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Abstract

Ga-doped ZnO (GZO) transparent conductive layers have been
grown on ZnSe/GaAs by molecular beam epitaxy for applications to
InGaP/GaAs/Ge triple junction solar cells. Under optimized conditions,
GZO films with resistivity as low as 5.0x10™ Q-cm have been obtained.
Besides, Ti/Al/Ni/Au is used as the ohmic contact on GZO for the first
time. Specific contact resistivity as low as 2.55x107 Q-cm® has been

achieved.
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Samples Growth condition T, Time
Zn:370/520 300 °C 30’
un-doped ZnO 0:0.2 sccm
RF:350W
Zn:350/500 300 °C 30’
0:0.2 sccm
RF:350W
Ga:420
Zn:360/510 300 °C 30’
0:0.2 sccm
RF:350W
Ga:420
Zn:370/520 300 °C 30’
0:0.3 sccm
RF:350W
Ga:450
Zn:370/520 350 °C 30’
0:0.2 sccm
RF:350W
Ga:420

-245-

-246-

-247-

-249-

(= ) Contact on GZO
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R = 2R¢ + ps - = 2R¢ + () x d (1.1)

W
Rgn =m X W = =2 (1.2)
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pc = ReWLp = LRy, (1.3)
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Sample N H P Rs,heet Tg
(cm®  (cm¥V-s) (@-cm) (@4a)  (°C)
un-doped  5.4x10"  0.68 17 853700 300

245(Zn:350) 3.1x10"° 8.6  2.35x10° 1174 300
246(Zn:360) 8.5x10® 9.0  8.10x10° 405 300
247(Zn:370) 3.5x10®° 136  1.31x10° 87 300
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249(Zn:370) 5.5x10®° 206  5.0x10" 36 350

2. x-ray 548 B

PO RERMAL g & & T 0 AP KR & Y55t 2-Theta €0 0 &
S4Bzt 0 H P i d REERT 4 R S ARFE AL ansEs gL
FAF TR 18 T U RE AL 5 H B J R 2457 R
24P £ 5 1 ZnO(1-101)~ ZnO(1-103) » Ga,04(411) 2 Ga,04(321)
5 Nl EEER N ARy D1 Zn0O(0002) e B
FECREIFEH A g R ArF e i T Gay0,
SRS AR DA R RB 2P b X oA RS 249 AR F 2 £
BERET MR Y T3 ZnO(1-101)H - B 4p ¥ AL R F] 0 70U R

ALY 7 R A A i R AT A A ERA P AR F Y8

= o
P

2-THETA (degree)
20 30 40 50 60 70 80
—245 yzogacy | Gaouy
ZnO(1-103) y
Gazoa(l?) ‘ ZnO(2-201)
| Y

Intensity (cps)

. 'N “(‘ ¥

13



o4 §ZnO(L10)

= Ga,0,(411)
a |
L
2 Zn0O(0002) o103 Zn0o(2-201)
D Ga,0(321) ¥ |
c
3
£
— 247 \
- ZnO (1-101)
é ZnO(0002) l
> |
k)
c
(O]
E
_' 249I + ] ] ] ] ]
Q ZnO(l—lOl)i
L
2
‘»
C
9
=
20 30 40 50 60 70 80

2-THETA (degree)
= ~ GZO % 2-Theta 45+ | $654 B 25

3. kgrw kR

—

bR kR kWY o doRlE A 0 BTG F e

ey sk > k3 & d defect-related s kv Hooo@m @)I%Jei R

defect-related % s 2 & R F]3 ¥ i 5 ¥ 7 4 (Vo) fr &g B I

(Ga-interstitial) » sV iPFanRE PP > ¥ UBRD| D iR E a2

14



defect-related ez Sk 35 & ~ < 3 " M - J2pld BRI LI 4
[ Bed ¢ BNgani=® > @ F 0 ¢h Ga interstitial % & ]
defect-related 7% 33 & < < 3 "% L o ¥ ¢bd 247 2 249 %k - 249
iR B &% 0 d >t Zn-0O bond 5 formation energy ~ ** Ga-O bond
srformation energy- % A E &2 B P € 5 # % cHZn-0O bond A5 = >

b Ga 2 B~ Zn eniz ¥ o Tt defect-related % Sk 5g B vk

E X

15K

u -245-Zn:350 4

A 246- Z1:360

-247- Zn:370

PL Intensity (a.u.)

-249- Zn:370
15730 -~ ]

15 20 25 30 35
Energy (eV)

Fle  GZO i % £

15



BI ~GZO % % SEM Hl

d SEM gz »239-246 '# 5 3D A58 endk o o ¥ IR § K e GZO

=’
=]
2
W

|
=
pad

Bt

BRI FHNEFF A LAa g T ey

dHER o RPFEHL RS AR LA T paifai

E-D
W
A

e

~=
R

&
=

e R e ALk

=~ ~ Contacton GZO
1.TLM £ pl¥2 SEM £ jp)
W R RN s HEF TLM R BRl S k4o = 217

PP e 3 BT [T R e 719 0 g Ti 2 347 2 Ti 9 Oxygen

16



g% TiOy > p 5 I F T P2b¥ 43 > gt ok > GZO § ¢ d *F Oxygen

v:’(

WACE Tio @ W GZO ¥ ¥ M § 54k 0 B e PR § 54

T

o4

— #& donor-like defect[8,9] » F]pt i 7 4 & e F R R 5 & o
TRERRE . Ry VR RAZE 300°C B Al €A AR 0 T E
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254 > SEM % % 4o B #7 7

%= ~TLM £ )% % (GZO with 150 nm)
Annealing temperature  Sheet resistance ~ Contact resistivity
(°C) (Q/n) (Q-cm?)
Non-annealing 94 2.65%10”
300 84 2.55%x10”
400 60 9.00x10”
500 50 3.79x10°
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2 ~Hall £p% %

un-annealed 500 °C annealed
Sheet Resistance (€2/0) 91 58
Resistivity (Q-cm) 1.37x10° 8.69x10™
Mobility (cm?/V-s) 19.3 39.2
Concentration (cm™) 2.37x10%° 1.83x10%°
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