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1. Introduction #el [1/2]
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1. Introduction el [2/21

O EfAZ| : Y MY 2 2F o] F= MAALX (HR £AL Photovoltaic device)
Step 1: Y&=0l 2| & electron-hole pair 44 @
Step 2 : Minority carrier2| diffusion2} driftel| 2| 0lE ®

Step 3: Carrier =& @

Minority Carrier2| 0| S

ARC : Anti-reflection coating
BSF : Back surface fald
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1. Introduction

(0 Standard test conditiont| A 222 1000 Wim? @25C (AM1.5) &
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Jsc : Short circuit current Vot : Open circuit voltage
FF : Fill factor
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1. Introduction Ideal Cell Efficiency
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1. Introduction Real Cell Efficiency
O Efficiency loss mechanism
AHEg SEUL U
Reflection 5 = Reflection : 0| A{2| #ha}

= Long & short wavelength
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1. Introduction

Efficiency Related R&D

Factor 1* breakdown 27 breakdown Research Trends
YWE 8015 | Reflectance | whAlZi2 Anti-reflection ARC (SiNx, Multi layer)
22 8% Texturing Chemical texturing
Dry texturing
HYEHI gt High aspect ratio Hot-melt
Electrode area | Back contact,
Metal-wrap-through (MWT)
FoukAL BT} Rear reflection Back Surface Field {BSF)
Back side passivation
H5HE &7 | Bandgap Bl & apicl ol Q& | BupE +ehoE Multi junction
Ho2 44 | Eng. AHE Tandem structure
Voc
ion £4 7HH | B p &7t Hetero
HMeHE Rt | Jsc Recombination High life time Gettering, Hydrogen passivation
H22 B2l | Fill factor g Low defect Forming gas annealing
(Surface, Bulk) BSF, Rear local contact
HeHE 53 | Jsc HEAg g Contact A& 22 Buried contact
H22 FH | Fill factor Emitter X{ & 22 Selective emitter
e HE L Shunt resistance 1 Isolation (Laser, Wet, Plasma)

B/28

TES

2.1 Crystalline Solar Cell

Fabrication Process

O HAZEe 7|& st w2} 2of : 2~3% A8 DA WY
e

(o) () (o) (o o

I | | | | ||

= Wafer inspector - Wet station * Wet station = Wet station - Diffusion furnace = Wet station
« Life time « Removal of *Mono : Alkaline -1 =1% - 45~60 0
= Resistivity damage = Multi : Acid A5 0.5%
* Thickness *AS1%
3 cycles
— e,

Screen AR Coating
Printing Passivation

i I g | s s I

= Cell sorter * Laser isolator *RTP = Dryer * Screen printer + PECVD
- Efficiency A% 0.2% = ~900°C/15 sec + Line inspector = SiNx
* Defect ] *AS 0.5%
L———— Metallization : A = 0.5%
PSG : Phosphorous silicate glass, AR: Anti reflection
RTP : Rapid thermal processing
9/25 TES
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p-n Metalli- Edge
RC i
unction N zation Asolation

Texturing/ cleaning
O Texturing (1<1%): Si EH| 28 & A 510 4ol SrAHE 2258
0 Cleaning (1<1%): Si 2242 ion& & H|2{ 3104 recombination site X2

1 40% (Z 2HALE) 504
Bare
EERIETT
i (a) Bare (40%)
5340
@
13.5% 20 {b) Textured {13.5%)
Textured
D :’“ {c) Textured (5.6%)
total 86.5% 400 600 800 1000 1200
Wave length (nm)
10125 TES

= Metalli- Edge
| TextU""Qw ARC zationzsolatlon>

P-N junction formation
O p type waferdl| n® #-=(P)E diffusionA|# A p-n junction® =& 3H (A=0.5%)

: wafer® device®t A|7|= 28 38
72 # sheet resistance (45~60000) Ho{> 188

KPS G
y. n
n “"‘-\-._‘ v """"""""' ‘/
p = P

PSG removal

POCI, diffusion
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PSG : Phosphorous silicate glass
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. . A Metalli- Edge
ARC & Passivation Texturing m ‘“‘C

0 SiNx thin film (by PECVD) (1= 0.5%) : AR + passivation
-ARC : 2l Abs|= Slo] ghAL 2|
- Surface passivation : #% 2| dangling bond ¥ 7|% Z & passivation

0 &8 248 98] SIONx, SiOx/SiNx multilayers] H 3 So| gHys| 29 =
0 28 S (2.0~2.3), TF 1T, Hydrogen &2H(>15%), Film densitys] =/ %2l g2

7.7% Textured + ARC

13.5% Textured SiNx
Anti reflection b
& 86.5%
 — c
Surface Aif Jee Surface defect Air
passivation
Ev Ev
Si Energy band SiNx  Si Energy band
G -
RC : Anti-reflection coating izi25 TES
. . . A p-n Metalli- Edge
Metallization : Nominal | T“tu""g}uncllon> ARC PRI olation

0 H e & Slemitter2] ohmic contact®} Al #tio 2| # BSF & & FHHIE HH sl
ZAHE HI|Ho 2 2YAMT e ER2E ZF (1 =0.5%)
- Screen printing : 413, aspect ratio 2, breakage rate 7|5 52 2%
- Drying : paste2| 77| binder® |+
- Co-firing : Ag2l emitter2| electric contact &4
Al diffusionci| 2| &t BSF (p+ doping layer)& &

Electrode

n = SiNx
~
p
I v A |
Alpaste | | | | RearBus | | Flip | Front electrode | | :
Printing Drying Printing (Ag) Drying [— Printing (Ag) Co-firing

~900C/15 sec

13125 TES



Administrator
Theories and Applications of Chem. Eng., 2008, Vol. 14, No. 2                                                                                                       4188            


Theories and Applications of Chem. Eng., 2008, Vol. 14, No. 2

. 2 p-n Metalli- Edge
Edge Isolation | T“tu""g)uncllon> .hRC> PRI isolation

O Edge isolation (1= 0.2%): front/ Mg &7 diode A
O Isolation 24
- Laser isolation : throughput0| 5&

Electrode Isolation

14125 TES

2.2 Si Thin Film Overview

O Sishortage % H =27} 2HEollM ot £X} &l
- 2007 ¥ Turnkey <=5 112 : 817 MW (Oerlikon - batch, AMAT- cluster, Ulvac - in line)
- M| =4 & : 1.7 $/Wp (Crystalline : 2.5 $/Wp)
- £7| £AHH|E0] 8 @ 1.2~1.4 M$/MWp (Crystalline : 0.75~0.8 M$/MWp)

a Single junction cello| 0|1 %2 SharpdlA Triple junction cell2| 448 A= S

Single junction cell Tandem (double junction) cell Triple junction cell
Efficiency: 6~7 % Efficiency: 9~11 % Efficiency: > 10 %

Mass Production Stage

-Japan: Kaneka

Kaneka
-Us: EPV A o Sharp
- EU: Ersol, Schott Solar Mitsubishi Heay lnd.

15125 TES
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2.2 Si Thin Film el

0 a-Si (1.756V) 34 yic-Si (1.1eV) 22| Bandgap &101 & 0S¢ f Bl B8 B42 58 B4
O Current matching & #18] 4o 2 $HE pe-Si Yo| @agh
> MY 2§ M E pe-Si Wete] 1% S 7| go| Eay

Single junction cell Tandem cell
Glass
Glass Vﬁwi%
e
: RS - Bandgap engineering oy
—TRARAAAAS Saaa ]
R -pc-Si 1% B& Vg T
= 0.3pm asi ~2pm

”
1
£ 0.2
3
£ 01
i
0| T
1000 miE (nm)
16125 v TES
2.3 Si Thin Film Module ®| = 33
0 33 #i21 LCD Fu2} FAL
- Glass 7| & | Glass l
- PECVD, Sputter
| TCO sputtering | TCO Glass
InticoRnmHan Back | Wet atching | Cleaning
Il
| pe-Si
[ TCO scribe
Glass substrate - t:;“’c,"l a-SiH top cell

L Front TCO scribe line

—— Silicon scribe line Buffer layer (ZnO)
L—— Back slectrode scriba line Tandem j =rar
1ic-SizH bottom cell >— 97
' Silicon scribe
Back reflector / Electrode
Back electrode scribe

Superstrate 2% Wiring

A

Leminetion Packaging

Framing

Inspection
17125 TES
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Total R&D Solution for Solar Cell

TES Solar Biz. Div.

Total R&D solution of solar cell investment

O Deposition System for Total R&D Solution
- a-5i single junction cell
- a-5iluc-Si double junction (tandem) cell

- Conventional bulk solar cell: Anti-reflection layer (SiNx), Dry texturing cell
- High efficiency bulk solar cell: Selective emitter cell, Double AR cell
- Hetero junction cell: Bulk + a-Si:H (ex. HIT cell of Sanyo, Japan)

Gas
Box

19125

PECVD 3
5 PECVD 2
foasuy (ia-SiH)
> RFIVHF

. C
Sputter 2 (pa-SiC:H) 2727

(ALZnO)
TES
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1. a-Si single junction cell

PECVD 3 PECVD 2
-Si (i a-SiH)
SRR e RF: 13.56MHz
N,
L} ~,
4 LS
7 Y ~
s, / >
5 7
e o
e LuL
= o
3 »
< v
\‘ b \‘,I
I’
Sputter2 S PECVD 1
(A1:ZnO) (p a-SiG:H)
Laser
+ (Scriber + Trimmer)

20125

® Process Procedures

-TCO Glass - PECVD 1 - PECVD 2 (13.56MHz)
= PECVD 3 = Sputter 1 = Sputter 2

ANAAAN ]
e
(Chbbbh

PECVD
1,2(RF)&3

Sputter 1 & 2
BR/ Bac Battern-3
contact
pH-n
a-5iH
— 1.
— Front -
TCO Glass substrate
Pattern-1 ras
attern-2
TES

2. a-Si/ uc-Si double junction (tandem) cell

SRy A I (25D RF: 13.56MHz
I #(HF: 40.68MHz
: pp N s\
\ o ) ]
5 5
P e O
i LUL
2, o
R, »
"
(\ %, ’I
\\ <~
Sputter2  So” PECVD 1
(ALZnO) (p a-SiC:H)
Laser
+ (Scriber + Trimmer)

21125

® Process Procedures

-TCO Glass > PECVD 1 > PECVD 2 (13.56MHz)
- PECVD 3 - PECVD 1 > PECVD 2 (40.68 MHz)
= PECVD 3 - Sputter 1 > Sputter 2

PECVD
m haene
PECVD
1,2 (VHF), 3
Interconnection Back
- electrode
pe-Si
i a-5i
- | e Glass substrate Front

TCO

= Front TCO scribe line
—— Silicon scribe line
= Back electrode scribe line

TES
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3. Bulk solar cell: Anti-reflection layer (SiNx)

® Key parameter

- Thickness matching (~80 nm)

n
- Single Anti-reflection W’l

: 8iyN, (n~1.9), SiN (n~2.3), SiO (n=1.8~1.9), P
Si0, (n~1.46) and SION (~1.9)

index hing (n=1.9~2.0)

- Surface passivation (Hydrogen contents)

Electrode Isolation

SiNx

.(/

- Double Anti-reflection | A i
: SIOX/ SiNx : =

22125

TES

4. Bulk solar cell: Dry texturing

@ Wet texturing

» Extra low reflectance
: High Jsc

: ex. Kyocera process

23125

TES
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5. Bulk solar cell: selective emitter application

PECVD 4
(SIOx / SiNx | SION)

Laser
+ (Scriber + Trimmer)

24125

Selective emitter cell
(Thermal damage free
phosphorous diffusion barrier)

® Process Procedures

- Wafer texturing - Diffusion barrier deposition

- Blue wave response improvement
: High Jsc & FF
: European trend

TES

5. Bulk solar cell: Hetero junction cell

® Bulk + a-5i:H (ex. HIT cell of Sanyo, Japan)
(Efficiency: ~22%)

PECVD 3 PECVD 2
(n a-SiH) (i a-SiH)
rESTIy  RF1356MH:
i N
4 s,
y >
== 8
<
s | el LuL
L6 ¥
S »
CEBNY it
, 4
\‘ \'I
Sputter 2 N7 PECVD 1
(A1ZnO) (p &-StH)

25125

N

Sputter 2 Tco
p-layer
pecvd o ter
281 —
n-wafer
(textured)
i-la
PECVD 3 . e
Sputter 2

.

TES
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