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Technique for Prediction of On-Resistance in Si Power MOSFETSs to Improve Design Efficiency
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The Toshiba Group has developed a simulation technique to predict on-resistance (Ro,) in trench type silicon (Si) power metal-oxide-semi-
conductor field-effect transistors (MOSFETSs), based on the results of estimation of the membrane stresses inside the device obtained using the
measured wafer warpage values and multiscale stress analysis.

We have applied this technique to a prototype device, and confirmed that it can predict the stress distribution of the Si substrate adjacent to the
trench with a margin of error of within 10% and the R., with a margin of error of within 3%. Furthermore, we have also calculated the stress distribution
in each manufacturing process and clarified the processes in which stress controlis important so as to realize a design with the appropriate Ron. This

technique is expected to reduce backtracking in device development, leading to improvements in design efficiency.
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Device structures of planar and trench MOSFETs
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Changes in wafer warpage reflecting device structure in each manufacturing
process
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Overview of wafer warpage prediction using multiscale stress analysis
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Device structure model used for homogenization analysis
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Prediction of R, reflecting stress distribution inside device

& 1. FPEAMLIRZHMTREROLALEEHEIEE

Stress and physical property values of composite materials after field

plate (FP) oxidation

HETEOKRTHER X718 yAImE ZHM
i5val (MPa) -13 -110 0
RPYH, 0.08 0.09 0.26
AL (GPa) 29 95 91
AR (GPa) 9 13 36

REDIEEEEM RO EHERER 1 IORT, &
THEZIEZRG MR, BEEMET D, 2 FADY Y 7 E)S
Y, zAREDONSKEHINTEY, Ly FaHlo 5T
WRWIEEFFEDRWEERAE SN,

3.2 UIN—RYERR

71z, VI N—KODEFTETIVERT, LT
MOSFET i mm D5 Wi um Ey FTF /34 2
A A RG2S (K7(@), 2T DD, ¥
IN—RISEDDEEPE AT DI A7 I74FH
Wil B, VI —2MIIT A AEEDTER S0
TOBRERELZ (KT7D), Fiz, 7T N—HEICZHES
halEEROFELER L7,

B8z, vz N— b TSI L E RS RO R,
K 8@nkoiz, FNARAND L FERAZ LT, b
LVyF Ry R, TIN—QRASGHEZTRE L,
TIN=RDIE, xEyFRZENFNICKLT, T —H
HOFLETy D2 5MIcE T3z AOENED»BH T
L, RopkoiRiExEEIZLT, RighziE, Ticths
BEL7, M8(b), CTRT LI, xhAEyFRALDIC,
HIE L2y =% KSCHBTEL LA IER L,

33 WARHOEE

B9 12773 A ANFEBD I 153 A0 D HETE #iti F LI E s %

2L Ea2—Vol. 78 No. 1 (20234 1A)



Wi GAIIT A VRE

™~ o
N e

ittt
[
i Ui
I I

e I i
I i

T

T hLvF ‘

X AEBEE
1

INRRRIHIT
R 1
[l

z
%XS]’?’I’/A,—
Il
Y X 7—_\\/ \\{7\ \ '71/ \— i i III\H\HH i
f et ol
s HE#E y
(@) VT/\—DFEEIE DS o) FYv7LATF UL

I
X
() FIA 2D
WEESETIL

K7. JIN—RYDERETIV
TR T ITA VIR ET TN =R ED BEE DD b DIFEIELT,
fiE T E T V% L L 72,

Wafer warpage analysis model
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Comparison of measured and simulated values of wafer warpage in
each manufacturing process
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Comparison of measured and simulated values of stress distribution
inside device
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Changes in stress distribution in each manufacturing process
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