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Abstract

This paper presents a practical method of drift-diffusion device simulation in order to evaluate the
effects of mechanical stress on n-type silicon semiconductor devices. The device simulation
incorporates an electron mobility model for considering the effects of mechanical stress. In our
previous study, the changes in relative populations and momentum relaxation times (intervalley
scattering) of electrons in conduction-band valleys were modeled in the electron mobility model. In
this study, we added modeling of the change in the effective mass of electrons as a means of considering
the effects of uniaxial stress. Stress-induced variations of electrical characteristics on nMOSFETs are
evaluated using a device simulation including the proposed electron mobility model. Then, the electron
mobility model and the simulation method are verified by comparing them with experimental results.
It is demonstrated that experimental results can be reasonably estimated using this simulation method.
In other words, the device simulation including the proposed electron mobility model can determine
the uniaxial-load-direction dependence of the stress sensitivity of the change in electrical
characteristics. To improve the accuracy of our simulation method, necessary improvements in the

electron mobility model are identified.
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Fig. 1 Schematic cross-section of evaluated nMOSFET
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Fig. 2 Specimen preparation for four-point bending
measurements
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Fig. 3 Experimental results of drain current variations
under uniaxial stress
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Fig. 4 Experimental results of transconductance
changes (AGm/Gm) under uniaxial stress
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k-space for conduction-band in silicon
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Table 1. Published values of the piezoresistive coeflicient for nMOSFETs and lightly doped silicon

Lightly Doped
1ghtly Dope nMOSFETs
Silicon
Smith [7] Bradley et al. Bradley et al. Bradley et al. Gallon et al. Gallon et al.
mi
(IBM) [18] (T1) [18] (LT) [18] (bulk) [19] (SOI) [19]
Piezoresistive Coeflicient:
1 624 900 640 1,000 969 1,160

11,4+ ,+11,, (TPa)

TL Y buoy 2R AEE Vol 15 No.6(2012) 489



TRGA=2E LTOEBIERT ¥ v WEHDMHICER S
BTV 3, 1D0FFEM Y L TESEL PE 2 2 HEKIZ
MOSKHEEEIZ B 2B T O KB TILOFETH 2,
nMOSFET HzJE T3, B3 vy SinEF ¢ fk Y
:ﬁﬁg¥m%n1m5:2ﬁmenfw Y, b

, HAROIRETH > THEFOIREEI L2 Si v FH
aofzb,mﬁmﬁﬁtéﬁﬁ¢ﬁﬁﬁu%%%&fﬁ
2LV, AR TRLEEFREEE S VTR, &
OMPREZEBEL TRV, Y Ial—YayOREEELY
WAL S Swm bS8 2 729121d, MOS T34 2K
BCISNREICHEY S Z 2 S ZHO 2L, ¥
a2l —YavETINWETEETILAELH B,

5. %5 ®

AKX TE, FY 7 MERTASA 2V 32aL—Ya >y T
ﬂ%T%@&ﬁm@ﬁAMUT&K B OAMERZE
OBFRETHERLICETBEE T vER LI, IR Hv
T, SifEMICEAMOTAPEL 2 &5 R 1AM FTO
nMOSFET OD&ESFMZAEH 2 32— a v, 20
fEdL, FERTHE O N B ERUFIEAEI RO BRSNS 2

1%5ﬁﬁﬁﬁfﬁ%ﬁﬁ?é;t#~ 2. %12,
nMOSFET @ & JJ & IC w3 32 E R » N )V 7 n-Si

(Lightly Doped Silicon) ¥ nMOSFET T ﬂ?jj,._\}# A2 2
eI NI, EENGY I ar—Ya VIFER LD
72X, T OMOS TN RREE 2 VPSR 2 B E)
ETNVETEEBTI2REDVHLEEZLND, FEHLDG
BOWIEREY Lizwv,

E =
AW 2 T 212 H 72 - T TSI T2 7250 7238 A
RO BB R L & 3, AR —EBE, &
HUsC R 2 SRR R S ) R—va v s T 28—
077 LOXEIC L b,

(2012.2.10- 3Z )

X ik

1) =ylSAE, VEREARE C oy = v ZIR TR 0 K
FETRMEZE),” HARR A 2, AR, Vol 61, No.
589, pp. 1957-1964, 1995

2) H. Ali:
Devices,” IEEE Transactions on Components, Packaging, and
Manufacturing Technology, Vol. 20, Part B, No. 4, pp. 458-
462, 1997

3) /NEBALIERA, M L eIl Ko FEICFU T b
PE T N4 2y 22— a vy Heredescnciklxy
% nMOSFET @ DCRHEA TR Fi%,” =L 27 tv=2 2
FrEAEE, Vol 12, No. 3, pp. 208-220, 2009

4) HHEA, NERIE, WE o f, ERREE, KR %
“% SIS RS IR S 2 R R TN A 2 O EKURHIEZE)

Stress-Induced Parametric Shift in Plastic Packaged

Talb—vav i FoNAg 2NEDIS ST OB,
490 ==Lz broz2EEEAEE Vol 15 No. 6 (2012)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

V2 ka= s RREVAFE Vol 14, No. 1, pp. 45-54,
2011

J. L. Egley and D. Chidambarrao: “Strain Effects on Device
Characteristics: Implementation in Drift-Diffusion Simula-
tors,” Solid-State Electronics, Vol. 36, No. 12, pp. 1653-1664,
1993

S. Dhar, H. Kosina, V. Palankovski, S. E. Ungersboeck, and S.
Selberherr: “Electron Mobility Model for Strained-Si Devices,”
IEEE Transactions on Electron Devices, Vol. 52, No. 4, pp.
527-533, 2005

C. S. Smith: “Piezoresistance Effect in Germanium and Sili-
con,” Physical Review, Vol. 94, No. 1, pp. 42-49, 1954

M. Koganemaru, T. Ikeda, N. Miyazaki, and H. Tomokage:
“Evaluation of Stress Effects on Electrical Characteristics of N-
Type MOSFETs: Variations of DC Characteristics during the
Resin-Molding Process,” ASME Journal of Electronic Packag-
ing, Vol. 132, 011003, pp. 1-8, 2010

M. Koganemaru, T. Ikeda, N. Miyazaki, and H. Tomokage:
“Experimental Study of Uniaxial-Stress Effects on DC Charac-
teristics of nMOSFETs,” IEEE Transactions on Components
and Packaging Technologies, Vol. 33, No. 2, pp. 278-286, 2010
K. Uchida, T. Krishnamohan, K. C. Saraswat, and Y. Nishi:
“Physical Mechanisms of Electron Mobility Enhancement in
Uniaxial Stressed MOSFETs and Impact of Uniaxial Stress En-
gineering in Ballistic Regime,” International Electron Devices
Meeting, pp. 135-138, 2005

E. Ungersboeck, S. Dhar, G. Karlowatz, V. Sverdlov, H. Kosina,
and S. Selberherr: “The Effect of General Strain on the Band
Structure and Electron Mobility of Silicon,” IEEE Transactions
on Electron Devices, Vol. 54, No. 9, pp. 2183-2190, 2007

C. Herring and E. Vogt: “Transport and Deformation-Poten-
tial Theory for Many-Valley Semiconductors with Anisotropic
Scattering,” Physical Review, Vol. 101, No. 3, pp. 944-961,
1956

M. V. Fischetti and S. E. Laux: “Band Structure, Deformation
Potential, and Carrier Mobility in Strained Si, Ge, and SiGe
Alloys,” Journal of Applied Physics, Vol. 80, No. 4, pp. 2234-
2252, 1996

S. M. Sze: “Physics of Semiconductor Devices,” John Wiley &
Sons, Inc., 2nd ed., 1981

S. A. Mujtaba: “Advanced Mobility Models for Design and
Simulation of Deep Submicrometer MOSFETs,” Ph.D disser-
tation, Stanford University, 1995

H. Shin, A. E. Tasch, JR., C. M. Maziar, and S. K. Banerjee: “A
New Approach to Verify and Derive a Transverse-Field-De-
pendent Mobility Model for Electrons in MOS Inversion Lay-
ers,” IEEE Transactions on Electron Devices, Vol. 36, No. 6,
pp. 1117-1124, 1989

FARE— D USEREBBIEMOS b 7 ¥ v 2 & Hidli,”
Y, Vol. 74, No. 9, pp. 1158-1170, 2005

A. T. Bradley, R. C. Jaeger, J. C. Suhling, and K. J. O'Connor:
“Piezoresistive Characteristics of Short-Channel MOSFETSs on
(100) Silicon,” IEEE Transactions on Electron Devices, Vol.
48, No. 9, pp. 2009-2015, 2001

C. Gallon, G. Reimbold, G. Ghibaudo, R. A. Bianchi, and R.
Gwoziecki: “Electrical Analysis of External Mechanical Stress
Effects in Short Channel MOSFETs on (001) Silicon,” Solid-
State Electronics, Vol. 48, pp. 561-566, 2004

JE



FHHHIT

INEHIIEER (ZHRE3 23H3F)

1992 JUK - ISH R T, 1994 JUK - #8BE T
LR 7, [RFERER IR T 2R & o~ & —Hhies
TWIZEAT AR, 92 0BT 2 BFge
WCHEH, 2008 mUATEL (T0%%), 20094 L
2 b A= RFEBEERICHE, MES2009 X 2 b
R=—HZE, v r bun=r L2 H
A, BTEHEEYS, ISAYEESS

PN
= Ho

FHEHE (LLE )

2009 HUK - BB L2245, 2011 UK - BRbEE
TS LA T, MES2009 X 2 k= — 8 —H 32
EO

ZHEEL (277 #EBOH)

2011 HUK - BRI 22A8, HUK - BEEE T8 &
PRFEAES . 2 ) a v TN 2 OBERIIIS T3 HR
DY ab—va YHNMCBET 2 iES,

HHE B (U vB2)

1986 JUK - b2 Mk 2R, 1992 JLKRAL 2% ¥ bk
MR T, (1), 1992 UK T 2EEE T,
1996 [AlBh##Z, 2004 & 9 50K T2 RHES
oo T - BRSO, BFIELCB U AE
FEMEREM O BIZChE R, HAKES, HAMR
A, Ly hno s 2RSS HARHE LY

PaN
ISo

BFRE (A0FF 0OHOX)

1972 #K - T 15, 1977 HRJE T I8 3R
7. 1977 HAREFIWHZEiisE 2, 1983 JL
KU, 1996 JLKBHZ, 2004 5IKBIZ, &
TIIETNA 2 S S O RERE (B S 2
7%, BT NA R T QSRS B S
2 W7 fE S, ICES WASHIZU MEDAL, JACM
Award for Computational Mechanics, APACM
Award for Computational Mechanics %52 H,

k= Z (xb2F @Lo)

TTENKEL, 2FENKESE @G T,
TrAE L, 82 AR KRR ERERT, 85 4ERIABhEIR,
87HEZ & ¥ 7 — FR¥EKAWKE, R2FE»D
R AR E PR LR AR, vV ay,
B — R Y TR OFHI e 754 26, @E
Beosy r — Y OG- FHEICHESE, 09~114 =
V2 bu=2 2REPRRE,

TL 2 bn= s 2AFEEEEEE Vol 15 No.6(2012) 491



