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International Conference on Electronics,
Information, and Communication 2024

JAN. 28°UN - 31WEDI2024 | TAIPEI, TAIWAN

CALL FOR PAPERS

The 23 International Conference on Electronics, Information, and Communication (ICEIC 2024) is a forum
open to all the participants who are willing to broaden professional contacts and to discuss the state-of-
the-art technical topics.

Regular sessions of ICEIC 2024 will include more than 300 oral and poster presentations. In addition,
the conference will offer special sessions, invited talks, keynote speeches, and tutorials to cover a broad
spectrum of topics on electronics, information, and communication technologies.

IMPORTANT DATES

® Submission of Paper : September 10, 2023
* Notification of Acceptance : October 13, 2023
© Submission of Camera-Ready Paper : November 12, 2023

Organized by The Institute of Electronics and Informatic@gineers (IEIE)

@ -

@IEIE  <4IEEE

NS TR

® e 1
)




“Ofay 71 - A
hs e e M

Ol

7|$ I-I¢IO| HT1”
ZAl R SE2 Q0 Hi2

h

oo &

E ME

279 MYLIBRARY H#3E

I‘fél

ol

g o &
%%%

A JIEETM A

FHRLIE| ME AN

& Fasam Bo)

L | g

.-
e

PREHEATHARI0IR
Mass Customizztion® 015

- AE{E{3 (Weather Tech)
OFZ2E ol (Sl i RIS TR

Vol. 157 09074

LE R EFR - o]

IS0

e @ Y
ZETH! . %o

IOTseaur

'E/?G}iﬁﬁ
2025 e >

YN

YEMA AR}

m ER1IRED
ik ioTRyR s
(e op) loTf wongs

@ zm83 Exi0ls

= 1= 19} =
[2 ] oy s [ wetionr [§] smness

laE Al US|t

HOCURADC YL

a2 Aofzo| S BRI oo
500 HHe ’PXIJI%}’J ==|E 3

o] gp2 )y

wen | @ o> a OH7IE 0N/ HERY

MSthstn Suichs! sSUR7 e EMlEl= CHEFA FRZEA!
slEEo| ST X0l Qs 2kt U= 7 I=HEE MEAR S
off 22| 2|1} 2010 3ol A2t 7K 26 210
UgLIC

ST E| St H Al EE MAE 200452 Nikkei7 | & 2tich
7 |ZFbE 0t 40047HAL] 7 [ E M & 4TI S| EME Sl

Crefet =0fe] 7|= E2EE St UsUC.
016HFE = A FEE 26719 LI 71H 2|2 1251
O[2H7 [t Ak

2Eeh U2 l=e] SRV AR AE7 A
S22 MBI} e 2 EeE S Sof

oz Az 2 FEE M
St UsUC,

1l
,‘.nllmomﬂ,
|

b

B ot/ - gt gy | B S N

EEKLY

HJTIC

iU
_2019/06/17_GAFAMOR .

YBYAERUA 201906
WIS MOl A EIct

wzRd
_2019/05/30) RPARB2] ,msmn  WR2oise

w0 w0050 00z w0100
2%
Nikke Science_2016.08. 5% (p34~55)
By
BRXHO® 278 F) UHE| (Quantum Connection)
283 LS Sl B Yt AL

OIAIAE1 71 2019/04_ LiAOLZSELA 2019/05. %

YBUAERYA 201905

N

HJTIC

prmyem

5 (o] 2 2
o5 Y27 =g HANE
HAEDONG JAPAN TECHNOLOGY INFORMATION CENTER

http://hjtic.snu.ac.kr
08826 MESHIA| BT Bl 1,
MESrHetm 2ntist 355

oE om
st 02—880—-8279 o

L]

Christopher R. Morvoe (H|Z2 =CH) / Robert J. Schoelkopf (G2cH)

n https://www.facebook.com/snuhijtic

EXME@HITIC E2|ZE

RIEFING

o] Aztich. 7I§4—50\ 01E\77W =gum, Soi= A M
JhEl 214 AJ 312 Zarolof, S 2 AL ER FTforgict. X0l &

PART 1. MI7| | 37! REUIY PTL)
BMW, 47 2|28 ME

S BMWS] 2|2 XH2 =4 AIE} AHPrototype Ca)& Hl7| |X2 2X|7t £H= F|THiCt ol =S Hejof I A
2 B HCH M XSAZ HAS Sk 8 2ME BMWE AR S ZD M2[6121 D 540 QUrt. (T 512
Ch A2 2 x2 HCh S BMWRSE S22 8D 2X| 7| S @R YUCHL K2 BMWIE &
o 1HEE STE2 AIGE AR M X2 F AR A

Mikhail D. Lukin (St =)

e sio] BiLie] AAEOE sz 70Tk B2 104

BMWEZA0|A| S5O of 10km. D=2 OIRERHS e S G0 SEHTFEA| JI=TO2 YACE BMW
o| XEFY St £ AR Ero| HE S| AZHAF [PT1y 0| M QIUCH PT1E BMW M3A[2|1Z) 7t sfjofAct

F7iHaiEo| 22 0| TS HSHAIR,
‘hitic@snu.ac.kr'oll ‘=" A "é

FPIREOZ IHUQ| 7|AP7EX| O} HA|Z{H,
IXHEI@HJITICEZ|ZIE’ 712 (pw:2016)

m http://blog.naver.com/hjtic2010



IEEE DiscoveryPoint Communications(IDPC)

v IEEE

for Communications

IEEE7} OI= RMCE SE41AM9 RRDE 9|5t
AII| -One Platform

| =
> R LS

IEEE Full-textS Z|Hct A E gt 5G, 6G, Edge, M| 2x|0) it
Zebst Creket Yo AR, ZF, 22UHE Computing, 0TS |~ --.,_M H=25t0i
A= HE QI5t 22 M| Chotst EM7|& A
SiLie| Z2HE 0l M USRS N
UMt HEHom | . S
MEE AHsX HZ
e %
Trial7}s, N | 4
29| 02-3474-5290 Rt

0|2| %l 2FEF hjlee@kitis.co.kr

IEEE | utiorzed (Giy Tisic asamsncs)

www.kitis.co.kr / T. 02 3474 5290




M50 105 (20234 10€)

1SSN1016-9288
502 108
20234 1083

FARZ AR e S YU WA HEE Vs FY
16 SEBY|/ T
17 DRAM 71| Bixiel ofet / 51 2

28 Flash H|22| 7|&=9| sigtnt Ojz2f / AEE

o

/4

0x

HA

37 RRAM AXtZX 7|&9| 2142t =2
47 S 22| S Y S8/ HESR

Ravzane 54 FeRAMO| &tXin} 22 / S

X 8t3|X| 1085 EX]| (vol 50. No 10)

o
AT
S| XHEIS S 61 ==X ===t
ST U (@M 24)
e B A 24 —
Hh & X (SQM AFR) OEJL I-E
= © o \\T/ o
oF X1 5 (SACHStm m4) 63 =LHQ| st=RliAL QLY / HER
2 48 (20 14)
X | 9 (GAchatm mA) 78 SE3|EAL Y AL HE
g (st w4y
% M S (stUthstn wp)
& Z (TSt m=)
St el St (HMcHetw Q22 Bl
. 23 T
ti 7| & 2%

TEL : (02)553 —0255(LHA 5)
- (02)552-6093

= 53] &0l

http: //www.theieie.org

@ civtxixtn ety

I E IE The Institute o! Electvomcs and Informatlon Engineers



20234 U U 2 9j2lY] Y2l

3| T 0l 8 X (MSthstn m4)
MRS 058 (FMEE o) - SZ /A
ini 2 A2 (suristy Matgy A3 F(HESAgHAT o)
U7 (MNERE BE |12 1) L G M (GHSTISH2SHRHT OJAE)
gt M 2 (SKSt0|HAR B5|E) g & I (SHRHRISACTH &)
Al 5| 5 (S2MAP et 2Y) ot & A (AT uictstn E5)
2N T (G20l [aHTY 23 M H (MASDIR HE1%)
HZZ (M ) Z| & Al (®DB5IO[E! H3|E)
1 Ab S (Bt w4y) - TC-CSCC QX 3 (MIZchstn w4y
28 ¥ Z2AgEeRdEn ) - us / ZX8 45 2 (n2cstn w4) - ZHE / ICCE-Asa / F2=2
2 (HMcHSl ma) - 51| Y FSkE B2/ 2REE o B 2 (SIREXISANTY MEY) - Hpa
24 3 (PAmi232(0} tHEOIAY - 31 / Y A& T (Z20stn u) - SPC Z2X|
0| & 5 (SHrhstm way) - x|& 0] 8 2 (SISAIAR 2A) - Afsid
O] Xf  (SFEAISRIITH AY) - MstA 0] T 2 (SAIAER) CHEOIAL) — ASIR
Y 2 (Sterstn wa) - B2 52/ ZE8H/ StElR| B Q1M (Zeiost wap) - At / TRl
2O &Y YA (SAE n4) - S L E A (F3cstn w4y - Ehex|
£ & 4 (Mslthsti w4) - HEE S8 H (Qlsttistn w) - QIS IstER 2
4 Y T (G2 [T £MHTR) - AA D R Z 2 ¥ (hRIciSt w4y) - MR}
FE R ZUM(GoIE® EA) N & GIRHRISAGTY 2Y)
2 2 Bl (AATXIE BALE) U g 2 (RE[Zoto] LHEOIAD
U2 7 (sAfstn w4) Z A (SRM e TR HEY)
Z & 8t (UC San Diego / 7IRAHA THEO|AY LY Z (S2fsty a7 A%)
LE A (REEA HEOIAD 242N (RFLIERH 25/3)
£ B 9] (FLXMD|Z CHEOAY) &2 M (e 3
A L S (SIRTXISAATY MUHTY) 2 2 N (BESA7|2EIH PM)
23 s (= Ied 14) 0| & & (MZchstn m4y)
0| & 7 (7P IELR|E| 2AE) 0| & M (Z=ehstn w4y
0| M 1 (S| AMASS| 51F) 0| & 7 (HEZA tHEOAD
0] & ot (Br=HEAALEE| ATEEIE) MY @ (MrHstn m4)
™Mo (ool HMEA BIX) Y Z(mEel= tEoN
Y235 (Manxie 18
Aol AL ZYE(GEuSstin w4 - 39 2 A F (Mghstn 1) - 12
T2 H (SR HAISAATY 22T - sfsta A Y & (SIRHSAATY AUIHTY) — ZRE2{(CCE-Asa)
7 8 0l (BYrhsty w4r) — ZRBY(TC-CSCC) L= = (MBChstn w4 - o)
24 o (S20Kstn T4) - S5 4 & A (uechstn w4) - M2 SZ(CCE-Asia)
2 ¥ E (SEHRSAETY M) - BRS) 2 (SFRERISAATH 22T — Al
4 = ol (ufstn m4) - Al UM & (M2chsta W) - JSTS FEX|
U X Z (olstoixichstn m4) - 7|2 U H 2 (uchstn w4 - AR
4 o (M2 |atisty ng) - 5% 4 E (st w4 - oS S
231 M (MSrhstn m4) - DAY O M (MR ORAE) - 1S S
M2 (M2t n4) - oY 52 & 1 2 (AMTIRNS ORAE) — ASH
U Z= N (AMcistn w4 - St3|x] O 2 (SIEAISKITY BlY) - Mald Z2
{2 M GI2HAD e ST MET) - AlY 52 0| o & (m2cstm w4) - A
ol & 2 (2l5lchstn W) - 52 52 ol & (Zacstn m4) - SHASte
MG (MBSt ma) - A YT 2 (ZYhstn wg) - 22=R
A 2l 7GRl &8 14) - Al = 4o (Styrst wa) - H=st
2| 7| & (MSChstn ma) — Akt 2| Y & (SRMAD e ¢ 22Y) - MstA
2| 1 & (Mchstn u4) - B St S (machstn way) - FAskE
ASAOIA Z A T (LGTXIR AR) 184 (GitaoazEe M)
L= A (FEAA tHEOIAY U & & (CTK® LHEO|AY
L Ef Tl (RCI=EY HEOIAf U8l (MMEXE AR)
b & 21 (@70]E| HTLAE) 2 9| & (LGCIAZY|0[&) HTLAY)
2 S (HFHAUAER) CHHOIA X 8 (=EYHEZTA2|0fF) CHEOIAD
2 Y A (MM DIAE) 0| & & (F712o7[a %A HAY)
0| 4 ot (w2chst way) 0] 4 & (o= |0} CHEOIAL
0] 4 21 (SF2MMHTLA THEOIA 0] 4 O (MEEA AR)
X F 2 (SkyMir CEO) X6l Y (MNEMD 4F)
0| 2 (BHIAER HRAE) Z| A 01 (@elix|E CHEEOIAL



5t2 & (Ol A0 AQMM|E) CHEOIAR & M 5| (MYTXKE OFAE])
2 2 B (BLXMIDIZ H7912)
0l AR A (Ao m4) - SH(sHA) o7 Y (ZHstn ng) - 712
7| B (Bgst m4) - st (sHA) T Ef & (METfsl7 [athstin m4y) - HEst
Z 91 7 (LGO| = Ele M) — AtstA M2 (nfsty 1) - 18
dN 2 (Methstn ) - EHEIE%‘. A g (Modistn w4 - SPC FE2X|
U3 E(GAHTH 227 - 4 & MSAR0ET 1) - 7|2)/5H
2 2 (GH=Es T *.J‘?:!E 78) - St (5H) 54 2 (BQloisntsisty w4) - 18
8 A (Zd=chst may) - ZHE b 31 & (SH=TRISAIHT 2 MAATR) — S=(FA)
5 o (AMchst m4) - A B X (UNIST Z) - T2
A (=R |EE 1) - A Ot 5 (SHXAD [T MIEE) - Chef
Ot M H (St=utsl s MAATH) - Ot S o (B HIXISAIGTE M) - AlY
8 % (HRIhEtm E—’F) - SH&(FA) 24 0 (Z0chetn ) - SGFA)
85 R (FuF AFY) - 0| 4 & (Mrathstn w4) — SPC FE2X|
0] 7 & (Wo|HERA -‘?—Eﬁ')— 0] & & (ASML M) — s
0| & 2 (VI=2thatn w4 - B2 0] g ¢l (mqchstin m4) — RIS
U5 7 (Hesty 1) — =5t T4 2 (R7PIedalE] 2AR) -
X & (AMcHEt m4) - g*§|7(I & A (Merhstn m4) - sH(sHA)
M 2 4 (RAml3z2(ot CTo) - N Y H (ERHRISAITY 2RE) - At
Aol = (Halchstn u4) - 31%.: = 4 ™ (OlStoqRIcHE . w4y - 712
A& (M2l atist ) - HEst A E A (AMchetn ) - 31
A 2N (SEHRISASTH M) - A Y 7 (Qolchstin ma) ~ °'§(o tA)
Z| M 2 (Fostn w4 — 8h3lX| oF & 2 (Ho]H AHTAY) — Al
of Eff & (Z2ristn ) - SH(FA) §ts = (FLUchstn ) - Ated
5ty & (SErhstn ) - st 5t 2l & (SHEHRISAIGTH MAATLY) — 2R
StEl 8] (Mratstn ng) - 222 & X F (SRS AT MAATY) — AR
g1 g (e=distn ug) - 2 e 3 (SR I 22E) - st&(eh)
g & 0l Ab FUA(QIHET 1) - 7|E] o 2 (st m4) - sk(5HA)
o 4 ot (B2 Ied u) - A A3 2 (GEMATIEAEY HUAT) - SH&(FA)
Ao G (@MFTHED 1) - SR 4 S (idrhst ma) - HEs)
L AS (KISDI R 2Y) — CHRIEH A & (st m4) - Al
2 5 B (SIEHRISAHTY MAATR) - SH&(FA) 2 M (rHstn may) - 2HEE
4 2l (Qslhsti ma) - 51 2 M3 (Mrista ) - st (sHA)
01 Al (2eIchstm map) - 319 gh 2N (HMIChElD ) - SEs(FA)
o N S (ZSEFEtm ) - ZEXR b 2= A (Zchstn m4) - Hes)
b & S (ZFChstn map) - BES) M QIR (pecietn ) - 712)/2:
N3 g (LGHRK D8 - sl S 3 (Biurhat ) - 31
32 g (st w4) - & & H(DGIST 1) - s&(EA)
ALA| 2 (UNIST 24) — Al A 8 EYE 1) -3
Ot 21 & (SMchst m4) - Ske|X| 2 & = (uachety ) - SFA)
2 4 & (MYTRte SMHTE) - 31 852 (ClNYz HRAY) - 3|1
£ 5 g (Zgristn u) - i - SR 2 F = (Olstoixtchgtn mr) - Al
2N E R et MAATE) - AlY ® 3] 21 (UNIST 1) - B&
0] & (LAl MAATY) — CHel3 0] A 8} (A=rhst m4) - i - ZEXR
0] & & (Ba=2rsti ma) - 2AH A - SMX|E 0] oI B (RMChst m) - B - HER|R
O XH 7 (AATIXIE) DIAE]) — A5HA 0 ¥ & (MESrhsti m4) - 3|2/AY
0] X| & (HMErhsty w4) — X2 O & (SH=2fSl [T MAATY) — AKY
U 5 T (= Estn ng) - 2E=2 & K| 4 (METXKE PE) - Al
A o (MBSt 1) - 2E=E Y (BYriEtn ug) - Hest
4 F RMCI8E e T AR - st&(EH) Yo F Gy IEd 1) - B2
M1 & (st m) - Ste|X| A E S (R [EETH MEIY) - 223t
A 2 & (AN DHAE) - 2RI M F g (@2sy ug) - 52
2 4 M (St=27Ien|stn 1) - SPC FE2X| 2 Y 4 (Bt 14) - 18
i 3 (&ZHXIHED 1) - S F 0N (Srurhstu 4y - s (shA)/2E
F N & (SIhRISRHE UML) - HEst ¥ Z (ooietm ma) - A
Rl ik
Zexe 2 2 A (B2erdEn 24) 25 MERE A 4 o (Hdhstm 24
- 22l 243 (Z5sa 14) - EERlE 2 S (Edrsa 34
SAL SRS T B (FNEE 24 HEE 0RO (HRHsm 4
HZE g DA (HECEm 24) 57 ZEFR=EnSHR 14
SMXE 4 2 3| (At w4y o 2 ol (AZUCHED W4y
0| = 2| F (Rl EiAP 2{ A|OF X[ 5= Prof, Edis B. TEN (National Universty of Science and Technology)




F =
T 4277773 oz
JERG) ol
A=A AEAEAEA _ P P P R
kBT ETEED <k <E < < <E < < <F <+ =<k <k
M 3 oy 3 80 80 80 0 &0 = MEEE R oM = N
HEdg~ A 2 HEE e 2T HedEEd
iol ol ol Tl ol ol ol ol ol ol ol ol ol ol ol il wor M ol fof 81 B [Ho M o
FoERTSEoEE : EoaEo A SiERLE
= < ol o K [N 10 5 O <X =
Ll FEahans S FXERE %S SRR L
T W OICOON O W M- W I bl = MO Kk of = 0 B0 "l 5 8l B4 olo Wl K R
00 B0 BO ) ®O OH ®J = o <I0 ol ~ X0 Ko ol @l "l %0 =T X ol
FROHE T 5 5 ol & = TNk S ROk =0 <o ok Mo RO RO RO OF &0
T _ _ _ Gl _
E — K0 0 &0 Rl oH
4 =z 2 i el g8 &
Kb . & [P il orl Sr &r — oo <F —
REEF pEETE & s R FEF A F
Hd sl 7 5F THT i ABETTAT TT
= T o o0 5l
2 5o gy B0 H & 80 80 80 & G _m¥A M &1 81 B A EE ERE
PE~EEAEEEE A [ o & KO o = o uo s AT o
._.._u._ <ol ol ol ol ol ol ilol ol ilol ol = ol M ol Of0 ol ol ¥ F< ol 3 .mwu ol qol D iol ol ol
& it i : 41 B L S2kich: 2o
X ™ 3 K ) z ™ [ o] ml RO R ™ o
o) RSN & BW2BE B ® @ 8 ChwEwme O
ofl =l Ko 0o 7l OF of0 o oF =) 2T zr T OF off 0 BD of iof W &L O orl ofl 0 T Z0 & 20 or 5l
oF Kh < RO Z0 <0 Ko = = I = = M I KH 20 RO = <0 B o = Ko 0 B0 rk <o & Ko T
HoRD T 3 < O S o &0 - M R0 80 RO KT W= e %0 A RO RO 30 a0 K g
_ & 7 o
_ %0 )5 y +
F 3 8l 81 &
— H o TF F il of b . of
F =FF FFIFIFSF FF X F = = ® F ®
Hop®0daH8800 SHed  saafdasl 2B8rxr 23R T2TTT  To
S K ol & & S 55 = —J Jlltheg
o 1 o £ Bo 14 0 B0 Bo O &0 HETH AEH SRR G Mg HE HEE AR H &
A~ EEEEAETH e HEETLEE AR BEsHEHAEA A EHEATEHAEAA A wo
ior <| ol ior ol ol ol ol ol ol < ilol < K ol ml ol ol ol ml K ol ol K ol 3l ol ol ol ol ol =y ol ol Ok dol wol ol ol <
Shriocainhil 3803 DRERSRGIE ERIiL LaEatinan iR
o ol rl < X O nof ol 1oi o X 1o < 1o = < o0 1o oH XU K O nl
F¥Blaandedsy £8%% Fpr¥i¥2f SisE% wRiLoResE JE
BRSO T~ O T o < wr WM = Or Ol TX OF KW ®UOF Zr XM Mk ol T OF oFl X o} KH Ml KK OF or = - Ko ol <k
L 150 X0 X0 & ME KK [0 20 Ko 7 RO = 200k 1o amor %0 = uo B0 = 'Kk am ko oo = %l 75 %0 1+ HO BO jar ol 20 oo B0
ROHr M RDRDE R 05 S o0 RO NKme | Hood s gem | HmEr o %0 B0 R0 M RO RO WO 30 Ki N
i o ol o]
K0 orl _mﬁ <0 KO oFl _mﬁ <0 oFl OF 0 0 o oF o o
o o [ ar
- 8l gn - ﬁ% Bd oo ol o
oF M._____ oF <k oH oF = oF
o+ oF ol oF o oF ol oF oF 1 oF 1 oF & o+

A 2 (ANTIXIE DIAE])

A
T

St .

=

(a2

pS|
(=)

3|

|

+
[

o

rherziig)



o)

ZHO|
al=]

2 (HeTiRi

J

=
=H o
o7l

ME E (LGHAKD 1

=)

Ay

(

E|
|

LGO|!

X

=

O] X 2 (&t

AIAE SA)
(RAAIAE ChEOA

ot

0 8<(

ol &

=)

k=3
=

APMEIXE) ORAE)

AP [edi e 28Y)

=

51

ol ™ +

242lofel3

)

ofl
1ol

ol
Ik
J

ol

60

)

2 3 3 (MAER 2AeRR

732 (Y

<
&

o

ilol’

b

(SIMIch

el
80

5 5 8 (RO AR

)

=8

F
e

St

f X| & (HMIcH

N
o

2t el (AT

—

]
E]

ol
Ik
J

d
ok
7

~o

UNIST 1)

MM 2

G

WG

AR DAE)

oA

X (UNIST )

80
k|

HeHS

=
[=]

BN

ol

KH
<10

)

AMEmES

e

0 7 & (mo|diwA 227)

UNIST )

230

HESIPIE

sy fsrieti 4

M2

3

TR

I BfLIR)

RIS

5

(

e

=
T



T T T Eg T T
o —_— —_
THT TT o7 T B T TETmTETT NazThTT
[T oFl
e oo = ! W M ! HEE e HEHEE e
2= A LG C Ry o & | T B | A ~EEEA of oA AW &
ol Kol ol ol UHO = ol ol ol & ol ol ol ol ol ol il ol ol ol = m_o ol ol w ol 1o
T3 o T E A oy = ol & = = TE T H TS T o0 T o O oo
= .l K- KE 30 TH Bl g0 = X = K o O Tl ol TH 30 60 of g0 TRl I 00 ~0 T @ K-
s o & Ko wl o Ko &l & &£l ol X o T ol K0 dod 00 dod XVl KX N0HS
ar H KH KH B0 = o M ok ~ K0 oF ol F0 X0 Xr &MU of) RO 80 wr 80 Ml =~ O OF 1o KH
K0 TO ofl Xr kU O e ol B0 Ok Kio =3 VKRN E X < & KH 50 %0 Tl of!
F Ok w0 M RO K{ ~NO RO H o S K =) NN el XS RO K ol N0 RO FHOOF RJ K{ w0
T T
- F x - e
—~ OH = -+ —_— e~ — ol ——~ —_ —_ —_— —_ —~ e~~~ —~ —~ —~ o~ o~ o~ o~ -~ 00
F 0 S SF FIFIF o3F F 5 <F FF FrRFFFFFF FFFFFFL
S R W B PR o HEEERRRR A T T
R o ~ o T o I Iclic HTHE A HEEEE
ol W_. ol ol ol ilol ol ol < ilol KO ol o iiol’ ol ol T ol ol fol iol ol iol ol o ol ol ol ol <Hl
T &R F T OO ey T = o 7T oT ey T ET TS T OO TE o OO SN
T 7o) I I 30 Ol o7 ol of! = [H #0 ~O Ol 20 00 X1 00 X Ol K O O OH o io OMl TH
XTaxH B RO &S X RO S N0 B0 ol T X=X Ko B Tb Ko 31 X B0 X H & od ol X il
B0 & FW o} W o] ol & K o R W 1o o] K- B0 51 KH I+ @1 OF orl @ B0 OFF KH <F & ol of X
X Ok 0 X% OF X0 < ol K od 20 KO K I B = oll M0 KO 1of ol OF X! oFl ®RU O = 0 RO
PARN IR ~NO Mo RT DUl O o0 ol OF ol NO KA RO a0 B O RO K W NI RO @l <0 © K &
= .
o
E i
Fo F T T = _F 7 _
$TH8 zHzn Sz wTTs TTec Pz zrhirsiis wrizriea
ol = =3 il =
RERS HaHd  ®EH 0 HEHEHE HEME O H@mH 0 HBRg@HHged  BHEEEgHEA
HE~H HT ET IR HEEA [elER e LC RN E AER T EE T A AEEEAEOE A
ol ol gl OE ol KF ol &d ol ol ol ol ol ol fol ol ol = 1o ol 1ol o ol ol w = ol ol w = ol ol ol ol ol ol w il ol
T AOH TolT o T T oo T T T il T Ao TE PSS T TS T il e
— TR X 3l o 20 KF o R0 T =T o_ayoﬁ_H o ot = Ot TH M W 80 A IH W O OH RO of 7T OH TH I ~
) 8 X ol & ol N0 RO &J XX ol H 3o XXxUHE xXzxH TRV wWHNS X o X o H FO X0 Uo RO
—C 00 K+ &0 ®O o <romp 8l o Kk oll oFl ofr oo olJ = Kk W0 oo = 1l oo KH &1 80 of K- wofl OFl &= XTI e Kk ©d ofr Mof Ok ol oK
<z Ko =r @ oF <o o R KF = ITOR & Ko Ko & B = Ko w Ko = ol 4 K Z0 R0 RO X0 OF Wo = B0 Ko oo A0 <o
o) S ™0 <0 RO S NS S NS Kl N o o S N0 ol o o N o ﬂﬂnﬂomnmnm_.ﬂmx._ﬂ JLRNORN N X S RO K
o) tol tol o
c oFl ol — — — oF _
N __ RooM OF o0 ol OF 0 or! nol 20 oml S M=l nol 20 orl = &0 o nol 0 orl
@ i ) oF D oo ol &l oF!
() = Rl =~ oF o oF ! oF) ok o
®© = o KO =3 m %
= <l oF oF 9F ¥< OoF oF ol or or oF oF oF oF
®
c
T



Society H

MH

M
o

B - z
= =
d = A_. el =
T80 Deween | o
AEn =Efd HEAEER o o3
HEd  Hage SHEEEN §
o ol ol ilol’ _-oﬁm R iol ol o ol T 5 =
o El sl e
= 1l ol o
BRg 9205 Shbmbas Leil
BOIMH  WIOHWOZD o BISIHTT 0 1 1 O
RIBOZ!  BOORUR! RORNOI R KOS) <F<Fay
NIOF T NIEBIR0O NIXISonk HHEZI
o 1= 1o
ol ol K
- = oHE
®W_ T eIKE
P X = roe
= g o e oI~ Uk
= HZ nH P S
TZT qmogps ATTLFTFEFINE
rge hEkie LEAmAEHmS®
HEE 25 0khn odsHed
ol Wu ol E.ﬂ.ﬂkv JA|_ .___Oﬂ ol gr ol ol ol
TET AHEKEIX TT o7 [ T o7 o7 =
REES KDl&hizd Hiirgorsosr F
ol melut wulbhbb 5
BIMJOF  _HOUROKIOE 1o SU<HHROBIGR K
ERORO W0BIGI0E Z0X0O{RMjZox oK
ROlS SRINIZ0S RIFOZIOHS KIT6 @
g - = = 2K
<4 O FO
= T - 4 15
Bl = o < DF o<k
SR e e e T Ty
mmmmmm%mm$ﬂmﬁm%ﬂ@m_émm
HEEEEANAR e P ST S
ol ol dol ol Mol 1ol Ty = = = i< ilol i< ol Ol WF far = [{O1or for
R
K- i ull 337 =3 & i
R e e b et b

A e LA i s e = — T

T 01010k 78 KH iR 30 X1 T o] M= <K XD R lof of <[ <r 00 < Of 5.

TOX! XM X H00{0040<I0 5 70 Okl oF K{0 K0 FO R = KK RO Kio
OF NORNOOH 16 S NIND 1l & KOND H Z00H © KORT KT K{ RO RO
Q KOKO < KO < KO <
of oFl
ol o+ ﬂ
LHo -
iiol Ik ORI =) 8l ~

EEﬂMJWMH

Q
.-
ol 'C
IT @ T T B 13 T o
[ — —_ — =
U0 afrr  rariy TaTT GTTITEE Ao B 58 reeTaToTTs
= = 2l = =
ﬂﬂémxmmu M I Limm HAFSEEE =R DO HEE A S
SoMHEEER  HoHed HoHd pHcgdmd DX EENR AppedEREns
HE m|._ ol =< __o_.__o_._nu..m iol mliol 1< ol ol = ol ol T ol ol 1< ol ol ol < mlod .._....AoNHHL/E ol 7ol __o?_o_iu. ol 01 ol iol” HO
BESSHNSE  ZansD bhpo BooSTan Dip  MERE Boashetanw
70010 0 X0 I <! g o X0 K- 100300 o < o* F oo 00T < M o
FRirhial 2EY0L Yhew Downnait FEda o L8 LeXediiien
o7 KH <0 10K R M THr K{o loflf XTKH¥=  OW MR Tr 80 &M 1of X! oJOFB0mO 0|1k B0 | M_.ol_.m._w_ Tl ol K- X0 K| 5 RO ol Z0 oyl
BOWOOH<I0Z07020<0  mIKOBIZOZ0  RIFOW I RO KOHROMEKH THE FmY  HBoZOKNBOR DL BT T
N IS ROROKI®  SEUEMK  HSSK  HNRIAOFEE NS  Hpig TRIESS S ROE K-
_ S oo
i E R o
— — o] 1oV KA K. — ﬂo
& ol Ririizo P
T = AM x._)_\_u EU: Y = Sld0 z E x =
F X = o7 OH < NP ] Ko simmr & @ o b
H_.9S ] [ FFRETH s =<K [E P S TR T
HTH__THT Tﬁ%ma% ¢¢¢¢¢mm%b%%¢¢ TS SFXBSB L FRF L H T
IEHTROROEFH _lu_ K= HERARmmIoZAEAE RIS HMERIRR amﬂ_nu_AE_m_a_._lu_.AOMn:ﬂAE
BENERLSY R Eo i mmmmma@um@mmm&@jum SEHNETHEN b
ol ol = O O el [ ol __%.B K R ol il ol ol ol TF T 1K 1< < 1< ilol __o_.uAlmA <] el - FTiel ol fol K T3 K< ol o 1<
SISUaTam Dinaen DHREhOLTohRTAxSEeEw 9 RERESHSHIE
o RO IH X010y X0 X ] X X o o X
PHEIIREE X000 HWIUPVVLIWDIRETEBH K MLl D00
ROXMOr ZOMEH<HB0  BIBIRIOHIN T OF M= MHwl XU BO K0 XT 010 = RO <k 1lof X M= 0o JM_ ﬂom‘._qm._ﬁo_._._.mo__oz_._ua_.__g
Of ol TH JOMOBIRON HON XOR KIKO R TIBr kIO <4 oFd T T T ORI ZO O KH 040 K0 m._.___w mwﬂHoA:_. KHBOOH 0Tl &
FINO4I0Fo0ROK] KT S odKORNDOHOE RO0S ROK HOROIRIBEISIK{ KM o NIT<I S _“__.._.-H_A Mﬁm_mjo_/n NI<0OKH = .tﬂﬁa._o
ol
— — =%ou =
& = 2 J59E @
of EY o B%m%m 81
K = ; B | Tolorol
Ao 3 T * 7 2707z @ miogs g &
FEFETIRREHTEIEEEHET FEEALEAEHmAs EEEREE . T EE
HgARrAlEAnggREAAEAAE AAEASHgE gy H IFAEE .__m_ﬂ.m M._)_m__m__m__m___olm__m_
HR A o H AT N E eI o L T A SRS S
o 7= o 10T o™ ol = M__o_. = T3 dol ol ol ol ol = ol I ol ol ol 1< ol o ol 1< o7 1< o RIKO= < ol ol ol STl ol LHO = W 6T = T ol [0 ior ol
i p ) L PO R e fo e e B G oo
o] K0T R0 R0X0 € K- J077 o =T < X o0 X 0o < 7
R020510 81 % 1055 DGO 1 51051 5 B 2 5120 2 X0 00w 2031 2 U E) X A0 RVE wIebs 2 R0 X Ik o

Q0RIRT __mow iR G175 <} ok B0 OKI M T 1lof KR ToT M7= 0] 1l0f B0 0 <k XT 5.1 110f OFI 0] oF) < XT ok K10 OF BO X1 BOKK OF M1 <I-0f RO 0f KI- < 1lof 8T ._%
RIKH TR g BI<IBOTE K0 WO LHO Tl 750 {0 RO T K B0<(0 7K OF O L{0 010 70 040 N0 HO - ROKE T O oF | OF K{0 oF o o 50 B0 7= X0 0K OF IO O =

NIFHORNOXISISORIROKIT® S NIS M ar HislNOFEIS ok RONIRIE 0 S’ T RONI{0S H ki RO omoiﬂoﬂ._ﬂnm_.o._m..ﬂﬂ.oﬂﬁ._

o ZR X M =3 =3 =3 M% Bl
oF _ 5 °© = =) =) S oF
oK "o wo 31 OF 7t Rl W 1Ho

oK RODF ko T wr = ==l o B I



ZTREILALO[OE

F o <0 = — KO
il <F E= ol <
— % % m% % Y S .
3F oo o W FE_B R
TETT » T BT Fitcr reg 3 L@Nsg
= T = o =
I T R T ALy Ghgme AP jm .
HEEE 3 o oo AnddE EEEYE Sl <5
iof ol ol aol WO dor <K ol ol ol T ol ol ol ol ol oFdiiol [0 1| TH = ol .__/o.ro
Thon B 3 oBEE RhaoD 2500 B oLu
] < o 195 i) 00K KX = N T
Homd & & 28k OX®ril pkoliEe waise fg | 1
KIORUTT I ol KH ol gl X0 OH OhUoR ] BO TSI TRl BOX ol _A_'.___o_.._\wz | M_u |
BOGIMEOE [ ol BOZ0Ol THITTE  BOMORORT RO HORT g <k
NI<IS 0 &0 OF  ROOE&O NONOOHS R0  NOSM S olis! %%ﬁoﬁmm%ﬂ
IERENE!
&0 . Tol il g ot
s S SEiD
=
_ ¥ ~ B RORpiE
m_. o M_. X Dol Er )
FTults TET Tod FIFTF FoFEFE g DR mlokEo
HEEE AEE ARE T mxmmmmm%wﬂﬁ£m$a
AoEs EHAEAE HxH AEEEE EHeHEEEELIC<IH
iol IHOiior ne ol ol ol ol o ol ol ol ol ol ol ol OF ol iof ol iiol ol <" <[ Ml o
Sisd E2n TR pmin Sqagsopesie
X = <ol o X KOV IH 1 .ALlM_._.__/ oo o
sahd Bt oo HoDBIRB) G mIE D RO 2Ok
KJBOXI80 BIplsl ol &4 M Z0Mo{ <k 0jo I T oFd XL RO 0| BO THO {0 BO
<IOKH T <0<F&0 m_.oo_,.___o_. RKORIMETIK] T joier ROBORX < OlJiK &= H0 ol
NImroldie  J0mrd NOoko ~nrIJIS S NOIROO] oliolid ik NO<{0S Kq “_Iu._
Smo ok
S 15 105!
frmy omnNl=SK K
< _giago
T T TE . — @ EE=oam
THETTTT @@%m@ﬁ@ma@@x@ﬁm@@@@ﬁw s
= o = = X<t
LEREEEY HEE G HIH G AR H A HE Y s BHE MM
mzﬁﬂﬂﬂﬂ#ﬂmemimtcimmmmﬁmmmmaoMEEEmmmmmm
§¥§§§§§mo°ﬁ¥§%o Lti_iiniiiiﬂmuﬁﬂmmiiiii
e e e il ey
o ol KiRJoH = KR = B0 ol ol & i3 jol JO0GNKFR!S
SIROLIBINE 205 & 1 S0NGI BV 481K o 1 1 011 K1 4425 & & e 6 & RORDE 1o
<F 2RO M- M= OF BT 5. o} Of Off BOROW010H = A Off BO -0 HI 3L O X1 M 5 KloiR0ToF Z010H <H B KH 61 0H Z0
010 0K 51 H00{0 010 BO LH G100 o R BOTM H0 K0 <4 OH K- MEiod K0 T K0 <0 XT <[0T H0<|0 EOROO|J LH 00|
K NOTM SUROMOAL EINO K] NOTIM S ORI TN © RORI_H S S iied M NI X S iied 0 o RO X O K{ <OOKI ND%i0 K0
%020 XK RO e = %= %o
T ok % 5555 =y 55 *
il pd
5 oR o Ok OF T kD < Ui o
iof B0 <™0IOF D Ko lojo ! ol << Bl

_ o |
- <F &l <k
_ = e = i % A
<k <F He [EA <k 3l [ERA
NTT TETLEAT T TELTERTE T AFTTTT @@%@))ém@@
ofl o = i [ ull
h=H mmm%%nmL%maﬂmmMm H_BIHEEEM mmmﬁmm#fmm
REE EEECHERRRENEEE e TREEEEE BEEREL A
o ol Aol ol ol ol =< <Hll =< ol ol ~.iiol ol }< ol ol ol ol __Oﬂ EE __o_.__o_|__o_.__o_.__o_. __o_.__o_|__o_.u...Al__o_.__o_.lo.l_.bl_J_o_.__o_.
H%% mﬂﬂM@£ﬂﬂWm§MMM@MﬁHSHMmﬁﬁm Wﬁﬁﬁ%ﬁﬁﬂﬂw
Q0iiof [H X07700) ol X X 10 ¢ M 0/ RIgI= = X o] <
BHE HXWOHINE SHROEBIE oIS Bl InIE! XM BIBRRIX 8108
of Meolr  oF<F =~ O XKk KK KK ior M= Obl RO Tl 0 & T o RIoH o3 <O RUZD Kk il 8 fofl = OF Tl iojolof M
KOOI <I0-TOKHEOROTE B0 _H IR BOKOTIONKONIZ0ZO M 0BO  75H0  _H M- HOGORORI M- T0Z0 R
NOQOK{  KORNOEM o Kl iod M A M-ROND DM M <00F0F S S o0ROK kT T ol A RORORORO T of =&
— ol
T ir =
T T ; Toiol o
- = E ofdofd ofl
P N DI - UG ~ - G - | i S - &
FEH TEFRTIGLT o F 2 LTEFT FEEFTEFT o TED
M oy mmm%m?ﬂm)mm)m)% _ BIEMEE A e o
BoE HEERHS el TR e E A ol H il
Tl T ol dol ol ool <C i dol = Tor ol 1= ol 1=l <4 & e ial ol 3ol 1ol ™= ol ol Tol ol 1ol ol 1ol ol HOMO 1= ol Tat 1<
e e e e e
i [ad] ol o oVrs = =1 < il K
Ba% INT oK SESHRRRmsn Sh b rn 5 s T e WamibieBdm
ofroioF  Bomjo<H-otorlof OFoF! X e O M3l <80 n_._ KH o1 <M RUBORN 7] KH 131 110f X <ol ST KM 0K OF Ol K0 ol
KOKOED TN KOE olKOR BI<FKHior ORI T0OFR RORD =X o] KOKOKO R 1l B0~ X! 7= KI0<|0<01l0f KO
Nimrg!  KRIFIROOHK 7o oM m_.ﬂnﬂnm_‘m_‘Mno_lo_uor_ S © RIKOK] KT KT o 10RO M- RORNOROND 301l ol X
B2 Tz
o —

TF W . T T 5
L e P e PN L L] @@@m@@ﬁﬁ@@@_M@ﬁme@
oF- ——8lof! 1 | il bl
mmmmmm#ﬂﬁmﬁmmﬂmmmmﬁmm G S g
AR A e A e E A S A H N A
Iy ol 1< ilol ol ol ol < ol ol 1< ol T fol ol ol o ol il mom_ = ol ol ol 1= o ol ol ol ol ol ol <. 3. ol ol ol foT =) T ol
S BBk B 1 S0l i 5 i 5 1 212 BOGD S0 Sueoduis S0 i i B ap W

O ool J0TH o W™ 907o] 1o =60 o o o0 oF1Ki0
S L g e R R e i S R S e St D h R LW EY

S s e S S e P el =2 B2 2

22
NJ RIUTT TH RN RN R OJ0RM <101 O o7 B0 40178 010 = oF ) T

T OF OF MM K- 5 RUGF! 18001 XTI 5 K104 fio o /0 o R lof

FH0 RO 1010 B0 T O RO R K{0 ik BO T KO < <I0 T ok o K0 O Ok! i3 T OK! KK B0 Z0 LHOKI0 TH KOKK K790 K00k K{0 75 M- 1161 B0

n
T3
o
<= 2oar
a7
=
Ho oH
od wrir

KOKO =<
o7
iof I
o
T+ 750

0l

ORINDS 0 M RORNIE S K o H AFNIROIND TN <1 0 0F OF © '© ROKO Ki ik T o 10 1 AT NO RO RONO RO Tl 1l <

g S 0l A



= & W T T

=<

S Hor oo F X EEE _H

s = S e e e R E #m3H¢¢A

T_=HHE _m__m__m__m__m_ iof 4 %__m__nur

a#mmm¢mmmim?m o EE

& m%%u%um%u:o:oﬂm.ﬂ__o_ =< 1ol Euﬂ_umm_l%.ulﬁﬁﬁ = 1o

=< [} [ T K- (e —-0K
Al 2 i ROrH €3 T ol E0 G0 rH EO SoKF I

PRl S o

ZDK00f0 TH <[0761 RO Z0 7T OF OF < AT = M01l0] oF T K- [N
E BT 50N 08I KoKOKI0 51 = 1o <|0<I0KH 010 Z0 JFIFIF

t%E%NNNNNN%éééziid% ERENE

Bod
— = ol 0T ol
= o ey
= B I KFof
I~ S e
=< =

W S M HE_ . M KHKHOF

tgobHprE miEEbgabsEgEE < FHE0
HIEATEE et HprdE s Hp=E ™ Roworo

Ao sWEEE~ A ieEe o

__oﬂw__oﬂWﬂE__oﬁW_ [0 T ol ru gl o [ il Rl ol ol

MNMEEMH_‘__QOH.__;._HEH o.__N_L.u_L.HWm.LHM_Lw =

...A|._._ T = <| TH O TRIKEKEKE Tl SSKET K0

FoliolBlHo il X0OR KMl TR o <84 H

(((((l\l\/\l\(((l\l\(/\((( —

11o] KK M 110f O OKI 610 0F) X lof ORI KK M 10 1010 Z07ef = T 1lof ﬂw
Jiiol SN HO SN Z0<|OROKIOKH = 0l0Te k! TIROKOLH = _|...A|B+
403VBOFONS 55 5 & sIRORIRORORIF w0 1
= _.r_ m.og_”_

— \).Aon” 3 = O] ok
<+ <Fm=< 205 1160

T E| EE3Ey ATm.oH_ oln

= 2 Amd

<k H ))__oﬂ))__oﬁ M- oo _ln_ ———
B I I R P s R e o I i P ol i e A R | A_.AI_‘
HegHE - _m__m_%_m__m_ E__o_._m__m_l_.ﬁ_m_m_m_ u__m___o_._m__m__lu_
milwwmmwmmLMhmm_mmmmmcmmm
ol 7 ol " ol ol ol ol ol Tol < FZ. 7T ol ol O fal ol ol ol ol 1= ol ol ol
ST S TS~ R T B T e S e
XTHX <|THo0= 0= BOTH TH ~ Ay J0S = J0T0Ii o] el nOOH I
B1X0B1H 0l K0BI X BI=R oo TH 4 BOT BIBORKIKOROS X X RO

10H T RO R MU oR I XM= BRI N BUR TR0k 35 040 TH K10 K
HOR R80T TH <0=<00T K{0 x_.._u.AﬂMﬂo_L __2 OKIOKIB! oﬁo__o_. _.:oA_. _ao 7=_

=< OFKO
ofd
oF
ol
. IF
~OK0B

2 - 77
5 3 5 3

2 H \.u_w ._ % = W_Io
ol Y O O~ — =W
B = EPFEREFHISEFF o, T
L) nmmmm%mmmmm okgou|
@ F clmmmymémmm nHis
N 2 Spraeror o T KO K|
on = mDiol ol ol ol T5- __o_. ol iiol" il S IKH020
& B mmmmjmﬁmmmﬂ§$%%
5 el Igon i el 0 R
© L <g@@@@b@@EU%%%ﬁm
B B SRR EEMS o _.M el
N T KON BOBOROOE %%%m%mﬂi
Nz QHQH%ooiigéimimé
) _ln_ H~
P |u__0ﬂ...._.m Fiior
__ HOTT _“_W_ ur.unu.
F M‘u . 700 TH™ =747 Ofl
B ¥ = — —~  HWEEHX
BIE T T owmwo
oFE = T CEEEy EERIR0E
%ﬂﬁ =0 ﬂmi)mmmmi)mégmgg

AR o HEETHEEETO
A_._____o_..k_u._ 70 ol aol KF = o o T __o_.Emf ol o
2% @ e

= Zkd
SRE £ NEoscRIeEsh o &
WA KE IR o] & KIBUIZ0BOST 1 ;o ﬁ et
BONUZO TF <o ROBOTT <|-ilof OF ol <0KO _ R
__KFRORO__OH 7n7nnzmumwMWMWﬂqmno+oleAoan&m\/
7 Eaclie
) .._.m_.l..AIUA |

ﬁ = PARALLENE
mu._On_ = | O._o_._._._ 0ol
AT oRl 3 T ier 1 RN
ol xﬂoﬂn_.o Yop prgi:
— Tl — e~ orlin0
EETHIRETHEITEE T Tan s
A:___m__m_.Aro oo [Her .__m__m__m__m_na_m__m__m___% ERER: AT
SEERES s b PR TR A
A.___o_.._o_._M/uoOo ~ ol ._Ml.A ior ior” ool w- -yiol ol ol Wlifol ol LJ0ST
e e
r:@@L@@@@%@L@@@@%WW@H%@@@
M RARARUGE T =USi0j0730 0 M KH o F0oF oj0is] < kO KH HOoF!

S B0 BOKOTIH0 B0 Of = 1< 7 RUZ0F < T SUROTE = ZOMEKO
A.M NS NI NIOEFIROINETr40S © K nIX O RO0S 8

S

3 [T L
oK ROROXXZIXX =< ofl m%_

o — — 0

=g - Mo SRS oF oF
5 o e 8o oH o]
A e 7 P
=< ol IFROE0j0= ol =3 Bl

Fo-
o <+
__o_.\ﬂ__M__
oM ol
%l _lu_ =
s
R S
ododlio

PO
Ho=oF!
NIOHS

Tag
o it

am_. mm_. ol
ur_u

3t w4)

1E|1H

_._.__”___o.__
T OETD

OFI < R TeT o T07ef) XN oI 5] A?xe ZOXMRULFOR ok Ko = Klo ol M<K Al 876! K1 &7 K00 <+
0]JiK0BO<0TT M= R0 T0BOKH K015 OFI THO 71 X0 X o7 ORI B Al 040 K0 0400[0 OF HOL|OKH 51 X0
<00FRIKI RO ROINOOF S ROBINDIZIS S o0ROHO

RNORN0OF S ROK{ M RONDX

IﬂﬁwMH
|
&

g
1 =
<d wrmo

=

= ¢

e

ol

F_
zrot

<Fz0

O[A}

ORHNORNDI X

0l

g 30l A

o o \I.M”
=< < =) —
TT B 8 4 ==
T T = o o S a=XQ
<k < HEHo T =T gk < F KROxXoH
E| Homer Xm0 o HH [ Il S
H— mlezoologm mpdmdn %J@H:%
i% ol m%%EMﬂgﬁ <Sfuier ™ aer ™ aar N?Um§7
H SEExlpomS s ~oETEAT Nz H
iL Ol T QI T 0<| Z = dol Aol mwdol ir ~ ROROKIO<| X RO
gu DShRROiEge ooSo g0 WE%A%%
ol o BATHO{ S o 30mIG0 ol =T LHOWE <00
RSy %%@Q@%@@@@ %%%%(% EEEERE
KHKH  MH XM 8IBIKOBOGIOHOMBION  Z0<FGEIGEITZ IHO o or oFd T7ar &l
20%0 BOFOOHHEBIR KTl OIMETEETION  ROHOROKOR
Sisl  NIROHK{ROTMX040ROK| AURNIRNISIS RO HUS S o Ro
ey ey ) ulmw
— < _— -~ =< <==<
¥ o9@85. X ¥ . _o oRW
FOF OA_O=HET_ o HFE  F TOF OFIF=
—H H <R SXH prAME ___H X0 055
R o o T e e e i e S8l 12 W
Hir =THhES MaD Haro g = &t H%HM?@WE
HET ﬂmﬁiﬂ ITHTRITEEAEAT 2K Ho H<lilH
Z% iﬁmm Léﬁmﬂﬁﬂiiﬁ M =/%0<| K0S K{oior
5o, MSmng ?Miﬂ%mw T 1 [ 2000 7S o
i ki X T Eyﬁwmh)ua__ox SO E K- = Milio) iy 307 o=
el DAL £ L8 § BOonal SEESEE L
Tl EOMBI00MIEORT BIBIKHBOROGN<H O XM THE1  GUMOMITT OF-0l0XT 1HO
0{0BO %0 OF= OfRO<I0F0BOEO E THoMoIHKE  RORUE KOO KITT
N NIRISISTIRIZ S K BNINIe S M AI0lS 5 RIS
=
o o o
=z -~ H = = X EP
=<k %)M < o o o X X oo
I~ dE! <Fo o =<0k {F<F  <F<FOFS O.AFO_”__'_M_
moﬂ))%mm XS0  ~HE HERE oK 0
_Luu.Mur_HATAT_“_W__Iu_ T 0o ._m_l_lA_.EAT ! _In_AT_lu_ EHo D =< TUIIE
%u_w_l_”__.__ln_ _ln_...momm_.m Mm.ﬂx._”_lu_ u___o_.__o_. L__o_}w mHﬂM%bgoﬂo@
NXRIEE oo < %E._m_._m_ THTTOR O M
E%%iiﬂ%a EﬁTéao¥%EEHWJA%ﬁ@§%
ROSI0E & = o ol ME@WWW%O-%WHEE%&&EM
%%OOEMM OEH_¥%_1%E%HRHQ5MM&
Wi 5 % 5 & K KKK KES TR Kol HOKE KE < KE KE & REOI0



smstin 24)

J.L
SRR A%)
jeithetm 24)
OlsReiFISriE )
NS 14)
AERIE TS Fm4)
chathstm 24)
RISl Holotne)
;mxrym o Rl

6“’\3’5‘55"
oN
i
19 0
=]
J

F—\A

4> > A rxorol oo M rk

o

[

u
sl

T

e
S0 4
&19!&
=1 El K 0]
oﬂ|=J_|
2PPr
:k

L H=AE

%
ol
3]
=1
5

B
=3

o=
%

s =

ol

El

El

>

lrfeta )
eyl e eyl
el e Hoi|w T)
Tl 114
Arhist w4y
RIS AT RHITL2))
xRS my)

S aIEHESRHE O[AFY)
Mehistn w4y

[ [=lmimE]

LG AGTY 22
SHEARIS AT 22Y)
INIEHE! T Hol|w)
[SOAXICHE! T )
Sttt way)

0 ISMIPEH°*I'L =)
A=t
St ﬂ%‘-
C{=El CHEO AN
TﬁEH°*I'L imey

ON ON oM oN oN ol rE 40 Ok oK k1 K1 oM oY oM
OF 0F O H1 oF 19" OfY 08 Ol0 MM = 0% 0% 0x 1% 02

ol o

7

ol

OO)

oN oy
o0x 0x
r°l'5_>:F<m

-

E@a@ﬁ

N ON ON pN oM ooN oM oN oY
© 40 oo 08 02 0% Of> 4> K~

r

N ON O
oz 2 J
0 ol lo B 2 rx i 2 HU rkl 2k 0@ & & 20 2 Hy rel Hy ro

c@m

NEINENE
RS
I Hob

F"‘FT

v

N
[
2

=z

N
m
as)
[al

=

Z1

ogk
’E

P

roro
el
:".é:"‘.:
Jor Jor |
El
El
:L);

—_ =

I:H° i
ACheti i
lof=nsic
stojtstm m)
OlgjoiRICElm 4
s tehn w)

Zrfstn 14)

(I, CHEEOIAY

o Slm ]

QFAAEN 5IAH

RIS AIOE] Holote)
HIEHC’*" )

AR} ORAE])

EEHC’*I’L )

Mot w4)

2 o

65
3

il
q

@
El
El
!

1T T T | 2 HOo oM H-oof oM oN O
EERER

T
ol 0o 0P 09 0Xx I Of 08 0X rdo N
|.A>

ron

£ £ |
ol
2

4
0]
J

';n

>R
> 2
> ,>.

>
N
2%
1o
El E
ElE
bR

FO 0x HOrie 4o of
Do 0=
HE S
D E=

=]
5

OKT 09 12 ol OHT 0 rH OF0 rQ M ro mx r oM H0 4% 10 m -4 rx N oX Y HL 1> 4> 40 0% Hoh r rok

s
-
o
El
=|

frhfetin m)

o
“ﬁ%%‘o
:'_'.:0|'-|
W B
1E:
nEE
5

=

2Chstm w4y

t=7 [ w|Hstn )

3 (ZRYHEZT2(0} CHEOAY)
SHLfetm )

fa.

40 rde 40 FO r® 02 r2 o> r> of Of> Of ox rx

ox 2 ox HO 3 MM o>

’|-]

RIS B AT

Hi24ch g

ojf4 et

—_

32 A (Eeem 14)

2 BH(GRIRH2)

42 3 (el )

T4 (et 24)

0718 (@Mt 24)

245 (3t 24

791 4 (QIFichstm 4

# 7.5 (et m4)

# 2 7 (Blolrietn Astma)

5 9 (B12A101 oA fEIR) Holotme)
5 & (HEEARROIS) o)

277 Al (H2ARicHetm )

2 = 8 (Yeefetar 1)

25 Al (QlstBeiettst 14)
U (EAREARE 7, 2
22 o} (FARISAIC PR AT)
YN8 (et 1)

44 (HerfEm )

2+ o1 (S2cketm m4)

24 220 1)

4N 5 (@et 1)

298l (Eolrfetn 1)

47l EaEcem 14)

2% 8H(C Sen Dego/7ISABA T/CHEOIA
2 5 (BARIS MRSl Heiotne)
4 2(MSARsm 24)

AR (2 1)

247 (Zeifetm )

U5 M (Efstm 24)

4% 2 @ e 14)
2714 (Zeifetn )

284 (mefthstn 1)

42 (meifetn 1)

2 8 7 (NER Il 24
U84 (R AIR)

2=l (B0 24

LS 8 (Bl2iely ! Holnd)

LA S (MetEt 74)
(sloretm 24)
(Az232/0} cH=OlA)
(&Alfetm m4)
(@chem 74)
0}0|L-IA 9_|Xl)
fojeiEtm B0
Soixitfetm 24)
ofristn 74)

4> 0z o

ol _I="=‘ ng M 0lo 1> r mx* Ho r9.i 12 08 Ho = N o ox me Hob ror Ho > oho om rﬁ
=
T
)
of
El
El
jt

ﬁrAA

ol

B @

‘”E%EmF
LS 52
i 9 100 10
Bl R
Bl El
£

i SimmES)
e kel m4)

;n@

19 12 k1 H0 0% 02 MM & My OBt 08 0x 0x M

=

T rol o rok

!

(BRTEL7E ar)
(E=mep s 24)
(LGI:IA“EHOI “‘-T‘H*—’)
(B2 i 14)
(ENEE @l% ¥
(BIEIRP K2l MEFE)

404040 FO 2 02 rQ o> > r>= o> Of M rx > rE JE JE 5 JT | )T T T Ho U H oo

2 ofn Ho 1o of

£

24514 (GO IE| EACTO)
UM 8 (E8Buchem 14)
3717 Qe )

o4 H (ffstm 24)

D85 (EBdfeim 4

298 (MRRcfem m4)

7 £ 6 (BIRHRISAIRR =gy
7| 8 (220petn 14

2o (o_lsrcnam )

N
a2

02 1 0¥ OfY 0% 22 0 e 00 02 08 08 0> 4> 0x rx I .

ON ON ON oY ON oN oY ON oY oN oN oM oN oN ooy ooN oY ooN oM ooN oY O

oL
Ol fol o9

m
£

2o PO | CHEEOJAD

(
+(E

21 E.I_.Il(oloF[Ho}'ﬂﬂA)
(

ICTK CHEOIAD
(xo G il —IA)
(

3*'EH°'IL' )

(HEEH°’E )
(Z=rhstn Zojlms)
(ShadoHat m=p)

S2|hatn FoE%)
CH2ICHSHD 4y
S MMT SR A2
Y] |-|:Ho|’rl|_ 2N
(JEEHor—; mES
(EH%!EHEI'L s

PEEERER

4

BB
b
=33
PR B R R E

it

(e=1Rl & u)

Fa..
_I
1B
0
w
E
E

(SKoIOI‘—'A E”)
(SLIERH] B5|x)

zzm&mﬁm@mmmmmﬁmmmmwmmmﬁ

o9 7 (At )

3

B

EI

2 (BIZHRIEAISE) MES)

78 A (M20etm 14
81 2 Al (Zlchtn 1)

ut 7 ef (GIchstm Zolm4)

=13

40 40 40 FO O R r2 r2 o> r> of Of M 0x > > 0F JE £ JT T T

M2

0% 0 0% 0% 02 loi ol 02 OH1 FO MM OF HT oK 0% r2 r o2 MM X ro >

o 2 (USRS 14)

(@lcfstm 24)

(LXMIDIE'— o)
Olsfeietn 14
OIEfBE 24)
SAlrfetn 1)
Bt i14)
(Bi=afely [ormed selot
(FIARIS AR A1)
(Ofzietn 4
(Bl=2aiaty etnel Pv)
(AAIEIR} OLAE)

)

=

ol

(BRAE ChEOY
(At 1)
(E20p a8l 1)

O 1> ol Hob thu 4 HJ mxt =4 H> 09 ru>£ 1° 1 k)lI =>'= Ho rab foh Jfo =4 r9£
>



b A (AR E A|.x+)
(SI=RIXD [l RHRUTLR))
(MSrhstn ﬂ-’#)
(T AFY)
(MAretn )
(m2icfsti w4)
(FrIRmLalEl SAE)
0|« BH(Teichatm w4
0| A 5| (&2|CkY o)
0] 5 O (TMIEHE L w4y)
0l ¥ & (MBCHEtm =)
= (BIAIAR 2ARE)
O| Xif 2 (BI=XISAITT R AF)
0| M & (MSCHEt Hojm=y)
013 & (MSchatm me)
A (FIZSH|FOEtn w4y
0| iH © (Olsfetta m4)
& (TMcHEtn )
0| EH # (Tchetn FHojlus)
0| ol (oaqrhstn my)
°| A S (MHchetm =)
2 | & (SrJTheti Hojlu)
TN 3 (Zi=rstn )
ol & (3itfstm )
H 2 (NEmfstm me)
Y o (AN E3IED
B 1 Y (BEHRISAY ohESol)
(MEsChstm 24
AIMICHS S [ A1)
Stfsh [ )
ot mEHC*FL E—’F)
H:HOEH_ I.Lz,\-)
MSthatm 14)
(Ethsm 24)
(SkyMi CEO)

(A‘IEJ-P 7 |srhshn w4

© Ho Ho Ho 40
0x 02

OF! Opf 0%
Ho I8 Ho hu Hol- Jz

oL

==}
ofn
:LI

|-o

@

2 02
% 2

o

rol

(
(&
(®
(gt
&
(

B B4 00X 0 0 o
08 0x 0T r e Ho rte o

X

B

wﬁegﬁmmmmmg

]
Mo

' bi
oy o
x

M2Chsta w4
-LI A 21 (GHXIE! CHEEOIAD

= (2 CHEO A
& (M2thite )
(AEEH“I'LI'L—’F)
(EOIIIE“EI P‘)
St 4-¥°*7| 2 AUHTR)

l-_
>
WA Hob N MM mxorl rx MM A ox ek o

H

T @rol

i

Jum el
08
El
>

I
Bl
|=_I|=_II=_I|=_I|=-I|=_II=_I|=J_IT_I

ox MO

I
S0
o 1ot
Bl El

i>./

o0

OE 0% 0@ | o A

=
el
Rl

chist

;B
r
=
ol
&l

=

ox
lotr
=
ol
=]
ST I

Jon |
K E

4

olol ofol Ofor Ofol S ok rok rol ok b b
>

reorrere

0N 0|
9
=2 L
Jor jon
El
q

= ElmamEs)

215 ST )
FTIRT OIAE)
Hristo w4)
CHEH )

-
CHE!T Hollwr)
0| & A (Tt Hol|w
0] 8 & (StYthat m=)
0 & 2 (MS2Ie [athatn w4
0] & Ef (ASML =)
0] 2 Al (UNIST )
0| X M (m2qchete W)
of T( A CHHO|AD
3 (MSchshn )
0 | "l -‘rl (S=CHSt Axfmsy)
8| (=) 2chsta 24)
S (MSThahn Hoflwy)
0| °F 2 (EYhEt u)

f;

< Ho Ho qo
0.

oy 08 1% foi
Ho 1 > of

=y}

kel

N o
0H 0%
EERE
£

=}
Ho
~

é ey
OF
=l
ok
B L
|=_I
FJ
j_t

0!

|-0|- ron

I (EFE &8 )
%!”HA@ 37 [ oR MUTR)
& 5l < (O[2foIRIcHalw )

(o
B4 & (G e By
= T (M2thet Folws)
H A | (ol HA AR
HyE (M-?.h_}[Hoijl_ %)

MSshn 14

%
>
40
’I—IM
oot i
o
3 33 ]
El El

(Xt

El
byir

2
—
I
o
[l
=
o
=1

H E
1%
1=}
=]
3

A Al— j__._xr)

H t* = (é. *Wr AR

A T (SMchshn may)

5| B N (BIRTRIS A AR

58 4 (F2fetm 4)

S
54 o (et 24)
% 7 (Qlslcetm 4)
o

JT
2
_?.
>
o
I ol
El
=|
1

(A Rietn 14
(DB310E) 34

(BlotrHstm m4)

(@2lfetm 24)

3 (IAOIAMM CHEEOAY

(él_ X-I)(EAIO:L_I.L.:] xHOIﬁ__rL?._J)
8| (ehATIR} OFAE])
(AoIAD | $912)
Olsjetatn Bojm)
FUrHetn m4)

OFECHetn 14

Mdthstn 14

ofol ofol Ofol Ofol Ofol mO Ol [0 [l ppi boir poir boi boh
=r2 MM }OII O D2 loit jop 2k .H.I o_>.. 1> o oo 4 m

O rdo 2 Of> HJ 2 i rlo Ol r2 o2 oA

(
&
(
(E

&7190 28 - 718, A5t

MHHRAAIOIHE]

HiXIG 22 - =HEtatiE &

7|5 25 - A 2, 22X|, 8K, #25} 89

H2Y B - 25|/AAMO|ME|/HTS| T, slE2ta|HolsiH ¥ &
LHY B - Hs) HR(EALO|E 2| 2 22fQl/CIXE LR XA

AT A, xh/ﬁ;:rr&ﬂ* x|E,
0[Ok 2% - ShASHatls], 2 2Fs|9|(0AkE], Holps| Y &3, &2

ZHTC-CSCC, ICEIC, ICCE-Asia), AI2i(7 [&¥
| 7|EL XIRYL, OB K|s AMSE|AA0[0E|

%‘ﬂﬂ) E, SMAA0[0fE|

S), W, TAEH| H2|, BHERAA0[OfE]

=
0[AZI M7| - Z2H[EHats| HRH(TC-CSCC, ICEC, ICCE-Asia), 2= 7|2t A& (Joint Award

= (0lsfoiRlcfetm i)
Cizfetm 24)
ST MR O
otchtm 14
SRR KO HeE)
1:tth"L 4)
o)
QAIOI_EIOFEHﬁOIAD
FZAMRITLA CHEO AR
Rechst 24)
ARirfetm 14)

O F
ox Op Jx
N OLO r91 Hl

’\T"
Lt
Jon
_I

0|
(Sl
OI’\

I rﬂr
@

fa

T

19
ox fo
o

0|°I;+
O] X &I
0|x-|0
JES
0|x|-o
ol
OlEf S

@E
I=-II=-I
=] El
1

,;,\
w%
o5
2.9..
_|l=_l
_||=_I
EEE

EEt.'_*Exﬂ §| YRR

wom
£
9'_
El
_|
zz

=k IEHE.’I'L I'L
= I,

4

o
190
>

folr 1 40 rde ofo 4> > oE fob HE MM A FHob rQl =4 51 HM OI> oﬁ I-D > 00Q 1 rA A om0l ru>£
=

i=)
q

E
Hi
o
¢
El
g

o
G
9 OiE
-
o
El
El
RN
=]

=

[N
J'-IE
el
El
=]
I

of
(=)
En

ASChshn w4

H%Eﬂi.*ﬂ =)
EYrhet Hojlur)

E}QE!I = Aptr)

[
%
]
=l
_|
>

)

w

2 r2 oz 0% o
0F r2 o 2 O 0x mN Of> lor

A,.\

X‘l

0% 0

%
B
g
A
J=_<'>=._

x-|0=|
o
’STJ

@
o=
i
9,_
El
_I
\Z

_'__l_

o)
I'

N
0
a2

0.
0;

ox ox
o

=

2z
2 0l
;i

>|

@m

olc EH:\iO w)

1157 |49 14

T (Emssin 1)
[SlimmE )

2 lckstm 1)
oMt 14)

M SRS

FAS -IX1X|- |]|»AE-|)
AR [aoin 22y
SRR AR

Sirteta 14)

ARG A

ST %)

et wg)

310]e AR
Srietm 1)

iriet 14)
At 14)
FRARIEAIGI Y Aot 29]
ey

—
I

ox Mo r2

a
I'_6 I
Q
108
_I

o

E;F@n’?"F

==
8O

m

OnEma
1["

=]
]

oz

ol

G

> T2

02 X
Az
g L
;LQ.
[
¥ g
rﬂv>
[

Olot ofol ofol Ofol Ofol @It rO! rok rOl Ol b bt bt bt boir b boi 2 2 A by by 2

r o ox 40 &2 2= > ol o 2 > 12 0o 0> 0 Of oX 02

0f 0X MO 1x 1= -n lok
WoE N R
A
0gk 0! =';‘.=
T o
El
El
it

o
o
A
3
El
=1
5

AP Eig) wet
|

Bl 7%, S 22 il
U7 BEAY

24 S), =

22|, ZREAAMOIOE] AIAR S TOIAAOI0E]

S), JSTS U SPC &7t




HI5X HUOAIE] E[eE

2 HZatn 1 N oSS thyt AFECHollM JHESIRACE
Xl 5xF AU0IAFE|7H 92 152US) 174 5t5] 3|Q|AofA THEI=RA 2 ofallofilz 7| =L, ARG A EY Vs TEH
O, 1 A= ohsat ot oz Mk FERY S CiYet 2oz JRiein, 0fH
SlEoiME sehited, 3ot uteh 200l iMooz S85 1 Q)
- 2- = QIS 71ES Lt dexe| HE dUk=2 66T 2| A7
AR 2 S5 et & 78He| =20| YHERICE a2|1 1A
1, 5lo] 0% MY 9 Zt Z = t

tolo{E| H31
AOICEIE Al H &

N
rhr
Job
ol
N
do
rdo
fon
SR
t

|
ol Tht
foi
N
40
]
ol
=
15
-

HI332| QIS XISHS K

QUSXISUSKE| AAOVEISHRHY IEE wp)oflAf HZ]

=
= Ha4s] O1ZX|s AMEX2| SHalisl= 9”2
2t AGstn MMHHAN A ZIRYZ|RIct £ &t

TR 474 ste7t gl o2 FAlshs MEXRIEE
TCi7} 25) 2023 RE{= THEIRAIESE|9| Ol

AOIOEIZF H=C2 F5ks QUIZXISHSK| statisl2 HE

HI332| QISKIs MEX2| statis] 29 E 71EE2E

7 7 0 _The Magazine of the IEIE 12



RPESE|Z01T5|(@IA SBQIRA 1 ARk} DAKAST)OINE
"He33| RF/OIE2T 3= YA4S 98 21U(=)~23Y(E) 2fat
ChefRt S HOIM IS,

Rlit 2347} B0] Wiz 7Ha0] UHS lath Pimst Astol
of M2IIS0| RO 7iaol BES BR5HD Ol 2 LS 2
0| P12 st FO| Eloiptont Bsl= Hno| ML IS S
291 % Blopg ot BZOIMOl M= Y2 =ofg S8, 2alfzt

7 RE/OKLR 32 AZOIM AP} ERE sl 71e WRik]
H LIt 3 SRS SIE2 A 22 519100] AAY Bie

H| A7 % o7 04%% Yot g

023.9.21(8)~23(%)

RIEXls L] shatie| 2R2E

13

2023 WISET OfCHataM Fetoieln| XI2A 2

20234 10€ 6Y(D) =17 Esla SCHIEMIE] OMO A=

oA S8 IEP [&RS gt SEFHo 2 JHE|=RICE &

RS/l SRS & 1000H0| Aafsidlon, 24
0

THOI lsteyetn

Q:J
IE
lrt
o
Tor
X

St

S oY

ol
o

2023'-*5
ofceley BSHTER KEiA

1 20234 108 6963)

xMAtZete|x| 202310771



Lo}

A9l 7t
202314 9% 1Y — 20234 9Y 30%

717t

Hsl3)

(

A
(=]

Stw), 5

(S0[aHcH

), HSE

=

). 2571 02k

&), Hah2l(MATh

=

=d

71

14

7 7 2 _The Magazine of the IEIE



o9&

www.theieie.org

THE INSTITUTE OF
ELECTRONICS AND INFORMATION
ENGINEERS

1. 82| 7HZ|
3|9 H3 LA PSEN 2 ot
== lolof = 9.14 o = - == -
H 1R SHEMSIHE 39 17:00 ofg| 29/ — S5 ZH0f 2ot Al &
- o = 9.18 == = o = =
M| 2RF ARt 9l 7 29 17:00 of3| 3l94 — 2024 AR ME | =2 &
- gAtolel 5|0 9.21 =15 5(0[Al SIEIAF Ol SIEAF AAS Alo
MR ZAE 2/ 17:30 ofg| 29 — Sy S SliEe eaSEA 4O
2. AL HE|
TE HALE 712k i
CIEX|s MsX|2 - L = =ia] SiAarls AH ety
e e H335] QIEX|s ASH2| S 92122 ey
- - _ - 2rOCr =2
RF@EQEOJ:FLQ Iﬂ23§| RF/O f'gij §_|§ %2_]3)5# 921-23 L(l'iki fff
0|95 olm A e & sl
Nl AlHCIE ¥35 9.12 oAl
53|94 2

15

MAREEHE|R| 202310 =773



Sg|Ugl= DRAM flash
mEe] Hofo A AA il 4
9] 71&S Baekal Qe )
wE| 7|40 FEatolnt, 59,
1992 AlA A 1915 AFAIgH
ofgf 1 AgjE AAL DRAM
2= Aae SuEt A 8l

ESPU RuiS 2 A ALY 7)4roln] Lt
OIEIGRIHED o) pxgolet s 231 w42l
of ofufrt, el WRw=A| Axl=r

o] 9)E fAB] HlaliAl= Haﬂ ] Eeje} wu ] o
o] WIRo|A] A|AIA] S22] HAY S SEsHA] (o <t k]
= - BRI Adste] A Hﬂﬂ ek, olst AJ3tof Al
HHE A v|mE] 7]40] At dAE A e, ujefE 2
B A ou|rt Qlet sy, & 7oA 2t v
ool A] - kgt o1 kS ekl Qs

AFAES] olopr| & £

®e 74 o
= A
A - F-5-sko] HHe A UﬂEElOﬂ ol o= 8l
S AlE S ok AR7 He o, S RS
2 W A 7IRke] vnie] oflooe] YA S| E st
7] $1all AAl e v e)E ofslskalx 3& 9 A
27 ARSI A e W 2 At E Ao ® AbRE,
“DRAM 7|9 dAje} mle(dEthsta &) o=
DRAM 7]9] A}, &4 W Al 7)<, 310] W 1 3|2 7]
<% ZANES Al 1T DRAM, FeDRAM, VLT DRAM,
CNT DRAM % At DRAM2} HBM #j7] 4ol o] 2= t}
et -850l 2ts] A7hETt “Flash wke] 7]s2] &

1m
#S
-
N

_r.
[0
ol
rr

774 _The Magazine of the IEIE

gl wje (4 &5t |SrfstaL A1m) o

2] 72:0] e}, xot B2k 1), 24l 71
50 91 24 9 ool 714, AR 8 58 By
thito} 7s] ZejA] vwale] ApuAolet ot 4 = U
9 w11 9Ick, “RRAM 27 3% 7]%9] 2hrje} 23 o
S ERERet 142) A RRAM 714 olxjel
2141 RRAM 714, 1144 ofdlo] 738 9lat ke 2
o) RRAM 71429 Ware s wotey, “Ahws) wjme]
SN ROl Eh BE-) ol M Abst vwele]
oA}, BT} AAE Wl HAUZS A, AE o
w7 2](SOM), 27} 418} v .2] (SSM) 0] %/41 PRAM T
59 sl aAlEly WmelmA o] PRAME] o]
o} 7712 29aloir). “FeRAME)| 27} S--(atofr)sti
g oAl e} Ade 2 2 nio)y 2 2u

ML Q) FeRAMO| 27, 729} 54 978 s
FAlol s wek 1T-nC RS 9fak 1A

FeRAM 7]42 Sn|gA A&3shal o)

r[r
e
i
N

1
NI
=
N

—|—‘

O
=
al 7]57q

] WA Zhse] 8 A el
SHe el A A 25 S Sl
A ] 7)45o0] Z5olok s wele] A A5 WA
FS AmuA Sebeh MEd] me] 7o) toprt

P S 2yl 5 ol 7187k Helow she ol

=
o 23 A S A 15 dals YAl AR

16



EZ BUINEESEEPREE 2600080

DRAMM|=SISIX| 2} O]

7/

Intro

7H gl &85 = Wl 2e]Ql Dynamic Random Access
Memory (DRAM)-Z 19664 Robert. H. Dennard BlAR] 2Jaf #]-8-
71 AXjo] b ¥ 25 o] % 19734 % 1T1CH% DRAM Chip2]
35 tiH] 1 order o9 SAHYS AAYHEIAL, SAEE R/W
latency) ¥ retention (refresh F7])}+= 2~308) 7} SFAIE %o
B2 de] A& 1x tech DDR4 (8Gb)2] 74-9-ofl= A1%A] 64000
Ho|A| £F RS 7[5 5 Sl EoE WA, e
Chat GPT &= thit&]= HdolE] / AT AtHE Bot 1175 DRAME]
87} S7¥eh g v|efA Rl WS AsEstal Qlok, EfAIAETL
TE e v 24w AxEis "] DRAMS 7|24

O 7 FEaARl EAIAESF ARl ATAEE FAl A 45)
1 6~70097 stepoll Bl 229k SAHLES AAoF 517] wiizol
2A ) &) 5871 ARE 7R ¢ e TR Vs AEEHN
o] gt sfal Qlt, ARATH W)= 1149] buffer memory ¢} i1
829 storage memory7} 2= S §ote |2 WSk Ao]
EFgSILE, SAI71A] Volatile memory$l DRAMS: 2H 3] tijA|at vt
buffer memory+= £AoHA] Y=t} E2 w2 &He 8 WS 750}
= WHEA| 7]529) Fol¢l DRAMS s deatA odshr ]zt 44
o= ot} shA|RE G HO| gho] HF5aL Q)= IoTAIth ol =3k of
UA| a4 -0k T8 AlLq ) ARk ofof 4219l v
ol wjx e 24]2] DRAM¥S] ARt AJAIE ofaigittH o] 9=
o 5ol 7se Ao}, & AlofAli= DRAMS] 7]+ 2 9 F4tlel=
A EAL ofof] Z7|HkgE 7|4 olrEi} thefek AAIY DRAM SR
ol thsto] araket o g 1 Bl A AW-E w=5to] B R fih

17 MAkgsts|x| 202310 - 775



‘ X=X X BN e

x10* pm?

Hig‘h NA —
>

EuvV

@\sz

P: HKMG

FinFET{?)

Cap.: STO/Ru ¥
%\_ 1P VG, 30, 1T, IGZO(2T]
— @ D1z 4F o

. 20.4

16.5 N —
el 10.4 M
; 8.5
000
2010 2020 2030 2036

DRAM Cell Size Trend and Technology Prediction [techinsights]

1. Scaling in DRAM

B =AM ve)E vhEskal a4
S L8 1’5}71 9zt F83k 7]9=olt}, 2012
Ve 20nmy DRAMo] AlMol7] AlZfelglom, 4
A/ 224 sl A o) ol A

w207 DRAMO| AAYES L 5
2upRlE g sk Zlo] Fasith, Waferd net die (#
of total die/wafer)S 27X 7|H &H3 4= Q1% chip

=
o AR 20 8 4 Glek A o] Sl

3z nm tech node QJH] o 7o) Waferoﬂ*i gHE 4= 9l
L chip] 74 3u7k Wt A5 el ZHoAE A
3 o]Ze] 7|Hlsto] TS H Y] A e 4
LS 4= Qlo}, w2 A AR Y] AA Ut
] interconnection AAUHE EHFFO M o] 4}
22 high speeds 33 = 9loL} ’\THQ}E 3l
cellZFe] 7|14 A9 Exd(CCV)L QIs W/
Lo] BIHNGPG)2} -2 442l alEo] #hAyg FE—

o] o f=ofof 'GPE} 40nm tech node H-E| %4

3 ¢]=gfol JExel Buried gate(BG) Al EEHX]’\
TRl HELRIZEY] o)A F5fo] Al AujjA]
(Cs)E 0|3l FEgt FaAddoelE FHate] &
= =2 e 2835 1A 7PEAA @AY 1a tech

=

A2l
o] EAS

=

al

o e

I

ox, r_Orlg

_14, > rr o o
:‘2

O

UH

_L.4_I_4

E

Jlir

7 76 _The Magazine of the IEIE

node”7}A] A&2191 A7 UdRo] 7hedt HalHel 2=
H7PESL Rk, SHAIRE o] HR2 A e

A Z71o} Eekele WAsle R ASe) 4%, v)
e}l 208 A5/ 9 Ao R L] Sl
Al g 913 EUVE] 28 4 Cost—effective Z2A]
250 T olfrEE Qlste] ol Akt Aol
o}, FHe bandwidth w&elo] thet =25 F5A17]
7] $fsiiA%= 241 (LP)DDRS, GDDR6 ©]9-2] A5 '5‘—3.
= o|Fote W A&A0] 2A|UT o] RI=A] 2 ag

ol

il
=

5t7] la% DRAMS] A &2 tfo]oj 1sjolr}
o] L2 & s AR, cellE°] o] Q= bank,
¥l o] banks FEESHZ] $18F Row address

latch/decoder 5% row path 993} AEHE row
oo (X—direction) oAl r/w 50 FAL Faqste
o], 1eal oy I/0%
43)5l= data path Jojo =& FLEE oz}
B3 FARES AEdl= mode HAAE Q) o] = A

o503 address counter /latch 7} SJtt,

column(Y—direction) path%
o] o5ks

2. DRAM O}71914

41 DRAMS| 715 oz #43l7] 913} Core
Ezeol| thate] 7heFs] AlH W 1TIC cell array 50| 2

18



> » » DRAM 7|=2

ol Q0@ @

BANKB
BANKI
S I [
1 l—
i | REFRESH —'.,3 )
1
: COUNTER [/ — & BANKO
! ADDRESS ROW- Bt BANKO
! MUX ADDRESS 8;2’\ MEMORY
LN LATCH =25 ARRAY
13 & Jj (8,192 x 2,048 x 8) n
: V] DECODER L
1 — |
: -
! SENSE AMPLIFIERS [~
! =
! T
. - 16384
:
1
i 2 IO GATING e
! L+ » DM MASK LOGIC 8
! BANK
Ve e s s | CONTROL
3 LOGIC
: > P T
& H' 0ag]
> 1
COLUMN
.ﬁ DECODER
COLUMN-
ADDRESS 1
12 COUNTER/ 7
LATCH
//

Internal DDR SDRAM memory chip block diagram [www.eecg utoronio.cal

AHHo g wjdE o] ¢l Matrix (Mat)gfal =)o+ 4
o1} o] & A|ojs}7] §]8t Bit Line Sense Amp (BLSA),
Swh—Word line Driver (SWD), Sub—Hole (SH) ¥} 2
2 A& T3 Core 2Hal YgatH, o] corest

o 1=
£0] X—Y Decoder / Hole & F2120 & ujdsl #o|

banko|t}, ThA] Wafl Bank+= core array =2 ©& Al
ofs7] $Iet S AN EE ok, o] Fele A

QJ5kal th2 1/0 9+&9, Command/Address Alo17]%
S sl oole L% 3] & (Peripheral circuit), 2507
A perigal HrERitt
Cell arrays 7V 28
A9l Bank dA= &

12
|o
il
o

2
ok
rir
X,
©
N
i

ok A ol el 4

2 ol o] B

wr oo 30 o

19

At Ao, aaA¢l Bank«] A=
A =3 5
Al E57E EAR AA 7}” %l‘ﬂxﬂ.%
A DRAMe]l He] 28|31 9l
538}= chip size9} cost(net—die
Uttt Interconnection=Hol| A= global line®
Hol 4] o]o] EAfEIAINE Y=
015t signal delay AL peri Bl
HHol 9t} Pady e—Fuse 59
28] Lo FAIE s As)

A7) i?ﬂ

Iy
=)
é

9 power line A4 =
dimension®] &7}=
A S A &gt
peri] 2 YAAl AgtE =
7] 95t BAME wig k%7
2 BANKS] Hj 2|5 #AFsh= 4

noise #1Z9& A{HA17]4L



‘ 00O »»»diz

Category Function Location
MAT array Access TR / Cell Cap. Core array 21 &9
£ B/L Sense Amplifier array Cell array 1 9
array
Core
e Sub W/L Driver array "
array
Sub-hole . . Cell array 21 EY
Bank (SH) BLSA / SWD driver, 10 switch BLSA®| WLD array @AlH
X-decoder W/L Decoder W/LEHSF cell array 21F A9
Mole Main W/L Decoder / BLSA control Bank2} Bank A}O|
Row (Active, Precharge, Refresh) control 1 Bank®| center, X-dec 21T &Y
Y-decoder Y-select decoder BLSA Block L&
Y-Hole BLSA Local 1/0O Write Driver, Y-select decoderdtth
Peripheral circuit Function control Bank d7|. Core array 218 Y

DRAM Core 2! peri parte] 7|s & 414

e SHaoAle] Aol ofgpr) E 4= Qlrh olefo] A=
= =o7] floted 4 HAkEollA RFE bank i
A AR 0] P AGE) R Ak
ARE 2 A8 HE o ke o R WA g
S WAk 28E= BusSd) Cell array A9 bias
S| Ao R Qlste] AAATo] Sold 4= 9l
= AAPE e, w2l WAL SUE Fek A et s
S SHoAe] RS SAll 27 sl A4

= w0l Alo] pHoln], DRAM F= S} 31
A Aol A WAL S7k= HlolE M) AobdEE
areste] dAstefof oty AgelsiAbH Core Ao A=
shutef dietholl o - cell FAstaL, dlojsf Wil o
WO dies A= Zlo] a5k, BAELE 9L njAdA

AolAe] EgAe Tejste] Yumel A e] Fa
8 A AmO] G G| Fatolof 3t Zlolct

A=

3. Cell HIJAH

S/A FAE 913k YIS Bhust] glstel St
Coghe SABHE 21 A ASAEEA WEA BATH
Higoln, wmdl4] 2715 ASE AT 4 G 5
B3 AR B ET SRk s A £

7 7 8 The Magazine of the IEIE

e 2AYE s Ao = ojeet Q1 ARNS 55
Al717] ol Rlom, ofo] X231 SAfO|EL §
¥ AE9 high-k =4S A= &-§alal St} A=
219 pillar type 25 48Rl QLo AAUE
[45E5E 52 A/R I} Cap?he] —?@ﬁ% +A7F =
AR L lom | ZpAf DRAM 9]
Aol AL 9 4ue. -85} 1
7} A8 7Hs/d% Sk, AR5 ofwgh %
ZEeehE 1T109] 712 74 gt
ofXiek, & SHoA A DRAME] AujAlE= ZAZ
(ZrO2(Top)/Al2Os/7ZrOs(bottom)) -725 ARE5Fo] =41
A5e] WA A8 sAlol EE 7hse R A
AN HAY gFokR= 7r0p 59 FARE AASHE
Aa=2] S717F oA FAa7E ~ 25 o
ISP = Oloﬂ S AU super high—k §44)
sk, T 57t & Ru A9 =
~5.0eV) o2 tﬂ@ﬂ% At ZlRggolrt, i ¢
7|AAo A= Rug A=o= }%O}L T ZREAA
24 dopant®] E*

>~l

rﬂ ‘10{’
E)
)
£
Rl
4
ot
Hu)

ol %0

:{o

|
il N Z=te Aok

]

“‘mf:
X

uu oY oy mr o m



8= 5 oheE A7 A Elojgttt, EgE RuO: =l
SrRuOs= seed layer® AREdh= §510] 9= v]ws}
o], SrRuOs seed layer & ARESE 749 5-AAR7) ©F 2
Ui A= Aate SRelgh i) Qlet,

4. 7532 (Peripheral Circuit)

DRAM®] Peri 3|2 AllA 5357]9} HAH R A5
of lom Tafolw, 3 A, Al & A =
celle YoM F46Hes mekett, ol
o5 el e Eatekal, ESHA|AEY =
£ @95k Logic F2 Ee] DRAMO| 7-9-oll= 454
Q1 ATfA[EI R} 7|5 0] SAEES AREa 4]
wj<zof| Peri @ eollAl o] &= FiAlo] =7 FR5HA] ¢Sk
o} SHAUE A|&A 0] AA YUY 05 DRAMY] cell®] A=
of A 52| = Sl peri FEE A s =0
7] $18l At AL

= A4 o] st SAR s o] Stk Alo]
E ZAfo| B9} Alo|E A SAlo| o) EHef A
O & Aot Bl AftE Fola= AuAbe| B 1L
204 A =40 @A WA Y= CoSi= /g% o]
ULk, shARE Si s AEfoll mig- Tz A 540 =
ol3}o] T Logicol| Al 231 Q)= Nig- 0]83) silicideo]]
HIshH 714 Asol "ozt shANE DRAME| Peri
S|z o] ERA A SHEE= ST Ve ATAE
S A GAIZE a1of kFE]7] wfiZe]l Thermal
Budget ZWHollA] Algke =vto]l ¢lolct, E3F Peri 2]
2= NMOSEF PMOSTEY] Axlo] tf Aol HQashy
PMOS2] 79 NMOSeol| v]8]| £%7} =8 450 3HA 7}
ek, Z1efuy 3D A57]se] A A ] 254
T8, QA okl A DRAMO] 8730l ofsf -2t
off we} 114d-s Peri 3|=of| gk L7} 25 219y
oftt,

120

OH
JZi
B
H1
10
N 12

P

oIt Perid] & 0] EiA AE = 757

i)

-111 b rﬂ' Fo
X

ofjN ¢

o

4—1) HKMG for DRAM Periphery
High—k, metal gate®] DRAM #-8-2 Peripheral

circuito| A EdtshA o] FojA L gt AP A=

21

> » » DRAM 7|29 eixietolzl @ @ @ @ ‘

32nm/28nm Gate—First HKMG Schemed AP 73S
HEF O & DRAM Periphery 482 23 & s HKMG
RS- 2016 5-E] Aj7fslaL, 1 Ank 20219 HKMG
7]40] #-¢-¥ DDR5 512GB DDR5 H2e] 2ES 7|
W5kolet. DDR5+= 7129 DDR4 thr] 21 o]4o] /44
ol 3% doly HAEHH
| F A3 SKsteo|Y A= JEDEC 7]% 29§49
Ql 1.01~1.12VolA 2Fga}m, o Al
t} 25% 44-A1X] LPDDRAXS AR Qlt}, o]+= LPDDR5S
o] 2|31 121 6,4Gbpsel| Blsl 1.3v w2 8 5GbpsE
a5+t DRAM BLSA latch TRE] Gate Stack &
2L HKMG= W75 EOT 2A1Y9Y S &5t Drive
Current Boosting?} Ring Oscillator Delay EA1S =
A WAEE 4= QItk, Z1efu Periphery EfiA|22E /]
3 high—thermal-& AX|™ g2 FE Q] 34
High—k Dielectric &2 AHA|9] A2 ShH= Z=Q 5t
Ao},

AR AT O o

LI R

1;

¢

4-2) 3D FIinFET for DRAM Periphery
B BA1S ol akiiat sk dlA) Aol A%l
Gate—Last®412] RMG (Replacement Metal Gate)-*
ZE 714 DRAM Periphery 3D FinFET 754 of
st A=A HEZF dasit), dubAor o] A
70| Logic tiH] 1001 AE9] Axp7t Q= A
Fereteh & AlfollA] Fin®l =9 i1dfst= A
of w2 Zlo] ofuet FhehEty, DRAM Periphery
BLSA latch TR #+%2& 3* FInFET 2= W75}
+ Scheme2 Fin Height®} Doping %4315 &3t
Wide Effecitve Transistor Width &35 55} Vi
mismatch 54 A1 4= oloefe} o 4deich, E3t
2D Planar TR tjH] < area gain 3+ 7|tfa 4= Q1S
7o)k, Intel ©] 22nm w=EHE =9k 3D FinFET -
Z+= gate controllabilitys =tjjler 4= ¢l F-x0|t,
ol 515 Vi W5 U 8.5 S4E 27 At
1, 719] 2D Planar TR > 2A| U A] Vu shift7} 5
7Vt A9tk 3D FinFET E#lAAE7} 289 22nm =
EoAls Vi shift 7} 208 7hasgict 18a &

flo rlo i r°‘

e n“ rlr
g F&‘

MxtZsts|x| 202310 - 779



‘ 00O »»»diz

2 14nm '==+= Fin Profile ¥} doping Ao} 5& &
o A 9 3A2A 5} S Foko] Vi shift & ARt
=71 HASE 4= QlQlet, o] xR ] Wk =

7] Al=eu]E Fin®| 5| EHAIAE ] width
of dlidsh, Drive Current®] =712} EA|o) effective
width A%E Vi ¥E2 Az 5 Qi AlEeolAd
ZA3} DRAM Periphery BLSA @}z E#lZ g0 3D
FinFET 25 283 49 5 Vth shift Z2AofA
2D Planar TR tH] ¢F 50% Area Gains 92 4= A%
). 1x tech oA} O.® A7|dg o] Xai=l &4 DRAMO]
A FInFET ++%% ISO PeripheryE WH=thal & 79
Ar, A2 ISO Maskol| A Periphery 419] Layout
S Fin 2ofo & WAL o]3 A9 ProcessE 2
Yol= "ol Qltt &4, Fin 7|9 ISO Periphery
Layouto] 7+&% MaskE =Ysh= Wiio] At =&
Mask F7}of| w2 B8t 54o] 7= A|Tk kg A<l
Periphery Patternings 7|thgr 4= Qo). wpr|ro g
IPT Mask®] Periphery® %<& Cell?} 53} Design
3}al Cut Mask® Fin 29Fo] Patterns & =i
oltt, FAJ8l= kel o] DRAM Periphery & Cell&
T5517] S8l EAI5k=, Cell& AlQls M= A 3
25 dA=r dhbA o g Cell 1 PeriZ) 3 Q=
Layer®] 7%+ A= HA|o Patterning dh= 79|
aubdolct, 2 DRAM ISO Layer?] 7¢- IPT — Cell
Open — ICT — IS0 &~AJE MaskE #-8&35lo] &
20 5= ISO Cell I} PeripheryE $HHol Patterning
5li= HlAlo] eukA o)t} FinFETO|A] Transistor?]
Effective Channel Widthi= Fin Width, Heightol wh
o} A4 weps AAE 2 34 kil 55 LY
ato] Fin Widthe} Heights o|9A AATAE 4%
sfjok 3t} DRAMOYA] FInFET %% ISO Periphery
Integrations sFalA} 8k wfj, AA] 7F4F 2 H S Sense
Amplifier® 9 thA| 2| A S}sljof gitk= Aolt}, AR
DRAM S/A 992 bank®] A W sLofolgo] Fito]
A - mARE Aol SR ofof B17] wimol 4R
o9t 7jEAAE vHEold A ORI
FAs] s 84 7)eo] HAEo] 2|3 e o] STt

r&"

2~ O]
TR

o
oL

e ot
ol

7 80 _The Magazine of the IEIE

¥
=
L
=
=)
44
I
<N
H1
o
[
=)
~
i
1o
PO
>~
~
HJ-}}
1o
I
_?_l[

o] E°& QL, 75’65%7}9}«] 7§"§°1W l% =3

of Sl= ofelgo] EA 3 4= Qe
5. Cap-less 1T DRAM

FA8k= HELF o] DRAMS 4]
3lo] x|&=20] AFjelg]o] 2 oﬂg]jr_ %qu
stz Qlste] A3t W/L conti= Al EgiX
£/ Astel 55 olgp7F HaL Sl OW
AdGel lolA 7P & =HIAl = ERALE 2
o)) wEA] ok SEAAQL A AE ] 2
&2 4 AL Flo|t} 1z tech node 7|5 # 4
JFEjal 9l o molRubE ol

o

SE
a}
5.0 fF o] g2 G 7F &

Z A/R9} leaning, AlE49] &=
ot Bl cost TVt T 2 AANA ol EAE
ch. ol gt ietew FEA o ® A AEE A A}
T 1je] EAAAE] SRR DRAMS] ofehe Zsals
Capacitor—less 1T DRAMe]| thgh 43} A7} vl
ZsHA| o] Fofx]ar It} 1T DRAM> T Egiz| A~
E|REO. 2 unit cell& 74517 wfizoll AAfol| whe} 2jo]
QoL AAmE BRo|in FasE B Helanol
Holl A= e 7P, ok §A) A DRAM
49l et 4097 A e $9e e el
oF oA - 2 o]E AYal A= AL &

B AF oA 7kA] 7122] 1T1C 2R}

0]

ol o ot

et filo

X

[}
= S

ole E3} ululA o] L}

ol rE of r[r

Ak weke 7y AR Aol tigh 3929 Azt
Q38 4F* 0] Fute) =¥
=0 O/CE F8)
& AROA o]w &
S Y 4= glont
Al



(T-RAM, VLTRAM, SBRAM, CNT(N)RAM, Z2FET),
FAA G =g (FeDRAM), AstE L2402
Trap dFo] AHE AZHTFET 7|5+ DRAM, Z-RAM)3}
= Y teFst delofl 7Hksk 1T axfEo] A&E4 0=
AF7E X3 o, IS Zha AAE Havf ot

5—-1) FeDRAM
1920911‘41 ZHF 9PAE 784 (Ferroelectric) =72
—+(Polarization)o|gfl= 1152 EAL Al Q)
Uﬂ T 7H = AEE A 1, 0082 A Sk WA
22 A7 EEo] gtk 2000} 2HE S5
HQH Perovoskite 7[HE WIS HEe] ¢19h= Si
CMOS #7848 ofdet e AH4dd= &I
et AAAR] 7 SAE FESHA] ZllH, ol =539
Aol Hf 7|§Fe] Z-dAo]aL, o] 42 43t +
scalability®} =2 4124 7RI = |7 High-k &
ofof| = B2 S Holal Qlrt, 7] A 02 FeRAM
9] Memory Window®} 52492 71-9-4122] Coercive
field oJsto] ARE}, o7|A E=5 WHAZI= AT

QAR WA

o o

rEn
do N e |o

o
il
r

oo o

Cathode Anode

P-well/P-Sub

10pA
1pA
100nA
10nA
1nA
100pA
10pA
1pA

Current

OFF

Negative
Resistance ‘

> » » DRAM 7|29 eixietolzl @ @ @ @ ‘

= A9 Astole} sl £59] A7l Hld|gh= 54
o] 9lom o]|st Switching dynamicsE A|o15FO 2 A]
Yok wlEe 5 EAE 4= Sl

5-2) VLT DRAM

VLT DRAM & 7|20 & Ao|2|AE| (Thrystor)e}
L A2 2Terminal AR o]F0]2 T-RAMO|
7]8ketaL 9k, T-RAM=2 Abol2]~E] 9] On/Off AJE|
Zhzke) S RE Ql4ste] bits AAeich Abo]
| ~Hek BIT 27 A4 7291 P-N-P-N Hato]
4% TEE A WA 2axpe] FAoANE URbA o ®
3719 dEo & SCR(Silicon—Controlled Rectifier
Thymstor)olﬁ}ﬂ St} SCRS P-N-P E¢¥}
N—P—-N g} 27§9] BJT(Bipolar Junction Transistor)
7F FAHA AFE A= LAkt 2 A
o} ool Ut o7 of -t RE P-N-P-N<=
O HtElo] QlaL Z1 Afojatole] L 37)6] P-N A
o] EARITE 3T-Afo]g|AE= YRHA o= 71|
P—Base o]l Alo|E7} /4w of QlaL, o] AP|EE &

il

Z7TvV Z v

SRAM
DRAM

e

100fA |

Voltage (Anode-to-Cathode)

Vertically Layering Thyristor Technology [Kilopass Technology]

23

MxiZsts|x| 202310 - 781



‘ 00O »»»diz

ol vlojoj A= P-N Aehe] W4
% (Triggering) AU W30l A
(On) A2 AEA7]= ehs 433ttt

SRAMOl| A AJ2FgE Afole] Al 7|8E W ez whE
On/Off 4 wj&o] Cap—less DRAM $-&Hofz 2
5] AL Qlef, AE Alol]AE o] hRE TIt|
2 SOI 7|34l =3 o2 J13sh 4417} 19994 TEDM
oA ¥ TCCT(Thin Film Capacitively Coupled
Thyristor) ©]#, TCCTE 1070 B8l= 352 Tovor ratio
2} 4= ns 42529 Read/Write speed& +&5}3c), Hr
A AAAHIP) 719¢] A=A (Kilopass)ofl w2
™ =2 A= Afo]g]~F(Vertical Layered Thyristor,
VLT) 71%S 243 DRAME A4k 39 ~Tm 7}
A ulA|E}7} 78kl 7] DDR4 DRAM 2} Hlalsf]
g AHE 359 1 o R Y 4 Slvkar g, ol
E|i= of¢iis A Fpitaxial 34 #el oS3} 437}
Endurance #&1% AldEolt), Epig o= 44 -2
£ FAdstolof sh=t, 24 S OxideE 42
= 3% o] wf Trapo| FAEH A% 54& A3} Al
7] 8%lo] & 4= qlot. vjAl JollA+= Buried Word
Line ¥} Silicon §Fg-oll €]k Silicide /o5 I3t 4
7o 74 9 Tungsten 24 7%= frofsiof &

Holeh, EF 2AUYOR Folo] F70l & Impact

o

Add layers
of CNTs

~

Logic/Memory

Substrate

o ! |
Multi-level cell
as a function
of pulse

Process agnostic...
Can be built on top

Tonization) A4S AFHSIEEHE A4 WHEAQ) 44 5
24 4] PN Aol o] A= Ao Tigt A%l wheA
2103k Hoft},

5-3) CNT Memory (NRAM)

Nantero iit:2] NRAM-& CNT(Carbon Nano Tube)”}
A= A714 /=449 L' Scale-Downol 7Fs
5}al DRAMO| 7P7hg- 4G EE fFAsHaA v g &
e sk Aol Stk olzel v &2 NRAM 4~
A= DRAMO| 4] E= DRAM &F SCM A1-S S
5kl 91O, Cross Point +2& A|8Fstal Qlc}, 7]&
DRAM -tz0]| 4] FHIjAJE] S CNTE thA|sto] 34 H]-&-
A0S H8lE 4= lek. Cross Point -%0] CNTE 28
sko] wjie] 54 F-3lo] 7hsshH NRAM & DRAM
AlFOl ARE S0 AR 4 s AoR o4 dE,
71 AHOR AR retentionZHO A= CNT
9] 243} High Thermal/ EMC(Electro—Magnetic
Compatibility) Radiation Stability E4 02 <l&}o]
MLC 4 MLSe] #4352t Retention 40| 7]&<]

ofw Rl AAfrijH] 9= Zlofe} o SHH. ol Al

Die stacking using
standard TSV

Process scalingisa
function of #CNTs

per bit...
well understood
<5nm

of memory or logic

processes

Nantero Carbon Nanotube NRAM Capacity Scaling [Nantero]

782 The Magazine of the IEIE 24



5-4) XMt} 7|5

et

ol olr
55
=>4=

= =

N
O = !
i —1)4'
i)

1

A =

o

X

'091:5_5.

Mo S o rr we Kuorlr 0

N
—_

410

oA
S 285

GZO(Indium

oy i
o

&sznﬂrgrﬁéwr
%
12
o
=
el

o nx
ol
ok
EY
N

g AMSE AT

ZA A Q] 2ol A o] SAIE DRAMS] BH%
% <R3 2otk FAI5h= Hie}
19] St ofell AA sk
+= Buried gateo|t}. o] AEA

[
S

At X1y O]‘:}
—Gallium Zinc Oxide) ¢}
off E/H 0 x]l,]L- u]xi;ﬂ /\}g]_g HPEXﬂ
g 40}4 ggt Alojel FRE,

f
)
ol
o9l

N
—_

>

N
2 o

o

4 2 rr ol o
$0 o { fr

2l
=
=

= —Ll
J‘Q Iy
o ulll

4
T
~ 0% x

£ i
B
i

¢ Jo o

i m}i
rlo
=

1>m
& o
el

44 e

I AL A

o2 rdorR

R ok 22 Wi =k WA A= e A

characteristics lengthS &Xak 4= Qi) A} 0
cQlo] o3k X4slsto] DIBLS W 4= 9o, A
o] &0 olsto] HHAGl= hot carrier®] HHAYEES:

o] o]22A3} dAto] A% 7158 E3S) bulk

Jlm
o
o
f
©
rlr
H
=
a0
fr rlo pe (0 4

i
2

(o]

AdE F AFeR Qlsto] AR F20] 207}

25

SoC
CPU/GPUIFPGA/ASIC

> > > DRAM 7l sixict ozl @ @ @ @ \

t] 2lislA| A7)=d), 22k Bl = AL v
c= /\}j}_—o—],x] oL olx
whpd aake] Alejrt 7Rk ARl Addt, o
CFETH 2= 422 3-80] §0] 2
WA AE B ofue} PERIQF 24-2 F-53] 2 -8, “Le]al
3 A2 flste] HEH planars-322] Al 7| 9jAJE
9}9] integrationte. 9~ 1les|| & 4= QL& Zolt}, 47|
ot 8ol AE3EcH DRAM aA7|sRofoA &
ol HEl s 7ldisto] & 4 Sls Aot &2 2
M 58S 24408 @’QO}JJP hehd ol of
5}t Wafer scale tl'HA $H4d 7]} Cost, Reliability,
7] 3] Compatibility 52 EFHH 07 wejs}o]
of pANE FEA 0w thdafe] A7l 7Hset 24
A 2G| AL o] AJ&GE AL Yl A ARl A
ot A7) e gk Fofo|rt

ra,
rﬂ
H
colla=)
=
i
-
N
©
N

rSL'
X
o
o
(]
-0,
ol
ol
=
i

N
b

Mol

6. HBM. Packaging

A o) mat b cjol 2ol dhgt 97k 27}
o] whet AlAE] 5ok EAJsH] $1g tiete= 3D IC
Packaging®] -skal Qlct, At Hutd 7]7]of &

Cu-C4
Solder
Joints

High Bandwidth Memory architecture [TSMC]

MAZEtE|x 202310 - 783



Horizontal Integration

I-Cube™

v | o |

o | e

5l Interposer

I-CubeS™ :
Si Interposer

I-CubeE™ :
Embedded Si-Bridge
RDL interposer

H-Cube™

HEM | Loglc

Module PCE

Module PCB

H-Cubes™ :
Hybrid 5i interposer

H-BGA :
Hybrid FCPBGA

TIX}F HBM architecture [SAMSUNG]

2E] sS4 fleliAle, 1age] Y
Telgh 4= 9= W] mjo] Waskn, I
=2]¢] HBM (High Bandwidth Memory)2} 3
L F 8ol dE AATEAL Qi
Chat GPTY] 575 Al712 #ilo] AesaL 9l
UE|Ee] G8AQ1 S5 flsliAl= GPUY % %‘—401
2-go] da=Aolu, ofof wha} GPU WHe] wue] &
= %23 @471 H9ltt, HBMS e 4% 1Y
249 HA 02 JPIEG o Al SO GPUS] 28 W
L7} Wl A HA 7HH**3 WAL AEA 0 R A
ZehaL Qlet, EflE A7 WSk Abmo] upEH A|ds)
XA DRAM M/SE 714
A7} FEskal glom,
SK 3lo|dA HBM3ES, AHd#z1= HBMSP 3}l7]
o o whet HBM A FEES AlGsiA] o]

F[F

SK sfoly = Al 7HA] A aa7]sE XA 9)7]
=9 7|9== Adsioit, A, WAl si4
o|t}, Thermal budget E'Xﬂ TSV 4t ofye}, His
2]A /A1 3D9F A2 A 7|1 Vssel] 3EAL
B U= olqrRA ASaAol Y] A okt
HBM Alth7} Sepda5 abelef $AEw=7] oo
uhe} FA oA e o] FEE 4 9l Aol
olggh LAl Aulrthct A Argo] grjHor =

o ARRRIRUE, ARy 22 S 4851l heat

A 7%

784 The Magazine of the IEIE

dissipation 274 5& a3gtozny a4 sk 4~
Zoltt, = WA= TSV 7l & JL%=3)sk= Aot
123 F-%9] HBM3+= TSV} MR—MUF 7|& 5o.&
d, dloly A& 52 W = UANE A7 st
M oS =2 Y EHQ%]E‘I;J*} die=A7F Q= o]
RCRe 9}7P Qs Zlojt}, sto]Hy]

A= she] AJAE Sof 13

e %0
= o

of

A A AA HrEA] A= =2 6‘Pﬁloﬂ E}EP ]

3 Foll olom, A wglm ] A2l DRAMoﬂ
A MEE et FxSHA] gAlof 7|ukgl
gjotel o] wahrh A A CHEE R
o] %58z IoTAIHE ot 2025Well= miY 463
EB(463 * 2730 GB)d%=2] dlo|g|7} BAE Ao o
AT ol ATl A AR ghae, a4 QlE o]~
= /\PQ“G AL 85 2ol 7hsgt Wiy Zdo] S Qs
Q1o PIM(Processing—In—Memory), Computing
Storage 53} $174 CXL(Compute Express Link) 7|4}t
DRAM HE So] 71 22 o7} & Aot} shAqt o]
3l HE 7|4 FAL T)E A E}O]OHH_,_H A 9l Az)

soke] & 410]

ofF-oj Ao 7hs e Alojtt. Zalo A= ©f

26



> > » DRAM 720 Exict ozl @ © @ @ \

2|3t DRAM 2410 Al A7idhsaks 2 Al o
Mz Fou Tl mjel wh Aol tiste] 2449} 47,
% 113 $-§0) o)) 1Asle] ®Wokth ule vl
A 7140) WS spet AL} S Tlete,
;17} AH1o] 24291 Fh4lo] ojoj A w A hH 7&
= Feluete] DRAM Akl 11 9
o + 2004 89 arefefetal A5 Ak eha
= Aotk
: + 2006\ 8% oot A SE 5ok

« 201449 89 arEujalal A7 R ksl

- 20189 28 SK stold 2 mjej7jad Aot

« 20219 2% Alwratal . A HEALE ) eALS o]

+ 20219 3U~ Asdfetal vhea|apel7) Eetat s

A 2op
A sl e Ay, 324 PKG/QIE| A A A,
TR ARG, 23 7R 5844k, CFET.

27 rxt2ets|x| 2023 10 785



£z BREREERESEESEE ©00090

FlashiB2 221 ©]

e |

79| Aibs 7153 ARG Hote sl AARA TR ¢l
Fo Rt Ao R V| EE WA gkon, AL e o] S RE 7]
9] ool A&A o7 FTsto] gt Folof I} o) o w A%t
iAol AEE 7|55k= Aol olsidrs, 7SS HH 4 Yle

oF 7| S5 FEE o] FHHow Frlel ghom ol= =g o] ¥
Lroof Adigh JaFe ek 19508 ] o]F Bl tj AT R fj =
A7) 7178271 e GYRE A% wj ] AltE Eelat, ofA7HA]
T W2 71A o) i) glojHE A o e A AR = AREE
AL Qley, 7L o)% s wi A 71Rke] 719 A|= PC, MY 77
ek A Al s A o EofWlaL, ] HlofE|ef QlE Ao

= e o Al e 7] ‘:’Woﬂi A9l 24wkl o 4= Qi
HHEAE 7IREO.2 gE 7)o A, & vjate] vhieA|= 1960d ol A
= sl em, 1970de] o]22 Intels BF= Tk ARIAO 2
off Alsete]odet, mike] ¥HeAl= Aol Afe W glolE & 7t
o} 5o whet 31ekAl (volatile)T} H]F|HHA (nonvolatile) M H.2]=
Sk 4= Qli=t, dlojg] A =z A9 e v HYo] 7
AJElete glole §AI7F 7hsgk HISEd w7t ARS-EH | Read
Only Memory(ROM)gt= Aol A FE WS Algstolct, x7]9
Mask ROM-2 578 114 ol dlo|el & 715ab, ARg-Al= ofu] A%
= dlolElE de AN 7HsstltE ofof ARGAR} 18] 227)7F 7Rsgh
programmable ROM(PROM)©| 7J=]91 o, Bell labo] Z3ci¢l 1vf
APZF AoFst floating gate +325 7|WFC.® ultraviolet lightS ©]-&
. ﬂ‘iblgﬂitih. slo] 2|97] E2bo] 7153t erasable programmable ROM(EPROM)
of HhxEqlet, 1970dt FHko|= H7]A o= 27|17} 7hsgt

HE ol

7 86 _The Magazine of the IEIE 28
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11.01.-11.04. %gfr?nciliggolfnlﬁvrarg];:tggas‘ygtg:nfszgﬁ%)on Design, Test and Gammarth, Tunisia http://www.dttis.org/

2023 International Conference on Research Methodologies
11.01.-11.02. in Knowledge Management, Artificial Intelligence and Chennai, India http://rmkec.ac.in/rmkmate2023/
Telecommunication Engineering (RMKMATE)
11.01.-11.03. 2023 XX Workshop on Information Processing and Control (RPIC) Obera, Argentina https://www.rpic.com.ar/
11.02. - 11.04. é%ﬁpm‘t%n:;?%g&% rgg;egéio?/gr(y;(yg%;g?b‘ed Distributed Suzhou, China https://cyberc.org/
11.02. - 11.04. E\?ezc?r\'clglEEEng>i<rz<e>z<erilr?g;e;:c?t(il?)[;r?gu(t:ir?gEﬁ\ﬁg;gé}g) Electronics, Lima, Peru https://intercon.ieee.org.pe/
11.02.- 11.04. gogznsal";fg'c‘:;'s;";' (?Aj’gfse;?”ce on Wireless Communications and | 2 azn0y;, Ghina hito/fwwwic-wesp.org/2023/
11.02. - 11.04. ﬁ%rsm;tpoLn}ngﬁéggzlyggrnéir;;cfag% (S:glrl? t?;;gti%nsﬁg)em and Bangalore, India https://csitss.ieee-rvce.org/
11.02. - 11.05. égignﬁﬁ élr:}\ir&gtsi?nal Workshop on Mechatronic Systems Hammamet, Tunisia https://iwmss2023.sciencesconf.org/
11.02.- 11.03. é%i?rollné?/;?:rtrgnérig?n%rgﬁrqzn(%%}288%? Data, Knowledge and Sofia, Bulgaria https://conference.ott-iict.bas.bg/
op-1ian | 225 meelors Conrence o e ST | g,
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11.02 2023 |EEE MetroCon Hurst, Texas, USA https://www.metrocon.org/2023/
2023 International Conference on Sensing, Measurement & Data . . »
10211041 pnaytcs in the era of Artificial Intelligence (ICSMD) Xian, China hitp:/ficsmd2023 aconf.org/
2023 IEEE International Conference on Paradigm Shift in . ) T T
11.02. - 11.03. Information Technologies with Innovative Applications in Global Indore, India Ztég_sg.o/g/glageumverswty.m/ICPS Il
Scenario (ICPSITIAGS)
2023 IEEE International Conference on Automation in . . . _
11.03. - 11.05. Manufacturing, Transportation and Logistics (ICaMal ) Wuhan, China http://www.iemwave.cnfisemc2023/
2023 IEEE 7th International Symposium on Electromagnetic . ) . )
11.03. - 11.06. Compatibilty (ISEMC) Hangzhou, China http://www.iemwave.cnfisemc2023/#/Home
11.03. - 11.05. 2023 |EEE Silchar Subsection Conference (SILCON) Silchar, India http://www.ieeesilcon.org.in/
2023 Pacific Neighborhood Consortium Annual Conference and . e .
11.03. - 11.05. Joint Mestings (PNC) Okinawa, Japan https://sites.google.com/view/pnc2023
1103 -11.05. 2023 17lth International Conference on Complex Medical Suzhou, China hitp:www.ic-cme.com/
Engineering (CME)
. 2023 International Conference on Computing, Communication, . . . o
11.03. - 11.04. and Intelligent Systems (ICCCIS) Greater Noida, India http:/www.icccis.in/
2023 IEEE International Conference on Memristive Computing . . ) )
11.03. - 11.05. and Applications (ICMCA) Jinan, China https://www.glit.edu.cn/hyzx/
2023 8th IEEE International Conference on Network Intelligence . ’ e
11.03. - 11.05. and Digital Content (IC-NIDC) Beijing, China https://nidc2023.bupt.edu.cn/
2023 |EEE International Conference on e-Business Engineering ) https://conferences.computer.org/
11.04. - 11.06. (ICEBE) Sydney, Australia icebe/2023/index.htm
2023 IEEE Nuclear Science Symposium, Medical Imaging Vancouver British
11.04. - 11.11. Conference and International Symposium on Room-Temperature Columbia. Canada ' https://nssmic.ieee.org/2023/
Semiconductor Detectors (NSS MIC RTSD) ’
2023 Asia Communications and Photonics Conference/2023
11.04.-11.07. International Photonics and Optoelectronics Meetings (ACP/ Wuhan, China http://www.acpconf.com/
POEM)
2023 Eighth International Conference On Mobile And Secure - . ) .
11.04. - 11.05. Services (MobiSecServ) Miami Beach, Florida, USA http://mobisecserv.org/
2023 SBMO/IEEE MTT-S International Microwave and . ) )
11.05. - 11.09. Optoslectronics Conference (IMOC) Castelldefels, Spain https:/www.events.sbmo.org.brimoc2023
2023 International Conference on Intelligent Education and . e
11.05. - 11.07. Inteligent Research (IEIR) Wuhan, China http://ieir2023.org/
2023 26th International Conference on Electrical Machines and [, ) .
11.05. - 11.08. Systems (ICEMS) Zhuhai, China https://www.icems2023.com/
11.06. - 11.10. 2023 |EEE International Radar Conference (RADAR) Sydney, Australia https://www.radar2023.org/
2023 IEEE PES Innovative Smart Grid Technologies Latin . e
11.06. - 11.09. America (ISGT-LA) San Juan, Puerto Rico, USA https://ieee-isgt-latam.org/
2023 IEEE International Conference on Microwaves,
11.06. - 11.08. Communications, Antennas, Biomedical Engineering and Tel Avi, Israel https://www.comcas.org/
Electronic Systems (COMCAS)
. 2023 IEEE International Workshop on Metrology for Agriculture . ) )
11.06. - 11.08. and Forestry (MetroAgriFor) Pisa, Italy https://www.metroagrifor.org/
. 2023 36th SIBGRAPI Conference on Graphics, Patterns and . . https://itecfurgcomunicaca.wixsite.com/
11.06. - 11.09. Images (SIBGRAPI) Rio Grande, Brazil sibgrapi-2023
2023 IEEE 28th International Workshop on Computer Aided
11.06. - 11.08. Modeling and Design of Communication Links and Networks Edinburgh, United Kingdom https://camad2023.ieee-camad.org/
(CAMAD)
2023 19th IEEE International Conference on Advanced Video .
11.06. - 11.09. and Signal Based Surveillance (AVSS) Daegu, Korea (South) https://www.avss2023.0rg/
11.06. - 11.09. 2023 |EEE 64th Annual Symposium on Foundations of Computer Santa Cruz, California, USA https://focs.computer.org/2023/

Science (FOCS)
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11.06. - 11.09. ﬁ%ﬁ/éFKEEA?;';ASgggﬂ?ﬂ?%%g@m% on Advances in Social Marrakesh, Morocco https://asonam.cpsc.ucalgary.ca/2023/
11.06. - 11.07. 5%23”1 8ih International Conference on Emerging Technologies | pogpyayyar pakistan hitp/fwww.icet.org.pk/2023/

11.06. - 11.10. ;giga:gﬁgrigtlerzgsig;gﬂ (%%n,:‘“esr%n;re) in Software Engineering Ledn, Guanajuato, Mexico https://conisoft.org/2023/

too-1ior | 220 aratons Cofence on Recer AREIEEE | gl gy erence meniea el
11.06. - 11.10. 2023 |EEE PES/IAS PowerAfrica Marrakech, Morocco https://ieee-powerafrica.org/

11.06. - 11.08. ﬁggﬁglEEEe?zféqAﬂternationa\ Conferanca on Tooks with Artiicial Atlanta, Georgia, USA https:/fictai.computer.org/2023/

11.07. - 11.00, ggfjléﬁiilﬁggﬂ'gf{g?gf’)”a' Conference on Digital Twins and Orlando, Florida, USA hitp://2023.ieee-dtpi.org/

11.07.-11.09. ggﬁsv;ilzge%ggge&e‘g;%rﬁg (N'e:t\\//_vggN!):unction Virtualization and Dresden, Germany https://nfvsdn2023.ieee-nfvsdn.org/
11.07.-11.08. 5253;nl](r;tr%gzgggaélygtc;me(ﬁ%m%l\g;ormatics, Multimedia, Cyber, Jakarta Selatan, Indonesia https://2023.icimcis.org/

11.08.- 11.10. ég%inuii::iignﬁ(gigsfg) Conference On Visible Light Santiago, Chile https://www.sacvic.cl/

11.08.- 11.11. ggsén'gsiigxgg”aa;?gigggg:%rg?gjs‘g%fecem Advances i | oala India hitps//2023 eeerasse.org/

11.08. - 11.11. sgsaMl:;lt‘ﬁqrgﬁg?vﬁv\évg?:csﬂﬁs(mwllr,:/tl?g;ated Nonlinear Microwave Aveiro, Portugal https://www.inmmic.org/

11.08. - 11.09. %giifl;ﬁg%t ri]opgllD%)nference on Open Innovation and Digtal Manama, Bahrain https://oidt2023.agu.edu.bh/

11.08. - 11.09. ﬁ](?sramgigr:nstzr&?‘_tti?r(wlaéls(;tl)sn)ference on Signal Processing and Dubai, United Arab Emirates https:/ficspis.com/

11.09. - 11.10. igfhiglgggclgéférliggr(llaBIITEico)medical Instrumentation and Yogyakarta, Indonesia https://ibitec.uii.ac.id/

1109, - 11.41. .%gfgn;%gy“(‘gg%ona‘ Conference on Awareness Science and | 1.y 1y Taian hitps:/ficast-2023 github.iof

1109, - 11.41. fgagrsnir‘]SE(lECthfr”a“O”a‘ Conference on Development and | 1o, ching hitps:/www.icdl-2023.org/

11.09. - 11.10. 2023 E-Health and Bioengineering Conference (EHB) Bucharest, Romania http://www.ehbconference.ro/Home.aspx
1110.- 1113, égaspéiifnig%Alrg;emaﬁonal Power Electronics and Application Guangzhou, China hitp:/lpeas.cpss.org.cn

11.10.- 1111, ?}gzminfrgirzzaltrotr?sr?:éih?]rglaolgg(?gfglfgf)e on Information and Event Format: Virtual https://icoiact.org/

11.10. - 11.12. i?:?jall E’Egbﬁvr#;néfgzgggilicsﬂseg Eﬁrﬁei?gngﬁzzir?:é (C:;Sr;nce Novosibirsk, Russia https://apeie.ieeesiberia.org/

11.10.- 11.12, 2023 Medical Technologies Congress (TIPTEKNO) Famagusta, Cyprus https:/ftiptekno.net/2023/

1111, - 1117, ggrig;ﬂgg,el{lgg/x;%,%?or;;zreegrfs A];w(;rly:sigh Performance Denver, Colorado, USA https://sc23.supercomputing.org/
itorire | 25 EEE G0 Homators fotanop o0 COmRASIOnt | e, g
11.12.-11.16. 2023 IEEE Photonics Conference (IPC) QOrlando, Florida, USA https:/fieee-ipc.org/

1143 - 1114 5OG2E3SS|(E))EE Green Energy and Smart Systems Conference Long Beach, Calfornia, USA ggg:rzs///site.\eee.org/clas—sysc/oall-for.
11.13.-11.15, 2023 IEEE Future Networks World Forum (FNWF) Baltimore, Maryland, USA https://fnwf2023.ieee.org/
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2023 IEEE Intl Conf on Dependable, Autonomic and Secure
Computing, Intl Conf on Pervasive Intelligence and Computing, " .
1113.-1147. | Intl Conf on Cloud and Big Data Computing, Intl Conf on Cyber |  Abu Dhabi, United Arab Emirates ::ézi'é/t'nj"“e”ab'orgl cyber-science2023/
Science and Technology Congress (DASC/PiCom/CBDCom/ ’
CyberSciTech)
2023 IEEE International Conference on Signal Processing, . ) .
11.14.-11.17. Communications and Computing (ICSPCC) ZHENGZHOU, China http://www.icspcc.org/
. . Washington, District https://bts.ieee.org/broadcastsymposium.
11.14.-11.15. 2023 |EEE Broadcast Symposium (BTS) Columbia, USA himl
2023 IEEE Conference on Antenna Measurements and . ,
11.16.-11.17. Applications (CAMA) Genoa, ltaly https://2023ieeecama.org/
11.15.-11.18 2023 Middle East and North Africa Solar Conference (MENA-SC) Dubai, United Arab Emirates hitps://mbrsic.ae/en/mena-sc/about-mena-
e ’ solar-conference/
2023 19th International Symposium on Medical Information . . ) .
11.15.-11.17. Processing and Analysis (SIPAIM) Mexico City, Mexico http://www.sipaim.org/
2023 International Conference on Sustainable Communication " ”
11.15.-11.17. Networks and Application (ICSCNA) Event Format: Virtual https:/ficoscn.com/2023/
2023 38th Conference on Design of Circuits and Integrated . . e .
11.15.-11.17. Systems (DCIS) Mélaga, Spain https://dcis2023.uma.es/index.html
2023 29th International Conference on Mechatronics and ) .
11.15.-11.17. Machine Vision in Practice (M2VIP) Queenstown, New Zealand https:/www.m2vip.org/
11.16.-11.17. 2023 IEEE CPMT Symposium Japan (ICSJ) Kyoto, Japan http://www.ieee-csj.org/
2023 IEEE International Symposium on Technologies for " m
11.15.-11.16. Homeland Security (HST) Event Format: Virtual https://ieee-hst.org/
11.15.-11.17. 2023 XXV Robotics Mexican Congress (COMRob) Xalapa/Veracruz, Mexico https:/www.uv.mx/comrob/cfp/
11.15.-11.17. 5%%30:\5)& Fifth International Conference on DC Microgrids Auckland, New Zealand https:/www.ieee-icdcm.org/
. 2023 Intelligent Technologies and Electronic Devices in Vehicle . http://media-publisher.ru/en/about-
11351147, and Road Transport Complex (TIRVED) Moscow, Russia tirved-2023/
2023 Annual International Conference on Emerging Research
11.16.- 11.18. Areas: International Conference on Intelligent Systems (AICERA/ Kanjirapally, India https://aicera.in/2023/
ICIS)
2023 International Conference on Electrical, Computer and ' ) .
11.16.- 11.17. Energy Technologies (ICECET) Cape Town, South Africa http://www.icecet.com/
2023 IEEE Symposium on Reliability for Electronics and ' P ) )
11.16.- 11.17. Photonics Packaging (REPP) Milpitas, California, USA https://attend.ieee.org/repp/
. 2023 31st National Conference with International Participation ) ' http://e-university.tu-sofia.bg/e-
n.16.-11.17. (TELECOM) Sofia, Bulgaria conf/?konf=177
11.16.- 11.18. 2023 International Symposium on Computers in Education (SIIE) Setdbal, Portugal https://eventos.ese.ips.pt/sie2023/
. 2023 IEEE International Performance, Computing, and . P . .
11.17.-11.19. Communications Conference (IPCCC) Anaheim, California, USA https:/www.ipccc.org/
11.17.-11.19. 2023 China Automation Congress (CAC) Chongaing, China http://www.cac2023.org.cn/
2023 8th International Conference on Robotics and Automation ’ ) )
11.17.-11.19. Engineering (ICRAE) Singapore, Singapore http://www.cac2023.org.cn/
2023 8th International Conference on Communication, Image . . .
11.17.-11.19. and Signal Processing (CCISP) Chengdu, China https:/www.ccisp.org/
2023 9th International Conference on Mechanical and . . ) .
11.17.-11.19. Electronics Engineering (ICMEE) Xi'an, China http://www.icmee.org/
. 2023 |EEE 5th PhD Colloguium on Emerging Domain Innovation . ) Y
11.17.-11.18. and Technology for Society (PhD EDITS) Bangalore, India https://www.phdedits.in/
1147 - 1118, 2023 International Conference on System, Computation, PUDUCHERRY, India hitp:www.icscan.n/

Automation and Networking (ICSCAN)
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11.17.-11.18. 2023 25th International Multitopic Conference (INMIC) Lahore, Pakistan http://inmic.org.pk/2023/
11.17.-11.18. é%ii:ggg?\}gﬁr%qféﬁgﬁ on Intelligent Compuiing and Next Hangzhou, China https://www.icngn.org/

1147 - 1119, sgisASttgnl]gg;zt(i)oMng\A()jonference on Mechatronics, Robotics Xiamen. China hitp:fwww.icmra.org/
11.18.- 11.19. é%i?elgffe’z‘ﬁggoﬁ)amamka Subsection Flagship International | gy, o0 ngia hitps:/fieeenkcon2023.0rg/

1118 (ZSEHSU)S(JiIEr;)mternational HCI and UX Conference in Indonesia Bali, Indonesia hitps:/chiuxid.org/
11.19.-11.22. g?oszagl;E%n z/lé%:s)ia—Paciﬂc Conference on Antennas and Guangzhou, China http://www.em-conf.com/apcap2023/
11.19.-11.22. 2023 |EEE Gaming, Entertainment, and Media Conference (GEM) Bridgetown, Barbados https:/fieeegem.org/

11.0.- 1123, 522:;(;5& International Future Energy Electronics Conference Sydney, Australia hitps:/leec2023.org/

11.00.-11.92 a%ﬁagngeggitéc;nﬁ\\ﬂ:é;nposium on Micro-NanoMehatronics and Nagoya, Japan mgégg/s\%ﬂi\nq.nagoya-u.ac,jp/mhs/
1120.-11.21. ﬁ?éf%g}gs”aggpna;ﬁl‘r’]ge;iﬁegmg;‘ﬁg‘gIg?? Inteligence for | £ ot Format: Virtual hitp:/fict.uob.edu.bh/3ict23/

11.20.- 11.22, ﬁ?glﬁgfnii j:(;dln'fgt’fnr;‘;ct:’%'hlsﬂy)mpog“m on Computational | g 4a0est Hungary http/conf.uni-obuda.hu/cinti2023/

11.20.- 11.21. §2§3N;§;2r{<”ste(é”|§‘)"°”a' Conference on Security of Information | .0 jnejia hitps://sinconf.org/sin2023/

11.21.-11.23. 5253}nﬁéiﬁ]e:ézrlnstigsxnﬁc%gf rence on Intelligent Computing Cairo, Egypt https:/ficicis.cis.asu.edu.eg/

11.21.-11.23. i?é?cliEﬁEtg}nglg;ecga%gfr:ggg::sre;:s;g;?;?ﬁ;{g%ﬁg?eiﬂ? Marrakech, Morocco http://www.macc.ma/cloudtech23/
11.21.-11.24, i(;zae; IEEE PES Innovative Smart Grid Technolagies - Asia (ISGT Auckland, New Zealand https://ieee-isgt-asia.org/

11.21.-11.22. 2023 31st Telecommunications Forum (TELFOR) Belgrade, Serbia https:/www.telfor.rs/

1121.-11.23, é%?mjr:‘ltcgng‘r}esry'ﬁg'n‘:gﬂ'mcc‘é';ference on Information and |4 joran hitps:/lwww.just.edu.joficics/
11.22.-11.24, éopzjgﬁgilg;eéngggg?érioagmggf n Technology Management, Rabat, Morocco http://ictmod-conference.com/
11.22.-11.24. igpz)ﬁc;llgtnz (:EEESQS?\‘TaHonaI Conference an Industry Sao Bernardo do Campo, Brazil https://induscon.org/

1120 - 1124, gngeStyzt‘gSI;t;mational Conference on System Reliability and Bologna, ltaly hitp:fwww.csrs.org/

1120.-11.24. ég;fnugchangyggg ‘j‘;;fonsggcg ?ggﬁ{:;gg; 0 & AE)' EClronics, | g ont Format: Virtual hitp:/ficoeca.org/2023/

1129 - 1123, ggtzricirgmlirz:t:lrsn(allg%nTag)Conference on Petroleum Technology & Baghdad, Iraq m;ﬂs://icptp.uolechno\ogy.edu.iq/mdex.
11.22.-11.25. 2023 |EEE Colombian Caribbean Conference (C3) Barranquilla, Colombia https://attend.ieee.org/c3/

1123.-11.24. é%fnsm‘S;?ég?;‘r?gigcl;gﬁgggsT‘éghAngl‘g‘yc(’fé /il”c(é‘l’T’;‘p“tatio”' Faridabad, India hitps:/laiccite023 vercel.app/

11.23.- 11.25, ﬁ}?fr?n ;}Qﬂ'g‘fét’g‘lzgﬁé gggg;%;z; n?s”(c?gg”sr)”“”ica“"”s’ Plovdiv, Bulgaria hitp:/ciees.eu/

11.23.- 11.24. 2251:\”9‘%’2:}"28ﬁegﬁr?;‘?g;’f(‘fc%’kgg’fn‘ Advances in Science | g 5 NAGARA, India https:/ibgsiticraset23.com/

1103 -11.95, 2023 IEEE International Conference on Communication, Malang, Indonesia hitp:/fcomnetsat.org/

Networks and Satellite (COMNETSAT)
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1103, - 11.05. 5%%3R)51h International Conference on Control and Robotics Tokyo, Japan hitp:/fanwiccrnet/

2023 Innovations in Power and Advanced Computing . P
11.24.-11.26. Technologies (-PACT) Kuala Lumpur, Malaysia https://vit.ac.infipact/
11.24.-11.25, 2023 IEEE 3rd Applied Signal Processing Conference (ASPCON) India http://ieeespskolkata.org/conferences.html

2023 Eleventh International Conference on Technology for . ) )
11.24.-11.26. Education (T4E) Mumbai, India https://etsociety.org/t4e2023/
11.24.-11.26. 2023 Power Electronics and Power System Conference (PEPSC) Hangzhou, China https://pepsc.org/

. 2023 International Conference on Integrated Intelligence and N R
11.24.-11.25. Communication Systems (ICIICS) Kalaburagi, India https:/ficiics.in/

2023 IEEE 9th International Women in Engineering (WIE)
11.25.-11.26. Conference on Electrical and Computer Engineering (WIECON- Thiruvananthapuram, India http://wiecon-ece.org/

ECE)

2023 IEEE International Conference on Intelligent Systems, Smart . ) . ) S
11.25.-11.26. and Green Technologies (ICISSGT) Vssakhapatnam, India https://r10.ieee.org/vizagbay/icissgt-2023/
11.26.-11.29. 2023 |EEE 8th Southern Power Electronics Conference (SPEC) Florianopolis, Brazil https://spec-ieee.org/spec2023/
1127.-1130. | 2023 Resiience Week (RWS) National Harbor, Maryland, USA https://events.techconnect.org/DTCFall/

Resilience-Week/

2023 IEEE International Conference on Teaching, Assessment .

11.27 and Learning for Engineering (TALE) Auckland, New Zealand https://tale2023.org/

2023 2nd International Conference on Emerging Trends
11.27.-11.29. in Electrical, Control, and Telecommunication Engineering Lahore, Pakistan https://etecte.uol.edu.pk/

(ETECTE)

2023 1st DMIHER International Conference on Artificial I http://www.dmimsu.edu.in/IICAIEl/index.
1127.-11.28. 1 | yelligence in Education and Industry 4.0 (IDICAIEI) Wardha, India php

2023 12th International Conference on Control, Automation and . . -
11.27.-11.29. Information Sciences (ICCAIS) Hanoi, Vietnam https:/www.iccais2023.org/

2023 5th International Conference on Artificial Intelligence and I . ) -
11.28.-11.30. Computer Applications (ICAICA) Dalian, China http:/www.icaica.org/

1108 - 1130, 5[():203A\)memat|onal Conference on Computer and Applications Cairo, Egypt htps:/ficca-conf info/

2023 2nd International Conference on Electronics, Energy and . ) . :

11.28.-11.30. Measurement (IC2EM) Medea, Algeria http://www.univ-medea.dz/ic2em2023/
Y 2023 IEEE Transportation Electrification Conference and Expo, . T i,
11.28.- 11.0-. Asia-Pacific (ITEC Asia-Pacific) Chiang Mai, Thailand https:/fitec-ap2023.com/

2023 IEEE International Conference on Internet of Things and . . s
11.28.-11.30. Intelligence Systems (IoTalS) Bali, Indonesia http://iotais.org/

2023 9th IEEE India International Conference on Power . ) . )

11.28. - 11.30. Electronics (IICPE) SONIPAT, India https://www.iicpe2023.in/

2023 International Conference on the Confluence of
11.28.-11.29. Advancements in Robotics, Vision and Interdisciplinary Bangalore, India http://ic-rvitm.rvitm.edu.in/

Technology Management (IC-RVITM)

2023 33rd International Telecommunication Networks and . i

11.29 Applications Conference (ITNAC) Melbourne, Australia https://itnac.org.au/

2023 Workshop on Communication Networks and Power " .

11.30 Systems (WCNPS) Event Format: Virtual https://ieee-wenps.org/
»20234 128

2023 IEEE 2nd International Conference on Data, Decision and . m
12.01.-12.02. Systems (ICDDS) Mangaluru, India https:/ficdds.org/
12.01.-12.02. 2023 IEEE International Conference on Knowledge Graph (ICKG) Event Format: Virtual https://ickg2023.zhonghuapu.com/en/
1201.-12.03. 2023 |EEE 5th International Conference on Architecture, Taichung, Taiwan hitp:www.icaceh.asia/

Construction, Environment and Hydraulics (ICACEH)

826 The Magazine of the IEIE

68



R

Sharhzly

THEIREA

=B

e
12.01.-12.03. é%f;i;ﬁﬁi;?;r:(lsné%;ationa\ Conference on Signal, Control and Hammamet, Tunisia https://scc.ieee.tn/
12.01.-12.04. 2023 |EEE International Conference on Data Mining (ICDM) Shanghai, China ir;wt(tjg;:émww,c\oud—conf.net/iodm2023/
12.01.-12.03. é%ﬁfmfr']?cg‘;'or?so(’ggﬁgje on Information Technologies and | go oo ngia https://gecit.infindex.php
1201.-12.08. égiiriltI;an217|t(;]e:wrt]itf?égﬁggrzis%)nference on Anti-ounterfeiting, | yi.ron China hitps:/Jasid xmu.edu.cnjmain.him

12.02. SSri?JOLEuEr:]E(SSFLEA%T Processing in Medicine and Biology Event Format: Virtual https://www.ieeespmb.org/2023/
12.02. - 12.03, ﬁ?nzfv LEIEESB‘;“ ‘E”ntslrr?:gﬁr?g' (?COSEB”CE on Recent Advances and | o1 | ympur, Malaysia hitps:/ficraie2023.com/
12.03. - 12.06. Egﬁ(;%%d;”(tgr%';’ nal Conference on Energy Technologies for Wollongong, Australia https://attend.ieee.org/etfg-2023/
12.04.-12.07. gg?jr:tEy E(I\EN:EtSe)mational Workshop on Information Forensics and Nurnberg, Germany https://wifs2023.fau.de/
12.04.-12.07. igéasigttgnlg(:zcgéesr;aﬁonal Corference on Blectronics, Circuits Istanbul, Turkey http://icecs2023.isikun.edu.tr/
12.04.-12.06. i%ﬁic';%n;?wi%%smp on Wide Bandgap Power Devices & | o6 North Carolina, USA hitps://wipda.org/
12.04.-12.08. géﬁSE&SM 2023 - 2023 IEEE Global Communications Kuala Lumpur, Malaysia https://globecom?2023.ieee-globecom.org/
12.04.-12.08. 2023 IEEE Globecom Workshops (GC Wkshps) Kuala Lumpur, Malaysia https://globecom2023.ieee-globecom.org/
12.04. - 12.05. gsﬁi r:qnﬁ’r\;lgg?nal Symposium on Multi-Robot and Multi-Agent Boston, Massachusetts, USA https://sites.bu.edu/mrs2023/

12.04. 2023 Connecting the Unconnected Summit (CTUS) Kuala Lumpur, Malaysia gstrz);}{//ctu.'\eee.org/summit/2023-ctu-
12.04.-12.07. (2:?025 d lggﬁﬁ u(t:ill:/lg Egtgcl)mernational Conference on Utiity and Taormina, Italy https://ucc-conference.org/
12.04.-12.06. %é)gfn;g;s;Qéesrgsetri]ggezaggg&rz?ce on Cloud Computing Naples, ltaly ElgtU%iéggozzg?ecZ.umcam pania.it/
12.04. - 12.06. %%?: EIEQEJEeAe?i\%F’(%cS\'ﬁE;:ESonference on Computer Science and Nadi, Fiji https://ieee-csde.org/csde2023/
12.04. - 12.06. ég;?né”e‘ﬁnrga(‘ii_ocng's%”fere”Ce on Sustainable Technology and |\ i hitps:/fi-coste.org/i-coste2023/
12.04. - 12.06. 2023 IEEE International Conference on Agents (ICA) Kyoto, Japan https://confaid.com/ieee-ica2023/
12041200 | 2023 IEFE (F‘gg{gf”o”a' Conference on Robotics and | gy samyi Thailand http//robio2023.org/
12.04. - 12.06. 2023 4th China International SAR Symposium (CISS) Shanghai, China http://ciss2023.cn/

2023 26th Conference of the Oriental COCOSDA International
12.04. - 12.06. Committee for the Co-ordination and Standardisation of Speech Delhi, India https://www.ococosda2023.com/
Databases and Assessment Techniques (O-COCOSDA)

12.04.-12.06. é(i)sgnélfgeﬁgéd(ér;éegalional Conference on Bioinformatics and Event Format: Virtual 2:&72%:2/45)ibe.conferences.computer.
12.04. - 12.07. g%irsg?ngiig liiiol:;?gé%%%l Conference on Computer Giza, Egypt https://aiccsa.net/AICCSA2023/
19.05.- 12,08 é?oﬁegﬁggelpéfé&e;tiona\ Conference on Bioinformatics and Istanbul, Turkey g}gﬁjé/ok;isc}ma.cpsc.ucalgary-ca/IEEE.
12.05. - 12.08. 2023 Asia-Pacific Microwave Conference (APMC) Taipei, Taiwan http://www.apmc2023.org/
12.05. - 12.08. 2023 21st International Conference on Advanced Robotics Abu Dhabi, United Arab Emirates https://sites.google.com/view/2023icar

(ICAR)
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2023 IEEE 16th International Conference on Nano/Molecular . »
12.05. - 12.08. Medicine & Engineering (NANOMED) Okinawa, Japan http://ieee-nanomed.org/2023/
12.05.-12.08. (2EO§T3CI)EEE 25th Electronics Packaging Technology Conference Singapore hitps:/www.eptc-iese.net
12.05. - 12.08. 2023 |EEE Real-Time Systems Symposium (RTSS) Taipei, Taiwan http://2023.rtss.org/
2023 |IEEE CHILEAN Conference on Electrical, Electronics hitps://site.ieee.org/chilesur/icee-
12.05. - 12.07. Engineering, Information and Communication Technologies Valdivia, Chile chilgcén-2023'/ 019
(CHILECON)
12.06. - 12.08. 2023 |[EEE MTT-S Latin American Microwave Conference (LAMC) San José, Costa Rica https://lamc-ieee.org/
12.06. - 12.08. (ngzgl)lEEE Symposium Series on Computational Intelligence Mexico City, Mexico https://attend.ieee.org/ssci-2023/
2023 24th International Arab Conference on Information . ) . .
12.06. - 12.08. Technology (ACIT) Ajman, United Arab Emirates https://acit2k.org/ACIT/
19.06.-12.09 2023 IEEE EMBS Special Topic Conference on Data Science and Malta https://datascience.embs.org/2023/
R Engineering in Healthcare, Medicine and Biology welcome/
2023 |EEE PES 15th Asia-Pacific Power and Energy Engineering . . . i,
12.06. - 12.09. Conference (APPEEC) Chiang Mai, Thailand https://ieee-appeec.org/
2023 7th International Conference on New Media Studies . . ) . )
12.06. - 12.08. (CONMEDIA) Bali, Indonesia https://conmedia.umn.ac.id/
12.06. - 12.09. 2023 IEEE/ACM Symposium on Edge Computing (SEC) Wilmington, Delaware, USA http://acm-ieee-sec.org/2023/index.php
2023 3rd International Conference on Smart Cities, Automation & . . i, . )
12.06. - 12.08. Inteligent Computing Systems (ICON-SONICS) Bali, Indonesia https:/ficonsonics.umn.ac.id/
12.06. - 12.08. 2023 TRON Symposium (TRONSHOW) Tokyo, Japan https:/ftronshow.org/index-e.html
2023 International Conference on Modeling, Simulation & A . ) .
12.07.-12.09. Inteligent Computing (MoSICom) Dubai, United Arab Emirates https://www.mosicom2023.com/
. 2023 1st International Conference on Optimization Techniques A e )
12.07. - 12.08. for Learning (ICOTL) Bengaluru, India https://mits-icotl23.netlify.app/
12.07.-12.09. 2023 |EEE Workshop on Recent Advances in Photonics (WRAP) Prayagraj, India https://wrap2023.iiita.ac.in/
2023 |EEE 6th Student Conference on Electric Machines and . .
12.07. - 12.09. Systems (SCEMS) HuZhou, China https://scems2023.com/
2023 13th International Conference on Information Science and . ) . -
12.08.-12.14. Technology (ICIST) Cairo, Egypt https://conference.cs.cityu.edu.hk/icist/
2023 |EEE 4th China International Youth Conference On Electrical . e .
12.08. - 12.10. Engineering (CIYCEE) Chengdu, China http://ciycee2023.aconf.cnfindex.html
2023 IEEE 2nd Industrial Electronics Society Annual On-Line " I,
12.08.-12.10. Conference (ONCON) Event Format: Virtual https://iesoncon2023.com/
2023 Fourth International Conference on Smart Technologies in I I .
12.08.-12.00. Computing, Electrical and Electronics (ICSTCEE) Bengaluru, India https:/ficsteee.in/
2023 9th International Conference on Computer and . ) .
12.08.-12.11. Communications (ICCC) Chengdu, China http://www.iccc.org/
2023 IEEE 11th Joint International Information Technology and . . ) L
12.08. - 12.10. Artificial Inteligence Conference (ITAIC) Chongaing, China http://www.itaic.org/
1208 -12.00 2023 IEEE International Conference on ICT in Business Industry Indore, India htlps://indore.hosting.acm.org/iclbigEOZS/
& Government (ICTBIG) index.htm
2023 15th International Conference on Software, Knowledge, . e
12.08. - 12.10. Information Management and Applications (SKIMA) Kuala Lumpur, Malaysia http://skimanetwork.org/
2023 3rd International Conference on Mobile Networks and . . .
12.08. - 12.09. Wireless Communications (ICMNWC) Tumkur, India https://www.icmnwc.com/
12.08. - 12.10. 2023 Innovations in Power and Advanced Computing Kuala Lumpur, Malaysia https://vit.ac.infipact/

Technologies (i-PACT)
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12.08. - 12.10. 5253}?2?0122?';21?2:1 %gr&%rsgse on Mechanical Engineering Krakow, Poland http://www.icmerr.com/
12.08. - 12.10. é(;izr:gt\iclgt(%rgét)ional Conerence on Control, Robotics and Changsha, China http:/www.iccre.org/index. html
12.08.- 1210, é%ﬁg:{:&,‘g national Conference on Power and Energy | oyonqqy China hitp://www. icpes.org/
12.09.-12.13. 2023 International Electron Devices Meeting (IEDM) San Francisco, California, USA https://www.ieee-iedm.org/
12.10.- 12.11. fﬂgﬁlLEeElEtéﬂfggzigo(gfl',ﬁf”fereme on Computer Vision and | & aier Indiia hitps:/lcvmi2023 itm.ac.in/
1210.-12.12. égfnsm L'JEiE;i;nﬁ(t&lc"g'aVSia International Conference on |y uia | mpur, Malaysia hitp:/Jmicc2023.mycomvt.infof
1210.-12.13. 5%1}'58'58'5) India Geoscience and Remote Sensing Symposium Bangalore, India https:/fingarss.org/
12.10.- 12,13, fZOOTZSO'VEeErEEiredrg"y“ae;gaggﬁof(%r}fggeg)ce on Smart Technologies | gy, 1 anecwar, India hitps:/Jevent kit ac.in/STPEC2023/
12.10.-12.13. igsznl:iglfn E’\B/Itj‘til_g;rsr:)art)\o dgﬂti\yzog;scf;c;gingr}C%OMn;pAtg)ational Herradura, Costa Rica https:/fig.umons.ac.befindex.php
12.11.-12.13. 2023 |EEE Ninth Multimedia Big Data (BigMM) Laguna Hills, California, USA https:/www.bigmm.org/
12.11.-12.13. 2023 4th International Conference on Power Engineering (ICPE) Macau, Macao http://www.icpe.net/
12.11.-12.13. 2023 |EEE International Symposium on Multimedia (ISM) Laguna Hills, California, USA https:/www.ieee-ism.org/
12.11.-12.14. E&ZA%&%NE)MGOMV% Antennas, and Propagation Conference Ahmedabad, India https://www.ieeemapcon.org/
12.11.-12.13, ggiaRiggwlggfg”g;gEﬂﬁ%‘;\%‘;{‘Sc)e on Automation, Computing | ¢ e Format. Virtual hitp/ficacrs.com/2023/
12.11.-12.13. igfsnitlgg;irg:r;sgoﬁgwg?lziga(%coemomn@?)v anced Communication Rabat, Morocco http://www.commnet-conf.org/
12.41.- 1213, é%fnapjﬁée(ﬁg%)'EEE International Conference on Robofic | ;o\ 15 il Calfornia, USA hitps:/fwww.ieee-irc.org/
2023 IEEE 22nd International Conference on Micro and
12.11.-12.14. Nanotechnology for Power Generation and Energy Conversion Abu Dhabi, United Arab Emirates https://www.powermems.org/
Applications (PowerMEMS)
1211 -12.12. %gffnglrg;;rzsﬂgna\ Conference on Frontiers of Information Lahore, Pakistan hitps:fit.edu.pk/
12.11.-12.13. Egéf;tliEsE,Ea:]r:jt(T:]rf]::‘rﬁgﬁ‘cscg(gelﬁnce on Service Operations and Singapore, Singapore https://2023.ieee-soli.org/
1212 -1214. ésstgnl]E%gD/E\\;Sc)trical Design of Advanced Packaging and Rose-Hill, Mauritius http:/fedaps.org/
1212 - 12,15, 5(%% _Iiiil)ntemational Transportation Electrification Conference Chenna, India https://saeindia.orglevents/itecindia-2023
12.12.- 1214, %iitf(ﬁin?ﬁ% igg)”d International Conference on Humanoid | iin Texas, UsA https://2023.ieee-humanoids.org/
12.12.-12.14. Egé%ggr%gé%terér!?];elgg?tiﬁ\rﬂ%llz%uItidisciplinary Conference on Beirut, Lebanon http://Ireee.orgfimcet23/
12.12.-12.15. 2023 62nd IEEE Conference on Decision and Control (CDC) Singapore, Singapore https://cdc2023.ieeecss.org/
12.13.-12.15. 2023 International Symposium on Ocean Technology (SYMPOL) Kochi, India http://sympol.cusat.ac.in/
12.13.-12.15. ‘Zntigﬁ’ig‘g:cg]%gﬁ:;ggly%m%ence on Computers and Artificial Macau, Macao http://www.cait.net/
1213.- 12,15, 2023 Asian Hardware Oriented Security and Trust Symposium Tianjin, China hitps:fwww.asianhost org/2023/

(AsianHOST)
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12.13.-12.15. ﬁg‘jﬁgéﬁgg(:&rcogl\;lediterranean Conference on Artificial Hammamet, Tunisia https://easychair.org/cfp/AMCAI-2023
12.13.-12.15. %Sfﬁn%%g;”(ﬁggﬁ;’”a' Conference on Computer and Information | ¢ Bayar Bangladesh https:/ficit org.bd/2023/

1213 -12.15, (28(2)?T)O|TS International Conference on Information Technology Raipur, India hitps:fwww.oits-icit org/

12.13.-12.16. fgé%;EEE 54th Semiconductor Interface Specialists Conference San Diego, California, USA https://www.ieeesisc.org/

12.13.-12.15. ﬁ%ZPBS)mth IEEE International Conference on Power Systems Cox's Bazar, Bangladesh http://www.icps23.com/

12.13.-12.14. %gsgoLﬁeitgégF?etgt)jem Conference on Research and Kuala Lumpur, Malaysia https://ieeemy.org/scored/

1214 -12.16, é%?pﬁ\EnEg/AaCrig gt:t;néirir;itcic;n(aégg)nference on Big Data, Cloud Hochimin City, Vietnam Etggzé/;g/isinternational.org/conferences/
t2ra-tote, | ELEEE mesrs Corerce o Coting BEmOORE | g B
12.14.-12.16. ig?jggg%g?%&%g%ﬁ AESanArée)ering Management Conference - Bengaluru, India https://aspac-temscon.com/

12.14.-12.16. 2023 11th National Power Electronics Conference (NPEC) Guwahati, India https:/www.npec2023.com/

12.14.-12.15. i%ﬁ;g E\Etw({)ean%icohnnagk%?g;e(rlzn’a&o&)l\/l aetine Learning and Event Format: Virtual https://icmlant.com/

12.14.-12.16. é%?ﬁﬂii@;%;nnaygg%gg; ference on Computers and Devices for Kolkata, India https://www.codec-rpe.org/

12.14.-12.15, é%?fm'u%‘z;gg‘n"Eﬂ;’lnggﬂgrﬁgg\eﬂé’é‘) Energy, Materials and |\ i India https://icemce2023.github.ioficemce/
12.14.- 12,15, ﬁggﬁgﬁ é’;féﬁg%’&';g;fereme on Signal Processing and Bali, Indonesia https:/ficspis.ir/

12.14.-12.16. i(r)é?cSar‘dlnltrg”e“gneanticogiiggglr;ference on Robotics, Automation and Singapore, Singapore http://www.raai.net/

12.14.-12.16. (z)%zrr?pirl]gr lggizzt;?i:zg (?ggfsgg)ce on Automation, Robotics and Wuhan, China https://www.icarce.com/

1214 - 1217, 6,(3‘%3'CICI)E'\I‘E)E 20th India Council International Conference Warangal, India ir%tdt‘_gcs)[:wlzloczrg/s.nitw.ac.m/conference/
1214 - 1216, (ZI\E‘)él?é)l(?temational Conference on Next Generation Electronics Vellore, India hitps:/hvit ac.iNEleX/

i-rats | 5 nenalors Colege o ostie SRS | croval noa
12.15.-12.17. %gfﬁngffgyzgc%”fereme on Information and Communication | o100 jndiia https://cict2023.com/

12.15.-12.17. é%i?rgﬁelgﬁg22?::‘(((;@;?{?”06 on Electrical Engineering and Chengdu, China https://ceect.org/

12.15.-12.17. él?azc?roLECEsEar?c;hE\tLgttﬁggI&lEr?Siilae(?iggTA@?EEE?H Automation, Shenyang, China http://www.auteee.org/

12.15.- 12,17, é%fn?’m'fn%afgn‘ éﬂg;’;ﬂiﬂgi'lc%%g‘;rence on Electronics and | yoan China hitpfuww.icece.net/

121521217, 5%?\‘30\)nternaﬂona\ Conference on Neuromorphic Computing Wuhan, China hitp:fienc2023.org/

1915.- 1216, (%?fmi)uitng ;rrw]tdelrnndetté?rr;?o(%gg;%;ence on Communication, Bangalore, India Egrp%se://sites.goog\e.com/vwew/02i6-2023/
12.15.-12.17. i%%"ﬁcﬁiﬁ gnéeérz?ggnféegﬁﬁéiﬁ;ce on E-health Networking, Chongging, China https://healthcom?2023.ieee-healthcom.org/
1215, - 1217 2023 |EEE 3rd International Conference on Social Sciences and Taichung, Taiwan hitp:/fwww,ssimasia/

Intelligence Management (SSIM)
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2023 9th International Conference on Big Data and Information . . ) .
12.15.-12.17. Analytics (BigDIA) Haikou, China https://2023.bigdia.org/
. 2023 11th International Conference on Intelligent Systems and A i
12.15.-12.17. Embedded Design (ISED) Dehradun, India https:/fisedconf.org/
12.15.-12.18. 2023 |EEE International Conference on Big Data (BigData) Sorrento, Italy m:g‘://mgdatmeee.org/B|gData2023/ ndex.
2023 IEEE 7th Conference on Energy Internet and Energy . ) . )
12.15.-12.18. System Integration (E12) Hangzhou, China https://attend.ieee.org/ei2-2022/
2023 International Conference on Machine Learning and . ’ m ) ,
12.15.-12.17. Applications (ICMLA) Jacksonville, Florida, USA https://icmla-conference.org/icmla23/
2023 5th International Conference on Advances in Computing, . » )
12.15.-12.16. Communication Control and Networking (ICAC3N) Greater Noida, India https://icac3n.in/
2023 20th International Computer Conference on Wavelet Active . .
1251247, Media Technology and Information Processing (ICCWAMTIP) Chengdu, China hitps/fwaveletiab.cn/
12.16.-12.22. ?géﬁ)?th IEEE Congress on Information Science and Technology Agadir - Essaouira, Morocco http://www.ieee.ma/cist23/
12.16. - 2023 IEEE 11th Conference on Systems, Process & Control . e o
195003 (ICSPC) Malacca, Malaysia https://sites.google.com/view/icspc/home
2023 |IEEE Automatic Speech Recognition and Understanding R )
12.16. - 12.20. Workshop (ASRU) Taipei, Taiwan http://www.asru2023.org/
12.16.-12.18. 2023 14th International Renewable Energy Congress (IREC) Sousse, Tunisia https:/firec-conference.com/
. 2023 16th International Symposium on Computational . » . -
12.16.-12.17. Inteligence and Design (ISCID) Hangzhou, China http://iukm.zju.edu.cn/iscid/index.html
2023 |EEE International Conference on Power Electronics, Smart . ’ .
12.17.-12.20. Grid, and Renewable Energy (PESGRE) Trivandrum, India https://pesgre2023.org/
2023 IEEE International Conference on Advanced Networks and . . ) )
12.17.-12.20. Telecommunications Systems (ANTS) Jaipur, India https://ants2023.ieee-ants.org/
2023 IEEE International Conference on High Performance
. Computing & Communications, Data Science & Systems, Smart I .
12.17.-12.21. City & Dependabilty in Sensor, Cloud & Big Data Systems & Melbourne, Australia http://www.swinflow.org/confs/2023/hpcc/
Application (HPCC/DSS/SmartCity/DependSys)
2023 IEEE 29th International Conference on Parallel and . i, . )
12.17.-12.21. Distributed Systems (ICPADS) Ocean Flower Island, China https://ieee-cybermatics.org/2023/icpads/
2023 IEEE International Conferences on Internet of Things
(iThings) and IEEE Green Computing & Communications
12.17.-12.21. (GreenCom) and IEEE Cyber, Physical & Social Computing Danzhou, China https://ieee-cybermatics.org/2023/
(CPSCom) and IEEE Smart Data (SmartData) and IEEE Congress
on Cybermatics (Cybermatics)
1247.-1221. | 2023 IEEE International Conference on Blockchain (Blockchain) Danzhou, China EEE@A; 'iﬁ/ee'cyberma“cs'org/ 2023/
. 2023 IEEE International Conference on Industrial Engineering . https://www.ieem.org/public.
1218.-12.21. and Engineering Management (IEEM) Singapore, Singapore asp?page=index.asp
1218 -12.90 5(SJEBS)EEE International Symposium on Smart Electronic Systems Ahmedabad, India hitps: flees-ises.org/2023/
2023 7th International Conference on Electronics, Materials . m ) .
12.18.-12.20. Engineering & Nano-Technology (IEMENTech) Kolkata, India https://iementech.iem.edu.in/
2023 |EEE 30th International Conference on High Performance A e
12.18.-12.21. Computing, Data, and Analytics (HiPC) Goa, India https://hipc.org/
12.18.-12.20. 5%283C|)EEE 11th International Conference on Systems and Control Sousse, Tunisia https:/ficsc.conference.univ-poitiers.fr/
12.18.-12.20. 2023 Saudi Arabia Smart Grid (SASG) Riyadh, Saudi Arabia https://saudi-sg.com/
1219.- 1201, 2023 11th RSI International Conference on Robotics and Tehran, Iran https:ficrom.ir/

Mechatronics (ICRoM)
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2023 Fifth Scientific Conference for Electrical Engineering

12.20. - 12.21. Techniques Research (EETR) Baghdad, Iraq http://eetr2023.eetc.mtu.edu.ig/

12.20. - 12.21. i253%;:Eo‘lggegiﬁiggagsgc)}”fere”Ce on Open Source Systems || oo paistan hitps:/ficosst kics.edu.pk/2023/

1221.-12.23. ﬁ]o dzfstsr;d;\'g;{c”:;fr?:'(%ﬁ&ﬁf”w on Innovative Mechanisms for | ¢ oy ot Virtual hitp:/ficimia.inf#about

12.21.-12.22, é%i?e;s:cgnﬁg%gonal Informatics and Software Engineering Ankara, Turkey https://iisec.tbdakademi.org.tr/2023/
2023 IEE_E Ir_nl Con_f on Parallel & D\'stribu_ted Proce_ssing _
(ISPA/BDCloud/SocialCom/SustainCom)

oo oat | Ko b o 4 S | o

teot-roze | 23 o Qs o Ewarg PO |- puge, S g oo cominto e

e -roz | 228 EEE 1o st Cotornce o Compuiondl | g s ok

12.22.-12.23. ﬁ‘%fﬁolrr;t:g:%ﬁggstrict;?lfgg&%e) on Computational Intelligence, Mylavaram, India https://www.iccins.in/

12221204, | 2028 rﬁgtggr‘;ﬁgﬁgg%%”I%QE%?E)O” Electrical, Control and |y 213 | umpur, Malaysia https://2023.icecie.com/

12.23.-12.25, é%ﬁfmEn'I\éztl(';l.‘?égﬁr:';g;'e&%‘”\f/ge”Ce on Computing and | ! Vietnam hitps://rivi2023.0rg/

12.27.-12.28. ﬁ? dzfstf;h 4%uft.?énc?ﬁig%gﬁgs ARn Zsﬂigiiaiggge{gg%? Energy And Event Format: Virtual https://srcdi.uob.edu.bh/

te-raan, | 2020 30 armatorl Coruercs o St Gl | angeio, s psatgercnor

12.29.-12.30. ﬁ%ﬁa‘tﬁiTﬁ‘g‘;g%g;gf‘igeu”sfr’fesac’xmﬁ'a' Inteligence for | paipur India httos: wwwicailhi.com/

»)20043 184

01.01.-01.06. \2/?;;1I\E\/EoE/kgggp\Q/i(r\]/:/eArC?/OWn;erence on Applications of Computer Waikoloa, Hawaii, USA https://wacv2024.thecvf.com/

o1gn-0105. | 224 0 o Gl g outos OO | i, piineonerg

01.04.-01.06. ﬁ]%i‘\‘/alﬁrgssrTﬂggﬁ:of)g;f;:zngfgigge:r?giél Agrﬂ?ﬂgS)ustainable Tadepalligudem, India http://ite.sasi.ac.in/

01.04.-01.06. égfnzr{n5r:gat:grge¥elitr;glg>glleggr?éﬁ;?grﬁgt gf“Th'ig;es' '(il%%“léTl)jata Event Format: Virual http:/ficoici.org/2024/

01.06. - 01.08. 5%251E)|EEE International Conference on Consumer Electronics Las Vegas, Nevada, USA https://icce.org/2024/call-for-papers-2/

01.06. - 01.09. é%i?erLeEnEcE (%gzlél)onsumer Communications & Networking Las Vegas, Nevada, USA https://ccnc2024.ieee-cenc.org/

o1 -0t | 22430 et Coterge L5 enn O 02| ok, osioo

0108.- 0111, (2§|2)4 |IEEE/SICE International Symposium on System Integration Ha Long, Vietnam hitpsfsice-si.org/SII2024/

01.08. - 01.10. Eggfgit?slgtsgationa\ Conference on Smart Grid and Renewable Doha, Qatar hitp:/fwww.Sgre-ga.org/

01.10.-01.12 é%znjpﬁt’.“:g'(’gg;‘g;io”a‘ Conference on Big Data and Privacy | . china http:/fwww.ichd.org/
2024 Fourth International Conference on Advances in Electrical,

01.11.-01.12. Computing, Communication and Sustainable Technologies Bhilai, India http://icaect.com/

(ICAECT)

832 The Magazine of the IEIE

74



R

Sharhzly

THEIREA

=B

i3

2024 8th International Conference on Robotics, Control and A ) .
01.12.-01.14. Automation (ICRCA) Shanghai, China http://www.icrca.org/

2024 IEEE International Conference on Artificial Intelligence . e
01.17.-01.19. eXtended and Virtual Reality (AIXVR) Los Angeles, California, USA https://aivr.science.uu.nl/
01.17.-01.19. 2024 International Conference on Information Networking (ICOIN) Ho Chi Minh City, Vietnam https://www.icoin.org/

. 2024 International Conference on Green Energy, Computing and o ) .
01.17.-01.19. Sustainable Technology (GECOST) Event Format: Virtual https://gecost.curtin.edu.my/
01.18.-01.28. 2024 Annual Reliability and Maintainability Symposium (RAMS) Albuquerque, New Mexico, USA https://rams.org/
0118 -01.19. 2024 14th Ime\mau’qnal Conference on Cloud Computing, Data Noida, India https://www.amity.edu/aset/

Science & Engineering (Confluence) confluence2024/

2024 Third International Conference on Power, Control and . . » ) )
01.18.-01.20. Computing Technologies (ICPC2T) Raipur, India http:/ficpc2t.nitrr.ac.in/
01.21.-01.24. ?A()Séré())znd ARFTG Microwave Measurement Conference San Antonio, Texas, USA https://www.arftg.org/

2024 |EEE Topical Conference on RF/Microwave Power . ) -
01.21.-01.24. Amplifiers for Radio and Wireless Applications (PAWR) San Antonio, Texas, USA https://www.radiowirelessweek.org/

. 2024 |EEE 24th Topical Meeting on Silicon Monolithic Integrated . . -
01.21.-01.24. Circuits in RF Systems (SIRF) San Antonio, Texas, USA https://www.radiowirelessweek.org/
01.21.-01.24. 2024 |EEE Radio and Wireless Symposium (RWS) San Antonio, Texas, USA https://www.radiowirelessweek.org/
01.21.-01.24. 2024 |EEE Space Hardware Radio Conference (SHaRC) San Antonio, Texas, USA https://www.radiowirelessweek.org/

2024 |EEE Topical Conference on Wireless Sensors and Sensor . ) -
01.21.-01.24. Networks (WiSNeT) San Antonio, Texas, USA https://www.radiowirelessweek.org/

2024 |EEE 37th International Conference on Micro Electro ’ .
01.21.-01.25. Mechanical Systems (MEMS) Austin, Texas, USA https://www.mems24.org/
01.22.-01.24. 2024 |EEE Applied Sensing Conference (APSCON) Goa, India https://2024.ieee-apscon.org/
0192 -01.95. 2024 29th Asia and South Pacific Design Automation Conference Incheon, Korea (South) https://aspdac. gabia.o/

(ASP-DAC)

2024 International Conference on Intelligent and Innovative . e .
01.24.-01.25. Technologies in Computing, Electrical and Electronics (/ITCEE) Bangalore, India hitpsfciitcee.in/

2024 |EEE 3rd International Conference on Control, ) ) ) .
01.25.-01.27. Instrumentation, Energy & Communication (CIEC) Kolkata, India https:/fwww.ciec24.co.in/
01.25.-01.27. | 2024 IEEE 22nd World Symposium on Applied Machine | g4 ons Siovakia hitp:/jcont.uni-obuda.hu/sami2024/

Intelligence and Informatics (SAMI)

01.29. - 02.01. 2024 Pan Pacific Strategic Electronics Symposium (Pan Pacific) Kona, Big Island, Hawaii, USA https://smta.org/mpage/panpac
. 2024 |EEE Electrical Energy Storage Application and . T ) §
01.29.-01.30. Technologies Conference (EESAT) San Diego, California, USA https://cmte.ieee.org/pes-eesat/

2024 Joint International Conference on Digital Arts, Media and
0131.-0203 | lechmology with ECTI Northern Section Conference on Electrical, | oy i Thailand http/wwwicdamt 0rg/2024

Electronics, Computer and Telecommunications Engineering

(ECTI DAMT & NCON)

020244 28
02.01.-02.02. 2024 Australian & New Zealand Control Conference (ANZCC) Gold Coast, Australia https://anzcc.org.au/ANZCC2024/

2024 International Conference on Artificial Intelligence, . )

0201.-02.02. Computer, Data Sciences and Applications (ACDSA) Victoria, Seychelles http:/fwww.acdsa.org/
02.01.-02.03. 2024 Black Issues in Computing Education (BICE) Santo Domingo, Dominican Republic https://www.ieeebice.org/
02.05. - 02.07. 2024 |EEE Second International Conference on Conversational Laguna Hills, California, USA hitps:/fwww.cdke.org)

Data & Knowledge Engineering (CDKE)
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02.05.-02.07. fzo(’f&ggifnz’ﬁegiﬁrgﬁgogg'rf&f&ﬁgfe on Artificial Intelligence |, 1na Hils, California, USA hitps:/lwww.aimhc.org/

02.05.- 02.07. 5%25‘8)EEE 181h International Conference on Semantic Computing || o 4 Hills, California, USA hitps:/fwww.ieee-icsc.org/

02.07. - 02.09. 5(():2/<1lCII)EEE 3rd International Conference on Al in Cybersecurity Houston, Texas, USA https:/ficaic. gyancity.com/

02.08. - 02.10. igi“éﬂ%}?iﬁ&iﬂonal Conference on Computer, Communicafion Indore, India http://conference. medicaps.ac.in/
02.12.-02.14. ésszénirjgr:]gfz&a/g?na‘ Conference an Unmanned Vehicle Muscat, Oman https://uvsc.om/

02.12.-02.13. 2024 |EEE Texas Power and Energy Conference (TPEC) College Station, Texas, USA http://tpec.engr.tamu.edu/
02.14.-02.15. ag%‘;ggﬂgx&n%%&;"‘ Conference on Technology and Energy | .. hitps:/fictem.ir/2024

02.16. - 02.17. igfﬁné%gi gggzgfgﬁéu?g;;e?ﬁg\‘;v%g Women in Innovation, Bangalore, India https:/ficwite-2024.ieeebangalore.org/
02.18.-02.22. 2024 |EEE International Solid-State Circuits Conference (ISSCC) San Francisco, California, USA https://www.isscc.org/

02.18.-02.21. é%ﬁpﬁs ('é‘gg;fg‘g)”a' Conference on Big Data and Smart | g\ oy Thailand hitps:fwww.bigcomputing orglconf2024/
0219, - 02.22. igfﬁnéEZingév;;rinsgcarsg;é/T)Society Innovative Smart Grid cO|u\r,nv§i:,hdg§m' District of hitps:fiece-isgtorg/

02.19.-02.22 é%zn:‘n:Eﬁégﬁgf}';i‘lcchfg;e’eme on Computing, Networking and | g0 120 Hawail, USA https/jwww.conf-icnc.org/2024/
02.19.-02.22. \zr%:n;?ifnrgﬁgocn:nlqrgjrwczrﬁeonncgcch)mﬁCial Intelligence in | qeaa Japan http/ficaiic.org/

02.19.-02.21. ég%ogﬂ’f@'”g‘;("ma“o” Infrastructure and Networking | py o0 jnitad Arab Emirates hitps:/fwww.giis2023.org/home
02.19. - 02.20. é%fn4puita?0:1r;1\esrgi2222:élg :(l;ét)srence on Advancements in Lahore, Pakistan https://sites.uol.edu.pkficacs24/
02.21.-02.23. %gfﬁnglt:g;n;?3;):aagle$noen;te(?&g.en\%n Innovative Practices in Noida, India https://amity.edu/iciptm2024/
02.21.-02.23. 2024 |EEE International Microwave Filter Workshop (IMFW) Cocoa Beach, Florida, USA http:/www.imfw-ieee.org/
02.22.-02.23, ﬁ][?g:‘mzig‘n"}gc'ﬁéijggty“’;% Eﬂf’gﬁégzgg (‘l’gEETrI’}eEr)ging Trends in | \ejore, India hitps:/licetite.vit.ac.in/

02.22. - 02.24. i%ﬁ;;}g;gtﬁg:g%a‘ Conference on Automation, Robotics and Athens, Greece http://www.icara.us/index.html
02.93.-02.24, é%fn“m{]”;f:;”t;ﬂoé‘yi'te%os”(flg%fgs)0” Integrated Circuits and | g 1 jngia hitps:/ficices.infindex.php
02.93.-02.24, f\%%‘l‘l f;ﬁOL”;?;”SZﬁzsv‘acb“’ggir:gi o dﬁ?swcegrili\czmacg)and T | Mathura, India hitps:/Jww.gla.ac.infparc2024/
02.95 - 02.9. (QESECI:EEE Applied Power Electronics Conference and Exposition Long Beach, California, USA https:/fapec-conf.org/

02.96. - 02.28, éggjn:yo;%”;j;gg;‘?%ﬁ'sgs)”ference on Information Systems | g e iy hitps:/ficissp.scitevents.org/

02.26. - 02.28. ﬁ](igﬁaliﬂ(wBl&t;emational Winter Conference on Brain-Computer Gangwon, Korea (South) https://brain.korea.ac kr/bci2024/
02.96. - 02.28, (Qgé‘}ssor“m for Innovative Sustainable Transportation Systems | gy o e Calfornia, USA hitps:/fieee-fists.org/2024/
02.27.-02.28. 2024 Arab ICT Conference (AICTC) Manama, Bahrain http://www.arabict.info/

0297 -02.29. 2024 |EEE 3rd International Conference on Electrical Changchun, China hitp:fwww.eebda.org/

Engineering, Big Data and Algorithms (EEBDA)
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02.27.-03.01. ésstinLEELEA;BCtzsl)_a“n America Symposium on Circuits and Punta del Este, Uruguay https://www.ieee-lascas.org/
02.27. - 02.29. ;giguggg‘néﬁs{;ﬁﬁg%"c‘wF?Eo)”fe'e”Ce on Mechatronics and Milan, ltaly http:/fwww.icmre.org/

02.28. - 02.29. ﬁﬁgfmi”“‘ir'w”}gmggg'y%%fgg%ce on Software Engineering and | £ ot Format: Virtual htips://icoseit.com/

02.28.- 0301, égf&nﬁg G'l’;g”ggl‘;foﬂmce;’f{@g&%ﬁ%n Computing for | \oy Delhi, India http:fovicam.ac.infindiacom/
02.98. - 03.02. 2024 16th International Conference on Knowledge and Smart Krabi, Thailand hitp: kst bu.ac.th/2024/

Technology (KST)
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