LIQU D METAL M CRO SWTCHES USI NG AS CHANNELS AND HEATER CAVI TI ES MATCHI NG
PATTERNED THI CK FI LM DI ELECTRI C LAYERS ON OPPCSI NG THI N CERAM C PLATES 5
Background O The Invention Recent devel opnents have occurred in the field
of very small switches having noving liquid netal-to-nmetal contacts and
that are operated by an electrical inpulse. That is, they are actually

smal |l  latching relays that individually are SPST or SPDT, but which can be
conbined to formother switching topologies, such as DPDT. (Henceforth we
shall, as is becom ng customary, refer to such a switch as 10 a Liquid

Metal Mcro Switch, or LIMVS.) Wth reference to Figures 1-4, we shall
briefly sketch the general idea behind one class of these devices. Having

done that, we shaliQBEMAEETAL. MECROSPWITCHES USINGXKSI nterest to us,

which is an inproved technique for formng the needed channels and cavities
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cover block 1PMTERNEIETHI@KMLM®EEEGTR&I€ LAYERS ©Nb! ock 1 has

within it a closed-ended channel 7 in which there are two small novabl e

di stended dropl ets (IGPPOSENGTHIN CERSEMICPIATESI, such as nercury.

The channel 7 is relatively small, and appears to the droplets of nercury
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such switches fabricated on a substrate.

Refer now to Figure 1A, which is a top sectional view of certain elements to be arranged within

15 a cover block 1 of suitable material, such as glass. The cover block 1 has within it a closed-ended
channel 7 in which there are two small movable distended droplets (12, 13) of a conductive liquid metal,
such as mercury. The channel 7 is relatively small, and appears to the droplets of mercury to be a
capillary, so that surface tension plays a large part in determining the behavior of the mercury. One of
the droplets is long, and shorts across two adjacent electrical contacts extending into the channel, while

20 the other droplet is short, touching only one electrical contact. There are also two cavities 5 and 6, within
which are respective heaters 3 and 4 each of which is surrounded by a respective captive atmosphere
(10, 11) of a suitable gas, such as N.. Cavity 5 is coupled to the channel 7 by a small passage 8, opening
into the channel 7 at a location about one third or one fourth the length of the channel from its end. A
similar passage 9 likewise connects cavity 6 to the opposite end of the channel. The idea is that a

25 temperature rise from one of the heaters causes the gas surrounding that heater to expand, which splits
and moves a portion of the long mercury droplet, forcing the detached portion to join the short droplet.
This forms a complementary physical configuration (or mirror image), with the large droplet now at the

other end of the channel. This. in turn, toggles which two of the three electrical contacts are shorted
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This forns a conpl enentary physical configuration (or mrror inmage), wth
the large droplet now at the other end of the channel. This, in turn,
toggl es which two of the three electrical contacts are shorted - 1
together. After the change the heater is allowed to cool, but surface
tensi on keeps tale nercury droplets in their new places until the other
heater heats up and drives a portion of the new | ong dropl et back the

other way. Since all this is quite snall, it can all happen rather quickly;
say, on the order of a mllisecond, or less. The small size also |ends
itself for use anongst controlled inpedance transmssion 5 |line structures
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smal | er, droplet 13, hbm1drqflet 13 is
droplet 12 physically bridges and electrically connects contact vias 19 and 20, after the fashion shown

in Figure 1C. Contact via 21 is at this time in physical and electrical contact with the small mercury

20 droplet 13, but because of the gap between droplets 12 and 13, is not electrically connected to via 20.

Refer now to Figure 3A, and observe that the separation into two parts of what used to be long

mercury droplet 12 has been accomplished by the heated gas 10, and that the right-hand portion (and

major part of) the separated mercury has joined what used to be smaller droplet 13. Now droplet 13 is

the larger droplet, and droplet 12 is the smaller. Referring to Figure 3B, note that it is now contact vias

25 20 and 21 that are physically bridged by the mercury, and thus electrically connected to each other, while
contact via 19 is now electrically isolated. .

The LIMMS technique described above has a number of interesting characteristics, some of

which we shall mention in passing. They make good latching relays, since surface tension holds the

mercury droplets in place. They operate in all attitudes, and are reasonably resistant to shock. Their



the larger droplet, and droplet 12 is the smaller. Referring to Figure 3B,
note that it is now contact vias 25 20 and 21 that are physically bridged
by the nercury, and thus electrically connected to each other, while
contact via 19 is now electrically isolated. The LI MV5 techni que descri bed
above has a nunber of interesting characteristics, some of which we shall
mention in passing. They make good | atching relays, since surface tension
hol ds the nercury droplets in place. They operate in all attitudes, and
are reasonably resistant to shock. Their -1 power consunption is nodest,
and they are snall (less than a tenth of an inch on a side and perhaps only
twenty qr thirty .thousandths .. | | ) . - ' |, on,
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against, which provides some hysteresis in the pressures required to move the droplets. This helps ensure

. that the contraction caused'by the cooling (and contraction) of the heated (and expanded) operating
medium does not suck the droplet back toward where it just came from. The droplets of liquid metal are
not shown in the figure.

20 If contact electrodes 22-24 are to be produced by a thin film process, then they will most likely
need to be fabricated after any thick film layers of dielectric material are deposited on the substrate (as
will occur in connection with many of the remaining figures). This order of operations is necessitated
if the thick film materials to be deposited need high firing temperatures to become cured; those
temperatures can easily be higher than what can be withstood by a layer of thin film metal. Also, if the

25 layer of thin film metal is to depart from the surface of the substrate and climb the sides of a channel,
then it might be helpful if the transition were not too abrupt.

Figure 5 is asimplified exploded view 25 of a LIMMS device whose heater cavities, liquid metal
channel and their interconnecting passages are formed in a layer of dielectric material between two

substrates, instead of being recesses in a cover block. The figure shows a portion of a substrate 26, which
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20 If contact el ectrodes 22-24 are to be produced by a thin film process,
then they will nost likely need to be fabricated after any thick film

| ayers of dielectric material are deposited on the substrate (as wll
occur in connection with many of the remaining figures). This order of
operations is necessitated if the thick filmmaterials to be deposited
need high firing tenperatures to becone cured; those tenperatures can
easily be higher than what can be withstood by a layer of thin filmnetal.
Also, if the 25 layer of thin filmnetal is to depart fromthe surface of

the substrate and clinb the sides of a channel, then it m ght be hel pful
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heat atas ph efdiffére@thted sheet, cured and then patterned (say, by laser or chemical etching) or they may

be patterned upon their initial application (via a screening process). In any event, the patterning produces
the heater cavities 44 and 45, the liquid metal channel 46 and their interconnecting passages.

20 The conventional thick film processes used to print patterned layers of the dielectric material
allows considerable control over the finished thickness of a cured layer of dielectric material (say, in the
range of five to ten thousandths of an inch), and achieving sufficient uniformity of thickness is not a
major difficulty. However, there are limits to how thin and how thick an uncured printed layer can be,
and it may be necessary to apply (print) multiple layers to achieve a particular overall depth for layer

25 36. For the KQ material that is to be printed on using a fine mesh (screen) of stainless steel, a printed
uncured layer is on the order of one to two thousandths of an inch in thickness. The KQ material shrinks
in thickness by an amount of about thirty percent during the curing process. Itis possible to print several
uncured layers, one on top of the other, and then fire the whole works, or, the application sequence could

be print - fire - print - fire ... , or even print - print ... print - fire - print - print ... . During the firing for
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tenperatures for prescribed | engths of tine. Depending upon the particular
material, they naybe applied as an undifferentiated sheet, cured and then
patterned (say, by laser or chem cal etching) or they may be patterned
upon their initial application (via a screening process). In any event, the
patterning produces the heater cavities 44 and 45, the liquid netal

channel 46 and their interconnecting passages. 20 The conventional thick
filmprocesses used to print patterned |ayers of the dielectric materi al
al l ows consi derabl e control over the finished thickness of a cured | ayer of
dielectric material (say, in the range of five to ten thousandths of an
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a strip 37 is part of an hermetic seal with a cover plate 38 and is formed of solder or glass frit. The

20 hermetic seal may also involve there being a beveled edge 39 along the perimeter of the cover plate 38.
Cover plate 38 is preferably of ceramic, although one could use glass, as well. On the underside of the
cover plate is applied a patterned layer 40 of adhesive, such as CYTOP. The patterning of the adhesive
layer 40 matches that of the dielectric layer 36 that it is to mate against, and is shown by the dotted lines.
Also shown as dotted lines are metalized regions 47, 48 and 49 that correspond to the regions 41 - 43

25 formed in the channel 46. Metalized regions 47 - 49 offer additional surface for wetting at the various
locations of the liquid metal, and may also be deposited by thin film techniques.

To assemble the LIMMS shown in view 25 of Figure 5, the channel 46 would receive its droplets

of liquid metal (not shown) and, while in an atmosphere of a suitable gas, such as N., the cover plate 38



such steep side walls. Once |layer 36 has been forned and patterned,
nmetallic regions 41 - 43 are deposited. These correspond to netallic
contacts 22 - 24 of Figure 4, and serve to inprove electrical contact with
the 15 liquid netal and to provide a surface that can be wetted by the
liquid netal (for latching). Regions 41 43 nmay be deposited by thin film
techni ques, in which case it nay be inportant that any high tenperature
firings needed to cure the dielectric |ayer 36 have al ready been perforned.
If desired, a strip of metal 37 may be applied around the perineter of the
LI WS device. Such a strip 37 is part of an hermetic seal with a cover
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use on the bottom substrate of a patterned layer of dielectric forming cavities, channels and

interconnecting passages is an attractive starting point. But then what?

Summary Of The Invention
20 An attractive solution to the problem of efficient fabrication of the channels and cavities in a
LIMMS device is to form them as matching upper and lower portions each created as a patterned layer
of thick film dielectric material deposited on a respective upper or lower substrate. The two portions are
adhered together by a patterned layer of adhesive, and hermetically sealed around an outer perimeter.
The heater resistors are mounted atop the lower layer, thus suspending them away from that substrate
25 and exposing more of their surface area. Vias can be used to route the conductors for the heaters and the
switched signal contacts through the lower substrate to cooperate with surface mount techniques using
solder balls on an array of contact pads. Such vias are not normally hermetic, but can be made so by

their placement within the patterned layers of dielectric material. If desired, the upper substrate and its
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formed on the~substrate are very close to the substrate, reducing the
resistor area available to heat the 10 g ,as and waste power by heating
the substrate. Mreover, form ng recesses in sheet of ceramc or glass is
an onerous task, and one that may involve nasty chem cals that are not
easily handled. Also, it may be that such form ng requires process
capabilities that not otherw se needed, so that if another existing
process could be used instead, a certain sinplification in manufacturing

| ogistics is obtained. And there is the promse that if an existing
process is re-used, the resulting structure will have thermal expansion 15

char ac6g-ald e Ny RLSIAH & B GRBRALLIE it e LBt BRI oS hidISIMNR Formel

t hese reasons, ou eto e-visit how the heaters are nounted, and
per hapsheggt. rid of the recesses dug into the cover block. The use on the

bottom s Ubsgﬁi%‘.t & %];: &ab§ totrﬁlqent(la’sg olr a yugtrablgTdie(igc?rlcerﬁ{tgtjiacf \Lrﬁ&{%psq bE ?tdetg] Sdheres
channel s an PRl erconnecti Ng passages i s an attractive startingpol At But
t hen whvail?o aismar y:- Ck initre ibnyverbntamindtts As cgtableaf beiug paeimetlj and if dsd desired.

problemof efficient fabricati of e channel s _and ,cayi t.j in a. LUVEMS
o co TG b et BEe e ol e PR R st Plsa AR e eksbefica i as
a patt dtehedicl @ivefi a clﬁhl’icel Niodker tftljiblledfﬁ‘id E@‘is&ﬁt (Ki) 6s prefeaabicalverdaipgiel dredSwirabie thick ]
respective,. er or | ower substrate. The two portions are, . adhered faqgether
by a p ’Pé‘f%&q e Al Pa AR ‘3?8?5“51%85 PnB‘i‘%‘Fe‘ﬂdéH‘i’%C9“"§§¥1F%fad g}cg@ﬁg\eglﬂbdg er
per i "eLfd KQ 1THhidkdanRleldctits bR HeraUuSalMhY 180 A ARKING cbRp&ditidns e DUPAHS
suspendi ng them away fromthat substrate 25 and exposing nore of their

surface area. Vias can be used to route the conductors for the heaters and

the sw tched signal cont aq;ﬁefmigggfb t@p#ﬂgﬁwiﬁgpstrate to cooperate with
ol der balls on-a

surface nount techni ques using n array of contact pads.
Buch vi as aFigumretl ARCranmbdrioul eeatiehal cvievisudf « priorbet SBOE IsiquibhMetsldicro Shvitcke ment

Wt hin tterned layers of dielectric material. . lf desired, the er
T e R S T S e
conventhanal, thky afe afsgBBdwRisthelrpain thesanttaticrtrgestses fornmed therein. This

pl an depends upon the use of a suitable dielectric material, which nmust be

strong, ad hEiguze 2 1s a sectional view similar to that of Figure 1A, at the start of an operational cycle;
Figures 3A-B are sectional views of the LIMMS of Figures 1A-C at the conclusion of the

15 operation begun in Figure 2;

Figure 4 is an exploded view of a prior art SPDT LIMMS similar to what is shown in Figures
1-3, but where the heaters are disposed both on opposite sides and on opposite ends of the channel;

Figure 5 is a simplified exploded view of a prior art LIMMS device that is fabricated with a
ceramic cover plate disposed atop a layer of patterned thick film dielectric;

20 Figure 6 is a simplified cross sectional view of a LIMMS device having a recessed cover block
and sequentially applied multiple patterned layers of dielectric material that not only form a heater cavity
but also serve to suspend the heater resistor away from a lower substrate, and which uses vias and
ascending pads to bring the resistor’s electrical connections out on the bottom surface of the lower
substrate to allow surface mounting with an array of solder balls;

25 Figure 7 is a simplified cross sectional view of a LIMMS device having a recessed cover block

and a patterned layer of dielectric material that not only forms a heater cavity but also serves to suspend

the heater resistor away from a lower substrate, and which uses unitary vias to bring the resistor’s



well to the sub ss inper ious to contam nants, is capable of being
patterned, and if also desired. 5 which can be netalized for soldering. It
shoul d al so have well controlled and suitable properties as a dielectric.
G ven a choice, a lower dielectric constant (K) is preferable over a higher
one. Suitable thick filmdielectric materials that my be deposited as a
paste and subsequently cured include the KQ 150 and KQ 115 thick film
dielectrics from Heraeus and the 4141A/D thick film conpositions from
DuPont. Brief Description O The Drawi ngs 10 Figures | A-C are various
sectional views of a prior art SPDT Liquid Metal Mcro Switch (LIMVS), and
wher ei RidcRlcalc@AYRALRNERugWMAE k&nbin€d NeledtBE Rhyaa8d SkHaiite a6t dnC@t B6ktdiA sopfesi t e
ends of the channel, they are al so shown as being on the sane side

t her eofof tEjlgusrsubstiate ta alleve syrfigamoynting vathan a2y ebsoldpaballt Figure 1A, at the
start of anpoperalh oRGhifeY 6ot sectfth@WiSssindiatto MaLoSBElE O NAkept LiRVEhe ¥ ceb i

LI MVB of Figures [A-C at the conclusion of the 15 operation begun in Figure
2; Fi gepeerdlack isaepleseg by de dpner ewpsite haying ehenngistandppyfties fonmeddn apattgrmeddaygaat

i§ Sho"(‘f‘?dieﬁ Eiic%’rlarte I a%a31 but where the heaters are di sposed both on

opposi te §iTdes "and an opposite ends of the channel; Figure 5is a
sinmplified Eigoatedlzd simplifiedf cress gedtimnalaidw timiiBodieat iof Bigutes, ekeepf tibr it csafioe dl

with a ceram c e ate di sposed at a layer of patterned thick film
di el ectft¥® cr’?iﬁe éﬁ\éﬁ[rrséigﬁm? Eavgl%%p '?WF@E&&?WES sectional view of a LI MVS
device having a recessed cover block and sequentially applied multiple
patterned | ayers of diel ectri,c_na%)eri al that not _only forma heater cavity

but al so serve to suspend$SREPHiRPEA Ereferred Frmbodiment 5 5 | ower substrate,

fd Whi ch ugeR, Yowi& mRde 6 A5REIsRHoRRES mb R tk ftBsehBBiok $PbH Pbss Sectibf Eikh €2l
connections out on the bottomsurface of the lower substrate to allow

sur f ac éhrpagive heatgr odvith ferra IIMMY deMicesonsinicted aith dhe IegteFfegigiop thiprein6tsuspenged f | ed
Cross i e | A raRl nd a
pat s or Acye b 3. 2he S0 ey b r SRLIOH P ol BAFRHaERN TR RGBT
but al sldlisdonoteryvise fumpdthereint th ecthe aiaefor the sosduotorsathstyartry thaekectricalsignals that
substrat.e, .and which u upitary vias.to bring. th esistor's 7 electrical
ConnecETishEe PR HEeT®: Shic saurcmpad ivhe Bopiisy obnlareet Redesbert i B o
the boldegitted)iiHeasifthere may be carried by the substrate 50 many other LIMMS devices or other circuit

elements (after the manner of complete circuit assemblies mounted on the substrate to form a so-called

hybrid circuit) having, in total, a large number of conductors to be dealt with, so that it is desirable to

use ball grid surface mount techniques to connect those conductors to the larger outer environment. On

the other hand, we do not rule out the possibility that the number of conductors is still modest, or even

20 small, but that it is nevertheless desirable for some other reasons to employ the surface mount ball grid

technique. (These reasons might include, but are not limited to, the pre-existence in the manufacturing

environment of a surface mount process for the larger part -- the hybrid -- being built, an absence or

aversion to wire bonding in favor of the solder ball idea, and a possibility that the density of the hybrid

is so high that it is desirable to minimize the amount of surface real estate devoted to interconnection

25 between parts.) In any event, the reader will appreciate that the application of vias is an effective way
to get signals from one side of a substrate to another, for whatever reason.

To continue, the underside of the substrate 50 has a patterned layer of metal, very possibly of

gold, of which regions 51, 52, 53, 58 and 59 are representative. Elements 51 - 53 may be simply a

ground plane or serve as portions of controlled impedance transmission line structures, such as co-planar

-8-



of the | ower substrate to allow surface nmounting with an array of sol der
balls; Figure 8 is a sinplified cross sectional viewsimlar to that of
Figure 7, except that the recessed cover block is replaced by an upper
substrate having channels and cavities formed in a patterned |ayer 5 of
dielectric material; and Figure 9 is a sinplified cross sectional view
simlar to that of Figure 8, except that it is for a region of the LI MVB
device having a liquid netal channel. Description O A Preferred Enbodi nent
10 Refer now to Figure 6, wherein is shown a sinplified representation 33
of a cross section taken through a heater cavity for a LI MVB device

const r ugeeelis\oh hnéshﬁlté}ﬁﬁw%[y bRSdr$idRé oft Nerseinfigi®e b RE BRARs 3BANE@59 AR pads
substrate 50. The substrate 50 may be of ceranic or of glass, and_it has
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the COHQMQET% %&Q%tuﬁ%f&%c&l%nﬁc G & tFk‘F]l 4?1'0%%1&%@5%@5& Y61d the ofheAPRds
resi stor I's contenplated 1s the possi Ity of a larger
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t echni fRBECHE4L €t MEHhos & 'B6haE esish (RAL SPPHP AT a5TT R, aé’ﬁ ’}go'r‘n%%‘fe

the ot h@indassbetweerds) 1H3tant Uh@caidlicttd Sunps prdxiatt yfiérhaduntihe nunber of
conductors is still nodest, or even 20 snall but t hat nevert hel ess

desirabl e fdHmdsiveton Weic of same interess: While By r?&i%“sﬂr'f%?c’@‘%%ﬁ‘elﬁma PLpn
tigchni qma,ffeé&;het%ssﬂee@&gnmrtmhng 1 e botkIth sudfaBe 8Fke Jubithateesd 4@ pattéaﬁed by

pre-existence in the manufacturing environnment of a surface nount process

for thet¢hingthe sp@pﬂuent mennsr pfiformigg a plugpiad gorpbination (AH5&ISIERLS aé)followdixsqt,o n
Lo wirey, %'39&1%1&1 lhd?e {ﬁ%ﬁéd é}Td thg'ﬁ“o@ ﬁll%ﬁ(rp l%géd)lv%lgfa? a‘ﬁiggd%gﬁggééﬁ&' 111(':1&1&%%6 t he

t he denS|ty 'S SO esira to mnim
anount rodtalssuch mld éa# thasmadedladtnndtpammmtbm therapplivadon ofdwat2® ibentedey Tharet s. )
0 30 EUSRL snekSed SAELIAL ke SIALLTHA Bnd NAlnah D 1APRLE RO Bleicpoms an
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film composition of PtPdAg, which is then fired. The plug and the pad make electrical contact owing

to their intimate proximity. The PtPdAg is, after curing, an effective hermetic seal across the (bottom)
end of the via. The PtPdAg pad is thin, and if soldered to in the immediate region of the via plug, permits
20 leaching of the via plug’s metal through the pad and into the solder. This can embrittle the solder, which
causes reliability problems. This leads us to use an enlarged or elongated pad with the solder ball offset
from the plug.
For additional hermetic protection we are inclined to also individually seal the top end of each
via as it emerges from (or enters into) the substrate. And, we want to suspend the heater resistor 66 that
25 is associated with these vias. Mindful that processing steps cost money, we would appreciate it if there
were a way to accomplish two goals by combing steps common to both goals.
After having formed the vias and their pads 58 and 59, we apply regions 62 and 63 of patterned
thick film dielectric material. That application is a printing and firing step involving, for example, either

the (afore-mentioned in the Summary) KQ material from Heraeus or the DuPont product. (Note the



ground pl ane or serve as portions of controlled i npedance transm ssion |ine
structures, such as co-planar 8 transm ssion lines. Alternatively, one or
nore of 51 - 53 m ght be absent. Elenents 58 and 59 are pads that connect
to metallic plugs 56 and 57, respective- i. Those plugs are forned in the
hol es 54 and 55 and serve as the actual electrical connection of the a
fromone side of substrate 50 to the other. Pads 58 and 59 carry sol der
balls 60 and 61 that are central to the surface nmount ball grid technique:
they re 5 flow agai nst a matching pattern of nounting pads upon the
application of heat during the process of attaching (by soldering) the

part i ngbdeaigs o@tﬁe‘?ecﬁorls%r’gﬁé 6333{6% afi 394 ex?:ih@d@ﬁ}hetﬂ'h@fwrﬁﬁ‘fdrduﬁﬁc ihk firih§ that ddresbe
appreci ated that hete may ayer sol der resi st (not shovvn) t hat

assi st sthe mublipts mrlmgl Iwwwnfttfé‘cﬂlelmmm@t@%ﬂb@t et and fireggld o sl veRbeasing @adst i ve
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the netal, suc e. har nen
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di aneter shrinkage creates a nan-hernetic seal ch |s al so COﬁounded by

the porB¥FE3l lois at%%%ss%agubstmﬁ affer {tieeumdy and %J“Fé‘luﬁ’élf s 38 heygreti6 sgabalderenlt 59)
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which is then fired. The plug an ad make electrical contact owing to
t heir |abpvmpeuq;trdm(ﬁw@ﬁflmnthéumeml@emsrremtmeﬁﬁ)cur| ng, an effective
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and sol dere e region e via
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attached. One way to form the patterning of the cover plate and the layer of CYTOP is to apply a layer

of the CYTOP to the underside of the cover plate and then use an abrasive blasting process to pattern
both at the same time. Known techniques may be used to accomplish an additional hermetic seal
20 ‘ between the perimeter of the cover plate 70 and the substrate 50.

Refer now to Figure 7, wherein is shown a cross section 79 similar to that 33 of Figure 6, save
that the vias and the layer of dielectric material are formed in a somewhat different manner. The
difference is that a single patterned layer 71 of dielectric material is formed before the holes 71 and 72
are drilled for the vias. When those holes are drilled they made are all the way straight through both the

25 substrate 50 and the layer of dielectric 71. We next form long via plugs 75 and 76. Then offset bottom
pads 58 and 59 are formed, as are top pads 73 and 74. In all other aspects Figures 6 and 7 are essentially

the same.
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25 is associated wth these vias. M ndful that processing steps cost noney,
we woul d appreciate it if there were a way to acconplish two goals by
conbi ng steps conmon to both goals. After having forned the vias and their
pads 58 and 59, we apply regions 62 and 63 of patterned thick film
dielectric material. That application is a printing and firing step

i nvol ving, for exanple, either the (afore-nentioned in the Summary) KQ
material from Heraeus or the DuPont product. (Note the -9 sloped sides of
the regions 62 and 63; they arise as explained the Background during the
firing that cures the nultiple printed |ayers of the dielectric material.)

Then we pri W W?J@I IElgurggll z@ aoﬁon%' clfvcﬁﬁargféifdr'lgfuﬁﬁgﬁmp%eﬁgﬂ 6& p@miikaeoVvi as

tOtOp surfaces (6] ions 62 and , respectlveﬁ are in turn
cover edisbsnse wity apepeavet hlote Thbreng rqgessmmu(ea; AIRAPFIC ?ﬁne*fs $0RRK e MdLEed

Lo Dr oLegl AIALIShoIRLAH LN ALATRLSHENCR WBPAkreT bR pads are hermetic, The

sl opi ng si des t owar e vias are useful at this point, as
printing o nRafes-hgpewmsFlgumetSeshpws dietsireis 2 ghobd sectmizhitiew 80 whess épwer petion Ezgm

portion. of. a st t.ran n is ric

5" and 4P LYot = proson kgD R TR b B g el BALPRSS Rl bRl o
64 and tfeecekR8RGFLEdveEplrte TDMIICPldcbeierd ibe t@fﬁubﬁtfatd Tbeating hpatedreesl layer 77 or
encl osed béwthe dielectric mterial | t

i s cur diglechitomejerialethaympniBe &1 tgq}Kerﬁgpéﬂifr%rgg*eraeyﬁgr} sﬁil‘]%"ﬁ@r‘?@“ 8od

her met ipgue$fias of dieléctR@RydrTa imaiched WRAEVEE RUSssdsOcabhield; bas@i@ﬁhﬁd’tﬁviﬂiﬁﬁ Lt wouland
whose surface well above the substrate éfor affni)é % 1&@ endgg eat.er
resi st §avedsyn in digseuayplat 10, had{theen psed dasfeag. Jrhe gpper subsiefte gudfts pattgpeg dielectric

gy tabl exr'ﬁ%é&tﬁ&?ed‘b@%éﬁﬁe%é@é’&ﬂesﬁee@}&@@%‘Séf@fe EQ/’I’IP@ﬁéduQs% RappRLiatedshadt her
known terials, there are various known ways of electrlcally and

physi cadchyiqee @falagmm@ (meeﬁmnmgtdﬁeet:p@as Cbmelssy)ssagpha@lféwéleﬁrns%dlalee@&é?yep| ate
70 (whi Vi 15 be | r r ses
(for 1 PN R uBEer t}lbesg‘at%iczjul Phisd i Jagugv%mf& A fitd G Ao 8 LBLANE BGRPSC
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subst r @h€thef) pattemed layer 71 of dielectric (which includes a void under the heater resistor 66 of Figure
8, but does not have such a void as part of the heatef channel shown in Figure 9, although it might). The
underside of substrate 50 may have patterned metallic regions 83 - 87 that correspond to 51 -53 of Figure

20 8. In the same way, the three vias in Figure 9 are formed with holes 88 - 90 that contain plugs 91 - 93,
and that are respectively in ohmic contact with pads 94 - 97, and also respectively with pads 100 - 102.
Solder balls 97 - 99 are offset from their respective plugs 91 - 93. Upper substrate 78 may optionally
have the patterned remnants 82 and 83 of metal that serve either as a ground shield, ground plane or as
signal conductors. _

25 Now note metallic regions 103 - 105. These are depositions that are intended to provide a wetting
action to the movable metallic droplet, as mentioned earlier. They are not there to provide electrical
contact, so that we have for that, for instance, region 103 does not touch pad 100. It does not touch

because region 103 does not extend over the lip of layer 77 toward the region occupied by the layer 69
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Refer nowto Figure 7, wherein is shown a cross section 79 simlar to that
33 of Figure 6, save that the vias and the |ayer of dielectric nmaterial
are formed in a somewhat different manner. The difference is that a single
patterned layer 71 of dielectric material is formed before the holes 71 and
72 are drilled for the vias. When those holes are drilled they nade are
all the way straight through both the 25 substrate 50 and the | ayer of
dielectric 71. W next formlong via plugs 75 and 76. Then offset bottom
pads 58 and 59 are fornmed, as are top pads 73 and 74. In all other aspects
Figures 6 and 7 are essentially the sane. -10 W now use Figure 7 as a
poi nt of coap® Noweit firdly a/oﬁurnbhlarrt dnypimMersgioh . 10Y\idweiehttolthekeft bmd wal ayered e

a top cover 0 _hayi ng recessed cavities and/o nnel s therein.
How t hat TV GP: P B s ot et SR ahiod] SETRe S ZGRRREL T on it b
Figures 8 aRecad thdref BE ol ] ismérc@yifald the padbOMO - tib2 6 theil Sssecigted segions
sectional view 80 whose | ower portion (from 5 adhesive |ayer 69 and
resi st dP3 680RAiee!d (or @%‘h?%etéléh% repEts gy e Y- g‘en Gpse W{?%ﬁ ] §8§Cﬁﬁ5§t be
i sicor p E&é&ed ig&ﬁ‘ AR EaRsE66h &xﬁpoeﬁgvﬁsopﬂeaﬁag cE@rink MayetsSof RLRdbEe pogEon,Sag of Op
substr te 78 bearing a patterned | ayer 7 dielectric material, that may
be ei t lsbromivre ok@olyktdenual fr om Her aeus or the DuPont product. The
patterning of dielectric |ayer 77 matches what ever recesses, channel s,
passages and cavities that would have been in the cover plate 70, had it
been used instead. The upper substrate and its patterned dielectric 10
| ayer 77 are attached by the patterned adhesive | ayer 69, as before. It
will, of course, be appreciated that technique of Figure 8 (the form ng of
recesses, channels, passages and cavities in a dielectric |ayer patterned
on an upper substrate) could also be used with the technique of Figure 6 to
replace the cover plate 70. Finally, refer nowto Figure 9, which is a
cross sectional view 81 of LIMVS device fabricated 15 in the nmanner of
Figure 8, but where the sectional view is taken through channel containing
the novable liquid netal droplet (or slug). It will be appreciated, then,
that in this view substrate 50 has the deposited and then patterned |ayer
71 of dielectric (which includes a void under the heater resistor 66 of
Figure 8, but does not have such a void as part of the heater channel
shown in Figure 9, although it mght). The
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under si de of substrate 50 may have patterned netallic regions 83 - 87 that
correspond to 51-53 of Figure 20 8. In the sane way, the three vias in
Figure 9 are fornmed with holes 88 - 90 that contain plugs 91 - 93, and
that are respectively in ohmc contact with pads 94 - 97, and al so
respectively with pads 100 - 102. Solder balls 97 - 99 are offset from
their respective plugs 91 - 93. Upper substrate 78 may optionally have the
patterned remmants 82 and 83 of netal that serve either as a ground shield,
ground plane or as signal conductors. 25 Now note nmetallic regions 103 -
105. These are depositions that are intended to provide a wetting action
to the novable netallic droplet, s(;ggtmgned earlier. They are not there
to provide electrical contact, we have for that, for instance,
regi on 103 does not touch pad 100. It does not touch because regi on 103
does not extend over the |ip of layer 77 toward the region occupied by the
| ayer &G CLAIM: of CYTOP. Now, it likely would not hurt anything if region
103 did extent to the |left and was covered by the CYTOP: the CYTOP is
resilient and the layer of nmetal formng region 103 is thin. Recall that if
t he novi ng Aetkbtrica swfecldmgyssanblytchrepmng 100 - 102 and their associ ated
regions 103 - 105 are cts with nercury),
then t hose surfactgrs °C% ?%?1Lgs'{bg%atglﬂ%&ﬁeérf%%@%owg&rrﬂfaig%gl gamati on and
bei ng di ssol ved :bﬁrscmyezr bﬁ’l(jjelleetyierrﬁatﬁfal slepdsad:ﬂ epqr the ém$t|soxfaces<a°ythe dirst non-
;A;romumor bde num Cﬁ V% 345 An el trlc hane]aé%

senbly coffff \1 Mili Sﬁatﬁa‘f RAHETMRGR EBIS %tf”ic\%mgilﬁ ?‘SP& A G 2P PETeshd
second sur f @maécting tHel Hedter daritRs todtbedtiond A6y the ligil afetahbhadaglOsi ted upon the
first surface of the first pon- 6 conductive substrate and patterned to

& eate heater caseEonEdongopdugiyssuhitaly havHgA{lpt sYfEFepassages connecting the

heater cavities §@Qcdnqdfet SN feledtlRiateRS depstitbdupaliRd fighvafa&d of t s‘éc&ﬁl%ﬂd
non- conducti ve substrat’e having a first surface; a second | ayer

Helectric erduetiva|subsigissind qatterpeshio Taich @t keast Shp hagtes cayitiesef eé&ﬁdambﬁf
dielectric material;

12 a layer of adhesive deposited on the second layer of dielectric material and patterned to
match the pattern of the first layer of dielectric material; and

14 . the surfaces of first and second non-conducting substrates facing each other and being

brought into contact through the intervening first and second layers of dielectric material and the

16 layer of adhesive.

2. An electrical switching assembly as in claim 1 wherein at least one of the first and second non-

[ ]

conductive substrates is of glass.

3. An electrical switching assembly as in claim 1 wherein at Jeast one of the first and second non-

3

conductive substrates is of ceramic.
4. An electrical switching assembly as in claim 1 further comprising conductive vias through the

2 first non-conductive substrate and first layer of dielectric material, an end of each conductive via being

within the heater cavity.
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10 conductive substrate and patterned to match at | east the heater cavities
of the first layer of dielectric material; 12 a |ayer of adhesive
deposited on the second | ayer of dielectric material and patterned to
match the pattern of the first layer of dielectric material; and 14 the
surfaces of first and second non-conducting substrates facing each other
and being brought into contact through the intervening first and second

| ayers of dielectric material and the 16 |ayer of adhesive. 2. An

el ectrical switching assenbly as in claim1l wherein at | east one of the
first and second non 2 conductive substrates is of glass. 3. An electrical
swi t chisng a?&% LY PSvilcRinG la@de by dé’{f'@él.«%hm ﬁﬁ'th&%@ﬁﬁ)mﬁl Epgs irfsIte thel HeSter adigty
second non- uctive substrates is of ceramic. An electrical switching
a%serrbltlyataqurmeodlzalandmhﬁmltrhmtommwd@imgN@OﬁmI@ﬁ ve vial thr ough the 2
first non-conductive substrate and first |ayer of dielectric material, an
end of each conductive via being within the heater cavity. -13 5. An

el ectriécal nidehicapswishmgiabsgmbly dsin chiai fufthénnonipesing consiuctevervipspugugh i de

h h d d
bt voorriinen gt it Baf A P o i FE T el BB ol halegPATRHEL o,

conpri sﬁlﬂ@@,@mqmgtme(@cmrﬁa through the 2 first non-conductive substrate
and first layer of dielectric material, an end of each conductive via being

within the liquid netal channel. 7. An electrical switching assenbly as in

claimly Vmek%'e'ikcﬁ"l?:@l lecﬁl%ommﬁﬁ%mclhﬁyﬁﬁﬁerﬁﬁ tiH fRktQal kdcond ﬁﬁéfﬁbﬁdliel@&mar e
deposited with thick filmtechni c%ues . An electrical switching assenbly

cdnpri si ng: H@tealafafﬁé'tpoﬁm\&@h@lﬁk ilmdechnigyesr at e having first and second
surfaces; a layer of dielectric material deposited upon the first surface
of the fi rst non-conductive 4 substrate and patterned to create heater
caviti &s, aAnietpsirgdahstiwhing hssembly mpripiag'sages connecti ng

2 a first non-conductive substrate having first and second surfaces;
alayer of dielectric material deposited upon the first surface of the first non-conductive
4 substrate and patterned to create heater cavities, a liquid metal channél and passages connecting
the heater cavities to locations along the liquid metal channel;
6 a second non-conductive substrate having a first surface patterned to match at least the
heater cavities of the first layer of dielectric material;
8 alayer of adhesive deposited on the first surface of the second non-conductive substrate
and patterned to match the pattern of the layer of dielectric material; and
10 the surfaces of first and second non-conducting substrates facing each other and being

brought into contact through the intervening layer of dielectric material and the layer of adhesive.

9. An electrical switching assembly as in claim 8 wherein at least one of the first and second non-

t9

conductive substrates is of glass.

10. An electrical switching assembly as in claim 8 wherein at least one of the first and second non-

o

conductive substrates is of ceramic.

.14 -



the heater cavities to locations along the liquid netal channel; 6 a second
non- conducti ve substrate having a first surface patterned to match at | east
the heater cavities of the first layer of dielectric naterial; 8 a |ayer
of adhesi ve deposited on the first surface of the second non-conductive
substrate and patterned to match the pattern of the |layer of dielectric
material; and 10 the surfaces of first and second non-conducting substrates
faci ng each other and being brought into contact through the intervening

| ayer of dielectric material and the |ayer of adhesive. 9. An electrical
switching assenbly as in claim8 wherein at | east one of the first and
second pon- s %ﬁd&%ﬁ?&&i}éﬁin@l&?&%g&%%n b18inP$ futheS®mpRing Abn 86 VidsCBtough the
switching assembly as in ¢Claim8 wherein at | east one of the first and
sdcond firernoncondhatvd substetarnd fisgt tayer of disfeckrisraatgrial, an ¢ud of pactygendyctive viadg) i«
swi t chi pg.AsagmiLy..85,in claim8 further conprising conductive vial through
the 2 tfirst non-conductive substrate and first |ayer of dielectric
material, an end of each conductive via being wthin the heater cavity.

12. An glectrical swtching assenbly. as.i laim 11 further rising pads
nsi do bhe. HORGBTERET-EREY Stk BriprEiMpnaing Uiredfiae Pl oy
sgspendast coedr\Wrenastdne apadler resisior shspetlicRitetwealthepaid.chi ng assenbly as in

claim 11l further conprising conductive vias through the 2 first
non- conductive substrate and first |ayer of dielectric material, an end of

each conductingeckical fBicRRlg aWehblyRs inteaiti 19 QirtheNBIndrismigRBARItivelhas thibugh the
el ectrical switching assenbly as in claim8 wherein the first and second
| dyer s fispt ngheprdictiyesubsirateeang Firshlayerrod diglepsis imagamiahian pnd ofieagh qondlyptive ¥iadeinges .

within the liquid metal channel.

14. An electrical switching assembly as in claim 8 wherein the first and second layers of dielectric

2 material are deposited with thick film techniques.
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