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ZnO
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l Studies
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Electrical D
ata -

 
A

m
bient Studies
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Electrical D
ata -
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ptical 
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ata
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C
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 D
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C
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Electrical Properties vs. Substrate Tem
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ZnO
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A
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ith H
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H
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w
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s w

ould not contribute carriers?
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hat extent is H

2
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in film

s?
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A
t w

hat T is H
2

 
rem

oved from
 ZnO

?
•

 
D

ecrease in carrier concentration 
and m

obility appears near tem
p. 

at w
hich desorption occurs
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Structure -
 H
2

 
and Thickness effects
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•
 

Peak shifts to low
er angle and 

decreases in intensity w
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r

•
 

B
ut film

 thickness also 
decreases by up to 50%

 w
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2

•
 

Is change in d spacing 
due to H

2

 

or thickness?

•
 

To w
hat extent is H

2

 
incorporated into film

s?

2.630

2.625

2.620

2.615

2.610

2.605

2.600

2.595

d spacing (Å)

2.0
1.5

1.0
0.5

0.0
H

2 /A
r R

atio (%
)

0.5
0.0

O
2 /A

r (%
)

  ZnO
 film

 lattice spacing, substrate tem
p. 200ºC

 ZnO
 undoped

 ZnO
:A

l (0.5 w
t.%

)
 ZnO

:A
l (0.1 w

t.%
)

 ZnO
:A

l (1 w
t.%

)
 ZnO

:A
l (0.2 w

t.%
)

 ZnO
:A

l (2 w
t.%

)
          

 ZnO
 (0002) (JC

P
D

S
 36-1451)

ZnO
 (0002) d spacing



20

Separating H
2

 
and Thickness Effects

•
 

Em
pirical fit of d spacing vs. 

thickness for fixed A
l and H

2

 
am

ounts
•

 
Fit of H

2

 

vs. thickness for all A
l 
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ounts

•
 

H
2

 

effect dom
inates
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Scattering M
echanism

s U
sing T-dep. H

all
U

ndoped ZnO
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/A
r

•

 

Tem
p. activation 

⇒
barrier (dangling 

bonds?)
0.3%
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2

 

/A
r

•

 

Phonon scattering
•

 

Passivation of dangling 
bonds at grain 
boundaries

ZnO
:A

l
•

 

Increasing ionized 
im

purity scattering w
ith 

A
l dopant

1τ
=

1
τ

ionized

+
1

τ
neutral +

1
τ
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+
...

μ
=

q τ
m

*
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D
opant Ionization -

 EPM
A

•

 

Lim
ited H

2

 

aids ionization
•

 

Ionization decreases w
ith A

l level
•

 

M
o has poorest ionization

•
 

M
o-doped film

s contain 
near the am

ount of dopant 
specified

•
 

A
l-doped film

s all contain 
greater am

ts. of A
l

M
easurem

ents perform
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obby To, N
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