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Abstract In this paper, we present the effect of forward current gain on emitter area in
NPN transistors are used widely in the almost linear integrated circuits and integrated
injection logic. Relations between forward current gain and emitter area were conformed with
the simulation with examined calculation and experiments. At the same emitter length, as
junction depth is increased, common emitter current gain is decreased. Ratio of Emitter
bottom area comparing to side area increases, the emitter current gain is increased. The

theory and simulation results were fitted in with the experimental data very well.
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1. Introduction

NPN transistor is the very basic electrical device
in the solid
engineering. So, NPN transistors are used widely in

state electronics and electrical
the almost linear integrated circuits and integrated
injection logic and their dc and ac characteristics

have been studied by many authors[1]7[5]. Typically
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in the IC fabrication, NPN transistors are fabricated
with some kinds of process and their characteristics
are mainly affected by the thermal process, doping
profile and junction depth, etc. Particularly, common
emitter current gain is the function of the base and
collector currents.

Recently, we find a effect of the forward
common emitter current gain due to change of
emitter size of NPN transistor. As the emitter size

of NPN transistor is increased, the forward common
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emitter current gain is also increased. I found that
the change in current gain causes a significant
change in the characteristics of the device. So, I
investigated the effect of the current gain due to
the emitter size on the device design.[6][7]

In this paper, we proved this phenomena through
the experiment and simulation through examined
theory. Two kinds of NPN transistors that have
different emitter diffusion length were fabricated and
The
experimental and simulation results were examined

confirmed the characteristics of hgg-lIc,

theoretically results very well.

2. Theory[8]

Basically, current components of NPN transistor
are base and collector currents. Collector current of
NPN transistor is given in equation (1), where

I = qAD,n,(0) N
’ W,

A is emitter size, D, is diffusion coefficient of
electron, np(0) is carrier distribution in the base
region which is given in equation (2), Wy is base
width.

)

n,(0) = nyeexp

Ve
Vi

where npy is initial carrier concentration of the
base region, Vpg 1S base-emitter potential barrier
height, V; is thermal voltage.

Base currents are consisted of four components.
The bulk recombination current in the neutral
base(Ig;) is given in the equation (3), where pu is
excess hole concentration at the base edge of the
emitter space—charge layer, Vg is effective volume
of the base, T, is bulk recombination life time, q is
charge constant.

eV,

]Bl _ nkV B (3)
TP

The recombination current in the neutral

emitter(Iz;) is given in the equation (4), where ni is
Intrinsic carrier cocentration, Ag is effective emitter
area, Qg is total number of acceptors per unit area
of emitter.

D’!l
Iy = qn?AETE lexp(qVipp/kT)—1] (4)
E

The recombination current in the emitter-base
junction space charged region(Ig3) is given in
equation (5), where Ty and T are the electron and
hole lifetime in the space—charge layer, f(Vgp) is a
function of forward bias and the parameters
characterizing the recombination center, Wy is the

space-charge layer width at zero bias.

qn;

Igs = —F——=A,Wyf(V 5
B3 2mEof( e5) 5)

The Recombination current through surface states
at oxide-silicon interface(Iss) is given in equation
6).

1
Ip, = Eqso [ni]E Wof s ( VEB)

2

n;

+Agg N (explqVgp/kT)—1)] 6)
D

where Iz 1S emitter perimeter, sy is surface

recombination velocity, fo(Vgs) is identical to the
function f(Vep) defined in (5), Aps is the
oxide-covered surface area over the neutral base.
The total current is sum of four base current

components given in equation (7)[9].

Ip(to1) = Z[Bi 0
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The bottom and side-wall of emitter
components in the base region are shown in the

current

<Fig. 1> Large and small emitter area cases are
shown in the <Fig. 1>(a) and (b), respectively.
When the emitter area is very large, almost
collector and base currents are flow through the
side-wall

the forward

bottom region of emitter. Therefore

components can be neglected. So,

common emitter current gain is given in equation

8.

1, I, ABXJ, J,
By = ®)

B Ip(to1) B Z[Bi - ABX JB(tot) a JB(tot)

Emitter
|B(S

le(bottom)

Is(bottom) > Ig(side)
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lw

Ig(bottom)

Is(side)
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(b)
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1> Current of NPN

transistors with(a) large (b) small emitter

<Fig. flow schematics

area.

But as the emitter area is more and more

decreased, the side-wall area is increased comparing
to bottom area. Total emitter area is composed five
components(D-®). They are given in the equation
(9). Side - wall components are 0,2,3), bottom
@ and surface
component between oxide and silicon is .

component 1S recombination

D : (271'Xj€ ><A)><i><2=7ereA
@ : (27X, ><B)><%><2:7TXJ-CB
4
® ¢ (X)) < o=2m X} B
@ : AB
® X, 9)

<Fig. 2> shows the three-dimensional nature of
the emitter region. where A and B are width and
length of emitter, Xj is emitter junction depth, Xg
is surface recombination parameter. The value of X
may be determined numerically if the relevant

recombination data is known,

<¥ 2> ony 999 3xk JhE =
<Fig. 2> The three-dimensional nature of the
emitter region.

<Fig. 3> gives results normalized with respect to
surface oxide recombination velocity S.x and bulk
hole lifetime tpp [10]. In general case, almost X is
limited between 0.1 to 100, and it is very wide
range.
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<Fig. 3> Normalized surface recombination
parameter [10].

The total emitter area is given equation in (10),
In the small emitter area case, the side-wall area
current components can't be neglected due to the
increasing of side-wall base current comparing to
the bottom currents.

AB,,, = AB+ 71X, (A+B)+2rX, + X, (10)

In this case, But side-wall collector current is not
increased comparing to the large area case. Forward
common emitter current gain is proved in equation
(11) and related with
decreasing factor of AB/ABy:. Therefore, in the

small area case, forward common emitter current

large area case with

gain is more affected by the emitter area,
particularly emitter junction depth.
L (11)
[B(tat)
Io

A

B ABX Ja
AB+ X, (A+ B)+ 21X, + Xp, | X Jp(01)
_ AB « Jeo
AB+7X, (A+B)+2rX. +X;,  Jbtor)
AB
= 3 X By
AB+ X, (A+ B)+2rX;, + X,
3. Experiment
<Fig. 4> 1s a fabrication process, which 1is

In this
experiments, we proceeded two kinds of processes

conventional process of NPN transistor.

which have different emitter junction depth. One is
about 2.5um(process A) and another is about 0.5um
(process B) of emitter junction depth. The thickness
and resistivity of epi-layer are 9-13um, 1.5-4.0Q-cm
1.25Q -em(process  B),
respectively. Each step of fabrication process is
mask name. B/L is buried layer, EPI is epitaxial,
D/N+ is Deep N+ ISO is isolation, SPE is the
surface passivation etch.

(process A), and 6um,

N+ B/L
I
P B/L
I
EPI

I

D/N+

I

| |
| |
| |
| |
y ISO \
| |
| |
| |
| |
| |

I
BASE
I

Emitter
i

Contact

[
Metal
[
SPE

<71% 4> NPN EdA~He 442y 52
<Fig. 4> Fabrication process flow of NPN transistor.

The schematic description of the NPN transistor
is shown in the <Fig. 5>
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<Fig. 5> Cross—sectional view of fabricated NPN

transistor.

4. Results and discussion

In this paper,

to demonstrate the effect of
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forward common emitter current gain on the emitter
area of NPN transistor, we simulated dependence of
the current gain on the emitter size of NPN
transistor using equation of (11). <Fig. 6> is the
results of the simulation.

Changing the emitter size, normalized common
emitter current gain is depends on the emitter
junction depth. At the same emitter length, as
junction depth is increased, common emitter current
gain 1s decreased. Particularly, when the emitter
length is 25um, as the emitter junction depth is
increased from 0.2um to 0.5um, the normalized current
gain is decreased from 09 to about 0.5. seeing in
the <Fig.6> On the other hand, the emitter length
is more larger over than 150um, all characteristics
are converged to 1. So, the emitter size and
junction depth is more smaller, the common emitter

current gain 1S not

is more affected. But Xis
affected in the normalized common emitter current
gain at the same Xj. of 25um. seeing <Fig. 6>(b),
Even if, the Xi 1s varied between 0.1 to 100, all the

characteristics have similar values.
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<Fig. 7> Emitter length vs. normalized

common emitter current gain of the
simulation results and experimental
data of NPN transistor.
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<Fig. 8> Ratio of emitter bottom area and

side-wall area  Vs. normalized

common emitter current gain of
simulation results and experimental

data of NPN trnasistor.

Emitter length vs. normalized common emitter
current gain of simulation results and experimental
data are seen in <Fig. 7> Both case of process A
and B are well fitted with simulation results. The
ratio of emitter bottom area and side-wall area vs.
normalized common emitter current gain  of
simulation results and experimental data are seen in
<Fig. 8> At the same ratio, as the emitter junction
depth is larger, emitter area is also more larger.
And as emitter junction depth is larger, the current

gain is sensitive to the emitter area.

5. Conclusion

In this paper, the dependence of the emitter area
and junction depth on the forward common emitter
current gain was proved through the experiments
and simulation, and it was examined theoretically.
As the emitter
normalized

junction depth is smaller the

common emitter current gain 1S

increased. And as the emitter length is larger, the
common emitter current
increased. And Ratio of Emitter

comparing to side area is increased, the emitter

normalized gain 1S

bottom area

current gain is increased.
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