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Quick Review
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What, if anything, is wrong with this amplifier design?

If there is something(s) wrong, how can it (they) be remedied?
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Quick Review

What, if anything, is wrong with this amplifi-
er design?
1. 7 is effectively shorted out by v .

2.DCon v corrupts the op. pt. (i.e. V_ &1 ).
3. The voltage gainis - R /R .

If there is something(s) wrong, how can it
(they) be remedied?

1. Insert blocking capacitor C in series with
R .

S
2. Insert bypass capacitor C, in parallel

VP
with all or part of R .
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Common Emitter (CE) BJT Amplifier

CE BJT Amplifier CS MOS Amplifier
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The Right Way — Use a “Blocking” Capacitor

1. Capacitor C_ is an OPEN at
R, dc and v, R, do not affect the bias!
Cin . 4k Ohm A}
] b
R Cole — e [2. Capacitor C. is a SHORT at
3 Ohm 2”; i gquhm some f > f and vy~V,+v,
VSG; 141 kHz/0 Deg ;4_?3
Jiine 4
/ Ppg = DESIGN GOAL: forfzfmm, set the
For convenience lets value of C_s.t the ac base voltage

continue to use the “base

bias Thevenin equiv”. V=V
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Blocking Capacitor Selection

. .y l R
Using superposition, c > ~ .
for small-signal let é \ fvaluate Yo
V. =0. l 4 k Ohm : |

B C. b r-pi
" > apr/ Ly ‘%25 conm (Ebetariv
Y/ — Ty
— T
; R R, VY, # ¢ —17v <> b
50 Ohm 20 k Ohm . . R .
v §4£3Eh > b Ze¢ sronm Lo
. |
Vs G; 11 kHz/0 Deg —, -8, | - >
Il z
p =_b .. .
bg = = i,=i,+Pi,
p=100 L i ;
bg -~

Use the small signal equivalent

circuit and superposition to
estimate .the input resistance of ,,bg=ﬁ_,,n+(5+ 1)R,~BR,
the transistor. Ly

5
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Capacitor Selection- continued

The signal source “sees” the 20 k€2 bias source resistance

in parallel with BR . So the signal source equivalent circuit is:
C

al B Using the voltage-divider relation:
R
§5EI lghm Tv b= RB”rbg Vs ~ RB Vs
Toe =B R "b 1 1
V(& ; R,\|lr, +R.+ R+
o P meore e
+

B=100 Design objective: for a known R,

determine Cm s.t. v,mVv,

™ 100R .=400£ Q2
Therefore:

l.e. R, > | == 2w fC,,Ry>1

mn

RB||rbg=jTog2O~2OkQ=RB
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Capacitor Selection - continued

2w fC. R,>1 =>C, > 1
2 f R,
C, FACTOR-OF-10 DESIGN GOAL: Choose C s.t.
] v "
R, . ’ for a specified min frequency f=f
50 Ohim R, _ 10
Vv, @ VA KHz0Deg ] KT "oanf min K
Hence
? R,v, Ryv, v,
L v, = = RV,
- 1 R . .
Rp+- RB+—Bf’""” gL L
j2mfC, 10 f 10 f
V A%
forf=f v~ Sl =091v, & forf=10f V,~ Sl =0.99 v,
1+_ min 1_'__
10 100
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Capacitor Selection - continued

50 Ohm
RB

20 k Ohm

¢ =10
2Trfmin RB

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

min

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

-6
C 10 10

= = =4 ufF
125.6-20-10° 0.25

ANY capacitor larger than 4 u F will also
do the job!
Let's choose C =5 uF
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Common Emitter Unity Gain Amplifier

C R R C R
" ! 4k Dﬁ " 4k Sh
51 k Ohm m m
5 uF 5 uF
|| ||
| | ha_ — Voo | ] M. 1
R 9y — Yt
§ s R, ; R Ry =12V
50 Ohm 32 9 k Ohm R a0 Chm 20k Ghm R
; E E
- 4k Chrm n V 4 s Ohm
— B
VSG,, 1 V1 kHz/0 Deg VSGU 1V kHz/0 Deg —I 47

Equivalent circuits

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

Procedure:
1. Split the emitter resistor in
two. Later, we will show that
5 UF | the voltage gain will be close
% R, to-R/R_,.

%0 ohm . 2. Bypass R_, with a capacitor

Vo) vt ey 329700 C, thatlooks like a near

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

nin

e v _|<<l|v_|for f=f )

1 min

¢, s X

=100

Zw=Rw”.

j2mfC,, Ve =l R & Ve =1,2Z

2009 Kenneth R. Laker, updated 30Sep11 KRL 10



Pe[] []_ ESE319 Introduction to Microelectronics

Bypass for Gain - continued
R R

R 50 Ohm ¢
s 4k Oh
50 Ohm A fD%m WA vl
WV A
r-pi .
- é@ | 25k Ohm (Dbetarib
. 2.5 k Ohm | beta’ib
20k oh + RGP Ry
Vs 6“ Vre1 : fgé C §20 k Ohm R
- " El
N 1 k Ohm
Ry, |
Vze2 >3 k Ohm T bep
=100 _| p=100 L
Small signal circuit Desired circuit for /> f

i.e. CONSERVATIVE DESIGN GOAL.:
ChooseC st v, | =01 v | forf=jf

min
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R|IR, Need to develop a design equation for be,,
iﬂm s.t. DESIGN GOAL: |v,_ | << v, |
'y where .
1
. Z =Rl = ke
& R j2mC,, — j2mfC, Ry+1
4 k Ohm
Vaez | _ Z g, _ R,/ Ry, — 1
Veer| | Reil J270 f i bep Rp,+1| 10
or
Solving for C
. . byp
i, =(B+1)i, y
e ¢, =01 _ 10
B=100 P REI 27TfminRE2 2Trfmm RE]
r, << R, 10
C = a larger value
Vapr =l Ry & Ve =1,2Zp, o 210 f i R C also works
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10 10
"o2mf Ry 21x20x1000

Let's choose C, = 100 UF

P

C

F=796uF

Final Design

II
§
R
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Gain Calculation in Passband

re c . . on:
50 O LR Simple gain calculation
AVAVAY
r-pi >+ \iPUt i l — VS ~ VS
25 k Ohm ) betatib * R+r_ +(B+1)R,, (B+1)R,
VS@ vout=_RCic=_RCBib
1 kR:hm _B RC
y = 1%
out (E‘I_I)RE] S
=100 |
— V R
. v= out N__C=_4
mid-band 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
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What if R_ is Fully Bypassed?
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What if R, is Fully Bypassed?

C R1 Fc
in 21 k Ohm 4 ;. Ohm
5 uF vout
| o
| —» N
Rs ]
50 Ohm b
<+ R2
Vi "\ i kHzio Deg = 929k Ohm
Re? —— Chyp
7k Ohm 100 uF
L
I[.=1md _L B=100

g =1.1V,.=0.04S
r.=Blg =25k

Vi Vs
[, = =
* R +r_+(B+1)R, Rs+r,
0
vout=_RCic _RCﬁlb
. vb vs
where [,=—~—
Vo Fo
_ERC _ﬁRC
Vour ™ ¥ V= B/g VS__ngCVS
A VOZH —
= —g. R.=—160
vs
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