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Scope of FEP TWG Activities

* Focus on requirements for high performance
transistors & storage capacitors for memory and
logic products

 Intent isto define comprehensive, integrated
solutions needs for the key technology areas in the
front-end-of-line (FEOL) wafer fabrication

processing of integrated circuits
o Coversdtarting silicon wafer through contact
silicidation processes




FEP Roadmap Scope

A: Gate Stack B: Source/Drain - Extension
C: Isolation D: Channel

E: Wells F: Capacitor Stack/Trench

G: Starting Material H: Contacts
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Thrusts& Sub-TWG Organization

o Starting Materials

o Surface Preparation
e Etch

 Doping

e Thermal/Thin Flms
* Device Modeling




Sub-TWG Tasks

» Using an evolutionary approach, address the following
ISSUES:

Establish evolutionary technical requirementsthrough model-based
or physical-based extrapolation

| dentify where barriersexist to evolutionary technology extensions

| dentify if work isongoing to addressthese barriers(color code
yellow)

| dentify if thereisno know solution to these barriers(color code red)

| dentify those known potential solutionswhich arein R& D or pilot
production

Prepar e roadmap documentation

Collaborate with other sub-TWG’sre selection of FEP Difficult
Challenges

AT

emi cnntlunl:nrs



Sub-TWG Roadmap Documentation

e Color-coded Technical Requirements Tables
— Yellow meansbarriersexists but are being addressed in R& D
— Red meansbarriersexist and no known solutions have been
identified
e Color-coded Potential Solutions Figures
— Black identifiesresearch isrequired
— Blueidentifies development is underway
— Whiteidentifieswork isin pre-production

« Tableof Important Challenges
e Text
* Inputsto FEP Difficult Challenges
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TWG Membership Affiliations

e Universities

o Government Agencies

e Semiconductor Manufacturers

o Semiconductor Equipment Manufacturers
o Materials Suppliers

e Consultants




|nternational FEP Inputs

o Japan FEP TWG-Table 22B Stacked Capacitor

— Selichiro Kawamura, Fujitsu, email: rhd01125@niftyseve.or.jp
— Masaaki Niwa, M atsushita

 Europe FEP TWG-Table 22B Trench Capacitor
— Bernd Vollmer, Infineon
— Rene Penning de Vries, Phillips

 Taiwan FEP TWG-Chip sizeinputs
— H.H. Tsai , Winbond Electronics

e Inadditionto Table 22B, International TWG’s provided
general input/commentary to all tables and figures prepar
by US Domestic TWG’s
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Wheredo | send comments/criticism,
letter s of outrage?

TWG Co Chairs: Rinn Cleavelin- rinn.cleavelin@sematech.org
Walter Class- wclass@bev.etn.com

Starting Materials:.  Howard Huff- howar d.huff @sematech.org
Randy Goodall- randy.goodall @intl.sematech.org

Surface Prep: Bob Kunesh- r-kunesh@ti.com
Scott Becker - shecker @fsi-intl.com
Etch: Pak Leung- pak.leung@sematech.org
Pat Martin- cptu@ti.com
Doping: Larry Larson- larry.larson@sematech.org
Kevin Jones- kjones@mse.ufl.edu
Thermal/Films; Carl Osburn- osburn@eos.ncsu.edu

Mike Pas- pas@spdc.ti.com
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MOS Transistor Scaling in the 1990’'s

Inl:ernal:innﬂ.l ecllnulugg Rnaclma.p {nr emicnntlul:lnrs



MOS Transistor Scaling 2000-2008

HEL P!
(read $$3)




MOS Transistor Scaling >2008

| nvention Needed: new device ar chitectures!!




Scaling & Relationship wW/FEP Tables

iefit

lion

illenge

L ower channel Res

Greater 1-on
L ower V , & Power

Vt Stability Vt Control
Reduced DIBL Recovered |-on
Reduced |-off Improved S

Etch

Itho
Wafer Flatness, etc
Short Channel Effect
| ncreased | -off

Increased Body Effect
Raised Vt, Reduced |-on
Incre. Drain Resistance
Shallow Junctions

> Tables Tables?20, 22A

Tables 20, 22A

emi cnntlucl:nrs

Ultra-1Thin Dielectric
Need for High K
Poly Depletion
Pre-Gate Clean
Direct Tunneling

Tables 20, 21, 22A
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Tahle20 1999 Short TermSarting Material s Technol ogy Requirements

Year of First Product Shipment 1999 2000 2001 2002 2003 2004 2005 Driver
Technol ogy Node 180nm 130nm 100nm
DRAM1/2Pitch(nm) 180 165 150 130 120 110 100 DY%
MPU Gate Length (nm) 140 120 100 85 80 70 65 M
General Characteristics* (AB)
Wafer diameter (mm) ** 200 300 *** 300 300 300 300 300
Edge exclusion (mm) 2 1 1 1 1 1 1
Front surface particle ize (nm), latex sphere
eqivalent Q) * 0 G
Particles (o) (D) £0.13 £0.12
Particles (#wf) £38 £84
Critical surface metals (atfon?) () £1x10% | £9x10°
Ste flatness (nm) (F) £180 £165
Oxygen (center point value £ 2.0 ppma) (ASTM 103t 5l

79 (G)

emicnnclucl:nrs
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Table 20 1999 Short Term Sarting Material s Technol ogy Requirements

Year of First Product Shipment 1999 2000 2001 2002 2003 2004 2005 Driver
Technol ogy Node 180 nm 130 nm 100nm
DRAM 1/2 Pitch (nm) 180 165 150 130 120 110 100 DY%
MPU Gate Length (nm) 140 120 100 85 80 70 65 M
shed Wafer * (A,B)

Total Allowable Front Surface Light Scattering Defect Density is The Sum of Crystal Originated Pits (COPs) and Particles (see General Characteristics)

surface COPs size (nm), latex sphere

dent (O) 390 3825

OPs (cni?) (H) £0.13 £0.12

OPs (#wf) £38 £84

surface particle size, latex sphere equivaent

rticles (#em’) (D) £0.13 £0.12

rticles (#/wf) £38 £84

bulk Fe (at/em’) (J) £1x10° | <1x10° | <1x120° | <1x10™ | <1x10° | <1x10® | <1x10®° | D% M

. . )

tion stacking faults (OSF) (DRAM) (e ) £44 £39 £34 £28 £25 £22 £19 D%

tion stacking faults (OSF) (MPU) (cni?) (K) £31 £25 £19 £15 £14 £1.1 £1.0 M

mhination lifetime (us) (L) (M) 3305 3350 3350 3350 3350 3350 3350
Inlernational lechnolotdn Hood TN A
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Table20 1999 Short Term Sarting Material s Technol ogy Requirements

Year of First Product Shipment 1999 2000 2001 2002 2003 2004 2005 Driver
Technol ogy Node 180 nm 130 nm 100nm
DRAM 1/2 Pitch (nm) 180 165 150 130 120 110 100 DY%
MPU Gate Length (nm) 140 120 100 85 80 70 65 M

axial Wafer * (A,B)

tal Allowabl e Front Surface Defect Densityis The Sum of Epitaxial Large Area Defects, Epitaxial Stacking Faultsand Particles (see General Characteristics) (N)

num layer thickness (DRAM) (um) (% | 3 (x4%) 2(x4%) 2(x3%) 2(x3%) 2(x3%) 2(x3%) 2(x3%) DY
nce) (0) 2
numlayer thickness (MPU) (Um) (2% | 2 (* 4%) 2(£4%) | 1(3%) | L(3%) | L1(x3%) | 1(x3%) | 1(x3%) ’
nce) (O)
X —2
large area defects (DRAM) (cm ) (P) £0.007 £0.007 £0.007 £0.007 £0.007 £0.007 £0.007 DY
“large area defects (DRAM) (#wf) £2.02 £467 £467 £467 £467 £467 £467 D%
large area defects (MPU) (e (P) £ 0.006 £0006 | £0006 | £0006 | £0006 | £0006 | £ 0.006 M
‘large area defects (MPU) (#/wf) £178 £4.12 £4.12 £4.12 £4.12 £4.12 £4.12 M
- stacking faults (DRAM) (cni?) () £0.013 £0.013 £0.013 £0.013 £0.013 £0.013 £0.013 D%
“Sacking faults (DRAM) (#wf) £4.04 £9.35 £9.35 £9.35 £9.35 £9.35 £9.35 D
- stacking faults (MPU) (cmi?) (Q) £0.012 £0.012 £0.012 £0.012 £0.012 £0.012 £0.012
“Sacking faults (MPU) (#wf) £357 £8.25 £8.25 £825 £8.25 £8.25 £8.25
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Table 20 1999 Short Term Sarting Material s Technol ogy Requirements
Year of First Product Shipment 1999 2000 2001 2002 2003 2004 2005 Driver
Technol ogy Node 180nm 130nm 100 nm
DRAM 1/2Pitch (nm) 180 165 150 130 120 110 100 D%
MPU GateLLength (nj 140 120 100 85 80 70 65 M
3 licon-On-I nsulator Wefer* (A,B)
slicon final device layer thickness (tolerance + 5%)
o) (R 50- 200 50-200 | 50-200 | 50-200 | 50-200 | 50-100 | 50-100 M
3uried oxide (BOX) thickness (tolerance + 5%)
£200 £200 £200 £ 200 £200 £100 £100 M
nm) (S)
-2
dgox, BOX defects (MPU) (cm™) (T) £0.359 £0346 | £0352 | £03m | go2m | £ozss | £0208 M
. . )
I, indlusions (MPU) (cm”) (U) £0431 £0415 | £042 | £0413 | £0330 | £0305 | £020 M
), threading didocations (MPU) (omi™) (V
™ J (MPU)(em™) (V) £2x10° | £2x10° | £2x10° | £2x10° | £2x10° | £2x10° | £2x10° | D%M
[ nlernﬂ.l:inna.l emicnmlucl:nrs |




Table 21 1999 Short Term Surface Preparation Technol ogy Requirements

Year of Introduction 1999 2002 2005
180 nm 2000 2001 130 nm 2003 2004 100 nm Drive

it End of Line (A
M critical area (ct) (B) 0.32 0.68 1.6 D 1/
ccritical area(en?) (C) 0.1 0.13 0.19 M
M GOI Dy (cm?) (D) 0.03 0.015 0.006
¢ GOl Do (cm?) (D) 0.1 0.08 0.05
t scatterers, front side (E)
RAM (cm?) 0.064 0.06 0.058 0.068 0.064 0.06 0.051 D 1/2
ogic (cn?) 0.064 0.06 0.058 0.068 0.064 0.06 0.051 M
aticle size (nm) Q0 82.5 75 65 60 55 50
{ scatterers back side (o) 64E-02 | 6.0E-02 | 58E-02 | 6.8E-02 6.4E-02 60E-02 |OHEON
ticle size (nm) (F) 500 450 400 333 300 267 233
cal metals (G) 9.8E+09 7.3E+09 5.3E+09 3.00E+09
r metals (atomg/e’) (H) 2.50E+10 1.50E+10 1.00E+10
il ions (atoms'em?) (1) 3.50E+10 3.00E+10 3.5E+10
nicspolymers (C atoms/er?) (J) 7.3E+13 | 6.6E+13 6.0E+13 5.3E+13 49E+13 45E+13 41E+13
ace Oxygen (O atoms/cmz) (K) <1E+14 <1E+14 <lE+14 <lE+14 <lE+14 <lE+14 <lE+12
10e Roughness (nm) (L) 0.15 0.12 0.1
M Water Marks (/c?) (M) 6.70E-03 4.69E-03 3.28E-03
¢ Water Marks (/cn) (M) 5.91E-03 4.14E-03 2.90E-03
(End of Line (N)
des(cm (0) 0.15 0.1 0.06
clesize (nm) Q0 82.5 75 65 60 55 50
osion Resistance (P) >10years | >10years | >10years | >10vyears >10 years >10years | >10years
10e Oxygen (O atoms'cm?) (K) 7.0E+13 5.0E+13 3.5E+13
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Table22a Thermal/Thin Films, Gate Etch, and Doping Technol ogy Requirementsfor Logic

SHORT TERM YEARS
Year of Introduction 1999
" Technology Node" 180 nm 2000 2001 158?12m 2003 2004 1(2)8?15m Drive
I solated Line (nm) 140 120 100 85 80 70 65 M Gati

:quivalent physical Oxide Thickness To(nm) (A) 19-25 1823 16-20 1317
sate Dielectric Leakage (A/cmz) High Performance (B) 3 5 8 11
sate Dielectric Leakage (A/cmz) Low Power (B) 3.E-03 5.E-03 8.E-03 1E-02
"hickness control EOT (% 3s) (C) <t4 <t4 <t4 <t4 <t4 <t4 <t4 M Gati
.effective Control £ 10% £ 10% £10% £ 10% £10% £10% £ 10% M Gati
idewall Spacer
sdewall spacer thickness (nm) Extension Structure (D) 72-144 65-130 59-108 52-104 48-96 44-88 40-80 M Gati
idewall spacer thickness (nm) Elevated Contact (E) 20-40 M Gat:
sdewall spacer thickness (nm) Single Drain (F) M Gati
sdewall spacer thickness control (nm, 3s) £ 10% £ 10% £ 10% £ 10% £ 10% £ 10% £ 10% M Gati
>ate Electrode
sate electrode sheet Rs(Wsq) (G) 4-6 4-6 4-6 4-6 4-6 4-6 4-6 M Gati
sate el ectrode thickness (H) 140 120 100 85 80 70 65 M Gati
sate electrode Resitivity (WWeem) (1) 72 65 54 M Gati
sate Depletion Effect (% of EQT) £ 10% £ 10% £ 10% M Gati
Joping (active) @ oxide interface 2.30E+20 2.60E+20 2.80E+20 M Gati
ilicide thickness (nm) (J) 55 45 40 M Gati
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lableZZa [hermal/ Ihin FIIms, Gate Etch, and Doping 1echnol ogy Requirementstor Logic

SHORT TERM YEARS
Tatnog Noge o | 20 | | | | ome |l ] prive
[ solated Line (nm) 140 120 100 85 80 70 65 M Gate

yD Contact & SID Extension
Sontact silicice sheet Rs (Wisg) (K) 27 33 38 44 47
Sontact maximum resistivity (Weent) (L) <30x10" | <25x10" | <20x10" | <17x10" | <16x10" | <11x10°
Aaximum Silicon consumption (nm) (M) 36-70 32-60 26-50 22-43 20-40 18-36
sontact Xj (nm) (N) 75-145 65-125 55-105 45-90 43-85 38-75
rain extenson Xj (nm) (0) £2-70 3660 3050 2543
)rain Extension Sheet Resistance (Wsg) 350-800 310-760 280-730 250-700
aerd Abruptnessfor Source Extension (nm/Decade) 5 29 2 M Gate
Xtension Lateral Abruptness (nm/decade) (P) 14 12 10 8.5 8 7 6.5 M Gate
“hannel
Ytential: Dopant Variation- Position (nm) 15 10 10 2-10 <8 <8 1-7 MGate
Ytential: Dopant Variation - Dose <10% (Halo)| <10% (Halo)| <9% (Halo) <8% <% <6% <5% MGate
>hannel conc. for Wdlepletion <UAL « (cm™) (Q) 20x10” 30x10™ 40x107 | MGate
Inif. channel conc. (™), for Vi=0.4 (R) 6-10 x 10~ 1:2x107 23x107 | MGate
¥etrograde Channel Depth M Gate

International




Table22a Thermal/Thin Films, Gate Etch, and Doping Technol ogy Requirementsfor Logic

SHORT TERM YEARS
Year of Introduction 1999 2002 2005
" Technology Node" 180 nm 2000 2001 130 nm 2003 2004 100 nm Driver
I solated Line (nm) 140 120 100 85 80 70 65 M Gate
itical Dimengion Etch
ninum measurable gate dielectricremaining  (post gate
>0 >0
h clean)
¢ 35 Variation (nm) (Dense and Isolated lines) () £10% £10% £10% £10%
Logic (nm 14 12 10 85 8

) hias between dense and isolated lines (T) £15% £15% £15% £15% £15%
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Year of First Product Shipment 1999 2002 2005 2008 2011 2014
Technol ogy Node 180 nm 130 nm 100 nm 70 nm 50 nm 35 nm
DRAM Generation (A) 1G 4G 16G
Cell areafactor a (B) 10. 0 8.0 8.0
Cell area [um2] (C) 0. 32 0.14 0. 080
=0.36*0.9 =0. 26*0. 52 =0.2*0.4
Storage Node area [um2] (D) 0. 130 0. 051 0. 030
=0.18*0.72 =0.13*0. 39 =0.1*0.3
: I i nder | i nder STD- STACK STD- STACK STD- STACK
capacitor o M S o M M M M
structure Ta20s Ta20s BST
dielectric constant 22 50 250
SN Height H [um] 0.70 0. 37 0.35
cylinder factor (E) 1.5 1.5 1.0
total Capa area [um2] 2.08 0. 65 0.31
Structural Coefficient (F) 6. 4 4.8 3.9
teg@25fF [nm] (G) 2.9 0.90 0.43
t phy.@25fF [nm] (H) 10.6 11. 6 27. 4
A/R of SN (OUT) for cell plate depo. (1) 4.4 3.5 7.8
J IHAe(I: diarlneter [u(rjn] (Jl\l — 0.22 0.16 0.12
Interlevel insulator and metal thickness
excent SN [um] (K) 1.10 0.99 0.89
HAC depth [um] (L) 1. 80 1. 36 1.24
HAC A/R 8.3 8.7 10. 3
Vdd [V] (M) 1.8 1.5 1.2
Retention Time[ms] (N) 128 256 512
Leak Current [fA/cell] (O) 0.527 0.220 0.088
Leak Current Density (A/cm2) 2. 5E-08 3. 4E-08 2. 8E-08
Process Temperature[°C] ~ 500 ~500 <500
Anneal Temperature[°C] ~ 800 ~ 30 <150
DRAM Gox [nm] (P) 6 5 4
Cgate [F/cell] (Q) 1.9E-16 1. 2E- 16 8. 6E-17
Word llineRs [ohm/sg.] (R) 10 8.3 6.7
Chitline (S) 1 0.79 0.62
Bit line Rs [ohm/sq.] (T) 10 5.3 4.0

International
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FEP Difficult Challenges before 2005

o Gate Stack with Ultra-Thin Nitride and/or Mid-K
dielectric by year 2004

o Stack/Trench DRAM Storage Cell Scaling

e Ultra-shallow Junctions w/Standard Processing
e L4 CD Control

e Metrology




FEP Difficult Challenges Beyond 2005

Dual Metal High-K gate stack with L 4 CD
Control

Memory Storage Cell
Alternate & Ultra-Scaled Transistor Structures

Silicon Compatible Materials, including wafers
Metrology




The FEP Grand Challenge

CMOS Compatible, Robust, High-
K Didlectric Gate Stack Process




High-K Gate Stack Timing & Challenge

2004 X

Telndogtote an | 2| | g | m/ o
|solatedLine(nm) 140 120 100 85 80 70 65
ivalent physical Oxide Thickness T ,,(nm) (A) 19-25 1823 1620 1317 121
2 Dielectric Leakage (Alem’) (B) Logic 3 3 3 3 3

 High K gate stack could berequired asearly asthe year 2004
* Itisachallenge of substantial scope

* Changesof thismagnitude have normally taken 10 yearsto

Implement

o Current resources applied to thistask will not achieve 5-year

Implementation

emicnntluclnrs




Scope of the High-K Challenge

Materials Selection (currently underway)

— High dielectric constant & high tunneling barrier height requirement:
— Dual Electrodes (Metals?) for CMOS gates

— Chemical & electrical stability of Dielectric/Silicon interface

— Chemical & electrical stability of Dielectric/Gate electrode interfaces
— Will interface Si-O buffer layer berequired?

Dielectric/Channel I nterface characterization & optimization

— Achievement of stable MOS transistors meeting ITRSI1-on and |-off
regquirements

Establish dielectric high-field and high-frequency reliability
and performance

Establish Gate Stack Testing & Metrology methods &

standards
| ATNN
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Scope of High K Challenge (con’t.)

Definition of CMOS process integration plan

— Compatibility of High Temperature Dopant Activation with
low temperature High-K requirements

— CMOSintegration of dual metal gate process
— Maintenance of Self-Aligned processes
— Compatibility with ElevatedS/D device ar chitectures

Definition of Unit Processes & Requirements
Development of alpha and beta tool sets
Demonstration of first silicon

emi cnntlunl:nrs




DRAM Scaling Challenges

« DRAM storage node scaling will require extensive
changesin capacitor dielectric materials and electrode
materials & structures
— High-K and Ultra-high-K Dielectric layers
— Metal, and conductive Perovskite el ectrode structures

« Significant challenges of CM OSintegration are also
visible

— Storage cell limits processtemperaturesto <500°C
— Caell last process ar chitectures may berequired

« The DRAM challengerivalsthe High-K gate stack
challenge in magnitude and scope.

emi cnntlunl:nrs




Summary & Highlights

 Multiple FEP Materials & Process Integration
Challenges.
— Dual metal/high-k CM OS gate stack process
— High-k DRAM Storage Capacitor Structures
— Solutions arerequired soon!
— Challenges ar e Substantial (~2005)
— Thereisreason for optimism
— Need to achieve node-extendable solutions

* |nnovative new Device concepts needed ~2008

 Thereistheurgent need to dramatically
expand our FEP materials knowledge base
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DRAM Stacked Capacitor Films
Technology Roadmap
(T able 22b)

ITRS Conference on July 8-9, 1999

S.Kawamura
Fujitsu
(rhd01125@nifty.ne.jp)




e d il il ot | ot | St | il ]
DRAM Generation (A) 1G AaG 168G
Cell areafactor a (B) 10_0 8_0 8_0
Cell area [um2] (C) o.32 o_.14 O_080
=0_3670_9|=0_2670_54 =0_20_4 [0 Pe @ Ib= ol @ M ke 0 M FSIE0 M0 Ve © N
Storage Node area [um2] (D) O.130 O_051 O_0B0
=0O_1870_74=0_1370_39 =0O_170_3 0N 0rae @ 00 559 0)
capacitor Cylinder Cylinder STD-STACK
MIS MIM MIM
structure Tazos Tazos BST epi-BST
dielectric constant 22 50 250 700
SN Height H [um] O_.70 0_37 0_.35 0O_20 0_183 o_12
cylinder factor (E) 1.5 1.5 1.0 1.0 1.0 1_0
total Capa area [um?2] 2_08 0._65 O_31L O_11 0O_0Ov7 O0.028
Structur al Coefficient (F) 6.4 4.8 3.9 3.2 4_0 3.8
teq@25fF [nm] (G) 2.9 0O_90 0._.43 o_15 O_10 o
t phy.@25fF [nm] (H) 10_.6 11._6 27_4 27_3 19_6
ATRONM SN {UUT )Illl\Jl CEIT prate aepo. 4_4 3-5 7_8 3_3-0
HAC diameter [um] (J) o.22 0o._16 o_1>2 o0._08 0_06 o.o4a
TotaJ. Interlevel insulator and metal 1.10 0.9 o.29 o.30 o.72 o.65
thickness except SN [um] (K)
HAC depth [um] (L) 1_80 1_36 1.24 1 _00 0_90 O_77
HAC A/R 8.3 8.7 10_3 11._.9
vdd [V] (M) 1.8 1.5 1_2 0_9
Retention Time[ms] (N) 128 256
Leak Current [fA/cell]] (O) O0_527 O_220
Leak Current Density (A/cm?2) 2_5—08 3408
Process Temper ature [C] ~50 ~50
Anneal Temperature [C] ~80 ~/
DRAM Gox [nm] (P) (S5 5
Cgate [F/cell] (Q) 1_9E—16 1 2616
Wordlline Rs [ohm/sg.] (R) 10 8.3
Chbitline (S) 1 O_79
Bit line Rs [ohm/sq.] (T) 10 5.3
DRAM Stacked Capacitor Fillns Potential Solutions
Upper W TEON
Electr ode (U) TaN metal
high-k ON
dielectric Ta=Cs BST ., Epi—BST
Bottom
Electr ode (U,V) poly—Si metal ite

§ 1 I v
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Possible capacitor structure
and materials

Assumption:cell capacitance 25fF/cell

oy B m i) B jul il
L Bm Bm Dm m Bm 3m
capacitor Cylinder Cylinder | STD-STACK | STD-STACK
structure MB BlL MM MM
Ta205 Taz05 BST epi-BST
ation Time(me) 128 256 512 1024

emicnnclud:nrs




Cdl area factor “a”

Gl aeaFector a

120

100

80

60

.y
[ ]
A
@]
o A
(@)
S
0Ye!
0 06 01 055 02 05 03
Fum

Thetrend of cell areafactor (a)

Cell area= a*F2

SN area =(al2-1)* F2

F : minimum feature size
SN : Storage Node

1 Cdl area

F

\ 4
A

FI SN

\ 4

Cell area and projected SN area
ATINN



Stor age Node helght

e Caculation of

— total capacitor area (Ac)
— Teq (sioz2 equivalent thickness)
=39 o*Ad Caeir A/R of SN ( for upper electrode depo )
— A/R of SN (for upper € ectrode deposition)
=9Negt/ (F2*t dy )
— A/R of HAC (HAC : High Aspect Ratio Contact )
— HACdamae =12F

— Interlevel insulator and metal thickness is assumed to be
1.2um@180nm node and 10% reduction by each node.

emicnnclu ctors




Ll LEakayc CUIrir it dariu
Process’Anneal Temperature

» | eakage current is calculated on the assumption that ...
— Sense error occurswhen storage charge lossreaches 30%.
— Processand Temperature margin is x100.

| cherpmer (AT \d  Dif@doied)

* Processtemperature for capacitor film deposition and
Anneal temperature for capacitor
— Thesetemperatures are based on therecently reported data
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word lineand Bit lIne Rs

 W/L and B/L Rs are calculated on the assumption that R*C i<
constant at the same line length.

— Rsis assumed to be 10o0hm/sqg.
@180nm node. R
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(70% shrink by generation) L L
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(1) A. Nitayamaet d., IEDM Technical Digest, pp. 355-358, 1998.
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DRAM Capacitor Difficult Challenges

* High-k capacitor dielectrics
 Metal electrode for MIM
« Etching of SN and electrode
 Etching of high aspect ratio contact hole
» Reducing film deposition /anneal temperature
* New cell architecture required
---- open bit-line, cross-point,multi-state, etc.
* New concept memory cell: gain cell, FeERAM,etc.
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