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Fig. 1. Evolution of integrated circuit technology nodes:

from 90 nm to 10 nm.
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Fig. 2. (a) Effects of tensile biaxial strain and Ny, on the hole subband structure; (b) schematic diagram of the interpretation for

the effect of biaxial tensile strain on ju; of electrons and holes!'7.
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Fig. 3. (a) Low-temperature electron and hole mobility versus N for Si and s-Si with different amounts of strain; (b) TEM photo-

graphs of Si and s-Si (10% Ge and 35% Ge) Si/SiO, interfaces®’.
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Fig. 4. Electron transport models in Si and Ge nMOSFETs with different crystal faces/20.

167301-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 68, No. 16 (2019)

167301

108

—~
©
N

-
o
N

Effective hole mobility/cm?2-V-1-s1

sl " 24 a s aal

1012
Inversion hole density/cm=2

1013

Kl 5
/l’all()y+ph()n()u % ]Vinv E"J g{t 23]

Hphonon-+alloy Jem2-V-1-s71

(b)

400

300

101 3
- ER: —— Ve =-06V
—O—= V=0V A Veg=-05V
= Ve =2V Veg =-2V

= Vg =-1.0V

Hole density/cm—3
3
>
saul

r———T—T T T
0 5 10 15 20 25
Distance from gate oxide/nm

4, e
Dho,,on\s\oa
ofF

| TR

2 3
Inversion hole density/10'2 cm=2

(a) SiGe & T BF pMOSFET 7€ 300 K #l 15 K T #iFE B % ; (b) R 52 50 45 K i1 5 1Y SiGe & F Bk pMOSFET 45 /¢

Fig. 5. (a) Extracted effective hole mobilities of the QW p-MOSFET at 15 and 300 K; (b) ftynonon-taley Obtained from the extracted

hole mobility at 300 and 15 K3,

4 FGEA BN

GeOI MOSFET & — MR A7 ¥ 1 1 3 45440 iy
IRAS, BEABAR I b A ] b (A 0 i YA S A5, [T
BAB SRR (B TSR
FEiktE, GeOI MOSFET HAT [ FH~ MOS Ft,
T 2 HURE A BB ., EAE AL
SRR

4.1 @%)ZE L (germanium-on-insulator,

GeOI) pMOSFET H % 73 BB ST &l

X. Yu AT GeOI p-MOSFET iT#%%
XF Ge TR REE RUMIOC R, 1EIE BHACH 2 nm24.
R LI, 25 7GERRZH] Ge BIREEEM, X Ge
VR AR RS | 25 92 B T T AR I
25 7 B PEASTUR BO U R, 25 i
P REAR. TLHIETE Ge R /NT 5 nm 1, Ge
LIRS FE AN 1 5 B BRI T 4800 A H T i
BRI, 2D B G b A Y 30 T RIS A i
1T TIBIE, LB TR GeOI fh A%, HiryiAl
T Ge W EEEXHERRZMm (& 6).

H F GeOI & 1K & 1) FE 3% 25 19 (gate/gate
oxide/Ge/BOX/Si), A% GeOI pMOSFET H
B IR (Vo) X258 7GR R AR AT 70
I8 2. WIS R IR, Vg ¥ GeOl SRS T RAH
B S A AR . 1 7 SR BT O [R]) N, BRfE R &5 X
ARCERR. ATLURIL, SHE—ANER Y Vg B,
TR I Y 25 R A TR N AE S B AR/ Ge S IET. AL,

HI Dy 516 B4 2 RIS L e 3R TR B2 s 2 o
I EE, SRR TOE BRI, Y Vg AT
I, A5 DL R AH

A

Heff

Ns

Pl 6 HTHE GeOL dhAE ity 2 1 i iz A 5 24
Fig. 6. Carrier transport model in ultra-thin GeOI MOS-
FETs?4.

-

o
N
T

VBG: 5~-5V
Step: -1V

Hole mobility pe/cm2-V-1-s1

TGeOI =20 nm

101 : :

1 10
Ns/10'2 cm~2

7
(281
Fig. 7. Hole mobility of UTB GeOI pMOSFETSs with apply-
ing different V3.

GeOlI pMOSFET %5 7CH 80 iE B R bl Vi FIASfb 1

167301-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 68, No. 16 (2019)

167301

IR AT LFGIER, Ge/BOX., Ge/#il &
FHHADZFE M GeOl MRS IR RWEZ N E, JLH
JEY Ge BEARRT, SZ 21 Dy 51 M) RS HUN &
S TAVREURE B2 U 23 R HG i

4.2 GeOI nMOSFET B FHIESTH1 &l

W. H. Chang ¢ A% T GeOI nMOSFET
FL B8 3R I YA 3 R R AR AR 0 21, AP R B,
MORTE RS T 10 nm B, BEE R R A9 A, B
2 B ) PEAR TSRS R TRAFDRES B2 I A BH &2, PRIt
R R Ge BEEREI/INIFEML (K1 8(a)); 1
2 Ge AT 10 nm B}, i T8F200, BF7ERE
G SR ST, L e TP B — 4
SEGEE CHesy, s T HFA RN, A
M E% (K 8(b)).

(a) 103 F
L O3 plasma
I!l)
>
o
£ 1
L
= 102
1 F
s e
3 [ & e
@ F/ T Thody = 8 NM
w ]

= Thoay = 13 nm |
_D_Tbgdy= 16 nm ]

5 Toody = 20 Nnm
101 ks s L a a a PR
1 10
Sheet carrier density Ng/102 cm~2

Thick Tpogy > ~10 nm

Thin Tpogy <~10 nm

B8 (a) B TFIEBEY GeJREXRR; (b) Rl GeJRHET
H A R 43 A 0

Fig. 8. (a) Ty dependence of effective electron mobility

characteristics; (b) band structure of UTB GeOI nMOS-
FET under different channel thickness(20),

5 & #®

ARSCMREAZEEA BB AR A 4 =
AFABEREE T B0 T s AU LS . AR
A DIA SRR a0 T R, (X TR A
TR AT o ZEARSAI, BUR 0% 39858 1T )

JEAB IR HL I S HUR, (HBG SR T X 25 X RS
BT, RIEE, SSUg 7 o R g i e 1 A 1 2%t L 11
RO, BRAIR T ST 2556 25 o A U s T R i, XUih
sk N 7 AR T FL T ) SR TR B R, (RIS
RAPR 2 7 ) R TEDRELRS B2 TR, 245 AL it — o i)
FIH TEM EGHE MOS #45EURE 55 i
BT R RN D7 A9 BB E . %FF Ge nMOSFET,
HLFAE AR B T 1 Ge 1838 H 32 21 0 B LS AS
[f], Ge (100) nMOSFET 7E =3 544 T 7 /iU
AT5 8K S 52 i A B8 R 32 B R ML, T FE Ge
(111), (110) nMOSFET *, 2 iUk BEHUH &
ML, TE SiGe & FBF pMOSFET 1, &4
B EEAE T ARCR I HR/ING X, TS
Wi BRI A K, T GeOI MOSFET, T
FETE LR WA FLHL, 2 s 2 8 B R
MOS Frm p s, HAE PR N A 2y, i o
K Ge RS2 2 T B e

[1] Uchida K, Takagi S 2003 Appl. Phys. Lett. 82 2916

[2] Wu H, Wu W, Si M, Peide D Y 2015 IEEE International
Electron Devices Meeting (IEDM) Washington DC, Dec. 7-9,
2015 p2.1.1

[3] Nayak D K, Woo J C S, Park J S, Wang K L, MacWilliams
K P 1993 Appl. Phys. Lett. 62 2853

[4] Liu C, Lu J W, Wu W R, Tang X Y, Zhang R, Yu W J,
Wang X, Zhao Y 2015 Acta Phys. Sin. 62 167305 ( in
Chinese) [, jHa4kik . RIESR ELEM | 7R . AR Eik.
BE 2015 PHEAR 62 167305

[5] Zhao Y, Wan X G 2006 Acta Phys. Sin. 55 3003 (in Chinese)
(A% . 7 24k 2006 PHE“EHR 55 3003)

6] Lee C H, Nishimura T, Tabata T, Lu C, Zhang W F,
Nagashio K, Toriumi A 2013 IEEE International FElectron
Devices Meeting (IEDM) Washington DC, Dec. 9-11, 2013
p2.3.1

[7] Cheng R, Yin L, Wu H, Yu X, Zhang Y, Zheng Z, Wu W,
Chen B, Peide D Y, Liu X, Zhao Y 2017 [IEEE Flec. Devi.
Lett. 38 434

[8] Chu M, Sun Y, Aghoram U, Thompson S E 2009 Annu. Rev.
Mater. Res. 39 203

[9] Antoniadis D A, Aberg I, Chleirigh C N, Nayfeh O M,
Khakifirooz A, Hoyt J L 2006 IBM J. Res. Dev. 50 363

[10] Lee C H, Nishimura T, Tabata T, Kita K, Toriumi A 2011
IEEE Trans. Elec. Dev. 58 1295

[11] Zhang, R, Huang P C, Lin J C, Taoka N, Takenaka M,
Takagi S 2013 IEEE Trans. Elec.n Dev. 60 927

[12] Zhang R, Chern W, Yu X, Takenaka, M, Hoyt J L, Takagi, S
2013 IEEE International Electron Devices Meeting (IEDM)
Washington DC, Dec. 9-11 2013 p26.1.1

[13] Yeo Y C, Gong X, van Dal M J H, Vellianitis G, Passlack M
2015 IEEE International Electron Devices Meeting (IEDM)
Washington D C, Dec. 7-9,2015 p2.4.1

[14] van Dal M J H, Duriez B, Vellianitis G, Doornbos G, Oxland

167301-5


http://dx.doi.org/10.1063/1.1571227
http://dx.doi.org/10.1063/1.1571227
http://dx.doi.org/10.1063/1.1571227
http://dx.doi.org/10.1063/1.1571227
http://dx.doi.org/10.1063/1.1571227
http://dx.doi.org/10.1063/1.109205
http://dx.doi.org/10.1063/1.109205
http://dx.doi.org/10.1063/1.109205
http://dx.doi.org/10.1063/1.109205
http://dx.doi.org/10.1063/1.109205
http://wulixb.iphy.ac.cn/CN/abstract/abstract65051.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract65051.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract65051.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract65051.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract65051.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract65051.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract65051.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract65051.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract65051.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract65051.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract11838.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract11838.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract11838.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract11838.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract11838.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract11838.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract11838.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract11838.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract11838.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract11838.shtml
http://dx.doi.org/10.1109/LED.2017.2674178
http://dx.doi.org/10.1109/LED.2017.2674178
http://dx.doi.org/10.1109/LED.2017.2674178
http://dx.doi.org/10.1109/LED.2017.2674178
http://dx.doi.org/10.1109/LED.2017.2674178
http://dx.doi.org/10.1146/annurev-matsci-082908-145312
http://dx.doi.org/10.1146/annurev-matsci-082908-145312
http://dx.doi.org/10.1146/annurev-matsci-082908-145312
http://dx.doi.org/10.1146/annurev-matsci-082908-145312
http://dx.doi.org/10.1146/annurev-matsci-082908-145312
http://dx.doi.org/10.1147/rd.504.0363
http://dx.doi.org/10.1147/rd.504.0363
http://dx.doi.org/10.1147/rd.504.0363
http://dx.doi.org/10.1147/rd.504.0363
http://dx.doi.org/10.1147/rd.504.0363
http://dx.doi.org/10.1063/1.1571227
http://dx.doi.org/10.1063/1.1571227
http://dx.doi.org/10.1063/1.1571227
http://dx.doi.org/10.1063/1.1571227
http://dx.doi.org/10.1063/1.1571227
http://dx.doi.org/10.1063/1.109205
http://dx.doi.org/10.1063/1.109205
http://dx.doi.org/10.1063/1.109205
http://dx.doi.org/10.1063/1.109205
http://dx.doi.org/10.1063/1.109205
http://wulixb.iphy.ac.cn/CN/abstract/abstract65051.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract65051.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract65051.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract65051.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract65051.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract65051.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract65051.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract65051.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract65051.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract65051.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract11838.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract11838.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract11838.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract11838.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract11838.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract11838.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract11838.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract11838.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract11838.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract11838.shtml
http://dx.doi.org/10.1109/LED.2017.2674178
http://dx.doi.org/10.1109/LED.2017.2674178
http://dx.doi.org/10.1109/LED.2017.2674178
http://dx.doi.org/10.1109/LED.2017.2674178
http://dx.doi.org/10.1109/LED.2017.2674178
http://dx.doi.org/10.1146/annurev-matsci-082908-145312
http://dx.doi.org/10.1146/annurev-matsci-082908-145312
http://dx.doi.org/10.1146/annurev-matsci-082908-145312
http://dx.doi.org/10.1146/annurev-matsci-082908-145312
http://dx.doi.org/10.1146/annurev-matsci-082908-145312
http://dx.doi.org/10.1147/rd.504.0363
http://dx.doi.org/10.1147/rd.504.0363
http://dx.doi.org/10.1147/rd.504.0363
http://dx.doi.org/10.1147/rd.504.0363
http://dx.doi.org/10.1147/rd.504.0363
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 68, No. 16 (2019)

167301

[15]

(16]

(17]

(18]
(19]

[20]

R, Holland M, Diaz C H 2014 [EEE International FElectron
Devices Meeting (IEDM) San Francisco, Dec. 7-9, 2014
p9.5.1

Choi Y K, Asano K, Lindert N, Subramanian V, King T J,
Bokor J, Hu C 1999 IEEE International Electron Devices
Meeting (IEDM) Washington D C, Dec. 5-8, 1999 p919

Ernst T, Cristoloveanu S, Ghibaudo G, Ouisse T, Horiguchi
S, Ono Y, Takahashi Y, Murase K 2003 IEEE Trans. FElec.
Dewv. 50 830

Zhao Y, Takenaka M, Takagi S 2009 [EEE Trans. Elec. Dev.
56 1152

Weber O, Takagi S 2008 IEEE Trans. Elec. Dev. 55 2386
Takagi S, Toriumi A, Iwase M, Tango H 1994 [IEEE Trans.
Elec. Dev. 41 2357

Zhao Y, Takenaka M, Takagi S 2009 IEEE Elec. Dev. Lett.

[21]
(22]
23]

(24]

[25]

[26]

167301-6

30 987

Zhao Y, Matsumoto H, Sato T, Koyama S, Takenaka M,
Takagi S 2010 IEEE Trans. Elec. Dev. 57 2057

Wu W, Li X, Sun J, Zhang R, Shi Y, Zhao Y 2015 [EFEE
Trans. Elec. Dev. 62 1136

Yu W, Wu W, Zhang B, Liu C, Sun J, Zhai D, Yu Y, Shi Y,
Zhao Y, Zhao Q T 2014 IEEE Trans. Elec. Dev. 61 950

Yu X, Kang J, Takenaka M, Takagi S 2015 I[EEE
International Electron Devices Meeting (IEDM) Washington
D C, Dec. 7-9, 2015 p2.2.1

Zheng Z, Yu X, Zhang Y, Xie M, Cheng R, Zhao Y 2018
IEEE Trans. FElec. Dev. 65 895

Chang W H, Irisawa T, Ishii H, Hattori H, Ota H, Takagi H,
Kurashima Y, Uchida K, Maeda T 2017 IEEE Trans. Elec.
Dev. 64 4615


https://ieeexplore.ieee.org/abstract/document/1202634
https://ieeexplore.ieee.org/abstract/document/1202634
https://ieeexplore.ieee.org/abstract/document/1202634
https://ieeexplore.ieee.org/abstract/document/1202634
https://ieeexplore.ieee.org/abstract/document/1202634
http://dx.doi.org/10.1109/TED.2009.2015170
http://dx.doi.org/10.1109/TED.2009.2015170
http://dx.doi.org/10.1109/TED.2009.2015170
http://dx.doi.org/10.1109/TED.2009.2015170
https://ieeexplore.ieee.org/abstract/document/4595628
https://ieeexplore.ieee.org/abstract/document/4595628
https://ieeexplore.ieee.org/abstract/document/4595628
https://ieeexplore.ieee.org/abstract/document/4595628
https://ieeexplore.ieee.org/abstract/document/4595628
http://dx.doi.org/10.1109/16.337449
http://dx.doi.org/10.1109/16.337449
http://dx.doi.org/10.1109/16.337449
http://dx.doi.org/10.1109/16.337449
http://dx.doi.org/10.1109/16.337449
http://dx.doi.org/10.1109/LED.2009.2026661
http://dx.doi.org/10.1109/LED.2009.2026661
http://dx.doi.org/10.1109/LED.2009.2026661
http://dx.doi.org/10.1109/LED.2009.2026661
http://dx.doi.org/10.1109/TED.2010.2052394
http://dx.doi.org/10.1109/TED.2010.2052394
http://dx.doi.org/10.1109/TED.2010.2052394
http://dx.doi.org/10.1109/TED.2010.2052394
http://dx.doi.org/10.1109/TED.2010.2052394
http://dx.doi.org/10.1109/TED.2015.2398733
http://dx.doi.org/10.1109/TED.2015.2398733
http://dx.doi.org/10.1109/TED.2015.2398733
http://dx.doi.org/10.1109/TED.2015.2398733
http://dx.doi.org/10.1109/TED.2015.2398733
http://dx.doi.org/10.1109/TED.2014.2304723
http://dx.doi.org/10.1109/TED.2014.2304723
http://dx.doi.org/10.1109/TED.2014.2304723
http://dx.doi.org/10.1109/TED.2014.2304723
http://dx.doi.org/10.1109/TED.2014.2304723
http://dx.doi.org/10.1109/TED.2018.2798407
http://dx.doi.org/10.1109/TED.2018.2798407
http://dx.doi.org/10.1109/TED.2018.2798407
http://dx.doi.org/10.1109/TED.2018.2798407
http://dx.doi.org/10.1109/TED.2017.2756061
http://dx.doi.org/10.1109/TED.2017.2756061
http://dx.doi.org/10.1109/TED.2017.2756061
http://dx.doi.org/10.1109/TED.2017.2756061
http://dx.doi.org/10.1109/TED.2017.2756061
https://ieeexplore.ieee.org/abstract/document/1202634
https://ieeexplore.ieee.org/abstract/document/1202634
https://ieeexplore.ieee.org/abstract/document/1202634
https://ieeexplore.ieee.org/abstract/document/1202634
https://ieeexplore.ieee.org/abstract/document/1202634
http://dx.doi.org/10.1109/TED.2009.2015170
http://dx.doi.org/10.1109/TED.2009.2015170
http://dx.doi.org/10.1109/TED.2009.2015170
http://dx.doi.org/10.1109/TED.2009.2015170
https://ieeexplore.ieee.org/abstract/document/4595628
https://ieeexplore.ieee.org/abstract/document/4595628
https://ieeexplore.ieee.org/abstract/document/4595628
https://ieeexplore.ieee.org/abstract/document/4595628
https://ieeexplore.ieee.org/abstract/document/4595628
http://dx.doi.org/10.1109/16.337449
http://dx.doi.org/10.1109/16.337449
http://dx.doi.org/10.1109/16.337449
http://dx.doi.org/10.1109/16.337449
http://dx.doi.org/10.1109/16.337449
http://dx.doi.org/10.1109/LED.2009.2026661
http://dx.doi.org/10.1109/LED.2009.2026661
http://dx.doi.org/10.1109/LED.2009.2026661
http://dx.doi.org/10.1109/LED.2009.2026661
http://dx.doi.org/10.1109/TED.2010.2052394
http://dx.doi.org/10.1109/TED.2010.2052394
http://dx.doi.org/10.1109/TED.2010.2052394
http://dx.doi.org/10.1109/TED.2010.2052394
http://dx.doi.org/10.1109/TED.2010.2052394
http://dx.doi.org/10.1109/TED.2015.2398733
http://dx.doi.org/10.1109/TED.2015.2398733
http://dx.doi.org/10.1109/TED.2015.2398733
http://dx.doi.org/10.1109/TED.2015.2398733
http://dx.doi.org/10.1109/TED.2015.2398733
http://dx.doi.org/10.1109/TED.2014.2304723
http://dx.doi.org/10.1109/TED.2014.2304723
http://dx.doi.org/10.1109/TED.2014.2304723
http://dx.doi.org/10.1109/TED.2014.2304723
http://dx.doi.org/10.1109/TED.2014.2304723
http://dx.doi.org/10.1109/TED.2018.2798407
http://dx.doi.org/10.1109/TED.2018.2798407
http://dx.doi.org/10.1109/TED.2018.2798407
http://dx.doi.org/10.1109/TED.2018.2798407
http://dx.doi.org/10.1109/TED.2017.2756061
http://dx.doi.org/10.1109/TED.2017.2756061
http://dx.doi.org/10.1109/TED.2017.2756061
http://dx.doi.org/10.1109/TED.2017.2756061
http://dx.doi.org/10.1109/TED.2017.2756061
https://ieeexplore.ieee.org/abstract/document/1202634
https://ieeexplore.ieee.org/abstract/document/1202634
https://ieeexplore.ieee.org/abstract/document/1202634
https://ieeexplore.ieee.org/abstract/document/1202634
https://ieeexplore.ieee.org/abstract/document/1202634
http://dx.doi.org/10.1109/TED.2009.2015170
http://dx.doi.org/10.1109/TED.2009.2015170
http://dx.doi.org/10.1109/TED.2009.2015170
http://dx.doi.org/10.1109/TED.2009.2015170
https://ieeexplore.ieee.org/abstract/document/4595628
https://ieeexplore.ieee.org/abstract/document/4595628
https://ieeexplore.ieee.org/abstract/document/4595628
https://ieeexplore.ieee.org/abstract/document/4595628
https://ieeexplore.ieee.org/abstract/document/4595628
http://dx.doi.org/10.1109/16.337449
http://dx.doi.org/10.1109/16.337449
http://dx.doi.org/10.1109/16.337449
http://dx.doi.org/10.1109/16.337449
http://dx.doi.org/10.1109/16.337449
http://dx.doi.org/10.1109/LED.2009.2026661
http://dx.doi.org/10.1109/LED.2009.2026661
http://dx.doi.org/10.1109/LED.2009.2026661
http://dx.doi.org/10.1109/LED.2009.2026661
http://dx.doi.org/10.1109/TED.2010.2052394
http://dx.doi.org/10.1109/TED.2010.2052394
http://dx.doi.org/10.1109/TED.2010.2052394
http://dx.doi.org/10.1109/TED.2010.2052394
http://dx.doi.org/10.1109/TED.2010.2052394
http://dx.doi.org/10.1109/TED.2015.2398733
http://dx.doi.org/10.1109/TED.2015.2398733
http://dx.doi.org/10.1109/TED.2015.2398733
http://dx.doi.org/10.1109/TED.2015.2398733
http://dx.doi.org/10.1109/TED.2015.2398733
http://dx.doi.org/10.1109/TED.2014.2304723
http://dx.doi.org/10.1109/TED.2014.2304723
http://dx.doi.org/10.1109/TED.2014.2304723
http://dx.doi.org/10.1109/TED.2014.2304723
http://dx.doi.org/10.1109/TED.2014.2304723
http://dx.doi.org/10.1109/TED.2018.2798407
http://dx.doi.org/10.1109/TED.2018.2798407
http://dx.doi.org/10.1109/TED.2018.2798407
http://dx.doi.org/10.1109/TED.2018.2798407
http://dx.doi.org/10.1109/TED.2017.2756061
http://dx.doi.org/10.1109/TED.2017.2756061
http://dx.doi.org/10.1109/TED.2017.2756061
http://dx.doi.org/10.1109/TED.2017.2756061
http://dx.doi.org/10.1109/TED.2017.2756061
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 68, No. 16 (2019) 167301

SPECIAL TOPIC—In commemoration of the 100th anniversary of the birth of Kun Huang

Progress of the study on carrier scattering mechanisms of
silicon/germanium field effect transistors”

Zhao YiV! Li Jun-Kang!  Zheng Ze-Jie?

1) (College of Electronic Engineering and Information Science, Zhejiang University, Hangzhou 310027, China)

2) (Zhijiang Laboratory, Hangzhou 310000, China)
( Received 28 July 2019; revised manuscript received 14 August 2019 )

Abstract

As the feature size of Metal-Oxide-Semiconductor Field Effect Transistors (MOSFETSs) continues to
decrease, large numbers of new problems appear. Techniques such as strain project, new channel materials and
new device structures are considered by academics and industry to be effective ways to continue to improve
device performance. In this paper, the scattering mechanism of carriers in the device channel is studied from
three aspects: strain technique, new channel material and new structure device: (1) strain technique: Biaxial
tensile strain can change carrier distribution among different energy levels, which affects Coulomb scattering
and Coulomb mobility. Furthermore, from the TEM image, it is found that biaxial tensile reduces the channel
surface roughness for Si nMOSFET, leading an enhancement of electron mobility. However, no such similar
phenomena were observed in pMOSFET. Based on this, a new method for calculating the mobility of MOSFET
surface roughness scattering using TEM image has been proposed. (2) New channel material: In the germanium
(Ge) transistors with different crystal faces, the scattering mechanisms of electron under high field conditions
are different. The phonon scattering dominates the Ge(100) transistor, while the surface roughness scattering
dominates the Ge(110), (111) transistors. This result is quite different from Si MOSFET. Therefore, a unified
model for the scattering mechanism of electron in Ge nMOSFET has been proposed. In SiGe transistors, alloy
scattering mainly play a role in the region with relatively small effective electric field (Ey). The strength of
alloy scattering would be weakened in high field and could be decreased by reducing the thickness of SiGe layer.
(3) New structure devices: In ultra-thin body germanium (GeOl) transistors, carrier transport is influenced by
high- k /channel interfaces, as well as Ge channel/buried oxide (BOX) interface. As the Ge layer thickness
decreases, carrier distribution is closer to the interfaces, which intensifies Coulomb scattering and surface
roughness scattering. As a result, the mobility in GeOI transistor decreases as the thickness scaling. In addition,
the distribution of electron in different energy valleys changes with the thickness decrease in Ge layer, which
affects the scattering of electrons. When the Ge film is lower than 10 nm, a part of electron in the L valley will

move to the I' valley, causing the decrease of electron effective mass and increasing the electron mobility.

Keywords: carrier scattering, strain technique, new channel materials, newstructure transistors
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