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Announcements

1)

2)

3)

4)

There is no HW due Monday, but HW7 (Practice
Problems for Exam 2) will be discussed in class on
Monday.

Exam 2 is Tuesday, March 5, 6:30-7:30 PM PHYS 112

Professor Janes will hold a help session on Tuesday in
ME 1061 at 1:30 PM.

No class on Friday, March 8
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Announcements

For Exam 2, you should be prepared on: (HW5- HW?7)

1) DC analysis / design of 4-resisitor bias circuit

2) Small signal models

3) Reducing a circuit diagram to a s.s. equiv. circuit
3) Amplifier configurations

4) CE and CS in detall
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Three basic BJT amplifiers
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Three basic MOS amplifiers




Outline

1) Basic amplifier considerations
2) CE/CS
3) CB/CG

4) Common base example

|
| 9) CC (emitter follower) / CD (source follower)
| —

—— —
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Amplifier with source and load
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Common emitter

Small signal analysis

directly on the circuit <
diagram. ! -O
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Common emitter results
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open circuit voltage gain
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Common source

Small signal analysis
directly on the circuit

diagram.
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Common source results

VU

Vo
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in
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A, =-g, (R, Il IIR,)

open circuit voltage gain

with load attached
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Common emitter with “emitter degeneration”

Small signal analysis

directly on the circuit _ O
diagram.
_|_
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Common emitter with emitter resistor

rn' . . .
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R =R,
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Common source with source degeneration
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Common source with source resistor

1

A, :‘1+g R (8.Rp) open circuit voltage gain
m-"S
1 [

A, =10 e R (¢.R,IIR,)  with load attached
m- S

Rin =

Ro — RD
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Aside: taking limits
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CS analysis with equivalent circuits
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series

1) CS with hybrid-pi model
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Hybrid pi vs. T-model
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Draw the s.s. model using T-model

>
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Common source with source resistor
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Common source with source resistor

1

A, :‘1+g R (8.Rp) open circuit voltage gain
m-"S
1 [

A, =10 e R (¢.R,IIR,)  with load attached
m- S

Rin =

Ro — RD
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Outline

1) Basic amplifier considerations

2) CE/CS

3) CB/CG
4) Common base example

5) CC (emitter follower) / CD (source follower)
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Common base

Draw the small signal <
equivalent circuit. O
_|_
B RC 1)0

R

series
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Common base amplifier

Effect of r,?
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Looking into current sourse

gmv e
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CB input resistance
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CB input resistance (ii)
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CB input resistance (iii)
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Common base

iC
A =—"=+g R.
R, =R, +
R, =Rl €
in~ "YEU'm g RC UO
RS
Effect of R ?

30
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CB analysis on the circuit diagram
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Common base: results

AV:_OZ_I_ngC AV:_0:+ngC
R =R, R =R,
1 r
Rin — RE I I, | — Rin — RE || —Z
8m +1
1 r
roll—=—%
g, P+1
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When can we not do problems by inspection?
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Common emitter amplifier
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series
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Small signal equivalent circuit
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Av — _ngC
R =R,
Rin = rﬂ

Result

A-—gR 1—1/(gmru)
Smlte 1+Rc/ru
R,=R. 7,
r +R
R =rll| X+—
1+ngC

Sedra and Smith, problem 7.63
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Common base numbers

R.=10kQ
R, =1kQ

I.=10mA

g =1./V, =39mS

g1, =P =100

r.=B/g, =2.6kQ

A =+g R.=+390

R =R.=10kQ

1
R =R, Ilr Il—

Em
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series

Common base to common gate

Lundstrom: 2019
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Common gate

Let’s try to do this —O
directly on the circuit D N
diagram G |
Ty 3
>

Se}"ies ——
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Input resistance
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Input resistance (ii)
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Input resistance (iii)
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Common base vs. common gate

Em
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Outline

1) Basic amplifier considerations
2) CE/CS

3) CB/CG
4) Common base example

5) CC (emitter follower) / CD (source follower)
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Realistic Common base amplifier

V=410V

Compute:

E
V. Avo Rin
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Size of Capacitors?

Audio frequencies: 20 - 20,000 Hz
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Realistic Common base amplifier

Vi=+10V
Compute:
R
’l)l, ¢ Avo Rin Ro
I
DC analysis first
Ca ]
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DC analysis

Vi=+10V
B =100
R, =10kQ
VBE =07V
IB
—
R.=5kQ
Vi =-10V Lundstrom: 2019



DC analysis

Vi=+10V
R, =10kQ
IC
[B gm:—:35.4mS
_ VT
—— | r - P _r8k0
— gm
R.=5kQ

V ==10V Lundstrom: 2019

B =100
V =07V

BE

[, =093mA
[.=092mA
V.=-54V

V, =407V
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Realistic Common base amplifier

Vi=+10V
Compute:

A R. R

() Vo in 0

R.=5kQ C.,

50
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Outline

1) Basic amplifier considerations
2) CE/CS

3) CB/CG

4) Common base example

5) CC (emitter follower) / CD (source follower)
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Common collector (emitter follower)

Let’'s do the analysis
directly on the circuit

diagram

series

_|_
vS
_ +
vi
% = 1kQ v,
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CC by inspection

vy, r,+(B+1)R, A, =1

Emitter follower
R =r +(B+1)R,

rﬂ: +Rseries
R, =R, ”( B+1 j CC is not a unilateral amplifier
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CC by inspection

RE
4 Ve (B+1)R, A =2e—y .
“ v, r,+(B+1)R, v, T LR,
B+1
R, =r,+(B+1)R, R,=r,+(B+1)R,=(B+1)(r,+R,)
r. +R_ R_ .
R — RE ” T series — series
0 ( B+l j R, REII(re+—'B+1)
Hybrid pi model T model
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Common collector analysis with hybrid-pi model

Re-draw the circuit using
the hybrid-pi model.

series
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Small signal equivalent circuit

Rseries B C

B i g mvbe
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Av =9
Iein:‘7
R =9

Small signal analysis
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CC numbers “emitter follower”

(101)1 /

= =+0.98
© 2.6+(101)1

A,
R, =2.6 kQ+(101)1kQ =104 kQ

2.6 kQ

R =1kQll ~250
11 o-2%0
&

¢ =39mS 1 =26kQ
" 58



CC is a “voltage buffer”

A R. R

Rseries R
+ +
Ul Rm Avovi RL UO
R. R R,
1% — - X Avo X 2 Gi — Avo = Gp — GvGi
Rin + Rseries RL + Ro RL
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series

CCtoCD
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Common Drain (Source follower)

Let’'s do the analysis c
directly on the circuit <
diagram
series G I D 1
M\ | —_—
O —
_|_
_I_ +
U, g5
_ .- S o -
RS
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CC vs.
v, . (B+1)R,
AUO vi_+rﬂ+(ﬁ+1)RE
Rin=r7r+(ﬁ+1)RE

source follower

CD
A, - 8ufls
’ vi 1+ngS
R =
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Outline

1) Basic amplifier considerations
2) CE/CS

3) CB/CG
4) Common base example

5) CC (emitter follower) / CD (source follower)
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BJT Amplifier summary

Common emitter Common base Common collector

A =—g R A =+g R _ (ﬂ_l'l)RE

v, Enlic A Enlic Av_rn_i_(ﬁ_l_l)RE
<0, | high | >0, | high | ~1

7’7r _
moderate low high
rﬂ'
R =R. R =R. RO—REII(ﬁJrl]

moderate moderate low



BJT Amplifier summary

Common emitter with R,

rﬂ?
A, :_rﬂ+(ﬁ+1)RE (g.Rc) <0, |moderate|

Rin:rﬂ+(ﬁ+l)RE hlgh

R, =R, moderate
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MOS Amplifier summary

Common source Common gate Common drain
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Summary

The Common Emitter amplifier has a voltage gain that is
large in magnitude and with a negative sign. It has
moderate input and output resistance.

The Common Source amplifier has a voltage gain that is
moderate in magnitude and with a negative sign. It has a
high input resistance and moderate output resistance.

The Common Base amplifier has a voltage gain that is
large in magnitude and with a positive sign. It has low
Input resistance and moderate output resistance.

The Common Gate amplifier has a voltage gain that is
Imoderate in magnitude and with a positive sign. It has

fairly low input resistance and moderate output resistance.
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Summary

The Common Collector (emitter follower) amplifier has a
voltage gain of about one, It has high input resistance and a
very low output resistance.

The Common Drain (source follower) amplifier has a
voltage gain of a little less than one, It has a very high input
resistance and a moderately low output resistance.
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Basic Amplifier Configurations: Il

1) Basic amplifier considerations

2) CE/CS

3) CB/CG

4) Common base example 3

5) CC (emitter follower) / CD (source follower)
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