EE 330
Lecture 28

wo-Port Amplifier Models



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



Review From Previous Lecture

Two-port representation of amplifiers

Amplifiers can be modeled as a two-port

+ +
V1 Y1 % Yi2V2 % Y22 V2
Y21V

° Amplifier often unilateral (signal propagates in only one direction: wlog y,,=0)
* One terminal is often common
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V1 Y1 Y22 V2
Y21V




Review from Previous Lecture

Two-port representation of amplifiers
Unilateral amplifiers:
+ T +

V1 Y11 Y22 V2
Y21V

* Thevenin equivalent output port often more standard
* R\ Ay, and Rg7 often used to characterize the two-port of amplifiers

AW

_I_ Rourt _l_
AV

V1 Rin o s V2

1 1
RIN =— AV :—h Rourzy_
Y11 Y2 2



Review from Previous Lecture
Amplifier input impedance, output
impedance and gain are usually of interest
Why?

Example 1: Assume amplifier is unilateral
Rs

Vour
\V/N Amplifier | . R,
RS V
AAANA ouT
+ I:{OUT +
AN ~
VIN@ V1§ = Wi 4 v, R.
N
VOUT=[ R, j AV( R, jv.N A= Vou =( R, )[ R j A,
R *+Rour Rs +Ry Vin R, +Rour \Rs +Ry

Can get gain without reconsidering details about components internal to the Amplifier !!!
Analysis more involved when not unilateral



Review from,Previopus.lecture .
mplifier input impedance, output

impedance and gain are usually of interest
Why?

Example 2: Assume amplifiers are unilateral

Rs Vour

ViN Amplifier 1 Amplifier 2 Amplifier 3 RL

Rs Vour

T Roun + + Rouz T+ + Rours +
V A1V . Av2Vi2 . AyzV3y . R,
N V115 R S Va1 V125 R 3 V22 Vi3S Ris v Va3

R R R R
Vo = e oo e e Ry,
L OuT3 ouT2 IN3 OUT1 IN2 S IN1

V, R R R R
Ay = ouT =[ L ]Avs( IN3 ]sz[ IN2 ]Av{ IN1 J
Vin R +Rours Rour2 ¥ Rin Rourt +Rin Rs +Ryy;

« Can get gain without reconsidering details about components internal to the Amplifier !!!

* Analysis more involved when not unilateral



Two-port representation of amplifiers

° Ampllfler often unilateral (signal propagates in only one direction: wlog y,,=0)
* One terminal is often common
« “Amplifier” parameters often used

----> + |41> ROUT 42
+ +
V, Va1 v Y22 Vo ) Ry
y21V1<> V1— AvVi !2
Two Port (Thevenin)
y parameters Amplifier parameters
« Amplifier parameters can also be used if not unilateral
* One terminal is often common
I I2
Rout
D G vy i
V4 Y11 Y22 2 V, AvrV2 AW, V5
y21V4 —_ —

y parameters

Two Port (Thevenin)

Amplifier parameters



Determination of small-signal model parameters:

ROUT

_|_ RIN
v +
V, Y11 Y12tz Y22 Vo AvrV2
"y AV 5
21V1

Two Port (Thevenin)

<

In the past, we have determined small-signal model parameters of electronic
devices from the nonlinear port characteristics

l, =1, (V1 =V2) Y, = of; (V1 ,Vz)
l, =1, (V1 WV, ) N, V=Vq

«  Will now determine small-signal model parameters for two-port comprised of
linear networks (instead of just electronic devices)

» Could go back to the nonlinear models and analyze as we did for electronic
devices

« Will follow a different approach (results are identical) that is often much easier




Two-Port Equivalents of Interconnected Two-ports

Example: )
—>‘1 ba LY 2
+
Y12aU2n t
Via
—I_ Y1 1% % y21A(v1A<% %yZZA Ve —|_
‘I)1 iB b8 (l)2

-'-—>
Q) y ‘ Y128U28 ‘ y +
1B 11 208 v
? y218U1 BCF ® -

Rour

R|N
i 4
V4 AvrVz AV, \V,

Two Port (Thevenin)

« could obtain two-port in any form

» often obtain equivalent circuit w/o identifying independent variables

» Unilateral iff A,g=0 (orif A,=0 though would probably relabel ports)

* Thevenin-Norton transformations can be made on either or both ports



Two-Port Equivalents of Interconnected Two-ports

Example:
i . i
* Y12aUan + -
—I_ Ura pa Y21aV1A Yor Vo Rxx —I_
L lip |
v ﬁ R : % <? 4? % - v
R V1B gue v VZB
I Two Port (Norton) —
b, e
¥ ¥
-_— u1c _ZC —
YvV I
|1 2
ROUT -

+ +
V 1 AvrV? AWV, V2

Two Port (Thevenin)




Two-Port Equivalents of Interconnected Two-ports

Rout

RIN
e 4
V 1 AvrV? A+ V2

Two Port (Thevenin)

V,=i¢R, +ARY,
V, =i,R; + Ay,

Or equivalently in form where port voltages are the independent variables
o=, |+, P
Rin Rz'n
i, =%, (_AVO j +, [ij
RO RO




Determination of two-port small-signal model parameters

(One method will be discussed here)

A method of obtaining R,

ltest (1 2.
—> —> -
+
‘v (l) Rln RO +
-+ +
test (" 1 AVR(UZ v, s AVO(U'] ‘v2

L

Terminate the output in a (small signal) short-circuit

=0 _ Vtest

L test




Determination of two-port small-signal model parameters

A method of obtaining A,

(1 02
—_— <
_l_
Ri R, T T
Vtest V; ARVs s AyoV; V- Vout-test

Terminate the output in a (small signal) open-circuit

i =9 (1J+®2[_AVRJ h
R. R. i,=0 ‘v
in 2 _ Yout-test
—Q —Avo v 1 ~ V, = AVO - V
i, = R, ) R, 1 = Vtest test

_ V,=%

out-test




Terminate the input in a (small-signal) short-circuit

g=v| Lo, Pw]

: : Rin ? Rin ‘vl - O (vteSt
Ro =

=, Pvo | [ ] ~ { test

L, =4 R, 2 R70 es

_



Determination of two-port small-signal model parameters

A method of obtaining A

{1 7,
—_— —
F
+ Rin Ro +
V t-test V, A ¥ ?)test
OHES AVR(UZ AVO‘v'I (vz

!

Terminate the input in a (small-signal) open-circuit

R R Vouttest
) [T T Ve




Determination of Amplifier Two-Port Parameters

Input and output parameters are obtained in exactly the same way,
only distinction is in the notation used for the ports.

Methods given for obtaining amplifier parameters R,, Ryt and A, for
unilateral networks are a special case of the non-unilateral analysis by

observing that A,g=0.

In some cases, other methods for obtaining the amplifier parameters
are easier than the "V gq7: ltgst method that was just discussed



Examples

VCC=12V ¢
Rg1=950K % % Re=2K
— Vour
C=1uF ’)
€ Q1
OO O Rez=10K R1=0.5K
1=V.

Determine V1o and the SS voltage gain (A,), assume =100

(A, is one of the small-signal model parameters for this circuit)



Examples

V=12V
VCC=12V
N Rg1=50K
I—) Vour
C=1uF
Re:=50K R2=2K —
Vour Un() Rea=10K
C=1uF
€ Qq <
Un(t) @) Re=10K R.=0.5K
* Vour
NS Q1 R2
(YN Re 2K
10K//50K Ri
0.5K

Determine V1o and the SS voltage gain (A,), assume =100

(A, is one of the small-signal model parameters for this circuit)



Determine Vg rq

Examples Vee=12V
VCC=12V | =
Rg1=50K lBB %RZ_ZK Vouta
Rs1=50K Rp=2K " . C?
V 0.6V
corur | S Vo T
\ Vs

Un(t) Re,=10K

I3

RB1=5OK

Vs
R|32=1 OK

——{ @ B=100 Rea=10K ??FO-5K
R4=0.5K

dc equivalent circuit

This circuit is most practical when Ig<<Igg
With this assumption,

Rg
R,=2K Vg = [—Rm R82J12V
VOUTQ
L= = e 0BV _14V _, o A
simplified c@ Ea | R 1 ~ BK
Ri=0.5K Vourg =12V R, = 6.4V

Note: This Q-point is nearly independent of the

dc equivalent circuit characteristics of the nonlinear BJT !



Examples

VCC=12V

Re1=50K Ro=2K

Vour
C=1uF 4™

ls =100

Un(t) Re,=10K R 205K
1=0.

This voltage gain is nearly
independent of the characteristics
of the nonlinear BJT !

This is a fundamentally different
amplifier structure

It can be shown that this is slightly
non-unilateral

‘U|N(t) @

Determine SS voltage gain

‘ » Vout
— Qi —
Uin(t) € RS
R+1=0.5K
s
Rg=10K//50K
:L% q) « Vout
Vge > 9 Im¥Use
8.3KS R,=2K
R4=0.5K
7
V ovr= =9, UseR, }
V=V +R, ((vBE [gﬂ 0, ])
_R29m(vBE _Rzgm

A = _
" Ve +R (Use[9,%0n])  1+R,([9,%9,])

A =~ _R29m _ _Rz — 4

g R R,




Examples

|

:VCC=12V .

: RB1=5OK : R2_2K

: : Vour

CRUAETEN

. AN Il\ﬂ 1
____________________ 1

UN(t)

Determine Vg 1q » Rine Royr,@nd the SS voltage gain, and Az assume =100



v

Examp|eS Determine Vg rq
VCC=12V
— This is the same as the previous circuit !
Ry =50K R,=2K IS iS previous circui
Ci=1uF Vour
=1d —
N () Rg=10K
© Re R1=0.5K % C,=100uF ey
~ ml J7 ICQ = szgmA
RB1=5OK
Vg
Rg>=10K
> Note: This Q-point is nearly independent of the
characteristics of the nonlinear BJT !

The dc equivalent circuit



Examples V=12V

RB1=5OK R2=2K
*Vout
C1—1UF »
V=12V , € I\Q1
" Un (@) Rep=10K R, | G,
Re:1=50K Rz=2K T
B1 05K |100uF
Vourt
C1=;|UF Q1 -
Un(t) Ra,=10K ) 1
. %R1=0-5K ~ C,=100uF
Rour (vOUT

RIN

Two Port (Thevenin)

Determine Vgo1q » Rine Rous Ay, @nd Ayg; assume =100

(A, , RNy Rout s and Ak are the small-signal model parameters for this circuit)



Examples Determine the SS voltage gain A,

VCC=12V . . . .
This is the same as another previous-previous circuit !
Rg1=50K R=2K A ~-aR
Vour v = "gn2
C1=1UF
N &) Rg=10K 1 A, ~-Cca2
R1=0.5K = vV =
1 T C,=100uF \/t
S o L
Vour
Rs1//Rg2
A R 5.6V
3 A, =-22Y _ 215
Un O 26mV

N Note: This Gain is nearly independent of the
The SS equivalent circuit characteristics of the nonlinear BJT !



Examples Determination of R

VCC=12V
The SS equivalent circuit
Rg1=50K Rz=2K Vourt
V
Ci=1uF . T B=100 Re1//Rez
UN(t) RB;=1OK l\ | 1 : R:
?_\’FO-&( T Co=100uF N @
I |
iN l:b ic
— — — Vout
—+ —+
(UIN#} é\ (I')be %gﬂ' @gmvbe % gO ‘ljce % R2
" Rgi//Rg

Ry =Rs /IR, /I =r_

-1 1
My = lea =( 2.8MA j =928Q
BV, 100 26mV

Ry =Re//Rg, /Ir, =1 =930Q




Examples

Vec=12V

RB1=5OK
C1=1 uF

U @) Re=10K

j& =0.5K T C,=100uF T
N

Determination of Ryt

Re” Re1//Res

The SS equivalent circuit

Vout

VOUT \
B 100
U @) E

Ro

(TEST
4—

%} VresT

N

e
- —+
%\ Vpe <G ImUbe < 9o Q. R»
Re1//Rs2
v
Rour = ———=R,/Ir,
LTEST
r, =(IC—Q} =(2'8mA)_ = (1.4E-5) ' =71KQ
Ve 200V

Rour =R, /Ir, =R, =2K



Examples Determine A g

Voe=12V The SS equivalent circuit
Vour
RB1=5OK RB']//RBZ
v

Ci=1uF o B=1OO \ R,
Un(t — ') i \g
in(t) Rg>=10K R1 05K T = 100uF IN ()

1]

_|_ s VresT
‘UOUT TEST Voe J mUbe Jo Vee R,

1

Rg1//Ra2

(UOUT TEST =O

AVR:()



Determination of small-signal two-port
representation

VCC=12V

RB1=5OK % R2=2K
*Vour
C1=1 uF
—¢ Q1
Un(t) (%

Rep=10K
. %R1=0-5K %C2=1OOUF

Ay,
V1 Rin V2

A, =215 Ry =T, =9300 Rour = R, =2K

V_

This is the same basic amplifier that was considered many times



Relationship with Dependent Sources ?

Rout 2

RIN
AVRV2¢ &Mv Vs

Two Port (Thevenin)

Dependent sources from EE 201

AN
200V
Vin + % 161 -

Example showing two dependent sources

/|




Relationship with Dependent Sources ?

I
= -
V1 AvrV2 V2
Two Port (Thevenin)
Dependent sources from EE 201
Voltage Transcond_gctance
Amplifier Vs=pVy [s=a?, Amplifier
Voltage Dependent Voltage Dependent
Voltage Source Current Source
Transresistance — _ Current
Amplifier Vs=plx Is=BI Amplifier
Current Dependent Current Dependent

Voltage Source Current Source



Relationship with Dependent Sources ?

I
_1> RIN ROUT -
V1 V2
Two Port (Thevenin)
It follows that
Ayr=0 Rin==
Av=p Rour=0
|1 I2
+ +
(l)s_ p ‘l)x > V4 <§ AWV Vs
- Two Port (Thevenin) o
Vo=AyV4

Voltage dependent voltage source is a unilateral floating two-port voltage
amplifier with R =+« and Ry ;=0



Relationship with Dependent Sources ?

I
_1> RIN ROUT -
V1 V2
Two Port (Thevenin)
It follows that
A\/R:O RIN=0
p =Rt Rour=0
14 1,

+ +
(I)S= pIX Vi ¢ Rrly V5
B Two Port (Thevenin) o

V2= RTl 1

Current dependent voltage source is a unilateral floating two-port
transresistance amplifier with R\=0 and R, ;=0



Relationship with Dependent Sources ?

—_— RIN ROUT -

Two Port (Thevenin)

It follows that

|1 |2
- -—
+ Al +
IS — BIX <):(> V1 V2
Two Port (Thevenin/Norton)

l,=Al4

Current dependent current source is a floating unilateral two-port current
amplifier with Rj\=0 and R =



Relationship with Dependent Sources ?

I
_1> RIN ROUT -
V1 V2
Two Port (Thevenin)
It follows that
h, b
+ Grly +
[=a, = v Vo
Two Port (Thevenin/Norton)
|2 = GTV1

Voltage dependent current source is a floating unilateral two-port
transconductance amplifier with R\ =« and Ry 1=«



Dependent Sources

Vs=px <> Is=ax <>
Vs=plx <> Is=BIx Q>

Dependent sources are unilateral two-port amplifiers with ideal input
and output impedances

Dependent sources do not exist as basic circuit elements but amplifiers
can be designed to perform approximately like a dependent source

» Practical dependent sources typically are not floating on input or output
* One terminal is usually grounded

* Input and output impedances of realistic structures are usually not ideal

Why were “dependent sources” introduced as basic circuit elements instead of
two-port amplifiers in the basic circuits courses???

Why was the concept of “dependent sources” not discussed in the basic
electronics courses???
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Stay Safe and Stay Healthy !









