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1.0 INTRODUCTION

This contract was initially conceived as a result of
discussions with Mr. Larry Wright of the Jet Propulsion Labora-
tory (JPL), concerning the critical need for accurate thermal
resistance measurements on transistors.

Since JPL test programs and experiments currently in
the planning stages are to be run with semiconductors operated
in ovens at 100°C, an accurate method of measurement of 8J-C and
8C-A to determine actual operating junction temperatures of the
devices will be required.

This report describes a three-month program performed
by Motorola Semiconductor Products Division whereby a thermal
resistance measuring technique was refined and its accuracy and
repeatability determined.

Figure 1 shows the overall Program Test Plan and the
quantity of units used for the various tasks.

The Motorola type 2N2222 silicon annular epitaxial NPN
transistor was selected as the test vehicle for this program
since this is to be the device evaluated in a proposed large-
scale accelerated test program for JPL. A Motorola data sheet
for the 2N2222 is included in the Appendix (Section 8.0) of this
report.

A total of 355 devices were tested on this program, all

from Motorola production lot 544, process SL3-05, manufactured
the week of 11-5-65.

1-1
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2.0 OBJECTIVES

The primary objectives of this contract were:

2.1 Phase I Tests - Measurement Methods for 8J-C

To refine the present method of measuring 6J-C of
individual 2N2222 transistors and determine if its absolute ac~-
curacy was +10% with a repeatability of +5% or better.

2.2 Phase 11 Tests - 8J-C Measurement Accuracy and Repeat-

ability

To verify the accuracy and repeatability of the 6J-C
measurement method by one or more independent measurement tech-

niques.

2.3 Phase III Tests - Measurement of 8J-A

To develop a method of accurately determining 8J-A for
the 2N2222 device (TO-18 package) in the 100°C forced draft air
flow ambient conditions to be used in the accelerated test pro-

gram.

2-1
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3.0 PHASE I TESTS - MEASUREMENT METHOD FOR 6J-C

Upon receipt of the contract, Phase I tests were ini-
tiated to determine if the existing Motorola Quality Control
thermal resistance tester (referred to herein as tester HO-01)
was suitable for use on Phase II and I1I tests or would require
modification or a replacement tester. The following sections

present the details of these tests with significant results.

3.1 Initial Correlation Studies

At the commencement of this program, the Motorola SL3-
05 production line from which the 2N2222 test units were to be
obtained was just starting production following completion of a
scheduled shutdown dating back to August, 1965. Rather than de-
lay the program by waiting until the first new production lot was
to be available (lot 544 - to be welded the week of 5 November,
1965), a sample of 25 devices from lot 531 (welded week of 6 Aug-
ust, 1965) were obtained from the warehouse for use as initial

correlation samples.

Initial 8J-C measurements were made on 21 of the 25
samples on tester HO-0l1 at three power levels, 250mW, 500mW, and
750mW (See Table 3.1). The mean values obtained were 152°C/W at
250mW, 89.5°C/W at 500mW, and 83.4°C/W at 750mW. The specifica-
tion limit on 6J-C for the 2N2222 is only 83.3°C/W and should not
be dependent upon power level (within the range of values in ques-
tion), therefore, the accuracy of the measurements was question-
able.

3-1



o 44 . _ - . .

T ey W WeEET T W e .

Accordingly, a review of the principles of operation

of thermal resistance tester HO-01 was undertaken.

The thermal resistance of a transistor is defined as
the effective temperature rise per unit of power dissipated in
a designated junction above the temperature of a stated refer-
ence point under conditions of steady-state operation. 1In this
particular program, the junction designated for power dissipation
was the collector-base junction and the reference point was the
transistor case. This can be stated mathematically as follows:

6J-C = WL = IC  Ghere TJ = Junction Temperature

TC = Case Temperature (1)
P = Power Dissipation in
collector-base junction
8J-C = Thermal Resistance

In equation (1), the case temperature TC and the power
dissipation P could readily be measured by direct methods; how-
ever, the junction temperature TJ would have to be measured in-
directly using a temperature-sensitive electrical parameter of
the transistor. We chose to use the temperature characteristic
of VBE, which is the forward drop of the emitter-base diode.

The test cycle, shown in Figure 2, consisted of applying constant
power P for an interval of time ty until the temperature difference
between case and junction was essentially constant. When the pow-
er was removed, a constant low forward bias current was automati-
cally established through the emitter-base diode. The VBE re-
covery was then sampled at two points; (1) immediately after pow-
er was removed, ty, and (2) after a two-second time interval, ty.
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The first sample of VBE represented the maximum junction tempera-
ture at the end of the power pulse. The second sample was a
measure of VBE with the case and junction assumed to be back to

the original equilibrium temperature.

This test method assumed three things: (1) that the
thermal capacitance of the case was much greater than that of
the emitter-base junction (essentially the die of semiconductor
material), thus, the heat stored in the die at the end of the
power pulse, when shared with the large thermal capacitance of
the case, resulted in a negligible change in case temperature,
(2) that the thermal time constant of the case-to-ambient was
much larger than the thermal time constant of the junction-to-
case and, therefore, the junction temperature reached case temp-
erature within the two-second interval between ty and ty, and
(3) that the volume of ambient air surrounding the unit under
test was sufficiently large to prevent any significant change in

the case=-to-ambient value.

The junction-to-case thermal resistance, 8J-C, in °C/

watt, was calculated as follows:

6J-C = Vé £ ¥2 where V1l = Value of VBE at Tl’ in
millivolts
V2 = Value of VBE at ts, in
millivolts (2)

K = Temperature character-
istic of VBE in milli-
volts/°C for silicon de-
vices)

P = Power dissipation in watts

3-4
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VBE was measured with the same low forward bias current (refer-
red to as sense current) at both sample times, t and ty. Ex-
perimentation at Motorola has shown that the distribution of the
thermal characteristic of VBE (at I = 2.0mA, TA = 25°C - 300°C)
is very tight with maximum and minimum values remaining within
+3.5% of the mean value for a particular temperature. Thus,
once this mean value was determined for the Motorola 2N2222, it
was used as a constant in equation (2). Values of sense current
as low as 100uA were investigated, but at this current level,
the variation between devices was greater due to operating on

a non-linear region of the forward characteristic.

A block diagram of the basic test circuit employed is
shown in Figure 3. A grounded base configuration is used and
since VBE is the critical voltage to be measured, it permits
ground to be used as a convenient reference point for perform-
ing measurements. By use of logic circuitry, the value of VBE
at time ty (V1) is stored in capacitor Cl and the value of VBE
at time t, (V2) is stored at capacitor C2. These two values of
VBE are amplified by a difference operational amplifier to pro-
vide an accurate value of V1 - V2 for equation (2). By addition-
al logic circuitry and use of decade levels of power dissipation,
the measurement system was easily modified to give direct 6J-C
readout in °C/watt on the digital voltmeter.

Careful study of the three assumptions made revealed
that the second and third assumptions were valid, but there was
a possibility that the first one was not valid. Measurements
were made of case temperature on a device during 6J-C measure-
ments on tester HO-01 at 250mW, 500mW, and 750mW (See Table 3.1).

3=5
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Case temperature rises of 2.0°C, 5.0°C, and 6.5°C respectively
were observed. The effect of this case temperature change on
8J-C accuracy was evaluated by testing seven correlation sample
devices ten times each on tester HO-0l in the normal manner and
then repeating the measurements with the cases of the same test
devices immersed in circulating deionized water at room ambient
temperature (See Table 3.3). The results of this study showed
no significant difference between 6J-C values measured in free
air and in the water bath. Further study showed that for a TO-
18 case in free air, a l-second 500mW power pulse would indeed
raise the case temperature approximately 5°C, but during the two
seconds following the power pulse, this 5°C change would only
decrease by 0.5°C. Since the two samples of VBE are taken dur-
ing the two seconds following removal of power, the 0.5°C decrease
in case temperature would have negligible effect.

Since these investigations did not give a definite
answer for the high 6J-C values and variations among power lev-
els, another Motorola thermal resistance tester (referred to
herein as the bench tester) was evaluated. The bench tester was
originally the main 6J-C tester used by Quality Control, but it
has been replaced by HO-01 because of its slow test rate. How-
ever, it has been kept in part-time use as a calibration stan-
dard for HO-01.

The bench tester employs a 90% duty cycle square wave
to apply power and sense conditions to the device under test.
Power is on for approximately 40 milliseconds and then removed
for 4 milliseconds while a 2mA sense current is used to measure
VBE. By using an oscilloscope as the readout device, the value
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of VBE at 2mA sense current and power off condition is set to
zero on the scope by a nulling voltage potentiometer. When the
power switch is turned on, a phase control is used to adjust two
timing relays so that the VBE value can be viewed almost immed-
iately after the 40 millisecond power on condition ends. Since
the average power dissipation is 90% of its steady state value
with this system, the device under test is immersed in circulat-
ing deionized water during 6J-C measurements. By operating the
device in free air, the same tester is used for 6J-A measure-

ments.

Another set of 8J-C data was obtained on the 25 cor-
relation samples using the bench tester (See Table 3.1). For
power levels of 250mW, 500mW, and 750mW, the mean values of 8J-C
obtained were 93.6°C/W, 97.8°C/W, and 103.6°C/W respectively.

At 500mW, this represented a mean value of 17% above the maximum
specification limit of 83.3°C/W. However, the variation with
power levels was only about +5% (500mW nominal). To evaluate
the repeatability of the bench tester, a group of six devices
from the correlation samples were retested at the same three
power levels (See Table 3.2). The repeatability was found to

be within +5% at all three power levels.

A study of the oscilloscope waveforms obtained from
the bench tester indicated that the entire leading edge of the
exponential decay of VBE following removal of power was missing.
Circuit analysis revealed that a set of relay contacts on the
sensing relay were being used to connect the VBE output to the
oscilloscope terminals. The delay caused by this relay was re-
sponsible for missing part of the exponential waveform,
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The contacts on the sensing relay connecting the scope
to the VBE viewing circuit were disconnected and the emitter vol-
tage brought out directly to a differential amplifier input to
the scope. The nulling voltage was brought out to the other side
of the differential amplifier to permit a zero voltage adjustment
prior to applying power. The circuit of the bench tester after
these modifications were completed is shown in Figure 4.

The six correlation samples previously tested on the
bench tester for repeatability were tested again at 500mW to ob-
serve the effect of removing the sensing relay contacts from the
circuit (See Table 3.2). The effect observed was an additional
5.9% increase in the mean value of 8J-C.

Since the change to the bench tester and the subsequent
modification of the sensing relay circuit resulted in 6J-C values
even higher than the maximum 2N2222 specification limit, it was
decided to use tester HO-01 for the initial 6J-C measurements on
the 355 contract test units (from lot 544). In setting tester
HO-01 back up for testing the test devices, it was observed that
the 2mA sense current continued to flow during the l-second power
pulse in addition to the programmed 40mA even though the panel
indicator on the tester indicated that IC was only 40mA. This
meant that the data taken previously (Table 3.1) was in error be-
cause the power levels were actually 275mW, 525mW, and 770mW,
rather than the 250mW, 500mW, and 750mW desired. This error was
corrected and the correct power levels were used for the initial
thermal impedance data on the contract test devices (See Section
3.3).

3-9
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Since there was considerable test data to support the re-
sults obtained on the bench tester, even though the mean values
were 23% above the specification limit, an additional test to
verify the data was performed. One unit from the original 25
correlation units and one unit from the contract test devices
were measured on the bench tester for 6J-C with the sensing re-
lay contacts disconnected and then with the contacts connected
(See Table 3.4). 1Instead of using the circulating deionized
water bath, however, the case of the device under test was mount-
ed on a thermoelectric cooler/heater with an adapter to fit the
TO-18 case. After the AVBE had been measured at 500mW, the pow-
er was removed and the case of the transistor raised in temper-
ature with the thermoelectric cooler/heater until precisely the
same AVBE was observed. For one device (S/N 115), the 500mW pro-
duced a AVBE of 102mW (sense relay in). With the previously
assumed VBE temperature coefficient (K" factor) of -2.0mV/°C
for silicon devices, the 102mV change in VBE represented a 51°
change in junction temperature (TJ). However, it required a
temperature difference of 55.5°C from the thermoelectric cooler
to achieve the 102mV change in TJ. Similar results were obtained
with the second unit (S/N 3). The lack of correlation between
these two methods indicated the possibility that the assumed "K"
factor was in error.

Accordingly, 25 devices from the contract test units
and five devices from the original correlation units were measured
for VBE temperature coefficient in circulating deionized water at
room ambient and at approximately 85°C (See Tables 3.5 and 3.6).
The mean "K" factor for the contract test units was calculated
to be -1.84mW/°C while the five original correlation units averag-
ed -1.87mW/°C.

3-11
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To obtain additional verification of this new "K" fac-
tor value, twenty of the original correlation units were measured
on a "TACT" automatic parameter tester on VBE at 2mA in moving
air at room temperatures from 25.2°C through 200°C to simulate the
proposed JPL Accelerated Test Program (See Table 3.7). A linear
regression analysis was performed on this data and a slope of
-1.84mV/°C was computed with a correlation coefficient of 0.996,
which indicates a very good statistical fit to the observed data.

Since temperatures higher than 200°C would be encountered
on the accelerated program, VBE data was taken on six of the twenty
units previously tested up to 200°C on manual equipment with the
devices in moving air at temperatures of 200°C, 250°C, and 300°C
(See Table 3.8). This was to determine if any significant changes
in the "K" factor occurred at the higher temperatures. No sig-
nificant change in the slope was observed.

Using the value of "K" factor confirmed by four inde-
pendent tests (Tables 3.5, 3.6, and 3.8), the data in Table 3.4
indicated that the bench tester readings were indeed correct.
The 102mV AVBE for unit 115 converted to a 6J-C of 110.9°C/W.
The ATJ required was 55.4° which compared accurately with the
55.5°C actually measured. For unit 3, the 109mV converted to a
8J-C of 118.5°C/W. The ATJ required was 59.2° compared to the
measured value of 58.7°C. The values of 8J-C with the sense re-
lay "in" were approximately 7 - 10% in error.

After the "K" factor experiments showed that the bench
tester was capable of measuring 8J-C with a high degree of ac-
curacy, an additional experiment was performed in an attempt to

3-12
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explain why tester HO-01 read so much lower than the bench tester.
The Motorola Applications Department measured the thermal response
characteristic for the 2N2222., This characteristic curve is shown
in Figure 5. This curve showed that the decay in VBE following
removal of power was at such a rate that a 1% error would be intro-
duced if 27.5useconds elapsed before the VBE was measured (or ob-
served on scope). This error increased to 2% at 110useconds, to
5% at 710useconds, and to 10% at 2.8 milliseconds.

It appeared that the most probable reason for HO-01 to
read much lower than the bench tester was a delay in sampling VBE
following the l-second power pulse. Since relays were used to con-
trol the timing, it was possible that delays of 1 to 3 millisec-
onds might be experienced. However, since the time required to
change the relay circuitry and associated logic in tester HO-01
would have caused excessive delay in the program, alternate so-

lutions were investigated.

The 25 original correlation units were again tested on
the bench tester with the sensing relay contacts out and the new
"K" factor of -1.84mV/°C used in computing 6J-C. The units were
tested at the 500mW and 750mW power levels. (See Table 3.9). Prior
to this set of measurements the test socket had a buildup of cor-
rosion due to being immersed repeatedly in the circulating water
bath. Erratic waveforms were observed on the scope during the nul-
ling step and this was traced to the contamination of the socket
contacts. The socket was thoroughly cleaned and the deionized
water replaced prior to making the measurements shown in Table 3.9.
The mean value of 6J-C at 500mW was calculated to be 116.8°C/W and
at 750mW, it was 115.3°C/W. This represented a difference of only
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1.25% between the two power levels and indicated that the original
theory that 8J-C was essentially independent of power level was
correct,

It was decided on the basis of the new and accurate re-
sults obtained on the bench tester that all 355 test units should
be remeasured initially for 8J-C at 500mW on the bench tester.
This was accomplished and the data is presented in Section 3.3.
The first 25 program test units (not including the unwelded de-
vices) were also tested at the 750mW level to permit an additional
check of the power level effect in thermal resistance. The mean"
8J-C value for the first 252 test devices measured at 500mW was
119.3°C/W. The mean value of 86J-C for the first 25 units measur-
ed at 750mW was 119.4°C/W. It was concluded from this experiment
that the thermal impedance is independent of power within the
range of power levels to be used in the Accelerated Test Program.

Since the bench tester required immersion of the test
device in circulating deionized water and was also very slow, it
would not be practical for large-scale testing such as that to be
required on the proposed JPL Accelerated Test Program and in in-
stances where devices could not be immersed (cap removed, etc.).
Therefore, additional tests were performed to see if correlation
could be achieved between tester HO-01 and the bench tester. The
25 original correlation devices were retested two times on HO-01
(See Table 3.9) with the scale factor changed. Comparing indi-
vidual devices, the largest difference between HO-01 and bench
readings was 5% for unit 23. The repeatability between the means
of the two measurements on HO-01 was +0.5%. For individual de-
vices, the largest difference was +2% for unit 12,
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Twelve of the first 25 test units (not including the
unwelded devices) were retested on HO-01 with the scale factor
adjusted (dial reading of 1.020) for correlation of 6J-C values
between the two testers. This data is presented in Table 3.11
and dated 12-4, Data was also taken on twenty of the same 25
test units with the original scale factor (dial reading of 1,500)
and with the changed scale factor evaluated (dial reading of
1.085) using the original correlation devices. This data is also
presented in Table 3.11 under the 12-4 date. Data on the same
25 test devices taken on the bench tester on 11-26 when all 355
test units were given their initial 6J-C measurements is also
shown in Table 3.11 to show the correlation achieved. The mean
8J-C value of tester HO-01 readings with dial setting of 1.02
was calculated to be 118.67°C/W while the mean 8J-C value of the
bench tester measurements was 118.69°C/W. On individual devices,
the maximum difference between HO-01 and bench 6J-C values was
3.9% for unit 113. The mean of the differences between individ-

ual readings was 1.7%.

Since the correlation looked extremely good, the ma-
jority of the 355 devices were retested to obtain an accurate
initial 8J-C value from tester HO-01l. Some devices had already
been started on other phases of the program and were not available
for this retesting.

During the period the scale factor evaluation tests
were being performed, the Motorola Applications Department measur-
ed 8J-C and 8C-A on four of the original correlation units using
a cold water and hot water bath AVBE comparison technique simi-
lar to the one used by the Reliability Programs Department to ob-
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tain the data previously presented in Table 3.4. The data ob-
tained by the Applications Department is presented in Table 3,10
with the Reliability Programs Department values. The comparison
of readings showed that 8J-C values on two of the units differed
by only 2.5%, on one unit by 5.6%. The last device apparently
had been damaged, or an error made in measurement since the Appli-
cations Department reading was 187 less than the one made by the
Reliability Programs Department. For the other units, however,
the correlation with an independent tester was satisfactory.

Six of the twelve units used for correlating tester
HO-01 with the bench tester on 12-4 were retested on 12-17 and
12-18 to determine if the correlation had changed significantly.
The data is presented in Table 3.11, No statistically signifi-
cant change in correlation was observed.

One additional modification was made in the bench tester
during the balance of the program. It was observed while testing
8J-A in free air that a small rise was occurring in both junction
temperature (TJ) and case temperature (TC) in the '"power off" con-
dition. Investigation showed that although the emitter current
was reduced to 2mA (I sense) when the power switch was turned off,
the collector circuit was still connected and IC of 2mA was flow-
ing. With the 12.5 volt VCE supply, this produced an average col-
lector dissipation of 23mW (90% duty cycle) which was causing the
observed temperature rise. The circuit was modified by using an
additional set of contacts on the power on/off switch to interrupt
the collector current in the '"power off" position. This change is
included in the circuit shown in Figure 4.
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3.2 Initial Group A Measurements

Prior to processing the test devices for this program
through the final welding operation, a 100% microscopic visual
inspection was performed. Those devices which had any signifi-
cant variation in the surface conditions of the aluminum metal-
lization different from standard product were rejected. This
was to insure a relatively homogeneous test lot for the thermal

resistance studies.

Prior to any thermal resistance measurements, all test
devices were measured on ten standard Group A d-c parameters.
This was to insure that only devices meeting the 2N2222 elect-
rical parameter specifications would be used in the program.
The parameters measured, measurement conditions, and specification
limits are shown in Table 3.12. This table is a copy of the actual
programming sheet that accompanied the devices to the Fairchild
"500" automatic tester on which the Group A measurements were
performed. All electrical parameter data was automatically
punched into IBM data cards by the Fairchild tester and proces-
sed for rejects on a GE-215 computer.

3.3 Initial 8J-C Measurements

The initial measurements of 8J-C at 500mW and 750mW
power levels on the 335 test devices were performed on Motorola
Quality Control tester HO-0l1 during the period of 11-5-65 through
11-16-65.
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Following a thorough investigation of 8J-C accuracy

and correlation, it was decided by Motorola that the initial

86J-C data should also be taken on the Quality Control bench test-
er at the 500mW level. These measurements were performed on
11-26-65. The first 67 devices could not be tested on the bench
tester as they were unwelded (no cap) devices. Also, some of the
remaining 288 devices had already started other testing and were
not available for this measurement.

The 6J-C measurements data for both the HO-0l1 readout
and the bench readout are presented in Tables 3.13 and 3.14.

The details of the initial correlation investigations
are contained in Section 3.1 of this report.

3.4 Modifications in Measurement Techniques

This section summarizes the basic modification in
equipment and/or techniques that were made on the two thermal
resistance testers used on the program. The details are dis-
cussed in Section 3.1.

For Quality Control tester HO-01, the following modi-
fications in equipment and/or measurement techniques were com-
pleted:

1. Corrected operating power level to allow for ad-

ditional 2.0mA of sense current flowing in collector
circuit but not indicated on tester.
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2., Set 12.5 volts VCE with calibrated oscilloscope
between collector and emitter rather than depend on
accurately setting up an 11.8 volt VCB on a 50 volt
full-scale 3% panel meter and assuming a VBE value
of 0.7 volts.

3. Used sense current level of 2.0mA rather than
100nA to operate on a linear portion of the base-emit-
ter diode forward characteristic curve.

4, Corrected scale factor by changing dial value
from 1.50 to 1.02. This change included correction
for the change in "K" factor (from 2.0 to 1.84) and
for the apparent time delay in the sampling of VBE
at the end of the l-second power pulse.

For the Quality Control bench tester, the following

modifications in equipment and/or measurement techniques were

completed:

1. Removed sensing relay contacts from scope circuit

monitoring VBE and viewed VBE directly on scope through
differential amplifier. This permitted observation of
the full exponential decay waveform of VBE immediately

following the removal of power.
2. After completion of Item 1, the phase control was

adjusted in such a manner as to observe VBE within
lusecond after the power was removed.
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3.5

3. Changed "K" factor used in calculating 6J-C from
-2.00mV/°C to -1.84mV/°C.

4, Reduced socket contamination and corrosion by
cleaning socket and changing deionized water fre-

quently.

5. Twisted leads to measurement socket to eliminate
tendency of circuit to have random oscillations.

6. Modified power on/off switch to reduce actual
"power off" condition from 23mW to approximately 1.4mW.
1%

Corrected Initial 6J-C Data

After completion of the initial correlation studies

described in Section 3.1 of this report, good correlation was
obtained between Quality Control tester HO-0l and the Quality
Control bench tester.

Since some tests on this program could not be per-

formed on HO-01 because of the water immersion requirement (the

unwelded units), and because the repeatability experiment would

involve 1000 individual measurements which would be similar to

the requirements of the proposed JPL Accelerated Test Program,

it was decided to retest the majority of the 355 test devices on

tester HO-01 at 500mW power level with the scale correction.

Some devices were already in testing and not available for this

measurement. These measurements were performed during the period
of 12-4-65 through 12-6-65.
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The 8J-C measurements data for the retest on HO-01
are presented in Tables 3.15 and 3.16.
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MOTOROLA INC.
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Products Divislen

THERMAL RESISTANCE DATA

pace_1

DEVICE TWE _2N2222

1

——————

SPEC. REV. No. PROJ. 1130 (JPL)
LOT NuMBER 531 (S13-05) .

on both HO-01 and Bench tester.
MOTOROLA FORM NO, SPD«1079 <

DATE

TABLE 3.1
crour REY 098 gyscroypCorrelation Unit
First 6J-C* data taken on HO-01 and Bench Tester with 25 correlation samples, ¥
DIAL: 750 150 225 "K' factor=-~2,0v/°c (estimated)
IC : 20mA 40mA 80mA 20mA 40mA BOMA
CE :  12.5V 12.5v 9,38V 12,5V 12,5v 9,38V
0J-C ATC 6J-C ATC 6J-C ATC eJ~C 0J-C 8J~C
S/N at at at at at at at at at
‘ 250mw |, 250mw 500mw 500mw] 750mw 750mw | 250mw 500w 750mw
| UNIT | °c/mw °c °c/mi| °c e/ °c °c/mw °c/um *c/um
[MINIMUM| ;
MAX | MUM|
_—— |
1 .164 0930 - 0867 - - -
2 139 0842 0804 090 .095 .102
3 +128 0870 .0809 094 .096 .102
4 <129 .0830 0758 080 .088 094
5 .150 .0943 .0875 .104 .104 .108
6 171 .0936 .0885 .100 .103 107
7 .115 .0839 .0803 .092 093 .100
8 o132 .0901 0847 .094 097 .106
9 «138 0847 0813 091 096 .102
10 .208 .1000 .0944 .104 .107 J113
11 .137 0923 .0850 .096 .100 .106
12 ,158 .0899 0845 .098- .098 ,105
13 <154 ,0870 0787 086 091 .097
14 »167 .0836 .0765 087 ‘.090 097
15 - - - - - - - o=
16 . 136 0851 0798 092 096 .102
17 146 .0898 0815 .093 .097 .102
18 .199 .0953 0876 092 097 .105
19 <162 »1030 0957 .107 .112 .118
2 .132 " |.0923 0869 .096 .101 107
21 .148 .0863 0778 .090 094 097
22 — —~——— —— 084 .089 .094
23 ot -—s fm - .091 0097 .100
24 - - - - 0104 0110 .117
25 .180 +2,0° 0810 +5,0° 0760 +6,5°] .088 .008 .102
DATE 10-28 11-=19 10-28 | 11-19 10-28] 11-19 11-2 11-2 11-2
STATION{ HO-01 HO-01 | H0-01| HO-01 10~-01] 110-01] Bench Bench Bench
INSP, - Page
STAMP 3- 3-23)
e RIS meuverselu S ———
REMARKS * ©J-C data taken with sense current of 2,0mA T“:rz .
. v
v

i
4‘
|

|
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MOTOROLA INC.
Semiconductor
Preocduate Division

THERMAL RESISTANCE DATA

TABLE 3.2

DEVICE TWw

SPEC. REv, No. _PROJ, 1130 (JPL)

PAGE 1

E 2N2222

OF e

Lot mmeer 531 (S51.3-05)
GROUPREY 098 suscrourCorrelation Unig

Retest of selected units on Bench for

Repeatability check and evaluation of lst cirquit c}

K Factor = -2,0mv/°c (estimate) Effect on 500 mw 6J-C of disconnecting
iC : 20mA 40mA 80mA | sensing relay. 40mA P
CR. 12.5Y 12,5V 9,38V 12,5V
0J-C 6J-C 6J-C 83-C
S/N at at at at
250w 500mw 750 mw 500mw
UNIT | °C/m °C /o °C/mw °C/m
MIN ERUM]| i
MAX | MUM| R
— = ———— |
1
2 .N89 095 .097 .102
3
4
5 .098 .102 .105 .108
p .
~
8
9
10 .105 <107 .110 <114
11
12
13
14 .086 087 093 094
15
16
17
18
19
20 .096 .098 .103 .105
21
22
23
24
25 .092 .096 .098 103
DATE 1l-4 11-4 11-4 11-10
STATION| Bench Bench Bench Bench
INSP,
STAMP ngezﬂ '
**
REMARK S NAME -
TITLE
ODATE

MOTOROLA FORM NO, SPD=1079

ange
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MOTOROLA INC.
Semiconductor
Producte Divisien

PAGE 1 OF 1

THERMAL RESISTANCE DATA

TABLE 3.3

pEVicE Twe _2N2222 .
SPEC. REv. no. _EPROJ. 1130 (JP

LoT nmeer 531 (S13-05)
crowp REY 098 gypcpapCorrelation Unis

RN

Test to Determine if rise in TC on HO-01 was causing significant error in BJ-C.*
Unit #2 Unit #4 Unit #5 Unit #6 Unit #7 TR
6J-C at 500mw | 6J~C at 500mw 8J-C at 500mw| O8J~C at 500mw| 6J-C at 500mw
Still |water StilljwWater Still| water | Still | water | Still | Wwater
R/O Air at|Bath Air aff Bath |Air at| Bath |Air at | Bath |[Air at | Bath
26°C  lat 24°Cl 26°C lat 24°C! 26°C jat 24°C| 26°C rat 24°Cl 26°C lat 24°C | .
UNIT | ®c/mw | °c/mw | °c/mw |°c/mw Pe/me | ®c/mw | °c/mw | °c/mw | ®c/me | ®c/me | T
M N MUM| K]
MAX | MUM| A
= o ———————— |
1st 0763 0762 | ,0722 |,0731 0857} ,0854 .N778 | ,0782 .0731 | 0748 {
2nd 0774 .0753 | ,0628 {,0702 .0811] ,0840 .0741 | ,0719 0745 | ,0721
3rd .0750 0744 | -,0696}.0708 .0819 | ,0822 .0746 | ,0762 .0708 | .0661
4th .0769 0711 .0719],0676 .0847| ,0873 .0743 | ,0738 0744 | ,0723
5th .0740 0705 .07211,0673 .0858 | ,0854 0775 | .0821 .0742 | ,0719
6th 0779 .0728 .0702| ,0687 .0809 | ,0810 .0750 | 0713 .0758 | ,0717
7th 0745 .0730 | ,0712 |,0715 .0811} ,0796 0743 | ,0729 .0734 } 0715
8th 0744 .0739 | ,0711 .0682. .0819 | ,0792 .0752 | 0733 0736 | .0734
9th 40753 .0719 | ,0696 | .0680 .0815| ,0822 .0740 |.0705 0747 | ,0708
10th ,0747 |,0725 ,0708 |,0694 .0826 |,0824 .0739 | .0752 0715 | ,0723
DATE 11-29 11-29 {11-29 |11-29 11-29 | 11-29 11-29 | 11-29 11-29 | 11-29
STATION} 110=01 HO-01 { HO-01 {H0-01 H0-01 | H0-01 HO-01 | HO~-01 HO-01 | HO-01
INSP, Pa ' '
STAMP 3§$5
' NAME .
REMARKS (*) Before any changes in measurement method. v

MATARNI 4 £ADM MNA_

ePnNna.tnTa

TITLE
NATF




MOTOROLA INC. ’ PAGE 1 ) OF 3
Semiconductor ;
Products Divisien

DEVICE TYPE 2N2222

4

THERMAY, RESISTANCE DATA SPEC. REV. No.
, : TABLE 3.4 LOT NUMBER _531 & 544 (aL3-65)
‘ Ggroue REY 098 sugc;mCorrelation Uni.q
Measurement of 8J~C with transistor case inserted in thermoelectric (T/E) cooler, °
"K' Factor==2,0mv/°c (estimate) TC (Hot & Gold) controlled by
IC=40mA Sense Relay T/E cooler to obtain VBE of Sense Relay
VCE=12,5V "out" 102mv & 109mv, "i{n"
AVBE 6J-C TC VBE TC VBE AVBE 6J-C
! S/N at at Cold Cold | Hot Hot at . at
‘ '+ 500w | 500mw 500mw | 9Q0mey |
F UNIT v °c /i ' °C ‘volts| °c Volts mv 11’t;,/w |
;MINIMUM{ . %
l MAX | MUM| : '
=t—-——_.—-———====ﬁ
! |
| 115 102 102 22,4 .699 77.9 .597 94,4 94,4 ‘\
. \
3 109 109 23.1 .685 81.8 .576 98,8 98,8 |
P i
| l
|
| 1
| 1
|
DATE 11-12 11-12 11-12 ! 11-12111-12 {11-12 11-12 1 11212
‘ STATION Bench [Bench Bench | Bench | Bench |Bench Rench | _Banch |
INSP. P - %
SLAVE gg% T % ) “
- MAME
' REMARK S TITLE v

DATE

MOTOROLA FORM NO. SPDe1079




Semiconductor

MOTOROLA INC. ‘ PAGE 1
Predvete Division

ERMAL RESI E D i
™ ESISTANG ATA DEVICE TYPE __2N2222

SPEC. REV. NO.
' TABLE 3.5 LoT nmmBER _541 (S1.3-05) _
! GROUPREY 098 susgroup Z01 (Watef~Patb)
Data for, verification of VBE temperature coefficient - Water Bath Method, ' g
‘ VBE measured at IE = 2,0mA, IC = 0 i
‘ Device immarsed in circulating de-ionized water, L
S/N v VBE / ™ VBE 7
Cold Cold Hot Hot
i Water |, Water %
UNIT | °c Volts °g Volts :
[MINTMUM . -
) EAXIMUM L
L 101 24,75 .698 85.13 584 i
+
i 102 24,22 .681 84,91 .569 j .
103 24,75 .690 ' 86.65 .576 :
106 | 25.00 | .699 86.65 .584
' 105 25,00 .700 - 86,68 .588
| 106 25,25 .694 85,78 .580
l 107 25,25 .691 .| 8&.91 .580
) 108 | 25,25 .690 84,91 .580
' 109 25,25 .699 85,13 .586
‘ 110 | ==mem — ] ee——— —
111 25,25 .691 84,69 .582 :
112 | 25,25 ©].692 84,69 .581 :
‘ 113 25,25 ,698 84.69 .587
' 114 25,25 .692 84,69 .583
115 25,25 .694 84.69 | .583
l 116 25,25 ' .699 84,47 .589
| 117 25.25 .698 84,47 .588
| 118 | 25,25 .691 84,47 .583
119 25.25 .691 84,02 .582
l 120 | 25,25 ,699 83,81 .590
| 121 25,25 .690 83.59 .581
| 122 | 25.25 .691 83.59 .583
123 25,25 .694 83.37 .588
124 25,25 .696 83,37 .588
, 125 25,25 .692 82,93 .587
DATE |11-22 11-22 11-22 11-22
i STATION| Bench Bench Bench _ Bench
INSP, Pag
ST AMP 3-%7 '
NAME
' REMARK S , : TiTLE

MOTOROLA FORM NO. SPD-1079 A DATE

4
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MOTOROLA INC.
Semiconductor
Prevucte Divielion

1

PAGE s OF

THERMAL RESISTANCE DATA

DEVICE TYPE __2N2222

1

4
w
|
l
i
i
4
1

TABLE 3.6 SPEC. REv. no. _PROJ. 1130 (JPL)
LoT nmeer _53] (SL3-05) |
GROW REY 098 suscroup Z01 ﬁ)ater-Bath
Data for verification of VBE temperature coefficient - water bath method. :
VBE measured at IE=2,0mA, IC=0 3
Device immersed in circulating de~ionized water,
80 VBE ™ VBE
Cold Cold Hot Hot
S/N Water Water
UNIT °G Volts °C Volts
[MINIMUM|
MAX | MUM J
— =—'—'———=‘q————.=1
2 23,78 .681 86,22 .563 o
4 23,78 .691 85,35 .579
5 23,78 .683 84,91 .570
6 23,78 .687 84,91 «573
7 23,78 .688 84,47 «570
DATE 11-23 11-23 11-23 11-23
STATION| Bench Bench Bench Bench
INSP. P
STAVP §§§8
NAME
R . m—
EMARK S TITLE
MOTOROLA FORM NO. SPDe1079 DATE
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MOTOROLA INO.
Semiconductor

roducte Divieleon

THERMAL RESISTANCE DATA

DEVICE TYPE
SPEC. REV. No. PROJ, 1130 (JPL)

PAGE 1 OF

2N2222

Lot nmeer 531 (SL3-05)

?

TABLE 3.8
crowREY 098  sypcroue 201 (200-300°C)
Data for calculating VBE temperature coefficient (K" Factor) in range up to 300°C,
VBE measured at IE = 2,0mA, IC = 0
VBE* VBE* VBB VBE VBE VBE
S/N at at at at at at
25°C : 200°C 27°C 200°C 250°C 300°C
UNIT | volts Volts Volts Volts Volts Volts
{M1NTMUM| ,
MAX | MUM| .
—— |
8 6874 »3578 .682 .352 « 262 .171
12 .6791 3539 <675 .348 .261 .172
14 6886 3680 .684 «360 « 270 .178
16 6861 .3583 .682 .353 .263 174
17 .6837 .3588 .680 353 . 267 177
23 .6972 «3793 .093 372 .282 .190
DATE | 11-24 11-24 11-30 11-30 11-30 11-30
STATION| TACT TACT Bench Bench Bench Banch
INSP, Page
ST il 3230 — ]
REMARK S+ peference for relating 200 - 300°C data to previous":r: ag
readings taken between 25°C and 200°C on 11-24-65, ag
MOTOROLA FORM NO. SPD=107¥ ATE v

4
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MOTOROLA INGC. P AGE 1 oF 1

Semiconductor
Productes Diviston

2N2222
ERMAL RESISTANCE DATA DEVICE TYPE
™ SPEC. REvV, no, __PROJ, 1130 (JPQL

TABLE 3.9 LoT mmeer 531 (SL3-05) z
crowp REY 098 g pcroupe Correlation Unit

Bench Tests with sensing relay omitted &"K" Factor modified-H0-01 Test with scale change,
"RT Factor=-1,84mv/ c(measured & verified) DIAL: 1,085 1,085
Ic : . 40mA 80mA {IC ¢ 42mA 42mA
VCE: 12,5V 9,38V IVCE 11,9y 11.9y

AVBE 0J-C ‘ AVBE 8J-C eJ-C eJ-C
S/N at at at at at at
500mw |, 500mw 750 mw 750w 500mw 2000 |

UNIT mv °c/w mv °ec/w *c/w °c/w

[MINIMUM| :

MAX | MUM —
1 ——— —— - —— ——— ———

2 108 118 160 116 104 105
3 ——— — —— — —— ———
4 98 107 145 105 96 97
5 112 122 168 122 114 114
6 106 115 158 115 106 105
7 104 113 156 113 102 103
8 108 118 162 117 104 106
9 113 123. 167 121 115 114
10 117 127 173 125 117 118
11 111 121 165 120 112 110
12 111 121 161 117 107 111
13 102 111 i50 109 101 102
14 99 108 142 103 98 98
15 —— —-—— —— ——— —— ——
16 107 116 153 111 102 103
17 109 119 164 119 105 107
18 108 118 163 118 111 112
19 122 133 186 135 122 123
20 109 o119 163 118 108 109
21 101 110 150 109 99 100
22 97 106 144 104 97 99
23 101 110 150 109 104 106
24 —— ——— —— —— ——— -
25 - - - ——— ——— -
DATE 11-24 11-24 11-24 11-24 12-3 12-4

STATION| Bench Bench Bench Bench H0-01 HO-01
. = N

4 NAME

REMARK S TITLE .

MOTOROLA FORM NO. SPD-1079 DATE




MOTOROLA INO. PAGE_ 2 or 1

Semiconductor
Prodwets Division

2N2222

E ESI E DEVICE TYPE )
THERMAL RESISTANCE DATA sPEC. REV. No. PROJ. 1130 (IPL)

531 (5L3-05)

P TARLE 3.10 LOT NUMBER
GrouP REY 098 suscroupCorrelation Unit
’ Correlation Data -comparison of HO-01 Bench & Motorola Applications Dept. equipmentg,
Applications Department Test Data %
‘ RPD TEST DATA (Basically a Water - Bath Method) 2
P 6J-C aJ-C ‘ 6J-C 6J-A eC-A '
S/N on on
‘ HO~-01*], Bench**
' UNIT | °e/w °c/w *c/w °c/w °c/w
L MiNivum|
l MAX I MUM ‘ '
i 4 77 107 113 319 206
\ 6 82 115 112 300 188
I 7 79 113 93 306 213
_ 8 84 118 115 324 210
i
|
|
!
- DATE 11-24 11-24 12-3 12-3 12-3
STATION| HO-01 Bench Appl. Appl. Appl.
! INSP. Page )
| 2R , 3-32 S
* Before any changes in measurement method, NAME v
REMARKS +# yith sensing relay disconnected and -1.84mv/°c TiTLE v
"K" factor, DATE

MOTOROLA FORM NO, SPD=107% —y

| - . e o e o v gy e

S — - .



Semiconductor

MOTOROLA INC. ' pacE—2t oF 2
Produste Divisien

THERMAL RESISTANCE DATA  DEVICE Twe _2N2222

SPEC. REV. Mo, PROJ, 1130 (JPLy -

I . TABLE 3.11 LoT numer 544 (SL3-05)

Unit

croue REY 098 gupgroupCorrelation
t Adjustment of HO~01 Scale Factor for Correlation with Bench Tester, 5
DIAL: =~=- 1,500 1.085 1.020 1.020 1.020
IC : 40mA 42mA 42mA 42mA : 462mA 42mA
VCE : 12,5V 11,9V 11.9v 11.9v 11.9v 11,9V
0J-C* eJ-C ' 0J-C 6J-C eJ-0 @J-C
S/N at at at at at at
500mw |, 500mw 50 0mw 500mw 500w 500mw
UNIT | ®e/w ®efw el “c/w ‘c/w c fuo
INIMUM| - ]
MAX | MUM ‘
101 115 —-——- — — _— —
102 - _— — _— —— —
103 120 -— —~—— 117 - —
104 118 77 109 116 —— ~——
105 124 83 113 120 120 122
106 124 83 11 123 _— —
107 -| 120 81 111 120 ‘ —— ——
108 | 113 79 106 114 -—— _—
109 109 - ' _— ' 109 107 108
110 - _— N e —_— -— -
111 126 86 119 129 127 126
112 113 77 105 115 — -——
113 129 87 119 124 120 127
| 114 116 78 110 — — —
| 115 113 74 104 —— - ——
l 116 113 72 103 109 108 107
7 |17 78 109 _—- — —
' 118 124 81 113 - o ———
i 119 116 75 106 - —_— ——
' 120 | 131 ) 87 121 — ——- —
121 117 77 107 —— — _—
I 122 118 78 109 118 115 114
¢ 123 128 83 114 —— - -
| 124 108 7 101 - —— —
l 125 121 79 108 —_— —— -
| DATE | 11-26 12-4 12-4 12-4 12-17 12-18
l STATION| Beneh HO~01 10-01 HO-01 HO-01 | HO-01
INSP, Page
STAMP 3-33 -
' REMARKS (*) Sensing relay omitted & "K" factor=-1,84mv/°c. Tf:rg
y

MOTOROLA FORM NO. SPD1079 DATE
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1 3
MOTOROLA INC.
I Semiconductor PAGE oF _’:_—-—
Producte Divisien . i
‘ 2
% THERMAL RESISTANCE DATA _ DEVICE Twe 2N2222
SPEC. REV. NO. P 1130 .
' TABLE 3.13 rot nmeer Unwelded-544 (31;_;05)
i GroP_REY 098 susGroup Initi:é_i;_g,H:
Initial readout of 8J-~C on Q.C. tester HO~0l* for umwelded devices. ' :
DIAL: 1.5 No initial readout was performed on Bench tester since the ;
.| IC : 42mA unwelded (NO CAP) units could not be immersed in water, 5
JCR 3 11,9V
S/N 8J~C
| at
5000ty N —
' UNIT °c/w _‘
 MINIMUM|
' MAX 1 MUM %
1 0704 '
2 0732
3 .0746
4 .0728
5 ,0676
6 .1248
7 0740
? 8 0778
I 9 .0710
10 0735
i 11 0740
| 12 0737
h 13 .0693
| 14 0738
\
15 .0720
I 16 .0818
| 17 .0737
' 18 0730
BNRC .0715
l 20 .0701
j 21 ————
22 .0720
23 .0763
24 ,0790
25 .0728
DATE 11-5
STATION| HO-01
INSP. Page
STAMP s s ——
NAME '
REMARKS * 2mA sense current used. TITLE N

MOTOROLA FORM NO, SPDe1070 DATE




MOTOROLA FORM NO.

) Q) =rnis et or2
| e e THERWAL RESISTANCE DATA . .. ow2222 ,
I TABLE 3,15 (Comt'd) ~ SFEC REV. Mo- gﬁgj{d:ﬁ‘;afg‘g 55)
‘h groue REY 098 suyscroup Init;;.jal BJ-C
| e
r =
|
5 1
l UNIT !
% IMINI%UM ’;
MAXI@ M _ %!“
26 | | .0736
& 27 .0730
28 L0716
29 0731
30 .0705
31 0744
32 0743
33 J——
34 .0730
35 0698
h 36 .0721
; 37 .0723
| 38 .0860
I 39 .0756
40 L0740
' 41 .0702
42 .0730
' 43 .0718
"o aa ————
I 45 ,0781
46 .0895
| 47 0744
l 48 .0725
| 49 .0626
I 50 ————
DATE | 11-5
l STATION{ HO=~01
ST P22sy
l REMARK S TT:fi
DATE

SPD«1079




MOTOROLA INC. PAGE_ 3 oF 3
Semiconductor . :\
Producte DNvisten \32:
| THERMAL RESISTANCE DATA  DEVICE TYPe _2N2222
SPEC, REV. NO.
I TABLE 3,13 (Cont'd) Lot nmeer _Unwelded-544
‘ Grow REY 098 syscroue Initiai: 8J~C
I UNIT
 IMINIMUM ,
l MAX | MUM _ | i
51 0742
i 52 .0738
53 0715
' 54 0720
r 55 0715
56 0717
l 57 ,0841
[ 58 | .,0692
i 59 .0678
: 60 - .0691
' 61 .0690
B |s2 .0784
l 63" .0746
‘ 64 .0768
|
65 .0810
l 66 .0768
f 67 .0817
} -
|
|
DATE 11=5
STATION| HO~01
l INSP. P38 .
‘ SLAME -—-_—i_%
NAME .
l REMARK S e :

MOTOROLA FORM NO, SPDe1079 DATE ——-




Semiconductor oF

MOTOROLA INC. ' PAGE 1 12
Products Division

THERMAL RESISTANCE DATA
pEvice Tpe _2N2222
spec. Rev. no. _PLROJ. 1150 (JPL)

LoT Nmeer 544 (S13-05)
crour REY098  g;pcroue Initial 8J-Cc

' TABLE 3.14

Initial RO - Q.C. Tester HO~01%* Initial R/ - RPD Bench Tester ** )

DIAL: 1,5 2,25 o YK" Factor = -1,84 mv/°C,

Ic 42mA 82mA 40mA 82mA

VCE : 11.9v 9.15V 12,5V 9.15v

0J-C 0J~-C 0J-C AVBE ) ©J-C AVBE
S/N at at at at at at
500mw |, 750w 500mw 500w 750mw 750 mw

UNIT | C/mw °C/m °C/mw mv °C/um v
MIN | MUM .
MAX | MUM ’ 3
101 .0818 .0759 .115 106 2117 161
102 .0876 .0804 -———— - ————— ——
103 0797 0749 .120 110 o117 162
104 .0803 0746 .118 109 .117 162
105 .0871 .0806 .124 114 +125 172
106 0875 .0832 .124 114 .124 171
107 .0833 .0786 +120 110 «122 168
108 .0894 .0738 .113 104 .116 160
109 .0781 .0697 .109 100 .110 152
110 .0813 0742 ———— -—— ——— ———
111 .0887 0837 126 116 .125 173
112 .0590 L0731 .113 104 <117 161
113 0922 0863 .129 119 .130 180
114 0832 0751 .116 107 .117 162
115 0781 .0733 .113 104 .115 159
116 0765 0716 113 104 .114 158
117 .0823 .0789 117 108 .118 163
118 .0860 0795 .124 114 .125 172
119 0804 0724 .116 107 .116 160
120 .0937 .0856 131 120 .129 178
121 .0809 0754 o117 108 .119 164
122 0824 0768 .118 109 120 165
123 .0871 .0807 .128 118 130 180
124 0745 0681 . 108 099 .109 150
125 0821 0772 .121 111 .121 167

DATE 11-~15 11-16 11-26 11-26
STATION|HO~01 Ho-01 Bench Bench
INSP., P .

REMARKS ¥2mA Sense Current used for both HO-01 and Bench NAME

*ARN paator of =1,84mv/°C used . TITLE
MOTOROLA FORM NO, SPDe1079 DATE




Semiconductor

MOTOROLA INC.
Froduate Divielion

THERMAL RESISTANCE DATA

TABLE 3.14 (Cont'd)

PAGE 2 OF _-—.——1 2

pevice Twe _ 2N2222
sPEC. REv. no. _PROJ. 1130 (JPL) .
LoT numeer 044 (SL3-05) S

—

crouPREY098  sypgroup Initial - GJ-C

I )
UNIT .
;. MINIMUM /
' MAX | MUM ‘
— S |
| 126 .0798 .0749 113 104
' 127 .0789 L0741 117 108
‘ 128 1.31 1,26 174 160
| 129 .0836 0774 121 111
l 130 .0807 0742 116 107
{13 .0807 L0746 .116 107
l 132 .0958 .0883 .135 124
1 133 |.0825 .0786 113 104
I 134 .0834 .0766 .110 101
| 135 .0815 0747 .121 111
| 136 .0862 .0804 124 114
' 137 .0799 L0742 .118 109
138 .0819 .0775 .120 110
I 139 .0812 .0761 .116 107
140 .0754 L0719 .110 101
' 141 .0798 L0749 113 104
. 142 .0905 .0829 .120 110
l 143 1.01 .0955 137 126
144 .0820 .0765 121 111
l 145 .0859 "1 L0781 .120 110
146 .0795 .0733 113 104
147 .0785 .0733 111 102
148 .0859 .0808 .128 118
149 2.63 2,49 321 295
150 .0822 .0775 124 114
DATE |11-15 11-16 11-26
STATION|110-01 HO=-01 Bench
INSP, Pag » .
SLAVE ﬂ_**——
REMARK'S rine
MOTOROLA FORM NO, SPDe1079 DATE




| Qe | oe 3 or_12
‘ Produsts Giisien THERMAL RESISTANCE DATA
' T v o iggfrzznso (JPL,)
| TABLE 3.14 (Cont'd) SPECL-O:E;;‘:; 4t (5505
' o REY098 . Initial 6J-C
I UNIT
| MINIMUM
IMAX | MUM ) 3
151 ,0817 .0765 116 107
152 .0810 .0766 117 108
; 153 .0787 .0738 113 104
' 154 L0792 L0724 | .120 110
155 .0781 .0719 114 105
l 156 |.0792 .0760 .120 {110
| 157 | .0780 .0708 114 105
158 |10.6 10.6 J— ———
i 159 |.0861 0796 124 114
! 160 .0838 .0763 .122 112
I 161 L0813 .0769 .121 111
‘F 162 .0836 .0761 .122 112
' 163 .0906 .0825 125 115
‘ 164 .0732 .0660 .109 100
l 165 .0845 .0764 .125 115
| 166 .0826 .0745 .122 112
. 167 |.0819 0732 .120 110
' 168 .0849 .0780 121 111
y 169 .0856 .0794 123 113
I 170 .0868 .0818 .126 116
| 171 .0789 0729 114 105
l 172 |.0867 ,0788 .128 118
173 .0824 0762 .116 107
174 .0819 .0725 113 104
# 175 .0814 0764 .120 110
‘ DATE 1311-15 11-16 11-26
l STATION[110-01 HO-01 Bench ,
e Pagi, '
| romce - o
|

MOTOROLA FORM NO, SPD«1079 DATE




MOTOROLA INC,

Semiconductor
Producte Division

THERMAL RESISTANCE DATA

TABLE 3,14 (Cont'd)

R ¥4

PAGE OF

DEVICE T _2N2222
SPEC. REV. no. _PROJ, 1130 (JPL
LoT nmeer 544 (SL3-05) -

croPREY098  syscrour Inititil 6J-C

UNIT ¥
MIN (MUM T
MAX | MUM| 3

176 0857 .,0801 .124 114

177 .0852 .0778 .125 115

178 .0868 .0831 «124 114

179 .0869 0787 .126 116

180 .0788 0749 .113 104

181 .0799 .0755 .115 106

182 .0859 .0801 .122 112

183 1.0771 .0733 .113 104

184 .0836 .0759 .120 110

185 .0781 0724 .114 105

186 .0752 .0719 114 105

187 .0860 .0777 124 114

188 .0789 0724 113 104

189 .0839 .0780 127 117

150 0775 0732 ,117 108

191 .0817 0778 .122 112

192 .0789 0735 113 104

193 .0827 0747 V124 114

194 .0849 0791 .124 114

195 | .0860 | L0802 122 112

196 .0799 .0731 115 106

197 .0799 0748 117 108

198 .0793 0735 .121 111

199 .0824 .0785 127 117

200 .0777 .0717 .113 104

DATE [11-15 11-16 11-26
STATION|110-01 HO~01 Bench

INSP. Page

STAMP 3-42 — |
REMARK S e ‘
MOTOROLA FORM NO. SPDe107% DATE




Semiconductor

l MOTOROLA INC, PAGE_D oF__12
Froduete Sivisien THERMAL RESISTANCE DATA

DEVICE TWE __2N2222

) TABLE 3.14 (Cont'd)  sPEC. Rev. no. _PROJ, 1130 (JP1)
LoT NMBER _ 544 (S13-05) ¢

REY098 Initjal 6J-C
GROLP suscrove ] i:?

|
i

|
‘ . , .
' UNIT
| IMINIMUM -
' MAX | MUM 3'
201 .0792 0744 123 113 f
h 202 .0859 .0777 .125 115
203 .0768 .0713 112 103
‘ 204 .0836 .0783 .122 112
' 205 .0820 .0766 2120 110
206 .0868 .0794 .121 111
207 .0828 L0747 .118 109
208 1.07 1.00 .154 142
209 .0802 0737 .123 113
210 .0810 .0709 115 106
211 .0903 .0849 .130 120
? 212 |.0793 0727 124 114
213 .0879 .0819 132 121
' 214 L0814 .0759 .116 107
215 .0792 .0753 .115 106
l 216 L0673 .0637 .104 96
217 .0893 .0820 123 113
' 218 0744 .0701 114 105
| 219 .0826 .0753 .122 112
' 220 .0808 | .omo .116 107
221 .0906 .0842 127 117
222 .0818 .0762 .118 109
' 223 .0837 .0788 121 111
224 .0821 .0761 .118 109
I 225 0765 .0710 .107 98
DATE  [11-15 11-16 11-26
l STATION[0-01 1H0-01 Bench
e i \
| mouwms e —
MOTOROLA FORM NO, SPDe1079 ) ‘ DATE !




Semiconductor
Mroduvcts Divisten

' - MOTOROLA INO.

THERMAL RESISTANCE DATA-

12

PAGE OF

DEVICE TwE __ 2N2222

' TABLE 3.14 (Cont'd) ~ SEC: FEV. M. gﬁg"('sgfgsgnm
| crowe REY098 gscrowe Initial 6J-C
|
i UNIT
| MINIMUM
I MAX | MUM ¥
— o — ¢
226 .0815 .0752 117 108
h 227 0832 .0798 123 113
v {228 .0736 .0695 .109 100
i 229 .0806 .0744 117 108
230 .0657 .0603 .099 91
231 .0774 .0704 111 102
b 232 .0948 .0898 136 125
233 .0857 0790 .117 108
k 234 0838 .0756 111 102
235 .0875 .0798 123 113
E 236 .0825 .0769 115 1C6
237 .0791 0741 .113 104
i 238 .0804 L0741 114 105
239 .0808 .0769 122 112
240 .0819 .0720 .110 101
I 241 .0821 .0783 124 114
! 242 .0870 .0803 122 112
' 243 .0881 .0807 121 111
| 244 .0790 L0743 114 105
' 245 .0824 .0775 124 114
246 .0826 0752 .115 106
‘ 247 .0815 .0734 1.116 107
248 .0784 0722 114 105
249 .0850 .0781 121 111
250 .0785 .0751 .118 109
F DATE [11-15 11-16 11-26
STATIONR0-01 H0-01 Bench
INSP, Page ' '
STAMP 2;£ELH---H------------—-—-*-J
N AME
REMARK S TITLE _ :
MOTOROLA FORM NO, SPDe1079 DATE v
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MOTOROLA INC.
Semiconductor - ‘ PAGE—Z or 12
Frodusts Groisien THERMAL RESISTANCE DATA-
TABLE 3.14 (Cont'd) DEVICE TYE __2N2222 .
sPEC. Rev. no, _PROJ, 1130 (JP ;
LOT NuMBER 544 (S13-05) ¢
GROUP REY098 susgroup Initial 8J-C
o
UNIT i
M 1N | MUM
MAX | MUM Y
; = s B g
251 0832 0791 .120 110
252 0816 .0746 <117 108
253 0754 0694 .109 100
254 0921 .0872 .135 124
255 .0783 0737 .115 106
256 .0861 0805 .121 111
257 0784 0732 .112 103
258 .0821 0775 0123 113
259 0836 .0781 .118 109
260 ,0842 ,0822 .123 113
261 0774 L0716 .112 103
262 .0857 0779 .123 113
263% .0824 0752 .122 112
264 0803 0740 117 108
265 0769 0726 12 103
266 0831 0773 .118 109
267 .0821 0741 .122 112
268 .0801 0756 .113 104
269 .0790 0746 .118 109
270 | .0835 © | L0783 .118 109
271 1.18 1.10 .163 150
272 0772 0713 .107 98
273 ,0825 .0783 +123 113
274 0817 0790 .118 109
275 .0824 0769 .115 106
DATE [11-15 11-16 11-26
STATION|110-01 HO-01 Bench
INSP, Page
STAMP -
REMARK S NAME

MOTOROLA FORM NO,

§P0-1079

TITLE
DATE
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MOTOROLA INC.

Semiconductor
Products Division

THERMAL RESISTANCE DATA

TABLE 3.14 (Cont'd)

or12__

pace_8

DEVICE Type _2N2222 e
SPEC. REV. N0, _PROJ. 1130 (JPQ
LoT mmeer 544 (SL3-05)

orowp REY098 o oo Initifl 6J-C

UNIT l v,
[MIN IMUM f?ﬁ
MAX | MUM *ﬁ

276 .0826 L0772 T

277 0796 .0740

278 .0811 .0740

279 .0851 .0777

280 L0971 .0902

281 .0838 .0779

282 .0787 .0723

283 .0815 .0763

284 .0831 .0761

285 .0690 .0608

286 .0687 0644

287 .0847 .0793

288 .0767 L0741

289 L0843 .0803

290 ,0796 L0733

291 .0785 0734

292 .0798 .0746

293 .0770 .0705

294 .0829 .0802

295 | .0833 T | L0750

296 .0829 .0786

297 .0909 .0827

298 .0833 .0766

299 .0903 .0848

300 .0778 L0724

DATE | 11-15 11-16
STATION| H0-01 H0-01

INSP, Page . i

STAVP CLC) IR RN SN S S——
REMARKS rawe :
MOTOROLA FORM NO, SPDe10790 DATE .




MOTOROLA INC,

Semiconductor
Prodoate Division

THERMAL RESISTANGE DATA

PAGE—2 oF—32

pEVICE Twe _ 2N2222

l MOTOROLA FORM NO,

I' TABLE 3.14 (Cont'@) ~ ¥°C FEv. 0. :ZSJ{SE.S_SS)(JP?
| crowe REY098 suacrove Tnitis) @J-C
' UNIT
L MINIMUM
l MAX | MUM q?
© {301 [.0823 .0789 - |
l 302 .0817 .0729
% 303 | .o846 .0796
‘ 304 | .0856 .0763
305 | .0788 .0718
i 306 | .0828 L0751
307 | .0818 .0757
508 | .0817 0771
309 | .0835 .0776
310 | .0815 .0749
311 | .0891 .0808
312 | .0831 .0790
313 | .0815 0741
314 | .0780 .0734
315 | ,0801 .0750
| 316 | .0801 .0748
| 317 | .0806 .0758
l 518 .0811 .0771
319 .0772 .0721
320 .0847 * | L0789
321 | .0645 .0588
| 322 | .0918 ,0862
| 323 | ,0797 L0744
324 | ,0926 0834
[ 325 | .0827 L0774
| DATE | 11-15 11-15
' STATION| 110-01 10-01
ST e F485 | |
I  e—
| o -
SPDe1079 OATE



MOTOROLA INC. pace 10 oF12

Semiconductor
osucte Division THERMAL RESISTANGE DATA
o DEVICE TYPE 2N(2)§221130 e
l TABLE 3.14 (Cont'd) ~ SPEC. REV. w. TR ORET)
' sroe REY098 oo Initial 6J-C
i — ..
' UNIT
M N IMUM| ~ .
' MAX | MUM _ " __| ;ﬁ
326 | L0771 0745 113 104
I. 327 | .0939 L0860 ,131 121
328 L0743 0717 | .109 100
‘ 329 | .0823 .0771 .113 104
330 | .0734 .0702 .107 98
331 | .0793 .0739 — -
332 | .0768 .0704 111 102
333 | .0829 .0753 114 105
334 | ,0819 0759 .120 110
335 | .0866 .0802 117 108
336 | .0789 ,0723 .113 104
337 | .0839 0753 117 108
338 | .0823 0779 117 108
339 | .0935 .0868 .128 118 .
340 | .0736 .0674 .107 98
341 | .0819 L0747 .113 104
342 | ,0797 0732 .111 102
343 | ,0855 0772 .118 109
346 | .,0794 0747 .116 107
345 | ,0833 .0749 121 111
346 | .0775 .0729 113 104
347 |.0779 .0739 .116 107
348 .0815 .0736 | .115 | 106
349 | .0841 0763 .118 109
350 | .0833 0757 114 105
DATE [11-15 11-15 11-26
STATION|HO=-01 HO-01 Bench
INSP. Page '
srae 7 S N N N
NAME -
REMARKS TITLE :

MOTOROLA FORM NO, SPDe1079 DATE




. MOTOROLA INC. pace-ll . . of_12
Semiconductor THERMAL RESISTANCE DATA

Producte Division

DEVICE TWPE __ 2N2222

TABLE 3,14 (Cont'd) SPEC. REv. No. __PROJ, 1130 (JPL

LoT numeer 544 (SL3-05)
GrouP REY098  supcroup Initiél eJ~C

nﬂk‘” R | BT GRS

UNIT
| MINIMUM : ,
MAX | MUM '
351 | .0812 .0727 .115 106
h 3552 | .0837 .0781 .121 111
355 | .0792 0724 .115 106
x | 354 | .os4c .0600 .097 89
I 355 | .0875 .0815 121 111
i 356 | .0812 .0732 .116 107
357 | 10.7 10.8 _— -
' | 358 | .0824 .0759 112 103
' 359 | .0812 .0767 .111 112
| 360 | .0899 ,0852 .130 120
' 361 | .0818 0773 .124 114
( 362 | .0834 ,0783 .116 107
I 365 | .0822 .0767 .118 109
364 | 0807 .0740 .117 108
365 | ,0766 .0696 112 103
l' 366 | 0873 0794 .118 109
367 | .0768 .0711 .108 99
I' 368 | 0815 .0792 (115 106
‘ 369 | .0744 .0698 .109 100
I 370 .0810 .0768 .116 107
| 371 | .0785 0726 114 105
372 | .,0791 ,0729 \116 107
I 373 . | .0756 .0719 117 108
374 |.0749 .0703 113 104
l 375 | .0777 0740 116 107
DATE |11-15 11-16 11-26
' STATION{ HO-01 HO-01 Bench
INSP, Page
STAVP =4of | —
| o i :

MOTOROLA FORM NO., $PDe1079 DATE v




Semiconductor THERMAL RESISTANCE DATA

Mreoducts Divislien

I. MOTOROLA INC. Pace-l2 __  or_12

DEVICE TWE 2N2222

. PROJ., 1130 (JPL)
ABLE 3,14 (Cont'd SPEC. REV. NO.
I’ T © ) LoT mmeer 544 (SL3-05)
b crowp REY098 supcroup Initial ©J-C
‘ ~
UNIT
M 1IN IMUM . . ‘
- IMAX i MUM
== b )
376 0834 0770 .121 111
377 .0817 .0748 J112 103
378 .0811 .0731 ' J117 108
379 .0825 .0758 .121 111
380 .0681 .0639 .107 98
’ 381 .0835 .0745 .118 109
l 382 .0799 .0746 121 111
; 383 | .0832 .0763 .120 110
I 384 .0791 0734 .110 101
[ 385 .0842 L0779 114 105
' 386 .0819 .0757 115 106
387 .0841 ,0763 L117 108
i 388 .0828 .0770 ——— —
N
I
|
|
; DATE
I STATION
' INSP, P
y ST AMP 3880
i - N
NAME v
REMARK S TITLE v
MOTOROLA FORM NG, SPD=1079 ~ DATE v




MOTOROLA INC. 1 3
' Semiconductor PAGE OF
Proguvete Divieleon
) 2222
ERMAL RESISTANCE DATA  Device Twe _2N
™ § ¢ SPEC. REv. no. _PROJ, 1130 (JPL)
TABLE 3;15 LOT NUMBER Unwel@ed—S&& (S13~05)
| croup REY 098 syacrour Retest-Initial
Retest of initial @J-C on HO-0l* after scale change to correlate with Bench test [3-C
DIAL: 1,02
‘ IC @ 42mA
a |VCE : 500mw
' 0J-C ' : _-'"
| S/N at
} 500mw|
E UNIT °c/w
v IMINIMUM
' MAX | MUM ¢
— ———— e ———l
1 106 |
h 2 112 |
3 114
4 i11
' 5 100
| 6 188
I 7 114
s |12
! 9 108
‘ 10 112
B 11 115
12 114
13 104
14 111
15 106
16 123 |
17 114
' 18 112
| 19 108
I 20 109
‘ 21 ——
|
22 109
23 117
24 120
25 114
DATE 12-4
STATION] HO=-01
INSP, Page
STAMP . -ﬁ—“m*
NAME
i REMARKS (*) 2mA sense current used, oo TITLE "
! MOTOROLA FORM NO. SPD=1079 ) DATE : |




J~C

1Q ==
rewate Diviaien ,
i THERMAL RESISTANCE DATA DEVICE TWE
. . SPEC. REV. N0, __PROJ, 1130 (JPL),
', TABLE 3.15 (cont'd) Unwelded-544 (SE3~05)
\ crowe REY 098 ¢ o-napRetest-Initial
T
l UNIT
‘* MINIMUMl
l MAX | MUM
| 26 115
' 27 112
28 114
= | 29 113
I 30 109
31 112
I 32 113
| 33 | —--
l\ 34 110
1 35 105
i 36 109
’ 37 112
[ 38 129
! 39 114
" 40 115
l 41 107
; 42 108
Ia 43 108
| 44 -
45 118
P 46 136
‘ 47 113
: 48 112
49 100
50 -
j DATE 12-4
I STATION| HO-01
INSP,
‘ STAMP
' REMARK S

MOTOROLA FORM NO, SPDe1079




Semiconductor
Preowwote Divieten

MOTOROLA INC.

PAGE—3 .  OF B

@
T
g

THERMAL RESISTANCE DATA  DEViCE TwE __2N2222 i
SPEC. REV. No. _ PROJ, 1130 (JPL

LoT nmBer Unwelded-544 (SLEN05)

TABLE 3,15 (Cont'd)

'h
' 0J-C
.t
~t V£
!
]
UNIT
b MINIMUM ‘ :
¥ oy |
I MAXFﬁE& td
— o g
51 115
52 112
53 111
54 111
55 109
56 111
57 129
58 1 108
59 104
’ 60 107
- 61 114
62 104
63 116
64 117
65 127
66 115
67 128
DATE 12-4
STATION| HO-01
’ INSP, Page
2TME ;2;22------—-—-- ---'F-
NAME
REMARKS TITLE v
A
MOTOROLA FORM NO, SPD«1079 DATE -
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E
E
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MOTOROLA INC.
Semiconductor
Mroducts Divisien

PAGE 1 OF 31

THERMAL RESISTANCE DATA
DEVICE TWE _ 2N2222

iy —————
Y

TABLE 3,16 SPEC., REV. No. _PROJ, 1130 (JPL)

LOT NMBER _ 544 (S13-05)

crowe REY 098 sypcroupRetes teInitial

Retest of Initial ©J~C

Data on HO-01 after scale change to correlate with Bench Test,

0J-C

II)éAL: izx 152: hgi Data taken on lst 25 units on 12-6 & 12:"-16
vor : 1197 11.9v 11.9v for preliminary repeatability data for HQ-OI.
S/N 0J-C 6J-C ' 68J-C
at at at
S500mw |, 500mw 500mw
UNIT | °a sy °c/w ‘c/w
M IN | MUM ' .
MAXIMUMI ] :_ﬁ*
101 | --- —
102 | ~-- ——
103 117 116
104 116 114
105 120 119 120
106 123 123
107 120 118
108 114 113
109 109 107 107
110 | ~-- -
111 129 127 127
112 115 113
113 134 133 129
114 117 116
115 111 112
116 109 109 108
117 121 119
118 121 119
119 114 113
120 [133 B
121 114 112
122 118 117 115
123 123 120
124 105 103
125 117 116
DATE 12-4 12-6 12-16
STATION] 40-01 10-01 10-01
e s
REMARK S T?::: .
MOTOROLA FORM NO, SPD<107) DATE v

S H



" MOTOROLA INC. PAGE__2 or 117
Semiconductor

fyeoducts Divieteon
L THERMAL RESISTANCE DATA pevice e | 2N2222

1E 3.16 (Cont'd SPEC. REV. No. __PROJ, 1130 (JPE;
TAB ¢ ) LOT nmBer 544 (S13-05) &

Growe REY 098 westetest-iInit‘ial

; —
.
UNIT
g
~— —— —— ey
126 | 115
l 127|113
128 | 186
i 129 |117
130 | 115
g | 131 | 116
l 132|134
oLz |z
' 134|118
{135 | 116
' 136 | 122
| 137 114 i
' 138|120
139|117
140 | 107
l 141 | 116
142|127
l 143 | 143
[ 146 118
l 145 | 120
146 | 115
l 147 |113
148 | 122
149 [377
' 150 |120
DATE 12-4
' STATION| 110-01
7t Page. |
. NAME v
' REMARK S TiTLE '

MOTOROLA FORM NO. SPDe1079 DATE v



MOTOROLA INC,
Semiconductor
Producte Divisien

THERMAL RESISTANCE DATA
TABLE 3.16 (Cont'd)

pAGE— 3 or Xl

DEVICE TYPE _2N2222 »
SPEC. REV. No, _PR 1130
LoT NuMeer 544 (SL3-05) i

crop  REY 098sypcroupRetest-Initial

g bJ-C
—
: B
UNIT ,
M 1N IMUM $
I MAX | MUM k4
151 119
l 152 | 114
153 | 114
L | 156 | 112
I 155 | 108
| 156 | 115
l 157 | 109
1 158 | 114
I 159 |125
¥ 6o |[110
' 161 | 111
162 | 119
e | 1635 [120
I 164 | 102
165 |122
. 166 | 115
} 167 | 109
168 118
F 169 121
y 170 124
171 114
172 122
| 173|115
| 176|115
175 115
! DATE |12-4
. |sTAaTiON[HO-01
TNGP. age
Fl STAMP 3-56 1 — —
N AME .
REMARK S 1 TITLE -
' MOTOROLA FORM NO, SPD=1079 \ DATE j

S S S



l MOTOROLA INC. PAGE..ﬁ._.. of ;‘_%.l__.

Semiconductor I

Prodvate Divieion ISTAmE DATA \.

| THERMAL RES DEVICE TYE ___ 2N2222 ‘
. - TABIE 3.16 (Cont'd SPEC. REV. No. __PROJ, 1130 (Q?L) '

' ' _ ¢ » LoT mmeer 544 (S13-05) o

! cRow REY 098 suscroup Retest~Initial
’ %= B8J=C

n
o ety

ERGICIeY WYY
YLl

t UNIT
M 1N 1 UM . é i
MAX | MUM %g
. ey

176 | 121
177 | 123
178 128
179 122
180 | 114
181 116
182|120
o ez |10
' 184 118
¥ l1es |11
I 186 111
RS
188 | 113
l 189|122
= 190 114

191 116

192 113
193 115

|

h 194 121
195 121
196 111
197 114
198 112
199 © 1119

200 109
DATE 12-6
STATION{ HO~01
INSP. Page '
STAVE 3-57 *
S -
NAME .
REMARK S TITLE .
-
MOTOROLA FORM NO, SPDe1079 DATE Y




!

MOTOROLA INC.

Semiconductor
Pvoducts Divisien

THERMAL RESISTANCE DATA

TABLE 3.16 (Cont'd)

PAGE2

oF 31

DEVICE TyPe 2N2222 :
SPEC. REV. no. __PROJ, 1130 (JPY)

LOT NuMBeEr 544 (SL3-05) --

N

crow REY 098 s_,angetesi:__iInitial

BJ-C
| 1
l UNIT
. MINIMUM 4y
I MAX | MUM »
——— ========m
; 201 114
202 122 ’
F 203 108
204 119
' 205 118
‘1 206 122
I 207 115
t 208 | 150
l 200 | 113
‘ 210 113
211 128
P 212 111
213 123
l 214 | 115
215 111
. 216 98
217 127
h 218 108
, 219 116
| 220 114
F 221 125
222 117
F 223 120
224 | 116
. 225 110
‘ DATE 12-6
. STATION| 110-01
STavp Pregg| | | 1
' REMARK S T':::: Y
MOTOROLA FORM NO. SPDe1079 DATE




Semiconductor

MOTOROLA INC.
Preoduecte Divisien

pace—S .  op 21 ____

E DATA
THERMAL RESISTANG T DEVICE TYPE _2N2222

ABLE 3.16 (Cont'd)  SPEC. Rev. no. EROJ, 1130 (JJ-L
T ¢ ) Lot numeer _(SL3-05) 544

Group REY 098 suscroyp Retes;:-Im.tlal

' 5 legc
CAP Data taken on 12-6 on S/N 226 through 275 was to oble;'ve
OFF the effect of removing the CAP on 6J-C,
. :
' UNIT
M 1N IMUM .
l MAX | MUM ki
226 | 115 114
' 227 | 117 117
228 103 105
229 118 |7 114
l 230 91 89
231 108 107
l 232 136 135
233 118 115
' 234 115 115
235 121 120
' 236 115 114
237 116 114
238 114 112
l 239 1117 116
240 111 111
l 241 119 118
242 121 121
l 243 124 123
244 111 112
' 245 {115 114
246 114 113
I 247 113 115
’ 248 110 108
| 269|117 117
' 250 1113 111
| DATE | 12-4 12-6
STATION| HO-01 HO0-01
INSP, Page
STAMP 3-591 e—
: REMARK S ,7::2 .
L MOTOROLA FORM NO. SPDe1079 DATE




Semiconductor
Products Divielen

I MOTOROLA INC.

THERMAL RESISTANCE DATA

TABLE 3,16 (Cont'd)

DEVICE TYPE _2N2222

PAGE el e oF _J.l__..

o

SPEC. REv. no. _PROJ, 1130 (J’PL)
LOoT NUMBER 544 (SL3-05) &

croue REY 098 ngGmRetest.i;Initial

1
|
i
|
|

i bJ-C |

|
! -
F OFF
L 3
UNIT _
MINIM‘UM %7
; MAXIMUM |
251 120 119
I 252 | 114 112
253 | 105 104
254 | 115 —
F 255 | 115 112
256 | 123 120
' 257 | 110 108
} 258 | 118 117
’ 259 | 119 1117
260 | 124 122
' 261 112 109
262 | 123 121
263 | 117 116
I 264 | 116 113
265 | 108 108
' 266 | 117 114
267 | 116 114
I 268 | 113 112
269 | 111 108
270 116 118
' 271 | 167 165
272 | 111 110
l 273 120 118
274 [ 116 115
' 275 | 117 114
DATE | 12-4 12-6
l STATION] 110-01 H0-01 a
5 [ [mE, _
NAME -
' REMARK S TITLE : —
MOTOROLA FORM NO, SPDe1079 DATE ~




- MOTOROLA INC., PAGE__B_ OF 11
Semiconductor

Producte Divielen

' 2N2222
THERMAL. RESISTANCE DATA DEVICE TYPE
SPEC. REV. no. _PROJ. 1130 (JPL)

LoT nmeer 544 (S1.3-05)
—

TABLE 3,16 (Cont'd)

Grour REY 098 SUBGROUP Retes:ﬁi;w‘ln itial
: = ©J-C

£
3

4

|
|
\
.
UNIT ,
MINHE'AUM . %ﬁ
IMA X | MUMj -
e e S S
306 116
307 | 115
308 117
309 119
310 114
311 123
312 120
! 313 | 112
l 314 | 110
315 113
' 316 113
317 112
318 120
l 319 109
320 119
' 321 92
322 131
I 323 114
324 | 126
I 325 | 116 )
326 116
327 134
l 328 109
329 116
' 330 108
DATE 12-6
' STATION| 10-01
e T
REMARK S ,?::: i

MOTOROLA FORM NO, SPDe1079 DATE

e e oem g 1o v N e -



MOTOROLA INC,
" Semiconductor
Producte Diviaten

i

l

|
ﬁ
|
!
i
|
!
|
|
|
|

|

THERMAL RESISTANCE DATA

TABLE 3.61 (Cont'd)

PAGE—2 oF 41

DEVICE TvPe _2N2222
SPEC, REV. no. _PROJ, 1130 (JP}Q
LOT mmper 544 (S13-05) .

GROUP REY 098 SUBG,,OU,,Ret:esig--mi.tJ.al

% e

UNIT
MIN UM .
MAX | FIUM S ¥

331 | ---

332 | 107

333 | 115

334 117

335 | 122

336 | 109

337 | 115

338 | 118

339 | 134

340 | 108

341 115

362 [ 115

343 | 120

344 111

345 | 116

346 | 107

347 11

348 | 115

349 | 115

350 | 117 )

351 113

352 [ 120

353 | 113

354 92

355 |125

DATE | 12-6
STATION| 110-01

STav Pagg, o

NAME - :
REMARK S fITLE :
DAYE

MOTOROLA FORM NO, SPD-1079




MOTOROLA INC. , pacE—10 OF il

Semiconductor i

R THERMAL RESISTANCE DATA IN2222 .
) DEVICE TYPE
SPEC. REV. No. _PROJ, 1130 (JRD)

TABLE 3.16 (Cont'd) LoT Mmeer 344 (S13-05) ..

GroUP REY 098 suBGROUP Re e"‘f— nitial
e

- T wE A W e ey "‘—4‘—“‘-“4—

- 4
UNIT
M N I MUM _ 9
MAXH&IUM iE?;
= —ee——————
356 | 113
357 | =--
358 | 116
359 115
360 131
361 117
362 | 118
363 | 118
364 | =—-
365 111
366 | 119
‘ 367 110
l 368 | 120
" | 369 111
l 370 116
| 371 114
372 | 116
l 373 109
| 376 | 104
l 375 115 .
| 376 117
377 113
378|117
' 379 116
3 380 98
‘ DATE 12-6
' STATION| HO-01
‘ INSP, Page '
STAMP m‘_‘ el —— et ———

NAME v
REMARKS TITLE
TOROLA FORM NO, SPDe1079 DATE




l @naronon.a iNC. pacell __ or A1l

‘ Semiconductor 7
Produsts Divisien
THERMAL RESISTANCE DATA DEVICE TypE _ 2N2222
SPEC. REv. No, _ PROJ. 2
: . TABLE 3,16 (Cont'd) LoT mmeer 544 (SL3-05) =
' crowp REY 098 (o pRetest=Initial
— I
i UNIT )
I M N MUM - Ly
| MAX | MUM %*
= —————— ——————
I 382 114
f 385 | 116
l 384 112
© | 385 | 119
l 386 116
" o387 |120
' 388 | ~m-
|
|
|
DATE 12-6
l. STATION| 110=01
| INSP. Page ,
' SIS w~*
NAME - '
REMARK S TITLE

MOTOROLA FORM NO. SPDe107% - DATE



4.0 PHASE II TESTS
8J-C MEASUREMENT ACCURACY AND REPEATABILITY

4.1 Experimentation and Modification of Original Test Program

The original test plan was to use two hundred and ten
devices randomly selected and divided into four groups. Group 1
would contain 25 units for the thermocouple experiment, Group 2
would contain 30 units for the infrared experiment, Group 3 would
contain 55 units for the temperature paint experiment, and Group &
would contain 100 units for the repeatability experiment. Certain
technical problems were encountered and some modifications were
made in this portion of the program. The modifications did not
alter the scope or effort originally planned for meeting the con-
tract requirements. The next five paragraphs describe the tests
as they were actually performed.

4,1.1 Thermocouple Method

It was originally planned to stitch bond a 1 mil chromel-
alumel thermocouple to the emitter area on 25 devices. When the
bonding was started, only one successful bond was achieved after
five hours of effort and four destroyed transistors. The junction
on the end of the 1 mil thermocouple was approximately 3 mils in
diameter. When subjected to stitch bonding, this junction flat-
tened out enough to produce a base-emitter short. It was decided,
therefore, to bond the thermocouples with a special "HI" cement
manufactured by Omega specifically for bonding thermocouples to

4-1
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surfaces to be operated at high temperatures. This also proved
to be a difficult operation. The 1 mil thermocouple had to be
formed to prevent shorting base to emitter, placed on top of the
emitter wire bond attached to the die, and a drop of HT cement
applied, all under a microscope. Extreme care was taken to pre-
vent breaking the 1 mil wires. Because of the length of time re-
quired to bond the thermocouples with HT cement and the extremely
fragile nature of the 1 mil wires, the quantity of thermocouples
to be bonded was changed from 25 to 11. One was stitch bonded
and ten were bonded with HT cement. The number of scheduled read-
outs on each device was increased from one to four to partially

compensate for reduced sample size.

Two additional problems were introduced with the new
bonding method. The 6J-C values were found to be lowered approxi-
mately 10% by the application of HT cement, the actual percentage
depending on the amount of cement used (see Page 1 of Table 4.3).
Consequently, all devices were remeasured on 8J-C after the thermo-
couples were bonded. Second, the thermal time constant of the de-
vice was increased significantly so that even though the 1 mil
thermocouples had a thermal time constant of approximately 50 milli-
seconds, the blob of HT cement holding the thermocouple raised the
overall time constant to many seconds. This prevented using this
method to determine the maximum junction temperature reached dur-
ing a one second power pulse as had been originally proposed. An
alternate plan was chosen to determine the steady state maximum
operating junction temperature using the bench tester to measure
AVBE (from which ATJ was calculated) and the 1 mil thermocouple to
measure ATJ directly. The 500mW power level was used since it was
established during the initial correlation tests (described in
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Section 3.1) that 6J-C was independent of power level. Also, the
original assumption that 6J-C would be higher when the cap was
removed was found to be in error. The value of 6J-C was found to
be independent of the cap being on or off (see Table 3.16 in Sec-
tion 3,5 and Table 4.1 in 4.2). Some additional information ob-
tained from this experiment that was not originally planned was
data for calculating 8C-A for devices operated in still ambient
air with caps removed. The data was used as a basis for the temp-
erature-indicating paint tests described in Section 4.4.

4,1.2 Infrared Microscope Method

The first change in this test plan was the elimination
of the five devices for determining emissivity. In discussing ar=-
rangements for this test with Autonetics (infrared microscope fa-
cilities at Autonetics were used for this experiment), it was de-
termined that the test procedure to be followed would automatically
account for emissivity and that a separate measurement would not be
necessary., The second change in the test program was to reduce the
number of samples for infrared scanning from 25 to 5. This was
necessary because of the amount of time required (almost two days
for five devices) for accurately scanning each device. The experi-
ment to determine the maximum junction temperature reached during
a 1 second power pulse was not performed due to the limited time
available on the Autonetics equipment. In addition, the power levels
used were 250mW, 500mW, and 750mW rather than the original values of
500mW, 750mW, and 1083mW due to difficulties encountered in working
at the higher junction temperatures with the Philco Thermal Plotter
during temperature calibration tests (see Section 4.3).
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4.1.3 Temperature-Indicating Paint Method

The test program for this experiment was modified in
several ways. Tests A, B, and C (see Figure 1) were performed
with steady-state power applied to units in moving 100°C air cor-
responding to the proposed JPL Accelerated Test Program rather
than the 1 second power pulse in still ambient air originally pro-
posed. It was found that the temperature-indicating paint had a
slow thermal response time (from seconds to minutes, depending on
temperature range) and could not be used to accurately determine
temperature changes during a 1 second power pulse. As a result,
the steady-state-type operation was necessary. The power level to
be used was calculated individually for each device based on its
measured 6J-C and the mean value of 86C-A determined from the tests
of Section 5.3. Power levels selected were to cover junction temp-
erature values between 175°C and 335°C and case temperature values
from 120°C to 230°C, which corresponded to the temperature range
of Detecto-Temp paint types available. The 25 units originally
scheduled for test group G were divided into three groups (GOl, GO2,
and GO3) and Detecto-Temp paints with those temperature ranges be-
tween 60°C and 155°C were applied. Power was applied to each de-
vice while observing it under a microscope. The power level was
increased in small steps until the paint changed color, indicating
that a specific temperature had been reached. The value of power
required to reach that temperature was recorded. An additional
group of thirty devices was added to the program as tests K, L, and
M. These tests were performed in a similar manner to those of GO1,
GO2, and GO3, except the paint temperature range was from 120°C to
340°C., Also, the value of 6J-C was affected by the amount of De-
tecto-Temp paint applied. It was necessary, therefore, to remeasure
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8J-C on all devices on tester HO-01 (1 second power pulse) after
the paint had been applied. Due to the short duration of the pow-
er pulse, no change in the paint colors occurred during the re-
measurement of 6J-C at the 500mW level.

4.1.4 Water Bath Method

Due to the poor results of the infrared microscope
method, it was felt that one additional independent verification
method should be included in the program. The water bath method
was selected and although only one device was tested, the method

was very precise and repeatable.

4.1,5 Repeatability Verification

The tester to be used for this experiment was HO-0l.
The modification of the tester to show adequate correlation with
the bench tester took longer than previously planned. This pro-
hibited using the tester over a sustained time period to perform
the repeatability tests. Consequently, the repeatability test was
performed during two eight-hour shifts.

4,2 Thermocouple Method

After it was determined that a 1 mil chromel-alumel
thermocouple could not be readily stitch bonded to the emitter
area, an evaluation of two bonding cements was performed to de-
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termine their suitability for this program (see Table 4.1). The
two cements evaluated were Omega "HT" and Eastman 910. A very
small amount of each cement was applied to the die on three 2N2222
devices that had been previously measured on 8J-C using tester
HO-01, both before and after their caps were removed. The removal
of the caps had negligible effect on the value of 8J-C. The Omega
HT cement showed no significant effect on 86J-C in the wet or dry
state. The Eastman 910 cement showed considerable effect of reduc-
ing 6J-C while wet and shorting out the device when dry. The Omega
HT cement was selected for the bonding of thermocouples to the emit-
ter area of test devices used for this experiment.

Twenty five devices that had previous 6J-C measurements
on tester HO-0l were selected for this test (Group FOl). The 8J-C
values chosen were representative of the broad distribution of the
entire test lot of 2N2222 devices (production lot 544, process SL3-
05). The caps were removed from the 25 test units and an attempt
was made to stitch bond a 1 mil chromel-alumel thermocouple to the
emitter area of each device. As previously mentioned in Section 4.1,
only one device was successfully stitch bonded. An additional group
of ten devices were suitably bonded with the Omega HT cement. Dur-
ing the initial evaluation of HT cement, no significant effect on
8J-C was observed; however, when a much larger amount of cement was
applied to adequately hold the thermocouples firmly on the die, a
reduction in 6J-C of approximately 10% was found. All devices were
then remeasured for 86J-C on tester HO-0l. The original 8J-C values
and post bonding values are shown on Page 1 of Table 4.3.

The eleven test devices were operated at 500mW in still
ambient air and AVBE was measured with the bench tester and the
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TJ was measured with the 1 mil thermocouples on a Honeywell
Model 2733 potentiometer bridge that had been calibrated by

the Motorola Temperature Standards Laboratory. Each individ-
ual device was measured from one to eight times, depending upon
how long the 1 mil thermocouple wires survived the required
handling. The ambient air temperature (TA) was measured with

an expanded scale (.1°C/division) laboratory thermometer (TCA
Model 444324), which was also calibrated by the Temperature
Standards Laboratory. The test data is shown in Table 4.2. On
the eighth readout, a 3 mil copper-constantan thermocouple was
soldered to the index tab on the header flange of eight of the
test devices for measuring case temperature. Only the 500mW
power level was used for these tests since 86J-C had been shown
to be independent of power level by the initial correlation
tests described in Section 3.1. The AVBE measurements were con-
verted to TJ values by using the "K" factor of -1.84mV/°C es-
tablished during the initial correlation tests, and the measured
value of TA. This data is shown on Pages 1 and 2 of Table 4.3
along with the calculated percentage difference (4%) between

the value of junction temperature determined from AVBE (con-
sidered as the calculated value) and the value measured directly
with a thermocouple. On the eighth readout, the case temperature
was computed from the relationship shown in equation (3).

TC = TJ - 6J-C X P where TC = Calculated Case Temp.

TJ = Calculated Junction
Temp.

8J-C = Measured Thermal (3)
Resistance

av)
I

Power Dissipation
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The calculated TJ was used in this computation rather
than the measured value because in several instances, the 1 mil
thermocouple had been broken and no value of measured TJ was
available.

On Page 3 of Table 4.3, the mean values of measured
and calculated TJ for each individual unit are presented. Since
TC was measured on one readout, the mean measured value was the
same as the eighth readout value., For the mean calculated value
of TC, the computation was made using equation (3) and the mean
value of calculated TJ.

The range of the observed difference between measured
TJ and calculated TJ was +2.1% to -15.0% for individual readouts.
For the individual device mean values, the range of the observed
differences was +1.6 to -12.4% and overall mean value for all de-
vices was -5.6%. It was noted that with only one exception (unit
#245, which had only a single readout prior to damaging the 1 mil

‘thermocouple), the ten devices bonded with HT cement had a nega-

tive difference, that is, the thermocouple indicated a lower junc-
tion temperature than that calculated from AVBE. We postulated

that the thermocouples were not actually in physical contact with
the junction surface. Several attempts were made to X-Ray the
devices to resolve this question; however, the density of the HT
cement was such that the 1 mil thermocouple could not be distin-
guished from the background. The postulation was verified by

using a resistance bridge (ohmmeter) to determine if electrical
continuity existed between the thermocouple and the emitter on

each device. All ten devices with HT cement were found to be "open"



that is, the thermocouples were not in intimate physical contact
with the junction. Evidently, a thin film of HT cement was de-
posited under the thermocouple during the bonding operation. The
device that was stitch bonded (Unit #276) had a mean difference
between measured and calculated TJ of only +1.6%. It was also ob-
served that the one other device that had a very low percentage
difference (also positive) between measured and calculated TJ had
shown a 2,.6% decrease in 8J-C after bonding. This indicated that
a much smaller amount of cement was used in bonding this device
(confirmed by visual observation).

For a nominal 6J-C value of 100°C/W, an absolute ac-
curacy of +10% represents a +6.7% TJ accuracy at 500mW and TC =
25°C (condition under which initial 6J-C would normally be measured).
Since the observed mean error in TJ measurement by the thermocouple
method was -5.6%, the accuracy of the AVBE measurement technique
was verified. In fact, if the error caused by the cement under the
thermocouple could be eliminated, this method would very likely

have a mean error under +3%.

The observed mean difference between measured and cal-
culated values for TC was -9.7%. Some difficulty was initially
experienced with the 3 mil copper-constantan thermocouples giving
measured TC readings that were considerably lower than the values
shown on Page 2 of Table 4.3. The thermocouples had originally
been bonded to the index tab of the header flange with Eastman 910
cement. Evidently, the cement flowed under the thermocouple dur-
ing the "curing" period and formed an insulating layer. The thermo-
couples were removed and soldered on for the balance of the tests.
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The relatively large temperature difference observed with the
thermocouples soldered on was considered to be due to the lo-
cation of the thermocouples. Observations made during the temp-
erature-indicating paint tests (Section 4.4) showed a consid-
erable temperature gradient between the point on the header where
the die was mounted and the edges of the header.

Values of 6J-A and 6C-A were computed for each device
from the mean values of TJ, TC, and TA. These calculated values
are presented on Page 3 of Table 4.3. Analysis of data indicated
that units #236 and #239 had a measurement error during the ex-
periment and these devices were not considered in determining the
final mean values (Mean "B'" in Table 4.3). Also, since the stitch-
bonded device, unit #276, was physically different from the others
in that it did not have the drop of HT cement on the junction sur-
face and header area, it was not considered in calculating the
final mean values. The final mean value of 6C-A, computed from
the calculated values of TC, was found to be 262°C/W. This value
was used for calculating 6J-A values for the temperature-indicat-
ing paint tests of Section 4.4.

4.3 Infrared Microscope Method

This experiment was performed at the Autonetics Division
of North American Aviation in Anaheim, California, where a Philco
Thermal Plotter infrared (I/R) microscope facility was made avail-
able to Motorola. Specifications for the Philco instrument used
are presented in the Appendix of this report. .
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The procedure consisted of inserting an individual
device in the Motorola test fixture after it had been mechani-
cally modified and rigidly mounted on the viewing stage of the
I/R microscope. Adjustments were made to align the device so
that the mechanically indexed stage would permit scanning along
a selected path on the emitter metallization pattern. A 'mo
power'" calibration run was made to set the horizontal axis scale
factor for an X-Y recorder that was used as the I/R radiation
readout device. Steady-state power of 250mW was applied to the
test device and the stage was indexed so that the entire die was
scanned. This run was necessary to determine the proper scale
to use for the vertical axis (I/R radiation units). Power was
removed and the vertical axis was calibrated with a standard cal-
ibrating voltage. The 250mW steady-state power was again applied
and an X-Y plot was made of the I/R radiation level versus position
on the die by mechanically scanning the die across the emitter pat-
tern. The power level was then raised to 500mW and the procedure
was repeated except for the device alignment step. Following the
completion of the 500mW radiation scan, the power level was raised
to 750mW and the procedure repeated once more. After the 750mW
power level scan was completed, the device was removed from the
test fixture, a new test device inserted, and the entire procedure
repeated. This same procedure was followed for all devices tested.
Originally, a power level of 1083mW was to be used; however,
Autonetics suggested that considerable difficulty would be en-
countered in running temperature calibration tests at such high
junction temperatures (~340°C), so this power level was not used.

Upon completion of the individual device radiation plots,
the temperature calibration procedure was started. The Motorola
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test fixture was removed from the viewing stage of the microscope
and a special metal fixture containing heating elements and an
iron-constantan thermocouple was installed on the stage. The top
plate of the fixture had three small holes to fit the lead con-
figuration of the TO-18 package of the 2N2222 and permitted the
header flange of each device to fit flat against the metal surface.
After one of the test devices had been inserted, the fixture was
oriented to permit scanning the same path that had been covered
during the I/R radiation tests. Four specific radiation levels
were selected from each individual device radiation plot to be
used for temperature calibration. These four points represented
two points of maximum radiation (one located in middle of base
metallization area) and two points of minimum radiation level (one
located on silicon area between base and emitter metallization and
one in the center of the emitter wire bond) for a given fixed po-
wer dissipation. The center of the emitter wire bond was a mini-
mum because the raised surface of the bond was out of focus for
the I/R microscope which had been accurately focused on the base
and emitter metallization. The temperature of the metal fixture
was then raised by adjusting a Variac controlling the heating el-
ements until the I/R radiation level at one of the four selected
points was identical to that observed during the scanning of the
device with power applied. The temperature value (determined from
the iron-constantan thermocouple) was recorded. The entire die
was then scanned and an X-Y plot made of the radiation levels at
the elevated temperature condition. This procedure was repeated
for the other three points and then the entire procedure was re-
peated for the other two power levels. The overall procedure de-
scribed above was followed for each of the test devices.
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The results of the temperature calibration tests were
very poor. The calculated junction temperature should have cor-
related with the observed temperatures at the emitter metalliza-
tion for a gi#en device. For test unit #305, using 6J-A of
375°C/W (6J-C of 113°C/W measured on tester HO-01 plus 6C-A of
262°C/W determined from thermocouple method tests of Section 4.2)
the calculated junction temperatures were 119°C at 250mW, 213°C
at 500mW, and 306°C at 750mW. The temperatures determined from
the calibration tests were, respectively, 106° +10°C, 98° +5°C,
and 104° +10°C. Similar results were obtained for the other test
devices. The basic cause for the poor results was attributed to
the difficulty in precise device alignment between the IR radia-
tion tests and the temperature calibration tests on a given de-
vice. Due to the nature of the test fixtures used, it was neces-
sary to change the devices from one fixture to the other to per-
form both tests and the alignment of the devices for scanning could
not be identical. Autonetics had been successful on previous tests
of other semiconductor devices (not in TO-18 packages) in getting
good correlation (+10°C) between calculated and observed tempera-
tures; however, the devices were scanned for I/R radiation level
with power applied in the same special fixture used to perform the.
temperature calibration test so that an individual device was never
moved once the scanning path was established. For the 2N2222 tests
at the higher surface temperatures (>150°C), a special oil used by
Autonetics to insure good thermal contact between the metal fixture
(for temperature calibration tests) and the header flange of the
testr device, reached the ''smoke' point and caused some difficulty
in focusing.
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4.4 Temperature-Indicating Paint Method

The first investigation made during this series of
experiments was an evaluation of the Detecto-Temp temperature
indicating paint that had been selected for use. This paint
was manufactured and supplied by the H. V. Hardman Co.

The paint evaluation consisted of placing ten dots
of each of the sixteen types of paint selected in different
locations on a silicon wafer one inch in diameter. The wafer
surface contained the same aluminum metallization and geometric
pattern as wafers used in the production fabrication of the
2N2222 device. The paint types and specified colors and color-
change temperatures are shown in Table 4.4. An oven with pre-
cision temperature control (+1°C) was stabilized (monitored with
copper-constantan thermocouple and Honeywell Model 2733 Poten-
tiometer) at 40°C. This was 10°C below the specified color-change
temperature of the lowest temperature paint to be evaluated. Fol-
lowing stabilization, a small port in the top of the oven was
opened momentarily and the silicon wafer with the paint samples
on its surface was lowered into the chamber on a teflon wire
"sling' and the port was closed. The wafer remained in the oven
for five minutes and was removed. The colors were examined under
a 10 power microscope for any indication of color change. This
procedure was repeated in 5°C steps (except for the temperature
ranges for which no paint was being evaluated) up to the maximum
value of 350°C. The results of the evaluation are shown in Ta- .
ble 4.4,
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Although only six of the sixteen Detecto-Temp paint
types evaluated met the manufacturers specification, ten of
the types had color-change temperatures that were satisfactory
for use. 1In Table 4.4, where two temperatures are shown in the
same column for the same paint (for example, paint type 915 -
902), a portion of the ten color dots changed at the lower temp-
erature and the remaining ones changed at the higher value.

The effect on 8J-C of applying Detecto-Temp paint to
the junction surface of the 2N2222 device was also evaluated.
Three units (caps removed) were measured for 6J-C on tester HO-01,
The three devices were coated with Detecto-Temp paint. Unit #385
received a thin coating, unit #386 received a medium coating, and
unit #387 was given a thick coating. The devices were remeasured
on HO-01 immediately after the paint was applied and again after
the paint was thoroughly dry. The data, shown in Table 4.1 of
Section 4,2, indicated that the effect on 8J-C depended upon the
thickness of the applied coating. It was decided that all devices
would be remeasured on 6J-C after application of the paint so that
initial values of 8J-C would be correct. Since tester HO-01 ap-
plied only a 1 second power pulse, there would be no danger of
the paint color changing during remeasurement of 8J-C (see Section
4.1.3).

For the measurement of junction and header temperature
tests, the temperature-indicating paint was applied to the junction
and header areas as shown in Figure 6. The paint dots were ap-
plied in this manner under a 10 power microscope. Due to the quick
drying characteristic of the paint (ethyl alcohol vehicle), it was
very difficult to get uniform paint dots on all test devices. Some
of the dots covered a considerable area on the die and/or header.
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The power levels calculated to raise the junction to
the color-change temperatures of the selected paint dots were
computed from the individual values of 8J-A for each device and
the measured ambient temperature. The value of 8J-A was obtain-
ed by adding 262°C/W, the mean value of 6C-A determined from the
thermocouple method experiments of Section 4.1, to the measured
value of 6J-C. The calculated power level to raise the header to
the color-change temperature was computed from the value of 6C-A,
262°C/W, and the ambient temperature,

For tests GOl1, G02, GO3, K01, LOl1, and MOl, (see Figure
1), the individual test devices were observed under a Spencer
10-40 power microscope while power was applied. The power level
was started at approximately 507% below the calculated value and
increased gradually in small steps until the desired color-change
was observed. The power was applied through the bench tester test
circuit and the temperature was allowed to stabilize for at least
two minutes at each power step. The power level at which the color
change occurred was recorded. The results are given in Tables 4.5
and 4.6. Comparisons between the calculated power levels and the
observed power levels required to reach specific junction and
header temperatures are shown in Table 4.8. The error for indi-
vidual devices showed considerable range with values from as low
as 0.4% to as high as 30.1%. The mean error for a given group of
devices with the same paint types varied between 5.5% and 20.1%,
while the overall mean error was 10.4% for junction temperature
power levels and 11.1% for header temperature power levels. Al-
though the individual errors were both positive and negative, al-
most 70% of the errors were in the positive direction. This would
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indicate that the calculated power level was generally greater
than the observed value. Since the value of 8C-A used for the
calculated power levels was computed from data on devices that
had HT cement on their junctions (although all other conditions
were the same as on this experiment), the value of 6C-A for de-

vices with only Detecto-Temp paint on their junctions may have
been somewhat higher. This would have reduced the power levels

of the calculated values. Also, some of the color changes were
not very pronounced, and the decision as to the power level at
which the change actually occurred was sometimes very difficult.
Generally, it was felt that this portion of the experiment was
only suitable for a good approximation of the power level require-
ed to reach a specific junction or header temperature and that it
was not adequate for verification of the absolute accuracy of the
thermal resistance measurements.

It was noted during the experiment that in many cases,
the color dot on the header would start changing color where the
paint was near the die at power levels from 5% to 25% lower than
the level required for the majority of the color dot to change.
This would indicate that a temperature gradient of from 5°C to 25°C
could exist between a point on the header very near the die and a
point on the edge of the header.

The last portion of the temperature-indicating paint
investigation method consisted of tests AOl, BOl, and COl (see
Figure 1). For this experiment, the thirty test devices chosen
were unwelded units. Their 8J-C values were measured on tester
HO-01l. Detecto-Temp paint was applied in the same manner as for
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the other experiments (see Figure 6). 6J-C was again measured

on tester HO-0l and the devices had their caps welded on in a
special welding procedure so that the units were not exposed to

any temperature greater than 110°C. After weld, the test devices
were again tested for 6J-C on tester HO-0l. To these final values
of eJ-C, a 0C-A value of 110°C/W was added to calculate the indi-
vidual device values of 8J-A., The value of 6C-A (110°C/W) was ob-
tained from the 86C-A measurement tests of Section 5.3. This value
was for operation of a TO-18 case (cap on) in moving 100°C air.
Using the individual values of 8J-A, the power level required to
reach a temperature half way between the color-change temperatures
of the top and bottom color dots (Figure 6) was computed. The de-
vices were then placed in an oven with moving air at 100°C and the
calculated power applied to each device for a period of two minutes.
The devices were then removed from the oven, allowed to cool to
room ambient temperature, and their caps were removed. Each de-
vice was then examined carefully under a Spencer 10-40 power micro-
scope to determine what color changes had occurred. The results of
these three experiments are shown in Table 4.7.

For test AOl, the calculated power levels were all cor-
rect in that all the top color dots (170°C) changed, and none of
the bottom color dots (180°C). This would mean that the calculated
power level gave the correct TJ of 175°C within +5°C (+2.9%). The
power level applied was high enough (>182mW) on each device so that
the 120°C color dot on the header should have also changed. How-
ever, in no instance did it change. The only explanation was that
a higher temperature paint had mistakenly been applied to the head-
er (many of the paints used had similar colors at room temperature).
This was further indicated when the header dots on the other tests
changed as predicted.
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In test BOl, eight of the nine devices tested showed
correct calculated power levels with the top color dots (230°C)
changing and the bottom dots (240°C) not changing. This indicat-
ed that the calculated power level gave the correct TJ of 235°C
within +5°C (4+2.1%). Neither the top nor the bottom dot changed
in the remaining device (unit #16) so no value could be placed on
the accuracy of the junction temperature reached. It could have
been anywhere from approximately 210°C (-8.7%) to 220°C (-0.4%).
The value of 210°C was calculated from 8J-C and the 572mW applied
(yielded ATJ from junction to case) added to the minimum header
temperature (TC) of 140°C. This mnimum header temperature was
established because the header color dot (140°C) changed on all

nine devices.

For test CO0l, both the top color dots (330°C) and the
bottom color dots (340°C) changed. This would indicate that the
TJ values were at least 5°C greater than predicted. Careful ex-
amination of the color dots indicated that although the bottom
dots had started changing, only one of the ten devices tested had
reached the full brown-gray color, indicating 340°C or greater.
The remaining dots were either brown and light gray or similar
shades, indicating that the junction had not quite reached 340°C.
Therefore, the calculated power level for nine of the ten devices
yielded TJ values of 335°C +5°C (+1.5%) and the remaining device
was >340°C, On the basis of the other nine devices being within
approximately 1°C or 2°C of 340°C, judging from colors observed,
it is very likely that the other device (unit #26) did not exceed
346°C (+3.0% from 335°C). The header dots (230°C) changed color
from green to light green and light brown. This indicated that the
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220°C level had been exceeded, but not the 225°C level. (see
Table 4.4 for Detecto-Temp paint type 915-908). For the power
levels applied (from 1025mW to 1090mW), the calculated case temp-
eratures were between 213°C and 220°C. Therefore, the case temp-
eratures were within 12°C (5.6%) or less of the predicted value.

The results of this last part of the temperature-indicat-
ing paint method experiments were suitably accurate so as to con-
stitute verification that the absolute measurement accuracy of 8J-C
is well within the program objective of +10%,

4.5 Water Bath Method

The measurement procedure for the water bath method was
similar to that used in the thermoelectric cooler experiment de-
scribed in Section 3.1 (Table 3.4). The test device was immersed
in circulating deionized water at room ambient temperature with
two milliamperes of sense current applied through the circuit of
the bench tester. VBE was measured with a Hewlett-Packard Model
412-A VTVM and also observed on a Tektronix Model 561A CRO with
a Model 2A63 differential amplifier input unit. The case tempera-
ture (essentially the same as the water temperature with only sense
current flowing) was measured with a calibrated expanded scale
(.1°C/division) laboratory thermometer. 500mW of power was then
applied to test device and the change in the VBE (AVBE) was measured
on the CRO. Power was removed from the device (except for the 2mA
sense current) and VBE was allowed to return to its original value.
The temperature of the circulating water bath was then raised (using
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an electric hot plate) slowly until the change in VBE (AVBE)
measured on the VIVM and CRO was identical to that observed
with 500mW of power applied. The temperature of the hot water
bath was measured with the laboratory thermometer. The data
obtained from these series of measurements is shown in Table
4.9.

0J-C was first calculated by dividing the 113mV AVBE
value by the "K" factor, -1.83mV/°C (which converted AVBE to
ATJ), and by the power level of 0.5 watt. The value calculated
was 122.8°C/W. 0J-C was then calculated by subtracting the
ambient water temperature from the hot water temperature (which
yielded ATC = ATJ at "0" power) and dividing the difference by
the 0.5 watt power level. This value of 6J-C was found to be
124.8°C/W. These calculated values are presented in Table 4.10.
The percent error between the bench tester and the water bath
method was only 1.6%. Since the water bath method did not in-
volve any attachments to or modifications of the device under
test (such as removing cap, bonding thermocouples, applying paint,
etc.) and because the parameters involved (VBE at 2mA and water
temperature) were easily measured with a high degree of accuracy
(+1mV on VBE and +0.1°C on temperature), the technique was very
precise. Therefore, the 1.6% error observed between the bench
tester 6J-C and the value obtained by the water bath method was
verification that the absolute accuracy of the bench tester was
well within the +10% objective of the program.
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4.6 Repeatability Verification

All of the transistors to be used in the JPL Accel-
erated Life Test Program (RFP No. 0541) will be measured for
thermal impedance prior to stress testing. The accuracy of
measurement required is +10% and the repeatability must be +5%

or better.

For this test group (EOl) 100 units were randomly se-
lected from the 288 test devices and serialized 126 through 225
exclusively. The experiment was set up so that each device
would be measured consecutively on 8J-C using the Motorola HO-01
tester. Following the 100 consecutive unit readings denoted as
the first run, the procedure was repeated nine times so that ten
readings on each device would be obtained. This data is present-
ed in Table 4.11. Best results are obtained if the parameter
measured has values in the low, middle, and high portions of the
range of the population range of that parameter. It is observed
from Table 4.11 that the minimum 6J-C was 96.5°C/W and the maxi-
mum value was 144°C/W, which represented a spread of 49.2% from
the lowest to highest value. This was excellent for determining
an accurate estimate of the repeatability of the tester.

To determine the variation among the various readings
and to provide an estimate of the repeatability of the thermal
impedance tester, the coefficient of variation was calculated on

each unit, using the following formula:
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where the Xi values are individual 6J-C measurements on a device
and n is the number of consecutive times each unit was measured.

The results are tabulated in Table 4.11 in the last col-
umn denoted by C.V. This data shows a maximum value of 2.188%
which was obtained on unit #139. The value of 121°C/W for 8J-C
measured on this unit the first time is in the middle of the range
of values obtained on 6J-C for the 100 units.

The average C.V. for the 100 units is 1.26%. We con-
clude from this experiment that the Motorola tester HO-0l1 meets
the +5% repeatability requirement in the JPL Accelerated Test Pro-

gram Specification.
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Semiconductor
Pradwcte DNvisieon

| Lad

THERMAL RESISTANCE DATA  DEVICE TWE _2N2222 ':
‘ SPEC. REV. NO. _mzm;r 1130 (mn
TABLE 4.1 LoT nomser 544 (SL3-05)
crow REY 098 sypcroe FO1 ..

s
..

Fvaluation of proposed thermocouple bonding agents applied to junction area. 3
DIAL:1.020 Omega Eastman Detecto  Temp

IC  :42mA CAP CAP Ht Cement 910 cement Paint

VCE :11,9Y ON OFF JEY DRY WET DRY. RS %y__
8J-C 8J-C eJ-C 8J-C eJ-C eJ~-C 8J-C -C

at at at at at at at Tat
50 0mw 1+ 500mw 500mw | 500mw 500ms | 500mws 500mw | FOOme! |
UNIT | e/ | %esw *c/w | °c/w ‘e/w | e/ ‘e | tesw

MIN IMUM| : ' : : 4

MAX I MUM| =

379 115 113 114 116
380 99 96 95 95

r
|
E
|
i
i
|
i
!
|
|

382 115 114 104 | Short

383 117 - 117 111 Short
384 ' 111 111 Open | Open

385 119 115 119 117
386 115 115 112 112
387 120 119 - 108 108

DATE | 12-4 | 12-4 12=4 | 12-4 12-4 | 12-4 12=4 1 12,4 1
STATION| H0~01 | 10-01 H0-01 | HO-01 10-01| 10-01 10-01 | 1g-01
INSP. Page -_ |
ST AMP " e 8226 | e e —
_ NAME v
b REMARK S TITLE
DATE

MOTOROLA FORM NO, SPD-1078




MOTOROLA INC. ) PAGE__L OF 3

Semiconductor
Producte Divieten

THERMAL RESISTANCE DATA

SPEC. REV. No. __PROJ, 1130 (JPL)
. TABLE 4,2 LoT NumeeR __544 (S13-05) %
L crowp REY 098 sypgrove FO1 =
i Measurement of Junction Temperature (TJ) at 500mw* in still ambient air (TA) i
; CAP OFF 1 M1l Chromel-Alume] thermocouple bonded to emitter area with Omega HI Cemenf
1st Readout 2nd Readout 3rd Readout L
AVBE TA TJ AVBE TA TJ ATJ | AVBE TA T ATJ

S/N at at | at at at at at at

500mw | 500mw | 500mw 500mw | ‘Null | 500mw 500mw | Null

UNIT v oc oc mv oc oC oC mv oc oc oc

M I NI MUM| . iﬁ
MAX | MUM| !

236 299 25.3 175.8 312 25,2 179.7 49,3 295 24,7 168,.2 +8,3°
1239 | 268 24,6 | 166,41 272 | 25.3 [161.1 | +8.0 | --- e | - —
I 240 —-—— — —— ——— ——— ——— —— ——— —— —— ———
i 262 | e R 514 | 25,2 1196.7 | +9.5 | 310 26,6 | 195.1] +9.5
i 243 ——— —— —— 320 24,8 194,.6 |+10,3 319 24,6 196,1 +9 .8
l 244 —— ——— —— 327 25,0 199,0 {+10.3 318 24,6 193,9 +9 .0
i 245 - -— - _— _— ——— | == 314 24,7 | 205,0| +8.3

246 - - - - e - - - - - - -

250 -—— _— - - ——— ——= ——= | 326 24,7 | 189,5]1 49,5

' 247 | ome R I e - S e _—

INSP ., Page
STAMP 4-27

NAME
REMARKS (*) IC=40mA, VCE=12.5V “yitLe

* -
ngm";gulF%&lnoc.hgm%“uuml thermocouple stitch bonded to DATE

DATE | 12-9 12-11 , 12-13
STATION| Bench Bench Bench

emitter area,
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|
|
|
F
|
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|
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MOTOROLA INC,

Produets Divieton

THERMAL RESISTANCE DATA

TABLE 4,2
(Con't)

“pace_2 oF —3
pevice Twe _ 2N2222
SPEC. REV, no. _ _PROJ, 1130 (J
Lot Nween 544 (SL3-05) |

crowe REY 098 suscroup FO1

v

4th Readout Sth Readout 6th Readout
"AVBE TA TJ AVBE TA TJ AVBE TA ™I
S/N at at at at at at
500 500ms 500ms 500m 500m 500mmd
UNIT
MINTMUM , .
AXINUM| B )
236 300 25.31169.3 300 25,1 167.1 330 25,2 183!2_‘
239 - v o -—enon - - -~ - - - - - - o an -
240 310 25,3 | 189.3 305 25,1 189.9 313 25,2 —ee
242 323 25.5 1195.6 338 25,2 | -204,0 - veonum -
243 | 338 25,3 | 196.5 331 25,2 | 191,7 341 25,2 | 191,2
244 327 25,1 1196,6 337 25,2 198.,5 338 25,2 191.7
246 - —— - 350 25,2 208.7 339 25,2 198,0
247 | —-- S . 339 25,2 | 202,5 345 25,2 | 200,2
250 | ——- il e 333 25,2 | == - —=e ——
276 | ~=- SR 242 25,2 | 160.2 — - ———
DATE 12-17 12-18 12-30
STATION] Bench Bench . Bench
INSP., 1P -
STAMP ' R ' AT K
. , NAME .
REMARK S T rimee -
MOTOROLA FORM NO, SPDe1079 DATE




Semiconductor
Praduste Division

i MOTOROLA INC.

3 oF —3
;“;ih
2N2222 B

PAGE

THERMAL RESISTANCE DATA  DEVICE TYWE

SPEC. REV. No. _PROJ, 1130 (JPL
TABLE 4,2 LoT mmeer 544 (SL3-05)
| (Con't) grop REY 098 gqupgrowe FO1
' Bonded 3 Mil Copper-Constantan Thermocouple to Header ﬁ ange
‘ 7th Readout _____8th Readout
AVBE TA TJ . AVBE TA T3 “TC
at at at at at
500m |, 500mw 5001y 500m | 500ms
UNIT mv Toec °c mv °c °C °C
IMINIMUMl ’};
i MAX | MUM] ' )
236 325 25.0 175.5 313 25,1 170,91 119.,1
239 - v ———— - - - ——
240 328 25,0 —— 325 25,2 - 137.6
242 331 25,0 200,0 324 25,2 193.5 127.6
263 | 360 25,0 | =wm 325 25,2 | === |125.7
244 332 25.0 |195,0 322 25,3 189,31 134.9
246 350 25,0 205.3 335 25,3 199.? 146 ,0
247 345 25,0 |198.8 — ——— —~— -
‘ 250 333 25,4 | ——- 330 25.3 | —— 156.3
l, 276 242 25,2 | 160,2 250 25,2 162,34 109.2
|
+ ISTATION] Bench Bench
l INSP, Page . -
¥l stave J 4-29
REMARKS NAME ; :
) TITLE
MOYOROLA FORM NO, 3PDe107¢ DATE :

P N "




MOTOROLA INOC. PAGE—L —— . OF Jp

Semiconductor THERMAL RESISTANCE PROGRAM
Froavets Divisien THERMOCOUPLE METHOD
(CALGULATED DATA) DEVICE Tve _2N2222

SPEC. REV. No. _PROJ, 1130 (JPL
LoT nmBer 544 (SL3-05)

TABLE 4.3

Comparison of measured and calculated values of junction temperature,#x%

Before| After

RO ist 2nd 3rd 4th
T/C T/C Th T
BondedfBonded | Data Meas, Calec 2’/ Meas,| Calc, | Meas, Cale, Meas, Calc,

eJ-C eJ-C |A6eJ-C .
S/N at at at T TJ TJ T TJ TJ TJ TJ
500mw |,500mw 500mw !

UNIT | °cAv ‘efw % °C °C °C °C °c °C °C °C

M1N 1MUM|

. . o '
i I . g
MAX | MUM :
—— ?——"'—'———ﬁ===ﬂ=#

!

|

h 236 | 114 101 |-11.4 | 175.8 | 187.9| 179.7] 204.,0{168,2 | 193.0] 169.3| 188.3
Ari-C -6.,9 -13,5 -14.,0 -11,2
239 | 116 110 |- 5.2 | 166.4 | 170,3} 161.1] 173.2 | —-- ae - ———
LIM=-C -2,4 -7.5 —— —
240 | 111 96 |-13.5 | --- — S I - 189.3| 193,8
ATM-C -— -— — -2,4
262 121 106 |-14,0 | =— — 196.7| 205.4 | 195,1 | 203,1 | 195.6| 200,8

i ATM-C | - ——— ~4 4 -4.1 =2.7

i 243 | 123 107 |[-13,0 | —-- — 194,6| 209,1 | 196.1 | 208.4 | 196.,1] 211,9

T | Am~-C - -7,5 -6,3 -8.1

B | 226 1112 99 |-11,6 | === - 199.0| 213,1 |193.9 | 206.6 | 196,6 | 205,9

' NM-C —— -7.1 =6 ,6 4,7
245 115 112 - 2,6 | === —~— —— -— 205,0 | 204,0 | === ———

' LNM-C — ——— 0,5 —
246 | 113 103 |-8.,8 | ~— -—- e -—- — —

l' 5m-C — —- — —
247 |115 99 |{-13,9 | --- -~ I I R -— o -

l ATM-C - —— - ‘ o=
250 |111 99 |-10,8 | --- — —m= | -=~ 11895 {213,2 | - —_—

' /NM=C : - ——— -11,5 caw
276%* | 113 112 |- 1.8 | === —— B - - ——-

| Lmec - - - -

(@) % diffefrence iy measured valug (M) anfl calcullated vajue (C) lcaleculated M-C K 100,

' M
(2) |"K" facjtor of 41,84mvA°c used|in all talcul .
JDATE _1312-6 12-8 12-9 12-11 12-13 12-17
STATION| H0-01 | HO-01
INSP. Page R
—STAMP i 4-30 h———_“
(*) Thermocouple borided to emitter area by Omega  NAME
REMARK S Ht. Cement. ‘ TITLE

ok titch bonded to emitter wire bond at dieg,
| u&o)o&"lﬁﬁlf‘@f??&%ﬂ (+*%) por 500ms in still ambient air, ouTe




| MOTOROLA INC. THERMAL RESISTANCE PROGRAM pace__2 oF 3
' S o v THERMOCOUPLE METHOD

(CALCULATED DATA) peVICE TvE _ 2N2222

SPEC. REV, N0, PROJ. 1130 (JPL)
TABLE 4.3 (Cont'd) LoT nmeer _ 544 (SL3-05) q;

GROP_REY 098 suscroup FO1 _ *
Comparison of measured and calculated values of junction and case temperature*, -

———— e

R/ S5th 6th 7th 8th | MEAN
DATA Meas., [Cale, Jeas, Calec. [Meas., Calc.} Meas, Cale, | Meas, Calc, VALUB
2) (2)
S/N TJ TJ TJ TJ 13 I TJ TJ TC TC ATJ
N (M-C)
UNIT | °g °C °C °c °c °C °c °c °c °c %
[MIN IMUM] ‘

MAX | MUM] . §§
. — e — =

236 167.1 | 188.1 | 183,22 204,7 | 175.5| 201.8} 170,9 {195,2 | 119.1 | 144,7 | oo

TN U U e e C eeaw

ATM=C -12.6 -11,7 ~15.0 -14,2 -21,5 |-12.4
239 | —-a R . R . SR I e ——— ——— -
ATM-C - — - o -~ | -5.0"
240 189,9 1192.1 |C1) 1195.4 | === 203,5] —em 202.0 | 137,6 | 154,0 | ‘=em
ATM-C -11.6 —-— -— - ~11,9 | =2.0
242 1204,0 | 210,5 |-—= e 200,0 | 205,0 | 193,5 |201,4 | 127.6 | 149.8| —--

- lomec | -3.2 _— -2,5 -4,1 -17.1: | =3.5 ¢

l 243 | 191,7 {205.2 | 191.2} 210.6 |--- 220,7] -=- |202.0 | 125,7 | 148.5] ---

v ARIC -7.0 -10,2 - ——- .-18,2 | 7.8

' 2644 |198,5 | 208,2 | 191,7] 209.0 | 195.0 | 205.5| 189.3 {200.3 | 334 09 | 150.8| -=-

* | am-c 4,9 - 9.0 -5.4] -5.8 ~11.8 | -6.2

S IPYCR — | - — NN DU — — —

' ATM-C -—- o —— ' -— | ——— ——— 0.5
246 |208,7 |215.7 | 198.0] 209.6 | 205.3 | 215.4 199.3 |202,4 | 146,0 | 155,9 | ---

I L%M-C -2,3 -5.,9 -4,9 -4,1 -6,81 -4,3

| 247 |202,5 [210.5 | 200,2| 212,7 | 198.8 | 212,5| === |--- ——— - —

l ATM-C -4.0 -6.2 -6.9 —- — -5.7
250 [169.9 06,4 | === | === - 206,4) ~~- 1204,8 | 156,3 | 155.3| ===

' ARM-C —— —- e 1--- 0.6 l-11.5,
276 |160.2 [56,8 | === | === 160.2 | 156,8|162,2 [161.2 [109.2 | y95,2| ===

l | ARM-C 2,1 —— 2,1 0.6 370 1.6

k (*) For 500w in s§ill amblient aiy. MEAN .VALUE: ~9,7% ~5,6%
DATE |12-18 12-30 1-3 1-5 1-5

' STATION .
TNSP. Page T

| STAMP , 4-31

 REMARKS (1) Thermocouple bond came loose from die. NAME v

| e s il irhgutottd fgm, 7-C and caloulated 17 rather vivis :

MGTOROL “espeTore values, - N & DATE ‘ —




MOTOROLA INC. PAGES OF e

s.mlco':.!:‘o.c':’r THERMAL RESISTANCE PROGRAM “
e THERMOCOUPLE METHOD y
(CAICULATED DATA) pEvicE TwE 212227 e

SPEC. REV. NO. _PB :
TABLE 4,3 (Cont'd) LOT NMMBER _544 (5L3-05)  ©

GRouP REY 098 suscroupr FO1
(2) :

I Computatioh of 6J-A and 6C-A values for 500mw operatfon - in gtill ambient air.
7 From From | From |From |A% between

| Mean Values for individual units Meas, Calc, | Meas, Calc, | Meas, & Calc,
Meas, Cale, Meas, Calc, Meas,| Valuep Valued Values|Values | Values %

6J-A | 6J-A |ec-A | ec-A | aeJ-al Aec-a

sm |13 T3 < | 13 | 1a

UNIT | og °c °Q °c °c °e/w | °c/v | *c/w o/ % |1 %
MIN TMUM| - ; S
MAX | MUM

—

i

119,1 }145,0 |25,1 297 341 188 240 -14,8 |-27.7

240 189,5 | 197,5 | 13756 |149.5 25,1 330 345 225 250 -4.,5 |-11.1

I 236 173 195
t 239 | 163.6 | 171.8 | ~-- [116.8 |24.9 278 | 294 | a%=. | 184 5.8 | ——=

242 1197,5 | 204.4 }127.6 |152.4 |[25.1 345 | 359 | 205 254 -4,1 }-23,9
43 | 194,0 | 209,8 |125,7 |156,3 |25.1 338 | 369 | 201 262 -9,2 |-30.4
244 1195,0 | 207.0 {134.9 |157.5 |25.1 334 | 364 | 220 266 -9,0 |-20.9
245 1205.0 | 204.0 | --- [188,0 [25.,1 | 361/ | 359 |-ew | 266 0.6 | ===
246 203.0 | 212.0 |146.0 |160.5 |25.1 355 | 374 | 262 272 ~5.4 |-12.4
247 1200.6 | 212,0 | —-- |162.5 |25.1 351 | 376 | --- 276 -6.6 | vmm
250 189.5 | 207.3 |156.3 [157.8 [25.1 329 | 364 | 262 266 |-10.6 |-1.5
276 1| 161.0 | 158.4 {109.2 |102.4 |25.2 272 | 266 |168 154 | 2,2 | 8,3
[Mean A | 186.9 | 196.5 [132.0 |146.0 |25.1 326 | 346 | 214 261 | <6.1 }12.6
Mean BY 196.6 | 202.1 [138.0 [156.0 |25.1 543 | 363 206 | 262 -5.8 |-15.9

¥ - YMean B calqulated yithout |data frpm Unitg # 236, 1239, amil 276,
DATE
STATION| (3) 3 dilated | .
INSP, Tt
STAMP

.1

ReMArks (1) Thermocouple stitch bonded to emitter wire bond NAME

at die., (2) With Cap "off" and Omega HT cememt T'!TLE

MOTOROLA FORM MO, SPDe1079 on die, DATE

R [ d L

4 4 4
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THERMAL RESISTANCE PROGRAM

TABLE 4.4

DETESTO~-TEMP PAINT EVALUATION SUMMARY

T oL

e

pEViCE TE _ 2N2222

LoT Nmeer 544 (SL3-05)

SPEC. REV. N0, _PROJ, 1130 (JI:%
‘ii*

Grour REY 098 syscroue Paint 'i‘éest

SUMMARY OF RESULTS OF TEMPERATURE TESTS OF "DETECTO-TEMP'' PAINT
Detectio : ;
Temp lst Paint 2nd Paint 5rd Paint 4th Paint Summary |
Paint Color Change |Color Change Color Change | Color Change | of Results
Type | Orig. | New New ' New New Meets |Satis,
Numbe® Color | Color |Temp, |Color |Temp. Color| Temp. | Color | Temp. | Mfgrs, {for
315~ ' Specs. {Project |
UNIT | emm -—- |°C ---__1°C --= | °c -——-_| °C e e

MINIMUM| ‘ 1
MAX | MUM] x’s

Ping & = e — =y
0900 |L., Blue| Blue |50°C None None None No 0
0901 %5§2§ L. .Blue{60°C | " " " Yes Yes

Pink & 80°C~-

0902 | Blue (M, .Blue|85°C " " " Yes Yes
0903 |Pink Lilac |100°C " " " Yed Yes

T3
0904 Yé ?gw Violet] 120°C " " " No Yes
0905 |Purple | None ) " " " No ")
0906 I31ye | Gredm |140°c |M. cravlissec |p, gray 170°¢ | ® No Yes
0907 [White Yellow180°C | None None None Yes Yes

L, Grn& L, Brn& o R
0908 Grggn 1L, Brn,}220°C M, Brn,|225°C iMBrn { 230%°C | " Yes Yes

Gold=-

0909 Brown Orange| 280°C |Rust 285°C None b No [No

hd
0910 | white | cread2}335°c |vellow 229’8 " " Yes |No
0923 [Pink Lilac 85°C |Gray 230°C " " No No
2]
0926 pl-Grn. L.Grgy 330°C | None " " No No
0927 Blue %LGrn. 230°C .|M. Gray|330°C ' B" No Yes
- Brm 180 "C Viole rn-
0931 Ygflgw Brownn?190°c Gray 215°C Gray | 295°C | Gray 340°C | No Yes
0934 B1-Grn.| L.Blue| 75°C |L. Gray]240°C None None No Ves
¢ m original coldr observed over r_mg_tg_&ngmxsuan&.ﬁmg?’c to Co
Specifficatior] color ¢hange femperatyre was [140°C,

) .

dherendes to sflicon Wafer ~ thajorityl of paifgt dots pame offf wafer ht or frjom
5 to 1pb°C ified collor chantfe tempefature,

DATE 11-23 {11-23 j11-23% 11-23 11-23} 11-23 {1123 11-23
STATION
INSP. age
STAMP 4-3 ]
AR T R
NAME
REMARK S TITLE
DATE

MOTOROLA FORM NO, SPD-1079
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MOTOROLA INC.

Semiconductor
Preducte Divistion

THERMAL RESISTANCE DATA

TABLE 4.5
“Detecto-Temp" temperature sensitive paint used in

DEVICE TYPE

SPEC, REV, No. ._PROJ, 1130 §JPL2
544 (SLS-OS)

PAGE 1

2N2222

OF conmmscsmmnns

LOT NUMBER

croup REY 098 sysgrour G01 .

REMARK S air g% 95"0.
(**) Color changes ol

MOTOROLA FORM NO.

SPp-1079

se d under
8 Etv\zreaae

fcroscope while power TITLE
slowly,

§

determining power levels required to change** paint colors at specific TJ levels,
After paint Top Paint Dot Bottom Paint Dot Paint Dot on Hea&r
applied to on Die (Color on Die (Color (Color changn ’
Die & Header changes at 75°C) changes at 83°C) at 60°C) ‘
6J-C 6J-A* | Power Power Power
S/N at still | Level | Notes TA level| Notes| TA level | Notes| TA
500mw | Air Appl 'd Appl'd Appl'
UN' T °c/w °cm e - °C mw - °c mwe - wn °C
M N IMUM] i
MAX I MUM %
251 117 379 [132 ——— 26,5 | 136 9155°°caf 26,5 | 124 —-—- 26.5
- 252 113 375 133 o 26,8 138 — 26,8 130 ———— 26,8
253 103 365 140 —— 26,8 200 - 26,8 136 - 26,8
254 ———— ——— e = - ——— - - — ———— ——
24Q at
255 108 370 146 m——— 26,5 170 95°C 26,5 136 - 26,5
256 117 379 —-— (1) 26,3 - (1) 26,3 136 ——— 26.3
257 102 364 —— (1) 26,0 —— 1) 26.0 120 ———— 26,0
258 | 113 375 |130 -—- 26,0 | 136 |589c°t [ 26.0 | 124 _—- 26.0
18
259 112 1375 {120 am | 26,0 | 126 | 33%:* 26,0 | 110 - 26,0
260|119 [3e1: (110 | --- [ 26.0 | 116 [35%c* [26.0 | 100 | --- | 26.0
(1) Palint applied too|thick f§o obserye changgs on dje surfape,
DATE | 12-27-- ] 1-=5 1-18 | 1-18 1-18 | 1-18 | 1-18 ]1-18 1-18 1-18 1-18
STATION| HO-01 {Bench Bench Bench | Behch | Bench| Bench | Bench | Bench | Bench | Bench
INSP. Pag
|_STavwP 4-34
] for unweﬁeﬁmcase In still N AME

DATE

v
-V
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l MOTOROLA INC. . PAGE e OF erille

THERMAL RESISTANCE DATA DEVICE Ty 2N2222

. SPEC. REV. No. _PROJ. 1130 (Jﬁg
TABLE 4.5 (Cont'd) LOT NUMBER 544 (SL3-05) i)
"Detecto-Temp" temperature sensitive paint used in growp REY 098 susgroup GO2 %
I determining power levels required to change** paint colors at specific TJ levels,
After Paint Top Paint Dot [Bottom Paint Dot Paint Dot
applied to on Die (Color on Die (Color on Header 1
Die & Header changes at 100°C) changes at 120°C) (Color changes at 75°C)
l 6J-C 6J-A* | Power ’ Power Power 1
S/N at .still | Level | Notes TA Level| Notes | TA level | Notes|.TA
500mw |: Air Appl‘d Appl‘'d Appl *'d -
l UNIT | °c/w °c/u s —~—— *c- s -— °C & omem °c
M 1IN UM ‘ : ' C P
' MAXIMUM| B T %
e — — —"_"'———-‘====!1
26] 106 368 208 - nace 26,0 240 - 26.0 170 - 26,0
' 262 116 378 205 — 26,3 245 - 26,3 165 —— 26,3
I 263 108 370 165 —-—— 26,4 180 - - 26 .4 145 ——— 26,4
' 264 107 369 175 ———— 26,3 195 - 26.3 150 — 26.3
l 265 105 367 210 - 26,5 245 - 26,3 160 —— 26,3
266 111 373 185 - 26,3 235 —— 26,3 140 ~—— 26.3
267 111 373 220 ——— 26,3 255 — 26,3 145 ——— 26,3
268 108 370 180 ——— 26,3 225 - 26,3 130 ——— 26.3
269 105 367 190 — 26,5 230 ——— 26,5 132 ——— 26,5
270 1113 575° | ==~ Q) i -— | (1) |- -—- (1) ——
(1) THis unit |used to| run paijnt check at elgvated t¢gmperature.
DATE | 12-27 1-5 1-19 . 1-19 1-19 1-19 1-19 1-19 1-19 1-19 1-19
SIQT'ON 10-01 | Bench |Bench | Bench | Bench| Bench! Bench Bench | Bench | Bench | Bench
SP. Page '
STAMP 45}{5, e s—————t——
R (*) OC-A‘-’-'m°c/w for unwelded TO-18 case in Still NAME
EMARKS "air at 25°C. TITLE

**) Color c observed under microscope while power
w's'")“a;“a“h’%gg'eﬂ' is increased slowly, DATE




3
MOTOROLA INC.
' Semiconductor PAGE oF
Prodoate Divielon
2N2222
! THERMAL RESISTANCE DATA DEVICE TYPE ;
I. ] SPEC. REV. No. _ PROJ, 1130 (JPL)
TABLE 4.5 (Cont'd) Lot mmeer 344 (513-03) —
"Detecto-~Temp" temperature sensitive paint used in crowp REY 098 gypcroup GO3 ¥ *
determining power levels required to change** paint colors at specific TJ levels, ?
After Paint Top Paint Dot Bottom Faint Dot Paint Dot on v
applied to on Die (Color on Die (Color Header (Color =,
Die &leader changes at 140°C) changes at 150°C) changes at 100°C)
0J-C 0J-A* | Power ’ Power Power
S/N at -gtill | level | Notes | TA level| Notes| TA level | Notes| TA
500mw |"Air Appltd Appl‘*d Appl‘'d
UNIT | °cpu °c I °c nw —— °c mw —— °c
M 1N IMUM|
MAX | MUM| T
271 160 422 240 —— 26,5 | 310 |3170°c | 26.5 260 —— 26,5
" . 260NKR
272 103 365" | w==- (2) 26,5 ——— (2) 26,5 310 Die 26,5
273 103 365 - (1) ——— —— (1) - - (1) -
A ZJ0 at | - 250 NR
274 110 372 330 - 26,3 360 170°Cc 26,3 260 Die 26,3
4 480 at 280 NR
275 110 372 340 ——— 26.3 390 170°C 26,3 310 Die 26,3
|
I (1) THis unit|used to run pajnt check at elgqvated tg¢mperatures,
| _
E (2) P4int applied too thick to obserye changes on die surface,
OATE |12-27 l1.5- }1-19 1-19 1-19 1-19 | 1-19 }1-19 1-19 1-19 1-19
STATION] 110-01 Bench |Bench | Bench | Bench| Bench| Bench | Benchk | Bench | Bench | Bench
INSP, Page ‘
(*) 6C-A5262°c/w for unwelded TO-18 case in st NAME
R?::?Kgo-fgg :ﬁagge(s:'obser"ed under microscope while power T!TLE -
MOTOROLA FORM NO, sPD<1079 {s fncreased slowly, DATE -
RS
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MOTOROLA INC.
’.mlconductor

Prpducte Divieleon

THERMAL RESISTANCE DATA
TABLE 4.6

"Detecto~-Temp" temperature sensitive paint used in

DEVICE TYPE
SPEC. REV. NO.

pacE— 1 of .3

2N2222

PROJ, 1130 (JPL)

Lot nmeer  Unwelded-544 (SL3-05)
GROUP REY 098 SUBGROUP K01

determining power levels required to change** paint colors at specific TJ levels, )
After Paint Top Paint Dot Bottom PaintDot Paint Dot on
applied to on Die on Die (Color Header (Color
Die & Header (color changes at 170°c) changes at 180°C) ch 20°c)

6J-C 6J-A* | Power ’ Power Power

S/N at still | Level |Notes TA Level| Notes | TA Level | Notes| TA
: 500mv || Air |Appl'd}- Appl'd Appl*'d

UNIT | °c/w °c/v e | —— °C ™ — °c e -— °c

fMIN IMUM|
MAXIMUM]
e e —— W
34 109 371 340 ——— 26,5 420 ——— 26,5 340 Die 26 .5
35 - ——— —— - - —— —-—— —— ——— -—— ——
320 NR
36 108 370 360 ——— 26,5 410 = 26,5 340 Die

: 270 _RR

37 108 370 340 —— 26,5 380 —_—— 26,5 300 Die 26.5
; 260 NR

38 128 390 300 - 26,5 350 ——— 26,5 280 Die 26,5
250 NR

39 111 373 320 — 26.5 | 340 —~— 26,5 280 Die. 26,5
340 NR

40 111 373 420 —— 26,5 440 - 26.5 420 Die 26.5
340 NR

41 104 366 460 ——— 26,5 500 —— 26,5 450 Die 26.3
: 260 NR

42 109 371 320 —— 26,5 380 - 26,5 280 Die 26,5
300 RR

43 108 370 380 ——— 26,5 440 —— ‘26.5 360 Die 26.5

DATE |[12~-27 15 1-20 1-20 1-20 - 1-20 1-20 1-20 - 1-20 1-20 1-gg

STATIONIHO-01 |Bench [Bench |Bench | Bench | Bench | Bench Bench | Bench | Bench | Bench |
INSP., '

(*) SC-A-=235°c/w for unwelded TO-18 case in still w~ame
REMARKS air at 25°C, :

(**) Color cha

es observed under microscope while power is

e o e 2 et

TITLE

DATE




MOTOROLA INOC, PAGE_2 oF 3

m Dvisieon

2N2222

THERMAL RESISTANCE DATA DEVICE TYPE
SPEC., Rev. no. _PROJ. 1130 ZJP%
TABLE 4.6 (Cont'd) Lot mmser _Unwelded-544(SL3-05)
"Detecto-Temp" temperature sensitive paint used in crowe REY 098 guperoe 1O1

determining power levels required to change** paint colors at specific TJ levels,
After paint Top Paint Dot Bottom Paint Dot Paint Dot on
applied to on Die . on Die (Color Header (Color
- (color changes at 230°C) changes at 240°C) changes at 150°C)
eJ-C 8J-A* | Power ' Power Power
S/N at still |Level | Notes TA Level| Notes | TA level | Notes| TA
500me | Air Appl‘*d Appl'd Appl'd
UNIT | °c/w *c/v W —— °C oW —— °c oW —— °C

S
Rt

|
|

46 - i - e - - - - - - — - - - — - -

610 at 220 at 460 NR
47 111 373 650 220°C 26,2 680 75°C 26,2 500 Die 26.2

0, at 200 _at
5 75°C

: [24]
48 109 371 530 °c 26,2 580 26,2 430 DgeNR 26,2

T : 520 a 200 _at G20 NR
49 24 356 - | 540 225°ct 26,2 620 75°C 26,2 450 Die 26,2

50 - e ——— ——— ——— —— ——— e ——— -—— ——

530 a 180 at 360 NR
51 110 372 540 225°c'c 26,2 560 75°C 26,2 400 Die 26,2

t 180 at 420 NR

52 |108 |37 |sso  [333°8% | 26.2 | 600 |'95°6%| 26,2 | 460 bie 26,2

53 107 369 | 580 2.2 | 620 26.2 | 480 Mo | 26,2

. 560 at 180 at L20NK
54 108 370 580 225°C 26,2 660 75°C 26,2 440 Die 26,2

55 107 369" 560 ggg °8t 26,2 640 n';g °8t 26,2 460 ag\i!_el‘lx 26,2

LIy ‘ . %,
MAXlMUM! T
45 117 379 |s80  |,389:2Y 26.5 | 650 | 38924 26,5 | 480 |°0R."%| 26.5
|

DATE | 12-27 | 15 1-21 1-21 | 1-21 1-21 | 1-21 | 1-21 1-21 1-21 1-21

STATION| HO-01 Bench | Bench | Bench | Bench| Bench] Bench | Bench | Bench | Bench Bench

INSP, ' age . g
REMARks O ©C-AR62 ‘c/w for unwelded TO-18 case in still wame v
» air at 25°C. (**) Color changes observed under TITLE

MOTOROLA FORM NG, $PDe1079 g:{.gsfgcope while power i{s increased oparve

b e o N




MOTOROLA INC. « PAGE__3 OF —3

THERMAL RESISTANCE DATA  DEVICE Twe _2N2222

l. ~ SPEC. REV. No. _PROJ. 1130 C(JPLY
_ . TABLE 4.6 (Cont'd) LoT mmecr _Unwelded-544 (SL3-05)
"Detecto-Temp" temperature sensitive paint used in crour REY 098 syserour MO1 &
l determining power levels required to change** paint colors at specific TJ levels, *
| After paint Top Paint Dot Bottom Paint Dot Paint Dot on Heaérgr
applied to on Die (Color on Die (Color (Color changes at
Die & Header changes at 330°C) changes at 340°C) 230°C) -
8J-C 8J-A* | Power ‘ Power Power
] s/ at still | Level | Notes | TA .| Level| Notes| TA level | Notes| .TA
500m¢ |icair’ | appl'd appl'd appl'd 7
I UNIT | °cAs e/ | mw -— °c s — °c o — ‘ °c
 MiN v ~ 2
' MaxiMum f
P — e e e e
(ﬁ 525_at §§3 at
, 56 111 373 700 230°C 26,4 665 295°C 26,4 630 - 26.4
I 2 500 522
57 124 | 386 |610°2| 330°8%| 26.4 | 630 [33%°8 | 26,6 | 625 | --= | 26.4 |
' (Y| 560 _at 560 at
58 106 368 675 230°C 26,4 775 185°C_} 26,4 750 —— 26.4
I so__ |10 363 16650 123609:%] 26,4 | 735 3508|264 |eos | -o- | 26.4 |
' 60 102 366|750 ] 389,83t 56 4 | so5 9323t | 26,4 [8a0 | —-- | 26.4
: 8 630 AIT HDR
I 62 101 363 730(1) 333"31: 26,4 | 805 {575°G" | 26,4 | 735 at 910 | 26,4 |
1) | 540 _at 540 at
63 112 374 675( ) 230°C 26,4 790 185°C 26.4 705 = 26.4 |
66 - |116 578 665 0 | 339°8| 26.4 | s10 |359e3% | 26,4 | 750 [AILEDR o6 4 |
, 4 455 at .
65 122 386" 610(2) 2§3°§t 26,4 630 21s5°a _2614 770 - 26.4
(1) Palnt turnfad totally gray at abojt 1050 jw,
(2) Pafnt turnpd totally gray at abouyt 980 mp,
DATE -|1-21 | 31.5 1-21 1-21 | 1-21 | 1-21 [1-21 f1-21 f1-21 | 1-21 | 1-21
S Rg—tBench {Bench Bench |Bench M_Fggmmmmn_mmm,
STAVP — 4-59 ‘
R (*) eC-AT262°c/v for unwelded TO-18 case in still  NaAmE y
EMARKS air at 25°C. i**) Color changes observed under TITLE -
microsgip."ghi e power is increased showly, DATE

MOTOROLA FORM NO,

1 o L



MOTOROLA INO.

Semiconductor
w- Ditvision

THERMAL RESISTANCE DATA

TABLE

4.7

"Detecto~Temp" temperature sensitive paint used in

DEVICE TWE

oF 3

PAGE—1

2N2222

SPEC. REV. NO. _ERQl._lllLﬂELL_.
Lot nmeer _Unwelded-544 (S1.3-05)

crowp REY 098 sypcpoue AO1 ';:

|
|
P
|
|

|
l
|
|

REMARK S (*) 6C-A=110°c/w for TO-18 case in moving air

at 100°C, (**) Under microscope after 2 min,
appl. of power & removal of cap,

MOTOROLA FORM NO,

SPD-'OT.

NAME

determining TJ by application of design power Tevels and observing*paint color chan
after paint After welding Top paint Dot | Bottom paint Paint d°f-
applied &beford cap to header on die dot on die on header
lcap welded 170°C 180° l20°C

eJ-C 6J-C |6J-A* |Design | Power| Did Did Did
S/N at at 100°C |junctn | Level | Color | Notes | Color | Notes | Color Notes
500mw |, 500mw | 500ms { Temp, Appld. Change .Change Change

UN ' T °c/w Oc/‘, °CN °c s o oo o - anew - ones L - - -
lMINlMUMI
MAXIMUMi é’

1 104 106 216 175 347 yes ——— no —— no —

2 109 111 221 175 339 yes —— no - ne ———

3 113 N P — ——— S IS . ——- - —

4 105 108|218 175 346 | yes | === |no - no -

5 101 S g ——— -— R T [ T = _—

6 186 192 302 175 248 yes ——— no —— no -

7 108 114 224 175 335 yes —~—— no —— no ——

8 114 120 230 175 326 yes - no ——— no ——

9 103 106 216 175 347 yes — no —-—— no ——

10 109 111 221 175 339 yes === 0o — no ———

11 —-——— — - - —— ——— -—— e ——— -— ——

DATE 12-18 12-27 |1-21 1-22 1-22 | 1-22 1-22 1-22 1-22 1-22
STATION|HO-01 HO-01 Rench Bench | Bench| Bench |Bench | Bench | Bench | Bench

INSP, Page '

STAMP I I T U S —

TITLE

DATE
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MOTOROLA INC. 2 B
I Semiconductor PAGE OF 3
Mrodvate Divielon )
2N2222 N
THERMAL RESISTANCE DATA DEVICE TYPE
i SPEC. REV. No. ___PROJ, 1130 (
Un ded- X ol
TABLE 4.7 (Cont'd) Lot nmecr twelded-544 (S15-03)
"Detecto~Temp" Tempetature Sengitive Paint Used in GmREY 098  suscroUP 301 k)
I determining TJ by application of design power levels and cbserv a '
After Paint After weldipg Top paint dot [Bottom paint Paint dot:
applied &bafor cap to header on die dot on die on header’
cap welded 230°C 240°C 140°C
l 8J-C | @a-C | eJ-A*| Design] Power| Did pid Did .
S/N at at 100°C| Junctn| Level | Color | Notes| Color | Notes | Color | Notes
500w} 500mw | 500mw| Temp., | Appl'd Change Change Change
I UNIT | %e/w e/ e/ °c mw - - | - - - —-—
MIN IMUM| : ' tf
MAX | MUM|
e e —— e ——— e
12 112 116 | 226 235 597 ves | === lno - yes -
: 13 101 105 215 | 235 628 yes - no — yes -—
14 110 116 226 235 597 yes ——— no —— yes ————
)
' 15 106 111|221 235 611 ves | === |no -— ves —
|
l 16 122 126 | 236 235 572 no — nd — yes ——
I 17 109 114 | 224 235 603 yes | === . | no — yes —
|
' 18 107 111 221 235 . | 611 yes | --= | yes ——— yes -—
I 19 103 108 218 235 620 yes — no ——— yes ————
|
I 20 ——— ——— - —— - - — ——— — — ———
21 ——— —— —— — — ——— ——— | - -—— ——— ——
t 22 110 114 224 235 603 yes ——— no ——— yes ——
DATE 12-18 |12-27 1-21 1~22 1-22 1-22 1-22 1-22 1-22 1-22
STATION| HO-01 | HO-01 | Bench Bench | Bench| Bench | Bench | Bench | Bench] Bench
INSP, Page ‘ "
STAMP . 4-41 ' }
A
NAME

ARK S (*) 6C-A=110°CA for TO-18 Case in moving air at v
00°C, (**) Under microscope after 2 min. appl., of power '''-E 2 Y
MOTOROLA FORM NO. SPD-107% & removal of cap. "DATE : -

. | ‘




b

' MOTOROLA INO. PAGE 3 oF fl

Semiconductor
Preduetes Divisleon

| . THERMAL RESISTANCE DATA DEVICE TYPE 2N2222

; . SPEC. REV. NO. 1130 (JPE
_ , TABLE 4.7 (Cont'd) LoT mmeer  Unwelded-544 (SL3-~05)
| "Detecto-Temp” temperature sensitive paint used in chowe REY 098 gipcroe CO1
determining TJ by application of design power levels and observing Tpaint color cﬁangﬁ_ PO |
After paint After welding Top Paint Dot [Bottom Palnt Palnt Dot -
applied &beforeg cap to header on Die Dot on Die on Header
¢cap welded 330°C 340°C 230 °C
eJ-C | 8J-C aJ-A*| Design| Power | Did Did ' pid
S/N at at 100°C|{ Junctn| level | Color | Notes | Color | Notes | Color | Notes
500mw |, 500mw | 500mw| Temp. | Appl‘’d Change Change Change
UNIT ®e/w | %efw | %e/w °ec Y
M 1N T MUM| i
MAX I MUM] ‘
1Tty
23 114 118 228 335 1030 yes —-— yes white | Yes ———
. . b - urpl
' 26 | 113 120|230 355 | 1025 | yes |veilow|ves  |brown | ves | ---
i 25 | 109 | 114 226 | 335 | 1050 | yes |uivies|ves [Buebns| ves | ---
- % 1t,
gray
I 26 107 116 | 226 335 1040 | yes | ——= | yes rn | yes ——
Brown-
27 109 112 222 335 1060 yes —— yes L-pray | Yes ——
' brown-
' 28 103 106 - 216 335 1090 yes -_— yes L gray| Yyes ———
. Brown-~
' 29 |106 | 113 223 | 335 | 1055 | yes | -—= |yes |1 gray| ves | ---
l' 30 104 108|218 335 1080 | yes | -~- | yes TNy | ves -
31 110 114 | 224 335 1050 | yes | -—- | yes |3 oray| ves -
brown~-
32 108 113 223 335 1055 yes ——— yes L gray | Yes ——
DATE | 12-18 | 12-27 |1-21 1-22-| 1-22-] 1-22 [1-22 | 1-22 | 1-22 | 1-22
51;:‘%0" H0-01 | 10-01 | Bench Bench| Bench| Bench| Bench | Bench | Bench | Bench
. ag . b
STAVP 4242
REMARKS (*) ©C-A=110°CA/ for TO-18 Case in moving air at NAME = v
100°c. €**) Under microscope after 2 min, TITLE v

MaTOROLA FORM NO. SPD-1079 appl, of power & removal of cap. DATE Y
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MOTOROLA INC.
l Semiconductor : THERMAL TMPEDANCE PROGRAM Pace—l— . oF.if—
Frodusts Breren TEMPERAT URE- INDICATING PAINT METHOD ‘
(CALCULATED DATA) DEVICE TYPE _2N2222 -
SPEC. REV. NO. .Iml._llilm__
) TABLE 4.8 LoT NmBeER _544 (S13-05) 7
Rowp REY 098 suscrowr GO1 -
Comparison of calculated power level and observed power level req'd to reach TJ and TH
Ambiént Power req'd, to Power req'd to Power req'd to ;
Temp, raise TJ to 75°C raise TJ to 83°C raise header to 60°C
8J-A* | calc., |Observ, Calc., |[Observ, Calc, | Observ] - .
S/N | TA still | Power |Power |Error | Power |Power | Error | Power | Power | Brror
,air lewel |Level Level |Level Level | level
UNIT | °g e | mw o) % i) ™ % mw ) g
M N UMY : P
MAX | MUM| | 7
251 26,5 379 128 132 -3,1 149 136 8,7 128 124 3.1
: 252 26,8 375 129 133 'l =3,1 150 138 8,0 127 130 -2,4
258 | 26.8 365 [132 140 4 -6,1 | 154 | 200 }29,9 127 1136 |-7.1
|
' 255 | 26,5 ! 370 (131 {146 .-11,5 | 153 | 170 }11,1 128 {136  |-6,3
' | 256 26,3 379 129 —— —== 150 o -== 129 136 5,4
' 257 26,0 364 135 —_—— —— 157 ——— | ——— 130 120 7.7
I 258 26,0 275 131 130 0.8 152 | 136 10.5 130 124 4,6
259 26,0 275 131 120 8,4 152 124 18,4 130 110 15,4
260 26,0 381 129 110 ;14,7 150 116 -} 22,7 130 100 23,1
I | MEAN FRROR: 6.8 15,6 8.3
DATE 1-18 1-18 1-18
STATION ,
l INSP, ' Page - v
STAMP 4=43
NAME .

*Baged on 6C-A of 262°c/w for unwelded TO-18 case
I REMARKS “in still air at 25°C. TLE

MOTOROLA FORM NO. SPDe1079 DATE . —




|~
|
F
|
|
|
I
|
|
|
|
,.

|

MOTOROLA INC. 2 ) =6
Semiconductor . THERMAL IMPEDANCE PROGRAM PAGE OF e

Frodusts Guisies TEMPERATURE-INDICATING PAINT METHOD
(CALCULATED DATA) DEVICE TYPE _2N2222 :
’ - SPEC. REV. No. _PROJ, 1130 (JPL
TABLE 4.8 (Cont'd) LoT NumBer 544 (SL3-05) h
GRouP RBY 098 suscroup (02 :
Comparison of calculated pover level and observed power level req'd to reach TJ and E _
Ambient Power req'd to Power req'd to Power raq'd to -
Temp. raise TJ to 100°C raise TJ to 120°C raise hecader to 75°C
8J-A | Calec, |Observ, Calc,.|Observ, Calc, | Observ] -
still | Power |Power |Error Power| Power | Error | Power | Power Error
S/N TA , air Level |Level level| Level level | Level |
UNIT °C °c /i W W % ™ ™ % ™ e S g
IMIN1MUM] . %’
MAX | MUM|
—_— e e —————
261 26,0 368 201 208 ~3.,5 255 240 5,9 187 170 9,17
262 |26.3 | 378 |195 {205 | -5,1 | 248 | 245 1.2 | 186 165 [11.3
263 26.4 370 199 165 17.1 253 180 :28,9 185 145 21,6
264 26,4 369 1199 175 12,1 254 195 23,2 186 150 19..4
265 26,3 367 201 1210 -4.5 255 245 3.9 186 160 14,0
266 26,3 373 197 185 6,1 251 235 6,4 186 140 @4-7
267 26,3 | 373 {197 |220 -11,7 | 251 | 255 |-1.6 | 186 145 |22.0
268 26,3 370 199 180 9.6 253 225 11,1 186 130 0,1
269 26,5 367 200 190 5.0 255 230 9.8 185 132 28,7
270 —— e - — . ——— 20 —-——- e Gk
MEAN ERROR: 8,3 10, 2 b0, 1
DATE 1-19 1-19 -19
STATION .
INSP. Page - —
STAMP L-44 .
SRS e S e————
NAME 2 o
REMARKS TITLE i -
_ i v

B
MOTOROLA FORM NO, SPDe1079 DATE ty v

e N L



MOTOROLA INC. : PAGE 3 -6

Semiconductor THERMAL IMPEDANCE PROGRAM OF e
Fridusts Divisien TEMPERATURE-~INDICATING PAINT METHOD _
(CALCULATED DATA) DEVICE TYPE _ 2N2222 P
i - SPEC. REV. no. PROJ. 1130 JP
: TABLE 4,8 (Cont'd) LOT NuMetR SL3= “
crowp REY 098 syscroup GO3 i
Comparison of calculated power level and observed power level req'd to reach TJ and
Ambient Power req'd to Power req'd to Power req'd to
Temp. raise TJ to 140°C raise TJ to 150°C raise header to IOO'C
e8J-A Calc, |Observ. Calc,.|Observ Calc, | Observ|
Sl SN TA still | Power |Power |Error Power| Power | Error | Power | Power Error
' air level |level Level| level Level | Level
WiTl °c |/ | ow | we % w | o 2 | m Y L
{MININUM] . "
MAX | MUM] "
271 26.5 422 269 240 10,8 293 310 ~5,8 280 260 Sl
272 26,5 365 311 _— -— 338 ——— ——— 280 310 ~10,7
l 273 - -— _— ——— _— - o P - ——
| 274 26,3 372 306 330 -7.8 333 360 -‘-8,1 281 260 7.5
l 275 26.3 372 306 340 11,1 333 390 -17,1 | 281 310 10,3
I MEAN ERROR: 9.9 10,3 8.9
DATE 1-19 1-19 1-19
| |STATION i
| INSP. Page : Y
STAMP 4~ 45
. — e ssnma— _—*
’ NAME . i
' REMARKS *Power levels 5 to 15% lower near die, TITLE Y

MOTOROLA FORM NO. SPDe1079 DATE ¥ v




MOTOROLA INC. PAGE—4  OF el
' Semiconductor THERMAL IMPEDANCE PROGRAM .
Frodusts Dvisien TEMPERATURE-INDICATING PAINT METHOD
(CALCULATED DATA) DEVICE TYPE _2N2222
l' SPEC. REV. No. _PROJ, 1130 .
TABLE 4.8 (Cont'd) LoT Nnumeer 544 (SL}-OS) —
growp REY 098 sypgroue KO1 7
l Comparison of calculated power level and observed power level req's to reach TJ and TH
Ambient Power req'd to Power req'd to Power req’'d to
Temp. raise TJ to 170°C raise TJ to 180°C raise header to 120°C
eJ-A |cale. |Observ. Calc,|Observ, Cale, | Observ] ™
S/N TA still | Power |Power |Error Power|Power | Error | Power | Power | Error
, air level |Level Level|level Level | Level 2
UNIT | °g °c/w e m % mw w | % Y ) S %
| MINIMUM ' : ' &
. ~%
MAX | MUM|
— — — =%======ﬁ===#
| 34 26,5 371 387 340 12,1 414 420 -1.5 357 340 4,8
l 36 26,5 370 388 360 7.2 415 | 410 1,2 357 340 4.8
' 37 26,5 : 370 ~388 340 12,4 415 380 8,4 357 300 16,0
' 38 26,5 390 368 300 18.5 394 350 11,2 357 280 g_; N
I 39 26,5 373 385 320 16,9 412 340 17.5 357 280 21,6
40 26,5 373 385 420 -9.1 412 440 -6.8 357 420 -17,.7
\
' |41 26,5 366 392 460 H7.4 419 .500 -19,3 | 357 450 ~26,1
I 42 26,5 371 387 320 17,3 414 380 8,2 357 280 21,6
43 26,5 370' 388 380 2.1 415 440 i -6,0 357 360 -8 4
MEAN ERROR: Y 12.5 8,9 -1%.8
DATE 1~20 1-20 1-20
STATION k
INSP, Page ‘ < 4
STAMP 4-46
NAME
REMARKS *Power levels 5 to 25% lower near die, TITLE \ L

MOTOROLA FORM NO, SPDe1079 : DATE

: R
i .54

U, R — ; = A —



' Mo omsctor THERMAL IMPEDANCE PROGRAM PAGEL 3 or—6
Froduste Divisten TEMPERATURE-INDICATING PAINT METHOD
: (CALCULATED DATA) peEvice Twe _2N2222
; SPEC. REV. NO.
TABLE 4.8 (Cont'd) LoT Mmeer _544 (S13-05) -
GRP REY 098 suschow 101
I Comparison of calculated power level and observed power level req'd to reach TJ and
Ambient Power req'd to Power req'd to Power req'd to f;
Temp. raise TJ to 230°C raise TJ to 240°C raise header to 150°C
l 0J~A | Calc. |Observ, Calc,.|Observ, Calc. | Observ|
S/N TA still | Power |Power Error Power| Power | Error Power | Power | Error
, air Level [Level Level| Level level | Level
l UNIT | <@ °c/w ) o™ % o o™ % v ) %
M1 N 1MUM| : : §
l MAX | MUM] . '
45 26.5 379 538 580 -7,8 564 650 2.5 472 480 -1,7
l 47 26,2 373 596 650 -19,0 574 680 -18,5 473 500 =5,7
l 48 26.2 371 550 530 ) 3,6 577 580 ;0 5 473 430 9.1
I 49 26,2 356 572 540 5,6 602 620 -3.0 473 450 4,9
I 50 S I S pe N [ e I [ e ——
51 26,2 372 548 /540 1.5 575 560 2.6 1473 400 15.4
52 26,2 370 552 550 0.4 5(78 600 -3.8 473 460 2,8
53 26,2 369 553 580 =49 580 620 -6,9 473 480 -1.,5
54 26,2 370, 552 580 1 =5.1 578 660 ' -14,2 473 440 - 7,0
55 26,2 | 369 553 560 -1,3 580 640 -10,3 473 460 2,8
MEAN HRROR: 5.5 6.9 5.6
DATE 1-21 1-21 1-21
E STATION
INSP. P .
- [T 4857 .
’ . R ———— y
' REMARKS *Power levels 5 to 10% lower near die', 'r':"r\:: Y
MQTOROLA FORM NO. $PD=1079 DATE :
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MOTOROLA INC,

Semiconductor
Prosucts Divisien

THERMAL IMPEDANCE PROGRAM
TEMPERATURE-INDICATING PAINT METHOD
(CAICULATED DATA)

SPEC. REV. NO,
LOT NUMBER

TABLE 4.8 (Cont'd)

Pace—S

DEVICE TWPE _2N2222

or.,,..ﬁ__.

-
B

544 (SL3-05) éﬁ

rowe REY 098 supcroup  MO1i:

Comparison of calculated power level and observed power level req'd to reach TJ ang‘»gn"“ ]
o
Ambient Power req'd to Power req'd to Power req'd to ¥
Temp, raise TJ to 330°C raise TJ to 340°C raise header to 230°C
8J-A {Calc, |Observ, ‘Calc.| Obsery. Calc, | Observ, .
S/N ‘TA still | Power |Power Error Power| Power | Error Power | Power Error -
_air Level f{lLevel Levell lLevel level {level | %,
UNIT | °g ‘ol | mw I % W I % me |l A
[MINIMUM - ‘ %
o e
MAX 1 MUM|
— —— =L.._—_—._f — e — |
56 26,4 373 814 700 14,0 840 665 20,8 777 630 8.9
57 26.4 386 786 610 : 22,4 812 630 22,4 777 625 19,6
58 26,4 368 824 675 18,1 852 775 9.0 777 750 3.5
59 26,4 363 836 665 20,5 864 735 114.9 772 805 L3 6
60 26,4 364 834 750 10.1 862 805 6.6 777 840 -8,1
61 - e - nd o d bk — =y Ll bl -—aa on - oy - s e - w - v = - g -
62 26,4 363 836 730 12,7 864 805 6.8 777 735 5.4
63 26,4 374 812 675 16,9 838 790 5.7 777 705 9.3
64 26,4 378 804 665 17.3 830 510 2.4 777 750 3.5
65 26,4 384 791 610 22,9 817 630 22,9 777 770 0.9
MEAN ERROR: 17.2 12,4 8,1
DATE 1-21 1-21 1-21
STATION
INSP, Pag ~
: NAME r
REMARK S TITLE —
MOTOROLA FORM NG, SPDe§079 DATE I
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MOTOROLA INC.

Semiconductor
Products Diviston

THERMAL RESISTANCE DATA

PAGE 1

DEVICE TYPE _2N2222

OF

SPEC. REV. NO, _P.B.QL_l_EQ_(m____

TABLE 4.9

LoT M.MER 531

I TNy TN N EE T Iy G BN v T O s = - ..

GROUP R‘EY 098 SUBGROUP Watei Bath
Verification of Bench 8J-C measurement accuracy by water bgt_b_n_gthod % A
1274] - ] : N
'Ig 'stg;:t = -1.84mv/%c Test device immersed in circulating s
VCE = 12,5V deionized water for all measurements, ‘ ;‘
AVBE 6J-C TC VBE c) VBE
SN at at Cold Cold Hot Hot
500mw |, 500mee Water Water
UNIT v °c/w °e Volts °C Volts |
[MIN1RUM] {
MAXlMUMI
T — = ———— — ——___ {
5 7 113 122.8 23,2 .683 85,6 2570
(1) Hot waten temperhture adjusted to levell requirdd for change i} VBE frpm cold prater
vialue tolbe 113 hillivolts, This correlsponds fith thelAVBE vllue obskrved o the . |
bench tegter wheh devicqd was digsipating 500 milliwattp,
DATE 11-24 11-24 11-24 11-24 11-24 11-24
STATION{ Bench Bench Bench Bench Bench Bench
INSP, P g " .
STAMP - l 2-29 \
NAME -
DATE A

MOTOROLA FORM NO, 3PD-107%




_ MOTOROLA INC. pace_l oF 1
Semiconductor . . .
| Froauets Grioie THERMAL RESISTANCE PROGRAM 0222
. WATER-BATH METHOD DEVICE TYPE g’; = TS
' (CALCULATED DATA) SPEC. REV. NO. 2 o
. ) LoT numeer 531 (SL1.3-05) bt
TABLE 4,10 crowe REY 098 supcrove WATER-BATH TEST
Calculation of 6J-C from bench test and by water-bath method. ' ;;
8J~C measured 6J-C calculated by determining change in water-bath
on bench tester, temperature req'd to produce same AVBE as bench tester, H
eJ-~C ' , 8J-C
S/N at |AVBE ATC at Error
© |500 mw 500 mw
UNIT Y] mv °C e/ %
IMIN Muv b
t«AxMUMI
= —_— =====:—-_——=:==#===-
E 5 122.8 113 62,4 124,8 1.6
DATE |12-6 1-24 1-24 1-24 1-24
l STATION| pench | Bench Water | _ Water Water
INSP. P g ] . N w
Bath - Bath Bath
NAME A LA
1 R;MARKS TITLE v
MOTOROLA FORM NO. SPD1079 ' : DATE H -
i R m




REPEATABILITY TEST

Transistor Type 2N2222

Lot 544 (SL3-05)

REY 098 EO1
VCE = 11.9V, IC = 42mA

READOUT (°C/W) C.V.

SERIAL
NO. | 4 2 3 4 5 6 7 8 9 10 %
126 111 113 115 114 114 117 113 112 113 112 | 1.059
127 112 109 115 111 112 109 109 -108 107 112 | 2.186
128 106 106 105 105 103 107 104 105 103 105 | 1.227
129 117  1is 117 117 116 117 116 116 115 118 .729
130 112 111 112 116 111 112 111 112 113 110 | 1.458
131 114 114 113 114 114 111 112 110 110 114 | 1.521
132 135 134 135 133 133 133 133 131 135 130 | 1.266
133 115 114 117 113 118 116 114 112 113 114 | 1.656
134 119 117 120 120 116 119 117 119 117 118 | 1.183
135 112 113 114 111 114 113 114 113 112 112 .916
136 121 122 122 123 122 123 123 122 123 123 .571
137 112 110 112 113 113 112 109 110 110 112 | 1.274
138 120 117 117 119 115 116 117 117 117 116 | 1.238
139 121 114 113 115 115 112 113 114 113 114 | 2.188
140 111 107 109 109 108 107 107 107 109 108 | 1.217
141 118 115 113 113 114 112 113 113 113 112 | 1.564
142 124 127 125 127 126 125 125 124 123 126 | 1.052
143 142 142 143 143 140 142 143 142 142 144 T44
144 114 115 117 116 .115 115 116 117 115 118 | 1.062
145 121 119 121 122 121 118 119 120 118 121 1.179
146 112 113 112 112 111 113 111 112 112 113 .658
147 113 112 109 111 111 110 113 111 110 109 | 1.307
148 122 122 122 119 121 120 121 _ 120 122 119 1.018
149 118 117 115 115 114 115 113 112 114 119 1.911
150 115 116 117 117 116 117 116 115 116 114 .858

Table 4.11
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REPEATABILITY TEST
Transistor Type 2N2222
Lot 544 (SL3-05)
REY 098 EO1
VCE = 11.9V, IC = 42mA

SERIAL . READOUT (°C/W) C.V.
NO.

1 2 3 4 5 6 7 8 9 10 %

151 117 117 116 115 118 114 116 116 115 115 1.033
152 111 111 112 113 114 113 111 112 110 111 { 1.100
153 112 114 110 111 109 109 107 11¢ 110 1101 1.700
154 111 108 112 109 111 110 108 107 109 108 | 1.497

155 109 111 109 111 109 110 109 108 108 109 .969
156 114 114 114 114 113 113 112 111 110 110 | 1.467
157 108 109 108 108 107 109 106 108 108 107 .852

158 113 111 112 110 111 112 110 111 109 108 1.350
159 120 121 120 121 124 124 122 120 120 120 | 1.336
160 118 116 120 118 116 117 115 116 116 116 1.263
161 113 116 113 114 112 112 113 111 110 112 1.462
162 119 115 115 113 116 114 115 114 116 114 | 1.445
163 128 129 126 130 127 126 128 127 126 125 1.218
164 100 101 102 103 100 104 101 102 101 101 | 1.251
165 120 117 118 121 119 119 119 118 118 117 1.067
166 116 117 112 115 115 114 113 113 112 112 | 1.573
167 11 113 113 113 112 110 109 111 112 110 | 1.284
168 122 118 120 118 120 120 116 117 117 121 | 1.656
169 123 119 118 119 119 118 118 118 117 117 1.444
170 122 123 121 123 122 121 123 123 123 123 .689
171 110 110 111 112 108 108 112 111 111 110 | 1.286
172 122 118 118 119 117 117 121 120 119 119 1.372
173 111 112 110 113 114 114 113 113 112 113 1.128
174 112 111 113 112 111 109 109 109 110 110 | 1.293
175 116 115 113 117 116 114 112 117 114 117 1.557

Table 4.11 (Cont.)
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REPEATABILITY TEST

Transistor Type 2N2222

Lot 544 (SL3-05)

VCE = 11,9V, IC = 42mA

REY 098 EO1

SERIAL READOUT (°C/W) c,v. -
N1y 2 3 4 s 6 7 8 9 10| %
176 120 120 117 119 118 120 117 118 119 120| 1.035
177 117 118 119 118 119 121 118 117 119 119} .995
178 125 123 125 123 126 125 122 124 124 125 .990
179 125 126 122 122 123 121 121 123 122 121 1.397
180 112 109 110 110 110 111 111 110 110 109| .834
181 112 114 114 113 111 112 112 112 111 112| .943
182 118 122 118 120 117 116 117 121 118 119{ 1.600
183 111 107 109 111 108 109 107 108 109 109| 1.285
184 117 115 115 117 115 117 114 115 116 117| .980
185 110 108 111 109 106 105 108 108 108 106| 1.717
186 108 111 111 109 108 110 109 108 107 107{ 1.356
187 118 120 120 118 115 117 116 118 120 119 1.464
188 108 112 108 109 108 107 109 108 108 110} 1.305
189 118 118 119 116 116 118 117 117 116 118| 1.000
190 109 112 109 109 109 113 110 109 109 112} 1.449
191 117 116 114 116 116 116 115 115 114 114| .919
192 112 113 114 112 112 113 113 111 111 112| .845
193 115 113 111 113 114 112 113 111 112 112] 1.123
194 119 120 119 118 116 118 120 118 117 119]| 1.068
195 119 123 124 122 121 119 121 120 123 121 1.404
196 110 110 113 110 110 110 110 109 108 109 1.171
197 114 113 111 115 113 112 111 110 112 114} 1.405
198 111 113 114 113 112 114 112 112 112 113| .858
199 116 117 114 115 115 115 117 113 115 117| 1.170
200 107 107 108 107 108 106 105 106 106 106| .906

Table 4.11(Cont.)
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REPEATABILITY TEST
Transistor Type 2N2222
Lot 544 (SL3-05)
REY 098 EO1
VCE = 11.9V, IC = 42mA

TTENET VY W B I T BT m A aw o =

SERTAL READOUT (°C/W) , C.v.
NO.
1 2 3 4 5 6 7 8 9 10 %
201 | 113 112 111 111 113 113 110 112 113 115 | 1.263
202 |119 120 118 121 120 117 1i8 117 117 117 | 1.272
203 |106 110 108 105 107 107 105 107 108 108 | 1.423
204 |120 120 118 120 119 119 119 119 117 118 .836
205 115 116 117 118 116 115 114 114 113 113 | 1.445
206 122 121 118 118 121 118 116 120 123 123 | 2.003
207 112 112 112 114 116 111 116 114 114 113 | 1.510
208 |110 112 111 109 109 114 114 112 112 109 | 1.738
209 |111 117 113 112 110 112 113 110 110 110 | 1.969
210 {110 112 110 110 109 107 108 108 108 110 | 1.351
211 | 125 126 125 126 128 125 127 124 125 125 .935
212 | 114 112 112 111 112 113 112 110 115 1i0 | 1.423
213 | 120 123 123 119 121 123 122 123 123 123 | 1.222
214 |116 113 116 115 112 114 112 113 113 116 | 1.432
215 111 110 111 112 112 112 110 110 110 110 .829
216 97.1 100 100 98.4 97.8 98.2 96.5 98.0 96.6 96.5| 1.337
217 127 122 125 123 125 121 120 123 124 123 | 1.669
218 109 106 107 105 106 108 106 105 105 105 | 1.317
219 112 116 112 112 113 114 113 113 115 112 | 1.235
220 | 109 111 112 114 113 112 113 112 113 110 | 1.362
221 126 126 126 126 123 126 124 123 123 125 | 1.121
222 117 114 116 115 113 114 115 113 114 114 | 1.109
223 116 117 116 118 116 117 118 120 118 117 | 1.067
224 112 114 111 116 112 113 112 112 112 112 | 1.270
225 105 106 110 105 107 106 107 107 107 109 | 1.492

Table 4.11 (Cont.)
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5.0 PHASE III TESTS - MEASUREMENT OF 8J-A

5.1 Test Design and Modifications of Original Test Program

Due to problems or circumstances not contemplated at
the time the Motorola proposal was submitted, several modifica-
tions of the original test program were necessary. In no case
was the scope, intent, or effort om the program reduced.

5.1.1 Measurement of 6C-A

Due to instrumentation problems and handling diffi-
culties associated with 3 mil copper-constantan thermocouples
bonded to the cases of the 2N2222 devices, the original sample
size was reduced from 25 to 6. Multiple readouts were made to
compensate for the smaller sample. The power levels used were
modified from the proposed 250-500-833mW to 500-662-778mW to per-
mit the case temperature verification tests (Section 5.5) to be
performed with available types of Detecto-Temp temperature-indi-
cating paint. The thermocouples were bonded to the index tab of
the header flange for solid bonding properties rather than to
points determined by prior experimentation. The test program was
expanded to include 6C-A measurements in still ambient air, in
moving ambient air, and in 125°C moving air, as well as the pro-
posed 100°C moving air test.
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5.1.2 Measurement of Maximum Junction Temperature

Since the devices for this test were identical to
those used for 6C-A measurements, the problems and program
changes described in Section 5.1.1 above also apply. In ad-
dition, the forward voltage drop of the base-emitter diode
(VBE) was measured at a current of 2.0mA rather than the origi-
nally proposed 100uA to permit working in a more linear (and
thus repeatable) portion of the diode forward characteristic.

5.2 Method used for Determining 6J-A

Since the path of flow for the heat dissipated in a
transistor junction is through the series path consisting of
the 6J-C and 6C-A of the device, the total thermal resistance
between junction and ambient (6J-A) must be the sum of 6J-C and
6C-A. Expressed mathematically,

8J-A = 8J-C + 6C-A (1)

A method for accurately measuring 6J-C for individual
transistors was developed during Phase I tests (see Section 3.1).
Therefore, if an accurate method of measuring 6C-A were to be
developed, 6J-A could be calculated from equation (1).

8C-A is defined by equation (2) below and is essential-
ly a function of the package and ambient air conditions. It is
the same for all transistors mounted in the same package under
the same ambient air conditions.

5-2
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Since the proposed JPL Accelerated Life Test Program
testing is to be performed in forced air (horizontal flow) ovens
at +100°C, the value of 6C-A for the TO-18 package (used for
2N2222) was determined under these particular conditions. It
was also determined for still ambient air, moving ambient air,
and 125°C moving air.

0C-A = IC - TA where TC = Case Temperature
P TA = Ambient Temperature (2)
P = Power Dissipation

The actual value of 6C-A was found by accurately meas-
uring TC, TA, and P, and calculating 6C-A using equation (2).
The measurement technique used for determining 6C-A is described
in the next section.

5.3 Measurement of 6C-A

To perform the 8C-A measurements, an oven with socket
configurations and air flow characteristics similar to the type
that would be used on the proposed JPL Accelerated Life Test Pro-
gram was fabricated. Six Motorola 2N2222 devices (from production
lot 544), selected on the basis of their original 6J-C values, had
3 mil copper-constantan thermocouples bonded (Eastman 910 cement)
to the transistor case (TO-18) at the point where the index tab
extended from the welding flange. The devices were retested for
8J-C on tester HO-0l. No significant change in 8C-A resulted
from bonding the thermocouples.
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Initial testing was performed on three units in still
ambient air at the 500mW power level. The case temperature was
measured with the 3 mil thermocouples on a Honeywell Model 2733
potentiometer. Room ambient temperature was read on an expanded
scale (.1°C/division) laboratory thermometer. The change in VBE
was measured on the bench tester using the Tektronix CRO.

The three devices were loaded into the test sockets in
the oven and the thermocouple leads brought out for connection
to the potentiometer. The oven blower was turned on but the heat-
ing elements were left off and measurements were made of TC and
AVBE with 500mW applied in moving ambient air., The oven was sta-
bilized at +100°C (monitored by another copper-constantan thermo-
couple located inside the oven). Power (500mW) was applied to
the devices through the bench tester circuit so that the power
level could be accurately measured and the value of AVBE deter-
mined. The thermocouple attached to the case of the transistor
under test was monitored until the TC reading had stabilized. This
value of case temperature and power level, together with the 100°C
ambient temperature, was used to calculate 6C-A for the 100°C mov-

ing air conditiom.

Following these initial experiments with three devices,
all six units were measured in still ambient air and moving ambient
air at the 500mW power level. The six test devices then had sev-
eral dots of Detecto-Temp temperature-indicating paint applied to
selected points on the outside of the case for the case temperature
measurement verification test (see Section 5.5). The devices were
then tested in 100°C moving air at the 500mW, 662mW, and 778mW power



levels. Following operation at each power level, starting with
the 500mW level, the oven door was opened briefly for visual
examination of the temperature-indicating paint dots.

The initial data taken on the 8C-A measurement experi-
ments is presented on Pages 1 through 3 of Table 5.1. The cal-
culated case temperature values and comparisons with measured
values are shown on the first page of Tables 5.2 through 5.6.

Since the measured TC values generally ran lower than the cal-
culated values, it was decided that the Eastman 910 cement used

to bond the thermocouples to the cases had provided an insulat-

ing layer under the thermocouple on some devices. This same pro-
blem had been experienced in the "Thermocouple Method" tests de-
scribed in Section 4.2. Accordingly, the bonded thermocouples

were removed and then soldered to the index tab. The still ambient
air test was repeated on four devices and the moving ambient air
tests were repeated on all devices. It was intended that the 100°C
moving air test be repeated. However, due to switching from a
thermocouple with an ice bath reference to one with a room refer-
ence for monitoring the oven temperature, the oven temperature was
mistakenly set to 100°C rather than 75°C above room ambient. This
raised the oven temperature to approximately 125°C, so the data
taken was for 125°C moving air rather than the 100°C. An additional
test of all six units was made, however, to repeat the 100°C mov-
ing air condition. The data taken on the tests repeated with
soldered thermocouples is shown on Pages 4 through 6 of Table 5.1.
The calculated case temperatures and comparisons with measured
values are shown on Page 2 of Tables 5.2 through 5.4 and on Page 1
of Tables 5.5 through 5.9.
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It was observed that the data obtained with the solder-
ed thermocouples still had considerable variation between measur-
ed case temperature values for all devices at a given power level
and ambient air condition. This was also true between measured
and calculated values for individual devices. A series of tests
were then performed to determine if soldering the thermocouples
to the cases had damaged the devices or the thermocouples, or if
the operation in 125° moving air at 778mW had caused damage. Wa-
ter bath "K" factor measurements were performed (Page 7 of Table
5.1) and the calculated values for "K" (Page 1 of Table 5.10) in-
dicated that the temperature coefficient was approximately -1.6mW/°C
rather than the -1.84mV/°C used in calculating case temperature.
However, when the test was repeated (Page 8 of Table 5.1) with the
water bath temperatures measured using a different copper-constan-
tan thermocouple, the temperature coefficient appeared to be about
normal (Page 1 of Table 5.10). A comparison test was then made be-
tween the temperature readings of the soldered 3 mil thermocouples
on four of the test devices and a Standards Lab copper-constantan
thermocouple with an ice bath reference junction. Measurements
were made in still ambient air, room ambient water, and hot water.
At the same time, an unsoldered 3 mil copper-constantan thermo-
couple of the same type as those soldered to the cases and a stan-
dard glass laboratory thermometer were tested for apparent temp-
erature accuracy. The data taken is shown on Page 7 of Table 5.1.
The percentage deviations of the thermocouples and thermometer from
the Standards Lab '"Reference' thermocouple are shown on Page 1 of
Table 5.10. The apparent deviations between thermocouples were
very significant (up to 14%) at room temperatures but were insig-
nificant (less than 1%) at the higher temperatures. Another water
bath "K" factor test was performed (Page 8, Table 5.1) with test
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unit #373 using both the 3 mil thermocouple soldered to the case
and the ''Reference'" thermocouple from the Standards Lab. The
calculated data for the soldered thermocouple yielded a tempera-
ture coefficient 8.2% lower than the '""Reference' thermocouple
(Page 2 of Table 5.10).

At this point, all 3 mil thermocouples were unsoldered
from the test units, cleaned thoroughly, examined under a 10-40
power microscope, and then resoldered to the test devices (except
for unit #375 - the 3 mil thermocouple broke during the unsolder-
ing operation). The thermocouples and the attached test units
were individually calibrated by the Motorola Quality Control Temp-
erature Standards Laboratory. A copy of one of the calibration
curves is shown in Figure 7. The five test devices with newly
soldered and calibrated thermocouples were again measured for "K"
factor by the water bath method and compared with the '"Reference'
thermocouple (Page 9, Table 5.1). The results (Page 2, Table 5.10)
were essentially the same as before with the soldered thermocouples
yielding "K" factors about 6.5% lower than those computed from the
'"Reference'" thermocouple. The '"Reference'" thermocouple was then
sent to the Temperature Standards Lab for an accuracy check and
found to be within acceptable limits (better than +.05°C at 25°C).
The reason for the lower 'K" factor values when using the soldered
thermocouples had not been determined at the time the program was
completed.

Since the series of measurements with thermocouples did

not resolve the differences seen in the calculated "K" factor
values (to possibly explain variations seen in calculated TC), the
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the devices were remeasured on 6J-C using the bench tester and
water bath technique developed during Phase I tests (Page 9,
Table 5.1). The new value of 86J-C was compared with the value
obtained on tester HO-01 prior to the start of Phase II and 111
tests (Page 1, Table 5.10). The correlation with original values
of 6J-C was very good with a mean difference of 2.0% and maximum
deviation of only 4.8%. This indicated that the "K'" factor value
of -1.84mW/°C was still valid for the test units and that they
had not been damaged by soldering on the thermocouples or by op-
erating in 125°C moving air at 778mW. The five remaining test
units were measured again (Page 10, Table 5.1) in still ambient

air with values of AVBE and TC determined at the 500mW power level.

The calculated values of TC and comparisons with measured values
are shown on Page 2 of Table 5.2. The 100°C moving air test was
also performed one additional time (Page 11, Table 5.1) at the
500mW, 662mW, and 778mW power levels to verify results obtained
previously. The calculated values of TC and comparisons with
measured values are shown on Page 2 of Table 5.4 (500mW level),
Page 1 of Table 5.5 (662nW level), and Page 1 of Table 5.6 (778mW
level).

The results of measurements made in still ambient air
were very satisfactory. The difference between measured and cal-
culated TC on individual readouts varied between 0.6% and 16.47%,
while the mean difference for individual devices ranged from 5.0%
to 7.9% with an overall mean difference of 6.5%. The mean dif-
ference between calculated and measured values of 6C-A for indi-
vidual units varied from 2.3% to 7.7% with an overall mean dif-
ference of 5.3%. The mean value of measured 6C-A was 205.3°C/W
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compared to 204.7°C/W for the calculated value. An error of
107 in 6C-A would correspond to an error in TJ of 5.6% (~10°C)
for a device with a 8J-C of 110°C/W operating at 500mW in still
ambient air (TJ nominally 183°C).

The results of measurements made in moving ambient
air were also very good. The difference between measured and
calculated TC on individual readouts varied between 0.27% and
23.3% while the mean difference for individual devices ranged
from 3.8% to 15.6% with an overall mean difference of 8.8%. The
mean difference between calculated and measured values of 8C-A
for individual units varied from 2.3% to 21.8% with an overall
mean difference of 8.6%. The mean value of measured 6C-A was
114.0°C/W compared to 122.0°C/W for the calculated value (7% max.
difference). An error of 10% in 6C-A would correspond to an er-
ror in TJ of 4.3% (.6°C) for a device with a 8J-C of 110°C/W op-
erating at 500mW in moving ambient air (TJ nominally 139°C).

The results of measurements made in 100°C moving air
were good at all three power levels. At 500mW, the difference
between measured and calculated TC on individual readouts varied
between 0.1% and 16.7%, while the mean difference for individual
devices ranged from 2.6% to 8.9% with an overall mean difference
of 5.3%. The mean difference between calculated and measured
values of 6C-A for individual units varied from 6.1% to 19.7%
with an overall mean difference of 12.9%. The mean value of
measured 8C-A was 94.1°C/W compared to 106.2°C/W for the calcu-
lated value (12.9% max. difference). An error of 10% in 6C-A
would correspond to an error in TJ of 2.4% (=5°C) for a device
with a 6J-C of 110°C/W operating at 500mW in 100°C moving air
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(TJ nominally 205°C). At 662mW, the difference between measured
and calculated TC on individual readouts varied between 0.47% and
15.4% while the mean difference for individual devices ranged from
6.4% to 12.7% with an overall mean difference of 9.4%. The mean
difference between calculated and measured values of 6C-A for in-
dividual units varied from 2.3% to 14.3% with an overall mean dif-
ference of 8.9%. The mean value of measured 6C-A was 95.9°C/W
compared to 104.1°C/W for the calculated value (8.6% max. difference).
An error of 10% in 6C-A would correspond to an error in TJ of 2.8%
(~7°C) for a device with a 6J-C of 110°C/W operating at 662mW in
100°C moving air (TJ nominally 239°C). At 778mW, the difference
between measured and calculated TC on individual readouts varied
between 0.2% and 20.5% while the mean difference for individual de-
vices ranged from 0.2% to 15.8% with an overall mean difference of
8.2%. The mean difference between calculated and measured values
of 8C-A for individual units varied from 5.3% to 18.3% with an
overall mean difference of 10.3%. The mean value of measured 6C-A
was 104.5°C/W compared to 113.9°C/W for the calculated value (9.0%
max, difference). An error of 10% in 6C-A would correspond to an
error in TJ of 3.1% (.9°C) for a device with a 6J-C of 110°C/W op-
erating at 778mW in 100°C moving air (TJ nominally 271°C).

The results of measurements made in 125°C moving air
were also very good at all three power levels. At 500mW, the dif-
ference between measured and calculated TC on individual devices
varied from 0.7% to 2.4% with an overall mean difference of 1.7%.
The mean difference between calculated and measured values of 6C-A
for individual units varied from 2.3% to 7.3% with an overall mean
difference of 5.2%. The mean value of measured 6C-A was 118.2°C/W
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compared to 116.5°C/W for the calculated value (1.5% max. dif-
ference). An error of 10% in 6C-A would correspond to an error

in TJ of 2.5% (~6°C) for a device with a 8J-C of 110°C/W operat-
ing at 500mW in 125°C moving air (TJ nominally 239°C). At 662mW,
the difference between measured and calculated TC on individual
devices varied from 0.5% to 5.1% with an overall mean difference
of 2.7%. The mean difference between calculated and measured
values of 8C-A for individual units varied from 5.2% to 13.7% with
an overall mean difference of 9.9%. The mean value of measured
8C-A was 116.6°C/W compared to 109.2°C/W for the calculated value
(6.8% max. difference). An error of 10% in 6C-A would correspond
to an error in TJ of 2.8% (.8°C) for a device with a 8J-C of
110°C/W operating at 662mW in 125°C moving air (TJ nominally 273°C).
At 778mW, the difference between measured and calculated TC on in-
dividual devices varied from 0.4% to 4.5% with an overall mean dif-
ference of 2.3%. The mean difference between calculated and meas-
ured values of 6C-A for individual units varied from 1.0% to 11.0%
with an overall mean difference of 5.5%. The mean value of meas-
ured 6C-A was 120.9°C/W compared to 116.4°C/W for the calculated
value (3.9% max. difference). An error of 10% in 6C-A would cor-
respond to an error in TJ of 3.1% (.9°C) for a device with a 8J-C
of 110°C/W operating at 778mW in 125°C moving air (TJ nominally
303°C).

The overall mean value of calculated 6C-A for all three
power levels and for both 100°C and 125°C moving air was found to
be 111.3°C/W. A nominal value of 110°C/W for 8C-A was selected
for use in calculating power levels for the 100°C moving air ex-
periments with temperature-indicating paint (see Section 4.4, Ex-
periments AOl, BOl, and CO0l) and for recalculating the power levels
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for use on the proposed JPL Accelerated Life Test Program (see
Section 6.2). The mean value computed from the calculated

values of 6C-A was selected in preference to that computed from
the measured values because the accuracy of the calculated values
was more firmly established from the Phase II tests (Section 4.0).
Also, thermocouple bonding problems had been experienced and the
validity of measuring the true case temperature on the index tab
of the welding flange was somewhat questionable, which added sup-
port to the decision to use the calculated values.

5.4 Measurement of Maximum Junction Temperature

This series of experiments was so closely associated
with the measurement of 6C-A (Section 5.3) that the tests were
performed simultaneously. The test procedure described in detail
in Section 5.3 will suffice for the maximum TJ test program with
the added notation that all the references made to the measure-
ment of AVBE pertain specifically to the maximum TJ experiments.

By applying power to the devices in this test through
the bench tester, the circuitry permitted the power to each in-
dividual transistor to be switched off and a 2.0mA forward bias
(sense) current to be automatically applied through the emitter-
base diode. The value of the forward voltage drop across the emit-
ter-base diode (VBE) within approximately lusec from the time pow-
er was removed was observed on a calibrated Tektronix CRO. By
using the measured ambient temperature (TA) and the '"K" factor of
-1.84mV/°C (which had been determined specifically for the Motorola
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2N2222 during Phase I tests), the change (AVBE) in the value of
VBE between a '"mo power'" and "power' condition was converted di-
rectly to maximum junction temperature (TJ = TA + AV?F). The ob-

served values for AVBE and TA for these experiments are shown in

Table 5.1. The calculated values of maximum junction temperature
(TJ) are shown in Tables 5.2 through 5.9.

In summary, the values of maximum junction temperatures
ranged from 171.6°C to 197.2°C for 500mW operation in still ambient
air, from 141.0°C to 144.2°C for 500mW operation in moving ambient
air, from 201.2°C to 213.2°C for 500mW operation in 100°C moving
air, from 239.5°C to 243.9°C for 662mW operation in moving air, from
272.5°C to 282.5°C for 778mW operation in 100°C moving air, from
234.6°C to 243.4°C for 500mW operation in 125°C moving air, from
266.7°C to 279.7°C for 662mW operation in 125°C moving air, and
from 297.4°C to 313.0°C for 778mW operation in 125°C moving air.
The specific value for TJ for each readout on an individual device
was used in calculating the TC value used in the 8C-A computations
of Section 5.3 (TC = TJ - 6J-C X P).

8J-A values were also calculated and are included in

Tables 5.2 through 5.9. 6J-A was calculated from 6J-A = %%Gé?%%7'=

AVBE
KX P

5.5 Verification of Case Temperature Measurements

To lend credence to the case temperature values de-
termined by the experiments in Section 5.3 (Measurement of 6C-A),
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several color dots of Detecto-Temp temperature-indicating paint
were applied to selected points on the outside of the cases of

the six test units just prior to their operation in an oven with
100°C moving air. The physical layout of the color dots and

their color-change temperatures are shown in Figure 8. Follow-
ing operation at each power level (500mW, 662mW, and 778mW), the
oven door was opened briefly and the paint dots examined for color
changes. The observed color changes are presented on Page 1 of
Table 5.11. The measured and calculated case temperatures were
then compared with the observed paint dot color changes. The re-
sults of these comparisons are shown on Page 2 of Table 5.11. Only
one of the fifteen measured case temperatures was verified, but
seventeen of the eighteen calculated TC values were verified. This
gave additional support to the previous decision that the calculated
case temperatures were more accurate than the measured ones.
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PAGEL

I \ MOTOROLA INC. oF I
Semiconductor
Preducte Divisleon
2N2222

DEVICE TYPE

THERMAL RESISTANCE DATA W
SPEC. REV. NO. . JP

l TABIE 5.1 Lot mmeer 244 (SL3-05
crowe REY 098 sypgrowe DO1 %
l Test for measuring 6C-A with 3 mil copper-constantan thermocouples bonded* to case., :
1st Readout 2nd Readout 3rd Readout
Still Ambient Air Still Ambient Air Moving Ambient Air
I AVBE TA TC oBE | TA TC AVBE TA TC
sS/N at at at :
500mw 500mw 500y
I UNIT | mv °C °c mv °C °C mv °C °C
§ S -
l MAX I MUM|
3735 | —=- T —— T ——— - .
I 374 —-—— ———— - - - —— e ———e e
' 376 | 250 26,6 1103.6 249 24,7 | 103,7 188 25,5 | 730 |
l 377 259 24,5 107.8 290 24,6 117.3 193 25.4 72,7
l 278 | 290 24,4 129.4 300 24,7 | 129.6 197 25.5 | 77.2
DATE 12-10 12-10-]12-10 12-13| 12-13] 12-13 12-14 12-14 12-14
~ |STATION| Bench | Bench |Bench Bench | Bench| Bench Bench | Bench | Bench
| INSP, Page g v
STAMP 5-17
L
IC=40mA, VCE=12,5volts, I.sense=2,0mA on all readoutfame ; —
REMARKS (%) Bonded to index tab on flange with Rastman 910 rtivLe e
MDTOROLA FORM WO. SPD-1079 cement, DATE 3 v
D i : . % '




Semiconductor

' MOTOROLA INO.

Prodvata Division

. THERMAL RESISTANCE DATA

I’MBE2

OFf

11

DEVICE TYPE 2N2222

5t
T

o
N

i MOTOROLA FORM NO.

SPD«1079

TR VN

Eastman 910 ceme‘nt.

DATE

SPEC. REV. NO. I’RQ.L_ll}D_(.JBL)____
TABLE 5.1 (Cont'd) LOT NUMBER 544 (S13-05)
, GROPRRY (98 SUBGROUP D01 —
l Test for measuring €C-A with 3 mil copper~constantan thermocouples bonded* to case. :
4th Readout - ‘ 5th Readout 6th Readout
Moving Air at 100°C Moving Ambient Air Still Ambient A{:
l ' AVBE | TA | TG AVBE | TA TC ZVBE TA 'ré:
S/N at at at
~ 500me |, 500mw 500mw .
I UNIT | mv °c °c mv °c °c mv °c . °C
WlNl&JUM] #
l ﬁAXI ﬂ | <
- ——— ——— 202 25,21 71,8 310 24,8 144 ,0
l 374 —— ——— | m— 199 24,7 | 76.4 292 24,9 139,9
I 375 ——— —— ) 200 25,0 76.3 326 24,9 130.5
376 186 100.3° 139,6 190 25,1 70.1 - —— -
377 192 100,.6°f 139.,9 192 25,0 66,2 ——— ——— ——
378 189 102,5° 134.6 186 25.1 66,8 —— — ——
DATE 12-14 12-14 | 12~14 12-18 12-18] 12-18 12-20 12-20 12-20
STATION| Bench | Bench | Bench Bench{ Bench| Bench Bench | Bench| Bench
INSP, ggi : v
REMARKS IC=40mA, VCE=12,5volts, I sense=2,0mA on all NAME ; v
readouts. (*) Bonded to index tab on flange with T!TLE ¥ v

Ny

e
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MOTOROLA INO. 11
Semiconductor PAGE 23— OF
Prodoete Division

THERMAL RESISTANCE DATA  peyice Twe 2N2222
SPEC. REV. no. _PROJ, 1130 (JPI)

544 (SL3-05
TABLE 5.1 (Cont'd) LOT NUMBER (s ) i

Growp REY 098 supscrour Dol

Test for measuring ©C-A with 3 mil copper-constantan thermocouple bonded* to cagg .

7th Readout-500mw 8th Readout-662umw 9th Readout=-778um
Moving Air at 100°C Moving Air at 100°C Moving Afr at 10@°C
3 mil thermocouple bonded to case 3 mil thermocouple bonded|Thermocouple bonds
AVBE TA Tc(2 AVBE TA 1c(2) AVBE TA tc(2)
at at at
s/N | 500m |, 662 778mw
UNIT | mv °C °c mv °Cc °C mv °C °C
MiNMUM| : us
MAX | MUM =
375 | 210 | 102.5]139,2 272 | 99.3 | 151.2 136 | 003 | 13983
374 201 102,5 | 145,7 : 265 99.3 152.6 330 100.2 )
375 202 103.1 | 146,2 268 99,7 148,7 318 99,7 160.8
376 193 102,6 1140,0 259 99,7 148.9 ‘ 310 99.4 156,0
377 196 103,1 ]136,4 261 99,7 143,5 312 100.3 150,9
)
378 190 100.5 {136,1 257 97.4 141,7 318 - 98,0 141.4
(1) Thermocoyple ca.l're off 4t high temperatpre,
Were soldered on| for lajer tests.
(2) Ietecto-Temp paiht dots|were pajnted on the sides and ftop of g§he TO-1B case Yo

etermind maximujn case §emperatfires regched duging tesgt.

o

(3)  |pata indicates thermoc¢uple bopd may Have loogened.

DATE | 12-21 | 12-21 {12-21 12-21 | 12-21} 12-21 . 12-21 | 12-21] 12-21
STATION] Bench Bench | Bench Bench | Bench| Bench Bench | Bench | Bench
INSP, Page

L STAP 5-19 | |
_*
NAME 3

IC :40mA, VCE=12,5V, I sense-z OmA on all readouts,

wa Bonded to index tab on flange with Eastman 910 cement, T!TLE —

MOTOROLA FORM NO, SPD«107% DATE -
. R L §

i - o 2 - e pT—— "~y



Semiconductor
Araducts Divisien

l MOTOROLA INC. . ‘ pace 8 oF11___

2N2222

THERMAL RESISTANCE DATA  DEVICE TYWE

l SPEC. REV. No. . PROJ. 1130 (JPL)
TABLE 5.1 (Cont'd) LoT Mmeer 544 (SL5-05)
Growr REY098 suscrour DO1 a
' Test for measuring ©6C-A with 3 mil copper-constantan thermocouple soldered to case, :
10th Readout . 11th Readout i
Still Ambient Air Moving Ambient Air
3 mil thermocouple soldered to case, 3 mil thermocouple soldered to case,
AVBE TA TC AVBE TA TC
S/N at at
500mme |, 500mw
l UNIT mv °C °C v °C °C
lMlNIMUMI
I MAX | MUM| t
373 ~——— —— —— 208 25,0 85,5
374 | —-- R ' 210 25,0 |96,2
l 375 - —— —— 212 25,0 99,3
F 376 | 273 25.0 }26.8 215 | 25.0 |95.0
377 307 25,0 147.3 213 25,0 (1)
378 289 25.0 137.1 212 25,0 101.5
j (1) Thermocoyple broke off during tést,
DATE |1-10 1-10 [1-10 1-10 | 1-10 |1-10
STATION| Bench Bench |Bench / Bench | Bench |Bench
INSP, Page ;
STAMP 5-20 ,
REMARKS IC=40mA, VCE=12,5V, I sense=2.0mA on all readouts. T':::: r—

! MOTOROLA FORM NO. SPD1079 DATE yo

i S



l MOTOROLA INC. PAGE—S_  oF_ll ____
Semiconductor '
THERMAL RESISTANCE DATA

Produates Division

DEVICE TYWE _ 2N2222

SPEC. REV. No. _PROJ, 1130 (JPL)
TABLE 5,1(Cont'd) LoT MmBer 544 (SL3-05)

crowrREY 098  suscroup DOlﬂ
Test for measuring 6C-A with 3 mil copper-constantan thermocomuple soldered to case. *

12th Readout-500mw 13th Readout-662mw 14th Readout-778mw
Moving Air at 125°C Moving Air at 125°C Moving Air at 125°C
3 mil thermocouple soldered to case 3 mil thermocouple soldered| Thermocouples solderec
AVBE TA TC AVBE TA TC AVBE TA TC
S/N at at at

500mw |, 662mw 778w

UNIT mv Oc oc mv .c .c mv . Oc :C
MiINIMUM : '
AXIMU .

Ml ==#

373 205 125,7 1173,7 260 125,5] 184,8 322 125,11, 195 4

374 201 125,3 1182,9 ' 260 125,31 195,.6 318 124,41 212.7

376 212 124,6 | 184.1 v 276 126,6] 202,4 .\ 331 125,5 213,3 |

377 217 124,.7 | (1) 277 126.4] (1) 331 125,51 (1)

378 218 124,9 1182,5 282 126,3{ 210,3 345 125,5 228.4

(1) THermocouple brokp off during tept.

E 375 211 125,3 1187.0 266 125,71 204,5 327 124,.6 221 .8

DATE | 1-10 1-10 }1-10 1-10 | 1-10 | 1-10 1-10 1-10 1-10
STATION] pench | Bench |Bench Bench | -Bench| Rench | Bench | Bench ! Rench |
INSP, age . 5

STAMP 5-21
' All power levels are applied with VCE=12,5V and NAME y—
REMARKS I sense=2,0mA, . TITLE v

MOTOROLA FORM NO, SPD-10O7S DATE . X v

. s - s Lo Spreseememes 4 momdergeemis T T T IR TR T TS , TR T T T



Semiconductor

MOTOROLA INC. pace_S T oF 11
Producte Divisien

2N2222
DEVICE TYPE
THERMAL RESISTANCE DATA SPEC. REV. No. _ PROJ, 1130 (JPL)

TABLE 5.1 (Cont'd) LoT nmaer __ 544 (SL3-05)
crowe REY 098 suscroup DO1 & -

' Test for measuring 6C-A with 3 mil copper-constantan thermocouple soldered to case, i
15th Readout~500mmw 16th Readout-500mss 17th Readout-soom;
Still Ambient Air Moving Ambient Air Moving Air at 100°C
Thermocouple soldered on Thermocouple soldered on Thermocouple soldered on |}
I AVBE TA . TC ’ AVBE TA TC OVBE TA TC
S/N at at at
500mw |, B 500mw . 500w
' UNIT v °C °C mv °c °C mv °C °C
 MINIMUM ;
MAX | MUM| - ?
373 - [, ——— —— — —— 205 101,51 148.4 |
376 | ——- S [P I I 202 1016 153.1
375 307 25,3 1132.4 ——— —— ——— 210 101.5 153.0
376 —— ——— ——— 213 25.3 88.8 215 101 .8 1621
377 ——— —— ——— 211 25,3 | 89,7 214 101,81 161,9
378 — - —— ———— —— —— 210 102.1 154,4
DATE |1-12 1-12 J1-12 1-12 1-12 | 1-12 1-13 1-13 1-13
STATION! pench | Bench |Bench Bench | Bench| Bench Bench | Bench | Bengh |
INSP, Pa ’ .
JINWP —_L—#
' ) ) NAME
Y
L MQTOROLA FORM NO, SPD=1079 , DATE v
S U . F S —— l v : B




MOTOROLA INC. PAGE—Za — - oF 11
' Semiconductor
Produets Divisten
2N2222
RMAI DEVICE TWPE
. THE RESISTANCE DATA sPeC. Rev. no.  PROJ, 1130 (JPL
l TABLE 5.1 (Cont'd) Lot mseer 344 (S13-05)
GrRoup_REY 098 susGrour DOl
Test for measuring 8C-A with 3 mil copper-constantan thermocouple soldered to case.
18th Readout-Water Bath I9th Readout-Water Bath 120th Readout “:
.3 mil copper-constantan 3 mil copper-constantan Copper-constantar. ;
'rhermocouple soldered on case Thermocouple soldered on Thermocouple check:
' ' Null TC Null | TC Null | TC(1)] Null | Tc(1)f TA TC TC
S/N VBE Cold. | VBE Hot VBE Cold VBE Hot Still | colad Hot
5 (cold) |wWater | (Hot) |Water (Cold) Water | (Hot) | Water | Air Yater | Water
I UNIT | voits | *c volts | °C Volts| °C Yolts| °C °c °G °a
MINTMUM| .
' EAXlM,UMI ' - |
= ‘ — — = S e S |
. 373 . 703 23,4 ,602 86,4 ,708 24,2 .608 82,4 22,64 21.351: 81.5
I 374 699 23,1 599 87.4 .701 24,2 .600 82,7 22,64 21,61 81,52
I 375 . 704 23,6 | .598 90.8 .711 24,1 | ,601 | 82.6 21,87} 20,83| 81,29
' 376 | .697 | 23,9 |.588 | 93,1 | ~--- il I e 21,87 21,09| 81.29
I 377 .695 23,9 | ,588 90.6 —— - — — — —— -
1
I 378 .691 24,2 | .585 90.4 ——- —-— ——— -— —— ~——— ———
SIB Standards Lab [opper-¢onstantfn therrtjocouple} --- —— 24,76 | 24,27 80,96
I (With ice path rel :_%'Eerence anctioi])
l S3M 3 mil ¢opper-cpnstantan thermpcouplesy —-= ——— —— 21,87 | 20.,83| 81,29
GLT Laborafory Glags Therjiometer: - — —— 24,2 23,5 79.1
i .
DATE | 1-13 1-13 |1-13 1-13 1-14 1-14 { 1-14 11-14 1-17 1-17 1-17 |
STATION| ench | Bench |Bench | Bench | Bench | |_Bench {Bench | Bench | Bench | :
INSP. 'P'mage _ - —Bﬂnph—’
STAMP
O
REMARKS (1) Standards Lab thermocouple used to measure 'r':::: %
‘ water bath temperatures. ‘ K™
MQTOROLA FORM NO. SPD-1079 DATE :!{ v
T l d i ha <Y
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MOTOROLA INC. .
Semiconductor pace—8 oF —11
Prodvete Diviesleon
’ THERMAL RESISTANCE DATA
, ~ DEVICE TwE __ 2N2222
| 1E 5.1 ‘g SPEC. REV. No. _ PROJ, 1130 (JPI)
TAB (Cont:*d) LoT nmeer 544 (SL3-05)
crowe REY 098 sypcrowe DO1 .-
Test for measuring ©C-A with 3 mil copper-constantan thermocouple soldered to case,™:
21st Readout ¥
(1) (2) (1) a_,(9'.&2)
VBE TC TC VBE TC 2IC
SAN Null Celd Cold Null Hot ‘Hot
(cold) | Water Water (Hot) Water Water
UNIT | Volts °c °C Volts °Cc °c -
IMIN I MUM|
MAX | MUM| -
—e — ﬂm —_—
373 .708 21.40 24,51 .607 80,15 - 78,51
374 —— —-— —— —— —— ——
375 - - ne iadad] - o o = - -
376 — ~— _— —— -— ———
377 - - o omen - an - -
(1) 3 mil copper-conktantan|thermocbuple gdldered to T0-18 case,
(2) dltandardgq Lab copper-cogstantan|thermodouple (#ith icef bath rqference| juncticn)

DATE | 1.17 1-17 1-17 1-17 1-17 1-17
STATION| pench Bench Bench Bench Bench_ Bengh
INSP, 205 Page : Y
STAVP J L 5228 -—.——-—-L,—.‘
REMARK N —

S TITLE —
MOTOROLA FORM NO, SPDe1079 DATE v




Semiconductor

MOTOROLA INO. PAGE.D . oFdl
Prnducts Divisieon

D DEVICE Twg _ 2N2222
l _ . THERMAL RESISTANCE DATA SPEC. REV. No. _BRO 1130

TABLE 5.1(Cont 'd) LoT Mmeer 544 (S13-05)
N croup REY 098 syscroue D01=

Test for measuring 6C-A with 3 mil copper-constantan thermocouple soldered to ggag. -
23rd Readout

22nd Readout Lase in Water Bath
(1) €2) [§)) (2) (&) {2)

Null TC TC ’ Null TC TC LVBE TC TC
S/N VBE Cold Cold VBE Hot Hot at <}
(cold)|, Water | Water (Hot) | Water |Water 500my

upa

UNIT | Volts | °C °c Volts| °C °c Volta | °C- =PC
MiINIMUM]

hAXIMUM] - , !

.709 22,2 P4.0 .597 89.6 | 86,2 100 23,0 | o5 3

i

E 373
374 | ,701 | 22.4 P45 | | .593 | 87.3 | 84.9 101 23,0 | 25,0
375 | —m- SURU — N ——— —— ——c
376 | .703 | 22,2 |23.8 591 | 88,3 | 849 | 108 | 227 | 259
77 ;.701 22.7 |25.0 .590 | 87.3 | 86.0 107 22,7 | 25,0

378 .700 22,7 |24.3 .596 86.4 | 85,1 106 22,7 25,0

(1) 5 wil dopper-constantdn thermdcouple éolderg to TO-18 cage

(2) Standarjds Lab ¢opper-donstantdn r (with ite bath ireferenge junetfion) |

DATE 11-22 1-22 |1-22 1-22 1-22 11-22 1-22 1=22 1-22 |

STATION|p.neh ! Bench |Bench Bench | Bench | Bench Bench { Bench | Bengh |

INSP, Pag . 4
STAVP _— _M
NAME .

Y-
REMARK S . TITLE ! e
MOTOROLA FORM NO, SPDe1079 DATE v




Semiconductor
Mroducts Divisien

' MOTOROLA INC. pace—10 . or Xl ____

. 2N2222
DEVICE TYPE
THERMAL RESISTANCE DATA £C. REV. No. FROJ. E3 IPL

LoT mnBer 544 (SL3-05)
TABLE 5.1 (Cont'd) !
crowp REY 098 suscroue DO1 :
Test for measuring 6C-A with 3 mil copper-constantan thermocouple soldered to ca'se."!i__
24th Readout~500wmy >3
Still Ambient Air ) =,

(1) (2)

AVBE TA . TC

at Still at
500mw |, Air 500m

UNIT | v °c g 3
fMIN1MUM]
MAXIMUM| -

5]

'
|
i

|
|

, 373 305 25,25 121.7

374 257 26,00 | 117.7

377 285 26,00 126,5

378 292 26,25 132.3

375 - —— ———
376 291 26,75 138,3

(D Standarfds lab dopper-cionstantgn therm:coupie (with it¢e bath freferende junction)

(2) 3 mil cppper-cgnstantan thermdcouple joldered to TO-]18 case.

DATE 1-22 1-22 1-22 122 1=-22
STATION|Bench Bench Bench Bench Bench
INSP. Page
STAMP -
~_*
NAME ! ﬁ'
REMARK S TITLE v ‘

| woToroLA FORM NO. SPDe1079 ,« DATE

e e e A o 2w . it g T >
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MOTOROLA INC. pace—11 oF1l
Semiconductor .
Prosvats Divisien .
DEVICE TYPE 2
THERMAL RESISTANCE DATA SPEC. REV, No. _PRQJI. 1130 (JIPI)
TABLE 5,1 (Cont 'd) LOT NUMBER _544 (S13-05) .
Grow REY 098 susrove DO1 -
Test for measuring ©C-A with 3 mil copper-constantan thermocouple soldered to case,*’
25th Readout—-500uw 26th Readout-662m 27th Readout~778gy
Moving Air at 100°C Moving Air at 100°C Moving Air at 104*C
AVBE TA TC AVBE | TA TC MVBE | TA, 1c
S/N at at at :
500mw 662mw 778 .
UNIT | mv °G °G mv °C °c mv °c ‘eg
M1 N IMUM| ’
MAX | MUM| _4
— e —— ey
373 200 97.9 157,2 263 97.3 177.9 341 97,9 : 190,5
374 191 97.3 153,7 265 97,0 172,8 309 97,7 184,3
375 - —— ——— — ——— ——— ———— - —
376 210 97.9 [50.3 270 97,0 175,8 331 97.5 177.5
377 213 97.3 151.1 268 97,5 175,1 338 97.3 173.6
378 208 97.9 150,7 265 97.3 176,6 328 97.9 174.0
DATE 11-22 1-22 11-22 1-22 | 1-22 }1-22 1-22 1=22 1-22 |
STATION{ Bench Bench |Bench Bench | Bench | Bench Bench | Bench Bengh
INSP ., Page :
NAME -
REMARK S TITLE !
DATE -

MOTOROLA FORM NO. SPDe«1079




MOTOROLA INC. pace__1 C oF3
Semiconductor THERMAL RESISTANGE PROGRAM

Producte Divieien

MEASUREMENT OF 6J-A

(CALCUIATED DATA) DEVICE TYPE __2N2222
SPEC. REV. NO. PROJ, 1130 (,IpLz
TABLE 5,2 LoT NmBErR __ 544 (S1.3-05)

crowe REY 098 gypgroe DO -

NAME !
REMARK S TITLE . il .

MOTOROLA FORM NO. SPD-1079 ' DATE o

l Calculated values of TJ & TC plus comparison of calculated and meéasured values of TC (1) '
’ RO 1st 2nd 6th il
Data Calc,| Meas. Cale, Calc.| Meas, | Calc. Cale. Meas, lec.
eJ'_C H
S/N at TJ TC TC TJ TC TC TJ TC TC
500mw |, o
UNIT | °cpu °C °C °C °C °C °C °C °c 2C
MINIMUM .
MAX | MUM
:==
373 109 — — — —— — _— 193,3 | 144,0| 139.3
A%B-C 2) _— - 3.3
374 104 — —— ——— -~ ——— —— 183.7 ]1139.9 130.7
ATM-C - -— 6.6
375 115 ——— | - _— N N 202,1 | 130.5| 144.6
ARM-C | . —— —— ~10.8
376 117 164,3| 103.6 105.3 164,2] 103,7 | 105,2 —_— —— ———
NM-C -1.6 -1.,5 ———
377 113 » 169.5{ 102,8 112,5 188,41 117,31 131.4 — —-—— ——
-G -9.4 -12,0 -
. 378 117 187.7] 129.4 | 130.2| 193,4] 129,.6 | 135.9 - ——— ——
l Nai-C -0,6 -4.,9 -
(1) All dafa taken} at 5007w in stfll ambient air{with 3 mil thefmocouplp bonded to
l case with Eastman 910]cement, i
(2) % diffdrence ih measured valut (M) and calculated value (C)icalculaked X_ 100
‘ M
DATE | 12:6 12-10 12-13 12-20
STATION| 10-01 Bench Bench ' Bench v
INSP. Page - Y
STAMP 5-28
/



Semicondguctor
Produate Divisien

' muoronoul INC. PAGE—2  OF 3

DEVICE TwpE _2N2222
sPEC. REV. No. _PROJ, 1130 (JPL
TABLE 5.2 (Cont'd) LOT NUMBER 544 (SL3-05) ';7"-

Calculated values of TJ & TC plus comparison of calculated and measured values of T@;l)
10th 15th 24th |
Calc. | Meas., | Calc.| Cale, | Meas,| Calc.| Calc, | Meas. | Calc, VALUE
S/N TJ TC TC TJ TC TC TI TC TC ATC
A ¢M-C)
UN l T OC °C °C OC °C °C °C °C Oc :‘&
M N T MUM| : ' ' -
MAX | MUM
== S
373 —— ——— - | - ——— 191,11 121.,7 | 136,6
=G — —— -12,2 © 7.8
374 — — ——— — - - 165.7 | 117.7 {113.7
NM"C ——— ——— 3 .l‘ 5 .0
375 ——— ——— —— 192,2 { 132,44 134,7] =-- —— —
NM-C | . ——— -~1,7 —-— 6.3
376 173.5 126.8 |114,5 e -—— —— 184,4 | 138,3 125.9
D¢ 9.7 — 9,0 5.5
377 192.0 1147.3 135,0| ==~ —— - 180.9 | 126.5 124.4
NM=C 8.4 —— 1.7 7.9
378 172.1 137.1 114,6] ==- —— —— 185,1 | 132,3 126.6 )
m"c . 16.4 m—— 403 6,6
] MEAN VALUE: 6.5
(1) All dafa taken| at 5004w in stfll ambilent air|with 3 mil thermocouplps solddqred
O casq. ——
DATE 1-10 1-12 1-22
STATION Bench Bench Bench i
INSP, Page i T
REMARK S NAME —
TITLE . ,

u-‘n-n-nc A PAm uMA  enn. tava DATE




' y MOTOROLA INC. ' PAGE 3 (] -

Semiconductor
Praducte DNvision

pevice Twe _ 2N2222
SPEC. REV. No. _ PROJ. 1130 (JPL)

LoT nmeer 544 (S13-05)

TABLE 5.2 (Cont'd)
GROUP REY 098 suscroup D01

Computation of 6J-A aﬁd 6C-A values for 500mw operation in still ambient air. - m
Mean values for individual units. From | From | From From % betweén

* Meas,| Calc.| Meas, | Cale, | Meas. & Calc.
Cale, Meas, | .Galc,l Measg, valuesValues [Values | Valueg Values

UNIT °c °c °c °C e} °c/w | Cetw °c/w %

S/N TJ TC TC TA eJ-A | 63-A | ec-aA oC~A | 1BJ-A A;’c-A
5
%

IMiN IMUM]
MAX I MUM|
—

373 192,2 | 132,91 138.0/25,1 ——— 334,21 215.6 225,.8 ———— 4,7

374 | 174,7 | 128.8] 122.2 | 25,5 e | 298.4]206.6 | 193.4| -—- | 6.4

375 197.2 [131,5 139,7125.1 it 344,21 212.8 229,2 | === 7.7

3761 171.6 | 118,11 112.7025.2 - | 202.81185.8 1175.0] ——- | 5,8

372 182.7 123,51 125.8 125.0 —— 315.41197.0 201,6 —- 2,3

378 184.6 132,11 126,8 |125,1 —— 319,0 | 214,0 23,4 —— 5.0

.
D YALUE: 205.3 2047 - 5.3
DATE
STATION "

INSP, a .
LSTAMP 5§§0
NAME

REMARK S TLE : —

MOTOROLA FORM NO, SPDe1079 DATE -




l MOTOROLA INC. PAGE oF __3___
Semiconductor THERMAL RESJISTANCE PROGRAM v
o MEASUREMENT OF 0J-A
; - 2N2222
DEVICE TYPE
I o (CAICULATED DATA) SPEC. REV. NO. PrOj. 1130 (JPL)
) TABLE 5.3 LoT nmeer 544 (SL 3-05)
I Grouwp REY 098 sypcroup 13014I
Calculation of TJ & TC plus comparison of calculated & measured values of TC (1) s
R/0 3rd 5th =
l DATA CAIC,| MEAS, CAIC. CAlC, MEAS.| CAIC.
8 JC a ‘ ’
SA | so0mw I TC TC - TJ TC TC
1 ‘i
uNiT | o ° °c °c °c ° %
[MiNIMUM]
MAX | MUM|
— — =~ |
373 109 — - - 142,5 71.8 88.5
Am-c'\F) - -23.3
374 104 - - - 135.1 76 .4 82.1
ARM-C - -7.5
375 115 - - - 138,0 76.3 80,0
ARG -- -4,9
376 117 135.,2 73.0 76,2 134.6 70.1 76.1
Aayc 4.4 8.6
i 377 113 137.6 72,7 80,6 135,7 66,2 78,7
b lABM-C -10,9 -18.9
378 117 139,.7 77.2 83,2 133.4 66.8 75.9
Agm-c - 7.8 -13,6
(1) |All dath taken|at 500nfW in moying ambient aifd with 3| mil thejrmocouple bondefl
to case| with ETstman 9101 cemdnt.,
(2) % Diffefrence i} Measured Value (M) anfl Calcullated Value (c) jcalculated il X 100,
" DATE 12-6 12-14 12-18
STATION| 10-01 Bench Bench
INSP. Page ‘.
' LSTAvP 5-31
) REMARKS NAME r—
‘ M TITLE ;

HMATADNAL A ©ABAM NA DB tTAYe

DATE




E _
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MOTOROLA INC. PAGE—> OF 3
Semiconductor
Avoducte Division .
TABLE 5.3 (Continued) k9
DEVICE TYPE
SPEC. REV. NO.
LOT NUMBER
GROUP SUBGROUP £
Calculation of TJ & TC Plus comparison of calculated & measured values of TC' Ly
R/O ‘11%}; 16th Mean
Data |cale, |Meas, Cale. calc, | Meas,| Calc. Value
S/N TJ TC TC TJ TC TC ATC | i
' , (M=C)
UNIT % % °% % °% % %
[MINIMUM] J
MAX | MUM| ¥
e e ==_—_——_|=========r===‘
373 145,8 | 85,5 | 92,3 I P
A%M-C -8.0 ——— 15.6
374 147,46 | 96.2 | 96.4 —— fmmm e
ATM-C -0,2 — 3,8
375 149,3 | 99.3 | 91.8 - - S
ARM-C 7.6 - 6.3
376 151,33 | 95.0 | 94.8 143,2 88.8 84,7
ATM-C . 0.2 4.6 4,51 |
377 150,2 - 93,7 143 .4 89,7 82.9
ATM~C - 7.60 12,5
378 149.8 |101,5 93.3 - - -
AR1-C 8.1 - 9.8
MEAN VALUE: 8.8
(1 All datla taken|at 5004%W in:moying amblient airy with 3| Mil thqrmocouple goldejred
to casq,
DATE 1-10 1-12
STATION Bench Bench ‘
INSP, age N
STAMP — 3-32 ___._L___-—,._J
N AME -
REMARK S TITLE :
MOTOROLA FORM NO, SPDe1079 DATE -




MOTOROLA INC. :
m Semiconductor PAce oF !
Praducte Divieien TABLE 5.3 (Continued)
. , DEVICE TYPE
SPEC. REV, NO. i
LOT NUMBER *

I GROUP SUBGROUP -
Computation of 6J-A and 8C-A Values for 500mW Operation in moving ambient air, E
‘Mean values for individual units From | From From | From | A% Betweén

Meas.| Calc. | meas, | Calc. | Meas.& Calc.
Calc., | Meas. Cale.| Meas. Values | Values | Values Values | Values
s/m™N | TI TC TC TA eJ-A eJ-A 6c-A | ec-A |AeJ-a |Aec-A

l . 9] ° © S
uni T (% % ° T cAH | oM cM cm | ® (%

I MIN IMUM|

MAX I MUM| , :
—— = ‘,..A!\

' 373 144,2 78.7 90.4 25,1 - 238,21107,2 130.6 —— 321,.8

I 374 141,3 | 86.3 89.3 | 24,9 — 2352,8|122.8 | 128,8 | --- 4,9
375 143,7 87.8 85.9 25,0 —— 237.4]1125,.6 121.8 —— 3.0
376 141.1 | 81,7 | B3.0 | 25.2 ——— 231.8 | 113,0 | 115.6 | i=mm 2,3

l 377 141,.7 76.2 84,0 25,2 - 233,0 1102.0 117.6 | I=mw 15.3

| 378 141,0 81.8 84.1 25,2 ——— 231.6 | 113,2 117.8 ——— 4,1

I MEAN YALUE: 114 .0 122,0 o 8.6
DATE
STATION
INSP. Page v
STAMP 5-33 _

SRR R R ST
NAME ¥ -3
REMARKS TITLE ) Sl

MATABRA o PABM MA Sm..6aws ' DATE

M
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MOTOROLA INC.

1 - '3

Semiconductor PAGE oF ?5
Produvcts Divieion R
2N2222
ABLE 5.4 DEVICE TYPE .
T SPEC. REV. No. .PROJ, 1130 (JPL)
LoT NumBer 544 (S13-05) *
crouP REY 098 suscrour DO1 ‘
Calculated values of TJ & TC plus comparison of calculated & measure values of TC(D‘%',
R/O ! 4th 7th_ ¥ o
DATA Calc., |Meas, |[Calc. Calec, pPeas,’/ | Calc. o
eJ-C TJ TC ’ TC TJ TC TC
S/N at -
500!’(_!0 ' ;
UNIT °C/W oc oc °C oc oc oc
M N MUM| 2
AXIMUM
— I S— =1.___—-——_=6
373 109 - - —— 216,51 139,2 162,5
Am-c (2 - -16.7
374 104 ——— ——— —— 212,21 145,7 159.2
JAVASE ——— -9.3
375 | 115 S —- 210,6 | 146,2 | 153,1
ANM=C. — 4.7
376 117 200,41} 139.6 141.4 207.1 {1 140.,0 148,1
LoM-C 1,3 5,8
377 113 205,01 139.9 148.,0 208,7 1 136.4 151,7
AM-C -5.8 ~-11,2
378 117 205,7| 134,.6 149.,2 206,0 j136.1 148 .5
A%‘-C —10.9 -9 .1
@) All datla taken|at 500nw in moying 100°C air yith 3 mil thern ocouple{bonded ko case
with kEdstman 9]0 cemert.
(2) % diffelrence ih measured valud (M) anf calcullated value (C) |calculated M-C K 100,
M
DATE 12-6 12-14 12-21 .
STATION] H0~01 Bench Bench :
INSP, ngga v
STAMP ) -
NAME ! ‘J
REMARK S TITLE —
MOTOROLA FORM NO. SPODei079 DATE .




Semiconductor
Products Divisieon

l' MOTOROLA INC. ’ PAGE—2 ——  OF—3

TABLE 5.4 (Cont'd) DEVICE TYPE __2N2222
¢ SPEC. REV. NO.

LOT NUMBER 544 (S13-05)

GrouP REY 098 suscrour DO1
Calculated values of TJ & TC plus comparison of calculated and measured values of ’I.'EED.

-
.

| R/0 17th 25th Mean Y,
Data Calc., | Meas, | Cale. Cale.| Meas, | Calec. Value KA
S/N TS TC ™ T3 TC TC ATC
(M-C).
1
UNIT °C °C °c °c °c °c %
MIN 1 MUM| ¢
MAX | MUM|
=
373 213.0 | 148.4 | 158.5 206.6| 157.2 | 152.1 *
NM-C ' -6,.8 3.3 8.9
. 374 211.4 | 153.1) 159.4 201.1} 153.7 | 149.1
h | AZM-C -4,1 3.0 5,5
375 215,7 | 153.0] 158.2 B R ——— —
NM-C | ~3.4 _ — 4,1
376 218.8 | 162.1| 160.3 .212.1] 150.3 | 153.6
ARM-C : 1.1 -2.2 2.6
377 218,2 | 161.9| 161,7 203.1{ 151.1 | 146.6
AM=C ‘ 0.1 3,0 5,0
378’ 216.3 | 154.,4] 157.8 211,0{ 150,7 | 152.,5
M-C -2,2 -1,2 5.8

| MEAN VALUE: | 5.3

(1) All datla taken|at 500dw in moying 100°C air yith 3 mil therpocouple| soldereld
to casq,

DATE . - 1=13 1-22
STATION Bench Bench
INSP, Page ' .

A =

NAME

REMARK S , TITLE .

IQTOROLA FORM NO. SPD-1079 DATE




MOTOROLA INC.

Semiconductor
Prodocts Diviesion

TABLE 5.4 (Cont'd)

DEVICE TYPE
SPEC. REV. NO.
LOT NUMBER

crowe REY 098 syggroup DO +

PAGE 3

2N2222

PROJ, 1130 (JPL
544 (SL3-05)

Computation of 6J~A and 6C-A values for 500mw operation in moving 100°C air,
Mean values for individual units From Frgm From grgm A% betzggnl
R . | Cale. N Meas.| Calc. | Meas, ale, | Meas. & Calc.
Cale Meas. | Cale Meas Values Values Values| Values| Values,: -
S/N TJ TC TC TA 8J-A | 8J-A | 6C~-A 6Cc-A |NBJ-A | ABC~-A
1] .
UNIT | °¢ °C °C °C e/ | °cfu °c/w °cfw % ‘%
MIN | MUM| ’
MAXIMUM| -
s
373 212,0 148.3 157.7] 100.6 — 222.,8 95.4 114,22 —— 19.7
374 208,2 |150.8 155.9 100.5 - 215,4 | 100,6 110,8 — 10,1
375 213,2 1149.6 155,7| 102,3 ——— 221.8 94,6 106,8 —~—— 12,9
376 209.6 148,0 [150.9 100.7 —— 217,8 §4,6 100,4 —— 6,9
377 208,.8 147.3 1152,0 100,7 — 216,2 93,2 102,6 —— 10,1
378 209.8 144,0 152,0( 100.8 —~—— 218.0 86,4 102,4 —— 18,5
MEAN YALUE: 94,1 106,2 - 12,9
DATE
STATION
INSP, Page )
STAMP - ‘
NAME | :
REMARKS TITLE

AMATADNA &8 ADM NA

rY .72 0.2 1%

DATE
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MOTOROLA INC. THERMAL RESISTANCE PROGRAM pAGE__L oF 2
ductor m(zASUREMEN'r OF GJ;A
CAICUIATFD_DATA DEVICE TvpE  2N2222
SPEC. REV. NO.
TABLE 5.5 LOT NuMBER 544 (SL3-05) :
, GROUP __ REY 09 8suBGROUP D01
Calculation of TJ & TC plus comparison of calculated and measured values of TG'!/.
. RO |: 8th 26th “MEAN
DATA ‘CALC .| MEAS, CALC. CAIC, | MEAS, CAIC, VA’LUE
8J-C ' ;
S/N at TJ TC TC TJ TC TC ATC
500m |, (M—C)
UNIT | *cpw °c °G °c °c °c °c %
{MIN I MUM| N
MAX I MUM| :
373 109 245.2| 151.2 | 173.7 240,31 177.9 | 168.1 g
AP 14.9 5.5 10,2
374 104 241,71 152.6 171.5 241,01172.8 172,2
Am_c 12.4 0.4 6.1&
375 | 115 243,9]| 148,7 | 167,7 R e ——
A IM-C -12,8 —— 12.8
376 117 239.4] 148.,9 (161,.3 243,81175.8 166,4
A gvg -8.3 5.4 6.9
377 113 241,01 143,5 165.6 243,31 175,1 168,5
A -G -15.4 3.8 9.6
378 117 237.5| 141,7 161.3 241,46 1176.6 {164,0
A -13,8 7.1 10.5
MEAN VALUE: 9.4
(1) All datla taken|at 662qw in moying 100°C air.| 8th Repdout hds thermbcouple ponded
to casq with Epstman 910 cemept. 26th Readoyt has thermocoyple solfiered td case,
(2) % diffdrence of measuped valug¢ (M) and calculated vajlue (C) |calculated M-C K 100,
M
DATE 12-6 12-21 1-22
STATION| 110-01 Bench Bengh
TNSP . Page
STAMP 2-31 y—
' - NAME v
REMARK S . TITLE y ——
MQOTOROLA FORM NO, SPDe1079 DATE
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MOTOROLA INC. PAGE % oF 2
Semiconductor
Products Divisten
‘ DEVICE TYPE
TABLE 5.5 (Cont'd) SPEC. REV. NO.
LOT NUMBER
_ GROLP SUBGROUP
Computation of 6J-A and ©C-A values for 662 mw operation in moving 100°C air,
Mean values for individual units, From From | From From | A% betwegn,
. Meas, | Calc, | Meas. | Calc. | meas. & &ale.
— Calc, iMeas, | Calc,] Meas. Jaluaa__zalneq_xalna& valyeg,
SN TJ TC TC / TA ©J-A | 6J-A | 6C~A | 6C-A |ABJ-A | A6C-A
. {
UNIT °C °C °C °C °cv | %c/w | o °clu A i %4

I v :

MAX | MUM| IR R—
373 242,81 164.6 |170.9 98.3 - 218,3 100,2 109.7 - - 9,5
374 241,41 162,7 |171.9 98,2 - 216.3 97.4 111.3 - -14.3
375 243,9| --= [167.7 | 99.7 -  |217.8 | --- 102.7 | - ---
576 241.6| 102.4 [163.9 | 98.4 -~ |216.3 | 96,7 | 98,9 - |-2.3 |
377' 242,21 159.3 |167.1 98,6 - 216.9 91,7 103.5 - -12,9
378 239.5| 159,22 |162,7 97.4 -— 214,8 93,4 98.6 - -5,6

N VALUE: 95.9 104,.1° - 8.9
DATE -
STATION
INSP, age e
_ ——wm .“ —vH

REMARK S TITLE 4 v

ememmmi » samis wa  mma.daea naTe X '




MOTOROLA INC.
Semiconductor

m Prodvets Divielon

(CALCULATED DATA)

THERMAL RESISTANCE PROGRAM
MEASUREMENT OF 6J-A

PAGE—L . OF el

»

pevice Twe _2N2222 :
SPEC. REv. no. _PROJ, 1130 (JPL)
LOT NUMBER 544 (SL3~05)

TABLE 5,6
croup REY 098 sypgroup DO1
' Calculation of TJ & TC plus comparison of calculated and measured values of TC''/, &
‘ R/0 , 9th 27th’ MEAN
' DATA | CALC.| MEAS, |CALC, CAIC. | MEAS, | CALC. VALUE
' 0J-C ‘
: S/N at T3 TC TC I TC TC AtC
500mw I {(M~C)
UNIT °c Ad °c °C °C °c °c °c %
M 1N IMUM :
MAX | MUM|
? ===%
373 | 109 281.8 | 139,1| 197.0 283.1 | 190.5 [198.3
pa-c 2 -—- 4.1 4.1
374 104 279.5 | —-= 198.6 265.6 | 184,3 |184.7
AM=-C - <0.2 0.2
375 115 272.5 | 160.8 | 183.0] - — —
ATM-C. -13.8 13.8
376 | 117 267.8 | 156.0 | 176.8 277.3 | 1775 |186.3
ATM=C -13.3 "=5.0 9.1
- 377 113 269.8 | 150,9 | 181.8 280.8 | 173.6 {192.8
ATM-C -20.5 -11.1 15.8
378 117 270.8 | 141.4% 179.8 276.0 | 174.0 {185.0
AMM-C - " -6.3 6.3
MEAN VALUE: 8.2
1 All dafa taker at 778fmw is mdving 10¢9°C air.| 9th R4adout hpas thergocouple|bonded
o cask with Hastman plo—cemgnt 27t Readout—tras—thermocoppie—soldered—tp—caser—
) % difference d¢f measuked valuye (M) awd Calcufl ated v3ilue (C)} calculgted _l%_c__ X 100
DATE | 12-6 12-31 1-22 _
STATION] HO=-01 Bench Bench o
" INSP, Page .4
STAMP 5-3
L~ SEEEEEEEEEE S S T
NAME vy
REMARKS (*) Data indicates thermocouple bond may have TITLE v
MOTOROLA FORM no.lgpt?ﬁg%d' .I:Igtm}x-sed i.l\ calculation Of mean DATE g '




Semiconductor
Mradecte Divieten

' m MOTOROLA INC. PAGE—2 . OF

. , DEVICE TYPE

SPEC. REV. NO.
TABLE 5.6 (Cont'd) LOT NUMBER

GROUP SUBGROUP

Computation of 6J~A and 6C-A values for 778w __operation in moving air 100°C, i

‘Mean Values for individual units, From | From | From From A% bet een
Meas,| Calc, | Meas, | Calc., Meas. &-Qalc.

Calc. |Meas. Calc.! Meas, Yalues] Valueg Values! V Yalyes [

’ P

' ()] ; .
. S/N TI TC TC TA 6J-A | 6J-A | ec-A 6C~A | AeJ-A|ABC-A
UNIT °c oC °c °c °c/W °CN oc/w °C/W % . %
[MINTMUM : _ :
tggxlmumi , "
— — ====‘==J
| 373 282.5 |190.5 |197.7 | 98.6 --  1236.5 | 118.1 | 127 4| --- 7.9

374 272.6 [184.,3 |191.7 | 99.0 - 223.1 |109.6 | 1191 | --- 8.7

375 | 272.5 | === |183.0 | 99.7 = 2221 | — 10711 — —

376 | 272.6 |177.5 |181.6 | 98.5 =~ 1224.0 ]101.5 | 106.9 | --- 5.3

377 275.3 |173.6 |187.3 | 98.8 - 227.0 96.2 | 113.8 - 18.3

378 | 273.4 [174.0 [182.4 | 98.0 225.6 | 97.7 | 108.5 | === |11.1

MEAN VALUE: 104.5{ 113.9 | --- 10.3

(1) Values |[from 27fh R/0 dnly - thermocouples appeared tp be lodse or bécoming [loose

during [9th R/O/with Edstman "*10" bonliing.

DATE
STATION :
INSP, Page ' .

NAME
TITLE
MOTOROLA FORM NO, SPDe107¢ . DATE .

REMARK S
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MOTOROLA INC. PAGE 1 OF 1
Semiconductor
Frodusts Diviien THERMAL RESISTANCE PROGRAM sevice g | 2N2222
R A o e
Lor R 544 (SL3-05)
TABLE 5,7 crowr REY 098 susGroupDO1
Calculated values of TJ & TC - Comparison of measured & calculated values - computation of
1 rAO 12th - 500ms 1/ From | From | From From | A% between &
Meas.| Calc, | Meas, | Calc. | Meas. & Calc,
DATA Calc, | Meas, | Cale, | Meas, | Valuyeg] Valueq Values{Values !  Val ‘:'
8J-C ‘ ;
S/N at TJ TC TC TA 6J-A | 6J-A | 6c-A O6C-A | ABJ-A| ABC-A
500mw |,
UNIT | °chs °C °C °C °c e | °chv l°chn |°chu % %
M 1N 1MUM| '
MAX | MUM _
(i — w
373 109 237,2 173, 183,2 1125,7 = 223,0 - 115.0 —— i
pur s
374 | 104 234,6 [182,9 | 181.6 |125.3 | --- | 218.6 [115.2 | 112.6 | -—- 2.3
A M-C 0.7
375 115 240,0 {187,0 | 182,5 {125,3 | --- | 229,4 |123,4 | 114.4 | =—- 7.3
AWM-C . 2.4
376 117 239.9 |184,1 1180.9 |124,.6 — 230,6 |119.,0 | 112,6 | ~-- 5.4
ATM-C ’ 1.7
377 113 243 .0 —— 186,0 }124,7 ——— 236,6 —— 122,6 ———— ——
ATM-C pbaeg
378 117 243 .4 182.5 1 185.9 1124.9 —— 237.0 1115,.2 122.0 ——— 5.9
AMM-C -1.9 :
MEAN S%ALUE' 118.2 1 116.5 | === 5.2
(L All dath takenlin movihg air 4t 125°Ciwith 3 il thejmocouplp goldeded to case,
(2) % diffefence off measurpd valueg (M) ajd calcuflated v3lues (C) calcullated M-d X 100
M
DATE |12-6 1-10 _
STATIONIn0-01 Rench .
INSP . Page Lg
STamp —L———m—?.:l’—li——&‘——-J. %
REMARKS (*) Apparent measurement error - Not used in 'r': 'rri Y
calculations. Y
MDTOROLA FORM NO. SPD=1079 DATE

ey

©J~
8C=4



l m MOTOROLA INC. PAGE—L oF e

Semiconductor THERMAL RESISTANGCE PROGRAM
e MEASURRMENT OF 8J-A
SPEC. REV. no. __PROJ, 1130 (JPL)
TABLE 5.8 LoT numeer __ 544 (S13-05)

crouP REY 098 suscroup DO1 |

. ) (CALCULATED DATA) oevice e _ 212222
Calculated values of TJ & TC ~ Comparison of measured and calculated values-combutgéiop _od 6J~
| R/0 13th - 662ms' 1) From | From | From | From | A% between § ©C-
Meas, | Calc, | Meas, | Calc. | Meas, & Gale.
' DATA | Calec, | Meas,| Cale, | Meas, | Values}Values | Values!Values Yalues
| 8J~C ' .
S/N at TJ TC TC TA G8J~A | 6J-A | 6C-A 0C-A |A8J-A | AGC-A
500mw h
UNIT °c/w g °c °c °G °e A °Q/W ) .C/E % i
MINIMUM .
MAX | MUM|
— e —— e e
373 109 266,9 182.& 195.,4 |125,5 - 213,.6 - 105,6 ———— -
Am_c(z) -
374 104 266,7 {195,.6 196.5 |125,3 ——— 213,6 | 106,2 107,.6 ——— 13,2
A%M-C -0.5
375 115 270,3 | 204,5 194.1 |125,.7 —— 218,4 1':[9.0 103,3 ——— 13,2
AR-C | . 5.1
376 117 276,6 202,41 198,5 {126,6 ——— 226,6 | 114,5 108.6 — 5.2
ATM~-C 1.9
377 |113 276.9 |--- 201.5 126,46 | == | 227.3| == |113.4| == | -2
AZM-C e
78 117 279.7 1 210,31 203,5 11263 | o= 231 .6 1126.7 1116.5 — 8.1
l ARM-C 3.2
MEAN YALIE. 1116.6 1100.2 | - 9.9
' 1) All dath takenlin movihg ajr 4t 125°Clwith 3 il thefmocouplp sgldeded to chsa |
(2) % diffefence off measurpd valugs (M) apd Calcuflated vilues (C) calculated M~¢ X 100
M
DATE |15.4 11-10
STATIONIH0-01 Bench
INSP, ng?;z : Yy
STAMP - . ”N' A'“E .| Y _4
- REMARKS (*) Apparent measurement error. Not used in TITLE T
calculations. DATE - -
MOTOROLA FORM NO, SPD-1079 — g




I YU\ MOTOROLA INC. pace_ o 1 )
T aetor THERMAL RESISTANCE PROGRAM _—
| | MEASUREMENT OF 6J-A Ceviee ee | 2N2222
l (CALCULATED DATA) sPEC. REV. No. __PROJ. 1130 (JPL)_
TABLE 5.9 Lot nmeer 544 (SL3-05)
GrouP REY 098 susGrour DO1
Calculated values of TJ & TC - Comparison of measured and calculated values-Computation of fJ~A
R/0 14th - 778mw'l) From | From | From | From | A% between & |ig-A
: .| cale. | Meas. | Calc. | Meas, & @alc.
DATA Calec. | Meas., Calc. Meas. t{'% \sxes ga ey Va?aes values Vaiuesg
1 e3-c : ,

S/N at T TC TC TA 8J-A | a7-A | ec-A oC-A |A46J-A | d6C-aA

500mw |, :

UNIT °C/W oc oc oc ec °C/W °C/W ’C/W oc/w % '5%
[MINIMUM]
MAXIMUM] .

=ﬁ=1——___—————.=§== ey

373 | 109 300.1 | 195.4 | 214.9 {125,1 | === | 2249 | --- | 115.4 | =-= ——

ams-c§2) ——

374 104 297.4 | 212,7 216.5 124.4 - 222.4 1 113.5 118 .4 —— 4.3

ARM-C -1.8

375 115 302.,5 221.8] 211.9 {124.6 ——— 228,7 |124.9 112.2 - 11.0

A7-C. 4.5

376 117 305.5 213.31 212.5 {125.5 - 231.,4 1112,9 111.8 —— 1.0

A7M-C 0.4

377 113 305,5 | ==- 215.6 }{125,5 ——— 231.% — 115.8 — ——-

A%M-C —

378 117 313,0 228,.4 222,4 |1125,5 —— 241,0 | 32,3 124,6 — 5.8

A TM=C 2.6

MEAN VALUE: _120.9 | 116,4 - D2

(1 All data ta;cen in moving air jt 125°¢ with 3| mil thdrmocouple_soldered to ¢ase.

(2) % diffbrence df measufed value (M) ajd calculated vdlue (C)|calculdted M-C|X 100

DATE 12-4 1~10
STATION| y0-01 Bench ~

INSP., rage . v

STAVP 5-43 f :

NAME
- REMARKS (%) Apparent measurement error. Not used in TITLE L.
MOTOROLA FORM NO., Salgylations. DATE . : -
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MOTOROLA INC. PAGE 1 oF 2
Semiconductor THERMAL IMPEDANCE PROGRAM
Predoote Divieien
MEASUREMENT OF OJ-A DEVICE TYPE 282222
(Calculated Data) SPEC. REV. No. _Proj 1130 (JPL):
LOT NMBER _ D44(SL3~05)
le 5,10 .
Table crowe REY 098 gpopoye- DO1
Computation of temperature coefficient (K) - comparison of thermocouples & @J-C Values!:
R/0 18th -"K" Factor | 19th -"X" Factor 20th-Thermocouple' | 23rd -ei;ci
Data | Cale. | Cale. | Cale.| Cale.| Calec,| Calc. | Meas. | Meas, Meas,] Meas,| Cale,
. J R £ P
sm |AvBE | ATc K |AVBE | ATc R | &5 | AT ATU | 67-cl-8J-C
. Air Water | Water | 500mW }:-500mW
B )
NIT w | % mv/%| v °a w/oe| % % % {%m | SN
MIN I MUM| ‘ i
MAX | MUM| %
= — = = ==
373 101 63,0 ~1,604 100 58,2 -1,718 8.6 12,0 -0,7 109 109
AM-C [’ 0.0
374 100" 64,3 -1,555( 101 58.5 ~1.726 8,6 11,0 0.7 104 109
AM-C -4.8.
375 106 67.2 -1,578| 110 |58.5 |[1,880 |11,7 14,2 -0.4 115 ——
ATM-C ———
376 109 69.2 «1,575 - - e 11,7 13,1 0,4 117 118
377 107 66,7 -1,605 - - o o - - - 113 116
ARI-C -2,7
378 106 66,2 -1,602 -— - - - - - 117 115
ARI-C 1.7
SIB Standargds Lab Gu~Constl, "REFEHENCE" thermocouple:0.0! 0.0 0.0 == ==
S3M 3 Mil Cu-Const{ thermocouple-rjot bondéd tocafe 11,7114,2 ~0.4 - -
GLT Laborafory thqrmometejr: 2,3} 3.2 2.3 - -
(1) Data shpwn is | % deviption of] readings of thermocouple or thermomegfer from|"REFERE
DATE [1-13 1-13 1-14 1-14 1-17 1-17 1-17 12-6 1-22
STATION| wWater |Water wWater | Water Water |[Water Water | M_m
INSP. Page ' Water
sTavp | Bath |Bath Bath | Bath | 5244 |Bath [Bath Bath Bath
(2)% D1 fferi-en e of meas, value (m; & cale, value (¢ NAME A
REMARKS calculate M-C y 100. TITLE ' -
FORM NO. SPDe1079 DAYE -t

MPTOROLA

A

E".
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MOTOROLA INC. PAGE_..2
Semiconductor
Froduate Divisien TABLE 5,10 (Continued)
DEVICE TYPE 2N2222
SPEC. REV, no. _.Proj 1130 (Jp1)
- LOT NUMBER _ "544(S1.3-05)
crowe RBY 098 g;pcroue DOL
Computation of temperature coefficient (K) - Comparison of thermocouples
R/ | 21st - "K' Factor 22nd - "K" Pactor N
Data | cale, | Cale. | Calc. [Calc. |Cale. Calec.| Cale. | Calc. | Cale. Cilc.
() (2) (1) (2) (1) (2) (1) (2)
S/N AVBE | ATC A'TC K K AVBE |ATC A'TC K - K
§ ."‘
UNIT mv % °c w/%c | w/°c nv % % wv/°c mV/OC
1IN TMUM] : y
MAX | MUM| o
373 . \101 58,8 54,00 |-1,717 | -1,870 112 67.4 62,2 -1.662|-1,800
INTC K -8,2 -7.7
374 - - - - - 108 64,9 60.4 | -1,664|-1,788
LK) - -- ~6.9
375 - - - - - — - - — —
AW(K) - -
376 - - - - - 112 66,1 61,1 -1.695|-1,832
ls%(K) - -7.5'
377 _— - - - -~ 111 |64.6 | 61,0 |-1.718|-1.820
AT(K) -- ~5,6
) 378 - - - e - 104 63,3 60,8 -1,633}-1,710
A%(K) - -4,5
1) Data taljen with|3 Mil ¢opper-cpnstant therypocouple solderé_d to cage,
(2) |pata talfen with|Standd{ds Lab fopper~donstant,|"REFERENCE" thermocouple (with
ice batl referehce jun¢tion,)
(3) %» Diffeience in|"K" fadtor meajured with diff¢rent thermocouples; caflculated
K(ml- K ()| X 100]
DATE 1-17 1-22
STATION| Water Water ;
INSP. | Bath age | patn v
SLAVE x e ———————————
) NAME ! R
REMARK S TITLE :

DATE
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MOTOROLA INC. pacE—Ll . oF_2____
Semiconductor
Products Diviesien 2N2222 '
DEVICE TYPE :
, THERMAL RESISTANCE DATA SPEC. REV. No. . PROJ. 1130 G0
TABIE 5.11 LoT nmeer 944 (S13-05)
cror REY 098 supcrour DO1
Use of Detecto-Temp paint to determine maximum case temperatures, '
All tests performed in moving air at 100°C except
for Omw condition which was performed at room ambient, &,
Color | Color | Color | Color| Color| Color | Color | Color | Color| Color
S/N Power | Dot Dot Dot Dot Dot Dot Dot Dot Dot Dot
level 1 #1 #2 #3 1 #5 #6 #7 #8 #9 £10 |
UNIT | o color | color | color | color| color{ color| color |lcolor color| colo
1407 140° ;
MMM~ 120°C 155°8 170°C | 180°C| 230°C| 180°C | 170°C 155°8 120°C | 180°C
MAX I MUM
== T3 —— = — — ———— — |
ﬁnits 0 cream | blue blue white | green| white | blue blue creamj white |
ray- | mediu mediu ray-
373 500 cream gregn grgy " white green white grgY " _Emgn (1) whi.te
ra medium medium| gra
374 500 lilac Erc%’; grav white | green| white | gray | Sradn |_cream ! white |
gray- | medium . . wedium} gray- .
375 500 cream {green | gray white | green] white 2n 1) white |
gray- | medium . medium| gray- .
376 500 lilac | green | gray white | green| white gray grean (D white |
gray- medium mediuvm| gray-
377 500 lilac |greén | gr |_white | greenl white | gray | green | (1) white ]
378 500 lilac 552 in 2‘%2&“‘“ white | green| white ‘;‘%g;“‘“ Sradn | (D white |
gray- | medium| Tight li.%ht medium| gray-
373 662 lilac [green gray vellow egreenl vellow \'4 “reen (1) uhite |
gray- | mzdium medium| gray-
374 662 lilac |green | gray white | green] white | gray green | cream| yellew
adiw diu diu dai
375|662 creanm |gray | gray | white | green| white |gravorl 22oy"™l (1) white |
gray- | medium medium| gray- .
376 662 lilac |green | gray i green| white | gray green (1) white |
ray- dium . medium| gray- .
377 662 lilac grgg o g?-a;, white | green] white °I3¥ gra yn (1) _white
u um pedium | medium
378 | 662 lilac |gray | gray | vhite | green| white |gray | geay ] (1) white |
dark darl dark dark :
373 778 lilac |gray gra§ yellow| green] vellow|gray gray (1) yellow!
dark dark dark dark ,
374 778 lilac |gray gray yellow] green| yellow}gray gray cream | yellow|
dark dark light |dark medium . .
375 778 cream |gray gray yvellow| green ire lovwlgray gray (@))] white |
. N ray~ | medium| light ight [medium | medium
376 778 lilac gregn gray wellow| green ye%lgg gray | gray (@)) yhite
medium | dark . medium | gray~ 1 i§ht
377 778 lilac |gray oray white | green | white |gray green | (1) yellow!
dark dark light medium | medium
378 778 lilac |gray gray yellow| green| white lgrav | gray €1) white |
(@)) Color dpbts did not adhpre properly to|the topl of the|T0-18 chgse-camd off during test
DATE [12-21 12-21 12-21 112-21 12-21 112-21 12~-21 112-21 12-21 12-21 12-21
STATION|pench _|Bench | Bench jBench | Bench [Bench |Bench [Bench |Bench | Bench | Bench
INSP, Page |
STAMP —*2;£si------------L------i--
NAME y——
REMARK S TITLE e

MATORN A FNADM MO

SPN.INTA

DATE

——




l Y\ mororRoLa inc. pAGE_ 2 ofF 2
Semiconductor
Produate Divieien

TABLE 5,11 (Cont'd) pEVICE TYPE _2N2222
SPEC. REV. NO. _DPRQI. 1130 (IPL)
LOT NUMBER _544 (31.3-05)

crowp REY 098 gypgpoyp  DO1

Verification of case temperature in moving 100°C air at three sélected power lével%.

' ' Did céloxr (1)
case Terpp. Observed TC range based on change in change %ﬁfy
Meas, Cale, | color of Detecto-Temp paint. case temp, | ‘

Power ° ° o ° ° :
S/N Level TC TC €120°C >120°C | »140°C| »155°C] 3170°C| >180°C| Meas. Calc,

© 4 o o L 3
q Applied <140°C | €155°C| L170°C| <180°C| <€230°C{ TC TC

UN iT sy °C °C - - - —— . - - bt - o ftendund
M I N I MUM}
MAX I MUM

t . =====:===ﬁ——_l
373 | 500 139,2 |162.5 No Yes
374 | 500 145,7 |159,2 , . ' No Yes

375 500 146,2 |153.1 No Yes
376 500 140,0 |148,1 No ‘No

377 500 136.4 |151.7 No Yes
378 500 136,1 |148,5

I LT L T - ]

No No

373 662 151,2 |173,7 X No Yes
374 662 152,6 1171,5
375 662 148,7 1167.7

376 662 148,9 1161,3
377 662 143,5 |165,6

378 662 141,7 |161,3

Yes Yes

No Yes

No Yes
No Yes

L Rl o o I L

No Yes

373 778 - |197.0 X - Yes
374 778 --- |198.6 X - Yes

375 778 160,8 |183.0 X No - Yes
376 778 156,0 {176.8 X No Yes

377 778 150.9 1181.8 X No Yes

378 778 ——— 179.8 ' X - Yes

DATE [12-21 12-21 12-21

STATION Ronch Bench Bﬁnsh '

STAMP 5-47

REMARKS (1)If meas. or cale. temp., was within 5°Cof color NAME - v

change temp., it was considered verified. TITLE ‘ v
MOTOROLA FORM NO. SPD«1079 . DATE p—
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6.0 CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

The original intent of this program was for Motorola
to refine an ekigting thermal resistance measuring technique
and to determine its accuracy and repeatability, with the spe-
cific objectives of determining if the measurement technique
was capable of +10% absolute accuracy and +5% repeatability.

After a thorough review of the data obtained, the re-
sults show that the objectives were successfully achieved.

Absolute accuracy verification by the thermocouple
method demonstrated a "worst case' accuracy of 8.4% for a nomi-
nal 8J-C value of 100°C/W measured with TC of 25°C and 500mW.
This would correspond to an error in TJ of 4.2°C (5.6%) at 75°C
nominal TJ. The majority of this error is attributed to the HT
cement used to bond the thermocouples; since, the successfully
stitch-bonded device showed an absolute accuracy of 1.6%.

The temperature-indicating paint method utilizing 'cap-
ped" devices demonstrated an absolute accuracy of +8.3% for a
nominal 6J-C value of 100°C/W based on operation in 100°C moving
air and 600mW. This would correspond to an error in TJ of +5°C
(+£2.1%) at 235°C nominal TJ. The accuracy in this instance is
limited by the color-change temperature range of +5°C from the
nominal value of 235°C.

6-1
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The water bath method demonstrated an absolute ac-
curacy of 1.6% for a nominal 6J-C of 124°C/W measured with TC
of 25°C and 500mW.

The repeatability was demonstrated to be +1.26%,
which is well within the +5% requirement in the JPL Accelerated
Test Program.

8C-A values for the Motorola 2N2222 device were de-
termined to be 205°C/W for still ambient air, 122°C/W for mov-
ing ambient air, and 110°C/W for moving 100°C air.

It was shown that 6J-C was independent of power level
within the range of power levels normally experienced by the
2N2222, and that the value of 6J-C was not influenced signifi-
cantly by removal of the cap.

6.2 Recommendations

Since the power levels proposed for the JPL Accelerated
Life Test Program were based on a 6J-A value of 300°C/W, it is
recommended that these values be recalculated using the value of
225°C/W. This is based on the value of 110°C/W for 8C-A for 100°C
moving air as determined from the Phase III tests and a nominal
value of 115°C/W for 8J-C that was computed from the data taken
during the repeatability verification experiment.

It is recommended that for any program requiring thermal
resistance measurements on the 2N2222, a group of at least five

6-2




devices be used as correlation samples for setting up tester
HO-01 and for periodically monitoring the bench tester. This
procedure will insure correlation with tester HO-0l.

For any program requiring thermal resistance measure-
ments on devices other than the 2N2222, it is recommended that
the "K" factor be initially determined using the water bath
technique and the 8C-A value be determined using the actual am-
bient air conditions and the bench tester.




7.0 KEY PERSONNEL

'.
Il,
: The following key personnel contributed to the
Thermal Resistance Measurements Study Program during the
course of the contract:
Kenneth W. Davidson - Mgr., Reliability Programs Dept.
Paul H. Greer - Project Manager
Jim Parch - Product Engineer, Silicon Devices
Nancy Ricketts - Sr. Data Analyst
William Roehr - Applications Engineer

Dr. O. B. Moan - Statistical Consultant (Arizona State U.)
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LANSDALE DIVISION

" FEATURES:.
t 1. High Spatial Resolutioh—on the order

[N

dleo*q.-.

2. High Temperature Sensitivity—oathe

order of %4°C.

3. Wide Temperature Range—irem xc.
p b0 several hundred °C.

LHighSpeedofRapome-wu-

_mkahm

5. Non-contacting Method of Meas-

urement-—dees not alter the thermal profile
of fine siructures. -

6. Non-destructive Measurement

Technique

7. Nitrogen Cooled InSb Cell—s neers
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Purpose and Advantages

Philco Thermal Plotter is an outstanding infrared
sensing device used to analyze the temperature distribu-
' tion of small structures, particularly the complex geom-
etries of microcircuits. Philco Thermal Plotter may
be used both as a design tool and as an aid in reliability
and life testing. As a microcircuit design tool it enables
rapid evaluation of power handling capabilities for a
variety of operating conditions without extensive life-
testing procedures. Used in reliability and life testing,
the Thermal Plotter is capable of evaluation of large
numbers of microcircuits and other small structures.
The Philco Thermal Plotter is the result of a search
for an improved method of thermal evaluation of small
structures. The commonly used techniques have many
disadvantages: the use of thermocouples and of heat-
sensitive films is slow and tedious; they lack the resolv-
ing power necessary to obtain complete information;
their contact with the evaluated structure affects the
heat distribution and causes inaccuracies.

‘BGSIG Design and Operation

The Philco Thermal Plotter is essentially a hngh-
sensitivity infrared detector combined with a micro-
‘scope.'l‘heheartofﬂwsystemwan indium antimonide

detector, a solid state de\nee operating at liquid nitrogen

L

temperatures. Attached to the detector is a dewar ca-
pable of an uninterrupted 8-hour operation. An optical
system focusses the sensitive areas of the detector on
the sample. The same system also provides visual ob-
servation capabilities by means of an additional eye-
piece with crosshairs. The signal is chopped, amplified
and demodulated by associated electronic circuitry, and
displayed either on a built-in meter or on an external re-
corder, such as an X-Y plotter, strip chart recorder, or
intensity-modulated long-persistence cathode ray tube,

In the manual plotter, the object is mounted on a
micrometer substage and manually positioned while
viewed through the eyepiece. A scanning feature can be
added to the basic unit, thereby enabling the plotting
of isotherms superimposed on an enlarged drawing of
the object.

Automatic Plotting
with X-Y Recorder

A method for the automatic plotting and display of
thermal maps is available.

The sample is mounted on a substage and the
micrometers are driven by two motors; the positional
information is applied to an X-Y recorder, and the out-
put from the IR oell is fed to the recorder’s pen-lift
mechanism,




= . By using a series of threshold circuits, curves of equa
radiation can be plotted one at a time, thus providing a
radiation map of the sample.

If a transparent enlarged drawing of the sample is
superimposed on the X-Y plot, the emissivity of the
various elements can be taken into consideration, en-
abling the conversion of the radiation map into a tem-
perature plot.

High-Speed Dynamic Display
‘on Cathode Ray Tube

Soon to be available will be a display method hav-
ing the advantage of versatility and high speed. The
sample is moved by means of a traverse mechanism
while it is scannkd in the other dimension with the use
of a mirror-lens assembly rotating at high speed. The

For more information about the uses of the Thermal Plotier,
see the following publications:
Walker, M., Roschen J., and Schlegel,E., IEEE Trans. Elaciron
Dev., ED-!O, No. 4, Jvly 1963, p. 263.
Schiegel, E. S., Rev. Sci. Instr., 34, No. 4, April 1963, p. 360.

e W e mmie e e s

X-Y positional information is fed to a cathode ray tube
display unit whose intensity is modulated by the IR
cell’s output. A number of threshold circuits can digitize
the information to obtain plateaus of equal radiation.

In this fashion a radiation plot can be displayed on
the CRT face within a second’s time and repeated about
once per second. Using a long-persistence tube, the dis-
play can readily be viewed and also photographed for
permanent record. Also, by changing the threshold set-
tings, the plateaus to be viewed can easily be altered.

This method is particularly suited for design purposes
due to its rapidity and ease of changing of settings. It
can also be used as a quality control tool, either by
visual observation or by providing alarm circuits to
operate in conjunction with the threshold circuits, giving
alarm or rejection signals if the radiation deviates in
any area from the permissible setpoints.
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Figure 2—Philco Thermal Plotter Resolution Curves
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m MOTOROLA

High Voltage Ratings

DESIGNED for
COMPLEMENTARY
HIGH-SPEED SWITCHING
APPLICATIONS and
=—=J  DC to UHF AMPLIFIER
CIRCUITS

High Uniform Beta from 0.1 to 500 mA.

Similar Switching Characteristics

Low V¢ () — 0.4 V at 150 mA Maximum

ABSOLUTE MAXIMUM RATINGS

SILICON ANNULAR STAR TRANSISTORS

Characteristic Symbol NP
Collector - Base Voltage VCBO 60
Collector - Emitter Voltage VCEO 30
Emitter - Base Voltage VEBO 5
Collector Current IC 800 -
Total Device Dissipation PD
@ 25°C Case Temperature
To - 5: 2N2218, 2N2219 3
Derate Above 25°C 20
2N2904, 2N2905
Derate Above 25°C
To - 18: 2N2221, 2N2222 1.8
Derate Above 25°C i2
2N2906, 2N2907
Derate Above 25°C
Total Device Dissipation PD
@ 25°C Ambient Temperature
To - 5: 2N2218, 2N2219 0.8
Derate Above 25°C 5.83
2N2904, 2N2905
Derate Above 25°C
To - 18: 2N2221, 2N2222 0.5
Derate Above 25°C 3.33
2N2906, 2N2907
Derate Above 25°C
Operating Junction Temperature T, ~65t0 +176 ] "“W
Storage Temperature Tstg =65 to +300 45*'»*300 °C

*Trademark of Motorola Inc.

tManufactured by the annular process, Motorola patents applied for.

MOTOROLA Semiconductor Products Inc.

1
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2N290494-2N2905
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ELECTR'CAL CHARACTER'STICS (At 25°C ambient unless otherwise noted)

FIGURE 1 — SATURATED TURN-ON
SWITCHING-TIME TEST CIRCUIT

FIGURE 2 — SATURATED TURN-OFF
SWITCHING-TIME TEST CIRCUIT

MOTOROLA Semiconductor Products Inc.

FIGURE 3 — NON-SATURATED SWITCHING-TIME TEST CIRCUIT

Static Characteristic Fig. No. Min Max Unit
Collector-Base Breakdown Voltage ——— Vde
(IC =10 pAdce, Ig = 0) All Types 60 -——
Collector-Emitter Breakdown Voltage* 9 Vde
(Ic = 10 mAdc, Ig = 0) 2N2218-19, 2N2221-22 30 -
2N2904 thru 2N2907 40 == S
Emitter-Base Breakdown Voltage — Vde
(Ig = 10 pAde, Ic = 0) All Types 5 -
Collector Cutoff Current ——— 1 Ade
(Vep =50 Vdc, Ig = 0) 2N2218-19, 2N2221-22 —— .01
2N2904 thru 2N2907 - .02
(Veg = 50 Vde, Ig = 0, T4 = 150°C) 2N2218-19, 2N2221-22 --- 10
2N2904 thru 2N2907 . - - 20
Collector Cutoff Current —— nAdc
(VCE = 30 Vdc, Vgg = 0.5 Vdc) 2N2904 thru 2N2907 - 50
Base Cutoff Current — nAdc
(Vecg = 30 Vdc, Vgg = 0.5 Vdc) 2N2904 thru 2N2907 - 50
Collector-Emitter Saturation Voltage* 12, 15 Vde
(I = 150 mAdc, Ig = 15 mAdc) All Types - 0.4
(I = 500 mAdc, Ig = 50 mAdc) All Types ——- 1.6
Base-Emitter Saturation Voltage* 13, 16 Vdc
(I¢ = 150 mAdc, Ig = 15 mAdc) All Types - 1.3
(I¢ - 500 mAdc, Ig = 50 mAdc) All Types - 2.6
DC Forward Current Transfer Ratio ——
(Ic = 0.1 mAdce, VCg = 10 Vdc) 2N2218, 2N2221, 2N2904, 2N2906 10 20 ===
2N2219, 2N2222, 2N2905, 2N2907 11 35 ---
(Ic =1.0 mAde, Vg = 10 Vdc) 2N2218, 2N2221, 2N2904, 2N2906 25 ---
2N2219, 2N2222, 2N2905, 2N2907 50 .-
(Ic = 10 mAdc, Vcg = 10 Vdc) 2N2218, 2N2221, 2N2904, 2N2906 35 ---
2N2219, 2N2222, 2N2905, 2N2907 5 ---
(Ic = 150 mAdc, Veg = 10 Vde)* 2N2218, 2N2221, 2N2904, 2N2906 40 120
2N2219, 2N2222, 2N2905, 2N2907 100 300
(Ic = 500 mAde, Vop = 10 Vde)* 2N2218, 2N2221, 2N2904, 2N2906 20 -
2N2219, 2N2222, 2N2905, 2N2907 30 ---
Dynamic Characteristic Fig. No. Symbol Typ Max Unit
Output Capacitance 4 Cob pf
(Veg =10 Vvde, Ig = 0,f =100 k) All Types --- 8
Input Capacitance 4 Cip pf
(VBg = 0.5 Vdc, Ic = 0, f = 100 ke) 2N2218-19, 2N2221-22 -—- 30
(Vpg = 2 Vde, I = 0, f = 100 kc) 2N2904 thru 2N2907 === 30
Current Gain - Bandwidth Product 8 fr mc
(Ic = 20 mAdc, Vcg = 20 Vde, f = 100 me) 2N2218-19, 2N2221-22 e ==
(Ic = 50 mAdc, Vo = 20 Vde, f = 100 mc) 2N2904 thru 2N2907 --- ===
Delay Time 2N2904 thru 2N2907 1 ty 6 10 nsec
Rise Time 2N2904 thru 2N2907 1 ty 20 4 | _nsec
Turn-On Time 2N2218-19, 2N2221-22 1 ton 26 === nsec
. 2N2904 thru 2N2907 26 45
Storage Time ____2N2904 thru 2N2907 2 ty 50 80 - nsec
Fall Time 2N2904 thru 2N2907 2 t 20 30 |  nsec
Turn-Off Time 2N2218-19, 2N2221-22 2 toff 70 - nsec
I _ 2N2904 thru 2N2907 o N (. 100 |
Total Switching Time All Types 3 Yotal 12 -_— nsec
*Pulse Test, Pulse Width <= 300 usec, Duty Cycle = 2%
PNP SWITCHING-TIME TEST CIRCUITS
For NPN Switching Tests, reverse diodes, polarities, and input pulses.
B v
v
+50 0
EA?K
0 0 O—y Pt A il
_l_]- 16 —I_J—_:mv < _H:l \P' R 1K
b:
LT'I M 1 L‘“’» SW 450V
PW - 200 nsec PW = 200 nsec PW — 15 nsec X
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FIGURE 4 — CAPACITANCE VARIATIONS versus VOLTAGE
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FIGURE 6 — TOTAL CONTROL CHARGE versus BASE CURRENT

FIGURE 5 — ACTIVE REGION TIME CONSTANT
versus COLLECTOR CURRENT
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FIGURE 7 — NORMALIZED TURN-OFF TIME
versus COLLECTOR CURRENT
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FIGURE 8 — CURRENT GAIN-BANDWIDTH PRODUCT versus COLLECTOR CURRENT
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Vee soty COLLECTOR-EMITTER
SATURATION VOLTAGE (VOLTS)

Vee oy COLLECTOR-EMITTER
SATURATION VOLTAGE (VOLTS)

Vie (sa1) BASE-EMITTER SATURATION VOLTAGE (VOLTS)
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FIGURE 15 — COLLECTOR SATURATION VOLTAGE versus BASE CURRENT
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versus BASE CURRENT
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FIGURE 9 — COLLECTOR CURRENT versus MINIMUM COLLECTOR-EMITTER BREAKDOWN VOLTAGE
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FIGURE 10 — LOW CURRENT GAIN
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FIGURE 11 — HIGH CURRENT GAIN
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FIGURE 12 — COLLECTOR SATURATION VOLTAGE versus BASE CURRENT
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