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This patent application is related to concurrently filed U S. patent 5
application serial no. 08/534,524, entiijed "A Read Channel For At Least
Partially Of fsetting Nonlinear Signal Effects Associated Wth The Use

O Magnet o- Resi stive Jeads, " file pt eher .27 995, by Sonnt ag,
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The present invention is related to anplifier circuits, and nore

particularly, to differential anplifier circuits. Background of the
| nventi on Related Application Anplifiers, and, particularly, operational

anplifiers and diff ' . |1 £l [ e art.
Such anplifiers havgﬁggbg@%’te%p hs%@'&slf%‘é%??%ﬁ?’?&%ﬁﬁi ﬁ@%cﬁeﬁ%‘?. bed, for
exanpl e, 5i nagiation sdrial/06. O8/554,624, catitled f SRead Chamutl FooAtrleast Raitially, edi t ed
OY v T8 Vi BfRe@d NonlmBhOBBRLIHrrec RIdoBIARE With The UJR'GFMagfietbidsistibe -
(1985), and_herelr i i ncorpordted by reference. lcally, 1t1s

desi rabl e t Headss'Uiiled Septembge H7diﬁ9ﬁebseﬁpn1§ag,a(ﬁpm¥tgg &hsheagin ingosperaied byl

amplifiers referen@PRicsSignbd BE Vsdpndd T thd hiesaiifihtiyel tage signal is
appr oxi mat ejl‘%a/d?r awile fired 20 verSion of the applied input voltage signal.

However, it s also desirable to produce harnonic conponents
of an apwl i ed vol t agkheSpredeat invention BUBKRDMto @plifer ¢ifdues] dndmore

particularly, to differential amplifier circuits.
Background of the Invention
Amplifiers, and, particularly, operational amplifiers and differential
, amplifiers, are well-known in the art. Such amplifiers have a variety of applications,
15 such as described, for example, in Design of MOS VLSI Circuits for
Telecommunications, edited by Y. Tsividis and P. Antognetti, published by
Prentice-Hall, Inc. (1985), and herein incorporated by reference. Typically, it is
desirable to ensure that such differential amplifiers and operational amplifiers
= operate linearly so that the output voltage signal is approximately an amplified
20 version of the applied input voltage signal. However, it is sometimes also desirable

to produce harmonic components of an applied voltage signal.
Summary of the Invention

Briefly, in accordance with one embodiment of the invention, a circuit

comprises: at least one differential amplifier. The differential amplifier is coupled in

25 acircuit configuration so that the differential output voltage signal of the differential
amplifier circuit includes a scalable second-order harmonic component of the
differential input voltage signal applied to the differential amplifier circuit. Briefly,
in accordance with another embodiment of the invention, a method of applying a
differential input voltage signal to a differential amplifier circuit to produce a

30 differential output voltage signal comprises the step of: driving the differential
amplifier circuit so that the differential output voltage signal of the differential
amplifier circuit includes a second-order harmonic component of the differential
input voltage signal.
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Briefly, in accordance with one enbodi ment of the invention, a circuit
conprises: at least one differential anplifier. The differential anplifier
is coupled in 25 a circuit configuration so that the differential output

vol tage signal of the differential _anmplifier circuit includes a

scal abl e second-order harnoni c conponent of the differential input
vol t age si gnal lfpl | ed to the differential anplifier circuit. Briefly,

in accordan®g 3 e BEAVIRGSt of the invention, a nmethod of
applying a di ff?ﬁ@@& @ét mdaﬂaykgﬁe&eaaag%e%gaﬁionh@ ﬁ'tl@ﬁIfafl?rp@H{té&but
anplifier CII‘CUIt to prod elce a fferential outp, %t yol t age. si gnal
conpri ses t [gBd gissgciy clagpeq,m{ge Fﬂ’%?l\iﬁ‘lflg @pgion;of the specifigatign. {Ths inyentiom ¢ so

that the di hbReeEr bath &u& Bkganié@hbﬁﬂ@d Srie€Hdal of@i:eﬁab@n dbga‘tmeﬁm fdatures,
anplifier_ci cwt sec nd 0 deE aérmnlg onent of the

di fferentd aP jeCtS axpcﬂ (p(gpﬁ {)est e understood by retérence to the

REPLACED SHE#Idwing detailed descSﬁStlon when read with the accompanying drawmgs ibestfieh:pt i on:

peged to pag eéo. paﬁf\(.g I'is a circuit diagram illustrating an embodimep %a $gikff%en%ggged
........ t o apgpljfidr circuit in accordance with the invention Abstract paged
"""" to paged . FIG. 2 is a block diagram illustrating an emb%é-lr_ﬁent of & redFHahhdl
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distinctly ¢ e concludi ng portion~o e specification
i nventi on, lnventlﬁbwever both as to organi zati on and net hod of operation,

together with featurggs, 3isa circuit diagram illustrating an alternative embodiment of a
differential amplifier circuit in accordance with the invention.
15 FIG. 4 is a circuit diagram illustrating a portion of another embodiment
of a differential amplifier circuit in accordance with the invention.
FIG. 5 is a circuit diagram illustrating yet another embodiment of a
differential amplifier circuit in accordance with the invention.
FIG. 6 is a circuit diagram illustrating still another embodiment of a
20 differential amplifier circuit in accordance with the invention.

Detailed Description
Magnetic recording systems, such as disk drives, for example, employ
electronic circuits to read electro-magnetically stored signals, such as those stored on
a disk or diskette, for example. Typically, such systems employ magnetic induction
25 to read the electro-magnetically stored signals, such as described, for example, in An
Introduction To Direct Access Storage Devices, written by Hugh N. Sierra,
published by Academic Press, Inc. (1990), and herein incorporated by reference. It
has become increasingly popular to employ magneto-resistive (MR) read heads with
such systems. One reason is because such read heads may provide improved signal-
30 to-noise (S/N) ratios in comparison with other conventional types of read heads that

may be employed with such systems.
Aforementioned concurrently filed U.S. patent application serial no.
08/534,524, (Sonntag 11) describes an embodiment of a read channel, such as may
be used in a magnetic recording system, for at least partially offsetting nonlinear
35 signal effects associated with the use of MR read heads. FIG. 2 illustrates a portion
~ 1000 of an embodiment of a read channel described in that patent application. A MR



5 obj ects, and advant ages thereof, may best be understood by reference to

- the foll ow ng detail ed description when read with the acconpanyi ng
drawi ngs i n whi ch: FIG 1 is a circuit diagram
illustrating an enbodi nent of a differgntial anplifier circuit in
accordance with the invention FIG 2 is a block diagram
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nonl i near superposmoned at a summing node, such as node 1130 1llustrated in FIG 2.
20 Although FIG. 2 illustrates a block diagram embodiment of nonlinear
adjustment 1100, it would be convenient if a circuit configuration implemented

compensating nonlinearity element 1115 and summing node 1130. Furthermore, it
would be convenient if this circuit configuration could be configured using
conventional amplifiers or similar electronic circuitry.

25 FIG. 1 illustrates an embodiment 250 of a differential amplifier circuit in
accordance with the invention that may be employed to provide the desired nonlinear
adjustment. As illustrated in FIG. 1, embodiment 250 comprises a conventional
differential amplifier 900. Likewise, conventional MOS transistors are illustrated,
such as transistors 910, 920, 930, and 940. Although not explicitly illustrated, either

30 P-channel or N-channel MOS transistors will suffice. For the configuration
illustrated in FIG. 1, the control voltage, V ., may be of a sufficiently high magnitude
to ensure that MOS transistors 910, 920, 930 and 940 remain substantially triode-
biased, although the invention is not limited in scope in this respect, as explained in
more detail hereinafter. As is well-known, by operating in the triode region,

35 operationally the MOS transistors resemble resistors. See, for example,
"Continuous-Time MOSFET-C Filters In VLSL," by Tsividis et al., [EEE




35 signal effects associated with the use of MR read heads. FIG 2
.il'lustrates a portion 1000 of an enbodi nent of a read channel
described in that patent application. A MR.

-3 - head or MR read head 2000 iy also illustrated in FIG 2.

Li kew se, a preanplifier 3000 is illustrated. Were preanplifier 3000
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af orenent i oned concurrently filed U S. patent application serial no.
08/534,524 (Sonntag 11). In this particul ar enbodinent illustrated in
FIG 2, nonlinear adjust ®dmilF0F Ve i (st} ¥bed Vet as incl udi@y
corrpensatl ng nonlinearity conponent 1115 in which the output signal

provi ded by variable gain anplifier (VGA) 1135 is processed by conpensating
15 nonl i n&here Y cred is thegommon mode seferepcgveltage devel jbiis pastieulait put si gnal |
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sunm ng noge % node 1 130 illustrated 1n FIG 2.
o lowmg equa io

15 _ O-S(Vop + Von) = Vs + (0.5-%) (VOP = Van) @)

Therefore, as will be explained in more detail hereinafter, the actual
common mode output voltage signal of amplifier 900 includes a scalable fraction of
the differential output voltage signal of amplifier 900. The fraction of the differential
output voltage signal of amplifier 900 included in its common mode output voltage

20 signal depends on the value of ¥, in accordance with the configuration illustrated.
Furthermore, in this particular embodiment, the output voltage signal of amplifier
900 comprises the output voltage signal of the differential amplifier circuit.

Because the actual common mode output voltage signal of amplifier 900

includes a scalable fraction of the differential output voltage signal of amplifier 900,

25 the differential output voltage signal of amplifier 900, which in this embodiment is
the differential output voltage signal of the differential amplifier circuit, includes a
second-order harmonic component of the differential input voltage signal applied to
the differential amplifier circuit, V;, - V;, in this particular embodiment, as will be
explained in more detail hereinafter. Furthermore, the magnitude of this second-

30 order harmonic component is adjustable or controllable. For example, adjusting v
and/or adjusting the magnitude of V will adjust the magnitude as desired, as also
will be explained in more detail hereinafter.



20 Al'though FIG 2 illustrates a bl ock di agram embodi rreht of
- nonlinear adj ustnent 1100, it would be convenient if a circuit
configuration inplenented conpensating nonlinearity elenent 1115 and
sunmm ng node 1130. Furthernore, it -5wul d be convenient if this circuit
configuration could be configured using conventional anplifiers or
simlar electronic _gjrcuitry. 25 . Fl 1.illustrates.an
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el | - knownyt oI ia 606 kélfedrively Corhriseife bifldA mot feRffak hBAld sgddie MOS
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MOSFET-18 Fnd;the sompop mede oytput voltage;signadiof she diffepantial amplifier circuit.
-4 - THi§ &smilhi BonidreSpectlibthe Aot eniilbyedvalFIGE 1 GASisSempliged 2,
February, 1986, . . ff_‘erel B I nco g{l)rat.egqrb refergnce. . As
i | | ust r at RFTE P ERliLy, the;mat WP%“‘;?L alysis it SUAs ([err]) may
be enpl oyed to scalFer the emtbudiménttillestrslintFIG Sctheworrenxifa tticdd-bifagediback
device, such as MOS transistors 610, 620, 630, and 640, may be written as

15 ’ Ips =

3

where Ipg is the drain-to-source current, V ¢ is the gate voltage, Vy is the

threshold voltage, Vp is the drain voltage, V g is the source voltage, V pg is the

drain-to-source voltage and x is a known value that may vary based, at least in part,
20 upon temperature and device geometry.

Employing the conventional assumption of a substantially ideal
amplifier, the drain-to-source current of transistor 640 should approximately equal
the drain-to-source current of transistor 610 and, likewise, the drain-to-source
current of transistor 630 should approximately equal the drain-to-source current of

25 transistor 620. Utilizing these equalities and equation (3) above results in two
equations that may be subtracted to yield the following result.

Vip (Ve=Vrmu—-Vic) = Vop (Ve =V —-Voc) 4)
or
Ve=Vm—-Vic
30 A =V

where Vp is the differential input voltage, V¢ is the common mode input voltage,



5 "provided to differential anplifier 900. Thus, the relationship between
.V[err], Verr] and V[err] may be described by the follow ng equation.
Vlerr] = Jerr]Verr] + (1-[err]) V[err] = Vcref (D) where V
[err] is the commpbn node reference voltgge level in this particular 10
enbodi ment. Based on the configuration illustrated in FIG 1, differential
anplifier .975 operates in copjunction wth differential anpljfier 900
in a mannerY oD 1s,ﬁ§1p,z,1[|tgqrﬁnt1a outpyt [’8&%‘3 andn¥oa ity #’QICPW‘%Q'NQP ‘?8““9””@91??9 Thi s
rel ationshi p t her ef Boethpembodigert iigustrated ih *IGOSY ng equat i on. 15
0.5(Vlerr] + V[err]) = V[err]+ (0.5-[err])(V[err]- V[err]) (2)
Therefore, as will be explained in nore detail hereinafter, the actual
common node out put vol tage si §hal =8 eanplifier 900 includes a scal abl e
fracti one of the differengj al _oytpu | signal of anplif4ier 900.
The fraction of the different itvaﬂc - Cfefo%t%té'\sglét‘%ge signal of atplifier
900 included in its conmmon node out put voltage 20 signal depends on the

| f ¥ . it y . ) Sl " :
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anplifier resultsém0 conprises the output voltage signal of the differenti al

anplifier circuit. Because the actual conmon node out put
vol tage signal of anplifier 900 i nel udes a_ scalqabl e fraction of the
di fferential output voltage,signal, of | {¥1+8r5)90m, | 25 the differenti al
out put vol tage signal of anpPPfTef DOV, ich {n this enbodi nent J

the differential output voltage signal 'of the dffferential anpli ﬁa‘zr

circuit, .includes a, .. second- or detY-Hdd¥nbc conmponent of th

differelfi éi‘f(i"‘lfihgﬁli fe%ﬂé‘lVFhYg‘én"gfbﬂﬁ?s %ﬁ—r?&r——p Tap T , iy b APk A8
anplifier circuit, V[err] - V[err] in ths particular enbodinent, ‘as wll
be explained in nore detail hereinafter. Furthernore, the nagnitude of

this second- 30 order harnoni c conpfnery,_i {u$t abl e or controll able. For |
exanpl e, adjusting [err] =Vp fl.,.MT |
- Ve (5b)
y—0.5)
=Vp + V2 (v |
B P [Vc"VTH"Vcref] (5¢) :
| i
15 Employing these mathematical manipulations, therefore, yields the following
equation for the differential output voltage signal.
- ’Y—OS 2
Vop = Vpp + \%
oD ID VeV —Vent ID ©

Equation (6) above illustrates that, for the embodiment illustrated in FIG. 5, the
20 magnitude of the second-order harmonic component of the differential input voltage
signal applied to the differential amplifier circuit that may be introduced into the
differential output voltage signal may be adjusted by adjusting 'y and/or by adjusting
V..
The equations above were obtained by driving the differential amplifier
25 circuit so that a fraction of the differential input voltage signal applied to the
differential amplifier circuit is included as the common mode of the output voltage
signal of the differential amplifier circuit. The common mode feedback voltage
signal in this particular embodiment provides a mechanism to accomplish this, as



ana/or adjusting the magnitude of V[err] will adjust the magnitude as

-desired, as al so wll be explained in nore detail hereinafter.
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differential anplifier circuit in -pccordance with the invention in
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enpl oyed in Fl ) P oyed 10 STpHTTY i
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i 11 ustrat edgndl, dnkkPas HlustrA@d Gy FIGNE, L&s%e%gideglﬁ’s o ﬁﬁ?ﬁG. 5 enﬁ:%?kﬁ&lt, foch as
MES tr ?BS ! esxa?nrp €. G'E'I%’s re?cFu(c):ﬁorE3 ?nodelg)q%ergt%’re, incyreasgs mell;[angvr:'id?ﬁ of the
embodiment of a differential amplifier circuit in accordance with the invention.
FIG. 3 illustrates yet another alternative embodiment 500 of a
differential amplifier circuit in accordance with the invention. In FIG. 3,
embodiment 500 is illustrated as embodied in or on an integrated circuit, although

15 the invention is not limited in scope in this respect. The approach employed in this
particular embodiment is similar to the approach employed in the embodiment
shown in FIG. 5 in that a fraction of the differential input voltage signal applied to
the differential amplifier circuit is added to the common mode of the output voltage
signal of a differential amplifier via the common mode feedback voltage signal.

20 However, whereas for the embodiment illustrated in FIG. 5 the common mode
feedback voltage signal was applied to a differential amplifier employed in a triode-
biased circuit configuration, e.g., with the differential amplifier coupled to MOS
transistors biased to operate in their triode region, such as differential amplifier 600
in FIG. 5, in contrast, for embodiment 500 of a differential amplifier circuit in

25 accordance with the invention illustrated in FIG. 3, the embodiment comprises a
linear amplifier circuit portion 540 and a triode-biased amplifier circuit portion 550.
In fact, in this particular embodiment, the triode-biased amplifier circuit portion 550
comprises a conventional MOSFET-C circuit including a differential amplifier,
where the conventional feedback capacitors for the MOSFET-C circuit are replaced

30 with triode-biased MOS transistors 515 and 525. Likewise, although not explicitly
illustrated in FIG. 3, differential amplifier 520 is assumed to include conventional
common mode feedback circuitry.

Whereas previously, such as illustrated in FIG. 5, the common mode
feedback voltage signal was applied to a differential amplifier coupled in a triode-

35 biased amplifier circuit configuration, instead for the embodiment illustrated in FIG.
3, the common mode feedback voltage signal is applied to differential amplifier 510,
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where I[err] is the drain-to-source current, V[err] is the gate voltage,

. V[err] is the threshold voltage, VD is the drain voltage, V[err] is
the source voltage, VDS is the drai n-to-source voltage and [err] is a
known val ue that may vary based, at |e8st in part, 20 upon tenperature and
devi ce georretry Enpl oyi ng the conventional assunption of a
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via the common mode feedback voltage signal of the differential amplifier; however,

10 in this particular embodiment, the output voltage signal is the output voltage signal
of differential amplifier 510, not a differential amplifier employed in a triode-based
amplifier circuit configuration, such as differential amplifier 600 in FIG. 5, and the
common mode feedback voltage signal is the common mode feedback voltage signal
of differential amplifier 510.

15 When this particular configuration is employed, the common mode
output voltage signal of differential amplifier 510 may be given by the following
equaﬁon.

Voc = Vs +(Y-0.5)Vpp N

20 where Vp is the differential input voltage signal applied to embodiment 500 of a
differential amplifier circuit in accordance with the invention.

However, as illustrated by the embodiment shown in FIG. 3, the
inverting and noninverting output voltage signals of differential amplifier 510 are
likewise applied to triode-biased amplifier circuit configuration 550. Due to

25 equation (7) above, the common mode input voltage signal of triode-based amplifier
circuit configuration 550 may be given by the following equation.

Vic = Vs +(Y-0.5)Vp 3)

Thus, by this technique the differential output voltage signal of a differential

30 amplifier circuit, which in this particular embodiment is the output voltage signal of
amplifier 520, includes a scalable second-order harmonic component of the
differential input voltage signal applied to the differential amplifier circuit, as
desired. It will now be appreciated by one of ordinary skill in the art that the
approach employed in the embodiment illustrated in FIG. 1 may, likewise, be



VIC=V][err] 5 V[err] =V[err] + ([err]-0.5)

. VID (5) I nserting equation (5) for V [err] into
equation (4a) and letting Vlerr]=V - VTH - V [err] results in
10 which, for relatively small val ues9cf may be approxi mated as

15 Enpl oyi ng these mat hemati cal mani pul ations, therefore, yields the
fol I ow ng adapted TSR ei,m noc{ir%[antt gfe a &He;e%'iigp%ﬁ)lliﬁe?li'ﬁ Q&'éoréfzmc% ¥tk gk 9nal -
invention including a linear amplifier circuit portion and a triode-biased amplifier
circuit portion. In one such embodiment, for example, the common mode input
voltage signal of a first differential amplifier in the triode-biased amplifier circuit
5 portion may include an adjustable fraction of the differential output voltage signal of
a second differential amplifier in the linear amplifier circuit portion.

FIG. 4 is a circuit diagram illustrating a portion of another embodiment
of a differential amplifier circuit in accordance with the invention. As illustrated in
FIG. 4, the differential input voltage signal of a differential amplifier circuit may be

10 provided to a resistor network that may include series and/or parallel switches in the
form of MOS transistors. For example, for the network illustrated, the output signal
produced by this particular network, V com, may be provided to a differential
amplifier, such as amplifier 675 illustrated in FIG. 5, and thereby provide a common
mode feedback voltage signal, similar to the approach employed in connection with

15 the embodiment illustrated in FIG. 5. Where this configuration is employed, MOS
transistors, such as 710, 720, 730 and 740, may be actuated in response to
externally-derived voltage signals applied to their respective gates to adjust the
magnitude of the second-order harmonic signal produced by the differential
amplifier circuit. Likewise, other configurations in which the magnitude of the

20 second-order harmonic component signal produced may be digitally-controlled may
be configured.

It will, of course, be appreciated that a differential amplifier circuit in
accordance with the present invention is not limited in scope to the particular
embodiments illustrated. For example, in an embodiment in which V is used to

25 control or adjust the magnitude of the second-order harmonic component of the
differential input voltage signal applied to the differential amplifier circuit, any one
of a number of schemes may be employed to adjust V.. For example, in an .
embodiment in which binary digital signals are employed, such as described in
aforementioned concurrently filed U. S. patent application serial no. 08/534,524

30 (Sonntag 11), the binary digital signals may be integrated or summed to provide a
digital signal control and this digital signal control may be provided to a digital-to-
analog converter (DAC) to provide an analog signal for V.. Furthermore, the
invention is not restricted in scope to employing either y or V. to scale the second-
order harmonic component of the differential input voltage signal. These and other

35 parameters may be adjusted individually or in combination, depending on the
particular embodiment. For example, in one embodiment of a differential amplifier



Equation (6) above illustrates that, for the enbodinent illustrated in FIG
. 5, the 20 nmagnitude of the second-order harnonic conponent of the
differential input voltage signal applied to the differential anplifier
circuit that may be introduced into thﬁ)r differential output voltage
signal may be adjusted by adjusting [ert] and/or by adjusting Vierr].
The equations above were obtained by driving the differential anplifier 25
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Likewise, in an alternative embodiment, the gain of the differential
amplifier in a differential amplifier circuit in accordance with the invention may be
adjusted to scale the second-order harmonic component of the differential input

15 voltage signal. For example, referring to embodiment 400 illustrated in FIG. 6, again
a triode-biased amplifier circuit configuration may be employed, such as differential
amplifier 410 and MOS transistors 420, 430, 440 and 450 coupled in the :
configuration illustrated. In this particular embodiment, although not explicitly
illustrated, differential amplifier 410 is assumed to include conventional common ;

20 mode feedback circuitry. It may be demonstrated that for this differential amplifier
circuit configuration, the gain may be given by the following equation.

’
Ve,

Gain =

4

Ve, €)

where the V¢ | and V¢, are given by the following equations,

25 Vél = Ve = V1=V common

’ 10
ch = V2= V11—V common (10)

where V y is the threshold voltage and V ¢ommon is the common mode voltage. As
illustrated by the embodiment of FIG. 6, V. is given by the following equation.

f i e a kb 3l T et s s B 3 ae ot

30 Ver =V +YVp (11)
where
Vip = Vi = Vi



signal, such as illustrated in FIG 1. Less delay occurs in the FIG 5
enbodi nent, for 10 exanple. This reduction in delay, therefore, increases
t he bandw dth of the enbodi ment of a differential anplifier circuit

i n accordance with the invention. FIG 3 illustrates yet
anot her al ternative embodi ment 500 of” &~ differential amplifier circuit
I n accordance with the invention. In FIG 3, enbodi nent 500 is
i|lustrat eﬂcblﬂ;singrdqnatim (10) and (d1h) wrequatiem (9 gects che followingéxpnessipn fod5 t he
|nvent|ont g %} limted in scope in this respect. The approach enployed in
this 2Pticul ar enmbodi ment is simlar to the approach enployed in the
enbodi rrent shown in Fl (Yc;_B A h-a's/V@Df racti onyof the differential

i nput vol tage signal aﬁﬁlﬂle tte—di Ff brie I mnplifier circuit is
added to the common node of ftdie out plf? vol t age Zsignal of a(l2
differential anplifier via the common node feedback vol tage signal. 20
However ., whereas for the eng iment illustrated in FIG 5 the commn node

f eedback VdIUEE9E el Qﬂ@llen\kég ahp diftsrential ampfifierGiEoyit in pceordance vt Bepl oyed in
a triode- inventioRl ased circuit configuration, e.g., with the differential

anplifier coupl ed to MOS transi stors biased to operate in their triode
region, such as differential anplifier 600 in FIG 5, in contrast, for
enbodi rent 500 of a different :yal a=m@l' 1|_,_er Yeiycyit in 25 accordance wit h
the invention illustrated in FI odi™tent conpri ses a(13) | i near
anplifier circuit portion 540 and a trlode bi ased anplifier circuit portion
550. In fact, in this particular enbodi nent, the triode-biased

anpl i fi er indicatirigl thpothe igain iS5 afjustable at deapy ingasgt ia accoriare iwitiedondoBFET- C
circuifnyi Q’Q}gg' ?g a differential anplifier, where the conventi onal
feedba% Y¥6%s for the MOSFET-C circuit are replaced 30 with

triode-biased MOS transistors 515 and 525. Li kew se, although not

explicitly | | WURkERLAS drﬂqllﬂe@mr@mt gl J&Sfd%éé? gl‘gg)ilnkéﬂtﬁ)rn St dss

assuned to include conventil ona clreul

Wher eas peaibodiments 28Q,and 240, ifer erample. auny be dm@n tg genarate @owaend- mdqe
feedback \h%h@zﬂ@ café@aaém\e@a diRdehied lﬁﬁt%gag Rﬁﬁedatmi’hé Ecilf);égernﬁgﬁpl ed in

a triode- 35 hiase gdp fier CIrCUIt con |nstea
enbodi nmenmMplifigs eireltib JLikgwispdts differential amppli ﬁwswt msyderdriven se khaj e age

si gnal 15 s datssreh®s] ihgut Volth@s Gl Mcladmlal schied ffaéflon of the second-order
harmonic component. A differential amplifier, such as differential amplifiers 900 or
600 as previously described, for example, may driven in a manner so that the

common mode output voltage signal includes a fraction of the differential output
voltage signal of the differential amplifier circuit or includes a fraction of the

20 differential input voltage signal applied to the differential amplifier circuit,
respectively. Likewise, the common mode output voltage signal of the differential
amplifier may be driven so as to include a scaled fraction of the differential output
voltage signal of the differential amplifier circuit or the differential input voltage
signal applied to the differential amplifier circuit. Furthermore, the common mode

25 input voltage signal of a differential amplifier may be driven so as to include a scaled
fraction of the differential output voltage signal of another differential amplifier, or a
scaled fraction of the differential input voltage signal applied to the differential
amplifier circuit, such as illustrated in FIG. 3, for example. In such embodiments, a
second-order harmonic component of the differential input voltage signal in the

o et ke ek s 4 e i 5

30 differential output voltage signal of the differential amplifier circuit may be adjusted
or scaled by a variety of techniques such as by adjusting relative resistances,
adjusting control voltages, adjusting amplifier gain, or combinations thereof, as



- 8- which is coupled in a linear anplifier circuit configuration at

. l'east in part. For exanple, in this particular enbodi nent, |inear
anplifier configuration 540 includes i npedances 560, 570, 580, and
590. Depending upon the particul ar |ﬂp|§nentat|on t hese i npedances

may conprise, for exanple, resistances, “capacitances, or 5 combinations
thereof. Likew se, this particular linear anplifier circuit configuration
enpl oys thgr@a[mustzamcnmdtsﬁor@&emey“th aneiod dhienprevions tefhidques isn whi ch a
fraction o | o the
differenti é plo#gfitt{;‘?gcfvlcg ;?éﬁ}éé ﬁ%uﬁxﬂghtttoé% %ﬁ?ﬁu&%gf‘@gm hrr&ulgeIt t he

out put vol hageoni¢ gemponsnt gererapd.fsuek as byupdiusting the &action of the élffqi@ntl?émmn .
mode f eedbgg tvetttﬁ‘gmﬁg&t BaRU dﬁfretahee eisistivalies dor @iﬁ?ﬁ[bl&'aeﬁne agueens 10 in

this partlc I ar, e ment, the output vol tage signal is the output vol t age
signal > of ssaliggmayeqeur BY dewigeiselegted swrolheg gate yoltages dont thaMQSp| i fi er

enpl oyed i frafsistotsasfah®8E&lt confi uﬁimhl Fb?&e“etr[ﬁéﬁixhexﬁ@ﬂfu's@&té@iﬂ PIGs.3uch as

differential lifi.er, 6 edback
vol tage si P Tespectise lao%t&ﬁ%fﬁhﬁéeaséﬁpg%t%@&ég@. rgnsisors 61p:
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differentia rerccircu rdance W
described in connection with the embodiment illustrated in FIG. 6. For example

selected controlling gate voltages may be driven in a manner to include a scaled
fraction of the differential input voltage signal.

15 While only certain features of the invention have been illustrated and
described herein, many modifications, substitutions, changes or equivalents will now
occur to those skilled in the art.



However, as illustrated by the enbodi nent showmn in FIG 3, the

inverting and noni nverting output voltage signals of differential anplifier
5 10 are | i kewi se applied to triode-biased anplifier circuit
configuration 550. Due to 25 equation (75 above, the comon node i nput

vol tage signal of triode-based anplifi at circuit configuration 550 may
be given by the foll ow ng equati on.

Merr] = V] Oldims¢[err]-0. 5)V[err] (8) Thus, by this
technique the diffefe put vol t age. S|gnal of a differential 30
amplifier circuit, {mhg aﬁeﬁr"‘? S Qreyit cof g‘F W enbodi nent is the output

vol t age signal of atleuspdme‘dxﬂ'ereﬁﬂ@lampitﬂan@%ﬂ)a scal abl e second- or der

har moni ¢ conponent q I pplied to
the differential arrpﬁfalci &gre ay Pfﬂd "’l%e?%in% coggl@}frm %8 fﬁqgﬁlali ﬁgﬁﬁheﬁ

appr eci atledciguibemnfighrasiogisahat twdﬁferanmak ousputrvoltagesignaief said diffeneotialh
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L-n

-9 - or an erentia I er
accordance @ thﬁ differential inpuy\vekagoyignal @pplipdg said dlffer&nnairﬁ@nplfﬁeé mr@tiut cuit
portion and a tri ode-biased anpllfler CIrCUIt portion. In one such

enbodi nent, for exapple,.the c ngci vol tage signal of a
first differential &nbhg integrate Cltfﬁét? ‘FB‘Hél’bl ased anplifier circuit 5

polri ion may include vaReraid sdft diffefentinlcdhplifier @ichides adbidnedembi@butpii put
vol t age %I
I

gltage signal (V ¢mb);
said common mode output voltage signal including an adjustable
fraction () of said differential output voltage signal.

3. The integrated circuit of claim 2,
wherein said differential amplifier includes an inverting and
15 noninverting output voltage signal (V o5, V o), and a common mode feedback
~ voltage signal;
the circuit configuration being coupled so that adjusting the relative
imbalance between said inverting and noninverting output voltage signals in said
common mode feedback voltage signal adjusts the fraction of said differential output
20 voltage signal included in said common mode output voltage signal.

4. The integrated circuit of claim 2,

wherein said differential amplifier includes respective, inverting and
noninverting, input and output voltage signal ports;

a first MOS transistor (940) being coupled to the noninverting input

25 voltage signal port, a second MOS transistor (930) being coupled to the inverting

input voltage signal port, a third MOS transistor (920) coupling the inverting input
voltage signal port to the noninverting output voltage signal port, and a fourth MOS
transistor (910) coupling the noninverting input voltage signal port to the inverting
output voltage signal port.

30 5. The integrated circuit of claim 4,
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a second differential anplifier in the linear anplifier circuit portion.

FIG 4 is acircuit diagramillustrating a portion of another enbodi nent
of a differential anplifier circuit in accordance with the invention. As
illustrated in FIG 4, the diffengntial input voltage signal of a

differential anplifier circuit may be 10 provided to a resistor network
that may include series and/or parallel switches in the form of MOS

transi stors. For ewmtpinesald diffetd%lahampkﬁd{ lmqlucmstamanwlng aed out put si gnal
pr oduced (50%4,l
di fferent Hbfnlhbér%ng?ﬁr%it Eéed? uch &% ?I er ﬁ?[ufsét% g%%‘qe&&% }tﬁgeF G 5,

and thereb&%nblﬁow de a common node feedback voI tage signal, simlar to

the approach enmpl oyedirbiit E&ﬂigﬂﬁéﬂoﬁrbemgtébuiaﬁ:d Fre. mmmtmamsuhg lmest rated in
FI G V\hrethls con ﬁ&ﬁﬁatl nis.e transi st such as

710, 7250 algveimpalange ep gaig dpyesii %4%9‘8%\6‘6“%“&% voltage Slgn sin’
ext er nal | yaid@binnsh medé %&bz&ik(m@thge ﬁgﬁ&llaajixstsqhé fttiod @Bmpﬂiffe@exﬂﬁl es to

dj ust th th duced b
e o 1§ oyt Vol Senel e af Sy Eormpion npde oW B VDlage S8BT | Qurat i ons 1 n

whi ch the magni tude of the 20 second order harnoni c conponent signal

produced may be dig trol.le be confi gured.

It will, of coursée Jr%% rg%’ﬁg?%@{cgﬁghotdﬂgﬁg, differential anplifier circuit in
accordance with thehqrcmsaexddiffnmtial anplifier imdludeis regpedtive, inveoireg aml t he

particiy a ; ' t I exanple, in an enbodi nent in
whi ch e?})xrm?r%mggtigﬂhtr@@@ q?:dcgr‘)d rﬁ%#ﬂx?x%gﬁﬁést t he magni tude of the

second- or der har nohiitst MO Barsistonf640hkeing COURi‘PdE focthe neniaventing dnputol t age

i gnal - 2ppbiag dighel ”g&tddéechﬁ&MOSihaﬁéﬁ%bi {6365 béifx%%‘thﬁled &¥he Hiferting _OF 2

nunber of schenes be enpl oyed to adj ust For exanple, in an

enbodi nen%nﬂuhvm&?ﬁlgﬂahaﬁ"i‘/ athird MOSdragsistos (62Q) coppling ibg inverting Putiescri bed

in abelt Egnap @m@eﬁmhﬁﬁehi Jut R &roltag e%l mtpeﬁt aﬁ)@fdlﬁﬁhtM@S seri al
no. 08/534,5 MESon H%f‘ the 1 nar?,/ |tal l% be
integrate a‘6§15‘8h C‘?‘%P igverting ingif yqliae §fﬁj‘ﬁ£P° Eﬂw'thFdi‘V this

di gi tal sogpat vaimgtlsxgnatw.be provided to a digital-to- anal og

converter (DAC) to provide an anal og signal for V [err] Furthernore, the
invention is not restricted in scope to enploying either [err] or V [err]
to scale the seco’hdI‘heintegmcdleircuiaofMaihcl,corrponent of the differential

nput vol tage Si 0Nahere BGR A0 ALE 3R RAA GHER L S mBe st e

i ndividually or in 'Cco epe I'’ng - on
voltage signal;

20 said common mode input voltage signal including an adjustable fraction
of said differential input voltage signal.

8. The integrated circuit of claim 1,
wherein said differential amplifier circuit configuration (FIG. 5)
comprises a first differential amplifier (600) including a common mode input voltage
25 signal,;
said differential amplifier circuit configuration further comprising a
second differential amplifier (675) including a differential output voltage signal
(Common Mode Feedback);
said first and second differential amplifiers being coupled in the circuit
30 configuration so that the common mode input voltage signal of said first differential
amplifier includes an adjustable fraction (y) of the differential output voltage signal
of said second differential amplifier.
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particul ar enbodi ment. For exanple, in one enbodinent of a differential

canmplifier - 10-
circuit in accordance with the invention, [err] may be enployed to provide
a coarse adj ustment and V[err] ﬁ be enpl oyed to provide a fine
adjustnment to scale the second- of d&r har moni ¢ conponent. More

specifically, a differential anplifier circuit I n accordance with the
i nvention may be ehpThymtegrated carwitpf daim b, an enbodi rent 5 of a read

channel as describ | 0._af L 2Nty fi .
application serial Q’ﬂ%‘%&?&f‘%@%&@?@%ﬂﬁ%ﬁg@?&hﬁ%ers rlé %gt f)easmku%ch a

r ead sivhnondhyertifgrinputrang dutpud orpliagessignal aowqoand/aecqmmdenow @aspt | oop
control so,, gte(%oéﬂr .fvi de real -tinme fine adjustnment, whereas [err] may
be adjustab e €xanpl e, based on external | y-derived signals, such
as desciibed, for e )S (ransiwen@40) beingweupled te.the gominverting éspitpl e, t he
coarse adj U&Eég%%ﬁresyoﬁ%%%m%lstéﬂﬁbmn Bbu &Pfostﬁe inverting he

i nvention |s ricted In SCO&éﬁt ot | ar approac

Li kewi se, Inpubwoltagesignal pt athird MEPS ransistes ( )ﬁ%? ing-the inveringmppk)

anplifier vata%e%iérfa!?@@ﬂid ﬂie r@ﬁﬂivbﬁi@ro&pdtwltﬁ d i @&@@ftdaﬂp@fdurﬂnmse
I nvention ted tqQ scal €, the second- oy der. har noni ¢ conponent
Faistes (610) rfiing

of the diff ingafic pprinyties iRyt voliagP sigpahparkto thedRyeriing, + o
enbodi ridnt odtdlt vditags sigawkbpbri;n FIG 6, again a triode-bi ased arrp: i ; i er
circuit configuratig . | ov.ed. .such. as differenti al anplifier
410 and MOS t?an5| sc?gy gP g?i@&qg&anﬁﬁtﬁfsdﬂéu%é ac°88‘%f’@ﬁlg| ERiG “%ltage
configuration il | usaiddiffdrential amplﬁiqmemgcmhpledémﬂmcmmntcpnﬁagurhmm not

eXP1TCT 1 Yoo i B oy o V68 s 1AM bl TS  ©

i ncl ude conven I ona C|rcu a{
denonst r at eef ofwaid differgntiabingut velfagatsiganl @ﬂ;ﬂaxd differential output voltage

15 signal;

the circuit configuration being adapted (FIG. 5) to apply the controlling
gate voltages to said MOS transistors in a manner so that adjusting the controlling
gate voltages scales the amplitude of the second-order harmonic component of said
differential input voltage signal included in said differential output voltage signal.

20 10. The integrated circuit of claim 1,
. wherein said differential amplifier includes respective, inverting and
noninverting, input and output voltage signal ports;
a first MOS transistor (440) being coupled to the noninverting input
voltage signal port, a second MOS transistor (430) being coupled to the inverting
25 input voltage signal port, a third MOS transistor (420) coupling the inverting input
voltage signal port to the noninverting output voltage signal port, and a fourth MOS
transistor (450) coupling the noninverting input voltage signal port to the inverting
output voltage signal port;
said differential amplifier being coupled in the circuit configuration
30 (FIG. 6) so that adjusting the gain of said differential amplifier scales the amplitude
of the second-order harmonic component of said differential input voltage signal
included in said differential output voltage signal.

11. The integrated circuit of claim 10,
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circuit configuration, the gain may be given by the follow ng equation.

.where the V[err] and V[err] are given by the follow ng equations, 25
Verr] = V[err]-V[err]-Vcomon Vierr]=
Vc2-V[err]-Vcomon ('#0) where V[err] is the

t hreshold voltage and V [err]is the comion node vol tage. As il lustrated

by the enbodinent of FIG 6, V[err] is given by the follow ng equati on.
30 wherein each of said MOS tMpsistols incMfes a fontrolling gate

fli)l_ W@Sftgge; VID = V[err] -V[err]
said differential amplifier being further coupled in the circuit

configuration so that adjusting the controlling gate voltage (V ;) of the third and

5 fourth MOS transistors scales the amplitude of the second-order harmonic
component of said differential input voltage signal included in said differential
output voltage signal.

12. A method of applying a differential input voltage signal applied to a
differential amplifier circuit to produce a differential output voltage signal
10 comprising the step of: .
driving said differential amplifier circuit so that said differential output
voltage signal of said differential amplifier circuit includes a second-order harmonic
component of said differential input voltage signal.

13. The method of claim 12,
15 wherein the step of driving comprises driving said differential amplifier
circuit so that said differential output voltage signal of said differential amplifier
circuit includes a scaled fraction of the second-order harmonic component.

14. The method of claim 13,
wherein said differential amplifier circuit includes a differential
20 amplifier including a common mode output voltage signal;
the step of driving said differential amplifier circuit comprises driving
the common mode output voltage signal of said differential amplifier in a manner so
as to include a scaled fraction of said differential output voltage signal.
said differential amplifier being coupled in a triode-biased circuit
25 configuration including a plurality of MOS transistors coupled to said differential
amplifier;

15. The method of claim 13,
wherein said differential amplifier circuit includes a differential
amplifier including a common mode output voltage signal;
30 said differential amplifier being coupled in a triode-biased circuit
configuration including a plurality of MOS transistors coupled to said differential
amplifier;
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Appl yi ng equations (10) and (11) to equation (9) gives the follow ng

. expression for t he gain. 5 Thus, for enbodi nrent 400 of a
differential anplifier circuit in accordance with the i nventi on,
i ndicating that the gain is adjustabl ?7at | east in part i'n accordance with
control 10 voltage Vierr]. A differential amplifier
circuit in accordance wth the invention, such as enbodi nents 250 and

270, for exanpl e, theytepeof drivingrsatdodiffereatial amplifiee civewit oerdprises drivirigar noni c

G 1T or ont 18cofufioh (EUE SpicRl vo Rl gkl o R, MegRaaPRRURd B dfherso | 1) o

circuit naytobecmdaa@nalsd)fmﬁmn oftfaididiffarentiak inputi wltagepignalvol t age si gnal
i ncludes a scaled fraction of the second-order har moni ¢ conponent. A
differential anplifier, such as di fferentlal anplifiers 900 or 600 as
previousl y descri YedThe gethed gfslam 13y driven in a manner so that the

common gode out pUtwt{é}E&%ﬁﬁl cﬁftﬁféﬂhaﬂ ltﬂéﬁélr&nf indRide§ R detferbitiui di f f erenti al
si gnal di f ntial anplifier circuit or

out put i/g gﬁ
i ncl udes &0phlesin dB‘Igat‘F?ém?B“ “%ﬂdFF%R“éNP tage 8¢t ‘vol t age signal applied to
the differential mdlffeﬁntlﬁlirﬁ iﬁerbemgcoﬁplaaﬁcatﬂ@ieyblaédd@wuﬁe t he common

o as 1 o Fonfegl ndufilE  Mumline MO oird B T igfentl *° OO
amplifier;
10 the step of driving said differential amplifier circuit comprises driving
the common mode input voltage signal of said differential amplifier in a manner so
as to include a scaled fraction of said differential input voltage signal.

17. The method of claim 13,
_ wherein said differential amplifier circuit includes a first differential
15 amplifier including a common mode input voltage signal and a second differential
amplifier including a differential output voltage signal;
said first differential amplifier being coupled in a triode-biased circuit
configuration including a plurality of MOS transistors coupled to said first
differential amplifier;

20 the step of driving said differential amplifier circuit comprises driving
the common mode input voltage signal of said first differential amplifier in a manner
so as to include a scaled fraction of the differential output voltage signal of said
second differential amplifier.

18. The method of claim 13,

25 wherein said differential amplifier circuit includes a differential
amplifier coupled in a triode-biased circuit configuration including a plurality of
MOS transistors coupled to said differential amplifier, each MOS transistor in said
plurality including a controlling gate voltage;

said differential amplifier including a common mode output voltage
30 signal;
said differential amplifier being coupled in said circuit configuration so
that the common mode output voltage signal of said differential amplifier includes an
adjustable fraction of one of said differential input voltage signal and said

T i



voitage signal of the differential anplifier circuit or the differential

-1 nput vol tage signal applied to the differential anplifier circuit.
Furthernore, the common node 25 input voltage signal of a differential
anplifier may be driven so as to inclugdg_a scal ed fraction of the

differential output voltage signal of “another differenti al anplifier, or a

scaled fraction of the differential input voltage signal applied to the

di f f er ent i @ifferential autpyt yoltage signalyi t , such as illustrated in FIG 3, for

exanpl e. 1n such eryIQEdiiRRY Step 8f driving SEMPAGE ' ; t of the
- n S ving AN LY Ly RGP

differential mgué v(gM(sge si.gnal 1 n"the €efent out pu t age
signal of Yoitasgs pF s fransigiprsisoeas @ seal the fragiion of thejsgeendjorder  or scal ed
by a vari ehatnhid @&mipunges such as by adjusting rel ative resistances,
adjusting control voltages, adjusting anplifier gain, or conbinations

t hereof, as -12-

previ ousl y descri H8d.ThHeanethadoftlaim WBer e one of the previous techniques is

enpl oyed to provid coar.ge.adj ustnent. to the anplitu of the

second- or der hg‘Fh%BeﬁPg&aé%‘é"i‘é‘Fﬁl Lt ‘Qg@ﬂeﬁggﬁfﬁ%}agsti ng the
fraction odmplifierdptipled éms tridde-biasedwiratit configugatic incllingassidratity bel at i ve
resi stor j j t scal i ng_may, occur by
driving s\elﬁgﬂgcgte Eﬁr_’sz%éff ?éﬁ‘%‘mg’ sgagrtl éff%g?rﬁ%esb@%’ ﬁfg‘ %% trans:smrgﬂg ors of

t he ci r cui Rluradifif inglnding aeontodling gate yoltage; nents illustrated in FIGs. 1

d 5, tivel . ot \ ' .
rans Sorg ar0. - the dfing YEPRORprig bty BlcolditbobBink bl GMIE 10 5 o
Herengakiaputyetagesigntler , al ternatively, the

610, 2
940 nmay bemalelgl%ﬁ@l%gactwnmfémdda
gain of the differential anplifier 10 my be adjusted to scale the
anplitude of the second-order harnonic conponent of the differential
i nput voltage signal applied to the differential anplifier, such as

This Sheet Has Been Replaced
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described in connection with the enbodinent illustrated in FIG 6. For

. exanpl e, selected controlling gate voltages nmay be driven in a manner
to include a scal ed fraction of the differential input voltage signal.
15 Wiile only certain feggures of the invention have been
il lustrated and descri bed herein, many nodifications, substitutions,
changes or equivalents wll now accur to thaose skilled in the art.

- 13 - C aj ms:  Differential Amplifier Cigeujt KardVsa lyAcircuit conpri si ng:

at | east one differemeadlCludtitlel ForA WRig8ktic Recording System  sai d _ _

di fferentiﬂl agl ifier being coupled in a differential anplifier 5 circuit

configura X that the differential output voltage signal of said

di fferent ijal ] Brigily fih @ccordamoel witle ond éxgbldicgihie?mﬂ melimxéﬁl o zﬁtﬂﬁdulﬂabl e

second- grder_ harnopjc .gonpoenent fferential nput voltage

S onal  SporEses L ioest ofe b EREREA apiter (ke EeRGhnEY atrbe: i

2. The i ntcegplat éula circuiticonfigurationi so that the differential output voltegesignabaf e

?IV]E feﬂ ]e ;‘t 'ﬂfer@ﬁmﬂ' a&ﬁp‘?{ﬁel‘ @ﬁé&ipﬁéluﬁeg g mgblgg&%nﬁ%tr@&thannonic %S}ntp%ggntso'f gnal
" the differential input voltage signal applied to the differential amplifier circuit.

Briefly, in accordance with another embodiment of the invention, a method of

10 applying a differential input voltage signal to a differential amplifier circuit to
produce a differential output voltage signal comprises the step of: driving the
differential amplifier circuit so that the differential output voltage signal of the
differential amplifier circuit includes a second-order harmonic component of the
differential input voltage signal. |



said common nobde out put voltage signal including an adjustable

. fraction ([err]) of said differential output voltage signal.

3. The integrated circuit of claim2, 15 wherein said
differential anplifier includes an inverting and noni nverting out put
vol tage signal (Verr], V[err]), and a conmon node feedback vol t age

si gnal ; the circuit configuration being coupled so that
adjusting the relative i mbal ance between said inverting and

noni nverting output voltage signals in/@aid 20 cormon node feedback voltage
signal adjusts the fraction of said differential output vol t age si gnal

i ncluded in said conmon node out put voltage signal. 4. The
|ntegrat§W]Q;rCU| of claln1i wherein said differentia
anplifier i ncl'udes respectlv c vagrting and noni nverting, input and
out put vol tage signal po 2 a first MOS transistor (940)
bei ng coupled to the non nvertln ;gpﬁmo vol tage signal port, a second
MOS transi stor (930)9n. irto the inverting i nput vol tage
signal port, a third"l coupl i ng th@75nvert|ng i nput

vol t age sigval out put vol tage gnaldﬁort and a
he nolgmve g r@fol t age
oll-£-3 il P

e _noni nveppi ng

fourth MOS gr0) Jcoupl i ng

si gnal port to the inverting 30]d Fe—SmgN4 +
5. The integrated c‘I’TUT_LJgg‘mcl 3
Vin> N2 TT Vop —Vemfb
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-14- wherein said differential anplifier includes an

i nverting and noni nverting input voltage (Vferr], V[err]), and a
common node feedback vol tage signal; the circuit
configuration being coupled so that adjusting the relative i mbal ance

between said inverting and noninverting input voltage signals in said 5
common node feedback vol tage signal adjusts the nmagnitude of said
differenti al i nput voltage signakéﬁncluded in said comopn node out put
vol t age signal . 6. e integrated circuit of claima1l,
wherein said differential anplifier includes a common node i nput

vol tage signal; 10 sai d common node i nput voltage signa

i ncl udi ng—af—adf ustabl-e fract+ pn - —of—sat d—different+at - vol t age :
si gnal . a 7. Thk integrated circuit of claim1, ]
wherein gaid differentiabfanpl [fjer & cuit configuration conprijses a first i
differentiial anplifier (G00) ipc]luding a common nndesgnput vol t gge signal; :
15 said diffferenfipgl anplifier circuituuonfiguratqon further i
conprising a second diffefehtial anplifier (675 includingla i
di fferent)i 4 ouf put voltage signpll ~ ~ (Conmmon Mobde Feedback)); | §
said firgt land second*@ifferenli®l anpli1jers peing coupled in the circuit :
configurdtilon so that “ghe cogy?& pode i np: \Vvo tage signal of Isdid first !

differ entli T Fh__l /[ ~8 _—'t——-
-

| '
' | E
= :
un :
| ~ | :
Vo] u :
B N
‘ < —i ' :
. —i .
| A ,
[ & ]
]
| _ - —_ —_ - —_ - |
e |
| o= |
! 1'———W\r——' I
o=

l i
| !
3 A

|
‘ S~ S8 |
Il II
L _ ) _ - _ _ —
B S B e |
A A Q = e :
™ o = s B
> -

FIG.



20 anplifier includes an adjustable fraction ([err]) of the differenti al
out put vol tage signal of said second differential anplifier.

8. The integrated circuit of claim1, wherein said
differential anplifier includes respective, inverting and

noni nverting, input and output voltage signal ports and a commpn node
out put 25 voltage signal; a first MOS transj i(ﬂ (604)
bei ng JoJiflFed 1 the ndw ing i vol t age si gnal 55? , a second
MOS transi stor (630) being couﬁled f the i veﬁbhng i nput vol tage
signal port, a third MOS transi yo? 5620) ypl/icdg the inverting input

vol tage signal port to the_non] fvertipng ouffdut vol tage signal port, and a
fourth MOS 30 tranmvﬂ(n [ 610) couplipg the noninverting input voltage
signal port to the in¥erttng R{ output vRPtage |si gR3l port;

- 15 - Leachaof said MOSyfransist o incl uding a

controlling gate voltége; [ 2said(ﬁffprential'anplifier
bei ng coupled in the circuit cPgfiguration t spi d conmon node
out put vol tage signal igcludes an ad*ustab e fraction ([efr]) of one
of said differential in ﬁr—vorrage S d said differpntial output
voltage 5 signal; Jr730 J(740 +——-VCOM
100 TC TT
Yin>— R R2 R3
AIM AIIM' — _«ZAA’____
770 780 785
FIG- 5 VC > A
s R -
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Vio > W T 600 Von ® -
; 2l <
7830 = COMMON
Vig > L I Vop  |— NODE
Ve > | - o PEEDBACK
¢ 1y L0 A
270 JLC
670

*”Vop

—VYon




“lL“?‘\SS 705
the circuit configuration being adapted (FIG5) to apply the controlling
gate voltages to said MOXS transistors in a manner so that adjusting the

control I'i ng gate voltages scal es the anpli t udenef st hessec SREE0SR dersg

har noni ¢ conponent of said di fferential inpuatival «age shgmal . thehuded
in said differential output voltage signal. WO igipic , go‘g;. ] l?xewmcd V.
integrated circuit of claiml, . ) {.‘.‘%_&.ig \§a cfgl ffer niédal
anplifier includes respective, inverti ng'é%d ngnl nyert p;g}, in uf a@

out put voltage signal ports; : a f| rst MOS’ fran3| 5t0 40)
bei ng coupl edClginisae noni nverting i nput val tage si.gnal _port, gecond
MOS transi stor (430)° 300 b s il obtage:es |

f;[a[g couledtothelnver ;

signal port, a third g’?tﬁﬁrsa e, CReult SORPIISIBEL)| | ng the inverting input

vol tage signal port t atidast orendifferentialrgnplifiep (900Y;0l tage SI gnal port, and a
[ourth S Lol AT SRR 015,084 Sl Bha” 20
sai d di f f een€ireyit eqnbighfation Sb@nahgle(ﬂlﬁfpteadah outpute'ottagecsxgnal Of)S!fld diffexentmb 20
(FI G 6) s0 thahp Hﬁ'éﬂlﬁxtc ﬁ%oﬁ rgl?drf‘mgfudé% SoaftlableeEoHd-Glde EI‘JOB fcer scal es

the anplitude ond- or rnoni ¢ conponen &i d

differenti al ?%Pﬁne%ﬁ%éh@‘?f@ﬁéﬂl input voltage seg;@hapmledao gaid |diff@¢n,tm1| al out put

vol t age si gna!lrnphﬁer circuit. 10. The integrated circuit of claim?9,
wherein each of said MOS transistors includes a controlling gate 25
vol t age; said differential anplifier being further

coupled in the circui2. The intepedtéd girdudt ofwtaifiol,t hat adj usting the contrflling
gate voltage (V[err])qf, the t. MOS transi sfors scal es
the anpli t81 %de of the SHIEEHES @d{é&erﬁﬁtr‘mp&ﬁer trcly B SABER SROdeAuput
differential Voliage sigrt @Gandi gnal included in said differential 30 output
vol tage signal. said common mode output voltage signal including an adjustable

fraction () of said differential output voltage signal.

3. The integrated circuit of claim 2, _

15 wherein said differential amplifier includes an inverting and
noninverting output voltage sigﬂal (Von, Vop), and a common mode feedback
voltage signal;

the circuit configuration being coupled so that adjusting the relative
imbalance between said inverting and noninverting output voltage signals in said

20 common mode feedback voltage signal adjusts the fraction of said differential output
voltage signal included in said common mode output voltage signal.

4. The integrated circuit of claim 2,
wherein said differential amplifier includes respective, inverting and
noninverting, input and output voltage signal ports;

25 a first MOS transistor (940) being coupled to the noninverting input
voltage signal port, a second MOS transistor (930) being coupled to the inverting
input voltage signal port, a third MOS transistor (920) coupling the inverting input
voltage signal port to the noninverting output voltage signal port, and a fourth MOS
transistor (910) coupling the noninverting input voltage signal port to the inverting

30 output voltage signal port.

5. The integrated circuit of claim 4,

AGlohas_ s
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11. A nethod of applying a differential input voltage signal applied to a
differential anplifier circuit to produce a differential output veltage

signal conprising the step of:

- 16- driving said differential anplifier circuit so that
said differential output vol tage signal of said differential anplifier
circuit includes a second-order harnonic conponent of said
differential input voltage signal, -14- wherein the step of

driving conprises driving said differential anplifier 5 circuit so that
said differential out pWwherf dad08iffeteiia] arplifedittictel LRGSR a1 i er

circuit includes. a scaled fracti f the second-order_harmoni c conponent.
12. The riet hoBOBIVER Ry voltsge (Vin, Vip), and 2 compopapeiedsedbagk polipssignal

anplifier circuit inclmdescait dofifgriaivhiteing coupled P khd nfustin}cthedéiagvé comon

d t put I i gnal : 10. . . he . st f driving said
i1 eronti al * SRBRRRTYCHURGL Y inveripe a0 sopjmestig input Volige SR shide
out put vol tgeosimpmahnodd fesdbatkdiolthge dgnal alljustsphe mbgritude ofl saia diffdrestinl as

i ' P d.diff | al .t [ I,
Sai o ai 11 or ont i ooriblal helachh bl oo o ol el Cby .5 7

6. The integrated circuit of claim 1,

wherein said differential amplifier includes a common mode input
voltage signal;
10 said common mode input voltage signal including an adjustable fraction
of said differential input voltage signal.

7. The integrated circuit of claim I,
wherein said differential amplifier circuit configuration comprises a first
differential amplifier (600) including a common mode input voltage signal;

15 said differential amplifier circuit configuration further comprising a
second differential amplifier (675) including a differential output voltage signal
(Common Mode Feedback);

said first and second differential amplifiers being coupled in the circuit
configuration so that the common mode input voltage signal of said first differential

20 amplifier includes an adjustable fraction (y) of the differential output voltage signal
of said second differential amplifier.

8. The integrated circuit of claim 1,

wherein said differential amplifier includes respective, inverting and

noninverting, input and output voltage signal ports and a common mode output
25 voltage signal;

a first MOS transistor (604) being coupled to the noninverting input
voltage signal port, a second MOS transistor (630) being coupled to the inverting
input voltage signal port, a third MOS transistor (620) coupling the inverting input
voltage signal port to the noninverting output voltage signal port, and a fourth MOS

30 transistor (610) coupling the noninverting input voltage signal port to the inverting
output voltage signal port;

LI



‘configuration including a plurality of MOS transistors coupled to said
differential 15 anplifier; 13. The nmethod of claim11,
wherein said differential anplifier circuit includes a differential '
anplifier including a coormon node out put voltage signal;

said differential anplifier being coupled in a triode-biased circuit 20
configuration including a plurality of I\/_f%_transi stors coupled to said
differenti al anplifier; 14. The method of claim 11,
wherein said differential anplifier circuit includes a differential
anplifier including aeachobsaidVi@S tragidtors dhdludieg & icamedlling gate voltage;

said differential anplifi bej. C led in a.triaqde-biased.circuit
configuration includi ﬁaldafﬁffﬂf}f\g{‘l?f{!@}ﬁ@% E&%gP?‘%PA%‘{ g‘tqg? 5“%‘56%9“@5“‘5 °83Pd

di fferential thatsaidophironenode output voltage signal includee as hdjpstable dractiom ¢y) odi d
differenti al i S 1 k-l I CU ' qr iyl : de

out put vol tagg}@;’(%fgé;aiacfﬁlg%k@gﬁghaﬁﬂgg{ag%? ?’%‘ﬁ dgér{rs%llgfql fg?re?%ﬁgu@%?a o 30 as
to includeSa sigadled fraction of said differential input voltage signal.

15. The nethod of cl iR dirchit configuration being adapted (FIG.5) to apply the controlling
gate voltages to said MOS transistors in 4 manner so that adjusting the controlling
gate voltages scales the amplitude of the second-order harmonic component of said
differential input voltage signal included in said differential output voltage signal.

10 9. The integrated circuit of claim 1,
wherein said differential amplifier includes respective, inverting and
noninverting, input and output voltage signal ports;
a first MOS transistor (440) being coupled to the noninverting input
voltage signal port, a second MOS transistor (430) being coupled to the inverting
15 input voltage signal port, a third MOS transistor (420) coupling the inverting input
voltage signal port to the noninverting output voltage signal port, and a fourth MOS
transistor (450) coupling the noninverting input voltage signal port to the inverting
output voltage signal port;
said differential amplifier being coupled in the circuit configuration
20 (FIG.6) so that adjusting the gain of said differential amplifier scales the amplitude
of the second-order harmonic component of said differential input voltage signal
included in said differential output voltage signal.

10. The integrated circuit of claim 9,
wherein each of said MOS transistors includes a controlling gate
25 voltage;
said differential amplifier being further coupled in the circuit
configuration so that adjusting the controlling gate voltage (V¢;)of the third and
fourth MOS transistors scales the amplitude of the second-order harmonic
component of said differential input voltage signal included in said differential
30 output voltage signal.

11. A method of applying a differential input voltage signal applied to a
differential amplifier circuit to produce a differential output voltage signal

Iy

comprising the step of:



-17- wherein said differential anplifier circuit

I ncl udes a differenti al anplifier including a coomon node input:. .
vol t-age signal and a second differenti al anplifier including a
differential output voltage signal; said first

differential anplifier being coupled in a triode-biased circuit 5
configuration including a plurality of hK¥%transistors coupled to said
first differential anplifier; ST the step of driving
said differential anplifier circuit conprises driving t he conmon node

i nput vol tage signal ofrivédd shid diffetentiafl dmapleivricituie spthat s6d differéntiHR oo

20025, 10 14 5, B s et LR LA
The met hod of cahponent 4f said differential input voltagbeigaaln sai d differenti al

rTode- bi ased of rout t "Hasn ien 6 @R omprises Wbl ol AGHRLE a e
transi st or$ ceaplibsp that said @i?@rmﬁelr@nputadoltamlgmal@f said differtan@l ampli§est or i n
said 15  plur gdfiyinkRAkSA% 400k bP He' BEorfiPd eV RHnd8R: component.

said differentiral anplifier 1 ncluding a coomon node out put “volt age

si gnal ; said differential anplifier being coupled in said
circuit configurati onsorhe methddaf clbfae1c0ommon node out put vol tage signal of
said differential anplifier i

i.nclydes.an 20 . adjust.ahle fr i on of one of

Said differential | nputheron sugditiraial ampaet et includgers Serdal out put
vol t age si gnahmplifier including a common mbée entput Vudtage signglf dri vi ng conpri ses
driving selected contrpl ]l Ln at.e .. .m0oltages sal d. MOS transi.stors so
as to scaleléJe t he fract it@%s%? 8{ ‘%éwg%é%ﬂ &ifg?fa%‘#ag %mp%er clrctut comprises gm'mg

the common mode output voltage signal of said differential amplifier in a manner so

as to include a scaled fraction of said differential output voltage signal,

said differential amplifier being coupled in a troide-biased circuit
configuration including a plurality of MOS transistors coupled to said differential

15 amplifier;

13. The method of claim 11,
wherein said differential amplifier circuit includes a differential
amplifier including a common mode output voltage signal;
said differential amplifier being coupled in a triode-biased circuit
20 configuration including a plurality of MOS transistors coupled to said differential
amplifier;

14. The method of claim 11,
wherein said differential amplifier circuit includes a differential
amplifier including a common mode input voltage signal;

25 said differential amplifier being coupled in a triode-biased circuit
configuration including a plurality of MOS transistors coupled to said differential
amplifier;

the step of driving said differential amplifier circuit comprises driving
the common mode output voltage signal of said differential amplifier in a manner so

30 as to include a scaled fraction of said differential input voltage signal.

15. The method of claim 11,

Iy



‘har noni cs*conponent . 25 17. The method of claim 11,
wherein said differential anplifier circuit includes a differential .
anpl-ifier coupled in a triode-biased circuit configuration including a
plurality of MOS transi stors coupled to said differential anplifier,
each MOS transistor in said plurality including a controlling gate
vol t age; 30 the driving stﬁo conprising driving sel ected
controlling gate voltages to i nclude a scal ed fraction of said
differential input voltage signal.

wherein said differential amplifier circuit includes a differential

amplifier including a common mode input voltage signal and a second differential
amplifier including a differential output voltage signal; '

said first differential amplifier being coupled in a triode-biased circuit

5 configuration including a plurality of MOS transistors coupled to said first

differential amplifier;

the step of driving said differential amplifier circuit comprises driving
the common mode input voltage signal of said first differential amplifier in a manner
so as to include a scaled fraction of the differential output voltage signal of said

10 second differential amplifier. .

16. The method of claim 11,
wherein said differential amplifier circuit includes a differential
amplifier coupled in a triode-biased circuit configuration including a plurality of
MOS transistors coupled to said differential amplifier, each MOS transistor in said
15 plurality including a controlling gate voltage;
said differential amplifier including a common mode output voltage
signal;
said differential amplifier being coupled in said circuit configuration so
that the common mode output voltage signal of said differential amplifier includes an
20 adjustable fraction of one of said differential input voltage signal and said
differential output voltage signal;
wherein the step of driving comprises driving selected controlling gate
voltages of said MOS transistors so as to scale the fraction of the second-order
harmonic component. '

25 17. The method of claim 11,
wherein said differential amplifier circuit includes a differential
amplifier coupled in a triode-biased circuit configuration including a plurality of
MOS transistors coupled to said differential amplifier, each MOS transistor in said
plurality including a controlling gate voltage;
30 the driving step comprising driving selected controlling gate voltages to
include a scaled fraction of said differential input voltage signal.
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