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(54)  Current reference circuit

(57) A current reference circuit consists of two inter- voltages.
connected current mirrors, of which the two transistors
of one current mirror have mutually different threshold
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Description

[0001] The present invention relates to an inte-
grated current reference circuit using two intercon-
nected current mirrors.

[0002] It is known to provide a constant current gen-
erating circuit using two interconnected current mirrors,
of which one current mirror is of p FETs and the other is
of n FETs. Such circuits have traditionally required one
of the branches of the current generator to contain a
resistor.

[0003] Use of resistors in integrated circuits is not
desirable for a number of reasons, for instance because
of the temperature dependence thereof, because of the
area occupied by a resistor and the difficulty of manu-
facture.

[0004] The present invention therefore aims to at
least partly mitigate the difficulties of the prior art.
[0005] According to the present invention there is
provided an integrated current reference circuit com-
prising a first and a second current mirror, each current
mirror having a respective diode connected transistor
controlling a respective controlled transistor, the diode
connected transistor of the first current mirror being
connected to the controlled transistor of the second cur-
rent mirror and the diode connected transistor of the
second current mirror being connected to the controlled
transistor of the first current mirror to form two branches
connected between a positive and a negative supply
rail, the two transistors of one of said current mirrors
having mutually different threshold voltages.

[0006] Preferably one of said two transistors has a
lower width to length ratio, and a lower threshold voltage
than the other of said two transistors.

[0007] Alternatively the transistors of the other of
said current mirrors are of mutually different current-car-
rying ability.

[0008] Preferably the two transistors of said one of
said current mirrors are n FETSs.

[0009] Advantageously the current reference circuit
further comprises an output transistor controlled by the
diode-connected transistor of the other of said current
mirrors.

[0010] Preferably said output transistor is a p FET.
[0011] An embodiment of the present invention will
be described, by way of example only, with reference to
the accompanying drawings in which:-

Figure 1 shows a prior art constant current generat-
ing apparatus;

Figure 2 shows a current reference circuit in
accordance with the present invention; and

Figure 3 shows a graph of current vs voltage for two
transistors of Figure 2.

[0012] In the various figures like reference numer-
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als refer to like parts.

[0013] Referring to Figure 1, a current reference cir-
cuit according to the prior art consists of a first current
mirror comprising a first p FET 11 having a gate con-
nected in common with its drain and a source con-
nected to a positive supply terminal 1, and a second p
FET 10 having a source connected to the positive sup-
ply terminal 1 and a gate connected to the commoned
gate/drain electrodes of the first transistor 11.

[0014] The circuit further comprises a second cur-
rent mirror which consists of a first n FET 12 having a
gate electrode connected in common with its drain elec-
trode, and a source electrode connected to a negative
supply terminal 2. The second current mirror has a sec-
ond n FET 13 whose gate is connected to the com-
moned gate and drain electrodes of the first n FET 12.
The source of the second n FET 13 of the second cur-
rent mirror is connected via a resistor 15 to the negative
supply terminal 15.

[0015] The gate electrode of the second n FET 13 is
also connected to the gate electrode of an output tran-
sistor 14, which has a source electrode connected to
the negative supply terminal 2, the drain 15 of the output
transistor 14 providing a circuit output.

[0016] The commoned gate and drain electrodes of
the first transistor 11 of the first current mirror consti-
tutes a controlling node of that current mirror and the
drain of the second transistor 10 of the first current mir-
ror constitutes a controlled node of that current mirror.
As is known to those skilled in the art, as the parame-
ters of the transistors 10 and 11 are matched by virtue
of their being formed on an integrated circuit, applica-
tion of a current to the controlling node causes a corre-
sponding current at the controlled node, depending on
the relative sizes of the transistors.

[0017] Similarly, the commoned gate and drain
electrodes of the first transistor 12 of the second current
mirror constitutes a controlling node of the second cur-
rent mirror whereas the drain of the second transistor 13
of the second current mirror constitutes the controlled
node of that transistor.

[0018] Further reference to Figure 1 shows that the
controlled node of the first current mirror is connected to
the controlling node of the second current mirror and the
controlling node of the first current mirror is connected
to the controlled node of the second current mirror.
[0019] In the arrangement described, the second
transistor 13 of the second current mirror is "stronger"
than the first transistor 12 of the second current mirror.
It will be clear to those skilled in the art that the arrange-
ment shown in Figure 1 has in fact two stable operating
conditions, namely one in which no current flows
through either current mirror and a second state in
which a non-zero current is sunk by the output terminal
15.

[0020] Considering the second stable state, with
second n FET 13 having a conductivity which is n times
that of the first n FET 12. Naming the current through
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the controlling transistor 11 of the first current mirror and
the controlled transistor 13 of the second current mirror
as 12, and the current through the controlled transistor
10 of the first current mirror and the controlling transistor
12 of the second current mirror as I1, the following
arise:-

[0021] The first current mirror constrains the two
currents such that

[0022] The second current mirror constrains the two
currents such that

2=nxI1

[0023] Clearly these two constraints alone cannot
be satisfied. However, the source potential of the tran-
sistor 13 is increased by the current flow through the
resistor 15. This reduces the gate-source potential, and
thus the ability of transistor 13 to conduct current under
the bias conditions provided by the transistor 12.
[0024] The result is that the two currents 11 and 12
reach an equilibrium condition at which the two currents
become equal and independent of the voltage applied
to the circuit.

[0025] Referring now to Figure 2, the first current
mirror comprising p FETs 10 and 11 also has an output
p FET 24 having a gate terminal connected to the com-
moned gate terminals of transistors 10 and 11, and a
source terminal connected to the positive supply 1.

[0026] The output transistor has an output 25 from
its drain node.
[0027] The second current mirror comprises a first

n FET 22 and a second n FET 23, of which the first n
FET 22 has its gate connected to its drain to form the
controlling node of the current mirror, this node being
connected to the drain of the first transistor 10 of the first
current mirror. The second n FET 23 is the controlled
transistor and has its drain node connected to the con-
trolling node of the first current mirror, at the commoned
gate and drain nodes of the second p FET 11 of that
current mirror. Both of the n FETs have source connec-
tions made to the second lower power supply line 2.
[0028] In this embodiment, the first n FET 22 has a
higher width to length ratio than does the second n FET
23. Moreover, the first n FET 22 has a higher threshold
voltage VTHH than the threshold voltage VTHS of the
second n FET 23.

[0029] Again, in this embodiment the first p FET 10
and the second p FET 11 are identical so that the cur-
rent |1 is equal to the current 111.

[0030] Referring now to Figure 3, which shows the
variation of drain source current |y with gate source
voltage Vs for the transistors 22 and 23 it will be seen
that the transistor 23 due to having a relatively lower
threshold voltage, starts to conduct at a lower gate
source voltage VTHS, but that the rate of increase of
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current with increasing voltage is relatively low. By con-
trast, the first transistor 22 starts to conduct at a higher
gate source voltage VTHH but its rate of change of cur-
rent with applied voltage is substantially higher. Thus
the two current characteristics for the transistors inter-
sect at a unique current value |yg.

[0031] This unique value is independent of the sup-
ply voltage and determines the current output from the
output node 25.

[0032] On a more quantative basis, for a general
transistor the drain source current lyg is proportional to
the product of the size of the transistor and the square
of the difference between the applied gate source volt-
age and the threshold voltage.

[0033] Hence a transistor having larger size (width
to length ratio) has a larger drain current per applied
voltage. Moreover a transistor having a higher threshold
voltage turns on at a higher voltage than a transistor
having a lower threshold voltage.

[0034] The embodiment described with respect to
Figures 2 and 3 combines differential size and differen-
tial threshold voltage in the n transistors. It will be under-
stood by those skilled in the art that the two transistors
22 and 23 could be made identical in size, although hav-
ing different threshold voltages with the current being
determined instead by differential sizing of the p transis-
tors 10 and 11. In such an arrangement, the low thresh-
old voltage transistor (for example transistor 23) is
supplied with a relatively low current from the corre-
sponding transistor (here 11) of the other current mirror.
By contrast, the high threshold voltage transistor (here
22) is supplied with a relatively high current from the
corresponding transistor (here 10) of the other current
mirror.

[0035] It will of course be understood that by suita-
bly proportioning the transistor 24 with respect to the
transistors 10 and 11 of the first current mirror, different
values of output current can be achieved.

Claims

1. Anintegrated current reference circuit comprising a
first and a second current mirror, each current mir-
ror having a respective diode connected transistor
controlling a respective controlled transistor, the
diode connected transistor of the first current mirror
being connected to the controlled transistor of the
second current mirror and the diode connected
transistor of the second current mirror being con-
nected to the controlled transistor of the first current
mirror to form two branches connected between a
positive and a negative supply rail, the two transis-
tors of one of said current mirrors having mutually
different threshold voltages.

2. Anintegrated current reference circuit as claimed in
claim 1 wherein one of said two transistors has a
lower width to length ratio and a lower threshold
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voltage than the other of said two transistors.

An integrated current reference circuit as claimed in
claim 1 wherein the transistors of the other of said
current mirrors are of mutually different current-car- 5
rying ability.

An integrated current reference circuit as claimed in

any preceding claim wherein the two transistors of
said one of said current mirrors are n FETs. 10
An integrated current reference circuit as claimed in

any preceding claim further comprising an output
transistor controlled by the diode-connected tran-
sistor of the other of said current mirrors. 15

An integrated current reference circuit as claimed in
claim 5 wherein said output transistor is a p FET.
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