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T2.1  Regarding the PLL in figure, assume that V; = 3.3 V and the frequency of the square-wave
reference signal is 200 kHz, let the output impedance of the XOR gate be equal to zero, assume the
operational amplifier to be an ideal one, and the VCO with linear tuning characteristic the 0-3.3 V

tuning voltage range. %
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a. Setting Viyee = 1.65 V, draw the equivalent phase model and set the parameter By, R, C, Kycp for

i. amaximum output current of the XOR gate equal to 1 mA,

il. atuning range Afy-p = 50 kHz,

iii, a phase margin of 60°,

iv. a crossover frequency of the loop gain equal to 1 kHz.
b. Find the time shift at steady state (£} between reference and VCO signals as a function of Vi,
¢ Assuming Vyi.e = 1.65 V and considering a voltage offset (V,) of 10 mV and a bias current {{,) of

10pA for the operational amplifier, evaluate the effect on the loop. What is the time shift between

reference and VCO?
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T3.1. Inthe PLLin figure, the VCO has a free-running frequency of 3 GHz and a sensitivity of 300 MHz/V,

with M = 100 and I, = 0.1 mA.
Va=1.8V
Iy }
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a. Derive the linear equivalent model of the PLL and the values of R and C to have closed-loop poles at
10 kHz and at 45 degrees on the Gauss plane.

b. What is the contribution of the thermal noise of the resistor R to the spectrum of y(t) at 1 MHz
from the carrier? (Please provide the value in dBc/Hz)

c. Taking into account the contributions of a white phase noise of -140dBc/Hz affecting the reference
x(t) and the thermal noise of R, plot the spectrum of y(t) (Please provide the relevant values on the
x and y axes).
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In the PLL in figure, Vi = 3V, R = 1.6 kil, € = 100 nF. The PLL should synthesize all the frequencies 'P:’n— C\... QLBEP Lt
from 1900 to 2100 MHz in steps of 1 MHz M, = in“i u(a‘u

odue : nurwo d pels
a. Describe the behavior of the circuit in the case of a constant current drained from the VCO input
and describe the steady state condition of the PLL.
b. If this leakage current is 100 nA [assuming it is much smaller than the charge-pump current), set
the value of C; to limit the spur in the output spectrum to -50 dBc, and derive the minimum K. to
cover the whole frequency range with the given supply voltage

c. Calculate the cross-over frequency of the loop gain that maximizes the phase margin. Derive the
value of the maximum phase margin and the charge-pump current .
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- T3.3. Inthe PLL in figure, we are using a modified PFD schematic which Is shown inside the dashed box,
m t-m'llo Unlike a conventional PFD, the block "delay” after the "and” gate introduces a delay fin the reset

signal of just one of the two D-type flip-flops.

a. Derive and plot the input-output characteristic of the PFD (i.e. input phase vs. cutput average
voltage), drawing the voltage waveforms of all PFD nodes (x, d, Q. Q,, R) for both positive and
negative input phase delays. Explain whether the PFD acts as a phase and frequency detector.
Using the PFD in the PLL in figure, where Kuco/2n = 20 MHZ/V, =8 mA, =2 MHz, ts=2ns, M=
1024, calculate the time delay between x{t) and d{t) at steady state.

23

¢ Setthe values of R, € and C; to have (i} a maximum spuricus tone at y cutput with -70 dBc level, (i)
a cross-over frequency of the loop gain at 20 kHz and (iii) phase margin of 60 degrees

d. Keeping the same values of Kueq, I, fu s, M and the same stability margin, which one of the design
parameters you would maodify to reduce the level of the reference spur? lllustrate the inherent
drawhacks of vour chaoice.
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Let V= 1.BV, R1= 1 kD, C; = 300 pF, R;= 10 kQ), C;= 120 nF, x(t) a 10-MHz periodic signal and M =
135. The D flip-flop has rails 0 and Vaq, and synchronous reset (clock samples data even when reset
is “1"). The VCO has two tuning voltages Vi and Vi, which varies linearly VCO frequency, and a
free-running frequency of fi= 1200 MHz at V= Vo =0,

a. After deriving the continucus-time phase model of the system, compute the VCO tuning frequency

bandwidth of loop gain equal to 100 kHz and phase margin equal to 60 degrees.

in seconds at steady state.

it} in dBc.
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ranges through control voltages Vi and Va (when varied from O to Vi) to set the unity-gain
y{t:l b. What is the value of Vi; and Vi: at steady state? Calculate the delay relationship between x{t) and dit)

¢. Do you expect any reference spur? If so, compute the level of the spurious tone in the spectrum of
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T6.1  Let us consider the L-match network in figure, where Ri=5000,
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a) Size Land Cin order to obtain R,=1000 at 5 GHz, What is the Q of the network? L

b} Driving the input port of the network with a current source, evaluate the complex transimpedance
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T6.2  Let us consider the m-match network in figure, where R=500). Size L, C; and C; in order to obtain
Rix=1000 at 5GHz, and a quality factor of the resulting network equal to Q=5.
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T6.3 Let us consider the impedance transformation network in figure. Assuming R,=500 and C=2pF, size
::tr‘:juf;?to obtain an equivalent input impedance of 501 at 5GHz. What is the quality factor of the c‘wm_\_o t.,-l- e
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T6.4 We want to design a differential to single-ended signal converter Let us consider the circuit in - ON) . —
- '[.t!f""'-z =rT0A

figure, where R,=5001. € DFFE ~ LT DNGES
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a) Find the values of L and C to have a gain |Vas|/|Vi-V:| = 1 at 5GHz. a ! )

b} Evaluate the differential impedance between V; and V, at 5GHz. (‘m i S 2-\ e i WW"W m M)
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[Solution: a. L=1.59nH, C=637{F; b. Raw=500]
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T6.6 Let us consider the impedance-matching network in figure, based on a real transformer. Given a

coupling factor k=0.5 between primary and secondary windings, Lz = 1.59nH and R.=500Q, size L, and A m 6 m m M

C: to obtain an equivalent input impedance of 50 at 5GHz. What is the Q of the resulting network? Cm.
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T41  The PLLin the figure embeds the PFD in the inset, where the block “delay” introduces a delay of 0.5
ns; The switches have infinite resistance {when off) and 10 £ (when on). The reference clock x(t) has
50 MHz frequency, The frequency-division factor is M = 55 and the VCO frequency varies in the range
between 2650 and 2850 MHz, sweeping the Vi from 0 to Ve = LBV, Let the capacitors be C;= 100
pF and the resistor f;= 100 0

a. Assuming an ideal Op-Amp (with infinite gain and bandwidth), set the value of R and C to get two
complex dominant (closed-loop) poles at 100 kHz located at 45 degree on the Gauss plane.

b. If the resistance of the switch driven by Qx is 15 £2 (when on), set the minimum value of C;, to get the
level of the spur at 50 MHz in the spectrum of y(t) lower than -80 dBc.
c. Assuming all the switches with resistance 10 £3 (when on), but an offset voltage of 100 mV for the

Op-Amp, can the loop lock? If yes, what is the value of the autput frequency, the delay between x(t)
and dit) at steady state, the reference-spur level?
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T6.6 Let us consider the impedance-matching network in figure, based on a real transformer. Given a
coupling factor k=0.5 between primary and secondary windings, L = 1.59nH and R =50{), size L, and
C; to obtain an equivalent input impedance of 50 at 5GHz. What is the Q of the resulting network?

[Solution: Ly = 1.237nH, C,= 909.5fF, Q=7]
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T7.1  Letusconsider the crystal oscillator in figure, where L;= 4.4 mH, V,,=1.8V
A oisElo esterve.

C1=3.EfF.RJ=30ﬂ.C=lpF.R—"7‘.L"’r=0.5\-",K=z z
W : 1
_—iufux {Jl) = 2pd/V? and Z; represents the equivalent L o
i 1
R—= 0

Ly
R,

impedanc.e. of an XTAL.
a) Derive the expression for Z{w) as a function of the circuit

AN e

parameters.
b) Evaluate oscillation frequency when the XTAL is connected in

parallel to the previously evaluated impedance.
c)] What is the minimum luas to guarantee start-up of the oscillation?
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T7.2  Let us consider the oscillator in the figure, where V=V, =
1.25V, Vi = 0.5V, K = %pq}x (X) = 10mav?, L=an, ¢ =

0.5 pF, C; = 0.5 pF, R1 = 1 kQ, R = 2 k() and luias = 3 mA.

a) Making the necessary simplifications, derive the oscillation
frequency and check the start-up condition.

b} Assuming full-switching of the differential stage, evaluate the
oscillation amplitude at the output node, Vo

¢} Plot Viand V, over one period and check the operating region
of the transistors.
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T7.3  Let us consider the circuit in figure, where V, = 0.5V, zi_u(.},x =
0.1mA/VZand y/a = 2/3.

a) Evaluate the resonant frequency of the differential load and find the
values of (W /L), and (W /L), to obtain: (i) differential gain at
resonance (Vi — Vi )/ (Vih = Vi) equal to 5dB and (i) a-3dB
bandwidth of the gain equal to 270MHz.

b) Considering both transistor and resistor noise, evaluate the output
noise voltage spectral density at resonance.

c) Is there any limit on the choice of (W /L).7 If so, explain why.
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T6.4 We want to design a differential to single-ended signal converter Let us consider the circuit in

figure, where R,=5001.

a) Find the values of L and C to have a gain |Vae|/|Vi-V:] = 1 at 5GHz.
b) Evaluate the differential impedance between V, and V; at 5GHz.

[Selution: a. L=1.59nH, C=637fF; b. Raw=5001]
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T8.1  Let us consider the oscillator in the figure.

Assume infinite B and Vg o = 0.7V, Vi = s E
0.5V for the BITs

Wy ot
a) Derive the circuit bias point.

b} Neglecting R, and r, of the BJTs, evaluate
both oscillation frequency and start-up
margin

Assuming full-switching of the differential
pair, evaluate the ascillation amplitude and
provide a plot of base and collector voltages of the BITs over one period. Analyze the operating
regions of the BITs during the oscillation period and discuss the purpose of C; and C;

How is the tank resistance modified by a finite value of R;? Size Rz in order to worsen the quality

€

d

factor of the resonant network by maximum 10%

[Sol. a) b = L5mA, Vg = 1.3V, Vi = 2.0V, V; = 3.3V, g, = 60m5; b} fo = 4.36 GHz, g.RC./(C+C) = 12.6 > 1; €)
A = 2.4V; the base-collector voltage, Var, ranges between -2.9V and +0.3V; the BITs go from cut-off to
forward active reglon. €, and C; help reduce the osclllation amplitude of the base voltage, allowing for a
higher escillation amplitude before incurring in saturation of the BITs; d) R; = 6300.]
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T8.2 LetVy =015V, L= 1nH, R = 1003, C = 2506F, C1 = 1pF, R1 = 1k0),
MCa[W/L)=120mAMN* (nMOS), uCaW/L)=56mAN* (pMOS) and
Vy=0.45V for all transistors,

a) With reference to the circuit in Fig. 1 (let Ve = 0.55V), after
deriving the bias current flowing into the FETs, calculate the

frequency of oscillation and the gain margin for the oscillation ™+

start-up [i.&, the loop gain at the oscillation frequency),
b) With reference to the circuit in Fig. 2 (let Vi = 1.5V), after

deriving the bias current flowing into the FETs, calculate the
frequency of oscillation and the gain margin for the oscillation L
startup. f
R1
[Sol. a) | = 600 uA, f:=7.114GHz, |LGljud)|=3.4; b) I=2mA, V

1:=7.114GHz, |LGljewa) |=5]
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T10.1 Let us consider the LNA in figure, where Ry = 5003, €; = 1nF,
L=1nH, Ry =2k, Ry=8kN and the MOSFET has
threshold Vy = D5V, SuCay = 0.2mA/V and -‘;’: '.
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3} Derive the bias point of the circult. Considering an
operating frequency f = 3.3GHz and £ = 30pF, size

Ry, Cyand (LF} of the transistor to guarantee: {ij input

matching, (i) maximum gain and {iii} noise figure of
2.7dB. Vin Bk
b)  Please modify the circuit by connecting C; between the L

output node and gate of the transistor, Find the new

values for ;, O3 and l:%} to obtain a noise figure of 1.2d8 at f; = 3.3GHz, while still
guaranteeing input matching.
4] Evaluate the “transducer power gain” of the stage in dB.
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T10.2 Let us consider the LNA in figure, where C = 1nF and the MOSFETs have threshold Ve = 0.5V,
4oy = 0.1mA/V? andL =2,

al

b}

Neglecting the unknown component (marked by the
“?" sign), and assuming the transformer to be ideal,
size (%J ; to obtain input matching to 5081 at f; =
25GHz,

Evaluate the noise figure NF referred to a source
resistance of 508, at f, = 2.5GHz and considering all
noise sources.

Assuming the transformer to be non-ideal with
coupling coefficient k = 1,and L,; = 1nH, L;; =
9nH the inductances of the primary and secondary
winding, respectively, Choose the unknown
companent (marked by the "7" sign) which maintains
input matching to 50 {17
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Ti1.1 Let us consider the LNA in figure, where the MOSFETs have threshold Ve = LSV, ‘:-ur:‘,,x =
2 (M= g
0AmAfVE, (2 )I =100and £ =2/3.

al Derive the bias point of the circuit and
the analytical expression of Vou/Va, at
fo = 24GHz, assuming input matching. v, ®

b)  Setting Ry =600 {1, size L,, C, and I, to
obtain (i} input matching and (i) Vea/Vin
equal to 12dB.

ol Evaluate the noise figure of the circuit
at 2.4GHz, neglecting the noise of the

bias transistor.

[Sol. b} Ly = 5nH, C; = 0.88pF, |; = 1.95mA; c) Q = 1.5, NF = 3.92dB]
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Ti1.2 Let us consider the LNA in figure, where Vg = 1BV, W = 12V, Vg = 06V, Ry = S00,R; =

30011 €= &, and the MOSFETs have threshold V' = 055V, $jiCox = 0.2mA/V* and® = 2/3. 3‘[‘3‘ e !! ‘o d..ll Mol
Core R SLO .

a) Considering all noise sources (resistor thermal
noise and MOS channel noise) and input
matching, derlve the expression for the nolse
figure. Are there any noise contributions that
can be cancelled at the output?

W

b)  Size R.G‘-}I [T)?and {“:—‘_'l)‘to guarantee a

o‘mrmcmhg (WVEY

voltage gain Vi /Vin = 19.3dB and noise
figure NF = 3.6dB.

=y E ; L 5 4 L33 LN s LA
[Sot. 2) gt Rs = 1, b = graRa, NF= 1+ 200+ LgpgRe+ 251+ m,), b) Ry _4619,(L}| =

500, {%}z = 768, (%}! =500]

'P..m“\'o N) Eﬁp\m oo cose Poyne , \n22o  hcdende \ Moo ag, wadian
mpd‘t. W\ 9\@&2:)»0 N TRV N

=

R ‘%QL Zwn = Sofr =

Ao
\wﬁ-"’ oy
\bg .Z-wx\ Vs/o W‘“‘“a

G



akze~o  \ Quzdeoyno \bu\'/us dea  Nour= VE-V-
V*"" \.,_5'3“‘\!?\
2 — Vouv = “zssw‘z“[_ﬁs?mzﬂz]
V- =-v$ .Sm'z‘g'z
2

2\ cr S e~ - jan0 U (2 Yav 2bbo o sksso 9 ro, P
Spd gam ordhe Vg wdeg

3#\\ By = sﬁggz
Sppare U~ 3"‘\;'\:12‘3 P wakeng . 2o Bé_ = Y R2
S
Qn- &

\%-IB'I ==‘ % g ;__31“222
- L gm B =« AN gl B2 = E_
2 J n es =Y

2o 2 cdhadoe v cheooR & vunce 2N oot

% — WL
%?I %Rl \ous :U+—V_

_ 41 1 1?:11.-:.' wada,
A e WM'- R VT =@ fopdees
M r Vot = ~Ri-n dran i mb
Arn—'[ . ﬁzw*-d%
' -
l- l[:] Mo v*llz %5 3m;9‘ N = -;5 ihsngz
Rs 2] fodaro %‘5"‘27'

S “ |
'LI- \l'l.'m‘\‘“<L =k + RB.¢n 2R
2 2

\IOUTM' = ,ﬁ

Qasla toptoger Proeda 0O reve crdlzhon O basske RA, b e W
'p\:a‘c:v\hco Prue o 2ee  Inpuy metiend
Moo rc2uZho W prwn-os rese cdvbohon, doporne ezt W zhe



> Nowe atnlahen d R
V- VnRa VR g

SVOU\'m:. LR,

CNM3 &]- [-mﬂa-(%_s) gmzﬂz] Im2® = %\s
= W3R
s \\ mos M2
___(‘l;““ Sout™* = (vagez I (%D
- ICT =
-

Lo. (ose Rgua st e combvando oWy v el
LKTR 4 (KTR2 + GKT ¥ 9maR* + (T & Gma RS’
LK R*
R

NF= 3«

Can %\13:%;?-7. , oo~



|
S AR ) Aeme % (R

von 2doao 1 v2lal
Tno B) Dimesaee @ arvprar R, (), (&), @), # 2ee

- \oF = 49348
s
* NF = 3¢48

N~ RPPEMO A .
~13,2
\\,ILN\“\ = & =I6%‘3 —» Ri= Rs\0*° =630
L \6 %

- = — = -
Bt g 7 Sra < By o swsew

- 9= Sfs - 5
¢ D2V NF "@uamo Qmas.

— 3
‘_ = & =

)

dh cx M3 = 20.5 AV

Con CV,SJ,\ veler wa2e W\ bezs P
4,8V

é\?\ =46l 20 % R, = 3000 Vr=gsv

\th'\ |

4,8V \
T l i Vo, E‘

1)r/c:»iw




Quad
Tas= L pcod (W), (o) 7 W3- 508

- Segppmo Wo-
Sﬂ\\: )f:,g = zﬁ}AnC&;\ %’)‘IA — Q’M—)l; 92

Rauamo 2desso Ve d: MA Py zee Vs

g < 2 — oy = AOOMV
\ova

Meron
Uasy, = \WbusW = CBV 2)oco~ VS’-l.rz-O,Geoev

~a

Sepparmo wua
Fmz = 2')2_-/.»\&»“- (}E)z‘\bun,_ — (&), =32

T11.3 Let us consider the LNA in figure, where Vyy = 2.5V, R, = 5000, C = 4o, 13 = 1mA, R; = L5ki},
and the MOSFETs have threshold ¥y = 0.5V, =uCoy = 0.2mASVE, (W/L), = 400, (W/L); =
125 and 5 = 2/3.

a) Referring to the circuit in Fig. 1, derive its bias
point and the expression for the input admittance
Y Size Ry to ensure input matching.

b}  Assuming input matching for the previous circuit,
derive the expressions for voltage gain Vi /Vin
and noise figure considering only thermal noise
from Rz and R..

) Referring now to the circuit in Fig. 2, where G, =
1pF, derive the expression for the input
admittance ¥;,, Under the assumption that w <«
1/RyC,, size €y in order to preserve input
matching.

[Sol. a) Ry = 1.15k2; b) 122 = 1 (1 — 23] = -11, NF = 0.7d8; ) €, = 331F]
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27.05 2024 “Tutoreh

T12.1 Llet us consider the down-conversion mixer in figure and assume that the MOSFETs have threshold
¥y = 05V, constant 1/24Cax = 0.2mA/V? andlhmnoliemmdemsr'=2{3andﬂ - 1
Let Vyy = 25V, (W /L), = 125, (W /L); = 400, R, = 2000L, R; = 15001, lpjas = bmA, t'.'; = 1pF,
(W /L)y = 750.

a)  Set the value of C; which a {fu) of 2GHz for the output
network (3, €y, C; and My).
b) Let us assume a sinusoidal wave with offset voltage of 1V and frequency [ = 10GHz at the

RF port, a square wave with offset voltage of 1.5V, single-ended zero-peak amplitude of
300mY, with frequency fi, =
8GHz, at the LO port. Compute
the conversion gain from RF to
IF.

Consider now fur = fio =
HGHz. Compute the noise figure
of the mixer considering all the
nolse sources, referred to a
source resistance of Ry = 500
and assuming abrupt switching
of theM2 pair.

(4

[Sol. ) C: = 2.5pF, b) A, = -12d8, c) NF = 4.91 dB]
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T12.2 Let ¥, be a sinusoid at fpe = 2.0GHz, and V,, and V,_ two square-waves 0 — V, at fis = 2.1GHz,

The MOSFETs have threshold Vy = 0.5V, constant 1/2uCqy = 0.1mA/V* and thermal noise
coefficients y = 2/3anda = 1. mmhﬁl&q\ f'h\?‘e" .

a) Derive the bias point of the

V=25V
circuit. Evaluate the RF to IF R, =500
conversion gain from the input C, =100pF

L,=40nH
Vir to the output port Vo, C,=0.5pF
b) Calculate the power gain from Cy=5pF
the RF port to output port, Ilii=—11ZI;7QnH
¢) Compute the noise figure of W:"L.?FW
the circuit referred to source (WiL),=50

resistance Ry, considering just
the thermal noise of M1 and R,.

[Sol. a) Ay = 22dB, b) Gy = 6dB, ) NF = 2.2dB].

A = oot (Wie)
re (vRF)  <«— Dodoamo cdadee VeF @ ron Uy ATEN2ON}

Ruiko
%) 98 Lo conele € Zomh (Ws-29)

lM"L__ Y- 3_0: = hg:ﬁ = 20mS Hi € w SAT
| N
(—

M W caty
drea’nddcﬁfwtbéxdhgmdumbdo- Q

— SCOWQISD

!—'—'  Aversstor n hode Pt res SO okt
erur—l H2 .l:“—" Ch. savt Msg:‘\“:—-"fn n DC. ¢
JUl

]

|
W

Doobrmo Ccdav \ Cveraan 62

l %Li & W wmxer PZSSlUQ

"'"3 - Ly = Wonl

Lo{.'lL ‘—Lo i - Cy= \wpf

th"ﬂs




ELESO 248 AN(3 (2

1) wGa—=g 2)
wWoln > 49w, ¢

AN\—
5% Eégm (i% CL e B et
do paaido ¢ mme
A

c]%h 9\8\.9-00\ 1S
Qu = YBmi <c A
Wels
o cAAlcdbame Gl = 2,1:-2-103- Lo \O° = Soan 3
€ 1o wir RS Qu-d possHare H2sove \on, 2nche Ryt~
Qus SO _oa ¢4
So0

Br G Vo M wWoliz zw 2100 Q1160
l
=4256 = £ poss@no Wasurailo.

r___voo
1=T h? l—FQ T Mo L2 eCa eC3
!
R
NS AJ
» o WP w Ao
RS wr 3R

-

Cmc\gom:a"m crder A v 2 mos M2 s MO0 Quad wen
Wrvo wpadreo.  ABm. ANNO v 1ok B e o W Sne ol R QL



Lz — Y L2
I s *gcj‘z 1+5%C2
S0 W oo = A Zaoo
(P75
€ imporRa\ Sopa (OR |, SeppRmo M-
Lo A . A = 26%2 e ¢ eszho lz2 vosle. Reguoon
2= Nosp 23n
e geste (Mpadmaon v o 02 oe (\ crodo @
—NpD
A
— A L
Hﬁ_’\’t—L <y
T
J .
W q—QS\" (30 W © u.PeHa.'so_
'—“,__ Mo J-—- fpmb- ddoavo R3 , o~
‘_.. — * 2055wo 2uto zhre InmPachazs.
(g d/ 2vamo <~ dodpiang c2icdare
iﬂ'b v s b mpecbea o &F
A\l =\ . ~R3 =
OIT W, IF i S %_ - @ 9w o= )
VRewes

Cdiaro oo poReoa & atpet o \F
ooy e = L. Now %ie

&F; L% -1 4

~ 91“5 =Rs
(\’0\1\",11? 2_ Eﬁ
Vegwee ! 2

\-/-’c"-\-"—‘
Av?

‘&ﬂ‘ = —» 4000 = GdB
Roer

G223



Cﬂ\b\&'\m @ 2 = R \\M&Mm
€ vl 2 Vb 23 cept A Oe vesshe & vakee 283

N N Nt vedamo eom 200k s v 10 ©
o \Jour p(cprm@ko:éo S ho + copel
l j P € dodo o ur oo quackos

R’.'»:I /s A&c%&{sb\immhmmq.
of.

0

no- possrao chalet Fmpedsraon con u~ 540 Sunten o
R;ﬂ% w\zaw\-}wmm

Fe  (osn Moo DIFFOWE DA CAPRE

l In meco ddbae 2R ane atpk \wpadancn., ved2mo
é ‘wpedime Veso gA switthe Covt

T12.3 Let us consider the mixer in figure, where Vy; = 2.5V, Ry =
2001). Let us assume that the MOSFETs have threshold Vy =
0.5V, constant 1/2puC,, = 0.2mA/V?, and Vq is a sinusoid
with offset voltage of 1V. Let the impedance of the RLC

TIXER ATNO MNVEN2\ONAS

network have its resonance frequency around the image
frequency at fiy = (fio — fir)
a) Derlve the mathematical expression of the image

rejection ratio of the stage, computing the ratio between

the conversion gain of an input RF signal at fpp =
(FLg + fie) and the conversion gain of an input RF signal
at fiy.

b}  Size (W/L}; and R to get IIR equal to 30dB and conversion gain at fy equal to 10dB.

[Sol. a) IRR = {1+gmR}; b) (W/L): = 124, R = 1.2ki]
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