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Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
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assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
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necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not nccessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
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ABSTRACT

That the oxide-passivated surface of high resistivity siliconm is characterized
with a high deneity of donor states is taken into account in calculation of the sur-

face potential.
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| ‘Since Kingston and Neustadter, ! several authorsz have carried out the
numnerical computation of the space~charge functions @c'cux’z’ipg in the &eécrip&ion
of the electrical behavior of the semiconductor surfaces. Most of these cal-~
culations, however, deaﬁ with ccm?&raﬁiveiy'low surface-charge density and
conductivity. But the Qxifle-éasssivat@d surface of high-resistivity gilicon ig
chamsc_terized by a high density of donor states giving the charge density of
£0°8 comomb@/cmz or more. This corresponds to 2 high value of the surface
potential compared a#ith the bulk potemi\aﬁ; and particularly so for the high~
r@@i@tivitﬂr bulk., In calculating the space-charge functions we can thex’:afcsre

neglect the terms corresponding to the bulk potentials. Also because of the

high density of donor states the contribution to the space charge from the holes -

can be neglected,
The charge density at a point correaponding to a potential ¢ (Fig. 1} in

the space~charge region ie therefore given by

>

p = - qn, exp(a¢/kT) = - qn; exp(u)
‘where q is the electronic charge and.'niv the carrier density in the intrinsic

bulk semiconductor. Hence, if we solve Foisson®s equation,

¢ - 4up _ 4w

A ¢ 3
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q », explu)
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the surface charge density, Qg is given by -
: = & . expiu_/2
Q= 2qmn Ly explu /2),
 and the surface excess is given by .

AN, = :Zmi L, emp(u@/&?}a

where /
' ' ' i/e
2
Ly = (ekT/8wg n;)
is the Decbye .iéxxth and u the surface potential in units of kT. These equations

. are @quivalem to putting w, = 0 in Eﬁmgszon and Neustadter's function

Flugs uyp) =/ 2 Ly, -u,) sinh u, + coshu_ - coshu,] /2,

Assuming n, = i.SX’iOw/cm3 and Lp = Z.@%O-3 cm (at 306°k), Q_ is
calculated as a function of u, in Fig. 2. Forx comparison a few of the functions

&

F‘(us', mﬁ) have also been shown in Fig. 2.
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FIGURE LEGE“\IDS
Fig.. 1. En@rgv,;zaievel diagram for silicon-silicon dioxide gystem,
Fig. &, Charge dcn@iayvm & function of 5m%face potential, Curve (a)
| this work; (b) E(uc?g uﬁ), p-bull, re—_aiativﬁty = 4000 ohmncm;
{c) | S(uT, us}, nmbm&kg resistivity = 500 obm-cm; (d) F(ué, ug),
n~bulk, resistivity = 1000 ohm-cm, | |
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, '"person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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