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ABRSTRACT

We have developed a movel high speed dynamic
threshold volinge MOSFET named LESED for wltra o powaer
aperation. This was realized wsing sidewall elevated drain. The
LCSED achieved the following excellent characienistics as
compared to the Bulk-IITMOS which we progosed before: H0%
reduced occupation area; 65% reduced junction capaciance,
67% redoced forwand leaknge current between shallow-well and
sourcefdrain; bower Iransistor seres resistance, smaller shor
channcl effect; higher drive curment, These effects realiee ulira
low power high spesd operation,

INTRODUCTION

For batery operating portable clecironic cquipment.
reduction of power dissipation in CMOS-LSI1 has been the mast
importand subject in order 1o realize long life mobdle operation.
The power dissipation in CMOS circuit is propertional (o the
siquare of power supply voltage amd load capacalance. Therefore,
resluction of power supgly vollage is (e most effective method
to extend haitery life, However, the extreme scaling down of
power supply veltage causes reduction in gate overdrive and
operation speed. because of a difficuliy of threshold voltage
redduetion due o ihe cxirems increase of standby leaknge cumment.
To achieve lower power supply voltage operation with low
subthreshold beakage and relatively high drive carrent, a dynasmic
threshiold voliage MOSFET (INT-MOS) was propossd using S01
wafer (S01 DT-MOSH or bulk waler (B-DTMOS)2). This
MOSFET provides low threshald voltage when the device is
turmed-on, and high threshodd voliage when the device is tumned-
off. This device was realized by the gate 1o body or well ue
structure, However, in 500 DT-MOS | long RC delay of gate
i body signal iransmission due io heavy resistance of the body
layer was the most severs isswes for high speed operation, In
the B-DTMOS, RC delay problem was solved by low resisiance
mndiviclual shallow well stocure separated using trench isslatin
and deep well?), However, large junction capocitance due 1o
the mirror effect in drain junction degraded the low power
operation, To overcome s problem, we propose a low
capacitonce sidewall elevated drain dynamic threshold voltnge
MOSFET (LCSED-DTMOS) implemented on balk wafer. In
LOSEDR-DTMOS sidewall elevated drain structare was applicd
to the bulk dynamic threshokl MOSFET (B-DTMOS) to reduce
Junciion capacitnnce.

RESULTS AND DISCUSSION

A LOSEDY Serucrure

Tlee LCSED siructwre kas an uliimately namow source
and drain wiadth (2031; L. = gate length) due 1o tee enlancement
of the effective surface arca by ihe clevaied siruciure, as shown
i Fug. |, Figure 2 shows o cross section SEM image of the
L.CSED. In this seructune, the sidewall elevated source and drvin
was fabricaicd by poly-silicon deposition using an oxygen free
Load-Lock LPCVD system ™ and subsequent elching-back afier
gate formation, Alihough the junction area was very namow,
the convex jop surface of the poly-silicon subewall enable us o
achieve enough contact arca between sowce and drain ebecirodes
amd meztal bime. Figiere 3 shows a schematic top view of LCSED-
DTMOE. The poly-silicon of the gate ehectrode at the poclion
ol shallow-well conpection was remaved in order 1o connec
the gaie with shallow-well. The poly-sillicon sidewall which
surraunded ihe gote electrode was partially removesd a1 the each
end of the gale 1w separate the source and drain region. The
gate to shallow-well conpection was realized using
“simultanesus fabrication of the spurce, drain and gote salicide,
and gate to shallow well conpection ($55-CF process. In
this process, the gaie electrode was connected 1o the shallow-
well as a matter of course by the silicide film when source!
drain and gate silicidation were carmed oul,

e of the disadvantages of B-DTMOS was large
pocupation area in the case of multiple step senol connection of
iransistors, Figure 4 shows a ratio of the oceupation arca of
serially connected LOSED, B-DTMOS and conventional
MOSFET 1w that of the single conventional MOSFET as a
function of conmected number. The B-DTMOS which we
proposed before peeded lurger occupation area than that of the
conventioaal MOSFET dus to separating the shallow-well in
each transistor and cornecting with cach iowermediate pode by
msetal line. In ihe LOSED siructure, 805 reduced cocupation
area compared with the B-DTMOS was realized using small
junction arca and local interconnection by elevated drain,
Furthermore, below the 5 conmected transistors, the cocupstion
area of the LCSED was smaller thas that of the conventional
MOSFET.

B. Extra Porasite Capacitanes and Forward Current in DTMOS

The B-DTMOE has exirn parasitic junction capacilance
comiponent (U drain £ shallow-well junction capacitancs Tor
Fero o forwand bizs due fo mirmor effect, Cg: source § shallow-
well junction capacitance, Cpsp: depletion layer / shallow-well
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