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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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Table 1 Target value and process condition of process and electrical parameter.

Process step Target value Process condition
Initial oxidation 300 £ 10 A 900 C, 14 min, wet Oz
p-well implant X; = 35 um Elem= B, 09 ~ 20EI3 cm™
and drive in Rs < 35 Ko/O 150 KeV, 1150 T, 440 min, N2
n-well implant X; = 20 um Elem.=P, 1.0 ~ 20E12cm™
and drive in Rs < 35 Ko/O 150 KeV, 1100 C, 60 min, N2
Pad oxide formation | 250 * 10 A 900 T, 12 min, wet Oz
n-channel field Ve > 13V Elem.=B(or BF?)
implant (p-well only) | ' 10 ~ 20E13 cm? 20(ar 100) KeV
Field oxide formation | 5200 * 200 A 950 T, 190 min, wet O2
H
. Sacrificial oxidation 300 10 A 920 T, 10 min, wet Oz
_ Punchthrough Elem.=B, 20 ~ 30E12 cm?,
prevention implant BVds 2 12V 120 KeV
| V1 adjusting shallow Elem=B, 1.0 ~ 2.0E12 ecm™
. implant 106 = 01 V 20 KeV
: . . 850 T, 40 min, dry Oz
I + ’
| Gate oxide formation | 200 10 A 900 T. 20 min, Nz
' o' S/D implant X; = 02 ~ 03 um] Elem=As, 40 ~ 80EI5 cm™
| and annealing Rs < 40 o/OJ 60 KeV, 900 T, 20 min. annealing
. . . Elem.=B(or BF2), 10 ~ 50E15 cm’®
» dsfm implant N A%G 14(or 70) KeV, 900T, 20 min
annealing
E: 3 2 Hayxk WHste] W AA £zt gapoe gt
Table 2 Critical device parameter values as a function of bulk concentration variation.
Na nMOS pMOS
9x10"® | 5x10® | 1x10" | 3x10°® | 5x10® | 7x10%
[em™) fem™) [em™] [em¥) [em™] [em™
S.S
[mV/dec] 111 125 136 666 114 105
L [A] [266x10%(3.17x10 589%10™%[-2.30% 105 |-7.44x 10™°[-4.60% 10
Vr [V] 09 1.0 12 0 -04 -09
B MV 59 526 | 52 | -153 | -154 | -154
Ipe: [mA]| 186 16.3 143 -8.60 -7.13 -598
= gaste emE 2 Atk meEd FAR o6 e ame wasse dusdr. o
ool Wik BEE IRl DTC B oy g 90 wQ) pMOS 2449 4§ n-well®)
Xl A e 7P MaEws 3x10° em? Aol SST T AlHaw
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Table 3 Critical device parameter values as a function of threshold adjusting boron implant dose

variation.
D - nMOS pMOS
Param 9x 10 1><1_olz po2x10% | gx10t 1x10% | 2x10%
fem@ [em® | [em@ [em3 [em™@ [em™
SS |
Vet 17 15 | 133 102 100 1200
L [A] [1L09x10™|768x10™| 891%10™5]-1.82x 10 |-2.19x 10™|-2.73x 107
Vr V] 095 10 | 12 -0.98 -09 +03
ga [AV] f
(x10% | 57 55 | 52 -19 -15 -15
Ipwe [mAl| 175 172 | 145 -592 -6.23 -9.37
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x 4 s @dolo wa dA 2z seeEit
Table 4 Critical device parameter values as a function of channel length variation.
L nMOS pMOS
p 05 038 20 05 0.8 20
[um] [um] [um] {um] [um] {um]
o]l 12 125 129 714 114 107
L (Al (203x10%[315%10™ [7.18x10%}-8.72x10°® |-7.44x10™°|-1.08x 10™
Vr [V] 10 1.0 10 -03 -04 -0.45
“;‘x[f(‘)ﬁ’;‘ 96 49 16 200 | -15 ~061
Ipeae [mA]] 243 16.3 8.02 -118 -713 -308
1.2
(a) nMOS 22} 7ol HUgte = L}“ AN A Ad ol
] sl el DTCelvh AdZelst z}f%oﬂ u} 2}
08 | nMOSA=He] 49 #4¢ 14‘?}-9— AAsFAL, SS @
’ ul oky} 7l)\sL u}moﬂ T_M —q = “‘_] {*g}x—]_”.
] 9 Easpauat BAdy AFE usen,
pMOS Z=pel 4 $-1= Ad o] el weh EE
04 1 Ak g2 g dga, oA geegeE 25 &
718 st Adde] Wkl wel DTC 4ol
| AR5 B EHMIE 065 ~ 085 pmolx, F
7rgkel 08 pumE A Addez ZA4E g
0 0 - - Qe AT E 4ol W AR 05 wme) AL
. Zolg b= pMOS 4xte] A Aol EWow
Gate Oxide Thickness[nm] bl ol 4 2101 iH%j?ji--,ElE ;@i} lﬂ S
1 Alo]E At gate voltage swing)e] #8387 W&
{b) pMOS 4 2} o of S8 %kf] o =Aw, g doe] il wel W
: 3 WA xFo FAR(path)7t US 717 ns A
09 A i]“i% FEol B AujHe] Hol Nu2ufE
= SARFE Eokete &2 Ald a3t A4
Hug ol AMAZ § du AMdzelE A4
07 = o) axE e AAY oy WA F&EF
& o 7 Ak
05 1 35 Alo|E A5tet SH(Tox)e o E=M
Auzel7t TEHAYGRG | wWEA TATOR
) J FENFE E7 2 gloi} aldzlio] 7+
10 2 om0 »ijoy& DIBL, deuej— 57 7;3“ 3o ]iut—z
Gate Oxide Thickness[nm) 1]_&_ sRERe] daHuz AUdol(L)E
2 6 AlclE ste A wi el A olzdli= A7k Ak webd =elel AFel B
d g F e stebdE st stesofok du. Ak
Fig. 6 Design trend curve as a function of ol =l AF-AE A (D), (A &
gate oxide thickness. % 9l =o] AMIE(W)o] Z7te ulgl =g A
7} A8 Z=71E s 2 =2 _\;_ze;x_m 9]
A onEHe 58 24" dA 2= sebdegrs ;H ];1;2_;9] L;@%}H;A]ﬂuq :;q%_]_aq_ ;;q]{
fok slolw, 28 5= A &% SMEE 4 gaues g s¥aA7 Agsele soe
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Table 5 Critical device parameter values as a function of gate oxide thickness variation.

T nMOS pMOS
b ox 10 20 30 10 20 30
[nm] (oml] [nm] [nm] [nm] {nm]
SS
111 111 133
[mV/dec.] 88 125 180
L [A] 11.80%x10°[3.15x 107 |3.87x107%|-194x 107°|-7.44x 10™°|-1.33x 10”7
vr (V1 04 12 20 -0.7 -05 -0.4
g [A/V] -24 -15 -11
(10 95 5.26 39 )
Ipsat ImAlj 370 163 807 -107 -7.13 -5.44

E:3 6 ~ex/medd HEdolo wE AA Az shabelE gt

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

X, nMOS pMOS
Paran: 0.1 0.2 03 02 04 06
{um] [um] (um] [um] [um] [um]
[ms\',idec] 125 120 @3 120 115 111
L [A] [315x10™491x10™(1.79x10™%[-3.83% 10" |-7.60x107°|-5.21 x 10°'°
Vr V] 10 10 09 -04 -04 -04
g;‘x[ﬁ){};] 526 6.2 120 -16 -16 -14
Ipat [mA]] 163 180 25.1 -7.07 -7124 -6.68
ADZ S Z7MA PEARZ T4 A9NE A= o= A2l mel SSEt FHNFE pas
FA7F g webA (3), )N 2o EdsAY dta FEAY, Edsdgda 2 sl zaA
Ao g =alel Afe Egdew R A i T71E &9t ek DTCY Z7bat At
Aol Aelo] olFmst Aolx Atstute] FH§ asaol il gog olFo)al Yool XZo
Fol vl Tod wert 38 2 5 Ak F Abs M A ek HERelE 15 ~ 25 nmelng 3}
o g AggFel  arsbet FAl ol al(Cox= <) 20nmE HHel A FAZ AR F ¢
1/Tox)3t B2 F5HE &4A7]7] Y= Aol vl BkxIRE E 5elAM ¢ £ %ol 10nme] gk
E Absiuto] ghe 42 FAU AAEY 27t uf Astel FAE ZhE A AR da gonm
2 293 54 A3}, 4su BeolAttey 7 = ooleid dANE 5T £ U s §A
& AFA B A wEAFHA Aole A & ZdAste tARle]l neisoor &8 & £ QL
st SAE #HHs 877 ot o}
® 5= AlolE Arstube] T wWalel] wE %
e 9y n@g B9 248 A 2z 36 Aerzlolx)el A=Y
SolEl gk 8oFE slela, 1 6 Al 27 B Wdel7t gagel meh FEAFe P A
gholEl s ztzte] Hogom ol ®FsA7 A de =l e nHAR Ad F
%, AolE Astur T wste] wha} vlelw A g3 A meb =29l Alole] Al AR
DTCeolt}h. 4tabut 74 7} zmw ok nMOS 4 wiol 7)1 8k HH}OIEE}% Hske) #a, YA
2po] Ae BEHAYG D SSAS gaF e §, WAAE i 2 #O AU SHS 98
gx@_e, Zeel T}AHE r:al gy n = 7171 A e i?ﬂ% L}%EJ G2 Abshet ofe
7bab ARe Bk 2@y pMOSAAbe] A S FE her/ml HEHst st
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Design trend curve as a function of
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N» 5x10%m™
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