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ADJUSTMENT REFERENCE TO RELATED APPLI CATI ONS This application is related to
U S. Patent Application Serial No. 11/262,077 filed GCctober 27, 2005 and
U S. Application No. 11/148,022 filed June 9, 2005. BACKGROUND OF THE

| NVENTION 1. Field of the Inv tl“LErDIIlT?I WT?@NreI ates to optical
' [ riicul ar

transmtters and receivers, I'n pa electronic circuits that
generates a nonlinear signal vvlth adj ust abl e phase and frequency dependence
that can be used to cancel the distortion of electronic or electro-optical
devi ces, such as sem conductor |asers or photodi odes, when connected either
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2. Description of the Related Art Anal og el ectro-optical devices such as
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enpl oyed to correct the nonlinear behavi or of opto-electronic and

el ectronic devices by adding a nonBHEZIMENKal that cancel s the undesired
distortion introduced by the non-linear |aser or photodiode. In order to
achi eve good cancellation, the added distortion needs to match in phase,
magni t ude and frequency content that is

REFERENCE TO RELATED APPLICATIONS

This application is related to U.S. Patent Application Serial No. 11/262,077 filed

October 27, 2005 and U.S. Application No. 11/148,022 filed June 9, 2005.

BACKGROUND OF THE INVENTION

A

(. 1. Field of the Invention

The invention relates to optical transmitters and receivers, and in particular to
electronic circuits that generates a nonlinear signal with adjustable phase and frequency
dependence that can be used to cancel the distortion of electronic or electro-optical

devices, such as semiconductor lasers or photodiodes, when connected either at the input

or at the output of the device that needs to be linearized.




I ntroduced by the nonlinear device. Anong pre-distortion and post-distortion
techni'ques, in-line circuits, such as those described in Pat. No.

5,798,854, generally provide sufficient degree of linearization at a | ow
cost. However, while pre- and post-distortion circuits described in the
prior art are able to achieve sufficient degree of pre-distortion for sone
applications, they do not provide enough flexibility to create different
frequency and phase characteristics. For exanple, RF anplifiers operated
with low supply voltage for |ower power dissipation require a |arge anount
of di st ortZ.%}eS@@ntb)mbfsth@RB]atnercui ts disclosed in Pat. No. 5,798,854 can

I ntroduce high RF loss in the transm ssion path and create undesired
refl ecti ons whe §: ' ' . ener ., There
are requi remnt@ndtlﬁéalzgﬁ Smﬁgpﬂg%agg?‘élc?sgérugié%(E:ilﬁdsstg%raglﬁg’ﬁoso\a\}ottaﬁs S&w“ljg:ts@d%ﬁﬂ | ow
reflectio t are not.satisfied by the prior art design. Mreover, sone
distorti Oﬁiltlﬁ-fgxﬁ?qrgs, reﬂHE‘ﬁaéé&’t‘#&@ ilgerdyed TFﬁlmlpnN@‘?Pgﬂ,t‘ﬂ%Q@@n that are
designed to correct second order distortion also produce undesired third
order di strvitvare camthaenly bmplbysd gnsoreket thetnoalihea behavisd fobtdelebr&ae angl and
third order distortion sinmultaneously. 2 SUVWARY OF THE | NVENTI ON 1.
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a distortion cancellation ciTcul r=use 1 n non-linear opto- tronic

devi ce suc | aser.s and.phot odi odes used in fjber optical systens. It is
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si mul taneous _tuning of the phase and frequency response of the second order
di st ort i othe added distortion needs to match in phase, magnitude and frequency content that is

(

introduced by the nonlinear device. Among pre-distortion and post-distortion techniques,
in-line circuits, such as those described in Pat. No. 5,798,854, generally provide sufficient
degree of linearization at 2 low cost. However, while pre- and post-distortion circuits
described in the prior art are able to achieve sufficient degree of pre-distortion for some
applications, they do not provide enough flexibility to create different frequency and
phase characteristics. For example, RF amplifiers operated with low supply voltage for
lower power dissipation require a large amount of distortion

Some distortion circuits disclosed in Pat. No. 5,798,854 can introduce high RF
( loss in the transmission path and create undesired reflections when large amounts of
distortion need to be generated. There are requirements that will enable large distortion
with low loss and low reflection that are not satisfied by the prior art design. Moreover,
some distortion circuits, such as those disclosed in Pat. No. 5,798,854 that are desi gned to
correct second order distortion also produce undesired third order distortion, and such

designs do not allow tuning of both second and third order distortion simultaneously.




It is al so another aspect of the present invention to provide a circuit that
generates high amounts of distortion with | ow insertion | oss and good
return loss. It is also another aspect of the present invention to provide a
circuit that allows tuning of both second and third order distortion

si mul taneously. 2. Features of the Invention C Briefly, and in general

terns, the present invention provides an optical receiver having a

phot odet ector coupled to an external optical fiber for receiving an optical
conmmruni cations signal and converting it into an electrical signal; an RF
amplifier coupled to the el JMNARY QftTHE ISVENTIODhot odet ect or and
generating an output signal with distortion; a post-distortion circuit
connected to the output of the RF anplifier for canceling the distortion in
t he out put signal produced by the RF anplifier, propagation in the optical
fiber, th hot&d] r ser transmtter, including a Schottky or

var act or 3'8i0é§ﬂaﬁgﬁfﬁﬁéhgﬁggﬁof the di ode adjusted to control the
magni t ude, phase and frequency content of the distortion cancellation. In
anot her aspect, the present invention provides an optical transmtter for
transmtting an optical signal over a fiber optic link to a renote receiver

including a | adeis anobjeet ofithe preveneiveritival to Rsvidad distdeBén EffceldtdnTifciit | Ng an
optical conmmunications signal; a pre-distortion circuit connected to the

i nput of At el : ] rl in it ical,.signal at
tho.r emot o hrear b BEar GRAE et ik Bk Sh s i ol R B St or
di ode with th?tsbi as of said diode of the magnitude, phase and frequency

content EPRFAISKEEMS st ortion cancel | ati on.
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- It is an object of the present invention to provide circuits that allow simultaneous
tuning of the phase and frequency response of the second order distortion.

It 1s also another aspect of the present invention to provide a circuit that generates
high amounts of distortion with low insertion-loss and good return loss.

It is also another aspect of the present invention to provide a circuit that allows

tuning of both second and third order distortion simultaneously.

2. Features of the Invention

( Briefly, and in general terms, the present invention provides an optical receiver
having a photodetector coupled to an external optical fiber for receiving an optical
communications signal and converting it into an electrical signal; an RF amplifier
coupled to the electrical output of the photodetector and generating an output signal with
distortion; a post-distortion circuit connected to the output of the RF amplifier for
canceling the distortion in the output signal produced by the RF amplifier, propagation in

the optical fiber, the photodiode or the laser transmitter, including a Schottky or varactor




I nanot her aspect, the present invention provides an in-line pre-distortion
circuit for generating frequency dependent pre-distortion having a sign
opposite to distortion produced by a nonlinear device and having
substantially the same magnitude as the distortion produced by the
nonl i near device including an input for receiving an RF signal for the

I near I\Gi8h ' L= wi.th.the i.nput r generating
oo~ i ot o 0 RN ERodE BN 1) B ftob Buled® AB8Y s Fropart of
the pre-distort ifo roduced bH t he nonlinear elenent. C Additional objects,
advant ageSOPERP r{ﬁ@,ggtqrgg@ EARCEL O he present invention will becone
apparent to those skilled in the art fromthis disclosure, including the

fol | owi ng det & heathereaspedtpthi presast iwetdtioasrdyidey AC3ties] ishixérifpyent i on.
VWhile the invention is described below wth reference to preferred

enbodi men ' n%lcgy : : : invention is not |imted

t her et o. i'ltﬁlcijssn?aﬁt(l)f OI’J)I néaalres\‘}lglg%:?J;FV?It ?ﬁgﬁ]@ﬁfg}{nﬁ(ﬁggirﬁaogqgg%eé\.éerﬂ[bcl?#{%g alrlfé’f:j hi ngts
herein will recognize additional applications, nodifications and enbodi nments
4 in ot hefEH B %ﬁ?‘&‘% ogtigal eniey HETIEEHE an §ptieal commusinations signalj scl osed
and clained herein with respect to which the invention could be of utility.

BRI EF DES@RHAStbOnGRCIHEoRRANANGShT pme ofihd lokhRir cherlivg 8% diftofta ipugsent
i nvention will be better understood and nore fully appreciated by reference
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C of the distortion cancellation.

In another aspect, the present invention provides an in-line pre-distortion circuit
for generating frequency dependent pre-distortion having a si gn opposite to distortion
produced by a nonlinear device and having substantially the same magnitude as the
distortion produced by the nonlinear device including an input for receiving an RF signal
for the nonlinear device; a nonlinear el ement-in-line with the input for generating pre-
distortion; and a bias input to control the real and imaginary part of the pre-distortion
produced by the nonlinear element.

( Additional objects, advantages, and novel features of the present invention will
become apparent to those skilled in the art from this disclosure, including the tollowing
detailed description as well as by practice of the invention. While the invention is
described below with reference to preferred embodiments, it should be understood that
the invention is not limited thereto. Those of ordinary skill in the art having access to the

teachings herein will recognize additional applications, modifications and embodiments




distortion (CSO associated with such circuit; FIGURE 2(a) is a
pre-distortion circuit with ideal Shottky diode and reactive elenents
according to the prior art, and FIG 2(b) is a graph of the real and

i magi nary conponents of second order distortion (CSO associated with such
circuit; FIGURE 3(a) is a pre-distortion circuit with ideal Shottky diode and

he 1ol anarierEER M RRARLN Ml Be e BE nitioPeipn Al disclosrd ris ooy © "

associated wi,th such circuit; FIGURE 4(a) is a pre-distortion circuit with

i deal var 2R WitBdeingrilg which the ipvension canid teraf whilib) i s a graph of the real
and i magi nary conponents of second order distortion (CSO associated with
such circuit; 5 FIGURE 5 is a distortion circuit in accordance with a first
enbodi nent of the present invention; FIGJRES 6a and 6b are typical real and
| magi nary second order distortion (CSO respectively generated by the
circuit in Figure 5 as a function of frequency. FIGURE 7 is a schematic
diagram of a distortion circuit in accordance with a second enbodi nent the
present invention with BRERPESORIBTEIN QHTHEYRAVEMNGS FIGURE 8 is a graph
depicting the real and imaginary distortion generated by the <circuit in
Figure 7. CFIGURE 9 is a distortion circuit according to the new art.

I nductors LI and L2 are wused to tune the real part of the distortion. FIGURE

10 is typical fRale faQtRerFlitults %ﬂl‘?etp?gseg}/inwgﬁo%i Wit bedr At Sodars 2
more fully appreciated by reference to the following detailed description when
(_, considered in conjunction with the accompanying drawings, wherein:

FIGURE 1(a) is a pre-distortion circuit with ideal Shottky diode according to the
prior art, and FIG. 1(b) is a graph of the real and imaginary components of second order
distortion (CSO) associated with such circuit;

FIGURE 2(a) is a pre-distortion circuit with ideal Shottky diode and reactive
elements according to the prior art, and FIG. 2(b) is a graph of the real and Imaginary
components of second order distortion (CSO) associated with such circuit;

FIGURE 3(a) is a pre-distortion circuit with ideal Shottky diode and reactive

(77 elements according to the prior art, and FIG. 3(b) is a graph of the real and imaginary
components of second order distortion (CSO) associated with such circuit;

FIGURE 4(a) is a pre-distortion circuit with ideal varactor according to the prior

art and 4(b} is a graph of the real and imaginary components of second order distortion

(CSO) associated with such circuit;




function of sone bias voltage. FIGURE 11 is typical imaginary CSO & CTB

. generdted by the circuit in Figure 4 as a function of sone bias voltage.
FIGURE 12 is a distortion circuit according to the new art with a Schottky
diode to produce mainly real distortion and a PIN diode to attenuate the
distortion. FIGURE 13 is a distortion circuit according to the new art with

a varactor dio : i 4 -magi .t ortion, and a si-linear
varactor di odeqtqguellﬁ' gﬁlﬁggféﬁ)trﬁ@ E%%‘" slﬂtlgr% ? ?%ﬁ&%?@r@ﬁﬁe@?o@%%%@ﬁ on
circuit accordi.ng to the new art with a Schotty diode to produce nmainly
real di st BFFPBHIEICE capacitor to affect the frequency dependence of the
distortion. 6 FIGQURES 15(a) through (d) are typical application circuits

where the ci r cUlGURESGr atidh dre typieal peat 900 imbginentsband Weddrdifertiea ¢ds0)
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention is directed to a

di st or t i Ofesp@stvRSH heerated Bible cildd i bPBelendy St Or L on
correction gs se?%ort h |§?HL1]% cygtﬁ%ﬁf%}%g&dgaégﬁmgggﬁ bﬁﬁ%qqlgg‘%(}e noted patent
di scl oses an i%-‘lr;bgijredi tortion ci rgﬁui % for reducing distortion in the
transni ssion C'& Bd ¥rgraitcdagim o 3 figloriighcieyitge Aegosdange Wjthauch a
circuit, or predistortion, is fixed for a given circuit to be substantially
equal in $esgnd eobedimrant speientinventsomgwith @ revesse-sewdithottighdigher or der
i nternodul ation product distortion inherent in a nonlinear nodulation
device such asFEGURES ist @ah 8&ivhtighe 1O and SRMindry dRRMibEPenelEd b fle
circuit in Figure 7.
( FIGURE 9 is a distortion circuit according to the new art. Inductors L1 and L2 are
used to tune the real part of the distortion.
FIGURE 10 is typical real CSO & CTB generated by the circuit in Figure 3 as a
function of some bias voltage.
FIGURE 11 is typical imaginary CSO & CTB generated by the circuit in Figure 4
as a function of some bias voltage.
FIGURE 12 is a distortion circuit according to the new art with a Schottky diode

to produce mainly real distortion and a PIN diode to attenuate the distortion.

FIGURE 13 is a distortion circuit according to the new art with a varactor diode

N

to produce mainly imaginary distortion and a quasi-linear varactor diode to attenuate the
distortion.
FIGURE 14 is a distortion circuit according to the new art with a Schotty diode to

produce mainly real distortion and a capacitor to affect the frequency dependence of the

distortion.




.conponent of the predistortion signal is produced by a first device such as
'an anplifier, and is selected in anplitude to match the anpl i tude of the

di stortion by the nonlinear device. The inmagi nary conponent of the

predi stortion signal is selected through introduction of a distortion
signal out phase with the real conponent of the predistortion signal on the

produce & oi nol'donider Lo el b gRl B hen SR AR B RE e Pafre b gttt

di stortion for application to the nonl i near device. The in-line

predi st or @Fenidingite ghe prepent inveptien wevld herusedni ssi on of nodul ating signals by
cancelling distortion inherent in nonlinear transmtting devices. The
distortion in the signal generated by a nonlinear device can be represented
as a conplex quantity with anplitude and phase. Using conventional phasor
notation, the 7 distortion at sonme frequency w can be expressed as

Ae' (M +O), where Ais the anplitude and j is the phase of the signal.

Equi val ently, one can separate the distortion into two conponents, A
cos(t), which is repres&fleMLHEP DESCRIBTIQN QF THREINVENFQW) , which is
represented by the inmginary part. Anplitude and phase can be uniquely

derived from fTéalpresent invegticipis\direated to § disheitibn BOfrédtioANSrealt thad Quickad g3t . For
the distortion circuits that are going to be described hereunder, it is
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since sone of e circurts create nainly rea
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¥gag|nary distortion, in order to equallze the nonlinearity of the device.

do so eEanaleg signals.ofhe distettion sb tgsneratglh by such a circuit, or predistortion, is fixed

for a given circuit to be substantially equal in magnitude and opposite in sign to the
second or higher order intermodulation product distortion inherent in a nonlinear
modulation device such as a laser diode to which the signal is applied. The real
component of the predistortion signal is produced by a first device such as an amplifier,
and is selected in amplitude to match the amplitude of the distortion by the nonlinear
device. The imaginary component of the predistortion signal is selected through
introduction of a distortion signal out phase with the real component of the predistortion

( signal on the in-line electrical path. The real and imaginary components are combined to
produce a single modulation signal including inter-modulation product distortion for
application to the nonlinear device. The in-line predistortion circuit linearizes the
transmission of modulating signals by cancelling distortion inherent in nonlinear
transmitting devices.

The distortion in the signal generated by a nonlinear device can be represented as

a complex quantity with amplitude and phase. Using conventional phasor notation, the




be needed and cascaded so as to produce different types of distortion. A
“typical pre-distortion circuit -according to previous art is displayed in
Fig. 1, where the nonlinearity is produced by an ideal forward-biased
Schottky diode illustrated in Fig. 1(a). As shown in Fig. 1(b), the second
order distortion (CSO of such a device is plotted by an ideal diode is

real and independent of frequency. If one needs,tg produce imagi nar
di storti oS %‘E‘@nég‘?f’rﬁ?j e@‘ﬂﬁ‘?\gy Acaabe PR T gt de CQ)S wdKred intheapwlitndsr as

shown in Fig. 2 and 3. The strength of the imaginary part depends on the
bi as poi ntandMdistthephak of tiaf sidhie FRPATHIINGE caalns j le to
p fhe. BRI G ceiiEp 8 tROGRAPHGPHRANAD

the real part at CATV frequencies (<5 ese reactive elenents could
al so be parasitics ,intrinsic,.to a non-ideal diode. Another way.to produce
mgi nary COREPRE LB Ry i shroifa B Deirei et and iy piictilg. 4
where the nonlinear elenment is a reverse-biased varactor. Many ot her

conbi nat i cepsesesteddyvthe imaginargatti Xmptioeand phascans bé'uﬁfqu]@@&i%&ﬁb@ frofh These
circuits were disclosed as pre-distortion circuits in the previous art, but

can al so - g | | L T Levio art . resent ed
by circui @éﬁ%ﬁ@%ﬁ %%ﬂégqagé&g&% F@I%@Fﬁ F§r t@"?‘ﬁgtorﬁlgg?g?‘flfsgﬁatphase as
a function of .freque cg.de ends .on_t.he val ue of the capacitors, which

accor di nga'iecgql%togﬁ%ﬁ ribad heseundere it is moge eqnvenienttgexpress distoation ingeims

i nvention consists of using one or nore varactors as variable capacitors to
adj ust t hef yeahansd imagifary petsincecome efitheodircuite cxdatetmaihiyanal déotivhpwaile shoul d
be selected such that their response is as |inear as possible, as described

Gb{lg |S ow. Foﬁﬂl];arsoc%eaté Biairfly SRBEiBary HMRIoA. K sthefal, iprel bCsist-alstirtiGRbEGSL N9 t he
must be able to generate both components, that is both real and imaginary distortion, in
order to equalize the nonlinearity of the device. To do so several distortion circuits might
be needed and cascaded so as to produce different types of distortion.

A typical pre-distortion circuit according to previous art is displayed in Fig. 1,
where the nonlinearity is produced by an ideal forward-biased Schottky diode illustrated
in Fig. 1(a). As shown in Fig. 1(b), the second order distortion (CSO) of such a device is
plotted by an ideal diode is real and independent of frequency.

If one needs to produce imaginary distortion, one can add some reactive elements
such as a capacitor as shown in Fig. 2 and 3. The strength of the imaginary part depends
on the bias point and the value of the capacitance, and can become comparable to the real
part at CATV frequencies (<550 MHz). These reactive elements could also be parasitics
intrinsic to a non-ideal diode. Another way to produce imaginary distortion according to

previous art is displayed in Fig. 4, where the nonlinear element is a reverse-biased

varactor. Many other combinations using various reactive components are also possible.




an external nonlinear circuit elenment. The distortion signal corrects the
di.stortion by generating a frequency dependent signal having a sign
opposite to the distortion signal produced by the nonlinear circuit and
substantially the same nmagnitude. FIG 5 has an input signal IN A first
nonl i near device D1 is coupled to the input signal IN for generating a

first sig @ JoralNy r.: i nd h fiyst bias
evel at t e R deRg B e B O i A B il Aot e ne
first nonlinear device . Dl and is coupled to the first nonlinear device D1
to nodify Yh aﬁf?‘?sg'fhsg‘?rﬁﬂﬁm“alﬁﬁ- produce an output second signal OUTPUT. The
second nonlinear device D2 has a second bias |level at a cathode of the
second nonl i nedfhegwevices DPreplesbniad bgairtiies showans F% BIt6\3, 1ad¥3BlcADilidySTRE OVi ded
for adjusting said first and said second bias | evels so that the fragnitude,

phase and deies Brecs o fiRctR B flecBBRONMBAANA!ME OB Br Al Bl YI N (R

circuit of F C2 and C3 ocki ng capacitors and R4

are bi asi resistqgrs. .9 The .anmpunt of second order distortion generated by
t he Schot @E@Pf n@i%ﬁﬁlpchmdﬁﬁt“ggl led by a voltage DI BIAS. The phase and

frequency response is controlled by D2BIAS, where D2 behaves as a variable
capaci t or. O hdhegustaisptat oé thequésenhinsentionl cdnsists of usieg ane ar motovaraasisng as a
vari abl e capacitor in parallel with R, either in addition or wthout D2,

and rever shrighlelegaeitdd té adjuEHe pRask AR BlRRAHCY RoRteibAhie Qfsﬁ)m(?]ﬁ. hBfactdpk her

reactive or resistive conponents can be added to I ntroduce phase an
‘;{)ﬁ??gﬂ?g glﬁégirl]& \1/)\? F(ﬁe%ﬁg stgértg%{ith&r 9ers(paonssg QML Weblad phoessigie? 0 esnbd Dalst
( FIG. 5, for example, shows a distortion circuit for correcting the distortion from
an external nonlinear circuit element. The distortion signal corrects the distortion by
generating a frequency dependent signal having a sign opposite to the distortion signal
produced by the nonlinear circuit and substantially the same magnitude.
FIG. 5 has an input signal IN. A first nonlinear device D1 is coupled to the input
signal IN for generating a first signal at a cathode of the nonlinear device D1 and has a
first bias level at the cathode.
A second nonlinear device D2 is different from the first nonlinear device D1 and
L is coupled to the first nonlinear device D1 to modify the first signal and produce an
output second signal OUTPUT. The second nonlinear device D2 has a second bias level
at a cathode of the second nonlinear device D2. A bias control means DI1BIAS, D2BIAS
1s provided for adjusting said first and said second bias levels so that the magnitude,

phase and frequency of the output second signal can be adjusted.

Within the circuit of FIG. 5, C1, C2 and C3 are DC blocking capacitors. R2, R3

and R4 are biasing resistors.




Al'ternatively, the diodes could we configured in series with the RF path. C
~In the'circuit in Figure 5, either the input or output (IN or QUT,
respectively) are connected to the device that needs to be lineari ze,
dependi ng on whether the circuit is used as a post-distortion or
pre-distortion circuit. In an exenplary application, the input would be

connected to anmin i : -distortj,o ircuilt. .anot her
exenpl ary applicati o(ﬁr‘n?ﬁht0 Eg&giﬁ%,gtdte?g\gﬁqr@&ﬁémgﬁaﬁ%% ﬂlﬁ'ﬁcﬁo@ﬁ%@ﬁfi&bﬂdact or

| aser as a = gdistortio jrcuit. Alternatively, this could be part of a
cascade ofcog%&échl?y ‘1)?"%15338 %&S- P shesetand dregnensiyiresponswhigcenteolidddry t he i nput
or the output is connected to the next distortion stage. In general, the

di st or t i oW2BIASuwherf DEbehaves amy vintablisespatiosr. Otick p64sitIg etBBdinthingt Whiion from
a nonlinear circuit elenent by generating a frequency dependent signal
having a shdidePPRFétbEadtReBg vih Iehy gﬁ?ﬁ d. L he nonl i near
circuit and substanti al I)% the‘qggmrrgc%%agﬁ?ﬁ& e. H&E(Vi?ﬂg@gettﬁ%)miagdlﬂ%\??ded f or
receiving ignal  fromt on-linear circuit elenment. A Schottky

di ode DI F@ﬂ‘f}ﬁ@?n"g@ %V?rﬁn&ﬁ%%ﬁgﬁﬁto Regdvredhe pprasite signed distertion.Qthende

coupl ed between an input and an output of the distortion circuit of FIG 5.
A first bFSHELHE 1St YhpumpguBisAsn biaddminn éuttethct phiseand Gregaémodnifal t he
Schottky diode DI is provided that controls a second order distortion of

the di st oThe oitcuiisra@e siowrwitBtRCdiBledIA al shult BUHEGL M 1 connected to
ground and a bl ocking capacitor connectiung algggl%y&gﬁﬂ?ﬁg%%gl\ier se bi ased

varactor je, t Schat t ky .di ode . ;A _second bias control
i nput ( D2BI ﬁ@ﬁ‘@%@%g@%@éao‘?g% %M mn BTHQSH@DHV@FEWQ-DZ i s provided
t@at controls ﬁl&hase and_frequency response of the

¢ circuit 1n Figure 5, eithér the input or output (IN or OUT, respectively) are

connected to the device that needs to be linearize, depending on whether the circuit is
used as a post-distortion or pre-distortion circuit. In an exemplary application, the input
would be connected to an optical receiver as a post-distortion circuit. In another
exemplary application, the output would be connected to a semiconductor laser as a pre-
distortion circuit. Alternatively, this could be part of a cascade of several pre- or post-
distortion circuits, where either the input or the output is connected to the next distortion
stage.

( In general, the distortion circuit of FIG. 5 may be used for correcting the
distortion from a nonlinear circuit element by generating a frequency dependent signal
having a sign opposite to the distortion signal produced by the nonlinear circuit and
substantially the same magnitude. An input (IN) is provided for receiving an RF signal
from the non-linear circuit element. A Schottky diode D1 is provided with an anode
connected to ground and a cathode coupled between an input and an output of the

distortion circuit of FIG. 5. A first bias control input (DBIAS IN) connected to the

10




distortion circuit. The output may be connected to a signal processing
device for transmitting the input RF signal plus the distortion generated
by distortion circuit to the signal processing device. Depending on the
degree of linearization required by a particular application, and on the
degree of repeatability of the nonlinear device, the distortion settings

could be &Hinsadort e h. of rts, tuned at nufacturing for
each i ndi vi dual Of[;eyré {B% ﬂgﬂ;ﬂw gthgﬁée;?liq%b(r{\oé/écf%dttﬁ%@c’ﬁfgdé e Brerghstegiva afeasur ed
paraneter Jjn,a feed-back | oop. Figure 6 depicts the real (left plot) and
i magi nar y 0% FISIF0N GEopity £ varager PRds peswisied withr ateanod somrectedrio gengidaindd by

the circuit in Figure 5 as a function of frequency. DI BIAS is fixed at a

vol t age sbliekingaapadier domteotihig 0 0aiodesfthe tevdyseBlaskd vhak Lous
curves correspond to different val ues of D2BI AS. SThg bo g%cﬁlrevmégmé?gkfor

hi ghest vele @@8tiRbidde BIA : c ' of D2 is very |ow, and
the distortion tpﬂrqcfjildluocl?ed lb?& S?@éaglﬁ#%tgpﬁrc@ﬁgpﬁgﬁémggﬁp comectsddo ﬁé&ﬁ’@ég t he
vol tage a Bl AS acitance increases, and the distortion at higher

f r equenci égg‘%e"m%@r?‘ég?de@%c%ﬁ@ 4 phage ard frequBpcy mespomseldfitteg DI Bl AS and
D2BI AS one can adjust both the real and inmginary distortion. Another way to
produce dflistostien eircuith Ehermatpis mayri doneepiedioy sene pERBSEd S qéfe a

reverse- bi ased Shottky di ode, as depicted in Figure 7. e nonl 1 near

capaci t angansafittingehe HipRERFRIDEAVSIES 1l (ﬁ§t9ﬁfoh?§g¥i‘a{g?é&h§st$%ﬁ%9§ Fé{]’ﬁgt he real

part increasing as the frequency 11 increa eal and
g&éguit in Figure 5 at a reverse bias condition. The

I magi nar ye; .
circuit dselgl?%#%%feﬁlﬁ%lg. 4 is usually used when | arge anounts of inmaginary

C

_ Depending on the degree of linearization required by a particular application, and
on the degree of repeatability of the nonlinear device, the distortion settings could be
fixed, tuned for each batch of parts, tuned at manufacturing for each individual part, or
tuned in real time as a function of some measured parameter in a feed-back loop.

Figure 6 depicts the real (left plot) and imaginary (right plot) parts of the second
order distortion generated by the circuit in Figure 5 as a function of frequency. D1BIAS
is fixed at a voltage such that the distortion generated by D1 is largest. The various
curves correspond to different values of D2BIAS. The bold curves are for highest voltage

(' _ at D2BIAS, such that the capacitance of D2 is very low, and the distortion produced by

the circuit is mainly real. As one reduces the voltage at D2BIAS, capacitance increases,

and the distortion at higher frequencies becomes less real and more mmaginary: By

controlling D1BIAS and D2BIAS one can adjust both the real and imaginary distortion.
Another way to produce distortion that has strong frequency dependence is to use

a reverse-biased Shottky diode, as depicted in Figure 7. The nonlinear capacitance of the

diode produces distortion with the magnitude of the real part increasing as the frequency

11




distortion are needed. However, in order to create large distortion a |large
capacitor in series with the varactor is needed which results in poor
return loss and high insertion loss at high frequencies. In addition, the
real part generated by this circuit mght not be desired. The second aspect
of this invention is ained at providing design guidelines to select the
ri ght varactor sa.that |ar amqunts of distortion are generated with | ow

Rig 5o Ban et heen

i nserti on YR AL GoEIPH $8d imagipamy part ofdbe cisuitisifigiied abg a var act or
is usually nodeled as M C=CjOl-v Il VJ where Vis the voltage applied

acr oss t heevemededsaonditioncan be shown that the anount of distortion produced
by the varactor is inversely proportional to the ratio VI/M For the

appl i cation inthg %ir@ﬁ?ﬁ%}ﬂ&ﬁd ﬁ?ﬁ%;:@ ik us‘ﬂQlZy pasg wﬁ%&%ﬁ&%?@o@lg?sa%ﬁ%ég}%aﬁjzﬂ Lgr ge

Vj/Mratio. For the circurt 1n"Fi gure one
For sone applications, |ike

Skywor ks -1247, which has a .small Vj/Matio.. )

eqﬁal i zat ?‘S%r%?ﬂ ﬂjleélff)‘#‘idi' WENET gbqr}gggoweam g&?e dighostinsy aslarge capagitor di t
producing nainly imaginary distortion and linear with frequency is needed.
I n that csgsiss withghe varaior 15 reefiédywhich4esulty v powrtretoen fngs hmdiRigh Sheeeton Tbss

I ntroduces sone real distortion and the anount of inmaginary distortion

satur at esafigfraiudCRAUANALHN, thl el pilf och@altli YAl chibli it pe ONE can add
an inductor after and/or before the pre-" distortion circuit as Shown in
Figure 9. dégﬂgd.vﬁle%%c&{d ésrﬁgctlo?%sc gn%tezslticlfnl is%ﬁgd at Ilrlovi enegddets%n1g2uidelines to
select the right varactor so that large amounts of distortion are generated with low
insertion loss and good return loss.

The nonlinear capacitance of a varactor is usually modeled as

% -M
C= Cjo(l—FJ

4

where V1s the voltage applied across the varactor. It can be shown that the amount of
distortion produced by the varactor is inversely proportional to the ratio Vi/M. For the
application in the previous section, one has to select a varactor with large V/M ratio. For

the circuit in Figure 4 one has to select a part such as Skyworks SMV-1247, which has a

smal} V/M ratio.

™

For some applications, like equalization of distortion introduced by fiber
dispersion, a circuit producing mainly imaginary distortion and linear with frequency is
needed. In that case, the circuit in Figure 4 might not be optimum, since it introduces
some real distortion and the amount of imaginary distortion saturates at high freq’uencies.

In order to prevent this effect, one can add an inductor after and/or before the pre-

distortion circuit as shown in Figure 9. The value of the inductors L1 & 12 will need to

12



be sel ected according to the series capacitor and the required frequency and
phase "~ response of the distortion. The final part of this-innvention deals
with the fact that circuits that generate second order distortion also
generate third order distortion. As shown in Figure 10 and 11, the second
order and third order distortion generated by circuits in Figure 3 and 4
vary depend%&g?on t he,.bi as_voltage. Around the bjas_ voltage at which CSO is

the | ar gedE Seieptrd acqoiding &g thepariescapaeitar gid dhe reguiredifrequescymsiphasef CSO needs

to be tuned for each particular circuit. If we tune it by varying the bias
vol t age, wespesieraddhediiBodtsani.d be generated. One can adjust the ampunt of CSO
by changing the values of resistor and capacitor in Figures 3 and 4,

st el oy ik Finf Pt iR, GRIOAUEMRG ANl 900 o AL Shar cofiBdIr TRl Do

is to use a PIN diode or a quasi-|linear varactor ee above 90F Selecting a
quasi -linear yaractor) .as voltage controJled resistor and capacitor
respectiv ?Cfpggfcﬁﬁgm%@%ﬁ]&? ﬁ&“%ﬂtettﬁ‘ééﬁi ESVE‘HW%@,S sheenarBigendP andd by t he
circuits in Figure 3 and 4 can be either positive or negative, one could

si mul t anedlighg sesand etdecaml thind «@d8: diRbginegeheratedrty diftuito it Bigoreckewdd ar y

enbodi nents of the invention. A, C2 and C3 are DC bl ocking capacitors and

R2, R3 andarpdlepérRling &b thrbideflREe Srouhd Eiér}:ﬁas]%lfage 8t which @0 {SHI.%S %aﬁ)éc%guces c

mainly real distortion. DI is a Schottky diode that produces ort !’on_ as
CER 6 TR ot TR o SR e e
and CTB generated as D2BIAS is varied. Figure 13 is a circuit that produces
mainly i nﬁﬂ?iﬁ@ﬁwﬁﬁ% Hﬁw e ity yasyiagjha bies veltagei wdssir¢th€C TBrooulddess
gi,—St ort | on as depicted in Figure 11 as voltage DIBIAS is varied, and D2 is
t hg uasi - | garerated: Sreatanadiisoitie atdvant aoCSO &y changing el valwes piedsistdr an@ at t enuat e
capacitor in Figures 3 and 4, respectively. This can be time consuming and not practical.
Another method is to use a PIN diode or a quasi-linear varactor (see above for selecting a
quasi-linear varactor) as voltage controlled resistor and capacitor, respectively. Since
depending on the bias voltage, the CTB generated by the circuits in Figure 3 and 4 can be
either positive or negative, one could simultaneously cancel CSO and CTB. Figure 12
and 13 contain exemplary embodiments of the invention. C1, C2 and C3 are DC blocking
capacitors and R2, R3 and R4 are biasing resistors. Figure 12 is a circuit that produces
(” mainly real distortion. D1 is a Schottky diode that produces distortion as depicted in
Figure 10 as voltage D1BIAS is varied, and D2 is a quasi-linear PIN diode that acts as a
variable resistor to attenuate the amount of CSO and CTB generated as D2BIAS is
varied. Figuré 13 is a circuit that produces mainly imaginary distortion. D1 is a varactor
diode that produces distortion as depicted in Figure 11 as voltage D1BIAS is varied, and

D2 is a quasi-linear varactor diode that acts as a variable capacitor to attenuate the

amount of CSO and CTB generated as D2BIAS is varied. Using both controls D1BIAS

13




amount of CSO and CTB generated as D2BIAS is varied. Using.both controls
DI.BI AS 13 and D2BI AS, the anobunt of CSO and CTB can be independently
adjusted. Qther reactive and resistive conmponents, as well as PIN di odes or
guasi -linear varactor diodes could be added to these circuits, as
previously disclosed, to further adjust the phase and frequency dependence

paty v REF RS 12 R PCaRRARTTER RIS nffoaBF R Ftiget® ™

di scl osed produce second order distortion that is relatively independent of
the i nput 24 E§IRENE cRmpongits, anPyllds BEN déottes onqeaselipeartvaracty cowdrbe
exanpl e, distortion at 60 MHz generated by a pair of tones at 61.25 MHz and

121.25 Mutidédstolthese s0Bitxas piiesioRklyl distl@e sihaheleraldjROthviphagenrr RéRendy a
pair of tones at 481.25 M1z and 541.25 MHz. However, sone nonlinear “devi ces

o1 ovi ousi JRARet AbLoEstoRiort FRSAARH, FRCG Ybed BEUER S e R ot

t he conposite second order distortion. Fig. 14 discloses a new circuit
accor di ngrwrtth@lﬂr%ﬁ@ﬁﬁcqmﬁ%n t hat can produce distortion that is
dependent on the input frequencies. By using a relatively |arge val ue of

capaci tor O, wilkcimuits prdviasly digelosdatredute Seanid edertdiabrtion ti perdkaivelyon t he
i nput frequencies. O her reactive conponents could be added that would

Var act or s "SSP TKeACofht Bkt A NeRLRS ety RhOA o O By e
cireui ts ereebdierien f MR pERreER Dxadiy Beotsatl o5 Milfasd (45 28na (o)
describe circuits for canceling the distortion of an RF anplifier, first as
( pr e- di sMB1z isghe sameas distprtionrgenoratedent S HEigeneratad by a pair of tones at 481.25
MHz and 541.25 MHz. However, ‘some nonlinear devices produce distortion that is
dependent on the input frequencies, and previously disclosed distortion circuits might not
be able to compensate the composite second order distortion. Fig. 14 discloses a new
ctrcuit according to the present invention that can produce distortion that is dependent on
the input frequencies. By using a relatively large value of capacitor Cl, the circuit can
generate distortion that is dependent on the input frequencies. Other reactive components
could be added that would generate a similar effect. Alternatively, active components
such as varactors acting as linear variable capacitor could be used to enhance flexibility.
Figure 15 are typical application circuits where the distortion circuits disclosed in
this invention could be used. Drawings (a) and (b) describe circuits for canceling the
distortion of an RF amplifier, first as a pre-distortion circuit prior to the amplifier, and
second as a post-distortion circuit following the amplifier. Drawing (¢) shows a pre-

distortion circuit used to linearize a laser, and drawing (d) shows a post-distortion circuit

used to linearize an optical receiver.
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second as a post-distortion circuit following the anplifier. Drawing (c)
shows a pre- distortion circuit used to linearize a |aser, and draw ng (d)
shows a post-distortion circuit wused to linearize an optical receiver. 14
VWHAT |S CLAIMED IS 1. A distortion circuit for correcting the distortion
firon1a nonlinear circuit elenment by generating a frequency dependent sign
aving a sign opposite to the distortion signal produced by the nonlinear
circuit and substantially the sane magnitude conprising: an input signal;

" first nonlinear device coupl e%%g&%&fﬁmsl gnal for generating a first
signal and having a first bia nly creates a real portion o
the distortion; a second nonlinear device different fromsane first
nonl i near device and coupled thereto for nodifying said first signal to
produce an out put second signal, said second nonlinear device having a

second bilas | évdistotthatcingeit fdrcoreamgealse distoitivadranaa yondowkebi dreudelentehie
distortion; and bias control neans for adjusting said first and said secon

bi as | evelygesdatinpal frédi@ncydgbhdentiigndd AasRg a8ign bppsiite icthe afstdriién Qpiaput seco
signal can be adjusted. 2. The circuit of claiml wherein said first

g oSS et S PN

a varactor di ode. e clrcuit o sal and said
second nonl i n%{i\r el emarll_t are reversed-biased. 4. The circuit of claiml
wherein said fi """ H8M'i near el enent is forward-bi ased.

a first nonlinear device coupled to said input signal for generating a first signal
and having a first bias level that mainly creates a real portion of the distortion;

a second nonlinear device different from same first nonlinear device and coupled
thereto for modifying said first signal to produce an output second signal, said second
nonlinear device having a second bias level that mainly creates an imaginary portion of
the distortion; and

bias control means for adjusting said first and said second bias levels so that the

magnitude, phase and frequency of the output second signal can be adjusted.

2. The circuit of claim 1 wherein said first nonlinear element is a Schottky diode,

and said second nonlinear element is a varactor diode.

3. The circuit of claim | wherein said first and said second nonlinear element are

reversed-biased.

4, The circuit of claim 1 wherein said first nonlinear element is forward-biased.
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151 | 5. The circuit of claim1l, wherein one of said nonlinear elenents is
forward bi ased and the other nonlinear element is reversed biased. 6. The
circuit of claiml1, wherein said bias control neans includes a reactive
conponent. 7. The circuit of claim1, wherein said bias control neans

i ncl udes a varactor diode. 8. The circuit of claim1l, wherein said bias
control neans includes a PIN diode acting as a linear variable resistor. 9.
The circuit of claiml, wherein said bias control neans permts sinultaneous

adj ust nent of cond third order distortjon. 10. A.distortion circuit
For corr et nd W ABOH SRt e Riite dlshe ARbliieat pipBan s B biasel,
generating_a frequency dependent signal having a sign opposite to the

di st ort i @Rd Hegihar noplinsaielemenys renersetbbipsedear circuit and substantially the
sanme nmagni tude conprising: an input for receiving an RF signal fromthe
non-linear circuit elenent; a Schottky diode with an anode connected to
ground and a cat hode coupled between an input and an output of the

di storti@n ci mablicuifoflddimt], Whdkif @i bigd cdnfibinesRINGGdR4 rbRttlde cat hode of
the Schottky diode that controls a real portion of the second order

distortigﬁﬁg&ﬁkpe distortion circuit; a varactor with an anode connected to
gr ound;

7. The circuit of claim 1, wherein said bias control means includes a varactor diode.

8. The circuit of claim 1, wherein said bias control means includes a PIN diode

acting as a linear variable resistor.

9. The circuit of claim 1, wherein said bias control means permits simultaneous

adjustment of second and third order distortion.

10. A distortion circuit for correcting the distortion from a nonlinear circuit element
by generating a frequency dependent signal having a sign opposite to the distortion signal
produced by the nonlinear circuit and substantially the same magnitude comprising:

an input for receiving an RF signal from the non-linear circuit element;

a Schottky diode with an anode connected to ground and a cathode coupled
between an input and an output of the distortion circuit;

a first bias control input connected to the cathode of the Schottky diode that
controls a real portion of the second order distortion of the distortion circuit;

a varactor with an anode connected to ground,

16



a bl ocki ng capacitor connecting a cathode of the reverse biased varactor to
the cathode of the Schottky di ode; a second bias control input connected to
a cathode of the varactor that controls a phase and frequency response of
the distortion circuit; and the output connected to a signal processing
device for transmtting the input RF signal plus the distortion generated
qby the distortion circuit to the signal processing device. 11. An optical
transmitter for transmtting an optical signal over a fiber optic link to a

renote receiver, ,c rising. including,a fifrst nonlinear device coupled to an
RE T nput for GNERICgecis poriperngaanidas afife sthems bESF] yarteli 647 cver t nat
mai nly controls real portion of distortion; a second nonlinear device
-differen?m%Pg%?@£ﬁ§dFﬂ*¥@“ﬂ6hlinear devi ce and coupled thereto for

nmodi fying said first signal to produce an output second signal, said second
nonl i near deviasecand biasgoniraldep dotieated tea edthodsrd thei asackthat obntredams f or
adjusting said first and said second bias |levels so that the nagnitude,

phase anghhseaadeRqyenel réshendediftie didtgtiah ciréuif; bed | aser can be adj usted. 12.
The circuit of claim1ll wherein said first nonlinear elenent is a SchottKky

di ode, and sai L, J SHBRM o deSi 6l . The
circuit of cl g?e%‘?@ﬁ\%ﬁﬂ}eg?ﬂ tggﬁgﬁ?lﬂrst é%ddegé%ggggﬁgﬁg{lﬂ%%@?ﬁgé;@eI enent are

rever sed- bi d.,17. 14. The cirgui f.claiml erein said.first nonlinear
el enent Isnsgn?isﬁv\%tlha ggg'oigg%ragenerate Yy tile distortich cnrcui]f to theé signal processing

device.

11, Anoptical transmitter for transmitting an optical signal over a fiber optic link to a
remote receiver comprising:

including a first nonlinear device coupled to an RF input for generating a first
signal and having a first bias level that mainly controls a real portion of distortion;

a second nonlinear device different from same first nonlinear device and coupled
thereto for modifying said first signal to produce an output second signal, said second
nonlinear device having a second bias level; and

bias control means for adjusting said first and said second bias levels so that the

magnitude, phase and frequency of the input signal to the laser can be adjusted.

12. The circuit of claim 11 wherein said first nonlinear element is a Schottky diode,

and said second nonlinear element is a varactor diode.

13. The circuit of claim 11 wherein said first and said second nonlinear element are

reversed-biased.
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15. The circuit of claim1l, wherein one of said nonlinear elenents is
forward biased and the other nonlinear elenent is reversed biased. 16. A
transmtter as defined in claim12, wherein Schottky diode is forward bi ased
and the varactor diode is reverse biased, and further conprising a capacitor
connected to the cathodes of the Schottky di ode and the varactor diode. 17.
An optical transmtter for transmtting an optical signal over a fiber optic
link to a renote receiver conprising: a |laser coupled to an external

optical fiber for transmtting an optical conmunications signal; a
pre-distortion circuit connected to the input of the |aser for canceling the
distortion in the optical signal at the renpte receiver produced by the

| aser, sditd cilhegireuit ofreddimdi Inghesein sgid fisw npnlincavielsopmtis foywadddesedand neans
for controlllng the bias of said diode of the pre-distortion circuit to
substantially independently adjust the magnitude, phase frequency content of
the distortion cancellation. 18. The transmtter as defined in claim17,

wherein 93i d rmayefaftoiiam ﬂnw‘ﬁ@ﬂeﬁw SHeHSaill fonfRhCALREHS R BavaA@bREQduUCe
distortion with the nmagni tudé of the real part of such distortion 18

|ncrea5|gﬁ%§%(#m§n &ﬁgﬁg@@*Q#qg&fggﬁmeﬁég An optical receiver conprising:

a phot od coup tical fiber for receiving an
optical comunications signal and converting it into an electrical signal;

16. A transmitter as defined in claim 12, wherein Schottky diode is forward biased
and the varactor diode is reverse biased, and further comprising a capacitor connected to

the cathodes of the Schottky diode and the varactor diode.

17.  An optical transmitter for transmitting an optical signal over a fiber optic link to a
remote receiver comprising:

a laser coupled to an external optical fiber for transmitting an optical
communications signal;

a pre-distortion circuit connected to the input of the laser for canceling the
distortion in the optical signal at the remote receiver produced by the laser, said circuit
including a reverse biased Schottky diode; and

means for controlling the bias of said diode of the pre-distortion circuit to
substantially independently adjust the magnitude, phase frequency content of the

distortion cancellation.

18.  The transmitter as defined in claim 17, wherein said reversed bias on said diode is

selected so as to produce distortion with the magnitude of the real part of such distortion
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an RF amplifier coupled to the electrical output of the photodetector and
generating an output signal with distortion; a post-distortion circuit
connected to the output of the RF anplifier for canceling the distortion in
t he out put signal produced by the RF anplifier, said circuit including a
Schottky and a varactor diode; and neans for controlling the bias of said

ti odes of the post-distortion circuit to substantially independently adjust
t he magni tude, phase and frequency content of the distortion cancellation.
20. A distortion E@J%Uit far correcting the distortion froma nonlinear

circuit eTBHEHE 25 LEMEr A PHES f r equency dependent signal having a sign

opposite to the distortion signal produced by the nonlinear circuit and
subst ant i181 | y AnRplisalrecaiesg sPmpdgngonpri sing: an i nput signal; a nonlinear
device coupled to said input signal for generating a first signal having a
bi as | evel ; aamphemtéeaocioupledito et extembl apoivgll fibdr foi e¢oetving avopttesli f yi ng sai d
first signal to produce an output signal; and bias control neans for

adj ust i ngommulichiiss si@4Phnd Qnbéhg lthRo TRENRLEHERIgRNase and frequency of the
out put signal can be substantially independently adjusted. 19 I N-LINE
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generating an output signal with distortion;
a post-distortion circuit connected to the output of the RF amplifier for canceling
the distortion in the output signal produced by the RF amplifier, said circuit including a
Schottky and a varactor diode; and
means for controlling the bias of said diodes of the post-distortion circuit to
substantially independently adjust the magnitude, phase and frequency content of the

distortion cancellation.

20. A distortion circuit for correcting the distortion from a nonlinear circuit element
by generating a frequency dependent signal having a sign opposite to the distortion signal
produced by the nonlinear circuit and substantially the same magnitude comprising:

an input signal;

a nonlinear device coupled to said input signal for generating a first signal having
a bias level;

a reactive circuit element coupled thereto for modifying said first signal to
produce an output signal; and

bias control means for adjusting said bias level to that the magnitude, phase and

frequency of the output signal can be substantially independently adjusted.
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ABSTRACT OF THE DI SCLOSURE A distortion circuit is provided for correcting
the di'stortion froma nonlinear circuit elenment by generating a frequency
dependent signal having a sign opposite to the distortion signal produced
by the nonlinear circuit and substantially the sane magni tude. The

di stortion CIrCUIt I ncl ud es an |nput Si gﬂ I rst _nonlinear device

coupl ed to tHeLINEINSTORT UlérsfﬁorRsIt'm@ &0 TEROfher e t he
first nonli neELE@I YE A ?%P?If:r‘\é IG]BN&%W HEAHASK ANDF ¥s a second

nonl i near device different from s&RE'§TNEYTnonlinear C device and coupled to

the firsihAMHACTOF 968 DESEROSURE fying the first signal to produce an
out put second signal, the second nonlinear device havi ng a second bi as

e B L A R B B LR s b b o
second signal can be adjusted. FIGURE 5 C. 20

circuit element by generating a frequency dependent signal having a sign opposite to the

distortion signal produced by the nonlinear circuit and substantially the same magnitude.

The distortion circuit includes an input signal and a first nonlinear device coupled to the

input signal for generating a first signal and where the first ﬁonlinear device has a first

bias level. Also included is a second nonlinear device different from same first nonlinear
C device and coupled to the first nonlinear device for modifying the first signal to produce

an output second signal, the second nonlinear device having a second bias level. A bias

control means is provided for adjusting the first and said second bias levels so that the

magnitude, phase and frequency of the output second signal can be adjusted.

FIGURE 5
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