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Introduction

Measurement data show
i) for W,__, , threshold voltage roll-up and roll-
off at decreasing channel length

--- Short-channel effect (SCE)

--- Reverse-short-channel effect (RSCE)
i) for L., threshold voltage roll-off at
decreasing channel width.

--- Inverse narrow-width effect (INWE)
iif) for L, ;. , threshold voltage roll-up and roli-
off at decreasing channel length

--- Narrow-width effect (NWE)

--- INWE



Modeling Approach for V/(L,W)

*  Both INWE and NWE are included into our
previous VL), which allows unified V, model to
be extended to V,(L,W)



NMOSFET’s with Long-/Narrow-Channel
(INWE, YV, roll-off, STl edge fringing capacitance)
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INWE on Threshold Voltage behaviors
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NWE and INWE on Threshold Voltage behaviors
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NMOSFET’s with Short-/Narrow-Channel
(NWE, V; roll-up, Gaussian pile-up profile at two edges of STI)

ov : o Gate ~
= s wog | 220 e y /] |
©©4.1492 47 % SRTIVYYY o 5 TS/

2 v T 215 2 f* :.% pile,

Satag0| 7 o = v, il 5 “/ a¥e] N,

_‘E. v DD...........DD vv . g ZIJ IB Z B,W ch

€ L5 [ d 2.05 € w .

84.1488 W s ®, g N, Silicon Bulk

< m = c

S (L= 0.18?1m) @ @ * o 200 § v

24,1486 | Saugre : Wm =20 um g o . = W,

a Grele: Wy =025um - “g DD':' o 195 & _— off

8 Triangle : Wy, =0.18 ym ~ Foma® 8 y ////

4.1484 + T T T T - 1.90 ///////
0.0 0.2 0.4 0.6 0.8 1.0 . %
Normalized Drawn Width, W/Wm
NTN L, —1 [
/
g =— | erf & yerf| L ||+AN_+ N,
L,/ z z
eff | °p s p . . .
. Pile-up charge at two isolation
V ﬂ-Npile,w Wef o Za) la) edges ) Npile,W
AN = erf | —— [+ erf ]
oW, / / Lateral spread: /; ,
eff | “B.w B.w B.w '

: Pile-up centroid: / ,
Low/\"
N e :KW( m%) N s N .. =KN,

0.25 3 c
Ly =B (80-7,) fitting: x_, 8., @,



NMOSFET’s with Short-/Narrow-Channel
(NWE, V;, roll-off)
surface potentlal shift at two STI edges
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Model Verification and Prediction
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Threshold Voltage, V, (V)
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Conclusion

* Our previous length-dependent threshold voltage is
extended to both length and width dimensions at
various bias conditions.

* NWEs and INWEs are modeled through fringing
capacitance, surface-potential barrier lowering and
pile-up charge with an effective doping.

* Accurate width-dependent threshold voltage
modeling allows less effort to model width
dependence in the drain current model.



