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Introduction: What is ‘Balun’ ?

• Balun's Role:

✓ Converts signal from balanced to unbalanced line

• Balanced line: Sum of going and returning potentials of the 

signals equals 0 (e.g., dipole antenna)

• Unbalanced lines: Other than above (e.g., coaxial cables)

• Without Balun ? 

✓ Common mode signal (two signals flowing in the 

same direction) is exist

➔ Undesirable effects on operation

• Examples of Use: 

✓ antenna feed networks

✓ differential mixers

✓ high efficiency power amplifiers

http://t-sato.in.coocan.jp/terms/balun.html
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Introduction: Conventional Balun Type

Guanella Balun
• Winded two coils: 

➔ suppress common mode current

• Pros:

✓ Also act as 1: 𝑛2 Impedance 

Transformer

✓ Simple, wideband

• Cons: poor isolation (?)

Wilkinson Power Divider
• Combined with 180° phase inversion 

structure, common mode current is 

suppressed

• Pros: good isolation (few signal 

port2⇔3)

• Cons: Resistors are used to take 

isolation and imbalance is likely to occur

Marchant Balun

• Utilizes ¼ wavelength tube walls 

and open stubs ➔ suppress 

common mode current

• Pros: wideband

• Cons: Usually assumes 1:1 

impedance conversion

Marchand (1944) Guanella (1944)

https://en.wikipedia.org/wiki/Wilkinso

n_power_divider
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Introduction: Ultra Wide 
band Planar balun

[23] Wilkinson Power divider: Tamjid et al. (2020)

• Wilkinson power divider + 180°Phase shifter 

• Pros: Ultra wideband and compact

• Cons: Much imbalance even if optimized 

probably because there are registers

• Wideband: Cover Ultra High Frequency band

• Planar: Easy integration of elements → Compact

180°Phase 
shifter 
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This Work: Planar Guanella balun

• Operation:
✓ Switch upper and lower conductors in Via ➔ Pass differential mode only

✓ Keep side-arm length at ½ wavelength ➔ Reference potentials of Port2 and 3 are reverse potentials

Port1

Port2

Port3

Port2

Port3

1. Without resister (Lamped Element)

2. Optimize the distance between Port1⇔2,3 considering the via length

λ/2

Purpose: To Develop ultra broadband planar balun with reduced Imbalance

Via
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Surface current distribution

Top Bottom

7



Evaluation: Imbalance

• Band width: 0.5-2.6GHz (135%, 5.2:1)

• Amplitude Imbalance: 0.75dB < 0.8dB

• Phase imbalance: 7°< 10°

Amplitude Imb: 

(Port1→3) / (Port1→2) Power Ratio
• 0.5dB: x1.12

• -0.5dB: x0.89

• -1.0dB: x0.79
Amplitude Imbalance

Phase Imbalance

➔ Relatively Narrow band width,

but good Imbalance
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Evaluation: Mode Analysis

Ssd: differential mode

Ssc: common mode

Output/Input power ratio
• -1dB: x0.79

• -2dB: x0.63

• -3dB: x0.50

• -20dB: x0.01

• -30dB: x0.001

• Common mode signal: < 20dB

• Differential mode > 1.5dB

➔ Common mode is 

suppressed properly
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Summary

• Purpose:

• Development of ultra-broadband planar balun with low Imbalance

• Problem: 

• Prior studies have shown that the signal Imbalance is large

✓ Factor: Using resistance

• Solution:

1. Planar Guanella Balun is used and no resistor is used.

2. Compensate for and optimize line lengths that differ by Via.

• Result

• Small Imbalance and ultra-broadband solutions were obtained.

✓ Band width: 0.5-2.6GHz (135%, 5.2:1)

✓ Amplitude Imbalance: < 0.75dB, 

✓ Phase Imbalance: < 7°

✓ Common mode < -20dB 10



Unknown

• Fair comparison is not possible because the following 

two points are not shown

✓ Return loss: Reflection at Port i→i

✓ Isolation: Signal leakage between Port 2 and 3
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