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® Research background
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Research Background

Narrowband wireless communication receiver : Low-IF method
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Low-IF Method
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Our Research Target

Complex Analog Filter : RC polyphase filter

* Composed of only R’s and C’s

— R, C element variations

— |, Q paths mismatch characteristics

 Measure mismatch characteristics
Proposal _ _ _ _
— Evaluation using multi-tone signal
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OUTLINE

® RC polyphase filter



RC Polyphase Filter Circuit
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RC Polyphase Filter
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Hilbert filter phase characteristics
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R, C Component Mismatch
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|, Q Imbalance
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90 ° imperfection
In quadrature demodulator
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OUTLINE

® Orthogonal mismatch evaluation method

* RCPF orthogonal mismatch model
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No Mismatch Case: RCPF Orthogonal

Iin = (A + B) cos(wpt)

RC —— Iy = Acos(wgt + 6)
é Polyphase
Qin = (A—B) sin(w;)g e — Qout = Asin(wt + 6)
- (G=1)
Iin +jQin Iout +jQout
g Aet A A-ef(@ot+d)

Be=/®ot

. N

—Wy Wo —wo ™




19/35

Mismatch Case :RCPF Orthogonal error

I;;, = (A + B) cos(wyt)

RC —— I, = Acos(wyt + 60)
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RCPF Orthogonal Mismatch Model
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RCPF Orthogonal Mismatch Model
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OUTLINE

® Orthogonal mismatch evaluation method

* Orthogonal mismatch measurement method
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Mismatch Measuring Method
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Real-Path Measurement Method
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Imaginary-Path Measurement Method
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® Simulation result
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Simulation model

LT spice simulation
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Simulation result | No mismatch |}
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Simulation result | No mismatch |}
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Simulation result | R mismatch |
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Simulation result | R mismatch |
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Simulation result | R&C mismatch |}
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Simulation result | R&C mismatch |}
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® Conclusion
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Conclusion

@® Measurement method proposal for RCPF orthogonal.
- Derived by theoretical analysis

- Verified with SPICE simulation

@® Our Findings

- Incase: I, Q signals are orthogonal — |, Q channels
Phase difference = 90 °

- In case: I, Q signal are NOT orthogonal — I, Q channels
Phase difference # 90 °

Gain slope of 20log (Mout 1 / Vout 2) with respect to @ is steep.

@ Our method can be applied to
various kinds of analog complex filters



