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1. The noninverting op-amp configuration shown to the right provides a direct implementation of a feedback loop.

(a) Assume that the op amp has infinite input resistance and zero output resistance. Find an expression for the
feedback factor B.

(b) Find the condition under which the closed-loop gain Af
is almost entirely determined by the feedback network. v,
(c) If the open-loop gain A=10" V/V, find R,/R; to obtain a
closed-loop gain A of 100 V/V.

(d) What is the amount of feedback in decibels?

(e) IfVs=1V, find V,, Vs, and V;.

(f) If A decreases by 20%, what is the corresponding

decrease in As?

(a) B=R1/(R1+R2)

(b) A=A/(1+AB) if AB>>1 then A=A/(AB)= 1/(B)

(c) A= A/(1+AB)= 10*/(1+10"B)=100

10* =(1+10"B)*100

{(10* /100)-1}/10"=p => B=9.9m=R1/(R1+R2) => R1=(R1+R2)*9.9m => R1-9.9mR1=9.9mR2

.990R1=9.9mR2 => (R2/R1)=(0.990/9.9m)=100

(d) (1+AB)= (1+10%*9.9m)=100 which is 20log(100)=40dB

(e) Vo=A{Vs=100*1=100V; V=BV0=9.9m*100=0.990V; V;=Vo/A=100/10*=10mV Note that in order to achieve Vo=100V,
the power supply would need to be that large!

(f) If A decreases by 20% => A=0.8x10"V/V; Af=0.8x10"/(1+0.8x10x9.9m)=99.75V/V

2. Consider the noninverting op-amp of Problem 1. Let the open-loop gain A have a low-frequency value of 10* and a
uniform -6dB/octave rolloff at high frequencies with a 3dB frequency of 100 Hz. Find the low-frequency gain and the
upper 3dB frequency of a closed-loop amplifier with R;=1k€2 and R,=90k€2.

A=10" and f;=100Hz
B=R1/(R1+R2)=1k/91k=11m
(1+AB)= (1+10**11m)=111

A= A/(1+AB)= 10%/(111)=90V/V
fur=fu(1+AB)=100%(111)=11.1kHz

3. For the circuit below let (R;+R;)>>Rp. Using small-signal analysis, find expressions for the open-loop gain A=V,/V;;
the feedback factor B=V¢/V,; and the closed loop gain A=V,/Vs. For AF>>1, find an approximate expression for Ay
Neglect r,,
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Open-loop gain: without R, and K, ang the gate
grounded:

Vﬂ' = _gmvngRD
= -Vi=A = g R,
Feed-back factor:
Vv R r
e —-£=>V = ! 3 P = 1
B TR T R i R, + R,

VMJ‘
Ry
o
4 +
3k
|— }
+ 4
5 R,
Vi
Closed-loop gain Ay
V
A, = _W
i B
Ny = _gmvgfx {{R, + R;} ” Ry}
(R; + R))Rp
e Al e TR
EmY g R, + R, +Rp
hutﬁf:-l—ﬂ.b}Rﬂ R2+R]+RD:1R2 {'R]
B B (Ry + R)R,
kg = ( EnV o w)
= _Emvg.r* Ry
_V =ys..vf:-l,.f ﬂ

ST e

R’ Ve
=Vy = Emﬂu{ Yo R, +R1}

EHRDRJ =
+am 2 L =g RV,
= Vﬁ. {I Rl 75 Rz} £ o¥s

Thus:

ER ir_'!\ = ngD
d ¥y 1 + guRoR /(R + Ry)

ifA-B >>1 =(g.Rp) R /(R +Ry)=>1

ﬂ = ngD = R1 3k Ri
F g RoR (R + Ry) R,
1
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4. A negative-feedback amplifier has a closed-loop gain A= 100 and an open-loop gain A=10". What is the feedback
factor B? If a manufacturing error results in a reduction of A to 10°, what closed-loop gain results? What is the

percentage change in As corresponding to this factor of 10 reduction in A?

A
= 5 = 100
A 1+ AR
10°
-2t 1 =199
= A 00

g =2 = paxio”
10

If A = 10°, then
3

s N ~ = 91.74
ST

AA, _ 9174100 _ _gogg

A 1000

5. Consider the op-amp circuit shown below where the op amp has infinite input resistance and zero output resistance
but finite open-loop gain A.

(a) Convince yourself that B=R,/(R;+R5)

(b) If R;=10kL2, find R, that results in As= 10 V/V for the following three cases: (i) A=1000V/V; (ii) A = 100 V/V; (iii) A=12
V/V.

(c) For each of the three cases in (b), find the percentage change in Asthat results when A decreases by 20%. Comment
on the results.

1% —o
% o) S +
/ + V, AV, v,
V ."III-" L
Vi R, 5 2
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s RI 2 e
Lem Bl Sy o
. R,
=P R, + R
(b R, 10k} A, = 10 VAV, what is R, if:
(i).A = 1000 V/V
= SN e e |
iy ek e
1 _1 _ go99
10 10’
B=RTR=’RE=R'(]E ] (i) A = 08 %1000 = 800 V/V
o 9 i L2 = 9975
- 10 KQ%[;E—] — 91.01 kO f = 1% (0099)(800)
(i) A = 100 VIV Adr _ 9_.___-9?5ﬂ‘ 10 _ _925%
A 1
1 R _
B =T 106 OO ) A = 08X 100 =BOV/V
1 -009) _ o 80 _ 9756
R, =10 KLT‘-F;—] . 10L11K b =
(s AA, _ 9756—10 _ _544a
= 1L_1 _ poer; A 10
PTH G A =08X12=96V/V
R, - 10 kU —_00I6T) — sgeg k) A, = 96/ (1 +(0.0167)(9.6)) = 827
= 0.0167 .
(c) if A decreases by 20% %I o 3.1?1; 10 _ _1796%

6. Consider an amplifier having a midband gain A, and a low-frequency response characterized by a pole at s=-m, and a
zero at s=0. Let the amplifier be connected in a negative-feedback loop with a feedback factor B. Find an expression for
the midband gain and the lower 3dB frequency of the closed-loop amplifier. By what factor have both changed?
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Am
A(S) = Eh W Am §
14 Am § 3 S+ W, +AmBS
S + W,
= Am 5
1+ A
mp ol W,
1+ Amp
Thus
( Am
fmy = Amp
W, = W,
Y14+ Amp

Both decreased by same amount

7. A capacitively coupled amplifier has a midband gain of 1000 V/V, a single high-frequency pole at 10kHz, and a single
low frequency pole at 100 Hz. Negative feedback is employed so that the midband gain is reduced to 10. What are the
upper and lower 3dB frequencies of the closed loop gain?

1000
-

fo=f!(l + AB) = 100/ 100 = I Hz

= (1+AB) = 100

fH =fp *x (1 + AB) = 10K X 100 = 1 MHz

9. A series-shunt feedback amplifier employs a basic amplifier with input and output resistances each of 2kQ and gain

A=1000 V/V. The feedback factor B=0.1V/V. Find the gain Ay, the input resistance Rj;, and the output resistance Rof of
the closed loop amplifier.

ot o et 0 TR
L+AB  1+1x10°-01

= g9 ViV

Ri = R(1+ AR) = 2(101) = 202 kQ

kb &,
( +"‘B} F]T = 198 0}

tor =

10. (worth 2 problems) The circuit below shows a series-shunt amplifier in which the three MOSFETs are sized to

operate at |Vov|=0.2V. Let |V{|=0.5V and |Va|=10V. The current sources utilize single transistors and thus have output
resistances equal to ro.

(a) Show that the feedback is negative.
(b) Assuming the loop gain to be large, what do you expect the closed loop voltage gain Vo/Vs to be approximately?
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(c) If Vs has a zero dc component, find the dc voltages at nodes S1, G2, S3, and G3. Verify that each of the current
sources has the minimum required dc voltage across it for proper operation.

(d) Find the A circuit. Calculate the gain of each of the three stages and the overall voltage gain, A.

(e) Find B.

(f) Find the output resistance Rgy;.

A

[,=0.1mA

G, 0,

out

R,
Vpe= 09V
2kQ

a) Transistors , and (), are used in CS
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: : : For all cutrent sources o operate in saturation
configuration. Therefore an increase in V, causes i

the small-signal drain voltage of O, to increase, [Vs| = Vol Vol = 02V
followed by a voltage increase at the drain of (,. For source I, : |[Vpg| = Vpp— Vg = 07V
Transi is used in C i
. rans:sm:r (), is used in CD cnnﬁgurlzlnon..An LiVy=V,=09V
increase in gate voltage at ), results in an increase L' Ve=V.=02V
k= ¥ pg = 2 =

at the output V,, (source of ¢) which through the
voltage dividing feed-back causes V, to increase.

g : d) obtain the A-circuit
The feed-back is indeed negative.

Load of feed-back network at the input: R |§ R

Load of feed-back network at the output: K, + R,
The A-circuit is:

Where r,; = r, is the output resistance of the
CUrrent Sources
Gain of each stage:
Allg,.'s = 2,/ V4 = 22X 0.1 m/02
= | mAY
all r)’s = V, /1, = 10/0.1 m = 100 ki)

¥
For @: Ay, = % = Zuoy (Touy || 7as)
5
Var Bmi -
— = : 1+ R s
v [+ g0k (roi(1 + gniRs) || ros)
b) If the loop gain 1 + AP is large then AR >> 1 R; = R | R,
A =L~l=‘ﬂﬁm Ry = 2K | IBK = 18K andl + g, R,
IE TRAR T R, =1+ IN=2%
¢) Find DC voltages : Vi — Vo= Vo = Vigg = Ve LE[{‘[DD K x 2.8)[| 100 K]
= WV + V; for all transistors |V;,| = 0.2 + 0.5 Vs 28
=7V =263V
Then: For (,:
¥ = Voo = Vgq = 09-0T3 ¥V, Apy = Yo - Znalraz | ros)
=02V Ve '
VGS = Gj\.,r rrrz = rrh'i
lL'II:.:_IE = Vr_.-:;_a ar Il'r:g_; = [}.? + E].E = [].q-\l'l Emz = Em
Va =V = Vsg = Vip — 0.7 Ve ro 100 K
L i B =50V
Smia mXx = S0 VIV
For (5
rosll (R, +Ry) = 100K || (18K +2 K)
= 16.7ki}
For a common-drain amplifier:
"d‘!f' — Fo " R.L :
(ro || R+ o
where R, = ry; | (R, + R;)
SO 100 K || 167 K
B NI e Ry
Fall 2010 S 7
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¥ A 1223
S il %

0 2 Ve 1+AB 1+01x1223

= 0092 VIV

which is *é = 10 as found in (b)

g}Fcrr the common-drain stage:

Rﬂ"g_ | (rgs || Ry +R:) = LK || 167 K
A=Ay Ay Ay = 263X50%0935 | —gsagy
= 1223 VIV

Ros = o = 944 = 766 01
EFd g = B _ . 2 =8 1 + AR 1+0.1x1223

R +R, 2+18 Since R, = =R, = R,

(3) AMernode  Solushon
Hybrid T sl signal

Jmf ‘ék':}
R= RIQ, =2 =22= 18k
G = 2Tn Q(m[}!JL ]m;'.\ /"u"

v, "fv el ( v j
0 ng_ - on (k) + UW B 0= (R,

"Vk;l) . (VG;?-VS\) : k{%

i
st
ST
1
=
[}

>

@ 7 gmy (Vs

3
O VGS Vé}l* Vﬁﬁ _0
.
& l’;ﬁ'— - Gma(Vz-\,) + %2 3 O
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Solve, @‘-?? Vaz (i"l? * iJ’") Vel (9!:11* aj‘i’gmx\fg =0
Vaa (¢, + ){C}mﬁfa Vei (Qrm, + Jr“_D

@ VE;\(LI‘EK Hm |DDI||C)'
Ve ( . 56lm ) -EG/uV-Gz =|“‘1Vs

]l"(_':?i = | fs

@ /EO}LVG’L + ‘hq\{g = Ve (]n-,, + 10}LL)

20mVaz v
Ve = (Ip+OW) - (l:ﬂ;\) [98mVez + .90 Vs

me} o O =
19 &V (1560m ) +.990Vs (1:5om )~ 10uVez = InVie

31 Vg + 155mVs -10uVep = ImVg
2‘%—\(61 {f‘m = .55r‘n\)\,|f5

oz oot 0,
=

fom (D = Ves(rEY- ol .

VGE_ = = r-;
t\ £ J_. --.F__.______._-- = 5
Fomn (& )_/E( ; F9mz+ é; + rj‘; )zgma\‘f,&% |
Viﬁ?b é‘l"jjma-ﬁ-pt;:}w-il—%
l\’{: o vV, F:'*R
_'j_' = e :_Oq% /'V' VHs
V3 ]{}/LL,*‘\TT\*% + lom

= UD UC:'% "N‘f_;,l e y a———]v
p\ \é-,fg, U,:J VE- = OQ% Eﬁxib_liwj
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