EE 330
Lecture 31

Basic amplifier architectures

e Common Emitter/Source
« Common Collector/Drain
« Common Base/Gate



Exam Schedule

Exam 2 will be given on Friday March 11

Exam 3 will be given on Friday April 15



Photo courtesy of the director of the National Institute of Health ( NIH)

As a courtesy to fellow classmates, TAs, and the instructor

Wearing of masks during lectures and in the
laboratories for this course would be appreciated
irrespective of vaccination status



Basic Amplifier Structures

e MOS and Bipolar Transistors both have 3 primary terminals
e MOS transistor has a fourth terminal that is generally considered a parasitic
terminal J C
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Transistors as 3-terminal Devices

< A

Small Signal Transistor Models
as 3-terminal Devices




Basic Amplifier Structures

Observation:
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These circuits considered previously have a terminal (emitter or source)
common to the input and output in the small-signal equivalent circuit

For BJT, E is common, input on B, output on C Termed “Common Emitter”

For MOSFET, S is common, input on G, outputon D  Termed “Common Source”



Basic Amplifier Structures

<

Small Signal Transistor Models
as 3-terminal Devices

Amplifiers using these devices generally have one terminal common and
use remaining terminals as input and output

Since devices are nearly unilateral, designation of input and output terminals
is uniquely determined

Three different ways to designate the common terminal

Source or Emitter termed Common Source or Common Emitter

Gate or Base termed Common Gate or Common Base

Drain or Collector termed Common Drain or Common Collector



Basic Amplifier Structures

I, ﬁ

Smal IISg al Tral t Mdl
as 3-terminal Devices

Common Source or Common Emitter

Common Gate or Common Base

Common Drain or Common Collector

|dentification of Input and Output Terminals is not arbitrary

It will be shown that all 3 of the basic amplifiers are useful !



Basic Amplifier Structures

I, ﬁ

SmaIISg al Tra t MdI
as 3-terminal Devices

Common Source or Common Emitter
Common Gate or Common Base

Common Drain or Common Collector

Obijectives in Study of Basic Amplifier Structures

1. Obtain key properties of each basic amplifier
2. Develop method of designing amplifiers with specific
characteristics using basic amplifier structures

oA
“—‘ RC
Common Gate
Common Source Common Emitter inc R
INPUT ﬂ T OUTPUT
Common Base g
Common Collector

mmmmmmmmmmm

Overall Amplifier Struture




Characterization of Basic Amplifier Structures

Small Signal Transistor Models
as 3-terminal Devices

* Observe that the small-signal equivalent of any 3-terminal network is a two-port

» Thus to characterize any of the 3 basic amplifier structures, it suffices to
determine the two-port equivalent network

« Since small signal model when expressed in terms of small-signal parameters

of BJT and MOSFET differ only in the presence/absence of g, term, can

analyze the BJT structures and then obtain characteristics of corresponding
MOS structure by setting g,,=0
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The three basic amplifier types for both
MOS and bipolar processes

<

Common Emitter

X

Common Base

d

Common Collector

X

Common Source

A

Common Gate

Mﬁi

Common Drain

Will focus on the performance of the bipolar structures and then obtain
performance of the MOS structures by observation



The three basic amplifier types for both
MOS and bipolar processes
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« Significantly different gain characteristics for the three basic amplifiers
« There are other significant differences too (R,y, Royw ---) as well



The three basic amplifier types for both
MOS and bipolar processes

I pak il

mmmmmmmmm
mmmmmmmmm Common Sou
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Common Base
Common Base Common Gate J7
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J7 Common Collector

More general models are needed to accommodate biasing, understand
performance capabilities, and include effects of loading of the basic structures

Two-port models are useful for characterizing the basic amplifier structures

How can the two-port parameters be obtained for these or any other linear
two-port networks?



Two-Port Models of Basic Amplifiers widely used for
Analysis and Design of Amplifier Circuits

Methods of Obtaining Amplifier Two-Port Network
_+> Rin R :

V4 Al &
ARV, Y Ay (%
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1. V7est | itesT Method  (considered in a previous lecture)

2. Write 9, : v, equations in standard form
U =iRy + ARY,
V, =i,Ry + Ayl

3. Thevenin-Norton Transformations

4. Ad Hoc Approaches
Any of these methods can be used to obtain the two-port model



Viest - itest Method for Obtaining Two-Port Amplifier Parameters
SUMMARY from PREVIOUS LECTURE
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Will now develop two-port model for each of the three basic
amplifiers and look at one widely used application of each

5

Common Emitter Common Source

LA A
G

Common Base Common Gate

A —a]

Common Collector Common Drain




Parameter Domains for Small-Signal Models for Any Devices

oo

Common Emitter Common Source

Nl A
Gy

Common Base Common Gate

A =]

Common Collector Common Drain

« Small-signal parameter domain
Y-parameters, g-parameters, amplifier parameters, ...
* Model Parameters and Operating Point (MPOP)
— Small-signal analysis naturally results in small-signal parameter domain

— More insight often in MPOP domain
— Mixed-parameter domains possible but often difficult to obtain insight



Parameter Domains for Small-Signal Models for Any Devices

« Small-signal parameter domain

Y-parameters, g-parameters, amplifier parameters, ...
* Model Parameters and Operating Point (MPOP)

Example: Give A, for basic amplifier in ss parameter domain and MPOP domain

Small-Signal parameter domain

AV — %UT — _ng
Uy

¢

‘v.OUT
RUONEY
A4
MPOP domain
AV — %UT —_2 IDQR
(I’}N VEB



Consider Common Emitter/Common Source
Two-port Models

{

Common Emitter Common Source

Sl A

Common Base Common Gate
Common Collector Common Drain

« Will focus on Bipolar Circuit since MOS counterpart is a special case obtained by setting g,=0

* Will consider both two-port model and a widely used application



Basic CE/CS Amplifier Structures

Vour
Vour
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Can include or exclude R and R1 in tWO-pOl't models (of course they are different circuits)
The CE and CS amplifiers are themselves two-ports !



Two-port model for Common Emitter Configuration

‘vbe %gﬂ ¢>gm(vbe %90
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Two-Port Models of Basic Amplifiers widely used for
Analysis and Design of Amplifier Circuits

Methods of Obtaining Amplifier Two-Port Network

b L
Rin Ro +

V4 Al &
ARV, Y Ay (%
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2. Write 9, : %, equations in standard form
(v1 = i’lRIN + AVR(UZ
V, =i,Ry + Ay,

ﬁ 3. Thevenin-Norton Transformations

4. Ad Hoc Approaches



Two-port model for Common Emitter Configuration

4 &
_|_
Ro T
V, Rin Avolr & Vs
By Thevenin : Norton Transformations
1 dm 1
Rin = — Avo=—"" Ro=— AyR =0

O Jo Jo



Two-Port Models of Basic Amplifiers widely used for
Analysis and Design of Amplifier Circuits

Methods of Obtaining Amplifier Two-Port Network

b L
Rin Ro +

V4 Al &
ARV, Y Ay (%

i
ﬁ 1. ViesT ¢ itest Method

2. Write 9, : %, equations in standard form
?}1 = i1RIN + AVR(UZ
V, =i,Ry + Ay,

3. Thevenin-Norton Transformations

4. Ad Hoc Approaches



Two-port model for Common Emitter Configuration
Alternately, by V1gs7 © it Method

To obtain R, .
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Two-port model for Common Emitter Configuration
Alternately, by V1gs7 © it Method

To obtain A,
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Two-port model for Common Emitter Configuration
Alternately, by V1gg7 ¢ it Method

To obtain g, :te_st
= + + 4
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Impedance Range and Classification

R
—/N\V\—=

The terms “High Impedance” and “ Low Impedance” are often used

Whether an impedance is considered high or low or mid-range is
a relative assessment

When building MOS or BJT amplifiers, the following relative notation of

impedance levels is often useful (though there may be some extreme applications
where even this notation is not standard)

Low Mid High ;‘> R
I I I | | I I I I
| | | | | i i | | >
10 100 1K 100K 100K 1M 10M 100M




Impedance Range and Classification

|ldeal Port Impedance of the four basic amplifiers

Amplifier Type RlN ROUT
0

Voltage

o0

Current 0 c0

Transconductance | oo o0
0 0

Transresistance




Two-port model for Common Emitter Configuration

+ v RV v +
Vi Reo Aplie V,
Common Emitter —_ —
In terms of small signal model parameters:
1 1
Rp=— Ayg=-9m  Rog=— Ayr =0
VO
O~ do 90 VR
In terms of operating point and model parameters:
BV VaF Y
R = t Ayp =-— Rg = VAF Aygr =0
ICQ Vi lca
Characteristics:

 Input impedance is mid-range
 Voltage Gain is Large and Inverting

» Qutput impedance is large

» Unilateral

» Widely used to build voltage amplifiers



Common Emitter Configuration

Consider the following CE application
Vout —|~<‘%RC'

Common Emitter inc R¢

(this will also generate a two-port model for
this CE application)

CE Two-port including R¢

1
B Ro I gor R
V i ¢ )
in g leoRe
V R, <& AV Re Q = << 1
1 vO Y1 9. V,
J7 E CE Two-Port Model
AVR =0
V A —g = &<
V (g-+g,)=g,Ay. A== 80vo _ T 7o p
C 0 0" *VO VC m*\C
ou ) " Vin 8 +8c & +8&c
RinC = in = rTr
_ 1 g,<<g.
RoutC_ Ro//RC RoutC= Ro//RC =— = RC



Common Emitter Configuration
Consider the following CE application L# %

(this will also generate a two-port model for this CE application)

Common Emitter inc R¢

This circuit can also be analyzed directly without using 2-port
model for CE configuration (use standard 2-port transistor model instead)

) _ 1
B C out 9 def R
_|_
l..R
Q i f R 9o _ 'calNc e 1
in ‘vbe On gm(vbe Jdo C Je V,,
E Avyp =0
< VR
(v g <<g
go T &c V., gyt &c
1 go<<g(,
Rout= = R¢



Common Emitter Configuration

Consider the following CE application
(this is also a two-port model for this CE application) —|‘<‘%—RC\

Common Emitter inc R¢

Small-signal parameter domain Operating point and model parameter domain

8,<<8c g,<<g.
A, = -gR. A, = _ldRe
1 g,<<g Vt
Ry-—1— =R s s
out gyt &c c Rout — RC
_ V
Rin - rTr Rin = &
Ayr =0 lca
Characteristics:

 Input impedance is mid-range

* Voltage Gain is large and Inverting
» Qutput impedance is mid-range
 Unilateral

» Widely used as a voltage amplifier



Common Source/ Common Emitter Configurations

ks N

AVR =0 : AVR =0 Common Source

Common Emitter

1 Im _ 1
Ri, = — A :_g_m Ra=— I - AVO:_— Ro =
" g, VO g0 "9 1 Rin =0 Jo J0
In terms of operating point and model parameters:
1 V
BV Vv V | B R = _ VAF
Rin=r—t Ayg=—%F Ro=-AF | Rip=c ° o Iba
lca Vi lca |
2 VaF
D VO Vs T M
I EB EB
Characteristics: N Q

* Input impedance is mid-range (infinite for MOS)
 Voltage Gain is Large and Inverting

* Qutput impedance is large

* Unilateral

» Widely used to build voltage amplifiers



Common Source/Common Emitter Configuration
Widely used CE application (but also a two-port)

'y e

I
I
|
Common Emitter inc R¢ I Common Source inc Rp
g,<<g : R 1 go«gDR
1 =<8 = ot
R = = R I out D
out g, N g C I 80 + Ep
8,<<8. | 8<<8,
A, = -gR: | Ay = -gRp
Rin = 1o Ayr =0 | Ayr =0 Rin =
In terms of operating point and model parameters:
g£<<¢ |.-R g<<g  2I,,R
A, = -o2%¢ I A, = _7bg D
Vi I VeBa
g,<<&. . — 8,<<8,
Roit = Re Characteristics: : Rin =2 R, = Rp
* Input impedance is mid-range (infinite for MOS)
R = ;th  Voltage Gain is Large and Inverting
in ICQ * Output impedance is mid-range

 Unilateral
* Widely used as a voltage amplifier



Consider Common Collector/Common Drain
Two-port Models

¢ X

Common Emitter Common Source

Sarl A

Common Base Common Gate

5

Common Collector Common Drain

» Will focus on Bipolar Circuit since MOS counterpart is a special case obtained by setting g,,=0

« Will consider both two-port model and a widely used application



Two-port model for Common Collector Configuration
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Two-Port Models of Basic Amplifiers widely used for
Analysis and Design of Amplifier Circuits

Methods of Obtaining Amplifier Two-Port Network

b L
Rin Ro +

V4 Al &
ARV, Y Ay (%

&

ﬁ 2. Write 9, : v, equations in standard form
‘1)1 = i']RlN + AVR(I')Z
V, =i,Ry + Ay,

3. Thevenin-Norton Transformations

4. Ad Hoc Approaches



Two-port model for Common Collector Configuration

h i
_= .
+ + +
v
V; Vpe <97 ImUbe Jo V>
Common Collector — /

Applying KCL at the input and output node, obtain

Standard Two-Port Amplifier Representatlon

- ((vl B {vz)g” } ARY2 Ayl
=(8n 8- +8,)Vy—(gn+8:)V,
These can be rewritten as = iRy + 4,,,
V, =ir, +, ‘v2 = LR« + 4,7,
(vz _ [ 1 ji : +( g, tg. j(vl V, : V, equations in standard form
En T8 18, En T8 18,

It thus follows that

Rix_rn AVOr=1 ROX = (g +g +g j A Vo _(gm + 8, —|—ng




Two-port model for Common Collector Configuration

g E + ¥
| P, Voo 29" Vg e < 90 V,
_ < _

Common Collector

. Two-port Common Collector Model .
¢ Rix RoX (2
—_— —
+ B E 4+
V, ¥ ¥ V
A, orUo Avo‘v1 2
— C —_
<~
1 1
_ Rox = ~
RIX_TT 0x (gm-l—gﬂ-l—goj _gm
Avor=1 A\ :( Em T Ex ] ~1
Em T8z T8



Two-port model for Common Collector Configuration

W@

Common Drain

Common Collector

Ayr =1 Ayr =1

1
Rin:r 'A\V():1 RO:i Rin:oo AVOII ROZ—
" Im Om

In terms of operating point and model parameters:
V. vV y
R'n N h AVO =1 RO . Rin =@ Avo =1 Rp-= 2IEB
ICQ lcq DQ

Characteristics:
 Input impedance is mid-range (infinite for MOS)
 Voltage Gain is nearly 1
« Output impedance is very low

« Slightly non-unilateral (critical though in increasing input impedance when R added)
« Widely used as a buffer
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Common Collector Configuration

, , .. Vb
Consider the following popular CC application
| (UOUT
Determine R, Ry, and A, U Re
(this is not asking for a two-port model for the CC
application — R, and A, defined for no additional load J7 Common Collector
on output, R, defined for short-circuit input)
L Rix Rox <L_2 Vout
+ B E +
Ui g leoRe
) a + Re = >>1
@ 1 Avor2 AyvoUs V2 Ire Vi
_Ic | _
gox = EmtE&x ( En 818 j — gnt & ~ Em lfgm;>g[w 1
ox TERE Bm v 87 T8 \En T8 T8 t8rE) 8w t8:78 T8re &m™T8&rE
_ r 8nt8&r+8 T8 %
g 0X R. = 1 =r s 0 RE '~ 't +BR
V=i R, +A, A, f‘vin > " gnt 8, " gt g
Jox " Ore Ent &t 8 t &k
g >>g.
~ 1 = v - R 01
On*Ore*9o*dn On*Ore 1*9nR &m



Common Collector Configuration

VDD

Consider the following popular CC application

(UOUT
Re
Q)in (vout +

Common Collector

(this is not asking for a two-port model for the CC
application, — R;, and A, defined for no additional
load on output, R, defined for short-circuit input -)

Vss
Alternately, this circuit can also be analyzed directly

in,
+ é 9n _ leoRe o> 1
V, Y gm¥1 < Y0 Ore
_ Vour
(vin
Re

‘vout (gm +gRE +g0 +g7r) = {vin (gzr +gm)

<

V,(gre+ 80+ 87)=V,8, +2,Y LR

A, = Ex + Em ~ Em _ CQ"‘E _ 1

vV = = = =
Vi =U + U, Ent8ret& 18 &m+t&e lcaRetV)
Ein (2 + 8o+ S+ 20) = 82U (S + 20)
"m 7[((v (vout) M
g, tg, +8 +8p P

Vo (8 + &rp + 80+ 2:) =V, (22 + 811) R =r Sm_ Sz " S0 ~ r_ +BR.

8, t &re



Common Collector Configuration

VDD

Consider the following popular CC application

(this is not asking for a two-port model for the CC Uin
application, — R;, and A, defined for no additional
load on output, R, defined for short-circuit input -)

+ J
J? V4 On gn?y <90 bout
our =

(UOUT
Re
Vout +

Common Collector

. Vour
Re :
: l..R
To obtain R, set ¥, =0 In _caE o 4
Ire Vi

ioul = (Uout (gRE +&o+ g/r)_gm <_‘v0ut)

1 g:<<g |
Rout= = -
g&n1t8, T8, 1 8re Em




Common Collector Configuration

VDD

Consider the following popular CC application

(this is not asking for a two-port model for the CC Uin
application, — R;, and A, defined for no additional

load on output, R, defined for short-circuit input -)

Common Collector

l-oR = :
A, = 8z T En ~  &m__ _ CQTE . Question: Why are
Ent8reT8078: 8mTtE&re ICQRE +Vt these not the two-port
¢ g parameters of this
R,=r, Sn 8z 8 T 8re LTy | BRL circuit?
go T 8rE — . .
* R, defined for open-circuit
1 g.<<g, 1 on output instead of short-
Rout= = — circuit (see previous slide : -2
gnt8r T8 T8re Em slides)
— o+ An#0
(1 R Rox 62
D — f—
+ B VYVE 4
V a o
1 Ayorlo Avo‘v1 (vz
- C —

(vOU



Common Collector Configuration with R

included in the collector)

. . . . Vop
Consider the following popular CC application
R
g Un ‘ © % Re
(though not real common, sometimes a resistor is ) : ] —

Common Collector w R¢

Vss y

It can be readily shown that unless R is very large, it has little effect on
the performance and have same expressions for A, Ry, and Rgyt

Em _ ICQRE

Ay
gnt&r lcaRetVi

112

1

12

Ri, = r:+BRg

R 1

out —
m

Intuitively this can be expected since if g, is neglected, R is in series
with a current source in the ss BJT model

{UOUT



Common Collector Configuration Voo

For this popular CC application Vour .
U Re
(this is not a two-port model for this CC application) < Uin E Uout

Common Collector
Re

VSS
Small signal parameter domain Operating point and model parameter domain
AV — r T 8m ifg,”;>g,w 1 A, ~ ICQ'QE lLR>>V, |

= V= ~
I R >>V
gE>>go ca E t

R g R >>1 i l..R.>>V, Vt

RO ~_E =~ - RO = I—

1+9..Re o Characteristics: cQ

Output impedance is low

- A, is positive and near 1
 Input impedance is very large
Widely used as a buffer

* Not completely unilateral but output-input transconductance (or A,)
is small and effects are generally negligible though magnitude same as A,



Common Collector/Common Drain Configurations

For these popular CC/CD applications (not two-port models for these applications)
Vee

R, = r.+BR
in = m E g R >>1
Rs 1

Voo Vour
C {vOUT : ‘v
B IN Rp
a Un Re Vs, %
‘vln E (vout I t
R J7 Common Collector I Common Drain
E
I SS
Vee '
. S ifg,>>g,
AV _ Ex + Em ifg,>>g, ] AV - n n = 1
8n+t8e T8 T8& = | Em T Es T 8o
g,>>¢g : R, =
|
|
1

R g R >>1 1 RO ~ ~ T
R~_ ¥ 7"~ L 1+g R
In terms of operating point and model parameters:
leoRe ICQRE~>>Vt i I R.>>V, V, | A, = 2IHaRs LR S5V
Ay = = Ry, = I 2lpaRs+Vega o 1
lcoRe+V; loa 21 R, >>V
| )= VesaRs Yo Vg
Rln = Ipt BRE 1 R. =
in — 0
I _Ou_tpLTim_peEanFe islow e _VViFer_usEdgs a buffer ~
. A, is positive and near 1 . Not completely unilateral but output-input

. Input impedance is very large transconductance is small
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Consider Common Base/Common Gate
Two-port Models

{ W

Common Emitter Common Source

X

Common Base Common Gate

v Mﬁi

Common Collector Common Drain

» Will focus on Bipolar Circuit since MOS counterpart is a special case obtained by setting g,=0

« Will consider both two-port model and a widely used application



Two-port model for Common Base Configuration

k: v / _|_
(vbe On ¢>gm‘vbe Jdo
/ —_—
Common Base W
?
2 Rix Rox i
_> <—
t E c +
V,

Avor(vz AVO‘U'] (vz

— B —

’

{Rix; Avos Ayor and Ry}




Two-Port Models of Basic Amplifiers widely used for
Analysis and Design of Amplifier Circuits

Methods of Obtaining Amplifier Two-Port Network

b L
Rin Ro +

V4 Al &
ARV, Y Ay (%

&

ﬁ 2. Write 9, : v, equations in standard form
‘1)1 = i']RlN + AVR(I')Z
V, =i,Ry + Ay,

3. Thevenin-Norton Transformations

4. Ad Hoc Approaches



Two-port model for Common Base Configuration

( )
el io
k / .|. <
+ +
?)1 Ube gn ImUbe Jo (v2
g —
Common Base —_— \1 —
From KCL
i =Vg,+(V-v,)g+g,? Standard Form for Amplifier Two-Port
iy = (‘02 - ‘v1)go —&nY = - v ‘% V,=iRy + AR,
These can be rewritten as v } Aovr V2 V, =i,Ry + A,
— = 47 —
gm+gn'+g0 gm+g7r+g0 ) )
=~ UV, : v, equations in standard form
1
V, = Ejiz +(1 + gmj‘vl
8o 8o —
It thus follows that: i
8 gn 8
RiX = l =~ I AVOr = 0 AVO — 1 + 20 =~ =20 ROX = —

g, +2.+8 &, Em T8z T &0 g & g0



Two-port model for Common Base Configuration

[
T R | ' E

2

+ T
PV, Voe <97 Vg, < 90 V-
€ _

Two-port Common Base Model

Common Base

+ E c +
(% ° ° )
Ayorlo Avo‘v»] 2
— B —
1 1
RiX:g te 1o g AVO—1+gm§gm
m T 0 m gO go
8o - 80
A ~ 1
O g, g8 & Rox =—



Common Base Configuration
Consider the following popular CB application Voo

(this is not asking for a two-port model for this CB
application - — R,, and A, defined for no load on
output, R, defined for short-circuit input )

4 RiX RoX 2
0 + E C
" Vs . .
B Y1 ALYC 2 AyoUs
_ B

! T i

- R Ent8 g Ent8
I Ay = Ay R +C|% B (O] (0) =220 =g R
[ c " Rox 8o 8ct80) &cTt&

Un — éRix *Avor Vot = Rx _ ST Ec -1

IR = - in - =

C . 1-Ff~v0rAv gc(8n+8:+80)+8:8 &
— Rou - €

v Rout = Re//Rox " 1+gRe



Common Base Configuration

\Y

Consider the following popular CB application

Vour

Vo C;i) e %
e a U Rc
i

Common Base

(this is not asking for a two-port model for this CB
application — R;, and A, defined for no load on output,
R, defined for short-circuit input ) Ves

Alternately, this circuit can also be analyzed directly with BJT model
(1

T B C 42 ou
+ + ,
‘vin@ (U'I Ube g Y gm‘vbe 9o (UZ RC e :R_C
— N E— —
By KCL at the output node, obtain
_I_
(9¢*9) Yo=(9m*90) Uy A, = gm—+g0 =g R
By KCL at the emitter node, obtain &c gog +g 1
i1=(gm +g;z +go)vin o gO‘vout Rin= 0 C =

e (Im+9n*9)+9ndo I
Rout — RC/ / Mo Rou = 1+goR¢ =Re



Popular Common Base Application

Vour

(this is not a two-port model for this CB application)

J7 Common Base

A, = g, R A,
1

R,=— R
n gm
Rc<<ro

Rout = RC Rout
Characteristics:

* Output impedance is mid-range

« A, islarge and positive (equal in mag to that to CE)

* Input impedance is very low

* Not completely unilateral but output-input
transconductance is small



Common Base/Common Gate Application

(these are not a two-port models) Voo
Voo |
[ Rob Vour
Vour
ﬂ [  Vour . M R
g —° % Un Re l G ° " ?
E P Ve, —>
i J7 Common Base [ v l Common Gate
’ [
R <<r
R. ; o (] 0 I
in R ~ R 1 R,<<r,
out = C A, =2 R R =~ — ~
In terms of operating point and model parameters:
| | R <<
A lRe R LV LRV, o 2bRy R s Vesa N -
vV = in = R = R V= N 9] out = D
Vi lea out c 1 VeBa DQ
|

Characteristics:

*  Output impedance is mid-range

- Ay, islarge and positive (equal in mag to that to CE)

 Input impedance is very low

*  Not completely unilateral but output-input
transconductance is small



The three basic amplifier types for both
MQOS and bipolar processes

Common Base Common Gate
Common Collector Common Drain

» Have developed both two-ports and a widely used application of all 6

« Afourth structure (two additional applications) is also quite common so will be

added to list of basic applications

Rc Rb

Vour Vour
M1 M‘l
Vin Vin
RE RS

CE with Rg CS with Rg



Common Emitter with Emitter Resistor Configuration Application.

(this is not a two-port model for this CE with Rg application)

VDD
Rc RC
- (vout ‘vout
: +
E ‘vl
(v”if[ " Ve gn < gm(vbe Jo
Re — ‘vE
VEee RE

By KCL at two non-grounded nodes

V,, (8c+20)+(Vn-Ve) &, = 20Ve

Ve (82 + 80+ &)~ (Vn-Ve ) g = €oVout + 8, Vs,
A= ot _ "ImIe+909n Re

112

Vo 969m+9c (9o+9n+9e )*00 (9n+0:) R



Common Emitter with Emitter Resistor Configuration Application.

(this is not a two-port model for this CE with Rg application)

VDD
RC RC
(vout ‘vout
C
Vs +
Vin E ‘Ube On v gm(vbe Jdo
Re — ‘vE
VEee R RE
AV ; - C
RE
It can also be shown that
R, =r.+BR¢
Rout = RC

Nearly unilateral (is unilateral if g,=0)



Common Emitter with Emitter Resistor Configuration Application.

(this is not a two-port model for this CE with Rg application)

Vbp
Rc
R
~ C
(vOUt AV =" R
c E
B
; Rin =1 +BRe
Re
Rout — RC
Vee

(this is not a two-port model)

Characteristics:

* Analysis would simplify if g, were set to 0 in model

« Gain can be accurately controlled with resistor ratios
« Useful for reasonably accurate low gains

* Input impedance is high



BJT

Basic Two-Port Amplifier Gain Table

CE/CS
MOS

CC/CD

CB/CG

BJT MOS

Imtgm  _ 9m  _ 4+ 9m _ 9m
_9m Im*tInt9, 9m*9, 90 9
do
Ay _leaRe _2IpaRp | 1 Var 2
Vi VEB Vi AVes
I 00 Fr 0 1 _ g
i Im+9r*do Im*tdo
Rin BV, o0 W i
| Blicg o0 Vi VEB
cQ Icq 2IDQ
1 L 1 & A
—= =g
N Im*Intdo 9 gm*do dJdo
R do
out
Vi VEB Var 1
— | Al
lCQ 2 IDQ CcQ DQ
0 _ % _9% _% _%
AVR 1 ImtIntdo  Im Im*do  9Im
V, AVeEg
0 0 ! ! e =

VAF 2




Basic Amplifier Application Gain Table

CE/CS CC/CD CBI/CG CEWRE/CSWRS
BJT MOS

,

out Yout
Re Rp
Vin Vin

- dmRc
AV _ ICQRC ) ZIDQRD
Vi VeB
I
Rin BVy 00
lca
Rc
I:{out
Ve Ves
lcq 2Ipq

(not two-port models for the four structures)
Can use these equations only when small signal circuit is EXACTLY like that shown !!
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Stay Safe and Stay Healthy !







