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Abstract

In the manufacturing of VLSI circuits, variations of device characteristics due to the slight
differences in process parameters drastically aggravate the performances of fabricated devices.
Therefore, it is very important to establish optimal process conditions in order to minimize
deviations of device characteristics.

In this paper, we used one-dimensional process simulator, SUPREM-II, and two-dimensional
device simulator, MINIMOS 4.0 in order to extract optimal process parameter which can minimize
changes of the device characteristics caused by process parameter variation in the case of short
channel nMOSFET and pMOSFET device. From this simulation, we have derived the dependence
relations between process parameters and device characteristics.

Here, we have suggested a method to extract process parameters from design trend curve(DTC)
obtained by these dependence relations. And we have discussed short channel effects and device
limitations by scaling down MOSFET dimensions.
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Fig. 1 Determination method of critical device parameter from typical device characteristics.
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Table 1 Target value and process condition of process and electrical parameter.

Process step Target value Process condition
Initial oxidation 300 £ 10 A 900 T, 14 min, wet O2
p-well implant X; = 35 um Elem= B, 09 ~ 20E13 cm?
and drive in Rs < 35 Ko/O 150 KeV, 1150 C, 440 min, N2
n-well implant X; = 20 um Elem=P, 1.0 ~ 20E12cm?
and drive in Rs £ 35 Ko/ 150 KeV, 1100 T, 60 min, N3
Pad oxide formation 250 £ 10 A 900 T, 12 min, wet Oz
n-channel field Elem.=B(or BF2)

implant (p-well only) | ' = BV 10 ~ 20E13 cm® 20(or 100) KeV

Field oxide formation | 5200 + 200 A 950 T, 190 min, wet Oz
Sacrificial oxidation 300 £ 10 A 920 T, 10 min, wet Oz

" Punchthrough Elem.=B, 20 ~ 3.0E12 em™
prevention implant | BV 2 12V 120 KeV
Vr adjusting shallow ' Elem=B, 1.0 ~ 20E12 cm?,
imolant {06 £ 01] V 20 KoV

850 T, 40 min, dry Oz

| Gate oxide formation | 200 £ 10 A 900 T, 20 min, Na

!
|

n' S/D implant X; = 02 ~ 03 Elem=As, 40 ~ 80E15 cm™

and annealing Rs £ 40 9/ 60 KeV, 900 T, 20 min. annealing
= - -2|

5D i |1+ 04~ 05| Ber B B0 S

and annealing Rs < 60 9/ . ! !

annealing

E: 3 2 ¥AsE Wsd o4& A Az HdE g

Table 2 Critical device parameter values as a function of bulk concentration variation.

N nMOS pMOS
Bl 9x10® | 5x10% | 1x107 { 3x10® | 5x10% | 7x10%
[em™) [em™d) [em™] [em™? [em™®) fem™
SS
mvsdecyl 111 125 136 666 114 105
L [A] [266x10™(3.17x10™ 589% 1075 |-2.30x 1078 |-7.44x107%-4.60x 10°2
vVl | 09 10 12 0 -04 -09
ga [ANV] _ - -
(x109 | 59 526 522 153 154 154
Ipw: [mAl} 186 163 143 -860 -7.13 -598
T gasts AvE gn At mEAM IR 506 % Hme warez ddEAc. 2
#aRHe] Whbe HER CAFAUDIC T 4} g o) nQ pMOS 2749 4% n-welld)
XHAA AAshe e FARCPY wanes) 3x10° com® 9o SSF L A Ezy
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Fig. 3 Design trend curve as a function of bulk

concentration variation.
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Table 3 Critical device parameter values as a function of threshold adjusting boron implant dose
variation.
De nMOS pMOS
b ox10" | 1x10% 1 2x10% | 9x10™ [ 1x10% | 2x10%
[ fem™? fcm? | [em?® ftm? | [em™@ [em™
SS
{mV/dec] 117 125 133 102 100 1200
L [A] [109x10|768x1074| 891%10™%-1.82x 1074|-2.19% 10™®|-2.73x 10°*
Vr [V] 0.95 1.0 1.2 -0.98 -09 +0.3
gx [ANV] i
?X 10°Y 5.7 55 | 52 -19 -15 -15
Ipeat {mA] 175 172 145 -5.92 -6.23 -9.37
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Fig. 4 Design trend curve as a function of
threshold adjusting boron implant.
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Table 4 Critical device parameter values as a fyunction of channel length variation.

L nMOS pMOS
b 05 08 20 05 08 20
{um] [um] {um) fum] [um] [um]
[ms‘idec.] 121 125 120 714 114 107
L [A]l [203x10%[3.15%10™(7.18x10}-8.72x 10°® |-7.44x10"°|-L.08 x 107"
vr [V] 10 10 10 -03 -04 -0.45
‘:‘X[ﬁ)ﬁ’;] 96 49 16 200 | -15 -061
Ineat [mA]] 243 163 802 -118 -713 -308
12
(a) nMOS2 2 ztel Hulgtez o]l AFHAA ALl
“\, sl 29l DTCeld. Auznolrt gadel we
nMOSA A 7% BHAYES dAFAT, S.S &
08 1 - @ ol gaw wEel FHAR SHe LHAH
L 9 EdsAdEAn Eels 4% HAow,
o5 pMOS 279l A$E sddo] ol mal Fy
04 1 .. &n Ao 32 P, Unx FevEHE BF =
7bg stAch Ad ol Wt wel DTC 9ol
v ™ Do ARG HEHAE 065 ~ 085 pmolAL, F
B3 08 pmZ HHY Fddolz AFY F
0 0 = - gtk AW E 4o B AHY 05 pme) Ad
, _ Zo]E Z#E pMOS 4719 A$ Ade] EHoE
Gate Oxide Thickness{nm] e oA go] AYAES zAs=Y o =&
11 Aol E H < (gate voltage swing)e] L 3}7] W&
(b) pMOS 22} . of SS @tel WS Zn, AFPol il wah B

09 A

s
\%e“

0.7 4

e "L
"\ .,\.\ . .
\\ \"\ TV
'1\.-. ..,
05 A e ~ Ipsx
T Y - gm'—_'
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38 6 AlelE A3t FAd uE tixlgl A
A
Fig. 6 Design trend curve as a function of
gate oxide thickness.
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Table 5 Critical device parameter values as a function of gate oxide thickness variation.

T nMOS pMOS
. ox 10 20 30 10 20 30
(nm] [nm] [nm] [nm] (nm] [nm]
SS
111 111 133
[mV/dec.] 8 15 180
L [A] [1.80x10%°(3.15% 107" |387x107%|-1.94x1070|-7.44x10"°|-1.33x 10"
Vr V] 04 12 20 -07 -05 -04
& (A/V] -24 -15 -11
(x10 95 526 39
Ioet [MA} 370 163 807 -107 -713 -5.44

E: 6 2o2/=8< HFHold ©WE A A=

shebol el gt

Table 6 Critical device parameter values as a function of source/drain junction depth variation.

X, nMOS pMOS
P 01 02 03 02 04 06
[um] {um] [um] {um] [um] [um]
SS
mviec)] 1B 120 <) 120 115 m
L [A]l [315x10™ 491 %107 [1.79x10"#[-383%10°® |-7.60%10™°|-521 x 10
Vr (V] 10 10 09 -04 -04 -04
gg'x[‘m“.%] 5.26 6.2 120 -16 -16 -14
I [mA]] 163 180 251 -7.07 -724 -6.68
ALEL Z7A TEARE FF AE A= AE FARLC wE SSAY FURFE B2 E
EAZ B9, gety (3), G)HH 2o Edady i FHAY EdxdYEs 2 =gl xid
Haol i =7 AFe EFHow BE Ay T F7HE Y g DTCY F7h34ds
Aol AEo] olFEe} AoE stgtwtel Fdg  FaFAHo] DuE Foz o FW F o] XF|
Fol o Fa Wt 3E & & Ak F, A4 A AAEE HEHAE 15 ~ 25 nmol2g F7b
o AAEFgol Azt FAS Al a(Cox= #Y 20nmE HHe Asiwt FAZ ARY F 9
UTox)3 22 FE5HS A7) YaiiE Aol o S E 5lM & 4 U%o] 10nme) e
E 4bsjuto] gFe 42 FAW AWLF Zsle) | AT FAE e B¢ FHARI da gon
& 2914 549 A8, A Byolaged g 2 olYg #dAEE SEE £ de A% 74
e AYH BAE Ao UHAFNEA FolE i g AAstE ddde] meslelor #& I &
3

slet FAE HHs 5717t ool

E 5% AlolE gl T4 Wdle] g 4%
EAde &N nHES B3 FAADY dA 2=
FelEge a%d Aolx, 28 6& YA 2 o
e g zZtztel Huigteg Jro AFIHAL
F, AolE Agw S w3zl we yelbd
DTColt}, 4t3lu} S 7 Zaghe) mhel nMOSA
Ze)l A BEAG LSS 7AaE uino
AAF, =99 Z3AF ¢ EdaAdd2E 2

7bete A%E RAvh 2Hd pMOSA&AY] F$
114
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Fig. 7 Design trend curve as a function of
source/drain junction depth.
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Table 7 Optimized process parameter values
obtained from DTC.

EEEEEECE D

Optimized Parameter
Na 5% 10%m?
De 1.3x 10%cm™
L 0.8/m
Tox 20nm
X; 02 ~ 04
6 BFdold e AT &AL 2L
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