Indian Institute of Technology Bombay

Silicon Solar Cell Research Activities at NCPRE




c-Siresearch objectives @ NCPRE

Academic R & D on
materials, processes
and architectures -
Cost effective,
efficient cells

Industrial R & D -
Cost effective,
efficient cells
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Baseline or platform

solar cell process




NCPRE Fabrication Lab

Fabrication Lab Corridor Clean Room
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NCPRE Opto-electrical Characterization Lab
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Solar Cells made at NCPRE

Structure of Al-BSF solar Cell
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Solar Cells made at NCPRE

Current (A)

Efficiency (%): 18.1

V__(mV): 628.0
I (A): 5.67
J__(mA/cm®): 36.6
FF (%): 78.9
A (cm?): 155
R, (mQ): 3.0
R, (Q): 53
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NCPRE Al-BSF Process

Process Flow FabricationTools CharacterizationTools

@ Saw Damage Removal Zeta 3D Microscope
n Alkali Texturizati Texturization Wet Bench Zeta 3D Microscope, SEM,
ali Texturization exturization Wet Benc UV-Vis-NIR Spectrometer
5 Diffusion Furnace SAN Four Probe, ECV Dopant Profiler”
i PSG R | &
emo'va . Wet bench, Oxidation furnace

Thermal oxidation
1 P — Plasma Enhanced Chemical Vapor : _ )

nu Rerlective Loating Deposition (PECVD) UV- Vis- NIR Spectrometer, Ellipsometer
3 Plasma Edge Isolation Reactive Plasma Etcher _

@ Screen Printer & Drying Oven Zeta 3D Microscope
g Rapid Thermal Processing (RTP) Zeta 3D Microscope
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Post Cell Fabrication Characterization, Modeling and Special Characterizations

Electrical and optical characterizations:
* Dark & Illuminated Current Voltage
* Quantum Efficiency
e Electroluminescence (EL)
* Light Beam Induced Current (LBIC) *
* Lock-inThermography”
Modeling:
* Sentaurus TCAD
* Griddler
* PCaD
Loss analysis:
* Loss analysis to quantify different types of losses for targeted process optimization
Special Characterizations:
 TEM, XPS, UPS, XRD, ICP-MS, ICP-AES, EDAX, FTIR, Raman Spectroscopy
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Saw Damage Removal (SDR)

Scanning Electron Microscope
(SEM)

SDR Wet Bench*® Zeta 3 D (Zeta-20) Microscope (EVO 18 Carl Zeiss with EDX)

NCPRE ETCHING WET BENCH
Present one

$ New one under procurement
NCPRE
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Alkali Texturization

Wet Benches * Zeta 3 D Microscope SEM UV-Vis NIR Spectrometer
| (Lambda 950 Perkin Elmer)
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Diffusion

Diffusion Furnace ECV Profiler * ~ FourPr obe_System
(ProTemp) , (Keithley system with Jandel probe)

1E21
—a— RCA_Diffusion_PSG Removal
#— SDR_Texturization_RCA_Diffusion_PSG Removal

'R 1E20 —a&— SDR_RCA_Diffusion_PSG Removal

= 3 *— RCA_Dopant Paste Diffusion

& Lighter shades correspond to the respective bulk (p type)
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ECV measurement done on
NCPRE sample by potential

Sheet resistance
Ry [Q/sq]

4.25

supplier. ' 8.25
NCPRE Wafer length (cm)
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PSG Removal & Oxidation

Wet Bench

Oxidation Furnace
(ProTemp)
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Anti Reflective Coating

PECVD System?®
(PlasmaLab 100, Oxford Instr.)

Ellipsometer * UV VIS NIR Spectrometer
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Plasma Edge Isolation

Reactive Plasma Etcher" Coin stack arrangement of cells inside the system
(NT-2, BEST EQ) B, e

q| alternate chemical process under planning
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Contact Printing

Top Contact Printed Wafers

Screen Printer?*
(P-200S, Haikutech, Netherlands)
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$ New one under procurement
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Co- firing

Rapid Thermal Processing Tool ®

Z D Mi
(AW 610, Allwyn2za Crop) eta 3 icroscope

Present one

$ New belt furnace under procurement
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Other In-line characterizations during fabrication - Lifetime Tester

(Sinton WCT-120)

lllumination and Photoconductance Minority Carrier Lifetime (no Auger Correction) vs Minority
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Other In-line characterizations during fabrication- Photoluminescence

NCPRE
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Post Cell Characterization — Current —Voltage Measurements

Class AAA Solar Simulator Sun’s _VOC Measurement
(SUN 3000, ABET Tech.) (Sinton WCT-120)

Batch results_2017
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Post Cell Characterization — Quantum Efficiency Measurement

(Bentham PVE 300)
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Post Cell Characterization — Electro and Photo Luminescence

(Developed at NCPRE)

Luminescence Measurement Setup

Bias Volatge (V)
01 02 03 04 05 06

0/0

A .
1.5 §
UM s oot 6—6——00—0—0F
| i | p—
1.0 pr———
0.5
0.0

2.5k

2.0k

1.5k

1.0k

PL Intensity (a.u.)

il EUPLW

- for Solar cell

'ﬁ in

I-mm_llilmnm

i NATIONAL CENTRE FOR PHOTOVOLTAIC RESEARCH AND EDUCATION (NCPRE)

IME U DT FgEeE vd TE dew 2 1
Ir -Supported by Ministry of Mew and Renewable Energy, Government of India
B

B ECE

ICE]]




Post Cell Characterization — Luminescence contd..

EL for shunt detection EL for series resistance detection
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Post Cell Characterization — Light Bean Induced Current Measurements *

|ntermal Quanturm E fficiency [%]

Aeerage: 94242 Minirum: (283,204
Median: (34406 b aximurm: [118.05
Dewiation: [1.6006

Surface [%]

B s5.204%

88.204 89.789 91.374 92.958 94543 96.128
Internal Quantum Efficiency [%]

# Measurement done on NCPRE sample
by potential supplier.

* Under the process of procurement.
NCPRE
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Post Cell Characterization — Lock In Thermography *

Jo (scaled from J,ec (630 mV), scaled Vo @1 sun (scaled from FF @1 sun (scaled

A
V,. @0.1 sun (scaled Efficiency @1 sun (scaled
from 500-600 mV) from 15-19%)

n, (scaled from G, (scaled from
0-10) 0-4 mS/cm?)

# Measurement done on NCPRE sample by Dr. Breitenstein, MaxPlank Institute Halle, Germany

* Under the process of procurement.
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Modeling

Sentaurus TCAD Griddler PC 1D
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Loss Analysis

Griddler Analytical Power Loss Analysis
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What can NCPRE offer the silicon PV cell manufacturers and supply chain?

J Process development
» Engagement with one cell manufacturer on advanced texturization
» Engagement with an Indian chemical company for development of metallization
» In discussions with two international players on junction technologies

] Extensive wafer level characterization and analysis
» Engagements with 3 cell manufacturers in the country on loss analysis

J Joint development of advanced cell technologies

» Phase 2 commitments
o AI-BSF cells with copper front metallization
o PERC cells with 20% efficiency
o IBC cells with 22% efficiency

o Carrier selective contact cells with 18% efficiency
J Joint internship programs

» M. Tech students spent part of their time at cell manufacturer to pick up
development and manufacturing related topics for co-development

NCPRE
NATIONAL CENTRE FOR PHOTOVOLTAIC RESEARCH AND EDUCATION (NCPRE,




Technology Ready for Industrial Evaluation

IPA-free texturization process for monocrystalline Si wafers
Indian patent application number 201621039056

» A new industrial alkaline texturization process of mono-Si wafer by using an IPA-free
commercial additive is developed

Clean SDR and pyramidal surfaces
Low WAR values

Good and uniform pyramid formation

N NI N N

The process permits repeated use of the

SDR and neutralization solutions for multiple batches

AN

Highly suitable as an industrial process with high

throughput and low-cost involved
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