EE 330
Lecture 31

Basic amplifier architectures

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



Fall 2024 Exam Schedule

Exam 1 Friday Sept 27
Exam 2 Friday October 25
Exam 3 Friday Nov 22

Final Exam Monday Dec 16 12:00 - 2:00 PM



Review from Last Lecture

The ideal Triac The
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Consider the basic Triac circuit
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Review from Last Lecture
Phase controlled bidirectional switching with Triacs
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Review from Last Lecture

Some Basic Triac Application Circuits
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|
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N Delays Vg signal to provide

reduction in duty cycle

Quad 1 : Quad 3 Quad 1 : Quad 3
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Quad 1 : Quad 3
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Review from Last Lecture

The Thyristor

A bipolar device in CMOS Processes

Consider a Bulk-CMOS Process
s G D S G D

If this parasitic SCR turns on, either circuit will latch up or destroy itself

Guard rings must be included to prevent latchup

Design rules generally include provisions for guard rings



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:

VouT Vour

R V Wﬁl\m SR
(vIN® |

N

These circuits considered previously have a terminal (emitter or source)
common to the input and output ports 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

< A

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

A

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 !



Basic Amplifier Structures

I, ﬁ

Sma IISg 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

L‘ Ro
Common Gate
Common Source

Common Emitter inc Rc

INPUT T-{ Q F T OUTPUT

nnnnnnnnnnn

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

fl

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

+ Your Vour = 8 mRLVbe}
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J7 Common Collector

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



The three basic amplifier types for both
MOS and bipolar processes

S <f | 1 i

ommon Emitter

i i b T b
W Wl w1

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 Ro :

V4 Al &
ARV, Y Ay V2

&

1. V7est | itesT Method  (considered in a previous lecture)

2. Write 9, : v, equations in standard form
U =iRy + ARY,
U, =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 o

Common Emitter Common Source

LA A
S o

Common Base Common Gate

A —a]

Common Collector Common Drain




Parameter Domains for Small-Signal Models for Any Devices

oo

Common Emitter Common Source

R/ A
N e g

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

Small-Signal parameter domain

AV — ‘lg)UT — _ng
Uy

¢

‘U.OUT
RUEEY
A4
MPOP domain
AV — %UT —_92 IDQR
{l}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
\ ]
E R1 ENH § R
Vin
Un @
N . . A4
Common Emitter Amplifier Common Source Amplifier

Vour Vour

f iR . b sk

—+
U @
Common Emitter v

N Amplifier

Common Source
Amplifier

Can include or exclude R and R1 in tWO-pOI’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 %go

Common Emitter
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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

A L
Rin Ro +

V4 Al &
ARY2 Y Ay V2

&

2. Write 9, : v, equations in standard form
(v1 = i1RIN + 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

e 9o Jo



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

Methods of Obtaining Amplifier Two-Port Network

A L
Rin Ro +

V4 Al &
ARV, Y Ay V2

i
ﬁ 1. Viest ¢ itest Method

2. Write 9, : v, equations in standard form
‘v1 = i’1RIN + 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 Ry, .
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Two-port model for Common Emitter Configuration
Alternately, by V1gst @ érest Method

To obtain A,

<

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

To obtain g, Jte_st
= + + A
4{ ‘vbe gﬂ v gmfvbe gO — te
Common Emitter | |
< —
Rp = Vtest
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+ R +
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Impedance Range and Classification

R
— NN\ —=

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
| | | | | | | | | >
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

S +—> /\ /R\ /\ —+
Vi Reo Aplie V,
Common Emitter — —
In terms of small signal model parameters:
1 1
Rin =— Av/n = _9m Ro=— A =0
VO
O~ do 90 VR
In terms of operating point and model parameters:
BV VaF Y
Riz t AVO:_ Ro:ﬂ AVR:O
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

‘vout RC
(0}

Common Emitter inc R¢

Consider the following CE application

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

CE Two-port including R

1
B R, 9 def R
V U ¢ )
in 9o leoRe
V Rin s A, 0V RC = <<
1 vO ™1 9. V,,
J7 = CE Two-Port Model
AVR =0
V A —g = &<
V,.:(&c+ & :goAvo‘v' Ayc = out _ Sevo — = —g,Re
ou { ) " Vin 8o +8 & +8&c
RinC = in = rTr
— 1 &<<&
ROUtC_ RO//RC ROUtC= RO//RC e — E RC



Common Emitter Configuration
Consider the following CE application % %

(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)

v _ 1
B C out 9o def R
_|_
l.R
) i f R 9o _ 'calc <1
in ‘vbe On gm(vbe Jdo C Je V,,
E A =0
< VR
(v g <<g
8o+ 8&c V., 8ot 8¢
1 go<<g(,
Rout= = 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
g,<<g. 8,<<&. | . R
Vi
1 g,<<4g.,
S . R
go T 8c out ¢
Rin = I Rin = ﬂVt
AVR =0 ICQ
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

H E

AVR =0 : AVR =0 Common Source

Common Emitter

1 1 Im 1
Rin = — Ayp =—m Ro=— ' Rz Avo=—T" Ro=—
In terms of operating point and model parameters:
1 V
BV’[ Vv Vag ! L Ro = = ~AF
Rln o I VO — _% = | | Rln =0 AIDQ IDQ
CQ t cQ | 5 Y
I Ayp =— N — _zvi
| EB EB
Characteristics: Q 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)

W e

I
I
I
Common Emitter inc R¢ I Common Source inc Rp
| &< : R L &7 R
R . — '~ 'R 1 out = = Rp
out go T &c © I S F&p
8,<<&. I 8<<8,
A, = -gR: I Ay = -g,Rp
Rin = Iy Avr =0 | Ayr =0 Rin =
In terms of operating point and model parameters:
A, g(.:g(- _|CQRC | AL 8():& _ZIDQRD
Vi | VeBa
8<<&. L= 8,<<g,
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 » QOutput 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

]

1 N +
(vbe O ¢>gm‘vbe QO

Common Collector %
?
+ B T E O+
1 - s
Avor2 Avo¥1 V2
- |C —

{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

A L
Rin Ro +

V4 Al &
ARY2 Y Ay V2

&

ﬁ 2. Write ?,: v, equations in standard form
(v'l = i'IRlN + AVR(I)Z
V, =i,Ry + Ay,

3. Thevenin-Norton Transformations

4. Ad Hoc Approaches



Two-port model for Common Collector Configuration

I i
_= .
+ + +
v
V, Vpe <97 ImUbe Jo V5
Common Collector — /

Applying KCL at the input and output node, obtain

Standard Two-Port Amplifier Representatlon

- ((vl B (Uz)gﬂ } ARYz Ay
=(gn + 2, +8,)V,~(g, +£:)V,
These can be rewritten as = iRy + 4,,,
V, =ir, +, ‘v2 = i,R  + 4,
(vz _ ( 1 ji : +[ g, +g, j‘vl V, : UV, equations in standard form
Ent 8T8 Ent 8T8

It thus follows that

) 1 = En T8
Ri)(_rTr A\Vor=1 ROX = (g +tg +g j A Vo (gm +g7z _i_goj




Two-port model for Common Collector Configuration

= — - .
| P, Voo 297 Vg < 90 V,
_ < _

Common Collector

Two-port Common Collector Model

¢ Rix RoX 2
—_— —
+ B E+
V + + V
A, orUo Avo‘v1 2
e _
N
1 1
_ Roy = ~_
RIX_'IT 0x (gm-l—gﬂ-l—goj _gm




Two-port model for Common Collector Configuration

Wﬁi

Common Drain

Common Collector

1
1 _ —
Rin =17 Ayo=1 Rg "o Rn=0x Avo=1 Ro -
In terms of operating point and model parameters:
V, V Y
Rip = Pt Ayo=1 Rg=—+ Rin=o Ayp=1 Rg= ZIEB
lca lca 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



I
v =A
I
I
IRO

\ 4

Common Collector Configuration

. : L Voo
Consider the following popular CC application
| ‘Uour
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 Comiie) SellEEr
on output, R, defined for short-circuit input)
L Rix Rox <L_2 Vout
+ B E +
Un g leoRe
. v + Re = >>1
D Ao Avos V2 Ore Vi
— C | —
gox = EmtEx ( En 818, J: gn T 8x ~ Em lfgm;>gRE 1
ox TERE Bm T8 T8 \EnTEr T8 t8re) 8 t8:78 T8re &m™T8&rE
_ r L Em &t &t & BT,
R A A X, L &tg " g tgw = PRe
90X+9RE gt &t 8 t &k
8,728
~ 1 =1 _ R &0% 1
On*Ore*9o*dn On*Ore 1%9.R Em



Common Collector Configuration

Consider the following popular CC application Voo
(vout 9 : l

Common Collector

Determine R, Ry, and A,

In? [vin

(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

<

N
+ 1]
V On m¥1 < 90 9, lcaRe
_1 <%g 1 Vour g - >>1
RE
(vin
Re

Vo (80 + 8re + 80+ 82) = Uy (&1 + &
‘vout(gRE+g0+gﬂ):‘vmgﬂ+gm‘vl ( re T 80 ) ( )

(vOUT

Re

AV — r 1T 8m ~ Em — ICQRE ~
v, =U+9,, St &ret8& 8 &nt&r lcaRetVi
Ein (2 + 2o+ S+ 20) = 82U (82 + 20)
( ) gRE>>gl)
iin =8, (I)l (vout >>1
R =r Smt 818 T &re B: r+PBR
U, (& + &re + 80+ 82) =V, (2, +2,) in— It = Iy E

go + gRE



Common Collector Configuration

VDD

Consider the following popular CC application

Determine R;,, Ry, and A,

(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 )

in’

(vOUT
Re
Uin Vout 9

Common Collector

Vss
Alternately, this circuit can also be analyzed directly (continued)

iin
—
+ % J
:)_ On gm¥s < 90 J7 ?; Y <%Qm% %go bout
mY1 —
_1 Vour = —
Vout
Re

. I.,R
To obtain R, set ¥, =0 gm =2 F >>1
RE

<

iout = ‘vout (gRE +8&o+ g;r)_gm (_(vout)

1 g,<<g, 1
Rout= = o
gm+g7z'+go+gRE gm




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, = Ex T & ~ bm __CATE . Question: Why are
Ent8ret807T8r 8mTtE&re ICQRE +Vt these not the two-port
¢ g parameters of this
R =t Em 87 T8 T8 "1 .+ BRe circuit?
go T 8re — . o
* R, defined for open-circuit
1 g.<<g, 1 on output instead of short-
Rout_ = — circuit (see previous slide : -2
gnt8x T8 T 8re Em slides)
—
* Ay 70
(1 R Rox 7
_> 4—
+ B CY " E 4+
V a ¥
1 Ayorlo Avo‘v1 ‘l)z
—|C —

(vOU



Common Collector Configuration with R

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

Consider the following CC application Voo
(N ‘ i % Re
9

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

Em _ ICQRE

g, t8&r lcaRetVi

Ay

112

1

12

R, = r *BRe

Rout™ —

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

{vOUT



Common Collector Configuration Voo

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

Common Collector
Re

VSS
Small signal parameter domain Operating point and model parameter domain
AV _ gﬂ' + gm ifgm;>g[w 1 A - ICQRE |CQRE>>Vl 1

= V= ~
I R >>V
gE>>g(, cQ 'E t

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

1+9..Re o Characteristics: CQ

Output impedance is low

« Ay 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)

Voo Vour
Vour I or—"
Re I 0 ? . % U Rpb
I n out
$ Common Collector I Rs é Common Drain
l Vss
I g if g >>
if'g,>>g,
A., = g +gm ifg,>>g, I AV - N - 4+ = 1
v ~
g +t8r+gt+g, = 1 : Em T8s T8
g,>>g, | Rj, =
Rin = Ipt BRE R g R >>1 1
RE g,R.>>1 1 I RO = ﬁ = E—
Rpz———— = — 1 +
In terms of operating point and model parameters:
IR >>V, 21,,R .
I R o E ' ICQRE>>V I A = DQ 'S ’.fZIDQRs>>VEBQ
A,z E = ] R, = M | VT 21bRs*Vesg =~ 1
lcoRe*+V, lcq .
| _ VesgRs  #77Vee Vigg
0= = a1
R Re>>V, R [ Vesa*2lbaRs 2lpq
in = r1-r+ B E 1 Rin — o0
<7 TOutputimpedanceislow ~ +  Widelyusedasabuffer ~
. A, is positive and near 1 . Not completely unilateral but output-input

. Input impedance is very large transconductance is small



Consider Common Collector/Common Drain
Two-port Models

{ &

Common Emitter Common Source

X

Remains to study the
Common Base/Common
Gate configuration

Common Base Common Gate

L |l Mﬁl

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
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Stay Safe and Stay Healthy !
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