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. BECTION 1.0
ABSTRACT
The

metallizaticn of siliecen soler cells passivated with silicon nitride coating

was invesiigatel by using cimmercial Ni pasies # 5517 frcm Thick Film Systems,

# 7028-5 fror Cermelloy. experimentsl formulation 7 X-A by Sollos, Inc. and

evaporated Ti-I'Y filx,

Conmparative and refevence t2sts were done with the Dupont Ag paste # 7095 and

with a mixture of Wi paste # 5517 with Az paste # 7095 in the respective ratio

cf G to 1 by weight.

The evaluaticn eriteria for the metallization were the mechanical bond strength

of the cuatact, solderebhility, copper plating ability and electrical characteristics
n termz of Vor, Isc values and shape of +hz V-I curve.

The results revealed that the Dupont Ag pante # 7095 met =ll required criteria,

while the quelity of the ¢ells metallized with the commercial Ni paste # 5517

from Thick Pilm Systenms, # 7028-5 from Cermalloy as well as the experimental
paste # X-A frcm Sollos, Inc. was below “he acceptable standards.

A significan® improvement was obtained with the mixture of Ni paste # 5517 from
Thick Film Systems with 10% addition of Dupont paste # T7095.

Ortimized ratis of the mixture of these two pastes was not determined duzs to

the time limit allocated for this work and should be subjected to further
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SEOTION 2.0 OF POOR QUALITY
INTROYICTION

=3

chjectivis of this progran were to investigate the metallizetion process

f r silicon PV cells, tsced on Hi screenadble pastes and applied on silicon

itride cnated walers.

with this task werr complex due 4 reguirsments

imposed n the Ni pasie crwpesitions perse and by the interacticn of the

KLl pasi~ wvith the nitride coeting.

With r2gards to the Ni paste composition, the firing temperature of the pagte

mar nob exceed TO0PC in order to prevent electrical shorts and the bindey puss

. agetive at thic temperature.
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inder must also react with the nitride ccating to facilitate

+the contect betwrnen the silicon and nickel,

Finalli the resulting Ni! £ilm must be solderable either directly by lead-tin

solder or by the conditioning of the Ni surface to accept the solder by mesmns

of copper plating.

The approach to study this process within the 5 months time span was based cn a

s=ries of experimental tests using two commercisl Ni pastes, i.e. product
# 5517 from Trick Filem Systems and # 7028-5 from Cermalloy.

The purpose of these tesis was to evaluate the quality of the metallization in

terms of mechanical bond, solderability and electrical characteristics, i.e.Voc,
Isc and V-I curve and to determire the depéhdence of the quality of the cells
on tempzrature and atmosphere of the metallization process.

In meder to isolate various variables introduced by the use of Ni pastes on the

nitride coating, reference tests were dcne with evaporated Ti-Ni films and with
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the Dupont Ag paste 4 7C95.

712 purpogse of the tests d.ne with the thi:. film Ti-Ni metallization was to
Aeteruine the effect of the binder present in the thick film Ni paste in
contras® with its absence in the evaporatsd film,

The Ag paste # 7095 from Dupont on the otrer hand served the purpose to
establish the differente tetween the Ag and Ni as the contacting metals.
Finally, an initial tes? using both thick film Ni paste # 5517 from Thick Film
Systems mixed with 10% Ag paste # 7095 from Dupont was evalueted.

The details of the experimental data is presented in the technical discussion.
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SECTION 3.0

TECHNICAL DISCUSSION

3.1 Exveriments with Ti-Ni thin ilm metallization.

, Diffused 2 inch diareter silicon wafers were provided for this test by
the JFL.
The diffusion depth from the POCl3 source wac .43 micronc.
A group of nitride coated Junctions ( 800-850 l& thick film ) had on the
active side a contact pattern obtained h- zvaporatiorn of 40O Angstroms
thick titanium and 2000 - 3000 Angstroms thick nickel film, *
‘A group of cel}s ( second group ) had evaporated pattern of Ti-Ni films,
as the previous samples, but without the nitride coating.
The structure of *he cells jn individuel groups is shown in fig. 1 and fig. 2
The objective was to establish the ccntact characteristics of pure Ti-Ni
systems on nitride coeted as well ms uncoated wafers erd the interaction
of the Ti-N. system with the silicon nitride coating at elevated temper-
atures and various atmospheres.
In the first group of experiments, unccated wafers with the front contact
pattern were screerned with Al  fritless ink ( Electrink # ALF-40 ) on the
backside and were subjected to a heat treatment of 750O C for 30 seconds

in air.

As a result of this treatment the P/N junction was shorted in the metel-

lized regicn.

In addition to this, the Ti-Ni metallization was not solderable in contrast

with the ease of soldering to the samples which were notsubjected to the

heet treatuent.

¥ Titenium was elected instead ol Chromium originally proposed due to
pruven experience with Ti in 8i solar cell metallization

- L o
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In the second group of experiments the silicen nitride wafers with the
frent cuntact pattern were coated on the back side with Al ink (Electrink
# ALF-40) and subjected to the identical treatment as the uncoated samples.
In this second casce the Al 4id not alloy with the silicon and the Ti-Ni
metallization did not short the juncetion.

The Ni however agair refused to accept the solder and this condition
devieloped after the hezt treatment in eir as well as in nitrogen atmos-
pnere,

Tne resulis of the tests are listed in table I.

N\
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TELL FILM Pi-Ni YETALLIZATION STRUCTURE., Q Lity
. ~ Ti-Ni front pattern
e f0 e I N type silicon
4., P type silicon
Al backfield
L LIRSS ST A A RIS rose mermed
Figura 1
Ti-N{ front pattern
gy s S s Oi,N; coating .
—T———-& N type silicon ;
L .. P type silicon
PRSI A NN LTI AT I ol NN o - ey Al backfield A:
‘;.
Figure 2
THIN FIIM Ti-3i METALLIZATION DATA-- TABIE 1 :
Structure £1l backfield temp. Voc (V) Isc{mA) solderability Cu plating :
N-P uncoated 7509C-30 sec short - no no "'
(si.n,) (nitrogen)
3L
ﬁ-P conted 750°C=30 sec .52~,54 10 no no
(511 (nitrogen)
3L i
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Experimerts witn thick £ilm nickel pastes.

Trhe thick film Ni rastes used in thece tests were # 5517 purchased from

Trick Film Systems, paste # 70285 fros Cemmalloy and experimental paste # X=A

from Sollos, Inc.,
In ell experiment~ the cells had a ack surfece field formed by firing
fritless Al ink (Electrink # ALF-4C) at 750° C for 3C ceconds in air.
Through experinents with nickel pastes was estieblished thet the firing
cycle hes to heve the pesk temperaturs below 700° € in order to prevent
snortirg.

Alzo observed wacs that the firing tinme at this temperature was very
eritical,

A one-rinvte heat treatrent at 690° C in air resulted ia an open eircuit
wulteze of ,5% V7 and a short circuit current of 20 mA,

An additi-nal two-minute heet exposure at 690° C in air improved the short
circuit current tc 65 mA, tut degrede? the open cirecuit voltage to .3U45 V.
The preliminary explanation of this characteristic was that the flux
present in the rickel paste hed removed the nickel oxide formed during the
heat cycle and that the relatively good conductive nickel coatinrg was
obteinesl in the ghort Tiring tine.

Ey longer exposure however, the nickel re-oxidized since the flux, added

in the paste, was already depleted.

Tnis mechenism was further supported by experiments done with the nickel
paste in nitrogen atmosphere. )

The initiel tests showed that the open circuit voliage under this condition
was «54 V and the short circuit current about 300 mA.

Wafers metallized with nickel paste fired at 650° C for one minute in
nitrogen atmosphere resulted in open gircuit voltage of .45 - .47 V and
short circuit current of 120 - 150 mﬂ.
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These velues did not change by an additional. one-minute heat treatment
at 650° C.
The metallizaticn seemed to have a good adherence, but was not solderable
with lead~tin solder.
An sttempt to deposit copper by aplating process from copper sulphate was
not successful since the bond of nickel to silicon was destroyed by the
immersion of the wafers in the plating solution.
Also an attempt tn obtain the s~lderarle nickel by & short iuwecrcion in
diluted hydrofluoric acid wac not successful.
The strachare of the cells metallized with Ni pastes is in fig. 3,
& typical V-I characteristic of thick film Ni metallizatien 4n fig. b

and collective data are presented in table II.

Composition of experimental Ni paste # X~-A from Sollos, Inc.

In order to lower the firing temperature of the nickel metallization, a new
composition was formulated using as a binder gliass melting at 4500 C.

This glass was obtained from Johnson Mathey in the form of a paste, type
1CD, # 060123,

Ni powder in the composition was Sheritt & Gordon Mines, product NF -~ 1 M,
The vehicle used in the paste formulation consisted of (in weight procents):

75% TCE
15% Ethylcellulose

8% Carbitol solvent
2% Carbitol acetate
10 Grams Ni powder with 5 grams vehicle and 2 grams glass peste were mixed

together.




Paste type

TFS 5517

Cermalloy 7028-5

Sollos %~A

B ——

THICK FILM nt p

ORIGINAL fyyye, (i

F
ASTE METALLIZA)ION STRUCTURE " POOR quaLiTy

//, thick film N1 front pattern

e S = R4 . i fj) coating
» N tyée silicun
. P type silicor
e, okl kb omtrane ke ook bt ek Al baCkfield

THICK FILM: n:

Yoc!v)

DT ¢
TN My
'h:—)" ,L"B

NSy Thick filn i meballization

Figure 3

PASTES MOTALLIZATION DATA-- TAFIE 2

Isc{mA) Solderatility Cu plating
120-150 no good no
100-130 no pgood %o
120-160 . no good ns -
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Experinents with the silwer paste # 7095 from Dupont,

Diffur~d 2 inch diam. wafers from the JPL, cozted with 800-850 2 1N, film
and Dupont Ag peste i 7095 were used in these tests.

Tre wafers were prepared in a similar fashion es in the Ni paste tests, i.e.
“ae sillicon nityide coating from the backside was removed by polishing and
aluninum fritless ink (Electrink # ALF-40) was screengd on the back side
and fired in air et 750° € -z 30 seconds.

Zeth pack and front sides of the cells have beer sereened with # 7095 Dupont

Theoo semvles were fired i alr end two different ‘lennerature cycles were

, the first wyd.rizents Diring at 7ECY C for ore minute was enployed.
“ne spun circalt voltene and the short circuit current resulting from this
cycle were in the range of .5k - .57 V and 450 - 55C mA.

Tne back side of the wafers however showed dark regions of eluminum
penetreting thitugh the silver metallization.

These regions were not solderable with lead-tin solder,

Therefire, in the second experiment, the silver metellized wafers were
fired 2% 650° C for one minute in air.

The results of the open circuit voltage and the short circuit current
velues were in the same range as the wafers fired at 7500 C, while the
teck side megintained a solderable, undisturbed silver metallization.

In can be concluded - so fer - that fhe Dupont silver # 7095 can bé used

successfully on the silicon nitride coated wafers when the alwainum

‘backfield is employed and silver firing temperature is done at 650° C -

one minute firing cycle,

A typical V-I characteristic of the thick film silver metallization 1s

shown on fig. 2
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3.4 Modification of the Ni paste # 5517 from Thick Film Systems,

Three types of tests were done in this direction.

a) Addition of Dupont Ag paste # 7095 to the Ni paste TFS # 5517.

10% Ag paste was edded to the Ni paste and screened on both sides of

the cells which had aluminum backfield metallization fommed by firing

of fritless aluminum at 750° C for 30 seconds in uir. ( Electrink ALF-4O )

The metallizzd cells were fired in nitrogen atmosphere at 650° C for

one minute.

The resulting cells had an open circuit voltage between .52 - .54 V

and a short circuit current between 250 ~ 350 mA.

The typical curve of these types of cells is shown on the attached

fig. #6

These cells had a shunt resistance of around 2 ohms and series resistance

of about 1.8 ohms.

Addition of 60% tin and 40% .ead solder paste to the thick Til, I'3.(TFS # 5517)
I.. thuse tests 10° tia~lead solder pasie was added o the thick film

paste and the firing was done in the same manner as described in the

previous tests.

Here the result did not show any difference from the characteristics

obtained by the use of straight Ni paste.

In a reference test a group of cells was made with the thick film Ni,

# 5517 TFS paste screened on the backside of the cells and Dupont Ag paste

# 7095 on the active side. '
The structure is shown in fig. 7 i
These cells had an open cgrcuit voltage of about .53 V and a short

circuir current of about 370 mAe.
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ORIGINAL PAGE i8
OF POOR QUALITY

THICK ¥ILM Ni « THICK FIIM Ag COMBINED STRUCTURE

| m—

Ag paste Dupont 7095

— ™ \"y//)' v SN, coating

—s { type silicon

_» P typz silicon

[y 3
. Al backlield

.
o e O e 2 e e

)

™~  Ni paste TFS 5517
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ORIGINAL PAGE IS

OF POOR QUALITY
SECTION k.o

COICLIJSION AND RECOMMENDATION

Th~ metallizatior of silicon solar cells c.ased with silicon nitride film and usiug

+hick Tilm screenable ink was cuccessful whker Dupont Ag paste i 7095 was used

on toth =sides of the cellr,

The aluminan backfield wese formed prior to thue silver metallization using fritless

Al ink (Electrink AFL - LO).

The metallizetion with commercial Ni pastes TFS # 5517, Cermalloy # 7028-5 and
Sollos, Inc. experimental composition X«A was not successful in terms of the
mechanical bond strength{ solderability ard electrical characteristics.

On *he other hand, ar eddition of 10 Dupont Ag paste # 7095 to the Ni paste

TFS # 5517 significantly improved the cell charescteristice and it is recommended
thet fur.ner experiments chould be done to ~pvimize the nixins ratio.

It is further raz amended 10 investigete the rethod of electroless Hi plating on
the nitridized cells employing tae following process seguence:

a: screening a resist on nitridized cells with the metallization pattern exposed
b: removing the nitride on exposed regions by H F

c: nickel plating followed by copper and/or tin plating

™

: removing the mask

o et e

R R T T i
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