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on both sides of the dielectric at the same time, resulting in operation at speeds in excess
of 10 GHz.

- FIG. 1 illustrates one exemplary arrangement of a silicon-based modulator device

as disclosed in the Montgomery et al. reference. In this case, a “SISCAP” structure 1 in
terms of a doped (i.e., “active”) silicon layer 2 (usually polysilicon) is disposed over a
doped portion of a relatively thin (sub-micron) surface layer 3 of a silicon-on-insulator
(SOX) wafer 4, this thin surface layer 3 often being referred to in the art as the “SOI
layer”. A thin dielectric layer 5 is located between the doped, active polysilicon layer 2
and the doped SOI layer 3, with the layers disposed so that an overlap is formed, as



layer". A thin dielectric layer 5 is |ocated between
t he doped, active polysilicon layer 2 and the doped
SO layer 3, with the |ayers disposed so that an

overlap is formed, as | shown in FIG 1, to define an
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integrated filtering arrangement to essentially “cancel” the (unwanted) amplitude

modulation present on the modulated optical output signal.

In accordance with the present invention, a filtering arrangement is formed that
includes at least a pair of filters, a first filter biased at a near linear region of the
amplitude response (positive or negative) and a second filter biased at the opposing near

linear region (i.e., negative or positive, respectively). Presuming the first filter is biased



integrated filtering arrangenent to essentially
"cancel " the (unwanted) anplitude nodul ation present
on the nodul ated optical output signal. In accordance
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FIG. 2 contains a plot of the ideal phase input and ideal frequency spectrum
associated with the modulator of FIG. 1;

FIG. 3 contains a similar plot of the phase, but also illustrating the amplitude
modulated signal component that is present in the modulator of FIG. 1, the frequency
spectrum including the residual AM components also being illustrated in FIG. 3;

FIG, 4 illustrates, in a simplified view, a first embodiment of an amplitude-
correcting arrangement formed in accordance with the present invention to counter the
effects of amplitude modulation within an electro-optic phase modulator, where the

amplitude and relative phase plots for this embodiment are also shown;




FIG 2 contains a plot of the ideal phase input and

i deal frequency spectrum associated with the

nodul ator of FIG 1; FIG 3 contains a simlar plot of
the phase, but also illustrating the anplitude
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déped portion pfi therfi) daysewithih iwhizhtfis ri filter 12 is formed. By the
application of a voltage to tuning region 14, the effective refractive index of that portion
of first ring filter 12 is modified. The modification of the effective refractive index
results in changing the wavelength of light that will out-couple from waveguide 10.
Thus, by adjusting the voltage applied to tuning region 14, the filtered wavelength may
be “tuned”. In accordance with the téachings of the present invention, first ring filter 12
is tuned so as to out-couple the signal at a predetermined wavelength “A”, Referring to
the amplitude and phase plots associated with this portion of the arrangement,
wavelength “A” is seen to be along the negative (downward) slope of the amplitude
response. As the effective refractive index increases, the time delay of first ring filter 12
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response. For the purposes of the present invention, a
high Q factor is desired. First filtering elenent 12
(hereinafter referred to as "first ring filter 12" for
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polysilicon material disposed over that portion of ring filter 26 or, alternatively, a silicide

et

or other metal disposed over a predetermined portion of ring filter 26.

In accordance with the present invention, and similar to the arrangement
described above in association with FIG. 4, first ring filter 26 is tuned to filter the signal
appearing at wavelength A, shown as along the negative slope of the amplitude response.
The application of the appropriate voltage bias to tuning region 28 will allow for this

5



An alternative anplitude conpensating arrangenent of
the present inventionis shown in FIG 5. In this
case, an optical splitter formation is used, with each
ring filter disposed along a separate one of the
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As mentioned above, a plurality of separate filtering elements may be used in the

arrangement of the present invention to better shape the phase modulation response and
remove a larger portion of the unwanted (residual) amplitude modulation. FIG. 6
illustrates a variation of the arrangement of FIG. 5, where in this case, a set of three

separate tunable ring filters is stacked alongside each waveguide. That is, a plurality of




i nvention. For exanple, when a 27c phase shift is
applied to a single phase nodul ator by the free
carrier effect, the output intensity is reduced by 2.5
dB. For the inventive arrangement as shown in FIG 5,
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claingngsdndel leaeth, wavegui de. That is, a plurality of 6
three separate tunable ring filters 26-1, 26-2 and
26-3 are stacked along a portion of waveguide 22,
where each tunable ring filter includes a separate
tunabl e region 28-1, 28- 2 and 28-3, with the
possibility of applying a difference bias voltage to
each region increasing the overall phase/frequency
tuni ng range of the arrangenent. A sinmilar stacked
arrangenment of tunable ring filters 30-1, 30-2 and
30-3 is disposed al ongsi de wavegui de 24. A set of
tuning regions 32-1, 32-3 and 32-3 are associated with
ring




filters 30-1, 30-2 and 30-3 in a simlar manner to
provi de an increased wavel ength tuning range for the
signal propagating al ong wavegui de 24. As nenti oned
above, increasing the nunber of rings (i.e., the
nunber of resonances) increases the nunber of poles
Whatds clgignedds in the filter response, providing nore
control over the tunability of the filter. In the
particul ar enmbodi ment as shown in FIG 6, there is an
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wavegui de 42 disposed along rin ter 26-3 and
ingdaer{FOb ipeturednevring fpmga!gmthgk silienngurfacgdansy (ﬁQIéayezM
arfdicopiga§eb.al ong ring filter 30-3. Therefore, a tunable

phase shifter 46 is disposed al ong wavegui de 42,
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propapatieg aqutica wifput sigrdahe filtering arrangenent forned in
a silicon-on- insulator (SO) structure including a
sub-m cron thick silicon surface |layer (SO |ayer)
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stagtps i at ed el ect ro-opt| c phase rmdul ator; a first
optical filter, coupled to the optical wavegui di ng
structure, and formed to out-couple a predetermn ned

firs3, AaehpneiahgalAngs @ﬁﬁé«ﬁh RRie U SeRlin b s;f,tidal WiVeguiding
char act er] stic cur Ve, and a second Optl cal ter
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aloREH AR SEGRIRONERE Sk BRithé f8ond optical filter is disposed alongside

the second waveguiding arm.

4. A filtering arrangement as defined in claim 3 wherein the optical
splitter/combiner further comprises an optical phase adjustment element disposed along
either one or both of the first waveguiding arm and the second waveguiding arm, the

optical phase adjustment element for reducing phase differences between the signals
propagating therealong.



propagati ng optical output signal. 2. Afiltering
arrangenent as defined in claiml wherein the optica
wavegui di ng structure conprises a single optica
wavegui de formed within the SO |ayer of the SO
structure. 3. A fllterlggaarrangenent as defined in

claitnd Wr@rgeqrﬁnm@nbmd ¢d ifgleadrg divdierain the firsy end geeond
11’ce?§&rrﬂﬁs@$tic§ﬁ% dﬁﬁl%r foﬁﬁgg’ésr}ﬁx v&%ﬂﬁﬁ{eg )éllthm the
|nclu ing a first QUI arnlan a sec
SW&@@gmf&Wﬁgnéﬁwﬁ@ﬁsposed in parallel betmeen an i nput
wavegui ding section and an output wavegui di ng
section, where the first optical filter is disposed

al ongjsh diteringarrangemenhias deginediinrelpim Srwhersin the epttong]
|
Bl Elnghie b iehly B RB o o A0 Rl Aind ot AN el
vilpe.cl ai m 3 wherein the opti cal splltter/conblner
further conprises an optical phase adjustnent el ement
di sposed along either one or both of the first
wav e'guAdiltn@nmrmgamiemt hedefinedindtlaia i enghereati thg fizst optidahlter
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ofithe ﬁgauﬁgeﬁramgdtﬂunﬂrekﬁtﬁse Ddeadeswith a® IncicAgindhlimtsel bEGhathte.
Pl I,A ﬁl| ring arrangement as defined in claim5
RS e optical ring resonators include a highly
doped region to provide for tuning of the filtered
wavel ength value. 7. Afiltering arrangenent as
defined in claim1 wherein the first optical filter
conprises a first plurality of separate optica
filtering elenents and the second optical filter
conprises a second plurality of separate optica
filtering el ements where each filtering elenment is
configured to out-couple a difference wavel ength and
the resonance of the filtering arrangenent response
i ncreases with an increasing nunber of separate
filtering elements. 9




