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Investigation of Optimal Channel Doping Concentration for 0.1 um
SOI-MOSFET by Process and Device Simulation
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Abstract In submicron MOSFET devices, maintaining the ratio between the channel length (L) and the
channel depth (D) at 3:1 or larger is known to be critical in preventing deleterious short-channel effects. In
this study, n-type SOI-MOSFETSs with a channel length of 0.1 um and a Si film thickness (channel depth) of
0.033 um (I.: D=3:1) were virtually fabricated using a TSUPREM-4 process simulator. To form functioning
transistors on the very thin Si film, a protective layer of 0.08 pm-thick surface oxide was deposited prior to
the source/drain ion implantation so as to dampen the speed of the incoming As ions. The p-type boron doping
concentration of the Si film, in which the device channel is formed, was used as the key variable in the process
simulation. The finished devices were electrically tested with a Medici device simulator. The result showed
that, for a given channel doping concentration of 1.9~2.5 x 10 cm ™3, the threshold voltage was 0.5~0.7 V, and
the subthreshold swing was 70~80 mV/dec. These value ranges are all fairly reasonable and should form a
‘magic region’ in which SOI-MOSFETSs run optimally.
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.M B

MOSFET (Metal-Oxide-Semiconductor Field-Effect
Transistor) 2~2AFe] 283}, 7345} uj2 2%‘}—?_}40 Fa
AL (scalingyS TA'd & 7 (short-channel effect)s =
sl=dl 8E= W2 Ol (unction depth), -2 ZH
9= (channel doping) 52 HHE +24, A 54 o
Aol F28]A H ATt 224 H 0 AL G4 o] g
S S5 4 3= 7]1&o] ¥l= SOI-MOSFET (Silicon-
On-Insulator MOSFET)®|t}. SOI-MOSFET2 A 2](Si)
79k (substrate)?} 2AFe] B4 < (active region) AFo]ol] Si
AF3}E¢] BOX (Buried OXide)’} A3l 7o) dAejAt
o] & 549, o213 SOI-MOSFETS AHE-§Fo 24
as F de AL oy 77 Ak
-4 CMOS(Complementary MOS) 22| A|Z-g7d o]
5lal, 2 AEIT 7¥sslt). ©14L Bulk MOSFET
ARE-gt U014 p-MOSFET &4 A]

iyany

CMOS 3|2 A2}

TCorresponding author
E-Mail : kschoe@suwon.ac.kr (K. S. Choe)

272

FAgsof star, &2 7F AlE Q8] ERA ¥
ARgaloF &t SOI-MOSFETOIM &= o]2{ 3k 7o)
7] wjFolt}h. 3 Bulk MOSFET 340X e 3
= A7 Qo] JAEE 1 o] Zo)
Elas] SOI MOSFET M= g,
N Z]-TEO] =

=4
>~

O

=25
Q)
=4

N xo _llN

ol v 5} ZHLWO]
7H 1l JA st 7St

o}-2-2] Bulk MOSFET®) H]a AB]A A
ol <] “(l)ﬂr o] x4

ot} 3 Z YoA Ay ARE=
o] 7h&ghe
Pio= Paynt Poar= 0CViaf + LieatVaa )
O|AL aAZLFo| 2ol A (TAHAR) 44
Fol o8 A7E AEEAGAR) TS 1/}5}1]44_1:}.1) o]
HHHAU (Va2 Aol

AoX FHHALR(Pyy)E 53

Aelste] 2 P e, JYAte
YAt S71etel wet eRbAk(carrier)®] ©lsAE 7t 2
A3tRR dold 7 Atk AHE LR P )= TE F
AAF (L)l 71¢13R=H], SOI-MOSFETS] 7-$- BOX7}

QA Z 2AF9



0.1 mm SOI-MOSFET?] 24 Ad=sgzie] st A&zl At 273

FHHoR PG oRTE 7RO R AFFHEE A
wete2 IA 4" Fr

222 Bulk-MOSFETOIA Ash= ofe] 7H4] 718 &
IH(parasitic effec) & =Y + Ak 4 BOX7} 71#=
PGS YA BR a8} 7|3, =g 719 AL
n J ol o3t 7 HAE 2 (junction capacitance)
T Aok ob&e oln Axgh vpel o] Si F
A 2Ho] 7ThsstRRE =AY Al Axpe] H
Boll ash 3:1 ool Ad-o|(L): AEFA(D)
A T 3o, AlClES} =1z ks
(charge sharing), DIBL(drain-induced barrier lowering)
5o tAdEdE HAT 5 At
olgist Fx = t]E°] SOI-MOSFET# ## st 2
T8 e =9 Havt Uk A Lo &
HolA WA E= Fo] 7S Fote] SRR WbER]
o WAehs 2E-2%0 g5 (self-heating)°] 3Tt ©]
FAEAA o] WS Hojd BOX7T &9 713 Aol
AR AL 7] wEQlE, 7] BOX B2 E 2ol
sHAE]E(Si0,) Al Gd=Ado] 10v] oY -3t
FrU(alumina)t 78 GHEAR FAAE AHSSE
TF7F BAE s Yokt ofgE] ulg WHolA s|Hog A}
|5 & SOl dol¥= BOX Ao wE A2 o] 7t
29 ©@77F ARk o]l Hlgte] wom, Blw A H|
Al A $H(microscopic defect)®] % W3+ & Ho|t}h”

UAE ~9x2 2Fsh= MOSFETS F& ve}uE
2 on/off 22913 0] dojub= XA 8 A U(threshold
voltage)? off AejA AFrEE A=E Yebl= SS
(subthreshold swing)7} At} ©] F d2h|EE= 1)V
(drain current-gate voltage)=rA1 © 2 HE] A& = JEd,
T E AN pn HEe 4 (contact potential)2}
&3, Si MOSFET®] 4 A= 0.7V 59 gha
Zt=th SSE AA2(300K)9lA4 60 mV/dec BE=E ALtH
=, AdAoR S E 32 o] B A, AW &
TE 2T AsHE 7P gk o R =E3E
©] 7, 80~100 mV/dec 8=2] SSEHE frASH7] <13l
Me gAYl HA 03V oo fAEo oks= A
o= dHA ek ol2] MOSFET 24+ 52 (driving
capability) =0]7] fIsir= Fo9%1 Alo|E HH(Ve)elA
Hoh B2 =8¢ ARy 2= Blo] #8535, o)+
Ip-Vp (drain current-drain voltage) =414 1p2] 23}
7 F(saturation current)@t= =43t & 5 3

O

)

°o . L
N

co =

O

e

e By

o
=
)
L
<

7}

)
o,

e}

oLl

i

O

> 2 v

el

2. A 9H
SOI-MOSFET®] 2}g3} e F8 slepn|e] 52 #F
= FEAd 4 o] (effective channel length), #l|'d 7 (channel
thickness), 7| ©| E2-AFo] = (gate oxide) F7I, BOX F7,

Al EY &4 (gate work function), #'d =5 = (channel
doping concentration) 5°] 1t} °]E It E <}t SOI-
MOSFET®] #1717 53] A=A ol #d A= o
G SHEE #ofolH, o] AFAITE BaEa 9l
o2 QAR o8 ATE 3 7 o) etuiEe] 3
TS T e, o] AEHES A E F5AeS
st7] ool Aol e EsA s F7F A
ol & AFollMe ZAMNY FeEtrHE AEEdsr
shH=E Algtstaz, 9ol d5E F8 gehvE F U
R AR e g IASIY S, 4% 4 %
TZ°] SOI-MOSFET oA e 5wyt X 9
FIE IPAA RAFSEAL, o] FHEE ShRE o] 44H <l
eSS SSE d48 7 e 7HE Atk

£ AlE# ol AFelAl SOI-MOSFET &7} A 2He- <
3 AH8-E FYA =B Bl TSUPREM-4TMA Stanford
University PRocess Engineering Models-4)'Yo]t}. 2-4
" 2AlM BOXe FAE 0.5um, Si 259 FAE
0.033 um, AlP|EZA|=2] 7= 8 nmelt}. AlEd#e]Ao]
AHEE AL EFFEE AL 7[EF 8 34 T
2 Table 16] 8.9F=]o] Ut & AFoA HFE AL
29 HEB) AEEIFE= 27 8.0x 107, 9.0x 10",
1.0x 10", 1.5x 10", 2.0x 10", 2.5x 10", 3.0 x 10",

i

Table 1. Process parameter values used in TSUPREM-4
simulation

Process Parameter Value Note
BOX Thickness = 0.5 pm
Si Epi Thickness =0.033 pm

Substrate Si Epi Doping Material = Boron
Si Epi Doping Concentration =
Variable™
Gate Oxide Growth T.emperature.= 950°C Tex=8nm

Growth Time = 10 min
Deposition Thickness = 0.25 pm
Annealing Temperature = 800°C

Poly Si Annealing Time =30 min
Doping Material = Phosphorous
Doping Concentration =1 x 10*cm®

Prgt;:icc;;ve Deposition Thickness = 0.08 pm

Ion Implant Material = Arsenic
Ton Implant Dose =5 x 10" cm™

Slglrl;c;/ Ion Implant Energy =26 keV
Diffuse Temperature =950°C
Diffuse Time =90 min

BPSG Deposition Thickness = 0.15 pm

L Deposition Material = Aluminium
Metallization . .
Deposition Thickness = 0.2 pm
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Fig. 1. Shape of the channel formed in the body under the gate
as a function of channel doping concentration.
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SOI-MOSFET: Gate Characteristics
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Fig. 3. Gate and drain I-V characteristics of the SOI-MOSFET : (a) Ip VS. Vi and (b) Ip VS. Vp.
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SOI-MOSFET: Drain Characteristics
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Fig. 4. Threshold voltage and subthreshold swing as a
function of channel doping concentration.
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