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Abstract
Packaging-induced variations on the electrical characteristics of semiconductor devices were

evaluated using a device simulation. The electrical characteristics of nMOSFETs with 24 ym, 0.8 um

and 85nm gate lengths were simulated, and the effects of the stress distribution generated by the mi-

crostructures of the devices were evaluated in this simulation. The results show that, under the

nominal stress, the variations in the DC characteristics were similar between all of the nMOSFET

types. On the other hand, the variations in DC characteristics under the stress distribution obtained

by a FEA were smaller than those under the nominal stress. The device simulation results demon-

strated that the stress distribution induced by the microstructure of the device affected the electrical

characteristics of the devices.

Key Words: Drift-Diffusion Device Simulation, nhMOSFET, Residual Stress, Finite Element

Analysis, Electron Mobility
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Fig. 2 Schematic diagrams of residual stress on silicon-
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Table 1. Material properties of molding resins

Coefficient of

Young's Modulus Poisson’s Ratio thermal expansion
(GPa) (x1075/°C)
Resin A 24 0.25 122
Resin B 15.6 0.24 30.1
Gate length
24um or 0.8um
E 1.8um . . 1 Sum J

! ! ! Gate | i !
i : i |
1LOCOS . LOCOS |
1 .o n+o. cn-' n- '.'n+.' I
I Gate width: 24;m |
i —_— T
| <110> direction p-Si substrate |
Si (001) wafer

y X

Fig. 3 Schematic cross-section of micro-device

WSi
Al thickness:0.15um
¢ 0.8um

length : 0.5um

(a) ‘ (b)

Fig. 4 Micro-device model (gate length: 0.8 um) for me-
chanical stress simulation. (a) Configuration of simu-
lation model, (b) enlarged view of Si region
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Fig. 5 Boundary conditions used in mechanical stress
simulation (gate length: 0.8 um). (a) y—z and (b) x—y
planes
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Table 2. Material properties used in mechanical stress

simulation
Young’s Modulus (GPa) Poisson’s Ratio
PolySi 170 0.22
Sio, 75 0.17
Al 70.3 0.35
w 345 0.28
Si,N, 302 0.28
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Table 3. Components of stiffness constants of silicon

Crystal axis coordinate system: 1,2,3

Cy 165.7 ¢, C, C, 0 0 0

Cp 63.9 C, C; C, 0 0 0

Cu 796 C, C, C; 0 0 0

0 0 0 C, O 0

(Unit: GPa) 0 0 0 0 ¢, 0
0 0 0 0 0 Cy

[MPa]
40 LOCOS

Fig. 6 FEA result of o0, counters in silicon region of
micro-device (gate length: 0.8 um, Case A)
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Fig. 7 Schematic cross-section of micro-device model
for device simulation
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