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1) Fig. 1 shows a charge pump for a PLL. The switahdistors M1 and M4 have been
placed outside the current mirror outputs (M2 and) Nb reduce glitches at the
output node.
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Fig. 1. Charge pump circuit.

All transistor sizes are 10pum wide and 0.35um loNgglect the channel length
modulation and the body effedt € y =0). Assume }s = 10 pA, Cox = 150 uA/Vz,
MpCox = 75 HAN, Vi, = 400 mV, \f, = -550 mV and Vdd = 3.3 V.

(a) Considering the timing diagram shown in Figc@gculate the curreng at time
and b, respectively. (2p)

T
' ]

Iout :

Fig. 2. Timing diagram for the charge pump.

(b) Calculate the output range of the charge puhhe. output range is defined as the
voltage range foV,, where M is saturated when tldown signal is high and Mis

saturated when thel_p signal is low. 2p)
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2) The differential amplifier in Fig. 3 is biased Wi current source with finite output
resistance R (current source is not shown). The transistorshi circuit suffers
from transconductance mismatch, i.@1 g gn2 = Agm # 0.

vdd vdd
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Fig. 3. Differential amplifier circuit biased wition-ideal current source.

Determine an expression for the small-signal conymonde rejection ratio (CMRR) of

the circuit. Assume the transistors are operatinghe saturation region and that the

load resistors are matched. Also neglect the chidength modulation and body effect.
(3p)

Hint: The common-mode rejection ratio is defined as:

CMRR:BA‘ME

M-bm L

whereApuw.om IS the gain from a differential input signal teetdifferential output and
Acnv-pwm is the gain from a common-mode input to the défeial output.
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3) Fig. 4 shows a differential amplifier circuit. Tlenplifier is completely symmetric.
Ignore all parasitic capacitances except fardahd G. Also neglect the channel-
length modulation and the body effekty = 0).

vdd vdd vdd vdd

Fig. 4. Differential current mirror amplifier.

(a) Draw the small-signal model and determine the fearsinction of the amplifier.
(2p)

(b) If gns=1.64 mS, gs=4-gn3, RL.=1.5 k2, G, =10 pF, and &=0.5 pF; calculate the
value of g,; to have a unity gain frequency of 2 Grad/s anduate the phase
margin assuming a feedback fact®y ¢f 1. (2 p)

4) A 2-mm RC-wire is divided intan equal-length sections amd identical repeaters
are inserted between the sections as shown irbFissume that the delay through
an RC wire is0.38rcd?, whered is wire length and and c are resistance and
capacitance per unit length. i€ =960us and the propagation delay of each repeater
is 50 ps, calculate the required number of secttonBuild a non-inverting signal
propagation through the line with minimum delay. Bp)

P> — e D m— o D) m—

A

\ 4

m sections

Fig. 5. Inserting repeaters to minimize the delaptigh the wire.
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5) A 3-stage ring oscillator is shown in Fig. 6. As® that the second and third stages
are ideal inverters with a switching threshold/gp/2 and their propagation delays
are 200 ps and 225 ps, respectively. Furthermssejnae that Mand M, transistors
(in the first stage) are long channel devices andalkid M; transistors are ideal
switches with a switching threshold\aip/2. All of the parasitic capacitances of M
and M, can be ignored. Calculate the oscillation freqyesfdhe oscillator. (4 p)

| 4

1

M,

tp:200 ps tp:225 ps

l {>.,_l>.;7 Vou
M, Ic:150fF

L L 1L L
A

iw

Fig. 6. A three-stage ring oscillator.

Circuit parameters:

Vion= Miop|= 0.5V Vpp=3V
In=4p=0 WIL); = 40
Coxtin = 200pA/V 2 (WIL)4= 20
Coxttp= 50 pA/V? »=0

6) An XOR gate is utilized as phase detector in a RisLit is shown in Fig. 7. Draw
the input-output characteristic of the phase dete&tr the interval of [-2,2x]
assuming that pp is 3 V. 2p)

Hint: Draw the average value of the output voltaﬁo with respect taA¢, where
Ag¢ is the phase difference between the input signals.

Fig.7. XOR gate as phase detector.
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TRANSISTOR EQUATIONS
NMOS PMOS
:D
G —| Vos | o I
Vs A '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 >
lp = E:uncox T (Vos =V (1+ AVps) (Ves> Vrn) and (Mos > Ves- Vin)
PMOS
* Cutoff: lb=0 (Ves < [Vre)

* Linear mode:

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

e Saturation mode;

o =%upcox%6/se NP+ V) (Ves> Vi) and (Vo > Vo - Vi)

TRANSMISSION LINE EQUATIONS

» Complex characteristic impedance » Characteristic impedance for lossless TL.:
R+ jalL L

z,= [RHiak 7= [k
G+ jaC C

* Inductance voltage-current relation: » Capacitance voltage-current relation:
di av

V=L— | =C—

dt dt
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* Mutual inductance:
di
V., =Lyn—" wherem#n
dt
Telegrapher’s Equation ; .
i T
Reflection v, I, Z;-1, .t -
. k= =+= 7 +Z Zy Zy
Coefficient Vi I T+ &y
Skin Effect — W —»]
. 1 A 77777 "*‘5
Skin Depth 5= ¢ T
NTfo Yirrrvrs ﬁ_rs
Skin Depth F fo= —F— fo= =55
. - Ry
ep! reguency s np.(rfﬁ}z

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




