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related to the nolding industry. In particular, the present invention is
related to the coating of nolds. Mire particularly, this invention is
related to a cayj ar and cull block for nolding sem -conductor packages
and net hom\\mw\\\\w\@mmﬂe sanme. BACKCGROUND OF THE | NVENTI,ON | C packages
conpri se y insulating plastic material such as epoxy nol ding
conpound nol dec®® protect the |IC gloppacodmNGeadf rane assenbly. The

nmol di ng equi pnent includes a cavity bar containing a plurality of cavities
whi ch act as nolds for the epoxy conpound. During the nolding process, the

epoxy nol di ng conpound is injected into the cavities at hig W\\“\
tenperature through an orifice or runner. The nol di ng conpo \m\ “\‘
allowed to cure and solidify in the nmold to formthe packaging, [f@l4.oned by
ej ection of tﬂg%cQﬁggﬁﬁd?ﬁ\fEa@ﬂQNd. Besi des corrosive corrponeﬁft‘g, t he
epoxy nol di ng conpound general ly contains about 70-80%filler which
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results in the accunul ation of a filmof oily residue 1 3 SEP 2002 2 that

may affect tHRAGA08S AFdIPethogsof using the.8aMe. "t he nol di ng process has to be

stopped at regular intervals in order to clean the nolding equipnment after
a certain nu i r t eani ng process typically

i nvol ves mnﬁﬁpﬁﬁmﬁgg??nyﬁl'M%’g?gﬁgts into the cavity bar. The
mel'ami ne reacts with the oily contaninants which are renoved after s

mul tiple nelanm g éeﬁfkfa?_es BesihpfiSe atiBgIN ihaisting prasiRupidteial stbs 49 the
pause in the assenbly lNine and the need f'or manual cleaning, nelamne is
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difficulties 0 coat " the 'surface of cavity bar and cull bl oc
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packaging, followed by ejection of the package from the mold. Besides

corrosive components, the epoxy molding compound generally contains
18 about 70-80% filler which directly causes serious wear and stickiness on the
cavity bar and cull block surface during preparation and subsequent
molding process. As a result, the mold surface must be protected by a
coating which protects the mold from corrosion, wear, and reduces the
stickiness of the molded compound. In addition, grease, wax and oils are
commonly present in the molding compound to facilitate the ejection of the

24 molded package, and this results in the accumulation of a film of oily residue



‘The typical material used for such coating is flash chronme and tit RjSEP 2002
nitride. The advantage of flash chrone coating is that it has a hig
corrosion resistance and | ow coefficient of friction, allowi ng the cured
polyner to be easily ejected. Flash chronme, however, does not have good

m crohardness, 24 and also tend to give bPoken areas and gaps between the
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nmol di ng of | C packages, the CrN coating on the cavity bar, and cull block is
nost pref er r AU "ng% agsembbklire angrthe\gad fosgnanuatileaning; mejaating is| y
deposi ted by physical vapor ~ s deposition (PVD). 1 3 SEP Z002 4

DESCRI PTI ON @arGippgemeemd pMngeit. Cr N coating of the present invention is
nost preferably deposited by the conventional physical vapor deposition

(PVD) at a te ature of |esg.than 500C.. A transi.tjonal.layver.of CrN2 is
preferably prov DedUpanhasiiod do AYpeeame dha AP dvR:statst Aticdes Ko eale he
adhesi on of tttrwlg st ggé% cta?/it)t/ rt‘%r and cull block (hereinafter called substrate) with a

corrosion and wear resistant material that alleviates the adhesion of the
12 polymer and grease on the mold. A good coating material should have the
following desirable properties : (a) High microhardness and high wear
resistance to withstand the physical rigors of the injection, molding and
ejection processes; (b) high adhesion strength to the substrate to alleviate
peeling and detachment from the mold surface; (c) a smooth microstructure
and low coefficient of friction to minimize the sticking of the epoxy compound
18 and to facilitate ejection; and (d) a uniform microstructure which is free of

bubbles and cracks.

The typical material used for such coating is flash chrome and titanium
nitride. The advantage of flash chrome coating is that it has a high corrosion
resistance and low coefficient of friction, allowing the cured polymer to be
easily ejected. Flash chrome, however, does not have good microhardness,

24 and also tend to give broken areas and gaps between the coating film and

the substrate. As a result, wear-rate of flash chrome is high, and the coating



'S substrate. The CrN coating may have a thickness of 1-10-.m The Eref r lﬂ]
thickness is 2-5~.m The nost preferred thickness for coating a ca i&)s%ka? 2
and cull-block is 2-3 ~.m Standard net hods of nolding may be used with the
CrN coated nol ding of the present invention. For exanple, Epoxy nolding is
injected at 175C into the cavity under 25@0psi clanp pressure. Transfer

Condi t1ons. agT sare e\t TyBpR GykuaTe e biRcs oRPR miRRRrclSEPang g
Cleantng 1 agi e OEFAT SRR RrSpAluER S VAN Bbdrhd” sh Mkt By
Chots mmy be Tl darine Hidhar, SBotitienty JRERT o BORTER. b el &SP | o

degree of clegning. 18 Table 1.is a conparison of Surface treatnent between
flash chrome @ﬁﬂ“%’ N}Inqﬁg&oaﬁgglﬁ VEWS'Hsﬁzpt hat PVD-CrN coating gives even,
consi stent and uniform m crostructure, excellent adhesion strength between
coating filmand substrate, high m crohardness (HV>1800), high wear and
corrosion resistance, stable dinension, good non-stick properties and | ow
coefficient of friction. 1 3 SEP 7002 5 Due to these inproved
characterigst i OBJEOFT OFEHEOINVENTIONt s which can be adm nistered in a
CrN coated cavity bar between cleaning may be increased to tw ce the nunber
in a flash chrome coated cavity bar. In addition, due to the exceptionally
snoot h, non- sk iig thenefdracan aibjetteoCtive @rasaniginvestion itagpravideowee coatingirto of
contam nating residues, the nunber of s cleaning shots may al so be reduced,
even Wt h t heoertenwesbme axj¢he shodcomings asestateddabaverabl e 2 bel ow. Fl ash
Chr omeCr NFrequency of cleaningl tinme per dayl time per 2 daysNunber of

cl eaning shots7-9 shots per tine5-6 shots per tinme Table 2 Wiile the
present i nvenltiSanater pbiectqfdbeinsesednyentianatq prayide, a-apating yith gogd a
coating for nolds for |IC packages, it should be understood that the

exanmpl es ar e Migrohardness Andomicsastiudiue atvedraetheoShe taken as |initati on on
the invention. In addition it is clear that the nmethod and coating of the
present invention has utility in many applications where protection of a
nol d

12  SUMMARY OF THE INVENTION
The present invention provides a CrN coating for molds such as the
cavity bar and cull block, and a method for using the same. The CrN coating
may be of 1-10um thickness. For the molding of IC packages, the CrN
coating on the cavity bar and cull block is most preferred to have a thickness
of 2um to 3um. The CrN is preferably deposited by physical vapor

18 deposition (PVD).



‘surface is required. It is contenplated that many changes and nodifi cations
may be nade by one of ordinary skill in the art without departing 1rp@QEPh2)02
spirit and the scope of the invention described. Tabl e 1 Conpari son of
Surface Treatnment between Flash Chrone and Cr N Facilities &Surface
Treatnment Pro erti~sFlash ChromeC r [ VEqui prrent Generator, Rectifier)
Alternating Current, Anode, T Temerature ~ Tinme Controller and I ndicator
ete. Current PYFECRIBTION 'OFTTHE NEENTIOW nace, Source of El ectron Beam
and Source of Plasma etc. Fundanental TheoEl ectroni ~Chem cal ProcessPh ical
Va or De osition Atom BonbardmernTooiin & FixtureSimleCo er Rod sad Ma et
Rod et c. Coati n Mae €irNadaadingtafdhe pfésart irapdionds most tpreferdolyi deposited by of
sad the conbi nedPl ssin Tem erature40 - 60C400 - SOOProcess Fl owd eanin -

t chin - Fl astheCicoowentioriiirptiysical @apok depbsition (PVDPr athe demperatucas oftless n -
Coatin - CheckinMcrostructureThere are soma broken areas and gaps between
filmand Subshambe0EDeA, transiticnalapa GO siseprefafabiy groSudedrbatwesin thed ur e
)Platin Thickness2 um- 0.1 nmi um--10 nm Excel | ent Accur Surface

Fi ni shi nRou eubstrateEbIMI sthef coatingstonfaicilitatebtis) Rdhesion of thdMoatingatoethes

al nost stabl e. Surface DefectsUncoated area, Peel 0$ Stain Marks, Flaking,
Chip off and L : mag,a,é .

etc. | v~cr§har3§rqg§§{ef S/;rhgcé%gégtﬂ-’# >71 %%Agﬂggkgﬁg%ﬁgnt OTEFJ”?E%W Si
Coatin mall can enetrate into the substrateWar ResistanceLess than CN (
Lower | v~cr olisickinesss issRcbumhiThermeostepriefeired tthicknésd ¢br codtirtk abeavigr bahan

Fl ash ChronmeCorrosi on Resi stanceLess than CN Mcrostructure is vot

consi stentBetter than Flash ChroneCoefficient oi' Friction0.80 - 0.900. 30
0. 40Non - St Ol Gill-Pleelis@r3smt han cri ~Much better than Flash Chrone (
Synthetically properties of higher wear resistance and | ower coefficient of
friction) w mMNOON ~ 3 SEP 2D02 7 CLAIMS 1. A nold for |IC packages
conpri si ng a suStndard metbods 6f Modding irmay be used with the CrN coated molding

of the present invention. For example, Epoxy molding is injected at 175°C
into the cavity under 2500psi clamp pressure. Transfer pressure is 1233 psi
12 with a cure time of 80 seconds. Under these conditions, approximately
1,000 shots may be administered before cleaning has to occur. For the
cleaning of CrN coated cavity bars, the typical cleaning regiment with
melamine may be used. This includes a transfer pressure of 800psi and a
cure time of 200 seconds. However, the number of shots may be reduced

compared to flash chrome coatings to achieve a similar degree of cleaning.

18 Table 1 is a comparison of Surface treatment between flash chrome and
CrN. Test results show that PVD-CrN coating gives even, consistent and
uniform microstructure, excellent adhesion strength between coating film
and substrate, high microhardness (HV>1800), high wear and corrosion
resistance, stable dimension, good non-stick properties and low coefficient

of friction.



'said substrate further having a transitional |ayer of COrN2 bet ween{ spREPS52002
substrate and said CrN coating; said substrate further conprising a cavity
bar and a cull block for nolding of an | C package; said CN coating is
deposited by physical vapor deposition. 10 2. A nold according to claim1l
wherein the O N coating is 1-10pmthick. 3. A nold according to claim1
wherein the O i i =B~ i o j Wm 1
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Frequency of cleaning 1 time per day 1 time per 2 days
Number of cleaning shots | 7-9 shots per time 5-6 shots per time
Table 2

While the present invention has been described particularly with emphasis
12 on a coating for molds for IC packages, it should be understood that the
examples are for illustration only and should not be taken as limitation on
the invention. In addition it is clear that the method and coating of the
present invention has utility in many applications where protection of a mold
surface is required. It is contemplated that many changes and modifications
may be made by one of ordinary skill in the art without departing from the

18  spirit and the scope of the invention described.
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20 coating, said substrate further comprising a cavity bar and a cull
block, said method comprising the steps:
a) injecting molding compound into said cavity bar and cull block;
b) clamping said cavity bar;
¢) curing said molding compound; and

25 d) ejecting said molded package from said cavity.



