PERZE: FEARRE

2012 % 42% £ 11H1: 1318 ~ 1329

www.scichina.com tech.scichina.com

@ SCIENCE CHINA PRESS

AN i A ekl R R R By 2 B30 B It RE AL

IR 5E

YR, KRB E, R, g

R Z AR L BOR X S0 %, [ AREOBRBRE msik %, [~ M 510006

* E-mail: stsab@mail.sysu.edu.cn

WCRR H H: 2011-08-03; #2252 H JH: 2012-06-18

K AREFE RS AES: 50802118). [~ A RHE I GIES: 2011A032304001, 2010B090400020)F1 H1 H #5455 J A HIF 41 48 3 5 4F 2

W5 75 750 H (k5 2011300003161469) % B

FE T s T KR o FA R K PE Lt . AR A AL o R
AU A, RRATRBNAIA GERE KRR ARN T —REEEREA. AXH A
PCID #4341 JE G e K FE L 04T 7 B0 0 T EZ R E SN,
BMNRATEFAEEREAGBUHENSHRE. EbEah b AHERAHARTE
5 W 3 (back surface field, BSF) . AR L SR S54. RAEEEELF RE. Bk

KA

PNUER

o R SHE K, o
B

PC1D ##!

TS0 L R i YRR BB DL AR pn S5O L LS X O AE R AR S A T oL Ot R
By . T2 R PR SN E R R K T LR R R S B R, HEA X R R R R R
BERAM 3 NGHRAZERD T HKE. —REFRPMERMELXTL6EE. &
HEMNE LI, ERXARMEERSET, ERERENEFOAEFRERD T RKZHE.
SERD T BRKER A, ARNREREN D TRETEARD TV @MKE; SEKX
DIV HKERAR, ARDF RRKENED R R EERFLE 2 6. o, AXHE
MEMERNIZ AT T HR, TDRMBHET RN ENE. BT HNE G s
AN AR A B 5 e RN B R R B AL, BT LA XX S e MR
JE b 3o AR KT P A R S TR R ] R KT L 5 R Y

FHT T 5% A AL UL LA R T SR e A R 4 R
FUR I ECRAL A, e © o K BH R it i e i e o
AN R R R T B B TR LR 1 T
K, I AE SRR B | it 1 25 A A5 900 1 51 25 0] v it ik
A7 4 RO AU T7 1) A e . 3l K B H i ) = 2 i f
B =, H AT 245 A O A A (2
U Sunrays SFN). S FARG A = 4EBLU (B W

Sentaurus 5 A\)FHL B BERUAR A (B 4 Pspice 55 N)K
S, HAR UL, G 2R AL R 0 S B Ha i
(1) G R WA 36 R0 3T S S 65 A R = A 48 A B 400 A A
FEOK BH Lt 1) 1-v Pk il 2 A P v B 40l R A
UM £ HoL A 3 S 14D DR R 463 2K A B S R BH it i -V
i R

EH 37 K BH HL b %) = 4 F0 (A B0 75 48 22 b

EWARIES: AiB,Zhang Y H, Deng Y J, et al. Study on device simulation and performance optimization of the epitaxial crystalline silicon thin film solar cell.
Sci China Tech Sci, 2012, 55: 3187-3199, doi: 10.1007/s11431-012-5004-5




R FORERE 20124 42 11

PEUL R FH I IR S5 4, BRI BRAAR &, iy EBE R
PR 4%, i TAERARARK, Bk, HarE
B b DA S5 BH It — 4 B B LE R N TR 2,
25K 22 BUIF 5 3 5 B 2 0 Tk — o 2% A L A A (e
Ul PCID)X 3% &5 # F1 2 Bk AT A 28, dise &,
ATAT K BH HL VB AR A = e a1, PAK R UL, —4ERIRIER
P HLRESXT — N7 ) A ER A AR A 1) ST 5 A B
N FH VB AT RS A TR BB L. (R, Wi as i1 =
Y 5 K BT AT K IR 0N 1T DL 2, TS 12 g 1 S AR T
DAR) ] — EA L R A AT R0, s b, RIS SR 11
Y SE R BT AT R (R RN AN fig 2, T A R <A
o 5 0 AT R S 0 A e e BN AR TV A YA
LA ST AT B A0,

PC1D 1] GES& JARAT MY P de 5 44 o3l FH 1 A B
Lt — e RS T), A p) E—ANS IBM A
N HE i S 25 0 HE i N R e, R A R G s v Rk
fif N B R I v R R 2 L T — o A N BT AL T
SERR G AR TR, 40t 20 ZAERIA W R,
RS ) 2 A5 B T v 280 it e A T e PR B (B A AT 5
PCID V7t — £ R 5 3 2 1 4 B AE 700 A3y 01,
IEPCA WL, PCID X il A4k K BH L ith 1 B 1R B fL &5
FHAT W= M Emf T, 1 A T A R 3% PR AL A
BTGk LE L.

P T i A% A 9 B A B L b e A it R e b (o
B KA. MERERRE . MR E CES)ME
MORAE SR, Tk A s A RE st 1 1/5 21 172) 4
AT 10 2 AR — H A [ RGO 2 B TR
AU N ATTAIF 5 AR 5 ol o Ak 8 b b R 2 o
EAR AR . FEIB A4 10 it AR Ao Je (B Qo b £ ) b L
P AN b AR 9 55 B et T R e B T B ) B AR
Y. BT ARG R IR AT PR RN S A Gl AR Tt
RIHE RN, TFRE A GE 5 A RE 35 I B H b 1) AF
LT PR

Faller™ 5z 5. PC1D 3 [T A1 4 b A fek A
BH LB AR AL BE T, FEE SWFSE T I AR 3 IX
JLEE . BARRE X DT K LR, (HE,
t T 280 a8l T EARG (B A B E 4 K BSF 25t
AT 52 A3 A AT 500 em/s 45), i R 45 S ]
G RATIT L. AR LS R, X DT UK
BRG20 pm)Bf, v R AN 2 pm (1 A
OKBH it AT R 15 miA 13% R0, AR, %BEs 1
X TR AT AT 5 T B Y &5 0 TR A S ot A e 9 A8 B

HLB T 7 AR AN A B SR BB AR P A ] PCID
TR T A0 SE Ak 3 MK e 3 1) 95 4 8 o A0 52
BRI EEN R, HEPT% E N aIF gt T itk
A E A SRR AR T 1 2 (R DXCMUA R 1X)2 8 73 4L k.
SEAh, S EAR AR A T A Y ) R, R e
B %, JFRHB TC TR, A IR AT
ik A SR, AR AT I SRR T A R, e
(1 A8 5 R 0 A A P 1 BB L BELZ B 5 B
e (1 AN sty VAR R A B L 3 (1 2 2E P 3R
BT DRI TAR AN AL, A SCHE K S #2000
S B A5 D PR 2 11 45 K R0 2 B500S A S A ik 8 S B
R kAT PCID U, fEIEAL B, Xf s fFrg &4l
HAB o AT RGN, BeAh, FATIEFIFL T HEIX
T ORI R AL . JFIR LA AR IR 1
ALY I ORI . O T SR 2 A4S 2 2R i
AR i R RS, BATI4 T DY 2 (it A
REHA 3 NSH)RAREL

1 PCID B A

1.1 PCID B A b

PCID FfL A B A R AL AP 1) w5
B MR EIR AR, ARt E A AL EE CPU
AN EE AR A EEL AT FigdT, TR L
(PR % %%, PCID5.0 WA & 32-bit F2/7, a7 M EE %
K& Windows95/Windows NT 8¢ BL [ I##/E R 46, B
TE AN N HL i JLT-#B B /L 12 1T PCID 2K, 2) K
FHRE P R B 1) Windows 2 4E S, e, HW. 5
TAEH. #lin Parameter #% B A1 A2 IO 3RALARHL 2 4L
I, AR LS SR I, M S 5k
ISP SR R S 15, 3) M £ Rl HE
MR, B 7k, s, mESES
AT G Y E S A E R SR ML O -V
REME IR INER . P ROR S RO R 24, 1XXT
ATH 3 BT K BH HL b (1) Pk BEAR AT B, 4) FE RO B
PAThAE . TR RS PEA TR 58 G FH k. T DA R 2
5 N2 R OKBH AT AL, RS DX AT A A [
(AR S S HORCE, SCREPIIRYT 1, A% 5090 A ik 4%
W5 A F8E A R . AR ZE R AR A BR
LA Y S 2y JT o3 A BCHE ) AR SO T BAKY
HUVB AT R 20 R i 2895 00 2 5 2 2 vk I S i
I AT, AT DA E AR I R ET S S

1319



SOREE: HMIE SRR R B it (0 3 RS0, S MR RE DAL R 5

T (1) R SR (I8 e S BB 1 s S A R R R A R 1T
), w DA FH <2 000 v vl 3R T 5 2R (1) A0 S A
AR Z W 4 A R BTG BHAXRE 1R P
RTGEE. 5) B A (1) P BE To0m & S0 5 e ) i Sl
25k 20 ZAEAN WS AT A A BRI L A
BHRFPE S BRI B AT 5 78558, W4y PCID XK
FH 3t P B RSO R R S, ARl ) 2 6 et A A B
FEL A (R A0 LA A0 vy PR A R m S 42k

PC1D AU A 1tk s EZRIAE: 1) PCID ¥
HAE S AR S AR IRV S B ) BB Y,
IR AN fie 6 A0 2 AU A0 FE S RE B4 RE 0 A BH PR vt 9547 A5
; 2) PCID J&—4EBUE AT, e T EAREX HA
YR BN A A R AN 34 ) TR OK BH H I 2 i BPC
(backside point contact) it Fil EWT (emitter wrap
through) H1yth 108 47 85 40 b £ AR, 24 4R, wl A H 4%
W &5 4 BT RS 0SS T AR S AT R A B — 4 A A
SRJG R PCID X e AT AT BUE B 5T

1.2 PCID BESUEAF AT a0 Y B A

BT R, AR SCAUR) PCID S8R0 fr) ) B R fil
W— AT A I Ty T TR ik ) 2
DLSCRR[10]. PCID 2k 3 sk SR gt I BH i it v v - F A
TAEME — Y A% I I it 2 1R R 2 AR A
AT A RLATL ).

ow dé on
J, == == 4 gD, (x)—, 1
" qnﬂn(X)[ - + dx} q n(x)ax (D
on_100, , Gexny=Rin, p), ®)
ot gq Ox
oy dé¢ op
J,= _qpﬂp(x)[a—x—ap}—q[)p(x)a—x, (3)
oJ
P _ 1% G- R p), @)
ot q 0x
v _ q
o =—;[p—n+ND(x)—NA(x)], 5

A, g, J, 2B TSSO R g & T
o M p RHLT AR ORIE, g, R g, 2 LA
TOEBH, w W x RALEARR; ¢ WA ¢,
Mg, 1% BT N ES R, X T N
MR R Z RS, W T P MR R E BN, D

n

D, LT MY WA, G ER, RER

1320

G, Nyl AR e, N, o2 Eamks. 1
H,on, p, J,, g BOEAEATN RRR AL TR
(1) FH(3) A2 HLFF1 2 LR % L R IA X, BT RoR
KO FEL 7 P AT R A 1) L A R AT R R
B F 2 3850 2 (R PR A RS - OB, T R
)F(4)k B T LA ~7 1 e A GRS TR, T RA(S)
ST SR R S 1) YA RS T AR R T R (DA
(2), AFRA@ LT, FT,, A 3 AR5
Bon, p My 1) 3 NFEARTTIE

PCID FIHABRIT LKA ik 3 DNIAT L,
AT SE BT R B Lt () 2 AR AL, Bk B
SENE R FE L1 — 2 K BH H it 23 1) (BB 150 4 M AN LG,
SR JEAE RS FE FL T N SR A IX 3 AN EAT R, | TAH
BB TCAE R AL B BOALE BB n, p My {HAHSE,
R IT B 3 N EAR T FRICR (B
e, BRI N DG AR BRI P AR
FR A AL RE ) E R PE R AMLLSG it 15, BA%
MM 4 H B2 2 A . Auger B A& F1E o 77 BRAS
Schockley-Read-Hall 5245 1143 0 2 250 =& 1R
bR T ERTTRECLAN, BEAN I FRALIEAEAE 3 A5 I LA
PRSI S SR T R S R A A ST I U R,
Ik, X M AT, BILHEE 3M+ D) MR ER
3(M+D)ATTRE. PCID A T AR SR AR IX 3(M+1)
MR G AL TR T R A, kA 4
SENIIR A, PCID BAT B Jext 45 e HIaa 441 R I o
R G AR TR SRR, ARG LAAIK n, p Ay (1%
FEF W n, p My, BARANBIE RS ALt A4
Tk A X R R kAR B, R P R A S
(BRIR B F ), IXFERAR 20 T OKBH v v e 1 2 (e A5
L.

2 B ME S AR S B E

A1 GE S AR T RO R Lyt 3 2 i AR L B A 1S
2 M%) (back surface field, BSF))Z. FEX (P X). &4
XN X)) gl s 5 2 A i 2 i F AR 2 R, BRI 2
&5 vl 2 WCRk[23]. BT BSF 21 P B REys
J7 I R BoH, i AR —ANNE AR K R TR 58
B, Rk BSF 25 PAUEE G2 2 R AR e s — A
CREPEDC. 3 R B0 A SRR WO e g X ) R
JETE 4 um oA, BAKREEE D 1 BSF 2 E S e



RS BARREE 20124 H42E B 1M

PERREX PSS AL A TE PCID BRI #3145 1
TRF A B O, FRATTHE AN AE S A 8 5 OK FH HR
HAr R 4 AN, B . BSE J2 . e ORI RS X Gl i
TEHE DX TR I B RS X)), Wi 1 R, £ 141
T OBCRLBT A S 4. XSS S A s B T SRR
[20, 22]8K [T AT LU 77 45 B2, T35 2
(AL, T ik, e ki XA e 12 P9 Hok
B, FLEUEEL 20 pm. Ok T AR 45 S BE e s,
WG T 2 AN, — AN R, LR A
R To = 1x107° A, S—A A IFBCH R, JLRH(E A
300 Q. ¥ Hh ER = A B L, BAME 2
TEFR T2 A E A 1x10° cm/s. % [ FIAEAMEA: K
(G 2 AP AR5 2 I S AR B B, BSF )2 5 4ef K AZ S THI
(152 A5 T BB 1x10° em/s. 11T BSF 2 5 i 3 24 i
— IRAME ALK SE R, P T T AL (9 R R B VAR D
AL 5000 cm/s. W1 TR, 5 s 208 A 1)
JE, BERDEI TR 1 em?; BUUINR St 0 25°C,
AML.5 G J6i¥%, Y6584 1000 W/m?.

RIER 1 PIHSERE, K24 H T PCID #ifl
R 47 S gt A e YR S A S L At D - V7t e R0 Y 1 o 7 iy
g, SRR MBS 1,=0.0297 A, FFifH &
Vo.=0.3818 V, KT FF=0.73, %% 1=8.3%.
ST W N i e TN, R S A JEE LTS 1
AR, £E 400 1 1200 nm (1795 K 3 B 26 10 e 3 %
KT 10%. BT ERIBUZ A 35 pm &, K
T WO AL, I3 K KT 800 nm LU,

1 PCID HESNE 5 R RE B FH Rt i F S50

LT IR B 0 R AR DL AE o LA, HiithsE 400
%1 800 nm 13 B HAT AR H U IG5 Y. (~90%).

3 4iRER®R

R 1 OIS HOE SCIANE b A A B A it
S BATRA TAF AR fL, AESREEAE B, FRATR A
PCID HELAANR] 2 8 v 0T vt AR R, AT
HiTt 2 Hadt — Ak

3.1 BSF JZJ5 RIS 7% 9 B X r ith 2503 1 5 i
(BSF ZZ4fl4b)
BSF 22 8L 32 2000 [0 )R FE AN B IR 1K 2

S=1x10° cmis

Emitter

Base
_ Transition zone
S$=5000 cm/s
BSF layer
!

S,=1x10° cm/s

Substrate

B

Bl 1 BRI AL BRI AT S it T s A B it 88 54

Device component

Parameter setting description
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Base
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Circuit part

Light trapping
condition

Non-active P type crystalline silicon substrate, 300 pum thick, 1.375%x10% cm™ doping, p=0.001 Q cm, the minority
carrier diffusion length took the maximum value which was only limited by Auger recombination corresponding to the
doping level.

6 um thick, 910" cm™ doping, the recombination rate of interface between the BSF layer and substrate took 1x10°
cm/s, the diffusion length took the maximum value corresponding to the Auger recombination limit.

4 um thick, erfc function doping profile, gradually changing from the BSF layer’s heavy doping to the base’s
moderate doping, the recombination rate of interface between the transition zone and BSF layer took 5000 cm/s, the
diffusion length was assigned 20 pm.

35 pum thick, 1x10'" cm™ doping, p=0.1932 Q cm, the diffusion length took 60 pm.

Erfc function profile for phosphorus doping, the emitter sheet resistance and junction depth took 60 /] and 0.4
um, respectively. The front surface recombination rate was assigned 1x10° cm/s.

The series resistance, parallel resistance and diode dark saturation current were 0.1 Q, 300 Q and 1x10°% A,
respectively.

Three anti-reflection layers were coated on the front side of the solar cell. The inner layer was 3 nm thick SiO, film,
the middle layer was 58 nm TiO, film, and the outer layer was 105 nm MgF, film. No internal light reflection. Only
single pass of light through the crystalline silicon active layer was assumed. The overall reflection by the grid was
assumed to be 5%.
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