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52004/ 095482 PCT/ US2004/ 002521 Summary of the
I nvention [0003] One aspect of the invention is
enbodied in a switch conprising first and second
mat ed substrates defining therebetween first and
second 5 intersecting channels of a bent sw tching
fluid cavity. A switching fluid is held wthin the
bent switching ferysd-RererdncetdRelatedDApplicatiaigreen
first and second swtch states in response to forces
that are applied to the switching fluid. Mre of the
switching fluid is forced into the first of the

10l Nt efoBBef | N9 %mliéatidmsgaﬁteﬁitb%I.S.S%tteﬁf‘Atﬁ;ﬂg:taﬁmn 88fal No.

nore of the swtching fluid is forced into
, Docket No. 10010273-1, of Marvin Glenn Wong, et al.,

filed on the same date as this application and entitled “Formation of Signal
Paths to Increase Maximum Signal-Carrying Frequency of a Fluid-Based

Switch” (which is hereby incorporated by reference).

15
Background
[0002] Fluid-based switches such as liquid metal micro switches
20 (LIMMS) have proved to be valuable in environments where fast, clean

switching is desired.



10 second of the intersecting channels in the second
swtch state. [0004] O her enbodi nents of the

wO noogbi48n are al so di scl osed. 2004/ 095482 PCT/US2004/002521
PCT/ US2004/ 002521 Bri ef Description of the Draw ngs
[0005] Illustrative enbodiments of the_ invention are

illustrated in the dSsmmaey ofithelpventions [ 0006] FI G

1lis aplan view of a first exenplary enbodi nent of a
switch; [0007] FIG 2 illustrates an elevation of the

| ayers of the switch shown in FIG 1; [0008] FIG 3

i s 0008}t pl &me\dspaciosf th@mveh@omglenmmh@ ipfa $witch comprising
switch 10 shown in FIG 1, wherein the switch is in a

fi r Srsisdrat ss5coh@0Q9¢d Blitrades defmingeiberabephean fiisband$econd
the channel plate of the switch shown in FIG 1,
5Wherigiefsdclifg SMariridis bfa bentasvdehingdiuid edwity. [Ammﬂ;]wlriﬁl flaid B held
is a plan VI ew showi ng a correspondence of el enents

I N/ ogitHil heChaH R@Atcihg fiaidadadlitp uhe I Mbealné betreesirsicind second
shown in FIG 1; 15 ?0011] FIG 6 is a plan view of

t h e @Hf&ﬁ%’té’t&@ wPr%sbB@sesw fbis S \ie bppliddl tethd swlt€d iuid.

I's a plan viewillustrating an alternate

e nboMb thé’fswﬁaﬁn AULS TorédtPivtd !h@ firdtGef tHe intPdathg ch&nnels

is a an vi ew o a second exenpl ary enbodi nent of a

20 Sthﬁ]{PSW ﬁ%l'{ lejeﬂa h%re O i ’tf% AitthRQ NAEWY f8fced into the

stral cavi t
10 second of the intersecting channels in the second switch state.

[0004] Other embodiments of the invention are also disclosed.



WD 2004/ 095482 -4- PCT/ US2004/ 002521 Detail ed
Description of the Invention [0015] FIGS. 1-6

WO bdupp4at e a first exenplary er$odi ment 100 OPCHUS2004/002521
[

fluid- based switch. In this fifst enbodi nent, the
switch 100 is an el ectrlcal s_vvitch. 5 FIG 8
illustrates a secoliefNagsris BLivay

fluid-based switch. In this second enbodi rrent t he
switch 800 is an optical switch. [0016] In each of

the switches 100, 800, first and second mated
subsfo0oaskes 100usbativesgobadments ofiibe irtventdreansabustiatedsin the
and second intersecting channels 134/136, 812/814 of

a bedrawingst mhatrigh:f | ui d cavity 304, 10 816 (see FIGS.

3, 4 &8). Aswitching fluid 312, 818 is held within

seachjobe6l sSWFIGH isg planivibvealva fitst exardplasy embadihent of a

between first and second switch states in response to

f or cagitchhat are applied to the switching fluid. In the
first swmtch state, nore of the switching fluid is
forcedornt 0 t FeGf2 Mestratbs bhldvation setieilagrs ehgRligh shown
(as shown in FIG 3 for switch 100). In the second

swi tiglFigt @te, 15 nore of the switching fluid is forced
into the second of the intersecting channels (as

showg %]g FI G s f9is Sifst 618n LR of the Qg\ZﬂmeI Retd %mhe switch

svmtchl fluid cavities 304, 816 provide a variety of

102dVvaily a&aﬁﬁ Foey dﬁér@flnglhé mm‘shh%%réﬂéfét@ cavi ti es,

15

20

such as e One ose U 'S. Patent Application

e Bhod, CH 6% 10 R (Al g

rL'eggﬁ'h%M)&\{Eﬁ@SW e hS0LADy 1in BB YR por ated by

co U B H‘W éknﬁjé%é%ﬁ% 1 Bt

underlsonC{P\G cplé(nne‘:f %lie ancgJ subst te?sf the’ swﬁcé‘shown in FIG. 1;

[0011] FIG. 6 is a plan view of the substrate of the switch shown in
FIG. 1;
[0012] FIG. 7 is a plan view illustrating an alternate embodiment of the

switch shown in FIG. 1;
[0013] FIG. 8 is a plan view of a second exemplary embodiment of a
switch; and

[0014] FIG. 9 is a plan view of a straight switching fluid cavity.



9. As shown in FIG 3, the switching fluid 312 noves
fromthe state shown in 25 FIG 3 to the state shown

WO R0oRl0e34828 by novi ng, generally, in the directPoOnusiood¥d?2521

2004/ 095482 - 5- PCT/ US2004/ 002%21 arrows 318 and 320.
If, for exanple, the_svvltch 100 |s droppedk jolted or
Vi brat ed, any forEed 383 : ! '
312 in the direction of arrow 320 are absorbed by the

wal | s of channel 136, and the switching fluid is
unlikely to change state as a result of the drop, jolt

or Vi0R15} i on. FIGSal-Siilldstrate & firshaxemplanppsmbodimens 100 of a fluid-
inmparted to the switching fluid 312 in the direction

of Esedwwits. & thisdfirsioerbkoditment, liee switdhs 1@ iscEmeeieettical switch.
134. The only forces in the direction of arrow 318

5t hatFlgr. 8 iinatraidssnsduoidaxeniptang embeshhérit890fof amiuidibised

portion of the switching fluid 312 which is held at
t he duitchr s eHis Secopl dnfisodimBat iRl swilchBNe ahptical switch.
However, because the mass of the switching fluid 10

312 [ogd6f at t eeidH GRS SHiteResOf00, B0 ISR SecbRd naned

136 is nuch | ess than the nmass of the entirety of the

SW ts‘?)Bbt?SteEH@bﬁl o§1§od78b21 dbfincCiharabRhwdatfHirst S §&dbnad
f|UId 312 held in the bent switching fluid cavity 304

W@%écﬁﬁ? chaneRd ¥34/@36 %Q)I’eﬁzdcﬁ%tt&éht %M@ﬂﬁggg@th%vgy 304,

than a simTar quant of sw ing flui

101 N &Y {@?@g ﬁg%ﬁh@h@ﬂ ngsrgto;ﬂ;zd(@gfsfegr Héid vﬁ?xﬂi“?%h bent
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900 (see ation

vvet tsﬁ\m&ﬁm%rfﬁ?js%g(%%ﬁ é@p\%{bﬂa %&&%&ﬁﬂs’[ R4 se?&ﬂd 3\9 ?Aht states
f l ut, nq %s%flngg tos%?’cf(es tﬁ?tr ar%cag)lp I&PFO {8 sztcb HS flﬁvc\f tlﬁ I?I’g@ﬁrﬁgswnch

coun

o dhgeR A B ot 'afog‘é?%ie el

o o LR A g er ERctpoh  Beepi gwiten state

Concrr%rrel or%si’hee év%i%ing Huid is forced into the second of the intersecting
channels (as shown in FIG. 4 for switch 100).
[0017] The bent switching fluid cavities 304, 816 provide a variety of
advantages over straight switching fluid cavities, such as the one disclosed in
U.S. Patent Application Serial No. 10/137,691 of Marvin Glenn Wong filed
May 2, 2002 and entitled “A Piezoelectrically Actuated Liquid Metal Switch”
(which is hereby incorporated by reference). For example, a bent switching
fluid cavity can provide better mechanical shock resistance for a fiuid-based
switch. This advantage can best be understood by referring to FIGS. 3, 4 &

9. As shown in FIG. 3, the switching fluid 312 moves from the state shown in

FIG. 3 to the state shown in FIG. 4 by moving, generally, in the direction of



arrangenents of switch parts for the purpose of

achi eving such nmechani cal shock resistance are
waoleealoosezl | ater in this description. However, PEnosives/002521

potential advantage of a bent Switching fluid cavity

will be described first. [0018] Another potenti al

adv aaireyge3 8 and B3t Ifehar ex#Nplg: tNeuiwitch B0ty drappedgiolted or

that it may be electrically advantageous to use such a

bent vistatgse @ny fvrcesinviarizddq toe swigchingstiuid 312 in the direction of

PCT/ US2004/ 002521 304. For exanple, a bent sw tching

f | ui arravadR0 pre3dasanesd by fhewallsaafshaonels 3onand theviwitching fluid

el ectrical paths to be eased by enabling "fl attening"

of tibantikeink thiamge sidiene auicanbof thieghap, joibadkibiatios. a similar

114, 116 contact a switching fluid 312. 5 [0019] The
senbogianmert mokt f@rddsuinpahias edthevavtichingFRids 8tuim the dFe€an of

1- 6 will now be described in greater detail. The

SW t gowl 808 epasdoriesd By thehaaikadf chhaibel 18A2 Thieainlydfefdasds the
at |l east a portion of a nunber of cavities 300, 302,

304, diglfion 3PSréWBFS tHat-aréN6t afsoffearefthbderegaNing e that
may be at least partly defined by first and second

| Nt essR& bl GARBRARY FuibiBH2 WRiBh idhdiB et He irteaRabn b fee
102." The remaining portions of the cavities 300-308,

i f nngl%@a‘ﬁgdﬁjd NESvder Boealsé i 9adO8r hBaitbKing fluid
mat ed and sealed to the channel plate 102. The first

102nd Wﬁg%l&i at HeSHERGCHGY op{ﬂggﬁ‘éhﬁel%ﬁgél ahd 6 368Y g]ugh é?ss than

I nterse at vari ous ang I NnC Ing an an

oo R0 St B iz,

104 may Dbe se y means o
dhesj. . ke Qs . i
For oy Ehingdft 81z naR U oo RHOUR0 ARy 30 <)uch fess

O ORI, AR e 48 ¥ 80 Fanisy i e
902 held in a similarly sized straight switching fluid channel 900 (see FIG. 9;

15 Force = mass x acceleration). If a wettable area 108 (e.g, a pad, contact, or
seal belt; see FIG. 1) is positioned at the bend of switching fluid cavity 304,
surface tension of the switching fluid 312 can make it relatively easy to
counter the non-absorbed forces (i.e., forces not absorbed by the walls of
cavity 304) that are imparted to the switching fluid 312 during drops, jolts or

20 vibrations of switch 100. More specific details concerning exemplary
arrangements of switch parts for the purpose of achieving such mechanical
shock resistance are disclosed later in this description. However, another
potential advantage of a bent switching fluid cavity will be described first.
[0018] Another potential advantage of a bent switching fluid cavity 304

25 is that it may be electrically advantageous to use such a bent-shaped cavity



adhesi on pronoter packages, depending on the
application. Wien a channel plate 102 has an inorganic

wa@ 033482 on, Cyt opTM s inorganic 20 adhesi on PCDIBL084/602521
shoul d be used. Sinilarly, whena channel plate 102
has an organi c conposition, C,\ét_opT s _organi ¢ adhesi on
pr on#fider Boreaxamnie. aent swiching dgi) caxiy §ﬂﬂ,m@y,ql,low|s@ar@turns In
a switchi ng fluid 312 (e.g., a conductive liquid
met ad swiidhs glectrisakrathy td ke pased by erriling htattealna ¢f they
defined by the 25 intersecting channels 134, 136. The
swi t tramsiigpnsiwhiede pledar signdl condabioss 12, 20441 teargact arswitching
PCT/ US2004/ 002521 between at |east first and second
sw tflidgttates in response to forces that are applied
to the switching fluid 312, and 2) serves to open and

5Cc| os@0aY] | eastrha enfiidimeifit oflaefiitid-based switdhatOssHosvrgin, FIGS. 1-
contact pads 106, 108, 110) exposed within the cavity
304. g Qill A2 BE dBbERbEY ih lgtaaér @dtais TheswidH 000 camprisssch
312 in a first state. Inthis first state, there is a

gap éﬁhn'ht%?plét@ 'F(I«ﬁlhﬁgdéf‘n@b Gt fobét é?ofﬁoﬂrﬂf afunfsey iof ¥avifiss 300,
The gap is formed as a result of forces that are

appl 3¢ 3'0@1:? F@'S’)g Orlebrinérbaof tl@é’cé’@@%ﬁn@i bé‘%t least

actuati ng (e’g., an inert gas or liquid

hel dpi %‘8 %y {?%gand SedoRbisntbt e%ﬁnﬁ&l"i‘érﬁrelst 5y, 136 8in the

SWtc wets to an rldges cont act

10padsch]a9|§| Pﬂglie% ('lrﬂeqémén ﬁ‘%ﬁérﬁoﬁg of ﬁb‘@' cfagl?l'eg 8oblapisdif any,

312 aced 1'n a Sstate ecreasi ng the

for Cr% %B%]e!flﬁgd E)g Pb?t)‘atgel%ﬂst His ?rfattéjc?%htggealéé W ﬁlue%l'énnel

and | reaS|n orces app |ed neans

M Al o Mg

gggoﬁgl%g‘f)g%]gn&Fﬁénau%g A ang% ofsaboflt %Qsed. In this

[0020] The channel plate 102 and substrate 104 may be sealed to one
15 another by means of an adhesive, gasket, screws (providing a compressive
force), and/or other means. One suitable adhesive is Cytop™ (manufactured
by Asahi Glass Co., Ltd. of Tokyo, Japan). Cytop™ comes with two different
adhesion promoter packages, depending on the application. When a
channel plate 102 has an inorganic composition, Cytop™s inorganic
20 adhesion promoters should be used. Similarly, when a channel plate 102

TM»

has an organic composition, Cytop'™’s organic adhesion promoters should

be used.
[0021] As shown in FIG. 3, a switching fluid 312 (e.g., a conductive
liquid metal such as mercury) is held within the cavity 304 defined by the

25 intersecting channels 134, 136. The switching fluid 312 is 1) movable



15 switching fluid 312 wets to and bridges contact
pads 108 and 110 (FIGS. 1 & 4). [0023] As shown in
Wo-b@30934sx 6, a plurality of pl apar si gnal conBOT/ASIW4/002521
112, 114, 116 extend from edges of the switch 100 to
within the cawty 304 defi nedqlg‘ t he bent swi tching
f 1 ui between @ lesshiirshrag sepNGsWiEEStales in tespange M%F%tha’r are
these conductors 112-116 are in wetted contact with
t he apmlieddnithryswitching Haigd 318hand RYsenves ta epenpng iose at least a
pl anar signal conductors 112- 116 to which the
swi t pdir nfyelectricdl Gartactet(s-grvespniret pads d@6( €0, 110)iexposed within
Gold or Copper), but need not be. The ends of the
pl antue cavignd@b4.conductors 112-116 that extend to the
edges of the switch 100 may extend exactly to the edge
sof 2[@0RRE swi tRt@. I0Mustratesnthy sevitching fluid 8/ 2 in a fistsdtatet In this
di stance of the exact edge of WD 2004/095482 - 8-

PCT/ {isR o, @Rst83sla dabdn sve switchli@iflia312howont of daviy 302. The
1). For purposes of this description, the conductors

112- ddbisformEPBS iadesal of foresd watatetapbliswitd et switetgealid 312
in eirther of the above cases. In an alternate

embogy fRBhs of aﬁ\’élchj-ﬁ’ﬂlné(?@ud 8he(Dd.2BAnerB§ a8} liquid) held in cavity
conductors 112-116 m ght not extend to the edges of

the sy t ¢ ydd%rst2td80FH S\M%EP\MH At B 1R FEARI oSk Blidges contact
conductors 112-116 for signal ~ propagation elim nates

10t hen}lg%t idWad 168 912@'85 1@‘@?“9% ¥\'Nﬁt§hm§ﬂ&’idt3"ll2%a¥ b%gue}cgd ina

elimnates up to ur right angles that a signa

for r@é&\%ﬁd hayie tga &‘éashg%érf&%e% Zagﬁlled %o b tffh‘néa'ngmf actuating

angl e ere a ch I nput via I's couple

Subshidtty, 851 1R8sndily eephalrodifbd (1 18H11BENS Bf BBfiing fui

nt ac secon ere the swt
i e B IR W ron o
cir Cgévtlty%o%l c'i%heC(g)é';P ﬁgWIII th B1G. 3 is closed. In this second state, the
15 switching fluid 312 wets to and bridges contact pads 108 and 110 (FIGS. 1 &
4).
[0023] As shown in FIGS. 1 & 6, a plurality of planar signal conductors
"112, 114, 116 extend from edges of the switch 100 to within the cavity 304
defined by the bent switching fluid cavity 304. When the switch 100 is
20 assembled, these conductors 112-116 are in wetted contact with the
switching fluid 312. The ends 106-110 of the planar signal conductors 112-
116 to which the switching fluid 312 wets may be plated (e.g., with Gold or
Copper), but need not be. The ends of the planar signal conductors 112-116
that extend to the edges of the switch 100 may extend exactly to the edge of

25 the switch 100, or may extend to within a short distance of the exact edge of



switch output via 122; and a fourth right angle where
the swwtch output via 122 is coupled to the
wagQodngo=BE) . Eli m nation of thezae ri ght angl esPCT/US2004/002521

el imnates a cause of unwanted signal reflection, and
reductions in unwanted signal 15 reflection tend to

r esulhe switcBi1§R4as shewp ag%!% Ref RUTgases@hhisdestittionn the
af fected signal paths. [0025] Real i zi ng that not all

envi eantivsiors 1hanl 16 @re BerRIAroe [ extead i a suiiph's nefass” imeither
switch 100, the switch 100 may al so be provided with a

pl uref theyabof/e canesudn ian @lteinate emBodinmEmt ofi 9@it¢hot00, the planar
el ectrically coupling the planar 20 signal conductors
112- digtealtcondugibnsr ll2-1 46 mifghé nof edend mnthactlges ot theasvitch 100.
solder balls (see solder balls 208, 210, 212, 214 in
5FI G [0D24] or eXkepfd¢he plafbt sgmealtcehguctdrse! 12806 fbi 8ighdl2
coul d couple the planar signal conductors 112- 116 to

ot hegropagnaflingndtta e athgof Siglids through Vias, A1d thags
of aland grid array (LGA)). WO 2004/ 095482 - 9-

PCT/ &laziR8rb5 026 2dur rgh026dled that wrsigien wolkirfeaasy Mtve had to
speed at which signals nay propagate through the

SWi tipdy ekl e 1HEDRIht @hglel\Aste adfveRGn iR Wﬁzmk%o@.&@d toa
126, 128 mmy be fornmed adjacent either side of each

Pl angfhsh@) Bbrh‘éﬁ@ Gy ‘éts%fdeil ban érl&hel( §irfaRe chnfach)a sé@%ﬁd right

pl anar signal and groun conductors 112-116, 124-12

f I
107 or r%r‘fblé’bvﬂ@@ the QWA lnpﬂt %g‘?@ﬁg Er?gteg 'ﬁc?i‘ﬁ?érnél‘%&dgfl%rcwtry

rovi de better

SO R A BB ST 0 o
Do 9585 AR LAPRGAIAL ehE B i
S| de’FZZOIfs c%hglgglto e n%% rg{eﬁ. Ei‘r%m%ﬂgn H‘ﬁ‘)e‘se right angles eliminates
a cause of unwanted signal reflection, and reductions in unwanted signal
15 reflection tend to result in signals propagating more quickly through the
affected signal paths.
[0025] Realizing that not all environments may be conducive to edge
coupling of the switch 100, the switch 100 may also be provided with a
plurality of conductive vias 118, 120, 122 for electrically coupling the planar
20 signal conductors 112-116 to a plurality of surface contacts such as solder
balls (see solder balls 208, 210, 212, 214 in FIG. 2, for example).
Alternately, the vias 118-122 could couple the planar signal conductors 112-

116 to other types of surface contacts (e.g., pins, or pads of a land grid array

(LGA)).



10 Furthernore, the ground conductors 124-128 may be

coupled to one another wthin the switch 100 for the
w@uoposasnf achieving a uniformand nore consPGT/@R1004/002521

ground. If the substrate 104 conprises alternating

metal and insulating |ayers 200-206 (FI G,  2), then

t he 9086hd cor@Jextaerdnarsase by speed abwhichrsignpls may propagate

first metal |ayer 206, and may be coupled to a

V- s hipaghtthe switels 1606 nwaers@%étbafwrwtmd qangleptop$245y126, 128

means of a nunber of conductive vias 600, 602, 604

f or mady be farmeadadjacant siih¢rajde oeach otz sjgrel aenductoy 118-116

t he planar signal conductors 112-116, the pl anar

gr ouiGsohdwd)t dine dlabr BRiMhairand graduaddondudtbes E@geEs, d24-128

the swtch 100 (but need not) so that they may be
5coupfoft & slagaroaRriakstrugituredort sidres routing, ahdiej p2Qide better

substrate via w rebonds. However, again realizing that

not iglded@nad MR, and Payediee Gigndlividuetidroatatigter frequencies.

coupling of the swtch 100, the ground conductors

124-p387mey alasGHe@NGR PGS A1 BB, & ST eFouid copadeter mé§ bound

vias 608 that couple the ground conductors 124-128 to

a numBefderfor patrb Assh @r%‘bﬁﬁé%i(?hfal EdrRIuStrs ¢n2-138%e.g\Wground
2004/ 095482 _10- PCT/ US2004/ 002521 [0029] In the

0 — i o R
a OV%nQ@?%F g gﬁ leGmdé did¥esr fiss lc8s@ebibiat 23Mdt Cfd) Ng

flui ( d be noved fromone state to another by
10,2 FEYRRRLIE B B Phpd oo ek b3 i anoer
oSBT WAL ol b 2300, SRR,
0, Pl ERAED, B BB ks B e
legloig% allfi}ag(blﬁy% t §%(§SI/ (IF??/ h.‘g)ggmeetrnﬁtég %Fo%%rcoﬁggctggabd-?% may
be formed in a first metal layer 206, and may be coupled to a V-shaped trace
15 606 in a second metal layer 202 by means of a number of conductive vias
600, 602, 604 formed in an insulating layer 204.
[0028] Similarly to the planar signal conductors 112-116, the planar
ground conductors 124-128 may extend to the edges of the switch 100 (but
need not) so that they may be coupled to a printed circuit board or other
20 substrate via wirebonds. However, again realizing that not all environments
may be conducive to edge coupling of the switch 100, the ground conductors

124-128 may also be coupled to a number of conductive vias 608 that couple

the ground conductors 124-128 to a number of surface contacts of the switch

100.



hol ds the actuating fluid 314. As the actuating fluid
314 is heated, it tends to expand, thereby exerting a
wo eoos®9=gai nst switching fluid idiz In a siml|eeT/lN2004/002521
fashion, actuating fluid 316 c be heated by neans of
a heater resistor 502. | Thus, alternatelx heat i ng
act U908y f I uilytheizbaye d&é?ﬁf?i’toﬁn wep disslapeg t atgyitehingisid
forces can be applied to the switching fluid 312,
causd Hgeauld be mayed fram ene siste fornalinerray ferressnpliethioigby an
states. Additional details on howto actuate a
f | ui attiainediudhB14 13 IByhalereaviiies 08t 308.r Bewsven & has wet to be
described in 15 U S. Patent #6, 323,447 of Kondoh et
al . disdlogddeitbw Hecadtuatingl flutbBth 1688 calksad toSwiettchforce (or
Integrated El ectrical Contact Breaker Switch, and
5El edbrdespbn Ewitthzing fluigvd12c Dmegwaie tchaallse ashactbatirg flugd @0y,
i ncorporated by reference. 10030] Another way to cause

an agitueinigfwid 814)do 3%ért bdoeds to laedt e &ctuating fluid 314 by
decrease the size of the cavities 300, 302 that hold

t he rpeansf dBedtbticdistdrb00 tRE: iElelposkd Wik efedtity 300 that
illustrates an alternati ve enbodi nent of the swtch

100, hoireihel dttitinb Sllid BM. SAOTHe RAhiting Vs £4 Ts%a@ébeﬂ tends to
wi th a nunber of piezoelectric elenents 700, 70

704, oxf8Rd tthét‘eb‘}%fxbﬁ g d fok &?a\i'ﬁ\ét Is@,&cﬁiﬁg fuiROSy z\Mwﬁré similar

vol tages are applied to them vol tages are

al t I i I
10700%§Iﬂ%&ee§(66%é§@g f@mﬂjt %ftsn&égg%pgétgg 5991% cp”s cﬁ%l KRR Rsistor 502.

Cavi 1 osobar Bl RRRp R ah gﬁ“?e@g}ﬁéﬁ%ff%&wﬁw %0

S00U8hn i SRRy D,
sw Le ?bl‘?}% (ﬁeacsfg\ﬁlg dlfféq&llttév\?l%ﬁ]hg%%tgé l ﬁd&poﬁaﬂ Véfe%a‘?l on how to

act (i3 ased sw pi eZoe PECT
P A Ty DR B0 e
15App| gab &ht §8,35§,|44I>|%f Kondoh et al. entitled “Electrical Contact Breaker
Switch, Integrated Electrical Contact Breaker Switch, and Electrical Contact
Switching Method”, which is hereby incorporated by reference.
[0030] Another way to cause an actuating fluid 314 to exert a force is
to decrease the size of the cavities 300, 302 that hold the actuating fluid 314.
20 FIG. 10 therefore illustrates an alternative embodiment of the switch 100,
wherein heater resistors 500, 502 are replaced with a number of piezoelectric
elements 700, 702, 704, 706 that deflect into cavities 302, 306 when voltages
are applied to them. If voltages are alternately applied to the piezoelectric
elements 700, 702 exposed within cavity 302, and the piezoelectric elements

25 704, 706 exposed within cavity 306, alternate forces can be applied to the



5 10/137,691). [0031] Although the above referenced
patent and patent application disclose the novenent
w@booa/033a81 chi ng fluid by means gg dual push/ pubcT/US2004/002521
actuating fluid cavities, a single push/pull actuating
fluid cavit .night sufflce if significant enou
pus hsthﬂhnnqﬁ%§ L. COERIRAJIES as8\iNg ohe qfr?ﬁaﬂtfﬁedertt@%tchlog states.
switching fluid fromsuch a cavit [0032] To enable
f ast Additgnsl datgils pniew tafskustera fvidbrasdrudichibymagans o s
500, 502 or piezoelectric el ements 700-706, each may
be cmamemm@pmemgaare geaseribet lrpﬂmwmevmawunerdmed patent
130/ 126, 132/128 that extend to a switch's edges. As
s howepplinatieirGf Marvso&enofWortge@eSpPateat Applitdtion Sesallllé.,
128 may be the 15 planar ground conductors that run
5adj apENd7,691% he pl anar signal conductors 112-116. If
desi red, conductive vias 610, 612 may be provided for
cou pﬂoosg] t heg@heagitihetabose 1&8rentdd phtens ahfl @atent application
contacts on the swtch 100. [0033] An advant age
Pr ovdig@esdthetiéveigarit of Wistetbihing filidusydmeans bydud pusispull
that signals propagating into and out of the sw tching

flui ébt@ét%ghﬁhdjcé\hﬁseb@lng?é)pmllr%tuétm@md id Qﬁultyfhﬁi@htesuﬁlce if

turns t hus unwant ed signal reflections can

r edbhq?rqﬂcam &hotigh plidhpiil HE848E cRAE Suld'bé fhp é’HfBﬂ t@f

anar signal conductors 112- 6 |ntersects t he

10bentsvﬁ%gﬁn§md1%&ln h%aéé'v?}’ 304 may be confined to an

reater t and preferably an angl e that

J{%@& to 8% &%B%tf‘éétegé'@aé%f%e RbreMeANH & R rbistors

Thus, I'n an connection

T B AFALS i fen

telh'ef;‘:eagstfrpé%{% chh@BtoRN0P1 J61' 5571 58 11t W8 B witch's edges.

i'ng s gnal
As shown in FIG. 1, some of these planar conductors 126, 128 may be the

15 planar ground conductors that run adjacent to the planar signal conductors
112-116. If desired, conductive vias 610, 612 may be provided for coupling
these conductors 130, 132 to surface contacts on the switch 100.
[0033] An advantage provided by the bent switching fluid cavity 304 is
that signals propagating into and out of the switching fluid 312 held therein

20 need not take right angle turns, and thus unwanted signal reflections can be
reduced. Thatis, the tightest angle at which any of the planar signal
conductors 112-116 intersects the bent switching fluid cavity 304 may be
confined to an angle of greater than 90° (and preferably an angle that is
equal to or greater than 135°, or an angle that is about 135°). Thus, in an

25 ideal connection environment, the switch 100 illustrated in FIGS. 1-6 can be



reflections, increasing the speed at which signals can
propagate through the switch, and ultinmately

WO paagsEsNg t he naxinun1signal-i2rrying f r equePCYUS1004/002521
the switch 100. 5 [0034] To mak® it easier to couple
signal routes to the switch 100, it may be desirable
to guseddosiiainate phpgbisangie Bies i %@%fpatmetf@whydﬁdugﬁ@ signal
group signal outputs on another side of the swtch.
| f theflectionsdiparsasing the speed arviticla sighals| qapipropagate through the
ti ghtest corner taken by a path of any of the pl anar
si gnaitahpacid oltioragely inereasisg e madmugOsigaal-caoyiag frequency of
preferably to about 1350, and even nore 10 preferably
to efeawittlo100. greater than 135 (i.e., to reduce the
nunber of signal reflections at conductor corners).

5[ 0039D341 shoTbdnéie inetsier toltauplehsigre nolites tovte\sindtsh 100, it
118-122, 608-612 shown in FIGS. 1 & 6 could be

el i nihapbedebipaliie ePgdugRRgnal MPUBRL GN6Re sidle @f tHE SWittMand group
t hereby increasing the maxi num si gnal - carrying

f r eqdigid Youutd 8¢ andthesitié ohthb0lvitdhOBBls i dohdlat i \préfefable to

100 iS electrically coupled to a substrate via

sur f Bk Sofn@r thken $9!84th Rbhy oPPR-pk Bk signBEconduct
pl ar!gfi?g%ﬁgﬁqctorg 1r12 %rl]%gad%4 132§8eed not g;(ginencon oo

the y @?@eg{e hah e MG pFORradiPRENSSUt 185€ and Wbk hwo*@o

can st nefit fromsignal paths with acute angle

10¢0r :Fr%%g%ﬁ]gf &Qt@oﬁ?‘r’éﬁté‘méﬁm@% &1 1 a6y {hteyntﬁﬁQcﬁeé of

eve naI S need to propagate into

SW tsj@wé?&l(?\@tlgng tg&tnda&g gor}]gr%?s at soI der balls

208 con uctive vias 118-122, 608-612. [0037]
L o] | " g 400 kgL D B b ore
Corrprhlo§vensm %Iégaﬁ“&eé cgulgibg e‘cli%nated to keep signal inductance to a
minimum, thereby increasing the maximum signal-carrying frequency of the
15 switch 100.
[0036] If the switch 100 is electrically coupled to a substrate via
surface contacts (e.g., solder balls 208-214), the planar conductors 112-116,
124-132 need not extend to the edges of the switch 100. However, the
switch 100 can still benefit from signal paths with acute angle corners and/or
20 a bent switching fluid cavity 304, even though signals will need to propagate
into the switch 100 via right angle turns at solder balls 208-214 and
conductive vias 118-122, 608-612.
[0037] FIG. 8 illustrates an optical switch 800 employing a bent
switching fluid cavity 816. The switch 800 comprises a channel plate 802,

25 first and second intersecting channels 812, 814, substrate 804, cavities 816,



25 first and second intersecting channels 812, 814,

substrate 804, cavities 816, WD 2004/095482 -13-
weEFooea8D4/ 002521 820, 822, 8%@ 826, heat er PCT/US2004/002521

resistors 828, 830, heater resi'stor conductors 832,

834, 836, 838, and conductive vias 840, 842, 844, 846

t hat 82Qui82Ri 82¢. 82Bnheaier Kesistors $2Be33Hb heriR] resisiporrKiustors

described with respect to the switch 100 (FIGS. 1- 6%_.

The 87218341 83Gi838hamdoontiustiveuias 848, Bk 84 348 thahbirietion

resi stance as the electrical switch 100. However, in

| i eusiofilathatd cagrespending cainpooes sesgritedpytegspestio the switch

bent switching fluid cavity 816, the switch 800 has a

pl ur €00 (RIGSE 1v@)1 Thbloptipa d9iit8I) 808 has thepseree meachhninalt rock

bent switching fluid cavity 816. The switching fluid

5818 palstarice dsithe prdricADEwIEH01G0. niHbweveyr, indieulmbhatihe electrical

switching fluid 312 wets to the contact pads 106-110

( FI Gontdsts 3xSosEd wilhin fiecbeit switshihg floidesavimnd1 d) e kwitch 800

i ght paths 848, 850 through the bent swtching fluid

cavi hak 8 bRirallhP 8PREHANIE PasgBO6-BE0 @Rpyeddeisa tH her sh@shing

been presented in the context of the swi tches 100,

800 mewavif eh lentd MRMidyaAd B18 aRR {0aAs bads 806-84D&imilarly to
I nventive concepts is not Iimted to the fluid-based

swi tﬁé\ﬁﬁwesmmiﬁbﬁyﬂc%@i Wetd BARQkoMbkt ;fead'ts'higessfi TOFIES. 1,3 &

and presently preferred enbodi nments o I nvention

1pnav e4)2?§@ aglﬁl%gtrté ?ﬁ%ﬁ L BRERIIGht MR 8‘%&%, 'S?%Prg@roggh & bent

under i nventi ve conce

ot hegmc%%(?v]ﬂﬁ%?%lﬁ{%m%nbodi ed and enpl oyed, and that

t he ‘appende ~are intended to be construed to

or - oPO3PE o Spid b 8 Ve SR TRs s pfheied e
context of the switches 100, 800 shown and described herein, application of
the inventive concepts is not limited to the fluid-based switches shown

15 herein.

[0039] While illustrative and presently preferred embodiments of the
invention have been described in detail herein, it is to be understood that the
inventive concepts may be otherwise variously embodied and employed, and

that the appended claims are intended to be construed to include such

20 variations, except as limited by the prior art.



WHAT IS CLAIMED IS: 1. A switch (100), conprising: a)

a channel plate (102) defining at |east a portion of a
woeoobees4ef cavities (300, 302-1804, 306, 308)pPCHESM04/002521

nunber of cavities including a bent switching fluid

cavi AP LLARhEDRGY: by at least first 5 and second

intersecting channels (134, 136) in the channel plate;

b) a1.pl ug h(}wn“?)&)éedoﬁ@ﬁ%jngal contacts (106, 108, 110)

exposed Wi witching fluid cavity; c¢) a

sw tehi ng Tluly ﬁgit]ﬁgte (W@is)dc{e‘ghﬁagiea@n |é£‘?a?%monsd¢'iatm & of

fluid cavity, serve and close at [eas
a pair of the plu [ 1 I rd
response to CS%'?'%%gﬁtoh %jz’groé' ' g%%l?’l%@i %agoa}t“ﬁ@B%@ﬁang%g
fluid; and d)_,an actuating,fl w 14, 6) ... hel .
wi thin one d&clwﬂ?%abpn{ %"g%h&fﬁLﬂLﬁﬁ’ é%v'@t(ﬁgéj cieélln\c?gg‘;ta(t)least first
apply said forces to. the switching f)ui 2. Th )
St oh ( 1oO)a“HfSGEP%qOW&eI?e@WQrcg‘ﬁ‘ﬂ’:‘eqz)(4%‘I‘ngi”@} Myt chiannel plate;
el ectrical contacts (10 resent pthin e bent . .
swi t chi g £ 1R %(\theiﬁc?%?@gfoé?a{sz@%’Hbér%@ﬁ"Bﬂs‘?ﬂW‘thm the
the first and second intersecting channels (134,
136); and 5 9ent awikehinasiid 6AWY: of the el ectri cal
contacts present within the bent switching fluid | .
cavity ob eia swdtchiiodhich3 12henaidhwidhidle et syvitching fluid cavity,
and second intersecting channels. 3. The switch (100)
of claim 2, thalaesias toloperlasdiciaseat laashe Reir f theogluralityef
110) are wetted by the switching fluid (312).
10 electrical contacts in response to forces that are applied to the
switching fluid; and
d) an actuating fluid (314, 316), held within one or more of the

cavities, that serves to apply said forces to the switching fluid.

2. The switch (100) of claim 1, wherein:

a) one of the electrical contacts (108) presents within the bent
switching fluid cavity (308) at the intersection of the first and
second intersecting channels (134, 136); and

5 b) different ones of the electrical contacts present within the bent
switching fluid cavity on either side of the intersection of the first

and second intersecting channels.

3. The switch (100) of claim 2, wherein the electrical contacts (108, 108,

110) are wetted by the switching fluid (312).



WD 2004/ 095482 -15- PCT/ US2004/ 002521 4. The switch
(100) of claiml1l, wherein the first and second

WO ndoans=sti ng channels (134, 138 intersect aPCBHIDS2004/002521
angl e of about 90. 5. The switch (100) of claim 2,

wher ei.n tThe seAtels {1009 aF claPint awhsrelnlP6 firsk@Bqg se@:éﬂ% m?ér@ecting
ends of planar signal conductors (112, 114, 11 6.

The swi t gRarfri®D)13af 1 sect $HHH oone of
the planar si gn% c%én)gﬁtg{orcs (11@%?&366}?2?'

intersects the bent swtching fluid cavity (306) at
an angle, and wherein a tightest angle at which one of

the gl ap ﬁﬁt@*ﬂ@ﬂoofemaﬁ SrindrBAh8 8fdchiduNEMEAL (108, 108,

Swi t chi ng 5 greater

swtch ( t gl e at
whi ch oni@argt 8&,8 ng?r éA@’ng[]g o:ﬂ%ﬁé %131%?11% 114,
116) intersects the bent switching fluid cavity (306)
is equal to or greater than 1351. The switch (100)

8.

of cl.a r eisA, t htesta | e,at which one of
Che' 8 anthe SNBFLTOD,hlidaih Pabicrsin ™! ezt Snq g ne pisner signai
intersects the b fluid cavity (30 IS
about 13%0““@' E’ﬁgﬂém f%nhﬁ%‘g%%ss?tséheaP%tQthﬁh(aléﬂél?uw Gavity
pat h tak one of the Ianar nal conductors
(112, 11&5%6%%3” %'Eﬂ?%rﬁ@e‘% AR ?Q!ﬁes%aaﬁlelqmé/vfé@moae of the
tightest corner in a path _taken b%e of the planar
si gnal cHABRIEIA Cp@ducéqrémt@qseplﬁé Q@nt dchivg4lipendy is
-16- PCT/ US2004/ 002521 10. A switch (800),
conpri si #§ateayhad Lannel plate (802) defining at |east
a portion of a nunber of

7. The switch (100) of claim 6, wherein the tightest angle at which one of

the planar signal conductors (112, 114, 116) intersects the bent

switching fluid cavity (306) is equal to or greater than 135°.

8. The switch (100) of claim 6, wherein the tightest angle at which one of
the planar signal conductars (112, 114, 116) intersects the bent

switching fluid cavity (306) is about 135°.

9. The switch (100) of claim 8, wherein a path taken by one of the planar
signal conductors (112, 114, 116) comprises a corner, and wherein a

tightest corner in a path taken by any of the planar signal conductors is

greater than 90°,



cavities (816, 820, 822, 824, 826), said nunber of
cavities including a bent switching fluid cavity

w@ 8m8)oxief i ned by at |east firstt-5 and second PCT/US2004/002521
i ntersecting channels (812, 814) in the channel plate;
b) aopl wsitchy800), vempadihg pads (806, 808, 810)
exposed within the bent switching fluid cavity; c) a

swi t chi @ﬁ f b ghahridb bibte (802) tefiy hDeast ApHads ofB Guhdle of
e

within t bent SWItChI ng fluid cavity, that serves

to open andcdyiekshéoiro, 829 grat B36) 848 nuditld) of BadEh

the bent sw tching f1ui d caV|ty in response to forces

that are api?nb!u@%gtébéﬁi%vmﬁhlhﬁhhlﬂg:af/ityu(fﬁﬁ) @Bﬁhecﬂ%y &Neast first
actuatlngflw hel d wi thin one or nore’ of

gavi ti es, ?ﬁ’d Sec%‘?lﬁ‘{ﬁt%rsteetnﬁ?ﬂjléhné%' @158 665 fh% &Héﬁnel plate;
SVVI tching f
b) a plurality of wettable pads (806, 808, 810) exposed within the
bent switching fluid cavity;
c) a switching fluid (818), wettable to said pads and held within the
bent switching fluid cavity, that serves to open and block light
10 paths (848, 850) through the bent switching fluid cavity in
response to forces that are applied to the switching fluid; and

d) an actuating fluid, held within one or more of the cavities, that

serves to apply said forces to the switching fluid.



