Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

RUREREBVNRT € BENDF SERAEDE RN TR IE

WMEE REFE RK#H EZ% KRB PEF

Physical mechanism of uniaxial strain in nano-scale metal oxide semiconductor transistor caused by sin
film

Yang Min-Yu Song Jian-Jun Zhang Jing Tang Zhao-Huan Zhang He-Ming Hu Hui-Yong

5| {8 & Citation: Acta Physica Sinica, 64, 238502 (2015) DOI: 10.7498/aps.64.238502
7 2% %13 View online:  http://dx.doi.org/10.7498/aps.64.238502
2114 25 View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/123

AT RERH B BB S &
Articles you may be interested in

JENAE Gel(001)Siy—, Ge, 75 B S5k i A Y
Hole scattering and mobility in compressively strained Ge/(001)Si, . Ge,
YyH 24,2015, 64(3): 038501  http://dx.doi.org/10.7498/aps.64.038501

HE B M 6 FR UM Halo R4 Si 4 J& B ) AR 37 N i — i A

Two-dimensional model of symmetrical double-gate strained Si single Halo metal-oxide semiconductor
field effect transistor with gate stack dielectric

YH = 4.2014, 63(24): 248502  http://dx.doi.org/10.7498/aps.63.248502

XS PR AL RN AR i <5 o S A~ AR I SEOE A — AT R
Two-dimensional analytical models for the symmetrical triple-material double-gate strained Si MOSFETs
YH % 4.2014, 63(14): 148502  http://dx.doi.org/10.7498/aps.63.148502

90 nm FL kG & FAL Y AR S BE N ARk 45 J5) 38 BORL 1 Bt R RO 5 R 2 A e (L 2R

Mechanism of multiple bit upsets induced by localized latch-up effect in 90 nm complementary metal
semiconductor static random-access memory

YE = 4.2014, 63(12): 128501 http://dx.doi.org/10.7498/aps.63.128501

SOI SiGe HBT &t it LA AR VAT 7T
Structure design and frequency characteristics of SOl SiGe HBT
Y H A 4:.2014, 63(11): 118501  http://dx.doi.org/10.7498/aps.63.118501


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.238502
http://dx.doi.org/10.7498/aps.64.238502
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I23
http://wulixb.iphy.ac.cn/CN/abstract/abstract62734.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62734.shtml
http://dx.doi.org/10.7498/aps.64.038501
http://wulixb.iphy.ac.cn/CN/abstract/abstract62267.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62267.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62267.shtml
http://dx.doi.org/10.7498/aps.63.248502
http://wulixb.iphy.ac.cn/CN/abstract/abstract60098.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract60098.shtml
http://dx.doi.org/10.7498/aps.63.148502
http://wulixb.iphy.ac.cn/CN/abstract/abstract59613.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract59613.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract59613.shtml
http://dx.doi.org/10.7498/aps.63.128501
http://wulixb.iphy.ac.cn/CN/abstract/abstract59617.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract59617.shtml
http://dx.doi.org/10.7498/aps.63.118501

3 % R  Acta Phys. Sin. Vol. 64, No. 23 (2015) 238502

|

ANEES/ IR ERENMYFESIHERFENE
B A N AR YRR AT B
BEEV RRED %) EE%RY K

1) (P FRIBOR M EL T2 08, TR SRR 5 80 5 A0 =, P22 710071)
2) (hHL AR 24 PRI A BB B SE B0 S, BK 400060)
(2015 4£ 7 7 12 HYZEI; 2015 4E 8 H 14 HIKBIEF )

BAEE D

A T MOS P88 AT S 3 52 71, /RS MOS Y438 H 5050 5 7 9 51N AT 38 2 A2 MOS 2 1 78 o JE A7
SIN ESEHL. BARZ T Z 0 Z N T MOS PERERIFETT, (HA7 5% SiN BEEL MOS 418 N /1 17 AE ML 11 AL
B, DAL SiN S5 5 MOS V38 B R SRS J5 T I BE T R AR . AT ISE TCAD i |, $i2
77 Beor Ay BRI A AN EE AR Ay AR Gl Si MOS Y5 M I _E 2 Fh SN R B AR A
Hr, #7n 1 SIN JEEL MOS ViR 74 SRR EHLEL. BT 1) “a i k2 SiN IE-S3 MOS 1418
AR R AT 2) SIN JREAT WA s ik FE S, SIN R 28 518 MOS U5 /IR X 38 Si A RHRTE A, 1
M 51 ERVATE X Si AR ETEAR; 3) HEAK SIN BN A3 82 0 4 T8 /i 177 SN LRI /I it o 6 2 75 < A
IR o Ve T A BT I IN B8 BA K SIN TP 58 6 PR AE VA T 7 A2 B L 70 B R ASC BRBRY AT Oy /s RS

MOS T Z#lid&, LLA MOS G158 RN 1 51 NHIBE TSR A i E 2%

KRR PAHNAR, &R AN AR, B, LR

PACS: 85.30.De, 85.30.Pq, 85.30.Tv

15 =

SN JIEE S50R; AR B A ok 38 5% Si A4 R T IE
e HEM OKIESE = Si MOSFET f s 221k g 1161,
TE/INRUST 2 5 8 R B4 B L 8% (VLST) A T
SZ BRI =10

HAr, EAAH 2 NI ANTF, &bt
SiN FEEL MOS 74 18 B AR 1) 350 DA S 28 AP g $2 7
e FE D=1 it SiN RS MO'S Y438 WA g 77 A=
BUEE . PR FALEE, DA% SIN Ji6 45 ¥ 5 v 3 ) 2570
TR Z REGMIRIE, H29 T SiN EEAE
IV E ST NN T AV Y& IAEE R

N, AR SCR FISE 47 1 TH M 5@ o % Si
MOS J5 Ml I - 22 Bl SN R A 204 LA #T
L 7% SiN B E MOS Y438 B 77 7 A= 5 4F F i 4 2

DOTI: 10.7498/aps.64.238502

HLEE, N/ RSFMOS T, LLA MOS 284835t
RN F1 5 NI TR INME R 5%

2 SiN FE 2 MOS 743 7 & 1 F AL 32
2.1 NTHEXRH

N T 43 T SIN I B MOS V4] T8 B AR [ AL 3,
AT SR 7T W R 7 o SIN B (5 R 45 4 “nMOS”
(152 731508, M IL, K nMOS £ difet Il 45
A KM EALE 45, “aMOS” E i E R T — )2
SIN I, HmE 1 (a) i, Bl1 (b) Ni%s
¥ “nMOS” ISE N JJ s i fi 545 3, I mT I, =
“nMOS” F T 7K R, B8 SIN 5 5 38 4R 11
SER JZATAE A R, H B T 2E7E X J7 1) Bk
P — 2 I, IX A7 o5 SiN I A & 5] IR /TR
X, PARIIE X AR,

s FEADUEE A P B B A S I R 4 (HEHE S P140c090303110c0904) F1 R 76 45 [ SR B} 24 EEREBE 70 i (b5 2014JQ8329) % Bl

AT PR L
T #E/E#H. E-mail: minyu_muyi@qq.com

© 2015 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

238502-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.238502
http://wulixb.iphy.ac.cn

38 % R  Acta Phys. Sin. Vol. 64, No. 23 (2015) 238502
-0.2 4 (a) —-0.24 (b)
BARIE /cm—3 T/Pa
. W 5.6x10% . m 2.5x10°
2 1.8x 101 2 3.5x 103
s l _aaxiot I —5.0x10!
-0.2 0 0.2 0.4 0.4

X /pm

1 (WFIRGE) Ra % S AR, 5% i SIN B MOS™ S SR (a) AHI7REE; (b)
N5

Fig. 1. (color online) Structure and stress pattern of MOS without polysilicon and side wall covered with

SiN film: (a) structure diagram; (b) stress pattern.

—024 @

BAIRE /cm =3
5.6 %102

1.8x 10
I 4.4x10'

Y/pm

—0.2 0 0.2 0.4
X/pm

2 (MTRE) ANEL MR MBS, 5228 8 SIN JEHEMELZ MOS 4544 5 5 71434

T A

Y/pm

X /pm

—-0.2

T/Pa
W 3.0x10°

1.7x102
—2.4x104

X/pm

(a) G5HIREE,; (b) B

Fig. 2. (color online) Structure and stress pattern of thin gate oxide MOS without polysilicon and side wall

covered with SiN film: (a) structure diagram; (b) stress pattern.
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Fig. 3. (color online) Stress pattern in the channel and

Source/Drain of two structures of nMOS.
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Fig. 4. (color online) Stress pattern of nMOS with dense
SiN film: (a) structure diagram; (b) stress pattern.
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Fig. 6. (color online) Relationship between SiN film
with the type of stress in MOS channel: (a) dense

membrane; (b) loose membrane.
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Fig. 7. (color online) Structure and stress pattern of MOS with SiN film covering on the Gate: (a) structure
diagram; (b) stress pattern.
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Fig. 8. (color online) Structure and stress pattern of MOS with SiN film covering on side wall: (a) structure

diagram; (b) stress pattern.
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Fig. 9. (color online) structure and stress pattern of MOS with SiN film covering Souvce/Drain only: (a)

structure diagram; (b) stress pattern.
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Fig. 10. (color online) Stress in channel of SiN film on Gate, side wall, Source/drain or all of those.
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Fig. 11. (color online) Structure and stress pattern of
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on Gate and the side wall: (a) structure diagram; (b)

stress pattern.
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Physical mechanism of uniaxial strain in nano-scale
metal oxide semiconductor transistor caused by sin film*
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Abstract

Performance of a nano-scale MOS (metal-oxide-semiconductor) can be significantly improved by uniaxial stress,
caused by the SiN film deposited on the surface of MOS. Although this technique has been widely used in the performance
improvement of CMOS and integrated circuit, the physical mechanism for instance, how is the strain in MOS channel
caused by the SiN film? how about the relation between the kinds of the structure of SiN film needed to be discussed in
depth. On the basis of the ISE TCAD, three typical models for stress analysis

such as the segmentation structure
model, the closed-loop structure model and the integrity structure model——are proposed. And then, this paper reveals
the physical mechanism about how the stress in MOS channel is caused by the SiN film and how much the magnitude
of the stress in MOS channel is induced. Results shows that: 1) The “step” structure is the necessary condition for the
strain in the MOS channel to be caused by the SiN film. 2) With the tendency for SiN film to shrink or expand, the
film may lead to the deformation along the MOS source/drain region of the Si material, which causes the deformation
of Si in the channel. 3) The whole of the channel stress in SiN film is equal to the sum of the stress in the source/drain
imposed by the SiN film above the source/drain, the stress which the “closed loop structure” applies to the channel, and
the stress generated in the channel by the whole SiN film. Our conclusions may provide the valuable references to the

manufacture of nano-scaled MOS and the research of the novel inducing stress technique.

Keywords: uniaxial-strain, metal-oxide-semiconductor transistor, silicon nitride, physical mechanism
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