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LECTURE 280 — SERIES-SHUNT AND SHUNT-SERIES FEEDBACK
(READING: GHLM - 579-587)
Objective
The objective of this presentation is:
1.) Illustrate the analysis of series-shunt and shunt-series feedback circuits
Outline
* Series-shunt feedback with nonideal source and load
* Series-shunt example
Shunt-series feedback with nonideal source and load
Shunt-series example
* Summary
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Series-Shunt Feedback including Source and L.oad Resistances

Configuration:
i ; .
Rs —l> Basic Amplifier i, 42
O o0—— —o
+ + Series-Shunt +
h224 R > Vo V1 Feedback V)
h214i - Network _
+ _
o o0— —0
Vs () Feedback Network Fig. 280-015

where for the new basic amplifier,

. vi = hyqiy + hipvy
20f . .
Iy ip = hpyiy + hpovo

) Vi |
l’ Rg New Basic Amplifier o hll = E Vy=0 = Rg+ hlla + hllf
+
<:> Vi |
R VD _— . —
N 14 hZZa% hzz% L% . h12 ) i1=0= 0
o .
Vs C) New Feedback Network l_2 |
- hat =7 vy=0 = M214
h12p0 i) |
Fig. 250.01 hpo =% iy=0 = GL + hpoa + hpf
Vo V2 a (-h21a'h11h22) M4

vg Tvi TASTedf = TeChodhih) iy = 4T hphy 4 f=hiy
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Example 1 — Series-Shunt Feedback Amplifier
For the amplifier shown, find v,/vy,

vi/i1, and vp/ip. Assume that Br| = %
ﬁFZ = 100, VBEQ ~(0.7V and VAl = lSOkQ% 10kQ 47kQ R = Cs= IOMF<2
Vaz = 100V for the BJTs. Note that i ' I °
this circuit can be simulated using o—AM—] (1 2 Co=
SPICE. * Rs= Cp= _’l\ SuF
Solution k2 suF fg;g% v
. o 47kQ
1.) Topology identification. We see oo
that the circuit is series-shunt, T SSMF
negative feedback. Also, note that Rg o o
. w 1 .. Fig. 280-02
is “outside” the feedback circuit. ¢
2.) Closed loop small-signal model is shown below.
)
4—
. O

| lb@ +

v R4% V2=Vo

Brip2 5

Fig. 280-03
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Example 1 — Continued

3.) Break open the loop by finding the loading effects of the feedback network on the
amplifier. This involves finding A;rand hy)p.

Vir |
hiip= i1 Vafvo=0 = RylIR,
if |
hyor= Vopilf=i= 0= /(R1+R7)
4.) Open-circuit small-signal model: R i»1) Biipt b R
PR o
f_ Vﬁ _ RRIR + 7 rxl N | i’ R <-I:-J
- VOI ASE YY) v o)
) R I'n R =y,
100 1 vRERE R T v - S
= 7700+100 :m:(),()2()8 . Brir'| - : Ry .
Fig. 280-04
Yo' (Yo |(ib2)(ib1’ -BR3 1
a=37=\i iy | v | = CHARMRI+R)N R rﬂ1+(1+/3’)[R1||R2]]

1 1298
= (-1.916x105£2)(-83.735)(m) = 1298V/V = T=—73g3 =27
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Example 1 — Continued
5.) Input resistance, v;/i;.

R; = rp+(1+P)[R1IIRy] = 12.364kQ —  R;r = R(14T) = 12.364kQ2-28 = 334.3kQ
However, v{/i, can be found as

vi/i1 = Rjy = Rg + RplIR;r = 1kQ + (150kQI147k€211334.3k€2) = 33.33kQ2
6.) Voltage gain, v»/v;. First find v,/v;.

Vo _a 1298
v; = Teaf =T327 =40:3VIV

RifllRp 32.33kQ
RS"‘Rij”RB} = -3)[33.33k£2]=449V/V

7.) Ouput resistance, vo/is.
R, = R4II(R1+R) = 1.916KQ

R, 1916KQ
Rof=Twaf =~ 28 =08.3Q

Vo

Vi

Vi

Vi

Vo

Vi

V2

Vi
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Shunt-Series Feedback including Source and Load Resistances

Configuration:
i in
+ o— . o
i Rs . Shunt-Series +
s ! Vi Feedback V)
- [BUe[ g12avo Network
Basic Amplifier O— —o
Fig. 280-06

I1=¢811v1 + &12i2
Vo = g21v1 + €202

811f
812flo

Feedback Network where for the new basic amplifier,
io i1 |
- ~— 811 =y, ip=0=Gs+g11a + 811y
ig Vi Rg ll |
- 811f[ &11a g2 = E yy=0 = 0
New Basic Amplifier
V2 |
821 =y ip=0 = 82la
812fio V2 |
New Feedback Network _ Fig. 280-05 822 =7, v;=0 = Rp + 8204 + 822f
ip I a (-8214/811822) -821a

i, =i TA=Tvdf = THCendengn) g1y = ““gngn 4 f=81y
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Example 2 — Shunt-Series Feedback Amplifier

For the amplifier shown, find vo/vy, vi/i1, and vo/is.
Assume that all MOSFET transconductances are 1mS.
Solution

1.) Topology identification. We see that the circuit is
shunt-series, negative feedback. Also, note that R; is

“outside” the feedback circuit.
2.) Closed loop small-signal model is shown below.

i1=1i
1

—  Fig. 280-07

!

Rif vl
8m1Vgsl

' Fig. 280-08

3.) Break open the loop by finding the loading effects of the feedback network on the
amplifier. This involves finding &} rand hyyy.

i | Vor |
81If = iggip=0= 1/(R3 + Rs) and 822 = Top vif=vi=0 = R3lIR5
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Example 2 - Continued
4.) Open-circuit small-signal model: it | mved o
im' Rs o e “>—
== ' F o0 P
J=i,7=R3+Rs . . fin RSy
1 1 R —p Vgsl Ry R3<'Rs %)
— e — = — : 8m1Vgsl <R
=1+50 =357 =0.0196 _ _,Rs ] o <)o
Fig. 280-09
li’ Iy’ Vgs2' Vgsl' -gm1R2 Rt
a=i'= Vgs2' Vgslr )T (-gm2)| T+ gm2(R3lIR5) (R3+Rs)

257.5
= (-1x10-3S)(-5.0495)(51x103Q) = 257.5A/A = T'=—737 =5.05

5.) Input resistance, v;/i;.

Ri  51kQ
R;=R3+R5=51kQ — Rif =1+T =605 = 8.43kQ

However, v,/i1, can be found as
vi/i1 = Rj = Rg + Rijp= 1kQ + 8.43kQ = 9.43k€2
6.) Voltage gain, vp/vy. First find i,/i;.

i_o a 257.5 V2
i; = T+af = 1+5.05 = 42.50A/A — =

& 500€2
Rin] = (42.56)[9.431(9] =2.257V/IV

ECE 6412 - Analog Integrated Circuit Design - 11 © P.E. Allen - 2002

Lj

o




Lecture 280 — Series-Shunt and Shunt-Series Feedback (3/15/02)

Example 2 - Continued

7.) Ouput resistance, v,/i.
First find R,,.

V2
E= R4||(R0f— Ry4) = 500Q2llc0 = 50022

What about i»/i;? Assume the output is shorted, then
ir/iy = -i,/i; = -42.56 A/A
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R, = © because it includes the drain of M2 and r; = .
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SUMMARY

* Series-Shunt:
- Increases the input resistance with feedback

- Decreases the output resistance with feedback
e Shunt-Series:

- Decreases the input resistance with feedback

- Increases the output resistance with feedback
» Analysis of transistor feedback circuits:

1.) Identify the topology.
2.) Draw the closed-loop small signal model.

5.) Finda,f, R;, and R,,.
6.) Calculate A, R, and R,
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3.) Break the loop by calculating the new basic amplifier with the new basic feedback
network consisting of only a controlled source.

4.) Draw the open-loop small-signal model using primed variables.
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