Chinese Physical Society

Mﬂﬁﬂ Acta Physica Sinica

. Institute of Physics, CAS

TR RLE KPR AR B AL T

HAM EA REE ik

Physical mechanism and optimal design of silicon heterojunction solar cells

Xiao You-Peng Wang Tao Wei Xiu-Qin Zhou Lang

5| 15 & Citation: Acta Physica Sinica, 66, 108801 (2017) DOI: 10.7498/aps.66.108801

FE£E 73 View online:  http://dx.doi.org/10.7498/aps.66.108801
23y 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2017/V66/110

A RERR AR A S &
Articles you may be interested in

T T R R B 5 L A P r T K L R L

Ultra-thin film microcrystalline silicon with high deposition rate and its application in tandem silicon solar
cells

YE % 4.2015, 64(22): 228801  http://dx.doi.org/10.7498/aps.64.228801

TR S A A A B L L ) G B AR RO R M e A Ak

Two-dimensional device simulation and performance optimization of crystalline silicon selective-emitter
solar cell

PP 22 4%.2014, 63(6): 068801 http://dx.doi.org/10.7498/aps.63.068801

o-Si: HISIN,, 7 JZ i IE 0T i A e R S e il O BEAL
Passivation property of a-Si: H/SiN, stack-layer film in crystalline silicon solar cells
YIE % 4.2013, 62(19): 198801  http://dx.doi.org/10.7498/aps.62.198801

R A0 2 e K BH FL T PR RE AT 5T
Performance of polycrystal silicon color solar cells
PP A 4%.2013, 62(16): 168802  http://dx.doi.org/10.7498/aps.62.168802

—ETTTVER TR (3, 4- S8 T EY ) A%/ e AN R L A1 A AL K BH /e FELE

A new approach to fabricating silicon nanowire/poly(3, 4-ethylenedioxythiophene) hybrid heterojunction
solar cells

YH % 4.2013, 62(10): 108801  http://dx.doi.org/10.7498/aps.62.108801


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.66.108801
http://dx.doi.org/10.7498/aps.66.108801
http://wulixb.iphy.ac.cn/CN/Y2017/V66/I10
http://wulixb.iphy.ac.cn/CN/abstract/abstract65725.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65725.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65725.shtml
http://dx.doi.org/10.7498/aps.64.228801
http://wulixb.iphy.ac.cn/CN/abstract/abstract58598.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract58598.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract58598.shtml
http://dx.doi.org/10.7498/aps.63.068801
http://wulixb.iphy.ac.cn/CN/abstract/abstract55977.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract55977.shtml
http://dx.doi.org/10.7498/aps.62.198801
http://wulixb.iphy.ac.cn/CN/abstract/abstract55083.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract55083.shtml
http://dx.doi.org/10.7498/aps.62.168802
http://wulixb.iphy.ac.cn/CN/abstract/abstract53769.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract53769.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract53769.shtml
http://dx.doi.org/10.7498/aps.62.108801

32 % R Acta Phys. Sin. Vol. 66, No. 10 (2017) 108801

R 5 B4 R PR ER At A A BB AL RO AL AL i3t
P %% %

(P8 B KRBT /MRl RHE: 5 TR, B & 330031)

TF FRT

(2016 4F 12 H 30 HYKE; 2017 45 2 H 19 HEMESA )

e S50 5 45 A O PR LA — il e A st el V0B J22 AR T ot ek R AT 2 ) PR v U AS R D AR B, o — F A
R T AR AR A A 77 W T OO AR 7™ fh. S o 8 5 T B o A S AW 0 95 20 R P2 AN B B DA B 3 W <3 HEL VR P ) R
O ML 57 S5 45 K B T R BE A R 3R BE XX B R 3R A KR BT 78 AR 7R A I R Y il A e
T, FEHAEZ O TONATR T SRR BRI 20 5 B, 2B B W) 94 5 U seit etk g
0 ST R BRI PRI R I S T S o 2 A B f b X ) BT AL AL it AR B AR BEHR T AR
TR « B A5 2% )2 NS - R J2 22 T F) D e 5 K B DA K e TS RS H) B R R 4 42 48 1 B el Dl R 0K
Tie 512 A RE i 25 b T 75 AR R, BOBR I RE; /v T Rk R 0 46 K B i AR AL i O BB R IURI S i 6
I T I R B P B R BRI R T St

R R JTA, KEH A, MBS, otk

PACS: 88.40.Jj, 73.40.Lq, 81.15.Gh

15 =

fi 7 i 45 (silicon heterojunction, SHJ) X FHH
A R (>20%) (K A B 2. RS T 4 6
5 difeE (crystalline silicon, c-Si) f13E gk (a-Si:H)
PR A, FL 2% 07 VR Rl A S AR TR A 4
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R T AE AR S [(i) a-SiH] B4k c-SiZk
THI A5 1 = P % LK (open-circuit voltage, Voe) [,
AN e-Si Al a-Si:H 2 [1] L K a-Si:H A1 B 5 HL =
(transparent conductive oxide, TCO) Z [A] # < J¥
JSBE BT, T EL A3 Y AR A AN AR 1
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Front electrode

o p-type a-Si ~10 nm

> i-type a-Si ~10 nm

| n-type a-Si ~10 nm

c-Si(CZ, n-type, textured)

Rear electrode TCO

BI1 (MFIR ) SHI KB g fy s i [
Fig. 1. (color online) Schematic structure of a SHJ

solar cell [1].

SHI K BH it ) B a0 1 2 B s, L 2 ik
TE R HE3 (p)a-Si:H A& S 1 e-Si I X TE B T I
RE, RS R ZEHIA R TS, AR
FH c-Si MR 25 AN c-Si 5 a-Si:H 2 8] 1) 54 1 By
R . 29 QFL, MQFL, 5 3l T F125 X
HEFROKAE (quasi-Fermi level, QFL). iV, (im-
plied open circuit voltage) #& A FH Lt 1 B2 2 - 2%
LR, A2 40 8 45 M B8 3R A9 I B0 B K Ve, L5
W T IENKT An = Ap F e KA 2
(QFL, — QFL,) ZIalfx 5 1]
QFL, — QFL,

q

_ kT ((no + An)gpo + Ap))j )
q ng
Nk RBEREZH L, T RANEE, ¢ &It
i LR, no Al po & HCPERIRAS T IR TIREE, n;
SR FIR TIRE.

Z"/oc =

— -
TCO/p/i | N

| i/n/TCO
p-SHJ 'n-absorber ! n-SHJ

B2 (RFRG) PR T SHI KM fibpe K (10

Fig. 2. (color online) Schematic energy band diagram of a

SHJ solar cell at open-circuit conditions 10

X T LR R R U, 2 SH K BH HLth 75 24
S ZANFEAR [ R 00

1) c-SiKmatfk. SHJI K FH Rt — AN B Z
REAE A2 o-Si RIS IX 1 A0 55 AL 1 RE, B T AAEE
e FEZE P2 B (1) a-Si:H X c-Si W s X 32 43k () 1b
itk H B IR AE R Z R (p)a-Si:H # (n) a-
Si:H A7 8w s Ak DL A 22 B AR R TR (i)
a-Si:H I H J5L X o-Si T 2 HE B A AT, 1) 3008

Bifb 245 (p)a-Si:H A (n) a-Si:H 4335 c-Si k)
PN 2 FL 55 4 R R A O BRGEE A, AT
JCH I (p)a-Si:H I L -4 JXGEF 8 AL 738 3 (n) a-
Si:H I 73 7 IKGEE, BPJE R 15X 28 7 ORH F 1 B e
PRzl 120, Ak SRR 5 e-Si WIS IX S R 1
AN R EE IR 2 S EGR TE oK e g 4 1)) TR
SHJ K FH L0 58 % SRAFAE T & Voe. T —22 ] LA
B S0 SH K BH H b 1) D64 3R A5 B8 i 1 i
HLYL (short circuit current, Jg.) 3 H7E 5 K D)5
(maximum power point, MPP) F&{K & &4 5 kit
— B4R SHY K FH st PR RE.

2) e-Sifgrr B, A 1 o3 A R T AT R
HEPEVERAD, (n) a-Si:H 1 (p)a-Si:H 2520143 Jll $2 it
A (BEAT e-Si I PRI 4.1 V) A5 1 ($53T e-Si
I R 5.3 eV) Dk & 14, I 5 2503 2 11 e 1y
Ll 7E o-Si RIS X T B I A R L 3. U G B
KA AT LR, (p)a-Si:H Ml c-Si BB 5
ERETT S, 727 AR Al AL TR B — AR L T BT
2 101 i a-Si:H 1B J4KR BEARMK, o RETl S
K591 R AE (p)a-SicH A [19],

3) 8 75 ORI H - 42 ik Ab TR 1 285 22 UL T
W KEER QFLI. (p)a-Si:H LT 431524, LA
PRAIE c-Si I X FE LI QF L 73 24 7] LA4EFFAE (p)a-
SiHEZAFEn B TCO KB RIX L, MNiR1S &
Bk BRI B 7. TR OE S 2 AR T
QFLTAZ QFLEE (T 2 HBRTHESR),
AT PARAIE SHJ K BH H it i A X38A 2 A mvEA
KPS L, RS2 BRI 22 B0 1 ik B i i i
17 22 B TR B k] o &6 Ak DK P At R
BB, A HIIXAN ) B 17 7R SHY K BH HL it
a-Si:H B R ACRAK, P17 2 Bdm AR AK,
- TCO M43 a-Si:H 2 [8] (1) Tl bf £ R BE -5 0 2K
W FEIR, T 4EFE R 0 SE BRI 2 B0 TR,
SH.J K BH HLjth i 7] T CARAE Ry E A KPR, RIALE
SHJ A BH HLt R Vo B4R 2K (10,

(Rl 645 24 it 1k v S A% B 5 fL 2 5 SH K
FH HL PR RE S DIAH O, T I FRATTA SHI K BH Hith
YYERHL ) A XS P R AT

2.1 BFEREERE

SHLJ A B 3 £ 57 R 46 L 3 2 e T
B 5 R 4 TR S, (R AL (p)aStHL R S 4R 1
RS U TR A A 1) B (p)a-SicH R S
BRI 2R oo U7 2) (p)acSisH SR 5 2%
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AT LA o-Si Wi 2 2 T i) 25 B4k, 7™ B R e A
) Voo 081 3) BERE & S MR T H AR R 45 i@ % 15
Z R ARAR (190,

(p)a-Si:H A5 B 45 i 2 6 SHLY K B A vils &
REA JEH R A FZ M, X ] LAV S5 Dy DL LA 77 1H:
1) (p)a-Si:H K S 24 7893 45 2%, LABIIE I s
TN H 3R IR (p)a-Si:H /c-Si F1H 1) ¥, 35
(p)a-Si:H/c-Si F [ ¥ B %5 BE 2 90 (p)a-Si:H &
SRR AT LR AR, S AR Voo 18 B 2) (p)a-
Si:H & 5 W% S 24 BE 8 7 o-Si A8 IR G138 78 43 1) Be iy
Tl Ak TR g i R A, RS A R R
P> 7B %, FEURMIETF T (fill factor, FF)
R0 3) T B IR T IR, BWAEKR
W AR TCO, 1 TCO I 3h ki 3 (work func-
tion, WF) KT (p)a-Si:H A& 5 B 1 Dy o 25 (55 FH )
ITO I Zh R B 4.7 &V PU), &4 TCO/(p)a-Si:H
FUEIFE 1 R 34 22 125270 2f QA ) I R M0 B
THRER G PARBER A ZMH, RAE T #HIR T NFET
it 2 B2 B ds I REE. TCO M (p)a-Si:H 1)
BRI KUK TE T B 1 e 2 5 42008 SHLY K BH B vl 1
AIRKIFZW, XFERLFHE AL T H
Y1 (p)a-Si:H 1l c-Si 2 i (¥ p-n 45 J7 171 4 J [25-27],
WME 3P, HerRES L2 —J5 e B m T
AR AT SHY K BH B i) FF, 53— J7 Hik 22
FETCOHF R HEFEANET (p)a-Si:H KTk HE
(p)a-Si:H K S 2 )X E &, 51 (p)a-Si:H H
2 FE R F R R A2 TCO/(p)a-SiH/ (i)
a-Si:H & J& & i 6k [ 2 & 1.4 TCO/(p)a-Si:H M
(p)a-Si:H/(i) a-Si:H A E &M & =31 (p)a-
Si:H WA PO, E 4145 R AE/NENTE E A
MPP P # H [ (internal voltage) B4 2%, @1 &
HFFH:BU. F, (p)a-Si:H KSR L FFE 15
I LAAE (p)a-Si:H & S5 A rh 4 457 17 S5 A1 (B R 1k
TCO/(p)a-Si:H e i 25 i i) [ I £E (p)a-Si:H/c-Si
ST RRE A i) (52,

A 3% BE WK B (effective screening length) /&
B i TCO/ (p)a-Si:H 1 i 2% %5 42 1w & v 75 1 R3AIE
K, 455 (p)a-Si:H K SR A 0BT i K 2 7 5E
T (p)a-Si:H KGR JFEEH) R BR. (p)a-Si:H K 4 1)
A R E L pya-siom 7T H (2) :3R1G [33]

coerkT
L a-SiH = 2 -
®) t \/2q2|Qtot,(p)a—Si:H|

g AW F|
KT

(2)

X RETNHFEE, o RAHXNNHBELE, k
FEWIR L2 H A, TRANIRE, g2 70 B H
B Qo (p)a-sin & P KA (p)a-Si:H A& S i
KL B AT 2, 5 (p)a-Si:H K135 24K E A K
AW F J& TCO M (p)a-Si:H A& 5 i 2 6] 1 3y F B ok
Be. | (2) 20 AT %0 2 eg HOR LK, (p)a-Si:H i
LR W EBRAIS, P AR I A 2B K B R, R
(p)a-Si:H i 5 E d KT HABBEMAE Ly sin),
(p)a-Si:H A& 5 1 (0 48 ]S AT S 1) 14 R 25 95 22 11
BT 52 A 5 R T TCO/ (p)a-Si:H Fi 1 i i (p)a-
Si:H R 5 &6 4y X 3. 1 3 (p)a-Si:H 1 JE B d /)
THAMPRMAE Ly ginn), BB RATE S /5
TCO/(p)a-Si:-H 2 [f] Ty & H 2k B KK, (p)a-Si:H
R FE R AR BRAE TCO/ (p)a-Si:H F [ Fff
T (p)a-SizH & 5% X 5, T /2 84 (p)a-Si:H # 4
FER B I 4 BToR. A3 2805% il K B 52 i e R Ui
AT 5% M SH K BH HL (1) Jee, TCO/(p)a-Si:H B
R 3 38 42 5 ) 73 i AE M T 5% M) SHL K BH HA 7 11
FF, RE R WK A TCO/ (p)a-Si:H F ik
#2200 5 BSHT K FH HL Joo 1 FE 22 (A1 A B %
B [17,34—36]

(n)TCO

(p)a-Si:H
(i)a-Si:H
(

n)c-Si

3 (MTIEL) 6 TCO/ (p)a-Si:H AU 1 4 5L 54
2 (p)a-Si:H/c-Si JEHLH p-n 45 105 35 HL 6 1

Fig. 3. (color online) Equivalent circuit diagram in-
cluding a reverse Schottky diode forming between
TCO and (p)a-Si:H and the p-n junction forming be-
tween (p)a-Si:H and c-Si.

d b
(i)a-Si

(i)a-Si
(n)c-Si
(n)c-Si

(b) d~ t(p)a-Si:H

(a) d>tpasin

F4 (MTPEM) TCO/(p)a:Si:H AHERREE (a) &
1 (p)a-Si:H #:44)Z; (b) # 1 (p)a-Si:H BR)Z

Fig. 4. (color online) Schematics representing the deple-
tion occurring at TCO/(p) a:Si:H interface for (a) a thick
(p) a:Si:H layer and (b) a thin (p) a:Si:H layer.
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A K (p)a-Si:H B 4 Z B & 26 T () a-
Si:H 2% )2 18 sz i i3 M 520 (1) a-SizH /c-Si [ 57
T4tk PE g BT TR5 4% a-Si:H B (i) a-Si:H/c-Si
Xof BAR ) 5 0 W] DL R D a-SizH JE Hh A il ) 45 311
Tkl 1 51 A2 ) BB P15 (BD7E a-SicH 5 T Si—Si
IS BT B 5 BOK e O Ee A R I B R BRI
(p)a-StH B 8K JEJE A (1) a-Si:H JZ P 5%
P S B ARAL 5] R a-Si:H WX 45 45 Ky o B 7 A7
R 45 FHRNAL K RER Er BZZAK, T 9K BER B 1
AR A4 5] SR S B A Al B8l Rk (p)a-SicH/ (1)
a-Si:H & J= M I AL A F 55 7 o 45 7 1 4k 1) 2
KA Ep ML E A K. —J7H (p)a-Si:H 5 Je W &
AR SIS P oK e 2 By BOR2 3N, 53— J7 1 (i) a-
Si:H JZ I 2 G898 b c-Si 1 BE D i, 5P K R
% Fp [ 254 v e k8 5. R I a-Si:H B ) 8 3
J& Ml a-Si:H /c-Si 5 5T 45 7t 1H Ak 9% K e % B A1 B
LR Y E T a-Si:H/c-Si ST B A I8 T, AT 5%
M) SH K BH FEIB A Voe.  FHF Si—Si W /8 Al 2 4
i 2 18] B A HL A 4, 15 B S B AR A (defect-pool
model) B0 AT DL a-Si:H & /R LR B & (Si—Si
S L) PR RER By BB a-Si:H ARGk [k
JE 22 18] B M LA P, a-SisH 12 /R ELHE RE & 5 K AX
T SRR AE IR B B .

R (i) a-Si:H Z2rh = AR S5 HE B (p)a-
Si:H 5 24 JZ2 X c-Si 32 11 Bl Ak i B (KA 4R 91 [R] itk
XF T SHI K FH HL I, 75 2E7E o-Si Bl L BE A (p)a-
Si:H B AR B (B3 AT 2 1, 75 AL R AR AT
Voe M FF 2 [B)BHAT 2. QiR i3 (p)a-Si:H 24
ERTCO Z (8T R VT ECR AL, (p)a-Si:H B4 (%
KAt % Br % 2h) T Ba-Si:H 4 8- [ 1 il (P AR
Vo) M1 TCO/ (p)a-Si:H £ filt V5 BE (1) 3% (FF, Voo
H Jge 1R 05 38) 22 18] (1) AH L Z Wip o AR 45 A8 TR 4

2.2 ERSHBHFWLE

TCO 75 SHJ K FH Lt o A 5 A B 2T 55,
—RABOCHEEHEN ¢-Si, Z AR B S
L 1 53 A AT B AR IE AN STLY K B Ha v [ H
TR SR JE A RO 1) SR B . R T X
BT B SR A PR, b R R AR, —
& TCO P47 A e /N LA U 12 B 1 B i
F R il B BHL, — 0 TCO (RN L PTAR B AR) AL I
HOF 2 A M RE, AT c-Si R kR T

(R A= R 12 X AN LR RS 2035 2, $Efi
(B F I PR PE I R, R CER — R T I IR I
IRAE 57— IR T SEBR b, XA TR AR E AL
(1) 252 TCO FIIE Sh ik DL S ik J2 2 TR FA) A
ﬂ [43].

TCO 5 (p)a-Si:H J& 42 fish I 40 25 OR 45 2 9% 15
M S 23, D MBI T 2 & L i e, il
3 SHJ X BH L 3R 15 & 1) FF. SHJ K FH HL i X
BT TCO JZFIH TCO J2 156 2% Fl e 2 1 g 2R AR
AHE, JBHEATITO E 2 1074 Q-cm, i
TIKIEN2-3 x 102 ecm™3, 175 ITO JZ i HL FH
H1073—10"2 Q-cm, FIETWRE 19 x 1019
em 3. Xt c-Si M F ik, ®B 2 TCO MFTE
Xf (1) a-Si:H/(n) a-Si:H & 2 FI8iLAE A R4,
fHXT (i) a-Si:H/(p)a-Si:H & J= W B4 AT FH 20 1E &
FA S, TR AE T B2 Ak B %08 S R #8 2 TCO 5 (i)
a-Si:H/(p)a-Si:H 2 JZ il 144,

M TCO M Zh R EK T (p)a-Si:H 2 1 Ty bk 21
I, 5% il 2 S 5 (p)a-SizH I FE R H 5 2 .
(p)a-Si:H I 5 2% ik FE AR AKX H. TCO 5 (p)a-Si:H )
PR ESUR AR K, A FE T T H A a-Si:H E#i 2
FOREE R A, FERR R A 2 5 M #1142
Hy, #Emsm K RH b i FF. FER AR ik 2 5
B (p)a-Si:H/(n) c-Si & fe 25 ih A2 B2 PR AR A A
AR R, AT 51 S SHJ ASRH H bl Ak 0% T
(R IE B PEPEARAN Ve B R B, & 5 B, Bl s
TN TR B R 0. DR I PR A T R B R B O AL
B0 (p)a-Si:H JZ (5 2% 1R B £ o 35 122 Mk g (491,
WIHR TCO K h ek B T (p)a-Si:H I Th ek %, T4
3142 (p)a-Si:H H 2 /XA R, 25 /N B el B AE 2
(p)a-Si:H & 4 M FE (3, G FlF i3 TCO 5
(p)a-Si:H [z g 46,

1AEq
TCO | (p) ()

»a-Si:H p

& &

5 (MTIRE) TCO T Hx (p)a-Si:H/ (i) a-Si:H i
B HEB R 1 S o 1 14T)

Fig. 5. (color online) Schematic band diagram illus-
trating the effect of the TCO W F on the band align-
ment at the (p)a-Si:H/(i) a-Si:H-side [47].
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3 SHJ A FH & 3 e 1% i+ %k 8 4 3
o 52 B

Bivour £ 33 2£ T Sentaurus TCAD ¥4 1541
T SHI K BH st i PE e B LB 0 Y 2 T 4K
TCO 4t ¥y B A F1H Ih ik B0 (W Ey) 1t 5 HLZ.
(p)a-Si:H A& 5 8 0 #8245 200 meV 1300 meV
ISF, X REA DB E W F 5379 9 5.4 eV 5.3 eV, Bl
BRI FE R, WO RIS, 0 R Th B A W iR
w. E6 %R T TCO Rk W Fy, (p)a-Si:H 5 4¢

WEF(p)a-sin
750 o il ek s
S e
[ e ] ]
r 1 l/ .-"/: |
7251 i Vi
‘ j P
< 700F ' (T
3 . ! [ v
' | ] ]
// . f 33
675 k * / 't e
1 m E_§ m-Ew
600 ¥ K o 0 i
= -~ s o Vo
400§ AW g V. 8
= T e
i L ¥ ﬁ * -
82 % W . * M 2_/ = _l
o B m
82} * o R
rd
g ' |
80 . '/ I |
78k / ('
2 ] : /U 3 U
E 76 L 3 ] L] i
F g 1 1 s
M oab * x”D Voo
[ 3 Vi
72F [ __f b
o 1 .
702 = "
cof & u 8" il
45 r a I:'/ I - 0y
30 .~ S ol
I . i . . > ! L A A 'l
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Fig. 6. (color online) Vo, FF, Jsc and the efficiency as a function of W Fjs for different (p)a-Si:H doping

and (p)a-Si:H thicknesses [33].
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Table 1. Front-junction SHJ solar cells results on n-type c-Si.

P n/% Jse/mA-cm~2 Voc/mV FF/% T /cm? FEhy SR
SERIS 21.1 38.2 702 78.6 1 2012 [62]
EPFL 22.4 39.15 728 78.6 4 2014 [4]

EPFL®) 22.5 38.6 725.4 80.36 3.93 2015 [52]
SIMIT 23.1 38.3 741 81.3 156 2016 [63]
Silevo 23.12 38.9 739 80.5 156 2015 [6]

ASU 23.4 40.4 739 78 4 2015 [64]

Panasonic 24.7 39.5 750 83.2 101.8 2013 (1]
Kaneka 25.1 40.8 738 82.5 151.9 2015 [65]

a) YR E N MoOy .
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*2 nBUEE S SHI KRH I
Table 2. Back-junction SHJ solar cells results on n-type c-Si.

Bl n/% Jsc/mA-cm™2 Voc/mV FF/% A /em? oy SCHR
EPFLP) 21.1 36.9 721 79.3 4 2016 [59]

IMEC®) 21.5 39.1 677.3 81.3 243.36 2015 [5]
Hanergy 21.72 35.77 721.3 78.20 152.3 2015 [66]
CEA-INES 22.2 38.7 733 78.5 103 2012 [67]
CIC 22.3 37.28 733 81.8 243 2013 [68]
Fraunhofer ISED) 22.8 39.9 705 81.5 4 2012 (48]

AUO 23.43 38.5 730 83.35 238.9 2015 [69]

b) ZFRUEEEA pe-Si:H, 54 EFPL &R AT T LA pe-SiCq:H A7 7R 21 p AU 1 45 SHJ KBH Hiit,

HAA R 20.44% B8 o) M d) NIRE TR L5 SHT KPH .

£ 3  nBFHE IBC-SHJ A PFH it
Table 3. IBC-SHJ solar cells results on n-type c-Si.

S A5 ST AR SR B A 4 TR AR,
SH.J K BH HE by P 82 SIEEIL B v PR AR e 23 L SRR A 1)
TR, AR A A RCRE o 4 016 (R i 37 B B A i
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Abstract

Silicon heterojunction (SHJ) solar cells are crystalline silicon wafer-based photovoltaic devices fabricated with thin-
film deposition technology. The SHJ solar cells hold great potential for large-scale deployment for high conversion
efficiencies with low-cost manufacturing. Recently Kaneka Corporation has fabricated an interdigitated-back-contact
(IBC) SHIJ solar cell with a certified 26.33% conversion efficiency in a large area (180.4 cm?), which is a world record
for any 1-sun crystalline silicon wafer-based solar cell. The key feature of SHJ solar cells is the impressive highopen-
circuit voltages (Voc) achieved by the excellent amorphous/crystalline silicon interface passivation. Generally, in SHJ
solar cells, the boron doped hydrogenated amorphous silicon [(p)a-Si:H] serves as hole collector and the phosphorus
doped hydrogenated amorphous silicon [(n) a-Si:H] functions as electron collector. In order to improve the lateral carrier
transport of these layers, transparent conductive oxides (TCOs) are usually deposited on both sides of the solar cell.
Therefore the parameters such as the heterointerface passivation quality, doping concentration and thickness of the a-Si:H
doped layer, and work function of the transparent conductive oxide layer are the key factors that affect the performances
of SHJ solar cells. Enormous research efforts have been devoted to studying the effects of the aforementioned influencing
parameters on the photovoltaic characteristics of SHJ solar cells. Some research groups have addressed the physical
mechanism behind the limitation of the solar cell efficiency. Owing to the insight into the physical mechanism some
guidelines for optimally designing the high-performance solar cells in future are obtained. It seems therefore important
to summarize the research efforts devoted to the physical mechanism and optimal design of SHJ solar cells.

In the present review, we mainly discuss three important issues: 1) the amorphous/crystalline silicon interface
passivation; 2) the Schottky barrier resulting from the work function mismatch between the (p)a-Si:H doped layer
and the transparent conductive oxide layer; 3) the screening length that is required to efficiently shield the parasitic
opposing band from bending originating from the work function mismatch between the (p)a-Si:H doped layer and the
transparent conductive oxide layer. The numerical simulation and optimal design of SHJ solar cells are analyzed, and
three strategies that may improve the solar cell performances are presented: 1) a hybrid SHJ solar cell structure with a
rear heterojunction emitter and a phosphorus-diffused homojunction front surface field; 2) replacing the (p)a-Si:H doped
layer by higher doping efficiency microcrystalline silicon alloys such as pc-Si:H, pc-SiOg:H or pc-SiC,:H; 3) replacing
the (p)a-Si:H doped layer by higher work function transition metal oxides such as MoOg, WO, or VO,. Finally, the

research progress and future development of SHJ solar cells are also described.

Keywords: silicon heterojunction, solar cells, physical mechanism, optimal design
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