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Adding a signal source to the
single power supply bias amplifier

RC
Ry
V(- —Vee
ri= ik
—
Desired effect — addition Starting point -
of bias and signal sources single dc source
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Wrong Way to Combine Sources

a1 k Dhm
5EI Dhm

" 326 K Ohm
Vv G‘v 1 Vi1 kHz/0 Deg

4thr‘r'|

Fc
Rs 4 k Ohm
50 Chm
YA A B
T 12V — Ve
Rb 12V
n 20 k Ghrn Fe
Vs 6,, 11 kHz/0 Deg 4 k Ohm
— Wb
<=> I 47

=100

Source with low output

Impedance upsets bias.

=100

Thevenin equivalent at base:
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Wrong Way - Continued

RS
a0 Ohm 50 5
N Vo= Vym———V, (v, =0
R, M =20000+50 " #~ 2000 # s =0
vs®1w1 kHz/0 Deg QD;Dhm Vh 50-20000
=7y Rth:RB:RBHRS: ~50 Q2
I | 50+20000
The signal source effectively
Toanalyze, “shorts out” the bias source!
1. Isolate base circuit, _ | _
2. Use superposition, The signal source v, is essentially
3. Find Thevenin is unaffected by the bias source V...
equivalent for the (Why? What is its Thevenin

base bias source, V. equivalent?)
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The Right Way — Use a “Blocking” Capacitor

1. Capacitor C, is an OPEN at

Fc

v 4 k Ohm

I Cb
Cb +||-

—» M
§ Rs Cb b
50 Ohm 20 k Chm
§ Fe
4 k Ohm

VSG, 131 kHz/0 De ; "‘*"b

dc and R, does not affect the bias!
2. C, charges to the dc bias
— 5y |source, V,, to satisfy Kirchoff's

voltage law.
3. The dc bias is in series with the

signal source v, i.e. vs=V+v,

B=100 Vrbg ;

For convenience lets
continue to use the “base
bias Thevenin equiv’.

DESIGN GOAL: forf=>f , setthe

value of C, so thatits ac voltage drop
v, Is negligible at and above the low

frequency cutoff at say 1

minl
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Blocking Capacitor Selection

Using superposition, c—» Re

for small-signal let o evaluate TR
V,=0. L, 4 k Ohm v i
I > : apr/ lb¢ 2.5 k Ohm @beta*ib
* le — Vo @ng
§ Rs Rb % — 12y
a0 Chm 20k Ohm <=> . . Re .
§4I{%Ehm — lb le¢ 4 k Ohm lc
Vg G; 1V/1 kiHzi0 Deg —, ?hy | - —»~
i g
Vo™ — [ =i,+pi
=100 |, L © TP
bg ~
Use the small signal equivalent  Vee=is"nTi. Re=i,r +i,(B+1) R,

circuit and superposition to
estimate the input resistance of Fpe=—" =V T(B+1)R,~BR,
the transistor.
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Capacitor Selection- continued

The signal source “sees” the 20 k€2 bias source resistance
in parallel with . So the signal source equivalent circuit is:

r,~100 R,=400k O

Therefore:

RB||rBG:jT082O~2OkQ:RB

1

Vb

Vs:iCb(RS+RB||rbg+

=>

JwC,

The capacitor voltage drop is:

Ch

N JwC, l
Where the capacitor current is:

L)
jwC,

v

S

V N
@ jwC,R,+1

Goal;: wCyR;>1
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Capacitor Selection - continued
Vv, B 1

Jw, Ryt 1] O 0T 2me R,

i Ve, CONSERVATIVE DESIGN GOAL:Choose C, for

v C negligible voltage drop at v, for /> f

min

| N,

‘va

» 1.€.

Vv Vv

20 k Ohm V.ol i <= forf>f
Vo (A1 W/ KHz/0 D ‘ Cb| . = =J .
SG‘“" R |]waRB+1‘ 10 mint

Vs 10
— |VCb|Sl_o:zﬂ-fminlchBZlo:cbzzﬂ_fmm]RB
OR

DESIGN GOAL: Choose C, so thatf; - =0.1 f

1.€. 1 10

= =01f . =C,=
be 27TCbRB fmzn] b z_n_fmin] RB

minl>
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Capacitor Selection - continued

50 Ohm

V @’l Wi kHz/0 Deg

10
>
271 f i Rp
C B 10
b 271 f i Rp

Cy

Select the LOWEST frequency of
Interest. This sets the lower bound
on C,. Using f = 20 Hz frequency for

minl

our example circuit:
2 f=21m20~6.28-20=125.6 sec

—6
o 10 _10

—min _ :4 F
b 125.6-20-10° 025 X

ANY capacitor larger than 4 u F will also
do the job!
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Common Emitter Unity Gain Amplifier

= Fc Fc
Cb 51 k Ohm 4 k Chm Cb 4k Chm
5 uF 5 uF
| | | |
N
| | i, — cC | Fa — e
12 ——
Rs =, ; Rs Rh - 12V
20 Ohm 329k Ohm a0 Chm 20 k Ohm
; Re He
4 k Ohm 4 k Ohm
v <+ <+ — vh

1 T

Equivalent circuits

How can we achieve reasonable gain with this circuit?
Solution: Split R, and use capacitor bypassing.

2009 Kenneth R. Laker, updated 020ct09 KRL 10



Pe[] []_ ESE319 Introduction to Microelectronics

Bypass for Gain
Procedure:
1. Split the emitter resistor in
ch ; R Re two. Later, we will show that
51 k Ohm 4k Ohm . .
5 uF the voltage gain will be close

| |
[
Hs
A0 Ohm

NC VRN
§ N2 1 Wi KHz/0 Deg -

=100

ZEZZRE2|| :

w C

byp

{0 -R/R_,.
2. Bypass R, with a capacitor

C that looks like a near
byp

“short circuit” at some suitable
low frequency (f >f ).

min2 ~ Y minl

e v | <<lv _|[|for f=f )

min2

Ve =1 R & V=1, L,
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Bypass for Gain - continued

Rs
50 Ohm

TA%A"
r-pi
Rb 2.5 k Ohm
20 k Oh

Rc
4 k Ohm

Rs

AVAVAY
é}beta*ib
|

+
v, &
s N VRE1 Re1
_ <1k Ohm
+
Re2

i

Voes =3k Ohm T

Chbyp

=100

Small signal circuit

Rc
5”&"‘ 4 k Ohm
A
r-pi
2.5 k Ohm @heta ib
VSGL ! Rb
0 k Ohm
Rel
1 k Ohm
L
=100 a

Desired circuit for /=1

min2

i.e. CONSERVATIVEDESIGN GOAL.:
ChooseC st v, | <<lv, | forf=f

min2
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Need to develop a design equation for C

Rs||Rb Vp
oy s.t. DESIGN GOAL: |v,.| << v, |
-
Ry,
v, where Z,.,=—
4k|:échm = J wayp RE2+ 1
\ 7. _ A _ Rp,/Rg, < 1
Vieer| | Ret3| |JwCyp R, +11 10
of : R,
|]2nfmm2cbprE2+1|210R—>>1
le:(ﬁ—l- 1 ) 1, El
=100 C, >10 Rez 1 = 10
< RE] o Ry, f(;T S iz Rez 270 f i R
: . C, =
Ve = Ry & Ve =1,2Zp, P 270 f i R
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In Lab 2

10 1
C,= =R. =R ~ R
=Im 7 R, Choose C, s.t. 5 7. R sll7h = Ry
J mini=10Hz
C, = 11
2 f L Ry 20T Ry
10 R
C,,= Choose C, s.t. 1 ==
2Trfmin2RE1 P 21Tfmin2 bep
J min»=100Hz
| 1

C

" 2m £ R,J2 100TR,
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10 10
" 2w f R, 2mx20x1000

You may choose bep =100 U F

C F=T796uF

Final Design

R1 Fc
Cb 51 k Ohm 4 k Ohm

§ Fs
20 Ohm
RZ

i
§ N2/ kHz/0 Deg < 32.8 k Ohm
L Chyp

[ 100 uF
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Gain Calculation in Passband

0 o LR Simple gain calculation:
WV AVAVAY
r-pi >+ \TUt ) l — VS ~ vs
25k Ohm . 1/beta®ib b RS-I-I”W-I-(B—I—I)RE] (B—|—1)RE]
VS@ vout:_RCic:_RCﬁib
1 kR:hm B _[)) RC
out (ﬁ"’_l)REl Ky
=100 |
= 1% R
v: out N__C:_4
Passband model v, R,
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Multisim Simulation

Xl
| EETEE  Fhase | Save
— wartical — Honizortal ————————————
Leg| A EE un
F| & = [F[100 = |kHz =
Il @ =RE = [Hz
2.73
: ElE 19.95Hz
S & I & & Ou @
Xl
| _ Phase | Savel
— hwizrtical — Horzortal ——————————
o B | EA
F[ & = |F[1o0 =RE=
I| o =Rk =ILEE =
3.85
d == 1.000kH=z
S & I @ & Ou F

| KHz Gain

2009 Kenneth R. Laker, updated 020ct09 KRL



Penn ESE319 Introduction to Microelectronics

UNIVERSITY 0 f PENNSYLVANIA

What if R_ is Fully Bypassed?
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What if R, is Fully Bypassed?

\% \%
l- — S — A
’ Rs+rn+([3+10)% Ro+7

R1 Rc
Cb §51 k Ohrm 4 k Ohm
5 uF _ . .
H \ vout Vour — RCZC_ RCﬁlb
T— vCC
F _
éu Ohrm T 12V , = _ﬁRc y N_BRCV
out s s
<’+ 2 RS—I_rn rTT
Vs \0 Wi kHzi0 Deg < 329 kOhm o »
EHShm 100 uF — ﬁ Cv ——g RCV
. s m s
! Blg,
[.=1md L B=100 N
g,=1:1V,;=0.048 A =-"~—g R.=—160
v
ro=Blg,=2.5kQ S
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