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(57) ABSTRACT

An acousto-optic system may include a laser source, and an
AOM coupled to the laser source and having an acousto-
optic medium and transducer electrodes carried by the
medium. The acousto-optic system may also include an
interface board with a dielectric layer and signal contacts
carried by the dielectric layer, and connections coupling
respective signal contacts with respective transducer elec-
trodes. Each connection may include a dielectric protrusion
extending from the AOM, and an electrically conductive
layer on the dielectric protrusion for coupling a respective
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ACOUSTO-OPTIC MODULATOR SYSTEM
AND DEVICE WITH CONNECTIONS AND
RELATED METHODS

TECHNICAL FIELD

[0001] The present invention relates to the field of optical
devices, and, more particularly, to AOMs for lasers and
related methods.

BACKGROUND

[0002] Acousto-optic modulators (AOMs), sometimes
referred to as Bragg cells, diffract and shift light using sound
waves at radio frequency. These devices are often used for
Q-switching, signal modulation in telecommunications sys-
tems, laser scanning and beam intensity control, frequency
shifting, and wavelength filtering in spectroscopy systems.
Many other applications lend themselves to using acousto-
optic devices.

[0003] Insuch acousto-optic devices, a piezoelectric trans-
ducer, sometimes also referred to as a radio frequency (RF)
transducer, is secured to an acousto-optic bulk medium as a
transparent optical material, for example, fused silica, quartz
or similar glass material. An electric RF signal oscillates and
drives the transducer to vibrate and create sound waves
within the transparent medium, which effect the properties
of an optical field in the medium via the photo elastic effect,
in which a modulating strain field of an ultrasonic wave is
coupled to an index of refraction for the acousto-optic bulk
medium. As a result, the refractive index change in ampli-
tude is proportional to that of sound.

[0004] The index of refraction is changed by moving
periodic planes of expansion and compression in the
acousto-optic bulk material. Incoming light scatters because
of the resulting periodic index modulation and interference,
similar to Bragg diffraction.

[0005] AOMs are preferred in many applications because
they are faster than tilt-able mirrors and other mechanical
devices. The time it takes for the acousto-optic modulator to
shift an exiting optical beam is limited to the transit time of
the sound wave. The AOMs are often used in Q-switches
where a laser produces a pulsed output beam at high peak
power, typically in the Kilowatt range. This output could be
higher than lasers operating a continuous wave (CW) or
constant output mode.

[0006] Examples of acousto-optic modulator devices and
similar acousto-optic systems are disclosed in commonly
assigned U.S. Pat. Nos. 4,256,362; 5,923,460; 6,320,989;
6,487,324, 6,538,690; 6,765,709; and 6,870,658, the disclo-
sures of which are hereby incorporated by reference in their
entireties.

[0007] One approach which may be used to help enhance
the diffracted beam pointing stability of acousto-optic
devices is set forth in U.S. Pat. No. 7,538,929 to Wasilousky,
which is assigned to the Harris Corporation and is hereby
incorporated herein in its entirety by reference. Wasilousky
discloses an acousto-optic modulator, which includes an
acousto-optic bulk medium and transducer attached to the
acousto-optic bulk medium and formed as a linear array of
electrodes.

SUMMARY

[0008] Generally, an acousto-optic system may include a
laser source, an AOM coupled to the laser source and
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comprising an acousto-optic medium and a plurality of
transducer electrodes carried thereby, and an interface board.
The interface board may include a dielectric layer and a
plurality of signal contacts carried thereby. The acoustic-
optic system may also comprise a plurality of connections
coupling respective signal contacts with respective trans-
ducer electrodes. Each connection may include a dielectric
protrusion extending from the AOM, and an electrically
conductive layer on the dielectric protrusion for coupling a
respective transducer electrode to a respective signal con-
tact.

[0009] In particular, each connection may comprise a pair
of spaced apart alignment protrusions extending from the
interface board with the dielectric protrusion therebetween.
Each transducer electrode may extend beneath a respective
dielectric protrusion. Each electrically conductive layer may
comprise an electrically conductive strap having opposing
ends coupled to the respective transducer electrode.

[0010] In some embodiments, the respective dielectric
protrusions for the plurality of connections may be contigu-
ous with one another and define an elongate strip. The
interface board may comprise a plurality of vertically
extending signal vias coupled respectively to the plurality of
signal contacts. Also, the interface board may comprise a
plurality of reference voltage shield vias and respective
reference voltage traces coupled thereto. The acousto-optic
system may also include modulator drive circuitry coupled
to the plurality of signal contacts. For example, the acousto-
optic medium may comprise at least one of fused silica and
quartz. The acousto-optic system may comprise an atom trap
downstream from the AOM so that the system defines a
quantum computer.

[0011] Another aspect is directed to an acousto-optic
device comprising an AOM comprising an acousto-optic
medium and a plurality of transducer electrodes carried
thereby, and an interface board comprising a dielectric layer
and a plurality of signal contacts carried thereby. The
acousto-optic device may include a plurality of connections
coupling respective signal contacts with respective trans-
ducer electrodes. Each connection may comprise a dielectric
protrusion extending from the AOM, and an electrically
conductive layer on the dielectric protrusion for coupling a
respective transducer electrode to a respective signal con-
tact.

[0012] Yet another aspect is directed to a method for
making an acousto-optic device. The method may include
forming an AOM comprising an acousto-optic medium and
a plurality of transducer electrodes carried thereby, and
forming an interface board comprising a dielectric layer and
a plurality of signal contacts carried thereby. The method
may comprise forming a plurality of connections coupling
respective signal contacts with respective transducer elec-
trodes. Each connection may comprise a dielectric protru-
sion extending from the AOM, and an electrically conduc-
tive layer on the dielectric protrusion for coupling a
respective transducer electrode to a respective signal con-
tact.

[0013] Another aspect is directed to a method for operat-
ing an acousto-optic device. The method may include pro-
viding an AOM comprising an acousto-optic medium and a
plurality of transducer electrodes carried thereby, and an
interface board comprising a dielectric layer and a plurality
of signal contacts carried thereby. The method may include
coupling the AOM and the interface board via a plurality of
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connections coupling respective signal contacts with respec-
tive transducer electrodes. Each connection may comprise a
dielectric protrusion extending from the AOM, and an
electrically conductive layer on the dielectric protrusion for
coupling a respective transducer electrode to a respective
signal contact.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a schematic block diagram of a system
including a multi-channel AOM in accordance with a first
example embodiment, according to the present disclosure.
[0015] FIG. 2 is a flowchart illustrating method aspects
associated with the system of FIG. 1.

[0016] FIG. 3 is a schematic top plan view of an AOM and
an interface card within a second example embodiment of
the system, according to the present disclosure.

[0017] FIG. 4 is a schematic cross-sectional view of the
AOM and the interface card of FIG. 3.

[0018] FIG. 5 is a schematic top plan view of the AOM of
FIG. 3.
[0019] FIG. 6 is a schematic perspective view of a third

example embodiment of the AOM and the interface card
with the dielectric layer cutaway for clarity of explanation,
according to the present disclosure.

[0020] FIGS. 7 and 8 are diagrams of interface card port
coupling in the AOM and the interface card, according to the
present disclosure.

[0021] FIGS. 9A and 9B are schematic cross-sectional
views of the AOM and the interface card, uncoupled and
coupled, respectively, within a fourth example embodiment
of the system, according to the present disclosure.

[0022] FIG. 10 is a schematic perspective view of the
AOM from the system of FIGS. 9A and 9B.

[0023] FIG. 11A is a schematic perspective view of the
interface board from the system of FIGS. 9A and 9B.
[0024] FIG. 11B is a schematic perspective view of the
interface board from the system of FIGS. 9A and 9B with the
pair of spaced apart alignment protrusions cutaway for
clarity of explanation.

[0025] FIG. 12 is a schematic to plan view of the coupled
AOM and interface board from the system of FIGS. 9A and
9B.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0026] The present disclosure will now be described more
fully hereinafter with reference to the accompanying draw-
ings, in which several embodiments of the invention are
shown. This present disclosure may, however, be embodied
in many different forms and should not be construed as
limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of
the present disclosure to those skilled in the art. Like
numbers refer to like elements throughout, and base 100
reference numerals are used to indicate similar elements in
alternative embodiments.

[0027] By way of background, excessive noise levels from
laser sources in optical illumination systems may generate
instabilities and errors. In particular, systems that manipu-
late the quantum states of particles, atoms and electrons,
may require extreme stability.
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[0028] Inter-channel acoustic crosstalk is a major source
of data dependent variation in the modulated optical beam
intensity. Electrical crosstalk between input channels can
interfere coherently to produce variations in corresponding
channel first order optical levels. In addition to coherent
interactions leading to “ON” crosstalk effects on the optical
beams, electrical crosstalk from other channels may induce
a signal on a channel that is not being actively driven. This
results in the production of a weak secondary “OFF” optical
beam in the associated channel. Both the occurrence of
“ON” and “OFF” channel crosstalk effects on the optical
levels in the respective channels constitute a corrupting
factor in many applications, such as, laser photomask gen-
eration and ion array based quantum computing.

[0029] In typical approaches, the connection of the elec-
trical drive signals to the individual transducers may rely on
the use of bond wires between an interface card terminating
pad and associated transducer electrode. These bond wires
may act as a source of magnetic field coupling between
channels, primarily those whose feeds lie adjacent to one
another. Additionally, electric field capacitive coupling
between adjacent electrodes may produce undesirable cross-
talk in localized channels as well.

[0030] Referring initially to FIG. 1 and a flowchart 70 of
FIG. 2, a laser system 130, which provides multi-channel
operation, and associated method aspects are now described.
Beginning at Block 71, the multi-channel system 130 illus-
tratively includes a laser source 131, which generates a first
laser light beam 141, at Block 72. A diffractive/refractive
beam splitter 142 divides the first laser light beam 141 into
a plurality of second laser light beams 143, at Block 73,
which in the illustrated example is four, although other
numbers of beams (e.g., 8, 32, etc.) may be used depending
upon the given application.

[0031] The second laser light beams 143 are received by
a common acousto-optic modulation medium 133 of a
multi-channel AOM 132. In other words, the acousto-optic
medium 133 is common to all of the second laser light
beams (i.e. the same acousto-optic medium is used to
modulate each of the second laser light beams into modu-
lated laser light beams 144). However, it should be noted
that a phase-capable multi-channel AOM 132 need not be
used, and that an amplitude modulation AOM may instead
by used, for example.

[0032] The AOM 132 further includes multiple transduc-
ers, each comprising respective electrodes 134, for each of
the second laser light beams 143 coupled to the common
acousto-optic medium 133. The laser system 130 further
illustratively includes a plurality of RF drivers 136, each
configured to generate a requisite RF drive signals for their
respective transducer electrodes 134, at Block 74, which
illustratively concludes the method of FIG. 2 (Block 75).
[0033] Each RF driver 136 may be configured to drive a
transducer comprising a single element or a transducer
comprising an array of transducer elements 134 with differ-
ent phases. By way of example, the transducer electrodes
134 may be implemented as metallizations on the piezo-
electric AO medium 133, which are spaced apart 500 pm or
less at their centers, and more particularly 450 um or less.
However, other dimensions may be used in different
embodiments.

[0034] Accordingly, employing a phase modulation
capable AOM or transducer structure in a multi-channel
device configuration may provide advantages. More particu-
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larly, the effects of inter-channel acoustic crosstalk may be
reduced since the integrated optical effect resulting from
changes in the localized strain field due to adjacent trans-
ducer operation should be smaller than turning the adjacent
field oftf altogether. This technique may be particularly
appropriate when reduced “ON/OFF” contrast is acceptable,
for example, mask generation involving photoresist. How-
ever, in addition to a photoresist layer of a semiconductor
device, other optical targets 138 may also be used with the
system 130, such as an ion trap(s), micromachining work-
piece, etc.

[0035] Referring now to FIGS. 3-5, another system 230
according to the present disclosure is now described. The
system 230 illustratively comprises a laser source 231 (e.g.
CW or pulsed laser source), and an AOM 232 coupled to the
laser source. The AOM 232 may comprise a multi-channel
AOM, such as in the embodiment of FIGS. 1-2, or a single
channel AOM.

[0036] The AOM 232 illustratively includes an acousto-
optic medium 233, and a plurality of transducer electrodes
234a-234¢ carried by the acousto-optic medium. The
acousto-optic medium 233 may comprise at least one of
fused silica and quartz, for example. In some embodiments,
the system 230 may include an atom trap (FIG. 1) down-
stream from the AOM 232 so that the system defines a
quantum computer.

[0037] The system 230 illustratively comprises an inter-
face board 250 comprising a dielectric layer 251, and a
plurality of vertically extending signal vias 252q-252c¢
within the dielectric layer. As perhaps best seen in FIG. 4,
each vertically extending signal via 252a-252¢ has a lower
end 2534 in contact with a respective transducer electrode
234. As will be appreciated, the lower end 253a of the
plurality of vertically extending signal vias 252a-252¢ may
be coupled to respective ones of the plurality of transducer
electrodes 234a-234e using a board to board coupling tech-
nique, such as a conductive adhesive bonding method, or a
pressure based contact method.

[0038] The interface board 250 illustratively comprises a
plurality of laterally extending signal traces 254a-254c
carried by the dielectric layer 251. Each laterally extending
signal trace 254a-254c is in contact with an upper end 2535
of a respective vertically extending signal via 252a-252c¢. In
the illustrated embodiment, the plurality of laterally extend-
ing signal traces 254a-254c is carried on an upper surface of
the dielectric layer 251, but in other embodiments, the
plurality of laterally extending signal traces may extend
within internal portions of the dielectric layer, or perhaps on
the lower surface of the dielectric layer.

[0039] Also, the system 230 illustratively comprises
modulator drive circuitry 258 coupled to the plurality of
laterally extending signal traces 254a-25¢. As will be appre-
ciated, the modulator drive circuitry 258 is configured to
generate a plurality of RF signals for respectively driving the
plurality of transducer electrodes 234a-234e.

[0040] The AOM 232 includes a reference voltage contact
pad (i.e. a ground voltage contact pad) 255a-255/ carried by
the acousto-optic medium 233 and adjacent to each of the
plurality of transducer electrodes 234a-234¢ at their signal
trace connection point. The interface board 250 illustratively
comprises a plurality of vertically extending shield vias
256a-256¢ within the dielectric layer 251 coupled to the
reference voltage contact pad 255a-255; and defining
respective ground or reference voltage shields between

May 27, 2021

adjacent laterally extending signal traces 254a-254c¢. As will
be appreciated, the reference voltage contact pads 255a-255;
may be coupled to an electrode reference voltage/ground at
the bond interface of the AOM 232. As perhaps best seen in
FIG. 3, each of the laterally extending signal traces 254a-
254¢ is flanked on both sides with a row of vertically
extending shield vias 256a-256¢. Since these vertically
extending shield vias 256a-256e are connected to the respec-
tive reference voltage contact pads 2554-255j, they provide
for reduction in the inter-channel crosstalk.

[0041] The plurality of vertically extending shield vias
256a-256¢ also defines respective ground/reference voltage
shields for distal ends of the plurality of transducer elec-
trodes 234a-234e. More specifically, when the interface
board 250 is coupled to a side of the AOM 232, the plurality
of vertically extending shield vias 256a-256e overlays and is
aligned with the reference voltage contact pads 255a-255;.
The plurality of vertically extending shield vias 256a-256¢
is additionally coupled to a common signal generator ground
reference voltage on the interface board 250. For example,
the reference voltage on the interface board 250 may com-
prise a ground potential.

[0042] As perhaps best seen in FIG. 5, the plurality of
transducer electrodes 234a-234e comprises a first set of
transducer electrodes 234a, 234¢, 234e and a second set of
transducer electrodes 234b, 234d interdigitated with the first
set of transducer electrodes. The plurality of vertically
extending signal vias 252a-252¢ comprises first and second
sets of vertically extending signal vias in contact with
respective ones of the first and second sets of interdigitated
transducer electrodes 234a-234¢ on opposite sides of the
AOM 232.

[0043] In particular, as perhaps best seen in FIG. 4, the
interface board 250 is coupled to the opposite sides of the
AOM 232. For example, in some embodiments, the interface
board 250 would comprise first and second interface boards
for coupling to the opposite sides of the AOM 232.

[0044] Yet another aspect is directed to a method of
making a system 230. The method comprises forming an
interface board 250 comprising a dielectric layer 251, and a
plurality of vertically extending signal vias 252a-252c¢
within the dielectric layer. Each vertically extending signal
via 252a-252¢ has a lower end 253a in contact with a
respective transducer electrode 234a-234e at the top surface
of a piezoelectric platelet bonded to an acousto-optic
medium 233 of an AOM 232. The interface board 250
illustratively comprises a plurality of laterally extending
signal traces 254a-254c¢ carried by the dielectric layer 251.
Each laterally extending signal trace 254a-254c¢ is in contact
with an upper end 2535 of a respective vertically extending
signal via 252a-252¢. The method includes coupling the
interface board 250 to the AOM 232.

[0045] Referring now additionally to FIG. 6, another
embodiment of the AOM 332 and the interface board 350 is
now described. In this embodiment of the AOM 332, and the
interface board 350 containing the signal traces and associ-
ated shield vias, those elements already discussed above
with respect to FIGS. 3-5 are incremented by 300 and most
require no further discussion herein. This embodiment dif-
fers from the previous embodiment in that this AOM 332
illustratively includes an acousto-optic medium 333 having
a plurality of trenches 3574-357¢ produced by removal of
the high dielectric constant piezoelectric transducer platelet
material between individual electrodes 334a-334c¢ therein.
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Each trench 357a-357¢ is between adjacent ones of the
plurality of transducer electrodes 334a-334c.

[0046] Referring now additionally to FIGS. 7-8, diagrams
1000, 1020 show a reduction in cross-talk between input
channels in the system 230 disclosed herein. Applicant has
determined that crosstalk between inputs originating on the
same side of the interface card “electrical neighbors™ may be
a significant contributor to channel optical crosstalk. In
addition, this source of crosstalk can severely limit the utility
of'using local channel active cancellation schemes to reduce
optical crosstalk levels in an “off” channel resulting from
acoustic spillover from nearest neighbor channels “optical
neighbors”. This technique relies on insertion of a low level
“cancellation” signal within the primary acoustic channel
having the correct amplitude and phase to reduce the inte-
grated optical effect applied to the input beam in that
channel. A high degree of electrical isolation may be
required to minimize corruption of the low level cancellation
input signal.

[0047] Applicant performed a detailed analysis of the
input RF feed assembly associated with typical AOM con-
struction to determine the principle factors contributing to
the observed levels of electrical crosstalk. Diagram 1000
shows the measured and simulated model electrical port
transmission coupling levels obtained for the typical mono-
lithic multi-channel AOM.

[0048] Review of the model results indicates the principal
contributor to adjacent electrical neighbor coupling comes
from the bond wires connecting the input RF interface card
terminating pads to the respective transducer electrodes. The
levels of crosstalk produced by this source of coupling
between input channels can interfere coherently with other
“ON” channels to produce variations in the optical illumi-
nation levels presented to the individual ions. Depending on
the relative drive signal phase offset, this can result in a
variation in channel beam intensity of greater than +/-0.6%
for an RF coupling level of -50 dB between adjacent
channels. With many channels driven at the same time, the
variation in intensity observed within any one channel may
readily exceed +/-1.0%.

[0049] In addition to coherent interactions leading to
“ON” crosstalk effects on the optical beams, electrical
crosstalk from other channels and acoustic diffraction “spill-
over” from adjacent channels, may induce a signal on a
channel which is not being actively driven. This results in
the production of a weak secondary “OFF” optical beam in
the associated channel. In ion trap array qubit addressing
applications, this low level coherent optical field may appear
as a low level addressable Raman beam. The presence of a
corrupting optical field at an un-addressed ion location may
directly contribute to internal ionic state errors and deco-
herence of the ion array, leading to a measured reduction in
gate fidelity. Both the occurrence of “ON” and “OFF”
channel crosstalk effects on the optical levels in the respec-
tive channels constitute a corrupting factor in many appli-
cations, such as laser photomask generation and ion array
based quantum computing.

[0050] As shown in diagram 1020, the results obtained
indicate a carefully structured interface (e.g., the above
system 230), which eliminates the use of conventional bond
wire connections while incorporating several additional
modifications to both the interface card and the resonant
platelet structure, may significantly reduce electrical cou-
pling between ports.
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[0051] In summary, the system 230 eliminates conven-
tional bond wire connections between the transducer elec-
trode and corresponding trace pad. The system 230 may
provide a direct connection of the trace input termination
pad directly to the transducer electrode. By using the shield
via structure connecting to the interface board 250 ground to
the transducer ground plane adjacent to the signal pad
connection point, the system 230 may reduce channel cross-
talk. Moreover, the system 230 removes high dielectric
transducer “trench” region between adjacent electrodes to
reduce inter-electrode coupling capacitance.

[0052] Referring now to FIGS. 9A-9B and 10-11, another
acousto-optic system 430 according to the present disclosure
is now described. It should be appreciated that the teachings
of the above disclosed acousto-optic systems 130, 230, 330
could be applied to this acousto-optic system 430.

[0053] The acousto-optic system 430 illustratively com-
prises a laser source (e.g. laser source 131 (FIG. 1), 231
(FIG. 5)), and an AOM 432 coupled to the laser source. The
AOM 432 illustratively includes an acousto-optic medium
433, and a plurality of transducer electrodes 434a-434f,
434g-434k carried thereby. For example, the acousto-optic
medium 433 may comprise at least one of fused silica and
quartz. In some embodiments, the acousto-optic system 430
may comprise an atom trap downstream from the AOM 432
so that the system defines a quantum computer.

[0054] As perhaps best seen in FIG. 10, the plurality of
transducer electrodes 434a-434f, 434g-434k comprises a
first set of transducer electrodes 434a-434f, and a second set
of transducer electrodes 434g-434% opposing the first set of
transducer electrodes. This interdigitated arrangement is
similar to that of the embodiment of FIGS. 3-5

[0055] The acousto-optic system 430 illustratively com-
prises an interface board 450. The interface board 450
illustratively includes a dielectric layer 451 and a plurality of
signal contacts 460a-460d (e.g., electrically conductive
material, copper, gold, or silver) carried thereby on an outer
surface. The acousto-optic system 430 also comprises a
plurality of connections 461 coupling respective signal
contacts 460a-460d with respective transducer electrodes
434a-434f, 434g-434k (i.e. illustratively the first set of
transducer electrodes 434a-434f). Although not illustrated
for the sake of drawing clarity, the interface board 450 may
comprise first and second sides for coupling to the first set
of transducer electrodes 434a-434f, and the second set of
transducer electrodes 434g-434k of the opposite side of the
AOM 432.

[0056] Each connection 461 illustratively includes a
dielectric protrusion 462 extending from the AOM 432, and
an electrically conductive layer 463 (e.g., electrically con-
ductive material, copper, gold, or silver) on the dielectric
protrusion for coupling a respective transducer electrode
434a-434f, 434g-434k to a respective signal contact 460a-
460d.

[0057] In the illustrated embodiment and as perhaps best
seen in FIG. 10, the respective dielectric protrusions 462 for
the plurality of connections 461 are contiguous with one
another and define an elongate strip. In other embodiments,
each connection 461 may include an individual dielectric
protrusion 462 spaced apart from adjacent ones.

[0058] As seen in FIG. 11A, each connection 461 illus-
tratively comprises a pair of spaced apart alignment protru-
sions 465, 466 extending from the interface board 450 with
the dielectric protrusion 462 to be aligned therebetween. The
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pair of spaced apart alignment protrusions 465, 466 may
each comprise a dielectric material. When the interface
board 450 and the AOM 432 are in proper lateral alignment,
the dielectric protrusion 462 is between the pair of spaced
apart alignment protrusions 465, 466, such as depicted in
FIGS. 9A and 9B.

[0059] The dielectric protrusion 462 and the pair of spaced
apart alignment protrusions 465, 466 may each have a width
of 10 mils (0.254 mm)+20%. The dielectric protrusion 462
and the pair of spaced apart alignment protrusions 465, 466
may each be formed using an aerosol jet printing process. As
will be appreciated, the aerosol jet printing process has a 10
um resolution, is compatible with commercially available
polymers, and is capable of printing on uneven surfaces.
Also, the dielectric protrusion 462 and the pair of spaced
apart alignment protrusions 465, 466 may each comprise a
low-durometer dielectric material. Of course, other methods
for depositing the dielectric material can be used, such as an
inkjet printing process, or a deposition process.

[0060] As perhaps best seen in FIGS. 9A-10, each trans-
ducer electrode 434a-434f, 434g-434k extends beneath a
respective dielectric protrusion 462 and extends laterally
free of the respective dielectric protrusion. Each electrically
conductive layer 463 comprises an electrically conductive
strap having opposing ends 467a-4675 coupled to the (i.e.
the laterally free and clear portions of) respective transducer
electrode 434a-434f, 434g-434%. Helpfully, the electrically
conductive straps may be formed using typical bond wire
techniques. The opposing ends 467a-467b are coupled to the
respective transducer electrode 434a-434f, 434g-434k via a
conductive adhesive, for example.

[0061] In some embodiments, the acousto-optic system
430 also includes modulator drive circuitry (258: FIG. 3)
coupled to the plurality of signal contacts 460a-460d. As
perhaps best see in FIGS. 9A-9B, the interface board 450
illustratively includes a plurality of vertically extending
signal vias 452 (e.g., electrically conductive material, cop-
per, gold, or silver) coupled respectively to the plurality of
signal contacts 460a-460d and carrying a signal from the
modulator drive circuitry.

[0062] As perhaps best seen in FIGS. 11B and 12, the
interface board 450 illustratively comprises a plurality of
reference voltage shield vias 456a-456f (e.g., electrically
conductive material, copper, gold, or silver) and respective
reference voltage traces 468a-468f coupled thereto. As will
be appreciated, the reference voltage may comprise a ground
potential of one or both of the interface board 450 and the
AOM 432.

[0063] Yet another aspect is directed to a method for
making an acousto-optic device 430. The method includes
forming an AOM 432 comprising an acousto-optic medium
433 and a plurality of transducer electrodes 434a-434f,
434g-434k carried thereby. The method includes forming an
interface board 450 comprising a dielectric layer 451 and a
plurality of signal contacts 460a-460d carried thereby. The
method comprises forming a plurality of connections 461
coupling respective signal contacts 460a-460d with respec-
tive transducer electrodes 434a-434f, 434g-434%. Each con-
nection 461 includes a dielectric protrusion 462 extending
from the AOM 432, and an electrically conductive layer 463
on the dielectric protrusion for coupling a respective trans-
ducer electrode 434a-434f, 434g-434k to a respective signal
contact 460a-4604d.
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[0064] Another aspect is directed to a method for operat-
ing an acousto-optic device 430. The method includes
providing an AOM 432 comprising an acousto-optic
medium 433 and a plurality of transducer electrodes 434a-
434f, 434g-434k carried thereby, and an interface board 450
comprising a dielectric layer 451 and a plurality of signal
contacts 460a-460d carried thereby. The method includes
coupling the AOM 432 and the interface board 450 via a
plurality of connections 461 coupling respective signal
contacts 460a-460d with respective transducer electrodes
434a-434f, 434g-434k. Each connection 461 comprises a
dielectric protrusion 462 extending from the AOM 432, and
an electrically conductive layer 463 on the dielectric pro-
trusion for coupling a respective transducer electrode 434a-
434f, 434g-434k to a respective signal contact 460a-460d.
[0065] Advantageously, the acousto-optic system 430 may
use precise and commercially available techniques for
manufacturing. In particular, additive printed dielectric tech-
nology is used for the dielectric protrusion 462 and the pair
of spaced apart alignment protrusions 465, 466, and typical
bond wire techniques are used to form the electrically
conductive straps. As with the above described embodi-
ments of acousto-optic system 130, 230, 330, the acousto-
optic system 430 also eliminates the long bond wire cou-
plings of typical approaches, which similarly reduces the
magnetic field coupling and crosstalk issues. The dielectric
protrusion 462 and the pair of spaced apart alignment
protrusions 465, 466 may allow for easy alignment of the
interface board 450 and the AOM 432. This acousto-optic
system 430 also may permit secure seating of the interface
board 450 and the AOM 432 using a locking bracket after
final alignment, and also supports a three point “quasi-
transmission line” shielded contact structure.
[0066] Other features relating to optics are disclosed in
co-pending applications, titled “Multi-Channel Laser Sys-
tem Including An AOM With Beam Polarization Switching
And Related Methods,” U.S. patent application Ser. No.
16/458,457, and “AOM SYSTEM WITH INTERFACE
BOARD AND SIGNAL VIAS AND RELATED METH-
ODS”, Attorney Docket No. GCSD-3085 (62559), which is
incorporated herein by reference in its entirety.
[0067] Many modifications and other embodiments of the
present disclosure will come to the mind of one skilled in the
art having the benefit of the teachings presented in the
foregoing descriptions and the associated drawings. There-
fore, it is understood that the present disclosure is not to be
limited to the specific embodiments disclosed, and that
modifications and embodiments are intended to be included
within the scope of the appended claims.
That which is claimed is:
1. An acousto-optic system comprising:
a laser source;
an acousto-optic modulator (AOM) coupled to said laser
source and comprising an acousto-optic medium and a
plurality of transducer electrodes carried thereby; and
an interface board comprising a dielectric layer and a
plurality of signal contacts carried thereby; and
a plurality of connections coupling respective signal con-
tacts with respective transducer electrodes, each con-
nection comprising
a dielectric protrusion extending from said AOM, and
an electrically conductive layer on said dielectric pro-
trusion for coupling a respective transducer electrode
to a respective signal contact.
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2. The acousto-optic system of claim 1 wherein each
connection comprises a pair of spaced apart alignment
protrusions extending from said interface board with said
dielectric protrusion therebetween.

3. The acousto-optic system of claim 1 wherein each
transducer electrode extends beneath a respective dielectric
protrusion.

4. The acousto-optic system of claim 1 wherein each
electrically conductive layer comprises an electrically con-
ductive strap having opposing ends coupled to the respective
transducer electrode.

5. The acousto-optic system of claim 1 wherein the
respective dielectric protrusions for the plurality of connec-
tions are contiguous with one another and define an elongate
strip.

6. The acousto-optic system of claim 1 wherein said
interface board comprises a plurality of vertically extending
signal vias coupled respectively to said plurality of signal
contacts.

7. The acousto-optic system of claim 1 wherein said
interface board comprises a plurality of reference voltage
shield vias and respective reference voltage traces coupled
thereto.

8. The acousto-optic system of claim 1 comprising modu-
lator drive circuitry coupled to said plurality of signal
contacts.

9. The acousto-optic system of claim 1 wherein said
acousto-optic medium comprises at least one of fused silica
and quartz.

10. The acousto-optic system of claim 1 comprising an
atom trap downstream from said AOM so that the system
defines a quantum computer.

11. An acousto-optic device comprising:

an acousto-optic modulator (AOM) comprising an

acousto-optic medium and a plurality of transducer
electrodes carried thereby; and

an interface board comprising a dielectric layer and a

plurality of signal contacts carried thereby; and

a plurality of connections coupling respective signal con-

tacts with respective transducer electrodes, each con-

nection comprising

a dielectric protrusion extending from said AOM, and

an electrically conductive layer on said dielectric pro-
trusion for coupling a respective transducer electrode
to a respective signal contact.

12. The acousto-optic device of claim 11 wherein each
connection comprises a pair of spaced apart alignment
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protrusions extending from said interface board with said
dielectric protrusion therebetween.

13. The acousto-optic device of claim 11 wherein each
transducer electrode extends beneath a respective dielectric
protrusion.

14. The acousto-optic device of claim 11 wherein each
electrically conductive layer comprises an electrically con-
ductive strap having opposing ends coupled to the respective
transducer electrode.

15. The acousto-optic device of claim 11 wherein the
respective dielectric protrusions for the plurality of connec-
tions are contiguous with one another and define an elongate
strip.

16. The acousto-optic device of claim 11 wherein said
interface board comprises a plurality of vertically extending
signal vias coupled respectively to said plurality of signal
contacts.

17. The acousto-optic device of claim 11 wherein said
interface board comprises a plurality of reference voltage
shield vias and respective reference voltage traces coupled
thereto.

18. A method for making an acousto-optic device com-
prising:

forming an acousto-optic modulator (AOM) comprising

an acousto-optic medium and a plurality of transducer
electrodes carried thereby;

forming the AOM an interface board comprising a dielec-

tric layer and a plurality of signal contacts carried
thereby; and

forming a plurality of connections coupling respective

signal contacts with respective transducer electrodes,

each connection comprising

a dielectric protrusion extending from the AOM, and

an electrically conductive layer on the dielectric pro-
trusion for coupling a respective transducer electrode
to a respective signal contact.

19. The method of claim 18 wherein each connection
comprises a pair of spaced apart alignment protrusions
extending from the interface board with the dielectric pro-
trusion therebetween.

20. The method of claim 18 wherein each transducer
electrode extends beneath a respective dielectric protrusion.

21. The method of claim 18 wherein each electrically
conductive layer comprises an electrically conductive strap
having opposing ends coupled to the respective transducer
electrode.



