
This video covers series to parallel impedance conversion, its use in matching networks, and in designing and 
measuring practical RF circuits. Example applications include understanding impedance values shown by RF test 
equipment and circuit simulations. In addition, an RF cascode amplifier is used to illustrate issues with real-world 
inductors, oscilloscope probes, and matching to complex impedance values.
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Applications
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Matching Networks & Amplifier DesignSeries to Parallel Impedance Conversion

Lots more !



Background

https://ecefiles.org/Associated website:
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R L C Impedances
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Real-World Components at RF
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Theorem

𝑅𝑠

𝑗𝑋𝑠

𝑅𝑝 𝑗𝑋𝑝

At a specific frequency, an impedance 𝑍 = 𝑅 + 𝑗𝑋 

can be realized in a series form or a parallel form:

Series form: Parallel form:

NOTE:   At the specific frequency (say fo), these two realizations are 

equivalent – they will yield the same circuit behavior and can be 

swapped to make circuit analysis/design/production easier/cheaper …

or

or



(Constructive) Proof

Series form is trivial:  𝑅 + 𝑗𝑋 =  𝑅𝑠 + 𝑗𝑋𝑠  

Parallel form is messy:   𝑅 + 𝑗𝑋 =  𝑅𝑝 ∥ 𝑗𝑋𝑝

𝑅𝑝 ∥ 𝑗𝑋𝑝 =
(𝑅𝑝)(𝑗𝑋𝑝)
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=

(𝑅𝑝)(𝑗𝑋𝑝)
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𝑋𝑝

2

𝑅𝑝
2+𝑋𝑝

2 + 𝑗𝑋𝑝
𝑅𝑝

2

𝑅𝑝
2+𝑋𝑝

2

𝑅𝑠= 𝑅𝑝
𝑋𝑝

2

𝑅𝑝
2+𝑋𝑝

2 𝑋𝑠= 𝑋𝑝
𝑅𝑝

2

𝑅𝑝
2+𝑋𝑝

2

And, hence…



Cleaning up  ( and solving for 𝑅𝑝, 𝑋𝑝  )

Define a quality factor 𝒒 =  ൗ
𝑹𝒑
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ൗ
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ൗ
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2

ൗ
1

𝑋𝑝
2

= 𝑋𝑝
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Then
And

Re-arranging yields …

𝑹𝒑 = 𝟏 + 𝒒𝟐 𝑹𝒔

𝑿𝒑 =
𝒒𝟐 + 𝟏

𝒒𝟐
𝑿𝒔

NOTE: It can also be shown that

 

 𝑞 =  ൗ𝑋𝑠
𝑅𝑠

  

The proof is left as an exercise for the reader ;-)

= 𝟏 +
𝟏

𝒒𝟐
𝑿𝒔



Applications

1. Convert series-form simulation or measurement results 

to parallel form, to better understand effects on circuit

2. Derive / understand impedance matching networks

3. Quantify real-world inductor and capacitor parasitics

4. Design RF amplifiers !



Convert Series Z to Parallel Form

What is

48 – j 161

in parallel form ?

𝒁𝒎𝒆𝒂𝒔= 48 – j 161

Measured loading of probe at 100 MHz in 

series form is:

𝑞 =
161

48
= 3.35

𝑹𝒑 = 1 + 3.352 𝟒𝟖 = 𝟓𝟖𝟖 ! (𝒏𝒐𝒕 𝟏𝟎 𝑴)

𝑿𝒑 = 𝟏 +
𝟏

𝟑.𝟑𝟓𝟐 𝟏𝟔𝟏=175

𝑪𝒑 =
𝟏

𝟐𝝅𝒇𝑿𝒑
= 𝟗. 𝟏𝒑𝑭 (𝒂 𝒃𝒊𝒕 𝒍𝒆𝒔𝒔 𝒕𝒉𝒂𝒏 𝟏𝟓𝒑)



Real-World Inductors

Transistor’s 
internal
capacitances
(Cbe and Ccb)

𝑍𝑖

𝑅𝐿
′𝑅

𝐴𝑣 = −𝑔𝑚𝑅

𝑅 =?

Suppose R2 = 3K and gm=20mA/V

Then, for matched load (𝑅′𝐿 = 3𝐾), we should have 

R = 1.5K and Av= -30 V/V   (29.5 dB)

if  L2 is ideal

Practical inductors have Q from 10 to 100, 

depending on size, construction.

Suppose L2 is 100 nH (𝑋𝐿 = 63 𝑂ℎ𝑚𝑠 @ 100 𝑀𝐻𝑧)

If Q of L2 is 10, then 
           𝑅𝑠 = 6.3,  and  
 𝑅𝑝= 1 + 102 6.3 = 636 𝑂ℎ𝑚𝑠

and R  falls to 447 and Av falls to 8.9 V/V (19 dB) ! 

Assume L2, C2+Ccb resonate at 100 MHz,



L Matching Network Design



Matching Network Example

𝑅𝐿
′ = 3𝐾

Design/verify output MN for converting 

50 Ohm load to 𝑅′𝐿 = 3K at 100 MHz

𝑞 =
𝑅𝑝

𝑅𝑠
− 1 =

3𝐾

50
− 1 = 7.68

𝑋𝑠 = 𝑞 50 = 384

𝑋𝑝 = 3𝐾 /𝑞 = 391

⇒ 𝐶𝑠 =
1

2𝜋(100𝐸6)(384)
= 4.15𝑝𝐹

⇒ 𝐿𝑝 =
391

2𝜋(100𝐸6)
= 622𝑛𝐻

50



Matching to Complex Zin

𝑍𝑖𝑛 = 𝑅𝑝 ∥ 𝐶𝑝

50

𝒁𝒊𝒏 = 𝑹𝒔 + j 𝑿𝒔 = 65 – j 360

𝑞 =
360

65
= 5.54

𝑅𝑝 = 1 + 𝑞2  𝑅𝑠 = 𝟐. 𝟎𝟔𝑲

𝑋𝑝 =
1+𝑞2

𝑞2  𝑋𝑠 = 372

𝐶𝑝 =
1

2𝜋 100𝐸6 372
 = 4.28 pF

𝑍𝑖𝑛

At 100 MHz,



Full RF Amp Simulation ☺

NOTE:  We should probably delete R2 here.  Why ?

3𝐾

50

𝑍𝑖𝑛 = 2𝐾 ∥ 4.3𝑝

Input MN 

must match 

to complex 

Zin

Overall 

insertion 

gain = 26 dB

𝑄𝐿 =
63

1.2
= 53



For More Information



For Even More Information
https://ecefiles.org

https://ecefiles.org/ece-topics/


Thanks For 

Watching !
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