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T.Kisu *, S. Kinura, T. Kure, J. Yugani, A. Hiraiwa,
Y. Kawanoto, Iil. Aoki, and H. Sunani

* Hitachi VLSI Engineering
Central Research

Kokubunji,

This paper describes a novel storage capacitance (Cs) enlargenent
structure for a stacked capacitor (STC) DRAIiI cell. The Cs is 5l f F/cell
rrrith a 5 -nrn SiO z -equivalen'b -thickness dielectric f iln in a 4.2- p mz cell
area. This is 1.7 tines J-arger than a conventional STC ceIl. The
capacitor dielectric filn formed on the double-stacked storage node ensures
reliable nenory operation. This storage capacitance enlargement structure
is promising for 16 llbit DRAlls and beyond.
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rNTR0pucll0N

It has becone necessary to adopt three
-dinensional. celI structures such as

stacked capacitor (STC) cell structure (11

t2) and trench capacitor ceII structure[3]'
since the nenory

been decreasing.

cell size in DRAtrls has

celI, in particular'
The trench capacitor

is considered pronis

-ing f or 16 llbit DRAlts, because it can

realize larger storage capacitance than

STCs. Hocever, the advantage of the STC

ceII is that conventional VLSI technology

can be readily applied to its fabrication.
The key issue concerning STC celI is to

obtain enough Cs in a snall cell size to
operate with hish reliability.

This paper proposes a novel storage

capacitance (Cs) enlargenent structure
having a double -stacked storage node in
an STC cell. The characteristics of the
capacitor dielectric fj.ln forned on the
double -stacked storage node is discussed.
Also, charge retention characteristics of
the nenory cell uith this structure is
conpared with that of
STC cell.

visible.

PROCESS STEPS OF DOUBLE-STACKED STORAGE

NODE STRUCTURE

A large Cs is achieved by double
-stacking of the storage node electrode,
and by naking a recessed side-uaII, result
-ing in a substantial increase in storage
node surface. Key fabrication steps are
described in Fig.1. (a) 1st a storage
node is forned on a transfer ll0s

transistor (word-line) . (b) Si3 N4 and Si0z
Iayers are deposited and then a via -hole
is opened. Then the Znd storage node is
formed. (c) The SiOz and Sis N, layers are

renoved by wet -etching, forning a

recessed side -wall. Si " N n acts as an

etching stopper when SiOzis renoved. (d)

A capacitor dielectric filn is groun on

the recessed surfabe and then a plate
-electrode is deposited. Although there
are extra
nask is

process stepsr no additional
needed for this new process .

A cross -sectional SEll photograph of
this storage node structure is shown in
Fig.2. The recessed side -call is clearly

The substantial increase inthe conventional

581

surface area of the storage node



(a)

(b) /sio,
5s i't.
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dranatically
capacitance.

One of the disadvantages

structure is its height. Thus, because

of the step betueen the nenory cell array
and the peripheral transistors, focus

depth nargin of a projection aligner is
deteriorated. Houever, this problen can

be solved by naking a recessed area on

the substrate where the nenory array is
located. This recessed area can be nade

by selective oxidation and subsequent Si0z

renoval [4] .

EIEIIBIGIL CHARACTERTSTTCS 0F THE pOUBLE

-STACKED STORAGE NODE CAPACITOR

(1)storage capacitance

The distance between the

the second poly -Si nodes of

lptm.
Fig.2 Cross sectionaf SEll photograph

of double-stacked storage node

-stacked structrue is only 200nn. If
this space is filled by the poly-Si plate,
even phosphorus cannot diffuse to the
interface. Thus, the lack of phosphorus

concentration near the interface causes

the depletion region 
t 

,n the plate
-electrode to spread, thus reducing

capacitance. In this experinent, two

-step poly -Si deposition and phosphorus

doping was adopted. Figure 3 conpares

the C -V characteristics of the storage

capacitance with and uithout the two-step
doping. It is clear that the capacitor
without tuo -step doping is strongly
voltage -dependent, also, about 30 fi

capacitance difference is observed. Thus,

tuo -step doping uas found effective in
naintaining storage capacitance.

Figure 4 shows the storage capacitance

of a 4.2- p m' STC ceII using the present

double -stacked storage node. The Cs of
the conventional storage node structure
is also given for conparison. This ner

structure gives a Cs of 51 fFlcell rith
the 5 -nn SiO 2 -equivalent -thickness
dielectric filn. Even an 8- or g-nn filn,
used in 4 llbit STC ce1ls, gives nore than

PLATE.ELECTRODE

/.r=., 
troroclTOR

(d)

Fig. l Key fabrication
-stacked storage
in a STC ceII

DIELECTRIg
F ILI{

steps of double
node structure

tncreases the storage

of this

first and

the double
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Fig.3 C-V characteristics of the

storage capacitance

30 fFlcell, ehich is suffcient for nenory

operation. These results indicate that
the present structure is very effective
for increasing Cs in a very snalL STC ceII.

(2)Dietectric breakdown strength
Figure 5 conpares the critical field

distributions of planar and double
-stacked storage node capacitors. The

critical field is corresponding to a I p A/
cm" leakage current. It should be noted
that the distribution of the double
-stacked capacitor is as sane as that of
the planar capacitor t5l . Average

critical field of the double -stacked
storage node capacitor is about 7. OllV / cm,

which is suffcient for nenory operation.

HE}IORY OPERATION

An experinental 2 -kbit nenory array
tras fabricated utilizins the above

technologiesr ?rrd successful nenory
operation uas observed . The nenory cell
was a 4.2 - p m' self -aligned isolated
plate STC ceII with 0.6 p n pattern
delineating technologv (61 . Transfer gate
pitch and bit-line pitch were 1.3rrn and

1.6 p n, respectively. Charge retention
characteristics of the nemory cells with
and without this double stacked structure

DIELECTRIC FILI.I THICKNESS

Tox(nm)
Fig.4 Storage capacitance, conparison

between double-stacked storage
node and conventional storage
node

are shorn in F'ig.6. The neasurenent

tenperature was set 40f,. Retention tine,
defined as the tine at chich 50 fi of the
bits failed, was evaluated to be 15

seconds for the cell with the double

-stacked capacitor. 1.5 tines larger
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CRITICAL FIELD

Fig.5 Critical field distributions of
planar and double-stacked
storage node capacitors
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retention tine than the conventional
was observed in accordance with
increase in storage capacitance.

considerations strongly
STC cell with this kind
structure has renarkable
for 64 llbit DRAlls.

sTc,

the

indicate that an

of storage node

potential, even

I 5 1020 50

PAUSE TIHE ( sec )
Fig.6 Charge retention characteristics,

conparison betceen double
-stacked structure STC and
conventional structure STC

POTENTIALITY OF DOUBLE-STACKED sTRUgruBE

FOR 64 }IBIT DRA}IS

The effective capacitor area of the

double -stacked structure is evaluated to
be 7. 58 - Ir D2 , since the Cs is 51 f t" with
a 5 -nn SiO z -equivalent -thickness
dielectric f iln. Therefore' the ratio of
storage capacitor area to cell area

becones 1.82. This is much larger than

the value obtained in planar cells
(typic-ally 0.4). The trend of nenoTy

cell size reduction indicates that a cell
of less than 2- p m' is necessary for 64

llbit. If the double-stacked structure is
applied to this 2- p mt cell' capacitor
area of 3.64 - p n' can be realized. This

neans that storage capacitance of 30 tF /
cell, rhich is necessary for favorable
nenory operation, 'can be obtained cith 4. 1

CONCLUSION

A novel storage capacitance (Cs)

enlargenent structure, using a double

-stacked storage node in an STC cell is
proposed. The Cs is 51 fFlceIl with a 5

-nn SiO, -equivalent -thickness dielectric
filn in a 4.2- p mt cell area. This is L.7

tines larger than for a conventional STC

ceIl. The capacitor dielectric filn
forned on the double-stacked storage node

provides reliable nenory operation. The

charge retention characteristics were

observed to inprove using this double

-stacked storage node. The STC cell
using a doub-Le -stacked storage node is
thought to have potential for forthconing
16 llbit DRAlls and beyond.
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