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Background & Motivation  
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Communication devices  

- cellular, wireless LAN, blue-tooth, low IF 

transmitter/receiver  (use I,Q signal) 

I,Q signal generator is desired 

- communication IC testing (receiver) 

Important! 

High quality + low cost  

I,Q Signal Generator 
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Approach: 

I,Q Signal Generation  Architecture 
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① DSP + Nyquist 
- 2 Nyquist DACs  

- 2 analog filters 

② DSP + Real DS 
- 2 real BP DS DACs   

- 2 analog filters 

③ DSP + Complex DS 
- 1 complex BP DS DACs   

-  1 analog complex filter 

Analog   Digital 

Architecture 

Digital rich 



Why Delta-Sigma (DS) Modulator?  

• Only simple analog circuit 

• Easy to design in digital 

– High speed 

– Low power consumption  

– Low cost 

• Easy to configure 

– programmable 
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What is complex number? 

 

 Real number     

               -  𝑰𝒊𝒏 𝒏 ,𝑸𝒊𝒏 𝒏  →𝑰𝒐𝒖𝒕 𝒏 ,𝑸𝒐𝒖𝒕 𝒏  

 

 

 

 

 Complex number  

               -  𝑰𝒊𝒏 𝒏 + 𝒋𝑸𝒊𝒏 𝒏 →𝑰𝒐𝒖𝒕 𝒏 + 𝒋𝑸𝒐𝒖𝒕 𝒏  
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Real, Re 𝟏 

I – In phase (real) , Q – In Quadrature (imaginary) 

Im
a

g
in

a
ry

, I
m

 

Real, Re 

𝟏, 𝟐 = 𝟏 + 𝒋𝟐 



Filtering 
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more filtering stage   less filtering stage 



Real & Complex 
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Power 
consumption 

Cost 

bandwidth 



Complex Band pass Filter 
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𝑯(𝒛) =
𝟏

𝒛 − (𝜷 + 𝒋𝜶)
 

 Transfer function 

Frequency response 

𝑭𝒔

𝟒
 



Frequency Response 
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𝑭𝒔

𝟒
 

 
𝑰𝒊𝒏 𝒕 = 𝒄𝒐𝒔 𝟐𝝅𝒇𝒐𝒕

𝑸𝒊𝒏 𝒕 = −𝒔𝒊𝒏 𝟐𝝅𝒇𝒐𝒕
→ 𝒆−𝒋𝟐𝝅𝒇𝒐𝒕 

 

filter 

0 

Case: negative 

 
𝑰𝒊𝒏 𝒕 = 𝒄𝒐𝒔 𝟐𝝅𝒇𝒐𝒕

𝑸𝒊𝒏 𝒕 = 𝒔𝒊𝒏 𝟐𝝅𝒇𝒐𝒕
→ 𝒆𝒋𝟐𝝅𝒇𝒐𝒕 

filter 

𝑨𝒆𝒋𝟐𝝅𝒇𝒐𝒕 

Case: positive 



1storder Complex Band Pass  

DS DA Modulator 
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𝑌 𝑧 =
𝑯 𝒛

𝟏 + 𝑯 𝒛
𝑿 𝒛 +

𝟏

𝟏 + 𝑯 𝒛
𝑬(𝒛) 

𝑯 𝒛 → ∞, 𝑺𝑻𝑭 = 𝟏 𝑯 𝒛 → ∞,𝑵𝑻𝑭 = 𝟎 

①Oversampling 
②Noise-shaping 

Digital 



1st order Complex Bandpass DS  

Output Spectrum  
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In band 

signal 



2ndorder Complex Band Pass  

DS DA Modulator 
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No I,Q mismatch in modulation 



2nd order Complex Bandpass DS  

Output Spectrum  
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In band 

signal 
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Complex Multi-Band pass Filter 
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𝐻(𝑧) =
1

𝑧𝑛 − (𝛽 + 𝑗𝛼)
 

Transfer function 

𝟏

𝟖
𝑭𝒔 

n =2 

𝟓

𝟖
𝑭𝒔 

Frequency response 

n =4 

𝟏

𝟏𝟔
𝑭𝒔 

𝟓

𝟏𝟔
𝑭𝒔 

𝟗

𝟏𝟔
𝑭𝒔 

𝟏𝟑

𝟏𝟔
𝑭𝒔 



Frequency Response 
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𝟏

𝟖
𝑭𝒔 

n =2 

𝟓

𝟖
𝑭𝒔 

Frequency response 

n =4 

𝟏

𝟏𝟔
𝑭𝒔 

𝟓

𝟏𝟔
𝑭𝒔 

𝟗

𝟏𝟔
𝑭𝒔 

𝟏𝟑

𝟏𝟔
𝑭𝒔 

 
𝑰𝒊𝒏 𝒕 = 𝒄𝒐𝒔 𝟐𝝅𝒇𝒐𝒕 + 𝒄𝒐𝒔 𝟐𝝅𝒇𝟏𝒕

𝑸𝒊𝒏 𝒕 = 𝒔𝒊𝒏 𝟐𝝅𝒇𝒐𝒕 + 𝒔𝒊𝒏 𝟐𝝅𝒇𝟏𝒕
 

filter 

𝑨𝟎𝒆
𝒋𝟐𝝅𝒇𝒐𝒕 + 𝑨𝟏𝒆

𝒋𝟐𝝅𝒇𝟏𝒕 

Case: n=2 

 
𝑰𝒊𝒏 𝒕 = 𝒄𝒐𝒔 𝟐𝝅𝒇𝒐𝒕 + 𝒄𝒐𝒔 𝟐𝝅𝒇𝟏𝒕 + 𝒄𝒐𝒔 𝟐𝝅𝒇𝟐𝒕 +…𝒄𝒐𝒔 𝟐𝝅𝒇𝒏𝒕

𝑸𝒊𝒏 𝒕 = 𝒔𝒊𝒏 𝟐𝝅𝒇𝒐𝒕 + 𝒔𝒊𝒏 𝟐𝝅𝒇𝟏𝒕 + 𝒔𝒊𝒏 𝟐𝝅𝒇𝟐𝒕 +…𝒔𝒊𝒏 𝟐𝝅𝒇𝒏𝒕
 

filter 

𝑨𝟎𝒆
𝒋𝟐𝝅𝒇𝒐𝒕 + 𝑨𝟏𝒆

𝒋𝟐𝝅𝒇𝟏𝒕 + 𝑨𝟐𝒆
𝒋𝟐𝝅𝒇𝟐𝒕+…+𝑨𝒏𝒆

𝒋𝟐𝝅𝒇𝒏𝒕 

n-stages 



2ndorder Complex Multi-Band Pass  

DS DA Modulator 
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Complex Multi-Bandpass(1) 
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N=2 N=4 

In band signal In band signal 
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Positive & Negative 
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Positive Negative 



Real versus Complex 
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BW 

In band 
signal 

Real 
BP 

Complex 
 BP 



Real versus Complex(2) 
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>10 dB 

SNR 

Decrement 

In band 

signal 



Complex Multi-Bandpass (2) 
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>10 dB 

SNR 

Decrement 

n=2 

n=1 

n=4 
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Conclusion 

• Real & complex DS modulator  

– Digital rich 

– SNR  Complex BP DS > Real BP DS 

 

 

• Complex multi-bandpass DS modulator 

– lower SNR compare to single tone 
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Research Progress Presentation 

Suitable for a high quality, low cost for I,Q 

signals generation  

Suitable for a high quality, low cost multi-

tone I,Q signals generation   



 

 

 

 

Thank you very much 
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