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OBJECTIVE

The objective of this project was the evaluation of the stability upon thermal
cycling and handling of ten small, epoxy-encapsulated silicon diode
thermometers (Model DT-500FP-HRC-7 from Lake Shore Cryotronics, IncJ' at six
temperatures in tﬁe range from liquid nitrogen temperatures to about 60 °c .
The nominal temperatures of measurement were - 196 °C, -78 %, 0 9, 20 °c,
4o °C, and 60 oC, a? measured on the International Practical Temperature Scale
of 1968, Diodes were to be thermally cycled 15 to 20 times. Since NASA
anticipates that the uncertainty in their temperature measurements will be
* 50 mK, uncertainties as large as ¥ 10 mK in the measurements of.our
evaluation can be accommodated without deleteriocusly affecting the value of

the results of the investigation.

'Certain commercial equipment, instruments, or materials are identified in
this paper in order to adequately specify the experimental procedure. Such
identification does not imply recommendation or endorsement by the National
Bureau of Standards, nor does it imply that the materials or equipment
identified are necessarily the best available for the purpose.
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STABILITY OF SOME EPOXY-ENCAPSULATED DIODE THERMOMETERS

B. W. Mangum and G. A. Evans, Jr.
Temperature and Pressure Division
Center for Basic Standards
National Bureau of Sténdards

Gaithersburg, MD 20899

' ABSTRACT

An investigation of the stability of 10 silicon diode thermometers upon
normal handling and upon thermal cycling between liquid nitrogen temperatures
and 60 °C was conducted. The diodes underwent 28 thermal cycles and during

that time, only one experienced instabilities equivalent to as small as

1+

0.045 K. The other nine diodes had instabilities which ranged from about

¥ 0.09K to* 0.20 K.

INTRODUCTION

The surface temperature of airfoils must be known accurately in order to
properly investigate and evaluate aircraft designs. Models are usually tested
in a facility such as the National Transonic Facility located at the Langley
Research Center of NASA, in which cold nitrogen gas is used as the fluid. The

surface temperatures of interest are usually in the range from about 77 K to



325 K. In order to accurately measure the surface temperatures of the
airfoils, adequately characterized thermometers must be employed. The types
of thermometers avallable for such measurements are limited; they must be
small, rugged, sensitive, stable, and respond rapidly. One thermometer that
might possibly meet these requirements is the silicon diode thermometer.

The objective of this project was to determine the stability upon thermal
eycling and handling of ten small, epoxy-encapsulated silicon diode
thermometers at six temperatures in the range from 1liquid nitrogen

temperatures to about 60 ©C. The nominal temperatures of measurement were

-196 °c, -78 °c, 0 °c, 20 °c, 40 °c, and 60 °cC.

EXPERIMENTAL DETAILS
Equipment Used In Investigation
thermometry
The temperatures at which tests were conducted were measured with a long-
stem standard platinum resistance thermometer (SPRT) [1] which had been
calibrated at the National Bureau of Standards in the Platinum Resistance
Thermometer Calibration Laboratory. The resistances of the SPRT were measured
with a Neil Brown Instrument systems, Inc. automatic ac resistance bridge' [2]

that has a resolution of 0.1 mK.

®certain commercial equipment, instruments, or materials are identified in
this paper in order to adequately speclify the experimental procedure. Such
identification does not imply recommendation or endorsement by the National
Bureau of Standards, nor does it imply that the materials or equipment
identified are necessarily the best avallable for the purpose.



temperature-regulated environments

The thermal environments of the diodes wefe provided by different
methods, depending on the temperature of measurement. For all cases, except
at liquid nitrogen temperatures, the diodes were immersed in a low-viscosity
silicone oil during measurements. At liquid nitrogen temperatures, the diodes
were immersed directly in the liquid nifrosen. Durihg measurements at each of
the temperatureg, the SPRT was located in the fluid with, and encircled by,
the 10 diodes under test.

At - 78 °C, the refrigerant was solid COp in alecohol. During the
measurements at this temperature, the dipqes and the SPRT were immersed in the
low=viscosity silicone o0il in a brass cylinder that was surrounded by the
refrigerant. The silicone oil was stirred by means of a magnetic stirrer
which was well removed from the diodes. |

At 0 °C, an experimental arrangement similar to that used at -78 °C was
employed, except that the refrigerant in this case was ice.

During measurements at the three temperatures just discussed, the
temperatures were not reguiated with a temperature controller but,
nevertheless, they were constant to within 2 or 3 mK.

At temperatures above 0 ©C, the thermal environments were provided by a
Rosemount Inc. oil bath, in which the temperatures were regulated with a
Tronac, Inc. Temperature Controller. The temperatures were.constant to 1 or

2 mK over the time of the measurements.



voltage measurements

A Cryocal, Inec. constant current source, Model CS 1000B, was used to
supply the 10 uA current required by the diodes. This unit provided a
current with an instability of at most 10 ppm. The voltages across the diodes
were measuréd with an HP 3456A Digital Voltmeter (DVM). A scanner, HP Model
34954, was used for switching the appropriate potential leads of the diodes to
the DVM. Similar but upgfaded versions of these latter two instruments were
purchased to be incorporated by NASA personnel in an automated system at NASA.
Those instruments purchased are listed in Table 1. The measurements which we
conducted on the diodes were automated to a great extent.

The current that passed through the diode thermometers was monitored by
measuring the voltage across an ESI standard resistor, Model SR104, that was
conﬁected in series with the diodes. The SR104 is a transportable 10,000 ohm
standard resistor with a small but known temperature dependence. The voltages

across the SR104 were measured with the DVM.
diodes

The diodes investigated were those specified by NASA, and are listed in
Table 2. In our measurements, the 10 silicon diodes were wired as Y4-lead
devices. They were connected in series with each other and with the constant
current so;rce. The potentfal léads of each diode were connected to the DVM
through the scanner. Two of the diode thermometers were calibrated by the

supplier prior to delivery (see Table 2).
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Experimental Arrangement

Since the small silicon diode thermometers that we 1nvestigated for
stabi}ity upon thermal cyeling and normal h;ndling were tested over the range
from liquid nitrogen temperatures to 60 ©C, different techniques were used
above and at or below 0 °C. For testing at liquid nitrogen temperatures, the
10 diodes were inserted into small wells of a 2-c¢cm deep wooden ring which was
attached by means of three small thin-walled stainless steel tubes to a top
Dewar-cap assembly. For solid CO, temperatures and at 0 °C, an assembly
éimilar to that used at liquid nitrogen temperatures was used except that the
bottom ring was lucite instead of wood and, additionally, the diodes extended
through the ring by about 2 cm. These support systems were fitted into either
Dewars or other containers which contai#ed either liquid nitrogen or a low-
viscosity silicone oil during tests. In order to avoid large thermal shocks,
the diode assembly was inserted slowly into the relevant fluid. In the case
of liquid nitrogen, the wooden holder also aided in slowing the coolng of the
diodes.

For tests above 0 ©C, the diodes were held in position in the oil bath by
a thin ring of lucite through which small holes had been drilled to
accommodate the diodes. The diodes were located such that they extended about
3 cm below the lucite ring.

_ During measurements above, at, and below 0 9C, the SPRT was located sﬁch
that the platinum sensing element was at or near the same vertical position as
the diodes and along the axis of the wooden or plastic rings. Although the
fluid baths, with the exception of the liquid nitrogen bath, were stirred and,

thus, were uniform in temperature within 1 to 3 mK throughout the baths, this



arrangement of SPRT and diodes further ensured that the temperature measured

with the SPRT was very nearly the same as that experienced by the diodes.

Experimental Procedure

The thermal cycling of the diodes was performed by cooling them to liquid
nitrogen'temperatuves and then making measurements bn them; removing the
diodes from liquid nitrogen, blowing room-temperature air over them to warm
them to room temperature and remove any moisture present, placing them in.the
lucite holder, inserting them into room-temperature oil followed by inserting
them in an oil bath at solid CO, temperatures and making measurments on them;
removing the diodes from the o0il at solid Co, témperatures, blowing room--
temperature air over them to warm them to room-temperature and remove any
moisture present, inserting them in room-temperature oil, then inserting them
in an oil bath at the ice point and making measurements on them; removing the
diodes from the oil at the ice point, placing them in the holder for use in
the temperature-regulated oil bath, placing them in an oil bath at 20 °C and
making measurements on them; and then heating the temperature-regulated oil
bath containing the diodes first to 40 °C and then to 60 °C and making
measurements respectively at those temperatures. When measurements at 60 ©C
were completed, the diodes were removed from the 01l bath and left at roonm
temperature overnight, ready to repeat the process the next day. Each
experiment with the diodes experiencing temperature changes as just described,
l.e., from room temperature to liquid nitrogen temperature to room temperature

to solid CO, temperature to room temperature to the ice point temperature to
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room temperature to 20 9C to 40 ©C and to 60 °C, constituted one thermal
cycle. A given thermal cycle was conducted over a period of one day and it

required a full day of work.

RESULTS AND DISCUSSION

We encountered numerous measurement problems during the first several
thermal cycles. These were related to earth loops and pick-up. Although one
never totaily eliminates suéh problems'with diodes since they are rectifiers,
the problems can be and were reduced éo'manageable levels. In our case,.aféer
the appropriate shielding and groundiné;-those problems accounted for changes
amounting to the equivalent of only a few mK (* 5 mK, maximum). We found that
it was necessary to use shielded cables exclusively and to ground all of the
equipment involved in the measurements at one point only. It is desirable to
shield the leads to the diode thermometers over their entire length, but that
is not generally practicable, however, if the diodes are to be used as
thermometers. They can be shielded, however, over most of their length and,
iq éur case, the unshielded portions were located inside the fairly-wéll-
enclosed thermal environment. In this investigation, some 11 thermal cycles
were performed before we were sufficiently satisfied that our reduction of
these sources of uncertainty was adequate. We then obtained stabiity daté for
17 thermal cycles, labelled cycles 12 through 28. |

Data obtained for the 10 diode thermometers during the thermal cycle
experiments numbered 12 through 28 are presented in Table A1 in the appendix.

Although the temperatures in the liquid nitrogen, solid CO, and the ice point



baths were uniform and stable to within 2 or 3 mK during any given experiment,
there weré larger variations from day to day. These were due to various
causes, one of which was changes in atmospheric pressure. Such variations
were not present in the temperature-regulated oil bath used at the higher
temperatures. Consequently, the data obtained at 20 ©C, 40 °C and 60 °C on
different days for each diode thermometer may be compared directly without
having to make any corrections for small differences in bath temperature.

The results obtained for the 10 diode thermometers at 20 ©C for thermal
cycles 12 through 28 are presented in Figures 1-10; those obtained at 40 Oc
are presented in Figures 11-20; and those obtained at 60 °C are presented in
Figures 21-30. The sensi.tivity of the diodes at these temperatures is
approximately - 2.85 mV/K. Consequently, one can see that at 20 °C the total
variation among the 10 diodes rahged from the equivalent of about 265 mK to
370 mK. The mean value was approximately 310 mK, or % 0.155 K. Diode number
10 appears to be by far the most stable but there was one datum point, the
point for thermal cycle number 25, which was very different from the other
values and can probably be conéidered an outlier and thus can be ignored.
Except for that point, the variation for diode number 10 is about } 0.045 K.

" The data obtained for the 10 diodes at 40 °C varied by the equivalent of
from about 90 mK to 280 mK. The mean value was about 210 mK or ¥ 0.105 K.,
Diode number 10 was substantially more stable than the other diodes, its
instability being + 0.045 mK. The instabilities for the other nine diodes
were clustered around the value ¥ 0.114 K, more than twice that for diode -
number 10. .

The data obtained for the 10 diodes at 60 OC varied by the equivalent of

from about 90 mK to 385 mK, with a mean value of about 300 mK or *+ 0.150 K.



Except for diode thermometer number 10, all of the diodes behaved in a
comparable manner, with their instabilities clustered around a value of-about
+ 0.16 K. Diode number 10 was consistently more stable than the other diodes
and was more in line with what one would expect to obtain. its instability
was + 0.045 K. Diodes numbered 9 and 10 were the ones which the supplier
had calibrated prior to delivery. |

Although we have not presented any graphs of data at temperatures below
20 ©°C, it can be seen from the data of Table A1 that instabilities at those
temperatures are comparable to those discugsed above.

As can be seen from ﬁhe rigures and as indicated above, the diodes
exhibited substantially greater stability at 40 °C than they did at the other
temperatures. The reason for this is not understood. The nonuniformity and
instability of the temperature in the oil bath can not explain this behavior
because there is essentially no difference in the quality of these features at

20 °C, 40 °C and 60 °C. Furthermore, even if the instability of the

temperature-regulated oil bath were greater at 20 °C and 60 ©C, the magnitude
of thé difference would be only a few millikelvins and, thus, could not
account for the large differences observed for the diodes. Handling the
diodes can’t account for the differences in behavior ét the different
‘temperatures above 0 °C either since the diodes were not removed from the oil
bath between measurements at those temperatures. Thermal shock can’t account
for ihe differences elther since the diodes were not removed from the oil bath
during the time the temperature of the bath was being changed from one
temperature to the next and the amount of time required for the bath to comé
to a new (higher) test temperature and reach equilibrium was about one hour,

The calibration data provided by the supplier for diodes 9 and 10 are



given in Tables 3 and U4, respectively. These may be compared with the data
"obtained in our investigation. It appears that the calibration data for diode
number 9 is not, in fact, for number 9 since the values given in the table are
far different from those that we obtained. The calibration table for diode
number 10 is probably for that diode but the calibration was really quite

inaccurate.

CONCLUSIONS

The instabilities of the 10 small epoxy-encapsulated diode thermometers
upon thermal cycling between liquid nitrogen temperatures and 60 °C and upon
normal handling were considerably larger than we had anticipated. Based on
conversations with suppliers, we had anticipated instabilities on the order of
* 10 mK. Our results indicate that the instabilites, in general, are some 10
to 20 times larger. In addition to the problems of instabilities, special
care must be taken when using diode thermometers to reduce the possibiiity of
plck-up. This latter problem can be reduced to manageable levels, however.

Diodes generally have been used at cryogenic temperatures and it may be
that if they were mounted in a cryostat or on some massive support such that
they would be cooled much more slowly than that accomplished in the
experiments reported here, they might be considerably more stable than those
observed in these experiments and they might live up to our previous
expectations. In the experiments at NASA in which the use of diodes is
contemplated, the rate of cooling of the thermometers would probably be much

less than what we attained.

10



Silicon diode ﬁhermometers of a construction other than the small epoxy-
encapsulated ones might be more stable. Those mounted in a BeO ceramic'header
set into a gold-plated copper cylinder.with epoxy lead strain relief or those
mountedAin a TO-46 package might put less strain on the diode and its
connections to the leads and thus yield greater stability. Diode thermometers
of such construction should be tested and they shbuld be tested by cycling to
liquid helium temperatures. By such experiments, those diode thermomepers
which are unstable as a result of construction (contacts, ete.) shoula be
quickly detected. It is recommended that an investigation of a selection of
such diode thermometers from tﬁe various manufacturers be |

undertaken,
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Table 1. Equipment purchased on project and delivered to NASA. The
equipment was purchased from Hewlett-Packard Company.

Item Quantity
Model 3457A Digital Multimeter 1
Option 909, Rack Flange and Front Handle Kit, 1
for Model 345TA
Option 910, Service/Operating Manuals, 1
for Model 3U57A
Part No. HP 10833B, 2-Meter HP-IB Cable, 1 -
_for Model 3457A
Part No. 110024, Test Leads, Dual Banana to Probe 1
and Alligator, for Model 3457A
Model 3488A Switch/Control Unit 1
Option 010, 10-Channel Relay Multiplexer 4
Module, for Model 3488A
Option 015, Breadbord Module, for Model 3488A _ 1
Option 908, Rack Flange Kit, for Model 3488A 1

13



Table 2. Silicon diode thermometers investigated for stability.

Company Diode Quantity
Lake Shore Model DT-500FP-HRC~7 8
Cryotronics, Inc. uncalibrated

Serial numbers (NBS #)
Dheuy2 (1), DU6HU3 (2)
Dheuuy (3), D46LUU5 (M)
Du64s9 (5), DU6YUS6 (8)
Du46554 (6), DU46555 (T)

Lake Shore Model DT-500FP-HRC-7 2
Cryotroniecs, Inc. calibrated, Type TTE _
"~ (75-330 K)

Serial Numbers (NBS #)
D35367 (10), D36312 (9)

14



Table 3. Calibration table supplied by Lake Shore Cryotronies, Ine.
for diode thermometer number 9.

15



CALIERATION

REFORT

LAKE SHORE CRYOTRONICS, INC.
&4 E. Walnut St.
Westerville, GChio usa

i6



CERTIFICATE OF CALIBRATION

CALIBRATION REFORT NO. RUNS829 =20

MODEL DT-S500FF~HRC-7

SENSOR TYPE! SILICON DIODE QERIAL NO. DES367
This temperature sensor has beern calibrated asalnst standsrds
maintained bw Lake Qhore Cryotronicses Inc.

All calibrations provided bu Lake Shore are hased aon the 1974

Provisional 0.5K to 30K Temeerature Scale (FFT-74) and the
International Fractical Temrerature Scale of 19468 (IFTS-&8)

for temrersatures above 30K. At lower temreratures (tielow G450

3 cerium madresium nitrate madnetic thermometer has been used
in condJunction with NBS superconducting fixed roints SKM748 to
denerate a scale. :

Each scale is currently maintsined on 3 set of dermanium or
rlatinum re<sistance standardsy as arrrorriater which are
routinely checked by intercomrarison and reriodicallw
calibrated by the United States National Burezu of Standards
or Great Britain’s National Phuwsical Laboratory.

Lake Shore’s calibration facilitw and Procedﬁres for diode and

resistarce sensor calibrations above 1.2K are maintained
traceable in accord with MIL STD 45662,

JUN 211985

Calibrated bu! . Arrroved bu!
) 8 B Hetrol;;;sz --------- - ia:~ qeﬁlor'EEQEEZIZI ''''' T

17



8.DT-SO00FF-HRC-7

51
52
53
54
55
56
57
=8
59
40
61
62
63
64
65
66
67
48
&9
70
71
72
73
74

73

76

77

78

79
80
81

N35367

DEVICE NO.

TEMP
65,1763
70,2151
75.14469
80,2529
85,3205
90,2967
95,3128
100,235
110.482
120,468
130,403
140,641
150,457
160.651
170,501
180,906
190,872
200,836
210,795
220,873
230,763
240,884
250.814
260,729
270,752
280.612
290,579
300,639
310.671
320,615
330,555

1
h
)

WEIGHT
1.0

-

N T el el el L N o R N T ey S Sy W S WA WA g Py

L J * @ > * * L N * * < * * & L) * * - - * & o * * Ll * * * -

[eBeRoNoRoReReoRoloRoRoRoRoRoloReNoloRolofoRoRoRoRoRoRoNoRoR o

10 UA

20

QUTFUT
1.01678
1,00472

0.992685
0.980023
0.267276
0.954613
0.9241741
0.929006
0.902249

-0.875896

0.849419
0.821903
0.794745
0.7467408
0.740290
0.711441
0.683647
0.655723
0.627793
0.599617
0.572311
0.5449592
0.518730
0.492901
0.466709
0.4403542
0.413567
0.38573%
0.357386
0.3293358
0.300899

18
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LAKE SHORF CRYOTRONICSsINMNC,

64 E.

WESTERVILLE»

MODEL NO. DT-S00FF-HRC-7
CAL.IBRATION CURRENT 10 UA
CALIBRATION RANGE 75.00 TO

TEMFERATURE

75.00
7735
80.00
85.00
?0.00

95.00
100.0
105.0
110.0
115.0

120.0
125.0
130.0
135.0
140.0

145.0
150.0
185.0
160.0
165.0

170.0
175.0
180.0
185.0
190.0

195.0
200.0
205.0
210.0
215.0

220.0
225.,0
230.0
235.0

240.0

245.0
250.0
25540
260.0

265.0

'0.,89036

VOLTAGE

0..9930%5
0.98725
0.98065
0.96809

0.95337

0.94255

0.92962
0.91660
0.90352

0.87714
0.86384
0.85050
0.83709
0.82363

0.81012
0479653
0.78289
0.76919
0.75354¢%

0.74167
0.72784
0.713%96
0.70003
0.68608

0.47208
0.465807
0.64405
0.63002
0.61602

0.680205
0.58816
0.+37440
0.546078
0.54732

0.53401
0.53086
0.50783
0.49480
0.48178

WALNUT SV,

19

330.00

OHIO 43031

SERIAL NO. DE53s

CALIBRATIOM RLINE
TEST ENGINFERia

V70T (MV/DEG)

“.-..046
-n048
"2050
-2.53
-2055

-2.98
"'2059
-2061
-5062

"‘.?064

-2065
-2.466
-5067
=2.69
=2.70

-a071
"4.072
-.'.073
"2074

-2479

-2.746
"2077
~-2.78
~2.79
=2.80

-2,80
-2.80
"2081
- 080
-2.80

-2.79
-.'..077
-2.74°
-.-.071
_:'068

"2064
=2.62
-5060
-.'.060
-:'..061



TEMFERATURE

270.0
275.0
280.0
285.0
290.0

295.0
300.0
305.0.
310.0
%13.0

320.0
32,0
330.0

VOLTAGE

- 0.,46869

0.,48550
0.44218
0.42876
0.41515

0.40141
0.38752
0.37354
0.35948
0.34533

0.33111
0.31683
0.30249

20

/DT (MV/LDEG)

-2+63
=265
=2.67
-2.70
-2.73

-L076
=279
-;.80
"5082

-2.84

‘5085
-2.86
-2.87
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Table 4.

Calibration table supplied by Lake Shore Cryotronics, Inc.
for diode thermometer number 10.
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CALIERATION

REFORT

LAKE SHORE CRYOTRONICS, INC.
&4 E. Walnut St.
Westerville, GChio UsA

22



‘CERTIFICATE OF CALIEBRATION

CALIBRATION.REPORT NO. RUNB70 - 8
- MODEL DT=-S00FP~HRC-7

SENSOR TYPE: SILICON DIODE SERIAILL NO. D3Is3L2

This temrerature sensor has been calibrated adsinst standards
maintained by Lake Shore Crwotronicss Inc,

All calibrations rrovided hy Lake Shore are based on the 1974
Provisional 0.5K to 30K Temrersature Scale (EPT-768) and the
International FPracticsl Temrerature Scale of 1968 (IFTS-58)

for temreratures sbove 30K. At lower temreratures (below 0.0l »
3 cerium magnesium nitrate magnetic thermometer has been used

in condunction with NBS surerconducting fixed roints SRM748 ta
denerate a scale.

Each secale is currentlys maintained on a3 set of dermanium or
platirnum resistance standardss as asreprorriater which are
routinelys checked by intercomrarison and reriodically
calibrated by the United States Nationsl Buresu of Standzarde
or Great Britairn’s National Phusical Laboratoru.

L.ake Shore’s ecalibration facility and procedures for diode and
resistance sensor calibrations sbove 1.2K are maintained
traceable in sccord with MIL STD 45642, ' -

JUN 211985

Date?

Calibrated bu? Arrroved bw?

.--S{G’l’kﬂ« LLM _______ _9_-_&_&“&.. __________ .

etrolodgist Serniior Scientist
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UT-SCOFF-HRC-7
DEVICE NO,

43
44
45
44
" 47
48
49
S0
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

TEMF
50,232
8T .4704
70.4944
735.4030
80.4957
85,3528
$0.5182
935.5278
100.439
110.680
120.46352
130,581
140.810
150,811
160.816
170.65°9
181,057
191.017
200.986
210.957
221,022
230.908
241,023
250.9242
260.873
270.898
280.774
290.720
300,779
310.784
3204723
330.4680

JitA312

WEIGHT
1.0
1.0
1.0
1.0

—— .
. o

L] * * * > * * * * L d * * - * * > > . @ - * - * > »> -

et d b b b e b pb A b A b ek bk el b th Rk b el b pd b (A

COCOOCODOOTOOOOOOOTCOTOTCCOOCOOTC

10 Ua
3
OUTFUY

1.,04227

1.03119

1.02039
1.00988

0.998354

0.986959
0.975636
0.,944097
0.9352691
0.928648
0,2049350
0.881089
0.8362359
0.831749
0.807023
0.782497
0.756388
0.731215

- 0,705844

0.,680388
0.,634587
0.4629245
0.603431
0.5783%90
0.553706
0.3529177
0,505232
0.481081
0.456383
0.431397

. 0.406121

0,3R0362
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LAKF SHORE CRYOTROMICS, 1MO.

HODEL NO. DT-S00FF-
CALIBRATION CURRFNY
CALIBRATION RANGE

TEMFERATURE

75.00
77 .35
80,00
85.00
?0.00

?5.00
100.0
105.0
110.0-
i1s.0

120.0
125.0
130.0
135.0
140.0

145.0
150.0
155.0
160.0
- 16540

170.0
175.0
180.0
185.0
1920.0

195.0
200.0
205.0
210.0

215.0

220.0
225.0
230.0
235.0

240.0

245.0
250.,0
255.0
260.0

265.0

S84 E.

WaEllMUT BT

WESTERVILLE, GHID 43051

HRC-7
10 Uk

75,00 TO 330.00 TE8T EMGIMIZR

VOLTAGE

1.0105
1,00354
0.99946
0.98821
0.97682

0.9464532
0.95371
0.94202
0.93025
0.91842

0.90651

- 0.89453

0.88249
0.8703%
0.85823

0.844602
0.83374
0.82142
0.80905
0.79662

0.78415
0.77162
0475905
0.74644
0.73379

0.72110

0.70838
0,69562
0.468284
0.67002

0.65721
0444439
0.63157
0.461878
0.60603

0.39335
0438073
0.356825
0.35586
0.543546
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MFPERATURF

70,0
275.0
220.0
28540
290.0

295.0
300.,0
305.0
310.0
31%5.0

320.0
325.0
330.0

VOL TAGE

0.53137
0.51924
0.50711
0.,49499
0.48284

0.47062
0.45831
0.44590
0.43337
0.42073

0.,40797

0.39511
0.38213

26

nVv/7nT (MV/DEG)

".'.043
-204?
-2042
":?043
-2.44

-2.4%5
-.'.047
-.'.049

-2.32

-2.34

-2056
-2058

-?060



VOLTS
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THERMAL CYCLE NUMBER DN20R21

Figure 1. Results obtained at 20 °C dp'ring thermal cycling of diode number 1.
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9. 3954

0. 3952|__

8. 395| _ W

VOLTS
|
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8. 3948} .

2. 3946] ‘ B .
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25—
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m
— [\']
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13—
15—
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Figure 2. Results obtained at 20 °C during thermal cycling of diode number 2.
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Figure 3. Results obtained at 20 °C during thermal cycling of diode number 3.
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Figure 4. Results obtained at 20 °C during thermal cycling of diode number 4.
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Figure 5. Results obtained at 20 °C during thermal cycling of diode number 5.
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Results obtained at 20 °C during thermal cycling of diode number 6.
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Results obtained at 20 °C during thermal cycling of diode number 7.
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Figure 8. Results obtained at 20 °C during thermal cycling of diode number 8.
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&0 Figure 9. Results obtained at 20 °C during thermal cycling of diode number 9.
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Figure 10. Results obtained at 20 °C during thermal cycling of diode -number 10.
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9 Figure 11. Results obtained at 40 °C during thermal ‘cycling of diode number 1.
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Figure 12. Results pbtained at 40 °C during thermal cycling of diode number 2.
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Figure 13. Results obtained at 40 °C during thermal cycling of diode number 3.

W
O




VOLTS

- 0y

26 : _'
T T T T T=TF T T T T T T 71 —
. ——
[ L J
B.3404 _ ¢ . _J
- L 2 . —
L J
L
0.3402] —
L J
S ) * —_—
L 2
L ] <&
2. 34 __ ]
* -
1
8. 3396L | al) l lll) L' ‘1 N 9{ | ‘_é | mI l &l S l,_,_-__?\n,
-4 4 -4 -4

THERMAL CYCLE NUMBER DN4DRB4

Figure 14, Results obtained at 40 °C during thermal cycling of diode number 4.
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Figure 15. Results obtained at 40 °C during thermal cycling of»didde number 5.
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Figure 16. Results obtained at 40 °C during thermal cycling of diode number 6.
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w Figure 17. Results obtained at 40 °C during thermal cycling of diode ﬁumber 7.

ol



VOLTS

vy

| | | [ I I l l ! I I I l l I
* *
9. 3383__ . —
L
oo . i
B L J
*
L J
p.3381 —
* .
- —
*
ﬁ. 3379, ]
L 2
Ps *
L 4
p— -—
*
@. 3377 l | | I [ I | [ | I | | |
a a ] Y 2 Y N « N &
THERMAL CYCLE NUMBER DN42RE8
Figure 18. Results obtained at 40 °C during thermal cycling of diode number 8.
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& Figure 19. Results obtained at 40 °C during thermal cycling of diode numbe1: 9.
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Figure 20. Results obtained at 40 °C during thermal cycling of diode

number 10,
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Figure 21. Results obtained at 60 °C during thermal cycling of diode number 1.
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Figure 22. Results obtained at 60 °C during thermal cycling of diode number 2.
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& Figure 23. Results obtained at 60 °C during thermal cycling of diode number 3.
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Figure 24. Results obtained at 60 °C during thermal cycling of diode number. 4.
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Figure 25. Results obtained at 60 °C during thermal cycling of diode number 5.
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Figure 26. Results obtained at 60 °C during thermal cycliﬁg of diode number 6.
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“  Figure 27. Results obtained at 60 °C during thermal cycling of diode number 7.
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Results obtained -at 60 °C during thermal cycling of diode number 8.
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Results obtained at 60 °C during thermal cycling of diode number 9.
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Figure 30. Results obtained at 60 °C during thermal cycling of diode number 10.




APPENDIX

Table A1. Data obtained for the 10 diode thermometers during thermal
cycles 12 through 28.
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> Y RUN

FILENAME

ENTER THE OF THE DATA TO BE READ : DN—T@l;
ENTER THE FILENAME OF 18T ~LOT FILE : DNaTe: =
ENTER THE FILENAME OF 2ZND PLOT FILE : szrelc
ENTER THE FILENAME OF 3RD PLOT FILE : DN2TQ12
SNTER THE FILENAME OF 4TH PLOT FILE : DNITR1&
ENTER THE FILENAME OF STH FLOT FILE : DN4T@12
ENTER THE FILENAME OF 6TH PLOT FILE : DNSTQ12
ENTER THE FILENAME OF 7TH PLOT FILE : DNETQ12
ENTER THE FILENAME OF 8TH FLOT FILE : DN7TR12
ENTER THE FILENAME OF 3TH FLOT FILE : DNBTB1Z
ENTER THE FILENAME OF 1@TH FLOT-FILE : DNST@1Z
NUMBER VOLTS TEmpERnTURE
2Ta F0R DIODE NUMBER 1
=7 Q. 582172 -185. 717368234157
&z €. EESSES -7&.E£58136583284
57 Q. 451559 7.4127967113376E-03
7 Q.337013 ze A
87 @. 333997 4@
102 Q. 281374 EQ
DATA FDR DIODE NUMBER 2
28 @. 9829122 -195.717362%31197
43 Q. 66335 -78.698136583204
s8 Q. 443316 7.412796711397EE-Q3
73 Q. 394896 20
88 Q. 337689 40
103 0.278878 €0
DATA FOR DIODE NUMRER 3
z3 2. 981021 -195.717326891197
44 2. E62931 -78.€398136583204
59 Q. 448471 7.4127967113976E-23
74 Q. 393742 @
&3 Q. 3ZE20S 42
104 Q. 277177 e
DATA FOR DIODE NUMEBER 4
32 Q. 982293 —195.7173539*137
45 Q.666113 ~78.E58 136563204
(Ao Q. 451974 7.412796711:57==—®3
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TIM=z

wesI3z

182352
111840
124327
‘u_9@8

J:84¢&

v8sS3zEz
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135908
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e ©
R A (4]
- [
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& m



1572
-7
S22
77
Ers
4

JRTA

108.

JATA
34
&3
i4
™3

34

.03

-~

D

[V WU LI T O

g L LR R L b

L]

w0
-
I

TR EY IR SYR T RN A
(LA

LT

FOR

n
a
0
[
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(8]

FOR

FOR

DIODE

n

DICDE

DIODE

FOR DICDE
FOR DICDE

Q. 337815
2. 342414

8.281771

NUMBER S
2.981114
8. 662572
@. 4493577
2. 395401
2. 338324
2. 2793617

. -
NUMIZZR =
I~ Tk

s T oo

R =1~

C. E845°2%

Q. 279436

NUMBER ~ 7

@.981&649

Q. 664643
Q. 450233
8. 396018
Q. 338415
Q. 279599

NUMEER 8
2. 381635
2. 6E4ERE
2. 452362
@. 32325741

2. 23826
- B. 275315
NUMEER 3

. 385042

NUMBER

1@
Q. 965275
2. 672427
@. 453763
2. 403873
Z.34335%
2. 252211

ze

L4
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=1

-135.717362911537
~78. 69813658304

7. 41279671 13976E-03
ce

4@

€@

-125.7.2726251:357
~-78. 838138555204
7. 4127967113976E-03
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: -..'_-Le"‘vu



Y Y RUN

FILENAME

ENTER THE OF THE DATA
ENTER THE FILENAME OF 1ST PLOT
ENTER THE FILENAME OF &ND PLOT
ENTER THE FILENAME OF 3RD PLOT
ENTER THE FILENAME OF 4TH PLOT
ENTER THE FILENAME OF STH FLOT
ENTER THE FILENAME OF 6TH PLOT
ENTER THE FILENAME OF 7TH PLOT
ENTER THE FILENAME OF 8TH PLOT
ENTER THE FILENAME OF 9TH PLOT
ENTER THE FILENAME OF
NUMEER VOLTS
DATA FOR DIODE NUMEER 1
27 2. 982482
4z 2. 664452
57 0. 451362
72 0. 396782
87 2. 339646
DATA FOR DIODE NUMBER - &

28 @. 980956
43 0, 662706
58 Q. 449195
73 Q. 394706
88 Q. 237419
DATA FOR DIODE NUMBER 3

29 0. 981561
44 2. 662383
53 . 448208
74 0. 393475
8% 2. 235921
DATA FOR DIODE NUMEER 4

ze 2. 982663
45 2. 665287
£E@ @. 451727
75 2. 3373329
9@ 2. 34018

DATA FOR DIODE NUMBER 5

31 Q. 981672
46 0. 662188

61 0. 443405
76 2.335132
91 2. 228032
DATA FOR DIODE NUMBER 3
2z 2. 981821
47 0.E63294
gz 2. 443822
77 ¢. 235281
g2 2. 323795

TO BE RERD :

FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE

10TH PLOT FILE

6Q

DN@TO213
DN1T-1
DNETO13
DNZT@13
DN4TQ13
DNST@13
DN6TQ13
DN7TQ@13
DNBTQ13
DNSTR13

DN-T@13

Q13

TEMPERATURE

=195. 6368443254
=78. 225686736174
1.@33957625Q17B4E-03
r=4.]

4Q

—~195. ESB2443254
~78.225686736174
1.09957625Q1784E-03
co

4@

=195, 8362443254
-78. 225686736174
1.2995762S01784E-23
c@

4@

~195. 6362443254
-78.225€8E736174
1.@3957€25@1784E-03
cre

42

—~1935. 6362443254
—-78.225686736174
1.02357625Q1784E~-23
ze

4@

~19%, E2E2443E54
-78.2ESEBETELT4

1. 09395762501 784E~C3
z

4Q

TIME

2eses7
102615
118245
124651
142150

Q@eswez7
182615
112245
124€51
1401506

@8sez7
1026135
1122435
124€51
140135a

285037
102615
112845
124€51
14215@

@8SRE7
1@2e1S
112245
124651
142150

L S ]

S-S D
S P micA
= Mnhe
am o (J
LSRG I Y]



D

FOR DIODE

¢ U

ul N ur
A(}-JU’[\"I'(J]J

OATA FOR DIODE

DATA FOR DIODE

*% #6323 Endx*%

DATA FOR DIODE

NUMEER 7

0. 982086
Q. 663275
8. 45003

Q. 395465
0.338125

NUMBER 8

2. 982115
Q. 663474
Q. 452099
Q. 395476
Z. 227854

NUMBER 9

@. 98561
2. 672159
Q. 450467

2. 426983

a. 351833

NUMBER 12

&. 58324
B. 671475
@. 4597351

Q. 405897

@. 34992

61

-195. 6368443254
~78. 225686736174
1.09957625@1784E-23
2e

49

-195. 362443254
~78. Z25E8ET7IE1T4

1. 2995762501 784E-023
2o

4

-195.E362443254
~78.225686736174
1.@9395762501784E-03
z2

4@

-1395. E3E2443254
~78. 285686736174
1.0995762501784E~23
20 '

4Q

eese37
102615
112245
124€51
140150

28SRZ7
1@261S
112245
124651

1GEIS

Qese37
102615
118245
124E51
140152

Q8oB37
1gz261S
112243
124651
142152



Y RUN
ZNTER
ENTER
INTER
ENTER
ENTER
ENTER
ENTER
ENTER
ENTER
ENTE!

INTER
NUMBER

-y

ot B AT A
S~ ~p

]

DATA FOR DICDE NUMBER

28
43
1=}
73
s
123

THE
THE
THE
THE
THE
THE
THE
THE
THE

THE-

THE

DATA FOR

—

=1
D

I AR
16& D

}
)

]
1M

sty
i

[

4!

[ }

[y IS UL 1
BN U RN

b
[0}

n
o
N
1

15 U

[
.4)

FILENAME
FILENAME
FILENAME
FILENAME
FILENAME
FILENAME
FILENAME
FILENAME
FILENARME
FILENAME
FILENAME

oF
oF
o=
oF
oF
oF
oF
oF
oF
CF
arF

THE
187
2ND
3RD
4TH
STH
6TH
7TH
8TH
3TH

1@TH FLOT

VOLTS
DATA FOR DIODE NUMEER

DATA
BLOT
PLOT
PLOT

LoT

LaT
PLOT
PLOT
PLOT
2L0T

1
2.28:72E
2. EE4EE
2. 451521
2. 396634

2. 532683
@. 281487

M

2. 980234
2. 66262

2. 449537
2. 394575
0. 337403
2. 279061

DIDDE NUMRBER o

DIIDE NUMEER =
T. TBEE3L
2. 662455
2. 445773
2. 22Seez
Z. 2387720
C.2757Ez

ZIT0Z NUxEzZE =
T.B81080

TO EE RERD :

FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE

FILE

DN-TQ14
DN@TR14 =
DN17T@14"
DNE2T@14
DNZTQ14
DN4TQL4
DNSTQ14
DN&T@14
DN7TQ14
DNB8TQ:4
DNSTQ14
TEMPERATURE

~13EC, 6823288227
~78. 22572 LEEETE
C.R188Z7Q827537E1

—135. £€8932862837
=78. 295782656872
@. @186Z7B8E2763721
ze
40
=17}

=~198. 8277282237
—-TE,2FETOEEL TS
N AT TITALTTE DT
b .- - e R e -— -
it

FXrd

g7

—13C. 68322882837
-78&.25T722£56872
Q. 2LBEZTRBRTEZTEY
ze ’

42

&2

~12C. 68322882837
—-7E.23557REE5EETE
2.318837282T7EZ721
=

L3

=1
—-128.585252252=237

-
—
X
m

(2]
-~
~

mP e &8I0

[

Mmminme

mo.u
[0 3 O 4 B B

U~ =y

15 -t po

a8s457
123451
112921
1251EC

P - ——
142723

- - ol e

DES
.-
iws
44::.:
. —
-1 4
-l
142
LR -]
-
o=y
225457
-NTLE
ol ek
ML b
PO iy el
-1t
Lo i
. g e ——
LATZZ
ceTEIT
=Nl St
\.3_—_'.

62



o
I

T, LAt R

e e S Arha

. -

iE
77
i
2z

"

2

z.
2.
¢.
2.
2.

JATA FOR DIODE NUMBER

33
48

A
2

— -

33
<

1}

ie8

Q.
e.
Q.
2.
.

oy -

DATA FOR DIOCDE NUMBER

35S
S

el =
S

£0.

a5

Ll

e D

VU FTIR VT I W] RS I

T

]
X

TR

~OR

DIoDz

2453 SrdxeR

a.
Q.
Q.
2.
a.
2.

NUMBREZR
e.

L"l

C. 4

&.

2.3
2., =2

EE34E

4S2EET
2395025
28zt

273619

7
9812€5
663543
4542z
295347
338217
2798¢3

S38PeS

e 4~ i
27=4CE

S .

284772
€£72368
46084

406867
Soilie

——
234221

-7&. 225702E56L7E
2. 218537082 7E372"
ze
&2
€T

-195. 6839392862837
-78.295702E56872
B. 1883728276371
)
40
EQ@

-195. 8992862827
—-7&. 23S7CZESERTE
T.Q185370Q52762721
s
42
ez

-195. 689392862837
—78. 295702ESE87E
@. 218E370827€3721

2

42

&g
~195. 582528628537
78, 2S570QEESEETE
BL83Z7B8Z7z327EL

mHmwag |
N D

63

[
N
0ot

N

fu L0
fu g {0
[SENEG ]

o o~ m

u)

~

T e
SRR GNOR R

1IN ST I S Y
IRORON NI Nt
Cod o [0 &0 be

e s
~ 0

N

- -

PBS457
103451
112921
125125
140733

=
152523




> Y RUN

ENTER THS FILESNAME OF THE DATA —0 BE
ENTER THE F-LENAME OF ST PLOT FILE
INTSR THE TILENAME OF 2ND DLOT SILT
ENTER THE FILENAME OF 3RD PLOT FILE
ENTER THE FILENAME OF 4TH 20T FILE
ENTER THE FILENANME 0OF STW DLOT FILE
ENTER THE FILENAME OF ETH PLOT FILE
ENTER THE FILENAME OF 7TH PLOT FILE
ENTER THE FILENAME OF 8TH PLOT FILE
ENTZR TRE SIL_INAMI OF 9TH 20T FILE
SNTER TUE TI_SNAME QF 12T S_GT FILE
NUMBER VOLTS
DATA FOR DIODE NUMERER 1
o 2, 283218
Lz g.ecsssx
=7 G. 451389
72 2. 237015
87 2. 339762
102 e. 2813182
DE&TA FCR DIIOS NUMEER z
c8 @. 381636
43 Q. 663322
58 Q. 443816
o 2. 394548
as 2. 337522
123 Q. 278894
DATA FOR DICDE NUNMEER 3
29 Q. 981333
44 2. EE230S
€9 2. 448974
74 ¢. 333704
a9 Q. 336127
124 @.277231
DATA FOR DICDE NUNMEER 4
ot 2. 38308
45 Q. 64548
5@ 2. 452482
75 @. 237561
3@ | | . 340237
125 Q. 281727
DATA FOR DIODS NUMEER 5
31 2. 981927
4E C. EEEESS
51 @. 449974
76 2. 295302
91 Q. 338245
128 ¢.27362E
D&TS FS DIDDS NUYERER g
sz ¢. 981857

RE&SD : DN~TI:IE
DNGTRLS =
DNIT@LS
DNETRLS
DNZTQLS
DN&TQLS
DNSTQLS
DNETO1S
DN7TQ1S
DNBTZLIS
: DN3TR1IS

TEMPERATURE

—-1®E, TT7E32D2:95
~TE.&32Z41358T7TLE
-3, 78T3ET1E525E-03
20

40

[

=1395.77838°26195
-78. 4323413287718
~9. 70738516625E~-03
ze

40

(=37

—-195.77838%6133
-78. 432341387718
-9. 7073E51662SE-23
z@

4

ER

-125.7 7&u896 95
~78. 432341367716
—9 7R73ESLEEZT=-23
4@
=

~193. 7783836123
~78. 432341387718

-9.7272E351€6252-03

za
4
et

mnwy

[ A VN
famMmmes190n

-------

~ =~

(3 vy B

[ IS e Y
u

S o1 pa g

85835
121955
111320
13e7z8
141746

1 \Juu

@85835
12135
111-°
132728
141746

« S0
- \-Ji-lh‘hh

RESE3S
1z13E23

144D
- e i

-u@-l;—&
141746

ot
losac

rl'l

[ a9y
oouma



X i A

N T Y

"
L
ol
by
FIR,
e
Y
FR.
o
i
ARE

&7

-

77
9z
187

DATA FOR DIODE
33

48

£3

78

83

108

DATA FOR DIODE
34
43
24
73
34
123

DATA FOR DIODE

e
[t

Se

£5.

.82

23

ili@

A FOR DIODE

bW
e @ YD

[y

#XEEID ZroKEE

2. 663148
2. 450565
. 395504
¢. 3238208
@. 279327

:

NUMBER 7
Q. 98207
0. 663548
Q. 450€79
2. 395656
2. 338305
B. 273546

NUMEBER 8
2. 982224
8.6€319%
@. 450776
@. 2356
2. 328026
@. 273218

NUMBER 9
@. 38549
B.678314
8. 461088
2. 407048
@.331z2@59
8. 233331

NUMEER i@
@.983E£78
2.67199
2. 4535849
@. 42587
8. 343321
2. 292863

-78. 4323241387718
-3, 7@72851€E825E~-023
2e

4@

62

-198.7783896195
-78. 432341387718
-9. 7073E51EE25E-03
2e

4@

€0

-195.7783896135
-78, 432341387718
-9, 7Q73ES1EEEEE-RS
20

40

ea

—-195. 7783896195
-78. 4323413287718

. =9.78738516625E-03

20
40

=

~195.77838361725
~78. 432341387718
-5. 7073851652823
22

4G

&2

[ Y
LTS
Gl re & ts 12
MW

m oMo
oo

Q85835
121935
11132@
136728
14174€

153522

N ()
Mn~I~JWwuwm
BT (g

[ S S e S |
me+H =M
[ L IS

[ RS

BwESEES
181955
111320@
130728
141746

P
152See

- S
Qe

-0 e e (N

M~~~ QM

I
f

.

“
L

IR TR U]
Ut oSO

[
N

==
133



¥ 2 RUN

ENTER THZ TILENAME OF THE DATA TO BEZ READ : DN-TCLE
ENTER THE FILENAME OF 1ST PLOT FILE DN@TRZ16 -
INTER THZ TIoznAvz 05 END RPLOT FILE DNITRLE

DNET@16
DNETR16
DN4TRLE
DNSTQ16
DN&TR16

ENTER THE FILENAME OF ERD PLOT FILE
ENTZR THE FILENAMZ OF 47H PLOT FILE
ENTER THE FILENGME OF 3T+ PLOT FILE
ENTER THE FILENAME OF E€TH PLOT FILE
ENTER THE FILENAME OF 7TH PLOT FILE
ENTER THE FILENAME OF 8TH PLOT FILE DN7TR16
ENTER THE FILINAME 0OF 37TH PLOT FILE DNBTQ16e
INTER THE SILENAME OF 12TH PLOT FILE : DN3TR1E

NUMBER VOLTS TEMPERATURE TIME
DaTR FOR DIODE NUMBER 1

7 2. 981965 -138, b= Tuded
Lz Q. EEL4E8 -7E. 132308
=5 Q. 451822 -3. 2 111612
7a 3. 397088 20 184428
87 Q. 340251 4@ 13=7sz
g 2. 281635 EQ 15313¢
D5TA FOR DICDE AUMEBER =z

=8 2. 38¢873 ' -193. 72083228783 Q92048
43 ' : Q. 662244 -78.32614212315¢6 12318
1= Q. 449886 ~3.241208966£258E-03 111615
73 . 8. 33537 3] 124422
88 : @. 237877 42 13578z
103 8. 273538 =17 153130

D
n
)}
pal
(=)
¥
[
|9}
i
pd
L

JMBER 3

DA 3

&3 2. 381232 -138. 72083222783 230048
L& Q. 661824 —-78.326142123156 iez318
== . 448351 3. E412083662582-232 111615
T4 Q. 35382 ze lz44zE
a2 @. 33827 L2 135782
prlc Q. 277852 =15 “S3ilse

DETA FOR DICDE NUMEBER &

22 Z. 982555 —-195. 72683222783 RIGD4E
L5 B. EE4E58 =76. 3261421235156 ipzsie
D ¢. 4527 —3.241208T55258E-03 111615
7 2. 33742 =2 124422
2a 2. 340487 L@ 135782
pR Q. 26238 =17 153i3¢
DATA FIJR DICDZ “UMBER S

31 @. 381526 —-195, 7&8@852z27E3 2IQR4LE
L€ Q. E6E31€E ) =78.326142:2315¢ lzz31ie
=N 2. 452369 —-3.2412Q839582885-Q3 11151C
7E . 235428 ze i2&4zz
R 2. 3283588 4 13578z
LRE 2. 282323 e2 ~S3.3e
JZ2TA TT= DIIDZ NurzlR z

3z . BEIELHE =122, 72033222753 TIT8LE



t
~

) -4
SN d MW

DATA FOR DICDE NUNMEBE

[ EN LI Y}
[ o

RN

)

[y
o
[14]

IATA FOR DIZDT NUYEZ
34
45
£4
75
34
129

DATA FOR DIODE NUMBE

-l
D

FOR DICDE NUMEE

'
b

e M ONEN ) O
s ks e M D

$REESD SviorE¥

¢. EE32E3
2. 452388
@. 3BSE3ES
¢. 238328

2. 280218

R 7
2.982013
Q. 663253
Q. 452943
¢. 325757
0. 338481
2. 273421

&
2. 982013
0. 663421
2. 451006
2. 395753

@. 338318

2. S790E3

R 9

2. 985404
8. 672211
8. 461278
Q. 407203
@. 351234
2. 222884

R ia
@. 385285
8. 671727
T. £52885
. 425352
. 347572
2. 232644

67

-78. 326142129156
-3. 2412085552582~ C2
-

[

42

-195. 72083222783
-78.326142129156

=3.24120896£258E~023

=4
4@
1217

-195.7208%222783
-78., 326142123156
-3.2412Q8395E258E~E3
2@

40

=174

~195. 7ERE322E783
-78. 326142129156
~3. 24128836625S8E-03
p=4%] :
4@

(=17

-195. 72083222783
-78. 3261481233156
3. 3413085552562 -03

tezzile
111815
1S&42E
123732
153130

Q90048

-le221i8

1116158

1264EE

13575z

== =
153130

Q32048
12318
11iels
124422
1357%=

T
P
193138

@3o48
iez318
11161S
124422
13575z

- =
1893L3.

;

CFES]
4 44T
- o ' e
124422



e

b

Yy RUN
ENTZIR Tmz FILENAMZ OF THz DRTA TO EE
ENTER THE FILENAME OF 1ST FLOT FILE
INTER THE FI_ZNANMZ DOF EZND 2L07 FILE
ENTER THE FILENAME OF 3ZRD PLOT FILE
ENTER THE FILENAME OF 4TH FLOT FILE
ENTER THZ FILENAME OF STH RPLOT FILE
ENTER THE FILENAME OF E€TH PLOT FILE
ENTER THE FILENAME OF 7TH PLOT FILE
ENTER THE FILENAME OF 8TH PLOT FILE
ENTER THE FILENAME OF 9TH PLOT FILE
ENTER THE FILENAME OF 1@TH PLOT FILE
NUMBER VOLTS
DATA FOR DIODE NUMERER 1
x> ' 2. 28187
&z €. EEST T4
=7 G.4S1273
72 @. 397258
7 Q. ZZ97€EE
12z 2. 281585
DRTA FOR DICDE NUMBZER z
£8 Q. 380B436
43 2. 661434
58 Q. 449017
73 Q. 33459°
as B. 3375@7
123 8. 273348
DARTA FOR DIODEZ NUMEBER 3
z @. 38QE3TS
L4 3. 661057
=3 Q. 448313
7& . 3332739
a3 Q. SS6Q4E
124 G.2777
DATA FOR DIODE ANUMEZER 4
3@ Q. 381731
4E Q. 6EZTCT
g - @&. 451807
7 @. 337805
39 Q. S4QET3
125 2. 282237
DATA FOR DICDE NUMBRER =
=1 Q. 28Cz73
45, 2. 661335
g3 @. 4434473
7& 2. 235578
91 ¢. 238158
126 Z.28Q174
F0R DIZDIZ WUMEER

[N
by
1

4]

b =
¢.381167

RZARD :

DN@eTe17

-'1“‘@1'7
DN2T©o17
DN3TQ17
DN4TR17
DNST@17
DNeTQ17
DN7T@17
DNB8T@17

DN3T@217
TEMFERRTURE

DN= TL:

m
[Ra)
(4

-195. 62975768839
=78.247488471118

=7.5830412

=
4Q
60

S7834E-@3

-1935. 62973768833

-78.

247488471118

—7.383041257834E-03

z@
42
Ea

~128.689757£8833
=78.247488471118
=7.583041257834E-23

=
42
£

—19%5. 6237357668633
—-78.247468847:118

-7.
4%
4@
ea

S83041257634=-03

-
1
X
m

[§)

Mmoo

PA A b ps s

(AN B S R T
()& > ~)r1ou
Mo QLo
m~ I

wB8S9zz
1@2858
111734
124404
135437
151353

>

1A BA ps pa g
M M
[ry
~
)
>

28532z
122858
111734
124404
135437

. noe
1513E5

@ 5922



<4 |
-~

~# #5300 Erick#%

. 8620ES
8. 445525
@. 385374

¢. 3238107
187 2. 280859
DATA FOR DIODE NUMEER 7

33 0.981323
48 Q. 662234
a3 2. 450125
78 @.396119
93 0. 338345
128 @. 28022

DATA FOR DIODE NUMEER 8

34 0.981258
45 8. 6E2EST
4 2. 45022

79 @. 396041
34 d.338:143
123 @ 275787
JATA FOR DIODE NUMEER 9

35 @. 984584
S0 0. 671401
S 0. 460646
8@ Q. 407441
a5 2. 351273
110 . 294402
JDATA FOR DIODE NUMEER 10
36 2.3985174
= @.E67143

L8 2. 455787
ESt 2. 425952
5 Q. 34935

i1 2. 232375

69

-78.24748847.118
-7.583041257834E-03
=3’

4@

60

—195. 62975768839
-78.247488471118
-7.583041257834E-03
3]

4@

e

—-1295. 62975768833
~78.247488471118
~7.583041857834E~R3
2@

4Q

(=17:)

~195. 6297378839
=78.247488471118
=7.583041257834E-03
za

4@

ea

-195. 62975768839
-78. 247488471118
-7.5830412578345-23
z2

42

6@

102e5¢
111734
124404
125437

1513585

easIze
1@z858
111734
124404
135437

151355

-t e

easaze
10ZE58
111734
124404
135437
151355

@wes3ee

102858

111734
184404
135437

“ = bl —gl 4
131355

oessz
1Bzess
111734
1246404
135437

= e
18128%



> > RUN

- 87

THZ

18TH PLOT FILE

INTER THE FILENAME OF DARATA
ENTER THE FILENAME OF 1ST FLOT
ENTER THE FILENAME OF 2ZND FLOT
ENTER THE FILENAME OF 3RD PLOT
ENTER THE FILENAME OF 4TH PLOT
ENTER THE FILENAME OF STH PLOT
ENTER THE FILENAME OF 6TH PLOT
ENTER THE FILENAME OF 7TH PLOT
ENTER THE FILENAME 0OF BTH PLOT
ENTER THE FILENAME OF STH PLOT
ENTER THE FILENAME OF

NUMBER VOLTS

DATA FOR DIOCDE NUMEER 1

27 2. 982%

L4z Q. €643

57 Q. 431 :4
72 R. 2396636

8. 333311

12 @.28182
DATA FOR DICDE NUMEBER e

=8 0.981411
43 0. 66212

58 Q. 449067

3 9. 334503
a8 B. 337€5
163 2.279528

DATA FOR DIODE

29
44
59
74
83
104

DATA FOR DIODE

32
45
=1
7S
=1
1@s

DATA FOR DIODE

31
46
&1
76

12&

(DN -]
D
]
D

¥

-4
(]
&
m

NUMEBER
a.

Q.
Q.
¢. 3
a.

NUMEER
e.
e.
o.
2.
2.
2.

NUMEER
a.
2.
@.
c.
@. 33

3

98163
B.6616395
448128

33333

52

36184
27736

4

S8z819
664685
451684
397216
340403
28155

S

981778
E6202°
443366
Z2500E

ec7

Q. 273602

NUMBER

€

@. 381397z

TC BE

FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE

RERD : DN-TQi&
DN@TQ18 =
DN1iTQ18
DN2TR18
DN3TQ18
DN4T@18
NST@18
DNETQ18
DN7T218
DNBT®218
: DNIT@18
TEMPERATURE

1395. 829452873782
-78. 4583283&4588¢
-Q.0130562731158816
co
4@
=17

~195. 8Q452673782
-78. 458389845886
-0.0135627301358816
20

40

60

=195. 80452673782
~78. 458383845886
-@.0135e2730138816
c@

4

=17

—195. 8R45267378%
~78. 458383645886
—-Q.013362720138816
t=qvi}

40

1=Y%]

125. 804527378
—-78.45838384588¢€
Q. 0135627201 3881€6
=@
4Q
EQ

—-135. 80452872782

TIME

290417
1020273
112058
124157
135134

151144

@a30417
igzezs
112e58
124157
135134
151144

0350417
19ze29
11258
124157
135134
151144

Q3za417
1ezez3
l11z2e58
124157
135134
151144

230417
iazes
11z@5S8
124157
135134
151144

232417

70



47

(=

77
gz
107

DATA 'FOR DIODE

33
48
&3
78
93

128

DRYAR FOR DICD=z

24
L3
&4
79
94
ia9

DATA FOR DIODE

[

=g o0
gtﬂ@lﬂ@[ﬂ

[nt-t[]'l])'
D

MHEUEUNLNS R

va 0 b

'Y
[

*#%EITZ Erid**x

FOR DIODE

?.6£289

B. 4493732

8. 395115

@. 328213

0. 280023

NUMBER Y A
Q. 982136

2. 663203
B. 443954
8. 398385
@. 338356
B. 279583

NUMEER 8

0. 982218
2. 6633

0. 450057
@. 395329
0. 238184
0. 879272

NUMEER 9

@. 385549
@. 672065
Q. 460427
2. 406782
2. 3512@3
@. 294091

NUMBER ia

@. 385672
8. 672068
Q. 453793
. 423312
R. 34393¢&
Q. 29294

71

-78. 458383845886
~Q2.QL3S6273219881€6
0
4Q
6@

—195. 80452673782
-78. 4583839845886
-@. B13562730138816
ze

40

60

-195. BR452673782
~78. 458389845886
-2. B1356e273138816
ce

4R

e

-138. 80452673788
—78. 458289845886
-8.R13562730138816
cae

4@

ea

-195. 80432673788
=78.4358283845886
-Q.@35€E272213881¢6
o

4@

=37

102029
lizess
124157
135134

151144

ose417
12zea3
112@58
124157
135134
151144

230417
102083
112058
124157
135134

151144

a32417
132029
112058
124157
135124

151144

290417
102023
112056
124157
135134
151144



52 RUN
ENTER THE FILENAME OF THE DATA TO BE READ : DN-TQ19

ENTER THE FILENAME OF 1ST PLOT FILE : DN@T@1S
ENTER THE FILENAMz 0OF @ND PLOT FILE : DNITQ@LS
ENTER THE FILENAME OF 3RD FLOT FILE : DN2T@19
ENTER THE FILENAME OF 4TH PLOT FILE : DN3TQ19
ENTER THE FILENAME OF STH PLOT FILE : DN4TQ1S
ENTER THE FILENAME OF 6TH PLOT FILE : DNST@19
ENTER THE FILENAME OF 7TH PLOT FILE : DN6TQ19
ENTER THE FILENAME OF 8TH PLOT FILE : DN7TQ@1S
ENTER THE FILENAME OF STH PLOT FILE : DN8TO19

ENTER THE FILENAME OF 1@TH PLOT FILE : DN9ITQ19

NUMBER , VOLTS TEMPERATURE TIME
DATA FOR DIODE NUMBER 1
=7 Q. 382872 -195, 72532E55e34 Q3042
42 2. EE4601 ~78.SE386EEZETEL AQEZ08
57 : Q. 451579 -5.041839449764E-02 111321
72 ‘ 2.397115 20 184516
87 Q. 339633 4Q 135807
122 B.281741 Y . 150926
DATA FOR DIQDE NUMEER =
z8 Q. 981045 -195. 79532659034 230402
43 Q. 662492 ~78. S2386E236764 102208
58 _ Q. 449504 -5. 041895449764E~-03 111921
73 Q. 394956 ce S 124516
L-Y:) @. 337312 49 135807
103 _ Q.279611 60 150326
DATA FOR DIODE NUMBER 3
&9 . Q.981241 -195. 795326590234 Q30402
44 Q.662116 —-78.S238662326764 1@z208
5 Q. 448713 —S.041839443764E-03 111921
74 . @. 33365& c@ 124516
83 . Q. 335741 4Q ‘ 135807
104 : @. 277336 7 150326
DATA FOR DIODE NUMRER 4
z0 Q. 982348 -195, 79532653234 Q30402
45 0. EESQQ1 -78.523866E36764 122208
£ ' Q. 452234 : -5.041893443764E-03 111981
S ' _ €. 39754 ze ‘ : 124516
D @. 33937 4 125807
125 . 282443 £Q@ 1S5Q@326
'DATA FOR DIODE NUMBER S
31 . @. 981368 -195. 79532659234 Q30402
4E Q. EEE4ET -78.SE23BEELIETES 122208
&1 Q. 450419 -5.041893%443764E-03 111321
7€ @. 295333 ze 184516
o1 @.3373915 4 135807
106 : Q. 28836 . e 15@526

DATA FOR DIODE NUMBER €
2z 2. 9815€5 =195, 73532653234 RIQ4LGE



DATA FOR DIODE

33
48
£3
78
93
ie8

JATA FOR DIODE

34
49
24
75
34
129

DATA FOR DIODE

35
S5
3=
8e
95

i@

DRTA FOR DIODE

36

gyl U e
(S0 0 ) BCSU o) IS

%
[

*¥*¥E3Q ENndx#Ex

R. 663204
Q. 45104

@, 395516
8. 3378028

Q. 280cS3

NUMEBER 7

8.981687

B. 663471

Q. 451126
8. 295647
B. 337946
8. 288379

NUMEER 8

2. 981623
. 663633
@. 451118
. 395604
. 238299
2. 280001

NUMEER 9

0. 9851@&7
B.672417
Q. 46R733
Q. 4063995
B. 351274
B. 294697

NUMBER 12

2. 985568
@.e72227
B. 453733
Q. 485877
8. 343316
B. 252956

73

-78.523866236764
-S.041899449764E-23
ce

4@

€Q

~195. 79532659034
~-78. 523866236764
=5. 041899449764E-03
ze

4@

6@

—195. 79532659034
-78.35238E6E36764
-5.041893445764E-03
ca

4Q

ea

-195. 73332653034
=78. 523866836764
-5.041893443764E-03
20 '

4@

=1

—-1395. 79532653034
~-78. 523866236764
=5. 04182844 3764E-03
c@ :

42

Ew

122208
111521
124516
1358@7:
15032¢

a3042e
122208
111921
12451€
1358@7
150926

Q90402
1ozzee
111921
124516
135807
150326

03040Z
102208
111921
124516
125807
150926



o~ s cmdn 4

TR P 0 ST

» > RUN

ENTER THE FILENAME
ENTER THE FILENAME
ENTER THE FILENAME
ENTER THE FILENAME
ENTER THE FILENAME
ENTER THE FILENAME
ENTER THE FILENAME
ENTER THE FILENAME

ENTER THE FILENAME

ENTER THE FILENAME
ENTER Trxz FILENAMCZ
NUMBER

Lz a.
=7 .
72 Q.
87 -
igs 2.
DETE FTR DIZ0IZ nuDER
=g=] e
&3 <.
=1-] <.
73 2.
88 2.
i1@3 a.
DATA FOR DICDE NUMBER
29 -2
44 a.
=9 Q.
74 2.
£2 T
24 S
DETA FOR DiCDE NUMEER
) >
4E i,
5z z.
T 2.
£ Z.
A -
- - ~e
ZRTZ TIS ZIIDDE NUMEBER
e <e
1 <.
73 <.
PN I
DETR FLET LLILZ L

oF
oF
OF
oF
oF
cF
oF

oF

oF
o=

orF

THE DRTA
1ST PLOT
&ND PLOT
LOT
4TH PLOT
STH PLOT
€TH PLOT
7TH PLOT
8TH PLOT
97TH PLOT
i2TH PLOT FILE

3RD

VOLTS
DAT= FOR DICDE NUMBER

Py Ul = O o e
- e =]

PN G
ENRY;)

w0
Yo in
(R U L R S T

23759
a2739e14

5802965
661542
448247
393482
335254
277306

- —— -

--------

=
-’
-
e m -y
=
<z
-
s,
=<
-z
——
-
I

TO BE READ :

FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE

DN-T220Q
DN@T20 =
DN1TO20
DNET220
DN3T220
DN4TQ2@
DNSTRZQ
DNET@20
DN7TQ2@
DNBT220
DNFTOZ

TEMPERATURE
-.23.74258984857
-78.3411572137356

4. SEE6R3ES60I4BE~03
ca

42

&g

-195. 749889848357
=78. 341159197356

4. S22E03ET6Q348E-23
ze

40

(57".]

-125.74988984897
~78.3411591973%6

4. S2EEQ3IET60348E-23

ze
42

&2

- 195, 74988984897
-75. 341159137956

4. 522603656034B8E-03
20

42

-195. 74552234897
~78, 341153197355

S225Ii560D46I-0

th & O
g e

TIME

085343
101531
111444
123505
133542

143535

85343
121331
111444
1235eS
133543

143535

885343
121931
111444
123525
133543

o ;) oo e me
PR FC T

285343
121331
111444
1235es
123243

1 LoEnT
B PP ICipe]

o=
REeEZ4S
L W K ]
IR R O
1114446
E=2 0
Py e )
ZIE-C

. ‘.‘.._‘_

(8]



47 C.E6EEI7
z 2.4455823
-7 Q. 216
Tz Q. 332167
Bnied 2. 275873
SATS TIOA ZISIDI O NJMESER 7
3 ’ ' @.581837
L8 Q. 6529587
iz T, LLTTTY
& Z.323a54
T3 2. 332288
M . ETITEL
DATI TIX ZIZIDE sl -IEN i
‘:.L' Z- ‘38-....,.; .
439 2. 662951
%4 T. 432021
79 Q. 295424
94 0. 328115
123 Q. 279244
DATA FOR DIODE NUMBER 9
35 Q.984876
50 0.671952
ES Q. 460402
Y- Q. 406917
95 Q.351145
112 Q.294112
DATA FOR DIODE NUMBER 10
36 ’ Q. 385373
St @.671763
£E Q. 453736
81 Q. 405856
36 - Q. 34354
111 e hrB24
®#X2 SO0 v

-78.341153137356

4L, EZSEQTLTERDLBE~C3
20 '

49

62

~-195, 74586384857
~78. 3411539157956

-, EEDEIIETEIB48T-23
e

ce

~-195. 74988984897

~78. 341159197956

S22602E560948E-03

20
43
(=]

195. 749883584897

=78. 341159197956

4. 5226036560948E~03

20
40

6@

195. 749889584897

S7H. 341153819798 ¢

ce

y

EQ

4. 522EBIESER948E-03

1Z1LG3L
111444
1225es
133843
-." rd el

-

085343
181931

285343
101931
111444
1235es
133543

143335

085343

121931
111444
123505
133543
143535

QB8E343
-3y
114444
G EAES
133543

143535



I

»»RUN

THZ

ENTER FILENAME DF THE DATA
ENTER THE FILENAME OF 1ST PLOT
ENTER THE FILENAME OF 2ND PLCT
ENTER THE FILENAME OF 2RD PLOT
ENTER THE FILENAME OF 4TH PLOT
ENTER THE FILENAME OF STH PLOT
ENTER THE FILENAME OF E€TH PLOT
ENTER THE FILENAME OF 7TH PLOT
ENTER THE FILENAME OF 8TH PLOT
ENTER THE FILENAME OF 9TH RPLOT
ENTER THE FILENAME OF

NUMBER _ VOLTS
DATA FOR DIDDE NUMBER 1

27 - @. 982385
4z C.EE4E83
57 C. 451466
72 2. 396792
87 Q. 339674
iea 2. 281347
DATA FOR DIODE NUMBER e

z8 2.981136
43 2. 662954
=8 Q. 449307

3 2. 394538
Y-} @. 337338
103 0.278793
DATA FOR DIODE NUMBER z
29 @.981313
44 Q. 662493
=9 Q. 448449
74 @. 323423
83 @. 325854
104 @. 2877257
DATA FOR DIODE NUMEER 4

3 2. 982433
45 Q. 665457
EQ 2. 452055
75 2. 237211
30 2. 34Q0€ES
105 @.281652
DATA FOR DIODE NUMBER 5

31 @. 981423
46 2. EEE837
€1 Q. 449623
76 2. 2395@7°2
91 @. 237995
106 Q. 27347€
DATA FDR DIODE NUMBER €

-

74

0.981758

TQ BE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE

10TH PLOT FILE

READ :
DN@TR21
DN1TQ21
DN2TR21
DN3TQ@21
DN4TQ21
DNSTR21
DNE6TQ21
DN7T@21
DNBTR21

DN=T221
=N

: DNITOZ1

TEMPERATURE

=12C.8Q17350417¢6
=78, 44566E3196EE

7. 230185@Q2EL1 1642503
29

4Q

€

-195. 80173504176
-78. 446668319666
7.2381860261164E-23
20

40

60

~195. 801725@417¢6
—78. 446668319666

7. 0301850261 164E~-03
ze '

40 ;

EQ

-195. 8@172504176
~78. 44E6EL2196EE6
7.030186502E€1164E-Q3
p=d)

4@

68

—-195. 80173504176
~78. 4466E8319€6E6

7. 0301860261 164E-03
ce -

4@

€2

TIME

QEZTI4
Y=g
104822
115843
13837

140ES4

Q83734
254921
104523
1158453
13@537
142€54

83734
254921

184323

115843
138537

142254

2832734

2354321
104323
1.8843
13053

1402354

2832734
25492
104523
115843
132537

LLZBESH

REZS734

- 76



47
2
77
3z

107

OATA FOR DIODE

33
48 -
78
93
188

SATR FOR DIGCDE

34
49
54
73
34
29

DATA FOR DIODE

S

S0
55
80
EN]

110

ul s Ul
e e~ Mea D

.

< #%EIQ0 Erigexx

TR FOR DIODE

8. 662775
2. 450131
8. 395201
0. 337822
Q8. 279251

NUMBER 7

8. 981828
Q. 663857
Q. 450309
8. 395324
2. 337998
0. 2794€6

NUMEER - '8
- .0.981928

8. 66407
2. 45Q@334
8. 395313
2. 337858
Q.2730%1

NUMBER S

0.985171
@. 672725
Q. 4607953
2. 426857
Q. 35093

. 29386

NUMEBER = 1@

8. 385552

- @. 672073

3. 459742
8. 425822
B. 343875
2. 252842

=78. 446EE8Z196EE6
7.0301860R2511642~-03
20 g ==

49

60

=193. 88173504176
=78, 446668319666
7.0301860@261164E-03
2o S
" 40

62

-195. 80173504176
~78. 446668312666

7. Q3Q18EQ2E11E64E-03
2e

40

=1n)

-195. 80173504176
~78. 446668319666

. 7.0301860261164E-03
ce

4Q

€0

—-195. 808173504176
~78. 44EEEB3Z19€666

7. 0301850251 164E-03
=374

40

eQ

294921
104523
115843

132537

140654

R83734.
234321
104523

115843

130537

‘148654

83734
34321
104523
1185843

- L e
13QE3

140854

BES734
2394321
1043523
115843
130537
140B€54

@83734
254521
104523
115843
132537
L4RESS




> > RUN

FILENAME

i

@.3581608

ENTER THE OF THE DATA TO BE
ENTER THE FILENAME OF (ST PLOT FILE
ENTER THE FILENAME 0F &ND PLOT FILE
ENTER THE FILENAME OF. 3RD PLOT FILE
ENTER THE FILENAME OF 4TH PLOT FILE
ENTER THE FILENAME OF STH FLOT FILE
ENTER THE FILENAME OF 6TH PLOT FILE
ENTER THE FILENAME OF 7TH PLOT FILE
ENTER THE FILENAME OF 8TH PLOT FILE
ENTER THE FILENAME OF STH PLOT FILE
ENTER THE FILENAME OF 1@TH PLOT FILE
NUMBER VOLTS

DATA FOR DIODE NUMBER 1

27 @.982117

42 Q. 663621

57 Q. 451603

72 Q. 397199

87 @. 339861

10z 2. 2813282

DATA FOR DIODE NUMBER 2

28 Q. 98@92

43 ©. 661535

58 Q. 449572

73 0. 395192

88 Q. 337591

103 Q.279071

DATA FOR DIODE NUMBER )

29 0.981163

44 Q.661273

539 Q. 44868

74 Q. 35379

89 Q. 326069

104 Q.277394

DATA FDOR DIODE NUMEBER 4

@ Q.9823z2

45 Q. EE4ZB7

EQ 2. 452238

7S Q. 3397531

90 Q. 340233

105 0.281808

DATA FOR DIODE NUMBER 5

31 0.981277

46 0.661617

61 Q. 4435852

7€ Q. 295335

91 Q.338177

106 Q.273835

DATA FOR DICDE NUMBER &

RERD :

DN@TRz22
DNiT@2Z
DN2T@R22
DN3T@22
DN4TRZ2
DNST@Ez2
DNeTez2
DN7T@ze2
DNaTeze

DNIT@azz
TEMPERATURE

~125,£924185038
~78.31727.628454
B. B122EE8566275887
20

4@

ee

-195. 6994186026
=78.317271898434
2. Q12966566275887
ca

40

60

-1958. 6954186036
=78,317271898434
Q. B129€E£EEEET7S887
ce

4@

eQ

|

~195. €334186R36
~78. 317271838494
2. @1296E566275887
zo

4B

=37

-1395. E934186036
-78,. 317271838434
B. D129€ES662756887
20

4@

. 60

-138. €99418603¢6

TIME

(2]
~ B
muy
v 3
[l

(LU

112323
124836
135124

145355

085053
102202
112323

.124836

135124
145355

@85esS3
iozzez
ligses
12483¢
1358124
145958

08sesz
lgzzee
112383
ig4836
135124

1459358

Lol = T S S ]
(SN (LA

Pl SO
w» 0O e

ad; s pna
MowpoWu

a

78



Q. EESEEE

27
5z 2. 450237
77 0. 395563
ER 0.338118
187 0.279533
DATA- FOR DIODE NUMBER = 7

33 2.981716
48 2. 662739
53 0. 450503
78 8. 395676
93 2. 328309
108 @.279762
JATA FOR DIODE NUMEBER 8

24 0. 981603
43 8. 662996
z 2. 452609
73 8. 335659
34 0. 338166
123 0. 275486
DATA FOR DIODE NUMBER 9

5 0. 984946
50 @.671713
£5 0. 462819
80 Q. 407124
35 0.351187
110 2. 294158
JATA FOR DIODE NUMBER 10
g 2.985324
=1 2. 671661
6 @. 459769
31 2. 405849
36 2. 349833

)
1]
[

#5630 Encx*x

@. 232878

79

-78.3172718984%¢
2.R1296656E£275887
20

4@

68

~-195. 6994186036
-78.31728718398494
B.1296E£566275887
t=qv.]

49

6@

-198. 69394186036
=76, 3172871898434
Q. 012BEESEEET7S8E7
(47

4@

=17

-195, €934 186036
-78.3172718384%4
0. 012966566275887
20 '
4Q

&0

-195. 69941860235
=78.3172718384%4
C. Q1 2TEESEEZTSELRY
c@

4@

=17

‘@85es3

182202
112322
124836
135124
145905

R85e53
LeEEes
112323
124836
125124

145355

RESVBS3
1gzze2
112323
124836
13514

145335

L N N el
P O I AR o S 10

awm P
Mmoo

WO s
LI R O (O



> Y RUN

ENTER THE FILENAMEZ OF THE DARTR
ENTER THE FILENAME OF 1ST PLOT
ENTER THE FILENAME OF 2ND PLOT
ENTER THE FILENAME OF 3RD PLOT
ENTER THE FILENAME OF 4TH PLOT
ENTER THE FILENAME OF STH PLOT
ENTER THE FILENRME OF €TH PLOT
ENTER THE FILENAME OF 7TH PLOT
ENTER THE FILENAME OF 8TH PLOT
ENTER THE FILENAME OF 3TH PLOT
ENTER THE FILENRME OF

NUMBER : VOLTS

DATA FOR DIODE NUMBER 1

27 @. 98ES73
42 C. 65486
o7 @. 451255
7e 8. 336768
87 Q. 339785
iez @.2815@5
DATA FOR DIODE NUMEER z

8 8. 398126

43 0. 662704
S8 B. 449123
73 @. 39473

(=1= 0. 337783
123 8. 279031
DATA FOR DIODE NUMRER 3

&9 Q. 98142

44 B. 662371

S &. 44872
T4 Q. 333466
83 8. 336226
104 2. 277285
DATA FOR DIODE NUMEER 4

oju) 2. 38321

45 @. 6ETZES
E@ @. 451817
75 @. 237358
el Q. 342517
ies 8.28184
DATA FOR DIODE NUMERER S

31 @.98z=287
4¢ @. 6EZE47
&1 Q. 443424
7€ @.235178
9z Q. 33842
L6 B.2757E3
DARTA FOR DIQ0D= NUMEER 2]

a2 Z. 282357

TO BE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE

12TH PLOT FILE

READ :

DN@TRz3
DN1TQ@23
DN2TRoz3
DN3TQ23
DN&4TRZ3
DNST@23
DN&TO23
DN7T@z3
DNBT@z3
DN3TRZ23
TEMPERATURE

2@
4@
1=1]

- =198, 82477353923
=78, 53224411497
2. 22888946431 952E
20
40
60

—195. 82477353%¢e3
~78.532224411497

2. 2288946431 9SzE
'

4Q

EQ

=198. 82477353523
—-78.33224411457

2. 2288346431952
ze

4@

1217]

—195. 82477353323
—-78.53224411437

2. 2288346431352
@

42

ET

-a3

-@3

-@3

"

TIME

Q847ZS
-oeTie
125347
i1z25ie
1232324

- vt o S

1464343

Q84735
1e@738
1285347
1&z251@
133324

144243

@84735
122738
125947
122310
1532324

1446243

@8473S
ieavze
125347
1225102
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144243
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80



47
1=

77
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1217,

25
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DATA
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FOR DIODE

FOR DIODE

FOR DIODE

2.EE6377¢6
C. 443833
. 335305
8. 338234

G.273421

NUMBER 7

8. 982751
8. 663679
@. 44989

Q. 395491
0. 338517
8. 279606

NUMEBER 8

9. 982882
Q. 63912
@. 452144
B. 23545

Q. 2383213

@.c7331€ .

NUMEER 9

8. 386027
8.672733
8. 460545
Q. 406947
2.351i30@8

8. 2839393

NUMBER . i@

@. 385738
8. 67c287
@. 45353
. 42583
Q. 349946

2. 252857

-195. 82477353923
-78.53224411497
288946431 952E-03

—195. 82477353923

Z. 22883464319522-03

=135, 82477
-78.53224411497
2. 22883464319S2E-023

477383983

M
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10073

125947

122510
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.
133324

144243

84735
100738
125947
122312
133324
144243
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133324

144245
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122510
133324
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> > RUN
ENTER
ENTER
ENTER
ENTER
ENTER
ENTER
ENTER
ENTER
ENTER
ENTER
ENTER
NUMBER

DATA FOR DIODE  NUMERER

27
4z
57
72
87
102

DATA F
z8
43
58
73
88
103

DATA F

-~
=

44
59
74
83
104

ATAR T

i
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w0
P

THE
THE
THE
THE
THE
THE
THE
THE
THE
THE
THE

OR

OR

OR

FILENAME
FILENAME
FILENAME
FILENAME
FILENARME
FILENAME
FILENAME
FILENAME
FILENAME
FILENAME
FILENAME

DIODE

DIODE

DIODE=

DIschs

NLv,

NUMEBER =

o

c=
oF
OF
OF
OoF
oF
oF
OoF

THE
1ST
2ND
3RD
4TH
STH
€TH
7TH

DATA
FPLOT
PLOT
PLOT
PLOT
FLOT
PLOT
PLOT

8TH
9TH

oF
CF
oF

VOLTS

1
@.38a51z
2. 664255
@.451772
8.337268
2. 339642
G.2813=8

8.981&z81
0. 662074
8. 449803
Q. 2535344
Q. 337414
©8.278898

NUMEER 3

0.981479
@.661738
2. 448594
2. 29407
0. 325872

Z.2771€6

NUMBER 4

@. 382561
C. E64E43
@. 452253
2. 337318
Q. 340045
¢.281678

NUMEER S

&. 3981706
. E52

. 4435735
Q. 325747
Q. 33881
2.27388.7

—

bS]

—_T

e (M

o1

L]
3]
m
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W

PLOT
FLOT
10TH PLOT FILE

TO BE READ : DN-T@z4

FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE
FILE

DN@Tz4
DN1T@24
DN2TBz4
DNZTR24
DN4TRZ4
DNSTOZ4
DNET@24

——

DN7T@24
DN8TRz4
DNSTQZ4

TEMPERATURE

—-195. 81@T7c@7372
=76, 4733615347204

4. 014823472281 6E-03
=47

40

eQ

—-19S5. 810257607572
-78.4735361347954
4.6148234722816E-03
F=3v]

4@

1=3n]

-125. 81857607572
~78. 473361347354

4. 614823472281EE-23
c

4Q.

&Q

~1238. 81057607372
—78.4753€1347354

4, B148E83472281€E-@3
(=4 ’
4@

=17

-195. 81QS7EQ757
—-78. 475361347254

4, E1482347228165-03
=]

4@

EQ

TIME

o e £y
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G Ie 0.9 3
(CRONN N ON
ObrQ L&
e W ma

[l ]

284503
10QE=Q
110248
122209
132641
1432302

284503
1QREZ2
liaz48
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lgeeze
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FOR

O

FOR

DIODE

)

a)
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(R

DIODE

SngeEs

2.EE25
Q. 44@”

2. 396016

@. 33753z
8.273424

NUMBER 7
¢.9815@8
2.663137
2. 450827
2. 396063
0. 338121
Q. 273588

NUMBER 8
2.982137
C.E66341
€. 450301
2. 2396034

2. 337984
Cﬁ. L—:? Jnd L-
NUMBER 9

Q. 985429
R.672213
Q. 460717
'Q. 4@7212
Q. 352335
2. 29411

NUMEZR 10

¢.3855¢7
LE72@1E
. 453752
4@S7E3
. 345889

. 2322847

S 888

83

-7E. 47SIEL34T7254

4. S148Z347Z2E16E-03
ce

4@

6@

-195. 81057607572
-78. 475361347354

4. E14B2347228165-03
2o

40

6@

-195. 81057607572
~76. 475361347254

4. E14823472281EE-03
2o
40
£e

-195. 81057607572
~78. 4753261347954
4.6148234722816E-03
20

40Q

EQ

75@7572

5.2105
47S3E134725

=12
-78.
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> > RUN

ENTER THE FILENAME OF THZ DATA 70O BZ RERD : DN-TRES
ENTER THE FILENAME OF 1ST PLOT FILE DN@TRZS

ENTER THZ FIL=ENAMZ 0 END PLOT FILE DN1T@ES

ENTER THE FILENAME OF 3RD PLOT FILE DNeTezsS

ENTER THE FILENAME OF 4TH PLOT FILE DNZTO25

ENTER THE FILENAME OF STH PLOT FILE DN4TZZ2S

ENTER THE FILENAME OF 6TH PLOT FILE DNST@R2S

ENTER THE FILENAME OF 7TH PLOT FILE DNET@2S

ENTER THE FILENAME OF 8TH PLOT FILE DN7T@2S

ENTER THE FILENAME OF STH PLOT FILE DN8T@zS

ENTER THE FILENAME 0OF 1@TH PLOT FILE : DN9TR2S
NUMBER VOLTS ' TEMPERATURE

-
-
X
m

DATA FOR DIODE NUMEBER 1 _

27 Z. 883404 —125.EBRELLEEZEE CALZ4Z
<z = ~-78.2ZEISRSEET R L
=7 C. 452213 Z. Q14041147672 2E~C3 122734
72 Q. 397454 =47 122@sS
37 G. 24225 4@ 132287
i@z R.z81681 EQ 1463547
DATA FOR DICDE NUMBER z

=8 @. 381583 =-195. E906445E368 Q84243
43 ‘ @.6E2156 =78.2951505337 lgesee
8 Q. 449317 2. Q14041147676RE~B3 1@Q5754
3 €. 395193 z@ 122@<SsS
g8 @. 33747€ 4Q . 138257
103 : 8.879236 =37 143547

DATA FOR DIODE NUMERER 3

2 . 8.981514 —-195. 69084456358 284243
44 2. EE61545 -78.2951S259327 1eR322
B. 448244 2. Q14Q411476762E-R3 125754

-L ¢. 333503 20 122Es
s 2. 325655 40 132257
2 2.27753 &2 L 43547
=5=8 TAR DISDS NUMEZS 4

3o . SZIEE ~195, 9064455362 CB4T43
45 2. EE4344 -7E.295:525537 1 Q0IeE
2 2. 451508 S, B1424114757525-03 125754
-5 z.325784 z2 Lzzpss
32 2329388 42 s2257
-2s 2. 2621323 &0 3547
SATA FOR DIODS NUMESR 5

z: 7.981237 —195. E3BC4LEEISE CALELD
&g 2. 561604 —-7E. 235150553 - QEIes
c: Q. £45251 2. 0142411475758 5-032 135754
7z ¢.235:88 22 L ZZRsS
5: ¢.33788 42 - zzes
.22 2. 280223 5¢ CLTEL
=ZTZ TOS DIIDI ALMEDT 3

Iz 2. 381528 — DT, EO06LLTEI5E PEGILT
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DATA FOR DIODE

DATA .FOR DIODE

falud - Py - o -
22TR =0R DIZbz
s
=
=
;=
fgi
= -
zE
.
#eFT 0 ZCE F%

. 662438
2. 449347
2. 3288263
@. 337733

C. 273886

NUMBER 7.
2. 981958

Q. 662644

0. 450108
2. 395481
8. 337976
2. 280059

NUMEER &
2. 98222
2. 662811
2. 450119
0. 225454
2. 337828
2.2797:1

NUMEER 9
Q. 984546
2.67112
2. 460279
2. 406683
¢. 350838
C. 294388

Z
[
X
m
n

uy g n
|
a
a
B

Cy (3 Oy ty 5 07 0
MMy

-185. 6906445638
-78. 2951505337

cR
4Q
EQ

-195. 6906445E£368
~78. 285182237

2. 2168411475752 ~-03
2@

4@

EQ

-135. EBRE44SE368
-78.2351585337
2.0140411478762E-03
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42
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YYRUIN
ENTER
ENTER
ENTZR
ENTER
ENTER
ENTER
ENTER
ENTER
ENTER
INTER

-
=N

NUMBE

THZ

TI_ENSME

THE FILENAME

THE

STI_ENAKE

THE FILENAME
THE FILENAME
THE FILENANE
THE FILENAME
THE FILENAME
THZ FILENAME

THE
THE

R

= ILENAME
FI_ENAME

G

DATA FOR DICDE NUMRE

57
7e
£7

ez

DATA
28
43
58
73
88
103

1
Me D
i

D

I

“
m

) Nt
s Mo

o4 12
N

o 'h

(

FOR

FOR

F

R

9t
e

ZICDE NUMEER

a.
a.
Q.
Q.
a.
Q.

DICDE NUMEBER

[}
[ BN ]
W]
(5]
im
ped
£
i
]
U

a.
Q.
@.
@.

CDICDE NUMBZR
a.
@.
2.
.
.
z.
22232 NUNMEBEER
Z.

THE DATA
18T PLOT
ZND 50T
3ZRD FLOT
4TH PLCT
STH =LOT
6TH PLOT
7TH PLOT
8TH PLOT
3Tk PLOT

‘7O BZ
FILE

- —
gl G

FILE
FILE
FILE
FILE
FILE
FILE
FILE

16TH PLOT FILE
VoLTS

s [.] K]

1
So-T

- -t
EEZTZL
451251
29&642
233537
281z

4=4)

=

982069
€661591
449287
339452

337248
278687

3
980iz
eE61217
448332
393287

oo AR]
[0 S A8 S

E64C773
451965
IS87LL7
2383sE2

281461

ran

8241
€E1475
LLDTTE
224875

zz78e2
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DNZTREZE
DNITREE
DN2TRE6
DNZETR2E
DheTazEe
DNETOZE
DNETRE6
DN7T@az6
DN8TZE
: DN3TRZE&
TEMPERATURE

—195. 5698355858
~-78.196971849084
S.E54745384372E~-03
ce

4@

EQ

—-195. 5696952858
—=78. 196971849084
5. E54745384373=-23
2@

42

e

—-195, SE55353856
~78. 126571843084
S. 6547453343735 -23
ze

42

X

-:95, S£96953858
—-7E. 19E57 1845054
5. 5547453343 73523
22

L@

s

-125,5558953:5¢

easedz
10223¢
111725
1e3822
134137
144714
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IQZEIZZ
2:170s
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DATA FOR DIODE NUMBER

33 2.
48 a.
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B 0-
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496708
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E71147
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ST2743

]
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:PRUN

INTER THE FILENAME
ENTER THE FILENAME
INTZR TEHZI TILEINAME
ENTER THE FILENAME
ENTER THE FILENAME
ENTIZIR THE SILENANMZ : :
INTZR THS FILENAME OF &TH PLOT
ENTER THE FILENAME OF 7TH PLOT
INTER THI SILENAME 0T 8TH PLOT

ST OTHE DATR
CF 18T RPLCT
J= &ND =0T
OF ZRD PLOT
0= 47TH RPLOT
[ ol S Rl b ol
o e M T

RZAZ 1 D\-T227
DNRTREY
ONITCET
DN2TRZ7
DNZT227
DN4TRIT
DNSTR27
DNETO27
DN77227

——

TyTIT o TUZ SI_ENAMS CF 9TH PLOT FILE @ DNBTZEY
ITNTIT TUT TILINAME 5T I@TH .07 FILT : DNSTeEY

NUMBER
27
&2
°7
72
&7

gz -

DAT
28
43
58

-

£

=1-]
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3
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(o]
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DATA FOR DICDE
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D
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i
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DATA FOR DIODE NUMRER p
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e A R hd
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NUNMEBEZR z
8. 98QE3€E
8. 661957
Q. 4497357
€. 394583
0. 3373838
B. 279283

NUMEBER 3
@. 9809€8
Q. 661517
Q. 448736

L7 -y e,

=2es
2. 235889

2. 277661

JUINTIT D ra
2. 28218
2. 6584414
Z. 652314
¢. 337136
T 2420LL
¢.26213%
NUNME2ZER =
<. 2811486
2. E615825
2. 44355837
2.3%4224
Z.237325
C.EBCLL
Y i) Z,
T. TELET

-198. 62699342302
=78. 2E0EED421632
Q. Q29016664421044
cR
4@
=17

-133. EEE9334230E
-78. 2EQEED4RLIESR
Q. P2OC1ELEEL 421044
3] '

42

ee

-195, £25993242302
-78. 2EDEET4TLEIE
2. TEOVLEECLLT QL4
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E2

~13%, EETTILIIRE
~75. 252855421832
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DATA FOR DIODE NUMBER' = 7 , :
33 0. 981624 -195. 62693342308 285217
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) ) RUN
ENTER
ENTER
INTER
ENTER
ENTER
ENTER
ENTER
ENTER
ENTER
ENTER
INTER

NUMBER
FOR DIIDE
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THE
THE
THE
THE
THE
THE
THE
THE
THE
THE
THE

FOR

=3R

FOR

DICD=

LENRME
FILENQME
FILENAMZ
FILENRME
FILENAME

FILENAME
«;LENGME

r4
[
&
in

-4
M
U
11}
x
1
ES

DI2DT o™

FILENAME OF
FILENAME OF
SILENAME OF
FILENQME GF

OF
oF
oF
GF
oF

THE
18T
ZND
3RD
4TH
oTH
eTH
7TH
8TH

DATA
PLOT

o7
ALOT
PLOT
SL07
PLOT
PLOT
PLOT

oF 9TH

oF

vOLTS
ZZR 1
7. F32EE7
8.55~LEE
8. 451318

00396J4
2. Z334E8
2.281323

NUMBER z

@. 381681
. 662359
2. 443283
2. 384451
@. 337138

2.27896

NUMBER 3

2.981893
B.661364
2. 448uEJ

L-" \-1 :':"-.'

¢.- ....47|_6 )

2.=277z€EkL

=R L
Z. 583023
Z.EELBET
Z. 45828
2. IT73E2
Z.2328EE
C. 2574

DIODE NUMRE! =

Z. 282227
Z.EE23473
T, LLTDLLT
C. 33&7ECS
. 2=277ZE

-~ o eymm e
Voo & 5 ST L

TO BE RERD :

FILE
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FILE
FILE

FILE.

FILE

FILE .

FILE
FILE

127+ PLCT FILE

DN- dee
DN@TeEes
DN172Z28
DNET2E8
DN3T0oz8
DN4TQZ28

STozs
DN6T228
DN7TR28

DNBTRZ8
DN3T@z8

TEMPERATURE

~135. 777147328752
-7E. 38310817228

4. BE83157732844E-03
2e

42
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=195.77714728783
~-78. 383510617526
4.8€891377328442-23
20

40

=1%]

=193.77714738783
-78. 38351061752

4, 868391977328442-03
20
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£
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