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¢+ Double-Gate: one of the most promising structures for G
ultimate deca-nanometer scale

Introduction

¢+ DG threshold voltage modeling:
> Vo definition
» Mobile charge usually neglected

+ Existing models:

Model 1 Model 2 Model 3
Structure Symmetric YES YES NO
Asymmetric YES NO YES
Channel Intrinsic YES YES YES
Doping High NO YES NO
Mobile charge YES YES NO
(in Poisson equation)

Model 1:' Y. Taur, IEEE TED 48,
p. 2861, 2001.

Model 2: P. Francis et al., IEEE TEi
41,
p. 715, 1994.

Model 3: K. Suzuki et al., IEEE TEI
42,
p. 1940, 1995.

¢ This work: unified V, model for both symmetric and asymmetric
structures, with doped or undoped bodies and considering the mobile charge
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Threshold voltage model Band Diagran
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* Long channel model Asymmetric
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Threshold voltage model Potential distributio:
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+ Potential approximation: |\JJ = LIJSI + Ay + By2
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Threshold voltage model Inversion charg

* Potential approximation: W =Y, + ay + [3y2

* Electric field at El = —d—LP‘ y=0 = - Ez = —ﬂ‘ y=tSi =—qa - 2BtSi
. ] dy dy
interfaces:

¢ 1-D Poisson equation:
tSi tSi
&y _[qNA N
dy2

Q, (inversion charge)

aNa . Qi _ VFB1 ~ VFR2
a(Qy) = —B(Q) ts;
2e5;  2¢g;tg; 1 ' .

B(Ql) ) 2VII:OX + tSl
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Threshold voltage model Vo definitior

¢ Conventional MOSFET: band bending is 2Xq

* Double-Gate MOSFET: Y, # 2 X (g

¢+ Threshold voltage definition:

d’1 . . &I
V;=V, when D is maximum @) % =0
dvg? dVg
¢ Drain current: W Vp -
Ip =W, [ 7 Quviav 3
0 N | dQ; _
low Vi, a imati dVG3
p approximation B
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Threshold voltage model Surface potential (1

¢ Surface potential

. vy ) kT, Qj
Qi :j Yanje KT gy Yo = in( o)+ W)
0 > ) q qan
2
W =W +ay + By tsi @y+By?)

* Y, can be expressed analytically:

2 o’

a
- - o+ 2tg;
e 4udh B Uy, Erﬁ{ a ) e 4uh B TTu Erﬁ[ SIBJ

2\Jup B ~
2B 2B

LIJI =

+ Y is linear as a function of Q,
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Threshold voltage model

Surface potential (2

*+ Y. is linear as a function of Q;

YW =M+NxQ;
M = l'IJI max
oW A
0Q; AQ;
( LPlmax = l'I'Jl(Qi = Qimin)
l'I',l min ~ LI',l(Qi = Qi max)
< Q: 2 tgi
imin NA
Qimax = (VG - VT)COX = kTTCOX
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Threshold voltage model Vr expressior

3
d°Q; _ A
3
X
W1 =k—Tln(&) + M+ NQ; > III]I:> Qip =—— k';
q qn; 1- 2N? Cox
VG = Vi1 =S to By + Wy + g :
€ox . Inversion charge at threshold
kKT ¢ N KT ¢
_ VeBi ~ Vi _dNatsi q ™ _aNa q ™
¢ a and [3 at threshold Qi) = et BQim) =5+
B Plox Flsi - 2Esi 2551(1—2N1}Tcoxj 2si ZESitSi[l—ZNk(;rCOXJ
* Surface potential at threshold ke M T Nk
1 q ox q ox

* Final expression of
the threshold voltage
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Model validation (1)

Comparison with numerical simulation
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iviodel valiaatio
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Potential distribution
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Conclusion

(O A unified analytical model for the threshold voltage in long channel Double-Gate
devices is developed

O Compared to previous models our approach gives a unique expression for the
threshold voltage applying to both symmetric and asymmetric DG structures
with both doped and undoped films

O The model takes into account the mobile charge in the Poisson equation

 The model is used to analyze the threshold voltage sensitivity to the silicon
thickness and the gate requirements for nano-scale integration
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