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The optimization of the fabrication processes is essential for LSI develop-

ment. To attain this objective, it is desirable to combine the simulation of

processing steps and that of the device characteristies.

A computer program which simulates each fabrication step and predicts the

electrical characteristics of resultant MOS diodes and transistors has been

developed. In this program, one-dimensional impurity distribution and oxide

thickness are traced.

Fickrs law with the moving boundary eondition at Si-Si02 interface is

utilized to predict the impurity distribution in oxidation and annealing steps.

Impurity segregabion effeet is also eonsidered. The Gaussian distribution and

the range distribution theory in a multiple layer structure are adoptedl ) fo*

ion implantation st,ep. The program also includes substrate definition, oxide

etching and CVD steps.

One dimensional Poissonrs equation with the Maxwell-Boltzmann charge distri-

bution is solved for the obtained structure to estimate the deviee charac-

teristics. Thneshold voltage is defined as the gate voltage at which a certain

number of mobile charges emerges in the MOS structune. Total and mobile charge

distributions for MOS diodes can also be caleulated at any given bias condition.

One-dimensional charge distribubion and the gradual channel appnoximation are

combined to obtain I-V characteristies of MOS transistors.

Figures 1 t,hrough 4 show some eomparison between theoretical predicLions and

experimental results. The device considered here is a Si-gate n-channel

depletion load MOS tnansistor (W/L:200/200 um). Pnocess parameters are listed

in Table 1. As can be seen, they are in good agreement, eonsidering the various

process fLuetuafions. Thi.s program can be used to estimate process sensi-

tivities for various steps. An example is listed in Table 2.

In conclusion, an attempt has been made to predict MOS devieefs charac-

teristies from process eonditions. The resulted program was found to be a

powerfui tool for process opbimization. The use of bhis program can reduce time

consuming test nuns.

Reference: 1)H.fshiwara and S.Furukawa, Trans. Inst. Electronies Comm. Engrs, Japan
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Table l Input process data.

1. sussTRAtE B=2.5815 (rrr)
2. OTiIDATTON(Gate) TEfip=llo. TII[E=?6.
3. r[lPLt B=5.5Er1 B{ERCI=4o.

4. IriiFta (A) as=I.5E12 mERGT=150.
(B) As=1.2E12 Er{=ERcy=1io.(c) As=B.4Err E{ERGY=1i0.

5. AI'INEAL TEUp=900, SIUE=35.

6. ANIfEAL TEI'[p=950. TI;{E=3g.

7, ANNEAL TEM9=1OOO. TIUE=AO.
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Figure l    _4rsen■ c distr■bution aFterヽ
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Figure 2     Calculated draitt current
of the transistor (process A).
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Fiぎure 3     ThFeshold vo■ tage as a
futtction of substrate bias,
ca■ cu■ ated (o),and lneasurea (― ).

Figrire 4 Calcula-ued (o), and
r,reasr:red (-) load lines.
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Tab■ e 2     Process sens■ tiv■ ties fOr ■oad

:11':ItL° l ll'v:rttn:i;t:Id(1:° 二e;:.A)
Norma■  current is 76 PA.

V99= 5 V

VsuB=OV vG=4V

Substrate impurity densi.ty -O.24 %/fi

Gate ox■ dation′
::11:I:lure   ::::: ク′1:量

As+ implantation′
]::1:蒼       ::炒

1000°C ar_nealing′
][I::I:lure   ::::° ′′1:i
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