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Research Objective

To achieve high accuracy 

Signal-to-[ noise + distortion ] ratio  (SINAD) testing of ADC 

w/o any complicated conditions
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✓ Simplified Condition

✓ High Accuracy

Achievements
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LPF

Research Background
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Difficulty of SINAD Testing
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ADC

Sampling frequency

1 MHz

Signal frequency

99.853515625 kHz

Difficult to setup the environment w/o complicated condition

Coherent Sampling

SAR 12bit 1Msps ADC 4096-point FFT

Synchronization

Very fine frequency resolution 

SINAD : 73.6 dB

Good Result



Incoherent Sampling

Sampling frequency

1 MHz

Signal frequency

99.97 kHz
Window function

Flat-top

Difficulty of SINAD Testing
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ADC

Spectral leakage of window function affects SINAD

SAR 12-bit 1-Msps ADC 4096-point FFT

SINAD : 71.2 dB

Degraded

Spectral Leakage

Additional calculation

𝑤 𝑛 = 𝑎0 − 𝑎1 cos
2𝜋𝑛

𝑁
+ 𝑎2 𝑐𝑜𝑠

4𝜋𝑛

𝑁
− 𝑎3 𝑐𝑜𝑠

6𝜋𝑛

𝑁
+ 𝑎4 𝑐𝑜𝑠

8𝜋𝑛

𝑁

𝑛 = 0,1,2,3, … , 𝑁 − 1, 𝑎0 = 0.21557895, 𝑎1 = 0.41663158
𝑎2 = 0.277263158, 𝑎3 = 0.083578947, 𝑎4 = 0.006947368

Flat-Top Window



Likelihood of Incoherent Sampling Improvement
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Figure out histogram of signal frequency for 12bit ADC   

➢ 99.97 kHz (Initial)

➢ 100.318107302943 kHz (≈ Golden ratio)

𝑴𝒏 =
𝒏 + 𝒏𝟐 + 𝟒

𝟐

𝒏 = 𝟏:𝑮𝒐𝒍𝒅𝒆𝒏 𝒓𝒂𝒕𝒊𝒐

Golden ratio frequency is more random than initial one
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𝑴𝒆𝒕𝒂𝒍𝒍𝒊𝒄 𝒓𝒂𝒕𝒊𝒐



Likelihood of Incoherent Sampling Improvement

Simulation for Comparison btw 99.97 kHz and 100.3181… kHz
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Condition

✓ Signal frequency

・99.97 kHz

・100.318107302943 kHz

(≈Golden ratio)

✓ ADC (Functional model)

12 bit, 1.0 Msps

✓ Window function

Flat-top

✓ FFT size

4096 points

✓ Variation data

200 points different phase

SINAD is improved in simulation

Spectral leakage is reduced

Average
72.00 dB

Average
72.78 dB

0.78 dB

Improvement

by 0.78 dB



Likelihood of Incoherent Sampling Improvement

Validation for Comparison btw 99.97 kHz and 100.318 kHz

SINAD is improved using actual samples
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Condition

✓ Signal frequency

・99.97 kHz

・100.318 kHz

(≅Golden ratio)

✓ ADC (BU79100G)

12 bit, 1.0 Msps

✓ Window function

Flat-top

✓ FFT size

4096 points

✓ Variation data

200 samples

The same tendency as simulation

Average
71.24 dB

Average
71.79 dB

0.55 dB

Improvement

by 0.55 dB



Exploration of Optimized Signal Frequency

Investigation

Frequency Response of SINAD w/ Flat-Top Window
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Condition

✓ Signal frequency

99.5 kHz ~ 100.5 kHz

1 Hz step, 1001 points

✓ ADC (Functional model)

12 bit, 1.0 Msps

✓ Window function

Flat-top

✓ FFT size

4096 points

100.318kHz (Golden ratio)99.97 kHz (Initial)

100.342 kHz100.098 kHz99.854 kHz99.609 kHz

Accurate data is acquired nearby coherent frequency

Frequency response of window function appears

Depending on signal frequency,  SINAD varies from 72.37 dB to 73.84 dB

Min : 72.37 dB

Max : 73.84 dB

1.47 dB



Exploration of Optimized Signal Frequency

Investigation

Frequency Response of Sine Wave w/ Flat-Top Window
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Condition

✓ Signal frequency
・99.97 kHz (Initial)

・100.318 kHz (≅ Golden Ratio)

・99.609 kHz (≅Coherent)

・99.854 kHz (≅Coherent)

・100.098 kHz (≅Coherent)

・100.342 kHz (≅Coherent)

✓ ADC (Functional model)

Numerical, 1.0 Msps

✓ Window function

Flat-top

✓ FFT size

4096 points

Frequency response of window function affects spectral leakage 

12bit
14bit
16bit

Both 99.97 kHz and 100.318 kHz are NOT suitable for 

over 12bit ADC

Spectral Leakage



Exploration of Optimized Signal Frequency

Investigation

Frequency Response of Spectral Leakage w/ Flat-Top Window
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Condition

✓ Signal frequency

99.5 kHz ~ 100.5 kHz

1 Hz step, 1001 points

✓ ADC (Functional model)

Numerical, 1.0 Msps

✓ Window function

Flat-top

✓ FFT size

4096 points

✓ Definition of spectral leakage

Fundamental frequency ±100 bin

in case of 4096 points

Optimized signal frequency was found

±1 Hz

100.342 kHz100.098 kHz

99.854 kHz99.609 kHz
≅ 𝑭𝒄𝒐𝒉𝒆𝒓𝒆𝒏𝒕 ≅ 𝑭𝒄𝒐𝒉𝒆𝒓𝒆𝒏𝒕

≅ 𝑭𝒄𝒐𝒉𝒆𝒓𝒆𝒏𝒕 ≅ 𝑭𝒄𝒐𝒉𝒆𝒓𝒆𝒏𝒕

±5 Hz

±14 Hz

±1 Hz

±5 Hz

±14 Hz

±1 Hz

±5 Hz

±14 Hz

±1 Hz

±5 Hz

±14 Hz
12bit

14bit

16bit

10bit



10bit
No Effect

16bit
w/ Effect

14bit
w/ Effect

12bit
w/ Effect

Exploration of Optimized Signal Frequency

Confirmation of Optimized Signal Frequency for SINAD 
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Consideration of signal frequency for over 12bit ADC SINAD

Condition

✓ Signal frequency

99.5 kHz ~ 100.5 kHz

1 Hz step, 1001 points

✓ ADC (Functional model)

・10bit, 1.0 Msps

・12bit, 1.0 Msps

・14bit, 1.0 Msps

・16bit, 1.0 Msps

✓ Window function

Flat-top

✓ FFT size

4096 points

74.00 dB (Ideal) 

72.37 dB (Worst)

78.63 dB (Worst)

79.59 dB (Worst)

61.96 dB (Ideal) 

86.04 dB (Ideal) 

98.08 dB (Ideal) 

1.63 dB

7.41 dB

18.49 dB

≅ 𝑭𝒄𝒐𝒉𝒆𝒓𝒆𝒏𝒕 ≅ 𝑭𝒄𝒐𝒉𝒆𝒓𝒆𝒏𝒕 ≅ 𝑭𝒄𝒐𝒉𝒆𝒓𝒆𝒏𝒕 ≅ 𝑭𝒄𝒐𝒉𝒆𝒓𝒆𝒏𝒕

≅ 𝑭𝒄𝒐𝒉𝒆𝒓𝒆𝒏𝒕 ≅ 𝑭𝒄𝒐𝒉𝒆𝒓𝒆𝒏𝒕 ≅ 𝑭𝒄𝒐𝒉𝒆𝒓𝒆𝒏𝒕 ≅ 𝑭𝒄𝒐𝒉𝒆𝒓𝒆𝒏𝒕

≅ 𝑭𝒄𝒐𝒉𝒆𝒓𝒆𝒏𝒕 ≅ 𝑭𝒄𝒐𝒉𝒆𝒓𝒆𝒏𝒕 ≅ 𝑭𝒄𝒐𝒉𝒆𝒓𝒆𝒏𝒕 ≅ 𝑭𝒄𝒐𝒉𝒆𝒓𝒆𝒏𝒕



Exploration of Optimized Signal Frequency
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Coherent frequencies will be able to obtain accurate SINAD

Condition

✓ Signal frequency

・79.5 kHz ~ 80.5 kHz (0.8 Msps)

・119.5 kHz ~ 120.5 kHz (1.2 Msps)

1 Hz step, 1001 points

✓ ADC (Functional model)

・Numerical, 0.8 Msps

・Numerical, 1.2 Msps

✓ Window function

Flat-top

✓ FFT size

4096 points

12bit

14bit

16bit

10bit

12bit

14bit

16bit

10bit

80.078 kHz79.883 kHz≅ 𝑭𝒄𝒐𝒉𝒆𝒓𝒆𝒏𝒄𝒆
≅ 𝑭𝒄𝒐𝒉𝒆𝒓𝒆𝒏𝒄𝒆 ≅ 𝑭𝒄𝒐𝒉𝒆𝒓𝒆𝒏𝒄𝒆

≅ 𝑭𝒄𝒐𝒉𝒆𝒓𝒆𝒏𝒄𝒆
80.469 kHz
≅ 𝑭𝒄𝒐𝒉𝒆𝒓𝒆𝒏𝒄𝒆

79.688 kHz 79.688 kHz

120.41 kHz120.117 kHz119.824 kHz119.531 kHz
≅ 𝑭𝒄𝒐𝒉𝒆𝒓𝒆𝒏𝒄𝒆 ≅ 𝑭𝒄𝒐𝒉𝒆𝒓𝒆𝒏𝒄𝒆 ≅ 𝑭𝒄𝒐𝒉𝒆𝒓𝒆𝒏𝒄𝒆 ≅ 𝑭𝒄𝒐𝒉𝒆𝒓𝒆𝒏𝒄𝒆

Confirmation of Sampling Frequency Variation



Recommendation for Signal Frequency

How to Decide Coherent Frequency for Incoherent Setup
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Set signal frequency according to the FFT size

Condition

✓ Signal frequency

99.5 kHz ~ 100.5 kHz

1 Hz step, 1001 points

✓ ADC (Functional model)

Numerical, 1.0 Msps

✓ Window function

Flat-Top

✓ FFT Size

・2048 points

・4096 points

・8192 points

𝑭𝒄𝒐𝒉𝒆𝒓𝒆𝒏𝒄𝒆 = Τ𝑵𝒔𝒊𝒏 ∙ 𝑭𝒔 𝑵𝒔𝒂𝒎𝒑𝒍𝒆𝒔
𝑁𝑠𝑖𝑛 ∶ 𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒔𝑖𝑛𝒘𝒂𝒗𝒆 𝒑𝒆𝒓𝒊𝒐𝒅𝒔 𝒊𝒏 𝒕𝒐𝒕𝒂𝒍 𝒔𝒂𝒎𝒑𝒍𝒆𝒔

𝐹𝑠 ∶ 𝑺𝒂𝒎𝒑𝒍𝒊𝒏𝒈 𝒇𝒓𝒆𝒒𝒖𝒆𝒏𝒄𝒚

𝑁𝑠𝑎𝑚𝑝𝑙𝑒𝑠 ∶ 𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒔𝒂𝒎𝒑𝒍𝒆𝒔

99.609 kHz 100.977 kHz

100.220 kHz

100.342 kHz

OK OK

LIMITED

LIMITED

2048 

points

4096 

points

8192 

points

99.97 kHz
(Initial)



Conclusion
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✓ Simplified Condition

Realized incoherent sampling setup 

w/o any complicated conditions 

such as coherent sampling setup

✓ High Accuracy

Found out appropriate signal frequency 

for high accuracy testing w/ flat-top window

ADC SINAD Testing


