ENEE236 10/11/2015
BZU-ECE

Analog Electronics
ENEE236

Instructor: Nasser Ismail

L8- DC Biasing - BJTs

Biasing

Biasing: Applying DC voltages to a transistor in order
to establish fixed level of voltage and current.

For Amplifier (active/Linear) mode, the resulting dc
voltage and current establish the operation point to
turn it on so that it can amplify AC signals.

Fall 2015-2016
Instructor: Nasser Ismail
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Operating Point

The DC input
establishes an
operating or
guiescent point
called the Q-point.

DC Biasing Circuits

Fixed-bias circuit
Emitter-stabilized bias circuit

DC bias with voltage feedback

H wDN P

Voltage divider bias circuit

Fall 2015-2016
Instructor: Nasser Ismail 2
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1)Fixed Bias Configuration

: 2
input H E
signal C B + =
Vee TV E

DC equivalent circuit

f=0—= Xc= L
274C

= oo (Open circuit)

The Base-Emitter Loop

From Kirchhoff’s voltage
law for Input: +

+Vee — IgRg = Vge =0

i =
, Ve 2=
Solving for base current: -T +

Var
_ VCC — VBE m\

|
B R, L

Choosing RB will establish
the required level of I8

Fall 2015-2016
Instructor: Nasser Ismail 3
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Collector-Emitter Loop

Collector current:

Ic = BIB
From Kirchhoff’s voltage law:

VCE =Vcc_|cRc

VCE :Vc _VE

Since V. =0 == .V, =V,

VCE :Vcc - IcRc +VBc ;

Also - Ve
VBE :VB _VE Vee |~

. Vee = Vee = Vi =0
”VBE :VB VBC =VBE_VCE

Design: Fixed bias
Assume VCC =10V, B, ina =100, S, =50, B, =150
Design for Q- point : Vg, =5V, I, =1mA
Solution i
| >
lag =2 =27 —10pA S T
ﬂnominal 100 ks 3: L L—“—o :.;;pulr
_ Cg signal
IB = VCC VBE = ?:pul I} = |/ +V
R B signal (!;II B+ _(E
R _ Vee=Vee _10-07 - =
. Iy 10 pA =
=930 kQ
Vee = Vee —1cRe
Vo =5=10-1R¢
. Re = i =5kQ

Instructor: Nasser Ismail
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Fixed bias Stability

Assume VCC =10V, S, =100, B =50, By =150

Design for Q - point: Vg, =5V, I, =1mA 1%
Solution — continued ) w2l
B =By =50 H, =
lp =10pA -
I, =Bl, = (50)(10 iA) = 0.5 mA o
Vee = Vee — IR for
Vego =10-(0.5mA)(5kQ) =7.5V
50<p <150
If =P =150 |, =10 pA fixed
I, =10 A

0.5mA< I <15mA
7.5V>V, 225V

CE —

l. =Bl =(150)(10 pA) =1.5mA
Vee = Vee —IeRe
Vego =10— (1.5mA)(5kQ) =2.5V

ooy _ 1L.5MA _ 3 Notvery

2) Emitter-Stabilized Bias Circuit

Adding a resistor
(Rg) to the emitter
circuit stabilizes
the bias circuit.

Fall 2015-2016
Instructor: Nasser Ismail 5
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Base-Emitter Loop

From Kirchhoff’s voltage law:

Voo —1,Ry ~Vye — IR, = 0
Since Il = (B + 1)lg:
Vee = 16Rs Ve —(B+1)IgRe =0

Solving for Ig:

__ Voo ~Vee
Ry +(B+1)R.

(B+1)R. <« is the emitter resistor as it appears

Base-Emitter Loop

Solving for Ig:

— Vcc _VBE

I R,

(8+1)
In order to get IE almost independant of B
we choose:

+Rg

Rs

(B+1)

=l

Rg >>

Vcc _VBE

IR

Re

Also, in order to guarantee operation in linear mode
we choose 0.1V <V <0.2V.

Fall 2015-2016
Instructor: Nasser Ismail
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Collector-Emitter Loop

From Kirchhoff’s voltage law:
kR + Vg + IcR. -V = 0
Since g = I
Vee = Vec _IC(RC + RE)

Also:
Ve = [eRe
Ve = Vee +Ve =Vee — IR
Ve = Voo = RRg =Vge +Ve

Design: Emitter Stabilization bias

Assume VCC =10V, B, ina =100, B =50, S« =150
Design for Q - point ‘Vegg =5V, I =1MA

Solution
—let Vp =0.1V.
Ve =1V
|E=£:>RE=LE1KQ \l
Re 1.01mA c.
- Vee = Vee =
R+ (B+1R, i

Rglg +1g(B+1)Re = Ve — Ve
Vee —Vee —1s(B+1)Re Ve =Vee = 1R~ Ve
Is Vego =5=10-1-1.R,
~10-0.7-10 pA(100+1)1 kQ 4
- 10 uA : RC=—=4kQ
K 1mA

Rg =

Fall 2015-2016

Instructor: Nasser Ismail
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IfB:Bmin =30

=22 _1056uA
829kQ +51kQ

VCE :Vcc - IcRc _VE
If p=B,, =150

9.3

L= -9489pA
829kQ +151kQ

VCE =Vcc - IcRc Ve

A . - - S

I =PI, = (50)(10.56 pA) = 0.528 MA

Veeo =10 (0.528 MA)(4kQ2) -1= 6.89 V

I =Bl, = (150)(9.489 pA) =1.423 mA

Veeo =10 (1423 mMA)(4kQ) -1=3.31V

Emitter bias Stability

P

C C, signal
ac i
T e

Vee TV E

=
for
50 <p <150

10.56 pA > 1, >9.489 uA
0.528MA < I, <1.423mA
6.89V> V. >331V
Improved,

. IC(max) :1-423 mA ~2 but not
... 0.528mA - very

Instructor: Nasser Ismail

Improved Biased Stability

Stability refers to a condition in which the currents and
voltages remain fairly constant over a wide range of
temperatures and transistor Beta (p) values.

Adding Rg to the emitter improves
the stability of a transistor.

10/11/2015
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3) DC Bias With Voltage Feedback

Another way to improve vec
the stability of a bias
circuit is to add a
feedback path from
collector to base.

In this bias circuit the
Q-point is only slightly
dependent on the
transistor beta, f.

Base-Emitter Loop

From Kirchhoff’s voltage law:
Vee = LR = 1gRg =V =0

=1+

Ic =Blg

Solving for Ig:

_ Vee=Vee
" RUB+D)+R,

Vee = LR + Ve
=1+, suppose BT, 1, 4, 1. =T p.I, I= const
Vee = Ve -(Ic +16)R, there is some kind of compensation effect

Instructor: Nasser Ismail
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Design: Voltage feedback bias
Assume VCC =10V, B, =100, B, =50, . =150

nominal min

Design for Q - point : Vg, =5V, I, =1MA

Solution n Vo -V, _ 10-5
C o letle e IMA
100
=4.95kQ
o Vee=Vee
° R (B+1)+R,

- Ry =430kQ

IfBZBmin =50 for

I; =0.013627 mA 50 <B <150

lc =0.68mA 0.68mA< I, <1.19mA

oo ol MOTAL, p

=0. m S = =+ Q-point
’ o  0.68mA stabil
4) Voltage Divider Bias
This is a very stable bias circuit.
Vee
The currents and
voltages are nearly .
independent of any R,
variations in p if the ) C‘z N
circuit is designed e
properly " :E
"

Instructor: Nasser Ismail

10/11/2015
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Approximate Analysis

Where Iy <<l;and I, =1,:

VB — R1VCC
R,+R,
Ve =V Ve
| — ﬁ _ Ve —Vee
E(approximate) R . R .

From Kirchhoff’s voltage law:

VCE =Vcc - ICRC _IERE

le =1

VCE ZVCC_IC(RC + RE)

Here we got Ic independent of B which provides good Q-point

stability

oI

G

<

R1 <

{
>
<
Rc &
R2 :E l 12 C:b

1.

o

(&}

Exact Analysis

We must try to make Ig as
close as possible to zero

Thevenin Equivalent circuit
for the circuit left of the base

is done RV
" R,+R,

R, =R,/IR,= RR,

R, +R,

Vin = 1Ry + Vee +1eRe

but I, = le
B+1
1 — Vin = Vee
* * VE(exact) Rth
—+R
B+1

Instructor: Nasser Ismail

VCC

Vth

Vcc

Rc
Rth

Re

10/11/2015
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Exact Analysis

. Vth - VBE
o IE(exact) = Rth

—+R

B+1
if we compare to approximate solution

VB - VBE
IE(approximate) = TE
. Rth
= we must make the quantity 5.1 <<Rg
+

Here we got Ic independent of B
Rth << (B+1)R.
asarulelet Rth <<%

or

Rth << BRe
10

Vth

Vcc

Rc
Rth

Re

Design for Q - point : Vg, =5V, I, =1mA
Solution
Dlet V., =0.1V .
V. =1V
V. v

_ =R =——+  =1kQ
R, 1.01mA

2) let Rth = Re-Pronns _ 1KQ100 _ | )
50 50
3) VCC = Rclc + IERE +VCE
VCEQ =5
R -Vee=Ve—Ve _10-5-1_
¢ 1mA 1TmA

Fall 2015-2016
Instructor: Nasser Ismail

Design: Voltage Divider bias
Assume VCC =10V, B, mina =100, B.in =50, B« =150

<
>
R2$ l 2 "3
_"._4 Vo

(&}

2
>
>lll Re llE

10/11/2015
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Design: Voltage Divider bias
Assume VCC =10V, 3, =100, 3, =50, f3,.., =150

Design for Q - point : Vg, =5V, I, =1MA Vee

Solution — continued

<
R2 :E l 12 Q

NI no——

e~ Rth a |
7B+l+ RE lelll % l'E

1 e
Vth - VBE €2

\/thzmzlE Rth Re |+ Vo =1.72V (1)
R, +R, B+1

RlRZ

R, +R,

solving (1) & (2) yields:
R, =2.42kQ

R, =R,//R, = =2KkQ e, 2)

Voltage Divider bias Stability

If B=B,,, =50
I =0.982mA
If B=B,,, =150
| =1.0069 mA

for

50 <B <150

0.982mA < I, <1.0067 mA

. Jemay _1O06TMA _y 164 very good

h lemin  0.982MA Q-point
stability

Instructor: Nasser Ismail

10/11/2015

13



ENEE236
BZU-ECE

PNP Transistors

The analysis for pnp transistor biasing circuits is
the same as that for npn transistor circuits. The

only difference is that the currents are flowing in
the opposite direction.

Basic BJT Amplifiers Circuits

DC Load Line and Quiescent Operation Point

1C imA)

Q-point

ir=100pA
b — 80pA
ic=pais }H  6bpA
-0 T
[
leq %” Aoua
! 20uA

ez

: Ve Ve
2 4 EQ 10 Et‘l.}. | =VCC_VBE V _
Baseemltterloop. B- o5 o
Rh Rb

Collector-emitter Ve =V —i.R. =10—i. x4k

DC load line

Fall 2015-2016
Instructor: Nasser Ismail

10/11/2015
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DC and AC Load Lines

Assume VCC =18V, f =100
Ry =576 kQ; R, =3KQ; V. =0.65V

FIRST:DC ANALYSIS
Vee = Vee +1cR¢

output
signal

1 V, a
I :—R—CVCE +R—CCC <l =f(Vg) o, ‘}:E R
This is a straight line equation
Y=mX+b
I, = Vee —Vee _18-0.65 _30uA
Rg 576 kQ
lc =Blg =3mA Ve = Vee - IR =18-(3mA)(3kQ)
=9V

losar DC Load Line
| __.cc
Csat R
1 V

B . e =V +~C |, =f(V..)
VCE _VCE(sat) =0V C Rc CE Rc ¢ CE
VCEcutoff

VCE(cutoff) = VCC Ic(sat)y=6 MA

Ic =0mA

lco=3 mA

VCE

VceQ=9 mA VcE(cut-of)=VCC
18V

Fall 2015-2016
Instructor: Nasser Ismail

10/11/2015
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AC Load Line
) :

AC Equivalent Circuit

RB

Since we have dc and ac quantities,
let us define the notation
total DC ac

VBE(t) = Ve + Ve

VCE(t) = VCE Ve
l()=1.+i,

(1) =g +1i,

V, =—-R,.i

ac’'’c

where R,, =R, //R,

is the ac resistance seen from collector terminal
+ resistance seen from emitter terminal

AC Load Line

AC Equivalent Circuit
—

AC

RB

(VCE(t) - VCEQ ) =-R, -(I (- ICQ )
(VCE(t)max - VCEQ ) =Rl cQ lomax
Vee(hnax = Vero + Raceleq » When 1.(t) =0

(Vee® ~ Vi )= —R (1.0 1)

lcQ=3 mA

V
1. (t),.. = RCEQ + 1, WhenV . (t)=0

ac

Fall 2015-2016
Instructor: Nasser Ismail

10/11/2015
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Mc

Ic(t)max

Ic(say=6 MA

lcg=3 mA

Vee
! T
I Vee(max VCE(utof)
' | =VCC
f—>|
L Rylg

AC Equivalent Circuit =) e —
T |
Vbe |RC |
AC RB I Rll
o |
|
Vee :VCE(t)_VCE = I_ —_—— e — — _|
I =1.(t)-1¢ Rac
Vee :_Rac I

U

Ve (t) -V, =-R_ \l.()-1
( = CEQ) ( ¢ CQ) To Draw ac load line
I:> Ac load line equation I:> we find (VCE(t)max ) and (l c(Drnax ))

Instructor: Nasser Ismail

10/11/2015
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Design Criteria

* In order to have the amplifier to
amplify an input ac signal without
distortion (by going into saturation or
cut-off)

* We must choose the Q-point in the
middle of ac load line

1 21 =1 (t)mx
IcQ :E e (Dhnax o c a\/
. 2lcq = leg
VCEQ = EVCE(t)max ac
V
ICQ Z%

ac

DC Analysis

Vee = Vee +1cR¢

define Ry, =R,

Vcc :VCE+ICRdc
at the Q - point
Vcc = VCEQ + ICQRdC

For maximum Symmetrical swing

V,
leg = F\SEQ =V

ac

EQ = ICQ Rac

DLl i — **+% - To design for maximum
Ra T Ry Symmetrical Swing

Instructor: Nasser Ismail

10/11/2015
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Also DC Analysis
VCEQ = Vcc - ICQRdc
V
=V, -R,——=
cc de Rac n Rdc

:Vcc 1- Rdc
R..+R.

ac

R_+R,-R
:Vcc( ac dc ch

R +R

ac dc

*x*%* EFor maximum

Symmetrical swing

Fall 2015-2016

Design Example

Design the amplifier for maximum
symmetrical swing of the collector current?
Find the Q-point?

Find the required Value of RB?

Draw AC and DC load lines

What is the power dissipation of the
transistor at the Q-point?

Instructor: Nasser Ismail

10/11/2015
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Solution
R, =R_=1kQ
R,=R_.+R,=15kQ

For Maximum Symmetrical Swing of Ic

I = VCC = 15 :6mA i
“ R_.+R, 1kQ+15kQ
V., 15
Veeo 1 Re 4,15k =6V
1 kQ

ac

Maximum Swing (peak) of Ic
Iy =l =6MA
Maximum Symmetrical Swing (peak - peak) of Ic

Solution

Maximum value of Ic:

\V/ 6

ac

—\: 0.5 ka
47V
Maximum Value of Vce

Vee O vex = leoR o + Voo =6 MAL kKQ+6 =12V

CEQ

Instructor: Nasser Ismail

1kQ

c1

10/11/2015
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Example -Continued

Ic

|C(t)max I 47 - 07 ICQ
12mA = =
e ° R.(100+1)+R, 100
Load lcm

Line 6mA

Icsat
10mA

R, =33kQ

ICp-p
12mA

DC
Load
Line
\ VCE
|

VcEQ
6V

lec | o ___ 3
6mA

Ve E(tymax Ve E(cut-off)

12V 15V —
Py = Veeorleo

=6V.6mA =36 mW
=6V.6mA =36 mW

=60 pA

Analysis Examnle

Given RB=50 kQ

Find the maximum collector current swing
and the Q-point?

Draw AC and DC load lines

What is the power dissipation of the
transistor at the Q-point?

Instructor: Nasser Ismail

10/11/2015
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R, =R.=1kQ
R,=R.+R.=15kQ
Valueof lsandlc
_ 47-07
® R_(100+1)+R,
B 47-07
~ 500(100 +1) + 50kQ i
=40pA
leg =Blyy =4 MA
Vo = Ve —Io(Rc+R)=9V

CEQ

Solution

Maximum Swing (peak) of Ic

loy # oo, = 1oy, =4 MA

cQ’?
Maximum Symmetrical Swing (peak - peak) of Ic

Solution

VCEQ 9
IC(t)Max = ICQ + R—:4mA+—1 KO =13mA

Vee Qe = leoRu + Vero = 4MAL kQ+9=13

Ic

lc®max
13mA

Icsat
10mA

IcQ
4mA

VcE

Fall 2015-2016
Instructor: Nasser Ismail

Maximum Swing
was reduced
because the Q-
point was not
placed properly

10/11/2015
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Basic BJT Amplifiers Circuits

Graphical Analysis

T P
+ Can be useful to understand the operation of Ws kém
BJT circuits. Bl JJ
* First, establish DC conditions by finding I3 (or Lomd e
Vee) 7 Wﬂ {
* Second, figure out the DC operating point for Ic =" 1
Load line i Load Iim;l

in

VCC

Vee
Can get a feel for whether the BJT will stay in active region of
operation

UgE

— What happens if Ri is larger or smaller?

Basic BJT Amplifiers Circuits

Graphical Analysis Eb Rc[l]

T
T Fo

ip(ma)

100us

— AC load B

! B0ud Vee = _IC(RC 1 RL) =-I.R,
3
A0ud
lop 2 ' '
I N opuk Vee '=Vero +1coRe
1
4 a 12 v 20
0 cclh VCE(V)

Instructor: Nasser Ismail

10/11/2015
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Basic BJT Amplifiers Circuits

Graphical Analysis

Q-point is centered on the ac load line:

J0mA -

Graphical Analysis

Q-point closer to cutoff:

Clipped at cutoff
(cutoff distortion)

Fall 2015-2016
Instructor: Nasser Ismail 24
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Basic BJT Amplifiers Circuits

Graphical Analysis

Q-point closer to saturation:

Clipped at cutoff
(saturation distortion)

Basic BJT Amplifiers Circuits

Graphical Analysis

o Ip=0ud

I VCET VCE
|

[RF4 W
CET 'CE
#—VoEa —VoEs !

|
|
|
I Veer — Ve Gl
Veer ~Vora—3 :

Instructor: Nasser Ismail

10/11/2015
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