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} Radiation Test Facilities

« Annular Core Research Reactor (ACRR)
— Mixed Neutron/Gamma
— Passive and Active Tests

« Gamma Irradiation Facility (GIF)
— Co% Array Gamma
— Active Tests
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Experimental Setup

 Devices Tested
— Commercial 6 V GaAs Devices
— Sandia Si Single Junction Cells

» Multiple Sizes T ey T
« Largest 120 x 550 pm ; o |
o Sma"est 20 X 20 “m —— Fiber optic cables; PV;eIIs
LDD [ | laser ' &
diodes
* lllumination N i
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Data Acquisiti Fixed loads _— O :
° cquisition (resistors)
a Iav C 9 Test Cell
— |-V Curve

— PV Response Across Fixed Load

» Active and Passive Dosimetry
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Passive ACRR Test Results

Manufacturer P/N S/N | llumination (mW) Pre lsc (A) | Post Is (A) | Isc Reduction (%) Pre Vo (V) Post V. (V)| Vo Reduction (%)
Photonic Power | PPC-6E = CN176 1010 6.30E-02 3.00E-02 52.3 6.42 5.32 17.1
Photonic Power | PPC-6E A CN177 1010 6.54E-02 3.02E-02 53.8 6.54 5.44 16.8

Sandia MDL 120X550 1 154 3.67E-03 1.10E-03 70.0 0.76 0.60 21.5

Sandia MDL 120X550 2 154 2.54E-03 1.00E-03 60.6 0.75 0.60 20.7

Sandia MDL 120X250 3 154 1.18E-03 3.05E-04 74.2 0.75 0.59 21.8

Sandia MDL 120X250 4 154 1.30E-03 4.95E-04 61.9 0.76 0.60 20.4

Sandia MDL 40X100 5 154 1.93E-04 6.00E-05 68.9 0.72 0.60 17.4

Sandia MDL 40X100 6 154 1.53E-04 5.90E-05 61.4 0.70 0.60 15.1

Sandia MDL 40X60 7 154 8.50E-05 3.50E-05 58.8 0.70 0.60 14.5

Sandia MDL 40X60 8 154 8.00E-05 2.80E-05 65.0 0.70 0.59 15.7

Sandia MDL 20X40 9 154 2.56E-05 1.15E-05 55.1 0.68 0.59 12.9

Sandia MDL 20X40 10 154 2.90E-05 1.18E-05 59.3 0.69 0.60 12.8

Sandia MDL 20X20 11 154 1.45E-05 8.80E-06 39.3 0.67 0.58 13.1

Sandia MDL 20X20 12 154 1.87E-05 6.30E-06 66.3 0.68 0.60 12.6

Dose: TLDs Saturated (hundreds of krad(Si)) and 4.1E14 Neutrons/cm? (1 MeV/(Si))

GaAs and Si PV Devices Show Comparable Degradation

Degradation Independent of Cell Size
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ACRR Active Test Setup

Dosimetry

PV Cells

Optical and Electrical Header
* One llluminated and One Unilluminated PV
Cell Per Location

* Passive Dosimetry at Each Location
 Active Dosimetry Centered Between the

Two Locations
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3.8 MJ ACRR Shot

» ~30% Reduction in Current Output

. . 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
» ~10% Reduction in voltage 0.00E+00
* No Annealing
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85.4 MJ ACRR Shot

» ~70% Reduction in Current Output

» ~20% Reduction in Voltage ST N s S A
* No Annealing
; -5.00E-04 -
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GIF Test Setup

PV Cell Mounted on a Header

PV Cells
N\

Background Fibers

» Dose Rate was Varied by Changing the Distance
from the Source

— Position 1 Dose Rate of 810 rad(Si)/s

— Position 2 Dose Rate of 5.33 rad(Si)/s
*Device Sizes Tested

—550x 120 ym

—40 x 60 um
*Two llluminated and Two Unilluminated PV cells
Per Location
» Passive Dosimetry Placed Adjacent to PV Cells
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1.1
[] 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 1 L] 01 0.2 03 04 05 0.6 0.7
0 T T T T T T T H|gh Dose Rate 0.00E+00
-0.0002 | 09 Large Photocell -5.00E-06
0.8 ]
-0.0004 Low Dose Rate 1.00E:05
8 07 1.50E-05 |
= rge Photocell :
é -0.0006 - E 0.6 9 200505
<C -0.0008 - E 05 E -2.50E-05 -
2 o4 WWWWM -3.00E-05
-0.001 AN S
03 -3.50E-05 |
0.0012 02 Low Dose Rate .
‘ Small Photocell High Dose Rate 400805 4
-0.0014 0.1 Small Photocell -4.50E-05
Volts 0+ . . T T T Volts
0.0E+00 2.0E+06 4.0E+06 6.0E+06 8.0E+06 1.0E+07 1.2E+07
Total Dose (rad(Si))

-
o

o o =
® © o

,,m
| LNy

L Black Trace = 120x550 um Cell High Dose
Green Trace = 20x20 pum Cell High Dose
0 Blue Trace = 120x550 um Cell Low Dose
Red Trace = 20x20 um Cell Low Dose

Normalized Responsivity
o o ©
o o ~

o
w

0.2
0.1

0.0 T T ; T ; T T T T T T T T
0.0E+00  5.0E+04  1.0E+05 1.5E+05  2.0E+05 2.5E+05 3.0E+05  3.5E+05

Dose (rad(Si))

Sandia
@ National
Laboratories



1.1
1 4 Low Dose Rate
0.9 1M Large Photocell
0.8 m
207 iday 2 } Large Photocells
o 06 4 High Dose Rate
N Large Photocell
g 0.5
g 0 }Small Photocells
0.2 High Dose Rate Low Dose Rate
0.1 - Small Photocell Small Photocell
O T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18
Time (hr)

* Results Suggest Time Dependent Degradation Independent of
Dose Rate

— Possible ELDRS Effect
« Small Cells Exhibited Greater Degradation
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Conclusions

},

- Radiation Testing of Photovoltaic Devices at ACRR and GIF

« Commercial GaAs 6 V Photocells and SNL Si Photocells Show
Comparable Degradation in a Mixed Gamma-Neutron Environment

* lgc Degradation is Independent of Photocell Size in a Mixed Gamma-
Neutron Environment

* No Annealing Following Radiation Exposure

* 1 MeV(Si) Neutron Fluence on the Order of 1E14 neutrons/cm?
Resulted in ~70% Reduction in the Short Circuit Current with ~20%
Reduction in Output Voltage

* 1 MeV(Si) Neutron Fluence on the Order of 1E13 neutrons/cm?
Resulted in ~30% Reduction in the Short Circuit Current with ~10%
Reduction in Output Voltage

« Gamma Induced I, Degradation in Si Devices is a Function |~
Rate, Junction Area, and Total Dose Suggesting Photocells ldltatﬂﬂes



