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n-MOS Device Simulation included Electron Energy Balances
Takashi Aoki
Department of Information Science, Kanagawa University

Abstract. We developed (HS)s model: enhanced Drift Diffusion model (poisson eq.,
electron:n, hole:p carrier continuity eq., and electron:n temperature:Tn calculated model).
Further more, in this paper, we developed (HSE)3 model: n carrier energy balanced model.
(HSE); model was made by adding n carrier energy balance (depending Boltzmann trans-
port eq.) and (HS)z model. We studied and confirmed that this (HSE)z model can express
Hot electron effect (g,,,/Z,, increasing, velocity overshoot, simulated 7}, distribution). Cpu
time of (HSE)z by simulation increase 3 multiple more than (HS)z model.
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(k+1) Name (k) Dependency
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FoD RGN CR OO
Mglk,;l) F(ZCp-H)

AT | (S)s R

vk | (HSE), UF | Ok (TN2MEN)
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Table 2.3 Eps. of Solvers (Step: SUB2)

Name Solver pseud-Newton(EPSN) | (EPSN/EPSDIV) | (EPSDIV)
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Lg | ) = O (Cpu Time[s))[ratio] | vV « UV, (Cpu Time[s])[(ratio)] | Id [mA]

1

0.1 84 [times], (25) [(1.0)] 357 [times], (70) [(4.2)] 0.36993
02| 145 [times], (37) [(1.0)] | 72 [times], (23) [(0.49)] | 0.18491 |

2000000000000000200 (SUB)00000000000000000
000000000000 200000000000000000002000000000
00000000000000000000000000000000000000000
00100 (SUBL)0O0O0O00O00000001000000000000000 Vp=2[V]
0000000000000000 Ve=2[V]OOOVe=0[V]OO 05[V]0000000
00000000000000000000000000000000000000000
00000000000000000V,=2[V]0000000000 Vg=0[V]O0OOO
000000000000000000000 ¢00000.-,000000 =0.000000
0000000000000000000000000000002000000000
0000000000000000000100 (SUB1)0200 (SUB2)00000000
00000 (EPSNO)I0O0000000000000000000000 (EPSN)OOO
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BCGOOOOOOODODOO (EPSN/EPSDIV)D OOODO Table2500001000 200
00000000000 (EPSN)00000001000000000000 (EPSDIV)
0000000000000 00000000000oooood Lg=0.1, 0.2[pm]0O
DbOooooboobbooboobobbobbOobuobb0o0l n=4445700 O,y 00O
000000000 1000000000100000000000 400 10100
)=111180 00 O

Table 2.5 Eps. of Solvers (Step: SUB1 and SUB2)

Step | n-Mesh Solver pseud-Newton(EPSN) | (EPSN/EPSDIV)
SUB1 | 11118 | Gummel 2.0D-3 (EPSNO) -
SUBI | 11118 | k+D) MICCG(1,3) 0.5D-9 0.25D-10
SUBI | 11118 | n®+Y | BCGSTAB(1,3) 0.5D-9 0.5D-10
SUBI | 11118 | p*+Y | BCGSTAB(1,3) 1.0D-5 1.0D-6
SUBI | 11118 Utk“ BCGSTAB(1,3) 0.5D-5 0.1D-10
| SUB2 | 44457 [ Gummel | | 1.6D-5 (EPSNO) | -
SUB2 | 44457 | o+D MICCG(1,3) 0.5D-9 1.0D-12
SUB2 | 44457 | n+Y | BCGSTAB(1,3) 0.5D-9 1.0D-11
SUB2 | 44457 | p*+Y | BCGSTAB(1,3) 1.0D-5 2.0D-7
SUB2 | 44457 Utk“ BCGSTAB(1,3) 0.5D-5 0.4D-11

goboz200000000b00bbbobbougbuodbogoobzbo00goaog
gob20000000bd00bb1ruouboboobobbobooboboog 200
goboobboooub 200b0ugooobbdborgobgboboboboonooon
OO0D0DO000O000oooognon Table 2.60 000

Table 2.6 Merit of 2-Step(SUB1,SUB2) Mesh Rezoning

Lg | Model | n-Mesh | Id [mA] | T;, [K] | kcount CPU [s] | Ezmasv] | Step
0.1 | (HSE)z | 11118 | 0.44073 929 36 6 4.398 SUB1
0.1 | (HSE)s | 44457 | 0.36993 | 985 | 84 [(1.0)] | 22 [(1.0)] | 4.973 | SUB2
0.1 | (HSE); | 44457 | 0.36993 | 985 | 628 [(7.5)] | 114 [(4.1)] | 4.973 | SUBL’
0.1 (HS)g 11118 | 0.44642 | 3315 17 3 5.419 SUB1
0.1| (HS); | 44457 | 0.42570 | 3332 | 28 [(1.0)] | 7[(1.0)] | 5.186 | SUB2
0.1| (HS); | 44457 | 0.42570 | 3332 | 30 [(1.1)] | 8 [(1.1)] | 5.186 | SUBI’
0.2 | (HSE)z | 11118 | 0.21741 949 41 5 4.237 SUB1
0.2 | (HSE), | 44457 | 0.18491 | 1021 | 145 [(1.0)] | 30 [(1.0)] | 4.371 | SUB2
0.2 | (HSE), | 44457 | 0.18491 | 1021 | 455 [(3.1)] | 82 [(2.3)] | 4.371 | SUBT’
0.2 | (HS)s 11118 | 0.22782 | 2871 17 2 4.316 SUB1
0.2 | (HS); | 44457 | 0.21616 | 3025 | 26 [(1.0)] | 6[(1.0)] | 4.697 | SUB2
0.2 | (HS); | 44457 | 0.21616 | 3025 | 30 [(1.2)] | 8 [(1.3)] | 4.697 | SUBI’




Table 2.6 00 000000000000000000 (kecount[times))dCPU O O [s]00
0000000 IdmA]000000000 ThweK|OxOO (000000)00000
E.mee[V]00ODO00O00O000O0000000000V,=2[V][00OO0O0O Vp = 2[V]
00 000000O0Lg=0.1, 02um] 0000000 0O(HS);0000 (HSE), 0000
0000000000002000000000000000

Table 2.7 Comparison of SUB2 Convergence for (HS)s ,(HSE)s Model (Lg = 0.1, 0.2[um])

Lg | Model |n-Mesh | Id [mA] | T, [K] | kcount | CPU [s] | S2L
0.1 | (HSE)z | 44457 | 0.3699 | 985 | 84[(3.0) 22 0.26
0.1 | (HS)s | 44457 | 0.4257 | 3332 | 28 [(1.0)

7 0.25

]

(1.0)]
0.2 [ (HSE)s | 44457 | 0.1849 | 1021 [ 145[(5.6)] | 30 0.21
0.2 (HS); | 44457 | 0.2161 | 3025 | 26 [(1.0)] 6 0.23

ldima] @ (HSB)g K IdmAl  (B(HS)g K
0376 Lg =01 [um]
03105 - 3333
0304 er Tn(cal) 230
0213 Tn(sim) 2231
037102 24
03011 04255
Q300 0425816 kcount
03639 OdsA 29 0 2 2 2B
03658 04256t Id
03697 04255

B4 P16 8 4 2 N I28 64 D 16 8 4 2 RN

Fig.2.3 Id Gummel Convergence for 48 mesh in EPSNO=1.6D-5(Lg = 0.1[pm])

Table 260000000 0O(HS);, 0000000000000 O0O0O0OOODOOO
00 (HSE);,OOOOOO0OO0000D00000000 (SUuB1)020000000000
00000500000 (Lg0OO0)DODODOOD0O0OCPULDOO 30000000200
OOo0o0bobobooooo1i1ococpuboboboboboboObOIObD 20000 cCcpPUDOOOO
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0000000000 (HS),0000(HSE);00000000000000000000
0000000 0000000000000 Ty D 0000

Table 2600 020000000020 SUB200000 00000 Lg=0.1, 0.2[um]
00 0(HS);,0000 (HSE), 00000000000 OTable 27000 0 Table 2.70 0
D0000OCPUDODOOODODOOON0000D0:22L o000 (HS)s ,(HSE)s
0000000000 Lg=0.1, 02xm]000000000000 100000000
0.3[s/times] 10000000000

0000000000000000 EPSNOOOOOOOOOODOO EPSNOO 128
000 100000000000000000000 IdmA]l0000O00000000
000000Fig2300000 Lg = 0.1[pm]0 000 OFig240000 0 Lg = 0.2[pm]
0000000000000 (e)O (HSE),00000000()0 (HS);0000D000
00000000000000000000000 EPSNO=1.6-10°000000 400
00000000000000

Id[MA] (8)(HSE)s TnlK 1dImAl (B HS)B TnIK]
Lg=0.2[pm] —
o n(cal) ps
L 1L 1212163 024
Q1850 ®
Ol 5 20 20 B B

kcount
018481

Qle4r
el 296 8 4 2 N0 B 2 16 8 4 2 1N

Fig.2.4 Id Gummel Convergence for 48 mesh in EPSNO=1.6D-5(Lg = 0.2[pm])
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U, 00O 1000000000000 0b0b00b0obooo suoboboooboobood
ceud0OOO0ODODbOOOODOO

00 (Fig2.3,Fig24) D0 000000000000 7,)K|]ooOoOo0ooo 7,000
0000000000000 (HS)s, 0000000000000 00O00O00000 (2.8)
000 7,000 (ca) D000 O(HSE), 0000000000 O0DOOO0OOOOOOO0OO
0000 (sim) 00000000000 7,[K|0000000000000 000000
IdmA| 0000000000 400000000000000000000 (HS)0OO
000000000000 MESE); 000000000000 O0ODOOO0ODOO

25 CvOOooog

OCV(Control Volume) 0000000000000 000000000O0D00O00
000 EPSNO=1.6D-500000000000000000000000000000
0000000000000 V00000000 Vg=00[V]OO05V]0000000
0000000000000 (0100)0000000000000000000000
0000000000000000000000000000000000000000
000000000000000000000200000000000000000

kD ) kD) gt ((gSE),00)0000000000000000000
00000000000000000000000000CVOO00000000000
0000 (1.2)0 v¢OO00O00000000 »,0000000000000000000
0000000000000000000000000000.x, 00000000000
00000000000000000000CVO000000000000000CVD
000000000000

Table 2.8 Conservation of flux in CV Method
for (HS)sz , (HSE)s Model (Lg = 0.1, 0.2[pm], Vp =2.0[V], Ve = 2.0[V])

Lg | Model | Id [mA] | Isub [mA] | Is [mA] | Id + Isub | Error[d ]
0.1 | (HSE)s | 0.369931 | 0.021107 | 0.391038 | 0.391038 0.0
0.1 | (HS)s | 0.425699 | 0.064184 | 0.489883 | 0.489983 0.0
0.2 | (HSE)s | 0.184906 | 0.006793 | 0.191701 | 0.191700 0.001
0.2 | (HS)s | 0.216159 | 0.038483 | 0.254640 | 0.254642 0.001

n-MOSOODOD 00000000 DOD0ODOO00O0
(00000000 IdmA] 0000000000000 J,0000)
(b)DOOODOO IsubmA]j
() 0000000 Is[mA]

(DOooooooooooooooo J,0000)

(000O0oooooooooo J,0000)

goooogoobooog
(2.13) Is(c) = Isub(b) + Id(a)

goooobooobooboboooooooooobobooooooooo eovoooo
000 (213)00000000000000000000O0O00O00O000OO0O0OOOODOO
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ooo00o0ooo0o0oo0ooo0oo 3140000007, 0000000000 U, 00
00000000000 (k00 (3.11)000)oODO0o00oO00O0000O000OU,0000
gooooggd

div —gnﬁﬁmFUg‘UVU$>+nglﬁ?}:fﬁLQq?wv¢)—grpuAUﬁ‘”xaﬁ*W—Unﬂ
(3.16)
0.0 < Ru < 1.0, UmzkﬂL:@@mKL: L _1
e e 38.68 1
0 (316)0000000000 ReDOO00000 ReOO0000 U, 000000
000000000000000000 (HS);0000000000000+,0000
0000000000+ 000000007, 0000000000000000000
0000000000 RuO 0000000000000 7,0000 000000
00000000000000 /400000007400 300000000000
00000 RuD00000.0< Ru< 1.00000Ru=000000000 T, = 300[K]
N000ROOO0O00000000000000000000000 (AU=F000 A
0000 a0 0 (60 0)0000BCGSTABO 000000M OO0 ADODOO000
00mMO000000000000000000000000MO00 ADOOOOOD
0000MO0 ADDDDOD (60 0)0000000000000000000000
00000000000000000 ReDD00Ru,, 00000RO000000000
0oo

Ru = Ry

0000 Lg =02[pm|00 Ry, = 00760000 0O Lg = 0.1[pm] 00 Rupe, = 0.068
0000000000 (HS)sOHSE);0000000D00000O0O00OTable3.10000

Table 3.1 Parameters for (HS)z , (HSE)z Model

Model | Paral Para2 Para3
(HSE)g B | yr [Id tune] | Ru(Rumqs) [T, tune]: Lg=0.2(0.076),Lg=0.1(0.068)
(HS)s B | vr [Id tune] yr [T, tune]

00000(HSE), 00000000 7,0000000000000 ORume,000000

0000 (HS);0(HSE);0000000000000000000000000 OTable 3.2

0000000

()0000D A0000000KSD0D0000000000000000 (8=0.5)
0000000000000 Lg00000000000

(200000000 [d0D00000000000000KS 0000000000
0000000000000004,00000000000 Lg00000000

(3)yy00(HS),00000000000000000O0O0 7, 00000000000
0000000 (HS),0000000000007,000000000000000
000000+ 00000000000000 (T, =4(7,)00000000
Lg00000000000
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(4000000000000 00000000 (HSE)y00000000 7,0000
0000000000 Rup,00000000000 (HSE)s,0ODOOOOOOT,
0000 (HS),0OOO0000000(HS)z, 000000000 000000000
040 Lg000O0obobOooogn

Table 3.2 Parameter Values for (HS); ,(HSE)s Model (Lg = 0.1, 0.2[um])

Lg | Model | yr(Ty) | v7(Tp) | Rumas(Th) | vF | Trmas[K] | TPmas[K] | Id [mA] | 8
0.1| (HSE)s | - 0.257 | 0.068 [0.38] 985 1669 | 0.3699 | 0.5
0.1 (HS)s | 0.257 | 0.257 - 0.38 | 3332 1669 | 0.4257 | 0.5
02] (HSE)s | - 0.257 | 0076 ]0.38] 1021 1633 | 0.1849 [ 0.5
0.2 ] (HS); | 0.257 | 0.257 - 0.38 | 3025 4000 | 0.2161 | 0.5

4 O0OO0OOO0OOOO0O

Figd 10000 O0n-MOSOODO000 (z00)1.3[um]x O (yO00) 1.1[pm]00000
D0000000000000000000000000 (2)13[cm)x O (y)11jem|000
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Fig.4.1 ¢ Distribution in Simulation Field (Lg = 0.2[pm], (HSE)z Model)
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dows XP(Fujitsu FORTRAN V4.0L10) 0000000

Table 7.1 Comparison of IUKM1 for (HSE)z; Model (Lg = 0.1, 0.2[um])

Lg | n-Mesh | IUKM1 | kcount | CPU [s] | Id [mA] | Thmae K] | Rumaz
0.1 11118 1 36 6 0.4407 929 0.068
0.1] 11118 0 37 6 0.4405 929 0.068
0.1 | 44457 1 84 22 0.3699 985 0.068
0.1 | 44457 0 506 92 0.3698 982 0.068
0.2 11118 1 41 5 0.2174 949 0.076
0.2 11118 0 41 5 0.2174 951 0.076
0.2 | 44457 1 145 29 0.1849 1021 0.076
0.2 | 44457 0 100 23 0.1849 1021 0.076

[UKMI=100 0200000000 10 (SUB)0OOOO0000000000 OTa-
ble 7.20 0 00 OIUKM1=0(r, 0 0 00U # UZ)0 00 ORyme, 000 100000000
00000 CPUODOOO0D Ry, 00000 0T ,m,00000d0000000
000 OLg = 0.1[pm] 0 TUKM1=10 Ryne;=0.068 0 0 00 O (Table 7.1)0 Tpmae=985[K]
000 0Rum, 0000000000 20000000 100SUB1(00000)00000
000 O0IVKMI=00000000000 00 0Rumae=0.0760Tpmae=1074[K] 0 0 Rymas

O0000000R,,, 00000000000Id000000 TyeD 1000000000

39



000 0Rymee 0000 (0.0680 0 0.076)0 OT e 000000000 0Lg = 0.2[um] 0
0000000 OIUKM1=000 Ry 00 0.07600 0.08200 00000000 0T hmas
0 1021[K]00 1081]K]0 00 0O

Table 7.2 Comparison of IUKM1=0(r,,) for (HSE)s Model (Lg = 0.1, 0.2[pm])

Lg | n-Mesh | IUKM1 | kcount | CPU [s] | Id [mA] | Thmasr K] | Rumaz
0.1 11118 0 35 5) 0.4390 1035 0.076
0.1 | 44457 0 338 63 0.3690 1074 0.076
0.2 11118 0 41 5 0.2171 1023 0.082
0.2 | 44457 0 337 62 0.1847 1081 0.082

(HSE); 0000000000000 000000000000000000 Ryme 00
0000000 7,0000000000000IUKMI=000 OLg=0.1, 0.2[pm]000
Tumee 0 1100[K] 0000000 (IUKM1=100 1000[K] 000 00 +100[K)0 OO 0 O
00Lg=0.1, 0.2[um] 00 OTUKMI=00 IUKM1=10 00 0 Ryme 00 1000000
00000000000000000000 Thpe00 1000000000000000
CPUOOD 2000000000000000000000000000 OIUKM1=10
000000000000000000O0IUKMI=10000000000000000
00000000000000 (000000 IUKM1=1)0

00000000 (7.13)0000000 (7.5)00 (7.12)0000 0
14 2r@ — Belz) (,nppOoO00000) 000000000000000

a;; = % [dPTBer(wahy_)% + dTQBer(wah,y_)ZxT*]
+% ldPWBeT(WthfU)% + dWSBer(wSIhx)%]
% [dVRB”(—wRyhyH% + dSVBeT(—wSthA)Z%]
U jim = —% ldPWBer(—wPl‘hx_)ZxL_ I dWSBer(_nghx_)%]

Qi1 = —% [dPTBGT(—wahy)hx—_ + dTQBer(—wahy)hx—Jr]

hy_ hy_

1 hx ha

it = —= |d"EBer(why,)—— + d°V Ber(w*hy, ) ——

it = [ er( My ) 4 Ber (o by )

(7.15) Qiitm = 1 d?V Ber (w9 hx )hi + d"EBer(w™ hx )hﬁ
) pikm 2 + h/l'+ + hfL'+
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OooboooogNdO OOobobooobobboooobbbUddFg81bOoOO
ggg

_1(=22 492
(8.1) Nd=n_-exp 2("3+"5)
Fig4100 000000 02wm|0000000DOCO0OD00O0OOODO0OO0O00D0O0 L,

0 0.1[pm]000000Fig41000000000000000000 0.05[um]00000
0000 Ly,=0.1[pm]0000

(7]
NA (D 51&0

e
n=3.107
N-=151Q0-
fariy \g, 108
OB 0 X005 0

Fig.8.1 a) N, Doping Shape  Fig.8.1 b) N; Doping Profile

00000000000 L,=0.1,02[pm|000 O
to(SiO2, 0 0) O 6[nm)]
d;00000000)0 60[nm]
0 (8.1)0000 0o, =0.007260 0, = 0.008712
n_=3-10"cm™3] =n,
py =10"[em ™’
0o0ooooond ZwO O
Zw = 2[pm]
000000000 Ve=2V|OOODOOOO Vp=2V|OOOOODODODOOOOOODOO
O00000O0OobDO0OOdTable810000

Table 8.1 Simulation Data (Lg = 0.1, 0.2[um]: Same)

Ly [tolnm] [dnm] [ o, [ nfem 9 | pilem ] [ Zwlum] [ Ve[V [ Vo[V]
0.1 6 60 0.008712 | 3-10% 10'7
0.2 6 60 0.008712 | 3-10% 107
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ooooooogd DDDDDDDDD(HS)B(DDD [ET=0000)000000000
000000000 (v, )0 00000 Lg=0.1, 0.2um] 00 O
y=03830 00000000 ,000O0O0O0O0O)
y=0257(0000 7,0000000)
D0D00D000000000D (00)0000(HSE)s (000 IET=1000)000
000000:(vr, Rume) 0 O
vr=038(,00000000(HS),000)
Rumam(TnDDDDDDDDDDD(HS)ﬂDDDD yOOO)
ogood
Lg=01pm|00 ~r=0.3800) Rume = 0.068
Lg=02[um|00 ~=0.3800) Rupe = 0.076
0000000000000 oobooOodTable 20000

Table 8.2 Simulation Parameter (Lg = 0.1, 0.2[um])

Lg | Model | IET | g Yr | Rumas
01| (HSE)s | 1 |0.38 - 0.068
0.1 | (HS)s 0 |0.38|0.257 -
02| (HSE)z | 1 |0.38 - 0.076
0.2 | (HS)s 0 |0.38|0.257 -

9 000000000 0DOODODO000OODOOO0DOD0OD (HCG)

gubgdobuoggoooobooooobobobobbbobouobooobooo
000000000 (00 1)0000000HHCOODODOOO0DO0OoOoOoooHCOOOO
000000000000 200000000000 0D0 (0 (=0.0078xym|0 000 OO
o000 d000 S0, 000000 Figg20OUODooooo

(9.1) A = exp|—d/l]

0000000d=0.05, 0.1[pm]00000A=1.6x1073, 2.7x 1070000
O00000000000000 OFig.820 20000000 Si-Si0,000: ¢ = 3.2[eV]
000 200000 0oooooooo

(9.2)  B=-exp|-t/(| Ex|-0)] 00D szw;?i_w g :i00000

00000Fz=3.0, 2.0[x10°V/em]OO OO OB=1.1x10% 12x10°0000
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(9.3) }{(71::|(?}€|-exp[|l;;?T.ﬂ -exp[:;%] [em ™3] [sec™ ]

00000000000 Vp=45[V]000000 Vg=25[V]00O0000000 Vge=0.0[V]
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0000O0: HCI -h, -h, D0000D000000000 Fig4.1000 EFNL(SiO, 00
0000000000000002pm0000200 LXTx y00=1.3[um]x 0.2[um])
0000000000000
Yo grnp(HCT - by - hy—)
0.2-LXT

0000000000 HCOOOOOOOOOO0O0O000000000000000000
Igpanc000000000000000000000DDD,LDDOOOOOOOOOO
000000000000000000000000000000000 HCOO OHCO
02000000000000000000000 0-MOSOO0000 ZW=2[um]000
0e=1.6022x 10-°[C]00000000000000000000000000 HCG:

(9.4) HC = em™, LXTOz0000000000
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HCGOODOOOODOOODOOO . 0000 (93) 00000 HCGO Expe,0 00
O0000) 000000 20000 Exp,, 000000 000000O00OODOOO
ooooooboobobb0o0o00o0oooboooD Exge, D0oobooobbOon
goobgooooboobooooobobooobobogooooboo0 Hogooooooooo
oood - 0O0O0OOO0DOO Bz, OOOODDOODODODOHCGOOOOODODOO
000 000000DDD(Double Diffused Drain) 0000 00000000000 OO0O
LDD(Lightly Doped Drain) 0 000000000000 ODDDOOOOOOOOO HCG
guobboboboobdogd

10 oodgooogo

0000 Lg=0.1, 0.2[um] 00000
000000000000000(HS)s00
00000000000000000000000000 (HSE)s
0000000000000000000 Table 1010000000 000 FLORA HPO
dc7900SF Core2 Duo E8600(3.3GHz) 4GB 00 O ,Windows XP(Fujitsu FORTRAN V4.0L10)
ooooooo

Table 10.1 Simulation Results (Lg = 0.1, 0.2[um])

Lg | Model Id Tsub I Toi | Vin CPU o | Ez... | HCG
Ve=2[V] Time’ | Drain
(max) (kcount) | side | -10° 107?
Al | [mA] | (23] | K] | M| O | IST] Gl | A

0.1 | (HSE)s | 0.3699 | 0.0211 | 153(154) | 985 | 0.718 | 25'(84) 41 | 4.973 | 0.0324
0.1 | (HS)s | 0.4257 | 0.0641 | 128(224) | 3332 | 0.778 | 10’(28) 37 | 5.186 | 0.142
0.2 | (HSE)s | 0.1849 | 0.0067 | 97(102) | 1021 | 0.880 | 37’(145) 49 | 4.371 | 0.00328
0.2 | (HS)s |0.2161 | 0.0384 | 81(110) | 3025 | 0.851 | 97(26) A7 | 4.697 | 0.0398

O0DOCPUDOOODODOODOOOOO Lg=0.1,02[pm| 000000000000 N=44457
gbodbooubuogoubbobiob 20bbdoguouogboobbobouobogan
oo0o0b0O0obObobO2000b00Db0O00O0Fg.10.10DCPUDDODDODDOODOODOOO
00000000 ()00000000000000000000000 (kecount) 0D OO0
0bgoooboobuooobbboobobbobbuobbooooubLbbOoobooon
goubboobooboboooboob v, 0oobooob1ooboboboboboon
00000000000 (0D0)0000(HSE),0 000 100000000000000
000000 000000000 ((HS)p000000000O000O0 3000000000
cpPUOOOD3000000ODDOO0OODOFig10.1DO0DOO0DOODDODOR, 00D0O0ODO
000000000000Fig4100 000000000 (HS)30000ywOOOOO
O0oooooo)o
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2000000000000000000000000000O0O00O0O0OA0O (Table 10.2)0

Table 10.2 Dependence of 2-Step Mesh ReZoning Method (Lg = 0.1, 0.2[um)])

Lg | Model | n-Mesh | Id (ratio) T,,...[K] | CPU[s| | kcount
0.1 | (HSE); | 11118 0.4407 929 5 36
0.1 | (HSE)s | 44457 | 0.3699(16.0%) 985 20 84
0.1] (HS)s | 11118 0.4464 3315 3 17
0.1| (HS); | 44457 | 0.4257(4.6%) | 3332 28
0.2 | (HSE)z | 11118 0.2174 949 41
0.2 | (HSE); | 44457 | 0.1849(14.9%) | 1021 30 145
0.2 (HS); | 11118 0.2278 2871 3 17
0.2 | (HS); | 44457 | 0.2161(5.1%) | 3025 6 26
|d [mA]
0.6
(HS)
05 A
g0l
QU =M 68 ./'_,
04 i - (HSE)g
03 2
g (HS)
= m
0'2_ Lg'o-2DJ "“.-“____ i 1
e "~ (HSE)g
, s Rumax=0076
0N 7
1 2 VpLV]

Fig.10.1 IdO Vp Property (Lg = 0.1, 0.2[um]; (HSE)g, (HS)z Model)

0000 Lg=0.1, 02[pm|00001000MI(y00)x M2(zx00)= 11118000
200 0MI(y00)x M2(x00)=44457000000000000000000000 1
0000020000000 2000000000Table10.200 0(HSE),000 000
0000000000000000000000000000000
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Fig.10.2 IsubO Vi Property (Lg = 0.1, 0.2[um]; (HSE)g, (HS)s Model)
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0/d0000000000sub000000000 Lg=0.1[pm]000 OLg = 0.2[um]
000O0Isub00000

00000000000000000pk,, 0000000000 Lg=01[pm)00000
(HSE), 00000 (HS),000000 Id000000000 10000 », 00000
0000000, 00k0000000000000000 v, =0.90-107[cm/s] 0 O
000000000 (HSE),00000000000000000000

(10.1) Vg =ty - E (pn - Fp)

000000000000 00 (0 (2500000000000 F,000)000000
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(HSE);0000 £2000(HS), 000000000000 Lg=0.1, 02[pm]00 1.20
0000000000000000000000000000 Lg=0.1[xm] 00 O(HSE)s
000000000000 Lg=02pm]000000 £ 0000 1.600000000
00000 Lg=02pm]000000000000000 (HS),0000 £200000
0 1.9000000000000000000000000000 (HSE);,000000
00000000000000000000000000000000000

Table 10.3 2= Property (Lg = 0.1, 0.2[pm]; (HSE)s,(HS)g Model)

Lg | Model | Z= (ratio); Vo = 2[V] | =; (Max Vg[V]) | Id[mA]
0.1 | (HSE), 153 (1.2) 154 (Vo=1.6) | 0.3699
0.1 (HS)s 128 (1.0) 224 (Vg=1.2) | 0.4257
0.2 | (HSE), 97 (0.75) 102 (Vo=2.7) | 0.1849
0.2 | (HS), 81 (0.63) 110 (Vg=1.15) | 0.2161
mS
&nlTm
Al O:peak
e, T
® vp2Wv]
2001
0.
1000 N &
Lg:02

] SVglV]
Fig.10.3 g,,0 Zw Property (Lg = 0.1, 0.2[um]; (HSE)g, (HS)s Model)

10.2 0000 ooooooooobnbooad

197200 Ruch(OD O 3)) 00000000000 OOOOOOOOOODOOOOOOO
0000000000000 0000000C0o0O0000o00O0D (ooo)ooooo
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0000 00000000000000000000(0O00000 v =0.90-107[cm/s])
0000000000000000000000000000000000000000
0000000000 Lg=01[pm|000000000000000000000000
0000000000000000000000000000000000000000
000000O0000000000000000000000000000000000
000000000000000000 (HSE),000000000000000000
00000000000000
000000000000000000000000000000 (HS);000000
00000 (HSE),00000000000000.k,00000000000000000
0000 (23)0000000000000000 w,,,,00

v =0.90-10" [em/s] OO OO

2 LIS 2
1+\/1+(2MUS-&)2 Vs
n viat
0000000000 (104)000
sat
LIS Up,
> "

0000400 000000000 |F,|000000000

Table 10.4 Property of driving Velocity Overshoot(Lg = 0.1, 0.2[um]; (HSE)g,(HS)p)

Lg | Model %:v n Jng pkts pLISE L, pLIsE F, 1d
10°[%0] | 10" [ ] | 108[A] | [§5] | (=vi) 10°[22] | [ | -10°[35] | [mA]
0.1 | (HSE)z | 94.2 0.134 0.202 586 88.4 21.7 4.07 | 0.3699
0.1 (HS)g 70.6 0.176 0.199 472 86.3 37.7 2.29 | 0.4257
0.2 | (HSE)s 101 0.060 0.097 712 88.4 24.3 3.64 | 0.1849
0.2 | (HS)s 73.0 0.098 0.114 496 85.5 47.8 1.79 | 0.2161
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Table 10.5 Simulation Results (Lg = 0.1, 0.2[pum] ; (HSE)s,(HS)s Model)

Lg | Model Yr | Rupmag Id Tnme: | HCG £, .. % = vy
[mA] (K] | -107°[A] | -10°[] | -105[<2]
0.1 | (HSE)s - 0.068 | 0.3699 | 985 0.0324 4.973 94.2
0.1 | (HS)s | 0.257 - 0.4257 | 3332 0.142 5.186 70.6
0.2 | (HSE)s - 0.076 | 0.1849 | 1021 | 0.00328 | 4.371 101
0.2 | (HS)s |0.257 - 0.2161 | 3025 0.0398 4.697 73.0
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Table 10.6 V3, Property (Lg = 0.1, 0.2[um]; (HSE)g,(HS)z Model)

Lg | Model VinlV] Id[mA]
0.1 | (HSE)z | 0.718 (80) | 0.3699
0.1 | (HS)s 0.778 0.4257
0.2 | (HSE)z | 0.880 (30) | 0.1849
0.2 | (HS)s 0.851 0.2161
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Table 11.1 PC Performance and Multi Process with CPU Time(n=11118, (HS)s)

WS/PC OS Clock Fortran | CPUJ[s|] | Multi | Mem | Date
HP712/100 hp-ux9.05 100MHz | V01-05/C | 439(1.0) | 2.0 96MB | 1994
Pentium?2 Windows98 400MHz | F-V2.0L.10 | 131(0.3) - 128MB | 2000
Pentium3 Windows98 933MHz | F-V2.1L10 | 92(0.2) - 256MB | 2001

Pentium4 | Windows2K | 2.66BGHz | F-V4.0L10 | 22(0.05) | 3.3 | 512MB | 2004
Pentium4 | WindowsXP2 | 3.20EGHz | F-V4.0L10 | 16(0.04) | 2.5 1GB | 2005
Pentium4 | WindowsXP2 | 3.20GHz | F-V4.0L10 | 6(0.014) | 3.2 2GB | 2007
Core2 Duo | WindowsXP3 | 3.33GHz | F-V4.0L10 | 4(0.009) | 2.3 4GB | 2009
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