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Abstract - Two modified MOST
s=ructures called Polysilicon Source
Drain VMOS Transistor (PSD=-VMOST)
and Polysilicon Source Drain Gate
' VMCE Transistor (PSDG-VMOST)
obtained by the combination of
PSD-MCST ané Lateral VMOST
technologies are suggested for a new
work. The modification of PSD-MOST
technology by V-groove technique
brings all the advantages of Lateral
VMOS and PSD-MCS Transistors to the
new structure. Ccnsiderable decrease
ia the active area consumption and
in the number of contact window
improves the reliability of these
structures.

I. INTRODUCTION

Recently, a new MOS Transistor
(PSD=-MOST) technology has been
described [1]. The cross=secticn
of a polvsilicen scurce and drain
MOST is given in Fieg. 1. Peclysilicon
lines serve as a &iffusion source
as well as the conductive path to
the source and drain. As a result,
transistor and junction sizes are
reduced by a factor 2 or 3 over a
normal structure. The fabrication
of the PSD-MOST reguires 4 masks.
Another recent develozment in the
MOS technolocy is the lLateral VMCS
mransistor [2) technology. The
cross-section of a Lateral VMOST is
given in Tig. 2. The fabrication
invelves either a 3 or 4 mask zrocess
ané resulss in vervy shert channel
devices using nen=-critical alignment
tzolerances, The Lateral VMOST
+ransistor exhibiscs lower output
conduczance and hicher breakdown

voltage than a standard MOS transistor,
In this paper, two modifisd MCS :
structures called Polvsilicon Scurce
Drain VMOS Transistor (PSD-VMOST)'and
Polysilicon Source Drain Gate VMOS
Transistor (PSDG-VMOST) obtained by
the combination of (PSD-MCST) and
(VMCST) technologies are suggestad Ior
a new work.

II. FABRICATION PROCEDURE

The fabrication technology for
Pglvsilicon Scurce Drain VMOS Transistor
irfvolves five masking steps. The
procedures are ouktlined in Fig. 2.

For the purpose of illustration, n-type
ilicen (p-channel devices) will be
considered; however, +the processing
steps would ecually well apply to the
fabrication of n-channel devices. 2
thick thermal oxide is first grown
cn the (100) orientation n-tvpe silicon
substrate. The Zirst mask is used
to determine the active area. A
soron coped polysilicon laver is
depositad on the slice, The second
mask is used to define the polysilicon
sattern. A thin cxide is grown con
the slice. During this oxidation, the
f£irst drive-in ocgurs. A V-groove
channel that separates the source anc
rain regions, is defined by
unisotropically etching the silicen [3].
The depth of +he groove depends on the
width of the window opening. The gate
cxide is thermally grown over the chamnel.
The junction cdepth (thersfore the
channel lencgthk) is related to the g
seccnd oxidation and the gate oxidation
because érive—in and these oxidatlons
~ake place simultaneously. The Zourzh
mask is used to cpen contact windows.
mhe £ifeh mask is used to define
aiuminum pattern.



The fabricaticn p rocecure for
Polysilicon Source Drain Gate VMOS
Transistor is outl-aed in Pig. 4.
Until the cate oxication, the
orocedure is similar to PSD-~VMOST
technclocy. After growing the gate
oxicde a beron doped polvsilicon layer
deposited cn the slice. The
thickness of this polysilicon laver
must bte sufficient to completely £ill
in the crooves. The £ront surface
of the sliceris then lapped flat,
removing the polysilicon laver from
all areas, except in the grooves

{4 - 35} . The remaining steps are
also similar to the PSD-VMOST,
.ecﬁnologv This structure results

in flatter surfzce with less aluminum
connections,

ITI. DISCUSSION

The characteristics of the
PSD-VMOST at low values of _
drain-toc-source voltage, is determined
by the full channel, extending from
the source to drain along the sloping
walls of the groove. WWith increasing
€rain-to-source veltage (for a fixed
gate-tc-source voltace) the device
enters the saturation regicn and
channel pinch-off cccurs ;nit;ally
at the bottom of the V-groove due
to the thicker gate cx-de Dresent
there, and the pinchec-off region
then extends frcm that point towards
the drain ciffusion, causing the
efIfective channel length to be only
nhalf the geometriczl channel length.
The channel length mcdulaticn
effects are recuced ceonsicderably,
cve to the pinch=-off along the wall
of the crcove which takes up the
excess drain voltage. Thus, th
transistor exhibits very lcw values
2 source-~crain output conductance
in the saturation regicn, In
PED-MOST, the gate capacitances are
relacively larger cdue tD nen-sell-
alicned zate structure [6]. In
PSD-VMCST technology, by employing
a thick field cxide, the gate overlap
capacitances tecome cdominated by the
V-croove sicdewall cc mponent which
can be contmelled by junctien depth,
Therefere, it is pessible to fabricate
transistors with low parasitic
c*nac;tances, and hence larce cut-of=f
recuencies. In PSED=-VMOST, the

difZfused recicns are aiwavs covered
by a pelysilicon laver. Thereicre,
it features two interconnect levels,
Comparinc to the stancard process,
the Iirst level is lower ohmic which

makes PSD-VMOST circuits less
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susceptible to wiring restricticns.
The connection between the cdevice and
this first level is automatic, which
leads to very small source and drain
regions, hence to small devices. It
is expected that this results in a
shorter wiring, and thereicre, in a
hicher packing density and circuit
speed, The decrease in active area
consumption and in the number of contact
windows improves the reliability. It
is expected that the PSDG-VMOS
Transistor may exhibit all the advant-
ages of a silicon gate MOSFET, notably:
low threshold voltage, sealed-off gate
oxide, and self-aligned gate.

IV. CCNCLUSION

The modification of Polysilicon.,
Source Drain MOST technology by V-groove
technicue, brings all the advantages
of the Lateral VMOS and PSD-MOS
transistors to the new structure, It
is, therefore, expected that the new
structure may result in relatively
short channel lengths cocmparing to
the standard MOST technology, hich

transconductance, small parasitic
capac;:ances, high cut-off frecuency,
lower cutput conductance, ccﬁszce*ably
reduced area and metal connecticn
lines. The decrease in active area
canELmatlon and in the number of ccntact
wirdows improves the reliability of
these structures. ‘”e sucges.ed
structures may bte suitable to the
fabrication of large scale integrated
circuits for memory and logic
applications, as well as linear MOS
integrated circuits.
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Fig., 1 PSD-MOST Structure

Tig. 2 Lateral VMOST
Structure
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