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Year of First Product Shipment 1999 2000 2001 2002 2003 2004 2005 2008 2011 2014
Technology Node 180 nm 165 nm 150 nm 130 nm 120 nm 110 nm 100 nm 70 nm 50 nm 35 nm
DRAM Capacity (A) 1G 2G (3G) 4G (8G) (24G) 64G (192G)
Cell Area/Chip Size 69.6% 70.2% 70.7% 71.2% 71.7% 72.4% 72.9% 73.3%
Total cell area (cm2) 28 3.1 33 2.6 38 4.5 5.2 6.3
DRAM chip size @ introduction (cm2) 4.0 4.4 4.6 4.9 5.3 6.3 71 8.6
Cell size factor a (B) 8.0 6.4
Cell size [um2] (C) 0.26 0.14
=0.3640.72 =0.3+0.48
Storage Node size [um2] (D) 0.097 0.050
=0.1840.54 =0.15%0.33
Capacitor Oy’I‘m:er Pe’d‘e;ul
Structure Ta205 Ta205(Ref. U) Ta205(Ref. U)
Dielectric Constant 22 50 Ref. U 50 Ref. U
SN Height H [um] 0.95 0.66 0.84 0.45 0.71 0.42 0.28 0.35
Cylinder Factor (E) 1.5 1.0 1.0 1.0
Roughness Factor 1.0 1.0 1.0 1.0
Total Capacitor Area [um2] 2.20 0.68 0.69 0.33
Structural Coefficient (F) 8.5 4.7 6.8 4.1
teq@25fF [nm] (G) 3.0 0.94 0.95 0.45
tphy.@25fF [nm] (H) 11.5 12.1 12.2 29.1
A/R of SN (OUT) for cell plate depo. (1) 6.0 5.2 8.0 1.3
HAC diameter [um] (J) 0.22 0.18 0.16 0.14
Total interlevel insulator and metal
thickness except SN [um] (K) 1.05 1.00 0.95 0.90
HAC depth [um] (L) 2.00 1.66 1.79 1.35 1.56
HACA/R 9.3 9.2 11.4 9.4 13.0
Vdd [V] (M) 1.8 1.8 1.5 1.5 1.2
Retention Time [ms] (N) 128 256 256 512 512
Leak Current [fA/cell] (O) 0.527 0.264 0.220 0.110 0.088
Leak Current Density (nA/cm2) 24.0 38.6 31.9 33.5 27.1
Deposition Temp. [degree C| ~500 ~500 ~500 ~500 <500
Film Anneal Temp. [degree C| ~800 ~750 ~750 ~750 <750
DRAM Gox [nm] (P) 58 5.0 43 39 36
Cgate [F/cell] (Q) 1.9E-16 1.5E-16 1.4E-16 1.3E-16 9.7E-17
Word line Rs [ohm/sq.] (R) 10 8.7 7.5 6.8 6.2
Cbitline (S) 1 0.89 0.80 0.76 0.68
Bit line Rs_[ohm/sq.] (T) 10 9.8 8.6 8.3 8.3
DRAM Stacked Capacitor Films Potential Solutions
Upper poly-Si TiON
Electrode (A) TiN metal
high-k ON
dielectric Ta05 BST, STO Epi-BST
Bottom poly-Si
Electrode (A,B) metal rovskite
somrons xis|______| Solutions Being Pursued[ | No Known Sotution | R
Notes for Table 22b Technical Requirements
(A) DRAM chip size model (PIDS)
(B) a = (Cell size)/F*2 (F : minimum feature size) Cell area A
(C) Cell size = a*F*2 (Cell shorter side =2F)
(D) SN size =(a/2 -1)*F*2 (SN shorter side = F) .
(E) Cylinder structure increase the capa area by a factor of 1.5. SN
(F) SC = (total Capa area) / (Cell size)
(G) teq=3.9*E0*(total Capa area)/25fF o
(H) t phy. = teq*Er/3.90 If polysilicon is used as a bottom electrode. t phy. =(teq-1)*Er/3.9 -

(I) A/R of SN (OUT) = (SN height) / (F - 2* t phy.)

(J) HAC diameter =1.2*F (HAC : High Aspect Contact)
(K) The thickness is assumed to be 1.05um@180nm. (10% reduction by each generation)
(L) HAC depth = SN height + Total Interlevel insulator and metal thickness

(M) PIDS Table 14 Min. Logi

c Vdd (V) (desktop)

(N) DRAM Retention time (PIDS)
(O) (Sense Limit*C*Vdd/2) / (Retention Time * MARGIN) (Sense limit=30% leak, MARGIN=100)
(P) FEP Fig.2-3-4 Equivalent oxide thickness Tox(nm) DRAM + 0.55nm

(Q) Gate Area =F"2

Notes(C)&D) Cell area and Projected SN area

SN <« | [sN
—FEple " Bl F )

(R) Word Line Rs is assumed to be 100hm/sq. @180nm. (Word Line R)*(Cgate) is constant at same WL length.

(S) Cbitline proportional to F~2/3) (relative value) ; A.Nitayama et al., IEDM Technical Digest, pp. 355-358, 1998.
(T) Bit Line Rs is assumed to be 10ohm/sq. @180nm. (Bit Line R)*(Cbitline) is constant when the number of BL cells about 1.4times/BL.
(U) Koichi Kishiro et al. Jpn. J. Appl. Phys. Vol. 37 (1998) pp. 1336-1339

Notes for Potential Solutions

(A) Metal : W, Pt, Ru, RuO2, IrO2
(B) Perovskite : SrRuO3 ; N. Fukushima et al., IEDM Technical Digest, pp. 257-260, 1997.

Note (I) A/R of SN (OUT)

X # DRAM Stacked Capacitor Films Technology Requirements
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F a2 D8 IR BE DL ARl DR ERTaEADHEL FHRL TYT<RETH D,

f%x % 1T surface preparation (ZB T A S EZLL TICELD D,

B OM B DR | T A 2 S O HIAL & T ARk ESH X COO 7o EDER | 72X

TV -7 Ve i B OB 36 N ATE L7225 TS, Wet He i Tl A BRUSE 5L oA Lk 72 E O RE RE /K |
BB R 228 M ERDBEHE RO P2 ITED LI TND,
FE72 DRY BEHHFE # OF LV AR B I TWD, Wb E R T o AZ B L0 ARH) 72K
B2V o72 FEOL @ RCA Y& BEOL O F BRI A Wi /nbO REREH LT 25, Bl 1 Tl
EDOIRBE T AN EF i L20 AEDLFEIINETHL, LML NOIIREZ ) oL
DOREEMm D TP EABEE2RECTOHEMOBEREN BELELEZOND, T2 EHLTD
TatR Ikt L, K &2 DT avAAT 7T surface preparation (TR DOHIAE T A R 2 1F fE LT
ERLLE S0 OR/NROEE 7o ARG 2ITOFENFEESE 25,



MATINGEZRILTDHRIT, 7V IV —LBRED, flK, bR EDE DR EAL DR OB, 45
HE 53 AT BART L R iR H SR AT B I e E B oM DR E AT O R ISH HEESRETH A,

(3) & — Il g e - i i

T MEEIE DR =V 73 RO T AAZMIL BN TERBEL WO OED>TH D,
FORERIT VAL OBRE) B 215 2720125 — Ml kx5 O 3 g AL 1T4E < I SR 125V,
2000 4FLLBENOEELBE# R E (Tox) 2 2nm UL F O —MEKZE A EZE LS Lol Tna,
thermal films, gate etch, and doping technology requirements #X &2 —3 —4|Z/R8 9, b RIL
X, R ORI AL TR 357D 2nm DL FORBILETIX, BIfEEE F T
10A/cm® ZB XD XNV =7 BB ND, ZOMIEL, mtEE~A(7unraty ATV RH
TSN, ) —MIAYa DI RIREIEE N PN EREINOIR—FT VRNV AZT
T, €@ 1/1000 DLl S iidasen, BITEWFRFHKE ) 8 2RS4 W i Rick 0
TiE ERDEY—INERSND, WThICEL ZhS7 — N =7 OFFF ML, A7 R 7 it i
A, EE O RMENOEREINDID, TAARRGTEI VL TR TOLERD D,

COfEPRIRELT, BALBEIVFEERDE WEOE AICKY, BBL O Y BB R R I2LD) —
VB OHE R ZE LSOO, REWVHERIKA BZ2HGLZEPMFT SN TEY, 130nm /—F(Tox <
~2nm) BB TEVNLE AL IEOREBEM OB A RKRFTSNEH>EL TbD, thermal films, gate
etch IZB8 9 Dpotential solutions X F2—3—5IZ/x 3, Ll U # b B 13 o T B 4
REREEEAE T REFOEFEREIEAIN TOBILELEFR SO R EfsEEZA 15
= g BN SREINDIZIC kT AL G PRI T _REFREITILELTEY,
BANIZOWTEAE B OZ A RBLEANOOBRFICH 30225005, (% & i E R m e L
LCa BBV ) — M B R ERE 2B TV D, Mk M B OB ICH 7o - Tk, B
MOS /33 2 0 52 2 5 JZ RoAR M 1k 5 O #E B I P 720 0 BIR 0 DD TIE <, MOS hT PR
EFEV2—VTERLDLENRHD, — 7. pMOS D& | L IR 28 <725 & Poly-Si 7 — M i 7
DAY (Re) B3 IEE L CERMICE ZEL, BEEEEVODIXLOENEAETDH, ZOK
MBI, VE DXL EET TR, AL OEBEMELLICHE R BEELL 0T O T, K=
VEMAERWHRORE MR T, AL E MG CELIENEE ThHD, BLEFICE HR
MHEANSIINEL, A4 O T I8 Z L 2@ & 23570 Y mik, 7 — MR EAFESLT U=
VEALBEICEA AN MM I OB BN H WD B EE ALl E R R I R A E S0
KREEFREAOEBRNEELTHD,

— L EERN RUNBNIECH S 3nm LT OME S — MBIk L TiE, P oE 1 1mE
4% 25 F-N(Fowler-Nordheim) N FAAMNMB NV AT 4o 71T DT EREE UMM E B R R NDHD T,
[l 55 D15 FE M AR D RO TR B2 D, T EEMFEMEESHE  MERABRIZOW
TOREBELBLELRD, TOT0 | B BB IE OB H 7R CE R 20 #3231 B Bl
WCE DWW EHE MR mk EEOHL LS Thd,

7 —h ik EEE A 0.3nm FRE LT 5F ITEVK IH O R RV E T S AL T 5 72 i i R E
DYz T N — TE RSN 2, @ ok S E S oD THE BT D, W) BB R 1306 ok | JF Ak 82 T
S E TELZHRFHFEIA WS, & E W E 2. TEM(transmission electron
microscopy: i i & - B EE) IC LD Wr m Bl EIE N H WO TEZ, LL, Wil TEM [2XkD 5k
TTHAVITANDEWZIDIVary —E o (~0.3nm) B EIIE G ICAR AT N E DD, 2nm LL T



DAL E Tl 2O A BMVFR Z DR TE72<720, Wrimi TEM JES ST LHR & 2 E &1X

AR, X0 JVEKERYBEEEON E 2 B L TE FBEME N € ot E 2 ENR
BEPRFITWD, —FH | ERMICEEZH E 328 IR DR Y Va5 — b i
NTOZEZAKRESSKEE P OB T /oML A & (RIS ELTH 0.3nm D
é)rjxﬁ@ﬂ“ét&b\ C-V HE TROLELAMEE (Telec) L EBEOW BEEE (Tph) &3 — FH L7z
B, TNRARET=F LU CEHERY A &1L, MOS BH{ER ORIREICBITA2E & THY., Hl 2
IEnMOS DA, Vg = +Vdd IZBITHEE“Cinv.”ZRONITR W, RIS Ua BRI D22 8
RV ERMORKEEEEZE R L EDEREOREE T FIELL O CEEFER &S

BETAHUMEELRRINTWS, — 5 et RrE=2L LT, EEEKICHE VT, Vg = —
(Vdd+Vib) IZBITDHHR & “Cacc. 2 ETHONR— KW THDHH, — FTMITR D DITITER ~ 720

RNV EERD, Vib X0 ¢ DEND Teq ZRODGE Vib 1X, TORELZERK TO C-V
fi RO R D, e ICOWTHEKOY B (Tph) DB ENDHR DD, (72720 HEEETH ¢ 2[E T
CIRE) ZOHE. ﬁé*ﬁm’%f%m—?%%%ﬁ%@ Bk LTI R 4 D Poly doping
@oxide interface % l/\éo TOFRRIC UL Il REF - NEMOZEZ EELFI B LA KR E R &

JE&2INER 3 5E4 AR ICBIT2D Vdd 125 LT Telec ~ Tph +0.55nm EWHBEMR BN 35, 2
DGH U — 7B iﬁffﬁf‘%é IENZSNVEVIOFTIR DD, HEALIZEL R — N — 2 # %
&L R 7R R E 1, C-V JIE VE IS I 1T 2% A (5] B8 A% A A C-R LA 2630 1] 8] B 1228 #a
L. 0 E J& W AR A7 2 T O R L CR<ERIFE TH D, W3 AU o 3 4 I = o IE fe 72
B T T 3R B TR B L IR IS R L B R R T — AR T ON — R Th B,

F—REMG RO AL ICEo TRERE THD, PPARIYa L EMOL A | Al LZR
RUPEHUICED VE BB, F—NEMAN T D22 Z (b (BRb B IZHFE LT 0.25nm OJE X)X
FICKEREEICLEZSEON IV AZO T E KD KIEIZH LT 5729, dual doped
polysilicon gate | 100nm / — KRBl o 7e<2) Kb TAX NV —MEE N A EHIINLTWD
Flo  RUAZ VL PLH DRAM 7213 T72<| YE'é%i DRAM [HEL THREF &N T 5D,

CMOS T NRARENRT U AR LR TH7201201E, Si 2y RF vy 745 I 4L 5 B D AX L 8%
TF—=RNMIHWAZENEFLWR, ZOHE . ﬁE}EO) Dual Doped Polysilicon Gate {2k~ T, il
& MOS M7 P RZN T B R W VE 215 12<W, nMOS, pMOS TH % R 72254 F B D AZ NV
B2 W% dual metal gate #§1& 30 BT/ o> TLDO A REME D H D, F7o, HEFE I O A I 110
BB B NOO AR K PE W, W DS —MERBEICKT LT 0 R AL DA M Bt Oy
FUTIRE | AFNT — MEE IR R T REFEE N LFE LTV D,

L DAZNVKEN T, BN EME IR IS R_RTE DN, 2RI —hAZ 7 & R LT
B —Z /R A BB ER R THEmIED T v 2428 it kDB LT7TI54 MOS Futkxd
DEEEMEEZR LW M EHERROREARH K E2D, ZOHMEZRToOIC, ERDVYVaF—]h
MOS 7atEADKIERIM HAFEZEZITORELDHD, RO T aBATY =X -FLAUJE K £ TIT
ST, T —MEEREZRELLD T — MR, AZ V7 — R NEM AT B 75 (replacement
gate process [1], damascene gate process[2]), ZOH A X, F—FAXAM B LEFEEROS
—MEZ I T OHR PR IMEIND —FH T mMIREDY —A-RL A= 7RV AR D
R D% IZZDHD Gate Stack K Z1THIZEICL DT — MR I~ 52800 U A R O ifif 4
PEARE | Bl 7o it A R S D,

AZNT — R NOFRE IR D E0roNns— 5T AIvIary sy —MEEORELRE 1IR3 T



W5, Bl 21X, SiGe ' —hEMIL, Ge I EICKOEF B ZHI B LRAG, & WA MY IS AL %
WIS = EZ M E R FHFIND0ESDEM TH D,

AR 4 — VAR —=H O EHL, SI02 PEME LN TELER, FUFAR T rERED0R A MEED
B CIE A SIN BEU SIN/SIO2 23 FH S D LI >TETZ, SiO2 BELW SIN ZE K OH LB
Bt THY, A B%LIOE M ITE DL WEEbiLd, UL, AL 238 7 elevated S/D i i& L7025
EF— PN BEMOFERENERTDIHAICHLINPZICE BE2ME T 25720 E R
(low-KEDE A b SN2 TH A, TG BUEE M I H S Tnd low—k IE TIX,

1) i #pE

2) MW=yFr 7k

3) B R Gk M) 23+ 4 The<,

S5z

4) R AL A3 R

EDOZOMEHTHZENREE T, -2 BN EERD, O O/ E L, AW I
low-k ¥ TH 52 SiN/low-k HH V15 5,
WFHNICLTOHH 2R BB 2> TF YL Y R AETHE, B RIRLIZWbW 5
damascene gate process ([ZEAVIE1) ., 2) TR CEHR[REMENHDHZ 2L T,

UL ED XS24 — Mg I MR O R D 7= 01213, B REE LI O # oG #75 Y 215 1k 35
JOnT e AMOFHKAGEHNEE THY, Vo REEBFELL I TOIIREDO NN EER
HTHAY, Tbb . &7 — Mk I/ 3R R 8 o7-o O E | 7 — Mk R RS E . 7 —k
M E, Y —FEMERERE . BEOZNOoMEH E SN ZHH K T Ty — ik %
THEETHDL, INHE2—KILLTELDORITAEZY — L THY, —HlELTERE I —= T =
Al L/ BALE ., BB EREREER, RV Vav g EE2F A H B SN ZaRy  E T
BT DITAEY = VR TFTOoND, 2O G IR BELI NI AR LD, Ny F BT [F £R 72
BBIXATBE TH D, Bl I, Vo N AR b/ S0 BIFE S ERFERREF, RV
VIR B P A R B A R p eI =2 34T A M(mini-environment) THE & 377 mk A
LERENZTOND,

F—hkx - BRI TS M B OE ANIZ O T, EIRL72IICEY 2— b LT
7 a e AL DB OO K AR O CTEE THY, ZHUCHEE L Tl TR LB R E TR
HEBEB OB RNPERND, MATTIATHEA=UDIH 7 avAF R ER R EEE DINT Y
ABL L TOREFEMERRGE DR M2 L7005, 77— Ml IR B 12D Th # g ik 2 0 f) i i 7 O g
JEOEREEREEMRLEOE R T IEOWNLEH ThoD, — .4 A OT A 2B [ 28 & T,
ERGGEBROEEREREEE WO HMRX 55 TiEzd, SOC AR EE D LK
FFHEE D HREMBISCET — MO A NERINLDTED A% 07 = N7 etk
AR —Rvy T TIEVAT ARG EOBEBERERAD R AR T, MEBENISKHEEE N ICbEsTH
BTSN EED,

[1] A.Chatterjee, et al., ’CMOS Metal Replacement Gate Transistors using Tantalum
Pentoxide Gate Insulator,” IEDM Tecn. Dig pp.777-780, 1998

[2] A.Yagishita, et al., '"High Performance Metal Gate MOSFETs Fabricated by CMP for 0.1lum
Regime,” IEDM Tech. Dig. pp.785-788, 1998



(4) ¥E#CBHE#E (unction formation/silicide/contact)

M #2—3— 4R BFR D EE R | MK 2 -3 — 61T R R OBEAI 2R 7,

A=V 7 ANIHEBER 72V — A/ R AV THID KR E S TR 2 R L T\ D, ZOERIZIE A DI
BER =77 ae A0 H NN BEICRDIDBRET | T AL AEE, T u AL T 7L —vary
BIZ K SFER L E LT D,

TNAADWME &L I MOSFETO)Z{K TR F ¥ RN DIPLEV T LA, V=R /FL A0 Kk
Qa7 oy DF AL T8 AVERE A 9 DM 7] 2380 35 1272 > T< %, MOSFETY —
DR /INTIETF v RV EBICHE R T DY — A/ RL AV I AT v av OB ARSI EERLSTIOLEL D
DB R VWONTEL T BB AEIT CIX, Zo®ES(LIT=IZAT U var@om b2 v
T, JEEGE E O EALIZER WA E A BRICT A0, RIEAL IS . B A MY OIEPEL R
K FIEFFA TERY, 2O LB 7 v R FEEIIX T REDSFET D, (o T =~ AT =
vk (thermal budget) D& JE IZRTP(rapid thermal process) 2t AD E IR . BB (L ICLA ML E R
bb, Tl VY —A/Fr A DR AR, =V AT o va G ORBRSIZHGEBEIND LR DD
STHEY, REMTORBEENPOBIRITRENME T T2 RPN BRDOEID, Y O 4
FAFEANDHARINE AL L RTPY BB A TH DA, ZHITIZRTPLE & o - e 5 I M o & AE S 1
DIRTITTRBR20 O XD7RRTPLE & B 78 OBR %, BARIMB DY) — AR LAY Y 75 DK
Mo A Z T HZEEE XV —~DEE D NLETHD,

TR EREERESFER T 20 EMMICIE, A4 E AN o T, gas immersion laser
dopingZ2 EDIE R N2EINTWDMN, 7r7 7 A/VOH 4, CMOSHE E IZIB W T H R RN R —
U DR GEIRED R TRIEFRBEITZSZ D,

FEBRORAS =V 713, 2V AT val g, $abb, 7 —ME RO M BEIE O /b B SR T 5,
ZOLE TS —FEMEY—A/FUA BB OF AR BEOH K, EME OV ANICEDH
WEESIEREISRWMIBEOBRHBLETHD, T, BB IRAT o varTady AN ERDTED
2, AV A NMERE P OOBE ML Co /AT varZ BT HIENRE ZLNDR, ZOH AT
AR B i oD i AE0 L W RS B NSRS D,

M EE DAL, a2 27 MEHE OF vy X VE ~O T WAL SR T REELH RSE 5, Zh
a2 MEHE OEREAILBLETHLIIEEE R T 5D, SHIC, a7 MEEE IR Kb
DD DUV AR EAEO AT DM E DS — 72N, BB SR EZERFL OO WA,
RO AR ARV AR/ Var Rt O FEH N0 B LD, AR WS f L EHL I
F A EICBIOIARMPDIREZEGLST D70 T 7 AVEEBROONDN, K= 7 LicarZ MK
WEREOIIaZIE E 45 SALICIDE(self aligned silicide) 72 A TIZIN OO N T HE K
v it BN/ SR ANV S T RA S N A A A A = A /N O T R N S ) B
AR R S I U AR L Z1T ), elevated source drain HiE2MEM DO OEDTHY, v U=a
HEOBNEE ORISR a2 BEM /0D, TR B U2 I, RN E ST 5K
EVVarE o REEIL THY, TNOITBIRHER /R 7 e A28 32 DR H g Bk 0L FE I
DLRBETHD,

WAL eV MOSFET OFAFEIZBWT, ¥ —hEME, V—X/RLAVEMBEOFED
OAHENE N K5, HIZ elevated source drain i iE 2 A5 S ICITEE2E 45, MOSFET @
BEAEMEZHMEL T RFELROMEEM B ZH VDN L EIZRDATRRELRD D,

MOSFET OERELRDZTFT ¥ XNV 3 OTRT7 7 AVEFHTEWTH, EHNLETHD, ML



15#5%%‘&0)%5%%*/1/@3%@?fﬂﬂw V2o B 72 WO LR ) R B & R L E O 00 B R & il N S
L0, BWE—ZRELRVWEREREZL D, BB EK 07 s AVDBLETHDLH, 2
FEHLTHITIE, In, Sb EWolmEILEDAAIEADNR BB CThD, TIOHE T HE & 5 R A Hl
MELTTFry 27 a7 7 AVICHWED, HALO R—E U ZICHWAZET, 7 a e RICLHE RO
DI RE Y — A/ R AT a7y AV FHEITHOH Haf#%jc%@“é*kﬁ?f‘%é Mk CMOS

FBIZIZ. =7 7rt R8N THEIBICHE B RGIH PN LA THDL0, ZO7OIZITFid Lz X
VRF W OB R LEELIZ, SR MO A AE 2 X595, TED(transient enhanced diffusion:
YL . R M ORI @R R KM ~O R O 2R E DWW TO XD FE M 22 bF 78 & 2 i o i
JRDIFTIE L7 D,

F—bE U 7 H M ORIRIT, YRDODZLERDET AL ZEEOFRFICELE DS, a2 ik o R
HEFH LT NAZEETHOZE, BT OW BN E B O\ R TREtsh s, 6 21, SOl
R ER VT AL ARG T, a2 MEADOEREASLITIE O —~ A "oy b b T LA
SOl DEIIZE-> TR E SN, Rbo T, #idh K FaBEIE OLEEW SOLJE 123 75K e E A D7
WR—E MO EENE ED, 20X, R—E T HIRIET ARG TekA T
—varb— KL oTHANAE B NLETHD,

(5) myFrr7rkA

TyF 7T ACKH THERIT, CRETU BICE L, BHEIC > T, Bk sl
T, @ 7 ARZIN T @ RN T & AL — 7y M(throughput: AL AL B RE 71) 72 L 1€ k4%
Mo R Eichbs7 AR OE EARHITOND, IHIT, SAC(BELT T I a2 N4
UHETHHHAEE ., K OEBOFBMEHIXH 7257 82N RDEND, ZHOOWHM N T H IR
ZEBRTHETORBIIMA T, BT AXIMEICELRWBHIEL T5F ¥ —T Ty 7T ~Oxb il K
OAFENZEB Lo R R EEDBRBLELRD,

Ty F TR, a‘«f@%74iy%/7 x5 EOBRBE THHN, FOH THEIZS
NEM Ty F o7 LT, B2 IRMEOERPH 5, 180nm LLEORY Y7 T NAZADY A |
THOF — kxR L 2nm BRE LD CORFL DL —F —DOEE T, BERM THD
poly=Si Ty F U VI &5 1k S 58 @R IRMEZRDOOEN TS, SHITHMIE I IS LTk
LWCD (ZUTAINT 4 A Ta)filHBRbO6ND, 7 — by F U 2B 5% N L CD O %
FHEME2 34T, ZORF ORI (etch selectivity) I, ’T—Ffﬁf%H%&L’C Si02 %
AWEGEZBELTRIBL TS, 100nm OHEART Si02 2 L7256 . BRI Inm 2B &7
O, f D TN/ F U7 RIREDRRDOOLNDIEI fot%.’)oiof\ﬁﬁﬂim]:@ﬁi))%% Si02
DREME D ROONDZEITRD, o, 2o F o7 Tuv R LB HELRBRICHI Ty F 7% DOk
WA AT ST B BE TV —MERIE DN EHE L T DZEnRkOLND,

R OB R IZT TIET ASAA~OBE FIZTES, FRFICTER T REREEE 2 TWD, EIR
PO FICER AT ADIRBEBE N THLIN AT =R =RV & N2 —TF
¥ —UT Y TICEORPT Ry T o VBB E R RAELL T RD, ZOF v —I Ty E, IR
DNV AEF TR SNDZER D> TEBY MR ARBRMEIR DD, TITXIRET v
D DO DR ROHIND, [FRFIZ, 77— M IR O I AL 08 # Bt o ] Ik, 79X~
FA—TUNELIZHIEALTHIEN THEIN, TNEZETHIEHEEITR-TD, ' — MR L
LAV LI M S o5 & L IR ICEb RO VB O T2 E#FE Tk, 779X~



HA=V DN - REHICEMENDEEZEZOND, I2EL, M ERENEAShDLE V-7 &
DR LV F A= PNF RBEFICRDIEN T RIND,

T AR (L) RE NS0T T a—F LB IZIT bl T d, BRIZIX, HBr 28D T R
DA RO@EmNT AEE N T HZLIR . m@ RN SR TR OB IR B o) oSz %
HHTETHD, 2L ZOHREICEEEZE T D, "=V DOBREERFER TOT AT DEITX
DM TR DERDEVIBLGE N ATH, I TIIROZER L MOS "NV VAXOEEAN Y
ThHTF—FEDEWVWEEW®RTILD ThD, A0 IZHT-> T, v F L T DT AT K
FHEER/NRETOTATIAN ZRRTILENDD, DT, Ty TF U7 H OB DS
A2 ERTIVLERNDD, $72. X —FEMDOR— SV N Fr gLl P Frx L TCRARLT 2
T — NI LN TR K OO THE o bRk o5 Tnsd, 77— hE MO K b
T @RS —FEMBAEHRINTEY, IOy F U728 T 550 E T LR %
EHTLH7aRARRDLND, SHIZ, ML OETIZELRW UV T IT7cOfF G EE2E L
L 72 ARC (anti-reflective coating) Dffi FHEE N ELL>TETWE, F— BTy F L 72BN T,
MM oOTIarZEREOME THLIARLRED ARC % [7 — F ¥ /3T, 2O @ K E O ~F kL
BTy F 7T HEM R OB TN D,

by F T DM E A E LT R T PE S ORI NE &l L X570, K E ) O &
£ 7 X~ (HDP) B3 T b D, TBIK B 07 —MERIEX A=V 0 B35 F ¥ —V 7 v 7Bl D
eI, M, NVAERT IR EDOW R THIRTDIENE ZHNLM, fF kA7 100nm LT
DA TEDMEINRIN THD, AR RMER OO, =2a—F 7NV AN —AIZLDTy
F U MMER AN Lm0 GD, 2L, EAACICITE RO NS E RS, ' — by F
B 2 MR U R RE B A B AN 1M R 2-3-5 ITE LD T,

Xy N B MR SO EARNZ BT A B R ENZR INBICH IS LTy F S T ae AR RO L
N5, ¥z, B EEL TRBI SN TS Pt RED Ty F L 7SN WAZ L Z CD il 8 <
W T LTI RS0, 22T, 2y F U 7 ORISHEEZEOLHTHICHmIR T aeARnRDL, Z
AUCHK G LT N — R E e D,

vy —hL T4y B (isolation) =y F U 7B W T, Ty F U T FE D RZ — AR TFEME 2372 Al
BE T — R— A RE MR OB SN T re 28RO BND, Ty F U OEMEBHEL TR, &
—URFE O SDOBIRE O HDP BEFES 250, ZOHERIZF — b=y F o 7IEEBLOEO
TRV, 2y F U7 OREECE —MHEBEH L RIE(KSEAA 2y F 7)) Otk BIZEDIE 6
TXDLAREMENRDH D, £, 2O T B EATIE, MIVLIBICERBIF R ZRBIELZENLETHY,
INEZE LN —RERELRTIERLR0,

BEOL =y F 77 matERAZxLThH, BiLWERDBRELINLTWD, @ T AT EAR— LTy F
TR R IREBIRMEZW ST L2 K OT AT AK Ty F o 72 M6 3228032
B oTD, fRIEHEEL T, HDP NEH SN TWA, RIE Z#W B L7-h B E 7 I X< b Al &
LThHITFon, Ly F o7 rIANETm v AL ORBREEND, 272 L, RE R ELE
LT, 7 — by T 7 O%ALRRIC, MER FIZLT v — 7y 7Ol Bndh T o5,

180nm AR LLFE, Cu <2 low k M BF D ANR OO, (EKD Al B EEBLIEMINDES
26D, Al BTy T 7O b RO, N—RF~vA7 D H %5 o TR 2 7o 50 2
WD, Wl Cu il AERBL T L2720 DF v TaT W Z~vr7at A0 EANRRDLND,
TaT N O ERE Ty F o7 EebI N TR OF Sy F o 7 — V| % E



PENRFRKROOEND, £To, Ty F 72T TR 2y F U THRIEDORTA 7=y MR E A OB %
IMLETHY, ERD Al BN EDOBR E/ D72 DRZ— R RPN E LD, BT, low
k Bt I LT LWy F o7 HAZ W7 m e AR 2R N ICED LU ERDHD,

(6) DRAM F /33 H 5

DRAM F ¥ S ZHE I, A MERIZ A v SO F AT ONEF v /32 X B R~ O FT b kHE
ADFHEZDZTND, MFE2—3—7IZILH DRAM D AF v 7 X /R3 ZIX6 T HH M ERE2R T,
DRAM D EB/LH A RXITF FH L —/V UL E O FE THMA LN ED LI TERY, 180nm DAL TIIH Y
WLEYRIA A EOR/PNEHE THD 8F 2 (F : F& /NN L ~H{E (minimum feature size) )IZEE
T5EHZERHND, ZHITK LT DRAM OZ EEEOMER LY 72T — it 2 — E IR 27201,
FYNTHADE BT 25fF/cell(B/V) E—E IR B ITON DL E L THEEILFHH ST
R

TNFETATE Y MERTIEF v/ 30 X O & MR L SI02/SI3N4 & A H v, SEA &
B EE 3 WL T2 TIORBEEMERFL TE, LAHLARND, 180nm DAL TIEZh b0
FETE ERERMEEAWRTLIIEDRNELRD, ZOTDICHREMBGBEEL T, HiemfE R
MEREANSNIED D, ET RN T B LD 50 £ E O Ta205 DA IND,

EREEMELTHRBVORIVIaVENAWONZS A Bl EE2 =Kk tib+25H B EIX
RENHLDOD Ta205 Dk AL EE IR m i Va AL AR E 352812 X0 E N2 75 E
BIT 22 EICWATH, —FH, EHEMICRUSLCPtREDERBRPHVWONTZSGE ZOBALED
IAENT2<Ae 2L Ta205 OFE AL BL MM A M E 3228100500, EOFFEREZHGLIENTE
%, (Ref. K.Kishiro, et al., Jpn. J. Appl. Phys. Vol.37(1998) pp.1336-1339) Z® 7%, 130nm i
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WL BE 2 L NIZT AL ENHD, ZHITXH L, AFZ I Xy " EZTREIA—T By I E %
AW 6F 2 e /N OBNVEFEEE BV, WERMN U REMER LIcm BRI 2 220N E L7
Do mERLEZR T OOITIE M B, e XN T T —F UL EREE S NAND B4
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— 7. DRAM ZiE# L7z SOC ICERINLHZ T o2 IT AEY/myy 7O IIZ KD R 72 -
TLDy FXNVHAREA~OERITILAH DRAM IZE I LW EE 255, SOC 2T DK #
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Yy 7 RTE LEL, W72 7 AT NG KR 2B T 720K — VB EJL R EZSDHE2E720, Z
LY AR eYy 7R UERBE Yy T 2R T HZENNEE LD, LD -> T, mvy&%ﬁ%ﬁ‘aé
H72SOC TlE, U IMDTAXRIMNEEZ RS EDLT20, BAVEEOIE KIZEF v X @& Sz
ZB7RED T RPLE |- TLD, — 5, DRAM Z# Jc ¥ 72 SOC TlL, DRAM OF— /L IZIHE T
Ry ORMBE Yy FEFRELRTNLIEROGR N, 2O — A7 Z2B AT 57201201, LA
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Year of First Product Shipment 1999 2002 2005 2008 2011 2014
Technology Node 180 nm 130 nm 100 nm 70 nm 50 nm 35 nm
DRAM 1/2 Pitch (nm) 180 130 100 70 50 35
MPU Gate Length (nm) 140 85 65 45 32 22
General Characteristics * (A,B)
Wafer diameter (mm) ** 200
Edge exclusion (mm) 2 1
Front surfgce particle size (nm), latex > 90 > 50 > 35 > 25 >17.5
sphere equivalent (C)
Particles (cm °) (D) <0.14 <0.11 <0.10 <0.08 <0.07
Particles (#/wf) <43 <74 <67 <54 <106
Critical surface metals (at/cm?2) (E) [< 1.84x10"k 9.07x109 < 5.9x10°| < 4.0x10° [ < 3.0x10° | <2.2x10° |
Site flatness (nm) (F) <180 <130 <100 <70 <70 <70
Oxygen (center point value + 2.0 ppma)
(ASTM *79) (G) 19-31 18-31 18-31
Polished Wafer *
Front surfa'ce COPs size (nm), latex > 90 >18
sphere equivalent (C)
COPs (cm ?) (H) <0.14 <0.14 <0.11 <0.10 <0.08 <0.07
COPs (#/wf) <43 <95 <74 <67 <54 <106
Total bulk Fe (at/cm’) (K) < 1x10" 1x10"° (Pl < 1x10"
Oxidation stacking faults (OSF)
2 <44 <28 <19 |[<£11 <0.7 <0.4
(DRAM) (cm 7) (L)
Oxidation stacking faults (OSF) (MPU)
o <3.1 <1.5 <1.0 |<0.6 <0.4 <0.2
(cm 7) (L)
Recombination lifetime (us) (M) (N) 2> 305 2> 350 =350 =350 =350 2400
Epitaxial Wafer *
Minimum layer thickness (DRAM) (um) 34 2-3 2-3 2-3 2-3 2-3
(£ % tolerance) (P) (£ 4%) (F4%) *3%) *3%) *3%) *3%)
Minimum layer thickness (MPU) (um) 1.5-2 1.5-2 1- 1.5 1-1.5 1-1.5 1-1.5
(£ % tolerance) (P) (£ 4%) (F4%) *3%) *3%) F3%) *3%)
Layer large area defects (DRAM) (cm_z) <0.008 <0.007 <0.006 [ <0.005 <0.004 <0.004
Layer large area defects (MPU) (cm ) < 0.006 | < 0.005 | < 0.004 [ < 0.004 [ < 0.003 EEIXIIX]
Layer stacking faults (DRAM) (cm™) <0.015 <0.013 | <0.012 | <0.010 | <0.009 <Xl
Layer stacking faults (MPU) (cm™) (R) <0.012 <0.010 [ <0.009 | <0.007 | <0.007 EESXIL

Solutions Exist
1999 Solutions Exist

Solutions Being Pursued
1999 Solutions Being Pursued

No Known Solutions
1999 No Known Solutions




Silicon-On-Insulator Wafer*

Year of First Product Shipment 1999 2002 2005 2008 2011 2014
Technology Node 180 nm 130 nm 100 nm 70 nm 50 nm 35 nm
DRAM 1/2 Pitch (nm) 180 130 100 70 50 35
MPU Gate Length (nm) 140 85 65 45 32 22

Silicon final device layer thickness(PD)
(tolerance + 5%) (nm) (S) SIMOX
Buried oxide (BOX) thickness (PD)
(tolerance + 5%) (nm) (T) SIMOX
Silicon final device layer thickness(FD)
(tolerance + 3%) (nm) (S) SIMOX
Buried oxide (BOX) thickness (FD)
(tolerance = 5%) (nm) (T) SIMOX
Silicon final device layer thickness
(tolerance + 5%) (nm) (S) BONDED
Buried oxide (BOX) thickness (tolerance
+ 5%) (nm) (T) BONDED

Dgox, BOX defects (DRAM) (cm 2) (U) | < 0.096 <0.065 | £0.039 | <0.028 <0.014
Dgox, BOX defects (MPU) (cm 2) (U) <0.359 <0344 | <0.208 | <0.154 <0.080
Dy, inclusions (DRAM) (cm ) (V) <0.116 <0.109 | <0.082 | <0.073 <0.063

Do inclusions (MPU) (cm 2) (V) <0.431 <0.413 | <0250 | <0.184 | <0.129 WKL
D1p, threading dislocations
(DRAM,MPU) (cm %) (W)  SIMOX

Solutions Exist Solutions Being Pursued No Known Solutions
1999 Solutions Exist 1999 Solutions Being Pursued 1999 No Known Solutions

X #&2—3—1 Starting Materials Technology Requirements

100-200 | 100-200 | 100-150 | 100-150 | 80-100

200-400 | 150-300 | 150-300 =150

30-45 25-35 20-30

<120 <100 < < < <50

50-300 | 50-300 30-100 peiiiew ]

50 -100

100 - 1000 {100 - 1000{100 - 1000{100 - 1000{100 - 1000 L1128 {11 ]

<7x10* | <4x10* | <3x10* | <2x10* | < 1.5x10*

()
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UTICEREHBOARZINET D,

ET VLR — THDHN, NTA—F— DO fEIT ORTCI9 KT 7 D%, £7= FEP N TO ki@ D
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BNZOWTDE AR LT,
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Year of First Product ShipmentTechnology Generation 1999 2002 2005 2008 2011 2014
180 nm 130 nm 100 nm 70 nm 50 nm 35 nm

Front End of Line
DRAM critical area (cm?) 0.35 0.51 0.86 1.19 1.72 2.38
Logic critical area (cm 2) 0.05 0.05 0.08 0.14 0.16 0.21
DRAM GOID, (cm ) 0.029 0.2 0.012 0.008 0.006 0.004
Logic GOID, (cm =) 0.22 0.21 0.13 0.093 0.065 0.048
Light scatterers

DRAM (cm -) 0.072 0.065 0.053 0.048 0.039 0.034

Logic (cm ) 0.072 0.065

Particle size (nm) 90 65
Light scatterers, back side(cm-2) 0.32 0.28

Particle size(nm) 500 333
Critical metals (atoms/cm?) (A) =<9.4E9 | =4.5E9 EEN] IR B BT R ) =)
Organics/polymers (C atoms/cm?) (B) 1.0E+13 | 7.0E+12 2.5E+12  1.8E+12
Surface oxygen (O atoms/cm?) <1E14 | <1E14 <1E12 <1E12 <1E12 <1E12
Surface Roughness(nm) 1.5E-01 1.2E-01 1.0E-01 8.0E-02 8.0E-02 8.0E-02
Back End of Line
Particles (cm - )(C) 4.8E-02 4.4E-02 3.5E-02 3.2E-02 2.6E-02 | 2.3E-02
Particle size (nm)(C) 225 163 115 80 55 40
Surface oxygen (O atoms/cm?) <1E14 | <1E14 <1E12 <1E12 <1E12 <1E12

Solution Existl:l Solutions Being Purssuedl:l No Known Solutions-

Xl #& 2 —3—2 Surface Preparation Technology Requirements

(1)

0 oo MEVWIE B IZDUW T, 99 4 FE Il STA Road Map % [, ¥/ Critical Aria DO Light Scatter
REDOE M DA/ D Chip Size Model DEfE 1L USA kX 99 SIA Road Map @ ORTC #% %
\ZL . %FIZ Chip Size IX Surface Preparation O # %8 7+ Introduction OE 2 H W T\ 5,

i No Known solution®#E#61% 7=& %13 Particle Size=<Ci5 Y& JE 72 213 JRU A &L TR E BB
EAZELIEELT,

ITRS’99 Metrology Table82b & B,

(A) B LT SIA ICHEF D, 5 H%1E Fe 2R LLTHHLTWDA, Fe HHICMAZOM D
Critical Metal (B HFEETHEIRKEL 50%%F U7-, fHL NoKnown solution D& E 1L, AR
MYZRBG ORI PR THLFELZ B LT,

(B) 1) ® 3 HkIZEDE 1E14atoms/cm? D5 Y TT /NARIZE
LLFE 70%/3 4 CRFAMEZSI ST 5,

(C) Particle size 1% Local wiring pitch*1/2 (ITRS’99 Interconect Table48a SoC Interconect
Technology Requierments) D% H Y Line/Space MN[FE — LR E., KMEE E B HiL D= -
3/2*(LN(0.99)*Acrit*Rp), 2)

Acrit=DRAM Critical Aria(99DRAFT ORTC (tablelb bit per chip)*1/4*(Technology
Node) 2*A. A=cell aria factorRp=0.2 &L 7=,
LR YN

1) K. Saga,and T. Hattori. “Influence of silicon-wafer lodeing ambients in oxidation furnace on

bg-2, LTz ->CEREIX 1/10 &L

i

the gate oxide degradation due toorganic contamination” Appl. Phys. Lett. 71(25), 22
December 1997.

2) In-Line Yield Prediction Methodologics Using Patterned Wafer Inspection Information IEEE
TRANSACTIONS Volll Feb.1998



First Year of IC Production 1999 2001 2003 2005 2007 2009 2012
FEOL Challenges
Pre-0x Pre-CVD Pre-PVD Cleaning/Resist Removal RCA bass

Wit Cleaning
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High-K dielectric
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Silicideation
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Low-K dielectric
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Equipments for 200-400mm Wafer
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Laser cleani
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ICE Scrab
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(Ozenated-Water
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new
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Singl wafer cleanin
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#%2—3—3 Surface Preparation Potential Solutions




Year of First Product Shipment 1999 2002 2005 2008 2011 2014
Technology Node 180nm 130nm 100nm 70nm 50nm 35nm
Isolation structure LOCOS/STI STI STI
Equivalent Physical oxide thickness Tox(nm) High Performance 1.9-2.5 1.5-1.9 0.6-0.8
DRAM 4.9-5.5 3.5-4 1.5-2.0
Gate Dielectric Leakage(A/cm2) High Performance 3 1 250
DRAM 1.0x10° 2.0x10° 1.3x10°
Thickness control (% 36) +4 +4 +4-8
Etch selectivity to dielectric 150 190 480 570
Lgate 3s Variations (For nominal devices) =10% =10% =10% =10% =10%
Post etch CD (nm, 3¢) 14 8.5 4.5 3.2 2.2
Sidewall spacer thickness (nm) 72-144 52-104 7.5-15 5-10 4-7
Sidewall spacer thickness control (hm, 3¢0) NA NA =10% =10% =10%
Gate electrode thickness 144 104 40 28
Metal Gate Metal Gate Metal Gate
Poly doping @ oxide interface 1.0x10%° 1.0x10%° 1.0x10%° Electrode Electrode Electrode
Gate level wiring for array Rs(ohmi/sq.) 10 10 5 “
Elev. Single  Elev. Single Elev. Single
Drain structure Drain Extension Elev. S/ID Drain
Contact Xj (nm) 70-140 50-100 40-80 10-20
Drain extension Xj (nm) 36-72 26-52 20-40 10-20
Drain extension conc. (cm-3) 1.0x10" 5.0x10"° 1.0x10%°
S/D lateral steepness (nm/decade) 7.2 5.1 4.0
Highest RTA temperature in process[C] 1100 1000 1000
RTA ramp rate[C/s] 20-50 20-50 >200 >350 >350 >500
Selective Selective Selective
Metal/Silicide Metal/Silicide Metal/Silicide
Silicide thickness (nm) 55 35 45-70 growth growth growth
Contact silicide sheet Rs (ohm/sq.) 7 8 5 5
SilSilicide max. resistivity (ohm-cm2) <6.0x107 <3.0x107 <2.0x107 <8.0x10° <3.0x10° <2.0x10°
Maximum Si consumption (nm) 50-56 34-39 63-72 63-72
Channel conc. for Wdepletion < 1/4Leff (cm-2) 2.0x10" 3.0x10" 4.0x10" 8.0x10"® 1.4x10"° 2.0x10"
Unif. channel conc. (cm-3) for Vt=0.4 6-10x10"7 1-2x10"® 2-3x10" >3.5x10" >7x10"®

>1x10"°
Solutions Exist

Solutions Being Pursued No Known Solution

X #2—3—4 Thin films, gate etch, and doping technology requirements



First Year of IC Production ||999| | zui:rz L zui:ﬁ B ml:na B 2011 | 2014 w
Technology node 180nm 130nm 100nm 10nm S0nm 35nm
Eq. physical oxide thickness Tox{nm,) 1.9-2.5 1.6-1.9 1.0-1.5 0.8-1.2 0.6-0.8 0.5-0.6
(Tpdl = 0.25nm, Tinv = 0.30m)
THERMAL/THIN FILMS
| Si028i0N
[ |
| SiN (/Si0)
[ [
Gate Dielectric < |
|
Metal Ox., Silicate Ta0, TiO, ZrSi0, ..
|
L Ultra high—k dielectric BST, 5T0O, ...
.
Paolymetal
500 I
| Polymetal + SiGe
| I
Gate Electrode <’,: MPL m‘/ Duq\ Doped SiGe with Silicide] .~
[
MPL | Dual deped PS with Silicide
SOC/MPL Metal Dual Metal
L%
i Si02
Sidewall Spacer <+ | SiN or SiN/Si02
[ [
i SiN/low—k SiN/low-k
GATE ETCH |I ECR
| ICP
High Density | Modified ECR
[ I |
[ ModifiediCP |
Future Etches -[
[

B foscarch Required

] bevelopment Underway

[ 1 Guslification/Pre-Produstion

X #2—3—5 Thermal/Thin Films and Gate Etch Potential Solutions




Year of First Produst Shipment 108 202 2005 2008 20 204
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X #*2—3—6 Potential solutions for doping technology



Year of First Product Shipment 1999 2000 2001 2002 2003 2004 2005 2008 2011 2014
Technology Node 180 nm 165 nm 150 nm 130 nm 120 nm 110 nm 100 nm 70 nm 50 nm 35 nm
DRAM Capacity (A) 1G 2G (3G) 4G (8G) (24G) 64G (192G)
Cell Area/Chip Size 69.6% 70.2% 70.7% 71.2% 71.7% 72.4% 72.9% 73.3%
Total cell area (cm2) 2.8 3.1 3.3 2.6 3.8 45 5.2 6.3
DRAM chip size @ introduction (cm2) 40 44
Cell size factor a (B) 8.0 6.4
Cell size [um2] (C) 0.26 0.14
=0.3640.72 =0.3%0.48
Storage Node size [um2] (D) 0.097 0.050
=0.1840.54 =0.1540.33
Capacitor Q"";":“ Pe’d;;t"
Structure Ta205 Ta205(Ref. U) Ta205 (Ref. U)
Dielectric Constant 22 50 Ref. U 50 Ref. U
SN Height H [um] 0.95 0.66 0.84 0.45 0.7 0.42 0.28 0.35
Cylinder Factor (E) 1.5 1.0 1.0 1.0
Roughness Factor 1.0 1.0 1.0 1.0
Total Capacitor Area [um2] 2.20 0.68 0.69 0.33
Structural Coefficient (F) 8.5 47 6.8 4.1
teq@25fF [nm] (G) 3.0 0.94 0.95 0.45
t phy.@25fF [nm] (H) 11.5 12.1 12.2 29.1
A/R of SN (OUT) for cell plate depo. (I) 6.0 52 80 1.3
HAC diameter [um] (J) 0.22 0.18 0.16 0.14
Total interlevel insulator and metal
thickness except SN [um] (K) 1.05 1.00 0.95 0.0
HAC depth [um] (L) 2.00 1.66 1.79 1.35 1.56
HAC A/R 93 9.2 11.4 9.4 13.0
Vdd [V] (M) 1.8 1.8 1.5 1.5 1.2
Retention Time [ms] (N) 128 256 256 512 512
Leak Current [fA/cell] (O) 0.527 0.264 0.220 0.110 0.088
Leak Current Density (nA/cm2) 24.0 38.6 31.9 33.5 27.1
Deposition Temp. [degree C] ~500 ~500 ~500 ~500 <500
Film Anneal Temp. [degree C| ~ 800 ~750 ~750 ~750 <750
DRAM Gox [nm] (P) 58 5.0 43 39 36
Cgate [F/cell] (Q) 1.9E-16 1.5E-16 1.4E-16 1.3E-16 9.7E-17
Word line Rs [ohm/sq.] (R) 10 8.7 15 6.8 6.2
Cbitline (S) 1 0.89 0.80 0.76 0.68
Bit line Rs [ohm/sq.] (T) 10 9.8 8.6 8.3 8.3
DRAM Stacked Capacitor Films Potential Solutions
Upper poly-Si TiON
Electrode (A) TiN metal
high-k ON
dielectric T205 BST, STO Epi—BST
Bottom poly-Si
Electrode (A,B) metal _—Perovskite

Solutions Exist

Notes for Table 22b Technical

L 1

Requirements

(A) DRAM chip size model (PI
(B) a = (Cell size)/F*2 (F : mii

DS)
nimum feature size)

(C) Cell size = a*F*2 (Cell shorter side =2F)

(D) SN size =(a/2 -1)*F~2 (SN

(E) Cylinder structure increase the capa area by a factor of 1.5.

shorter side = F)

(F) SC = (total Capa area) / (Cell size)
(G) teq=3.9*E0*(total Capa area)/25fF
(H) t phy. = teq*Er/3.90 If polysilicon is used as a bottom electrode. t phy. =(teq-1)*Er/3.9
(I) A/R of SN (OUT) = (SN height) / (F - 2* t phy.)

(J) HAC diameter =1.2*F (HAC : High Aspect Contact)
(K) The thickness is assumed to be 1.05um@180nm. (10% reduction by each generation)
(L) HAC depth = SN height + Total Interlevel insulator and metal thickness

(M) PIDS Table 14 Min. Logic Vdd (V) (desktop)
(N) DRAM Retention time (PIDS)

(O) (Sense Limit*C*Vdd/2) / (Retention Time * MARGIN) (Sense limit=30% leak, MARGIN=100)
(P) FEP Fig.2-3-4 Equivalent oxide thickness Tox(nm) DRAM + 0.55nm

(Q) Gate Area =F"2

Solutions Being Pursued |:|

Notes(C)&D) Cell area and Projected SN area

SN <« | [sN
—FEple " Bl F )

(R) Word Line Rs is assumed to be 100hm/sq. @180nm. (Word Line R)*(Cgate) is constant at same WL length.

(S) Cbitline proportional to F~2/3) (relative value) ; A.Nitayama et al., IEDM Technical Digest, pp. 355-358, 1998.
(T) Bit Line Rs is assumed to be 10ohm/sq. @180nm. (Bit Line R)*(Cbitline) is constant when the number of BL cells about 1.4times/BL.
(U) Koichi Kishiro et al. Jpn. J. Appl. Phys. Vol. 37 (1998) pp. 1336-1339

Notes for Potential Solutions

(A) Metal : W, Pt, Ru, RuO2, IrO2
(B) Perovskite : SrRuO3 ; N. Fukushima et al., IEDM Technical Digest, pp. 257-260, 1997.

Cell area

A

SN

»
»

Note (1) A/R of SN (OUT)

X #*2—3—7 DRAM Stacked Capacitor Films Technology Requirements




