FRAATPEELE §RHE AP I~ 582
PP PP P PP OB PP PP P IRP P
M BAMFETLITRUARIER FEPILFY xR
P33 K3 3 3 33 O IO O K

FEAN M BRARE [EFE 3134
3134 %% 1 NSC 97-2221-E-009-155- MY3

M FHF T 97/08/01 ~ 100/12/31

HITIHER T R

|4
<k
(=
A=
+%
=H
4o
=
‘j‘g
+%
W
=H
4y
bt
ot
k:

PRALFA CMP AT

> 2. ¢ . . BV SSI o a2 1 ,
‘EL% %\_I;'? A ﬁ . ?Li‘,’—t—)a:—?_'g‘/ﬁ ’ \:ZLF%EFQ a%‘}ﬁﬁla ,Jc,,\_,'%, afﬁ?&@d ’

AITFHEIIEFIHRL G FIEHI T IR EFRS
IENRCRUHE S < A R -

(AL A BE R LA FY @2

IR B 8 g oo @R

CJR% & TP 3 SR 92

P& X K 101 & 03 * 08 p



FREFATPELR g LM

BRMHET 2

TR

THRWMERLE: FEPBIIZFAE

Strain Engineering and its Physical Mechanisms in Highly Scaled MOSFETSs

I THAPRE: 97/08/01 ~ 100/12/31
sTE4m9%: NSC 97-2221-E-009-155- MY3

SR AR
- PR

AFFAPzE O MHERPHEFELREERF
T oAt ER TR LET 24T A5
R w%ﬁ#ﬂiﬁl_ SR BARFER o B - BB A
FR(AHGRIRES PN EF ET LW R
MI40E 4 2L QRBRMFIEATH TRTiAUF
FRIVES o - 22O S B F{ofph TR %
BHER S BEPEE P e i Gl QEREFERT
T m M F R RS T AT 2 i e a (B)i i
Er R I P e 20 S TR R Pt R - S i O o
PN S (A)ETHATE TR TP
TSP G EFFERFLF ST
k@4k+£%%T%€£%ﬁ$&%°¥:E%ﬁﬁ
SRt RRSEE T S P (EH T A
READPpAEF LT RIS AT 40 34 =
) OBRMEA T T ETIEF LGP I A
e AR S B I oTRh TR M- HE
J%ﬁ%ﬁﬁ?@ﬁ%ﬁ&ﬁaiﬂ§ﬁiﬁ“%mﬁ
T e A (B) r MHEsE I BRI BT B A G
k@&’mﬂhﬂﬁkuiw FEBHB KATET
WA EOERET LR IR TR AET R E
~?ﬁ\&&?m~?+$b$‘ﬁ%?@‘ﬁ?%ﬁ
vf&#mﬁaiyﬁfﬁﬁﬁﬁﬁﬂwﬁoﬁzﬁ%
BEims BFY RF s MR ET SIE P (S
gt THRWIFRCRTEI 22T
DEREMBEBATETRFRLEP VRS A o F-
AT B F{efph TR B E P S R
ﬁﬁ%@ﬁ%ﬁ&%@ﬁﬂ@x?ﬁ”@“%&@*T
Tig X PR e WA (3) 1 PO R B R HEE B
Eam ki kaR R E (DTS TR EER
FKATHTHWPEEN PBm > Y22 g p v
A2 e BMAPRELY AR FRIEET Y
Pochjipd Y RS - B2 R4 PR
BREM-G Y B (T o DR AR KA
B oEPEE PR R R 0 SRR T R R
P XRA TR BET RN 5T

—

4
-6»‘!

Wit - 2T

o PRI e

CER

AAERI AR A RIFL

m%ﬂﬁw’gm*m#mﬁ4,f4@%m#mﬁﬁ,

Tl RRSFEAGNE > LRI EA .
M4

B% R £F LT L8 B 24 st T
U I )

E2RER

This is a three-year project dedicated to the strained
silicon engineering in highly scaled MOSFETs concerning
the stress measurement, dopant diffusion, channel
backscattering, interface states, microscopic physics, and
aggressively scaled process technologies. In the first year,
the following items will be carried out (primarily on
n-MOSFETs with the layout induced stress and with the
feature size down to 40 nm or so): (1) measurement of
channel stress via the gate tunneling current; also extracted
are the carrier mobility and threshold voltage, as well as the
channel backscattering coefficient, on the same devices; (2)
measurement of dopant diffusion near the source/drain
corner via edge direct tunneling; (3) measurement of
interface states via the low-frequency noise, along with the
quantified physical models; (4) with the novel series
resistance extraction method, the effect of series resistance
will be highlighted; and (5) calculation of the important
physical parameters for the hole’s band structures under the
stress magnitude and orientation. The goal of the second
year is that we will further strengthen the quality of the
works in the first year. Besides, we will explore the
additional items (primarily on p-MOSFETs with the layout
induced stress and feature size down to 40 nm or so): (1)
measurement of channel stress via gate direct tunneling;
also extracted on the same devices are the carrier mobility
and threshold voltage, as well as the channel backscattering
coefficient; (2) measurement of lateral diffusion via edge
direct tunneling; (3) measurement of the interface states
using the low-frequency noise along with the enhanced
physical models; and (4) comprehensive electrical
measurements for metal-gate/high-K strained MOSFETS,
such as subthreshold current, gate current, edge current,
substrate current, carrier mobility, threshold voltage, and
interface states, along with a linkage to the underlying
physical models. As to the third year, we will also enhance
the quality of the works over the past two years. In addition,



the following items will be conducted (primarily on the
layout induced stress and with the feature size expected
down to 32 nm and beyond): (1) measurement of channel
stress via gate current; also extracted on the same devices
are the carrier mobility and threshold voltage, as well as the
channel backscattering coefficient; (2) measurement of
lateral diffusion via edge current; (3) measurement of the
interface states using the low-frequency noise along with the
updated physical models; and (4) elaborating on the relation
between electrical characteristics and physical mechanisms
underlying the metal-gate/high-K strained MOSFETSs.
Eventually, we will integrate all experimentally determined
stress values with the aim of constructing a 3-D stress
physical model. The validity of the 3-D model will be
compared with literature data while the followings will be
incorporated as well: the interface states physical model, the
stress induced dopant diffusion physical model, the
subthreshold current physical model, the gate current
physical model, the edge current physical model, the
substrate current physical model, the carrier mobility
physical model, the threshold voltage physical model, etc.
The resulting integration tool can find practical applications
in the areas of strain engineering.

Key Words:

Strain, Stress, MOSFETSs, Diffusion, Nano, Scattering,
Tunneling, Dielectric, Defects
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Embedded-SiGe Technology
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Advanced Quantum Strain Simulator
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FUSI Gate Technology
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Tunneling as Sensitive Monitor of Strain
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Strain Induced Oxidation Retardation
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