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Electroless plating of buried contact solar cell
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Abstract The metallization is the key to determining cell costs, cell performance, and system
reliability. Screen printing technology suffers from several limitations affecting mainly the
front grid. The buried contact solar cell (BCSC) was specifically desinged to be compatible with
low cost, mass production techniques and avoid the conventional metallization problem. By
using electroless plating technique, we performed this metallization inexpensively and reliably.
This paper presents the details of the optimization procedure of metallization schemes on laser
grooved cell surfaces. Commercially available Ni, Cu and Ag plating solutions were applied for
the cell metallization. The application of those solutions on the buried contact front metalliza-
tion has resulted in an cell efficiency of 18.8 %. The cell parameters are an open circuit voltage
of 651 mV, short circuit current density of 37.1 mA/cm? and fill factor of 77.8 %. The efficien-
cy of over 18 % was achieved in the above 90 % of the batch.
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1. Introduction

The concept of the buried contact solar
cell (BCSC) evolved initially as a screen-
printing approach for overcoming many fun-
damental limitations associated with conven-
tional screen-printed metallization schemes.
The most distinctive feature of the cell de-
sign is the use of grooves in the top surface
to locate the cell metallization. Although
originally investigated using screen printed
metallization sequences, the most successful
designs have used electrolessly plated metal
contact [1-3]. In the case of printed con-
tacts, expensive silver metal, poor metal as-
pect ratios, low conductivity of the screen-
printed metals, the inability to produce fine
lines and a relatively high contact resistance
have placed severe limitations on the effi-
clencies achievable from conventional com-
mercial approaches [4].

The key feature of the buried contact
solar cell which differentiates it from the
conventional screen printing technology is
the front grid metallization. Unlike a screen
printing technology, the buried contact front
metallization reduces both low shading
losses and series resistance losses because it
has closely spaced, very fine metal lines and
large cross sectional area of the metal in the
grooves. In addition, the closely spaced
metal fingers and low series resistance loss-
es allow an lightly doped emitter, providing

excellent response to short wavelength of

light. Another feature of the buried contact
solar cell which allow high efficiency opera-
tion is the heavy groove diffusion.

Following an economic evaluation of con-
ductor layer metals for silicon solar cell met-
allization, base metal system utilizing cop-
per, an inexpensive base metal, is a potential
alternative to silver or solder. Copper, how-
ever, diffuses rapidly into silicon at low tem-
peratures, degrading solar cell properties
[5). Nickel is shown to be a suitable barrier
to copper diffusion as well as a desirable
contact metal to silicon [6].

Metallization of buried contacts can be
achieved by a variety of methods such as
aluminium sputtering, evaporation, screen-
printing and plating. The significant benefits
of plated contacts are low cost process, re-
duced material usage (metal is deposited
only where required), their suitability to tex-
tured surface and independence of contact
shape (metal is easily deposited in the
groove). Interest in electroless plating has
continued unabated since its invention by
Brenner and Riddell in 1946 {7].

In this work, the metallization was carried
out by plating metal on the oxide free sur-
faces within the grooves by electroless chem-
ical deposition. We discussed on the problem
of metallization of BCSC cells and its solu-
tion in detail. The metals used for contact

formation were nickel, copper and silver

[81]
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2. Experimental

Float zone wafers of 0.5 Q -cm resistivity
and 500 um thickness were used as sub-
strates. To minimize reflection losses, the top
surfaces of wafes were chemically textured
in 2 % NaOH solution. Emitter diffusion was
carried out on the diffusion furnace by using
phosphorus pentoxide solid source. For
antireflection control, masking the second
diffusion and Bigh quality surface pas-
sivation as well as good metal contact pas-
sivation, the textured surface was oxidized.

The metal grid was defined by scribing deep

grooves through the masking oxide. The '

scribing was done by using laser scriber.
After chemical etching of the grooves to re-
move residues, a second phosphorus diffu-
sion was carried out more heavily than be-
fore. Phosphorus was diffused in the grooves
to dope the silicon beneath the metal con-
tact. Aluminium was deposited onto rear of
the cell by electron beam evaporation and
sintered to form an ohmic contact and back
surface field. The wafers were immersed in
the buffered HF acid bath to remove all the
oxide from the grooves (deglazing step).
The buffered etching solution consists of hy-
droflouric aicd (49 % HF) and ammonium
flouride (40 % NH/). To deposit a thin
layer of nickel on the bare silicon surface in
the grooves and on the rear surface we used
ammonia based nickel plating solution. The
pH of the solution was above 8.5 and the
temperature was 85~ 90°C. After nickel
plating wafers were sintered at 300 ~ 400C

in a non-oxidizing ambient to form a good

" electrical and mechanical contact between

the silicon and the nickel. Nickel oxidizes
very easily producing an oxide which is both
mechanically and chemically very resistant.
Therefore, we designed nickel sintering fur-
nace to avoid oxidation of nickel during sin-
tering. The diagram of sintering furnace is
given in Fig. 1. The wafers were immersed
in Cu plating solution to fill the grooves with
copper so as to provide adequate current
carrying capacity while minimizing the shad-
ing loss on the top surface of the cell. The
composition of the plating solution should be
controlled to fill the groove completely. Sil-
ver was plated to form a protective coating
on the copper so as to prevent oxidation of
the copper and to provide a readily soldera-
ble surface without the use of corrosive sol-
dering flux. Efficiencies are measured rela-
tive to reference cells. The reference cells
used are calibrated by Sandia National Lab-
oratory, U.S.A and University of New South
Wales,
above discribed is given in Fig. 2. Figure 3

Australia. Manufacturing process

shows schematic diagram of a buried con-

tact solar cell fabricated on single crystalline

silicon.
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Fig. 1. Schematic diagram of the nickel sin-

tering furnace.
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Texturing 3. Result and discussion
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b= [ BT {31
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where J, is the reverse saturation current
density, R, is series resistance R, 1s shunt
resistance, g is electronic charge, J,. is short
circuit current density, A is diode ideality

factor, k is Boltzmann’s constant, J, is pho-

togenerated current density. It is seen that
V.. is unchanged by simple R, and that J. is
changed very little unless R, is quite large.
The fill factor is determined by the magni-
tude of the V.., A, R, and Ry, and seriously
reduced as R, increased. It seems, therefore,
that the changes of parameters in Fig. 4 are
mainly caused by series resistance.
Electroless nickel plating on silicon is based
on a catalytic oxidation-reduction reaction
between nickel ion (Ni**) and hypophosphite
(H,PO; ) ion at the catalytic (conductive)

surfaces with input of external energy. The

Fig. 5. Optical microscope photographs of grooves after copper plating (5 hrs) and silver

plating (2 min). Deglazing time was 10 sec for (a), 20 sec for (b), 30 sec for (c) and 40 sec

for (d).
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hypophosphite anions in aqueous medium is
oxidized to the phosphite ion with evolution
of H, the rate being a function of tempera-
ture and hypophosphite concentration [9].
On the basis of organic analogies, nickel
plating is assumed to be a catalytic dehy-
drogenation of the hypophosphite molecule

according to the equation :

2H,PO,” + Ni** + 2H,0
— 2H,PO;” + H,+ 2H* + Ni° (3

Figure 5 shows surfaces of grooves after
copper plating. If the grooves are not com-
pletely cleared of oxide then the subsequent
nickel plating will not work well and the
grid line is not continuous because nickel
will not plate on an insulating oxide. The
discontinuous grid line cause the series
resistance of cell high. The efficiency in-

creases as the deglazing time increases due

to the reduction of series resistance. Nickel
was plated not only in the groove but also
on the top of pyramid when deglazing time
i1s longer than 50 sec. Figure 6 shows the
nickel spot plated on the top of the pyramid.
The textured front surface may lead to non-
uniformity in etching the oxide on the front
surface. The oxide - coated top of pyramid is
exposed to heavy phosphorus diffusion dur-
ing groove difiusion. Phosphorous doped
oxide etches more quickly and the peaks of
the pyramids are more exposed to the etch-
ing solution. If the oxide is removed from
these pyramid peaks, nickel is plated easily
on them. During the subsequent copper plat-
ing all over the surface was covered with
copper because copper Is easily plated on the
nickel on the top of the pyramid. Therefore,
cell parameters drops quickly when oxide on
the top of the pyramid is removed as shown

in Fig. 4. The copper plating solution used is

Fig. 6. Optical microscbpe photographs of front surfaces after nickel plating (a) and after cop-

per plating (b). Deglazing time was 50 sec.
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Enplate Cu-704 supplied by Ethone OMIL
The plating process is based on a catalytic
surface reaction between the formaldehyde

and cupric ions (Cu?").
Cu®** + HCHO + 20H™ -~

Ethylenediamine Complex — Cu+HCOOH +H.0
(4)

Ethylemediamine derivative, which is a vital

catalyst, combines with the cupric ions to

form an square complex ion in solution. The
geometry of chelator copper complex facili-
tates the transfer of an electron from any
conductive surface to the cupric ion creating
a bond between the surface and the Cu
atom, and thus initiating the plating process.

Figure 7 shows optical microscope photo-
graphs of the top of the copper plated
groove with plating time. Copper started to
plate from the wall of the groove filling the
groove. The copper finger width increased

as plating takes place at the mouth of the

Fig. 7. Optical microscope photographs ( x500) of the top of the groove during copper plating.
Copper plating time was 2 hr for (a), 3 hr for (b), 4 hr for (¢) and 5 hr for (d).
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Fig. 8. Optical microscope photographs of crossection of the grooves. Cupric lon concentration
was 10g/L : (a), 6g/L : (b), (¢c).

groove and spreads across the surface with
increasing plating time. Optical micrographs
of cross-section of partially filled grooves
(a,b) and a fully plated groove (c) are
given in Fig. 8 for comparison. The main
constituents affecting copper plating rate in
our plating solution were the concentration

of cupric ion (Cu?**), NaOH and HCHO. Cu-

pric ion concentration was changed to con-
trol the plating rate with the concentrations
of NaOH and HCHO fixed. If the copper
plating rate is too high (a) or the groove is
too deep (b) the mouth of the groove be-
comes blocked with copper before filling the
groove compeletely. The composition of the

plating should be regularly monitored by
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Fig. 9. Current- Voltage curve of BCSC fabricated at SAIT.

chemical analysis and replenished whenever
it is necessary. We noted that the width of
copper fingers should be no more than 60 u
m to reduce shading loss.

Current - voltage curve of BCSC fabricat-
ed at SAIT (Samsung Advanced Institute
of Technology) is shown in Fig. 9. The
highest efficiency is 18.8 % and its cell pa-
rameters are an open circuit voltage of 651
mV, short circuit current density of 37.1
mA/cm? and fill factor of 77.8 %. The effi-
ciency of over 18 % has been obtained in
the above 90 % of the batch.

4, Condlusion

For the metallization of BCSC, commer-

cially available Cu, Ni and Ag electroless
plating solutions were applied. Nickel dose
not plate on an insulating oxide and the
grooves must be thoroughly deglazed. Nickel
was plated, however, on the top of the pyra-
mid when the deglazing time is too long.
Care must be taken to ensure that the thick-
ness of the masking oxide at the peak of the
pyramids after deglazing is adequate to
effectively mask against copper plating. If
the copper plating rate is too high or the
groove 1s too deep the mouth of the groove
becomes blocked with copper before filling
the groove compeletely with copper. This
will drop fill factor or the current density of
the solar cell. By appropriate blending of the
four constituent components we can control

the plating characteristics such as plating
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speed and plating quality. The application of
those solutions on the buried contact front
metallization has resulted in a cell efficiency
of 18.8 %. The cell parameters are an open
circuit voltage of 651 mV, short circuit cur-
rent density of 37.1 mA/cm? and fill factor
of 77.8 %.
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