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1. INTRODUCTION AND OVERVIEW

DRAMs have widely been considered as

the main technology drivers for silicon lCs with
respect to process innovations, fine patterning
technology and manufacturing culture. This

technology overview covers the cell structures
(2.\, capacitor dielectric (3.), selfaligning
techniques (4.) and metallisation (5.). A

generation window from 64kbit to 64Mbit
density is chosen. Optical lithography
exploiting deep UV wavelength in conjunction
with advanced resist schemes is likely to suffice
even for the 64M generation with 0.3 to 0.4 pm

minimum features (Fig. 1). 3D cells became

standard in the 4M generation, many refined

versions have been published. Vertical cell

transistors may come into practical use in the
64M generation earliest. The pathway of V66-

reduction is quite clear in view of the 3.3 V
JEDEC proposal for the 64Ml). Progress in
patterning technology is exemplified by the cell

size reduction (Fig. 2) by a factor oI 2.7 per

generation in the average. The one transistor

cell charge however remains fairly constant

since sense amplifier noise margins and

rel iabi I ity forbid scal i ng.

s-cI-6

2. DRAM CELL STRUCTURES

The one transistor DRAM cell consists of a
storage capacitor and the transfer transistor
isolating the capacitor from the bitline (BL). Up

to 1M a planar MOS capacitor was used. For the
3D cells in the 4M generation, the two main
approaches are the trench cell with the
capacitor formed within a trench in the
substrate and the stacked cell where the
capacitor is formed as a polysilicon / dielectric /
polysilicon stack on top of the transfer
transistor2) 3). Since that time a large number of
different 3D cells has been proposed (Fig. 3).

This cell evolutionary tree shows two main
branches, the trench type and the stacked type.
For trench type 16M cells the trench-trench
leakage problem has to be solved. Two
approaches to are to use the substrate as

capacitor plate (lnverted Trench Cell), or to
minimize the depth of the trench doping.
Relaxation of the tr,ench aspect ratio is achieved
in Surrounding Trench Cells where the trench
serves as part of the cell isolation. The basic

problem for the stacked cell is its limited cell

capacitance. To increase capacitor area either

The evolution of DRAM technology is overviewed with a future perspective
including the 64M generation. The tree of cell structures starting froh the basic
threedimensional approaches trench cell and stacked capacitoriell is discussed.
For.ca.pacitor dielectric among several alternatives the widely used ONO will
probably suffice for 16M and 6aV devices. The reduction of the one transistor
cell size circumventing lithographic tolerances will be assisted by various
selfalignment techniques such as a selfaligned bitline contact. Fihally the
limitations of current interconnect and contait metallisations schemes as well as
possible solutions are addressed.
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the vertical portions are increased or
mulitlayered structures are used.

Examples of the evolution from 4M to 64M are

shown in Table 14)s) 6) 7) . The aspect ratio of
the trench has to be increased from 4 to 11

together with reducing the effective dielectric

thickness from 12 to 5 nm.

Some approaches for arranging the transfer
transistor vertically are shown in Fig. 4. These

concepts need very deep trenches and a well

controlled electrode etchback. The capacitor

node contact has to be formed in the trench.

Trb. I T.chnoloty Fcrturcr for Trcnch rnd Sttckcd Ccllr

3. CAPACITOR DIELECTRIC

In order to cornpensate for shrinking lateral
capacitor dirnensions, the Si0z thickness has

been reduced substantially until 1M (8 - 10 nm).

ln 3D cells multilayer dielectrics, preferrably
ONO, became a necessity. Reducing the ONO

thickness deff to 5 nm, a 64M cell with 30 fF is
feasibleS) 9). The capacitor dielectric area per

chip dramatically increases for 3D cells up to
400 - 500 mrn? for 64M (Fig. 5). The data are

derived frorn cell studies using stacked trench
(16M) and oxide isolated stacked trench (6+wt1.

The E-field on the capacitor dielectric has been

and will be kept below 3 MV/cm under nominal
conditions (Fig.6). The major factors are V6s/2-

plate voltage, 3D cells and array voltage
reduction frorn 16M onwards. ONO layers will
probably reach their limit in the 64M
generation. lnvestigations of deff = 5nm

structures indicate sufficient reliability9), but
the onset of direct tunneling strongly increases

leakage currents for d ( 5 nm. Alternatives are

high C dielectrics. Considerable progress has

been achieved with Ta205to;. Also

investigations of ferroelectric rnaterials such as

PZT has started for DRAM applicationsl l). A

high charge storage density of around TpCb

cm-2 has been found.

4. SELF ALIGNED TECHNOLOGIES FOR DRAM

CELLS

With edge overlay accuracy resisting

scaling, selfaligning technologies became

necessary. The various approaches for
selfaligned bitline contact (BLC) and cell node
contact (CNC) are summarised in Tabe 241 12).

All these technologies use an oxide or nitride
encapsulation of the wordlines (WL) either by a

selective oxidation or a spacer technique. The

complexity of BLC or CNC depends on the
requirements for the thickness of the
intermediate oxide between WL and BL. lf the
WL encapsulation gives a sufficient low
coupling capacitance, selfalignment is very

simple. The contact mask can overlap the gate
without any further precautions. lf the WL

encapsulation is not sufficient for WL to BL

isolation either with respect to planarization or
with respect to coupling capacitance, more
sophisticated techniques have to be used. The

most common approach is to use an etchstop
layer on top of the WL encapsulation as shown
in Fig.7.

Trench Cell

laul16Ml64M
Stacked Cell

I o" I rorrr I oarur

Ccll Slructu?r

Trenrh Dcpth (um)
Crorr lcctlon (pmr)

Effrct Dlcl.clr.
Thlclnrrr (nm)

Ccll Crpecltrno (fF)

Innovillon3l

Tranah

{,0
o.trl.0

It

l3

Tntrdl
:t(hlnt,
Ynn.h
o8il3"
Dl.h(t.k

Itr(ldtr.

a,l
0,?r0.tl

t

It

thrllow
lrarah

-OoplnQ.
ItrlrrPoly
Ohl.ctd.

Orld. lrol.
3tr.trd lL

J.t
0.5r0,t

I

'It

trltrlltn.d
Yranah
Sldrull
Corlral

C!ll Struclur.

Strtt Hclght (ym)

Clt..t. Dl.lect?.
Thl(kn.ri (nm)

Ccll Crprcltrntt (lFl

lnnov!tlonrl

ttr.t!d

0,3

,

t5

tt(t
Contr(t,
Intr.poly
Ol.lc.t.l.

Drrh

0.t

t

t3

Doebla Srl,
Allin.dItr*
Conl|ct

tltr
li.(l.d
ll flnl

t,l

a

t

tln icm]
llon

,,; .i1,' i.ririie;i-.' i,r:l
3elfalign.
ContsGt

I .'i. .-.^Y;'l:i*rrdri'4 jiif l i ORAM
Generat

Trrn.h TnnrirtDrColl wlth 9clf.
rligald Cont.ctTSAC (l'lEC, l916l

tt€ Nitrld? orldrtion !|ri.ron toltf I llrta md tD
irgiont
Sclfttiv! oxldr Eni.prchtlon (OE, ol wordlin.t

.M

Trrn(h trrntittor Clll
(fl. r9861

cNc tllt.ligncd tr.n(h Sidcw.ll cont.ct Opaning .nd
Outdifludon trom Poly.Sl 3lot.gc Nodc

.M

fully Ov.rlapplng lltlinc Contrci
!olrc lSbm?nr. t98tl

3LC OE ottarndrrgrta rnd Etchttop bytrfot lb
Conlrd Oplrin0

{ll

Qurd.cph sfc
"lHlrrchl, ttlTl

ttc OE olfrrtrrt.rgalr rnd Poly.sl'Lrndlng' Prdt
ovlrhpplog 6.tr.nd Flcldorid.

.M

Shc.th tl.ta Crpr(itorC.ll
(Hitr$L l9ttf

tLc

cl{c

oE ot frrnstc?grtr rnd Poly-s| 'l.ndinO' Padt
Ovc.l.pping Grtc.nd Fbldorldr
Trcnch lidcwdl Cont ct Oplnlng rnd Out-
dltlurlon l.om Poly-51 Stor.gc Noda

t5M

DASH C.ll
(Hitlchl,llltl

Irc. cilc Orldc Cncaptuhtion ol wordlinat and Bltllnct t6M

3pf .rd 50!r(CrDnin Trrntf .rgaia
(Iorhlbr, t9!91

llqcl|c Srh(tlv! Lrtcr.l gili(on Ovrtgtowth ol
tour.rDnin f,cglonr

64M

Orldc ltohtld 5t.cl lrendr Crll
(lbmnr.lt90l

Irc

cNc

OE ol Tr.nil.?grt rnd Orldrblc Poly-tl tt(h ttoP
L.ya?
t.lf.lign.d T?cn(h 

'id?wrll 
oprnlng rnd Out

dltfurion ,rom Poly-'i 3tong. Nod.

64M

830

Tab.2 Self Aligned DRAM Cell Contacl Technologies



5. M ETALLISATTON REFERENCES

conventional Alsi metallisation hasalready 1) A. F.Tasch, L.H.parker, proc. IEEE !f,
been improved by migration reducing - 1999,374-3gg
additions such as cu and barrier layers such us 2) p. chatterjee, |EDM Techn. Digest, 19g6,
TiN or TiW in present DRAM generations. For a t2g-131
64M device the total metal length per chip will 3) H. sunami, |EDM Tech. Digest, 19g5,
be around 100 meters. lmproved planarisation 694-697
underneath metallisation will be a necessity- In 4) S. Auer et al paper to be presented at
view of the problems listed in Table 3, Al Conf. SSDM .t 990. Sendai
metallisation still has further improvement 5) L. Risch et al, paper to be presented at
potentiall3) such as multisandwich structures Conf. SSDM 1990, Sendai
Alsi/TilAlsil4). Alternative materials like w are o) T. Ema etal, IEDM Tech. Digest, 1988,
already used by some manufactures for its high 592-595
ef ectromigration resistance and easy 7) s. Kimura et al, |EDM Tech. Digest, tgg8,
patternability, however with the drawback of a 596-599
higher sheet resistivity. The most widety 8) J. yugami, et al, Conf. SSDM 1988, Ext.
investigated and promising approach to relax Abstracts, 173_176
the contacvvia problem are refill techniques, 9) A. spitzer, et al to be presented at
either by deposition/ etchback or by a selective ESSDERC, Nottingham, 1990
deposition. However apart from its rather lo) y- Numasawa, et al, IEDM 1989. Techn.
sophisticatedprocessfeaturesthesignificant Digest,43_46
additional process cost seems to postpone lt) J. carrano , et al, IEDM 1989, Techn.
practical application to the point of absolute Digest,255_259
necessity. 12\ T. Kaga et al, IEEE Trans. El. Dev. lI,

1999,1257-1263

13) D. Pramanik et al, Solid State
Technology, March I 990, 73-79

14) G. Roska et al, Proc. ESSDERC 1989,

657-660

64k I Zr6t lM I am 16M 64M
wafersteppers (g-line)
dry etching

i-line deep UV

nMOS cMos
I BlcMos

double poly, single
metal

triple poly/
double metal

double metal

metal silicides I barrier metal
I refractory metal

planar HiC cell 3D cell advanced 3D rallc
ONO dielectric

standard transistor LDD-transistor 3D tran-
sistor

Vcc = 5V rn chip vol.
tage reduction

Vcc o 3.3V

Table 3 Problems and innovative approaches in
metallisation

Fig.1 Maior innovalions in DRAM technology from 64k to 64M. ln reality lransitions
occur smoother lhen drawn for reasons of simplicity.

problems: electro-, rtreis migration, hillocks, resistivity

possible solutions:
o AlSi with additions of Cu,Ti, Pd. C

o layered stru<tu.es: underlying barrier layers (e.g. TiN, TiW)
multisandwich (e.9. AlSi/fr/AlSi)
Wencapsulation of Al

o alternative metals: W, Cu

prOblems: contact reristance, metal-silicon and metal-metal
interaction, step coverage/ reliability, topography for
subsequent pro<es5es

possible solutions:
o refill by CVo deposition & etchback (W, Poly-Si)

o refill by selective CVD (W, Al, Pd, Ni, Mo, Cu, WSiz,5i. Ge)
r refill by bias sputtering

I laser reflow of sputtered Al

o electroless deposition: Co, Ni, Pd

o pillar technique
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Fig. 2 Evolution of one transistor cell size and of cell charge' A cell

capacitance of 30 fF is assumed for 54M - ---
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Fig, 6 Electric field exerted on capacitor dielectric. The measures to keep
the field well below 3 MV/cm are indicated.

l) conta<t mask, oxide etch ttoPped by poly'Si layer

2) poly-Si etch: tesist removal
poty-Si <hanged into oxide by wet oxidation
thin nitride/thin oxide etch

3) poly-Si deposition, poly-Si doping (As implant.). MoSisputtering

Fig. 5 Increase of area of varactor dielectri< per <hip and area ratio
(-folding efficiency') from 54k to 64M'

Fie. 7 Process flow for selfaligned bitline coptact
folmation using an oxidable etchstopp layers'


