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Computer simulation for the effects of inserting the textured Zn0 and buffer layer
in the rear side of In0/nip-SiC:H/metal type amorphous silicon solar cells

Jae Hoon Jang and Koeng Su Lim

Korea Advanced Institute of Science and Technology

In the structure of Zn0/nip-SiC:H/metal substrate
aworphous silicon {a-Si:H) solar cells, the effects of
inserting a rear textured In0 in the p-SiC:H/metal
interface and a graded bandgap buffer layer in the
i/p-SiC:H have been analysed by computer simulation. The
incident light was taken to have an intensity of
100n¥/ca’(AM-1), The thickness of the a-Si:H n, S~doped
a-SiCiH p, and buffer layers was assumed to be 2004, 66
A, and 80A, respectively, The scattering coefficients
of the front and back Zn0 were taken to be 0.2 and 0,7,
respectively. Inserting the rear buffer layer
significantly increases the open circuit voltage(Ve) due
to reduction of the i/p interface recombination rate,
The use of textured 7Zn0 warkedly isproves collection
efficiency in the long wavelengths{above ~550nm) by back
scattering and light confinement effects, resulting in
dramatic enhancement of the short circuit current
density(Jsc}. By using the rear buffer and textured Zn0,
the i-layer thickness of the cell for obtaining the
waximum efficiency becomes thinner(“2500A). From these
results, it is concluded that the use of textured Znd
and buffer layer at the backside of the cell is very
effective for enhancing the conversion efficiency and

reducing the degradation of a-SiiH pin-type solar cells,
1L A&

3 AE gAY dBE fslMe olyx] 8
B OEEe Yol wedoeirh viAR A pinFz Oy
Axjel A& Yol o dxE 2rlole p4E& ¥E
(window layer)2 % 3l FR2 n3 & ¥ELT = 22
of tis] Y& u|For AN Y oL}, SiC:H} 72 bandgap
o] & p3 MR P of pB} iF AWl ¥FF
(buffer layer)& H4ste Jlge] AU2R ¥F2& p3d

BEox = F27F F7 Hoch, vy, FPA=AWIC:
Transparent Conducting Oxide)2] 2% 7lgo] P}[3]1E
of whe} TCO/pin/TCO sandwich &7} pinF2e JAEHE
g3l d9E7) Absldon, £ AFYUE TOR 0% 4
S InO/nip/In0/ 2471 FZ8] LA{e] P 43 ¢
Y w} elvi4], 2 WSS Zn0/mnip/g&Tint Fzo] o]
A Fmel pho] bandgapo]l 3 B-doped SiCiHUME ARl
o] p23t 247N Alelo] file] 4T 0 AFUHLE
W FRARE W JHE(light confinesent) R 2te] Jrittd
b, ipAdel $EEE BUYeRs ?““ g3l o
T Voct] A B PSR AL UAY Roigich £ &
F8 BF2 HAY ndmip/B47% P2 el ¥4
0 W S5 A EAE AR £ANME Bl 2o A
AR DASIR, Vol FFH22e pBE YFLE Y
2H-&2] TCO/psbuffers/i/buffer/n/TCO sandwich F38 3
A 9 AU A 2 FAE gEshaat shed Sl

2. +A84 WY % 2

ulAY Azl P E 2 wWHyo] vl FAVL 38
3 ek7] wiBe] 12ty fHsHezE FEdNcL A47ME
e AxtE siMeie A8EY WA Guamel -Sharfetter
He g5l &, WEA Axjof 9loiM AJtA] 7]
AL Possion WA, A45EFA, IFYEME AL
wAN o2 w3 Ayl 7t A wiztA] tEIe
2 Axdgch Aate] Yoy e aA Py 2y, A1)
3 oy, 323 BYRAH PEY 4 dch

a8 1o #yd myg uvetdch T0& FH4Y
TCO/a-SiH Aol MMt P ARIAMNE RIA
£ Aojmg atahg RYalshe AL wf Fasich o714
& Shaded} Smithof 2iz] A ¢H Edg AHg¥eni[6], of
2o goistEAE vy F4Y Rog dejd it o
e siak & HAE 230l U Bl 4ol #3
& EF(random)sts} uwlepd B Wel 227t

33

e of

- 1277 -



Lambertion EXUTF Zthe Zojtl, T4A4+E L=
o 9lojAltr Tauce] 2J3) MUY I ¢ald BAE slgyo
H, ¥3Y AR carrier YPFLS o] F4AS2 Y
AdLel vFd Qe igaxe A7y mgely s
Za% 2L bandgap stated REYste Zojrh.  bandgap
stateojt= tail state2} dangling bond state(D-state)7} &l
oo}, ol2& 2y 2o viehddch o47]14 tail statex Ag
43 BIEE 7ixla slvia sPY3a, D-state: Gauss &
x& stadcie 2t¥gch o]2X8 carrier AZAYE W
Y 3 Ud=F ALY + A7l 2 3o & siYof
A Agd w3 AE gedxe 32§ uehlch
a-Si:H n2o] ol 200A, S-doping¥ a-SiC:H p3e] F4
£ 66A, graded bandgap bufferd2] F7l& 80A2% 3l
i%e F2E 7PEAATIEA Hsielch. 2o dd Aty
2 0.2, FA APEL 0.78 7HFsiAct E 1ole 2 8y
old Al8¥ 718 &% parameterg ‘tElUlCh

3. Zy d 2%

4x24e 2y 38 FRol AM-1 100aW/ca’ o W&
ZAAZckR & o i3] FAE 1000V5000A & HsloAM
WA 1AM dstdel, ¢804 ZAE 39 40 el
olct . o71A Vock ZAWHY, Jsce OYAF, FFE Fill
Factor, EFFy ofux] MBAES vehdch Foof ot ¥
o] AT 8334 A P p/IEAL Alolo] AT £
Aol 9l Zn0ubol 2% ¥ AE A7t agel H viehd
Arh, ApEAge ¥9 ipAdelMe fFFol 23 2A
Pased oA 835 AU AR RAYE
2487] wigelth, ©AFe] Foe $UREL S
71Qdste], mhgef whE $YAE WHE 2 5o vehd
ch ~550nm o]4e] mAtlolA FRELEo] IA FUHEE
o 4 Atk o] LMol MY FA Zn02] APAe] o
3 Zlojth Fd BE 5 Aol AT AYAUY S} W
S o0 Atgiel ot KIAAFY FUIE A3 ol Fol Gl
& w2} w23l HEL o ol YeUrh o7IM A%
¢ F2E dg £ A& Ao AL 11.5%% vy P2
2 olf BEAUEEAM bandgapol AL a-SiiH oY wutg
AMg-3147] g Eoltt.

¥4 In0 ¥ B35 AUl A¥ E shig HruU
A2 Ao 28-S 9% 4 ¥ i3Y F47 “3500A00A
*2500A2 2 AA ZAaPrhe oot ujFA Az YA
218 dg3te] glojM JHoly 7HY oy BAF 8t
the Rof 2t J38 dstolrt. Ol o] gy WAL
22 FA 4E4F Fol== 2ok ¢uA e, o2
& i8] F27 glotald i8] AT BAA carrierd]
Aol Hola7) wiRelrh. wheby Fqdo] f¥o] AT
0%t BVEFHE AHEY Z¥ AYUIA 2 s8] F2)

oA RiRo] A Fo] IAA YUY VYU ol o] oy
E & 54€ Jrid ez Aatdclh oy Hzlet ¥
7 2271A] FE2 dFHolR pEE& FEL2 sh= 329
2EEH PUEE ALY o, bandgape] € nd AR A
gy imARe 8338 YAk Jled AUt 4%
A”(p/i)2} 0F Ad(im)e] 2% 8555 AU A
dof fMo] MY FPA=YF Agsle] TCO/p/buffer/is
buffer/n/TCO sandwich FZX& Azgchd i34 F#7t ol
£ glo} gilgo] WYorNE Hr} A Lol B uFA A
E AN E A2 4 QA& A= 7y 4 dch

4. 2L

€ =BoME Womip/F4718 T2 uj3F Qed
ejd o] olold ¥wo] 2ol MUY Zn0 R graded
bandgap t3-32] Alel HE FAE ¢AMAL B3 oy
stelch. ¥ Zo0 AgR e} AU $UELEY FNE O
AR B, ¥ ipAde] YUY BES Hol o
8 AR AeUch o] FrlAY AU Ate] o8
Igol A F7H0vh olgy Hof AR A& 4 A& i
28 Frl ~2500A28 A ZAgrcl oY AMNBRE
T00/Zn0/nip/ B4 713 FZEYE ohje} %E]7[{!/TCO/pin/€>
& F2 gAY 2HE3 9 AEHE AL $HogN
ol 230l AU TC02 AHE W FAR(TCO/nip/FE7]L
F2eM= isp AW, AAZIWTCO/pIn/FEH FERAME
i/n Ad)ol 8552 Agshe A viy Apyolel AE
A& 4 olth

U]
[1] Y. Hamakawa Y, Tawada, K. Nishimura, K. Tsuge, M.
Kondo, K. Fujimoto, S.Nonomura and H. Okamoto : Proc,
16th IEEE Photovol, Speci. Conf. 679(1982)
[2} Koeng Su Lim, Makoto Konagai, and Kiyoshi Takahashi,
J.Appl. Phys, 56(2), 538(1984)
[3] W.¥. Wenas, A. Yamada, M. Yoshino, M. Konagai, K.
Takahashi, J.Appl.Phys, 70(11), 7119(1991)
(4 4 F 4 1992d 374 JEELEAYY Y&pdY,
18a-5K-9
[5) D. L. Scharfetter and H, K. Gummel, IEEE Trans. on
Electron Devices, ED-16, No.l, 64(1969)
{6) H. Schade, ZE. Swith, J.Appl.Phys., 57(2)
568(1985)
[7] J. L. Gray, IEEE Trans. on Electron Devices, ED-36,
No.5, 906(1989)

- 1278 -



Incident fight

v W%Zno
NN\ W\ n(asiH)
T Sl’a R o

(Tr :T) pmi (@-SEH )
: S butfer
Ll a'-JSiC:H & doped

APSB sheets Ip layer
s ZnC

a-Si:H

AAAAAAAN

Rb Zno
Metai(Ag)
39 3 Aol ARRH v delE QAR 22
St:Am Aoy
So: &g AregE
Re: il WARg 0.86 v .
Ro: 33 whalg ——— e,
0.82} T
a3 L A sge] A nFY e i Puy 2y %
> 0.78 1 /.-—0——-—'—-._. 4
E _ 0.74 : .
[ 20 v v
NE //“"_.«
Ec-E. g 1 ]
k'3
3
12 . N
Ev-E, 0.8 . .
E B o7} \ J
v
e \
DENSITY of STATES 0.8 : :
12 . —
2y 2, e ARSH v A Yel8 bandgap state BY
~ 10t J
&
N.N, 5%10%cm E 8 §
5 13.7 em*/Vsec 1 &= 20,Buffer
#, 0.67 em’/Vsec y
cariet feime(s p- Eriesface) 6 506 & : NoZn, No Butier
iee lifot § interfs xiot
canriee lifctime(at p-i inierface) 0'591“:,; 4] 2000 4000 6000
E, 0.500v I laysr thicknass(A)
il stie Chamamsbc emperatuse
ok, K 294 ML 100l B EAL 32 FAMLe] B Fus
il capture cross section 5x10'%cm?
'S 1x10%cm?
dangling bond tnsition encegy Ly - &, .60V
- By 0.8¢V 1.0 . . r T
" A
dang mgct:mdcanm:mswcbm 2.7x10%cm® —&——  Zn0, Bulfer
<’ 6.5%10 " %cm® —+— N0 Zn0, No Bufter
<’ 8.0x10"%cm’® 0.8 4
< 1.0x30em?
Gauss standard deviation 0.05¢v >
front scatiering rate(S) 0.2 %
tck scattcring rae(S. ) 07 G 0.6 -
S-doped p layer EI
unckﬂm!asicE_ 2.00eV
Number of boron layee 2 g O 4
Roron layoe(-doping} N, x10%m? = - T
Boton layer N, (Total D siate density) 5x10"%cm” [
Boron fayer !hitﬂfncss 3A -3-
undopes 8-Sk thickness 60 A Pl 0‘2 §
graded bandgap thikness B0 A
ilaycr E, 1.72eV
i layer N, (Totaf D stalc density) $x10%m™
i layer thickness 1000~ 5000 A 0.0 : . 2
nlayerE, RO 400 500 600 700 800 900
foyer N, Ixiaem?
?\ ;y;‘u lsm“(‘l‘ou! D state densiy) 5:!0":::" Wavelength(nm)
n layer thicknoss 200 A
B 1 42880 A8 712 B4 poraneter 29 5. wge] of2 ¢Uxge] HH(i 5 Fol 25004)

- 1279~



