The 2013 International Conference on Integrated Circuits, Design, and Verification (ICDV 2013)
2013 / 11 / 16 @Ho Chi Minh City, Vietnam

Study of Complex Multi-Bandpass A 2
Modulator for I-Q Signhal Generation

M. Murakami, S. Mohyar, H. Kobayashi

T. Matsuura, O. Kobayashi,M. Tsuji, S. Umeda,R. Shiota, N. Dobashi,
M. Watanabe, 1. Shimizu, K. Niitsu, N. Takai, T. J. Yamaguchi

Gunma University , Japan STARCGC Nagoya University



2 /40

OUTLINE

» Research Background

> Complex Multi-BP AZ DA Modulator

> DWA Algorithm
— Conventional Method

— Proposed Method

» Conclusion



3 /40
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Necessity of I,Q signal
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Research Goal

Demand for low cost testing
of communication IC
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[,Q signal generation
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Delta Sigma DA Converter
Digital centric
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e Digital modulator
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Relaxes analog filters
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Delta Sigma DA Converter
Digital centric
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Delta Sigma DA Converter
Real vs Complex
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Complex Delta Sigma is Superior
Real vs Complex
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SNDR | Signal to Noise and Distortion Ratio
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Complex signal

Real signal Iin , Qin
<
Complex signal Iin+ jQin j = /-1

Complex signal processing is NOT complex. (K.Martin)
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[,Q signal generation
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Principle of complex BP noise shape
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2nd—order complex multi-BP A 2 DAC
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Necessity of multi—tone signal

Linearity testing
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Necessity of multi—tone signal

DUT : Device Under Test
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Complex Resonator
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Complex Resonator
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OUTLINE

> DWA Algorithm
— Conventional Method
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Multi—bit DA modulator

Multi-bit DA modulator (2~3bit)
. o U

Quantization noise reduction Linearity degradation




Multi—bit DAC
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Multi—bit DAC
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Multi—bit DAC + DWA
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DWA = A2

Non-Linearity
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Effect of DWA
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Signal band
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> DWA Algorithm

— Proposed Method
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Equivalent circuit of Complex DWA
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Equivalent circuit implementation
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Complex Multi-Bandpass DWA algorithm
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Simulation result " Ideal Linear DAC"
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Simulation result ~Actual Non-Linear DAC"
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Simulation result ~Actual Non—-Linear DAC + DWA™
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Simulation result
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“Actual Non—Linear DAC + DWA™
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Conclusion

> 1,Q signal generation with digital centric
for testing communication IC.

> Complex multi-BP AS DAC

> Multi-bit DAC

© Relaxes the analog filter
requirements

X Degrades system linearity
=) © DWA algorithm

Low cost, high quality I,Q signal
generation.




