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ABSTRACY

Thrae readily avallable 'toff the sheld! Glass
Rosins'™) applied on silicon solar cells and silicon
wafors wero ovalunted for feasibillty ns solnr cell
covars by the Lewis Resenrch Center, The Glass

_I!_q_s!ps_@ ranging in thickness from about B to 40 ym
were dc'})ositcd by severnl technitues on 200-um thick
cells and on G0-um thick wafors, The covered cells
wore exposed to uitraviolet {UV) lipht in vacuum at
temperatures ranging from 50% to 160° C, The frra-
diation was performed at an Intensity of 10 UV enecriy-
equivalent solar constants at nir mass zero for 728 hr,
The exposure was followed by a singie long thermal
cyole from ambient tomporaturo to -160° ¢, Visunl
inspection of the saumples while still in vacuum, indi-
cated that all samples had dorkened to varying degrees
but otherwise remained physically Intact, The loss in
short-circuit current was found to range from 8 to 24%,
depending on the resin formulation, In another test
ovor 40 Glass Rcslné’b-conted s{licon wafers were
subjected to therinal shiock, All samples tested with-
stood 15 thermal eycles from 100° to -196° C in one or

" more of the thiclmesses tested, Seversl of the resin-

coated wafors were tested in o controlled relative hu-
midity chamher at 65° C and 80% relative humidity for
170 hr, No changa in physical appearance wns de-
tected during this test, Tho samples were visually in-
spected after each tost,

INTRODUCTION

Previous work in printing of vitreous fllm pro-
tective coatings on silleon cells sponsored by the NASA-
Lewlis Rescarch Centor and performed by Owens-
Tilinois, Ine,, showed thut a heat-curable resin whose
structure conslsts of alternating §1-0 atoms (1) was a
viabla candidate for solar cell covers, The material,
Glags Resin@ has physical, optical, electricnl and

*Trademark of product by Owens-Iilinois, Ine,

tharmal properties compatible with silicon and ean bo
sprayed, dipped or spun onto surfrces, DBecause It can
be applied in thin layers it Is especlally of Interest for
high power-to-weight ratic arrays which would be re-
quired for gpaco missions in the Comet Ton/Driva class,
The major damaging environment In such a misslon s
ultraviolet (UV) light nt elevated tomporatures followed
by cold temperaturces,

‘The objective of the work reported here was to do-
termine the effect of sueh an environment on the phys-
fecal Integrity and performance of Glass ResinUM -
covarad silicon selar cells, Three Moffl the shelf! res..
ins dpplied on 200-pum thick silicon cells and on 50-um
thick silicon wafers Ly several different techniques
were subjected to three separate tests at the Lewis Re-
search Center Laboratory, Tho resin contings ranged
in thickness from 10 to 40 ym, The covered cells were
exposed in voeuum to UV {rradiation equivalent to tha’
wiiich would be encountered during o Halley's Comet
Rendezvous Ion Drive Mission, Coated wafers were
subjected to a thermal shock test deslgned to cull out
the week candidntes, In the third test soveral conted
wafers were tested In a controlled relative humidity
chamber for endurance in storage In n terrastrial en-
vironment,

EXPERIMENTAL APPARATUS AND PROCEDURE

The test(-t)o determine ths physieal integrity of the
Glass Resin'™ encapsulant under ultraviolet (UV) ir-
radiation was conducted in 10”7 G_ torr vacuum, The

- apparatus is equipped with two UV sources. One

source cunsists of three medium pressure U-shaped

lamps housed in Suprasil Quartz tubes which extend to
the centor of the vacuum chamber and the other of ten
high pressurs U-shaped lamps housed in a ring above
a fused silica plate window at the top of the chamber,

The detailed description of the apparatus con be found
in another report of these Proceedings (2), Based on




weasuromonts made ot tho position of the specimen
holder for n praviously conducted experiment (2), the
combined Intonsity of the two sourcos was judged lo be
10 alr maas zoro UV enorgy-equivaient solar constants,
One air mass zoro encrgy-cquivalent solar eonstant
was defined to ba a UV intensity with tolal enorgy below
the 0.4 pm wavelenglh equal to that below 0.4 pm in alr
mass zero sunlight, Thae samples were irradioted for
728 hours, At an intensity of 10 AMO UV encrpy-
equivalent soler constants this Irradintion time yields n
UV dose npproaching that which would be encountered in
2 Ilnlley's Comet Rendazvius Jon Drive Misston,

Three types of Glaes Resin@ coatings (GR100,
GROGOM, GRS0SM) were clther spray-on gpin-deposited
by Pantel Internantional Corp, on all samples for the
threo experlments conducted in thicknesses from about
810 40 ym, The coatings were deposited on the 200 pm
thick solar colls and on the 50-pm thick silicon wafers,
The samples {rradiated in the UV chambor were held in
place by individual elamps that were electrically insu-
Inted from the speclmen holder, The uncovered cuil
with silicon monoxido antireflection conting was in-
cluded In the test as a control cell.

Performanco of the samples prior to and lollowing
the test was meastred undor an X-25 Xenon are solar
slmulator, The Intansity was set with a calibrated ref-
ercnee cell and temperature of the cells was maintained
at 26° C during measurements. The spectral response
of the samples was measured using the filter wheel
spectral reeponse oquipment (3), Nine narrow band-
pnss monochromatic interference filters spanning the
wavelengths range from 0,4 to 1,0 um were used,

The :;peclmen holder cooling could be adjusted to
maintain the desfred minimum 50° C temperature of the
samples during the UV exposure, Different temper-
atures were achieved for some cells by mounting them
on Intermediate layers of Kapton, Several cells wore
instrumented with thermocouples and the following
temperature ranges ware measured during the irradi-
ation: [

(a) Specimen holder, 40° to 45° ¢,/

(%) Bnre control cell and most Glgss Resln-covered
cells, 50° to 56° . !

(e) One GR650M-covored cell, 75 to 82° C,

" {d) One GR100-covered cell, 150° to 165° C

-After the irradiation the cells were/ /subjected to a singlu
thermal cycle as follows:

(a) Cooling from 30° to -150° C in ubout 30 minutes.

(b} Soak at -150° C for zhout 8 hr,

{c) Warming to 26° C in about 5 hr. The length of
the periods during thermal cycle were salected to be

short encugh for exporlmentzl convenienco, yot slow
enough to be representalive of changes durlng o migsion
of soveral year's durailon such ns the Halloy's Comet
Rondezvous,

Following the thermal oyclo the snmples were taken
out of tho vacuum chamber and placed Into a containoy
flushed and hack-{illed with dry nitrogen and transported
for measurements and evaluation under the X-26 solar
slmulator and the filter wheol simulator,

Ovor 40 resin-conled slllcon wafers were subjected
to thermal shock, The walers ranped in thickness from
50 to 200 pm und tho coatings ronged in thickness [rom
6 to 40 ym, Thoso samples were glven 16 temperature
cycles from 1007 to ~186% C with 15 to 20 second cool-
dawn and 4 to 5 minute heat-up timos, The samples
wore held between stainless-stecl sereens, heated In
air to 100° C ar.d quickly immersed in liquid nitrogen,
I'his wns a sevore test designoed to quickly identify the
problem arcas rather than reflect true outer space en-
vironmontal conditions,

Nine silicon wafors representative ¢ sampics uged
In the thermal shack test ware teated in a controllea
relative humidity chamber for 170 hr, Test cond!fions
wora 65° C at 90% relative humidity, Samploes wore
visunlly inspected for color change, evidenco of peoling,
blistering, cte,

RESULTS AND DISCUSSION

Vieual inspection of the samples after tle UV ex-
posure test, while still in vacuum, indicnted that all
samples had darkened to varying degreis with GR100
being the least durkened. Half of the GRGG0OM samples
had a milky appearance, the rest were clear but darker
than the GR100 samples, Cracks In several cells which
were intreduced efther during pre-irradiation measure-

. ments or during mounting of samples on the specimen

helder showed no change, TFollowing the thermal eycle
the samples were Inapected while still in the vacuurn and
then more closely after being transferred to a dry nitro-
gen atmosphere, The results were essentfally the same
as fmmediately after.the UV exposure, During the dis-
agsembly from the specimen holder some of the pre-
viously noted cracks increased [n severity and In one
case 1 portion of the cell became separated, These
physical conditions could have affected the post-
irradiation measurements,

The exposecd surfaces of the mounting block were
covered with a light blue coating, whose source is un-
known, The uncovered control eell showed o chdngc in
color of the expesed silicon imonoxide antireflection




conting and the speetral vesponse mensurements indi-
oated a slight shift in responso lowazd longor wavelengih,
Such o effect {8 Indicntive of a thicker antivefleation
couting (1). However, the measuremont of the overall
rasponsa of this cell showed a §% deeronse In short ol
cuft current, The dearcase was unnffected by eleantng
of the cell with nleohol, Tt is nssumed that the 5% re-
duction [n short elreult current of tho uncovered control
cell Is dua o the noted conting and that the rest of the
samples lost the snmo fraction of thelr current duc to o
simtlny conting, Thercfore, the current loss for the
othor spmples was correeted {decrensod) by 5%,

Corrected menstirements In poreent loss of short
oireult eurrent for the resin-coated colls at various
rosin thicknesses are shown In [ipure 1. These vesulis
indicate that all smmples suffored logs of short elrcult
current with GR100 showing tho lowest {from 8 {o 12%)
and GRGGOM the highest {from 22 {o 24%) losses, The
loss appears to be n functlon of thickness of the coating
for GR100 nnd GROSOM, Whether the game would hold
truo for GROOBM cannot bo aseortained sinee only two
samples with this conting were tosted, This apparent
trend s the reversoe of nn axpocted cffect, nomely
Lhicker coatings darkening more,

Tho GR100 gnmple 21-pm thick was held at a tem-
perature around 160° C during irradintion, and ox-
hibited n slightly higher (2 to 3%) degradation, A por-
tlon of one coll coated with GRG50M, 20-pm thick, broke
during diszasembly and its post-1rradiation short elr-
cuit performmance was coleulated from the mensured
portion, '

Current-voltago and spectral response curves of
‘tho cell eoated with 40-pm thick GR100 resin are shown
in fipures 2 and 3, Qualitatively these are iyplcal of all
Glnss-Resin-conted eolls in this tost, Indlenting goneral
tlnrkening of the cell cover with higheyr losses in tha blue
portion of tha lght apoetrum.

Tt must be recegnized that In the UV exposire test
It {8 not known how well the energy-cquivalent exposure
réproduces the same damnge as natural spuce sun-
light. Space flight exporiments have long been needed
to relate such ground toste to spnce UV expasure.

Tha results.of the thermal shock tests are sum-
marized in figure 4, All resins tested withslood 156
thowmnl shocks from 100? to -196° € in one ar mere
thicknesses tested, The resin thickness at which n ma-
terial failed depended on resin composition, The GR100
suffored no damage only al thu 10 pm thickness, The
resing GRIOBM and GRGEOM withstood the tests in
thicker layers. Theso were formulated by the manu-
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fnciurer to give o bottor mately hotween the coclliclente
of Unear oxpansion of tho resin and the sillecon nnd theroe-
fore n lower internal stress, However, it should also
be notad that tha modifieation which apparently provided
bettor physteal compntibility with the cell nlso enused
greator darkening due to UV ovidenced by the greator
logs in short efveult current {fig. 1),

Tho samples showed no change in physienl appent-
ance aftor the humidity test exeept that one wafor de-
vetoped two 8mall chips about 0, 8 mm square, The
cause aof theseo ehips 18 unknown,

SUMMARY O RESULTS

A proliminary investigation was conduected fn which
silicon solar cells and s(lli)con wafors covered with Voff
tho shellt Glass Rosins™ wore subjected lo threo
tests: UV frradiation In vacuum ot un intensity of 10 nir
mass zaro UV onerpgy-cqulvalent solar constants for
728 Ly followed by a long thormal cyele; 15 thermal
shoclk gycles bouraen 106° C mid -196° C; and temper-
ature humidity (66° C nt 90% relative humidity),

Tha lollewing resulte wera obtained from those
tosts:

{n) The UV exposure esusced darkening of the covers
and 2 less in short-ciyreult eurrent from sbout 8% to
nbout 24% depending on the composition of the Ginss.
ResinT™ | 'Tho unmodified rosin GRIOP showing tho
lowest loss, :

() Modification of Glnss Rosin ™) to attaln a boltey
muttel botweoen the coeffleicents of cxpansion of the resin
mand silleon results in bottor resistonce to thermal
shock, However, for the resin formulations tested the
modifieation increases the darkening eaused by UV jr-
radiation, :

{c} Glass Resm@ -tonted silicon wriers ware not
damaged by tiie temperature/humidity tost, '
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PERCENT LOSS IN SHORT CIRCUIT CURRENT AT
VARIOUS GLASS RESIN®® COATING THICKNESSES
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SPECTRAL RESPCNSE FOR 40-um THICK
GR100-COVERED CELL
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