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METHOD AND .APPARATUS FOR | MPROVI NG | NTERFACI AL ADHESI ON BETWEEN A POLYMER
AND A METAL 5 Background of the Invention The present
\nvention relates, in general, to seniconductor packages, and nore
particularly, to substrate-polyner interfaces of sem conductor packages. 10
General ly, sem conductor die are encapsul ated within packages to prevent
them from becom ng damaged by external stkresses and to provide a neans for
carrying electrical signals to and fromthe devices in the sem conduct or

die. Included maThbp ARDEAPPARSIES FlR fﬂ?ﬁdvyﬁ@u%h?haﬁhéxﬂﬁcxﬁﬁﬁsi gpes are

dual -in-1ine packages, TAB pafhede HOAMERC afipad Meghrpackages, plastic
ball grid array packages, and multichi p nodul es. A comon techni que for

packagi ng sem conductor die includes nmounting themto a support, §uch'as a
| eadf rane, 20 and encapsul ating the sem conductor die and a portion of the

| eadframe g thin a pol ymer %ﬁ] Fhd® fdt%oggg%%gt}m | mportant aspect in

packagi ng sem conductor die W a nol'd Co gnpreventlng
del ami nati on of the nold conpound fromthe substrate to which the 25

sem conductor die ghe ppESERM. 1nJéH¥f8H'ﬂéld%%%a”EHagé QEcuLs at the
weakest interfaces gtmeen t he nol d conpound strate resultlng
in the accunufghtepnductor packages, and more partlcularly, to

substrate-polymer interfaces of semiconductor packages.
10 Generally, semiconductor die are encapsulated within
packages to prevent them from becoming damaged by
external stresses and to provide a means for carrying
electrical signals to and from the devices in the
semiconductor die. Included in the repertoire of
15 semiconductor die package types are dual-in-line
packages, TAB packages, plastic quad flat packages,
plastic ball grid array packages, and multichip modules.
A common technique for packaging semiconductor die
includes mounting them to a support, such as a leadframe,
20 and encapsulating the semiconductor die and a portion of
the leadframe within a polymer such as a mold cbmpound.
An important aspect in packaging semiconductor die
within a mold compound is preventing delamination of the
mold compound from the substrate to which the
25 semiconductor die are mounted. Typically, delamination
occurs at the weakest interfaces between the mold
compoﬁnd and the substrate, resulting in the accumulation
of moisture at the delamination sites. During high
'temperature process steps, e.g., solder reflow processes,
30 the moisture vaporizes and causes the semiconductor
package to crack via a phenomenon commonly referred to as
- a "pdpcorn effect."
To prevent delamination from occurring, _
semiconductor device manufacturers have sought ways to
- 35 improve the interfacial adhesion between the polymer and



of noisture at the delam nation sites. During high tenperature process
steps, e.g., solder reflow processes, 30 the noisture vaporizes and causes
t*he sem conduct or package to crack via a phenomenon comonly referred to as
a "popcorn effect.” To prevent del am nation from occurring, sem conductor
devi ce manuf acturers have sought ways to 35 inprove the interfacial

- adhesi.on between the polynmer and - 2 the2substrate. One techni que for

| mprovi ng adhesion is to treat the substrate surface with sil ane. AIthough

si | ane treat nepf OSI : t%ﬁé Slﬂl b0 %'ﬂﬂgqagh ékoﬁr{%&}rihﬁ%dééﬁé&%& tlhs

sel ectively d ne an con roI _ kness o
deposi ted si| ake. t¥eptaddie iipstyiatensunfsce wetht sibage shokitiwhglf-1ife and

I's suscepti bl es{ paglediadntdedit duirBdedi AB1HCEBRPELNE CaXPORIN S5 SUE) as
occurs during g g%fond cure and Wi re bond processing. steps.. Thus, the

| eadfranes nus Lt (4 Fed@HLVR LY Flﬁﬁesj'-Eth%e*&@? r@%ﬁ'éhpsul ation by
-the nol d cenmpoett rénaiieertHieknesgueff ehedaepesstad €l ana natipn is to form

oxi des on'the §éﬁ¥%{§gfhsfiéﬁé has a relatively short shelf-life and is

susceptible to degradation during high temperature
exposures such as occurs during die bond cure and wire
"bond processing steps. Thus, the leadframes must be

10 treated with silane just before the encapsulation by the

| mold compound.. Another technique for decreasing
delamination is to form oxides on the substrate, e.g.,
cuprous or cupric oxides on a copper ieadframe. However,
selectively forming oxides on the leadframe is difficult

15 and expensive.

Accordingly, it would be advantageous to have a
substrate and a method for improving interfacial adhesion
between a polymer and the substrate. 1In addition, it
would be advantageous for the substrate and the method to

20 be simple, inexpensive, and to readily fit into standard
packaging regimes. '

'Brief bescription of the Drawings

25
FIG. 1 illustrates a cross-sectional view of a
~ semiconductor die mounted to a semiconductor leadframe
roughened in accordance with a first embodiment of the
present invention;
30 FIG. 2 illustrates an enlarged view of a portion the

semiconductor leadframe of FIG. 1;

FIG. 3 illustrates a plan view of a.leadframe flag
surface in accordance with a second embodiment of the
present invention; and



cuprous or cupric oxides on a copper |eadfrane. However, selectively
formng oxides on the leadfrane is difficult 15 and expensive.
Accordingly, it would be advantageous to have a substrate and a method for
i mproving interfacial adhesion between a polymer and the substrate. In
addition, it would be advantageous for the substrate and the nmethod to 20
be sinple, inexpensive, and to readily fig into standard packagi ng regines.
Brief Description of the Drawings 25 FIG 1 illuztratesla c;oss-sectlﬁnald
view of a sem cond r di.e ,oounted to a.sem conductor. | e r ame..r oughene
in accordance withubgf Trgtle'l'el#gg AR 2oPLifeVhrisehed i IR B P9
FIG 2 iIIustr%unﬁaQ§1iaﬂamqggdambewwbthaapbhirdwembmd?mmﬁfmﬂﬂ?ﬂknr o
| eadf rane of K it Rl ibhl Uustrates a plan view of a leadfrane flag
surface in acé%&%gﬁgé]ﬁf%ﬁﬁgbéécond'enbodinent of the present invention;
and 3
: 5

Detailed Description of the Drawings

Generally, the present invention provides a method
for improving interfacial adhesion between a polymer,

10 such as die attach or mold compounds, and a metal surface
or a metal alloy sufface, such as leadframe surfaces or
die pad surfaces on printed wiring boards. Interfacial
adhesion is imprdved by roughening a portion of the metal
or metal alloy surface, thereby increasing the surface

15 area of the substrate and thus the number of contact
sites to which the polymer can bond. In other words,
increasing the surface area of the substrate increases
the amount of polymer in contact with the substrate,
fhereby'providing a higher resistance to delamination of

20 the die attach material or mold compound from the metal
surface. In addition, the roughened substrate surface
has microscopic protrusions (shown in FIG. 2) that serve
as locking features that further strengthen the bond
between the polymer and the substrate surface. In

.25 accordance with the method of the present invention, the
surface of the leadframe is roughened by bombarding it

 with a grit material in a gaseous medium.
FIG. 1 illustrates a cross-sectional view of a
semiconductor die 13 mounted to a semiconductor leadframe

30 11 roughened in accordance with a first embodiment of the
present invention. More particularly, leadframe 11
includes leads 12 and a flag 14 having a top surface 15
and a bottom surface 18 roughened using a high velocity ,
gas stream in which abrasive particles are suspended. 1In



FIG 4 illustrates a plan view of a l'eadfranme flag surface in accordance
with a third enbodi nent of the present invention. 5 Detail ed Description of
the Drawings Generally, the present invention provides a nethod for

i mproving interfacial adhesion between a polyner, 10 such as die attach or
nol d conpounds, and a netal surface or a netal alloy surface, such as

| eadf rame surfaces or die pad surfaces onaprinted wi ring boards.
Interfacial adhesion is inproved by roughening a portion of the netal or

netal alloy s ;Qﬁ_re reasgn he, s f th
Substrate and%ﬁws e ndnb%rfgf% %o%?ag{l&sﬁe%%a}g%&%dﬁe pol y (r%lg‘an
bond. In ot hermam:rlti@l iqaprdgdi A9 ehgasephaceediwm, of - he CHIQEbSIfré:th@

~increases the ﬁmntozofme%hym&oynsﬁ%sast 190 &by ﬁﬁfaée{iﬁxst r%tx%féﬂa%&?by
provi ding a h| her resistance to del am natjon e die attach
mat eri al or EEFANT ey FaTEELRY Eb?f%bt naterdidl iewn I?é
roughened su bsléaaiiaraﬁw fiac @dmacmsc [Lé&d@i@aﬁe PLOt&tISd e dSli@Vrany ' 2)
that serve as .| ocking features. t ther gtre t hen. t he bond qﬁ%& en the
pol yner and t HRESYRSET ARRECXIFPLE Y Pn SMCIRET AR 20 (FPRURE of the

present invent® o) mdyaPasdadse oﬂ'hehebreaﬂveapertsclmgﬁandxé gy ikonbar di ng
it_ materials such as, for example, sand, silicon dioxide,
aluminum oxide, silicon carbide, bicarbonates, and the
10 1like. The gaseous medium may be, for example, nitrogen,
. argon, air, and the like. ' | |
The grit material roughens top and bottom surfaces
15 and 18, respectively, by creating pits in surfaces 15
and 18, which increase the surface area of leadframe 11.
15 Preferably, the metal surfaces have an average surface
roughness of at least 1,500 angstroms after being
roughenéd by the grit material. Average surface
| roughness is defined as the average vertical peak to
trough distance along surface 15 and'along surface 18,
20 and illustrated by arrows 32 of FIG. 2. Although only
‘surfaces 15 and 18 of flag 14 are shown as being
roughened, it should be understood that roughening of
metal surfaces to improve pblymer adhesion is not
restricted to leadframe flag surfaces only, but applies
25 to any part of the leadframe including tie bars,
leadframe fingers, and the like. It should also be
'understood that suitable materials for the leadframe
include metals such as copper and aluminum, as well as
metal alloys such as alloys of copper, alloys of
30 aluminum, and alloys of nickel such as an iron-nickel
alloy. The leadframe may also have a palladium-nickel
preplated surface. Other suitable materials that may be
roughened in accordance with the present invention



with a grit material in a gaseous nmedium FIG 1 illustrates a
cross-sectional view of a sem conductor die 13 nmounted to a sem conduct or

W eadfranme 30 11 roughened in accordance with a first enbodi nent of the
present invention. Mire particularly, |eadframe 11 includes |eads 12 and a
flag 14 having a top surface 15 and a bottom surface 18 roughened using a
hi gh velocity gas streamin which abrasiwe particles are suspended. In 4
ot her words, surfaces 15 and 18 are bonbarded with a grit naterial carried

in a gaseous h | tal, o t al_al face is
gritbl ast ed. g?%?ﬁ?%b?§$t?%gagégééﬁgﬁﬁ% f%ﬁ?@%ﬁ?%Vngo?hégéyﬁgéhateria
bl own at 5 | esdfivereplatednencield qdftedinsurfagesa pressure rangi ng bet ween

approxi mat el y 0. 20 ygRo2BRefRl Sg 208 PRPY OX] ’H%{]%lnﬂ.agpég PeeaPagcahs. The
abrasive particles may be grit " materials such as, for exanple, sand,

silicon di oxi BertipnnPhugrikblrsted swdaceadsi & fhrgatbohst 8BOWRind t he 10
| i ke. Thes gagaefacsedsURastadfosddiEXditulat ibnkr 60e8hadagbsripéd, and

the like. The,grif material [oughens Lon,and RALLOM BY L8E8ss 32).
| In addition, surface 15 has microscopic locking features
31 along undulations 30 of surface 15. It should be
understood that macroscopic undulations 30 and
10 microscopic locking features 31 cooperate to increase the
resistance to delamination between the polymer and
surface 15, i.e., the polymer-métal interface.
Referring again to FIG. 1, semiconductor die 13 is
‘coupled to surface 15 of flag 14 by means of an adhesive
15 material 17. Suitable materials for adhesive material 17
include thermoset or thermoplastic epoxy die attach
materials, silicone based die attach materials, and
polyimide based die attaches. Leads 12 are coupled to
flag 14 by interconnects 16. Subsequently, semiconductor
20 die 13, flag 14, interconnects 16, and portions of leads
12 are encapsulated within mold compound 19 using, for
example, a transfer molding process. The pits in
- surfaces 15 and 18 increase the surface area and the
number of microscopic locking features of flag 14,
25 thereby increasing the contact area and strengthening the
adhesion of die attach material and mold compound to
. leadframe 11. Materials for attaching semiconductor die
to substrates such as a leadframe as well as materials
for encapsulating the semiconductor die and leadframes
30 are.well known to those skilled in the art.

FIG. 3 illustrates a second embodiment of a
leadframe flag or die pad'20 roughened in accordance with
the present invention. Generally, macroscopié _
delamination of die attach materials and mold compounds



15 and 18, respectively, by creating pits in surfaces 15 and 18, which

I ncrease the surface area of leadfrane 11. 15 Preferably, the netal
surfaces have an average surface roughness of at |east 1,500 angstrons
after being roughened by the grit material. Average surface roughness is :
defined as the average vertical peak to trough distance along surface 15
and along surface 18, 20 and illustratedgby arrows 32 of FIG 2. Although
only surfaces 15 and 18 of flag 14 are shown as being roughened, it should
be understood ihat . [ f t al r es,.to | v |ymer adhesi on
-is not restri clf%cai”%lo Lég!aéﬁ]ragrgr’éﬁf Itg% %ﬂ?égcélg&onﬁ:y?h%trj?g%pegﬁog)sy% to any
part of the |eckeHdfneme fdlagsi sychi esbiesdframelf fhae 30 hraayiseand t he |ike.
I't shoul d al sgyg-dHulHIR ma&mfgtaluht 2BFEeHBALE %hﬁlifpfea G, gl ame

i nclude nmetal s such as copper_.and al um num as we as_netal alloys such as
al | oys of coppe®9iong oy fgorsingdvuninukheapacand grbedingnkat &heh as an

i ron-nj ckels alpeysenfiheidwadfionre 1eadfahne Peyg 20 Ped | Bslighensd kalongr epl at ed
surface. Qherorddalifdl 97 23 {Aknl™¥oPier S0P A uASEY e W I

20. In other words, critical portions of the surfaces of

leadframe flag 20 are preferentially roughened, i.e., the
corners 23 of leadframe flag 20 as well as the portions

10 of leadframe flag 20 adjacent the edges. Although only
one major surface of leadframe flag 20 is shown, it is
preferable that bothlthe periphery and the corners of
both the top and bottom major surfapes of leadframe flag
20 be roughened.. Thus, a plurality of portioné of the

15 semiconduqtdr_leadframe are roughened.

FIG. 4 illustrates a third embodiment of a leadframe
‘flag or die pad 26 roughened in accordance with the
present invention. 1In this embodiment, the periphery 27,
corners 28; and localized central regions 29 of the major

20 surfaces of leadframe flag 26 are roughened. Polymers

' such as mold compounds and die attach materials strongly
adhere to the roughened localized central regions. Thus,
these regions of high adhesion impede the spreading of
delamination, if delamination has been initiated.

25 By now it should be appreciated that a method of
improving the delamination resistance between a polymer
and a metal or a metal alloy surface has been provided.
This method provides a simple, low-cost technique for
improving adhesion of a polymer to a leadframe that is

30 robust to package assembly processes and is independent
of the metal or metal alloy surface. Adhesion of the die
attach or mold compounds to the metallic surface is
increased by the formation of microscopic locking
features in the metallic surface. In addition,



5 include plated netal surfaces such as, for exanple, silver plated or gold
pl ated surfaces. Now referring to FIG 2, an enlarged view of the portion
of gritblasted surface 15 of flag 14 is shown. 5 Surface 15 has macroscopic
undul ations .30 characterized by the average surface roughness (shown by
arrows 32). In addition, surface 15 has m croscopic |ocking features 31

al ong undul ati ons 30 of surface 15. It shpul d be understood that

macr oscopi ¢ undul ati ons 30 and 10 m cr.oscopic |ocking features 31

cooperate 1o, LIRKAAY Ie oLESESEARGCL oc S| ALIPH] O BstReR e pol yrrer

and surface 1 I nt ace. Ing again to FIG
1, sen1conductQﬂORﬁnﬁtﬁsMhihc@bplmdcroSSQPieckOQEing fidadyres B nmeans of an

adhesi ve 15 ngR{Qm< ikérea§@'EﬁQ'?eEEé@éﬁ@éSof(He§§H¥ﬁ§ﬁﬂ%nW%&eEhé| 17
i nclude thernoset or thernoplastic epox%% le atta materials, silicone

based die att 4 Alit@chaos medd seMpPRPde HEABELS defdlddife SUTEES8s 12 are

coupl ed t05f|@91314n§6tﬂa@1&eh@%ﬁ§§§é 48 tivehsentasn |J$bu giiigenduct or 20 die
13, flag 14, int rconnect rtions, of |eads are encapsulated

winin void cd Sth pigreBE aretefon S 1 process.  The
pits in surfactamg]tﬁaranny t&chnaqeaselsh‘eheufcbnn@tmrea)ﬁmd.dmscoplc '

- locking features. More particularly, it is believed that
microscopic locking features are not formed using

16 chemical roughening methods and that these features
significantly increase the adhesion of the die attach or.
mold compounds to the metallic surfaces.

While we have shown and described specific
illustrative embodiments of the present invention,

15 different embodiments, modifications and improvements
will occur to those skilled in the art. We desire it to
be understood, therefore, that this invention is not
limited to the particular forms shown. We intend in the
appended claims to cover all modifications that dolnot

20 depart from the spirit and scope of this invention. For
example, the die pads or chip pad locations on a printed

" wiring board may be roughened to improve adhesion of the
polymer. ‘



hunber of m croscopic |locking features of flag 14, 25 thereby |ncrea5|ng
the contact area and strengthening the adhesi on of di and

"ol d conpound to leadfrane 11. Materials for attachin yct or d|e to
substrates such as a |leadframe as well as materials f mgmg HMMM
t he

sem conductor die and | eadframes 30 are well known to

art. FIG 3 illustrates a second enbodi neat of a |leadfrane flag or® die pad
20 roughened in accordance with the present invention. Generally,
nmacroscopi ¢ del am nati-on of die attach dyB;g/d als and nol d conmpounds 6 is

initiated along the edges and at the corners of |eadfrane flags such as
| eadf rane flag 20 because nicroscopic del amination forces are anplified in

these regions. Accofdi ngl hethBal B8rSRPAG EAP K NirilerFadila. AdNeRIOR! -
i nvention, |eadfrane flag_20 is roughene al on the eri phery 22 and in the

corners 23 of BEAES e POLYgesoanfnopenef uordial Fytfacs ok Mskelor the
surfaces of | eadigyamsuriflaze, Zeoﬁpelsmaf;em@tseéﬁg gPughened, i.e., the

corners 23 of |eadfsam J)a9,30 a5 el aaI%e%Qf DL % a metal
alloy surface;
bombarding the one of a metal surface or a metal
alloy surface with a grit material, the grit material
10 suspended in a gaseous carrier medium; and
encépsulating a portion of the one of a metal

surface or a metal alloy surface with a molding compound.

2. 'The method of claim 1, wherein the step of
15 Dbombarding the one of a metal surface or a metal alloy
surface with a grit material further comprises
gritblasting the one of a metal surface or a metal alloy
surface.

20 - 3. The method of claim 1, wherein the step of
providing the one of a metal surface or a metal alloy
surface includes providing a semiconductor leadframe
having a surface, the semiconductor leadframe selected
from the group consisting of a metal and a metal alloy.

25
4. The method of claim 3, wherein the step of
providing a semiconductor leadframe includes providing a
copper semiconductor leadframe.
30 5. The method of claim 3, wherein the step of

bombarding the one of a metal surface or a metal alloy
surface with a grit material includes bombarding the one
of a metal surface or a metal alloy surface until the



10 of leadfranme flag 20 adj acent the edges. AIthough_gh%xrgggrﬂfigéﬁ~—
surface of leadfrane flag 20 is shown, it is preferable tha

Yeriphery and the corners of both the top and bottom

| eadf rane flag 20 be roughened. Thus, a plurality of zﬂunnﬂﬂyl Bﬁi#ﬂ”
sem conductor | eadfrane are roughened FIG 4 illustrat'esta t

embodi ment of a | eadframe flag or die pad 26 roughened in accordance mnth
the present invention. In this enbodinent the periphery 27, corners 28,

and Iocalrzed | e ns 29 of the e | eadf r ane

flag 26 are- rgug%éﬁngE g%% r%I% 5H‘ 8% %gia%%9%¥e attach
materi al s strsngf§cadh§semL@IQ$mppxmmﬂunkﬁm9 d@atmzea central regions. Thus,

“these regions of high adhesion inpede the spreading of delamnation, if

del am nati on has been initiated. 25 By now it should be. apprecrated

that -a method of i ®provihg @@EhQﬁHQ§nQ%ﬁ%mmirr@@ﬁ§?&ﬁc§h§eﬁﬁﬂﬁn°§ pol yrer

and a net a$ Oén%aﬁﬁhihtﬂhboa §6Eﬁﬁ&@<ﬂ@&ﬂﬁ?%&epbQVhdﬁétthsﬁrﬁEé@Q&k
provi des a sinple

ost techni r.ovin i on of a8 pol yher
P |oadsr and mekeL SLEGY shEfAde hitil meliog, RinponRd S Ruadn g’ "
I ndependent oinoulnemgt al semioehdihcizddt a;aeu:rd abhe péadiiésnoafothéhenelief attach

or nold conpogn%g%ég LhesgBLALLi £ ﬁ%{éfﬂgﬁﬂd& ingraaged by the formation of

m croscopi c | oc

10 7. The method of claim 1, wherein the step of
bombarding the one of a metal surface or metal alloy
surface with a grit material includes altering the one of

" a metal surface or metal alloy surface to have
undulations.

15

8. A method for improving interfaeial adhesion
between a polymer and a semiconductor leadframe,
comprising the steps of:

providing the semiconductor leadframe,

20 : roughening a portion of the semlconductor leadframe
using a grit material carried via a gaseous medium;

mounting at least one semiconductor die to the
semiconductor leadframe; and

encapsulating the at least one semiconductor die and

25 a portion of the semiconductor leadframe in the polymer.

9. The method of claim 8, wherein the step of
providing the semiconductor leadframe includes providing
the semiconductor leadframe as a copper alloy.

30 | |

10. The method of claim 8, wherein the step of
providing the semiconductor leadframe includes providing
the semiconductor leadframe as an iron-nickel alloy.



features in the metallic surface. In addition, 7—undulations are formed
in the nmetallic surface that cooperate with the nicro;giﬁic | ocki ng

¥ further incre h i f delam
eatures to further increase the resistance o el am 'j;m,g"ﬂﬂﬂ'ﬂ,n’

attach or nold conpounds fromthe netallic surface. 5
advant age of the surface roughening techni que of the present invertidn over
chem cal roughening techniques is the fotomti on of m croscopic | ocking
features. More particularly, it is believed that m croscopic | ocking

features are not fghmednysi o0y (hemical KOUGRRRLIA FRENGES,agy that these
features significantly 1ncrease the adhe5|oﬁ of the die at t ach or nold
conpounds. t o PReViEing| the sspmigenduaigy depdfrape inehHdanderesidingd .

speci fic ill ugheabbiecENDOEEIE Nt B rdnle gladeantviltRVENhbea1 do1&bidgrent
enbodi nent s, difications and jnprovenents w.l.l occur ti thofe skilled in
the art. Ve dEEPPCtRe FEOWR RALEALEERIGk, &idPy, Phgketni SL¥vention is
not limtesl tanthgopdrticular forns showmn. We intend in the appended cl ai ns
to cover all nodifications that do not
12. The method of claim 8, wherein the step of
roughening a portion of the semiconductor leadframe
includes roughening a portion of the semiconductor
10 leadframe includes using a grit material selected from
the group consisting of sand, silicon dioxide, aluminum

oxide, silicon carbide, and bicarbonates.

13. The method of claim 8, wherein the step of
15 roughening a portion of the semiconductor leadframe
includes blowing the grit material at the portion of the
'sémiconductor leadframe in the gaseous carrier_medium,
wherein the grit material arrives at the semiconductor
leadframe at a presSure ranging between approximately
20 0.20 megaPascals and approximately 0.70 megaPascals.

14. The method of claim 8, wherein the step of
roughening a portion of the semiconductor leadframe
includes providing the gaseous carrier medium as a gas

25 selected from the group consisting of nitrogen, argon,
and air. |

15. The_method of claim 8, wherein the step of
roughening a portion of the semiconductor leadframe '
30 includes roughening a plurality of portions of the
semiconductor leadframe. '

16. The method of claim 8, ﬁherein the step of
roughening a portion of the semiconductor leadframe



20 depart fromthe spirit and scope of this invention. For exanple, the die
pads or chip pad |ocations on a printed wring board‘nay—be~%oughened__p

i mprove adhesi on of the polyner. 8 CLAI M 1. roving an
interfacial adhesion between a pol yner and one. of a "ﬂ@ﬂ# gﬁ

metal 5 alloy surface, conprising the steps of: providis

netal surface or a netal alloy.surface; bonbarding the one of a netal
surface or a nmetal alloy surface with a grlt material, the grit material 10

suspended [ $n0R380YOEARLAE I BTN, ﬁ&&ﬂ@segg&uws BRoadon of the

one of a netal surface or ace a nol ding conpound. 2.
The net hod of seméfanductpmerkeadframest ep of 15 bombarding the one of a neta
surface or a netal alloy surface with a grit material further conprises

ritbl ing th f I rf r a netal all sur f ace.
gritblasting the OE?.O AaSéﬁgé%n &Eté%“%é%kage, comprlsox :

5 a semiconductor leadframe having first and second
surfaces, wherein a portion of the first surface has a
microscopic locking feature; '

a semiconductor die mounted to the second surface;
and '
10 © a mold compound, the mold compound encapsulating the
semiconductor die and the portion of the first surface
having the micrdscopic locking feature.

18. The semiconductor package of claim 17, wherein
15 the semiconductor leadframe comprises a material selected
from the group consisting of copper, alloys of copper,
and an iron-nickel alloy.

19. The semiconductor package of claim 17, wherein
20 the semiconductor leadframe includes a portion having an
average surface roughness of at least 1,500 angstroms.

20. The semiconductor package of claim 19, wherein
the semiconductor leadframe includes a plurality of
25 microscopic locking features.



20 3. The met hod of claim1, wherein the step of provrprn%rtn§=6ﬁﬁl—-~
of a netal surface or a netal alloy surface includes providifg RIS SHEET HAS BEEN
sem conduct or | eadframe having a surface, the sem conductor adfr%ﬁE}ACED
sel ected fromthe group consisting of a netal and a nmetal alloy. 25 4. The
met hod of claim 3, wherein the step of providing a sem conductor |eadfrane
i ncl udes providing a copper sem conducton2l eadf rame. 30 5. The

nmet hod of cl aim3, mherein the step of bonbardi ng the one of a netal

surface or a g@@rdlng
the one of a gg{ﬁ# sur ég%:ﬁgiuy E‘?R }; ﬁkév%%b%wﬂh% urface
of one of a netal surface or a neta oy surface has mcroscopi c | ocking

features. 6. The nethod of claim]l, mherein the step of 5 encapsulating a
portion of the one of a metal surface or a netal alloy surface with a

mol di ng coppound i ncl udes nounti.n sem_conduct die to the portion of
the one ofgp metal surface cﬁgbfqﬁéé% éiqﬁéﬁ g&??iBE
" A leadframe (11) and a method for improving adhesion

of a polymer (17, 19) to the leadframe (11). The
leadframe (11) has a flag (14) having a top surface (15)

10 and a bottom surface (18), and leads (12). Microscopic
locking features (31) are formed in the top sufface (15)
and the bottom surface (18) of flag (14) by bombarding
the flag (14) with a grit material. Thus, the top and
bottom.surfaces (15, 18) are roughened. A semiconductor

15 die (13) is attached to the flag (14) by a die attach
material (17) and the flag (13), the semiconductor
material (13), and portions of the leads (12) are
_encapsulated by a molding compound. The pits improve the
adhesion of the die attach material (17) and the molding

20 compound (19) to the leadframe (11).
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7. The nethod of claim1, mhnmﬂmann of bo
of a metal surface or netal alloy surfac ﬂ@ké} asedt er éﬂﬂSﬁ%tudéﬁ‘
altering the one of a netal surface or ”ﬂ’ w, face
undul ations. 15 8. A nmet hod for inprovin adhésron | betmeen a
pol ymer and a seniconductor |eadfrane, conprising the steps of : providing
the sem conductor | eadfrane; 20 rougheni % a portion of the 1/1
sem conductor | eadfrane using a éélt teri ri ed vi d%a gaseous medi um

nounting at | east one m

| eadf rane; and

encapsul ating the at Ve n ngacypr /i d rxYion of the
sem conduct or i adf r P oler.] A. { M 8, wherein
the step of pr0|d| t e yCgifd \t\\\ e/ n s P\ di ndZt he
sem conduct or chpet /A orTSo / e g 8,
wherein the stepof \Prgfi i ng/ t he ' agMr
provi di ng theli m coNduct o/ | gad - A ckel Al Loy

14 18 11

FIG. 1




1@ 117 The method of cIa|n18 wherein the step of providi

semi.conduct or | eadframe includes providing the sem conduct
plated with a netal selected fromthe group pall adi um ni ckge
si-lver, 5 and gold. 12. The nethod of claimil8, wherein th

F=tTe
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roughening a portion of the sem co uct py | egqdf r ge incluﬂgs rpughenlng a

portion of the sem conductor 10
sel ected fromthe group gl
oxi de, silicon carbide, ;
wherein the step i# 15 ,

i ncl udes bl owi ng \";““4‘“
|l eadframe in the i.

I dfr |ncl €S Uusi ng

;rOX|nater
e net hod of
nduct or
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met hod of claim8, wherein the step.o Uﬁgmﬂﬁrngfaep t)] off REPLAGEMENT SHEET

seni conduct or | eadfranme 30 includes heﬁLng ahplural ty of p
the sem conductor |eadframe. 16. The nmetr F—¢ ; rate- zhL BEE1S%§N

25-""sel ected fromthe group con5|st|n Fteegen
f
1;;

roughenrng a portion of the sem conduct or Ieadfrane 11 I'McTudes T or
m croscopi c | ocking features on the sem conduct or;'| eadfrane. 17. A

sem conduct or packafRwuoB oK I APFARATES FOR IVPREY Aﬂg%ﬁﬁm&ﬂﬁ%}m@f@nhw ng
first and second surfaces, whergHrEEN POBOIYMER e Meraf, surface has a
m croscopi ¢ | ocki ng feature a sem conductor die nounted to the second

surface; and 10 a nold conpound, the nold conpound encapsul ati ng the
sem conductor die and the portion of the first surface having the

m croscopi ¢ | ocking feature. 18.agdtgasebeOoFKlIGiQk18a6kage of claim 17,
wherein - :
A leadframe (11) and a method for improving adhesion

of a polymer (17, 19) to the leadframe (11). The
leadframe (11) has a flag (14) having a top surface (15)
and a bottom surface (18), and leads (12). Microscopic
locking features (31) are formed in the top surface (15)
and the bottom surface (18) of flag (14) by bombarding
the flag (14) with a grit material. Thus, the top and
bottom surfaces (15, 18) are roughened. A semiconductor
die (13) is attached to the flag (14) by a die attach
material (17) and the flag (13), the semiconductor
material (13), and portions of the leads (12) are
encapsulated by a molding compound.' The pits improve the
adhesion of the die attach material (17) and the molding
compound (19) to the leadframe (11).
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15" the SEm conductor |eadfrane conprises a material selected fromthe
group consi sting of copper, alloys of copper, and an iron-nickel allay. .19
The sem conductor package of claim 17, wherein 20 the sem CONHGLMEMENT SHEET
Peadf r ame “i'ficl udes a portion having an average surface rough|éss 0

| east 1,500 angstronms. 20. The sem conduct or package of cl ai &ge.ﬁh rAPR'Bgs
the sem conductor | eadfrane includes a plﬁ?ality of 25 m crgscopi gl

f eat ur es.

METHOD AND APPARATUS FOR IMPROVING INTERFACIAL ADHESION
BETWEEN A POLYMER AND A METAL

5 Abstract of the Disclosure
A leadframe (11) and a method for improving adhesion
of a polymer (17, 19) to the leadframe (11). The
leadframe (11) has a flag (14) having a top surface (15)
10 and a bottom surface (18), and leads (12). Microscopic
locking features (31) are formed in the top surface (15)
and the bottom surface (18) of flag (14) by bombarding
the flag (14) with a grit material. Thus, the top and
bottom surfaces (15, 18) are roughened. A semiconductor
15 die (13) is attached to the flag (14) by a die attach
. material (17) and the flag LEEQA the semiconductor
material (13), and portions of the leads (12) are
encapsulated by a molding compound. The pits improve the
adhesion of the die attach material (17) and the molding
20 compound (19) to the leadframe (11).



