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Chemical Vapor Deposition

• Important process in the formation of microcircuits 

(electrically interconnected films ICs), 

microprocessors & solar cells

•Used to deposit thin films of material, such as Si, 

SiO2, and germanium (Ge)

•Mechanism of CVD is similar to those of 

heterogeneous catalysis except that site 

concentration (CV) is replaced with fraction of 

surface coverage (fV)

Chemical Vapor Deposition

The 5 steps

1. Postulate Mechanism (sometimes first 

includes a gas phase reaction, then 

adsorption and surface reaction)

2. Postulate Rate Limiting Step

3. Evaluate Parameters in Terms of 

Measured Variables

4. Surface Area Balance

5. Evaluate Rate Law Parameters
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Chemical Vapor Deposition

111

Ge is used in solar cells

Gas-phase dissociation

Adsorption (1)

Adsorption (2)

Surface reaction

Surface reaction is believed to be the rate-limiting step

Growth of Germanium Films by 
CVD
Germanium films have applications in microelectronics & 
solar cell fabrication

𝑮𝒆𝑪𝒍𝟒(𝒈)

𝒌𝒅𝒊𝒔

𝒌−𝒅𝒊𝒔

𝑮𝒆𝑪𝒍𝟐(𝒈) + 𝑪𝒍𝟐(𝒈)

𝑮𝒆𝑪𝒍𝟐(𝒈) + 𝑺

𝒌𝑨

𝒌−𝑨

𝑮𝒆𝑪𝒍𝟐. 𝑺

𝑯𝟐(𝒈) + 𝟐𝑺

𝒌𝑯

𝒌−𝑯

𝟐𝑯. 𝑺

𝑮𝒆𝑪𝒍𝟐. 𝑺 + 𝟐𝑯. 𝑺 ՜
𝒌𝑺
𝑮𝒆(𝑺) + 𝟐𝑯𝑪𝒍(𝒈) + 𝟐𝑺
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What is the rate of Ge deposition if the surface reaction is 

rate limiting?

a) r”Dep=kdisPGeCl4-k-disPGeCl2PCl2

b) r"Dep=kAPGeCl2fv -k-AfGeCl2

c) r”Dep=kHPH2fv
2 -k-HfH

2

d) r”Dep=kSfGeCl2fH
2 -k-S CGePHCl

2fv
2

e) r”Dep=kSfGeCl2fH
2

Growth of Germanium Films by 
CVD

𝑮𝒆𝑪𝒍𝟒(𝒈)

𝒌𝒅𝒊𝒔

𝒌−𝒅𝒊𝒔

𝑮𝒆𝑪𝒍𝟐(𝒈) + 𝑪𝒍𝟐(𝒈)

𝑮𝒆𝑪𝒍𝟐(𝒈) + 𝑺

𝒌𝑨

𝒌−𝑨

𝑮𝒆𝑪𝒍𝟐. 𝑺

𝑯𝟐(𝒈) + 𝟐𝑺

𝒌𝑯

𝒌−𝑯

𝟐𝑯. 𝑺

𝑮𝒆𝑪𝒍𝟐. 𝑺 + 𝟐𝑯. 𝑺 ՜
𝒌𝑺
𝑮𝒆(𝑺) + 𝟐𝑯𝑪𝒍(𝒈) + 𝟐𝑺

Surface reaction is believed to be the rate-limiting step:

ks: surface specific reaction rate (nm/s)

fH2: fraction on the surface occupied by H2

fGeCl2: fraction of the surface covered by GeCl2

Growth of Germanium Films by 
CVD

" 2
Dep S GeCl H2
r k f fRate of Ge deposition (nm/s):

*Surface coverage is in terms of fraction of 
surface, not concentration of active sites
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Chemical Vapor Deposition

Si Si Si Si

Si
HH

silicon hydride adsorption

Si Si Si Si

Si
HH

Si Si Si Si

Si

Surface reactionH2

No desorption occurs, the 
product, Si, remains attached to 
the surface, forms a new surface

𝑺𝒊𝑯𝟐(𝒈) ՜ 𝑺𝒊(𝑺) +𝑯𝟐(𝒈)

𝑺𝒊𝑯𝟒(𝒈) ↔ 𝑺𝒊𝑯𝟐(𝒈) +𝑯𝟐(𝒈)

Growth of Silicon Film by CVD

Write out elementary reactions and assume a rate-limiting step

1. Adsorption

Rate of adsorption = rate of attachment – rate of detachment

AD SiH SiH v SiH SiH2 2 2 2
r k P f k f 

SiH2
AD SiH SiH v2 2

SiH2

f
r k P f

K

 
   

 
 

Si Si Si Si

Si

HH

Si Si Si Si

Si

HH

Si Si Si Si

Si

adsorption
Surface 
reaction

fv & fSiH2: fraction of the surface covered by vacant sites or 
SiH2, respectively 

H2

𝑺𝒊𝑯𝟐 𝒈 + 𝑺 ↔ 𝑺𝒊𝑯𝟐. 𝑺
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Growth of Silicon Film by CVD

2. Surface reaction

S S SiH S Si H v2 2
r k f k C P f 

Si H v2
S S SiH2

S

C C f
r k f

K

 
   

 

Si Si Si Si

Si

HH

Si Si Si Si

Si

HH

Si Si Si Si

Si

adsorption
Surface 
reaction

Surface coverage is in terms of fraction of surface, not 
concentration of active sites

H2

𝑺𝒊𝑯𝟐. 𝑺 ՜ 𝑺𝒊 + 𝑺 +𝑯𝟐(𝒈)

118

Chemical Vapor Deposition
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1) Mechanism

Gas Phase Dissociation

Homogeneous

Heterogeneous

 vacantis that surface offraction  = 

~~

~~

2

2

2

2

22

22

V

SiHSSDep

SiH

SiH

VSiHAAD

f

fkrrHSSiSSiH

K

f
fPkrSSiHSSiH
















SiH4

 SiH2 H2 rSiH 4  kSiH 4 PSiH 4 

PH2PSiH 2
KP











Chemical Vapor Deposition

Chemical Vapor Deposition

2) Rate Limiting Step

3) Express fi in terms of Pi

120

2SiHSSDep fkrr 

222

2

2

2

0

SiHVSiHSiH

A

AD

SiH

SiH

VSiHAAD

PfKf

k

r

K

f
fPkr

















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Chemical Vapor Deposition

4) Surface Area Balance

5) Combine

121

22

222

1

1

1

SiHSiH

V

VSiHSiHVSiHV

PK
f

fPKfff






22

22

22

222

2

1

1

1
SiHSiH

SiHSiHS

Dep

SiHSiH

V

SiHVSiHSiH

SiHSSDep

PK

PKk
r

PK
f

PfKf

fkrr























Homogeneous Reaction

122

42

4

422

42

22

22

2

4

2

4

4

1

1

1

0

SiHH

SiH

SiHPSiHH

SiHSiHPS

SiHSiH

SiHSiHS

Dep

H

SiHP

SiH

SiH

SiH

PKP

Pk

PKKP

PKKk

PK

PKk
r

P

PK
P

k

r























P

SiHH

SiHSiHSiH
K

PP
PkrHSiHSiH 22

444224
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Gas-phase dissociation

Adsorption (1)

Adsorption (2)

Surface reaction

Surface reaction is believed to be the rate-limiting step

Exercise: find the rate law!

Germanium films have applications in microelectronics & 
solar cell fabrication

𝑮𝒆𝑪𝒍𝟒(𝒈)

𝒌𝒅𝒊𝒔

𝒌−𝒅𝒊𝒔

𝑮𝒆𝑪𝒍𝟐(𝒈) + 𝑪𝒍𝟐(𝒈)

𝑮𝒆𝑪𝒍𝟐(𝒈) + 𝑺

𝒌𝑨

𝒌−𝑨

𝑮𝒆𝑪𝒍𝟐. 𝑺

𝑯𝟐(𝒈) + 𝟐𝑺

𝒌𝑯

𝒌−𝑯

𝟐𝑯. 𝑺

𝑮𝒆𝑪𝒍𝟐. 𝑺 + 𝟐𝑯. 𝑺 ՜
𝒌𝑺
𝑮𝒆(𝑺) + 𝟐𝑯𝑪𝒍(𝒈) + 𝟑𝑺

Exercise: find the rate law!

124

𝑮𝒆𝑪𝒍𝟒(𝒈) +𝑯𝟐(𝒈) ՜ 𝑮𝒆(𝑺) + 𝟐𝑯𝑪𝒍(𝒈) + 𝑪𝒍𝟐(𝒈)

𝒓𝑫𝒆𝒑
′′ =

𝒌′𝑷𝑮𝒆𝑪𝒍𝟐𝑷𝑯𝟐

𝟏 +𝑲𝑨𝑷𝑮𝒆𝑪𝒍𝟐 + 𝑲𝑯𝑷𝑯𝟐

𝟑

𝒓𝑫𝒆𝒑
′′ =

𝒌′𝑷𝑮𝒆𝑪𝒍𝟒𝑷𝑯𝟐𝑷𝑪𝒍𝟐
𝟐

𝑷𝑪𝒍𝟐 +𝑲𝑨𝑷𝑮𝒆𝑪𝒍𝟒 + 𝑷𝑪𝒍𝟐 𝑲𝑯𝑷𝑯𝟐

𝟑

𝒓𝑫𝒆𝒑
′′ =

𝒌′𝑷𝑮𝒆𝑪𝒍𝟒𝑷𝑯𝟐
𝑷𝑪𝒍𝟐
𝟐

𝑷𝑪𝒍𝟐 +𝑲𝑨𝑷𝑮𝒆𝑪𝒍𝟒
𝟑

If hydrogen is weekly adsorbed 𝑲𝑯𝑷𝑯𝟐 < 𝟏


