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Initial Condition

=

Poisson's Equation (2.1)

for ¢
¥

Momentum Conservation Equations (2.4), (2.5)
for ve, Vh

Continuity Equations (2.2), (2.3)

forn, p
¥

Energy Conservation Equations for Carriers (2.6), (2.7)

for Te, Th
¥

Energy Conservation Equation for Crystal Lattice (2.8)

for TL
No
Converge?

0 2.4: Calculation Flow
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O 2.8: Distribution of Electron Density
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0 2.4: Az Dependence of Calculated Results with Zoned Mesh for y Direction

Ip[mA/mm] | AIp[%)] | Trmaz(K] | ATLmaz K]
1.0 nm 1319 - 363.8 -
O 2.5 nm 1314 0.38 363.6 0.2
5.0 nm 1306 0.99 363.2 0.6
10.0 nm 1285 2.8 362.3 1.5
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O 2.5: Substrate Temperature : 300 K
IpmA/mm] | AIp[%] | Trmaz[K] | ATLmaz[K]

Fine Mesh Model 1825 - 315.2 -
2.5nm Mesh Model 1330 27.1 310.5 4.7
Zoned Mesh Model 1801 1.31 314.7 0.5
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O 2.6: Substrate Temperature : 400 K

IpmA/mm] | AIp[%] | Trmez[K] | ATLmaz[K]
Fine Mesh Model 895 - 411.7 -
2.5nm Mesh Model 601 32.8 407.8 3.9
Zoned Mesh Model 879 1.79 411.3 0.4

O 2.7: Substrate Temperature : 450 K

Ip[mA/mm]| | AIp[%] | Tomez K] | ATmaz K]
Fine Mesh Model 594 - 459.8 -
2.5nm Mesh Model 408 31.3 456.7 3.1
Zoned Mesh Model 581 2.19 459.5 0.3
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oooooooooboobboOoooooDOoOobDboOobobo0oooOOoOD SiMOSFETOOOO
gooon

O 2.8: Thickness of Highly Doped Region : 60nm

IpmA/mm] | AIp[%| | Timaz K] | ATLmaz[K]
Fine Mesh Model 1187 - 363.2 -
2.5nm Mesh Model 822 30.7 358.7 4.5
Zoned Mesh Model 1164 1.94 362.7 0.5
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O 2.9: Thickness of Highly Doped Region : 100nm

Ip[mA/mm] | AIp(%] | Tomaz K] | ATLmaz K]
Fine Mesh Model 1398 - 363.8 -
2.5nm Mesh Model 988 29.3 359.4 4.4
Zoned Mesh Model 1383 1.07 363.4 0.4
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00000000 0000000000D0D00000000000000D0D0D00000000
0000000000000000000000000000000000000000000
Np=10x10**m3 0 Np=1.0x10m3 000000000

0 2.10: Np = 1.0 x 10**m~—3

IpmA/mm] | AIp[%)] | Trmez[K] | ATLmaz[K]
Fine Mesh Model 309 - 353.8 -
2.5nm Mesh Model 258 16.5 353.1 0.7
Zoned Mesh Model 303 1.94 353.8 0.0

0 2.11: Np =1.0 x 10*m~*

IpmA/mm] | AIp[%)] | Trmez[K] | ATLmaz[K]
Fine Mesh Model 2336 - 372.9 -
2.5nm Mesh Model 1638 29.9 364.2 8.7
Zoned Mesh Model 2284 2.33 371.1 1.8

0210211 000000000000000000000 Np =1.0x10*m™3 Np = 1.0 x

100%m=3 0000000000
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0 2.12: Ny =1.0 x 1022m=3

IpmA/mm] | AIp[%] | Trmaz K] | ATLmaz K]
Fine Mesh Model 1352 - 362.8 -
2.5nm Mesh Model 984 27.2 358.9 3.9
Zoned Mesh Model 1326 1.92 362.2 0.6
0 2.13: Ny =1.0x10*m?
IpmA/mm] | AIp[%] | Trmaz[K] | ATLmaz[K]
Fine Mesh Model 869 - 361.1 -
2.5nm Mesh Model 047 37.1 356.8 4.3
Zoned Mesh Model 874 0.57 360.9 0.2
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0 2.14: Vp = 0.5V
ID [mA/mm] AID [%] TLmam [K] ATLmax [K]

Fine Mesh Model 1132 - 359.8 -
2.5nm Mesh Model 751 33.7 356.7 3.1
Zoned Mesh Model 1120 1.06 359.5 0.3

0 2.15: Vp =1.5V
IpimA/mm] | AIp[%] | TomazK] | ATLmaz K]

Fine Mesh Model 1728 - 371.6 -
2.5nm Mesh Model 1567 9.3 367.9 4.3
Zoned Mesh Model 1619 6.3 369.6 2.0
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O 2.16: Vg = 0.5V
ID [mA/mm] AID [%] TLmam [K] ATLmax [K}

Fine Mesh Model 451 - 353.8 -
2.5nm Mesh Model 404 10.4 353.2 0.6
Zoned Mesh Model 438 2.6 353.7 0.1

0 2.17: Vg =1.5V
IpimA/mm] | AIp[%] | Timaez K] | ATLmaz[K]

Fine Mesh Model 2354 - 379.7 -
2.5nm Mesh Model 1707 27.0 369.8 9.9
Zoned Mesh Model 2339 0.64 378.5 1.2
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Silicon Oxide : 2nm

<

300 nm

O 2.9: Modeled Si MOSFET
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0 2.18: Mesh Size Dependence of Calculated Results

IpmA/mm] | AIp[%] | Trmaz K] | ATLmac K]
1.0 nm 1612 - 364.2 -
2.5 nm 1071 33.6 358.6 5.6
5.0 nm 871 46.0 356.0 8.2
10.0 nm 614 61.9 353.7 9.5
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O 2.19: Results with Zoned Mesh Model
Ip[mA/mm] | AIp[%] | Tomaz[K] | ATrmaz K]

Fine Mesh Model 1612 - 364.2 -
2.5nm Mesh Model 1071 33.6 358.6 5.6
Zoned Mesh Model 1516 5.96 362.8 1.4
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0 2.20: Comparison of the Drain Current and the Maximum Lattice Temperature

IpmA/mm] | AIp[%)] | Trmaee[K] | ATLmas[K]
1.0 nm 1515 - 362.8 -
2.5 nm 1459 3.70 362.2 0.6
5.0 nm 1372 9.44 361.3 1.5
10.0 nm 1257 17.0 360.5 2.3
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O 2.10: Results of Lattice Temperature, Electric Field and Electron Number Density Distribu-
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0 2.21: Comparison of the Drain Current and Maximum Lattice Temperature of Zoned Mesh

Model

IpmA/mm] | AIp[%] | Tomaez K] | ATLmas K]
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Model 4 1511 0.26 362.8 0.0
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0 3.4: Development of Electrical Potential Field in the Entire CMOS

87



pMOS

/\nu

‘
i
1t rr /b dedoa
Ll rrrssaa

nMOS

100 200 300 400 500 600

0

X [nm]

(a) t=150 ps

100 200 300 400 500 600

0

X [nm]

(b) t=250 ps

100 200 300 400 500 600

0

X [nm]

(c) t=300 ps

O 3.5: Development of Electron Flow in the Entire CMOS

88



OOnMOSOOOOOOOOOODODOOODOOOOOOOODOODOOOOO

&
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(b) Reverse Bias

O 3.19: Relation between ¢ and ¢p
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Xdep = 0.145[pm] (3.5)
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0O 4.3: Electrical Circuit for Measurement of CMOS Inverter
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