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High Concentration of Interface Traps 
in MOS Transistor Modeling 

Outline
Our Motivations.
Theory of Recombination DCIV (R-DCIV) and CV 
Methodologies.
Effects of high interface trap concentration at discrete 
energy levels on R-DCIV and CV line shapes.
Effects of the paired-exponential distribution of neutral 
electron and hole interface traps on R-DCIV and CV line 
shapes.
Summary
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Motivation
Reasons for investigating high concentration 

of interface traps in MOS transistors.

Concentration and spatial variation of interface traps along 
the silicon surface greatly affect digital, analog, RF and HF 
performance of MOS transistors and the endurance of the 
floating gate MOS transistors.
High concentration of interface traps are generated in 
MOS transistors during radiation exposure and during 
operation of the floating-gate memory transistors. 

Theory and potential new applications.
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Theory of recombination DCIV (R-DCIV) 
and CV Methods: the R-DCIV
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Theory of recombination DCIV (R-DCIV) 
and CV Methods: Baseline of R-DCIV
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Theory of recombination DCIV (R-DCIV) 
and CV Methods: R-DCIV Formulas
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Theory of recombination DCIV (R-DCIV) 
and CV Methods: R-DCIV Formulas
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Theory of recombination DCIV (R-DCIV) 
and CV Methods: CV Formulas

**
Source

ID=IE IB
IS=IC

VGB= −3.5VVSB=0mV

19960222CTS

VDB= 0mV

19970909CTS

p+Basewell 

silicide

Shallow-
trench
isolation

X

S
Gate
G

Drain
D

20010621CTS

p++B

Basewell
B

p−Body

p+poly Sisilicide

YBC

n++D
silicide

Shallow-
trench
isolation

SiO2

n+DEn+SE
YSJ L−YDJ Y

L

XSS
NIT(y)n++S

YSJ YDJ

LG

p+Basewell p+Basewell YSE YDE

p−Substrate

XOX

n+poly Si
H

AL
O

H
ALO

to +3.5V to −700mVto −700mV

0 SiO2SiO2
Spacer
Oxide

Spacer
Oxide



Invited paper at the 2007Invited paper at the 2007--WCM WCM 
By Zuhui Chen, Bin B. Jie, Sah. By Zuhui Chen, Bin B. Jie, Sah. 
May 20May 20--24. Santa Clara,24. Santa Clara, USA.USA.

High Concentration of Interface traps in High Concentration of Interface traps in 
MOS Transistor ModelingMOS Transistor Modeling

Printed 2007.05.16Printed 2007.05.16
Slide No.Slide No.1010/21/21

Theory of recombination DCIV (R-DCIV) 
and CV Methods:  CV Formulas
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Effect of interface trap concentration on 
R-DCIV and CV lineshapes
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Effect of dopant impurity concentration on 
R-DCIV and CV lineshapes
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Effect of oxide thickness on R-DCIV and CV lineshapes
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Effect of temperature on R-DCIV and CV lineshapes
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Effect of discrete trap energy level on R-DCIV and 
CV line shapes
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Effect of interface trap concentration on R-DCIV 
and CV line shapes
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Effect of paired exponential distribution of interface 
traps on R-DCIV and CV line shapes
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Effect of paired exponential distribution of interface 
traps on R-DCIV and CV line shapes
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Summary                      
•

 
The line shapes of the CV(VPN

 

=0) and R-DCIV curves are 
increasingly distorted as increasing concentration of the 
interface trap concentration, due to the VGB

 

dependence of 
the trapped-charge QIT

 

from trapped electrons at the neutral 
electron traps and trapped holes at the neutral hole traps.

•
 

At high concentrations of interface traps, the low-frequency 
and high-frequency CV characteristics show extreme 
distortions, with even two minima, actually one maximum in 
the Low-Frequency CV valley.

•
 

Increasing dopant impurity concentrations and broadening 
energy distribution of interface traps give characteristic  
recombination DCIV and HF and LF CV due to the presence 
of midgap-1-pair and distributed-55-pair interface traps.
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