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Table 1. Sources of various contaminants and their effects on the device
characteristics.
Contaminants Possible sources Effects of contaminants
Vapor in room, resides of
Organic photoresist or organic solvents,| Changes in oxidation rate
storage containers, etc.
) Equipment, ambient, gas, Low oxide breakdown
Particles . . . .
DI water, chemicals Defect(pinhole, microvoid)
Degraded gate oxide
Native Ambient moisture, chemicals, Low quality of epi-layer
oxide DI water rinse High contact resistance
Poor silicide formation
. . Low breakdown field
) Equipment, chemicals, ] ] ]
Metallic ] ) ] High junction leakage current
) . lon implantation, ) ) .
impurities ) ] ) Reduced minority carrier
reactive ion etching o
lifetime
micro- Initial wafer material, Low oxide breakdown field
roughness chemicals Low mobility of carrier
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Fig. 1. Some kind of contaminants.



Decrease yield
Masking
Degrade device performance
Short-out conductor line
/ Particle Lower oxide breakdown voltage

Decrease minority carrier lifetime

Pa S, Native

& oxide etc.
\\’ MATER

DI

ergy Source Chemical
Gas
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Fig 2. The effects of sources of contaminants.
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Table 2. Particle concentration (number/ml) in ULSI-grade semiconductor

chemicals.
NH,OH H20» HF HCl ISENION
= 0.2 m | 130-240 | 20-100 | 0 -1 2 -7 |180-1150
=05 m| 13 -30 | 5-20 0 1 -2 10 - 80

Table 3. Sources of Particle Contamination

Inherent in Process

Extrinsic to Process

Flaking of deposited films
from sidewalls

Gas—phase reaction of CVD films

Polymer formation in RIE processes

Back sputtering

Spurious nucleation

Redeposion of metal particles

in lift off

Redeposition of resist during
Piranha cleans

Heating that crtosslinks resist

Wafer transport

Valve actuation

Vacuum roughing

Mechanical vibration
Bacterial growth in DI piping

Screw caps on chemicals
Corrosion/leaching of piping
Temperature gradients/ramping

Outgassing of plasticizers from
boxes/ carriers
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Fig 3. The models of native oxide growth (a) in air and (b) in ultrapure
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9ol F&EEE2 10 atoms/cm? ©8FE A sE o] of s}
Table 4. The changes in the enthalpy of oxide formation.
Elements Oxides AH; (kJ/mol)
Al AlsO3 -1,675
Cr203 —1,130
Cr CrOsq - 583
CrOs - 580
F8304 —1,118
Fez03 - 822
Fe
Fe(OH)s - 833
Fe(OH): - 574
Si Si0g - 909
) Ni(OH)q - 530
N1 .
NiO - 241
7Zn(OH)» - 642
n
Zn0 - 348
Li Sb P ASBI TeTi C MgSECr TaCSBO S MnAgCdP S
Y T , T
S| £ L ==
| ana 5.8 5B qaa wnl
| Yiag o g2 Y 33 28 o
1 ~ 2143 4373 4 A . A A'36 =37 I
10 | _GAP CENTER 53 A 55 5498 = 5 =
““““““““ TR TR A AT T T T T s T o
| e Hs0 Sha P0dy uydd
§ I D A
a5 707 D
1=
BALGOIN TR Pd  NaBe I AUCOV N MOHGSrGeCuKk Shwpehbore
Fig 4. The measured Ionization energies for various Iimpurities In Si

semiconductor at 300 K.
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