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(57) ABSTRACT

A current source logic gate with depletion mode field effect
transistor ("FET") transistors and resistors may include a
current source, a current steering switch input stage, and a
resistor divider level shifting output stage. The current
source may include a transistor and a current source resistor.
The current steering switch input stage may include a
transistor to steer current to set an output stage bias point
depending on an input logic signal state. The resistor divider
level shifting output stage may include a first resistor and a
second resistor to set the output stage point and produce
valid output logic signal states. The transistor of the current
steering switch input stage may function as a switch to
provide at least two operating points.
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or NOT function, which results in a logic high output V,
for a logic low input V,,,, and conversely, a logic low output
V, for logic high input V,,,.

The two ideal operating points of the current source logic

gate 600 configured in an inverting logic gate are illustrated
in FIGS. 7A and 7B. FIG. 7A illustrates the input high output
low operating point. The input is high, turning on the current
steering switch input stage M) and providing a path for the
current from the current source (Q, and RS) to ground. The
source terminal voltage of Q, (VS) is brought toward ground
(OV) allowing the resistor divider output stage to set the
output voltage according to the values of R, and R2. FIG. 7B
illustrates the input low output high operating point. The
input is low, opening the current steering switch input stage
M), removing the current source resistor RS from the
current path. With no current flowing through RS the gate
and source terminals of Q, are effectively tied together,
setting V Gs the gate terminal to source terminal voltage to 0.
This allows to the current source transistor Q, to self bias to
a current set by the output resistor divider R, and Rz, which
in turn also sets the output voltage to a voltage in between
the positive supply voltage VDD and negative supply voltage
Vss  according to the resistor divider of R, and R2-

The inverting logic gate operation may in some embodi-
ments be expanded to NAND and NOR logic operations
with the addition of transistors Q2(1,1)  ... Q2(N,Al)  to the
current steering stage of the logic gate, that is to add
transistors in parallel, series, or both with Qz. See, for
example, FIGS. 8-10, which are circuit diagrams illustrating
current source logic gates in NAND, NOR, and multiple
term Sum of Products configurations, according to an
embodiment of the present invention.

The invention claimed is:
1. An apparatus configured to create digital logic gates,

comprising:
a first N channel depletion mode field effect transistor

("first transistor") with gate, source, and drain tenni-
nals, wherein the gate terminal acts as an input to the
apparatus; and

a second N channel depletion mode field effect transistor
("second transistor") with gate, source, and drain ter-
minals, configured as a current source, wherein

the drain terminal of the second transistor is tied to a
positive voltage relative to ground,

the source terminal of the first transistor tied to ground
and the drain terminal of the first transistor tied through
a first resistor to the source terminal of the second
transistor and directly to the gate terminal of the second
transistor,

and
the source of the second transistor is further tied to a

second resistor in series with a third resistor, a remain-
ing lead of the third resistor is tied to a negative voltage
relative to ground, and a node common to the second
and third resistors is the output of the apparatus.

2. The apparatus of claim 1, wherein the first, second and
third resistors are selected based on transfer functions or
functional parameters of the first and second transistors and
further selected to minimize the effect of the substrate body
bias effect on the second and third resistor to obtain selected
logic true and logic false output voltage values such that for
a logic false input to the apparatus, a logic true output
appears at the output of the apparatus, or for a logic true
input to the apparatus, a logic false output appears at the
output of the apparatus.

8
3. The apparatus of claim 1, wherein the first transistor is

replaced by n N channel depletion mode field effect tran-
sistor in series to create a logical NAND structure at the
input of the apparatus.

5 4. The apparatus of claim 1, wherein the first transistor is
replaced by m N channel depletion mode field effect tran-
sistor in parallel to create a logical NOR structure at the
input of the apparatus.

5. The apparatus of claim 1, wherein the first transistor is
l0 a combination of n series N channel depletion mode field

effect transistors and m parallel N channel depletion mode
field effect transistors to create multiple term sum of prod-
ucts logic functions.

15 6. The apparatus of claim 1, wherein a positive voltage
and a negative voltage relative to ground are selected to
accommodate a turn off voltage of the first transistor as
reflected by a voltage divider function performed by the
second and third resistors.

20 7. The apparatus of claim 6, wherein a value of the first
resistor is selected to set a current output of the second
transistor,

the current output is further selected in accordance with
selected positive voltage and negative voltage and to

25 define a value for the second resistor and a value for the
third resistor.

8. A current source logic gate with depletion mode field
effect transistor ("FET") transistors and resistors, compris-
ing:

30 a current source comprising a transistor and a current
source resistor;

a current steering switch input stage comprising a tran-
sistor to switch current through the current source bias
resistor on an input logic level high state to set an

35 output stage bias point or on an input logic level low
state to allow the output stage to self -bias; and

a resistor divider level shifting output stage comprising a
first resistor and a second resistor to set the output stage
point and produce valid output logic signal states,

40 wherein
the transistor of the current steering switch input stage

functions as a switch to provide at least two operating
points.

9. The current source logic gate of claim 8, wherein the
45 two operating points comprises a logic level high and a logic

level low.
10. The current source logic gate of claim 8, wherein,
when the operating point comprises the logic level high at

the input stage of the current steering switch, a logic
50 low output appears at an output stage of the current

source logic gate, or
when the operating point comprises the logic level low at

the input stage of the current steering switch, a logic
high output appears at the output stage of the current

55 source logic gate.
11. The current source logic gate of claim 8, wherein the

current steering switch input stage comprises one or more
additional transistors connected in parallel, in series, or both.

12. The current source logic gate of claim 8, wherein the
60 current steering switch input stage acts as a switch to limit

logic gate current.
13. The current source logic gate of claim 8, wherein the

current source resistor of the current source controls current
provided by the current source.

65 14. A current source logic gate with depletion mode field
effect transistor ("FET") transistors and resistors, compris-
ing:
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a first N channel depletion mode FET ("first transistor")
with gate, source, and drain terminals; and

a second N channel depletion mode FET ("second tran-
sistor") with gate, source, and drain terminals, wherein

the first transistor is configured to act as a current source,
and is positioned above the second transistor,

the drain terminal of the first transistor is tied to a positive
voltage relative to ground,

the gate terminal of the second transistor acts as an input
to the current source logic gate,

the source terminal of the second transistor is tied to
ground, and the drain terminal of the second transistor
is tied through a first resistor to the source terminal of
the first transistor and directly to the gate terminal of
the first transistor, and

the source of the first transistor is further tied to a second
resistor in series with a third resistor, a remaining lead
of the third resistor is tied to a negative voltage relative
to ground, and a node common to the second and third
resistors is the output of the current source logic gate.

15. The current source logic gate of claim 14, wherein the
first resistor, the second resistor, and the third resistor are
selected based on transfer functions or functional parameters
of the first and second transistors and further the second and
third resistors are selected to overcome the substrate body
bias effect on the second and third transistors such that for
a logic false input to the current source logic gate, a logic
true output appears at the output of the current source logic

10
gate, or for a logic true input to the current source logic gate,
a logic false output appears at the output of the current
source logic gate.

16. The current source logic gate of claim 14, wherein the
5 second transistor is replaced by n N channel depletion mode

field effect transistor in series to create a logical NAND
structure at the input of the current source logic gate.

17. The current source logic gate of claim 14, wherein the
second transistor is replaced by n N channel depletion mode

10 
field effect transistor in parallel to create a logical NOR
structure at the input of the current source logic gate.

18. The current source logic gate of claim 14, wherein the
second transistor is a combination of n series N channel
depletion mode field effect transistors and m parallel N

15 channel depletion mode field effect transistors to create
multiple term sum of products logic functions.

19. The current source logic gate of claim 14, wherein a
positive voltage and a negative voltage relative to ground are
selected to accommodate a turn off voltage of the second
transistor as reflected by a voltage divider function per -

20 
formed by the second and third resistors.

20. The current source logic gate of claim 19, wherein a
value of the first resistor is selected to set a current output of
the first transistor,

the current output is further selected in accordance with
25 selected positive voltage and negative voltage and to

define a value for the second resistor and a value for the
third resistor.
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