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Ultra-Thin Oxides
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Critical Contaminants

�  Particles

�  Metals

�  Substrate Roughness

�  Organics
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Desorption Removal by
Reaction
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Typical Organics and their End-Effects

Negative effect on wet and
dry processes

Polymers, tubesHydrocarbons

Corrosion, hydrophobicityPhotoresistsCresols

Hydrophobicity, particle
formation

Sealants, caulksSilicones

Counter doping, voltage
shifts

HEPA/ULPA filtersOrganophosphates

Affect DUV lithography,
increase linewidths

Cleaning solutions,
CMP, humidity
controllers, epoxies

Amines, Amides

Gate oxide degradationPolymeric materials,
filters, paints, floor
tiles

Dibutyl Phthalate,
Butyl Hydroxy
Toluene, DOP

Potential EffectProbable SourceCompound Type
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Typical Organics on Wafer Surface

� Butyl Acetate
� Ethylene Glycol
� 2-Ethyl-hexanol
� 1-(1-Methylethoxy), 2- propanol
� 1,6- Hexanediol

� Caprolactam
� Dodecanoic ester
� Tris (2-chloroethyl) phosphate
� N-butyl benzene sulfonamide
� Dibutyl Phthalate

Trends :

�  Low boiling organics adsorb immediately and decrease with time

�  High boiling organics generally increase with time
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Reported Literature  On Organics

Kasi et al  (IBM) : HF last surface prone to HC contamination,
Annealing causes SiC formation and dielectric degradation.

Saga and Hattori (Sony) : Qbd improves by O2 addition. Residual F
increases BHT and DBP uptake on HF last.

Guan, Gale and Bennett (Sematech) : C contamination at oxide-
poly interface correlates with post-cleaning C on surface.

M.Verghese et al (U of Arizona): H2O increases IPA uptake on
silicon oxide and leads to chemisorption.
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Research Objectives

�  How organics adhere to surface of wafer ?

� What happens to them in high temperature processes ?

� What are the consequences ?

Fundamental study of the fate and the effects of

organic contamination
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Model Organics
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� All Metal MFCs

� EPSS Tubing, 7 RA

� No Dead Volumes

� Research Grade Gases

� Isotopic Labeling Studies

Experimental Setup - I
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Pyrex Reactor
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Experimental Procedure
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75 ppm IPA challenge, Ramp up to 800 0C at 20 0C/min in N2

Experimental Response

Adsorption Desorption

Time (min)

C
O

2 
C

on
ce

nt
ra

tio
n 

(p
pm

)

50

100

250

150

200

SC1 lastSC1 last

HF last

HF last

0 10 20 30 50 60 70 80

(hydrophilic surface)

(hydrophobic surface)

19



0

20

40

60

80

100

120

140

50 55 60 65 70 75 80 85 90
0

100

200

300

400

500

600

700

800

900
Oxidation

Ramp Up

N2 purge

0.5 % O2 purge

C
O

2 C
on

ce
nt

ra
t io

n,
(p

pm
)

Time (min)

Tem
perature 0C

50 ppm IPA Challenge on SC1 last wafers

20



25 ppm 50 ppm 75 ppm
SC1 HF SC1 SC1HF HF Last Clean

IPA Conc.

Effect of Cleans and Organic Concentration

0.5

1.5

2.5

3.5

4.5

5.5

6.5

7.5

C
ar

bo
n

A
to

m
s/c

m
2 
x 

10
 15 Adsorbed

Retained

N2 ambient

21



0.5

1.5

2.5

3.5

4.5

5.5

6.5

7.5

SC1 SC1 HFSC1HF HFSC1HF

C
ar

bo
n

A
to

m
s/c

m
2  x

 1
0 

15

Adsorbed
Retained
Adsorbed
Retained

Ambient

N2

O2
0.5 %

Effect of Oxygen during Ramp-Up

Last Clean

IPA Conc.50 ppm 75 ppm

22



SC1      N2

HF       N2

SC1     0.5 %O2

HF       0.5 %O2

0

10

20

30

40

50

60

70

80

90

100

25 50 75

IPA Concentration (ppm)

%
 o

f A
ds

o r
be

d 
C

a r
bo

n

R
et

ai
n e

d 
In

 S
ur

fa
ce

Last
Clean

Ambient

Carbon Incorporation in Substrate

23



Last Clean

Contamination
0

2

4

6

8

10

12

14

16

18

20

BHT BHTBHTNone NoneNone
HF HF None None SPM SPM

D
ef

ec
t D

en
sit

y

cm
-2

Effect on Gate Oxide Integrity

N2 ambient

1% O2 ambient

24



Adsorption Desorption
Oxidation

Incorporation

Corg + X Rka

kd

R Ikinc

R + O2 P + Xkox

Reactions
Gas Phase Organic (Corg)

Oxygen (O2)

Oxidation Product (P)

Adsorbed Organic (R)

Incorporated Carbon (I)

Species

Model for Oxidation/Incorporation of Organics

25



Fit of Model to Data
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CONCLUSIONS

• Organic contamination affects interfacial and thin film
properties in gate oxidation and epitaxial growth.

• Moisture enhances adsorption of polar organics such as BHT,
IPA and forms chemisorbed species at high temperatures.

• A novel method is developed to detect the kinetics and
mechanism of the removal/retention of trace organic
contamination.

• SC1 last (hydrophilic) surface adsorbs greater amounts of IPA
compared with HF last (hydrophobic) surface. However, a
greater fraction of the adsorbed organic gets incorporated in the
hydrophobic surface.
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CONCLUSIONS ( cont.)

• As IPA concentration increases, carbon incorporation in the
substrate increases.

• Oxygen in ramp-up decreases the amount of carbon
incorporation and the resulting defects; however, it appears to
cause other defects, possibly due to immobilization of certain
inorganic impurities.

• A  model is developed and validated to simulate the
simultaneous removal and incorporation of organic impurities
during desorption or thermal oxidation.
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Future Work

�  Study other factors in oxidation

�  Complete experiments with BHT

�  Investigate effects of DOP

�  Continue refining the models

�  Organics on promising Alternate Gate Dielectrics

30


