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Hectron Sheet Density Model in Strain Si Modulationr Doped NMOSFET
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Abstract: The electror sheet densiy in the quantum well of Strair Si modulatiorr doped NMOSFEI'( Metat Oxide Silicon Field
Effect Transistor) affects switch performance. The model of electroir sheet densiy mn Strairr Si modulatior doped NMOSFEI' quantum
well is established by solving Poisson equations, and the model of the threshold voltage is established. Then the models are analyzed by
MATLAB when the device is datic. The relations of the & doping layer concentration and the space layer thickness to the electror
sheet density and the threshold voltage are also discussed at static state. The influences of physical parameters of material and structure
parameters of device on the electrom sheet density and the threshold voltage are analyzed by using MATLAB. Wih decreasing & dopr
ing layer concentratbn and increasing the space layer thickness, the electrorr sheet density and the absolute value of threshold voltage
decrease.

Key words:  strain Si; modulatiorr doped; electromr sheet density; threshold voltage

Si( Strain Si) 2
s Si 1 Si NMOSFET . T
) SiGe , Si Si( Si) , 1©8Si rSir.Ge,
, Si0» ,TSi
A4 A2, A2 A4 rSir.Ge, s )
[11’ A2 , Si i [3~6 g n
" . Si SiGe
, Si/SiGe Si
, , Si
R 2000~ 3000cm/ V. s,
Si NMOSFET 4~ 6 2,
Si NMOSFET
, Si
NMOSFET
, MATLAB s
12004 12 14, : 2005 03- 14

(No-, 51439010904 DZ0LA 1) 1; (No. 0201L1#. )



11 Si NMOSFET 2057
Sit-Gex
2 ,
B B f'i*kﬁ;[; o Ea(x)= gz:n(-h(dl— %) (12)
e ’ qJVEC 12
1
. di , _er -‘ fEF ( i) 5 { 1
(W- dy) , A =J~1E‘ =J"l_q_ _ _La 2o
. / L~ Ey Vi . (%) dx o s ng(di— x)de 2 &inq,hdl (13)
o , s
Y 18]
’ W <4 0 4 adi= Np(W- d; 14
qVp= qVi+ qVy= qV, SiGe  Si SiGe SiO; norh o ) (14
c e qva () B2 RTBAEKEHRBAN (14) (13 1
- qV1 gV gV = Vi= ?é]s‘_Np( W- d;)d; (15)
Si SiGe &
. (1) (9) (15)
1t Si 5- 10nm s 1 1
Vp= 78—7—N (W= d?)+ ——q—ND(W di)di (16)
lECl 1 1
(:%z _ é’lch (2) S Vi SiGe Si
' 1 1
s Ea(x) s ek o= [xSiJr 7@5} \q— [X5i09+ EEg’SiG; \g
> € Si (2) , AE¢
= q__ 2_q(Eg,SiCe_ EgSi) (17)
Ea(x )| o= 0= Ey (3) Xsge  Xsi SiGe S By sie
Eg. Si SiGe Si ,AE¢ SirGex
8
sk~ gV, (4) si'¥
(3) (4) . E N, AEc= 0. 63x eV (0< x< 0. 4) (18)
(16)
n  SiGe & 10-20nm, 5 o =Bt [ B2d3+ 4A(Ad*+ Bdidi+ Vi) (19
, . 8 tSiGe - 24
5 [17
, SiGe A= -y, p. Loy,
0, - di< x<0 2 Esice 2 i
v .
e qNp (5)
Tt T W< x< = di E\€si= E2&ice= N, (20)
,Np 8 Es(x) (- W ’
_ Ex€sice E3(— di)Esice
<x< - di) , V= PR RIS LB Ny gy (21
V_ g
E = - = N, 6
3(x) & e Vet e (6) ,
x= = W Exfx)= 0 (7) ¢ = ALy N/ (22)
q NL’,SI
>Nn‘Si Si N Si
Es(x)= S%Np(x+ W) (8) )
SiGe B, g+ D .
-di< x< 0 4 2
i s 2(/@ [9], ’
SiGe , K . Es(=dy), !
> d. - . — . — — . 4 = . 7 n
Vo= Vot Vo= Eadi+ J‘l;E3(x)(lx Vi= Vegt 2% - AEc/g [2(/Eg’5'+ CD] = Vit Vo (23)
1l q 2 2 |
= —=LNp W= d?) (9)
2 e g= Ly, (24)
(2) , q 1y, SiGe
/ 1
Ea(x)= - n[hx+ C (10) Vip=2®- AE/ q- [z—qu,m cﬁ] (25)
Si  SiGe , SiGe 0, Na p SiGe > nisice  SiGe
Eg(dy) =0 (11) , Vim




2058

2005

3
MATLAB
(21), 55 X10"
di= 3om  Snm, | gemstos 3am
0.3,
Np
6
0 .
10" 10'® 10"
Nplom™
8 3 WLRFEEE NS SBRE
Np . RV BE Np KR
;8 Ny
SiGe Ge s
Ge s Si
SiGe s s
Si
(25),
Vo
(l,‘ 6
Np
4
’ '0'3150' 0 0
8 Nofom?
Np , SiGe B4 VrESSRERIRE NHER
R
H 8 Np Ve
d; . SiGe Ge s
Si ,
4
s Si NMOS
6
d; , 8 Np

[ 1]

[3]

[4]

[5]

[7]

[8]

F Gdmiz, P Cartujo Cassinello, ] B Rolddn, @ al. Electron transport in
srained Si inversion layers grown on SiGe orr insulator substrates| J] .
Jour nal of Applied Physics, 2002, 92( 7) : 288— 295.

Vogelsang Th, Hofmann K R. Electron transport in stramed Si hyers on
Siy. Ge, Substrates[ J] . Applied Physics Letters. 1993, 63(7): 186 -

188.
Cheon S, Lee S C, Hong S, et al. Study of quast two dimensional hole
gas in Si/ SiyGer/ Si quantum wells[ J] . Solid State Electronics. 1996,
39(1):7- 13.
Niu G F, Ruan G, et al. Inversion charge modeling of SiGe pMOS and
approaches to increasing the hole dersity in the SiGe chamel[J].Sot
id State Electronics 1995, 38(2) : 323— 329.
Nu J, Chung S Y, Rice A T, et al. Diffusion barrier cladding in Si/
SiGe resonant interband tumeling diodes and ther patterned growth on
PMOS source/ drain regions [ J]. IEEE Transactions on Electron De
vices. 2003, 50(9) : 1876— 1834.

, . AlxGaFxN/ GaN
[J]. ,2004,53(2) : 5%- 59.
Zheng Z W,Shen B, Gui Y Sh, et al. Study on the subband properties
of AkGal xN/GaN modulatior doped heterosrud ures| J]. OActa Phys
ica Sinica, 2004, 53(2) : 596— 599. (iin Chinese)

s s , . & SiGe pMOS

[JI. ,2004, 53(12):4314-

s ’

4318

HuH Y, Zhang H M,Dai X Y, @ al. Hole sheet density in SiGe pMOS
quantum well with& doping layer[ J]. Acta Physica Sinica, 2004, 53
(12) : 4314- 4318. (in Chinese)

Karthk Chandrasekaran. Computational Invesigation of Novel Device
Structures and Concepis| D] . School of Eledrical and Electronic Engt
neering, Nanyang T echnological University, Singapore, 2003.

K Inievski, S Voinigescu, J Atcha, et al. Analytical modeling of thresk
old voltages in p Channel Si/SiGe/ Si Mos structures[ J]. Solid State
Electronics, 1993,36(5) : 775— 783.

,1974 4 , 2004



