00
210 270,00
230 270,00
A0 27,00
Sa0 270,00
250 1, 28607 S70Q.00

230, 00
240, 00
2RO, 00
SEOL Q0
290, 00
SO0, 00 .
10,00
20,00
A0, 00

190
190
190

1590

0
L
fa Rt G G S B A R A B s
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: , TABLE 22. (CONTINUED)
260 1.24230 . 270.00

190 X X 240,00
120 X 270 ' _ 1.201464 270,00 X 350,00
190 X 280 1.146322 ©270,.00 0 X 340,00
200 X 250 1.23098 220,00 X 230,00
200 X 200 1.044690 . 280,00 X 380,00
250 X 300 Q. 86284 S E30.00 X 320,00
250 X 280 0, 75084 330,00 X 430,00
SO0 X 50 Q. L3824 220,00 X 430,00
300 X 400 O, 546584 230,00 X 420,00
200 X 4%0 0. 50739 220,00 X S20.00
IO X 400 ' 0. 47228 430,00 X 420,00
B0 X 450 . Q.448147 430,00 X T3R0,00
I%0 X 500 0.400351 430,00 X S20,00
400 X 450 Q.32107 450 00 X S30.00
400 X 200 0, 35443 420,00 X 580,00
Q0 X 550 0. 32141 480.00 X 630,00
400 X &00 0, 29895 420,00 X &80,00
450 X SO0 0. 31819 S20.00 X Z20,00
A4S0 X 550 O.WQIOQ [30.00 X LiO 00
450 X &80 0-¢4u74 S20.00 X 73) “U
=200 X TS0 Q.263%7 SE0.00 X 430,00
TABLE 23. RECTANGULAR DEVICE AMPLE CALCULATION
Given:
Device: Material: Silicon {2.13 watts per inch-degress centigrade 50 percent dissipation
Dimension: 120 x 140
Thickness: 18 Mils
Epoxy Type: Ablebond 36-2 (0.05]1 watts per inch-degrues centigrade)
Thickness: 2 Mils
Header Type: Gold Plate (7,54 watts per inch - degrees centigrade)
Thickness: 0.2 Mils
Package Type: Ceramic (0.478 watt per imch - degrees centigrade)
Thickness: 40 Mils
PD: 1 Watt
Thermal Resistance
Dimension (degrees centigrade
Level Material {inches) (per watt) Next Level DIM
Device Silicon 120 x 140 0.72202 120.00 x 134,98
Epoxy Ablebond | 120 x 134.98 2,35068 120.00 ;. 138.56
Header Gold 120 x 138.56 0.00160 120,40 x 138.96
Package Ceramic 120.4 x 138,96 3.104%90 ———
6.179
Arge = pp % By
= | % 6,179 ~Thermal resistance values are interpolated
= 6,179°C
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5.3.3 Circular Model

Specific constructions, such as mesa devices, that are required to
dissipate high power, are readily evaluated by a circular model. Actual
temperature gradients could be more accurately described by a hemispherical
model, but the added complexity is not warranted, due to the thin sections
involved up to the point of the heat sink. The circular model can be
represented by the following equation:

{;? 1
A Rl = 1 . R-1
K +me TAN(A) R + T . TAN(A)
where
Rl = thermal resistance (degrees centigrade per watt)
K = material conductivity (watts per inch -~ degrees centigrade)
A = spreading angle (degrees)
R = radius (mils)
T = thickness (mils).

The value for K must be divided by 1000 in order to have agreement
among measurement units.

Table 24 illustrates the use of the circular model tables. These
tables are generated by the model programs for each level of construction.
Tables 25 through 29 are of the same format as the ones that represent the

giﬁ square and rectangular surfaces. However, the diameter and radius are used .
A in place of the length and width. When entering these data tables, it :
,Ei should be noted that the diameter is used as the entering dimension for the

;ﬁj{ first level of construction. All subsequent levels use the radius.

) Next level dimension computation for circular devices is based on the

e thickness of that particular level of construction and the radius of the

:%3 dissipation area. The equation which represents this computation follows:

AW

198

R2 = R+T*TAN(A)

g

&
b
~
t

3 where
;'&‘ I{Z = . ( '1 )
e new radius {(mils)
iy R = present radius (mils)
;%} T = present thickness (mils) %,
WO A = gpreading angle (degrees). b
L) :
! ) _ ) g
T The heat dissipated is assumed to be over 100 percent of the area, since 5
~.§ circular devices have junctions over the euntire surface. '
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TABLE 25. CIRCULAR SURFACE DEVICE

MATERIAL: SILICON
CONDUCTIVITY: 2,13 (W/IN,=*C)
SPREADING AMGLE: 435 (DEGREE%)

LOIAMETER THERMAL RESISTANCE RADIUS (inc)

1 35.1627 0.357
2 17.5813 1.13
) 11.7209 1.70
4 8.7907 2.27
3 7.0325 2.83
& 9.8604 2. 40
7 5.0232 2.97
8 4.3953 4,93
a4 2.9070 S.10
10 3.5163 S.67
12 2.9302 6.80
14 2.5116 7,93
146 2.1977 ?.07
13 1.9333 10,20
20 1.7581 11,33
22 1.5983 12,47
24 1.4651 13,60
26 1.3524 14.73
23 1.2558 15.87
30 1.1721 17,00
32 1.0988 18.13
34 1.0342 19.27
26 0.9767 20.40
38 0.9283 21,83
40 0.8791 22,67
12 0.8372 23,80
44 0.7997 24.93
44 0. 7644 ' 26,07
a2 Q. 7326 27.20
S0 0.7033 28,33

!
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TABLE 26, CIRCULAR SURFACE METALLIZATION -~ PLATINUM

MATERIAL: PLATINUM
CONDUCTIVITY: 2 (W/IN.*C)
SPREACING ANGLE: 4% (DEGREESD)

RADIUS THERMAL RESISTANCE RADILWS(ine) !
1 1.4035 1.01 A
2 0. 3523 2,01 )
2 0. 1563 2,01 ﬁ
4 0, 0832 4,01 ;
5 Q. 056 5,01 E
& 0.0393 6.01 i
7 0. 0288 7.01 B
= 0.0221 8,01 ﬁ
P 0.0174 2,01 E

10 0.0141 10.01 .
12 0. 0098 12.01 :
14 0, 0072 14,01 E
16 0. Q0SS 16.01 b
18 0.0044 18,01 4
2 Q. 0035 20,01 E
22 0.0029 22,01 :
24 Q. 0025 24,01 K
26 0, 0021 26,01 ;
28 0,001 28,01 .
30 0,001 30,01 g
a2 0.0014 32,01 t
24 0.0012 24,01 &
a Q.0011 26,01 .
3R 0.0010 3@, 01 d
a0 0. 0009 40.01 y

2 0. 0008 42,01 3
a4 0. 0007 44,01 Y
as 0.0007 46,01 v
a3 Q. 0006 42,01 g
50 0.00064 50,01 2
?
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TABLE 27. CIRCULAR SURFACE METALLIZATION - TITANIUM

MATERIAL: TITANIUM
CONDWICTIVITY: A5 (W/IN.#C)
SPREADING ANGLE: 45 (DEGREES)

RADTUS THERMAL RESISTANCE RADIUE (inc)
1 63,7199 1.10
2 16,6813 2,10
3 7.5323 3.10
4 4.2711 4.10
3 2.7467 S.10
& 1.92137 .10
7 1.4092 7.10
2 1.0808 8.10
9 0. 8551 ?.10
10 0.6934 10.10
12 0.4322 12,10
14 00,3548 14.10
14 0.2719 16.10
18 0.2150 18.10
20 0.1742 20.10
22 0.1440 22,10
24 O.1211 24,10
26 0.1032 26.10
28 0.08%90 28.10
30 0.0775 30.10
32 0.06482 32.10
34 0. 0604 34.10
36 0.053% 36.10
38 0. 0484 38.10
40 0.0437 40.10
42 0.0396 42.10
44 0.0361 44,10
44 0,0330 46.10
48 0.0303 48.10
S0 0, 0280 S50.10
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TABLE 28. CIRCULAR SURFACE - GOLD PLATE

MATERIAL: GOLD
CONDUCTIVITY:  7.54 (W/IN.#D)
SPREADING ANGLE: 45 (DEGREES)

RALD THERMAL RESISTANCE RARIUS (inc)

2, 0909 1,08
0.3021 2,08

0.3611 2.08
0.2044 4,02
0.1313 S.08
0,0914 6,08
Q,QA732 7.08

e L RN R

0,0816 .03

0.0408 .08

Q 0.0331 1G98

2 0. 023¢ 12,08

4 0,0149 14,02

& 0.0130 16.08

18 0.0102 18.02

20 0. 0083 20,08
22 0. 0049 22,08 i

2 0.0052 24,98

o
o5

Q. 0049 26.0R
28 0.0042 28.08
30 0.0027 30,08
32 0.0032 32.08
24 2.0029 34,02
b 0.0024 36,08
3 Q.0023 38.08
40 0.0021 40.08
42 0.0019 42.08
44 0.0017 44.08
44 0.0016 46.08
48 0.00L4 48.08
S0 0.0013 S50.08
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TABLE 29. CIRCULAR SURFACE HEAT SINK - COPPER
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MATERIAL: COPPER

CONDUCTIVITY: 10 (W/IN.#C)
SPREADING ANGLE: 45 (DEGREES)

HEAT SINK THICKNESS: 2.5 (MIL IN.)
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5.3.4 Hybrid Model

Thermal considerations for hybrid microcircuits have become more
important with the advent of high power devices and the increased density
of devices on a hybrid substrate. The hybrid model is the concept that
lead to the derivation of the square, rectangular, and circular models.

The hybrid model provides a rapid and relatively simple approach to predict
the maximum temperatures reached in various devices on the hybrid sub-
strate. This model considers the effect of the heat transfer between all
device/device and resistor/device combinations, with modifications to allow
for both chip resistors and devices on heat spreaders. The model program
will not be presented, but the following commentary on the hybrid model
provides sufficient information for its derivation and implementationm.

The hybrid circuit usually consists of a metal casing or package,
which consists of a header and cover. The substrate is attached to the
header, and the hybrid circuitry is fabricated on the upper surface of the
substrate. The circuitry can consist of thick and thin film resistors,
capacitors, inductore, conduction paths, and assorted semiconductor devices.

Most semiconductor devices on the substrate have a defined heat gener-
ating region. This repion is normally considered to be about 50 percent of
the devices' total uppe. surface area. Resistors also have a heat generat-
ing region, but this region is a function of the way they are trimmed
(i.e., L shaped, laser or abrasive trimming). Various trimmings are shown
in Figure 42. Heat flows through the device or resistor, and substrate and
header, to the external header surface. When there is more than one heat
dissipaiLing device or resistor on the substrate, there is often a thermal
coupling developed between them., When this coupling occurs, the junction
temperature of a device rises to a higher temperature than that produced by
the device itself. Figure 43 shows a basic thermal resistsnce model for a
device

vhere

T; = junctica temperature of the device

fd thermal resistance from the device to the ceater of the sub-
strate

Tg = midsubstrate temperature under the device

Tcp ™= the portion of the substrate temperature due to other
devices and resistors

9cs = the midsubstrate to header thermal resistanse

Tc = the header lower surface temperature (ambieac..

The temperature source Tcp is given by

N

Tcp 11 = £ 84JPj (1)
j=1
jJé i
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8j; = the coupling thermal resistanze from device j to device or
resistor i

N = total aumber of heat dissipating elements on a substrate

Pj = the power dissipation of device j.

CHiP
v
PRINTED RESISTOR

RESISTOR
HEAY GENERATING ;

REGION

OEVICE ON

SPREADER DEVICE

L

Figure 42. Hybrid Model Heat Generating Regions

»°

7 »-\ Figure 43. Device
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The heat generating temperature, Tjj, of device i is given as

Tji = Tepli + Pi(edi + gd) + Tc. (2)

Two assumptions must be made to be able to derive a closed form
solution of the temperature distribution. The first assumption is that
rectangular-shaped heat dissipation can be modeled as a circular device
with the same base area. The second assumption is that the substrate
itself is circular, with a radius R, that is equal to the distance from
the center of the device to the nearest substrate edge. Figure 44
illustrates both assumptions.

The radius of the assumed circular device is given by

Aibi (3)
oi n

where ai and bi are the rectangular dimensions. This assumption is valid
unless aj exceeds b; more than three times. It should be noted that

the assumption of a circular substrate with an area less than that of the
rectangular substrate will give a comservative answer.

Using the circular models, the temperature distribution is given by
the following ordinary differential equations:

a’r 14T ,2T =0 (4)
dr r dr
where
1
A= = (3
S E
RS Gp*+x*+x )
2K KE KH
where
S = sgubgtrate thickness
Kg = gubstrate conductivity
E = epoxy (under substrate) thickness
Kg = epoxy (under substrate) thermal conductivity
H = header thickness
K = header thermal conductivity.

The equation applies for ry < r < R,, with boundary conditions

T=Tg at r = ry

— =0 at r 2 R,
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The solution of equation &4 is

P 1ca v

T = C1I, (Ar) + CoK, (Ar). (6)

Evaluating C; and Cy by applying the boundry conditions gives 5

N

K()\R)I()\)-FI()\R)K()\) tt

i T= x Tg (7 5
K(R)I(r)+I(R)K(r) i
_i where I,, I], K,, and K; are modified Bessels of the Oth and first f
: order. Thus, the midsubstrate temperature is given by equation 7 for '

8 r <r <R and by T for0<r<r. y
- o— —"0o s - " ="0 .
5 .
q The heat power for P is given by 1
s L KSS)\ Trdrd¢ (8) :;\:.
k. =0 r=o -
& :
b
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When integrated, the temperature T, (for ro < r {Ry) is arrived at in
terms of the power dissipation P of the device.

A(K (AR)I (Ar) + 1 (m )K (Ar))

- o' o
N T 1 r 1 (9)
Kl(XRO)"Z' IO(AI‘O) -3 I (AR y— ; K ()\r Y + T l()‘ro)
where 1
A=
2 2
7K SAr
s o

Bgc ie calculeted by setting r = ry in equation Y. This is
calculated the same way for all devices and resistors on the substrate.

84 is calculated by adding the device thermal resistance to the
thermal resistance through half the substrates.

S \ G

- (10)
% = ®%r Y2k ab Yk ab T K ab
s v g
where
edr = device thermal resistance
V = device epoxy thickness
Kv = conductivity
G = conductor thickness
Kg = conductor conductivity.

The device thermal resistance is calculated by a simple and conserva-
tive spreading resistance model. If rectangular heat dissipation region:

9. = 1 1, & 42t (11)
dr 2Kd(c-d) d c+2t
where
t = thickness of device
c,d = rectangular dimensions of heat generation region
Kd = device thiermal conductivity.

If ¢ = d (square)
t

%ar ~ (k,C2) (1 + 2L ZT (12)
If circular d1331pat10n area, r = %?
%4 R (13)
dr  Kdr(r+t) *
100
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Trimmed resistors experience rather high surface temperatures. The

majority of this temperature is dissipated across the length of the cut and
the remaining width of the resistor.

-

o DA N

»
e Ranetn

o

* q

Ll —

.
»
¢ £
» py S0 e
amm SR ey Sy v S
S
I
i Sy ety SR S e i

je—r—

P

%.t\“‘l‘ I‘ "
A

h
e

LASER YR ABRASIVE L SHAPE

<
ITTTLIIN
SR SRIICP .

3
-

1f the resistor is a chip resistor, (typically a resistor printed on a
small rectangular substrate material), the dissipation area should be
cal~ulaced. Then the chip can be treated as a device for all other

G 90> 03

-

1« purposes. The thermal resistence to midsubstrate now would be
e
1 = .+ - +
.. 8a = cnip /28§ bstrate eepoxy % conductor (14) i
M i
" If printed directly on the subsirate, chip = epoxy = 0-
g , .
-‘ﬁ To account for a hert spreader, the heat generating regiom of the
.:;é device is projected to the top nf the spreader 9sing the appropriate é
s ma spreading resistance model. Figure 45 shows this principle.

» The spreader is then treated as a device with the projected heat
generating region. Its thermsl resistance to midsubstrate is

s a8 Ko,
ol o' o

RN

S

0d B edr ¥ espreader v /2 q;ubstrate * eepoxy * 6conductor. (15)

=:§: If the chip is not eutectically b-nded to the spreader, an additional
- epoxy must be added.

R _::} W
. :xj 5.4 External Model {
fﬁz Analytical external thermal models have been designed for the six sel- ¢
g ected packages (side-brazed dip, cerami. chip carriar, cerdip, flatpack, k
& hybrid, axial stud). The models were designed to relate the case temper- z
A5 ature measurement (selected measurement noint) with the junction tempera- !
L. el ture for verification. These models are represented as nodal thermal equa~ i
» tions, with each model consideiing the measurement point, the type of cool- !
.- ing, and the exte~nsl environments. &
T !
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The major consideration in model design is the identification of a
measurement point that is accessible and thermally related to the junction
temperature. The measurement point location has been defined as the geo-

metric ceanter of the device for all packages where the ceater is an acces-
sible point.
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The selection of the geometric top center was based on several major
considerations. The center of the top may not be the peak temperature
point of the device top, but access to the top is generally the most con-
venient and very easily definable., From an engineering standpoint, the
conductivity of the 1id is extremely high compared to the rest of the pack-
age. The thermal drop across the lid is small in relatiom to the total
thermal resistance from junction tc the measurement point (lid center).

The geometric top center of the device is not an accessible weasure-
ment point for microwave devices because they are predominately stud mount-
ed inside a cavity. This positioning presents many complications in measu-
ring microwave devices directly. However, before the device is mounted
into an operating system, a thermocouple can be attached to the ceramic
ring near the bottom of the heat source. There is a much better conduction
path through the bottom than through the top. For these reasons, the bot-
tom has been selected as the measurement point for axial studded packages.

There are three predominant types of cooling to be considered for the
external model. They are 1) conduction, 2) convection, and 3) radiatiom.
Each cooling method is addressed in the following paragraphs.

Conduction

The basic approach to conduction heat transfer is the use of the
standard heat transfer equation

—-— -

proriee oon

ooy £ous: gty

o SRACALCP Iy’ g

where
Qx = heat flow rate; degrees centigrade per watt
8 = _L = conductive thermal resistance
KA
u = length of flow path
K = material thermal conductivity
A = heat flow area @
AT = temperature differeunce. »
:
. The values for thermal conductivity (k) to be used are shown in Table 30. %
3 These values are shown at a pacticular temperature, since thermal F
Yy - conductivity varies with temperature. 5
.. Convection "
0y b
% The basic approach to convection heat transfer is the use of the »
9 standard heat transfer equation L
. o
h V. A
4\. Qy = 8y (Tg - Tp) .
L i
o 5
u G
g :
N 103 7
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where

heat flow rate; degrees centigrade per watt

_1 = convection thermal resistance

LA

heat transfer coefficient

sur face temperature

temperature of surrounding fluid, such as ambient air
length of flow path

heat flow area.

S5

(]
=y
R0 un

The heat transfer coefficients (Oh) to be used are shown in Table 31.

TABLE 30. THERMAL CONDUCTIVITY OF TYPICAL

MATERIALS
Materials Thermal Conductivity
(watts per inch -
degrees centigrade)

Air 0.00066
Alumina (96 percent) 0.478 g
(90 percent) 0.339 "
X Aluminum 5.52 §
f Beryllia 4.1 ¥
Copper 9.66 k
Diamond 9.0 E
Epoxy (conductive) 0.051 §
(non-conductive) ¥
Ablefilm-550-1 0.0079 i
Ablebond-450 0.0091 v
Eutectic (gold-silicon) 4.5 ﬁ
Fiberglass 0.00122 e
Galium Arsenide F
> Glass (cv-111) 0.025 ~
™ (7583) 0.029 X
g (Kc-1) 0.034 by
\ Gold 7.54 N
> Gold (Glass Dieattach) 0.255 D
t Kovar 0.419 ?
¥ Molybdenum 3.7084 b
3 Molytab 3.9 o
! Plastic {polystrene) 0.00381 5§
e Plastic foam 0.0043 - 0.0035 i
& Platinum 1.77 ;
4 Silicon 2,13 ¥
& Silver 10.61 -
2 Stainless Steel 0.4318 -
O Steel 1.2192 0
: Tin 0.44604 =
s Titanium 0.45 5
Water 0.0153 4
N
.
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TABLE 3i. CONVECTION HEAT TRANSFER COEFFICIENT

"
3

Cooling Technique Heat Transfer Coefficient 6 %
(watts per square inch- %

degrees-centigrade) b

N

Free Convection (Horizontal Surface) 0.00181 - 0.00368 ;»Q
High altitudes [21,336 meters (70,00 feet)]| 0.00181 )
Sea level 0.00368 é
Forced air (20 CFM) 0.0109 - 0.0181 ﬁ
Forced convection Ek
Air over plain fins 0.0219 - 0.10967 )
Air over interrupted fins 3 to 5 times higher than ti
plain fins E;

i,

Liquid Cooling 5

)
Dielectric liquid 0.36774 - 1.4645 %
Water 1.8064 - 36.774 v

&
Y
Radiation

iAol

Radiation heat transfer is the most complex method to be investigated.
The same basic approach is used with the standard heat transfer equation

s AT

4y

4
Qq ™ ofp Fpg A (Tg - Tg

{‘;,'}".'

% e

-
Sy

€
>
m
"
o

Qg = heat flow rate; degrees ceatigrade per watt
g = Stefan-Boltzmann constant (air = 0.37 pounds of force-feet
cubed per pounds of mass-square inches-degrees Rankin)
fp = relative emissivity between the surface and the surroundings

s il Y

approximately equal to the product of both emissivities gﬁ

FES = yiew factor between the part and the surroundings g

A = radiating acea {j

Tg = absolute temperature of radiating surface o

Tg = absolute temperature of surroundings. gg

The view factor is the measure of how well the emitter sees the absorber. fi
It is a value between 0 and |. Typical values are given in Table 32. The =
emissivity also varies between O and 1. A perfect black body has an emis- )

'_.
o)

sivity equal to 1, while a perfectly shiny body has an emissivity of 0.
The emissivity of typical metals and non-wetallic materiale is given in

»

5

[t
- o
’ 2o % s

Table 33. -
N 17
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4
oo
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A
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P
o
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ety
i
TABLE 32, VIEW FACTORS FOR VARIOUS CONFIGURATIONS
-.
?Z" Configuration jView Factor
A 2oy Infinite parallel planes 1.0
> Yr
2o
5 Body completely enclosed by another body; 1.0 |
‘{'.-_’3 internal body cannot see any part of itself ;
3 . |
AN Two squares in perpendicular planes with a common sidd 0.20 f
.“I 1
:"*- Two equal, parallel squares separated by distance 0.19 |
el equal to side |
v, |
i Two equal, parallel circular disks separated by 0.18 |
ATy distance equal to diameter
BN
i TABLE 33. EMISSIVITY OF TYPICAL SURFACES
M
;jf:.j Sur face Emissivity
?:-‘::; (e)
¥ Silver 0.02
[ Aluminum (buffed) 0.03 -
K- Aluminum foil (dull) 0.03 .
1N Gold (plated) 0.03 !
A Gold (vacuum deposited) 0.03 B
. Aluminum foil (shiny) 0.04 E
) Aluninum (polished) 0.05 ;
AN Stainless steel (polished) 0.05 E
A% Chrome 0.08 :
5 '_}','\-:- Tantalum 0.08 :
':}.‘: : Beryllium (polished) 0.09 :
N Beryllium (milled) 0.11 5
e Rene 4] 0.11
Soex Nickel 0.18
- Titanium 0.20 h
o Aluminum (sandblasted) 0.40 X
N White silicone paint (gloss) 0.75 }
:::{-,: Black silicone paint (flat) 0.81 s
ry Black vinyl phemolic (dull) 0.84 ,
.o Lamp black 0.95 "
o Maguesia 0.95 h
SN Grey silicon paint 0.96 D)
e Silicon 0.64 -
o Alunina (ALz03) 0.30 :,'
t WA 2N
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External Environments

The considerations for external environments are shown ia Figure 46.
The package represented in Figure 46 is the cofired side-brazad package,

D5, for which measurements have been made.
discussed in appendix 7.
addresseé in the type of cooling discussion.
tion, convection, and radiation.

The package measured data is
The external environments have already teer

For the external area, cooling must lLe

applied and considered with forced air, still air (free air), heat sinks,
insulators, pins, and printed circuit boards.

e s»

The environments are conduc-
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5.4.1 Nodal Programs

Nodal programs that model all six of the specified package types have
been developed. Their purpose was to establish a relationship between the
junction temperature and the measurement point. These programs solve a
network analysis in a way similar to that of the SINDA computer program.
The nodal programs also are based on the same modeling techniques as the
SINDA computer program. The techniques used to model these packages
involved separating them into integral parts and then establishing the
applicable dimensions and nodes.

The external model is nodal, which solved a network analysis. The
number of nodal regions in the packages are divided in a range from nine to
sixteen. Four of the nodes were designated as boundary or source condi- l
tions, while ome was designated as the selected measurement point. The
number of nodes were kept to a minimum in order .to keep the costs of the
analysis within the program constraints.

Several inputs were required to use the model. The inputs were
referred to as the boundary or source conditions. The specific boundaries
required were the ambient air, radiation sink, circuit board, and junctiom
temperatures. Supplying all these condition in degrees centigrade resulted
in the nodal model predicting the temperntures of the other nodal regions.

The nodal model can also be used to predict the junction temperature 1
by supplying the first three boundary conditions (ambient air, radiation ‘
sink, and circuit board temperatures), and the source (amount of power
applied) of the junction temperature in watts.

Table 34 illustrates the inputs (boundaries and source) required for
the nodal model conditions. Using the model in these two formats results
in output data that is highly comparable. This comparability will be discussed
in the next section, external model correlation.

The materials used in the packaging were considered in the modeling
process, since the flow of heat depends on the conductivity of these mater-
ials. Taking these factors (node location dimensions, and material conduc-
tivity) into consideration, conduction calculations were developed and the
nodal programs implemented. The nodal programs will not be provided, how-
ever. The conduction calculations, package diagrams, and node descriptions
presented in appendix 6 can directly be used in the derivation of nodal
programs.

R LRy I TR L

The side-brazed model was exercised considerably to assess the impact
of the boundary conditions on the temper :t:re of the various nodes of
interest. As indicated by Figures 47 sc: 43, the smbient air and the radi-
ation sink do not appear to have a sigiiificant impact on the temperatures
of the other nodes vhen the board tempersiure was kept constant.

e

4,

5$“ Maintaining the board temperature constant created, in effect, an ultimate
v heat sink. There is a temperature delta of only 2 to 5°C as the variable

temperature changes from 25 to 130°C for all except board tempersture. The
main temperature driver was found to be the circuit board, based on the
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TABLE 34. EXTERNAL MODEL INPUTS

Boundaries (Temperature) Source
(Power)
Model Conditions Ambient Air | Radiation Sink | Board | Junction | Junction
Predicted Junction
Predicted Measurement X X X X
Point
Measured Junction
Predicted Measurement X X X X
Point 3
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evidence presented in Figure 49. As the temperature of the board
increases, the node temperatures increase lincarly with &n approximate
3 teaperature delts of 42°C as the board temperature varies from 25 to
5 130°c.
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The primary objective in developing the external models was to relate
the measurement point temperature back to the junction temperature, in a

format that allows a quick and easy verification that derating has occurred.

This has been accomplished through a graphic representation of the
relationship between the junction temperature and the measurement point
temperature for each of the six package types. These package curves,
discussed in section 5.4.3, Package Derating Curves, are applicable only
under certain conditions. These conditions are defined in appeadix 6 under
the respective packsge types. The limiting conditions of appendix 6 for
the packages are: package size, pin quantity, materials, and dimensions.
These conditicas, if not acceptable for a specific set of requirements, may
be modified by making changes to the conduction calculations (appendix 6).

5.4.2 External Model Correlation

"Correlation of the external modei was necessary to substaniiate study
results. Test measuremeats were performed on a group of seven 4G-pin side-
brazed ceramic packages, with power transistors connected as the act.ive
chips. There were temperature measurement poiats on the packsge: 1id
(center), center lead, and end lead. The base resistor of each sample was
adjusted so that all packages were dissipating about the same power. The
main supply collectiomn voltage was then adjusted to vary tue power of all
the test packages. Both free air and circuit board emvirouments were
measured at varying power levels. The results, conditious, test set-ups,
etc. of the correlation tests are in appendix 7.1.

In addition t¢ the measurements made on the size-brazed package, data
extracted from the Martin Marietta Ceramic Chip Carrier Test Report was
used for verifying the ceramic chip carrier external model. The test was
" conducted with two 48-pad carriers at four power levels. The test module
description, procedures, measurements, layout, and thermocouple locatiom
are showm for the Ceramic Chip Carrvier Test in Appendix 7.2, Nodal
programs were developed to model the conditions set forth in both the
side-brazed and ceramic chip carrier data so a direct correlation could be
made.

The correlation of the side-brazed package nodal model, with the
astual measured data for the junction, lid, and center lead temperaturtes,
is illustrated in Figure 50. The predicted and measured tempcratures in
this figure represent average values. Each computer iteration involved
specifying an ambicnt air and rediation sink temperature of 25°C, the
seasured board temperature, and the measured pover level. It vas observed
that the predicied temperatures were higher in all cases, indicating that
the model represents worse case results. The largest tesparature differ-
ences chserved between the predicted and meassured values for the junctionm,
lid, and center lead were 3,82, 4.25, and 5.34°C, respectively. The
sodels’ prediction of the lid tempersture was better than that for The
center lead by approximately 1°C. Besed on these observations, it was
concluded that ke sodel's prediction of the values for the junction, lid,
and center iead corvelated with the measured results at equivalent power
disripation levels.

To shov the effect of power on the messurement point in both the side
brazed-package model and the actual measuremeats, Figures 51 snd 52 were
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plotted, using both the lid and center lead as possible requirement points.
In these curves, both the predicted and measured temperatures represent
average values. The model tracks closely with the measured values. Once
again, the predicted values were higher (in most cases) than the measured
values, resulting in a worst case prediction. The largest variation
between the predicted and measured values cccurred while using the lid as
the measurement pcint (Figure 51). The variation occurred at 2 watts, and
was 2.19°C. The resulting slope of the predicted line is 5.52 degrees,

per watt, indicating that the power does have an impact on the lid as a
measurement point,

Plahd Tl %

> S

Figure 52 employs the center lead as the measurement point, resulting
in data comparable to t! .t in Figure 51. The predicted temperature tracked
closely with the measured temperature, with the largest delta (2.47°C)
occurring at 2 watts., The power also impacts the center lead as a measure-
ment point, as indicated by the slope of the predicted line (7.36 degrees).

Several conclusions can be made, based on data in Figures 51 and 52.
First of all, the vower does have an effect on the measurement point in
both the model and the measurement data, This conclusion is illustrated by
the positively increasing slopes in the f gures. Secondly, the power
impact is much less on the lid than on the ceater lead. This conclusion is
based on the comparison of the two slope values for the lid and center
lead. The slope for the lid is the smallest of the two. The model predic-
tion tracks more closely with the measured results using the lid, as
opposed to the center lead, as the measurement point.
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Since the above dissertation concluded that the power has an impact on
the measurement point, the two methods of using the model were investigated
as to their impact on the resulting derating curves. Figures 53 and 54
show the effect of using the model with four boundaries or three bounda-
ries. Four boundaries involved supplying the ambient air, radiation sink,
circuit board and junction temperatures. Three boundaries involved supply-
ing the ambient air, radiation sink, and circuit board temperatures, along
with the power supplied in watts. - ’
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5 The legend in the two figures identifies measured and predicted tem-

{ peratures. That is, the four boundry conditions were inputted to the model
for the measured juntion temperature curve, and three boundry conditions
were inputted to the model for the predicted curve. For the predicted
curve the power was also inputted and the model computes the junction
temperature. Figure 53 plots the 1id versus junction temperature, and
illustrates an excellent correlation between the two model variations, with
the predicted values representing worst case results.

Figure 54 plots the center lead versus junction temperature, and
illustrates a larger distinction between the two model variations., How—
ever, the model does track closely with the measured temperatures. It was
concluded that by inputting the power directly to the model, there is
minimal impact on the resulting derating curves. It was also decided that
the model can be used in both capacities, regardless of power, for the
determination of junction temperature derating.

The ceramic chip carrier nodal model was designed based on a 48-pad
carrier. In order to correlate the model results with the ceramic chip
carrier test report, the data on the 48-pad carrier was extracted from the
report and summarized in Table 35. As indicated in the table, two chips
were subjected to four power levels, ranging from 0.27 watt to 1.l watts.
Measurements were taken at three locations (base, solder pads, and lid) and
theta values computed.

According to the carrier test report, the ambient air and radiation
were 80°C. The board temperature was assumed to be the solder pad tempera-
ture. This data, along with the power, was used as input into the ceramic
chip carrier model.

The results were then compared to the test data illustrated in Table
36. The predicted lid temperature (cn the average) was within one-half
degree centigrade of the measured temperature. The predicted junction
temperature (on the average) was within two degrees centigrade of the
measured temperature. Based on these results, it was concluded that an
excellent correlation between the model and the test data exists for the
cerar’~ chip carrier.
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TABLE 36, CERAMIC CHIP CARRIER TEST DATA VERSUS MODEL

L
Yoo
S e e e T

ER Temperature
™ (Degrees Ceatigrade)
0 Sample| Power Jr Solder | Package | Package
\ Number | (watts) Pads* Lid Basw !'\L
. Test I 0.27 94,31 | 89,90 92.6 - b
) Datas 2 0.27 96.00| 90.10 89.10 92.4 ;
" | 0.5 103.68 | 95.80 1(00.10 92.9 h,
. 2 0.5 103.27 | 96.00 93.30 | 100.40 n
g i 0.8 | 114,27 1102.60 | 108.19| 98.40 i
4 2 0.8 113,591 102.90 98.60 1 108.40 :.‘
' 1 11 12017 [ 117,70} 119.60] 106.30 R
' 2 1.1 126.26 [ 112.20] 107.00] 119.90 1y
’: Mode! | 1 0.27 | 92.9 | 89.90| 90.08| 92.45 t‘i
) Out put 2 0.27 93. 14| 90.10 90.28 92.65 ﬁ
3) t 0.54 101,89 | 95.80 96.18 1 100.90 .
¥ 2 0.5 102.09 ;7 96.00 96,381 101.10 {
t 0.8 111,62 ] 102.60] 103,17} 110,16 %
. 2 0.8 111,92 | 102.90 103.47] 110,46 "
W 1 1.1 126,10 | 117.70| 112.48| 112.09 N
W 2 1.1 126,60 [ 112.20| 112.98] 112,59 !‘,.‘
‘ *Solder pad tempecaturss used as an input into the model 3,
" o Individual test dats points were input inty the 3 moda1
N - Ambient air and vadiation sink = 80 degrees zwntigrade
1.\' - Measyred solder pad temprratures
R - Measured power b
& 5.4.3 Package Derating Curves 2
\.‘:‘. ]::.:
» The derating curves developed for the six package types (side-brazed, .
N ceramic chip carrier, cerdip, flatpack, hybrid and axial stud) are the end _
result of the external nudal models. They show the relationship between :}
. the junction temperature aud the selected measurement point. The curves 5
e are to be used in verifying junccion temperature derating for existing o
) devices, based on the temperature of the measurement point. For new tech- t}
S nology devices that will be housed in the same package types, curves were D
W generated to show the relationship between the base temperature and the F_
, measurement point temperature. It should be noted, however, that the pack- EE
N ages have been modeled assuming specific chip sizes. These chip sizes are Y
., discussed in respective sections in appendix 6. Any other curves genervated o
;: will vary, based on the size of the chip. Additional limiting assumptions KX
- of appendix 6 for the packages, are: single package size, pin quaatity, W
o materials, one cooling eavironmeat, and single heat output. [
P ’\~2
o <
‘; Three curves were generated for each package type based on board temp- o
-~ eratures of 25, 55, and 85°C. A tolerance band was created for these cur- N
N ves by changing the ambient air and radiation sink from 25 to 85°C. This -
N was done to account for the model's boundary conditions. The desired temp- -
. eratures should fall within the tolerance band, permitting the verification iy
g of derating. Interpolation can be performed due to the linear relationship -
b in the band. v
N : o o
{§ The accuracy of two of the models (side-brazed and ceramic chip car- %
*

-
o
{1

vrier) was proven by the correlation of the model output with measured test
data. The assumptions, rationale, and design used in developing these two
models were used in the development of the other models. Therefore the

same accuracy is expected, but cannot be verified, due to the lack of test
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data for these package types. The exception to the accuracy expectatioans
will be the hybrid model. The large quantity of varishles and the
complexities in hybrid design would render tie unverified hybrid model a
best estimate.
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5.4.3.1 Side-Brazed Package

The derating curves generated for the side-brazed package can be used
if the ambient air, radiation sink, board, and lid temperatures are known.
To obtain the board temperature, a measurement must be taken on the bottom
side of the board directly under the device. Figure 55 can be used to
determine the related junction temperature, and establish whether derating
has been implemented. The curves are applicable only when used in conjunc-
tion with the specifications and assumptions described in appendix 6.1,
Side-Brazed Package. The assumptions are based on the package being a 40
pin side brazed package with specific package, attachment, and chip
(device) dimensions. The nodal conduction equations are written for these
specific dimensions and materials. The assumptions can be changed to apply
to certain specifications by modifying the conduction calculations (also in
appendix 6.1).

e

x"

j: '3 x
s e

Figure 56 should be used for new technology devices to establish the
proper relationship between the base and lid temperatures. The curves in
Figure 56 represent a typical 40-pin package with all internal leads con-
nected.
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5.4,3.2 Ceramic Chip Carrier

The derating curves for the ceramic chip carrier are shown in Figures
57 and 58. The junction versus lid temperature curves (Figure 57) are to
be used for existing devices. The base versus lid temperature curves (Fig-
ure 58) are to be used for new technology devices, or where this relation-
ship needs to be established. The assumptions and specifications made when
developing this model are presented in appendix 6.2, Ceramic Chip Carrier,
and can be modified according to need. The nodal conduction equations are
based on specific material and package and device dimensions. It should be
noted that the solder pad temperature is substituted for the board tempera-
ture in this model. This assumption was made based on the fact that there
are no leads going through the board, and that the thermal gradients (if
any) through the board are ignored.

5.4.3.3 Cerdip Package

Figures 59 and 60 represeat the derating curves for the cerdip pack-
aga. The assumptions and specifications used in modeling this package are
in appendix 6.3. Applicability of the curves in Figures 59 and 60 are
dependent upon these assumptions, along with kuowledge of the ambieat air,
radiation siank, board, and tid temperatures. The nodal conduction equa-
tions are based on specific materials and package and device dimensione.
The board temperature measurement location is specified as being on the
bottom side of the board directly uander the device.
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5.4.3.4 Flatpack Package

The derating curves for the flatpack package are presented in Figures
61 and 62. The flatpack modeling techniques (assumptions and specifications)
are addressed in full detail in appendix 6.4. The same conditions hold for
using these curves. The correct assumptions must be identified, and the
ambient air, radiation sink, board, and lid temperatures must be known.
The nodal conduction equations are based on specific package and material
type and dimensions. The measurement location for the board temperature is
specified as being on the bottom side of the board, directly under the
device.

5.4.3.5 Hybrid Package

The derating curves for the hybrid package are specified in Figures 63
through 68. In Figures 63 and 67, the derating tolerance bands for the
different board temperatures overlap one another. Therefore, the band for
each board was plotted separately in Figures 64 through 66, and Figures 68
through 70.

The hybrid package prasents a special group of problems. Once the
hybrid is sealed, there is no way to tell what is inside. Therefore, it is
necessary to know what elements make up the hybrid device prior to sealinmg.
Because of the quantity and variety of elements composing a hybrid, the
modeling of this package involved averaging the area as one siugle heat
source. The information required in the other package types (ambient air,
radiation sink, board, and lid temperatures) is also required for the
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hybrid. The board measurement location is the same. The basic assumptions
made in the modeling process are in appendix 6.5. Since hybrid packages
are very complex and are usually custom designed, a detail internal thermal
analysis should be required to be perforwed by the vendor.
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5.4.3.6 Axia‘ Stud Package

YR

The axial stud package is a special case, since the devices are gener-
ally not accessible for measurement. In most cases, these devices are
mounted inside a cavity or heatsink. This creates a difficulty in making
measurements. The derating curves for the axial stud package type were

- generated, based on certain assumptions and specifications which are
S presented ir appendix 6.6, The actual curves for axial stud package models
g are in Figures 71 and 72. The board temperature is replaced by the heat-
n{ sink temperature in these figures, with the measurement location being
- adjacent to the ceramic ring. The measurement point identified for the
E purpose of relating back to the junction temperature is & point on the
l} ceramic ring near the bottom of the device. This point is only measurasble
- -. before the device is mountaed into an operating system.
. » !
'Q 5.5 Measurement Equipment
~ The accuracy of the measured device temperatures is directly dependent
- upon the device or method used to obtain the measurement. There are numer-
o ous measurement devices available. The simplest method is the use of

thermocouples. If a thermocouple is used for measurement, the best accur-
acy one could expect would be in the 1 to 2°C range, due to the limitations
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of the thermocouple itself. The cost involved in using thermocouples is
associated with the recorder. The recorder allows for approximately six to
twenty simultaneous thermocouple readings, and costs about $2000.

A second simple, but less versatile, method is the use of temperature
labels. The label method can only be used where there is sufficient space
to apply the label. The sizes generally available range from three-
sixteenths of an inch to approximately five-sixteenths inch in diameter
spots and rectangular labels approximately 3/4 by 1/4 of an inch. The
rectangular labels could be applied to a variety of dual-in-line packages,
and the spots to TO-5, T0-91, T0-99, TO-100, TO-3, and TO-66 packages. The
labels adhere to the surface of the object to monitor its temperature. As
each heat sensitive spot is exposed to temperature, the dot changes temper-
ature in approximately one second, with a plus or minus one percent accur-

acy. The temperatures available are generally in 10°C increments. The dot
can can only be used once.

A more modern and sophisticated method is the use of infrared (IR)
temperature probes. These devices can be found in a wide range, from hand-
held, portable, self-contained to fixed-mounted instruments, with a brocad
family of indicators and controllers. The instruments available can result
in much more accurate and repeatable temperature measurements. Table 37
shows the specifications availabie for such instruments. The cost of these
instruments, depending on the specification requirements, ranges from
approximately $350 to more than $2000. The IR technique is not the least
expensive way of measurement. Instead, it is an order of magnitude greater

;’ft than other methods. The IR technique also allows for only one measurement
T at a time, Testing problems emerge with using the IR temperature probes,
e when access to the printed circuit board is not permitted in the system

. - configuyration. In this case, the IR method would not be recommended, and
e thermocouples would have to be used.

-
. tr %n
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O VAL W 1&;.\;5¢ eV

. En} TABLE 37. INFRARED TEMPERATURE PROBES SPECIFICATIONS AVAIL.ABLE
.
J s s .
' Specification Range (Typical)
) Accuracy + 0.5 perceat of reading or scale
;j\: Repeatability #+1°C or 1°F; + 0.5 percent
b Temperature ranges -30°C to 1100°C
N (selection) -30°F to 2000°F
ﬁg Power requirements ac or dc
’h\ al
'Y Display analog or digital
fﬂij Target spot size Factory set and/or varies with
:i} operation distance
°‘;t: Operations distance 2 centimeters to infinity ‘
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f{{ 6.0 COST VERSUS RELIABILITY

The cost of reliability is a very complex and controversial subject.
The complexity is due to several factors which interact and drive both the
cost and reliability. The controversy is a result of the reliability fund-
ing level versus contract reliability analysis and componeat requirements
on a particular program.

The first factor to be considered is component temperature. As the
temperature of a component, specifically'microelectronic devices, increases,
the failure rate also increases. Figure 73 shows a curve plotting junction
temperature versus failure rate multiplier. This curve is based on a rel-
atively simple class B digital low power Schottky TTL quad 2-input nand
gate (generic 54LS00). This simple, yet common, gate was selected so other
impacting parameters can be assessed against the same device. The failure
rates used to derive the multipliers are shown in Table 38. The computer
program that derived the failure rates did so in accordance with MIL-HDBK-
217D, To derive the multipliers, the quality level B line was followed
across the temperature range from 15 to 120°C. Since a class B component
was used to produce the curve, a check was made to see if the multipliers
hold true for any quality level. The largest error found was approximately
0.05 percent at 120°C for a class S component.
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Figure 73. Temperature Impact on Failure Rate
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The next factor tc be considered is the relatlon of component quality
level and its impact on the failure rate. Figure 74 graphically shows this
relationship. The same digital low power Schottky TTL quad 2-input nand
gate was used to derive the multipliers. Again, the failure rates are

.shown in Table 38.

Table 39 is a copy of MIL-HDBK-217D quality factors for

microelectronic devices. The table gives the description of each quality

level addressed.
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Figure 74. Quality Level Impact
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TABLE 39. 1, QUALITY FACTORS

Doseription “Q

Procured in tull) acrordance with MIL-M-3A510, Class S requirements. 0.5

Pracured in full accordance with MIL-M-38510, Class B requirements. 1.0

Prararesd in full acrordance with MIL-M-38510, Class B requircments 2.0
nrerpl Lhat device ts aot Visted on fualificd Products List (OPL).
The device shall he tested to all the electrical requirements (para-
meters, conditions and limits) of the applicable MIL-M-38510 slash
chent,  Ho walvers are allowed axcepl current and valid generic
data** may bn substituted for Groups C and D.

8-1

Procured to all the screening requirements of MIL-STD-883, Method 5004, J.0 $
Class B and in acenrdance with with clectrical requirements of MIL-M- )
38510, DESC drawings, or vendor/contractor electrical parameters. the
dcvlce shall be tested to all the quality conformance requirements of
MIL-5TD-P3, Mathnd 5005, Class B, No waivers ‘are allowed except current |
and vatid gcncric data** may be substituted for Groups C and O. This
rateqory applies to DESC drawings and contractor prepared specification
enntrnl drawings {5CD's) contasning the above R-1 scrcening and

auality conformance roaniremonts,

Procured ta vender's squivalent of the screening requirements of MIL- 6.5
510-R33, Pethod 54, Class 8, and in accordance with the vendar's
electriral paramsiors and vendor's equivalent quality conformance required
wenls of MIL-57TD-843, Mothed 6005, Class B. Applies to contractor
prepaved SCD's cnnlasninq the nhovn B-2 Scrﬂnning and Aquality
conlnrrance vogquirement s,

Plfrurrd in full aceardanee wvth MII-M-’aRlﬂ C1ass € rraquirements, 8.0

Pracured tn erpeening roqyirements af MlL-qYﬂ BB, Methoed 5004, Class C 13.0
and the nquslification requirements of Yethod 5005, Class C. fieneric data
may he substitutad for Graups CAD

Hermetically sraled pars with no screening heyond the manufacturer's 17.5
reqular quality assurance practices; parts encapsulatcd with organic
witerial,®

feomereial {nr ron-mil standa-d) part, encapsulated ar sealed with 35.0
arganic materials (e.q., epoxy, silicone or phenolic).
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Finally, the cost of the same device is assessed against the quality
levels previously discussed. The cost data against the subject device was
provided by the Martin Marietta component engineering group. This data was
based on an average cost from two large semiconductor manufacturers for the
specific quality level., The average cost was then converted to a multiplier

N using the D1 quality level as a base (1.0). A D1 quality level is a com-

:;ff mercial or non-military standard component. Figure 75 shows the quality
" level impact on component cost by plotting the cost multiplier against the
NG quality level. The points on the figure marked by a triangle (A) indicate

actual data points obtained. The curve is then plotted across all the
quality lavels.
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g Figure 75. Quality Level Impact
O 5. on Cost
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Additional cost factors which impact reliability are contained in the
design process. The design process, in relation to derating criteria,
encompasses the type of cooling necessary and addition of heat sinks to
reduce the component temperature. The degree of reliability in design then
is part of the quantity and quality of analysis. Both are from the design
and reliability group. The driver becomes the requirement imposed by the
product specification, or the importance and visibility of reliability by
the contractor. An example of in-depth analysie of the microelectronics
may include investigation of all parameters that vary with temperature.

Figure 76 shows the variation of silicon conductivity with temperature.
- This figure, coupled with the failure rate multiplier figures previously

AT

Sk SR

o discussed, could be used to determine the method of cooling and necessity
. of heat sinks. A less thorough analysis may be the accomplishment of a
\ reliability prediction using average temperatures and stress levels.

The specification driver is defined through the imposition of MIL-STD-
785B or MIL-STD-1542, notice 2. Through the imposing of specific tasks or
. paragraphs of the military standards, a minimum level of reliability is
o established. According to data collected in RADC-TR-83-13, "Missile and
- Space Systems Reliability vs Cost Trade-off Study," the average cost in
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man-months per year, varies slightly across program phase. The reliability
program cost can be estimated as a percent of engineering labor per year

for the three major program phases. The FSED program phase averages 4.3
percent of total engineering labor for the reliability program. The pro-
duction and validation program phases average 4.4 and 5.0 percent respectively.
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Figure 76. Silicon Thermal Conductivity
L versus Temperature
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x The major cost drivers, according tc RADC-TR-83-13, within the reli-~
' ability program related to MIL-STD-785B, are:
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These average cost driver percentages are based on the average across
FSED, production, and validation phases of a program. At this point, none
of the referenced funding levels for reliability include engineering sup-
port from engineering to reliability, or any engineering performed analyses.

In order to reduce program costs, part quality level reduction is
often considered. The reduction of part quality level, from mil to com-
mercial, has impacts on failure rate and cost. The failure rate impact has
been shown previously in figure 74 and related cost impact in figure 75.
Derating cannot be used to compensate for using parts of a lower quality
level. The derating levels specified (I, II or III) are not based on part
quality. The levels are based on mission criticality assuming the proper
quality part has been selected. Cowmponent derating can in no way account
for or make up for poor quality.

The subject of cost versus reliability can be summarized as a complex
relationship. It is not solely coatrolled by the contractor or customer,
design engineer, or reliability engineer. The basic tools are available to
produce a good reliable piece of hardware. Withcut the proper time span
and funding, however, something less is often accepted. Depending upon the
program phase, the commitment assumes different emphasis, i.e., analytical,
test, etc. But each phase commitment is reduced to two basic constraining
factors, cost and schedule. In spite of the restrictive cost and schedule
and schedule constraints, the reliability function must be introduced at
the early phase of the program. Continuity must be maintained. The relia-
bility tasks, as a minimum for each program phase, are specified in MIL-STD-
785B appendix A, Table A~I. These tasks should be strictly adhered to.
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s 7.0 MILITARY STANDARD FRAMEWORK

The final specific task identified in the program approach was to
develop a military standard framework. The framework is intended to be
used for the creéation of the standard for the derating of electronics and

electromechanical devices for Air Force application. Figure 76A shows the
outline for the military standard.

Figure 76A

OUTLINE OF MILITARY STANDARD

1,0 SCOPE

1.1 Purpose

1,2 Application of Standard

1.2.1 Content of Standard
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X 4.0 GENERAL REQUIREMENTS
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" 4.2 Equipment Environments
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8.0 CONCLUSIONS AND RECOMMENDATIONS
8.1 Conclusion

The primary objective of the Reliability Derating Procedures program
was to develop the framework for the creation of a military standard. This
standard is to be for the derating of electronic and electromechanical
devices for Air Force application. This was accomplished through the in-
vestigation of specific areas, such as the relstionship of case tempera-
tures to junction temperatures, the development of derating standards for
selected advance technology devices, the creation of thermal models, the
derating thermal model verification through data collection and testing,
and the relationship of reliability to cost. Based on this investigation,
several conclusions were drawn which led to the accomplishmeat of the pro-
gram's overall objectives. These conclusions are:

1 Standardized derating criteria is greatly desired by industry,
sirce industry does not have such criteria available at the present
time.

Ina

The development of derating standards for the advanced technology
devices did not produce any astonishing results.

The internal wmcdel is particularly useful when a ball park predic-
tion of the thermal resistance from the chip junction to the case
bottom (83c) is desired for devices of new design.

[w

| &

The heat spreading angle involved in the internal model calculaticn
has a significant impact on the 8jc. However, correlation
of this . angle could not be ascertained, due to program limitations.

There are many variables involved in thermal modeling. The number
of variables necessitates the modeling of specific package types,
as opposed to general ones.

fwn

The external model is applicable only to specific package types or
configurations.

jor

|~

Both models (internal and external) can be easily modified to
change variable conditions to meet particular needs.

o RS LB et & B S v & & e & A B me —ma e

Two erternal models were verified through test data, resulting in
an accuracy of approximately 4°C,

Joo

Lol

(LY

The remeining external models were developed with the same assump-
tions and ground rules es the two that demonstrated such & high
correlation with test measurements. It can be expcocted that these
remaining models are accurate (except hydbrid external model).

10 The hybrid package presents a special group of problems. Since
hyorid packages are very complex and are usually custox designed, a
detailed internal thermal analysis should be required o be
perviormed by the veador.
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S

-1

-

11 The methodology for verifying junction temperature derating
requires the identification of a case measurement point. The point
chosen for all packages, except the axial study package, is the
geometric top center of the lid. The axial stud measurement point
is on the ceramic ring close to the heat source.

R LR PE By I SN

-

+ &3
B

12 The lid category was investigated as a possible measurement point.
It was determined that the lid temperature tracks more closely with
the junction temperature.

BT O L AL Sy TILL YT L LT Ta T T T RS

v

13 In terms of reliability versus cost, it was determined that the
religbility function must be introduced at the early phases of a
program. Also, continuity must be maintained, in spite of the
restrictive cost and scheduling constraiats.

AT AT R

h 4

8.2 Recommendations

o
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All the objectives set forth for this program were achieved. However,
during the course of the program, areas deserving further investigation
were identified. Those areas could not be investigated in this study due
to program limitations. Instead, a series of recommendations have been

developed for possible implementation into future work in this subject
area:
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1 Additional package types or configurations should be modeled in
order to extend the data verificatioa base.

. . o
| PO

" 2 Additional data from test measurements should be obtained to g
S further validate the models presented in this study. Any %
o additional models required should be created. )
3 Y : . 3
oty 3 Additional investigation of the heat spreading angle is warranted, .
3 due to its impact on the resulting thermal resistance. I
S

b . . . "
on 4 In an effort to ascertain industry acceptance and possibly create 5
gﬁ% the surfacing of additional data, the Air Force should disseminate b
SN the results of this study to all those coancerned. .
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? f Bulova Watch, Valley Stream, NY
“; 3 Bunker-Ramo, Thousand Qakes, CA
(N

’2 *Burroughs, Paoli, PA
]

NOTE: Asterisk (*) denotes usaful responses.
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*Chandler Evans, W. Hartford, CT

Charles Stark Draper Lab, Cambridge, MA
Cincinnati Electronics, Cincinnati, OH

Comsat Labs, Clarksburg, MD

CONRAC Corp., Duarte, CA

Crystal Technology, Inc., Palo Alto, CA

*CUBIC Corp., San Diego, CA
Dalmo-Victor, Belmont, CA
*Douglas Aircraft, Long Beach, CA
Dynalectron-Aerospace, Ft. Worth, TX
EM & M - Sesco, Chatsworth, CA
*E-Systems, St. Petersburg, FL
*E.Systems, Monteck Division, Salt Lake City, UT
*£-Systems, Falls Church, VA
Eaton Corp., Long Island, NY
EDO Corp., College Point, NY
Efratom Systems, Irvine, CA
Electrodynamics (Talley), Rolling Meadows, IL
*Electrospace Systems, Richardson, TX
*merson Electric, St. Louis, MO
Fairchild Republic, Farmingdale, NY
Fairchild, Space & Electronics, Germantown, MD
Fairchild Stratos, Manhattan Beach, CA
Fairchild Test Systems, Latham, NY
Fairchild-Weston, Syossett, NY
*FMC-Northern Ordnance, Minneapolis. MN
FMC-Ordnance, San Jose, CA
rord-Aeronutronic, Newport Beach, CA
*Ford Aerospace, Palo Alto, CA
General Dynamics - Pomona, Pomona, CA 3
*General Dynamics - Convair, San Diego, CA
General Dynamics - Electronics, San Diego, CA
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General Dynamics - Land Systems, Warren, Ml
General Dynamics, Ft. Worth, TX

General Electric, Daytona Beach, FL
*General Electric, Pittsfield, MA
General Electric, Schenectady, NY
General Electric, Syracuse, NY

General Electric, Utica, NY
*General Electric, Philadelphia, PA
General Electric, Burlington, VT
General Instrument, Hicksville, NY
*Goodyear Aerospace, Akron, OH

Goodyear Aerospace, Litchfield Park, AZ
*Gould Inc., E1 Monte, CA

Gould Inc., Glen Burnie, MD

Gould, Inc., Cleveland, OH

o *Grumman Aerospace, Bethpage, NY

GTE Systems, Mountain View, CA
. *Hamilton 570, Windsor Locks, CT
. Harris Corp., Melbourne, FL

3; Harris Corp., Rochester, NY

.. *Harris Corp., Syosset, NY

K *Hartman Systems, Huntington Station, NY
Hazeltine Corp., Braintree, MA
*Hazeltine Corp., Greenlawn, NY

Hewlett Packard, Palo Alto, CA

Hewlett Packard, Loveland, CO

Hi-Rel Labs, Monrovia, CA

W

gg *Honeywell Inc., West Covina, CA

o Honeywell Inc., Clearwater, FL

s *Honeywell Inc., Tampa, FL

_%% *Honeywell Inc., Lexington, MA

‘Eﬁ Honeywell Inc., Bloomington, MN

e

y? NOTE: Asterisk (*) denotes useful responses.
)
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*Honeywell Inc., Hopkins, MN
. *Honeywell Inc., St. Louis Park, MN
-Honeywei] Inc., Seattle, WA
Hughes Aircraft, E1 Segundo, CA
*Hughes Aircraft, Fullerton, CA
Hughes Aircraft,.Los Angeles, CA
Hughes Aircraft, Torrance, CA
Hughes Helicopters, Culver City, CA
iBM Corp., Gaithersburg, MD
IBM Corp., Poughkeepsie, NY
IBM Corp., Owego, NY
IBM Corp., Hopewell Junction, NY
IBM Federal Systems Division, Owego Tioga County, NY
*Ingalls Shipbuilding, Pascagoula, MS
Integrated Circuit Engineering, Scottsdale, AZ
X International Engineering, San Francisco, CA
2 International Laser Systems, Orlando, FL
*Interstate Electronics, Anaheim, CA
Intel Corp., Chandler, AZ
j Intel Corp., Santa Clara, CA
Son! ITT Avionics, Clifton, NJ
ITT Aerospace, Ft. Wayne, IN
ITT Electro-Optical, Roanoke, VA
ITT Federal Electric, Paramus, NJ
*ITT Gilfillan, Van Nuys. CA
Joy Manufacturing, New Philadelphia, OH
*Kaiser Electronics, San Jose, CA
Kaman Sciences Corp., Colorado Springs, CO

) Xeltec Flurida, Ft. Walton Beach, FL
ooy Ketrcin Inc., Warminster, PA

*Fyocera International Inc., San Diego, CA
Lawrence Livermore Lab, Livermore, CA

NOTE: Asterisk (*) denotes useful responses.
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- g

Do

s

Lear Siegler, Grand Rapids, MI

Litton Data Systems, Van Nuys, CA

Litton Systems Inc., Woodland Hills, CA
* ockheed - California, Burbank, CA

iy

ou -
e

o2l

Q Lockheed Electronics, Plainfield, NJ

R Lockheed - Georgia, Marietta, GA

R Lockheed Missile Systems, Sunnyvale, CA

b * ST Products, Ladolla, CA

}% Loral Electronic Systems, Yonkers, NY

ia *Magnavcx Government & Industrial, Ft. Wayne, IN

*Magnavox, Torrance, CA
*Magnavox, Mahwah, NJ
%- *Martin Marietta, Denver, CO
} *Martin Marietta, Orlando, FL
L Mclonnell Douglas, Huntington Beach, CA
*McDonnell Douglas, St. Louis, MO
ni Memorex, Santa Clara, CA
/ *Microsonics, Weymouth, MA
Microwave Associates, Burlington, MA

- ?t Motorola, Shaumburg, IL
iy *Motorola, Scottsdale, AZ |
L Motorola, Ft. Worth, TX |
e National Waterlift, Kalamazoo, Ml
%Q Norden Systems, Norwalk, CA |
i Northrup Corp., Anaheim, CA
i Northrup Corp., Hawthorne, CA

' }‘. *Northrop Corp., Newbury Park, CA
'ig Horthrop Corp., Rolling Meadows, IL !
EE Novatronics Inc., Pompano Beach, CA i
‘ Perkin-£lmer, Powona, CA
Sé Plessey Dynamics, Hillside, NJ

B *plessey Optoelectronics, Irvine, CA
£
_;5 NOTE: Asterisk (*) denotes useful responses.
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QED Systems, Virginia Beach, VA
*Exxon Office Systems, Lionville, PA
*RCA, Princeton, NY
*RCA, Burlington, MA

RCA Solid State Tech Center, Somerville, NJ

RCA, Camden, NJ
*RCA, Moorestown, NJ

Raytheon, Portsmouth, RI
*Raytheon, Goleta, CA
*Raytheon, Bedford, MA

Raytheon, Northborough, MA

Raytheon, Sudbury, MA

Raytheon, W. Andover, MA

Raytheon, Wayland, MA
*Reflectone, Tampa, FL

REL Inc., Boynton Beach, FL ,

Reliance Electric, Cleveland, OH
*RMI Inc., National City, CA

Rockwell International, Thousand Oaks, CA

Rockwell, Anaheim, CA

Rockwell, Downey, CA
*Rockwell, Los Angeles, CA
*Rockwell-Collins, Cedar Rapids, LA
*Rockwell, Columbus, OH
*Rockwel1-Collins, Richardson, TX
*Rosemount Inc., Eden Prairie, MN

Sanders Associates, Nashua, NH
*Sandia Laboratories, Albuquerque, NM
*Sawtek Inc., Orlando, FL
*Science Applications, Palo Alto, CA
*Sedco Systems, Melville, NY

Semcor Inc., Moorestown, NY

NOTE: Asterisk (*) denotes useful responses.
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*Signetics, Sacramento, CA
Siemens-A11is Inc., Atlanta, GA
*Sierra Research Corp., Buffaly, NY
*Singer-Kearfott, Wayne, NJ
*Singer-Librascope, Glendale, CA
*Singer-Kearfott, Littiefalls, NJ
Smith Industries, Clearwater, FL
*Sperry-Flight Systems, Phoenix, AZ
*Sperry Gyroscope, Clearwater, FL
*Sperry Marine, Charlottesville, VA
Sparry Systems, Benicia, CA
Sperry Systems, Great Neck, NY
*Sperry Univac, St. Paul, MN
SPIRE Corp., Bedford, MA
SRI International, Menlo Park, CA
*Stromberg Carlson, Longwood, FL
Sunstrand, Rockford, IL
Sylvania Systems, Needham Heights, MA
Syscom Corp., Sunnyvale, CA
Tektronix, Beaverton, OR
Teledyne-Brown, Huntsville, AL
Teledyne Electronics, Newbury Park, CA
Teledyne MEC, Palo Alto, CA
Teledyne-Ryan, San Diego, CA
Teledyne Systems, Northridge, CA
Texas Instruments, Austin, TX
Texas Instruments, Dalias, TX
*Tracor Inc., Austin, TX
*TRW Defense & Space, Redondo Beach, CA
TRW Electronics, Colorado Springs, CO
TRW Equipment, Cleveland, OH
TRW LSI Preducts, LaJdolla, CA
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NOTE: Asterisk (*) denotes useful responses.
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o f
4
;.q 1
»g,; TRW Semiconductors, Lawndale, CA
BT Tylan Corp., Torrance, CA
1 k”; *Unidynamics/Phoenix, Phoenix, AZ
e Unidynamics/St. Louis, St. Louis, MO
} United Technologies, Windsor Locks, CT
Tﬁ%i United Technologies, Melville, NY
y *Varian, Palo Alto, CA
*YLSI Technology Inc., San Jose, CA
Vought Corp., Dallas, TX
Weitek, Santa Clara, CA
Westinghouse Electric, Sunnyvale, CA
*Westinghouse Electric, Baitimore, MD
Westinghouse Electric, Hunt Valley, MD
Westinghouse Electric, Buffalo, NY
Westinghouse Electric, Pittsburgh, PA
Weston Controls, Archibald, PA
Xerox-Electro Optical, Pasadena, CA
*Zilog Inc., Cambell, CA
|
ok |
3 |
k
J
b o
Aoy
E:
.,.::3“
'?a" ;
- .§
NOTE: Asterisk (*) denotes useful responses. S
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APPENDIX 3.0
LITERATURE SEARCH AND DATA SURVEY

Martin Marietta was required to complete an in~depth, computer assisted
literature search, coupled with telephune calls and personal visits to
potentially key data sources. The object was to obtain, review and analyze
equipment and system manufacturer(s) derating policies, company internal
part derating documentation not released for general publication, periodi-
cal articles, technical reports, military specifications, and vendor docu-
mentation. This data has been published on integrated circuits, semicon-
ductors and advanced technology devices (i.e., VLSI, VHSIC, memory). How-
ever, there was little to be found in these particular areas of interest.

The computerized search and library reviews were then supported by a
letter survey, a telephone survey, and visits to the most promising data
sources to find more information on the vital subjects. The response to
these activities exceeded historical experience on similar data surveys
(see Table 40). However, it was more an expression of mutual interest than
a contribution of useful information. The information received as a result
of these efforts has been analyzed and is discussed in the Published Guide-
lines Analysis of this appendix. Because of the limited information
received from industry on derating guidelines and failure mode data for
advanced technology devices, an internal letter survey was used. The

responses to this survey are summarized in the Martin Marietta Survey por-
tions of this appendix.

TABLE 40. HISTORICAL VERSUS ACTUAL RESULTS OF DATA SURVEYS

Time Span (Weeks) Response (Percent)¥ Yield (Percent)
Type of Survey [Historical | Actual | Historical | Actual |[Historical ] Actual

o -

“L) Letter 12 10 5-50 55 2-10 35
_"’.‘
i{ Telephone 1 1 100 100 20 65
~
-_\:I Literature 2-12 12 N/A N/A 25 25
'h.
L% Visits 8 2 100 100 75 7
“> h'
oy,
3N survey programs zonducted at Martin Marietta Orlando Aerospace. The normal response
":ﬁ range in letter surveys is 5 to 50 percent.
ey
3 .
o Litecature Search
' t%ﬁ The literature search was implemented by the Martin Marietta Orlando

X Aerospace Technical Information Center (TIC). The Center has access to
; virtually all technical information published during the past ten years.
& It maintains on-line computer access to more than 100 data bases. In addi-
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Defense Technical Information Center (DTIC).

Because of the relative new-

ness of application of the devices of interest, the search was generally
limited to material published in the four years ending December 1982. More
recent publications were tracked on a day-to-day basis.

The electronic devices researched as key words are listed in column 1

of Table 40,

Additional key words used are listed in Table 41. The com-

puterized search yielded 1037 abstracts, which were reviewed. Only 151

abstracts appeared to be relevant.
sufficient merit to be retained.

(Appendix 1).

After review, only 35 of the titles had
These are included in the bibliography

TABLE 41. KEY WORDS
DEVICES OTHER KEY WORDS
Hybrid Deratin?
Transistor Reliability Derating
Capacitors Thermal Tests

Resistor Chips
Integrated Circuits
LSI/Custom LSI
VHSIC
VLSI
Microprocessors
Memory
Bipolar
MOS
Bubble
Microwave
Silicon Detectors
Germanium Detectors
Silicon Schottky Detectors
Silicon Mixers
Germanium Mixers
IMPATT Diodes
GUNN Diodes
Varactor Diodes
PIN Diodes
Step Recovery Diodes

Thermal Testing
Thermal Resistance
Junction Temperature

Junction Temperature Measurement

Case Temperature

Case Temperature Measurement
Temperature

Thermal

Application Notes
Application Guidelines
Failure Modes

Failure Mechanisms

UM DL LAY o

T W e

T
-x & &

PES 218 2

ey
AR Salin

Y

i AR

EGE §

o
B

I.A
b
RN
o
1

i L R

M
s

oy,
”

P,

O e

»

Turnel Diodes 4
Transistor bl
GaAs FET @@
SAY A
55*

S

Letter Survey :E:
.

A letter and two-part questiomnaire was mailed to 257 addresses at 240 et
corporate locations, with a return date of 30 May 1983. The mailing list R
was compiled from the Electronic Industries Association JC-13 technical r
committee rosters, Lhe Government-Industry Data Exchange Program (GIDEP) o
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roster, and prospective respondents known by the Rome Air Development
Center (RADC) or Martin Marietta to have 2 vested interest in the subject.
The addresses are listed .in appendix 2.

There were 90 returns. Eighty-four, or 93 percent of the returns
provided useful information. The response to five general survey questions
is summarized here.

1 Does your company/division use standard electrounics component

derating? 71 Yes 19 No
2 Are the component derating guidelines documented? _68 Yes _22 No
3 Does your company/division have standard application guidelines and

tolerance factors? 55 Ves 35 No
Documented? 53 Yes 37 No

4 During forthcoming inspection, subsystem, and/or system level test-
ing, are failed parts subject to analysis to determine failure
modes and/or mechanisms? 20 Yes 14 No 46 Sometimes

5 Has your company/division performed any thermal tests to verify

derating parameters? 44 Yes 46 No
The second page of the survey questionnaire asked the question:

"Have you conducted, within the past 5 years, any testing
(life, screening, demonstrations, etc.) which measured any
of the following parameters on the following devices
(please check appropriate boxes)."

The number of addressees who responded to tuis question is summarized
in Table 42.

An analysis of the results of the literature search and the letter
survey lead to the following conclusions:

1 Of the 10 companies most common in the literature who were queried,
only seven responded. Only four of these seven reported comducting
testing which measure case or junction temperatures.

fro

Only one respondent, Sandic National Laborvatories, reported an
accumulation of relevant failure rate data.

fo

There is very little temperature measuremen: data ava.lable, and
most of it resides in five companies. The companies 3rz:

Sperry - Clearwater, Florida

Magnavox - Ft. Wayne, Indiana

Stromberg Carlson - Longwood, Florida
Sierra Research - Buffalo, New York
Hughes Aircraft - Fullerton, California

[«
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TEST MEASUREMENT RESPONSE

DEVICE

JUNCTION | CASE

TEMPERATURE

FAILURE RATE

Hybrid
Transistors
Capacitors
Resistor Chips

Integrated Circuits
LSI/Custom LSI
VHSIC
VLS|
Microprocessors

Memory
Bipolar
MOS
dubble

Microwave
Silicon Detectors
Gerranium Detectors

Silicon Mixers
Germanium Mixers
IMPATT Diodes

GUNN Rigdes

Varactor Diodes

PIN Diodes

Step Recovery Oiodes
Tunnel Giodes
Transistor

GaAs FET

SAN N\

Silticon Schottky Detectors
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Telephone Survey

total of 3 telephone calls.

been contacted,

A teiephone survey was used as a follow-up to the letter survey for
the purpuse of obtainiang useful date or information by mail.
The calle led to the receipt of 33 copies of
corporate derating guidelines, sund the basis for seven personal visits.
lass date was aveilsble after contacting the most promising tespondents.
The telephone survey was terminated after 50 perceat of the sources had

There were a
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On-Site Visits

With proper preparation and response, on-site visits are the best
source of data. Such visits provided clearer communication and less bias,
since fewer misunderstandings in terminology, meanings, or questiouns can
occur. The on-site visit offers the respondent an opportunity to clarify
points of doubt, since he has ready access to his orgenization's data base.
Last, but not least, the personal visit tends to assure the respondent's
cooperation and his company's approval for the release of data.

Seven visits were made because of a dearth of promised data and prac-
tical judgements with respect to fiscal limitations on travel. The results
of these trips to Motorola (6/20), Hughes Aircraft (6/21), AIRESEARCH
(6/22), Douglas Aircraft (6/21), TRW (6/22), Sierra Research (8/24), and
SAWTEC (9/20) were documented in trip reports and sent to RADC by Martin
Marietta letters. Four of these sources provided information that wae
useful in completing Task 3 of the study coantract, an assessment of case
temperature derating and measurement.

Due to conflicts in data availability and usefulness, the planned and
tentatively scheduled trips to additional respondeats were cancelled. This
was a topic of discussion with RADC, and was documented in the appropriate
monthly status reports and the first interim review.

The literature search and data survey provided some very interestirg
results. The results obtained did not further the progress of the program,
but highlighted the point that most everyone contacted was interested. 1In
general, the respondents hsd little useful information, but wanted some
form of consistent or standardized guidance in the field of derating and
junction temperatures. Each individval visited or contacted by telephone
had their own opinicn of how it should be handled, but each was open to a
standard requirement in the form of a military specification.

Published Guidelines Analysis

Industry derating guidelines and information were obtained primarily
as a result of telephone calls following up the response to the survey let-
ter. Finai document sources are listed in Table 43. This is an updated
version of the document source listing provided to RADC by the Martin
Murietts Ovlando Aerospace Interim Report OR 17328 or 15 August 1983,

e A total of thircy-three doc.uments were received. Of thase, thirty-two
had useful derating criteria for esemiconductors and integrated circuits.
Very few companies had published guidelinas for the more advanced tech-
nology devices {i.e., LSI, VLSI, VHSIC, etc.) ‘These guidelines were

&
(4
LT

g included in the analysie when they were available. The data collected from
X the devatiung standards of these companies was analyzed by first grouping
s the data by pert type. Within the part type, the analvsis focused on the
e parameters derated and the amouat of derating spplied. The decating cri-
e teria received from shout 90 percent of the respondents was not vased on

r derating levels ur operating environments. Therefore, these tw elements
e vere not evaluated in the analysis.

Y

N

Ay
(."L o

157

. o

':":'u"‘:
A

« o ®

. . . - - . - M A
P S T T ) CERT IR T
AL R I I A
LA YR

.
.

. . g
A R e kA Lt J A,




)

bt e
RPN

AR
\

\ ARSI EN Y

PR

&

% t' I, J‘!.,

PR
LD S

Yoo
¥
et LT

Downloaded from http://www.everyspec.com

TABLE 43. INDUSTRY DERATING GUIDELINES

Bendix-Guidance, Teterboro, New Jersey

Cubic Defense Systems, San Diego, California
Delco Electronics, Goleta, California

Dcuglas Aircraft, Long Beach, California

E Systems, Falls Church, Virginia

Electrospace Systems, Richardson, Texas

Exxon Corporation, Lionville, Pennsylvania
Ford Aerospace, Palo Alto, California

Genéral Electric Company, Schenectady, New York
Goodyear Aerospace, Akron, Ohio

Gould Incorporated, Glen Burnie, Maryland
Hamilton Standard, Windsor Locks, Connecticut
Harris Corporation, Melbourne, Florida

Hartman Systems, Huntington Station, New York
Honeywell, St. Louis Park, Minnesota
Honeywell, Hopkins, Minnesota

Hughes Aircraft, Fullerton, California
Interstate Electronics, Anaheim, California
Kaiser Electronics, San Jose, California
Lockheed Aircraft, Burbank, Califoraia
Lockheed Missile, Sunnyvale, California

Martin Marietta Aerospace, Baltimore, Maryland
Martin Marietta Aerospace, Orlando, Florida
Northrop Corporation, Newbury Park, California
Raytheon Corporation, Bedford, Massachusetts
Raytheon Corporation, Goleta, California
Sierra Research Corporation, Buffalo, New York
Signetics Corporation, Sacramento, California
Sperry Marine, Charlottesville, Virginia
Sperry Flight Systems, Phoenix, Arizona

Texas Instruments, Dallas, Texas

TRW Corporation, Redondo Beach, California
VLSI Technology Corporation, San Jose, California

Tables 44 through 46 represent the tabulated results of the analysis
on derating standards for diodes, integrated circuits, and transistors,
regpactively. On the left hand side of each table are the part types which
are derated, along with the number of sources that referenced that part
type enclosed in parentheses. The stress parameters are across the top of
the tables. These parameters are derated by the majority of the respond-
ents. The value enclosed in parentheses for these parameters indicates
the percentagn of respondents who derated that parameter for the specific
part type. The raunge of values to which the part is derated, and the per-
centage of respondents who derate to that value, is preseated in descending
percentage order. This derating information can be reduced further for the
purpose of comparing the industry derating standards and those listed ia
the “Reliability Part Derating Guidelines Report" (RADC-TR-82-177).
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TABLE 46. SURVEY GUIDELINE SUMMARY
TRANSISTORS

TYPE JUNCTION TEMP VOLTAGE CURRENT POWER

B (83%) (83%) (70%) (67%)
GENERAL PURPOSE} llOOC-32'/. «715-52% «75-52% . 50-65%

(30)
125°C-28% .80-16% | .50-24% >.50-15%
<100°C-20% .70-16% | .70-9.5% .30-15%
100°C-16% <.70-16% | .80-9.5% .40~ 5%
>125%C- 4% .90-5% Power Transistor

.30-87%
.75-13%

(33%) (8%%) (76%) (447%)
FIELD EFPECT 110°C-67% .75-38% | .75-50% .65-25%
T“‘"f;§T°R 125%¢-33% .60-25% | .65-25% .50-25%
.70-13% | .50-25% .30-25%
.80-12% .20-25%

.50-12%

(100%) (100%) (50%) (100%)

Ga As FET 100°c .15 .90 .50

(2) 125% .10 .65

The survey results were condensed to show a single derating value for
The highest percentage of respondents

each part type and stress parameter.
derating by a specific intensity established this single value.

Tables 47

through 49 preseant these values, along with the applicable RADC report
derating standards (Levels I, II, and III, respectively) in a tabular
format to facilitate a direct comparison.

Further review and analysis of the derating source documentation

received has lead to the following conclusions:

1

fw

There is a body of general guidelines on transistors, diodes,

resistors, and capacitors that is comparable with the Level 1/il

guidelines identified by RADC.

Tables 47 through 49.

Theose guidelines are refereaced in

There were some published guidelines for ICs, but none of them
addressed VHSIC or VLSI devices.

Derating for hybrid microcircuits was scarcely mentioned.

As Table

45 indicates, only four companies address it in their guidelines,
and then only to derate junction tempersture.

161
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Sy e

&

Derating for memory devices was not mentioned. There was no derat-
ing information for bubble memories in particular.

Ty

fwn

Only silicon devices get any attention of any of the microwave
devices listed in the contract statement of work. No one seems to
use germanium devices, and they are not selected or recommended for
new design. Stress parameters for tunnel germanium diodes were
mentioned by only one respondant, with germanium devices in general
- not being addressed by other sources. Martin Marietta followed the
format for derating established by the one respondent.

P -
e
S PAT

SAW devices were recognized only by the device manufacturers.
These devices are relatively new technology and little information
is available. However, derating information was reccived from a
device manufacturer.

-~ -“;‘l"x‘\{""
fon

2y 7 Application guidelines in terms of mission criticality or the
e MIL-HDBK-217D envirouments were virtually non-existant in the

. ' industrial data.
"“‘n
A%
N 8 Present derating criteria, i.e. RADC-TR-82-177, appears to be more
18 - . . . . .

C s complete and inclusive than what is used by the industry in general.
A .
$¥E 9 Structured collection of field data and design analyses performed
A% on existing programs would substantiate or revise present derating
b criteria.

Martin Marietta Survey

A survey of Martin Marietta electronics experts was conducted to sup-
plement the information received from industry. The objective was to
obtain failure mode data and derating guidelines for the specific advanced
technology devices this contract addresses (i.e., VLSI, VHSIC, etc.).
There was a total of eleven letters and questionnaires mailed, with four
responses. Authors of the outstanding surveys were idemtifiad and coun-
tacted by telephomne.

The surveys that were returned did not reveal any sdditional facts.
They confirmed or reinforced what has been previously published on failure
modes and derating for ICs, hybrids, and memory devices. As one respondeant
indicated, specific information on microwave devices was limited, due to
the fact that data needed for the creation of derating standards does not

exist for these devices. The survey questions aand results are summarized
in Figures 27 and 78.
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Reliability Derating Procedures
Survey

Please complete the follewing questionnaire by recording the response to
the following questions in the chart on the next page. Ffeel free to make any

additional comments/remarks that you consider pertinent or helpful to this task.

1. What would, in your opinion, be the majcr parameters
for derating?

2. What derating value would you suggest for these parameters?

3. What is the predominant failure mode?

4. This failure mode is the result of:

a. Manufacturing techniques
b. Device physics

c. Design application

Figure 77. Martin Marietta survey.
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APPENDIX 4.0
DATA GROUPING
Data grouping is a significant step in the case temperature derating
and measurement task. It consiste of two forms, the device grouping versus
packaging, and measured or collected temperature data grouping. The device
grouping versus packaging types is shown in Table 50.

TABLE 50. DATA GROUPING

Metal Cerauic Cerdip/
Device Group Stude | Cans | Chip Carriers | Flatpack |Hybrid
Transistors X X
Diodes X X
Integrated circuits X X X
Microwave X X X
Hybrid X X

The device grouping plan versus the package type encompasses th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>