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COMPUTATION OF TH§ QAEACITANCE
OF AN INTERGRATED N'P'P JUNCTION
S.M Abu Nailah

Bepartment of Electrical Engineering,
college of Engineering, Baghdad, IRAQ.

SUNMMARY:

An efficient and accurate numerical method is
described here to calculate the capacitance of an
Nt Pt P integrated junction which takes into acco-
unt the sideways spread of the diffusion and deple-
tion layer width variations.The theoretical results
are compared with experimental results taken under
same conditions. This method of analysis can be used
for different devices with different boundary con-

ditions.

NOTATIONS:

s+ Heavily doped n~Semiconductor

% R

: Heavily doped p-Semiconductor

P ¢ Lightly doped p-Semiconductor
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Depletion layer width.

Silicon peraitivity

Electronic charge

Doping level of p-Semicondu-ztor

Doping level of n~Semiconductor

Reverse Biag,

Built-in voltage of junction,

Doping level of any diffusion at any de-
pth y.

Doping level of any diffusion at surface
Diffusion Depth.

Diffusion Constant.

: Temperature

Doping level of n-semiconductor at any
depth and x=o0

Dopinglevel of n-seusiconductor at surface
Diffusion constant of electrons

Doping level of p-semiconductor at any
depth ¥

Doping level of p-semiconductor at surface
Diffusion constant of holes

Side way's spread.

Doping level of n-semiconductor at any y
and x =XS

Doping level of p-substrate,

: Capacitance

Area.
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(1) INTRODUCTION

The capacitance -~ voltage characterictice of an
integrated junction (1-3) is a useful tool in study-
ing scaiconductor devices voth in underctanling the-
ce devicer and in considering thea for actual appli-
cations. This paper deals with a special type of jure
otion shown in fig.(1l). This junction consicte of P
substrate with a Pt layer at the top. Then a selec-
tive NT region ig diffused through the P* layer into
P~ substrate., Thereby two junctionc are created l.e.
N Ptond N P . This junction coabines the features
of the normal PN junction and that of N'P” junction.
The depletion layer will spread glowly inride the ups
per PY layer (fig.l) and will spread quickly incide

the lightly deped subtrate.

Another point worth men-

tioning here is the sideway's p* .
epread of the Nt region in - N* i
cide PY,P” layers. This spread

will be wider in P layer than p*

in PTlayer since the substrate fﬁQ1T¢+P¢rjuncﬁon
is lightly doped. This spread
will enlarge the capacitance

value,
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(2} NUMERICAL ANALYSIS

2,1 Assumptions.

Before degcribing the computation method two
main acsumptions have to be made naaely.
(a) The junction model used i.e. abrupt approxima-
tion, linear representation, or any other model,

anl

(b) The diffusion distribution reprecentation i.e.
gussian function, compleanentary error function

or any other function,

2.2 Analysis,

The computation method used (fig.2) is described
below assuming an abrupt junction approximation,whe-

re the depletion layer width is given by (4);
s
w-<2°( >(v + V) % (1)

and guassian diffusion profile (5), where

N (y) = N (0) o= ¥/ 4DE (2)
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After defining the start

required constants and

o+ define diffusion Profile
. - initial variables
functions,the N ,P ,P constante
layers are subdivided into

set y

sub layers of thickness(y) r____b:::ij__.
as shown in fig (3). The Find Nalyl.Npf0,y)

value of y cets the accu-

racy limit i.e, ag y is

decreaged,accuracy limit

is increasged and vice ver-
ND
ga, then 2

Find x5.W, Area
(2) The dopings of N, P i

Find €’
regionsg are calculated at c=CsC’
any y (fig.3)along y-axis yiy'
using this equation printh.V
— | —T{c % viv'

—p* 3 ——P'—
TS Nploy) ==

TS| S

NA(y)=ND(xS.y) y
P~ stop
Fig3:Sideways spread calculation Fig2 Compyter programme
flow chart
~y2/4 DyT
N,(0,¥) = N,(0,0) e (3)

for N-diffusion, and
2
Ny (y) = N, (0) o /4 Dl (4)
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for P-diffusion

(b) A test ic made to check if the P' doping is
qore than substrate doping,if not then its value is

fixed to that of substrate.

(c) A test is made to check if N'doping is more

than substrate doping, if not calculation ends.

(4) The sideway's gpread (XS) is calculated now
for any y by applying guassian function equation (3)
along the x-axis for the N-diffusion (fig 3) to find
the point where N diffusion ends inside P+1ayer i.e.
where

Npy(Xg,¥) = N, (¥) (5)
The ND(O,O) value in equation (3) now takes the val-
ue of N,(0,Y) calculated fron (1) above.

Thus squation (3) becomes:

2/
- AD
Ny(Xgyy) = Ny(y) =Mp(0,7) X~ O (6)
or by mathematical manipulation
X= 4 Dy T In (7)
Ny (¥)

(e) The depletion layer thickness is calculated

using this equation:

o oes , Ny (¥) +Np(0,¥)
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if P¥ doping is greater then substrate doping, and

. 2€s 1 #
W= T N (Vg + V) (9)
if Iﬁ doping is less than substrate doping, after
defining the built-in voltage (Vo) using dopings

found in (1) above

(f) The area is calculated now using the side-

way's spread fro@m (4) above.

(g) The differential capacitance is found now

using this relation.:

C = _f.%_A_ (10)

(n) The differential capacitance associated with
different ys are added to give total acapacitance at

a certain bias.

(i) The whole process is repeated for different

voltage.

(3) Theoretical Results

The numerical analysis described before was ap-
plied to & junction with the following characteris-

tics: Area = 4000un®, N,(0)= 5x10%°/cu’.
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Ny(0) = 1.15 x 10°%/cn?, N, (substrate) = 10%3/cad,

DPT product for p+ diff=1.4 x lO-llcmz, and

DT product for N* aifr=7.77x 107 Cca?,
The theoretical results achieved ucing this compu-

tation method are plotted in figs (4,5).

20 15 MM 5 0
5102 F
0 x 20 L
os—F o ° > ol
' variable o diffusionn 1 N* : Fig5:C-V characteristics
y ! depletion g sidewgy's‘; s ‘; o Experimental
layer o p-  spread o o o .
/Jm width g 2 X 2l © Theoretical
o] a ! o
2 ) o : o
25 ° oy °® 500
Figh:Theoretical Xg and Wvariations with diffusion
depth
2 Yqvolts 6

The sideway's spread isplotted in fig(4) along
with the depletion layer width. The sideway's spread
in as expected before, thereby increasing the area
and capacitance of junction. The depletion layer
starts with 0.0}pm at the surface to reach about 10
/um at the bottom, thereby indication that the domi-

nating capacitance value is that at the surface.

The calculated capacitance-voltage Variations is



119
shown in fig (5).The shape, as seen,is midway bet -

ween normal NTp' junction and that of lightly doped

regions.,

(4) Experimental Results:

The results achieved for a junction processed
under the same conditions assumed for theoretical
model are plotted in fig (5).They are in good agree-~
ment with the theoretical results.

The measurements were taken at 100 KHz‘

(5) Conclusion:

A study is presented for the capacitance of the
N'P*P” junction from the theoretical and experimen-
tal gides. A numerical analysis is presented which
takes into account sideway's spread and depletion
layer width variations., This method of analysis as-
sumes gaussian diffusion profiles and abrupt juncti-

on,

The model gave accurate results enough for most
applications. It can be used for any other structu-

re and under different conditions,
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