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Effect of Hydrogen Dilution Ratio on The Si Hetero—junction
Interface and Its Application to Solar Cells
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Abstract: Hydrogenated amorphous silicon (a-Si:H) layers deposited by plasma enhanced chemical vapor
deposition (PECVD) are investigated for use in silicon hetero-junction solar cells employing n-type
crystalline silicon (c-Si) substrates. The optical and structural properties of silicon hetero-junction devices
have been characterized using spectroscopy ellipsometry and high resolution cross-sectional transmission

electron micrograph (HRTEM). In addition,

the effective carrier lifetime

is measured by the

quasi-steady-state photocoductance (QSSPC) method. We have studied on the correlation between the
order of a-Si:H and the passivation quality at the interface of a-Si:H/c-Si. Base on the result, we have
fabricated a silicon hetero-junction solar cell incorporating the a-Si‘H passivation layer with on open

circuit voltage (Vo) of 637 mV.
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AR = o|FHY AWAA Y passivation E I o] <] 3)
A a2 AEol Fg=He] A [1]. ¢¥ Sanyod HIT
(hetero—junction with intrinsic thin-layer)®2 t] %5 +=
O|FAY HIFAAY A¢ F23E A4 v AR A
Z (i-a-SiH) 9HE o] &3t AE dlol¥e ®d
& passivation@o2H4 L W AL, 95T &%
Ad 54 B 22% o9 vl¢ & FEEL Holw
Aok [23]. olHF EE o|FHI HIF AAE A
sted oA S22 A v AA A Aol
O|lFHY AW SAo] vi§ FoFd FHe HMI
(Hahn-Meiner-Institute)| & d2l& o)y AAL
3 o]FHT AWM AAFE TAEAA olFH
Y A Y Hes FHAIE dFE AYsia 3l
o [4]. =3 AQ 547 #¥F v]39 NRELY o
T A3 @2H o|FHE APANA olm HFo] o
Fo]d 7% passivation EH7} A3IEHEA AEF o)
Z71ste] "HFAA e AFeol AstHE Ao Yey
o [6]. o] A% 247 9 9o ¥AL vAA =
o] 44 EAL EAs= Aol ul% Fash A=
O|FHY eFAA 9 A A i-a-SiH o] i
A EA H71 el BA gt oo £ dAFdAME
O|FAY HFHA F H T B BAL 9HA
% B ¥93 v SRS e FAREA @

£ AHEE9 R, FE &% el £9& S H
A QSSPC (quasi-steady-state photocoductance)Z
AHEEAT old BA S FEAM F43td vAA A
Z orderst olFHI AWA FHAM|o]lA FAd
3 AABAE Ao, olg vgoes na g
A E o|FHT HIHAAE AFsaa 3

2. &Y 2y
2.1 ¥ dl2|E(c-si) HoIH MF

¥ A8 1-10 Q-cm, F7 300 mE 7FAE n-type
(100) c-Si flo|¥E 7|#Hez AEIHAT. AR
H:S04H:0:=1:1, H>O:NH4OH:Hz0.=5:11, H-O:HCI:
HoOp= 5:11:1 €98 Al23t3n DI-waterE Ap&d
rinseE AAE F HF £90A A3 AAFLEZH
H-terminations $E3-3 ) [4,6].

2.2 $23E FY HIFF A2 (-o-SitH) ¥e} ¥4
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i-a-5i:H (10 nm)

n type c-Si (300 pm)

Fig. 1. Schematic of an i-a-Si:H/c-Si/i-a-Si:H
structure for the characterization of the passivation effect.

AMAE c-Si dleols 9ol RF (1356 MHz) PECVD
(plasma enhanced chemical vapor deposition) 4] &
2 i-a-SitH #g JA A SiHe Hy 7H2E AL
435l 24 34N (HySiH)E WA 7|8A A
< APk FIAE G Ad 54 NS 98 )
A Woollam (USA)<] spectroscopic ellipsometry (M2000D)
& ARS3Idla, e FARANENZ (HRTEM)2ZE
= B4¢ st =@ FE 425 AEe 9
(effective minority carrier lifetime)e ZA37] $j3jA
Sinton Consulting (USA)2] QSSPC (quasi-steady-state
photo conductance, WCT-100)Z A}&3tcl c-Si
dolH 9} i-a-SitH wate] AW SA4 FAE 98 A
Zel Alge F2E a9 13 2o

23 422 OISTE EHSTX] A

AzE oFHF HFAAE= 2™ 29 Zo| Ag
grid / ITO (indium tin oxide) / $¥438¢ pd ¥|A
A A9F (p-a-SiH) / i-a-SitH / n-type c-Si /
i~a-SitH / 43¢ n¥ vA3 482 (n-a-SitH)
/ ITO / Ag % AT Fx=2 HEF9 dH2
1x1 em’e]t}h, o] o-SiH ¥WHEL g4 AFF v
9} ze] RF PECVDE ¥Aden, p-a-SiH}
n-a-Si:H ¥9te] 3¢ =%rt22 BHe®t PH:S 7
zZ Ag ST FAAHA AY =2de 8 1% 2

ITO, Ag grid ¥ Ag 5% A& =9H (sputter)
2 ZAA AFRHAA o|FHY HFAA F
AF Y=-HAY (photo J-V) 54 &AL S3A
JASCO (Japan)®] solar simulatorE ©]&39 XEF
HAE 27 (AM 15, 100 mW/cr, 25T)olA 3438t
At
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Fig. 2. Schematic of Si
structure.

hetero—junction solar cell

Table 1. Deposition conditions of a-Si‘H layers.

a-Si‘H layers
Parameters
p-a-Si:H i-a-SitH n-a-Si'H
Substrate
el 220C 220C 180°C
iy 15 W 11w 30 W
power
Pressure 1 Torr 0.15 Torr 0.5 Torr
B 25 mm 40 mm 25 mm
gap
Gas ratio
(Hy/SiHy) 10 0.8~3.0 3.3
Flow rate of
PH; (sccm) 0 0 10
Flow rate of
BHs (scem) B ¢ 0
3. % % 1@

3.1 i-~a-SicH 29} B BY

a9 32 4 FgAuld w2 Fa 25 AYe F
BE FEH ZRE F2 AN} 094 171A FE
29 e #38E F7stn, 4 3An7t 1 By
AATE F&E 25 Ao #3L& Fadd

olglgt 4l& #4337l $s) HRTEMS E3
c-Si H°1% ¢} i-a-SitH %] AW 2H +x28 4
HEth 2¥ 49 HRTEM o|vu]A| oA KA %o
T4 SAu7F S/ wet Ax; oy A gl AAE
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Fig. 3. Effective carrier lifetime as a function of

hydrogen dilution ratio.
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Fig. 4. Cross-sectional HRTEM image according to
H2/SiH3 ratio.
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A& B F Atk ol I AMEAA AFF upe}
Zo] o]F HY AdoNA o9 AFo] o]FojA A$
AAge] F7hsds A7 Axe 9§ Aol
[5].

&€ i-a-SiH ¥ete] Bty 54 BAL 93
spectroscopic ellipsometry & Al&3l% o0, ojm =
BE <e>2HEYL c-Si AolHe Fty sS4
IFE Ase AAHQA FFH FAolt) <ep>2H
EYO2HH i-a-SiH 929 g 2¥MEHGE F3}7)
s 29 59 2L 3AMFY weoz wdYPF F
Tauc-Lorentz #4F E2dg o]&3 37 £H
(regression analysis) fitting2 283t gch 37/]Z2o =2
o]§o]z uute HRTEM ©|u|A& 7]Ee2 c-Si
flojHe] MA £ == T4 I8 F 4715 1 nm
ujgte] FAE 7}F Si-Si0; interface® A WA 2
o2 RAFPIHAG. F HA FL FE A A
(effective medium approximation, EMA)S 2 &3
i~a-Si'H, ¢-Si ¥ FF (void)2Z 3AEAZ FA4H
ot (8] =3 ddtoe g EAF}E i-a-SitH ¥
< A U Foz 2dYsAn. o xdg
B0 2 gpectroscopic ellipsometryoll 4] A" <en>
2¥HEHo] g3} & Tauc-Lorentz ¥4F g
243 F g,

1o 2
sz(E)=£(E)T(E9=( i i )({E Ef'*}).

F-BV+CE |\ &
E>E,

&(B)=0 . E<E,

o} 714 Z}z} L(E)= Lorentz oscillator, T(E): Tacu
oscillator, Eo= peak transition energy, E,©= Tauc
optical gap, A transition &El| vl# = gteo] @
tt. C¥ broadeningS UYElE Foz H|AAA
(amorphous) 29 HA& 543 4 S+ order
s A#RBAAE 7H1AG [9-111. A, C, Ey, E; ¥FE
% T4 3Alnje] W3l e} fittingS F3 FEL
Ce E,= 19 6% 2t o] ¥ C#E i-a-SitHY
ordero| wHH|#3lH, E;= 383 wl=74o] v ot
[11]. 4 3Hu]e] w2} Eo 3¢ AL fAR ¥
| Ce F4 A4u7 194 HEghs 7Ho ol
C7t H&#e Ugds 54 344 194 i-a-SitH
9] order’t 7} $5EE& gugt. £ 34|
& o] H§ i-a-Si:He| order W3l AL 19
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Fig. 5. EMA model
ellipsometric analysis.
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Fig. 6. The change of the spectroscopic ellipsometric
parameters as a function of hydrogen dilution ratio.

39 44 HMuld BE FE A5 Ade] FHo] 5
& 4 194 AAge ot A% FUS AF
& Zerh

3.2 O|STEE EHAYTX BY

a9 7€ 4 AHd ©g AT |FHT H
FAA 9 EA wglo|t}, 4 3Mu|e] F7ld wE
MFAY (Veo)o #M3lE B 54 340 104 J
AFS Holw I o F& FAMH| QAL V7t
Zardes AL E F A ol 4 FAHrt 1 B
o AF As AAFel F/MH7] WELR ddd
%3 HRTEM o|n| Aol 18 F Q& Hie} 2o
T4 A7 1 B AF A§ oF g Fe] 2
WA BH#YF i-a-SitH / p-a-SitH AAd A9 A2
g F7HE xd97] WELE AzrEr.
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Fig. 7. Characteristics of Si hetero—junction solar cells
plotted as a function of hydrogen dilution ratio.
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Fig. 8. Photo J-V curve of the

hetero-junction solar cell.

fabricated Si

=8 F 1013

a9 88 T4 FHAH 16A AFHAZ AE o
ZAHT YDA F AFLUE=-HYG 54 JHe=
16.8%° WAL (EnS dAH. °] g2 7]ind
FgHTE $ou AFRE 229 S doly Y
of 288 PAsA ¥ FHE c-Si flol¥ EHI
23 AL 5% FEF (light trapping) S48 7
AXNZ AS Voo F71 o ugasg Fdi7t 7]
o [12]. 2] i-a-Si:H e A A o943
Ao AH< ==eZAA ud HIEE A =1L
2 5t HH3E 49 9 2 58] 7ld€Ed.

4. 4 &

AEE AZE olFHY HEFAA NEL AMAE
c-Si Sle]#H g} i-a-SitHe °|FHE AW SA4L ¥
FA e Aol ul§ Fod drHoE o|FHY
AR e 54L& i-a-Si:H®| passivation 540l 2] 3jA
F4HY, F7 &5 o] FHOE HdE o,

2 Ao A= spectroscopic ellipsometryZS o 43}
o 4 A9 WE j-a-SitH 29| order® £
A3tA 1 ol& i-a-SiH 2o f& 2% Ao &
¥ A dAse 2748 Jehdididg d3He=
Az E 7 i-a-SitH 2ehe 243 A2 o|FH
g HYFHAE Azt 168%2 WY &L A3
Aot

ZAr =

“o] gL L%xwmws} gATADe] A
A FAAL T 7] 2AFA] (No. 2011-0003708)
o A4 sl FHY AT AT,
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