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Passive RLC Networks 

Applications of Resonant Networks

• Tuning

• Matching and Impedance Transformation

Examples

• Low Noise Amplifiers (LNAs)

• Voltage Controlled Oscillators (VCOs)

• Mixers 

• Power Amplifiers (PAs)

• Band Pass Filters (BPFs)

• Duplexers

• Baluns
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Parallel RLC Network

At resonance, 

• 1pF & 1nH → 5GHz

• Remember the 2!

@low freq. @high freq. @0
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Quality Factor, Q 

𝑸 = 𝝎
𝑬𝒏𝒆𝒓𝒈𝒚 𝑺𝒕𝒐𝒓𝒆𝒅

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑷𝒐𝒘𝒆𝒓 𝑫𝒊𝒔𝒔𝒊𝒑𝒂𝒕𝒆𝒅

At resonance, 

• Dimensionless

• Defined at both resonance and non-resonance
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Q for a Parallel RLC Network

𝐸𝑇𝑜𝑡𝑎𝑙 = 𝐸𝑃𝐾,𝐿 = 𝐸𝑃𝐾,𝐶 = 𝐸𝑖𝑛𝑠𝑡,𝐿 + 𝐸𝑖𝑛𝑠𝑡,𝐶
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Current in L,C for a || RLC Network 

At resonance, 

• Large currents (Q) may flow

• Functionality and Reliability Concerns
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Series RLC Network

At resonance,

Expressions for Q:

 

𝑍 𝜔 = 𝑅 + 𝑗𝜔𝐿 +
1

𝑗𝜔𝐶
= 𝑅 + 𝑗(𝜔𝐿 −

1

𝜔𝐶
)

𝜔0 =
1

𝐿𝐶
. 𝑍𝐿 = 𝑍𝐶 =

𝐿

𝐶

@low freq. @high freq. @0
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Voltage across L,C for a Series RLC

At resonance, 

• Large voltages (Q) 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

•  

• If ZL is constrained or specified already (say, 50) insert an 

impedance transformer or a matching-network to match with Zs. 
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Impedance Transformation

• Generic formula for narrowband transformation:

𝑅𝑝 = 𝑅𝑠(1 + 𝑄2)

𝑋𝑝 = 𝑋𝑠(1 + 𝑄−2)
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Series/Parallel Transformation

𝑅𝑝 = 𝑅𝑠(1 + 𝑄2)

𝑋𝑝 = 𝑋𝑠(1 + 𝑄−2)
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Impedance Transformation: L-Match

• Upconvert 50 to 200 @ 5GHz:

𝑅𝑝 = 𝑅𝑠(1 + 𝑄2)

𝑋𝑝 = 𝑋𝑠(1 + 𝑄−2)
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Choice of Matching Network
• Degrees of Freedom

• High-pass or low-pass

• Smallest area

• Parasitics

• Quality of the match (S11)
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Tapped-Capacitor Match - I
• Used in Colpitts Oscillator, LNA O/P Match

• 3 degrees of freedom (, 0, Q)

• At high frequency, 

𝑍2𝑠 =
𝑅2

1
𝑠𝐶2

𝑅2 +
1

𝑠𝐶2

=
𝑅2

1 + 𝑠𝐶2𝑅2

𝑍𝑖𝑛 =
1

𝑠𝐶1
+

𝑅2

1 + 𝑠𝐶2𝑅2
=

1 + 𝑠𝐶2𝑅2 + 𝑠𝐶1𝑅2

𝑠𝐶1 +𝑠2𝐶2𝐶1𝑅2
=

1 + 𝑗𝜔𝑅2(𝐶1 + 𝐶2)

𝑗𝜔𝐶1 −𝜔2𝐶2𝐶1𝑅2

𝑌𝑖𝑛 =
𝜔2𝑅2𝐶1

2

1 + 𝜔2𝑅2
2(𝐶1 + 𝐶2)2

+
𝑗𝜔𝐶1 1 + 𝜔2𝐶2𝑅2

2(𝐶1 + 𝐶2)

1 + 𝜔2𝑅2
2(𝐶1 + 𝐶2)2

𝑌𝑖𝑛 =
1

𝑅2

𝐶1

𝐶1 + 𝐶2

2

+ 𝑗𝜔
𝐶1𝐶2

𝐶1 + 𝐶2
=
2

𝑅2
+ 𝑗𝜔𝐶𝑠𝑒𝑟𝑖𝑒𝑠
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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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-Match 

• Analyze by splitting L into L1 and L2. 

• Consider the network as two L-match networks, both transforming RL and Rin 

to an intermediate resistance RI

• Qoverall = Qleft + Qright
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