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1)
(a) For M; to be in saturation we have:
Vest ~Vr1 S Vos = Vas Vi SV, ~Vas,
For M; to be in saturation we have:

VGsz _VTHZ SVDsz 3Vb _VT <V,

H2 = YGS1

So combining these two expressions we get thevilip bounds on ¥
VGSZ + (VGSI _VTHl) va SVGSl +VTH 2

A solution to this relation only exists if

Vass * (Vost = Vi) € Vass +Viuo = Voss =Vio < Vg

This means that we must size Buch that its overdrive voltage is less than one
threshold voltage.

(b) For M, to be in saturation we have:
Vass =Viys <Voss = Vo —Vipa <Vo
So for the lowest Yand the lowest ywe have:
Ve =Vh ~Viua =Vasz *Vost ~Vina ~Vina
If M3 =Mjand \sa= Vgsy, then:
Ve = (Ves3 _VTH3) + (VGS4 _VTH4)

So the minimum voltage headroom consumed by thecumirror is two overdrive
voltages.

2) The figure below shows a general feedback system.

X(jw) H(jw) > Y(jw)
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The closed-loop transfer function of this system loa found to be

Y(ie) . H(j&)
X(j&) 1+ H(je)

From the problem description we have tpal/4 and

H(ja)= i ,
(1+ ij(1+ ij
a)pl C()pz

wherewp: = 2rx1 Mrad/s andop, = 21x450 Mrad/s.

To find the phase margin we need to look at the lwansfer functioBH(jm). To make
calculations easier we first rewrite the loop tfangunction on complex exponential

form:
/1+ ex;{ I arctar% /1+ exp{ I arctar%}
= X ex;{— J(arctan— + arctan—ﬂ
2 2 w. w
w w p p2

Wy

Wy,

We now look at the phase response to find the &eqy (»,) at which the phase has
shifted 60° — 180° = —120°. Here we use the idgfitdm the hint.

W, +w
—arctan® —arctan® =120 - —arcta{wj =-120°

Wy Wy, Wi Wy (l.{f

- a‘u(a‘pl +a‘p2) - _\/g
Wy, = 0L

u

Solving this equation fan, and plugging in the values for the poles gives:

- 2.3 -1078753648 rad/s

Since the second solution is negative, we useitstesblution for the frequency of -120
degrees phase shift. Now we can look at the madmitdi the loop transfer function to
find the value of Athat yields a unity gain frequency ®f.

W = (wpl + wpz)i \/(a)pl + pr)z +12wp1wp2 :{ 1646834563rad/s
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) 3)
Wy Wy,

Solving this equation for Aand plugging in the values ffr wy, mp1 andwp, gives:

%=%\/1+(:‘lj \/1{;::2} ~1213

The DC gain of the amplifier must therefore be 1¥13 or 61.7 dB.

|AH (jw) =

3)
(a) The half-circuit and corresponding small-signaldelas shown below.

Small-signal model

Writing two KCLs at nodes ¥and Voutand noting thatg=ro™ we get:
at node :

xo__“Om (1)

gmVin+(@gg *9m2 *9d)Vx =0 => —>-=
m X Vin dgg t+9de +Im2

at node Mt

ImaVX + (9gss + 9gss)Vout=0 (2)

Combining (1) and (2) we obtain

Vout - 9mt 9ma (3)

= DCgain=— :
Vin  gdqg *9de t9m2 Ydst T 9ds
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(b) The half-circuit and corresponding small-signald@ias shown below.

Vx Vout

Vx
[lm
M2 Small-signal model

Due to transistor N two more terms appers in equation (1) as given

ImVin + (@dg *Im2 +*9d +9ds ~Im3)Vx =0 =

Vx - ~9m (4)
Vin  ggg +9d2 *Im2 *9ds ~9Im3

at node \,: similar to part (b)

ImaVX + (Ggss + 9gss)Vout=0 (5)

Combining (4) and (5) we obtain

Vout — ImiL Ima (6)

= DCgain=— .
Vin ggg *9d2 *Im2 *9d8 ~9Im3 Jdst T 9ds

As can be seen from (6), the transistaydsin be sizeduch that theeansconductance
Omato be 70-80% of the termyg +gge +Imz +9gg - This method enhances the DC

gain.

(c) The dominate pole due to load capacitance C
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1
P = (7
2T[.(r04 I ro5).C|_

The 2nd pole due to parasitic capacitaneeaCthe gate of M M3, and M, mainly
because of the gate-source capacitance of theetevic

1
P, = = m2 (8)
ZT(llgmz)CC 2T[CC
4)
From A:
L2/ NG U+ ot SR
’ ZIIIZZ+ZO 21//22 +ZO
From B:
2202 T o o 2ol ZemT
' 20//22 +Z; ZO//ZZ+Zl
From C:
ZlintZy ro =1 2022
' 20//21+22 20//21+22
Ons
OVQ 1 ns OVQ
172V, 12V,
1/2V, 172V,
oV, [A"AS
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6 ns

2/3V,

2/3V,

at 7.5ns: ¥ = 2/3Vy, Vg = 4/3\p and \t= 2/3V,

5)

See example 14.17 in the text book and also lecaiates. Spectrum consists of a
carrier tone aty, and two tones aty — w,, andwp + W,

6)
The PLL expereinces a frequency step of 0.5 MHz thedfinal value of the PLL

output frequency change should be within 100 Hmffb5 MHz. For the worst-case,
we can put the sine function equal to 1. Then:

1 Cumt i
Wout (1) = {1 — \/1—__@ ce %t sin (w,y/1 — 2+ «9)} Awult)

1
——=1l=
V1=
6 Comt 6 ot 100
0.5 x 105 — 100 = (1 — ¢7m+) x 0.5 x 105 = e~ = ——
0.5 x 108

o d

chw”ts = 2 X 1074 = Cwntb' - 85 = ts -

=94.6 us
wrpr




