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Intentional- shift of gate threshold voltage of MOSFETtS was already reported
I ) 2)by several workersLtt!' as a result of successful applicatlon of ion implantation

technology. However, to predict various characteri-stics of the ion implanted MOS-

tr'ETf s i t i s neeesser.v to ant'i vsc i:hcnr"etJ nrl I rr tha srrr.frne nntantl el nf J.he MOSu, vv slr4fJee t/vvvrr

structures having a substrate with non-uniform I-mpurity distributlon profile.
?)Brotherton'' reported the analysis in the case of exponential- impurity distribu-

tlon and Tanaka4) *a,r" complementary error function case to a considerable extent

assuming that impurities are introduced from the surface by diffuslon. There is

11tt1e informat.ion, however, in the case of implanted gaussian impurity distribu-
i.inn o< i'i- ran"ires additional parameter to descrlbe the inpurity distribution.rv r vYq

The purpose of this work is to discuss the calculation of surface potential- of the

MOS structures prepared on a substrate having ion implanted gausslan lmpurlty pro-

file and to compare results with the experimental results obtained under varlous

implantation conditions.
Tha nnianl-i2l nnofile of the MOS structune is sJven bv the followiner Poissontsr11v vv

equation, d-u . 1,_,
ij = sinh(U-uB) + f(X) /2n, + sinh(ur)
o]r

(1)

where U is deflned as uB-u, and u 1s the Fermi potential measured from the i-ntrin-

sic Fermi- level in kT/q unit, and uU is u for the bulk. X is the di-stance from

the surface i-n the Debye length unit, and f(X) is the profile of implanted impuri-

ty. Equation (l) can be solved by obtaining a palr of lnitial- condltlons which

satlsfy the boundary condition of U1_.=0.

Rxamn'les of results are shown in Fig.l(a) anA l(b) for acceptor and donor
_ _^15 _3i-nplantation both into p-type substrate with impuri-ty concentration of 10" cm '.

As U indicates the devlatj-on from the bulk Fermi- potential, these curves show

directly the shape of the band edge as a function of surface electric field. Fig.

I shows that the introduction of acceptors increases the inversion capacity and

requires higher field to generate the same amount of carrlers as compared with

uniform substrate case, while donor implantatlon reduces the inversion capacity

and requires negative field to deplete surface earriers. And in the fatter case,

^ ^^+^h+j^1 .'^'rley appears in the weak lnversion condltion, which implies that4 PV Vglr Uf,Ar VA!

carriers are populated far from the Si-SiO, interface(3OO-800 ,& itt ttti" case). In

the MOS structures the carriers wil-l be l-ess affected by the Si-SiOr lnterface



conditions. We have some experimental- lndications in the measurement of surface

carrier mobility and of 1ow frequency I/f noise, of inductlon of carriers away from

the interface.

The shift of gate threshold voltage of ion implanted MOSFETTS is related to

the change in surface field required to generate the same amount of surface carri-

ers as in the strong inversion conditlon of an un-impl-anted I4OSFET. Surface car-

r"ier rlcnsitrr is r-e:riilv oht:inerl frorn the nnfentia'l cllrve- and en ex:mnle fofwlre vvverrulqf r srru srr e^alryre f

typical implantation conditlon is shown 1n Fig. 2. Increase in implantation dose

results in the parallel shift of the curve, and in the implantation condltions

lnvo}ved, che amount of the voltage shift wiff be proportional- to the total impuri-
tioe orlrrarr hrr implantation as shOwn in Fig. 3. The experimental data are af sO

n]ar-1-aA in E1i - 3, and show a good agreement with theoretical prediction.
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