20214E7B27H (X)

i EIEEES T LTS S15EEE
7ragE£ER K HEHIEEH

el T34 SRR, (BEESTER

/J\M%?&
HERXRFRFREBIEMN EFHEIHREPMM

koba@gunma-u.ac.jp

IIInI

TEENLEZRER pdfor/ILESA D O—KRL TS,
HE-EZBAELZCMASADLTLESLY,

https://kobaweb.ei.st.gunma-u.ac.jp/lecture/lecture.html )



2020 6 A6 H
Virtual Conference ELTCHESNT-2 DD EEF=IZSM

VLSI Test Symposium 2020 & European Test Symposium 2020

HEXZE IWWEX
@ VLSI Test Symposium (VTS) 2020
4 BIZKE San Diego M THEFEDCDEBERIEVAIILRBOKRTTCETA-TLE
OT—23 EAA—RYMEE{ET S Virtual Conference 12755, CODIRR T TIHEA %L
ZOLI=DTHAIN, ERERELHENH ST,
https://tttc-vts.org/public_html/new/2020/

Bll—Fx4EL—BIcTietyavegr—HF14XLT1=,

5% VTS2020 #A#8% & = (organizing committee) D KEZEFL TLNSDTSHILT=,
M. SILTAHBERWNEIENKSAH DI EIZTHT

FUTIVRETRETLI N TOEREZ BRLGRHEICHRETE S BEMET VIS A FfES
Ni=&d D&, Plenary Talk [EZDEDBYSMELEICHTHEETHLIMN., —IRFHXHE
RIFZDVURCIDLTIEZSDD/INSLIL YAV TITHNEZDTE2KY 3 5D 1LMEEIT

2N,


https://tttc-vts.org/public_html/new/2020/

Frz, BHIZTMECTED, B XZEZZETLHDIIFEERETHY . HALEBIDLE
THb, LEAAVEBERFEMICITE, SEITFLALHRISIIEPRMFELL DL KE
HERTHS, LHOL, RIS VLRIV OERERDRERZTIEE -0\ ENEFTEUOEL
STEHLZL, RIHFEMIERAFON. EOTWSEHLLVAET—IEENDIEALIKL
(XHY B R DEEIEL, Virtual Conference [FZDERAMNSIEEICHEMTH D,

1 MARIC. VTS2020 TRV SLZERMNORDA—ILEZITES,
VTS2020 & Virtual Conference ELTRKBEIND LS TH B,
SMLE=ZLDAN=08FERMLELIZEL TS THAI,

skskok

Dear VTS attendee,

It is one month since the opening of VTS 2020, the first virtual edition of the IEEE VLSI Test
Symposium. Thanks to the strong dedication and support of all of you, we can now say that the
conference was a success despite the difficult worldwide situation. Attendees are constantly

accessing the on-line content with thousands of videos views and downloads of papers.

(i)

Thanks again for the support to our conference.

Best regards

VTS2020 Program Co-Chairs

VTS2020 DA —T =25 tvyiar T, EEZEND—AELLTARTEHELTESST=,

CDEILEXFEENT VTS2020 DEFEHARMLRICHLEAIDELEED—DOMERS,
2



@ European Test Symposium (ETS) 2020

VLSI Test Symposium 2020 TO Virtual Conference D BIIZRMTE. BEFDHLIFER

HHOODOBHFRX(TFHOJ EBRTANMMEROLE 1—) TRIFEME RBLTREEZ

BT BHIELBMD—DELT, Virtual Conference EL TRAfES Lz ETS2020 (28MNLT=,
https://ets2020.ttu.ee/

ETS TIIZETHATLLEL MO TSMOXFRBYDI#FHSE I THD. FEKTEDRRIM
TOERZERT BHERXOCRERBXORNBTELS KE. 7OTHRENENDLITES
ECHDH B, COERICIE—EIFSMULIEWERSTUWVED, £58MT 2D X EEM 5L
LRECTUVV = N HITSEDRR TSI TE . GRXRERTELLVDIFEZTHAHMN,)
CHOEMBRFEY VIS RAERICLARILONEL BRXHIRIRSN DDA KRETH S,

ETS2020 MY A—2 5 v 32 Tl Virtual Conference [ZHE2T=AIZS M\ A KE=L
BAI-EDTFHIOUANH o = T [FEAETARTOTLEUT—a EREL-DT
the most active attendee D— AELTRREIMTTUL=DIE BHoLWWEEoT=,



https://ets2020.ttu.ee/

® =&

AO0FHREANKRLTE FROMEZOREREIERICLEOHICRT DTIEGL RE
RRITEATND ICT b2 RBRLE-FILLWEZER T RELES 22T HEEL T
E#ERGICRHICETEGCTIN—F VL TEMENBALAREAHHENIELER

FREMELNEGL,

ZLDANEENEEHHF THZELTOTEDRIAHESINTLEN, 2L - KRS T
Virtual HEDERERLTHBEFDRIMIENERTES,
SEIT—EOEILZERAML TR MERINT H5ZENTE=LIITELTINS,

BARERNTELKODNDKREGRRENN—FVILTITONEIENT IV RENTINS,

SIREAIERAHMADFBEESTEYTILEIALTENDELN OIS,

HENRYRTODERE - TLEUT—30DY—ILIZIEENS I THEDHOEOTLEUAXE
THLEHEWNEWLSUEIZHEYDDHY ., EEIZHENEIELTLNVS,

RE.BHE. ERTHRERR. BENMT I/ TEIGDOATNS BEDMEITEEAT
DRETHFRENRIICTEHENSIFY IQRIEELLIC. A UFM LT EHETEYREZ L
(F&EI. COMRICBATENTLASHEED ICT bZ—RICEDEIETEHHDH IDEAD
BENTWNSIELHD,

TBARD ICT EDENNSEDVILRAEHICIHELL TS, COBKIZICT {EEESD
K51EWVNVSEEHBILTREIET S,

@ H-7EH
BETHIRETTEERDIEY, BOETHLAEL BLETHEL,
LT BB ITNEEES,

- Charles Robert Darwin 1tiR

NI FKHON-ERTHAN, EILRBDBEATEIELLTIDEIDLEFITRLGLLY,
BADECATEDLETDOEILERA THIIER ST,

LA BEXRFET IO EBERMASDEFDHEL TS,

https://kobaweb.ei.st.gunma-u.ac.jp/analog-web/analogworkshop.html

4


https://kobaweb.ei.st.gunma-u.ac.jp/analog-web/analogworkshop.html

BEODKERBEEZTCTOLMBETO D TALILFISETRVLELLGM ST, AN
RKEDEZEMNT AT Zoom BEIZLE-T2LFZ T, BFAICLTHLIER DUV, S ERIC
ARICTEILTIVOZEZEICLERVERRENELTVS, 2<EFHDLGVZEFLED
ARDOEBRODRBEBERELEICA—ILEBIHLIDERLHE HREHOPDO AL
BRE-bDFEHER TNTWSDELEERT S RAEXEHNHEOEFRMTENZLE
B0 T, HiIZT<EBEIBELGZOOT. BRTINBLELb L >ERTERBRIZ <G
BOMBLNGN, REGHIBHMELNGEoNE0 EONSLENLD, DEELTAMFRIZIE
BHHELL, TELIZIE < {EIIEH 5,

Fr- N EBRBEIDAEEADERL LML TSN HATY T8RN H D,

FECEMDTFERAANEEICEYBHYEVDFERA—H—DAICIOLEEEMOE LV
EE AEMNSAALSML TN EENTWS, EBRORBZERAEENEFA—2a 0N
BA BEGRBIZEELBRWEEDREDNBZEELNHS.

ZEEBELADVESEINIZaZr—2a0 N EYRT L RIGHBUTILEALTHRLNS,
BIZTENATEGLD T, AFMFZETEITEY . bHYPTERATHEVSIBZANRET
Hd. CNBIFHALFINS P> TEMNE T NIFLESLEA 0T ETIHH DD,

Zoom RIENHER -FEERBALENETA THREIL TN TS, (KREXEMNSZETE
B Z2ED=OIZCDKIICTHEIICEDBENETNS, ) CNEBITHRET H&
BRDHRBAOEADRLHLALMNY | HEIZDLEHAS, HRETOEIORESIA S
A TPOTND, CORHALDTEIADPLTETSRIZGNIERELHRENH S,

® IE0—45

ETS2020 FAEFEM THoz TAR=TIXEZIZTHIEMNEFARNTHDE, LEXD/NLE
ZEO—DOTHAZLIZENH, BR BOMBELN/LL=EDSHE 7ERIEMFII
NG EZEVTVASIEEBVHL, SRANEHRIEICENEHTE WEB 2T 52
DEBERFD, ARRDZEIEBATIEHFEYMONTLVELERS,

RIZBRDIHL, https://ja.wikipedia.org/wiki/{B I &R S 2

5


https://ja.wikipedia.org/wiki/把瑠都凱斗

[ 0tk 8L OESTRELAGED K21 EL T BER KL T2 7R B ZE = HPICABIL £ |

54 R Nl
ShET ~ JVULMDOEE

REFHERRRFHENRE

FH I Al

Taguchi Kazuya

WASERBH T, 1980 FREAFEFHE, BIEF (LB HKH, ATFRAEE

ASPEFEMEBOIHERRL LR T. B

WESE (2018 4F)9 AN 0 & 4-EIFR 2 i F
T, N F3EORAHPDOEZ FET & 18
AN, €5 2AFEEFFETIERL, AX
FHIGER 13 BOMRETOHMTH - 7=,

ML, HHEROD ) & PGEOHEN ) T 5—
Y EHEILT A - HHETHDB, 5 T,
1918 FD 25 100 JEFETH D . MRK~ —

S hEY O

743 vF

Copyright@d-maps.com (https://d-maps.com/m/europa/baltique/
baltique05.pdf)

7 FFW7z [Latvija loo] O Ih, 5562
HH6 TR,

1. S hE7 LR EAEED
(1) B&EFEE

[ FET7EEIE. WOEOFLEELITED AL
L5 FETEFRIIE S, BFEEOZLRET
ND1aI~vThH?3,

BFE, 5 b ET7aBI3/ L FEEIZRL, 1 v
Fe3—aw/SEBEO—D2TIEd s, 777
2. AZNTEEDZTVE. N4V, 2T 1 —
FUyvREDTFLT VIBEIEHAA, BT, K
ks ED 25 TEEE ERMABEED LV D,

sV REBIE, STIIRBEO) P T =TEE T
PETEBOZODEFEE->T WS, TIE, U b
TZTONEEFESMCEOH, L E B
HWIIEEAEEH IS NEDT &,

Fr, N 3ETIEO A P = 7B
747V DT 4 v#BEERL Y 7ILEEKRT,
AV F -3 GBIEICE Ao Tk,

T &I, FREEE L, BB R DA
b, BESBUOALNT LM /L L 3EMNE

2019%7H8 (No.304) ESTRELA @ 21



NENMHIL L T AR EE b 5,

[H13&k D 135 b ETECLabrite §95, [ Z

12513 ] i3 Labdien. [4H13] 13 Labvakar
LB, [HDAES] 1T Paldies 72,

IOV EANAFTERLEVEL 2, 1W<D
MAA Ty o R ETHITUTH7=DEN, E
BRI, RbCcona 2= —3 3 VIZKET
fribofi, BEIETFLEOTER L 72,

B2 S5 THDTHWCTERICE L DA,
[Nakama Pietura OO] T, £¢ [+ 4+ &
WO RENETERZ P4V, Thid, HEEN
2IZFBH &, [ROBEMIOO] &, #hiE
LAEE 7Ty A&EN7=0DT, BATLES
=& ER,

(2) wHITREENESE

7 PETOAIDZ211 A (2018 4 1 A B
£). Zhid, REFERPEERLF L 50w T
H 5,
RIERKIZ. 7 P ETAM61%, T ¥ 7 AD
26% &> TR (B TR TRTFAAZDIE
% [JEEGEH] MBS H3). iz, 10V
DRITN—=V AN 22 T4 FABBRDET6%7,

UHD [TZ5vony RORRE]
DEIT (FH)

22 @ ESTRELA 201947 H (No.304)

F 1 XIR RO IFRIL, 7 PETA
P T5% N Z S 12, BRI, S P4 YA
& 5%ITE N5 L, & 2 KR KM AT
DI AR FND R T D ENZENT, I
PETIZVEOBNELE S, KEAkE - T
VENRZ PETELETSE. FFRIE BA
ADFAYANE A VEHAIZE & FiF &8 7=,

%, KD T M T AMRBRHIANZS XY T
2o, RbDIZVERD AL MW{ELTX
7o —HEHIET P T ADEIAIL60%%ED
AATNIEER,

ZOWICIZ Oy TEMBMEE 2 &b b
D, BIECE v 7B FIETAIL30% %
HBATWE, /2, HHHTEOEIA EN

B (HEDY #THRA%%E), BELOBE
HHENE, T METATENT0%NE YT

mddEnd,
1%L$®5hETMj%u.ﬁH$Miabe
TEBIZIRE N, 20124 ICu s 7REAAFHEE
BINT50E ) TERRBESTHONZN, K
5% DRI ERTHEREIN TS, FREFO
WBTET PETEABETIBKAL 5> TN5,

—H. 7 b ET TIIRBRFICBLL T, IF
BAZH P SMBD TWD, ZDx®), HERE
HRAMZERE A GRS R 2 E AL T B,

ZO&H kFENLS, 5 MET TR, BB
—DNEE ﬁ%é%i%% RE+ DD
BEEAEAEILMBE 5> TN B,

(3) HEEEL. RRMN—DEEET 2M

7 L7 ORI 6577 km® T, ALEELD
—\En /& EHEEIFR LT, WE T
DEE, IR H B DIZHE D O —E b 7= 13
T & @B T & Wk 312M, 11 3,800,
W3 2,256 T, FHFAIIRUIE LD 48% % Lo
%,



JTJIVIDE (£8)

LT 4= AT, HEADTELSIZH S
(BRI —] DY x> 2 DFEIZEAEI N, HER
DFNITEL R BB -RET, [Zh
DEEAZEIEB 572, MM —r LS &,
TEDOWEDIA EA3250M T—FHEWVWHIZETH 5,

2. &R, S hE7 DD
(1) BEY L EFREEEOE
) A3 I3 IIcAalER T, N0 3
TREE <. 70 TABEDRE K EWERTTZ,
PO HHTHIZIE B BV FESX O T, Fi
£ HINORRICHE S S 0.5km’ DIHHTH A3,
IFZATIBEIN TN, HVEEHETIL,
UPIOBEN 13HULETHNLEDE H 5,
D HKEERT Ty sy FEELERMNE
Ly, ) AT S IEAREEIRE 55 T b,
IHAEHTOMIZE . 7L 28D 121319 i
fHR» S 20 tHigdizEonza—r Y | -
SaF 4= (TR —K—) BERLH 5,
Tz, IO LOEETE, L o &R
HOEPH, BT HICREND,
POTHEE T, B HRGIRREIZR L T
DA EEICE ST, BEYOEEE 6, 7THEE
IZHAGNTED, BLEENIENEEL 5
WT, HILWLWEBEEIZ LY H 7 NOHFERH

OHHEEOSMINZIZIZR S T 3,

@) FUREEBERIED

7T, FHLUROBRNZRHEL2S.
FV2LRDEREFRR-Tas22r+ (O
2 —ik%E), ALYy, uvTEHADEH
MENETIEEL T B,

o, VHEIILY, BT L TIREL
DHESHETHh, FEES> L&z, HE
HEEE DO TIIBEEEE 2 A>T b,

—F. F) 2 MEALLRTO BRI . RiE
AL BB ORI BT B kS IcBbh b,
MZIE. 7 T TBRAIEERS =y MRS
DT Y HWEIONER TH 5814 LEIA,
FThEEZBT MR - IR HE»N S,

(3) &M IFREIEDTE

I ¥ 7T, Dainas (R3E) » 100 fRELL
LH2ZLTEahb L0, BEMNBAL,

[Eo DB BNSETLIZEEZET T
FfEE ., BHELHELRITANIET S, 2
ML 1873 A ST B, IR RIEK
Rk GIZHF T, 46T - KBEOBINEH
BT I3, EPLLTHD, HBITE 5 5,

— R U THESLHr MR, ZOFIZIF, Z
D& D HTER) EHT B Z & TREM A —FM 4
ke UL ABEID ZEIZ X fR VTS~ & D%
T\ RS B,

EHAAT T TR, flIOTHES - B
FEPT7 - FERAE, VI/8—FE, S hE
TOTy I REEDE LTEHMENT NS,

DA TIF 19 RIS T S Bl A X T
T SLIEEE L, £/ ) 2/8—Y T
B 2 7k — L Great Amber T, 7 5 ¥ v ¥
DavH— bElfunz, TR BERIZ. (F
IFE, WU IEE TN AT KT

201927 H (No.304) ESTRELA @ 23



UAD [EIZFNSE]

L.av%— FOBBHEIZLETFDORMED - 7=,

3. ShETPDIEESTERE
(1) BEOELORER GELED
7 FET7OMNIIE, KTTHT 2 5 BREIND 5
PETAMPMEATOZ, BEID T A9 5
FAUEBIERIZ L 2REAE £ 572, Zhid
0 —vEEAREUAT 2 (AL +FE] O—R
T, BREEF VA MBILT A L2 AHIC,
EREIIFLOE/ B AN E > FAL LS,
1201 23R 7 A NIL 2R WS Lz —
A3 HISHsi AR 7z ) HiE, 1282 4F1C
N FRBICIE U B SR L UTER L %2,
FOHK, 5N A VELEFIZR—-5
F-0) b 7=7EAICHNTERL, LR
KT 5, 510, 17T HCICAY 2 —F V)
AT 2 &, ) ARE» S ALHERIZ 2 TD
BRI 7 DL L A 5 72 A8, 18 e vl L
T REFOH, 2 x—F ORI e s 7
e, 18K KDE—5 v FarENz kD,
7 b ETOEWHHBO S T ORIEIZA - 7=,
. BBUKF ORI, /ST v 2R,
JxsS—Ya s BARICHT THE LTV 3,

24 @ ESTRELA 201947 B (No.304)

Lo . .
.
2
m .‘
e S -

T .
UI/N—vD [BOXEE| (OV7ERE

(2) EEOTHAVOBE% (IGER)

7 FETOEEIZ, ETAKRTRAPIZAD
FTAVHASTNE, i, RRREITIENER
WS,

ZOE, BERABES L TG 27 7
ADFEH, DWITENTEWED Rz
bNnd L. WEOMA, oMM %K< FEo,
BOETOEHSZINELE->72E R,

[ZHIVWDTADHKRFETT A &5h3
FAZ. S PET7HEEIR [WOEWHIFETIEAEL,
IHRH FTERTTIEE > AR &
Tid, BiitieRFOlRFL AT,

(3) BHODEL(FHR< GERA)
F1XRMARKIKHED 19184F. 5 LTI
BREAOMN # ¥R T 5, HA LD KITEEFKRIZ
1928 IR O, U HIZAMEREBE N7,
L L, 7 bET7TOEMOBERIZH
52 KM AN G E B &, BT K 5 IZF)
DIZY HORME A3, RNTHY KA MEE 2
E.FTFARAY, RRICELVEORIRY &
0. BEtESEENE, ERNEERNEET
BUMRF A VIZHL T, AFEARHE T bE
Motz DD, SR CMM AL Z & Th - 7=,
WiR IV R AR T B —HANE & X It



EHITVHEIZ L 2RO MA Z T =D 72,

JATAICIE. ZDE S [ETEEMEE] b 5

. EHEORE R A RIS B R, 2O
@ﬁﬂ%@mbf@éo

T ) HD [KGBYEYLF 4 V& ] idoL4
FEOLBBEERVBREILEL V2 —YD[E
EFSAT ) ZTTRIE S 5 72D 2208, FhFhix
& XN THFENRRHED - 12 E b - fndk
HbHo WAL BT THIL N, %E@%
AL UAHTHEE, BL5EOEIZELS, KT
JEHEMNTIRIZZD LD TH - 72,

WEO Y 7RSS F A EEEEE G T L,
AR IciE, RyEELEbN 7T,
KGB 2 & % 8l 2 HGR X - $ERE A 2 fakk -
T AT bz, fHENZKH X Iz E O FEERA
WIZHEIS S HISW S 2 AR L Tn B,

(4) ANBEO#E. BMIZLTEU D—EIC

VLR 3ETIE, VS S DI DA
£ 5721989 F 8 AIZ, 200 T AMZINL T /3
LIEDE] TFEFADLE, 600km L E I
L Rs [ABOS] %E- 7=,

ZDIERDOICHEB) T, B DN
P3EDGTEAFFIIKTEELTEEL, V
HARIE & 3 EMGLORAIDIKRL & & - 72,

H3 h 2 FEHD 1991 FF. svL b 3 EILERE
DFRA & FEFEIE SO A R L,

HAIZ, RICFEIZS e 7 2EFEARL, 7
R ARRE L 2o 2007 FR1213, EDOKRER
R T A T3 e hTns,

7 M E T3, 2004 412 EU & NATO (2N
L7zo #REMWTIE, 2014 122 — 0 &AL
2016 £F 12 OECD IZHNEB 4 % & &, PaREK&E[ A
W, NEBEDOT, BELAFOAELIT & &
FRMED H 25T AEEHRIZHIZZS & LT

%o
FroralLA{LEEAR a— v -DEBK
et (ORI v lca - —£E<H
ATDED) TEXA, A4 VFEAAVLLI 7L
Oy b h— FEEARS FRE 5 72,
KRR, FHERAE PO AOODES T
P E . A& DFALIZiA T3,
HEFEEETIZ, 7 N E7HEIZ5300 A4
%<, BEH F & EERD NATO B KK H R
LT3, NATOE & D ¥ Tld b 2 2. %
DIFEBEBLLDOFE &> T B,
ZDESIZ, Y TICHT 3REREITO
I LBZH, S5 T ORAIL, MBI
MRIHE a7 & D5 SHfT % S8 Tnwb Z &I
HY, BT EDORENEMRIE, ShBER
Th 5,

4. EfFSFETREE

7 FETEHREITIE, ARXHEOM, WmEFF
kB354 2Hhy 3y (F—<I12SDGs) ®°
@MM&H%¢+~AX%4ﬁEﬁﬁbhto

Db, T4 EYY - N— T = 2 KK
BEWLEBHRTAIEEVNEBON-Z 1T, -0
NAHRBHBKIETH -,

REEIZFI R E, HABFFIGE~ & & &1
KEAHLZI0ADS P ETEHEFEAIILD, 62
EDOEHEEENEE > T, HAMUEFFELZZT
BT 77 A fTbhi,

ZD3%, BEBFFICEET 1 A ay
. BAT-RKMET (5 LLREREHRET)
MBI E 57, BEXFRITIL, Fl&fx L
€TV g VIZE THRIE SR, TR, SERE
EDTHEAETON, T IETHED L AL
[F) V228 A 7] EEBATWE,

2019F7H (No.304) ESTRELA @ 25



RRECHAREE S HITHL IV REREREL TS, ERBROFRLEEL:
EOTORMEREHAE(CLTSMNENTEY, BESERFIZT I/ X IEHLTH
TW%, ZO—DELTHEDEEIOMBELEL T, BOEOFE 7 HMRICHR
EROFENRBINTNS, CHSISRHSI T/ L= EOEBE Wikipedia THAT,

IX=7 EfE

HFEBE

F: IXF=7OZE-J)-#H-BERLTEY., IXRF=TOERZREBITSHL LIS
FE - RIE - @

B HPOXKMERFICHEEFAOELVEREENFEVETIRE

BH: XKEEBLUALZDERDIER

ShET Ei

Jr7=7 EiE



https://www.google.co.jp/imgres?imgurl=https%3A%2F%2Fupload.wikimedia.org%2Fwikipedia%2Fcommons%2Fthumb%2F1%2F11%2FFlag_of_Lithuania.svg%2F1200px-Flag_of_Lithuania.svg.png&imgrefurl=https%3A%2F%2Fja.wikipedia.org%2Fwiki%2F%25E3%2583%25AA%25E3%2583%2588%25E3%2582%25A2%25E3%2583%258B%25E3%2582%25A2%25E3%2581%25AE%25E5%259B%25BD%25E6%2597%2597&tbnid=0arnJOarxaAUhM&vet=12ahUKEwj4x5un0OnpAhXWzIsBHb4wAVwQMygAegUIARCkAQ..i&docid=4fB7_L3dfqJYcM&w=1200&h=720&q=%E3%83%AA%E3%83%88%E3%82%A2%E3%83%8B%E3%82%A2%E3%80%80%E5%9B%BD%E6%97%97&ved=2ahUKEwj4x5un0OnpAhXWzIsBHb4wAVwQMygAegUIARCkAQ
https://www.google.co.jp/imgres?imgurl=https%3A%2F%2Fupload.wikimedia.org%2Fwikipedia%2Fcommons%2Fthumb%2F1%2F11%2FFlag_of_Lithuania.svg%2F1200px-Flag_of_Lithuania.svg.png&imgrefurl=https%3A%2F%2Fja.wikipedia.org%2Fwiki%2F%25E3%2583%25AA%25E3%2583%2588%25E3%2582%25A2%25E3%2583%258B%25E3%2582%25A2%25E3%2581%25AE%25E5%259B%25BD%25E6%2597%2597&tbnid=0arnJOarxaAUhM&vet=12ahUKEwj4x5un0OnpAhXWzIsBHb4wAVwQMygAegUIARCkAQ..i&docid=4fB7_L3dfqJYcM&w=1200&h=720&q=%E3%83%AA%E3%83%88%E3%82%A2%E3%83%8B%E3%82%A2%E3%80%80%E5%9B%BD%E6%97%97&ved=2ahUKEwj4x5un0OnpAhXWzIsBHb4wAVwQMygAegUIARCkAQ
https://ja.wikipedia.org/wiki/%E3%83%95%E3%82%A1%E3%82%A4%E3%83%AB:Flag_of_Estonia.svg
https://ja.wikipedia.org/wiki/%E3%83%95%E3%82%A1%E3%82%A4%E3%83%AB:Flag_of_Latvia.svg

2016/4/25

Vernier

BEXRFE EFRHEIFS
INKIIRE FER4E

= EF1T]

mil

=




_ 2/18
Outline

« IN—ZF L&
« FBAE

AR
« IN—Z—VDRIE

° éés °c~fd:,'t‘1 15“




. 3/18
Outline

« IN—ZF L&



4/18

IN—Z ¢t

J FAFICHEL TRNEBUTORIEZ
SHANDHEENZTHLD



. 5/18
Outline

- REE



6/18

FEAF

RIL KBILDEFEE
16HIENDHELERLGHFEETND— A

% < DEBIIMABMICET S
FAMEOHEYVDIEERES

T7ARAOS—ANI[CEIRZDITT-
SEICN—ZVICEYREDIIC

RKELA/JZDOX
Petrus Nonius
(1502 — 1578)



7/18

Rk A

HhEk £ D2 mfE a5
D> b,
EITARMNERETT
1_§7b§ﬁ(:_lrft 7:-5:%) :E)O)o

B A5 PR R

SRR R Z R 7 Bi




8/18

FEAF

725V ADPEE
RIEEBEDOHAE

AR VEDEANIZRY,
AILTFODEEIZHE -4,
BEEERLIUHMBEREIC.

"La construction, l'usage, et les
proprietes du quadrant nouveau de
mathematiques"

16318 TYawvEI)IZTE
BEIRIZDUL\TEER,

o N —
EIXI—J)L-Jx)L=XI
Pierre Vernier
(1580.9.19 - 1637.9.14)



. 9/18
Outline

° EIJJ{



10/18

&l R

/X RICEITBHEIRDAE

FEHDEHBE EN—Z VO BBEN—B L =157 & 5B

2

FRON-1BREZnES LI-BRERZHEST-1D

% < DIFATEMDIN0H B LMZ1920DRIE



_ 11/18
Outline

¢« IN—ZYDEIE



S s+1 s+m
=1 ] %
' 0 m
BIROEBZLET HE
n—1
L = L (1)
n

D EITHLE
((S+m) —S)L =x +mlL’
n—1

L

mL=x+m

_L
x=—m --(3)

n

12/18



13/18




all

VAL

~ fd:htw

Outline

151

14/18



— 7 il 4]
LT

1151

15/18

IN—Z"NRXRTFTRH
07w k



16/18

7 \— =7 | 1

ERBOHMBREROL, EHEEMO
FLOEBENES < T BHIEA el Berull B

A 77 2 (B3 i
BEDHBATEGRLEE oM P

il =
RliEsRIC L VIBEREDZIA % EZ i3
INE || Byl Bl Bl Bl
(B S B AIEHHIE ) BERE —1 |
—




—Z Y RS54 o

ASRZ D AT L, EHEAE LIS O Z B F I OFEEID
MIEIEIZfED,

& E

HE22 | ZEAER

o}
Kt

NVED2INDY . 5Y!)

F Eh Rt




Rt o ERESEE SR

— U 2R RV NAV) TR

EREFIE (RERS RS2 - W Ehakhm)

MERTE IMERLEENG oMK TNV EINLVE AT TCEZORLEBSEOHRITZLTLH X
FHAN, V) TEHEEWEEWEO TREEZTEIE W EEE 1,

20196 H 24 A6 27T HET, ANV MV OEHE Y AR AAZH D U AR K7L THRMES L
7~ [EBE 2335 Magnetic Frontiers 2019 % H#E CTHGE L T £ L7,

https://mag-frontiers.sciencesconf.org/

DBEOTEX [— R T 4 A7 O~y FEOFEEEHRUIOR V) T, 20 FRTCR
130 IEEE LHOBKEBROY A THS INTERMAGL1999 ([C3EH L LTBMLIZE X FEAED
HENN—RT 4 A7 BEEOHEMTTEHEO LN TWT, FBAEE LR~y RUSAOLKE Y TYH
D1tva /%@&550)75#* W=D T, BRI T4 B b H#ES 2B T 5 X

2o Z &lTiE, DR H Y £ L7,

mﬁﬁ/#@%%®%_i\umw&oiﬁ:#ﬁf\GMRTMRGMrty#ﬁmﬁwf%ﬁém
T, ERHBRTH IR~y FOMENRRKEERLIZZENHY T8, Av— bR
B = 2 R A DI I N, ToT Dt 4, HENHEO EVALZR & BEEEHIOMRNIEN 722 L b
RERBERZIR>TWD ERNET,

TR 3 AL O TET LERIERT)] O T, B TR0 LTt 2Ry -
FET, BIRE ORFIL12C ANAD BT Y TIUE B THANF B A HF] 72 =Rtk 3 1C 32
ICAFTELRRICA s TOWETH, BREILRIMRE T OMENLERON, fEFROF THEIO
ESmE CHEERE SR LE Y EBsTnET,

AATIZ, ENORRELT TEEINTWDOIMIE T vy =7 FRRELEEBNETR, a—m o
TIREEZELWEXA T I v 75t 7y MRZERENTWT, AIRIBNIE N E 76 LT
WD LEEIBUE LTz, WAWAZRKT: L TSR NBALIE 2 FF o Hl 2 X — 22 LT ) L7223 B35k

WESTNDDT, FHINORBRIEFIZISS , BEBREHET 50202 RN#ETHLH Y £ L, EE
FDHIH, WEEDORA T 4 7T A== 2FRRE LW Z LT bR E Y O ZEs R 72 IR
DY EFSTHEDOLN TS ZEEZELIEONE Lz, BONIAR L M TV THESE P OMEE L
TWBHDMN, EWVIREOEKL»H D FHATLEN, VAR KRFTFHE LR E#RE & EH 2R
By TEPELTNT, BREVTOMRTREREMRA L TSI 2 HRMRLE L,

ERESEm 2B TRV NI NVOMGIZ oW T TR E£3, BERARIEEIZEHHD, VARY

THEHAANBNEORIIIZEAEANTERATLEE, AT DT VU7 ABERIZIZ E A ERHEFRD
ANZBTULT, BV RNV N BITE S AR T, BEAORZ N & Z2FRTIE, S b i,
ISR B0 L TRV TREITEH SN T TREXD Y A, UV ARITE THROZ WD
T, FHEMICBE L2V E BV IR EBEBCIHFRE L 37, ANMBERRHEIZOD Z ENE L, X T DR
EZDVART U THRERALNAT, HRADRAIZE I DIEH Y INTehro7z T, Z@ERE T, Sk
HEHS> T NAREOTENBAEITITRAKRTT, O IC H— REHENOAT— RY —F—2X v
F LTI EITV, B A T R REGES TV, RN TIE Wifi 23ME 2 5, BRERRITA 3 — il
LI TS, LW ST U TE D TR LSEHOEINDA 7 ZIHEAEN TV DO B RHEHI T LT,



https://mag-frontiers.sciencesconf.org/

HIHSE DY AR RFT IO R —IL RAL—F v a DY

YRR KT FEETND Y AR TN E BT OB 5 = ATHE
HTA9



Gunma Univ. Kobayashi group go everywhere !

® 2008F 128 HE &M (FhEK)
IEEE Asia Pacific Conference on Circuits and Systems, Macao, China, Dec. 2008.
[1] Tomohiko Ogawa, et. al.,
"SAR ADC Algorithm with Redundancy", IEEE Xplore
[2] Akihiro KANB, et. al.,
"New Architecture of Envelope Tracking Power Amplifier for Base Station" IEEE Xplore
[3] Ibuki MORI, et. al.,
"High-Resolution DPWM Generator for Digitally Controlled DC-DC Converters",
IEEE Xplore
[4] Hajime Konagaya, et. al.,
"Delta-Sigma AD Modulator for Low Power Application", IEEE Xplore
[5] Santhos Ario Wibowo, et. al.,

"Analysis of Coupled Inductors for Low-Ripple Fast- Response Buck Converter",

IEEE Xplore

Annn .

BRAR ., ' L

e

-\

e

|
-
-

:
-

22A

aAi1an .
Ay L X

NARYY 40y

Thba
AT -a
Sb=or
.

' YRR N


https://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/APCCAS_pdf/A5L-A01-7433.pdf
http://ieeexplore.ieee.org/document/4746011/
https://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/APCCAS_pdf/A5L-B03-7410.pdf
http://ieeexplore.ieee.org/document/4746018/
https://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/APCCAS_pdf/B4L-F05-7411.pdf
http://ieeexplore.ieee.org/document/4746172/
https://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/APCCAS_pdf/C2L-A03-7420.pdf
http://ieeexplore.ieee.org/document/4746249/
https://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/CoupledInductor_PosterA4.pdf
https://kobaweb.ei.st.gunma-u.ac.jp/news/pdf/APCCAS_pdf/C7P-K03-7264.pdf
http://ieeexplore.ieee.org/document/4746406/

Gunma Univ. Kobayashi group go everywhere !



Gunma Univ. Kobayashi group go everywhere !



Gunma Univ. Kobayashi group go everywhere !



Gunma Univ. Kobayashi group go everywhere !



Gunma Univ. Kobayashi group go everywhere !



Gunma Univ. Kobayashi group go everywhere !



Gunma Univ. Kobayashi group go everywhere !



Gunma Univ. Kobayashi group go everywhere !



Gunma Univ. Kobayashi group go everywhere !



Gunma Univ. Kobayashi group go everywhere !



Gunma Univ. Kobayashi group go everywhere !



Gunma Univ. Kobayashi group go everywhere !



+

ARaXa—7 KNARE

HEXFEIFAEREFIFEH
BELEBRATLIREE _HEE
907405016 &= L {E3F
HEHE MW FX B%




(a) AORO3—T KA

X R)AEBAIERSNAEED—D

ERABE”
A Trigger

2

OFF

tH iR e

Trigger Time:t,

O KfElt,ZzEELLI-IEKIKE
O BEMZEILOENE IR




2-ETXL1:$E J'-’j?. I‘ U jj\ IE E%(v"]hn:’]x*i)

cos((ot)
track& T
hold
AA Trlgger
— track&
1 sin(mt) hold

[ERRICEE SN TV D H RS



Track & Holdlﬁl D R I

N N
\/ NS

Vout /’\ I/ /'\\

| |
|
Track | Hold | Track i Hold

Vout=Vin

ANZZEDFEFEH S CHVinzfREFLH B



2EZFE RN 71 [BIER 0D FR AT

track-and-hold[B] & AN
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Vout=cos (ot) cos (wt) +cos (ot+n/2) cos(wt+n/2)
=cos? (ot) +sin? (wt)
=] (—%Eof®

"hold mode

Vout= cos (wt) cos(ot,) +sin(wt)sin(wt,)
=cos (w (t—t,) )
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track-and-hold[B] g& H3
"track mode
Vout=sin(ot+4n/3) {sin(wt) —sin(wt+2n/3)}
+sin(wt) {sin(wt +27/3) — sin(ot+4n/3)}
+sin(wt+27/3) {sin(wt +4n/3) — sin(wt)}

=) (—E0fE)
"hold mode
Vout=sin(ot+4mn/3){sin(wt,) —sin(wt,+27/3)}
+sin(omt) {sin(mt, +27/3) — sin(wt,+4n/3)}
+sin(ot+2n/3) {sin(wt, +4n/3) — sin(wt,)}

343

= Tsm(a)(t t,))

% trigger time:t,
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Research Goal 4

Generating low-distortion sinewaves
for ADC linearity testing
using low-cost AWG

Conventional method Proposed method

------------------------------------------------------------------------------------------------------------------------------------------------------------
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Signal Generation with AWG 6

AWG ( Arbitrary Waveform Generator ) = DSP + DAC

AWG N
DSP |——| DAC > ADC
TURIVES Ana|og
signal

DSP generates digital signal.# DAC converts it to analog signal.

Single-tone and two-tone analog signals for ADC testing

¥

DAC has nonlinearity




Spurious Components due to DAC Nonlinearity 7

A
>_
5
s
)

[\ °
(@)
9

. DAC
Digital input X Analog input Y Digital input )(>

Ideal DAC output Y=a,X

Actual DAC output Y=2a,X +[a,X?+|a; X3+ a, X - - ‘ | | .
HD2 HD3  HD4 fi, 2f,, 3fi, 4f f

DAC Nonlinearity ‘ |Spuriouscomponent5|




Use Differential Signals to Cancel Even Harmonics s

...... Y1
Y=a, X +a, X? ‘ | | |
+a, X3+, X+ i > f i
f > f fin me 3.fin 41‘in grove A\ 2 T ——
- S I LU L »
X=Asin(2xf, t)
> DAC AY=Y1-Y2
>
P N PP P . : f
1?2 g, 2, 3, 4,
[ an | Ee—
2f | 4f,,

Use differential signals to cancel even harmonics.

el

Next focus on removing third-order harmonics



Third-order Nonlinearity Distortion Components o

Single-tone input HD - - -Harmonic Distortion

Two-tone input

IM3

IM3 components are difficult to remove with analog filter



ADC Linearity Test (Single-tone Input) 10

""" A Analog LPF
&«
\
1
1
\
\
\
\
AWG ) >f Y=aX+bX? J——»f
£ 3f, fin  3f,
ADC ——
Analog Input Digital output

Proposed method relaxes requirements for analog LPF

-

Use simple analog LPF to remove HD3 (& higher harmonics)

-

ADC distortion can be measured & tested accurately.




Communication Application ADC Test (Two-tone Input) 11

Communication = Narrow band, high frequency

Y=aX + bX3

AWG | | g
i PR PR
& &
Analog Input

Communication
ADC

:__l_ I ; l I(\I I‘_I ’ f
Sh Lo EgT s
s N R
(Q\| AN AN (N

>

Digital output

IM3 (2f,-f,,2f,-f,) components in input signal are

- within signal band

- difficult to remove by analog BPF.



Communication Application ADC Test (Two-tone Input) 12

Communication =Narrow band, high frequency

- i il
Al o f g YEAXADXE ef e Y s
N ch y— " Y— NN
Communication N > N N
ADC
Analog Input Digital output

Use proposed method to cancel IM3 in analog input.

o

ADC distortion (IM3) can be measured & tested accurately.
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Conventional Single-tone Generation

DSP

f

in

> f

Y=aX + bX3

DAC \

X=Asin(2xf,.t)

B HD3 appears

>

Y=a Asin(2xfyt) + b (Asin(2nf, 1))?

Normalized Frequency f/fs



Conventional Two-tone Generation 1

Y=ax+bx3 I || Il,f
ST T S Y
> f N N & &
DSP fi 1 DAC ‘
X=Asin2xf t+ y
Bsin2xf,t

B IM3 appears
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Proposed Method 17

Din

Y=aX+b X3
\ Output Y

DSP

o —L

DAC ) >

ck

Din=X,

Din=X,

Interleave X,. X, by one clock and generate Din

N g

Feed Din to DAC

¥

v’ Requires only DSP
program change
v’ Spurious components

Cancel distortion components of output Y are far from signal band
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Principle of Proposed Method 19

Y=a X+ b X3
Input Din \ Output Y
DSP DAC ) >
k i

C

Ck_g : : _|
XXX

Din=Asin(2xf, t+n/6) Din=Asin(2xnf t~71/6)

Input Din Output Y

=)

R LN
& .
2 >
. g
.

i fin
Distortion around fs/2 I



Proposed Method (Single-tone) 20

Input Din
Y=a X+ b X3 -
\ .
{ 1
> f v )
T fs/2f \ f iy
p N 3fin

DSP DAC
? i / Output Y
ck

Ckg : : _‘
XXX X

Din=Asin(2xf, ttn/6) Din=Asin(2xf t=m/6)

Din =0.87Asin2xf, t + 0.5Acos2m(1/2fs-f. )t

\

Fundamental f,, power reduction by 1.25dB |




Simulation Condition (Single tone) =

I Y=a X +b X3
T - 1
in fS/2-fin \ Y
DSP. | o DAC / g
ck
ck

L LD L LT
XX X XX

Din=X, Din=X,

Input signal X1 sin(2nf. t+11/6)
Input signal X2 sin(2nf. t-11/6)
15t coeff. a(DAC) 1.0

3"d coeff. b(DAC) -0.005
Input freq. fin 51

Sampling freq. fs 1024




Output Power Spectrum (Single-tone Input) 22

-------
--------------------

L 5 "y
.....
ttttt
* .

‘0
A d
.
.
.
s
e
---------------

Normalized Frequency flfs T

Spurious due to interleave

‘e
e
...
L]
.........
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Proposed Method (Two-tone signal) 2

l/"\ o Pank Pialy
: | 1 i 1 1 )
TN I IO AR I T
>1: ) ‘\ li\ J \
AL WO IRV P t— < A2 4 ..*f
A3 & Y=aX+b X3 Nk
~ = I - NN N
n 9 v v Y— Y— Y Y
DSP DAC >
D

s " ./

Din= Asin(2xf, t+n/6) Din= Asin(2xf, t=m/6)
+Bsin(2nf, t=71/6) +Bsin(2xf, t+r/6)




Simulation Condition (Two tone) =

H I I I L Y=aX+bX3
T
2 2 9 & \ Y
DSP _ DAC >
_?_ Din ? /
ck
ck |
XX X XX
Din=X, Din=X,
Input signal X1 sin(2nf t+m/6)+sin(2nf,t-1/6)
Input signal X2 sin(2nf,t-m/6)+ sin(2nf,t+m/6)
15t coeff. a(DAC) 1
3"d coeff. b(DAC) -0.005
Input freq. f1 51
Input freq. 2 81
Sampling freq. fs 1024




. l.....0:3.----..-...---ll

[aplIAlBoj0Z

~
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+ ! |
- }-2/S)
p c
- 1-2/S}
QL ("y2)-2/B)
c
o "eers)
|
® (“Hh2)-a/s)
_M (M+42)-2/s)
~ °)e12/S)
&
- Rits
w "+42
C1, H
1442
e l
o Ity
T
S
m Wz
® e
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- 1-112
o
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1 1 ! o |

Spurious due to interleave

0.2
Normalized Frequency flfs

0.1
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Algorithm Generalization 28

FundaAmentaI
HD2
HI23
Hl%4 HD5
D6 p7
l ‘ ‘ HD8
I f
1:in 2fin 31:in 4'fin 5fin 6fin 7fin 8fin

1) HD2 cancellation
@ HD2 & HD3 cancellation
@ HD3, HD5 & HD7 cancellation



HD2 Cancellation 29

Fundamental
A
HI23
Hl%4 HD5
D6 p7
HD2 l ‘ ‘ HD8
1:in 2fin 3fin 4fin 5fin 6fin 7fin 8fin

2-way interleave cancels HD2

X1=A5in(2nfint+n/4) X2=ASin(2ﬂ:fint'TE/4)



HD2, HD3 Cancellation 30

Fundamental
A
H|24 HD5
D6 p7
HD2  HD3 l ‘ ‘ HDS
1:in 2fin 31:in 4fin 5fin 6fin 7fin 8fin

4-way interleave cancels HD2 & HD3

X1=Asin(2xnf, t-n/4-1/6) X2=Asin(2nf, t-/4+71/6)

X3=Asin(2nf, t+mn/4-1/6)  X4=Asin(2nf, t+n/4+7n/6)



Even Harmonic Cancellation 31

Differential structure cancels HD2-HD4-HD6-HD8
fundamental

A
HD3
[ ]
HD5
HD2 HD4 HD6 HT HD8

f. 2f, 3f, 4f. of of; 4™ 8f,



HD3, HD5, HD7 cancellation 32

Differential structure cancels HD2-HD4-HD6-HDS8
Fundamental
A Proposed method cancels HD3-HDS5-HD7

HD2 HD3 HD4 HDS HD6 HD7 HD38

8-interleave cancels HD3, HD5 & HD7
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Experimental Verification 34

Input Din

Y=aX+b X3

DSP

ck ?-

\ Output Y
AC >

)

ck

-

Din=Asin(2xf, t+n/6)

Din=Asin(2xnf, t~7/6)

@® Only DSP algorithm change in conventional AWG
@® Single-tone generation with HD3 cancellation



Experiment Instrumentation 35

AWG _ Spectrum Analyzer
(Agilent 33120A) (HP ESA-L1500A)

Max. Sampling
frequency (Hz)

Resolution (bit)

Frequency range (Hz) | 9k~1.5G

Max amplitude (Vpp) | 19.8

Linearity




Experiment Condition

Conventional

input

Proposed

input




Experiment Results (fs= 10MHz, Input amplitude 1.3Vpp) 37

Conventional

HD3 3f,.

Fundamental
(1MHz) :6.31dBm

HD3 (3MHz) :-65dBm

reduction

Proposed

HD3 3f,

5.12dBm

-76.5dBm
(Noise floor level)



HD3 power level [dB]

Experimental Results: HD3 (fs=10MHz)

(Conventional)
(Proposed)

Noise floor level

Y

Fundamental component power level [dBm]

38




Experimental Results: HD3 reduction (fs=10MHz)

Fundamental
HD3

Power reduction [dB]

Fundamental component power level [dBm]

39




Conclusions 10

Low-distortion signal generation with AWG
Single-tone: HD3 cancellation

Two-tone: IM3 cancellation

Algorithm generalization

Only program change

No hardware change.

No need for AWG nonlinearity identification
@ Theoretical analysis, simulation and experiment
all verify the effectiveness of the proposed method

¥

Low-cost, high-quality testing of ADC is possible




Appendix New Concept Proposal =«

* Proposed signal generation method ‘
- Distortion components close to signal band are reduced
- Distortion components far from signal band may appear.

Distortion-shaping

Similar to but different from noise-shaping

Normalized frequency f/fs
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