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PP-N-P-P+ Double Junction Solar Cell Yoshiaki Hagiwara, AIPS

w3

ws o E= 30mm >
. 1 .

—_— W2 —

MASKO02 P+ Diffusion

MASKO3 Contact Window
MASKO04 Metal Wiring

30mm

Line Length (L) :
" 1 30=2(A+B)-C +L;
A
| .2 L=30-2(A+B)-C;
Choose {W1=0.3;W2=0.1;W3=0.2;}
Choose A=B=C=1.
-Vout < 0 We have L = 25.

Line Spacing (S) :
30=D+E+21*W1 + 20*S;
S=(30-D-E-21*W1)/20;

D+E =30-21*W1-20*S;

w1:4-—S—>§w1;<-S—>E:<— S—> !
= p- P B Choose S$=1.1and W1 =0.3.
We have (D+E)=8-6.3=1.7
Choose D= 0.9 and E = 0.8.
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Boron 50keV 5.4E11dose Phosphorus 3.45MeV 5.4E11dose

Rp 0.18um, 3.92E16/cm?3 Rp 3.45um, 9.37E15/cm?3
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Fig.9 Impurity Doping Profile of Fabricated PP-NP- Junction Sample
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PAY100Qcm>Y) a>v U x/N v U TEE  1.4%X10%cm3

HALIB % 1050°C C1RFfEIL[E], 23[R, &Et7ERIT - =3B a D, &40 & D
E—JEE RS AEE

Dose (cm™) Peak Depth (£ m) ARp (£ m) Peak Conc. (cm™)

AN =%
1.8E10 0.18 0.636 1.13E14
5.4E10 0.18 0.636 3.39E14
1.8E11 0.18 0.636 1.13E15
PRFA{E =—p 5.4E11 0.18 0.636 3.39E15

KOH> U 3 Eching DiESE d=4um HETY,

1) 5~ Dose (cm™) Peak Depth ( 1 m% Rp ( £ m) Peak Conc. (cm™)

1.8E10 3.45 0.683 1.05E14
9.4E10 3.45 0.683 3.16E14
1.8E11 3.45 0.683 1.09E15
2.4E11 3.45 0.683 3.16E15

R




PEJ100Qcm> Y ar /N v ) 7EE  1.4X%X10%cm3

HALEE % 1050°C T1E 4R, GEHaREEIT - 7255580, E4-0ry ) vyobv—78E

LRE BT

2N =%
1.8x 10" 0.18
5.4 % 10" 0.18
1.8 x 10" 0.18
IRFAE e 5.4 % 10" 0.18

0.521
0.521
0.521
0.521

Dose (cm™) Peak Depth Rp (£zm) ARp (£ m) Peak Concentration (cm™)

1.38 x 10"
414 X 10™
1.38 X 10°
414 X 10"

KOH> U 3 Eching DiESE d=4um HETY,

') > Dose (cm™) Peak Depth Rp (£ m) ARp (£ m) Peak Concentration (cm™)

1.8 x10" 3.45 0.567 1.27 x10*
54 x10" 3.45 0.567 3.80x 10"
1.8 x 10" 3.45 0.567 1.27 X 10"
ﬁéﬁﬁﬁ-ﬂl—b 54 x 10" 3.45 0.567 3.80 x 10"




PP-N-P-P+ Double Junction Solar Cell Yoshiaki Hagiwara, AIPS

ws —i | e 30mm »
: 1 :

w3

i b -+ MASKO1 Silicon KOH Etching and N+ Diffusion
1_ N F g s MASKO2 P+ Diffusion

MASKO3 Contact Window

£ MASKO04 Metal Wiring

=

—_— W2 —

wi
— W3

=D -
jt— E -

Line Length (L) :
g 30=2(A+B)-C +L;
------ L=30-2(A+B)-C;

Choose A=B=C-=1.
We have L = 25.

Line Spacing (S) :
30=D+E+21*W1 + 20*S;
S=(30-D-E-21*W1)/20;

w15<—S—>Ew1.E<-S—>§E<— S—> D+E =30-21*W1 - 20*S;

P- Choose S=1.1 and W1 =0.3.
We have (D+E)=8-6.3=1.7
Choose D=0.9 and E = 0.8.
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1000
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r Cell

A=1;B=1;C=1;D=0.9;E=0.8;L=25

Yoshiaki Hagiwara, AIPS

’

W1=0.3;W2=0.1;W3=0.2;5=1.1;
MASKO1 Silicon KOH Etching and N+ Diffusion
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0000007 0¢€

01 03 MASKOL1 Silicon KOH Etching and N+ Diffusion
! i
Grid Layer 02 04 -
0.000000 Major tick=10 Minor tick=0.5 (mm) 30.000000
1000 = 1.0 Y= 23 W= 1.0 H=255
@ 1001 = 20 Y= 23 W=25.0 H= 0.3
: 1002 =20 Y= 51 W=25.0 H= 0.3
= 1003 =20 Y= 7.9 W=25.0 H= 0.3
= 1004 = 20 Y=10.7 W=25.0 H= 0.3
S 1005 = 20 Y=135 W=25.0 H= 0.3
= 1006 = 20 Y=16.3 W=25.0 H= 0.3
S 1007 = 20 Y=19.1 W=25.0 H= 0.3
1008 = 20 Y=21.9 W=25.0 H= 0.3
1009 = 20 Y=247 W=25.0 H= 0.3
1010 = 20 Y=27.5 W=25.0 H= 0.3

Pl T ST S—>iwie=S — W1 G

P-

00000070
00000070

0.000000 30.000000



PP-N-P-P+ Double Junction Solar Cell Yoshiaki Hagiwara, AIPS

30mm

. E N+ E
Wit S e Wi S e W1; e S

P-

30mm

A=1;B=1;C=1;D=0.9;E=0.8;L=25;
W1=0.3;W2=0.1;W3=0.2;5=1.1;

MASKO2 P+ Diffusion

MASK2
2000 =28.0 = 0.9 = 1.0 = 28.3
2001 = 3.0 = 0.9 = 25.0 = 0.3
2002 = 3.0 = 3.7 =25.0 = 0.3
2003 = 3.0 = 6.5 =25.0 = 0.3
2004 = 3.0 = 9.3 = 25.0 = 0.3
2005 = 3.0 =12.1 = 25.0 = 0.3
2006 = 3.0 =149 =25.0 = 0.3
2007 = 3.0 =177 =25.0 = 0.3
2008 = 3.0 = 20.5 = 25.0 = 0.3
2009 = 3.0 = 23.3 = 25.0 = 0.3
2010 = 3.0 = 26.1 = 25.0 = 0.3
2011 = 3.0 =28.9 =25.0 = 0.3
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PP-N-P-P+ Double JunCtlon Solar Cell Yoshiaki Hagiwara, AIPS

—w— som A=1;B=1;C=1;D=0.9;E=0.8;L=25;
ﬁ = S W1=0.3;W2=0.1;W3=0.2;5=1.1;
BeEEN @@ 00000 W . .
,. HARRAANPARE MASKO2A P+ Diffusion
MASK2A

— o~ L.l £ 5000 X=28.0 Y= 0.0 W= 2.0 H=30.0
| S 5001 X= 0.0 Y= 00 W=280 H= 2.2
5002 X= 3.0 Y= 27 W=250 H= 2.3
5003 X= 3.0 Y= 55 W=250 H= 2.3
5004 X= 30 Y= 83 W=250 H= 23
5005 X= 3.0 Y=11.1 W=25.0 H= 2.3
o 5006 X= 3.0 Y=13.9 W=250 H= 23
5007 X= 3.0 Y=16.7 W=25.0 H= 2.3
5008 X= 3.0 Y=19.5 W=1250 H= 23
5009 X= 3.0 Y=223 W=250 H= 23
V<0 5010 X= 3.0 Y=251 W=250 H= 23
5011 X= 0.0 Y=27.9 W=28.0 H= 21

Option 2: Use MASKO2A instead of MASKO02.
And for P+ diffusion, we have W1= 2.1
instead of W1=0.3;

09A



0000007 0¢€

01 77 03 02a MASKO2A P+ Diffusion
Grid Layer 02 04 —
0.000000 Major tick=10 Minor tick=0.5 (mm) 30.000000

5000 X=28.0 Y= 0.0 = 2.0 = 30.0

g 5001 X= 0.0 Y= 0.0 W=28.0 = 2.2

. 5002 X= 3.0 Y= 2.7 W=25.0 = 2.3

= 5003 X= 3.0 Y= 55 W=250 = 2.3

g 5004 X= 3.0 Y= 83 W=250 = 2.3

=) 5005 X= 3.0 =11.1 W=25.0 = 2.3

g 5006 X= 3.0 =139 W=250 = 2.3
5007 X= 3.0 =16.7 W=25.0 = 2.3
5008 X= 3.0 =19.5 W=25.0 = 2.3
5009 X= 3.0 =223 W=25.0 = 2.3
5010 X= 3.0 Y=251 W=250 = 2.3
5011 X= 0.0 Y=27.9 W=28.0 = 2.1

o : i :

::, — S—>§w1§<—S—>§w1§<- ) — WL S—>:

S 2

o

=

o

00000070

0.000000 30.000000



PP-N-P-P+ Double Junction Solar Cell

P-

ssage

30mm

A=1;B=1;C=1;D=0.9;E=0.8;L=25;
W1=0.3;W2=0.1;W3=0.2;5=1.1;

MASKO3 Contact Window

-------------- MASKS  stestsrskokskokakodeokotesteskstskokot

3000  X=1.100000 Y=2.400000 W=0. 800000 H=25. 300000
3001 X=1.900000 Y=2.400000 W=25. 000000 H=0. 100000
3002 X=1.900000 Y=5.200000  W=25.000000 H=0. 100000
3003  X=1.900000 Y=8. 000000 W=25. 000000  H=0. 100000
3004  X=1.900000 Y=10.800000 W=25.000000 H=0. 100000
3005 X=1.900000 Y=13.600000 W=25.000000 H=0.100000
3006 X=1.900000 Y=16.400000 W=25.000000 H=0.100000
3007  X=1.900000 Y=19. 200000 W=25.000000  H=0. 100000
3008  X=1.900000 Y=22.000000 W=25.000000 H=0.100000
3009  X=1.900000 Y=24. 800000 W=25.000000  H=0. 100000
3010  X=1.900000 Y=27.600000 W=25.000000 H=0.100000
3100  X=28.100000 Y=1.000000 W=1.000000 H=28. 100000
3101 X=3. 100000  Y=1. 000000 W=25. 000000  H=0. 100000
3102  X=3.100000 Y=3.800000 W=25. 000000 H=0. 100000
3103 X=3.100000 Y=6. 600000  W=25.000000  H=0. 100000
3104  X=3. 100000 Y=9. 400000 W=25. 000000  H=0. 100000
3105  X=3.100000 Y=12.200000 W=25.000000 H=0. 100000
3106  X=3.100000 Y=15.000000 W=25.000000 H=0.100000
3107  X=3.100000 Y=17.800000 W=25.000000 H=0.100000
3108  X=3.100000 Y=20. 600000 W=25.000000  H=0. 100000
3109  X=3.100000 Y=23.400000 W=25.000000 H=0.100000
3110 X=3.100000 Y=26. 200000 W=25.000000  H=0. 100000
3111 X=3. 100000  Y=29.000000 W=25.000000 H=0.100000

KRRk kdokkkkdokkdokdkokkdkkkokkkkkokkkkkkkk

Yoshiaki Hagiwara, AIPS
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0000007 0¢€

00000070

01 03 02a
Grid Layer 02 04

Major tick=10 Minor tick=0.5 [mm)

0.000000

0.000000

30.000000

30.000000

000000 0E

00000070

MASKO3 Contact Window
MASK3

3000 X=1.100000 Y=2.400000 W=0. 800000 H=
3001 X=1.900000 Y=2.400000 W=25.000000 H=
3002  X=1.900000 Y=h.200000 W=25.000000 H=
3003  X=1.900000 Y=8.000000 W=25.000000 H=
3004 X=1.900000 Y=10.800000 W=25 000000 H=l
3005 X=1.900000 Y=13.600000 W=25.000000 H=l
3006  X=1.900000 Y=16.400000 W=25.000000 H=l
3007  X=1.900000 Y=19.200000 W=25.000000 H=
3008  X=1.900000 Y=22.000000 W=25.000000 H=
3009 X=1.900000 Y=24 800000 W=25 000000 H=l
3010 X=1.900000 Y=27.600000 W=25.000000 H=l
3100  X=28.100000 Y=1.000000 W=1. 000000 H=
3101 X=3.100000 Y=1.000000 W=25.000000 H=
3102  X=3.100000 Y=3.800000 W=25.000000 H=
3103  X=3.100000 Y=6.600000 W=25.000000 H=
3104  X=3.100000 Y=9.400000 W=25.000000 H=
3105  X=3.100000 Y=12.200000 W=25.000000 H=
3106  X=3.100000 Y=15.000000 W=25.000000 H=
3107  X=3.100000 Y=17.800000 W=25.000000 H=
3108  X=3.100000 Y=20.600000 W=25.000000 H=l
3109  X=3.100000 Y=23.400000 W=25.000000 H=
3110  X=3.100000 Y=26.200000 W=25.000000 H=
3111 X=3.100000 Y=29.000000 W=25.000000 H=

§<_ S»§W1E<_S_>§WL§" S _.EWIE<— S—)g
HE P- H

C OO OO0 OOOONOO0OCOo0oOn

5. 300000
. 100000
100000
100000
100000
100000
100000
100000
100000
100000
100000

100000




PP-N-P-P+ Double Junction Solar Cell Yoshiaki Hagiwara, AIPS
A=1;B=1;C=1;D=0.9;E=0.8;L=25;
W1=0.3;W2=0.1;W3=0.2;5=1.1;

ssage

MASKO04 Metal Wiring
skorskkkkkkx MASK4
4000 X=1.050000 Y=2.350000 W=0. 900000 H=25. 400000
£ 4001  X=1.950000 Y=2. 350000 W=25. 000000 H=0. 200000
£ 4002  X=1.950000 Y=5.150000 W=25. 000000  H=0. 200000
ﬁ% 4003  X=1.950000 Y=7. 950000 W=25. 000000 H=0.200000
4004  X=1.950000 Y=10.750000 W=25.000000 H=0.200000
4005 X=1.950000 Y=13.550000 W=25.000000 H=0.200000
4006  X=1.950000 Y=16.350000 W=25.000000 H=0.200000
4007  X=1.950000 Y=19.150000 W=25.000000 H=0. 200000
4008  X=1.950000 Y=21.950000 W=25.000000 H=0.200000
4009  X=1.950000 Y=24.750000 W=25.000000 H=0.200000
------ 4010  X=1.950000 Y=27.550000 W=25.000000 H=0.200000
4100  X=28. 050000 Y=0.950000 W=0. 900000 H=28. 200000
4101 X=3.050000 Y=0.950000 W=25. 000000  H=0. 200000
4102  X=3.050000 Y=3. 750000 W=25. 000000 H=0. 200000
4103  X=3.050000 Y=6.550000 W=25. 000000 H=0. 200000
4104  X=3.050000 Y=9. 350000 W=25. 000000 H=0. 200000
4105  X=3.050000 Y=12.150000 W=25.000000 H=0.200000
4106  X=3.050000 Y=14.950000 W=25.000000 H=0.200000
4107  X=3.050000 Y=17.750000 W=25.000000 H=0.200000
4108  X=3.050000 Y=20.550000 W=25.000000 H=0.200000
4109  X=3.050000 Y¥=23.350000 W=25.000000 H=0.200000
4110  X=3.050000 Y=26.150000 W=25.000000 H=0. 200000
4111 X=3.050000 Y¥=28.950000 W=25.000000 H=0.200000

. . N+ E
Wit S e Wi S e W1; e S

P-
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0000007 0¢€

00000070

01 77 03 02a
Grid Layer 02 04
0.000000 Major tick=10 Minor tick=0.5 (mm) 30.000000

000000 0E

00000070

0.000000

30.000000

MASKO04 Metal Wiring
MASK4

4000  X=1.050000 Y=2.350000 W=0. 900000
4001  X=1.950000 Y=2.350000 W=25. 000000
4002  X=1.950000  Y=5.150000 W=25. 000000
4003  X=1.950000 Y=7.950000 W=25. 000000
4004  X=1.950000 Y=10.750000 W=25. 000000
4005  X=1.950000 Y=13.550000 W=25. 000000
4006  X=1.950000 Y=16. 350000  W=25.000000
4007  X=1.950000 Y=19.150000 W=25. 000000
4008  X=1.950000 Y=21.950000 W=25. 000000
4009  X=1.950000 Y=24. 750000  W=25.000000
4010  X=1.950000 Y=27.550000  W=25.000000
4100  X=28.050000 Y=0.950000 W=0. 900000
4101 X=3. 050000 Y=0. 950000 W=25. 000000
4102 X=3.050000 Y=3. 750000 W=25. 000000
4103  X=3.050000  Y=6.550000 W=25. 000000
4104  X=3.050000 Y=9. 350000 W=25. 000000
4105  X=3.050000 Y=12.150000  W=25.000000
4106  X=3.050000 Y=14.950000 W=25. 000000
4107  X=3.050000 Y=17.750000 W=25. 000000
4108  X=3.050000 Y=20.550000  W=25.000000
4109  X=3.050000 Y=23.350000  W=25.000000
4110  X=3.050000  Y=26.150000 W=25. 000000
4111 X=3.050000 Y=28.950000 W=25.000000

H=25. 400000
H=0. 200000
H=0. 200000
H=0. 200000
H=0. 200000
H=0. 200000
H=0. 200000
H=0. 200000
H=0. 200000
H=0. 200000
H=0. 200000
H=28. 200000
H=0. 200000|
H=0. 200000
H=0. 200000
H=0. 200000
H=0. 200000
H=0. 200000
H=0. 200000
H=0. 200000
H=0. 200000
H=0. 200000
H=0. 200000

§<_ S»EWH‘_S_’gWLL" S _.EWIE<— S—)g
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PP-N-P-P+ Double Junction Solar Cell Yoshiaki Hagiwara, AIPS
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PP-N-P-P+ Double Junction Solar Cell
PO1 Cleaning Silicon Wafer

Yoshiaki Hagiwara, AIPS
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PP-N-P-P+ Double Junction Solar Cell

P02 First Oxidation

Yoshiaki Hagiwara, AIPS

Si02
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PP-N-P-P+ Double Junction Solar Cell Yoshiaki Hagiwara, AIPS

P03 Mask 01 First Resist Coating and Patterning

——pn W1 (2S+W1) ey W1 e
Si02
P
P-
Si02
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PP-N-P-P+ Double Junction Solar Cell
P04 First SiO2 Etching

Yoshiaki Hagiwara, AIPS
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PP-N-P-P+ Double Junction Solar Cell

PO5 Remove Resist

Yoshiaki Hagiwara, AIPS
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PP-N-P-P+ Double Junction Solar Cell Yoshiaki Hagiwara, AIPS
P06 Silicon KOH Etching

L Si02
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PP-N-P-P+ Double Junction Solar Cell Yoshiaki Hagiwara, AIPS

P07 OCD Coating and Thermal N+ Diffusion

Si02
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PP-N-P-P+ Double Junction Solar Cell
P08 Remove SiO2 and Second Oxidation

Yoshiaki Hagiwara, AIPS

Si02
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PP-N-P-P+ Double Junction Solar Cell Yoshiaki Hagiwara, AIPS
P09 Mask 02 Second Resist Coating and Patterning

—y W1 c—
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PP-N-P-P+ Double Junction Solar Cell
P10 Second SiO2 Etching

Yoshiaki Hagiwara, AIPS
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PP-N-P-P+ Double Junction Solar Cell

P11 Remove Resist

Yoshiaki Hagiwara, AIPS
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PP-N-P-P+ Double Junction Solar Cell

P12 PBF Coating and P+ Diffusion
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Yoshiaki Hagiwara, AIPS
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PP-N-P-P+ Double Junction Solar Cell Yoshiaki Hagiwara, AIPS

P13 Remove SiO2 and Third Oxidation
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PP-N-P-P+ Double Junction Solar Cell Yoshiaki Hagiwara, AIPS

P14 Mask03 Third Resist Coating and Patterning

= s W2 = a W2 " T W2 "I W2 .sz

P+

-4— S—>§w1;4— S —>W1:<- S =P W1 S—V'
- D_ : -
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PP-N-P-P+ Double Junction Solar Cell Yoshiaki Hagiwara, AIPS

P15 SiO2 Etching

-4— S—>§w1§4— S —>W1:<- S =P W1 S—V'
- D_ : -
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PP-N-P-P+ Double Junction Solar Cell Yoshiaki Hagiwara, AIPS

P16 Remove Resist

-4— S—>§w1;4— S —>W1:<- S =P W1 S—V'
- D_ : -

28



PP-N-P-P+ Double Junction Solar Cell
P17 SOG Side Coating

Yoshiaki Hagiwara, AIPS
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PP-N-P-P+ Double Junction Solar Cell
P18 Metal Deposit

HH0 o w

=

i

Yoshiaki Hagiwara, AIPS
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PP-N-P-P+ Double Junction Solar Cell

P19 MASKO4 Resist Coating and Patterning

=S

o N+ E
] P- - ]

Yoshiaki Hagiwara, AIPS
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PP-N-P-P+ Double Junction Solar Cell Yoshiaki Hagiwara, AIPS

P20 Metal Etching
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PP-N-P-P+ Double Junction Solar Cell Yoshiaki Hagiwara, AIPS

P21 Remove Resist
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PP-N-P-P+ Double Junction Solar Cell Yoshiaki Hagiwara, AIPS

-Vout<0
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