Integrated Reed Switch Cross-reference to related applications [0001] This
application clains priority to U. S. provisional application 61/038, 340,
filed 03/20/ 2008, which is incorporated herein by reference. Field of the

I nvention [0002] This invention relates to reed switches, and nore
particularly to mcro-mniaturized reed switches and batch m crofabrication
techni ques used to fabricate mcro-mniaturized reed switches. Background
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abrication and packagi ng, for, exanple stress gradie in the materials
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also generally constrained to specific relative orientations of the external electrical contacts
and the applied magnetic field. For example, conventional glass encapsulated reed
switches are fabricated with their leads extending axially from a cylindrically shaped glass
ampule and are most sensitive to an externally applied magnetic field oriented along the axis
of the leads.
[0006] Microfabricated reed switches have been proposed, for example in U.S. Patents
5,430,421; 5,605,614, and 6,040,748. These generally rely on beam motion normal to the
plane of deposition, which can paose difficulties in fabrication and packaging, for example by
stress gradients in the materials that make consistent performance difficult to realize. Such
designs also can suffer from problems with beam stiffness (i.e., it is generally desirable that
the beam have a predictable stiffness in the direction of desired bending, and a high stiffness
in other directions). Such designs also typically have a small anchor spot of the beam,
resulting in low sensitivity to applied magnetic fields and consequently unacceptable

performance (especially in miniature switches). Such designs also typically have coplanar
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external electrical connections, which can be unwieldy for use in surface
nmount el ectronics assenbly. [0007] The integrated reed switch described in
this invention can be constructed to have nore arbitrary orientation of its
sensitive axis and electrical |eads that can be oriented normal to and
directly beneath the reed switch structure. Disclosure of Invention [0008]
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[0012] The functional device, economc, and fabrication constraints for a
m crofabricated reed switch as briefly discussed above encourage pl anar
fabrication that can support structure definition extending considerably
(100s of mcroneters) out of the plane of the manufacturing substrate. This
type of processing can be referred to as "high aspect-ratio" processing
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[0012] The functional device, economic, and fabrication constraints for a microfabricated
reed switch as briefly discussed above encourage planar fabrication that can support
structure definition extending considerably (100s of micrometers) out of the plane of the
manufacturing substrate. This type of processing can be referred to as “high aspect-ratio”
processing where the thickness out of the processing plane of a device feature can be much
larger than corresponding lateral or in-plane dimensions. This allows offsetting of some of
the detriments of the volume scaling of a reed switch if it is fabricated with its compliant
direction in the plane of the substrate since the width of the reed blades (height above the
substrate) can be made several hundred micrometers. At the same time, the amount of
substrate area required to accommodate the reed switch overlap area remains small and is
unaffected by increased blade width and consequent blade overlap.

[0013] Reed switches according to the present invention can also provide for maintaining
sensitivity at reduced size relative to other reed switches. Sensitivity of a reed switch relates
to the amount of magnetic field required for activation. As a reed switch is reduced in size

the ability to couple magnetic field into the reed switch gap is diminished. In order to
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In, is,For one cantilever with gap, g and f=/m a deflection, 6 g, is
needed \ Ebg h P- and the corresponding force required to produce this
deflection is,, or 4 tines less force to deflect the single cantilever a

gi ven gap distance than for two cantilevers. Thus, if there exists
sufficient reed spring stiffness to reliably disengage the reed cantil ever
fromelectrical contact and provide sufficiently for resistance to shock
and vibration, a single cantilever switch will not dimnish the contact
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Of t e’ invention and are not

illustra one
to be construed as limting the |n%§nUVDn
and force at tip end P, the tip deflection is: 3EI , where the moment of inertia, /
_br 5-8
is, 12 For two cantilever reeds with gap g, and length / = /,/2, a deflection, 2 s

needed for each cantilever and the corresponding force required to produce this deflection

h 3
PZC = Ebg(_)
m/ _ For one cantilever with gap, g and /=Im, a deflection, o=g , is needed

w2
m/ ord

times less force to deflect the single cantilever a given gap distance than for two cantilevers.
Thus, if there exists sufficient reed spring stiffness to reliably disengage the reed cantilever
from electrical contact and provide sufficiently for resistance to shock and vibration, a single

cantilever switch will not diminish the contact force for a given reed gap as much as a dual

is,

and the corresponding force required to produce this deflection is,

cantilever reed switch.

[0015] The present invention can also provide another means to reduce the compliance of
the reed cantilever in a reed switch by providing a locally reduced cross section in the reed
near its base or mechanical anchor. Although this increases the magnetic reluctance of the
blade and the ability therefore to couple magnetic field to the contact gap, in some
applications this can be an acceptable tradeoff to enhance reed switch sensitivity. By using
microlithographic patterning such a narrowed pattern can be constructed in a nearly arbitrary
way with sub-micrometer tolerances and thus for typical blade thicknesses of 25 — 100
micrometers provide suitable blade stiffness accuracy and repeatability.

Brief Descriptions of Drawings



[0017] Fig. 1 is an exploded view of an exanple integrated single pole -
single throw ("SPST" or "formA") reed integrated reed switch. Fig. 2 is a
vi ew of an exanpl e seal ed, packaged and singulated reed switch. Fig. 3 is a
top view of the substrate and substrate vias of an exanple integrated reed
switch. Fig. 4 is a bottomview of an exanple integrated reed swi tch
substrate with electrical connections. Fig. 5is a top view of an exanple
integrated reed switch substrate with bonding ring. Fig. 6 is a top view of
an exanfA0d6] HreRpeameanying depvdngst whcharerncepsered ipfognd forma paripi thgpect i ve
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anchors. 10 er spective expl oded view of an exanple formA
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cont act ¢sp&PIRBlofth @) rddd inegtREEsPEGichve expl oded view of an exanple form A
integrated reed switch w tﬁ i e cantilever oriented diagonally. Fig.

| a singl t
12 is a Ber S/ V@”@%ﬂpwﬁéﬁe'?ﬁ@ﬁgﬁﬂe‘éﬁ‘d&%te@ § o) ﬁ’i"?&ﬁi nt egrated reed

sw t ch mgtdisa tsp vigh ef taasiibstrereaind subdrate0tal df yin BaM@RtgCtabiees ewltdhon.
Fig. 4 is a bottom view of an example integrated reed switch substrate with electrical
connections.
Fig. 5 is a top view of an example integrated reed switch substrate with bonding ring.
Fig. 6 is a top view of an example integrated reed switch with reeds.
Fig. 7 is a perspective exploded view of an example form A integrated reed switch with
extended base anchors.
Fig. 8 is a perspective exploded view of an example form A integrated reed switch with a
single cantilever and enlarged asymmetric base anchors.
Fig. 9 is a perspective exploded view of an example form A integrated reed switch with a
single cantilever and enlarged symmetric base anchors.
Fig. 10 is a perspective exploded view of an example form A integrated reed switch with a
single cantilever and partially enclosed contact.
[0018] Fig. 11 is a perspective exploded view of an example form A integrated reed switch
with a single cantilever oriented diagonally.
Fig. 12 is a perspective exploded view of an example form A integrated reed switch with a
single cantilever with locally narrowed cross section.
Fig. 13 is a top view of a via substrate used for construction of an example integrated reed
switch.
Fig. 14 is a view of bottom electrical pad connections for an example reed switch.
Fig. 15 is a perspective view of an example via substrate with metal electrical patterns and
bond ring.
Fig. 16 is a perspective view of an example ferromagnetié material bond step.
Fig. 17 is a perspective view of an example integrated reed switch during fabrication after

bonding of the reed components.
Fig. 18 is a perspective view of an example cap bond step.
Fig. 19 is a perspective view of an example integrated reed switch after the cap has been

bonded.



Fig. 13 is a top view of a via substrate used for construction of an
exanple integrated reed switch. Fig. 14 is a view of bottomelectrical pad
connections for an exanple reed switch. Fig. 15 is a perspective view of an
exanpl e via substrate with netal electrical patterns and bond ring. Fig. 16
I's a perspective view of an exanple ferromagnetic material bond step. Fig.
17 is a perspective view of an exanple integrated reed switch during
fabrication after bonding of the reed conponents. Fig. 18 is a perspective

vi ew of Fan2@exaiHpeeip VRS aliBr thiniflim miGofabricitdaSnaBeRitt stitaét @vtiaf  an

exanple integrated reed switch after the cap has been bonded. Fig. 20 is a
perspecP?WEﬁ%ﬁ@R% FCagoRPUBSHACt hi n-fi 1l m microfabricated switch with contact

not i on [oorepFigt2l it heefsabative aibwoha sithefbrabied switdhOd&tedmivith higtlaspeca

per spect ], | . LGrof.abri N wi th high aspect ratio
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Fig. 22 is an exploded view of a microfabricated high aspect-ratio reed switch with front-side

substrate electrical contacts.
Fig. 23 is a cross section view of an integrated reed switch with topside electrical contact

configuration.
Fig. 24 is a perspective view of an example embodiment of the present invention with a cap

and sidewall.

Fig. 25 is a perspective view of an example embodiment of the present invention with a cap
and sidewall.

Description of Invention

Example reed switch embodiments

[0020] Example embodiments of a microfabricated reed switch according to the present

invention can comprise an electrically insulating substrate provided with electrical vias or
feedthroughs, a reed switch mechanism, a cover to provide hermetic sealing of the reed
switch, and electrically conducting pads to provide electrical connection to the reed switch.
The figures generally show only a single example switch, comprising only a dice portion of a
wafer or die pertaining to a single switch device. In production, many such switches (or other
devices) can be fabricated on a single substrate.

[0021] Fig. 1 is an exploded view of an example integrated single pole — single throw
("SPST” or “form A") integrated reed switch. Fig. 2 is a view of the example switch of Fig. 1
sealed, packaged and singulated. A substrate 100 has electrical vias 106, 108 as shown in
the view of the example switch in Fig. 3. The substrate can comprise any of a variety of
electrically insulating materials, as examples glass, alumina, and SiO2 dielectric coated
silicon. Vias 106, 108 can comprise electrically conducting material such as gold, copper,
silver or nickel and can be hermetically attached to the substrate. Fig. 4 is a bottom view of
a substrate like that shown in Fig. 3, with electrical pads 112, 114 comprising an electrically
conductive material such as gold patterned on the bottom of the substrate. Electrical

pads 112, 114 can be connected to an external electrical circuit via soldering or a suitable
electrical fixture.

[0022] Fig. 6 is a top view of the electromechanical portion of the example integrated reed
switch of Fig. 1. The electromechanical portion comprises ferromagnetic blades 120, 122
with supports or anchors 124, 126 attached to spacing features 116, 118. The ferromagnetic
blades can comprise soft ferromagnetic material (e.g., ferromagnetic material with large

permeability such as the various Permalloys) which can be coated with a suitable contact
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Fig. 22 is an expl oded view of a mcrofabricated high aspect-ratio reed
switch with front-side substrate electrical contacts. Fig. 23 is a cross
section view of an integrated reed switch with topside electrical contact
configuration. Fig. 24 is a perspective view of an exanpl e enbodi nent of
the present invention with a cap and sidewall. Fig. 25 is a perspective

vi ew of an exanpl e enbodi nent of the present invention with a cap and
sidewal | . Descri E‘tl on of I nvention Exanp reed switch enbodinents [0020]

Exanpl e MSRYBEY iReteigg Gt net fimitadde 4ol Hugr e%l'thte@‘éﬁi‘ CRALERNd PREPUT- TP % 0 t he
pr esent tHanwe blddenhSawheORpeiesRi taas al eigh adpeal rhyo’] meaningtthatgheshibsd r at e

provided.wth ele i feedt h h

DoV o S BT pRE o L SRRl SR e o 2
conduct Ariphgeadsct taiopropiodide etr@ct pilcataged oeetanple, the thibmeseipdhapeteh. The
figures tgcgﬂggn%nl éﬁd%@% d:‘?]’HaX b8 cgntﬂfﬂec?agé(l%%l (?wrﬁw if G2 pr&%%ﬁd %htéﬂa@é" y a dice

portion a waf er tai ni ng a sin swi'tch devi ce.
pr oduct fodight seaig! a@ééW%WQ”@hé@d'G@b‘ecﬁ'ﬁ@SSé@@ﬁ eaipn {466 SRVIFRAISN- @ét ed on a

si tngl e §r\3@l’$érreﬁérﬁple VEQQ@]s]ratﬁ'ggaime%%s'ho?teﬁﬂc@ggﬁt@dﬁ%uyly G&bd@ftecﬁrﬂat@ﬁ@éfm et ; ;
integrated sin sjngle thr X ¥ rated ree
SWi tch gStra@ r§d %‘?St/?aé‘\t?"’lﬁilft gﬁ@”@'@% g"aé\?tnst'ghaso?ur 'If'f’@omia%() th g’ﬁ ®packaged

and si ngfulepbsttbn. Thisdibsttivatan dD@skird irepatiyrthe gleater aiffinéStyrod @8l kyshshown i n
the vi el%llaﬂfe,l); Qﬁg@%ﬂ@{ﬂggﬁ&% t8hrié t?arlé Hde osﬂtgn%ro%tﬂigétnrtﬁe ﬁ% an lrﬁlgﬁm)rn' se any of

a vari et exa ass al um na,
and 3i 02 eda@mleembp@m@@attedolagte|aﬂﬁrms cm aeSQLtDBeS qeeet:%trot:@ﬁtﬁthéeme| ectrically

conduct piack. PRIRIE %sn%%h%tu@@%or@&ﬁ@ﬂeglaﬁb|0Y§épo@itlorﬂbéhk}5§ impRdtican be
tached to the ubstrate ig. 4is a bottomview of a

her rretl aI I ¥ é}
subst ra P HeHIoTHRN SN SCRPEEN 829k h el ectrical pads 112, 114
conpr i g002p]diy. &lies viewoaihk sulcsatuoDiwit spatiey feafuresud b, €$. fﬂﬁls;baptagt erned on

the bOthét[]?eQ CF eE&.ﬁé‘Q%&m%ﬁ of tltl’:te ?e%oHa%ﬁ%}tc%%%e f]r&r% ’theléu%s a%%' ?Ei gonnect ed to

an external circ ering of a sult ctrical
fi xt ur ecreqtiog 2Zpntigvgredelads aadtaﬂmvm fewltﬁbstfltféedefﬂ@t@w%ﬁ’é&‘?&ﬁﬁ cal portion of

the exmhenéwt&géaahﬁgi1ﬁ@%gn§¥wnt;ta6e@tn tﬁb&yerlmhn&?f@n@r&ﬁ‘de%ﬂiﬂ?ﬁ&@ﬁédém portion
conpri ses ferfomagneti c bl ades 120, 122 with supports or anchors 124, 126

at t achd®ef thocysasifenpl B areeri 16, CYTRONHTe fer r omagneti c bl ades can
conpr i ge0Bpfit ofedtionnagse bvicchnt@tiingto the peesentfieentmmagnétiopertder i al with

laa;&et g.b Hawgtglnl I tl%atlsolnco ar?‘%xtegngl rytggnleﬁéjﬁelé?eﬂ{@ielggﬁ fo%&%l&%@ be coated wth
generated by a permanent magnet or electromagnetic coil. Under the application of a

magnetic field, the soft ferromagnetic reeds couple the magnetic field to the reed gap which
causes an attracting pressure to be exerted on the overlapping tips of the reed switch
blades. In the case of several example embodiments here the reed gap can also comprise a
moveable reed cantilever and fixed contact. If the magnetic field is sufficiently high, the
reeds will deflect until they touch whereby electrical contact is established through contact
metallurgy which coats the blades.

[0025] Conventional reed switches are typically fabricated with a hermetic cylindrical glass
tube enclosure with electrical leads extending from the ends of the tube. In the conventional
configuration, the reed switch is most sensitive along the axis of the cylinder and is thus
most amenable to be operated by a co-axially located electromagnet or permanent magnet
with its poles oriented along the axis of the cylinder of the reed switch. Example
embodiments of an integrated reed switch according to the present invention can have
electrical leads extending directly beneath the reed switch in nearly arbitrary locations. The
orientation of the most sensitive switching axis can thus be adjusted relative to the location
of the electrical connections. Furthermore, by tailoring the aspect ratio and location of the

soft ferromagnetic bases as is enabled by this invention, the orientation of highest reed
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metal lurgy including but not limted to gold, silver, ruthenium rhodium
and platinum Note that the bl ades have what is referred to as a "high
aspect ratio", nmeaning that the bl ade thickness normal to the plane of
deposition is nuch greater than the thickness in the plane. A high aspect
rati o can provi de various advantages. For exanple, the thickness in the
pl ane of deposition and actuation can be controlled as a feature width in
the processing, anenable to tight control and consequently predictable

sti f f nesgitaAn@namlityakhi QélaJJ@Jté‘cﬁeraﬂ%rt@ér@&kage%ﬁlea@ﬁﬁmeﬁ a@mph @sedverti cal
var.i ostdmat rials, Such

strain gcgl ent s oft?n occur W|t ﬁ d
strain 8‘?" VR reore YT r@gan?agly@pga SPRSRY ?ﬁ‘r P5 O'ésu?ﬁq SPF%\{,CH i ng nor nal
to the pyteeraendewoseti on. This distortion can be resisted in part by the

greater ;@g@;@glefgorp?re stpg\/%% e dx}foéela% r\/\%f%wdgj[\y o%g}emtteﬁrla?éﬁr}géc?svmgﬁml to the

pl ane o resent’ I nve
enbodi meith exterved hhsiencheis20Bed§ !Mﬁteldévlts@ upstate %ﬁoé”@b/@g adtmg2@6 351 ane t han

in pl an§eahﬁ’§ §¥é;92t$2 Qﬁ%a@é‘%@’“ﬁw@ ei‘&%;&!@&h%ﬂuﬂ@rﬁt%ﬁh tppr‘obﬁ@e@é %ng‘er@efeddep%' tion
can be inpractical due to the distortion caused H}/ such strain ?rradl ents.

[ 0023] @?C@Of ayeq gﬁaémnr'@% refmnﬁ@f BgRadcandevErp? i £ H sPs @GR S1ART8E 116,
%llsd Thfoan@:enmgnéega:‘ouplmg oC@(ﬂerﬁélQNagdetlch%pﬁrt@tHeOé’edﬁontangeprﬂZloomm;IetI c

ades fromthe su rate t n =]
al | owi ngtheo?ed%agﬁéP?srl?&st a8 #8 naysdlfusf%sd bnlgt aﬁg‘“ﬁiﬁ %%8 "%O%%gengsgal ring,
110, caspnbovidecdignd@dnti valuntes of $Qﬁyferrrorm¢nr®hp mai@n@irﬂmta@eoaéterhﬂenﬁn kuinf ace for the
cover sigewalkn arx’]doa%jac:@ﬁ't% BRRanthObr b@ém@%%%vﬁie dnfS%Ak chipippgy ation, a reed

switch according t present 1nvention can be operated through t he

appl i ca@’it%i"la”«}ﬁﬁp@“‘?dé'?&g@?tr‘i’élel%ﬁﬁé?rPféqua@déw‘t%W%‘“oPF ¥Ich epb#ced 6PURERGNpl e, be
genler ated hlaye @Wps%hﬂﬁﬂ?lfﬁ ap’ﬁﬁ@mﬁbgrﬁwnﬁ ﬁél&@fnbl@f?@@@leﬁélds reQiited tbactatet heI ]
applicati et c t he soft fer netic re c e the
mmonet 1 of Pante TR bea il Mat e Eute PRl PR Shb Fal Rt e T’ b
exer t ecoegmportent vavitclegeif agy sieg dubliastbeen pb@dvesivw bchsmcaﬁhelsﬂportanttlme case of
sever al mExAFPL Ao IRRALIBAS G ah R HAE] sgRRARN 8l SO comprise a moveabl e

reed cantilever an I xed cont gnetic field is sufficiently
hi gh, tIR®27] &&8 s Persrpstiyeetlodad V‘PWtOﬁérye’Ef’(S“LR‘?nfO{Mér' Byaeraeqad séled contact is

est abl ivafiersitdd eingiRvsraob asl eAmigab bbfndietbbad dherdrs 3@¢IGOD|'I&@Q£(amb@025]

Conventiognal reed switches are typicgally fabricate

oy} At EES. €t rer ettt el et Pricart SIS from ¢ he
ends ofThelkearhpibembbdimehieoroodesenddpdiodidetimifiyguirat congct Bhzandced switch is
nost S%ﬁ/b%j& %garﬁllleggrgoetanwe?cﬁix'lr?th%fexargﬁle%mbbﬁmﬁnt tﬁ@gant®v5m§e@9§5r amenabl e to
be operate y a co-axla | ocat ed el ectromagnet or pernmanent nmagnet wth
i ts polagghaspg eagicads aWQWgWWéaTQRf tbarbnetcn@eipyncﬂ'm@fedapntﬁﬁ@aﬁ%é@as?«ﬂﬂt ch.

Exanpl eteimb@diyTBoth badd regidnd Bérﬂgé' &fuefin REHsSHbIE I tAS @@rnqjl@gmbmm@a present
n have el ecfric beneath the reed

i nventi C s extendin irec
ot £ oh o HorBpes St taoiany AP ant Ame rraoun ik SRl ier e SHE A somer t i ve
SW t chicogfigaitisn pramxdéshdjﬁerbet reatjinesd ediplirel tatektemnathoarpfied megmadtic daldethanhhe

el ectr tsh r ratlo and
Cooat | O e M PRAFRIARD Lol o ALy, &Y ot Rl i e B PaRAfad &1 O B0
t he or Devineltyi b pcfﬁseni ig¥eagen @@wov@@/\ﬂlff@nntsr@@mw'icv|S€'96'anh garadipu gy ed

rel ?t ' Y&dts%t&m%nlgﬁﬁmgﬁ bli@Nhad e ield Birageh Eérpélso e tafeEd ﬁn"’ehn%‘\?\.}é W th nore
uni f or m or. near|

% % sen5|t|V|vrf]y across nore gcu ons e provided
by ¢ helQ9BEEH 10 Mo RipBrve Cavstsl Yot o S Be e Sh a8, BerBlet vi ow of
an exanph e sfngnémaﬁme\m eqgy pdredlly eeeldsesvdohzht. Whé bxeexteadediibagef Bigchor s 208,
210 no bstra 00 h I a cap 202
and wa %&%S%f‘ﬁ tgndse'é anchortS%PTf) that%sc@r%feglg{&dngaa%ﬁ VJItheS aH afn}rqger r eed
anchor eabedtimertiaf FlgvérSIdap@tepm tigohs /bfstathf@ryr@@tﬁctéﬁﬁ s pwyiged sgeithat2 14, The

addi ti gpabyHateLd |§‘|par@5®"éu%§nc%@hﬁ@%§%rﬁ%gnét@gné?énaqfxt ernal magnetic fields
to the reed contact gap . These "exten base anchors", for exanple as

i |1 ust 9299 1tiha 8e5pRFtve FeHoded Xiew & 28 PEREPIRENTY” Integrpied ¢ AWy gni fi cant
volt Erre\méroé 3@@& bafﬁtwétrvépdts%&@td[@goﬁanyewméxaﬁﬂw erﬁlﬁcﬁmﬁ@ﬁbgﬁgeﬂhﬁr@w@% am clont act
Wi and a 0 ver vi de enhanced coupling to
externﬂlchﬂ}réa@pﬂ” éd'Xﬁ%@%ﬁ?q(%%g @sﬁa”tﬁ ”%?%ﬂ qpteirﬂee%a %% ch wit hout such
enhanced coupling can have | ow sensitivity to applied magnetic field, and
the high fields required to activate such a switch can nmake the swi t ch

i npractical for many applications. Bhis consideration can be inportant to
switches of any size, but has been observed to be especially inportant in
m crof abricated switches since scaling can also affect sensitivity. [0027]
Fig. 8 is a perspective exploded view of an exanple formA integrated reed
swi tch W|th a singl e cantl I ever 300 and enl ar ged asyrmetrl c base anchors
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[0030] Fig. 12 is a perspective exploded view of an exanple form A
integrated reed switch with a single cantilever with locally narrowed cross
section. The exanpl e enbodi nent of Fig. 12 provides an anchor 700 and a

fi xed contact 702. A cantilever 706 has a portion with a reduced
cross-section 704. The narrowed cross-section can effectively provide a

| ocal flexural hinge about which the cantilever 706 can flex to cl ose the
gap 708 and nake contact with the fixed contact fornmed in base 702. Exanple
met hod BO3AKENE is 2 perseadiveediaded vigwiohan BrMPiaPIe Afntemalss regd SWiegr at ed
reed switeh sgle@Bstildigr kith bEBty PAIRSRAItcrdsd\settioh OTheCsxBmple@inibodinteht ¢ir epar at i on

of a su e bst r at var i | ati S trates suc

al uni na’ QQR%@'V'%ﬁ%ﬂﬁgcggr R?Bd8gﬁ%ﬁ?ﬁF@Pg%dg8Q¥%W§§§%§PF@é@ﬁmgﬁﬁhbe used.
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appl i cati1ons uc ol es Qan |ne usi ng r or water jet drilling.
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el ectri l@@ﬂl QG@WWW@” teathe reegll %V'tpm@aﬂﬁfeo@cﬂfﬂ bysfiﬁsvf@fm%ﬂ hepper, as
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egacomg\}el Qf‘ Aeh‘hé/tlc %&ﬁ&gélggo? eggw?cth I?rk;%glyfgﬂg% ?\tt&?’ﬁ\%ﬁ%@h@&loﬁn&asse y- or
thr ougtwsmblsts rtbe koled cap bearovided evithalectsiceltytaondustivecmateaai by oaisg tamfilmequi r e

m ni malphydieetMidr Bépos(n@lp@&ﬁblﬁ)&j \ﬁltrpélé&ﬂéblratl@& b?hsﬁ@ﬂre@@& Bigten®] bnguited to
surface npunt and ba id printed circuit

echnol o
Al t er ndfgd/aet! pwﬁgﬁl%fwuetfvssol%gamﬁén ﬁﬁﬁﬁmﬁurwﬁye%@%i%gﬁ r%‘f%b@ur face by
use of emdtrickiyl @yeUcti@ihalerian thciuaé @6|dJﬁy@randlce;b;ﬁctafsleaarpple@e/sfwrmgLe An exanpl e
| mpl em?nt al&l(‘)nonaj Sr \ﬁsnon ellerg:tn%alg/ o%gUCtl\llenr%EUd gtﬂ)s %e%u@r%%ﬁﬂgtlghgw WbOdl ment
of an integrated AIgH & PO M CTarabr T ¢ated magnetic reed switch is
an el ecig ilgafdviges as alleettm:aﬂg rrsulertgwbetratQQONafw 309 Wl@rﬂ*@ﬁ&gh*vezqnduqm@rponent S
923, 92,880,i9280286k GRY BEe GANSLSH-LGAL VRS %éllpbg%;lpOﬁqu 1S b&aYRblity922.

FrontS|de el ectrical connections are | Ienente | ayers mhlch provi de
met al | Wf%\tsi’%eé‘ﬂﬂﬂmb%%mﬁ"éﬁ§a‘§<28'”9\/?{‘%a§19@€{yr Qf&?‘a'@@ﬁr?eﬁ?teijéwg‘:hto the reed
SWi t chaadvidied @It@@pﬁes@m%@nﬂosw.ta&m@mghb@ﬂomavrta@m exreinal dléc@dai on | ayer and

the electrically conduct se in 932 n thls her ef or e,

el ectr (¢ ec%ogﬁﬁé%feiqgﬁe gy rﬂ%dféa'lgantt ﬁgacfen? &7 'i)CP't Oar% I cca\é%lwte?} °8! edt he swi tch
on thekfmmMC@erﬂ@mdbhb@shbmkﬂamgﬂﬂ§ﬁm0bgmntS|de metal | ization | ayer can
then bﬂm%éﬁﬁénetr eap NEGhat Wil Cgﬁln%e%ad.ofe%sonttpegﬁ}b@%teeurfesc% HQBE8ELulO Ot her

el ectrical” or ronec onents [ 0033] Another step in the
f abri cﬁ't’?rdﬁeté'cﬁﬁ‘géﬁ%réaﬁt?&ﬁ'e!ﬂ%"&tp@céﬁ%‘& ATCREMBEISPBOE M EBISSAOWME backsi de of

t he SUP@'[Izatlﬁcl@@edSﬁM”lpdﬂrbuFalrgmb&&memmfén(‘rﬁé@réléd angﬁ@@mdct ghied usi ng standard

metal patterni 0 r_ex i ans of
extern&f‘g?%g?@gggpngﬁﬁﬁggTygh“g%hég%” QS&%%FSW ? %gogﬁ "dered or bonded
t o i n fpphbgattic compdnentsed2B] 9L anded2d assvcdvehgorsshingoefcviaged2t laed el ect ri cal
interf é&eﬁ‘dﬂ@?‘ g%fé o%eeléclf%laf &‘a%ﬁe&u%é 58 .rﬂ@%@ﬁi@d btn hab@rs%%%&dm}ée mat eri al

in the via enent ary attern icted in Fig. 15 can
be cre@?@ﬂzﬁﬁnﬁﬁ@b@Wb%%%é@%“ﬁh6ﬁ$@?@é0Wﬁﬁﬂmﬁﬁ@Uﬁd@§j%M@E@Fﬁcal connecti on

to reegeiswit 630 BasEH HiRUINs %Qaﬁﬁéﬂ'o\ﬁ IWBn@ﬁe%ﬂe%tr@é\@ c%ﬂaé]uctﬁ@@a;geone'[ ry of
the frontside connection can be confi gured f %8% F e for t he anchor
ISSIW lg ea?]r

and coifPaétd Por t'h Biis" s MeRE B Il ”?%’88 *fRei% r ont si de
nmet al qaty e sdtthahsiee Eoigdd Sehasubenste r Ther@itddd mepaliostioddayer base for a
cover seal. This frontside |ayer can be constructed froma variety of
conductive materials including gold whereby a gold diffusion bond can then
be used attach the ferromagnetic co?ponents and hernetically seal the
cover. Both back and frontside netallization patterns can be fabricated
froma variety of planar processing netallization techniques including
sputtering or evaporation of metal with a lift-off |ithographic technique
or by through-photoresist electroplating.




[0035] Fig. 16 is a perspective view of an exanple ferromagnetic materi al
bond step. Fig. 17 is a perspective view of an exanple integrated reed
switch during fabrication after bonding of the reed conponents. Patterned
ferromagneti c conmponents 820, 822 and 824 are bonded to the main substrate
800. The patterned ferromagneti c conponents 820, 822, and 824 can be
nmounted with a second substrate (not shown in the figure) used for the
fabrication of the ferromagnetic conponents and to retain them during
bondi ngtheﬁfb%%%emrb@hﬁ&t mhmae%@ﬁ%qombr t%tc%m%f‘totb%err e@em@gl oby, as
exanpl es, selective chemcal etching of a sacrificial |ayer residing

bet ween SEAE RN AIFAL GPEBRITENSar t s and t he second substrate or by bul k
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| ayer can provi ional cclearance f ronagne I c blade, 820, as
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bondt notoanl 4 Fatmdratnehy i Piern detined afs 1600" Pstier B PR e sbaRe Tt al o
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t he ferfPolragnetor andeantast perbensdifierpgrtichial feed puiirsfdepigp oThetf'lﬁP@tSf?ﬁlnﬂﬁt%‘u bstrate

800. Adghittbnuadlalas.cofprisd 4 BdHdl ring @AOIRY srehidd 2Badeler §@éi §daC| Blis k@sde beneat h
the ferromagnetic Iae structurefs ont act. rr%t Ig 'ﬁ %Ee%mted by

vari ous'a3f?ﬁ§g 7 B&ForGLly ‘? TrapayPistuA’ BfrgmalsEAs D5UaVE 98 AMFERY 6r

sput t erdopdiffikive he psn thes e ub@bbttaarmthbéertmmi;netm doadponerds armhhavietidaly exanpl e
shown 's%aﬁhegt:ov’g B@ﬁga dq Oﬁ el tro%e{‘tt@-dﬂ%%raﬁ 62 ?%ﬂgét&?fr%%' fications of

el ement 'shapeées iment's 1 nc out Timtation the
exanpl e/aéﬁbéﬂmlmm@@mmﬁémzaép@ tarhieigleeshraiusing, Spptb@@e]or pYRPefatien ot o create a

her met 'rﬁééllthhsaQ?tL&Iqltr%‘Mépﬁﬂ tedhinf@® of BYRicGEH Eﬁ’otJ)r‘éQQﬂe@eo‘&Hblb%' e hermetic

mat erial which surrounds the device'is re re gg@r %lmlar to the
bondi nd%%%l t‘:fgeW@rarQﬁ*i%Ft?ﬁ’é“lel"(‘,e"‘{ %{f@rexarﬁplééeﬂ%@?ﬂ?ﬁ?ticﬁ?{@”aé stgm1%BAd si dewal |
840 carns bpebpsautiedviéw of ficskaiph nhiegng:te‘.aﬂr@ed)y/vsah Idamrigjfamdaflmmaf@mbhmm difO create
a her Ly seal vity. around.th 18.
The r edl Eou PR PR AR e R P R P B, R o PO B P
covers thesmslh@mstrlate &0g Thigatte‘m@i feaipmagitete pcahpwantséaﬁpﬂﬁs@da&ﬁ@ﬁn regnetic

mat er | %ou'hféd%th%ﬂe@%u'b%t@fno?%‘ﬁo@sfnn@{he%g@%ée(éi fbr t8& BriéMiok Bemnsof t
ferromagnetic reed swtch conponents. dass can also be used as a cap

mat er i ATOHAINSIMPANTYS BisHa selais ey dwiobendng ofes SRR HiF S6P1%hbl e bond

rl ng n’&blﬁd‘tm@ cawbeGémerna btyomxaa@legl @fmtie chansenttcioing ofct ©fcrifidiet layas si | i con.
e

a 5 car
per speltT U8 W o TSP s At Rere ot e B ROl G 1
1001 atie sscoaisubsigde. Unehtmnd@gatapbeaeqmbmuwwrbwsnaﬂ@siéﬁuslb@domﬁwdeonpri se a
cap hagtiafégNéléﬁ‘ﬁg)l er%fe%t h 28850l Bra%ﬁg éélhgrer\éﬁéml/ f&r@(%?leSM\Ch that the

si dewal I i s nount e ree ositioned within the planar
| ayer 8RS ﬂaﬁ%ms&%ﬁtf%%% Céﬂél?ér??@OVM?dthfé'dé&&}%?réor@%S?ﬁ TRECEeYE 884 g. 24 and

25, a §mdj$_2r/:ﬁb|prdvﬁbé%f boh@qb'l,/er Bchted Wl &[% faa(frhagg]fetld fegioB WThig Iépéca’(gllayliéat ion
rocess e cap.can then c e a |laye e. g. a dielectric or
el AP SRR BiANeE b AR L ERaTT S 20t Ppi e % iEat ed as
pad of atizgnatisifietho tiake aghtritdl eonrsetiaf with the karttact edgyort 814n Asigéicnatly, that t er n
1003 Tﬂh&e wgn%%&g Bén‘?é(dt %5?85}1 d%r@wdéﬂn 3 Qﬁﬁgﬁ%le%HEﬁltJo%gt S@ndw ch for

can create sin ion or wafer dicing (instead of
I i t hogftyﬁlp@ﬁywpfl t?)bonfﬁlw@@&?] trapigter Ffath@mn sksate 860. Ma@@]e@rﬁ@ﬁmet%ﬁ scussed

above Qff o6iRhefd MRl @helecrbhittel bAtR BRfohlagHbiRbaSIROSH TBNhS a@fitidnhe
invention, It is contenplated that the use of the invention can involve

conporrtdielseits ey @yer ft%P’é’ﬁP't§ie£%%°'a&W6 othgcavpelrelibelveenstiiduieit ended t hat

t he scomen e dthewisbpaivehiaBlcbs: siehd ReembyhdibetradtabsBuragpendessiefet o.
Clains W claim
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1. A nethod of making a reed switch, conpri sing: a. Providing a
first substrate having first and second el ectrical contacts; b. Form ng
reed switch el enents on a second substrate; c. Bonding the first
substrate to the reed switch el enents such that certain of the reed switch
el enents are in electrical comunication with the first and second

el ectrical contacts d. Renpving the second substrate fromthe reed
switch el enent ng a cap with the first substrate such
that théeean S%Wfﬁ@k?o@l é%mngllyabés'wgt'wwe@uwag thesagrificiphlaerbgneatethéap and
the fi r%rroawgﬁétrcaéy@r ﬁﬂ@tu%écbbrﬁé”bﬂnefahéénfﬂerq%bo@t@d bp C4riceb @Bﬁsﬁdaﬁ@]poﬁont act S

ext end OutSl

provi di AGPFHRN menbofjs §‘ifgsaﬁre¥?@r?%’ﬁﬂ f%gr"}gr i@? %?%dezicrétl?gﬁgh? P%f\ighgf pl anar

subst r afabyicdtion of thg ekxanpidistices it Rigotglhand ben Alsdist usatl eyithanodespopphyi ng
el ectri Id dé(atlgﬁgg‘%%%e\ﬁ?s%%gg rv&ttﬁﬁth%?%r%&gd rﬂ&tg R‘é‘ hlﬁ@%ﬂtﬂou? mﬁe{?l‘én %l es.

3. Ane ting electrically
conduct exanmaerkedihenthdescehpdfelrowhef fleh-’en f| rst subst rate in electrical

comuni gRBEPR ovddr tb &@&e slhgf;ﬁemba@lsleane&gm@ucg EMFapRbRbImm 4 fuitkkie first hole.
4. The pethod of cl ai wherein the reed swtch el enents are forned such

that t hB?f"I‘?B‘FrEB‘F‘ e§@é’Vhé{’hf3PF%‘f”d§H%ﬂﬂ?ﬁ"Ce§' el e Wa”%ﬁ&'”é\'a%téé%tbongh‘éhor and
wher ei nofcthefefrbms@n@utwéw atep cahprizimg cave‘r iB13 bnddidevenli3Ad carsbdoosrded td o t he reed

Swi tch f?} %gﬁcp r\?a ?1;(]5 t h%&l dlffu ePtbhﬁd {o'd atte QH%%%ECAH?_' aée%?%oeésaﬁlg} %rjoﬁl?cl th

communi cat I on ant
i mrovabtegd wivitdh %@@p\e@m Riw 1B8héh¢ fasglt af@m rpgitgghe substrate which initially

supported the covers is shown in Fig. 19. The cap material can comprise a non magnetic
material to allow coupling of external magnetic fields to the soft ferromagnetic reed switch
components. Glass can also be used as a cap material and anodically bonded or fused to a
corresponding suitable bond ring material which can comprise glass or a semiconductor
such as silicon.

Example embodiment with sidewall and cap.

[0037] Fig. 24 and 25 are perspective views of an example embodiment of a reed switch
with sidewalls 1001 and a cap 1000. Other example embodiments described herein
comprise a cap having two layers: a planar layer and a sidewall layer, such that the sidewall
is mounted with the reed switch and positioned within the planar layer above the switch
elements. In the example embodiments of Fig. 24 and 25, a sidewall layer 1001 is formed as
part of the switch fabrication process. The cap can then comprise a layer 1002, e.g., of a
dielectric or metal material, that mounts with the sidewalls 1001 previously created as part of

the switch through the use of a relatively thin spacing pattern 1003. This approach provides a
wafer level bonded substrate sandwich for which the cap can be created during singulation
or wafer dicing (instead of lithographically).

[0038] The particular sizes and equipment discussed above are cited merely to illustrate
particular embodiments of the invention. It is contemplated that the use of the invention can
involve components having different sizes and characteristics. It is intended that the scope of

the invention be defined by the claims appended hereto.
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(i1) the second anchor is in electrical comunication with the second

el ectrical contact and is substantially i movable with respect to the first
substrate; (iii) the first reed is mounted with the first anchor such that
it isin electrical comunication with the first electrical contact and
such that the first reed is substantially selectively novable along a
direction that is substantially parallel with the first plane; and (iv) the
first reed and second anchor collectively enable electrical comunication
between the first electrical contact and second el ectrical contact based on
appl i cat$!8im®f a suitable magnetic field to the reed switch. S. The
nmet hod ofvedianin 1, wherein the reed switch elenments are formed such that
they conprise a first reed and a second reed, and wherein the first
substrate deﬁimeﬂeamﬂkﬁﬁbkp@&ﬂﬁmaﬁﬂmkﬁ &mﬂﬂGMgto the reed switch elenments

such that; 'a) PFJ('/ dnfndng%%st sﬁﬁgc {Eg%ta\%né fi s% t g%otnla ev\%: r?cal conﬁﬁ%m rical

connunlcatlon Wt e>first regd IS
substanti al | y- §QW@BQFV%#?MF$6&@D®§SPﬁaéegﬁédW@QwWQHe that is substantially

paral | e: Wi tfz. Bb@d.ﬁg trsel fird st:mﬁtra(é ﬂo)thé h&d%@ﬁtqn@léne&@s gl?cilatﬁa%gég&r}d?ﬁ'ﬂgm te ?2: ]
isinele conmuni cat i 0 secon i
the secdh %‘5 ?‘%’g‘%‘ ?%mgr&tﬁff%ﬁ‘t?lﬁ&f@a §8m§EﬂC\?8P” Wftf‘éh? ﬁfsé apgh S?W@d%gm pl ane;

and (iiicpntekes;first reed and second reed coIIectlver enabl e el ectrica

conmuni cat i oy, h@ﬁ%@ﬁ?ltﬁ@@ecfoha§Ebs‘%lla?ézfr5h°ﬁﬂle rgé%r'gv@r%ce@t?g rﬁscond el ectri cal

contact based on a cation of sul t net | dto the reed
swit ch. e. MOB”UW FEIhYH §he fiesk PYRpUAte aEh t %tﬂ“éﬁeeq Hretohed eBENtE SFpr i si ng:
provi di ngthén &ivbSinesdddiskd 8l @hdiaat ag fhelfBét ABstraecRndued Bt thefdst ONpACt S;

electrical contacts extend outside the volume.

2. A method as in Claim 1, wherein providing the first substrate comprises providing
a substantially planar substrate, forming two holes through the substrate, and supplying

electrically conductive material extending the length of the holes.

3. A method as in Claim 2, further comprising depositing electrically conductive
material on a surface of the first substrate in electrical communication with the electrically

conductive material in the first hole.

4. The method of claim 1, wherein the reed switch elements are formed such that
they comprises a first anchor, a first reed, and a second anchor, and wherein the first
substrate defines a first plane and is bonded to the reed switch elements such that;

(i) the first anchor is in electrical communication with the first electrical
contact and is substantially immovable with respect to the first substrate;

(i) the second anchor is in electrical communication with the second electrical
contact and is substantially immovable with respect to the first substrate;

(iii) the first reed is mounted with the first anchor such that it is in electrical
communication with the first electrical contact and such that the first reed
is substantially selectively movable along a direction that is substantially
parallel with the first plane; and

(iv) the first reed and second anchor collectively enable electrical
communication between the first electrical contact and second electrical
contact based on application of a suitable magnetic field to the reed

switch.
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provi ding a second substrate having a handl e substrate and a first |ayer of
ferromagnetic material, the first layer conprising a first reed and a first
anchor, wherein the first reed has a first end that is physically coupled
with the first anchor; attaching the first anchor and the first
substrate to one another, wherein the first reed and the first electrical
contact are electrically coupled via the first anchor; and r enovi ng
the handl e substrate after the first anchor and the first substrate are
attached to one anot her. 7. The nethod of claim6, wherein the
first layer i% Tprovétiedotdaim thalterpin tdefdadewyiteh feiansintphmfermehshiohibatei n t he

first re@e t@m&r&va ﬁ;%gre%a%dtdﬂéécoha rded), thmnélem%g f@&%uﬁé&ﬁe%%ﬁnésoa #Pfst
sel ecti vﬁg 'ﬁ%{ﬁe')élé’g” n the first plane, and fu whereln t

anchor 10 HRAEEY ?W'ECBrFﬂﬁrP%§5‘éFhf"1hP%t sidewal | that is
ort hogonal to the (fithstirgplremehandfipgt exd that & lh@eatrfdaredmrpomt:atmm with thee first

reed. 8. Theﬂl@?élg&qc%fcoﬁéa@ r\7\”\%!"e|lfu H’(et S{ re%gn?gdb%l:amw%ghgsq\e/étg/lfalgg a

second anchor; and ~attac |n9 the second ancho
substrate to one andt¥xée kugpenariaréhaids surptanieh pamial wike thesrenelane;

el ectrical contacyiiygthe sebfetrebd abd ¥ serplend that is in electri&al cdMenumedahed wath
cond reed having a first end that

laim8, furth
icsalpkr?ysi ca:JIry g(r)ugf)e r:ﬁg%q&]ﬁ Féc(gré(@ S?r}g %n%’ﬁ%rrem RSP rFﬁ%gsssé'PBtr?Bt'?'B’ed i's
el ectrically coupl edselsictiely flexisedonite sdcecd piacef abnt act via the second
anchor . 1Gii) E-H’éeﬂrg?lteiég%ngfsegdnﬂ'r@%@col%‘?\few éhdatb@elgétpéél reed, first

anchor, second reed, and second anchor are provid operations that
i ncl ude providing t HOMEBEHERIO8 hssyFeRt e dift r?'@cCFraC@' Q”t?q"ic?lngéég‘m& TRaHab
substrate and a fir siontaaybasedfonf pticatgnébistitaBt erdgaktic tiflg th khstechayer
conprising the first, reed, first anchor, second reed, and second anchor;

6. A method of making a reed switch, the method comprising:

providing a first substrate having first and second electrical contacts;

providing a second substrate having a handle substrate and a first layer of
ferromagnetic material, the first layer comprising a first reed and a first anchor, wherein the
first reed has a first end that is physically coupled with the first anchor;

attaching the first anchor and the first substrate to one another, wherein the first
reed and the first electrical contact are electrically coupled via the first anchor; and

removing the handle substrate after the first anchor and the first substrate are
attached to one another.

7. The method of claim 6, wherein the first layer is provided such that it defines a
first plane, and wherein the first reed is provided such that it is dimensioned and arranged
to be selectively flexible in the first plane, and further wherein the first anchor is provided
such that it comprises a first sidewall that is orthogonal to the first plane and proximate to a
first portion of the first reed.

8. The method of claim 6, further comprising:
providing a second anchor; and
attaching the second anchor and the first substrate to one another such that the

second anchor and the second electrical contact are electrically coupled.
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wherein the nmethod further conprises renoving the handl e substrate after
the attachnent of the first substrate and each of the first anchor and
second anchor. 11. The method of claim 10, wherein the first |ayer
is provided such that it defines a first plane, and wherein the first reed
is provided such that it is dinmensioned and arranged to be selectively
flexible in the first plane, and further wherein the second anchor is

provi ded such that it conprises a first sidewall that is orthogonal to the
first plane and proxinmate to a first portion of the first reed. 12.
The net hod of9-dlhgainsthad ofriaimes nfutther amtsirgmrhdings gecowd ded heuioh atfivat it

CONPr i SesmdheEes PRfsisdIFeabled Widlth Se@nhbiRReIIalyh LRI (e sfe&cfn%tregél_ﬂsge and

r oxi mat rtrion o irst ree nmet hod of
EI aim 6, eef?%?‘faﬂércoﬁﬁgﬁ‘gi‘vﬁglt%S?ﬁoagle&ﬁcmfabcolnit%f"astﬁéé%@”é&'?ﬁfﬁ?rs| ng a naterial
that i s subst I tr.lc canduc n the first spacer is
provi ded suchl‘%tth]rllc';?l nke%‘h ?fcda'(r?sgg'sW'¥ r%mftl?sEs é(fe,éjcfhs(?@a‘fhoéb?ﬁcg'&q reﬁﬂda’F‘ﬁe first
anchor 69N ansher @rgtpr@\n@%by aprfations that istlude boviditgetharsecartd aubkigatetsaclone

anot her .that it included 4-hafd@BLBGFLRfanBKI B9 a rro‘??tg'row\égtn%hc n#a'?@rlarfetthgqp?t layer .
conpri si n% pr \{hd , a first substrat aving first and secon ectrical
prising the b[fsg

contact s U A 2BE MR Scand 1924t 89 PRPHHPAYS handl e substrat e
and a first Ivenpegin tmmemmfmtsescomn‘rses emeyivet the haadlersubdtratafaeeetha t he

first | aaY\%'&hﬂnQﬁt.J d*qgé ﬂ%t sth?Fat% Eﬁcﬁjea@w tﬁ%hrs@gﬁgh%r 1an8@8' ol%dsa%%f?nd anchor, and

wherein the first reed has a first en ysi ca coupl ed V\nththe

first anchor;i1, The methcﬁ\)t sraghinn, thhRrdih Bt fl@ﬁﬂ%%fr@-tp?om stulaﬁ t%qpﬂgmes a
substratetg et he in electrical

comuni C&F5R e\NaP‘Igl W?’ﬁre' h}eg%rs"ereggt‘? Pré’é{'ldeﬂéﬁ‘?%‘?t 4iRdirasoaedAnd aRemsd is in
el ect ri dalbe celentivelclexilha imittelfirsthg ase cod durtherotiraraalthe satoad tahcrands r enovi ng

the handl&iGdHsich & it comprises a first sidewall that is orthogonal to the first plane and

proximate to a first portion of the first reed.

12. The method of claim 11, wherein the first anchor is provided such that it
comprises a second sidewall that is orthogonal to the first plane and proximate to a second
portion of the first reed.

13. The method of claim 6, further comprising providing a first spacer comprising a
material that is substantially electrically conductive, wherein the first spacer is provided
such that it interposes the first electrical contact and the first anchor when the first anchor

and the first substrate are attached to one another.

14. A method of making a reed switch, the method comprising:

providing a first substrate having first and second electrical contacts;

providing second substrate including a handle substrate and a first layer that
comprises a ferromagnetic material, wherein the first layer includes a first reed, a first
anchor, and a second anchor, and wherein the first reed has a first end that is physically
coupled with the first anchor;

attaching the first substrate and the second substrate together such that the first
anchor is in electrical communication with the first electrical contact and the second anchor
is in electrical communication with the second electrical contact; and

removing the handle substrate.

14



15. The nmethod of claim 14, wherein the operation of providing the second
substrate further conprises: formng the first layer on the handl e
substrate, wherein the first layer defines a first plane; and
patterning the first layer to define the first reed, the first anchor, and
t he second anchor, wherein the first reed is patterned such that the first
reed i s dinmensioned and arranged to be selectively flexible in the first
pl ane, and wherein at | east one of the first anchor and the second anchor
is patterned such that it conprises a sidewall that is orthogonal to the
first plane airfd Tpeoxdthed ef damalporiteren thd opdretidn efqirovidied the second sulisratéThe
met hod of rtebadoMpkidesWherei n the second substrate is provided such that the
first layer further c_npkises %ﬁ§eco d reed that has a first end that is
physi cal iy cdo/pee™he é)rﬁ HE™ QLSRN IFHEFtraRawhered Bedirstdayer dsfingna Bt on
wi th thelsecaend anchor. 17. The method of claim 16, wherein
operation of Mol - t : ri :
formng the fpiegtgwl'quaggrﬁrgﬁa?ﬁgg%ﬂ@%@sﬁ%’%ﬁaﬁrg% h‘\?\%gﬁg%’ Ifa ﬁ(gaﬁ sresc?nq ayer
def i nes 2k whersinmHie: firgiged is patterneshsych thatrife fiFs regd istdimensiened@ndef i ne t he
Il\lin rst r Ezedznﬁédﬂ]gb &éh.f,@%c_taammbéé m&géﬁﬁ@%ﬁeﬁgﬁd wﬂ@%ir_t HOeERGABGS grrbcmr@t;] oh
erein each o e first ree nd the ond reed is tterned such that
el e iR Dehe S b e REpeT ST RN S shPoris BTN T st
pl ane, andhogpieal & ket fitet Hlang endnhinate $o patottemmnedhe fich redsat it conpri ses a
sidewal | that is orthogonal to the first plane ang ﬁéoxinate to a portion
ra

of the first 1edbe MeNPk f i ANBr L AnEreEs M thenzecert Bhd IR @Fovidedpaich dhatébe such

that it fieanpydr$@sha csh(ﬂ)ei\]?@d & sédoat réeg:l P&t h&g@d nak eh® thdnes f)linﬁﬁcfall\pl:@hﬂﬂ?ed cﬁ\?i@h |

pr oxi ma tiQn t he secand reed. . 8. The method of claim
16, mhe&@?%Qoﬁ%eﬁéyggngﬁ%gFgﬁf%(Psr%wgﬁﬁﬁgdW¥U@_Sfﬁgée¥ﬁgo?irst el ectrical
contact and t1'9?T|§@ﬁ~%%a%f%ﬁ‘aﬁrﬁn'f@'wh§FHM @ﬁéra r?oﬂ;%}ré@?&%%@@e nfiisli5de-d1R Or
surface of the first substrate, and such that the first substrate further
conpr i séythercomprisesy i rst pond pad di sposed on a second major surface of
the first substiisd the fikktebgéront the haedledbstaiter wisdrehante fied tayae aemekbsEgiref

surface ﬂkg.gﬁﬁosite surfaces of the first substrate, and wherein the first
bond pag and 'the first electrical contact are in electrical conmunication;
and patterning the first layer to define the first reed, the first anchor, the second reed,

and the second anchor, wherein each of the first reed and the second reed is patterned such
that it is dimensioned and arranged to be selectively flexible in the first plane, and wherein
the first anchor is patterned such that it comprises a sidewall that is orthogonal to the first
plane and proximate to a portion of the first reed, and further wherein the second anchor is
patterned such that it comprises a sidewall that is orthogonal to the first plane and

proximate to a portion of the second reed.
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a second bond pad di sposed on the second major surface, wherein the second
bond pad and the second el ectrical contact are in electrical comunication;
wherein the operation of attaching the first substrate and the second
substrate together attaches the first anchor to the first bond pad and the
second anchor to the second bond pad.

18. The method of claim 16, wherein the first substrate is provided such that the
first electrical contact and the second electrical contact are disposed on a first major surface
of the first substrate, and such that the first substrate further comprises:

a first bond pad disposed on a second major surface of the first substrate, wherein
the second major surface and second major surface are opposite surfaces of the first
substrate, and wherein the first bond pad and the first electrical contact are in electrical
communication; and

a second bond pad disposed on the second major surface, wherein the second bond
pad and the second electrical contact are in electrical communication;

wherein the operation of attaching the first substrate and the second substrate
together attaches the first anchor to the first bond pad and the second anchor to the second

bond pad.
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