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Fig. 1. Inversion layer mobility for unstrained Si and inversion layer mobility enhancement for uniaxial strain.
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Fig. 4. Flow chart of device manufacturing.
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Fig. 5. Stereographic projection for different crystal planes: (a) (001); (b) (110); (c) (111).

068501-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 67, No. 6 (2018) 068501

Si fim i B AT R, 0°—90° I AE Ny — AN & 1]
Bt BPPTREATE &, W5 (a) (001) &1
_F 00 % B [010] & 1), 45° %8 [110] & T, 90° X
[100] &% 105 5 (b) (110) & TH b 0° X B [001] & [,
90° XF B [110] di Hl; B 5 (c) (111) AT 0° X [112]
fm ], 90° % W [110] &l

T UL BB, AR SCH € B AR PMOS V4 18
T /8 75 %88 76 (001), (110), (111) =AA[E &
T AR b 23 ) f A st BB Ol 5 B/ F R VA 3E £y
J& 9 0°—90° VG it df A 4 (LL 15° y—ANal k). He

1, (001) 8 T AT B 6 TR F 7, RT3 9
146 T VIR A1 B 45°—00° T B IR B P 16
FF 4% H9 PMOS 19— 21 5 B0 F (LR (110) 8
T 9, FA T B 8 0 2 R 5 2
).

FIF 4200-SCS - SFURRHE 4B 5 Z00 13
25 O ) A AT SRR IR R, 3K
PSR, 4 IR [ ST/ 055
B R R IR RS R 26,

BI6 AR fy BZVA I B A0 822 i A S I A

Fig. 6. Micrographs of uniaxial strained Si PMOS device at different channel degrees.
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Fig. 14. Transfer characteristic curve of 90°channel on
different crystal planes: (a) Relaxation; (b) uniaxial

strained.
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80 cm?/(V-s). X 5B IRIEILAHHEIT, SR [15] 2
WARIE H 5 PRI LT (001) i THAS [F] & 1) & 28 2 2
WMFILFERRN—E, Z1887 cm?/(V-s).

F2 MAEHT PMOS KB ZHA FIEBEIT L
Table 2. Comparative table of inversion layer mobility of Si PMOS under stress.

i I HET SaRAE

(001) [110] > [210] > [100] [100] > [210] > [110]
(110) [110] > [111] > [001] [110] > [111] > [001]
(111) [110] = [011] > [121] = [112] (110] > [121] > [011] > [112]

NAVERTR, SEBRIAS (001) & 90° 75 [, BP
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1.5 GPa, MAE TkA o A PMOS 8 4H 5l

ANIIER F1 KN 1.0 GPa, L5 N 1.5 GPalf)
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ARSI S T R R SR T2 B, 45
e S N A IO SEICY == i ap S - 22 < ¢ 5
Frf5 1) B2 80 T3 78 26 B HE I ml R S B
PR HE SR A 8 RS, RN oy HAh R AR
PR A A it 1 — i ) L.

S

[1] Guan H, Guo H 2017 Chin. Phys. B 26 058501

[2] Theerani J T 2017 IEEE Trans. Electron Dev. 64 3316

[3] Bai M, Xuan R X, Song J J, Zhang H M, Hu H Y, Shu
B 2015 Comput. Theor. Nanos 12 1610

[4] Hao M R, HuHY, Liao C G, Wang B, Zhao X H, Kang
HY, Su H, Zhang H M 2017 Acta Phys. Sin. 66 076101
(in Chinese) [#fan, ¥, BIURJE, Tk, B/, B
e, DL, TRASNS 2017 PFE R 66 076101

068501-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1088/1674-1056/26/5/058501
http://dx.doi.org/10.1109/TED.2017.2708691
http://dx.doi.org/10.1166/jctn.2015.3937
http://dx.doi.org/10.7498/aps.66.076101

) I % R Acta Phys. Sin.

Vol. 67, No. 6 (2018) 068501

Song J J, Yang C, Zhu H, Zhang H M, Xuan R X, Hu H
Y, Shu B 2014 Acta Phys. Sin. 63 118501 (in Chinese)
[REZE, W, KB, sy, 555, WIES, 873 2014 )
F %4k 63 118501]

Liu W F, Song J J 2014 Acta Phys. Sin. 63 238501 (in
Chinese) [XIffilg, FREEZ 2014 WK 63 238501]

Lee C H, Southwick R G, Bao R, Mochizuki S, Paruchuri
V, Jagannathan H 2017 Symposia on VLSI Technology
Kyoto, Japan, June 5-8, 2017 p126

Li L, Liu H X, Yang Z N 2012 Acta Phys. Sin. 61 166101
(in Chinese) [#37, XIZLfR, #J84 2012 ¥HE 24k 61
166101]

Kasim J, Reichel C, Dilliway G, Bai B, Zakowsky N 2015
Solid-State Electronics 110 19

Huang H L, Chen J K, Houng M P 2013 Solid-State
Electron. 79 31

Wang X Y 2012 Ph. D. Dissertation (Xi’an: Xidian Uni-
versity) (in Chinese) [EBEHE 2012 1822 A083C (V5 %:
7542 LT RHOR )]

Dai X Y, Yang C, Song J J, Zhang H M, Hao Y, Zheng
R C 2012 Acta Phys. Sin. 61 137104 (in Chinese) [
e, Mk, REF, FKE, FRER, K511 2012 YRR 61
137104]

(13]

[16]

[17]

18]

[19]

068501-9

Wang G Y, Song J J, Zhang H M, Hu H'Y, Ma J L,
Wang X Y 2012 Acta Phys. Sin. 61 097103 (in Chinese)
[EFE T, REE, KENG, HIEH, DES, ELEHE 2012 )
2R 61 097103]

Zhang W H, Li Z C, Guan Y H, Zhang Y F 2017 Chin.
Phys. B 26 078502

Krishnamohan T, Kim D, Dinh T V, Pham A, Mein-
erzhagen B, Jungemann C, Saraswat K 2008 Electron
Devices Meeting San Francisco, CA, USA, December
15-17, 2008 p1

Cai W L, Takenaka M, Takagi S 2014 J. Appl. Phys.
115 094509

Yang M Y, Song J J, Zhang J, Tang Z H, Zhang H M,
Hu H Y 2015 Acta Phys. Sin. 64 238502 (in Chinese)
M5, REE, ki, B, KES, #kE5E 2015 ¥Rt
4 64 238502]

Song J J 2008 Ph. D. Dissertation (Xi’an: Xidian Uni-
versity) (in Chinese) [JR#EZE 2008 #1210 (Fi%:
7542 L RHEOR )]

Song J J, Bao W T, Zhang J, Tang Z H, Tan K Z, Cui
W, HuHY, Zhang H M 2016 Acta Phys. Sin. 65 018501
(in Chinese) [REF, 1CW, Tk, B, FHM, £,
HARE S, KEINY 2016 4R 65 018501]


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.63.118501
http://dx.doi.org/10.7498/aps.63.238501
http://ieeexplore.ieee.org/abstract/document/7998217/
http://ieeexplore.ieee.org/abstract/document/7998217/
http://dx.doi.org/10.7498/aps.61.166101
http://dx.doi.org/10.1016/j.sse.2015.01.010
http://dx.doi.org/10.1016/j.sse.2015.01.010
http://dx.doi.org/10.1016/j.sse.2012.08.002
http://dx.doi.org/10.1016/j.sse.2012.08.002
http://dx.doi.org/10.7498/aps.61.137104
http://dx.doi.org/10.7498/aps.61.097103
http://dx.doi.org/10.1088/1674-1056/26/7/078502
http://dx.doi.org/10.1088/1674-1056/26/7/078502
http://ieeexplore.ieee.org/abstract/document/4796845/
http://ieeexplore.ieee.org/abstract/document/4796845/
http://ieeexplore.ieee.org/abstract/document/4796845/
http://dx.doi.org/10.1063/1.4867935
http://dx.doi.org/10.1063/1.4867935
http://dx.doi.org/10.7498/aps.64.238502
http://dx.doi.org/10.7498/aps.65.018501

32 % R Acta Phys. Sin. Vol. 67, No. 6 (2018) 068501

New experimental discovery of channel crystal plane and
orientation selection for small-sized uniaxial strained

Si PMOS*

Chen Hang-Yu' Song Jian-Jun Zhang Jie Hu Hui-Yong Zhang He-Ming

(Key Lab of Wide Band-Gap Semiconductor Materials and Devices, School of Microelectronics, Xidian University,
Xi’an 710071, China)

( Received 27 September 2017; revised manuscript received 19 December 2017 )

Abstract

The inversion layer mobility of small-sized uniaxial strained Si p-channel metal oxide semiconductor (PMOS) channel
is closely related to the crystal plane and crystal orientation. When optimally designing the strained PMOS, the crystal
plane and crystal orientation of the channel should be chosen reasonably. At present, there is a theoretical sort model for
the inversion layer mobility of Si PMOS channel at 1.5 GPa stress according to the crystal plane and crystal orientation.
However, in the actual manufacturing process of device, the process of covering the SiN stress film is fixed, because
the channel coefficient of stiffness is aeolotropic. So, the stress intensities of strained PMOS in different crystal planes
and orientation channels are different, which causes the theoretical sort model for the inversion layer mobility to be
invalid. To solve this problem, the small-sized uniaxial strained Si PMOS and unstrained Si PMOS with different crystal
planes and orientations are fabricated by 40 nm technological process of Chinese Academy of Sciences. The result for
the inversion layer mobility of Si PMOS channel according to the crystal plane and crystal orientation is obtained by
the device transfer characteristic test. Considering the process implementation factors, the relevant conclusion about
the inversion layer mobility of small-sized uniaxial strained Si PMOS channel according to the crystal plane and crystal
orientation is more suitable to guide the actual device manufacturing than the theoretical sort result predicted in the
literature. At the same time, the relevant analysis method can also provide important technical reference for the solution
of other strained material MOS.
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