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LIST OF SYMBOLS USED IN THE PROGRAMS

* *
RAMDA , RAMDAL , RAMDAZ2

* *
ALPHA,ALPHAl ,ALPHA2

* *
PHI ,PHIl,PHI2

*
SFRT,SFRT1

*
DIFC,DIFCl

*
DIFL,DIFL1
RITOTL
RITTL1
RITTL2

RISHT

Xl
X2
X3
BNA
BND

BNI

EPSI
PHIT
WIDTH
RELF
DELT

* *
FRAM,FRAM1 ,FRAM2

wavelength in m

absorption coefficient in um
e - . -2 -1
solar irridiances in mWcm A
surface recombination velocity in pm/sec
. 2
diffusion coefficient in um /sec
diffusion length in um
hole photocurrent in n-region, mA/cm
electron photocurrent in p-region, ma/cm
N 3 2
muMMHM1n@uemuwrwmmmMm
2
total photocurrent produced in the cell, mA/cm
distance in n-region
distance in p-region
distance in space charge region
distance defined in Fig.ll (cell thickness)
acceptor impurity concentration in}xm-

donor impurrity concentration in pm
intrinsic carrier concentration in‘pm—
electronic charge

dielectric constant of silicon
permittivity of free space

built-in voltage in Volt

space charge region width in um
reflectance

dead layer width in pm

2
fluxes of photons in photons/cm sec

*
1 and 2 specify p-region and space charge region respectively.
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APPENDIX B

SOLAR CELL EVALUATION

I. The Junction Depth Measurement.{l3)

The junction depth of a solar cell is measured by means of
grooving method. The grooved samples were stained with fluoric and
nitric acid solution. The depth to demarcation line, xj, is give n by

Junction depth, x. = Xy
NS
where x and y are defined in Fig.B.l

and D is the diameter of cylindrical groover.
The following machines are used for the junction depth measurement.

1. SULZER ELECTECHNIC grooving machine possesed of cylindrical groover
of 25 mm.
2, NACHET microscope with maximum magnification of 800 is used to

examine the samples.



<
o
-

Cylindrical

(

\/\\I/f\\/

AR S PR GTEN

% M {
it oy 2 -'.....r....:.!ﬂ: Aoyt By

A I el e
e SR

fl\/\l/lll\

—_— X — Y —=

Fig.B.l Use of cylindrical groover for junction depth

measurement.



105

II. Electrical Characteristic Measurement.

Main facil ities and equipments for the experiment are shown

in the following Figures.

Fig.B.2 Diffusion furnaces

Fig.B.3 High vacuum evaporator for metallization
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Fig.B.4 Facilities and equipments for electrical characteristic

measurement.

1. LEADER trace oscilloscope, model LBO-508A with curve tracer
model LTC-905 is used to measure I-V characteristics of
solar cells both in the dark and illuminated conditions.

2. IWASAKI, 250W halogen fluorescence is used as a light
simulator. It is calibrated at 100 chm—2 for all wavelengths.

3. Point Contact
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Fig.B.5 Grooving machine and facilities. (SULZER ELECTECHNIC)

Fig.B.6 Veeco four point probe, model FPP-100 is used to

measure sheet resistivity.
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APPENDIX C

SOLAR CELL FABRICATION PROCEDURES.

I. The Seven-Step-Initial Cleaning.

Purpose: To remove all foreign matters from the surface of the silicon

wafer (dirt, scum, silicon dust, etc.) prior to processing.

Procedure:
1. Beoil in Trichloroethylene 5 minutes
2. Boil in Acetone 10 minutes
3. Boil in Deionized water 5 minutes
4. Boil in Nitric acid 10 minutes
5. Boil in beionized water 5 minutes

6. Etch wafers for 2 to 3 minutes in 50% HF solution
at room temperature.

7. Boil in Deionized water 10 minutes

II. Oxide Layer Growth.

Purpose: To grow an initial silicon dioxide layer to serve as a mask
for the first diffusion.
Procedure:

1. The wafers received from Appendix C.I are put into
the center of the tube with the temperature of 1050°C
for 2 hours. Oxygen are being flowed at the rate
of 0.4 litre/min through the water bubler of 85°
and through the tube.

2. The oxide thickness is defermined through its colour.
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III. Phosphorous Diffusion.

Purpose: To build an n+ layer on the porn type silicon wafer.
Procedure in brief:
1. The liquid phosphorous oxychloride (P0C13) is set
to 741 %
2. The diffusion temperature is held at 1000 T
3. The diffusion process consists of the following steps:
- Preheat time (02+N2gas but no P0C13J 5 minutes.
- Predeposition time (P0C13+N2gas) prescribed time.

- Drive-in time (02+N gas but no P0c13) 8 minutes.

2
4. Flow rates of gases in step 3 are given below:

- ozgas 0.190 litre/minute
- Nzgas-i-POCJ.3 0.475 litre/minute
- Nzgas l1.168 litre/minute

IV. Boron Diffusion (For the BSF Sclar Cell)

Purpose: To build an p+ layer on the p or n type silicon wafer.
Procedure in brief:
Boron diffusion includes the feollowing steps.
l. Predeposition diffusion:
- The activated and stabilized slices of boron nitiide
(BN) are inserted between silicon wafer and the
assembly is then placed in the tube for diffusion.
Nitrogen gas is being flowed at 0.475 litre/min
and the temperature of the tube is held at 1000 T.

It takes 30 minutes for this step.
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2. Drive-in diffusion:
- Oxide growth (as in Appendix C.II) 30 minutes
- Drive-in (Nz) 120 minutes
The temperature is held at 1000°C. Flow rate of

nitrogen gas is 0.475 litre/min.

V. The Photolithographic Technique.

Purpose: To coat the oxidized uniform film of photoresist in oder to
open the oxide window.
1. Bake the wafer in the oven ot the temperature of
120°C for 40 minutes
2. Coat the photoresist (positive) onto the wafer and
spin it at 5000 rpm for 20 seconds.
3. Let the sample dry at room temperature for 5 minutes.
4. Bake the sample in the oven at temperature of 80°C
for 30 minutes.
5. Let the sample cpol at room temperature for 10 minutes.
6. Expose the sample with a mask aligner for 10 seconds.
7. Develop the sample in a developer solution for
10-15 sec.
8. Rinse the sample in a running DI-water and dry it
with Nz-blower.
9. Bake the sample in the oven at the temperature of

80°C for 30 minutes.

10. Etch the sample in buffered HF solution. \
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