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Amplifier Biasing (a precursor)
Amplifier Characterization

« Amplifier parameters
« Two-port amplifier models
 Dependent Sources



Amplifier Biasing (precursor)

» Voltage sources Ve and V. used for biasing
* Not convenient to have multiple dc power supplies
* Vourg Very sensitive to Ve

» Biasing is used to obtain the desired operating point of a circuit
» l|deally the biasing circuit should not distract significantly from the basic
operation of the circuit



Amplifier Biasing (precursor)
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Not convenient to have multiple dc power supplies Single power supply
Vouro Very sensitive to Vgg Additional resistor and capacitor

Compare the small-signal equivalent circuits of these two structures
Compare the small-signal voltage gain of these two structures



Am pl |f| er BlaS| ng (precursor)
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Compare the small-signal equivalent circuits of these two structures
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Since Thevenin equivalent circuit in red circle is V,; both circuits have same voltage gain

But the load placed on V, is different
Method of characterizing the amplifiers is needed to assess impact of difference
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== Amplifier Characterization

Yo Amplifier parameters
« Two-port amplifier models
 Dependent Sources



Amplifier Characterization (an example)

Determine Vo1, Ay, Ry Assume 3=100 Vee=12V
Determine Vg, r and V(1) if V,=.002sin(400t)

R,=2K
Rz=500K !
| Vo
ClleF B ¢
€ o,
E
‘vin
A

In the following slides we will analyze this circuit



Amplifier Characterization (an example)

Vcee=12Ve

Re=500K : 2 Ri=2K
C=1uF
ﬁ%—“in

Mn(t) f

(biasing components: C, RB’ VCC in this case, all disappear in small-signal gain circuit)

Several different biasing circuits can be used



Amplifier Characterization (an example)
v

Determine Voyrq, A Ry

VCC:].ZV
Rg=500K R1=2K
Vour
C=1uF

1

Mn(t) f




Amplifier Characterization (an example)

VCC:].ZV

Rs=500K R1=2K

C=1uF
LI
Vin(t)

dc equivalent circuit

—Vour

B=100

Determine Vqyrq

VCC:12V

Rg1=500K R.=2K Voutg

e 95
e e
s

dc equivalent circuit

leo = Blag =100 —2.3mA

(12V-O.6Vj

Voure = 12V-IoR, =12V - 2.3mA e 2K = 7.4V

Check: Ve = Voyro = 7.4V > 0.4V in F.A.



Amplifier Characterization (an example)

Determine the SS voltage gain (A,)

Vcc:12V ;
\ —e  Vou
_ +
Rg=500K Ri=2K Un Rs Ve S G OnVee R,
—=Vour .
C=1uF E
UH Q1 J7
Vn(t _
(0 =100 Ss equivalent circuit
7 (vOUT:_gm‘vBERl }
(UOUT V IN:(UBE
A, =-R,0,
% Ry A :_ICQRl
v =
V
U@ R 2.3mA « 2K
A, =-— ~ 177
260mV

N This basic amplifier structure is widely used and

ss equivalent circuit repeated analysis serves no useful purpose

Have seen this circuit before but will repeat for review purposes



Amplifier Characterization (an example)
v

Determine Voyra, Ax Ry

VCC:12V
Rs=500K Ri=2K
Vour  Here R, is defined to be the impedance facing V,
Czlui o « Here any load is assumed to be absorbed into the

=100 one-port
e Later will consider how load is connected in

defining R,y

Linear One-Port
Vin — Facing Input




Amplifier Characterization (an example)

C=1uF
H—i Q1
Vin(t)

VCC:].ZV

R1=2K

—=Vour

B=100

Un &) %RB

: R

N

Ss equivalent circuit

Determine R

(UOUT

Rin :%
tin
R.=R;//r,

Usually Rg>>r
R,=Rg//r =r

Rin r :IC_Q
BV,

112



Examples
v v

Determine Vg, r and Vg (1) if V,=.002sin(400t)

VCC:12V

%UT = Av(le

W, =-177¢.002sin(400t) = —0.354sin(400t)
V

our (1)

Vo, =7.4V- 0.35e5in(400t)

112

VOUTQ +AV‘vIN
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Two-Port Representation of Amplifiers

VCC:12V
Vour
Rg=500K Ri=2K
——71— Vour
C=1uF ] R1 % Re
— Q1 RL N
Vin(t) U @ Rg
< L -
N
—> o+ Vour
‘vIN RB

_|_
Vee > O OmUse R1 R,

Two-Port Network

« Two-port model representation of amplifiers useful for insight into operation and analysis
» Internal components to the two-port can be quite complicated but equivalent two-port model

IS quite simple



Two-port representation of amplifiers

Amplifiers can be modeled as a two-port for small-signal operation

V1 Y1u Y122 Y22 V5
y21V1

In terms of y-parameters
Other parameter sets could be used

o Amplifier often unilateral (signal propagates in only one direction: wlog y,,=0)
e One terminal is often common

+ Tttt +

y21V1




Two-port representation of amplifiers
Unilateral amplifiers:

+ o +

y21V1

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

—\V\VW——
+ Rour +
AvV
Vl Rin o s V2

Unilateral amplifier in terms of “amplifier” parameters
1 A~ Yu 1

v — ROUT =

R, =—
Y Yoo Yo

IN



Amplifier input impedance, output
Impedance and gain are usually of interest

Why?
Example 1. Assume amplifier is unilateral
RS VOUT
VN Amplifier , R,
Rs AN Vour
+ ROUT +
+ AWV ~ R
V|N<_> v, % - Wi 4 v, L
N
R R _ Vour _ R, Ry
V. = L A IN_ |y A = = A

o (RL +ROUTJ ' (RS +RIN ) " el \/IN (RL + ROUT j(RS + I?IN ] '

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



Amplifier 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 R

Rs Vour

+ Roumi T + Rourz T+ + Routs +
VN AviVi 4 : AvaViz 4 - AvaVar - RL
V11S R v Vs Vi2S R v Voo V13S Rig v Va3

R R R R
VOUT = [ - }Avs ( o ]sz ( T2 jAw (¢]\/IN
RL + ROUT3 ROUTZ T RINS ROUTl + RINZ Rs T RINl

AVAMP o VOUT :[ RL jAVS[ I:QINS jAVZ( RIN2 jAVl( RIN1 j
\/IN RL + ROUT3 ROUT2 + RIN3 ROUTl + RIN2 RS + RINl

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




Two-port representation of amplifiers

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

Tt + L Rour 42
+ +
Vl yu <$> Y22 V2 — Vl Riy AvV, V2
y21V1 . Ve
= Two Port (Thevenin)
y parameters Amplifier parameters

 Amplifier parameters can also be used if not unilateral
e One terminal is often common

|1 I2

+ s Rout -—

Rin
+ +
V1 Y11 (‘ y12Va <$> Y22 V2 — Vl Avnvzé {% AWV, V2

y21V1 —

b Two Port (Thevenin)

y parameters Amplifier parameters



Determination of small-signal model parameters:

|
_|_ L I\F/z\l}\l\/\ ROUT 4_2
AVAVAYA
V Y11 Yaz2V Y22 Vs + +
1 o v, | A WV

Two Port (Thevenin)

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

, = fl(Vsz) of, (Vl’VZ)

Yi =
l, =1, (V1’V2) | vV,

* 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 : i
—_— ili> Lr i
v * y Y12aUan . +
—I— 1A 11 22A o)) _|_
Y21aU1A 2
‘v 1 is b8 (UZ

-'-—F
. y ‘ Y128V28 ‘ y +
18 11 228 )
? y21B(le<f 28 —

|

|
_1> /\F\/)\I}\l\/\ ROUT —
V 1 AvrV? AV, V2

Two Port (Thevenin)

e could obtain two-port in any form

« often obtain equivalent circuit w/o identifying independent variables
 Unilateral iff A ,z=0

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



Two-Port Equivalents of Interconnected Two-ports

Example:
i1 : [
—_— ian o -—
* Y12aU2n + H
—I_ Yo aia Y21aV14 Yor Vo R —I_
lig I8
28 -
. ﬁ o T I
Vig e Vg
Rp _ 9a16Van g
, rt (Norton)
bc_ T e
« Parameters)
ot ke th,
_— wc 4 +h _tac —_—
A 4 I
|1 2
Rout P

el Rin
+ +
V 1 AvrV2 AWV4 V2

Two Port (Thevenin)




Two-Port Equivalents of Interconnected Two-ports

Rout P

RIN
e +
V 1 AvrV2 AWV4 V2

Two Port (Thevenin)

UV, = iRy, + AR,
V, =i,Ry+ AU

Or equivalently




Determination of two-port model parameters

(One method will be discussed here)

A method of obtaining R;,

itest il 52
— — o
+ +
‘v (I) Rln RO
+ +
test (- 1 ARV s AVO(vl ‘v2

L

Terminate the output in a short-circuit




Determination of two-port model parameters

A method of obtaining A,

0“1 02
—_— B
+ +
Ri R, T
(vtest ‘vl AVR‘UZ 7 A Q) ‘Uz (vout-test
vO ¥l
Terminate the output in an open-circuit
1 -A ™
i :‘Ul(J#vz[ VR] _
R.. Riy i, =0 _ (vout-test

- Avo

-A 1

(:2 = (v1[ RVO j + ‘Uz (R Q)l = ‘vtest ‘l)test
0 0 > [vz —9Q

out-test




Determination of two-port model parameters

A method of obtaining R,

il 52 itest
—_— - =
+
(v Rln RO + +
1 =
AvRY2 Avoty v

Terminate the input in a short-circuit

G=v| 1 iy, Aw| O

' . Rin ’ Rin ‘1)1:0 RO — ‘l)test
_ — .

2 :(v{ S:OJ""UZ (F\’loj { test

_



Determination of two-port model parameters

A method of obtaining A

. -~
_|_
+ 0 Rin R, T
Vout-test 1 A ¥ V Viest
- AVR‘UZ AVO(vl 2
Terminate the input in an open-circuit
1 A ™
el
Rin Rin o =0 Ax o — Vout-test
i =, vl g VR~ V
27 R, 4G test

g



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,,, Ry, and A, for
unilateral networks are a special case of the non-unilateral analysis by

observing that A,z=0.

In some cases, other methods for obtaining the amplifier paramaters
are easier than what was just discussed



Examples

\/CC:].ZV °
Re1=50K < Ri=2K
— Vour
C=1uF
€ Q1
Un(t) R52:10K§ 0 5K
1—V.

Determine V1o and the SS voltage gain (A,), assume 3=100

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



Examples

VCC:12V

VCC:12V
N Rg1=50K
I Y Vour
C=1uF
Rg,=50K R=2K —
VOUT Uin(t) Rgz=10K
C=1uF
€ Q1 <
TN () Rg,=10K 0 5K
= * Vour
- Ql R, %
Un (& Rs 2K
" @ 10K//50K R1
0.5K

Determine V1o and the SS voltage g;Tn (A,), assume =100

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




Determine Vqyrq

Examples Vees12v

R|31:5OK

C:‘luF

VCC:12V | —
Rg1=50K lBB %Rz_ZK VouTg
R,=2K Ve }e
—= Bls
Ve T

TN () Rg=10K

= @ p=100 Reo=10K lezo.SK
B
R1=0.5K

dc equivalent circuit

This circuit is most practical when Ig<<Igg

Vee=12V With this assumption,

RB]_:SOK

\:
R|32:10K

R
— V, = | —282 112V
R2_2K B [RB]_-'-Rsz

Vouto
V,-0.6V 1.4V
simplified ICQ = IEQ ZKBR—] = ? = 2.8mA
1 .
R;=0.5K _ _

Note: This Q-point is nearly independent of the

dc equivalent circuit characteristics of the nonlinear BJT !



Examples

Determine SS voltage gain

‘ » Vout
VCC:].ZV
— Q1 —
R,=2K Uin(®) 'e Re=2K
RB]_:SOK 2= R,;=0.5K
Vour \
C=1uF lIBB <
I v — Q. Rg=10K//50K
"L s =100
Un() Re,=10K m.20 BKB ,
1—VU.

- * ‘vOUT
Uin(t) @ vBE%gn @gmvsg

8.3K R,=2K

This voltage gain is nearly

independent of the characteristics U our=—OnVeeR, }

of the nonlinear BJT ! V,=Vor _|_R1(Q)BE [g”+gm])

This is a fundamentally different R R

amplifier structure A, = ~Ro0nVse - RO
- Vae +R, (Vee [9,79,])  1+R,([9.%9.])

It can be shown that this is slightly

: _R2gm _Rz
non-unilateral A,

= = —4
ngm Rl

12
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