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Homework Assignment No. 11 - Solutions
Problem 1 — (10 points)
Problem 8.26 of GHLM
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Problem 2 - (10 points)

The simplified schematic of a feedback amplifier is

Page 2

shown. Use the method of feedback analysis to find
Vo/V1, Ry = Vi/I1, and R,y = Va/l>. Assume that all
transistors are matched and that g, = ImA/V and rgs =
0,

Solution
This feedback circuit is shunt-series. We begin with the

open-loop, quasi-ac model shown below.

LEA M1
Ry=
(o,
+ 11 1kQ
. M3 o
Vi Ry= = SO2E3S1A
Ri= Ry= 50k€2
1kQ 1kQ
o

The small-signal, open-loop

model is:

8m1Vgs1

2 = o Vgs2 ng L Vst Ry=
I Vgs2 Vgsl I 50kQ 50k
_ + 1___ Ro
Vgsz B © SO2E3SlOC
'gmlvgisZ B ngVgs2R4
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=

Rin=Riy=Txay= T35 =74.07Q

R, 1000

R, =50kQ (R; is outside the feedback loop)
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Problem 3 — (10 points)
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T2m basic Amplifier without the
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Problem 3 — Continued
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Problem 4 - (10 points)

Use the Blackman’s formula (see below) to calculate the small- iout Rout
signal output resistance of the stacked MOSFET configuration — 1
having identical drain-source drops for both transistors. <«
Express your answer in terms of all the pertinent small-signal
parameters and then simplify your answer if g,,>g;>(1/R). Vs
Assume the MOSFETS are identical. I | | I+—|l—_>M2
1 + RR(output port shorted) Vout
Rout = Rout (gm=0)[ 1 + RR(output port open) l:Ml
(You may use small-signal analysis if you wish but this circuit R 7
seems to be one of the rare cases where feedback analysis is [VIN
more efficient.) - 5
Solution S02E3P2
2R(rgs1+7ds2)
Rout (8n2=0) = 2RU g1+ 1452) = TRy i
RR(port shorted) = ? 4—'?_
Yds1"ds2
v =0-vp=-gmv; (rdsl+rds2) Tds2
Em2Vds17ds2 v
=~ ... out
= RR(port shorted) PIRETS
RR(port open) = ?
ras2(Tas1+R)
V= 8m2Vt (rds1+rds2+2R) - 5
S02E3S2
8m2"ds2(Tas1+R)
= RR(port open) = r s+ g0+ 2R
1+ Em2"ds17ds2
o RUastra) Fds1H7ds2 Fds17dsat 8malds1Tds2
out = 2R+rgg1+r 40 8m2Tds2(rgs1+R) (rdsl+rds2+2R+ gm2rds2(rdsl+R)>
T'ds1 +rds2+2R

Using the assumptions of g,,>g;.>(1/R) we can simplify R, as

8m2"ds1"ds2
Rour = 2R( 8m2"ds2R ) = 211

What is the insight? Well there are two feedback loops, one a series (the normal cascode) and
one a shunt. Apparently they are working against each other and the effective output resistance
is pretty much what it would be if there were two transistors in series without any feedback.
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Problem 5 — (10 points)

Find the dominant roots of the MOS follower and the BJT follower for the buffered, class-A op
amp of Ex. 7.1-2. Use the capacitances of Table 3.2-1. Compare these root locations with the
fact that GB = SMHz? Assume the capacitances of the BJT are C;; = 10pf and C,, = 1pF.

Solution

The model of just the output buffer of Ex. 7.1-2 is shown.

|
I\

l IOOMA l 1000uA Vi Crn
10uA ’\/\/\«
146/1 10n
_> 1
4# Q10 D RS L
i Yo gmo(Vi-V1) T 10(V1-V. >
0—|[:10/1 il EmotYi 8m 0
M9 l90MA A CL Ry = rasgllraso Ry = rygs11llro10lIRL
N 1467 IOOpF 500€2 C1 = Cgag+Chag+Cqgs0+Chso+Cuio  Ca=CL,

Fig. $7.1-10

The nodal equations can be written as,
gmoVi = (€mo+ G1 + 8710+ 5Cr10 +5CDV] = (€r10 + 5Cm10)Vo
0=—(gmu10+ 810 +Cr10)V1 + @m0+ G2 + 810 + sCr10 + 5C)V,
Solving for V,/V; gives,

8m9(&m10+ &x10+ SCr10)
(gftl() + SCJ'CIO)(gm9+ Gl + G2 + SC1 + SC2) + (gm10+ G2+ SC2)(gm9+ Gl + SCl)

Vo  8m9o(8miot 8n10+ sCr10)

Vi © a0+sa1+s ar

where
a0 = 8m98x10 + 871061 + 821002 + 8m9&m10 + Em1001 + 8m9G2 + G162
a1 = gm9Cr0tG1Ca10+G2C0+8710C1+8710C2+8m10C1+G2C1+819Co+G 1 C
ay = Cp19Cy + CrppCr + C1C

The numerical value of the small signal parameters are:

1mA
gm10 =25.9mv = 38.6mS, G, =2mS, g1 = 386uS, g,,,9 = \/2-50-10-90 = 300usS,

G| = gy + 8450 = 0.05-100pA + 0.05-90pA = 9.5uS

C2 = IOOpF, Cnl() = 10pF, C1 = Cg

0 =C,, +0.667C, WoLg = (220x10712)(10x106)+0.667(24.7x10-)(10x10712) = 18.7fF

59+ Cpsg + Cpag + Coag + Cio

Ce
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Problem 5 — Continued

Cheo = 560x1070(30x10712)+350x10°12(26x106) = 25.9fF

(Assumed area=3umx10um = 30um and perimeter is 3um+10um+3um+10um = 26um)

Cpgs = 560x1070(438x10712)+350x10712(298x1076) = 349fF

Ce

Cy = 18.71fF + 25.9fF + 3491F + 32.1fF + 1000fF = 1.43pF

g8 =C,, =(220x10712)(146x1070) = 32.1fF

(We have ignored any reverse bias influence on pn junction capacitors.)

The dominant terms of a a1, and a, based on these values are shown in boldface above.

Y 8m9(&mi0+ &x10+ SCxr10)
Vi T 2m08m10t 8210G2+5(GaCr10+8210C2+8m10C1+8moC)+52CorCrrg
[ . 5C 710
Vo _ 8m%Bmio 8m10
Vi T 8m9&miot 71062 |_ (G2C10%8710C218m10C1+8m9C2 ) CCrip
1 +5 )"‘ s G
\ 8m98m10+ 821002 8m9o8m10t 871002
Assuming negative real axis roots widely spaced gives,
1 -(8m98m10* 871002) 1.235x10°3
=-T = = - = - 6
P1="a = GrCri0+8210C2+8m10C1+8m9C2 = ™ 1.465 x10-13 84.3 x107 rads/sec.
= -13.4MHz
_a (GaCrmoten0CatemioCitemoCs) 1465 x10°13
P2="b = C2Ca10 ~ 7 100x10712.10x10712
=-146.5 x10° rads/sec. — -23.32MHz
_ Smio _ 38O6xI07 o009 rady 614MH
217 Crio = 10 x10.12 = 22:86 x10” rads/sec. — - z

We see that neither py or p, is greater than 10GB if GB = SMHz so they will deteriorate the
phase margin of the amplifier of Ex. 7.1-2.



