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OBJECTIVE

To develop a compact analytical model of VTCMOS

To demonstrate the low power operation of VTCMOS

Toinvestigate the short channel effect on VTCMOS

To find optimum device conditions
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Variable Threshold-Voltage CMOS (VTCMQYS)
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Body effect factor y

AVth

Vbs

AV
AVbs

Then AVth =y x|AVbsd]

Cp: Depletion layer cap.
y CD/COX Cox. Gate oxide cap.

(irrespective of device structure)

- Directly related to AVih

- Applicable to any devices
(including SOI devices)

- Also related to SCE

y ranges from 0.1 to 0.2 in advanced MOSFET'’s
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Numerical smulations of VTCMOS kouraet al, 33aP pp.2312 (2000)

10'4§
Log lds , el 105}

/ 10 6

107k

10 8F

109 y =06°
_10:_ , 4 Ve
100 yps=—03y < 00> e

4 ’
- 0°0.36
- ’
10 11 3 . ‘\/\ , 03 b
3 ‘ -, < .
o 4 . -
Z
v P -
. .
’ -
1 v .
. Z ,

10 12

loff (@) (A/pm)

b
10 -13
0.2

lon(a)(MA/um)

n
\ lon(@) =7.5X10 "4 (A/Hm)

4
L]
4
I~
Na, p | o /I/
5.5%10
: .

++

5x10 W~

45x10 4

Simulation procedure ol—— .

0.2




Contents

| ntroductory part
- Necessity of low power MOSFET technology

- Variable Thresnold-Voltage CMOS (VTCMOQOYS)
Previouswork: Numerical smulationsof VTCMOS
Analytical model of VTCMOS
Short Channel Effect on VTCMOS

Optimum conditionsof VTCMOS

Conclusions




Purpose of Analytical VTCMOS M odel

In termsof y, Sand Vbs
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Analytical VTCMOS Mode (I off, active)

Using the definitions of sub-threshold slope (S) and threshold voltage (Vth):
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Analytical VTCMOS Modé (lon, active)

Using the a-power law model:

lon(@) = B (Vdd =V TH)®

VTH = Vthactive + @ (@< 5kT/e)
0 [S(logy(1off(s) - @) ~y Vbs]
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Relation between S factor and y
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Comparison of measured and modeled | 4 (S)
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Relation between power and speed in VTCMOS
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Modeling of lon(a) characteristics
(I 4(s) =101 A/um and Vdd = 1.5V)
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Vv Characteristic Vbs (=Vo) exists.
V' lon(Q) increases with increasing Vbs.
Vv 1f Vbs< Vo, smaller yshould be exploited.




Inter pretation of V,,

Definition of Vo: Vbswhere lon(a) is given by a constant

dlon(a) _
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|AVbs| = Vo

|AVDbs| <Vo
Y

Worse

- rarely dependent ony SCE dgdy value
- Scalability with Vdd (mVidecd

- Related with the SCE
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Short Channel Effect
on the performance of VTCMOS

Short Channel Effect, New y- Srelation
ydecreasesand Sincreases. = = = B> B

=

o

=}
I

©
o
I

®
=)
I

—=&— Long channel |
A 02um
--@--0.15um
4@ 0.12um

NO SCEline v 01um

60 1 1 I 1 I 1 I 1 I 1 I 1 I 1 -
00 01 02 03 04 05 06 07

y value(aV, =1V)

S vaue (mV/decade)

~
)
I

fg
2
>
E
Q
>
©
>
0

Channel length (um) S = 3_?/ (Y—0.8) +115

(mV/decade)




Short Channel Effect - standby off current, Ioff(s)
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Short Channel Effect — Active on current, lon(a)

— Smaller SCE ds
Larger SCE =W(V—O.8) +115

(mV/decade)

Smaller S, largery
Log Ids Larger S, smallery

lon(a) ¢ SCE - dS/dy decreases
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Short Channel Effect —lon(a) M odeling
At loff(9)=10713 A/um
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1. Tomake lon(a) Smaller.

2. To shift Voto alower value.




Optimum condition

(1) |AVbs| should be set as large as the junction leakage permits.

(2) Appropriate selection of Vdd and Vbs must be made to satisfy

both low loff(s) and high lon(a). lon(a)

A
(3) When the values of yand Vth can be

designed at a fixed |AVbs|, IAVbs]| = Vo

the optimum y depends on Vo.
—yshould be large (JAVbs| > Vo)
—yshould be small (JAVbs| < Vo)

(4) To design a VTCMOS of high performance,
The following parameters must be larger.
(suppressed SCE).
Eoff = Ay/y—AS/S and Eon = Ay Nbs - AS [ loff(s) — Q')




Conclusions

A very compact analytical VTCMOS model has been developed.

VTCMOS can attain lower power than a normal CMOS
at the same speed.

Short Channel Effect degrades the VTCMOS’ performance.
SCE should be suppressed.

Optimum device conditions for VTCMOS are discussed.




