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1. Cast Ingot 2. Cut Bricks 4. Saw Wafers3. Crop Edges

Standard

Industry Standard
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Source: NREL compiled data for modules for non-Direct Wafer results. To estimate cell 
efficiency 2.0% was added to the multicrystalline module data to estimate cell efficiency. 
*Module efficiencies for the multicrystalline group include Kyocera, Q-Cells, Sharp, and 
Solarworld.
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1.0 ohms sq

3.0 ohms sq 1.5 ohms sq
+/- 0.4
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p-type wafer Al-BSFQRQRQRQR
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�hij�hij�hij�hij3kl�&
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�17.8m�G
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p****Si Solar Cell
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PERC process

alkaline texture

p-type Si  wafers 

emitter formation 

antireflection  coating

co-firing

rear side polish etch

PECVD capping layers
(rear)

Screen printing
metallization

ALD Al2O3 deposition  
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alkaline texture

p-type Si  wafers 

emitter formation 

antireflection  coating

co-firing

Screen printing 
metallization

rear laser ablation

MWT-PERC process

alkaline texture

p-type Si  wafers 

emitter formation 

antireflection  coating

co-firing

rear side polish etch

PECVD capping layers
(rear)

thermal oxidation 

Screen printing 
metallization

Forming gas anneal

rear laser ablation

Laser over doping

Via drilling

����nnnn�������� QRSTQ8QRSTQ8QRSTQ8QRSTQ8hihihihi

PERC-SE process

alkaline texture

p-type Si  wafers 

emitter formation 

antireflection  coating

co-firing

rear side polish etch

PECVD capping layers
(rear)

thermal oxidation 

Screen printing 
metallization

Forming gas anneal

rear laser ablation

Laser over doping

PERC process

alkaline texture

p-type Si  wafers 

emitter formation 

antireflection  coating

co-firing

rear side polish etch

PECVD capping layers
(rear)

thermal oxidation 

Screen printing 
metallization

Forming gas anneal

rear laser ablation
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IBC( Interdigitated Back Contact)��������
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p-Type 
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� !"� !"� !"� !"24.6####
012345012345012345012345

06738067380673806738

09:;�<09:;�<09:;�<09:;�<0.5====
0>?@ABCD�EF�EGH0>?@ABCD�EF�EGH0>?@ABCD�EF�EGH0>?@ABCD�EF�EGH

0I@ABJKLABCD�EF�EGH0I@ABJKLABCD�EF�EGH0I@ABJKLABCD�EF�EGH0I@ABJKLABCD�EF�EGH

D�EF�EGHME�
NO�PQD�EF�EGHME�
NO�PQD�EF�EGHME�
NO�PQD�EF�EGHME�
NO�PQ

SiO2/LPCVD SiN
N+contact RRRR 50ohrms/sq   50 fA/cm2

250ohrms/sq   7fA/cm2
P+contact RRRR 50ohrms/sq    70fA/cm2

270ohrms/sq   20fA/cm2

SHTU
NOME�
NO�PQSHTU
NOME�
NO�PQSHTU
NOME�
NO�PQSHTU
NOME�
NO�PQ

N+contactRRRR 50 ohrms/sq 3E-5Ω0000cm
150ohrms/sq 4E-4Ω0000cm

P+contactRRRR 100ohrms/sq 3E-6Ω0000cm
200ohrms/sq 6E-5Ω0000cm

0000n+MMMMp+@VWXY9:��Z�[@VWXY9:��Z�[@VWXY9:��Z�[@VWXY9:��Z�[\]�^_\]�^_\]�^_\]�^_`a`a`a`a
./�0��1	*23��4567./�0��1	*23��4567./�0��1	*23��4567./�0��1	*23��4567

�	894*2:��4567��	89456:;�	894*2:��4567��	89456:;�	894*2:��4567��	89456:;�	894*2:��4567��	89456:;

<=>?@ABCDEFG�	894*2HI	47JKL@MNCDE<=>?@ABCDEFG�	894*2HI	47JKL@MNCDE<=>?@ABCDEFG�	894*2HI	47JKL@MNCDE<=>?@ABCDEFG�	894*2HI	47JKL@MNCDE

undiffused

N+ diffusion

-metal finger
(shaded)

+metal finger
(shaded)

-metal finger
(shaded)

�
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��

Metal contact
(black dots)

�Zb�Zb�Zb�Zb

cd�Tcd�Tcd�Tcd�T―(P+)ef_ef_ef_ef_80gggg90%
p+E�
NOE�
NOE�
NOE�
NO200gggg250Ω/hhhh

N+50Ω/þ�þ�þ�þ�����r+V��¯Ar+V��¯Ar+V��¯Ar+V��¯A��������

IBC( Interdigitated Back Contact)� � � � 
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����ãããã����¥��¥��¥��¥��ÎYÎYÎYÎY 25.6%6666����ß_ß_ß_ß_				HHHHaist
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(��ÎY��ÎY��ÎY��ÎY25.6%;;;;Voc740mV;;;;Jsc41.8mA/cm2;;;; F.F.82.7%, 0.25%/����)
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HIT



Ö6Ö6Ö6Ö6IBC



ÖÖÖÖEEEE����££££____				||||
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OPQRSP>T56;UOPQRSP>T56;UOPQRSP>T56;UOPQRSP>T56;Ua-SiVWNVWNVWNVWN

XYZE56[\:;$XYZE56[\:;$XYZE56[\:;$XYZE56[\:;$FF]-]-]-]-

a-Si^_YZE^_YZE^_YZE^_YZE

`ab[\:`ab[\:`ab[\:`ab[\:
;;;;(Voc]-]-]-]-

cdK>TNJe��fgUhi:cdK>TNJe��fgUhi:cdK>TNJe��fgUhi:cdK>TNJe��fgUhi:
;YZEdjk�lm7$;YZEdjk�lm7$;YZEdjk�lm7$;YZEdjk�lm7$Jsc]]]])

IBC Si-HJ
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Bifacial Silicon Solar Cell

11������������++++��������������������ö@ARö@ARö@ARö@AR����
�úÀ�úÀ�úÀ�úÀA????18.7%����t�t�t�t�
�úÀ�úÀ�úÀ�úÀB????10%����t�t�t�t�

P+��)���kl��)���kl��)���kl��)���kl20.05mmmm
n+1��)���kl��)���kl��)���kl��)���kl19.07mmmm
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Back junction solar cell 
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