3 ‘w/,: :/ﬁx 3 2 o 45 ﬁ : — \ S v
pERE EEREE 20134 H5434% A5 11M: 1496-1510 ¢ CPIEREY Zediit
www.scichina.com info.scichina.com " SCIENCE CHINA PRESS

it X

il 90 nm 48 MOSFET T S{ERS T =4
FE 340 5 B A & B S AR A AR B

B, FTFYY, LB

GROCER TE B TR, AL 230601
* JH{E{E# . E-mail: kedaoming@sohu.com

WeRE H39: 2013-06-13; #:3% H: 2013-08-14
B X AR EA (S 61076086) FlE 5 1 15k AU E WURHIF AL 4 (HkifE5: 20103401110008) %I H

FE ARSI —/NT 90 nm V3 MOSFET 7 T BIEUR A T 69 = 2 i 3 fo |8 8 W J& oy ARAT AR
A XFEYHEREEME MOSFET 78 T R A T 09 W AR R 4R R PR, N6 L ARAT o 20k
B AR o (] A KA A BT R Bl A O R A E R RTIT, BRI X T AR BN AENRET
4, RETRAMEFREERRG _E8%. AREEEMEMEENEARX. ZEATFEER
SH, 2R, BETHREERL, WEREEHEREEAR. XELE T HEKEA 90 nm P
T MOSFET W ¥4 . X EH . #REEEMAEEETHEAR, HHES — 2 HEENERE
&

XHIA T 90 nm i MOSFET — 4w #Hos #REEE HERE FHTHEA

1 5]

F PR T EHARUE ST MOSFET (R SFIRE/DN, 27T MOSFET sF 20A 2] T 22 nml. iX
FE/NRASFI MOSFET, o 2 MRS R GE ] 4EM B 45 M SRR A0y, 5820 N 24 ] — 4wy 224y
Hr. HATX LN RS MOSFET [ AARFE S M T VAT RS, — R Bl 7k o)) Ja s FH 22 o0k
B BR TG AR IR Iy R R R S R, A S AR R A AE . B R A U T
s RGPS R B AURIS SRR, WAAMNTRIAA. 5 — ORI, TR AR A2 R 2 1] H A DX T
PR T R R I MESE, SR WIE 90 E 55 Si 3R TH L3R R I oy T B, T 75 BIHE — 4R (681 3%
SoHE A (AR BT AAT ] T — 8 5 SEBR G DUAS R AR R RTIE BC 24, % an SPICE 27 5K MOS i
B ERCSHRIE P 2, GRS RE R A T R OB B T AR AN, AL 1R
T SRS A ) 7, A T SR AR R AR (i X AN FE G T EL N S5, AR A 1 ELIR A 1
AR 2 0 205 ] AT X (1) 2 A i i) 0 (9100 SRy il S sk o T R, K22 Bk 1 S itk T 1 A 4 1,
BV 2 Yt AR 23 Ve i A 5 P LA P 20 Ay IR, BUARSKR I R R 2 R R e — AN e 7T sk ik
3, R T A3 BUAR BT A, FERL)Z JE B0 5 U — BT, B3 2k 55 S0 45 I BR A U 1 75 5. SR BB 4%
P RSFREATE 0.1 um BUfS, MOSFET IMMEZ)ZAE 2 nm LLR, M52 30 5t L A EA A & — 44y
A BT 8 R 1) R PR AR b 3 S S5 A R s 23 D7 AL R, BT DX A B AR )25 SRR 2 LB, 4

it

S AR I, MG, #4278, W 90 nm i MOSFET VB ERARAS T 4 rb 340 B (5 PR (90 AT A L. op R 22 £ BBk
22013, 43: 1496-1510, doi: 10.1360/112013-55




HEREE FERY B 43 8 W11

1 MOSFET S##4EH%irrEE
Figure 1 The coordinate scheme of a MOSFET
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Figure 2 The schematic diagram of the infinite channel depletion layer thickness
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Figure 3 The flowchart of computing potential using a later estimation method
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Figure 5 The equipotential lines of a MOSFET with the 45 nm channel length under Ny = 3 x 10 cm™3, Vgg =0V
and Vgs = 0 V. The left side of the depletion layer is a source electrode and the right side is a drain electrode.
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Figure 6 The equipotential lines of a MOSFET with the 90 nm channel length under Ng = 8 x 1017 cm =3, Vg = 0.5 V
and Vgs = 0.3 V. The left side of the depletion layer is a source electrode and the right side is a drain electrode
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Table 1 The values of the equipotential lines given by Medici data file in Figure 5
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Figure 7 The surface potential profiles of MOSFETs Figure 8 The surface potential of a 45 nm high k gate
with L = 40 nm, L = 50 nm and L = 65 nm NMOSFET with gate voltage as a parameter
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Figure 9 The equipotential lines simulated by Medici
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Figure 10 (a) Comparison of the model and simulation results for the dependence of depletion layer thickness on Vgs;

(b) comparison of the model and simulation results for the dependence of depletion layer thickness on Vgg

*x2 10(a) MEREEE d WEWLE (nm/V)
Table 2 The change rate of depletion layer thickness d in Figure 10(a)

Ves 0.2 0.4 0.6 0.8
Ad/AVgs 25.5 22.5 19 16.5

%3 10(b) MFEREEE d MZEHLE (nm/V)
Table 3 The change rate of depletion layer thickness d in Figure 10(b)

Vs 0.1 0.2 0.3 0.4 0.5
Ad/AVy, 30 30 50 90 200

2 R 3 Al RFERZIESE d B Vi FT Ve WAL, WAR Ad/AV,, B Ve BINELLE, M
Ad/AVy Bl Vi SEINARDY, FERITE Vas = 0.4 V I, Ad/AVys 353 200 nm/V. {5, HF SR HUm1E
F, SRR 10(b) HISERRME L AN R Z. 1K R R Ve X HERYZ 15 M 52 25402 1 B i, VA1 AR
I Vas EEEMAEFERZ B XFE Ad/AVy, t Ad/AVe KEFZ, 2 Vag BRI S 5] R T BN 35 42 A
N (DIBL), BT LA DIBL N ATK & 90 nm {418 MOSFET ¥4 K JERBR v %2 —.

4.4 MOSFET BIEMEREITE L

Bl 11 2BEHE Vi, OXTEEEDZR. EBIRIE 52 Medici 45 H B BT 45 3, Sidke 2k
(35) MITHE 5. Medici $ AL 20 T TR A2 P B (1 P R (RS AR &6 SR 1081 R O v 2
FE SRR N M RS Ve O FCRRAR U s T AMEVE I & MR IR FBUR Lo SRS LIS Ve ¥
PE 2 (1) d5 KRR A S ME AN E I A9 31, X5 2 U 8 U 8 SO — 30U, T X AR A SR A
F Uk 3, I L B 20 A 45 B0 1) A H S A Medlici AMEEVERLZE B, ] 11(a) & L = 32 nm,
Vb = 0V, Vag = 0V, Vi, BEBZGRIEHIAAL; K 11(b) 4 Na =2 x 10" em ™, Vi, = 0V, Vg =
0V, Vin FEVRIEKSE L 72846; B 11(c) /& L =90 nm, N = 6 x 10'7 cm =3 I Vi, BRI Vas 1
A HE R EEE R Vi, 5 Medici ZUE 704145 R 584 — 3
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11 (a)L=32 nm WHEEBE Vin BEBRKENTHHLZ; (b) Na=2x10"® cm™® MHEBE Vin BEAiE
KEMTHL; (c) L=90 nm, Na=6x10'" cm® MHERE Vin BRERIFEE Vas BITK

Figure 11 (a) Comparison of the model and simulation results for the dependence of threshold voltage on doping con-
centration under L = 32 nm ; (b) comparison of the model and simulation results for the dependence on channel length
under Ny = 2 x 10'® ecm™3; (c) comparison of the model and simulation results for the dependence on drain voltage under
L=90nmand Ny =6 x 1017 cm—3

ARSCHRYE RV MOSFET E NV BRI AT (4 BEASE R ) e At 1) 7L, AR J5 FHARRAIE B8 50K 5 fif i)
TP A R O FE AR IEAS R TF, 8 T —ANE 90 nm 741E MOSFET 7630 BI{HAR A R 1) g
ey R FABE B AT AR Y. SCsaan 1 AU 2 R ) e ey DX 4 3R L2 JEE R
R RE K, SRR TR GRS, s H /s, B T 7R B, B AR O3 R s A S 1 2
&5 RS Medici ZUE M HT 45 R @ g — 80 %72 nT T Al MOSFET 4544, WX, LDMOS Al
SOI MOSFET Z5 /1) — 4k e A4l v

B3k
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Executive Summary, 2003

A 2-D semi-analytical model for electric potential and threshold

voltage of the sub-90 nm channel MOSFET in subthreshold
state

MENG Jian, KE DaoMing* & HAN MingJun

School of Electrons and Information Engineering, Anhui University, Hefei 230601, China
*E-mail: kedaoming@sohu.com

Abstract A A 2D semi-analytical model for electric potential and threshold voltage of the sub-90 nm channel
MOSFET in subthreshold state is presented in this paper. First, a definite problem is given according to the
physical model of the Short Channel MOSFET in sub-threshold state, and then the transcendental equations
obtained by using the connected condition of oxide layer and space charge region are expanded by the charac-
teristic function. The results are linear algebraic equations about unknown quantities. The 2D electric potential
expressions of oxide layer and space charge region, depletion thickness and threshold voltage are obtained by the
model. The model is free of adapter parameters, its calculation amount is small, the equation discretion is avoided
and the result is as accurate as the numerical solution. The potential distribution, surface potential, depletion
thickness and threshold of the MOSFET whose channel length is shorter than 90 nm have been calculated in this

paper. It is shown that the calculated results are highly coincident with the 2D numerical simulations.

Keywords sub-90 nm channel MOSFET, 2-D potential distribution, depletion layer thickness, threshold volt-
age, semi-analytical model
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