Radio-Frequency IC Design

Lecture 2:
Passive RLC Networks
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Passive RLC Networks

Applications of Resonant Networks
* Tuning
- Matching and Impedance Transformation
Examples
 Low Noise Amplifiers (LNASs)
* Voltage Controlled Oscillators (VCOs)
Mixers
Power Amplifiers (PAs)
Band Pass Filters (BPFs)
Duplexers
Baluns
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Parallel RLC Network

I

At resonance,
 1pF & 1nH = 5GHz

* Remember the 2x!
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Quality Factor, Q

Energy Stored

O=w

At resonance,
* Dimensionless
 Defined at both resonance and non-resonance

Average Power Dissipated
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Q for a Parallel RLC Network
Erotar = Epkr = Epk,c = Einst,L + Einst,c % c %L =R
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Currentin L,C for a || RLC Network

At resonance,
- Large currents (QT) may flow
* Functionality and Reliability Concerns
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Series RLC Network

L ¢ @low freq. @high freq. @y
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VIC
Expressions for Q:

At resonance,
L
£
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Voltage across L,C for a Series RLC

At resonance,
- Large voltages (QT) may appear
- High Field = Breakdown = Functionality and Reliability
Concerns

 Utilize smartly for voltage amplification — eg. in LNA
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Maximum Power Transfer Theorem

- IfZ_is constrained or specified already (say, 50Q2) insert an
impedance transformer or a matching-network to match with Z..
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Impedance Transformation
I

=
T
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« Generic formula for narrowband transformation:
R, = Rs(1+ Q%)
X, =X;(1+Q7%)
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Series/Parallel Transformation

1 L
=

= =

T o

R, = R;(1+ Q%

X, =X;(1+Q7%)
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Impedance Transformation: L-Match
« Upconvert 50Q2 to 200QQ @ 5GHz:

Rs(1+ Q%)
Xs(1+Q™)
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Choice of Matching Network

 Degrees of Freedom

* High-pass or low-pass

« Smallest area

- Parasitics

*  Quality of the match (S,)
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Tapped-Capacitor Match - I

 Used in Colpitts Oscillator, LNA O/P Match
- 3 degrees of freedom (1, oy, Q)

1
Lys = RZS_Ci — i
R, + sC. 1+ sCyR,
Z, = 1 N R, _ 14+ sC,R, +sCiR, _ 1.+]a)R2(Cl + C5)
sC; 1+ sCyR, sCy +s2C,CyR, jwC; —w?C,CiR,
. w?R,CE jwCi[1+ w?C,R3(C, + Cy)]
™1+ w2R3(C, + C,)? 1+ w2R2(C; + C,)?

- At high frequency,

2
1 Cq C,C, nz
Yin = +jw — +ijseries
R, \C; + C, Cy + G, R,
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Tapped-Capacitor Match - II
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Tapped-Inductor Match
* Used in Hartley Oscillator

« Uses two inductors
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n-Matc

«  Analyze by splitting L into L, and L..

« Consider the network as two L-match networks, both transforming R, and R;,
to an intermediate resistance R,

¢ Qoverall = Qleft + Qright
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