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Call for Papers

2012 |IEEE International Symposium on Circuits and Ses

May 20 - 23, 2012 | COEX, Seoul, Korea
Conver gence of BINET (Bio /nfo Nano Enviro Technoloqy}

General Chair

Myung Hoon Sunwoo, Ajou U., Korea
General Co-chair

Sung-Mo Kang, U. of Calif,, Santa Cruz, USA
Technical Program Chairs

Young Hwan Kim, POSTECH, Korea

Liang-Gee Chen, National Taiwan U., Taiwan

Wouter A. Serdijn, TU Delft, Netherland
Secretary Generals

Jinsang Kim, Kyung Hee U., Korea

Hanho Lee, Inha U., Korea

| The IEEE International Symposium on Circuits and Systems (ISCAS) is the world's premier
1 networking forum of leading researchers in the highly active fields of theory, design and
| implementation of circuits and systems. ISCAS 2012, sponsored by the |EEE Circuits and
1 Systems Society and supported by Ajou University, will be held in Seoul, Korea from May 20

to May 23, 2012. The Symposium will focus on circuits and systems that will strongly lead

| human life revolutions: Convergence of BINET (Bio Info Nano Enviro Technology) including
1 ubiquitous health-care, bio-medicals, ubiquitous computing, communications and networks,

smart robot applications, smart environment, and energy-aware devices. ISCAS 2012 will
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Finance Chairs include oral and poster sessions, live demo, tutorials, and special sessions, with the aim of _?__J'\_ EI_I'—E— Al*ol‘ J_I.'._I'E.Ij
TJ 5x5mr X1 =d 2011, A& -Diei6.29 vlij-r‘SSeiEkLL(eingﬂvl&QJMKﬂrea i complementing the regular program with topics of interest to the circuits and systems
o . - U, h , Aorea 1 . . P . : ;. 4§ &
_ 5><5mnf X 3 8 5X2.5mrrf X 6 - reasurer | community. Prospective authors are invited to submit papers including technical novelties [ ~ o
018 5xBmt 6 4 5x2.5mix 1 2011, 2012, ~1HE AF 1OO§| BCDO.35 712 %ﬁ —PKG7.18 TJirkuokBurm,SogangU‘Korea 1 and tutorial overviews on circuits and systems topics including but not limited to: 7|'- LH}‘\b '—'TI . 2(_)91_0 9.1 HH ?}013;!:'80\31 :‘“;H E;
, _Nia- %l HRO2 XIAMEH =20| Z
- s xe ZSXZSW X2 1010 111 (11_03) )E'Hg 4><4mm2 x 48 37 AxAmt x 35 2011 X-”&‘r Dle'9'6 Pfizygy%rsgﬂ;g‘ChunbukNannaLU,Korea «Analog Signal Processing « Multimedia Systems and Applications (ME\IN H E# X 3“_ Sy @
1052 %“?‘ S5 mt 013 4x8m X 2 825 %E _PKG920 PThamsSS twmn;U Sl « Biomedical and Life-Science Circuits, « Nanoelectronics and Gigascale Systems IP = KEC AnalOg OE El)
(11-08) 0.35 . 3m 12 5 5x5mt X 1 2011, 2012, - vt Allsto, U.of Washington, USA Systems and Applications « Neural Networks and Systems L} CHAL BH5) 2 7|1=
BCD 525w x 4 1013 118 MR seexe 8 25@5wxs O M S -CrusandSystms forCommaicators - NotnearCresand St ol &
=- 5X5 i 5)(2 S X 21 2011 2012 101 §_| 018 7T9 Jﬁ 7D|e48.10 S:e{c;bﬁessmn] glp‘airs " « Computer-Aided Network Design « Power and Energy Circuits and Systemns i}il él'g
S+ m gLl . (11-04) M/H 2011 ME -Die: ey LYRNGLL NG, . - A0TEE « Digital Signal Processil « Sensory Systems =
. 9824 Yong Lian, National U. of Singapore, Singapore gital Sigi ng ry Syst B arel
011 x 13 30 25x25m x 8 1010 110 018 45x4m x 20 20 454wt x 20 95 Q)—é ~PKG9.8 Tefml"lghs°bd"“" Hoor Mimesie, UE « Educationin Circuits and Systems « Visual Signal Processing and Communlcanons A ISSCC, SOVC, CICC, DAC  Z{C{i00 2Hal
. 0 — — utorial airs

« Live Demonstrations of Circuits and Systems « VLS| Systems and Applications
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(11-090 013  x 48 Bxdmi x 1 15 39 (11-05) BCD 0.35 XOmt X XEom X 831 AZ -PKGS83I Ph.D./Gold Special Session Chairs & Paper Submission

. . = . gveﬂ!suoféf?hg Hfa}gklﬁ U‘DfFﬁgigﬂ Studies, Korea| - The potential authors for regular papers, live demos, tutorials, and special sessions, please * AL FAE| MR AZS HES 4 Q12
107‘| M/H A5x4 4.5x4wt x 16 =5 Oxbmr X 1 2011, PKG Cﬂ:a a’I’:V\l;angoNS‘?gUesrae,rwan visit the Symposium website http://www.iscas2012.org for details. For regular sessions, .
=l L OX4A mt . _ o 5xBmt X 3 5 . —Die: CASS Representative/Advisors authors are invited to submit 4-page Full Papers electronically. Authors of accepted papers C} XIsH QIxd
(11-10) 018 % 20 26 26 4bkemx6 2011, 2012 1033] BCD 0.35 " 5x25m x 4 1012 HAS Die:9.26 Egslgl;?(:llliurl"lal'\ﬁglfﬁfdgg{‘aTa’Wa” | should present their papers at the Symposium and at least one author of each paper MUST SRR
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* 201113 MPW AIE0] 2 DIZISIRSLICL 2012 MPW 2B 1801 2/t oL 0.18 921 AE 1020048 e e U g  Best Student Paper Contest 10, 4 10,10 1027WG Congress)
TJ BCD 2011 Local Arrangement Chairs i ISCAS 2012 will sponsor a student paper contest. To qualify, a student or a group of students
555t X 1 1 555t X 1 . éiihyn;ufwfrﬁlﬁ‘a% Ll | must be the primary author(s) and the author{s) must clearly indicate the student paper
0.18 1115 Seu?.gm Lee, 'snongsu - Korea | contest at submission. % 9] . 0]9]5(042-350-4428 yslee@idec,or kr)
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o= om T _ 1043 0.35 1220 DBME Kang-Yoon Lee, Konkuk U., Korea | Special activities such as tours to Korea's attractions will be available to the Symposium IDEC o |AI\EI-|
* Die—out €& Diechip MEI2tZ 71ZQ, Packages D\(—%Out—?— 3% OlM AQF 11-07) M/H 2011 oz Pgﬁ‘ersess"’" Chairs | attendees and their guests. ==
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* MPW E0{ 2 2 S BHO[Xlwwwidec.orkr) A gig  AOxduix20 20 45w x 20 1500 YorgtoSeng e e
A lassimo Alioto, U. of Siena, Ital

* 2o LHg2 9/29 7=, & Important Dates

AR 2000ME 49 4y A x 20 2012 Lg;gBEEE'EE%iE%?E?iEEK?EI’;%MLLU' foa | gu:mission geagliine:or;utoriallsProposaFl;s i September 9, 2011
=) 0 AL . bi Delbrueck, U. of Zurich, Switzertan | Submission Deadline for Special Session Proposal September 9, 2011
% F9] 1 0]9)5(042-350-4428 yslee@idec, or kr) 6on (4xdwix48) 115 v:gl‘gss:::isﬂ( foal ks | Acceptance Notification of Special Session Proposals pOctuber 2,201
Pamela Abshire, U. of Maryland, USA | Submission Deadline for Full 4-page Papers in Regular Sessions October 7, 2011
I:g;":ské'"} Eywé‘a W‘;mafl‘; U&KWE | Submission Deadline for Full 4-page Papers in Special Sessions October 28, 2011
o o i A LS i Notification of Paper Acceptance | 6,2012
Chip Design Contest(CDC) e e | Submission Deadline for FINAL Papers February 10,2012
JC Park, JC International, jcpark@jcinter.co.kr i Deadline for Author Registration February 10, 2012
e International SoC Design Conference(ISOCC) 2011 4. CDC 2 2% ) ,(o‘m  gooud_ @ = TAKAST)
: : = //WWW.i Sicanianon Toumim = t}Ej =l
Chip Design Contest 7H| =0 {iE opy =2 Rl E5 Chip Design Contest http://www.iscas2012.0rg PIEEE  cas e b
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: : 1. 2™ 2 2L 2 Moo MaEE Kgote RI=AHAARSME ey, HsZ
2. Paper T4 Zn} 71 Al ol £ 201214 22 162U E B
. ASIC Lt &b A D{oiskmLy 09:40 ~ 10:00 THEIAL
T= C T FPGA Sl C} CDC =8 YU %3 =8¢ Hlo|U -
o 1= B g i L R 10:00 ~ 11:00 ;BCDlMocé%gl b T8 ma(cEEm)
IESEN 7 137 7 151 =2 ®E ofZ =2 e E2 Chip Design Contest Cad i TZFO NEA APRE
adence tool2 AES A
3. ALY 201, 111 2011, 12, 20 A0 & 19 11:20 ~ 12:30 3ot oz ol HH (Cadence Korea)
Al A U o * M2 AFHOll mhet ChA HAE 4 QELICE LA S L > 1230 ~ 1200 HAAT
o = y - E‘l,~,— e ) g - El:ij
Bt o Hea(8) ygaz008E 2 =2 F4 Hof: ASIC, FPGA(Altera, Xilinx) DEC Z3B 404 @& >/:/, o e H%T[gf" ﬂ S
Desian e S ANDE) 2t AR ol AT 508 _ . 4 ¢ el 15:00 ~ 15:5 IS = &8
Awa?d Etﬁz Eie SSCSTA:‘:iHE‘I/\"ﬂEl) Mxrocj AFZ? 1009+ 3. AJALHY : ISOCC CDCet St F_;q|37 ! t.'_kEx{lg_ﬁlm%ﬁIH EQ'MOHJ% AL (OWEH L= A AEZ 16:00 ~ 16:50 TowerJazz AE &8 23
BECAN 7’<|OAM-(1E|§)H = f; - Z; 50D:°I Shup MAfIPY Mol ¢ S5HY w1k 087 Z(EAM AFHS 25 7iato] AR ZEA AR
x| £ 9l A2 5001 5 ol A  LIO] A gt 9 5 00 ~ 18 =g h P
FPGA o) ot Aol A sopiel CDC FOIS} RIS RIS A2 SHOIRIt/dec.ork)B Hneh FAP| bl S R g AT TS0 ST | 1700 ~ 1800 T3 Qaa VI S
Award . — - ©o x oo 7] O <5k CRSE
* Z0E 200 ot AlE 2 2EE 2 U= * F0] 1 0]0k=(042-350~4428 yslee@idec,or kr) * O] | F|418](042-350-4045 shchoi@idec,or kr) * 20] 1 0]9]2:(042-350-4428 yslee@idec,or kr)
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(OE 5= 1202 sHE=E 27| 2fell 25b(2b) 5T % 3o Z2HAl ADC
2 TNE X0l mo|zafel 70| ADCo|Ct E[Zo| mbo|z=afel
ADCE S22 M3Ar 2 =2 SNRE 7| 26 ME M = S27|
(SHAE H7{st =2 Bo| #oizl= FA0ICE Ciet z1= o/ 42T ¢
HASIH SHAZE 7AIX| 24 21" A = MDAC % Z2hi4] ADCOfl 2!
7t=7] 2ol (IR 5)nt 22 MEY El0|Y 2KRIE FASIsH| s
QT 740] ERsict E5 220ls 52 MHARE He2 5k= B
Z7|chAl Hlw 7| E= ZCBC(Zero—crossing based circuit)g AFEsHH
MDACE TielezM =2 oluXx| 85 7|thek= mo|=al2l ADC
7t S7ED Uk

VAGS [wo \/ T \/aweo \/

e e\ \/m \/Ewo\
oGS /m \/ERTN Current & Amp-Bias Clo
CAPD ' Generator Generator

120
ok

12l 5. 12b 50MS/s Pipelined ADC®!

ADCe| O[27|& ©2

ADCE| MEERI 7 UM WS OiSs = iR oL, oM
2[st SiRel zlM Vs SEe mElezM ol Fxol 2 SE2 o
4= i}, Ol 60fl 22 0I= IntersilollA ZHErst 10/ 120 500MS/s &
14b 250MS/s ADCOIl Ciet SSCH0|0{2240| Liet It O] MEE2
20034 MITQ| CHSHAIXQ! KenetoflAf 7HEtE! FemtoCharge™ 71&
0| AKBEl0] 7= S M9 ADCO| HIsH 2F 38 H2 Mnts Ze
2 Bith 0let 22 248t d5S 7155 8 FemtoCharge™ 71&2
7| mjolmafel 2= ADCOfl CCD(charge —coupled device) X& &
sliizls Edlsl= 7[HE M8a10 B2 MARE RYsk= SEIIE
MAHEeZM 7K538ICt 0l2F 20| 7[Z Co|E Hety| 7|0 T2 20F
of M7 7|HE MERICEM XIFA M2 70 JH B2 EXES

S HHofl SHZE 4~ U= 71X =25 01 & UCh

CLOCK
[EY

5"‘; 2.5-BIT l 6-STAGE l 3-STAGE 3-BIT
FLASH 15-BIT/STAGE 1-BIT/STAGE. FLASH

DIGITAL
ERROR
CORRECTION

LVDS/LVCMOS
OUTPUTS

12 6. Intersilite FemtoCharge™ 7|&0] Mg
12-bit 500MS/s ADCH!

ADCO| 7|&X Zof2 0|2 £ mE o2 20094 National
Semiconductoriit7}t ISSCCOll &St 2 ADCPIS o2 & &
QUCL T2 70 =AIE ADCe EE80| H0IE4E YHiH= Xigt
|1 zero—crossing @ARS7H X M HO| XMstElCle TEEES 7
ZQ82 P8 3%= 729X =0 10b SHA=O| 1GS/s (THAUxH
2:500MS/s)2] =2 HeSEE CEESICE 0|t 20| 7|E=e| Eg F
e F=E unified A 7182 =Qso2M JESSHRICE Unified
TE SUst Y8 ETYTEI|0), QEHBYoMES Z= HUEE
2 ShN=It @76ks BHE LIS A8 & Qloh =5t O XN £
MAbnH 220| 0ojd2T 3 MSY| nHil 22 ofdzT E2M50
7I20] Tof BEYE0| SONE XL Lol Xtse2 E-EC, 0]
= XLt 20| THIE e APV | FAKE = 22 (fractal) 7=
F SAkSICE, ESE M AJHSH FemtoCharge™ ADC2} OFEZEX|Z2
A7t 2H71H 2 time—interleaved(2x) 7E2 AAZ|0f QCt,

Vecal -
M 2 int_T8r]| .
RMUX C ] & Encoder:
YA } Recursive Eror  fl 1o, Dour
WV MUX O] B nd] Correction & -
— [Butfer LS Buffer 2 base-3 to base-2
2

Stage 1 ) Stage 6

g

Stages
2-5

NN

Vel

Reference Amp  Averaging | Amp Averaging &

. Ami ing Averaging &
Ladder  Aray  Resistors | Amay [o'ax® Interpolation Aray [0 interpolation
x27 by 3X x21 by 3X

a3 7. NSite| Unified-Folding—Interpolating 7[&0]
& 10-bit 1.0GS/s ADC®

ofg=a-C|Xx[E HIo|HHET|(ADC)2| ATFSH MY

OIMH &= ADC &7 7I&2 7I& ADC7t = 7125 By & S8
AF|Uol| TE orgRa MSRE|2] 2AS F=517| 2ol CIXIE &
oM 2 20| 7kt FHR|ZIt ZakEn SA0| 7= 2 87=
= Sl Mz FHits £t M22 7122/ ADC7H &4 S8 & A
o= ofdeltt. oIXRez & ADCO| 7l HY F0l= (OF 8ut
20| ZIRtE Ao offsict

Conversion rate

Resolution

% 8 ADC E7 7|z €X HY
28
2 ==0lM= LIOIHAE of22a-CIX[E HiojE Hel7 ((ADC)E B4
o= 7IE9| 7x, ¥Mel 7IeSE, J2ln e Aol sl =5t
%Lk ADC = 7I1Z9| SAR it 2, mol=2iel 59| 727t S
0| =lof S77t TIMFACE T2t Sikt= 2 7120| FESE EElel olo]
Be|=geo| F&7} 7% S S0|H, 0218 A= Yoz oS 7t
£31E Ao|ct, Eot CIXIE 287I20| 712522 HAH=0| ADCO| ¢

52 R e AeZ TYErt
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SONOS v| 3| Ad | 2 2]

(Non—Volatile
Memory, NVM) 7|

AN E
Silicon—Oxide—Nitride—Oxide—Silicon(SONOS)
T HiE

HE AEle] 7lgholl= X7tel DR, nMs, M S48 ZAFE i
A 220| EX0|H o2{st BN BE JiE & {7 |70l Sol bl
S10 Bl@at sty AXfRt & 4 Uk S BATE ARHD Yl
H|E2H of|22| AXb= Floating Gate (FG) 122 MEsh Sali4| o=
2/0|Ct, 2003 90nm CMOS 71&2 XESH 2Gb NAND Zz2i4 H=
2| 7I&20| A8slE7| ARSI 70nmE &S 4Gb AXl0f 0]0]
2006H=0ll= 32Gb= JHLZIRUCE O[245H ARt Z4 SE2 F&F3| T
AEHA 20102 o2 BH=A| SAOIM 25(20)nm =2 64GbS 0l0]
QAtst QUCt O[cHE2EH 20143 o= 16nma 2| AXIE 7[chHe 4~
QoL 16nm =2 1 0lst=22| TRl Ajoll= B2 7I&Xel et 2
g Aoz oIFEn ok

[2tA 01 282 4 U= HI2gd oizz| JHee| HeMe I= S
oo Q= HEo2 Eali ml22| AXt 400 T2 2ot ofol chst
tietoz Sixf st 7Tl Rl 3K AXlof thsiAl= 3-D
NAND Flash Memory 7H2t 8¢ (IDEC F+A2E 2011, 165-1665 &
T OB ZIMF)E Soll KtMlotAl AV4E dE QT O3 12 &=
NAND Zzi4| 7Y SES 71EC| 2X12 AXIRF 3XHH AXfe| ZR=2
LEFOIA EHoFn Qlot FG Zi4l=2lof JAA & T HP 2|2t
H7 Q= 2 2222 FGE tiblsk= Charge trapping (CT) #=&
= & ok oxiel FG =9 E2 AISERl AXt FA Al gate
coupling ratioE FAE 4= U=lk= Fat A4S Q1™ Ao cross talk
£ U2 o Utlh= Ao F 7ol 0IF shAE 4 U= "ote=z
CT 7x9o| FzINel =elo| Axt=|n QUCt [1] & 12 2010 W=
ITRS Flash Technology Requirements & &2 222 Wist He=z
AHZ 20124 0% htzli= AXOM= CT 722 ME0| oSk&[n

USS EGELL,

Future NAND Flash Scaling Trend

Multiple paths to

";i increase density.
£ Moore's law and

T MLC scaling are
59 limited by the

25 number of electrons
T > : .

i) in each logic level.
g’@ 3D is challenging,
31 but provides the
g highest density.
81t

Z5nm 32nm 22nm f6nm finm _ 8om
Moore's law scaling (- 8nm)

21, NAND S22 o2l AXt 4 MR Liu-Macronix)

S TR

0|7} w4

Transistor, ERE&st 3 AX} Simulation
E-mail : gawon@cnu.ac.kr
http://www.cnu.ac.kr/~gawon

HTE0fF : SONOS Memory device, ZnO Thin Film

Year of production 2010 2011 2012 2013 2014 2015
Poly 1/2 pitch (nm) 26 24 2 20 19 18
Highest density 64G 64G 128G 128G 256G 256G
Cell Type(FG, CT, 3D, efc.) FG FG FG/CT FG/CT FG/CT CT-3D
3D NAND number of memory layer 1 1 1 1 1 4

Maximum number of bits per cell (MLC) 3 3 3 3 3 3

Interpoly dielectric material

(Floating gate device) ONO ONO ONO ONO ONO High—K
Control gate material
(Floatingggate device) repoly. npoly n-poly n-poly -poly Metal

H 1. ITRS NAND Flash Technology Requirements
(ITRS Roadmap, 2010 updated)

CT #Z=Z NAND FlasholiA 718 Bo| H7El= AXk= Silicon—
Oxide—Nitride-Oxide=Silicon (SONOS) 72&=2| Zzfi# ti=22(0|ct T
2= FG 7EE Z= 7129 Z2i4| M=zt SONOS AXf &S LiEt
LT QUCH[2] FG 720N Hlole ME 372 Z2lAzl2 E2E A0
EOIX|ZF SONOS #x0M= ofe Azl2 Zslalg AKSSIT FG 7=
o| A= oiLte| Zghl ZEE MRz E2AZIEe| =85 ME I2
Ol WHE 7t540] =OLE SONOSQ| A2 Zal= MApH 2Ex|0l Al
= Aot otof ooz HiIXol 2| 0| Z0EA| &l0f data retention
EM0| 24p3lch ESH AIOIE stack height7H Lot 2 SHoHA Zict
st vzl A7t 80(sict [1]3]. 22 SONOS 2lof E2lA2IE &ME &
22 U T7(9] UxpHozZ SMGH= Nanocrystal FlashZ HIRSH0]
Ferroelectric RAM (FeRAM), Magnetic RAMMRAM), Phase—change
RAM(PCRAM), Organic and Polymetric Memory & CI¥SH SF2] H]
S O|=22lS0| SRET UOLE OFRITIR| AXtH 4 SHOAL| SH|
£ 5ot UX| Xt A=o|ct, w2t EXSE 2RI SONOS S2i
2 Hi22l= 71 ASE0] =2 RN B2 o=zt & o~ Uk

Polysiicon Charge
Storage Medium

(Conductor)

oNO
Natride Cnange

Interpoly NERGICH

Dretectric Sty S‘oi?%cuggg-um

oati Gate
Z4 N
Source, /‘\ Drain SD\JVC" Drain

Cnarges are mobile

50 -90A Oxided> |

100A ke Immobise Charges
Tunnel it

Substrale Substale

Floating Gate SONOS
18 2. FG2F SONOS Z2iiA| oi22| A% & H|w[2]
SONOS?| &% m=2E MAf Hel2dsie) ot Aoz |9l 20|

Z0{S7| =0 data retention E40| 43It

—

SONOS S+ H=22| =L S+ A
o A 21t HI2t 20| SONOS Z2H4] Hi2a| AXK= XM ChER!
HISIZ oi=a] AXZMO| Jha ABiN0| 52 ANl FRED QK|
Bt OFX} 3tZ5H0r & EAMESS ot U= 0] ARolck 0l 2uHel
o7 SRt i FRlsHEH ChSnt o,

ra

Tunneling Oxide Engineering

SONOS 7%9| AL FXIE0| charge trapping layer?! nitrided!] 71|
Z2z|7| R detrapping0| HECH= EXMIE 2t UCt 0|2 2lsH
tunneling oxide2| A7t 3nm 0|4 FIHE B2 erase speed?t =2
XA ECt. Erase voltageE S7tAIZ 82 23521 gate injection0| &
7}z|0] erase”} OfEiA| ECt [4].

2t tunnel oxideE &l 461 =hi=dl 0] &< direct tunneling
0l oIt =M TR BIIZ data retention E40| HstElct, matA
erase speed?t data retention S4g 2F e QU= tunneling
oxide E&0| i 235t Ex7t 0] Rt 20052 tunnel oxideS
tHl SIO22 AKRSIA| 21 Si02-Nitride—-Si02 HEHZ AMR3H=
Bandgap—engineered SONOS (BE-SONOS)7t M[otz|ien [5]
erase?t retention E42 SAl0 S 4 U= RES YHOZ AL
HT|OX| T QU (TR 3 AX),

Tl SRS ARSHE A2 tunneling oxide?l AZIM 2 cycling
enduranceE 7HMAI717| 26l OxynitrideE 2§t A7t AMatiz| T
QoH 0] AL interface stability7} HMZ|HAM 245t EMS H¥OMH
[6][7] 0| BE2t Oxynitride2] &S FlotHM o= Z0l6tH| AXt
EM SEZ 206t N2 implant & WEE(QICH (8],

} Blocking oxide
} Charge Storage Layer
ONO

Tunneling dielectric

Source Drain

SONOS H[g2MH| 22| (Non—-Volatile Memory, NVM) 7|&

Band Diagram at Retention

02 N1 01 Si-channel

4F
2t Conduction Band
A y

Band Energy(eV)
1

=20 0 20 40 60 80
Position(Angstrom)

(b)

Band Diagram at High Electric Field

02 N1 01 Si-channel

Conduction Band

] SIS Vatence Band

Band Energy(eV)

20 0 20 40 60 80
Position(Angstrom)

()

8 8. (a) OINIO2E tunneling layer2 AtEst=
n—-channel BE-SONOS +=&

(b) zero electric field (retention mode) 2f (c) negative gate
bias (erase mode)oiA{2] O1/N1/02 ©| Energy Band diagram.
Erase S48 Z3tAIZ|X| 2o retention E40]
HME & USe 2olm QUct [5]

Trapping Layer Engineering

=2l NitrideZ trapping layer2 AMESICH SIC2t= charge
migration, trapping efficiency S trapping layer £4 EXZ QlsH
data retention % endurance £40| FsIECE 0| HMst7| Lok
nitride @& Al Si/N ratioE Mlofet= LS 0IZst0 O 401 =AIE
H2t 20| nitride2| bandgapS ZHoh= BR0| B & (ICHI]

Trapping capabilityE 7HMA|7|= CHE BHOZ Nitride HLCt
trapping layere| SHE S7tAZE = U= high—k dielectric2 AtE3t
= S SiXl oA ZIE|T Qlot £3] high—k dielectrice| 22
MLC 7% T3S QfaHl trapping layer?| trap levelS O 72 2of| ot
07 WHoZ e HATE|X| UCH[10],



SR e seposmeN O3l

12! 5= AI2032t HIO2Z trapping layer2 AFESH SOHOS (Silicon—
Oxide—High—k—Oxide—Silicon)2| bandgap diagram& 7= SONOS
TXQ} H|WSHH ZAISH HoZ AR032 deep trap M, HO2=
tunneling oxide2te| band-offset0] ACk= Fo| ZFo|ct HIO20i Al
2 B HAIOE ME&CZM AXt M50| B JHME 4 US0| 1
Zo| Eng|m ot [11].

0| 2ol trapping layerg &350 M6k AT O|R0X|1 Q=]
a2 62 Trapping layer2 HAIO/HO2 stacks AESH MAHOS
(Metal-Al203-High—k-0Oxide-Silicon)2| band diagram2z
trapping site?] L=2} energy level2 HMIOSHH AKXt EMS JiMEID
Atk QUTH12],

TO : Tunnel oxide
BO : Blocking oxide

Sirich at bottom

Neich on top

18 4. Trapping layer! Nitride2| Bandgap engineeringg Sgt
Tapered bandgap &d1} trapping mechanism ZAE[9]

35V @
$i0: $i0: $i0: i Si0: $i0;
i SN sit a0 g o,
(a) SisN4 (b) AL2Os (c) HfO:

1215, (a) Nitride (b) A203 2t (c) HO2 trapping layerE AR SONOS
2! SOHOS(Silicon-Oxide—High k=Oxide—Silicon) band diagram(10].

3.1eV

Si-sub

HfO: - - -

ALOs | <3 ev Si0:

HfAIO
Hf/AI=1/4
24eV 6.3eV 4.6 eV

1.7eV I

1% 6. Trapping layer2 HfAIO/HIO2 stackE At&St TAHOS
(TaN-AI203-High—-k—-Oxide—Silicon) band diagram[12]

Blocking Oxide/Gate Engineering

Erase &% A| Z0|E0]| T2 7t B2 gate electron injection 81&f
0il 25K erase saturation & erase?t & Qtzl= A7t LSt 4= QlCt
02 aiZ5l7| s S AIOIE HMAMME electron injectionS x|
& 4 Q= UstAT| 2 metal gate =I0| AT Uon] 02 S|
gate coupling ratioS FStAIZ[X| 222HA] blocking Oxide2| FHE
ZIIAZ 4= U= 2O 2 high—K Oxide E940| MR [13H14].

TaNE A0|E H2o=Z AFE5t AR03E blocking oxideZ AtESt
TZE TaN-AlR03-Nitride—SiO2-Silicon 72Z=2| TANOS Ezi4 HI=
2|2t1 5t 0|2 215 program/erase speed 7HAM0| 7+S3ICt

T3 72 SONOS, SANOS, TANOS AXIe| HHEQ} erase S2F Al2]
SANOS2}F TANOSQ| bandgap diagram2 =20iF1 QICh E35| H0|E
SZXIZ blocking oxide2t| band—offo| 2 metalS AR2SH TANOS +
Z9| A2 gate electron injection & FIHOZ AXE =M
program/erase E4 E=0f ECt R[S,

Poly-Si Poly-Si TaN
Si02 ALOs ALOs3
SiN SiN SiN
Si0: SiO:z SiO2
s \ o s D s, \ o
SANOS SANOS

SONOS . o .
with poly-Si gate with metal gate

R
[pp—
.
.
3 > S‘d Al205

4
4

Si sub tunnel Ox. SiN Blocking Ox. n+poly gate

18 7. (a) SONOS, SANOS 2f TANOS HHHE=R}
(b) Erase &% Al2l SANOS2t TANOSS| Bandgap diagram(13],

SANOS2} TANOSS| MEO=Z tunneling oxide SIS HAAZIX| &
Otz P/E speed 7HM0| 7tsSsict,

2=

XIZ@7HK| charge trapping 2121 SONOS Zzh4| HIZ2|2| S+ HiZ
o 2LHQ| 7iE ek SSol| CheiA ZICHS| AT XS 2HE0lA

SONOS &= FGE Chxlsh= 71 Sialdo] =2 HIgdy o=zt
g Qo EN S ol gate stackE 0|2= ZE layerdi| Chot
o CidstAl =7t OIROX|T ES & &+ AACEL =7| LaE
SONOS FZ=9| AL program/erase EM2 JHM517| 2faH 0h =2
tunneling oxide2t blocking oxideE AtESIXCLE 0|2 Qs date
retention ¥ AI2[M0| IH| XMotlz EAIE Qo JURACE SEXITH BE-
SONOS, SOHOS, MANOS/TAHOS, bandgap engineered =2
stacked tunneling/trapping/blocking layer 7= 501 Chgt 275 &
5t MLC 7120l ME 7Hs58t P45 AXIS0| Al 7T QT

SONOS®t Z2 Charge—based memory AXtQ| SHAl= ABZOl A

At FA Al MEE 2 U= TXe| £7t ZAso=M Hloly MY 53
2 U2 4 Urk= BY oIt 0|E sHES 4 U= U & SiLivt vt
23X} ME 7XZ2 [TRSOIAM tSsH= X CT-3D 71== AIMIC
HISLY oz2|e| 77t E 71540| =0t HRICt, ofX|2t Q17 B4
= 0[2 Agle] Z4IAL Le2iE o1 | 2l & J231%0| o B2 7|18
TIE7} 2USI0] O|R0E o2 L=C},

SONOS H|g|2MH| 22| (Non—-Volatile Memory, NVM) 7|&
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