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(54) Title: METHOD AND APPARATUS FOR OPTICALLY MODULATING AN OPTICAL BEAM WITH A MULTI-PASS

WAVE-GUIDED OPTICAL MODULATOR
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QO (57) Abstract: An optical modulator (101) that modulates light through the semiconductor substrate (103) through the back side of
an integrated circuit die (103). In one embodiment, an optical modulator is disposed within a flip chip packaged integrated circuit
die (103). The optical modulator includes a modulation region (115) through which an optical beam is passed a plurality of times.
In one embodiment, the optical beam (111) enters through the back side of the semiconductor substrate at a first location (123) and
=~ the modulated optical beam (127) is deflected out through a second location (125) on the back side of the semiconductor substrate
= (103). The interaction length of the optical modulator is increased by internally deflecting and passing the optical beam through the

modulation region a plurality of times. In one embodiment, total internal reflection is used to deflect the optical beam. In another
embodiment, reflective materials (233) are used to internally deflect the optical beam. In one embodiment, the modulation region is
provided with a charged region formed with a p-n junction (115, 215). In another embodiment, the charged region is provided using

=

metal-oxide-semiconductor type structures (315, 415).



(57) Abstract: An optical nodulator (101) that nodul ates |ight through the
sem conduct or substrate (103) through the back side of an integrated
circuit die (103). In one enbodi nent, an optical nodul ator is di sposed
wthin a flip chip packageyy(yEBASRE CAEY e -
u
is passed a plurality of times. In one enbodi ment, the optical beam (111)
ent er s Frryafeigrotenesd pibec pbbrsyiafens ffer tohe "@idri conduct or substrate at a first
| ocat i gffe{ “Eg’)f"?ﬁ(ff{ﬁ‘ifﬁ:"g‘gp FPBSaETE YfioP%ra) beam (127) is defl ected out
t hr ougl a7 SEESRA" FEe4 T on (I95) on the back side of the sem conduct or
substrate (103). The interaction length of the optical nodulator is
increased by internally deflecting and passing the optical beamthrough the
nodul ation region a plurality of tines. In one enbodi nent, total internal
reflection is used to deflect the optical beam |n another enbodinent,
reflective materials (233) are used to internally deflect the optical beam
I n one enbodi nent, the nodul ation region is provided with a charged region
formed with a p-n junction (115, 215). In another enbodinent, the charged
region is provided using netal - oxi de-sem conductor type structures (315,
415) .
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