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Design-less system of Analog integrated circuits by learning skills of expert
engineers
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Our research focuses on the automatic design of analog integrated circuits,
which are an important element of the Society 5.0, by computer.
In order to learn the intuition of skilled circuit designers, a method using neural networks has
been proposed. The system learns an operational amplifier, one of the basic circuits of analog
integrated circuits, and can instantly design a circuit that satisfies 13 specifications. This is
the world"s first method that can automatically design circuits that meet as many as 13 different
specifications simultaneously, and we have applied for a domestic patent.
We also have proposed a method that enables the computer to design circuits autonomously by
combining it with Q-learning, and confirmed that the performance was improved by UB to four times.
This method is also the first of its kind in the world, and a domestic patent has been applied for.



1 MRERINOER

EDOERBNIEIE 7 Fa 7L 7Y 7 WESNMENEEINEAEL 27 F -« TYRBERBNBLIERTH 5, 79 ¥ VERKRK
DHBKEIDHEL L T DR L, 7 v ZERRKO AEIRGHIALERINTE 5T, MAERELBA IO T
%, 7 u JEROEEREI O L ik, TSRS S L, ERMRIEG 28 Ic B 2 2 8, SRS L — P4 7 OBR
WCh s, B 7w A0ED 2 EBREIPBELRRTH S, 207D, KD 7 Fu ZERENKO HEELEHI N2 H
BREDIR & NAROEHHCTL 2RI L TE 6T, EFANEIEIE ARV,

FEMAE B IR ORFRICAHZITH D . IR FIH SN T 5, ARG O E ORBU I, RIEHEE O FRIE DR D
ML %, L L, BIMEZmGRE LCRRT % L. ERICEETEROMERH S, Ziud, £KHEHUEEETLZD
HEHIIMLTHZD, RUMEKE B2 280G L E1BELTLEY 2 L IRET 5,

HEEE X BRI O EEL D 72 O ISR AEE O [H—HIE L EBUEFE 7 LV ) AL 2HH L 7., ZoR-—HE - EEEE
EH7NLIY) ALIZRAEEOMEHIEKETEI ERL PR — 2R TELILICEH L, 207 LT XL % BEWAE
FIHEA L T, A oRGE oMz %287 5%,

2 WMEROER

AMETIRUTO3Z2ERTEIL#HELT 3

1] A/D ZHEIEICAWS IV /(L —5 B0 B8

Ay AL —=F 7 T - T ORBERBNEKICHEARAT R A/D BN (7Fu /G5 %E2 7Y Y NEFICERT 50
) OHEARBETH L, TDIr L —FITIHEHEER N L EEREEOMN RO SN D, F, i%EIT 5 7 uk 200
HENEDL > THHEIHIETE S 2DICIE, 7R AR—FEY) 74 PERAZMABEMHEGICOIIGTEL Z ERD 5N 2,
220, b ARREMESEL L a L=y THHBEGTE 5 2 L 2R L, EiioaMEEIEET B,

2] EyH—1zv NAEERIRSR O BERET

R IR 2 X RS < MRS O M IC 2 ) HEEGTINEECH 5, F 4, HEHREGSIH s 7 7Y 77—
Tavitk o TRDSND MRV RLR S, ZNFNDEL 2 FORMAARIC N U TRk % i 72 $IHE RS 2 B BhEE L, E5
HIEEHESETH D OO DT P —2 a VICHDWIGTE 5 2 L 2T 3,

3] BEIC & 3 =MD

Ial—vav L TOBTICE EES T, ERICPEARERMBKERET S 2 L CEFT NS A LT L, EFEIXS
D EPRMEEIC X 2RME~DHEZIH S 2z LEMOERITE%2EiE T 5,

3 WHERDOAE
AKEZED ZICHTD . UTIRT 20D0FEEREL 12,

1. Z2a—=9 0%y b7 =7 27 mgRE L BT X —8 D4EE
2. Q #E z BRI E D |

1 OFEBHDEDICIF, M1LIRT X ANICHEERE, BRI A =Y 052 —F)V2y b — 7 2EEL [
BREMEE RS X — 2T T2, COEBUCRDEREL L2200, 2HF—YDOERTH D, FHIHEL 727 — % 2ERT
270, RN EIIr»r2ER L, ZOERICGHAT 2T —YDARZEFICHOAMMAZEE L2, £/, 20 TR
WHEEDER ) 2EA 52 LT, L EEfEEPEHRICRO 5D, FEDRBEE I LT, ¥ Talb—a
VICEDEET -7 ERLEET B,

Za—I 0%y b= ZHOKLEEREHIEAE DT T TS &L RIAD S X RIEERHEE AT UEZ R e 3R
N7 A =% 2B (100m BLUT) oPilcE, MEEERErORMEPIBINIcm LTS5, L L, 287 — 5 28 2 72 kR &
AEE ST X =5 DFPNIBEPIEL Lo TLEH, EWIHIMERD S, 22 CT2I1m L7, BIERHEZFHER2YHHIN IS
#Y5 QFEEAVIPEZRE L, QFHIMILFEHEO7ZLIY X5D—>ThHhH, BEHRFHEAT 3201203 ™7
By DIREE) THI, 2 ERTALEND B, AFETIE, M2IRT X 9IS, TiTE 10 TEEOZEE . DREE) g
BE. TIREN 1 HAEMIRRIC N T 2 ERE 2 H 0 Y T3 PR REL 72,

{Eﬁ RETT B[O }

BERICHT 2ERE RTEOEE
BB (Reward) 178 (Actions)

I—yzvh
EligZEtT 20 (BERETVRATL)

Output y

REDEERIERE
JRH#E (States)

input layer interlayer interlayer output layer
=1 I=n-1 l=n

M1 =a—7V%y b7—27ICk 2RI EDER M2 Q#HEMIEEHRITOET I




Vdd ' v—o Vdd

M13

7 M9 M1

Vln+-| M4 M5 |-Vln-

y—0

Vout Vout

M4 mioH| w2
M1 ' 'Am E@

Vss ’ —0 Vss

X3 HEEGEERO 3 v L= 2l L35 2 ko8, X4 HABBENROa v L —=2EE GEE7y > 2 7L
(HA1631501/03 >V — X)) ayvL—7)

#1 HBPBGHER
3 4

HA1631801/03 —pHENTTEC T TSMC | PHENITEC | TSMC

HJHRIE [V] 2.9 2.96 1.71 2.9 1.71
VEIEREE TPrg [ns 1200 192 339 31 21
EFERFIE] T Py [ns 550 26 7 148 12
JEETFR ¢, [ns] 24 9 14 3 2
I €7 [ns] 7 2 3 6 3

% 74 v PR [mV] 5 7.7¢-6 4.0e-5 7.7¢-6 4.0e-5
BT [LA] 5 45 1.9 27 152

NG 2O0FEERANT, RHE (1], 2] #EB U, £/, 3] ICBIL Tk, [2) THBEIRREE L 2 BRI 23 EL .
FETNA A PR & Bl L 72,

S ESADES
4.1 [1] OWFER

411 QEEZABVWZIV/IL—YEROEHKE

HEGIN RO a v 8L =2 g2 3 L4 107, K3 132y Ao 8 (HA1631501/03 > ) —X) THH ., ¥
ARERT a7 Nay L =8 LIFENLRETH S, 70 AR—FEL Y T4 ~NMIBHRETH 5 2 L 2R T DI,
>3 2L —aviZid PHENITEC #:® 0.6pm CMOS 7’2+ A & TSMC #:® 0.18um CMOS vt 2% fH\wi, i,
FENREE L =S DUERIEED ) b, BRI, E#0ELE (26 E23) (TPLy). t%Tﬁ@(TﬂMD\m%
Kt (26 E3D (). 2B T30 (tp)). ANA 72y MEE, WEERDO 7HH L L, HEOEE I WO T
@2@Q?§%m“toQ?%%mwakwﬂﬁrﬁﬁj%@mrﬁwj%%ﬁ?%%%ﬁ%%ou@ﬁ@ REFClE, A
HERDXIICHEL TS

REE MIEROEEEN & LERHEBRO M RO R VR & 3BE L 72,
TE) [EIK AT A—F DEHEZITE L LTz, B TOERNZITEHIZRDED TH 5,
1. M3 i, ML, M2, M3, M4, (M5, M6), (M7, M8), M9, M10, (M11~M14) & M %% L, M11, M12 & M
Y M13, M14 & M Olt% 1:3 £ LCEHET 2, Ay aNIEF L iE% v 2
2. 3Tk, M1, (M2, M3), (M4, M5), M6, M7, M8, (M9~M12) & M %2ZH#H L, M9, M10 @ M * M11, M12
DO MOD%E 1:3 L LTEETS, Ay aIZEUCEZ W5,
EEL, ROST A= 3EEES, HE L L, MOSFET @ L 13, PHENITEC #:0 70 +% 2,85 X — 8 Tlk
L =0.6pm, TSMC #:0 71t 2,87 X —% Tl 0.2um FEE & L, #HE 100kQ & L7,
WEN kD X9 IS EFREL 72,
o HTEHIRIEL 0 DA WM—

o HIBEHEIRIELO0 XD KE WY
S — ( ﬁ*ﬁmﬂﬁﬁ<+771H®E@ﬁ_+IThL@EEﬁ)><Hmﬁéﬁitﬁ

LA TPru TPuL [EFEIEEER-S

£ 1 OHERFHFERORERR X D, HA1631S01/03 & Mg U<, SR, TR, HEER L IS CREFTE,
B AGHBE N a v L — Y R ERETCEL L RMERTE S, 72, TR APHBEENE DL TH I s DR %
FHHTETWEI LS, 7O AR—FE 4 )T 4 PELZMEBE~NDWNIEOTEETH S Z LR TE S,

X5 &KX 612K 4 DEIFEMEET TSMC 0.18um CMOS 7ut 237 X =¥ ZHwica—F—@ro AR GLs &
MY ELRLTROEN) O IaL—varfiflzRl, 2 85tEofii ez ok, MsEK6Lh, 7ukRiEs

FICXAEEOEFNCH L TCHRMEDRRELEDLBZ I L3S, AFEN 70 AESO2FICHLTHAETHE I L%



1t (v]

1t

05}

I
05k [. i
|

|.84E-05

| 83E-05
Iim =1

0 1
1 82E-05 1.82E-05 1 84E-05

0
240E-07 2 80E-07 3.20E-07

Iime (=]

M5 X4 0ARIRED 2 —F—fhr (25 ED) M6 X4 DAMIRED 2 —F—fhr QZETHY)

2 M4 Da—F— kR

Fig. 2
TT SS FF SF FS
HRIE [V] 177 | 177 | 178 | 177 | 17
BEIEWRE T Pryr [ns 21 26 17 22 20
JEIERFE T Prr [ns 42 45 38 45 40
R ¢, [ns] 2 3 2 3 6
JBEEGH ¢y [ns] 3 3 5 7 6
A 7%y MR [mV] | 4.0e-5 | 2.3e-6 | 1.9¢-5 | 1.5e-5 | 2.7e-6
HE M [uA] 452 | 4.18 | 4.88 | 4.35 | 4.71
%3 DQN %MWK 4 O FBEE R V;;
HA1631501/03 | Q Table | DQN "L Me
HRIE [V] 2.9 1.77 1.71
JEIEREE] TPy [ns 1200 21 7.9
HEHERGE] T Py [ns 550 42 11.8 )
JEZIREIE] ¢, [ns] 24 2 0.4 T
JEEWSE ¢y [ns] 7 3 2.5 v
Z 7% P [mV] 5 4.0e-5 | 4.0e-5 ‘ o i - »
WEER [“A] 5 4.52 2.9 7 BEEEETR OISR O [0l B

R TE -,

412 DQNZRAWIY/L—FEERDBEEERE

4.1.1 itV FiETIE Q FEIC Q Table Z Tz, Q Table i Q F#HIcE VT, 2 NRE, T Tf7H), %k
ETHEELT— 7NV THLHH, TRE) 7413 TH)) 28T LT — 7 VOMBREBDBERICRD HHTER( G LV
INERH 2, 220, 411EHTIEZOMEZ T 272012, N7 A —F DEBEDLHBEEBROMICHIBZHIT v,
Uk ) HokBIEEE L2 SHETVWARY, 22T, DQN 2H0wkE: Q#8205 2 LTI ofMEZ ML 72, DQN
i3 Q Table Db HIc=2—F V%Y b7 =223 TFHETH 2,

HEIRE RO a v 8L =713 4 Rl E L, vz 7ak 2,89 X =413 TSMC 0.18um CMOS 7rt 2 & L7,

DT Q2= cHlw7z TREE, TTEh SR 277,

REE BFEFDOM Z22REE LT,

78 % MOSFET O L (3 0.2um, NMOSFET ® W % 0.5um, PMOSFET @ W (% 1.5um THEE L, M % —5 ~
—1,4+1 ~ +5 OHIPAITLEHET 3,

R BAREME 2072 U - =1

[ ]

o WREMZMI I o758 W= 0

TIC, R L X, 411 fioR 1 DX 4 D TSMC 0.18um CMOS 7Bt A87 X =8 Z VoML L
Teo TNEBRET 2 LT, 3675 21N LTREL R IR L 72,
K3IDYIa—L—variiRr oG o SRERF LD, Q Table Z W7o HR X b LEERH, JEERFH, WHEER
ORI L Tw 5,

4.2 [2] DWFFER

421 Za—3LFyNT—HERVEERIEROEHHE
B R OB B 7 1R TR & U7, SIS OMREIEIED 5 b IR (Iy.). WRES (Pay). 17
H#% (DCgain). GCiAH (PM). FIEHEHIER (GBP)., 2L —L— |k (SR). &W#IEE (THD). FAREE (CMRR).



# 4 Simulation results using Neural Network

# 5 Simulation results using Q-Learning

[ performance items [ test data | predicted data | accuracy | [EIFYSTER PIHREEOREME | KRB DR
Tais[A] 1.28E-03 1.20E-03 93.8% Tuis[A] 2.97¢-05 1.12e-5
Piis|W] 3.85E-03 3.61E-03 93.8% Pis|W] 3.9%¢-5 3.37e-5

DC gain [dB] 7.34E101 7.36E101 99.7% :
PM [degree] 127E101 | 4.16BE101 07.4% ]%?\/Igfgn [dB}] gg'g Zg’g
GBP [H7] T.0SE108 | L.I5E+08 93.9% cgree : :
SR [V/1s] T.14E+03 | L.03E08 90.4% GBP [Hz] 7.70¢6 1.02¢6
THD [%] 8.5415-02 8.541-02 100% SR [V/ps] 8.48¢10 1.31ell
CMRR [dB] 8.49E+01 8.50E+01 99.4% THD [% 0.48 0.48
PSRR [dB] 6.02E+01 6.03E+01 99.8% CMRR [dB] 46.9 42.9
OVR [%] 9.83E+01 9.86E+01 99.7% PSRR [dB] 16.9 12.9
CMIR [%] 9.96E+01 9.94E+01 99.7%
OR [Q] 1.15E+04 1.23E+04 93.5% éi%ﬁi%%] ?%8 ggg
IRN [nV/v/Hz] 1.93E-03 1.91E-03 99.0% OR 1] 1705 59605
IRN [nV/vHz] 0.02 0.05
il fif 1.81e19 7.71el9

BIREEABREN (PSRR), HAEEHIPH (OVR), FMHAHP (CMIR), H1#dE (OR), AJHAEHEY (IRN))
1I3EHZANEL, K7D MI~M8, R1, Cl ZHAHELT=a—F %y b7 =2 ZHWTHEH L 72, 777 LR L.
M1 & M2, M3 & M4 ZRICEZMEI D ELE, £/, @AL—L—1 « LFEMHASHPE - SR - A EERO M2
BEt T2 LR HEEE T A0, DUNIOR TR E v 72,

_ SRxCMIR x DGgain
B Idis ’

vialb—vavichwlk et 2,87 X —=4%1% TSMC 0.18um CMOS 70t A Th %, £4 DEEFEREID, 1 3
HETICB W TFHRED 90% 2HBATE ), MeKETHEFEZ FHITE 2 2 L2br 5,

E

(1)

422 QFBFZAWEEIBIRRD BB
Q ?%‘%ﬁﬁiﬁ@%o) ﬁ@ﬁ%%ﬂiﬁﬁh%f;&)g: r)[j{(ﬁ;?J I—,??EJ r%ﬁ@\ﬂj %éj\@i 3) C:g&%b’(u;%o

KeE (1) 1R L RHEAZ v, 2 OFHIifEA S IE EMEREDO Rl & L 7z,

T8 R TI A=Y OEFEZTFEE L, LTV —VIZHEVBEEER T X —F 2 EH L 72,
(M1, M2), (M3, M4), M5, M6, M7, M8 & M Ofti% —5 ~ —1,+1 ~ +5 O LML E ¥, R I1F £10kQ, C. &
+10pF D AT v 7 TEHL /=,

AN XD & I ITHE R BRE L T,

o i > IHNEE O FHMIfE DL ¢ BEAE/ HEEE
o GTHifE < HIAMIEE DRHEIfED S E ¢ 0

AL 782 235 X —4%1% TSMC 0.18um CMOS 70t AR5 XA =¥ Th 2, M LOSMH ClliE g %2 HEEETL
7RSSR 2R B ICE LD, Q¥EEEZHV S Z & THEifEAY 4 fFlc i I N T 5,

43 [3] DHARHESR

42 i cHBRE L 2 HEENIERE 72 =Ty 7k 2 avy 7y —4 0.6 CMOS 7t 2%2FHL TRIEL 72, K8 I
FRPE L 72 RIEIE ER % {5 C 6 £5 0 SRR & (ERR U 72 BROMIER R 2R T, KORERE D MAH L 72 6 5ok
EEEZEHTETLL I ENTL 5, UK ) ARG 2 MEAEREE L L CHEEL, EANTH LI L0005,

M Pos; -400.0ns  AUTORANGE

Autoranging
Vertical
<

and
Horizontal

: | Horizontal

£ Only

: Undo
13 2 Autoranging
CHT SR Tub -B00mV

20-Nov-19 1505  99.9841Hz

8  HERGT L 7SR 0 HIE AR



3 3 0 0

N. Takai, K. Suzuki, Y. Sugawara 888
Comparator Synthesis Using Distributed Genetic Algorithm and HSPICE Optimization 2019
Applied Mechanics and Materials 17-28
DOI
, , , 138
2018
C( ) 57 64
DOI
K. Suzuki, N. Takai, Y. Sugawara, M. Kato E100-A
Automatic Design of Operational Amplifier Utilizing both Equation-Based Method and Genetic 2017
Algorithm
2750 2757

IEICE Trans. on Fundamentals of Electronics, Communications and Computer Sciences

DOl

26 2 6

2020




10

2020

10

2020

Deep-Q-Network

2019

Konno Satoshi, N. Takai

Automatic design of decipherable OP-Amp topology

2019




S. Masahiro, N. Takai, K. Satosi

Self improvement of comparator element value by Q-Learning in consideration of corner analysis

2019

Q-Learning

2019

30

2018

2018




N. Takai, M. Fukuda, M. Saruta

Self-improvement of OPAmp parameters using Q-Learning

International Conference on Synthesis Modeling Analysis and Simulation Methods and Applications to Circuit Design

2019

T. Matsuba, N. Takai, M. Fukuda, Y. Kubo

Inference of Optimal Analog Circuit Topology Using Deep Learning

IEEE International Symposium on Intelligent Signal Processing and Communication Systems

2018

Y. Kubo, N. Takai, M. Fukuda, T. Matsuba, T. Yamazaki, S. Shimokawa, A. lwabuchi

Regression Analysis of Transfer Function of an Analog Filter from Circuit Characteristics Using Deep Learning

9th International Conference on Advanced Micro-Device Engineering

2018

2019




2019

Q-learning

2019

2019

Q-Learning

2019




2019

2018

2018

2018




M. Fukuda, N. Takai

OPAMP Sizing by Inference of Element Values Using Deep Learning

IEEE International Symposium on Intelligent Signal Processing and Communication Systems 2017

2017

T. Ishii, N. Takai

Automatic Design of The Analog Integrated Circuit Based On Equation-Based and Characterize Results

IEEE International Symposium on Intelligent Signal Processing and Communication Systems 2017

2017

N. Takai, M. Fukuda

Prediction of Element Values of OPAmp for Required Specifications Utilizing Deep Learning

IEEE International Symposium on Electronics and Smart Devices 2017

2017

CDNLive Japan 2017

2017




21 VLSI

2017

2019-86858

2019

2019-89493

2019




