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Figure 2. Effect of increasing average-bias voltage on OH incorporation into HfO2 thin films 

measured by FTIR spectroscopy. The ~100 nm thin films deposited with the average-bias voltage of -

50 V and -60 V showed minimum OH incorporation. 

 

 
Figure 3. Effect of increase in average-bias voltage on rms roughness of ~100 nm HfO2 thin films 

measured by AFM. The HfO2 film deposited using -50 V average-bias voltage showed maximum rms 

roughness of 4.55 nm and nanocrystalline hillocks. 

 

0 -10 -20 -30 -40 -50 -60
7.5

8.0

8.5

9.0

9.5

 density ~100 nm HfO2

D
e

n
s

it
y
 (

g
/c

m
³)

Average-bias voltage (V)

1.95

1.98

2.01

2.04

2.07

2.10

 refractive index ~100 nm HfO2

 refractive index ~30 nm HfO2

R
e

fra
c

tiv
e
 in

d
e

x
 (n

@
6

3
2

 n
m

)

HfO2 thin films

       

0 -10 -20 -30 -40 -50 -60
-1000

-800

-600

-400

-200

0

200

400

600

800
 ~100 nm HfO2

 ~30 nm HfO2

HfO2 thin films

R
e

s
id

u
a

l 
s

tr
e

s
s

 (
M

P
a

)

Average-bias voltage (V)

compressive stress

tensile stress

       
Figure 1. Effect of increase in average-bias voltage on (a) Density of ~100 nm films and refractive 

index of ~30 nm and ~100 nm films (b) Residual mechanical stress in ~30 nm and ~100 nm  HfO2 

films deposited by PEALD.  


