31.1 An op-amp is designed so that the open-loop gain is guaranteed to be 150,000 £
10 percent V/V. If the amplifier is to be used in a closed-loop configuration with
B =0.1V/V, determine the tolerance of the closed-loop gain.

AoL =150k+10% V/V and 3 =0.1 VIV
135k < Ao <165k

AoL 135k

_ N 165k
1+Ao|_B 1+135k-(0.1

Act 1+165k-(0.1)

)SACLS

9.999259 < Aci £9.999394 where ideally Ac. = % =10

-6
dAcL _ 185x10%° _ 1 4013506 or +0.00067%

AcL 10
noting that we could have used a closed-loop gain of 9.9993 in the denominator and
arrived at essentially the same answer. We could also use Eq. (31.9)

dAc. __ 1 dAo _ 1
ACL 1+ AOLB AOL 1+ (150k) . (001)

-(£0.1) =+0.00067% =

31.2  What is the maximum possible value of 3 using resistors in the feedback loop of a
noninverting op-amp circuit? Sketch this op-amp circuit when 3 = 1/2.

Vin

The non-inverting op-amp configuration is seen below.

Vout
>

Vou _ R1+Rz _ % (ideal op-amp with Ag = )

—>B= R TR — max is 1 if Ry is very small (a short) and R; is very big (an open)
1 2
_1_ R _
f0fl3—2— RitR, —R1=Ro

Note that this is an example of series-shunt feedback (a voltage amplifier). B



31.3 Examine the feedback loop in the figure seen below. A noise source, v,, is
injected in the system between two amplifier stages. (a) Determine an expression
for v, which includes both the noise and the input signal, v,. (b) Repeat (a) for the
case where there is no feedback (B = 0). (c) If A, = A, = 200, and feedback is
again applied around the circuit, what value of 3 will be required to reduce the
noise by one-half as compared to the case stated in (b)?

Vn
+
Ao Vo
+
| B K
a) Vo =ViA1A2 +VoAz (1)

Vi=Vs—Vi (2)
vi=B-Vo (3)
(3) into (2) yields: vi=vs—PBv, (4)
(4) into (1) yields: vo = A1Az - (Vs — BVo) + A2Vy,
Vo =A1A2Vs —A1A2BV, +Arvi
_AsAVs AV AlAVs L AgVn

TV T TITAAR 1+ AAB 1+ AAR
__AA Ve Aol e
Vo= T aAp VTA) T T Al VT A

where the noise has been referred to the input, v;, and the open loop gain, A, , is A/A,.

b) IfB=0—>v,=A1A;- (vs + %) which indicates that the feedback doesn't affect the
1

noise performance as mentioned in Sec. 8.3.2. In other words the noise always adds to the
input source signal independent of the feedback. Notice that if we can increase A, without
increasing v, then we can reduce the input-referred noise (see Fig. 8.11).

c) If A1 = A, =200 what (3 value is required to reduce v, by 1/2 as compared to 3 = 0?

As seen above if = 0 then the noise component of v, is A,v,. We can then write
2-1
(200)°
for a closed-loop signal gain half of the open-loop gain (very little feedback),

Vo  AlA AlA

Vs 1+A1A2B B 2

Once again, however, note that when v, is referred to the input it adds directly to the
input signal independent of the (amount of) feedback employed. =

A2Vn _ A2Vn

_ -6
1+ AAB 2 =25x10

— 1+(200)°B=2 > B =




31.4 An amplifier can be characterized as follows:

100
A(s)=10,000 - 100 V/V
A series of these amplifiers are connected in cascade, and feedback is used around
each amplifier. Determine the number of stages needed to produce an overall gain
of 1,000 with a high-frequency rolloff (at — 20 dB/decade) occurring at 100,000
rad/sec. Assume that the first stage produces the desired high-frequency pole and
that the remaining stages are designed so that their high-frequency poles are at
least a factor of four greater.

VE»{A(S) WHQ o0 H»—>~ , vout

P b2 (s) = _le6 b

~s+100

The first stage provides the desired pole. The other stages are designed, by selecting their
feedback factors, so that

Vout _ 1000
Vin ) ; n—1
(100;000 + 1) ) (400;000 + 1)
A(s) le6 10
first stage: = = ~0.1
ISCSIAgE ) By 51100+ 166 By 51 P!
| >
100,000

The other stages have identical Bs with a pole at @ = 400,000 rads/s

1e6 _le6 1 _ 25

s+100+1e6-Bosy 400,000 oot 2t

n—1
(3) (=)
N 1000 S B1/ \Basn -
Ger)mme)" () (@)

_ 10.2.5"!
n—1
(e + 1) (1)
525121000 o g log(100) 5

10 " log(2.5) ~

—>n=61



31.5 An amplifier can be characterized as follows:

_ _S
A(s)=1,000- —

and is connected in a feedback loop with a variable 3. Determine the value of 3
for which the low-frequency rolloff is 50 rad/sec. What is the value of the
closed-loop gain at that point?

Aorr(s)=1,000 - —2

VIV

s+ 100
_ Aouls) 1’000's+f00 _ 103 -5
Acri(s) = = s 3
I+dor(s)-B 1+B-1,000- =5 s+100+10%sp
_ 10%s :( 10° j s
s(1+10%3)+100 (1+10%p) {5+ 100
: s ). -5
we want the form A4 ¢;;(midband) - P— = Az (mid) 350
5100 _50 5 10%841=25p=10"
1+10°B
and A ey (mid) = —10 _ 500 v/v m
1+10%-1072

31.6 Make a table summarizing the four feedback topologies according to the
following categories: input variable, output variable, units of 4, , units of 3,

method to calculate R r and Rﬁo , and expressions for 4, , R, and R,.
feedback | i/p | o/p A(.)L B | Ry method | Ry, method | 4, R, R,
topology | var | var | units | units
series- | V | V | V/V | V/V |shorto/pto| "out-of- |_4or |R,(1+AoLP) Ro
shunt gnd R, = | socket" i/p +Bdor (+4oLp)
input to 3 device
network
series- | V | A | A/V | V/A | "out-of- "out-of- |_AoL |R;(1+AorB) |Ro(1+AoLP)
series socket" o/p | socket" i/p 1+Bdor
device device
shunt- | A | V | V/A | A/V [shorto/p to] shorti/p to | 4oL R; R,
shunt gnd gnd 1+Bdor | (1+40LP) (1+40.B)
shunt- | A | A | A/A | A/A | "out-of- |shorti/pto|_doL |__Ri Ro,(1+AoLP)
series socket" o/p end 1+pdor | (1+4oLPB)
device




31.7 Using the two n-channel common source amplifiers shown in the figure and the
addition of a single resistor, draw (a) a series-shunt feedback amplifier, (b) a
series-series feedback amplifier, (c) a shunt-shunt feedback amplifier, and (d) a
shunt-series amplifier. For each case, identify the forward and feedback paths,
ensure that the feedback is negative by counting the inversions around the loop,
and label the input variable, the feedback variable, and the output variable.
Assume that the input voltage, v,,, has a DC component that biases M 1.

a) Series-shunt (voltage amplifier, voltage in and out)

VDD VDD

R1 R3
Out
IIL| MI M2
+
Vi
- +
R2S of RE R4

Forward Path: M1 gate to M1 drain/M2 gate to M2 drain (the output)
Feedback Path: M2 drain to M1 source via RF

=>2 inversions for negative feedback with series mixing

b) Series-series (transconductance amplifier, voltage in and current out)

Out

Forward Path: M1 gate to M1 drain/M2 gate to M2 source (the output)
Feedback Path: M2 drain to M1 source via RF

=>2 inversions for negative feedback with series mixing



31.7 (continued)

¢) Shunt-shunt (transimpedance amplifier, current in and voltage out)

VDD VDD

Forward Path: M1 gate to M1 drain/M2 gate to M2 source (the output)
Feedback Path: M2 source to M1 gate via RF

=> | inversion for negative feedback with shunt mixing

d) Shunt-series (current amplifier, current in and out)

Forward Path: M1 gate to M1 drain/M2 gate to M2 drain (the output)
Feedback Path: M2 source to M1 gate via RF

=> 1 inversion for negative feedback with shunt mixing



31.8 Repeat Problem 31.7 using the two-transistor circuit shown in the figure.

a) Series-shunt (voltage amplifier, voltage in and out)

VDD VDD

Forward Path: M1 gate to M1 drain/M2 gate to M2 drain (the output)
Feedback Path: M2 drain to M1 source via RF

=> 2 inversions for negative feedback with series mixing

b) Series-series (transconductance amplifier, voltage in and current out)

VDD VDD

Forward Path: M1 gate to M1 drain/M2 gate to M2 source (the output)
Feedback Path: M2 drain to M1 source via RF

=>2 inversions for negative feedback with series mixing



31.8 (continued)

¢) Shunt-shunt (transimpedance amplifier, current in and voltage out)

VDD VDD
R1 R3
Out
In
—0—'} M1 M2
p 4 T
! Rzi RE im

Forward Path: M1 gate to M1 drain/M2 gate to M2 source (the output)
Feedback Path: M2 source to M1 gate via RF

=> | inversion for negative feedback with shunt mixing

d) Shunt-series (current amplifier, current in and out)

VDD VDD

Forward Path: M1 gate to M1 drain/M2 gate to M2 drain (the output)
Feedback Path: M2 source to M1 gate via RF

=> | inversion for negative feedback with shunt mixing



31.9 Repeat Problem 31.7 using the figure.

a) Series-shunt (voltage amplifier, voltage in and out)

Forward Path: M1 gate to M1 drain/M2 gate to M2 drain (the output)
Feedback Path: M2 drain to M1 source via RF

=> 2 inversions for negative feedback with series mixing

b) Series-series (transconductance amplifier, voltage in and current out)

Forward Path: M1 gate to M1 drain/M2 gate to M2 source (the output)
Feedback Path: M2 drain to M1 source via RF

=> 2 inversions for negative feedback with series mixing



31.9 (continued)

¢) Shunt-shunt (transimpedance amplifier, current in and voltage out)

VDD VDD
R1 R3
In
— Fq Ml /—1 M2
Out
RF
R4
R2

Forward Path: M1 gate to M1 drain/M2 gate to M2 source (the output)
Feedback Path: M2 source to M1 gate via RF

=> | inversion for negative feedback with shunt mixing

d) Shunt-series (current amplifier, current in and out)

Forward Path: M1 gate to M1 drain/M2 gate to M2 drain (the output)
Feedback Path: M2 source to M1 gate via RF

=> 1 inversion for negative feedback with shunt mixing



31.10 Repeat Problem 31.7 using the figure.

a) Series-shunt (voltage amplifier, voltage in and out)

VDD VDD
R1 rp S R3
I“—o( M1 M2
Out
R2 R4

Forward Path: M1 gate to M1 drain/M2 gate to M2 drain (the output)
Feedback Path: M2 drain to M1 source via RF

=> 2 inversions for negative feedback with series mixing

b) Series-series (transconductance amplifier, voltage in and current out)

VDD

VDD

Forward Path: M1 gate to M1 drain/M2 gate to M2 source (the output)
Feedback Path: M2 drain to M1 source via RF

=>2 inversions for negative feedback with series mixing



31.10 (continued)

¢) Shunt-shunt (transimpedance amplifier, current in and voltage out)

VDD

VDD

Out

Forward Path: M1 gate to M1 drain/M2 gate to M2 source (the output)
Feedback Path: M2 source to M1 gate via RF

=> 1 inversion for negative feedback with shunt mixing

d) Shunt-series (current amplifier, current in and out)

VDD VDD

Forward Path: M1 gate to M1 drain/M2 gate to M2 drain (the output)
Feedback Path: M2 source to M1 gate via RF

=> | inversion for negative feedback with shunt mixing



For each of the following feedback analysis problems, assume that the circuit has been
properly DC biased and that MOSFETSs have been characterized. The n-channel devices
have g, = 0.06 A/V and r,= 70 kQ. The p-channel devices have g,,= 0.04 A/V and r, =
50 kQ.

31.11 Using the series-shunt amplifier shown in the figure, (a) identify the feedback
topology by labeling the mixing variables and output variable, (b) verify that
negative feedback is employed, (c) draw the closed-loop small-signal model, and
(d) find the expression for the resistors R ; and R,

VDD

Vs

a) Series-shunt since both input variables, v, and v,, and output variable, v_, are voltages.

b) Negative feedback since 2 inversions and series mixing
M1 gate to M1 drain = inversion #1
M2 gate to M2 drain = inversion #2
M3 gate to M3 source = no inversion

¢) closed-loop small-signal model

Rgi Rpo
3 i
—>
Vgst = Vi Om1Vgst Vgs3
+ — + —
JE— | 0—4 o—4
+ + — +
Vi=Vs Vs R, R, S Vsge Rs Vo SRy Om3Vgs3
— — —+ Om2Vsg2 —

d)R; =R, =1kQand R, =R, +R,=1.1kQ. W



31.12 Using the figure and the results from Problem 31.11, (a) draw the small-signal
open-loop model for the circuit and (b) find the expressions for the open-loop
parameters, A, , B, R;, and R, and (c) the closed-loop parameters, A, and R, .
Note that finding R, is a trivial matter since the signal is input into the gate of M1.

a) small-signal open-loop model

S e Ly
—Z 0o o

b)
Vo =0m3Vgs3 - R4||(R2 +Rs) (1)
Vgs3 = gmaVsg2 R3 —Vo (2)

Vsg2 = gm1Vgst - R1 (3)
Vs
1+gm1 . R2||R5

(4)

Vgs1 =Vs —Om1Vgs1 - R2||R5 —> Vgs1 =

plugging (4) => (3) and solving for v,

_ gml'Rl'Vs
1+gm1-R2||R5

()

Vsg2

plugging (2) => (1)
Vo = 0gm3(Im2Vsg2 - R3 —Vo) - R4| |(R2 +R5s)

Oms - [Rall(R2 +Rs)] j (6)
1+Qms- [R4||(R2+R5)]

Vo = ngZ : (gm2R3) : (

Finally, plugging (5) => (6) and solving for the open-loop gain results in

‘R ‘R4ll(R2 +R
AOL:V_OZ( gmi-Rs j(ngRa)( Oms - R4ll(R2 +R5s) J

Vs l+gm1'R2||R5 1+gm3-R4||(R2+R5)
B =gy = 2
Vo R2+R5
Ri=w

Ro =R4ll(Rs +R2)



31.13 Using the series-shunt amplifier shown in Fig. 31.57, (a) verify the feedback
topology by labeling the mixing variables and the output variable closed-loop
small-signal model and (b) find the values of R and R;,.

VDD VDD VDD

Vbiaqu
VIN -

Vbiasn ‘

Figure 31.57 A series-shunt amplifier with source-follower output buffer.

RF
+Vgsl_ gV v
mlVgsl ngVSQS gs5 .
+ ) + - m5Vgs5
Vs =Viy Fo7 Vsgs Vo
- o o3||ro4 I’05||I’06 .
. . <],7 . °

b) Ry =R =10k, R, =R +r, =80k ®
31.14 Using the series-shunt amplifier shown in Fig. 31.57 and the results from problem

31.13, (a) draw the small-signal open-loop model for the circuit and (b) calculate

the open-loop parameters, A, , B, R, and R, and (c) the closed-loop parameters,
A. ., and R, Note that Fig. 31.57 is identical to Fig. 31.56 except that the

resistors have been replaced with active loads.

Vgs1 Om1Vgs1
o Vgs5

+—° _ Om3Vsg3 p
Vs =VIN ro7 Vsg3
: Re . JL Afr

lo1 Fo2p +
~

ro3| |I’04 r05| |r06 ngVgSS

gm5-r05||r06||(R|:+ro7) —3.89k VIV
Oms - ro5||r06||(RF + I’07)+ 1

~1

V_o_|: gml'rolllroz

rozllr
Om1 - r07||RF + :I.j|[gm3 o3 04]

b) Act = s = 1.14 VIV and Rou = ;52— =6.28Q W

1+ﬁAo|_




\%

31.15 Using the principles of feedback analysis, find the value of the voltage gain, v_2

and 22 for the series-shunt circuit shown in Fig. 31.58.
2

VDD
VDD VDD
Ik Er
q M6
qu M1 Rr

M 3 Raut

M4 _{@2 ‘J

Figure 31.58 Feedback amplifier used in problem 31.15.

Vb ias4 |
|

al’

|7 Foallr 1
Aoy = rollr 8| g (llrllraslRe4 R)) |
o |:7”02||7"01+(1/gm1+R1||RF) FoallFos + 1/ 8ms g ' To6!1T o5 (RF+R1)

~

~1

L s (gl lrcliresl )]
~ ws | == lrosllros (RF+RY) ) | = 82.34 VIV
Lozllrol+(1/gm+R1||RFJ gms g Tos1rosI(Rp + Ry)
S/ S _ 2 Ao _
B_vz_Rl"'Rz_O‘S—)ACL_Vm 1+BAOL_1952V/V
R, =22 R, ~ﬁll(RlJrRF):O586Q

Z:1+BAOL~ 1+BAOL
[ |



31.16 A shunt-shunt feedback amplifier is shown in Fig. 31.59. (a) Identify the feedback
topology by labeling the input mixing variables and the output variables, (b) verify
that negative feedback is employed, (c) draw the closed-loop small-signal model,
and (d) find the values of Ry, and R,

VDD VDD

Figure 31.59 A shunt-shunt feedback amplifier.

a) shunt-shunt feedback, see labels above

b) 1 inversion => negative feedback with shunt mixing

c)

Vol o3

d) Rﬁo =0 =RG2||RG4 and RBi =TVo2 = 70 kQ W



31.17 Using the shunt-shunt amplifier shown in Fig. 31.59 and the results from problem
31.16, (a) draw the small-signal open-loop model for the circuit and (b) calculate
expressions for the open-loop parameters, A,, B, R, and R, and (c) the
closed-loop parameters, A, R, and R .

a)
+ -
v
V1 Vgsi< o2 gm1Vgs1 R1
. Om2Vgs2
b)
1
Vo _reGl.1CD] = &] _Om3 G _H,H_;_
Vi _[CG] [CD]_|:r02 {ng'g%+l}_ 7 2 _14—0714V/V
R 1+2
Ri:roleRinsl:roZ|| 1 -~ 1 =19.04 Q
G‘f‘gml ﬂ+006
_VYo_Vo p (1 -
AoL = i~V Ri —(14)(19.04)—1.36 V/IA
It ngVgsz
B:W_—Vgsz =Qgm2 = 60 mA/V
R
Ro = g | IRinst = g 17—~ = 16,671119.04=8.9 0
m4 m4 G‘f‘gml
c)
_ Ao _ 1.36 B
AcL = 1+BAo. 1+0.06-1.36 126 VIA
__ Ro _ 8.9 _
Rou = 1+BAo. 1+0.06-1.36 8.23Q
Rin= —2 1904 _ 1760

“1+PAo.  1+0.06-1.36
|



31.18 Using the principles of feedback analysis, find the value of the voltage gain

\i/—l, and \II—Z for the shunt-shunt circuit shown in Fig. 31.60.
1 2

VDD VDD

Figure 31.60 A shunt-shunt feedback amplifier, see problem 31.18.

Py _VQS4+ Py Y
+ ‘ +
Vgs2 = Vj Ri @ OmaVgsa Om2Vgs2 R2 vy
_ 1 L1
Ry = gm1||r01||r04 ST = 16.67 Q
_1 O
Rz—gm3||r02||r03~gm3_25§2
\' \Y
AOL=V—f-R1=ﬁ=—gm2-Rl-R2=—25wA
_ 0 —Om _Vo_ Ao __
B_V0~1+gm4R1_ 0.03 AV— AcL = ST pAe 14.3 VIA
_ 1 Vi Ri
Ri=g=1667Q, R.n—i1—1+BAOL—9.5Q
_1 _ V2 R
Ro—gms—ZSQ, Rout—l2—1+BAOL—14SQ

Vo _ Vo 01 _, 1 _
Vi =T, v - A g =-L5VIV

V2
1Vll



31.19 Using the series-series feedback amplifier shown in Fig. 31.61, (a) identify the
feedback topology, (b) verify that negative feedback is employed, (c) draw the
closed-loop small-signal model, and (d) find the values of R; and R .

VDD VDD
VDD
Vb‘as_lc M2 ;
2
S ma
VL M1 Rout

V biass M7 Igl;/m

Figure 31.61 Series-series feedback amplifier with source-follower output buffer.

a) series-series, Vi = Vgs1, V; IS the voltage dropped across M7, v, = v,.

b) two inversions for negative feedback with series mixing

c)
R i R 0
- \AB\I;\ : OmsVgss i
+V931_ Om1Vgs1 ’ l2
_ 0 V
+ + _ Om3 sg3
Vs = VN Vi S,y & 1 < Vsgs3
- - Om2 + . -
. - y ) R
o3 | |I’04 !
d)

Rgi =Reg+re =120 kQ
RBO = RF + I’07 = 120 kQ
|



31.20 Using the series-series amplifier shown in Fig. 31.61 and the results from problem
31.19, (a) draw the small-signal open-loop model for the circuit and (b) calculate
the open-loop parameters, A,, B, R;,, and R, and (c) the closed-loop parameters,

ACL’ Rin’ and Rout'

gm5V S5 i
+Vgsl_ gmlvgsl VgsS g )

. Oma - (r01||9%)
lo _ V2 1 _ i [9m3(r03|||’o4)]{ o }

AoL =y =
Vs Vs R1 gml(r07||(RF+r06)+1) gms(roellRF+r07)+1

=14.924 <1075 AV

Vi (ot ([ res(ror+Re) )
B= i “\ro7+Re/ \ros + o7 + Re =25, 789 VIA

Ri=o

Ro = R1+ (roellRF + r07) + r05 1+gm5 (roﬁllRF + I’07) = 186 MEG
- 0 - 9

Rs RS

__ Ao _ 6
AcL = T+ BAgr 10.776 x 107° A/V

Rin =00
Rout = R1ll(Ro —R1) ~ Ry = 10k
[ |



31.21 Using the shunt-series amplifier in Fig. 31.35, derive the expressions for A, , R, ,
andR_,.

$  o

Amplifier . <—
+ ' %
is % Ri AOLIid? Ro%

-
if:Bio
B <
Rr) Network lo (TR
. Vi Bo
(io=0) <~ (is=0)

Figure 31.35 An ideal current feedback amplifier.

Acp="0=—o___To__ li- Aol {assuming R, = o}
Is li+lf 1+ Pl ii(1+'i_é.[3)
Ao
_)ACL_].-I-AOL'B
. .. Vs . Vs . . .
Is =1+ s :EJrﬁl0 :EJFBAOLH {again assuming R, = oo}
I I
is = 1+ Aop) > Rip= = — R
S_Ri oL in — is _1+AOLB

And finally for R, let's apply a test voltage to the output with the input open-circuited.

T ig=i
—> N Amplifier . 2—0
%Ri AOLii@? RO% +Vt

- — —
It =Pio

A4

. . Vi . Vi . Vi
lo =AoLli+ — =—-AoLl{+ =— =—AoLPlo + =—
0 i Ro Ro Bo Ro

io(1 +AOLB):%

0

\Y
— I—‘ =Rout =Ro(1+ Ao p) B

0



31.22 Convert the shunt-shunt amplifier shown in Fig. 31.59 into a shunt-series
feedback amplifier without adding any components. (a) Identify the feedback
topology, (b) verify that negative feedback is employed, (c) draw the closed-loop
small-signal model, and (d) find the values of R; and Ry.

a) Shunt-series topology seen below.

b) 1 inversion -> negative feeback with shunt mixing.

C) small-signal model is seen below.

Mol o3

ngVgsz

d)  Rpi=rez=70kand Rgo=c0 M



31.23 Using the shunt-series amplifier from problem 31.22, (a) draw the small-signal
open-loop model for the circuit and (b) calculate the open-loop parameters, A, , B,

R;, and R, and (c) the closed-loop parameters, A, R

in?

a) The small-signal model is seen below.

Mol

and R,

b) Feedback current is via M2

_i_f_ Om2 - Vgs2 _ Om2
io 1 -1 Om4
Vo2 \ Gs

Ri = Rinps!IRins1 = 19.04 Q = R;

A_
B -15-p

Ro = Ry + Rinps = R2+g—}n4+r03(1+g%j)z R, + 2rgs = 150k = R,

io Vo R Ri R —gmaR2!lros
Ao = o _ Yo Ri_ , _I:(_l)(—
o is Vs Rs (CG)-(C3) R> Fo2 Om3/Oma +1 KRZJ
__ Ao _ A_
C) AcL = 1+AOLB =0.06664 A =AcL
Rin=—R—— —187Q=R;
in — 1+AOL -B - . - n

Rout = R2lI[Ro(1+AoLB)—R2] * R, =10 kQ =Ry M

(Ri)_ 007142 _aq,

A



31.24 A feedback amplifier is shown in Fig. 31.62. Identify the feedback topology and
determine the value of the voltage gain, v2 ,R,,and R,

in?

Figure 31.62 Feedback amplifier used in problem 31.24.

This is a shunt-series topology (current amplifier). As i, goes up v, goes up. This turns
M2 and M3 on causing io to decrease. The small-signal model is seen below.

- Vgs4 + 9m3 lo

—0OmaVgsa
Om2Vgs2

1 1 ~R, —

o _vo Ri _Ri | _Ry [ 1 }_8.34_ 200 e
AoL=1"=Vi "R, "R, {Rﬁ_} “m2Re+505) |= %00 216,67 (0021667

__05A
=-057%

BZ;—f—M-(R2+gm1)=—6-5%
° Vgs4(1+%)

__Ri 834
= Rin = 1+Aop 1+0.5(6.5)

Following the discussion in Sec. 31.6 we can calculate the output resistance using

Rout = R2ll(Rof = R2) = R2ll(Ro(1 + AoLB) — R2) = 20011650 = 153 Q = Rout

=196 Q =Ri,

_jf2__ Ao _-05__ A

Act = i, 1+Aof 425 0.118 %
V2_i_2 Rout 153 _ M
Vo —_( 0.118) - (196)_ 9.2y,



31.25 Notice that the amplifier shown in Fig. 31.63 is a simple common source
amplifier with source resistance. Explain how this is actually a very simple
feedback amplifier and determine the type of feedback used. Determine A, and

B.

ROUI

Series-series feedback is used.

In words, any increase in v, causes a decrease in v,. As v, gets smaller the AC current
through R, gets larger which is also flowing through R,. This increased current

through R, raises v, causing the feedback.

Neglecting the resistance looking into the drain of M1 we can write

_do_Vo 1 _ 1o R 1 -1
Ao =y, =y, g, ~LCS] R. 1/gm+R: R. 16.67+100

> AoL=-86x10" %

Ve i
BZ-—fZ—I-ORl =-Ry
lo lo

_ 100V
- B=-100 1



31.26 A feedback amplifier is shown in Fig. 31.64. Identify the feedback topology and
determine the value of the voltage gain, v2 ,R,,,and R,

1 VDD VDD

Shunt-shunt feeback is used.

3 inversions for negative feedback with shunt mixing.

Rgo =00 and Rgi = Rinps = I'os
Ri = Fos; Ro = 5t ¥2 = (CS)(CS) = (gml)(ggmf):l%
AOL:\i/—zzx—i-Ri:l-l’05—)AOL=70kK
S
It Oms - Vgss A
B=v;= Vg —Ums >B=006

1+AQ|_B =4, 201, AOLB ~ 4.2k

Rin=Rif——l iOLB_)Rm 16.67 Q

Rout = Rof = % —> Rout = 0004 Q

1+Aop
Ao V_V2
ACL‘1+AOLB 16.7 5= i
Vo _Vo 1 _167  Vo_.V
PV Ry 167 Vi Y



31.27 A feedback amplifier is shown in Fig. 31.65. Identify the feedback topology and
. )
determine the value of the voltage gain, i~ and R .

Series-shunt feedback is used.

Two inversions for negative feedback.
1

Vo " Om2 —1/gm4 s V
AoL = 22 =[CS] - [CS] = : —333x 106 ¥
oL VS [ ] [ ] 1/gm1+r05 1/gm3 % V
Vi Vsgs
B:V_22V954:l
__ Ao Va2 _ Y
ACL_1+BAOL_V1~333X10 Y,
Rozg—h:16.67£2
Royt = — N9~ 16,670
0ut—1+AOLB— .



31.28 Prove that the expression for the open-loop gain derived in Ex. 31.3 is correct.

Cut the feedback connection and ground the gate of M2 as seen below.

VDD

1
gml

As seen in Fig. 31.37 Ry = == Ilro1l1re

Rout = RLl |RintoD4 = RLl |(I’03 +Toa(1+Jmalo3))

. Vo . Vs
Also, ip=— and is = =—
0 RL S Rl

. ) Y -R
The voltage gain from input to output is -2 = ——4t
geg p p Vs = 1/gms + oz

i, Vo Ri1 —OmsRout Ry —-OmsR1 .
A== —=———.—=—"—-53ince Rt *R
T T Vs R 1 +0malros RL 14 gmalos out =L



31.29 Determine if the amplifier seen in Fig. 31.44 is stable.

(00,000
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ﬂ“el 3 160
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hou > 3= Aty (225 fosLad 79,453
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q 226
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mye At E

B gt T tan (g )= 7100 = oy, = 200 ban(Go) = SueA1 "Ts

B Al dg @ oresno’ 5 20 dy (49,726) - s (2o by [SLe5Tr )

zpi'ﬂ"h"\ = F501de > o0d2
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31.30 The op-amp shown in Fig. 31.66a can be modeled with the circuit of Fig. 31.66b.
With a feedback factor, B = 1, determine if the op-amp is stable (and the

corresponding phase and gain margins) for the following transfer function and , =
10°, 10° 107, and 5 x 10° rad/sec.

10, 000

(1 +j%) (1 +jo%)

AQL(j(J)) =

Anfdu"_) (H"L_)( 4__) = A (Jna) (S Sinee (:f /

E“"iﬁj mﬂ!& S |‘ 2 l0|000

Ml e [+ 0K 7(‘*Cu))(l+( J) [0,000%

O-?“ i /
" 4 Wo" oot t-»i‘)_/mffﬂr':(b

oot wy”

> T ) €D

Podiny_phese mergen
M pm=é“t4](‘4(j.”)ﬁ){ s (':’P"’)
et
VG r e () - e (o2 ) 4 (PO
and Since 100 s 15 reletely smell- -

box 0% e (22) < €02

(a2 WedR B »
(quen) (&m 1) (gaz) | S [
oS 308 k "Is (7.6° ’ Yes /
obs | 796 ¢ | SLEY yes

107 s 945 k s { §4.3° s

Cxlp®els f,’(}{,'gk‘fg/ 7e.9° ( ypes
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31.31 The phase plot of an amplifier is shown in Fig. 31.67. The amplifier has a midband
gain of —1,000 and 3 zeros at ® = oo and three other unspecified poles. If the
amplifier is configured in a feedback configuration and (3 is frequency independent,
what is the exact value of  that would be necessary to cause the amplifier to
oscillate?

Arg[ARL(joa)]

180

135

90 \

45

0

—45

4
e

0
1 10 100 1k 10k 100k 1M

Figure 31.67 Phase response used in problem 31.31.
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31.32 You have just measured the gain of the op-amp circuit shown in Fig. 31.68. You
know from basic op-amp theory that the gain of the circuit should be - R,/R, V/V.

However, your measurements with R, = 10 kQ and R, = 1 kQ revealed that the
gain was only -5 V/V. What is the open-loop gain of the op-amp?

R>

Vin \
——— Vout
+

Figure 31.68 How finite open-loop gain effects closed-loop gain, problem 31.32
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31.33 Using the circuit shown in Fig. 31.69 and the RR method, find a value of R, and A,
which will cause the phase margin to equal 45° at o = 8,000 rad/sec. The amplifier
can be modeled as having an infinite input impedance and zero output resistance
and has a frequency response of

AS) = 57200+ 1)(s/10,000 + 1)

R

A —

;
Vin—e— A/ \/ 0

Figure 31.69 Amplifier used in problem 31.33.
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31.34 Determine if the system with a return ratio as described by Eq. (31.102) is stable.

v 49.726

RR = —v—: =Aor(s)B(s) = ﬁ Is it stable?
(1 + 300
. . -1 (0180) _ o
To begin find ws0: —3 tan (—200 180

— m130 =200 - tan (60°) = 346.41 rad/s

( )
now find [4 o (j) - B(jo)| = 201og (49, 726) - 3L20 log \/ (_3‘;%31) " J

=75.87dB>0dB

— unstable ®




31.35 Redesign the transimpedance amplifier seen in Fig. 31.51 using the long-channel
CMOS process discussed in this book.

The schematic and simulation results are seen below. It's important to minimize the size
of M5 since, as discussed in the book, the charge injection and capacitive feedthrough
(from a fast clock edge) can have a significant effect on the performance. Note we can
estimate the output slope using, 10pA/10fF = dvy,dt = 1V/ms. &

lox
v Vreser Vioun

A= ; ;
3,
2 V=

1.5Y=

1.0

-
I ¥ T T ¥ i i V i T
F 0.l I.5ms 1.0ms 1. 5ms 2.0ms 2.hms .0ms 3.hms 4.0ms 4.hms 5.Oms

NEET
—
tran sm Vhinnd "prfi'u
danclude cmossdu_models x5 :]I-EIJM =30y
M3
Flot Vout PULEE(S O Gu 100} . [FETE
Whias? F_iu
j I=2u war=3ihs out
J Cload
T
nz
Vhiasd i s cF H:-{} R
Whigh{—Migh 1= 1 Bt
WhiasI—viiasd reset — In|_11qu-:I ot =2u w=1lu
Fig_20_d3 Wpoas—\pcas - “
i Uncas —noas 1L}
Vhiasd—vbiasa in W_iu
Yo b= b ™ =2y w=iu
Vhlasd—viiass Ilf'*‘ll
lin




31.36 How would the input-referred noise for the TIA design presented in Sec

be reduced?

Let's simulate the input referred noise performance using SPICE, below.

[=]

[=]

==
vDD
1

reset

.noise v(out,0) lin dec 100 1 10MEG

Vraset I}
include cmosedu_models.txt Y22%] :] 1=100n w=1u
PULSE(1 0 5u1n }

[a]
=]
i
VDD .
Vbias1—Vbias1
Vhigh—Vhigh
Vbias2|—Vbias2 1e-6
Vpeas|-
Fig 20 a7 'Pcas|Vpeas GR1
Vncas—Vncas
Vhias3|—Vbias3
View—Viow
Vbias4 —Vbias4
GND
<

T—\A'DD
=
®

=VDD
P_50n

M2
te=VDD

Vbias2 P_50n
I=100n w=1u

on

out
[ylz
Vbias3 N_50n

cF j 1=100n w=500n
'1|in

1

in | [Njnn
lin 1=100n w=500n
.,

. 31.9.2

To ensure the TIA biases up correctly we've added a 1Meg noiseless resistor between the
output and input, see Fig. 8.23. We don't want to go too much higher than this because

then M1's gate current can result in a significant voltage drop across the resistor.

The simulated input referred noise spectrum is seen below. There is roughly 210 pA

RMS input-referred noise.

_inix|

le-010g
Te-0114 -
o0z

le-Ul3g----

Interval Start: [1000mHz
Interval End: |10MH=
1 otal HM% noise: [0S 54pa !

1e-014
1

- ™ '”"I'['Ile ™

LREALL) e
100Hz

MRARLLI me
TKHz

" 10KHz  100KHz  IMHz  10MHz

We know from Fig. 21.44 that the cascode devices, M2 and M3, have little effect on the
noise performance (this should be verified with simulation). We can, however, increase
the length of M4 to reduce its contributions to input-referred noise. This also reduces the
current flowing in the TIA resulting in higher gain and lower drain noise current.
Increasing the length of M4 to 1 um results in an input-referred noise current of 185 pA.
Increasing the width of M1 to 5 um increases its transconductance dropping the
input-referred noise current to 163 pA. Note that to reduce the input-referred noise to <
10 pA we must use much larger devices. The drawback (in nano-CMQOS), as discussed in
Ch. 31 is the increase in gate leakage current. Older CMOS is generally preferable for the
TIA design. The TIA doesn't have to be fast and the older devices have better noise
behavior and, of course, are larger. B
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