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CURRENT MIRROR CIRCUIT

TECHNICAL FIELD

[0001] The present invention relates to a current mirror
circuit that includes a first transistor wherein a base and a
collector are short-circuited and a second transistor wherein a
base is connected to the base of the first transistor, and
wherein a current corresponding to a current flowing in the
first transistor is made to flow in the second transistor.

BACKGROUND ART

[0002] Conventionally, a large number of current mirror
circuits have been used in semiconductor integrated circuits,
among known current mirror circuits are those illustrated in
FIG. 1, FIG. 2, FIG. 3, and FIG. 4.

[0003] FIG. 1 shows a circuit using NPN-transistors, and
FIG. 1(a) shows a constitution of a basic current mirror cir-
cuit.

[0004] The collector of the transistor Q1 is connected to a
positive power supply via a current generator 1, and the emit-
ter is connected to the ground. Further, the collector of the
transistor Q2 is connected to a positive power supply via a
load M, and the emitter is connected to the ground. Then, the
bases of the transistors (Q1, Q2) are directly connected to
each other, and the base and the collector of the transistor Q1
are short-circuited. The constitution of FIG. 1(a) is a basic
current mirror circuit, a current lin from the current generator
I becomes the base current of the transistors (Q1, Q2), and a
current lout equal to the current flowing in the transistor Q1
(or a size corresponding to the ratio of the emitter areas of the
transistors (Q1, Q2)) flows in the transistor Q2.

[0005] FIG.1(b) shows a Wilson current mirror circuit. The
transistors (Q1, Q2) are respectively arranged between the
emitters of transistors (Q3, Q4) and the ground, and the base
and the emitter of the transistor Q3 are short-circuited. With
this constitution, the base current of the transistors (Q3, Q4)
is supplied from lin, and the base current of the transistors
(Q1, Q2) is supplied from lout. Therefore, if the mirror ratio
is 1, the influence of the base current can be removed to obtain
Iin=lout.

[0006] FIG. 1(c) shows a modified Wilson current mirror
circuit. In this circuit, the transistor Q3 of FIG. 1(b) is omit-
ted, and the base of the transistor Q4 is connect between the
current generator I and the collector of the transistor Q1.
Thus, the base current of the transistor Q4 is supplied from
Iin, the base current of the transistors (Q1, Q2) is supplied
from the transistor Q4, and compensation for up to the equiva-
lent of the base current can be provided.

[0007] FIG. 1(d) is a circuit wherein a compensation tran-
sistor Q5 is provided instead of the short circuit between the
base and the collector of the transistor Q1 of FIG. 1(a). In the
compensation transistor Q5, a base is connected to the col-
lector of the transistor Q1, a collector is connected to a posi-
tive power supply, and an emitter is connected to the bases of
the transistors (Q1,Q2). Thus, the base current of the com-
pensation transistor Q5 is supplied from the current lin, but
because the base current of the transistors (Q1, Q2) is sup-
plied from the compensation transistor Q5, the amount of the
base current flowing out from Iin can be made very small.
[0008] FIG.1(e)is acircuit wherein a resistor R connecting
the bases of the transistors (Q1, Q2) to the ground is provided
in addition to the constitution of FIG. 1(d). This resistor can
stabilize the base potential of the transistors (Q1, Q2).

Dec. 24, 2009

[0009] FIG. 2isa circuit wherein, in the configuration show
in FIG. 1, each transistor is changed to a PNP-type and the
current generator [ and the load M are provided on the ground
side. With these circuits, a current mirror circuit having a
similar operation as in those illustrated in FIG. 1 can be
obtained.

[0010] Furthermore, FIG. 3 shows a current mirror circuit
wherein the transistors are N-channel MOS transistors, and
FIG. 4 shows a current mirror circuit wherein the transistors
are P-channel MOS transistors. These circuits can also pro-
vide a similar current flow.

[0011] Current mirror circuits are disclosed in JP No. 2006-
33523A, JP No. 10-97332A, JP 7-121256A and the like, for
example.

[0012] In the current mirror circuits in FIGS. 1 and 2 con-
stituted of bipolar transistors, errors caused by base current
inevitably arise in principle.

[0013] Specifically, in the circuits of FIG. 1(a) and FIG.
2(a), when the base current of the transistors (Q1, Q2) flows
from lin, the mirror ratio changes. Particularly, it is impos-
sible to obtain sufficient accuracy when the hfe of the tran-
sistors is low or the mirror ratio is made larger. The circuits of
FIGS. 1(5),(c) and FIGS. 2(b),(c) perform very well when the
mirror ratio is 1:1. However, when an emitter area ratio
between transistors is changed and the mirror ratio is a value
other than 1:1, the base current cannot be offset, and the
mirror ratio changes.

[0014] Inthe method of FIGS. 1(d),(e) and FIGS. 2(d),(e),
because the base current of the transistors (Q1,Q2) can be
supplied from the compensation transistor Q5, a current flow-
ing out from lin should only be the base current of the com-
pensation transistor Q5, and the accuracy of the current mir-
ror can therefore be significantly improved.

[0015] However, because a current having 1/hfe the collec-
tor current of the compensation transistor Q5 flows from lin,
this current.] often becomes a problem. Particularly, when a
large number of output side transistors are provided to one
transistor on a current mirror input side, the collector current
of the compensation transistor Q5 becomes larger and the
influence on lin increases.

[0016] Although the current mirror circuits of FIGS. 3 and
4 constituted by MOS transistors do not employ a base cur-
rent, the uniformity of the MOS transistors is inferior to that
of a bipolar transistor. Therefore, it is necessary to increase
transistor size in order to achieve equal performance, which
creates problems of frequency characteristic degradation,
increased cost, or larger size caused by degradation in the
degree of integration. Furthermore, because the threshold
voltage Vgs of the MOS transistor is larger than the threshold
voltage Vbe of the bipolar transistor, a large dynamic range
cannot be ensured, and it is difficult to apply MOS trangistors
to a circuit having low power supply voltage.

DISCLOSURE OF THE INVENTION

[0017] A current mirror circuit according to the present
invention includes a first transistor wherein a base and a
collector are short-circuited, and a second transistor wherein
a base is connected to the base of the first transistor, and a
current corresponding to a current flowing in the first transis-
tor is permitted to flow in the second transistor. The circuit
further comprises a compensation transistor wherein a gate is
connected to the collector of the first transistor, a source is
connected to the bases of the first and second transistors, and
a drain is connected to a power source. The first and second
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transistors are bipolar transistors, and the compensation tran-
sistors are MOS-type transistors.

[0018] Because an MOS-type transistor is used as the com-
pensation transistor, a base current is not required for the
compensation transistor, but a highly accurate current mirror
circuit can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1is a view showing the basic constitution of a
current mirror circuit.

[0020] FIG. 2 is a view showing the basic constitution of
another current mirror circuit.

[0021] FIG. 3 is a view showing a basic constitution of still
another current mirror circuit.

[0022] FIG. 4 is a view showing a basic constitution of still
another current mirror circuit.

[0023] FIG.5isaview showing the constitution of a current
mirror circuit according to an embodiment of the present
invention.

[0024] FIG. 61is aview showing the constitution of a current
mirror circuit according to another embodiment of the present
invention.

[0025] FIG.7isaview showing the constitution of a current
mirror circuit corresponding to the embodiment of FIG. 5 and
having a plurality of outputs.

[0026] FIG.8isaview showingthe constitution of a current
mirror circuit having a plurality of outputs and corresponding
to the embodiment of FIG. 6 and having a plurality of outputs.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0027] Hereinafter, embodiments of the present invention
will be described based on the drawings.

[0028] FIG. 5 shows a constitution of one embodiment. The
current mirror circuit of FIG. 5(a) has a constitution corre-
sponding to (d) in FIGS. 1 to 4.

[0029] The collector of a bipolar NPN-type transistor Q1 is
connected to a positive power supply via a current generator
1, and the emitter is connected to ground. Further, the collec-
tor of a bipolar NPN-type transistor Q2 is connected to the
positive power supply via a load M, and the emitter is con-
nected to ground. Further, the bases of the transistors (Q1,Q2)
are directly connected to each other. Then, the circuit has an
N-channel MOS-type compensation transistor Q5, in which
the gate of the compensation transistor Q5 is connected to the
collector of the transistor Q1, the drain is connected to the
positive power supply, and the source is connected to the
bases of the transistors (Q1,Q2).

[0030] Thus, the base current of the transistors (Q1,Q2) is
supplied from the compensation transistor Q5. The compen-
sation transistor Q5 is a MOS-type transistor which does not
require a base current and can prevent degradation of the
mirror ratio caused by the base current.

[0031] On the other hand, both the transistor Q1 that per-
mits the current lin flowing in the current generator I to flow
and the transistor Q2 that constitutes the current mirror circuit
together with the transistor are bipolar transistors having
good uniformity (pairness), and the base current supplied to a
common base of the transistors (Q1, Q2) is distributed on a set
mirror ratio. Because lin flows directly in the transistor Q1, a
current lout obtained by multiplying the lin by the mirror ratio
flows in the transistor Q2, and a highly accurate current mirror
circuit is obtained.
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[0032] FIG. 5(b) shows a current mirror circuit having a
constitution corresponding to () in FIGS. 1 to 4. Specifically,
a resistor R is arranged between the common base of the
transistors (Q1, Q2) and the ground. In such a constitution,
similarly to the above-described example, the current lout is
also obtained by multiplying the Iin flowing in the transistor
Q1 by the mirror ratio can be made to flow in the transistor Q2
with good accuracy.

[0033] Next, and example operation of a circuit as shown in
FIG. 5 will be described.

[0034] First, before the power source starts operation, all of
the transistors (Q1, Q2, Q3) are OFF. Once the power source
is turned ON to build up a power supply voltage, the current
Iin from the current generator I is applied first to the collector
of the transistor Q1 and the gate of the transistor Q2. How-
ever, because the transistors (Q1, Q5) are originally OFF and
have high impedance, the collector of the transistor Q1 and
the gate of the transistor Q2 rise from OV, and a bias is applied
to Vbe of the transistors (Q1,Q2) and Vgs of Q5.

[0035] Whenthe gate of Q5 and the collector of Q1 increase
to a threshold voltage, the compensation transistor Q5 is
turned ON to supply a base current Ib to the transistor Q1 and
the transistor Q2. Because the compensation transistor Q5 is
a MOS-type transistor which does not have a base current Ib
and which does not influence the current flowing in the tran-
sistor Q1, the current lin flows directly the transistor Q1.
[0036] Meanwhile, in the current mirror circuit shown in
FIG. 5(b), although a portion of the current from the compen-
sation transistor Q5 flows to the ground via a resistor R, the
overall operation is basically the same.

[0037] Furthermore, FIGS. 6(a),(b) show a constitution in
which the transistors (Q1, Q2) are PNP transistors and the
compensation transistor Q5 is a P-channel transistor in circuit
of FIGS. 5(a),(b). In this constitution as well, an operational
effect basically similar to that provided by the current mirror
circuit shown in FIGS. 5(a),(b) can be obtained.

[0038] FIG. 7 shows a constitution wherein a plurality of
transistors on the current mirror output side are provided to
one transistor on the current mirror input side and the com-
pensation transistor. In this constitution as well, a sufficient
base current can be supplied from the MOS-type compensa-
tion transistor Q5, and the base current is not in the compen-
sation transistor Q5. It should be noted that FIG. 6 uses
NPN-type and N-channel type transistors as transistors that
constitute the current mirror.

[0039] FIG. 8 shows a constitution in which PNP-type and
P-channel type transistors are used instead of the NPN-type
and N-channel type transistors in the constitution of FIG. 7.
[0040] As described, the following effects are obtained by
the current mirror circuit of the present invention:

[0041] (i) A circuit is relatively is simple.

[0042] (ii)) Only the compensation transistor Q5 is a
MOS-type transistor, the compensation transistor Q5
only supplies a base current corresponding to the collec-
tor current of the transistor Q1 to the transistors (Q1,
Q2), does not have a problem in performance, and an
area can be made relatively small.

[0043] (iii) By determining the current lin of the current
generator I, the current lout is determined corresponding
to the current Iin, and for this reason, a circuit basic
having a superior temperature characteristic is obtained.

[0044] (iv) Even when a large number of transistors on
the current mirror output side are connected, no problem
occurs as long as the current capability of the compen-
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sation transistor Q5 is sufficient, and a high performance
mirror ratio can be maintained.
[0045] Although the circuits shown in each of (a) to (e) in
FIG. 1 to FIG. 4 and (a) and () in FIG. 5 and FIG. 6 are all
connected to a common ground and a main power source, the
circuits in each drawing are separate circuits.

1. A current mirror circuit comprising:

a first transistor;

aplurality of second transistors whose bases are connected
to a base of the first transistor; and

a compensation transistor having a gate connected to a
collector of the first transistor, a source and a back gate
connected to the base of the first transistor and the bases
of the plurality of second transistors, and a drain con-
nected to a power source, wherein

the first transistor and the plurality of second transistors are
bipolar transistors, the compensation transistor is a
MOS-type transistor, and
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a current corresponding to a current flowing in the first
transistor is permitted to flow in the plurality of second
transistors.

2. The current mirror circuit according to claim 1, wherein

the first transistor and the plurality of second transistors are
NPN-type transistors,

the compensation transistor is an N-channel type transistor,
and

the power source to which the drain of the compensation
transistor is connected is a positive power supply.

3. The current mirror circuit according to claim 1, wherein

the first transistor and the plurality of second transistors are
PNP-type transistors,

the compensation transistor is a P-channel type transistor,
and

the power source to which the drain of the compensation
transistor is connected is a negative power supply.
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