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1) A current mirror circuit is shown in Fig. 1. If gwerly sized, this circuit can realize
accurate mirroring with a high output impedance leshionsuming low voltage
headroom.
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Fig. 1. Current mirror.

(a) Derive the bounds on,\8uch that M and M are in the saturation region. Determine
the restriction on the sizing of Mor this to be possible. Give the answers in terms
of Vgsi, Vasa Vi and Vipe. (2p)

(b) Using the lowest value of,Mfrom (@), determine the minimum allowable voltage
node P to keep Mand M in saturation. Assume thats¥M; and that the transistors
are sized such thatéd+~Vgs2 Give the answer in terms ofg¥s Vess Vrhz and
V1Ha. (1p)

2) An amplifier with a DC gain of Aand poles at 1 MHz and 450 MHz is connected in
a feedback loop with a gain of 4 (i.e. the feedbtdtor @) is 1/4). Compute the
value of A such that the phase margin is 60°. 2p)

. u+v
Hint: arctaru+arctarv = arcta

j (modn), uv#l
1-uv
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3) A fully differential current-mirror amplifier is gfwn in Fig. 2. The bias current of

the device M is mirroredB times to the output stage, i.e4 E Bxlp,. A local
positive feedback composed of transistorg and My, is used to enhance the DC

gain.
Vdd

5 I—OVp Vpo—l MO VpO—l H M5
outn outp

L I N ICL
- |3.(W/L):||T ﬁl BWL) =
WIL:W-I- -KI: M2 I:

WiL

<
Fig. 2. Current mirror amplifier.

(a) Disregard the positive feedback containing-N¥k, devices and draw the small-
signal model. Determine the DC gain in terms of trensconductancegm,, the

conductances, and the mirroring rati8. Assume thay= 0. 2p)

(b) Consider the positive feedback and derive tedain expression. How can the DC
gain be enhanced by sizing of the transistogah M,? (2 p)

(c) Consider the current-mirror amplifier as a {pale system and that it is frequency
compensated by the load capaciter @ther than miller capacitor. Also, assume that
the second pole (non-dominate) occurs in the datieectransistors i Mz, and M.
Derive the approximate expressions for the twogole 1 p)

4) A lossless interconnect is shown in Fig. 3. At tithehe voltage step ofo\Mrives a
transmission line that is splitted into differelettons, each driving an inverter with
a high impedance input. With the impedance givdovibecalculate the voltage at A,
B and C at the time instant 7.5 ns.
Ro =75Q, Zo=75Q, Z; =150Q), and 2 =50. (4 p)

Fig. 3. A transmition-line circuit.
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5) Assume that the output of a voltage-controlledltzdor (VCO) is a sinusoidal as it is
shown in Fig. 4. In this figuraey is the output frequency whenM=0, Kyco is the
gain of the VCO, and ¥t is the control voltage of the VCO. Now Assume that

apply a small sinusoidal control voltage to this®@@.e.,V,,, =V, cos,t ). If Vi
is small enough to satisfik, .V, <<&,, and ¢, <«,, draw the output spectrum of
the VCO. Motivate your answer by presenting theadieiof your calculations. We

can assume that the VCO characteristic is linear. 4 p)
Veont —» Kvco L 0out=00+KvcoVeont
(Veont=0 = Vou=Vocos(wot))

Voltage-controlled
oscillator

Fig. 4. A voltage-controlled oscillator.

6) A PLL type | with ¢ = 0.1 is utilized to generate a 200-MHz carrier frequen¢
wrpr = 2w X 28.6 K Hz and the output is to be changed from 201 MHz tb.20
MHz, how long does it take in the worst-case fa BLL to settle within 100 Hz of
its final value? (2p)

Hint: The step response of a PLL type | with underdampsponse is as:

Wout (1) = {1 - \/1;_—0 ce Mt gin (W, /1 — (2 + 9)} Awul(t)

where

QCUJ” = WLpF
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TRANSISTOR EQUATIONS
NMOS PMOS
:D
G —| Vos | o I
Vas e 'S
NMOS
e Cutoff: Ip=0 (VGS < VTN)
e Linear mode:
W VDZS
I D~ lunCox T (VGS _VTN )VDS _7 (VGS > VTN) and (VDS <Ves- VTN)
e Saturation mode:
_1 W 2
lp = E:uncox T (Vos = Vi F(1+ AVps) (Ves> Vm) and (Mbs > Ves - V)
PMOS
e Cutoff: Ip=0 (VGS < IVTPl)

* Linear mode:

W VZ
Iy = lupCoxT{(VSG —|VTP|)\/SD —?’Dj (Ves> |Vrel) and (Vsp < Vsg - [Vrel)

e Saturation mode;

1 W
lo =5 Mo Voo ~Meelf (L Vi) (Vs> Vi) and (o> Vo~ [Vrel)
TRANSMISSION LINE EQUATIONS
» Complex characteristic impedance » Characteristic impedance for lossless TL.:
ZC = M ZO = L
G+ jaC C
* Inductance voltage-current relation: » Capacitance voltage-current relation:
V= Ld—I I = Cd—v

dt dt
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L C
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V
e Mutual inductance:
Vo =Lm d, where m# n
dt
Telegrapher’s Equation L .
Reflection =_"_’_r=£f=szZ° ~= Z — z
Coefficient TV I Zp+dy . T
Skin Effect .
| 77 ;“' /—/’[i o
Skin Depth 5 = !
NSO Y vrrrr T ﬁ_rﬁ
Skin Depth F fy = —tr fo=-5
ep! requency 4§ RH(I/Z}z K

mfup 1/2 Jfup/n  Rbpc 172
Skin Depth Resistance R(f) = —{%E = RDC(%j R(f) = JAUPIT _(i)

2r 2 \[,
T
Attenuation in Lossy Line traveling wave
i [
. VL) rer GZ, —! vit)} Vi(L),
Attenuation L = exp[=(0t,+0n)L] = ex _(_...._ +—
Rper Fryi22 R__ i )
Conduﬂ;g: ap(f) = "4'2_0(}7) (Round) Ol f) = 37, f (Strip)
Dielectric Loss n,Je, tand Dielectric Loss - G _ Spicl
(Homogeneous) %p(f) = —d:_f Tangent 1% = G5 = Tpe
R,C,Z, for Various Geometries (Homogeneous Dielectric, L = el/C ) .
T i FWH |
. h 1 L
l_““ — @ @ —_——
";‘ s § 5
o S & B "
bc wh nry  m(ry=ra) r nr ,
EW _ 2me . me - ne =B, <TE
€= s €= log(ry/r)) €= log(s/r) ¢ log(2s/r) 5 log(s/w)

I

_ s _ [uloslra/ny) _ falog(s/ny o, _ julog(2s/7) _ Aen
Z':'”'\/;W Zo n./; 2 ZO-/; T ZO-“./E n %o




