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ON SOME CHARACTERISTICS
OF A SEMICONDUCTOR SURFACE

DE. S. S.1), GHOSH, A. K.}), Calcutta

Variations of field, mobile-carrier concentration under different circum-
stances have been investigated for a semiconductor surface. An approximate
analytic solution of Poisson’s equation giving the relationship between normal-
ized position and normalized electrostatic potential has been used.

I. INTRODUCTION

There are complete analytical solutions of the Poisson-Boltzmann equation
for special cases, complete numerical solutions for general cases, and approximate
analytical solutions for intermediate cases in some semiconductor device modelling
works for the purpose of scaling [1—7].

The solutions obtained have appropriate uses. De and DrOmr deduced an
alternative approximate solution which has been numerically analysed to study the .
nature of variation of the parameters involved {8,9].

In this presentation, the variations of field, mobile carrier concentration against
normalized position throughout-the semiconductor have been studied by means of
the same solution for the integral of the Poisson equation. The solution, in fact,
gives the relationship between normalized position and normalized electrostatic
potential under certain approximation [8].

II. MATHEMATICAL DERIVATION

The connection of the potential difference W between the remote region and
that at the arbitrary point in the semiconductor with the distance z measured from
the surface can be expressed through the Debye length by the integration of the
Poisson-Boltzmann equation {1]. The expression for the normalized position is

W,
=/lp = ML\N\ fexp Us + exp(~Us)) *[exp Us {exp(—W") + W' = 1)+ |
: w
+ exp(~Up){exp(W') - W' — 1}~ Y2aw’.
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The transformation relations existing among various potentials yield
Qw|th$\m and .QNIQNS\,

where Up = normalized bulk potential, Lp = Debye length, Ws = total potential
difference, W = potential difference between the remote region apd that at the
arbitrary point, U = normalized potential at the arbitrary point, Us = normalized
potential at the surface. It reveals that U > U,. Thus Ws > W. For higher values
of Ws, there remains scope for securing larger values of W, where e~% may be

ignored. Thus the integration of eq. (1) can be performed analytically everywhere

except at W = 1, Ws = 1; here the result would introduce an error. Thus, for
Ws > W, as |Up] is large, the eq. (1) can be written as

$~m
2/io =207 [ = 1) + expl-2Wn) oo W' W'~ 7AW" (2)

Thus

Ws . .
z/Lp = 273/* e {2(W' — 1 — exp(—2Ug)(exp W' — W' - )}(W' — 1)~3/2aw".

The expression for the normalized electric field in this case has been found to be

. dw
mﬂa\hbv

~ BIYW = 132 [2AW — 1) — exp(—2Up)(expW — W - 1)]"1 (3)

The normalized carrier number density can be expressed as [2]

AN, 1 \: g i
: M \N m\N 1
ANpo - {expUp + oxvﬁltwvw (exp W' — Cx @

x [exp Up{exp(—W') + W' — 1} + exp(—Up){exp W' — W' — 1}]"Y2aw'.

When Ws > W, (4) may be written as

AM,

Ws
~ 2712 {exp W' — 1}{(W' — 1) + exp(—2Up)x

ANyo w (5)

x {exp W' — W' —1}]"Y2aW’ = 272 A — z/Lp,
where A means the integral,

sw .
\ QGS\\RS\\IC+axvﬁ|meX¢xv$\\lS\IH:LE&S\\.
w
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The normalized position z/ Lp then can be written as

Ws
zf/Lp =2~'/* \s (W' —1)~2aw'- .

e—\m .
l wlu\w\ envﬂlewV*GG $§I$\.I wwAS\‘ | Clu\umgs.
w

Expressing Up in terms of U,
2/Lp =2 {(Ws — )'/* = (W = )/?)-

Eu .
uw&: \ esTs:LS%F:-“EE;
w

+w-§ \ ﬁiéiuwsif:-wEsf
w

S\m 4
Zlﬁ \ aéTw%LSEsfc-u:%s.
w

Following the method of the incomplete factorial function, the integrals (6) can be
calculated explicity and the result is

2/Lp = 2H{(Ws — D2 — (W - 1))+

+ 93 exp(=2U — D[[(Ws — 1)~/2{Ws — (Ws = 1)*/6 + (Ws — 1)°/30~
— (Ws —1)*/168+ -} — (W - )~VHW - (W - 1)2/6 + (W — 1)%/30—
_ (W —1)4/168 + - J]{1 - 2/ exp(~1)} + 22 exp(-1)[(Ws — 1)*/2
{1—(Ws—-1)/3+Ws - 1)2/10 — (Ws — 1)2/42 +(Ws — 1)*/216 - - }—
W=D 1 - (W-1)/3+(W - 1)2/10—

—(W-1)*/42+ (W — 1)*/216 — -- -1}

The first integral on the right-hand side of (5) is determined in the same way. Thus
the expression for ANy /ANgo| is obtained as

AN,

ANgo
x [(Ws — 1)/ {Ws — (Ws - 1)2/6 + (Ws — 1)°/30 — (Ws — 1)4/168 + -+ -}—

(W =)W - (W - 1)7/6+ (W - 13/30 — (W — 1)*/168 + - - }]x

(3 - 22 exp(-1)} + (27 exp(—1) — {(Ws — D)/*{1 = (Ws — 1)/3+
+(Ws —1)2/10— (Ws — 1)°/42+ (Ws - 1)4/216 — - -} — (W — 1)/?x

= 9l/2{(Ws — D)2 — (W — 1)/?} — 27/ [exp(~2U = 1)x
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x {1 — (W —-1)/3+(W —1)}/10 — (W — 1)*/42 + (W — 1)*/216 }
—— u +

+ 22 exp(1)[(Ws — 1)Y/2{1 + (Ws — 1)/3+ (Ws — 1)%/10 + (Ws — cu\mf

+(Ws = 1)*/216+ - -} — (W — )Y/2{1 + (W — 1)/3 + (W — 1)*/10+

+ (W —1)3/42 + (W - 1)* n |
LELW.\SWA 1J4/216 4 - 1] + 22 exp(=2U)(Ws — 1)~V

III. NUMERICAL >2>H<mmm,>2~u DISCUSSION

wﬂ.ﬂro oxvanm”wum (3) and (7) are used in the calculation of field and mobile
carrier concentrations and thei i rariati i
o and their corresponding variations for different values of W

. cwnonw of normalized electric field versus normalized position are shown in Fig. 1
or Ws = 10, _Sw_ = 10 and Ws = 20,|Up| = 20. In Fig. 2, the variation of
normalized a_on.r._n field with normalized position is plotted for S\W =1land |Ug|=
1. m.rmna the variation of 2/Lp is chosen between a higher negative value and a _Miol
positive value. The expression for the normalized electric field (3) in this mzzwno“

ngm to be more useful under the depletion condition. From the numerical results
plots of log |AN,/ANpo| against z/Lp are shown in Fig. 3 for different sets of S\m.

-8
] 20
+H6 _
S
X
Rl
A2 |y M
_.__ | 04
\oH2
1 02
[
1]
f
i lo 05 :
45 -45 <35 25 15 .05 05

xilo
M ig. 1. Mu_owmh of =o_.=.§.l=sn& electric field Fig. 2. Variation of the normalized field
ersus Eu:._m”_~ zed position for two sets of with a higher negative value and a lower
values of |Ug| and Ws. positive value of z/Lp for Ws = 1 and

|Us| = 1.

50

™

and |Up|. The nature of variation of the normalized field against the logarithmic

value of the mobile-carrier concentration for two sets of values of Ws and |{Ugl| is

shown in Fig. 4. It shows that the change in the normalized field is analogical to
the change of the doping concentration.
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Fig. 3. Plots of log [ANp/AN| vs ¢/Lp  Fig. 4. Variation of |dW/d(z/Lp)] against
“ for different sets of Ws and [Usl. log |ANp/ANgo| for Ws = 16, {Us] = 10
and Wg = 15,|Us}| = 15.
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O HEKOTOPBIX XAPAKTEPHCTHKAX IOBEPXHOCTH NOJYHPOBONHUKOB

C npRMexeHEEM NPHEGTHORTENIBHEIX AHANETHYECKH# Bhpaxenuil, Bupaxenns [loac-
COHa HOyYeHH TPH PasiHIHHX 06CTO4eNLCTBAX N0 B RIOTHOCTH MORBEXHEIX HOCHTENEH
Ha moBepxHocTH monynposopuexos. [lonygeno BEpaXeHHe OTHOLIEHHS MEXHY NPHBEJEH-
HLIME TOJRIEEHE B e1eKTPOCTATHCTHICCKEM NMOTEHIHANOM. .
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