
 
 

High-Frequency Low-Distortion  

One-Tone and Two-Tone Signal 

Generation Using Arbitrary 

Waveform Generator  

*Tomonori Yanagida,  Shohei Shibuya  

Haruo Kobayashi,   Kazumi Hatayama 

 

Gunma University 

S47-2  Signal Processing 

10:45-11:00 

Oct.28, 2016(Fri) 

http://www.google.co.jp/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=XxicGsaDCzsPuM&tbnid=2cjxvii7O6Y6aM:&ved=0CAcQjRw&url=http://sophie-in-tokio.blogspot.com/2010/01/owari.html&ei=S7I5VOTZIYSa8QXs8oHQCQ&bvm=bv.77161500,d.dGc&psig=AFQjCNHYkkS5Xy28Z2VuOcAl2KzQaLEzPA&ust=1413153670218700


2/26 

Research Objective 
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Low-Distortion sine wave generation  

for ADC test 

DSP algorithm using 

Arbitrary Waveform Generator 

Objective 

Our Approach 
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Research Background 
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One chip 

cost 

silicon 

manufacturing 

… 

… 

test cost 

Low cost test 

Low cost LSI production 

Test cost 

Silicon cost  

per transistor 
decreasing 

increasing 
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ADC Test Cost  Using AWG 
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Expensive AWG 

Low-priced AWG 

Cost Quality 

Expensive AWG × ○ 

Low-priced AWG ○ × 
Low-priced AWG 

+ 

Proposed method 
○ ○ 

＋ 

AWG :  Arbitrary Waveform Generator 

Expensive 

has nonlinearity 

AWG ADC ADC test system : Capture 

memory 
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Ideal and Real 
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ADC AWG 
Sine wave Test result  

ADC AWG 
Sine wave Test result  

𝒇𝒊𝒏 

𝒇𝒊𝒏 𝒇𝒊𝒏 

𝒇𝒊𝒏 

ideal 

real 

nonlinearity 

HD 
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Arbitrary Waveform Generator 
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DSP ADC DAC 

AWG (Arbitrary Waveform Generator) 

𝒁(𝒏𝑻𝒔) 𝑫𝒊𝒏 𝒀(𝒏𝑻𝒔) 
DUT 0000 

0001 

0010 

・・・・ 
DAC output 

𝒀 𝒏𝑻𝒔 = 𝒂𝟏𝑫𝒊𝒏 + 𝒂𝟐𝑫𝒊𝒏
𝟐 + 𝒂𝟑𝑫𝒊𝒏

𝟑 + ⋯ 

● 

 DAC nonlinearity        harmonic distortion 

Low-distortion signal generation 

Only DSP program change 
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Our Preceding Study 
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𝑫𝒊𝒏 =  
𝑿𝟎 = 𝑨𝐬𝐢𝐧 𝟐𝝅𝒇𝒊𝒏𝒏𝑻𝒔 + 𝝋𝟎  𝒏: 𝐞𝐯𝐞𝐧

𝑿𝟏 = 𝑨𝐬𝐢𝐧 𝟐𝝅𝒇𝒊𝒏𝒏𝑻𝒔 − 𝝋𝟏    𝒏: 𝐨𝐝𝐝
 

𝝋 = 𝝋𝟎 − 𝝋𝟏 =
𝝅

𝑵
 

DSP DAC 

AWG 

𝑫𝒊𝒏 

𝝋 

𝑿𝟎 

𝑿𝟏 

Interleave sampling 𝑋0, 𝑋1 every one clock 

Phase Switching Signal Method 

𝑵th  order harmonics is  

cancelled 

𝝅 𝟔  

𝝅 𝟔  

𝟑 

𝟑𝐫𝐝 
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Low-frequency Signal Generation with Phase Switching 
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𝒀 𝒏𝑻𝒔 = 𝒂𝟏𝑫𝒊𝒏 + 𝒂𝟑𝑫𝒊𝒏
𝟑 

DSP DAC 
𝑫𝒊𝒏 

Conventional signal Phase-switching signal 

fin 
3fin 

fin 

HD3 cancelled 

Spurious is generated 

near 𝑓𝑠/2 
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High-frequency Input Case 
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𝒇𝒊𝒏 1

2
𝑓𝑠 

0 

High-frequency signal = near the Nyquist frequency 

P
o

w
e
r 

frequency 𝟑𝒇𝒊𝒏(HD3) 3

2
𝑓𝑠 
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High-frequency Input Case 
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Nyquist frequency 

High-frequency signal = near the Nyquist frequency 

The algorithm is NOT applicable 

𝒇𝒊𝒏 1

2
𝑓𝑠 

0 

P
o

w
e
r 

frequency 3

2
𝑓𝑠 

HD3 
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Algorithm for High-Frequency Signal 

proposed 

algorithm 

[ Input ] 

Low-frequency 

distortional 

[ Output ] 

High-frequency 

Low-distortion 

𝒇𝒊𝒏 

𝒇𝒐𝒖𝒕 =
𝒇𝒔

𝟐
− 𝒇𝒊𝒏 

𝑫𝒊𝒏 =  
𝑿𝟎 = 𝑨𝐬𝐢𝐧 𝟐𝝅𝒇𝒊𝒏𝒏𝑻𝒔 + 𝝋𝟎  𝒏: 𝐞𝐯𝐞𝐧

𝑿𝟏 = 𝑨𝐬𝐢𝐧 𝟐𝝅𝒇𝒊𝒏𝒏𝑻𝒔 − 𝝋𝟏    𝒏: 𝐨𝐝𝐝
 

𝝋 
𝑿𝟎 

𝑿𝟏 
𝝋 = 𝝋𝟎 − 𝝋𝟏 =

𝟐𝝅

𝑵
 

𝑵th order image is  

cancelled 
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Conventional High-Frequency Signal 
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𝑫𝒊𝒏 = 𝑨𝐬𝐢𝐧 𝟐𝝅𝒇𝒊𝒏𝒏𝑻𝒔  
𝒇𝒊𝒏 HD3 

𝒀 𝒏𝑻𝒔 = 𝒂𝟏𝑫𝒊𝒏 + 𝒂𝟑𝑫𝒊𝒏
𝟑 

DSP DAC 

AWG 

𝑫𝒊𝒏 
𝒇𝒊𝒏/𝒇𝒔 495/1024 

𝒂𝟏, 𝒂𝟑 1, -0.1 
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Proposed Signal 
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𝑫𝒊𝒏 =  
𝑿𝟎 = 𝑨𝐬𝐢𝐧 𝟐𝝅𝒇𝒊𝒏𝒏𝑻𝒔 + 𝝅/𝟑  𝒏: 𝐞𝐯𝐞𝐧

𝑿𝟏 = 𝑨𝐬𝐢𝐧 𝟐𝝅𝒇𝒊𝒏𝒏𝑻𝒔 − 𝝅/𝟑    𝒏: 𝐨𝐝𝐝
 Signal 

𝒇𝒐𝒖𝒕 

HD3 image 

cancelled 

𝒀 𝒏𝑻𝒔 = 𝒂𝟏𝑫𝒊𝒏 + 𝒂𝟑𝑫𝒊𝒏
𝟑 

DSP DAC 

AWG 

𝑫𝒊𝒏 
𝒇𝒊𝒏/𝒇𝒔 17/1024 

𝒂𝟏, 𝒂𝟑 1, -0.1 
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3rd and 5th Harmonics Cancellation At Once 
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𝑫𝒊𝒏 =

𝑿𝟎 = 𝑨𝐬𝐢𝐧 𝟐𝝅𝒇𝒊𝒏𝒏𝑻𝒔 − 𝝋𝒂 − 𝝋𝒃          𝒏 = 𝟒𝒌

𝑿𝟏 = 𝑨𝐬𝐢𝐧 𝟐𝝅𝒇𝒊𝒏𝒏𝑻𝒔 − 𝝋𝒂 + 𝝋𝒃  𝒏 = 𝟒𝒌 + 𝟏

𝑿𝟐 = 𝑨𝐬𝐢𝐧 𝟐𝝅𝒇𝒊𝒏𝒏𝑻𝒔 + 𝝋𝒂 − 𝝋𝒃  𝒏 = 𝟒𝒌 + 𝟐

𝑿𝟑 = 𝑨𝐬𝐢𝐧 𝟐𝝅𝒇𝒊𝒏𝒏𝑻𝒔 + 𝝋𝒂 + 𝝋𝒃  𝒏 = 𝟒𝒌 + 𝟑

 

proposed 

algorithm 

[ Input ] 

Low-frequency 

distortional 

[ Output ] 

High-frequency 

Low-distortion 

𝒇𝒊𝒏 

HD 

HD 

4 phase interleave  

𝝋𝒂 =
𝝅

𝟐𝑵𝒙
 𝝋𝒃 =

𝝅

𝑵𝒚
 𝑵th order image is cancelled 

𝒇𝒐𝒖𝒕 =
𝒇𝒔

𝟐
− 𝒇𝒊𝒏 
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Signal with 3rd and 5th Harmonics 
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𝒀 𝒏𝑻𝒔 = 𝒂𝟏𝑫𝒊𝒏 + 𝒂𝟑𝑫𝒊𝒏
𝟑 + 𝒂𝟓𝑫𝒊𝒏

𝟓 

DSP DAC 

AWG 

𝑫𝒊𝒏 

𝑫𝒊𝒏 = 𝑨𝐬𝐢𝐧 𝟐𝝅𝒇′𝒊𝒏𝒏𝑻𝒔  

Signal 

𝒇′𝒊𝒏 HD3 

HD5 

𝒇𝒊𝒏/𝒇𝒔 503/1024 

𝒂𝟏, 𝒂𝟑, 𝒂𝟓 1, -0.1, -0.08 
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3rd and 5th Harmonics Cancellation 
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𝑫𝒊𝒏 =

𝑿𝟎 = 𝑨𝐬𝐢𝐧 𝟐𝝅𝒇𝒊𝒏𝒏𝑻𝒔 − 𝟏𝟏𝝅/𝟑𝟎          𝒏 = 𝟒𝒌

𝑿𝟏 = 𝑨𝐬𝐢𝐧 𝟐𝝅𝒇𝒊𝒏𝒏𝑻𝒔 − 𝝅/𝟑𝟎       𝒏 = 𝟒𝒌 + 𝟏

𝑿𝟐 = 𝑨𝐬𝐢𝐧 𝟐𝝅𝒇𝒊𝒏𝒏𝑻𝒔 + 𝝅/𝟑𝟎       𝒏 = 𝟒𝒌 + 𝟐

𝑿𝟑 = 𝑨𝐬𝐢𝐧 𝟐𝝅𝒇𝒊𝒏𝒏𝑻𝒔 + 𝟏𝟏𝝅/𝟑𝟎  𝒏 = 𝟒𝒌 + 𝟑

 

Signal 
𝒇𝒐𝒖𝒕 

HD3 and HD5  

Image cancelled 

𝒀 𝒏𝑻𝒔 = 𝒂𝟏𝑫𝒊𝒏 + 𝒂𝟑𝑫𝒊𝒏
𝟑 + 𝒂𝟓𝑫𝒊𝒏

𝟓 

DSP DAC 

AWG 

𝑫𝒊𝒏 
𝒇𝒊𝒏/𝒇𝒔 9/1024 

𝒂𝟏, 𝒂𝟑, 𝒂𝟓 1, -0.1, -0.08 

𝒇𝒊𝒏 
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Two-Tone Signal Case 
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𝑓𝑠
2

 
0 

P
o

w
e
r 

frequency 𝒇𝟏 

IMD3 = 3rd Intermodulation Distortion 

𝑫𝒊𝒏 = 𝑨𝐬𝐢𝐧 𝟐𝝅𝒇𝟏𝒏𝑻𝒔 + 𝑩𝐬𝐢𝐧 𝟐𝝅𝒇𝟐𝒏𝑻𝒔  

𝒇𝟐 

The algorithm is NOT applicable 

𝒀 𝒏𝑻𝒔 = 𝒂𝟏𝑫𝒊𝒏 + 𝒂𝟑𝑫𝒊𝒏
𝟑 

DSP DAC 

AWG 

𝑫𝒊𝒏 
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Algorithm For Two-Tone Signals 
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𝑫𝒊𝒏 =  
𝑿𝟎 = 𝑨𝐬𝐢𝐧 𝟐𝝅𝒇𝟏𝒏𝑻𝒔 + 𝝋𝟎 + 𝑩𝐬𝐢𝐧 𝟐𝝅𝒇𝟐𝒏𝑻𝒔 − 𝝋𝟎  𝒏: 𝐞𝐯𝐞𝐧

𝑿𝟏 = 𝑨𝐬𝐢𝐧 𝟐𝝅𝒇𝟏𝒏𝑻𝒔 − 𝝋𝟎 + 𝑩𝐬𝐢𝐧 𝟐𝝅𝒇𝟐𝒏𝑻𝒔 + 𝝋𝟎    𝒏: 𝐨𝐝𝐝
 

𝝋𝟎 =
𝝅

𝑵
 𝑵th order IMD is cancelled 

proposed 

algorithm 

[ Input ] 

Low-frequency 

distortional 

[ Output ] 

High-frequency 

Low-distortion 

𝒇𝟏 
𝒇𝒐𝒖𝒕 

IMD 

𝒇𝟐 
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Two-Tone Signal and IMD3 
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𝑫𝒊𝒏 = 𝑨𝐬𝐢𝐧 𝟐𝝅𝒇′𝟏𝒏𝑻𝒔 + 𝑩𝐬𝐢𝐧 𝟐𝝅𝒇′𝟐𝒏𝑻𝒔  

𝒇′𝟏 𝒇′𝟐 

IMD3 

IMD3 

𝒀 𝒏𝑻𝒔 = 𝒂𝟏𝑫𝒊𝒏 + 𝒂𝟑𝑫𝒊𝒏
𝟑 

DSP DAC 

AWG 

𝑫𝒊𝒏 
𝒇𝟏, 𝒇𝟐/𝒇𝒔 481, 469/1024 

𝒂𝟏, 𝒂𝟑 1, -0.1 
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IMD3 Cancellation 

2017/3/21 

𝑫𝒊𝒏 =  
𝑿𝟎 = 𝑨𝐬𝐢𝐧 𝟐𝝅𝒇𝟏𝒏𝑻𝒔 + 𝝅/𝟑 + 𝑩𝐬𝐢𝐧 𝟐𝝅𝒇𝟐𝒏𝑻𝒔 − 𝝅/𝟑  𝒏: 𝐞𝐯𝐞𝐧

𝑿𝟏 = 𝑨𝐬𝐢𝐧 𝟐𝝅𝒇𝟏𝒏𝑻𝒔 − 𝝅/𝟑 + 𝑩𝐬𝐢𝐧 𝟐𝝅𝒇𝟐𝒏𝑻𝒔 + 𝝅/𝟑    𝒏: 𝐨𝐝𝐝
 

IMD3 image 

cancelled 

HD3 image 

cancelled 

𝒀 𝒏𝑻𝒔 = 𝒂𝟏𝑫𝒊𝒏 + 𝒂𝟑𝑫𝒊𝒏
𝟑 

DSP DAC 

AWG 

𝑫𝒊𝒏 

𝒇𝟏, 𝒇𝟐/𝒇𝒔 31, 43/1024 

𝒂𝟏, 𝒂𝟑 1, -0.1 

𝒇𝟏 𝒇𝟐 𝒇𝒐𝟏 𝒇𝒐𝟐 Output 

Signals 
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Conclusion 

• We have proposed high-frequency 

low-distortion signal generation algorithms 

with AWG. 

• Single-tone and two-tone signal generation 

• Need only for a simple analog HPF. 

• No need for AWG nonlinearity identification. 

2017/3/21 
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度量衡 統一 by 始皇帝  

Accurate measurement  has 

been very important from 

thousands years ago 


