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ABSTRACT
A 3.26un' 6T full CMOS SRAM Cell has been

developed using the non-overlap contact process with
design rule of 0.l8pm. The high-leakage probability of
non-overlap contacts was suppressed by making SiN spacer
on the edge of active. It could protect the boundary area
between active and field from over-etching for forming
contacts. We have obtained good characteristics of the
bnried-charurel PMOSFET with Lg4.20w as the load
devioe in the cell which show stable operation at the low
voltage under 0.5V. A 8\lb low power SRAM with small
size and low cost was successfully integrated with low
standby current below 4uA at high temperature(85t).

INIRODUCTION
According to rapid development of hand held machines,

there is a strong demand on SRAM of very low standby
current and higher packing density. The non-overlap
contact'prooess is effeotive to reducing cell size without
advanced lithography technology, but has been known to
have the high leakage current characteristics because of
active recess occured in the step of contact etch and to
be inadequate for low power applioations. SN
Guard-Ring(SiN Visor) on the upper edge of active was
reported to improve the transistor characteristics induced
by steep sidewall of STI[] and to making landing-pad of
contacts without etch stopper in salicide process[2] which
is not preferable to low power device because of its high
junction leakage. Therefore, in this study we improved the
leakage of non-overlap contact using both SiN visor and
etch stopper for low leakage current. The
buried-channet(BC)-PMOSFET employing n+poly Si gate
has many advantages such as low process costs, no boron
penehation mrd no poly Si depletion, but as gate length is
shorter, we have had a difficulty in the use of
BC-PMOSFET owing to its Short-Channel Effect(SCE) and
Punohthroughl3]. However in this study we integrated and
optimized BC-PIVIOSFET, which had stable charaoteristics
at small gate length of 0.20pan

PROCESS INTEGRATION
Fig.l shows the layout of (a) SRAM cell and (b) top

view after the step of W-plug contact and L,I.
(Locaf-Interconnect) damascene etch. The small oell size of
3.26W' could be achived by adopting non-overlap contact.
The only 60nm overlap enlarges l2.l%(3.72W'). Fig.2
shows the cross-sectional SEM pictures of cell. Table.I
indicates the fabrication prooess flow of 8N{b low power
SRANI. STI had d.pth of 0.35rm and gapfilled with
HDP(High Density Plasma) Oxide and planarized with
CI!F. Retrograded twin well were used for 0.24W space
in N+/NI+ and P+/Pf 0.44W space in N+/P+ isolations.
5nm nitrided oxide was grolvn as gate oxide. W-polycide
was used as gate material and the minimum size of the
gate length was 0.209n in NMOSFET and PMOSFET. Bv
using the step between field oxide and Active, SiN visor
sout* be formed on the edge of active at the prooess of
the gate spacer etch back. Contact etch stopper of SiN
film is deposited and followed bv ILD layer lbrmed and
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planarized The non-overlap contact of the bottom size of
0.l8gn was etched with selectivity betrveen ILD and SiN.
An aspect ratio of this small deep contact was about 4.

This high aspeot ratio contact hole was filled with Til TiN
barrier metal and W using CVD method. W lines rvith
0.36pm pitch were made up using damascene process for
L.I. and Vdd/Vss lines in a cell. The cell had
one-Al-metal layer which was used tbr bit lines.

NON.OVERLAP CONTACT AFID LEAKAGE
Fig.3 shows vertical view of SiN visor and SiN etch

stopper on the edge of active before and after formed
contact. SiN etch stopper and visor protected the field area
from being etched during contact etching process through
ILD and there is no recessed etch at the contact edge on
field as shown in Fig.3ft)(d). Fig.3(e) shows that the
leakage ourrent of non-overlap contact is not dift'erent
from overlap things. The dependance of contact resistance
on overlap size could be explained by the touch area
between contact metal and active. Fig.4 also shows that
SiN visor with etch stopper is more effective than that
without etoh stopper for control leakage current. The
leakage curent level of non-overlap contact with SiN visor
and etch stopper has no difference to that of sufficiently
overlapped contact. The standby current characteristics of
fabricated Slvlb SRAM was good as below O. ttAlMb and
there is no difference between products with 60nm overlap
and without overlap as sholvn in Fig.5.

ELECTRICAL CHARACTERISTICS
Data described in this paper were measured at 85C.

Fig.6 shows the Vth and BV depentance on gate length
and stable characteristics to 0.20ru. SCE of BC-PMOSFET
could be improved by adopting single drain structure.
Isolation characteristics and the typical transistor Vg-Id
ctrryes are shown in Fig.7 and Fig.8, respectively. DC
measurement results are also summarized in Table.2. The
cell was stably operated down to a supply voltage of 0.5V
as shown in Fig.9. The standby ourrent of 8Mb SRAM
was 4#4. The address access time(taa) of Slvdb SRAM was
60ns at 2.0V and it functioned well down to Vdd=I.3V as

shown in Fig.lO.

CONCLUSION
The SN visor and etch stopper on the edge of active

are effective to obtain low leakage current characteristics
of non-overlap contact and we could reduce more than
l2o/o of cell size by using this skill in 0.18pan design rule
for very low power SRAM. Buried-Channel PMOSFET
with the 0.20w of gate lenglh was realized in the 3.26W
cell of 8Mb SRAM which show stable operation at as
low as 0.5V. 8Mb low-power SRAM was integrated
successfully with low standby current.
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