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[57] ABSTRACT

A difierential input amplifier stage having improved fre-
quency compensation. Frequency compensation is achieved
by cancelling one-half of the signal output of a differential
error amplifier in the input stage, such that all error signals
must pass through a “current-mirror” {ype load circuit in
which a resistor-capacitor network is provided io roll of gain
of the input stage.

11 Claims, 3 Drawing Sheets
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DIFFERENTIAL INPUT AMPLIFIER STAGE
WITH FREQUENCY COMPENSATION

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

The present invention realtes to mmproved frequency
compensation for analog integrated circuits, especially inte-
grated circuit devices used in implementing voltage regula-
tor circuits and other negative feedback circuils requiring
ripple rejection,

As ts well known, the basic architecture of a serics-type
voltage regulator circuit includes a pass element (c.g., a
transistor) connected in series between a load and an unregu-
lated supply line, an error amplifier which controls the pass
element, a voltage reference generator connected to one
input of the error amplifer and a negative feedback network
connected between the other input of the error amplifier and
the output of the regulator circuil. This type of architecture
has been incorporated in many commercially available inte-
grated circuits.

Most applications of a boltage regulator circuit require the
circuit to be stable. Like any other circuit operating with
negalive feedback, a series-type voltage regulator circuit
will tend to become unstable (i.c. break into oscillations) if
total phase shift across the circuit for a particular {requency
approaches 180° and, simultaneously, the magnitude of the
gain of the circuit at that frequency approaches unity. In an
idealized voltage regulator circuit, stability is not a problem
because total phase shift is limited to 90° and overall gain
exhibits a signale-pole rolloff charactenstic corresponding
to a —6 dB/octave rolloff of dc open-loop gain for frequen-
cies in excess of a relatively low 3-dB bandwidth w.

However, as a result of excess phase shifts associated with
active devices and stray capacitances inherent in practical
voltage regulator circuits, total phase shift across such
circutts typically exceeds 180° at frequencies well within a
desired range of operation. Therefore, it is usually nccessary
to compensate practical regulator circuits to provide stable
operation. Such compensation is typically requried in opera-
tional amplifier circuits as well,

Commonly, capacitors are placed in voltage regulator and
operalional amplifier circuits to provide frequency compen-
sation. However, the integration of a voltage regulator or
operaticnal amplifier circuit complicates such frequency
compensation by limiting the points that an external capaci-
tor can be connected, and by imposing size constraints on
internal capacitors.

One known freguency compensation technique associated
with mntegrated circuit voltage regulator devices is to use an
internal capacitor to reduce the gain of the differential input
amplifier stage of the regulator at high frequencies. This
technique i1s used, for example, in the LM120 integrated
circuit negative voltage regulator device available commer-
cially from various manufactures. The differential input
amplifier stage of the LM 120 includes a differential ampli-
fier coupled to a current mirror load. The current mirror load
acts as a gain stage, and performs differential-to-single-
ended signal conversion. The gain of the differential input
amplifier stage is rolled off by coupling a bypass capacitor
across the base-colieclor junction of the output transistor of
the current mirror load. This approach. however, has short-
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comings and disadvantages that limit the operating charac-
teristics of the circuit.

For example, even with the internal capacitor, a differen-
lial inpul amplifier stage of the type in the LM 120, which has
Npn-pnp cOmposiie transistors at its inputs, exhibils a gain of
at least 0.25, no matter what the value of the intemal
capacitor is. In standard circuits that have a single transistor
at each mput 1nstead of a composite hike the LM120, this
minimum gain is typically 0.5. Because the oulpu stage of
the device also introduces gain into the regulator sysicm
looop, unstable circuit conditions may still result. Also,
regulator circuits, especially when used in power supplies,
typically include an external capacitor coupled across the
load to absorb transients. The external capacitor introduces
a pole into the regulator system loop that, when combined
with the pole created by the internal capacitor, can cause
excess phase shift tending to exacerbate stability probiems.

In most operational amplifier circuits, the voltage gain of
the input stage can be rolled-off by placing an internal of
external capacitor across the output stage, thus providing
simple frequency compensation. However, the capacitor
tends to pass signals at the amplifier supply line directly 10
the ouptut. In a regulator circuit having a rectified ac voltage
signal at is mput, the capaciior would create ripple 1n the
output voltage. This compensation technique therefore 15 not
suitable for regulator circuits, or even for some operaiional
amplifier circuils, where it 1s desired that th ecircuit have an
ability to reject fluctuations of voltage signals on the power
supply lines (i.e. ripple rejection).

It would therefore be desirable to be able to provide a
differential 1input ampiifier stage for a voltage regulator or
other circuit that does not require a large capacitor for
frequency compensation, and that therefore can be imple-
menied as part of an integrated circuit. It would also be
desirable to be able to provide a differential input amplifier
stage that cen be compensated without degrading ripple
rejection. Further, it would be desirable to be able to provide
a differential input amplifier stage having a gain that cen be
rolled substantially below 0.25 (for a composite npn-pnp
type mput) or 0.5 (for a single transistor type inpul) over
some range of frequencies and that can bc compensated
without causing siability problems when load conditions
introduce an external polc approaching a 90° phase shift.

SUMMARY OF THE INVENTION

In view of the forepoing, it is an object of the present
invention to provide a differential input amplifier stage that
can be implemented in an integrated circuit without neef for
a large value mtemal capacitor.

It 1s another obiect of the present invention to provide a
differential input amplifier stagc with a frequency compen-
sation circuil that can be implemented 1n a voltage regulator
circuit without degrading ripple rejection.

it is yet another object of the present invention to provide
a differential input amplifier stage whose gain can be rollcd-
off over a range of tfrequencies to substantialiy less than the
minimum gain of a conventional stage having the same type
ol differential error amplifier design.

It 15 a further object of the present invention to provide a
differential input amplifier stage whose gain can be rolled-

off independent of phase shift requirements.

These and other objects and advantages of the present
invention are accomplished by cancelling one-half of the
signal output of the diffcrential error amplifier in the input
stage of the voltage regulator or operational amplifier, such
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that a single-ended error signal is injected into a first
transistor of a “current-mirror” type load circuit. The
injected signal causes a voltage change across the first
transistor, which signal is in turn fed into a resitor-capacitor
integrator nctwork. Component values in the integrator
network can be chosen to cause gain of the error amplificr
to be rolled-off over a range of frequencies to a value well
below the minimum gain of a conventional amplifier of
similar type, while simultancously making excess phasc
shift build-up negligible over a wide range of load condi-
tions.

In a preferred embodiment, the signal cancellation 1s
cffected by spliting the collectors of transistors in the error
amplifier to combine currents havign offsetting differential
signals at one differential output of the error amplifier. In an
alterantive embodiment, cancellation is achieved by shunt-
ing one differential output current of the error amplfier (o a
point which as negligible influence on loop gain and replac-
ing the shunied output current with current from a DC
current source.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and advantages of the present
invention will be apparent upon consideration of the [ol-
lowing detailed description, taken in conjunction with the
accompanying drawings, in which like reference characters
refer to like parts throughout, and in which:

FIG. 1is a simplified schematic diagram of a conventional
voltage regulator circuit,

FIG. 2 is a simplified schematic of a voltage regulator
circuit utilizing a prefcrred embodiment of the present
invention; and

FIG. 3 is a simplified schematic of a voltage regulator
circuit utilizing an altcrantive cmbodiment of the present
invention.

DETAILED DESCRIPTION OF THE
INVENTION

Referring to FIG. 1, a simplified schematic of a conven-
tional voltage regulator circuit 100 is shown. Regulator
circuit 100 includes differential input amplifier stage 100a
(hereafter referred to simply as “input stage 100a”) and
output stage 100b. Input siage 100a inciudes differential
crror amplifier 102 having a non-inverting input 104 con-
nected to a voltage reference generator 105, and inverting
input 106 connected to reccive a feedback voltage from
output terminal V,,» and first and second differetnial
outpus 108 and 110. Voltage reference gencrator 105 gen-
erates a reference voltage level V.., which 1s independent
ol an unregulated supply voltage applied to input terminal
V.. Error amplifier 102 compares V .z, with the feedback
voltage and generates differential, corrective error signals to
modulate currents I, and I, at outputs 108 and 110 respec-
tively. Each current is modulated to carry one-half of the
error signal output of the amplifier.

A current mirror circuit 11§, including matching npn
transistors 114 and 118, is connected 1o outputs 108 and 110
to provide active loads for the error amplifier and o perform
differential-to-single-ended conversion of the error signals
imposed on currents I, and 1,. Current [ is {ed to transisior
114, which scts the base-emitter voltage of transistor 118.
Assuming transistors 114 and 118 have the samec cmitler
areas, and ignoring the cffects of resistors 116 and 117 and
capacitor 128, transistor 118 will conduct a collector current
I, equal to current [,. The collector current of transitor 118
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subtracts from current I, at node 120 to provide an error
signal current to the base of output stage transistor 122. This
error signal current has a signal component contribuied 1n
part by the error signal imposed on current 1,, and 1n part by
the error signal imposed of current [,

The collector of output stage transistor 122 (which rep-
resents the gain of output stage 100b in simplified form) 1s
connected 10 the regulator output terminal V4, to which a
typical outpul load, represented by a variable resttor 124
having a resistance valuc R, connected in parallel with a
load capacitor 126 having capacitance C, and parasitic
series resistance R, is shown connected. Output slage
transistor 122, responsive to the current applied to its basc,
regulates the voltage across the output load to matntain the
voltage equal to the voltage reference level Vg In many
regulator circuits, the feedback signal provided to the error
amplifier is generated by scaling the output voltage, such
that the regulator will maintain the output voliage at a level

proportional 10 V .z f.

In the aforementioned LM120 integrated circuit voltage
regulator device, which has a basic architecture of the type
represented by stages 100a and 100b of FIG. 1, internal
frequency compensation was provided by coupling a small
capacitor across the base-collector junction of the outpul
transistor of the input stage current mirror load circuil, as
shown for example by capacitor 128 coupled across tran-
sistor 118. Capacitor 128 adds a pole to the closed-loop
frequency response of regulator circuit 100 at a frequency
determined by its capacitance, meaning that at frequencics
above the pole the capacitor adds—6 dB/octave of gain
rolloff to input stage 100a. The added gain rolloff reduces the
unity gain bandwidth of the regulator circuit, and thus
improves stability.

Although it would be desirable, from a stability perspec-
live, 1o choose a large capacitance for capacitor 128 such
that the capacitor pole is at a low frequency, this 1s notl
practical in an integrated circuit because of the chip area that
would be required for the capacitor. However, by adding a
resistor 117 between the bases of transistors 114 and 118, as
was done in the LMI120, a resistor-capacitor integrator
network is formed having a pole at a frcquency substantially
lower than could practically be obtained by capacitor 128
alone. The addition of resistor 117 creates a dc current
imbalance in the current mirror. To compensatc, a resisior
116 maiching the resistance value of resistor 117 1s con-
nected between the base and collector of transistor 114.

The integrator network of resistor 117 and capacitor 128
has two disadvantages. First, the gain of input stage 100a
cannot be rolled down below a certain minimum gain that
typically falls within a range of 0.25-0.5. To explain this,
consider error amplifier 102 as comprising a pair of differ-
entially-connected pnp transistors, with the coliector of one
pnp transistor providing error amplifier output 108 and the
collector of the other pnp transistor providing error amplifier
output 110. The gain of input stage 100a for error signals at
error amplifier output 110 is approximately equal 1o the
output impedance of the current mirror load transistor 118
divided by the emitter impedance of the error amplifier. In
this case, the emitter impedance of the error amplifier 1s
equal to twice the emitter resistance of the pnp transistor
conducting current 1,. At frequencies where the capacitor
cffectively becomes a short, capacitor 128 causes transistor
118 to appear to the error amplifier as a diode, with an
impedance equal to the emitter resistance of the crror
amplifier transistors. Thus, the ratio of the load impedancc
and error amplifier emitter impedance is equal to 0.5 and the
gain of the stage is 0.5. This is true even assuming that
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resistor-117 and capacitor 128 are chosen to be of sufficient
value to severely attenuate high frequency gain of crror
amplifier outpul 108, because the error signal path from
output 110 still has a gain of 0.5, If, as in some error
amplified designs, each diflerentially-connected pnp transis-
tor is replaced by an npn-pnp composite transistor, the
minimum gain can be reduced to (0.25.

A gain of 0.25-0.5 1n input stage 100a, when combined
with the gain of output stage 106b, creates an overall loop
gain that can exceed unity and destabilize the regulator
circuit. In operational amplifier circuits, 1t is known to
provide a capacitor across a second gain stage to add rollofT,
as shown for example by capacitor C_ in FIG. 1. However,
in regulator circuit 104, such a capacitor would not be
suitable because, at higher frequencies, the capacitor would
pass signals at terminal V,,, directly to the output terminal
V o This would significantly degrade the circuit’s ability
to reject ripple on the unregulated mput voltage applied to
terminal V,,,.

A second disadvantage of the frequency compensation
scheme of FIG. 1 1s that the pole created by capacitor 128

will, when combined with a pole created by external load
capacitor 126, cause excess phase shift to build up in the
closed-loop response of the regulator. Such build-up can be
reduced by placing a resistor in series with capacitor 128
between the base and cotilector of transistor 118, but this then
compromises the capacitor’'s ability to provide gain rolloff.

The present invention overcomes the above disadvantages
by cancelling the error signal in the differential current
output of the error amplifier coupled directly 1o the output
node of the input stage, thus forcing the entire error signal
to pass through the current mirror load circuit of the input
stage.

Regulator circuit 200 of FIG. 2 represents a simplified
schematic of a preferred embodiment of the present inven-
tion. Regulator circuit 200 includes a differential input
amplifier stage 200a (hereafter “input stage 2002”) and a
second gain stage 200b. Input stage 2002 includes error
amplifier 202 comprising a tail current source 203 and a pair
of differentially-connected pnp transistors 204 and 206. Tail
current source 203 may be implemented in a conventional
manner or may simply be a resistor. The base of transistor
[204] 206 is the non-inverting input of error amplifier 202,
and 1s connected (o voltage reference generator 205 which
generates a reference voltage level Vg The base of
transistor [206] 204 is the inverting input of error amplifier
202, and 1s connected to receive a feedback signal indicative
of the voltage at output terminal V. The connection
between terminal V ;- and the base of transistor [206] 204
1s shown by a broken line to indicate that circuitry such as
a resistor divider network may be interposed to scale the
output voltage.

Each of transistors 204 and 206 has a pair of split
collectors, 204a-b and 206a-b, respectively. The areas of the
split collectors are ratioed as follows: collectors 204a and
[206b] 2064 have equal areas of x, and collectors 204b and
206b have equal areas of 2x. Collector 204b forms a first
output 208 of ecrror amplifier 202. Collectors 204a and
[206b] 206a are connected together to form a second output
210 of error amplifier 202. Collector 206b is connected to a
point which has negligible influence on loop gain, such as
terminal V,,, (as shown in FIG. 2). The area ratios of the split
collectors are chosen such that the zero-differential signal
componenis of output currenis I1' and 12 of the error
amplifier are balanced, and equal but out of phase differen-
tial signal components arc combined at error amplifier
output 210 to cancel the error signal at that output.
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Error amplifier outputs 208 and 210 are connected to
current mirror circuit 215, which includes diode-connected
npn transistor 214 and matching npn transistor 218. Tran-
sistors 214 and 218 operate as active loads for error amplifier
outputs 208 and 210, respectively. In response (o a voltage
differcntial appearing across the inputs of transistors 204 and
206 of error amplifier 202, error amplifier 202 modulates
current 11" with a single-ended error signal proportional to
the input error signal voltage. The impedance of diode-
connected transistor 214 converts the single-ended error
signal 1nto a voltage that sets the base-emitter voltage of
transistor 218, and causes transistor 218 1o conduct a current
I3, which is subtracted at node 220 from error amplificr
output current 12", The resulting error signal is provided to
gain stage 200b comprising npn transistors 234 and 236.
Current 12" has no differential signal component because the
opposile phase signals appearing at collectors 204a and
[206b] 2064 cancel one another. Thus, the error signal gain
of input stage 200a is determined by the gain through current

mirror circuii 215.

Although a mismatch between the collector currents com-
bined at error amplifier output 210 can resulf in a signal
being conducted by current 12, this signal will be relatively
small for most cases and therefore normally will not have
enough gain 1o cause a problem. For example, even if the
mismatch i1s as iarge as 10%, the gain of error amplifier
output [110} 270 will have been reduced approximately by
a factor of 10. This reduction 1n gain will still allow the
overall gain of input stage 200a to be rolled well below 0.5.
Thus, the collector area ratio of collectors 204a and 206a
necd not be exactly one-l1o-one. Any arca ratio that results in
substantial signal cancellation at output [110] 210 can sul-
fice.

The higher frequency gain through current mirror circuit
215 is controlled by the integrator network formed by
resistor 217, connecied between the bases of transistors 214
and 218, and capacitor 228 and resistor 230, connected in
serics with one another between the base and collector of
transistor 218. Preferably, a resistor 216 of equal valuc to
resistor 217 is provided at the base of diode-connected
transistor 214 to balance DC currents within the current
mirror. The values of resistor 217 and capacitor 228 can be
chosen to roll off the gain of the error signal path to well
below 0.5. Because no signal is camed by current 12, the
overall gain of input stage 200a can be rolled-off consider-
ably below 0.5 thus overcoming the first-mentioned disad-
vantage of the frequency compensation scheme of FIG. 1.

However, as previously discussed, excess phase shift
across the regulator must be considered simultaneously with
gain. This phase shift may vary widely depending on the
nature of the load connected to regulator output terminal
V o7 FOr example, assuming a load consisting of a variable
resistor 224 1n parallel with a load capacitor 226-—a typical
load for a regulator circuiti—the capacitance in the load will
create a pole in the closed-loop response of the regulator.
Where load capacitance C, is large (as is often the case 1n
regulalor circuil applications), the pole will be created at a
relatively low frequency, This pole may superimpose on the
phase response of the regulator a phasc shift approaching
90° over a wide range of frequencies, especially if load
resistance R, i1s light. If the phase shift induced by the load
capacitor 226 overlaps 10 a large extent with that created by
capacitor 228, a destabilizing build-up of excess phasc shift
may result at an undesirably low frequency.

To mitigate the degree of overlap, and thus 1o reduce the
build-up of excess phasc shift, capacitor 228 should be
prevented from rolling ofl the gain of input stage 200a too
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far below 0.5. This is accomplished by placing resistor 230
in series with capacitor 228. Resistor 230 creates a system
zero that stops the rolloff of gain due to capacitor 228. In the
frequency compensation scheme of FIG. 1, this result could
nol be achieved without increasing the minimum gain of the
input stage. Thus, phase and gain considerations had to be
offset. This dlsadvanlagc is overcome by the circuit of F1G.
2, where gain can be reduced below 0.5 independent of
phasc shifl requircments.

The present invention has a broad range of applications,
and can be used in various rcgulator and operational circuit
designs. The optimum values of resistors 217 and 230, and
of capacitor 228, are dependent on the particular design of
the circuit, as well as the particular parameters of other
devices in the circuit and the range ol expected load con-
ditions. Selection of optimum values for a particular appli-
calion is well within the ordinary skill of a person in the art
of analog circuit design, and can be done empincally.
Desirable results in typical circuits and applications should
be achievable using values for resistors 217 and 230 and
capacitor 228 in the approximate ranges of 1-200K ohms,
0.1-10K ohms, and 1-100pF, respectively. Thus, capacitor
228 can be made sufficiently small to allow 1t 10 be eco-
nomically incorporated in an integrated circuit device.

An alternative embodiment of the present invention 1s
illustrated by the simplified schematic of regulator circuit
300 in FIG. 3. Regulator circuit 300 includes a conventional
error amplificr 302 with differential outputs 308 and 310. in
this embodiment, cancellation of the error signal 1 output
310 of error amplifier 302 is achieved, without the need for
split collectors in the error amplifier transistors, by shunting
oulput 310 to a point in the circuit having negligible efiort
on loop gain, such as terminal V,, (as shown in FIG. 3).
Current mirror 215 is balanced by providng a dc current
source 332 which conducts a non-signal current 12" to node
220. Current source 332, which can be implemented 1n a
conventional manner, is designed such that current [2"
substantially matches the non-signal component of current
1" conducted by error amplifier output 308. The remaining
components of regulator circuit 300 operate as previously
described with respect to FIG. 2. Likewise, optimum values
for resistors 217 and 230 and capacitor 228 are chosen n
accordance with the principles of the present invention
already discussed. Thus, a novel frequency compensation
technique for an analog circuit is provided. Persons skilled
in the art will appreciate that the present invention can be
practiced by other than the described embodiments, and that
in actual circuits various additional components and alter-
native interconnections not shown in the figures may be
used. For example, although negative regulator circuits are
shown and described, the present invention can be imple-
mented in positive regulators and operational ampiifier
circuits as well. Also, the error amplifiers of FIGS. 2 and 3
may be implemented with composite npn-pnp transistors at
the inputs, as in the circuitry of the LM120, or as in the
uA-741 or LM 101 type operational amplifiers commercially
available from various manufacturers. An error amplifier
with Darlington-connected transistor pairs also could be
used. The described embodiments are presented for the
purposes of illustration and not of limitation, and the present
invention is limited only by the claims which follow.

I claim:

1. An improved differential input amplifier stage having
first and second input terminals between which a voltage
difference can be generated, the stage including:

an error amplifier circuit having a differential transistor
pair coupled to the first and second input terminals for
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gencrating first and second diflerential currents respon-
sive 10 a voltage difference generated between the first
and sccond input terminals, at least a portion ol cach of
the first and second differential currents being respec-
tively coupled to first and second output terminals of
thc error amplifier circuit;

an active load coupled to the first and second output
terminals of the error amplificr for generating an error
signal current at an output terminal of the input stage by
subtracting from the current generated at the second
error amplifier output terminal a current conducted by
the active load in response 1o the current generated at
the first error amplifier output terminal; and

a frequency compensation circuit coupled 1o the active
load to reduce the gain of the active load with respect
to a range of frequencies, as a result of which the output
voltage of the active load becomes less responsive 10
the current generated at the first error amplifier terminal
at frequencies within the range of reduced gain;

wherein the improvement comprises:

means for dividing the first and second differential cur-
rents generaled by the differential transisior pair into
portions;

means for providing a first portion of the first differential
current to the first oulput terminal of the error amplifier;
and

means for combining a second portion of the first dificr-
ential current with a portion of the second diffcrential
current 10 generatc a current at the second output
terminal of the error amplifier, whereby differential
signals in the current generated at the second error
amplifier output terminal are substantially cancelled.

2. The improved stage of claim 1, wherein the frequency
compensation circuil comprises a network of resistor and
capacitor elements, and wherein gain of the stage for signal
frequencies within a predetermined range can be reduced
below 0.5, the predetermined range being controllable by
selectably varying values of the resistor and capacitor ele-
ments.

3. The improved stage of claim 1, wherein the currents
generated at the first and second error amplifier output
terminals are substantially equal when no voltage difference
is generated between the first and second input terminals.

4. The improved stage of claim 1, wherein the differential
transistor pair of the error amplifier circuit includes first and
second transistors each having a first collector and a second
collector, the first collector of the first transistor being
coupled to the first output terminal of the error amplifier
means, the second collector of each of the first and second
transistors being commonly coupled to the second outpul
terminal of the error amplifier circuit, and the first collector
of the second transistor being coupled to a shunt point 1n the
stage.

5. The improved stage of claim 4, wherein the second
collectors of the first and second transistors are of substan-
tially equal area.

6. The imnproved stage of claim 5, wherein the first and
second collectors of each of the first and second transistors
have a 2:]1 area ratio.

7. The improved stage of claim 1, wherein the active load
means COmprises a current mirror circuit.

8. The improved stage of claim 1, wherein the stage is
incorporated in an inlegrated circuit.

9. The improved stage of claim 1, wherein the stage 1s
incorporated in a voltage regulator circuit.

10. A differential input amplifier stage having first and
second input terminals between which a voltage difference

can bc generated, the stage including:
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a differential error ampiifier circuit for generating first and a diffcrential error amplifier circuil having a first input

second differential currents responsive to a vollage coupled to receive the reference voliage and a second

diflerence generated between the first and second input input coupled to receive a feedback signal responsive 10

:?::;2315 said  second  differential current  being : the output of the regulator, said differential error ampli-

‘ o ! fier operating to compare the reference voltage 10 a

a currcnl source *fnr providing a current subhstantiai*ly portion of the feedback signal to gencrate first and
equal (o a non-signal component of the first differential

second differential currents:

current; | - | |
an active load coupled to receive the first differential

an active load coupled to receive the first differential

current and the current provided by the current source U currcnt and a second current substantially equal 10 a
for generating an error signal current by subtracting non-signal component of the first differential current
from the current provided by the current source a for generating an error signal by subtracting the first
current conducted by the active load 1n response (0 the differential current from the second current, at least a
first differential current; and . portion of the error signal being coupled to the input of

a frequency compensation circuit coupled to the active the common-emiiter outpul stage to conirol the output
load to reduce the gain of thc active load with respect of the voltage regulator; and

to a range of high frequencies, as a result of which the
output voltage of the active load becomes less respon-
sive to the first differential current at frequencies within
the range of reduced gain.

a frequency compensation circuit coupled to the active
load to reduce the gain of the active load with respect
to a range of frequencies, as a result of which the output

11. In a negative voltage regulator circuit having a com- voltage of the active load becomes less responsive (o
mon-emitter output stage including an output coupled to an the current generated by the error amplifier circuit al
output of the regulator and an input, and having voltage frequencies within the range of reduced gain.
reference circuitry for generating a reference vollage, an
input amplifier stage comprising: k% ok k%
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