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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.

-s___/ -

/

Summer 2020-2021
Nasser Ismail



ENEE2360 7/13/2021
BZU-ECE

Safe

operang . Operating Point

The DC input
establishes an
operating or
quiescent point
called the Q-point. | ™|
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DC Biasing Circuits

Fixed-bias circuit

Emitter-stabilized bias circuit

DC bias with voltage feedback

W N

Voltage divider bias circuit
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The Base-Emitter Loop

From Kirchhoff’s voltage
law for Input:

+Vee— IgRg— Vge=0

+
, Vee =
Solving for base current: =
— Voc = Vee
B RB 1

Choosing RB will establish
the required level of Is
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Collector-Emitter Loop

Collector current:
- —
Ic = BIB
From Kirchhoff’s voltage law:
VCE :Vcc _lcRc
VC_E =V. -V,
Since V. =0 =) V=V,

VCE :Vcc - IcRc Vec |,
+
Also - Ver
V.=V -V -
BE— VB E Ve _
-V, / Vee Nz Vg =0
L=t Vic = Ve — Vee l/
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Design of Fixed Bias Circuit

Assume VCC =10V =100, Sy, =50, £, =150) 7

de onl?_
Solution

1

I e

B

e

ﬁnominal -
/
Ve — Vee

1

Design for Q - point : Vi, =5V, I, =1mA (i.e find unknown component values Rs and Rc)

4, 224
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Fixed bias Stability

Assume VCC =10V, f.omina =100, Brin =50, B =150
Design for Q - point : Ve, =5V, I, =1mA
Solution — continued

IfB:BmmZSO ib?y’%é— ,‘."J
= Lepo |,

l, =10 uA N defe
=Bl - (0)(10pA)-05mA_ T
Vee = Vo~ leR¢
Vogo =10— (0.5 MA)(5kQ) = 7.5V for

— 50 <p <150
IfB:Bmax:]'SO C|B=1OMA fixed
lp =10pA Y05mA< I, <1.5mA
I =PI, = (150)(10 pA) =1.5mA (75v= v, >25v
VCE;VCC - IcRc

Momey) 15MA
Veeo =10 (1.5mA)(5kQ) = 2.5V A= o =3 (o

.].b Lo par® witl oter

Licg eveni4s
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2) Emitter-Stabilized Bias Circuit

Adding a resistor
(Rp to the emitter
circuit stabilizes
the bias circuit.
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Base-Emitter Loop

From Kirchhoff’s voltage law:
g ] e
+Vc —LB'RB Vg — 1R =0

Since [g= B +1)g
Vee = 1gRg =Vee —(B+1)15R. =0
[ E—

Solving for lg:

| = VCC_VBE
° Ry +(B+1)Re

<— is the emitter resistor as it appears
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Base-Emitter Loop Je

— - 1_.

Solving for I¢:
J - | = Vee —Vee iy ﬂ?_
g RB »
(B+1)

we choose:

Summer 2020-2021
Nasser Ismail

In order to get IEaImost independant of E

Also, in order to guarantee operation in linear mode

we choose 0.1V <V <0.2V, v
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Collector-Emitter Loop

From Kirchhoff’s voltage law:

IERE + VCE + ICRC _Vcc = Q/ . 1’1
o c
+

VCE = VCC_IC(RC —+ RE)I/ VCE()_-—_-VCC

. +
Also: N ‘IE

VE = IERE Jid

Vc = VCE +VE =Vcc _ICRC / _l_

V

B — Vcc _IRRB =VBE +VE
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Assume VCC =10V, S

nominal

Design for Q-point: Vg, =5V, I, =1MA
Solution
let (Ve =01V |
Ve =1V~
Ve _p _ 1V
— R 1.01mA

E v -2

- v

| VCC VBE

5 IR L+ (B+1R.

Relg +1(B+1)Re =V — Ve
Ve = Vee — lg(B+1)R¢

IB
- 10-0.7-10 pA(100+1)1 k2
10 pA

=100, A

min

1

1k

=
ety

e L

R =
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Design: Emitter Stabilization bias
=50, B

1
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Emitter bias Stability

If B = Bmin = 50
9.3
b ls =
829k + 51k
- Il = BIB =(50)(10.56 HA)=0.528MA €— | v
VCE = Vcc - ICRC _VE
VCEQ =10-(0.528 mA)(4kQ)-1=6.89 V &

J

=10.56 A

If B :BmaL: 15Q LILJ//
93 50 <B <150

| = _9.489 LA

e~ 820kQ) +151kQ) HAS

10.56 pA > 1, >9.489 pA
I =Bl = (150)(9.489 uA) =1.423mAS [[0528mA < I <1.423mA Y&—

Ve =V —IcRe = Ve ~ | 689V>V, >331V | |
mgrove )
Vegg =10—(1423MA)(4kQ)-1=331V| ooy 1.423mA _ , 7 butnot
g 0528 mMA < very
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Fixed bias Emitter Stabilization bias
IVCC
Rp
ac 's
o e—h——3,
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3) DC Bias With Voltage Feedback

VccC

Another way to improve
the stability of a bias
circuitis 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.
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Base-Emitter Loop
\Yele
From Kirchhoff’s voltage law: s Il +
VCC_!BI_;_IBRB_VBEZO < AN Rt
=1+, T RB
lc =Blg T

Solving for /g
VBE
(B+1)+R NN
CC - I R +VCE -
=1+, supposeBT,\ij\_9 =Tp1, d=cons
Vee = Vee -(lc +15)R, there is some kind of compensation effect
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Design: Voltage feedback bias
Assume VCC =10V, S, =100, B... =50, B, =150
\—‘—7
Design for Q - point: Vi, =5V, I, =1mA
Solution
Vee = Vee 10-5 vy .,A'
2 Ru= =
le+le gpasimA oY
100
=4.95kQ <—
V.. -V,
| = cc BE KvL
7R (B+1)+R, < pt
- Ry =430kQ
TP =Py =50, for
I; =0.013627 mA 50 <B <150
lc =Q.68mA 068mMA< I <119mA
It B =Ppa =150 leway  1.19MA Better
|5 =0.00793mA 1 T 068mA > Qpoint
| =1.19 mA Sty ' i stabiliti

2)

)
J
3 27
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4) Voltage Divider Bias L

This is a very stable bias circuit.

o

The currents and
voltages are nearly
independent of any
variations in f if the
circuit is designed

properly
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Approximate Analysis

VCE =V — IR

Where /<< /and /= /,:

From Kirchhoff’s voltage law:

—leRe

VCE _VCC C(R

stability
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+R)

Here we got(lg independent of

/’

ITrg= Ic"l‘TE %vﬂ \fgl -Ll:

which provides good Q-point
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Exact Analysis (d<)

We must try to make /; as
close as possible to zero

Thevenin Equivalent circuit

Vth = IBRth +VBE + IERE

but I, = le

B+1
1 — Vin = Vee
* * "E(exact) Rth

VCC

VCC

Summer 2020-2021
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1 — Vin = Vee

* * "E(exact) Rth
—+Re
B+1

VB - VBE

E(approximate) = R
E

Rth << (B+1)R;
asarulelst Rth <<

or

Rth << &
10
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if we compare tc-approximate solution

= we must make the quantity BR—thl << R
+

Here we got Ic independent of

(B+1)Re

10

Exact Analysis

Vcc

Rc
Rth

Vth
Re

7/13/2021
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Design: Voltage Divider bas

Assume VCC = 1OV1 ﬁnominal = ]LO’O', ﬁmin =\5-91lﬂmax = 150 N

Design for Q - point: Vi, =5V, I, =1mA Vee
I t' SN—— N —
~ i;ll;tm:/ =0.1V 9) 2 e Ol
(%4 B - cc 0 (Ve __é\rf‘éf’l\’cc R2 )
V. =1V “ =
N 0 ,qq e | 4, —

A 1V — G
=Y R =Y _=jko D = o)
£ R, Y 1.01mA GRS BT ve

‘l\‘ﬂfo'olw\’\ = 1mA+ [] = 0% In)
+ :
A2) letRth & RelBnitt) 1k€2100 _ 2 kO Y
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' “ e 5} Ve =0
‘ £1_ .0

Design: Voltage Divider bias

Assume VCC =10V, B, .ina =100, B..:, =50, S, =150
Design for Q-point: Vg, =5V, I, =1mA Vee
Solution —continued
R2 llz -
a1, = Yo~ Ve ) -
*  Rth <
peil E |
R.V, Rth AN
VA L-ce —+ R |+ V=172V X))
+R +1

RIR, o —Sai
i

solving (1) & (2) yields:

R,=2.42kQ «
R _iiﬁﬂliﬂ/ ; v
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Voltage Divider bias Stability
If B = Bmin = 50
I, =0.982mA
If p=B,,. =150
. =1.0069 MA
for
50 <B <150
0.982MA < 1. <1.0067 mA Ik
1 Galmeo
- lomeg _LOOBTMA _, 50, very dood. e JiA’—
lowiy  0.982MA ~ <~ Qpoint ,,‘,/,,/w
stability »
7B
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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.
+ (o
¢ e wph
b
.'-
— t
VRl +
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PNP Transistors are Bob
The analysis for prp 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. BV
12V ,CT o
VIHHB*SO0K+VEBHE k=0  wr |
-6+|B*50k+0.7+IE*1k=0_
l8=6-0.7 (50k+100K) s
=35.3 UA .
c=3.49mA = 7Y 45 ¥ 47
folz-(3.49mA*2k)=5.0aL
{"L U = 3ok y—r =—¢C
_ _ Vot Son
2 :_JE ?np z(9|,,--_;—_ toolff fo op =Son
—N—— K 4 Vec
-t ...l_-- ER + \’ég = O- ?
= U - - 03
-6 - 1(7 T e _
L ¥ Teletyég +1gRe~6 =0
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Nee = 12-Tc(Retke)

Nex} = ac M”{/J(‘(

Basic BJT Amplifiers Circuits

DC Load Line and Quiescent Operation Point

Q-point

1B=100pA Ve
Fh
0 R0pA Re
ic-Pais } . 60LA
R [ T
7
|CQ " 40pA
’ L 20uA
2 m ouA
' > 2 Vewo s 10 Vee vy Vo —V VT
Base-emitter loop: g = CCR BE ~ |§C = 40(uA)
DC load line i b

VecC
a4
4
— N
’\Lf | ’ TN gl

at - LQU- Version ﬂ

. . 1

,F’J ab{;ﬂ W ]“’f“*
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[

c ggl ‘3 = “"3(-{- J,

“M ’F“f Le=o

Vee =Vee

- St

9 VCC V(f KC/

T%
N 0\7
DC Load Lines A - {_a*

Assume VCC =18V, g =100
Rg =576 kQ; R, =3kQ; V, =0.7V

FIRST:DC ANALYSIS
Vcc = VCE + IcRc

output
signal

1 Ve a
lc = _R_CVCE +R—c & le =1(Vee) gl ?:I. R
This is a straight line equation
Y=mX+b
| = Vee=Vee _18-07 g5 o
Rg 576 kQ
lc =Bl =3mA Vge = Ve — IR =18 (3mA)(3kQ)
=9V

Summer 2020-2021
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lesa DC Load Line

Vv

I _ _CcC
Csat R
© pe | :—LV +hcl =f(Vee)
Vee =Vee(sat) =0V © R, ¥ R, ¢ V=
VCEcutoff
VCE(cutoﬂ? = VCC Ic(saty=6 MA
/I-=0mA

lco=BmAf————————

|
|
|
|
l Vee

Vceo=9 mA VcE(cut-of)=VCC
18V
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Basic BJT Amplifiers Circuits

Graphical Analysis

l © Veo

» Can be useful to understand the operation of WS KSim
BJT circuits. L J:
» First, establish DC conditions by finding /5 (or o G Ji w
VBE) i ‘ﬂ : ]
* Second, figure out the DC operating point for /o ¢ = l 0%
2 . Load line
in A Load line i¢ A RL

Slope = —R—l (

VCC Ves Ve

Vi
Can get a feel for whether the BJT will stay in active region of
operation
— What happens if R is larger or smaller?

UgE

Summer 2020-2021
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Q-point is centered on the ac load line: Vi

Basic BJT Amplifiers Circuits

En RC[I] c, Ve

Graphical Analysis , & '__"—\

o —
T [i]RL

ua 1
? 30mAL "

Y OmA |
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Basic BJT Amplifiers Circuits

Graphical Analysis

Q-point closer to cutoff:

Clipped at cutoff
(cutoff distortion)
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Graphical Analysis

Q-point closer to saturation:

L LA

Basic BJT Amplifiers Circuits

Rb Re [I]__| c, Yee
. ™

o ta
T
[ERL

W ) i Vice Vg

Clipped at c DL

(saturation distortion) )—>
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Basic BJT Amplifiers Circuits

Graphical Analysis

' iC

Tp=rud !
= - —:
V.:E vCESI

Iy
CET
! #—V¥cEq —VoEs

Vepr —Vopg —— 3
I
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