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Homework Assignment No. 11 Solutions

Problem 1 — (10 points)
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Figure 7.3-12 Two-stage, Miller, dif fere ntial-in, diffe rential-out op amp
with common-mode stabilization.
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The loop gain of the common-mode feedback loop is,

, Em10 Smll1
CMFB Loop gain=~-"g, " = -8m107ds9 O ~gye = Emlllds8
2Kp Wip
With I = 50A and W/L = 10pm/1pm. gpio="\/— T =V2-50-10-50) = 223.6,S.
1 25 1 20

YdsN = Zpdp = 30uA = 0.5MQ and  14p =7plp =50pA =0.4MQ
CMEB Loop gain = —g,,107 450 = -223.6(0.5) = -111.8V/V

If the output is cascoded, the gain becomes,
N . Em10
CMFB Loop gain with cascoding = ~ 249 gm(cascode)r (cascode)

= -gm101[7as9 &mlcascode)rys(cascode) g, 77457 (Pas10lmasi0l}
2Ky Wip

gmp=\— T =VZ110:10:50) = 331.67S

= -(223.6)[(0.5-331.67-0.5)I(223.6)(0.4)(0.2)] = 223.6(14.7) = -3,290 V/V
|CMFB Loop gain with cascoding = -3.290V/V |




Problem 2 — (10 points)
Common mode half circuit;

Vol :Voz :VDD _|VGSS| J‘b_D
+Vip = |V, [+ Vg =0.8V _—."7
M3 AR
=V, =V,=25-08=1.7V 20K

8y =~ G Iy | 15 | 20K) =—1(100 || 200]|20) =-15.38, where o[ 1y

9. = |2k % I, =k, %vov = 5000 0.2 =1mS$ 2105

Ve

n

Vss
VOV =
r, =100K, r, = 200K
acm == & (r01(1+ nglros) r03 1 ) = : = 001’ Where:
1+29,,0 ms 1+2mx50K
0,3 =5000x0.2 =1mS

rs =50K

Because of adding the 20Kresistors, the agm becomes smaller but a.n, becomes much
smaller. The effective impedance of Mz and M, is now 1/gy,, which is much smaller than

o> agm/acm=1538 which is much higher than 100 in 12.4.1

Problem 3 — (10 points)

WithOUt Ccs;
(R | ) acms
Cs A

chs = (Vovl + Vov2) 1 ]
(Rcs 7) + Rcs |
Cs |
Voc — Vovl + V0v2 :
2 |
chs Rcs _ 1 -f

=& =T B ~ o
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Gain starts to drop at frequencies higher than the pole. In Other words the CM detector

cannot follow the signal at the same rate.

With Cg:

v ms (Vovl + Vov2)

(Ccs + Cl)s

(R,

)) (R,

vV = Vovl + Vov2
oc
2
cms
Voc Rcchs
If C, >>

Problem 4 — (10 points)
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s+1+1+R (Cs+C,9)

= (— )12 =19.2 = w, =19.2m
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= () =12x-x08=19.2= W, =19.2m
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C . .
?1 -> gain stays constant over the entire frequency range.
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Problem 5 — (10 points)

+ —
V' = Vop — V3 _Vgsl

V_o =Vop ~Vese _Vgsz

K, = £4,Co =126, k= 1,.C,,, =57

v, = |22 _q070v
k, (25)

vy, = |22 _0.083v
\ K, (50)

V,, =V, +0.16(~/3.5+0.65 —~/0.65) = 0.897V
=V, =2.5-1-0.083=1.41V
w

:{ﬂj = 2AmA =60,(—j ~0.1x60 =6
L ), 126ux(1.41-0.897) L),

V,, =V, —0.44(~/3.5+0.65 —/0.65) = ~1.242V
=V, =—2.5+1+0.079 =1.421V

:(yj 2x1mA :1095,(ﬂj =0.1x1095 =109.5
L), L4

" 57ux(L.421-1.242)°
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