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A Stacked Capacitor Cell with Ring Structure

N.Shinmura, S.Kakimoto, K.Iguchi, K.Uda and J.Takagi

Central Research Laboratories, SHARP Corporation
Tenri, Nara 532 ,Japan

A novel stacked capacitor cell with a ring structure is proposed. In this
structure, storage capacitance is doubled by adding the ring electrode around
the rnain electrode. Since this ring electrode is self-aligned, no additional
photolithography step is necessa(y. This also permits the minimized spacing
between capacitors beyond the resolution limit of photolithography and a larger
margin for storage electrode alignment to the contact hole. No explicit,
degradation in electrical characteristics by the addition of the ring electrode
is observed. Relatively low electrode heieht of 500 nm is enough to achieve a
capacitance of 30 fF for a 0.8 Umz -cell. The Ring Capacitor has excellent
properties which make it an attractive candidate for the 64M and 256Mbit DRAMs.
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1. Introduction
Reduction of cell capacitance resulting

from the decrease in memory. cell area is one

of the most serious obstacles that limit
further integration of DRAMs. For the 54

Mbit DRAM with the memory cell area of
around 1.5 umz, it is difficult to obtain
enough capacitance even with a material of
large dielectric const.rnt like TaO*, if the
conventional stacked capacitor structure is

trsed. This capacitance problem becomes more

critical for lower voltage operation.
Therefore, many three-dimensional sturctures

have been proposed in order to realize a

large enough capacitance, which include

double stack (l), fin (2), cylindrical
electrode(3) , and box structures (4) 

.

Here, a novel stacked cell capacitor
having a ring structure is proposed. Vith
this structure, it is possible to obtain
sufficient capacit€rnce for the 54 Mbit DRAM

and beyond without additional
photolithography step.

2. Characteristics of the Ring Capacitor
In the new stacked cell capacitor

structure, an additional electrode with the

shape of a ring is added around the
conventional stacked electrode. The total
area of the storage electrode is increased
by taking advantage of both sides of the
ring without increasing the cell area.
Fa^brication procedure of the ring capacitor,
shown schematically in Fig. 1, is as

follows:
(a) Deposition of SiO2 and Si3Na layers and

contact hole formation.
(U) Oeposition of poly-Si and SiO2 and pat-

terning of SiO2 for poly-Si etch mask.
(c) poty-Si etching, leaving thin poly-Si

layer.
(d) Deposition and etch-back of SiO2 for

oxide sidewall formation.
(e) Oeposition and etch-back of poly-Si to

form a poly-Si sidewall, which will be

used €ls a ring electrode.
(f) SiOz sidewall removed by wet etching

with buffered HF using the SigNa layer
as an etch stop. N* doping of the
storage node.

(g) pormation of the capacitor dielectric
film, thermally oxidized LPCVD Si3Na,

and deposition of cell plate poly-Si.
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(e)
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(b)
SiO2 pattern
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Si sub.

(d)
CVD. SiO2

(f)

Storage Node

(g) Cell Plate

Since the ring electrode is self-aligned
around the main electrode, no additional
photolithography step is necessary. The
distance between neighboring capacitors can
be reduced to less than the resolution of
photolithography, thr.rs ena.bling effective
use of the cell area. Moreover, the
enlargement of storage electrode also
permits a larger margin for storage
electrode alignment to the contact hole.

Fig.2 SEM micrographs of the Ring C-apacitor
(a) bird's eye-view of storage electrodes
(b) cross-sectional view after deposition of
the plate electrode.

The SEM picture of ring capacitors are
shown in Fig. 2-(a). One notes that it is
possjble to form a thin ring electrode with
a width of about 0.1 Um around the central
electrode of I frm diameter, with the gap

between the ring and the main electrodes of
about 0.1 Urn. It is thus feasible to achieve
a O.25 Um spacing between neighboring
capacitors, which is well below the current
resolution limit of photolithography. The
cross sectional SEM picture of the electrode
in Fig. 2-(b) shows that capacitor
dielectric and cell plate poly-Si completely
fill the valley between the central and the
ring electrodes, which suggests that LPCVD
processes for silicon nitride and poly-Si
have good enough coverage.

Fig.l Process florr
of the Ring C-aPacitor
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3. Electrical Characteristics
For the electrical characterization,

storage capacitors with a composite layer of
SiO2 /Si 3 N, (ON) having the equivalent oxide
thickness of 6.1 nm were fabricated. The
geometry of the ring structure was designed
so as to increase the storage area by a
factor of about two. Measurement was done
using 1.4 million capacitors with 5.E pmz

cell size connected in parallel. High
frequency C-V characteristics in Fig. 3

shows capacitance of 26.2 fF/cell for the
stacked capacitor without a ring. Adding
the ring electrode almost doubles the
capacitance to 52.3 fF/cell, which agrees

well with the increase in the storage area.
In the c.lse of positive bias, decrease of
the capacitance due to depletion of the
plate electrode is only by a few percents,
which suggests that impurity diffusion for
doping the electrode down to the deepest
part of the valley of the ring capacitor
poses no problem.
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Fig.3 C-V characteristics of capacitors with
and without Ring electrode. C-apacitance is
measured for 1.4 million capacitors with 5. I
nm thick dielectric film.

Figure 4 shows I-V characteristics of
the capacitors. At negative bias, the
leakage current of the ring capacitor only
increases to an extent which corresponds to
the increase in the storage area. Leakage

current per cell of the ring structure is
well within the allowable limit of 5

fA/cell. On the other hand, when positive
bias is applied, the ring structure shows

higher leakage current than the structure
without a ring due to concentration of
electric field at the ring. However, this
is not a serious problem because lifetime of
the ON dielectric layer is determined by
negative bias which causes larger leakage
current than positive bias.
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Fig.4 I-V characteristics of capacitors with
and without Ring electrode. Leakage c\rrrent
is measured for 1.4 million capacitors with
6.1 nm thick dielectric f ilm.

Distributions of breakdown voltages of
the capacitors for the critical current
density of O.2 pA/anz are shown in Fig. 5.
Ring capacitors have the same distribution
as those without rings and show no defects
at low electric field. Figure 5 shows time
dependent dielectric breakdown
characteristics of ring capacitors at high
field stress. No degradation of the
lifetime due to the addition of ring
electrodes was observed. The estimated
storage capacitance of the ring capacitor
with electrode height of 500 nm and
dielectric thickness of 5 nm is shown in
Fig. 7, where the capacitor-ovJr-bitline
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WithoutRing Electrode

dielectric thickness = 6. lnm
critical current = -0.2pA/cm2

With Bing Electrode
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Breakdown Field [MV/cm]
Fig.5 Breakdown-field distribution of
capacitors with and without Ring electrode.
Field is reduced to oxide and critical
current density is 0.2uA/lrn2.
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Fig.6 C-omparison of TDDB characterisics
between conventional and Ring C-apacitors'

stnrcture (2) (5) is assumed. It was also

assumed that both the spacing between the
central and the ring electrodes and the ring
electrode thickness are {(3/2)110, where S

is the mernory cell area. Since a ring
capacitor is expected to store three times
the charge of a conventional stacked

capacitor without difficultyr a capacitance
of 3O fF can be obtained from the cell area

of 0.8 um2, with a relatively low electrode
height of 500 nm.

100

Cell Size (Umz)

FiE.7 C-a,lculated capacitance of the Ring
Capacitor. It is assumed that the storage
electrode height is 500nm, the dielectric
film thickness is 5nm' the main electrode
spacing is 6.f(S/2)11O, and both the ring-
main electrode spacing and the electrode
thickness are f(S/2\11O, where S is the cell
area.

4. Conclusion

A novel stacked cell capacitor with a

ring structure has been proposed. It has

been found that twice the capacitance of the

conventional stacked cell capacitors can be

obtained. From the measurement of leakage

current, break doutn voltage, and TDDB

characteristics, it has been confirmed that

there is no degradation in these electric
properties by the addition of ring

electrodes. Therefore, the stacked cell
capacitor with a ring structure has

excellent properties which make it a

promising candidate for the 54 M and 256

Mbit DRAI\4s.
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