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SCC (Surrounded Capacitor Cell) Structure for DRAM
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SCC structure , which is used fully tilt angle implantation into
vertical sidewall, has been developed.

Large capacitance can be realized at small cell size, because of
surrounded capacitor around cell and Hi-capacitance structure. A storage
cell capacitance of about 100 fF is obtained with 2.2x4.6 pm2 area and
minimum size of 0.8 um. The separation between cells can be done by simple
boron implantation at the bottom of trenches.

Introduction et _ capacitor edge
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Trench capacitor cell is one of key (a)‘ ] 2
technologies for high density DRAMs.') Cell S i !
size can further be shrunk if trenches are 7 it ~s TF edgiy '
used as capacitors as well as isolations®- source gate drain werd lins
5). The area of one cell with switching _JZ

transistor, capacitor and separation must be
down to about 4 um? ,to put 16 Mbit DRAM in
300 mil package. Moreover it is necessary to (b)

obtain large capacitance.

Cell structure and process steps.

Figure 1(a) and (b) show the structure of
the SCC. All of sidewall n'* regions

Fig.1 The structure of the SCC.

surrounding the unit cell are used for

storage node. In the cross sectional view,

mark @ is the As* implanted connection rotation by 90° in order to dope uniformly
region between source and storage node. Mark sidewalls of all directions.

@ is the p* separation region between drain In major process steps, tilt angle
and storage node. Mark @ is As™ implanted implantationsﬁ)ar'e fully utilized to realize
storage node. Mark @ is Hi-C p* region. the SCC for precise impurity profile control
Mark ® is the pt region for cell (Fig. 2).

isolation. Implantations except ® are (a) First of all, shallow trenches of 0.8 ym
performed using the combination of tilt depth are formed. At this step, As*

angle implantation and intermittent wafer implantation (Fig. 1®) and B* implantation
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Fig.2 Process steps.

(Fig. 1@) are
implantation is

selectively performed. B*
not only necessary for
channel stopper, but also for suppressing n-
channel MOS narrow width effect.

(b) Sidewall Si0, films of 150 nm thickness
are formed.

(c) Silicon trenches are etched to a depth
of 3.3 pm.
electrode is

To form Hi-C structure , the
sidewall formed by double
implantation of As* and B*.

(d) For isolation between cells, additional
etching to a depth of 0.2 pum and B*
implantation are performed at the bottom of

the trench.

After cell oxide of 10 nm are formed,

polysilicon is buried into trenches as a
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cell plate. At the upper part of trenches,
3i0, are buried.

Impurity profile (SIMS & simulation)

Measured impurity profiles of the Hi-C
structure implanted at tilt angle of 82° are
compared with simulation results (Fig. 3).
The comparison has disclosed that effective
dose decreased by 25 % for As* and 40 % for
B* atoms, respectively, because of incident

ion reflections.
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Fig.3 Impurity profiles of
the Hi-C structure.

SEM observation of doping region,

Doping region at the sidewalls of
trenches were observed by SEM using enhanced
etching of n* doped regions.

Figure 4 shows the cross sectional SEM
micrograph of completed memory cells. The
memory cell structure shown in Fig. 1(b) was

successfully fabricated.



Fig.4 Cross sectional view of
completed memory cell.

Electrical characteristics

The trench depth is 4.3 um, capacitor
dielectric SiOp2 thickness 10 nm,
trench width Cells with total
peripheral length of 250 um were fabricated
the Fig. 5

shows a characteristics of cell capacitance,

is and

is 0.8 um.
for capacitance measurements,

which is normalized to the oxide capacitance

in an accumulation mode. Storage node
voltage is varied from OV to 3V. The supply
voltage Vge is 3V, and the plate voltage is
1/2Vge =1.5V, while the substrate voltage is
OV, The in Hi-C
structure is very large at storage node
of 0V, but at 3V. Total
storage capacitance is the sum of Cphy and
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capacitance increase

voltage small

Cj(Hi-C) The average capacitance is
fF / pm at OV and 6.7 fF / pm at 3V.
Leakage current between cells is measured
as a function of the cell plate voltage
(Fig. 6). Additional etching of the trench
bottom by 0.2 pm reduces the leakage current
significantly. Threshold voltage of the

parasitic MOSFET at the bottom of the cell
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plate remained unchanged in the separation
width of 0.7-1.2 pm.
N 4
N 4
15T O i
g N
[ NS L oxtCi-o
:-S' ) \"‘\
o = ‘-‘.‘ "
(7] B '-"'-'—_
x
L‘; . C ox 4
< !
&) N i
0.5F ™\, T
[ ~Cimi-o) ;
o . ‘-.___.- =1
=S it p0) T
1 1 e
o) 1.0 2.0 3.0

STORAGE NODE VOLTAGE (V)

Fig.5 Characteristics of the cell capacitance.
Veub=0V and Vjate=1.5V Cox is the capacitance
between the cell plate and the storage node. Cjni.c) and
Cj are the capacitances with and without Hi-C p-n

junction, respectively.
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Fig.6 Leakage current between cells as a
function of the cell plate voltage. (500 pm
length and 0.8pm width)

The electrical characteristics of write

and read modes, are shown in Fig. 7(a) for

the test devices shown in (b).
A typical RAS access time of 70 nsec has
been achieved in 4 Mbit DRAM.



Two dimensional potential simulation of
the cell with 0.5 pm minimum feature size
shows that the storage node can be separated
electrically from the bit line node in the
SCC by an (Fig. 8).
16Mbit DRAM with trenches of 0.5 pm width

appropriate doping
and 4 pm depth can be realized by T7° tilt

angle sidewall implantation, while

conserving cell capacitance of about 50 fF,

Conclusion

The memory cell structure of SCC was
proposed for Mbit DRAMs.

DRAM with 2.2xU4.6 pm2 cell area and minimum

Experimental UMbit

size of 0.8 pm was successfully fabricated.
A storage cell capacitance of about 100 fF
is obtained. The SCC cell can be applied to
16Mbit DRAMs

size is scaled down to 0.5 pm.

if only the minimum feature
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Fig. 7(a) The electrical characteristics
of write and read mode.
(b) The test devices.

DEPTH (um)

(a)

DEPTH (pm)

i i i 1 i 1
0 05 1.0
LATERAL POSITION (um)

(b)

Fig.8 Potential distribusions of the SCC with 0.5um

minimum feature size(a) without Hi-C structure and (b)
with Hi-C structure.
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