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Motivation

Reasons for investigating interface traps

The density and spatial distribution of interface traps at the 
SiO2/Si interface increasingly impacts the performance 
and endurance of metal-oxide-silicon capacitors and 
transistors in integrated circuits.

Interface traps are generated in MOS transistors during 
program-erase cycles, which are the main mechanism 
that limits the endurance of non-volatile MOS memory 
transistors such as the floating gate and recent SONOS. 
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Interface traps in MOSFETs

SiO2

silicide
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Theory of interface traps
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Theory of unified regional surface potential
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Theory of unified regional drain current
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Effect of interface-trap density on surface potential (1)

(a) Effect of interface-trap density on surface-potential lineshape, (b) effect of 
interface-trap density on normalized C-V curves.  NET = 0, 1.0×1010, 1.0×1011, 
5.0×1011, 1.0×1012, 3.0×1012, and 5.0×1012 cm-2.
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Effect of interface-trap density on surface potential (2)

Effect of discrete energy-level position of interface traps on the surface-potential 
lineshape with ETI = -0.5 to +0.5 eV in 0.1-eV steps: (a) comparison between 
the URSP approach and the exact iterative solution, and (b) comparison 
between devices with and without interface traps.
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Effect of interface-trap density on drain current (1)
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Interface-trap effect on drain-source current curves and transverse conductance 
Gm as a function of neutral electron interface-trap density NET = 0, 1.0×1010, 
1.0×1011, 1.0×1012, 3.0×1012, and 5.0×1012 cm-2.
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Effect of interface-trap density on drain current (2)
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Interface-trap effect on drain-source current curves and transverse conductance 
Gm as a function of drain-source voltage Vds= 0.3, 0.6, 0.9 and 1.2V.
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Effect of interface-trap density on drain current (3)

Interface-trap effect on drain-source current curves and transverse conductance 
Gm as a function of drain-source voltage Vds= 0.3, 0.6, 0.9 and 1.2V 
(comparisons between devices with and without interface traps, the curves are 
generated using Xsim.).
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Effect of interface-trap density on drain current (4)
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Interface-trap effect on drain-source current curves and output conductance Gds
as a function of neutral electron interface-trap density NET = 0, 1.0×1010, 
1.0×1011, 1.0×1012, 3.0×1012, and 5.0×1012 cm-2. 
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Effect of interface-trap density on drain current (5)

Interface-trap effect on drain-source current curves and output conductance Gds
as a function of gate voltage Vgb= 0.3, 0.6, 0.9 and 1.2V.
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Effect of interface-trap density on drain current (6)

Interface-trap effect on drain-source current curves and output conductance Gds
as a function of gate voltage Vgb= 0.3, 0.6, 0.9 and 1.2V (comparisons between 
devices with and without interface traps, the curves are generated using Xsim).

-0.5 0.0 0.5 1.0 1.5 2.0
-10

0

10

20

30

40

50

60

70

80

Vds(V)

G
ds

 (u
S

)

(b)

VGB=0.3~1.2V

Increasing VDS

NET=1x1012cm-2

NA=1x1017cm-3

nMOST
TOX=3.5nm

Symbol: traps
Line: without traps

 

-0.5 0.0 0.5 1.0 1.5 2.0
-5

0

5

10

15

20

25

30

35

(a)
1.2V

0.9V

0.6V

0.3V

NET=1x1012cm-2

NA=1x1017cm-3

Vds(V)

I ds
 (u

A
)

VGB=nMOST
TOX=3.5nm

 



20092009--WCM. Houston,WCM. Houston, USA.USA.
InterfaceInterface Traps in SurfaceTraps in Surface--PotentialPotential--

Based MOSFET ModelsBased MOSFET Models
Printed 2009.04.27Printed 2009.04.27
Slide No.Slide No.1616/18/18

Summary                      
The device performance is significantly impacted by the 
presence of interface-trap charges.
Drain-current characteristics are closer to the linear 
energy distribution of neutral electron interface traps in 
silicon energy gap.   
Extraction of device parameters from experimental 
measurements should consider interface-trap effect, 
especially for midlife transistors with high interface-trap 
concentration.
The explicit analytic unified regional approach offers a 
simple way with computational efficiency and device 
physics to track the generation of interface traps and their 
properties along the surface channel region. 
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