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Introduction

High radiation resistance and high efficiency
photovoltaics integrated with bypass and string
diodes are very important for power generator

Geosynchronous Earth Orbit (GEO) or in a Low
Earth Orbit (LEO), or in a Medium Earth Orbit

operations. Furthermore, high temperature and

extreme temperatures.

Radiation-resistant Wide Band Gap bypass and

in space.

modules operating in high radiation orbits such as

(MEO). The solar arrays require radiation hardened,
high temperature, and high voltage discrete diodes
for solar cell bypass protection and string blocking

high voltage solar cell bypass and string diodes are
necessary to handle larger solar cells (>30cm?) and
flex blankets, where bypass diodes may experience

string diodes are proposed for space solar panels
to serve as a protection mechanism that allows the
panel to continue producing power when one of its
cell strings is shaded or damaged while operating

S

Blue Wave Bypass and String Rad Hard Diodes
on Triple Junctions Solar Cell Panel

Table I: Properties of Wide Bandgap
Materials for Electronic Devices
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Project Goals

p-n junction diodes.

A

4 Proto-type rectifying diamond and SiC schottky or

1 Optimize device design and diode characteristics
needed for space solar cell panel integration

1 Develop strategy for implementing these devices
on cell (solderable on cell) for space panels

 Achieve desirable electrical characteristics (turn
on voltage, power density, reverse leakage
currents, blocking voltage, effects of temperatures
and radiation on devices) in Diamond, SiC and Si
diodes with rad hard packing concepts

4 Integration of prototype and successful diodes
coupling with high efficiency solar cells or panels
to produce highest possible power density.
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Methods

d CVD Diamond, SiC, and Diamond and Oxide
Passivated Si Diodes (Ref. 1-7), integrate with high
efficiency Solar cell and Panels.

4 Primary metric for improvement: Diamond Schottky
diodes, SiC schottky diodes, PN junctions,

technologies with protective layers from Rad hard
coatings via PVD and CVD processes

d Integrate innovative device approaches with triple
junction solar celi

 Demonstrate diamond and SiC integrated devices
for space power electronics.

Experimental

diode fabrication are under development.
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Results

Diode Fabrication
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with Solar Cell

PN or Schottky
Junction

Heterojunction Device

//

) Diamond/SiC
paCkag ' ng P I\/IetaI/Sl Diamond/SiC
: : : " Metal/siC 1
d Secondary metric for improvement: Manufacturing | tamond and/or SiC Radiation
processes-PVD and CVD, Processing conditions, 2;;”“0”0' . FRTH =l
Radiation testing. sic
d Implement advances in diamond, SiC, and Si 'E‘L%g%z * *

Source of radiation

Radiation Hard Cover Source of radiation

Device

Fig. 3. Picturization of importance of radiation hard diodes for space solar
cell operating in harsh environment. About 100-200-micron thick diamond or
SiC can easily protect device junction from radiation exposure.

Temperature Dependent |-V

SIC diodes +2E-01 ]
From CREE 1.1E-01 4 e
= 9.0E-02 - —>30C
< 7.5E-02 - —75C
< 6.0E-02 - —100C
= 4.5E-02 - 125C
O 3.0E-02 - —150C-1
1.5E-02 - —150C-2
—————————0-0E+00—— — —175C
2.0 1.0 0.0 1.0 20 __500c
Voltage (V)

Fig. 4. Forward characteristics of fabricated SiC diodes at high temperatures.

Temperature Dependent |-V

6:2
Commercial Si diodes
0.1 1
| 21C
HFCVD Substrate Nanodiamond Nanodiamond film/ 0.1 4§ —50C
Carousel film/4” Si 6” Si g 750
. S . % — 0.0} +—100C
In-situ Monitoring of CVD diamond layers =.30 20 16 ( 125C-1
: : © / —125C-2
As the CVD diamond film starts to grow the laser reflectance -0.1 | 1e0c
decreases, until the nucleation layer is continuous on the
substrate. After that laser reflectance starts to increase and a1 ] TLC
oscillations can be measured. SEM measurements were 1
conducted to confirm the film thickness measurements using
LRI. Using this approach, CVD diamond active layers for our -0:2

Voltage (V)

h 4

Fig. 5 Forward characteristics of fabricated Si diodes at high temperatures.
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Fig. 7. Resistance Vs Temperature
data for boron-doped CVD diamond
film. This indicate that boron doping
can be used for development of
conductive to semiconductive to
insulating diamond layer for diodes.
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Fig. 6. Raman of various forms
of carbon including diamond.
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Devices under Fabrication
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Fig. 2. Grain size of nanodiamond films are controlled with Ar/H2 gas mixing
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Fig. 8. Schematics of diodes under fabrication from various metals-
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Fig. 9 I-V of Ni/n6H-SiC Schottky
diode in the measurement
temperature range of 40-400K
[Ref. Kadir Ejderha et al. [1]].
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Fig. 5 Forward characteristics of

fabricated thin diamond diodes at
different temperatures [Ref. V.S.

Bormashov et al. [3]].
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Fig. 11 Room temperature |-V
characteristics of an energetically
deposited C/p-type Si junction. The inset
shows the structure of the device and the
measurement circuit [H.V. Pham et al. [7]]

Fig. 10. I-V characteristics of the n-
NCD/p-SiC diode measured at Tm=300,
500, and 570 K [M. Gato et al.[5]]

Conclusions

Advancements in spacecraft solar array
technologies require radiation hard, high
temperature discrete diodes for solar cell
protection. To achieve this objective, wide
band gap semiconductor diode technology is
ideal for this application. We are fabricating
and investigating wide band gap
heterostructure diode technology that will be
radiation hard, capable of handling high
temperature, high power, and reliable to
integrate in space power solar cell
technologies.
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