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"Low-Distortion One-Tone and Two-Tone Signal Generation Using AWG over Full Nyquist Region"
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® 2019 %0 ITC Asia [FAAXT 9 AIZBE
HRE#KE (BE EFEFvy/iR)
General Chair F EEAEFAE (LEWMILK) RBERHTELEE (AUIMIX)

Bt : ITCAsia2018 O FOTSLREBICEFV W LEELL:

EBETEE (AMNIX) , B THMHEICHYEFLE-IMNEFFREE (FHKE) |,
FHOETHENEZDRE - SMEEMNZ L TV EEF LEAXFHEIC
RADEZRLET.

fF# : PEFZFPE (Chinese Academy of Sciences)

S E®D ITC Asia [EHERIZ2FBE(Chinese Academy of Sciences)M7R A K TH o 1=.
http://english.ict.cas.cn/
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19499 11 A1 BTH5.

FEHFEREOEEMNLGAEEPRARRELFEARRTHS. PRARKREFERE
BLUVERBFOEREZHIERICHEN, Bdtti~BiiEL, T THRESA. ETHE
PEARKXNEORER, Bo-HEOARICLY FERZFERIEIEZ SN

BIEE BBFIE R RARRT & Rk, AX - HRBZICEHT SRR ERICIEFEE L.
1955 FIZEEARKIL L, FERZHMOKEEMER. JRE, HFEYME, L2,
AwmEE - BER, P, FREAHE, RiiREFEER0 6 FHHIH 5.

1977 FITHEHRESBERIBIFRINAX - HERZOMRMEZELABE SN
F71- 1994 F(Z(EHEITFERE (Chinese Academy of Engineering) MERIL Sh,
PERMERE &I THARE] EFIENTULS.
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ERERHt2— (BEBRR) €AY 5. PERZFETKE, PEHFRRFEER
MERICET ORFTHS.
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EBIBIEIT K GEMB{ETIRZE Shenyang University of Chemical Technology) ®
RTERL BIBERSHE Prof. Yuan Decheng & U THEFDA—IILEWN=EE, TEEDRYT P
—J)LT2011E9AT1HKRIMNS9A5H (A) FCTRAKXREFEFHBIETUL =LV,
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Dear Professor /MfiEFR

I here represent Shenyang University of Chemical Technology sincerely invite you to visit our
College of Information Technology this year, the cost of which will be fully paid by us. It will be
warmly welcomed if you would give us a speech on the current research progress. Shenyang
University of Chemical Technology and Gunma University have shared a harmonious friendship,
cooperation and communication for more than 20 years, and several professors that come before to
give speeches had been greatly appreciated. We believe that this visit will certainly be another
successful and memorable event. We are grateful for all the help and assistance you and the faculty
at Gunma University has long offered our exchange students, particularly your guidance to
Li Murong. Were it probable for you to arrange this visit, we may discuss the details in the future.

Again, we look forward for your reply.

Vice Principal of Foreign Affairs
Prof. Yuan Decheng
Shenyang University of Chemical Technology
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Thursday, Sept. 1, 2011

13:25Depart from Narita International Airport
15:30Arrival at Shenyang Taoxian Airport

18:00 Welcome party, by foreign affairs department

Friday, Sept. 2, 2011

09:00Touring of Campus

09:30 Meet with Principal Prof. Pang Yujun
10:00 Prof. Haruo Kobayashi give a talk



11:00-11:30 Quest and communication with students
12:00-13:30 Welcome lunch, by Information Engineering College
14:00-15:30 Visit Lab

16:00-20:30 Party, by alumna of Gunma University

Saturday, Sept. 3 ,2011

08:10 Start to tour Benxi Water Cave
12:30 Taste Old side dumplings
14:00Visit Shenyang Imperial Palace
15:30 Depart for Dalian city

20:00 Arrive at Dalian

Sunday, Sept. 4, 2011
09:00-18:00 Touring of Dalian

Monday, Sept. 5, 2011

08:00-09:50 Visit Information Department of Dalian University of Technology
10:00 Start to go Dalian Airport

13:00 Departure to Narita Airport
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HEXZE IV ECT-07-31
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Purpose

To achieve high accuracy and fast testing of
very small DC voltage with Automatic Test Equipment (ATE)

 Requirements

 yV-order Testing
* Fast Testing

* Proposed Method
FFT-Based DC-AC Conversion
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Background

loT Sensor Network

Sensor

Sonar

= 6

Accelerator Humidity Temperature

Gyro Flow

D%&@V

Pressure Geomagnetic

& e @

llluminance

Soil

\§
e OP-Amp 2 BN E 5

Sounds

Image

Wi-Fi

L=~
> lon
o

MV-order offset OP-Amp is a key component of loT system
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Conventional Test Method ( 1)
Null Method for OP-Amp Test Circuit

AC GAIN

TESTIP e WV
O=——— WV + 1V
0C 4V + 1Vsinet

c2 o—-.; +V + 0.5Vsinwt

-V

02— _(V-1V)

P — -V + 1Vsinwt

o _V_0.5Vsinwt

[1] James M. Bryant, "Simple Op Amp Measurement”,
Analog Dialogue, vol.45, pp 21-23 (2011)
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Conventional Test Method ( 2 )
Usage of High Accuracy Digital Multimeter

e ravmowe g

+10,0000001 ¥

KEYSIGHT 3458A 8 "2 Digit
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Difficulty for yV-order Testing

A Problem
1. Noise at Test Environment

Test Environment Actual Situation

Tester

Tester

System noises affect pV-order Testing
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Difficulty for pV-order Testing (Cont’d)

Problem
2. Test Time (Multi-Site)

Single Multi

Unrealistic Situation
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Difficulty for pV-order Testing (Cont’d)

A Problem
3. Electromotive Force (EMF)

Resistor Copper Resistor
End Caps Traces Film

V1, V2 : Voltage
V1 V2 T1, T2 : Temperature
J1,J2, J3,J4 : Contact of different metals
Vemf : Diff btw V1 and V2
T1 . 2 T2 em ifference btw V1 an
J1 J2 J3 J4

EMF of Metal Film Resistance: 30 uV/°C
Vemf=V1-V2=30pV *(T1-T2) ;T1>T2

Keep temperature difference small enough s



Motivation

To Solve Problems

1. Noise at Test Environment

Testing = NOT affected by system noises
2. Test Time
Testing method m Applicable to multi-site testing

3. Electromotive Force (EMF)
Temperature difference W Less than 0.1 °C for yV-order testing

To Propose pV-order Test Method for ATE
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— FFT-Based DC-AC Conversion
— Challenge for Multi-Site Testing

e Conclusion

13/33



Proposed Method

FFT-Based DC-AC Conversion
DC Voltage M AC Square Wave » Fast Fourier Transform

24 ( 1 1
V(t) = —| sinwt + =sin 3wt + =sin 5wt + -
T 3 5

& bl -Fundamen_tai-;--- R O I T

N S sec(1KHz)
L OUN Lt IS0 L L
150mvrms =Rl

Mag. [Vrms]

100kHz

Frequency [HZz]

DC Voltage is converted to Fundamental Power Spectrum
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FFT-Based DC-AC Conversion (Simulation)

DC-AC Conversion Circuit

Vin=1uV

Single-End
Amplifier

100x

_|-J + 1

v

gw

——<h

AC
Amplifier
~100x

< 16bit
ADC FFT

=1 kHz

Sampling Rate
100 kHz

DC-AC Conversion Clock: 1 kHz (duty 50 %)
CMOS Switch: Nch FET (2N4393)

Vin=1uV

LB TO
ERRORYELES

7

Ignored system noises

LTspice FFT Condition:
Fs = 409.6 kHz, Fres = 100 Hz, N = 4096, Rectangle Window

v Measurement as low as 1 nV is possible, based on simulation
v" Thanks to FFT, system noises can be ignored 15/33



FFT-Based DC-AC Conversion (Initial Experiment)

Experiment Environment

DC-AC Conversion

SW|tch CMOS Analog SWIC (4053)

Environment
LabVIEW
‘NI USB-6001/6002/6003 (16 bit ADC)
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Switching Noise Problem

Initial Circuit Monitor
Single-End Amplifier Monitor T 3 M Pos: 0,000 r-1E|.f.1’:l_.|-Fi
100x R K L= £ otk
- S — v - 1E
Vln = 1 “V / l : : ': = - 3 3y
-— 1 + AC . L . : e I:H1
| : : "
| I— Amplifier K;;cl,‘t H FFT - : Fl
/ - ~ 100x ; CH
é AN Sampling Rate M S TN =
100 kHz I £ s S
o R . =
SWltChlng s : A1l
Noise o1 i
Clock =1 kHz

Switching Noise

Single-End Amplifier

Consideration of Differential Amplifier Usage
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Switching Noise Countermeasure

Effect of Switching Noise w/ Countermeasure

Improved Circuit

Differential Amplifier

100x

Vin=1puV 1. >
—
W y
-

Monitor

HF

JW‘—nz._ho_

21

AC
Amplifier
~100x

l< 16bit
ADC FFT

1l

Clock =1 kHz

Sampling Rate
100 kHz

ifferential Amplifier
ummy Switch

Differential Amplifier (Add Dummy Switch)

Monitor

R 2R CH1

. _A28mVp-p |

i e

200mV/div.

CHT Hl0rmve, T
29-AUG-16 1027 1.00001kHz

Switching Noise

Switching noise is reduced to 1/5

M Pos: 0.000s MEASURE

Ext 1607
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Switching Clock Leak Problem
Affect of Switching Clock Leak

Initial Circuit Monitor
: 4053 CMOS SW Differential AL @5 oy MEASURE
Vin=1pVv Amplifier o : S
W— —_ 100x
2 S2 15 >
+

3 14 _
: |
2 Monitor
6

— T Clock = 1 kHz
8

CH1 200r\Ey M 250 ws : E;;T. S 1e0Y

23-AUG-18 1027 1.00001kHz

Capacitance bond Switching Noise

Parasitic capacitance btw Pin and Pin affect switching clock leak
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Switching Clock Leak Countermeasure

Affect of Switching Clock Leak w/ Countermeasure

Improved Circuit Monitor
. 4053 CMOS SW Differential b O ey T
Vin=1pV 1 . Amplifier PSS SO FODYS PPN N ODOS SO O I |
M S — 100x

3 14 -

~H s3 || s1 = T

2 12 Monitor
—_ s1CTRL == LolllmmammETa
— s2 cTrRL 2 N SO TS SO RS

| : ZﬁmediH : :

— S3CTRL |2 J1Clock = 1 kHz CHi EIII..IIIm'\-'EIE-.u b

Use of S3 instead of S1 Switching Noise

Switching noise is reduced to 1/10
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Measurement with Both Countermeasures

Sampling Rate: 100 kHz, Sample: 10 k, Averaging: 100, Frequency Resolution: 10 Hz

=
o
=
Q
ho
T
=
o .
-
-
Q
(.
5
%]
s
m,
=

Measurement Error [%]

Input Voltage [uV]

it’s possible to measure as low as 2 pv

\ 4

EMF countermeasure is essential for further performance
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Electromotive Force (EMF) Countermeasure

EMF Countermeasure
Upside down Switch IC (4053) contact Heatsink via Copper Tape (GND)

-ww e

Diff@rential Amp
AC Gain Amp

Switch IC (4053) is covered Styrofoam Box
by Styrofoam N ==
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EMF Countermeasure Effectiveness

EMF Countermeasure

Initial Condition (Exposed in atmosphere)

Vin=OPEN [ cmOS sw Peripheral | Monitor
N\ 4053 Circuit d
| |

Circuit Board

P Pos: 00005

Offset affected EMF is {5

. . oo Lo TEHI.'J[i[H.._IPl]
CHT 10,0 Ey M 250 s Ext 7 160V
28=hUG=16 1458 1.00001kHz

EMF affects output

Improved Condition (Constant Temperature)

Styrofoam Box

Heatsink
Vin = OPEN CMOS SW Peripheral Monitor
4053 Circuit
GND .

Heatsink Copper Tape

T @ Stop I Pos: 00005 SAWESREC
AR AR AR ] ! ] - _”:‘ =y
It’s possible:to.measure...
as.lowasVia=1uV:.. ... .

TEKODO0D.JPG

o T - T TSR T 1 [ —
IH=-alG=18 1455 100001 kHz

Significant Improvement
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Power Spectrum with All Countermeasures

Improved Result
Sampling Rate: 100 kHz, Sample: 10 k, Averaging: 100, Frequency Resolution: 10 Hz

EE (FFT - (RMS) |

S ALl

it’s possible to measure 1 pVv
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Measurement with All Countermeasures

Low voltage measurement Low voltage measurement
w/o EMF Countermeasure w/ EMF Countermeasure

_[Measurable Volthge ¥ _[Measurable Voltage

- 40.241%
i T

Measured Voltage [dBV]

=
[as]
S,
Q
[+Ts]
1]
=
o
>
s}
Q
_
>
v
©
=

l
. _ccurac l
_ o.2pv l
: |— 20% error

Measurement Error [3]
e wS OB hBenEh
§383388838¢8¢828
RRERREERREERRR

Measurement Error [%]

1pv
Input Voltage [puv] Input Voltage [uV]

Linearity is improved
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Variation and Repeatability of Measurement

100ksps,10kpoint, Average 100x 100ksps,10kpoint, Average 10x 100ksps,10kpoint, Average 1x

Measurement Measurement

time

i Variation_
_ Measurement _ 1sec

time
10sec

O = N W R UG N 0 W

9
8
7
6
5
4
3
2
1
0

Vout[pv] Vout[pV]

Accuracy 1uV 1 % Accuracy 1uV = 3 % Accuracy 14V + 10 %

Dependent on the number of averages
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FFT-Based DC-AC Conversion for Multi-Site Testing

Configuration & Operation

Chi M
Vini —>{  pc-ac AAA | AC
—| Conversion - - 16bit ||
fill + I— AT$$|;fr —< ADC FFT
Ch2
Vi —>  pc-Ac N
Conversion - AN\ Adder Circuit Expected FFT Result
f2]1— R
: , _ Chl Ch2 Chn
: ; -
Chn ; e . H Vinz
Vinn é DC'AC | I D%- T T .......................
Conversion
>
fonll — I ra
Frequency [HZz]

Multi-site testing is possible 28/33



Experiment Environment for Multi-Site Testing

Four-Site case

Upside down Switch IC (4053) contact Heatsink via Copper Tape (GND)

DC-AC Conversion Part

B If. t‘__ ; a '-' ¥

"

b Sl AITen

Copper Tape | S I
: ockGen ™ N©
Heatsink oo AC Gain Amplifier

> |
v
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Verification with Spectrum Measurement

Four-Site Testing Measured Spectrum

Sampling Rate: 100 kHz , Sample: 10k, Averaging: 100, Frequency Resolution: 10 Hz
Ch1 =1.0 kHz, Ch2 = 1.2 kHz, Ch3 = 1.4 kHz, Ch4 = 1.6 kHz

=zrs72  Residual Spectrum (Input = 0V) == - rus) |

-52.5

-5 —

Vini=0V 575
Vin2=0V B

Vin3=0V F:FZ: e S Fim T s &b G
Vind =0V -67.5-
Voltage input Spectrum BE (FFT - (RMS)) | ’jl';kH_E | X

-35- . ﬂ_'z_l'lEI (FF| 1000
Vin1 =1 |.|V - ‘: —..‘-]—'f.l"L-EE[FF 1200 | -40.723
Vin2 = 2 IJV i o . II_.:'_%ﬁ[FF 1400 7.29
Vind =3 NV T =[E (FF 1600 | -34.91
Vind =4 yv

Multi-site testing is applicable e



Verification with Linearity Measurement
Four-Site Testing

=
o
S
o
)
o
=
G
>
-
]
P
3
w
1]
)
=

Measured Voltage [dBV]
Measured Voltage [dBV]
Measured Voltage [dBV]

Input Voltage [uV] Input Voltage [uV]

—
Ch3
1.02 kHz

Ch4

1.00 kHz > 1.03 kHz
|

o
]

Measured Voltage [dBV]
Measured Voltage [dBV]
Measured Voltage [dBV]
Meast,llrec':l Vloltage [dBV.]

Input Voltage [uV] Input Voltage [uV]

Input Voltage [pV]

Input Voltage [uV]

Four-site measurement as low as 0.2 pV is possible s



Outline

 Background and Motivation

— Conventional Test Method
— Difficulty for yV-order Testing

* Proposed Method

— An FFT-Based DC-AC Conversion
— Challenge for Multi-Site Testing

e Conclusion
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Conclusion

Solved Problems

1. Noise at Test Environment
Testing is NOT affected by system noises

2. Test Time
Testing method is applicable to multi-site testing

3. Electromotive force (EMF)
Keep temperature difference less than 0.1 °C for yV-order testing

Proposed FFT-based DC-AC conversion is applicable
for yV-order test using ATE
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Q&A

* |s the EMF Seebeck effect?
— Yes.

* How about a throughput of the test? It seems to need a time
for steady temperature of changed DUT against EMF.

— No problem because temperature of test environment is
under control. In addition, temperature difference is no
effect except between regsistors in a DC-AC conversion
circuit.
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Keynotel

Automotive Electronics — The Key Driver Of Innovation In Quality Of Test
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Test-The Wild West Of Advanced Nodes; Discontinuities Coming In Test Development

Michael Campbell, Qualcomm
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Moving Test To The Fast Lane: New Paradigm Leaves Existing Test Throughput In The Dust
Steve Pateras, Synopsys
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Keynote4

The Evolving Business Case for DFX(3%)

Kaushik Narayanun, Nvidia

Cloud. HPC. Server. Gaming D78 T. KED GPU MMEHN TS, Al DEK&ICKD., BRI
BI 2 %D GPU OREEBEIEICEFETHAI. In-System-Test (CHBWT(E. mEOME L.
Deep Learning $FfilchhoTW3. BAFRIREADESRENMIEL THITB NS, EXBIISTX
FTLhDRERICED, [Structural Test is Functional Applicationl(Zi23.

(%) DFX : 7HA> for #HiI, ERIBAR. TAM HiE, RT BREDHETR

5/10
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IC Test-Where the Excitement Never Ends
Rohit Kapur, Cadence
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