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that the plurality of pins passes through the plurality of 
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ENCLOSURE FOR ION TRAPPING DEVICE 

PRIORITY 

[ 0001 ] This application is a continuation - in - part of non 
provisional application Ser . No. 16 / 570,726 filed Sep. 13 , 
2019 , now U.S. Pat . No. 10,840,078 the entire contents of 
which are hereby incorporated by reference . 

GOVERNMENT RIGHTS STATEMENT 
[ 0002 ] This invention was made with Government sup 
port . The Government has certain rights in this invention . 

TECHNICAL FIELD 

[ 0003 ] The present disclosure relates to devices , systems , 
and methods for an enclosure for ion trapping devices . 

BACKGROUND 

[ 0004 ] An ion trap can use a combination of DC and RF 
fields to capture one or more ions , for example , using a 
potential well . Ions can be trapped for a number of purposes , 
which may include mass spectrometry , research , and / or 
controlling quantum states , for example . Previous 
approaches to ion trapping have included trapping one ion of 
one species in an ion trap . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0005 ] FIG . 1 illustrates an enclosure for an ion trapping 
device in accordance with one or more embodiments of the 
present disclosure . 
[ 0006 ] FIG . 2 illustrates an enclosure for an ion trapping 
device in accordance with one or more embodiments of the 
present disclosure . 
[ 0007 ] FIG . 3 illustrates an enclosure for an ion trapping 
device in accordance with one or more embodiments of the 
present disclosure . 
[ 0008 ] FIG . 4 illustrates an enclosure for an ion trapping 
device in accordance with one or more embodiments of the 
present disclosure . 
[ 0009 ] FIG . 5 illustrates an enclosure for an ion trapping 
device in accordance with one or more embodiments of the 
present disclosure . 
[ 0010 ] FIG . 6 illustrates an enclosure for an ion trapping 
device in accordance with one or more embodiments of the 
present disclosure . 
[ 0011 ] FIGS . 7A - C illustrate an enclosure for an ion 
trapping device in accordance with one or more embodi 
ments of the present disclosure . 

apertures . The enclosure may also include a grid array 
having a plurality of pins extending outward from a surface 
of the grid array . The apertures of the heat spreader base may 
be arranged such that the plurality of pins passes through the 
plurality of apertures . 
[ 0014 ] In some examples , the enclosure ( e.g. , package , 
etc. ) can be utilized to receive an ion trapping device ( e.g. , 
Micro - Electrical - Mechanical Systems ( MEMS ) ion trap , 
etc. ) . The enclosure can affect how the ion trap and / or the 
ions within the ion trap interact electrically , magnetically , 
thermally , physically , and / or optically with a surrounding 
environment ( e.g. , vacuum enclosure , underlying circuitry , 
etc. ) . 
[ 0015 ] In some examples , the enclosure can be utilized to 
isolate the ion trap from stray electric fields that can nega 
tively affect the ion in the ion trap within the enclosure . In 
addition , the enclosure can be utilized to remove heat 
generated by the ion trap without utilizing additional 
resources to provide a stable thermal environment for the 
ions on the ion trap . Furthermore , the enclosure can provide 
a system for providing incoming beams of light and / or a 
system for removing outgoing beams of light . 
[ 0016 ] The enclosures for ion trapping devices described 
herein can provide a high performing package for a plurality 
of different ion traps . The enclosures described herein can be 
reusable enclosures that can be assembled for a first ion trap 
and reassembled for a second ion trap that is different than 
the first ion trap . In this way , the enclosures described herein 
can provide optimal performance for the ion trap and be 
reused for different ion traps . 
[ 0017 ] In the following detailed description , reference is 
made to the accompanying drawings that form a part hereof . 
The drawings show by way of illustration how one or more 
embodiments of the disclosure may be practiced . These 
embodiments are described in sufficient detail to enable 
those of ordinary skill in the art to practice one or more 
embodiments of this disclosure . It is to be understood that 
other embodiments may be utilized and that process changes 
may be made without departing from the scope of the 
present disclosure . 
[ 0018 ] The figures herein follow a numbering convention 
in which the first digit or digits correspond to the drawing 
figure number and the remaining digits identify an element 
or component in the drawing . Similar elements or compo 
nents between different figures may be identified by the use 
of similar digits . For example , 104 may reference element 
“ 04 ” in FIG . 1 , and a similar element may be reference as 
604 in FIG . 6 . 
[ 0019 ] As used herein , “ a ” or “ a number of something 
can refer to one or more such things . For example , " a 
number of apertures ” can refer to one or more apertures . 
[ 0020 ] FIG . 1 illustrates an enclosure 100 for an ion 
trapping device in accordance with one or more embodi 
ments of the present disclosure . In some examples , the 
enclosure 100 can include a heat spreader base 102 ( e.g. , 
heat sink base , copper heat sink base , etc. ) . In some 
examples , the heat spreader base 102 can receive a grid array 
112 ( e.g. , pin grid array , ceramic grid array , etc. ) . The grid 
array 112 can include an aperture 116 to receive a spacer 
120. As used herein , the grid array 112 can be a ceramic pin 
grid array that includes a plurality of pins 114 that can be 
coupled to underlying circuitry to send and receive signals 
between underlying circuitry and an ion trap coupled to the 
spacer 120 . 

DETAILED DESCRIPTION 

[ 0012 ] Devices , methods , and systems for an enclosure for 
an ion trapping device are described herein . One enclosure 
for an ion trapping device includes a heat spreader base that 
includes a perimeter portion and a center portion connected 
to the perimeter portion by a bridge portion , a grid array 
coupled to the heat spreader , a spacer with a plurality of 
studs coupled to the grid array , an interposer and ion trap die 
coupled to the spacer , a connector coupled to interposer , and 
a roof portion coupled to the heat spreader base . As used 
herein , a grid array can include an electronic package to 
couple input / output ( 1/0 ) signals to the ion trap . 
[ 0013 ] Another enclosure for an ion trapping device 
includes a heat spreader base that includes a plurality of 
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[ 0021 ] The heat spreader base 102 can be made of a 
conductive material ( e.g. , copper , aluminum , brass , etc. ) . 
For example , the heat spreader base 102 can be made of a 
thermal conductive material such as copper . The heat 
spreader base 102 can be utilized to remove heat from an 
interposer and / or ion trap coupled to an interposer . 
[ 0022 ] The heat spreader base 102 can include a perimeter 
portion 102-1 . The perimeter portion 102-1 can be a portion 
of the heat spreader base 102 that surrounds the grid array 
112 and / or ion trap ( not shown ) . In some examples , the 
perimeter portion 102-1 can include a plurality of teeth 104 
that extend toward a center of the heat spreader base 102. In 
some examples , the plurality of teeth 104 can allow the 
plurality of pins 114 to pass between center portion 102-2 
and the perimeter portion 102-1 . For example , one or more 
of the plurality of pins 114 can be positioned within one or 
more of the plurality of teeth 104. In some examples , the 
plurality of teeth 104 can be utilized to add mechanical 
support ( e.g. , stiffness ) during extraction of the device . 
[ 0023 ] The heat spreader base 102 can include a center 
portion 102-2 that is connected to the perimeter portion 
102-1 by a bridge portion 102-3 . The center portion 102-2 
can be a base that is directly below the aperture 116 of the 
grid array 112 and / or the spacer 120 when the spacer 120 is 
positioned within the aperture 116. The center portion 102-2 
can be a base that is directly below an interposer and / or ion 
trap that is coupled to the spacer 120. In this way , the center 
portion 102-2 can be utilized to remove heat generated by 
the ion trap from directly below ion trap . 
[ 0024 ] In some examples , the spacer 120 can comprise a 
material that has a coefficient of linear thermal expansion 
( CTE ) that is closely matched to the material of the inter 
poser that is coupled to the spacer . For example , if the 
interposer is made of a silicon material ( with a CTE of 
approximately 3x10- m / ( m · K ) at room temperature ) the 
spacer 120 can comprise a material ( e.g. , tungsten or molyb 
denum with CTEs of 4.5x10-6 m / ( m · K ) or 4.8x10-6 
m / ( m · K ) at room temperature , respectively ) which more 
closely matches silicon compared to other metals ( e.g. , 
copper with a CTE of 16-17x10-6 m / ( m · K ) at room tem 
perature ) . In this way , the spacer 120 can comprise a 
material that can prevent damage to the interposer and ion 
trap due to heating or cooling of the enclosure 100. In 
addition , the spacer 120 can prevent movement of an inter 
poser or ion trap coupled to the spacer 120 by matching the 
expansion and / or contraction of the interposer and ion trap . 
In this way , the spacer 120 can prevent connectors from 
being pinched or uncoupled due to contraction or expansion 
of the spacer 120 . 
[ 0025 ] In some examples , the bridge portion 102-3 can 
directly couple the perimeter portion 102-1 to the center 
portion 102-2 . The bridge portion 102-3 can also act to 
transfer heat from the center portion 102-2 to the perimeter 
portion 102-1 to increase the removal of heat from the spacer 
120 and / or ion trap coupled to the spacer 120. In some 
examples , heat can be removed from devices of the system 
that are coupled to the heat spreader base 102 . 
[ 0026 ] In some examples , the heat spreader base 102 can 
include a plurality of apertures to receive locking mecha 
nisms ( e.g. , screws , bolts , etc. ) to couple and / or decouple the 
heat spreader base 102 to a number of different elements 
( e.g. , spacer 120 , connectors , underlying circuitry , etc. ) . The 
perimeter portion 102-1 of the heat spreader base 102 can 
include a first number of apertures 105-1 , 105-2 , 105-3 , 

105-4 , collectively referred to as apertures 105. In some 
examples , the first number of apertures 105 can be utilized 
to couple the heat spreader base 102 to underlying circuitry 
( not shown ) . For example , the first number of apertures 105 
can be utilized to position a number of bolts that can be 
coupled to the underlying circuitry to physically secure the 
heat spreader base 102 to the underlying circuitry . 
[ 0027 ] The heat spreader base 102 can include a second 
number of apertures 106-1 , 106-2 , 106-3 , 106-4 , collectively 
referred to as apertures 106. The apertures 106 can be 
positioned on the perimeter portion 102-2 of the heat 
spreader base 102. In some examples , the apertures 106 can 
be utilized to decouple the heat spreader base 102 from the 
underlying circuitry . For example , the apertures 106 can be 
positioned to receive a number of corresponding jack bolts . 
[ 0028 ] As used herein , a jack bolt can be a threaded bolt 
that can be utilized to raise a first device from a second 
device . For example , the apertures 106 can be threaded 
apertures that can receive the jack bolts and raise the heat 
spreader base 102 from underlying circuitry as the jack bolts 
interact with the underlying circuitry . In some examples , the 
jack bolts can be utilized to remove the plurality of pins of 
the grid array from the underlying circuitry . For example , the 
plurality of pins of the grid array 112 can be coupled to 
corresponding apertures of the underlying circuitry . In this 
example , the plurality of pins may need to be raised at a 
similar rate to prevent one or more of the plurality of pins 
from being damaged or bent . For example , prying on one 
side of the heat spreader base 102 can bend one or more of 
the plurality of pins of the grid array 112. By utilizing the 
jack bolts and corresponding apertures 106 , the heat 
spreader base 102 and the grid array 112 can be decoupled 
from the underlying circuitry without damaging the grid 
array 112 . 
[ 0029 ] In some examples , the heat spreader base 102 can 
include a recessed portion 111 for removing the header 
spreader base 102 from circuitry coupled to the grid array 
112. For example , the recessed portion 111 can provide an 
area to insert a tool ( e.g. , screw driver , etc. ) between the heat 
spreader base 102 and the underlying circuitry . In this way , 
the recessed portion can be utilized to physically pry the heat 
spreader base 102 away from the underlying circuitry at a 
position that is between a first aperture 106-1 and a second 
aperture 106-4 . In some examples , a similar recessed portion 
can be positioned between each of the apertures 106 to be 
utilized to decouple the heat spreader base 102 from the 
underlying circuitry . 
[ 0030 ] The center portion 102-2 of the heat spreader base 
102 can include a plurality of apertures 110-1 , 110-2 , 110-3 , 
110-4 , referred to collectively herein as apertures 110. The 
apertures 110 can correspond to apertures 124-1 , 124-2 , 
124-3 , 124-4 , collectively referred to as apertures 124 , of the 
spacer 120. In some examples , the apertures 110 can be 
utilized to couple the spacer 120 to the center portion 102-2 . 
For example , the apertures 110 can be threaded apertures 
that can receive a threaded bolt that is positioned through 
apertures 124 of the spacer 120. In some examples , the 
spacer 120 can be positioned within a recessed portion 118 
of an aperture 116 of the grid array 112. In these examples , 
corresponding bolts can be positioned within the apertures 
124 and coupled to corresponding apertures 110 to lock the 
grid array 112 between the heat spreader base 102 and the 
spacer 120 . 



US 2021/0082681 A1 Mar. 18 , 2021 
3 

[ 0031 ] In some examples , the recessed portion 118 can 
include a plurality of contacts 119 that can be coupled to a 
corresponding plurality of connectors to electrically couple 
an interposer to the grid array 112. For example , the plurality 
of contacts 119 can be electrical contacts that can be coupled 
to electrical connectors ( e.g. , connectors 331 as illustrated in 
FIG . 3 , etc. ) . In some examples , signals received by the 
plurality of pins 114 can be transferred through the plurality 
of contacts 119 to an interposer through a plurality of 
electrical connectors . 
[ 0032 ] The enclosure 100 can be part of a complete 
enclosure described herein . The enclosure 100 can provide 
better thermal control of an ion trap coupled to the spacer 
120 compared to previous enclosures . In addition , the enclo 
sure 100 can be temporarily coupled together and / or per 
manently coupled together to provide a reusable enclosure 
100 for a plurality of different ion traps . 
[ 0033 ] FIG . 2 illustrates an enclosure 200 for an ion 
trapping device in accordance with one or more embodi 
ments of the present disclosure . The enclosure 200 can 
include the same or similar elements as enclosure 100 as 
referenced in FIG . 1. For example , the enclosure 200 can 
include a heat spreader base 202 coupled to a grid array 212 
and a spacer 220. As described herein , the enclosure 200 can 
be positioned within a vacuum enclosure when utilizing an 
ion trap coupled to the spacer 220 . 
[ 0034 ] The enclosure 200 can include a heat spreader base 
202 that can include a perimeter portion and a center portion 
coupled by a bridge portion as described herein . In some 
examples , the grid array 212 can include a plurality of pins 
214 that can be positioned between the perimeter portion 
and the center portion as described herein . In some 
examples , the bridge portion can be positioned at an area 
226 where a portion of the plurality of pins 214 are removed 
from the grid array 212 . 
[ 0035 ] As described herein the heat spreader base 202 can 
include an aperture 208 at the center portion of the heat 
spreader base 202. The aperture 208 can correspond to an 
aperture 222 of the spacer 220 when the spacer 220 is 
coupled to the heat spreader base 202. As described herein , 
the grid array 212 can be coupled or locked between the heat 
spreader base 202 and the spacer 220 when the spacer 220 
is coupled to the heat spreader base 202 . 
[ 0036 ] The enclosure 200 can illustrate when the heat 
spreader base 202 is coupled to the grid array 212 and the 
spacer 220. In some examples , the plurality of pins 214 can 
be coupled to an underlying circuitry . In these examples , a 
recessed portion 211 of the heat spreader base 202 can be 
utilized to create a space between the underlying circuitry 
and the heat spreader base 202 . 
[ 0037 ] FIG . 3 illustrates an enclosure 300 for an ion 
trapping device in accordance with one or more embodi 
ments of the present disclosure . The enclosure 300 can 
include the same or similar elements as enclosure 100 as 
referenced in FIG . 1 and / or enclosure 200 as referenced in 
FIG . 2. For example , the enclosure 300 can include a heat 
spreader base 302 that is coupled to a spacer 320 via a 
number of threaded bolts as described herein . In addition , 
the enclosure 300 can include a grid array 312 that is 
coupled between the heat spreader base 302 and the spacer 
320 . 
[ 0038 ] The enclosure 300 can illustrate a plurality of studs 
328 on the spacer 320. In some examples , the plurality of 
studs 328 can be bonding connections . For example , the 

plurality of studs 328 can be utilized to create a bond 
between the spacer 320 and an interposer 330. In some 
examples , the plurality of studs 328 can be a conductive 
material ( e.g. , gold , etc. ) . 
[ 0039 ] As described herein , an interposer 330 can be 
coupled to the spacer 320. As used herein , an interposer 330 
can be electrical interface routing between one socket or 
connection to another . For example , the interposer 330 can 
be an electrical interface that routes signals between the 
underlying electrical circuitry and an ion trap 332. In some 
examples , the interposer 330 can be electrically coupled to 
the grid array 312 by a plurality of connectors 331. In some 
examples , the plurality of connectors 331 can be connected 
to a corresponding plurality of contacts ( e.g. , contacts 119 as 
referenced in FIG . 1 , electrical contacts , etc. ) 
[ 0040 ] As used herein , an ion trap 332 can include a 
combination of electric or magnetic fields used to capture 
charged particles . As described herein , the ion trap 332 can 
be functional in an environment that is separate from stray 
electric fields . As such , the enclosure 300 and other enclo 
sures described herein can isolate the ion trap 332 from stray 
electric fields . 
[ 0041 ] FIG . 4 illustrates an enclosure 400 for an ion 
trapping device in accordance with one or more embodi 
ments of the present disclosure . In some examples , the 
enclosure 400 can include the same or similar elements as 
enclosure 100 as referenced in FIG . 1 , enclosure 200 as 
referenced in FIG . 2 , and / or enclosure 300 as referenced in 
FIG . 3. For example , the enclosure 400 can include heat 
spreader base 402 a grid array 412 , a spacer coupled to an 
interposer 430 , and / or an ion trap 432 . 
[ 0042 ] In some examples , the enclosure 400 can include a 
connector 434. In some examples , the connector 434 can be 
utilized to provide electrical , RF , and / or microwave signals 
to the ion trap 432. For example , the connector 434 can be 
utilized to provide radio frequency ( RF ) signals to the ion 
trap 432. In some examples , RF signals can be provided to 
the ion trap 432 and can be utilized to generate potential 
wells to trap the ions at a particular position in the ion trap . 
In some examples , either the RF signals or microwave 
signals could be utilized in the operation of an ion trap . 
[ 0043 ] In some examples , the connector 434 can include a 
first input 434-1 and a second input 434-2 . In some 
examples , the first input 434-1 can be a signal source and the 
second input 434-2 can be a ground input . As used here , a 
signal source can be an input that carries a control signal to 
a device . For example , the first input 434-1 can be a 
connector that provides an electrical signal to the ion trap 
432. As used herein , a ground input can be an input that is 
connected to “ ground ” or connected to the earth as a safety 
connector . For example , the second input 434-2 can be 
utilized as a safety connector to provide a “ ground connec 
tion ” for the ion trap 432 . 
[ 0044 ] The connector 434 can be connected to an electri 
cal plate 437 that can be utilized to receive the electrical , RF , 
and / or microwave signals from the connector 434 to an input 
438 or connection of the interposer 430 and / or ion trap 432 . 
In some examples , the connector 434 can be coupled to the 
grid array 412 and / or the heat spreader base 402 via a 
mechanical coupler 436 ( e.g. , threaded bolt , bolt , screw , 
etc. ) . In some examples , the mechanical coupler 436 can be 
utilized to couple and decouple the connector 434 from the 
enclosure 400. In some examples , the electrical plate 437 
can be physically coupled to the heat spreader base 402 via 
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a mechanical coupler 440 ( e.g. , threaded bolt , bolt , screw , 
etc. ) . In some examples , the connector 434 and / or the 
electrical plate 437 can be removed from the enclosure 400 
to allow the ion trap 432 and / or the interposer 430 to be 
replaced with a different ion trap and / or interposer . 
[ 0045 ] FIG . 5 illustrates an enclosure 500 for an ion 
trapping device in accordance with one or more embodi 
ments of the present disclosure . In some examples , the 
enclosure 500 can include the same or similar elements as 
enclosure 100 as referenced in FIG . 1 , enclosure 200 as 
referenced in FIG . 2 , enclosure 300 as referenced in FIG . 3 , 
and / or enclosure 400 as referenced in FIG . 4. For example , 
the enclosure 500 can include a heat spreader base 502 a grid 
array 512 , a connector 534 , a spacer coupled to an inter 
poser , and / or an ion trap . 
[ 0046 ] In some examples , the enclosure 500 can illustrate 
a roof 542 of the enclosure 500. In some examples , the roof 
542 can include a bottom portion 542-1 and a top portion 
542-2 . In some examples , the bottom portion 542-1 can 
include a plurality of apertures 550-1 , 550 - N , referenced as 
apertures 550. The top portion 542-2 can include a plurality 
of apertures 548-1 , 548 - N , referenced as apertures 548. In 
some examples , the apertures 550 can correspond to aper 
tures 548 such that the top portion 542-2 can be coupled to 
the bottom portion 542-1 via the apertures 548 , 550. For 
example , a bolt ( e.g. , threaded bolt , screw , etc. ) can be 
utilized to couple the top portion 542-2 to the bottom portion 
542-1 via the apertures 548 of the top portion 542-2 and the 
apertures 550 of the bottom portion 542-1 . 
[ 0047 ] In some examples , the top portion 542-2 can 
include a first aperture 546-1 and the bottom portion 542-1 
can include a second aperture 546-2 . In some examples , the 
first aperture 546-1 and the second aperture 546-2 can be 
utilized to allow emitted light from the ion trap to be allowed 
to escape the enclosure 500. For example , the ion trap can 
generate fluoresced light and the fluoresced light emitted by 
the trap can leave the enclosure 500 via the first aperture 
546-1 and the second aperture 546-2 . In some examples , the 
first aperture 546-1 and the second aperture 546-2 can be 
configured to allow a relatively large quantity of fluoresced 
light out of the aperture 546-1 , 546-2 by expanding a size of 
the first aperture 546-1 and / or the second aperture 546-2 . 
[ 0048 ] In some examples , the enclosure 500 can include a 
screen 544 that is positioned between the top portion 542-2 
and the bottom portion 542-1 . For example , a metal mesh 
screen 544 ( e.g. , material with a relatively good conductiv 
ity , etc. ) can be positioned between the top portion 542-2 and 
the bottom portion 542-1 such that the metal mesh screen 
544 covers the first aperture 546-1 and the second aperture 
546-2 . In some examples , the metal mesh screen 544 can be 
utilized to prevent stray electric fields from entering the 
enclosure 500 and affecting the ion located within the ion 
trap positioned below the bottom portion 542-1 . 
[ 0049 ] The roof 542 can be coupled to the electrical plate 
537 via a mechanical coupler ( e.g. , bolt , threaded bolt , 
screw , etc. ) . In some examples , the roof 542 can provide a 
space 546 between the roof 542 and the heat spreader base 
502. In some examples , the space 546 can allow optical 
beams to be positioned horizontally in the plane of the ion 
trap between the roof 542 and the heat spreader base 502 so 
there is optical access to the ion trap . Thus , the roof 542 can 
be coupled and / or decoupled from the enclosure 500 while 
providing optical access to the ion trap . In this way , the roof 

542 can be removed to accommodate different ion traps 
and / or interposers as described herein . 
[ 0050 ] FIG . 6 illustrates an enclosure 600 for an ion 
trapping device in accordance with one or more embodi 
ments of the present disclosure . In some examples , the 
enclosure 600 can include the same or similar elements as 
enclosure 100 as referenced in FIG . 1 , enclosure 200 as 
referenced in FIG . 2 , enclosure 300 as referenced in FIG . 3 , 
enclosure 400 as referenced in FIG . 4 , and / or enclosure 500 
as referenced in FIG . 5. For example , the enclosure 600 can 
include a heat spreader base 602 a grid array 612 , 
connector 634 , a connector plate 637 , a roof 642 , a spacer 
coupled to an interposer 630 , and / or an ion trap 632 . 
[ 0051 ] The enclosure 600 can be coupled to circuitry 650 . 
As described herein , the circuitry 650 can be utilized to 
provide direct current ( DC ) signals to the ion trap 632 that 
can be utilized to generate potential wells that can move 
charged particles from a first location to a second location . 
In some examples , the plurality of pins of the grid array 612 
can be coupled to corresponding apertures of the circuitry 
650. Thus , in some examples , the circuitry 650 can provide 
DC signals through the plurality of pins of the pin grid array , 
and through wire bonds to the interposer 630 to provide the 
DC signals to particular locations of the ion trap 632 . 
[ 0052 ] As described herein , the heat spreader base 602 can 
be coupled physically coupled to the circuitry 650 with 
number of threaded bolts 654-1 , 654-2 , 654-3 , 654-4 , ref 
erenced collectively as threaded bolts 654. In this way , the 
heat spreader base 602 can be removed from the circuitry 
650 when disassembling the enclosure 600. In some 
examples , the heat spreader base 602 can be more easily 
removed utilizing a recessed portion 611 of the heat spreader 
base 602 as described herein . In addition , the heat spreader 
base 602 and / or the pins of the grid array 612 can be more 
easily removed utilizing jack bolts that can be inserted into 
a plurality of apertures 606-1 , 606-2 , 606-3 , 606-4 , collec 
tively referenced as apertures 606 . 
[ 0053 ] In some examples , the enclosure 600 can be posi 
tioned within a vacuum chamber 601. In some examples , the 
vacuum chamber 601 can be an enclosure / system that can 
create a vacuum within the ion trap enclosure . In some 
examples , the vacuum chamber 601 can include an enclo 
sure that can surround the ion trap enclosure 600 as 
described herein . 
[ 0054 ] In some examples , the enclosure 600 can provide a 
heat path that can remove heat away from the ion trap 632 . 
In some examples , the ion trap 632 can be sensitive to 
temperature changes ( e.g. , increases in temperature , etc. ) . 
For example , the ion trap 632 can be non - functional at or 
above particular temperatures . In this example , the enclosure 
600 can be positioned within a cryogenic environment . In 
this example , even slight increases in the temperature of the 
ion trap 632 can be detrimental to functionality . Thus , it can 
be important for the enclosure 600 to be able to remove heat 
from the ion trap 632 . 
[ 0055 ] In some examples , the heat path can begin at the 
ion trap 632 when the ion trap 632 is generating heat . In this 
example , the heat can travel to the interposer 630 , to the 
spacer ( e.g. , spacer 120 as referenced in FIG . 1 ) , to the 
center portion of a heat spreader base 602 to the bridge 
portion of the heat spreader base 602 , to the perimeter 
portion of the heat spreader base 602. In some examples , the 
heat path can be aided by connecting each portion of the 
enclosure 600 such that heat can be transferred to the heat 
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spreader base 602. In some examples , each of the conductive 
elements of the enclosure 600 can be coated with a conduc 
tive material such as gold . In these examples , the coated 
elements can prevent surface charging , which can generate 
stray electrical fields ( e.g. , static electric field , etc. ) . 
[ 0056 ] As described herein , the enclosure 600 can include 
a roof 642 with an aperture that can be covered by a 
protective mesh 644 ( e.g. , copper mesh , etc. ) that can 
prevent stray electric fields from interacting with the ion trap 
632. In addition , the protective mesh 644 can allow fluo 
rescence radiated from ions of the ion trap to be removed 
and collected from the enclosure 600. As described herein , 
the roof 642 can include a space to allow laser light or other 
types of light sources to access the ion trap 632 for inter 
acting with specific locations of the ion trap 632 . 
[ 0057 ] In some examples , a plurality of optical delivery 
beams 652-1 , 652-2 , 652 - N , collectively referred to as 
optical delivery beams 652. In some examples , the optical 
delivery beams 652 can be positioned within the space 
between the roof 642 and an electrical plate 637 and / or grid 
array 612. As used herein , the optical delivery beams 652 
can include an optical fiber or optical plate that can transfer 
light from a remote location to a particular location of the 
ion trap 632. For example , the optical delivery beams 652 
can be laser light from a light source that is outside a vacuum 
enclosure and provide the laser light to the ion trap 632. As 
described herein , the enclosure 600 can be positioned within 
a vacuum enclosure when operating the ion trap 632 . 
[ 0058 ] In some examples , the space between the roof 642 
and the grid array 612 can provide optical access around 
much of the ion trap 632. For example , the space can provide 
optical access along a horizontal plane of the ion trap 632 . 
In some examples , the space can provide optical access 
along a horizontal plane at +/- 45 degrees , 0 degrees , 90 
degrees , 180 degrees , among many additional points 
between the angles described herein . For example , the roof 
642 can include a number of apertures to couple the roof 642 
to the electrical plate 637 as described herein . In this 
example , the only angles not allowing optical access can be 
at the angles of the apertures and / or bolts positioned within 
the apertures . 
[ 0059 ] FIG . 7 , illustrates an exploded top perspective 
view of an enclosure 700 for an ion trapping device in 
accordance with one or more embodiments of the present 
disclosure . The enclosure 700 can include the same or 
similar elements as enclosures 100 , 200 , 300 , 400 , 500 , and 
600 as referenced in FIGS . 1-6 . 
[ 0060 ] For example , the enclosure 700 can include a heat 
spreader base 702 that is coupled to a spacer 720 via a 
number of threaded bolts as described herein . In addition , 
the enclosure 700 can include a grid array 712 that is 
coupled between the heat spreader base 702 and the spacer 
720. However in this embodiment , the grid array 712 may be 
coupled between the heat spreader base 702 and the spacer 
720 through a plurality of pins 714 that pass through 
apertures 758 of the heat spreader 702 . 
[ 0061 ] Unlike the embodiments shown in FIGS . 1-6 , FIG . 
7A illustrates an embodiment of an enclosure wherein the 
heat spreader 702 can be of a comparable length and width 
to that of the grid array 712. A portion 702-1 of the heat 
spreader base may include a plurality of apertures 758. The 
heat spreader 702 may be coupled to the grid array 712 by 
contact through a plurality of pins 714 of the grid array 712 
and the heat spreader 702. The plurality of pins 714 may 

extend outward from a surface of the grid array 712. The 
plurality of pins 714 may correspond with the plurality of 
apertures 758. In other words , the plurality of pins 714 may 
align with the plurality of apertures 758 such that each pin 
714 passes through an aperture 758 . 
[ 0062 ] As shown in FIG . 7A , the apertures 758 may be 
circular . However , embodiments of the present disclosure 
are not so limited . For example , apertures 758 may be 
polygonal , such as rectangular . Apertures 758 may also be 
shaped to conform with the outside surface shape of the 
plurality of pins 714 . 
[ 0063 ] Of the plurality of pins 714 , each pin 714 located 
on a corner of the grid array 712 may be encircled by a 
gasket 756-1 , 756-2 , 756-3 , 756-4 , collectively referred to as 
756. The gaskets 756 may provide additional cohesiveness 
between the grid array 712 and the heat spreader 702. These 
gaskets may also keep the pins from touching the sides of the 
apertures thereby creating the array and spreader conduc 
tively isolated from each other . 
[ 0064 ] As illustrated in FIG . 7A , the spacer 720 may be 
coupled to an interposer 730 , analogous to the interposers 
330 and 430 of FIGS . 3 and 4. The interposer 730 may be 
an electrical interface that routes signals between the under 
lying electrical circuitry and an ion trap 732. As shown in 
FIG . 7A , the shape of the ion trap 732 may have eight sides . 
However , embodiments of the present disclosure are not so 
limited . For example , as shown in FIGS . 3 and 4 , ion trap 
732 may be shaped rectangularly . 
[ 0065 ] FIG . 7B illustrates an exploded bottom perspective 
view of enclosure 700. As shown in FIG . 7B , a portion 702-1 
of heat spreader 702 may include the plurality of apertures 
758. Portion 702-1 may surround a central portion 702-2 of 
heat spreader 702 , where portion 702-2 includes a central 
aperture 760 and a number of supports ( e.g. , cylindrical 
shaped members in FIG . 7 ) . In some embodiments , portion 
702-2 may correspond in size and position to the spacer 720 . 
[ 0066 ] FIG . 7C illustrates a bottom perspective view of 
enclosure 700 , with spacer 720 coupled to heat spreader 702 
and the heat spreader 702 coupled to the grid array 712 
through the plurality of pins 714 and apertures 758. Aper 
tures 758 ensure proper spacing of the pins 714 so that 
contact between the pins 714 is avoided . Because the grid 
array 712 , when coupled to the heat spreader 702 , spans the 
entire length and width of the heat spreader 702 , enclosure 
700 may transfer thermal energy more effectively than other 
types enclosures . 
[ 0067 ] The enclosures ( e.g. , enclosure 100 , 200 , 300 , 400 , 
500 , 600 , 700 , etc. ) described herein can be utilized as a 
package for enclosing and protecting an ion trap 632 from 
stray electric fields and / or other elements that can damage or 
alter an effectiveness of the ion trap 632. For example , the 
enclosure 600 can provide efficient heat sinking using the 
heat spreader base 602 , provide optical access around a 
perimeter using the space between the roof 642 and the grid 
array 612 , block stray electric fields , and / or reusable with 
other ion traps using the plurality of coupling mechanisms or 
threaded bolts as described herein . 
[ 0068 ] Although specific embodiments have been illus 
trated and described herein , those of ordinary skill in the art 
will appreciate that any arrangement calculated to achieve 
the same techniques can be substituted for the specific 
embodiments shown . This disclosure is intended to cover 
any and all adaptations or variations of various embodiments 
of the disclosure . 
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[ 0069 ] It is to be understood that the above description has 
been made in an illustrative fashion , and not a restrictive 
one . Combination of the above embodiments , and other 
embodiments not specifically described herein will be appar 
ent to those of skill in the art upon reviewing the above 
description 
[ 0070 ] The scope of the various embodiments of the 
disclosure includes any other applications in which the 
above structures and methods are used . Therefore , the scope 
of various embodiments of the disclosure should be deter 
mined with reference to the appended claims , along with the 
full range of equivalents to which such claims are entitled . 
[ 0071 ] In the foregoing Detailed Description , various fea 
tures are grouped together in example embodiments illus 
trated in the figures for the purpose of streamlining the 
disclosure . This method of disclosure is not to be interpreted 
as reflecting an intention that the embodiments of the 
disclosure require more features than are expressly recited in 
each claim . 
[ 0072 ] Rather , as the following claims reflect , inventive 
subject matter lies in less than all features of a single 
disclosed embodiment . Thus , the following claims are 
hereby incorporated into the Detailed Description , with each 
claim standing on its own as a separate embodiment . 
What is claimed : 
1. An enclosure for an ion trapping device , comprising : 
a heat spreader base that includes a plurality of apertures ; 

and 
a grid array having a plurality of pins extending outward 

from a surface of the grid array ; 
wherein the apertures of the heat spreader base are 

arranged such that the plurality of pins passes through 
the plurality of apertures . 

2. The enclosure of claim 1 , wherein each of the plurality 
of pins passes through a different one of the plurality of 
apertures . 

3. The enclosure of claim 1 , wherein the heat spreader 
base includes a first portion and a second portion and 
wherein the first portion surrounds the second portion . 

4. The enclosure of claim 3 , wherein a portion of the 
plurality of pins are removed at an area that corresponds to 
the first portion of the heat spreader base . 

5. The enclosure of claim 1 , wherein the enclosure 
includes a roof portion coupled to the heat spreader base . 

6. The enclosure of claim 5 , wherein the roof portion 
includes an aperture positioned over the interposer and the 
ion trap die when the roof portion is coupled to the heat 
spreader base . 

7. The enclosure of claim 1 , wherein the enclosure 
includes a spacer with a plurality of studs coupled to the grid 
array . 

8. The enclosure of claim 7 , wherein the enclosure 
includes an interposer and an ion trap die coupled to the 
spacer . 

9. The enclosure of claim 8 , wherein the enclosure 
includes a connector coupled to the interposer . 

10. The enclosure of claim 9 , wherein the connector 
includes at least one of : a microwave connector and a radio 
frequency ( RF ) connector . 

11. The enclosure of claim 9 , wherein the connector is 
coupled indirectly or directly to the ion trap die . 

12. A system for trapping ions , comprising : 
a vacuum enclosure to provide a vacuum within the 
vacuum enclosure ; and 

an ion trapping enclosure within the vacuum enclosure , 
comprising : 
a heat spreader base that includes a plurality of aper 

tures ; and 
a grid array with a plurality of pins aligned with the 

plurality of apertures such that the plurality of pins 
passes through the plurality of apertures . 

13. The system of claim 12 , wherein the plurality of pins 
of the grid array are coupled to circuitry . 

14. The system of claim 12 , wherein : 
the enclosure includes a roof portion coupled to the heat 

spreader base ; and 
a plurality of optical delivery beams are positioned 

between the heat spreader base and the roof portion to 
provide optical access to the ion trap die . 

15. The system of claim 12 , wherein the enclosure 
includes an interposer and ion trap die coupled to a spacer . 

16. The system of claim 15 , wherein the heat spreader 
base comprises a copper material to remove heat from the 
interposer and the ion trap . 17 The system of claim 15 , 
wherein the grid array comprises a ceramic material with an 
aperture that includes a plurality of connectors to electrically 
couple the interposer to the grid array . 

18. An enclosure for an ion trapping device , comprising : 
a thermal conductive heat spreader base that includes a 

plurality of apertures ; 
a ceramic pin grid array having a plurality of pins extend 

ing outward from a surface of the ceramic pin grid 
array ; 

wherein the apertures of the heat spreader base are 
arranged such that the plurality of pins passes through 
the plurality of apertures ; 

19. The enclosure of claim 18 , wherein the enclosure 
includes a spacer positioned within a depressed aperture of 
the ceramic pin grid array . 

20. The enclosure of claim 19 , wherein the spacer com 
prises a tungsten material . 


