HALO-HYDROCARBON POLYMER COATING TECHNICAL FIELD This disclosure relates
generally to polymer coatings and, more specifically, to a halo-hydrocarbon polymer coating for
electrical devices. 5 BACKGROUND Many electrical devices comprise electrical components that
are soldered to printed circuit boards (PCBs). The metal surfaces on the electrical components and
PCBs often oxidize or corrode before being soldered together. The oxidation or corrosion of the metal
surfaces may prevent strong solder joints from being formed or 10may reduce the lifetime of such
joints. As a result, the electrical devices may be defe(ftive. or may not function as long as desired.
SUMMARY In some embodiments, a printed circuit board (PCB) comprises a substrate 15 comprising
an insulating material. The PCB further comprises a plurality of conductive tracks attached to at least
one surface of the substrate. The PCB further comprises a coating deposited on the at least one
surface of the substrate. The coating may cover at least a portion of the plurality of conductive tracks
and may comprise at least one hglpdysgveaaseurpeIV®e. The:R B maydurther comprise at least one
20 conductive wire that is connected by a wire bond to at least one conductive track, wherein the wire
bond is formed thjf%maﬁo}f [ing without prior removal of the coating such that the wire bond abuts
the coating. Imotnerembodiiients, a PCB comprises a substrate comprising an insulating
material. The PCB furth€kiedrspirivesralphiraditgrdhcomplictivecnaivies attaoimed weeif:28liedst one
surface of the suQ%g@éﬁry}g@aﬁgﬁpm%gr&gm@r]@gg@dgw;h@y&g_coaﬁng deposited on the at least one
surface of the substrate. The multi-layer coating (i) covers at least a portion of the plurality of
conductive tracks and (ii) comprises at least one layer formed of a halo-hydrocarbon polymer. The
PCB futher comBise€K@Rrfedstbone electrical component connected by a solder joint to at least one

conductive track, wherei, (i SOIRREIAVii2SoliIRd tiiamel) B BuilinPuRt SPAURG.RUFTb that the

solder joint abuts the multi-fayer coating.
printed circuit boards (PCBs). The metal surfaces on the electrical components and

PCBs often oxidize or corrode before being soldered together. The oxidation or
corrosion of the metal surfaces may prevent strong solder joints from being formed or
10 may reduce the lifetime of such joints. As a result, the electrical devices may be

defective or may not function as long as desired.

SUMMARY
In some embodiments, a printed circuit board (PCB) comprises a substrate
15 comprising an insulating material. The PCB further comprises a plurality of
conductive tracks attached to at least one surface of the substrate. The PCB further
comprises a coating deposited on the at least one surface of the substrate. The coating
may cover at least a portion of the plurality of conductive tracks and may comprise at
least one halo-hydrocarbon polymer. The PCB may further comprise at least one
20 conductive wire that is connected by a wire bond to at least one conductive track,
wherein the wire bond is formed through the coating without prior removal of the
coating such that the wire bond abuts the coating.
in other embodiments, a PCB comprises a substrate comprising an insulating
material. The PCB further comprises a plurality of conductive tracks attached to at
25 least one surface of the substrate. The PCB further comprises a multi-layer coating
deposited on the at least one surface of the substrate. The multi-layer coating (1)
covers at least a portion of the plurality of conductive tracks and (i) comprises at least

one layer formed of a halo-hydrocarbon polymer. The PCB further comprises at least



In yet other embodiments, an apparatus comprises a substrate comprising an 5 insulating material.
The apparatus further comprises a first contact attached to at least one surface of the substrate. The
apparatus further comprises a coating deposited on at least one surface of the first contact. The
coating may comprise at least one halo-hydrocarbon polymer such that the first contact is operable to
conduct an electrical signal through the coating to a second contact without removal of the coating. 10
One or more embodiments may comprise a printed circuit board to which a solder connection is to be
made. The surface of said printed circuit board may have a multi-layer coating comprising one or more
polymers. The polymers may be selected from halo-hytirocarbon polymers and non-halo-hydrocarbon
polymers. The thickness of the multi-layer coating may be from 1 nm to 10 m. 150ne or more
embodiments magnestagrisal somirteaiicironicisd ndascldhidhiat $okidrasb prreetishiddviotsekmade. The

surface of said pripied;sifaeithearddnayshaveadiibiaay HCaaling.compHSHORae i apre polymers.
According to certain embodiments, there may be no solder, or essentially no solder, between said

coating and condSATEI AR RAIA B WFHE board. 200ne or more embodiments may
comprise a printed circuit lgeasthto stichiracstlder gpanecticonmgricehe mbdmiclhengtisfagarof said

. ircui a terfal, I- ra_. -i- 1rSt contact attac le I-
printed gircuit boe}ﬁ?u’l“f’i‘ﬁ@?ﬁ‘é’% %m‘r:iuté I3y I%SWI%FQO y?‘%&@% A0e ALMQGRAAeLS L e multi-layer

Coating may comprise one or more layers o screte p mers. One Oor more empo .lments may
comprise a printetPgifdtfB A tFHRHIER-a D5 peaertSHRsErompsites B mbivkdeprated face of said

printed circuit boakddmnayteauefacawiithiafer eaading TRIMPHSHINMN Oh ot NekynaEshalde multi-layer
coating may comprise graded jayers.of different pabimers. . o016 OLOIS embodiments may
comprise a prlnte CIrcuit board’to which a solder connec%lon |§’Efo € ma e.uf € surface of said
printed circuit boasignmaly et sormudtidayercod atingorithrigingrond of theaieiglymers. The

multi-lgyer coating may SEBiSR M85 S MES Sompri e R MPSGRBGLIMENIS BaY comprise a

printed circuit board to which a solder connection is to be made. The surface of said printed circuit

board may have &H6RFIAPET O3y RERAPTisig SHE ST thite BRI U THROFASPRYEN Sdhich may be

in contact with thenstiifager @bttiegeintptstipottit boakde mayneos priesainesrshaky-bbhydsagarbon
polymer. from halo-hydrocarbon polymers and non-halo-hydrocarbon polymers. The thickness
of the multi-layer coating may be from 1 nm to 10 pm,

15 One or more embodiments may comprise a printed circuit beard to which a
solder connection is to be made. The surface of said printed circuit board may have a
muiti-léyer coating comprising one or more polymers. According to certain
embodiments, there may be no solder; or essentially no solder, between said coating
and conductive tracks of said printed circuit board.

20 One or more embodiments may comprise a printed circuit board to which a
solder connection is to be made. The surface of said printed circuit board may have a
multi-layer coating comprising one or more polymers. The multi-layer coating may
comprise one or more layers of discrete polymers.

One or more embodiments may comprise a printed circuit board to which a

25 solder connection is to be made. The surface of said printed circuit board may have a
multi-layer coating comprising one or more polymers. The multi-layer coating may
comprise graded layers of different polymers.

One or more embodiments may comprise a printed circuit board to which a
solder connection is to be made. The surface of said printed circuit board may have a
30 multi-layer coating comprising one or more polymers. The multi-layer coating may

comprise two or more layets.



One or more embodiments may comprise a printed circuit board to which a solder connection is to be
made. The surface of said printed circuit board may have a multi-layer coating comprising one or more
polymers. In some embodiments, there may be no, or essentially no, metal halide layer on the surface
of the printed circuit 10board. In some embodiments, a method of making a connection to a printed
circuit board having a multi-layer coating comprises applying solder, and optionally flux, to the printed
circuit board at a temperature and for a time such that the solder bonds to the metal and the
composition is locally dispersed and/or absorbed and/or vaporised. 15 According to certain
embodiments one or more factors are selected such that (a) there is good solder flow, (b) solder
covers the substrate (typically a conductive track or pad) on the printed circuit board, and (c) a strong
solder joint is generatednthe arecomibodanaciaraynaynposaprigdn(e) thewsubsirate citdracteristics, (b)

ihe coaiing charagialeliRe(aling AN SheiagiRuskea(Ghing splderiagprallsncluding 20
time and temperatures, ?8 the process to disperse the coating, and (e) the process to control solder
flow around the j@tti direr GP#HBECERIBEIRRIS R FRShPTse dadusbRSTmBHR TRE the wetting

characteristics ofia 6QRINGGONMIPYISIRGQNS AhdnRNRdIGNN0BeSar AL ROWARESDORA-halo-  Printed
circuit %ciard by %&a{ma %tchin%{ lasma activation, plasma polymerisation and 25 coating, and/or liquid
emical ygroon

based i Bt more embodiments may comprise a method of modifying the

wetting characteristics 6fra muititay emboditing tbynplasempete Ripgnplhsimainbivationyvplasma
polymerisation angdggaling. @it/ RrieeifRrsed coamicaleleinthied circultbS@M&ERRANIMENtS, &

printed circuit board comprises a substrate and 30conductive tracks. The surfaces of said printed
circuit board may BEtBHIER81P S CLRBEEHH ARG FrBafFSRIEE it SRRE AT A B d 6%
composition compiisibg o) erassaardhale-medioearixonee yimBdessupfath )odl frufitHimecieasting

compri?dng one of mare polymers selected from halo-hydrocarbon polymers and
non-ha o-hydrocar%on' polymers, at a thickness of | nm to 10 iun. According to certain embodiments,
the substrate comprisedrasaieaerrliafimeatsssrostinstef srsblgendsasdipeiemiiiisd fikdihe 5

embodiments, thg sl GRS CRRKYY esiiBondediginssdakyiasd syathealie rrsindonded
paper, phenolic c%ttoni !ﬂgggr,ccgtr@nr a%e%m%goxy,rgggﬁ, rcartolboar%,éﬁt}(?=3xt%&§:s, T%r&en g}% or synthetic
wood based matéPfaf! [ AR A TS FRYT 2 e thiod ‘P prEphliAY A SRS E¥EUR board
comprises: (a) providinglapdittedaimssitiooasdohaiyngsaersed virdionrdntablydexd Gsedporised.
15 According to certain embodiments one or more factors are selected such that (a) there
is good solder flow, (b} solder covers the substrate (typically a conductive track or
pad) on the printed circuit board, and (c) a strong solderjoiﬁt is generated. The one or
more factors may comprise (a) the substrate characteristics, (b) the coating
characteristics, (c) the solder/flux characteristics, (d) the soldering profile (including
20 time and temperature), {d) the process to disperse the coating, and {¢) the process to
control solder flow around the joint.

One or more embodiments may comprise a method of modifying the wetting
characteristics of a coating comprising one or more halo-hydrocarbon polymers on a
printed circuit board by plasma etching, plasma activation, plasma polymerisation and

25 coating, and/or liquid based chemical etching.

One or more embodiments may comprise a method of modifying the wetting
characteristics of a multilayer coating by plasma etching, plasma activation, plasma
polymerisation and coating, and/or liquid based chemical etching.

In some embodiments, a printed circuit board comprises a substrate and

30 conductive tracks. The surfaces of said printed circuit board may be completely or

substantially encapsulated with either (a) a coating of a composition comprising one



10 surface, (b) cleaning the surface in a plasma chamber, using gases such as hydrogen, argon or
nitrogen, and (c) applying to the surface a thickness of 1 nm to 10 pm of a composition comprising a
halo-hydrocarbon polymer by plasma deposition, said coating optionally following the 3D form of the
printed circuit board. In some embodiments, a method of preparing a printed circuit board 15
comprises: (a) providing a printed circuit board having an environmentally exposed surface, (b)
cleaning the surface in a plasma chamber, using gases such as hydrogen, argon or nitrogen, (c)
applying to the surface a thickness of 1 nm to 10 pm of a multi-layer coating comprising one or more
polymers by plasma deposition. The polymers may be4selected from halo-hydrocarbon polymers and
non-halo-hydrocarbon 20 polymers. The multi-layer coating may optionally follow the 3D form of the
printed circuit boardmore h@néairsrmbere puhodimentstnaynotivipyise-uming @opnspEsitierocomprising a
halo-hydrocarborypolymer.asadamns-fefariaptcaringsarRinier chewiRaRtds R SR

embodiments, a method of making a connection’between a wire and a 25 substfate may use a wire
bonding techniqueClYRerw it theishinat iad tridy beCoEttg WittrBakbrmudimshtthdcomprises
one or more haloshysiraieatagni pely meesi sitthathieloness 0¢:f6e 3o Ivein Bes e pRenidas0 Mesembodiments,

the wire.bonding technigue. is pall/wedge bonding. In other embodiments, the wire bg (i’i’ng technique
o wedgbimecge BT Ko SRt 8 ot BT e e B B Ee SO HBaluminium.
silver, copper, nidkel deidsd. paPsonbeaphib cuiitee Mapth e eiirsiarer, compriserccoppéoagdld, silver,

aluminium, tin, caggietive PRIV sy Ah&RNWHSHINEslakSateriailfd SOMe embodiments, a method of
making a connection between a Wireé?nd a substraé'e m%}( use a wire bondin techni(g)ue. In some

embodiments, only the Wir&0% EBE0SIMTR a%caMiT8Sittn RAERPEDR frifl L 6R e BF Hiopaard
halo-hydrocarborcpofyiverd gt adhitikp esg ntddorincbin beda! 2gringl anctheirambodimnenissednly the

substraye is coatedith #,cOMARYIANILEIMPHREALOBALMASHIRUAR Ragohymers at &

thickness of from 1 nm to 2 um. In some embodiments, a method of making a connhection between a
wire and a 10 sulSSERETREPERL 2dvife Mphvinigiedbrstiies Trlidkespilorite sibetrelé may be

coated with a corgpagiiamnihasapmnpigseshanehoiarscnalpiiydrosarpampolsmerscal adbickness of
from IOnm to 100n mbodi a m%mod of rgakin&%coynection between a wire and
rm o T

a substrate may lse 13 Ql?lte? g@r@?ﬁ@%&%%ﬁ%s%rgwwee nafor the SubStrate may be
In some embodiments, a method of preparing a printed circuit board
15 comprises: (a) providing a printed circuit board having an environmentally exposed
surface, (b) cleaning the surface in a plasma chamber, using gases such as hydrogen,
argon or nitrogen, (c) applying to the surface a thickness of 1 nm to 10 um of 2 multi-
layer coating comprising one or more polymers by plasma deposition. The polymers
may be selected from halo-hydrocarbon polymers and non-halo-hydrocarbon
20 pelymers. The multi-layer coating may optionally follow the 3D form of the printed
circuit board.
One or more embodiments may comprise using a composition comprising a
halo-hydrocarbon polymer as a flame-retardant coating for printed circuit boards.
In some embodiments, a method of making a connection between a wire and a
25 substrate may use a wire bonding technique. The wire and/or the substrate may be
coated with a composition that comprises one or more halo-hydrocarbon polymers at
a thickness of from 1 nmto 2 pm. In some embodiments, the wire bonding technique
is ball/wedge bonding. Iﬁ other embodiments, the wire bonding technique is

wedge/wedge bonding, According to certain embodiments, the wire comprises gold,

30 aluminium, silver, copper, nickel, or iron. In some embodiments, the substrate



15 coated with a composition that comprises one or more halo-hydrocarbon polymers. In some
embodiments, the halo-hydrocarbon polymer is a fluoro-hydrocarbon. In some embodiments, a
method of making a connection between a wire and a substrate may use a wire bonding technique.
The wire and/or the substrate may be coated with a composition that comprises one or more
halo-hydrocarbon polymers. In 20 some embodiments, the halo-hydrocarbon polymer coating remains
intact after wire bonding except in the area where the connection is made. According to certain
embodiments, the halo-hydrocarbon polymer coating is removed and/or dispersed by the action of the
wire bonding process, without the coating being remo¥ed in a separate pre-processing step. In some
embodiments, an additional coating comprising 250ne or more halo-hydrocarbon polymers is applied
after formation ofcthepcennagtien. gold,|silsermelenibodinientopdusais-Rybmesrsurepelyeies may be used
to prevent oxidatign.and/or corrosion of a wire and/or a substrate prior to formation of a bond between
the wire and the substrate by a wire bonding technique. According to certain embaodiments, a
halo-hydrocarbon polyrifefaftayBeedEeis almsiad thaabino? So30Hd RS eRENER " Wire and a
substrate under guettaiserkAtEOSPHEBaising Bchiigubond agntashbidlisents, obfy Sbheneireriasbodiments, a
device comprises one.or.more contacts. At least one of sai tact ith a

com pos%tion that {(C:(caz)a{}rrff|gr‘lf'éll({apsaocr?él1 ?Sr%llg?et%tél%qmaﬁg%g%g?] %gri%rr}ﬁ%%éﬁg? %‘éﬁ%&%@g %%ngr%}m 1nmto 2
um. In some emboikagss ohftheyitamdmpHBedmpthis sEedimars edy s wErssolterA he device
may be configuregiguigh.thaidhgrpirer eonfrctanddanvensemaet iyé-sapailepplhrizgabeought into
electrical contact ,i%%neacrt?ther. The er and/or lower contacts may be coated with a composition
that comprises oﬁ\g’ fid? H%I-HWFS%F) on polymers at a thickness of from 1 rim to 2 um. In some
embodiments, the uppemanchdambodioniacts cothplistnsteingessstectiosikawesarbaie aivke!, gold, tin,
100r allgys thereqf\n-Some.cRPQUIMERLRHHE ABMIRRIS FHEURR%nd/0r BhEQMEBIhediments, a

sensor device comprises one or more sensor elements and each sensor element comprises a contact.
The contacts mayP¥eEHB @ GATRPESE LS IBIRPIRSE CBTASTRRYS BAE-BY HHSAENNAIBRVRFS &rbon

polymers at a thickinasaat BoRMNTHER 13 Undd some embodiments, the one or more sensor elements
are 15 electrodes. In sqme emb%

Cente; 116 SRIIAFR EARISE BT RONGUCYe fnks, andlor siver
e embo :m% !aadBVIC

loaded epoxy. In some embodimen g, ‘ e compriseés one or more contacts. At least one of
said contacts mayubstetsaresy withavdontposits teehaideomphissdrogads Hsreuhsieth b earbon

polymeyrs at a thickess.afhfiamh GNP HA®BMerises one or more halo-hydrocarbon palymers. In
some embodiments, the halo-hydrocarbon polymer is a fluoro-hydrocarbon.

In some embodiments, a method of making a connection between a wire and a
subsfrate may use a wire bonding technique. The wire and/or the substrate may be
coated with a composition that comprises one or more halo-hydrocarbon polymers. In

20 some embodiments, the halo-hydrocarbon polymer coating remains intact after wire
bonding except in the area where the connection is made. According to certain
embodiments, the halo-hydrocarbon polymer coating is removed and/or dispersed by
the action of the wire bonding process, without the coating being removed in a
separate pre-processing step. In some embodiments, an additional coating comprising

25 one or more halo-hydrocarbon polymers is applied after formation of the connection.

In some embodiments, a halo-hydrocarbon polymer may be used to prévcnt
oxidation and/or corrosion of a wire and/or a substrate prior to formation of a‘bond
between the wire and the substrate by a wire bonding technique. According to certain
embodiments, a halo-hydrocarbon polymer may be used to allow formation of a

30 connection between a wire and a substrate under a non-inert atrnosphere using a wire

bonding technique.



20In some embodiments, a device comprises one or more contacts. At least one of said contacts may
be coated with a composition that comprises one or more halo-hydrocarbon polymers. In some
embodiments, the electrical conductivity of the coating in the z-axis is higher than the electrical
conductivity in the x-axis and y-axis. In some embodiments, the halo-hydrocarbon polymer coating
provides environmental 25 protection. In some embodiments, the electrical resistance of the coating
can be optimised for different applications. In some embodiments, a device comprises one or more
contacts. At least one of said contacts may be coated with a composition that comprises one or more
halo-hydrocarbon polymers. A method for preparing thg device may comprise depositing 30the
halo-hydrocarbon polymer coating by plasma deposition. In some embodiments, the halo-hydrocarbon
polymer is a fluoro-hydrbcanbermbodihesomeaiertbadinpents cacsensorelemert canysises: a contact.

The contact may be.goated witha comRaRIian AL SOMBHRGSIORE A RALe, NEl9- hudraggrbon polymers

at a thickness of from 1 nm to 2 gin. One or more embodiments may comprise a method of protecting
one or more 5 upPEFSATIBWEY BsFACIShit s EEOPHe i ide ivay be configured such that said
upper contact and lowencesiactans eapale Ofdaeing dapaht into gigsticatcontach witheach other.

The meéhod may comprise coating the contacts with a.c sition that compyises one or more
nalo-nydrocarbort SORer Al (R aT ML Mol Top s APTA CHIAE EMRoat S e coating s
applied prior to méiskpehigei0iding erovizhs ino clriciwl polstemibhediinetss. iy eerenriséon method of

protecting one or [MOLE CANIAEIAD BeSRRRYN JRYISRoHBEMEThAG MALRADBHS:CABHNgfhe contact
pads with a composition that comprises one or more_halo-hydrocarbon polymers at a thickness of from

1 nm to 2um. In sBHAPERBBAPRERS the LoHsE iRf A Bttt 1 Martfssta 8P #atsvice. In some
embodiments, thetdappsitiod teehniguads plasrise Sbtidpositteh silver) Rsbonentuddoghidens, a

halo-hygrocarbongqlymesma 1 LSed.1aaaha SLTRSR ALSVTAGes,8f contacts in a device
| LHIREE30

comprising an upper contact and a lower contact. The device may be configured such that said upper
contact and lower contalt S¥BcCapRINE 1B H§ BP0 dGHESFRMPIATH 2 SoRPAC R elsBlsBther. In some

20 embodiments agdhalarRysiacachenalyipa:maydhmisetio anla swfase Rusdriages of a contact

in a sensor device com risin[g' one or more Sensor e erinehntg. Arp M?r%the coatiprgeto af PCB or
. comeo tion tat ciomd)r:sei one or.more halo- rﬁl r%farbo n}{ s at a thic S8 O
other device may provide Several advantages. Various enmbodiments may have none, some, or all of

these advantagesir@né advimtageis thaoire coxigarisythreventrcontustivertrékentnae PCB from

15 electrodes. In some embodiments, the contacts comprise carbon, conductive inks,
and/or siiver loaded epoxy.

In some embodiments, a device comprises one or more contacts. At least one
of said contacts may be coated with a composition that comprises one or more halo-
hydrocarbon polymers at a thickness of from 10nm to 100nm.

20 In some embodiments, a device comprises one or more contacts. At least one
of said contacts may be coated with a composition that comprises one or more halo-
hydrocarbon polymers. In some embodiments, the electrical conductivity of the
coating in the z-axis is higher than the electrical conductivity in the x-axis and y-axis.
In some embodiments, the halo-hydrocarbon polymer coating provides environmental

25 protection. In some embodiments, the electrical resistance of the coating can be
optimised for different applications.

In some embodiments, a device comprises one or more contacts.. At least one
of said contacts may be coated with a composition that comprises one or more halo-
hydrocarbon polymers., A method for preparing the device may comprise depositing

30 the halo-hydrocarbon pelymer coating by plasma deposition. In some embodiments,

the halo-hydrocarbon polymer is a fluore-hydrocarbon.



25 oxidizing. A PCB is often stored for some period of time before electrical components are soldered
to the PCB. If the PCB is uncoated, the conductive tracks on the PCB may oxidize during storage. An
oxidation layer on a conductive track may prevent or hinder the soldering of an electrical component to
the conductive track. By applying the coating to the PCB prior to storage, a manufacturer may
30prevent the conductive tracks on the PCB from oxidizing. By preventing oxidation, the coating may
permit the formation of strong solder joints on the PCB. Another advantage is that the coating may
allow an electrical component to be soldered through the coating without the prior removal of the
coating. The coating may comprise one or more halo-ydrocarbon polymers. In some embodiments,
the heat, solder, and/or flux applied during the soldering process may selectively alter the 5 coating on
the particular area of thénP@B whigdinteatscldersipinlersde benfonissed chntagimeheriibiinmaits, the

soldering process,mayEaRaKe NeFoatingRalYR hearea af the.sldaniaitt-Aec pringly, once the

solder joint is formed, the coating may extend up to (e.g., abut) the solder joint. As a result, a
manufacturer ma§tAdPisERI:8 teR SMBiferdiBe remove the coating prior to the soldering process. By
eliminating the need 10foseacsepatatetettihingsonse moval stepnéthedobping:riay meake thecPCB

assemtly process,SnRlel I5es SISREHC, ARALDT 958 JVRCAIWI e ABHRLAGIANIAe | that
fhvent t h

the coating may p e corrosion of a PCB. The coating may provide a barrier between a PCB
and corrosive gaseBTASRNRIRIL A SoFHeckmib SeRARkNES REBECHIRHEY ARLR SiEErk SRIAES and/or

moisture from reaghingdibofhe. SuhstraiB.anado et tyaiiaaks ohthesRGB a thassadding may

prevent the formagon of dendrites that c nEri%l}J%: to %hort ircuits Qﬂ{%ﬂlleakaigg be¥wee{1 contacts.
XHhi

Another advantageis RS REating May exhibic conduetiviy along an axis poimting into the plane of

a coated surface 2ive. "manist)ewmbildimetingtas eatingss Ritpi2prmoiegrine fasiwse wd tht detécthe coated
surfacggAccordingly, the,goafing May e RRRieH: P B HARdUC HmegRasbwihquiiRdering the ability

of such contact to transmit an electrical signal to a mating contact. Thus, in some embodiments, the

coating may proté@PESH A fSHSAT B%ist %HWB?‘EBW%&WPW%W.WWBEﬁ%‘%ﬂé’%sn‘ﬁ tivity of the
contacts. 250ther adwantagastkdl bepaadiyhappatent Halohpgdsidbaaiptherars fromthédescription and

the appended Claicgpsfrom ! nm to 2um. In some embodiments, the coating is applied prior 1o
manufacture of the device. In some embodiments, the deposition techmique is plasma
15 deposition.

In some embodiments, a halo-hydrocarbon polymer may be used to coat a
surface or surfaces of contacts in a device comprising an upper contact and a lower
contact. The device may be configured such that said upper contact and lower contact
are capable of being brought into electrical contact with each other. In some

20 embodiments, a halo-hydrocarbon polymer may be used to coat a surface or surfaces
of a contact in a sensor device comprising one or more sensor elements.

Applying the coating to a PCB or other device may provide several
advantages. Various embodiments may have none, some, or all of these advantages.
One advantage is that the coating may prevent conductive tracks on a PCB from

25 oxidizing. A PCB 1is often stored for some period of time before electrical
components are soldered to the PCB. If the PCB is uncoated, the conductive tracks
on the PCB may oxidize during storage. An oxidation layer on a conductive track
may prevent or hinder the soldering of an electrical component to the conductive
track, By applying the coating to the PCB prior to storage, 2 manufacturer may

30 prevent the conductive tracks on the PCB from oxidizing. By preventing oxidation,

the coating may permit the formation of strong solder joints on the PCB.



BRIEF DESCRIPTION OF THE DRAWINGS For a more complete understanding of the present
invention and for further features and advantages, reference is now made to the following description,
taken in conjunction with the accompanying drawings, in which: 5SFIGURES 1A-C illustrate a printed
circuit board (PCB), according to certain embodiments; FIGURE 2 illustrates the deposition of a
coating on a PCB, according to certain embodiments; FIGURES 3A-B illustrate the soldering
of an electrical component to 10conductive tracks of PCB, according to certain embodiments;

FIGURE 4 illustrates a PCB comprising a multi-layer coating, according to certain embodiments;
FIGURE 5 illustrates a PCB comprising a multi-layer c@ating selectively applied to particular regions of
the PCB, according to certain embodiments; 15FIGURES 6A-B illustrate a keypad comprising contacts
that are coated with a cdatitigr abcotalindsthaahtaioambodinbotsan eleckl@URBpAnsratgriaph illustrating

the z-axis conducliyity.of BXAPP\RCORIRIS MRV AHIRYS thistnesssS AsRrdiRg e Hapain

embodiments; FIGURE 8 illustrates a measuring device comprising a sensor having coated
20contacts, accor8fg- R ee e Huifmigldydrocrbop REVIRfSSARKNS FRROBIBISE th s formed

through a coatingh@gcandingta/cefliainmmpdimgniss solddrifzpRE{OA iabatesyeamictascope image
of ball bpnds formed hetwegn uncagted wires,And ACoaled £ONIAG! SUTAGS, A5RIA thycertan
embodiments;
some embodiments, the soldering process may remove the coating only in the area of
the solder joint. Accordingly, once the solder joint is formed, the coating may extend
up to (e.g., abut) the solder joint. As a result, a manufacturer may not need to etch or
otherwise remove the coating prior to the soldering process. By eliminating the need
10 for a separate etching or removal step, the coating may make the PCB assembly
process simpler, less expensive, and/or less time-consuming.
Another advantage is that the coating may prevent the corrosion of a PCB.
The coating may provide a barrier between a PCB and corrosive gases and/or liquids.
In some embodiments, the coating may prevent liquids and/or moisture from reaching
15 the substrate and/or conductive tracks of the PCB. The coating may prevent the
formation of dendrites that contribute to short circuits and/or leakage between
contacts.
Another advantage is that the coating may exhibit conductivity along an axis
pointing into the plane of a coated surface (the “z-axis™) while acting as an insulator
20 along the axes parallel to the coated surface. Accordingly, the coating may be applied
to a conductive contact without hindering the ability of such contact to transmit an
electrical signal to a mating contact. Thus, in some embodiments, the coating may
protect contacts from oxidation and/or corrosion without hindering the conductivity of
the contacts.
25 Other advantages will be readily apparent to one skilled in the art from the

description and the appended claims.



25 FIGURE 10B illustrates a microscope image of a section view of a ball bond between an uncoated
wire and a coated contact surface, according to certain embodiments; FIGURE 11A illustrates a
microscope image of wedge bonds between uncoated wires and a coated contact surface, according
to certain embodiments; 30FIGURE 118 illustrates a microscope image of a section view of a wedge
bond between a coated wire and a coated contact surface; and 10 FIGURE 12 illustrates a PCB
having a ball bond and a wedge bond, according to certain embodiments. DETAILED DESCRIPTION
OF THE DRAWINGS 5FIGURE IA illustrates a printed circuit board (PCB) 10, according to certain
embodiments. PCB 10 may mechanically support andgor electrically connect one or more electrical
components 12 associated Wlth an electrlcal CII’CUI'[ PCB 10 may comprise a substrate 14, one or
more conductive Bialti SEI b WISre electrical components 12. 10Substrate 14 in
PCB 10 may comprise P&ea%mgr@o#aséfg%m@rgmﬁgamﬁﬁypﬁéw&om{mﬁ@;@ b 2sgiRat. For

example, conductive tracks 16 and/or electrical components 12 may be affixed to at least one surface
of substrate 14. SEREFRAE%Y A ARSI BIRERSSE W&ﬁ%ﬁ.&%ﬁfﬂ&%&@?&?ﬂﬁ&?br@b&%@ substrate 14
from shorting theceitiut: hRGB the atbcsgrue epbedingetsyaudbstrate 14 in PCB 10 comprises an 15
epoxy laminate materi clLesin b nded [ e bric
(ERBGH), a composn:%gg(%%r%]a?t%r% qklflt—_[i/ls gff ﬁﬁ%?g fé'%%%@fa(é‘?eér g%%%ﬁgn%%?ﬁgﬁ Suitable type
and/or combinatiem&siinsmating material. According to certain embodiments, substrate 14 comprises
paper, cardboard, naturalangon syRthetis weosRasrs mRleUaEnandor pihier suiiablg textiles. In
some embodiments, 20 su trate 14 comprises a flame retardant material such as, for example,
Flame Retardantcfrf?‘ﬁeﬂ) gﬂsﬁ%?tﬁ’lame Retardant 4 (FR-4). Substrate 14 in PCB 10 may comprise a
single layer of an insuldtitiiREferil-Br nuitipte lpersldéring sdnwm oridifferdntdnmatstihgmaterials with

or withgyt conducliyg, HAGKS L0 AEN 18GFding to certain embodiments;

FIGURE 4 illustrates a PCB comprising a multi-layer coating, according to

certain embodiments;
FIGURE 5 illustrates 2 PCB comprising a multi-layer coating selectively
applied to particular regions of the PCB, according to certain embodiments;

15 FIGURES 6A-B illustrate 2 keypad comprising contacts that are coated with a
coaﬁng, according to certain embodiments;

FIGURE 7 is a graph illustrating the z-axis conductivity of example coatings
having various thicknesses, accérding to certain embodiments;
FIGURE 8§ illustrates a measuring device comprising a sensor having coated

20 contacts, according to certain embodiments;

FIGURE 9 illustrates a wire bond that is formed through a coating, according
to certain embodiments;

FIGURE 10A illustrates a microscope image of ball bonds formed between
uncoated wires and a coated contact surface, according to certain embodiments;

25 FIGURE 10B illustrates a microscope image of a section view of a ball bond
between an uncoated wire and a coated contact surface, according to certain
embodiments;

FIGURE 11A illustrates a microscope image of wedge bonds between
uncoated wires and a coated contact surface, according to certain embodiments;

30 FIGURE 11B illustrates a microscope image of a section view of a wedge

bond between a coated wire and a coated contact surface; and



One or more conductive tracks 16 may be affixed to at least one surface of 25 substrate 14.
Conductive track 16 is generally operable to conduct electrical signals between two or more
components of the circuit of PCB 10. Thus, conductive track 16 may function as a signal trace and/or
wire for conducting signals. In some embodiments, conductive tracks 16 comprise regions referred to
as contact pads. A contact pad of conductive track 16 may be configured to support and/or connect
with 30electrical component 12. Conductive track 16 may comprise any suitable conductive material
such as, for example, gold, tungsten, copper, silver, aluminium’, and/or tin. 11 In some embodiments,
conductive track 16 may comprise one or more conductive polymers and/or conductive inks.
Conductive track 16 may be formed on substrate 14 of PCB 10 using any suitable technique. In some
embodiments, conductVétr&ek (26 Thsspise F8frRdd vnes: Salb Sradandizuskdgedontireerivg technique.
For example, a layegefimetal f&@nccopper foil, aluminium foil, etc.) may be bonded to a surface of
substrate 14 and then the unwanted portions of the metal layer may be removed, leaving the desired
conductive tracks 16. The unwanted portions of the metal layer may be removed from substrate 14 by
chemical etching DEieii-Eic BIRGCRIATIONGH/OHBIRSUNERS1 0 technique. In other embodiments,
conductve racks 16 mayhiioina A PIAIR GNsIaca BUANYE lediaiue suahas, for
example, electroplating, deposition using a reverse mask, and/or any geometrically controlled
deposition proce§g:bodimanss T BB oenBRtiaeisaint BB Thale elepHsnby GUBFORE R more
conductive tracksnbé: QilesiiRalratadcheiiP CB4fcratinghl eRytpEAteGeRNARCHVE) Lhdyacks 16 from
oxidation, corrosion, and/or thtertewironmental hazgrdts get%dkvagllin CtaUS?% %Iighjids% and/or
moisture). In some emboditien %,ecoat?ﬁ'ﬁ 18" r&ecﬁgs‘f &4 over condlictive trac d6 on Substrate 14
“prior to solderingretectisaiico rmpaprentssli2.to conductive tracks 16 of PCB 10. Thus, there may be no
solder, gr essentially nasgplder, 8 anpeETacR.2 A EIHESHERINGE 1 A0 wansluativectigeks 16 20 of

PCB 10. Coating 18 may permit electrical components 12 to be selectively soldered through coating

18 to conductive HRERE FERANOGE Bricthim Vil BEEB G IS i et A S AdIRE HSEER), coating 18
may permit wiresctorpenasite onde d¢hitixglh woatlagtldondndudtiuddrack 41 6Sabtirawt prior removal

of coating 18. In addition, or alternatively. coating 18 may exhibit low resistance and/or.impedance 25
along the z-axis 2% |c§mg§<f§ %n irﬁﬁlg' ?ﬁtgs(t{he gﬁ%f‘é‘ceena(‘)f Pa%%mlg!to W S|Cﬁ conc(%ctive tra ks 16 are

affixed) such thatéh&radtiédl SRyh@l Andrsrectnsimsay-setebatuddn ReR UG ¢BaHHG 8 between
condugtive track 3ganthaiastsicakaamRenentllrofiPtaBdt plipdhismepuigxdhadansd ‘Geisent” may

refer to the flow o glec%%ga% ge and thﬁ tern;( %%%%la r@éf}dger %n%ltirrég-vgr ;n arg}cfii{,orr
spatial-varying el fetie \Guant ’Saoc(%r.nd??svc?lfzé’é’e?/ curren{, r fietd gtrengi wnose modifation represents

coded any other suitable type and/or combination of insulating material. According to

b
a
S

certain embodiments, substrate 14 comprises paper, cardboard, natural and/or
synthetic wood based materials, and/or other éuitabic textiles. In some embodiments,
20 substrate 14 comprises a flame retardant material such as, for example, Flame
Retardant 2 (FR-2) and/or Flame Retardant 4 (FR-4). Substrate 14 in PCB 10 may
comprise a single layer of an insulating material or multiple layers of the same or
different insulating materials with or without conductive tracks 16 on any layer.
One or more conductive tracks 16 may be affixed to at least one surface of
25 substrate 14. Conductive track 16 is generally operable to conduct electrical signals
between two or more components of the circuit of PCB 10, Thus, conductive track 16
may function as a signal trace and/or wire for conducting signals. In some
embodiments, conductive tracks 16 comprise regions referred to as contact pads. A
contact pad of conductive track 16 may be configured to support and/or connect with
30 electrical component 12. Conductive track 16 may comprise any suitable conductive

material such as, for example, gold, tungsten, copper, silver, aluminium', and/or tin,



12 information). The signal may be any suitable type of signal such as, for example, a field induced
signal or a current induced signal. Coating 18 may comprise any suitable material that protects
conductive tracks 16 from oxidation and/or corrosion. In some embodiments, coating 18 comprises
one 5 or more halo-hydrocarbon polymer materials. The term "polymer” may refer to polymers formed
in-situ from single and/or multiple monomers, linear, branched, grafted, and/or crosslinked copolymers,
oligomers, multipolymers, multimonomer polymers, polymer mixtures, blends and/or alloys of
polymers, grafted copolymers, and/or interpenetrating networks of polymers (IPNs). 10The term
"halo-hydrocarbon polymer" may refer to polymers withja straight or branched chain or ring carbon
structure with zero, one, two, or three halogen atoms bound to each carbon atom in the structure. The
halogen atoms inItheohaleriﬂydhmmmmfpmlgﬁnemwylbeﬁhyochaamﬂel@riae); brorioeydandver iodine.
Preferably, the halgl 'ﬁ% %ﬁy% chP mer afluoro hydrocarbon polymer, a chloro-hydrocarbon 15
-chloro-

!VE in
polymer, orafluo?o roca on po ymer wherein zero, one, two, or three fluorine or chlorine

atoms are bonded to ea@?f‘é‘éﬁ%ﬁﬁéﬁ@?ﬂ tnreae ERLRTmed sonfaksio A RIRERNE i Aftdy be

conjugated or highly£anivgatgaeor Ravsmexenaaish&an)eonas obains: ﬂi@gﬁaﬁﬁﬂ/@hbia%hes The
haloge atoms in t e halo hydrocarporé}%ng\/mer mhcoatln 8 could be 0 the 1 halogen atoms

(e.q., fI orine) or &'RSIAr OF Hifode RIBHY (e S % fine” ShE @RIBINE) ¥ He qte?"rﬁt i:hydrocarbon
polymer" as usedchppeirdahajpinoiice (pdlyme rsahat bondpdise onefaremibrebsingaidratddhgnoups, such

as carbon-carbonydoyle, apgl/gr Atinle ppg@sn@@j/@gygplx{gger%thg{.,g%@p@enq@ehgrJgg;@dheteroatoms

(atoms which are not carbon, hydrogen, or a halogen) such as, for example, nitrogen, 25 sulphur,
and/or oxygen. PFERSHEI? 1F5'5al6: hJ&Fo&%‘maﬁﬂﬁawef iAf dBag 4B TsES TBBS ¥#hn five
percent heteroatofsmasissiprepirtiandtttiestairhigintienetatongs inithe, pokyisein T Betable

halo- h rocarbon er ma have an itable molecu ht. The olecular t of the
halo- hygrocarbon gg‘ﬁ er ﬁ]ayt °é Se ec‘:}t{e]%%%c%arn H‘E;LI‘{S t acM\,:fsglretﬁl fuﬁcﬁgﬁa%ty ofyégtgt?ng 18.In a
preferred 30embodirkeng, the Adirtiideshaign stchahdier eyaraderistatpoiptng Hresiing 18 is

greater than 500 agh alfee-Ralp:RKdiRgarken RelimaahansWicpating dé mavehe

In some embodiments, coating 18 may be deposited over one or more

conductive tracks 16 on substrate 14 of PCB 10. Coating 18 may protect conductive

15 tracks 16 from oxidation, corrosion, and/_’or other environmental hazards (c.g.,
swelling caused by liquids and/or moisture). In some embodiments, coating 18 is

deposited over conductive tracks 16 on substrate 14 prior to soldering electrical
corﬁponents 12 to conductive tracks 16 of PCB 10. Thus, there may be no solder, or

essentially no soider, at an interface 20 between coating 18 and conductive tracks 16

20 of PCB 10. Coating 18 may permit electrical components 12 to be selectively
soidered through coating 18 to conductive tracks 16 without prior removal of coating

18. In addition, or alternatively, coating 18 may permit wires to be wire bonded

through coating 18 to conductive tracks 16 without prior removal of coating 18. In

addition, or alternatively, coating 18 may exhibit low resistance and/or impedance

25 along the z-axis 22 (i.e., axis pointing into the surface of PCB 10 to which conductive
tracks 16 are affixed) such that an electrical signal and/or current may be conducted

through coating 18 between conductive track 16 and electrical component 12 of PCB

10. In this context, the term “current” may refer to the flow of electric charge and the

term “signal” may refer to a time-varying and/or spatial-varying electric quantity

30 (e.g., voltage, current, or field strength whose modulation represents coded



13 straight or branched. In some embodiments, there is crosslinking between the polymer chains in
coating 18. Examples of preferred halo-hydrocarbon polymers include: Polytetrafluoroethylene
(PTFE), PTFE type material, fluorinated- 5 hydrocarbons, chlorinated-fluorinated-hydrocarbons,
halogenated-hydrocarbons, and halo-hydrocarbons as well as copolymers, oligomers, multipolymers,
multimonomer polymers, polymer mixtures, interpenetrating polymer networks (IPNs), blends, alloys,
branched chain polymers, grafted copolymers, and cross-linked variants of these materials. In a
preferred 0 embodiment, the halo-hydrocarbon polymer in coating 18 is a polytetrafluoroethylene
(PTFE) type material and, in particular, modified or unmodified polytetrafluoroethylene (PTFE).
Polychlorotrifluoroethylene(PCTFE)andcopolymers,oligomers, multipolymers, multimonomer polymers,
polymer mixturesjrfitenpésetiratiegizbiahanée nefvenilas ¢ Rivs hfbliendssialoys fhranched, ahain
polymers, graftedf%%pgllgﬁgg SiAnd,cross-linked gg&igﬁgﬁ%lof these materials. Ethylene copolymer of
polychlorotrifluoroethylene Z{E TFE% an coponmer , oligomers, multipolymers, multimonomer
polymers, polymer mixt&reSing i pensaaprec Fal AR tvérra! drNypettsfeadegibpsraskinched
20chain polymers; @faticekeapelymeis. dnrdssassHised-variante nf thespmatesialsiscopolymer of
ethylene and tetrafluoroe hé}{legg éETFE ; c(ggolgmertof hetr oroethy‘Ier}le angd hexaflyoropropylene
(FEP); Copolymer b ESfFafiiSroetraRe"aRd Bash ds5URR ether (BEAR DSl dY 557 ©
vinylidenefluoride(@xBF); feopsl yimeitofitetr afiugeostiipie ne ek aflooroerapytese bradched,
vinylidenefluoride 4T FM); &f&ﬂﬂ'%@&%&”%ﬂ@ﬁﬁwé%?Bﬁ@oﬁa@%,@?@%@%@@ﬁﬂ%ﬂﬁn@?nyﬁgHFP)?

§
copolymer of tetrafluoroethylene and perfluoromethylviré)gether MFA); copo g/mer of ethylene,

] (
tetrafluoroethylenB°SHBF FeXaHTToBYS By REnBIRIEERY € GgimE PBRy mers: era

and/or interpenetrating networks of polymers (IPNs).

ed copolymers,

10 The term “halo-hydrocarbon polymer” may refer to polymers with a straight
or branched chain or ring carbon structure with zero, one, two, or three halogen atoms
bound to each carbon atom in the structure, The halogen atoms in the halo-
hydrocarbon polymer may be fluorine, chlorine, bromine, and/or iodine. Preferably,
the halo-hydrocarbon polymer is a fluoro-hydrocarbon polymer, a chloro-hydrocarbon

15 polymer, or a fluoro-chloro-hydrocarbon polymer wherein zero, one, two, or three
fluorine or chiorine atoms are bonded to each carbon atom in the chain. In some
embodiments, the chain may be conjugated or highly conjugated or have extended
conijugated chains, rings, and/or branches.

The halogen atoms in the halo-hydrocarbon polymer in coating 18 could be

20 the same halogen atoms {e.g., fluorine} or a mixture of halogen atoms (e.g., fluorine
and chiorine). The term “halo-hydrocarbon polymer” as used herein may include
polymers that comprise one or more unsaturated groups, such as carbon-carbon
double and/or triple bonds, and/or polymers that comprise one or more hetercatoms
(atoms which are not carbon, hydrogen, or a halogen) such as, for example, nitrogen,

25 sulphur, and/or oxygen. Preferably, the halo-hiydrocarbon polymer in coating 18
comprises less than five percent heteroatoms as a proportion of the total number of
atoms in the polymer. The halo-hydrocarbon pdlymer may have any suitable
molecular weight. The molecular weight of the halo-hydrocarbon polymer may be
selected according to the desired functionality of coating 18. In a preferred

30 embodiment, the molecular weight of the halo-hydrocarbon polymer in coating 18 is

greater than 500 amu. The halo-hydrocarbon polymer chains in coating 18 may be



30hexfluoropropylene, tetrafluoroethylene and ethylene (HTE); copolymer of vinylidene fluoride and
chlorotrifluoroethylene; and/or other fluoroplastics 14 including copolymers, oligomers, multipolymers,
multimonomer polymers, polymer mixtures, interpenetrating polymer networks (IPNs), blends, alloys,
branched chain polymers, grafted copolymers, and cross-linked variants of these materials. 5Coating
18 on PCB 10 may comprise a single layer or multiple layers of halo- hydrocarbon polymers. In some
embodiments, coating 18 comprises at least one layer of halo-hydrocarbon polymers and at least one
layer of a metal halide (e.g., metal fluoride) on a conductive surface. Coating 18 may have any suitable
thickness 24. In some embodiments, thickness 24 of ddating 18 may be from one nanometers (nm) to
10 ten micrometers (um). In other embodiments, thickness 24 of coating 18 may be from one nm to
two um. In yet ottfspighbdhmeehedthibkrfess xmbpemmity 1Sindy beskbriibafinet e hundred

nm. In yet other gmpRagdivents itkickngss 24 of coating 18 may be from three nm to five hundred nm. In
yet other embodiments,_thick es% 24 of cg

ting 18 may be from ten nm to five hundred nm. In yet
other embodiments, 15 MRRHESY PFI5FTE fﬁ#@%‘f@%ﬁr By @FO two hundred and fifty nm. In
yet other embodiments Piiickinabe@4tinflemating TBEnayRId Fronien nmeteritirty fiueritatgdet other
embodignents, coating 18 is.g,manolayer 9f ahalormErgcaaydpolymes (having ihickness 24 of a few

angstroms (A)). In a preferred embodiment, thickness 24 of coating 18 is from ten nm to one hundred
nm in various gradientsVfiPFERES0 Wn&?&bmﬁ{%@ﬁﬂ“é BretetHedStHiERARES S OFRLBRTS

embodiments, coating kfulnpyaseeie posiiedamstipatiaiersd dalycheonthuotiee Waekmdfasuch that an

exposed surface of coating 18 is substantially flat (as iclill strated in FIGURE . In other embodiments,
coating 18 may be depc?&gé ‘on efb"’ rs%?a@ﬁ% ’aﬁar(cggha Eoc\{f\’/é] Ii?g%r}ffg T ééﬁ&?lrs\hactﬁéingé%gsed surface
of coating 18 is not flat kepdtisiernd sshfopsisiked thesiandineéribisa anzBsalfacérot supstitage 14 and

conduggjve tracks 16 (agbsatratrd ink! GhiRFniBbearbol SRIREEMbRdiMERtS; coating 1§ may be
deposited on conductive tracks 16 and/or su e 14 as a continuqus film. Accordipg,to certain
embodiments. (e oo BT TRAPESURLLIN AT TR S HbaTs R S SRR vorc,

cracks, holes, and/or defextsiifrdprheceaflvodintientss (e Idrosity of coating 18 may be 30configured
to provide the desiregd pggwgg&j&i{;{fﬁjop%mgn;& p@@g(g}'nplgn@ItegQ&)mgepgrosgyg%&g@ting 18 may
increase or decrease the permeability of coating 18 to
multipolymers, multimonomer polymers, polymer mixtures, interpenetrating
15 - polymer networks (IPNs), blends, alloys, branched chain polymers, grafted
copolymers, and cross-linked variants of these materials.

= Ethylene copolymer of polychlorotrifinoroethylene (EPCTFE) and
copolymers, oligomers, muliipoiymefs, multimonomer polymers, polymer
mixtures, interpenetrating polymer networks (IPNs), blends, alloys, branched

20 chain polymers, grafted copolymers, and cross-linked variants of these
materials.

& Copolymer of ethylene and tetrafluoroethylene (ETFE); copolymer of
tetrafluoroethylene  and  hexafluoropropylene  (FEP); copolymer of
tetrafluoroethylene  and  perfluorovinyl  ether (PFA);, polymer of

25 vinylidenefluoride (PVDEY; copolymer of tetrafluoroethylene,
hexafluoropropylene and vinyvlidenefluoride (THV); copolymer of vinylidene
fluoride  and = hexafluoropropylene  (PVDFHFP);  copolymer  of
tetrafluoroethylene and perfluoromethylvinylether (MFA); copolymer of
ethylene, tetrafluoroethylene and hexafluoropropylene (EFEP); copelymer of

30 hexfluoropropylene, tetrafluoroethylene and ethylene (HTE); copolymer of

vinylidene fluoride and chlorotrifluorcethylene; and/or other fluoroplastics



15 liquids, chemicals, gases, and/or solder. The alteration of the porosity of coating 18 may be a
physical, chemical, and/or structural change to the polymer(s) in coating 18. In some embodiments,
changing the surface energy of coating 18 may change the permeability of coating 18 to liquids,
chemicals, gases, and/or solder. By controlling the relative surface energy of coating 18 to the surface
energy of the penetrating liquid and/or gas, one may increase or decrease the permeability of coating
18. Controlling the permeability of coating 18 to water and/or other solvents may be especially
desirable for PCBs 10 that are subjected to liquid environments (e.g., agueous environments) and/or
to solvents (e.g., during the cleaning process while 1014nanufacturing PCB 10). In some embodiments,
the porosity of coating 18 may be configured such that coating 18 is selectively permeable to particular
material(s) but not to otkeiydiage rial@) ko, ex@mmpiss, coatingliBesayrodiswbstaertiptiiyimpermeable to
water while being perm%@ﬁéﬂﬁﬁlﬁ&@ﬂﬂt@%@“@tﬁﬂﬁfW%ﬁ“@%ﬂﬁ«s%ﬁﬁ@?, 1R Mav.Gepmprise multiple
ally |

layers with a thin, 15 exposed layer (e.g., upper layer) that is substanti ree of pores. Thus, the
exposed layer of coatin§ ¥8hsdy Bt ABYAFEaMARD SHPRE PR o4 SBesTiskad reriA/of liquids. In
such embodiments, the taestcealathiayer(s) of coating 18 (e.g., the layer(s) between conductive tracks
16 and e exposed layer,of, corting Ak MAySoMBse. Rotes st s consealsg ayer(s) to
conducf an electrical current and/or signal. Y K&C roTlng {0 certain empodime tS, coating 18 may
exhibit a self-heahHérprerperpolymssin dsamoribrsdinenthi sensing Ehfiergrtsp eHyamayedevar mechanical
property that allows 06 Hyard oM pYE AAE/HICANMBLL SHNIRSPANS enleap eI ¢akforeaaNnd then,

once the force sulsides, to return to.its original strycture and/or shape., In other embodiments, this
self-healing propeﬂ?ﬁr %Oﬁé‘rﬁ%?géigé‘f?ié‘éﬁf%%ﬁ-ﬁ%%tfﬁ?g}gf‘% ‘g’d’ﬁtﬁq Tét.‘%{ﬁwt DS ﬁc { and/or
electrical force is ayppdientodinpatsicbldmase ddob iz coate d & mbgthatfobd proatmgritBorrthe tparticular
area o gubstrate 44 MayheGommessesRdin.ehenyissalieres: Wheniha Phvsisalang/or electrical

force subsides, coating 18 on the particular area maS{y "heal" and/or otherwise reorganlze to cover the
particular area of SfoREaie U, BOC A FehRBPesmBittelainiafysiol oherang permwasility, thus
providing a signifitanit farder tofgasendspanndatiending avbiding gashisLomDsiRand/or 16
oxidation through goatin to conductive tracks 16. In some embodiments, electrical components 12
may be seIectivel;ll%gglﬁfegrcé]ﬁ?ﬁlrouraﬁ nc%gc%i%‘ée%n\?ﬁ 9&] 'pslrctl)}&%é)r{r%ﬁ/gpgn %Bnaf:ﬁﬁg?qié!(rg&%?joints 26
achieved by soldeYirgaine Ughmayabh 8 wiayrbéo sivsrigy nred mparisoretobsiderjoiins 26 associated

with other currently;§ avaitabler ssufage FRiahes. fB-s NG A MPUIMemsJGRatAG Hmayee configured
to withstand multiple hea%gsxples. nga%gg 18 m é/exhibit chemical resistance to corrosive gases,
ek

liquids, and/or salt"SEIHRIRS SR A OHGirGhENSI FENEARE. hBBMEBmBodiments,

coating 18 may exhibitlevesifdioeanecgytiandis wettalolityet' dhe habtdridtscirooapirignkB and/or the
method of depositmiﬁg%nﬁglé& 10 gravehe &%@&ﬂggﬁfp SRRl e helativamETTaRIR,Qf coating 18,

Coating 18 may be a stable inert material at normal device temperatures (e.g., at temperature ranges
where PCB 10 majf BE tradng. Bolstfsym sty ExpmsitysBednacimmears ptinms SiBreas, for
examph®, abrasiohuesisianceeand Qrdchesitioked?CB mateiiateinignme, eadbadingenis beoating 18
may exhibit improyed elepyesiale RtPeian. GRRIND ABAS mak Naye Islalivebylowquid and sal
solution permeabilit ,.St‘hus avoiding ﬁqui& corrosion t ro_ug% coating .af&ccgralng‘fo Certain
embodiment, coafiPRfing rhas sybsiaraalyltacasbrtrasasany 18R diA) cdmmpbeeenterdistitig finishes.

coating 18 may be deposiied on substrate 14 and conductive tracks 16 such that an

exposed surface of coating 18 is not flat but instead conforms to a three-dimensional

25 surface of substrate 14 and conductive tracks 16 (as illustrated in FIGURE 1B).
In some embodiments, coating 18 may be deposited on conductive tracks 16

and/or substrate 14 as a continuous film. According to certain embodiments, the

continuous film may be substantially free of pores such as, for example, voids, cracks,

holes, and/or defects. In some embodiments, the porosity of coating 18 may be

30 configured to provide the desired permeability of coating 18. For example, altering

the porosity of coating 18 may increase or decrease the permeability of coating 18 to



Coating 18 on PCB 10 may be continuous, substantially continuous, or non-continuous over one or
more surfaces of PCB 10. In some embodiments, coating 18 20 is continuous or substantially
continuous over surfaces to be soldered and non-soldering surfaces between or adjacent to them.
According to certain embodiments, coating 18 is continuous or substantially continuous over
substantially all exposed and/or vulnerable surfaces of PCB 10. While a substantially continuous
coating 18 may be preferred to protect PCB 10 from harmful environments, a hon-continuous
25coating 18 may be preferred for other purposes. In some embodiments, PCB 10 comprises one
or more electrical components 12 that are affixed througjh coating 18 to conductive tracks 16 on
substrate 14. Electrical component 12 may be any suitable circuit element of PCB 10. For example,
electrical comporienids2 anayidets.azeesistod/dranslstorTtioderaammpiifit Boositileferating/bf any suitable

element. In some, amodiments; elRHGRSOMPARRAIIRATPISES QIGE)He-daads nonfigured to

be affixed to a portion of conductive 17 track 16 on substrate 14 of PCB 10. Any suitable number
and/or combinatidh S eTHRedRS Ao EHEBRIRE DGR IRE SATEHTH BEBA S mOEEMARA M omponents
12 may be affixegéeneantiuctiveokiagksslo Bauilshshatéedld, ysing amjossildblie Bactmigoking some

embodients, elegirical component.l MY & he S0REIEIA Sndy sHYe wadk Jyelding
i nd/ i

laser-erthanced wel Ing, ultrasonic Ing, and/or use of conductiVe adhesives. According to certain

embodiments, eleegieatomsonBning=asHr ecssrtchscrermsabiycatatfne 18- cOAERHPS track 16 on
substrate 14 witheydt HagRHRIHEHOValiRiCORtIBOwkE:: TR Bl dBecapneationdebyaspeeigpirical

component 12 and conductiv ck 16 may be referred to as solder. 10 joint 26. Prior to the formation
of solder joint 26,%85???? %‘g ?ﬁgéﬁorlo é@f‘%&ﬁ%ﬁ&?‘r{%‘f at’:;f%s?1 : r&ﬁl\vgﬁ?é]ae %Snzéfﬁj’/oaﬁgg?%sion. In
some embodimentsyitmoauss soider joint 26vanty e forndednthrdiegconitiag 1®&ithovbitke prior
removalyof coating, 18 coatino fkSmay UL SRIeiHeHL &R BN aRHIIRY SOldRkIging 26.caating 18 may

protect conductive tracks 16 from oxidation and/or corrosion even after electrical 15components 12 are

soldered to PCB fonfigured sygh thatfooens dfvise stlEe e RPCoID ey 2t dell{eti B8 track 16
may be formed usipgueapetaaiterr Packireio|detiln Bome embodimenils, isglceringithrough
coating 18 does nat ‘Lgtceiyc%éehge%ren%ga%fl s%%%jrejroiiptu 2R, as might be expected. Indeed, in some
embodiments, solder jom\f/ ormied y soFderlng thr%ug 129 coating 18 may be stronger than a solder
joint on alternative surfabrestimshabodinlenss.jonsting M rorpriat BEGHIIIRYTS 2y sultible

technigue. In somggrphodiigpts, afltisngl ihastsaladlaman;becds@drormsotaes pinrtd6. In other
embodiments, a soldering roces%that ses heat algne, Ieﬁer soldering) could becﬂged to

e.q.,
selectively form sdTi&r PiPBBEIA R Btrsr HRBHGIANENY Fi%ﬁ‘ﬁ%r?ofﬁtgfée?hay%séum’ andfor -

liquids. In such embodiments, the concealed layer(s) of coating 18 (g.g., the layer(s)
between conductive tracks 16 and the exposed layer of coating 18) may cornprise
pores that pérmit the concealed layer{s) to conduct an electrical current and/or signal.

20 According to certain embodiments, coating 18 may exhibit a self-healing
property. [n some embodiments, this self-healing property may be a mechanical
property that allows coating 1.8 to move and/or compress in response to a physical
force and then, once the force subsides, to return to its original structure and/or shape.
In other embodiments, this self-healing property may permit electrical self-healing of

25 coating 18. When a physical and/or electrical force is applied to a particular area of a
coated substrate 14, coating 18 on the particular area of substrate 14 may be
compressed and/or otherwise altered. When the physical and/or electrical force
subsides, coating 18 on the particular area may “heal” and/or otherwise reorganize to
cover the particular area of substrate 14,

30 Coating 18 may exhibit relatively low gaseous permeability, thus providing a

significant barrier to gaseous permeation and avoiding gaseous corrosion and/or



25formed by wave soldering, which may entail selective fluxing. As noted above, solder joint 26
may be formed through coating 18 between electrical component 12 and conductive track 16. In this
context, the phrase "formed through" may refer to the formation of solder joint 26 without the prior
removal of coating 18 from conductive track 16. Thus, conductive track 16 may be coated with
30coating 16 and then, without first removing coating 18 from conductive track 16, one or more
electrical components 12 may be soldered to conductive track 16. The 18 soldering process may
selectively alter coating 18 and may form solder joint 26 between electrical component 12 and
conductive track 16. Thus, the phrase "formed throught may refer to the formation of solder joint 26
without the prior removal of coating 18 from conductive track 16. 5As noted above, because solder
joint 26 may be fovrvatcirduepgleomtiting] 88nvithoondhdipticraskmddal dhcermngrBodoieds: joint 26 may

abut coating 18. |&J&I§c%%ﬁ?ﬂm§€&ﬁs@%§}b%i§k€léd@@ﬁ efpidR oG Rl essREIsS Whirpider joint 26
directly touching, substantially touching&e‘ljnd/or being in substantial proximity to one or more edges of

coating 18. Thus PSOIIEMBYAt 26RE b BE R Tori G R €8 aBh e s 8 THASE F5tBRlectively
altered (e.g., remo¥eshybhethieosgldetingpprocess . stidsopmebodinents, soldethjointr2etinay abut

coating 48 in & sigoleAirenslen a1 RS AWEERIRNGE QBRI AS,APdluBAlBhNE ICURE 17,

solder joint 26 may abut coating in the x-axis and/or y-axis direction but not in the Z-axis direction. PCB
10 comprising co#tithgtas rytipteiert s¥dahtagedititer fintdated besserscd oreavaifsgid8 may
provide none, sorgraivallgaidheitalleywing a6 vantagese@RacAd¥a TS im it iNigdmeembodiments,
coating 18 may pro&gct PCB 10 from deizing andt/or (i%rrodinghﬁ)kgl being stored. Ongf: conductive
tracks 16 are fornf8 an firer y tor PLofor Vara %Iér%ds of time,

"SR SubStAE T4 RARGE

acturerssmay &tore
potentially up to sevetatiliiplitibomyzarts privetoaithoifre thohetbedridacoomperestis® 12. If left

uncoatggl, materigls {n,cQBRKITING Hacks 4GS B RRPRERETIRY OXidiZR im &Irdesulling i,a layer of,

oxide and/or tarnish forming on conductive tracks 16. Because traditional PCBs 10 lack coating 18,
conductive tracksFe SRl A ETAFIIEBRE NITHENAEXIt 28 RTIHBI Eo i S HIRG e t8FA388Fhe longer an
uncoated PCB 10wgestoPe®, tiemmpte axedatidnaiay Otewy Athikideal cettasict [aypsrass uncoated 25

conductive tracks 16 may hinder te formation, of strong,solderJoints 26p! RATIRUIA! I presence of
an oxide or corrosion fiayer on conductive tracks 16 may resuﬁt %g)ln Wealﬁ joints with low mechanical
strength, (ii) in "dsPbidiBeiachaize d Senue pelits fapaurhelaesRisPeT R e REAITE Y $n a joint that
fails to ypake electrigahepntarkiabnortieigandior Y ivithefakeafiRG B {eotinfaligtedor
30degradation be e O T8 O A LS S 0PN RS RPRIEAE Y 8 may
generally be environmentally beneficial compared to existing finishes.
Coating 18 on PCB 10 may be continuous, substantially continuous, or non-
continuous over one or more surfaces of PCB 10. In some embodiments, coating 18
20 is continuous or substantially continuous over surfaces to be soldered and non-
soldering surfaces between or adjacent to them. According to certain embodiments,
coating 18 is continuous or substantially continuous over substantially all exposed
and/or vulnerable surfaces of PCB 10. While a substantially continuous coating 18
may be preferred to protect PCB 10 from harmful environments, a non-continuous
25 coating 18 may be preferred for other purposes.
In some embodiments, PCB 10 comprises one or more electrical components
12 that are affixed through coating 18 to conductive tracks 16 on substrate 14.
Electrical component 12 may be any suitable circuit element of PCB 10. For
example, electrical component 12 may be a resistor, transistor, diode, amplifier,

30 oscillator, and/or any suitable element. In some embodiments, electrical component

[2 comprises one or more leads configured to be affixed to a portion of conductive



PCB 10, coating 18 may prevent oxidation and/or corrosion of conductive tracks 16 19 on PCB 10
during long-term storage (e.g., months or years), thus permitting strong solder joints 26 to be formed
on conductive tracks 16 after storage. In embodiments where coating 18 is applied to metal and/or
polymer based electronics, coating 18 comprising halo-hydrocarbon polymers may prevent swelling of
conductors and/or 5devices.  Another advantage is that, in some embodiments, coating 18
comprising halo-hydrocarbon polymers may not be as expensive and/or environmentally harmful as
traditional finishes. Manufacturers have applied metal finishes (e.g., tin, silver, nickel, and/or gold) to
areas where soldering would be required. The processés for 10 applying these finishes are time
consuming, require additional metals to be used, and pose environmental problems. These finishes

and processes mésFbd expensiratand/or fésk HealfryiskE e snmbse e mambmadeRas have used

finishes comprisi@g@fg@lrﬁm@m&@uwm@@wm@agples and particles of solder-wettable
metals or solder. These Zr(g?nig finishes, h%\/ever, often go not survive m Itiy?lﬁe heat cycles and IS

exhibit a relatively shorf: 5;6 TRV prcr)nca}-ffs.téefnaL .mﬁnfg,ct Z- Ol AR S AR by
manufacturers ar&dgsineraily ssitpelasbebniimee doasuetmgedingius, reegiiteabirapstepslih g

manufagturing progesinde pdlianalinshes hays.alsn doplstedinnenenabiedisgiees such as
|

precious metals. In contrast to the traditional finishes, coating 18 comprising a halo-hydrocarbon
polymer may repréddinga 18Tk e AL M IR FUEHTRer PEIFHHRGR STEH Gy NS Brevents
oxidation of conduigtivi 4t ackedGarior teatiachitgd eatichl comppnemiscdibyisoldeings  Another

advantage is that, n spie empadinents, caating 18 cony

pr&%ﬁ‘r% h@?‘%‘érg&%@%@ﬁ%bﬁé‘ﬁ may
prevent the formation o1 dendrites betwee sofderjomts 6. Bendrites of metal compounds have been

observed to form batyegiscisetirse poppasielel?jenstsopdustiva sk oy Bs refrpdisditeddetay cause
short cjgcuits and jgigciical-ieakage RLHNESH FOIRREIONR 16JLNG Insfailyre-obR CEhdi:ila particular,

dendrites may form when moisture reaches an uncoatefjsubstrate 14 and/or conducti\i track 16 and
generates metal iBHESWRIH B &H8HTL ATSHTD SE B el Rt SR FRITSH AR BFe¥ER85Fan
electromagnetic fieiot Dendyitesfonaydépragerb3im dtallichgrowth grihatanevehosedkiiyzel@ctromigration

and form fern-like, patierng AlANgLHIAGES 1 dMERPORIMBISWREIE CRARNSs1 BJ5iApRAkeR Rrior to the
formation of solder 20 :
protect conductive tracks 16 from oxidation and/or corrosion even after electrical
15 components 12 are soldered to PCB 10.

Solder joint 26 between electrical component 12 and conductive track 16 may
be formed using leaded solder or lead-free solder. In some embodiments, soldering
through coating 18 does not reduce the sirength of solder joint 26, as might be
expected. Indeed, in some embodiments, solder joint 26 formed by soldering through

20 coating 18 may be stronger than a solder joint on alternative surface finishes. Solder
joint 26 may be formed according to any suitable technique. In some embodiments, a
flux {not illustrated) may be used to form solder joint 26. In other embodiments, a
soldering process that uses heat alone (e.g., laser soldering) could be used to
selectively form solder joint 26. In yet other embodiments, solder joint 26 may be
25 formed by wave soldering, which may entail selective fluxing.

As noted above, solder ioint 26 may be formed through coating 18 between
electrical component 12 and conductive track 16. In this context, the phrase “formed
through” may refer to the formation of solder joint 26 without the prior removal of
coating 18 from conductive track 16. Thus, conductive track 16 may be coated with

30 coating 16 and then, without first removing coating 18 from conductive track 16, one

or more electrical components 12 may be soldered to conductive track 16. The



joint 26, coating may not prevent liquids from reaching solder joint 26. However, in such embodiments,
coating 18 may prevent moisture from reaching substrate 14 and/or conductive tracks 16 of PCB
(which is where dendrites may tend to form by ionic dissolution). Thus, coating 18 may protect PCB 10
against the formation of 5 dendrites by (i) preventing moisture from reaching substrate 14 and/or
conductive tracks 16, and/or (ii) by providing a physical barrier between conductors on PCB 10. In
addition, or alternatively, because dendrite materials may have low adhesion to coating 18, coating 18
may reduce the formation of dendrites between conductive tracks 16 and/or electrical components 12
on PCB 10. In addition, or alternatively, 10 coating 18 $nay prevent electrical shorting between
conductive tracks 16 due to the presence of ionic species and/or metals, Another advantage is
that, in some emBOdRTH R OLESHRGYLEFIFRY ProfUEt PR EIR D RL MY oI TS dealRain PCB 10. In
order to meet stabetards sbiciieabatetysiRGB 2 Bnheyndactideretédmeéentthmade lamdidmmaetardant
compounds (e.g. omine- . ISphe )). Such
compounds, how%%%#?%g/gfé%%ii%g, tr%%%%elé %?cﬁ%dﬁggﬁaﬁ%%@%n%%ﬁﬁgﬁgi risks to the
environment. AppiSaHascSaiing 9@ dyatiresraek tay protect the environment from such toxic materials.
Applying coating 18 may lipxaate. o, Sieaificantiy-redice shanesd domilamecgiatdanicogpounds in
the base PCB 20laminate. . FIGURE IA illystrates PCB.10 c rising a single coating layer. In
other em bodimen“?sﬁ,ﬂﬁ'& @iaﬂrﬁ%ﬁlergg\ﬁ%%ﬂggo?ﬁlﬂ ﬁ?pl)?é %&aﬁfﬁﬁ’?éy?gﬁa%ﬁﬁ%tuboﬁp@é LgR% rﬂﬁsillustrates two.
electrical comporentext. 2oty cabrgivphoativisttacks tonofrP GiBes 0f kodtrubihbeb dirdettstood that

PCB 10 may compriga any suiatie,WmAsLanMer @ér@qmmm%p}sﬁlﬁ%c@é GRMPAReats 12.
Although FIGURE |A illustrates coating 18 applied to an external surface of substrate 14, it should be

understood that cB$inGTEFHag Bb ipretPlise Bt & At diar R daRoBLuNtrARE 48and/or other
compottents of P&k 10 nlitskdesiivbie falither (nglerstonddhal chatisgdiBnmayobeappiedite PCB 10

before and/or after, soldering l5g ﬁ&h@ﬂ&%‘%ﬁﬁﬁég PORPNG! gF&V&A{%%k‘osn Fo1n Al 1IeA'th°U9h

FIGURE IA illustrates e!f]ectrlca components 12 soldered to conductive tracks 16, it should be
understood that ofiBgisivisre EpECFRERPIEoASpYRERES I ly Hebatiietp s tonelutiventratiks 16 by

alternative bondingMeihods sLEM aadianexamipest v eueantinthel - shauddegdurther understood that
the devices and SComp?% nE? illustrated in FIGURES 1-12 gre ot necessari%draw&%? scale.
ou § Wi b

FIGURE I B illustrates a e gEd 1%@%@%% LA V%%%%eﬁgoig REH6U eB§sided PCB

10 may Tomprise dhelaanngréfayer pofvsitosoretednie.Corduetithe tielbksins adapthgenffied to opposite
sides of substrate, d,|R.s0Mergimapdipenis ranstitliveUaGks 46:00 QpResiteEides ¢faubstrate 14

may be 10 communicatively coupled by one or more vias 27. Via 27 may comprise a plated hole that
provides an electiE4iEBAABURb AT NS RTiRET ¢ rh REP e AUkl trertferéArsinmeds and/or
layers of PCB 10.oYiauBdtmay! be rasthratgred obeayiatée: gPGBa thalbextaiddet pealsgh BCB)ea blind via

(e.g., via exposed,on. only, QNG SIAG A8 R B-RULSLYG (6 SRR CoRASESIGERRl ayers of PCB

without being
20 12. If left uncoated, materials in conductive tracks 16 (e.g., copper) may oxidize in

air, resulting in a layer of oxide and/or tamish forming on conductive tracks 16.
Because traditional PCBs 10 lack coating 18, conductive tracks 16 on traditional
PCBs 10 may oxidize and/or corrode during storage. The longer an uncoated PCB 10
is stored, the more oxidation may occur. An oxide or corrosion layer on uncoated
25 conductive tracks 16 may hindér the formation of strong solder joints 26. In
particular, the presence of an oxide or corrosion layer on conductive tracks {6 may
result (i) in weak joints with low mechanical strength, (ii) in “dry joints” that have a
tendency to fail during operation of the device, (iil) in a joint that fails to make
electrical contact altogether, and/or (iv) in the failure of PCB 10 (e.g., failure or
30 degradation between conductive tracks 16). In contrast, if coating 18 is applied to

PCB 10, coating 18 may prevent oxidation and/or corrosion of conductive tracks 16



15 exposed on either surface), and/or any suitable type of via. In some embodiments, coating 18 may
be deposited on external and/or internal surfaces of via 27. For example, coating 18 may line the side
wall of via 27 that extends through at least a portion of PCB 10. Thus, coating 18 may protect vias 27
and internal layers of PCB 10 from corrosion and/or oxidation. 20FIGURE IC illustrates electrical
component 12 affixed to PCB 10 by a wave- soldering process, according to certain embodiments. As
explained above, PCB 10 may comprise one or more vias 27 through substrate 14. Prior to soldering
electrical components 12 to PCB 10, coating 18 may be applied to substrate 14 such that one or more
coating layers coat the side-walls of via 27. After coatilr?g 18 is deposited on 25 substrate 14, electrical
component 12 may % itioned on a first side of PCB 10 such that a |[ead 29 of electrical component
12 extends throu§h f‘eaéquﬁ ‘#Wﬁf%g BT AIRAE IS R PVBE BLEAbURY RE BRI Btvia 27 on a
second side (e.g.s@deojpposité gide)fofRG Brldnkusibm e mksbiddiirentsragelder embbdmikms may then be

applied around legd. 29, oflgciice! amacent o /ormRalet N 26.Asearcingipies cerain

embodiments, solder and/or flux is applied on the second side of PCB 10 (e.g., around the end of lead
29 protruding thr60BREHES 8RS SR bPP CBYISS THY DB \$aidereling SRR B6wW through
via 27 te form solgiangeint 26 between lead 29 and the side-walls of via 27 and/or conductive tracks 16

on a surface of PCB 10, Thus, sgldqr%ointtgg,n;}a extend entirely or art@ly@throggh via 27. The

soldering process may él'f‘é)r Co |‘ﬁa§ E:eﬁong the si et?\?}ve} S ofvia CQQ?BE%r exanr?%f ﬁwfg conjunction
with forming soldérfoimirben thdyswiteriay probeds magnséineue/ coenitprrsefiaHy thamsidé avalls of via

27. Although FIGHREdaillHsiiates aaswiacdfin R&B. dbphauldebe wndetsteod that REERMay
comprise any suitable number of vias 27. FIG{#RE 2 illustrates the depgﬁition of coating 18 on

PCB 10, accordinf ¥R 8RboSifEm S el MG TBemaY BPUESEE R d SR PEseIFtdProtect
condugtive 10 trasjgsilifefbese dkidatiomratiokoceenrosignedoisomdismd odémbritsbonee.cadductive

racks 16 have begl'aimEd R ansoMiAlm AN/ RrRoasrphilace ahoYRAlARAE AARING 181s

deposited over conductive tracks 16 on substrate 14. Thus, coating 18 may be deposited on
conductive tracksPRe phfditto iditieriigsams ersetricarntrapETe e s 2 et HRtretiveTHRIERS1 6.

Accordingly, coatifig:Af Bampbmin sliacl BereantacionA-consiaty eftsaicks dEbtb aistanyrsolder, or
essentially any solder, %\/eveen coatmgs 88 nd condyctive tracks 16. CO@“PF%%%Q%SM cpleposited on
ng

. S [+198 £ organic owWever, OoIien not survive mu C a .
conductive tracks'1 accorélng 0 any suitab eec hique. FoF example, coa may be deposited

using plasma depesitiore chasivibathapearade hoshiderd @ psimp | couarthrearitpiabEnMBE), plasma
enhanced-chemical.yapaus.AeResition (Fla2Me VRnliah Bressia/anpospheric plasmadseposition,

metallo-organic-chemical vapour depaosition (MO-CVD), and/or laser enhanced-chemjcal vapour
deposition (LE-CVI5¥S i E8nTeaHRsbtiRgetits “Soating *i@%%@ﬁéﬁ%ww geﬁwg%ﬁna"eposition_
process that occumaamaal.evmemqaerma:}ras $uﬂi‘oaslowtzttsmﬁxemurespiasina;rpdﬁhﬂs$ fm@qaermit coating
18 to be used on many, diferani ipes,of FLASHAGHA J8la» SHIE SHRRAHIMSMIS caling 18 may be

deposited on conductive tracks 16 by the creation of inter-penetrating polymer networks (IPNs) and/or
by surfé&e absorpti¥PbhighsnsrEiRERASAME W Hothharey erthRiihnay Sfsomivatire s SdiYmers and/or
polymer alloys. Ingpther ambpidiraatscsoatingdaempbedeppgited using a liquid coating technique

such as, for example, ”q/klljl(cj)tgé? %ﬁ“ﬁmﬁ@é‘%&%ﬁ@ tIIIQ %l an%%gitme%‘ts, coating 18 comprising halo-
hydrocarbon polymer may prevent the formation of dendrites between solder joints

26. Dendrites of metal compounds have been observed to form in gaps between

25 solder joints 26 on uncoated PCBs 10. Dendrites may cause short circuits and
electrical leakage between connectors, resulting in failure of PCB 10. In particufar,

dendrites may form when moisture reaches an uncoated substrate 14 and/or

conductive track 16 and generates metal ions, which are then redistributed by

electromigration in the presence of an electromagnetic field. Dendrites may represent

30 metallic growths that are caused by electromigration and form fern-like patterns along

surfaces, In embodiments where coating 18 is applied prior to the formation of solder



30sputtering, and/or a sot-gel process. 23 As illustrated in FIGURE 2, coating 18 may be
deposited on conductive tracks 16 by plasma deposition. Plasma deposition, which may be used in a
wide range of industrial applications, is generally an effective technique for depositing thin film
coatings 18. Plasma deposition may occur in a reactor 28 that generates a gas plasma 5 comprising
ionised gaseous ions, electrons, atoms, and/or neutral species. Reactor 28 may comprise a chamber
30, a vacuum system 32, and one or more energy sources 34. Reactor 28 may be any suitable type of
reactor 28 configured to generate a gas plasma. Energy source 34 may be any suitable device
configured to convert one or more gases to a gas plasma. For example, energy source 34 may

comprise a heater, 10radio frequency (RF) generator, and/or, microwave generator. In some
embociments, onGib AR TE HLREFEe b THEA T <SRG Setate 455 Be placed in

chamber 30 of reambr@&otﬁawumcsmgr_ﬂ 8 Irmappwmp ohambefro Mﬁrtg pressugetin the range
of 10-3 to 10 mbay, Reaciohaf Mavihen KRG QRS O WML HARRS, T GBAMBEaLAP»and energy

source 34 may 15 generate and/or direct electromagnetic radiation into chamber 30 to génerate a

stable gas plasmaRedEtBloa nalhitfe (IARSILE S BHEBIHIdIEHrét A cBin J51HHEme’ (as gases
and/or lgquids) intadikigasplasprevinaiambisfusd MdMetainirpdiitetBtodha Jas Pakimaeprecursor
compounds 36 m e .joniz nd/or decamposed to generate a range af active ies in the
plasma that react%?%s;,igyag%%‘l 1rlﬁe?’izpéﬁ\§§i5 oC % l%il? gaf E:srugr a\g%e%%g‘%%af& t%nsg%?lge?gte a thin
coating 18.  Pracufédrmormnpiemelsvely .ntasebie sisrdsitsdreipielyica e ve dive ddhsaitngproperties. In

some embodiments,Rreer 0L RMBOHSARRIhOYIACARQT RARHAISCOMRN ishg.balegen atoms.
For example, to form colgtglrg 18 comprising a halo-hydrogarbon polymer, precursor compounds 36

may be perfluorodiR&fie e RIS IRERREN Bl ioPBIkhed, ADGFEHIREN 2 RiBrH  Renes,
fluoroaiRynes, flueradhipidaticanesydiy erochiaiokieine hetuanochidiodiieynadsarfddoe anyhsuitable

fluorinated and/orpgg%gﬂg%gqgn%r%%jgsmgftggjgl’e(&g., fluorohydrocarbons, fluorocarbons,
chlorofluorohydrocar rof

ons, and/or chlorofluorocarbons). _In embodiments where coating 18 is
deposited on PCB 10 by*pfi&na sotrgsositisth, ihecmstarebedinedmprrdinsn bresdupgel §inay depend
on one or more ceRditinRs SRR a:fior fxamein(iPdre plasmagas selestedatiiderpartieular 24

safety, PCB 10 may include elements made from flame retardant compounds (e.g.,
15 bromine-based compounds such as tetrabromobisphenol A (TBBPA)).  Such

compounds, however, may be toxic, may be difficult to dispose of safely, and/or may

pose risks to the environment. Applying coating 18 to PCB 10 may protect the

environment from such toxic materials. Applying coating 18 may eliminate or

significantly reduce the need for flame retardant compounds in the base PCB
20 laminate.

FIGURE 1A illustrates PCB 10 comprising a single coating layer. In other
embodiments, PCB 10 may comprise multiple coating layers. Although FIGURE 1A
illustrates two electrical components 12 soldered to conductive tracks 16 of PCB 10, it
should be understood that PCB 10 may comprise any suitable number and/or

25 combination of electrical components 12. Although FIGURE 1A illustrates coating
18 applied to an external surface of substrate 14, it should be understood that coating
18 may be appiied one or more internal surfaces of substrate 14 and/or other
components of PCB 10. It should be further understood that coating 18 may be
applied to PCB 10 before and/or after soldering electrical components 12 to

30 conductive tracks 16.



precursor compound(s) 36 used; (iii) the amount of precursor compound(s) 36 (which may be
determined by the combination of the pressure of precursor compound(s) 36 and the flow rate); (iv) the
ratio of precursor compound(s) 36; (v) the sequence of precursor compound(s) 36; (vi) the plasma
pressure; (vii) the plasma drive frequency; 5 (viii) the pulse width timing; (ix) the coating time; (x) the
plasma power (including the peak and/or average plasma power); (xi) the chamber electrode
arrangement; (xii) the preparation of the incoming PCB 10; and/or (xiii) the size and geometry of
chamber 30. Plasma deposition may be used to deposit thin films from a monolayer (usually a few
angstroms (A)) to ten microns (preferably to five micrals), depending 10 on the above settings and
conditions. The foregoin Eactors may be varied during the deposition process to build a single-layer,
multi-layer, homogenouécifE ?l‘é%r%ﬁﬁgmﬁbe YRS afisg ie! I P UBRIBBMbbtifETES e plasma
deposition processumaytienlyatrikpdttithboeiposediststiadate. gngs thrensefaketdaffikechtpooansuctive tracks

16) of PCB 10. Thys, Jogelasing depraition BRACIRUGSmanbed ik aompatisle Wil ne,d>

manufacture of PCB 10, causing little or no damage of o unwantedeffects to PCB 10. In some

embodiments, pl&3aiplie phssiSANdiEEniqle st Aot kiidis pedsrrioad the rémlssisenigPftemperatures
associated with aligfpetiMesSUtaseiMSAEUITES$AS are ndimeameranhedimenisi-one advantage of

plasma deposition may ting, 18 is depgsite that it accesses al| surfaces,of PCB 10.
As a result, 20 vertical sur ;%%}Esq(?f IEJ %”itf)s (ae%é’?%fjrs gq?:%gg%qrally?%ttc}:‘gééssfgflemt %ﬂ‘gﬁoﬁ&%sﬁh PCB 10)
and/or overhangingstéasbigesich POB 10 mayy tareoseredewith wostirieyd8. orgdstigientld, coating 18

may protect PCB é&éf&m@&lqaﬁgom@ngwﬁ&gméipEbaégaasmiaé@eéﬁ 8GR PRINtS, AQAYOT areas at
which conductive tracks 16 contact substrate 14 of PCB 10. In some embodiments, the plasma

deposition proce<STRCABEMHe BPI8thd &thTale hapretithSiighialusubsime thé WaY cPemistry used
in othersurface ficisimpricesstsciprddguantly nanalies Yasvandionsthembotes playdieleoated. In

some embOdimeQFB%t SRR :aE‘aﬁ‘r?é'Y%rQ%%rRJQeﬁxm&%%& ﬁqor{gj%éﬂés%' Giganing,of the

exposed surface(s) of PCB 10 prior to plasma deposition. In such embodiments, prior to introducing

precursor compodH&E et swiswn atdier '8 fortRE Boashaldepesiton brayeh-hekctér @2 may introduce
an active gas plasmatintethacame eharass! s0itadcisanstbsisatepbdans/Ghsopsiuskvestracks 16 of

PCB 10. The acti 5 gas plasma may he based on a stable gas suc or example, a rare gas, a
hydrocarbon gas,\é z;%n /o?g%h’gﬁ%gvé%é?égd H)’/ad%%ta? %?186{55' tﬁrg%}m%yé:fﬁﬁ%(%gén‘f’s’% l Eec’ﬂ%e gas
plasmd may be baspaasnchyitogenrfoss)gertd/sitroy enitznigompardithanelnethmpentesdafietsomethane

(CF4), hexafluorogihane (& ahf)viclashiosomathianaPal/od Shepibeniltiopnated o5 £hlpgnated

hydrocarbons, and/or a mixture thereof. According to certain embodiments, PCB 10 may be cleaned in

chamber 30 by th&2BRIE [725al §d18¢ BrpBbeitidf b esy ol Frb R P HEb Anlststior
chlorinated hydropariencs ket BaN). famhexanyobe 18traiiupranceihianty (F 4)icredadisoroétheihe (C2F6),

hexafluoropropylepe(G3E0), and/or actafiorapropane (C3F8) may be used both to
20 FIGURE 1C illustrates electrical component 12 affixed to PCB 10 by a wave-
soldering process, according to certain embodiments. As explained above, PCB 10
may comprise one or more vias 27 through substrate 14. Prior to soldering electrical
components 12 to PCB 10, coating 18 may be applied to substrate 14 such that one or
more coating layers coat the side-walls of via 27. After coating 18 is deposited on
25 substrate 14, electrical component 12 may be positioned on a first side of PCB 10
such that a lead 29 of electrical component 12 extends through via 27. Thus, an end
of lead 29 may protrude through the opening of via 27 on a second side (e.g., an
opposite side) of PCB 10. In some embodiments, solder and/or flux may then be
applied around lead 29 of electrical component 12 to form solder joint 26, According
30 to certain embodiments, solder and/or flux is applied on the second side of PCB 10

{e.g., around the end of lead 29 protruding through the second side of PCB 10). The



10 clean the surface(s) of PCB 10 and to lay down a layer of a halo-hydrocarbon polymer and/or a
layer of metal halide (e.g., metal fluoride, metal chloride, etc.) on substrate 14. In some
embodiments, where a layer of coating 18 comprising a halogen or halide-based material is applied
directly to conductive track 16 of PCB 10, a very thin 15 layer (e.g., five nm or less) of metal halide
may form on an exposed surface of conductive track 16. In some embodiments, the metal halide is a
metal fluoride such as, for example, copper fluoride or a derivative thereof. The metal halide layer may
be robust, may be inert, and/or may prevent the formation on conductive tracks 16 of oxide layers
and/or tarnishes that could prevent effective soldering?20In some circumstances, however, a metal
halide layer on PCB .10 may %e undesirable if it results, for example, in intermetallics that are
vulnerable to weéﬂ%ﬁfﬁd‘%ﬁ P B HIER AT ORFRBR A A RN, SRSt EHE A0 WERR oSt a first
coating layer con?frisihigha siderhalo diyde@Farbd nrmatdrialveigckp dlytheneuaach aif faligpropylene) on

PCB 10 may prevgit g foration o1 Wk LA AYBLWhRAZERS5RAY Coaling ayey comprising a

halo-hydrocarbon polymer is deposited. AIthouSl'fa | Strates a single PCB 10 in
chamber 30 in reBEEFE280F shisHIGBE N deratersd Prasidayalimper st BeBSr0oRPlse dImultaneously
placted is; ghan;%%ﬁ%r%ﬂdrfﬂﬁfﬁﬂ);fﬂtﬁgwt_ ' gdaﬁ,ﬁlltmwmaﬁﬁgﬁ@t dc%ﬁiu?tggﬁtasymo&ar@aﬂ%n of
coating 18 on asma depositiqp, if shou e at 30coa ay be
deposited on PC@l}(.[)OLTs%}r%S'a?ﬁngauﬁﬁgl‘(’alatgc?hr%igu%lfggé)(%ﬁ%s@x%%’ltﬁ%t S%%\‘f&?ﬂ%ﬁzﬁting 18 is
deposited over cdrzhautiVes tradiestod GhesBBtrete compelscaip abtelisponbati Pianay. be affixed through

coating 18 to conductive irraks 3Gileatiical cRIRARANIE &2dMa) $eraBbed docondudive tracks 16

using any suitable technique such as, for example, soldering, wire bonding, 5 electrostatic bonding,

and/or Van der V\?ﬁﬁﬁé"ofﬁ%‘iﬂﬁ’?qﬂsso?ﬁ’ét@ﬁlb%m?ﬁé’r‘?tg?’é‘?é'é‘i o o HbReries oo Ay B Sconnected to
condugdtive tracksritkby dising ariddbesiue/@ncegating 16 (thechytohkitigsusacokthdutivds

conductivity of cogfi -B | he. saldering of electrical component 12 to
conductive track %‘%? é@ﬂ’ﬁeo?%b%%%‘g?ﬁ%‘gﬁ%%?%ﬁgg%ﬁ%e‘%?g.s ?Agsg H[éasctera?tesClgﬁstr zeFfI}gURE 3A,
electrical comporféting hhasy dsecssrdered tardugiyedaaky eeowikstetrdfreMavineatipatidg 18 from

conductive track &6y The RIMRIIND PROCSRSBIRY CRFRIISE apRlying herlkand saldenlgiaia particular

area of PCB 10 where soldeHroint 26.isto be f rn?%d.yc%atgna}/ be aﬁﬁrpli?rgl to sg}llder 3.8 using any
[ e S

suitable heat soufeS 8RS Rd #4p SRATHHIES FahitidPing TN LR BBdidfelt< TR soldering 15

procesE’may alscenpspriséhappigintviuitadRstd Gheipmrticetar srder.obPSBBIY rheatdéhux 42, and/or
solder 38 may selpefively BHerLIRINGY 18 ALINCPRHicYIRE 2re88RE T8 A 1B ahgdiments,

altering coating 18 may refer to removing coating 18 from the particular area of PCB 10. Coating 18
may be removed BPHHNAHTFEEdEr 880G &b aBhH{ARA B HgUe CBO X8R e iRERS R and for a

time such that soldey be deposited using plasma deposition, chemical vapour deposition (CVD),
molecular beamn epitaxy (MBE), plasma enhanced-chemical vapour deposition (PE-

20 CVD), high pressure/atméspheric plasma deposition, metallo-organic-chemical
vapour deposition (MO-CVD), and/or laser enhanced-chemical vapour deposition

(LE-CVD). In some embodiments, coating 18 may be deposited by a plasma

deposition process that occurs at a low temperature. Such a low temperature plasma

process may permit coating 18 to be used on many different types of substrates 14, In

25 some embodiments, coating 18 may be deposited on conductive tracks 16 by the
creation of inter-penetrating polymer networks (IPNs) and/or by surface absorption of

mohoiayers (SAMs) of polymers or monomers to form in-situ polymers and/or

polymer alioys. In other embodiments, coating 18 may be deposited using a liquid

coating technique such as, for example, liquid dipping, spray ceating, spin coating,

30 sputtering, and/or a sol-gel process.



20 38 bonds to conductive track 16 and coating 18 is locally dispersed, absorbed, vaporised,
dissolved, and/or degraded. In some embodiments, altering coating 18 may comprise changing the
structure, porosity, and/or surface energy of coating 18. For example, fluxing may alter the surface
energy of pores in coating 18, which may change the wettability of coating 18 such that solder 38 can
flow through pores in 25 coating 18 to conductive track 16. Thus, in this example, solder joint 26 may
form an electrical connection through coating between electrical component 12 and conductive track
16. As another example, the soldering process may selectively alter coating 18 by inducing voids (e.g.,
cracks) and/or causing voids to propagate in the parti@dlar area of coating 18 where solder 38 and/or

flux 42 is applied. Preferably, 30one or more factors are conflggured so that the soldering process
achieves good solder fl6W s dHR B coritnedfanpy e depstied paer UvaitRFsdlder 38,
and/or 27 forms assksopigsaaldrpideifitr 6P hirsddaahans maycihaiude: (ydhenchaiactenigdios of substrate
14, (ii) the characteristics of coating 18, (iii) the solder/flux characteristics, (iv).the soldering profile
(including time aﬁa({‘és#lgre?g (lifrce% 0(%3’ tﬁe%%%%%g sa?o%r{!g%?greséeg%fgﬂﬁa%%é,dae%%gﬁ%tﬁ‘é“p%grgess to control
solder flow arounebgdiger foidila6asicppyibpnanaminsdirientsadios Hctivhasheraeu2 sapdisemmperature

alone may interackwithsiAe BalhYIQRRTBRN AXKAR! AMRRORIE: 18 e pliRL coattRg.4B Jgcally at the
particular area of PCB 10 to which flux 42 is applied. According to certain embodiments, altering

coating 18 at the PaHItUTRF St ehBrBeE o AT EBhTNFIER remBR T e SR 1B tHE Barticular area
of PCB 10. Soldet8Randiar IRix#2 tOanmayithid heated teaany 38itabietenipeturetdepending at least

in part on the CO”&&%%EJ%Q&%?'Q&E?@ﬁr!n%?r&?a%@‘%Q@?E‘ééicﬂgﬁﬁ%@eé@g/&%ﬂwéf?e gfe heated to
between 200 C and 300 C. According to certain embodiments, solder 38 and/or flux 42 are heated to

between 240 C aftPPaHCs ih 2 Brcttirde TAbEHIMIRt (STSY RSHERFEE BB FErPEsSaIBE 38 and/or flux

42 are fieated to appsdgaakely(R6Dgenthtcl hadstionaifhiyg dehanadior temperature may locally

disperse, absorb, vaporise, dissolye,.and/or degrade coati 8 .comprisin halo-plgﬁdro rbon polymer.
Thus, coating 18 may or}ﬁyg%néeaﬁg\ég [Af r(tes.’go.r,wr'"gcrﬁggléc&'¥r¢o{r1rng)c%ﬁel%gaarr{i)£cﬁ aF%a?élas% J ‘0 where

solder 38 and/or fiukst2tds! Appiiede AdpilbdsirateanbeF}G UREa8Rr E8ativierd@msastawriaimatttached to the

surface of PCB 1Q,fightip,Heh Salda! ot &0-26 BY ALty solderniaini2haeating A8,may provide
environmental protection of conductive tracks 16 of PCB 10 right up to solder joint 26. According to

certain embodimeff8, FEIRATafBe%h BnEE Bellie HARETmS rabtifea s MerEotifys, the
temperkiure requigaetoecadtelr@aditing d&amdimeihadtidity nraggresaiiénessaiitex 4@behus, milder

fl 42 flice it high ' .I [ ts,
uxes 42 may suige LA AROICIAIES ALaSS, PINEHHEIRR I SRR ETpRgments, 2

metal halide layer (e.g., copper fluoride) may reside between conductive trac an alo

hydrocarbon layeBifceGatR Heridndnaehs sairfestayér thapisiniBit &6er miRiigSciiéh ¥hen heat is

applied to a particylapiasea, pkREEL&nTRekRIserRy B asess Mrydiake ashapiagg-atHhis.self fluxing
property. In some egnbog‘iirglents the meéal halide 3 I%y?er(gand/gr the decomposition of

halo-hydrocarbonr%o%f/r%erstrr? g ca:%"t’i%sg"]_L 5 gﬁ%‘é‘g%g RidFife Jn%?gryﬁ}e 1r?()g’é)rﬁ ?fﬁ%?fa)eaklglF) to initiate

fluxing 48elf fluxingyréagengPCB 10 to generate a thin coating 18.

Precursor compounds 36 may be selected to provide the desired coating

properties. In some embodiments, precursor compounds 36 are hydrocarbon

materials comprising halogen atoms. For example, to form coating 18 comprising a

halo-hydrocarbon polymer, precursor compounds 36 may be perfluoroatkanes,

25 perfluoroalkenes, perfluoroalkynes, fluoroalkanes, fluoroalkenes, fluoroaikynes,

fluorochloroalkanes, fluorochloroalkenes, fluorochloroalkynes, and/or any suitable

fluorinated and/or chlorinated organic material (e.g.,, fluorohydrocarbons,
fluorocarbons, chloroflucrohydrocarbons, and/or chiorofiuorocarbons).

In embodiments where coating 18 is deposited on PCB 10 by plasma

30 deposition, the nature and composition of coating 18 may depend on one or more

conditions such as, for example, (i) the plasma gas selected; (ii) the particular



28 the soldering process. Due to this self fluxing property, if a sufficiently high temperature is used
during the soldering process, solder joint 26 may be formed without using any flux 42. Any suitable
solder 38 may be used to form solder joint 26. In some 5 embodiments, solder 38 may be a fusible
metal alloy having a melting point in the range of 90 C to 450 C. In some embodiments, solder 38 is a
tin/lead solder 38 such as, for example, 60/40 Sn/Pb or 63/37 Sn/Pb. In other embodiments, solder 38
is a lead-free solder 38 such as, for example, an alloy comprising tin, copper, silver, bismuth, indium,
zinc, and/or antimony. Examples of lead-free solder 38 include 10 SnCu0.7, SnAg3.5Cu0.7, and
SnAg3.0Cu0.5. In some embodiments, solder 38 may*éomprise a powdered metal that is suspended

in flux 42. The mixture of the powdered metal and flux 42 may be referred to as a solder paste. In
embodiments usiWﬁ%WWW?BH%%&%@F‘Tgiﬁllggfeaﬂg}oélﬂﬁga?éeﬁﬂfﬁoifcf’f’i‘g?“é‘g(@s%%@m’%me
embodiments, fluxaiZomdesebeisetiig fhexddisoaivasffbe bieanamiblecaino-clegolfidix)(®86g., a rosin

flu) that does nof(equiga sypequent SteR AalRaning BGRAAAID st PIPRLmRILS,flux 42 may

be an organic flux 42 such as, for example, an organic acid (e.qg., lactic acid, acrylic acid, etc.), an
organic salt (e.q. PERFHERISRANSIHGI SHIMAE (Havme REITYranuid therP BRgE-HE YniiFRIteSY:, urea). In yet
other embodimengsiifitie $2if0aydie aniegin(tosinelepsths seh e, terRxamplewa Apayaihetic resin or a
natural rosin. In y&gotggr e l:r)odiments1 flux 42 n;ﬁy tig an inor, an@lc flux 42 such as f&rﬁfxample, an

. . '3 plh OW, the. i t
inorganic salt (e.g., Ainc ch o?|§§??§alﬁrﬁnéﬁlgrl e, pé SSiGM ehiof %,r%g |ﬂrflﬁ]%ﬁ%er?de, etc.) and/or an

inorganic acid (e.&¢ hyaeositiorid dbid insieridrackRi B¢ 0s ndfet Gthisribenbiadlinndngsomerxy42fmay be a

halide free flux, a-gsisigyie lumaneiatiadpwasrhds o |Hbﬁéjsqjm9'fﬁﬁ1g~rfr§1|ﬁe_{ %ﬁ\é@dypéndustrial
fluxes 42 may be used, such as, for example, fluxes 42 used for general s‘olderlré%, brazing, welding,

cleaning, or etchiff§"4 MEt s APEEE MR IR AR TE Y FERe AL SElISKi S IR 98 155RERIPEe choice of
flux 421thay dependtbaiie nattirgofrebatintidBs. eShefialy krefparticmtar ibicldwelsdidideanel composition
of coating 18. A thj € iStive, gqali | require ysing [ograssive 30flux 42. In
addition, or altern%%vg@??r%er%{l%i%eg O%T@x %;@nn%aéy%’eﬁ%%{r?atﬁ%" v&eﬁ‘ln gléggrp%[iegrtlﬁe?(;{?%% e materials in
coating 18. A comipBSRfFAther s bhisdB HeBacmrodDteiyrdinlitst RigrRsBienYEAURY? and that

selectively alters gpRtingkB RN RETB-4Qg:0: Galectvelyremenes coatinghd®-nmabeqysgd in place of
flux 42. PCB 10. Thus, the plasma deposition techniques may be fully compatible with the
i5 manufacture of PCB 10, causing littie or no damage or other unwanted effects to PCB
10. In some embodiments, plasma deposition techniques do not expose PCB 10 to
the relatively high temperatures associated with alternative surface finish processes.

In some embodiments, one advantage of plasma deposition may be that
coating 18 is deposited such that it accesses all surfaces of PCB 10. As a resuit,

20 vertical surfaces of PCB 10 (e.g., surfaces only accessible through holes in PCB 10)
and/or overhanging structures on PCB 10 may be covered with coating 18.
Consequently, coating 18 may protect PCB 10 from oxidation and/or corrosion along
any sides, edges, points, and/or areas at which conductive tracks 16 contact substrate
14 of PCB 10. In some embodiments, the plasma deposition process is not limited by

25 the surface tension constraints that limit the wet chemistry used in other surface finish
processes. Consequently, smaller vias and/or other holes may be coated.

In some embodiments, reactor 28 may use an active gas plasma to perform in-
situ cleaning of the exposed surface(s) of PCB 10 prior to plasma deposition. In such
embodiments, prior to introducing precursor compounds 36 into chamber 30 for the

30 plasma deposition stage, reactor 28 may introduce an active gas plasma into the same

chamber 30 to clean substrate 14 and/or conductive tracks 16 of PCB 10. The active



As explained above, coating 18 permits the formation of good solder joints 26 on conductive tracks 16
of PCB 10. One or more factors may be controlled to achieve 5 good quality, strong solder joints 26 on
PCB 10. These factors may include: (i) the wetting characteristics and/or surface energy of the coated
substrate 14 and/or PCB 10; (ii) the surface roughness of the coated substrate 14 and/or PCB 10; (iii)
the surface roughness of conductive tracks 16 on substrate 14; (iv) the composition of solder 38 and/or
solder paste (including active agents and/or solvents); (v) the 10 temperature profile of the soldering
process, which may include optimizing profile temperatures and residence times to improve wetting
performance of solder 38, solder paste, and/or active #dmponents; (vi) the size and/or geometry of
conductive tracks 16 on the coated substrate 14; and/or (vii) the particle size of components present in
solder 38 and/or $BT0RAFER 21 Ko MseanBofintseth e Lo AYHoanarR|Erafity?5t #85sdider joint 26
may be enhancedifairddwebpriezireatidiens, leleantines dydndisbsugacea preparatbodohaondbctive tracks
16 on substrate 14, .Conductive tracks,16.may h b urf rea t a gas,
sulphuric acid, anﬁ}g}eh%/ﬁrggéwapénr%vxiﬁee tgﬁ%goﬁngkg&ég%%h%’f%%é‘-’b%i%é%ﬁé%%’ pggg&?g According to

certain embodimettanehdeapEreramsibenandidribRrdbssacsiane otlior patasassieathasg be

20configured to cantip) thadupmtitvaRasiiosivrating, iparierspigasheldihe soider-pasteodispensed on
conductive tracks 16 on the coated su sHate 14 nsome e bodiments, the %a%lji%[(yﬂ%nd/or strength
cC h

of solder joint 26 F%%‘fﬁrgg] %ﬁ?}g I %“3} Oafglr?gfﬁgpt%g \HIIS([.‘.%a ity afd Surrate %‘H%?Bn of the solder paste

with temperature $enfé) mamtidgl ithbewleptisigednd ROW b tHesoldepsastBuonmortuctiVerisitdacks 16
and/or (ii) control {he capilany ACHORc KSR DY R IRRIARIC CARROPSNER QR CARIHGIVE fragks 16. This

capillary action may tend to djgsg)lace the solder paste from its desired location, especiall 'if Fine Pitch
and/or Ball Grid A5 HsERPREIE (Sahie: s Tt ioPeasiifi smpadiRiere Pr‘?éhq}:‘iality and/or
strengtin of solderdgiebnttB6snnaydie eNP@RAedi/:chittolkng thecopatitiorrehermoaltgtadility, and/or
thickness 3024 of coating 18 such hﬁgt. older selectivel Itlers coati 918,008 particular
area on the surfagggérs%%gffa?% Tﬁga n aé%%% e@rﬁgggin%ﬁ{é,emrg%%{a%}[f %%%lé%l?' trgr?‘étlgltrfo of solder
joint 26 may be enfianced by controlling the chemical action of the active component in the solder

paste with the halo-hydracarherRelymRhsINGeAlNG 18 t taelilateshesplrative pitesation (e.9.,

selective removal) qf coating 18. The quantity.and/or composition of the active, components in the
solder paste may ’%ﬁfﬁ?ﬁ SR ébﬁl%[%? eé]?&‘."éctﬁ}“otﬁ.COQA&HHS&@%&%{.@%‘§Aa-§g| utgf?ate a
solderihg processlipet (tses Saiden 38, keatphngtilkadi@eorfnrnosolder joinkPBeit sirégkl dde understood

that solder joint 26 may.fe frRed. AR cRANRhLAURIPRSAINEHES Andheatindhrubany flux 42,
Although FIGURES 3A-B illustrate solder joint 26 formed through a single-layer 10coating 18, it should

be understood that BB BME S6 P lerids et diutig thereof. The metal halide layer may

be robust, may be inert, and/or may prevent the formation on conductive tracks 16 of
oxide layers and/or tarnishes that could prevent effective soldering.

20 In some circumstances, however, a metal halide layer on PCB 10 may be
undesirable if it results, for example, in intermetallics that are vulnerable to
weakening under specific environmental conditions. In such cases, depositing a first
coating layer comprising a non-halo-hydrocarbon matefial (e.g., polythene and/or
polypropylene) on PCB 10 may prevent the formation of a metal halide layer when a

25 second coating layer comprising a halo-hydrocarbon polymer is deposited.

Although FIGURE 2 illustrates a single PCB 10 in chamber 30 in reactor 28, it
should be understood that any number of PCBs 10 may be simultaneously placed in
chamber 30 and coated with coating 18, Although FIGURE 2 illustrates the
formation of coating 18 on PCB 10 by plasma deposition, it should be understood that

30 coating 18 may be deposited on PCB 10 using any suitable technique.



multi-layer coating 18. FIGURE 4 illustrates PCB 10 comprising a multi-layer coating 18, according
to certain embodiments. The term "multi-layer" may refer to coating 18 that comprises two or more
distinct and/or graded layers 44 of polymers. Where a multi- 15 layer coating 18 comprises distinct
layers 44, each layer 44 may comprise a discrete chemical composition. Where a multi-layer coating
18 comprises graded layers 44, individual layers 44 may form a region of intermediate composition
between the individual layers 44. The material(s) in the region of intermediate composition may have
varying molecular weight, chemical composition, structure, geometry, porosity, 20 and/or other
properties. Thus, multi-layer coating 18 may comprise2tultiple distinct layers 44 of polymers and/or
may comprise multiple graded layers 44 of polymers. . In some embodiments, the multi-layer
coating 18 may compriseSEREi15) aPWA=CeEHISAUIS] & filPRAEE S bR U S A6 layer 44b
comprising a seceusktype D, pelsinies! |ncaipareambiodimsnts; thfifudt inyerddaoaing sSecand layer 44b
of 25 the mult-laygy,coaing 15 may samprise Bolimers ahhave aslalar shamisal gemposition but
different structures, #erenf&egreés oFconJugatl n, and/or different weights. In some embodiments, a
particular layer 44 fnwhisamanyi-ryeblecashnaee mey esniprissamsingSpasf Wik r8idissarbon
polymess In other gRakodimne Hswdnparticidarlayetds Wathe Baktidayencoating dfamanprise a

mixture of different 30types of halo-hydrocarbon polymers. According to certain. embodiments, each
layer 44 in the mﬁ%ﬁgﬁ?éil' COTRRY S a?%%%ﬁg'é"%% e%a%%%?‘fﬁff’égréﬁt&é%rﬁ%giﬂ"gh%oafn 31
polymer(s). In soméhesmbodimatittg, 1 8 4tiarkhyyenaking ameprishszsimii apphetivigoriommijpgurfds 36 that are

processed differently to foryy@aehlaver fit ks dexJiasHiingacR aver 44-hsiaa diffegent polymers,

different polymer networks, different molecular weights, different sizes, different physical structures,
and/or difference$MGGtHeF o RfeeCh Gusrafipothraris, gahatingaisa4 e dpraed Hifferent
precursQr compouwgsIRE, vhielraniay caugamachlayey e colytsehebffgiaatmgteBalstiand/or material

properties. The multi-layer coating,18.0n PCB,10.may ¢ rise any suitable number of layers 44.
In some embodim{z:rrsrl?sr,e %‘Xrﬁ%lﬁ?%%? I(:lgog%’r% 13 %uocrr'l\’g%g?sgfrr%gmstfvhg t%é%rf?\%e}ig)ﬁ% 447 \n other
embodiments, thecomuitiskagpp Eatirgt1BE o sBsifronpaiiovtar fargr lof/ BEB4H0 wharpetidered

embodiment, the ptizlayercoatichdd qumprias HAUgREINE Solavess ddninanbedimenis where
coating 18 comprises three or more layers 44, the multi-layer coatigfg_;ﬂ 18 may beliéi:o0 fi;gured such that

two or more layerSOHF LA FEARTRIER 1RideR08 BRI THRSURSAS S TUPTRSF some 15
applicattons, the nuocberoftajersepiisthepphule-Bye d 2 oatimg th8indar besefclfd e efilkance the

ant-reflective andjgy digleqic,praperties e muliiiaencealinn 48 ln suchisabodionests, the

multi-layer coating 18 may comprise a higher humber of layers 44 {e.g., four or more) with the
thickness and/or %é@n‘&r%%?%ﬁ’}a%mﬁ%é}ﬁ&%?ﬂ%ﬂgd.8Iﬁ‘%fi’rﬁ"éfﬁB‘Eiaﬂ’ff@ﬁf‘é’,a&’}ﬁaﬁcular layer
44 in the multi-laygém the particular area of PCB 10. Coating 18 may be remaved by applying solder

38, and optionally flux 42, 1o PCB 10 at a temperature and for a time such that solder
20 38 bonds to conductive track 16 and coating 18 is locally dispersed, absorbed,
vaporised, dissolved, and/or degraded. In some embodiments, aitc;ing coating 18
may comprise changing the structure, porosity, and/or surface energy of coating 18.
For example, fluxing may alter the surface energy of pores in coating 18, which may
change the wettability of coating 18 such that solder 38 can flow through pores in
25 coating 18 to conductive track 16. Thus, in this example, solder joint 26 may form an
electrical connection through coating between electrical component 12 and
conductive track 16. As another example, the soldering process may selectively alter
coating 18 by inducing voids (e.g., cracks) and/or causing voids to propagate in the
particular area of coating 18 where solder 38 and/or flux 42 is applied. Preferably,
30 one or more factors are configured so that the soldering process achieves good solder

flow, covers a portion of conductive track 16 on substrate 14 with solder 38, and/or



20coating 18 may be chiral such that the particular layer 44 is ordered through orientation and/or
chemical structure. A multi-layer coating 18 on PCB 10 may have any suitable thickness 24. For
example, a multi-layer coating 18 may have an overall thickness 24 from one nm to ten um, from one
nm to five hundred nm, from three nm to five hundred nm, from ten 25 nm to five hundred nm, from ten
nm to two hundred and fifty nm, or from ten nm to thirty nm. In a preferred embodiment, a multi-layer
coating 18 on PCB 10 has an overall thickness 24 from ten nm to one hundred nm, with one hundred
nm being a preferred thickness 24. The respective layers 44 within a multi-layer coating 18 may
have any suitable 30thickness. In some embodimentsZthe ratio of thicknesses of each layer 44 may
be varied to achieve different properties of coating 18. In some embodiments, each layer 32 44 within
coating 18 on PCRITE mEirne wideieirbr&pprsmiatia setyaingiiden8sdhq rrsiearisbafments, one
layer 44 may be thigkesrdhan@ihes averigddcsetbaim mutiday eecoaitng dSaxhibiéssaverall
properties that are tuned to, provide the.combined functionality derived from contribytions from each
layer 44 within co%%%%soi%gﬂ%@&? ﬁ&?gl %@Pl%fhmeen% %&nn%e%%éurﬁlfe& i?%&ﬁéoé?se S(%ft%%%ﬂ%rgalar layer 44
may comprise sixtyainpitisnpéroaint plotses overalithiokdve floR 4rofred ot lyetr’éoating 18, and the

combingd thickness of the remaining avaiShAs MR Comprisaemto forRarcenbat theyoverall

thickness 24 of the multi-layer coating 18. In embodiments where coating 18 c,omzri es multiple
graded layers 44, ¥E280%rdBe AHEYS R b pRBEVE LB AERS iFF e liFaaraiingy Bt 4244 fhay be varied
to achieve differest propatiiamohifiecd\rerBllicoatingidBiWheréscpating 18ccontipgsesenaitiple graded

layers 44, adjacent pyarend Rbe lisgd g alsuehdhal nelymere g fntgiedatghemical
composition are present betieen adjacentlayers 44. In addition, or alternatively; a muilti-layer coating
18 may comprise e GrETTORETES | Hbfymeel ageicnied ddfaebRER Hiayeldau3st sndes aide (e.g., metal

fluoridg)y According,io gertai-e b adimentssithe-piepationdeheaaty palveasr in patagednmulti-layer
coating 18 may be equal..In o he{ erﬁ?o iments of coating 18 ﬁP”gﬁ”SiQ@ gtjiad?g Iaé/ rst4d4 of different
polymers, coating°PERRNRHhIHEE fford SPRHETRY Ig?cﬁ% neFtnad other Po yrﬁérgsfjaseuch that the
multi-layer coatingelig:maeme 20 Py 20 ERHiGits\tvendiopertiesadt thebpdintimidasqidty dfernd¥psuch
embodiments, thegarticylar pOlYeR A MAke-ER Sk¢C Ny prIcRRI ehbeatigddisych that the

remaining polymer(s) make up ten to forty percent of coating 18. As noted above, the interface
between layers 44¢atafepslien thefitdef it B SpiRrRdRrE L TR tiiments, the
interfagg between layersréd maynbefgragted? 2hieeorehigiavcertain emiipdidispatss, thestirst layer 44a of

the muld-layer vaporise, dissolve, and/or degrade coating 18 comprising halo-hydrocarbon polymer.

Thus, coating 18 may only be altered at {e.g., removed from) the particular area of

PCB 10 where solder 38 and/or flux 42 is applied. As illustrated in FIGURE 3B,

'coating 18 may remain attached to the surface of PCB 10 right up until solder joint

20 26. By abutting solder joint 26, coating 18 may provide environmental protection of
conductive tracks 16 of PCB 10 right up to solder joint 26.

According to certain embodiments, there may be a balance between the time
required to alter coating 18, the temperature required to alter coating 18, and/or the
acidity or aggressiveness of flux 42. Thus, milder fluxes 42 may suffice if higher

25 temperatures are used, and vice versa. In some embodiments, a metal halide iayer
(e.g., copper fluoride) may reside between conductive track 16 and a halo-
hydrocarbon layer in coéting 18. The metal halide layer may exhibit a self fluxing
action when heat is applied to a particular area of PCB 10. The soldering process may
take advantage of this self fluxing property. In some embodiments, the metal halide

30 layer and/or the decomposition of halo-hydrocarbon polymers in coating 18 may

release fluorine and/or hydrogen fluoride (HF) to initiate fluxing (self fluxing) during



coating 18 (i.e., the particular layer 44 abutting substrate 14 and/or conductive tracks 16) is continuous
or substantially continuous. In such embodiments, none or substantially none of the second layer 44b
may come into contact with substrate 14 and/or conductive tracks 16 of PCB 10. One or more layers
44 of the multi-layer 30coating 18 may be deposited on substrate 14 and/or conductive tracks 16 prior
to the soldering of any electrical components 12 to conductive tracks 16 on substrate 14. 33
Accordingly, there may be no solder 38, or essentially no solder 38, between one or more layers 44 of
the multi-layer coating 18 and conductive tracks 16. As explained above, electrical components 12
may be connected to conductive tracks 16 by various #hethods such as, for example, soldering and or
wire bonding. In 5 some embodiments, at least one layer 44 of a multi- Iayer coating 18 may be
optimized for wird oSG SnBraFfStherl4s P &Pﬁé%uﬁ?’f&ﬁfer"&?ﬁmg fernt4{l6EBRRiRed for
soldering. For exampteataréirst layérdddthabdssofikirimzegtdorswyirelbening Déaydye HerSoeteposited on
conductive tracks “;&T%Itn%l ire g)tﬂndl@ process may then be executed to connect at least one
electrical component 12 to onductive track 16. A 10 second layer 44 of the multi-layer coating 18 may
then be deposited over PEUBsttEbThsddsoMtl ragebasussdyin dUptinikiss foinsdterily savfother

electricgl compongiiciZ¥ay, tenbessaldered thaugmthe mmakitayae %Eﬂ&é-gcﬁ@tQQﬁHMCt|Ve track
16. Alternatively, the for{a%) gk% st%% 98ul b% revers éisggtg thqé thibgp%lrgcu llar Ig)églrd l§1at is

optimized for sold&P o] °could be deposﬂe en the soldt ermngcou its| performe en the
particular layer 44uttessisioptiarizdd @fﬁﬂ/ﬁefﬂmmﬁﬁ@ﬁématbérd@bmdo@mmhmiﬂm3/3|re bonding

could be performgde, .12 SOME SNBRAIMERS £OAHRT a1-18aﬂ‘89“E’&ﬁ?ﬁsﬂé%ﬁﬁk@ﬂﬁ‘eiayi@&eﬂdf comprising
- a low-halogen-containing hydrocarbon polymer. A low-halogen-containing hydrocarbon polymer may

be any suitable pSIYAIE:HAGIG I GEE 1A T HIYEABYd é%‘ﬁ‘ﬂﬁﬁﬁt?follcﬁ%féﬁeﬁ’%nﬁ rgrdample, a
low-hal@égen-contafging hyshagatimie. poiythet AaayCefes. tdmaspoly aebdiaving |eskithar msonfigurable

percentage (by mass% of halo n.atom g? g atle;gssggaer}! éWcP pe enwy rqgssmg%usr t,Jthgn Q 5 percent by
mass, and/or any sul Lifabfe ptgrcentagesn ,&ccordlng {0 certain em odlments coating 1% comprises at

least one layer 4425des pristhena fiald-hpardedmeicp shanepelfer agfdther layer 44 comprising a

non-halohydrocarbon p@;kymafadﬁnaﬂmsm@lmsliwmsoamwdeahgxm%oaayb@nmwmway be any
suitable polymer that %oes ot omgjlse haé)%en atom nons hanhY tgcar pgx I may have a
straight or branch&& chait 6 rlnrb %Sﬁns‘%ruc N some o?jlrrrﬁen ther ur‘ﬁaysb crossllnklng

betwedr the cha|msaoﬁ:éenmﬁnhalbars’aﬂwdfggammalp@w@rat/ﬂmmﬂamhwhocbmmrp@lwner may
comprise one or MPOeaning PCB 10. In other embodiments, flux 42 may be an organic flux 42 such
as, for example, an organic acid (e.g., lactic acid, acrylic acid, etc.), an organic salt
{e.g., dimethylammonium chloride (DMA HCI)}, and/or an organic amine (e.g., urea).
In yet othcr embodiments, flux 42 may be a resin/rosin flux 42 such as, for example, a
20 synthetic resin or a natural rosin. in yet other embodiments, flux 42 may be an
inorganic flux 42 such as, for example, an inorganic salt (e.g., zinc chloride, sodium
chloride, potassium chloride, sodium fluoride, etc.) and/or an inorganic acid (e.g.,
hydrochloric acid, nitric acid, etc.). In yet other embodiments, flux 42 may be a
halide free flux, a no-residue flux, and/or a low solids flux. In addition, or
25 alternatively, industrial fluxes 42 may be used, such as, for example, fluxes 42 used
for general soldering, brazing, welding, cleaning, or etching a metal surface. An
example of such an industrial flux 42 is borax. The choice of flux 42 may depend on
the nature of coating 18, especially the particular thickness 24 and composition of
coating 18. A thicker, more resistive coating 18 may require using a more aggressive
30 flux 42. In addition, or alternatively, the choice of flux 42 may depend on the wetting

properties of the materials in coating 18. A composition that comprises the active



unsaturated groups such as, for example, carbon-carbon double and/or triple bonds. 34 In some
embodiments, a non-halo-hydrocarbon polymer comprises one or more heteroatoms (i.e., atoms that
are not carbon, hydrogen, or a halogen) such as, for example, nitrogen, sulphur, silicon, and/or
oxygen. According to certain embodiments, the molecular weight of a non-halo-hydrocarbon polymer
is greater 5than five hundred amu. A non-halo-hydrocarbon polymer may be a polymer that can be
deposited by plasma deposition. A particular layer 44 of coating 18 may comprise any suitable
non-halohydrocarbon polymer(s). For example, the particular layer 44 may comprise a polyalkene, a
polyester, a vinyl polymer, a phenolic resin, and/or a p8lyanhydride. In 10 a preferred embodiment,
the particular layer 44 comprises a polyalkene such as, for example, polythene and/qr palypropylene.

In some embodinféfdiePEn iR oM A2 @tfg %Wﬁh‘l%”?@s Aipgst §RF 4R bf a
non-halo- hydrocqetgqmq)@mwxﬂiﬂdu&demtm disgddyied Supiateade fig ancUor conductive tracks 16

and (ii) a second layer %4b of a}nkéglgbhydro \1% g P9 Sygﬁe f %%a %s,n%epgggjtgg (§ g}&@ﬁ%t layer 44a.

Such embodiments may%e aavantageous d metal ayer 44 on conductive tracks 16 is

not desirable. In pargadistvasmekitiHyea fest 18y raanrosry fetemnmayiydatsibsipsiisier directly on
conducgve tracksga@u W@r%ﬁ%ﬂgtmd@rmtmqj@mgtab hajige h@y@g%@m,@m&u@gmgracks 16. In

some embodiments, .a metal halide la be 20 u (%aswabl if tresul fo ex m:]?le in

intermetallics that*Si&8 RERSSTATSS ég{%ﬁ‘ﬁg (ndSFEpetifie & oﬁu Sthatal cora}lﬂL {{fns- T such
embodiments, a fifst(dy e dtsfsmmpuigingaeiahehedaddy srbrtaato okt pol/metGhallsdive ths a barrier

between conductiye-iracks.}6.a00r 3 SRRRAGL BUEE 44 GONBUFIG B N9y HaaaasPalymer. Thus,

the formation of a first Iager 44a comprising a non-halo-hydrocarbon polymer 25 ma)i prevent the

formation of a me@fitiafifiend/er &Qﬂ%rﬁ?ét%dﬁée‘éfﬂ%taﬂeb%ﬁWom/%fyé?im‘%n{ﬁ idhg a
halo-hydrocarbongaglyiese profile othies eieadinenissawheialnalideliniespimizbe gesited. In such
embodiments, coating 18 ma rise (i) a first layer 44a.of a metal hall formed directly on
substrate 14 and}a 8% A ﬁ?tf%/%e'c'[?%é em_LGt(lﬁ‘nat népgcevgo‘?/}?ﬁfa%grrgw H 6t a pfa }%dro@arbon polymer
that is deposited prstthanfirat #gijue aamponents; (vi} the size and/or geometry of conductive tracks 16

on the coated substrate 14; and/or (vii) the particle size of components present in
solder 38 and/or solder paste. In some embodiments, the strength and/or quality of

i35 solder joint 26 may be enhanced by the pre-treatment, cleanliness, and/or surface
preparation of conductive tracks 16 on substrate 14. Conductive tracks 16 may be
cleaned by a surface treatment of plasma gas, sulphuric acid, and/or hydrogen
peroxide and/or by a persulphate-based etchant process. According to certain
embodiments, the aperture size and/or thicknesses of the solder paste stencil may be

20 configured to control the quantity, position, wetting, and/or spread of the solder paste
dispensed on conductive tracks 16 on the coated substrate 14.

In some embodiments, the quality and/or strength of solder joint 26 may be
enhanced by balancing the viscosity and surface tension of the solder paste with
temperature 1o (i) control the wetting and flow of the solder paste on conductive

25 tracks 16 and/or (ii) control the capillary action caused by electronic components on
conductive tracks 16. This capillary action may tend to displace the solder paste from
its desired location, espeeiaily if Fine Pitch and/or Ball Grid Array (BGA) soidering is
used. According to certain embodiments, the quality and/or strength of solder joint 26
may be enhanced by controlling the composition, chemical stability, and/or thickness

30 24 of coating 18 such that the solder paste selectively aiters coating 18 on a particular

area on the surface of substrate 14. In some embodiments, the quality and/or strength



35 Although one or more embodiment described above comprise a first layer 44a of a
non-halo-hydrocarbon polymer and a second layer 44b of a halo-hydrocarbon polymer, it should be
understood that, in other embodiments, all, some, or none of the layers 44 of a multi-layer coating 18
may comprise a halo-hydrocarbon polymer. It 5should be further understood that all, some, or none of
the layers 44 of the multi-layer coating 18 may comprise a non-halo-hydrocarbon polymer. A
multi-layer coating 18 on PCB 10 may be configured to offer varying and/or customized performance.
In some embodiments, layers 44 of a multi-layer coating 18 may be configured to optimize the
conductivity, oxidation resistance, environmental 10 p#tection, cost, moisture absorption/resistance,
dendrite prevention, flame retardancy, and/or other optical, electrical, physical, and/or chemical
properties of the AILIAISRINRGHiAEYL B PHirBsEdrpIeonPdian bR thrEkcabathing 18 fifaAS4%ighly
fluorinated may bexsigsiiaile tproldelepgaech i vikormeyalqepteatianyingee itabtLimbogliments, while
in other embodiments latively thin coating 18 ¢ rising 15,less halide be preferred. As
described above vt%ﬁ Efraéz%sgp)(g’c e¥8c Y&ﬂﬁ'ﬁ@%g@j Se%%}ﬁ’géfrcgg%% (r)?es?l %%Tﬁ ﬁa‘? %%%Péged through a
multi-layer coatingnd®neaseprsiistivel tizeckesi iGowithonsntir ét ibprrolday riie maltivkagrsireoeditly 18.
Accordifg to certaipgmbasiments, a multi-layer coating 18 on PCB 10 comprises a first layer 44a
comprising a first type of halo-hydrocarbon polymer and a 20 second layer 44b comprising a second
type of halo-hydrocarboh PSRERET GH SEmi st BBSIRE RS IR PSR L BRtHFL 8l8inphises a
particular layer 4Aek capbiitetiaftodroetkyitizné(M/EIEE) thpeldristeridéanddahaetheltayendZoof a

polyehorotiuoregiivent, (S THEINRE R TILAETSE lckcdé s depgsiad drecty o

substrate 14 and/or conductive tracks 16 and t ayer 44 25 ma% eposited on the PCTFE

layer 44. In such éfiseaintdiS Rk PERPHuRAE sRidsTalp Prefeftraid dteHar esHEICIvE racks 16

and thedPTFE layerafidemay provsle epvireasiaiiiahareierioniiont Giayl 8: Ineikeresgrdiments, the
PTFE layer 44 m(?a/ R@lde osited digectly on substrate 14 and/or conductive tracks 16 and the PCTFE
layer 44 may be e{f)olsf’fé Sh e PTFE layer 44, This may allow the external 30physical and/or
chemical properties of tHESiifadelbisPOB R0Bd bheoduitsimirethbitapePOTIE ldyerapddings

Although FIGUREA iliHsitales safhiditizlayehcaating-hiihayies distinctiayesscdtahpyls hgunderstood
that the multi-layer coating 18 may have graded layers. Alt{wou‘gh a PTFE layer 44 and a PCTFE layer

44 of a multi-layePUBRERRY P8 SR ditag antioeidddaa™é LntrbImeE - thibsfet Mifizlayer coating

18 mayxompriselayer coating 18 comprises distinct layers 44, each layer 44 may comprise a discrete
chemical composition. Where a muiti-layer coating 18 comprises graded layers 44,
individual layers 44 may form a region of intermediate composition between the
individual layers 44, The material(s) in the region of intermediate composition may
have varying molecular weight, chemical composition, structure, geometry, porosity,

20 and/or other properties. Thus, multi-layer coating 18 may comprise multiple distinct
layers 44 of polymers and/or may comprise multiple graded layers 44 of polymers.

In some embodiments, the multi-layer coating 18 may comprise a first layer
44a comprising a first type of polymer and a second layer 44b comprising a second
type of polymer. In other embodiments, the first laver 44a and second layer 44b of

25 the multi-layer coating 18 may comprise polymers that have a similar chemical
composition but different structures, different degrees of conjugation, and/or different
weights. In some embodiments, a particular layer 44 in the multi-layer coating 18
may comprise a single type of halo-hydrocarbon polymer. In other embodiments, a
particular layer 44 in the multi-layer coating 18 may comprise a mixture of different
30 typés of halo-hydrocarbon polymers. According to certain emEodiments, each layer

44 in the multi-layer coating 18 may comprise the same or different compositions of



5 any suitable types and/or combinations of materials. In some embodiments, the material(s) in the
multi-layer coating 18 may not be PTFE type and/or PCTFE type materials. FIGURE 5 illustrates
PCB 10 comprising a multi-layer coating 18 selectively applied to particular regions of PCB 10,
according to certain embodiments. As 10 illustrated, particular regions of PCB 10 may be coating 18
with a single-layer coating 18 and other regions of PCB 10 may be coated with a multi-layer coating
18. Thus, different regions of PCB 10 may be coated with different polymers, or mixtures thereof, to
achieve different properties in the different regions. For example, in a first region of PCB 10 it may be
desirable to have a multi-layer coating 18 that exhibits315 piezo-electric and/or electroresistive
properties, while in a second region of PCB 10 it may be desirable to have a single-layer coating 18
that exhibits electPRIampitsuldineepiosatiedmenthiscesta e, Yhemayiwpplitidathartitstsiégion of PCB
10 a multi-layer cogtipeuid haviagar: istlayer dta ey ising adalymenof rinigeraliueride (PVDF)
and a second layer 44P coné[%ngaqunar_lglger han-hX’droc%]rHorré ?;gol mer. 20 La¥er 44f?f PVDF may

enhance the piez?)%%}fec &, électior |s'[|veer?r§n8?8? eiectrostictiv O[% 8’5&{,‘8%”8 chOadtllnari% in the first

region of PCB 10mipighikewaigiphe ddfmemayeppifitoth elsetehdmegion, ehP OBl rrrskgle-layer
coating 4.8 compriging 34pala=0YdroSaEP AR RARIRE OL_ AR halosBydracathan aplymarthat exhibits

greater insulation properties that PVDF. Thus, particular regions of PCB 10 may be coated 25 with a
single-layer coatifi§™#e i dtnarhekita ststrEco s 'DewBRied WithrarhbiRIAe ARy ating 18.
Although the foregaiataepsappirdllustrates coating 18 comprising PVDF, it should be understood that

any suitable polymers may e used i At snplByey Andle Mkl lavel <aRting d,B0Amult-laver
coating 18 may be applied to PCB’10 using any suitable tec nlqu%._ or example, a multi-layer coating

18 may be depostt@rudihg [plaantemtodispasiiths, Bhlnkyal vepivar deirositiors (DY ai6lecular beam
epitaxyl (MBE), plaseayerhencrcsaheaisabiansyisepasitenREGY B3, diahrREe sriwalasmospheric

plasma deposition, metallo-organi¢c-chemijcal yappur,deposjtion (MO-CVD),.and/or laser

b hancsdt chemiCAl VAR Ao T REEEE0 B o e B DA RS oA B A Ebating 16
may be depositediby thehoredtjors dfinter-qaneairating podyrentet B ierpPis Xancbomoye surface
absorption of monglaxers (RANGT ALRPLARGS Of MIBRVGHS da A TiNc4RPLARRS AgAlor polymer

alloys. In other embodiments, a multi-layer coating 18 may be deposited using a liquid coating
technique such ad4dha:xalm BRe, FYBradisDiFRF spraT iRl B LO%HRYLYSHGttefiRg SaME/or a sot-gel
10process. In embpslitaanis, Gomprisisic Malttriayehchatings h:reratingyemdd srayeibedormed using

the same or differ?ﬂa&%@hﬂéqyn Sreflective and/or dielectric properties of the multi-layer coating 18.
In such embodiments, the muiti-layer coating 18 may comprise a higher number of
layers 44 (e.g., four or more) with the thickness and/or geometry of each layer 44
being controlled. In such embodiments, a particular layer 44. in: the multi-layer

20 coating 18 may be chiral such that the particular layer 44 is ordered through
orientation and/or chemical structure.

A multi-layer coating 18 on PCB 10 may have any suitable thickness 24. For
example, a multi-layer coating 18 may have an overall thickness 24 from one nm to
ten wm, from one nm to five hundred nm, from three nm to five hundred nm, from ten

25 nm to five hundred nm, from ten nm to two hundred and fifty nm, or from ten nm to
thirty nm. In a preferred embodiment, & multi-layer coating 18 on PCB 10 has an
overall thickness 24 from ten nm to one hundred nm, with one hundred nm being a
preferred thickness 24.
The respective layers 44 within a multi-layer coating 18 may have any suitable
30 thickness. In some embodiments, the ratio of thicknesses of each layer 44 may be

varied to achieve different properties of coating 18. In some embodiments, each layer



In some embodiments, a multi-layer coating 18 is applied to PCB 10 using the plasma deposition
technique described above with respect to FIGURE 2. In such embodiments, once conductive tracks
16 are formed on substrate 14, substrate 14 may 15 be placed in chamber 30 in reactor 28. Reactor
28 may introduce gases (e.g., hydrogen, argon, and/or nitrogen) into chamber 30 to clean substrate
14. Reactor 28 may then introduce one or more precursor compounds 36 into chamber 30 to form a
multi-layer coating 18 on substrate 14 by plasma deposition. In some embodiments, the multi-layer
coating 18 may follow the three dimensional form of substrate 14 20and/or conductive tracks 16 of
PCB 10. A multi-layer coating 18 (comprising eithé? distinct or graded layers 44) may be deposited
on substrate 14 by varying the composition of precursor compounds 36 introduced into chamber 30. In
some embodimerfts Yifnseringel brt BB rl Soniy i ashrnypaadsdsly GarRiiieacshs mixture in
chamber 30. The mixtse-9hH35 MEBGU SR IEAPROUKISH3GHTraY: hRaa NfiguUERE:te) genoraia graded layers
44 of coating 18 on substrate 14. In gther.embodiments, distinct layers 44 qgf coating,18 may be
deposited on subgﬂ‘lz éaﬁrb%/o%w crplguﬁ %’é@%%é’ﬁﬁ%fcﬂr%pgﬁ%n{%guﬁr stg%e%n% r%r&‘ﬁ?‘jfir%econditions in
chamber 30. The compedifiontohaimut-eaferenating ib@inmayiiom coririafeti4yvoha sestinge of the
following factors: {ij the plasimagas seleaiata3RtistheePRtichlar PrachrRuGPMPQUA(R),36 used: (ii)

the amount of precursor compound(s) 36 (which may be determined by the combination of the

pressure of 38 prRETREST B FobRaE Psah dibe PRy RSS20 SPEEIIEST E8MiPBund(s) 36;

(v) the sequence 0§ preictissomtorapdiciadésy 36thpvptlnplasya(oyddsore powmpriteaqplasforydrive

frequency; (viii) thecﬁ;%grll%f\/i\f‘igtq,éia 't i:lg%}%)syﬁ 89@;@ “m 'e(lec}‘}&%EI?Ssma power (including the peak
B CS Q.f; ?ﬁe C ’11% gy :

and/or average plasma power); | amber 5 electrode arrangement; (xii) the preparation of the
incoming PCB 10; and/dr (ihodimasiievelisaeqrsiingtriB sfoshuifserRuPe datsg 1adefosilisd by plasma
deposifign may conplairls of subsianrtally semnietely, RaGapsdlate surireesolReB 0. As a
result, coating 18 may stqp or reduce aquepys absorption.and 'wetting” of PCB 10. This may
significantly reduc%‘é{ﬁ‘ﬂf gggﬁé&%é’rﬁgﬁ%\%r%gﬁ%\?vffﬁ?ﬁalisﬁ%)g Pé%qu'df gﬁ‘&%rcﬁnp g comptine

m’ Unaer or adjacent to
conductive tracks@itipligraded Deyespétialdimdvaitpge difs furyepoxisha sedaeBsdlo #ad paper/card

PCBs 10, which may, tend ipaRA0LR R lGlAAHEQHASIES: ARJIRKGRTRaNGMEIRIMSARd which may

be vulnerable to corrosion by such in-situ mechanisms. Plasma deposition may be used to deposit
layer(s) 44 of haldtfy dRaeaitiTh TRIERANEY oh B FTYEF (RS BR B A RSE b BR Bolymers.
Precurser compoyadsn36 forehale-hvgiasarton polyimerssaredssaild @kovastithkesidert to FIGURE
2. With respect to pon-halo-hydrocarbon.pol S, precursor 04,38 MAvHEe hygrocarbon
materials that are Igce'fglép}]é}g %%Xﬁ%\lﬁcfgi t Og%‘ééggé%'% raot?r%E ii@ %ﬁ%?e? i?j . V\l}hergl]}%ntroduceof into the gas

plasma, the particlilar praginesodp cornpsuprieb0 Beothery Pebrsimeydicerninisdd foBRiiwEte a range of
active species thagx\ﬁ@éd’ @@@Fﬂtﬁ&? é?ﬁ@ﬁ@&ﬂfn@@,k@a&ﬂ@-l@hﬁ@ ROMpAREISRIIO RN PE@SE)t0 generate a
thin layer 44 of a non-halo-hydrqcarbgn polymer. Arp/ s&itaggltgrigcgr%ggt?no ouréges 316hr!n_a_y be used
to form a non-haldHy¥5c oﬂ%ﬁ&é’?ﬁ’ﬂgﬁg}rﬁuﬁféé of predirsér ompounérz%é'for apositing layer 44
of a noghalo-hydroditiothepoiynerteneé thikparosylatkerasetarid such embodiments, the particular

polymer may make up sixty to ninety percent of coating 18 such that the remaining

polymer{s) make up ten to forty percent of coating 18. As noted above, the interface

between layers 44 may be well defined in some embodiments, and in other

embodiments, the interface between layers 44 may be graded.

25 According to certain embodiments, the first layer 44a of the multi-layer

coating 18 (i.e., the particular layer 44 abutting substrate 14 and/or conductive tracks

16) is continuous or substantially continuous. In such embodiments, none or

substantizlly none of the second layer 44b may come into contact with substrate 14

and/or conductive tracks 16 of PCB 10. One or more layers 44 of the multi-layer

30 coating 18 may be deposited on substrate 14 and/or conductive tracks 16 prior to the

soldering of any electrical components 12 to conductive tracks 16 on substrate [4.



25alkynes. As explained above, PCB 10 may be coated with complex, three-dimensional coatings
18. Such coatings 18 may comprise a single layer 44 over particular regions of PCB 10 and multiple
layers 44 over other regions of PCB 10. Any suitable techniques may be used to form such coatings
18. In some embodiments, one or more 30layers 44 of coating 18 may be deposited only on selective
areas of PCB 10. For example, one or more layers 44 of coating 18 may be selectively deposited (i) by
39 masking the surface of PCB 10 to deposit coating 18 only in non-masked areas, (ii) by using
photo-assisted plasma deposition techniques (e.g., laser or UV light assisted), and/or (iii) by using
metallo-organic chemical vapour deposition (MOCVD31ype precursor compounds 36 such as, for
example, metal-alkyl and/or carbonyl 5precursors. In other embodiments, coatings 18 may be formed
using one or morasuhtiatiivedachaicbeso sold&cRrelingstotdintain eidbodfrimtteetheng@position

process may be configured o madify e Weting charagtedsiicsRkGaRNNgsL8 on PCB 10. Wetting may
refer to (i) the wert?f)nra%}}etﬁgeigﬁrﬁ{a%ce 8? thgycoateé%CB 10 bgzliquiés such as water, (ii) the 10 wetting

of coating 18 by solder A8<waitioediehoxs HeriFiert rerRaaRtih G Iree SeSoaRRHST (Rif Y R Ging of
conductive tracks 3&bye9/daria afteroaeatifigsd Gdiasdoans adisady(end olodallyaetingyda). The

wetting characteristics of coating 18 may be modified according to a jtable techpigug. For
exampl®, the weﬁﬂ{‘&efﬂér%\%f%?‘f’sfic%gscgg w@efé& %n%ﬁ éﬁr{ﬁé%%fe%)ﬁe{ Siggsmgﬁgtqﬁ?ng using reactive

gas plasmas suckasifobdieganisactbarbareltht auiirarerenting Hiomdrecsimiid #e wetting
characteristics of goating 18 nav.heignqdiigdHy-rlasmaisemion ysingigasortasnasyselected to

provide the desired surface activation such as, for example, gas plasmas based on hydrogen, oxygen,
argon, nitrogen, ey dieRoHINRiIGRRIABFEFHAESLS: A%ef”é?ﬁoi’ﬁ%&%%é’ﬁ%%f t‘ﬁlfélyvvtgf}t;i'l n%;e

characteristics of seaiing thS:onaycbet ieadified dycpiedman0poty P ensatiducarioehy Uisifig variants of
and/or ixtures ol nalq-fYSraGALaNS 0. JUPEBsNEACARP B chligibiEioGabrns, fic) andior

non-ha]lo-hydroca{sr%gﬁs .0., polyethylene, polypropylene, €tc.). As yet another example, the wetting
characteristics of Bensirgnstaren/ henaiobriraiinizne (e Widsiehanpibar aleniHeE CRmRIPRRRY modify the
surface activationjangiorssfaceoiasalnnass ol weating- kS22 asing | fonemmpleyestrang! cids (e.g.,

ambodiments. e A SRERAE FEbSITG 16 Piay B Lot amh e 1ver e diferent
regions of PCB mlmaﬁdn@adﬁfeaénfmenldgiuamddeﬁsti@@wneégi&wr(dheth@léerrm;éwfdvefs 10) that
has enhanced W%gﬁgrﬁmlgﬁr%‘?éﬁr@ﬁéi%ﬂ&%ﬁﬂ?&tw‘?%ﬁqg%ﬁhtﬁﬁe@F@Ft@ﬂﬂcinA/Jﬂ'bCéTcl&waBOﬂOWS
across PCB 10. Thus, such 3 Tegior, may act 2 3 guier, iq diegt fiquid run-
posited, g p
In some embodiments, coating 18 comprises at least one layer 44 comprising a
low-halogen-containing  hydrocarbon  polymer. A low-halogen-containing
hydrocarbon polymer may be any suitable polymer having less than a threshold
20 quantity of halogen atoms. For example, a low-halogen-containing hydrocarbon
polymer may refer to a polymer having less than a configurable percentage (by mass)
of halogen atoms (e.g., less than two percent by mass, less than 0.5 percent by mass,
and/or any suitable percentage).
According to certain embodiments, coating 18 comprises at least one layer 44
25 comprising a halo-hydrocarbon polymer and another layer 44 comprising a non-halo-
hydrocarbon polymer. In some embodiments, a non-halo-hydrocarbon polymer may
be any suitable polymer that does not comprise halogen atoms. A non-haio-
hydrocarbon polymer may have a straight or branched .chain or ring carbon structure.
In some embodiments, there may be crosslinking between the chains of a non-halo-
30 hydrocarbon polymer. A non-halo-hydrocarbon polymer may comprise one or more

unsaturated groups such as, for example, carbon-carbon double and/or triple bonds.



off to areas where the liquid will not cause damage. 40 In some embodiments, some or all
surfaces of PCB 10 may be completely or substantially encapsulated with coating 18. This may protect
PCB 10 and/or prevent aqueous absorption and/or "wetting" of PCB 10. In addition, or alternatively,
this may reduce any corrosive action from within substrate 14 or from under or adjacent to 5
conductive tracks 16. Thus, coating 18 may protect PCB 10 having an epoxy-based, paper-based,
and/or card based substrate 14 which would otherwise absorb liquids (e.g., water, aqueous acids, and
corrosive materials) and which may otherwise be vulnerable to corrosion. PCB 10 comprising coating
18 may provide advantages over uncoated PCBs 10 1Bt The disclosed coating 18 may provide none,
some, or all of the following advantages. One advantage is that, in some embodiments, coating 18
may permit PCB 10 toreperabedimhais v ardrbelocdirdsiverenyipchmentsrinagitional # 0B 0 have
generally been unaRlgip.rglighly funsliondnsurh eaMEanments. & QRAUEIvERcks, 1R opuncoated

PCBs 10 may corrode, which may result in a far shorter Jifétimé of the 15 device than would normally
be expected. ThisSHEP 5ochlr 18FbxaHpETwBK % A e QIR 1MRSUSHEE in'VersPHtifhid
environments, espatiaiiyrevite rbanicriessapedopletsa olwatds-botnprsing pidanlvad gaaes such as
sulphur dioxide, hydrogen sulphide, nittogen dioxide hydrogen chloride, chlorine ozone, and/or water
vapour %rm a corroélve es‘oﬁufjlpoan.aT s may_nl_eaé) 0 ar?ﬁ%]gﬁn% %l'y C6rros orfﬁe 3@8 I S bfoé'r#i]ﬁ%nm between
conductive tracksPEaieRtiRs @bt dOROBLND; which may cause short circuits. In some cases,

manufacturers have appligh&rufg maCoatitgs.afifPriymer RSG5 10 ¢ftarsoldgsing.electrical
components 12 tq PCB 10. However, such conformal coatings are generally expensive. Applying such
ql (goca )s()[r CA.’\ rge !%n ﬁ rg %

conformal coatings M TaguRe ARce e mARuPAELS ¥8L eSS TiePRIMESEA components

12 have 25 been solgdkenktc FBBsED, Suckt polyfoemalpbeoatings sinayndlsoarpojuardairatheinstep to
remove ghe conformal €QalingauBeR. i ISBGLeRSALY %éﬁW@%ﬁfﬁﬁéﬁ%%ka@ﬂ%ﬁgﬁ i or when itis
e

necessary to test PCB 10 to ascertain its performance or troubleshoot a problem. In contrast to such
conformal coating&ARPAERY TS LGRS EPHIB S Fdrocarbon polymer may represent a lower cost
and/or higher 30performanocaseiiainfaigrectiognRCBriri batshyasdongeimsie eaironments. In

some embodimenI one ak more,l ars 44 o[jcoati 18t may be applied in,a 41 conformal fashion to
e 0% QF M ERANELFd ol Y !
PCB 10 after attac |?1g 3.%.?§8Pde%¥lg,y wire bon %5% gfcsae éé)% |8%&%ogﬁﬁ%ﬁeoﬁt§u%%r?§e cqg'nductlve

tracks 16. Thus, ctuiifigcr8dyrayh&aiplik 2pda(Ho pulerad GBel G 4s of cottoerhzdooatny 18 that
providgg one or myyemdvaniageadeselibed e einde)g eOHBAtIOR/CANANOMARRISIANGE be
solder-through cag vtgiirlai‘;[a}/g’e\(lvvxitgewhere a metal halide layer 44 on conductive tracks 16 is not desirable.
In particular, depositing a first layer 44a of a non-halo-hydrocarbon polymer directly
on conductive tracks 16 may prevent the formation of a meta! halide layer 44 on
conductive tracks 16. In some embodiments, a metal halide layer 44 may be
20 undesirable if it results, for example, in intermetallics that are vulnerable to
weakening under specific environmental conditions. In such embodiments, a first
layer 44a comprising a non-halo-hydrocarbon polymer may serve as a barrier between
conductive tracks 16 and a second layer 44b comprising a halo-hydrocarbon polymer.
Thus, the formation of a first layer 44a comprising a non-halo-hydrocarbon polymer
25 may prevent the formation of a metal halide layer 44 during subsequenf deposition of
a fayer 44 comprising a halo-hydrocarbon polymer.
In other emBodiments, a metal haiide layer may be desired. In such
embodiments, coating 18 may comprise (i) a first layer 44a of a metal halide that is
formed directly on substrate 14 and/or conductive tracks 16 and (ii) a second layer

30 44b of a halo-hydrocarbon polymer that is deposited on the first layer 44a.



5bonding capability, z-axis conductivity, etc.). Another advantage is that, in some embodiments,
coating 18 may prevent substrate 14, conductive tracks 16, and/or other elements of PCB 10 from
absorbing water and/or solvents. The elements of traditional PCBs 10 may comprise materials that
absorb water and/or solvents (including aqueous, organic, inorganic, and/or 10 mixed solvents) in
liquid, vapour, and/or gaseous form. For example, substrates 14 comprising fabrics (e.g., epoxy resin
bonded glass fabrics), paper (e.g., synthetic resin bonded paper, cotton paper, phenolic cotton paper,
epoxy, paper, cardboard, etc.), textiles, and/or wood based materials (natural and/or synthetic) may
absorb water and/or solvent-based chemicals. As andther example, conductive tracks 16 15
comprising metals, conductive polymers, and/or printed conductive inks may absorb water and/or
solvent-based chemicalsitpaigeoanetiiresahogiacraBsatbrapecmprisesmadiréteetitieures, printed
magnetic inks, ang/erathssislerariristhabma-Akseh \waler aRdiarsobrant-hassdrshenaicals. Thus,

PCB 10 may comprise parous and/or hy rophgic structures having a natural tendencgfft%r water and/or
0

solvents that 20 PR LS P B U HIBRE Mk B aPSE SRR R BMEnIaRenarid hteract with
water and/or solvieptssitdtioé diquitliphaseritierddighcomderisaticnlfrbmitbmas plgserméy include

solid sojvents.) WhERPISTE: hiefBolAAPSH LHEIE! A oF REISBISAPBP AL M fiblems may

result. These problems may include: (i) increased mechanical stresses during thermal Cycles due to
differences in theffilreXSaricADIs ishe ferdatefrettebaticn ¥ adhesion properties of PCB elements;

(iii) alterations to the diedeetiis-Eoestaniang spdangantphPLRrelesaantséiwsyiglling/of the structure
rendering some rQaterialLI%&ms gtaglne gorhplsg'gggem{;%y h rrl}g)l?as earggr{pr or u telz_gg g{pgg%%g% humidity
conditions, especially Wherd high Vorages are ee 9@5 corfosion of conductive tracke16 at or around
the interface betwemsnbeoreiietivagd fracRiémigedhe ROdutibtititerdidation fesisancmenkiagrioehitrength; (vii)

reordefing of matgrial i BECRALD 42JRdhe PISSsRRsmAlnairk, andipkviialogiRlysisipnthe presence

of an applied field leading to corrosion and/or degradation of PCB 10. Another advantage may be

realized where cdRERARGE FAMRE ABCE RIS 816 RISAL ARYVEAINRAEEI FRem 2L RERREERTS RhSolymers may
tend to absorb ligmids -dayefocdatimgisiure;ovkicimpigyaredulivisiys vedkngyamad ifc slitonsohiglégtrical
properties, and/ordeqradatan, o gL prripmanse - Jn.addilien n alictaliely. riiggactive.
devices (e.g., as used In plastiyc eTectronlcs) may absogr water and/or solvent-based chemicals, which
may change the FEWOfisHER Whttolpibsermbedrshiticd radively st ¢8 2B hfi rfgerrAting 18 to
printed; active devigehan ars0ndpctive:iracksdbeAReD BRI MEHCARFUE Y ITRBY mers, may prevent
water absorption. . tln ome %metr)l(t)di ents %oagiqgerlﬁ %a\ﬁ"%;bﬁ %omlij%ured fo ex ili1bitl%opcgzluctivity
along an axis poiﬁllﬁélfﬁtoct%néppféneso he dodfed stmace f ' fi

&" 2 aXie @ Whité agting as an insulator
along the axes pawetifsictey theadoalte oy Khrh Bes(thmoyinpdke maltrey theoajinsid: 48). Accordingly, coating

18 may be applieq toa aQRaustvecoBtagt Qgﬂo'ﬁi‘ﬁﬁiéh@%hm&%[i%fih@oﬁmgm gf@,p(pl@gom@act 50 to
transmit an electrical signal and/or carry current to a mating contact 50. Thus, in some embodiments,

coating 18 may pFOMBRE TS AAETS B SURLHBR AT Y R SEBr VARG M RIEIRTS A% Lonductivity

of contacts 50. second layer 44b comprising a second type of halo-hydrocarbon polymer. In some

embodiments, a multi-layer coating 18 comprises a particular layer 44 of a

polytetrafluoroethylene (PTFE) type material and another layer 44 of a

polychlorotrifiuoroethylene (PCTFE) type material, The PCTFE layer 44 may be

deposited directly on substrate 14 and/or conductive tracks 16 and the PTFE layer 44

25 may be deposited on the PCTFE layer 44. In such embodiments, the PCTFE layer 44

may prevent oxidation of conductive tracks 16 and the PTFE layer 44 may provide

environmental protection for PCB 10. In other embodiments, the PTFE layer 44 may

be deposited directly on substrate 14 and/or conductive tracks 16 and the PCTFE

fayer 44 may be deposited on the PTFE layer 44. This may allow the external

30 physical and/or chemical properties of the surface of PCB 10 to be determined by the
PCTFE layer 44.



FIGURES 6A-B illustrate a keypad 52 comprising contacts 50 that are coated 20 with coating 18,
according to certain embodiments. Keypad 52 may be an input device comprising a plurality of keys
54. By depressing key 54, user may cause keypad 52 to transmit an electrical signal. Keypad 52 may
be any suitable type of input device that comprises keys 54. For example, keypad 52 may be a
dome-switch keypad 52, a membrane keypad 52, and/or any suitable keypad 52. 25Keypad 52 may
comprise a plurality of keys 54. In some embodiments, each key 54 comprises an exposed surface 56
that is visible to a user and a concealed surface 58 that is generally not visible to the user. A
conductive contact 50 may be attached to the conceal%l surface 58 of each key 54 in keypad 52. In
some embodiments, keypad 52 comprises PCB 10 having a plurality of conductive contacts 3050.

Each contact 50 on PCR {0 % ROIRERPHILIA0E ALMILEKEARE O KRIRRG SRS, when a user

depresses a particular key 54, contact 50 attached to key 54 may touch the corresponding contact
50 attached to PCBsPeUithds anderydrihalebsica Siayar errtne (b8gmayy havsiatded dpers circuit).

Keypad 52 may caneige apTERitaple Mpmofkeyssd. 1fxamplesOmkayshd instise mekal "snap
dome" keys 54, S[arirg:gi %cd‘tgtgted keNs 4. and sil'%con Lép&%rléufgmtons h%vinqé)ne or more carbon

. e ve, 1t shauld be understood ¢ ayer coafin ay co e
inserts. In some em%o |men%s,‘key % may represent an area of aymem rgne e paa“%rés. A membrane

keypad 52 may camppigebiedynesrinttion dempbisations. o lawtier oispolymremsubshedismnthathgre normally

separated by an aif.8RRRS) HhedRaLSiacesRb e MO Rebranres{paycAmPLSE Heyjkle contacts
50 such as, for example, conductive inks (e.g., silver ink), conductive glues, 10 and/or conductive

adhesives. The d&&4&in of key 54 of a membrane keypad 52 may cause contacts 50 of the two
membranes to touch, reBURUREID ttansansSIOB 6 asignaing shoddd herwndengtodeettatvikbypad 52 may

comprise any suitghieyRe AOAIFAMRIRRIAERH S B4 GANIAE! A0 KaYRAT A e any

suitable conductive device for joining I5 and/or closing an electrical circuit. Contact 50 may comprise

an electfode, conilBistErepinamsuienrgionstif SHtbrxdssgetive devitcs SegitaleysoeaEgEcomprise

any suitable condugtive sarieralofmasreaeEmniansoptasiaLOWnRY RINPHSS QbR NRoreryetals such as,
for example, stainjee stecl, pickel, i-copper, auminiun, gold, slver andior any suitable alloy
thereof. In some emfisodllme%%, conPac?s%% mily S0°EBpIeE ARG REPR IR sl 84T Ed epoxy,
conductive plasticthcend/trasoiamsatdiiicetoprdpotive imttedisle suchgamisfor exanmils, oatdort and/or
graphite. Thus, coplaGts,PERAYCRRIISE at-H1ILaDIR. Iure ARE/e cPRbiRatinNAf candctive
mate”a1|§' piezo-electric and/or electroresistive properties, while in a second region of PCB 10 it
may be desirable to have a single-layer coating 18 that exhibits electrically insulating
properties. In this example, one may apply to the first region of PCB 10 a multi-layer
coating 18 having a first layer 44a comprising a polymer of vinylidenefluoride
(PVDF) and a second layer 44b comprising another halo-hydrocarbon polymer.
20 Layer 44 of PVDF may enhance the piezo-electric, electroresistive, andfor
electrostrictive properties of coating 18 in the first region of PCB 10. In this example,
one may apply to the second region of PCB 10 a single-layer coating 18 comprising a
halo-hydrocarbon polymer or a non-halo-hydrocarbon polymer that exhibits greater
insulation properties that PVDF. Thus, particular regions of PCB 10 may be coated
25 with a single-layer coating 18 and other regions of PCB 10 may be coated with a
multi-layer coating 18.
Although the foregoing example illustrates coating 18 comprising PVDF, it
should be understood that any suitable polymers may be used in any single-layer
and/or multi-layer coating 18.
30 A multi-layer coating 18 may be applied to PCB 10 using any suitable

technique. For example, a multi-layer coating 18 may be deposited using plasma



In some embodiments, one or more contacts 50 in keypad 52 may be coated 25 with coating 18. As
explained above, coating 18 may be configured to be electrically conductive in the z-axis direction but
to act as an insulator in the x-axis and y-axis directions. In other words, coating 18 may exhibit higher
impedance and/or resistance in the x-axis and y-axis directions but low impedance and/or resistance
in the z-axis direction. This property may allow contact 50 coated with coating 18 to conduct an
30electrical signal and/or current through coating 18 to a mating contact 50. 44  Coating 18 on
contact 50 in keypad 52 may have any suitable thickness 24. In some embodiments, thickness 24 of
coating 18 on contact 50 is from one nm to two Ism. Is7other embodiments, thickness 24 of coating 18
may be from one nm to five hundred nm. In yet other embodiments, thickness 24 of coating 18 may be
from three 5 nm tefosgibunchedicah vipyet dthexitemb SN MEm;itoidindss24pfagafiiBE)8 may be from

ten nm to five hungdigd B, R vehoiher embRAimEatEiigNess AL ppllagd mahds: from ten nm

to two hundred and fifty nm. In yet other embodiments, thickness 24 of coatin% 18 may be from ten nm
to thirty nm. In yelatRederaBsaimasiall o thermist gy APsF i Y IRVEY e B Pholymer
(having 10 thickngss 24rahéa demangatramal Alpdsitbpreferediamiadisientdbickmess, 24 of coating
18 is frgm ten nm tq ope hundted nm in varipus gradients, with one. hundred n ing . preferred
ickneds 20, | TSRS SRR Th e P e e e
coating propertiesctinarisr 8 Riesirsd/t dy suelpsplebsipbep Righemiarsrneitasne wolgpriess is required

(e.g., high corrosigr,ang-aly asipnAEsis IcRbratRiEk g taating 1 4% Meydar Depiiiagbnts, some
embodiments, thickness 24 of coating 18 may be optimiseq with different thicknesses 24 at different
locations of the d‘é‘\‘ﬁ&é‘?&f‘éﬁ@ﬁ%‘?ﬁd%H‘Wh?&ﬁ%’r%%?tf‘&"grﬁé i OPtn e &g Hehd dfimental
protection versusezaai,ctigeidctisipy) e Cantingab8rmayphe optingsepuferiogmplince tolaedid cracking

when 30 flexed:, 10 IRIM{ge.BAS AR, O AR ARAIRLIEALGAYRR] BY.S0RIING: 4. dal Gavironmenal |

protection; for ph{}sma protection of a softer, underlying material; Tor controlled resistance for circuit
trimming; for stabfipse s lehesnsediffresnertdnifsensors/electrodes; and/or for surface energy,
charge dissipation, andigrbleomriBgdidentgteshabomer coniagti 50scopiad witkCBOHLingnE8eay conduct
an electrical 25 signal and/or.current through coating 18 to a mating, co -4n this context, the
phrase "conduct ?S‘Elarg??ﬁé’ff cFréf(?eerc 8’8%%%6%{%8(12%)%%c%%af%sﬁer?éﬁgrr?jgff’ %%rééntrb%t\eveen two or
more contacts 50ewithdinerssnovingoodatting F8ckFHasrebuatiteg e8whayrdie depdsirets bbféen at least

two mating contagfs K0 and then-a.sionaliandienruitenkmeaibe gopsuciad hetwaen themating
contacts 50 without removing coating 18. The 30ability to condet a sixg?nal and/or current through

coating 18 may bBYATRESR: AEASH A4 RIBESIOW M TBRERHE ARG EIRSEIT A o R85 LS in the

z-axis direction. may then introduce one or more precursor compounds 36 into chamber 30 to form a
multi-layer coating 18 on substrate 14 by plasma deposition. In some embodiments,
the multi-layer coating 18 may follow the three dimensional form of substrate 14
20 and/or conductive tracks 16 of PCB 10.
A multi-layer coating 18 {comprising either distinct or graded layers 44) may
be deposited on substrate 14 by varying the composition of precursor compounds 36
introduced into chamber 30. In some embodiments, one or more precursor
compounds 36 may be used to generate a gas mixture in chamber 30. The mixture of
25 precursor compounds 36 may be configured to generate graded layers 44 of coating
18 on substrate 14, In other embodiments, distinct layers 44 of coating 18 may be
deposited on substrate 14 by switching between precursor cdmpounds 36 and
modifying conditions in chamber 30. The composition of a multi-layer coating 18
may be controlled by one or more of the following factors: (i) the plasma gas selected;
30 (ii) the particular precursor compound(s) 36 used; (ii) the amount of precursor

compound(s) 36 (which may be determined by the combination of the pressure of



45 Thus, the phrase "conduct through" may refer to conducting an electrical signal and/or current
between two or more contacts 50 without removing coating 18. The conductivity of coating 18 may
be measured according to any suitable technique. In some embodiments, the conductivity of coating
18 may be measured by 5 determining the resistance of coating 18. Such measurement may be
achieved by soldering conductive wires to contacts 50 and connecting wires to a resistance meter 60.
A predetermined force 62 may cause contacts 50 to touch each other (e.g., be brought into electrical
contact). As illustrated in FIGURE 68, resistance meter 60 may then measure the resistance through
coating 18 between the corresponding 10 contacts 5034s a reference point, the resistance of contacts
50 themselves may be determined by measuring the resistance between uncoated contacts 50.

@tlscorrc]iing (ts Cf)ftmﬁﬁi’@ehl?iﬁmf&tﬁi(ﬁpfiﬂgi tm\m?mxmpmzxamdﬁaa@semq;fm@ from zerOfto ten
1H0-ohms Cc rererred e odiment, coatin \Y/ | axlIs resistance II‘I a range rrom
0 b P oy G

zero to one ohms @;{)t TsEISUR é“’a““r%’p%"%’!i u PRIETE Sice of & ample coatings

18 having variousPihioknédsse Fueneedriingho méﬂamtﬁmmmmémsfhfmm@rmml(@tr@eed in graph

64 are example Vaihgs.giA7aXiERRIMAMGE foNexaimpIe craINIAHS fhwhouldipadpdarsigod, however,
that coatings asso%?ted with different materials, structures, deposition technl ues, and/or other factors

may exHibit differ8It 3B & ABRSEERS (éil?sﬂled?fa?ﬁfﬁvﬂﬂ} Oﬁﬁﬁdﬂ@‘ﬂ‘b‘?éﬁﬁ%iQHGEW&E&‘E%&% resistance
in relation to thicksiesadgébshouldfbdarigerstotddivat othdpusittabiespiestys teatshials netyucture,

deposition methol g ey Alechieif axin SaRR v ShEoAIMG A8, of eihedlugliated example,
on

the z-axis resistance of a examp e coa ng 1 ey pa 52 was measured USII";? resistance meter
60, as illustrated FFPIGURIENGES MRCHPRAT &S hageoex ahsprative re ouesirgitf P8 RE type

material. A metal fsnapromaifapidrasusR0c.as @R @tﬁ&ﬂt@&iﬁ@@nﬁlﬁﬁmfa@é \waﬁcw)ere soldered

to contacts 50 an L.conn cted tg re5|stance meter 60, A eterml ed forc X|mately five
OIm una acent o we tracks 16, This may c;{a eo
Newton meters) WaS app i 6 conta causmg Conta §Bond|ng

contact 50. ReS|sfanGeom'e‘Pe$660’€H@11mmmwaB@@dt@wahxésmmw belws:eh Wreetouching
contacts 50. The pradatermineshiosref WA AR Y uiing RN Genlatrd Sacks.andspy varying

force 62 until a stable 46
by such in-sifu mechanisms.

Plasma deposition may be used to deposit layer(s) 44 of halo-hydrocarbon
15 polymers and/or layer(s) 44 of non-halo-hydrocarbon polymers.  Precursor
compounds 36 for halo-hydrocarbon polymers are described above with respect to
FIGURE 2. With respect to non-halo-hydrocarbon polymers, precursor compounds
36 may be hydrocarbon materials that are selected to provide the desired coating 18
properties. When introduced into the gas plasma, the particular precursor compounds
20 36 may be ionized/decomposed to generate a range of active species that will react at
the surface of PCB 10 (e.g., by a polymerisation process) to generate a thin layer 44
of a non-halo-hydrocarbon polymer. Any suitable precursor compounds 36 may be
used to form a non-halo-hydrocarbon layer 44. Examples of precursor compounds 36
for depositing layer 44 of a non-halo-hydrocarbon polymer are alkanes, alkenes, and
25 alkynes.

As explained above, PCB 10 may be coated with complex, three-dimensional
coatings 18. Such coatings 18 may comprise a single layer 44 over particular regions
of PCB 10 and multiple layers 44 over other regions of PCB 10. Any suitable
techniques may be used to form such coatings 18. In some embodiments, one or more

30 layers 44 of coating 18 may be deposited only on selective areas of PCB 10. For

example, one or more layers 44 of coating 18 may be selectively deposited (i) by



resistance measurement was made. The measurement was repeated for coatings 18 of different
thicknesses 24. The resulting readings were adjusted to account for (i) the fact that two thicknesses 24
of coating 18 (i.e., one thickness 24 for each contact 50) were present in the measurement path and
(i) the resistance of the particular contacts 550 without coating 18. The resistance of contacts 50 was
determined by using an uncoated PCB 10 as a reference. The results of these measurements are
illustrated in graph 64 in FIGURE 7 and in the table below. Graph 64 in FIGURE 7 comprises a first
axis 66 that corresponds to the resistance of coating 18 and a second axis 68 that corresponds to
10thickness 24 of coating 18. The measured resistang@s are illustrated as points 70 in graph 64.
Coating thickness (no) Resistance of coating (a) 30 0.0704 40 0.1677 50

masking the surface of PCB 10 to deposit coating 18 only in non-masked areas, (ii) by

using photo-assisted plasma deposition techniques (e.g., laser or UV light assisted),

and/or (iii) by using metallo-organic chemical vapour deposition (MOCVD) type

precursor compounds 36 such as, for example, metal-alkyl and/or carbonyl

5 precursors. In other embodiments, coatings 18 may be formed using one or more
subtractive techniques.

According to certain embodiments, the deposition process may be configured

to modify the‘ wetting characteristics of coating 18 on PCB 10. Wetting may refer to

(i) the wetting of the surface of the coated PCB 10 by licjuids such as water, (ii) the

10 wetting of coating 18 by solder 38 and/or flux 42 during the soldering process, and/or

(iii) the wetting of conductive tracks 16 by solder 38 after coating 18 has been altered

(e.g., locally removed). The wetting characteristics of coating 18 may be modified

according to any suitable technique. For example, the wetting characteristics of

coating 18 may be modified by plasma etching using reactive gas plasmas such as, for

15 example, carbon tetrafluoride (CFs). As another example, the wetting characteristics

of coating 18 may be modified by plasma activation using gas plasmas selected to

provide the desired surface activation such as, for example, gas plasmas based on

hydrogen, oxygen, argon, nitrogen, and/or combinations of such gases. As yet

another example, the wetting characteristics of coating [8 may be modified by plasma

20 polymerisation and/or by vsing variants of and/or mixtures of halo-hydrocarbons

(e.g., fluoro-hydrocarbons, chloro-hydrocarbons, etc.} and/or non-halo-hydrocarbons

(e.g., polyethylene, polypropylene, etc.). As yet another example, the wetting

characteristics of coating 18 may be modified by liquid based chemical etching,

which may modify the surface activation and/or surface roughness of coating 18

25 using, for example, strong acids (e.g., sulphuric acid, nitric acid, etc.) and/or oxidizing

agents (e.g., hydrogen peroxide). In some embodiments, the wetting characteristics of

coating 18 may be spatially controlled to provide different regions of PCB 10 having

different wetting characteristics. A region (on the surface of PCB 10) that has

enhanced wetting characteristics may selectively control the direction in which liquid

30 flows across PCB 10. Thus, such a region may act as a “gutter” to direct liquid run-

off to areas where the liquid will not cause damage.



0.2095 75 0.4105 200 1.2775 Although the foregoing example illustrates the resistance of a
particular coating 18 comprising a PTFE type material, it should be understood that coating 18 15 may
comprise any suitable type and/or combination of halo-hydrocarbon polymers. Although the foregoing
example illustrates the resistance of coating 18 having particular thicknesses 24, it should be
understood that coating 18 may be configured to have any suitable thickness 24. Generally, contacts
50 in a device may be coated with coating 18 before or 20 after construction of the device. In a
preferred embodiment, contacts 50 are coated with coating 18 before construction of the device.
Coating 18 may be applied to one, some, or all of the4urfaces of contact 50. In some embodiments,
coating 18 may be applied to one or more surfaces of the device (e.g., keypad 52). Coating 18 may be
applied to surfaces of contacieSthhedfornte viseethae vk exqfodel 16 they WBarenigdeiptient such as, for

example, surfaceg, faghaghASEIRAHIGR GHRIBGHREAS DRIWGESH WAL PAYe PR hReluit. Applying

coating 18 to the surfaces of device in 47 additi’g)n to the surfaces of contact 50 ma (iﬁ]i,ncrease the
protection of the BR{ARE FEIATBBPFOERIP NS BxidAESH alth/dP (R Pravent AETBi Ko 5 spoilage

routes to contact:asgasdit€emedrrosive action from within substrate 14 or from under or adjacent to
5 conductive tracks 16. Thus, coating 18 may protect PCB 10 having an epoxy-based,
paper-based, and/or card based substrate [4 which would otherwise absorb liquids
{e.g., water, aguzous acids, and corrosive materials) and which may otherwise be
vulnerable to corrosion.
PCB 10 comprising coating 18 may provide advantages over uncoated PCBs
10 10. The disclosed coating 18 may provide none, some, or all of the following
advantages. One advantage is that, in some embodiments, coating 18 may permit
PCB 10 to operate in harsh and/or corrosive environments. Traditional PCBs 10 have
generally been unable to reliably function in such environments. Conductive tracks
16 on uncoated PCBs 10 may corrode, which may result in a far shorter lifetime of the
15 device than would normally be expected. This may occur, for example, when an
uncoated PCB 10 is used in very humid environments, especially where microscopic
droplets of water comprising dissolved gases such as sulphur dioxide, hydrogen
sulphide, nitrogen dioxide, hydrogen chloride, chlorine, ozone, and/or water vapour
form a cofro.sive solution. This may iead to a thin fiim or corrosion deposit forming
20 between conductive tracks 16 on the uncoated PCB 10, which may cause short
circuits. In some cases, manufacturers have applied conformal coatings of a polymer
to PCB 10 after soldering electrical components 12 to PCB 10. However, such
conformal coatings are generally expensive, Applying such conformal coatings may
require an extra step in the manufacturing process after electrical components 12 have
25 been soldered to PCB 10. Such conformal coatings may also require ancther step to
remove the conformal coating when it is necessary to rework a damaged or failed
PCB 10 or when it is necessary to test PCB 10 to ascertain its performance or
troubleshoot a problem. In contrast to such conformal coatings, coating 18
comprising a halo-hydrocarbon polymer may represent a lower cost and/or higher
30 performance solution for protecting PCB 10 in harsh and/or corrosive environments.

In some embodiments, one or more layers 44 of coating 18 may be applied in a



Coating 18 may be deposited on contacts 50 according to any suitable 5 technique. For example,
coating 18 may be deposited using chemical vapour deposition (CVD), molecular beam epitaxy (MBE),
plasma enhanced-chemical vapour deposition (PE-CVD), high pressure/atmospheric plasma
deposition, metalloorganic-chemical vapour deposition (MO-CVD), and/or laser enhanced-chemical
vapour deposition (LE-CVD). In some embodiments, coating 18 may be deposited on 10 contacts 50
by the creation of inter-penetrating polymer networks (IPNs) and/or by surface absorption of
monolayers (SAMs) of polymers or monomers to form in-situ polymers and/or polymer alloys. In other
embodiments, coating 18 may be deposited using a liguid coating technique such as, for example,
liquid dipping, spray coating, spin coating, sputtering, and/or a sol-gel process. 15According to certain
embodiments, coatiigh8l rfralitre dePOBitEl dtereotitabingsGgsing ftasmavite gosidios, sk -tescribed

above with respegllgFIGYRI fenkhuS, CORIACH SR012Y @eﬁléé%géﬁhgh%%§%§9p$liéﬁ%t0f 28.

Reactor 28 may then introduce gases (e.g., hydrogen, argon, and/or nitrogen) into chamber 30 to

clean contacts 5@ PARSHEED PMBred Sfepeo g@é%l‘%“ﬁgaﬂ/gt RARVAES CBOM B TS A8 Brecursor

compounds 36 ingeschesnber:30(t:fosrida siglerdaiyarresistintis| ayeecoating teparilspntdats 50 by

plasmasdepositio brllg.some gqmbodiments coatigigeltgr%may follow the three dimensional form of contact
8

- duc ) .
50. The preferre method fér 'd‘gpésﬁﬁrgiﬁogog‘t}fﬁvg! on contacts 50 may depend on the particular

thickness 24 of coating Agcthert isdasizeds [thtidncetingririiRAiEs FalBe! Prevr g ot thicker
coatings 18, 25whilgsplasma dapasiliondnay be.pipierae: foethinn er caming$:d8. absordike technique

used to deposit coating 18 on contacts 50 may be configure ontrol the z-axis condugctivity of
coating 18. In sorW@tférn‘?B?faTrﬁ(gﬁ?gfsth hy. S\EES %{J%ﬁ\sﬁ%ﬁ’ %%Fé{)%%n361@%5%/”@(51580’3?}85%% by
regulating one or tnorebsfrtheviottowidigrfactersts 4BcBdmpesiionsofdigdoihydrogarborndiaterial in
coating 8, which may i&%ﬁ&)‘iﬂrﬁ&’.ﬁfﬂ%ﬂ&ﬁﬁ%@ﬁf@%@bf%%ﬁﬁb%%&@&ﬁ? apapatialling the

gradation between layers 44 of the different materials. _Ratios of halogen |
atoms/hetero-atoﬁ%?éé?ﬁt&f%ﬁé?iﬁthfé’ﬁ%TSs-m%ﬁf?ﬁﬁféﬁﬁmrc%&iﬁé”i?ﬁ“%ﬁbrtion of
carbon in the halodhmmosaskoraeating s aiksinlia degiemsicopjugatiarincidshain-bydrocarbon
coating materal. JyIeos Bior et ot e NIV Srara Bk eRg R MRIGHR b deparee of
branching and crossjlnklng Iyl tﬁleolﬁali)o-ﬁy rocarbon coating
and/or solvent-based chemicals. As another example, conductive tracks 16
15 comprising metals, conductive polymers, and/or printed conductive inks may absorb
water and/or solvent-based chemicals, As yet another exampie, PCB 10 may
comprise magnetic structures, printed magnetic inks, and/or other elements that may
absorb water and/or solvent-based chemicals. Thus, PCB 10 may comprise porous
and/or hydrophilic structures having a natural tendency for water and/or solvents that
20 may cause changes to those structures. (The tendency of a material to interact with
water and/or solvents in the liquid phase or through condensation from the gas phase
may include solid solvents.) When elements of PCB 10 absorb water and/or solvents,
one or more problems may result. These problems may include: (i) increased
mechanical stresses during thermal cycles due to differences in thermal expansion
25 coefficients; (ii) alteration of adhesion properties of PCB elements; (iii) alterations to
the dielectric constant and loss tangent of PCB elements; (iv) swelling of the structure
rendering some materials unsuitable for plated through holes and/or for use in some
high humidity conditions, especially where high voltages are used; (v) corrosion of
conductive tracks 16 at or around the interface between conductive tracks 16 and

30 substrate 14; {vi) loss of mechanical strength; (vii) reordering of material in PCB 10



10material. Molecular size distribution of molecules in the halo-hydrocarbon coating material. Density

of the halo-hydrocarbon coating material. Presence of additional doping agents in the
halo-hydrocarbon coating 15material. Presence of ionic/salt, ionic, and/or covalent components in the
halo-hydrocarbon coating material. Presence of organic/polymer and inorganic compounds

comprising transition metals, including complex cations and anions in the halo-20hydrocarbon coating
material. Presence of compounds and/or elements having variable oxidation states in the
halo-hydrocarbon coating material. Presence of chemical compounds having delocalized character in
the halo-hydrocarbon coating material. 25 Presence of@ccluded components in the halo-hydrocarbon
coating material. When coating 18 is deposited by plasma deposition, adjustment of plasma

conditions (e.g. pawaE, gasRress e electiadeiny agementh the prbblickress afghel field

halo-hydrocarboni% ating Cn{}larto%glcgnl a(ed% ; Ig{lgc%g arﬁ%g%ti;%:’]%'m may exhibit greater resistance than

thinner coatings 1801 the same material).
Another advantage may be realized where conductive tracks 16 comprise a
conductive ink polymer. Conductive ink polymers may tend to absorb liquids and/or
b motsture, which may result in swelling, modification of electrical properties, and/or
degradation of circuit performance. In addition, or alternatively, printed active
devices {(e.g., as used in plastic electronics) may absorb water and/or solvent-based
chemicals, which may change the performance and/or properties of printed active
devices. Applying coating 18 to printed active devices and/or conductive tracks 16

10 comprising conductive ink polymers may prevent water absorption.

In some embodiments, coating 18 may be configured to exhibit conductivity
along an axis pointing into the plane of the coated surface (the “z-axis™ 22) while
acting as an insulator along the axes parallel to the coated surface (the “x-axis” 46 and
the “y-axis” 48). Accordingly, coating 18 may be applied to a conductive contact 50

15 without hindering the ability of such contact 50 to transmit an eiectrical signal and/or
carry current to a mating contact 50. Thus, in some embodiments, coating 18 may
protect contacts 50 from oxidation and/or corrosion without hindering the
conductivity of contacts 50,

FIGURES 6A-B illustrate a keypad 52 comprising contacts 50 that are coated

20 with coating 18, according to certain embodiments. Keypad 52 may be an input
device comprising a plurality of keys 54. By depressing key 54, user may cause
keypad 52 to transmit an electrical signal. Keypad 52 may be any suitable type of
input device that comprises keys 54. For example, keypad 52 may be a dome-switch
keypad 52, a membrane keypad 52, and/or any suitable keypad 52,

25 Keypad 52 may comprise a plurality of keys 54. In some embodiments, each
key 54 comprises an exposed surface 56 that is visible to a user and a concealed
surface 58 that is generally not visible to the user. A conductive contact 50 may be
attached to the concealed surface 58 of each key 54 in keypad 52. In some
embodiments, keypad 52 comprises PCB 10 having a plurality of conductive contacts

30 50. Each contact 50 on PCB 10 may correspond to one or more keys 54 of keypad 52.

Thus, when a user depresses a particular key 54, contact 50 attached to key 54 may



49 Orientation of coating 18. Continuity of coating 18 (e.g., porosity and/or three-dimensional
structure). Although keypad 52 is described in the examples above, coating 18 may be 5 applied to
contacts 50 in any type of device. For example, coating 18 may be applied to contacts 50 in safety
switches, alarm switches, fuse holders, keypads 52 on mobile telephones, touch screens, batteries,
battery terminals, semiconductor chips, smart cards, sensors, test chips, elastomeric connectors (e.g.,
Zebra strips), electrical connectors (e.g., sockets and plugs), terminators, crimped connectors, press-fit
10connectors, and/or sliding contacts 50 such as, for example, those used in chips, smart cards,
tokens, and/or reader mechanisms. FIGURE 8 illustrates a measuring device 72 comprising a
sensor 74 having coated contacts 50, according to certain embodiments. Sensor 74 may be any
suitable type of stnsbrtifdcérrespmeingnivodicn éitettzbrdar PAR Hdibpositiarsenseledtdidkat 15

measures analytes sheh fsw I EAABRIE A6 RA%GS ulucose, physiological fluid-based chemical
compounds, and/or other chemical'compounds. Sensor 74 ma con:qgrise a membrane 76, one or

more electrodes 78, onEBPAfore BENERRETES, K d iR St idera s s preim sy may be any
suitable material thatddtensta fluicioladhew leyalpie sstoitg achuelet tkogde sS4/ &inth Stkve aniediments,
membrgne 76 may be a hZQ/].mbiocom atible m%rgrprane Thy!?,sanalyég%gorﬁ;%ggﬁ%e glrou h membrane

one Of More ca Nserts. 9]
76 and react atan e ectro?yte%catalyst Interface, w ich may create an electrical corrent. Electrodes

78 in sensor 74 nigeeeihprise s datanpstbari Sexbs ndienamesnfiginaddd inmasaeniticanalytes. For

example, electrodg/BdmdyaRe1a BRZ¥HE MG O SHBPEIHNLh RS RdASRIRMYHated
dehydrogenase. The interaction of 25 analytes Witkkelectrode 78bmaé/ enerate a si na@)@rat is
electrical or may B TbAVerae into sl 8¢ ‘F‘fi%ﬁegiﬁ 5ie 5% BFRRSPEE AT IR MY R SER8ST 74 may

transmit the electch:rawmhwzthg fnamalngﬂy B&Mmﬁa'sﬂmirﬁggi,egﬂea &) neume enbosiments, -
contactg 50 on elggiidesdf ave IReatcahRORARMMINIPRITAIN R BRI gaRing device 72

such that an electrical circuit is made with the main body 82 of 30measuring device 72. In some
embodiments, thé &R TR thi SHEmembates BoTHey e bidpariGRemis tfeChmount of
analytes in the fluiibatibsistepbiasderstood that keypad 52 may comprise any suitable type and/or

combination of keys 54.
Contact 50 in keypad 52 may be any suitable conductive device for joining
15 and/or closing an electrical circuit. Contact 50 may comprise an electrode, connector,
pin, pad, and/or any suitable conductive device. Contact 50 may comprise any
suitable conductive material. For example, contacts 50 may comprise one or more
metals such as, for example, stainless steel, nickel, tin, copper, aluminium, gold,
silver, and/or any suitable alloy thereof. In some embodiments, contacts 50 may
20 comprise conductive inks, silver loaded epoxy, conductive plastics, and/or non-
metallic conductive materials such as, for example, carbon and/or graphite. Thus,
contacts 50 may comprise any suitable type and/or combination of conductive

materials.

' In some embodiments, one or more contacts 50 in keypad 52 may be coated
25 with coating 18. As explained above, coating 18 may be configured to be electrically
conductive in the z-axis direction but fo act as an insulator in the x-axis and y-axis
directions. In other words, coating 18 may exhibit higher impedance and/or resistance
in the x-axis and y-axis directions but low impedance and/or resistance in the z-axis
direction. This property may allow contact 50 coated with coating 18 to conduct an

30 electrical signal and/or current through coating 18 to a mating contact 50.



50 with the enzyme at electrode. Measuring device 72 may be configured and/or calibrated to measure
the signal from contacts 50 and to report the presence and/or concentration of analytes. Electrodes 78
may be affixed to and/or printed on sensor substrate 80. In 5some embodiments, sensor 74 may
comprise a power source coupled to electrodes 78. Sensor 74 may be configured to detect analytes in
a gas and/or liquid state. Contacts 50 in sensor 74 may comprise any suitable material. In some
embodiments, contacts 50 comprise a soft contact material such as, for example, carbon, conductive
inks, and/or silver loaded epoxy. In some embodiments, contact 10 50 in sensor 74 may make
electrical contact with another contact 50 in the main Bedy 82 of measuring device 72, thus forming a
circuit between sensor 74 and the main body 82 of measuring device 72. Contacts 50 may be coated
with coating 18 of any Sutedbie ithiokpeyac? 44 & devireht Dmeyrhaveetyeuitabie Ondamrsaidrelcontacts 50 in

sensor 74 may begcaateginkals smeaMPoguants Iiemanledy 82ehmaasiemant device is
reusable while sensor 74 is disposable (e.g., only used once). In other embodiments, sensor 74 may

be a multi-use sefor? A EFRBRIEE YA F A b RYPliRsiFdnahbe dopme g S i¥en the main
body 82 of measuueirehtte vicgeanthgensardidetiy chighh earthofs &inm &Y heyrepfodudikie and/or may

provide CO”Sta%ﬂoef%%eﬂ}%%f'x'é’dzn‘?n.C?rﬁ‘%?ro‘lh%‘?%ix%%%ﬂ?ﬁeé& e abave coniacis AQ.may comprise a

soft contact material such as, for example, carbon, conductive inks, and_?orc silver load: poxy. Without
coating 18, particfeyrfieprinéadivohurdiesians dautef Brecaleabesimesin Sopkaets Bocdkeatieeumulate on

components withirgthgymaif-HradyBARitneasuingdemeeifg. By, apphingraadinshdtagontacts 50,
however, one may prevent these soft materials 25 from breaking away from cqntacts 50 and
Ypisuenhihese soft majerials 29 fic iy from eq

On %’e%’ur‘?ﬁg%’evié 78m IRk ugiFhe foregoing

accumulating on components’in 2hin bglcﬁl/”
example describesnapgilyimts costimg 18 t& contertkB0 of anhalvalytbwerisor Fdyitehalidnge understood
that cogfing 18 may.Pe.arpligd JG&eRIAGHRRR PRGN &?F@Q%S%‘iﬁ@d%&ﬂ%c%é&@%ﬁ 4 or suitable

other device. 30For example, coating 18 may be applied to any suitable device or system where soft
(e.q., carbon) padS%ReUSdd o hisRE RS BPRIEL AR AP LBTRRSCHARICSCH Ly SRsrwndred

nm being a preferred thickness 24.
In some embodiments, the optimal thickness 24 of coating 18 may depend on
the coating properties that are desired. For example, if very high environmental
15 toughness is required (e.g., high corrosion and abrasion resistance), a thicker coating
18 may be preferred. In some embodiments, thickness 24 of coating 18 may be
optimised with different thicknesses 24 at different locations of the device, depending
on which properties are being optimised (e.g., environmental protection versus z-axis
conductivity). Coating 18 may be optimised for compliance to avoid cracking when
20 flexed; to minimise wear on coating 18 and/or wear caused by coating 18; for
environmental protection; for physical protection of a sofier, underlying material; for
controlled resistance for circuit trimming; for stability for reference measurements of
sensors/electrodes; and/or for surface energy, charge dissipation, and/or blooming.
As noted above, contact 50 coated with coating 18 may conduct an electrical
25 signal and/or current through coating 18 to a mating contact 50. In this context, the
phrase “conduct through™ may refer to conducting an electrical signal and/or current
between two or more contacts 50 without removing coating 18. Thus, coating 18 may
be deposited between at least two mating contacts 50 and then a signal and/or current
may be conducted between the mating contacts 50 without removing coating 18. The
30 ability to conduct a signal and/or current through coating 18 maf be due at least in

part to the low impedance andfor resistance of coating 18 in the z-axis direction.



51 may use the same sensor 74 many times or may use the same device repeatedly with disposable
sensors 74. In some embodiments, coating 18 on contact 50 of a device may comprise a very thin
layer (e.qg., five nm or less) of metal halide (preferably a metal fluoride) 5 directly on the surface of
contact 50. In some embodiments, the metal halide layer may be a monolayer, substantially a
monolayer, or a few monolayers. In other embodiments, the metal halide layer may comprise a metal
halide zone of layers at the surface of contact 50. The metal halide layer on contact 50 may be robust,
may be inert, and/or may prevent the formation on contact 50 of oxide layers and/or other 10tarnishes
which may prevent effective electrical contact or subs&fjuent processing. In embodiments where
coating 18 is applied by plasma deposition, a metal halide layer may form on contact 50 when active
species in the gashplashrapisast fidthdhe theteeEUrfagerokcdntactdoting sonvwcdnvebaigehts, the metal

halide layer may he gnhanced Usiag A.bighesceprany stionabilueribenpasies; fslayer of coating 18

15 comprising a halo-hydrocarbon polymer may then be deposited on and/or in combination with the
metal halide layer. The\éfﬁ%t%ﬂ‘lﬁ’aﬁﬂ‘é‘%ﬁ?&ﬁgﬁﬂ’ﬂ]églé’?i’é’r B marus Aseanting Eo??%%%%gy be discrete,
axially or spatiallysofimiratinebméhaisotiayrie hgraskdivansifionfreminetabhalideted by
halo-hydrocarbon, polymer in coating 18 op ¢ ct 50.dn [ alide layer
may prc%ect contggtte ll%gf?gfnrgﬁé? a{‘t(fgno\g]v Cf%g Fti e¥ aiytz.;sru 8?%“3%—%%%%&@2& pé??rﬂ%a%l may provide
environmental preelisting frndredieosine Hacesaghidyd AN GRIQHHALV TS R ProVREE B¥i@ation -
protection. Shoulgthe;layar-eERaIQs iyRoeaRN RRIKNIEHEIRCIRING R exvantualfyde wern away by

mechanical abrasion, the underlying metal halide layer ma jdation build-up, thus enabling
contact 50 to conPhRHE I HIaRE, h°§5°é’|‘é%ﬁt'0arkc§o’rlnia t&‘fé& n\ﬁ I%rﬁ@g%r%)% er?ﬁ%aafr%énﬁlﬁé% t Ee surface
properties of coatiny It&map@ammhﬁgnnséﬁht&qoémﬂlgbmg@mrﬁﬁs betiyechdhelegtospieadivgface of
coating18. For exapie.sgoaking 1 Mas ?%zﬁEQﬁQQEQQ%P%H@Q‘E@MJ?@M&%@%H}%Ufface of

n

coating 18 and electrical components 12. In some embodiments, the annealing and/qr thermal
30properties of cO&KAYAE MaTREEBSHHEFEtEHch PRESAARCATS SMpersh4 BPXELRA]°L8 may be
selectively removegfteeindchatact dovite; 152nay exhibit z-axis resistance in a range from zero to

ten kilo-ohms (k). In a preferred embodiment, coating 18 may exhibit z-axis
resistance in a range from zero to one ohms (£2).

15 FIGURE 7 is a graph 64 illustrating the z-axis resistance of example coatings
18 having various thicknesses 24, according to certain embodiments. The metrics
illustrated in graph 64 are example values of z-axis resistance for example coatings
18. It should be understood, however, that coatings associated with different
materials, structures, deposition techniques, and/or other factors may exhibit different

20 amounts of z-axis conductivity. Although graph 64 illustrates z-axis resistance in
relation to thickness 24, it should be undersiood that other variables (e.g., materials,
structure, deposition method, etc.) may affect the z-axis conductivity of coating 18.

In the illustrated example, the z-axis resistance of an example coating 18§ on
keypad 52 was measured using resistance meter 60, as illustrated in FIGURE 6B.

25 Contacts 50 in this example were coated with a PTFE type material. A metal “snap-
dome” key 54 was used as one of contacts 50. Electrical wires were soldered to
contacts 50 and connected to resistance meter 60. A predetermined force 62
(approximately five Newton meters) was applied to one contact 50, causing that
contact 50 to touch a corresponding contact 50. Resistance meter 60 then measured

30 the electrical resistance between the touching contacts 50. The predetermined force

62 was applied by using ENIG plated tracks and by varying force 62 until a stable



Applying coating 18 to contacts 50 may provide advantages over traditional devices. Coating 18 may
provide none, some, or all of the following advantages. One advantage is that coating 18 may prolong
the life of contacts 50 by protecting them from environmental damage and/or corrosion. Some devices
are typically used 5 in very humid environments. In such environments, microscopic droplets of water
comprising dissolved gases (e.g., sulfur dioxide, hydrogen sulfide, nitrogen dioxide, hydrogen chloride,
chlorine, ozone, and/or water vapour) may form a corrosive solution. Such droplets of moisture may
form a thin film or deposit of corrosion on contacts 50 in a device. Such corrosion may degrade and
shorten the useful life of 10 contacts 50. Traditional cggting substances such as, for example,
traditional polymers and plastics are normally insulators and have therefore proven to be unsuitable for
coating contacts &isﬁﬁa&iﬁ@al&@ﬂéﬁtpﬂﬁrﬂ@dl@@ﬁﬁ/ﬁﬁ&@!ﬁﬁammyméﬁteﬂmﬁnw exhibit
conductivity in th -axis dir ction. A cardingly, coating 18 ma t h| er the a ré)glt f.contacts 50 to
receive and/or tra%n%émltilg'na SR dl'fl}(li}n %rxfg] gaﬁ%e‘r%ﬁlvefrx ‘ésrte" cc?nftig%?s ly é%ated with
coating 18, contafste mtntmy fb@‘pmi@@?é’dﬂ)fr@?ﬁtmr?@élms one ‘Aﬁbﬂq@rmm@é%ﬁhﬁ@ommg 18

may preserve the@@%@giﬂ&%ﬁf ithaswEacrAlaIRGRE) As rxRiained ahoyencalipsiamand/or
oxidation of contacts 50 may prevent and/or interfere with the abl|l of contacts, 50 to make electrical

connection 20 with eS8t FER RIS pro Bt iiar o S PR th O?FB%IFBW% AoV BEtion causes
the formation of amtnsuhiog Hyaraovlrdine. surface of contacts 50 and/or a physical change to the
surface of contacts 50 whie Ry SRiaCONBERARARTAINA S8 G slagliiaa.copiastavih each

other. This problem may arise, for example, where an uncoated contact 50 is a safety switch or

connector for an alﬁirrw%té%h SJ??&W’ZS‘%S?@[}E% drd HERENTFmsifse fof ISh@ihebdsadf time but

should function cegiesihsnubenttegeiiashde/ breataskcrniasts Hddnayheed me diseapoeniesd where the
corr05|on forms an | nlé?ulat%g arrlter bﬂ;w%n the mae Jn contactgrg sgt(r:pt %s fog Sxa%ple in fuse
holderé and batte ONRAGERE ontalts B0 are coatad with coat wever, contacts 50
may be protectedgﬁrm’mﬁébrrosmn and/or oxidation. Thus, 30coat|ng 18 may preserve the surface
integrity of contacts 50. 53 0& TELE Yﬁf’i@@;%?s ’ﬂ@&?&%‘é’lﬂ clogtm@ protect contacts 50 from
corrosion. In devices comprising uncoate E.Bntacts , COITOgiN may prevent movement of contacts
50 that are designed to move. In SOMETAZFS, COITOSIoN May fhRgNgE the resistance/performance of a
circuit and/or degrade removable Elementggfa device. 5 WJigfg;contacts 50 are coated with coating
18, however, contacts 50 may be protecieghirom corfosion, frajedy extending the life of a device
comprising contacts 50. As explained abpove, eleftrical companent 12 may be attached to PCB 10
by soldering through coating 18 (Without firsé removing coating48) to form solder joint 26 between
electrical component 12 and conductive track 16 of PCB 10. In other 10 embodiments, electrical
component 12 may be a to a coated PCB 10 by, wire bo in ctrlcal omponent 12 to
conductive track 16 of Pé@ ?\ thé FISGRES usa&ié‘*é lWl?é% 5 %%A?at?lat IS fon%gl% ﬁwough coating
18, according to cerasire dinborrisnes:, RV W@ﬁ@BEthyt seotdfrhe arsiersieshtbarecgBnand any suitable

surfacqsin some gmpedimERiS:WiteiRnR 34 MAwPetAEMRshn of hale-hydrocarbon polymers.

Although the foregoing example illustrates the resistance of coating 18 having

particular thicknesses 24, it should be understood that coating 18 may be configured
to have any suitable thickness 24.
Generally, contacts 50 in a device may be coated with coating 18 before or
20 after construction of the device. In a preferred embodiment, contacts 50 are coated
with coating 18 before construction of the device. Coating 18 may be applied 1o one,
some, or alt of the surfaces of contact 50. In some embodiments, coating 18 may be
applied to one or more surfaces of the device (e.g., keypad 52). Coating |8 may be
applied to surfaces of contact 50 and/or device that will be exposed to the
25 environment such as, for example, surfaces that act as electrical contact areas between

two or more parts of a circuit. Applying coating 18 to the surfaces of device in



15 between wire 86 and a surface of electrical component 12, conductive track 16, and/or circuit
element. The surface on which wire bond 84 is formed may be referred to as a contact surface 88. In
the illustrated embodiment, both wire 86 and contact surface 88 are coated with coating 18. In other
embodiments, wire 86 may be coated and contact surface 88 may be uncoated. In yet other
embodiments, wire 86 may be uncoated and 20 contact surface 88 may be coated. In some
embodiments, coating 18 is only applied to the areas of wire 86 and/or contact surface 88 where wire
bond 84 is to be formed. In other embodiments, coating 18 is applied over all or substantially all of wire
86 and/or contact surface 88. The term "wire bonding“sgenerally refers to a technique for joining
electrical 25 components 12 and/or circuit elements in the absence of solder 38 and/or flux 42. In
some embodimenisiindreibandingaanyobecdsad 50 maké phetaciribalgoroeaiion fhetivear two or more
components using a conductive wire 86, Wire bonding may b ed to make intercon ions between
an inF:egrated circtit Th*Baré'dié' ?é\'{r%oé{f%& The TS%%{%&%?H%% ﬁg@ ?R?eié)?acfes gﬂ%ﬁ ﬁtrgh{égg%ition, or
alternatively, wirechutadiag80mdeyibe used to make interconnections between a bare die and PCB 10.

54 Wire bond 84 maybe-forfgedignwontaeksi face Basingoviie SGianda mireshengier 90. Wire
bond 84 may be formed using any suitable type of wire 8(%. The term "wjre" rna ,re{er to one or more

elongatéd strand<S6PEBAHUCHOE Fiaiis. SoFEBmL MBbL A SRRSS [t 85 AT A KM ctrical
current, transmit alpelesticaC ¥signalplendior bear aphechaMddiloatkstmserhenerdisbdimmhts, wire

comprises a pin, 3 ALY, A AIRGKIEYE M ARAOL G0 A SSCIGREORRRREH Falto. Wie 86

. Vapour 4 .
may comprise any dlitable material. In some embodiments, wire 8 comprises one or more conductive

materials such asofgrixelinpiealcurrabArresiien pdQo¥ e rdital st sl HsRfRrs, and/or
conductive non-metadlic dpsiatishs AT prafeecepigndimedoaiie Bhegropdgesigdlds aluminum,
copper, and/or silver. In ofher embodiments,.wire 86 comprises nickel, palladiim, platinum, rhodium,
iridium Hin, lead, 68%%{?1ié?r%yaﬁrﬁroeﬁﬁ}%i%rﬁﬁ'tﬁﬁﬁ%ﬂ?ﬁ‘? eﬂ?ﬁgnrg%gﬁg\i %Fgﬁﬂgn%r%g}ﬁg%g chromium,
vanadium, titaniursyrécandiemiiziroémonelayoly Boedahe] tpelysters cothenremsittofamniesiis, and/or

other suitable materials. Wit 89,51 2IR9ERHisRrRNYsitahig @etRlialay and/er sqymdination of

conductive materials. In some embodiments, wires 86 comprising metals (i,ncludin)%; alloys) that readily
oxidize and/or tarHSREAdiEE FeataE, EARERERURE 2odthG e PR L LRRE R SR 86 may
extend the shelf lifpiandianfussiieralifeddderices pamprising wires 86. Wire 86 may have a cross

section,hat s crcular, racianguial, LAy kR AIaRlE S AR S SIIPGAIRRLS, wire 86

having & rectangular cross section |se((a_?erre to as a ribbon.”In embodiments where wire 86 has a
circular cross sectiénusingerBermaaipieaiioniamdterioodahpe raffasPind MY BRSmdtUh other

embodiments, wirg86.haSdiametsy PRIGthe taRgBOIBNLIMBAeWIE NURSEad:PB. ki preferred

embodiment, ereiggogggedégpgse t(g.rgg Iy%rtct]g%r{?g %n?fafrlafé?oernnﬂhr)%etr?) into chamber 30 to clean

contacts 50. In one or more steps, reactor 28 may then introduce one or more
20 precursor compounds 36 into chamber 30 to form a single-layer or multi-layer voating
18 on contacts 50 by plasma deposition. In some embodiments, coatiﬁg 18 may
follow the three dimensional form of contact 50. The preferred method for depositing
coating 18 on contacts 50 may depend on the particular thickness 24 of coating 18
that is desired. Liquid coating techniques may be preferred for thicker coatings 18,

25 while plasma deposition may be preferred for thinner coatings 18.
The technique used to deposit coating 18 on contacts 50 may be configured to
contro] the z-axis conductivity of coating 18. In some embodiments, the z-axis
conductivity of coating 18 may be controlled by regulating one or more of the

following factors:



25 seventy-five pm. In embodiments where wire 86 has a rectangular cross section, a side of wire 86
may have a dimension in the range of five pm to one mm. In other embodiments, a side of a
rectangular wire 86 may have a dimension in the range of ten pm to two hundred pin. In a preferred
embodiment, a side of a rectangular wire 86 may have a dimension in the range of twenty pm to
seventy-five pm. Different 30types of wires 86 may require different wire bonding equipment and/or
parameters. 55 Wire bonder 90 is generally operable to form wire bond 84 between wire 86 and
contact surface 88. Wire bonder 90 may be any suitable type of machine that uses heat and/or
pressure to form bonds between wires 86 and contacisgurfaces 88. Wire bonder 90 may be a
wedge-wedge wire bonder 90, a ball-wedge wire bonder 90, 5 a three way convertible wire bonder 90,
an ultrasonic insulated wirebapekin@0 od highHyemueroy wiktehangerc9aia manuaiskiradonder 90,
and automatic wire bonder, 99, and/or any suitable type of yvire bonder tgroéléna%%rggng_o bodiments, wire
bonder 90 comprises a needie-like 100l (r erredto as a cyapﬂfary%hrough which Wire 86 %s threaded.
Wire bonder 90 may positi8i§ ardatidrotaiiassBysrs dombe siffkiert 88widl® form either a ball bond
84a or a wedge bond 84b.ghrderns niladerandoni@daqc apneieibrafestemthegegmetaipf wire 86 at
the point where the connection is made. These twq methods of wire bonding -- ball bonding and
wedge bonding -- may use 5&?8?%%%’38??\'8”? fibHEWhent, pressure, and/or ultrasonic energy to make
a weld at either or both £néscpbmiire Eeatbinisstimbabniyddimaents couiiegboriees! 90 forms ball bond 84a
by applying a high-volta.ge@égggigf(‘clagﬁgg%tggnvyﬁr%gsﬁaiwﬁ}qhwomgdgméq@gr%;he tip of the capillary

of wire bonder 90. The tip of wire 86 miay form into a ball due to the surface tension of the molten
metal. Before, during, of affteiies Balcssliaitieiehinidhs Saltehgorrislra castng thestidhillary, causing the
end of wire 86 to touch €omagiesusfapanBingCend/isefantes Ot naay Hhiemanplybeatdatrgsure, and/or

ultrasoI iC energy to create a elg between the end of wire 86 and contact surface 88. Thus, wire

bonder 90 may form ball bon 24. FIGURE 10A illustrates a microscope image of ball bonds 84a
formed between uncoated Mireeugs sinel dstdateeh cirmatteslpsdodiBshaedodhaertoncenting
embodiments. Wires 86 angd.ggffact surface 88 may comprise any suitable 25 type and/or
combination of conductive materials., In the illustrated embodiment, wire 86 comprises gold and
contact surface 88 comE)riS%?E‘%Béweéglr‘ft‘%?rgﬁ?fg%Cé’ét‘r‘ﬁ%?ﬂgr}?lle-treated before coating 18 is
applied to contact surfate B&stmdheillastiated ekpinglegcontactistfiabeh38wadprestesiated with a
liquid hased sulphuric acid/iydragen peroxide solution. After drying, the example contact surface 88
was 30then treated with hydrogen plasma, after which coating 18 was deposited on contact surface
88. In the illustrated examplESEF inPEY e tftienaniierseytent sitapenggs in the halo-

hydrocarbon coating material.
®=  Presence of organic/polymer and inorganic compounds comprising
transition metals, including complex cations and anions in the halo-
20 | hydrocarbon coating material,
‘= Presence of compounds and/or eiements having variable oxidation states in
the halo-hydrocarbon coating material.
= Presence of chemical compounds having delocalized character in the halo-
hydrocarbon coating material.
25 ®= Presence of occluded components in the halo-hydrocarbon coating
material.
®=  When coating 18 is deposited by plasma depositfon, adjusiment of plasma
conditions (e.g. power, gas pressure, electrode arrangement).
s Thickness of the halo-hydrocarbon coating material (e.g., thicker coatings
30 18 may exhibit greater resistance than thinner coatings 18 of the same

material).



surface 88 were formed after coating 18 was deposited on contact surface 88. Although the foregoing
example illustrates contact surface 88 that was pre-treated with a particular solution and hydrogen
plasma, it should be understood that any suitable surface treatment may be used prior to applying
coating 18. It should be 5further understood that, in some embodiments, no surface treatment of
contact surface 88 may occur prior to applying coating 18. FIGURE 10B illustrates a microscope
image of a section view of ball bond 84a between an uncoated wire 86 and a coated contact surface
88, according to certain embodiments. Wires 86 and contact surface 88 may comprise any suitable
type 10 and/or combination of conductive materials. lgthe illustrated embodiment, wire 86 comprises
gold and contact surface 88 comprises copper. Contact surface 88 may be pre-treated before coating
18 is applied to contactssuffaieat88&nftberilhgstated example, contact surface 88 was pre-treated with

a liquid based sulphurig, ac@yxgm@}gegfp%gm%e sglu gQ%]h%gg&gntg,%g,yrf@p&_@%ﬁggmgoating 18

was 15 deposited on the example contact surface 8 e coated contact surface 88 in this example
was then post treated withSH¥idgen plasma. In this example, ball bond 84a was then formed
between wire 86 and contashgulagad82 is sdkiipsh the aregotegiexantateiliustraies kontact

surface 88 that was Prg%eated wi%a partgtélgr Iutionlgn% )post-tr%gtgg V\fi%r; h cg)reo en é%lasma, it

should Be 20 undBRES0d TRAF Eontadt Sir ?ﬁgf/reglélvgrgﬁ&’suﬁa e pre-treafment and/or

posttreatment. It showtddseSUithefundeittosdapem, swisbaselespbolderieespads S8 dacechdatment of

contact surface %l%%n@&,%ug?f%%e%,aﬁﬁ{eﬁpﬁ|¥H!Qr§0éﬂﬂga§4§,- semibArRRIS: YMmbodimgnts, wire
bonder 90 forms wedge bond 84b between wire 86 and contact surfa%%%. Wir b%}der ?O may form
g

wedge bond 84b BYEr RN 24ehif 18 LTEIRECESNISRRLTRACE 88, ARET fHMgSTEHER bond 84b,
wire bonder 90 mayreutonirg€eds, RHGUIREdd Avliligssiratesisermicrostope intagecairyyeehgsfionds 84b

petweaq uncoated. witen 35,084 aaketbagniag AlacT A aseading aserapmbgiments.

FIGURE 113 illustrates a microscope image of a section view of wedge bond 84b between a coated
wire 86 and a codfsebciokeast BRIce24d. BeMAREBONder 90 may be configured to form ball bond 84a

at one end of wire 86 amidof@ ™ Wedggeband-adhint theiether ansbatinire &hsdihig pevagss may be
57 referred to as E(%!‘lé\évggxggcg%?lpcgér%@gqg cEer%a%ni lélrjrﬁatfl;gitf%gn?sc.:%c}agorh o ir?igybnael lag}(? QL(nj‘atable
type of sensor 74. In some embodiments, sensor 74 is a disposable sensor 74 that
15 measures analytes such as, for example, toxic gases, glucose, physiological fluid-
based chemical compounds, and/or other chemical compounds. Sensor 74 may
comprise a membrane 76, one or more electrodes 78, one or more contacts 50, and a
sensor substrate 80. Membrane 76 may be any suitable material that filters a fluid to
allow analytes to reach electrodes 78. In some embodiments, membrane 76 may be a
20 biocompatible membrane. Thus, analytes may diffuse through membrane 76 and
react at an electrolyte-catalyst interface, which may create an electrical current.
Electrodes 78 in sensor 74 may comprise a catalyst and/or other material
configured to interact with analytes. For example, electrode 78 may be a enzyme
electrode comprising glucose oxidase and/or dehydrogenase. The interaction of
25 analytes with electrode 78 may generate a signal that is electrical or may be converted
into an electrical signal. One or more contacts 50 in sensor 74 may transmit the
electrical signal to the main body 82 of measuring device 72. In some embodiments,
contacts 50 on electrodes 78 are in electrical contact with the main body 82 of
measuring device 72 such that an electrical circuit is made with the main body 82 of
30 measuring device 72. In some embodiments, the total charge passing through

contacts 50 may be proportional to the amount of analytes in the fluid that has reacted



84a and wedge bond 84b, according to certain embodiments. In some embodiments, wire bonder 90
may first form ball bond 84a between contact surface 88 and a molten, spherical ball at the end of wire
86. Ball bond 84a may be formed using thermal 5 and/or ultrasonic energy. Wire bonder 90 may then
use wire 86 to form a loop of a desired height and shape. Once the loop is in the desired position for
formation of a second bond, wire bonder 90 may form wedge bond 84b between wire 86 and contact
surface 88. After forming wedge bond 84b, wire bonder 90 may cut wire 86, leaving a free end that can
be formed into a spherical ball which can be used to form the next 10wire bond 84. In some
embodiments, wire bonder 90 may be configured to f@n wedge bonds 84b at both ends of wire 86.
This process may be referred to as wedge-wedge bonding. Wedge bonding may rely on a combination
of ultrasonic and frittichaleanergy a\\¢sdgedbon8eiunmaydowdoriide thayitheoranftboet aadntribution of

additional 15thermahenerqy IRRAMCRE Y-NPFIR0NNEREsINSeRE ST Al meis.vadge bonds 84b

may be preferred for connecting wires 86 to conductive tracks 16 of PCB 10. Generally, a good
wire bond 84 mayWEREARRR] BAY&RHg wire 86 and contact surface 88 that are free or substantially
free of contaminants suEkasdar example; eXidation produeisniddaditienaltysidetiieyitl gmod wire

bonds &4 using copper yire, 20,6 hasboen ol besause.conper feadl oxizes ynger noral
atmospReric conditions. Layers of copper oxide on the SLFr?ace of Wire € _ané]/or contact surface 88
may make the forB§asRsr ‘Dmairectsoniizred Wifirkiett arnlabitionh sehendlayhgal @#tperatures required for

wire bonding may lead {QiiesRased:0xidasions Asae r@sikisaRyfachdbR! sseithan haye @upided using
wire 86 that readiley %xiéiizes (e.é;.,[ copﬁﬁer 25 wire) or have required the use of iﬁiert atmgspheres to
prevent oxidation T SOME Eas8LHnUSRRRETE fy6 SRERCESIRIANTES 88 itfhEdEPeTy before wire

bc_)nding to remqveiﬁxoﬂdeupd@t@qopks,camtﬂeraﬁdmm@ﬂw_rmhbssﬁmmeth@ém@me aithe copper
wires 8. Cleaning,of,the SORRGLY G SRRV HFNY NG LAIMGSARGIES MV QL UGS

complications and expense to the wire bondin% process. As a result, some 30types of wife 86 (e.g.,
copper wire) havehdf BEEFHEBEARHINR s &I OTPENB Sneffislit BEween XAt ¥afii gt to wire 86
and/or contact subatesdthmasalitiddteisene, alnatwcnemal theoahoyenproams. csane

embodiments, apé’\ﬁ)(@ﬁﬁect %%]\gsg' ggempf'rm Gdalo-y g\{foca&'ﬂ.". polymer fo wire 86sgncUlor contact
surface 88 may protect wire 86 and/ Fontact surtace 88 frdm oxidation and/or corrosion: Thus,
sensor 74 may be uncoated.
15 In some embodiments, the main body 82 of measurement device is reusable
while sensor 74 is disposable (e.g., only used once). In other embodiments, sensor 74
may be a multi-use sensor 74 or otherwise designed for a long lifetime. The
connection between the main body 82 of measurement device and sensor 74, through
contacts 50, may be reproducible and/or may provide a constant or essentialiy
20 constant resistance, As noted above, contacts 50 may comprise a soft contact material
such as, for example, carbon, conductive inks, and/or silver load epoxy. Without
coating 18, particles from these soft materials could break away from contacts 50 and
accumulate on components within the main body 82 of measuring device 72. By
applying coating 18 to contacts 50, however, one may prevent these soft materials
25 from breaking away from contacts 50 and accumulating on components in the main
| body 82 of measuring device 72.
Although the foregoing example describes applying coating 18 to contacts 30
of an analyte sensor 74, it should be understood that coating 18 may be applied to
contacts 50 or other components of any type of sensor 74 or suitable other device.
30 For example, coating 18 may be applied to any suitable device or systemn where soft

{e.g., carbon) pads are used to make a repeated electrical connection. Such systems



5 coating 18 may prevent the formation of oxide and/or corrosive layers that would hinder the bonding
of wire 86 to contact surface 88. In some embodiments, coating 18 may be configured such that wire
bonds 84 can be formed through coating 18 without the prior removal of coating 18 from wire 86
and/or contact surface 88. By preventing oxidation and/or by allowing wire bonds 84 to be formed
through coating | 018, coating 18 may reduce the expense and/or difficulty of the wire bonding
process. In some embodiments, both wire 86 and contact surface 88 are coated with coating 18.
Coating 18 on wire 86 may be identical or substantially identical to coating 18 on contact surface 88.
Alternatively, coating 18 on wire 86 may comprise diffefent halo-hydrocarbon polymers than coating 18
on contact surface 88. In other 15 embodiments, wire 86 is uncoated and contact surface 88 is coated
with coating 18. Imygtueihies ambeeimentsmatiser@tiscaatecsovlia condidevid spdacaintaciisurface 88 is
uncoated. Coatingisl% g)glgvsigﬁsglﬁ %d/or contact surface 88 may be continuous, substantially
continuous, or non-eontmuous. A continuous or substantially continuous coating 18 may be preferred
for high levels of protectiosofrorarthadivhghBOepriirgnihenteomnash-Yortindeviscarigs 18ty be

preferred for othef QUIRASESer (. LOBINGAGPRWIrBr8R-aNMAMeqpiectMIfacadd mayiigve any
suitable thickness 24. In some embodiments, thickness 24 of coating 18 is frorrl1 on n]m to two um. In
AR g

other embodimenf¥ ittt SABT-RREMIPTEIY fi8rioB MRt h IR TR eEother
embodiments, thieknebs 24nohdlegtingub8tistirtimn threeatye? Sotoafifevhundeég erm. |inyethether

embodiments, thigfigaad.OLROAUNIARAS FOr S0 AMIRLYSRUAHIRGBeiE QL e mbodiments,

thickness 24 of coating 18 is from ten nm to two hundred and fifty nm. In yet other embodiments,
thickness 24 of caHifReF £f FemrsSten T R RliRg dflayany eAnef et sertire fbuEo R das is a
monolayer of a halg-hysi@ephanmelymerd egmdioving thiakness @oafd faved0adgsteams (A)). In a

preferrrféj embodiment, thic 1r‘lﬁssaz4 of-c?%y'}%gt.w i%fromlten nm to %ne huqdred nm in various
S,

gradie with ontélrﬁﬁlﬁ?frg AmBei réwampre &red 58T c?clgﬁlétgg 245 C0% lllﬁa T&°6h wite 86 and/or

contact surface 88 may lecanbidigteritywhenatintnes18ria snplitddyeplepntintgrsition. TeBptimal

thickness 24 of cqafiing LMy IsREBH Qhihe NAICH A REOReris st arefinsiedfarwire 86 and/or
contact surface 88 after wire bond 84 is 5 formed. For example, if one dﬁiﬁ%ﬁﬁggh level of corrosion

resistance, abrasity PR SHHAES ShEpBREmAroRRRTABR MEREs Y T T&MAy be desired.
Thus, thickness 24dnhfimeatinghd & miakdoeccarfigatied ahfliforioptmided fér thgepaftioaargadguirements of

a devicgs As explaiied ahove. RRINALEMAY BiGaRfigis dre hat Wik HRRISK 9680 in
combination with the metal halide layer. The metal halide layer and the layer of halo-
hydrocarbon polymers may be discrete, axially or spatially. Alternatively, there may
be a graded transition from metal halide to halo-hydrocarbon polymer in coating 18
on contact 50. In some embodiments, the metal halide layer may protect contact 50

20 from oxidation while the laver of halo-hydrocarbon polymers (i} may provide
environmental protection from corrosive gases and/or liquids and/or (it) may provide
oxidation protection. Should the layer of halo-hydrocarbon polymers in coating 18
eventually be worn away by mechanical abrasion, the underlying metal halide layer
may prevent oxidation build-up, thus enabling contact 50 to continue to make an
25 electrical connection.
In some embodiments, the surface properties of coating |8 may be configured
to permit components to be bonded to the surface of coating 18. For example, coating
18 may be configured to permit adhesion between the surface of coating 18 and
electrical components 12. In some embodiments, the annealing and/or thermal
30 properties of coating 18 may be configured such that one or more layers 44 of coating

18 may be selectively removed from a coated device.



10 form wire bond 84 through coating 18. In other words, wire bonder 90 may be operable to bond
wire 86 to contact surface 88 without first removing coating 18 from wire 86 and/or contact surface 88.
Thus, the wire bonding process may selectively alter coating 18 in the area of wire bond 84. In some
embodiments, coating 18 is selectively removed from wire 86 and/or contact surface 88 by the wire
bonding 15 process only in the local area of wire bond 84 such that coating 18 remains intact right up
to wire bond 84. Thus, coating 18 may abut wire bond 84 after wire bond 84 is formed. In some
embodiments, coating 18 remains intact on wire 86 and/or contact surface 88 everywhere except
where wire bond 84 is made. Because coating 18 mayzemain intact right up to wire bond 84, coating
18 may protect wire 86, contact 20 surface 88, and/or the remainder of the device from oxidation,
corrosion, and/or envirofAppdyria e tecisgafteromcethondBrhiig fonvide advunsgeoatngtdditivayl provide
long-term stability,gndproteglipn [ A:4%Yi5Au. 1ol SAME SPAPAMENtRyGaRling,ifogauire 86 andior
cti ge bon

contact surface 88 is displaced Dy the action and/or processes of we g an _?Sball bonding.
In 25 these bondiR§nIBYRBIAES énibiyFeAREDES erecERatRE difp B miterieciedfoby SFNREIMbNd 84. This

energy may facilitgtentheslishlrcamant aheaatingiis aneantactsurfacals aped/picyviya;: &8 and enable
the formation of wire bond 84. As.explained above, wedge bonding may rely on a combination of
ma 7 iplained gboye g may el e

d
ultrasoriic and frictional eHren?SyenwViiW SPithout 2 EbATTBGHEI"Sr JBGHSHAItHERET & evfﬁty‘?ﬁntroduced by
heating wire 86. IncBQcomgabtsdatidhoding maylbe primdeilaltbesmololicnrogesdioksleboth wedge
bonding and ball honding. gaatng 1aamay ke dispiaced selertivalyn theyegian P8R wire bond 84 by

frictional and/or thermal action. As a result, coating 18 may be displacedas either a solid material, by
a phase change, SHUSP by {RpEABLEHOH. POSWRRBONEE AR TreTIRRRSH BT & &ing 18
between wires 86candéar shinacisuctacesBasnasiexhibit goaddbent sreagihe Ingoinigembodiments,

wire 5 6)nd 84 is stron o] that failur \{vill oceLn in.wire 86np g’or to.occurring.in the interface
betweel?n wire boncf %%f gsn%~I 'cglf%laalgogﬁ?%%%nggﬁ%%ng, §[h(L-‘-f Bgﬁ#osrt%ﬁgéuer’ﬁraaff %angrgé\?enrl%ﬁan, less than,
or equal to the faikifeRderEpyarcofaniieigentlambatinayrshoridve e 86ihds digHielly 6 of

twenty-five gm, fivagide buehe GOf foreadpag kempauiedin rerkoxyiishbendR4, Ineevegdiments
where wire 86 has 10 diameter 92 of twent -fiveﬁgmd,seven g to twelve g of forc? mﬁ%/ be required to
break wire bond g4 TRE SH RGN BH M 0 5Rd EX AT BB KRS iytfé’gﬂﬂgg §iME388%nd/or

contact surface 88iptiortbe alpplyind cowutitg L8t meseimeasdiyociamentsyigures. SSadditrcantact surface
88 may be treateql@frga%@)a%maéoc@,ﬁm@svg@;}%UQ&M%Q;; HHAGE 18\ClYAIA0 did-glegping of wire

86 and/or contact surface 88 by gas plasma 15may provide stronger wire bonds 84. In some
embodiments, the" RS GP SAFEPHBRd 84 may be measured using a pull strength tester. The
measurements may be repeiatesiiandiftarahithiakingsgasard atkasating 8oy cankactAuttace 88 and
for different types gf Wites 85 INNS SAANIPIR. KAlickESmole ARARM 98 IR BTy 90 was
used to form wire
prevent and/or interfere with the ability of contacts 50 to make electrical connection
20 with each other. This problem may occur where the corrosion and/or oxidation causes
the formation of an insulating layer over the surface of contacts 50 and/or a physical
change to the surface of contacts 50 which prevents contacts 50 from making good
electrical contact with each other. This problem may arise, for example, where an
uncoated contact 50 is a safety switch or connector for an alarm system. Such
23 systems are frequently inactive for long periods of time but shouid function correctly
when required. Uncoated contacts 50 may become disconnected where the corrosion
forms an insulating barrier between the mating contacts 50 such as, for example, in
fuse holders and battery terminals. Where contacts 50 are coated with coating 18,

however, contacts 50 may be protected from corrosion and/or oxidation. Thus,

30 coating 18 may preserve the surface integrity of contacts 50.



20 bonds 84. In this example, the wire bonder 90 was set to the following settings: (i) "First Bond" set
to "Power 2.20," "Time 4,0," "Force 3.0 = 60 g"; (ii) "Second Bond" set to "Power 2.20", "Time 3.0",
"Force 3.0 = 60 g"; (iii) electronics setting of "Long Time" interval. In this example, wire bonder 90
formed wire bonds 84 between wires 86 listed in the table below and a copper contact surface 88 that
was coated with 25 coating 18 comprising halo-hydrocarbon polymers. Prior to applying coating 18,
the copper contact surface 88 was pre-treated with a liquid based sulphuric acid/hydrogen peroxide
solution. After wire bonds 84 were formed in this example, a Kullicke & Soffe BT22 pull
strength tester was used to measure the strength of wge bonds 84. The 30measurements from this
example are listed in the following table: 61 Wire material (diameter um) Nominal coating thickness
(nm) Average bond streagtith¢8 pBoitk25uryt-Gath 0 Goky (R&igenpontacts 50 from corrosion.

In devices comprising uncoated contacts 50, corrosion may prevent movement of
contacts 50 that are designed to move. In some cases, corrosion may change the
resistance/performance of a circuit and/or degrade removable elements of a device.
5 Where contacts 50 are coated with coating 18, however, contacts 50 may be protected
from corrosion, thereby extending the life of a device comprising contacts 50.
As explained above, electrical component 12 may be attached to PCB 10 by
soldering through coating 18 (without first removing coating 18) to form solder joint
26 between elecirical component 12 and conductive track 16 of PCB 10. In other
10 embodiments, electrical component 12 may be attached to a coated PCB 10 by wire
bonding electrical component 12 to conductive track 16 of PCB 10.
FIGURE 9 iliustrates a wire bond 84 that is formed through coating 18,
according to certain embodiments. Wire bond 84 may be formed between wire 86
and any suitable surface. In some embodiments, wire bond 84 may be formed
15 between wire 86 and a surface of electrical component 12, conductive track 16, and/or
circuit element. The surface on which wire bond 84 is formed may be referred to as a
contact surface 88. In the illustrated embodiment, both wire 86 and contact surface 88
are coated with coating 18. In other embodiments, ‘wire 86 may be coated and contact
surface 88 may be uncoated. In yet other embodiments, wire 86 may be uncoated and
20 contact surface 88 may be coated. In some embodiments, coating 18 is only applied
to the areas of wire 86 and/or contact surface 88 where wire bond 84 is to be formed.
In other embodiments, coating 18 is applied over all or substantially all of wire 86
and/or contact surface 88.
The term “wire bonding” generally refers to a technique for joining electrical
25 components 12 and/or circuit elements in the absence of solder 38 and/or flux 42. In
some embodiments, wire bonding may be used to make an electrical connection
between two or more components using a conductive wire 86. Wire bonding may be
used to make interconnections between an integrated circuit in bare die form and the
leadframe inside the integrated circuit. In addition, or aliernativeiy, wire bonding

30 may be used to make interconnections between a bare die and PCB 10.



-80 8.46 Aluminium (25um) -30 7.65 Aluminium (25um) -50 10.87 Aluminium (25gm) -80 7.00 Copper
(25um) -60 8.60 Copper (25um)
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Wire bond 84 may be formed on contact surface 88 using wire 86 and & wire
bonder 90. Wire bond 84 may be formed using any suitable type of wire 86. The
term “wire” may refer to one or more elongated strands of conductive material. In
some embodiments, wire 86 may carry an electrical current, fransmit an electrical

5 signal, and/or bear a mechanical load. In some embodiments, wire comprises a pin, a
filament, an electrical lead, and/or a leg of electrical component 12.

Wire 86 may comprise any suitable material. In some embodiments, wire 86
comprises one or more conductive materials such as, for example, common metals,
precious/rare metals, conductive polymers, and/or conductive non-metallic materials,

10 In a preferred embodiment, wire 86 comprises gold, aluminum, copper, and/or silver.
In other embodiments, wire 86 comprises nickel, palladium, platinum, rhodium,
iridium, tin, lead, germanium, antimony, bismuth, indium, gallium, cobalt, iron,
manganese, chromium, vanadium, titanium, scandium, zirconium, molybdenum,
tungsten, other transitional metals, and/or other suitable materials. Wire 86 may

15 comprise any suitable metal alloy and/or combination of conductive materials. In
some embodiments, wires 86 comprising metals (including alloys) that readily oxidize
and/or tarnish may especially benefit from coating [8. Applying coating 18 to wires
86 may extend the shelf life and/or functional life of devices comprising wires 86.

Wire 86 méy have a cross section that is circular, rectangular, or any other

20 suitable shape. In some embodiments, wire 8 having a rectangular cross section is
referred to as a ribbon. In embodiments where wire 86 has a circular cross section,
wire 86 may have diameter 92 in the range of five um to one mm. In other
embodiments, wire 86 has diameter 92 in the range of ten um to two hundred pm. In
a preferred embodiment, wire 86 has diameter 92 in the range of fifieen um to

25 seventy-five pm. In embodiments where wire 86 has a rectangular cross section, a
side of wire 86 may have a dimension in the range of five um to one mm. In other
embodiments, a side of a rectangular wire 86 may have a dimension in the range of
ten pm 1o two hundred um. In a preferred embodiment, a side of a rectangular wire
86 may have a dimension itn the range of twenty pm to seventy-five um. Different

30 types of wires 86 may require different wire bonding equipment and/or parameters.



-40 6.65 In this example, the gold and aluminium wires 86 were uncoated and the copper wires 86
were coated with coating 18 comprising halo-hydrocarbon polymers. Prior to coating 18, the copper
wires 86 were pre-treated for approximately two minutes using 5 hydrogen plasma. In each of the pull
strength tests in this example, it was observed that the point of eventual failure was due to wire 86
breaking rather than wire bond 84 failing. Thus, for this example, the bond strengths in the table
effectively represent a lower limit of average bond strengths. Although the foregoing example
illustrates bond strengths for wire bonds 84 10 between particular types of wires 86 and contact
surfaces 88, it should be understood that wire bond 84may be formed between any suitable type of
wire 86 and any suitable type of contact surface 88. Although the foregoing example illustrates a
particular type of wire b@rigesfdzit¥hsyehbeallynsetatdo o thatranirshitabkel typewhwire Bonder 90 may

be used to form vyire OIS &ie %‘é%“ﬂ?&h% 95%988“%%8@%9 Qx?tééll’es%@%fﬂ%é%ﬁ‘dlﬂhﬁ!mk”esses 24

of coating 18 on contact surface 88, it should be understood that coating"18 on contact surface 88
and/or wire 86 mageh&pet aﬁy@'uﬁ’aﬁﬂéf%lﬂélfﬁ@%@%@ﬁ betwgesolvie e Atbeirriest FEaRids the surface

roughness of wires8gs mﬂ@@osuﬁgas@mc@ed@amﬁe%&dﬁw nsapasRiib e/ sl englh of wire bond

84. Wire 86, 20contact surface 88 ndlor coatin be configured with the or different
surface%roughnes% R OX e AR w%%Sen%% %’Z %r Ao §°§ﬁp’l’%ﬁ%c W'Ireégrr{%ergé high

frequency wire bonder 90, a manual wire bonder 90, and automatic wire bonder 90,
and/or any suitable type of wire bonder 90. In some embodiments, wire bonder 90
comprises a needle-like tool (referred to as a capillary) through which wire 86 is
threaded. Wire bonder 90 may posifion an end of wire 86 on contact surface 88 to

10 form either a ball bond 84a or a wedge bond 84b. The terms “ball” and “wedge”
generally refer to the geometry of wire 86 at the point where the connection is made.
These two methods of wire bonding -- ball bonding and wedge bonding -- may use
different combinations of heat, pressure, and/or ultrasonic energy to make a weld at
either or both ends of wire 86.

15 In some embodiments, wire bonder 90 forms ball bond 84a by applying a
high-voltage electric charge to wire 86, which may melt wire 86 at the tip of the
capillary of wire bonder 90. The tip of wire 86 may form into 2 ball due fo the surface
tension of the molten metal. Before, during, or after the ball solidifies, wire bonder
90 may actuate the capillary, causing the end of wire 86 to touch contact surface 88.

20 Wire bonder 90 may then apply heat, pressure, and/or ulirasonic energy to create a
weld between the end of wire 86 and contact surface 88. Thus, wire bonder 90 may
form ball bond 84a. FIGURE 10A illustrates a microscope image of ball bonds 84a
formed between uncoated wires 86 and a coated contact surface 88, according to
certain embodiments. Wires 86 and contact surface 88 may comprise any suitable

25 type and/or combination of conductive materials. In the illustrated embodiment, wire
86 comprises gold and contact surface 88 comprises copper. Contact surface 88 may
be pre-treated before coating 18 is applied to contact surface 88. In the illustrated
example, contact surface 88 was pre-treated with a liquid based sulphuric
acid/hydrogen peroxide solution. After drying, the example contact surface 88 was

30 then treated with hydrogen plasma, after which coating 18 was deposited on contact

surface 88. In the illustrated example, ball bond 84a between wire 86 and contact



embodiments, the surface roughness of wire 86 and/or contact surface 88 may be modified prior to
applying coating 18. In some embodiments, surface roughness of coating 18 may be modified after it
is applied to wire 86 and/or contact surface 88. The surface roughness of wire 86, contact surface 88,
and/or coating 18 may 5 be controlled on a macro scale (e.g., equal or greater than one nm) and/or on
a micro scale (e.g., less than one um). Modifying the surface roughness and/or flatness of wire 86
and/or contact surface 88 may in effect modify contact area between and/or the frictional
characteristics of wire 86 and/or contact surface 88 during the wire bonding process. These types of
modifications may allow energy to be efficiently 10 codpled to the region of wire bond 84 during the
wire bonding process. These modifications may allow the formation of strong wire bonds 84 between
wire 86 and contaietBepiddeage formyhalgiriepaing ughnessdepitivAaperartetenytfess 88d/or surface
energy characterigligsughvire Bt getiashapiaard8andiaicoating: 18k may hesmpadifiggdy 15 any
suitable method su%p as, far qxamyile, as plasma treqtment, Iig_‘uicxéa%id etagir%g,mgchanical
treatment, and/or thé R naE)ng RN &8 c&'rﬁﬁ%%nnagsg%a’foﬁr EGsindABIES ?lng itBaFé/.g., chlorine).
In some embodineitsiecontatg t8aisnput e bvededqmowie $iand/ oratmgtast slirfheddB8eprior to the

wire bonding Procgage, i RANGLEMRANIMERMS HABHREAS MANALDESEIRHI Ve FEMQUAdfom wire 86

and/or contact surface 88 prior to the wire bonding process. In yet other embodiments, prior to the wire
bonding process, BoRENGCTE RIAT BeAPeRi bG8 fvire 86 completely and/or from the whole area of
contact surface 88. In enfpGUREENOBVINGHe:@BE e astaspeytidnagt edatingtb imeerapbst jsiar to the wire

bonding process, goaling. 48 Maybe.LWAVER SAIRlNEY.0n 1AM, 422 feneialaen by Jgatng contact
surface 88, by laser ablation, ’By pfésma processing, andfor By Ilquicfc g’mlcaf etghlng. In'such
embodiments, coatigdimentay Béivesp ffcatdasmiagirautiansd 84mexorpmedish asth skigadib dtitments,

coating; 48 may berappliedsftefwirs kenslingd.ciherantoasleansantachusdresm 88/pE ggore-coated
contact surface 88. Such a s}gp might be cogsid red, for example, where lon terrg sta%i%ty is

30required with tHEBRESH Y S IBL G0 BrGESS STHF IS EIRPSE a TP ShiiE 4t & me
embodiments, onperirgedordddd 4onmdd, iwirppBi6d cordarebsustates888§.anbl/ahaniliesberd 84 are

further protected QX&@RPJ}’"&Q@&@%@Q&“ Qverlaver.of.coaling48- ., qu(é%at&ge?@ mgxm applied to

wire 86 and/or contact surface 88 using any suitable technique. For example, coating 18 may be
deposited using cHaMAIOREP RFF B We poSHiR (CVIS), sRittet srafsedh %rp?f’ammé% N ESNEY
enhanced-chemicgdpeaipausdepositioniéRonGM) g preBsutosaimnaspie iarplaseladeposition,
metalloorganic-chemical vapour deposition (MOQ-CVD). and/or laser, enhanced-chemijcal vapour
depositon (L. U T o N P 3 B ARG T R

inter-penetrating fdR/wsthratioomes henegnamiardo By dsemtasesurface §8.

Although the foregoing example illustrates contact surface 88 that was pre-
treated with a particular solution and post-treated with hydrogen plasma, it should be
20 understood that contact surface 83 may receive any suitable pre-treatment and/or post-
treatment., It should be further understood that, in some embodiments, no surface
treatment of contact surface 88 may occur before or after applying coating 18.
In some embodiments, wire bonder 90 forms wedge bond 84b between wire
86 and contact surface 88. Wire bonder 90 may form wedge bond 84b by crushing
25 wire 86 against contact surface 88, After forming wedge bond 84b, wire bonder 90
may cut wire 86, FIGURE 11A illustrates a microscope image of wedge bonds 84b
between uncoated wires 86 and a coated contact surface 88, according to certain
embodiments, FIGURE 11B illustrates a microscope image of a section view of
wedge bond 84b between a coated wire 86 and a coated contact surface 88.
30 Wire bonder 90 may be configured to form ball bond 84a at one end of wire

86 and to form wedge bond 84b at the other end of wire 86. This process may be



10 absorption of monolayers (SAMs) of polymers or monomers to form in-situ polymers and/or
polymer alloys. In other embodiments, coating 18 may be deposited using a liquid coating technique
such as, for example, liquid dipping, spray coating, spin coating, sputtering, and/or a sol-gel process.
In some embodiments, wire 86 and/or contact surface 88 may be coated with coating 18 shortly after
manufacture in order to 15prevent oxidation. In some embodiments, coating 18 may be deposited
on wire 86 and/or contact surface 88 by plasma deposition, as described above with respect to
FIGURE 2. In such embodiments, wire 86 and/or contact surface 88 may be placed in chamber 30 and
reactor 28 may introduce gases (e.g., hydrogen, argof7 and/or nitrogen) into 20 chamber 30 to clean
wire 86 and/or contact surface 88. Reactor 28 may then introduce one or more precursor compounds
36 into chamber 3detocformeatsithgtedisymmdoeting GERE Aiuitivstyasescb@Bn having wate®6dhnd/or

contact surface 88,10, 50M8 EBHRFIENISoRARINGLEMAABOERRSIALE ABRlosBlawmihe, three

dimensional form o?wwe 86 and/or contact surface 88. 25In some embodiments, coating 18 on wire 86

and/or contact sutfieeosderdmayripTider® bahP SRR NG, covach MRS 1S AMAEERI halide
(preferably metal fiyerice baliractyeivmeontaciavid) tRisbiacaof wire Bofantidoncaptaehsarface 88. The

thin layer of metal halid ma%/ comprise .mipi%%lrgg\ountm‘)halo-m{gr@g% N [al-(¢-9., less than

one percent by wilight, T |vr§yperc'é?1 %y weighTagtc.e.nBls n some embodiments, the metal

halide layer may Besieongityged, sbapsstddnial pelonphoinyer dspiecferositiondtayersadarothar

embodiments, the metabhialideloysidnay B4 temnrise:asnridipaliseszaraokiymrsatihe surface of

wire 86 and/or contact surface 88. The metal hali yer m e robust, may.be inert, and/or may
prevent the formatiBiass tvird 86 QARG wEtRa ke g%(r%fé\ 88 g%%%ﬁ%%lgjfgrgué%gfﬁé g{;ﬁaa{n

fienes which may
prevent effective witechandiagcdl hecinbedimentspivirare cahtimipi 8ais Fppld dodyrplasmedeposition,
the mefal halide layer Mmay fprm on wire 86 and/or contact surface 88 when active species in the gas

. re bonid 84 . .
plasma react with the metal surface. In some embodiments, the metal halide layer may be enhanced

using a higher concentrli6pist ATbAMEEHECRdE Rngrsr Yt suitiRg LB REHRdGNg™ N4i88hydrocarbon

polymer may thenhigidepositediomansianinsk) Tambinationwite themetal halididayeigd he layer of
metal halide and the layer qf halo-hydrocarbon polymers may be discrete, axially, or.spatially.
Alternatively, theré fifd beggeléa%d%oda}%éﬁlﬁgnr?&mnrﬁe?gwg{? ‘é"}oicé'%:ﬁi’féﬁfoé'gdr%ﬁ‘% ?mer
in-coating 18. In sowreyeritudintendsi4hermdtaldnakdevidlyer withpyrarsstibitdose tatdibeedntact surface

88 from pxidation whilg the.layshidala-by dasaser Ry messHD smsdimcRroideenyi@nmental
protection from corrosive gases and/or liquids and/or ng gé%%rovide oxidi%(é?r%rér%tection. Should the

layer of halo-hydrS¥ararPparsiriard fir coassyres atve DGR FRRS H3hical abrasion,
the underlying metal hali@edealsr, maypdravemirdddatinnbbailtieed thussprotectiBgaddqmtatbnging the
life of a device. surface 88 that are free or substantially free of contaminants such as, for example,
oxidation products. Traditionaily, achieving good wire bonds 84 using copper wire
20 86 has been difficult because copper readily oxidizes under normal atmospheric
conditions. Layers of copper oxide on the surface of wire 86 and/or contact surface
88 may make the formation of wire bonds 84 difficult. In addition, the elevated
temperatures required for wire bonding may lead to increased oxidation. As a result,
manufacturers either have avoided using wire 86 that readily oxidizes (e.g., copper
25 wire) or have required the use of inert atmospheres to prevent oxidation. In some
cases, manufacturers try to clean copper wires 86 immediately before wire bonding to
remove build-up of copper oxide and/or other tarnishes from the surface of the copper
wires 86. Cleaning of the copper wires 86 and/or using inert atmospheres have

introduced complications and expense to the wire bonding process. As a result, some

30 types of wire 86 (e.g., copper wire) have not been commonly used in wire bonding.



20In some embodiments, coating 18 may permit wire 86 and/or contact surface 88 to be wire bonded
in a non-inert atmosphere without oxidizing. The term non-inert atmosphere refers to an atmosphere
comprising gases (e.g., oxygen) that would normally oxidize and/or corrode uncoated wires 86 and/or
uncoated contact surfaces 88. As explained above, inert atmospheres were traditionally used to form
wire bonds 25 with uncoated copper wires 86. Inert atmospheres typically comprised inert gases such
as, for example, nitrogen and/or argon. Because coating 18 may protect wire 86 and/or contact
surface 88 from oxidation and/or corrosion, coating 18 may permit wire bond 84 to be formed in a
non-inert atmosphere with little or no risk of oxidation. ghus, coating 18 may reduce the cost and/or
increase the efficiency of the 30wire bonding process. It should be understood, however, that coating
18 may be used 65 on wiiglsif6 @mikgridantabtAdrtades 8&iregaidlessoimuhealhaidsasrice bond 84 is
formed in an inert gr gp@lggeergfat%mosogggrgfobla As\'lthg,lugg the Ig{;%genetni{gyentipm has heen.described in

. . som i 2 ng coatng 1§ . .
several embodiments, a myriad of changes and modifications maymbe sud’é’e%ltegd o orfe skilled in the

art, and it is intende@rtidethe ederripv@atcie Bacsispads Stchéhasgesamdrasdiifcatons as fall
within the scope qf:$hg Piesesd arpendest&ainsaco8 CEMMR AR IHRD CiEsHERaardemprising: a

substratse comprisin ,an& sulating matelg;iali; 5a plurality qf c%wﬁc}i}jctive tracks attached to af least one
surface df the suBSFAES; & MRSV HICSRRRL BePoRies B Ml arPahs: BMers A Y the
substrate, the multisldgrehe batdigecovenndatdeastatporiaon 38.tHe plmeatitybofi toemtkictivengacks, the

multi-layer coating £Qrapriging.aLIrastone davelfermadsof 213 p:ydracasngnpalymes and
without the prior removal of coating 18 from wire 86 and/or contact surface 88. By
preventing oxidation and/or by allowing wire bonds 84 to be formed through coating
10 18, coating 18 may reduce the expense and/or difficulty of the wire bonding process.
In some embodiments, both wire 86 and contact surface 88 are coated with
coating 18. Coating I8 on wire 86 may be identical or substantially identical to
coating 18 on contact surface 88. Alternatively, coating 18 on wire 86 may comprise
different halo-hydrocarbon polymers than coating 18 on contact surface 88. In other
15 embodiments, wire 86 is uncoated and contact surface 88 is coated with coating 18,
In yet other embodiments, wire 86 is coated with coating 18 and contact surface 88 is
uncoated. Coating 18 on wire 86 and/or contact surface 88 may be continuous,
substantiaily continuous, or non-continuous. A confinuous or substantially
continuous coating 18 may be preferred for high levels of protection from harmful
26 environments. Non-continuous coatings 18 may be preferred for other purposes,
Coating 18 on wire 86 and/or contact surface 88 may have any suitable
thickness 24. In some embodiments, thickness 24 of coating 18 is from one nm to
two um. In other embodiments, thickness 24 of coating 18 is from one nm to five
hundred nm. In yet other embodiments, thickness 24 of coating 18 is from three nm
25 o five hundred nm. In yet other embodiments, thickness 24 of coating 18 is from ten
nm to five hundred nm. In yet other embodiments, thic.kness 24 of coating 18 is from
ten nm to two hundred and fifty nm. In yet other embodiments, thickness 24 of
coating 18 is from ten nm to thirty nm. In vet other embodiments, coating 18 is 2
monolayer of a halo-hydrocarbon polymer {e.g., having thickness 24 of a few
30 angstroms (A)). In a preferred embodiment, thickness 24 of coating 18 is from ten

nm to one hundred nm in various gradients, with one hundred nm being a preferred



10at least one electrical component connected by a solder joint to at least one conductive track,
wherein the solder joint is soldered through the multi-layer coating such that the solder joint abuts the
multi-layer coating. 2. The printed circuit board of Claim 1, wherein the multi-layer coating 15has a
thickness of from 1 nanometer to 10 micrometers. 3. The printed circuit board of Claim 1, wherein
the multi-layer coating comprises a first layer and a second layer that are distinct from each other, the
first layer and the second layer comprising different polymers. 20 4. The printed circuit board of

Claim 1, wherein: the multi-layer coating comprises a first layer comprising a particular type of
polymer; the multi-layer coating comprises agecond layer comprising the particular 25type
of polymer; the polymer in the first layer differs from the polymer in the second layer with respect to

at least one of thelzhowsiity pOpeirtpss motecu kir andightpoiaemictice @hpagition; s8(stragture;
geometry; and coating 18 or a multi-layer coating 18.
The optimal thickness 24 of coating 18 may depend on the particular
properties that are desired for wire 86 and/or contact surface 88 after wire bond 84 is
5 formed. For example, if one desires a high level of corrosion resistance, abrasion
resistance, and/or environmental toughness, a thicker coating 18 may be desired.
Thus, thickness 24 of coating 18 may be configured and/or optimized for the
particular requirements of a device.
As explained above, coating 18 may be configured so that wire bonder 90 can
10 form wire bond 84 through coating 18. In other words, wire bonder 90 may be
operable to bond wire 86 to contact surface 88 without first removing coating 18 from
wire 86 and/or contact surface 88. Thus, the wire bonding process may selectively
alter coating 18 in the area of wire bond 84. In some embodiments, coating 18 is
selectively removed from wire 86 and/or contact surface 88 by the wire bonding
15 process only in the local area of wire bond 84 such that coating 18 remains intact right
up to wire bond 84. Thus, coating 18 may abut wire bond 84 after wire bond 84 is
formed. In some embodiments, coating 18 remains intact on wire 86 and/or contact
surface 88 everywhere except where wire bond 84 is made. Because coating 18 may
remain intact right up to wire bond 84, coating 18 may protect wire 86, contact
20 surface 88, and/or the remainder of the device from oxidation, corrosion, and/or
environment effects after wire bond 84 is formed. Thus, coating 18 may provide
long-term stability and protection for a device.
In some embodiments, coating 18 on wire 86 and/or contact surface 88 is
displaced by the action and/or processes of wedge bonding and/or ball bonding. In
25 these bonding methods, energy may be effectively coupled into the region of wire
bond 84. This energy may facilitate the displacement of coating 18 on contact surface
88 and/or wire 86 and enable the formation of wire bond B4, As explained above,
wedge bonding may rely on a combination of ultrasonic and frictional energy with or
without a contribution of additional thermal energy introduced by heating wire 86. In
30 contrast, ball bonding may be primarily a thermosonic process. For both wedge

bonding and ball bonding, coating 18 may be displaced selectively in the region of



67 porosity. S.The printed circuit board of Claim 1, wherein: the multi-layer coating comprises
a particular layer of a first polymer and 5another layer of a second polymer, the layers abutting each
other; and the layers are graded such that the multi-layer coating transitions from the first polymer
to the second polymer. 6. The printed circuit board of Claim 1, wherein the multi-layer coating
10comprises a particular layer formed of a halo-hydrocarbon polymer and another layer formed of a
polymer free of halogen atoms. 7. The printed circuit board of Claim 1, wherein the multi-layer
coating is deposited such that a metal halide layer covers at least a portion of the plurality of
15conductive tracks. 8. The printed circuit board @fClaim 1, wherein the multi-layer coating is
deposited such that there is essentially no metal halide layer between the plurality of conductive tracks
and the multi-layervicoatim) 82(by frigictisleapdintebeomeliicbomrd/f Claiit] couhiegeld they be

halo-hyd rocarborhggl%gg LEOMBISER:Q %thxJﬂ‘B&eaf}JﬂQEQ aﬂXﬁé&%@S’ﬂ% vaporisation.

Wire bonds 84 that are formed through coating 18 between wires 86 and/or
contact surfaces 88 may exhibit good bond strength. In some embodiments, wire
5 bond 84 is strong enough that any failure will occur in wire 86 prior to occurring in
the interface between wire bond 84 and contact surface 88. Thus, the bond strength
may be greater than, less than, or equal to the failure strength of wire 86. In
embodiments where wire 86 has diameter 92 of twenty-five pm, five g to twelve g of
force may be required to break wire bond 84. In embodiments where wire 86 has
10 diameter 92 of twenty-five um, seven g to twelve g of force may be required to break
wire bond 84. The strength of wire bond 84 may be enhanced by cleaning wire 86
and/or contact surface 88 prior to applying coating 18. In some embodiments, wire 86
and/or contact surface 88 may be treated by gas plasma to achieve a “super clean”
surface. Activation and cleaning of wire 86 and/or contact surface 88 by gas plasma

15 may provide stronger wire bonds 84.
In some embodiments, the strength of wire bond 84 may be measured using a
puil strength tester. The measurements may be repeated for different thicknesses 24
of coating 18 on contact surface 88 and for different types of wires 86. In one
example, a Kullicke & Soffe 4523 wedge wire bonder 90 was used to form wire
20 bonds 84. In this example, the wire bonder 90 was set to the following settings: (i)
“First Bond” set to “Power 2.20,” “Time 4.0,” “Force 3.0 = 60 g”; (ii) “Second Bond”
set to “Power 2.20”, “Time 3.07, “Force 3.0 = 60 g”; (iii) electronics setting of “Long
Time” interval, In this example, wire bondef 90 formed wire bonds 84 between wires
86 listed in the table below and a copper contact surface 88 that was coated with
25 coating 18 comprising halo-hydrocarbon polymers. Prior to applying coating 18, the
copper contact surface 88 was pre-treated with a liquid based sulphuric acid/hydrogen

peroxide solution.

After wire bonds 84 were formed in this example, a Kullicke & Soffe BT22
pull strength tester was used to measure the strength of wire bonds 84, The

30 measurements from this example are lisied in the following 1abie:



10. The printed circuit board of Claim 1, wherein the multi-layer coating 25comprises: a first layer
comprising a fluoro-hydrocarbon material; and a second layer comprising a chlorofluoro-hydrocarbon
material. 11. The printed circuit board of Claim 10, wherein the second layer is 30formed
between the first layer and the plurality of conductive tracks. 68 12. The printed circuit board of
Claim 10, wherein the first layer is formed between the second layer and the plurality of conductive
tracks. 13. The printed circuit board of Claim 1, wherein: 5the solder joint is formed on a particular
region of the substrate after a substantially continuous layer of the multi-layer coating is deposited on
the substrate; and the soldering alters the multi-laggr coating at the particular region of the
substrate without altering the multi-layer coating at other regions of the substrate. 10 - 14. The

printed circuit board of Whadmdissiavherein tivemolalersagnalteicktiaes muli-tassee boatisgeagithe particular
region of the substrate (la¥ reertrépvi the multi-layer c&gﬂng from the particular(g;gion of the substrate
without removing the mu %mayef‘ug ating from other regions of the substrate.

Gold (25um) ~50 5.60

Gold (25um) ~80 8.46

Aluminium (25um) ~30 7.65

Aluminium {25um) ~50 10.87

Aduminium (Z5pm) ~80 7.00

Copper (25pm) ~60 8.60

Copper (25pmy) - ~40 6.65

In this example, the gold and aluminium wires 86 were uncoated and the copper wires
86 were coated with coating 18 comprising halo-hydrocarbon polymers. Prior to
coating 18, the copper wires 86 were pre-treated for approximately two minutes using
5 hydrogen plasma. In each of the pull strength tests in this example, it was observed
that the point of eventual failure was due to wire 86 breaking rather than wire bond 84
failing. Thus, for this example, the bond strengths in the table effectively represent a

lower limit of average bond strengths.
Althoﬁgh the foregoing example iliustrates bond strengths for wire bonds 84
10 between particular types of wires 86 and contact surfaces 88, it should be understood
that wire bond 84 may be formed between any suitable type of wire 86 and any
suitable type of contact surface 88. Although the foregoing example illustrates a
particu.iar type of wire bonder 90, it should be understood that any suitable type of
wire bonder 90 may be used to form wire bonds 84. Although the foregoing example
15 illustrates particular thicknesses 24 of coating 18 on contact surface 88, it should be
understood that coating 18 on contact surface 88 and/or wire 86 may have any

suitable thickness 24,

In some embodiments, modifying the surface roughness of wire 86, contact
surface 88, and/or coating 18 may increase the strength of wire bond 84. Wire 86,
20 contact surface 88, and/or coating 18 may be configured with the same or different

surface roughnesses to optimize wire bonds 84 for various applications. In some



15 15. The printed circuit board of Claim 1, wherein: a first region of the substrate is coated with
the multi-layer coating; and a second region of the substrate is coated with another coating. 2016.The
printed circuit board of Claim 15, further comprising a contact attached to at least one surface of the
substrate, the contact coated with the single-layer coating, the contact operable to conduct an
electrical signal through the single-layer coating to another contact. 2517.The printed circuit board of
Claim 1, further comprising a contact attached to at least one surface of the substrate, the contact
coated with the multi-layer coating, the contact operable to conduct an electrical signal through the
multi-layer coating to another contact. 69 formed thro&fgh the multi-layer coating such that the wire
bond abuts the multi-layer coating. 19. The printed circuit board of Claim 1, wherein heating a flux at a
Sparticular regiorembtidémsulss i cuiiaes nehnestidhydrac8ating/at tootpirsietdar dyioey dfethe substrate

without altering the, Bpiti-laYs" G ORHNGBIRIRRE rRYIaNSAhinerBERsHAS; 2RrnIbsngiMad sfrcuit board of
Claim 1, wherein the substrate comprises 10at least one of:;
coating 18 may be modified after it is applied to wire 86 and/or contact surface 88.

The surface roughness of wire 86, contact surface 88, and/or coating 18 may
5 be controlled on a macro scale {(e.g., equal or greater than one um) and/or on a micro
scale (e.g., less than one pum). Modifying the surface roughness and/or flatness of
wire 86 and/or contact surface 88 may in effect modify contact area between and/or
the frictional characteristics of wire 86 and/or contact surface 88 during the wire
bonding process. These types of modifications may allow energy to be efficiently
10 coupled to the region of wire bond 84 during the wire bonding prbcess. These
modifications may allow the formation of strong wire bonds 84 between wire 86 and
contact surface 88.

The surface roughness, frictional characteristics, and/or surface energy
characteristics of wire 86, contact surface 88, and/or coating 18 may be modified by
15 any suitable method such as, for example, gas plasma treatment, liquid/acid etching,
mechanical treatment, and/or the selection of precursor compoﬁnds 36 for deposition

of coating 18 (e.g., chlorine).
In some embodiments, coating 18 is not removed from wire 86 and/or contact
surface 88 prior to the wire bonding process. In other embodiments, coating 18 may
20 be selectively removed from wire 86 and/or contact surface 88 prior to the wire
bonding process. In yet other embodiments, prior to the wire bonding process,
coating 18 may be removed from wire 86 completely and/or from the whole area of
contact surface 88. In embodiments where at least a portion of coating 18 is removed
prior to the wire bonding process, coating 18 may be removed selectively or from a
25 general area by heating contact surface 88, by laser ablation, by plasma processing,
and/or by liquid chemical etching. In such embodiments, coating 18 may be replaced
after wire bond 84 is formed. In other embodiments, coating 18 may be applied after
wire bonding, either onto a clean contact surface 88 or a pre-coated contact surface
88. Such a step might be considered, for example, where long term stability is

30 required with the option of subsequent processing or rework at a later time. In some



an epoxy resin bonded glass fabric; a synthetic resin bonded paper; an epoxy; a cotton paper; 15a
cardboard,; a natural wood based material; and a synthetic wood based material. 21. The printed circuit
board of Claim 1, wherein at least one layer of the 20multi-layer coating comprises a metal material.

70 22. A method, comprising: attaching a plurality of conductive tracks to at least one surface
of a substrate comprising an insulating material; depositing a multi-layer coating on the at least one
surface of the substrate, the 5 multi-layer coating covering at least a portion of the plurality of
conductive tracks, at least one layer of the multi-layer coating comprising at least one
halo-hydrocarbon polymer; and 63

embodiments, once wire bond 84 is formed, wire 86, contact surface 88, and/or wire
bond 84 are further protected by applying an additional overlayer of coating 18.
Coating 18 may be applied to wire 86 and/or contact surface 88 using any
suitable technique. For example, coating 18 may be deposited using chemical vapour
5 deposition (CVD), molecular beam epitaxy (MBE), plasma enhanced-chemical
vapour deposition (PE-CVD), high pressure/atmospheric plasma deposition, metallo-
organic-chemical vapouf deposition (MO-CVD), and/or laser enhanced-chemical
vapour depesition (LE-CVD). In some embodiments, coating 18 may be deposited by
_the creation of inter-penetrating polymer networks (IPNs) and/or by surface
10 absorption of monolayers (SAMs) of polymers or monomers to form in-situ polymers
and/or polymer alloys. In other embodiments, coating 18 may be deposited using a
liquid coating technique such as, for example, liquid dipping, spray coating, spin
coating, sputtering, and/or a sol-gel process. In some embodiments, wire 86 and/or
contact surface 88 may be coated with coating 18 shortly after manufacture in order to
i5 prevent oxidation.
In some embodiments, coating 18 may be deposited on wire 86 and/or contact
surface 88 by plasma deposition, as described above with respect to FIGURE 2. In
such embodiments, wire 86 and/or contact surface 88 may be placed in chamber 30
and reactor 28 may introduce gases (e.g., hydrogen, argon, and/or nitrogen) into
20 chamber 30 to clean wire 86 and/or contact surface 88. Reactor 28 may then
introduce one or more precursor compounds 36 into chamber 30 to form a single-
layer coating 18 or multi-layer coating 18 on wire 86 and/or contact surface 88. In
some embodiments, coating 18 may encapsulate and/or follow the three dimensional
form of wire 86 and/or contact surface 88. |
25 In some embodiments, coating 18 on wire 86 and/or contact surface 88 may
comprise a very thin layer (e.g., five nm or less) of & metal halide (preferably metal
fluoride) directly in contact with the surface of wire 86 and/or contact surface 88. The
thin layer of metal halide may comprise 2 minimal amount of halo-hydrocarbon
material (e.g., less than one percent by weight, less than five percent by weight, etc.).
30 In some embodiments, the metal halide layer may be a monolayer, substantiaily a

monolayer, or a few monolayers. In other embodiments, the metal halide layer may



after depositing the multi-layer coating, soldering through the multi-layer coating to form a solder joint
between an electrical component and at least one 10conductive track attached to the substrate, the
solder joint abutting the multi-layer coating. 23. The method of Claim 22, wherein the multi-layer
coating has a thickness of from 1 nanometer to 10 micrometers. 15 24. The method of Claim 22,
wherein the multi-layer coating comprises a first layer and a second layer that are distinct from each
other, the first layer and the second layer comprising different polymers. 2025.The method of Claim
22, wherein: the multi-layer coating comprises a first layer comprising a particular type of polymer;
the mutli-layer coating comprises a second layer comg¢tising the particular type of polymer; 25the
polymer in the first layer differs from the polymer in the second layer with respect to at least one of the
following propertigsnprigiecutsal weightcokefmnat cartipositians; dinictfieand/or contact surface

88. The metal halide layer may be robust, may be inert, and/or may prevent the
formation on wire 86 and/or contact surface 88 of oxide layers and/or tarnishes which
may prevent effective wire bonding,

5 In embodiments where coating 18 is applied by plasma deposition, the metal
halide layer may form on wire 86 and/or contact surface 88 when active species in the
gas plasma react with the metal surface. In some embodiments, the metal halide layer
may be enhanced using a higher concentration of fluorine species. A layer of coating
18 comprising a halo-hydrocarbon polymer may then be deposited on and/or in

10 combination with the metal halide layer. The layer of metal halide and the layer of
halo-hydrocarbon polymers may be discrete, axially or spatially. Alternatively, there
may be a graded transition from metal halide to halo-hydrocarbon polymer in'coating
18. In some embodiments, the metal halide layer may protect wire 86 and/or contact
surface 88 from oxidation while the layer of halo-hydrocarbon polymers (i) may

15 provide environmental protection from corrosive gases and/or liquids and/or (ii) may
provide oxidation protection. Should the layer of halo-hydrocarbon polymers in
coating 18 eventually be worn away by mechanical abrasion, the underlying metal
halide layer may prevent oxidation build-up, thus protecting and prolonging the life of
a device. '

20 In some embodiments, coating 18 may permit wire 86 and/or contact surface
88 to be wire bonded in a non-inert atmosphere without oxidizing. The term non-inert
atmosphere refers to an atmosphere comprising gases (e.g., oxygen) that would
normally oxidize and/or corrode uncoated wires 86 and/or uncoated contact surfaces
88. As explained above, inert atmospheres were traditionally used to form wire bonds

23 with uncoated copper wires 86. Inert atmospheres typically comprised inert gases
such as, for example, nitrogen and/or argon. Because coating 18 may protect wire 86
and/or contact surface 88 from oxidation and/or corrosion, coating 18 may permit
wire bond 84 to be formed in a non-inert atmosphere with little or no risk of
oxidation. Thus, coating 18 may reduce the cost and/or increase the efficiency of the

30 wire bonding process. It should be understood, however, that coating 18 may be used



30geometry; and porosity. 71 26. The method of Claim 22, wherein: the multi-layer coating
comprises a particular layer of a first polymer and another layer of a second polymer, the layers
abutting each other; and 5the layers are graded such that the multi-layer coating transitions from the
first polymer to the second polymer. 27. The method of Claim 22, wherein the multi-layer
coating comprises a particular layer formed of a halo-hydrocarbon polymer and another layer formed
of a 10polymer free of halogen atoms. 28. The method of Claim 22, wherein the multi-layer
coating is deposited such that a metal halide layer covers at least a portion of the plurality of
conductive tracks. 15 29. The method of Claim 2Z5wherein the multi-layer coating is deposited
such that there is essentially no metal halide layer between the plurality of conductive tracks and the
multi-layer coatingn 2089.8thendiethodtaf Glafasea 2 viseredie thethahsthgiatsc aibo Rpdiyhét comprises

one or more fluorg:AvArCArRRRS 3bn 106 MEIheHeR!. Claim 22, wherein the multi-layer coating
comprises: a first layer comprising a fluoro-hydrocarb%n material;

) [ nd .
Although the present invéntion has been de:sar]beciil in several embodiments, &
myriad of changes and modifications may be suggested to one skilied in the art, and it
5 is intended that the present invention encompass such changes and modifications as

fall within the scope of the present appended claims.



25a second layer comprising a chlorofluoro-hydrocarbon material. 32. The method of Claim 31,
wherein the second layer is formed between the first layer and the plurality of conductive tracks. 72
34. The method of Claim 22, wherein: the solder joint is formed on a particular region of the
substrate after a substantially continuous layer of the multi-layer coating is deposited on the substrate;
and 5the soldering alters the multi-layer coating at the particular region of the substrate without altering
the multi-layer coating at other regions of the substrate. 35. The method of Claim 34, wherein the
soldering alters the multi-layer coating at the particular region of the substrate by removing the
multi-layer coating 10from the particular region of the géibstrate without removing the multi-layer

coating from other regions of the substrate. 36. The method of Claim 22, wherein: ' a first
region of the sub&taiMS coated with the multi-layer coating; and 15a second region of the substrate is
coated with another coating. 37. The method of Claim 36, further comprising: attaching a

contact to at least one surface of the ubstrt'aP:e, the contact coated with the single-layer coating, the
contact operable to condiuct ah B1EEH féﬂcgig i O?ﬂ?’d)ﬁﬁf?%he single-layer coating to another contact.

a substrate comprising an insulating material,
5 a pturality of conductive tracks attached to at least one surface of the substrate;
a multi-layer coating deposited on the at least one surface of the substrate, the
multi-layer coating covering at least a portion of the plurality of conductive tracks, the
multi-layer coating comprising at least one layer formed of a halo-hydrocarbon

polymer; and

10 at least one electrical component connected by a solder joint to at least one
conductive track, wherein the solder joint is soldered through the multi-layer coating

such that the solder joint abuts the multi-layer coating.

2. The printed circuit board of Claim 1, wherein the multi-layer coating
15 has a thickness of from 1 nanometer to 10 micrometers,
3. The printed circuit board of Claim 1, wherein the multi-layer coating

comprises a first layer and a second layer that are distinct from each other, the first
layer and the second layer comprising different polymers.
20 |
4, The printed circuit board of Claim 1, wherein:
the multi-layer coating comprises a first layer comprising a particular type of
polymer;
the multi-layer coating comprises a second layer comprising the particular
25 type of polymer;
the polymer in the first layer differs from the polymer in the second layer with
respect to at least one of the following properties:
molecular weight;
chemical composition;
30 structure;

geometry; and



38. The method of Claim 22, further comprising: attaching a contact to at least one surface of
the substrate, the contact coated with the multi-layer coating, the contact operable to conduct an
electrical signal 25through the multi-layer coating to another contact. 39. The method of Claim 22,
further comprising: forming a wire bond through the multi-layer coating, the wire bond
connecting at least one wire to at least one conductive track, the wire bond abutting the multi-30layer
coating. 73 40.The method of Claim 22, further comprising: modifying a wetting characteristic of
the multi-layer coating by at least one of the following: plasma cleaning; 5plasma etching; plasma
activation; plasma polymerization and coating; and liqgid based chemical etching. 1041.The method of
Claim 22, wherein the multi-layer coating is deposited by at least one of the following:

porosity.

5. The printed circuit board of Claim 1, wherein:

the multi-layer coating comprises a particular tayer of a first polymer and
5 another layer of a second polymer, the layers abutting each other; and

the layers are graded such that the multi-layer coating transitions from the first

polymer to the second polymer.

6. The printed circuit board of Claim 1, wherein the muiti-layer coating
10 comprises a pafticular layer formed of a halo-hydrocarbon polymer and another layer

formed of a polymer free of halogen atoms.

7. The printed circuit board of Claim 1, wherein the multi-layer coating is
deposited such that a metal halide jayer covers at least a portion of the plurality of

i5 conductive tracks.

8. The printed circuit board of Claim 1, wherein the multi-layer coating is
depasited such that there is essentially no metal halide layer between the plurality of

conductive tracks and the muiti-layer coating,

20
9. The printed circuit board of Claim 1, wherein the halo-hydrocarbon
polymer comprises one or more fluoro-hydrocarbons.
10, The printed circuit board of Claim 1, wherein the multi-layer coating
25 comprises:

a first layer comprising a fluoro-hydrocarbon maierial; and

a second layer comprising a chlorofiuoro-hydrocarbon material.

11.  The printed circuit board of Claim 10, wherein the second layer is

30 formed between the first layer and the plurality of conductive tracks.



plasma deposition; chemical vapor deposition; metallo-organic-chemical vapor deposition;
15molecular beam epitaxy; spray coating; sputtering; and spin coating. 2042.The method of Claim 22,
wherein: the substrate is comprised in a printed circuit board; and the coating causes the printed circuit
board to be flame retardant. 43. The method of Claim 22, further comprising, during the soldering,
25controlling wetting of the multi-layer coating. 44. The method of Claim 22, further comprising
balancing solderability and protectability of coating, the balancing achieved at least in part by
controlling porosity and wetting of the multi-layer coating. 74

68

12.  The printed circuit board of Claim 10, wherein the first layer is formed

between the second layer and the plurality of conductive tracks.

13.  The printed circuit board of Claim 1, wherein:

5 the solder joint is formed on a particular region of the substrate afier a
substantially continuous layer of the multi-layer coating is deposited on the substrate;
and

the soldering alters the multi-layer coating at the particular region of the
substrate without altering the multi-layer coating at other regions of the substrate.
10
14, The printed circuit board of Claim 13, wherein the soldering alters the
multi-layer coating at the particular region of the substrate by removing the multi-
layer coating from the particular region of the substrate without removing the multi-
layer coating from other regions of the substrate.
15
15.  The printed circuit board of Claim 1, wherein:
a first region of the substrate is coated with the multi-layer coating; and

a second region of the substrate is coated with another coating.

20 16.  The printed circuit board of Claim 15, further comprising a contact
attached to at least one surface of the substrate, the contact coated with the single-
layer coating, the contact operable to conduct an electrical signal through the single-

layer coating to another contact.

25 [7.  The printed circuit board of Claim 1, further comprising a contact
attached to at least one surface of the substrate, the contact coated with the multi-layer
coating, the contact operable to conduct an electrical signal through the multi-layer

coating to another contact.

30 18.  The printed circuit board of Claim 1, further comprising at least one

wire that is connected by a wire bond to at least one conductive track, the wire bond



45.The method of Claim 22, further comprising: after formation of the solder joint, depositing a
conformal coating on the printed circuit board, the conformal coating comprising at least one
halo-hydrocarbon polymer, the conformal coating having at least one of the following properties:
solder-through capability; capability to permit wire bonding through the conformal coating; and
conductivity along an axis perpendicular to a surface coated with the conformal coating. 1046,The
method of Claim 22, further comprising: after formation of the solder joint, depositing a conformal
coating on the printed circuit board, the conformal coating comprising at least one halo-hydrocarbon
polymer, wherein: the conformal coatingis insulative along an axis perpendicular to a
15surface coated with the conformal coating; and the conformal coating has at least one of the
following propertigsinseldhesi ang mokipabiitysang suchchpabeityito patabwinadmpiingytarough the
conformal coating. 20 75 47. A printed circuit board, comprising: a substrate comprising an
insulating materiaf;) a ;%'urality of conductive tracks attached to at least one surface of the substrate; a
coating deposited on the at least one surface of the substrate, wherein: :

19.  The printed circuit board of Claim 1, wherein heating a flux at a
5 particular region of the substrate alters the multi-layer coating at the particular region
of the substrate without altering the multi-layer coating at other regions of the

substrate,

20, The printed circuit board of Claim 1, wherein the substrate comprises
10 at least one of:
an epoxy resin bonded glass fabric;
a synthetic resin bonded paper;
an epoxy;
a cotton paper;
15 a cardboard;
a natural wood based material; and

a synthetic wood based material.

21.  The printed circuit board of Claim 1, wherein at least one layer of the

20 multi-layer coating comprises a metal material.



5the coating covers at least a portion of the plurality of conductive tracks; and comprises at least one
halo-hydrocarbon polymer; and at least one conductive wire that is connected by a wire bond to
at least one 10conductive track, the wire bond formed through the coating without prior removal of the
coating such that the wire bond abuts the coating. 48. The printed circuit board of Claim 47,
wherein the wire bond abuts the coating along a plane parallel to the at least one surface of the
substrate. 15 49. The printed circuit board of Claim 47, wherein the wire bond is at least one of: a

ball bond; and a wedge bond. 20 50. The printed circuit board of Claim 47, wherein the wire
comprises at least one of: gold; aluminum; 70 '

22. A method, comprising:
attaching a plurality of conductive tracks to at least one surface of a substrate
comprising an insulating material;
depasiting a multi-layer coating on the at least one surface of the substrate, the
5 multi-layer coating covering at least a portion of the plurality of conductive tracks, at
least one layer of the multi-layer coating comprising at least one halo-hydrocarbon
polymer; and
after depos'iting the multi-layer coating, soldering through the multi-layer
coating to form a solder joint between an electrical component and at least one
10 conductive track attached to the substrate, the solder joint abutting the multi-layer

coating.

23.  The method of Claim 22, wherein the multi-layer coating has a
thickness of from | nanometer to 10 micrometers.
15
24.  The method of Claim 22, wherein the multi-layer coating comprises a
first layer and a second layer that are distinct from each other, the first layer and the

second layer comprising different polymers,

20 25, The method of Claim 22, wherein:
the multi-layer coating comprises a first layer comprising a particular type of
polymer;
the mutli-layer coating comprises a second layer comprising the particular
type of polymer,
25 the polymer in the first layer differs from the polymer in the second layer with
respect to at east one of the following properties:
molecular weight;
chemical composition;
structure;
30 geomeiry; and

porosity.



25silver; copper; nickel; and iron. 76 52.The printed circuit board of Claim 47, wherein the coating has
a thickness of from 1 nanometers to 2 micrometers. 553.The printed circuit board of Claim 47, wherein
the coating has a thickness of from 10 nanometers to 100 nanometers. 54.The printed circuit board of
Claim 47, wherein the at least one halo- hydrocarbon polymer is a fluoro-hydrocarbon polymer. 10

55. The printed circuit board of Claim 47, wherein the wire bond is formed at a particular region of the
substrate, the formation of the wire bond altering the coating at the particular region without altering
the coating at other regions of the substrate.

71

26.  The method of Claim 22, wherein:
the multi-layer coating comprises a particular layer of a first polymer and
another layer of a second polymer, the layers abutting each other; and
5 the layers are graded such that the multi-layer coating transitions from the first

polymer to the second polymer.

27.  The method of Claim 22, wherein the multi-layer coating comprises a
- particular layer formed of a halo-hydrocarbon polymer and another layer formed of a

10 polymer free of halogen atoms.

28.  The method of Claim 22, wherein the multi-layer coating is deposited
such that a metal halide layer covers at least a portion of the plurality of conductive
tracks.

15

28,  The method of Claim 22, wherein the multi-layer coating is deposited

such that there is essentially no metal halide layer between the plurality of conductive

tracks and the muiti-layer coating.

20 30. The method of Claim 22, wherein the halo-hydrocarbon -polymer

comprises one or more fluoro-hydrocarbons.

31.  The method of Claim 22, wherein the multi-layer coating comprises:
a first layer comprising a fluoro-hydrocarbon material; and
25 a second layer comprising a chiorofluore-hydrocarbon material.
32.  The method of Claim 31, wherein the second layer is formed between

the first layer and the plurality of conductive tracks.

30 33.  The method of Claim 31, wherein the first layer is formed between the

second layer and the plurality of conductive tracks.



15 56. The printed circuit board of Claim 55, wherein: the coating is not removed from the
particular region of the substrate prior to the formation of the wire bond; and the formation of the
wire bond alters the coating at the particular region of the 20substrate by selectively removing the
coating from the particular region of the substrate. 57. The printed circuit board of Claim 47,
further comprising at least one electrical component connected by a solder joint to at least one
conductive track, 25wherein the solder joint is soldered through the coating such that the solder joint
abuts the coating. 58. The printed circuit board of Claim 47, wherein the wire bond is formed at
a first region of the substrate, the first region coated with the coating, and further 30comprising: 77
at least one electrical component connected by a solder joint to at least one conductive track at a
second region of the substratglihmsrebadiiepd? coradnwith another coating. 559.The printed circuit
board of Claim 47, f“”'%%% C%iHQr“JS(')E‘ ?sco%%%t on a particular region of the substrate after a

substantially continuous layer of the multi-layer coating is deposited on the substrate;

and

5 the soldering alters the multi-layer coating at the particular region of the

substrate without altering the muiti-layer coating at other regions of the substrate.

35.  The method of Claim 34, wherein the soldering alters the multi-layer
coating at the particular region of the substrate by removing the multi-layer coating
10 from the particular region of the substrate without removing the multi-fayer coating

from other regions of the substrate.

36. The method of Claim 22, wherein:
a first region of the substrate is coated with the multi-layer coating; and

i5 a second region of the substrate is coated with another coating.

37.  The method of Claim 36, further comprising:
attaching a contact to at least one surface of the substrate, the contact coated
with the single-layer coating, the contact operable to conduct an electrical signal

20 through the single-layer coating to another contact.

38.  The method of Claim 22, further comprising:
attaching a contact to at least one surface of the substrate, the contact coated
with the muiti-layer coating, the contact operable to conduct an electrical signal

25 through the multi-laver coating to another contact.

39.  The method of Claim 22, further comprising:
forming a wire bond through the muiti-layer coating, the wire bond connecting
at least one wire to at least one conductive track, the wire bond abutting the multi-

30 layer coating.



attached to at least one surface of the substrate, the contact coated with the coating, the contact
operable to conduct an electrical signal through the coating to another contact. 1060.The printed circuit
board of Claim 47, wherein the coating is deposited such that a metal halide layer covers at least a
portion of the plurality of conductive tracks. 61.The printed circuit board of Claim 47, wherein the
coating is deposited 15such that there is essentially no metal halide layer between the plurality of
conductive tracks and the coating. 78 62. A method, comprising: attaching a plurality of
conductive tracks to at least one surface of a substrate comprising an insulating material;

depositing a coating on the at least one surface of theysubstrate, the coating 5covering at least a
portion of the plurality of conductive tracks, the coating comprising at least one halo-hydrocarbon
polymer; and forming. a wire lsotichhefWbam a2.|atteonenmpinihctive wire and at least one

conductive track, the vige, b, fgunet INieHIL IS COPHRINAIRUL AR EROUAAL R gpating such

that the wire bond abuts the coating. 10 63. The method of Claim 62, wherein the wire bond abuts
the coating along P& Barallel to the at least one surface of the substrate.
plasma cleaning;

5 plasma etching;
plasma activation;
* plasma polymerization and coating; and

liquid based chemical etching.

10 41.  The method of Claim 22, wherein the multi-layer coating is deposited
by at least one of the following:
plasma deposition;
chemical vapor deposition;
metallo-organic-chemical vapor deposition;
15 molecular beam epitaxy;
spray coating;
sputtering; and

spin coating.

20 42, The method of Claim 22, wherein:
the subsirate is comprised in a printed circuit board; and

the coating causes the printed circuit board to be flame retardant,

43, The method of Claim 22, further comprising, during the soldering,

25 controlling wetting of the multi-layer coating.

44, The method of Claim 22, further comprising balancing sclderability
and protectability of coating, the balancing achieved at least in part by controlling

porosity and wetting of the multi-layer coating,
30



64. The method of Claim 62, wherein the wire bond is at least one of: 15a ball bond; and a wedge
bond. 65. The method of Claim 62, wherein the wire comprises at least one of: gold; 20aluminum;
silver; copper; nickel; and iron. 25 66. The method of Claim 62, wherein at least a portion of the
wire is covered with the coating prior to formation of the wire bond. 67. The method of Claim 62,
wherein the coating has a thickness of from | 30nanometers to 2 micrometers. 79 68. The method
of Claim 62, wherein the coating has a thickness of from 10 nanometers to 100 nanometers.

74

45, The method of Claim 22, further comprising:
after formation of the solder joint, depositing a conformal coating on the
printed circuit board, the conformal coating comprising at least one halo-hydrocarbon
polymer, the conformal coating having at least one of the following properties:
5 ' solder-through capability;
capability to permit wire bonding through the conformal coating; and
conductivity along an axis perpendicular to a surface coated with the

conformal coating.

10 46.  The method of Claim 22, further comprising:
after formation of the solder joint, depositing a conformal coating on the
printed circuit board, the conformal coating comprising at least one halo-hydrocarbon
polymer, wherein:
the conformal coating is insulative along an axis perpendicular to a
I35 surface coated with the conformal coating; and
the conformal coating has at Ieast one of the following properties:
solder-through capability; and
capability to permit wire bonding through the conformal
coating.

20



69. The method of Claim 62, wherein the at least one halo-hydrocarbon polymer is a
fluoro-hydrocarbon polymer. 70. The method of Claim 62, wherein the wire bond is formed at a
particular region of the substrate, the formation of the wire bond altering the coating at the particular
region without altering the coating at other regions of the substrate. 10 71. The method of Claim
70, wherein: the coating is not removed from the particular region of the substrate prior to the
formation of the wire bond; and the formation of the wire bond alters the coating at the
particular region of the 15substrate by selectively removing the coating from the particular region of the
substrate. 72. The method of Claim 62, further copgprising: after depositing the coating,
soldering through the coating to form a solder 20joint between an electrical component and at least

one conductive track attgchedst@rihestisiicdeartieosgielsininint abutting the coating. 73. The

method of Claim 62, wherein the wire band is forrpgd at aﬁfirs{_ region of the substrate, the first region
. . a su sftrat[%co 15INg an Mmsu ad]’l maicriat; . .
coated with the coating, andTurthér 25cortiprising: e%)osmng another coating on a second region of

the substrate; and salbheriity aheondyistine atke pdedid doon ket sneswdeee gloheatittiBateibstrate to

form a solder joint betwgeg, aR-eigsiical GomPaNeRt ardatleast sRg.rRRsCINEdRCK attached to the

substrate. 80 - ) ) ) )
5 the coating covers at least a portion of the plurality of conductive

tracks; and
comprises at least one halo-hydrocarbon polymer;
and
at least one conductive wire that is connected by a wire bond to at least one
10 conductive track, the wire bond formed through the coating without prior removal of

the coating such that the wire bond abuts the coating,

48.  The printed circuit board of Claim 47, wherein the wire bond abuts the
coating along a plane parallel to the at least one surface of the substrate.
15
49.  The printed circuit board of Claim 47, wherein the wire bond is at least
one of?
a ball bond; and
a wedge bond.
20
50. The printed circuit board of Claim 47, wherein the wire comprises at
least one of:
gold;
aluminum;
25 : silver;
copper;
nickel; and

iron,

30 51.  The printed circuit board of Claim 47, wherein at least a portion of the

wire is covered with the coating.



74. The method of Claim 62, further comprising: affixing a contact to at least one surface of the
substrate, the contact coated with the coating, the contact operable to conduct an electrical signal
through the coating to another contact. 75. The method of Claim 62, wherein depositing
the coating comprises depositing a first layer of the coating, and further comprising, after formation of
the wire bond, depositing a second layer of the coating on the at least one surface of the substrate, the

second layer of the coating covering at least a portion of the wire bond. 76. The method of Claim
62, wherein the wire bond is a bare die wire bond. 77. The method of Claim 62, wherein the
substrate is comprised in a ISprinted circuit board, angfurther comprising: after formation of the

wire bond, depositing a conformal coating on the printed circuit board, the conformal coating
comprising at least one halo-hydrocarbon polymer, the conformal coating having at least one of the

following properties: solder-thiguof.capablity, 2qcapapili,{o Remit wire handing,ihigudh the
conformal coating; and ™™ Corauc |vify along an axis perpendicular to a surace coated with the
conformal coatinghignez8oireappazatirstus aprisipggmetstbstrate comprising an insulating material;

5 53,  The printed circuit board of Claim 47, wherein the coating has a

thickness of from 10 nanometers to 100 nanometers.

54.  The printed circuit board of Claim 47, wherein the at least one halo-
hydrocarbon polymer is a fluoro-hydrocarbon polymer.
10
55.  The printed circuit board of Claim 47, wherein the wire bond is formed
at a particular region of the substrate, the formation of the wire bond altering the
coating at the particular region without altering the coating at other regions of the
substrate.
15
56.  The printed circuit board of Claim 55, wherein:
the coating is not removed from the particular region of the substrate prior to
the formation of the wire bond; and
the formation of the wire bond alters the coating at the particular region of the
20 substrate by selectively removing the coating from the particular region of the

substrate,

57.  The printed circuit board of Claim 47, further comprising at least one
electrical component connected by a solder joint to at least one conductive track,
25 wherein the solder joint is soldered through the coating such that the solder joint abuts

the coating,.

58. The printed circuit board of Claim 47, wherein the wire bond is formed
at a first region of the substrate, the first region coated with the coating, and further

30 comprising:



a first contact attached to at least one surface of the substrate; and a coating deposited on at least
one surface of the first contact, the coating comprising at least one halo-hydrocarbon polymer, the first
contact operable to conduct an electrical signal through the coating to a second contact without
removal of the coating. 79. The apparatus of Claim 78, wherein the coating exhibits greater
10conductivity along an axis parallel to the at least one surface of the first contact than along an axis
perpendicular to the at least one surface of the first contact. 80. The apparatus of Claim 78, wherein:
the coating is a conductor along an axis perpendicular to the at least one 15surface of the first contact;
and the coating is an insulator along an axis paral'(gl to the at least one surface of the first contact,
81. The apparatus of Claim 78, wherein: 20the second cont%céis moy, ble from a [irsii position to a
second position; and A USROS SEE SRl oA s M IR S SE B RO ST the i SE otact conducts
an electrical signabtidnotigh tthek coatismgcodthegisr cdrtbecomtarte StheTdeoap pegmiusoafeChaith 78, wherein
the first contact cggg@l@gga@]géeast 250ne of: stainless steel; silver;

5 59.  The printed circuit board of Claim 47, further comprising a contact
attached to at least one surface of the substrate, the contact coated with the coating,

the contact operable to conduct an electrical signal through the coating to another

contact.

10 60.  The printed circuit board of Claim 47, wherein the coating is deposited
such that a metal halide layer covers at least a portion of the plurality of conductive
tracks.

61.  The printed circuit beard of Claim 47, wherein the coating is deposited

15 such that there is essentially no metal halide layer between the plurality of conductive

tracks and the coating.



carbon; nickel; 30gold; and tin. 82 83.The apparatus of Claim 78, wherein the first contact is
comprised in a printed circuit board and the second contact is comprised in a key in a keypad. 584.The
apparatus of Claim 78, wherein the first contact is comprised in a sensor. 85. The apparatus of
Claim 84, wherein the sensor operates to detect the presence of analytes. 10 86. The apparatus
of Claim 84, wherein the first contact comprises at least one of: carbon; a conductive glue;

78

62. A method, comprising:

attaching a plurality of conductive tracks to at least one surface of a substrate
comprising an insulating material;

depositing a coating on the at least one surface of the substrate, the coating

5 covering at least a portion of the plurality of conductive tracks, the coating comprising

at {east one halo-hydrocarbon polymer; and

forming a wire bond between at least one conductive wire and at least one
conductive track, the wire bond formed through the coating without prior removal of
the coating such that the wire bond abuts the coating.

10
63.  The method of Claim 62, wherein the wire bond abuts the coating

along a plane parallel to the at least one surface of the substrate.

64. The method of Claim 62, wherein the wire bond is at least one of:
15 a ball bond; and

a wedge bond.

65.  The method of Claim 62, wherein the wire comprises at least one of:
gold;
20 - aluminum;
silver;
copper;
nickel; and
iron.
25
66.  The method of Claim 62, wherein at least a portion of the wire is

covered with the coating prior to formation of the wire bond.

67. The method of Claim 62, wherein the coating has a thickness of from 1

30 nanometers {0 2 micrometers.



15a conductive adhesive; a conductive ink; and silver loaded epoxy. 87. The apparatus of
Claim 86, wherein the first contact is an electrode. 20 88. The apparatus of Claim 78, wherein the
coating has a thickness of from | nanometer to 2 micrometers. 89. The apparatus of Claim 78,
wherein the coating has a thickness of from 25ten nanometers to 100 nanometers. 90. The
‘apparatus of Claim 78, wherein the coating prevents the first contact from oxidizing, corroding, and
absorbing moisture. 83 92.The apparatus of Claim 78, wherein the first contact operates as a test 84

93. A method, comprising:
an insulating material,

68.

attaching a first contact to at least one surface of a substrate comprising
79

The method of Claim 62, wherein the coating has a thickness of from

10 nanometers to 100 nanometers.

69.  The method of Claim 62, wherein the at least one halo-hydrocarbon
5 polymer is a fluoro-hydrocarbon polymer.
70.  The method of Claim 62, wherein the wire bond is formed at a

particular region of the substrate, the formation of the wire bond aitering the coating

at the particular region without altering the coating at other regions of the substrate.

10
71.

The method of Claim 70, wherein:

the coating is not removed from the particular region of the substrate prior to

the formation of the wire bond; and

the formation of the wire bond alters the coating at the particular region of the

15 substrate by selectively removing the coating from the particular region of the

substrate.

72.

The method of Claim 62, further comprising:

after depositing the coating, soldering through the coating to form a solder

20 joint between an electrical component and at least one conductive frack attached to

the substrate, the solder joint abutting the coating,

73.

The method of Claim 62, wherein the wire bond is formed at a first

region of the substrate, the first region coated with the coating, and further

25 comprising:

depositing another coating on a second region of the substrate; and

soldering through the other coating on the second region of the substrate to

form a solder joint between an electrical component and at least one conductive track

attached to the substrate.

30



depositing a coating on at least one surface of the first contact, the coating 5 comprising at least one
halo-hydrocarbon polymer, the first contact operable to conduct an electrical signal through the coating
to a second contact without removal of the coating. 94. The method of Claim 93, wherein the coating
exhibits greater 10conductivity along an axis parallel to the at least one surface of the first contact than
along an axis perpendicular to the at least one surface of the first contact. 95. The method of Claim 93,
wherein: the coating is a conductor along an axis perpendicular to the at least one 15surface
of the first contact; and the coating is an insulator along an axis parallel to the at least one surface
of the first contact. 96. The method of Claim 93, wheréfh: 20the second contact is movable from a first
position to a second position; and when the second contact is in the second position, the first
contact conducts an eletrical SigmsthadaGhamedeobifitist PR SB&ond contact. 97. The method of

Claim 93, wherein the figgt,Gentachrampsisekat east#hroe Dihsinieas, strelosilicetoated

with the coating, the contact operable to conduct an electrical signal through the

coating to another contact.

75.  The method of Claim 62, wherein depositing the coating comprises
depositing a first layer of the coating, and further comprising, after formation of the
wire bond, depositing a second layer of the coating on the at least one surface of the
substrate, the secand layer of the coating covering at least a portion of the wire bond.

10

76. The method of Claim 62, wherein the wire bond is a bare die wire

bond.

77.  The method of Claim 62, wherein the substrate is comprised in a
15 printed circuit board, and further comprising:
after formation of the wire bond, depositing a conformal coating on the printed
circuit board, the conformal coating comprising at least one halo-hydrocarbon
polymer, the conformal coating having at least one of the folldwing properties:
" solder-through capability;
20 capability to permit wire bonding through the conformal coating; and
conductivity along an axis perpendicular to a surface coated with the

conformal coating.



carbon; nickel; 30gold; and tin. 85

conductive adhesive; a conductive ink; and

10

5

20

25

30

81

78.  An apparatus, comprising:

a substrate comprising an insulating material;

a first contact attached to at least one surface of the substrate; and

a coating deposited on at least one surface of the first contact, the coating
comprising at ieast one halo-hydrocarbon polymer, the first contact operable to
conduct an electrical signal through the coating to a second contact without removal

of the coating.

79.  The apparatus of Claim 78, wherein the coating exhibits greater
conductivity along an axis parallei to the at least one surface of the first contact than

along an axis perpendicular to the at least one surface of the first contact.

80.  The apparatus of Claim 78, wherein:
the coating is a conductor along an axis perpendicular to the at least one
surface of the first contact, and

the coating is an insulator along an axis parallel to the at least one surface of

the first contact.

81.  The apparatus of Claim 78, wherein:
the second contact is movable from a first position to a second position; and
when the second contact is in the second position, the first contact conducts an

electrical signal through the coating to the second contact.

82.  The apparatus of Claim 78, wherein the first contact comprises at least
one of:

stainless steel;

stlver;

carbon;

nickel;

gold; and

fin.

98. The method of Claim 93, wherein the first contact is
comprised in a printed circuit board and the second contact is comprised in a key in a keypad.
The method of Claim 93, wherein the first contact is comprised in a sensor.
Claim 99, wherein the sensor operates to detect the presence of analytes. | 0
Claim 99, wherein the first contact comprises at least one of: carbon; a conductive glue; 15a

99.

100. The method of
101. The method of



silver loaded epoxy. 102. The method of Claim 93 wherein the first contact is an electrode.
20 103. The method of Claim 93, wherein the coating has a thickness of from 1 nanometer to 2
micrometers. 104. The method of Claim 93, wherein the coating has a thickness of from
25ten nanometers to 100 nanometers. 105. The method of Claim 93, wherein the coating prevents

the first contact from oxidizing, corroding, and absorbing moisture. 86

107. The method of Claim

93, wherein the coating is deposited by plasma deposition. 5108. The method of Claim 93, wherein the

first contact operates as a test point.
' 82

83.  The apparatus of Claim 78, wherein the first contact is comprised in a

printed circuit board and the second contact is comprised in a key in a keypad.

5 84.  The apparatus of Claim 78, wherein the first contact is comprised in a

SeNnsor.

85.  The apparatus of Claim 84, wherein the sensor operates to detect the

presence of analytes.

10
86.  The apparatus of Claim 84, wherein the first contact comprises at least
one of:
carbon;
a conductive glue;
15 a conductive adhesive;
a conductive ink; and
silver loaded epoxy.
87.  The apparatus of Claim 86, wherein the first contact is an electrode.
20
88.  The apparatus of Claim 78, wherein the coating has a thickness of from
{ nanometer to 2 micrometers.
89.  The apparatus of Claim 78, wherein the coating has a thickness of from
25 ten nanometers to 100 nanometers,
90.  The apparatus of Claim 78, wherein the coating prevents the first
contact from oxidizing, corroding, and absorbing moisture.
30 91.  The apparatus of Claim 78, wherein the at least one halo-hydrocarbon

polymer comprises a fluoro-hydrocarbon polymer,



83

62.  The apparatus of Claim 78, wherein the first contact operates as a test

point.
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93. A method, comprising:

attaching a first contact to at least one surface of a substrate comprising an
insulating material;

depositing a coating on at least one surface of the first contact, the coating
comprising at least one halo-hydrocarbon polymer, the first contact operable to
conduct an electrical signal through the coating to a second contact without removal

of the coating.

94,  The method of Claim 93, wherein the coating exhibits greater
conductivity along an axis parallel to the at least one surface of the first contact than

along an axis perpendicular to the at least one surface of the first contact.

a3, The method of Claim 93, wherein:
the coating is a conductor along an axis perpendicular to the at least one
surface of the first contact; and

the coating is an insulator along an axis parallel to the at least one surface of

the first contact.

96. The method of Claim 93, wherain:
the second contact is movable from a first position to a second position; and
when the second contact is in the second position, the first contact conduets an

electrical signal through the coating to the second contact.

97.  The method of Claim 93, wherein the first contact comprises at least
one of:

stainless steel;

silver;

carbon;

nickel;

gold; and

tin.
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98.  The method of Claim 93, wherein the first contact is comprised in a

printed circuit board and the second contact is comprised in a key in a keypad.

99, The method of Claim 93, wherein the first contact is comprised in a

Sensor.

100.  The method of Claim 99, wherein the sensor operates to detect the

presence of analytes,

101, The method of Claim 99, wherein the first contact comprises at least
one of:

carbon;

a conductive glue;

a conductive adhesive;

a conductive ink; and

silver loaded epoxy.
102. The method of Claim 93, wherein the first contact is an electrode.

103.  The method of Claim 93, wherein the coating has a thickness of from 1

nanometer to 2 micrometers.

104.  The method of Claim 93, wherein the coating has a thickness of from

ten nanometers to 100 nanometers.

105, The method of Claim 93, wherein the coating prevents the first contact

from oxidizing, corroding, and absorbing moisture.

106. The method of Claim 93, wherein the at least one halo-hydrocarbon

polymer comprises a fluoro-hydrocarbon polymer.
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107.  The method of Claim 93, wherein the coating is deposited by plasma

deposition.

108. The method of Claim 93, wherein the first contact operates as a test

point.



