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INTRODUCTION

The International Ultraviolet Explorer (IUE) has been in geosynchronous orbit since January
26, 1978. Its mission has been to perform ultraviolet (UV) spectroscopy with stars using a2 45 cm
UV telgscope with an echelle spectrograph,? IUE experiments have made many contributions to
state-of-the-art UV astronomy »* Therefore, it is desirable to extend operation of the spacecraft
beyond its life design goal (3-5 years). This is made possible because the array continues to produce
much more power than is required at most observatory positions.® Preflight calculations® which
predicted the IUE solar array output for up to three years of flight are now obsolete. The available
IUE array power is calculated in this work for the initial life requirement of three years, The calcu-
lation is normalized to flight data at three yeass, Then the normalized power calculation is per-
formed for life goals up to ten years of flight,

ARRAY DESIGN

The IUE solar array hes two paddles, as illustrated in Figure 1. Each paddle has three panels
(one central panel, 70.5 ecm X 54.8 cm, and two lateral panels, 70.5 cm- X 67.8 ¢m). The lateral

panels are attached to opposite sides of the central panel with each lateral panel plane making a 45° |

angle with the central panel plane, The plane of each array panel is perpendicular to the X2 plane
of the spacecraft, Thus, as the orientation of the spacecraft is controlled such that the sun is always
in the XZ plane, the position of the sun with respect to all six array panels is defined by only one
coordinate (angle B). Values of 8 are confined to the range 0° to 135° because the telescope,
coaxial to the +X axis of the spacecraft, can not be pointed to within 45° of the sunline,

Each array panel has honeycomb-type construction, There are 4980 2 cm X 2 em, n/p silicon
solar cells bonded to the array structure with silicon adhesive. The cells are .02 cm thick with a ]
Q-cm resistivity, Cerium doped covers, .01 c¢m thick, provided protection to the cells against
immediate catastrophic radiation damage, The cells are wired with welded stress-relief, silver-on-
molybdenum interconnects such that each central panel has 69 series cells per string by 20 parallel
strings; and each lateral panel has 75 series cells per string by 24 parallel strings. The operating
voltage of the average cell on each central and lateral panel is 423 mV and 389 mV, respectively.
This }2ads to 28 volts across each parallel string at the spacecraft bus line after substracting interface
losse. The power supplied by each central and lateral panel s 2¥ volts « 20l and 28 volts * 241 ;
where, 1 and I, are the currents generated by the average cell on the central and lateral panels, -
respectively, Hence, to determine the available power output tor the IUE solar array, the average
current-voltage (I1-V) charatteristics of typical IUE solar cells are evaluated in the following sections
as a function of several prevailing variables (namely, illumination, temperature and radiation
damage).

SOLAR ILLUMINATION AND ARRAY TEMPERATURE
The position of the sun with respect to the array is described by the angle 8. The sunline

normal to the surface of the central panels occurs at $=67.5°. Thus, the view factor for the central
panel is cos (8-67.5°). Consequently, the view factors for the lower lateral panels and the upper
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lateral panels are cos (8-112.5°) and cos (8-22.5°), respectively, as a £ 45° rotation is required to
displace a lateral panel to the plane of the central panels, The cosine law does not describe the ‘
complete dependence of the solar illumination, because of the variation of the carth’s distance from
the sun between summer and winter solstices, The best and worst case correction factors are 1,035
(winter) and ,965 (summer). A re-examination of Figure | reveals an additional correction to the
cosine view factor, No array panel has its normal passing through the spacecraft center of coordi-
nates from which the angle g is measured. However, this error is negligible because of the com-
parably large distance to the sun,

At normal incidence to a given TUE array panel, the solar illumination is 1 solar constant
which has been shown? to be approximately 135.3 mW/m?. That solar energy which is not.con-
verted to electrical energy is dissipated as heat, As the sun is the primary source of heat and the cell
illumination depends on 8, so does the array temperature depend on g, Preflight calculations®
were performed to determine how the IUE array temperature varies with g, The predicted tempera-
ture profiles at the three year life requirement are displayed in Figure 2. This thermal study was
based on a combination of two models. A radiative model considered ru‘lcctions and emissions
from all viewing surfaces (panels, paddle support arms and satellite body) in addition to divect solar
illumination. A conductive model considered heat transter across the honeycomb panels, the silicon
cells and the cell interconnects, The calculations also predicted a minimum array temperature of
~155°C to ~165°C during IUE eclipses, §7 min to 71 min, respectively.

Two platinum resistors were mounted on each TUE array panel to monitor solar cell tempera-
ture. The array with its platinum thermometers were subjected to preflight thermal cycling be-
tween -150°C and +69°C. The performance of the resistors was unreliable with two failing only
during cold phases and three failing during hot and cold phases before the completion of forty
cycles. As the array temperature sensors are not flight essential, no defective platinum thermometer
was replaced. Six of the twelve sensors were connected to IUE telemetry. As previously reported,?
two of the six platinum resistors failed during the first year of flight, As of three years flight time,
the remaining four temperature sensors (one lower panel, one upper panel and both central panels)
operated reliably except for a few erroneous readings during cold phases, A temperature reading
from each sensor as well as a § angle reading is acquired each hour, These data acquired at 3 years
+30 days are shown in Figures 3, 4 and § for the central, lower and upper array panels, respectively,
In each case a least-squares routine'® was applicd to the data (panel temperature versus § angle) to
determine the best second order fit, As shown in a preflight study,' the uncertainty in the tem-

perature measurement is £3.7°C. Thus, the best case temperatures and worst casc temperatures are

obtained by shifting the above curves by 43,7°C and -3.7°C, respectively.
IRRADIATION DOSAGE

A study has been performed to determine the TUE radiation environment.'? The IUE orbit
(period, 24 hrs; perigee, 25235 Km; apogee, 46350 Kmi; and inclination, 29°) was integrated over
the then most current space radiation models to estimate the charge particle fluences for a mission
duration of three years. In the case of trapped electrons, fluences were calculated using the AEI7-
HI model" for outer zone electrons; IUE never enters the inner zone, This model is an upper limit
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99 % CONFIDENCE INTERVAL

COEFFICIENT LOWER LIMIT UPPER LIMIT
‘CONSTANT' -12.18705 -14,95155 -9,42255
X1 2.13056 2.04797 2,21315
X2 -.01663 -.01617 -.01509
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Figure 3. Central Panel Temperature versus Beta Angle,
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99 % CONFIDENCE INTERVAL

| COEFFICIENT  LOWER LIMIT UPPER LIMIT
'CONSTANT' 37.41513 33.33397 41.49629
X*1 1.10256 .01488 1.29023
X*2 -,01848 -,02021 -01676
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Figure 4, Lower Panel Temperature versus Beta Angle,
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COEFFICIENT LOWER LIMIT UPPER LIMIT

'CONSTANT' ~126,39350 ~134.78038 -118.00661
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X2 ~0.01652 ~0.01768 ' ~0,01536
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(worst case) estimate, The results are given in Table |, These data are reduced by one half to
obtain a lower limit (best case) estimate. Fluences for trapped protons were calculated using the
solar maximum version of the AP8 model,'* The results are given in Table 2 for numbers of anom-
alously Jarge solar events predicted with a confidence level above 80 percent, The best and worst
cases correspond to two and five events, respectively,

Much is known about the degradation of solar ceiis due to irradiation with monoenergetic
unidirectional charged particles, However, the space radiation environment of IUE, as well as other
spacecrafts, consists of a spectrum of omnidirectional charged particles, Hence, multienergetic
omnidirectional space radiation fluences were converted to an equivalent 1 Mev normal incidence
electron fluence using the procedure, as interpreted from the literature,' given below,

Step 1 Calculate the | Mev electron fluence ¢ f‘g‘cw at normal incidence upon a cell of shield
thickness t that produces radiation damage equivalent to that produced by the multienergetic

space electron fluence ¢,(E=0) * * + ¢, (E=00),

For all I-V parameters

V8. = i: [¢ (>E-dE/2)-6,(>E+dE/2)] * D,(E.t)

E=0
where D (o,t) * « * D,(eo,t) are damage coefficients interpolated from Table 3,

Table 1
Electrons Incident Upon JUE!?
ENERGY AVERAGE INTEGRAL FLUX
(> Mey) (ELECTRONS/cm? * DAY)*

5 2.076E 11
1.0 2.185E 10
1.5 2.109E 10
2.0 7.303E 09
2.5 o 3.147E 09
3.0 1.376E 09
3.5 8.472E 08
4.0 5.217E 08
4.5 2,217E 08
5.0 1.215E 08
5.5 : ~ 3.825E 07
6.0 1.204E 07
6.5 1.488E 06
7.0 1.000E 00

"MULTIPLY TIMES 1096 DAYS
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Protons Incident Upon 1UE"?

TOTAL NO, OF PARTICLES/CM? FOR A MISSION
DURATION OF v =3 YEARS
CONFIDENCE LEVEL Q(%)*
ENERGY '
& Mev) 80-91 9296 97-98 ’ ‘ 99
NO. OF ANOMALOUSLY LARGE EVENTS PREDICTED
FOR GIVEN T & Q
) 3) 4) 4)
10,0 3.360E 10 5.040E 10 6.720E 10 8,400E 10
20.0 2.304E 10 3.456E 10 4,608E 10 5.760E 10
30.0 1.580E 10 2.370E 10 3.160E 10 3,950E 10
40,0 1.083E 10 1.675E 10 2.167E 10 2,708E 10
50.0 7.428E 09 1.114E 10 1.486E 10 1.857E 10
60.0 5.094E 09 7.641E 09 1.019E 10 1,274E 10
70.0 3.492E 09 5.238E 09 6.984E 09 8.730E 09
80,0 2.394E 09 3,591E 09 4,788E 09 5,985E 09
90,0 1.642E 09 2.463E 09 3.284E 09 4.105E 09
100.0 1.126E 09 1.689E 09 2.252E 09 2.814E 09

*Q DENOTES THE DEGREE OF CONFIDENCE ONE WISHES TO ASSIGN TO THE RESULTS,
NAMELY THAT FOR THE SPECIFIED MISSION DURATION THE CALCULATED FLUENCES
ARE THE SMALLEST VALUES WHICH WILL NOT BE EXCEEDED BY ACTUALLY EN-
COUNTERED INTENSITIES. ‘

Step 2 Calculate the 10 Mev proton fluence g‘gmev p at normal incidence upon a cell of shield

thickness t that produces radiation damage equivalent to that produced by the multienegetic
space proton fluence ¢, (E=0) * * + 3, (E=e0),
For I-V parameter Iso

. . SC g
¥ Ouerp = O 18, CE-dE/2) (SE+dE/[2)] * DIC(E.D)
E=0
where DSC (0,t)* = _Dgc oo,t) are damage coefficients interpolated from Table 4.

For I-V parameters Voo & Pyax

Viomevp = }: [®,(>E~dE/2)~+ (>E+dE/2)] - DOCE,t)
e=0 ‘

where Dgc (O, t) =+« Dgc (oo,t) are damage coefficients from Table 5,
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Table 3
Electron Damage Coefficients!s

ENFRGY \ SHIELD THICKRNESS IGMCMF )

M) 0 S501-3 | LoSt=2 | 33502 | 6210=3 | La2t=I | L.o8k=] ;4",?%‘(7;‘_"&:

1580 | 2.6905=04 { X087=08 | 0. 0. 0. 1o 0. 0.

460 { 5.0000~04 | 29511-05{ 0. 0. 0. 0. 0. 0,

A70 [ 8951604 | 1.0206-04 | 0. . 0. 0. 0. 0. _
180 | 1550103 | 2008004 | 2.2271=05 | 0. 0. 0. 0. 0. ¢
190 ] 2400803 | 2938104 | 2228605 | 0. 0. 0. 0. 0.

200 | XoS0E=03 | 1 045103 | 1.143E-D4 | 0. 0. 0, 0. 0.

220 Lo.7500-03 | 25330-03 | 4.3750-04 | 1.851V=05 | 0, 0. 0. 0. N
240 1 1.0350-02 | 49245703 | 1.2031-03 | 8.6071=05 | 0. 0. 0. 0.

200 14500 -02 | TO81E~03 | 2814E<03 | 3.000L~D4 | 0. 0. 0. 0.

80 | 2010002 | §A74F~02 | 8.0826-03 | 1.O73E-03 | 0. 0. 0. 0.

300 | 218002 | 1.008E=02 | 70411703 | 24006-03 | 2.828105 | 0. 0. 0.

a2 33850-02 | 2.2408-02 | 1150602 | 4220003 | 1.4816-04 | 0. 0. 0.

300 | S.0046-02 | 3S81EC03 | 2142002 | 9.858F-03 | 1.3148-03 | 0. 0, 0,

400 | 7.0001~02 | 5285002 | 34230-02 | 1855602 | 4.3110-03 | 9.0756-05 | 0, 0.

450 0500k=02 | 78025-02 | 5.344E-D2 | 3.2586-02 | 1.100F-02 | 1.2058~03 | 0. 0,

500 b rasor-01 | 1.0236-01 | 7.5056-02 | 5.0808-02 | 2.0468-02 | 4.8246-03 | 7.759E-05 | 0.

600 | 20006-01 | 1.7036~01 | 1343601 | 9.8168-02 | 5.3476-02 | 2.1581-02 | 4.315-03 | 0.

200 | 2.7006-01 | 24000=01 | 2.004E-01 | 1.5748-01 | 9.769E-02 | 4.9261=02 | 1.802E-02 | 0.

800 | 3.5006<01 | 3.000F-01 [ 2718601 | 2.2256~01 1 1.5276=01 { 9.074E-02 | 4.2626~02 | 3.097E~04

000 | 4.225F-01 { 3EO8F-01 | 3438E-01 | 29106-01 | 21218=01 | 1L38SE-01 | 7.726E-02 | 4.452E-03

1.000 5.000E-01 | 4.637E-01 | 4, 169E=01 | 3.607E=-01- | 2.759E-01 [ 1.934E-01 | 1,199€~01 | 1,566E~02

1.200 6.7008=01 | 6,3036=01 [ 5733E-01.§ 5.0720-0) | 4,068E~01 { 3.081E=91 | 2.172E~0] | 5.937E~02

1.400 $.000F=01 { 8.10606=01 | 7.515F=01 | 6,759E=01 { 5,593E~01 | 4.419E=01 [ 3,3126-01 | 1.281E-0}

1.600 1.060F+00 | 1.0128400 { 9.405E=01 | 8.5048=01 | 7.250F=01 | 5910601 | 4.014E-01 { 2,120E~01

1,800 1 L260ORH00 | 1.210E+00 | 1,1301400 | [.OASFHD0 | 9.022k-01 | 7.521E=01 | 6.040E~01 | 3.099E-01

2000 | 14700400 | 14181400 | 1.330E400 | 1.242L:400 | 1.088E400 | 9.245E-01 | 7.611E=01 | 4.236E-01

2250 | 17200400 | 1OT0EH00 | 1.5926400 | 148005400 | | 3236400 | 1.145K4+00 | 9.639E-01 | 5.793E-01

2,500 2.000E-H0 | 19435400 | LRS4EH00 | 1,744P400. | 1.560E+00 | 1.374E+00 | 1.178E+00 } 7.499E~0) i
2,750 1 22520400 | 21976400 | 21081400 | 19075400 | 1L813EH00 | 16115400 | 1,3991400 | 9.314E=01 i)
3.000 25100400 | 24545400 | 23625400 | 2.2480+00 1 20570400 | 18476400 | 1,6278F400 | 1.125E400
3.250 | 27848400 | 2.098E400 | 2.606E+00 | 24901400 | 22051400 | 2.078E+00 | 1.849F4+00 | 1.320E400 ,t
3500 | 2.0006+00 | 29436400 | 28501400 | 27315400 | 2.5316400 | 23098400 | 20726400 | 1.5208:+00

3750 32490400 | 31918400 | 3.0965400 | 2974400 | 27706400 | 2,5411400 | 2.2906E+00 | 1,723E+00

4.000 | 350006400 | 34420400 | 3.3448400 | 32200400 | 3.0116400 | 27756400 | 2,523E400 | 1.928E+00

4.500 39508400 | 3.894F400 | 3. 7981400 | 3.0756+00 | 3.464E+00 | 3,223E400 | 2.962F400 | 23326400
5.000 4.400F4+00 | 43441400 | 4.247EH00 | 4,1218400 | 39051400 | 36598400 | 3.390E+00 | 2.738E+00
5.500 4.850E400 | 4.7931400 | 4,095E4+00 | 4.566F+00 | 4.346E+00 | 40936400 | 3.817E400 | 3,141 400
6.000 5.300E400 | S.243E400 | S.43E+00 | S.012E400 | 4.78715+00 | 4.528E400 | 4.24410H00 | 3.545E+00
7.000 0.1501400 | 6.093E4+00 | S992E4+00 | 5.8591400 | 5.6271400 | 53586400 | 5.0025400 | 4,320E+00
8,000 | 6:000F+00| 6.848E+00 1 6,753E400 | 0,020E400 | 6.401F-H00 | 6.138E+00 | §.844E+00 | 5,097E+00 .
9.000 | 7.607F+00 | 7.855(400 | 7.402E400 | 7.3355400 | 71126400 | 6,848E+00 | 6.553E-+H00 | 5,801E+00
10.000 83006400 | 8.2498400 | 8.156F-H00 | 8.029E+00 | 7.804E+00 | 7.539L400 | 7.24 11400 | 6.479E+00
15.000 1060401 [ 1.050K+01 | 1.049E+01 | 1.0398401 { 1,020E:+01 | 9.981F400 | 9.725E400. | 9.047E+00
20.000 12306401 | 12276400 | L221E401 | 12131400 | LI9TER0Y | 11776401 | 1,155E+01 | 1.095E+01 '
25.000 1,360E401 | 1L3S7EH01 | 1352400 | 13448400 | L329EH0) | L3VIERO] | 1L290E+H01 § 1.233E+0)
30.000 LATOEA01 | 1467E40) | 14026401 | 14558K+01 | 14426401 | 14258400 | 14058401 | 13526401

40,000 LOSOEH01 | 1.648E+01 | 1.6431401 | 1LGATEF01 | 1,025E40L | 10105401 | 1.593E4D1 | 1.544E+01

10
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2,000 1023EH00 | 8.207F-01 | 186008
2.800 9.962E-0] | 8.0801=01 | 3.9251-02
3.000 9.0390~01 | 89120-01 | 1.794E~0}
3.200 9.2801:-01 | 8.962E~01 | 3.4651-0]
3.400 89371:-01 | B.871E-01 | 4.8078~01
3.600 8,5981-01 | 8.0976-061 | 5.7870-01
3.800 8273101 | 8481E=01 | 045901 | 0.

4.000 7.963L=01-1 8.243E-01 { 6.8790~01 | 1.288%~03
4.200 7225801 | 7.989E-01 [ 7.105E-01 | 7237102
#.400 7486E-01 { 7.2341-01 | 7.189L-01 | 2.077E~01
4,000 7.254E-01 | 74998~01 | 2144E-01 | 3.274E-01
4.800 7.029E=01 | 7,280F-0i | 7120001 | 4.191E-01
5,200 6.605E=01 | 6.860E-01 | 6.890E-01 | 5.280E~01
5.600 6.216E=01 | 6.4790=01 | 6.613E=0) | 5,7238=01 | O,

6.000 5.8676~01 | 6.1190=01 | 6.319E=01 | 5.8391=01 | 2. 142E=03
0400 S.588E-01 | 5.792t-01 | 0.019E-01 | §.793L-01 | 1.742E~0]
0.800 5.3300-01 | §.5206-01 | 5.731E~01 | 5.064k~01 | 3.196E-0]
7.200 SA28E=01 | §.2851=01 | 5477801 | 5.491E-01 | 3.945E-01
7400 4947601 | 5.080E~0) | 5.2558~01 | §.299E~01 | 4.317E-01
8 U 4.780F-01 | 4909101 | 5.088E-0) | §.1181=01 | 4.4841:~0] .

9.000 J470E-01 | 4.565E-01 | 4.660E~01 | 4.724E~01 | 4.478LE~0] | 2.735E~01
10.000 4.3376-01 | 4.309E-01 [ 4.401E-01 | 4.425E-01 | 4.292E~01 | 3.537k-01

Table 4
Proton Damage Coefficients for Igq '
ENRGY SHIFLD THICKNESS (GM/CM?)

[Mev) 0 5500-3 | JoBl=2 | A3si=2 | 6706=2 | 1026=1 | Lo8k-1 | 3.35E-I
100 | 243310410 0. 0. 0. 0. 0. 0.
200 | Josm-03 |0 0. 0. 0. 0. 0 0
00 | 1a7ab-02 {0 0. 0. 0. 0. 0 0.
400 | 3o87-02 | 0. 0. 0. 0. 0. 0. 0.
000 | LAO2F-01 | 0. 0. 0. 0. 0. 0. 0,
800 | 3.2431-01 | 0. 0. 0. 0. 0. 0 0.
1.000 | S.216k=01 [0 0. 0. 0. 0. 0. 0.
1.200 | 7.1081:=01 | 0. 0. 0. 0. 0. 0. 0.
1.300 | 7.8901-01 | 2.3220-05 | 0. 0. 0. 0. 0. 0.
1400 | 8.5401-01 | 3.7500-03 | 0. 0. 0. 0, 0. 0.
Loed | 9.5328-01 | 8124102 | 0. 0. 0. 0,
1600 | 1.010K400 | 2.5258-0] | 0. 0. 0. 0.
2000 | 1.039E+00 | 4.558E=01 | 0. 0. 0. .
2200 | 10481400 | 6.2331~01 | 0. 0. .
2400 | 1.041F+00 | 74201-01 | 0 0.

0.

0

0.

0.

0.

0.

0
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11.000 4232001 | 4.2458-01 | 4.258E-01 | 4.2261:-01 | 4.101E-01 | 3.675E~01 | 2.061E~01
12.000 4.196E-0) | 4.187E=0] | 4.)55E=01 | 411001 | 3.956E-01 | 3.049E-01 839E-01
13.000 4.1856-01 | 4.1676~01 | 4,120E-01 | 4.0401i~01 | 3.872E~01 | 3.588F-01 | 3.062E~017 O,

14.000 $181E-01 | 4.159E-01 ] 4.105E~01 | 4,0206~0) | 3.828E~0) | 3.553E~01 | 3.131E~01
15.000 4.1945-01 ] 4.1735~01 | 4.1041~01 | 4.010F-01 | 3.814E-01 } 3.538E-01 | 3.159E-0] .
16.000 4.2140-01 | #.1826-01 | 4.120E-0) | 4.025E~01 | 3.819E-01 | 3.547E-01 | 3.187E-01 | 1.439E-01
18.000 4.192E=01 | 4.179E=01 | 4.133E=01 | 4.0545=01 | 3.873E~01 | 3.606F-01 | 3.269E~01 | 2.175E-01
20,000 417201 | 4.159E-01 | 4.125E-01 | 4.085E~01 | 3.9001-01 | 3,679E~01 | 3,379E~01 | . 24411-01
32000 4.144E-01 | 4117601 | 4.093E-01 | 4.047E=01 | 3.915E-01 | 3.731E~01 | 3473E=01 | 2.048E-01
24.000 4.004E-01 | 4.0836-01 | 4.059E-01 | 4.0106-01 | 3.919E-01 | 3.7576~01 [ 3.457E~01 1 2.834E-01
26,000 4.049E=01 | 4.039L-01 | 4.0181=01 | 3.985E-01 | 3.898E-01 | 3.769E-01 | 3.591E~01 | 2.984L-01
28.000 4.000E-01 | 3.994E=01 ] 3.978E=01 | 3.939E~01 [ 3.8751=01 | 3.764E-01 | 3.613E-01} 3.101E~01
30.000 3935E~01 1 3.930L-01 ] 3918E-01 | 3.896E~01 | 3.834E~01 | 3.753E~0} | 3.625E-01 |-3.186E~01
34.000 3.784E-01 | 3.7826-01 | 3.777E-01 | 3.767E~01 | 3.739E-01 | 3.677E~-0} | 3.600E~0Q} |- 3.291K-0)
38.000 3.664F-01 | 3.062E~01 | 3.657E~01 | 3.650E-01 | 3.017E-01 | 3.582E-01 | 3.529K~01 | 3.312E-01
42,000 3.532E=01 | 3.5326-01 1 3.5326-01 | 3.530E-01 | 3.5198-01 | 3.4845E-01 | 3.446E-01 | 3.292E~01
46.000 3.3004-01{ 3.3991~01 | 3400E~01 { 3.400E-01 | 3.396E-01 | 3.372E~01 | 3.349E-0t | 3.245E-01
50.000 3.272E-01 ] 3.2726-01 | 3.3726~01 | 3.273E~01 | 3.271E=01 | 3.264E~01 | 3.350E~01 { 3.177E-01
55.000 3.0256-01 ] 3.026E-01 | 3.128E-01 | 3.130E-01 | 3.133E~01 | 3,132E~01 | 3.126E-01 | 3.082E-01
60.000 2088E~01 | 2.989E-01 | 2.990E~01 | 2.992E-01 | 2.995E~01 | 2.997k-01 | 2.9931~01 | 2.969E~0]
65000 2,844F=01 | 2.8465-01 | 2.850E-01 | 2.855E-01 | 2.863E-01 | 2.871L-01 | 2.875E~01 | 2.869E~0]
70.000 27101701 | 2.7126~01 | 2.715E-01 | 2.720E-0/ [ 2.728E-01 | 2.736E-0) | 2.743E-01 } 2.7481~01
80,000 2474601 | 2476E-01 | 2480E~01 | 2485E~-0)) | 2.494E~01 | 2,504E-0) | 1514F~01 | 2.531E-0!
90.000 2.245E-01 | 2247601 {2.2510-0) | 2256801 | 2.266E-01 | 2.277E-0) | 2.289E=01 | 2.315E-0!
100.000 [997E-01 | 1.999E~01 | 2.004E-01 | 2.010:-01 [ 2.022E~01 | 2.037E-0! | 2.052E~01 | 2,089E-01
130.000 1.4926-01 | 1.493E-01 | 1.490E~01 | 1.500E-0! | 1.509E-01 | 1.519E-01 | 1.530E-0} | 1.560E-0!
160,000 1.183F=01 | 1,183E=01 | 1,185E~017] 1,188E=01 | 1.192E~01 | 1.199E-01 | 1.206E-01 | -1.226E~01
200.000 9.215E~02 | 9.2205:-02 | 9,229E=02 | 9.242E~02 | 9,2685~02 | 9.302E-02 | 9.344E-02 | -9.4621:~02
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Step & Caleulate the 1 Mev electron fuence me at normal incidence wpon a cell of shield thivks
ness ¢ that produees snlintion damage equiv nlem to that produced by the speeteum of all space
eharged particles

For 1.V parameter lge:

ne ! RT3 '
GUD Thjw 0 = VA gy H 3000 WL v p
For 1V parameters Ve & Py ax

PO P 2V e 3000 w0 ‘fN@H‘

The damage coettivients given in Tables 3, and § ave Tor cells with infinite back shielling,
In the case of the TULE solar artay, as well as other spacecralt arrays, exposire o radintion from the
roar must also be considered, This leads (0 an effective damage voeflicient that is the sum of the
damage coeftivients for the front and rear shield trivknesses, The celt shielding Tor the TUE array
is iHusteated in Fiure o, The front and rear shield thicknesses for which damage coetTieionts were
interpolated are .1 Jprem? and L1 2L giom?, respeetively, The resulting damage coelticients are
piven in Tables o, 7 and N,

A computer program GAppendi A) has been written o calenlite the net equivatent | Mev
e’luctmn fuence fallowing the procedure outtined above, The resulting dosages to which the IUE
solar weeny was exposed after three years are L2141 Mevefom? for Ige (hest ease), 2971014
1 Mo\ esom? for '%(‘ Eworst eased, TabTER T T Mev e, em? for Vg e & Py gy thest cased and 321+
B L Mev efem? for Vg o & By Gvorst case),

CELL 1V CHARACTERISTICS

Proflight experinents'® were performed with typical TUR solue cells to determine the 1LV
parnmeters of the average vell, The 1=V curves of S00 cells were measured at several eell temperas
tures. In ench case, the Mumination was tixed at 1 solar constant as simulated by a standard labory-
tory sonree, These vells had not been subjected to any radiaton damage. The average carve for
sevoral cell femperatures is displayed in Figure 7, The LV parameters at 25°C are Ige = 140 mA,
Vor © 390 mV, Py ax = 08 mW, Vigp = S00 mV and Iyp = 130 mA. These are taken as the
bost case values, ‘The worst ease 1V parameters at 23°C are Ige = 137 maA, Ve = 3% mVi Pyax
@ 038 MW, Vigp = S00 mV and Iyp = 127 mA, The 3 maA loss in dge and hyp was estimated by
constdering production line variations among the S00 cells,

The degradation of an 1=V parameter Y due to an iradiation dosage @ is gonerally approxis
mated by an equation o the following form, '

Vi) = Yoy =+ Lop (1 -+ ¢/dp)
whiete ghes Isana ehiteary critical fluence and € Is the vorresponding coetticlent, As used in thiswork,

1
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EFFECTIVE ,
THICKNESS
COVER .022 g/cmz
FRONT
2
P/N -K — ______@ﬁ_Egv_g____ﬂ .001 g/cm
CELL 044 Q/Cm2
ADHESIVE 015 g/cm2
REAR
PANEL 112 g/cm?
STRUCTURE

Figure 6. Cell Shielding for IUE Solar Array.
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Table 6
Electron Damage Coefficients for the Average IUE Solar Cell.
ENERGY FRONT DAMAGE REAR DAMAGE NET DAMAGE
(Mev) COEFFICIENTS COEFFICIENTS COEFFICIENTS
75 219 0298 249
1,25 592 243 835
1.7§ 1.05 563 1.01
2.28 1.55 957 2,51
2,75 2,07 1.39 346
3.25 2.56 1.84 4,40
3.75 3.05 2,29 5.34
4,25 3.53 2.73 6.20
4.75 3.98 3.10 7.14
5.25 442 3.59 8.01
5.75 4,87 4.02 8.89
6.25 5.31 4.44 9.75
0.75 5.73 4.84 10.57
Table 7
Proton Damage Coefficients for Ige of the Average TUE Solar Cell,
ENERGY FRONT DAMAGE REAR DAMAGE NET DAMAGE
(Mev) COLEFFICIENTS COEFFICIENTS COEFFICIENTS
15 407 310 i
25 402 356 158
35 374 358 732
45 343 337 680
S5 313 313 026
65 285 287 572
75 260 203 S23
835 237 240 477
95 213 217 430
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Table 8
Proton Damage Coefficients for \’0(, and l’M AX of the Average TUE Solar Cell.
ENERGY FRONT DAMAGLE REAR DAMAGL NET DAMAGE
(Mev) COEFFICIENTS COEFFICIENTS COLFFICIENTS
15 471 490 967
25 417 ,395 812
35 381 372 753
45 347 344 691
55 315 316 031
(N 287 290 577
75 201 204 525
85 237 241 478
95 213 218 431

the critical fluence is that equivalent 1 Mev electron fluence at normal incidence upon the cell
which degrades the -V parameter to 90 ¢ of its value before irradiation, Data have been previously
assembled' asa function of cell thickness, that characterizes 1.V degradation due to | Mev electron
irradiition of 2 -vm and 10 Q-vm, From these data, shown in Figures 8-15, the value of ¢¢ was
found for each 1V parameter of the typical IUE cell (1 Q-um resistivity and ,02 cm thick) by inter-
polation, At a reference temperature of 30°C, the results for the best case are:

Ige(9) = 140.34 mA-46.62 mA + Log (1 +¢/7.75E+13 | Mev e/em?)
Voc($) = 586.10 mV=-194,70 mV + Log (1 +¢/7.50E+14 1 Mev efem?)
Ppax (@)= 04,04 mW-21.27 mW * Log (1 +¢/4,70E+13 | Mev efem?)
Vmp(@) =490.32 mV-162.88 mV + Log (| + ¢/9.00E+14 | Mev efem?)
Ip(®) = Py A x @/Vpp(9)

The waorst case degradation equations are;

Igc(@) = 137.34 mA-45.62 mA « Log (1 +¢/7,75E+13 1 Mev ¢/em?)
Voc (@) =580.10 mV-194.70 mV + Log (1 + ¢/7.50E+14 1 Mev efem?)
PpAx (@) = 62.54 mW-20,78 mW + Log (1 +¢/4.70E+13 1 Moy ¢/em?)
Vap(¢) = 490,32 mV-162.88 mV + Log (1 +¢/9.00E+14 1 Mev ¢/em?)
IMp(@) = Pyax (@Y Vrp(d)

Substitution of the previously calculated TUE irradiation dosages into these degradation equations
yields the I-V pzuiunelers for the average TUE solar cell after 3 years in flight, The respective best
and worst case results are 120,24 mA and 106 12 mA for Ige. 571.52 mV and 555.97 mV for
Voc, 51.22 mWand 43.97 mW for Py o x and 480.01 mV and 468.74 mV for Vyyp. These values,
however, are valid only when the cell temperature is 30°C,

The variation of each I-V parameter Y with cell temperature T is generally given by an ex-
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pression of the following form,

Y(T) = Y(Tg) + b(Tg) (T=Tg),

where b(Tg) is the temperature coefficient at an arbitrary reference temperature Tg. In this work,
the reference temperature is 30°C, The temperature coefficient for each 1-V parameter is depend-
ent on radiation damage, This dependence has been characterized in the literature!® for 2 -cm
and 10 $2-em cells at 30°C. These data are shown in Figures 16-19. The value of the temperature
coefTicient for cach 1-V parameter of the typical (1 £-cm) IUE cell was determined by interpola-
tion. The best case results for the temperature dependence of the TUE cell parameters after 3 years
are:

fgeo = 120.24 mA +.0954 mA/°C - (T = 30°C)

Voe =571.52mV =2,10 mV/°C * (T - 30°C)

PpMax = 51.22mW - 162 mW/°C + (T - 30°C)
VM pE 480.01 mV - 1,806 mV/°C * (T - 3000)

ImMp =PpmAx/VYMp

The resulting worst case -V parameters are given by:

Ige = 106.12 mA +.113 mA/°C + (T - 30°C)
Voc =555.97mV =2,19 mV/°C * (T - 30°)
Pyax = 43.97 mW =149 mW/°C « (T - 30°)
Vmp = 468.74 mV = 1.88 mV/°C * (T~ 30°)
lwp =Pmax/Vme

These equations are valid only in the temperature region where the temperature coefficients do not
vary substantially from their value at 30°C. This is the case with the temperature coefficients for
Ige over the range (-150°C to 60°) to which the IUE solar array is subjected. However, the tem-
perature coefficients for Py o x changes almost linearly at a rate of -1.65X1075 Py x/°C/°C.
In the case of Ve and Vyp, the temperature coefficients remain constant at temperatures above
~20°C and change almost linearly at a rate of -,005 mV/°C/°C at temperatures below -20°C."7
Once the I~V parameters have been determined for a given cell temperature; illumination and
radiation damage, the cell current 1 for a specified operating voltage V must be determined. There
are several analytical models!” that are generally used to approximate the shape of the solar cell

I-V curve. One such model that has displayed excellent accuracy below illumination levels of two
solar constants is given below. 8

I= lvsc(l +C1 { | CXP[V/(Cg Voc)] })
where Cy = {1 - (Iyp/lgc)] exp [-VMmp/(Cy Vo)l
and Cg = [(VMPIVOC)" l]/ln[l —(]MP/]SC)]
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This model has heen used in this work to approximate the shape of the 1V curve for the average
JUE solar celle A computer program (Appendix BY has been used to wleulite the 1V parameters of
the average 1UE solar cell (under 1 solar constant ilumination) as a function of cell temperature
and radiation damage as well as plot the 1=V curve using the above model, A family of 1.V curves
Far the best and worst cases TUE cell atter three years in flight are shown in Figures 20 and 21,

ARRAY POWER QUTPUT

The prevailing variables (namely, temperature, radintion dimage and illumination) upon which
the average TUE solar cell 1-V parameters are dependent have been quantified in the previous secs
tions. Thus, the TULE solar drray power may now be determined in terms of the average TUF solar
coll operating current fora specified g angle, The pravedure for performing the caleulation is out-

lined below,

Sun
position

Cell
Temperature

1=V
Parameters
for 1 SC
Hiumination

Cell
aperating
voltage

Cell
aperating
current

for 1 §C
Hlumination

panel
view
angle

Numination
Factor

= 0% to 135°

P 37e+ 1,108 - 01856 £ 3.7°C lower panel
Tae 12,04 2136 = .015068% £ 3,79 central panel
Tawl26+3.318-.01058% ¢ RV upper panel

lge T 11 = 19 (307 Cpu )+ b T = 0%

V()(\ (Fa )= \3()(\ (3()“(“@,1 )t l‘Q(\ (OUT - 30%)

Py axtha 1) = Py A X B0°CH 1+ by A x @NT = 307)
Varpt ity = Vnm p(f\()o(‘,(,’)\ 1Y+ by ptg)1 - 300

lM \ (T, = ‘pM AN (T.@.] ),A”M P (T 1)

Vop = 389 mV lower panel
Vop =423 mV centril panel
Vop = 382 mV upper panel

¢, = [(Vhﬂ)f\g()(“) w1 infl = (],Mpflsv),]
(,‘! = l ] = “M,l’ﬂS(‘n *OXp l*«'\fl\“)}(c‘; ¢ \“}()(‘)]

l()‘)(fl‘.,ﬁb‘]) =lge { 1+ C ) =exp [ Vopflly '\5()’(\)]}

f=f=225° lower panel
f=f-675° central panel
f=p=1125° upper panel

§=cosl
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Short Circuit Isc(T9,8) =8 * Igc(T.9,1)

Current

Short circuit current  fge (See Table 9)

net loss factor

corrected short Igc(T9,S) > fge * Isc(T.9,S)

circuit current .
cell operating Lop(T.¢,S) = Igp(T.¢,1) - [Igc(T¢,1) - Igc(T.9,8)]

current '
operating current fop (See Table 10)

net loss factor

corrected operating  Igp(T,9,S) = fgp * Igp(T,9,S)

current

panel Py =28 volts * 24 + 15p(T}.9.5)) lower panel
power P, =28 volts + 20 * Igp(T,.9,S;) central panel
output P, =28 volts * 24 * Igp(Ty $,S,) upper panel
Net Available P=2+P+2+P.+2+P,

Array Power

The calculations outlined above were performed to obtain the IUE solar array power after
three years. The best and worst case power are plotted in Figure 22 as a function of beta angle
along with flight data for the available array power '? after three years. The same is plotted in
Figure 23 for the beginning of life power.2°% In both examples the flight data are between the best
and worst case curves, as expected. In order that these calculations may yield the exact array
power, a normalization parameter K is defined such that:

Array Power = K - (Best Case Power) + (1-K) * (Worst Case Power)
where O <K< 1,

Also observed in Figure 22, the array power at the lower beta angles is closer to the worst
case calculation; where at the higher beta angles the array power is closer to the best case calcula-
tion. Thus, the normalization parameter K changes with the beta angle, This may be attributed to
a difference in cell characteristics and engineering loss factors from the lower to upper panel and/or
an angular dependence of the space radiation incident upon IUE.

?
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Table 9
Correction Factors for "sc
fsc Best Case Worst Case
Solar Intensity & 1.035 964

Orientation Error

Ultraviolent &
Micrometeor 1.0 .99
Degradation
Net 1.035 954
Table 10
Correction Factors for lOP
fop Best Case Worst Case
Diode and 958 958
Harness Losses
Cell
Mismatching 1.0 8
Ra.ndc/m 1.0 98
Failure
Design
Margin 1.0 98
Net 958 902

The normalization parameters for flight data acquired after three years were statistically
fitted to a second-order function in beta using a least-squares routine,'® The result is displayed in
Figure 24, This normalization parameter may be applied to the best and worst case power calcula-
tion for three years in flight, The normalized power is plotted in Figure 25 along with the corre-
sponding flight data. The same is shown in Figure 26 for the beginning of life. As there is excellent
agreement between the normalized calculation and flight data acquired at different times, the same
calculations are performed to predict the IUE solar array power available in the future,
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However, to use the normalized power calculation presented above to predict the array output,
the irradiation dosage and solar cell characteristics must be known as a function of time. The
increasc in equivalent fluence with time is assumed to be constant at the previously calculated best
and worst case values per three years, The best and worst case I-V parameters for the average IUE
cell are determined for an arbitrary point in time as they were determined for three years, A
computer program (Appendix C) was used to perform the viormalized power calculation for each
year from beginning of life to ten years, The results are plotted in Figure 27 and also given in
digital form (Appendix D),

CONCLUSION

The minimum power which must be provided to IUE to maintain mission essential operations
is 175 watts continuously during day light.?! The design requirement was 186 watts,! As the
power generating capacity of the solar array degrades with time, the beta angle region where more
than 175 watts can be supplied grows smaller. Therefore, the number of stars to which IUE can be
pointed are fewer, This is the critical criterion by which the future utility of IUE will be judged.
The upper and lower cut off beta angles, outside which less than 175 watts will be supplied to IUE,
are plotted in Figure 28. This defines the restricted region for beta as a function of time, It is
shown that the IUE solar array can continue to produce more power than is required at most
observatory positions for at least five more years,
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Appendix A -~ EQUFLU

10
15
20
25
30
35
40
45
50
55
00
05
70
75
80
88
90
98
100
105
110
115
120
125
130
135
140
145
150
18§
)
168
170
173
180
18§
190
195
200
208
20
218
220
225
230
238
240
245

RFM a3k e ok o kool sk 3ok sk ok ok ol i 3 ook Bk ak ok koK 3Ok X EQU l.‘LU o ook i o ol o o Al o o ORI OROK K S ok R
REM THIS PROGRAM CALCULATES THE EQUIVALENT IMEV ELECTRONS AT NORMAL INCIDENCE
REM UPON THE SURFACE OF A SILICON SOLAR CELL DUE TO AN OMNIDIRECTIONAL

REM BELECTRON AND PROTON RADIATION ENVIRONMENT,

DIM E1(100),R1{100),E2(100),R2(100).T(100,1 1.D1{200).102(200).D3(200)

GOSUB Elecrad

GOSUB Protrad

GOSUB Shield

GOSUB Ede

GOSUB Isepde

GOSUB Voupde

GOSUB Flueal

sTop

l,‘:lL‘Cl'il(h ! A Ok A o ACOR TR KRR K o o R R o o R R A R KO o R R KON o KRR AR K ok Ko R R OROK K Ok e R ok Rk ok ok R kK
REM THIS SUBROUTINE COLLECTS THE ELECTRON SPACE RADIATION DATA FROM THE

REM OPERATOR.

PRINT {LIN{D),"OMNIDIRECTIONAL ELECTION FLUENCE (ELECTRONS/CM*2)"

PRINT ™ VERSUS"

PRINT * ELECTRON ENERGY (>MEV)"
PRINT (LIN(1), “TOTAL NUMBER OF OBSERVATIONS =",

INPUT NI

PRINT N1, LIN(1)

PRINT “THE OBSERVATION CORRESPONDING TO THE LOWEST ELECTRON ENERGY MUST BE"
PRINT “ENTERED FIRST, THEN ENTER THE REMAINING OBSERVATIONS IN ORDER OF"
PRINT “INCREASING ELECTRON ENERGY.”

FOR I=1 TO N|

PRINT LIN(1),"OBSERVATION#"1

PRINT “"ELECTRON ENERGY (>MEV) =",

INPUTEMD

PRINT EI(D

PRINT "ELECTRON FLUENCE (ELECTRONS/CM"2) =",

INPUT RJ(D)

PRINT RI(D

NEXT I

PRINT LIN(H,"CHECK THE ABOVE DATA AGAIN.”

PRINT “IF CORRECTIONS ARE REQUIRED ENTER 0~

PRINT *IF DATA IS CORRECT ENTER ANY OTHER NUMBER"

INPUT X

IF X=0 THEN 85

PRINTER IS 0

PRINT LIN(1),"ELECTRON" ,“FLUENCE" “FLUENCE" “DIFFERENTIAL"
PRINT “ENERGY" *ELECTRONS/CM*2)"*(ELECTRONS/CM"2)",“ FLUENCE"
PRINT “(MEV)" "> E-(dE/2)" > E+(dE/2)" (ELECTRONS/CM*2)"

FOR I=1 TONI-«] '

EIO=(E1D+EI 1+ )2

PRINT ELDRIMDRIA+HDRID-R I+

NEXT |

N1i=N1-1

PRINTER IS 1o
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250
255
200
268
270
275
280
285
290
205
300
303
310
315
320
325
330
335
340
345
350
355
300
308
370
375
380
385
390
395
400
405
410
413
420
4235
430
435
440
445
450
460
465
470
473
480
485
490
493
300
505
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RETURN

Protrad: | F%sk ok bk ook iok okl ok ook SOk BRI SRR RORROR KR AR SRR R OR RO R ROk
REM THIS SUBROUTINE COLLECTS THE PROTON SPACE RADIATION DATA FROM THE

REM OPERATOR,

PRINT LIN()OMNIDIRECTIONAL PROTON FLUENCE (PROTONS/CM™2)”

PRINT » VERSUS"

PRINT ™ PROTON ENERGY (>MEVY”
PRINT LIN(DOTOTAL NUMBER OF OBSERVATIONS =",

INPUT N2

PRINT N2.LIN(1)

PRINT “THE OBSERVATION CORRESPONDING TO THE LOWEST PROTON ENERGY MUST BE"
PRINT "ENTERED FIRST. THEN ENTER THE REMAINING OBSERVATIONS IN ORDER OF”
PRINT “INCREASING PROTON ENERGY.,"

FOR 1=]1 TO N2

PRINT LIN(1),"OBSERVATION #",1

PRINT “PROTON ENERGY (>MEV) =",

INPUT E2(D)

PRINT E2(1)

PRINT "PROTON FLUENCE (PROTONS/CM*2) =",

INPUT R2(I)

PRINT R2(1)

NEXTI

PRINT LIN(1),"CHECK THE ABOVE DATA AGAIN.”

PRINT *IF CORRECTIONS ARE REQUIRED ENTER 0"

PRINT “IF DATA 1S CORRECT ENTER ANY OTHER NUMBER™

INPUT X

IF X=0 THEN 270

PRINTER IS O

PRINT LIN(DL"PROTON" “FLUENCE" *FLUENCE" "DIFFERENTIAL"

PRINT "ENFRGY " M (PROTONS/CM*2)" " (PROTONS/CM " 2" “FLUENCE™

PRINT “IMEVY" > E-(dE/2)" > EHAE)" (PROTONS/CM )"

FOR 1] TO N2-1

E200=E2D+E0+ )2

PRINT E2(DR2DLR20+D,R2DR24])

NEXT I

N2=N2-|

PRINTER IS 16

RETURN

Shicm: ! $=H¢*****#**********w****»k*****m:k»k*r}:****************'M‘*M«*******m***m*********
REM THIS SUBROUTINE COLLECTS THE SOLAR CELL SHIELDING DATA FORM THE OPRATOR
PRINT LIN(1),*FRONT SHIELD THICKNESS (GM/CM"2) =",

IF T1<0 THEN 450

PRINT T1,LIN(1),“REAR SHIELD THICKNESS (GM/CM*2) =",

INPUT T2
IF T2<0 THEN 465
PRINT T2

PRINTER IS O

PRINT LIN(H,"FRONT SHIELD THICKNESS (GM/CM*2)=""T|
PRINT “REAR SHIELD THICKNESS (GM/CM"2)="T2
PRINTER 1§10

RETURN
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510
515
520
525
530
535
540
545
550
555
560
505
570
575
580
583
590
595
600
605
610
615
620
625
630
635
640
645
650
655
660
665
670
675
680
685
690
695
700
705
710
715
720
725
730
735
740
745
750
755
760
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REM THIS SUBROUTINE DETERMINES THE ELECTRON DAMAGE COEFFICIENTS
FOR 1=0 TO 47

FOR J=0 TO 8

READ Ty

NEXTJ

NEXT1

FOR L=0TQ |

TO9)=TI+L*T2-TI)

J=8

J=)-]

IF T(0,9<T(0.0) THEN 560

FOR I=1 TO 47
TUS+L=TAJ+D-(TAI+-TAIN*(TO,1+1)-T(0,9)/(T(0,J+1)-T(0,)))
IF T(1.9+L)>0 THEN 5§90

Tel,94L)=0

NEXT I

NEXT L

PRINTER IS 0

PRINT LIN(I)."ELECTRON DAMAGE COEFFICIENTS FOR ISC, VOC AND PMAX"
PRINT "ELECTRON","DAMAGE" “DAMAGE" “NET"

PRINT “ENERGY",“COEFFICIENT"."COEFFICIENT","DAMAGE"
PRINT *(MEV)”,*(FRONT)",*(REAR)"”,"“"COEFFICIENT"

FOR I=] TO NI

IF E1(DLT(],0) THEN K=

FOR J=1 TO 46

IF EI{T)>T(,0) THEN K=J

NEXT J
DI(D)=T(K,9)+(T(K+1,9)-T(K,9))*(EI(N-T(K,0)/(T(K+1,0)-T(K,0))
DI(IND=TK, 10} TK+1,10)-T(K, 1ON*(E1 (1)-T(K,0)/(T(K+1,0)-T(K,0))
PRINT EI(D.DIALDIAEND,DI(D+DI(I+N1)

NEXT ]

PRINTER IS 16

GOTO 920

DATA 0,0,.00559,.0168,.0335,,0671,.112,,168,.335

DATA ,15,2.69E-4,3.687E-5,0,0,0,0,0,0

DATA .16,5E-4,7.951E-5,0,0,0,0,0,0

DATA .17,8.951E-4,1.62E-4,0,0,0,0,0,0

DATA .18,1,55E-3,3,.168E-4,2,227E-5,0,0,0,0,0

" DATA .19,2.406E-3,5.938E-4,5,228E-5,0,0,0,0,0

DATA .2,3.65E-3,1.045E-3,1.143E-4,0,0,0,0,0

DATA .22,6,75E-3,2.533E-3,4,375E-4,1,551E-5,0,0,0,0

DATA .24,1.035E-2,4,924E-3,1.263E-3,8.667E-5,0,0,0,0

DATA .26,1.45E-2,7.981E-3,2.814E-3,3.609E-4,0,0,0,0

DATA 28,2,01E-2,1.174E-2,5,0552E-3,1.073E-3,0,0,0,0

DATA .3,2,725E-2,1 ,668E-2,7.941E-3,2 4E-3,2 828E-5,0,0,0

DATA ,32,3,385E-2,2.249E-2,1.156E-2,4,22E-3,1 .481E-4,0,0,0

DATA .36,5.004E-2,3,581E-2,2,142E-2,9.858E-3,1,314E-3,0,0,0

DATA 4,7E-25.255E-23.423E-2,1.855E-2,4.311E-3,9.075E-5,0,0
DATA .45.9,500E-2,7,562E-2,5.344E-2,3.258E-2,1.106E-2,1,295E-3,0,0
DATA .5,1.25E-1,1.023E-1,7.595E-2,5.059E-2,2,146E-2,4.824E-3,7.759E-5,0
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RS

Awur .

765
770
715
780
785
790
795
800
805
810
815
820
825
830
83§
840
845
850
855
860
865
870
875
880
885
890
895
900
905
910
915
920
92§
930
935
940
945
950
955
960
965
970
975
980
985
990
995
1000
1005
1010
1015

(n?KBHEQL P
PACE 15
OF POOR Qu&ir?

DATA .0,2E-1,1,703E-1,1,343E-1,9.810E-2,5.347E-2,2,158E-2,4,315E-3,0
DATA .7,2.7E-1,2,4E-1,.2004,,1574,,09769,.04962,,01802,0
DATA .8,.35,.3166,.2718,,2225,.1527,.09074,,04262,.000305/7
DATA .9,4225,,3898,3438,.291,.2121,,1385,,07726,.004452
DATA 1.0,.5,.4657,.4169,,3607,.2759,.1934,.1199,.01 566
DATA 1.2,.67..6303,,5733,5072,.4068,,3081,,2172,,05937
DATA 1.4,86,816,7515,6759,.5593,4419,3312,,128)
DATA 1,6,1,06,1.012,.9405,.85064,.7256,.5916,4614,212
DATA 1.8,1.26,1,21,1.136.1,045,.9022,,7521,.604,,3099
DATA 2.0,1.47,1,418,1,339,1,242,1,088,.9245,,7611,.4236
DATA 2.25,1.729.1,676.1,592,1,489,1.323,1.145,,9639,.5793
DATA 2,5.2.0.1,943,1.854,,1,744,1,566,1,374,1,178,.7499
DATA 2,75,2.252,2,197,2.108,1.997,1.813,1,611,1.399,.93 14
DATA 3.0.2.51,2,454,2,362,2,248,2,057,1,847,1,627,1,125
DATA 3.25.2.754,2,698,2.606,2,49,2,295,2,078,1.849,1,32
DATA 3.5,3.0,2.943,2,85,2,731,2,531,2.309,2,072,1.52
DATA 3.75.3,249,3,191,3,096.2.974,2,77,2,541,2,296,1.723
DATA 4.0,3.5.3,422,3.344,3,22,3.011,2,775,2.523,1,928
DATA 4.5,3.95,3.894,3,798,3.675.3.464,3,223,2.962,2,332
DATA 5.0.4.4 4,344,4,247 4,121,3,905,3,659,3,39,2,738
DATA 5.5,4.85,4,793,4.695.4,566,4,346,4,093,3.817.3.141
DATA 6.0,5.3.5.243,5,143,5.012,4,787,4,528,4.244,3.545
DATA 7.0.6.15.6,093.5.992,5,859.5.627.5,358,5.062,4,326
DATA 8,0,6.9.6.848,6,753.6.626,6,401,6.138.5,844,5,097
DATA 9.0,7.607,7.555.7.462,7,335,7.112,6.848.6,553,5.801
DATA 10.0,8.3.8.249.8.156,8.029,7,804.7.539,7.241,6,479
DATA 15.0,10.6,10.56.10.49.10.39,10.2,9.981 9.725,9.047
DATA 20.0,12.3,12.27.12,21,12.13,11,97,11.77.11,55,10,95
DATA 25.0,13.6.13,57,13.52.13,44,13.29,13.11,12.9,12,33
DATA 30.0.14,7.14.67.14,62,14,55.14,42,14.25,14,05,13,52
DATA 40,0.16.5.16,48,16.43.16,37.16.25.16,1,15.93,15.44
RETURN

IS 1 R oo MR oo R R AR O SRR R AR AR R KR K A

REM THIS SUBROUTINE DETERMINES THE PROTON DAMAGE COEFFICIENTS FOR ISC
FOR 1=0 TO 65

FOR I=0 TO 8

READ T(LJ)

NEXT }

NEXT I

FOR L=0TO |

T(0,9)=TI+L*(T2-T1)

=8

3=-1

IF T(0,9)<T(0,}) THEN 975

FOR I=| TO 65 .
T(,9+L)=T(1LI+1)-(T(LI+1)-TAI)*(TO,J+1)-T(0,9))/(T(0,)+1)-T(0,)))
{F T(1,94L)>0 THEN 1005

T(1,94L)=0

NEXT I

NEXT L

PRINTER IS 0
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1020
1025
1030
1035
1040
1045
1050
1055
1060
1005
1070
1075
1080
1085
1090
1095
1100
1105
1110
1115
1120
1125
1130
1135
1140
1145
1150
1155
1160
1165
1170
1175
1180
1185
1190
1195
1200
1205
1210
1215
1220
1225
1230
1235
1240
1245
1250
1255
1260
1265
1270

ORIGINAL PAGE IS
OF POOR QUALITY

PRINT LIN(1),"PROTON DAMAGE COEFFICIENTS FOR ISC ONLY"
PRINT "PROTON" “DAMAGE","DAMAGE" “"NET"
PRINT *ENERGY","COEFFICIENT",*COEFFICIENT","DAMAGE"
PRINT “"(MEV)","(FRONT)","*(REAR)","COEFFICIENT"
FOR I=] TO N2

IF EX(W<T(),0) THEN K=1

FOR J=1 TO 04

IF E2(1>=T(J,0) THEN K=J

NEXT )
D2D=T(KHTK+1,9)-TK,9N*(E2(1)-T(K.0))/(T(K+].0)-T(K,0))
D2(H+N)=T(K, 10)HT(K+1,10)-T(K,10))*(E2(I)-T(K,0}3/(T(K+1,0)-T(K,0))
PRINT EX(N.D2(D.D2(IHN2).DN+D2(1+N2)
NEXTI

PRINTER IS 16

GOTO 1425

DATA 0,0,,00559,,0168..0335,.0671,.112,.168,.335
DATA .1,2.435E-4.0,0,0.0,0,0,0

DATA .2,3,047E-3,0,0,0,0,0.0,0

DATA .3,1,374E-2,0,0,0,0,0,0,0

DATA .4,3,987E-2,0,0,0,0,0,0,0

DATA .6,1.502E-1,0,0,0,0,0.0,0

DATA .8,3.243E-1,0,0,0,0,0.0,0

DATA [,5,216E-1.0,0,00,0,0,0

DATA 1,2,7.108E-1,0.0.0.0,0,0.0

DATA 1.3,7.89E-1.2,322E-5,0,0.0,0.0.0

DATA 1.48,549E-1,3,75E-3.,0,0.0.0,0.0

DATA 1,6.9.532E-1,8,124E-2,0,0.0,00,0

DATA 1.8,1,01,.2515,0,0,0.00.0

DATA 2,1.03,,4558,0,0,0,0.00

DATA 2.2,1.048..6233,0,0,0,0,0,0

DATA 24,1.041,.7426,0,0,0,0,00

DATA 2,6,1.023,8207,1,86E-5,0,0,0,0,0

DATA 2.8,9962..868,03925,0,0,0,0,0

DATA 3.9639..8912,.1794,0.0,0,0,0

DATA 3.2,9286..8962,.3465,0,0,0,0,0

DATA 34,8937,8871,4807,0,0,0,0,0

DATA 3.6,.8598..8697,.5787,0,0,0,0,0

DATA 3.8,.8273,.8481,,6459,0,00,00

DATA 4,.7963,.8243,,6879,1 .288E-3,0,0,0,0

DATA 4.2,,7723,.7989,.7105,,07227,0,0,0,0

DATA 4.4,.7486,.7734,,7189,,2077,0,0,0,0

DATA 4.6,,7254,,7499,,7184,.3274,0,0,0,0

DATA 4.8.,7029..728,712,4191,0,0,0,0

DATA 5.2,.6605,.6806,.6890,.5286,0,0,0,0

DATA 5.6,,6216,.6479,,6613,5723,0,0,0,0

DATA 6..5867..6119,.6319..5839.2,132E-3.0,0,0
DATA 6.4,.5585,.5792,.6019,.5793,,1742.,0.0.0
DATA 6.8,,5339.,.552,.5731,,5664..3196.0.0.0

DATA 7,2,.5128,.5285,.5477..5491..3945.0.0,0
DATA 7.6,4947,.5086,.5255,.5299,,4317.0,0,0
DATA 8,4786,4909,5058..5118,4484,0,0,0
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1275
1280
1285
1290
1295
1300
1305
1310
1315
1320
1325
1330
1335
1340
1345
1350
1355
1360
1365
1370
1375
1380
1385
1390
1395
1400
1408
1410
1415
1420
1425
1430
1435
1440
14435
1450
1455
1460
14635
1470
1475
1480
1485
1490
1495
1500
150§
1510
151§
1520
1525

gmamm; PASY I
E POO '
DATA 9,4470.4505,4669,.4724,.4478,.2735,0,0 R QUALITY
DATA 10,4337,.4369,.4401,4425,4292,.3537,0,0

DATA 11,4232,4245,4258,4226,4101,,3675,,.2061,0

DATA 12,4196,4187,4155,411,.3956,.3649,.2839,0

DATA 13.4185.4167.412,404,.3872,,3588,.3062,0

DATA 14,4181,4159,4015,402,.3828,.3553,3131.0

DATA 15.4194.4173,4104,401,.3814,.3538,.3159,0

DATA 10.4214,4182,412,4025,3819,,3547,.3187,.1439

DATA 18.4192,4179,4133,4054,.3873,.36006,.3269,.2175

DATA 20.4172,.4159,4115,4055,39,3679,.3379,.2441

DATA 22,4149,.4117,4093,4047,,3915,3731,.3473,,2648

DATA 24,4094,.4083,,4059,401,.3919,.3757,.3547,.2834

DATA 20.4049,4039,.4018,.3985,.3898,.3709,.3591,.2984

DATA 28,4,,,3994,.3978,.3939,.3875,.3764,.3613,.3 101

DATA 30,.3935,,393,.3918,,3896,.3834,.3753,.3025..3186

DATA 34,3784..3782..3777.,3767,.3739,.3677..36,.3291

DATA 38..3664..3662..3657,.365,.3617,,3582,.3529,,3312

DATA 42,3532,.3532,3532,,.353,.3519,.3484,.3446,,3292

DATA 46,3399,.3399,34,.34,.3396,,3372,.3349,,3245

DATA 50,3272,.3272,3272,,3273,.3271,.3264,.325,.3177

DATA 55,3125.,31206,,3128,313..3133,,3132,.31206,.3082

DATA 60,.2988,.2989,,299,,2992,.2995,.2997,,2995,.2969

DATA 65..2844,.2840..285,.2855,.2863,.2871,.2875,.2869

DATA 70.271,2712,27]5,272,.2728..2736,.2743,.2748

DATA 80.2474..2476..248..2485..2494,,2504,.2514,,25 3}

DATA 90.2245,.2247,,2251,.2256,.2266,.2277,,2289,,2315

DATA 100..1997.,1999,.2004,,201,.2022,,2037,.2052,,2089

DATA 130,1492..1493,,1496,,1500,.1509,,1519,,153,.156

DATA 160,.1183,.1183,.1185,.1188,.1192,,1199,.12006,.1226

DATA 200,,09215,,0922,.09229,,09242,,09268,.09302,.09344,.09462

RETURN
Vocpdc:!************tiii****ttt***#*t*#i*****4**#**#*##*vw**#m#t#mt**t*tmtmm*m*&myty
REM THIS SUBROUTINE DETERMINES PROTON DAMAGE COEFFICIENTS FOR VOC & PMAX
FOR 1=0 TO 6§

FOR J=0TO 8

READ T(lJ)

NEXT J

NEXT I

FOR L=0 TO |

T(0,9)=TI1+L*(T2-T1)

J=8

I=J-1

IF T(0,9)<T(0,J) THEN 1480

FOR I=1 TO 65
TA9+L)=T(JI+1)-(T(LI+1)-T(LI)N*(TO,J+1)-T(0,9))/(T(0,J+1)-T(0,3))

IF T(1.9+L)>0 THEN 1510

T({1.9+L)=0

NEXT I

NEXTL

PRINTER IS 0 . _ _

PRINT LIN(1)."PROTON DAMAGE COEFFICIENTS FOR VOC & PMAX ONLY"
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1830
1535
1540
1545
1550
1555
1560
1565
1570
1575
1580
1583
1590
1598
1600
1608
1610
1015
1620
1625
1630
163§
1640
1645
1650
1655
1660
1665
1670
1675
1680
1685
1690
1698
1700
1705
1710
1715
1720
1725
1730
1735
1740
1745
1750
1755
1760
1765
1770
1775
1780

ORIGINAL PAGE IS
OF FOOR QUALITY

PRINT “PROTON",“DAMAGE","DAMAGE" ,"NET"
PRINT “"ENERGY" “COEFFICIENT" "COEFFICIENT",*DAMAGE"
PRINT ®(MEV)","(FRONT)"*(REAR)","COEFFICIENT”
FOR 1=] TON2

IF E2(N<T(1,0) THEN K=1

FOR J=] TO 64

IF E20)>=T(),0) THEN K=J

NEXTJ
DIM=T(KNH(TR+1,9)T(KIN*E2(D-T(K.0)/(T(K+1,0)-T(K.0N
D3END=TIR I OHCTK+1.1 0¥ TR 1 0)*(E2(D-T(K,00)/(T(K+1,0)-T(K.0))
PRINT E2(1),D3(1).D3(4ND3(H+D3(1+N2)
NEXTI

PRINTER IS 10

GOTO 1930

DATA 0,0,.00559,,0168,0335,047) .1 12,.168..33§
DATA .1.5303,0.0,0,0.0,0.0

DATA .2,715,0,0,0,0.0.0.0

DATA .3.8623.00,0.0000

DATA .4.9970.0,0,0,0,0.0.0

DATA .6,1.271.,0,0,0,0,0,0.0

DATA .8.1.540,0,0,0.0,0,0.0

DATA 1,1,792,0,0,0.0,0.0.0

DATA 1.2,1,994,0,0,0,0,0,0,0

DATA 1,3,2.082,.04303.,0,0.0,0,0.0

DATA 1.4,2,10.1,948,0,0,0.0,0.0

DATA 1,6,2,299,.5853,0,0.0,0,00

DATA 1.8,2.412,9827,0,0.0,0,0,0

DATA 2,2,502,1.335,0,0,0,0,0,0

DATA 2,2,2.509,1,624,0,0.0,0,0,0

DATA 2.4.2.615.1.86,0,0.0,0,0.0

DATA 2,6,2,645,2.047,,01912,0,0,0,0,0

DATA 2.8,2,656,2,191.2733,0,0,0,0,0

DATA 3,2.64,2,298,.6092,0,0,0,0,0

DATA 3,2,2.597,2,375,.9375,0.0,0,0,0

DATA 3.4,2.526,2,416,1.226,0.0,0,0,0

DATA 3.6,2.426,2.42,1.468,0,0,0,0,0

DATA 3.8.2,302,2,388,1.6064,0,0,0,0,0

DATA 4,2.159.2.32,1.818..04687,0.0,0.0

DATA 4,2,2,024,2.219,1.932,.2866,0,0,0,0

DATA 4.4,1.891,2.093,1.998..5697,0,0,0,0

DATA 4.6,1.766,1.962,2.017,,8378.0,0.0.0

DATA 4,8,1,05.1,839,1,99,1,074,0,0,0,0

DATA 5.2.1.447.1.616.1.833.1,431,0,0.0,0

DATA 5.6,1.278.,1.428,1.642,1.603,0,0,0,0

DATA 6,1,136.1.268.1.467,1.584,,03741,0,0,0
DATA 6.4,1.02,1,131,1.312.1,468,.451,0,0,0
DATA 6.8,9237.,1.018,1,178,1,339,.8464,0,0,0
DATA 7.2,.844,.9252.1.063.1.218.1.,101,0.0,0
DATA 7.6,.7775,.8479..9673.1.109,1.166,0,0,0
IDATA 8..7204..7827..8867.1.013,1.125,.03696.0,0
DATA 8..6134,.658..7324,.8256..9523..7614,0.,0
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ORIGINAL pane |
’ : 45 bt S
OF POOR QuUALITY

1285 DATA 10,8588, 8834,,0303,.090658,.7908,.8423.0.0

10 DATA 11.3109,8381, 80910 105,085 L TH63,.5740.0

1795 DATA 12.00930,.8081,.820:1,.588,,0038,.0552,0855,0

1800 DATA 13,4778 J889,4007, 5182,.5403,.883.00:4.0

1808 DATA DE003, 4222, 48 15,4934,.51 21,832.5490,0

TRI0 DATA J8,489:4,4037 4088, 4758, 4807 4901,.5047.0

1815 DATA 10,0848, 40872, 600 0104 2,085 .4 713 4327,.3950

1820 DATA IR B3I BIAR, A8, 103, 28, ok 19.4327,.3950

IB28 DA TA 20,4352, 4307 1382, 4379,4343,:4 2004 T42,.3098

1830 DATA 22,4280, 2 18,4420,4 203 4 25,4 172,.4041,.3504

B35 DATA 221121 121 3,4203,04 70,4097, 3981383

TRI0 DATA 2004 1ok Lbbod BHLA137,4102,4038,.3930,.3504

I8 DATA 284081 4081,4079,003,4040,.3978.,.3084, 3527

1880 DATA 30..-8004..-N)US.AQQ.‘,.3‘3‘)8.,3%‘)"3‘230‘.38-33..353

(858 DATA 33830, 3838, 2040,.3830,3831,.3707,.3740,.352

1860 DATA 38.,3703,.37204,.3704,.3703 SA080,3009,.3030,3473

IR0 DATA 42.350-%.(3505...‘\5(\“,.35’?2,.35”:‘l..35»&‘),.35.‘,(\..34()0

1870 DATA A0 320030 20,3000, J33,3430,.3421 L300, 3334

875 DATA S0, 3200,.3290,3098,3301 ,3304,.3303,3297, 3 243

1880 DATA SRASADS, 3T L3S 31883100 3 el 132

LRSS DA TA 60..3008,.3000, 3007,.3010,.3016,.3020,.3022..3007

1890 DA TA 05,2850, 2801, 2808, 287, 288,289, 2807,.2899

P8ORS DATA 70,2254, 2 120, A0, 3133, 20032 283,.2201,.2773

100 DA TA SOL 28T, 280 MR 2402, 0501251 2, 28230543

105 DA TA D0, 200, 028 1,.0088,.220,2271, 23812004252

[OT0 DATA 100,.1999,.200] 006,.2001.3,.2028,.2030,.2088,.2092

918 DATA PI0L 1021403, 100, 18,0 800, 1819183, 1 50

JO2G DATA To0, TSI HISAL L IRATISE 1 102,.1199,1200,.1220

{928 DATA 00,0021 2.0022,00230,00242,.00208,.00302,.0034:4,.0%02

N30 RETURN

]Q35 tqumnvg**w*v%******@*y*mmmmmmw%***w***$$¢m*m¥w*mwm********%*ﬂ**mmmw«**ww*mw*#*v**%mm
(240 REM THIS SUBROUTINE USES THE PREVIOUSLY DETERMINED CHA RGED PARTICLY
1045 RUM FLUFNCES & DAMAGE COFERICIENTS TO CALCULATE THE IMEV EQUIVALENT FLUENCE
150 Fi=0

1938 FOR =] TONI

1960 PR QDR IENTE]

198 NEXNTI

1970 X0

1975 F3i=0

1980 FOR 171 TON2

1085 E2s(R2D-R2AEDFDAED2AENI D

1900 FAs(R2D-R2AEDVFDIUPDIENINHES

905 NEXTI

200 PRINTERISOQ :

2008 PRINT LINUDYCSOLAR CELEY N ELECTRON RADIATION" ' PROTON RADIATION""NET RADI
ATION®

2010 PRINT *DEGRADATION"EQUIVALEN P FLUENCE" "EQUIVALENT FLUENCE" "EQUIVALENT F
LUBNCE" ‘ ‘

2015 PRINT UPARAMETER" S IMEV ELECTRONS/CM® 27 1OMEY PROTONS/CM 2" IMEY ELECTRON
SICM-2T

2020 PRINT “ISC™ELE YL F13000%192

et At

o
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ORIGINAL PAGE IS
OF POOR QUALITY

2025 PRINT "VOC & PMAX'"F1,F3.F1+3000*F3,LIN(3)
2030 PRINTERIS 16
2035 RETURN
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Appendix B — IVDEG

10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85

90

95

100
105
110
1S
120
125
130
135
140
145
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
240

RIEM #5500k oo ok ok ko o o ok ik [\TDEG %% 4 o oo o ook ok ok kR R A

REM THIS PROGRAM CALCULATES THE AMOUNT OF DEGRADATION IN THE 1-V

REM PARAMETERS OF A SILICON SOLAR CELL IRRADIATED WITH | MEV ELECTRONS
REM AT NORMAL INCIDENT,

OPTION BASE 0

DIM Y (10,14),X(6),15c(2),Yoc(2),Pmax(2).Vmp(2),Imp(2)

GOSUB Input

GOSUB Temco

GOSUB Unrad

GOSUB Degrad

GOSUB Irrad

GOSUB Plot

STOP ,

lnput: ! 4 0 sk ok sk 3k ok ok a3 o Ok oK R 8 2K o ok ak ke ok ok ok ok ok e ok 3k ke ok R o ok i kO sk sk ol o ok sk sk ok ok ok ok ks ok ol ko kK ok ok K oK ok ok ok ok sk
REM THIS SUBROUTINE COLLECTS INFORMATION ABOUT THE SOLAR CELL FROM THE
REM OPERATOR

PRINT (LIN(2),“I-V PARAMETERS BEFORE IRRADIATION:”,LIN(1),SPA(4),"Isc (mA) ="

INPUT Isc(0)

PRINT Isc(0),LIN(!1),SPA(4),*“Voc (mV) =",

INPUT Voc(0)

PRINT Voc(0),LIN(1),SPA(4),"Imp (mA) =",

INPUT Imp(0) -

PRINT Imp(0),LIN(1),SPA(4),"Vmp (mV) ="

INPUT Vmp(0)

PRINT Vmp(0),LIN(1),SPA(4),"*CELL TEMPERATURE ('C) ="

INPUT Tem

PRINT Tem,LIN(1),SPA(4),"CELL THICKNESS (CM) ="

INPUT T

PRINT T,LIN(1),SPA(4).*“ACTIVE CELL AREA (CM"2)="";

INPUT A

PRINT A,LIN(1),SPA(4),*“CELL RESISTIVITY (OHM-CM) ="";

INPUT Res

PRINT Res,LIN(3),"*CELL TYPE;”

PRINT SPA(4),ENTER ‘i’ FOR CONVENTIONAL AND SHALLOW JUNCTION CELL”
PRINT SPA(4),ENTER ‘2' FOR CELL WITH BACK SURFACE REFLECTOR (BSR)”
PRINT SPA(4),"ENTER ‘3 FOR CELL WITH BSR AND BACK SURFACE FIELD (BSF)”
INPUT Dum

Dum=INT(Dum)

IF Dum<| THEN 165

IF Dum>3 THEN. 165

PRINT “CELL TYPE”;Dum,LIN(3),"“IRRADIATION DOSE:”

PRINT “EQUIVALENT FLUENCE FOR Isc DEGRADATION (IMEV ELECTRONS/CM"2)=";
INPUT Fsc

PRINT Fsc

PRINT “EQUIVALENT FLUENCE FOR Voc DEGRADATION (IMEV ELECTRONS/CM"2 =";
INPUT Foc

PRINT Foc,LIN(2)

RETURN
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245 T\!lllCO: ! ook Aok e R A RO K K Rk R AR Rk Rk R Rk RO RO R R R R R R R R NR B R R AR R R SRRk
250 REM THIS SUBROUTINE DETERMINES THE TEMPERATURE COEFFICIENTS FOR EACH

255 REM IV PARAMETER OF THE IRRADIATED AND UNIRRADIATED CELLS

2600 FORI=ITOS

265 READ Y(1L0),Y(LD.Y(LD).Y(L4).Y(1LS5).Y(1,7).Y(1,8).Y(1,10),Y(1,11)

270 FORJ=1TO 10.STEP 3

275 Y(LIH)RY (LD (Res-2)*(Y(LI+D-Y(1.)))/8

280 NEXT)

285 NEXTI

290 FORI=1TO7

29§ IF Fse<Y(1.0) THEN 305

300 Y(O.)=Y(L3)HFse-YA.ON*YU+1.3)-Y(L.3))/(Y(+1,00-Y(1,0))

308 NEXTI

310 FORI=6TO 12 STEP 3

315 FOR I=1 TO 7

320 IF Foc<Y(1,0) THEN 335 :
325 Y(0,))=Y( D)+HFoe-Y(LON*(Y(+1,1)-Y(LD/(Y(1+1,0)-Y(1,0)) ‘
330 NEXTI ;
338 NEXT) )
340  GOTO 385 ¥
345 DATA0,0182,0182,-2,01,-2,256,~054,-.0723,-1.976,-2.296

350 DATA 1E+12,,0166,.0185,-1,979,-2.248,-.0535,-,072,-1.921,-2.23§
355 DATA 1E+13,,019,.0222,-1,97,-2,255,-.052,-.0692.-1,9-2,21

360 DATA 3E+13,,021,.0286,~2.009,-2.25 0498 ~0651 .~-1.875,-2,208
365 DATA 1E+14,,0265,,0395 ,-2,099,-2.254 -.0461,~,058 ~1.898,-2,21 "
370 DATA 3E+14,.0325,.0482,~2,192,-2,259,-.0416,-.052,-1,918,-2.210
375 DATA 1E+15,.035,0515,-2,259,-2,275,-.0376,~.0417,-1,98,-2,24
380 DATA 1E+106,.0415,,06,~2.302,-2,309,-.0279,-.0301,-2.049,-2,3206
385 RETURN g
300 Unpids | % Aobonoh dok doRR R K 8 ok Aol ook R R o o oo o ook K O o oo o oA O O i
395 REM THIS SUBROUTINE DETERMINES THE CHARACTERISTICS OF THE UNRADIATED CELL
400 Isc(0)=1sc(0)+A* Y (1,3)*(30-Tem)

405 Voe(0)=Voce(0)+Y(1,6)*(30-Tem)

410 Pmax(0)=Imp(0)*Vmp(0)+1E-3+A*Y(1.9)*(30-Tem) B
415 Bmux=(1,5+(1/3-1.5)*(Res-2)/8)* 1 E-S &
420  Pmax(0)=Pmuax(0)/(1+Bmax*(30-Tem)*(30-Tem)/2) :
425 - Vmp(0)=Vmp(0)+Y(1,12)*(30-Tem)

430  IF Tem>-20 THEN GOTO 445

435 Voe(0)=Voc(0)-Y(1.6)*(30-Tem)+50*Y (1.,6)-(Y(1,5)-.005*(Tem+20)/21*(Tem+20)

440 Vmp(0)=Vmp(0)-Y(1.12)*(30-Tem)+50* Y (1,1 2)-(Y(1,12)-,005*(Tem+20)/ ) *(Tem+20)

445 Imp(0)=1E3*Pmax(0)/Vmp(0) *
450  PRINTERIS O

445 PRINT LIN(2),"CELL TYPE”

460  1F Dum=1 THEN PRINT “A CONVENTIONAL AND SHALLOW JUNCTION N/P SILICON SOLAR C

ELL"

405 IF Dum=2 THEN PRINT *A N/P SILICON SOLAR CELL WITH BSR"*

470 IF Dum=3 THEN PRINT “A N/P SILICON SOLAR CELL WITH BSR AND BSF”

475 PRINT “CELL RESISTIVITY =*:Res*OHM-CM”’'

480 PRINT “CELL THICKNESS =*T:*CM",LIN(1),“ACTIVE CELL AREA =';A:“CM"2"

485 PRINT LIN(2),"'I-V.CHARACTERISTICS OF THE UNIRRADIATED CELL”

490  PRINT “lIsc =":Isc(0):*mA +";A*Y(1,3):*mA/'C * (T-30°C)" ‘

T
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PRINT *Voe = Voc(0):*mV™ Y (1,61 mVEC * (T-30'C)"

PRINT “Pmax = “:Pmax(Q):*mWmA*Y(1.9):mW/'C * (T-30'C)"

PRINT “Vmp = :Vmp0)*mV™Y (1,1 2 m VP C * (T-30'C)"

PRINT “Imp = Ppjax/Vip"

PRINTER IS 10

RETURN

Degraachs AR R KRR AR HR KRR HORIR ORI KRR MR R0 OO R KRR K8
REM THIS SUBROUTINE DETFRMINES THE DEGRADATION IN THE IV CURVE AT 28'C
FOR =] TO 3

READ T2

FOR J=1 TO 4

READ B1.B2,B3,B4

BA=BIHB2-BI*T-THATTH

Bo=BRHBEBIVFCT-THATTH

Fe(l H=BSH{BO-BI¥(Rey2)/(10-7)

NEXT )

NENT I

CeDE=1 R et LGT)

CL2E= ¥ Vo) LG T

Ct3)== 1 Pman(0) LGT(Q)

CED== 1 ViploY LGT2)

PRINTER IS Q

PRINT LIN(DLUDEGRADATION EQUATION FOR EACH -V PARAMETER"

PRINT “Ise(F y=0setO) e mA ™ CO R LOGUHE ™ FeDum 1 1 IMEV e~/CM ™)™
PRINT *Vou(F)=*;Voc(M:FmV'™COR ¥ LOGUHF S Fe(Dum 21 IMEV e~/CM ™)
PRINT "Prmax(F = Pmax(0):mW S CEONFLOGU R/ Fe(Dum, 3 IMEV e</CM )"
PRINT “Vimp(F)=:¥mp(0ymV i CED: * LOGUHHE A Fe(Dum, 41 IMEV e-/CM2)"
PRINT “Imp(F) = Pmax(FYVmpFi"

PRINTER IS 1o

GOTQ oW

DATA .02,.03,1.6E+14,1 0E+14,.8 2E+14,4,58+14

DATA JE+|S BT S BRI 520+ 57,4841 3, TAE+1 3

DATA 298414, LI L ER TS ER S, 8E ST B S

DATA 01,02 4.5E+14,2.3E+14, 1 3E+1S 4 5EH1 4

DATA JEHIS L IEH] S 0250 3B+ S 2 3E+H14, 1,1 5E+ 14

DATA S8E+14 20+ 1424+ 5, LT EF TS 3261 8,136+ 18

DATA 01,02, LISE+14,2E+1 3 3.5E+1 4,1 SE+HT S

DATA 3.8E+1d 4.5F+14, 1 0B+ 14,1 3641 4,4.8E+13.3,4F+13

DATA SE+13,3.60100 33,31 14 2,054 14,35+ 1 4.1, 2B+ 14

RETURN

Dl AR ko e o s o AR R R S 4 AK A RO A R HOK RO R BOK AR R R 3R R S A K AR o o
REM - THIS SUBROUTINE DETERMINES THE CHARACTERISTICS OF THE IRRADIATED CELL
Ise( D=1se(MFCU W LGTU +FsefFe(Dum, 1))

Voe(N=VocM+HCRYLGT U HFoe/Fe(hum, 2))

Pomast D=Pmax(OM+CRYFLGT U Foe/Fe(Dum,3))
Vmp{D=Vmp(O+CE*LGTU+HFoo/Fe(Dum,4))

Imp(D=1E3*Pmax(D/Vimp( 1)

PRINTER IS 0

PRINT LIN(2),"RADIATION DOSAGE”

PRINT “EQUIVALENT FLUENCE FOR lIsc =" ;Fse;" IMEV l‘LLClROl\“ MU
PRINT “"EQUIVALENT FLUENCE FOR Voo, Pmax & Vmp =*:Foc:"IME v t-Ll:.CTRONS/CM‘““
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750
755
760
765
770
775
780
785
790
795
800
805
810
815
820
825
830
835
840
845
850
855
860
865
870
875
880
885
890
895
900
905
9i0
915
920
925
930
935
940
945
950
955
960
965
970
975
980
985
990
995
1000
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PRINT LIN(2),*“l-V CHARACTERISTICS OF THE IRRADIATED CELL"
PRINT “Is¢ =" Isc(1);¥mA +':A*Y(0,3):"mA/‘C * (T-30'C)"
PRINT “Voc =**:Voc(1):*mV"":Y(0,6);*mV/‘C * (T-30‘C)”
PRINT *Pmax =*;Pmax(1)*'mW’":A*Y(0,9):*mW/‘C * (T-30'C)"
PRINT “Vmp =":Vmp(1):*mV";Y(0,12):"mV/‘C * (T-30‘C)"
PRINT “Imp = Pmax/Vmp”

PRINTER IS 16

RETURN

PlOt: ! o o o ok ok ok ok o e ok ok ok ok ek ok ke ok ok ok o ok ak ok o ok e e o o R o e ok o ok o ok o o ke o i o o o 0 ok ol o e o o N o0 e o o e o o
REM THIS SUBROUTINE PLOTS A FAMILY OF I-V CURVES FOR THE IRRADIATED
REM AND UNIRRADIATED CELLS

PLOTTER IS 13,“GRAPHICS"”

GRAPHICS

LOCATE 1,120,1,90
Xmax=100*(1+INT((Voc(0)+Y(1,6)*-60)/100))
Ymax=25*(1+INT((Isc(0)+A*Y(1.3)*60)/25))

SCALE -Xmax/10.Xmax,-Ymax/10,Ymax

AXES 10,5.0,0,10.5

FORK=0TO |

FOR Te=90 TO -30 STEP -60

CSIZE 3

LDIR O

LORG 5

X(=Ise(KM+A*Y(1-K.3)*(Tc-30)
X(2)=Voe(K)+Y(1-K.6)*(Te-3()
Bmax=1,5+(1/3-1.5)*(Res-2)/8)*1E-§
X(3)=(Pmax(K)+A*Y(1-K,9)*(Tc-30))/(1+Bmax*(T¢+30)*(Tc-30)/2)
X(@)=Vmp(K)+Y(1-K.12)*(Te-30)

IF Te>-20 THEN GOTO 905
X(2)=Voe(K)-50*Y(1-K.6)*(Y(1-K,6)-.005*(Tc+20)/2)*(Tc+20)
X(@)=Vmp(K)-50*Y(1-K,1 2)*(Y(1-K,12)-.005*%(Tc+20)/2)*(Tc+20)
X(5)=1E3*X(3)/X(4)

MOVE 0,X(1)

FOR Vol=0 TO INT(X(2))

C2=(X )/ X2)- 1Y LOG-X(/ X1
Cl=(-XS)Y/XUNHEXPEX(E)/C2#X(2))
CursX(D)*(1+CI#(1-EXP(Vol/(C2*X(2)))

PLOT Vol,Cur

NEXT Vol

MOVE X(4).X(5)

CSIZE 3

LABEL **#*

LORG 3

CSIZE 2

MOVE Xmax/100.X(1)-Ymax/195

LABEL T =":T¢:*C"

NEXT Te

NEXTK

REM LABEL VOLTAGE AXES

CSIZE 3

LORG 5
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1005
1010
1018
1020
1025
1030
1035
1040
1045
1050
1055
1060
1005
1070
}075
1080
1085
1090
10935
1100
1105
1110
111s

FOR =0 TO Xmax STEP 100
MOVE |.-Yimx/30

LABEL |

NEXT |

MOVE Xmas/2.-Ymex/15
LABEL "VOLTAGE (mV)"
REM LABEL CURRENT AXES
LLORG 8

FOR =0 TO Ymux STEP 25
MOVE -Xmux/'50.1

LABEL |

NEXT!

DEG

LDIR 90

LORG ¢ _
MOVE =Xy, 10, Y max/2
LABEL "CURRENT tmA)Y”
DUMP GRAPHICS

EXIT GRAPHICS
PRINTERISO

PRINT LIN(4)

PRINTER IS 16

RETURN

OF PGOR QUALITY
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5 RIEM e koo dtomob i ok ok ook ko ORIk JUEPOW % ook ok oo s ok o ok o K 0 0k

10 REM THIS PROGRAM CALCULATES THE 1UE SOLAR ARRAY POWER VERSUS BETA ANGLE
15 REM FOR EACH YEAR FROM THE BEGINNING OF LIFE TO 10 YEARS,
20 DIM P(136,15),P1{136,3),Pc(136,3).Pu(136,3)

25 DEG

30 READ Tmin, Tmax

35 FOR Time=Tmin TO Tmax

40 FORC=] TO 2

45 READ Yse,Bse,Yoe,Boe,Ymiax,Bmax,Ymp,Bmp,Fsc.Fop,TO

50 FOR B=0 TO 135

55 REM CALCULATE LOWER PANEL POWER

60 IF B>112 THEN 90

05 Vop=389

70 S=COS(B-22.5)

75 T=37,41513+1.10256*B-,01848*B*B+TO

80 GOSUB lop

85 PI(B,C)=48*28*Jop/1000

90 REM CALCULATE CENTRAL PANEL POWER

95 Vop=423
100  S=COS(B-67.5)
105 =-12,18705+2.13056*B-.01563*B*B+TO

110 GOSUB lop

115 Pe(B,C)=40*28*lop/1000

120 REM CALCULATE UPPER PANEL POWER
125 IF B<K23 THEN 155

130 Vop=389
13§ S=COS(B-112.5)
140 =-126,3935+3.51306*B-,01652*B*B+TO

145 GOSUB lop

150 - Pu(B.C)=48*28*]op/1000

155 NEXTB

160 NEXTC

165 FORB=0TO 135

170 K=,06661+.01202*B-.00007*B*B

175 - P(B,Time)=K*(P1(B,1)+Pc(B,1)+Pu(B,1))+(1-K)*(P1(B,2)+Pc(B,2)+Pu(B,2))
180 NEXTB

185  NEXT Time

190 GOSUB Graph

195 GOSUB Print

200 - STOP

205 lOp: | ok ok ok ok ok g ok 3k ok of 3k akk ok ok ok ok o N6 ok ok ok o ok ok o ko ok Ok ok ok ak ok ok ke af ke 3 o ok ok ok ak Ak K 8 ok 005 N oK o oj R O o0 o ok o ok ko o ook o o ok ko
210 REM THIS SUBROUTINE CALCULATES THE CELL OPERATING CURRENT.
215 Ise=Ysc+Bsc*(T-30)

220 - Voc=Yoct+Boc*(T-30)

225 Pmax=(Ymax+Bmax*(T-30))/(1+1.64583E-5*(T-30)*(T-30)/2)

230 - Vmp=Ymp+Bmp*(T-30)

235 IF T>-20 THEN GOTO 250

240  Voe=Yoc-50*Boc+(Boc-.005*(T+20)/2)*(T+20)

245 - Vmp=Ymp-50*Bmp+(Bmp-.005*(T+20)/2)*(T+20)
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250
255
260
265
270
275
280
285
290
295
300
305
310
315
320
325
330
335
340
345
350
355
360
365
370
375
380
385
390
395
400
405
410
415
420
425
430
435
440
445
450
455
460
465
470
475
480
485
490
495
500

ORIGINAL Py g
Imp=1000*Pmax/Vmp OF POOR GQULLITY
C2=(Vmp/Voc-1)/LOG(1-Imp/isc)
Cl=(1-lmp/IscY*EXP(-Vmp/(C2*Voc))
lop=lsc*(1+C1*(1-EXP(Vop/(C2*Voc))))
lop=Fop*(lop{Isc-Fsc*S*1s¢))

IF lop<0 THEN lop=0

RETURN

Graph : ! AR ok k3 ok ok ok ok o o 46 el ok R oK K o o ok ok ok o 5 i o s o e ol o ok i ol B ok o o ol o e o e ool g i o el o0 ol o 0 o o o ol o o e O o K
REM THIS SUBROUTINE PLOTS POWER Vs, BETA FOR EACH YEAR.
Ymax=50*(1+INT(P(70,Tmin)/50))

Y min=50*INT(P(0,Tmax)/50)

PLOTTER IS 13,“GRAPHICS”

GRAPHICS

LOCATE 1,120,1,90

SCALE -15,135,Ymin-(Ymax-Ymin)/10,Y max
AXES 5,10,0,Ymin 9,5

REM LABEL BETA AXES

LDIR O

CSIZE 3

LORG 5

FOR I=0 TO 135 STEP |5

MOVE 1, Ymin-(Ymax-YMin)/30

LABELI1

NEXT 1

MOVE 67, Ymin-(Y max-Ymin)/15

LABEL “BETA ANGLE (DEGREES)”

REM LABEL POWER AXES

LORG 8

FOR I=Ymin TO Ymax STEP 50

MOVE 0,1

LABELI

NEXT1

LDIR 90

LORG 6

MOVE ~15,Ymin+(Ymax-Ymin)/2

LABEL “POWER (WATTS)”

LORG 5

LDIRO

CSIZE 2

FOR Time=Tmin TO Tmax

MOVE 0,P(0,Time)

FOR B=0TO 135

PLOTB,P(B,Time)

NEXT B

NEXT Time

DUMP GRAPHICS

EXIT GRAPHICS

RETURN

Printy | %o ok ok oo ok s ko sk ok oo ool ok K oo o o oo ok oo 0 o K o 6 ok K3 o o o o o O ok o ok o o o

REM THIS SUBROUTINE PRINTS A HARD COPY OF THE AVAILABLE POWER AT EACH BETA

“REM ANGLE FOR EACH YEAR.
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505
510
S1§
520
535
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PRINTERISO

FOR Time=Tmin TO Tmax

PRINT LIN(3)L"AVAILABLE SOLAR ARRAY POWER AFTER *:Time;” YEARS"”

FIXED 0

PRINT “BETA™:TAB(7)."POWER I TAB(19),"BETA'":TAB(206),"POWER": TAB(38),"BETA'":T

AB(45),"POWER™TAB(S7)."BETA TAB(64),"POWER"

530

PRINT *(DEG)":TAB(7)."(WATTS)"{TAB(19),*'(DEG)": TAB(26),"(WATTS)":TAB(38),"*(

DEGY"TAB(45), " (WATTSY ' TAB(57),"(DEG)": TAB(64),"(WATTS)"

535
540

FOR B=0TO 132 STEP 4
PRINT B:TAB(7).P(B.Time); TAB(19),B+1: TAB(26),P(B+1,Time); TAB(38),B+2: TAB(45

).P(B+2,Time ' TAB(5 7),B+3: TAB(64),P(B+3,Time)

545
550
555

560.

5065
570
575
580
585
590
595
600
605
610
ols
020
62§
630
035
6040
045
650
7

033
0060
665
070
(75
680

NEXT B

NEXT Time
PRINT LIN(H
PRINTER IS 10
RETURN

DATA 0,10

DATA 140.34,,06734,586,1,-1,979,64.04,-.191,490,32,-1.936,1.035,,958,2 7
DATA 137,34,.06734,580.1,-1,979,62.54,~.191,490,32,~1,936,,954,.902,-3.7
DATA 131,25,,0777,580.90.-2.57.63,~.174,486.71,-1.84,1,035,.958,3.7
DATA 121.02,,0918.574.83,-2.08,51.83,-,165,482,37,~1.86,.954,:902,-3.7
DATA 125.00,0889.576.1.-2.071,53,88,-,166483.28,~1,857,1,035,.958,3.7
DATA 112,2,,1023,564,88,-2,139.47.07.-,156,475.23,-1.871,.954,.902,-3,7
DATA 120.24.,0954.571.52,~2,101,51.22,~.162,480.01 -1,863,1.035,.958,3.7
DATA 106,12,1127,555.97.-2,186,43.97,~-,1488 468.74,-1,883,,954,.902,-3.7
DATA 110.38,.09995.5067,10-2,12049,16,~.158 470.88.-1,809.1,035,.958.,3.7
DATA 101.47.1142,547.92,-2,197.41,67 -.1409 402.8,-1.893,,954.,902,-3,7
DATA 113.14.,1045,503.02.-2,15.47.48,-1543,473.89,~1,874,1.035,.958.3.7
DATA 97.71,1155,5340,57,-2.208 39.84,-,145457,32,-1.903..954,.902,-3.7
DATA 110.35,,1091.559,08,-2,174 40.05,-.1505,471.01 ,--1.879.1,035,,958,3,7
DATA 94,55,1107,533.81-2.219.38,31.-.1433,452.23.-1,913,954,.902,-3.7
DATA 107.9,1131,555.31,-2.187,44,82.~1480.408.25,~1,884,1.035,.958,3.7
DATA 91.822,,11798,527,54,-2,231,37.0~.14148447,481 6,-1,924,,954,.902,-3

DATA 105.71,1130.551,7-2.192,43,73.-.14784065.59.~1.888,1,035,958.3.7
DATA 89.43,.1192,521.71 ~2,242,35,87,-,1397.443.03.-1,934,,954,,902,-3.7
DATA 103,74,.1142.548.24,~2,19742.76,~.147.463.03,-1,893.1,035..958.3.7
DATA 87.29..1205.510,26,-2,253,34,80.-.1378.438,85,~1,944,.954,.902.-3.7
DATA 101.94,1148,544.91,-2,2.:41.87,~,1462,460.50,-1.897,1,035,.958,3.7
DATA 85.30,1217,511.14,-2.257,33.95,-1309.434,9,-1.948,.954,.902,-3.7
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Appendix D — PREDICTED IUE SOLAR ARRAY CHARACTERISTICS

BEST CASE IRRADIATION DOSAGE AND I.V PARAMETERS AT BOL
EQUIVALENT FLUENCE FOR Igc = 0 IMeve/cm?
EQUIVALENT FLUENCE FOR Voo AND Pyyax = 0 IMeve/cm?2
Igc = 140.34mA +.0673mA/°C (T-30°C)

Voc = 586.10mV ~ 1.98mV/°C (T-30°C)
PMAX = 64.04mW - .191mW/°C (T-3("C)
Vmp = 490.32mV - 1.94mV/°C (T-30°C)

WORST CASE IRRADIATION DOSAGE AND I.V PARAMETERS AT BOL
EQUIVALENT FLUENCE FOR Igc =0 IMev e/cm?

EQUIVALENT FLUENCE FOR Vg AND Pyax =0 1Mev e/cm?
Igc = 137.34 +.0673mA/°C (T-30°C) i
Voc = 586.10mV - 1.98mV/°C (T-30°C) 53
PMaX = 62.54mW - ,191mW/°C (T-30°C) g
Vpmp = 490.32mV - 1.94mV/°C (T-30°C) ;
*a
AVAILABLE SOLAR ARRAY POWER AT BOL )
BETA POWER BETA POWER BETA POWER BETA POWER :
(DEG) (WATTS) (DEG) (WATTS) (DEG) (WATTS) (DEG) (WATTS) i
0 198 1 201 2 205 3 209 2
4 212 5 215 6 219 7 222 #
8 225 9 229 10 232 11 235 ;
12 238 13 241 14 243 15 246
16 249 17 251 18 254 19 256
20 259 21 261 22 263 23 267 3
24 271 25 276 26 281 27 285 5
28 290 29 294 30 299 31 303 H
32 307 33 311 34 315 35 319 i
36 323 37 327 38 330 39 334 A
40 337 41 340 42 344 43 347 3
44 350 45 352 46 355 47 358 ;
48 360 49 363 50 365 51 367 i
52 369 53 371 54 373 55 375 A
- 56 376 57 378 58 379 59 380 i
60 381 61 382 62 383 63 384 i
64 385 65 385 66 386 67 386 v
68 386 69 386 70 386 7 386 3
72 385 73 385 74 384 75 383 o
76 383 7 382 78 381 79 379
80 378 81 377 82 375 83 373 a
84 372 85 370 86 368 87 366
88 363 89 361 90 358 91 356 {
92 353 93 350 94 347 95 344
96 341 97 338 98 334 99 331 i
100 327 101 324 102 320 103 316 i
104 312 105 308 106 303 107 299
108 295 109 290 110 286 111 281
112 276 113 273 114 271 115 269
116 267 117 265 118 262 119 260
120 257 121 255 122 252 123 249
124 246 125 244 126 240 127 237
128 234 129 231 130 228 131 224
132 221 133 217 134 214 135 210

63




ORIGINAL PAGE IS

OF POOR QUALITY

BEST CASE IRRADIATION DOSAGE AND 1.V PARAMETERS AFTER | YEAR
= 4,39E+13 IMey efem?
EQUIVALENT FLUENCE FOR Ve AND Pygax = 4.71E+13 1Mey e/om?
Igc = 131.25mA +.0777mA/°C (T-30°C)
Voc = 580.96mV - 2.00mV/°C (T-30°C)
Pyax = 57.63mW -.174mW/°C (T-30°C)
Vpmp = 486.71mV - 1.87mV/°C (T-30°C)

WORST CASE IRRADIATION DOSAGE AND I-V PARAMETERS AFTER | YEAR
EQUIVALENT FLUENCE FOR Igc

EQUIVALENT FLUENCE FOR Igc

AVAILABLE SOLAR ARRAY POWER AFTER ] YEAR

BETA POWER
(DEG) (WATTS)

0 173

4 186

8 198
12 210
16 220
20 229
24 240
28 257
32 273
36 287
40 300
44 31
48 321
52 330
56 336
60 341
64 344
68 345
72 345
76 343
80 339
84 333
88 325
92 316
96 306
100 293
104 279
108 264
112 248
116 239
120 231
124 22i
128 210
132 198

BETA
(DEG)
1

POWER
(WATTS)
176
189
201
212
212
231
245
261
276
290
303
314
324
33
337
342
344
345
344
342
337
331
323
314
303
290
276
260
245
237
228
218
207
195

= 9,90E+13 1Mev ¢/cm?2
EQUIVALENT FLUENCE FOR Vg AND Py x = 1.07E+154 1Mev efcm?
Ige = 121,02mA +,0918mA/°C (T-30°C)
Voc = 574.83mV - 2.08mV/°C (T-30°C)
Ppax = 51.83raW - ,165mW/°C (T-30°C)
Vpmp = 482.37mV - 1.86mV/°C (T-30°C)
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BETA
(DEG)
2

6
10
14
18

POWER
(WATTS}
180
192
204
215
225
233
249
265
280
294
306
317
326
333
339
343
345
345
344
341
336
329
321
311
300
286
272
256
243
235
226
216
204
191

BETA
(DEG)

POWER
(WATTS)
183
195
207
217
227
236
253
269
284
297
309
319
328
335
340
343
345
345
343
340
334
327
319
308
296
283
268
252
241
233
223
213
201
188
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ORIGINAL PACE iy
OF POOR QUALITY

BEST CASE IRRADIATION DOSAGE AND IV PARAMETERS AFTER 2 YEARS
EQUIVALENT FLUENCE FOR Igc = 8.78E+]13 IMev e/cm?
EQUIVALENT FLUENCE FOR Voe AND Pyax = 9.41E+13 IMev e/em?
Ige = 125.00mA + .0889mA/°C (T-30°C)

Voc = 576.10mV = 2,07mV/°C (T-30°C)
PMAX = 53.88mW -} GGII\W/OC (1‘-300(:)
Vyp = 483.28mV - 1.86mV/°C (T-30°C)

b

WORST CASE IRRADIATION DDOSAGE AND |-V PARAMETERS AFTER 2 YEARS
EQUIVALENT FLUENCE FOR Igc = 1,98E+14 1Mev e/cm?
EQUIVALENT FLUENCE FOR Voo AND Pyax = 2,14E+14 1Mev ¢/em?
lgc=112,20mA +.102mA/°C (T-30°C)

Voo =564,88mV - 2,14mV/°C (T-30°C)
PpAx = 47.07TmW - ,156mW/°C (T-30°C)
Vup = 475.23mV - 1.87mV/°C (T-30°C)

AVAILABLE SOLAR ARRAY POWER AFTER 2 YEARS

BETA POWER BETA POWER BETA POWER BETA POWER
(DEG) (WATTS) (DEG) (WATTS) (DEG) (WATTS) (DEG) (WATTS)
0 160 1 163 2 166 3 169
4 172 5 175 6 178 7 181
8 184 9 187 10 189 11 192
12 195 13 197 14 200 15 202
16 204 17 207 18 209 19 211
20 213 21 215 22 217 23 220
24 224 25 228 26 232 Y 235
28 239 29 243 30 247 31 250
32 254 33 257 34 26) 35 264
36 267 317 270 38 274 39 276
40 279 41 282 42 285 43 288
44 290 45 293 46 295 47 297
48 299 49 301 50 303 51 305
52 307 53 309 54 310 55 312
56 313 57 314 58 316 59 317
60 318 61 318 62 319 63 320
64 320 65 321 66 321 67 322
68 322 69 322 70 322 7" 322
72 321 73 321 74 321 75 320
76 ‘319 17 39 78 318 79 317
80 316 81 315 82 313 83 312
84 310 85 309 86 307 87 305
88 304 89 302 990 300 91 297
92 295 93 293 94 290 95 288
96 285 97 282 98 280 99 21
100 274 101 271 102 267 103 264
104 261 10 258 105 254 107 250 i
108 247 109 243 110 239 111 236 g
112 232 113 229 114 227 115 226 ~
116 224 117 222 118 220 119 218 : §
120 216 121 214 122 211 S123 209 ‘
124 207 125 204 126 201 127 199 5
128 196 129 193 130 191 131 188 i
132 185§ 133 182 134 179 135 176 1
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OF POOR QUALITY

BEST CASE IRRADIATION DOSAGE AND IV PARAMETERS AFTER 3 YEARS
EQUIVALENT FLUENCE FOR Igc = 1,32E+14 IMeve/em?
EQUIVALENT FLUENCE FOR Vo AND Pyax = 141E+14 [Mev e/cm?
Fgg ® 120,24mA +,0954mA/°C (T-30°C)

Voc = 571.52mV = 2,10mV/°C (T-30°C)
Pmax = 51.22mW - ,162mW/°C (T-30°C) .
Vpp = 480,00mV - 1,86 mV/°C (T-30°C)

WORST CASE IRRADIATION DOSAGE AND 1.V PARAMETERS AFTER 3 YEARS v
EQUIVALENT FLUENCE FOR Igc = 2.97E+14 {Mev efom?
EQUIVALENT FLUENCE FOR Voo AND Pyax = 3.21E+14 IMey e/em?
Igc = 106.12mA +.113mA/°C (T-30°C)
Voe = 555.97mV - 2,19mV/°C (T-30°C)
Ppax = 43.97mW - .149mW/°C (T-20°C)
Vpmp = 468.74mV - 1.88mV/°C (T-30°C)

AVAILABLE SOLAR ARRAY POWER AFTER 3 YEARS

BETA POWER BETA POWER BETA POWER BETA POWER
(DEG) (WATTS) (DEG) (WATTS) (DEG) (WATTS) (DEG) (WATTS)
0 151 1 154 2 157 3 160
4 163 s 166 6 169 7 1711
8 174 9 177 10 179 1 182
12 184 13 187 14 189 15 191
16 194 17 196 18 198 19 200
20 202 21 204 22 206 23 208
24 212 25 216 26 220 27 223
28 227 29 230 30 234 31 237
32 241 33 244 34 247 35 250
36 253 37 256 38 259 39 %1
40 265 41 267 42 270 43 “d
44 275 45 277 46 279 47 282
48 284 49 285 50 287 51 289
52 291 53 292 54 294 1] 29§
56 297 57 298 58 299 59 300
60 301 61 2 62 302 63 303 ;
64 303 65 304 66 304 67 304 i
68 305 69 308 70 305 71 305
72 304 73 304 74 304 75 303
76 302 77 302 78 2 79 300 3
80 299 81 298 82 257 83 296 ;
84 294 85 293 86 291 87 290
88 288 89 286 90 284 91 282
92 260 93 278 94 275 95 273
96 270 97 268 98 265 99 263 -
100 260 101 257 102 254 103 251
104 248 105 244 106 241 107 238
108 234 109 231 110 227 111 224
112 220 113 218 114 216 115 214 '
116 213 117 211 118 209 119 207
120 205 121 203 ; 122 201 123 199
124 196 125 194 126 192 127 189
128 186 129 184 130 181 ' 131 178
132 176 133 173 134 170 135 167
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OF POOR QUALITY

BEST CASE IRRADIATION DOSAGE AND IV PARAMETERS AFTER 4 YEARS
EQUIVALENT FLUENCE FOR Ige = 1,76E+14 iMev e/em?
EQUIVALENT FLUENCE FOR Voo AND Ppygax = 188E+14 [Mev efem?
lge = 116.38mA +,100mA/*C (1-30°C)

Vo= 567.16mV = 2,13mV/°C (1-30°C)
PpAX = 49.16mW = 158mW/°C (1-30°C)
Vpp = 470,88mV - 1.87mV/°C (1-30°C)

WORST CASE IRRADIATION DOSAGE AND 1-V PARAMETERS AFTER 4 YEARS
EQUIVALENT FLUENCE FOR lge = 3.96F+14 1Mey efem?
EQUIVALENT FLUENCE FOR Vo AND Pyax = 4.28E+14 1Mey ¢/em?
Ige = 101.47mA +.11dmA/°C (1-30°C)

Voo = $47.92mV = 2.20mV/C (1-30°C)
Ppax & 41.07mW =, [47mW/°C (1-30°C)
Ve = 402.80mV = 1.89mV/°C (P-30°C)

AVAILABLE SOLAR ARRAY POWER AFTER 4 YEARS

BETA POWER BETA POWER BETA POWER BETA POWER
MEG) (WATTS) OEG) (WAT'L'S) (DEG) (WATTS) DEG) (WATTS)
0 144 1 147 2 150 3 153
4 156 5 159 6 161 7 164
8 161 9 169 10 172 11 174
12 176 13 179 14 181 is 183 !
16 185 17 187 18 189 19 191 4
20 193 21 195 2 197 23 199 i
24 203 25 207 26 210 27 214
28 217 29 220 30 224 31 227
32 230 33 233 34 236 3§ 239 ;!
36 242 37 245 38 248 39 251
40 253 41 256 42 258 42 261 i
4 263 45 265 46 267 47 269 f
48 a1 49 273 50 278 51 276 Y
52 278 53 279 54 281 ss 282 ;:
56 283 57 284 58 285 59 286 3
60 287 6! 288 62 289 63 289
64 290 65 200 66 291 67 291
68 291 69 204 70 291 7) 291 g
72 291 73 200 74 290 18 3%9 it
76 289 7 288 78 288 79 287 7
80 286 81 285 82 284 83 282 4
84 281 85 280 86 278 87 277 3
88 275 89 273 90 272 91 270 |
92 268 93 266 94 263 95 261 ,
96 359 97 256 08 254 99 251 i
100 249 101 246 102 243 103 240 CH
104 237 10§ 234 106 231 107 228
108 224 109 221 1o 218 1 214 i
e 211 113 208 14 207 115 205 ' i
116 204 117 202 : 118 200 119 198 ‘
120 197 121 198 122 193 123 190
124 188 125 186 126 184 127 181
128 179 129 176 130 174 131 1M
132 169 133 166 134 163 138 160
¥
#
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OF POOR QUALITY

BEST CASE IRRADIATION DOSAGE AND I.V PARAMETERS AFTER 5 YEARS
EQUIVALENT FLUENCE FOR Ig¢ = 2,19E+14 1Mev ¢/cm?
EQUIVALENT FLUENCE FOR Voo ANDPyax = 2.35E+14 IMeve/cm?
Isc = 113.14mA +,105mA/°C (T-30°C)

Voc = 563.02mV - 2,15mV/°C (T-30°C)
PMAX = 47.48mW - ,154mW/°C (T-30°C)
Vpp = 473.89mV - 1.87mV/°C (T-30°C)

WORST CASE IRRADIATION DOSAGE AND [-V PARAMETERS AFTER 5 YEARS '
EQUIVALENT FLUENCE FOR Igc = 4.95E+14 1Mev e/cm?
EQUIVALENT FLUENCE FOR Vg AND Pygax = 5.35E+14 1Mev e/em?
Isc =97.71mA +.115mA/°C (T-30°C) .

Voc = 540,57mV -2.21mV/°C (T-30°C)
Ppax = 39.84mW - .145mW/°C (T-30°C)
VMmp = 457.32mV - 1.90mV/C (T-30°C)

AVAILABLE SOLAR ARRAY POWER AFTER 5 YEARS :
BETA POWER BETA POWER BETA POWER BETA POWER ¥

(DEG) (WATTS) (DEG) (WATTS) (DEG) (WATTS) (DEG) (WATTS) ;
0 139 1 142 2 145 3 147 ‘
4 150 5 153 6 155 7 158
8 160 9 63 10 165 11 168 1
12 170 , 13 172 14 174 15 176 iz
16 179 17 180 18 182 19 184
20 186 21 188 22 189 23 192 g |
24 195 25 199 26 202 27 206 &
28 209 29 212 30 215 31 219 73
32 222 33 225 34 228 35 230 8
36 233 37 236 38 239 39 241 i
40 244 41 246 42 248 43 251 3
44 253 45 255 46 257 47 259 uE
48 261 49 262 50 264 51 266 %
52 267 53 268 54 270 55 27 3
56 272 57 273 58 274 59 275 -3
60 276 61 277 62 277 63 278 g
64 278 65 279 66 279 67 279 3
68 279 69 279 70 279 71 279 3
72 279 73 279 74 278 75 278 B
76 278 77 277 78 276 79 275 4
80 275 81 274 82 273 83 271 1
84 270 85 269 86 268 87 266 -
88 265 89 263 90 261 91 259 .
92 257 93 255 94 253 95 251 5
96 249 97 247 98 244 99 242 - 3
100 239 101 237 102 234 103 231 b
104 228 105 225 106 222 107 219 g
108 216 109 213 110 210 111 207 L
112 203 113 201 114 200 115 198 B ¢

116 197 117 195 118 193 119 191 %

120 190 121 188 122 186 123 184 ‘r
124 182 125 179 126 177 127 175
128 173 129 170 130 168 131 165

132 163 133 160 134 157 135 155
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BEST CASE IRRADIATION DOSAGE AND I.V PARAMETERS AF 7% . YEARS
EQUIVALENT FLUENCE FOR Igc = 2.63E+14 1Meve/cm?
EQUIVALENT FLUENCE FOR Vo AND Ppax = 2.82E+14 1Mev e/cm?
lgo= 110.35mA +.109mA/°C (T-30°C)

Vo = 559.08mV -2,17mV/°C (T-30°C)
PpAX = 46.05mW -, 151mW/°C (T-30°C)
Vypp = 471.01mV - 1,88mV/°C (T-30°C)

WORST CASE IRRADIATION DOSAGE AND I.V PARAMETERS AFTER 6 YEARS
EQUIVALENT FLUENCE FOR Igc = 5.94E+14 1Mev e/cm?
EQUIVALENT FLUENCE FOR Voc AND Pyax = 6.42E+14 1Mev e/cm?
Igc = 94.55mA +.117mA/°C (T-30°C)

Voc = 533.81mV - 2,22mV/°C (T-30°C)
Ppmax = 38,31mW - ,143mW/°C (T-30°C)
Vmp = 452.23mV - 1.91mV/°C (T-30°C)

AVAILABLE SOLAR ARRAY POWER AFTER 6 YEARS

BETA POWER BETA POWER BETA POWER BETA POWER
(DEG) (WATTS) (DEG) (WATTS) (DEG) (WATTS) (DEG) (WATTS)

0 135 1 137 2 140 3 143

4 145 5 148 6 150 7 153

8 155 9 158 10 160 11 162
12 164 13 167 14 169 15 171
16 173 17 178 18 177 19 178
20 180 21 182 22 183 23 186
24 189 25 192 26 196 27 199
28 202 29 205 30 208 K3 211
32 214 33 217 34 220 35 223
36 225 37 228 38 230 39 233
40 235 41 238 42 240 43 242
44 244 45 246 46 248 47 250
48 251 49 253 50 255 51 256
52 258 53 259 54 260 55 261
56 262 57 263 58 264 59 265
60 266 61 267 62 267 63 268
64 268 65 268 66 269 67 269
68 269 69 269 70 269 71 269
72 269 73 269 74 268 75 268
76 267 77 267 78 266 79 266
80 265 81 264 82 263 83 262
84 261 85 259 86 258 87 257
88 255 89 254 90 252 9 250
92 249 93 247 94 245 95 243
96 241 97 238 98 236 99 234
100 231 101 229 102 226 103 223
104 221 105 218 106 215 107 : 212
108 209 109 206 110 203 111 200
112 197 113 194 114 193 115 192
116 190 117 189 118 187 119 185
120 184 = 121 - 182 122 180 123 178
124 176 ; 125 174 126 172 127 170
128 167 129 165 130 163 131 160

132 158 133 155 134 153 135 150
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OF POOR QUALITY

BEST CASE IRRADIATION DOSAGE AND I-V PARAMETERS AFTER 7 YEARS
EQUIVALENT FLUENCE FOR Igc = 3.07E+14 1Mev e/em?
EQUIVALENT FLUENCE FOR Voo AND Pyga x = 3.30E+14 1Mev e/cm?
Igc = 107.90mA +.113mA/°C (T-30°C)

Voc = 555.31mV -2.19mV/°C (T-30°)
PyaX = 44.82mW - .149mW/°C (T-30°C)
Vyp = 468,25mV - 1,88mV/°C (T-30°C)

WORST CASE IRRADIATION DOSAGE AND 1.V PARAMETERS AFTER 7 YEARS
EQUIVALENT FLUENCE FOR Ig¢ = 6.93E+14 1Mev e/cm?
EQUIVALENT FLUENCE FOR Vo AND Pyax = 7.49E+14 1Mev e/cm?
Igc =91.82mA +.118mA/°C (T-30°C)

Voc = 527.54mV - 2.23mV/°C (T-30°C)
Ppax =37.0ImW - .141mW/°C (T-30°C)
Vup = 447.48mV ~ 1,92mV/°C (T-30°C)

AVAILABLE SOLAR ARRAY POWER AFTER 7 YEARS

BETA POWER BETA POWER BETA POWER BETA POWER
(DEG) (WATTS) (DEG) (WATTS) (DEG) (WATTS) (DEG) (WATTS)
0 131 1 133 2 136 3 138
4 141 5 144 6 146 7 148
8 151 9 153 10 15§ 11 158
12 160 13 162 14 164 15 166
16 168 17 170 18 171 19 173
20 175 21 176 22 178 23 180
24 183 25 187 26 190 27 193
28 196 29 199 30 202 31 205
32 208 33 210 34 213 35 216
36 218 37 221 38 223 39 226
40 228 41 230 42 232 43 234
44 236 45 238 46 240 47 242
48 243 49 245 50 246 51 248
52 249 53 250 54 251 55 252
56 253 57 254 58 255 59 256
60 257 61 257 62 258 63 258
64 259 65 259 66 259 67 260
68 260 69 260 70 260 71 260
72 260 73 259 74 259 75 259
76 258 77 258 78 257 79 256
80 256 81 255 82 254 - 83 253
84 252 85 251 86 250 87 248
88 247 89 245 90 244 91 242
92 241 93 239 94 237 95 235
96 233 97 231 98 229 99 226
100 224 101 222 ) 102 219 103 217 '

104 214 105 211 106 208 107 206
108 203 109 200 110 197 111 194
112 191 113 189 114 187 115 186 ,
116 185 117 183 118 182 119 180
120 178 121 177 122 175 123 173
124 17 125 169 126 167 127 165
128 163 . 129 160 130 158 131 156

132 153 133 151 134 148 , 135 146
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BEST CASE IRRADIATION DOSAGE AND 1.V PARAMETERS AFTER 8 YEARS
EQUIVALENT FLUENCE FOX Igc 3.51E+14 IMev e/em?
EQUIVALENT FLUENCE FOR Voo AND Pyax = 3.77E+14 1Mey ¢/cm?
Igc = 105.71mA + .1 14mA/°C (T-30°C)

Voe = 551,70V - 2.19mV/°C (T-30°C)
Ppax =43.73mW -, 148mW/°C (1-30°C)
Vpp = 465.59mV - 1,89mV/°C (T-30°C)

LI |

' WORST CASE IRRADIATION DOSAGE AND IV PARAMETERS AFTER 8 YEARS
EQUIVALENT FLUENCE FOR Iy = 7,92E+14 IMev e/em?

EQUIVALENT FLUENCE FOR Vo AND Pyax = 8.5GE+14 IMev e/cm?
Ige = 89.43mA +.119mA/°C (T-30°C) '

Voc = 521.71mV - 2.24mV/°C (T-30°C)

Ppmax = 35.87mW - .140mW/°C (T-30°C)

Vpmp = 443.03mV - 1.93mV/°C (T-30°C)

AVAILABLE SOLAR ARRAY POWER AFTER 8 YEARS

BETA POWER BETA POWER BETA POWER BETA POWER
(DEG) (WATTS) (DEG) (WATTS) (DEG) (WATTS) (DEG) (WATTS)
0 127 1 130 2 132 3 135
4 137 5 140 6 142 7 144
8 147 9 149 10 151 1 153
12 155 13 157 14 159 15 161
16 163 17 165 18 167 19 168
20 170 21 172 22 173 23 175
24 178 25 182 26 185 27 188
28 191 29 193 30 196 31 199
32 202 33 204 34 207 35 210
36 212 37 214 38 217 39 219
40 221 41 223 42 225 43 227
44 229 45 231 46 232 47 234
48 236 49 237 50 238 51 240
52 241 53 242 54 243 55 244
56 245 57 246 58 247 59 248
60 248 61 249 62 249 63 250
64 250 6S 250 : 66 251 67 251
68 251 69 251 70 251 71 251
72 251 73 251 74 250 75 250
76 250 77 249 78 249 79 248
80 247 81 247 82 246 83 245
84 244 85 243 86 242 87 240
88 239 89 238 90 236 91 235
‘ 92 233 93 231 94 230 95 228
. 96 226 97 224 98 222 : 99 220
100 217 101 215 102 213 103 210
104 208 105 205 106 202 107 200
; 108 197 109 194 110 191 m 188
112 185 113 183 114 182 115 181
116 179 1i7 178 118 177 119 175
120 173 121 172 122 170 123 168
124 166 125 165 126 63 127 160
128 158 129 156 130 154 131 152
132 149 133 147 134 145 13§ 142
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BEST CASE IRRADIATION DOSAGE AND I-V PARAMETERS AFTER 9 YEARS
EQUIVALENT FLUENCE FOR Igc = 3,95E+14 1Meve/cm?
EQUIVALENT FLUENCE FOR Voo AND Pyax = 4.24E+14 1Mev e/cm?
Igc = 103,74mA + .114mA/°C (T-30°C)

Voc = 548.24mV - 2,20mV/°C (T-30°C)
Pyax = 42.76mW - ,147mW/°C (T-30°C)
Vp = 463,03mV - 1,89mV/°C (T-30°C)

WORST CASE IRRADIATION DOSAGE AND IV PARAMETERS AFTER 9 YEARS
EQUIVALENT FLUENCE FOR Ig¢ = 8.91E+14 1Meve/cm?
EQUIVALENT FLUENCE FOR Vo AND Pyax = 9.63E+14 1Mev e/cm?
Igc = 87.29mA +,120mA/°C (T-30°C) :
Voc = 516.26mV - 2.25mV/°C (T-30°C)
PMAXx = 34.86mW -,138mW/°C (T~30°C)
Vmp = 438.85mV - 1.94mV/°C (T-30°C)

AVAILABLE SOLAR ARRAY POWER AFTER 9 YEARS

BETA POWER BETA POWER BETA POWER BETA POWER
(DEG) (WATTS) (DEG) (WATTS) (DEG) (WATTS) (DEG) (WATTS)
0 124 1 127 2 129 3 132
4 134 5 136 6 o139 7 141
8 143 9 145 10 148 11 150
12 152 13 154 14 155 15 157
16 159 17 161 18 163 19 164
20 166 21 167 22 169 23 171
24 174 25 177 26 180 27 183
28 186 29 188 30 191 31 194
32 196 33 199 34 201 35 204
36 206 37 208 : 38 211 39 213
40 215 41 217 42 219 43 221
44 222 45 224 46 226 47 227
48 226 49 230 50 ° 231 51 232
52 234 53 235 54 236 55 237
56 237 57 238 58 239 59 240
60 240 61 241 62 241 63 242
64 242 65 242 66 242 67 243
68 243 69 243 70 243 7 243
72 243 13 242 74 242 15 242
76 241 17 241 78 241 79 240
80 239 81 239 82 238 83 237
84 236 85 235 86 234 87 233
88 232 89 230 90 229 91 228
92 226 93 225 94 223 95 221 .

96 219 97 217 98 215 99 213
100 211 101 209 102 207 103 204
104 202 105 199 106 197 107 194
108 192 109 189 110 186 111 183 .
112 180 113 178 114 177 115 176
116 175 117 173 118 172 119 171
120 169 121 167 122 166 123 164
124 162 125 160 126 159 127 157
128 155 129 152 130 150 131 148

132 146 133 144 134 141 135 139
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OF POOR QUALITY

BEST CASE IRRADIATION DOSAGE AND I-V PARAMETERS AFTER 10 YEARS
EQUIVALENT FLUENCE FOR Igc = 4.39E+14 1Mev e/cm?
EQUIVALENT FLUENCE FOR Voo AND Pyjax = 4.71E+14 IMev e/em?
Igc = 101.94mA + ,115mA/°C (T-30°C) ‘

Voc = 544.91mV -2.20mV/°C (T-30°C)
PyMAX = 41.87mW - .146mW/°C (T-30°C)
VpMp = 460.56mV - 1.90mV/°C (T-30°C)

WORST CASE IRRADIATION DOSAGE AND I-V PARAMETERS AFTER 10 YEARS
EQUIVALENT FLUENCE FOR Igc = 9,90E+14 1Mev e/cm?
EQUIVALENT FLUENCE FOR Vo AND Pyax = 1.07E+15 1Mev e/em?
Igc = 85.36mA +.122mA/°C (T-30°C)

Voc =511.14mV - 2,26mV/°C (T-30°C)
PpAx = 33.95mW - 137mW/°C (T-30°C)
VMp = 434.90mV - 1.95mV/°C (T-30°C)

AVAILABLE SOLAR ARRAY POWER AFTER 10 YEARS

BETA POWER BETA POWER BETA POWER BETA POWER

(DEG) (WATTS) (DEG) (WATTS) (DEG) (WATTS) (DEG) (WATTS)
0 121 1 124 2 126 3 129
4 131 S 133 6 136 7 138
8 140 9 142 10 144 11 146
12 148 13 150 14 152 15 154
16 155 17 157 18 159 19 160
20 162 21 163 22 164 23 167
24 170 25 172 26 175 27 178
28 181 29 184 - 30 186 31 189
32 191 33 194 34 196 35 198
36 201 37 203 38 205 39 207
40 209 41 211 42 213 43 214
44 216 45 218 46 219 47 220
48 222 49 223 50 224 Si 225
52 226 53 227 54 228 58 229
56 230 57 231 58 231 59 232
60 232 61 233 62 233 63 234
64 234 65 234 66 234 67 234
68 235 69 235 70 235 T 235
72 235 73 234 74 234 15 234
76 234 77 233 78 233 79 232
80 232 81 231 82 230 83 230
84 229 85 228 86 227 87 226
88 225 89 224 90 222 91 221
92 C219 93 218 94 216 95 215
96 213 97 211 98 209 99 207
100 205 101 203 102 201 103 199
104 196 105 194 106 191 107 189
108 186 109 184 110 181 i1 178
112 176 113 174 114 173 115 172
116 170 117 169 118 168 119 166
120 165 121 163 122 162 123 160
124 158 125 157 126 155 127~ 153
128 151 129 149 130 147 131 145
132 143 133 140 ' 134 138 135 136
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