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Introduction

* Any increase in ac voltage, current, or power is the result of a
transfer of energy from the applied dc supplies.
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* The analysis or design of any electronic amplifier therefore has two
components: a dc and an ac portion.

* Basic Relationships/formulas for a transistor:

Vop = 02V

I.E = (JB + l”g = f('

Ic = Blg

e Biasing means applying of dc voltages to establish a fixed level of
current and voltage. >>> Q-Point




Operating Point

* For transistor amplifiers the resulting dc current and voltage
establish an operating point on the characteristics that define the
region that will be employed for amplification of the applied signal.

* Because the operating point is a fixed point on the characteristics, it
is also called the quiescent point (abbreviated Q-point).

Transistor Regions Operation:

1. Linear-region operation:
Base—emitter junction forward-biased
Base—collector junction reverse-biased

2. Cutoff-region operation:
Base—emitter junction reverse-biased
Base—collector junction reverse-biased
3.Saturation-region operation:
Base—emitter junction forward-biased
Base—collector junction forward-biased

Saturation
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Fixed-Bias Configuration
Emitter-Bias Configuration
Voltage-Divider Bias Configuration
Collector Feedback Configuration
Emitter-Follower Configuration
Common-Base Configuration
Miscellaneous Bias Configurations

TRANSISTOR DC BIAS CONFIGURATIONS
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Fixed-Bias Configuration

[ ]
ac
input 9—‘"—]
signal e

I Ve

+Vee — IgRp — Ve = 0

Vee — Vae

e =
B RB

Fixed-bias circuit.

ac
output
signal

 DC equivalent ct.

Collector—emitter loop.

+

= Viex

Ic = Bl

Vep + IeRe — Ve =0

Vee = Vee — IeRe

Vee = Ve — Vi

Veg = Vi

Vee = Vg = Vi

Vee = Vg
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Fixed-Bias Configuration example

EXAMPLE 4.1 Determine the following for the fixed-bias configuration
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a. J’Eﬂ and I{-U.
b. Ve,
C. VH‘ and ll"'r{".
d. Ve
<,
Solution: ac )
11.‘!pl.lt
Vee — V, 12V - 07V 10 pF
a. Eq.(44): Iy, = “HR e oo~ 4708 pA "

Eq. (4.5 Ic, = Blgg = (S0)47.08 pA) = 2.35 mA

b. Eq. (4.6): Vee, = Vee — IcRe
12V — (235 mAN2.2 ki)
= 683V
C. VH - VHE =07Y
V(_“ = VCE = 683V
d. Using double-subscript notation yields
V;g(_" = V;g - I(_" =07V — 683V
= —613V

with the negative sign revealing that the junction is reversed-biased, as it should be for
linear amplification.




Fixed-Bias Configuration ...

* Transistor Saturation
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Ie Ie

ey — | # @-poimt ¢ — $0-point
* Saturation regions:
(a) Actual
(b) approximate.
K Viw Ve o Ver
(a) (b}
* Determining I, * Determining I, for the fixed-bias configuration.
& _ VYer _ OV _
c g Rep = e o 00

"'-l Rpg =002 I = Vee
J(Ver =0V.le=1Ic) Rec

Ey”




Fixed-Bias Configuration ...

* Load Line Analysis
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I (mA)
= 30 pA
7 ﬁw uA
Ver = Vee — IcRe 6-ﬁ/
A 30 pA
Ver = Vee — (0Re —
- A
20 pA <t
Vee = Vecli=oma 3 —
) ) 10 pA CC\)]
0= Vee — IcRe g —
! Iy=0pA &)
v 4 | | | -
Ir = E 0 5 F oo 15 Vg (V) O
Re lv=o0v lexo 3
on
{a) (b :ﬁ:
Load-line analysis: (a) the network: (b) the device characieristics. 8
I A1 DJ
¢ v o
ce ,
R Yeqy N
" [ —
£ Ve = Vo
% | Ri>R, >R Vee, = Vees = Ve erj
Veoy
com 1, : )
\ ' I8
\ Q-point ff?: Vee .',,Q Vees g
\ 3 Re
O-point I
8
— \ ' \\ ( \ \ \
- ‘\' a . " \ \ \.-' -
Yo Yee Yc Y 0 Veoy Voo Vee, Ver
FIG. 4.13 FIG. 4.14 FIG. 4.15
Movement of the Q-point with increasing level of Iy, Effect of an increasing level of Re on the load line Effect of lower values of Ve on the load line and the Q-point.

and the Q-paint.




Emitter-Bias Configuration

e BJT bias circuit with emitter resistor. * DCequivalent ct

+Vee — IgRg — Vg — IgRg = 0

‘I’E = (B -+ 1}.!';_,'-

Vee — Ve

BT Ry + (B + DR

Ri = (B + DRg

o O
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Emitter-Bias Configuration

/ Collector-Emitter Loop \
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+IER.E + VC‘.E + fL'R(_' - VC‘{‘ =10
Ig = ¢ EXAMPLE 4.4 For the emitter-bias network of Fig. 4.23, determine:
d. !R'
Vee = Voo = IddRe + Rg) b. I
C. VC'E' +20V
d. Ve
Ve = IeRg e. Vi <t
£ V. —
» 2kQ
Vg = Ve = Vi & Vie 430 kQ 10 uF 8
Vo= Vep + V Ve = Vo — IsRy 10 uF ’ IS
c = YCE E n
e ps0 O
Ve = Voo — IcRe Vp = Ve + V"?j on
1 k€ == 40 uF :EE
. O
Solution: ] I X
Vee = Ve 20V - 07V e. Vg = Vo — Veg N
a. BEq. (417 Iy = =
Ry + (3 + 1)Rg 430 kL) + (5101 kL) = [598V — 1397V @\
193V = =
= D3V 01 A 201V on
481 kL) or Ve = I;Rg = IcRg |
b fo = e = (2.01 mA)(1 k1) =
= (50)(40.1 wA) bovs &)q
= 2.01 mA =201V
c. Eq.(4.19)y  Veg = Vee = Ie(Re + Rg) f. Vg = Vge + Vg
=20V — (20l mA2KD + Tk =20V — 603V =07V + 201V
= 1397V =271V
d. ll‘ff_" = II"""_"(" - .’(‘R(' g VH(_' = L!ﬁ' - V(*

=20V — 20l mA2KOD) =20V — 402V 271V — 1598V
= 1598V = —13.27 V (reverse-biased as required)




Emitter-Bias Configuration

® I m p roved b i as Sta bi I ity (C h ec k exam p | e 4. 5) Effect of B variation on the response of the

fixed-bias configuration of Fig, 4.7.
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The addition of the emitter resistor to b et demd) | Ve ®
. . S0 47,08 2.35 6,83
the dc bias of the BJT prowdes 100 47.08 471 1.64
improved sta blllty; that iS, the dC biaS The BIT collector current is seen to change by 100% due to the 100% change in the value
currents a nd Voltages rema|n Closer to of B. The value of g is the same, and Vi decreased by 76%.
<
Where they were set by the Circuit Effect of B variation on the response of the —
. . emitter-bias configuration of Fig. 4.23. C?]
when outside COhdItIOf?S, such as p PO . 5
temperature and transistor beta, i o ol 307 o
100 36.3 3.63 9.11 =
change. .
Now the BIT collecior current increases by about 81% due to the 100% increase in 3. Ry
Notice that f decreased. helping maintain the value of [-—or at least reducing the overall Q
change in [ due to the change in 8. The change in Vg has dropped to about 35%. The 3
. network of Fig. 4.23 is therefore more stable than that of Fig. 4.7 for the same change in 8. -
* Saturation Level .
Voo Ie . . 5
* Load Line Analysis |
R¢ 6
¥
. \ Ic Re ECRE ' =
A\ i Ve Vee = Vec lie=oma
.-: Vee=ov lew = Re + Re J

(-point ‘rﬂg ;= cC
T =
Re + Relv=ov
RE

\
~

C

n

——
Vee



Voltage-Divider Configuration

* \Voltage-divider
bias configuration.

R
Rg

DC components of the

voltage-divider configuration.

Vee
Re
R, g
| —
C
il z

e Exact Analysis

R, + R,

__ Em— Ve
Rm + (B + DRg

Iy

Vee = Vee = Ie(Re + R)
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Voltage-Divider Configuration

* Approximate Analysis

RV

V:
E R+ R

Ri = (B + 1)Rg = BRg

BRz = 10R,

Ve= Vg — Ve

r.| Bi® R,
U =1)

Ver, = Voo — IcdRec + Rp)

Transistor Saturation

Ie, = I,

Load-Line Analysis

cC

'RC' + RE

Vee
Re + Rg
[ = Vee
p=—%
Re + Relyy=ov

Vee = Veclre=oma

1)

© Ahma& E_Lbanna

<t
—
o
N
-—

Q
O
on
1

Q

Q
—
N
—
i
o8|
@)
||

|




Voltage-Divider Configuration Example

EXAMPLE 4.11

Determine the levels of Ic-ﬂ and V(-EQ for the voltage-divider configura-
tion of Fig. 4.37 using the exact and approximate techniques and compare solutions. In this

Approximate analysis:

case, the conditions of Eq. (4.33) will not be satisfied and the results will reveal the differ- VB = .E-[-h = 351V
ence in solution if the eriterion of Eq. (4.33) is ignored.

18V

FIG. 4.37
Voltage-divider configuration for Example 4.11.

Solution: Exact analysis:

Eq. (4.33):
BRE

(5001.2 k)
60 k0

Vee,

v

=

10R,
10(22 k(1))
220 k&) (not satisfied)
Ri[IR; = 82k 22k = 17.35k(2
RaVee _ 22 k018 V) =381V
R+ R, 82K + 22k0)

Er, — Vag B 3LV - 07V

V= Vg— Vge =381V — 07V =311V
Ve 301V
',':-"U‘ = f;; = E— IZI\.{I = 259 mA

Vee, = Voo — Ie(Re + Rp)
= 18V — (259 mA)5.6 k) + 1.2k0Q)
388V

Comparing the exact and approximate approaches.

ICQ (mA) V(.'HQ vy
Exact 1.98 4.54
Approximate 2.59 3.88

The results reveal the difference between exact and approximate solutions, "('0 is about
30% greater with the approximate solution, whereas Vg, is about 10% less. The results
are notably different in magnitude, but even though SRy 1s only about three times larger
than R, the results are still relatively close to each other. For the future, however, our
analysis will be dictated by Eq. (4.33) to ensure a close similarity between exact and
approximate solutions.

BR; = 10R, (4.33)

Y

Rm + B+ DRy 1735k + 51)(1.2kQ)  78.55 k{2

= Big = (50)(39.6 pA) = 1.98 mA

Vee = IelRe + Rg)

= 18V — (198 mA)S.6 k€ + 1.2k

454V

— 30.6 uA
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Collector Feedback Configuration

© Ahma& E_Lbanna

* DC bias circuit with ° Base—Emitter Loop
voltage feedback.
BITs Vg ) Vee — Ve — BIg(Re + Rg) — IRy = 0
Re
. VYoo — Vg
4'!" It '8 = Rr + BRe + Rp)
o 0 o + £ S <
e w3 -
vio I s = V 8
¢ - Ry + BR’ o
O
f f R' = R O
- A )
N CQ_R**‘BRI_&+R’ ¢£
B Q
* Collector—Emitter Loop . —
.!‘r{l = F &1]
1

e =
Re b
- @)
7R

!ERE + VL'_E + .!'{'Rf - V(_‘(_‘ =0

+
+ O =V
= Because I~ = [-and I = I, we have

- Ic(Re + Rp) + Ve — Ve = 0

)

R and V(.'[._' = V(_'(_' - f(j(RC I .Rr:l

.||




Collector Feedback Configuration

. .. EXAMPLE 4.14 Determine the dec level of 1 and V- for the network of Fig. 4.42.
* Saturation Conditions
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18V
Using the approximation I’ =1, 33 kO
91 k2 IJI} ka3 WIJ‘;'F
Veo _L "
Ie, = I, = R n .R ltlp.E
cTTE 10 uF I_ L X
vio—| : l‘ B=75 @)
AN
-—
O
* Load-Line Analysis 5‘““5 I S0 KE o
3 2 o
Conti nuing Wlth the a pproximation Solution: 1In this case, the base resistance for the de analysis is composed of two resistors :E):
, . with a capacitor connected from their junction to ground. For the de mode, the capacitor 3
I c = IC results in the same load assumes the open-circuit equivalence, and Rg = Rp, + Rp,. -
line defined for the voltage-divider Solving for I gives L N
cc BE
. i . . [ =
and emitter-biased configurations. B~ Ry + BRe + Rp) o0
18V — 0.7V 6
. : (91 kO + 110k€) + (7533 k6 + 0.51 k) |95
The Ievel.of lsa s deflr?ed by the ) Ly s

chosen bias configuration. 201k + 28575k 486.75 k)

= 355 pA J
Ie = By Ve = Vec = I¢Re = Ve — IcRc
(75)(35.5 ) 18V — (2.66 mA)3.3ki))
= 18V — BTV

2.66 mA
=922V




Common-collecter

(emitter-follower) configuration.

_I|-_
c
1l - l'/
Vio 1 p=9
N .
Rp H oV,
= Rﬁ%
= Ve
* dcequivalent ct
i/p ct

—IgRg — Vg — IgRp + Ve = 0

IgRy + (B + gRep = Vegp — Vg

Vie — Ve
Ig

" Re+ (B + DRg

o/p ct

~Veg — IgRg + Vg = 0

Vee = Ve — IgRg

Emitter-Follower Configuration

EXAMPLE 4.16 Determine Vee, and Ig, for the network of Fig. 4.48.

Solution:
Eq. 4.44:

and Eq. 4.45:

—
*
c, .
i [ v oo
10 pF _ C,
Rp @ 240 k2 I ¥,
10 uF
= Red 2 kQ2
."..:__
Ver 4 ~20V
FIG. 4.48
Example 4.16.
;o Vee — Vi
B R+ ( :
g+ (B + DR
B 20V — 0.7V B 19.3V
240k + (90 + 12k} 240k + 182Kk0
193V
= — = 4573 uA
422k H

Ver, = Vee — TeRg
= Vg — (B + DIgRg
=20V — (90 + 1)45.73 pA)2 kL))

=20V — 832V
= 1168V

Ig, = (B + Dlg = (91)(45.73 pA)
= 4.16 mA
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Common-Base Configuration
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° Com mon'base co nf|gU ratlon EXAMPLE 4.17 Determine the currents /g and /g and the voltages Vg and Vg for the
common-base configuration of Fig. 4,52,
Vio }E I{ oV,
4 L C, -
Rg Re -
- + vio—i| e
Vee — Voo =_
+ =T Rp & 12kQ Re & 24k0 <
- —
= VeeE—4v Vee =10V (@)
i -T Q
. ~Vee + IgRg + Vg = 0 L '
[ ]
/pct Solution: Eg. 4.46: Iy = 258~ Vog O
I, — VEE —_ VH.E.' - . <. . E = Rr -
. ) — ;
" Re AV =0TV o 3:?:
e ——— . m
- 1.2k 5
) Rg u ~Vigg + IgRg + Veg + IcRe = Ve = 0 o Ig  275mA _ 275mA 8
- O Vee = Ve + Vee = 1gRg — IcRe BB+ 60 + 1 61 N
| Ip = I¢ = 45.08 uA N
+L o =
= = Eq. 4.47: Vep = Vg + Ve — IR + R
Veg = Vg + Ve — Ig(Re + Rp) q CE EF cc — {ElRe E) Qflj
=4V + 10V — (275 mA)2.4 k() + 1.2kL]) oh
_ = 14V — (275 mA)(3.6 k(1) Q
* Determining Vg & V¢ v ooy s
I B Vg N I =41V
+r LA Bl Vew *Icke = Vee =0 Eq. 4.48: Vew = Vee — IcRe = Ve — BlgRe J
Re _ Ver p 87 Vep = Vee ~ lefe = 10V — (60)(45.08 wA)(24 k()
- RE le = Ik = 10V ~ 649V
Ver — Vg = Vie = Vi — IR =351V
0T T cB ce — IeRe




MISCELLANEOUS BIAS CONFIGURATIONS

EXAMPLE 4.18 For the network of Fig. 4.53: EXAMPLE 4.19 Determine V- and Vg for the network of Fig. 4.54.

4. Determine fc'L, and VCEU.
b. Find Vﬂ, V(j'. VE, and VB(_'.
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Ve =20V
€
: 1l
R & 47KQ vio )
10 uF
Ry 10 uF <
" Ry 100 k02 Vig =8V e
680 kL2 e
10 uF v 8
Vi :: ¢ ﬂ = 120
I'\ = -—
c, 0
Solution:  Applying Kirchhoff™s voltage law in the clockwise direction for the base—emitter O
g loop results in =
“IpRp — Vg + Vg =0
Solution: Vie — Vip e
. . . d [, = ~EE__TBE 3t
a. The absence of Rg reduces the reflection of resistive levels to simply that of R, and the an B Ry @)
equation for / reduces to Substitution yields O
; _ Vee = Vie , 9V 0TV —
" Ry + BRc ¥ 100 kQ .
-~ 20V - 07V 193V _ 83V —
680k + (120)4.7kQ)  1.244 MQ 100 k€ on
= 15.51 pA = 83 uA DIJ
Ic, = Blg = (120)(15.51 pA) @)
= L.86 mA Ic = Bl [T
Ver, = Voo = IcRe = (45)(83 pA)
=20V — (1.86 mAN4.7 k) 3.735 mA
= 1126V Ve = —IcRe
b Vg = Ve =07V = —(3.735 mA)(1.2 k(2)
Ve = Vep = 1126V = —448V
V;:_' =0V Vb- = _‘!BRB
V;;(‘_‘ = V;; - V{“ =07V — 1126V = _(33 “AJ“UU kQ)
= —83V

—10.56 V




Summary Table

BJT Bias Configurations
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Type Configuration Pertinent Equations
Fixed-bias Ve
Voo — Ve
Re Ig = —RH
lg = Plg dp = (B + 1y
B Vee = Voo — e Re
<t
—
Emitter-bias Vo 8
-—
ke po— _ Vec ~ Vi )
gh}j " Ry + (B + DRg O
Ic = Blg, Ig = (B + 1)ig -
g R;= (B + DRe o2
Vee = Ve — Ip(Re + Rg) Q
R ’8
Voltage-divider o Vi N
bias ;
ke RaViee APPROXIMATE: Bk = 10R |
EXACT: Ry = R\||[Ry, Ery = —— ¢ BRz 2 ol
Ry + Ry RaVier )
T — W Vg = Ve = Vg — Ve
I, = Eyy — Vige B + R, 98|
8 B Ry + (B + DRg L Vi . I
Ic = Blg.1g = (B + Dig E- Ry B+1
R
L Re Vee = Vee = Ie(Re + Rp) Vee = Voo — IclRe + Rg)




Summary Table..

Collector-feedback

[N
Ry Re
' I = Vee — Vie
P R+ BRe + Ry)
B le = Bl I = (B + Ly
Vee = Vo — Ic(Re + Rg)
RI..'
Emitter-follower =
__ Vee — Vi
fil'; _
Rg + (B + LiRg
le = Blg. g = (B + 1y
RH r
Rg Vep = Vee — Ie Rg
=
_1'-.?'1';'

Common-base

L= Vee — Ve
E=- 5
RI‘.‘
b= —% 1= pi
BT gyl Bly

Vep = Ve + Vee — Tg(Re + Rp)

Ver = Voo — IcRe

© Ahma& ELBanna
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DESIGN OPERATION



Design Operations

Discussions thus far have focused on the analysis of existing networks.
All the elements are in place, and it is simply a matter of solving for the
current and voltage levels of the configuration.

The design process is one where a current and/or voltage may be
specified and the elements required to establish the designated levels
must be determined.

The design sequence is obviously sensitive to the components that are
already specified and the elements to be determined. If the transistor
and supplies are specified, the design process will simply determine
the required resistors for a particular design.

Once the theoretical values of the resistors are determined, the
nearest standard commercial values are normally chosen and any
variations due to not using the exact resistance values are accepted as
part of the design.
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Design Operations Example

EXAMPLE 4.21  Given the device characteristics of Fig. 4.539a, determine Ve, Ry, and R

for the fixed-bias configuration of Fig. 4.59b,

Al (mA)

B

(J-point J5Q=m uA

S

0 0V Ve

(a) (1]

Solution: From the load line

V(_'(_' =20V
Voo
Io=—2¢
Re lve=ov
Ve 20V
and Re = ——= = 2.5k
I 8 mA
o Vee = Ve
BT T R

with Ry = ~cc— Yor
Iy
20V 0TV 193V
 40pA 40 pA
= 4825k}
Standard resistor values are
Re = 24k
Ry = 470k
Using standard resistor values gives
I = 411 pA

which is well within 5% of the value specified.
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Design Operations Example.

* Design of a Current-Gain-Stabilized (Beta-Independent) Circuit

EXAMPLE 4.25 Determine the levels of Rp, Rg, R, and R; for the network of Fig. 4.63
for the operating point indicated.

40)
(o
(o
40)
o)
L
-
40)
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',’(-f—_ =20V

<
—
R § ¢ o
: S\|
I~ = 10mA ac
‘ outpul -
C 10 uF O
?I:Pul I Veeg=8V | Bmin) =80 ©
10 pF -
on
R a0
C 100 uF 8
E I —
1 I L =
Ry = 15BR ﬁ
FIG. 4.63 R )
Current-gain-stabilized circuit for design considerations. and Vg = R 2 R Vee |
. 1+ R I
Solution: v Ly Loy sy Substitution yields &)J
£ = wVee = w(20V) Ry = 5(80)(0.2 k()
Vi Ve 2V
RE:.’_E.’_=|0 A=2““fl = 1.6kQ
1}5 :: vm y 2 . s 0 Ve =27y = (LOKO)20V)
I Ic 10 mA 10 mA
= 1k 2R + 432k = 32k
Ve = Ve + V=0TV + 2V =27V 2R, = 2768 k()

Ry = 1025k (use 10 kL)




