EE 330
Lecture 31

Basic amplifier architectures

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



Exam Schedule

Exam 1 Friday Sept 24
Exam 2 Friday Oct 22
Exam 3 Friday Nov 19

Final Tues Dec 14 12:00 p.m.



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



Review From Previous Lecture

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

|dentification of Input and Output Terminals is not arbitrary

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



Review From Previous Lecture

Basic Amplifier Structures

A

Small Signal Transistor Models
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

TR
L‘ Rc
oooooooooo
Common Source Common Emitter inc Rc
INPUT ﬂ T OUTPUT
Common Base
Common Collector

mmmmmmmmmmm

Overall Amplifier Struture




Review From Previous Lecture

Characterization of Basic Amplifier Structures

< A

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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Review From Previous Lecture

The three basic amplifier types for both MOS and
bipolar processes

e L

Common Emitter Common Source
Common Base Common Gate
Common Collector Common Drain

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



Review From Previous Lecture
The three basic amplifier types for both MOS and
bipolar processes

T Your Vour = _ngLVbe}
(vin ‘ § R|_ Ui Wgn <%gm‘vbe % R. Vin =Vee
Vour - ‘ v
A, = __g R
J7 Common Emitter J7 VI OnlL
(UOUT Vour
-+ Vour = _ngLVbe}
Uin § R, (vie o ImUbe R Vin = Vie

V
OUT
VUin AV Vv - g m
J7 Common Base N

(UOUT i Vour = (gm +0, )Vbe }
VUin (vbe %gﬂ gm(vbe VIN Vbe (gm + g )Vbe

R A, < Your - (9n*0. )R

1

1

Ve 14(09,+9,)
J7 Common Collector

« Significantly different gain characteristics for the three basic amplifiers
« There are other significant differences too (R,\, Roym ---) as well



Review From Previous Lecture

The three basic amplifier types for both MOS and
bipolar processes

S "0 8 i

i Common Emitter
Common Emitter Common Source J7

I 4k
W Wl ]

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

il iZ
_> 4—
+
Rin Ro +
V, Al &
AyrY7 Y AvoU (%

1. Vqiest | itest Method (considered in a previous lecture)

2. Write 9, : v, equations in standard form
(vl = ilRIN t 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



Viest - itest Method for Obtaining Two-Port Amplifier Parameters
SUMMARY from PREVIOUS LECTURE

l:l 52
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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

Lo

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

Vb
VOUT
Vss

Small-Signal parameter domain

&=%=—ng

¢

‘vOUT
@
RIS L
A4
MPOP domain
A\/ _ {Q)UT —_2 IDQR
(qN 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

‘UOUT
Vour
\
E Rl EMl § R
Vin
v O
Common Emitter Amplifier Common Source Amplifier

Vour ] Vour

{ iw . b w2k

—+
Un &)
Common Emitter v

N Amplifier

Common Source
Amplifier

Can include or exclude R and R; in two-port 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 %QO

Common Emitter

E —_—
N
?
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i1 &
+
R, T
Vi Rin Avoly ¢ V,

{Ri, Ay and Ry}



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

Methods of Obtaining Amplifier Two-Port Network

0“1 0
_> 4—
+
Rin Ro +
‘l)l T AN
AVR{UZ Y Aval ‘vz

2. Write 9, : %, equations in standard form
‘vl = ilRIN + AVR(UZ
(v2 = iZRO + AVO(vl

ﬁ 3. Thevenin-Norton Transformations

4. Ad Hoc Approaches



Two-port model for Common Emitter Configuration

N
41 &
e
_|_
R, +
(1 Rin Avoly ¢ Vs
By Thevenin : Norton Transformations
1 Om 1
Rin Avo =—"" Ro=— Ayr =0

i O, Jo do



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

Methods of Obtaining Amplifier Two-Port Network

0“1 0
_> 4—
+
Rin Ro +
‘l)l T i
AyrY7 Y AvoU (%

ﬁ 1. Vrgsr @ irgst Method

2. Write 9, : %, equations in standard form
?}1 = ilRIN + AVR(UZ
(UZ = iZRO + AVO‘vl

3. Thevenin-Norton Transformations

4. Ad Hoc Approaches



Two-port model for Common Emitter Configuration
Alternately, by V;es7 © irest Method

To obtain R, .
lest
] —_—
_E =7
V -+
test (T Voe <97 < 9mVUbe do
Common Emitter —
V4
i £ R. — vtest
.|._> % in — .
R, ¢ test
‘U1 Rin AvO(l)l + (vz
1
- - Rin =—
97

{Rin» Ayg and Ry}



Two-port model for Common Emitter Configuration
Alternately, by V;gs7 @ it Method

To obtain A,

<

Common Emitter

(vtest @

_|_
(vbe

<_

%gn

gm‘vbe % do

_|_

‘UO ut-tgst

+_> v Rv v +
UV, Rin Avols & 0 V-

{Rin» Ayg and Ry}

N

Vout-test
Avo = Y
test

Om
(vout—test — Yest (_

Avyo =

%o

Om

90
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Two-port model for Common Emitter Configuration
Alternately, by V;es7 © irest Method

To obtain g, :tﬁt
= + + 4
4{ ‘Ube On v gmfvbe Jo — te
Common Emitter | |
~ —_—
Rg = Vtest
L test
1 7 .
L A A A -~ (vtest = Itest (gO)
+ = +
‘U1 Rin AvO(l)l + (vz 1
Rg=—
- - do

{Rin» Ayg and Ry}



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 2> R
S N S e ey s e >
10 100 1K 10K 100K 1M 10M 100M




Impedance Range and Classification

|ldeal Port Impedance of the four basic amplifiers

Amplifier Type RIN ROUT
0

Voltage

e

Current 0 oo

Transconductance | oo o0
0 0

Transresistance




Two-port model for Common Emitter Configuration

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

In terms of small signal model parameters:

1 1
Rin=—" Ayg=-9Mm  Rog=— Ayr =0

In terms of operating point and model parameters:

V. \Y;

Ico Vi lcQ
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

Vb
Consider the following CE application
(this will also generate a two-port model for Re
this CE application) Vout W
(vin E Common Emitter inc R¢
CE Two-port including R, Vee
R 1
B : Vout O o R
V + y )
in . R
‘Ul Rin t Avo(vl RC go = C\; < <<1
C AF
J7 = CE Two-Port Model
Ayrp =0
Vot (9 +90) = GoAyoV AVR—%“— 9oAvo _ ~Om "7 0 R
out \ IC 0/ 90" *V0 %in VC — — - = Im'C
Vi 9+9c 9 +9c
RinC = Rin = rTr
_ 1 9<<q
Routc™ RO//RC Routc™ Ro//RC =—— = R¢

Jo +9c



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 ‘vOUt e def R—c
V - + On v Jo RC 9o _ lcoRe <<1
" ‘vbe gm(vbe Jc Ve
E Ayp =0
< VR
1 Vot g Jo==d
out gm in (go n gcj V ?)m go n gc gm C
1 9<<C
Roui= = R¢



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

9,<<9. 0,<<0. . R

Ay = —0,Rc A, = -

Vt
R . 1 g°<:g° R 0,<<0.
out Jo+9c c Roit = Rc
Ayr =0 leq

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

H E

Common Emitter

AVR =0 : AVR =0 Common Source

A = —— I:20 - R = 00 VO 0
VO Jdo J0 ! N 90
In terms of operating point and model parameters:
1 V
V V | o Rp = = “AF
AVO = _TAE RO = ﬂ | Rln =0 0 MDQ IDQ
2 VAF
| A — _ —_2
| VO AVEBQ VEBQ
Characteristics:

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

» Output impedance is large

 Unilateral

» Widely used to build voltage amplifiers



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

W e

Common Emitter inc Rc Common Source inc Rp

L e = 1 9.<<9, =
R — O; : R out — = D
o g c 90 T 9p
9,<<0. 90<~<9D
A, = -g.Rc , Ay = —0:Rp
Ry =TIy Ayr =0 | Ayr =0 Rin =
In terms of operating point and model parameters:
9.9 |oRe A 9.0 _2IDQRD
A ) = - I v -
V, I VEBQ
gO<<gC . —_— go<<gD
R, = R Characteristics: : Rin =20 R, = Rp
* Input impedance is mid-range (infinite for MOS)
R = ,th * Voltage Gain is Large and Inverting
In | « Output impedance is mid-range
CQ » 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

_m ol
_|_
| v
Ube I >gm‘vbe do
Common Collector — \\\
?
(1 Rix Rox 7
+ B U E O+
1 + T
AvOr‘UZ AVO(vl ‘vz
—_ C —_

{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

0“1 0
_> 4—
+
Rin Ro +
‘l)l T AN
AVR{UZ Y Aval ‘vz

ﬁ 2. Write 9, : , equations in standard form
(1)1 = ilRlN + AVR(I')Z
(v2 = iZRO + AVO(l)l

3. Thevenin-Norton Transformations

4. Ad Hoc Approaches



Two-port model for Common Collector Configuration

A 2
_= . >
+ + +
v
V 1 Vpe In OmUbe do (vz
Common Collector — /

Applying KCL at the input and output node, obtain

Standard Two-Port Amplifier Representation

= ((vl - Q)z) 9, } ARl Aty
b =(9n+9,+9,)V, (90 +9,)V,
These can be rewritten as V, = iRy + AR?,
V, =ir. +, V, =i,R + A,
v, = [ 1 ji : +( Jn,+0, jq)l V, : V, equations in standard form
On + 9.+ Qo Im 9, + 9

It thus follows that

_ 1 _ Im + 9, j
Riy=r Ayor=1 — Ao =
o o Rox (9m+gﬁ+goj " (9m+9ﬂ+90




Two-port model for Common Collector Configuration

T B n ¥ ¥
| V1 Vpe <9 S OmUbe 9o V-
— N —

Common Collector

Two-port Common Collector Model

¢1 Rix RoX (2
—_— —
+ B E  +

V4 ¥ ¥ V
AyorVr Avo‘vl 2

— C —

NS
1

_ R, = ~ _—

Rlx_rn 0% (gm+gﬂ+go] O




Two-port model for Common Collector Configuration

W@

Common Drain

Common Collector

Ayr=1 | Ayr=1
1
m
In terms of operating point and model parameters:
V vV v
ICQ ICQ

N
o]
O

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

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



Common Collector Configuration

%
Consider the following popular CC application i

(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)
Lll Rix
+ B
Vi IR
TSR S
T AvorloY Y AVO(vl Ore Vi
- | C | —
if
' O - 9t [ O + 9, + 0, j_ On+9: o O "%,
V - = =
IA\ +gRE gm+gn+go gm+gﬂ+go+gRE gm+g7r+go+gRE g +gRE
| o r . Ont 0+ 0pe ST
TR A A X, R T S g = R
| Yox TYre O+, + 9o+ Ore
90 >> G
g o 1 1 _ R %1
O —_—

V' 9ntORet90+0n OntOre 1*O-Re Oy



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 -)

(I)OUT
Re
Vout +

Common Collector

VSS
Alternately, this circuit can also be analyzed directly

tin,
; 1 0, R
V, G g1 < Yo Ore Vi
— Vour
(vin
Re

‘vout(gm +gRE +go+gﬂ):‘vin(gzz+gm)

Vot (Gre + 90 +9,) = U9, + 9,V

A., = 92 + Om ~ O _ ICQRE —
v = ~ — =
Vin = U + Vg OntOre t90+9, IntOre lcoRetVy
0 (O + Ox + Ore + 0o ) = 0, Uy (Gre + 0o
i =0 (U~ Up) Y>>0,
+q9_+g,+ B>>1
Vout (I + Ore + 90+ 9,.) = Un (9, + 9n) Rin: I Im * 9z * Yo + Ure = I+ BRE

O t URre



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 -)

+ 1
I v, S% Dguy S fout
gm‘vl go (l) _ —
ouT a

(I)OUT
Re
Vout +

Common Collector

. Vout
Re :
) g lCQRE
To obtain R,, set ¥, =0 m - >>1
Ore Vi

ioutz(l}out(gRE+go+g) gm( out)

g.<<d9,
R, .= L - L

M G+, 0o+ Ore O




Common Collector Configuration

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 -)

_ 9, +On 0n _ lcoRe
A, = ~ = ~1
On+tOre t90+09, OIntOre lcoRetVs
+0_+0,+ 9ee>>0.
R, =T, In T 9+ 9o T 9re ™, r.+ BRg
go + gRE
1 9e<<8. 1
Rout: =
On+9,+0, t0re Om
Ll RIX ROX
+ B
V, a o
Ayorls Avo‘vl
— C

VDD

Common Collector

Question: Why are
these not the two-port
parameters of this
circuit?

* R, defined for open-circuit
on output instead of short-
Circuit (see previous slide : -2
slides)

¢ AVOr #0

(vOU



Common Collector Configuration with R,

Vpp

Consider the following popular CC application

(though not real common, sometimes a resistor is
included in the collector)

Vi | Re .
ER<l

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 Ryt

A, = On  _ lcoRe 1
On+t 0  lcoRetV;

12

Rin - I‘Tr+BRE
1
Rout = i

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

Vour



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 Vout

J7 Common Collector RE
. . VSS
Small signal parameter domain Operating point and model parameter domain
AV _ gﬂ. + gm if gm;>gRE 1 A "y ICQRE |CQRE>>\/t 1
~ - .
Om *9re + 90T 9, l.oRe V4
I R >>V
gE>>go cQ E t
| R >>V
g R >>1 co ‘e V)
1+9,Re Om Characteristics: CcQ

Output impedance is low

- A, ispositive 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

Vee
C Vour
B a Un Re
‘Um E (vout
R J7 Common Collector
E
VEE
A — 9, + In if g,>>g,
\V A ~ 1
Ont+t9e +9p+9, =
g.>>49,

R, = r+BRg
RE g,R.>>1 1

1+ngE B gm

(not two-port models for these applications)

In terms of operating point and model parameters:

cQ ‘e t I R>>V, vV
AV ~ CQE =~ 1 R 0 ~ _t
lcoRe+V, oo

VDD
° —_ Un
Wln? S ‘l)out
RS Common Drain
VSS
if g,>>g,
AV = I ~ 1
On+9s 9o
Ry, =
R g R>>1 1
RO = — S = —
1+ngS gm
Av ~ 2IDQRS if 21, R, >>V_
2l5oRs+Vego ~ 1
2l R.>>V
R. ~ VEBQRS * f> = VEBQ
0 = =

. 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 is small

{vO uT
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Consider Common Base/Common Gate
Two-port Models

{ W

Common Emitter Common Source

X

Common Base Common Gate

v MQ

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 Jo
/ J—
Common Base W
?
(1 Rix Rox 7
_> <—
* E cC +
(%}

AyorUs Aoty
— 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

0“1 0
_> 4—
+
Rin Ro +
‘l)l T AN
AVR{UZ Y Aval ‘vz

ﬁ 2. Write 9, : , equations in standard form
(1)1 = ilRlN + AVR(I')Z
(v2 = iZRO + AVO(l)l

3. Thevenin-Norton Transformations

4. Ad Hoc Approaches



Two-port model for Common Base Configuration

i .
S i
_|. ¢
= + +
(vl Une gr OmUbe Jo (UZ
1 —
Common Base —_— \1 —_—
From KCL
b=, +(%-Y,)9 + 9,V Standard Form for Amplifier Two-Port
2= (‘Uz - ‘vl) o~ gm(vl L‘l: R % ‘vl = ilRIN + AVR(UZ
: v, o, =
These can be rewritten as Mot Y2 V, =i;R, + A0,
— = 47 —
Om + 9, T 9 Om + 9, T 9

1 g
V,=| — |i, +|1+=" |V
Zigojz( gojl —

It thus follows that:

1 1 A _ Jdo A 1 gm ~ gm R.—_—
Ri = = VOr VO — + — X =
g+ 9,+9 O Om + 97+ 9o g0 Y 9,




Two-port model for Common Base Configuration

= T

7)

+ +
(v]_ Ube G OmUbe Jo (v2
N —

Two-port Common Base Model

Common Base

‘1 I:Qin RoX i’2
_> <—
+ E c +
V - -
1 Ayor¥o Avo‘vl (I)Z
— B -
1 1 g g
Ri = = — m~ <9m
Y Ont0:+0y O Avo =1+ g, 9,
90 ~ 9
A = =
O gt 0,0y O 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 )

t Rix RoX 2
—_— ——
V N . ¢
N 2 ;
@ Avor¥2 'y 7 Ayoh
— B

[ . )

IA =A Re ZLM]£ Y ):gm_i'goggR
I Y VORc:"'Rox Jo Jdc + 9o dc Yo me

IR = (vin — ilRiX-l_AVOr‘vout = Rix _ 90 + 9c ~ 1

] Rz 21 1_£V°rAV Jc(9m+9-+90)+9:9 9
- C

v Rout — RC//ROX ROut - 1+gORC



Common Base Configuration

Voo

Consider the following popular CB application

Vour

E U Rc

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 )

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

T B c <2 Vou
+ + .
‘vin@ (vl ‘vbe G Y gm‘vbe do (UZ RC 9e :R_C
— N E_ —
By KCL at the output node, obtain
_|_
(9c*9) Vo=(9mn*90) Vs, Ay = 9—+go = 0 Re
By KCL at the emitter node, obtain Jc gog +g 1
‘1:(gm +g;z +go)vin o go‘vout Rin: 0 < =
~ 9c(9n*9n*90)*9nG0  Om
C ~

_ R = ~R
I:\)out — RC/ / Iy M 14gRe T



Popular Common Base Application

| é w %
—p Ui Rc

J7 Common Base

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

AV = ngC AV
Rin = i R
Om
Rc<<ro
Rout = RC Rout
Characteristics:

« Output impedance is mid-range

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

* |nput 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

Vo I

[ Rp Vour
Vour
[  Vour . M R
% Un Re l G ? " 0
N
J7 Common Base [ v l Common Gate
[
1 R <<r
ngC Ringi R ~ R | R <<r
out = C A, =0 R R =~ ~
gm [ Vv gm D in gm Rout = RD
[
In terms of operating point and model parameters:
I IR, <<
A, =~ ICQRC R. ~ i R ICQRC:<VAF R | AV ~ 42|DQRD Rin = 7VEBQ ~ % R
VvV — in — = - -
V, |CQ out C : VEBQ 2|DQ out D

|

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



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

CE with Re CS with Rs



Common Emitter with Emitter Resistor Configuration Application.

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

VDD

RC RC
Q)OLI
Yo Vou
| U y
(vm (vbe g'IT ¢ gm(vbe gO
Re — ‘vE
VEee Re

By KCL at two non-grounded nodes

Vou (9c + 9o ) + (‘vin _‘UE) On = 9oUe

Ve (9e + 9o + 9,)— (Vin-Ve ) 9y = 9Vous + 9, Y;,
A= ot _ “Om%e 909 Re

Vi - 9c9nm10c (go 0,10 )"'90 (gn+gE ) Re

112




Common Emitter with Emitter Resistor Configuration Application.

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

VDD
RC RC
(vou
—— Vout
B o +
Vin ‘Ube On v gm(vbe Jdo
Re — ‘vE
VEe ~ RE
A, =--5
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)

Vb
Rc
R
~ C
(vout AV =" R
c E
B
E R, =r +BRg
Re
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



BJT

CE/CS

Basic Two-Port Amplifier Gain Table

MOS

CC/CD

CB/ICG

BJT MOS

[ 0

1+49m _ 9m.
- 9m go 9o
do
lcoR 2lpoR
Ay (Lote _2IbgRp 1 1 Var 2
t VEB \ AVeg
I 00 I o0 1 1 g
R Im+Intdo Omtdo "
n BVt 00 o Ve v
. oo o0 Vi EB
c N
Q ICQ 2|DQ
1 1t gt L gt =
— Im+0r+do 9m*90 9%
Vi VEB Var 1
— | Al
lCQ 2|DQ CQ DQ
0 __ % _% _% _%
A 1 Im*Or+90  Um 9m*90  9m
VR
V, AVeg
0 0 1 L Var 2




Basic Amplifier Application Gain Table

CE/CS CC/CD CBICG CEWRE/CSWRS
B BJT MOS

JT MOS
" - " @D

Rc
ngC Rg
Ay leoR
_CQRC 2|D9RD
Vt - VEB m ZIDQRE ICQRC ZIDQRC
ICQRE +Vi ZIDQRE + VEB Vi Ve
I i m + BRe
R: v m*BRe O "
N
BVt 00 +OR o0 Vi Vep B| L +Re o0
|CO 2|DQ
-1
Rc Im Rc Rc
Rout
Vi Ves
lco 2|DQ

(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 !







