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inventor. FIELD OF THE | NVENTI ON [ 0002] The present invention relates to
electronic anplifiers and, in particular, to class- AB anplifiers.
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qui escent c t r.yen in class- AB anplifiers are inversely

rel at ed sucﬁéﬁiA%@gﬁF@ﬂ% %‘Efw‘ﬁﬁ?mﬁgt}@ﬂt@% | arge, the other current
becones very small. Wien a current becones small, it may di sadvant ageously
result in a "cut-off' in one of the output transistors, which causes the
undesirabl e crossover di st ortFBA.D DSUDAE INVENTIOMI em has been addressed
in anplifi efOﬁOﬂy Tllljesf)rrégeng Pr?vegtellcr)nnperlettgs %L tronic amplifiers and, in particular, to class-

AB amplifiers.

BACKGROUND OF THE INVENTION

[0003] The output stage of class-AB amplifiers operates by using a current source and a
current sink. This configuration is sometimes referred to as a “push-pull” configuration
since a first branch of the output stage “pushes” or sources currents to a load while a
second branch of the output stage “pulls” or sinks current from the load. Class-AB
amplifiers avoid the high power consumption of a class-A amplifier by always having
one output branch substantially turn off when the other output branch is turned on.
Although the current in one leg of a class AB amplifier is substantially turned off there
is a small amount of current flowing in that leg. The small residual current in the class
AB amplifier avoids the crossover distortion produced the turning on and off of the
currents in class-B amplifiers. Thus class-AB amplifiers are able to achieve a relatively
high current output while maintaining a low quiescent current. The currents in class-
AB amplifiers are inversely related such that when one current becomes large, the other
current becomes very small. When a current becomes small, it may disadvantageously
result in a “cut-off” in one of the output transistors, which causes the undesirable
crossover distortion.

[0004] This problem has been addressed in amplifiers by using the harmonic mean
principle that is described by the equation z=x*y/(x+y), where x and y represent push

and pull currents, respectively, and z represents a bias current. From this relationship it



principle that is described by the equation z=x*y/(x+y), where x and y
represent push and pull currents, respectively, and z represents a bias
current. Wooaiolizes rel ationship it WO 03/015261 PCT/ US02/ Pe@0&02/25008n be
seen that as a push current becones |arger (represented by x here, for
exanple), the acconpanying pull current will becone smaller, but will not
result in a "cut-off" of the transistor carrying the pull current because
the pull current can never becone smaller than the bias current. Likew se,
a large pull current will be acconmpanied by a small push current, which
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nave been WBEPS SR M GRAMESE AUTL RO [Rgh 5P R B § Rbrec B esahged t pur
stages. HowgiekeorhpmyiR @il Metent Willbb@ndghAlea st val Bt fsemiPh Paltayit" of
transi stors di sadvantageously restricts the suitability of a bipolar

i mpl ement at ﬂ]@ntrmistora@qmi@&ttﬁ/m pyll reigent beepuse Itha gell pusienpghn nevarr kaspmeo

qui escent curr.ent, ratiq. Proposed.. topol oqies,. for evices such, as
those. i scuS Bl i disrsafeRiy Tue R s M Bt el BB A EF PP e T3y
CMOS Rai | - t emigabhishl dupieh!, Wi gl sdp@ImRY ErdRabmARRkilér tRan the ®fas\CuipbntCel |

Li braries," | EEE JSSC 29(12):1718 (Dec. 1994), are unsuitable for

appl i cat i onE0008LBinalagdeyiges Wake pprnyused| to dawldseeah theeharmopic mgn PENGPUBp| v
vol t age of ) * ag. [ T it t hat
t here renui girgssakﬁg(z&c}p osrta%é}% Iﬁ?‘g S’aﬁ‘ﬁ rgfaggély Aﬂﬁﬁ%%? %tgtdvtsﬁl%gg fllt%g%lt% ﬁ’.e"zar abl e
t o operate tansigord disadvmhgcpgsypestectssthp ghitabilltyeofps esgidir inmplsreaditation for
provides this _ and ot her advaptages as will be apparent fromthe foll ow ng

det ai | ed de3¥HicpEonsregREingc AYTHRI pytRnedo aaiRRmRPUERNtTIAEO| NUERAY

[0007] The |4,Bidefisi 265 MRS RickREs Gher Yk tfiodtaistigks@H i Yo R hRIEE SR k€ a0V €L COME
by the present “Invention, which is a circuit having a Ttlass-AB out put

stage. |n arompatplomey-Efficrondi VrétMOSaR ail-to-Rhil tlypwfOWD8 Opemtosd dkmpléfierces

are configured,.i ransl i near t r te fir and seco contr ol
currents hagﬂrg‘étgl ?F:fﬁl ﬁ’f%"%a@#’gﬁgﬁpoﬁ%ﬂﬁgﬁ 1%\ ce. ‘1954 Hre WESANEIC R
applications requiring a low supply voltage because they require a supply voltage of at

least 2 * Vgs + VDssat.

[0006] Therefore it can be seen that there remains a need for the high gain class-AB
output stage that is able to operate using a low-voltage power supply. The present
invention provides this and other advantages as will be apparent from the following

detailed description and accompanying figures.

SUMMARY OF THE INVENTION
[0007] The limitations of prior circuits having output stages are overcome by the
present invention, which is a circuit having a class-AB output stage. In an exemplary
embodiment, a plurality of MOS transistor devices are configured in a translinear loop
to generate first and second control currents having a harmonic mean relationship. A
first output circuit is coupled to a first voltage supply and an output node so that the
first output circuit sources a first output current based on the first control current. A
second output circuit is coupled to a second voltage supply and an output node so that
the second output circuit sources a second output current based on the second control

current.



first output circuit is coupled to a first voltage supply and an out put
node so that the first output circuit sources a first output current based
on the fiwetosooizbrol current. A second output circuit isPCaUshmes® a
second vol tage supply and an out put node so that the second output circuit
sources a second output current based on the second control current. WO
03/ 015261 PCT/ US02/ 25008 3 [0008] In one enbodi nent of the invention, the
first and second output circuits are cumrent mrrors so that the first and
second output currents are equal to the first and second control currents,

respectivel 09] I n.another .epbodi nent of the invention, the
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selected predetermned level to lower a distortion level of the circuit.

[0011] | n yegcoadeenierl currprisitaenectivalle supply vol tage may be increased above
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schenati ¢ ddegeathafoparabainedkGnveesion @élodss- AB out put stage. [0014] FIG 2
is schematic diagram of an_ operational anplifier utilizi ng t he out put
stage of FI §019] Iy gpather mmbpdimens the bizshelrreant dnay hgriasreerdtabeve @t salectest age

of FIG 1 u j j i ) 016].FIG 4 is a schematic
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present inventiopn is directed to.a circuit architecture that inplenents a
har noni ¢ ne efé?gg@aﬁma? f?t"e]stpé@‘ge*isﬁ&tcuﬁﬁ??ffraﬁer?ép%?ltdég itReHIc¥itqui escent

current, is[0012] Brief Description of the Drawings
[0013] FIG. 1 is a schematic diagram of a harmonic mean class-AB output stage.
[0014] FIG. 2 is schematic diagram of an operational amplifier utilizing the output
stage of FIG. 1.
[0015] FIG. 3 is a schematic diagram of the output stage of FIG. 1 used to amplify an
audio signal.
[0016] FIG. 4 is a schematic diagram of the output stage of FIG. 1 used to amplify a

power control signal.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0017] The present invention is directed to a circuit architecture that implements a
harmonic mean class-AB output stage that maintains a desirable quiescent current, is
able to produce an output voltage with a wide voltage swing and is capable of operating
at low power supply voltages. FIG. 1 is a schematic diagram of a harmonic mean class-
AB output stage designed in accordance with the principles of the present invention.
An output stage 100 employs MOS devices in weak inversion to achieve push/pull-
current-to-quiescent-current ratios of more than 200 while retaining the ability to
operate using a low-voltage power supply.

[0018] The operation of MOS devices in weak inversion occurs in a MOS device when
the gate-to-source voltage is just slightly less than the threshold voltage. Threshold in a
MOS device is defined as the voltage at which a channel is formed under the gate.

With operation in weak inversion no channel is formed. Operation in weak inversion



able to produce an output voltage with a wi de voltage swing and is capable
of operating at |ow power supply voltages. FIG 1 is a schematic diagram
of a harmwoios/onan cl ass- AB out put stage designed in accecdarssor23wg h t he
principles of the present invention. An output stage 100 enpl oys MOS
devices in weak inversion to achieve push/pull-
current-to-quiescent-current ratios of nore than 200 while retaining the
ability to operate using a | ow voltage power supply. [0018] The operation
of MOS devices in weak inversion occurs in a MOS device when the
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of the present invention utilizes evices operatinfg i n weak inversion
and confi guinahe am. dhe bpevatibnad eharattongics D theusanshifieat taupsioafigumtion need not
transl i near “@gg.configur tion is well knowm in the art. The operational
char act eri st§ EsCgredip &S M near | cop configuration need not be
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product ternms X*y and z*(x+y) of the harnonic nean function by "enpl oyi ng
MOS devi ceshat@onitOzmean Bnkivew oyl eaploying MeBi devdees| $0b104ain aslovi-sdtsgeby a
current source,.105. As.w !l .be.di scussed in ter .detaj.l bel,ow the bias
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may be generated using conventional transistor circuits. Alternatively, if
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circuit to perofdn ns@ratsetieati, die afrehheute@si (St may vialple bandedihiiscdupedabas
current. a power supply. In this embodiment, the current source 105 would be external to the
integrated circuit to permit user selection of the resistor value and thus the bias current.
The present invention is not limited by the specific implementation of the current
source 105. The various currents of the mean harmonic function are generated by
various ones of the individual MOS devices. Specifically, the MOS device 101
comprises a drain coupled to a current mirror 107 from which a current y is supplied.
Likewise, the MOS device 103 comprises a drain coupled to a current mirror 108 from
which a current x is supplied. The gate of the MOS device 101 is coupled to both the
current mirror 107 and the current mirror 108, which commonly supply the current x +y
to the gate of the MOS device 101 and the gate and the drain of the MOS device 102.
The source of the MOS device 101 and the source of the MOS device 104 are coupled
to the drain of a MOS device 106, which allows the output stage 100 to be modulated
according to an input voltage Vj, applied to the gate of the MOS device 106. A bias
voltage 110 is applied to the sources of the MOS devices 102-103, which sink the
currents x + y and x, respectively. A bias current z is generated by a current source 105

and applied to the gate of the MOS device 103 and the drain and the gate of the MOS
device 104.



The present invention is not limted by the specific inplenmentation of the
current source 105. The various currents of the nmean harnonic function are
gener at edwby3/ov@si ous ones of the individual MOS devi ces. pEpamsoizoad |y, the
MOS device 101 conprises a drain coupled to a current mirror 107 from
which a current y is supplied. Likew se, the MOS device 103 conprises a
drain coupled to a current mrror 108 from which a current x is supplied.
The gate of the MOS device 101 is couplegl to both the current mrror 107
and the current mrror 108, which conmmonly supply the current x + y to the
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MOS devi ce bkO@mEsaS cgHile+ Vgs 103 = Vs 102 + Vs 104, where the MOS device 101 carries
the current y, Vgs 103 carries the current x, the MOS device 102 carries the current x-+y,
and the MOS device 104 carries current zz Thus, each of the MOS devices 101-104
carries one component of the currents from the harmonic mean equation discussed
above. Because the currents are an exponential function of the gate voltages, as
discussed above, the currents may be expressed as product terms of the harmonic mean:
x*y=z*(x+y). It should be noted that maintaining the balance of currents using
harmonic mean is important for operation with quiescent currents. That is, it is
desirable to maintain the harmonic mean relationship when no signal is present at the
input (Vi,). When a signal is present and significant current is flowing through the
output stage 100, the harmonic mean relationship of the currents need not be
maintained.
[0022] The currents x and y are mirrored to the output as shown by the arrows in FIG. 1
to obtain an output voltage V., with a rail-to-rail swing. The desired push/pull currents
are generated by output MOS devices 112 and 114, respectively. As illustrated in
FIG. 1, the output MOS device 112 generates a current x while the output MOS device
114 generates the output current y. The output voltage Vo is taken from an output
node 116 between the two MOS output devices 112 and 114. The maximum achievable
push/pull current is limited by the MOS output devices 112 and 114 entering the linear



to-source voltage VGS 102, the MOS device 103 has gate-to-source voltage
VGS 103, and the MOS device 104 has gate-to-source voltage VGS 104.

Si mpl i f yiwg,030b26expressi on becones VGS 101 + VGS 103 = YGHUN0225808/GS 104,
where the MOS device 101 carries the current y, VGS 103 carries the
current x, the MOS device 102 carries the current x+y, and the MOS device
104 carries current z. Thus, each of the MOS devices 101-104 carries one
conponent of the currents fromthe harnogi c nmean equation di scussed above.
Because the currents are an exponential function of the gate voltages, as
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devi ces 112advadtaddohsly improve the gain-bandwidth product and crossover distortion

performance of the circuit. As those skilled in the art can appreciate, MOS transistors
have an inherent capacitance associated with the gate. If the quiescent current is too
low, the gate capacitance limits the frequency response. Thus, by increasing the
quiescent current for audio applications, the effects of the inherent gate capacitance are
minimized and the frequency response and crossover distortion performance of the
output stage 100 are improved. The increased quiescent current provides better
frequency and crossover distortion performance, but results in lower push/pull current
to quiescent current ratios. In this example, the circuit operational parameters have
been altered to improve the signal response characteristics of the output stage 100. This
configuration may be used to advantageously increase the fidelity of the amplification
of the output stage 100 for applications, such as audio circuits.

[0025] The circuit of FIG. 1 has been simulated using the process parameters of the
modern 0.35-micron CMOS technology using a value of 200 nA for current z, a supply
voltage of 1.8V, and a quiescent current of 2.4 pA to achieve a load current-to-
quiescent-current ratio of over 200.

[0026] FIG. 2 is an example schematic diagram of the harmonic mean class-AB output
stage 100 combined with a conventional differential input stage 116 to form an

operational amplifier. It should be understood that the differential input stage 116 in



[0023] G rcuit operational paraneters may be varied to suit a variety of
different applications. For exanple, increasing the supply voltage for a
gi ven quiwedamis2eurrent w Il advantageously increase thePcadiSouesookir r ent

| oad. The increased voltage provides higher push/pull

current-to-qui escent-current ratios, but results in higher -power
consunption. In this exanple, the circuit operational paranmeters have been
varied to increase the maxi numcurrent |cad. This configuration may be
advant ageously used for power applications. [0024] Reciprocally, increasing
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0.35-mcron C t echnol Ogé%US_I ng a value of 200 nA for current z, a supply
vol tage of migyr 18Ad Bhusuites seintmwnryadiage gequired foo satisfaghiyeoperatidroat] the
current-to- i ent, Lati@ of over 200. [0026] FIG 2 is an
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operational anplifier. It should be understood that the differential input
stage 116 | Ry a MOS device M11. However, as previously noted, the current source 105 may be

implemented by a resistor, such as an external user-selected resistor coupled to a power
supply to generate the desired bias current.

[0029] The power supply illustrated in the circuit implementation of FIG. 2 is a bipolar
supply generated by the voltage sources V4 and V5, each of which generates a 0.9 V
level. Thus, the supply voltage of 1.8 V is generated in the form of a 0.9 V supplies.
The output MOS devices 112 and 114 are implemented in the circuit of FIG. 2 as a
PMOS and NMOS device, respectively. As previously noted, the maximum output
voltage of the output stage 100 is determined by the power supply and by the saturation
voltages of the output devices 112 and 114. It is desirable to maintain the MOS output
devices 112 and 114 in nonlinear operation. This constraint may be met by limiting the
maximum output current generated by the MOS output devices 112 and 114.
Alternatively, as discussed above, the geometry of the MOS output devices 112 and 114
may be altered.

[0030] A SPICE simulation of the circuit of FIG. 2 having a current z of 200nA and a
supply voltage of 1.8V resulted in a quiescent current of 3.5pA (including the

differential input stage), and an output voltage swing of 1.2V across a 2KQload (with a



WO 03/ 015261 PCT/ US02/25008 7 FIG 2 is intended to sinply illustrate the
operation of the output stage 100 in an operational environnment. However,
the presewbDoovention is directed to the out put stage 10@Cab02/s50n0t
limted by the specific configuration of an input stage. [0027] The current
mrrors 107 and 108 are inplenented in the circuit of FIG 2 by respective
pairs of PMOS devices. The m ni num operational voltage requirenment of the
out put stage 110 is determ ned by the ingut MOS device 106, the MOS device
101, and the transistors in the current source 107. In the inplenmentation
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vol t age sources enera
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The out put deV| es 112 e3%1114 are i Ierrent ed in the circuit of FIG 2
as a PMOS § e‘(ﬂ%‘@g% BeCHTepEf g %thﬁﬁ‘éﬁﬂlbﬁg fageBbed, the naxi num

out put  vol I(ﬁBQ] PfG$ he 2l Qﬂﬁstraﬁeatﬂ@td}f@cgeﬁ gﬁ&giro% R&dnLY Jeﬂﬁ\é@%ﬁt ﬁ%ﬁ%pl y

and by the saturation voltages of the out evi ces 11 an
desirabl e t 300aiFHE.a3 s 2 heheMd8c alisigparh of diess hare®nicl Mieam dladst ABi asutpmrsltag&eﬁlﬂ
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illustrated in block form in FIGS. 3 and 4. With reference to FIG. 3, an audio input
signal 120 is provided to the output stage 100. The input signal 120 may be derived, by
way of example, from the differential input stage 116 illustrated in FIG. 2. Regardless
of the source of the signal, the input signal 120 is provided to the output stage 100. The
input signal 120 may be applied as an input voltage Vj, applied to the MOS device 106
(see FIG. 1). The output stage 100 generates an audio output signal 122. The output
signal 122 may be in the form of a voltage, such as Vg in the circuit of FIG. 1. The
output signal 122 is coupled to audio circuitry 124. The audio circuitry 124 may
comprise an output transducer, such as a speaker, or other additional electronic
circuitry, such as an audio preamplifier, mixer, power amplifier, sound-effect circuitry,
and the like. These devices are all well known in the art and need not be described in
greater detail herein. As noted, the present invention is directed to the inventive output
stage 100, which may be coupled to many different forms of audio circuitry 124.
[0033] Typical audio applications require low distortion as a primary consideration and
high gain as a secondary consideration. By increasing the quiescent current above a
selected predetermined level, the gain of the output stage 100 is reduced, but the output
signal 122 of the output stage 100 is more faithful to the original input signal 120 and

thus is presumably more pleasing to the ear of a listener.



Al ternatively, as discussed above, the geonetry of the MOS output devices
112 and 114 may be altered. [0030] A SPICE sinmulation of the circuit of

FI G 2 hawongoss26urrent z of 200nA and a supply vol tage @eCTAIS8Y230esul t ed
in a quiescent current of 3.5A (including the differential input stage),
and an out put voltage swing of 1.2V across a 2KS2load (with a WD 03/015261
PCT/ US02/ 25008 8 300A load current). The simulation also resulted in a
gai n- bandwi dt h product of 150 kHz. A 4pk MIler capacitor is used to
conpensate the operational anplifier. [0031] As discussed above with
respect to t he maxinu urrent.on.a load can . be , fcreased b

i ncreasi ng ELO?EH %I%'o[{]{saagse%ﬁe%ﬁﬁ laﬁ%“h?foﬁ ihﬁﬂn?rﬁ(é néeg%laaﬁ s8létﬁlt% S‘%%gfr foé)nt,
and the qui esseRtamplifyenpowancdirol BighgasagaihOtHeCMputtitdpeord0 BNladtradirin
circuit. The quiescent current can be varied by merely varying current
source z wi Ploskiformin R 4 oA mewier gontred inpu sigpal {3}963 Orevedadi to thmawtput siege

per f or mance r [ C: I . R e i ed
Be” an oper atinar taleg PR fiTEaReS 1 E e R pr SRR b TR
varyi ng t henfayasons froantny kaoehodirculte Sup@xympll bhgecienltyis ill0832dd i G 3
and 4 illustrate the different applications for the inventive output stage

100. FI G 3s¢hemgtic oh Eldt 3-cVRare dreadifisrentiplaingut stegs Llovravides tesporyer sentsol
stage 100 : | i ' j . | gr.i he
Ut put st ag P05 e e iy ShiRoPRliend a3 Ty R Sdlopl iy dolueel
Wth referesmsh a0 Vi @plad antleud@S idepice 166 (eal FIGR2Q).i sThwr ovipdedtage 1dde

out put stage 100. The input, signal 120 e derived, by .way of exanple,
P romt e a7 Bprsrdis 1 oweh Bontrd SIS G0 T3 0F 20 b oB eke 26 BYGEL of
the source @éntkd1RufjublBidhal glzefil%wng &Eq&% ofld Qgit§ge?§&‘ﬁ! Aed, 1ia thdsirQit prut

stage 100. The input Sign y be applied as an input voltage Vin
Al

applied to FHe IMCBhaeewgeontel oytpetesignalzl32 )s. conpled dappwer eaninge cit@itrydadr at es
o0, 2090 U a0t ST B e B TR R
coupl ed to aole0sgiply;Updwer thddistokh en alltiroomiblogUstepper IddtofByr the like. The
operation of such devices is well known in the art and need not be described in any
detail herein. As noted above, the present invention is directed to the output stage 100
and is not limited by the specific form of any power control circuitry 134.
[0035] Typical power control applications require high output current as a primary
consideration and low distortion as a secondary consideration. Lower frequency
response and minimal distortion is not generally a major concern in power applications.
However, maintaining a low quiescent current and having a high maximum current to
quiescent current ration is desirable. Thus, the user may alter the quiescent current z in
the manner described above to minimize the quiescent current for power control
applications. By increasing the supply voltage, the output stage 100 generates an
increased output current and thus the power control output signal 132 is suitable for a
greater number of power control applications.
[0036] Thus, the inventive output stage 100 may be easily altered for a variety of
different electrical circuit applications. The translinear loop configuration allows low-
voltage operation while the use of MOS devices permits a high output current-to-
quiescent current ratio.

[0037] It is to be understood that even though various embodiments and advantages of

the present invention have been set forth in the foregoing description, the above



conprise an output transducer, such as a speaker, or other additional
electronic circuitry, such as an audio preanplifier, mxer, power
anplifierwossondeeffect circuitry, and the like. These deciramss2/zes al

wel | known in the art and need not be described in greater detail herein.
As noted, the present invention is directed to the inventive output stage
100, which may be coupled to many different fornms of audio circuitry 124,
[0033] Typical audio applications requirgylow distortion as a prinary
consideration and high gain as a secondary consi deration. By increasing

t he qui escent current. aboyve a . selected predeterm ngd.level, the.gain of
the aut put - Sisasire g P ENRY Sab Shieer ot e TG Yo SHER T u
stage 100 i grg@Rintpldsitifithe n@ehthtfh. Ortegdfbry, theReentingBidionlid %o B Umilehbsly S
presumably nore pleasing to the ear of a [istener. WD 03/ 015261

PCT/ US02/ 25b9&he appp alfsG. 4 is a schematic di agram of the harnonic nmean
cl ass- AB out put stage 100 wused to anplify a power control signal. Again,
the output stage 100 is illustrated in block formin FIG 4. A power

control input signal 130 is provided to the output stage 100. As noted
above with respect to FIG 3, the signal provided to the output stage 100

may cone from any known circuit. One exanple of a circuit is illustrated in
the schematic of FIG 2, where the differential input stage 116 provides
the power control input signal 130. The power control input signal 130 nay

take the formof a voltage, such as Vin applied to the MOS device 106 (see
FIG 1). The output stage 100 generates a power control output signal 132.
In an exanpl e enbodi nent, the power control output signal 132 may be in
the formof a voltage, such as Vout in the circuit of FIG 1. The power
control output signal 132 is coupled to power control circuitry 134. The
power control circuitry 134 may include, by way of exanple, pass
transistors in a power supply, power transistors in a servonotor, stepper
motor, or the like. The operation of such devices- is well known in the
art and need not be described in any detail herein. As noted above, the
present invention is directed to the output stage 100



and is not limted by the specific formof any power control circuitry 134.
[ 0035] Typical power control applications require high output current as a
primary wongitesati on and | ow distortion as a secondary ®cmdiSdzzzads on.
Lower frequency response and mninmal distortion is not generally a ngjor
concern in power applications. However, maintaining a | ow qui escent
current and having a high maxi numcurrent to quiescent current ration is
desirabl e. Thus, the user nmay alter the qui escent current z in the manner
descri bed above to mnimze the quiescent current for power control
applications. By increasing the supplycﬂg_ ge, the output stage 100
generates an increased output current “an hus the power control out put
signal 132 is suitable for a greater nunber of power control applications.
[0036] Thus, the inveri}yssoulRuisStage 100 nmay be easily altered for a
variety of different electrical circuit applications. The translinear |oop
configuration allows | ow voltage operation while the use of MOS devices
permts a high o urrent-to- guiescent current ratio. [0037] It is to

I ut put .
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changes nmy tiseslimgaeloon, tetfastl MOpedevicerminying 4 firsh coteol dorresig! ther seomidoMEXS of
the invention.. Therefore, the ent jnventi iis,to be limted onl by
the apperedeUFarTEmEe o redke Gepnt Al R les ey tehmye At cdoa
claimed is: tdtheAufl 6CHb Firktant REcAdCOASSI ABreRtdl B the et MISSTREVI Oryirde
first, second, third, and fourth MOS transistor devices configured iI'n a
a bias current;
a first output circuit coupled to a first voltage supply and an output node,
8 the first output circuit sourcing a first output current based on the first control current;
and
10 a second output circuit coupled to a second voltage supply and the output
node, the second output circuit sourcing a second output current based on the second

12  control currents.

2. The circuit of claim 1 wherein the first and second output circuits are current
2 mirrors and the first and second output currents equal the first and second control

currents, respectively.

3. The circuit of claim 1 wherein the MOS devices are NMOS devices.

4. The circuit of claim 1 wherein the MOS devices operate in weak inversion
2 mode.

5. The circuit of claim 1, further comprising a supply voltage having a voltage

2 lower than 2 * Vg + Vps™ to provide the first voltage supply.



translinear |oop, the first MOS device carrying a first control current,
the second MOS 4 device carrying a second control current, the third MOS
devi ce cawoyfgs2al current equal to the sum of the first amdéTasovessogontr ol
currents, and the fourth MOS device carrying 6 a bias current; a first
output circuit coupled to a first voltage supply and an out put node, 8 the
first output circuit sourcing a first output current based on the first
control current; and 10 a second outputjgircuit coupled to a second

vol tage supply and the output node, the second output circuit sourcing a

second out pyt curfent bﬂgﬁq.onlthﬁ second . 12 co&&roh C rrents.léll.g The
circuit of & ai mESgHEHEPTCIALL-APTRe CORPTISIE S PRy VOlRECh Ve § LOA8. current
2 mrrorg asgudl ReVEL 9k \aRY' 15 peeIge ﬁétfﬁbtg/oﬁ%é%b@. equal the first and

second control currents, respectively. e circuit of claiml1 wherein
the MOS devices are NMOS devices. 4. The circuit of claim1l wherein the MOS

devi ces operate i i [ Sj mode. 5. The circuit,.of claim1
further comri o nge SREHLOTYRD] Mot B8Ry Rromy F afpeinines Bflifist » vos
+ VDSsat 2t 0sgle@iondf atti® durfegt, vol t age supply. WO 03/015261 PCT/ US02/ 25008
12 6. The circuit of claim1, further conprising a supply voltage having a
voltage 2 equal to VGS + 2* VDSsat to provide the first voltage supply. 7.

The circuit gof chqi . i i . i erm t
user 2 sel g'cti ogﬂ%@ r%luﬁélﬁggslﬁgﬂlr Me{%ie.m %au%ﬁﬁ%h??%g%ﬁg@ng%q\%% in a
qui escent cirertdag comfrol hrerenuttheibiastagmt bsing éicrénge@athdve alseksted prddetdrmiigdr ent

t he bi as cuire t .being_incre seqeﬁove a. selected predetermned level to

| ower a di st&Ftiodaweed distogion lgke 1gcuit.

0. The circuit of claim 8, further comprising an audio circuit wherein the output

2 node is coupled to the audio circuit.

10.  Acircuit having a class-AB output stage, comprising:
2 a plurality of MOS transistor devices configured in a translinear loop to
generate first and second control currents having a harmonic mean relationship;
4 a first output circuit coupled to a first voltage supply and an output node,
the first output circuit sourcing a first output current based on the first control current;
6 and
a second output circuit coupled to a second voltage supply and the output node, the
8 second output circuit sourcing a second output current based on the second control

currents.

11.  The circuit of claim 10 wherein the first and second output circuits are current
2 mirrors and the first and second output currents equal the first and second control

currents, respectively.

12. The circuit of claim 10 wherein the MOS transistor devices are NMOS devices.

13.  The circuit of claim 10 wherein the MOS devices operate in weak inversion

2 mode.



9. The circuit of claim@8, further conprising an audio circuit wherein the
output 2 node is coupled to the audio circuit. 10. A circuit having a

cl ass- AB wotoplis2et age, conprising: 2 a plurality of MOS tpemdissr/aioogievi ces
configured in a translinear loop to generate first and second control
currents having a harnonic nean relationship; 4 a first output circuit
coupled to a first voltage supply and an out put node, the first output
circuit sourcing a first output current sed on the first control current;
6 and a second output circuit coupled to a second vol tage supply and the

out put node,  the second Qut ircuit sourcing a sec t current
based on t h&t secgh‘ac%%ft %‘léﬁ’(eg comprisifp a SPRLY yplfass a?f’lnﬁlar?{)#@g‘?mer ein

the first apg,saeand: RUE B 6 G iSe MNEFir&Wolts lyrirrors and the first
and second out put cur?g%tslgqua%u%lézflrgt andgi%%%Rg]control currents,

respectively. 12. The circuit of claim 10 wherein the MOS transi stor

devi ces are evi ces 13.. The .circuit .of ¢ m in the MOS
dovi ces opelite THE WEGHE of ARG sk b e a SpOLE a8 Bedoebieds s
14. The o rsqaal toP¥ sC#Q* Vpl®.10 bifvidtathe ERIRbIEGpBlySUPP! y vol tage having a
voltage 2 |ower t VGS + VDSsat to provide the first voltage supply.

15. The CI rcuit of cI al m 10, further conprising a supply voltage having a

vol tage CI r uaI "5#1 glrcg;l%anfga B%Vﬁlére th 1?3\{'\1 %:rlﬁgélglssi 8‘(/?)t§lgigda uppl Y-

16. The Ther era 8 volts

and the 22 &ﬁﬁﬁ@d@M@k&ﬁﬂﬁy&M@QﬁMndﬁﬁ&ﬁgﬂﬂund ref erence. 17 The circuit of
claim 10 wherein the first and second output circuits conprise 2 first and
second out put MOS devi ces, respectively, the nmaxi num out put voltage range

17.  The circuit of claim 10 wherein the first and second output circuits comprise

2 first and second output MOS devices, respectively, the maximum output voltage range
at the output node being substantially equal to the difference between the first and

4  second voltage supplies minus a saturation voltage of the first and second MOS output

devices.

18.  The circuit of claim 10 wherein the plurality of MOS transistor devices

2 comprise first, second, third and fourth MOS transistor devices wherein the first MOS
transistor device is coupled to the first control current, the second MOS transistor

4  device is coupled to a current that equals in the sum of the first and second control
currents, the third MOS transistor device is coupled to the second control current, and a

6 forth MOS transistor device is coupled to a bias control current.

19. The circuit of claim 18 wherein the sources of the second and third and MOS

2 devices are coupled to a bias voltage.

20.  The circuit of claim 10 wherein a quiescent current of the output stage is set by a

2  bias control current.

21.  The circuit of claim 20, further comprising an audio circuit wherein the bias
2  current is increased above a selected predetermined level to lower a distortion level of

the circuit for use with the audio circuit.



at the output node being substantially equal to the difference between the
first and 4 second voltage supplies mnus a saturation voltage of the first
and secomaOMB®8126t put devices. 18. The circuit of clai m POTWser/zi008 t he
plurality of MOS transistor devices 2 conprise first, second, third and
fourth MOS transistor devices wherein the first MOS transistor device is
coupled to the first control current, the second MOS transistor 4 device is
coupled to a current that equals in the gumof the first and second control
currents, the third MOS transistor device is coupled to the second control

current, and a forth trapnsistor device is coupled.to a bias.control
current. 19%2-Thells figghit olgtlaim g&nﬂ“ CT,FAERRIISHE $ROWE, FEo! 8’Fc‘ilh‘é(h§r88’oﬁ‘8 and

third and uttodeyd &ﬁgleﬁrtgt&%ﬂ%e?@oﬁt%l%h@ﬁiﬁs voltage. 20. The circuit of
claim 10 wherein a quiescent current of the output stage is set by a 2
bias control current. 21. The circuit of claim20, further conprising an
audio circuit wherein the bias 2 current is increased above a sel ected
predeterm ned level to lower a distortion level of the circuit for use
with the audio circuit. WO 03/015261 PCT/ US02/ 25008 14 22. The circuit of
claim 20, further conprising a power control circuit wherein the 2 output
node is coupled to the power control circuit.



