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Amorphous silicon thin-film solar cells with high open circuit
voltage by using textured ZnO:Al front TCO

Jeeong Chul Lee*, Sehin Ahn, Jae Ho Yun, Jinsoo Song, and Kyung Hoon Yoon

Superstrate pin amorphous silicon thin-film (a-Si:H) solar cells are prepared on Sn02:F and Zn0:Al transparent conducting
oxides (TCO) in order to see the effect of TCO/p-layers on a-Si:H solar cell operation. The solar cells prepared on textured Zn0:Al have
higher open circuit voltage Voc than cells prepared on Sn0,:F. Presence of thin microcrystalline p-type silicon layer (uc-Si:H) between
Zn0:Al and p a-SiC:H plays a major role by causing improvement in fill factor as well as Voc of a-Si:H solar cells prepared on ZnO:Al TCO.
Without any treatment of pi interface, we could obtain high Voc of 994mV while keeping fill factor (72.7%) and short circuit current density
Jsc at the same level as for the cells on Sn0,:F TCO. This high Voc value can be attributed to modification in the current transport in this
region due to creation of a potential barrier.

|42 A2 2(a-Si:H), B2 (thin—film), BJ%FAA](solar cell), Zn0:Al, /FA% (Voc)

* SIS ST AAG Gips
BE-mail : jclee@kierrekr mTel : (042) 860-3415 WFax : (042) 860-3739

LME B Mg uhar gopAe] 58 Eol7] Y8 a-
Si/a—SiGe, a—Si/uc—Si 2%5(tandem) E+= a—Si/a—SiGe/a—

AlE]) 2 vt ] HA= CulnGaSey BH5HE what} 4] &} SiGe 3%(triple) %2 BjFHA7} 7PE AL Qlon; Meta
Aleh 217}, 3L & e FHA R I4E o T iy, thefst £(15% ©lsh”o] c-Si BlFAA]24%)0l v]af 73] wrt &
z9] Alg|& vhat gokd ] & vgd AglE(amorphous 2% dhat gloFAR) ] TRAY(V )2 A A

silicon, a—Si:H) ¥H4} el LA A83toll= 453t Fog ystug A3y g 883 =017 fleiA
Ao}, ofds] Heta O] v dlof| ofgt A3}& (Staebler = SRR Vo & ol Aol e Saskt) a-SiH
Wronski Effect)” 22 Q3] 7]&9] A4 Alg]Z(c-Si) HY FAA 9] V= AFEEE pEo T, olFE Z(mobility
AR vlsf A Hfgo] vl W AAolct, gap), 8498} oA (activation energy)” 2t i a-Si:H ¥ &

2006. 9 Vol.2, No.3 | 31



L %k% 2= 7/i ELH al O'E}” ELF AW FHAE
EHTCO) p5ol A5/ E3F a—SiH B PRI Voce}
QM A0 1R Qe

G215 7|Ho g ANSHE pin 29 superstrated a-—
SiH ejFHA Q] AH EAEeto 2 Sn0y ket Zn07} 71
o] AM-E|TL Qlt}, ZnO+= SnOoH|sl A7), 38t EAo] §-
F81aL e Eeputo] gt QFgAd o] =2 Aol Sitt &
2k texturing®]l &J3t £ AH7| A|oj7} &olsto] AR
AlgH(scattering)& S7HAIA F S5 WHolA 2 3 28
(light trapping)& 9 4= = o] Sirt. wetA] Zn0 &
BAERE B FRATTE R SAF o4 SRS ol &
3= ue—SitH BjoFiAl 2 a-SiiH/we-Si:H 253 gofA)
o] M EArulo g wo| ARR-E )

J8Y a-SiC:HE pZ2o& AMSl= pin a—Si:H 2Hd} )
FAANA ZnOF FEHETOZ ARGS9 Vocot S4&
(FF)o] SnOy:Fol Blal ZA #ashs AR RHuga gk
AP 0 2 ng 9| Sn0y:Fe} ZnO7} pB e a-SiC:HEF A
< PAT o F E249 d¥(work function) zfo]of| AOH
A% AY7Heontact potential) 714 Ew, o]2st H=
e L7t 2 Zn0%t p a—SiCH oA BT ~7P
5o Vocet FFY] 45 7H4 o= 202 Bkl qrt

B =BoAE Sn0g:Fe} Zn0:Al FHAERS AR5}
pin a—Si:H BjFAAE A28k V. B FF SAHSE 2
st FPAETT p a-SiC:HAR] o —r7/1] 4 nm9 p re-
SiH WSS AUT2H EFAY Vg 994mV7HA]
S7HE 4= 09 em, 0.7279] =& $4ES 42 o Usith
5 p a-SICHE} i a-SitH BES2 Aolo] AW Hate
Tl Voo X FFO 37152 FAko] 7|f=m, a-SitH/ue-
SiH A5% B9 i aadlte 7 Ao = 7| tiE,

O

T8 12 & Aol Al A|2H superstrate® pin a-SiH H
FAA O GdHFEE UEHH Aot} FRHE R
SnOy:F(Asahi-U glass)?} EH texturing® ZnO:AlE 242}
ARESEITE, ZnOrAl Bhahe] 9 texturings I8 WA of

magnetron sputtering &2 7ZnO:Al -2|7|%o| 2} 3t

32 | AlRHAol|u x|

T 1% HCL §AollA] 4] 27b 54] A17F shgleh, 18 2= 2
Aol A AR textured ZnO:Al Bfuke] W FARS: LjE}
W Aol

AZF 3 22 FAL sputteringAl ol v 27 &
ab, o] F7FkeE EH9) feature size?} 74t Y

AFge] el (haze ratio)o] H4shs 4 ey, &
FREI} pFo] AHEA ] T goFHz] WIS AT
B7] Y3 a9 13} o] p a-SiC:HHY pE5d pe-Si:H/a-
SiCH ol% peg 77} AMgsto] glofdxE Azskct. &
YHE pES A9t iE nF U TS FUH A
Zotct, pin A vhat S22 8] of §’E5A PECVD &
A& ol g3ty o pFS SiHy, Hy, BoHg, CH7IAE o8-
3 Z&5191.0M p ue—SiH Z2HA] Hy/SiH, HIE 1800142
2 Z7MFY. 152 60MHZ VHFCVDE ©]&3lor
Hy/SiHyHIE 82 RAotoitt, Ae]d uhat 325 7|ate] 2
Z 250C ofstz FAsHl e T Ao v AgE AR
3holct, # Aol A A 2E BFA ) WAL 0,25 7
Ag S ol 43l MAS 24 st Alxd gFdA) I-
V EAL solar simulator (WACOM, ¥E)E o]&3 AM
1.5, 100mW/arrol| 4] Z7d3}5ict,

 na-SiH (~30nm)

ia-SitH (1.7-1.8eV)
=~ 200nm o

p a-SiC:H (~ 20nm)
[0 i SiH fewnm) BN

ZnO:Alor SnO;F

glass

RARRRERR
light

Figure 1. Structure of pin a-Si:H thin-film solar cells; Except TCO
and p-layers, the cells have same structure and processes
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Figure 2. SEM surface morphology of textured ZnO:Al films
deposited at different working pressure: (a) 1.0mtorr and (b)
2.0mtorr
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Figure 3. Photovoltaic performances of superstrate pin a-Si:H
solar cells as s function of different TCOs and p-layers; (a)
Sn0,:F/p a-SiC:H, (b) ZnO:Al/p a-SiC:H, (c) through (e) ZnO:Al/
p 1¢-Si:H/p a-SiC:H, where deposition time and B2B6 doping
concentration of p c-Si:H varied; (c) p 1c-Si:H(1min, B;Hs
0.8sccm), (d) p #c=Si:H(4min, BzHs 0.4sccm), and (e) p 1c-
Si:H(4min, B-Hs 0.8sccm).
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Figure 4. The illuminated IV curves of a-Si:H solar cell with
different TCO and p-layers.
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Figure 5. In(lo2) - 1/T curves of a-Si:H solar cells with different
TCO/p structures.
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