2005 48 HXAESD =2X N 42 @ SDH 4 2 1
=& 2005-425D—-4-1

Halo 7%2 MOSFETo|A o5k 4 a4

(The Behavior of the Mobility Degradation in Pocket Implanted
MOSFETS)
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Abstract

The increased effective impurity due to the pocket ion implantation is well known to give rise to a reduction of the
effective mobility of halo MOSFETs. However, further decrease of the effective mobility can be observed in pocket
implanted MOSFET's above the mobility reduction due to the Coulomb impurity scattering and the gate bias dependency of
the effective mobility can also differ from the simple model describing the mobility behavior in terms of the effective
impurity. Phonon scattering and surface scattering as well as impurity Coulomb scattering are also shown to be effective
in the degradation of the carrier mobility of pocket implanted MOSFETSs. Using the 1-D regional approximation the effect
of the distribution of the inversion charge density along the channel on the drain current is investigated. The
inhomogeneous channel charge distribution due to pocket implantation is also shown to contribute to the further reduction
of the effective mobility in halo MOSFETs.

Keywords: Effective mobility, Effective impurity density, Scattering rate, Regional approach
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Fig. 1. A schematic diagram of halo MOSFETs
showing regionally distinctive carrier concentra
-tions induced by gate voltage and potential
differences for small drain bias.
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Fig. 2 A 3-transistor pocket implanted MOSFET model

in which 3 distinctive threshold voltages are
defined.
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Fig. 3. Drain output characteristics for n-channel
MOSFET with effective gate length of 0.3um.

(=3

T T

o
©

symbols : measurements

V. . =50mV,V_ =0V
line : simulation 3 »

halo I/I 100KeV

o
@
T

o\\’\_ ‘

T ]

o
~
T

Threshold voltage V_ (V)
o L=
o >
7 |
1

o

a
T
1

o

w
T
1

o
[N)

o

1 10
Channel length (pm)

ag 4 A

MEAAOM o|AHOR EHE MOSFT 2%
MelTh 4oz AME SeMetel Lol
e Su

Fig. 4. Variation of the measured threshold voltage
using extrapolation method in the linear region
and theoretical values calculated using ean. 4
with effective gate length.

€ ZIPh ol oz ANE AolE vpojojx
Agtel M2 o]F® 54L& 19 59 2tk 84oR A&
M 2t 33 7% g o] FERAEA e A
T FoEAE  p,=1.1x10"  Tem?/VsK,
Ly =254, pyp=1470 cm?/Vs, a,,=0.2~ 1/3,
§=8.8x10"V/s, T,=500K 5 71&9 A7l
Aoz ol &y A& 7EoR AESAnT
A71G BAFEY g oA mHARY ang AAHs)
T 09 #e AzxFA A gFEsez 473 %E
7|2 o] Wyt shssttt. a9 Sa)elAe 27
g gtoZ Alkte Aol AHUEAS vlwsie] MATh



6 Halo +Z&

500
400 |
z
§3oo
2
5
=
200 |-
100 L i I 1 .
1.0 15 20 25 30
A
(a) 6 =8.8 % 1014V/s ¢l H=%
500
400 |
2
£ a0
z
2
2
200 |
100 1. i 1 1.
1.0 1.5 20 25 30
VGM
b 6=6.6x 10"V/s 2l A<
j_E.:! 5. =g|lx1ol—o| odoit:ﬁg AFOI%I-XI oLE|.—| 7};(4-3}
Aqe A=l oia] HoleZole| AXM O|F
Lo AHo|E Hiojojaof Oist 54 AM & 2}
HME REsTE so st o5 H3
b 1248t s MA Anjolnd 2t 7|Se| M2 A
sz o|ct,
Fig. 5. Mobility characteristics with gate bias under the

assumption of uniform threshold voltage for
various gate lengths. Solid and dotted lines
represent analytical results taking into account
the only the effective impurity density affecting
mobility term due to Coulomb impurity scattering
and various symbol dots for experiments.

399 BAAA mEo] o]2HQ) oS H7)7t A
Aol e oh =M, AlEAY B Ao o]
of tiste] Sol M2 vl Abolstth. 27 Bb)lAE

UARge AFANE 09 WS FAANAN A
A%g woh ARAY | EE 2N WolAA
AolEgols] AxlA 248 APkt 2A
S AT, o7 K& AclEZols 244 ujo]
olzoEE B4o] AUt FolBe & & 3tk
a9 59 BqulmAARE Re Ao zagtelAg ol
25 g 23U

°
=4
=)

9| MOSFETOIA Ol5E #a &4

(230)

o1gs 9

dere mely BESAL AYs TP 2L @
& w}aw ol F HIWAL Hee) #AYL
ko qloh &, 119 5(h)9 S4ozRE 99 17 39
Il &FY AFoMe I 209 E}E’- ¥E=EE
TH Adgo] A ojol AloJEAUYe] & FH 9 o
TE7AEE F USS ¢ 7 Itk

39, oayos 2AHE REAYG Ve ¥dA

A7} 20,9 o] BEAL Vyogol vls) 2% Vol
3~48 A= 2 Apdo] F geid aE 2 a7
oA Eeagtd 2P e FAF 232 A
37] 9stel thest Zo] BE Al 457t obd Ao
E npolojx Agte) #42 Uehjo] EXE 2AKE)
= 5‘51-1:}[15]_

Q.= qn,= C,.|

Vgs_ VT ( Vgs)]

14
—2V,,In (1+ L2

v,
g T2

= CulV, 2V,

)]

VT 2¢,

(12)

HAY ZAlAE EAl0lEY

stk B A7 ARadse
=7t ol AolE F029) 13
2 2482 .

9 MOSFETE] olfxt EHAY
A2 old 3ol 623 2L F9 o
& Fd 2ol 1143 o] Juz f=
Aol o kel g of
dh. 29 6o B ol5Ee) Aole
o 3t SA3elA 11212 =] o 4ol
]9 FAES Bo] Fu gl g9z
Aol7h g Aol FEAAY A7t
Aol Adel A T Frolu, of7]
FTEAAY A7) 99z A2 2apA 234
o 9% o]FLE ol = Y A 9%
olTEE JHEE AME UFE o|&yth o=
2 FERAY Arle R A o) THAYG
o] Ao]d u e A|E AJdAN gddz A o}
2. &, 94 Agugug V.= nE — Vy—2¢;
2 geAd AT, fFaAde A7e Foss I3
2Ad 2ol RFAG FHAAI 2 short AY
2R E B9 ATYE AN DR FenEz 3
F2 4 Ao mety B A7 ARAE charge
sharing 37} 2 halo 999 V, ;= EAol2o] F

E—Eq

jm
‘UA‘LH[FM'
i e
N

N ¥ H
fir ol
OH‘

B
N
ik}
oﬁ,

o
of t
N
2 3
o
o

H
lo
[N AU 13

o 2 A

27} 713
H}o)
28

w
C
o

r&.\z.ﬂ

Mo N o am 2ot 1 of
r\réu‘.‘%o?.: [



20054 48 Mx583

—L 5um
L2um
~~~~~ Lum
----- 1.03um
L sum
400 - L2um
L 1um
L.0.3um|
2
g %o}
£
g
200 —
100 1 1 + 1 3
10 15 20 25 30
\AV|
a8 6 o & AOIEZO0|2 MOSFET 2&XfollA 11
Aoz siMss olSkZel 7ojEHtojof Ao

Ch3h S48 MM o 2 MM gy e
of Aolg ERI}t T2iE O|STe HAZE
LIERH T, of2f J|5e MES MESAOICH

[=Nr=—Rr=.

Fig. 6. Mobility characteristics with gate bias for various
effective gate lengths using the presented
analytical model 11. Solid and various lines
represent the presented analytical model and
various symbol dots for experiments.

A4 ke A9 V,, =— Vp—2¢8k Aol

Iy 6l A 21 = Vl,3 = 0.6 V¢} VZ,Q =03 v9

#e MA 1149 2d S Abetad. 19 69 o

FEEAL B AT AN o]FEY HYRdo]

APHY 543 2AE BelFn g fEdlelE

9] Zol7} L=1.0pum a2&NAE FEoFEY o

o] ZAzkoll Hld} Hh 10%2 225 Zte J Aol
oh 2 dToA AR o7 gEtuE e FAHA
A7k #obd 4 glom, F1& Aol o] F

=

X 8 o ¥
ST A R -

Q
2718 O|FE 54 Relo] vZo] £ AT 3
A

SLER WSE e ¢ F Ak

—

_Ilm of

}4

m[o

V.43 8
FA0)20] #99 MOSFET 4zE ole3q =4
o maA &8 EEAGG0] AOJE utolo]AH gt

A

&zl Axst vzA "g. EHojLo]
MOSFET®] E8 %47 FRol5EE =4 AR/REF
Bl Jojste] TR SAPIHOE FEo|TEY 54
S HmA 79 2ad e g AHesty Asignl ¥
Aol e Fol| ofgt FFATEY F7HE ofE, ®
AT 2 EUATESY Tt 9% olFE At X
Aol gl o3 fud 4 dgo] FAHJT &

=X M 42 ASDH 43 7

(23D

AT AmaA) 2E
Al Al=dd o

L.

FHH F7HHQ olTx Tt fitgel

o 2 At #48 mde Naad

1 =

]

(2]

(3]

4]

(5]

(6]

[7]

(8]

oS )
YT T
B

Al

EAo) 2R 2RANHE
©7 a8, o) AgdE 7

}_
7ol B olF R Al AR EE

o]

A AtE BelFa glow 7
Huz 2 479 o|¥= HNnd
2ol B 9 HHoE 2 5

HIEH

B.Yy, C. H Wann, E. D. Nowak, K. Noda, and
C. Huy, "Short Channel Effect Improved by Lateral
Channel Engineering in Deep-Submicronmeter
MOSFETs,” IEEE Trans. on Elec. Dev., TED44,
pp. 627-633, 1997.

R. Gwoziecki, T. Skotnicki, P. Bouillon, and P.
Gentil, "Optimization of Vth Roll-off in
MOSFETs with Advanced Channel Architecture
-Retrograde Doping and Pockets,” IEEE Trans.
on Elec. Dev., TED 46, pp. 1551-1561, 1999.

N. Miura, Y. Abe, K Sugihara, T. Oishi, T.
Furukawa, T.Nakahata, K. Shiozawa, S. Maruno,
and Y. Tokuda, "Junction Capacitance Reduction
due to Self-Aligned Pocket Implantation in
Elevated Source/Drain NMOSFETs,” IEEE
Trans. on Elec. Dev., TED 48, pp. 1969-1974,
2001.

R. Rios, W-K. Shih, A. Shah, S. Mudanai, P.
Packan, T. Sandford, and K. Mistry, "A Three-
Transistor Threshold Voltage Model for Halo
Processes,” IEDM Tech. Dig., pp. 113-116, 2002.
Hoewoo Koo, Kieyoung Lee, Kyungho Lee, T.
A. Fjeldly, and M. S. Shur, "Analysis of the
Anomalous Drain Current Characteristics of Halo
MOSFETSs,” Solid State Electron., 47, pp 99-106,
2003.

K. M. Cao, W. Liu, X. Jin, K. Green, J. Krick,
T. Vrotsos, and C. Hu, "Modeling of Pocket
Implanted MOSFETs for Anomalous Analog
Behavior,” IEDM Tech. Dig. pp 171-174, 1999,

P. Klein and S. Chladek, © A New Mobility
Moel for Pocket Implanted Quarter Micron
n-MOSFETs and Below,” Electronics, Circuits
and Systems, 2001. ICECS 2001, pp. 1587-1590,
2001.

F. Babarada, M. D. Profirescu, A. Rusy,
“MOSFET Mobility Degradation Modeling,”
Semiconductor Conf. CAS 2003, pp. 301-304,
2003.



8 Halo #Z2 MOSFETOM 0|5 &4 Be ogd 9

[9]1 C. Yue, V. M. Agostinelli, Jr, G. M. Yeric, Al
F. Tasch, "Improved Universal MOSFET Electron
Mobility  Degradation Models for  Circuit
Simulation,” IEEE  Trans. Computer-Aided
Design, 12, pp. 1542-1546, 1993.

[10]S. Villa, A. L. Lacaita, L. M. Perron, and R.
Bez, "A Physically-Based Model of the Effective
Mobility in Heavily-Doped n-MOSFET's,” IEEE
Trans. on Elec. Dev., TED 45, pp. 110-115, 1998,

[11]1F. Gamiz, J. A. Lopez-Villanueva, ]. Banqueri,
and J. e. Carceller, "Influence of the Oxide-
Charge Distribution Profile on Electron Mobility
in MOSFET's,” IEEE Trans. on Elec. Dev,
ED-42, pp. 999-1004, 199%5.

[121 W. Liu, MOSFET Models for SPICE Simulation
including BSIM3v3 and BSIM4, JohnWiley &
Sons, 2001.

[131 K. Romanjek, F. Andrien, T. Emst, and G
Ghibaudo, "Improved Split C-V Method for
Effective Mobility Extraction in Sub-0.1-um Si
MOSFETs,” IEEE Electron Device Lett., vol. 25,
pp. 583-585, 2004.

(141 Y. Tsividis, Operation and Modeling o the
MOS Transistor, 2nd Edns., McGraw-Hill, p.
184, 1999.

[151Y. Taur and T. H Ning, Fundamentals of
Modern VLSI Devices, Cambridge Univ., 1998.

[16]JR. S. Muller and T. I. Karmins with M. Chan,
Device Electronics for Integrated Circuits, 3rd
Edns., John Wiely & Sons, p. 454, 2003.

of ¥ &)

Al 4178 SDH A 33 F=x

S PN

(232)

ol 7| d(334)

A414 SDH A3z #HZ*
A FUsta A7 ARAAFE B DS



