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1.Objective1. Research Objective

Development of I, Q mismatch measurement method 
for analog complex filter

Simple, Accurate

2. Background
Wireless communication area

Narrowband Wireless communication receiver: Low IF method

Antenna Down 
conversion 
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Frequency 
synthesizer

Problem I,Q complex circuit : RC polyphase filter
is composed of only resistors and capacitors

— Element variations

— I, Q signal-path mismatch

Proposal
Mismatch measurement

— Using multi-tone signal

— Evaluation algorithm using “division”

3. RC Polyphase Filter under Test

First order RCPF with differential 
complex signal input and output [R, C Element variation]

Notch position             Deviation

Attenuation              Large change

Analog complex filter
- Image removal
- I, Q signal generation

HPF & LPF overlay circuit
Hilbert filter characteristics

Frequency characteristics of first-order RCPF

𝑅𝑅1 = 1𝑘𝑘𝑘𝑘、𝐶𝐶1 = 10𝑝𝑝𝑝𝑝
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4. Orthogonal Error Measurement Method
Imaginary path measurement methodReal path measurement method

I, Q-path discrepancy           90°relationship collapses
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1.Objective6. Conclusion
● Measurement method of analog complex filter (RCPF)
-Based on the orthogonal error model in RCPF,
Proposal and simulation of orthogonal error evaluation method of I, Q signal-paths
using multi-tone input.

●When I, Q signal-paths are orthogonal, phase of I, Q signals is shifted by 90 °

●When I, Q signals are NOT orthogonal
- I, Q signal phase relationship corresponding to multitone input is NOT 90 °

- The greater the element variation, the larger the IQ signal amplitude difference

≠ 𝑗𝑗 (I, Q imbalanced)

= 𝑗𝑗 (I, Q balanced) = 𝑗𝑗 (I, Q balanced)

≠ 𝑗𝑗 (I, Q imbalanced)

Multi-tone input Multi-tone input
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5. Simulation

R1=R2=1k, C1=C2 =50p
1/ (2πR1C1) =3.18MHz, 1/ (2πR2C2) =3.18MHz

Phase[°
]

Frequency[MHz]

3.18MHz

G
ai

n[
dB

]

1.0MHz 2.0MHz 3.0MHz 4.0MHz 5.0MHz

-90.0°

-90.0°

R1=R2 =1k, C1=50p, C2 =100p
1/ (2πR1C1) =3.18MHz,1/ (2πR2C2) =1.59MHz
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𝑅𝑅1𝐶𝐶1 ≠ 𝑅𝑅2𝐶𝐶2
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Simulation circuit

Multi-cosine input

Multi-sine input

No mismatch

C1, C2 mismatch
R1, R2 mismatch

C1, C2 mismatch
R1 = 1k, R2 = 2k, C1 = 50p, C2 = 100 p
1/ (2πR1C1) =3.18MHz ,1/ (2πR2C2) =0.79MHz
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