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ABSTRACT

The paper describes the metallization and characterization of a
silicon p-n junction diode fabricated, in the laboratory,from a
solar-cell-type silicon substrate, using simple equipment and
locally-available materials.Metallization of the fabricated device
was achieved by electroless nickel plating without the use of a
chemical activator such as palladous chloride ( PdCl4) which is
very expensive.
On the basis of the abrupt-junction approximation,values for the
substrate concentration and the built-in potential of the
fabricated device are calculated from the latter C-V profile
and found to be /»> 8.5x 1015cm'-3and 0.53V respectively. The value
of the substrate concentration agrees fairly well with that
estimated from the resistivity of the substrate.

METALLIZATION AND CHARACTERIZATION

OF A SILICON P-N JUNCTION DIODE

FABRICATED FROM A SOLAR-CELL-TYFE SILICON SUBSTRATE *

A.U. Ebong

Department of Physics, University of Port Harcourt,
Port Harcourt, Nigeria

and

S.K. Adjepong **

International Centre for Theoretical Physics, Trieste, Italy.

MIHAHARE - TRIESTE

December 1987

* To be submitted for publication.

The experimental work was carried out at the Department of Physics,
University of Port Harcourt, Nigeria.

** Permanent address: Department of Physics, University of Port Harcourt,
Port Harcourt, Nigeria.

-1-



INTRODUCTION

The fabrication of a silicon p-n junction and the metallization
of a silicon substrate are important processes in the manufacture
of silicon solar cells.
A number of methods have been used in the fabrication and
metallization of silicon p-n junction diodes. Among these are:
diffused mesa junction, diffused planar junction, alloyed
junction, ion implantation etc., for fabrication, and vacuum
evaporation,cathode sputtering,electroplating etc., for
metallization. In most of the above methods, sophisticated
equipment are used. Such equipment is however,not usually
available in University laboratories. Furthermore, in the cases
where electroless plating has been used to metallize the
fabricated device [1-3], a chemical activator such as palladous
chloride ( PdCl^) which is very expensive has always been used.
In the work reported here,however, simple laboratory equipment
and locally-available materials have been used to fabricate a
silicon p-n junction diode.Metallization of the fabricated device
was also achieved by electroless nickel plating without the use
of palladous chloride but by increasing the concentration of
ammonium salts in the plating bath.

EXPERIMENTAL PROCEDURE

(a) Fabrication

A factory-prepared Topsil-n-type irradiated single-crystal silicon
wafer was used as substrate in the fabrication.The wafer was
polished,cleaned and etched with appropriate chemicals following
Daruvala [4] .
After etching and rinsing with deionized water,a thin paste of
boric acid (O.Olg by weight) was applied to one side of the wafer
in distilled water. By using a ceramic tube made from a water
filter candle, the wafer was inserted into a tube furnace at a
temperature of 1100 °C ± 100 °C, for 40 minutes in order for the
boron to diffuse into the silicon. The temperature of the furnace
was measured by means of a chromel-alumel thermocouple.
After the diffusion process, the doped wafer was allowed to
cool and then the side on which no diffusion took place, was
lightly ground to remove all traces of p-type material that might
have been deposited there. It was then ready for metallization.

(b) Metallization

The steps followed in metallizing the doped silicon substrate by
electroless nickel plating (without the use of palladous chloride)
is outlined as follows;

1. Chemically etch the doped Si substrate with HNO3 - 44% ;
HF - 18% ; H2O -38% and rinse in distilled water.

2. Etch again with HF - 48%, for 10 seconds and rinse in
distilled water.

3. Place the etched Si substrate in a sensitizer solution
comprising SnCl2.2H2O (O.lg / lOmls) + HC1 (0.4ml/10mls),
for 7 minutes.
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Place the Si substrate in an electroless nickel plating bath
composed of the following:
(i) 0.3g/10mls NiCl2.6H2O
(ii) O.lg/lOmls NaH2PO7.H2O
(iii) 0.65g/l0mls (SH JJC^H^OJ
(iv) 0.5g/10mls NH4CI "
(v) NH4OH to maintain a blue-coloured solution at pH 6-10

Allow the silicon substrate to stay in the bath for about an
hour at 80-82°C bath temperature to effect metallization.

Remove the substrate from the bath and rinse with deionized
water. Allow substrate to dry.

Using an acid flux { ZnClj dissolved in concentrated HC1 ),
solder a thin copper wire onto the substrate.

(c) Characterization

The I-V and C-V characteristics of the fabricated diode are shown
in figures 1 through 3. The I-V characteristic was obtained using
the Tektronix curve tracer type 576, while the C-V profile was
obtained using a Phillips capacitance bridge model PM £301.
From the C-V profile, the built-in potential for the p-n junction
was obtained as 0.53V .
On the basis of the abrupt junction approximation |5], the
substrate concentration was calculated using the C-V profile and
found to be*v8.'5 xlO^'cnf^. The value of the substrate
concentration estimated from the substrate's resistivity was
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DISCUSSION AND CONCLUSION

The value of the substrate concentration deduced from the
experimentally-obtained C-V profile,agrees fairly well with the
value estimated from the resistivity of the substrate.The slight
difference between the values may be attributed to the method of
fabrication which involves polishing,cleaning and etching of the
silicon wafer before thermal oxidation.lt is possible that
impurities, particularly the fast diffusing heavy metals left on
the surface of the wafer after polishing and cleaning, diffuse
into the junction region where they can degrade device properties
and hence account for the observed difference between the
thoeretically-estimated value of the substrate concentration and
the value obtained from the C-V profile. Nonetheless, the observed
disparity is considered to be slight and perhaps insignificant.
On the whole, the method of fabrication is found to be
satisfactory despite its simplicity, and produces a fairly good
end-product.
The results of this work have also shown that electroless nickel
plating of a silicon substrate can be achieved without the of a
chemical activator such as palladous chloride (PdCl^ 1, if the
plating bath has a high concentration of ammonium salts. It is
inferred that stannous ions in the plating bath initiate plating
and the high concentration of the ammonium salts in the bath
enhances the deposition of nickel onto the substrate.

-3-



ACKNOWLEDGEMENTS

The authors are grateful to Professor A.O. Evwaraye of the Physics
Department, University of Harcourt, Nigeria, for providing the sil icon
wafer. One of the authors (S.t.A.) would like to thank Professor Abdus
Sslan, the International Atomic Energy Agency and UNESCO for hospitality
at the International Centra for Theoretical Physics, Trieste.

REFERENCES

[1] Feldstein.N. and Weiner,J.A. 1973 J- Electrochem. Soc. 120

[2] Deninjer,C.H.and Boom,P.F.J. 1973 J. Electrochem. Soc. 120

[3] Lowenhem,F.A. 1913 Mordern Electroplating John Wiley and
sons Inc. Hew York.

[4] Daruvala,D.J. 1977 Solar Energy 19 313

[5] Sze,S.M. 1981 Physics of semiconductor devices John Wiley
and sons Inc. New York.

-4-

FIGURE CAPTIONS

Fig.l Forward-bias I-V characteristic.

Fig.2 Reverse-bias I-V characteristic.

Fig.3 Capacitance-voltage characteristic.
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Fig. 2
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