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> 5.1 General Considerations

» 5.2 Operating Point Analysis and Design

» 5.3 Bipolar Amplifier Topologies
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General Concepts

¢ |[nput and Output Impedances
® Biasing
® DC and Small-Signal Analysis

CHS5 Bipolar Amplifiers

Operating Point Analysis

® Simple Biasing

® Emitter Degeneration

¢ Self-Biasing

¢ Biasing of PNP Devices

Amplifier Topologies

* Common-Emitter Stage
e Common-Base Stage
* Emtter Follower
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DC Analysis Small-Signal Analysis
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Determine the operating point of Q1. (I=?, [3=?,Vg=?) e Vs = 2.5V

1.=10"A B=10C 17kQ ER, RcE 5kQ
Y
v/, Ic
Assume Q1 1s biased 1n the active region. X
Q4
Moreover, Assume [;<<I,. T‘*
= .R-_) % BKQTRz B -
X = Ri+ R, =
= 800 mV.
V
e = Igexp ?E
Vir v
? P
= 231 pA In < ¢
B R+ A
I = 2.31 pA.
?
Vor = 1.345 V>V, =0.8 V @ 2311<<100u @

The operating point is dependent to lg, independent of {.

CHS5 Bipolar Amplifiers
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R, T =R
: 'T : ¢ Thev R XVee
! ] Rl + R,
X Rme = RI|R,
' * T
Re
; = | = Ve = Ve
------------------- B —_—
RThev
. =/flg
I
_ C
Vge =V; In| —
S
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Determine the operating point of Q1. (I-=?, [z=?,V=7)

1.=10"A B=10C

— R2
™ RI+R,

Rie = RI[R, =240 k

C1.5-Vy
5 240k
1. =1001,

|
V.. =0.026 h{—c

107" LA

CHS5 Bipolar Amplifiers

XV =15V

J

Vee =25V
1kQ
Ie |:>
Q,

Assume: Vge=0.7V > 15=33 YA = | =330 UA = V=081V
Vpp=0.81V  =» [;=2.88 pA = [ =288 pA = V5=0.81 V

Vo =2.5-1kx033mA=2.17V >V, =0.7V

The operating point is dependent to 3, independent of Is.
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Determine the operating point of Q1. (I-=?, [z=?,V=7)

1.=10"A B=10C

— RZ
™ RI+R,

Rie = RIR, =218 k

XV =0.8V

0.8V
5 218k
1. =1001,
|
V. =0.026In| —S&
- BF [m“ﬂAj

CHS5 Bipolar Amplifiers

Vee =25V
5 kQ

|III'lew

Assume: Vge=0.7V = [;=0.459 pA > [=45.9 pA = Vg =0.758 V
Vge=0. 758 V= [;=0.193 pA > [=19.3 pA = V5=0.735V
Vge=0. 735V = [;=0.298 pA =» [=29.8 pA = V5=0.748 V
Vgp=0. 748 V = [;=0.239 pA =» [=23.9 pA = V5=0.741 V
Vge=0. 741 V =2 [;=0.271 pA > [=27.1 pA = Vg =0.744 V
Vpe=0. 744 V > | 5=0.256 YA = [ -=25.6 YA =D V =0.743V

V. =2.5-5kx0.0256 MA=2.37V >V, =0.743 V

The operating point is dependent to 3, Ig. 20




if l;<<l, =V, = Ve

1+R2
VRE =Vy — Vg

R
R : VCC VBE

. Re 1+R2
if g>1=1.=l; = =

IQE I?E

» As an advantage, | does not depend on f3.
» Vge= Vx-Vge
» If Ve>>A Ve | does not depend on .
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Determine the operating point of Q1. (I-=?, [z=?,V=7)
| =5x10""A £=100

16 k ) =

R, |
~ XxV.. =09V
*“RI+R,

- 0.9 -Vg

VP :VRE :VX _VBE ==> IC = 08—k,VBE =0.026In

Ve,
le=le = R, Assume: V=07V = [=0.25mA
’ Vge=0.760V_ D 1.=0175mA

5x107“mA

> V,=0.760 V
> V,.=0.760 V

Vo =2.5-0.8kx0.175 mA—0.8kx0.175 MA=2.22V >V, =0.76 V

The operating point is dependent to lg, independent of (3.

CHS5 Bipolar Amplifiers
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Determine the operating point of Q1. (I-=?, [z=?,V=7)

. =5x10"A B=100

9K =

16kQQ =R,
R2
~ xVee =1.6V
*“RI+R,
5 1.6 -V I
VP :VRE :VX _VBE r==> IC :().S—k,VBE =0.026 In 5x10_14rnA
Ve
le=le=p Assume: Vg =07V D 1 .=1L1mA > Vy,=0.798 V

Vge=0.798V = [=1mA = V4;=0.796 V

The operating point is independent of {3, Is.

Vo =2.5-0.8kx1.1mA—0.8kx1.1mA=1.76V >V . =0.79 V

CHS5 Bipolar Amplifiers

23



Oy T, S8 Jien (sl el Jly AS oS ja Gldli) (5 gad 4y 1) | la 1y
LIl A& )y La AT 3 ga laka

GUALI 1) Ve JMia Ry, Ry, Vige U4 Al g3l &l s ¢ 3a 8 & 3 0

pHS (0
ijt'\b ce..,d\éuaUVBEJ\JEAASQ:\‘QQJSQVREJ\& AL )
AJJL’AA,\MIAA

Ao (el V, Jlilg AS sy o2 55k 1 Ry, R, sata

24



Design the following circuit so as to provide g, =20 mA/V for Q1.
Vee=2.5V, B=100, [(=5x1017A.

Vg =V, h{'—Cj =0.82V

\%
Assume: Vg, =04V == R, :IL‘E:7SOQ
E
V V :
— L S>>, =>—S_—=10l,==>R +R, = 25 _ 5ok
R +R, R +R, 0.05mA
. . L => R, = 24.4k,R = 25.6k
V, =Vge +Vee =082 +04=122=—2_V__ ==>_——2 =488
R +R, R +R,

Voo =V =V <0=>V, >1.22V =>25-R. x0.52 >1.22 ==> R, < 2.46k
25
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Ry
(1) R. >> 5

(2) AVBE << VCC _VBE

A (il | B Ay SIS Gl Cuabea axe (1) dalaald -
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CHS5 Bipolar Amplifiers 27



Design the following circuit so as to provide g,=20 mA/V for Q1 Vee

V=25V, B=100, I;=5x10-17A. R
R
W4 Y
"C
g

X |~1Q1

= = =>|.=052mMA=>1.=053mA, I; =0.005mA

_VCC ~ 2.5_0.82

~Vee ~ = 0.52mA
R,  LIR,

+
S

==> R. = 2.94k, R, = 29.4k

28
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to 3 to Resistor Error 1 Active Mode
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Determine the operating point of Q1. (I-=?, [z=?, V=) Vee =25V
1. =5x10"A B=100 16kQ ZR, Rej 3000 Ve
B+

-t % Q.‘
Y
9k ;“':‘2 e

1.6 -V

Ve =Vee —(Vy +Vg )= p== I =——"F V_, =0.026 h{ e j

0.8 k 5107 mA

e R Assume: Vp=0.7V > [=11mA = V=0.798V
: Vig=0.798V > [=1mA = V,=0.796V

The operating point is independent of {3, Is.

V.. =25-08kx1.1mA—0.8kx1.1mMA=1.76V >V, =0.79 V
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Rg Vp=00
Q4
m*Re , 1 ,Re
B+1 Im P
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Q. Output Sensed
+ at Collector

Input Applied
to Base
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Vout
Output Sensed
at Collector
= IcR: VRC \/CC_VBE
Input Applied W: "A\&‘:— ‘A&k
o Base \ v, \
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Determine the maximum achievable voltage-gain of the following C.E amplifier.
a) Assume V=2.5V
b) Assume V=5V

Vee—Vee _25-07 _ Vout
a) ‘Ay‘< = = 0,026 Output Sensed
T at Collector
Voo —Vee 5-07
b) ‘%‘< CC BE ~ 0026
T

Input Applied
to Base
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Rn:V_X:r Rout:-—X:R:

i |
X
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Vino . . o Vout
r R
F'n= Vn (T)gm"n =ro C
a N
A\‘/:_gm(F{:Hro)
R)Ut:F%”rO
\_ J

N9 o4 S yidian yisal
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* © Vout * O Vout
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o Vout

Vy =1y + Re(1+ By

R, =2 =1, +(f+ DR

B (6399 mudldsal Gl 38 Eely el )3 Craglia (ala ) 84S 398 e 0aalia 3

»

v
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v. r +(B+DR +R,
R

A= R

—+R. +—°
CHS5 Bipolar Amplifiers g., IB +1 47




=Rc  V, = N\

Re | e R, =T, +(B+DR.
==|‘_> *M|_> I a, R =R +r, +(B+DR
K Rout:R: /
Rin2  Rin1 T Re
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T /A, ~(R.|IR)

1 Ry
o, " g

R, =r.+(#+DR,
@ut:R:” R /
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» Analysis of CE Core
Inclusion of Early Effect

» Emitter Degeneration

» CE Stage with Biasing

50
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/

A :_gm(Rﬁ I ro)
R.=rIIRIIR

KRJut:R:HrO /
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a- R D
6,

R, =[r.+(B+DRJIRIIR

@)ut:Ri /
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VCC
R1§ %RC f Av:_ngC A
I——+—+ o, R, =1, R IR,
+ C1 R — R
Vin(_) R, = o C P
= = %RE ICZ

) sA 0 g EALS R0 1 g g e oS Juall C2 (U YU sl ullSE >

FunAK
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R =r.+(+ /)R

ViV,

A/: 5 —out ~ Rl||R2||R1 X_R:”RL
Vo W RIRIR+R T g
O
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Rs
L
+
vin

Regarding to slide#47, we have:

Rmev:R“RzHRs

v. = RIIR

™ RIR+R
a I
A = -R IR L RIR
L+RE+F§IIRIIRZ RIIR +R

O p+1
\ /
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Calculate the voltage gain.

| =8x10"A B=10Q V, =

Vi Q—N—l
) 1kQ
v, =K o5 1y
11k +14k {1_V |
VE =VB _VBE > == IC = TI(BE’VBE = 0026 ln(m
o2l =
©TfF 25k

Assume: Vg=0.7V =2 [=0.16 mA > V5=0.68V
Vge=0.68V = [.=0.17mA  =» Vp=0.68V

V., =2.5-4kx0.17 mA—2.5kx0.17 mA=1.4V >V, =0.68

2.5
I.=1.7 utA<<——=100 zA
B H 25K M

_IC =0.17rnA=65% . p _ 100 154k

=V T 06 TV g 65k

T

56
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A =- 4k . llk][14k
1o sk HIKIT4K TR 11k [[ 14k + 1k
Jn 1+ p
4K 6.16k

X
o.15k+o.5k+(1°0_816 6.16k +1k

= —6x0.86=-5.16
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Calculate the voltage gain. V, =

T

ng 1

Vout

E{:
[
éﬂ'.
g
iﬁ"l [

A
o
Y
0
(@]
3
(@]
2

| ~

1l 0
[ %
-
o
g
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Output Sensed
at Collector

Input Applied
to Emitter

3 A i 5 a Jae il ) 455 I 255 5 0l 3 >
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] — ° Vout
*—oO J- gm ,&VRC + Rc

GF:
+; :
o
'-1
=
v‘W
|
(ln]
3
_;:
] |

{Av — ngC}

§m3mw\gm\dmy\oﬁs¢gﬂo*ﬁm‘s“* Ot 0ALIS Ty o8 &y >
| o) Cufia CB oALS iy g8 5 yg 4S
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Om
1
— || Re
VOUt_VXX\Iln_ gm Xg R:
Vin  Vin  Vx LHRE"‘R:;
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a Rn=gi||RE

_ __R
RThev_RS”REn VThe\/_RS+RE\/in
vu_ R R
Vin i"'Rs”RE Rs +Re

m

/
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Rin R. Rin R.

Rie = Rs || Re, VThev:mvin Rie = Rs || Re, VThev:ﬁvin
Vout: R X RE Vout_ R % RE
v, RIR 1 Rs+Re v, | Rs+Re
145 +gm+RS||RE gm+RS||RE
(RIIR 1 _ 1
Rn_[ 1+ 3 +gmj||RE R» gmHRE

A a0 g GRS Gl R2 9 R (e gtia oM ey ) oaliiusd AS 390 o0 020l 430 3
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Vee
Output Sensed
Vin Q, / at Emitter

Input Applied / +——o0
to Base =R

out
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Vin ; % © Vout Vin Vout = Vin

|
k>
-
—
-
2
||
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(©) { VA _ OO} (d)
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VCC — VCC

Rs
W o W\f
+ Q Q
Wy OH T e é 1
- R o

-/A/: REIIFZS 1 =¥
Rl 1o+
,3+1 o

=1 +(B+1)(Rellro)

( mjIIF\’EII
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CE Stage CB Stage Follower
Vee Vee
Re ch
Vout +— Vout
Vin Q Q4 :IT
—ul
- Vino— =
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" V.. RIR R
v, RI|R5+1+RE R+R
. g+l g, )
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Vout © W Q4 :I_.I_. %

Re Il R,
Q
c, " J_ + Rs
R, Cg Vin
+ Rs I -
Vin = = =
3 ~ R
i A = R |l F\l)l
R, +
- Om
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Q1
v -+
Th
ev a — 0O Vout

-‘fRE” Rz”f’o

(©)
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(b)

Vi _ RIR M R
e F%||F§||ro+1+R;[T R

m

[(RIR, 1
K&m—(ﬂﬂ +gmj||RE||Fez||rj
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(Rt g,

Rea T pel gmz’Re‘” "B+l g,
Rin =T +(18+1)(RE + Reql)
- R = Re + Ry,
R 2
A=
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