; cde3ecZcW.(t D6zT9?" WD 02/070144 | NTERNAL HEAT SPREADER PLATI NG METHODS
AND DEVI CES Thi s application clains fit of U S provisional
appl i cation nunber 60l 272805 i nc \W\ﬁm Nﬁk ein by reference inits
entirety. Field of The Inventi on the invention is nethods of
pl ati ng heat readers and ot her part<3§°°€?é5| gned for th nagenent of
sem conduct o‘Vag‘é‘{/?lé Background of The Invention @Egﬁ%‘ﬁggonti nuous
pl ati ng system conpri ses an el ongated plating chanber/cel | and a novenent
mechani sm desi gNEERNALHRAT SEREADER FIDIINGMEERQDH AND DEwECES! | while the 10
parts are being plated. Tile chanber is sufficiently long so that the
pl ati ng of a p@his appﬂibamm dmmemsbmbfeoﬂhammrﬁsioml applicatiomnbndoecb0B8XA80S at t he
ot her can be com do he part traverses the |length of the
chanber . FRPER é‘erel(g’ ?’feéﬂ?née’i&w P&Vi ousl y known pl ating systens such as
the MP 300 avail able from Technic Inc. utilize vertical solution spargers
11 to int ridedetThlayentign sol ution 15 80 into the plating conpartment 12 and
to di rect the incom ng solution 80 towards the parts 90 being plated. Known
systensSal so udbe faldefiheiinrentiop ismpaent Pladpedipat enresdersiamd perpdifi pul ate the flow
of currentg B&Ee\ﬁ@ﬁ%ﬁbﬁw@ﬁ%@&éﬁ%ﬁ%&on@ﬂmm «ane or nore anode baskets 14. As

shown, in figures Istance D 1 between the shield m Mm}part
being plated 90 is sufficiently great so as to allow themm Il“nw H‘

moved bet wRaskesoned oiclhe lavsatioter s 11 which ate placed 20 betwegg, jhe part 90
and the shields 13. Sys imlar to those of f ypi cally used
to plate a si n}cém%@ ?u"BEI‘Pi%?%sryftﬁ?BWPBF?&?I?HEB‘B@%’%@’%??F L he edge bei ng
plated 91 hehkh@verarmedasto d@mg&a@m%awaagalmglwlmome adﬂ(iVIﬁlhchppOSI te edge
92 bei ng posi ti oned out of the placing solution 80, g'ﬁleSI mlar to

those @ fwaﬁa?réb%naa)ﬁfdcalpqf;bar%lﬁwﬁmf%f@n ongA diet teplpting awg% r plating, an

outer cellepldss tﬁ@éﬁm%@ér'dﬁdn@@ndraﬁ& dAft¥at 112 BBer@hin WEREBpIEthd Hydhel tiRle@cpard SA and one or
25 snore fluid outlets 16A. Fluid typically enters inner cell 15 via fluid

inlet 15A, “WFfé?ﬁéhedmngﬂFﬁW“cell 15 and into outer cell 16, and then
flows out of out cell 16 via fluid outlet 16A. Unfortunately Whet her
previously recongah-mgcbﬁ:gurerlw;preﬁguﬂymnﬁiamgsyateﬂs@uchhﬂhelvmﬂodi gure 1 do not

| i str h, th
"5 heba Vit FRiieTEs Bt kit s thorsPati  fope e R B e o
0zi 0~013a U miEhYpIedn Tc&@paiﬂb’rﬁ'ﬂién@lfb ﬁ@&éﬂé&%ﬁ@&%ﬂtﬂ&wm&mﬁm nvention is

directed to |nproved platlng systens an such as .an.i nproved
plating sy%tmeebissoSnomg: siemealsn s cedneg ?‘”@’Pﬁfﬁﬁ@f’ 133p greniptaty gggat ed | ower
charnel , apgy g dth@k bétdesd qieusmdaapmraﬂfam 6:3AA dnBdd WalskBls B Al @@w@in inlets
oriented to direct any ting solutlgnflovvlngthrog‘Fﬁ |nIet5|nto

the | ower Eﬁ%b&}edgﬁawt%bamgnth@e@pbﬁeﬁﬂ tr AHRepE Plated {1 enbodi nent of
such a SyspemRseampilisat @Arhb tbmahwenbaﬁveeak’aﬁ&a[sp&@érﬁmwm@u&qﬂucﬂg shi el ds

form ng an el ongat ed upper channel and a eI d | ower clalgr el the upper
and | owdr BaRMsRECEAAd Higshirlds 14 SyStERsiFL “*é&t’r‘awl inch; a
plurali ty Qfplanad dinglealagh mgfsﬂarﬂaﬁaslrcﬁite&awgoaﬁihlmé e@@l@ﬁh@ﬂa{é@l&aﬁ@v\er source and
posi ti oned W|th| n the y 10 ch r nel FFF ? | puver, ¢ annet: a plating

sol ution sﬁ‘&?’@@? ‘B(‘ﬁﬁ??ain%ﬁ sr‘?b‘“%(‘ 8ap @%"T’B?SRF gebeme pesitionsg out of the

plating solution 80. Systems similar to those of figure 1 typically comprise an inner cell 15
" used for plating, an outer cell 16 for solution return, one or more fluid inlets 15A and one or
25  more fluid outlets 16A. Fluid typically enters inner cell 15 via fluid inlet 154, flows out of

inner cell 15 and into outer cell 16, and then flows out of out cell 16 via fluid outlet 16A.

Unfortunately, whether previously recognized or not, systems similar to those of
figure 1 do not &lways provide optimum metal distribution over a work piece. As such, there
is a need for plating systems having improved metal distribution.
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to direct any plating solution flowing through the inlets into the lower - -
channel and towards the upper channel; and a plurality of anodes positioned
outside and along the I ength of the upper and | ower channels, An inproved
nmet hod of plating a work piece conprises: submerging a work piece to 15 be
plated in a_yal of plating solution; positioning a work piece to be

pl at ed at M@Ptl ally within an upper plating chd’ﬁﬁ’gﬁozlﬁﬁ%y a | owner

pl ati ng channel) the upper acrd |lover plating channels conposi ng non

el ect ri calSumneonedwietInvention des, the channel s bei ng positioned opposite each
ot her and bei ng separ at ed from each other, the separation between the
channel s f or i Fg peesgptinyentidn is dtected tgmn;e@'pdamtmg bysters prdsuethiodsrsed 2agpr oxi mat el y
over the g [ | ectrical
current tg{;H owpgg%%\g%%ﬂ\%@n\%ggra@ e%ﬁ%tgggpé’nofh%!ﬁ@tagérjmE?Oﬁga%dql&'é? t he current
flow passichfgmtlrmd)mghﬁnlghdut@mlspmgemmexjﬁiresserst aftigets aredtenhtn\duwganvhe wor k pi ece

to be th L at | 0. formone ox nono

i nter naI lg SOPS‘%’&\%‘) %ﬁ%% alt(,‘@ ”Q#WFB%B{]%EB"%@’?E P&h is essentiall y
paral | el tcbmméleAﬁbfe&bdianboﬂiﬁnemﬁ)f suolnd St ah@dsets bpluralifper eepiodiyt i on rate can be
greatly increase ia the 5 turbul en Iut n flow apd | ess

cat hode- ar’n‘%fﬂ@t“}gégflgﬁ @Wn@ﬁ% UpPeE %@%4 ?"Yeﬁ%‘ﬁmﬁb&&i n. It is

cont enpl at@ﬁ&ﬁﬂ&&w&bﬁm&%&&f}m’i@\ﬂhtﬁteks%n%yﬁﬁlﬂlﬁ S8 R, Iagmpahmf einto plate
the workpi eces results in nore uniformty in atlgig bet ween wor k pi eces

and | ess d’%}“ﬂﬁ‘%ﬁ‘iWS%C"&“}I%@HPM%FP%H?W&%&”@P‘Efé‘l"ﬁ whitg gpRRd at t he sane
dept h 19 t RhindBEHERWE: cﬁﬂﬂd{wﬂhﬂgs&dﬁ@n@ﬁggt s prﬁlhg @Leﬂeébfﬁﬂe&slohb%édon 2. WO

021 0?0144 >' cx~usQz~0SsS3s Is conte ds and devi ces
descri bed ‘héFesiay plptee pptionaviae rhgpuslxﬂlwbtﬁ @fertb?bmr&bmqj m@mwardé surfaces o

di screte pgy 1R0ELL; oL PRy b shidHe@fobiNonbPSutdtle@hd b heat spreaders
(I'HS) or ot hl{gﬁerf)arts des?gne% 1:‘or r?elror%a un%%ir?ageﬁﬁrrdée1 ltkQlét?l‘é’tgg%n%hconduct or

devi ces. WPqT@ﬁéOWbe@meb features, aspects and advantages of the present
invention will become nore apparent fromthe follow ng detailed description
of preferred egpag o’??cﬂhé"thd&fofﬁlﬁlﬁx law&%eeceemrﬁsla@a&m\e@lgawm reeeocermany' ng

drawi ngs in which ke nuneral s represent ke conponents. Bri ef

Descr i ﬁsu o plgfed ‘Fﬁé’°\9¥ﬂaﬁf Tiyfing eplytiog) positiopine Hwprk pisprdle be Riwedat et of a prior nit
pl ating S)bi&:@l'[?mﬁln@nuipel Platthg RERAPEAL IWE: plits cmme@tmhgge;mmxﬁtem embodyi ng
t he inventiaon. Fi IS a detailed view of a part bein | ated in the
syst em of PEtiBs °112“n31FF2§“P113%8P§1 electrieplly ermdugtivorsidgs, éhﬁ"—bmﬁ?h EBHIBIP@"PW use in the
syst em of Ef)(ﬁ)te oheh fﬁlegaud?bant §p§at&ﬂfbmvc'aﬁ\@th91f th@s@hﬁﬁbn%&%ﬁ%&h&ﬂﬂs use in the
syst em of . I's a schematic of "a nethod enmbodying the

i nventi on. OTBéTtB&lPF‘éQif SQ@B@?%@W@HPP&%“@WE%@“W&W fhgcasiprafdmwed0 i s shown in
fi gurey \Mecpiawm&va d&%m% QEctARLRHEH AT bMyeet kR WohiHilcl B BB ok WOT k pi ece
900. In the inmproved system 100, the verti cal spargers (spargers 11 in
figure 1) anesigh deicirepiiontpagsing tsvugh tha splutignesmsssiay, andanaving themedk pieadl | ui d 800
enters 20 e etk b Has LaSORAAMOL hgthanbar W L the bottom

of the chanber actih
spreaders on a surface of the work piece which is essentially parallel to the sh:clds

It is contemplated that the deposition rate can be éreatly increased via the more
25  turbulent so}ution flow and less cathode-anode restriction found in the systems described

herein.

It is contemplated that the use of the plating system described hersin to plate the
worlkpieces results 'in more uniformity in plating between work pieces and less overplating as
a result of each part being positioned at the same depth within the cell and having the same
30  shield distrbution.



a harizontal sparger 110. By elim nating the vertical spargers, the

di stance D2 between the part being plated 900 and the shields 130 can be
decreased (Wwth a correspondi ng decrease in the distance D4 between the
fields formng the sides of the channel). It is preferred that the distance
D2 bet ween tgggﬂﬂ%ﬁdbeing pl ated 900 and the shields %%Qm9ﬁ0%§§s t han or
equal to one I'nch) or, nore preferably, less than or equal to 0.5

i nches. -3 WO 021 070144 PCTI US021 05536 The system of figure 2 may be

obt ai ned by nodit fsypmgnpde teytht methetf afdj dguices deerbed Fettad muticnlerly MP 300) in the

fol | ow ng nahner.. d.m i I I . spargers
anal repl ag?1 %gﬁ'f?r iea#)‘%/m&klﬁqﬁg%g@?%&%%#%ga éaﬁ(ﬂ?(%hlﬁghf@\%kygg%%}mm so t hat
sol uti on t haateprsadas (HBybrbiher pprsrdesgnediobtherpblatapekement of struictmdhctart fl ow fromt he
bottom of the parts to the tops, arid not fromflee sides; (2) increasing
the sol uti (515"19)381 ocity, (3) moving the shields closer to the parts to be

pl ated (cat hodes); (4) incorporating part holding clanps sufficiently
narrow o as toVaibesehcs) fyathio) aipdct endedyantage pf the gesedt inveptiomvillibeaeme t he cl ai s

and parts to _npve hetwee he i.elds: . and i rporat i a doubl e

s g and b R P elatfende b 8ue R rablm (B RARRE R, e s nsed
and dried fihvestion, derg withcheptcampalyipadriwingsdh Widthdike tumefalsabpréstnelfs xt ure are 10
subsequently rinsed and dried, It is contenplated that the use of one or
more hori zSnPE*®Bar gers 110 having holes/inlets 11.1 and being | ocated at
au end of a chanber |20 at |east partially formed by an upper. channel 122
and | ower @réefiDedcrifi@dn df ThelDragitesf |l uid fl ow through a first of the channels
and towards a second channel so that it flows toward a part 900 positioned
relati vld to a gBig 11182 18sbedbivt vieveof aptier agiphtingshstemns shown in figures 2 and 2A
will provide for note turbulent fluid flow anal a correspondi ng hi gher
deposi tion rat sgjglgig 9BH@EcﬁFeri&P&ﬁ'p&ﬁﬁé’@at&?éﬂo@ﬁngttwiﬂéh&ﬂpe1 it is preferred
that the di stance D5 between the upper anal |ower channels (the w dth of
gaps 131) be as_] ow as . 2Q percent of .th ei ght D6 af. rk piece 900. In
essence, the shf@i ‘siéﬁmﬁgv‘W&{}rpé“M% P&‘ﬁ?%ﬁ?’ﬁ&%‘l&&gnd | ower plating
channels 20 ( 121 and 122) through which the parts being plated nove with
each part 900 hEigi 3yis etrp viewgéa Qi uifebls for issireite systerhofiFig, he upper pl ating
channel 122 and an opposite edge 901 positioned within the |ower plating
channel .121. Be : [ L ¥ o1 nsul ating, current
fl ow bet ween thgﬁﬁﬂggﬁgﬂog%%agﬁgﬁf%gﬁsgﬁlotgigybtggﬁﬁg%zmo is forced to pass
t hrough_t he gaps. 1, 31 between the upper. and, | ower shields. Positioning and
movenent® of a phiBt4 $6FIYBIGPL HRTRoA FIPRTEPE HOBVEEY cconpl i shed by cl i ppi ng
part 900 to a clip 170 and noving clip 170. Figure 3A shows the original
desi gn of tDhetailedDieschiptici ng cl anps/clips 170A utilized by the system of

figure 1 while figure 3B shows an inproved clip 170 for use in the system
of figure 2. |t Asloprbyd blatingeystsah 10P sishawimén Bguserpvhinh srogidesiordmprorad nodi fied to

permt the dj . ( i el ks ing held by

t he cl anps %Eggmggéiﬁég%g%%%%@63%@%&1%2?%8% t é?@r‘%;}’g‘lc‘}g%%e gljlsng t he

t hi ckness [Oispatgersdll iirpfighizQ) found i\Gyied 2t piztiig 4veteRCHE HBg2tadBE8MBId §00ieaters ont enpl at ed
t hat shiel di [ : ' : ing the
wor kK pi %(geq\ll}mgt mltnﬁ&r%\ﬁr)%u c‘ﬁegbﬁ{r%ﬁé@%fﬁmrr@&r ‘&t}cﬂ @%@%? e?{ezéh%gte ée/CF \éan usi ng

t he shi el dsa honizasital egacgert e Bywlichiratingthermonicl gpatghme, tehiistinebsD2eyserthd 0 t he anodes

than to the rts.bei nos ate ults. in tLer distrjbution.of deposited
motal on 1 e rREL e ekl LR bR A oMb fld g o, COPDE
bet ween t hethstisteice D4 bdBesa i@ feldefomingtbssided OF tixehanen thes prefaad thanthe di st ance D2

bet ween a part bej | at ed 90 he, shei - 13 net hods 1000 of
using the s g?"éﬁﬁgpg‘?'%ﬁg}e@arﬁbeﬁgyﬁ{;ﬂgﬁ%ﬂ%&f g’éeidcgﬁ?(éﬁ%gs %nc{rﬁ%uaﬁgfnreom ng
steps: 3 epind)b)moipheERdhly log ttan ksl Pi0sARhA00 to be plated in a vol ume of
pl ati ng sol ution 800; step 1020, positioning the work piece to be plated

900 at least partially within 10 an upper plating channel 122 and a | ower
pl ati ng channel 121, the upper and | ower placing
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channel s conprising non electrically conductive sides (shields 130), the
channel s 121 and 122 being positioned opposite each other and bei ng
separated tom each other, the separation between the channels form ng a
pair of solution egress slots 131 positioned approximately over the center
of the work piece, 900 to be plated; step 1D30, causin% e}gf}ricals current
to 1 S flow PR WEHN* he work piece 900 and one or nore *SHETE 40, the
current flow passing through the solution egress slots 131; and step 1040,

mr)]vi ngI t he wor KThzisgadn &G%mtea nh?b@?b&irﬁdbﬁhﬁl@inﬁhés;{semgﬂﬂgwﬂ(rahe pl ating
channel s 121 and 122 ta faorm.an. el ectr asi.f e er _on.one.or nore
i nt er nal h@flm’é:&“éﬁ’ﬁ)eng)lt‘g‘f%%ll%ﬁ’?ﬁ?{”mﬁ&ggﬁ?l?%ég?ﬁ%‘? 15§t he wor k
pi ece 900 ispar@sSBAtdpRkihYy thedidth h@ds 1t Prabitetes it 164er pRAmts NNl S operation,

20 The forgoing nethod may further conprise one ox nore of the foll ow ng

st eps: st epraveUmouns $hy prriste be Hated g8 p furhyleaidlowitpmeths olipm ofhepsrie” o hol d anal
o ; o VIO ¢ ‘ _ ' ; 0l

frst i ool Gy SiteoYodithng Sl SRRl bl 8 bl BELTO M 10 2

and dried vthitk partshebapatéd (pittedes); $4) kneprporatingpart loddingsfaeps afiientlpdarew t he fir st

rinse and ds%xstcxge e

I rterm -2 con i n n I l,e, wherein the
wor k 25 pi ece P8 r% eoéé &‘F Balx;lrv?rﬁlﬁgﬁﬁgg;&néﬂgbagﬁxgmﬁp%g%ﬁa%\éﬁe eg‘fele%d. It is
go_nt Sn?l at ?Hesthilelme, ahe(él) ?E@Mting!addn?bamm mﬂ&phgpm?ﬁmhwthﬂﬂ@mgfphg frame is

rie irs esul. n .st.a r rying o iece because
ot ent | i &Pl test ProbEl b e B R B0 e hettRE e Bk e o

redeposid osmbsequadtty/riasedahdddedt he wor kpi ece. The foll owi ng steps may al so
prove advant ageous when used in the foregoing nmethod: 30 a) rinsing the

regard .5 vo B0 at b a5 ol Bhe Rt B loitl 7 P L %0

only with udoten/mletairlé awkicmng Jocatlrd 4t en doé efr chegmltieh E20ct lept phrtiafly Shymadibyrmng t he part.

(he ol | ps. SRPRENRRY THrs Woie gl T B g ST Ry bR B sbePRiNG "ot no.

heat spreadadbwanan batridehamnefso thhtiilowe tovard apay 900positied tehtveusegpf channel s

havi ng W of qne,inch or less and/or, jncludi a step .of _adjusting the
it h of® ¢ he Sl ne R e Rbo B R PR v S R e R R or o
| east nore flowiashde norps@mhdinghigiesdepostish raten Irostder kusobistrtke qesieed ent@ldce, tn preferred

enbodi nent s, _hori al,.spargar, | 10 will he sized equat e to provide
turbul ent fT %I\#W‘frﬁ?q etdﬁgg%ﬁﬁﬁegn(%a@gcrwwgéﬁ% °t (5&?1'?1{%% sufficient
drai nage suish)belhalowtda0 petent of the Reifh® D6 vPardek piece@0®r fl ow. It is also difficult
to achieve turbulent flow over the 10 subnmerged portion of the cup while
not allow ng any s . ' luid on h rtion.of clips above
the cell. (Any is{lo sﬁgletfhyﬁﬁs%&&g ?Agﬁg%n%%r?t% outPP%gPdg Veﬁgﬁt(]:lggnc gr‘rfqglﬂt es to the
previ ougd y (End 620 chrovigh sdicklthy pais beeypheded ridvewhiecach 26t 908 hyving oy adesd t 0o al | ow

for turbul flow across the r k. pi ile m.nimzi ur f.ace spl ashing
This is gere arrel iRt Bt ribhr ohimAg s e Gtk Bl el Chor Dont al
spar ger 110yithwi thdlosvergpdating ehatrde] 190/ Besavse thia sldeldyi 13@ are eleani@lyeinsulafifgse hol es are,
drilled in such.a aner, to di.re fluid toward the part contai ned within
The ofip. P g BEPRR kot Sinsie Ph stk 40 F R SRR S vl ve

st ylhe rest rti1§3§apﬂ’13llaaﬂtd{ee_trhh§upyi&|aﬂhﬂoiv& slfaelilw%mbntﬁ@ aﬂx:dml '\@Maltbf\?)aﬁ_ﬁm rrumI flow

wi t hout _gcausi.ng,s ing at . syrface the.plating solutjagn. 'lie

di st ancé be‘f”ﬁ}é‘g‘ilimﬁ’ﬁ@ag ?Ssﬂg??gwb%m@g‘?wﬁmﬁgaﬁﬁﬁ%oﬁ%a%}2&73%‘1 oVIRg I"fép iil amet er of

t he di scharge 20 plenumand the flow rate through the plenumare all set to
maxi m ze t ur bul EigtreBAchovatihetonginaldesign iofbepattholding ianpaiilips 170A spliadby ng at t he

solution surfa ields ..120 pref.erabl.y conpt.i sheet electrically
i nsul ati ng %ﬁ%g?ﬁ%\: f"]“\?&ﬂ%ﬁ“‘gggws ﬁ‘e{ép nﬁéereap?ﬁ%g@ﬁ?rﬁ‘éﬂm% sgsiefno?/{/ current
flow, the sfigute2bdishonlcmntord dolt theclinipaleggwiias teen edifddas pomit T distasagt h of t he
sl ot shoul oL NG LEh th engt.h. e, anode. fromwhi.ch.el ectrical 25
current i sdlgg?ehg&lr] gagts%l% aé%,a %glrlﬂle?%bgmggf%ﬁf‘th%gmgﬁéob‘scl%g realsesdq%% ected to

pr ovi de3® heinthestr lesebipdecrdisiigthiclthitkneanDb of din&70el ect r opl at ed conponent .
Enpirically, a slot of about 1/4 allows anple current far plating of a
square heat spreader 1 1/4 on a side._4.n this exanple the shield was noved
to wthin %'' of the clip containing the part for plating. -6 WO
021090144 PCTI US02l 05536 In preferred enbodi nents, the solution velocity
will be such that it is clearly within the region for turbulent flow This
is inmportant in order to replenish plating electrolyte at the work surface,
which is necessary to increase netallic deposition rate. Using the cell
descri bed above, deposition rates exceeding 2 mcrons/ mnutes have been
achi eved when depositing nickel froze sulfamte based electrolyte. It is
contenpl ated that system 100 is particularly well adapted for use with a

o, N o " ~~ NN o o, o r .




Pb, In, Bi or alloys of these. It is contenplated that system 100 may be
advant ageously used where work piece 900 10 conprises is one or nore copper
heat spreaders specifically designed to renove or dissipate heat froze,

sem conductor devices. Althernately the copper nay be replaced with

Alum num ,Alum num Silicon alloy, kovar alloy 42 or alloys thereof. Use of
the preferred%BLP%4 and or method is contenpl ated to HEONH5% depositi on
rates of at least 2 mcrons/mnute while maintaining a uniformdistribution
of metal such tlhaaonae&ptat@@ﬂiafuhﬁiﬁﬂ@aﬁ wﬂcpieb@cameWhgladagmeﬁﬂ by¥R¥tings by |ess
than 1 nlcron ver the surface wor k pj ece bein | ated. Sanple 31 mm
squar e heafe@@ﬁﬁ%ﬁéwgm%P%@Wﬁg§W§ =§P¥%€ 3 %ﬂﬁFE¥ g? ldfockel had a

film unif el e fodek: b?nﬁhﬁé AL Shidl® cﬁse?tomaeqawassmaﬁs @8 pals BEndAda. | denti cal
parts plated wthout the optim zed shieldi approach were tépl cally 3

mi crons at "eHE D Wfﬁémlitmqﬂ@f dapesitedmeial o @P@O PleﬁqﬁeA%ﬁu@}h its@templated 20 Thus,
spect {16 oo ARikop NiyaRBLLLAN 9058 idel ADOOLEM Bl pLhay St o have

been di scl ose e apparent owever, to t ose s ed in the art
t hat many P@ﬁéwmdlpﬁlﬂbmapdﬁ@%@mddvsmﬂ&sd% al ready descri bed are possible
wi t hout departing fromthe inventive concept s herein. The inventive subject

nppended ol aj me Ninr o0 ofulg e HREh b 3 o EORA: (RAEHTHT Lol i on 25 ~ and
t he cl ai ns follawing stegsnstepd A buimprging mwerk pieee ﬂoh@bbpbmms&tvomgsﬁpm@ manner
consi st ent sé’iMoE 860h R)% %?&tm'xﬁét gc%}kgaﬁl:eat g?éliﬁﬁigéoﬁ H@aﬁgﬁ%@ﬁﬁﬁs and

"conpri sing er pr conponents, or
steps il a aemﬂ@i@bh&l@nml 128 amio lowan gieiing changg! 1 athe viper anéforereltingl el enent s,

comPonent sl th AR RERLA RN Ot B8, AriREPIAGH Wit h O her

el ements, conponen aren expr ed. Vf O
0z/ 070144 ammspmnea @p@itaqsdxmh;dandéemglsepa@atqdlﬁ&men@oﬁmtmgapmmr| si ng:

pC-' 1 US02/ gé‘ggﬁgih%{alé |%gﬂ§ﬁt” uﬁiﬂ%ﬁ!oluﬁ&%“@?s slo%qgl %s}noneldg%ﬂ& x?aqe | ower

char ~uel ; an Spar i"es of inlets
oriented tevﬁdthr»e@tera&tbewthplmego%mrbuplutmste}jlim mgxsm@elaxrghlcnﬂmtmnl ets into one
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after the first rinse and dry cycle, performing s second tinse and dry cycle wherein the work
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25  pieceis removed from inner cell 150 and rinsed and dried. It is contemplated that the use of
such & two step process wherein the frame is dijed first will result in stain free drying of the
worlc pisce bacause potentially contaminated rinsewater from the clip is not allowed to

redeposit onto and/or stain the workpiece.

The following steps may slso prove advantageous when used in the foregoing method:
30 2)rinsing the workpiece/part and clip with clean water; b) drying only the ¢lip without regard
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t he upper and | ower channel s are positioned opposite each other and are
separated from each other, the separation between the channels formng a
pair of solution egress slots; and .g, Wl 021070X44 pCTJZl S02105536 t he
channel s are adapted to prevent current fromflow between the anode and

cat hode other_than through the egress slots. G The SY, t@@}/ﬁg 6cI aimb5
wherein the &%) ot s are positioned approxi mately g 31 to a center
lime of the cathode. 7. Tht system of claim®6 wherein the cathode conprises
a di el ect rifor sttt 6) dihéngathepaitiaely ofth ducpurenestes,uwhil el pingthecliadapd)ed t o pronote
the formati on of heat_spreader n the, dielectric substrat 8. The systezu
of claim 1 e H‘i‘ﬂeg&?‘m‘% mf"tﬁ‘éjoﬂﬁ‘ﬁ’ﬁ“ésﬁh@ﬂ?ﬂ? confaR: t8€\%‘?““@%5ﬁ?1uél have a

W dth | ess thd dligd splast@l oBQUIR padtOduBREdryifpGchusing stailiigoReHe@ Bpredkierss| @i m 1 wherein

t he spaxger is positioned horizontally and directs stay plating solution
flowi ng through the inlLets into the |o~nver chanpel and,taqwards tho upper
channel . 10. Th¥¥@us atifismep THFHL_“L&%E@FWH %‘Wﬁsg?wrigﬁé”"{‘i}b gpe%%avnel and
lover  chann@lieshvawer idchwlintaftteh eSjubthg the Gidthaq i klots 03 Doebvebiifididanneld b.  The system
of claim1l wherein, each of the u‘% er ,chgnnbel, and. | ower, cg nel have a

wi dth | ess RPH7n GPUnBER Q42 Jeqst yorg wy: thlé%{"g PP Oy te Y piece @Sn sin, g a
plurality of part holding clanps electrically Coupled to a power source and
posi ti oned wi t hinprefdired emijpdiments dintizhtalepargshs 0 wdiler sizedalequetely tahRovidBhe syst em of

claim1l1 further conpri.sing, a plurali f anpdes.nositioned si de and

al ong t he I%‘E@Fﬂiﬁ)‘f fd?fgﬂﬁgtba@?&a ﬁe?’%s{v%ﬁg{%tgﬁﬁ’& sé’?d%ﬂt.drqxﬁ gk atém of el ainn
1 wherei n tthecel d@es hotasinn eterfind Itlioatee Zifiichin oretieva ebulseifiowatvedheby a di st ance
sud at ast_ one ,of .t he upper..channel. and | ower channel e, adapted to be
noved tb)(?Vaﬁ”‘ﬁ'/m“trﬁé PR tﬁﬁl}g@ﬁp YB‘.E“? ovg%@gmlagpm%quqeﬁﬂﬁn%@ogfoﬁhﬁ he shortest
di stance f rgpon ofthe dlipHeboRthddenl Ahly soktiod t1aiha Biehed\watho theicHpsicafdbuteltian t he
shortest distance between the channel wall and an anode. 15, A plating
syst em conpf BFpRysly mentionggyinse dry cyemspCT| r TS02/ 05536 an anode) a pl anar

cat hode, a sparger, and a plurality of electrically insulating sluelds;
wher ei n each of ChdnbeqiR0isakdfdred ofallehfoctndsleit dop agost thowed pired witlen t he anode

and the cat Qn%%%zix?gusgzrface splashung. This is generally achieved by designing a discharge plenum

15  (horizontal sparger 110) with a series of holes with a given diameter. These holes are drilled
in such a manner to direct flujd toward the part contained within the clip. Plating solution is
pumfmd through this plenum through a valve style restrictor, and this valve is adjusted to
achieve the maximum flow without causing splashing at the surface of the plating solution.
The distance between the discharge plenum and the part, the hole diameter of the discharge

20  plenum and the flow rate through the plenum are all set to maximize turbulent flow at the

workpiece while minimizing splashing at the solution surface.

Shields 120 preferably cornprise a sheet of electrically insulating material in which a
slot hes been machined to allow current flow, the slot being centered on the part to be plated.
The length of the slot should coincide with the Jength of the anode from which electrical
25  current is bejng restricted, and the height of the slot is selected to provide the best metal
distribution on the electroplated component. Empirically, 2 slot of about %" allows ample
current for plating of & square heat spreader 1 %" on a side. In this example, the shield was
moved to within 25” of the clii) containing the part for plsting.



not between the sparger and the cathode, and each of the plurality of
shields i5 approximately eo-planar with one of two reference planes that
are substal~tially parallel to the cathode; and the sparger is adapted to
direct plating fluid toward and edge of the cathode along in a plane
substantial ly CO-F| anar wth. cathode. 16. A nethod of @4@%@% a work piece
conprising: ¥OPHEYH ng a work piece to be plated in aff f plating
solution; pos~itionirxg a woxk piece to be plated at |east partiahy
Wi th~i zi an uppgprefehdidnbedif B e boldiBslvebclOME be flcRinbiits Aketpwidin  t he upper
and lower plating chanzrels conprising non el c?ctri gal I%véc nducti ve si des,
t he channelbs rasiop i tysydant floyh ehisanppetaptdn Fder #p TeRIFEsh PIGHRS ‘F‘%@”ég‘f)arated from
each ot her yoblwes GRRE AldeQSalyed WESHRe hiMicClpyaiied Stef UEiA M8 pair of solution
egress slots positioned approxi rrat_el¥ over the center of the work piece to
m

be pl at ed; deseribst phyve Hepetifiongalps cxeme ipransiripits hsxe bpsr prhierrd "R k pi ece and
one or r A into the upper and | ower channel s
D ﬁ%ggfgxfkﬁ:ack%lt#ragxusgﬁiu{aﬁﬁtaseﬁ llal&%l?ﬂ.

only af <er e solution egress slots; and noving the work
pi ece to be plated al o}r;%ét he | ength of, t [ channel s to formone or
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conprising: coupling the worlt piece to a frane adapted to hold end nove
the work piPbde HeiaAlpg obthasei ng: after plating, performing a first zinse and
dry cycle wherein at |least a portion of the frane is rirLSed and dried

whi | e the wor Kk 1pis ess@entpfatdd &at systaf o0 sy beddvinkageoudly tsed whdransek pievd 98r y cycl e,

perfoz~air~, g a second zinse and dzy cycl ,exeizl the rlc piece is

ri nsed ¥nd Cerpirises 1S e @ m°W%?ﬁ'@W@I%§er*%*iﬁ%§g%i%@ Ve FRETE hod of claim
1?7 wher ei N WRk6h sdnScon@Rebr Hedided) Athiritdly, B EbpS& RE replitsewitygium,and t he
second rinse cycle utilizes water |lavirig Power inptuities than that used
in the fir#dumipysilicanaley, kovarallopd? or plogeshesgofans A2 Ay, AR A . A . Ay. ABj -c $";
JP

[v/ 1 (~ytoje [V]usbfitsefralvahcal cahaial tabdalraditaleadtisdepdsitat ca] cal ca] ca] ca
Jca] caJ cal ?ﬂésco/i\' %hég]z%\j?r]og H]ll'g.\% %ﬁ]c%aam a? & g%ﬁglfo’;'m%s’(‘:i%ution of metal such ﬂ’.\E.lt
15  the thickness of the deposited metal varies by less than 1 micron over the surface of the work
piece being plated. Sample 31 mm square heat spreaders electroplated with about 4 microns
of nicke] had a film uniformity of 3.5 microns to 4.5 microns across the part. Identical parts
plated without the optimized shiclding approach were typically 3 microns at the low point to

over 6 microns at the high points.

20 Thus, specific embodiments and applications of an improved plating system have
been disclosed. It should be apparent, however, to those skilled in the art that manhy more
modificetions besides those already described are possible without departing from the
{nventive concepts herein. The inventive subject matter, therefore, is not to be restricted
except in the spirit of the appended claims, Moreover, in interpreting both the specification

25" and the claims, a]l terms should be interpreted in the broadest possible manner consistent with
the context. In particuler, the terms “comprises” aud “comprising” should be interpreted as
referring to elements, components, or steps in & xon-exclusive manner, indicating that the
referenced clements, components, or steps may be present, or ntilized, ox combined with otber

elements, components, of steps that are not expressly referenced.
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the sparger is positioned at least as close to the perimeter edge of the cathode as to

either of the first or second conducting surfaces.

3. The system of claim 2 wherein the sparger directs any plating solution flowing
through the inlets towards the cathode in a plane substantially coplanar with the
cathode.

4. The system of claim 3 wherein:
each of the upper and lower channels comprises two substantially planar and parallel
non electrically conductive sides that are subs'tan'dally paralle] to the cathode;
and .
the cathode is positioned at least partially within each of the upper and lower channels

between the non electrically conductive sides.

5. The systern of claim 4 wherein:
the upper and lower channels are positioned opposite each other and are separaied
from each other, the separation between the channels forming a pair of

sojution egress slote; and
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7. The system of claim 6 wherein the cathods comprises a dielectric substrate and the
conductive surfaces are adapted to promote the formation of heat spreaders on the

dielectric substrate.

8. The system of claim 1 wherein each of the upper channel and Jower channel bave a

width less than or equal to one inch.

9. The system of claim 1 wherein the sparger is positioned horizontally and directs any
plating solution flowing through the inlets into the lower charnel and towards the

upper channel,

10.  The system of claim 1 wherein each of the upper chanuel and lower channe] bave a

width less than ar eque] to 0.5 inches,

11, The system of claim 1 wherein each of the upper channe] and lower channel have a
width less than or equal 1o 0.5 inches, and the firther comprising a plurality of part
holding clamps electrically coupled to a power source and positioned within the upper

channel or the lower channel,

12.  The system of claim 1 further comprising a plurality of anodes positioned outside and

along the length of the upper and lower channels.

13, The system of claim ] wherein the upper channel and lower channel are separated by &
distance and at least one of the upper channe] and lower channel are adapted to be

moved to vary the distance,

14.  The system of claim 1 wherein the shortest distance from a part being plated to &

channel wall is less than the shortest distance between the channe! wall and an anade.

15. A plating system comprising:
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each of the plurality of shields is positioned between the anode and the cathode but
not between the sparger aud the cathode, and each of the plurality of shields is
approximately co-planar with one of two reference planes that are substantially
parallel to the cathode; and
the sparger is adapted to direct plating fluid toward and edge of the cathode alongin a

plane substantially co-planar with cathode.

16. A method of plating a work piece comprising:

submerging a work piece to be plated in a volume of plating solution;

positioning a work piece to be plated at least partially within an upper plating channel
and & lower plating channel, the upper and lower plating chennels comprising
non electrically conductive sides, the channels being positioned opposite each
other and being separated from each other, the separation hetween the chammels
forming a pair of solution egress slots positioned approximately over the
center of the work piece to be plated;

causing electrical current to flow between thie work piece and one or more anodés, the
current flowing into the upper and lower channels only after passing through
the solution epyess slots; and

moving the work piece to be plated along the length of the plating channels to form
one or more internal heat spreaders on a surface of the work piece which is

essentially parallel to the shields,

17.  Themethod of 16 finther comprising;
coupling the work piece to a frame adapted to hold and move the work piece during
plating;
after plating, performing a first rinse and dry cycle wherein at least a portion of the
frame is rinsed and dried while the work piece is kept damp;
after the first rinse and dry cycle, performing a second rinse and dry cycle wherein the

work piece is rinsed and dried.
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