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_ HIGH TEMPERATURE OPERATION
OF EASEP TRANSMITTERS

SUMMARY
| High temperature functioﬁal tests were perfqrrﬁed on '?fot'd¥‘ ’;
tyi)e ,Tr‘ka‘,ns'rnitte‘r SN-5 and Qu‘alifi’catior’l Transrnittgr SN_8 Say.fé:b .
~ aideqkﬁa.tek'pér‘formance was obtained to ‘fhke test 'lirhi“t of '7~7,’°C". 'I‘he ‘
extrapo~1ati,on of data to the flight model"imitvsk (which .éyons‘u“‘m‘,e mq?'e .
‘powe‘r) §h§w adeqﬁate kmargin on the hottest running trans‘ik‘stbdr;"'"_k,‘j“’k
junction,~ tkhe power doublerk 2N4012;; I’ci is therefore probable ,thét;
t’he’hightempe rature, expected in the‘LM,kS’EQ bay and h’ek‘nc‘e' kth‘é::k
EASEP interior at depléYment and start of operation, .w"illki‘mkp'(k)sé ﬂo

incipient premature failure of the data transmitters.

 TESTS AND TEST DATA

Transmitters SN-5 prototype and SN-8 Qualification Model
were subjécted to tests which measured their significant"operating
parameter from ambient temperature up to 77° Celsius. Théd_ata is

‘shown in Tables‘ 1 and 2 respectively.
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TA’BLE I

TRANSMITTER SN-5 DATA

—

9y '252ma | 278ma | * 285ma | 319 ma [** 269mal|
Current : ; =
12v , o ' : 1 -
: 31 ma 32 ma 32.5ma 33 ma 32:.5ma |
_Current - ‘ .
Output. 5.1 | o530 -5. 45 -5. 4 602}
Power (30.3) (30.1) | (29.95) (30) (29. Z)..I
Peak 1.2V .15V v | onev | onav |
Deviation (radians) 2 ‘ | I .
Frequency | 175.1152  [*175.1139] 175.1143 | 175. 1149 175. 1149 |
Hz (X:13) : o : R : JJ"  
- ——— : j ; ! - .
St 1. 849V 1.932V 2.039V 2.276V | 1.947V
(TM-2) Heat- | 2.683V 4. 193V 4.809V 4.903V 5. 14V
Sink Temp. (27°C) | (53.5°C) | (64.5°C) | (66.5°C)| (69°C)
(TM-3) Power | 2.852V 3.071v | 3.050v 3.104V | 2.948V
Doubler(I) 156ma . 161ma 159ma | 161ma 156ma
(TM-4) Xtal 2.760V 4.054v | 4.,534v 4. 618V 4.799V
Temp. (28°c) | (53°%) (64°C) (65. 5°ch‘ (68.5°C)

— ol ol == =

*  After 10 minutes"of"on"time,CUrren‘t went to 307 ma and oufput power
- dropped to 29.9 dbm. '

H% This transmitter was not able to maintina rf output power within
specification at the high temperature as was SN-8. Input power also
dropped off. (Apparently insufficient AGC gain and/or improper high ‘
temperature tuning). i
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TABLE 2

TRANSMITTER SN-8 DATA

29V 219ma 233ma 259ma
Current ; :
—q e 4
v 31ma 32ma 32ma
Current ; ~
' ma— T |
Output -5.2 -5.3 -5:3 55. 3
Power E_o. 2dbm) (30.1) (30. 1) (30, 1)
Peak 1. 25V 1. 25V 1. 25V 1. 25V
Deviation |(radians) : J
; ‘ | 1
Frequency|175. 1149] 175. 1143 1175.1139 | 175. 1140 175.1143 |
Haz (X13) : S o
(TM-1AGC | 1.189v | 1.307v | 1.664v 72 025V 2. 177V
Level ‘ L : . | ,
(TM-2) Heat] 2.42V 3.252V 3. 969V 4. 199V 4.306V 4.322V
Sink Temp. |} (32°C) | (49°C) (66°C) (70°C) (77°C)

Doubler 1

(TM-4) Xtal
“Temp.

(TM-3) Power|

2.016V
(134mad)

B o

2.893V

(31°C)

2. 331V
(144ma)

SN-8 transmitter operated normally and within specification throughout the _

high temperature testing.

2.815V
(160ma)

‘1 3.044V
(168ma)

4. 641V
(73°C)

3. 244V
(176ma)

4.656v |
(14°C)
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THERMAL ANALYSIS

ITT rates the 2N4012 transistor used in SN-11 and 15 (all
flight models) as follows:
o o
1. 8.5 watts at 74 C (1657)

2. Typical thermal resistance 12°C/watt
' (distribution of product)

3. At 25°C, the transistor has a 14.5 watt capability which.
is 3 watts over the specification sheet.

4. The thermal time constant at 25°C (case temp. ) is . 49 sec.

SN-11 ANALYSIS "

From Fig. 3 the Xmtr SN-11 Doubler current at 77°C (170°F)

is-extrapolated to 212 ma.

Input DC = .212x 29 , 6. 148 watts
Drive input power + 1.000 watts

‘ 7..148..
RF out to x4 - 2.3 watts"

Net dissipated in : 4. 848 watts
Junction :

4.9 watts x 12°C/watt = 58.8°C Temp rise.

58.8°C junction rise
77.0°C  base plate temperature

5.0°C case-to-bageplate rise
140. 8°C Junction Temperature
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SN-15 ANALYSIS

5.1 watts x

61. 2°C
77.0°C
5. 0°C

ey

- 143.27C

CONC LUSIONS:

is encouraging.

is extrapolated to 220 ma.

Input DC = . 220 x 29 = 6.380 watts
Drive Input Power ~ +1.000 watts

7.38 : ,
RF . out to x4 22,3 watts
Net dissipated in junction =

5.08 - watts

. , . :
12 C/watt = 61.2 °C Temp. rise.

junction rise

baseplate temperature
casesto-baseplate rise
Junction temperature

From Fig. 4 the Xmtr SN-15 Doubler Current at 77°C‘( 1’70'017“)‘

The maximum junction temperature rating is 200°C.

The tests of SN-5 and SN-8 showed neither unit performing in
a ma‘n.neri that would indicate ox;ei'-tempe réture or runaway of thé '
2N4012 power doubler transistor. SN-8 performed normally up
through 77OC. SN-5 éhgwed a power input’and r.f. pqwér output-
vdropoff starting at about +67°C. This could probably be corrected By
r’etun'ing o{rer the higher temperature range. For the sample of 2 tested,

the results of safe operation at the out-of-specification high tempeérature
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(CONC LUSIONS cont'd. )

The AGC and Power Doubler current plots of the EASEP trans-

mitters SN-11 and SN-15 were extrapolated to 77°C, and should

| ,repfesent the greatést doubiér' current éxpected to be drawn by tﬁesé
u’riiyts. The shapé of the curves (drawn through three t’empe}*atk_ur‘e test
points) appeafr:typical of properly tunedvtransmitters and thexfefbre,.add" '
to the confid"ence level of the extrapolated curfént value. ‘
C"a#lculations based on the extrapolated current vaiue's show that both
trans.mitters should operate,wellkwithin the safe rating of the highe'st.

stressed component, the 2N4012 transistor doubler at the 77OC,tempef-—

ature expected at Lunar turn-on.
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