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Research Objective

To achieve high accuracy

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

w/o any complicated conditions
Achievements
v' Simplified Condition

v' High Accuracy

2/16



Outline

 Research Background

 Difficulty of SINAD Testing

— Coherent Sampling
— Incoherent Sampling

* Likelihood of Incoherent Sampling improvement
« Exploration of Optimized Signal Frequency
« Recommendation of Signal Frequency

e Conclusion

3/16



Research Background
loT Sensor Network
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ADC is a key component of IoT system
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Difficulty of SINAD Testing

Coherent Sampling

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

-40
-60
—> (ADC| — > o
-100
-120

Signal frequency ||Sampling frequency 1‘6‘3

99.853515625 kHz | |1 MHz T 0 100000 200000 300000 400000 500000
[Hz]
Q @ .. SINAD : 73.6 dB
Synchronization
Very fine frequency resolution Good Result

Difficult to setup the environment w/o complicated condition
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Difficulty of SINAD Testing

Incoherent Sampling

SAR 12-bit 1-Msps ADC 4096-point FFT o AR e
- 0
-20
- Spectral Leakage
—> (ADC| — —> A’ —> & [T
-100
-120 "'~-"---'--J{"I" P |
Signal frequency  Sampling frequency Window function| .
99.97 kHz 1 MHz Flat-top 0 100000 200000 300000 400000 500000
[Hz]
Additional calculation SINAD : 71.2 dB

Flat-Top Wi nci?y)’)" o eos (41m) o (67m> s eos <87m> Deg raded /‘

w(n] = ay — a4 cos <T — — N

n=0123,..,N—1,a, = 021557895, a; = 0.41663158
a, = 0277263158, az = 0.083578947, a, = 0.006947368

Spectral leakage of window function affects SINAD
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Likelihood of Incoherent Sampling Improvement

Figure out histogram of signal frequency for 12bit ADC

» 99.97 kHz (Initial)

[Code]
4096

3072
2048
1024

0

[Code]
4096

3072
2048
1024

0

4096point [Code] 2048point [Code] 1024point [Code] 512point
4096 ,-.. 4096 - 4096 -
3072 / - \ ! ! 3072 y N 3072 2 | L
P — \ - / 2048 L 7| 2008 \ s
1024 \ - 7 1024 N 7 1024 . 5
0 N, 0 - 0
-4 0 a - ) 4 0 4 0 4
[Phase] [Phase] [Phase] [Phase]
» 100.318107302943 kHz (= Golden ratio)
4096point [Code] 2048point [Code] 1024point 1o 512point
4096 4096 4096
3072 3072 - - 3072
2048 2048 - | 2048
1024 1024 - - - 1024
0 0 0
2 0 2 4 2 0 2 4 -2 0 2 4 -2 0 2 4
[Phase] [Phase] [Phase] [Phase]

Metallic ratio
_n+ nz+4
no y;

n = 1: Golden ratio

Golden ratio frequency is more random than initial one
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Likelihood of Incoherent Sampling Improvement

Simulation for Comparison btw 99.97 kHz and 100.3181... kHz

Condition .
[dB] FFT Result [pes] Variation of SINAD
: 20 80
v Signal frequency X e I verage Average
+99.97 kHz 20 ik c 2.00 dB 72.78
-100.318107302943 kHz -40 50
(~Golden ratio) o ‘ 40 0.78 dB
v ADC (Functional model) iy omimmiveemenrmminmiminny N
12 bit, 1.0 Msps P L oo ot LI LN 0 T L AL IR
v Window function ol o om0 swow oo sweo FORERAERiifARARNRRERRERARAE
Flat_top [Hz] H99.97kHz W 100.318107kHz [dB]
4 ZEJGS;?NS Improvement
by 0.78 dB .
v’ Variation data y
200 points different phase

Spectral Ieakage Is reduced

SINAD is improved in simulation
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Likelihood of Incoherent Sampling Improvement

Validation for Comparison btw 99.97 kHz and 100.318 kHz

CO n d ition [dB] FFT Result [pcs] Variation of SINAD
v' Signal frequency P T i Veldge verage
=09.97 kHz 20 ~—100318kHz :: 21.24 dB 21 79
»100.318 kHz -40 50 ]
(=Golden ratio) o ‘ 40 0.55d
v ADC (BU79100G) I i it i i i a8 L
12 bit, 1.0 Msps o | — [t Trr 10
v Window function oo om0 w0 s swoo  RE3BE8ZSE3°ARRISEREINARAAAE
Flat_top [Hz] ®99.97kHz m 100.318KkHz [dB]
v FFT size Improvement
4096 points
by 0.55dB . S

v" Variation data
200 samples

The same tendency as simulation

SINAD is improved using actual samples
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Exploration of Optimized Signal Frequency

Investigation
Frequency Response of SINAD w/ Flat-Top Window

Condition 8] Frequency Response of SINAD (Flat-Top Window)

v Signal frequency 745
99.5 kHz ~ 100.5 kHz
1 Hz step, 1001 points B

v' ADC (Functional model) s |
12 bit, 1.0 Msps

v" Window function

IMax : 73.84d8  Accurate data is acquired nearby coherent frequency

o1,| 99.609 kHz o1 99-854 kHz . 00.098 kHz +1/100.342 kHz

73 4 — e 1 ]

Flat-top
725 B 1 |
- . . -, . L
v FFT size Min : 72.37 dB R 99.97 kHz (Initial) 100.318kHz (Golden ratio)
4096 points 2 R eRRnAGEBEBANRIARAC A 8 BE R0 RA R L8 S R ENARERERRAAREIEESSES
AN GV N gLl Na NN ARG RAR G NG NFNNS2329598"dgTdgdgNgNgNgNgMgnNgmM8LgTgTg
gelgEiziEiaaiciEs i R sisigiie i Bl iep s Bicsic i gish s R is s R ic B eSS s iR iz iniRic o i feiSizle

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

Frequency response of window function appears
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Exploration of Optimized Signal Frequency

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

Sl [dB] FFT Result

v Slgnal frequency 0 ———99.97kHz -—— 100.318kHz
=99.97 kHz (Initial) -20 B 99.609kHZ ~~ ===-- 99.854kHz
=100.318 kHz (= Golden Ratio) _40 | . 100.098KHZ e 100.342kHz ]
-99.609 kHz (=Coherent) 60 sseess 12bitFloor === = 14bitFloor
-99.854 kHz (=Coherent) Spectral Leakage = =—1sbitfoor

-100.098 kHz (=Coherent)
-100.342 kHz (=Coherent) -100

<«— 12bit
_ -120 <— 14bit
v" ADC (Functional model) 140 <— 16bit
Numerical, 1.0 Msps 160
v" Window function -180 -
Flat-top 0 100000 200000 300000 400000 500000
[Hz]
v FFT Si2§ Both 99.97 kHz and 100.318 kHz are NOT suitable for
4096 points over 12bit ADC

Frequency response of window function affects spectral leakage
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Exploration of Optimized Signal Frequency

Investigation

Frequency Response of Spectral Leakage w/ Flat-Top Window

Condition

v Signal frequency
99.5 kHz ~ 100.5 kHz
1 Hz step, 1001 points

ADC (Functional model)
Numerical, 1.0 Msps

[dB]
-80

-90

-100

-110

Window function
Flat-top

FFT size
4096 points

-130 +

Definition of spectral leakage
Fundamental frequency +100 bin
in case of 4096 points '

-120 A

-140

150

Spectral Leakage Frequency Response(Flat-Top Window)

—Spectral Leakage = =—10it FFT Floor

++++ 12bit FFT Floor == 14bit FFT Floor = -16bit FFT Floor

DN N NN

_______\./ii'iz ___________ Mis_H_z ___________ X B5HZ oo (i_sr'z____létzil
I 7 t1Hz t1Hz _ fFlHz £6tlit_
99.609 kHz 99.854 kHz
= Feonerent = Fonerent 100.098 kHz 100.342 kHz
= Fconerent ® = Foherent

uﬂh; mememememe g mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
o = N woo=mLuwowN N~ OoONRUMDONS RSO M g mmmmmmmmmmmmmmmmmmmm

<

mmmmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmm

HHHHHHH s ™ AN AN AN ANNANM m o < g < o o

sgsgegs8s8esgs888838888888°¢8

M o

QDD
mmmmm

HHHHHHHHHHHHHHHHHHHHHHHHHH

Optimized signal frequency was found



Exploration of Optimized Signal Frequency

Confirmation of Optimized Signal Frequency for SINAD

[dB] 10bit ADC SINAD Frequency Response(Flat-Top Window)

Condition 10bit ” |

| | ‘ | | l <— 61.96 dB (Ideal)

=

v' Signal frequency No Effect ;

99.5 kHz ~ 100.5 kHz T 4999979303088 95Ra 800875018 03512500z 8R RRRRZRARRR883%80
. $888°98838°338858%55858°3838 5838°5588°58°86886838s8"88858¢888888¢8 )
1 HZ Step’ 1001 pOIntS (4] 12bit ADC SINAD Frequency Response(Flat-Top Window)
v ADC (Functional model) 12bit : 74.00 dB (ldeal)
. i coherent coherent oherent coherent /‘ 1.63 dB
L}
lOb!t, 1.0 Msps w/ Effect " | < 72.37 dB (Worst)
*12bit, 1.0 Msps SEEEEEHEHEEEEEEE R R R EEEEEEEEFEEEEFEEEEEEEEEFEEEEE
.14b|t1 10 MSpS [d8] 14bit ADC SINAD Frequency Response(Flat-Top Window)

- 16bit, 1.0 Msps : s — <— 86.04 dB (Ideal)
14b It :;1 //‘\if\coherent //AS\F\Therent //-\-E\Fcoherent /~¥\Fcoherent /‘ 741 dB
~_

v" Window function w/ Effect w0 / AN / AN
" —~— — ~ | €«— 78.63 dB (Worst)
SN TRENRIERASITIRREIIRA SN gZIRRdRIBLE BRI ARE3INRRBEISNS3RESRISES
Flat-top R R E R R R O L L L L
\/ FFT S|Ze [d8] 16bit ADC SINAD Frequency Response(Flat-Top Window)

—— ~— <€—98.08 dB (Ideal)

. - ~ I = - A~
4096 points 16bit . A\_r\"y Q'J Q”t me ~N 18.49 dB
w/ Effect "
3 3 : 29

<€— 79.59 dB (Worst)

75

TEUBRTAERAEEATA g REINEIYEREn EnaR RARA EATRRNTIINEG
8§88 8383388858888 8888°8888 ~8888=88

~~~~~~~~~~~~~~~~~~~~~~~~~

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

Confirmation of Sampling Frequency Variation

Condition

v' 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

v' ADC (Functional model)
*Numerical, 0.8 Msps
*Numerical, 1.2 Msps

v" Window function
Flat-top

v FFT size
4096 points

[dB]

-120 -

-130 A

-140 A

-150 -

-160

[dB]
-80

-90 A

-150 A

-160

Spectral Leakage Frequency Response 0.8 Msps (Flat-Top Window)

—Specral Leakage =——10bit FFT Floor  +:-- 12bit FFT Floor == 14bit FFT Floor = -16bit FFT Floor
10bit
| 12bit
14bit
-------------------- 16bit
79.688 kHz 79.688 kHz
79.883 kHz 80.078 kHz - 80.469 kHz
= Fcoherence ~ =~F = Fcoherence = Fcoherence
= p—— = T coherence
R e R R e e L s L R R R PR R S S
e R e e Pl ] e R R e O e e e R e S R SR S S E R B B R B A B A B B S B RS HE AT B A R EE R R A (LG
Spectral Leakage Frequency Response 1.2 Msps (Flat-Top Window)
——Specral Leakage = ——10bit FFT Floor  ---- 12bit FFT Floor == 14bit FFT Floor — -16bit FFT Floor
10bit
| 12bit
14bit
16bit
119.531 kHz 119.824 kHz 120.117 kHz 120.41 kHz
= Fcoherence = Fcoherence = Fcoherence = Fcoherence

119.5
119.512

Coherent frequencies will be able to obtain accurate SINAD
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Recommendation for Signal Frequency

How to Decide Coherent Frequency for Incoherent Setup

Ngin : Number of sinwave periods in total samples
E : Sampling frequency
Nsampies : Number of samples

Fcoherence — Nsin ) Fs/Nsamples

[dB]

Spectral Leakage Frequency Response(Flat-Top Wmdow}

Condition ko)
v’ Signal frequency 2048 " \lﬁ( \l{(
99.5 kHz ~ 100.5 kHz :
oints 130
1 Hz step, 1001 points P SEROOET A 100.977 kHz

— Spectral Leakage(4096)

v" ADC (Functional model)

97 kHz
Numerical, 1.0 Msps 4096 LIMITE W
v Window function points a0 ] 100.342 kHz

Flat-Top ;;3'
H 80 | | | | | —Spectral Leakage(8192)
v FFT Size 8192 I ! !
2048 points 00iNts o W L IMIRED
u i 130 100.220 kHz
4096 points > v u ~ »
8192 points B FEEFILT R R e
$$$$$$$$$ LR EER R LT R IR R R SRR LR E SRS BN EEBEEESEEE BB AEEEERE-"EEEEEEEREREREEER

Set signal frequency accordlng to the FFT size
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Conclusion

ADC SINAD Testing

v Simplified Condition
Realized incoherent sampling setup
w/o any complicated conditions
such as coherent sampling setup
v' High Accuracy
Found out appropriate signal frequency

for high accuracy testing w/ flat-top window
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