CLASS 6&7

BJT PARAMETERS AND BIASING
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Observations:

For an ideal transistor in the CE
configuration, I~ for a fixed I; is
independent of Vec for
Vic™VEcean: This condition is true
if the effective width of the B is
fixed.

As the width of the depletion region
in B of the B-C junction is
dependent on V. , the effective
width of B will also be dependent
on Vg, Therefore, I. will be
dependent on V. although
Vec™Vicea: For a fixed Iy and
Vec™Vecean » Ic T when Ve 1.
However, the increment is small
when compared to the increment of
I. with the increase in V. when
the transistor is in the saturation
region.
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When Vi 1, B-C junction becomes more
rb, depletion region of B-C junction 7 ,
effective width of B |. Less
recombination happen in B (or the slope
of the hole density in B 1), and therefore
I 1.

The phenomena where I~ T when V.1 is
called the Early effect or base width

modulation.
|

|||—

+|1-
VEC
j output characteristic
E(p) | By C(p) [ (mA) forward active
| Y region _ _
’ | Ig=25pA
saturation|

| reglon~_ } e
1 /_\»g , I5=20 pA
YC’B_(;\ /

VEB > Ip=15pA
~ - i
o I~ _r
£ = - CEO — I =0
i .
_=77V, VECGsat) — \/E;gc (V)
- cut-oft

region

E-Bdepletion B(n)
region .
(V)

n(X

Po

B-C depletion
region

0//
(:

a)

V>0

E-Bdepletion B(n)
region -
n(0)

W

B-C depletion
region




CB circuit (pnp)
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Observations

Vicl 1T because when Vi1, the B-C
junction becomes more rb. The width of
the effective B region (outside depletion)
becomes smaller. Recombinations |.
Hence, I-1.
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At a fixed Ve, if IgT I7. This is because, iegion

Izt when V1. Asl-=aJlgand a,~ 1, I
= Ig . Thus, I;7 I-7.

If Vi = 0, there still exists a depletion
region at the B-C junction. Fixed —ve ions
in the depletion region of the C can still
manage to attract the holes from B to cross
the B-C junction and enter C. I exists. If
the Vg becomes —ve (i.e. V. is more +ve
than V), the width of the depletion
region| and I |. When V3 =V, , the
depletion region’s width = (. At this time,
the B-C junction becomes fb and I = 0.
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Observations E-Bdepletion B(n) B-C depletion

« Since the difference in the slope is ' = W0y |EOR
not large when Vg > 0 and Vi =0, /V/BC=0
I does not change much. /

e I. = 0 when one small forward n(X
voltage is supplied across the B-C pro
junction (Vg = -1 V for Silicon). 0 W
Under this condition, the transistor '
is in the saturation region. V>0 @)

e The fb supplied to the B-C junction  ,aion” || 1m0 [robion "
will increase the hole density at x=W ) M;{\\ Vpeis -ve
until it reaches a value equals to the D y 2t VaclYond
hole density at x=0. This means that P — — but Vrc Vo
the hole gradient is 0 and 0 W
consequently I will reduce to 0. FalW) 7 Pnoc T
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Important observations: output characteristic

I (mA) forward active
=1y + I AN e
For the CB, saturation| ' B "
reglomN| =20 pA
Ic =0, I+ Icgo VCBzu\ﬁ IB_I.. A
where Iz is the C-B current when E is open IE;ISI:' A
(I = 0) and it is a minority carrier current. lero ""':—’ Ip=0
Vicaat, — > Ve (V)
IC — U, (IB T IC)+ ICBO ECG ‘tc):-ut_—off te
Ic (1 -0, =alg+1Icpg e
Ic = (@I + Icgo) / (1 —0p) = [alg / (1 — )] +
Icgo / (1 —0,)]
a, / (1 - a,) = Bpc|= CE DC current gain o, /(1 =) =Ppc
— aOZBDC(l'ao)
Poc =Alc/Aly o, * Bpc &% =PBpc
Icgo =Icpo/ (1 —a) o, (1+ Bpc) =Ppc
where I, is the leakage current when B is
open (I = 0) and it is a minority carrier o, = Ppc/ 1+ Bpc)
current.

Ic =Bpc Ig +Icka
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Bpc
Bpc>1

o, = Bpc /(1 + Bpc ) ; this expression shows
that o <1

a, = 1. Thus, By >> 1.

If a,=0.99, Bpc=0.99/(1-0.99) =99.

If a,=0.998, By =0.998 / (1 — 0.998) = 499.

These results show that a small change in I
will cause a large difference in I- .

a, / (1 —a,); this expression shows that

From the output characteristics of the CE,
there is still output current, I., flowing
although I; = 0 and this is the Iy, which is the
leakage current when I;=0.
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BIASING

The BJT must be biased in order to operate it
as an amplifier.

A DC operating point must be set so that the
signal at the input terminal can be amplified
and reproduced without any distortion at the
output terminal.

For the CE amplifier, the DC operating point
is I and Vg (for npn or Vg, for pnp). The
operating point must be in the active region in
order for the BJT to operate as an amplifier.

The DC operating point is known as the
quiescent (Q) point. For the CE amplifier, the
Q point is I and V-

With the correct biasing, the circuit need not
be changed or redesign when another
transistor from the same type is substituted or
when the temperature changes. In other
words, a biasing circuit needs to be stable.
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. . . output characteristic
To determine the operating point: P

forward active

Ie (1‘11A) region
| o
e The DC load line is drawn on the output Satum\t/i%i/RC | p=ONA
characteristic to determine the operating region ™~ 3o =3V A
current and voltage of the circuit. The leg [,=20 pA
intersection of the load line with the I and I Ig=10pA
V axis depends on the circuit’s schematic. R NE =I\B/];)(v)

VECQ cut-off
e A DC biasing point / quiescent (Q) point is rean
determined from the load line in the active
region. The Q point is a point on the load
line that represents the current and voltage
at the output of a transistor when there is
no AC signal. The stability of a biasing
point is influenced by the change in the
parameters (as an example: ) when the
transistor is replaced by another transistor
of the same type or by the change in

temperature.



From Floyd, Electronic Devices, Sixth Edition.

186 - BIPOLAR JUNCTION TRANSISTORS (BJTs)

2IN3903
Maximum Ratings 2IN3904
Rating Symbol Value Unit
Collector-Emitter voltage VceeEo 40 V dec
Collector-Base voltage Vepo 60 V dc —
Emitter-Base voltage VeEBO 6.0 V dc /4 3 Collector
Collector current — continuous I 200 mA dc
Total device dissipation @ 7, = 25°C P 625 mwW 2
Derate above 25°C 5.0 mw/°C . Base
ice dissipati @ T =25°C atts i
T e tae ahove Saser @ Te =257 il V3 mw/iC e LeRetlinee
Opf‘éﬁ:;‘e%eﬁﬂfcsltgxl;‘;%e Jjunction Ty, Thg 55 to +150 < Cenersl PUrpose
Transistors
Thermal Characteristics
Characteristic Symbol Max Unit NPN Silicon
Thermal resistance., junction to case Roic 83.3 SC/W
Thermal resistance, junction to ambient Rgja 200 cC/IW

Electrical Characteristics (7, = 25°C unless otherwise noted.)

| Characteristic [ Symbol [ Min [ Max [ Unit
OFF Characteristics
Collector-Emitter breakdown voltage ViBRrR)ICEO 40 — V dc
(Ilc= 1.0 mA dc, Ig = 0)
Collector-Base breakdown voltage ViBr)CBO 60 — V dc
. (U = 10 pA dc. [ = 0)
Emitter-Base breakdown voltage VEBRrRIEBO 6.0 — V dc
({z= 10 pA dc. I = 0)
Base cutoff current Igy = 50 nA dc
(Ve = 30 V de, Vg = 3.0 V. do)
Collector cutoff current focex — 50 nA dc
(Ver = 30 V de, Vgg = 3.0 V dco)

ON Characteristics

DC current gain N —
(Ie-= 0.1 mA dc, Ve = 1.0V do) 2N3903 ) 20 o
2N3904 40 =
(fe = 1.0 mA dc, Ve = 1.0V dc) 2N3903 35 —
2IN3904 70 =
(U = 10 mA dc, Ve = 1.0V dc) 2N3903 S0 150
2IN3904 100 300
(I = 50 mA dc, Vg = 1.0 V de) 2N3903 30 =
2IN3904 60 —
(I = 100 mA dc. Vg = 1.0 V de) 2N3903 15 —~
: 2N3904 30 =:
Collector-Emitter saturation voltage VeEsan V dc
({= 10 mA dc. Iy 1.0 mA dc) = 0.2
(I =50 mA dc, /g = 5.0 mA dc) — 0.3
Base-Emitter saturation voltage VBE(sat) V dc
(U= 10 mA dc. Ig = 1.0 mA dc) 0.65 0.85
(I =50 mA dc, Ig = 5.0 mA dc) = 095

FIGURE 4-19

Partial transistor data sheet.
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