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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↑. As IC = αoIE and 
αo ≈ 1, IC ≈ IE . Thus, IE↑ IC↑.

• If VBC = 0, there still exists a depletion 
region at the B-C junction. Fixed –ve ions 
in the depletion region of the C can still 

t tt t th h l f B tmanage to attract the holes from B to cross 
the B-C junction and enter C. IC exists. If 
the VBC becomes –ve (i.e. VC is more +ve
than V ) the width of the depletionthan VB), the width of the depletion 
region↓ and IC ↓. When VCB = VON , the 
depletion region’s width ≈ 0. At this time, 
the B-C junction becomes fb and IC = 0.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.

NORLAILI MOHD NOH 2008/2009 4



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 (VCB ≈ 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 at x=w and
consequently IC will reduced to 0.co seque y C w educed 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 gainαo / (1 − αo) = βDC = CE DC current gain
βDC = ΔIC / ΔIB

ICEO = ICBO / (1 − αo)
where ICEO is the leakage current when B is 
open (IB = 0) and it is a minority carrier 
current. 
IC = βDC IB + ICEO
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ICEO = ICBO / (1 − αo) = ICBO / {1 − [βDC /(1 + βDC )]}
ICEO = ICBO (1 + βDC ) / {(1 + βDC ) − βDC } = ICBO (1

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

CEO CBO ( βDC ) / {( βDC ) βDC } CBO (
+ βDC )

αo = βDC (1 − αo) = βDC − βDCαo

αo (1 + βDC ) = βDC

αo = βDC /(1 + βDC ); this expression shows that
αo< 1
αo ≈ 1. Thus, βDC >> 1.
If αo = 0.99, βDC = 0.99 / (1 – 0.99) = 99.o , βDC ( )
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 ICwill 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 thealthough 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 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 IC and VCE. 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 ICQ and VCEQ.

• With the correct biasing, the circuit need not be changed or redesigng, g g
when another transistor from the same type is substituted or when the
temperature changes. Hence, 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 ofp g g
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 loadA 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 point is influenced byg y g p y
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 in temperature.
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From Floyd, Electronic Devices, Sixth Edition.
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PARAMETERS THAT CAN CHANGE THE Q-POINT

• The DC current gain of the CE, βDC or hFE , fore C cu e t ga o t e C , βDC o FE , o
one type of transistor is typically available in a
large range, hFE = 50 to 300. The large range of
βDC or hFE influences the transistor’s biasing as

• IC = βDC IB (if the leakage current is neglected).
If IB is fixed and βDC is varied, IC will also change.
ICQ and VC Q will change i e the operating pointICQ and VCEQ will change, i.e. the operating point
changes.
The transistor might not be operating in the active
regionregion.

• Temperature can also change the operating point
as the temperature changes the number of
minority carriers This can be seen from theminority carriers. This can be seen from the
expressions:
IC = βDC IB + ICEO = αo IE + ICBO

where the I and I are the minority carrierwhere the ICEO and ICBO are the minority carrier
currents.
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• The dc load line can be
determined by analyzing
the transistor circuit. The
transistor load line is
linear and is in the form y
= mx +c By looking at the= mx +c. By looking at the
output characteristic of
the CE, y = IC , m = slope
of the load line, x = VEC, EC
and c = intersection of the
load line with the IC axis.
The load line intersects
th V i t I 0the VEC axis at IC =0.

• When IBQ is known, the
l f I d Vvalue of ICQ and VECQ can

be determined by the
intersection of the dc load
line with the IBQ curveline with the IBQ curve.

NORLAILI MOHD NOH 2008/2009 12



VEC + ICRC – VCC = 0
y = mx + cy
y = IC , x = VEC

IC = - VEC / RC + VCC / RC

m = 1 / R c = V / Rm = - 1 / RC , c = VCC / RC

When IC = 0, VEC = VCC .
When VEC = 0, IC = VCC / RC .
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• If the quiescent B current is
IBQ, then the operation
point is Q1 with output C
current, ICQ1, and E-C
voltage, VCEQ1.

• If the quiescent B current is
20 μA, then the operation
point is Q2 with output C
current, ICQ2, and E-C
voltage, VCEQ2.

• If the quiescent B current is
10 μA, then the operation

i i Q i h Cpoint is Q3 with output C
current, ICQ3, and E-C
voltage, VCEQ3.
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If inaccurate Q is chosen:

• Transistor can be driven into saturation region (if Q is too close to the
saturation region)g )

• Transistor can be driven into cut-off region (if Q is too close to the cut-
off region)

• Transistor can be driven into both saturation and cut-off region (the QTransistor can be driven into both saturation and cut-off region (the Q
point might be at the centre but the signal is too large)

The result is a distorted signal at the output This defeats the purposeThe result is a distorted signal at the output. This defeats the purpose
of using the amplifier which is to have an amplified replica of the input
signal at the output.
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From Floyd, Electronic Devices, Sixth Edition.
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DC BIASING CIRCUITS

1 Fixed current/Base biasing circuit Unstable1. Fixed-current/Base biasing circuit - Unstable
2. Collector-Base/Collector feedback biasing circuit - Stable
3. Voltage division biasing circuit - Stable and the most popular
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FIXED-CURRENT / BASE BIASING CIRCUIT

KVL for loop I:
VEC + ICRC - VCC = 0
VEC + ICRC = VCC 

KVL for loop II:
VEB + IBRB - VBB = 0
VEB + IBRB = VBBEB B B BB
IB = (VBB - VEB) / RB

Since VBB , VEB and RB are BB , EB B
fixed, IB is also fixed.     
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COLLECTOR TO BASE  / COLLECTOR FEEDBACK 
BIASING CIRCUITBIASING CIRCUIT

KVL of loop I:
VEC + (IB+IC)RC - VCC = 0
VEC + (IB+IC)RC = VCC

V C + (I +β CI )RC = VCC if theVEC + (IB+βDCIB)RC  VCC if the 
minority carrier leakage current is 
neglected.

KVL of loop II:
VEB + IBRB - VEC = 0
I (V V ) / RIB = (VEC - VEB) / RB
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VOLTAGE DIVISION BIASING CIRCUIT

KVL of loop I:
IERE + VEC + ICRC - VCC = 0

KVL of loop II:
IERE + VEB + IBRT - VT = 0
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