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@ International Test Conference in Asia 2017
General Chair : Prof. Li. — C. Wang (AILTHILZF REH D R/IN—/I\FE)
3HEDFa—K)T7IL
4 O ERFREE
1 EDEFR/ SRILELER
20 HDIBHFR (FHEEROEBREENSDTLELT—2avEED)
50 HrDLF 25—, TOMR 27 HDFXERIR
EAIEHE 1934
Fa—rI7ILDADEME 107 £
BEMNS 12148, BXR154,USA 154, BE4 £

BENMDOHIERATEMICZNA, BA, USA, £5U4, KAV, ISR, &E,
AUREMBLERLINTUM=.

® Fa—kJ7IL, EFFEE. /AR

Fa—kJTFIL 1:Y. Zorian KK (Synopsys #t)

Automotive Test Strategies

Fa—kAF7JIL2: E.J. Marinissen K& (IMEC)
Testing of 2.5D and 3D Stacked Integrated Circuits

Fa—kJFJIL 3:Y. Huang KK, W. Yang B, W.-T. Cheng E(Mentor, Siemens #1)

Industrial Advancements in Diagnosis Driven Yield Analysis

EIHHE 1 Tim Cheng 204 (BBRSRATALS)

Hardware Security — Verification, Test and Defense Mechanisms

EEFZEE 2: Ishi Tseng KK (Chroma ATE Inc.)

Convergence of Electronic and Semiconductor Systems, and its Impact on Testing Technology

EZA:&E 3. Phil Nigh K (GlobalFoundries %t)

Seven Major Trends are Changing how we Test ICs

HFFEE 4. R Aitken K (ARM 1)  Test Emerging Memories

ERANRILETR: BRET/N\AREHEIL (Heterogeneous Integration)®d §%&EHET A D BREK
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® X1 )TARFRDOERFEE (FERMFRINTKE Tim Cheng F£4)
e, Rib, BEEMED IC [FBFRA—H—DRHHIZLGEDTELELNEIILOFSETT
EIFTHEM - BETLENERT NEBOSFYITRD ISV 1 ARVEDT—2%)—7
SELY, ARYICEERFER, N—FIx7 -V LA (FALDKRE) EANGZNEE
FIFTEEICLG-TKS. FAMDKREICDOVWTIETEDRXEEL V-
http://techon.nikkeibp.co.jp/article/EVENT/20141022/384262/?rt=nocnt
FOAMDREDREDHARIL, BATIEEREKRE FIEEENEYER TS,
VIR T 04V RIEERILDIZEELH LD, FOADKRFIEEEZL>TERMIC
IC FYTHRICANTLSERS.
MNOTEMEY—THAIOVAIIATEDENRBRLIZ EMITTFRIETAR] A
HIDITERLGLEREEY EERITHEDOIEE.CDFEIS, AVE21—FTEV(ILR
MNEELZDIEYIEITT, N—FIxT7HNTRTOAVE2L—FTIEE ITHA=OMERS.

@® TimCheng %ENDFEE

BETO LSI TRMNAROKZE-FEERIZ Tim Cheng FEDFEEAITKREVKIIZELS.

BEEFDIVIHILZTREZH D AN—NFRODBIRELTRE LSI TRANERDOHAREF

EEINTELD, BABLZORETIORHFTEESNTLASMEREIZ(E Tim Cheng 4

DEFENZL. HEZRELEFIPECOFTEREZRMTRKZOIZHBREZSIN TS,
http://www.ece.ust.hk/ece.php/profile/facultydetail/timcheng

Tim Cheng %&£ IR KE VDEC TOTRN\UT AN DZFMZEE (D2T: Design To

Test) DHBEBEHIZTLINICELHD. COLEETROIMDFEEESLVCLVZELME.

[1] (Invited) H. Kobayashi, "Issues and Challenges of Analog Circuit Testing in Mixed-Signal SOC,"

BRAF VDEC [77 RJCS X b D2T FMIAFEERFT ] D2T = 7R /A (2009 £ 12 A)

Ft, REEDNTHEINBRT I avTTEFEN T TULVZE, TEEEHR KL

[2] Kazuyuki Wakabayashi, Haruo Kobayashi, fffi "Low-Distortion Single-Tone and Two-Tone Sinewave Generation Algorithms Using an

Arbitrary Waveform Generator",IEEE International Mixed-Signals, Sensors, and Systems Test Workshop,Santa Barbara, CA (May 2011)IEEE Xplore

#MEE [Distortion-Shaping] DIRE

[3] Koji Asami, Haruo Kobayashi tfl "Digitally-Assisted Compensation Technique for Timing Skew in ATE Systems",

IEEE International Mixed-Signals, Sensors, and Systems Test Workshop,Santa Barbara, CA (May 2011)IEEE Xplore

5ED ITC Asia TEHEITHAN, Tim Cheng A LIFFERFERTRBENT S.

NIVITHILZT REBHUAN—IN\TRIE, HOFFHEZEXENEONDEZAT, ARAVE
DFE M AHIEE, E—FHNELNVECATHA. KXEFEEF MR CHELIZITEFRMERD
ZELDNATITLELRHDEST:.


http://techon.nikkeibp.co.jp/article/EVENT/20141022/384262/?rt=nocnt
http://www.ece.ust.hk/ece.php/profile/facultydetail/timcheng
https://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2009/D2T(kobayashi)20091210.pdf
http://www.vdec.u-tokyo.ac.jp/d2t/D2Tsymposium2009.html
https://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2011/signalgen20110526HP.pdf
https://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2011/signalgen20110526HP.pdf
http://ieeexplore.ieee.org/document/6132733/
https://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2011/IMS3TWADC20110521HP.pdf
https://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2011/DigitalFilter20110526HP.pdf
https://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2011/IMS3TW(DigitalFilter)20110521HP.pdf
http://ieeexplore.ieee.org/document/6132738/

TAMNEM D7 DD HEL (Seven Major Trends that are Changing how we Test ICs)
Global Foundries ¥f Phil Nigh K

O HEHAIC

@ RIVFFYTLRTL (2.5 KT, MCMs %)
@ BT ANEDT= DT —2 R

@ 5G/mmWave/RF/2)aAVT4=9 X

® A VLSI DT Rk

® HERFETOEEL

@D YRAFLLARIILTRR

Fa—h)T7IL thDEFEE. B/ RILFRECOEBICADEES.
Phil Nigh Kl& RED@EET AL (Adaptive Test) HMTBEBRDERFE TEL THS.

® EHMAIC DTRAMKIDLLOMDREEK

RDEIGEHF—T—F N TTES-

HHA IC (TR ELD:

ECC (Error Correction Code), LR, #IEME, KROBEEY—Y, Ao FyvTwoY
ESD: Electrostatic Discharge E#ERNE

EMI: Electromagnetic Interference & R[EE

EMC: Electromagnetic Compatibility E&H# 3 1%

& E (Quality), 3R (Cost) [THIZ T {E%E14 (Reliability) HNEE

BHEF A IC TAMDOPRE:

SCAN IDDQ TRk~

2t )L 77T AL (Dual Cell Aware Test),
TR EETANDEERE

HEHAIC~DEX:

T4—ILRT AL, BWEER, LUOBMERESEE, LKOVEESHERE
RIMEREH(155), EVRRFE(10ppm), - EDIRE, REIDIRE
Quality IATF16949, Qualification AECQ1100

R—r 7427 DEKER, BEZEREL SREY—EIRZEEFICEDE,
BEDITMHD FENEEIITEHIETHS. | (FZvH—)



® 7FAJ/EVARM T FILIC TRNE S E A

TFRYGEIRNTFIVIC TRARESLEMiOEyar T B EKZE (ST O
RIEEXENSERAL AU 2—T1—REIROOVATHHET ANBEZILEBTORRLH
ofz. RSEIETFERLELEE ADC AR THE R T, ISSCC FITHMIXFERLTLS.

http://www.ee.ncku.edu.tw/subpage div/teacher new 2/index2.php?teacher id=71

BET7FOY IC OTANESZIEERHTEAELTVSDIEREELEIRERE ‘it
RETHH(BEETIHARENEEICESATETINS). Ff=, §ED ITC Asia TIE
RF BBDTALESIE. 7HATHETRACDORERIEIR SN oI
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http://www.ee.ncku.edu.tw/subpage_div/teacher_new_2/index2.php?teacher_id=71

® EREKXFIAE WIERAE) DER
HMBEZEFHEOTETOERRZT2HRER, SHIITBN TOREKRZEL2ET,
AESHEDERFERERTHS. ERIE FHLRDOEILMRINATE RIEELLETHS.

MXABE, PRNUTAMIDNIEHR K (BEXRE OB)DT7AT7E2RADERRER
FENHERFEERZRZTELROIGHALIMDHAREITHENLTLEEE, EZA
DHAREZEANDTHETHON-MERRTHS.
NFETEDBEHFLOVABZMFTMATRIEAFERLTETLS.

SEIFRZRELATHARE BLRB) 250NMBEANESRERL- ERE-EYav ik
DERFTRIFBICHFENLGIDONAEL, AB-TLEUT—av et iFeEITHoT-.
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Ovearall Agenda

Day 1 September 13 (Wednesday) Day 3 September 15 (Friday)

Venus Fi0OM 5042 Rbom 5040 Anom 504c Venus Rodm 504a0c E
Tutorial | Tutorial i Tutarial Il Heynote Sesson I i
Aunomadve Test 304G Test ¥igk Leaming 08:00-10:30 K3: Seven Maor Trends tat are Changing haw we Testics - Pl Nigh
18:30-16:50 Coftee Break K4: Test Emenging Memorles - Rob Aftken B
Tworial | Tuorial il Tutorial 1l
Aurtomative Test 30-IC Test eld Learning 10:30-10:50 Cafee Break
Vanue R0 5043 Room 5040 RoOM 504C
Session B3: -
11:00-12:15 Test for InFo h:emsfnr_lrcgi
and 50G ypes
Day 2 September 14 (Thursday)
12:15-13:50 Lunch Break
Venue LITTEAERS Venue Fioom 5042 Room 5040 Room 504¢
Opening Remarks
o Session B4: Session G4:
. 18:50-15:05 On-Ghip Test Advanced Test
08-00-10:50 K12 Harware Securty - Vermicalion, Test, and Defense T D
Mecnanisms - Tim Cheng
of Electionic and Semiconductor Systems, and e
el e 15:05-15:20 Cotlee Break
Van Room 5043 Room 5040 RoOM 504C
10:50-11:10 Caftee Break ue
Vere Foom hizhe veneaton ana
15:20-17:00
Te-TEen _ e
12:30-18:50 Lunen Break
Verua Room 5042 Aoom 5040 Room 504
Session Al Session B1: - Half-Day Tutcrials Corporate Session
13501505 Comorate Sesson|  Anaig/ Session G- Y pe
{invited) Mired-Signal Test  CEl-ANarE Tesing . . .
B Embedded Tutorial Technical Session
14:45-15:00 Coffes Braak . . -
Keynote Session W Industrial Session
Verua Room 5042 FAoom 5040 Room 504
Session AZ: Session B2 Session G2 [ Plenary Panel B Event
15:20-17:00 Gorporaie Session Il Detecton, Diapnosls,  Test for loTs and
(imated) and Debug AUIDMOEES
Supernava Ball
Wenus Courtyard Tn:Im

SESSION B1

Date: September 14

Time: 13:50-15:05
Session B1: Analog and Mixed-Signal Test

Location: Room 504b
Session Chair. Soon-Jyh Chang

(B1-1)

Low-Distortion Signal Generation for Analog/Mixed-
Signal Circuit Testing with Digital ATE

Masayuki Kawabata, Koji Asami, Shohei Shibuya,
*Tomonori Yanagida, and Haruo Kobayashi
Advantest Corporation and Gunma University

(B1-2

A Quick Jitter Tolerance Estimation Technique for
Bang-bang CDRs

*Yen-Long Lee and Soon-Jyh Chang

National Cheng Kung University

(B1-3

Evaluation of Loop Transfer Function Based Dynamic
Testing of LDO

Mehmet Ince, Sule Ozev, Ender Yilmaz,

Jae Woong Jeong, and Leroy Winemberg

Arizona State University and NXP
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Sept. 14, 2017
Session B1-1
Analog/Mixed Signal Test

Low-Distortion Signal Generation
for Analog/Mixed-Signal Circuit Testing
with Digital ATE

Masayuki Kawabata, Koji Asami

Shohei Shibuya, Tomonori Yanagida, Haruo Kobayashi

Advantest Corporation

Gunma University

ZAIDVANTEST

OUTLINE

Research Background

 Single-tone Signal Algorithm

Experimental Results

SEO

+ Two-tone Signal Algorithm #HHRE

* Application to High-Speed DAC

* Conclusion

Low-Distortion Signal Generation
for Analog/Mixed-Signal Circuit Testing with Digital ATE

Masayuki Kawabata, Koji Asami
Advantest Corporation
Gunma B&D Center  370-0718

Japan

Abstrace— Thiz paper propozez low-diztortion sinuzoidal’two-
tone zignal seneration technigues for analog/mived-zigmal IC
testing with a digital Antomatic Test Equipment (ATE) nsing
only zingle ﬂlg:mi] output pin. They provide a rectangular
waveform app ted to a zingle-tome or fwo-tome with
zpecified harmonics supprezsion; we can specify multiple
harmonicz to zuppres= uzing digital control, and it iz followed
by an amalog LPF for smoothing. The propozed method iz
simple for implementation with modest performance,
cnmpared to a mde d\nlnu: range delta-zigma DAC. Ils
az well as experi
results at the benratorp level are presented. Also itz
application, combined with a high-speed DAC for analog
cirenit testing iz described.

Keywords- Low-distortion signal g ion, H
uppression, Analog/mived-signal IC testing, ATE

Shohei Shibuya, Tomonori Yanagida,
Haruo Kobayashi®
Gunma University
1-5-1 Tenjin-cho Kiryu, 376-8513
Japan
Femail: koba@gunma-u.acjp

1 2
Fle) =3+ Z |,,".5m[ l (4]
Wherak= 2m—1,m=1.13, .
We also have the fb].lum.nzs
fle— 'r)——+ z—sm{Tlr r,} 2)
fE+m)= + E —sm{—(&-i' r,)l 3
. 1.0=t<N/2
. — e f(ﬂ—{o...w2<rg:~'
o Nf2 N
Figare 2. Rectansular wave (duty 50%)



® HAMNGIFEEFIHDMIXFER
BAMNGIE, IZRO28FKEKMNHoT1-.
NIMTERENS: VU RIRERERAWV-TIORIVRE, Bt YEER
LEMILKENS: IT5—MEHLHLHHEEETE (Stochastic Computing)

@ FEXRTHDI—EIX, BIASLEE, [OFWN-KRED5IH
(DAdaptive Test EIGTAR) AALAVDEETI—ESRICMEG IZRELTLS.
AALFA UL EBEORIZEIGLTESDERDBEZILSESEVSEETHEL IO

FBALELSELTWS.
BT AR, BRPOTAMERIZHELGEIGL), TAMEBEEATIVE, ZhEMIC

LSI TAMEREBRLLSIETHEMTHS.
https://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2011/ITC20111001 HP(part1)..pdf

i, BAECER £HEELGE>TEVTLSBOHN BB ICHZIETRE.
(B) ..OEMEEETS
(E) ..OMMiE#ERTS
EECRMESERENAELMEVALLTROLNELSITHBIEN BB ESER,
ORTERBELLEZDHELAEN (ZDLBNSL).
EHE~: EATHIEEED apply (SIS, TEGT 511F adapt IS/ ELET )
=1 DEILRTD, TEEELDIEEGT 5B THEITHEOA TS EETT

@ HIABUVVEEEE
Polymath: 182 #&, f={SAF->TL\HA
Dilettante: X =MDEIFR, KREMNTEKREFFOTLVDA

@ ERRDERDEENDSIA

From where we stand the rain seems random. If we could stand somewhere else,

we could see the order in it. (Tony Hillerman)
10


https://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/2011/ITC20111001HP(part1)..pdf

@ XH A4 —)L SOC T® DFT (Design for Testability):
BB #HY DFT/ATPG/E2#R, 43 &l#fi’8(Divide & Conquer)
AAZ2 % 5V LB (Timing exception handling)

® ITC Asia DHELERET
IOV EBELRILEBEO—AIZ, ITC Asia DEERTRQ MEMD22%) HY.

11



® KEFED ITCAsia IFHE /3LEL THE
PEFHEDNUTYNT, FEEQ0ISFE) D ITC Asia (& FE MBEEGNVLEL)HRET
FERZERE (Chinese Academy of Sciences) MRAMMEEVSIENTFIUREINS.
http://windy.ee.nthu.edu.tw/ITC-Asia-2017/file/ITC-Asia.2018.Call.for.Papers.pdf

@ Tt ITC Asia ABIFRSN =D
ITC (International Test Conference )|IFBEKE THESN S, LSI TR R BFTRADE
BREEBETHACOREBELEEDIC, TOTHR THESNS ITCAsia £&ELIZA U X TH#E
SN ITC India A BIEESNT=.

http://www.itctestweek.org/
EKIZ ITC Asia ARIRESN-ERIE, ZEEFRENCDETIEIRDEISITHS.

ITCCKE) DS MEBHMNEIL-HODMERIZHS.—F FEBAEOHR-HE-HRD
BEENTOTHREASTILTWS.LALGLNSTOTHRASHME -ARE -BEED
ITCCRE)IZHEMFTUKIZIFER - KEDOBEFZENORETHS. ECTITCET TR TE
FRELTLHERNBSICSMTEDLSICLT, ITC BFREFEEOMFILELTSMEBEEOL
FRELRLTLE L.

Ffz, SEIFEIOVEELRETHIH, EIaVBZAMILRNIER SIERIZESS.
BifiBARR (EIaVRE) TREREBFRIFOBR (CARIZITNIENTESENSTE
Z)TE—ILLEZWD, ZREESPHOTERLENELIEMO R FDFHEMIL (SA/3LIC
[RRLIzL.—7, ZRATC Asia) [FRMOFH-TAT7EFHIDTHRMMIZRADH D
NBZRWMTEL. LD DT, ZRIIBRTREMTT - ENTESD.

FERZERTIE, XZERE-DHARMORYET—I8HBYETNELEFATE, HRAL
NEMSEBRTRRICAZEDOOND EEZL IOV KB I oS MITE# LA -
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http://windy.ee.nthu.edu.tw/ITC-Asia-2017/file/ITC-Asia.2018.Call.for.Papers.pdf

@ IEEE Asian Test Symposium &DEH 1T
—h, TOTHREDTACDELIZIX IEEE Asian Test Symposium M9 TIZHY, 7OF
X TIEFICRESNTE TS SEIEEILTI1ATAICHAESNS.

http://www.leee-ats.org/

http://ares.ee.ncu.edu.tw/ats17/index.php

CORELIFITHTIVIFTYVLEDIZHL, ITC ITEERFYT, BARITHOMELNLL.
LAL,ATS & ITC Asia DEE, TAVSLABNNEYEELTWSINDLEETHS.

BEH, COFR(ATS207) IZHHREALIRXARINSN, AREDO K FRIBLATHIRE
(ELRE)1FONEHREENSN-ERTFETHD.

Yuki Ozawa (/V;E#6E) Takashi Ida, Richen Jiang, Shotaro Sakurai, Seiya Takigami,
Nobukazu Tsukiji, Ryoji Shiota, Haruo Kobayashi, “SAR TDC architecture with self-
calibration employing trigger circuit,” The 26" IEEE Asian Test Symposium, Taipei, Taiwan
(Nov. 28, 2017)

® i LSI TRMEFRDESH

MREEHIIRDLSLGECHIZHS.
EERORAND, BXOKXEORBFIFDKRELETEH E8EME, SBFEYVITONT
ERCELLDIXMETHAILDIER.
BEIRFGEE > TS A—I—HilTELID, BERFTHICERSNIE/EEEEHE
FERICEVLD, BEROZEMEAX TITEEFEIIOVTHERTVSDEIFEAELL
(DTHEYVIERTEEL) DIEH.
HEMAIC CIXREIBOTEELDIEH

BB ERETE (L EIER D Figure of Merit (FOM: FUEMRE) (T THLINOZEEETHEN
BEELBEHOTLS.

BROKRZDEXREFIFENHDZEALBKLEDN
MEQRMERMTIEERFNHAZEL, KBEEERIEEMZERAET L]
EEDNTUWA, LSI TR CIHEIARMEEERR I 7I4—THS.

K[NMFNTHDE, BROHARETETVSAEEXFTYOHAERLZL TS,

13


http://www.ieee-ats.org/
http://ares.ee.ncu.edu.tw/ats17/index.php
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® [EMICHNZDIC, BEBEICHEADDMLN? 1 (Steve Jobs)
ENRBARZEFMT) OBEFEECEINE,

http://www.eed.nctu.edu.tw/people/bio.php?PID=33
TBROXREPTCHOELFEEKRZCIXICE LS BRFEERTNIX, TOEXR,
TR, AEY, 7FAYT, SURMTFIL,RF, EDA, LSIHEREM, 2%, MEMS %)
DIKZTADHEERN D, BEFEFEEXRIEREEPLTVS. FroTLDEITHD
..l EFELTLS.

EREAROBAOEME-BEEOEFYTLBRAOEREROEED ZLITEIEIC
BoTLFESIEDEZEVTVS. BREFROERZEBETHLEZOREN ST EIDHEK
b,

BEORKZOMREEN BB -INFESN-ERETHL45, BADMARED
CELIE—NDOBITBELGILKS LD ENHS. A, BEAMICIEPOYAICES>TIERHRETES
EBS. THRFIEESEZZEIEFIRDESGEELHS.

(S —% ZLEBFICRELOT, FAZZESY, BRIREAELGLETHEALL.
A DEL, EOKELTEEETAERNEEY. J(BF-FEEN)

HIEDENLEFIZ—ANEBATONIE, FATINZES>TEERERNEDNDL.
[FEER(EERDSB KGN,

T, 8L, BE FETEFER-FERERISEREEFLTVDIOMN, RELEAT
HBLENHH KE T HIEERNFEENGEND LEIFoNHELBRMBEEICFRLROH
LOWAFITE>TOKERLNH DD, FBEDEFTIEESRL .
CORFENRPMICEEZELR TSN THSS.

® BZNEFRMNFTCOEEFEE
BETREEZ—KIGoTEFERICRYBATNSLIICHLRZS.
BIZIE FUHTEYAIVRN=DIINATIORENEFY, E<KOEMFEKRE, EiL
RBRZIZEERETFEEROMARE -HARENFEEICZ{HS. F-REL-EILOHR
Fr (ZEBMAZEMR Industrial Technology Research Institute : ITRI) $FLTLVA.
EANEELTINLIGHEREZLOTLHERE DN L.

LALLM D, EEEVNTHSENGLT LLEEXERERFEITEEETE TIIGNKIT.

EEEE IO LABFINMTHLSLIE. POENGHZREL- TS,

BEOXREND, EFEREBICEEBHICZLOEDLVHXNERIN TS, ThH
EERIZENFET—EN\YIEINTVENEOILEWNEELATDREFDOANM (EEE)
FHLTEERICTEBMLTWAILEMEVVGWTHAIH.  Fi- TSMC AR EZEDKE
DFVTHEEZZIELTOSILFELHON TS (BEOKRZIRLTOFVITRIEICF
BhTLD) A

15



® FEADWMIE

[L—T7 QXA ED, FEFEHEDDREENILIMNAZIRFETILRS.
ML IZESDLEDOELNGND, TTICMBHIEICEZ BB IFKREL TS EES.
MHiEIcEY RBNER, ME, B84, BFELE, VIrIS—F0OMEMNEEIL,
ZLTAKYB TR - Y RVED IR IBIFIZIERTHEWSEENEL TS,

BEXRZFZEHE BOELTHXRLED Dennard A5 —1)FBI(MOS S22 R4#1E
[2&BHEBE)ICEATHEERETD 2011 FDEEERETEIZRT Dennard DR —1>
JBENZ&B MOS bR D MHIEIZE DR EIZEIRELTLNAD TIEALA.

MOSkZZ

4

D RAED IR (R 7= )

MOSKkS2 P RAM ELflfEIN(R—1)247) Bl

EBR—E

Tk L W, toy 11k
THMEE N k

BE % (@)
ER E  o<VIL Vit 1

EiR I < (WVR)/ (Ltoy) 11k
A Roy <V/II 1

F—rBEE  Cz; <LW/ty 11k
B EERER ty  <RgyCo 11k
HEE AR P oIV 1/k?
[g A LW 1/k2

R. H. Dennard, IEEE J. SSC, p.256, Oct. 1974

Moore® %8Il
DIEEA
=) &k

= EEH
= EaR b S ihe

LOLLA—T7 DZBDREF, FEHROEM-EXOBRELOTHAINEEHIZ
[L—T7 DRRARELT=D, 7HOJEBREITESOTRVVARIZADD TIFAELD

EWBTEEEZ TN,

16



LUFT7ILTRAESDEES D Cirque #12, IRZEDKFRE2L (TR L TEKEIRM
YIS =D TATAUA—20 09 TELTEHLO 2.
https://kobaweb.ei.st.gunma-u.ac.jp/warehouse/internship.pdf
LEROZTOEARAANDHESADRDILEEON-OHMERIZIZOTLS.
oY Ao3—DJx—RAT7FAJICERZEL THTOERD KA EL EZDICELS
RIBELTELALL, ROICERHET L1 —2F I D >TLES, EREENTHEDT
MEYEBLERLG T NIEESEN.TFAJICHRRIEWGHAZ.ESVDIFEFMN KL
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