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Haruo Kobayashi, Ryoji Shiota, “Gray-code Input DAC Architecture for Clean Signal Generation”,
http://kobaweb.ei.st.gunma-u.ac.jp/news/pd/2017/2017ISPACS-report-sun.pdf

http://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2017/201 7ISPACS-sun.pdf

[7] Dan Yao (#k/}), Yifei Sun, Masashi Higashino, Shaiful Nizam Mohyar, Tomonori Yanagida,
Takuya Arafune, Nobukazu Tsukiji, Haruo Kobayashi,

“DAC Linearity Improvement with Layout Technique Using Magic and Latin Squares.”
http://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2017/2017ISPACS-report-dan.pdf

http://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2017/2017ISPACS-dan.pdf



http://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2017/2017ISPACS-report-sun.pdf
http://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2017/2017ISPACS-sun.pdf
http://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2017/2017ISPACS-report-dan.pdf
http://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2017/2017ISPACS-dan.pdf

[8] Yuki Ozawa (/N%%fi &), Takuya Arafune Nobukazu Tsukiji Haruo Kobayashi Ryoji Shiota,

“Study of Jitter Generators for High-Speed I/O Interface Jitter Tolerance Testing,.’
http://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2017/2017ISPACS-ozawa.pdf

http://kobaweb.ei.st.gunma-u.ac.jp/news/pd/2017/2017ISPACS-report-ozawa.pdf

[9] Yasunori Kobori (/NEBEINSE ), N. Tsukiji, T. Arafune, M. W. S. Durala, Y. Sun, N.
Takai, H. Kobayashi,”Noise Spread Spectrum with Adjustable Notch Frequency in Complex Pulse
Coding Controlled DC-DC Converters,”
http://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2017/2017ISPACS-kobori.pdf
http://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2017/2017%20ISPACS%20report-kobori.pdf



http://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2017/2017ISPACS-ozawa.pdf
http://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2017/2017ISPACS-report-ozawa.pdf
http://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2017/2017ISPACS-kobori.pdf
http://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2017/2017%20ISPACS%20report-kobori.pdf

[10] Shotaro Sakurai (% ¥ X H), Nobukazu Tsukiji, Yasunori Kobori, Haruo Kobayashi,
“Estimation of Circuit Component values in Buck Converter Using Efficiency Curve.”

http://kobaweb.ei.st.gunma-u.ac.jp/news/pd/2017/2017ISPACS-sakurai-2.pdf

[11] Manimel Wadu Sahan Dulara (/> >"), Nobukazu Tsukiji, Kobori Yasunori, Koyo Asaishi,
Nobukazu Takai, Haruo Kobayashi, “Delay-Time Suppression Technique for DC / DC Buck Converter
Using Voltage Mode PWM Control”
http://kobaweb.ei.st.gunma-u.ac.jp/news/pd/2017/2017ISPACS-report-sahan.pdf
http://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2017/201 7ISPACS-sahan.pdf

EROYN\VIERYS oA, BEEEA/ O, LTy TORMOBHEH Y
L 2T 1 ET 4 (serendipity)[FF ZTHD 3 ANDEFDYEI 5 DIEEE,
FHEEICIEITERED,

AHREHAZE [ MEFEEEA] (ELVTAETA)ZI20FAD] X4t 2005 &


http://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2017/2017ISPACS-sakurai-2.pdf
http://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2017/2017ISPACS-report-sahan.pdf
http://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2017/2017ISPACS-sahan.pdf

[12] Yi Xiong, Nobukazu Tsukiji, Yasunori Kobori, Haruo Kobayashi, “Two-Phase Soft-Switching
DC-DC Converter with Voltage-mode Resonant Switch,”
http://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2017/201 7ISPACS-kuma-2.pdf

[13]Yi Xiong (FEE%), Koyo Asaishi, Natsuko Miki, Nobukazu Tsukiji, Yasunori Kobori, Haruo
Kobayashi, “Constant On-Time Controlled Four-Phase Buck Converter via Two Ways of Saw-tooth-

wave Circuit and PLL Circuit,”

http://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2017/201 7ISPACS-kuma-1.pdf

http://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2017/2017ISPACS-report-kuma.pdf

[14] Natsuko Miki (— A& ), Nobukazu Tsukiji, Koyo Asaishi, Yasunori Kobori, Nobukazu Takai,
Haruo Kobayashi, EMI Reduction Technique With Noise Spread Spectrum Using Swept Frequency
Modulation for Hysteretic DC-DC Converters,”
http://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2017/2017ISPACS-report-miki.pdf

10


http://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2017/2017ISPACS-kuma-2.pdf
http://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2017/2017ISPACS-kuma-1.pdf
http://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2017/2017ISPACS-report-kuma.pdf
http://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2017/2017ISPACS-report-miki.pdf

[15] Tsukasa Ishii (5 &]), N. Takai, "Automatic Design of The Analog Integrated Circuit Based

On Equation-Based and Characterize Results, "

http://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2017/201 7ISPACS-report-ishii.pdf

[16] Masafumi Fukuda (& FH¥E5E) | N. Takai,
"OPAMP Sizing by Inference of Element Values Using Deep Learning "
http://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2017/2017ISPACS-report-fukuda.pdf

11


http://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2017/2017ISPACS-report-ishii.pdf
http://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2017/2017ISPACS-report-fukuda.pdf

® HRHMKE BREXREITIL—ThHio3IHORERR

http://www.is.cn.tcu.ac.jp/ISLwiki/index.php?News
4 D Session Chair

[1] KokenChin (F# 53 EA),Yuta Mishima, Yuki Watanabe, Hiroyuki Tsuchiya,Hao
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“A 12-Bit 3.3MS/s Pipeline Cyclic ADC with Correlated Level Shifting Technique”.
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Gated Deep Neural Networks for Adaptive Information Flow

Dr. Gang Wang
Chief Scientist
Alibaba Al Lab, China
Abstract
Human brains are adept at dealing with the deluge of information they
continuously receive, and adaptively controlling and regulating the information
flow to focus on the important inputs and suppress the non-essential ones for
better performance. Inspired by such a capability, we develop three types of
networks which computationally regulate the information flow in CNN, siamese
CNN, and LSTM respectively. Our methods have achieved state-of-the-art
performance on CIFAR 100 for image classification, Market-1501 dataset for
human re-identification, and NTU RGB-D dataset for action recognition.
Speaker’s Biography
Wang Gang is currently a researcher/senior director and a distinguished scientist
in Alibaba Al Labs. He was an Associate Professor with the School of Electrical
and Electronic Engineering at Nanyang Technological University (NTU). He had
a joint appointment at the Advanced Digital Science Center (Singapore) as a
research scientist from 2010 to 2014. He received his B.Eng. degree from Harbin
Institute of Technology in Electrical Engineering and the PhD degree in Electrical
and Computer Engineering, University of lllinois at Urbana-Champaign. He is a
recipient of MIT technology review innovator under 35 award (Asia). He is an
associate editor of TPAMI and an area chair of ICCV 2017 and CVPR 2018.
http://ispacs2017.hqu.edu.cn/KeynoteSpeakers.html ¥
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IEEE International Symposium on Intelligent Signal Processing and
Communication Systems 2017 (ISPACS-2017)
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Wanda Realm Xiamen North Bay Hotel, Xiamen, China
3. BrfEIA]
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Equivalence Between Nyquist and Routh-Hurwitz Stability Criteria
for Operational Amplifier Design
JianLong Wang, Gopal Adhikari, Nobukazu Tsukiji,
Mayu Hirano,Haruo Kobayashi, Keita Kurihara(Gunma University)
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Last week, I went to Xiamen with Professor Kobayashi, Professor Kobori and many
students from Kobayashi Lab and Takai lab at Gunma University, to attend ISPACS
(International Symposium on Intelligent Signal Processing and Communication). Good
time always passes quickly. So in order to remember significant and interesting time,
and also to summarize important information and experiences obtained from the

conference, I have written this report as follows:

XTAMEN

This is my first time to Xiamen; it is a beautiful, clean and tidy city, where I always
wanted to go. It is divided into six districts: Huli, Siming, Jimei, Tong’an, Haicang, and
Xiang’an. This time, we stayed in Jimei, and the hotel where the conference was held is
also located in this district.

I always long for the sea, and when
I am overlooking the endless sea, which
stretches to the horizon and as far as
the eyes can reach, all sorts of feelings
will up in my mind. After the
conference registration, we went to the
beach that besides the hotel’s back
garden.

Xiamen is a suitable city for living.
Proper climate and wonderfoul scenery Agreeable scenery
attract many people there for working and living.

By communication with local people, I knew that house price is very very expensive,
especialy in the section named “inisland” by the local people. Many people living in
Fujian provence are rich, and they would like to buy an apartment in Xiamen for graceful
environment, so the price becomes expensive; this is main reason for the expensive house

price, I suppose.

CONFERENCE
This symposium was held on Novemner 6-9, 2017, at North Bay hotel. In the morning
on November 7, opening ceremony and two keynote speeches were held at JIMEI
Ballroom A.
My presentation was arranged in “LP-L5: Adaptive, Non-linear and Multidimensional
Signal Processing 1” session, and I introduced my research results at XUNJIANG Room.

At Q&A time, the chairman asked me two questions, but I only understood the first one.



I also remembered that I wrote “English and communication are very very important” in
my report last year after the conference ICSICT-2016. Even so, my spoken Engish level

has not be proved over the past year. Action is more important than saying.

Opening Ceremony

KT ILDORET

Keynote Speech 1: Why Deep Learning Networks Work So Well?

“No matter if it is a white cat or
a black cat, a cat that can catch rats

is a good cat!”—Xiaoping Deng

Keynote Speech 2: Active Efficient
Coding Framework for Joint
Emergence of Perceptin and

Behavior.



Wanda Realm Xiamen
North Bay Hotel

CULTURAL EXPLORATION

® Kah Kee Park

Tan Kah Kee ([ 3% 5%) was a
Chinese businessman, community
leader, educator and philanthropist. A
great and respectable man who
contributed to the establishment of
several schools in Southeast Asia and
China’s Fujian province, including

Xiamen University.

o Kulangsu (5%BIH) Kah Kee Memorial Hall

We reached Kulangsu; it took 20 minutes by ferry from the ferry terminal.

Local residents are allowed to use a shorter 5-minute ferry to/from the specific ferry
terminal. Kulangsu is an emotional island that emits a full-humanistic feeling. I think
that the local resident’s life is leisurely and piacevole, although there is a little
inconvenience, because of the bans cars and bans bicycles policies. This reminds me of
one ancient Chinese prose “fifl1& AN 0] 315”7, which be written by Mencius (7 ) in his
book <faFkFTHktE>, and the corresponding English proverb: “You can’t have your cake
and eat it too.”

On the ferry to Kulangsu, we can watch a love story from ending of the advertising



video that I simple knew from other news before, of course, I am moved by it at that time.
After returning, I read some of news about this story and find one important point:
Master of the story has married when he falls in love with mistress. In my opinion, I
think that is cheat and disloyalty. All above only represents my personal opinion about

this love story.

Kulangsu 1w
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Norbert Wiener 1894 - 1964
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Stodola Hurwitz
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i Harry Nyquist (AT&T, 1889-1976)
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i Harry Nyquist
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Nyquist plot
Nyquist-Shannon sampling theorem
Nyquist frequency
Nyquist stabllity criterion
Nyquist ISI criterion
Johnson-Nyquist noise
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AR f(t) ‘

K f(t-L) 73

-P K exp(-sL)

E: GO sOABEZERTHIMES

R_Hiilj:iﬁl : 4\ I:IJ

Y(s) G(s) K exp (-sL)

X(s) ~— 1+G(s) ~ 1+Kexp (-sb)
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‘L K exp(-jwlL) D7R—

4> 0[dB]
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(RE)
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74 R4 (Gain Margin)
‘_L LR—T 45
DR w=0w0T £G(jwo) = -7 DEE

20 log |G(jwo)| <0 dB DIBE.
T4—FINY IO RTLIEFEZETH S,

A .
200glG| 0 de log
B S o I
A [AB] | ; 7AT R A [dB]
R E Q]
LG
-TT
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LtHF# (Phase Margin)
‘_L ER—T 45X
&5 JE R Ew=w1T 20 log |G(jw1)] = 0 dB

ZG(w1) >-m MDEE
A=Y DV RATLIERETH D,

. |
K42 0 dB : )90
20log|G| \

[dB]

01  log w1 ‘

1 1= I : log

(G O
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742w+ (Gain Margin) &
i RN RILERE

G(jw) DRILILER

T

M (-1, 0) ODREIZBEBHESE

T4—FK NI AT LITERTE,

AR =
- 20 log p [dB]

Imaginary

) Real

(_1’ O) (_p10)

TARE

G(Jw)
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ItEF# (Phase Margin)é&
‘_L RNYMILERE

G(jw) DARILILEERET
HBAUMHEZXRETSHET |

RAEAS- T ETHE-TWR(FHRE  Maginary
T4—R I\ OO AT LITRTE, 1

(AR
o= 1+ LG(wi) G(jw1) |




Aleksandr Lyapunov 1857-1918

‘_L TFLOYGURIL-YFT T/

OS7DEFE, DEFAE (WRADTHEH)
18924 BIHIEFNDREEED —HREE" ERVITKEF

R AT LORENE mm)y V7T /7B
HEICEWT, WFRCEMRERIT EMHS AEAR
2B ORI R DR EREZEADI=ZHIZEHA,
ZEHEHCHIEHER CEZLRFHY—I
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“You can’t control what you can't measure.”
(Tom DeMarco)
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i Fourier ZH#2MDRF

G(jw) = j g(t)exp( jet)dlt

—00
FREGAT L, TEDHE

lim g(t) =0
It oo

DIGEEIZOHERATES,
FEREBFF-SLNEEXFourier B DIEMNTEELLLY,
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1768-1830

FTRULAVERDIZORAAN

TOTRMEREIZDEED,

IVTRNZEOMEETLH S,
BRIIZHERE,

Laplace DEFTHNTREHIIRIZLHS,

Fourier S EBRADERIIRAIEITSIVAEER
IZZIF ANLNIED DT,
Joseph Fourier upset the French Academy in 1807.

‘_L Joseph Fourier
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exp(-at) [XEELZEHE

i

(1)

Ao LREE 9() :[

a

! @ (a>0)

(i), 1

- 1
(XE)

exp(-at) (a=0)

-t
(RERF(FRE))

(t<0)

exp(-at) (t=0)

(il exp(-at) (a<O0)

1

_

> 1

(F&RE)
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g(t) = O (t<0)
i [exp(—at) 0 DIT—ITIHER

o0

G(jw)= Iexp(—at)exp(—jwt)dt = j exp(-(a+ jw)t)dt

0 0

L lexp(-(a+ jo0J = [1-exp(-(a+ jo)o)]
jo+a a+jow

GE) | exp(-(a+ jo)t) | exp(-at) || exp(-jet)
0(a>0)

=| exp(-at) | > 1(a=0)
t—o0

oo(a<0) 64



g(t)=| 0 (t<0)
i [exp(-at) 0 DIT—!)ITIHER
() a>0 MEE G(jo) = 1/(a+jw)

(i) a=0 M&E G(jw) DIEIZTFIELLLY,
(i) a<0 DEE G(jw) DIEIZTFIELLLY,

(iVDWRE: a=0 DE=E

o0 Q0
G(jw)= jexp(-jcot)dt = j[cos(cot) — jsin(wt)]dt
0 0
1. . HEEDBEH
= [sm(a)t) + jcos(mt) ]%O ;ﬁ;gféﬂi':
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EARER (f=h&FE TLL)

i 1875 - 1960
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i LaplaceZ#1DE A

1

(FRE)

g(t)w (a<0)

> 1

g(t) exp(-bt)
=exp(-(a+b)t)

(RE)

(a+b>0)

> 1

a

1 .Q('bt) (b>0)
g(t): FLE
g(t) exp(-bt): B

g(t) exp(-bt) [Z
Fourier Z#7#1T2,

> 1

LaplaceZ {2
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i 77°5X?“¢§&0) =5

Gb+ Jo)= jg(t)exp(—bt) exp(— Jot)dt

o0 —00O

= Ig(t)exp(—(b + Jo)b)dt

—Q0

o0
—_ C
G(s) = j gOexp(-sHdt| sepeie

—Q0
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o0 —00
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—00
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- __T
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BEFEIEFRLZELVATLD
A INJLAGE g(t)
ILEREEL G(s)
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Research Background (Stability Theory)

@® Electronic Circuit Design Field
- Bode plot  (>90% frequently used)
- Nyquist plot (Rit#a. EFEEHESR 20154%7R)

@® Control Theory Field
- Bode plot
- Nyquist plot
- Nicholas plot
- Routh-Hurwitz stability criterion
m) Very popular in control theory field
but rarely seen in electronic circuit books/papers
- Lyapunov function method
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Electronic Circuit Text Book

We were NOT able to find out any electronic circuit text book
which describes Routh-Hurwitz method
for operational amplifier stability analysis and design !

Razavi Gray Maloberti Martin

None of the above describes Routh-Hurwitz.
Only Bode plot is used.
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Control Theory Text Book

Most of control theory text books
describe Routh-Hurwitz method
for system stability analysis and design !
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Research Objective

Our proposal
For

Analysis and design of operational amplifier stability

Use
Routh-Hurwitz stability criterion

We can obtain l
Explicit stability condition for circuit parameters

(which can NOT be obtained only with Bode plot).
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Contents

® Stability Criteria

- Nyquist Criterion and Bode Plot
- Routh-Hurwitz Criterion
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Stability of Linear Time-Invariant System

—

5(%)

Linear Time-Invariant System

—> g(1)

System is stable <==)

Stable

Impulse response

L}im gt)=20

unstable

a(t
M)_\ ,_D

tlme

N o
N

0o

time

tlme
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Stability Criteria of Linear Feedback System

® Problem:

Feedback system is stable or not ?

Input n Oytput

A(s) >

—1f

@® Open-loop frequency characteristics of fA(jw)

= Nyquist stability criterion
. A(s)
@® Closed-loop transfer function 1+ fA(s)

=

Routh-Hurwitz stability criterion

—

— Bode plot
Nyquist plot

_Nicholas plot
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Contents

® Stability Criteria
- Nyquist Criterion and Bode Plot

Harry Nyquist Hendrik WWade Bode
1889-1976 (Sweden) 1905-1982 ()
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Bode Plot (Gain & Phase vs Freq.)

Open-loop frequency characteristics of fA(jw)

20log|fAGw)I unstable 20log|fA(jw)| stable
4 Excessive 1
_/—\ '/ Gain
Gain crossover point: GX
0dB w1 R 0dB w1/ >
w(logscale) S~ w(logscale)
0 > O —>
w(logscale) w(logscale)
I e e—— —
—1800 r —1800 ln
n \\ Y Phase crossover point: PX
4fAGw) Excessive 4fAGw) '
Phase

Stable system # gain crossover GX before phase crossover PX.

Used for frequency characteristics, stability check, gain & phase margins
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Phase Margin from Bode Plot

GX precedes PX mm) feedback system is stable.

FAGw)|} - Greater spacing between GX and PX
1 SV =
N X
0 | IML. More stable
L w
—180° | __ 7&

(fAGw) — PM
(V1 : gain crossover frequency

Phase margin : PM = 180° + 2fA(w = w,)

Bode plot is useful,
but it does NOT show explicit stability conditions of circuit parameters.
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Contents

® Stability Criteria

- Routh-Hurwitz Criterion
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Transfer Function and Stability

@® Transfer function of closed-loop system Input n Output
A >
As) | NGS) { =
CO)= 147 T D {7
@® Suppose

N(s) = by, s™ + byy_1s™ 1 + -+ bys + by

D(s)=a,s"+a,_1s" 1+ +a;s+ag
J. Maxwell A. Stodola
@® System is stable if and only if Maxwell and Stodola found out !!

real parts of all the roots s,,0f the following are negative:
Characteristic equation ~ D(s) = a,s™ + ap,_1s™ 1 + -+ a;s + a, =0

@® To satisfy this, what are the conditions for a,,a,_{,---a;,a, ?

Routh and Hurwitz solved this problem independently !!
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Routh and Hurwitz

Great
Mathematicians !
Edward Routh Adolf Hurwitz
1831- 1907 () 1859 - 1919 (J4)
Routh test Hurwitz matrix

Very different algorithms,
but later it was proved that both are the same results.

Discover Truth
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Routh Stability Criterion

Characteristic equation:

D(s)=a,s"+a,_1s" 1 +-+a;s+a;=0

Routh table

sn an Ap_> an—4 | Qn_¢
Sufficient and necessary snt (n—s -3 s | Qp-y

Condition: Sn—Z b1 _ an_lan;z — apQn—3 bz _ an_lan;:, — ApQn—s b3 b4_

n-1 n—1
()a; >0 fori =0,1,..,n . bra,_s — a,_1b, " b1ans — an_1bs
S 1= €2 = 3 Cs
& b b
(ii) All values of Routh table’s ‘ ' ;
first columns are positive.
SO Qo

Mathematical test

‘ Determine whether given polynomial has all roots in the left-half plane.
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Contents

® Proposed Method

Ex.1: Two-stage amplifier with C compensation
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Amplifier Circuit and Small Signal Model

. VDD
Open-loop transfer function Hj tj
from small signal model —

|
Vblas !
+
o_—| Voutz
Vin
AGs) = Vout (8) _ 1+ b;s |
Vin(s) o1+ a;s + a,s? r_ I— l:l

Amplifier circuit

Ap = Gm1GmaR1 R,

C Vout
0
Cq
az = R1R2C2 [Cl <1 + C )C ] L U, szv, e
: R2TG) (D) 2 TG
\4
ar = R1C; + RyCy +(Ry + Ry + R1 G2 R,)G, GmiVin Ry

Small signal model



20/36

Feedback Configuration

Closed-loop transfer function:
! VOH
i >

Vour(s)  A(s) Ao(1 + bys)
Via(s) 1+ fA(s) 1+ fAy+ (ay + fAgby)s + a,s?
f=1
Set parameter 6:
Vin°—+
9 = a1 —+ fAObl

Necessary and sufficient stability condition
based on R-H criterion
I =R Tr,

m) §>0

B | R,C; + RyCo+(Ry + R)Cr + (Gz — fGma)R1R2C >0
Explicit stability condition of parameters
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Verification with SPICE Simulation

V
V- o—+ out
Callculat? Tt n %'—0 voltage follower
Vailes o Bode plot

9 configuration
f=1
Parameter values .R'H Bode plot
criterion
case| R, C, R, Cy | Gy | Gmz | Cr 9 .SPICI.E
simulation

(1) | 50k | 10f |10k | O01p| 0.01 | 8m | 1p | <O unstable

(2) | 50k 1f 10k 101 | 0.01 8m | 0.1p <0 unstable

(3) | 100k | 100f | 10k 1f | 9m | 4m |01p| <O unstable

(4) | 100k | 5f |90k | 3f | 8m |75m|09p | =~ |Criticalstable
(5) | 100k | 3f |50k | 1f | 85m| 8m |05p | =0 |critical stable
(6) | 1meg | 6f |500k| 05f| 80u | 70u | 1f | = critical stable
7| 50k | 10f | 100 | 0.dp| 001 | 8m | 1p >0 stable
(8) | 100k | s5f |90k | 3f | 80u | 70u|09p| >0 stable

(9) | 150k | 6f | 100k | 1.5f| 80u | 70u |05P | =o stable
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Consistency of Bode Plots and R-H Results

unstable
100d Vin002) 0
M 80dB- /VGalTl plOt = -30¢
60dB ; L 60¢ —
s B GX o
((DU 40dBH a— N -0
20dBq  Phase plot --120¢ ﬁ
0B : 150« @
\ (2]
20dB ?_ 180 ©
40dB- px L2100 O
-60dB --240¢
-B 00 E=Trwrramrre T T Ty -2 ¢
10mHz 1Hz 100Hz 100KHz 100MHz 100GHz 100THz
case(1) Frequency [Hz]
100dB Vin002) 0c
g 80dB- " Galn plot = 30«
C 60dB- B '50‘.6.
© - L .
D 40dB / 90“‘8’)
=-120¢«
20dB- Phase plot 3
--150.-6-
0dB -180¢2
-20dB- L 210
-40dB- 240«
-60dB- -270¢

o ] T ] YT T Sy -y
10mHz 10Hz 10KHz 10MHz 10GHz 10THz

Frequency [HZ]
case(2)

critical stable
R-H: 0 =~ 0

—120dB Vin002) 0c
[oa)
T,100dBH Gain plot [ -30
£ 80dBH L 60
© oy
(O 60dB / - 903
40dB- Phase plot --120¢Q
©
20dB~ --150¢
0dB -180¢(3
L
-20dB~ 2100
-40dB- 240
~6.0Cl B~y myvver ey gy sy ey ey syrony syt -2 7 0
10mHz 10Hz 10KHz 10MHz10GHz 10THz
case(4) Frequency [HZ]
V(n002
= 80dB (n002) 0c
© .
. 60dB- Gain plot | -30_
@
‘© 40dB- - 600
) (o)
20dB+  phase plot GX I 900
©
0dB 120¢
-20dB- - 150¢ 3
£
-40dB ; 1800
-60dB- PX: 210
-80dB- k .240¢
=100 B ~froymwarsmywoywmrsrmyrvarroy werwor sy sepe -2 7 0«
10mHz 10Hz 10KHz 10MHz 10GHz 10THz
Frequency [HZz]

case(6)

stable
V(n002
" 60dB (n002) 0c
5 50dB- : )
‘ 40dB- Gain plot [ -30¢
‘G 30dB- L 60
20dB- O
© Jode- - 905,
dB 3 -'120'8
-10dB- =
-20dB- 1500
-30dB= X 1802
-40dB- .
-50dB- L L2102
-60dB- \
70dB- Phase plot --240¢
~80 B ~wrrmepwymmyrerwoysyreorway wr ey w27 0«
10mHz 10Hz 10KHz 10MHz 10GHz 10THz
Frequency [HZz]
case(7)
__40dB Vingo2) 0c
0 30dB- ‘ Gain plot
T.20dB- prot I 3o
< 10dB- - 60«
T 0dB iy
O-10dB+ - -90<9
-20dB- 1202
-30dB~ 3
-40dB- 1502,
-50dB- A 1803
-60dB- px ‘S
-70dB- --210¢
-80dB-
-90dB- Phase plot --240¢
-100dB- -270¢

case(9)

T oy ] T TV Y ] S i g
10mHz 10Hz 10KHz 10MHz 10GHz 10THz

Frequency [HZz]
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Consistency of Transient Analysis and R-H Results

Ry +R,

f

2

SPICE simulation

Step response with step input

Case (3)

" stable
unstable critical stable
R-H:0 <0 R-H:0~0 R-H:6 >0
V(n002) V(n003) \(n0o2) V(n003) V{n002) V(n003)
3.6e+)38\, - - - - - 16\ - - - - 8.0\ - - - - -
L - B | | . i [T R TR BRIy A&t EAl 1
. R Lei [ A R PR R [T output'signal
F o R e I el el PR R et Rb i IOUtPUt 9."9”3.’ [ A7 [ U IR s S S
output signal | PPLY NN S S U SOOI S S O S S : :
e S N IS R At At e o sovef b
I e e e OO NN O A
e s s A wd | A S S SN N S SO N sovd i Inputsignal
0.0V . : : : : : : . : . :
i ; ' ; 3 e . T R EEEEE Ll Rl S e EEEE EEEEE EEEEE EEEEE
$esgiVe oo bt fc b gt signal - A S S S S S
— ' ' ' ' i ; i i i i A ] ) . . A : A LY T LT T S A T L LT T T e
B [ I ST YU T T T s Ihputsighat
.............................................................. ; ; ; i i i i ; L L e A et
A.8e+038V4 Neg - e Il R R EEEEEE REEEE IREEEEEEEEE
2884038V - bt ; ; ; : : : : ; L R i ik et ity et sl e i B
YO 1 V28 S SO A O S S S S S e e T e B R
-3'68'-038‘1 L] L] L] L] L] L] L] L] L] -2‘1 ; ; ; ; ; ; ; ; ; -0'3\" L] L] L] L] L] L] L] L] L]
00s 03z 06s 09s 125 15 18s 21s 248 27z 30 0= 1= 2z 3= 4s 5s 6s 7s 8= 9s 10s 0.0s 03s 06s 09= 1.2 1.5 188 21=s 24s 27= 3.0s

Case (8)



24/36

Contents

® Proposed Method

Ex.2: Two-stage amplifier with C, R compensation



Amplifier Circuit and Small Signal Model

25/36

Open-loop transfer function:

1+d
A(s) = Vout (S) — 4 1S

in(S) 1+ a;s + a,s2 + ass?

Ap= Gmp1GmaR1R,

d, = —( Cr —chr)

Gm2

a, = R]_Cl + RzCz +
(Rl + RZ + RT‘ + Rl Rszz)Cr

a, = Rle(Czcr + C]_CZ + C]_Cr) +
R, Cr(R1Cy + Ry(3)

as= RleRrC1C2CT

Rl ; j—

Gmlvin

vt Vout2
|_° —o
W
R,
pu S el [:l
Amplifier circuit
Cr Rr Vout
= 0
v (Gt |
€1 CD = R,

Small signal model



Feedback Configuration

Closed-loop transfer function: v
Vin 0—l+A(S) out
Vout () _ A(s) Ap(1+d;s) -

Vin(s) 1+ fA(s) 1+ fAg + (a, + fAydy)s + a,s? + azs®

Set parameter ¢:
@ =a, + fAyd,
= RyC; + R,C3+(Ry + Ry + R G + (Grz =[Gy + fGimi Gz Ry )RR, Gy

Necessary and sufficient stability condition
based on R-H criterion R, %RZ
=R TR, ==

m) ¢ >0 g b, (parameter of Routh stable) > 0

26/36

R1C1 + R2C2+(R1 + RZ + Rr)Cr + (sz - mel + meleZRr)RlRZCr > 0

# (a1 + fApdy)a; —az(1 + fAp) S

a;

0

Explicit stability condition of parameters
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Verification with SPICE Simulation

Calculate :
Depict
values of Voo 1f Vout
0 SR pllet n %% voltage follower
configuration
f=1
R-H
Parameter values criterion Bode plot
SPICE
case| Ry Gy R, C2 | Gma | Gma | Ry | G ? | b | simulation

(1) |115k| 5f | 100k| 80f | 9m | 5m | 5 | 05p | <0 | <o | unstable

(2) | 50k | 57 | 10k | 10f | 9m | gn | 2 | 02p | <0 | <0 | unstable

(3) 150k | 5f | 100k| 10f | Om | 8m 1 | 08p | <0 |<0 | unstable

(4) 110k | 10f | 10k 3f | 001 | gm | 5 0.5f | = ~ critical

(5) |115k| 10f | 100k| 3f | 0.01 | gy | 5 | 05f | =0 |~0 | critical

(6) |150k| 8f |100k| 50f | 7m | 8m | 10 |06p | >0 | >0| stable

(7) |100k | gf | 8ok | 50f | 6m | 8m | 5 | 0.6p | >0 | >0| stable

(8) |200k| 5f |150k| 10f | 5m | 7m |25 | 06p | >0 | >0| stable
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Consistency of Bode Plots and R-H Results
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Consistency of Transient Analysis and R-H Results

Linear feedback system:

f=

Ri + R,

o

SPICE simulation

Step response with step input
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® Proposed Method

Ex.3: Three-stage amplifier with C compensation
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Three-stage Amplifier (3 poles)

—T VDD
|
|

Vout

CD ;RZ — C2> CD ;R — C,

Gml Vin

( &§a>
T

Small signal model

Proposed method can be applied in a similar manner.
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® Discussion & Conclusion
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Discussion of Proposed Method

Depict small signal equivalent circuit of amplifier

Derive open-loop transfer function

Derive closed-loop transfer function
& obtain characteristics equation

Apply R-H stability criterion
& obtain explicit stability condition

Especially effective for
Multi-stage opamp (high-order system)
Limitation

Explicit transfer function with polynomials of s has to be derived.
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Conclusion

@® Proposal of Routh-Hurwitz method usage
for analysis and design of operational amplifier stability

@® Explicit circuit parameter conditions can be obtained
for feedback stability.

@® Consistency with Bode plot method has been confirmed
with SPICE simulation.

Proposed method can be used
with conventional Bode plot method.

Future work:
Relationship: 8 or ¢ with gain and phase margins




35/36

Final Statement

@® Control theory is
theoretical basis of analog circuit design.

@® “Feedback” is the most important concept there.

James Watt Nobert Wiener Harold Black John Ragazzini
1736 - 1819 1894 - 1964 1898-1983 1912-1988
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@ LP, HP DWA

@ Multi-Bandpass DWA

@ Multi-Bandpass Complex DWA
@ Second-Order DWA

@ Application to Multi-bit AZ TDC
@ Conclusion
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Ob'!ective of This Paper

@ Review the research results of authors’ group

in the area of | DWA: Data Weighted Averaging

ADC/ DAC performance improvement
with simple digital techniques

@ Consider their application to TDC

@ Consider to unify the DWA algorithms and
establish their design methodology.
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Calibration Techniques Classification

ADC/DAC/TDC digital calibration techniques
prevail in nano-CMOS era.

@ Error Correction

- No measurement of errors
- Redundancy usage

@ Self-Calibration
- Error measurement
- Compensation
- Reference
Voltage
Current
Time (frequency)
Linearity
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DWA Techniques

@® Error Correction
- No measurement of errors DWA: Data Weighted Averaging
- Redundancy usage

Time averaging of errors
Spectrum shaping of errors

DEM: Dynamic Element Matching

Signal
1V
3 Errors
e i_) W/O0 DWA
Fs/2
hA 1S
o (]
s ‘ %
o. o
] Fsi2 Fs/2
LP DWA BP DWA HP DWA
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Segment DAC with Redundancx
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Unit Cell Mismatches

Current
mismatches D S 2 2
el5, el4,...,e e15 el4 el3 el2 ell elO e9 e8 e4> e3q €24 el

12 11 10 3 2 1
spectrumshapmg iz, T T, T >T T

by cell selection order

Vout

R

loutl=41+[e4+e3+e2+el ] 4R|out1

DWAagorlt m 15 i) e e12d ol >e7 e6 65 e4 63 62

T14 T13 2 T11

Vout

No measurement

of lout2=4|+ 68+e7+e6+65] E 4R|out2
el5, el4,...,el
HOLOF
el5) eld) el3 612 ell elO e9 68
T15 T14
T T Vout
R 4Rlout3
lout3=4l+[el14+el3+el2+ell]
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A> Modulation and DWA

6 Nonlinearity
DAC I

Integrator Differentiator y
Vin 1 Vs Vad -1 _.OUt
- - _ — 1-2
>3 1-z
£ Eq £
Freq
. = o
2 2 2
) o o
o o o
Freq Freq Freq | Freq

Vout(z) = Vin(z) + (1 — zH-0(2)

DAC nonlinearity 6(z) is first-order noise-shaped.
10/55



A> Modulation and DWA

Infinite § Nonlinearity
DAC I

Integrato\r\

DC in ut Differentiator
p Vin 1 Vs Vad 1 Vout
> = - — 1z —
s 1-z
£ Eq c
Freq
2 S s
2) 2) o
o o o

Freq Freq Freq Freq

This configuration can NOT be implemented !
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Equivalent Operation Using DWA
to A2 Modulation

Normal DAC DWA DAC
DAC input DtACt
. outpu
DAC input DAC output 1 DAC ——
— > DAC > I— pointer >
Current Cell Current Cell

3

ynduj jeubia

ynduj jeubia

Time
——

“Infinite” is equivalently realized
with wrap-around 12/56



DWA Operation is a fun |



Contents

® LP HP DWA

LP: Low Pass
HP: High Pass
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LP A2AD Modulator

Analog Quantization noise E(z) Dicital

input H(2) iga
e _+)Q_ Filter ADC — Y(2)
DAC
- ( . . 1 cTa A Output power spectrum
=.: : = Signal band
YO ene) )+:1+H(z) S E — . |
l : E l = A X ADC noise
1 E . 0 T e —
: > f
LY esmEEEESm | LesEEEEEE N
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Varieties of AZAD Modulators

H(z)

Y(z)

*( { Lp —HADC
L_{pAC
@y H:(Z) Y@
] DAC
B:(Z) ADC 2

DAC
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Multi-bit DAC Nonlinearity

® :Single-bit Output
O :Multi-bit Output

Digital

Y(2)

Dout

Ain
Filter ADC
Multi-bit
DAC

E(z)
.o [ %p

~ H(®)
1+ H(2) ()‘1 H(z)

Z)

6(z) is NOT noise-shaped
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Why Multi-bit ADC/DAC

inside A AD Modulator ?

Single-Bit Multi-Bit
A

g
MO

) (.

\ uu

I X, M S
WWM \||\||| HH)“III

"l? II||||\|m||\|unu|u||\|||||

- High slew-rate of opamp - Low slew-rate of opamp
—) Large power —) Small power
- Problem:

- Multi-bit DAC nonlinearity

18



Unit Cell Mismatches

Segment DAC

Errors of specific current cells
1 are accumulated

Current Cell Mismatch
(e0,e2,e3,"="e7)

Current Cell

R ) DAC nonlinearity

S Sy S S,
[+&, I+p, I+ 2---1%

!;lme

19/56



Equivalent LP DWA Algorithm
DAC nonlinearity
0 (z)
DAC input_i)@ DAC +§ ) ___DAC output
+ Z-1 Z-1 -
Digital integration Analog differentiation

* Signal - Integration x Differentiation=Flat
* DAC Nonlinearity > Differentiation (High Pass)

DAC nonlinearity effects at DAC output

t™

3

o

0 Fs/2 f
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LP DWA Algorithm Realization

DAC input_

DAC nonlinearity

6 (z)

LQ
H_ 7-1

Digital integration

DAC

Analog differentiation

H(z)=1/(1-Z1)

Current Cell

3ndui 9

Time

+g ) ___DAC output
11— "

21/56



Let’s Consider HP DWA Algorithm

DAC nonlinearity

é‘E)

DAC input_l)@

4

DAC :'9—
7 71| £+

| DAC output

Digital differentiation Analog integration

* Signal - Differentiation x Integration=Flat

* DAC Nonlinearity >Integration (Low Pass)

DAC nonlinearity effects at DAC output
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HP DWA Algorithm Realization

DAC no‘nlﬁiri;arity
6 (z
DAC input |+ + DAC output
1=

-+ 7-1

Digital differentiation Analog integration

H(z)=1/(1+Z")

Current Cell

ejeq ynduj

Time
<—

Back and forth 23/56



Contents

@ Multi-Bandpass DWA

[1] A. Motozawa, H. Kobayashi, et. al.,
"Multi-BP AZ Modulation Techniques and Their Applications",
IEICE Tran, J90-C(Feb. 2007).
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Multi-Bandpass DWA

DAC nonlinearity shaping

Type | DWA

Power

*N pointers

N-channel interleave
of LP DWA algorithm

0 1/N 2/N 3/N 4/N f

Type 1l DWA

DAC nonlinearity shaping

Power

*N pointers
N-channel interleave

of HP DWA algorithm

12N 3/2N 5/2N 7/2N

f
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Type !

LP = Multi-BP
— LP Algorithm —

N=4

LP Pointer
— LP Pointer—
o= LP Pointer—°

O— LP Pointer—°

o= LP Pointer—°

H(z)=1/(1-Z-1) H(z)=1/(1-Z-4)

Current Cell Current Cell

induj [e}81g
induj |en38ig

Time

h
Time
h
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Type I

HP = BP = Multi-BP

— HP Algorithm BP Algorithm —
N=2 N=4

——HP Pointer— f—HP Pointer—O\ fHP Pointerl
- o—
Cc—HP Pointer—°

O—HP Pointer—°

H(z)=1/(1+2Z1) >~{HP Pointer}<
c—HP Pointer—
Back and forth H(z)=1/(1+Z2) H(z)=1/(1+Z4)

Current cell

elep ynduj

Time
——




Multi-BP Type II N=4

H) H(D l E(z)
X(2) Multi Multi Y(z)
Bandpass|[T|Bandpass ADC -é—%
_ Filter Filter
DWA DAC
Type I
H(z) ]
24 STF = -Z24 Signal Bands

1+z+ | NTF = (14Z4)2  1/8,3/8
X Fs
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Power [dB]

Multi-BP Type I N=4
Simulation Results

Qutput Spectrum

1 T T

w/o DWA DAC
w/ DWA DAC
ideal DAC

o

015

nz

025 03 035 04 044

Frequency(Fin/Fs)

Multi-BP DWA algorithm is effective

SNR [dB]

130

120 |

110 H

o0 -

el

a0

T

G

a0

40

SNR-

—— w/o DWA DAC
w/ DWA DAC

—%— Ideal DAC

______________________

_____________________________

""""""""""""""""""""""

___________________________________

—————————————————————————————————

OSSR

______________

_______________

= 15dB/Oct

QSR [2"]
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@ Multi-Bandpass Complex DWA
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Necessity of |,Q signal

RF analog front-end of Receiver IC

cos(wrot)
Lr

AN 1 In-phase
mixer ADC DSP
—

1 Quadrature-phase

-sin(Wot)

r

Need testing!




Power

Necessity of Multi-Tone Signal

Linearity testing of

v’ Mixer
v/ Up/Down converter
v Radio communication system , etc.

~

Noise Power Ratio  (NPR)
Need| Distortion

NPR by DUT
- ) 8 | .\: I il
DUT : Device Under Test qa 1K
w ‘% HEI

Power




2nd-order Complex Multi-BP Az DAC

DAC

Output spectrum

Power [dB]

O m C
o 0O

Single-band 120

-140




Principle of Complex BP Noise Shape

Quantization noises

Power
A

Complex
resonator

H(z)

Signal Transfer Function =1

Iaut + on—ut —

4

> W

1

(Lin + JQin)

_|_

0

(Er+37EQ)

Noise Transfer Function =0



Complex Resonator

.
N X
i
Output spectrum
pole pole pole pole pole
= T
z :
S a
-0.5 Win/ Ws 0.5 -0.5 Win / Ws 0.5
N = Single-band N = Multi-band




Complex Resonator

Asymmetric Asymmetric

Output spectrum

pole pole pole ole pole

Power
Power

-0.5 Win/ Ws 0.5 -0.5 Win / Ws 0.5
N=1 Single-band N =4 Multi-band




Equivalent Circuit of Complex DWA

Complex Complex
resonator

O notch filter

o1, 6q affected by only complex notch

____________________

DAC input can be co _A
» Can’t be realized directly



Equivalent Circuit Implementation

ﬁ

X

|in
|out

Qin Qou

4+ Attach pointers
4+ Exchange upper-path and lower-path every N clock

# Complex DWA is realized.




Complex Multi-Bandpass DWA Algorithm
N = 4 (four zero points)

DAC:+ (LP operation) DAC, (HP operation)

lin [Qinllo 1 112 I3 |14 |Is |I6 |17

— | DD ININ]|W PS>

TIME

s DAC Input:

ol |

WA= O




Simulation Result ~ldeal Linear DAC™

140 L : : : :
0.5-0.4-0.3-0.2-0.1 0 0.10.20.3040.5

Win /ms



Simulation Result ~Actual Non-Linear DAC~
O

v

Notches filled with noise



Simulation Result

~Actual Non-Linear DAC + DWA~™
O

Notches filled with noise



Simulation Result
~Actual Non-Linear DAC + DWA~™

@ \N/ Compe* pwh

T DWA
DWA W/ O Complex DWA
6q

DWA

=)

Notches filled with noise # Steep Notches
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2nd_order DWA

Y(2)=X(2) + (; —z7H25 (2)

'

DAC

X‘Eﬁ ﬁ
1/2 1/2

2 integrators

1

1/2

o

1/2

2 differentiators

@® 2 d-order DWA is more effective
@ But its circuit/operation become complicated
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AXTDC Configuration

[1] T. Chujo, H. Kobayashi, "Timing Measurement BOST With Multi-bit Delta-Sigma TDC”,
IEEE IMSTW (June 2015).
[2] Y. Osawa, H. Kobayashi, “Phase Noise Measurement Techniques Using Delta-Sigma TDC”,
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Multi-bit A2 TDC with DWA

For short measurement time:

Phase

Delay Line 100  Delay Line 20 Delay Line 7 Detector CLKI

j Flash [ Doutl
3 Apc

|

DWA [

DWA: Data Weighted Averaging

DSP algorithm of compensation for mismatches among delays.
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Measured Result

TDC output TDC OUtF,)Ut
#of 1's #ofI's

T [ns] T [ns]

Integral Non-linearity 10.000 TDC

output data
are measured.

T [ns]

Analog FPGA
Implementation

52/55



Contents

@ Conclusion

53/55



Conclusion

@ Spectrum shaping of errors is possible
with DWA algorithmes.
Their hardware implementation is simple.

@ So far, DWA algorithm derivation is based on
mathematical intuition of the researcher
as well as simulation.

There are no systematic or theoretical methods.

@ There are still possibilities of new DWA algorithms.
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Final Statement

Mathematics is the alphabet
with which God has written the Universe.

Galileo Galilei

Mathematics is the alphabet
with which the circuit designer writes his/her new idea.
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