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Basic amplifier architectures
« Common Emitter/Source
e Common Collector/Drain
« Common Base/Gate
« Common Emitter/Source with Rg/Rq

Basic Amplifiers
* Analysis, Operation, and Design



Two-Port Equivalents of Interconnected Two-ports
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Two Port (Thevenin)

Apply V,, open V, to get A, but short V, to get R,
Apply V,, open V; to get A i but short V, to get Ry 7



Basic Amplifier Structures

Small Signal Transistor Models
as 3-terminal Devices

Common Source or Common Emitter

Common Gate or Common Base

Common Drain or Common Collector

Objectives 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



The three basic amplifier types for both
MOS and bipolar processes

<

Common Emitter

X

Common Base

d

Common Collector

w

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



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

Methods of Obtaining Amplifier Two-Port Network
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1. Vest : irest Method  (considered in last lecture)

2. Write v, : %, equations in standard form
‘vl = ilRIN + AVR‘UZ
‘UZ = iZRO + AVO‘vl

3. Thevenin-Norton Transformations

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



Consider Common Emitter/Common Source
Two-port Models

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



Two-port model for Common Emitter Configuration

7
0“1 -
+ vV VvV V
Common Emitter —_ .

In terms of small signal model parameters:

1 1
Rp=— Ayn=-9Mm  Rg=" Ayr =0
Vv VR
97 ° 90 %0
In terms of operating point and model parameters:
BV \ v
Ri=—t  Avo=—"UF Re="2F AR =0

Characteristics:
 Input impedance is mid-range
 Voltage Gain is Large and Inverting
» Output impedance is large
 Unilateral
» Widely used to build voltage amplifiers



Common Emitter Configuration

Voo
Consider the following CE application
(this will also generate a two-port model for Re
this CE application) - —|*<—%—RC-
(vin E Common Emitter inc R¢
CE Two-port including R Vee
B Ro Vout
+ C
(vin A R
Vi ~Rn QALY C
J7 = CE Two-Port Model
AVR — O
Vo (0 +05) = GoAygl — Ave— o — Gohvo _ —On P2 o o
out \9¢ T Y0) = YoAvoVin S T ImRc
in 0 C 0 C
RinC = Rin = r1'r
_ 1 9<<q

J0 +9¢



Common Emitter Configuration
Consider the following CE application Li %

(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

B C ‘vOUt
Vi, (& T
in\= Voe Or < ImUVbe Jo Rc
E A =0
< VR
1 (Uou - 9,<<9
(vout = _gm(vln( j A v = L= _( : j = ngC
90 + Oc Uin 9o+ 9c
. 1 s
Rin = rTr out go L gC — C



Common Emitter Configuration

Consider the following CE application
(this is also a two-port model for this CE application) W

Common Emitter inc R¢

Small signal parameter domain Operating point and model parameter domain
0,<<0, g,<<0. |- -R
A, = -g.R. A, = ¢
Vi
= B 1 go<~<gcR g,<<d,
out Jo + Uc — C Rout = RC
V
Riy =1y Rin =
Ayr =0 oo

Characteristics:
 Input impedance is mid-range
» Voltage Gain is large and Inverting
» Output impedance is mid-range
« Unilateral
» Widely used as a voltage amplifier



Common Source/ Common Emitter Configurations

e N

l
AVR =0 : AVR -0 Common Source

Common Emitter

1 Om 1
R. - A :—g—m RO:— l R — o0 AVOZ—— Ro_i
"o, VO do g I N do 9o
In terms of operating point and model parameters:
1 V
BVi V vV | o Rp = _ VAF
R|n - AVO — _% RO = | AF | R|n =0 ZIDQ IDQ
lcqQ t CQ |
2 VAF
! Avo =- FIviNoN -2 y
' EB EB
Characteristics: Q Q

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

» QOutput impedance is large

» Unilateral

» Widely used to build voltage amplifiers



Common Source/Common Emitter Configuration

[
e . ras
|
Common Emitter inc R¢ I Common Source inc Rp
I 1 9.<<9,
Rout = 0o + Jc = R¢ : o Jo + 9p
go<<gC I go<:gD
A, = -—0g.Rc : Ay = —OnRp
| -
Rin = Iy Ayr =0 , Ayr =0 Rin =
In terms of operating point and model parameters:
9550 |oRe A ¥Z% 2lodRo
Vi | VEBQ
9,<<9,
Rowt = R o] Rin = 0,0,
ou Characteristics: R = Rp
,BV  Input impedance is mid-range (infinite for MOS)
Rin = 7t  Voltage Gain is Large and Inverting
ICQ  Output impedance is mid-range
« Unilateral

e \Widelv used as a voltaae amplifier



Consider Common Collector/Common Drain
Two-port Models

L W

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



Two-port model for Common Collector Configuration

]
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Common Collector %
2
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{Rix: Avos Avor and Ry}



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

Methods of Obtaining Amplifier Two-Port Network
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g 2. Write ¥, : ¥, equations in standard form
?)l = ilR|N + AVR‘I)Z
?)2 = iZRO + AVO(I)l

3. Thevenin-Norton Transformations

4. Ad Hoc Approaches



Two-port model for Common Collector Configuration

A 2
_= . >
+ + +
v
V 1 Ure I OmUpe do (vz
Common Collector — /

Applying KCL at the input and output node, obtain

Standard Two-Port Amplifier Representatlon

L = (?)1 - ‘1)2) P } ARYz  Avol
I = (gm +0, + go)(v2 _(gm + gzz)(vl
These can be rewritten as V, =Ry + Ar?,
V=i, + 9, V, =1,Rox + AU,
v, - ( 1 ji 2 +( On+9, )‘Ul V, : V, equations in standard form
On +9. T Qo Om 9, + 9

It thus follows that

_ _ 1 _ Om T 9,
Riy=r A,~1 R.. — A _[ j
X \V 0)4 (gm_i_gﬂ_'_goj VO gm‘f‘g”‘f‘go




Two-port model for Common Collector Configuration

g = i ¥ ¥
| V1 Vpe <9 S OmUbe 9o V-
— N —

Common Collector

Two-port Common Collector Model

¢1 Rix RoX (2
_> 4—
+ B E +

V4 ¥ ¥ QV
Avor‘vz AVO‘UJ. 2

_c _

NV

1 1
_ R.. = ~

Rix=rx 0x [gm +gﬂ+goj T g,

Avor=1 Avo:£ In * Ur j ~1
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Common Collector Configuration

Consider the following CC application

Q)OUT
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 ey, S o
on output, R, defined for short-circuit input)
L RiX ROX <L_2 ‘vout
+ B E +
(vin
+ (Ul + + Re
@ Avor¥2 AVO‘vl (2
- | C | —
A\/o Jox _ Jdn + 0, [ dn+9, +0, j: Oy + 90, - O if gmg>>95 1
gox+gE gm+gﬂ+go gm+gﬂ+go+gE gm+g;z-+go+gE g +gE
g.>>4q,
= R +A A —+‘Uin é 1— gm+g7z' 9 +gE B
Jox ™ Je O+ 9z + 0o+ e
>>
RO - 1 _ 1 _ RE g, N 9: i
OntOe+00t0; OntOe 1+0.Re Im



Common Collector Configuration

VDD

Consider the following 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 -)

(I)OUt é é

Common Collector

Vss
Alternately, this circuit can also be analyzed directly

lin
+ L
(v]_ gn gm‘vl gO Q)
— ouT
(vin
Re

Vout (O + 96 + 9+ 9, ) = U, (9, +9pn)

‘vout (gE +0pt g;r) = (vingr: +0,Y

A., = g;r * On ~ Im _ ICQRE
= ~ =
Vin =Y + Yy gm +gE +g0+g7z gm+gE ICQRE+Vt
=9, (U - U in (O + 95 + 06 +90) = 9, U (9 +90)
9.>>0,
Vou (9 + 9 + 90 +9,) = Un (9, + ) R,.=Tr. In 79,79 F 0 " r.+BR

go+gE

(UO uT

Re



Common Collector Configuration

VDD

Consider the following 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 -)

Vss

(I)OUt é (

(UO uT

Re

Common Collector

bout

+
v do J7 (% n <J%gm% %go <L
om Vour =2 —

Re

To obtain R, set ¥, =0

(2

.out :‘vout(gE +go+9 ) gm(

. 1
gm+gﬂ+go+gE

R

out

‘UOUT

out )

gE<<go

1

U



Common Collector Configuration

VDD
Consider the following CC application Vou
Un Re
(this is not asking for a two-port model for the CC Uin o
application, — R;, and A, defined for no additional
load on output, R, defined for short-circuit input -) J7 Common Collector
+ l.oR = :
A, = Iz T I = O9m _ JcQTe .9 Question: Why are
On+9e+90+09; Imt0ec logRetV these not the two-port
. parameters of this
g + g + g + gE g.>>0, ) TN
R,=r, —"——F—=° =~ r_+BR circuit®
in 'IT g, + gE Tr E o—
° R., defined for open-circuit
1 9.<<g, 1 on output instead of short-
Rout= A Circuit (see previous slide : -2
On + g;; + go + 0 Om slides)
—
¢ AVOr #0
Ll RlX ROX ‘2
+ B E +
V, a ¥
AVOr‘vz Avo‘vl ‘vz
—Ic _




Common Collector Configuration Voo

For this CC application Vous .
U Re
(this is not a two-port model for this CC application) < Un e Vout

J7 Common Collector RE
. ) VSS
Small signal parameter domain Operating point and model parameter domain
A, = 9, +9m " gm;gE 1 A, = lcoREe LRV, .
On t9e T 90+ 9, looRe*+Vy ~
| R >>V
gE>>go cQ E t
| R >>V
g,R.>>1 e Ve \/
R, = _Re 1 R, = I—t
1+9,Re Om Characteristics: cQ

Output impedance is low

e Ay Ispositive and near 1
 Inputimpedance 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 CC/CD applications (not two-port models for these applications)

VDD

{vOUT

. D
é Un Rp
‘vin ? S ‘Uout
Rs é
\Y/

{vOUT

Re

Common Drain

Common Collector

SS

g if g, >>g,
A - 9, +On if g,>>g, Av:g +gm+g =~ 1
v ~
On+0c+09o+0, = 1 m ™95 T So
9.>>0, R, =
Rin = r1'r+BRE R g, R>1 1
Re %71 Ry = ﬁ =
R, = = — +
0 1+ngE g, gm S gm
In terms of operating point and model parameters:
IR _>>V 21,,R :
I R cQ' “E t ICQRE>>Vl V I A ~ DQ" 'S If 2|DQRS >>VEBQ
AV = _CQE =~ 1 Ro = —L | v 2|DQRS+VEBQ = 1
leoRe V4 leg >
vV R 21, R >>V,,, V
| R, = EBQs ~ EBQ
lcQREN»Vt R 1 Veso t2IpoRs 2lpg
Rln = B E i Rin = o0
T _OLFpuTim_ped_an?e islow e _Wiaely_uszdzs abuffer ~
. A, is positive and near 1 . Not completely unilateral but output-input

. Input impedance is very large transconductance is small



Consider Common Base/Common Gate
Two-port Models

P

Common Gate

Common Collector Common Drain

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



Two-port model for Common Base Configuration

5: v / _|_
?)be G Y gm‘Ube Jo
/ J—
Common Base W
?
i'l R,x ROX (2
B — 4—
* E c +
(1

Avor‘vz AVO(vl (vz
— B —

’

{Rix: Avor Avor and Ry}



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

Methods of Obtaining Amplifier Two-Port Network
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g 2. Write ¥, : ¥, equations in standard form
?)l = ilR|N + AVR‘I)Z
?)2 = iZRO + AVO(I)l

3. Thevenin-Norton Transformations

4. Ad Hoc Approaches



Two-port model for Common Base Configuration

( )
g i2
.|. ¢
=7 + +
y
(vl Une g OmUbe Jo (v2
1 —
Common Base —_— \1 —_—
From KCL
i =Ug, +(V,-V,)dy + 9, Standard Form for Amplifier Two-Port
i) = (‘1)2 —7)1) Jo — In¥Y; y = V=R, +A,L
These can be rewritten as Aow 2 UV, =i,R, + AU

m !
On+9:+90)  (Gn+ 0+ 0o

V, = (1}2 + (l+ gm]‘vl
9o 9o —

It thus follows that:

1 1 A _ 90 A =1 On - 9m R _i
Ri = = VOr VO — + = X —
gm0, 9 O Om + 97+ o 90 Yo g,




Two-port model for Common Base Configuration

(4
A Wans i E

2

¥ +
‘Ul Ube G OmUbe 9o ‘vz
N —

Common Base

Two-port Common Base Model

— —
+ E c +
V - -
1 AvOr‘vz AVO‘U]_ (l)2
— B —
1 1 g g
RI = = — m ~ <9m
* On+t9,+00 On AVO 1+ do do
Jo - Yo
A n = ~
g, +0,+0, O Rox =



Common Base Configuration

Consider the following 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 )

t Rix RoX
—
t E
(v.
N 4 A
@ Avorl2'y 7 AvoUr
- B -

[ a5

la, =A,,_Re :(gmwoj[ do ):gm—l—gogngC

— R\yo RC+ROX Jdo Jec +9, e + 9o

IR = (vin — ilRiX +AVOr‘vout R, = Rix _ 90+ dc ~ 1

I t g 2 1_§A\V°rAV Oc (9m+9:+9)+9,9 O
R . —_ _C

v Rout = Re/Rox U 1+g,R,



Common Base Configuration

Vbp
Consider the following CB application

(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 )

Alternately, this circuit can also be analyzed directly
(1

T B c <2 Vo
+ +
‘vin@ UV, Vpe <Im ¢gm‘l)be o V, Re
— N E_ —
By KCL at the output node, obtain
_|_
(9c+90) Vo=(9m*o) Ui Ay = 9—+go = 0nRc
By KCL at the emitter node, obtain Jc gog +g 1
£1=(9m*9, %90 ) Vi — JoVou R;,= = =
~ 9c(9n+0n*9)*+9n%o O
C ~

_ R .= ~R
Rout = RC//rO M 14gRe T



Common Base Application

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

Ay = 9nRe A, = @\?—C
t
Rin = i R =~ i
Om n ICQ
Rc<<ro Rc<<ro
Rout = RC Rout = RC
Characteristics:

e 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 [
I Rp Vour
Vout l |
I - Vour ——
Re I b Ui Rp
I VGE—{ . —_
J7 Common Base I v l Common Gate
[
R.<<r, I 1
a R ~ R R,<<r,
m [ \ gm D in g, Rout = RD
[
In terms of operating point and model parameters:
| V. IR, <<
oo g iMoo MRS PRy g s Vemo <% -
VT, " oo out = c v Vego 2lp out = D
. |
Characteristics: i

e  Output impedance is mid-range

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

 Inputimpedance is very low

 Not completely unilateral but output-input
transconductance is small



The three basic amplifier types for both
MOS and bipolar processes

 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




Common Emitter with Emitter Resistor Configuration Application.

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

Vb
RC RC
- ‘vout (vout
B Uy t
(vm = (vbe gﬂ v gm(vbe gO
Re — Ve
Vee Re

By KCL at two non-grounded nodes

Vour (9 + o) + ((vin _(UE) Om = 9oUe

Ve (9 + 9o+ 9,,) — (ViU ) 9y = 9V + 9, Y;,
A, = o “Om9e +900n Re

Vin  9cOm+9c (00+0n+0e)+00 (Un+0:) Re

112




Common Emitter with Emitter Resistor Configuration Application.

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

VDD
Rc RC
- Q)out (vout
B U, +
Vin £ (vbe On v gm(vbe Jo
Re — Ve
Vee . Re
AV E = 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 R¢ application)

Vb
Rc
R
~ C
Q)out AV = R
c E
B
2 R, =r +BR:
R
) Rout = RC
VEe

(this is not a two-port model)

Characteristics:

« Analysis would simplify if g, were set to O in model
 Gain can be accurately controlled with resistor ratios
« Useful for reasonably accurate low gains

* Input impedance is high



Basic Amplifier Gain Table

CE/CS CC/CD CB/CG CEwRE/CSwWRS
BJT MOS BJT MOS BJT MOS BJT MOS
I 1
Im
) ngC Om + 9
AV _ ICQRC ) 2|DQRD R ol R
Vi Veg _cafe DaRE lcaRc 2lpaRc
ICQRE + Vt 2IDQRE + VEB VT VEB
I m + BRE -1 fm * BRe
Rin BV. Om v
cQ lcq o 2Ibq lca
-1
Rc 9m Rc Rc
Rout
Vi Ve
lca 2lpg

(not two-port models for the four structures)



Basic Amplifier Gain Table

CE/CS CC/CD CB/CG CEwWRE/CSWRS

Can use these equations only when small signal circuit is EXACTLY like that shown !!



Basic Amplifier Structures

. Common Emitter/Common Source

. Common Collector/Common Drain

. Common Base/Common Gate

Common Emitter with R/ Common Source with Rg

~ WN B

o1

Cascode (actually CE:CB or CS:CG cascade)
Darlington (special CC:CE or CD:CS cascade)

Will be discussed later

o

The first 4 are most popular



Basic Amplifier Structures

. Common Emitter/Common Source

. Common Collector/Common Drain

. Common Base/Common Gate

Common Emitter with R/ Common Source with Rg

~ WN B

o1

Cascode (actually CE:CB or CS:CG cascade)
Darlington (special CC:CE or CD:CS cascade)

Will be discussed later

o

The first 4 are most popular



Why are we focusing on these basic circuits?

1. So that we can develop analytical skills
2. So that we can design a circuit

3. So that we can get the insight needed to design a circuit

Which iIs the most important?



Why are we focusing on these basic circuits?

1. So that we can develop analytical skills
2. So that we can design a circuit

3. So that we can get the insight needed to design a circuit

Which iIs the most important?

1. So that we can get the insight needed to design a circuit

2. So that we can design a circuit

3. So that we can develop analytical skills



Properties/Use of Basic Amplifiers

CE and CS Vee Vo

(vout ‘UOUt

More practical biasing circuits usually used

Rc or R, may (or may not) be load

e Large inverting gain

 Moderate input impedance for BJT (high for MOS)
 Moderate output impedance

 Most widely used amplifier structure



Properties/Use of Basic Amplifiers

CCand CD
(emitter follower or source follower) VCC VDD
C D
B G K
(vin E (Ijout ‘l)ln | S ‘I)OUt
% RE % RS
VEE VSS

More practical biasing circuits usually used

Rg or Rg may (or may not) be load

Gain very close to +1 (little less)

High input impedance for BJT (high for MOS)
Low output impedance

Widely used as a buffer



Properties/Use of Basic Amplifiers

CB and CG
VDD

Ro
[vout

More practical biasing circuits usually used

Rc or R, may (or may not) be load

Large noninverting gain

Low input impedance

Moderate (or high) output impedance

Used more as current amplifier or, in conjunction with CD/CS to form
two-stage cascode



Basic Amplifier Characteristics Summary

Large inverting gain
Moderate input impedance

CE/CS Moderate (or high) output impedance
Widely used as the basic high gain inverting amplifier
Gain very close to +1 (little less)
CC/CD High input impedance for BJT (high for MOS)
Low output impedance
Widely used as a buffer
Large noninverting gain
Low input impedance
CBICG Moderate (or high) output impedance
Used more as current amplifier or, in conjunction with CD/CS to form
two-stage cascode
Reasonably accurate but somewhat small gain (resistor ratio)
CEWRE/ High input |mped_ance
CSWRS Moderate output impedance

Used when more accurate gain is required



Cascaded Amplifiers

(vout

Rox1 + * NP Y Rox2 +
o) o)
Avorty V, Py R voz"3 UV, R

Avs = Vout _( Rix1 j A ( Rix2 ] A ( R_ j
V= - Vo1 Vo2| ==
Vin (Rix1tRs Rix2+tRox1 R *+Rox2
fR,<<R.  Rg<<R, R,<<R,

Av = Av01Avo2

« Amplifier cascading widely used to enhance gain
« Amplifier cascading widely used to enhance other characteristics

and/or alter functionality as well
e.g. (R,y, BW, Power, R, Linearity, Impedance Conversion.. )



Cascaded Amplifier Analysis and Operation

Adjacent Stage Coupling Only

R
M | soe Vour
D @j) STAGE 1 STAGE 2 STAGE n % R,
Source J7 ' Load
* Systematic Methods of Analysis/Design will be Developed
One or more couplings of nonadjacent stages
‘ Nonadjacent Stage Coupling ‘
Re L | |
W — 'R Vaut
@IN@JP STAGE 1 STAGE 2 STAGE n %RL
Source J; Load

* Less Common
* Analysis Generally Much More Involved, Use Basic Circuit Analysis Methods
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