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3/28,29 | Cadence Spectre RF L RERY 1
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AL, 19974 X 0 #ikfi L Tuv» 2 CAD Y — LAl
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L kR LChfES 5. BEHE, B ORHAEE
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SHIERARRE | SHERARL BEE il e - AEET

20194 £ 45119] |2019/4/15 2019/7/8 2019/9/30 2019/12/23

20194E 55200 | 2019/10/14 2020/1/6 2020/3/30 2020/6/29

[CMOS 0.18um 1IP5SM(+MiM)] A —LH%KXES
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10:00

Opening Remarks

Masahiro Fujita (Director, VDEC, The University of Tokyo)

Toshiyuki Okayasu (Executive Officer, Senior Vice President, New Concept Product Initiative, ADVANTEST
Corporation)

10:30

Session 1 (Chairperson: Akio Higo, VDEC, The University of Tokyo)

"On-chip micro/nanorobotic swimmers towards biomedical applications"

Gilgueng Hwang (CNRS, University of Paris-Saclay)

"Large-scale biological imaging of cells with ultrafast lasers"

Yasuyuki Ozeki (Dept. of EEIS, The University of Tokyo)

"Thin-Film-Transistor Technology: Display Technology for Biological Applications"
Agnes Tixier-Mita (RCAST, The University of Tokyo)

12:30

Lunch

14:00

Session 2 (Chairperson: Tetsuya lizuka, VDEC, The University of Tokyo)

"Ensuring Product Quality through Design for Test for Embedded Circuits"

Sule Ozev(Arizona State University)

"Power-Performance Aware, Off-Line and On-Line Adaptation of Mixed-Signal/RF Circuits and Systems: A Machine
Learning Assisted Approach”

Abhijit Chatterjee (Georgia Institute of Technology)

15:30

Break

16:00

Session 3 (Chairman: Masahiro Fujita, VDEC, The University of Tokyo)
"Hardware Security - Verification, Test, and Defense Mechanisms"

K.-T. Tim Cheng (Hong Kong University of Science and Technology)
"Are System Level Tests Unavoidable for High End Processors?"

Adit Singh (Auburn University)

Session 4

"Activities of D2T research division"

Akio Higo (VDEC D2T, The University of Tokyo)

17:45

Closing

18:00

Reception
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2.3 MEFEBWRS

= A BB B E B2t

[ R&AL, Parit Kanjanavirojkul, jH#FEEf",
BT, A HE

RN T Fu -7 2 VA% (Stochastic
Analog to Digital Converter; ADC) 232 < k5
V7L v PHADCOWMREZ{T>o T3, 7rtX
oo 2 PlE, MEOEEIC K> THEL ST v
L—2DA 7%y MIADCFHEOHLDJFHIK L 72 5.
—7, HEFEMADCHRTIEA 7y PO T v X LT
O ZDIERZ AL CTREZ M 3 3.

RO E b B 7z L R REIR A
ConT, HARHERIETE, Nfioayv sr—2%
b B\ T HERHEE & PR L 3 % 72 0 OB % 3
TOTS, & IHRMES ke, 7 v 7Rz
M, WEHES L 1-0LEREED 7r e RIXH 0% %
Zlhxg 3,

LB R BAL R 1 = EREADC & DIt A

% [L327], Byambadorj Zolboo, JHEIAE,
B, BHER

[oT 73 & O & 1L 2 (KAl D RF 754 2%, (K
R b CEERICHES 2 20 DEMY v 7Y v
THADWHIEEIT > T b, ARIEE X Modulated
Wideband Converter % Automatic Test Equipment
(ATE) ~RF#lliE> 27 2L LCHERT 2720,
RO E 1T > CTE /2. FRTARY AT LD Noise
Figure DB ZMEL, v IaL—v a3 itk
ZOEUEEMER L. RERZFELE LT LD,
IEEE ¥ ¥ —FA~ffi L7z, Sk, MIES R T LD
Noise Budget#iafic )G L, EERFEIEEZFER T 2 7
ETH D, EEERIC KLY, AEMRAES X OHIES
e EOBEIC O W TR 2D Tn <

2.4 WERFEXK

EREE BRI YR L -BE7T—Iav T
[1] Akio Higo, Tomoki Sawamura, Makoto Fujiwara,

Etsuko Ota, Ayako Mizushima, Eric Lebrasseur,
Taro Arakawa, and Yoshio Mita,"A Micro Racetrack

Optical Resonator Test Structure to Optimize

, ZHEER, BEHER

T TR 1E Y (Electron Beam Direct Writing; EBDW)
KX B ~v A7 VAN, Zffid 2% turn-around
time (TAT) OFTENHAME L COMFFARE W—F
TV R —T 'y v — ATBRICER S 3 KITE
HICHER S L L INTnwE, FLhlk, ¥¥ 57
£ 7nYx7 v ayv (Character Projection; CP) J7
AEEHL RS FidoifEz ik L, MEMS
7 A b =7 ZAEOLE BRI L CTHM G
HE B RUBERIR 2 W2 2 20 D 5E 2 1T -
TWw5,

SAENEZ, CPJ730 & Variable-Shaped Beam (VSB)
JiE A G b CEE - BiEEICEN T 2 EBRY
T35 1 351 2 s SRl O ks AL D 72 0 o fF
WPEEBEI LT3, £ VDECKH 2 Y —v
N— LD F7000S fifiliE D X & 72 2 R L 2 —F DF
Pz RS 272D OHBCP <2 71200 TOR
MEBIRoTwd. o, HEWHKOMRIC CP
% WG L 72 TR O S8 BEASR R R~ @
B, PHEIC X VEHEi L Tw B,

Pattern Approximation in Direct Lithography
Technologies", 2019 IEEE Conference on
Microelectronic Test Structures (ICMTS 2019),
Kita-Kyushu, Japan (2019.03)
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31 FEEZURI—8

FR29FEFE2R Ay Iav X2 ——=%¥ CMOS 0.8um #H{F (0S08172)

2 % x % % W x BHE

6EHTEMEMS 74 £ OOy b CEETEA s Bk A, 511 ME—88, 750 G2,
BB A~ RO 72—y L7—y | DAATELER AL X 81
MEMS =4 7 0O %y k0SB TH N B %7, 2 ig—28, IR Eto, 75 2,
A=K L7 =a—5L%y kT—2 BARFRLRH AL 31
FERRIVEEFIRA IV X X2 ——=7% CMOS 0.8um /F (0S08181)

2 % x % % W R BHE

ARBRATATR IEHRNESET | 5O BA
CMOS-MEMS EH+ > ¥ D& THHER 32
FRBEAPTHHEF S 27 LTHR | M B
6ESTEMEMS <4 2 0 DRy kR HEs s .
SESIENENST Lo Rary FOTRER | naoxymras INE Tt 4 RER, BB E7E, B f2 32
MEMS <4 7 0 ARy b AOHREHATAE T T = -
MEMS Y 7Ry P BOBBLIUIAE | paxemTen B R7E, ok RS, K Ebb, BE R | 32
BET—zWEHITEN—F7zT7=2—-F )L o . TN
sl i AAKSE T 4k SR, BB H7E, R Etb, 79 f2 33
ARSITEIMEMS <4 7 00Ky bZEERTEER e . _ =
i sl G ES TS S Meh B4, 21| i—8, Rkl XB 33
FER29FEEFE4REO—L CMOS 0.18um = (RO18173)

g % X % % W R & BHE
WERBALLREE A ERLBET F | ERAZ T2RHRR FH BE 2
N7 7Y R LIRS F A VDEC RR B, 28 W, 50 B
=B BRIV SMEBIE | oy R 9y
e = 2

B A T A o £ _
BRI L RABNERN - 70 S AERE | S T ol . 34
EBRET LA BLOERETEMERTEGL HRAFVDEC 28 35
BHRT LA 5 LOERELNEEBTEG? | RRAZVDEC 28 35
BHRT LA 5 LOBRELNTEBTEGS | BRAZVDEC 2B W 35
A T A 7R e
HEARARAEREL ¥ 2L —& igi;ﬁﬁ*ﬁ FH ’gg gﬁéﬁ}iﬁ o w1 36
SKEEIA T A—E > s/%y RTEG HEHRAFVDEC IR B 36
= r=h r=h Lark s —
BRI LRI 7S R VERE | L dy R ol . 36
BRET LA 5 LUCBREENTEBTEGS | RRAZVDEC 28 W 37
BRAT LA 5L OCBREENTEBTEGS | RRAZVDEC 28 W 37
R GADC 1 U BB : - — : -
WULRADCS S UMREREEOBIERM | ) o pm oy BB 5, B i, A 2 37
A 7 - EBE TEG AR T2 o A 38
DLLER, +>Fv 777 HBEEK, NIRS| ... 4T e 835, B M, B 55,
FEEEE BREEIEES S S frak A B EE, I A 38
ynuR018_17_3 BREEN AFETFRA sl tER, F ST 38
Ca— ARy LT VREVL-LORME | BAAZEIFE el BSR, ok 58, VB ol 39
Za—AF—TAVIVRATL TITA7 | sns o cnrm o s .
Ry o2 REEEFE LA EARFEIFE AN BE 39
. o hRAFETFHERETRREETEN | L4 &8
P S N A E VR DOIOC ks R T AR AR T | AilE ELL, B KK, BO AT, 2 A 39
Z Y 7 T | apm = s
B TEER
FIAFELEHRE M
e B i ke RIS ARIS A S T EHRR Sl 5
TAYRUBADEARSECESILEBLS! | gy X Tmown 7% #7481, F)Il B+, QIAN ZHENGYANG, | O
LEE KARMUN, &/ %4, DU BANG
SIA#ARXR=Za2—0YTEG B s 40
F 2y AROREEBZOEA BRAEAZEES Y L 7— - TR | $k MBS, B AT, 5l 280 40
2Step ADC, S/ FEY b _N=ZTFJIl4Z % . .
TDC, 4bit NSDEM, & U /X — = 7 B | REASRBIT44 SR, ST, T RS, HEAE |y

Multiple- 4 X TDC-TEG

= BE, ED L, =5k &Y




BRRAIEREIE, v F7 4 L X OFAFEKRVE

BEERBRFETHE

e W, AR AT, B A, ST RE

TBIEFELS|F v T O DR ERERORE | BEEDAZE T 2HRL @ FA, Bh B4, 10 B3, EH A 4
B n ) VT AT RO T | sk ke TR J0E AR, R B, AR — "
o O 4 e e ERENAE TSR ERE TR | E AL
¥ A 7 RiRE D RENRIER ERENASEISTRNESTEER | It A, B B 42
BEBEL 5> VR K (FeFET) &M /om 2 — | A S BT HHRR TP B2, Sk B, BEE 12
OENT 4 v o EREERK AR T4 Fit AR
» 24— F PLLEIZE OB E T 5 REA7 TEG & B s
A7 FPLLEIOIRETBRATTEG £ B | g 7o mopomspe T srmonsy TR A
B A7y 2 R e st e o 2 4 8 2
E30FEEE1RA—L CMOS 0.18um =H{E (RO18181)
g % X % % W R & BHE
— ERAR T RHEN B %
T YIRBERTEG HEAS VDEC BRIR Bt *
e ERAT TR B &%
7A—F¥4 F7L—AERTEG AR VDEC R Zb 43
I sre s g i | ERAS LRI o
BARRE OV ARNERR-TYSVERE | g vDEC W T, AR, BE HE *
o ern s a o | BRAZIERHIRA .
B4 HREE L R NS - 7 2 LI ;;\ig\&*@ IR ’;%g E‘;ﬁ’ P 1
S i TRRAFATRERE IR | A At
ATy TRBRARR LR TEG 2D TBEAZEFELE B K, 5111 T, B B “
. e [ GAEARAZREHETEMRG | R 2, B —F, AN A
BEBEETENET 2 REL YR TEGIED SRR S SRR T AT &)1 BT, A B 44
e s R\l R AR T8 7 52
TUB - RIY KRR TEG e e P S B, UK AT 45
RFCVIRTFR b Fy T fEMAS T RE AR RRER IR ER BEEE | 4
Flash ADC, VLL ADC, Pipeline ADC, | ... JON 4K Bk, BH HE, ke B85, 5T i,
Subranging ADC ZRIRAT LA ES--Reora) %
ynuR018_18 1 1 MEE AP T sheR thtE, I ST 46
Ca— ARy NI SREV1-AORE | BAAPEISH el BB, ek ok B, B G4, B S— | 46
ZAa—AFE—TAVIVATL BALIT T | s s -
PR A, ARSI KA B 16
TYIVT 7R - 7L REAEH ORI ERAARZ TEER FHR #& 47
DARAEA ATy, MRV VOB smkpmTrmmn i %2 47
B ENEREEET v 5 B a7
4bit X AbItRERZ O BEBEATER Y L7 — 7 TS8R | BB AZH, 1 A7, Bis F—0 18
\ I _. TFEAFTHE R R
/7PETMEERT LTy TRRIOY | e kS RRAB TR ik HEK, B 4
78y oYy ZICERE L 7= Jitter-Shaper &, . . N
Oy aHtEERAS 7 VCO L, TDCT R | AHAZET Y CEET REBK ABT @R BDH, | 4
kAR m ik 8
BEEBATICOF v TADRESHORY | BLBTAPTHEH £H B, £E R, BE Bk 19
REAERRSEE v 77 1 L2 ORMEROE
TBEAEELSI F v 7O b DEBREBOR | EERBASET S I WE, =i i, HE 6 49
B
St 2y it (Analog/PWM/| ) opkcappism T ot NG Xt BER K05 49
oA P T PP A P B K, B 50
<4 7 OEEDRENIES ERENASEISNESET RN | K AN, B 79 50
N ERENASE IS HERET RN | HE AN, B R
NATARRLTNNT AL IRY HRENASETSHRNEA TSR | EE R, 1 EAL 50
e e oy | B EAED, B 4638, E AL,
T UERTNA REHMEAZEF RRIERAFETHPERETHERIER FRE 22 T8 EE, LAE 51
TS - KBRS — b 7 L BREALH AR Y 51

%
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FR30EEE2[EO0—L CMOS 0.18um 4 (RO18182)

a % X % % W E & BEE
I AR TR AR R =%
I UKAIERETEG BE A VDEC SRR b 52
XELT UL TF v RS REAN-CMOS 7 | UHBAFAZRERELZHRE | Eh —F, AN At o
Ot XEMETEBEREXAETY LLOTEGIED | UMiEARIEREBISY =W &K, S ER, BE 82
2O CMOSA v A — KBNS v SR | EBAEERBETS B R, AF B, LE BR, 2 B 5
HIEES AL RBE LR HE BK B ER
LEHEBHHRS AR TR B IE— 53
. e RRBEASAS R LSFRNERET | 55 2
LERBEH LR REERER0 | TEG o
: ERTHMAS TEBET S 27 ATHH | I B
-1 Flash ADC, VLL ADC, Pipeli B BRREE, = 77
, , Pipeline ADC, B | .. s B4R B, RIF MR, K& @F, 2T i,
B | mwEEs ERLEAF LTS B3 % >3
3 ynuR018 18 2 BRE T ARET 2R Ao #1156 54
= N ; _
MEHTEHIEEHT D 1BRACNBES A~ | womp ko TomrRn BA B, Rk B2 54
F Sy
b4 A b AT 4 s st (el B, 1Ak B, IVE i, B B,
Zc A S L R 5, (T KK, 9k B, BT fRAES 54
ar ZA—OF—TAYIVRTL TITAT Y| sy snmg i
g PR ) ARSI T 24 KA B 55
na
4 . o AR B FRERETINREE LN | A &8
| 2070 20 i B VCOLDODC| bR T RN ERET R | A5 L, ME KR, B0 AT, £ 6K 55
pia < BETEER
R hmmma TERZVEYITYA | mmpeTey MR 55
BALENEA o —BETLAF v T | SREATETSS 5 B, M © 56
RISC-V CPU %454, L 7= SoC BEBEAEWES v L7 — 2 T2EK | R SHE, § AT, 6l Z—8 56
25GHz-LCHIRA - 7 2 L& E FiR%E &,
MULtiple- /L 2 & 7 < TDC, # & USI4IF | MBS T 24 =5 B 56
SPI &%
e o B R ASE T 2 W HE, = ki, 56 A
o e p iU E BT | gepese s T e i B, 0 53, T BT, B BA, | 57
Re - = ST B, S AR
o 4 e ERENAYE LSRR ET IR | M AL, S5 R
¥ A7 REBDRR RS FREATRISHRNBATEER | I ER, i o
o ERENAYE TS NEAETEHLAR | M AL, S5 764
A OEELT AT AR S £ FRERNAYBTISHANERTYSYR | 2M 2, /8 AL 57
60GH: WA FEWAERE EREASETSBRRRT TR | T L0, B B SR, 58
TS - BBREY — b7 LA BEALRANEENAR X B, BE % 58
BRI CRE ST 0 —OENT £ v 7 | SRS T 2HRR 11 B, 3k A, BEE BB o5
N kIR T RN
BER L 2 AT TV AORR/ AR ik T At (E8, B AT, £4 5 59
ML= SRR 4 - N | ) ] N
o AT ey SRR |k amTrmRY Bk AL, Bh 5
o A T EHAST 24 Hok B, FE %
KBEMTFRS70Y Iy FERTEGE | REASAPHETSFRN TR ERE, SWESL PRAR. | 5
EERRS & O ICHRROREROEIRE |, 4 o seporsmpermqms ez | BE B8, S8 8T K B35, A% BF,
B LEBORE BEAFAFREMBIMNFEEL | o mm ik ok, o 2 M x| 00
BT - (EEECMOS 7+ 0 /EHORE | BAAZE IS BIR A& Y B A, VR B, R A | 60
E30FEEE3RA—L CMOS 0.18um =HfE (RO18183)
' % X % % W oE = BHE
- AR T AR B EX
I UKAIERTEG BE AL VDEC BRIR Z 61
e e Tt ] B =X
77— F¥4 F7L—REMATEG S AL VDEC IR B 61
I AR TR R B Y
70—FY 4 F7L—BEATEG H=AZVDEC R B 61
- HEAS TR AR B EX
70— K94 F7L—BIERTEG B A VDEC BRIR B 62
(48> 7 FEIETEG AT L a2 I 62

26




SPADEEH L A Y~ FEIMEDFHEEER

S EREH AL TEHEH W A, A B 62

Sirn masmaantl PV msxpmres it 63
ERENAYE TS BERETNRIAR | E FEAH, S5 73, B BAH,

60GH: #XHERAERE WE B2, THBE, Lk B 63
BN ASBTSTRNES TS ER

RS - SEBMAEYS — k7L A BEKASEANSRIHEN e % 63

FER29FEEFE2[EIL B R CMOS 65nm &#H{E (RS65172)

' % X % % woR oE BHE
EBfEe 7y, BREBHE 6) 785 | gympray o o
BRA > & U—7VCON— X A/DEMBE L T | ARTEAZTHE KR i o
%L RF ZEMO I KIRTEASASB THHER B (R, AW Bt
T et ARRIBR Y | ek m T i 2 64
Vbb generator by SOTB CMOS rectifier and | gim(a ket v b 7— 2 T | NGUYEN THUY LINH, 8 A7, 51§ £—8 | 65
FFT (Fast Fourier Transform) TF (Twiddle | EXBEAFBER: v b 7— 7 TFHEK . .

Factor) 32-bit floating-point HOANG TRONG THUC, & 8], fA#E Z—Hp 65
BootStrap =t DCDC & E[E & BRBERFERL Y M7 -0 THHER | ES B, 8 A7, 618 8 65
RECHEMHLEMBART YV Y 77077 | sl T s B 0 27 ATSHK | WE BA, BR XA, &8 B, M 08 65
e e | EEERAS BT R %
T o amy PACHCMOS IERIT | s orsmpi A S B T S HR NG T8 66
BROTAGHb: RBTEMEALET > 27 ATSER | 05 %5, &0 B, A4 IR
FERI0EEFE LRI Y X CMOS 65nmit{EF (RS65181)

' % X % % woR oE BHE
= _ S LE R o . AR B ® = 8,188 ?
et R L P SURUS—" T B M S 6 ER R ERE |
IS SR DT RO 7 A T T AR pn Tk kST A | M MO, = R, R BA, BAMLT | 67
Xby T4y FEOM BRBEAEWERE v L7 — 7 THER | IR %, 16 A7, Hif £ 67
2BA T T2 DM BEBEAZERF Y 7 — 2 THER | Lk RE, 8 AT, BIE 250 68
BOTILF—RERITSRSCVT A | i # RGBT ASET REERE | g
AR FPGA BEAPRARSRITHRR = 68
IR R T OEFEM@EA 7 L A TEG BREAZEY T LAET 3 Gk S 69
BTN )y 77 Ay T R TR R R E LRI BE B, WA E—8B, 1Lf ARt 69
JDEY A 2 Uy 2 ADZHER ERHHAL xE R, AR XK, L B0, 69

& AR, & R, W &R, ER A

%
[y

NI
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32 Fy7iER—&

MEMS

S 24 kL R & BEE

0508181 | CMOS-MEMS EH+ > 4 D5t B0 BA, /R 32
TEG (4FMEFHMEEAR L)

Tz 24 b R E BEE
0508172 (;@J;fzﬁ/@'\l\/'lfl/lgvzf sA0KRy MIEEAREAEREREN—FY7 2 7=a2— M B4, 21| i—20, B 2, NkiS X8 31
0508172 MEMS~4 700Ky NAOEREAREELN—F 72722 —F L%y | B &N, B #—88, MR Et, 5 &, 31

F7—2 AARE XH
osogigy | SEFTEMEUST A7 ARM Y FORMERER N =KD 272277 | g [, 4ok 685, o Seie, 760 4 32
osogigy |MEMS ™A 7R H Y FROSERUAFREN—FT 2T =2 =M% | @@ o 1 hk 18, VR Eth, 55 @2 32
7 -7 DER
0508181 | HMEE— 42BN TE2N—FI2T7=2—5L3y F7—0DTEGF v 7 |4 HRER, B8 21, NE B, B @ 33
0508181 {E%??EMEMSV47DDTJ'T“/ MCREMREAEBERERN—FY 72— M 24, 21| i—8F, KIS B 33
FIFxy bT—7
RO18173 | BRIET L A4 L VERELRIE [EEE TEGL EN-R 1 35
RO18173 | BRIET L A1 & VEREL HIE [E8E TEG2 EN-R 35
RO18173 | iR T L 1 L OVERELBE [ TEG3 EY -3 35
RO18173 | T UiksHAA /0 —E > /¢y FTEG BRIR 36
RO18173 | BRIET L 4 $ & VEJREE N EER TEGS 28 & 37
RO18173 | BRET L 4 $ & 0ERE/E B EEEE TEGS 28 & 37
RO18173 | ir#> 7 FEIK TEG w JlE— 38
RO18173 HWAT— RPLLEIROHEETSHBEFTEG L B - AEBA > ¥z 7Y a VI | =2 M, Mk Eth, 84 B, bk 3544, 42
IREE IS RIS TEG i
RO18181 | {SME THIfET 5 R v ¥ EE TEG 131 U AT R T AN AE, SIER, g
RO18181 | EX L F B EAERFMT v 7 FH ER 47
RO18181 | BEEAIIRTTIC D F v T ARDRE DT DT 4H E, 5H Rz, H 864 49
|| s, - HHHE FARES, &E #5975, H B2AKER,
RO18181 | =V /&T/\/fzu:l:{ﬁﬁﬁi% ﬁﬁ %Z’ g ﬂ%f;, IJ-I* E 51
. SN . — wHE E, 2R 817, KR R, A% OETE,
RO18182 | BIiEHES & N ICHEROIRERDZERERS LRI O R TAED, A0 HRSK. O 2 B IER 60
RO18182 | {EE L - EmTE CMOS 7 7 1 /BB DA BEIR H & Y) B SCEL, IV R, R B A 60
RO18183 | i 7 FEIE TEG B JE— 62
RS65172 | 5cik SOTB 7 A+ R IC 1 2 LS ~ ¥ O R EIKHEAE TEG AN 22 64
RS65172 | EFERFRIZ D4 L 2GR 7 Y v 77 Ry 7O IWH X, EE 8, & E, Ik FR 65
RS65172 | 7> FF & A — ¥ L REL LA CMOS 12 RIFT HEDENFHEREF v 7 ’T\;‘i E;ﬂd‘%‘ LR, RE A, BE B, 66
RS65181 | VLSI % {bi@sI =D 7 4 —IL KT X M OTHMERTEGF v 7 ek £RA, =€ BE, RRE HE, B kT 67
RS65181 | EciRiEH R F DEEMEMA T L 1 TEG ik S 69
RS65181 | UREREZY v T 7By S BE B, LA E—8B, i K&t 69
TFTVIRE
S 24 b R & BEE
H &, F ER, 1 s, T B+
RO18173 | 44 ¥ R U )& Al 4 e (A5 S AL LS QIAN ZHENGYANG, LEE KARMUN, 40
KR 4, DU BANG
RS65172 | BootStrap =t DCDC £ [ B2 B fEth, 8 AT, BiE 8 65
THAY/TIRNMESNET Ay

Tz 24 b R & BEE
RO18173 | =2 — O v ENE%IESE L 7= T ¥ RIS SAIE[EER BRIR Bt 34
RO18173 | BIEBHEERE=ZZ UV /Y AT LD1F v 7ERELICEIT7-51F bl &, BE 8, sk — 41
R0O18182 | # % ERAE[REIRE % A L\ - B ELERE Ak [E] B 0 B4 T EEE, R 53
RS65172 | FFT (Fast Fourier Transform) TF (Twiddle Factor) 32-bit floating-point HOANG TRONG THUC, & 7], A5 Z—HF | 65




7784 (PLL, A-D/DC-DCay/N—4&#iY)

% 24 kL R & BEE
RO18173 | MM AL ER B WARREER 7+ 07 - TP 2Lk Fik &5, REX BH, 28 &, XA BE 34
RO18173 | & fRee/ L R/ NBURSR - T R IV EEHags BA BE—, R B8, 28 &, X[ BE 34
RO18173 | BB &M AIRERIRIBRL ¥ 2L — & NS EEE, BB R, BRI Th, X[ BE 36
RO18173 | & fREe/ L R fE/NBURER - T R IV ZEHags BAR BE—, BRI T, 28 &, XH BiE 36
RO18173 | X# £ #E ADC $5 & UM RI 2B AE R BE 0 I 5Tl TEG fiBiE 1, B2 B, a8 B2 37
RownsDu@%,*y%v77y%+ﬁ%E%,M%mﬂE@%,ﬁﬁ%%@@%—%iizm gf%@'fﬁgi 38
Ro18173 | ¥ 17V ¥ 7 ADAY /A=K £ VCO L DC/DC AV A—RISHERT 53>/ | £K K18, Bif L, #H K%, BN 6T, 39

L—RENY T 7 2 AKX
RO18173 | F 3 v /N AXDREEBKZ D FH #A B, §8 AT, B 8B 40
RO18173 | 2 Step ADC, ¥A-F £y b_/S—=7)Il4X TDC, 4bit NSDEM, BLON— | HH HMEA, ‘fravk ?ﬁéﬁuj‘f% BE, B &, a1
= 7% Multiple- 4 = TDC-TEG HH BE, ED N, i ai
RO18173 BRBERRERE /) v F 7 4 LRORERVBEILBEAELSIF v 7000 | RE HE, AR HF, & EA, Sii BRse, a
ZEZRREEOBR Ak X, B &, HO 22, #M XI5
RO18173 | MFEBMK N 5P 2% (FeFET) 2AWZ2a—0OFIL7 4 v 7ERBREE | £ A 42
RO18181 | = U KBIERTEG B RX, R g8 43
RO18181 | 7B — K44 F7 L —AIEMATEG B &%, IR B 43
RO18181 | & fEAE/ <)L R g/ NBURSME - 73 2 L A iags B E—, 8RiX T, 28 &, ZH BF 43
RO18181 | &4 ke, L R MR/ NBURSRE - 73 R LV EE Hfagk B BE—, R B, 28 &, X[ BE 44
RO18181 | # > F v FKIGEMAR LRI TEG 1EH AN B, BAR KX, S BER, 88 Bz 44
RO18181 | Flash ADC, VLL ADC, Pipeline ADC, Subranging ADC %;7};5‘? BRI RER, K8 S, BT i, 45
RO18181 Va4 /_/ R IZERE L 7z Jitter-Shaper &, Py 2R EEZRS -/ VCO | TH KA, BHE FX, NEFF BF, L i, 48
&, TDCT R hFBAHEZE#ARE = 5
RO18181 Egg%ggiﬁ/7%74»amﬁﬁ&vaﬁﬁﬁﬂ%www7mtwm gﬁ%@nggf:;;g%xﬁg;ﬁi 49
RO18181 | 0.6V EifE PWM ZE 2 EE R (Analog/PWM/Digital Z#88% &) g 324, JRE FER 49
RO18181 | BIEBHBHEE=ZZ YV IV RTLD-HDRIEZ A 77 ) OBER JtH &R, g —N, KA Kk 50
RO18182 | I U KAIEA TEG B &%, IR B0 52
RO18182 | Flash ADC, VLL ADC, Pipeline ADC, E5Rfz &1 E % g%@;“ B, A6 5 BT A 53
Ro18182 | ¥ 17V ¥ 7 ADAY /A=K EVCO L DC/DC AV A—KISHERT 53> /¢ | £K £i8, Bif L, #H K%, BN 6T, 55
L—% £ BEXK
RO18182 isggjgﬁgf;{i%jya;I/%IJ?%U%}}E%&, MULtiple- 71 % & 7' 2TDC, # | 2o mig 56
rotstsp | HEEB 7> h¥ KORRRUBLBETIELS 7 7 0% EEE :&:Di %g’; oAb EEER HTEE |
RO18182 | FffilEHtE CIEE #1T5> — 2 —REL 7 4 v 7 EREEEK A 42, 358 &K, BEE 32, & e 58
RO18182 %E%FH fSY 24—V ADER/ 411&)&%&%%&3‘ v 7 A Ed, BR XE, 5 59
RO18183 | = U IKBIERTEG B RX, R g8 61
RO18183 | 7O — K44 F7 L —AIEATEG B &%, IR B 61
RO18183 | 7A—FH¥ 4 F 7L —BIEMTEG B 2X, X 8d 61
RO18183 | 7O — K44 F7 L —BIEFA TEG B 2%, R &t 62
RS65172 | Vbb generator by SOTB CMOS rectifier and so on NGUYEN THUY LINH, & /"], 515 Z—EB 65
RS65181 | 2884 <7 ¥ 7' Z Dty Wi 848, 8 A8, BiF L0 68
A A=Y /A=Y

A 24 b HoR & BEE
RO1818L | %> HAF R FFv 7 fﬁi*'EE%%“ﬁﬁgﬁ'g%ﬁﬁ' a5
RO18182 | By =t TEMihe £ T 3 IERALMBIEA X — St o3 A B, ER K2 54
RO18183 | SPADEFZEH LU AV Y FAMEDHERBERTF v 7 LRy 594, SRR Bz 62
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30

7+a4% (PLL, A-D/DC-DCay/N—4&#i )

I v& 24 kL W OR & BEE
RO18173 | =2 —F /%y b7 —0AEY 2 —LORE 1E1R BB, R4 R TR, R R1E 39
RO18173 | Z2a—RAE—74 v I RTL TIT47< b)) 2E BRREEFEHE | KN BE 39
RO18181 | =2 —F L%y 7 —7REY 2 —ILOFE 1A BB, 14 K 58, V2 Bk, B R— 46
RO18181 | MMETHR - HBHERES — F 7 LA e = 51
RO18183 | Z2a—RAE—T7A VIV RATL AL M7 o2RE RREHTFEHEY | AR B 63
RO18183 | MMATHR - HBEHEMETS — F 7 LA g = 63

. N - K BE, h4 K EK, \LE F—8B, & &E,
RS65181 | E2EH 4 7 U v 7 AD Ziass B2 A, B EE 69
S VAVAE A

2w 24 kv B R & BEE
RO18182 | BRIt ER L H—BB T LA Fv 7 FHER, THE 56
R0O18182 | RISC-V CPU % L 7= SoC IR SEE, & AT, Aig 88 56

- e c B BB, A B4, B B, & 8,
RS65181 | /DY — 7 TR ILF—TEHET B RISC-V 7O+ v HDRE 8 E =, NBE %12 67
RS65181 | B/I\T 3L ¥ — S%BHT 3 RISCV 7 O+ v ¥ DR hRR 8 BT NHER RBERE | g
RR =, NFEF FHER
RS65181 | MAETHR FPGA g = 68
XEY

sS4 24 kL W OR & BEE
RO18173 | ynuR018_17_3 BhFR thREE, FHI BT 38
RO18181 | V7 b T 5 -z HET 25 v FEKZ D3 FPHE MR, LA K, EH R, BE —8E 48
RO18182 | X BN 7V ¥ I F XX 2 &MU CMOS 7R REMATERMA T Y £ | Hb —F, AH M, BN &KX, 5 E7, 52

LD TEG IEAD HME Bz
RO18182 | =2 — 0> CMOS A »/N— &R/ > 7' PEEE | E [EEE gg‘ g;ﬁ iﬁ %;453 BE, X B, 52
R0O18182 | ynuR018_18_2 sl s, FHI ST 54
RO18182 | ¥ ¥ U 7L —v a vy RELRTVI V7 7YX - /UL REEDEEE FHR & 55
RS65172 | &EME~— v, BEEEE, B — 27 B SRAM OBIH IR RE 64
EEMRR (REHR, RESHRLY)

4 24 b R & BEE
RO18181 | 4bit x 4bit &8 % Dih 2R K=, & A0, Bi5 8 48
RS65181 | 2 kv 7'+ v FZ DAt 1Rk FE5¥, 86 AT, BifE 5 67

1S (RF[EEE, ATM#ALY)

sS4 24 hL W oR & BEE
RO18173 | ¥ A O D#RE Hiiges T SERER, /Nt 184, BBRR sha 42
RO18181 | I Ui - # I UK RIRETEG BiE 52, IRA K, A\K FM 45
RO18181 | 77U T > 7 7 ¥ X « /XL REREHERDIRETE FHR & a7
RO18181 | ¥ 1 ¥ A K DIRE LIRS HEE ERER, B8 #5575, s I8, Bt st 50
RO18181 | ¥ A / BEH R 7INT VR I ¥4 HEH KR, 2% %, EH &, M BARER 50
RO18182 | ¥ A ¥ A% D#REHILIES HE FERER, BB 5555, s 18, BAth st 57
RO18182 | v A 7/ A®E L T NNF VX R IFH HEHE AR, &I 455, 2 F, M EKRRD 57

s e HEE FFERER, SEF #5575, Hoh BRKER,
RO18182 | 60GHz X Z{EHAE R MK WE B TEH ME LA S 58
RO18182 | #&(EMF+ 04 70> b T> FETEG i R ERE, SRASL GRAR | 5
TR HEE KB, &2 #5575, B BRKER,
RO18183 | 60GHz H % Z{E AT H M@ TR EBY THBEE, Lk E 63
RS65172 | BSR4 > % ) —7VCOR— R A/DEH#SE & 73 %)L RF SIEM DO HIE BEEB EE, AL B 64
Z D1t

sS4 24 kL W oR & BEE
RO18173 |SIh*+ =2 —A > TEG TR s 40
RO18182 | #EAXE N Elzr =24 JE— 53




3.3 &BFy 7T OFEM

FR29FEEFE2RF I a X 2 ——=i% CMOS 0.8um X (0S08172)

6RHFITEMEMS YA/ /00Ky MCEEAEELR
BRERN—FYz7Za2a—-F 0%y 7—7

BAXFEBTZE Hb R4, B H—, B &, K5 X8

BE : REF v 7E, ICOFIHEKE <4 7 uuky oK ELEL oK L2 HIKE LT

BicFat Lz, 6 ifil~f 7uufy PHAA—FY 27 =a—F 0%y bV —2 OFEE %
FyvTThB. KA, 46X64%9.0mmO6ESITHvA4 2 musy b 2B LE. e %
F®eT=a—5n%y b 7—2 ICEBIKL, SMAFMHCEIET 5 Rk & B L 7= 547 % 52

BlL7. /T, —a—FAdy b7 =213 L 2 W% S 5 M E 70 2 A 7 F
#, 6D > BIMOT 7 F 21— 5 & AT 3 BROW HRIETH o . X b1 24l 4
ke F A AR 53 7o FOREAICIH LTKE hore, fEoT, FHEHE T OO0 )
2 F v 4 & IR © nMOSFET % IC A2 b HEb T 5 < & T, TR ORINAHE L 7 > 1E
fe. ARIEF v 7 HAKFEOUA B 12 & > CHIFE S WS4 R 70 2 6fHC, RHRAHH L 26 S HICHE T 2 = 2 — i
GAAy MU= s RHEEL . £7-, BHIBEEFADIAICIZI20BED ALY b 37—l E L7, SBEAREF v TE~ A4 2 4R
muEy kORISR E L L RS~ 2 TECB 5. &)

ERETHARI: 0.5 A H LA L, LA ARG %5 —JL: Cadence tl: Virtuoso, Mentor #l: Calibre, Cadence #l: Dracula, Synopsys t1: HSPICE(RF),
FSUSREH10~100 BEFY 14 v 2 I — = CMOS 0.8y m 25mmfMAF v 7 Fv 7R : TEG (BrEEHfEg 7 &)

MEMS<4 7 RAXy FAOSRELH RS
N—=F7z7Za2a—-FN2y 7=
BAKRFEIZE HE =N, B #—88, NR B, Bk 2, K5 X5
BE : RLZRBHI A XD~ 4 7nvRy boflfligike LT, EVOMHRHEIIT 50 2
BBl “AREA—FY 2T =a—uvEFAZHCCIEZIT> T3, Lictks
BRFE LIz —F V2T =a—FW%y b7 =2 134RBTHI~ A 7nu Ry F OB % —
VHBERRATRER I T H o 72, RRIETF v 71, A BH LKA L o~ 4 7 anm
Ry F OO SAT N R — v R EKT 5 2 L2 HINE LG L7z, REUET v 73Tl
I 2 SV 2B R OMFRCAER L, BROMBIK 5T % — v CH 2 =75 —
v EBRBAT N R — VB EEATRETH 5. ARBTRI~A 7 mu Ry FHOBIT R — v R
AlRE 7R [EIEE 2 O MRE T 7 v & 20 L, BN F 7 2= T CHINS 2 EIREEE YD
BADZ L CEHDHIT AN — v KT 2. WEDHEROEHAE DN RGO LR AR CE 7z, R E LT, FRL 7 S
VFTRAETACHERALE L 7 VY RZOF TR ML — BRI N oAb ok T B EXLND. S, LioMERZ kL
e 2ITO) TETH 5.
FRETHAR : 0.5 A A AL, TAH K  §&5TY —Jb: Cadence tt: Virtuoso, Mentor #f: Calibre, Cadence #: Dracula, Synopsys #: HSPICE(RF),
bSO RE#:10~100 REFY AV I -ZPECMOS 0.8 m 25mmfAF v 7 Fv FR&R : TEG (Rpr:iHmmE g 7 &)
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F30EEELIRF a4y 2 ——=i% CMOS 0.8um X (0S08181)

I CMOS-MEMS EH £ >~ ¥ D&t

HREBEEAFAZRIFMRHNEIETFIFER FOBX
HREBEAZTIZEREF AT LIER MR R

BEE : MEMS & LSI % — (kb5 2 EREMEMS 7 34 2 & LClF v 7EETZ 2 L 2 HI L
LT, BEABRXOE vy 3 E2AELE. HEe v L b v H UM% ERL T 2 7201
X, CMOS 7u v 2% W CHE v 28 UET 2 LA D 5 728, 5 ITERL MEMS A1)
DIEN v DAREHF L. v I OREEKE SOBFREIIET 27201, BAd2447T
7 7 LR EFOAODIEN e v EREEI L. T, RIEHE R D XA T 7 7 LFIESHET2X
207 LARICe v RECE L, HAEREHCHSRBEEZHRONDS X5 T RETo72. S5,
BELATFy 72 RH 2 Y — v r— L o¥EFEHCCERINTL, Ehty28Es2. B
W77 a2 LT, VAT Y PERGHFICHE L 725y v R=v a v F =T VIV TENLCAZAER Ty F v 7L, XAT7
SLE)Y—2T 5. 2Dk, BERTo TEERIEL, T2y 4 & LTHEET 3T 2 v 28UET 5. Rikic, Ny ~— =
VEBSICIY BRE, A 2R RECBERIETTIAYRY T4 v 22T THNBIR T~ T 5. SHoREF v 7Ti3, 74 %
RV T4V ITRADOARAVEORMREA/NE D oletatd, SHRIEBAZAVEEZLVIEL LTTIAYRY T4 v BT A5 &) e
TEFETH .

SZEHHART : 05 A H AL, TAHAEM E&FHY —J : Cadenceft: Virtuoso, Cadencefl: Dracula, FFvT &% :~10 RHEZ7> 4
eI -ZF CMOS 0.8y m25mmfAF v 7 Fv &Rl : MEMS

6EEITEMEMS 24 700Ky FdAEEGHRETS
N—=FxzT7=a—-FNF%y +7—9
AAXFEBITEE NREIEW, 4K HR, BF I, Bk (2
BE ko~ A 7uafRy MIETHRBEE TH o 7z, MGG IR O EF <
g EHBURETH B, EoT, ~fZunuRy bOHfT A% —viF, BT — v EER
LT "—FvzT=a—Fr%y b7 —=27ICOHGHIKET 5. RilfElL, ~427unm
Ry b ORI — v OEREHP L LCkGt L7, BREREEZZT 2 LT, BIRS
FioX % — v L2 M DJF AR X — v BT RECH 5. ARIEIZFRE < H 2 12( o ffia ik
EFN, REDOAZ—VIRET B FTRETAD LK E NS, MlEkE F A 13IHF I 10uF,
WFoayFy3aEEHRT52LT, w4 7Ry F OBITICLERLO~2.0s D CHIR
2179, WEDHR, v Ialb—va v b FEUREERERWT, BIRBIT N2 — v 2 LA
BECHBZ WO MIc Lz, BRLAEASARIEY T ab—2a VIER LAV ZRTBIRDBETH o 72, Zhi3FEAROMEC, Miuik
ETNOFIRFEIADZAC L 72 REMED B 5. SHRIGIBISER O FIHE, KOTTHEA 2 — v OBE 21T TETH 5.
EREHHAR : 0.5 A H L L, LA ARG  5&EHY — L : Cadence tl: Virtuoso, Mentor #f: Calibre, Cadence #l: Dracula, Synopsys tt: HSPICE(RF),
PSP REH10~100 RETY A v £ I =7 CMOS 08 m 25mmfAF v 7 Fv FT&ER : TEGUH MR 72 &)

MEMS<4 7 BaAxy FAOSREH AL
N=F7z7Z2a2—-FN%ky b7V DYUR
AAXFEIEE 2E XL, E4 K ERB, NR BB, Bk 2
BE : AKHEF v 713 0S0817_2_09801 IMEMS~A4 7 nu Ry kHDBEEHAEER N —
FY2T7=a—=F0%y b 7—2] OREF v 7 THS. oF v 7ORELTH - - HEN
fille > 72T N ORGEREETT o 7=, BENHS > 727 Vil L7 p B MOSFET © %
TA ML —FEEEMS, nBIMOSFET D% 7 & + L — b 12 GND ~#6¢ L 72, HlE D5 R,
09801 DiffFR & FIERICAMHD SNV R D LK MR L, ZMHAT S X — v TH 2 StHFE T
DS, 2HEMNBEIEEZSS 2 L8 TEZ, L L, T XTOASAV RGO AR HER T
otz FRE LT, Migkerro AN EMNpEI‘T 24TV FIZARBY, 2E0H
fitke T v BFIRCTE oo FE 2 bN 5. Skl LilOMER Z Mk L 72365 %2175 TE
Th5.
EREHHAR : 05 A H L L, LA A K  §&ETY — Lt Cadence tl: Virtuoso, Mentor #l: Calibre, Cadence fl: Dracula, Synopsys t. HSPICE(RF),
FSYUREH:10~100 HET> : Avt I — =i CMOS 08 m 25mm 15 v 7 Fv 7@ : TEG (ErbEarfiialgs 7 &)




HEE—2%2EHT S

N=FPxzFP=a—-FN2y b7—ODTEGF v 7
AAXFETHE 4K R, B2 X1, MR B, 5k 2
BE : ARMEF vy 7 Clk, BET—20l#EEZIENT S~ V2T =2 -1ty b7 —
7 % #E LT, BB — X OERENIC1250~100 Hz O MHIERH L 72 200 TG A B EECH 5. A
Gy b7 =27 ARS) - tREMIAE T, g > T REeT A, Wil > TR
FACHK L 7. ERNEBIMIIAE F A §ifk133 MHz THHRT 2. 3 MHz O F4RE % 20 O fthih
REHEAE T LI X > T 2. BB LT, KEROavF v EHWTICELEYT 5 C
LRTE, 50~100 HzoHihn G ons., UEDFy vV —2 220w, MHEICHH > F 72
ETNAVCHET 5 2 L MR Z 5. JEDHEE, 50~100 Hz 0 F5 IO HITIC ) L
7. L L, 2HOSAARREIZSE S o 72, FEIE, HINE S F 7 2 A BRI K
EFELAED D 5. SR S F T RET AR BIKERD TR Y F T AETMCEEL, HMHEAEER NS X 51Tl
EHITDITETH 5.

ERETHAR: 0.5 A LA, LA ARG %5 —JL: Cadencetl: Virtuoso, Mentor tl: Calibre, Cadence #l: Dracula, Synopsys t1: HSPICE(RF),

FSUOZ228:10~100 HEFY A v+ I — =3 CMOS 0.8u m 25mm A F v 7 Fv 715 : TEG (FrEFFMimlig 72 &)

ARBITRMEMS 24 7AAKR Yy bIC

ERAEREBERERN—FYz 72—y T7—7
HAKRFEIZE HE RN, B #E—, AKE XB
BE AT v 7L, _RTFy 7RARSTE A Z7unRy F OKERO L Ts L
ZHICHGEI L, ~"—FV 2T =a—IA%y P 7 =2 DFEMF v 7Th 5. fckrld,
HAREOUAI ST &k o CHRIFE S 7, (KFRAMIaAE 7V CHEL 2 KARB CPGET L
EEGEE L7, ARERBCPGE T A MIIAE TV ERK T 2 2 v Ty PREPHIR S Wiz &
T, ICHHBICEAtT 2a v Ty R BEL LA2bDTHS., MELEZRTF v TE~vAf 7m0
Ry b~JEET 52000, 7Y v FERE O CHERERZFR L2 LAL, 4 7Ry
b ORERRESE &3 2 1R O ESLIC BTl 2 TREERASBETH Y, 7Y v MR
~OMLIFIEF ICHEECH o 7z, RpfECid, i E L 2z Rk & M C CPGETF L%, 4t
TEHERKISMmMmIM G ORT F v 7 Ci%El L, Zhik~Af 7aary MCEEERT 2 2 L2k A k. S®REMEREIT 22007 2
Faz—xevArunRy PRKOREKESR L ERT M 21T TETH D,
ERETHARI: 0.5 AN AL L, LA ARG 3&5HY —JL: Cadence ft: Virtuoso, Mentor #: Calibre, Cadence #f: Dracula, Synopsys tt: HSPICE(RF),
FSUP288:10~100 HEF> o+ v I —=3 CMOS 08y m 5.0mmfF v 7 Fv 7R3 : TEG (a7 &)
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FRk29FE S4B A — L CMOS 0.18um H{EF (RO18173)

|ﬁﬁhﬁﬁzw&ﬁ&mut REBE T+ 05 -5 % LIRS

RRAFIZRARE FEEES

HRRERAFVDEC fRIFE &, 28 &, XH HiF

BEEE © ARGATE ClR AR (I HE S TE B RE 2 F2 3k 3 5 C L cEIRE oM EaJH o 728K
BT Fn -7 Y22 (ADC) oGl &iTo7. £ T WHEED DACICITREE R4 5
e TRERMBEAEIEFEBIL T3, RZLILRMERZ ¢ 2 Ll oud L ik L Ciamo
M 4 7 AR &D HEBH OO 4035, < ORI L TAMEC I iR
ICHEE R B RHE & S L LUK S L M E ) 2T cE 2 XS cd s e oI L 2. %
ﬁ47w0mm®nEV//kmL<mﬁ%®ﬁ R HBT 5 Lic k- THBE N 2
BWLTw3., Zhic & EHEE L IGHEE ) 2 LA OB ZERm L L7z, 361
R D 27 v v 255 AR % T 5 2 & TP O W T b BlEfL 21T o T 5.
EREHHEAR : 2 A A AL, SA ARG %5V —JL : Cadencetf: Virtuoso, Mentor #: Calibre, Synopsys#: StarRC(XT), Synopsys Hercules,
Synopsysfl. HSPICE(RF), + 7 ¥ Y2 &#:1,000~10,000 =H{E7> : mw—2 CMOS 0.18u m 25mmfAF v 7 Fv F&Ej| :

v 2" (PLL, A-D/DC-DCa v =472 &)

I:;—nyﬂﬁ%ﬁﬁLt?vﬁ»E%MEE%

RRAKFVDEC iR H
B AR CiAERICE T 2 =2 — v vy OoIlE2 BT 5 7 2 V5B BRI O §%E 217 -
oo BRTF el —FORNVERBRICL V55N 516E Y bDT Y XAEFEFICHL, P‘]ﬁﬂlﬁl
BECER L7227 v X LS EKNICER L 2B T4 R0 %175 Fic X b, M
NEWMEES2HET 2 eialREe 2 5. MEOAKICIZ16E v + @ Linear Feedback Shlft
Register (LFSR) i< X % Pseudo-Random Bit Sequence (PRBS) A:J&[HIH % FvCTw 3, ARmE|iE%
7Y 2O A TR I CTE Y, NI TOFELEDAHETH 2 72 DEEUHE 0 15| FE 45203
ARECTH 5. ARRMFICHB VTR Y v Z7RICHERE L 72 BB I X 2 FIREIE 2 2 L C b, v 3
L—ya ViKWV IE LZ2BF 2R L 72, SRIET Fr s — 79 2 A% H—F v 7
Lu% L7zt 72 Bat L Tw 2

EREHEAR: 0.5 A H BL L, LA KRG 3%5tY —IL: Cadence ft: NCVerilog, Synopsys ft: DesignCompiler, Synopsys ff: ICCompiler, Cadence
#: Virtuoso, Mentorfl: Calibre, Synopsysfl: StarRC(XT), Synopsys#l: Hercules, Synopsystt HSPICE(RF), Synopsysfl HSIM, k
YO RZE 1,000~10,000 FHEF¥ i v—24 CMOS 0.18u m 25mmfAaF v 7 Fy 7R : 7Fru /T EAEHUNE T v v v 4

IEﬁﬁﬁﬁwzmmﬁﬁﬁ-¥9ﬁ»§mﬁ

HRERARZFIERMRR ERE—

HRAFVDEC fRIXK B, BE &, %M ;iEF

BEEE AR CldiE W IRE I S R & BTS2 L R ff/NE I 360 < IR - 72 2 v 28§z (TDC)
DG EIT o7z, B2 b E3h, b TR VIEILEZ S DNy 7 7 g Z L RE 5 08B
T2 L, ZODBMKE DI X Y SV ZMEMNE 72 IFIERT 5. SV RIELMENT 2 XD
KRNIy 7 7 R B BICHAR L, ZDNy 7 7V A EREANITE e TnTn
HDNy 7 7 Rl LIl RISV RBEET S, SV RHNERZ OBIREFIHL T, A
72 % 7 ¥ 2SI T 5. GER D -V ZHi/INE Tl — B O ZE R IC AJ] S v R B3 5E4
ICHAT 2 £ CORFRIALIETH D Bl L 2 HIR L Twiz. $72, SARMHEKT 264 T
13X 2 Dff/MED—E Tk, TDC OB A 7€ v b & v PRI EZ TUT L Tz, RT3 Y v 7RI L 7
Ny 77 EHWSEZETEHET ey P ETFOANRRIZEICMZ 28722 FREREL, LFEoME% @RI 5 2 & orveREaRhE %
FEHL 7=,

EREHEAR : 2 A A AL, SA ARG %5V —JL : Cadenceff: Virtuoso, Mentor #: Calibre, Synopsys#t: StarRC(XT), Synopsys #t: Hercules,
Synopsys #: HSPICE(RF), k5> <2 &#8 :1,000~10,000 HEF> : v—2 CMOS 0.18u m 2.5mm 5 v 7 Fv 7HEH] :

v 2" (PLL, A-D/DC-DCa v =7 &)




| TRET LA 5 L UBEBENEER TEGL

ERAFVDEC %ZE @

BEE L otz i & 2 RIS OAREIFE AL & KERILIc X o T, IR/ 4 X0sgER
ETETHEIANCA->TET 0D, BRBELEDZIMZ 2 7201iF, BIERICARZNNST 20
DENRIITH 25, Fv THEBICERZEIRT 5 e F vy THBEEZHFEELCLES > 12D, Fv 7
OIMINCEBRa v T Ty FavF v &Mt o8B THs. 22T, Fv
FTavFry b e RBEAD Y, Kl LTRE—-FETHoTH, ZOELNFHEH?R
5. KF v, FyTavFvy o ERGAT, EREROEvIc LT, Sy TN
DEREESA LD LS ICET 2022 RS2 T 2bDTHS. Fv 7AICHE
WHE 7 LA R, 2% v F o4 v EH0TOMHER S EOEFIFIC SN b oERE
WIrzHcEsX51CLThB L L bic, BRI <y FET TR, Fy 7TNHOBREEELHZIMNET 57005y FbF v
TRINCT LA BICiiET 2 28T, Fv 7NIOER A X0z METZ 2Ll TH 5.

EREHHAR: LAH L L, 2 A A &K 585V — L Synopsys #: ICCompiler, Cadence fl: Virtuoso, Mentor tl: Calibre, Synopsys #: StarRC(XT),
Synopsys #1: Hercules, Synopsystl: HSPICE(RF), I3 > &# :1,000~10,000 HFZ> : v—2 CMOS 018y m 25mmfAF v 7
F v 7R 1 TEG (FRIERTAMRS 2 &)

I ERETLABLIUVEREENERIKTEG2

HRAFVDEC £&E& &

EEE © ti b ol I & B BRSO R E IR E A & RERILICc X > T, B/ 4 X8
ETFETHAMC > TE TS, BHETELTZIZ 5 7201Cd, EHEBICARZMNINT 20
PRIRNTH BN, Fy TNICAREZEKT 2Ty THBEHELCLES ko, Fv 7
DIMIICER2 v Ty Ty Tav Tyl RNt 2o8—@TcHs. 2T, Fv
TavrFvHicb kA RBESH Y, XKLL LTRFA-FRETH-TH, ZOoBELAMFESR
5. KTy, FyTav iy o, ERGAT, EREROEvIcL T, Sy TN
OERBFEESMHBED XS5BT 202 TR o IcT2b0TH L. Fv 7NARICE
WE 7 LA LI, 2% v v F =4 Ve TNE2 b EOBHIRIC L b oz
WIvEflflcEs Lol Tdreedbic, BREIHR Y FET TR, Fy 7NHBOBHEBELHZINET 272005y FHF v
TRMICT LA RICiEST 2 28T, Fv 7NHOER A X042z lETE2L51cLTH 3,

EREHHAR: LAH DL L, 2 A A& 585V — L Synopsys £ ICCompiler, Cadence f: Virtuoso, Mentor tl: Calibre, Synopsys #: StarRC(XT),
Synopsys #l: Hercules, Synopsystl HSPICE(RF), F 37> ZX&Z%#:1,000~10,000 FH#FEZ>:v—2 CMOS 0.18u m 2.5mm ffj F »
7 Fv 7R TEG (FeM:aFlhe i 7z &)

I ERE7 LA BLVEREEAERETEGS

HRAZVDEC £&& &

BEEE : L ol 1 & 2 ARl O REIF BT & KERLIc ko C, BF/ 4 XDEH
ETFETHANC > TECw S, BHEELLTZIZ 5 7201C1d, BHEICARZMINT 20
BENRIITH 25, Fv THNTBICERZERT 2 e F vy THEEZHFEELCLE > 2D, Fv 7
OIMINCER 2y TR Fy TarT bk ERMNT 3008 TH S, 2T, Fv
TavFrHicb e nilife sy, Ride LCRF—-ARTHoTD, ZoBRUNFHEIR
BB, KFv Sk, FySavTryyofEl, BT, BERERoEwIckoT, Ty TN
OEBFEESM A ED XS ICELT 202 TRICHL 2T 20 0TH 5. Fv 7NAICE
WEE T LA LI, 2F % v F o4 v EHOONER» L EoBEREICENL bV oERE
WIrEGlflcEzLoicLThs L dic, BEMH Sy FR2T TR, Fy 7NHOBRELLDZHUET 272003y FHF v
TRMICT LA RICiES 2 28T, Fv 7HNHOER A A0z lETE2L51cLTH 3,

EREHHAR: LAH LR, 2 AH &G 585HY — L : Synopsys #: ICCompiler, Cadence f: Virtuoso, Mentor tl: Calibre, Synopsys #: StarRC(XT),
Synopsys #1: Hercules, Synopsystk HSPICE(RF), F 7> ZX&%8:1,000~10,000 HEZ> : v—2 CMOS 0.18 z m 2.5mm f 5 »
7 Fv 7R : TEG (Reik:aTHlileli7e &)

3-

AHREN R o

ity
>d

iy

35



T
o

il by c AN S Rk

36

Iaﬂﬁmﬂ%tﬁﬁiv¥lv—9

RRAFIZFRARE NE HiE

HRERAFVDEC %2 #, X B, XM #iF

BE: AREFcirkTyarza—2HoTLA 7Y MERWREERKERL ¥ 2L -2 0ikGH%
oz, —MIBREERL Far—2cid, V77 L v AL HNOBEEZ KT 272017 F
uZav AL —=2B3HOLNTWS, ZORDARAX LGP ERE N, MERICEERIY - 575
Fax BB EE RS, Vol EETET I ary L —2%2AJJNANDZ — bic kb
BT 2 P REINTWE, 20a v SL—2HETE, 7y o225 20% 2 HE
BERAIC L 2 7 v X L RHARRICEY, ANNICEEA 72y F234L 5. LAL, 2oay
N — 2B EBIER L7208, 20472y FIRFH0DIERS I > . SEoRE T, =
VoL =2 EEEA, 2oBioMEBIERECHHAT2 2T, hRAX LEE R L Z2BERKSREZFEBHEL WS, £, [V
N—=2 2 DNMOSHTDHZIY PR 2 & TPMOS A ZIERL, ZNERX Y X—FeArI4 77V MaTwd, Zhicky
avsL—x-avie—7 - HJJPMOST L A &\vo MR R M2 HDL & LCRBIE N, LA 7Y b SHBIRERHIC X
DIERRATRE L 72 0, BXGEFa X P AR E (A L 7z,

ERETHARD : LAALLLE, 2ANHAKM &5 —JU & Synopsys t1: DesignCompiler, Synopsys t:: ICCompiler, Cadence tf: Virtuoso, Mentor
#1 Calibre, Synopsys#t StarRC(XT), Synopsysft Hercules, Synopsystt: HSPICE(RF), b+ 3> <X &% : 1,000~10,000 HEZ
v im—2 CMOS 018y m 25mmfiF v 7 Fv 7R : 79w (PLL, A-D/DC-DCa v ~— %75 &)

]

I:Uﬁ%mmfn—eyfﬁvPEG

HERAZVDEC fRIXK Bt

BE  ARECIR, IV EESEESHoZvo T - vy ZRHSy FREEAZET L L
bic, 7a—7HYDKFH L Dz ic B A B LB EHE L. chicky
7 —v v ZHEfTc A N R PRI FBRIGEWETO e -y JOMEBRRETH Y, F
7% BBlOGRITICHIMM A SN2 T OMBERET 22 LT, BVRLHEEZIT) FrcE
v—v v ZHEiiOEBICENTE S, coFy TEREMNT A2 EICKY, FhoTue—v v s
Hiffio ) I & EEROMER ORI 2K 5 2 L 3k 5. EEoFHIlick Y, 7Yo—ToKE
HULICKRT y 7B CE L L 2R L7z, £ BOTa—To%y P32 —vEERL, W]
DEDFAEIC L THEEO Y CoME ICHHVEETH 2 Z Lrnh o, SHE ML T
HHLTWI2bDeEX LN,

ERETHAR - 05 ANALLE, IAHAKM %5V —JV @ Cadence tl: Virtuoso, Mentorfl: Calibre, b7 X 2% : ~10
CMOS 0.18 4 m 7.5mm fF v 7 Fv 71ER : TEG ikl 72z &)

ﬂ;
3
i
\
juf
|
S~

I%ﬁ%%ﬂwzﬁ$ﬂﬁﬁ-?99»§mﬁ

HRAZIZRMRR BX E—

HRERA¥VDEC fRIE &, 28 &, XH FiF

R« ARG Tl O IR R RE 2 2B 2 L i NR IS I D IR - 72 2 A28 st (TDC)
DG #ITo 7z, Wi 30 b EARY, B THAVELEEZ D DNy 7 7 [HiEE LG5 H%HiE
T35, “ODBRIERRDAIC X Y SV RERME/NE 2 ITIEKR T 5. SARIERHENT S LD
CREFEI NNy 7 7 B GBI L, 20Ny 7 7HlIc Vv AIERE AT 52 e Tcwdh
DOy 77 EEEL7ZE EICAVAMHRT S, AR HMNER ZOBRKREFAL T, AN
Will7E % 7 ¥ 2 G H I T 2. HERD -V ZAH/NE TlE— B O ZE G I AT) SV 2 H35E4R
ICHAKT 5 COIRFRIARLECTH ) BHUHE 2 HIR L Cwiz, 7z, NAVZAMEKT 250 T
1o 2 D/ NMED—E TiX %, TDC OB A 7€ v b &\vo RIS E L JUT L Tz, R TZY v 78I L %
Ny 7 7EMGE L TAT vy PR TOANMREICMA 2872 2 e RE L, LiloREZ LT 2 C & TR ifRE %
FEIL 7=,

REHHAR : LA H LA L, 2 A ARG 5%5HY —JL : Cadence ff: Virtuoso, Mentor #: Calibre, Synopsystk: StarRC(XT), Synopsys L Hercules,
Synopsys#t HSPICE(RF), k35> ¥Z &% 1 1,000~10,000 SIS : m—2 CMOS 018 m 2.5mmfA4F» 7 Fv 73 : 7
Fu2 (PLL, A-D/DC-DCa vy "—x7¥)




I ERETLAEL U‘Efﬁx 3R %E [E] i TEGA

ERAFVDEC %ZE @

BEE L ol i & 2 ARG OAREIRE AL & KERILIc X o T, IR/ 4 X0gER
ETETHEAMC Lo TET D, BREELBZINZ 20, HEBICARZ NS 20
DRNRINTH B2, Fv 7NIBCEREBKT 5 L Fy THEZHBLCLE > 2o, Fv 7
OIMINCEBRa v T Ty F7avF v &Mt o8B THs. 22T, Fv
TavFvyicb e niliffes Y, Rl LCRFE—-ARTHoTD, ZoBRUNFHEIR
b, KFv TR, FyTavT vy o, RGP, EREROEwIcE-T, Fy TN
DEREEDHIA LD LS CET 222 RS2 T 2b0THS. Fv 7HICHE
WlE 7 LA R, 2% v F o4 v EH0TOMHER S EOEFKFIC SN b oERE
WIArEGlfcE 2 LoicLThHs L dbic, BREMH Sy FRT TR, Fy 7NHOBHREELBZUET 272003y FHF v
TRMCT LA LICEBEST 2 22T, Fv 7HNEOER 4 XomzlliETc&2L5ICLTH 5.

EREHHAR: LAH DL L, 2 A A K 585V — L Synopsys #: ICCompiler, Cadence fl: Virtuoso, Mentor tl: Calibre, Synopsys #: StarRC(XT),
Synopsys #l: Hercules, Synopsystl HSPICE(RF), F 3> ZX&%#:1,000~10,000 FH#FEZF>:v—2 CMOS 0.18 m 2.5mm ffjF »
7 Fv 71@R : TEG (FriEaHilialg 7z &)

| TRET LA 5 L UEEEENTESTEGS

HRA¥VDEC £#E& &

BEEE -tk ot i X 3 BRI O REREHL & RERLic ko <C, &/ A X0EHR
FTFETHANCHR o CEC L, BHREELHZMA 2720 icid, BEBRCARZMAMT 50
DERIITH 523, Ty THEICAREIBRT 2L Ty THBEEHELCLES ko, Ty 7
OIMINCERa Yy Ty TF vy Tav Ty RT3 08—k THb. 2T, Fv
TavFyvHic b A GEESH Y, KLk LTRFA-FRTHoTH, ZoELAMFHEIR
b, KFv 7R, FyvTavyvrol BT ERigoEvickoT, Fy TN
DBEFEESMBED X 5 1CZALT 2 22 EHFCH L 21T 2D @“C‘bé F v 7HEICE
WEE T LA R, 2% v v F o4 v ERHWTOONED S EoEREIC ENL b odEiiE
WIrEflflcEsXricLThb L dic, BEMHG Yy F7ZF Tk < , Ty TNEOBREHELHZWEST 572008y FbF v
TRECT LA BICiiET 2 28T, Fv 7WIOER A A0z METZ 2 L5 LTH 3.

RETEAR : LAHLLE, 2ANHKH  §&EHY — L & Synopsys f: ICCompiler, Cadence fI: Virtuoso, Mentor #f: Calibre, Synopsys f:
StarRC(XT), Synopsys#l: Hercules, Synopsyst: HSPICE(RF), FZ > X &% :1,000~10,000 H{EZ7> : w—2 CMOS 0.18u m
25mmMAF v 7 Fv 7HER : TEG (FRkaHhEIE 7 &)

| HER ADC £ & VA ZBIEEB OIS TR TEG

FLERAFETZE RE S, 52 A, e B

BE KT v 7, RWIFEECEEE L 720 B0 ADC 3 X O R 258 T Mg D R ETHIT 2 H iy &
LCRIEL 72, WEUEMADCIE, 7 v F Fay XL—x e TDCTHK I, 7y F Favos
L—2DANBEICNT 22y + ) v RSB CTH 5 2 & 2RI L OTREREZTS.
AR L 0 2 v o8 L — X B OBIE R 1T o 72, GHIIORR, AJEEONBUILEIL 727
VEANMEBRHETIE L TR LN, WEIEMADC & L CORARBERHER L. /2, —EUT
DANBECH T, MEMADCOSNIIZF LRy 8o Y =7 ADC O #Hi SNt
EWMSTEY, WEREMIC KB X4 F Iy 7Ly Yol IR EER L 72, RIZSEIER B
{EWERIE NG 2 25T ¢ & 2 MD (Multiple Delay) £ v o3— & %fftfhifiehe L, Hlffla—Fick b
[E]#E A PR DR AL % 32 M8 Ci#E 3~ 2. TDC 0 RHRIk & L Cakal L7z, BAREIEIIMERE 2 CH 545, FHll it icow» T BifE
HWERTH 5.

EREHHAM : IAHDLE, 2 AH K  5%5HY — L & Cadence fl: Verilog-XL, Cadencetl: NCVerilog, Synopsystl: DesignCompiler, Cadence
# Virtuoso, Mentor#l: Calibre, Synopsys#l StarRC(XT), Synopsystl: HSPICE(RF), k7YX &% :10,000~100,000 HIEZ
¥ m—2 CMOS 0.18x m 25mmfiyF v 7 Fv 71 : 7F w7 (PLL, AD/DC-DCa v S— X7z &)
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| f#8S 7 +EBTEG

FERFIFE =& NE—

BE: v —2018umD 7wt AEMETY A 7 0RO RD B TE 0 RS 57200,
FFTEG, RIETEGZERL b, BERMICIE, »/8, x/4, x/2, aOfifHy 7 F &4
A BIBAEMIE, WS, ZROEEEEKEE, R4 v FEANLCEINICERL, ZOKRAL
FER4Cy P ONAL FVESTHIEIT 2 (Thbb, HEEZT 4 V2L THETEZXSICL
7o) DR ETh 5. ik, HUST — MO H TR Y 7 b AAEED LS D ORE gD, 5
FSOMWMY L7200l 2a 22 cHE L. chbomicownTld, SllcBRfTR
L OEMELrRD N bR tE PEL T 5, 2 HERZRIZCTStho 7 2 £
(CPX1000) TfTo 728, ~A 7 aiEollE IHHOBEZ®EL, 2y b7 —2TF 74 ¥ T
WE L7z, e HUEORSE, FHMHY 7 +& (HEMHES 7 P& 3, 20zt h, 35° (x/8), 794 (x/4), 139.7 (x /2), 255.6
() THY, EEEKIZ, ZhZFh-1.08, -3.36, -6.89, -8.67dBTH - 7=.

EREHHAR ¢ 0.LAHLLE, 05 ANH A §&EHY —Jb : Cadencetl: Virtuoso, Mentor#fl Calibre, Synopsystl HSPICE(RF), +Z>¥ ¥R
21 1,000~10,000 FHES> : m—2 CMOS 0.18u m 25mm 5 v 7 F v 7&R : TEG CEpMEEEim g 72 &)

DLLE, #>Fv 777 EEEE,

NIRS FEIE R, FRfEZ=EIEERH
TRIERFIZEE E4KEE, B M, BH 85, £4K &N, AKX =5, I\ BX
BE : ARECREAR 2400 MK E2FE L7, 12 HIZNIRSHAEREKTH 5. NIRSHIEIC
koo ka2, KREICSUZERE W CEREAEZHE T 2 FXE AL T
W5, 20HIZRREIZAERIE CH Z. SRT v FORXXRAZEY T 4 2FIH L 72 IRefE =R ]
WAL, ANRREGREOIEKREK > 7. 320H3A v F v 77 v 7 F 2502 E0E, %
7z, BERER D 720 O%E % % IE L 7z. 42 H < Delay Locked Loop [H]i#% & % o PEREHEIE 6]
ch . ORI, 25GHz0 7 vy 7% AJILSHD 7 vy 7 % K3 % 729 D Delay Locked
Loop [l & tHXf € v + 7 v 72 4 ZHIERIEEZICAL, v F v 7 Tho0 7 vy 7 OftHE
T BREOBIS L LCE T T L ok B Delay Locked Loop M:AEHIE [m]i#% & S35 L 72,
SENE M S, AR Bl “ArvF oy I TV T FEHCEREY 7 bR —A v BEY AT L, " VDECTHA F—X 7 4 —
7 22016, 20164E8H
EREHEARI 4 AN A LA L, SA ARG &5V —JL : Cadence ft: Virtuoso, Mentor #: Calibre, Synopsys#: StarRC(XT), Synopsys#t Hercules,
Keysight#t: ADS, +35 > 2%#:1,000~10,000 HE5> :v—2 CMOS 0.18p m 25mmfF v 7 Fv 7iER : 7+ w2 (PLL,
A-D/DC-DCa v "—x7kl)

I ynuR018_17_3

MEESTKFETFR shd thid, F)IE1T

BEE © kA2 AR i Ub 2 RAREE & U Cmait, KB ENECEN 2B
¥ (SFQ) BB DT AT o T B, 7228, BB LSRG » S Ruisid v, SFQ
B HL R T O KB RIS E RO b 5. 2 2 CEndilk, KIHEE I En 7z SFQ imim]
FRIC X 2GS & AT IC B 7 CMOS I8 IC & 5 A Y A G b4 2 I X o TRdat
AL, 2oKHEEAAfER SFQ/CMOS A 7)) v RAEY AT LERELTWS, &
DF v 7IiE 7 v A DFR/NETHI L 728T-SRAM e L TR E 3 A2 ) T L 4 (A H64-
kb), 7a—%, RU2HHAD N7 54 7 ARZEEIES (T 7) BEEINTH 2. [HEHE
KRV ATy M EBETE TR RBIEEILIC R L7 CMOS A€ ) L&D b D& EIHL 7.
HEJESFQ 71 % v 4 & CMOS A & U & #i& L7 SFQ/CMOS A 7 v Ko 27 AOBEEICH 5. M TRSFQ 7 1% v 1o
£ % CMOS * & ) ~DIEH T 7 2 AWMLY — FEDfEiH A 70 77 LD FEFEICRII L 72,

ERETHAR ¢ 0.LAH K 55 —JL : Cadenceft Virtuoso, Mentorft Calibre, Synopsysft StarRC(XT), Synopsysft HSPICE(RF),
b Z v PR &% 100,000~1,000,000 FHEF > v—2 CMOS 0.18u m 25mmfiF v 7 Fv 7HER) : €Y




|:1—5»*yr7—7m%91—»oﬁw

BAKRFETZE (@ BB, koK 58, IVE #B1F

BE ATy 7ok, Oefiaty b7 —2 (B fiAR) @Q=a—mrvET 0 (K :

A R) @=a—wvern (FF:/ME) ORFEIT-7%. BMFL LTI, chECFEKL
e ma—RYETA - VFTRETA - MRETASEEFML, HARKAGHOE/HES v
7= R L7, CRETERLEF Y 702, EOo=a—u v L0
BbEDEZEIREETHY, ARMIHRE 22 _EDOPRHAMRILCLES 2 B3H 2729,
FHIEF O lEE 28N LB 02 b2 a2 L7z, HE L2#53 e LCid, L0 ER L 7z mli 1
—WER L2 wEfEE Lzzo, U5 EHRE 2 —u vy ETLVOUREI o T FET
H35.

REHHAR : 2 A AL L, 3SAH R 5&5HY —IL : Cadence #f: Virtuoso, Synopsysfl: Cosmos, Mentor fl: Calibre, Synopsys t:: HSPICE(RF),

[53=

FZYOR48:100~1,000 FHEF> : v—24 CMOS 018y m 256mmMAF v 7 Fy 7R =a—727/u ;‘3%
=

Y RT 7
Za—AE—T74vIVRTL 5
TPITF472 bV oRE BEREHRFEHE o
BAKFEIS® AN E g
BE:=2—0E—7 4y 7 AT LDLSITH S, 3220 =2 —uvHETEfirs =a2— R
B RTR, 2AHDA VA= 2B bRE T 2T, IAT) L I & B O2ANN TH B, ic
=

Za2a—uvETDOT IR, TI/T74 7<) 2ABMOINT 722 THB, v F TAHKT
1Z, R B OB EIcHEERE S LR T 5 2 L IR E NG, ISR &
LCiE, 7EMNM7 7 ABYIEEATH 3, In-Ga-Zn-O (IGZO) ¥ Xk ¥Ga-Sn-O (GTO) #
RUELTWS, $£72103, ¥ F7RFETIE, MMMOSFET oML IC & 5. b EimM e £
GO WF N OIS 5 T T, Wty F TR E I F TR B, HiL
BEeD =2 —u v RTE L FTABT AR L7z, ®VT—=a—F 0%y + 7 — 7Bk
gaxhzd, 77V r—vaviEFHTH L, FRGEBAEY) ICHATE L EbN 3.
ERETHARI :SAHLLE, A NHA K  5%5HY —JL: Cadence #: Virtuoso, Synopsys f: HSPICE(RF), F 3> ¥ X 4&#8:1,000,000~10,000,000
HEFY : v—2 CMOS 0.18p m 5.0mmfAF v 7 Fy 7@ :=a—F2 /0

A4y s ADaAVINRN—R L
VCOEDC/DCaAVYN—=RIERTZaA//NL—RENYT 7

PRAFETHHESEFRRBEIZR L4 &R
PRAZRZEBTIMRNEREFEREEIZER =5 L, B KE, HO #F, £ EX
BE g, IR CA/DEE L LTEXRIEA (SAR) A/DEHGRSES K HunbhTn
5. LU, ZOHK E13bit A LOEWEEZEBI T2 2 3L we IhTns, ZZ ok
DWFFEE TIX14bit 2 3 2 A/DEE E LT, A4 v F b F v S 2 OFEBEZ iz 4
429y 7 A/DERBEIRET 2. COA/DEBRBOESUMICE, 52T 1 VX HEICE
L% G L CROI AL I A~mET By P 7y ZEESAHE RS, Dl Eokhe y
FTmy Rl EH YA 20 v 2 A/DEHERERIE L 2. 5E 0T R nIihEE v EE
D= PLLE 725 ER e v H Z6H L CPLL 2 Tt v 9 & LTERL LS &%
2 T3, ZD7®, PLLICKHEAVCOZME L2, v A7 U ¥ 2l REHFPIK O X Fikom Lofifffezs LTwa, HiL{EL
LEzFETOY Iab—y a VR EEBICEYE L 2RI OREZIET 5720 e 27 U v A lfHlAXEBR KO —HTH b a v L —
2Ny 77 BEMEL .

SRETHHEART  1I0OAH L E  5%5tY —JL : Cadencefl: Virtuoso, Mentortl Calibre, FZ > <X %% :100~1,000 HKEZ -1
CMOS 0.18u m 25mmfAF v 7 Fv 7#&H]: 77 v (PLL, A-D/DC-DCa v N—% 7 L)
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RIAZEIFMER BPH

RIGEENFRZIEMRR Bl ER

HIRFEITEHAER 132 178, T)II BL, QIAN ZHENGYANG, LEE KARMUN, &8 #4, DU BANG
BEE 04, mRE AOEGORIC X o<, ERTPRICHD 2 EH - MEREE 2 42 K&
{7zo T2, FThEEORE LT WO LIlcR o BEEUEMIE, KREARMEE ko
TWw3, Eing oo, Va7 7 7474 ZACIREZR Z L & T3 EMME5
EHEMWNICE=2Y) v /332 eBEE L. Z2okoHEEETcCHRICAERES2E=£
Vo7& 2T 77 NMMEY AT LDRFEEITToTwa, Sl ERMETEHRT 5720
DAEMREFFERLSI Z3UE L7z, %EF L2 LSLICZE S8R E (MUX), BAER %2 U1l fE 7
LNA (Low Noise Amplifier), {EISGEENTEEE % U HEZ LPF (Low Noise Amplifier), #H5 5B s X CEIRMIEK 2 #£# L T
5. BE, BMELALSIZ O CERERE=2) v 7o 27 L2 FHL TV 2.

ERETHAR : SAHLLLE, 9ANHKIG %5tV —JbL @ Cadencetl: Virtuoso, Mentortf: Calibre, Synopsystl HSPICE(RF), FZ7>v¥ X%
#:10,000~100,000 HEF> : w—24 CMOS 0.18u m 2.5mm A F v 7 Fv 7R : 7F 7 VRE

g
H
X

I SIAFR=a2—A»TEG

B s

BIE O REPYIEAZ R A 7Yy R ZF LGB AL v F b - AL v Mz w72
NAR=Z2—avEEEOTEGT v 7 CH Y, DI AR= 2 — v g & Kl ETHilli O
WHRMEK, S 5iE, K= -4y b7 =20 2= v k% EREKL L 72,
o, WMNERMEREEZEHELEHTLVAL vy F - ALy b A R=a—o VRS #
L7z, FRMERHiiRig e LCik, 7Fn o4 v "=l b7 v Rav X2 v RBL0
FIVALYRZ VAN ORT &, BEHERLL, 7RV =7 —FEERHET 5. ¥
7oy BABAA Y F b ALY bA=T7F 4 LA RIS SAEEMAE L, @ISR % 3
filid 3. KMtz =y Ml LTid, R4 vF b ALV ibhFR=a—n v
B2 20 FICHCE L2 =y F 7oy 2 2R L, Zhzfva e, BhNGE, BIfERE, 7A=Y X 2coRl b
sy 7O ESL /vy 77 4 — FAAL—OFEERHT 5. 36ic, o=y 7y 7E oM R T RENRYBEO 7
Erial—vavE{ird

ERETHARI : IAHLLLE, 2ANHAEKN &5y —IL ¢ Cadenceth: Virtuoso, Cadencetl: Spectre, b+ 7> X &% :1,000~10,000 H{EZ
v i —24 CMOS 0.18u m 2.5mm 5 v 7 Fv 7Rl : Zofth

I?avﬁﬁﬁoﬁE@%%o&#

BRBERFEER®Y F7—7IFEKR K RY, 8 QF], AiF 8

BE : SHoEfECiE, Fa v THOFERBEEZERG L. 4 v X7 2 v 2358w X
2b0TH50, ANEFIZLSVIEEZ I3 2 KG&EM 2485 L, HIEFES3IVIREICA
% & 5 icE%E L7z, Rohm 0.18um iZ1.8VIHEZ & w9 & &, HIBEEDFSITHEL F ¥ 3
VEAERMALCELEERMRFT22L T, 120 b7 v PR XK LTIV LD B2 5 7
WEkHICT kL7 F7, RA v F V7DD AR T B -0, FiERKE LT
Voot —238E L7z 18VANIR LT, FEBIMHz % HEEE Lz, Tk, H
NFEFAZMA Y EOKGEMICH T, He#l b o7 EREAGONE. Vv oty —20
JAMBUZIITMHz T, H» XY TR Ao TL E 5722, BIBAKBEATHERL, FE
KB LCOMEARL, 3AVU LoRIERR b2, K& L LTE, 2mAM LoEREZENT 2 KGEBBROATHWEET, v I1a
L—vavoRET, ez KBEboREL X AR TESLERD 572, FEOBMEHZERO Ly 2w opREL Tk L
T, BEEIERRGEIRDO Y I 2L —v a Vi) TH LI 0 EMp KR TE LI LR X p o,

EREHHAM : LAHLAE, 2AHKm  &EHY —JL @ Cadencetl: Virtuoso, Cadencetl: Spectre, 7> ZX&%8:1,000~10,000 =H{EZ
v :m—24CMOS 018y m25mmfMF v 7 Fv7&ERl: Zofth




2Step ADC, ZILFEy b _/n~—=7)IIA4ZTDC, 4bit NSDEM,

B LU /N—=7E Multiple- 4 X TDC-TEG
EBAFETZE EHMER, A B, 2k fE5, R EE, 5% B8, B X, =k &1
BEEE : 4 — 7 4 AR T O ADCIE F 3 % TKIHEE kD b T 5. ARidffED2Step ADC
BRI & A %A B A b, 0> 2B KA D a2 — 2 28R L 72 Cap D& % FEf
RIS 2 2 & C, TR S X MR B2 EBLT 5 2Step ADC (34bit 24 v F I
F p o8 ZRE R ADC A ffids, 2 2bit HERC A X ADC TR L 72 . Ric= A F &y b _
N—=THAY TDC OGS, E#EE{To/k. TARY I~DlEE 2 F 5% RiEEE L L,
B0, BB OWESME D A2 TDC L Bx Y, 255 020 CRRINRIEELZRET 52 LT,
FERI ISR R RE DS L, SNROYGEZIH > T 3. 4bit (15level) ® NSDEM (22K I &
vy Fye—o%) BEUELE, {ORIZFPGATHRATL Twizas, S uIERTL, AWK, P&R, #
FEZ ML C, EChip COEEXFML /2. ~N—=T %I Multiple- 7 V% > 7'~ TDC-TEG i3, @fftEZoz0ic, —f%#TEGE LT
AIEL, N—=7 8RR S TRED T R b3 2 72D IcFEL L 7.
ERETHAR : S AH LA E, 6 ANH ARG %5ty —JL : Cadence #f: Verilog-XL, Synopsys#: DesignCompiler, Synopsysft: ICCompiler, Cadence
#: Virtuoso, Mentortl: Calibre, Cadencetl: Spectre, Synopsystl NanoSim, b+ Z ¥ X &Z# : 100,000~1,000,000 HEZ7> : v—
2 CMOS 018 m 2.5mmf4F v 7 Fv 73 : 7917 (PLL, A-D/DC-DCa v — 275 &)

BERAERARBRE v F7 4 V2 ORERD

BILBMERTBELSI F v 7D DEEREROUR
BRERBAFETZE S B, AR AT, 8E EA, S KE
EBREZBAFEBETIMER Fik X, BHP &, B0 =, &M XIE
R 3 0 RS 5 1L B [ B & Hefih X ¢ COIRREBICE T 5 C b 3T &, ERE, I
BICES e bR TS, EMES 25 EMEEMES, 7442137 =7 7 7 AWR~NIGH
T3zl KEFE(LRD SN TEY, RAFchortrvFy FcEBHTLI L%
HifL<wa. SMoFy 7iEitcid, R, v 57 4 v 2 Ll 2 VCO & PLLICD
WC, HiEOFE L VSR ET o2 LTl iTo 7. 7z, WEIREEED % ELFikico
WCORGEED 172 72, HVBERREALSI T v 70700, +vF v 7RKBE & &% &
T7V T —va vEEOMEEZ{To T b, BEREEIEKGEROM N ZVIL LICHIET 5 Z
LA LRT 7Y r—v a vEEOBIER BiSS. ARECi, HilORMECRE L2 KBEMD 5 b, #EhtiErftonizb i
BIL CIERUE Z W 72t 21T\, MR SE I NS 02 EEL 72, 72, MOS A VEIERF ¥ — YK v 7iconwT, LHiORKEH X
DI OICBHEEESC L2 DAL 72,
ERETHAR : TAHLLE, 8AHAKM F&%EHY —Jv t Cadencetl: Virtuoso, Mentortl: Calibre, Cadence#l: Spectre, Synopsysfl: Hercules,
Synopsys #: HSPICE(RF), k7> ZX&Z%:100~1,000 #HfEZ> :v—2 CMOS 0.18u m 25mmMAF v 7 Fv 7Rl : 7w
(PLL, A-D/DC-DCa v N—x7 L)

BEBEHFHE=RKVVITIRATLOD

17 v 7EBEICHIT =51
EERIAFAFRIFHAERR JtH k&, R 8, aid —n
B RITEE ik, SRR 1T 3 2 & CAEREREIE T 2/ 8y 27 L OWF9E - BilF
Z{ToTwad, HEOMEMSt vy 3 e T7Fn s /7Y 2 NEHNRELSI 2 fllAGbe s &I
LY, BKIHEE MG T A 20bFE HIEL Tw . ARETIE, RENR1F v 7R
Bft~o%—& e L, (1. 805127 MPU, (2. LEFHAMASIC, (3. SEiiAIASIC, (4.
FARNE %15 v T ICND 72 F v TORMER T - 2. BARIRRIEE, & X CLEFHIHASICo
7 Fu iRy OFHIiAE T LCH b, BIEKRY Offy Ol 217 o T 5. Sl O FERI# X
ARG IS TGN S RIC K B3R EA DD o 2 b 02 HKE L 72 d 0T, SRORMETRIERS)
xR L7z, CEFHIAT > v ZEEgIcBI L Cid, N4 7 ABBRORELZ MY, IEHEHIEL
TWhhol. 2070, REOF v FICTHEE LT Fu ZEEoRE21T- 7.
EREHHAM : LAHUL L, 2 AH K 5%5HY —JL t Synopsys #: DesignCompiler, Synopsys #l: ICCompiler, Cadencetf: Virtuoso, Mentor
#: Calibre, Synopsysff: StarRC(XT), Synopsys#l Hercules, Synopsys#t HSPICE(RF), Synopsysfl Formality, b+ 7> X &% :
100,000~1,000,000 FHMEZ > : v—2 CMOS 0.18p m 25mmMAF v 7 Fy 7R : 7Fn s/ 7TV XA ERUE T ok v &
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|747nﬁ%Dmﬁﬁ%Eﬁ

HRERAZFEIFREREFERIFR EH FXEB
RRERAFEBIFMEARMERITFZER /Nt 1850, 8% s

BEEE - ABUEClE, <A 7 vl DIE IR OGET 217 o 7. B4, BEAEEY A7 4
& L CRERREE, XMEH 0 MRS I 3/ E Mg E LRk ST 2. &5l
RAEBEHERE LT, 24 v F v LT ENEERIA O CwE, 24 v F v 78
JIMEIERRE, BB ICE R & EIRO RN RIE O E ¥ wicd 5 2 Lick b, BiEE 1:100% ©
BIEMIOND LW R ERD. A4 v F vy 7EIHEGRDO—2 L LT, A4 v F v /&
& LCHEIEY 2 DIRENEIESRSIRE I TS, KAlETld~A4 7 v iin cBiff 3 2 DLE
ISR OGN 21TV, A 7 a i COEMELZBR L CLA TV b &fTo7. BEMKICIE
ANRAGNA v E I 2 EMIMF ¥ ¥y X2 Wz,

ERETHEARI : SAALLE, 4NA K  §%EtY —JL : Cadence #f: Virtuoso, Mentor #f: Calibre, Cadenceff: Spectre, Synopsyst: HSPICE(RF),
Keysighttk ADS, F5YUREH: ~10 BES> : o—24 CMOS 018y m 25mmfiF v 7 Fv 7R : ilif5 (RF[EE, ATM7% &)

WEBIRF TP R% (FeFET) B0
Za—0OFENT 4 v ERBREK

PRAFETHHAER A&, 35K X, gex &

FRAFETHFE E& QM

BEE 4R, PEROMEREN L2 2 CE L —T ORMABRA M2 >0 5. 2010, it
ko A= MavCa—T 4 v I/ ARV T %77 F ¥y O—MiTHE =2 —0E
N7 4y 7aAva—T 4 Y I ~ORLARE-oTWE, Za—BELT 4y AV a—T4
VM OMRINE (= 2—mv) ZEMHL, BEANREGETH S & EFEAEE (A%
EHAORHD) OEBLWI2HMNEEL D, Z I CARHRMEAT Y ICEARZTEL, Hiitil
B X O BRI 2T 5 e EH I hTw 3, BIfE, 2R ) O—ffi& LTt
AL 7 v 2% (FeFET) 232317 b 5. FeFET X MOSFET 0 4xj@ s — b & fufgkikoilic
A BT A G E LY, @S — PR SUEBIC SV AZHINT % 2 & CEFERTICOEARET 5. ooz tick ) T —

2 &GLET 5. FeFET RitEARMARE WY =2 —uEr 7 4 v 7T IEHT 2546, SHEEREELHRECcE 5. AfEFcix

FeFET Z i\ ic=a—mEV7 4 v 7 FEREEEE OB 217 o /2. 5113 FeFET Ll ab8 CRATET v 7O @fEERZ 175 TETH 5.
EREHERR : 2 A A LLE, 3N R  5%5HY —JL : Cadencetf: Virtuoso, Synopsys ft: Cosmos, Mentor #: Calibre, Synopsys tt: HSPICE(RF),
bSO R ZE:10,000~100,000 FHEF > v—2 CMOS 018y m 25mmf1F v 7 Fv 7R : 7F v (PLL, A-D/DC-DC =

YN—=RIRE)

H R — F PLLEREOEE TSR TEG &

HC - NBA P x> a v BRIIARIREEE TEG
KERITEAFARZRIZHARE =2 M
[EE S, EH Bl I KK, SN B
B - il - AR A XD my VERFEOVLDL LTHEZLNTRE A AT — FPLL
Mg 5 C, BRI OH LT ¥ O 38 2 FHlifaNT L, < ol 2 MEES 5 72 » © TEG % 93
L7. 1B&H &2B:H O PLL Mg O I AR 2 AT 25 2 & T, fHATHOX4 1 v
AT Ik aMizay 7~ I OWTHE - kT 5. EAMEFEEOMET
P B THOTEG TR AL Z 7 4 — PNy 7 LTEAERICHV3FEECC
THHY AN, A AT — FPLLEEEOEEMITICHEH T 5. Zofl, M4 vy =rvave
HCA v Yz 2 v a v ORIREB~DHEICO VT, R T EEHEiR T & 3 X 5 & TEG
PRERELTNE, ChickD, 4 vP 2y a VDBEWCICNT 3 RIRROIEEDEIC O W CERN AMESTH 21T 5 .
REHHAR : 2 AH L E, 3AHEM  5REHY —IL : Cadencetl: Virtuoso, Mentorfl: Calibre, Cadencetl: Spectre, Synopsystl: StarRC(XT),
Synopsys #: Hercules, Synopsysf: HSPICE(RF), b+ 7YX &#:1,000~10,000 H{EZ > :1,000~10,000 Fv 7RI : TEG (kf
P FEAR ] % 7 &)




TR 30FEESE 1R A—L CMOS 0.18um H{fE (RO18181)

| 2 ) AR TEG

HRAZTZRMAER HEX

HRAYVDEC ERIK Hir

BE  ARECIR, IV EAEICE T 2 BREEOHEMATEG O 21To72. £, 27 A
L — FHPBEDE T A% I CEE L 2 BRI O RIER T - 7. Bkiigiz s 5 v FeEs
HERTE D18 & AR DR 2 44+ 5 2 L 1c X > TI40GHZ T50Q & 72 3 X 5 I3t 21T - 7-.
ZDEEBIED T 4 TV RF 4 ¥ P RATH 2010 X O W7 2 AR O 1564145 o W& H TEG
AT, 7, i) OFIIC BT BEFKORHER R 272002, #i2Y Y & & A SHE
DIGESIE D ME I TEG DIERE T - 72, KX T}, v F v 77 v FFTFoL ) a v IR
ZhrET S LIk 2BROEKMOEMIC X 2FHTiZ HIVE LTHY, TvTyFelTrm—
FHA F7L—%2Hn3. 7u— 44 F7L—C@3EMANBLETSH Y, WERo#HEe Ly v vy Fo AN RFEIES %
g 2T Vv RBELE R L. 2 TATVOEREIT, N7y e T ua—FI A FTL—%2HIET 27200 TEGOIER % B2 - 72,
SREHEARS c 2 A A LLE, 3AHKIE 5%EHY — L ¢ Cadencett Virtuoso, Mentor#t: Calibre, +FZ IR %2#:10~100 A7 v —
2 CMOS 0.18 u m 5.0mm ¥ v 7 Fv 7#&Hl : 7+ 12 (PLL, A-D/DC-DC= v =% 73 L)

| SO—E¥4 F7L—HEETEG

HRAZIZZMER B EX

HRAZVDEC #RIR &t

BE : ARECR Ty ZHICR L CRES AICIEREO B 7 — K94 F 7 L—oilffxfiofz. 7a—F94
F7L—IC3ZEIEEOANBLETH Y, HEBRROMA Ly vy /vy YO A 2 Z G5 BT 537 v
BRELRE, ZTAT Y%7 —FHA FTL—ICHfiL, Y v ATy FOANEANT Vi), AilfET
1%, FHEBEREEERTOA v F v 7T v T FORMER{TR>Th Y, SFRAEEEE T v 7 FOMIE S I
BT b0, 7u—7OMENE, TvTFho—EDHM% R o 200EICEE LT R bR, 2T T,
TYTFERTVEERLEDDICH LTI v R I v a v o4 viaEskl, SERdlks 7 v 7o
SFICHERILTH 7a =7 LHELAVE ) K& 2To7z. —20F v IR LT A Z200KEEDT VT F
ZHIES 272D TEG DIEK %112 77,

ERETHAR : 2 AH LR, 3AHKN &Y —Jb : Cadencetl: Virtuoso, Mentorfl: Calibre, +FZ7 ¥ ¥R 4% :~10 HEFV :n—2L
CMOS 0.18 ¢ m 2.5mmx5.0mm ¥ v 7 F v F#&Hl : 77 v~ (PLL, A-D/DC-DCa v N—=x 72 &)

| SRR L RN - 7Y 4 LT R

HREARFIFRMRR ERE—

HRERAF¥VDEC MR B, 28 &, ZH #;iF

MR ARG L@ O IRERE 2 R RE & 2B 2 9L 2/ INE I BE O C IREfE] - 73 2 V28§ (TDC)
DEFEIEITo 72, BB b LY, b TR VIEIER S DNy 7 7 [lig & L 255 H%iiE
T3 &, “OoDRBERBOZIC XY SV RIESH/NE 72 I3HEKT 2. AR5 X5
G E NNy 7 7 RS BICERL, TNy 7 7SV A EREEANIT A2 LTI
DNy T 7 R L7z ISV AMERT H. SR MMNEIZ I oBREFHL T, AT
R % 7 ¥ 2 MG IS 5. (RO /NG Tl — Rl D24t ic AJ) SV A3 TE4
ICHRT 2 CORRBIBBETS Y BHEEZGHIRL Tz, £, NARBMEET 2000 T
1330 2 D /MEA—ETIE7R , TDC DIEIERA 71 v F & vio ZHEEICEE 2 RIS L Tz, KEHCTiR ) v 7B ic ik L7-
RNy 7 7HEHGE L TEH Ty FETOANMEZECONA 257222 REL, LiloMEE RT3 2 & TR RS>
ESTADNER

EREHHAM : IAH DL L, 2 A ARG 55V —JL t Cadence l: Virtuoso, Mentor fl: Calibre, Synopsysl: StarRC(XT), Synopsys#l: Hercules,

Synopsystl: HSPICE(RF), +J ¥R &% :1,000~10,000 #H{EZ> : w—2 CMOS 0.18u m 2.5mmfF v 7 Fv TR : 77
17" (PLL, A-D/DC-DCa v 8= %75 &)
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| = S RBEE L R RIS - 7Y R LTS

RRAFIFRARE BAR E—

HRAFVDEC #RIx &, 228 #, XH FHiF

MR« ARG Cld i O IR R RE & 2B 2 L 2 NE I I 0 IR - 72 2 A28 st (TDC)
DEFETEITo7z, Bd3b L0, Vb TBRVIEILEE S DNy 7 7 B Z L 255 A5EE
T 5L, ZOOBIERROEIC X Y SV RIEBM/NE 72 3IERT 5. SV RIESHNT 5 X5
KRG E NNy 7 7 B L BICEHRIL, 2Dy 7 7K AV A ERE R AT Bt TwuTh
HDNy T 7 R LTzl RISV ABREET B, SV RUNEIZ Z OBIREFIHL T, A
Wil %2 7Y 2 M EHIC BT 2. fERD A ZHNE T — B OZEHIF I AT S 2 H35E4
ICHKT 5 £ CORFRIALECTH ) BRI 2 HIR LTz, F7z, NARMHERT 2054 T
13 2 DHNEDR—E T <, TDC DFYBIERA 7y b Lo UEREICHEEZ RITL Tz, Rl ) v 278G L 72
Ny 7 7HlERE 2L TA Ty P RTOANMREICNA 2H -2 REL, EROMEZMBRT 5 2 & TRV IERER
FHL 7.

EREHHEAR : IAH LA L, 2 A A K 55 —JL : Cadence f: Virtuoso, Mentor #l: Calibre, Synopsystl: StarRC(XT), Synopsystl: Hercules,
Synopsys t: HSPICE(RF), b J ¥R %#0:1,000~10,000 #H#EF> : w—2 CMOS 0.18u m 25mmfAF v 7 Fv 7Rl : 77
v 2 (PLL, A-D/DC-DC 2 v =475 &)

| o Fy FABEREREESTEG Eh

UMEAFAEREREIFHARE AN HME

UMEAFBERETLFE =W KX, 9 ER, 88 w2

R« SRR LIS PNEEA XA A — F 2K L ORI % L KG#Eb e L CHRES 2722
Thif—F v 7 Lolodiie LTHAThE, A r¥F—2HARART 2H—X 4D
AT LR CTE S LWt I D, ARMEF v 7icid, -0ty Ty 7RG L0 515
HbN505~0.6VIREDETZFHE LS FET 2720 0REEZERHL T 5. FIEREEIZHEED
cross-coupled charge pump [H[f§% X —2 & LT3, BuihEe2H237z0IcidkERE (KM
B oFfx v 2B L, F—Fy 7 Lictah k& IoRBEREZERTE VWL S
MEBD o 72, KFRIENEEIE, RONEZEROF v N2 2 CTRAROIESHFLNDE L5,
TA—ZEEELLTEY, WEZMLOBELRZTICL A LI TRINTwE. KEF v 7Icid kidoigr, +vF v 7KBE
i, ey IR EOTEGHHEHL T3

EREHHAR : AANHUIE, SAHEM &&EHY —Jb : Cadencetl: Virtuoso, Mentortl: Calibre, Synopsystl: HSPICE(RF), +7¥¥ 2%
#:1,000~10,000 FHEZF> :v—24 CMOS0.18u m 25mmMAF v 7 Fv 7Rl : 7 v (PLL, A-D/DC-DCa v "—%x7 L)

| EBECHET 285 HEETEG 35

UGRERFRZRERBTIZMARR RE EH, HP —F, AN &t
UMEARFREREIZE S KR, 88 #He

WE : R LIS PNEEA XA A — F 2L ORI 2 L RGEb e LCiliEd 2720
IhEFE—Fy 7 Eobgo®ER e LCHATWE, =ArF—2HHBART3H A f Dy
AT LHRHEECE 2 LRI NG, AREF v 7icid, B—oF v Ty 7TKGEBE L L5
bN305~0.6VIEEEOBREBECOMEICHE LAY v 74y L —2 vzt v RigEo
TEG %2R LTH v, BEBLELHP 70250 20MET T, YOREOMENESI
200FMECEVAL2ICTZ2FETH S, 20IED, KlfEF v 7 i3fFH#ECMOS 7' v +
A CHEBIREARIFEFIEA € Y e LD TEG bR L T 2

EREHHRR : SAHUILE, 4AANHAEKM &EHY —Ib : Cadencetl: Virtuoso, Mentortl: Calibre, Synopsystl: HSPICE(RF), +7¥¥ 2%
# :1,000~10,000 FEETF> : m—2 CMOS0.18u m 25mmMAF v 7 Fv 7R : TEG GFRbkiFlilelig 7 &)




| SUE - %3 U RBIFERTEG

EILETKPERIFE FEEZ

LB KPERRIFZHARR RA 8K, AK HH

B © ARBUECMET 247 o 72 B I AT 028 CH 5. - I YV 3/ HE 3 ) I B TRV Q
%G54 v X7 2REEOHET L Z %W L 2 BEGIEEFIREG TEG 2 adfF L7, I U k/HE
) BRI R B, ERSRFO AR XY, @BLRoBEAEI T ERL, %
DT, 4 Vv R 2 2DQMEIFHNT 5. kA OWIEECIHBEIC2RICIIC, A XKL
HFL, KLz & LS 2T —EDRRE2H w523, BIETIRZ a2 3R0TIchiik L
B EfTo Tl Y, SEORMECTIE, WA RiesaEAX A xros4 v /R
R—2) BRELXIIUICEG 2 2R EWME L, 2 E H v BRI RS 2 B L 7. - &)E
BT Y 2T IR D TEG Z 38 (E L7z, W07 ¥ 2 VHIHIFIREL, F v 3o 250 7 % v CREECE IS 2 23, BUhNARD
F Ny X R RETLENNE R 720, BT VXIS 2 BT 2 0 NEETH 54, AT, [ v Ex 72 v
TIRBEBOHAE T 2 2 L 2HET LT 3.

SENH

ERETHAR : SAALLE, 4AAKM  3%5HY —JL @ Cadencett: Virtuoso, Mentorft: Calibre, Cadencef: ASSURA, Cadence#l: Spectre,
Keysight#: ADS, Keysight#: Goldengate, FZ > X &% :100~1,000 H{EZ > : v—24 CMOS 0.18u m 2.56mmfAaF v 7 F v
71&R : EfE (RF[EIEE, ATM 7 L)

I%ﬁt?#m?ZF?vf

EMAFEIZE KA XK, BE EK, TE E&%, =i Fth, £O X

BE - ~ 27 TISHIc B CHEAGE T cORTREZNT 2HFEULREE - THY, 2Dk
HIERO/NR - BREALPTER I N T WD, 22 TCMOSHEHAl % b b W CTHEMMLL, chifi@
hT 5. REVAT LT, BE2yFICRERECOHENEONIHEREN LM, <
DEBRMEOZAEZFNT 2, BE—TVXINEREGREEB L. 72, HRZED SFTRIC
WIS 2 AR E 215 5 7= IS B iR £ v 3 b FIRFHICHERE(E L 72, 180nm CMOS £ ¢F%
FFLAZICT v 7id, 1.7Tmm 20 CEI T, HHF— F & FPGA % v 72 IE & CHGEE L
7o, BRBIABREE, KU, ANTHEEZ Db EAEEROAE, RE L AR/ R BT
DFAZ Ty 7RISR OFHIEL 2B L7z 2 & 2R L 7.

EREHHAM : SAHLI L, ANHA K §&ETY —Jb : Cadence fl: Verilog-XL, Cadencetl: NCVerilog, Synopsysfl DesignCompiler, Synopsys
#l: ICCompiler, Cadencefl: Virtuoso, Mentorfl: Calibre, Mentor tl: ModelSim, Cadence fl: Spectre, Cadence t: UltraSim, Synopsys
# StarRC(XT), Synopsys#t: HSPICE(RF), Synopsysft: HSIM, Keysight#: ADS, k5> <2 &% :10,000~100,000 HEF> :w—
2 CMOS 0.18u m 25mm A F v 7 Fv 7Rl : A A=Yk v I/ A~v—Frr VY

I Flash ADC, VLL ADC, Pipeline ADC, Subranging ADC

CHIERFIEE 4K EE, AHF i, XS €5, BT ft, B KL

BE  ECIRBE R 2ERORKEFEEL /2. 1oH DM IZ6-bit Flash ! A/D Converter Tb
3. ZOBKIIBEEL L A5 OB A2 RFEZECERL, KT 22 i X v EEmE
bR o TwW5, ¥/, Tva—ZiKiFE#Er»roT 7 —3l1EE O E W Twin Rom U %
P L7z 2213, #6kD A/D Converter & 9 & /NEIREL & K1 25 J1{L % X - 728-bit D Voltage
Locked Loop 1 A/D Converter DE){EMEEZ Hit & U723k {E% 1T 572, 35 HI210-bit Pipeline
A/D Converter DEfffEE % Hity & L7zifEcd 5. ARfEcIEROT Fr /G851l <
10-bit D7 ¥ X MG HZIEMEICHII T2 7280, WD A T 574 v 27— DR R #E D K L
w3 2 T E AL Tw3. 49H138-bit ® Subranging ! A/D Converter DiA{E % 1T 5 7=.

Z O TALbit I 1T 2 FEHEBIE 2 BIICTRE L, KET v 7ofEEHOME LS L, MEEoKE e itz o Tnw3,
EREHHARM : SAHLL L, A ANH K 5%V —JL : Cadence #l: Virtuoso, Mentor #l: Calibre, Synopsystl: StarRC(XT), Synopsystl: Hercules,

Keysightft: ADS, F35 L2 4%#0:1,000~10,000 FHMEF> :v—24 CMOS 0.18u m 25mmf4F v 7 Fv 7HH : 7+ v~ (PLL,
A-D/DC-DC 2 voN— %75 &)

=
3
=
?
A
Z
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I ynuR018_18_1 1

BRENKFETRR hd i, F)IET

B & 3 RERE b 2 RIS & L Cndith, (KEETE M@ 7z BBV E T
Bt A vy (AQFP) GBEREIEE ORI AR IT o T3, 7248, BB CHEREA KB L v )
RE3® Y, AQFP [l HIA O RMBIRERER IR CcH 5. 2 Z Crdlit, (KHEEIHE
L7 AQFP GiBE IR 1C X 2 R R E & BRI 7z CMOS IR Ic X 2 2 &Y %A &b
HAHIC X o TEEH AL, 2o EEN AR AQFP/CMOS 4 7Y v FAEY ¥ X
FLERELTWE, ZOF v FICEST-SRAM KU T a —Xh 5K 3368y by 2T v 7
T=TAPATa Y 7REEINTHS, HIWIXAQFP [HE&ic X 5 FPGA % v 72 AQFP/CMOS
NATY Y Py RT LOEEEIFTH B, L4 T v b TIHAQFPIE% RT3 F v 7L D
BecBIL, 7V v 7 F o TRy T A Vv I ERBEL Ny FEREREL 2. BERIOF v 7IlA T 2 1LEkD AQFP FPGA DGt %
fioTsY, ZOFRMERFHIIEMEIC K 25HEZITS TETDH 2.

ERETHAR : 05 AN HLL L, TAH R %5y — b @ Cadenceft Virtuoso, Mentor ¥ Calibre, Synopsys#t: StarRC(XT), Synopsys fk
HSPICE(RF), +Z>¥<2&#:1,000~10,000 HEZ> :v—24 CMOS0.18u m 25mmfF v 7 Fv 7&H: €Y

I:;—?w*vb7—7m%91—»wﬂﬁ

BAKXRZFETIFE (kA B, ke 5, IVE RG, T R—

BEEE - ABUET v 7 ek, OfRAIIEE 7 A1 (FEIK /) Offfefiige 72 (FRK : %
AR) QutRMEES (F: /NB) @7 4 P X A4 —F Bk : %) ®CPGAy b7—2 (fF
B e 2 R) ORTERTER (TFRC : e 4 R) OfkEEITo 7. I TRO@EY Tdb 2. - itk
7 (WRREIT) X, FEHOA Y b7 — 7 HIRICEGE L 7287 A — 2 TIF IR - SR IEG
1Z, MRS A OBMETHEHNA v e =X Vv ARED T2 OMEK - 7 4 P XA F—FiF, DL
AITEIK L 728 % — v DAL OREREE RS IC &0 & 5 B Ex 5.2 2 h & llEr©», HEE T IC
BT 2 EMIEE S & LCoOTMEEZERT 2 2018 - CPGA v 7 —21F, #iigiiiee T
NDFFGH it — A & UCER - itk ML, SBERUEZ EEits e LGBNASE 3 2
TRy e LTHHEE XK

EREHHEAR :SAHLLE, A NARKI  5%5HY —JL : Cadence #f: Virtuoso, Synopsysfl: Cosmos, Mentor fl: Calibre, Synopsys t:: HSPICE(RF),
FZ o248 100~1,000 FHEF>Y : v—24 CMOS 0.18u m 2.5mmMAF vy 7 Fy 7R :=a—727/uy

Za—AE—-T74vIVRTLA

XAV P77 ERE REmMGTFEHR
BEAKFEIFIE AN
BME:=2—nE—74 v 27 A7 LDLSITH B, 25x250=a—a v ETEHLSE. =a2—
v vFETE, 2AD4 =20 b5 TV 2 AREET, IAJ) L IERI & AR 021 TH B,
Za—uVHRTFOT 7RI, £AL2 T 7RAT, 12X120=2—0 VEFIT 7EAT
&2, vFTRAFTE, XM TEIE OB LICHEKIE 2 U AT 2 2 & TR
Iha, @K LCid, 7TEAY 7 ARREYEEATH 5, In-Ga-Zn-O (IGZO) LU
Ga-Sn-O (GTO) ZMEL T3, Fzld, v F 7AHTE, MM MOSFET oM AR IC &
%, HHRO R & BB O WA O IcERT 5 2 & T, WdtEy TR F ik
SFTRERD, EEMEO = —u vETEYF TRAB TSR L, e T —=a—
TNdy VT BHRING, TV r—vavidiUHTH R, FroERAE ) I SHTE 2 L-bh3.
2 & 3 #@k : Mutsumi Kimura, Neuromorphic System using Thin-Film Devices, 2019 ULSIC vs. TFT Conference, May 2019, to be
presented
REHHEARI A HLLE, A NH K  5%5HY —IL: Cadence tl: Virtuoso, Synopsys #: HSPICE(RF), F 3> <X 4&%8:1,000,000~10,000,000
HEFY v —24 CMOS 018y m 5.0mmMAF v 7 Fy 7R =a—F2 /0y




|7U177791-N»z$ﬁﬂﬁ®mﬂ

sty

BEAFEIFE FER&®

BE: 1. lZtwic

AV TLANDT — P T 4 A7 LA DH 7 LF T RCEBIER L A, ZORRADE
J—FETELRIEEICE =7y FEEEFTRET LA RDOLNTH S, NV RIEE
F=N=FFATTREOTOLNE TV TV T 7R - NARE, TRHDANT A =R E WL
DICHOE T HIFRCEILEMNZ X — 7 v PEEE CRET 2 72 0 QRN Z RIS TE 22

H2VETANF—RIERARUNCTE 2, &) PUHIN 2RI 3 2 [ BER IE C E
Thholz, ZZTRMETE, ZOREOEEM & TfE 2 BEm0 ke, Zhi VDECH
D CAD 2 I L CRMAIERZ T WRGEES 2 2 L 2 HIW L L 7=,

2. AMELETF v 7

7 —2.0.18um (2.5mm ) TPoly-Siflkfii & MIM ¥ ¥ »¥> X 55 RCELEMEZRGK, WH/ — FE2E= 2T 27208BOTIw s - Ny
7 7 BOAEE L7z, &+ 14403 H T Virtuoso, HSPICE, Calibre # Fi\» T 3%l MREAE % ISCAS 2019 THek.

£ 3k K. Matsuyama, T. Tanzawa, "Design of Pre-Emphasis Pulses for Large Memory Arrays with Minimal Word-Line Delay Time,"
ISCAS, May 2019.

ERETHAM : 05 AN H LA L, TAHKM E&EHY — It Cadencetl: Virtuoso, Mentor$l: Calibre, Synopsys#l: StarRC(XT), Synopsys tk
HSPICE(RF), FZ7¥¥RZ#:100~1,000 H{EZ7> :w—24 CMOS 0.18u m 25mmf4F v 7 Fv 71@R) : #f5 (RF[EE, ATM
%y

|%ﬁ§%ﬂ4x—9ty#,mﬁtvaﬁﬁﬁmmnm

RPARFETFHAER AN

BE A A=Yy Y OLMli#Fbic X 25 LEE LRICHIE T 5729, A5 cix @B -
P LT 2 I OHIPH 2 KL 5 FRE, B A X —Y e v S ORF 2ITo 7. At
VTN A EHT B 720 ISP 2 8 X SR THEI L, 4rEl L 228 L <l
Mok %, AEFEIHRZAES 72 X 5 IClZFENICHEL 2D/CE L7z, MR IFE5u mA e L.
BHEERII27~35% CTH o 7z, T ORIEIC L Y T3 E THI6% AT L 7 AIEREI & 1 < 30k
L7z, CEZMEL-E 23, TNFETOMRTERL CORTIBHAIMEOL A -V 2P
LFEFECTH o7z, FIRFHIC6 u m A TMOSFET O Jipfg# FIF L 2 v 2L 7. o
vHTlREy 24 VIREEZGHHT 3 2 & T40u T OWMUNMES % BIERRETH 2 HEY S &
L 7.

ERETHARD : LAHALLE, 2 K %5tV — L : Cadencetl: Virtuoso, Mentortl: Calibre, Synopsys#l: HSPICE(RF), +Zv¥ 2%
#:1,000~10,000 FEZ> : v —24 CMOS 0.18u m 25mmAF v 7 Fv 7R : TEG CRpr:iHmmEE 2« &)

I%ﬁﬁ#ﬂim%@ﬁM§v7

FH ER

BEE - RN T v 7 LICEEAREZ R N LT, R oL E % i X 2 BEAL ARG &
ET 50 OWUNEE Y —Z L 7. BB A 2R EEE AL, PAD & LCE
Iz Ty R—vavRIchO2RI 5 Lic X VEBEHIS S, Zhie vy —Eil
Ll ZELEBTHOYOLNTWEIERZODDRRRLEET 2T CTHEMEL S L
ExbNbd720, @BRRMICIPEEMA » FINTIC XY SHEEEIER I WS, BG4
RiE—50um DB DS I HINE Db DETIETI T AV A XCERL, 2 ORMEZFEM L
T W ANA AR v v v TR AERDKE v, EREE T Lz 5 2 T A B
(LAHIE 2T o 7258, N A A2 v —L LCOMRICIA S 22 &89 horz. £/, O
X9 REMERINC L ZBIATEOBMICT 72 AT 520D R4 v FRERWRT Y ZARKEERL, ZOWEEHERLE. &6
i, vy v ZREEHR TRV 2 i MOS 24 v 512 & o CGERT 2T L A 2FRL, ZOBELHEREL 7.

ERETHARD : LAHLIE, 2AHEM %5V — L : Cadencetl: Virtuoso, Mentortl: Calibre, Synopsys#l HSPICE(RF), +Z7v¥ 2%
$:~10 BT : m—24 CMOS 0184 m 25mmfiF v 7 Fv 7488 : TEG (EEaTifilngsrs &)
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I%nx%niiﬁ%wm

BERBEAZERrY F7—/IFEKR BER K=, & OF, A% 58

BE : ShloifEcid, 2004bitd AJJICH LR % 1T - T8bit DA % 1)1 3 2 Ml %
WEM L7, FAERRICL > TUFEFTOUD L3 Y - b TAD IS E b 23584 L EREGT < it
RIFLICHEENBINC T s, SHEGILAERBEE T, 20 X5 BENFEELBZVLIITA
NERE—EL YR LS 2, Lclocki# b4 THLEEE Y 2 —VITfEH & AT 2K
& L7z, FPGAClREx ok av 74 7L —vav L, Fv 7L FPGAICHLER %
AN LTI I N3 ER R 5 F CRITZ#: VRS 2 & CEIERRBOMIE 217 o 7. JABEK
EEATOX02: 515X 15F TOWMB L VBT ANEE 2728 25, 10~15MHzIZ 5T
LU CLEILA EEHR 23 0 3K 72 72 0 BRI A2 10~ 15MHz &\ 5 Z L 2393 h o 7z, ARMIGE Tl
BRSO IER SRR & o T L E 07228, ZOJKE LCANBES DA E Vi X 23 E D lcdock D AJEIETIIZ & A LS
Lo lzlz® 2 L% 2 72,

EREHHAR : 2 AH DAL, 3AHKG 5§ —IL t Synopsystl: DesignCompiler, Synopsys#l: ICCompiler, Cadence tl: Virtuoso, Mentor
#1: Calibre, Synopsys#l StarRC(XT), Synopsystl Hercules, Synopsystl: HSPICE(RF), k7> < ZX&# :10,000~100,000 ={F7
¥ i —2 CMOS 0.18pu m 25mmMAF v 7 Fv 7R : iiFEEg GREHS, BREHRZL)

|y7rzs—mﬁ%ﬁ¢aav+ﬂﬁ%03

THRERET2EE i

TEERFREBERA B T2IT AR HEK, S A3k

TEERFREBELATIEh Hhik —if

BE : BUHBRE T IcB T30y 7 27 26T 5 7 v FRROEENGELZ HIV L LCTA
F v 7xRBME L. EED VLSO, @I CEREEMEMET LTn2. 207k
®, aftPhETRARISICHEZET 5 LIRS 2 Y 7 b 27 —0FAEEIINL Cn D,
OIERRERT 27207 vy FHEMRY 7 b7 —%F[IET 30 Y 7 b = 7 —FLoiffEsrsn
TWwb, (ERIRE L = F A RBEOBUEIE T Ic s W IR S N ABIF 2175 O 2 MG S
2720, KfEF v 7oL, TEFHRES 2175 TETH L. ARMEF vy 7RIy 7+ =5 —
xR RWiEHE 7 v 7, MEOIMY 7 b7 -7 v F3EBLUCRLAORELZIMY 7 b= 7 M7 v FIRZEHML T 2. il
AIELZ2F vy 7ok, =7 —DFERBRINT 2 X5 ic, 7 v F8EHCL, PMOS 7 v YA X D57 — Mii#13.6%, NMOS
F IV REZDT - MEE28% ETHNSETEY, v Ial—va vERICXZEHFEMEEI% L TRT T3,
SEH K, #E, g "V 7 b7 —K T v FoRE L S8, EAEIRFIS, 20084,

SRETHAR - 05 ANH AL, TAHKGE &Y —Jb @ Cadenceth: Virtuoso, Mentortt Calibre, Synopsysft HSPICE(RF), +Z7> ¥ 2%
% :100~1,000 #EF> : v—24 CMOS0.18u m 25mmfAF v 7 Fv 7Rl : x€)Y

7Ry 7Yy ZIZERE L 7= Jitter-Shaper &,
Ty aiEHsEENRS>-VCO L, TDCF R + BHBZEHAERE

EBRAFETFE CH NN, BE FX, NFF BIE, B ¢, =ik &8

BEE : KE1FE <1 Jitter-Shaper, HifAVCO, TDC 7 A  FIAHZSEA I, 400MHz-LVDS % &
fEL 72, BEICEEER L 72 Jitter-Shaper I A T, 7wy 7Yy 2 OER X YK <& 2 [l
MK &G L, A ChipicF4s, FHliz1Tv, FrESEE 2 MRS 2. VCOWET—r7 4 —Fovy
sMEHEL, AL v b ORI ECER O VCOITH LT, LYy 2ftkogEnT
¥ LRI LCEkEL FEREMLZ. T4 Vv X7 2D SparalllED720DA v X7 &
TEG dF& L7, TDC7 & b HlpgiE, Kl fi#RE2.5psec D TDCFHti % WREICT 2 Z & & X —
Ty beLT, XVLfic, BAHILTAICELZLHME LCHEELE. $2IMHzOLH
BE oLz HEEE Lz, ANECHER%E D0 > TIMHz OS5 % AT 2 01, FEHE i @il
BUERELEE T2, FROBIED S, Kffi, »OES LA TE 27 X PHigOFEE LR TE 5 LF 2.

EREHHEAM A ANH L E, S AH & &Y —IL @ Cadence tl: Virtuoso, Mentor fl Calibre, Cadencetl: Spectre, Synopsystl: StarRC(XT),
Keysight it ADS, 5% X 2% : 10,000~100,000 HfEF > : u—2 CMOS 0.18u m 25mmfiF v 7 Fv 7@RI: 712
(PLL, A-D/DC-DC a2 v X=X 7 &)




| mEmsxRICOT s TWOBESHORY [T

BLENKFIFE 4HZ, 5H Rz, 2H 864
E : MOSFET Ofiflil{t. & VLSI 0 HERIc X » T, MEE/HHK L, VLSINIC R
ERAT TR L, IS R R BRI 7 SIS 3 5 v TPIRIE SR O A oS RRE b
BoTwd, $72, HBOLSIZHE L7723 RICICORFE D #D N TWw 52, BMRERD /X
WEBBICL T, BEXRERTS. LABoT, BEOMEEY I 21— 13LSIo#HC
FHICHHATHZ2, vIal—vavolfE2IbIcm®5-0Icd, LT X 2 EHlfEL
DL - MEEZBHEARAIRTH 5. AR, BRL A2kt zoEbh iciBEI L
AF—FH»o7d7 A MEEZLSIE LCEGE - AFL, EllErIar—vavyzfwTLS]
NOBENAZ T2 22 HME LTWS, KT A MF v 7 TlE, + A4 X%&5mm fAIciik
L, BURe 22 IbiEE, EEY 3244 — FR2AATHER TN T V2 7 uy 27 2240 Bl L, BFCHR & — v 2 X 3 iREy =
HOELEMBNITE L LS ICL IHIL, TOTRAMF Y 7%22HORE L723RCICIcoWwT, L FEDOF vy 7OoRRRENZhD 3
LB I ST THREB A T L T B, =
%
Y
7

2Z3Hk : S. Ushida, Y. Mukai, T. Matsuda, H. Iwata, T. Hatakeyama, and T. Ohzone, “Analysis of Temperature Distribution in Stacked
IC with Three Tier Structure,” Proc. IEEE Electron Devices Technology and Manufacturing Conference (EDTM), 2018.

ERETHARM : LAALALE, 2 ANA K §&EHY —JL t Cadence tl: Virtuoso, Mentor tl: Calibre, Cadence l: Spectre, Synopsyst:: HSPICE(RF), z _\:
b5 P2 2% 1,000~10,000 HEF > : v—24 CMOS 0.18u m 5.0mm A F v 7 Fv 7R : TEG (FitEaFmiE g 72 &) %
&
5
]

Im%ﬂimﬁﬂﬂ/v?74w9®
RERVBILEETRELSIF Y 700 DB EREROUR

BERDPAFETFE FEHHE, =7 tih, TH HR

EEZPAFETIFMER B &, BO =2, B A, 7R ¥, AN RE #K X1B
BEE ¢ i 7 & DS RS IC B R el s 2 CIEREICHIE T 2 C AT, EHE, WF
FASHe bR TW S, RMEHIER, 7423y =7 7 76K~ T 5 7201/
b, KBEEKDLNTEY, ThordFvF v 7 TCHEHRETZLZHIELTWS. SHOD
F v 7RG, R v 57 4 02 LHIEICH 5 VCO & PLLICD W T, HilEl oGk & Y
WUR%ZITo 7z ECERIT o7, £/, RIS HEEO L /L FEICOWCOMGEEDTo 7. H
SMEMERRE R LSI T v 7Dz, A v Ty FRGEMEBRRBEE 7 7Y 57— a vEEKED
MEZT-> T s, BHEEEIEKEEBOH N2V LIcHEST 2 TkixaT7 7)) 7 —
va viElEOEIEE HiFd. ARRMETlk, FiRlIORIECEE L2 KEEmD 5 5, BNz S oz d 0B L iigUE 2 v 7z
WREZT, EEAUWE SN EMEEL 2. 72, MOSAEVIEHTF v —Y Ry 7iIcon<, Ao L Y & SIcBEEme L
7=bDEAMEL 7.

EREHHAM : TAHLALE, 8AHKNmM E&EHY —JL @ Cadencetl: Virtuoso, Mentorfl: Calibre, Cadencetl: Spectre, Synopsysfl Hercules,
Synopsys ft: HSPICE(RF), +Z ¥ < 24#:100~1,000 HEF> : v—2 CMOS 0.18u m 2.5mmfMAF v 7 Fv 7Rl : 7Fus
(PLL, A-D/DC-DCa v =27 L)

0.6V EN{EPWM £ 4= E [ 3%
(Analog/PWM/Digital Z#1gs # &%)

IWERFRZRBIT SRR g X, /A H

BEEE - SRR OB L Ic v, IRIBICERZ o 7 ) v 7155 2 R H8R % 7> PWM
fBR g sz, WUMESTH /A XDEEELZ T I (IEMUBZREL 35, T
v 7 /PWMZRREIIE 2 R L TE 72, 22T, ARMETIE, SAREIEZFT L 7 PWMZEH
[l & PWM {55 OGN, & 5 EE TR oW PWMEES 23 bIcT Y2V ES
~ L2133 TDC (Time to Digital Converter) % & ®729bit 7 ¥ % )L HiJ] PWM 2243 5 [0 %
DFGETE0.18&#181;m CMOS 7' vt 2 & AW T{To 72, &FTHEEICOWTIE, v 7Y v 7
BRI00kHZ LA |, HEEI% 7/ /PWMZEH: GENiR) Tl&#18L,W, PWM/ 7 & v
I C1&#18L,W, F2&#18L,WLLT & ED 7=,

SZ 3R [1] /NG SCH, B AT, 0.6V B f1:9bit 72 2 L)) PWM 250 BL I ", {52488, vol. 118, no. 173, ICD2018-19, pp. 35-40,
201848 H

SREHHAR : 2 A H LR, SAH RN §%EHY —JL : Cadencefl: Virtuoso, Mentorfl: Calibre, Synopsysl: StarRC(XT), Synopsys#l: Hercules,
Synopsys #t: HSPICE(RF), k7> ZX&%:100~1,000 #HEZ7> : v—2 CMOS 0.18u m 25mmfMAF v 7 Fv 7&Ehl: 7 u s
(PLL, A-D/DC-DC = v 83— %75 &)
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BEENFUTE=-LV VIV RTLO-HD
E&Z7477YDHR
EERIAFAFRIFMER JtH ke, i —N
EERYARFIFEE K& KA
BE AR ETIE, BFRICRY 5 2 & CAEREREZE T 2/ N 27 205 - BiF
Z{ToTw3, HEOMEMS v #LT7Fus /7Y 2GR0 LSI#HlAbbe s Lic
XY, BUKHEEEB /Nl T4 20FEHIEL Tw b, RlfEcik, miklE coifEc
FitLCwiz, AL R0FEFUCLBERNET A 77 ) odREHPE LT, 1. OPT v 7
(2. DEMEAGEET v 7, (3. MEMS+® v ¥R FEARREREORIEEZ{To 72, OPT
v 7’13, unity gain stable TldZa\d 0D, BfERMHEZRCTE /2. 7272 L, WEHEERFMEH
Talb—vaviRE( BAoThY, BIEEREZHFAE CH 2. R LEREHEET v 7
IZ2WTh, IEHAEENHERCTE 2. $7-, BEAERBNK IO WTIE, HAORTF—A2EH X EEOBMAR Y, 77V 75—
vavEEBLERRZITo Tk, 260 IEFEAESHEZRE T 2.
ERETHAR : 0.1 A H A 5%EHY —JL : Cadence #f: Virtuoso, Mentor #t: Calibre, Synopsys ft: StarRC(XT), Synopsys#: Hercules, Synopsys
t HSPICE(RF), b+7¥YR&%:100~1,000 HEFF> : v—24 CMOS 0.18u m 2.56mmMAF v 7 Fv 7f#&Hl : 7w (PLL,
A-D/DC-DCa v =273 L)

|747uﬁ%Dw%ﬁﬁﬁﬁ

RRERAZFEIFPEREFERIFH EH ¥KA8B, &I #5505
RREMAFETFMERERIFZFTR /vt 1857, BAwh sHi

BE : RRIFClE, A 7 ndan DIRE IR ORE 21T o /2. 64, BEKEE L 27 24
&L CRAR LG, X SR MR /N E R MKEEE Lk b Twn b, E5)
ERENER L LT, XA v F v Z78ifE2fT 5 EIMER LMo TwE, X4 v F v 7E
JIvgiEd L, EEEEIFERIC BT L RO R oM E ¥ ricd 2 2 &ic kY, BilEh 1:100% D
IEMEFOND LW REERD. X4 v F v 7EBIERO DL LT, A4 v F v IER
ELCHEIET 2DMENEIREBAREINT W S, RilfFE &G L 2 DR E T IES X
RO1817_3TiAfE L 7= DRI MIRER Oi%Er 2 5 L 72 d 0 TH 5. RO1817_3iAMETIfE5#
DF & U @RI Z AL Thh vz, v =XV R« IRy FICXDFESILDBERD - 72208, REMETIZS0
QoM EBIIEOWMAIC LY IR~y F KT 23217, FrkdE 2K 5 72,

EREHHEAR A NHALLE, SAH K §&EHY —JL t Cadence tl: Virtuoso, Mentor#k: Calibre, Cadencefl: Spectre, Synopsyst: HSPICE(RF),
Keysightt: ADS, F5>»224%:~10 #HE5> : v—24 CMOS 0.18u m 25mmfAF v 7 Fv 7R ifi{Z (RFEIK, ATMZY)

I747Dﬁ$§7WN§y1F5#ﬁ

BT BRI B TAA 0 S B IH AR LR BEH PEORER, &y 4895
BRI A B A Je R A Lo i S B, A EORER

BE : ARfEcik, BRTy 7av " —YavicfliflTa~A 7 a7 A5 vy 2K I
FOFEEITo 72, W FHIIEZEKORF 70y b v FICESBERAR A MEETC
HEB, ZTORTHETVATVRAF IFH (Fr—F ) FEOEBELELEZF-T
M7A4vL—vavftEefioZ L b RZERCECAHIATH S, Rilffcii~( s m
B CRRE R X T AN VAR IR Y2 RHBT 5 oic, BARKORGE P, V4TV 0
BELZfTo 72, ARICIEEY v 3 VTR, EIEFI250Q1c 72 5 & 5 il 217 -
To. R=ZNV FMEE, RERERES, RFE53ECEINESTH 240, ZHEFESHORF
Ny KAz,

ERETHARS  AANHLLE, SAHEM F%EHY —JL ¢ Cadencetl: Virtuoso, Mentor#fl: Calibre, Cadencetl: Spectre, Synopsyst: HSPICE(RF),
Keysight4k ADS, F5 Y SR ~10 BESY : v—2 CMOS 0.18 4 m 25mm faF» 7 Fv 7R (S (REEE, ATM 7% &)




IiUﬁ?K4xﬁmm$?

RRENAFETIPRE[ETFEHRIFZR EH FXEB, B2 5555, HP B, KR 22,

FHBE, LKE
BE AR IV ECHIE LT A RETFTARERT 372012, 754 2%
TREE Lz, SV CEIET AR A BT 2203 IV ETHIEL 2T N 2
FABRRBECH S, Tz, IVWHCTANL ZR2IES €2 DI IHFERSZ WS Lizv A
T rBRkobE, 2T, {ZikfREE, nMOSFET, pMOSFET, 4 v X7 %, ¥y Xy %
KOV TL ATy F Ot EfT», AT =7 TAVETFTAERERT 201, ¥4 X0%8R%3
FNA R GRERE L7, (GERER IR A v e — X v 2 0350QIC 7 B & 5 ICEREFANT &
WCHH ETok, 72, AVEZZPLF 2 N0 ZICOWT S BRI 21TV 4 X% PE
L7.

ERETHARI : o ANALLE, TAA KM 5%5tY —JL : Cadence t: Virtuoso, Mentor #: Calibre, Cadencef: Spectre, Synopsyst:: HSPICE(RF),

Keysight#t ADS, F 35> Y2 &#:10~100 HEF> : m—24 CMOS 018 m 2.5mmfAF v 7 Fv 7R : TEG CRHPEaFAfil %
R Y)

|mm%ﬁ-%ﬁﬁmﬁ¢—r7u4

BRXFHBERZRMHRR EE X

WEE LTI 7 — b 7 L A4 VLSI %5 fF L7z, WO - SLiiEg 2o — b 71 4 (Optically
Reconfigurable Gate Array) 13+w 277 L XEY, L—FT LA, 7=+ T LA VLSIDLHEK
Iha. =7 LA OEARK WX FPGA (Field Programmable Gate Array) & [6 U T,
Look-Up Table 24 v Fv 7=t Vv 7 206 IN52, +wn s 7 nxe) NiCHkE
WrEL, CoOBBERIIZ—FTLAVLSIOZ + XA A= FEALTTRITLEINS,
A PEAA—FT VLA Fuy I LAY HOUIREKICLY, ATwrF<=TAT =7
LA T, WA B EANCHIE A U7z & LT b BERRBIIR O 2 3iE L v, C ofE%, BEfF
D FPGA Tl L v, WA T % 58 0 < 0@ 23 AT REIC 7 Y AU B PERE DS B Ic i T % 5.
AT ORI OB TORREMARETH Y, MBEHHERCHE T 5 F v 7O D 7z oI I L 7.

ERETHAR ¢ 0.1LAH ARG  E%EHY —JL @ Synopsys l: DesignCompiler, Synopsystl: ICCompiler, Cadencetl: Virtuoso, Mentortl: Calibre,

Mentor #1: ModelSim, Synopsys: HSPICE(RF), 5> X 4&#8:10,000~100,000 =HEZ > : v —2 CMOS 0.18 4 m 5.0mm 5 »
7 Fy 7R za—7/uY

51



T
o

MR oo J

HH
p=nl

of

52

ER3I0FEESE2E O —L CMOS 0.18um #H{E (RO18182)

| 2 )RR TEG

HRAZIZRMER HEEX

BHRAZVDEC fRIR Bt

BEE : ARECIE, 3V IREEIC B T 3 ERREEOMER TEG DGl 21To7-. 3, 27
L — 8D E T VRO TG L 2R O E 2 1T o 7. [RIERIEIX 7T v F &Rk
HRES T DIE & ARSI DI 2 3 3 2 &1 X > T140GHZ T50Q & 72 3 X 5 IC3%EH 21T - 7=.
Z DIEEBIE DT 4 TV RF 4 ¥ T RATH 12 DICE X DY 2 A (G %R O M E H TEG
iR, 72, HAY OB T BIREMEORIEE R 200, S D & A Z5HERE
DIRIERREEDOMEH TEG DIER % T o 2. ATk, AvF v 7T v 7FTov ) a vk
ZERET S5 2 LI K 2 BEAOMMOENIC X 25z HiE L<TkY, TvyFrelTrm—
FHAFTL—%Hw2, 7r—F34 FT7TL—iC3EBANPLETH Y, WEKSROHEG Ly v /vy Yo AN 2SI
AT 2 NT v BREE D, ZZTATVYDOEREITY, N7 v e T u—FH A FTL—%2ET 220D TEGOEK %2 B Z o 7.
SREHEARS : 2 A H LA E, 3AAARI %5V —JL : Cadencett Virtuoso, Mentorft: Calibre, +FZ VIR %2#:~10 #HEFv :uv—2
CMOS 0.18 4 m 25mm 45 v 7 Fv 7Rl : 7+ wv 2 (PLL, A-D/DC-DC 2 v =% 7% L)

AZNTZ IV PF " 2ERAWE

CMOS 7Rt REMLEFIEREX €Y IO TEG D
UMEBAFAFREREIFHARR HF —F, A H0tE
UMmEEAFBREIZE =W KX, 9 ER, 88 Bz
BE  AREAEEZMHALZAZ L7 ) v F v N0 2% NMOS + 7 v Y 22 D7 — b
FThZLickY, 7y va ey LEkRTR—T 4 v 7 — &R EECMOS 7 a & X
TEHRTZLAAMETHZ L ICHEHEL, ChE v EREA ) 0FBICH T 72 2 €
Vb iCHAEE D O 55 TEGERIF L. SMOERELZEHT 2720, 2217
Yoo Fr v 23R =2 ) 4 X05E % %Z1F1 { W Fishbone-in-Cage Capacitor (FiCC)
AL, BUKHEEN COMEERREICT 2720, HXIARLHEZIIFN b v A Y v 775
AREF v TiCi3 ERLDED, AV F v TREGEM, Lty RO TEG b HRLTW2,
ERETHARD : SAHLIE, 4ANAEKM &EHY —Ib : Cadencetl: Virtuoso, Mentortl: Calibre, Synopsystl: HSPICE(RF), k7Y%
#:1,000~10,000 HfEF > : vw—2 CMOS 0.18u m 25mm M F v 7 Fv 7HR : 2 €Y

| =2—0YCMOSA ¥/ i— R BN 2 v 7 iEat I E

RBEARFIERBEFE BFE M, KK BE, LA BE, %) AS

HEXFZERBEFMARR I SH, Bt i

BE : 8bit TR S W T W 22007 — 2 D 3 v Z il & SIRHEE D KO NER 2 S 2 = 2 —
v Y CMOS A v =2 & fnien I v JHEHFIERE A G EN TV F vy T o T T
Slal, ZOPAER OB EZ S B TELIFGX Yy ) T —v a VAR FHLZI v
HEEEE RS ORMEZTVE L2, chick Y, Y Ialb—vavEdohl, EETORE
ZITS5 LB TES0, FGFx ) 7L —v = VKABIEE Y BIfE L Tw3 2 L3R C %
¥F. SoFy FciRFiElob o EFEI, FGFy ) 7L— a vEEEHEHL LWL
TV IEEREE R D BEF LT ET. SRk Y, FGEFr Y TL—vavadbbsdbol, &
WHDDOWEEIT) Z AN TEET. Tz, IV IHEHERBICEHI N TSRy 7 F=2—w Y CMOS A v ¥ —% &, SRAM
DRI S FRFICERIET 2 2 L ©, REBMAEFCHFEL TV OMMREATES LS5 ICLTnET. 2LC, SHEELEFY 7
DOHIZIZ Z ORI E FF L 724bit 4wordCAM ¥ FIFFICEE#fTo T 5729, CAM & L CMEL 25 ATOFHE 1T 2 & TE 3
IohFyTrlHhoTnET

ERETHEAR : SA AL, 4ANAKG %5V — b : Cadenceth: Virtuoso, Mentortl Calibre, Synopsys#l HSPICE(RF), +rZ ¥R %
#:1,000~10,000 HEF> : v—24 CMOS 018y m 25mmfMF » 7 Fv 7&EH: A€




|$§w%ﬁﬁmﬁ

FERFIFE ZA NE—

BE : KBtz CHATRET AL ¥ — 2B ICERT 2 7 A0 B BT IL, 0.6VEE &
i TR, —RIICHY SR TwE T ay F v 72 A F— FEREMAT 2 FkE, coxf4—
FOBIERET 2D % 720 FT-OMHERICITEATE v, 6o T, EHIEERICH D 2 FE
#T, HEVIEIEMORKBEHRTOMAGDLETCOBENMBEIATRETH 572, & & CEEBILEH
NFEFH S THEFECE N ZIMY Hie 2 [HREAE SR 2EF% L, VDECICTHRIEL,
INEHEHT 5 & CHBMIAOWMINERFZ T 5, ZORMEBENZERL TN HFC LigK
L7z, ZOLSIDFMIC X CTSt#ofEi % 7 2 %, CX1000P # v Tw 3, LIFiA{EL 72
RO1817_4DiHii % b L1, CX1000P D7 &2 £ Tlx7a <, HilliDo~ A4 3 v 5T b ANPGRS
BEHEHTES L, NEVDDIZ18VO T X, 4 v 2 —7 2 —Z2Z33VICHIETE L X5 ICY 774 v &{To 7. FiFicow
TIENFEELRCHEEGR L2208, EREESE CHAEZICNT 2T 7 a viifoTnb,

SEXM - mA, fh, TPEEERERERAHWEZDF Y - AR T v TICHBIFEE Y AT 47, 20184 B R AR ACE,

2019.3.31

ERETHARD - 0.LAALLE, 05ANHRKI 5&ETY —Jb ¢ Cadencetl: Virtuoso, Mentor#f: Calibre, Synopsystt HSPICE(RF), FZ>¥ R
23 : 10,000~100,000 FHEF > : o—2 CMOS 0.18u m 25mmfaF » 7 F v 7RI : 2 ofls

I HERTIREERZ AW - EHEL M E R E RO RF

HRERAFAERIFMRBVERNETFILZER H EE
RRBEAZIFHBEFRTLIFR MRE

BEE - ABE Tl Y 2 2L — v 3 v RBEHROES LR Licflibi 2 G5B M5t % SeE 5
<L, B0 R WELBE KT 2 2 L B H L L2 ELBUE RIS & 3551 LSRR L 72, SLEOR
ICEANED ) A ZEH B dIc, VY Z7A v L =20y ZITMAT, HEREIREREZH
WTWw3, HELGERIEE L F, HAEZ0L 1P OEEIC L, AMLIC X o TSR AUUE &
NAEPETHY, ABOEMEEZXRLTWS, %72, BHICL3680Mm Y 2ET <L,
% AJIXOR Z W CHiIEZ 221 T 2. REFEO KGN IC FPGA RicfE Mg 2 R L, FHll
L7z co—HFRED E W G Z B LT\ 5. AREEHEEE 1 Verilog-HDL % Fi v CakaEk L T
Y, FHLEHTICHELH & L CFPGA TR D ik 2 F22E L T\ 5. Z D7z FPGA & EREDEKET L 72 [l & AL BRI 3 2 )L
BiconT, YO XT3 D0 5BIBGEL Tw L.

ERETHAR : LAHLLE, 2 AA KM 585HY —Jb : Cadence #l: Verilog-XL, Synopsys fl: DesignCompiler, Synopsys #f: [CCompiler, Cadence
# Virtuoso, Mentorft: Calibre, Synopsyst: HSPICE(RF), k3> Z &% :100,000~1,000,000 FHMEZ> : v—2 CMOS 0.18u m
25mmfyFy 7 Fy TR TIus/TYRNMGEUE T v v

I Flash ADC, VLL ADC, Pipeline ADC, R5fEZ=1E1gE

CHIERFIEE 4K EE, AH i, XS €5, BT fl, 81 HE

BE  ARECIR B A 2 ORI I L 72, 12 H O B IR 2 iR 0 6-bit Flash T A/
D Converter T» 5. Z D[Rl iE e - HEB LRI T 5720, av xL—2% L7
TV TG R 2 To T, £, BEOEIECLKZ T35y FellET 2L, il
NEF LMESRE DFIIZIE Z LB TE S XS5 I LTWwb, 22HI(E8-bit Voltage Locked Loop
HIA/D Converter ZaAfF L7z, MANICEIE L ZBEEH ST v 727 v A v v 2 OFIEERK % Y v
Trdx ) —Mpbdr )=y 7T~y FEICETE Lz Lick ) @bz K>Tw3, 22
H (%10-bit Pipeline B A/D Converter # it fE L 72. Ol LHTERIEZ T o T\ 228, #ibfeks
BEENIEAL TTA VAT =V DF v 80 R EA T v T O & HRBIC 72 B ICHiN L 72
HRICEET 2 2 Lic X /NI S MHEEIL 2R > T 5. 40 HIZR BRI 2300 L 72, DIEAE L 2% RE L, SR
7 v FOREAN L HIK L NAND ORR 2288 L7z & & & b AJJIRR#EIFR I HIBR % 72 < LooRflfF L e mdfb 2 Mo T3, 52
H o Bl 13 - e o ReEHIRERR IC B W CTREORIEEE 4 v oN— 2 ICEH L, 4oHO[u2 O EBEERZ MO 32 &I X W KHEE )
LER->TWw3,

EREHHAR : SAHLL L, A ANH K %5V —JL : Cadence I Virtuoso, Mentor fl: Calibre, Synopsystl: StarRC(XT), Synopsys#l: Hercules,

Keysightft: ADS, b+ L2 4%:1,000~10,000 FHMEZF> :v—24 CMOS 0.18u m 25mmfAF v 7 Fv 7%H: 7+ v~ (PLL,
A-D/DC-DCav =7k Y)
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I ynuR018_18 2

BEELAFEIZAF 509 i, T E1T

BEE k2 i3k b 2 RIS & U CEnditt, EKMEEIEcEn B -RoRE
T (SFQ) iRl OMfFE 2175 T3, 7228, BREIPEMENME W & v S REHAH Y, SFQ
B35 HifA C O R R ESLINEECH 5. % o omEslt, (KIS E B 72 SFQ imsn]
B&IC X 2 B RS & SRR IC 7 CMOS g Ic X 2 A€ ) 2 ilA A b 2 HiC X o TRl
AL, oK EE A ATREZR SFQ/CMOS A 7 v FAEY P AT LEREEL TV, T
DF v FIiF 71 ZADOR/METHEG L Z8T-SRAM e L TR E s A=Y 7L A4 (KE64-
kb), 7a—%, RU2MHD w784 7 2RZEF ISR (7 7) BEEINLTW S, B
R LA T Y MELARTE CICERBIFRIEICHII L7z CMOS X&) L[HED b D& FEL 72,
H 3 = B VR SR I 6 L 72 SFQ 7' 1 & v % F v 72 SFQ/CMOS A 7Y v F o A7 L OEIfEFEAETH v, HEEEIE 803100
MHzT® 3. BERBEOHE F, FEEE OB S Tfr o T awn s, 100 kHz OGEREICE T2 77 v 7> a v TR MICT
SFQ/CMOS 4 7') v F¥ A7 L0 EERREEO EFHEES SO T» 5,

EREHHAR ¢ 0.LAH K E&EHY —JL @ Cadencetl: Virtuoso, Mentor#l: Calibre, Synopsysfl StarRC(XT), Synopsystl: HSPICE(RF),
kPR &80 100,000~1,000,000 FHEZF > : v—24 CMOS 0.18u m 25mm AT v 7 Fv 7ERl : A€

|@sﬁimﬁéﬁ?a1@§4t»ﬁﬁ4x—vtyﬂ

RRERAZIFMRE TR EL, BEREZ

BE 22X 22 LAWK ICIODE A THFET LA FICAHMICE L 724 A=Y v &G L7z, Eigho 7+ +
ZAF— FOBEZIEMIECHiAH L, HifgE IS 2 BICHET LT Gh o 2] - B ai 2R L, BEES
WHIC X VB E X7 PAERRINT 2 2L 2E XT3, AT v 7128 X BE128liFK D 4 A —¥ % v ¥ ¢, FHEN 7R3
POV RZEROBILAPST 7 4 F XA A - FT LA K VBRI LT Y, HHEREKE e mETciR 7+ XA
F—ROREIDOARBPRELRL, A A—T vy HFHET LA, BEEERE, MEEESIHZI0EE, 220 - K
AR LT Fu sy 77 2O E NS, 2X20 B l~4L T2 L, BEEARIKICE T 2HE
IR A & e LV EIREEECIE, Wi e 40FA N L0 OfHERIES &, A 1~3D5 A L 07z » 0fHERE
ERENEFNEK TN, BRI EIET 2RIC eV I~30FAH L 28T S 2 L BARETH 5. HiFEL 40
NGB FESHcERIN, vAI~30MINIEZENZ N L 2E5HIC R o T B, Gt LIddliigcftba, JEmEHi At LT
HKEH 2 LT2x2enics i 320 - KA % 7 r ZHEcRE L, AicEk A/DEMRL 7ZBICT 4 V2 VEETE & <27 F v
DOHEMEITS.

ERETHAR : 2 A AL, 3AHEM 5&EHY —Ib : Cadencetl: Virtuoso, Mentortl: Calibre, Synopsystl HSPICE(RF), +rZ7¥¥ 2%
#:10,000~100,000 HEF > : w—2 CMOS 0.18 x m 2.5mmx5.0mmF v 7 Fyv 7@ : A A—Y v H/A=— V¥

I::—a»*yrv—am%vl—»wﬁw

BAKRZFEIFI (kA B, k4K B8, E BE, 8 R—, B A5, Fik KE,
A 82, BT XA

BE : ARMET v 7T, OMRIIEE T A1 (FERK NS @fdiieE 72 (PR : )
QmRfieE 7 A3 (FERK : E4K) @ N—Z b=a—mvE7L (EK: /MNE) OIS
B (R : 1) @ TDSTD® 74 (5K : Jigh) @7~ 27 ) YHilgEe T v (TFRK : 83K)
APHIEE 7 (FERK 2 D) Qe 27 ) SR fFE A voi— 21 (R /NE) Qe xTY >R
fr& A von—22 (fFK : fEAR) @Ay +7—2 (Y v—MilfE) oRfEET-o 7. FFEl
MDY Th 3. - Miladke T v WREREIT) &, FEOR Y 7 — 7 FRICEGEHL 28
TRA=ZTE + N—AbZa—myETAE, ERXTY Y AFEA Vo =2 E TR -
AHEMIAERE, N—Z FCPGAy b7 =2 iEkE LTER - 7~ 2 U v ROKRFEHEE 7 VRO PD % #H L 72 fdK< 7 v ik
& UCPERK - TSTDPIZ, LARG{ERK L7z TSTDP ORI & L TG

REHEAM 6 AHLIL, TAH R  5%5HY —JL t Cadence #f: Virtuoso, Synopsysfl: Cosmos, Mentor fl: Calibre, Synopsys tt: HSPICE(RF),
FSYP2E80:100~1,000 FHEFY : v—2 CMOS 0.18u m 2.5mmfAF v 7 Fy7@R: =a—F27 /0




Za—AF—T74YIVARTLA TIVT1477bMVIRE
RERAnFEHE
BERAKFET I AN BE
BME: =2—0E—74 v 27 AT LDLSITH 3. 32320 =a—0vETEHLSE. =a2—
v vET, DA vN=2 b5 TV aAmET, TAS L EinP & o2 1 ThH 5.
Sa—RVYHETDTIRRE, 727747 V) IRBOINT VA THDL, ¥ FTAHZT
1F, SRR BN o B IR 2 L CH BT 2 2 & OB A B, WA &
LCiE, 7EMNMT7 7 ABYIEEARTH 3, In-Ga-Zn-O (IGZO) ¥ Xk FGa-Sn-O (GTO) #
HELTW, T, vF72FETIE, MHIMOSFET oA X 5. Ao IEmRE & &
GO WF N OIS 2 T T, WMty F TR E I F TR R B, HiL
WD =—a—avHTEYF 7RABTCHAEER L, 'ArT7—=a—T1 %y P 7 =205
$Fxhzd, 77V r—vavEFHTH L, FRGEBAEY)ICHATEZ L EbNS. kb, KFv 73y F 7ARZTORELSE)IC
XY, fiviEcorzy, #HELGELTHS
EREHHAM :3SAHLLE, A NH Kl 8&5HY —JL: Cadence tl: Virtuoso, Synopsys f: HSPICE(RF), k¥ ¥ X £&#1:1,000,000~10,000,000
HEZ7>Y v =24 CMOS 018 m 5.0mmfAF v 7 Fy @R =a—727 /1Y

Y42y 2ADaA Y NN—2EVCO L

DC/DCav/N—RIZERTZaAv/L—4
hARAARFBTHRNESEFEREESIEN 248 FiE
FRAFAERETIZFMRVEREFERBEIFER =iF L, B KE, 0 #F,

E #BX

B E4E, UMD E W A/D AR & LCERIER (SAR) A/DZHER A% v b T w
5. L2L, 2O E13bit Ll LoEmEEZ2ERT 2 3L vwE InTn’. 22 THi
DFEE TR 14bit5EZ RT3 A/DEERE LT, A4 v F rF ¥ v 20FHEH W9
4270y 7 A/DEBBREIRET 2. 2O A/DEMWROGEFAIICIE, BF% T 4 V2 fHICE
L% L TCROIA ZANMBETZE Y P 7y ZRIESFIAI NG, Y Eoaey
ey sRgER YA 2 v 7 A/DEBREGREREL 72, HE2 2T huiibEEt v 55285
DR LTwa., PLLEHWAFERL v 320 L CPLLZ LTl v 32 EBHL L5 X CTwb, 2075, PLLIC&
EARVCOZRIELZ. e 27 ) o 2l RBIREEE O XK TEOA FOWM%EEZ LTwa, Bl ELLEZTETDOYIaL—vay
FEGL L FRICEYE L 2 MR o BE R IE T 2 20 e 27 U o G REREE O ch s a v L — 2 xR EL.
SREHHART : 6 A HLLE, TAH KN %5 —IL & Cadencefl: Virtuoso, Mentorft: Calibre, +FZ7 X &% :100~1,000 HEF7 > :
v —2 CMOS 0.18u m 25mmfjF v 7 Fv 7Rl : 77w (PLL, A-D/DC-DC a2 v N —% 72 &)

I#¥U7v—937$¥t7U1y7791-N»z@%@%ﬁ

BRAXFIFE FHR&®

BWME: 1. IL»ic

KHWERAEY TLADT = PR T A AT LA DA 7 LFHIRCEILAE L 2> THY, T4
AR RO FRER L o Twd, TLAH A4 XDKE 73D NAND % Flat panel display T
AR EIR D 72 0 SV 2 DY 2 D EE 2 Eo e 7YV 2y 7 7 v R - SAZRD A0S
NTw 3. Bl SV AN ILEIER O T EGIL T B RIS 5 728, PEREN <l i
T A MRIZT LA OEFTERAGE L T2 OFERICIE U TV AR E THEE S 2 778k, & 2 »idoov
A IR o CIRAERF 2 E U CGRIEA IR & 72 5 X O RSV RMRICHHIE T 2 F5EA I L T
Efz, ZICARMIETIE, SNHDTA 2R bEHIRTE 3 RED TV vy 7 7o R -0
AR E RGN L T, ZORIEERRO T AT L 2 HIE T 5.

2. MELEF v 7

v —20.18um (2.5mm f4) TPoly-Sififi & MIM F ¥ 33 X 55 RCEBIEMZHEK, v L —% L 24 v F2EBWL T, HEEOHE
ZWGEE L 72, 8 14E—% 25— H < Virtuoso, HSPICE, Calibre % F\»C k&l

ERETHAR : 05 AN AL E, TAHARM 3R — I : Cadencefl: Virtuoso, Mentor#f: Calibre, Synopsys#l: StarRC(XT), Synopsys tk:
HSPICE(RF), FF>YRX&%#:100~1,000 #HEF> : v—24 CMOS 0.18u m 2.56mmMAF v 7 Fv 7H&EH : A€

TANERE (W XV i
w
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BRFHER L Y —BETLAFy 7

UGEAFEIZE FHER SHE

BEE - BAERIER T v 7 RICEBEAIR R T L C, B o2 E % X 2 B oG Z |l
ET2200M/NEMY vy =% T LA LT v 7%HAE L2 B A 2 o LAkEIC
—i50um ® PAD I 2 EK L, PO LSRRI IEBREA v $IN L2475 2 L °E
AitFEevy—L Lz CoBERHEIOX1I6TLALL, ZNZENICMOS 24 v F 23T, 2D
S MERIC X VEEOR—EMIC T v X LT 7 ATREE Lz, £/, 7= MG EHAX
5729, A babitfEEE I 2 e TlethIo—2IKr — MEBEHKT 27 a— % —1
i A F LY —NligEAEL, ZOWERMERLZ. T oItk 2 THlv bt B RRNEK
ZRANCER L, ZoWfFREE2{To 72, Sb¥ <, IEFIEWRE o EEihs» b0z %
AF—%MC, ZOREINCIE L BB CRIR LSS HIT 5 v —RIER O Z O BREEEEZ B L, T OBIF % HEEL 72,
ERETHAR : LAHALILE, 2AHAKIM %5tV — b ¢ Cadenceth: Virtuoso, Mentorth Calibre, Synopsys#: HSPICE(RF), +Z7¥¥ 2%
B:~10 BESY :m—24 CMOS 0184 m 25mmfiF v 7 Fv 7R :~v4sn7 oty 4

|R5cwcpu%ﬁﬁbtsm:

BRBEREER®Y V77 IXER KR SEE, & AF, Aig 88

BE AFEFHE2ED WA —F vty b - T—%727F v (ISA) TH % RISC-V %
F2HEF 5 CPU ZHEH L 72 SoC D%t L il E % 1T o 72. A SoCIZ i RISC-V CPU D fth, UART,
SPI, PWM, GPIOFDJUI/OZHEHL Tw5b. R—2 - 7¥# A v & LT, RISC-VIicBH# S
5 1IP % SoC#FHF L T 3 SiFiveth 28 A —7 vV — 2 & LTAB L Tw % FPGA B ¥ BRI
(https://github.com/sifive/freedom) Z#FIAL7z. Ziic X b, FEHIBCAIKI % SoC % #%a13
L0 TER. MMELZTF v 7% Dhrystone 21XV F~—2 - 707 LA CiHIiL, BH{ERA
PAT5MHz, HEES18TmW (1.8V, FEif) TEIFT 2 2 & MR L. BFEMEILISIEH
i (80MHz @typ.) ) TH o728, WHWHBNIMEL Y bKEL ko ZOEARMAI,
Iy =T AV I EFE LA oD EFEZTWE, suy - =T 4 v 7 EFEETVE, MBEEN 2B IERTE 3
LRIAAL TV S,

FRETHRR : 0.LAHLLE, 05 AH K &%EHY —JU : Synopsystk VCS, Synopsystl DesignCompiler, Synopsysfl: ICCompiler, Cadence
# Virtuoso, Mentor #: Calibre, Synopsys#t StarRC(XT), Synopsysft Hercules, Synopsystt Formality, + 7> &% : 1,000,000
~10,000,000 HfEF> :vw—24 CMOS 018y m5.0mmAF v 7 Fyv 7R : A4 7uuty ¥

2.5GHz-LC #iRE - 7 2 W FIHFEIRESE &,
MULtiple- 72 >4 = TDC, % & UHIfHF SPI =%

EBRAFETZH =ik &

B+ ARMETI132.5GHz-LC HRAL - 7 & 2 v iliHIFE RS, Multiple- 71 % & 7'~ TDC, il{H
FASPIMEE 2 3 E L7z, 7 2 A0 RO I EGERS PLL I, Time-to-Digital-Comparator (TDC)
BRHETH L, ZDEEAITIITDCAAS Y 77 L v 27 ay 7 OREEChifiitits h 2
2%, Multiple-TDCIZ, V7 7L v A7 0y 7 OEEOREMI (AMETEx8) CHHLE A A HE
Thb. AFv 7 Tld, MultipleTDCOHFDF L% 2= TDC, &EiidmKEI, H#HMH o SPI
Ilig 2 BAfF L 72, il SPLIZLART O SE TR D 2\ b D Z4ER L, ST OHlIc HEk L <
W3, Fr 7Y v rray 2k NEAERT 3 25GHz-LC IR IC X o T, MEkcmEdiny v 7
Vv rray s kERL, TAEY < TDCOREUGESTIRFCE 2. FIREHE T ¥ Z il
BOT, SNRCTHI vy 7 RE=2 L b, BB LXHNOMBEBICHEL 2RI, 7V —-Fv Ty TV v orruy 72 flGs
2 TIiE.

EREHHAR : 2AHBLE, 3AHEM  §&EHY —IL : Cadencetl: Virtuoso, Mentorfl: Calibre, Cadencetl: Spectre, Synopsystl: StarRC(XT),
Synopsystt: NanoSim,  + > X 2% : 10,000~100,000 #HEZ > : w—2 CMOS 0.18u m 25mmfy5 v 7 Fv 7Rl : 74 nm
27" (PLL, A-D/DC-DC a v =27 &)




RIS Z7AY by FORERY
BIIEMERTRELSI F v 7 D7-H DR EREKOHER

EBEZPAFETIZE S HE, = B, SH #HE
EBEREEZDZAFETFMER B &b, B0 =2, A5 AT, &E A, M K5, &K 7(']‘5
BREE © e 7e & D AMME 5 12 BB I AR 2 Bl 3 & CIRREICHIE S 2 Z L 8T, BB,
FREEC G b TWw 5. ERES 2] EAESFRIIES, 74»7i71777»%*“
ISR % oL, KEHE LR o TEY, Zrldhoit v Fy 7 TERT S C
&&Eﬁbfué SHOF v TEET, H%i//%74wﬂmﬁmimﬂﬂ&0 B
IR O % BTk, FAFEEHCZADE O o0 A X% ICBA L <R LIGEE %
ﬁot.ﬁﬁﬁﬁﬂ%&L&%yf@kb@,ﬁ/%/7tMm@a@ﬁE%&77J7 va
Y RIEEDOIFE 2 1T o T 5. BIKREEIEREERO 1) Z6VEL LICAES 2 2 L ThRA T 7
Vo —vavligoBiffx Bigd. AR, RO L2 KEEROHEERZ OWEE, N CICRER UG L 72 EIRRIE I
DWW, [A—GtE ORI 21T 5 7 » D g 2 3AF L 72,
ERETHART : TAHLLE, 8AH KN &5ty —/b : Cadenceth: Virtuoso, Mentort: Calibre, Cadencetl: Spectre, Synopsys#t: Hercules,

Synopsys f: HSPICE(RF), b+Z7¥ X &#0:100~1,000 #HEZ> : m—2 CMOS 0.18pu m 2.5mmfAF v 7 Fv 7R : 7Frnm s

(PLL, A-D/DC-DCa v "— &7t ¥)

|v47nﬂ%0ﬁ%ﬁ%ﬁ%

HRERAZFBTHRERETERIFR HH FXEB, 55 556507
EREMAZFETIZMENERIZEIR /It &, B st

BE : RREClE, ~A 7 nien DIRE IR ORE 21T o /2. 04, BEIKEE Y 27 4
&L TRERAERE, REHO MRS /N R MEEEBE AR bR T3, &R
RAABIMERE LT, 24y Fy ZBER{T) EIMERIM O TV, 24 v F v 78
JIBANESHE, IPEEEIGICEIE & B OB ofi et ricd 5 2 Lick b, HlE 1100% @
P OND &) Rz o, B ARAO—2& LT, 24 v F v /7ERE LTE#fET 2
DikE RSB IRE I T 5, RECEGEE L 72 DIRE 1 IR 13 RO1818_1CilfE L7 D
BRSO 2 LWE LD TH S, ROISIS_IIETIE, 4 v &7 23 MEgD ks &
DBEMHRTHBEZERC LT OIERD 57228, WHZ 7Y FEREL, TNz N- 7.

ERETHARS  ANHALLE, SAHKRM 3%5HY —Jb @ Cadencetl: Virtuoso, Mentorft: Calibre, Cadencetl: Spectre, Synopsyst:: HSPICE(RF),

Keysightth: ADS, +r35v<24%:~10 5> : v—2 CMOS 018 m 25mm A F v 7 Fv 7&ER @5 (RFElK, ATM & ¥)

|747uﬁ%§7wmiyzFi##

RRERAZFETFMEIBFERIFR HH FXER, S 56K
HRERAZFETIFHRNERIFER EH F, M EXEB

B - AfEClr, BERT7y 7Fav A=Y a Vil A 7 i X 7ANT VAR I F
B OFFETo7z, PRI FHILEZEKORF 70 v b =V FICRLEARA R R EEETT
HLDB, ZOHRTHEXTANT VAR IFH (Fr—ber) FEOHRBE L ENL R —
M7AYV Vv —vavittefio 2 L bR ER LA I Tn s, KRETHREI LK
TNNZ VAR IFHFFROBISATHIELZLXTANT VA Y IFHOHKGI2ELZDDOT
»%. RO1818_IEAMETIL, [F5MOTIEH LD ICHMEBFIEEZMEH L Cniznid, v
E—X VA IATy FICK RS DIEEDH o 7228, ARGE TIE50 Qo311 E BUREE D B
FICEY IR=y F RT3 RE 21TV, FEdaE 2 M 5 7.

FRETHAR : AANHLL L, SAHAM %5V —Jb : Cadencett: Virtuoso, Mentor#t: Calibre, Cadencetf: Spectre, Synopsyst: HSPICE(RF),
Keysight ik ADS, F5 YU X&%: ~10 BfE5> : u—24 CMOS 018 m 25mmfiF v 7 Fv 7HR : i{E (RF[l, ATM 7% &)
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|mmﬂ%ﬁ§§mm§$@ﬁ

HREMAZFEIFHRERNEFERIFR EH FXEB, 5% 5555, B B, KR 22,
TEHBE, LKE

B © AGRME ClE60GHz m R ZAEHIC T R TR MK 2 3G L7z, SEAER O CcH 5
Eix, 7Tyv7av"—yavixd, Xyvava—Vay Iz, PEEE (F) iR,
R—Z Ny FEEERICOWTEGE 2T 272, 74 ZICIFRO1818_1TEL 72 3 VT34 2
EHV7e, 60GHzT v 7a v A=Y a v IFHIZFT Y IANT VR F IF I OMEE, 60GHz
FyvaysA—Yay IFH iRy — MEAR I oM E, IFRIER L ~— 23y FiE
B A RPN 2 R v, 72, 600GHzOEBES %2> v /vy FiEHIC
BT 57201CT v FL—ZANT v EHV,

EREHHAR : ANALLE, SAHREN §&EHY —JL : Cadence tl: Virtuoso, Mentor#f: Calibre, Cadencefl: Spectre, Synopsys t: HSPICE(RF),
Keysightft: ADS, +FZ>P2&#:10~100 HEF > : v—2 CMOS 0.18u m 25mm A F v 7 Fv 78 @5 (RF[AIEK, ATM
7L

|mm%ﬁ-%ﬁﬁmﬂf—r7u4

BRAFRERZRAMARR FHKkE, EEE

BEEE @ AR - SEFE T — b 7 L A4 VLSI 23 E L 72, Wb - Seisslsr — b 71
4 (Optically Reconfigurable Gate Array) ¥+0 277 L42A€Y, L—=FTL 4, F—FTL A4
VLSI2 bk & 5. 77— b 7 LA DEARN 24513 FPGA (Field Programmable Gate Array)
LFIL T, Look-Up Table ®AA v F v 7~V vy 7 ALK EINEA, dsuns/ 702
PICElgEHRz2E 2, COBEERIZZ—FTLAVLSIOZ7 4 X4 A= ReHLTTurs
LIND, 74 MXAF—FT LA Ldn s aXE) BOWFIRERICLY, KFnrI~T
AT =P TLATE, Wk ZENCHEERE T & LCHBREBEO 2TIEL v, 2o
FEOL, BEFED FPGA Tt L v, WA AT % 6 € 3 23 T REIC 72 U RO HR A RE 23 B 1
KHETED., AF v 7B TMREDOS — b7 L4 RSN, =24 F=XMEca<Ty 7 b2 7 —iifEd &0 Tn 3.,
ERETHAR : 0.1 A H Adii  5%5tY —JL : Synopsys #: DesignCompiler, Synopsysf: ICCompiler, Cadence #l: Virtuoso, Synopsys#: Cosmos,
Mentor t: Calibre, Mentor t: ModelSim, + 7> X &Z#:10,000~100,000 HEFZ7>:w—2 CMOS 0.18u m 5.0mm A F v 7 Fv
TR =a—F2r /0y

Iﬁﬁ%ﬁﬁ?ﬁﬁ%ﬁi:;—n%»74v?%ﬁ@%

PRAFETAHER TR, 35K X, ik 8

FRAFETZE N AR

BE: chicoavva—% VA= vMavea—54v2) 3A—ToFEMIREN, b
7 VY AZOMHMIC X YRR E R T o CTE 2. L LIS, WMEEN R KL RBE» L
F 7YY R ZOWHMALABIRAEMA LS ELTWwWD, ZZTavia—2oliixmExe3
Pirztgik e LTI/ A VBT =% 77 F % OIFESED T 2, Z 0T d R0k
BRI L= a—mEAT7 4y 7 a v Ea—T AV IREHINTRS, =2 —0ELT 4y
ravva—74 v 73S O EWINCATS 2 L AEETH S, LHrL, =a—vE
NT Ay 7AVEa—T 4V IOMKDSE L IXT F v ST HEE A Y 2w CELES
BMEHEE T 2 -0WHBENBELS BoCLE S MERH 5. AGRMECFFFECER LTS 2 L CHBEEN 22 =2 —wE
7 4 v 2 BRI OME 21T o 72, SREEETF v T7OBEER 2TV, 77V —vav b DiflaGbe 2 i 25 FETH 5.
EREHEAR 2 A A LI, 3SAH K  5%EHY —JL : Cadence #f: Virtuoso, Synopsys fl: Cosmos, Mentor fl: Calibre, Synopsys tt: HSPICE(RF),
b7y P22 10,000~100,000 FHMEF > : v—2 CMOS 0.18u m 256mmfAF v 7 Fv 7Rl : 779w (PLL, A-D/DC-DC =
YR—=R T )




I%ﬁ%ﬁb5724ye—ﬁyxoﬁﬁ/4fﬁﬁ$$£ﬂ?v7

BEBIAFTZE AN G, Bh X, 8%
BE: AT v 7%, BRONEEHTFer7ay by FAR—F v 7S5 S N BROER /A LT
FEERFEAHST 27200F v I TH 5. BT ¥ AABUWHNRESI NG, WET2EK - 77V v Filo 7 4 X%
ALCF ¥ ANBOTHREET S, BIR - 777V FORERICET Ay 7Y v IF v v 220208, %
Tv%wk@tbki%ﬁﬁ%®¥*ﬁ%5kbﬁk&?ﬁ779Vﬁ#&”?ﬂ%ﬁk?%@ﬁﬁib(&w
$%y7ﬁ,T%Uﬁ7uy}1vF@&T@5bﬁyx4yE EVRAT v TEWIINy 7 7 B#EE L, T4Y
RYTAVIICKDER - 77V v FOBNEHZFHET 272004 v X7 2 2k L7 TEG ##E# L 7. HIE
ﬂi’s“«“fﬁ‘/? AT R—E VTR, REMKD ) A XHIBEIR 2R L. I ab—va I X B HEE
FETEHEEYS RARS (1] cf&RFA T, HC X 2062 & HERIZERSHR IR T2 TETH 5.
SEXM o, WO, R B [(SFx v AAMEEF I VAL YK VAT v S ICB T 38R A XK T 4 v 2 oG
T, ETEREEYS BaKa, C-12-14, 201943H.
EREHHAM : 2 AH DAL, 3AH K 5%EHY —JL : Cadence L Virtuoso, Mentor #l: Calibre, Synopsystl: StarRC(XT), Synopsys#l: Hercules,
Synopsys #: HSPICE(RF), Keysighttl: ADS, FZ7 ¥R &% :100~1,000 FHfF7> : v—2 CMOS 0.18 4 m 2.5mmx5.0mm ¥ v 7
Fv 78R : 7+ u s (PLL, A-D/DC-DC= v =275 L)

I X70—-7EREyYAETF 7€y MEEXERZERCMOS
7Fras7ar by FEBOLFECRUVRBREL OSE
BMAFREEIZMER &K BEKER, i 4
EMAETIEE EXK B, KHFEH
BE : AT T 4 Y2 bilfilic X 24 7 €y MlIER H V2% 7 0 — 78 v iR R
W7 Fm 7wy b2 F (AFE) BIEORG 217572, REFECIE 7w — 78t v 3
#E@Aﬁ%m%ﬁmti;kﬁ»y77&,@W@EEW& WSy 7 7 B o T 1
3. REPECRA 71y PEEZRET 30, BRIUKT AV IT) XLEHWRT 4 Y20
DCA 72y MHIEEEZERL T, DCESOMELZAMREIC L. £72, 74 P XA+ —
FOFERRE P 7 VAL v =X v AT v (TIA) DA OHEET 27201, AJiNy
7 7 & L C Regulated-Cascode-Amplifier Z il L, Z#ic X o CTIA DM %EZ M 5 7z,
2C, Wy 7 7 i X 2FMHEERERO A EY LT 2720, Wiy 7 7 ICAANIREBT v 72 ER L7z, 7, HRD7Z01C
Wy 770y v PNy FART v 7RER L 725 DIt 2T hiRE %o 72,
ERETHAM : IOAHLIL  E&EHY —JL @ Cadencefl: Virtuoso, Mentorfl: Calibre, Cadencetl: Spectre, Synopsystl: StarRC(XT), Synopsys
th Hercules, +Z>¥Z2%%:1,000~10,000 HEZ>: m—2 CMOS 0.18u m 25mmfF v 7 Fv 7R : 7+ w2 (PLL
A-D/DC-DCa v =27 ¥)

I%%EmT%n77nyFIyFE%Tﬂm

IREAFARFRTFZARE RIS HE, E &, = h=X, Rk K&, PN H

BE : A O N — 7 Cld, KTy M7 Fe s 7my by FREEOKE 217 -
Tw3, #7272 (FITH) M7 v b A—2TlE, BEBEORLL ATy bT—4D
REZERITI 720, ZELEAT Y P F— 2 CEEIGEARER T Fu s 7 v v bz v FEEE
kvohTwsg, chFcoRfETiR, SEGEDZDICANETORE SIS L CHfFE—
F &Y 2 2 6/ I A s & Mgt L C & 7228, Sl fE <15 52 b ic i3 IG
T & 2 e G cEE I S 2 28T E SRR R BT Ll 2 1T o 72, BUEIC 0 JAB)
MR % AT o 7243, FEAETl i71&ﬁ5 TETH . T, SHFTZIOURIETEE - RIE(Lic
FEVCRIE & 72 2 50 HUC D W CESARNICHIE T 2 B EiE R (EDC) o7 & FElfgos
E#fTo7=. ¥iic, 74 —F 74— F%Uﬁﬂ]éz 74— Py 7R A GDE S Z LI XY mEEE LR R o 7. S, REICOH)
EMGEEZ TV, T HICHEORRZTo TV FETH 5.

SEE (1] PUSMME, R OHEREE, 7 4 — F 7 47— FHIC X 2 DFE R O a0 —igt”, & - HiiE 2o fsGh
SCEE, LR - BEFL, Vol. J101-A, No.11, pp. 268-272, Nov. 2018.

ERETHAR : 4 AN A UL L, 5 A ARG 3&EHY —JL : Cadence #1: Virtuoso, Mentor #f: Calibre, Synopsys #1: StarRC(XT), Synopsys #t:
HSPICE(RF), +r35v<2%#:100~1,000 5> :n—2 CMOS 0.18u m 25mm 5 v 7 Fv 7&H) : i@ (REMEEK, ATM
7E)
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| BEHES & U ICHRGORER DR BIEES S LEBOHIE

EERFAFREHRMHZHREN HH Et, TR 87, KK R, W5 BE, £k R,
A K, IO0 &2, A& B
BEEE - IR O B A S g8 & ICHIE O BAREASLRIEEL2 &5 F v 72
fEL7. 1) -7 4 ¥ 2 VAR RIEHARIRE A 2 RS & B O A IHE XA F v v
FEIIC % L 72 B AL i Rt ol B & G5 L 72, 2) 3RTRE ICHE T o> ) a v Eilie 7
(TSV) DML A AL 2 L 236G L, BB TSVTEG L bic k¥ L. 3) HEAE
i IC & 2 ICWTHMR AR [l & F22E L 7=, 4) HiRseiRds & v 2 Wi nlig 2 924 L 72, 5)
Ny EY)RF e VEHEEE N CTA Y 74 vERT A PR REEL 2. BRIEFICO W TEIE
WEE% % 2, BHEFTREREIC O W TOEREZ TR > T3,
ERETHAR : SAHLLE, 9ANH KW F%EFY —JU @ Cadencetl: Verilog-XL, Cadence t1: NCVerilog, Synopsys t: DesignCompiler, Synopsys
#: ICCompiler, Cadence #f: Virtuoso, TOOL#f: Lavis, Mentor ff: Calibre, Synopsys ft: HSPICE(RF) F 7 v &2 2% : 10,000~100,000
HEF Y 1 m—2 CMOS 018y m 25mm AT v 7 Fv 7HER : TEGURFAEFHM 1 72 &)

| BB - BEECMOS 770 ZEHE DR

BARFETRE BR A% Y, Bl X,/ 8, S R

BE - KEE - K e WS 7T~ 2 REICE %, FHiicpE R REORIEE2{To 72, TR
FRE L 72 DIEg O & 72 5. MREOEAME L HIE Lz7 F v 7 FIR 7 4 v 2 OERIRNK
TH 2 F A= b e llgs X BT Z 1 Z 1D TEG. PTATEESRAEREKE L7 b
[k, v — A EEE K & fEH U CIREERRME & AR L 7 B E R SR g o 3A1F. JRHER SR
FEgIC BT 2 ZNZ D TEG., o DFRIFFIFMERRIC X 2 BIfFEGE 28 L <24 koMb %
fToTw3,

RETAR : ZURE 4, 14 EREHERR - TAHADLE, 2AHA KN E&EHY — b Cadenceth
Virtuoso, Mentor l: Calibre, Cadencefl: Spectre, ;7YY RZ#:10~100 HEF> :n—
2 CMOS 0.18 g m 25mmMF v 7 Fv 7588 : TEGURHEFHGa % 72 &)




FR30EEE3E A — L CMOS 0.18um £ (RO18183)

| 2 ) AR TEG

HRAZIZRMER EEX

HRAZVDEC &R Tt

BEE : ARECIE, IV IRENEIC B T 2 R OMER TEG 0i%il % 17o7z. 3, 27
L — O E T A& O TG L BRI O E R T o 7. RERIEIZ 77 v F e Rk
HERTE D18 & AR DR 2 44+ 5 2 L 1c X > TI40GHZ T50Q & 72 3 X 5 I3t 21T - 7-.
ZDIEEMERD T 4 TV RF 4 ¥ T %75 2D E X R 3 4O 5% o Ml5E ] TEG
AT, 7, W20 OESICE T BRERIE ORI R Rk 2 2012, #hoth & & A SR
DIREREEOMEH TEG DR % IT o 7. R TlX, AvF v 7T v 7 FTov Y a vk
ZhrET S LIk 2BROEKMOEMIC X 2FHTiZ HIVE LTHY, TvTyFelTrm—
FHARFTL—%Hw2., 7r—F3 4 FT7TL—C3EHANPLETH Y, WEKSROHEG Ly v /vy Fo AN R EEIES 124
BT BANTUPRELRD, 22 TATVYDERZITY, AT veTu— 44 FT7L—%2HET 27200 TEGOERE2 2o 7-.
SREHEARS : 2 A A LA E, 3AAAIM &5V — L : Cadencetl: Virtuoso, Mentorft Calibre, +FZ VIR &Z#:~10 RAEF>v :v—2
CMOS 0.18 4 m 5.0mm 45 v 7 Fv 7R : 7+ v 2 (PLL, A-D/DC-DCa v =% 7% L)

| SO— K44 F7 L —HEETEG

RREAZIZFRMAERR R EX

RHEAFVDEC fRiR &t

BEEE - ARRE I T v 7SN L CRE ICHEEO B 7 r— P4 4 F 7L —oilfE2{T-
Jz. 7u—=FH A FTL—IC3EBETOANBRLETH Y, HEKR WG LY v Irz v
FOANZEDEF LT 57 v 3B d. 22 TAT v 7a—FFf FTL—IC
Peli L, v /Ny FOAN AT VICiTH. AMECl, FERERIGEEN T4 v F v
7T v T oRMER{TRoTE Y, FEMREKEET v T FOMIESIcERT 5701, 7
u—7OMENEE, TvTreroEOHiRRo MEICKEL ZFERL RV, 2T
T, TVTFERTVRERLEZDDICH LTI v RIvvavy o4 vaEhil, HEmd
Wigx 7 v T FOMICHER L TH 7T =T Ll R LAV X K& To7. —20F v 7Ix L TIooKES DT v 7 F %l
ET 570D TEGDERZTT - 7-.

ERETHAR : 2 AH L E, 3AHEM EHY —JU @ Cadencetl: Virtuoso, Mentorth: Calibre, +FZ7YYR&#:~10 HEF7> :v—2L4
CMOS 0.18u m 5.0mm M F v 7 Fv 78R : 7> v (PLL, A-D/DC-DCa v =% 7 L)

| Ja— k¥4 F7L—AEETEG

HRAZIZRMER R EX

HRA¥VDEC #RIK &b

B ReECldF v ZHICH L CRES MIciE Rk 7e — 44 F7L—0ilffz{T-
. 7a—FH A FT7L—IC3EBHETOANBRLETH Y, WEHGOWME Ly v Irzy
FOAN % EESHICERTEAT VBMBEL RS, 2TATVvETa—FH AL FTL—IC
B L, Y v ATy FOANEAT AT, AEfECl, FERERGEE T o+ v F v
TTvTFORERfT o CTE Y, FEREKEE T VT F OIS CERT 5720, 7
o —7OHENMEL, TvTFhb—EDEHE R ALEICHRE L AT E RS Rv, 22
T, TVTFENTVERERLZDDICHLTCEr I v RIvvary 4 v aEkL, Fafku
W% T v T FORIFSICER L Th 7 -7 Ll Lk v X 5 IkEt21To k. —20F vy 7 LCIl20OKEE DT v 7 F %
270D TEGOIERZIT- 7-.

SREHEARS 2 A H UL E, 3AHKIG F&EHY —JL : Cadenceth: Virtuoso, Mentorft: Calibre, +FZ VI R&Z#:~10 HAEF> :v—2
CMOS 0.18u m 5.0mmf4F v 7 Fv 7Rl : 7F w2 (PLL, A-D/DC-DC 2 v N— 27z &)
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| JO— K44 F7 L —AEmTEG

HRAPIHRMER R EX

HRA¥VDEC fRIK &th

B - ARME Ty ZHICH L CREF MICEREDR» 7 r — K4 A4 F 7L —0ilff2{To/k. 7r—FHA
F7 L= 3EBEEOANBLETH Y, HEEROME Ly v /vy FOAIZEBES ICER]T 37 v
BRHYELRE, FTTAT vy Ta—FH A FTL—icHEL, vy FOANEANT VICiTS. RilfET
1%, FEEEEMGEERTOF v F Y 7T v T FORMER TR Tk Y, FERENKE T v T FOMIE I
T b7zoic, Ta—T7oMENER, TYTFeo EDHEZ o MEICKE LT ER bR, 22T,
TUTFFEANTUEERLAEDDICNL T v R IvvavyI4 viiiil, BFERERKE T V7O HH
IR LTD 7o — 7R L 2wk S5 IC&it 2T o2, —20F v I LT A 2200 KEX DT VT F
ZHET 5 729D TEG DIERZ 1T > 7=.

SREHEARST : 2 A H LA E, 3AAAI %5V —JL : Cadencett Virtuoso, Mentorft: Calibre, +FZ VIR %Z%:~10 #HEFv :uv—2
CMOS 0.18 4 m 2.5mmx5.0mm ¥ » 7 F v 7R : 7> v~ (PLL, A-D/DC-DC 2 v ~N— %7z L)

| {48 7 + EBTEG

FERFEIEE =& NE—

BWE: u—24018umD 7 u L REMCTe 4 2 a2l kS 2 LB TE B h RIS 572010,
FETTEG, FEETEGZ#E#H L72R0610 : PC579GDAR0610 : RO1817. 30V 7 7 4 VIRTH 5.
RO1817 3i%, 85O L vy FiE &Ry 7 14 v 7 3E & oEAEL, HAGEEZ W
WEDFER, Fafomigr izd oh, WEREORELEDH o7, Z0/kd, WHHL Yy
F O EEHE %17 > 7-. RO1817 3DFEHR %22, ity 7 P BEOFRAEDfTo w5, HE%
o 7-3HlifS R i, iy 7 P oBFEIC oW RMF RS aES o0z, LaL, B
W%, 24y FERANUCHEIBAI L2, 4¢y b4 ) TS h 2 ks 7 FEEg S
WCIE, EERAPKRETECRNEOBEI SO N D o0z, T2, F— FELEZFH L 7
BicoOWTh R TH o7z, BIE, ARERZEE LD 2L, FHEAEORBEL, BEFICOWTIEMA 2T T VE 2 CRRENTH T
»5.

EREHHAR : 0.LAHLLE, 05 ANHEI 5&ETHY —Ib : Cadencetl: Virtuoso, Mentorfl: Calibre, Synopsyst: HSPICE(RF), +Z>¥ ¥R
S8 1 1,000~10,000 HAEF> : v—2 CMOS 0.18 ¢ m 25mm fiF v 7 F v 7HER : TEG (HAEFmIE 7 &)

| SPADEZR S LUH Y Y F BEDIHERRAT v 7

RRIERAZIFMER (L 88, BEX B2

BIE : SPAD i s L OO TRIBRIB O A Y v FEER T 2 200, FEliEEHT v 7%
RIE L7z, BIFF v 7ICHE L 2B P 1 ASFE I U HE—J7 % B v HE 72 Single Photon
Avalanche PhotoDiode (SPAD) Ok kU7 v F v ZHi&, MHASAAVLZADT 4 P2 A{LD7=20
DHREET 4 ¥ 2 AW, SeTRBEE RIS 272000y v 2 B> RS S, [HiEEH
FOKE X, "X 3lum, {@22umTH 2. WHREEEKETE, 7ZvF v BLOHEHHEIO 7 —
TAVIEEELMESL RV 7 FO72d D 7 — PEEEE TEREINEDIIVR 7 v YR X
G, LRAY T MEOT 4 VENMEHERI A v o= 2 B XTI S v v & %5
BENEATRE IS B E S 518VE P 7 v PR L 2w, 7T v F v 7 &I NMOSH %
VT, 4 72 AT 3 & U SPAD Ol Disenable [Eli% 2 BT ICEA L T2, 2 v v FEIERA Y v MEDHTI L v % FHEY % 7
W16bit DA Y v 2 ZIEW L 72, KREEKOFHICIZSPAD %27 N7 vy 2 [ F X8 2 201 BE AR 7L — 27 20 vEILOFHE, 7y F
v 7l D HME T % & DeadTime O BIHRFHil & Sodift, FEFEIA v v 2 oMl A v v VDR %2175 FETH 2. Zh
L OFHIIFEER % L, SHRONT- R v O, EB/EERG L T FETH 5.

EREHEAR : SAHLAL, 4 ARG &5V —JL : Cadence ft: Virtuoso, Mentor #: Calibre, Synopsys#l: StarRC(XT), Synopsys#l Hercules,
Synopsys f1: HSPICE(RF), Synopsysfl HSIM, FZ > <X &% :1,000,000~10,000,000 FHfEZ > : v—2 CMOS 0.18 x m 2.5mm £
Fv7 FyTER:ARXA-VR VI /Av—tr VY




Za—AE—-T74vIYRTLA

XAV P77 RE REEGTEHR
BEAKRFEIFI AN B
BME: =2—0E—74 v 27 AT LDLSITH 3. 25250 =a—0 vETEHLSE. =2—
vy FEFIE, HADA v =22 65 7Y 2T, 1A & IERI & AfRMo2t)1TH 5.
Za—uVHRFOT IR, XAV 7 VT 7 R2RAT, 12x120=2—0 Y FETILT 72 AT
25, vFTRAFTIE, RN OEMR ICGHBERIEE LIRS 2 2 & TR
I, HBKEE LCik, TEAMT 7 ABALYEEATH 2, In-Ga-Zn-O (IGZO) B XU
Ga-Sn-O (GTO) #MEL T3, Tid, ¥ F 72K T1, MAHIMOSFET O HE#IC X
2. Ao i & BB O WO MR T 5 2 & T, Wty TR E ik
VTR, HLEBHEO =2 —u v RT RS FTARTCMARKK L, kAT —=a—
INAy b= PRI NGE. TV r—vavHATH A, FRCEEAE Y IEHTE S LG, B, AF v FiIvF
TRABTOREEBNC LY, fHniEToo, fikL TGBUFL T 3.
£ @k : Mutsumi Kimura, Brain-like Integrated System using Thin-Film Devices, IC-LYCS 2019, Mar. 2019
ERETHARI :SAHLLE, A NH KNG §&5HY —JL: Cadence tl: Virtuoso, Synopsys f: HSPICE(RF), F 3> <X 4&%8:1,000,000~10,000,000
HEZY v —4 CMOS 0.18u m5.0mmAF v 7 Fy 7R =a—F727 /v

HRAERER

RRENRAZFEBEIZNEXREFHERTFE EH HEXEB, =% 5555, B B, KR 22,
T8 BE, LKE

BE : KEIETIZRO1818 2 CilfE# T2 7260GHz X 7 v 3 v "= 2 v I ¥4 L 60GHz T »

Tav A=Y aviFHOLATY FOREEITo2. FEBI XV BR—2XAV FEE PR

HIIES, REfEH L, FEBORE2300E52#AMNTI L0, VAT Y oMM

ThHY, 222, LATY L OUR~DOEEFIRECZ DD, VATV Ol 5#cd

2. Z07®, FEEEERIEZOFEE T, FEEGPHABRINSSBEL5CLAT YO

SEEERAT, MR D) L2 X o 72,

SE : 60GHz ik ZAZHEH T %

ERETHAR : SAHLLE, ANA KN &5 —JL : Cadence tl: Virtuoso, Mentor #l: Calibre, Cadencetl: Spectre, Synopsyst: HSPICE(RF),

Keysight#t ADS, F 5> $ 2 & :10~100 BfES > : v—24 CMOS 0.18 4 m 25mm fi§F v 7 F v 71&3 : jlf=5 (RE[IE, ATM

7E)

| 60GHZ &2

|mm%ﬁ-%ﬁ%mﬁf—r7u4

BRAKXFHEERZRIMHRR EE X

BEE © MEAR - SETRE T 7 — b 7 L A4 VLSIZ5E L 72, Wb - Seisslsr — b 71
A4 (Optically Reconfigurable Gate Array) ¥+ 0 277 L4 xA€Y, L—=FTL 4, =7 L4
VLSIZ Ok & s, 7=+ 7 LA ORI 25K 13X FPGA (Field Programmable Gate Array)
LRI T, Look-Up Table °A A4 v F v 7~V v 7 ALK EINdH, dnr/706xE)
PIcll g tEde % 2, CORBERIZTY - P T7LAVLSIO 7 + F X4 A= FEALTT s S
LIND, 7 MXAF—=FT LA Ldn I LXAEY) BHOWFIRERICLY, KFvrI~T
AT =TT LA TE, WAk EINCHEERE T2 & LCHRBRERKO 2 TEL v, 2o
KL, WEAED FPGA T L v, BRI AT 2 6 1 C 3 23 W BEIC 72 D T RORHR A RE 23 B 1
HETE D, UHIORELSETORREMAZAECTH Y, WA CHE T 2T v 70RO 720 IS L 7.

FRETHARI : 0.1 AHKI  5%5tY —JL @ Synopsys #f: DesignCompiler, Synopsyst: ICCompiler, Cadencef}: Virtuoso, Mentor#f: Calibre,
Mentor #1: ModelSim, Synopsysfl: HSPICE(RF), b+ 7YX &#8:10,000~100,000 H{EZ> : m—2 CMOS 0.18 x m 5.0mm ffj 5 »
7 Fy 7B =a—T/uY
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FERE29FEESE2EIL 2B X CMOS 65nm #{F (RS65172)

|n§mv—~/ EBERE, {5Y— 2 B SRAM DBI%

HAKRFETFE /A HE

% : [oT (Internet of Thing) BE#R~DEIRZ HW L LC, REEE» OMGHEE ) ZiEKT 5 7201c, SOTB 7t R EZH\WizIfiT —
2k, 27— FHROOT-SRAM BT L7z, 7— 2 Mk H—L 3228 T, {EROOTIEEL D DL A T U MBS Nz, 72, &K
SRAM iZf#§i 5 DC/DC =2 v 3 — £ T3 % SVL (Self-controllable Voltage Level) [If %5832 Z Lic X W \ERZBMT2FH <, #
HOENMDERAEET, HEIAARFICIIAE) e M IHGEILZRIE, A€ ) eV IHREEE 2 7, Feal LRI 7 — FRER:
ZREET 2T, HEAAR, HAHLIFOEE—Y v ERRTZ2 208 TES. LEWHE (VO E62FIE20 (TT), EIHEE
(VDD) #31.2 VO, #HAHL~=—Y v, ’a‘ﬁi}’\? P NFE N IERIZ6Tr SRAM @2.096%, 1315 Icib RE . 7, [
PR D 7 — ZLRFIFIC I 1T 2 ) — 7 BEHRIC X 2 FPBEIRHN & 31 13 0ERIE SRAM @©9.17% IC B & #u7z. SVL [EIFEIC X 2 HifgA — Y —~ v
F IR D1.383 % TH - 7-.

2Z X #k : Shin Miyamoto and Nobuaki Kobayashi, “Development of high-stability, low-leakage 6Tr-SRAM with single data line and
single power supply using SOTB process”, in Proc. of IEEE Computer Society Annual Symposium on VLSI, pp. 387-392, in Hong Kong,
China, July 9, 2018

EREHERR : SAHLLE, 4K %5y —JL : Cadence IC 6.17, Cadencett: Virtuoso, Mentor#l: Calibre, Synopsyst: HSPICE(RF),
bSO R 4% :10,000~100,000 HES > : CMOS SOTB 65nm 2mmx1.5mm Fv 7Rl : x€ Y

| BRIA 2 % U —7VCOX—X A/DZHE & 55 4 1L RF SERO R

ABRITERFITEE KR Rif

ARITERFAZRIFARR IS HE, AL Bt

BE  IoTHATIEMRE 7 v o — N =it I 5 R EHTREN B RO SN TS, 51, CMOS 7'w & 2 DRHILIC K R E
FE(<1V) QLT AN ZABBEE ShTw5  KEFREE» 0 mmEEE %2 EBIc& 2 A/D Zfigk (ADC) & LT, EHHIFIRS
(VCO) #H 7z ADC (VCOR—2% ADC) #H%. 2D ADCIZY v Z7HIVCO - v 7 ) v 7'&R « T ZAWI IR TRKE L5 DT,
KEBERELE O REHCEIET 2. 2OADCEADHWTHIA v 24—V —TEiffs w3 2 LT, Ediyv 7Y v oL @bt x iy o
%%, TOADCEHWTT Y XAV RFZEHERKL, RIELAZ. 7YX ARFZEKIZADCOfc, HEIFY - T A—vav7g
NEATHIREND, T A= a v 7 ANZDPBEDT Y A= a v EADCOA v 42—V =7 EFRICT 2 2 & T, (EROMK X
D2UETIET 27 4N 2 EHFBITE B,

SZ @k : Yuma Isobe, Takao Kihara, Tsutomu Yoshimura, “A Polyphase Decimation Filter for Time-Interleaved ADCs in Direct-RF
Sampling Receivers " , Proc. 2018 IEEE Asia Pacific Conference on Circuits and Systems (APCCAS), Chengdu, China, Oct. 2018.
ERETHEART : 2 AH LA R, SAH KM k&Y —JL : Cadence tl: Verilog-XL, Synopsys fl: DesignCompiler, Synopsys #l: ICCompiler, Cadence
# Virtuoso, Mentorft: Calibre, Cadenceft: Spectre, Cadenceft: UltraSim, F ¥ X% :1,000~10,000 HfEZ > : CMOS SOTB
65nm 3mmx2mm F v 7R : S (RFFEIEK, ATM7Z&E)

| 535 SOTB 7 0 X551 3 ML S & > ¥ DMK ERIHER TEG

RPAFETFAER At 2
BE : YR Eclk o o —24%00.18 u m CMOS 7' 1 & 2 THEEL#A e v BT 2% 2fTo C& /2. 20T, Bk 2H#
Ot 2 FHIHF 2 7201 SOTB 7 u v A2 EAT L L Lz, 200K RETIE, chEcr— 2 cHEBEL TE LAt
v H% SOTB 7' 1t 2 CEIT 2 720 DIAR 72 TEG B OMEE 1T 5 72, 17— L4k 7 1+ 2 Cid MOSFET @ K §i5E % FIJ L 72 Hall
IL AV PEFHLTWZZ, SOTB7at 2 TEZWANEETH - 72720k % MH L7z Hall 7L — F % Hall=L 2 v + & LCH]
L7, Hal=L XY b DT 277 4 7Bl g mADOI A X e Lz, BAERTEHio@R©H %28, HallmL A v b E{RORRENNE
T LTEY, ZoERIF4dp A THIIEEIZ0.1mV/mT TH 57z, ZOfld v — 28 TR L 2R v DOT0% RETH o 7. 1K
R TERAONEIBERN Lo AETcH s eELONS. SHIZCOHlTL X v + 2% liFE L L, ERMLES e Y P2 EBT 3 TE
Th5.
EREHERAR : 05 A LA, TAHK  3%5HY —JL ¢ Cadenceft: Virtuoso, Mentortl: Calibre, Synopsyst: HSPICE(RF), +rZFv¥ 2%
# :100~1,000 F{EF > : CMOS SOTB 65nm 2mmx1.5mm F v ZF&R : TEG (ErEEEmmIEg 7 &)



I Vbb generator by SOTB CMOS rectifier and so on

BERBERFERSRY F7—27IT%F®R NGUYEN THUY LINH, & 7, A1E Z—8B

BE: 20F v 7iE, RFEZAY = —_RT 4 V7Y AT LOTRGAHO Vbb Rl & U<l < B2 Gt L boTd. &
[, 2GRN CERREE S X O3 7R, 3BDIED VbbFAERR, 3BD A O Vbb IR, 1B DIED Vbb 4R, 1B DA D Vbb
FAEB» OB EINTHE T, VbbFAREIRMIE O ) HABIE X -30 dBm D AJJEFET0.6 VT, JERE#EIZ500 MHz T3, 8%t
N7=SOTBF v 7iE, 7vFF biEkid N T3 FR4 PCBR—FICY I on 2 PETT. BELLORFESRT v TFFICk->
THED o, PCBHR— FOLERIC Lo TF v 7OATNIGINE T, 1R E T2 REFFIFS50MHz o H#EEFES 3. 2D
el A A L7228, £ TORFIF Y —n—_ZT 4 V7Y A7 L13-30 dBm T0%DPCE%#132 Z L # HIEE LTWE T,
ERETHAR : 2ANALLE, 3AHAKM &&EHY —JL : Synopsystl: DesignCompiler, Synopsystl: ICCompiler, Cadence tl: Virtuoso, Mentor

#l: Calibre, Synopsystl StarRC(XT), Synopsysfl Hercules, Synopsysfl: HSPICE(RF), Synopsysfl NanoSim, Synopsys#l: Formality,

b T PRZE:100~1,000 FH{EF > : CMOS SOTB 65nm 2mmx1.5mm  F v 7H&H : 77 v 2" (PLL, A-D/DC-DCa v "—47 &)

I FFT (Fast Fourier Transform) TF (Twiddle Factor) 32-bit floating-point

BRBEXRZERSAY b7—27ITFEHEK HOANG TRONG THUC, # 7, 15 Z—E

B : CoF v TR ERE/NMNIGE S 7 — ) 48 (FFT) [FRK -+ (TF) 0%ETT. T—F 7 27 F v FEBEREET Y 2 va v
v'2—4% (CORDIC) 7Aa) XLADHIGRICEISHTCFEINTWE T, SOTB - 66nm T EN/ATF2 7iE, 86, 721um 20
KA MiRE Lick22, 8697 — DL ATy FERLTCHET. HEMKRIE, 27412 VOEFEEE (VDD) LU 747 —F vy
77— b4 TR (FBB) > =15V CRAEEEBEESS MHZIEL, 1.4AVOBENZHELLZZEZRLTWET. mW E721327.91-
pl] /A 7 DI HIAF— REHEVDDIZ05 VT, FBB=Z05VTY. 22 v "4 E—F (zuvysil, BEOAR) T, 04V
DVDD & X U-25 VOiSy 77—+ S84 T2 (RBB) T —27&ifiiz04 nAICHbT LA TEET.

ERETHART : 2 A AU L, 3AHKM 5&EHY —IL : Synopsyst: DesignCompiler, Synopsyst: ICCompiler, Cadencetf: Virtuoso, Mentor
#: Calibre, Mentor#l ModelSim, Cadenceft: UltraSim, Synopsys#l: StarRC(XT), Synopsystk Hercules, Synopsysfl NanoSim, F
5 VY Z & 1 100,000~1,000,000 FHEF > : CMOS SOTB 65nm 2mmxl.5mm  F v 7RI 1 7F 12/ FY 2G5 7ok v+

I BootStrap zt DCDC & E[EI%&

BRBEAFER* Y P70 IFHFKR EA G, & 27, Aig 6

BEE : K%L, REZF T —n—_2F 4 v 2K T 2 70y 7D15 & LCDCDCRERIEEZHEL72d DTh 5. [mIEEHER
3, Vo oty —%, 24y FbFrx v E2RRET vy 7, RMODT =R 7y 7V FET vy 70 bE g, Kl
FIZTF Y = =2 T 4 v 7RI 1T B B ERRE O R Bk S 5 H R JEUE L 722 BIfR L, 100 mV O H— A CREIBEA BT 5
oo Twa, MEDHE, 100 mV DO AN % RKEIH16.7% T125 mV ETHIET 2 FEMRAL, ¥ Ial—vav LigigH—o
FiREfG7z, £z, BEENEO 24 IV 7GR 2 IERICH L QG L 72720, AJIETE%2100 mV 2 b (For BICAEB) X ¢ 2 &, [nligs)
EROCAERPZFE LT T 25K e o 72,

ERETHAR : 2 A HLLE, 3AHAKM  5%5HY —IL : Synopsys #: DesignCompiler, Synopsys#l: ICCompiler, Cadence#f: Virtuoso, Mentor
#l: Calibre, Cadencetl: UltraSim, Synopsys#l: StarRC(XT), Synopsystl Hercules, Synopsystl NanoSim, k7> &% :10~100
#IEZ > : CMOS SOTB 65nm 2mmx1.5mm  F v 7HH : 7F 7 LK

IEﬁﬁﬁ%mﬂLth%ﬁ7U777n77®ﬁﬁ

FHMIZHHEAFEFATLIFER LA X, ER X8, 58 8, )W 5

BEE : R O MMy, RO @B IC X o T 2 EMAEK & 2 2388)F, V7 b7 =Nl T3, FD-SOL7'm
LA TRERINAERAPHERFEC L > TEK I N B720, SAZTREALHRLTY 7 b7 =L b o0, FHiZEM %
E DGR S WEIR T E R S BB L 72 5. ARG CHREHRTTH 27V vy 7 7ry THEICR — N7 4 VX 215925
e, 7V vy 7ay FORERBIOMA10%L Ficiifl Lo, ghiic X 2 Mo KiEx Iz 2 RS2 35 L2, dbkFic
THEAA Y ORPFERZITV, RET 27V vy 77 vy T7ORBUBINIEZHE L7z, ZDfE, Ard 4+ v RRICizEko 7 ) v 77
vy 7 LT 13065 O G R TE 2 Ff o 2 & ZFER L7z, ArA 4 v XY HEWLET (Linear Energy Transfer) 5%, AWK & 415 Eif
DEJEN N Kr A A > O WS TR CILBURHRIT D 17 EEZ0FFIUR T 32 2 L 2R L, »— 827 4 L X THREASATRER K & 723
NRNBDHED S B % i 5 2 L iR L 7z,

ERETHAR : 2 ANALAL, 3AHAKm  E&EHY —JL : Cadencetl: Verilog-XL, Cadencefl: NCVerilog, Synopsys#l: ICCompiler, Cadencetk
Virtuoso, Mentorfl: Calibre, Synopsysfl StarRC(XT), Synopsystl HSPICE(RF), b+ 7 ¥ X &% :1,000,000~10,000,000 H{FZ
> : CMOS SOTB 65nm 3mm 4 F v 7785 : TEGURHHERTALE 7 &)

w
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| FUFFH A= EBELIEA CMOS e I T EE O EHEER T v

HREMAFEIZH FH=

HRENAKFEIFMER /NG FLE

FEHIZMMEREEF AT LIZER P 5, 7H H, I FR

B EREK ORI L LR ClT O AwEE LT v T F &A=, AT S 2 itk o TEL ZEE L TRESLS
H 5. BIEEEIFE RN ORIERIC X > TEL 2 MOSEFT @ L & WHBLEOLTRA IR L 72 5 2 CRIKXGT 2 468235 5. 7
YT FRERA=VE X ORERLEFHET 2720, Ty T FHERMEEEZ ERAX — 7Y v A v L — X OFIRIEPE D E D X
SICEBT 20 MEST 5. AKF v 7 HEELCHE L 245, REHLIc X 2 MOSFET @ L & WEEEOEH)ILT v 7 7 Ik & iHt
DI I N, Ty T FEA-VIKBLTIET v 7 FDiE I X 5 MOSFET O L % WEEEDO LB~ DB OE 13 7%
WA, IHREIC X o TRERR L 270, BEIBICTERT 2 L8ERH 2 2L idbhoTk.

EREHHAR : 2AHLAE, 3AHEKmM E&EHY —JL @ Cadencetl: Verilog-XL, Cadencetl: NCVerilog, Synopsys#l: ICCompiler, Cadence
Virtuoso, Mentor#l: Calibre, Synopsysfl StarRC(XT), Synopsystl: HSPICE(RF), b+ Z ¥R &% :1,000,000~10,000,000 H{EZ
> : CMOS SOTB 65nm 3mmx2mm  F v 7#@5! : TEG (RetEaFAfilalig 7 &)



TRI0FEEELIEIL R B R CMOS 65nm iK{EF (RS65181)

I%&wu—711»¥—?ﬁ¢?6RBOV7ntv#®ﬂW

FEAZAZRERFIMARE AN BA, W 28, R RE 58, BERE AR 7, \NFFFH

WE : BB S X OIREE %2 B ICHRETRER RISC-V 7ot vy 3 Z2AE L2, 3EF v 7ICII8-kBfpA 7 7y F 8y FAEY,
16-kBT =222 F v F 8y FAEY, &kBif* vy v aBMERIN TS, ARX Vv X—FerEMWETERT 4 VAT AE Y H
FVFyTAEY L LTHREIN TV S, B -BFCEIET 2 R — A T RERFEATEE IR TE Y, Taxy 7+

7 — FANA4 T ZEHNOHETH 5. nMOSFET 3 & ' pMOSFET O 2AK BT % | AN 2> o o7 i Hillfill 3 2 BIEGIH e © v 7 ol 23928
ENTV 3. HFEEEnMOSFET % X (' pMOSFET 0 L & WMEEIEAL I U e = 2 M2 H L CH ), T= X ERICHESE 52

SN EOREWERE DT, WREEED Y — 7 TAVF — 2 R/MUT 2 X 5 KEME L % 7Rt 3%, FHlcEED BREIE 5%
OYHETH 5.

EREHHAR (A NH L, 5 AH A 8&&HY —Ib : Cadence fl: NCVerilog, Synopsys fl: DesignCompiler, Synopsys fl: ICCompiler, Cadence
#l: Virtuoso, Mentorfl: Calibre, Mentor#l: ModelSim, Synopsystl: StarRC(XT), Synopsys#l: HSPICE(RF), Synopsysfl: HSIM, k

Z VY 2% :1,000,000~10,000,000 FH{EF > : CMOS SOTB 65nm 3mm A Fv 7#&EHl : ~f /e 7oty ¥

I VLSIS LD =D 7 4 —IL F TR P OFE@MATEGF v 7

NAMITERFRZRIFHRIFHAER Nk KA, =€ BE, RBE #=, 28 ET

BE : 74— FERRFO VLSIO 7 2 + R A URANCE L ClfE %2 1T > T 5. SEIOTEGIZE, 74— FEAFEO AL T ok
MEFEOTHMEHME LT A FIPEREIRL 2. AT OGBBERE TRl 217 5. (1) SREFEOIELRIE 7 A + : [6]#E 0 LR AL % ]
ETB720ICHCT A MERE (BIST) Lr[Z 7 my 7REEEFERL 72, R4icrmy ZiEED o &, SIREEEOEIEEZ HE T 5.
(2) 7R MO - BEDORE : 2T 2 B ORLEM (FERED 2 WE - FHli 5 7z ol - EEE =2 2H#H Lz chid) v
THIVL =R R ALY A — T TREL LR TH L. RELTWE 7 4 —A F TR MEROAEIEICOWTEF v 72 v
T - MREEER AT S .

2 &£ X #k:Y. Sato, et al, "DART: Dependable VLSI Test Architecture and Its Implementation,” Proc. IEEE International Test
Conference, pp.1-10, Nov. 2012.

ERETHAR : A NH DL L, SAHKN F&EHY —IL : Synopsystl: DesignCompiler, Synopsys$l: ICCompiler, Mentor #l: Calibre, Mentor £l
ModelSim, Synopsys#l: StarRC(XT), Synopsystt: HSPICE(RF), Synopsystl Formality, b+ Z > 2 &% :10,000~100,000 5{EZ
> : CMOS SOTB 65nm 2mmx1.5mm F v 7H5 : TEG CFRM:FEMi a1 72 &)

Ixhv7717?%®@

BRBEAFER® Y F7—s IFFKR RIR 5%, & Q0F], G5 60

BE : SHOFMETIE, ALy 7Yy FaREEILA SkHzZ AJ) 7wy 7 & LT, 5957597099 F ©10043 © 1R AT CHIlAE RIHE 22 R
by 7Yy FEBGIEELE T 5. BAMAREIROMY TH s, OANZ vy 23500 1A S T 8121005 D IO IC TINGE
T2, @051 OMA1001C72 572 H60CRE L, 1BoMEZUNET 5. @UPDONM260iICk>72 L0CRE L, 15002 UNE 3T 5.
@RESET 210K, 3_XToOHN#0icT 3. @©STOPA1DOK, F_XTOHIIZZLL AV, ©SELECT 2307 51310053 O 1 DA
1725 o, 275610 T 2. UEoffkcsd vy 725 Lz, RICERRICOWTR~%, 5kHzZ AJjzmy 7ic L7z
L2, FitokECIERICEET 5 2 & 2R L. 72, FPGAICF v 7RI UEEKZ T L, FFICHIE LT, Ria2EENH 2
ETOANN I vy 2B afR5 LT, FBPERHEONE BITo 7. 2 ORER, 590591099 % THIE T & 2 JilBd350kHz £ TTH - 7z
EREHHAM : LAHLL L, 2AHA K 5%5HY —IL t Synopsys #: DesignCompiler, Synopsys #l: ICCompiler, Cadencetf: Virtuoso, Mentor
#: Calibre, Synopsysfl StarRC(XT), Synopsystl Hercules, Synopsystl HSPICE(RF), b+Z ¥ X &% :100~1,000 HH{EZ> :
CMOS SOTB 65nm 2mmx1.5mm F v &Rl : #EEE GRAR, KRR L)
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| QA RT YT Z D

BRBERFER®Y P72 IFFKR LA RBE, &€ 27, Aig 8

BE : SO ETld, MOSFET % Hl v 72 Bl G oM & L <, EARNRMKO2EA =T v 7 %5 L7z, 71 23 Renesas
SOTB 65nm 2/ L, HIHET30.75V & L 7. _@ﬁ&TyfmuﬁaiFﬁ@%Lw&o@PMOS@V x%i%ﬁﬁabfﬁm
LTWw3PMOSD FLA vickdiL, 7' — M AN INAEBLEDOAEZHIET 2b D TH 5. 28 HICITY — AR & v 7z,
ﬁ@%ﬁﬁ@%yiJv—ﬂm@mmm&@HWKE%ﬁmL,*x}v47¢bm/\;u—/a/%%<1ﬁ~7/»—774/
2345.8dB, =7 1 74 VJEABEAH40.8MHz TH - 7z, FRMDFER CldA—7 v —7 74 »$340.8dB, 2 =7 4 7' 4 v JHE4532.0MHz
&Y, FAVIBILTEY I ab—v a vORRLAREZEOKMEA O b 0D, ARG IaL—va vORHL Y5
R ol 72, FHOANMESICHT 2FEEFY IaL—2a vk Vb RWHERLARY, 20720, FHESKRELEZEST
B T®H 2 CMRRIZEM DT 3R WFER & 75 o 72,

EREHERR : 2AH UL L, 3AHEM  5%§HY —JL : Synopsys t: DesignCompiler, Synopsys #l: ICCompiler, Cadenceﬁ: Virtuoso, Mentor
# Calibre, Synopsys#l StarRC(XT), Synopsystl Hercules, Synopsyst: HSPICE(RF), FZ7>» T2 &%: #HEZ >~ 1 CMOS
SOTB 65nm 2mmx1.5mm F v 7R : 77w~ (PLL, A-D/DC-DCa v =47 &)

| BN LE — S AEHT 3 RISC-V 7 04 v H Dt

RMRZRZRIEREARR KREE 2 EF LT IER, &8 B8RE AR Z, \HF FR

B EBFREES X OENEE 2D cHEinfGE R RISCV 7u vy 4 25 MEL 72, 3MEF v FICI8-kBMHR 7 v F 8y FAEY,

16-kB7 =222 J v Fo8y FAEY, M&ﬁA#*vv;ﬁ%ﬁénfwa AR E=F B ORRET 4 Y2 AEY B

7]‘/7‘ y 7 AEY)LLTHEEINTWS, 2EHOBELEZERTAERDC-DCa v A= R3FEEINTWE, 52 62 EREEEE D
T, HETz AL F—2HvMLs 2 EIFE rkﬁ*ﬁ BHEOM (R/hNTAVF =) 2B 2 EEGIEIR 2y 7 BEE AR éﬂ’(b‘%. 7

By FICHOIATNARER LV FR I YT 4 AAANZAL T Y HDE = XfERICH S %, YEKEIIE O FE4THE T NI Tutky

FIFF RN ANF -G CEIfECTE 5. FHNCHE S CHARIZSHROBETH 5.

SREHHART (4 AN A AL, S ARG 5%5HY —Jb : Cadence #: NCVerilog, Synopsys f: DesignCompiler, Synopsys#l: ICCompiler, Cadence

#l: Virtuoso, Mentorfl Calibre, Mentor$l: ModelSim, Synopsystl: StarRC(XT), Synopsystl: HSPICE(RF), Synopsys#l: HSIM, k

Z IR Z# 1 1,000,000~10,000,000 iFH{EZ > : CMOS SOTB 65nm 3mmf Fv 7R : ~4 7 v 7oty 4

| S48 FPGA

BEXERERERMHRE EE X

B U ECHAZED T 2B T T4 R, KEERES — F 714 (Optically Reconfigurable Gate Array) & XfLt3 2% HIY
Clit it FPGA (Field Programmable Gate Array) #ifEL7z. ZOF v ZIC3 i 7 v v 7 23564fH, ZA v F v o<tV vy 7 2R
fElEEEET N T3, 12057 v v 712134 AT D Look-Up Table & Flip-Flop 2* 21[.]‘3"3% INTHY, AEF28{EHD Look-Up Table
DEEINTHD. 7= b7 LA ORRIEE WX A 7O FPGADHMIKIIEX A 7O T —% 77 F ¥ LR L TH Y, BHEDCHRERA S —
FTLAVLSIEFHLZ =T LAREGEE LT3, 7272 L, MBCERREHTIC T <7 A MEs a2z 2%, FHbL7ZT7 ¥4 v e LlTH
D, WRIHEWA, S8, TR MEREFLERS 2 LT, MEELLTRETH L. £, ZOEOKRGTIEIN AR ARG 2w VRIS
(o THAvavs 47, ICavA 4 72O TRAR Y X— P _— R TG L7z,

ERETHAR : 05 AHALLE, 1TAH KM  E&EHY —JU : Synopsys t: DesignCompiler, Synopsysfl: ICCompiler, Mentor{f: Calibre, Mentor
t ModelSim, 5> X &% 1 100,000~1,000,000 fEZ > : CMOS SOTB 65nm 3mmffi Fv 7Rl : ~4 7mnFuty ¥



|mﬁmm§%mﬁﬁﬁﬁmm7»4nm

BEAKRFE X TLETRE 1k ®E

B - SEEEL 27 v ZTIRECHREE TR cBIE S W 2 TR T O EHIEZ IS 2 720D 70 A TEGTH 5. AKTEGIZHAL LV
ZHEBAME X 727 L 4 TEGHEE L o Thk Y, N7 O EF i EE T ML o T3, Hif e VI @ BARIE HG 1%
iz 2Tk Y, EPUEHEE— F & L CHERITR T2 1E5HER T 2 F = — VIlEE— F L §URRFTR 2 0E T 5 7 v e v illliEE—
F O E A T\ 5. REC2MEOME YT 2 EEHY) Y 8 2 5 28 EIE o BRI X 0 JIE R & SR R e Wz 3 &5, K7L
A TEG 1% FFECH & TEEH 2 Hehe 3 2 Via PR OB UER T O HLEARD A = X afEE 2 HiV e LCh Y, #MER I L
CHEEIRAINC X 2 A RIS Z FEiET 2 2 L2 MEL T3, ZO7dPHIER TSN L CREREZAMNTE 3 & 5 g E
et L7z, TEGHEBEMGELED 729 1 8im Q2 b B MEG QO IHE T2 1F VIAB KL LTT7 LA TEGAICEIE S % & & b IcHE PAD
KCHFRTFLA T Y P OEFRT-ZEET 2 2 & CHEPUEMHE % i LR ERE O MERE 2 EE3 2 TiE. 8YFIAH, b7 v o2
(ZAI30k M. ST v 71E1.5mm X 2mm,

ERETHAR : LAALLE, 2ANAKi  5%5HY —Jb : Cadence ff: Virtuoso, Mentorff: Calibre, Cadence#l: Spectre, b Z > X &4 : 10,000
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5.3 MIRHE

BREMRE

(http://www.cad.t.u-tokyo.ac.jp/)

[EBRERD7AY T LEFI{L~DISH ]

BHER, BIREH, 7¥—a21 IxL

AR, PRI O ARICH W SN T & 2o AT
Bxk 7077 AOGRICOGHT 2RSS {fTbihvT
W3, KBTI, WHILBIEE 2 g I AT, v
VINALy FOTu s Ao T e ST Lk s
KT 2z ezRELEZ. REwrrrJ aoibfbid
BIERMCIET Lav e w S L, hawns
27 LoNFL b Nz fifE b & IchHlFE » T B
LT, BRREMERD CHRERICL 2.

Tv7L— b REEBRREZFALAEYRTLRE
LFi&

BHELR, SHEBF

JE 7 Bl D TERIBGEEE AT & o> —F7 v AL
a3 2R0ERD -0 AGbEREEOEA LD D
1% 20 1c#E L <, FSMD (Finite State Machine with
Data-path) IARBERNICIINETFFEEZR L T2 & F 2
270 ZDOAEED R U X 5 ic#iLwv., 22T,
false negative Z&VEE % Hi> b D DN HRGEEZ 1T 5
TEBTELZTATY XLTH B [Karfad T 2542
RKINED, ZhiTk > T AT 2O EBITHW
LNBTFETHE [Ty 7L —r_R—2DHK] %
FSMD #1322 &R TE B Lo iChotz. AT
13 Karfa DFEE 7V 7L — b _R—=2 D48 & HWT
FSMD D&% 7TATY) XL RREL, EBi%iE

LT DFETEBICERPRETH L LR L T,

ECOnFf-»nEhiitiRBEIARFiEL Z DA
BHER, HINF 7ILIX—FK, £ &,
ARAHEN
LSIZEFTlt, 7 — b L~ VBRI Bl % i L 7=

BICHAREERRET S 2 03b 5. OB, it

SHlEBIELCHAKT %2 2 L i3 Fic, EES— b

LRUVEAEAZEEH T 2280355, hehb, ZLE

TORBLOB I 2 WELIC LW Th 5, Kiff%k

T, BIELAEZ — FLUEBEHGT, FTLVE

fradid % AR T 2 FEEREL 2. EBTI,

AES256l5 5L e ORI D 70 275 sz b 2 b %

R L7z.

REEET /Ny S0 DESRIRER

BHER, HI7/F 7L TX—F, KREN
= P URUEARRICA I REENTORRRICE, &
2K P BCEECTATENYREZVGERD 5. K
W7ECid, HIREHTDBEILRITONL>T0ES
TERELT, BIEDZDICHEHT 2SS 2%
R 2 FEemal Lz, REFER, BIET XS0
BERCTH 2GATHRMERER GO0, BfFOX
v F = — 7 BN L CBIE 2 RN <O AT RE ©
HbHTLEMERL .

o mESRK

BHEER, HINF 7I)L v RX—F, 8 BEH
o iml A IE H 5 5 2 b 2R B O 5
EHERS TS & E, ZEHED & mBlE K3 2 Bl
THY, LUTZHW7ZQBFREE LTELah<
%7-. LUTIZERAMICIEE T VWIANEE L TTH
D, ZEAGTEIEBDO AN EFRO LB TE RV, R
42 <12 SOP (Sum of Product) & POS (Product of
Sum) (D 7- QBFRE & L CER[L T % s i
BRFECOCTRT. mZEE nfilof (1] b >
SOP [POS] 13V 7 7 MBI F b L7 (R D ety
X o TRBITE, AKFEIZQBFREZ L C &ic
koo CEYIZREEEZ o J 3RS 7 5. 225
Lo AJILAE & 725 & 213 SOP & POSIC & 2 &AL
FLUTIESKERL L Y DRVAT 3 =< v RER
T2, MEgICXo T 7 r—~w v RIFERR S, KLlL
ISCAS89 R v F~—7 [l % FH\» 7 ER oy B & B S R
#{To7z. SOPIcH-o< OBFEE LTERLL 72
Bity, 21Nt CARAIRECTH o 7=, —/TPOSD
B 1324 A1 lE £ CHETRETH o 7=,

Ty 7= bMCEIWEEMESERK

BHER, HIN"F 7IL<X—F, £ &%

ZOHIFETIE, RTLL_ATOEELZEML LD
ECOWx L CHEIMICT Y ¥ X b3 5 FikEnT.
TADOFRIE TR 7 0 7T Lv[RE 7 Rl I i &
A ON7ZWEK R e Y — 20T — 2 N2 RE I
PYUTE, T2 RRDFELVwavy7 4L —vav
RS 2 EIZ QBRI & L CE{k 3 41, SAT/



SMT Y AR—ZHEIICA v 27 ) A v 2t v T
LIk o TR 2B TE S, W 20DfHlick>T
REFFHEOEMER TR I NI,

B—HEOTR M Z2—VIcEOW- 2 ERBRHRED
1= D ATPG

BEER, Ho/°F 7I)L vX—F, F i
ARHFSE T IE2EAMHRIKE (DSA) D72 DR RIRA
VI Y RAVEALATPGTFEICOWTIRE L2, RETF
BFART Yy T ok 5. HEoYI, ATPG DY
1, Ko DSAMIEDFER, EMT A b XZ—v D
AERTH L. RETETRGAONEZETORY FV—
BRI LTCHRERT A PR = RERTES Z
EHREBFER D S0 o7, 72, BEOWRICHN
2HT LA b WU P % R L 72,

HHEARE
(http://www.mos.t.u-tokyo.ac.jp)
SRS IOy OER
A B, AL, ZILAEKRER, TIIXE
779 bRy /) —FETRT =T 7 VICEE

fEm 3 & FUATHE & 3 2 W3 = ¥ Y O & T o 72,

2779 Fics TS ER oA 2 vREL 35 5%
EHEFRTIES 2 HNE L TT 7V r—v a VORESE
FEAL DS ATRE 72 23, LRI CofE e L
ThoTWw3., ATz ASICR FPGA 7L ¥ D~ —
Fv 7% LLIRGPGPU % HwT, SHXEEDOK
BNy FALHIC X ) S b ofaf 2 1To 7. ¥ 610
ASICHEEED#EHC X Y CPU %% D 1.45f% 0 U 7 |
PHRETH D L ®R LIz, —J, v+ /) —F Tk
FAEE PR DHIK) 5> b AFAFENG 5 D/NAEFERES KD &
nTwz, filziF2ser y PEREZI6E Y b E 72132
vy MR A RIS 5 © & o FEH L IR
ZRoTW5, 22T, XbLhIMRFELFHT
{256y bV I XY FEHE26L Y FMHNF A28y b
DRI RS 2N EELL, 32vy PERRLH
W 72 75 AT R T 2365 0 HEE & 2,565 D AR &
WL 7.

2

EHEEEE T v ogE
B L, REFAEE, HERARER, &M, RlmT
IoTOMERIcHE, 277 Fick) 3T — 2 B3

FEHCHm L, Mip T — 2B CIRIRIA Ve F 2

V74 YR ~DNUBHEEL 7o T3, M5 PR

A VBT 57— 2P - BEE WHE & 3 5 HERUAG
5 Dl D Paillier 5 | INRER HE R RURE 2 55 7243
o, BMECTHERS XL LTHonLTEY, B
W OREBRANATALY IR EDFEFTOIRL WG
MBI w3, 727, 7—2X=2ANDFEK%
BOT — X DI FFR R % S 5 72 DFHER)
KON LXK TH 5. KRiFFETIE, Paillier DFIEHE
WRefE O kM 2 H5 L 7z Paillier i 5L~ —F v = 7
T—%727F v OB OB 2 AT, SO
Montgomery FERC X b W5 FALER D Wi41| L %
52T, KNigicmmd b onlRetE 2R L 7.

PUF BRI R T AICH T 2 F BN EMEDF
{fi B U Rk EHEE DIRE

MH P, I, RIFAE

K2z b o iRilitz ZEHTE 2 FEL L
TIHEFEEH & LT\ % PUF (Physically Unclonable
Function) 1IZ3H T, HMAE BB ICERH 2 L X
1% Double-Arbiter PUF Jx ' PL-PUF i} L, end-to-
end D=2 —F 12y VT =7 FHOIKEZLT
v, BCRRTR R 2 REE L 2. REFEEHwS Z Eick
Y, Double-Arbiter PUF CTI3JefTi%E % 21.1% L[\l 5
W CRAIO L 2Ky 2% P&, PL-PUFCIZT
M5 5 L AR v R bit L OFEIRFA BRI X b PHIREEE A
R WL LTz, ERERMEREZEE X, B
PR E BN % 5 60 B 72 0 O PUF{RRGERES 2 7 L
DFEHESHT O VTS L 7.

B RHAERDKRE

]zl )

KT, 24 I v 7o —%ltFlzmAN—T"y
FDT = b LRANA TS A4 VRIE CFREIR R O R
KUY A TWE, RIFFECTHWE T 27434 75
A VIR CHEARE OIS — b Tk, —2 0K THK

55 R Ui o250 DCVSL RIS 3R FICEIfE L,

—Ji O DCVSL B %217 5 Bic b 5 —Jj @ DCVSL %3
TVF =V %7720, 7)Fr—IICXBKHED
UARFEIE LR, MATT =L RXALTDAL T T
AAbick Y 2L =7y PO EXRA[EETH B, 2D
ARG X2z lBaERoRG 275 L e dic, T
DfRER -7 vty POEROBET 2115 72.
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TA—rR LY vy E—BEEB LT IALYEET
FAA=S Y VIS - HEES OFH H L EH
M, F B

TINNVHETAA A=V Y I T4 RICENT,

InAs MOS-HEMT ic X Y i S W-UMES %2 T 4 ¥
ZNMEFA~ERL T4 ZDHNR~FiA T 720 D]
# (ROIC) ##&EtL7-. 180nm CMOS 7'ut 2k
WCEMEI =T v 7icid, 8XTDROICT L 4 34

HEINTHY, ZRITHEBIC X o TR LR T L
%. % ROICIE, (KHEEMIESR L wy 24 v TV 7, A
SEMBMET AP ENTANZDOLREASTFul
7 4 ¥ 2 AR L InAs MOS-HEMT o #ik: % #21E

T20DT 4 VANTFu s EMENFEEI L TY
3. HmAHLONR LR ADEKE A ADC
OHENEDFHEAH L IZF v T ICERB I NZSPIEZ AL
Tfrbid., £/, Ju—Av v v X —%FEHT 2
720I8XTD By JH A I NTTRXRTOE T RILD
A X ADCOHIIfEZRFEL, oA 7 Cliak s
U 7 ME%T BE— F&SPLICERE L. & 5ig, ROIC
DSEHVER IR % B4 % 72 % MOSFET @ 1V £tk 0
R EZ R L 28 e v — % 23 L 2 o Rtk
ZHIE L7z,

A= b A=Y AV EEETNFEL
Xa7tRIVs

MW 5, & H$X, Vinod Gadde Vishwa,

HHEERmM, 8 £5

AR =Tk v IR RE R i L e R~ — b
ARX=V v icEo aREEHIl e F 2T RV >
v OEBICE Y AT, SRR T, £
KB EE D R RO ERRE A T 230 IR
v¥E, TAXY Y v FEET &R 7 SR
BReA HT 24 A=Y v 2 REL, [IigFEE - 3T
izfEd T3, vFaT Ry vy 7T, A/DZR
IS LBRER A L, 7 v 7O~ ORI E
Mzzzlc, XolElAtFaY 74 2EHTES
g 7 2 iat - SRIESEE L T 2

BEMRE
(http://icdesign.iis.u-tokyo.ac.jp/)
BEESIy2ary7TrHYCMOSF v 7 EICEEERE

LE=RAMyFrFy/xo2DC-DCaAVN—4
e B, KHERE

A= ~:7747E7D%V#KBU5:Tﬁ®ﬁ
1 FE I TR AR I 1 258 b DB (2/3£1/2) A3
D%Kﬂﬁa?ﬁt?(% »F FF ¥ X2 2DC-DCa v —
2 &ZFFK L E L7 180nm CMOSF v 7 Ficd> D
100nFofEE+S Iy 272y 7304 mm X 0.2 mm
X 0.2 mm) ZEHEFEELEZ2.TVATDOZL v F F* %
Ny 2DC-DCavN—2%iMEL, WEEE2
mW/mm2ic BV TCHERDO XL v F b F ro8iv &
DC-DC 2 vy —x & LTIk R B ah5£92.9% % F2 81
L7.

l]

R"7—F7Y24 (IGBT) S AOREFHEHT RS
FRINT—FEFEZ480C

aE B, MHER

N7 —TL 7 bu=s R ELSIORGEHEEEIC LD,

7—FZ7vyaz (IGBT) o7 — FEKEI&ERZ 7

VANAVRT 2= ATEZOLNDE TR T T TNT —
FFZANICZBHFELEZ L. IGBRTORXA v F v
BRI BT 57— M EERIE % Al % ffi o T H 8o
HEzzlickh, 2L v F v 7REOBREKE 24
FU T AXRBEWLT 5N TEE L.

Luciola : ZEZRUEIS I Y X — LY A4 XD LED
KREER

aE H, B ERER JIREES

FER Y — A2 iRl - BET 518
Amm OFUNLED IR ZFIFE L £ L7z, SEfaE 2
ML 7=E o ARE &, LED AT Ic 45 e SRR T
ZASMEOHHIC /D28 % TR L7 2 & T/hVil - %
HLEEHL, BEEICX MR ThiFE Lo
®5Z LI LE L7 #/h LED R0 2 h o f%
Bhe AT - AT IR T v ¥ 2 — & — b EERRCCHIE T &,
PR Tomn 22T 4 2 7L A AT ORI~
DICHB I N E T,



IR
(http://www.mos.t.u-tokyo.ac.jp)
[EFIEE S M T IR B E R

BRIREH, Ev LNRILY VIILR—

AN = AT ETOZEY 2 7 =T 4 71
EEBLIZYTFAFA NSV TV v IDOT —F T
2 F % & L TMWC (Modulated Wideband Converter)
BEHIN TS, 7z, ABGBRKEZR & ClRRE
IR X 7z A/DZHRIRE D v 7Y v L — b 3R
LNTW2 70, EHECEFEST 5754 ZDFHIEK
BIcMWC Z v 5 2 & Cfka X MUDNEKTE 5 7]
REMED D 5.

K52 TIEMWC D Z 8 — X CIAHHS R fE 5 1T 3
HIER & L COEBAREMEICO W THEZIT o 2.

MATLABTMWCO Y I 2L —v 3 VETAEEKL,

BUHI 72 510 3V TR MWC & 2 7 A3 AHR 72 A
IMEE %R cE 2L %R L7 LA LMWCD
% 2175 56, FEBMER T/ A X L OE M

UNCEIE L R0 rlREES S 5. 2 2T/ 4 Xiitkico
VT, MWC DM FE 8% H#EHI S % 72012 ANF (Average
Noise Figure) ZfEHTINICEI L. 2L T/ 4 X%
FERBLZMATLABY 2 2L —3 3 v CZORDBEZY
TH5LHI L rHERL .

7O RERRRET AL - B
BRIRE L, R AEXK NEEE RA N
7'a v ZMHHL I w7 Y Zov bl o g IR E L <
M ELTED, E5UEICET 2 K55I T Y & il
MyphaIncwsd, —J, 7rus7ftiltoeh ey
2175 7 — 2 &MdRe, 7 vy 7 24K 3 2R
o], EIREIEIIAR 21T Fr ZHEgET s & LTk
ncn3
ER IR 2RO BT - E Y - a2 bekE
KWRELHCZ 2 LE2Z NS, RiffETiE, 2h
LORBKICEIL T, PH O BEECERLHR Y — % H v
TeRENERRE T 5. AEEIE, BRI L V2 28
THur-7v g (SARBADC), AR
%A HEIEE (PLL), (KFmy 777 F&EE
L¥ a2l —% (LDO) icBL CBIML I n-dkitik &
T—%727F ¥ &I L7 SARBIADCoOHitick
T, A2 v ZX—=FeriHwT, EPiEDAC &,
AANVBIEEER, N T v 2k —n FEKEZ &L 7.
SfRREZ6E v P& LR askit L, Filllick Y
BEZRGEEL 72, PLLIZEARBEHW-2T—%7 2

. I oMgEEE A EBLT s ik Y,

FrlroTkh, KTy X - KIMHME L 22 X5

FitwtED T3, LDODFGHicHWTIL, BHEHIG
PERERR & ATAE LR ER & AL A b & CIERE 2 BB LLiaR

ZEBIL, gz HBECELR 2 v TR L 72,

Fv ZHEICKY, AMERCY 7 7L vy REEDOE
fLicxt3 2 EEDBREVEDED D b7z,

F 72, T 7w JERIEE O R LM I BT 2 5T
& LT, ETEREZR TDC (Time to Digital Converter) d
71y 7RI % DLL (Delay Locked Loop) ®#%
i % 1T o 7z. TDC iZ ADPLL (All Digital Phase
Locked Loop) ®MlliE% &fk4 G CHWHLN TV S
WHENKTH 5. DLLOREK & LTIF1IGHz D AJjIC
XL CloB DBIER T2 w7z, muwofRRe% f7o
TDC%# 9B 5 57-%, DLLIcR® bh s ttfke L<
AHEOF 72y F232psTH BT L, 2 LTHIE
JESRT-CH U 2B 23 AR 72 il 2> © & 2ps D i 1
HpEF LNz, £9 CP (Charge Pump), PFD
(Phase Frequency Detector), % LT %y 7 7 O #G
FICE-oTELBAHNICHTEY Yy 22t HB LY
lalb—vavreRy, TnLAFERBENICINE 3
IVCHKFDRTA—2 %Rz, $/2CPDIR~TY
FEEIRT 2 720ICHRa—F /A F AT —F7
7Fx2HG, YIalb—vavhkTArEy b%
600fs ICHI 2 % T LTk L7z, dfkicmlig & xat L7z
PO 7m0 2E@L, BRT LA ZHV
Fr )7L —varviEtHviz, £10psHoA+ 7
2y ML ClpsOMECBIETE 2 2% v I
L—y 3 v ClEiE L 7=,

FFREISEIE S 2 B - 7 7 0 O S B B R AT AT
BT, AR BRBEH £ R
7V 2L [AER 7 1 Z L o B

7%U7E%i BIE~Y FA—L0 P EEvotz

DR > T 5. R R CiZ 7Y 2 5

770)1‘%/1%@ KXoTTFulig5a2RET DT,

Wil 7 v 2 e BT 3 7 Fu Z RO REO ki b
th 55,
FrcToTHEBIC B W TIE, Y AT AR T

REIL, 2N ORHEIZFFRIREICH 5 2 L 3%\,

RCEIBAIG 2 5 PLL2S R v 7 3 3 £ COR]OFFHEREE IC
BB HEES ZHINT 5729, PLL O EEEEH) 2551
& 72 %, Pulse-Width PLL (PWPLL) 37 Ju 7 -
FYXVEHET, v =27 4 L x—EHWFIC, Soft
Thermometer Code (STC) TH{ &M E A I L, 1
BRI EMTH 5. PWPLLO Ky IZT Y 20

22T 577,
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T»H%PLLT, HBECENH & OHMERR . AL
TlZ Pulse-Width PLL (PWPLL) &SR % %k L,
VAT LOHEBEN WY T 70, vy VDT 4 —

Foxy 7 %7 A—2 (= HEEH) ZEREL, Xk
BIRFIC N7 A =2 % MBT 3 FEEH VL. ko
HEE PWPLL X AFRHGITLA T U P 21T 5 25,
Rl 23200000, fLEROFAEE D HEL . AWFFETIE, L
A7 v VikEtEENMLT 2720, ABREY -1 %H
WCLATY MERL, AFikat &M% RtkiEz o
EEECE) PWPLL % 345 L 7-.

¥ 72, WRplsEE A o REH & LR 7~ 2 %
WaRD D 5. W T ¥ X VA IR T O F O (il
IEREIZ R L <2003 s BV E5 0ol 2%
TYXNMGHICEWT 2K CH Y, AfFETiIT —
MEIELL T O @ RRE R EK T 2 T AD1oTHh 550
AHENIIRERE] 7 2 VSR ISR L7z, — i, I
M7 ¥ & VAR T lE o fRRE & AT HiIBH & oI b
L— P+ 70BEFEL, Bl xR T 2 2 v
ZERIC B W TIIZNAETH 5. T LRI
RS URRE I & 0 o ARE DD AP % ) 72 I
M7 Y 2 VAR 2 E L7228, EBICHlELzE T
A7 RESDEIC X IR RE T L poy
Dotz, FZTREFEREVYT ALY I 2L —va Vv
Wk, Favz oo % R0 /NIRRT 2 &
NG G 2 58 e BT L, MR el 75 v 7
ZifEL 7=,

R[] 7 o 2 VR ER I 3Rk 4 72 SHBI 235 b, Cycle
Lock Gated Oscillator (CLGO) #FfHL =27 v 2
7 — 2 A (CDREE) b ZD—D2THS, D
CDR[H#&I3, fFAHRETHAA F I v 27BN 2 HEE T,
B4y DT Y T v IACEERICEENT 3 2 L AH
k2720, WEREDHEE 2T TR, FHFRIRE
TOHBESCRHIRED & OBEITEE D FEL o
T3, v I =2y P7—7RENf VEERE Vo
7o, BIRBNCS Y TABERITD K5 Ry AT LD
BENHIRCHRGTH 5. RiffFETIR, T—2L—
ko BB BN E BIEL, BTNy 7 7
EN—=TRITDC% fH\»7- CDR g 2 2L L, #fE
F v I CGRIEHIE S v 7 7 ORERIH A, 7
CAAFIERIC X 27 4 — F Ny 2l & 2 RS
% & & % 122.3Gbps @ PRBS & — & S#{Z i< 5 1F % [t
B % FAE L 7z,

FEAEFKBEE ICH T - S RKE KR
BRIREH, Nguyen Ngoc Mai-Khanh, AHEZ,
LIBKE, R 2X
AR XY B R O R WA R R U 72 EdEeE

OWFFEBEA A ThI, WEHEEEMER L 2200 DK

a R b poMEHEEZIERT 2 ke LTKRY

~ — 7% L OFEEME 2 B & LW THELEE

170 HPRE S AR OIEER LT CT» 3,
AWFSE T I12140GHz < R 3 2 & i i FE IR &

(VCO) %Gt %1To 72, RIRETEE 2> 2Co

VAT LBOWTHHDOEIKD L, T OREKICENT

100GHz % ¥ 2. % it = JE e <ol L, (KPS %

MeRE L oo /N A DMIHE ) 2 BT 5 2 L 13

LW, b OB RS 2 72 0 IR mf %

MW TI40GHz D5 52 EY T Z L #HEIL, %

Tay 704 v — Xy RESEK IR T b

TLREICR LA RIS 2 k2 RE L2, £

PREEMEKDS Z OFEE R L T\ 5 T & 2 Il Tl

L7
EZEWCTIIRIRIC X o TER I NAEF L

TERROBIEZTT O BERD 5. AWFFETIIER S

A& LCon-off BA A L, KIBJ D DE v on-off b

RO on-off BPIMOT —F T/ F ¥y #IREL.

DA PRI DV T65nmCMOS 7' 1 & 212 CTHEZ 1T

W, HEIC X o THon-off b, KK TEEL T3

TEERFEMCEVIERLZ, SHRFA7rvRICTHE

JIANE IR EE % F25E L, 140GHz D35 D ilE % nlRE &

T35 L EMERL .
¥ 7z, AR ClEFERERIGEE IC BT 54 v F v

7T v T FOHERREIC L AIERMEEEHPE LT

5. %2 Z CRohmth:D0.18 u m 7' 1 & R % A T

ISR L T B YRR DIER 2 TR0 7. E72, FEHI

CHRYBELRDET AT YT 4 v I FROGHI %

Tl o7z, ¥ oic, FHEMEEREEORE TRkt %

BN X b Gl L 72,

ERBERICHE TR /AR -7 BRFE
BRixEth, SBERIE

H R 7 1 2 ffific X 2 Mg o RN Fic &
b7, AHGEEOMEIZR ELTwa, 2B
MmO BERGREL e HBIEOBEEick Y T 7Y 7 —
vavIichBERTF—ZL— b ELTWA, Hf -
T DM 2 585 2 md b3 2 R H 528, Zh
ZWFBERDI DL oTNEDR, JHRAF—2T
H5. 7uR =27 ONRL LT, LTI CIERZE



FlEgC7 v R b —27 2T 5 FEMREIN TV,

AWFFECIREITHZE R b &I, XS CREE TN
oA R T 4N EHCT B R b= BKRT
BFERRELE. YIal—vavEHWT 20
FER X VBIRIIC 7 v R b — 27 KK T ¥ 2 AlRENE
BHBZLAERNL, 40nm F e Mz HNTrZ 2R
F—=2 % ¥ v NVRIEOREEIT o 72,

— ==
—HARE
(http://www.if.t.u-tokyo.ac.jp)

Programmable Matter 7/R<z 7 b - TR F¥—HIL
B~ A 782 2T LICK 2RRAZERE
=HE, FEESA, VT vy T,
TYvs N75Z—)L (CNRS LIMMSHIZ),
Yay7y Frya7 (ILFEMTO-STHIZERD),
777 E7v& ({LFEMTO-STHIZRFA),
25F77Y K35 F ({LPSA-Peugeot)
FEREMEMS (UNEXBIR S 27 L) Db v 7X
DT IV r—vave LT, HYVA 7T AT L
DWIFE#ITo> T3, [KESIemUTo~427un
Ry P ESEEEICHL, A owRy MLEFO
Ry b EHEERTORAS, WFHMICBREEIE R &
DEERMEEYERT 2 L v BB 2T 4% H
fELTwa, 20164EE X Y, ERifkt~47axAhtbn
=7 AWEFEE R EUR A 2 BARTE 72 Af LIMMS,
CNRS-IIS, UMI 2820) Host Professor D375 CT7 7 v
ZAEREEN R T — = v o — (ANR) OB %
<, {AFEMTO-ST#WF5EHT & PSA-Peugeot & @ i 3t
F< TlAADEIC XY ESGDOTRZE(L A REZ A
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