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SCHOTTKY ENHANCED CMOS OUTPUT
CIRCUIT

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

This invention relates generally to semiconductor inte-
grated circuits, and more particularly the invention relates to
CMOS output circuit.

The standard CMOS output circuit as used in interfacing
one of a plurality of devices to a common bus, for example,
has an input signal applied to both gates of the CMOS
transistor pair, and an inverted output is taken at the common
terminal of the two sernally-connected transistors. The out-
put circuit can assume a high impedance state (i.e., tri-state)
by taking the gate of the P-channel transistor high and the
gate of the N-channel transistor low. However, since differ-
ent peripheral devices tied to common bus can have different
operating voltage levels, which are selectively applied to the
bus, an output circuit can have a voltage applied to its output
terminal which is greater in magnitude than the supply
voltages for that output circuit. In this circumstance, the
substrate/source-drain diodes of the transistors can forward
bias thus loading the common bus and causing potential
latchup probliems.

SUMMARY OF THE INVENTION

An object of the invention is a CMOS output circuit
having an enhanced high impedance state.

A future of the invention is a provision of Schottky diodes
in series with the transistors of a CMOS output circuit to
prevent forward bias of the substrate/source-drain diodes
when the circuit is in a high impedance state.

The invention and objects and the futures thereof will be
more readily apparent from the following detailed descrip-
tion and the appended claims when taken with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic of a conventional CMOS output
circuit.

FIG. 2 is a schematic of a CMOS output circuit in
accordance with one embodiment of the invention.

FIG. 3 is a section view of a semiconductor circuit
illustrating the CMOS output circuit of FIG. 2.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENT

FIG. 1 is a schematic of a conventional CMOS output
circuit. A P-channel transistor 10 is serially connected with
an N-channel transistor 12 between a positive voltage poten-
tial (V+) and ground. The input signals to the circuit (PEN
and NEN) are applied 1o the gates of the transistors 10, 12,
and the output of the circuit is taken at the common terminal
of the two transistors.

As noted above, the CMOS output circuit can be
employed to connect a device to a bus shared with other
devices. The circuit can isolate the device {rom the bus
through the application of a high voltage potential to the gate
of the P-channel transistor 10 and a low voltage to the gate
of the N-channel transistor 12. In this mode both transistors
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are turned off thus isolating the output terminal. However, as
noted above, various devices connected to a common bus
can have different operating voltages. Thus, the voltage level
on the bus can be beyond the voltage levels For the output

circuit.

In this condition, the substrate/source-drain diodes of the
transistor devices can forward bias and inject current into the
substrate thereby causing laichup problems and undesirably
loading the common bus.

In accordance with the present invention, Schottky diodes
14 and 16 are serially connected with the transistors 14 and
12 as illustrated in the schematic of FIG. 2. The presence of

the Schottky diode 14 prevents the drain-substrate diode of
the P-channel transistor from forward biasing even though
the output voltage exceeds V+. Similarly, Schottky diode 16
prevents the substrate-drain diode of N-channel transistor 12
from forward biasing even though the output voltage 1s
below ground potential. Because the Schottky diodes will
not forward bias and inject current into the substrate, the
circuit will be free from latchup problems.

The Schottky diodes can be formed in a semiconductor
device structure from a normal metal (¢.g. aluminum) to N
-well junction in a standard N-well CMOS process. Such a
structure is illustrated in the cross-sectional view of a CMOS
device of FIG. 3. The device is fabricated in a P-substrate 20
with the P-channel transistor 10 formed in an N-well 22 and
the N-channel of transistor 12 formed directly in the P-sub-
strate 20. Schoitky diode 14 is formed by an aluminum
contact directly contacting the N-well 22, while the Schottky
diode 16 is formed by a metal contacting N-well 24. An
N-+diffusion 26 is provided in N-well 22 (o facilitate contact
to the well. Similarly, an N+diffusion 28 is formed in N-well
22 1o facilitate the contact to the N-well. The source 32 of
the N-channel transistor is connected to ground, while the
drain 34 of the P-channel transistor 10 is connected to the
output terminal and to Schottky diode 16.

The provision of Schottky diodes in a CMOS output stage
circuit facilitates the high impedance state of the output
circuit without forward biasing of the substrate/source-drain
diodes of the transistor structures.

The Schottky diodes are readily fabricated using conven-
tional processing technology and conventional cell struc-
tures as described above. In the described embodiment the
Schottky diode 14 must be placed between V+ and the
transistor 10 because of the N-well configuration including
the Schottky diode, the transistor, and the output connection.
The diode could be placed between transistor 10 and the
output terminal if the N-well could be isolated from the
substrate. Similarly, Schottky diode 16 could between tran-
sistor 12 and ground if the N-well could be isolated from the

substrate.

Thus, while the invention has been described with refer-
ence to a specific embodiment, the description is illustrative
of the invention and not to be construed as limiting the
invention. Various modifications and applications may occur
to those skilled in the art without departing from the true
spirit and scope of the invention as defined by the appended
claims.

What is claimed is:

1. A CMOS output circuit comprising:

first and second voltage potentials;

a P-channe!l transistor having source, drain, and gate
electrodes and an N-channel {ransistor having source,
drain, and gate electrodes;

first input terminal means for applying a first input signal
to said gate of said P-channel transistor;



Re. 35,221

3

second input terminal means for applying a second input
signal to said gate electrode of said N-channel transis-
tor;

a first Schottky diode connecting said source electrode of
said P-channel transistor to said first voltage potential;

means connecting said source electrode of said N-channel
transistor to said second voltage potential,

an output terminal connected to said drain electrode of
said P-channel transistor; and

a second Schottky diode connecting satd output terminal

to said drain electrode of said N-channe] transistor.

2. The CMOS output circuit as defined by claim 1 wherein
said first voltage potential is more positive than said second
voltage potential, said first Schottky diode being forward
biased for current flow from said first voltage potential to
sald source elecirode of said P-channel transistor, and said
second Schottky diode being forward biased between said
output terminal and said drain electrode of said N-channe]
transistor,

3. The CMOS output circuit as defined by claim 2 wherein
said transistors are fabricated in a P-conductivity silicon
substrate, said first and second Schotiky diodes comprising
N-doped wells 1n a surface of said substrate with respective
metal contacts on the surfaces of the N-wells.

4. The CMOS output circuit of claim 3 wherein said first
and second Schottky diodes further include respective N+
regions to facilitate contact with said respective metal con-
tacts.

5. A CMOS output circuit comprising;

first and second voltage potentials;
a P-channel transistor;
an N-channel transistor;

first input terminal means for applying a first input signal
to a gate electrode of said P-channel transistor;

second input terminal means for applying a second input
signal to a gate electrode of said N-channel transistor;

a first Schottky diode serially connected with said P-chan-
nel transistor between said first voltage potential and an
output terminal; and

a second Schottky diode serially connected with said
N-channel transistor between said output terminal and
said second voltage potential.
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6. In an output circuit having an output terminal and first
and second Iransistors which respectively couple first and
second voliage potentials to said output terminal responsive
to input signals applied to control electrodes of said first and
second transistors, wherein at least one of said first and
second transistors is an MOS transistor, an improvement
comprising.

a Schottky diode in series with said MOS transistor
between said output terminal and one of said first and
second voltage potentials.

/. The output circuit of claim 6, wherein said MOS

transistor is a P-channel transistor.

8. The output circuit of claim 7, wherein said first voltage
polential is more positive than said second voltage potential,
said Schottky diode being forward biased for current flow

from said first voltage potential to a source electrode of said

P-channel transistor.

9. The output circuit of claim 8, wherein said Schottky
diode connects said source electrode of said P-channel
transistor to said first voltage potential, and a drain elec-
trode of said P-channel transistor is connected to said
output terminal.

10. The output circuit of clatm 6, wherein said MOS

transistor is an N-channel transistor

11. The output circust of claim 10, wherein said first
voltage potential ts more positive than said second voltage
poiential, said Schottky diode being forward biased for
current flow from said output terminal 10 a drain electrode
of said N-channel transistor.

12, The output circuit of claim 11, wherein said Schottky
diode connects said drain electrode of said N-channel
transistor to said output terminal, and a source electrode of
said N-channel transistor is connected to said second volt-
age potential.

13. The output circuit as defined by claims 6, 7, 8, 9, 10,
11 or 12 wherein said Schottky diode comprises an N-doped
well in a surface of a P-conductivity silicon substrate, with
a metal contact on the surface of said N-well.

14. The output circuit of claim 13 wherein said Schottky
diode further includes an N+ region to facilitate contact with
said metal contact.
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