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Abstract In this study, we inserted a Zn buffer layer into a AZO/p-type a-si:H layer interface in order to lower the contact
resistance of the interface. For the Zn layer, the deposition was conducted at 5 nm, 7nm and 10 nm using the rf-magnetron
sputtering method. The results were compared to that of the AZO film to discuss the possibility of the Zn layer being used
as a transparent conductive oxide thin film for application in the silicon heterojunction solar cell. We used the rf-magnetron
sputtering method to fabricate Al 2 wt.% of Al-doped ZnO (AZO) film as a transparent conductive oxide (TCO). We analyzed
the electro-optical properties of the ZnO as well as the interface properties of the AZO/p-type a-Si:H layer. After inserting a
buffer layer into the AZO/p-type a-Si:H layers to enhance the interface properties, we measured the contact resistance of the
layers using a CTLM (circular transmission line model) pattern, the depth profile of the layers using AES (auger electron
spectroscopy), and the changes in the properties of the AZO thin film through heat treatment. We investigated the effects of
the interface properties of the AZO/p-type a-Si:H layer on the characteristics of silicon heterojunction solar cells and the way
to improve the interface properties. When depositing AZO thin film on a-Si layer, oxygen atoms are diffused from the AZO
thin film towards the a-Si layer. Thus, the characteristics of the solar cells deteriorate due to the created oxide film. While a
diffusion of Zn occurs toward the a-Si in the case of AZO used as TCO, the diffusion of In occurs toward a-Si in the case
of ITO used as TCO.
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Fig. 1. Sample structures to measure (a) electro-optical properties of
AZO(Zn,) films, (b) contact resistance between AZO(Zn,)/p-type a-
Si:H layers, and (c) depth profiling of AZO(Zny)/ p-type a-Si:H
layer interface.

A 2 AZO/p-8 a-Si:H 8t AW 548 X319

=R oHd
AZO uBFre] 7] 9 32 543 AZOp-% a-SiH
el 7ko] AHEAS EAsl7] flste] AlHES Fig.

(@), (b) B (c)¢} 2ol FHsIth Al T/ AHES
SAll ahte] Al Erol SElAA 2 3 2L
2 AZO¥e] FHRERT (a)e AZO Hehe] 7] H
Fer 54e A7) #Isted f2] 713 (Coming Eagle
2000) $1°l 80 nme] FAIZ SIS A 7] f
718 AAK| Ss ErfelE= =Dl (trichloroethylene),
obAlE B Uﬂ‘%%"ﬂ 74z} 384 259 MA71E o] &8t
of M| AHs} AL, A (deionized water)Z 103] Al H
sttt AZO Bfe zl}z A Ale] 2wt% H7Hd
Zn0O:A1(98 : 2 wt.%, 99.99% purity; korea, SMC Inc) E}
Ag AREsITh 7133t B 7] A]e 50 mmE AL
gt om, of Wi ER dEs S3F ke 717t so W
<} 1.2 mtorr2 2% 0}9\11’/}. (b)= AZO/p-8 a-Si:H ¥}t
o] JEF As 4371 flst vEEojx] AlHelt)

g 717 el p-3 a-Si:H ¥9S 15nm F7AE 233}
3, A =4S 9%k CTLM (circular transmission line

44 - A5

gt

Table 1. Deposition conditions of AZO and Zn thin films.

Target AZO Zn
Substrate temperature (°C) 130 RT
Sputtering pressure (mTorr) 1.2 2
Sputtering gas (Vol.%) Ar, 20sccm
rf power (W) 50
Deposition thickness (nm) 80 5,7, 10
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Fig. 2. Electrical (a) resistivity, (b) hall mobility and (c) carrier
concentration as a function of the thickness of Zn buffer layer.
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Fig. 3. Transmittance and reflectance at various AZO/Znx; (a) as.
depo. and (b) anneal. (300°C).
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Fig. 4. Average absorption coefficient as a function of the thickness
of Zn buffer layer deposited on AZO film; (a) as. depo. and (b)
anneal. (300°C).
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Table 2. Optical properties of rf sputtered AZO and Zn thin films.

Sample AZ0O AZO/Zns AZO/Zn; AZO/Zng
As depo.  After anneal. As depo.  After anneal. As depo. After anneal. As depo.  After anneal.
Average T (%) 82.7 83.6 71.4 83.3 69.3 75.3 61.9 71.9
Average R (%) 12.4 11.9 12.1 11.8 10.4 9.7 8.4 7.8
Average o (cm™) 7151 7321 25770 7980 32383 23371 49100 31989

S7Felal, WAtEE ZHASit) AZO/Zn, Bhete] BRI R
x4 n

e AZO ¥t} Zn SRF WA ofgt 3 S
o)t} o] Fig 4914 yehd Zz o] zn F WA
o] FATE FAYEATE 5T ATe 7k, ole
BRI PAE opr|sith

S5 AF o= B3 2 vA} AdEZ O ZHE 18
ARE ARgsle] AdHe] whaed s RAshe o)

o = (1/d)In[(1 - RYT]

2lolA TS R 2H2t Fap=el viteE YehH, d
Fate] FAE vepdth 7M1 G9olA PAkEE Y
T ZnO v o] AfHstke] KsHT A7)
of vl Yol mhx] Azkto] fle A o] ¥
CERA AL E W SkE o] IubE]l 44 =
3} 7o) Zgslar, o] Al &5 AdE 0o] "ok
T AR FEAE Absteke whehfe] skt 1l
oM W qUAE S5 Ent weba BdgHA
oAl FHAE Akstate] 7RAIEE P4 (400~800 nm)ol|A]
o] FEHEY} FHAlT 5L 58 & IS vx
k. AZO HEre] 7RAE GAeA ] B STATE
715 x 10°em "ol Snm FA9] Zn SHF A AR
P& 49 2577x 10°em™' 2 FA Z7heit) ol Zn 3
Ab R kel = FTte] &gt Zn vhHe] §4E ST
o o3t Aog AlgHET. AZO/Zn, ¥ute] FEIHE 7+
Ao} WAl S7HE BlFdA] A2 deERF dE()
AN A HFAR e FHE 58S ol ¥
7] wjZoll FEA S A At A& oof
Zolth. Table 2= AZOW 9 AZO/Zn, 39 43}
E/300 tigh 7HAR3A G @EHS: 400~800 nm)ell A
B UeRdTh
Fig. 5% CTLM # &S ©]-83t] AZO/Znx ¥} p-
a-Si:H ¥} 7he] HEA34S 5788 Zlolth. AZO |
2o] 735 AZO/p-a-Si:H ¥t o] HFA 3} o] 5.46 x
107 Q/em®oln} Zn vbete] 771 5, 7 2 10 nmE Z7}
T2 HEATL 2.17x 107 QYem?A 8.84x 107 (¥
o’2 A} FE45GHE 7S o838l A Wy B4
71914 300°C, 3min 7+ Exg] 9L e AZO/Zn,
whete] 749 JEAYE Zn wrte] FAVF S E

(R

w 02 1o
Mo

.

ot

E

J

lo g% O g
i

o o2

-
o
T

107 |

10 (b)

Contact resistance (Q/cm?)

Zn layer thickness (nm)

Fig. 5. Contact resistance between AZO/Zn, and p-type a-Si:H as
a function of the thickness of Zn buffer layer; (a) as. depo. and (b)
anneal.(300°C).
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Fig. 6. AES depth profiling at various AZO/Zny; (a) AZO, (b) AZO/Zns, (¢) AZO/Zn; and (d) AZO/Zn,y.
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