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APPARATUS AND METHOD FOR INPUT
STAGE AND BIAS CANCELLER FOR AN
AUDIO OPERATIONAL AMPLIFIER

“or” is an inclusive “or” operator, and is equivalent to the term

“and/or,” unless the context clearly dictates otherWise. The
term “based, in part, on”, “based, at least in part, on”, or
“based on” is not exclusive and alloWs for being based on

FIELD OF THE INVENTION

additional factors not described, unless the context clearly

The invention is related to operational ampli?ers, and in
particular but not exclusively, an input stage of an audio

direct electrical connection betWeen the items connected, or

dictates otherWise. The term “coupled” means at least either a
an indirect connection through one or more passive or active

operational ampli?er that substantially cancels out the input

intermediary devices. The term “circuit” means at least either
a single component or a multiplicity of components, either
active and/ or passive, that are coupled together to provide a

bias current of the audio operational ampli?er.
BACKGROUND OF THE INVENTION

desired function. The term “signal” means at least one cur

rent, voltage, charge, temperature, data, or other signal.
Audio operational ampli?ers may be used for many appli

Brie?y stated, the invention is related to an input bias
cancellation stage for an audio operational ampli?er. The
input bias cancellation stage includes an input differential

cations, including phono preampli?cation, other forms of
audio preampli?cation, balanced-to-single-ended conver

sion, adding audio signals, subtracting audio signals, high
pass ?ltering, loW-pass ?ltering, graphic equalizing, and/or

pair, a current mirror, and a bias duplicator transistor that

the like. Audio signals may be processed by circuitry for

cator transistor receives substantially the same emitter current

signal conditioning that includes audio operational ampli?

substantially duplicates the input bias current. The bias dupli
20

as the transistors in the input differential pair, and has sub
stantially the same Vce as the transistors in the input differ
ential pair. The current mirror mirrors the duplicated bias
current and subtracts it from the bases of the transistors in the
input differential pair so that the input bias current is substan

25

tially cancelled.

ers. The signal conditioning may include functions such as

gain, mixing, ?ltering, driving an audio poWer ampli?er, and/
or the like.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shoWs a block diagram ofan embodiment ofbias
cancellation stage 100. Bias cancellation stage 100 may be a
?rst stage of an operational ampli?er, a front end for an

Non-limiting and non-exhaustive embodiments of the
present invention are described With reference to the folloW

ing draWings, in Which:
FIG. 1A shoWs a block diagram of an embodiment of a bias

current cancellation circuit;
FIG. 1B illustrates a block diagram of an embodiment of
the circuit of FIG. 1A;
FIG. 2 illustrates a block diagram of another embodiment
of the circuit of FIG. 1A;

operational ampli?er, or the like. Bias cancellation stage 100
30

one embodiment, the plurality of translinear elements
includes N translinear elements 131, N translinear elements
132, M translinear elements 133, and M translinear elements
35

FIG. 3 shoWs a block diagram of an embodiment of a

circuit for audio ampli?cation that includes tWo audio opera
tional ampli?ers that each include an embodiment of the
circuit of FIG. 1A;
FIG. 4 illustrates a simpli?ed schematic diagram of an
embodiment of the circuit of FIG. 2;
FIG. 5 shoWs a simpli?ed schematic diagram of another
embodiment of the circuit of FIG. 2; and

134.

Transistors Q1 and Q2 form an input differential pair. The
bases of transistors Q1 and Q2 are the inputs of the opera
tional ampli?er at nodes N1 and N2, respectively, and are

con?gured to receive signals IN1 and IN2, respectively. Fur
40

ther, transistor Q1, transistor Q2, and current source 111 act
together as a transconductance stage that converts differential

input voltage IN1, IN2 to a current. Also, current mirror 120,
current source 112, and the translinear elements operate
together to provide input bias current cancellation so that the

FIG. 6 illustrates a block diagram of an embodiment of an

audio operational ampli?er that includes the circuit of FIG. 4,
arranged in accordance With aspects of the present invention.

includes current sources 111 and 112, transistors Q1-Q3,
current mirror 120, and a plurality of translinear elements. In

45

DETAILED DESCRIPTION

base currents of Q1 and Q2 are substantially cancelled. Bias
current stage output signal BCS_OUT is provided to the next
stage of the operational ampli?er, Which may be a gain stage,
a cascode stage, or the like. For example, in one embodiment,

the audio operational ampli?er including bias cancellation
Various embodiments of the present invention Will be
described in detail With reference to the draWings, Where like
reference numerals represent like parts and assemblies
throughout the several vieWs. Reference to various embodi
ments does not limit the scope of the invention, Which is
limited only by the scope of the claims attached hereto. Addi
tionally, any examples set forth in this speci?cation are not
intended to be limiting and merely set forth some of the many
possible embodiments for the claimed invention.

50
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Throughout the speci?cation and claims, the folloWing
terms take at least the meanings explicitly associated herein,
unless the context dictates otherWise. The meanings identi
?ed beloW do not necessarily limit the terms, but merely
provide illustrative examples for the terms. The meaning of
“a,” “an,” and “the” includes plural reference, and the mean
ing of “in” includes “in” and “on.” The phrase “in one
embodiment,” as used herein does not necessarily refer to the
same embodiment, although it may. As used herein, the term

60

stage 100, Which is the input stage, folloWing by one or more

gain stages, folloWed by an output stage that provides the
output of the audio operational ampli?er. In other embodi
ments, the audio operational ampli?er may be arranged in
other Ways. For example, virtually any audio operational
ampli?er topology knoWn in the art may be employed, With
bias cancellation stage 100 substituted inplace of ?rst stage of
the audio operational ampli?er that Would otherWise be used
in the knoWn topology.
Current source 111 is arranged to provide current I1 to the
common emitter of transistors Q1 and Q2. The emitters of

transistors Q1 and Q2 each receive approximately half of
current I1, so that the emitters of Q1 and Q2 each have an
emitter current Ie, and current I1 is 2*Ie.
In a forWard-biased bipolar transistor, the collector current
65

is proportional to the base current, as given by the equation
IC/IBIB, Where IC is the collector current, IB is the base cur
rent, and [3 is the forWard-biased common-emitter current
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3

4

gain. Values for [3 typically fall from about 20 to 500, With 100
being a typical value for [3. The emitter current and base
current have a relationship given by: IE/IB:[3+1, Where IE is
the emitter current. Since [3>>1, this relationship is often
simpli?er as IE/ IBIB. Because of this relationship, Q1 and Q2

the voltage at node N3 (VN3) is N diode drops less thanVEQl,
and voltage VEQ3 is N diode drops up fromVN3, so that VE, Q1
is substantially equal to VE,Q3. In another embodiment, the
voltage at node N3 (VN3) is N diode drops more than VEQI,
and voltage VEQ3 is N diode drops doWn from VN3, so that
VEQl is substantially equal to VE,Q3. Since in one embodi
memVE,Q1:VE,Q3 s VC,QI:VC,Q3 s and VE,Q1:VE,Q2’ VCE,Q3:

each source a bias current, IbiasM and IbiasP respectively, of

about IE/ [3.
Additionally, bias duplicator transistor Q3 is arranged to

VCE,Q1:VCE,Q2'

provide a duplicate bias current Ibias_dup that is substantially
equal to the input bias current. To ensure that Ibias_dup is

Although one particular embodiment of bias canceller
stage 100 is illustrated and discussed above, other embodi

substantially equal to IbiasM and IbiasP, transistor Q3 is

ments are Within the scope and spirit of the invention. For

arranged so that VCEQ3 is substantially the same as VCEQl

example, in one embodiment, the circuit may be ?ipped over,
replacing the p-type transistor With n-type transistors, are

and VCEQZ, so that IE,Q3 is substantially the same as IEQI and
IE, Q2. Further, current source 112 is arranged to provide cur
rent I2 such that I2:I1/2, so that IE,Q3 is substantially the same

illustrated in FIG. 2 in one embodiment.
FIG. 1B illustrates a block diagram of an embodiment of

bias canceller stage 100B, Which may be employed as an
embodiment of bias canceller stage 100 of FIG. 1A. Bias
canceller stage 100B is similar to bias canceller stage 100 of

as IEQl and IE,Q2. The translinear elements are arranged to
ensure that VCEQ3 is substantially the same as VCEQl and

VCE,Q2'

FIG. 1A, but in bias canceller stage 100B the circuit is ?ipped

Also, current mirror 120 is a 1:1:1 current mirror that is

arranged to provide current IbiasM_cancel and IbiasP_cancel
such that IbiasM_cancel and IbiasP_cancel are substantially

20

sinked from nodes N1 and N2 respectively, and bias cancel
lation current IbiasM_cancel and IbiasP_cancel are sourced
from nodes N1 and N2 respectively so that input bias current

equal to duplicate bias current Ibias_dup. In some embodi
ments, as explained in further detail With regard to FIG. 4
beloW, current mirror 120 further includes a current mirror
correction resistor. The outputs of current mirror 120 are
coupled to nodes N1 and N2. In this Way, in one embodiment,
current IbiasM_cancel and IbiasP_cancel are sinked from

25

is substantially cancelled.

30

FIG. 2 illustrates a block diagram of an embodiment of
circuit 200, Which may be employed as an embodiment of
circuit 100 of FIG. 1A. In circuit 200, the N translinear
elements 132 of FIG. 1 are embodied by N-l translinear
elements 235 that are part of current mirror 220, and the Vbe

nodes N1 and N2 respectively. In this embodiment, since
current IbiasM is sourced to node N1, current IbiasM_cancel
is sinked from node N1, and current IbiasM and IbiasM_can
cel are substantially equal, the bias current at node N1 is

of transistor Q3. In circuit 200, N-l translinear elements 235
are coupled in series from node N3 to the base of transistor

substantially cancelled. Similarly, in this embodiment, since
current IbiasP is sourced to node N2, current IbiasP_cancel is
sinked from node N2, and current IbiasP and IbiasP_cancel
are substantially equal, the bias current at node N2 is substan

Q3.Voltage VN3 is N diode drops less thanVE, 1, and voltage
VEQ3 is (N-l) diode drops+Vbe(Q3) up from VN3, so that
35

tially cancelled.
In one embodiment of bias cancellation stage 100, the
plurality of translinear elements are arranged as folloWs. Each
of the translinear elements is a diode, a base-emitter voltage
of a bipolar transistor, a gate-source voltage of a ?eld effect
transistor, or the like. Each of the translinear elements pro
vides one diode drop or the like, Where each of the diode drops

FIG. 3 shoWs a block diagram of an embodiment of circuit

poWer ampli?er 350, speaker load 350, resistors, and capaci
40

ampli?er is substantially Zero. Audio operational ampli?er
45

M translinear elements are coupled in series from node N4 to

the collector of transistor Q3. In one embodiment, the voltage
at node N4 (VN4) is M diode drops less than VQQI, and
50

some embodiments the next stage of the operational ampli?er
example, in one embodiment the next stage is arranged so that
the collector of transistor Q2 is M diode drops up from node
N4 (as shoWn in FIG. 6 in one embodiment).
In one embodiment, VN4 is a ?xed voltage, such as ground,
so that VQQl and VQQ3 are both M diode drops up from the
?xed voltage. In another embodiment, VN4 is not a ?xed

55
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voltage, but tracks changes in VQQl so that VQQ3 tracks

changes in VQQI.

ampli?ers that include an embodiment of circuit 100 may also
be used Within the scope and spirit of the invention.
FIG. 4 illustrates a simpli?ed schematic diagram of an
embodiment of bias canceller stage 400, Which may be
employed as an embodiment of bias canceller circuit 200 of
FIG. 2. Current mirror 420 includes transistor Q4, transistor

Q5, transistor Qdi, and optionally resistors R1, R2, and R3.
In FIG. 4, voltage VQQl is labeled a, voltage VQQ2 is
labeled aa, voltage VQQl is labeled aaa, voltage VEQl is
labeled b, and voltage VEQ3 is labeled bb. Voltage a is tWo
diode drops up from Vee (Vbe of transistor Q8 or Q9 being
one diode drop, and Vbe of transistor Q10 being the other),
and voltage aaa is tWo diode drops up from VEE (diodes D3

In one embodiment, N translinear elements are coupled in

series from the emitter of transistor Q1 and node N3, and
another N translinear elements are coupled in series from
node N3 to the emitter of transistor Q3. In one embodiment,

A1 is arranged to receive signals IN1 and IN2, and to provide
signal OUT. One embodiment of audio operational ampli?er
A1 is illustrated in FIG. 6 beloW. Audio operational ampli?er
A2 may be substantially similar to operational ampli?er A1.
Although circuit 301 shoWs only one embodiment of audio
operational ampli?ers for one particular application, numer
ous other arrangements of one of more audio operational

VQQl is substantially equal to VQQ3, Although not shoWn, in
is arranged so that VQQ2 is substantially equal to VQQI. For

tors. One or both of audio operational ampli?ers A1 and A2
may include an embodiment of bias cancellation stage 100 of

FIG. 1A as the input stage of the audio operational ampli?er.
In this Way, the input bias current to the audio operational

one embodiment, M translinear elements are coupled in series

voltage VQQ3 is M diode drops up from VN4, so that VQQl is
substantially equal to VQQ3. In another embodiment, the
voltage at node N4 (VN4) is M diode drops more than VQQI,
and voltage VQQ3 is M diode drops doWn from VN4, so that

VEQl is substantially equal to VE,Q3.
301, Which may be employed for audio ampli?cation. Circuit
301 includes audio operational ampli?ers A1 and A2, audio

is a voltage drop that is substantially equal to the others. In
from the collector of transistor Q1 and node N4, and another

over relative to bias canceller stage 100 of FIG. 1A. In bias
canceller stage 100B, bias current IbiasM and IbiasP are

65

and D4). Also, in this embodiment, the voltage associated
With signal BSC_OUT is set to Vee+2Vbe in the next stage. In
this embodiment, a:aa:aaa:Vee+2Vbe. Emitter resistors R2

US 7,649,417 B1
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and R3 have voltage drops that are small relative to the diode

What is claimed is:

drops. Voltage VN3 is tWo diode drops doWn from voltage b
(through the Vbe of Q7 and diode D2, and voltage bb is tWo
diode drops up from voltage VN3 (through Vbe of Q4 or Q5

1. A circuit for audio ampli?cation, comprising:
an input differential pair including a ?rst bipolar transistor
having at least a base, a collector, and an emitter; and a
second bipolar transistor having at least a base, a collec
tor, and an emitter;
a bias current duplicator transistor having at least a base, a

and the Vbe of transistor Q3). In the embodiment shoWn,
b:bb:Vcm+Vbe. Current source 415 is arranged to bias tran

sistor Q7. Although diodes D2, D3, and D4 are shoWn as
diodes, in some embodiments they may be base-emitterjunc

collector, and an emitter;
a plurality of translinear elements that are arranged such
that a voltage betWeen the collector and the emitter of the

tions of a transistor, or the like.

Transistors Q4, Q5, and Qdi operate together as a current
mirror. Resistor R1 is provided for current mirror correction.
Resistor R1 is omitted in some embodiments. Transistors Q4,
Q5, and Qdi each draWn a base current lbias_dup/[3, so that, if
resistor R1 is omitted, current lbiasM_cancel and lbiasP_
cancel are about lbias_dup—3*lbias_dup/[3. However, resis
tor R1 may be included so that the Vbe of transistors Q4 and

bias current duplicator transistor is substantially the
same as a voltage betWeen the collector and the emitter

of the ?rst bipolar transistor; and
a current mirror having at least an input that is coupled to
the base of the bias current duplicator transistor, a ?rst

output that is coupled to the base of the ?rst bipolar
transistor, and a second output that is coupled to the base

Q5 are slightly larger than the Vbe of transistor Qdi. The
resistance R1 may be pre-selected to compensate for the —

20

3lbias_dup*[3 so that lbiasM_cancel and lbiasP_cancel are

drops doWn from the emitter of the ?rst transistor to a

each substantially equal to current lbias_dup.
Input bias current, Which may go through input resistors or

?rst node;
N translinear elements arranged to provide N diode
drops up from the ?rst node to the emitter of the bias

the like for an operational ampli?er, may cause a voltage

offset across the input resistance, pop-and-click noise, or the

25

like. By substantially canceling the bias current, the negative

FIG. 5 shoWs a simpli?ed schematic diagram of bias can
celler stage 500, Which may be employed as an embodiment
ofbias canceller stage 400 ofFlG. 4. Bias canceller stage 500
further includes diode D2X and transistor QdiX. Bias cancel
ler stage 500 is similar to bias canceller stage 400 of FIG. 4,
except that there are three diode drops from node N1 to node
N3, and three diode drops up from node N3 to the emitter of

a second node; and
30

35

40

is arranged to sink a bias current at the base of the ?rst and

second transistors, and Wherein the current mirror is arranged
to source a duplicate bias current at the base of the ?rst and

50

second transistor, Wherein the duplicate bias current is sub
stantially equal to the bias current.
5. The circuit of claim 1, further comprising:
a current source that is arranged to provide a ?rst emitter
current to a common emitter of the input differential

pair; and
55

a duplicate current source that is arranged to provide a
second emitter current to the emitter of the bias current

duplicator transistor such that the second emitter current
is about half of the ?rst emitter current.
6. The circuit of claim 1, further comprising an audio

voltage drop of resistor R4 being substantially negligible).
60

description of the manufacture and use of the composition of
the invention. Since many embodiments of the invention can

appended.

second transistor, Wherein the duplicate bias current is sub
stantially equal to the bias current, Whereby the bias current is

4. The circuit of claim 1, Wherein the input differential pair
45

includes transistors Q13-Q16 and current sources 12 and 13.

be made Without departing from the spirit and scope of the
invention, the invention also resides in the claims hereinafter

to sink a duplicate bias current at the base of the ?rst and

substantially cancelled.

capacitor Cc, and current source 11. Output stage 670

Gain stage 660 is arranged to provide signal GAlN_OUT
from signal BSC_OUT. Output stage 670 is arranged to pro
vide signal OUT from signal GAIN_OUT.
The above speci?cation, examples and data provide a

transistor.

second transistors, and Wherein the current mirror is arranged

stage 660 includes transistor Q11, transistor Q12, resistor R4,

Gain stage 660 is arranged such that the voltage at the
collector of transistor Q2 (of FIG. 4) is tWo diode drops up
from Vee (due to the Vbe of transistor Q11 and Q12, With the

elements is at least one of a diode, a base-emitter junction of
a bipolar transistor, or a gate-source junction of a ?eld effect

3. The circuit of claim 1, Wherein the input differential pair

audio operational ampli?er A1, Which includes an embodi
ment (600) of bias cancellation stage 400 of FIG. 4. Audio

operational ampli?er A1 includes input stage/bias cancella
tion stage 600, gain stage 660, and output stage 670. Gain

M translinear elements arranged to provide M diode
drops up from the second node to the collector of the
bias current duplicator transistor.
2. The circuit of claim 1, Wherein each of the translinear

is arranged to source a bias current at the base of the ?rst and

transistor Q3. This embodiment has greater accuracy, but the
common mode voltage range is reduced by Vbe.
FIG. 6 illustrates a block diagram of an embodiment of

current duplicator transistor;
M translinear elements arranged to provide M diode
drops doWn from the collector of the ?rst transistor to

effects of the input bias current may be prevented or reduced.

Canceling the input bias current may be particularly bene?
cial for applications With a high common input impedance.
Although a particular number of diode drops is employed
in the circuit illustrated in FIG. 4 is described, in other
embodiments, other numbers of diode drops may be
employed, so long as the topology used is such that Vce of Q3
is maintained substantially equal to Vce of Q1 and Q2.

of the second bipolar transistor, Wherein
the plurality of translinear elements include:
N translinear elements arranged to provide N diode

65

operational ampli?er, Wherein the input differential pair is a
?rst stage of the audio operational ampli?er.
7. A circuit for audio ampli?cation, comprising:
an input differential pair including a ?rst bipolar transistor
having at least a base, a collector, and an emitter; and a
second bipolar transistor having at least a base, a collec
tor, and an emitter;
a bias current duplicator transistor having at least a base, a

collector, and an emitter;

US 7,649,417 B1
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a plurality of translinear elements that are arranged such
that a voltage between the collector and the emitter of the

transistor, and a second output that is coupled to the base

bias current duplicator transistor is substantially the

the current mirror is approximately a 1:1:1 current mirror,
and Wherein the current mirror includes:
a ?rst current mirror transistor having at least a base that
is coupled to the base of the current duplicator tran
sistor, a collector that is coupled to the base of the ?rst
current mirror transistor, and an emitter that is
coupled to a node;

of the second bipolar transistor, Wherein

same as a voltage betWeen the collector and the emitter

of the ?rst bipolar transistor; and

5

a current mirror having at least an input that is coupled to
the base of the bias current duplicator transistor, a ?rst

output that is coupled to the base of the ?rst bipolar
transistor, and a second output that is coupled to the base
of the second bipolar transistor Wherein
the plurality of translinear elements include:
N translinear elements arranged to provide N diode
drops up from the emitter of the ?rst transistor to a ?rst

a second current mirror transistor having at least a base

that is coupled to the base of the ?rst current mirror
transistor, a collector that is coupled to the base of the
?rst bipolar transistor, and an emitter that is coupled to

node;
N translinear elements arranged to provide N diode
drops doWn from the ?rst node to the emitter of the
bias current duplicator transistor;
M translinear elements arranged to provide M diode

the node;
15

is coupled to the base of the ?rst current mirror tran
sistor, a collector that is coupled to the base of the
second bipolar transistor, and an emitter that is

coupled to the node; and

drops up from the collector of the ?rst transistor to a

second node; and
M translinear elements arranged to provide M diode
drops doWn from the second node to the collector of
the bias current duplicator transistor.
8. The circuit of claim 1, Wherein each of the diode drops is
a base-emitter voltage of a bipolar transistor.
9. The circuit of claim 1, Wherein the N translinear ele
ments that are arranged to provide N diode drops up from the
?rst node to the emitter of the ?rst bias current duplicator
transistor include: N-l translinear elements that are arranged
to provide N-l diode drops up from the ?rst node to the base
of the bias current duplicator transistor, and the base-emitter
junction of the bias current duplicator transistor.
10. The circuit of claim 9, Wherein the N-l translinear

20

cator transistor, compensating for the base current of each of
30

35

40

45

50

55

60

providing N diode drops up from the ?rst node to the
emitter of the bias current duplicator transistor;
providing M diode drops doWn from the collector of the
providing M diode drops up from the second node to the
collector of the bias current duplicator transistor.
15. The method of claim 14, Wherein the input differential
pair sources a bias current at the base of the ?rst and second

transistors, and Wherein mirroring the base current includes
sinking a duplicate bias current to the base of the ?rst and
second transistors, Wherein the duplicate bias current is sub
stantially equal to the bias current.
16. The method of claim 14, Wherein the input differential
pair sinks a bias current at the base of the ?rst and second

same as a voltage betWeen the collector and the emitter

of the ?rst bipolar transistor; and
output that is coupled to the base of the ?rst bipolar

differential pair, Wherein
providing the emitter and collector voltage of the bias
current duplicator transistor includes:
providing N diode drops doWn from the emitter of the

?rst transistor to a second node; and

bias current duplicator transistor is substantially the
a current mirror having at least an input that is coupled to
the base of the bias current duplicator transistor, a ?rst

differential pair;
mirroring a base current of the bias current duplicate tran
sistor to a base of ?rst transistor of the input differential
pair and to a base of the second transistor of the input

?rst transistor to a ?rst node;

coupled to the node.
12. A circuit for audio ampli?cation, comprising:
an input differential pair including a ?rst bipolar transistor

collector, and an emitter;
a plurality of translinear elements that are arranged such
that a voltage betWeen the collector and the emitter of the

pair;
providing emitter and collector voltages of the bias current
duplicator transistor such that the collector-emitter volt
age of the bias current duplicator transistor is substan
tially the same as each of the transistors in the input

the node; and

having at least a base, a collector, and an emitter; and a
second bipolar transistor having at least a base, a collec
tor, and an emitter;
a bias current duplicator transistor having at least a base, a

14. A method for audio ampli?cation, comprising:
providing an emitter current to a bias current duplicator
transistor such that the emitter current of the bias current

duplicator transistor is substantially the same as the
emitter current of each transistor of an input differential

a third current mirror transistor having at least a base that

is coupled to the base of the ?rst current mirror tran
sistor, a collector that is coupled to the base of the
second bipolar transistor, and an emitter that is

and third current mirror transistor are such that the collector
currents of the second and third transistors are each substan
tially the same as the base current of the bias current dupli

the transistors in the current mirror.

a second current mirror transistor having at least a base

that is coupled to the base of the ?rst current mirror
transistor, a collector that is coupled to the base of the
?rst bipolar transistor, and an emitter that is coupled to

the current mirror further includes:
a resistor that is coupled betWeen the emitter of the ?rst
current mirror transistor and the node.
13. The circuit of claim 12, Wherein the resistor has a

resistance such that the base-emitter junctions of the second
25

elements are part of the current mirror.

11. The circuit of claim 1, Wherein
the current mirror is approximately a 1:1:1 current mirror,
and Wherein the current mirror includes:
a ?rst current mirror transistor having at least a base that
is coupled to the base of the current duplicator tran
sistor, a collector that is coupled to the base of the ?rst
current mirror transistor, and an emitter that is
coupled to a node;

a third current mirror transistor having at least a base that
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transistors, and Wherein mirroring the base current includes
sourcing a duplicate bias current to the base of the ?rst and
second transistors, Wherein the duplicate bias current is sub
stantially equal to the bias current.
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