General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



DRL No. 93/0R) wa. MFa3 DOE/JPL - 955318 - 79/2

Drsrrrsvrron Carecory UC-63

A NEW METHOD OF METALLIZATICN FOR
SILICON SOLAR CELLS.
(NASA-CE=162164) A NEW METHOD OF N79=-31761
METALLIZATION FOR SILICON SOLAR CELLS
Quarterly Report, 1 Apr. - 30 Jun. 1979

(50L/LOS, Inc., Los Angeles, Calif.) 27 p Tnclas
HC AOQO3/MF AO1 CSCL 10A G3/44 31885

SECOND QUARTFRLY REPORT

FOR PERIOD COVERING

1 APRIL 1979 7o 30 JUNE 1979

BY
DR. MILO MACHA !
JPL CONTRACT NO. 955318
SOL/L0S INCORPORATED

2231 S, CARMLLINA AVENUE
LCS ANGELES, CA. 90064

" Twg JPL Low=-Cos? Srnicon SoLAR ARRAY PROJECT IS SPONSORED
Ay *ux® UNITED STaTES DJEPARTMENT OF ENERGY AND FORMS PART
or THE SoLs> Pmorovorrarc CONVERSION PROGRAM TO INITIATE
A MAJOR EFFOLT TOWARD THE DEVELOPMENT OF Low- T0ST SOLAR
ARRAYS. THIS WORK WAS PERFORMED FOR TH® JET PROPULSION
LABORATORY, CALIFORNIA strﬁrvrs or TECHNOLOSY BY AGREE-

MENT BETWEFN NASA awxp DOE,




Ko

{
DRL No, 93/DRD No. HF-8 DOE/JPL - 955318 ~ 79/2

Drserrisuvrron Carecory UC-63

A NEW METHOD OF METALLIZATION FOR
SILICON SCLAR CELLS.

SECOND QUARTERLY REPORT

FOR PERIOD COV¥ERING

1 APRIL 1978 ro 30 JUNE 1979

BY
DR. NILO MACHA
JPL CONTRACT NO, 955318

SOL/L0S INCORPOEATED
22531 §, CARMELINA AVEWNUE
LOS AKGELES, U4, 90064

" Tup JPL Low-Cos? Srnicow Sorar ARRAY PROJECT IS SPONSORED
BY T?HE UNITED SParTES DEPARTMENT OF ENERCY AND FORMS PART
or rEE SorLAR PHorovorrarc CONTERSION PROGRAM T0O INITIATE
A MAJOR EFFORT TOWARD THE DEVELOPMENT OF LOw=00ST SOLAR
ARRAYS. THIS WORKX WAS PERFORMED FOR THE JET PROPULSION
LaBorarory, CarLrronnra InsrrTure oF TECHNOLOGY BY ACREE-
MENT BETWEEN NASA awp DOE, "

T Y R E

! EYT s s ey T TR A ,;,Fﬁﬂzahxmmxm,., -



i
g
!
!

" THIS REPORT WAS PREPARED AS AN ACCOUNT OF WORK
SpoNSoRED BY THE Unrrxp Srares GoverwnuzNT, NEITHER
v Unrrep Stares NorR tug UNIvep Srares DEPARTNENT
nF ENERGY, NOR ANY OF THEIR CONTRACTORS, SUB~
CONTRACTORS, OR THEIR EMPLOYEES, MAXES ANY WARRANTY,
EXPRESS OR IMPLIED, OR ASSUMES ANY LPGAL LIABILITY
OR RESPONSIBILITY FOR THE ACCURACY, COMPLETENESS OR
USEFJLNESS OF ANY INFORMATION, APPARATUS, PRODUCT
OR PROCESS DISCLOSED, OR REPRESENTS THAT ITS USE
WOULD NOT INFRINGE PRIVATELY OWNED RIGHTS.'

£ = sy

e

[EPTTES

3 J‘%{&mﬂ@%ﬂsuﬁ'u,u PP TUULIPI UM AR



TABLE OF COVIENTS

ABSTRACT it vevesnsesnsnnrsonsanessnostnos
TARLE OF CONTENTS 4. vieeenceessastersnensa
INTRODUCTION 4evesivuavesenosnnasoconssvsnes
ACCOMPLISHMENTS e eeinesnnensasosssscanne
SET=UP AND CALIBRATION OF THE TUBE FUR-
NACE FOR INK FIRING .uiovaesesoncvesssesnss
EvALTATION OF MOISN CONTACT euvcesssseae
IMPROVENENT OF Tﬁg CONTACT SERIES RE=
SISTANCE suveveocosccnansnssnssnesvonesas
OprIMIZING THE FIRING CYCLE FOR THE
Mo:SN INK MODIFIED BY I'I eeeesvesonnssns
ComparIsoN oF Mo:SN CONTACT WITH NICKEL
PLATED AND SILVER PLATED CONTACT soneves
CONCLUSION wevsneocanscanssssanenssasnsans
PROJECTED WORK FOR THE NFEXT QUARTER ouvise
PROGRAM PLAN euivvvsvasensssnsssssaranenons
Nl TECHNOLOGY s essvasicnsrnsssassosssacnnse

13

16
20
21
22
23

T LT e et



~ABSTRACT

THE NECOND QUARTER OF THIS PROGRAM IS CONCERNED WITH

THE DETERMINATION OF THE FIRING CYCLE IN A HORIZONTAL

TUBE FURNACE FOR Hoog: SN INK COMPOSITION APPLIED BY

SILK SCREENING PROCESS oN P oN N STRUCTURED SOLAR CELLS,

IN COMPARISON WITH THE STRIP HEATER USED IN THE FIRST
QUARTER T0 DETERMINE THE REACTION MECHANISM, THE REDUC-
PION OF HbOS IN THE TUBE FURNACE PROGRESSES AT A MUCH

FASTER RATE AND THE SN:M0 ALLOY FORMS AT 4 MUCH LOWER

TEMPERATURE,

THE DEVICE CHARACTERISTICS DETERMINED BY THE V-I CURVE

SHOWED A HIGH RESISTANCE (APPROX. 10 OHMS) AT PEAK

TEMPERATURES BETWEEN 600°C anp 800°C,

Twr HXIGH SERIES RESISTANCE CAN BE ATTRIBUTRED T0 THE
LACK OF FORMATION OF HOSIQ WITHIN THE USED TEMPIRA-
TURE RANGE AS POINTED OUT IN REFERENCES TO THEORETICAL

AND EXVERIMENTAL WORK CONCERNED WITH THE FORMATION OF

METAL SILICIDES.

ACCORDING TO THESE REFFRENCES THIS TEMPERATUREZ RANGE
IS RIGHT FOR THE FORMATION OF SILICIDE OF TITANIUM,
WHICH, BESIDES HAVING A LOWER RESISTANCE VALUE, FORMS

IN THE PRESENCE OF AN COXIDIZED SILICON SURFACE.
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A

THEREFOR THE BAsIC MNoOy INK COMPOSIPION WAS MODIFIED
BY AN ADDITION OF TITANIUM RESINATE CORRESPONDING TO
4 TITANIUM CONCENTRATION OF 1-18000 BASED oN TEE

S0LIDS IN THE MIXTURE.

THE ADDITION OF PITANIUM DECREASED INDEED THE SERIES
RESISTANCE T0 THE LEVEL oF 1 QdM OR BETTER AND THE
DEVICE CREARACTERISTICS WERE COMPARABLE WITH THE
DEVICES METALLYZED BY ERLECTROLESS NICKEL AND SILK

SCREEFNED SILVER,
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1. INTRODUCTICGN

OHMIC CONTACT T0 SILICON PHOTOVOLTAIC CELLS

FORMED BY M0:SN SYSTEM WAS EVALUATED FOR MECHANICAL

L T T T T T T ey

AND ELEGTRICAL QUALITY AFTER FJIRINC IN A HORIZONTAL

TUBE FURNACRE AT VARIOUS TEMNPEBATURES, ?j

THIS STEP WAS CHOSEN T0 SIMILATE FIRING CONDITIONS

IN A4 CONVEYOR BELT FURNACE,

THE INK PREPARED FROM Hbog:SN MIXTURE, DISPERSED IN
AN ORGANIC BINDER AND SOLVENTS, WAS APPLIEDN THROUGH
SIXLK SCREENS ON BOTH SIDES OF THE CEZLL AND, AFTER
BURN=OFF OF THE ORGANIC MATERIAL, THE FIRING WAS

DONE IN A FORMING GAS ATMOS#HERE,

THE METALLIZATION WAS EVALUATED BY SOLDER TESTS AND

VIl CHARACTERISTICS OF THE SOLAR CELL,

Twr INK WAS MODIFIED BY ADDITION OF PITANIUM T0 LOWER

THRE SERIFES RESISTANCE,
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II.

ACCOMPLISHHMENTS .,

II.1 FORMULATION OF A SCREENABLE INK FROM

Hoog:SN MIXTURE -

MATERIALS USED:

Try powpsr (Comrwco & ROIC) 325 mesa-89.999%
PURITY.

TarcuLoro eraynLene {(Los AncrLrs Cuemicar Co.)
ErryL crvuvnose (Dow Caemrcan Co.)

CARBITOL SOLVENT AND

C4ARBITOL ACETATE (Onancz Counry CHEMICAL Co.)

Motyspenur Trroxroe (MapnIiwckropnr)

H003 AND SN WERE MIXED IN 4 RATI0 oF 78% SN 4wD
22% Mo0z,

10 GRAMS OF THE MIXTURE WERE USED FUR THE FORMU-
LATION OF THE INITIAL INK COMPOSITION.

2.8 GRAH& OF Hb03 AND 7.8 crRAMS 0oF SN WERE DRY
MIXED IN A QUARTZ MORTAR.

THE VKHICLE FOR THE INK CONSISTED OF 795% TRI-
CHLORO ETHYLENE, 15% ErHYL cELLuLosE, 8%
CARBITOL SOLVENT AND 2% CARBITOL ACETATE, ALL
AMOUNTS ARE IN WEIGHT DERCENTAGES,

10 crains or tHE Mo0z:SN MIX WERE BLENDED WITH

5 GRAMS OF THE VEHICLE AND HOMOGENIZED ON A

GLASS PLATE WITH A SPATULA.
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THE SCREENING TEST WAS DONE USING A 200 MEsSH

SCREEN,

SET«UP AND CALIBRATION OF THE TUBE FURNACE FOR

INK FIRING,

A HEAVY DUTY B~20NE DIFFUSION FURNACE WITH

3" r.p., QUARTZ TUBE WAS USED FOR THIS PURPOSE.
THE INITIAL PEAK TEMPERATURE WaS SET A7 8009C.
THE PROFILE OF THE FURNACE WAS MEASUREN BY 4
CHROMEL=-ALUMEL THERMOCOUPLE IN ORDER TO ESTABLISH
THE TEMPERATURE ZONES CRITICAL FOR FIRING THE
MoOz:5n MIXTURES.

NrTRoGEN AND FORMING caSs (60%N-40%H) wrrz cowwec-
TED THROUGH A4 COMMON PLOWMETER TO ONE END OF THE
TUBE.

THE EXPERIMENTS WERE DONE WITH N=TYPE CTLICON

.5 ro 1.5 oum/cH RESISTIVITY WITH ONE SIDE
POLISHED AND THE OTHER SIDE ETCHED,

AFPER APLLYINC THE INK ON BOTH SIDES OF THE WAFER
THE SAMPLES WERE AIR=DRIED AND ORGANIC MATERIALS
BURNED OUT IN A SNALL GERAMIC MUFFLE KILN

(21cu x 16Gcw x 23¢M) ON A QUARTZ BOAT,

THE AIN OF THE FIRST RUNS WAS T0 DUPLICATE THE
CYCLE PREVIOUELY ESTABLISHED ON THEK GRAPHITE

STRIPHEATER IN THE EXPERIMENTAL STATIODN.
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I? HAS BREN FOUND THAT IN ALL CASES THE REDUCTION
oF HOOJ 70 BLUE H002 TOOK PLACE WIPHIN THE DETER- 5

MINED TEMPERATURE RANGE, I.E. REPwEEN 580°C anp

650°9C TEMPERATURE RANGE, PUT IN CONTRAST WITH ;f
THE REACTION OBSERVED ON THE STRIPHEATER, WHERE

THE METALLIC TIN FORHED AT 800°C, THE TIN FORMA=
TION IN THE TUBZ FURNACE TOO0K PLACE SHORTLY AFTER
THE CONVERSION oF MoOz 1nro MoO,.

Turs was cowrzrMzp BY 4 RUN oF lfo0gz coArTING

ALONF, DURING WHICH CONDUCTIVE Mo FILM WAS OBTAINED
BETwEEN 550°C anp 650°C rn § MINUTES,

Tuwre Mo:SN LAYER FORMED AT LOWER TEMPERATURES HMAD

A GOOD SOLDERABILITY AND IN SOME CASES A4 GOOD

BOND,

I? REMAINED T0O BE DETERMINED WHETHZIR IT WAS
IMPORTANT T0 CONDUCT THE HEATING CYCLE IN SUCH 4
WAY T0 ESTABLISH IF THE TOTAL CONVERSION OF

MoOz INTO MO0 WAS NECESSARY BEFORE THE TEMPERATURE

WAS RAISED TO 800°C,
Ir.53 Evarvarrow or Ho:Sy conrvdcT.

THE CONTACT FORMED FROM A SCREENABLE MIXTURE OF
78% Sy : 22% Ho0z WAS EVALUATED FOR MECHANICAL AS
WELL AS ELECTRICAL CHARACTERISTICS.

THE PATTERN WAS SCREENED THROUGH 200 MESH SILK

.
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SCREENS ON DIFFUSED P owx I 2ILICON SOLAR CELL
STRUCTURES,

AFPTER SCREENING, THE TEST SAMPLES WERZ LCRIED AND
ORGANIC MATERIAL BURNED OFF IN A CERAMIC MUFPFLE
FURNACE,

THE FIRST EXPERIMEINTS WERE DONE WITH A PRE=HEAT
AT 5609C roR 5 MINUTES AND A4 S04k a7 800°C pEak
FOR 1 MINUTE,

Tur ATMOSPHERE was 60% Nrrrocen 4nD 40% Hybrocew,
(FORMING GAS, PURCHASED FrRON AMwELD INC.)

THE CONTACYT HAD A GOOD ADHERENCE, TESTED BY THE
X=~ACTO KNIFE AND HAD A GOOD SOLDERABILITY,

THE VOLTAGE=~CURRENT CHARACTEZRISTICS DTTERMINED
oN 4 A=Y PLOTTER SHOWED A STRAIGHT LINE BETWEEN

THT Voo awD Isc vVALUES.

THERE WAS N0 DEGRADATION IN SHORT CIRCUIT CURRENT NOR

IN OPEN CIRCUIT VOLTAGY VALUES, INDICATING THAT

THE CONTACT WAS OHMIC, BUT WITH A HIGH RESISTANCE

(Adpove 10 Oums).

IN ORDER TO ESTABLISH THE EFFECT OF THE PEAK TEMPE-

RATURE ON THIS HICH SERIES RESISTANCE VALUE, OTHER

SAMPLES WERE RUN WITH THE SAME PRE=-HEAT CYCLE OF
560°C, BUT WITH PEAK TEMPZRATURES oF 700°C anD

900°C RESPECTIVELY.,
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THE RESULTS SHOWED THAT THE SAMPLES FIRED AT 700°0C
HAD TH# SAME SLOPE AS THE SAMPLES AT 800°C, wHILRE
PHE SAMPLE FIRED AT S900°C wAS LCEGRADED IN OBEN
crrevrr vourdace.(Frg.l),

IN ORDER T0O DETERMINE WHETHER THIS DEGRADATION WAS
CAUSED BY THE ACTION OF THE METALLIC CONTACT OR

BY THE TEMPERATURE ALONE, NON=-METALLTZED CELLS
WERE SUBJECTED T0 THE SAME CYCLE.

THE RESULTS OF THIS TEST SHOWED ALSO DEGRADATION
IN OPEN CIRCUIT VOLTAGE, SUGGESTING THAT THES

DEGRADATION WAS CAUSED BY THE HEAT CYCLE ALONR.
Il.4 IMPROVEMENT OF THE CONTACT SERIES RESISTANCE.,

IN ORDER T0O EXPLAIN THE REASON FOR THE HIGH

SERIES REsrsrance Mo/Sw-Sr conricT, REFERENCES

WERE SEARCHED RELATING T0 STUDIES oF No-SI INTERFACE
AND NATURE OF THE CONTACT.

AN arrICLR PuBLISHED BY R.C. Hoorer, J.4. CunwINGHAN
AND J.G, AarpPER IN SorLID STarTE ELECTRONICS, VOL.S,
pp 831~833 (1965), LISTS CONTACT RESISTANCE VALUES
oF Mo AND OTHER METALS EVAPORATED ON SI OF VARIOUS
RESISTIVITIES.

ACCORDING TO THIS STUDY THE CONTACY RESISTANCE OF

Ho mo P-rypPE SI WITH RESISTIVITIES oF 0,002 4NB

0.1 oum/ch Is 4.4 x 106 omm/cn? awp 1.1 x 10-1
oun/cHS® RESPECTIVELY.
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THE CONTACT RESISTANCE oF Mo ro 0.5 owm/cM P-ryprm
Sr 15 9.4 x 10~2 omm/on?,

For N-rypk St or 0.005 owM/cM THE CONPACT RESISFANCE
Is 7.8 x 1079 orn/cn?, wor 0.0%i omx/cx 6.1 x 1071
oanl/on?, ror 0.05 omn/cr 2.0 omm/cne anp FoR

0.5 oun/cu 26 omrn/cn?.

SINCE THE STARTING SILICON CRYSTAL USED IN OUR
SOLAR CELL STRUCTURE IS N-PYPE 0F A RESISTIVITY
RANGE BETWEEN 0.3 = 0.7 OHM/CM, THE HIGH RESISTANCE
oF THE Mo CONTACT COULD BE EXPLAINED BY I'HE RE=
FIRENCED DATA,

ANOTHER ARTICLE PUBLISHED BY R.¥. BOWER AND

JoW, Mavern 1IN APPL. Puys. Lert., Vor.20 - No.9

(May 1972) pp, 359-361, IS CONCERNED WITH THE
FOAMATION OF METAL SILICIDES, SPEcIFrcanrLy Pp, Tr,
Cr avn Mo,

ACCORDING TO THE AVUTHORS, THE GROWTH RATE OF PDsSI
AND TISIB VARIES LINEARLY AND AT THE SQUARE ROOT

oF TIME, WHILE CRSIp AND HaSzg GROW LINEARLY

WITH TIME,

THZ FPIRST CASE SUGGESTED DIFFUSION LIMITED RATE

GROWTH MECHANISM, WHILE THE SECOND CASY CORRESFON=-

DED T0O REACTION LIMITED RATE GROWTH,

TRE FORMATION DEPTH OF Pp,I'I SILICIDES IS THERE-
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FORE EAéIER TO CCNTROL THAN THE DEPTH OF (OR AND

Mo srvrcIpEs. |

WEILE THE PRESENCE OF AN OXIDE FILN ON SI SURFACK

INHIBITS THE FORMATION OF Pp, CR AND [io sILICIDES,
IT HAS NO DETECTABLE EFFECT FOR THE SI-Tr srs-

TEN AND THE TISr2 FORMS AT RELATIFELY LOW TEMPER-

aruvre ( 600°C).

Basen own THESE.REFERENGES,|EIPERIHENTS WERE PER=

FORMED T0 DETERMINE THE SIGNIFICANCE AND THE ENF-

FECT OF TITANIUN SILICIDES ON'THE VALUE OF CON=-

TACT RESISTANCE.

AS THE SOURCE OF TITANIUXN, TITANIUM RESINATE WAS

USED, PRODUCED BY ENGELHARD,INDUSTRIES DIV,,

Nxwarx, ¥.J,

PHIS ORGANO METALLIC COMPOUND CONTAINS 4.,3% sornrps

AS TITANIUM AND IS IN 4 SOLUTION FORM WHICH IS

CONPATIBLE WITH THE SOLYENTS PRESENT IN THE INK.

ONE EYEDROP OF THE RESINATE SOLUTION CORRESPONDING

r0 4PPROX. 00,0013 ¢ OF PITAVIUIl WAS ADDED TO

30 ¢ or INx.

THE RATIO OF ADDED TITANIUM TO THIS MIXTURE CORRES=
PONDED THEN 70 APPROX.1 PART oF Tr zo 15000-16000

PARTS OF HoO3/SN SOLID MIXTURE,

THE EXPERIMENTS OF TRE INK FIRING DESCRIBED FOR THE
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S5TANDARD Mo:SN MIXTURE WERE DUPLICATED WITH THE INK
MODIFIED BY THE TITANIUNM,

Tyx RESULTS SHOWED A FERY DISTINCT EFFECT oN V-I
CHARACTERISTICS.

THE SERIES RESISTANCE HAD A VALUE OF APPROX. 1 Omn

AT 4 CYCLE CONSISTING OF A PRE-HEAT AT 560°C ror

3 mIvvres, 620°C For 3 x1NuTES AND 4 Soak AT 800°C
Yor 1 MINUPDE,

SINILAR FALUES OF THE SERIES RESISTANCE WERE ALSO
OBTAINED BY HEATING AT 560°C FoR 9 MINUTES. (Fre,No,1)

TRE BONUS OW SAMPLES FIRED AT 560°C WERE WEAKER THAN

*HE BONDS OBTAINED Ar 800°C,
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Il.5 OprIMIZING THF FIRING CYCLE FOR THE Mo:Sy rwk

Moprrren =2y Tr,

THE OBJECTIVE OF THIS TASK WAS 0 DETERMINE THE

EFFECT OF VARIOUS FIRING CYCLES ON THE COMBINED

QUALITY OF MECHANICAL ADHESION, SOLDERABILITY AND

ELECTRICAL PERFORMANCE OF SOLAR CELLS METALLIZED

wroe Mo:Sv rwx mopIrrep By Tr,

THREE FIRING CYCLES WERF EMPLOYED FOR EVALUATION

4) 5600C - 20 MINUTES AND QUENCH

B) 560°C - 3 miwures, 6200C - 3 minvures, 800°C
1l MINUTE AND QUENCH

c) 560°C - 10 mrwuras, 700°C - 1 MINUTE AND
QUENCH.,

ALL CYCLES WERE DONF IN A FORMING GAS ATMOSPHERE

CONSISTING oF 60% N anp 40% H ar 4 FLOW RATE OF

3L/MIN,

THE ADHESION WAS DETERMINED BY SCRATCH TESTS
(X-4CT0) AND PULL PTESTS WITH SOLDERED LEADS.
THE LEAD ATTACHMINT WAS ALSO A MEASURE OF
SOLDERABILITY,

THE ELECTRICAL CHARACTERISTICS WZRE EVALUATED
BY THE SHAPE OF V-I CcURVES.

THE QUALITY OF MECHAVICAL PROPERTIES { ADHESION

13
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AND SOLDERABILITY ) CONFIRMED RESULTS OF PESTS
PREVIOUSLY PEARFORMED WITH Mo:SN INK wIrTmOUT
Tr ADDED, I.X., THE BOND WAS WEAKER WITH THE

FIRING CYCLE AT 5609C rmaN 4r cYcnEs wrrm 7009C
48D 800°( PEAK PEMPERATURES,
THE SOLDERABILITY WAS ALSO BETTER FOR LAYERS
FORMED AT HIGHER TEMPERATURES.

FLZcPRICAL CHARACTERISTICS OF SOLAR CELLS
MEPALLIZED AT THE STATED FIRING CYCLES WERE ON
PHE OTHER HAND SIGNIFICANTLY BETTER AP THE

LOW TEMPERATURE FIRING CYCLE

IN OR%wR TO ESTABLISH WHETHER THIS CHARACTE=-
RISTIC WAS A4 RESULT OF THE PEAK TENPERATURE

OF "HE FIRING CYCLE ONLY OR OF ADDITIONAL
REALTIONS TAKING PLACE DURING LOW TEMPERATURE

ANVEZALING PROCESS, THE CELLS METALLIZED AT

H.UGHER TEMPERATURES WERZ HEAT TREATED AT LOW

PEMPERATURE AFTZRWARDS.

THE RESULT OBTAINED FROM THIS PEST ESTABLISHED
rEAT TRE V=1 CHARACTERISTICS IMPROVED TO THF
QUALITY OF THE CELLS METALLIZED AT LOW TEM-
prcr4arurRE oNLY, ( Fre., I')

FrnoN THESE RESULTS OTHER SETS OF EXPERIMENTS
1

WERE PLANNED T0 DETERMINE WwHETHER THIS HEAT

14
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:  EFFECT _OF MEAT TREATMENT

e _ON_V-T CHARACTERISTIC
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TREATMENT CAN BE DONE AS A PART OF THE FIRING
CYCLE OR MUST BE PERFORMED AS A POST HEAT TRIAT=
MENT STEP. ALSO IT WAS NECESSARY TO DETERMINE
wHETRER 550%C I's THE OPTINMUN HEAT TREATMENT
TEMPERATUVRE OR WHETHER THE TREATMENT HAD AVOTHER
PR AK.

THE RESUL™S OBTAINED FROM THESE TESTS POINTED
OUT THAT THE HEAT TREATMENT CAN BE INCORPORA-
TED IN THE FIRING ércbz AND THE OPTIMUM EFFECT

LIED 4r 450°C rFon 15 mrwurzs. ( Fre. II[)

Ir.6 ConMparrsoN OF Mo:SN CONTACT WITH NICKEL PLATED AND

SILVER PLATED CONTACT,

NrcKeL PLATED CELLS USED FOR THE COMPARATIVE TESTS
WERRE PRODUCTS OF THREE MANUFACTURERS.

Tyr SCREENED SILVER CELLS WERE FROM ANOTHER SOURCE.

THE MECHANICAL CONTACT OF PHE Mo:SW CELLS Wil
EQUAL TO THE BEST NICKEL PLATED CONTACT AND
SUPERIOR TO THE SCREENED SILVER CONTACT.
AcTUALLY THE SILVER SCREENED CONTACT WAS IN=-
FERIODR SINCE THE PATTERN AS WELL AS THE BACK
METALLIZATION COULD BE PEELED OFF WITHOUT ANY

EFFORAT.
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ELECTRICAL CHARACTERISTICS DISPLAYED BY THE
V-I curves rs swoww Iy Fre. IVi-

I? WwAS COMPARARLE WITH THE CHARACTERISTICS OF
OTHER METALLIZATION, ONLY IN CASES WHEN TIE
PEST SAMPLES WERE SCRIBED TO SIZE, THE SHUNT
RZSISTANCE AND SERIES RESISTANCE SHOWED SOME
DEGRADATION CAUSED 8Y THE MECHANICAL DAMAGE,
(GENERALLY THE SERIES RESISTANCE OF ALL CELLS

PESTED WAS 1 SL IN AVERAGE.
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CONGLUSION

EXPERIMENTAL WORK COMPLRTED IN THE SECOND QUARTER

RESULTED IN THE FOLLOWING CONCLUSTIONS:

1. Meranvrc cosrrnes FrRoM MoOz:SN SCREENABLE INK
ARE OBTAINED IN A HORIZONTAL TUBE FURNACE AT
56020, rw ForMING Gas arMospErRE (60% N- 40% H)
r¥ & MINUTES,

2. THE cowxvacrs oF THE Mo:Sy sysTem to P oN N srRUC-
PURED SOLAR CELLS ARE OHMIC, BUT HAVE A HIGH SERIES
REsIsrANCE ( 4PPROX. 10 Ons).

THIS HIGH SERIES RESISTANCE IS Y MPROVED BY 4N
ADDITION OF TITANIUM RESINATE TO THE BASIC INK
COMPOSITION, WHICH CAN BE ATTRIBUTED T0 A FORMA~
rroy oF I'rSo OF HIGH CONDUCTIVITY VALUE AT THE

SI METAL INTERFACE,
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IV, PROJECTED ¥ORK FOR THE NEXT QUARTER.

TYE WORK T0 BE PERFORMED IN THE NEX QUARTER WILL

BE CONGCERNED WITH THE FOLLOWING TASKS.

1. APPLICATION AND EVALUATION OF THE CONTACT
APPLIED ON N oN P STRUCTURED SOLAR CELLS PRO~
vrpep BY JPL,

3. EVALUATION OF THE NEW METALLIZATION PROCESS BY

ENVIRONMENTAL TESTS,

Y

' FINALIZING THE PROCESS IN A WRITYEN REPGRT

INCLUDING PROCESS SPECIFICATIONS.,

21
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V. NEW TECHNOLOGY

New PROCESSES HAVE NOT BEEN SUFFICIENTLY DEVELOPED
PO BE REPORTED AS NEW TECHNOLOGY. ALL NEW DEVELOPMENTS

WILL BE SPECIFIED AT COMPLETION OF THZ CONTRACT.
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