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57 ABSTRACT

A margin tracking cascode current mirror system including
a current mirror circuit having a current source device
having a predetermined operating voltage for providing a
current to a load, a cascode circuit interconnected between
the current mirror and the load for controlling the output
impedance of the system and for establishing a current
control voltage, a cascode bias circuit for providing a
forward bias to the cascode circuit, and a compound cascode
bias circuit for independently controlling the slope and the
offset of the current control voltage to track the predeter-
mined operating voltage with a predetermined margin.
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MARGIN TRACKING CASCODE CURRENT
MIRROR SYSTEM AND METHOD

FIELD OF THE INVENTION

This invention relates generally to cascode current mirror
circuits and more particularly to a margin tracking cascode
current mirror system.

BACKGROUND OF THE INVENTION

Current source devices are often used in high precision
and high speed designs to drive virtually any type of
electrical circuit. One such current source device is a current
mirror circuit. The current mirror circuit includes a current
source connected to a current reference device on the input
leg. The output leg includes a current source device (e.g., a
current source transistor) connected to a load circuit. A
predetermined bias current (I5,,5) is applied by the current
source to the current reference device that is mirrored to the
current source device. The goal of the current mirror circuit
is to provide matched currents in the input and output legs
to drive the load circuit with the predetermined bias current
supplied by the current source.

The current source device has a voltage-current charac-
teristic of V5 to I, that has a corresponding family of V¢
curves when the voltage applied by the current reference
device to the current source device exceeds the threshold
voltage, V, plus a gate overdrive voltage. For a given Vg4
curve, the current source device will operate at a relatively
constant current, I,, when the Vg of the current source
device is greater than its saturation voltage, V. . The
amount that V¢ is above Vg, is known as the voltage
margin. For the current reference device, the voltage margin
is equal to the threshold voltage. However, because the load
voltage imposed by the load circuit can vary, the V55 of the
current source device will vary. The change in V¢ of the
current source device changes its output current. Hence, the
current in the output leg will differ from the current of the
input leg. Because the load circuit is often designed to
operate with a particular current, or a particular range of
currents, variations in the current in the output leg can cause
the load circuit to malfunction.

Cascode devices are often used to overcome the problems
associated with the mismatched currents in the input and
output legs of the current mirror circuit. A typical conven-
tional cascode current mirror circuit includes a current
mirror circuit as described above with a cascode bias device
on the input leg and a cascode device on the output leg. The
cascode bias device forward biases the V¢ of the cascode
device. The cascode device establishes a current control
voltage between the cascode device and the current source
device that prevents the load voltage from significantly
affecting the V¢ of current source device. The result is that
the currents in the input and output legs will be approxi-
mately equal.

However, because the threshold voltage, V,, utilized by
the current mirror circuit is very large, e.g., about 700 mV,
the conventional cascode current mirror circuit generates an
excessive voltage margin, which wastes valuable headroom.
Moreover, as temperature varies, the current control voltage
does not track the saturation voltage of the current source
device. Hence, the cascode current mirror is constrained by
the worst-case margin that occurs at higher temperatures.

A conventional improved cascode current mirror circuit
attempts to overcome the problems associated with the
excessive voltage margin generated when the threshold
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voltage is utilized to enable the current source device. The
conventional improved cascode current mirror circuit relies
on adding a third leg to the conventional cascode current
mirror circuit which utilizes a cascode bias device to repli-
cate the V ;¢ of the cascode device and a second cascode bias
device which attempts to replicate the V 55, plus a reduced
fixed margin of the current source device. The solution
offered by the conventional improved cascode current mirror
however is not fully satisfactory because it relies on adjust-
ing both the offset and the slope of the current control
voltage at the same time (e.g., one “control knob”) in an
attempt to track the current control voltage with the V¢, -
of the current source device. Thus, one can not optimize the
current control voltage with respect to each of the offset and
the slope. If the current control voltage is optimized with
respect to one the other is sacrificed and so a compromise
adjustment must be settled on. The conventional improved
cascode current mirror also does not accurately track the
voltage margin of the current control voltage to the satura-
tion voltage as temperature varies.

SUMMARY OF THE INVENTION

It is therefore an object of this invention to provide an
improved margin tracking cascode current mirror system
and method.

It is a further object of this invention to provide such a
margin tracking cascode current mirror system and method
which utilizes less headroom.

It is a further object of this invention to provide such a
margin tracking cascode current mirror system and method
which maintains a constant voltage margin over temperature
and process variations.

It is a further object of this invention to provide such a
margin tracking cascode current mirror system and method
which operates over a wide range of temperatures.

This invention results from the realization that an
improved voltage tracking cascode current mirror system
and method can be achieved by utilizing an innovative
compound cascode bias circuit that can independently con-
trol the slope and control the offset of the current control
voltage and thus generate a current control voltage that
accurately tracks the saturation voltage of the current source
device with a constant voltage margin as temperature varies.

The subject invention, however, in other embodiments,
need not achieve all these objectives and the claims hereof
should not be limited to structures or methods capable of
achieving these objectives.

This invention features a margin tracking cascode current
mirror system including a current mirror circuit having a
current source device having a predetermined operating
voltage for providing a current to a load, a cascode circuit
interconnected between the current mirror and the load for
controlling the output impedance of the system and for
establishing a control voltage, a cascode bias circuit for
providing a forward bias to the cascode circuit, and a
compound cascode bias circuit for independently controlling
the slope and the offset of the control voltage to track the
predetermined operating voltage with a predetermined volt-
age margin.

In one embodiment, the control voltage may include a
current control voltage. The margin may include a voltage
margin. The margin may include a transconductance margin.
The predetermined operating voltage may be tracked with
the predetermined margin with variations in temperature.
The predetermined operating voltage may be tracked with
the predetermined margin with variations in bias current.
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The predetermined operating voltage may include the satu-
ration voltage of the current source device. The compound
cascode bias circuit may include first and second compo-
nents. The first and second components may have different
temperature and process varying intrinsic device parameters.
The predetermined margin may include a constant margin.
The one of the first and second components may include an
active device and the other of the first and second compo-
nents may include a passive device. The passive device may
include an impedance. The passive device may include a
resistor. The active device may include a bias voltage
generator. The bias voltage generator may include an N-type
device or a P-type device. The system may include a replica
cascode device for maintaining the current control voltage of
the reference leg of the cascode current mirror equal to the
current control voltage. The system may drive a load circuit
connected to cascode circuit. The current source device may
include an amplifier circuit. The current source device may
include a differential amplifier circuit. The current source
device may include an N-type device or a P-type device. The
cascode circuit may include a P-type device or an N-type
device. The cascode bias circuit may include an N-type
device or a P-type device.

This invention also features a method for margin tracking
a cascode current mirror system, the method comprising
providing a current to a load with a current mirror circuit
including a current source device having a predetermined
operating voltage, controlling the output impedance of the
system and establishing a control voltage, and independently
controlling the slope and offset of the control voltage to track
predetermined operating voltage with a predetermined mar-
gin.

In one embodiment, the control voltage may include a
current control voltage. The margin may include a voltage
margin. The margin may include a current margin. The
predetermined voltage margin includes the saturation volt-
age of the current source device.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages will occur to those
skilled in the art from the following description of a pre-
ferred embodiment and the accompanying drawings, in
which:

FIG. 1 is a schematic block diagram of a prior art cascode
current mirror circuit;

FIG. 2 is a graph showing the inaccurate tracking of the
voltage margin between the current control voltage and the
saturation voltage of the prior art cascode current mirror
shown in FIG. 1;

FIG. 3 is a schematic block diagram of an improved prior
art cascode current mirror;

FIG. 4 is a graph showing the inaccurate tracking of the
voltage margin between the current control voltage and the
saturation voltage of the improved prior art cascode current
mirror shown in FIG. 3;

FIG. 5 is a schematic diagram of the margin tracking
cascode current mirror system of this invention;

FIGS. 6A-6D are circuit diagrams of various embodi-
ments of the compound cascode bias circuit shown in FIG.
3;

FIG. 7 is a graph showing the current control voltage
accurately tracking the saturation voltage for the margin
tracking cascode current mirror system shown in FIG. 5;
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FIG. 8 is a graph showing another example of the margin
tracking cascode current mirror system shown in FIG. §
independently controlling the slope and offset of the current
control voltage; and

FIG. 9 is a graph showing yet another example of the
margin tracking cascode current mirror system shown in
FIG. 5 independently controlling the slope and offset of the
current control voltage.

PREFERRED EMBODIMENT

Aside from the preferred embodiment or embodiments
disclosed below, this invention is capable of other embodi-
ments and of being practiced or being carried out in various
ways. Thus, it is to be understood that the invention is not
limited in its application to the details of construction and
the arrangements of components set forth in the following
description or illustrated in the drawings. If only one
embodiment is described herein, the claims hereof are not to
be limited to that embodiment. Moreover, the claims hereof
are not to be read restrictively unless there is clear and
convincing evidence manifesting a certain exclusion, restric-
tion, or disclaimer.

To overcome the problems associated with mismatched
currents of a conventional current mirror circuit, conven-
tional cascode current mirror circuit 50, FIG. 1 includes
current mirror circuit 52 with current reference device 54
and current source device 56. To overcome the problems
associated with the load voltage, V,, indicated at 58, varying
due to load circuit 61, cascode current mirror circuit 50
includes cascode bias device 60 which forward biases the
V., of cascode device 62. Cascode device 62 develops a
current control voltage, V4, at node 64 that eliminates the
problems associated with variations due to load circuit 61
affecting the V¢ of current source device 56. Current
reference device 54 applies a threshold voltage, V, plus a
gate overdrive voltage to enable current source device 56 to
conduct current, i, on line 66. Because the V¢ of current
source device 56 is no longer affected by load circuit 61, the
current, I, ., supplied by current source 57 to input leg 70
of cascode device 50 is approximately equal to the current
in output leg 68.

However, as discussed above, the current mirror of con-
ventional cascode current mirror 50 relies on utilizing the
threshold voltage, V,, (plus a small gate overdrive voltage)
to enable current source device 56 and ensure that current
source device 56 is operating in the constant current region
above V., Because V; is very large, cascode current
mirror 50 generates an excessive voltage margin that wastes
valuable headroom.

Moreover, as shown in FIG. 2, cascode current mirror 50
does not maintain a constant voltage margin, indicated at 69,
between the current control voltage, V4, 71 and the satura-
tion voltage 73 of current source device 56, as temperature
varies. Hence, cascode current mirror 50 is headroom con-
strained by the worst-case voltage margin, e.g., the voltage
margin indicated at 75.

Improved cascode current mirror 80, FIG. 3, where like
parts have been given like numbers, includes third leg 82
that has a first cascode bias device 84 that replicates the V 54
of cascode device 62 and a second cascode device 86 which
attempts to replicate V¢, plus a reduced fixed margin of
current source device 56 to eliminate the problems associ-
ated with utilizing a threshold voltage, V ,, to enable current
source device 56. Although improved cascode current mirror
circuit 80 no longer relies on the threshold voltage, it also
does not accurately track the voltage margin between the
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current control voltage, V, indicated at 64 and the satura-
tion voltage of current source device 56 as temperature
varies. For example, as shown in FIG. 4, the voltage margin,
104 between the current control voltage 100 and the satu-
ration voltage 102 of current source device 56 is not accu-
rately tracked as the temperature increases. Moreover,
improved cascode current mirror circuit 80 relies on adjust-
ing both the amount of voltage margin (offset) and slope of
the current control voltage at the same time (e.g., with one
control “knob”) to generate the current control voltage curve
100. For example, improved cascode current mirror 80, FIG.
4, generates current control voltage curve 106 that is gen-
erated by adjusting one set of slope and voltage margin
(offset) characteristics. Similarly, current control voltage
curve 102 is generated by adjusting a different set of voltage
margin (offset) and slope characteristics. Therefore adjusting
one of the slope and margin necessarily adjusts the other and
so it is difficult to optimize both.

In contrast, margin tracking cascode current mirror sys-
tem 150, FIG. 5, of this invention includes current mirror
circuit 152 including current source device 156 having a
predetermined operating voltage, e.g., saturation voltage,
V ps4r for providing current to load circuit 161. System 150
also includes cascode circuit 158 interconnected between
current mirror 152 and load circuit 161 for controlling the
output impedance of system 150 and establishing a control
voltage, e.g., current control voltage V,, at node 160.
Cascode bias circuit 162 is responsive to current supply 164
on line 166 and provides a bias voltage on line 168 to
forward bias (enable) the V 4 of cascode circuit 158. Simi-
larly as described above, the control voltage developed at
node 160 prevents the load voltage, V; 159 of load circuit
161 from affecting the V. of current source device 156.
Typically, current source device 156, cascode circuit 158
and cascode bias circuit 162 are N-type devices (e.g.,a JFET
or BIT transistor), but this is not a necessary limitation of
this invention, as P-type devices may also be utilized.

Compound cascode bias circuit 170 independently con-
trols the slope and offset of the current control voltage, V-
at node 160 to track the predetermined operating voltage,
e.g., the saturation voltage, V5,7, of current source device
156 with a predetermined, e.g., constant, margin, such as a
voltage margin or transconductance margin. Hence, com-
pound cascode bias circuit 170 effectively provides two
“control knobs” for adjusting the current control voltage:
one for adjusting the slope and the other for adjusting the
offset of the current control voltage. Compound cascode bias
circuit 170 typically includes first component 174 and
second component 176. First component 174 is typically an
active device, e.g., a bias generator, such as an N-type JFET
or BJT transistor (although P-type devices may be utilized)
that generates the slope of the current control voltage, V-
160. Component 176, FIG. 5 is typically a passive device,
e.g., a resistor, that generates the offset of the control
voltage, Vy 160. Compound cascode bias circuit 170 may
also be a diode connected device. In one design, compound
cascode bias circuit 170 may be buffered as shown in FIG.
6A. In one embodiment, compound cascode bias circuit 170
includes first component 174 connected to second compo-
nent 176 as shown in FIG. 5. In other designs, compound
cascode bias circuit 170 includes first component 174 con-
nected to second component 176 as shown in FIG. 6B, e.g.,
first component 174 is swapped with second component
176. Compound cascode bias circuit 170, FIG. 6C may also
include first component 174 and second component 176 that
are both active devices. Although as shown in FIG. §
compound cascode bias circuit 170 includes first component
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174 and second component 176 connected to cascode bias
circuit 162, this is not a necessary limitation of this inven-
tion, as compound cascode bias circuit 170, FIG. 6D, may
include as first component 174 connected to current supply
164.

Typically, first component 174 and second component
176 have different temperature and process varying intrinsic
properties, such as temperature, width, length, current, and
the like.

The result is that margin tracking cascode current mirror
system 150 of this invention generates a control voltage, V4,
at node 160 which accurately tracks the predetermined
operating voltage, e.g., saturation voltage V¢, of current
source device 156 with variations in temperature by inde-
pendently changing both the slope and the offset of the
current control voltage. For example, as shown in FIG. 7, the
control voltage, V., generated by system 150 is shown by
curve 200 and the saturation voltage of current source device
156 is shown by curve 202. The voltage margin, indicated at
204, between current control voltage curve 200 and the
saturation voltage (V ps,7) curve 202 of the current source
device is accurately tracked with variations in temperature.

Moreover, as discussed above, compound cascode bias
circuit 170, FIG. 5 can utilize the two control knobs to
independently control the slope and offset of the current
control voltage. For example, as shown in FIG. 8, passive
device 176 (e.g., a resistor) of compound cascode bias
circuit 170 can act as one control knob to generate the offset,
indicated by curve 210, for the current control voltage.
Active device 174, e.g., a bias generator, of compound
cascode bias circuit 170 can act as another control knob to
generate the slope of the current control voltage, as shown
by curve 212. When offset curve 210 is added to slope curve
212, the result is current control voltage curve 200. As can
be seen, current control voltage curve 200 accurately tracks
the saturation voltage curve 202 with a constant margin,
indicated at 213, as temperature varies.

FIG. 9 shows another example of system 150 indepen-
dently controlling both the slope and offset of current control
voltage as temperature varies. In this example, compound
cascode bias circuit 170 generates two separate slope and
offset curves that are added together to generate the desired
control voltage curve. Specifically, compound cascode bias
circuit 170 generates a first slope and offset curve 216 and
a second slope and offset curve 218. Slope and offset curves
216 and 218 are then added together to generate current
control voltage curve 220. The result is that current control
voltage curve 220 accurately tracks the saturation voltage,
V4 0f the current source device, shown by curve 224,
with a constant margin, indicated at 222, as temperature
varies.

Although as described above, the control voltage is
tracked to the predetermined operating voltage with a pre-
determined margin, e.g., voltage margin or transconductance
margin with variations in temperature, this is not a necessary
limitation of this invention as the control voltage may be
tracked to the predetermined operating voltage with a pre-
determined margin, e.g., voltage margin or transconductance
margin with variations in bias current.

In one design, margin tracking cascode current mirror
system 150, FIG. 5, may include replica cascode device 250,
shown in phantom, for maintaining current control voltage
V4 at node 252 in reference leg 256. Cascode bias circuit
162 and compound cascode bias circuit 170 also establish a
current control voltage, V" which equals current control
voltage, V., at node 160.
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Although specific features of the invention are shown in
some drawings and not in others, this is for convenience
only as each feature may be combined with any or all of the
other features in accordance with the invention. The words
“including”, “comprising”, “having”, and “with” as used
herein are to be interpreted broadly and comprehensively
and are not limited to any physical interconnection. More-
over, any embodiments disclosed in the subject application
are not to be taken as the only possible embodiments.

In addition, any amendment presented during the pros-
ecution of the patent application for this patent is not a
disclaimer of any claim element presented in the application
as filed: those skilled in the art cannot reasonably be
expected to draft a claim that would literally encompass all
possible equivalents, many equivalents will be unforesee-
able at the time of the amendment and are beyond a fair
interpretation of what is to be surrendered (if anything), the
rationale underlying the amendment may bear no more than
a tangential relation to many equivalents, and/or there are
many other reasons the applicant can not be expected to
describe certain insubstantial substitutes for any claim ele-
ment amended.

Other embodiments will occur to those skilled in the art
and are within the following claims.

What is claimed is:

1. A margin tracking cascode current mirror system com-
prising:

a current mirror circuit including a current source device

having a predetermined operating voltage for providing
a current to a load;

a cascode circuit interconnected between said current
mirror and the load for controlling the output imped-
ance of the system and for establishing a control
voltage;

a cascode bias circuit for providing a forward bias to said
cascode circuit; and

a compound cascode bias circuit for independently con-
trolling the slope and the offset of the control voltage to
track the predetermined operating voltage with a pre-
determined margin.

2. The system of claim 1 in which the control voltage

includes a current control voltage.

3. The system of claim 1 in which the margin includes a
voltage margin.

4. The system of claim 1 in which the margin includes a
transconductance margin.

5. The system of claim 1 in which said predetermined
operating voltage is tracked with said predetermined margin
with variations in temperature.

6. The system of claim 1 in which said predetermined
operating voltage is tracked with said predetermined margin
with variations in bias current.

7. The system of claim 1 in which said predetermined
operating voltage includes the saturation voltage of said
current source device.

8. The system of claim 1 in which said compound cascode
bias circuit includes first and second components.

9. The system of claim 6 in which said first and second
components have different temperature and process varying
intrinsic device parameters.
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10. The system of claim 1 in which said predetermined
voltage margin includes a constant margin.

11. The system of claim 5 in which one of said first and
second components includes an active device and the other
of said first and second components includes a passive
device.

12. The system of claim 9 in which said passive device
includes a resistor.

13. The system of claim 9 in which said active device
includes a bias voltage generator.

14. The system of claim 13 in which said bias voltage
generator includes an N-type device.

15. The system of claim 13 in which said bias voltage
generator includes a P-type device.

16. The system of claim 1 further including a replica
cascode device for maintaining said current control voltage
of the reference leg of said cascode current mirror equal to
said current control voltage.

17. The system of claim 1 in which said system drives a
load circuit connected to cascode circuit.

18. The system of claim 1 in which said current source
device includes an amplifier circuit.

19. The system of claim 1 in which said current source
device includes a differential amplifier circuit.

20. The system of claim 1 in which said current source
device includes an N-type device.

21. The system of claim 1 in which said current source
device includes a P-type device.

22. The system of claim 1 in which said cascode circuit
includes a P-type device.

23. The system of claim 1 in which said cascode circuit
includes an N-type device.

24. The system of claim 1 in which said cascode bias
circuit includes an N-type device.

25. The system of claim 1 in which said cascode bias
circuit includes a P-type device.

26. A method for margin tracking a cascode current mirror
system, the method comprising:

providing a current to a load with a current mirror circuit

including a current source device having a predeter-
mined operating voltage;

controlling the output impedance of the system and estab-

lishing a control voltage; and

independently controlling the slope and offset of said

control voltage to track said predetermined operating
voltage with a predetermined margin.

27. The method of claim 26 in which said control voltage
includes a current control voltage.

28. The method of claim 26 in which said predetermined
operating voltage includes the saturation voltage of said
current source device.

29. The method of claim 26 in which said margin includes
a voltage margin.

30. The method of claim 26 in which said margin includes
a current margin.



