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Abstract: Crystalline silicon solar cells with SINY/SIN, and SiNy/SiOy double layer anti-reflection coatings(ARC) were
studied in this paper. Optimizing passivation effect and optical properties of SiNg and SO layer deposited by PECVD)
was performed prior to double laver application. When the refractive index (n) of silicon nitride was varied in range of
1.9~2.3, silicon wafer deposited with silicon nitride laver of 8) nm thickness and n= 22 showed the effective lifetime
of 1,370 fm Silicon nitride with n= 19 had the smallest extinction coefficient among these conditions. Silicon oxide
laver with 110 nm thickness and n= 1.46 showed the extinction coefficient spectrum near to zero in the 300~1,100 nm
region, similar to silicon nitride with n= 1.9. Thus silicon nitride with n= 1.9 and silicon oxide with n= 146 would be
proper as the upper ARC layer with low extinction coefficient, and silicon nitride with 1=22 as the lower laver with
good passivation effect. As a result, the double layer AR coated silicon wafer showed lower surface reflection and so
more light absorption, compared with SiNx single laver, With the completed solar cell with SINJSiN, of n= 22/1.9
and SINYSIOx of n= 22/1.46, the clectrical characteristics was improved as AV.= 37 mV. Ale= 011 mA/em” and A
Vie= 52 mV, A= 0.23 mA/cm®, respectively. It led to the efficiency improvement as 0.1% and 0.23%.
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Fig. 2. Crystalline silicon solar cell fabrication procedure.
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Fig. 3.

silicon wafer as refractive index change,
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Fig. 4. Extinction coefficient spectra of SiNgH and SiO;

on silicon wafer with n= 1.9~2.3 and 1.46, respectively.

1Y 4% 300~1,100 nm 33 Wl A g =
A8S 42 delg Asua Ao dsigel 23

AR nolEc Aelw Aste #dgel 232
A we 2% A% e X BEE) F2RF
g 4% ATE Fashs 4P Rt @Al
199 W A@AZ7F 0o e Be @ A,

Aol Ashupe] 495 2% A47E 300~350 nmE
Aslgh A shg @l delA ZdE 199 AT A

stebRc) o W Fe 7HA7] wite] A A5
£ o]F TEO| wAbgA ve A Fo2 At
o). SiNVSIN, %o Fel uE uhAESE ol
| 918kl wEApgA uke] s Fome F& A
old S4=2 7%%' FAEo] 229 A2 A
AFESHE L, AR FoRE 2% AFvt we EdE
199 A& zlﬁlr“}‘? AHgatgieh durEl A4
A2 HFAAE FH4E 209 80 nmel FAE 7t



A7) AL stehs] =], #1267 A1E pp. 73-79, 201341 126

30
- Bottom / Top
5L - 80nm
70/10nm
ol 60/20nm
a‘é‘ : 4533&!11
151 - I‘.
1o/z1)
y . h.
5l ..":
.‘E..%.
ok RS - SPUDROeT

30046050)6(:0?008151)96016001100
Wavelength (nm)

Fig. 5. Reflectance of single laver SiNgH and various
thicknesses of double laver with SiN/SiN..

3 b

-
w

w

Effective carrier lifetime (yis)
=

(=]

Fig. 6. Carrier lifetime of silicon wafer with various

thickness of SiN/SIN, layer before and after firing.

A

(=4

e

ol).l

ARE3E7) wiel o] & 7]FE
I de] Zdstehg 70 nme]
7 40 nm —r”“”le ?—-“‘Lb}?&
248 199 Ay @gue
nme| F7el A 10 nm# Fe]7bv 40 nm T"l]’»’]-*l
TEe FdE MR g8 F AduE Fdive F
Ale] el 80 nm7t A 3]“?3«‘—'} 1 Z—-‘liq' 15 5l
ER A3} o] SINYSING T*27F @3 2o 4
2] dslern} 580 anTfi‘r-ﬂl ‘.'h*}ﬁ' %!—1 c of) A
o ow AR E B 3 o3 whApbx|uh
Zo| ANFor AgE FAE 1929 deE dsiv
o] F77F 10 nmAEl 40 nm7bAl F7Fe S whAb e
7 vrol A = A S ERSk.
He & d3s ojzow
Holl M =
FstA a9 6elld fraE

Mo

‘.:E". Ll:’.]

dsore
0
h -3

- CI]

o)
-

= ='f.r2
°ﬂ’*1 10 nm#®

i, oleh whoj

_..0 2=

S o] HAlE =
40/40 nme] o]F wWkApMbz| vl Lz} 7pA
HhE Al 5ol a9

vhal i & 77

30
S Bottom / Top

\ ~+ SiNx 80nm
208 - SINX/SINX (50/30nm)

= SINSIOx (72nm/108nm)

“4’1’_—"’.’-—"‘.“"

10.70 1100

o
T

300400500&00?00300900
Wavelength (nm)

Fig. 7. Reflectance of SINx:H, SINX/SiNx and SiNx/SiOx
coated silicon wafer.

Table 3. Refractive index and weighted reflectance of

SiN, SINGSIN,, and SiINGSIO,-deposited silicon wafer.
Weighted

reflectance(%)

Refractive index

SiNg 20 4.7
SiNy/SiN 2.2/19 39
SINGSIO, 2.2/1.46 34

2 #;,”s} A% R5E 50/30 nme)

2 e 74y 40/40 nm - Zol] A=

Pl A g
= s o

%°ll dAvold E4& nelstd Mz tE FWE
S 7H3 A& fjﬁ}'ﬂ]'c’ GAl L o] 2 wbalulz| uk

T-ZEEL= 50/30 nm7F A §Etclar of 27l
IR 78 SINGSING (50730 nm) & 9F SINGSIO,
(72/108 nm) % ~rg]al SiNg (80 nm) T-%2°| uka}

Aol w3 wabgAthe] 4y gos
delE dalurg ASEe P BAR 199 MR

A3t uk R ek 320~600 nme) LI‘—‘}’%} 422 900~ 1,100
nme| F3g Y dlelA] o e wkAEsd w3
ok £ F 744 o]|F WAMEA Y TR BE ghE u
AR A bR kg it Fubg Jool N o
S MALEE B R ERE YA YRS
z} apabe] whE HEA Z127) e o]l o]
215§l WRAMEE weighted reflectance} il -2},

E 3 919 A ZHA FEe] g weighted
reflectance 300~1,100 nm 34 H9 WolAH 42
ﬂ*lﬁi et 29 794 debd Aga Sdst
Al 3 SiNy©| weighted reflectance?} 4.7% i 744



™ J. KIEEME, Vol. 26, No. 1, pp. 73-79, January 2013: J. J. Park et al.

3 8 & 8

[54]

Effective carrier lifetime (us)
=]

o

SiNxSOnm S|Nx50."30rl‘l'l Sle?Erl'n.-‘
SiO2 108nm

SiN/SiN,  and
SiINL/SIO, - coated silicon wafer before and after firing.

Fig. 8. Carrier lifetime of SiNgH,

Table 4. Electrical
silicon solar cells with various anti-reflection coatings.

characteristics for the crystalline

Ve Y . FF n
(mV) (mA/er) (%) (9%)
SISO a1 5 3553 8BS 1763
(3 aver.)
SINSING o9 35.41 45 1750
(3 aver.)
Sil 6263 35.30 7870 1740
(3 aver.)

3 SiNGSIOx TZ7 34%E 71 &8 g
F gl

18 8& SiN,, SiNJSiN,, SiINJ/SIO« Al 7FA -
xo & ¥4 £92 dehdh MCD7F 5.0x10°
em Yol A @& SiN©e FE WA e 228 usol
1 SiNG/SiNe®F SiNy/SiOce] F& w42 9 7
7} 23.1 ps€F 225 psE 2 #ol7t fIch &2 &
A A Fo fE A £9 9A 2+ 269 s,
264 ps, 263 ps® 2 W= PAHA gt A
Aol A FHE 220 A Aslote] FHE 2.0%
Ay Fgeeco f& R’_P%“RF' el 7] ui-e
#HE 229 A& Azus Y Fo2 AL
Z dapgbx|ur 27 F2AE 209 AYE Asy
AFE3 b whabab e B & dhEA o)
A veld Zoleta o dg@Ant wep F
A Agsts ol F whAMAY Fzxe FA
}Zzu} glv] #] o elfsﬂfd bzl Fro] oA HE
o] ZAHE 209 d2E AsYo] FTHE +x
Hl 223k & Hmz} 9ol FAMGn AZEh
H 4% SiN,, SiNy/SiNy, SiN/SiOx Ml Z79] %

248

Za]

i

Jo ¥ ol ﬁl-r ge 2 0
a P

8

100
g o}
B2 4 ;
- i / Top ‘
% 70".-"'\{:.# — e SiNx 80nm

sl . +— SiNx/SiNx (50/30nm)

s ~— SiNY/SIOx (80/110nm)
50;.

%0 400 500 600 700 800 900 1000 1100
Wavelength (nm)

Fig. 9. External quantum efficiency of crystalline silicon

deposited with  SiNx:H, SiN/SiN, and

SiN/SiO as anti-reflection coating

solar  cell

ApkA|eto 2 zlztel ejgAAe] A7|AH AL e
ok SiNJF @302 3 ejYAR B} SiNGSINSH
SINY/SIOc8] ©]F WAl ere 283 gk xe] W
2 "8 Hygel 47 0.1%, 023% 9 =4 542
t}. ol wu} FHolAe] walEdo] FolEo HY
AR WRE FFHE Yol T8k Fell o3 AAS
vkgatel $=7F F7h37] wiiolgtal o Azt oA
2y 99 JveEpd @ goolAe Adiew
& g2 Z&7 3530 mA/em oA 3553 mA/cm®
2 d4d AF dke FvtRE sivid & o

[0 HE rlo

4. 2 B

Adel Astet (SiNg dg& A (Si0)E P
23lo] SiN,, SiNSiNy, SINGSIOL] Al 7FA] %2 E
g3 d44d A HIHAAE ARk olF
vkl A uke] S Fo R Aol SAlo] F
ZFAE 229 A& Az AL n 4¥ %
2 4% #33 548 717 2HE 199 dg&
Azt FAE 14690 A 2Asee ARgsia.
o] % whApMbR| g} P ohE gRARER| g o] ]
3 WALEA ] Ao gulg gooAe] WAL
7F @7 W&ol BgAR e F5EE 2o %ol F7t
oy, o A ©F A2 dsliete] Fad BgFHA
o] "3l SiNJ/SiNy &+ Vel 37 mV Jse7t 0.11
mA/cm® B2 445591 SINGSIOy TEE Vol 52
mV, J«7t 023 mA/em® 718ttt 12 ?l?'sll L
€ 94 ZHz} 0.1%, 0.23%4 345

l

HJIG

_...a'l



A7 A2 528 5] =2, #2631 A1E pp. 73-79, 201341 1¢: vHA| & % 79

SiNGSIOx TZ2 8 HddAE SiNJSINGG T2
2 8 gFdAEg o 5% 4714 S48 2
o} A SiNGSINe TF2E B 1A AFA 3
oA 71& A4 BeA e F7HHA T4 Mdust 4
2 §17] Wil 4o hesiol H] 8 FHelA o
Aol glol 7 2 25 4d HEFdA AFs A
& #A HFgsiria A

REFERENCES

[1] I. G. Kavakli and K. Kantarli, Turk. J. Phys., 26,
349 (2002).

[2] M. Ohring, Materials Science of Thin Films, Znd
ed. (Academic Press, San Diego, 2001) p. 568-569.
[3]1 S. J. Fang, W. Chen, T. Yamanaka, and C. R.

Helms, Appl. Phys. Lett., 68, 2837 (1996).
[4] M. A. Green, Selar Cells Operating Principles,
Technology, and System Applications, (Prentice-hall,

New Jersey, 1982) p. 161-165.

[5] C. Chen, Y. Lin, C. Lai, C. Kuo, and S. Ho, [EEE
Photo. Spec. Conf., 37th, 2133 (2011).

[6] W. Soppe, H. Rieffe, and A. Weeber, Prog
Photovolt: Res. Appl.. 20, 551 (2005).

[71 S. K. Dhungel, J. Yoo, K. Kim, S. Jung, S. Ghosh,
and J. Yi, J. Korean Phys. Soc, 49, 885
(2006).

[8] F. Duerinckx and J. Szlufcik, Sol. Energ. Mat. Sol.,
C72, 231 (2002).

[91 B. Kumar, T. B. Pandian, E Sreckiran, and S.
Naravanan, [EEE Photo. Spec. Conf 3lst, 1205
(2005).

[10] M. J. Kerr and J. Schmidt, A. Cuevas, Semicond.
Sci. Tech, 16, 164 (2001).

[11] J. Seiffe, L. Gautero, M. Hofmann, J. Rentsch, and
R. Preu, J. Appl. Phys., 109, 034105 (2011).

[12] K. D. Lee, S. S. Dahiwale, Y. D. Kim, S. Kim, S.
Bae, S. Park, S. J. Tark, and D. Kim, Curr. Appl.
Phys., 13, 241 (2013).





