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FIN-BASED DOUBLE POLY DYNAMIC
THRESHOLD CMOS FET WITH SPACER
GATE AND METHOD OF FABRICATION

BACKGROUND OF THE INVENTION

The present invention relates generally to the field of
semiconductor manufacturing and, more specifically, to a
dynamic threshold (DT) complementary metal oxide semi-
conductor (CMOS) field effect transistor (FET) device and
method for forming same.

The need to remain cost and performance competitive in
the production of semiconductor devices has caused con-
tinually increasing device density in integrated circuits. To
facilitate the increase in device density, new technologies are
constantly needed to allow the feature size of these semi-
conductor devices to be reduced. High device density also
requires low-power operation.

The push for ever increasing device densities is particu-
larly strong in CMOS technologies, such as in the design and
fabrication of field effect transistors. FETs are used in almost
all types of integrated circuit design (i.e., microprocessors,
memory, etc.). Unfortunately, increased device density in
CMOS FETs can result in degradation of performance
and/or reliability.

One type of FET that has been proposed to facilitate
increased device density is a dynamic threshold CMOS field
effect transistor. Dynamic thresholding is achieved by elec-
trically connecting the gate to the body, so that the body
voltage moves with the gate voltage, lowering the threshold
voltage when a signal is present. Dynamic thresholding
provides faster response time and lower power consumption
for the FET. Threshold voltage (Vt) is high in the off-state,
limiting power leakage, and low in the on-state, limiting
power requirements. CMOS generally uses less power than
ordinary MOS. Dynamic threshold CMOS uses less power
than standard CMOS.

Unfortunately, several difficulties arise in the design and
fabrication of DT CMOS FETs. First, the connection
between the gate and the body contact in prior art DT CMOS
FETs is inevitably a long, high-resistance path. That high
resistance degrades the response time of the circuit. Second,
the body-to-source/drain capacitance in existing DT CMOS
FETs limits the speed of the circuit. Neither result is
desirable in CMOS applications. Unfortunately, these two
practical limitations counterbalance the response time
increase otherwise available from dynamic threshold
CMOS.

Thus, there is a need for improved device structures and
methods of fabrications of DT CMOS devices that provide
dynamic threshold operation without paying the perfor-
mance cost of high resistance gate-body contact and high
body-to-source/drain capacitance. Only then can the full
potential of DT CMOS be realized.

BRIEF SUMMARY OF THE INVENTION

In a first aspect the invention comprises a method for
forming a transistor, the method comprising the steps of a)
providing a semiconductor substrate; b) patterning the semi-
conductor substrate to provide a first body edge; ¢) provid-
ing a gate structure adjacent the first body edge; d) pattern-
ing the semiconductor substrate to provide a second body
edge, the first and second body edges of the semiconductor
substrate defining a transistor body; e) providing a body
contact structure adjacent the second body edge aligned to
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the gate structure; and f) providing an electrically connective
bridge between the gate structure and the body contact
structure over the transistor body.

In a second aspect, the invention comprises A transistor
comprising: a) a transistor body formed on a substrate, the
transistor body having a first vertical edge and a second
vertical edge; b) a gate structure adjacent the transistor body
first vertical edge; ¢) a body contact structure adjacent the
transistor body second vertical edge and aligned with the
gate; d) a bridge over the body, the gate, and the body
contact, electrically connecting the gate and the body con-
tact; and e) source and drain regions in the body on opposite
ends of the body.

Accordingly, the present invention provides a fin-based
dynamic threshold (DT) complimentary metal oxide semi-
conductor (CMOS) field effect transistor (FET) and methods
for forming same that results in improved device perfor-
mance and density. The method and apparatus applies to
both nFETs and pFETs.

The foregoing and other advantages and features of the
invention will be apparent from the following more particu-
lar description of a preferred embodiment of the invention,
as illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The preferred exemplary embodiment of the present
invention will hereinafter be in conjunction with the
appended drawings, where like designations denote like
elements, and

FIG. 1 is a process flow chart showing the exemplary
steps of fabrication of a DT CMOS FET; and

FIGS. 2-16 are views of an exemplary DT CMOS FET
during the steps of fabrication.

DETAILED DESCRIPTION OF THE
INVENTION

Accordingly, the present invention provides a dynamic
threshold (DT) complimentary metal oxide semiconductor
(CMOS) field-effect transistor (FET) and a method for
forming the same that results in improved device perfor-
mance and density. The preferred embodiment of the present
invention provides a DT CMOS FET on a semiconductor
body with a gate on a first long side, a body contact an the
opposite long side, and a bridge over the body electrically
connecting the gate and the body contact. The gate and body
contact are located between the source and drain portions of
the FET. The source and drain are formed by ion implan-
tation doping when the body is exposed.

The preferred embodiment of the present invention is
implemented using a fin structure. Fin-based DT CMOS
FETs feature a long, thin semiconductor body vertically
disposed on a substrate. Vertical orientation of the fin
reduces the planar area occupied by the DT CMOS FET on
the chip. On this fin structure, the insulated gate is formed
on one long side of the body, and the body contact is located
on the opposite long side of the body, with the transistor
body being disposed horizontally between the gate and the
body contact. The gate and the body contact are electrically
connected by a bridge over the body. Because the body is
thin between the gate and the body contact, the bridge
provides a short, low resistance path. The thin fin body also
reduces body-to-source/drain capacitance. The ends of the
fin, outside of the region of the gate and body contact, are
appropriately doped to provide source and drain regions.















