
CLASS 6&7

BJT PARAMETERS AND BIASING



2NORLAILI MOHD NOH 2009/2010



3NORLAILI MOHD NOH 2009/2010



Observations:
• For an ideal transistor in the CE

configuration, IC for a fixed IB is
independent of VEC for
VEC>VEC(sat). This condition is true
if the effective width of the B isif 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 VEC , the effective
width of B will also be dependent
on VEC. Therefore, IC will be
dependent on V althoughdependent on VEC although
VEC>VEC(sat). For a fixed IB and
VEC>VEC(sat) , IC ↑ when VEC ↑.
However, the increment is small
when compared to the increment of
IC with the increase in VEC when
the transistor is in the saturation
region.region.
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• When VEC ↑, B-C junction becomes more
rb, depletion region of B-C junction ↑ ,
effective width of B ↓. Less
recombination happen in B (or the slope
of the hole density in B ↑), and therefore
I ↑IC ↑.

• The phenomena where IC ↑ when VEC ↑ is
called the Early effect or base width

d l timodulation.
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Observations
• VBC↑ IC↑ because when VBC↑, the B-C 

junction becomes more rb. The width of 
the effective B region (outside depletion) 
becomes smaller. Recombinations ↓. 
H I ↑Hence, IC↑.

• At a fixed VBC , if IE↑ IC↑. This is because, 
IE↑ when VEB↑.  As IC = αoIE and αo ≈ 1, IC

I Th I ↑ I ↑≈ IE . Thus, IE↑ IC↑.
• If VBC = 0, there still exists a depletion 

region at the B-C junction. Fixed –ve ions 
i th d l ti i f th C tillin the depletion region of the C can still 
manage to attract the holes from B to cross 
the B-C junction and enter C. IC exists. If 
the V becomes ve (i e V is more +vethe VBC becomes –ve (i.e. VC is more +ve
than VB), the width of the depletion 
region↓ and IC ↓. When VCB ≈ VON , the 
depletion region’s width ≈ 0. At this time,depletion region s width  0. At this time, 
the B-C junction becomes fb and IC = 0.    
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Distribution of minority
carriers in B for a pnp
t i ttransistor.

(a) Active mode for |VBC| ≥ 0.
(b) Saturation mode with both

E-B and B-C junctions fb.
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Observations
• Since the difference in the slope is

t l h V > 0 d V 0not large when VBC > 0 and VBC = 0,
IC does not change much.

• IC = 0 when one small forward
lt i li d th B Cvoltage is supplied across the B-C

junction (VBC ≈ -1 V for Silicon).
Under this condition, the transistor
is in the saturation regionis in the saturation region.

• The fb supplied to the B-C junction
will increase the hole density at x=W
until it reaches a value equals to theuntil it reaches a value equals to the
hole density at x=0. This means that
the hole gradient is 0 and
consequently IC will reduce to 0.co seque y C w educe o 0.
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Important observations:
IE = IB + IC

For the CB, 
IC = αo IE + ICBO

where ICBO is the C-B current when E is open CBO p
(IE = 0) and it is a minority carrier current.  
IC = αo (IB + IC)+ ICBO

IC (1 − αo) = αoIB + ICBOIC (1 αo)  αoIB  ICBO

IC = (αoIB + ICBO) / (1 − αo) = [αoIB / (1 − αo)] + 
[ICBO / (1 − αo)]
α / (1 − α ) = β = CE DC current gain αo / (1 − αo) = βDCαo / (1 − αo) = βDC = CE DC current gain
βDC = ΔIC / ΔIB

ICEO = ICBO / (1 − αo)

αo / (1 αo)  βDC
αo = βDC (1 - αo )
αo +  βDC αo = βDC
αo (1+  βDC ) = βDC

where ICEO is the leakage current when B is 
open (IB = 0) and it is a minority carrier 
current. 

αo = βDC / (1+  βDC ) 

IC = βDC IB + ICEO

NORLAILI MOHD NOH 2008/2009 10



βDC = αo / (1 − αo); this expression shows that
βDC>1βDC

αo = βDC /(1 + βDC ) ; this expression shows
that αo< 1
α ≈ 1 Thus β >> 1αo ≈ 1. Thus, βDC >> 1.
If αo = 0.99, βDC = 0.99 / (1 – 0.99) = 99.
If αo = 0.998, βDC = 0.998 / (1 – 0.998) = 499.
These results show that a small change in IB
will cause a large difference in IC .
From the output characteristics of the CE,
there is still output current, IC, flowing
although IB = 0 and this is the ICEO which is the
leakage current when IB=0.
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BIASING
• The BJT must be biased in order to operate it

lifias an amplifier.
• A DC operating point must be set so that the

signal at the input terminal can be amplified
d d d ith t di t ti t thand reproduced without any distortion at the

output terminal.
• For the CE amplifier, the DC operating point

i I d V (f V f ) This IC and VCE (for npn or VEC for pnp). The
operating point must be in the active region in
order for the BJT to operate as an amplifier.
Th DC ti i t i k th• The DC operating point is known as the
quiescent (Q) point. For the CE amplifier, the
Q point is ICQ and VCEQ.
With th t bi i th i it d t• 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 otherwhen the temperature changes. In other
words, a biasing circuit needs to be stable.
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To determine the operating point:

• The DC load line is drawn on the output
characteristic to determine the operating
current and voltage of the circuit. The
intersection of the load line with the I and
V axis depends on the circuit’s schematic.

• A DC biasing point / quiescent (Q) point is
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

i t i i fl d b th h i thpoint is influenced by the change in the
parameters (as an example: βDC) when the
transistor is replaced by another transistor
of the same type or by the change inof the same type or by the change in
temperature.

NORLAILI MOHD NOH 2008/2009 13



From Floyd, Electronic Devices, Sixth Edition.
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