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example, FIGS. 3-5, which are circuit diagrams illustrating
current source logic gate, according to an embodiment of the
present invention.

In FIG. 3, current source logic gate 300 may include
additional transistors Q,,, . . . Q,y, connected in series to
the current steering logic gate. In FIG. 4, for example,
current source logic gate 400 may include additional tran-
sistors Q,yy - - - Quy connected in parallel to the current
steering logic gate. In FIG. 5, additional transistors
Vit - -+ Vivag connected in series and in parallel to the
current steering logic gate.

The actual operation of current source logic gates 300-
500, as shown in FIGS. 1 and 3-5, may differ from the ideal
case depending on the parameters of the transistor. The
parameters may be affected by the device physics, manu-
facturing process effects, material properties, and geometry.
Furthermore, these parameters may be affected by the for-
mation of complex logic gates such as sum of products. For
example, transistor Q, may act as a switch, which when
closed, may set the output at a voltage of 12 VSS. In practice,
a transistor does not act like a switch in direct current (DC)
analysis, because the transistor has a finite resistance. This
finite resistance of transistor Q,, i.e., the on resistance, has
the benefit in the current source logic gate of limiting the
logic gates current. This resistance may also increase the
output voltage, which decreases the output voltage swing,
reducing the noise margin of the current source logic gate.

The operation of the current source logic gate may be
optimized through the choice in resistor values. As the
current source resistor (R) controls the current provided by
the current source (current source resistor R and transistor
Q,) for a given transconductance. For example, reducing the
current by increasing current source resistor R may lessen
the current through transistor Q,. This may result in a
decrease of the output voltage in the low state. This may also
increase the output voltage swing, increasing the noise
margin of the gate.

During operation, the logic high output shown in FIG. 2B,
may also differ from the ideal case. For example, in FIG. 2B,
the voltage dropped across current source resistor R and
transistor Q, appears to be negligible. This, however, may
not be the case during operation of current source logic gate
200B, because resistors R, and R, may not be made large
enough for this assumption. In practice, as current source
resistor R increases, the output voltage in the output high
state may decrease, decreasing the noise margin. This effect
can be compensated for by decreasing the ratio of resistor R
to resistor R,, making resistor R, less than resistor R,. This
may also increase the output voltage in the high state for a
given transconductance parameter and current source resis-
tor R;.

As the transistor parameters begin to influence the opera-
tion of the logic gate, the logic gate performance may be
modified through the choice of resistor values. These resistor
values give some control over the logic gate current and
output voltage swing. Depending on the transistor param-
eters and application, resistor values may be selected to
optimize logic gate performance.

Additionally, the semiconductor physical processes will
affect the operation of each of the logic gate components
influencing the overall logic gate performance. For instance
epitaxial resistors will be influenced by the substrate body
bias effect or body effect on the resistor values. The body
effect may make the effective value of R, to be greater than
R, even when R, and R, are constructed to be identical in all
physical fabrication aspects. This body effect may be over-
come by suitably decreasing the ratio of resistor R, to R,.
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It will be readily understood that the components of
various embodiments of the present invention, as generally
described and illustrated in the figures herein, may be
arranged and designed in a wide variety of different con-
figurations. Thus, the detailed description of the embodi-
ments, as represented in the attached figures, is not intended
to limit the scope of the invention as claimed, but is merely
representative of selected embodiments of the invention.

The features, structures, or characteristics of the invention
described throughout this specification may be combined in
any suitable manner in one or more embodiments. For
example, reference throughout this specification to “certain
embodiments,” “some embodiments,” or similar language
means that a particular feature, structure, or characteristic
described in connection with the embodiment is included in
at least one embodiment of the present invention. Thus,
appearances of the phrases “in certain embodiments,” “in
some embodiment,” “in other embodiments,” or similar
language throughout this specification do not necessarily all
refer to the same group of embodiments and the described
features, structures, or characteristics may be combined in
any suitable manner in one or more embodiments.

It should be noted that reference throughout this specifi-
cation to features, advantages, or similar language does not
imply that all of the features and advantages that may be
realized with the present invention should be or are in any
single embodiment of the invention. Rather, language refer-
ring to the features and advantages is understood to mean
that a specific feature, advantage, or characteristic described
in connection with an embodiment is included in at least one
embodiment of the present invention. Thus, discussion of
the features and advantages, and similar language, through-
out this specification may, but do not necessarily, refer to the
same embodiment.

Furthermore, the described features, advantages, and
characteristics of the invention may be combined in any
suitable manner in one or more embodiments. One skilled in
the relevant art will recognize that the invention can be
practiced without one or more of the specific features or
advantages of a particular embodiment. In other instances,
additional features and advantages may be recognized in
certain embodiments that may not be present in all embodi-
ments of the invention.

One having ordinary skill in the art will readily under-
stand that the invention as discussed above may be practiced
with steps in a different order, and/or with hardware ele-
ments in configurations which are different than those which
are disclosed. Therefore, although the invention has been
described based upon these preferred embodiments, it would
be apparent to those of skill in the art that certain modifi-
cations, variations, and alternative constructions would be
apparent, while remaining within the spirit and scope of the
invention. In order to determine the metes and bounds of the
invention, therefore, reference should be made to the
appended claims.

Further, another embodiment of the current source logic
gate 600 is illustrated in FIG. 6. The current source logic
gate 600 may provide a larger noise margin given variations
in the process to construct the resistors. In some embodi-
ments, current source logic gate 600 may include a current
source (Q, and Ry), a current steering switch input stage
(Q,), and a resistor divider level shifting output stage (R,
and R,).

In FIG. 6, current source logic gate 600 may have two
operating points, e.g., logic high input and a logic low input.
As the basis gate for logic functions, the simplest function
performed by current source logic gate 600 is the inverting
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