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The Generic Double-Gate Structure
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_ 0 Common-gate DG

Kog 0O Lol Y o Vg =V, =V, two gates with one bias

MSM / Nanotech

V. V, ° Coxl = Cox2: s-DG (Xo = TSi/Z)
s (Xo) -Np d e Full-depletion: Vi =V (X=Tg/2)
T * Cox1 # Cox2: ca-DG (Xo < TSi)
Koxz  x Toxz L4

Depletion by individual gate (X4, and Xg,)
linked through full-depletion condition:
Xgp + Xy = Ty

zero-field potential: ¢, [,(Xo) = 0] 0 QME: due to quantum confinement of

Imref split: V,, = ¢g, — 0p, inversion charge
V. =V, (bulk);
V, =V, (DG), V, = min(V,, V,)
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Quantum Mechanical Correction
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O van Dort’'s model
ni™ =n fo fim = exp(—AEgm /Vm)

. 23
g Kl * 2 S FS -
eaqm | &,h 3

U Replace modified intrinsic carrier density into unified
regional solution (accumulation and strong inversion)
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Quantum Mechanical Correction
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U Voltage equation with QME
Vgs _VFB _¢sqm - gcm /Cox gcm - _Coxrsgn (¢sqm )\/ f¢qm

f¢qm |: f am exp( %/ — eXp(—f_O]j| + (¢Sqm — ¢ )|:1_ exp(_\/-i\—/i]}

gm
+V,, exXp V29 f 9" exp A —exp L3
Vin B Vin Vin
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Quantum Mechanical Correction

O Regional solutions with QME
 Hole only
v 2 (7]
In| —& — |+In| 1- =™ )y,
(fqmy thhj [ Vgsf ngsf ¢S / " \

(6} + p(#) +q(g")+r=0

« Electron only /
ngsf ¢qm (¢qm) m {
In[fqmyzvj In[l VIR J (™ 24 -V ) v,

th gsf gsf
gm
¢qm _ cc ! ng <VFB
s gm
¢ss ! ng >Vt
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Results and Discussion
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Surface Potential, ¢ (V)
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Body doping variation

S_ymbc_>|s: Medici _ Ngh = 0, 1014,1016,1018
Lines : Model (Xsim) \

1.0 { VFrB=-0.38V
Tgj =50 nm
Tox = 3nm

<

Solid symbols: QM
Open symbols: Classical

-1.0 - . T .
-2 -1 0 1 2
Gate-source voltage, Vgs (V)
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Results and Discussion
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Zero-doping
Symbols: Medici
1.0 1 Lines: Model (Xsim) ©=0,0.51.0.,15 os
VER=-0.38V e ;
NCh:O :7,;_ "__;;asi";;

Surface (zero-field) potential, ¢g (¢,) (V)

0.5 4 Tgj=50nm

Symbols: Medici
Li

0.0

Derivative of surface
(zero-field) potential, ¢’ (¢,)

-1 0 1
Gate-source voltage, V (V)

‘10 T T T T
-2 -1 0 1 2

Gate-source voltage, Vgs (V)
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Results and Discussion
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High-doping
- Symbols: Medici
=z 1.0 1 Lines : Model (Xsim) «=0,051.0.,15 s
e VER=-0.38 V 3
- N — 18 -3 A = 7 V
('_U ch~= 107" cm sl S5-6-6 -v;
= 0.5 9 T4 =50nm €
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U:) -1.0 4 ' - Gate-slource véﬁage V, 1(V)
-2 -1 0 1 ® 2
Gate-source voltage, Vgs (V)
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Results and Discussion
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Body thickness variation

14
Symbols: Medici S-DG ds
1.2 - Lines: Model (Xsim) -
< VER=-0.38 V ot
S~ 10 7 -
" N,=5x 10" cm®
< 0.8 Tox=3mm
IS
€ 0.6
o
S 04
]
% 0.2
g 0.0
n R
0.2 geeeae™
04 -2 -1 0 1 2
) -1 0 Gate-source yoltage, Vgs (V) 2

Gate-source voltage, Vgs (V)
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Results and Discussion

WCM 2008 MSM / Nanotech

Oxide thickness variation

Symbols: Medici SIA-DG bs
1.4 9 Lines : Model (Xsim)
1.2 1 VEg=-0.38V

N,=5x10" cm® vy s

TR
L0

X eees
O e

O

pase==

e

3

Surface potential (Gate 2), ¢g (V)
o
(e)]

Gate-source voltage, Vgs (V)
Gate-source voltage, Vgs (V)
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Conclusions

U Ca-DG potential model including QME is physically
derived

U The transition from partially-depleted to fully-depleted
operation with QME is seamlessly built into the model

O Terminal current can be obtained based on the potential
solution
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