1. AVPLIFI ER HAVI NG TWO OPERATI NG MODES Background of the Invention 5

The present invention relates to anplifiers and, nore particul arl Y Q4P| -3
nonolithic integrated differential and operational anplifiers. Monolithic
differenti-al and/or.operational anplifiers are utilized in nyriad dfoss Y

applications as is well understood. In the 10 past, it has b | to -
produce anplifiers with | ow qui escent powgr consunption but sﬁgp%@ art
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as nobil e tel ephones, consuner e al nnen stens e.g., radios and video
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qui escent utilized in myriad of applications as is well understood. In the
10 past, it has been a goal to produce amplifiers with low quiescent
power consumption but such prior art amplifiers have been
defficient in in output drive current and alternating current (AC)
performance. In fact, it is still the goal to provide an operational
amplifier that has high drive current capability in order to drive
15 low impedance loads while also having minimum bias drain
current to reduce power consumption. In portable battery
powered applications such as mobile telephones, consumer
entertainment systems e.g., radios and video games etc., it is
especially important to limit the quiescent power consumption of
20 amplifiers used in such applications. ' '
Most, if not all, high output current operational amplifiers
are comprised of an input stage that is coupled to an output stage.
In response to an alternating input signal being applied to the
input stage, the operational amplifier both sources and sinks
25 drive current to and from a load coupled to the output stage.
Typically, the input and output stages are biased to a quiescent
drain current to permit quality audio and data processing
applications. For example, low power, high output current
amplifiers such as the MC 33178 manufactured by Motorola, Inc.
30 draw approximately 420 microamperes of drain current per
amplifier in the quiescent operating mode with no input signal
applied thereto. For micro-power and battery powered
applications there is a need to reduce drain current requirements
over the foregoing while providing amplifiers that can supply high
'35 load currents. . -



drain current to pernmit quality audio and data processing applications. For
exanpl e, | ow power, high output current anplifiers such as the MC 33178
manuf actured by Mdtorola, Inc. 30 draw approximtely 420 m croanperes of
drain current. per anplifier in the quiescent operating node with no input
signal applied thereto. For m cro-power ang battery powered applications
there is a need to reduce drain current requirenents over the foregoing
while providing anplifiers that can supply high 35 [|oad currents. 2
Hence, a need exists for differential and/or operational anplifiers that
have reduced drain bigncentaragadr exists sfosy diffarpatigh iand/ar topetstionad an
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senses Wne?i an input signal is applied to the anplifier and is responsive

thereto for” providing an enabling signal at an output thereof and current
regulator circuitry that supplies a low drain current to bias the

Summary of the Invention

Accordingly, there is provided an amplifier having an input
10 and output stage for providing drive current to a load coupied
thereto which comprises circuitry that senses when an input
signal is applied to the amplifier and is responsive thereto for
providing an enabling signal at an output thereof and current
regulator circuitry that supplies a low drain current to bias the
15 input and output stages when the amplifier is in a quiescent
operating mode absent an applied input signal and that is
responsive to the enabling signal for increasing the current
supplied to said input and output stages to bias the same in a high
bias drain current operating mode.
20
Brief Description of the Drawing

Fig. 1 is a partial block and schematic diagram of the
amplifier of one embodiment of the present invention;
25 Fig. 2 is a partial block and schematic diagram of the
amplifier of another embodiment of the present invention;
Fig. 8 is a partial block and schematic diagram of the
amplifier of yet another embodiment of the present invention;
Fig. 4 is a more detailed block and schematic diagram of the
30 amplifier of Fig. 2; and .
Fig. 5 is a detailed schematic diagram of the amplifier of
Fig. 4.

_ Detailed Description of the Preferred Embodiment
35



15 1input and output stages when the anplifier is in a quiescent operating
node absent an applied input signal and that is responsive to the enabling
signal for increasing the current supplied to said input and output stages
to bias the sane in a high bias drain current operating node. 20 Bri ef
Description of the Drawing Fig. 1 is a parkial block and schematic diagram
of the anplifier of one enbodi nent of the %resent I nvention; 25 Fig.
2 is a partial block and schenmatic diagram of the anplifier of another
enbodi nent of the present invention; Fig. 3 is a partial block and

schemati ¢ di agr am oReferringnioi Figs. 3, ytheranatéheahowb ditree nembiodiments esent
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amplifier in a high drain bias current mode and in the absence of
an applied input signal maintaining the operational amplifier in a
low drain bias current quiescent operation mode. It is understood
that the amplifiers are suited to be manufactured in integrated
10 circuit form using, for example, conventional bipolar fabrication
processes. In addition, like components between Figures are
designated by the same reference numerals.
Turning to Fig. 1, there is illustrated amplifier 10
comprising a conventional operational amplifier 12 and additional
15 associated circuitry for controlling the operating state of the
operational amplifier by placing the operational amplifier in
either a low quiescent drain current mode ("sleep mode") or a high
drain current mode ("awake mode") of operation, i.e., a two state
operated amplifier. Typically, operational amplifier 12 s
20 responsive to an input signal applied at differential inputs 14 and
16 for supplying a high drive current, I, at output 18 to a load R..
Generally, operational amplifier 12 includes a differential input
stage for receiving the differential input signal, an intermediate
stage coupled beiween the input stage and an output stage the
25 latter of which is coupled to output 18 for both sinking and
sourcing the load current. Although not shown, the
aforementioned MC 33178 operational amplifier is typical of the
type of operational ampilifier being disclosed and includes the
stages as aforedescribed. Amplifier 10 further includes
30 regulating circuitry comprising quiescent current regulator 20
and active current regulator 22 for supplying the bias current
IBias to the stages of operational amplifier 12. A voltage
comparator 24 is coupled to the respective inputs 14 and 16 of
amplifier 10 and has an output coupled to enable circuitry 26 the
35 latter of which has an output coupled to an enable input of active
current regulator 22.



anpliifier having two operating nodes in accordance with the teachings
herein. Anplifiers 10, 30 and 40 each include circuitry 5 responsive to an
applied input signal for operating the operational anplifier in a high
drain bias current node and in the absence of an applied input signal

mai ntai ning the operational anplifier in a,low drain bias current quiescent
operation node. It is understood that the %rrpl ifiers are suited to be

manuf actured in integrated 10 circuit formusing, for exanple,
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typical of thetQ it supplies a control signal for activating enable circuitry 26.

As enable circuitry 26 is activated an enable signal is supplied to

active current regulator 22. In response to being enabled, active

current regulator 22 sinks additional bias current to increase the

15 magnitude of lgjas to a higher bias drain current level to operate

the stages in the higher "awake" or active mode to supply the

high output current to load Ri.

Hence, what has been described is a two state operational

amplifier that is operated in a low bias drain state or sleep mode

20 in the absence of an applied input signal and which senses an
input signal applied thereto for operating the amplifier in an
awake mode or high bias drain current state sufficient to provide
high load current and high frequency capabilities.

Turning to Fig. 2, there is illustrated amplifier 30 of the

25 preferred embodiment which operates in the two operating modes
as described above with respect to amplifier 10. Amplifier 30 is
~ responsive to the input signal applied to inputs 14 and 16 and
senses a current that is proportional to a change in the load
current I by current detector 28 which is coupled to the output
30 stage of operational amplifier 12 to control the operation of
enable circuitry 26.

Thus, as described above, active current regulator 22 is
enabled in response to an applied input signal causing the load
current || to exceed a predetermined threshold value.

35 Similarly, amplifier 40 of Fig. 3 operates in a sleep mode
and an awake mode in substantially the same manner as described



type of operational anplifier beirng disclosed and includes the stages as

af oredescribed. Anmplifier 10 further includes 30 regulating circuitry
conpri sing qui escent current regulator 20 and active current regul ator 22
for supplying the bias current [err] to the stages of operational anplifier
12. A'voltage conparator 24 is coupled to Lhe respective inputs 14 and 16
of anplifier 10 and has an output coupled Yo enable circuitry 26 the 35

| atter of which has an output coupled to an enable input of active current
regul ator 22. 4 In operation, in the absence of an applied input signal,
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i s supplied tdnput signal. This increase in current is compared to a reference
current by current comparator 36 such that a control signal is

10 generated to enable circuitry 26 to enable regulator 22.
Likewise, as load current is sank from output 18, detector 34
senses a change in current in the negative supply rail. This
change is detected by current comparator 36 to enable regulator
22 as before.

15 Referring now to Fig. 4, amplifier 50 (which is a more
detailed block and schematic diagram of amplifier 30) is shown
to more fully explained the preferred embodiment of the
invention. A fractional load current detector 42, coupled to the
output stage of operational amplifier 12, is utilized to sense the

20 load current therethrough to provide an output current at its
output that is proportional to a fraction of the load current. The
output of detector 42 is coupled to an input of current threshold
detector 44. Current threshold detector 44 has an additional
input terminal coupled to an input of current mirror 46 the output

25 of which is coupled both to reference current supply 48 and an
input of delay circuit 52. An output of delay circuit is coupled to
the enable input of active current regulator 22.

Again, as power is supplied to amplifier 50, quiescent
current regulator 20 is activated to supply quiescent drain bias

30 current through the stages of operational amplifier 12. Hence,
IBjas, is at some nominal value, eg., 20 microamperes. This sleep
mode of operation of amplifier 50 therefore requires minimum
drain bias current, sufficient to permit operational amplifier 12
to be responsive to an input signal applied to inputs 14 and 16.

35 Since there is no load current during the sleep mode of operation
the output of detector 42 is essentially zero. Current threshold *



acti‘'ve current regulator 22. In response to being enabl ed, active current
regul ator 22 sinks additional bias current to increase the 15 nmagnitutle of
[err] to a higher bias drain current level to operate the stages in the

hi gher "awake" or active node to supply the high output current to | oad RL.
Hence, what has been described is a two stgte operational anplifier that is
operated in a low bias drain state or sleep node 20 in the absence of an
applied input signal and which senses an |nput signal applied thereto for
operating the anplifier in an awake nbde or h bias drain current state
sufficient to gewatae 44 dhereterecremains aﬂdthﬂ aan deaine styrendpatatei ands.
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10 predetermined value as set by current threshold detector 44 input
current is supplied to current mirror 46. Current mirror 46 will
then source the current Ip at its output. Once the magnitude of Ip
exceeds Iggr delay circuit 52 will become operative to supply an
enabling signal to active current regulator 22. As active current
15 regulator 22 is enabled additional bias current IBias is then
supplied to bias operational amplifier 12 in the high drain bias
state and the operational amplifier is then in an awake mode to
supply high output load current in a conventional manner. The
enabling signal provided by delay circuit 52 will remain on for a
20 predetermined time, is delayed, after the input signal becomes
zero. This will prevent distortion in the output signal whenever
the alternating input signal crosses zero between alternating
haif-cycles.
Turning now to Fig. 5, the two operating mode amplifier of
25 the present invention is shown in greater detail. Operational
amplifier section 12 of the amplifier is shown as including a
differential input stage 60 for receiving differential input
signals at inputs 14 and 16 and providing a single ended output
signal to an intermediate stage comprising transistor 64 and
30 resistor 66 the latter of which is coupled between the emitter of
the former and negative supply rail VEg. Transistor 64 is
configured as an emitter-follower having its collector coupled to
current supply 80. The collector and emitter of transistor 64 are
coupled to respective inputs of the output stage of operational
35 amplifier 12 comprising load current sinking output transistor
68, diode 70, series connected diodes 76 and 78 and current



5 for the anplifiers of Figs. 1 and 2. In the present case a change in the
power supply current is detected by detector 32 responsive to an input
signal applied to inputs 14 and 16 rendering the output stage of

operational anplifier active to begin to source load 5 current. Detector 32
bei ng coupl ed between the positive power szpply rail to which Vcc is
supplied and operational anplifier 12 sensés an increase in the power
supply current drain due to the input signal. This increase in current is
conpared to a reference current by current conparator 36 such that a
control signal soarciog gutputatrassisioensd| all ofr whiich yazs intereanheetedednl at or
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detector 42 is coupCedrent segulgiar 20 compsising herossolcpupled transistors
94 and 96, resistors 100 and 102, diode 104 and output
10 transistors 106, 108 and 110 is well known. For example, U. S.
Patent No. 4,491,780, teaches the structure and operation of both
regulator 20 and 22. Briefly, a AVgg voltage is established
across resistor 100 which sets the output current flowing
through the collector-emitter conduction paths of transistors
15 106, 108 and 110. Thus, the quiescent bias drive current Igjas is
supplied to the appropriate stages of operational amplifier 12
through transistors 106 and 108. Hence, the collector of
transistor 106 is coupled to a current mirror comprising diode-
_ connected transistor 88 and transistor 86. As transistor 106
20 sinks current from the emitter-collector conduction path of
transistor 88 current is mirrored through transistor 86 to bias
input stage 60 in a quiescent operating state. Similarly, current
mirror 80, comprised of diode-connected transistor 84 and
transistor 82, is responsive to transistor 108 sinking current
25 from transistor 84 to supply quiescent bias current from the
collector of transistor 82 to the collector of transistor 64 as
well as the output stage to supply quiescent current therethrough

Now then, in the quiescent or sleep mode of operation, input
30 stage 60 renders emitter-follower transistor 64 conductive to
sufficiently allow transistor 68 to be turned on. Devices 70, 74,
76 and 78 are ideally matched. In the sleep mode state, I being
zero, the sum of the voltage drop across the base-emitter of
transistor 74 and diode 70 is equal to the sum of the voltage drop
35 across diodes 76 and 78. Fractional load current detector 42 is
illustrated as including four sensing transistors 128, 130, 132



detector 44. Current threshold detector 44 has an additional input term nal
coupled to an input of current mirror 46 the output 25 of which is coupl ed
both to reference current supply 48 and an input of delay circuit 52. An
output of delay circuit is coupled to the enable input of active current
regul ator 22. Again, as power is supplied go anplifier 50, quiescent
current regulator 20 is activated to supply quiescent drain bias 30

current through the stages of operational anplifier 12. Hence, [err], is at
sonme nom nal value, eg., 20 mcroanperes. This sl eep node of operation of
amplifier 50 tabdefddeandyrespactivenirasistensairh as aelt @s ewrrendufirrerent t o
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this | oad Curr@ﬁtdlgqg 76 and the base of output transistor 74 while the
emitter of the transistor 128 is connected via resistor R to the
10 anode of diode 78 and the emitter of transistor 130 is coupled via
respective resistor R to the anode of diode 70. The collector of
transistor 128 is returned to the input of a current mirror formed
by multi-collector transistor 136 in a conventional manner, the
output of the current mirror (the second collector of transistor
15 136) being coupled to node 140 and to the collector of transistor
130. Node 140 is also coupled to the input of the current mirror
formed by multi-collector transistor 138 the output of which is
connected to node 148. In a similar manner the base-emitter of
transistor 132 is coupled, via resistor R, across diode 78 while
20 the base-emitter of transistor 134 is coupled across diode 70 via
resistor R. Further, the collector of transistor 132 is coupled to
the input (the first collector of transistor 142) of the current
mirror formed by multi-collector transistor 142 the output of the
latter being coupled both to the collector of transistor 134 and
25 the input of the current mirror formed by multi-collector
transistor 144. The output of the current mirror formed by
transistor 144 is connected in common at node 148 to the output
of the current mirror formed by transistor 138 and to the input of
current threshold detector or switch 44 at the emitter of
30 transistor 150.
Current threshold detector 44 includes multi-collector
transistor 150 the emitter of which is coupled to node 148 as
well as one output of current mirror 178. A first collector of
transistor 150 is interconnected to its base and is coupled both
35 to the negative supply rail via diode 152 and to the base of
transistor 162. The collector of transistor 162 is coupled to the



provides an output current, [err], that is proportional to the actual
current [err]. As soon as this output current exceeds a 10 predeterm ned
val ue as set by current threshold detector 44 input current is supplied to
current mrror 46. Current mrror 46 will then source the current ID at its
output. Once the magnitude of I D exceeds [gr] delay circuit 52 will becone
operative to supply an enabling signal to active current regulator 22. As
active current 15 regulator 22 is enabled additional bias current IBias is
then supplied to bias operational anplifier 12 in the high drain bias state
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46 while its emitter is coupled to the base of transistor 174 and
one electrode of capacitor 172, the other electrode of which is
returned to Veg. The collectors of transistors 170 and 174 are
returned to Vgc and the emitter of transistor 174 is coupled both

15 to the base of transistor 176 and the base of transistor 180. The
emitter of transistor 176 is coupled to an output of current
mirror 48. The collector of transistor 180 is returned to Vg
while its emitter is coupled with the base of transistor 170 to
the other output of current mirror 48.

20 In the quiescent or sieep mode operating state the bias
current flowing through transistor 74 equals that flowing through
diode 76 and similarly the current through diode 70 is equal to
that of diode 78. In this state, transistors 128 and 130 are
equally biased such that the current mirrored at the second

25 collector of transistor 136, due to the current sank at its
interconnected collector and base by transistor 128, is
completely sank by transistor 130. Thus, no current is mirrored
by current mirror transistor 138 to node 148. Likewise, current
mirror transistor 144 remains inactive as no base current is

30 sourced therefrom as transistor 134 will sink all of the current
sourced from transistor 142, due to transistor 132, and no
current is mirrored to node 148 from the output collector of
transistor 144. Thus, a unique feature of current detector circuit
42 is to subtract out the quiescent current from the fractional

35 load current that is detected. Since no current is source to node
148 from current detector 42 when the load current is zero



current supply 80. The collector and emtter of transistor 64 are coupl ed
to respective inputs of the output stage of operational 35 anplifier 12
conprising load current sinking output transistor 68, diode 70, series
connected diodes 76 and 78 and current 7 sourcing output transistor 74
all of which are interconnected in a known nner. Both current sinking
transi stor 68 and current sourcing transisﬂ 74 of the output stage are
coupled to output term nal 18 through resistor 72. As aforedescri bed,
operational 5 anplifier is conventional in structure with the several
stages thereof (atthey i theedmplifierqis ésersledp anode oF cpakedmode)cur r ent
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current IgeF at its outputs. Because current mirror 46 is
inactive, Ip is zero whereby delay circuit 52 is also inactive as

10 transistor 170 remains in an off condition since there is no base
current drive available thereto. Hence, transistors 174, 176 and
180 will be turned off. Since there is no input current supplied
to current mirror 178 in this condition active current regulator
will remain in a disabled state as there is no output current

15 supplied to node 66 from current mirror 178.

In brief summary, in the quiescent or sleep mode operating
state of amplifier 50, regulator 20 supplies the quiescent bias
currents to the stages of operational amplifier 12. Since, there
is no load current supplied at output 18, load current detector

20 provides no current output to current threshold detector 44 which
is thus rendered inactive which in turn disables delay circuit 52.
Hence, operational amplifier 12 is maintained in a sleep mode
since current regulator 22 is disabled but is ready to respond to
an applied input signal while drawing minimum bias current.

25 As now will be described, in response to an input signal
being applied at inputs 14 and 16, amplifier 50 will be placed in
an awake mode by active current regulator being enabled to
provide additional bias current to the stages of operational
amplifier 12.

30 Responsive to an alternating differential input signal,
either output transistor 68 will be turned harder on to sink
current from output 18 during one half of the alternating input
signal, and will tend to be turned off during the other half of the
alternating input signal while output transistor 74 is turned

35 harder on to source current to output 18. Assuming first that
transistor 68 is turned on harder by transistor 64 being rendered



transi stor 106 is coupled to a current mrror conprising diode- connected
transistor 88 and transistor 86. As transistor 106 20 sinks current from
the emtter-collector conduction path of transistor 88 current is mrrored
through transistor 86 to bias input stage 60 in a quiescent operating
state. Simlarly, current mrror 80, corrpr.llsfed of di ode-connected

transistor 84 and transistor 82, is respon

ve to transistor 108 sinking

current 25 fromtransistor 84 to supply quiescent bias current fromthe

collector of transistor 82 to the collector of transistor

64 as well as the

out put stage toondpcﬂive,qmﬁa!mts!m erwﬂhuentietoeﬂder mugied\lcnﬂ tadseasen t he
qui escent or s f u r .
emtter-foll ov&él?ﬁ’?r ansi sé)otpgggf conghcl'{dltég P '%@gngo t];'%l(gwél{r'rgﬂg i'¥t or

68 to be turnethus sopseed efsom output 18 mr@ug@ drqﬁe Jélalwlychamneases rthehe

sl eep node st aEiadé ac?ﬁso,thé rtﬁoa@:m crfhlé hg et %éérsoeeﬁgr S the

base-emtter of tr

vol t age drop 3¥& nﬁl,srt%"ss

42 is illustrated loadi cutredt thefethrosgh sdegendiagsoat tites rafld, ofl 3ty 132

and 134 and re
and 144. As wi
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utilized to sem@nech’r@qoftmlsj@rébrmmg diode 70. For example, if diode 70
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15

20

25

30

35

has an emitter area eight times greater than that of transistor
134, approximately one eighth of total load current flowing
through transistor 68 flows through transistor 134 depending on
the resistance of the resistor R. However, the voltage drop
across diodes 76 and 78 remains constant. Hence, transistor 134
is more conductive than transistor 132 and wants to sink more
current than can be supplied from the output of current mirror
transistor 142 at its second collector. This additional current is
however supplied by current mirror transistor 144 wherein the
sum of the currents supplied by transistors 142 and 144 is equal
to the fractional load current sunk by transistor 134. Transistor
144 mirrors this current to supply a current, proportional to the
fractional load current, to node 148 and to current threshold
detector 44.

The current sourced to transistor 150 is evenly split
between the collectors thereof and sourced to diode 152 and to
the collector of transistor 154. By emitter area ratioing of
transistor 154 and the diode-connected transistor forming diode
152, transistor 154 remains saturated until the magnitude of the
current sourced to node 148 increases to a predetermined value.
For instance, if the emitter area of transistor 154 is made 4
times greater than thé area of diode connected transistor 152,
transistor 154 remains saturated until the voltage across
resistors 156 and 158 reaches approximately 36 millivolts
(depending on the resistances thereof). As long as transistor 154
is saturated, transistor 162 is biased off as all of the current is
sank through the former. Thus, no input current is supplied to
current mirror 46 and therefore no output current is source to

S 4 B30 tRd "on s Sk & patkessl BoUme ok  or
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| oad- current being sourced to output 18 via transistor 74 and 5 resistor
72 while transistors 132 and 134 sense |l oad current flow from out put 18

t hrough transistor 68. As shown the bases of transistors 128 and 130 are
commonly connected at the anode of diode 76 and the base of out put
transistor 74 while the emtter of the trapsistor 128 is connected via
resistor Rto the 10 anode of diode 78 and"the emtter of transistor 130
is coupled via respective resistor Rto the anode of diode 70. The
collector of transistor 128 is returned to the input of a current mrror
fornmed by nul t indl bécdelayt einadit s5rtol astivaten regoiadar i2ihal Hosvenear, omee

bei hg coupl od T vajuerahtab 8nTRSAECR) (a1 Ay BRGS0l Y "o
is al so coupl e@Xegedfd ﬁnyafuq)mqqe@sew ten r\ﬁ’?ﬁ?ot?'aﬁom?e age o
mul ti-col I ect pltrahrsasie'rsmf igiiﬁ :gdgfalgngtefuh a; sat?jramd;t%tawiggq gésbo lngge Via
resi stor R acPOUeNd: gike 8" iBFEIe to; fanglatht Al o Arapdiian e s 15, &
coupl ed acr ossthireferer tukned rarsitet opass ther cuwent trequiredl byt current
s e SorieF 480CHorp LafghE Mot M e ctbhe Sl HoIHR
out put of the |rmutepft@4rﬁgmcmw@rd4§otsw nirened to|pravide the cumientsimr 134
and 25 the i npcerlp idiReidis! P@%F,mtl’farr@istbpﬁ!'ﬂﬂidﬂuﬂﬁéd bnCR) bR chargin
transi stor_144. The. out of. the curreant ror,f d.by transistor 144
i s connect ¥ i R2RBAKSH %'noﬁéaﬁﬁ'g?r& 5%@*% fd oféémh‘@'"c MaR 1 2 or
formed by tranmbatcondd@ivendstate tdmed i cynuenbfregulator 22 is maintained in
its disabled state. As soon as the voltage across capacitor 172
reaches a value to forward bias transistor 174 it begins to
conduct thereby turning transistors 176 and 180 on. Transistor
15 176 then passes the input current sourced from current mirror
178 to current mirror 48. Current mirror 178 then supplies an
output current to input node 66 which now enables active current
regulator 22. As current regulator 22 is enabled additional bias
current is supplied to the stages of operational amplifier 12
20 through transistors 124 and 126. Operational amplifier 12 is
therefore placed in its active or awake mode of operation. In a
like manner, on the alternating half cycle of the input signal to
operational amplifier 12, transistor 74 is rendered more
conductive in response to the input signal which causes
25 transistor 130 to sink a fractional amount of the load current
sourced to output 18. Transistor 130 will then will want to sink
more current than is supplied by current mirror transistor 136.
The additional current required by transistor is drawn from the
bas-collector of transistor 138. Current mirror transistor 138 is
30 thus rendered conductive to supply the additional collector
current of transistor 130. The fractional load current sunk by
transistor 130 is then mirrored by transistor 138 to node 148.
The aforedescribed operation of current threshold detector s
repeated on the alternating half cycle of the input signal. It is
35 important to note that the enabling signal from delay circuit 52
is not interrupted as the input signal crosses from one



current threshold detector or swtch 44 at the emtter of 30 transistor
150. Current threshold detector 44 includes nmulti-collector transistor 150
the emtter of which is coupled to node 148 as well as one output of
current mrror 178. A first collector of transistor 150 is interconnected
to its base and is coupled both 35 to the1 egative supply rail via diode
152 and to the base of transistor 162. The Col |l ector of transistor 162 is
coupled to the 9 input of current mrror 46 the output of the latter

bei ng coupled to current reference source 48, the emtter of transistor 162
is coupl ed to titeroatipgt haff-cynle clot the rmext asocapacitor dr2idaes aaiohavent
current) while LD, e : b T i t n out put of
current mrror tfﬂ%. tc%%‘fsgﬁ%g%? ggﬁgﬁﬁfel%ﬁdmt‘rﬂ{rgrEiif‘;gf“élmsﬁgtgggﬂgg?tO t he

i nput node 66 of redMeR dhexinpiH; slgnalsls rpmoves. CARAGLPT: 4 72nWilkol | ect or
of transistor Higcidrgéelwtvichi eventudlfy tDmM@ransistors 324f u17deandneBodes

Lranst Stor 470 o e B il oS SR cRBeBRP Ao 08e8 BBl fhoLPEiue

current mirror néeded Ite maintaint the transistgrsein teo forveatshbiasédt camditinnor

L atndors Gl (R80g! GRRREL Y dHabidzishiety oGl sf e, o
Current regulator 22 will then become disabled and amplifier 50
is returned to its sleep mode as long as the operating potentials

10 are supplied thereto. It is noted that transistor 180 prevents
transistor 170 from zenering as Ip goes to zero while the voltage
across capacitor 172 is at its peak value. In addition, hysteresis
is provided to maintain current threshold detector 44 active until
the output current from detector 42 falls below the value

15 required to activate threshold detector 44. This hysteresis is
provide by the additional current supplied to node 148 from the
output of current mirror 178. As soon as delay circuit 52 is
rendered operative the additional current will be supplied to the
emitter of transistor 150 and, which due to the gain of the

20 circuit, will quickly drive transistor 162 to a conducting state.

| Now, the magnitude of the current sourced to node 148 from load
current detector circuit 42 must decrease below the
predetermined value required to-turn on transistor 162 before the
latter can be turned off.

25 Hence, what has been described above is a novel active two
state operational amplifier and circuitry for maintaining the
amplifier in a sleep mode of operation absent an applied
differential input signal whereby minimum quiescent bias current
is dissipated and which is responsive to an applied input signal

30 for operating in an awake mode to permit improved performance
of the operational amplifer at higher current drain.



returned to [err] and the emtter of transistor 174 is coupled both 15 to
t'he base of transistor 176 and the base of transistor 180. The emtter of
transistor 176 is coupled to an output of current | ect or
of transistor 180 is returned to [err] while its e:”mm "Iﬂi"ﬂ:ﬂ'"m W|th
the base of transistor 170 to the other ou{gut of curreénttmbtros .

In the qui escent or sleep nobde operating stdte the bias current rovm ng

t hrough transistor 74 equals that flow ng.through diode 76 and simlarly
the current through diode 70 is equal to that of diode 78. In this state,
transi stors 128 and 130 are equal |y bi aseéHABSh t haf—t-he—etH+enrt—ritrpr ed
at the second 25 collector of transistor 136, due fdHhSHEET rHAStBEE!hE at
its interconnected coll ector and base by transistor |128, REPL(AOBDI etely sank
by transistor Y#0at i;ydaimedci$irent is mirrored by CurreEnTmMTTOT
transistor 138 to node 148. Likewi se, current mrror transistor 144 remains
i nactive as.no base_,curyent . sourced. t herefrom as, transist 134
will sink all of thd-cdYt@RP 'i" r@@wr\gréﬁ'lW@'ﬁsﬁggo?nlgﬂtp"ﬁtéagﬁ fq fansi st or
132, and no cusupptingsani outpuddcurrent diriviet &atf anmoutputothereof c@spetisive of
transi stor 144, T, I f nt detector circuit 42 is to
subtract out t % %ﬁl epsﬁieéj(f| 'HHrﬁF esﬁgﬁgfo%&%ﬁgﬁ I{ict I onal | oad current

that is detected. ScHe@nioregulader ciscuibiyr d@rtbrqmdmglwlescﬁnt:mla@nt

detector 42 whgright tPafeCYtdgdy¥ dfS tRE" &mplifier for maintaining the

10 amplifier in a quiescent operating mode absent the applied input
signal and being responsive to an enabling signal for providing
additional bias current to the stages for biasing the stages in an
active operating mode wherein the amplifier is operated in two
- states; and

15 circuit means responsive to the input signal being applied
to the amplifier for providing said enabling signal to said current
regulator circuitry.

2. The amplifier of claim 1 wherein said current regulator
20 circuitry includes:
a first current regulator coupled to the stages of the
amplifier for providing said quiescent bias current; and
a second current regulator coupled in parallel to sald
first current regulator and having a control input for receiving
25 said enabling signal for providing said additional bias current.

3. The amplifier of claim 2 wherein said circuit means
includes:
a current detector circuit for sensing a fraction of the
30 output current drive for providing an output current at an output
thereof that is proportional to a fraction of the output current
drive;
a current threshold detector responsive to said output
current from said current detector exceeding a predetermined
35 value for providing an output signal therefrom; and
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10 (either if the—amptifier—+s—in—a-—sleep node or awake node), transistor
O is rendered non-conductive and current threshold detector 44 is

15

i nactive. In thi Slﬂllw—ﬂuﬂllﬂﬁﬂlwul 162 is non- conductive and does not
sink input current ror 5 46. Howd\ deni_pgjrror 112
has input current supplied thereto through1 ransi sﬁ% %57 HAS BEENJ t
current is sourced to the input of current'Peferg¢nce 4BEMMJCED in tprns
wants to sink the current [err] at its outputs. Because cuUrTEMt~<ror 46
is inactive, IDis zero whereby delay circuit 52 is also inactive as 10
transi stor 170 remmi ns a rdelay ofircigid ndispiopsiva toesaide oeitpyt raigltnalséocur rent

drive avai | abl grhygifg salﬁe%‘ébhhgagﬁn%ﬂo aid éhablify ashalBettid | be turned

of f. Since there curr ed to cu mrror> 178 in this
condi tion acti Veainiainast aréxjgdstefmweph lmﬁmafter the iapshpsignaltbacomest her e
IS no output cyergnt 15 supplied to node 66 fromcurrent mrror 178. In
brief summary, in the quiescent or sleep node operating state of anmplifier
50, regul atdr 20 supplies the quiescent bias currents to the stages of
operational anplifiéd . m&thut, for heperatmgran uperatimmahanspliﬁéﬁ éul at

out put 18, |oa 2 r-Qv r rrent
t hreshol d det e&quéél%}mgpﬁ]%%}%rﬁugtaggn etfgegsalt%% %:évé’?\%" C}#S I‘ﬁ%ﬁy

di sabl es del ay sigh&uandsfor lapesatingptheataraplifierainl an |laprq@se¢ biﬂﬁn@dﬂ'ﬁé‘tl in

?OS| eep node Sighge i reRPonsI AP rapplidds ikthiaBldgthl D Eomprisingdihd stepgpond
10 of;

providing quiescent bias current to the amplifier;

sensing a fraction of load current supplied at the output
of the amplifier in response to the input signal being applied to
the ampilifier; providing a current that is proportional to

15 said fraction of the load current; and

detecting when said current proportional to the fraction
of load current exceeds a predetermined value to provide
additional bias current to the amplifier.

20 5. An amplifier for sourcing and sinking load current at an
output thereof and having first and second inputs to which a
differential alternating signal is supplied, comprising:

an operational amplifier stage having first and second
differential inputs respectively coupled to said first and second

25 inputs of the amplifier and an output corresponding to the output
of the amplifier;

quiescent current bias means for supplying quiescent
bias drain current to bias said operational amplifier stage in a
quiescent operating mode in the absence of an input signal being

30 applied to said first and second differential inputs of said
operational amplifier stage;

current bias means for supplying addition bias drain
current to said operational amplifier stage to bias said
operational amplifier stage in an active operating mode

35 responsive to an enabling signal applied to said current blas
means;
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an applied input signal while drawing mni rumbias current. 25 NOW
will be described, in response to an input signal being appis T t :
14 and 16, anplifier 50 will be placed in an awake node byﬁm &ﬂ "Hﬂ r'ﬂ"’ ’
regul ator being enabled to provide additional bias current to 4he swages 9
operational anplifier 12. 30 Responf'gve to an alternating

differential input signal, either output transis| b rned
harder on to sink current from output 18 during J(rﬁlgish§ ﬁg&?ﬁseg{sgl ternating

i nput signal, and will tend to be turned off durlng.i Ph of the
al ternating input signaircuiti neeans for sensingsaofragion soft thevesbW@®inghaantkr on

to source curr ggft: o'btagp i ' t ' ; i ur ned
on harder by t(rasg"nkslbgtor 4tcbui€enngtA§gg§'el€§déf Eﬁ%o‘%@@%’%i%ﬂ% %’ﬁ@!lﬁ I(')r 4 will
tend to be turPsavisingaanpagtoutueurient gpraportineakbie s3idsHaation f load _
transi stor 68. cupashtCHf r&mtoutputhus sourced from output 18 through di ode 70

whi ch increagses the voltgge dr cross the diode. This, .in turn, causes
sensing 5 ¥Pransistor fszﬁf%&b‘ggt E‘Pi% Op nCIfGUlL | IESPONSIVE, oy §§{°F FHEPY o unt
of th he | oad cuicuergntt bérsdidr oirgbit deeamnd figr @roviding a& i comtrol isigreali Wwhasn ar ea
W th respect t e bt e, dl Lr I stor form ng
di ode 70. For %?i&rpqtggh?f&%{%gﬁg}(ggﬁég %SFS%%%;{?@H%?;&Q&?@E@ nmes greater
than that of transistom@ delay circuit responsive to said control signal

exceeding a predetermined value for providing said enabling

10 signal during the presence of the input signal and for a
predetermined time after the input signal is not present.

6. The amplifier of claim 5 wherein said circuit means for
sensing a fraction of the load current includes:
15 first current mirror means having an input and an
output;
second current mirror means having an input and an
output, said input being coupled to said output of said first
current mirror means and said output being coupled to the output
20 of said circuit means for sensing a fraction of the load current;
first transistor circuit means for supplying a
substantially constant input current to said input of said first
current means;
second transistor circuit means coupled to said output
25 of said first current mirror means through which a portion of the
load sourcing current flows;
third current mirror means having an input and an
output;
fourth current mirror means having an input and an
30 output, said input being coupled to said output of said third
current mirror means and said output being coupled to the output
of said circuit means for sensing a fraction of the load current;
third transistor circuit means for supplying a
substantially constant input current to said input of said first
35 current means; and

——————
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10 +134, approximtely one eighth of total |oad current flow ng through

transi stor 68 fl ows—through—transistor 134 dependi ng on the resistance of

the resistor R Horm t he vol tage drop across diodes 76 and 78 renmi ns
L

constant. Hence, t Hl m,” nor e conduc td-e—thRehR—t+arRststior 132 and
can be $uppTHEdSHETHABBEEN: jput  of

wants to sink nore
current mirror transistor 142 & fts second coll ect REPLABEB addil i onal
current is however supplied by current mrror tranststor 144 wherein the
sum of the currents supplied by transistors 142 and 144 is equal to the
fractional |oad currentowtimkiransistandgieguit means Teouplesk 0 said vutput rafor s
this current tga; | I i f LaRake l+pad
current, to no%’%'?éﬁ'@“"n%“ﬁ%“cﬁﬁi"°f RESRS BFGughoulth | PoipRcer ther,
sourced to tralRacin mqtgr%ﬂfeg[}i)"’%-pl it between the collectors thereof
and sourced to diode 152 and to 25 the collector of transistor 154. By

Forning di e 152, (7 angpseBPUEY”pERHE" 8, WHRPIG SAE T NERRSRLgn: t uae of
the current sodetaatorocircué ineludes:eases to a predeternined val ue.  For

instance, if the emttgr "?15'@?@th?n%ﬂs%m}féﬁbmﬁgﬁg} g?ﬁg iégﬁa greater

than the area of di ode conne ransi stor | - st or remai ns
saturated unti¢olertolis| aahasacandsanecemitier, ssaids enyitien 3xeipgaepuiled to

approxi mat el y ghidmoutpiyolof ssdide BRrBditnthedihg f6r 'sepisiid it dradtittt &5¥f dhe As | ong
as transis il I%)Sa% 'c%r?eargtursaatigdﬁrsttr38ﬁécstto?rar%g Zsellia B'aggegeﬁlfgf as all of the
current 1s ’ .
interconnected;
diode means coupled between said base of said multi-
collector transistor and a first power supply conductor;
a first transistor having a collector, a base and an
15 emitter, said collector being coupled to said second collector of
said multi-collector transistor, said base being coupled to said
second collector;
resistive means coupled between said emitter of said
first transistor and said first power supply conductor,;
20 a second transistor having a collector, a base and an
emitter, said base being coupled to said second collector;
current supply means coupled to the emitter of said
second transistor for sinking current therefrom; and
fifth current mirror means having an input coupled to
25 said collector of said second transistor and an output to which is
provided said control signal.

8. The amplifier of claim 7 including:
a sixth current mirror having an input coupled to said
30 current bias means and an output, said sixth current mirror being
responsive to said current bias means for providing a current at
said output;
a reference current supply coupled to said output of said
sixth current mirror for sinking a reference current.
35
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35 .sank through the former. Thus, no input current is supplied to current
mrror 46 and therefore no output current is source to 12 input of delay

_—

circuit 52 to activate regulator 22 However, once the value of the current

source to node 148m ' 144 exceedq ry to
forward bias the b m,"[mmm'smm 154 igé{s n urated
state and base 5 cufreht tdrinvesi s=provided 1o transh ?WEQGQ. Tijansi stor

162 is therefore turned on to pass the current required by current mrror
160 fromcurrent mrror 46, the current sourced fromthe input of current
mrror 46 is mrror®d Thepamplifiert ab claim et wherein. said cdelpyegireuits [err],
transistor 17 nbm] ggned on to begin charging 10 capacitor 172.
Transistors 174,1 and 180 will .remain.in a non-cond c‘ii ve state and
current regul ator 22 i3 REOtrangisior QW'QQﬁs%ﬂﬁ%d’oé‘th? toasaldh qutpyt afe
vol tage acrosssgldpfiftht eurrbi? rémohea eolletioe touplednas dabsesond apeweror 174
It begins to cgndyct thgreb tu’ﬁ]iﬁt}g transjstors 176 and 180 on. Transi stor
15 176 thén ¥ FRY u’r"tﬁ%uta fim tced fromcurrent mrror 178 to
current mrror 48. Curaecapaditorocoupied etweaarplsaid emitten ot said tlind t o

ogul ator 22 LIt SRS GRS AR Pt SRl "RHIAEE, 8 0% fe. St ages
of operational anplifi@rfoupth transistor having a base coupled to said emitter
of said third transistor, a collector, and an emitter coupled to
10 said reference current supply; and
a seventh current mirror having an input coupled to said
collector of said fourth transistor and an output to which said
enabling signal is provided, said output being coupled to said

current bias means .

15
' 10. An amplifier responsive to an input signal applied
thereto for providing output drive current at an output. thereof,
comprising:
an input stage to which the input signal is applied;
20 an output stage coupled to the input stage for providing
the output drive current;
circuit means coupled with said output stage for sensing
a portion of the output drive current to provide an enabling signal;
and
25 bias circuit means for biasing the amplifier in a
quiescent operating mode absent the applied input signal and
being responsive to said enabling signal for biasing the ampilifier
in an active operating mode.
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20. through transistors 124 and 126. Operational anplifier 12 is therefore
placed in its active or awake node of .operation. In a |ike manner, on the
alternating half cycle of the input signal to operational anplifier 12,
transistor 74 is rendered nore conductive in response to the input signal
whi ch causes 25 transistor 130 to sink a g actional anmount of the |oad
current sourced to output 18. Transistor 1 will then will want to sink
nore current than is supplied by current mrror transistor 136. The
additional current required by transistor is drawn fromthe bas-collector
of transistor 138. CurrerAMRLIFIER HAYINGSIWO QRERATING MOREST ender ed
conductive to supply the additional collector current of transistor 130.
The fractional |oad current sunk by transistor_130 is then mrrored by
transistor 138 to node 148. The AlSiragle&trtheedD $4"%on of current
threshol d detector is repeated on the alternating half cycle of t he i nput

2 043 v | AR Rl A oA B ot .
al t ernati ng haptoudinge drivet curienttitoas tgshdRLJr caupledodkeredo m@desrre to_
di schar ge Su”bﬁbﬁﬁl%y |1f4{r26°f§2r)t Eﬁé&sbéhgés%ﬁ Ioﬁﬁen‘d‘u‘?é pyf igi gnal is

rem)ved capaci e whic even UI’ ns ranS| stors
174, 176 and 18pplied to the ampilifier and is responsive thereto for providing an

enabling signal at an output thereof and current regulator

10 circuitry (20, 22) that supplies a low drain current to bias the
stages when the amplifier is in a quiescent operating mode
absent an applied input signal and that is responsive to the
enabling signal for increasing the current supplied to the stages
to bias the same in a high bias drain current operating mode.

15

Fig. 1 accompanies this abstract.



5 off as the voltage across the capacitor decreases bel ow the val ue needed
to maintain the transistors in a forward biased condition to thereby renove
the enabling signal fromcurrent mrror 178. Current regulator 22 will then
becone di sabled and anplifier 50 is returned to its sleep node as |ong as
the operating potentials 10 are supplied thereto. It is noted that

transi stor 180 prevents transistor 170 fron1zenering as | D goes to zero
while the voltage across capacitor ﬁ és its peak value. In addition,
hysteresis is provided to nmaintain cu nt” threshol d detector 44 active
until the output current fromdetector 42 falls # ow the value 15

required to activate threshold detector - teresis is provide by
the additional current supplfied To node 1 M0l
mrror 178. As soon as delay f
addi tional current will be qu plied to the emtter of transistor] 150 and,
whi ch due to the gain of the d@bt wll quickly drive trgnsistor 162
to a conducting state. Now, |the nagnidedde o& the current sourced to node
148 from | oad currentl4et ectjof ci | 42 nibt décrease bel ow tHe
predeterm ned value reqi{ireq (o turn, fe ovgRuefore the latter
can be turned off. 2 Hence, t has been |descri bed |[abpNABLE novel
active two state operational anpHZfie lg f i rcui gY for nsmqﬂ@quRg t he
anplifier in a sleep node of operatio aé égt an<dpl i ed di'fef-e i nput
si ghal whereby m ni num qui escent bias jcurrent is_{di ssi pated and whi cB6i s
responsive to an applied input signal

] ) |

QUIESCENT ACTIVE
CURRENT CURRENT |-
REGULATOR K - REGULATOR .
20 22 AN
10
I1(GF. 7
HFIGE. 2
28
30 £
N LOAD CURRENT
DETECTOR
14 N I 18
o N = OUTPUT
O———i1
o 12" CIRCUTTRY
|To1as R i
26
| |
QUIESCENT| . ACTIVE
CURRENT a CURRENT |«
REGULATOR K | REGULATOR
20 22




30 for operating in an awake node to permt inproved performance of the
pperational anplifer at higher current drain. What is clainmed is: 5 1.
An anplifier having an input and an out put stage for supplying an out put
current drive at an output thereof responsive to an applied input signal,
conprising: current regulator circuitry for providing quiescent bias
current to the input and output stages of the anplifier for maintaining the
anplifier in 10 a quiescent operating gpqﬁépbsent t he applied input signal
and being responsive to an enabbing si gnal” f'or providing additional bias
current to the input and output Cft ages for biasing the stages in an active

operating node wherein the anplifier isgperated in two stages; and circuit
nmeans for sensing a fracLLnnaL_;LLLion é% t he out) drive in 15
response to the input sji grROWERI syPeY i efl to thel angURRENT flor providing
said enabling signal td GURRENTr DETECTORuU] at or cI [COMPARAITIOR substantially

I nhi biting said enabl i ng=stgrret=r-rr-tde=—aidScnce of" " i nput |si gnal
wherein said current fegulator ciffcuitry
or cgﬁpled tggthe stages of the amplifier

20 2. The anplifier of claim
includes: a first cifrent regu

for providing said quFescen a second] current_regwl ator
coupled in parallel; fosal Tial current ENABLE
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25 .regulator and having a control input for receiving said enabling signal
for providing said additional bias current. 3. The anplifer of claim?2
wherein said circuit means includes: a current detector circuit for sensing
a fraction of the output current 30 drive for providing an output current
at an output thereof that is proportional to a fraction of the output
current drive; a current thresholg geéector responsive to said out put
current fromsaid current detector eXcéeding a predeterm ned val ue for
provi di ng an out put S|gnal therefrom and 5 -a.del ay CIFCUIt
responsive to said tput sijgnal for prOV|d#ng éa enabllng sai d
enabl i ng signal bei nalntdlned a predetenﬂ\ned “Hecafter t |nput
si gnal becones zero. g) Ld f of aper aduulig aﬁ*oﬁé ational anplifier
havi ng a plurallty 1 ipllfqugg t siha qU|escqmt bi as gurrent
state in the absenc%égf an gpplied |nput iZgnal cIoﬂhperatmip}he
anplifier in an incr'dgsed blasGﬁurren§—5%1 HA/r esponse Hddan a
i nput signal, conprising thg steps-of vi-di-ng j j
t he plurallty of anplifying siages_gL_;5__Lhe_aanLi+£mT_$£mnu44}4x '
of a | oad currenuosungLgikja t he ouﬁ%ut of .t he anpllflergio a |l oa pl €
oth

thereto in respd?%e t tnpuj sign g apqgled tgJ e.gnpllflgg
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provi di ng'a curyent that is proportional to said fraction of t he | oad 20

current only during the presence of thejgpplied input si gnaLullmmEI&lﬂﬂwml
when said current proportional tq the fraction of |oad curr
predeterm ned value to provide a ditional bias current _to thé pf uralit y “of

anplifying stages of the anplifier. 25 An a [ and
sinking load current at an out put theerNMﬁd hawmri wg?é‘@ﬁﬂs%ﬁ °
inputs to which a differential alternating signal ijs fl)pll comyr ifsi ng:
an operational anplifier stage including an input stdg LREC 99Tt Juif st age
and havi ng \WHatlis eldimedqend di fferential inputs regp ctlvel y coupl ¢d§30 to

said first and second inputs of the anplifier and 4n out put Ccorrespofdi ng
to the output of the anplifier; quiescent current Beas-teans_for supplying

Ui escert ofer at ARARBIidHRviAG aR A5 aRREAH 80 16 Ririg a0l S
to said fi rahtpwd:uﬁeﬁpaﬂvdlai hﬁr&ﬂpuﬂheréﬁftrbsp@ism@tdaﬁWpﬁédmt anplifier

stage; current bias neans for supplying addition bias drain current in
paral | el wi smngbuqorqnns;agent bias drain current to said input and out put

f f
Sl Tier stage CHASRE BiGufRt RS Ebrobidg cibsReibndB crit td e 1
si gnal appl inpiltfandsmtﬁutcs!agesfofluh@ammlﬁesfor(mamtalhlngﬂhasampliﬂereltns| ng a

fraction of the sourcing and sinking | o
10 a quiescent operating mode absent the applied input signal and being

responsive to an enabling signal for providing additional bias current to

the input and output stages for biasing the stages in an active operating

mode wherein the amplifier is operated in two states; and

circuit means for sensing a fi'actional portion of the output current drive in

15 response to the input signal being applied to the amplifier for |

providing said enabling signal to said current regulator circuit while

substantially inhibiting said enabling signal in the absence of the

applied input signal.

20 2. The amplifier of claim 1 wherein said current regulator circuitry
‘includes:
a first current regulator coupled to the stages of the amplifier for
providing said quiescent bias current; and
a second current regulator coupled in parallel to said first current
25 regulator and having a control input for receiving said enabling signal
for providing said additional bias current.

3. The amplifer of claim 2 wherein said circuit means includes:
a current detector circuit for sensing a fraction of the output current
30 drive for providing an output current at an output thereof that is
pfoportional toa fractiop of the output current drive;



REPLACEMENT SHEET |

current suppli m ‘rﬁ of the anplifier and providi ngjan ot
current proporj EH U!llaction of 14 0oad current at an oyt
t hreshol d dete onsive to said output current qf sa1 8aDEC 997
c
t

circuit nmeans for providing a control signal when said output {cyrrent
exceeds a predeterm ned value; and a delay circuit responsive sai d

control signal ex@d&ren thresBolddetaeior ros Me-lo zaid QU WG\‘;‘?"’GABM —

or adet o m nogairot St cBBARETF BretetoMnklus Idt iyl af yfbut

anmplifier of signal therefrbry, @nd sai d circuit neans for sensing a 20 fraction
of the load current includes: first current mrror means having an i nput
and an out put; second current mrror means havi ng an i nput and an out put,

sai d inpu being gy e.r&@tg@é[pg %tsa@é oag:;ui q c??tfo.cwov hijgr O means

and sai d out put belng out put Crrcuit ans for
sensi ng a 25enébling srgmadqfsaldi@nlabhdg Stgnatrlmlng medntainesha ipredeteaninad t neans

for supplying a substantiall, nst ant |n ut current to said input of said
first currenﬂ“}?e%#%’; “?é@%%’?ﬂ?ﬁ% cuit neans coupled to said output
of said first current mrror means through whi ch a portion of the | oad

sourcing current 30 flows; third current mrror neans having an i nput and
an out put; fdurt hAcmethod farioperatingan opierationgl amplifier having a phlurality wput

10 amplifying stages in a quiescent bias current state in the absence of an
applied input signal and for opérating the amplifier in an increased bias
current state in response to an applied input sighal, comprising the steps
of; |

providing quiescent bias current to the plurality of amplifying stages of
15 the ampilifier;
sensing a fraotion of a load current supplied at the output of the
amplifier to a load coupled thereto in response to the input signal being
applied to the amplifier;
providing a current that is proportional to said fraction of the load
20 current only during the presence of the applied input signal; and
detecting when said current proportional to the fraction of load current
exceeds a predetermined value to provide additional bias current to the
plurality of amplifying stages of the ampilifier.

25 & An amplifier for sourcing and sinking load current at an output thereof
and having first and second inputs to which a differential alternating
signal is supplied, comprising: _
an operational amplifier stage including an input stage and an output
stage and having first and second differential inputs respectively coupled
30 to said first and second inputs of the amplifier and an output
corresponding to the output of the ampilifier;
quiescent current bias means for supplying quiescent bias drain current
to bias said operational amplifier stage in a quiescent operating mode in the

-



bei ng coupled to said output of said third current mirror nmeans and said"

out put being coupled to the output of sggd circuit m' T B
fraction of the load current; third transistor ci rcgfﬂllmr uslﬂmmli"]g' yi ng
a substantially constant 5 input current to said inpdt 6f said tshir
current neans; and fourth transistor circuit neans coupled to said out put

of said thi absenee efandnpubsignabbeingranpligd tossaichficst podisesendrdifferentiakd

si nking curg f . . ifjer of claim®6 wherein said
threshol d di’fﬂ@?cﬁ)&%ﬁq Sé%a“.z’ﬂél ﬁ@@ﬁf'@;&%%t i -col l ector transistor having
first and second cuplene bid meas!ios sugpifingradiilion bias drairfcanent inrparallely
coupled to said output of said circuit neans for sensing a fraction of the

| oad cur r enWithssaid quiesnent bias-drain currantio saidinpul and eidpHtstagesdfonnect ed;

and a 11 9o: ShEPSCRRRYSbITEL Putt G tips 3Aid plotelbraramplfct stabacT) 2.7,
a base and maﬁra'dttveropaa'tid?mbdi@eé ongiie® &P enabling signal dppliadtul
collector of said multi-collector 2 transi stor, sald base being coupl ed

to said fir$aideurrent bias meansti ve neans coupl ed between said emtter of
said first transi ' ' ; d
transi stor havin B(&(Sﬁ ?%E%ﬁr%eé%ﬁi%?%ﬁﬁégﬁv% #lgl;r&ﬂ@gﬁtug%m@‘ g @e%?gg
coupl ed to unénseapplied at trecoaput bthe amplifierand:ptovidinglan output coupl ed to
the emtter of said second transistor f ?r
10 current proportional to said fraction of load current at an output; _
a threshold detector circuit responsive to said output current of said
circuit means for providing a control signal when said output current
exceeds a predetermined value; and
a delay circuit responsive to said control sighal exceeding a
15 predetermined value for providing said enabling signal during the presence
of the input signal and for a predetermined time after the input signal is

not present.

6 The ampilifier of claim 5 wherein said circuit means for sensing a
20 fraction of the load current includes:
first current mirror means having an input and an output;
second current mirror means having an input and an output, said input
being coupled to said output of said first current mirror means and said
output being coupled to the output of said circuit means for sensing a
25 fraction of the load current;
first transistor circuit means for supplying a substantially constant
input current to said input of said first current means;
second transistor circuit means coupled to said output of said first
current mirror means through which a portion of the load sourcing current
30 flows;
third current mirror means having an input and an output;

fourth current mirror means having an in

qut, said input
REPLACEMENT SHEE




sinking current therefrom and fifth current nirror means havi ng-mt
coupled to said collector of said secondjtransistor ar‘ﬂf““ﬁﬂ[lmﬁlmmmlch
is provided said control signal. 30 8. The anmplifier ! 6i _

*

i ncl udi ng: a sixth current mirror means having an input couplfed®to* said

ui escent cuyrent bias,peans and an oytput, said s{xth current, m tror neans
Bl ng 1 6sponbPing GauRed 1 Said SHPUkHAAI B CHBPIPINArINAENS a8d S8t &t oai d

ULPUL ] 1 putput Belrtf S8I6A 16 Wid 80ipuPUPBAY RURdaretpt defsfiggut of sai d

sixth curren rror ~for 'sinkin rence current. anplifier of
cl ai m 8 wher fractioraofithedbag current;i t i ncl udes: a third transistor having a

b led t I,d tput of said fifth 10 1 [, ,
e aooup! 200, o il oA Sobeha oA <
capaci t ors CoyphfduRBhYRFSiAMGLIIT el Pihiff cubl hbirid] dnansi stor and sai d

first power ppl'y conductor;" a fourth transistor having a base coupled to
said emtter of stoulth transistod circuihmeasiscqupled tu $aid tontputaofdaidhthird t t er

DL o T e B iy 5 B g B

flows.

10 7.  The amplifier of claim 6 wherein said threshold detector circuit
includes: '
a multi-collector transistor having first and second collectors, a base
and an emitter, said emitter being coupled to said output of said circuit
‘means for sensing a fraction of the load current, said first collector and
15 said base being interconnected; |
diode means coupled between éaid base of said multi-collector transistor
and a first power supply conductor; _
a first transistor having a collector, a base and an emitter, said
collector being coupled to said second collector of said multi-collector
20 transistor, said base being coupled to said first collector;
resistive means coupled between said emitter of said first transistor and
said first power supply conductor;
a second transistor having a collector, a base and an emitter, said base
being coupled to said second collector;
25 current supply means coupled to the emitter of said second transistor for
sihking current therefrom; and
fifth current mirror means having an input coupled to said collector of
said second transistor and an output to which is provided said control
signal.

-
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of said fourth transistor and an output to which said enabl | ng 5|g—al‘—r5‘—

provi ded, said output being coupled to 98i d current bi as
anplifier responsive to an input signal applied thereto I l“

out put drive current at an out put thereof, conprising: an*l ncpu
which the input si | ed; an output stage cou dto,the in

Stnge for provi daEXEheUTRRRinaltheans BavIRG arh kbt coRbRE1o akh guiaseRhb
with said o 0% [ [ urrent to
provi de an g‘ﬁlgﬂé}nltﬁtg Si S%QF a?ﬁnaa'i ggﬁtﬁlgﬁhﬁlg%EFWBﬁwggﬁﬁgﬁég% d i nput
st age and serespmnmwto saidgrurrent tiiees mgainsffoe providing uewerserdrat saickr at i ng node

absent the a E ied input 30 signal and being responsive to said enabling
signal for g the anplifier in an active operating node.

5 a reference current supply coupled to said output of said sixth current
mirror for sinking a reference current.

9. The amplifier of claim 8 wherein said delay circuit includes:
a third transistor having a base coupled to said output of said fifth
10  current mirror means, a collector coupled to a second power supply
-conductor, and an emitter;
a capacitor coupled between said emitter of said third transistor and said
first power supply conductor; _
a fourth transistor having a base coupled to said emitter of said third
15 transistor, a collector, and an emitter coupled to said reference current
supply; and
a seventh current mirror means having an input coupled to said collector
of said fourth transistor and an output to which said enabling signal is provided,
said output being coupled to said current bias means.
20
- 10.  An amplifier responsive to an input signal applied thereto for
providing output drive current at an output thereof, comprising:
an input stage to which the input signal is applied;
an output stage coupled to the input stage for providing the output drive
25 current;
circuit means coupled with said output stage for sensing a portion of the
output drive current to provide an enabling signal; and
bias circuit means for biasing said input stage and said output stage of
the amplifier in a quiescent operating mode absent the applied input
30 signal and being responsive to said enabling signal for biasing the
amplifier in an active operating mode.
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