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The Petritz e�pressions are used to calculate the Hall mobility 
and conductivity dependence on the gate voltage of a thin semi­
conductor in a deep depletion IGFET. It is shown that, by using 
a suitable spatial variation and an exact carrier distribution 
and by fitting the surface scattering parameters and surface sta­
tes density, it is possible ta fbtain good agreement with the
experiments of another author·3 • 

It ha� been experimentally shown 1 • 2 •3 • 4 > that the Hall 
mobility of a thin semiconductor in a deep depletion IGFET essen­
tially depends on the gate voltage. This is due to the spatial 
variation of mobility µ(x) (where x is the "thickness" coordi­
nate) caused either by scattering centres spatially distributed 
in the bulk of the semiconductor, or by surface scattering, or 
by both. It follows from the one-electron Petritz formula5> 

ds ds 
PH• ( J

.
p�(x)h(x)dx)/( I Pnlx)n(x)dx) (1) 

that Hall mobility µH depends on the carrier distribution. ds fn
(1) is the thickness of the semiconductor. Because the n{x) dis­
tribution is determined byV6 {the gate voltageLuH depends on v6.

The purpose of this paper is to obtain the theoretical 
µH(V6) dependence starting from {1) and to fit it to experiments.

To do so, ft is first of all necessary to know the spetial va­
riation of µn(x). We shall adopt

U ( X ) =µ / ( 1 + .l.ti!1l ) { 2 ) n o E 
C 

for µn(x) where E(x) is the electric field distribution in the
semiconductor and Ec is a scattering parameter6 � Expression
(2} fs not entirely empirical. Namely, on the basis of the Sch­
rieffer theory7) the following approximate expression may be 
obtained 
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for the effective surface mobility of excess surface carriers. 
In (3 ) , Es is the surface electric field while E

0 
is a parameter

which characterizes both the surface (the coefficient of surfa­
ce reflectivity, surface states, etc) and the bulk of the semi­
conductor. Expression (2) has otherwise been used earlier but 
for other purposes8> . 

Renerally, due tn the spatial distrihution of scattering 
centres in the bulk, u

0 
deoends 1inearly2) or exponentially�) 

on x, decreasing from the unper (semiconductor-gate insulator 
interface) to the rear (semiconductor - insulating substrate inter­
face) surface of the semiconductor. However, we shall. not take 
this into consideration and shall assume t�at u

0
, u

0
(x) . 

By solving the Poisson equation one-dimen�iona1 1y6
•

11) 

and using non-deqenerate statistics {n(x) = n
0
exp (e'l' (x)/kT) ), it 

is possible to express E(x) as a function of'l' only. This, then 
enables us to express (1) as 

'I'" 

J,. u�(1i' ) n
0
exp(e'i'/kT) d'i'/E('l' ) 

uH(VG) = f' 
2
-µn('l') n

0
exp(e'l'/kT) d'i'/E(V)

V 
1 

• {4)

1 + IE(1i')I

We can see from (4) , that in this case the 'l'{X) potential 
distribution does not have to be known. Only 'l'1(VG) and 'l'2(VG) 

have to be known, where 'l'1and '2 are the potentials at the upper
and rear surface, respectively. We have, by suitably choosing 
boundary conditions, already6) derived expressions which enable 
the numerical calculation of v1(V6) and 'l'2 {VG) :

As has been alrP.adymentioned above, Ec is due to surface
scattering. Hence, Ec must be different fur the upper (Ec1) and
rear (Ec2) surface. We also have to bear in mind the specific
characteristics of the various types of potential distributions: 

a. If the gate voltage accumulates both the upper and rear
surface (CH distribution ,1 .'l'2> 0, E1 .E2< 0) we then separate
the integrals in (4) into two integrals with boundaries V1 ,V

0 

with Ec=Eci and ,2, v
0 

with Ec=Ec2·
b. In the case of a SH+ distribution (E1 .£2

> 0, 1¥1 ·'¥2< 0) 

and a n-type semiconductor we consider two cases: 1° '1'2< O,

?2 



0 
Ec i::Ec1 2 ,2 >0, · Ecs.:Ec2 for the who le 1-ntern 1 of i ntegra t1on

'1•'2· This �ctually means that the scattering at the accumulat­
ed surface is cons 1 d ered more dominant than the scattering at 
the depleted surface. 

+ c. A SH potential distribution means that the whole semi-
conductor is either fully enriched or fully depleted (E1.E2 >0,
,1• ,2 >0). In the case of a fully enriched semiconductor a
value of Ec which corresponds to a more accumulated surface
is used for the whole integration interval whereas in the fully 
depleted case a value of Ec for the less depleted surface is used.
Thus, for a n- type semiconductor, we have 

'1 >1i'2+EcmEc1 1',1<}1i'2l+Eci::Ec1
1" '1 • 'i'2 >O '1 • '2+EcaEc2 20 

'1 • '2 <O l'fl�i-+£ci::Ec2
In this paper we have fitted our numerical results for (4) 

to the µH(V6) experimental dependence for a silicon-on-saphire
16 -3 (SOS) IGFET in which n

0
alo cm , of semiconductor thickness 

dsa1 1Jl1 and gate insulator thickness 0.11µn 3 >. Since surface
states were not measured in3> , we had to fit them as well. At 
the rear surface we have only considered the slow positively 
charged states with a density of N552• Namely, for the above
mentioned values of n

0 
and ds, the semico�ductor behaves as if it

were "thick". Due to this, the change of rear surface states 
cannot change with gate voltage even in the presence of fast sur­
face states6) . At the upper surface both slow (density N551) and
fast (density Nse,) states must be fitted. As is usually the
case, we have used the 6- function for the energy distribution 
of fast surface states with the acceptor leiel at Wta1=0.15 eV and
the donor level Wtd1c0.90 eV below the bottom of the conduction
band. µ

0 
does not have to be fitted because it appears in µH(V6) 

as a multiplicative factor only.
Apart from Hall mobility, we have also calculated the conduc· 

tivity of the semiconductor using 

,(VG) • �
.
J

d

"•n(x)n(x)dx= :
, 

J'�n(V)n
0
exp(eV/kT)dV/E(V) (5)

0 ,, 

with µn('i') being from (4). 
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The results of the theoretical calculation are shown in 
Fig. 1. It can be seen that our theory and the experiment presented 
1n 3) are in good agreement, this be1 ng es pee i a 11 y .so for mobil i­
ty. The discrepancy is only significant for the 0 (V6) dependence.
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Fig. 1. Experimental (full line)3) and theoretical (o ,, ) dependence 
of (a) Hall mobilityµ ; (b) conductivity a on the gate voltaqe 
of a thin semiconductoP in18 SOS IGFET structure. The value of the
parameters used are n =lo cm-3, d = 1 JJm, N = 2-lo12cm-2, 
µ = 510 cm2/vs, E

c 
cE 0 =1.8.lo4V/ cm.s o Clenote�She case without

sBrface states at hec�pper surface (Nss, =O , N581 =O) and, the
case with ortimal fitting values of the surface states density
(Nss,= s.10 1 cm-2, NsR,·= 4.1011 cm-2). 

The agreement of our theory with experiment is somewhat 

better when the surface states (slow and fast) at the upper sur­
face are taken into account (si�n • in Fiq. 1). 
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In Fig. 1 we have taken Ec1=Ec2. Somewhat lower value of

E
c1 ( = 1.6•lo

4V
/cm) gives better aqreement with the experiment

in the inversion region {flat part of 11H(VG) curve) when the surface

states of the upper surface arenot included. This is not shown in 

Fig. 1 . 

The results of our theory for high resistivity semicon­

ductor will be published later. 
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