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1) Figure 1 shows a differential amplifier. The amiplifis completely symmetric, i.e.
M1=M,, M3=M4 and Ms=Mg. AssumeéL # 0 andy = 0.

(a) Draw the low-frequency small-signal model o tircuit. ap)

(b) Derive an expression for the DC gain. p)1

(c) What kind of circuit element doMnd M; realize? 1p)
vdd

Ve[ M,

vmo—l[: M, M, jl—ovm

Vioo[_ My M]\? M My ]l

Fig. 1. Differential amplifier.

2) A cascode current mirror is shown in Fig. 2. §21 V, determine Y to have a
perfect mirror (Ju=lrer). ASsume that all transistors are long channekisdors.

(3p)
UnCox = 250 AN Vdd Vdd
=01V M
— 3
Tn=0
Vion = 0.5 V et Vo[ 4X
Vdd =2V
VY Iout
WL=x J+——[ x
M, M,

Fig. 2. Cascode current mirror.
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3) Transimpedance amplifiers are commonly used ticalpreceiver circuits. This type
of amplifier converts an input current,, iinto a voltage, 3 Figure 3 shows an
example circuit implementation of such an amplifieor all subproblems, neglect all
capacitances excepk@nd G; and assumg # 0 andy # 0.

(a) Draw the small-signal model of the amplifier. 1 p)

(b) Derive an expression for the transfer functi®{s) = wufiin, Of the amplifier.
Identify the DC transimpedance and the two poles. (2p)

(c) Calculate the DC transimpedance and the locatibthe poles given the bias
conditions in Fig. 3. 2p)

UnCox = 160 pAN Vvdd
L=0.35um

Wi =W, =35um
An=0.1V*

vn = 0.4 \M?
Vin=0.5V
20=0.9V

Vdd =33V

l; = 500 pA
[, =2mA
RD1= 2 kQ
RD2:500Q
Rs: 2 kQ

Cx =0.25 pF
C.=2 pF

Fig. 3. Transimpedance amplifier.

4) Estimate the propagation delay of a 2-mm wire withigh-frequency characteristic
impedance of 5@ and resistance per length f5 KQ/m and dielectric constant
&=4. (3 p)
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5) A 3-stage ring oscillator is shown in Fig. 4. Assumhat all of the transistors are
identical and ignore their parasitics. Calculate fphase margin of this circuit.
Assume R= 3.5 R, C=1 pF,g=1 mA/V, and = 10 KQ. (4 p)

"/

DD

Fig. 4. A three-stage ring oscillator.

6) Assume you have access to the following companent
= An ideal Phase-Detector (PD), shown in Fig. 5(a).
= Many ideal Voltage-Controlled Delay elements (VCD), such las éne shown

in Fig. 5(b).
l Control_voltage (t)
V(t)
—> Vin t VOUI(t)
Va(t) o |, Dy ven =
——>
Fig. 5(a) Fig. 5(b)

Use the abovementioned components and design la ghase generator (Fig. 5(c))
which receives a periodic clock signal (gJkwith an arbitrary frequency, and
generates a clock signal (Gl with the same frequency but with 90 degree phase

shift.
(2 p)

Clk, —>| 90" phase shift — Clk,,

Fig. 5(c)
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TRANSISTOR EQUATIONS
NMOS PMOS
:D
G —| Vos | o I
Vs A 'S
NMOS
e Cutoff: Ilp=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 (14 AVps) (Ves> Vm) and (Mbs > Ves - V)
PMOS
* Cutoff: lb=0 (Vs < [Vre|)

* Linear mode:

W V2
lp = u,,coq((v% N Voo —?’Dj (Ves > [Vrel) and (Ve < Vg - [Vrel)

e Saturation mode;

lp = % 1#,C, % (Vs ~ Vel F L+ AVg)  (Vos> IVre) and (o > Vise - 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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L C
o—L Y Y 5o
+ Vv - + )
\Y
e Mutual inductance:
dl
V., =L,—" 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.(rfl}z LY

[ 12 Jfup/x _ Bpef 172
Skin Depth Resistance R{f} - —;%E = RDC(%) R{.f) = _fl"'p - —(,Lf_)

2r 2 \f,
Attenuation in Lossy Line utravel' wave ‘
Attenuation % = exp[~(op +ap)L] = cxp[‘(i‘%*%}“’] v.(oiL v.iL:lL
Conductor g, = 1201 ) pouna)  out) = 355w

r

R,C,Z, for Various Geometries (Homogeneous Dielectric, L = el/C )

r r
. h 1 L
— W — .
LTS 01' ""s
5
— @ T
p _ 2p R = L
2P Rpp= s P Ry Ry= L
bc wh be nr :ﬂ:(ri— rs) nr nr
_ Ew _ 2ne _ _ ne C = TE =S84 =
€= 5 ~ log(ry/r)) ¢ log(s/r) log(2s/r) 5 log(s/w)

I

log(r,/ry) - 25/7) JE_
= K5 _ roBlnsr _ ulog(s/r) _ |ulog(2s _ AJep
Z '\/;W Zo n./; 2 Z, = n,/; T Zo ﬂ./e n




