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-1- METHODS FOR DESIGNING SOLDER MASKS WITH RECESSED
AREAS AND CARRIERS WITH PROTRUDING CONTACTS, AND FOR
FORMING ASSEMBLIES INCLUDING THE SOLDER MASKS OR
CARRIERS 5 CROSS-REFERENCE TO RELATED APPLICATION
[0001] This is a new application filed under Section 26(6) of the Singapore

M ORISR R RARKS AT % 00 ﬁl?i&Ri:ASAND
the ERS élqrﬁi:r; CONTACTS, AND FOR FORMING
mas X c@#biu%‘l‘%%@’ﬁl‘%ﬁ O e—pm A E{II'E_RS
masks that are configured to prevent excess 15 adhesive materlal from
contacting or f reer s a , the
present mvenff:rg\(nﬁrﬁe%gﬁm% ﬂ UPEB %LT(? i er masks
an@ﬂ%ﬁenﬂ&mmdmﬂu@mpﬁeaﬁmﬁﬂhﬁm@m&mﬂm@@(@jmﬂdﬁr@ﬁg@ore Patents

act TEh SHbotaies e Bresent ivenion Ag lies lTods gy
esign er mas used on carrler Su tes to met S

forming solder masks on carrier substrates, and to methods for connectlng
20 semiconductord E %%i % B?@@f}% nd of Related
Art [0003] Circuit bo R E\ﬁSWﬁEﬁg X R long been
Fielénﬁjlhyédmmmabllsh electrical communication between bond pads of
dlcea other 25 electronic nts, including those
ca B o R R S R R R i e
subsbam&jaliﬂomrmmwlmdtyahq’sokﬂanmylsrdmm giecuinh Dgarels thpvevoeeexcess
used to pa one or. more semicon ductor.dice, which protects the
s SRR L RIS 0o, e
pressnandmdmaded@eﬂe@n@mpastémtmgmd]eémgﬁmb sotdgrgenskn B tof
sem ORGP elieach semicondciondie. of SHER ARRCKAAS: THESEEICU presen
oards are often’ refe rredsto inthe art as Minterposers.” In the state of
inveatripnidsdirnktesi on seflinderhustersgareg appioavhikg thbecaved sporuditay substrates,

to mg{m)%fgsfi(?&%r%itrbge s%?&@}%%gﬁg%ﬁ gf%rtgu%(gtrs f&s! rz?n% %eﬂl Bods for connecting

semiconductor devices to carrier substrates.

Background of Related Art

[0003] Circuit boards and other carrier substrates have long been employed to
establish electrical communication between bond pads of semiconductor dice and other
electronic components, including those carried by the circuit board and components that are
external to the circuit board.

[0004] Conventionally, relatively small circuit boards have been used to package
one or more semiconductor dice, which protects the dice and provides a semiconductor
device package that includes a standardized connection pattern, regardless of the arrangement
of bond pads of each semiconductor die of such a package. These circuit boards are often
referred to in the art as “interposers.” In the state of the art, the dimensions of interposers are
approaching the corresponding dimensions of the semiconductor dice to be secured thereto,
with the result being a continuous decrease in the sizes of semiconductor device packages,
many of which are so-called “chip-scale packages” exhibiting dimensions that are the same

as or only slightly larger than those of the die thereof.
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with the result being a continuous decrease in the sizes of semiconductor
device packages, many of which are so-called "chip-scale packages"
exhibiting dimensions that are the same 35 as or only slightly larger than
those of the die thereof. -2- [0005] Nonetheless, when conventional wire
bonding processes are used to electrically connect bond pads of a

set{188nbiudionefeeteseorREbeRiRR CHAtICES PRndingiRmsesisHyie used to
electRtRIROSSHHQVHYRD pagsssmisanivatalcaie dslsoRoniadiibe sarpinals @fminals,

the interposer must be positioned outside of the outer periphery of the

of ansIHGRMEUISY U, tRACEICYSIfeficdiackiBondetd IR QL et

interRSE ST PO PRESHOnIIRBRSIRNS ihatoaier peidskanisliynhe-ARAARIN0SL. This
of the semiconductor die to be secured thereto and carried thereby.

reqUIERIDR TSRS A TerErFen i Sectiray LiRssh IR EEMTEbHAEBF RS thet are
subsEdFEHillyDeaIghniciasyRicalby drsikakie Hiatsufficrnt amavateirdNasiv@rried

material be used to form a 10 confluent adhesive layer adjacent to the
er¢¥ek side of the semiconductor die and a fillet around the entire outer

peripissy oMbe-6eEmiceBeusta) dieurshmeLKGESSHACHRRIVR NIt ahéscircuit
gpic,ally r.%}ltljlired to adhere the semiconductor die and the circuit board to

boargnid g ipie ik IR atia AR WHH @ Qe abREAIRs YSrBYTe Reesed to form a

conflANENETeS08EYRE thfeehas viee PR HRle brayidlemhaidndriddram tad a fillet around
semiconductor die, begﬁ)nd the desired location for a fillet, and 15

the CRAEAHIRRRSTRBEY M ERE ST PR Bttt ferfin i aigial is

typidanated atdheosaneealpvalinnar asiislishauen? shtiaed et eiieWiiother in this
board. If the connection surfaces of the terminals becogge contaminated

manfie; HERHREE SRR DAL TR IaMBYs SShoAdP hatiF e glaterial

may Tay datwelaeieihereternictaim an: iite ive rlablicalicanivestion ferhighlet, and
may ultg)r';ately reduce tlg: religbiljty of thea‘%gclzﬂljage .semiconductor

contyhale By CQURE LR ekl ﬁflm‘r‘fd“atﬁ Ye lﬁ%‘eabea]c%é‘&é’dat the same
elevaesniaood jaioideiasu[OQQ Afltasgercaittbhhbartihestisihasisn-aallagds of the

"motherboards” and the substrates of so-calleg."Plu%h% lay" devices h
termials PAEO IS S INALAAS OB SRR RIS i SRS ST Rogch as
bond\sivéithrinle oo sdreréhidira difibhns ua R fevgareaitettiti b0 axsis i @ds0 which may

. toward ever-decreasing sizes and ever-increasing densities. )
g R B S B O L PR it glectrical
shorbgg’gﬂi&ﬁiﬂ&rﬁ\@ﬁﬁﬁmbﬁmgeﬂa@hﬁgjym@mﬂnevm.when semiconductor

deﬁﬁﬁ)slflr%%%ggrngglguqt\gggrlﬁf%ggﬁIzgsClélg—ct:)a er $"motherboards” and the substrates of

so-called “plug-and-play” devices or cards, may be configured to carry a plurality of

th

semiconductor devices. As with interposers, the trend with such larger circuit boards is also
toward ever-decreasing sizes and ever-increasing densities. Consequently, contamination of
the connection surfaces of terminals by adhesive material is increasingly encountered when
semiconductor devices are assembled with larger circuit boards.

[0008] Solder masks are often used on circuit boards to facilitate the formation of
solder balls or bumps on selected terminals of the circuit boards while protecting other
features thereof and preventing solder from wetting and adhering to other features of the
circuit board. The solder masks that are used on circuit boards are typically fabricated from
photoresists, using known photolithography processes. These solder masks may be left in
place while semiconductor devices and other components are secured and electrically

connected to the circuit board. Thus, a semiconductor device may be secured to a solder
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[0008] Solder masks are often used on circuit boards to facilitate the
formation of solder balls or bumps on selected terminals of the circuit
boards while protecting other features thereof and preventing solder from
wetting and adhering to other features3f the 30 circuit board. The solder
masks that are used on circuit boards are typically fabricated from o
masly MdrsHeisisia WSinty REBIP BhotdIRmb Grah {oprdids tesserpggdisigedevice is to be
electm@akp Bavebedeft in place while semiconductor devices and other
cori@onents are secured and electrically connected to the circuit board.

Thi&0W e MYASARIRETHIRIS NGF B Secifetitd anseausnaonabeikaitippards. a

portiSn Ibf N BREWEEhtRNA AiteWidaaard ienvbirhibe semico s Ui QbR igRsk may
is to be electrically connected. [0009] When conventional solder masks

still v jaisgaby eBrvEiiSRYP et it Bt be! BN b o rERdcaaHRgipRdevice and onto

conn®afehiahhatsetuhesdaemieandustosoveadaitipesalder mask may 5
still flow laterally outward, beyond the outer. periphery of the

ser%ku ABrasoldsr IR bhbs Ve AR CABH BtRGSE P EREsatiacarive some of

the dessRinalReafvibeneisehit oahdiHOLID RAMe &Rlde typRaKS ABVRDRAR great enough
configured with recesses to receive some of the excess adhesjve

volumesdpisPinathaldls srfrsss sdeive gipiial i dsdorsaviogrbsnebiigh

semivohinestasantain bl efithe sxcass @dhesivednaiel i@l thatdsdtereRdEem, thus, to
beneath a 10 semiconductor device as the semjconductor device is

the clpeui By tHe B FIEF YIS ATIIRALS & GieqtiiantdsqurdyPisALE Serast 2

suffidientertinis Of Hr auinhaandsaish ity sRacedepasiphiciont distamesnductor
.away from the location at which the outer periphery of a semiconductor
devigeind r??%%b%’i‘éed%%bb&?&%WB%QW%B%&%%&E@&&&"&HSWHB surfaces

ther&gnngCiiorbswiacesiniedasf yalaaplehacamianyaaigsbilyi@dhgsivehe terminals
material. Such positioning of the termjnals 15 undesirably requires that the
undesiag 68%?&%%&(31883 PBHBP?E%P@M?@?@\:@? ﬁ%léaéF’ r‘@b{?@t%‘}’?‘iﬁn“ a
redutiti®dlimarsionsfishe sirddithosiccbdd11] The inventors are not aware of
ani@ari'er bstrates or solder masks therefor, that are configured to
pr d

VB YRS AT oo HY SRS RTE LoHREEHSH CLireeRgatks
therdhe daitrige subfiratedtermieadsiwbiesresucing ihe-dintnsiapsabtie canmettion

20 trate. SUMMARY OF.THE | ENTION [0012] Th t )
St T I B S TR TP S 2 B R RSP0 the carrier

substrate.

SUMMARY OF THE INVENTION

[0012] The present invention includes a solder mask for use on a carrier substrate,
such as a circuit board. The solder mask is configured to receive adhesive and prevent the
same from contacting or otherwise covering connection surfaces of the terminals of the
circuit board or other carrier substrate.

[0013] A solder mask according to the present invention includes semiconductor
device-securing regions and may include recesses adjacent to the device-securing regions and
which are configured to receive adhesive material, dams that are configured to laterally
surround terminals of the circuit board, or a combination thereof. If the solder mask includes
one or more recesses, or recessed areas, each recess may extend partially through the solder
mask or completely therethrough. The collective volume defined between the outer

periphery of a semiconductor device positioned upon a particular device-securing region of
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such as a circuit board. The solder mask is configured to receive adhesive
and prevent the 25 same from contacting or otherwise covering
connection surfaces of the terminals of the circuit board or other carrier
substrate. [0013] A solder mask accarding to the present invention
includes semiconductor device-securing regions and may include

the sRldgsaisapddbatpidsielapyieBlcisspy e dishd aAdiagaRcglrto may receive

subseafifigyred &0 fRceivesadnrsine matehial ddamstate R GRETBEBFh i@ nductor
laterally 30 surround terminals of the circuit board, or a combination

deviggdpdiBt FHRROSHRSTeRIGRK fMgatbacynthe hrighbdrbidetesupposdaggegion

posiBHAS, RAGLIIRARSS MM @tanddpadtially dbpauath thasRllgmBIRRO Obf the recesses,
completely therethrough. The collective volume defined between the outer

may DerfMEgHEIGIQ BREdR duabttheb sTReHEe 56 AR titear
deyowrsECUn dRWIPOAE WrHigessider HRRK aiflstbetreldandamsianiipextend

recesses that are adjacent thereto may receive substantially all of the

laterglly QTHRBLRAS THARBHEAN 94 RE GRRAFTY ¥R AHFEGR Olbin EBRIAL B dviich it is

positiohbat SuRAeAY yediendinseesiingyt éaenheighictivhieh theysure printie
region positions a semiconductor device, as well as the depths and lateral

addif i HASCHF PR YSEALUER A8hAY TR HTIR T RSB RARI L sDHliRgtiga PO the

corrdVpbiRERMVE eXeassadbesvE: atd] In addition, one or more of the solder
dams of the solder mask may extend laterally over a peripheral portion of

thel 88l ctid A RSk tReTSYHFRNS AR WRRk Sien et iR ge fiigosed
maylaieliallyterdend g iepionsdef feaah Gueb soltdendamvmay Riseweyideurface
additional surface area over which adhesive material may spread before
ther 'r|ﬁﬂﬂ%é}go‘ﬁ%vfﬁémfowdmgﬁ%ﬁ%ﬁﬁ’é’?é‘rYﬁiH’éf%f%@ﬁrBEi{ﬁrSS%Y - The distance
the t(EORS]1ASaUldRaN tipRUrMMbiCcHftihe Sklder voasknn ¢erdigdeadpaddailar, desired
disposed may.include ter inaIsCLhat roté]t#lg; from, ar are raised or
voluglg e ¢ BB H ROUMARE STt N AR LR PR YR MBI IR SWHTEh
perigiinesive snaiesiadwory bevieceivactdihie tibtaniaaithodel winals posiivded. As an

.__from the surface of the circuit board may provide a particular, desjred 15
InCr A TB B Qa1 P ST B SR LS ERaL ind the

locathdiich #igcbuter opesipoaphefyeosaniaaociudiofod dvideesetl trchovigioted, the

) Ciri%it bo:qrd \%ill Bee Ig)osition d. As an %lg{,earsﬂed volume of .adhgsiv&l nal
ermy Rk e sl e ke g o g g perminals
of conkighithal atitari pesiptiean ot aaposaonduatilidevideswihbecpositioadds of the

the, termipals may be placed closer to their corr sp?nding die- ttaﬁh
termilélgtlﬁ%lﬁmgg ({ﬁaéeé%?ﬁéil evation that 1s closer to the'elevation at which the bond pads
or other contacts of a semiconductor device are positioned over the circuit board. As a result
of one or both of the closer spacing and raised elevation of the raised terminals, the raised
terminals of a circuit board that incorporates teachings of the present invention may facilitate
the use of shorter intermediate conductive elements between bond pads or other contacts of a
semiconductor device and their corresponding terminals of the circuit board.

[0016] As used herein, the term “circuit board” is not limited to particular structures
such as conventional FR-4 resin boards but encompasses any conductor-carrying,
substantially planar substrate or other die support member formed of any suitable material,
including without limitation conductor-carrying laminates formed of various materials,
silicon or glass substrates with deposited (as by photolithography) conductors, ceramic
substrates and other suitable conductor carriers as known in the art. Further, the term “circuit

board” includes and encompasses all types of single-die and multi-dice assemblies, such as
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20 of conventional circuit boards and interposers. In addition, the
connection surfaces of the terminals may be located at an elevation that
is closer to the elevation at which the bond pads or other contacts of a
semiconductor device are positioned-gyer the circuit board. As a result of
one or both of the closer spacing and raised elevation of the raised

mulerhimanedyis (IS stdnmiihing SFAcERU RS AHdia O psdls type. the latter
beinEAGHHHIFiOA hiesRIERSAL IRKEALAD MA6IRCHI SN BILh 8 U PIShRE Blemory

intermediate conductive elements between bond pads or other contacts of
modylesd A IdMUctor device and their corresponding terminals of the circuit

boagd1 fG01&hOw vMeRANGIRY) ifbR daRheiizeibbadkekiie netdmiteddPositioning
particular structures such as conventional FR-4 resin boards but ]
one QRS ENsedy teb HavicRsraar iR giretibReartiang Blasarastpdthategdhesive

matQIREheig supRQrtdnesken fRimeshahaoy &itabls MatetirlbSRdneing a solder
without limitation conductor-carrying laminates formed of various

maﬂﬁ?&féﬁgi[g,g gmga ﬁrgﬁa}éggvgﬁ%%@ra ileﬁiagaa%-ll%‘t& {1&@ Wntact with the adhesive
matdRROIPHRIOOEIRENL EOBLLIESANSy AR POYEi cHiRS Hales and/ othessHitalle cause

conductor carriers as known in the art. Further, the term "circuit board"

adhe¥ R L HAHDSREBTA GRS LTG50 b R NGIESiB 4k h i it board and the
semi2saaIiEse SUE oS 1anutit ipvined e sdM G s) inchdding: difigr@etsupport

.types of dice or the same die type, the latter being exemplified by single

regiGH-fRY thEM SRTHHBEHELTSAVIfS) Or BTRR A frie EN Byt ShBfekDY the solder

maskENYIVi&ki {RQHRAEK ne watBCionigUes NGl dingnthel ssenehesih@sivenmaediadtor
.and_positioning 5 one or more semiconductor devices ov rth%@ircuit
devighald G AMIESH AR ERY SERGERIE s R Ei2 %%%%E‘é%&t gselifer dams of

the ssfdvicancdudiardeyits adircLtbhessdehnky teghans®ldgthegiskuaceeueingre vent
tQ the present invention. Upon being brought into contact with the
adheﬁﬁﬁégﬁ}gnﬁg{%??a‘?%@%%%b‘?e ¢ BXBYted by the positioning device
andiéon gTavitysemaiy Galiteordiiesive snatdfiahhapuesn g cupifiapsreging ftsent
the solder mask.on the circuit board and the I%O semiconduﬂor deg/ice to

nveRUGRIERIRS BHiATL B oWHhaW%ERiC}eﬁé?Pﬁ RTEPIhESTRAR Aegtsnone

semigbAdacthedseraicandltichied devictdAdeneptaciectarsipdnaingaspipopatiddyn of the
the SOIdeﬁr mask will receive adhesive that is forced outW%{d during

soldi maskie OBHAHE Loty GRISH ARG CFHBANG RIS CH AN SaREEIAL
corréguaplng s vitlldshb eihaighisaaf Hiewssldéndams dhtthesolder edskents,

thaf laterally surround corresponding terminals gf the circuif board, :
vt AN T2 AR e LA i En AP TS AL ents carid by 4
dielectric film. The semiconductor device assembly may also be partially or fully
encapsulated.

[0019] The present invention also includes methods for designing circuit boards and
solder masks to be used on circuit boards. The circuit boards, solder masks, or combinations
thereof are configured to prevent excess adhesive material from contaminating the connection
surfaces of circuit board terminals, while facilitating the placement of circuit board terminals
more closely to the location at which the outer periphery of a semiconductor device will be
located than the terminals of a conventional circuit board may be placed relative to the
location at which the outer periphery of a semiconductor device thereon will be located.

[0020] A method for designing a solder mask in accordance with the present
invention includes configuring at least one device-securing region and at least one

corresponding recess or a plurality of dams laterally adjacent thereto. Alternatively, a
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[0018] A semiconductor device assembly incorporating teachings of the
present invention includes a circuit board with the solder mask thereon,
as well as at least one semiconductor device positioned over and secured
to a corresponding support region of thge. solder mask. Contacts of the

semiconductor device may be electrically connected to 20 corresponding
compipa{inniefieihe ALIREBOSTABY BragrafistEssh @’dﬂé{t@%éﬁ@é&ﬁ‘/’égeh&ﬁéﬂ&(}l acent

to atIUEN 85:I8aLSs R W eRATBLCANAYEENEIHRRR-AULOBAIAH DRBSHAT ABY heights

elements carried by a dielectric film. The semiconductor device assembly

of the,al Ieasioope frarsamFerinfyegintapudititetlfsodont Haprausmonddheisto: as well
as thalaepitchadasenatbRasnies Hlesigning RisUHnB RIS pEldii RS Belder imyaks

to be used on circuit boards. The circuit boards, solder masks, or

configas iaenddme st driiturecs R plevelit&cess adhesive material

froppepntarpiagiingdhe, enprstianinseHiase snefucisswinRansd Brr#dRlRing a circuit
while facilitating the placement of circuit board terminals more closely to

boargh o |HARH AL WHIEH THE BB LRRBAI IR sr et sheRic TS Vige Witk method

incllgeatesfidandbed@iminaly elacaenueitionab piitdegasth MayrRRPHEGRE circuit
relative to the 30 location at which the outer periphery of a semiconductor

boarg figamiest &1 Will BEPMEE R HCS [EASAS B iEEPIar 8ot 4cEbfydietween the

termiaBka it acEdaNERIMERdhecBHRSERr lRVeRtieN gt danicondigittngedice has been
least one devi,ce-securin%éegion and at least one corr_espondi,ngerecess .

secuggd{ O FatT U BaHHS Ita A MR EoBRS R AidRiRER)cdiaks. conductive
elen@m bin@tasref damgrnthéscassendnay i cebiiguiadawituibe @amscircuit
being located adjacent to at least one recess, opposite from the
boar(‘}orresponding device-securing region. The heights of the at least one
deyi023ECcWihgrrRgiarcanndthevaaldgsdsims thak ear resaansh Waleiesoise apparent
well as the depth and latera] dimensions of the af least one cqrrespondin
to thosgd OrHingr Psgkgk%??ﬁmﬂ‘éﬁ&ﬁ%&%ﬁ%%%&%ﬁﬁ&&%% gt te
accovighaiyen Q2] ddiianal ypifn e senthinvention includes a method for
designing a circuit board to minimize contamination of the terminals
thereof by excess adhesive. Such a method includes configuring
ternBRAISFOD EBCRIGTT ONaOF OHIFSIEME Rram \AIEWH GFOf HIE [BRAOW INGS
bo istance that will provide a desired adhesive receptacle volume,.
D et ab R RIS A HUEENDHn g CAEURA SEGpaiments of
the plesdaeinnaaitie semiconductor device has been secured to the circuit

o R R S S0 OP S B R eSS £ REES e to the present

invention, which includes terminals that protrude from at least one surface thereof;

[0025] FIG. 2 is a cross-section taken along line 2—2 of FIG. 1;

[0026] FIG. 3 is a cross-sectional representation of another exemplary circuit board
which includes a raised die-attach location;

[0027] FIG. 4 is a top view of a circuit board with each recessed area thereof being
positioned adjacent to a portion of the periphery of a die-attach location thereof;

[0028] FIG. 5 is a top view of an exemplary solder mask according to the present
invention;

[0029] FIG. 6 is a top view of another exemplary solder mask of the present
invention, each recessed area of which is located adjacent to only a portion of the periphery

of a device-securing region thereof;
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elements to the terminals after the semiconductor device has been

secured to the circuit board. [0022] Other features and advantages of the
present invention will become apparent 15 to those of ordinary skill in the

art through consideration of the ensuing-description, the accompanying
drawings, and the appended claims. BRIEF DESCRIPTION OF THE
SEWB%%AL VIBwW I sOrOPHEE T RV N ESPfa0 24T R R At g W Afdke present

inveAgOICk MRS 1aaPes S @l R wAalan arhadimasts of 20 the present
invention: [0024] FIG. 1 is a top view of an exemplary circuit board

acdBPdHy 15 He hiedsrmsimssHaBakeRiRIP IS ATl that protrude

fropp@sdeastione sufase herepfinlOBealiFsard is@&K§OEERtON (Aken
along line 2-2 of FIG. 1; [0026] FIG. 3 is a cross-sectional representation

semigpaduing dexisnraryedriitiboargaby wnrarisfigedca #aiked die-attach
locpins) [082E] FiGs drisadaepivicwkeh alekguihbaard vitbr gachgecessed

area thereof being positioned adjacent to a portion of the periphery of a
die-attach location thereof; [0028] FIG. 5 is a top view of an exemplary

solder mask aqopE19 BOESESEMION @ IHIBINGIART FOS. 6 is a top
view of another exemplar¥ solder mask of the present invention, each

rec034 o WAL FeRTRRE R ELSA Lt e AP G A SRBRCGPARL of a circuit

boarBaNpbeRpiOka FEKEErSOEHGIAGSegion taewafic frddst]elftof. iTaddBpicted
view of an exemplary circuit board assembly of the present invention

cireyifenrtheflieS it PHAAHE BB Y 8brIEs ks k2 (68 1) N Y o hdie-attach

locaGbRs O oataNdakenalane dineiaid bl Gerfn S 2h Fhat. ife shtal Viesudf die-
the circuit board assembgy of FIG. 7 with a 5 semiconductor device

I
AaCIOGRIATNG Bl BHHANFEAIERE A U to NS GOrsEA Bl 3@qEphery 22 of an

area @0Ssfaectiantakeiiaongdipged Gy Q @hikonSucldEdJAILER ot shown in FIG. 1 or
DESCRIPTION OF THE INVENTION,.[0034] With reference to FIGs.
FIG'a%ch TR Entistd MBS SRHENR Y L@fgﬁfﬁt?@tb](%ﬁﬁ”fb%g -depictd oard 10

mayWRichtncaspenaiesdeackiagsdhihieoaresanid aveniioparliag ydegieted each die-

attach location 20 and at least some of its corresponding terminals 26.

[0035] Substrate 12 of circuit board 10 may be formed from one or more layers of
any suitable material (e.g., FR-4 resin). In addition to terminals 26, a plurality of conductive
traces 28 that communicate with terminals 26 may be carried upon one or both surfaces 14
and 16 of circuit board 10, or internally thereby if substrate 12 comprises a multi-layer
laminate structure. As is well known in the art, conductive traces 28 are arranged in such a
way as to establish communication between the leads of contacts (not shown in FIG. 1 or
FIG. 2) of one or more of the semiconductor devices (also not shown in FIG. 1 or FIG. 2) that
are electrically connected thereto and other components, such as the peripheral componentry
of a computer, other semiconductor devices, or the like, which may be carried by circuit
board 10 or external thereto. To establish communication between the leads or contacts of a
semiconductor device that has been secured to circuit board 10 and componentry external to
circuit board 10, conductive traces 28 may extend to connective elements 29 of circuit
board 10, such as so-called “plug-and-play” type connectors, secondary terminals, conductive
pins, or the like.

[0036] Although it is currently preferred that conductive traces 28 do not extend

across a surface 14, 16 of circuit board 10 in the area of a die-attach location 20, circuit



10

15

20

25

30

circuit board 10 includes a substantially planar substrate 12 with a plurality
of die-attach locations 20 on at least one surface 14 thereof. Terminals 26
that correspond to each die- attach location 20 are positioned laterally
adjacent thereto, adjacent to a periphegy 22 of an area of surface 14 that
will be occupied by a semiconductor device (not shown in FIG. 1 or 15

boargsd0 shahclbien sadirh dom e T radBaHERY BiecartAcr lspding rhayeacross are

also GGt dae LA o MRy lsenGIVERiBh least one recessed area 24 located
at least artiallﬁ between each die- attach location 20 and at least some of

its EYIddpditfih dieAticRiloowiqaassy sinsuit deaid [Orisind At gsoRyer tehich a

sem iSRRG IPHNAELI O BOBIRLINAIS day@ks] OB aRyasWtakiaprRISHS), (kb
FR-4 resin). In addition to terminals 26, a plurality of conductive 20 traces

semisgniugtepASHE R cRASKARF T MIrNId U omdRy Iss L BBl tidipaisecibbistmay be
secufttiidcaseddhane kb af rcauibboardleaandnternalbhthayeby ifaurstraiebiéntially

comprises a multi-layer laminate structure, As is well known in the art

the sagiRignGS YRS OE SRR GUEAT ddel & AR aloxe i &dEhiisAnd 2. or they may
be r&ARBHSAIQRDAINMERNTERE lRaEs pikpRaciF{n01 shosvund) (s rks®de in a

FIG. 2) of one or more of the semiconductor devices (also not shown in

diffeeqpt plagr Hhen Dtsurascdie daatidanireariRddéd’thereto and other

COITBSE Nt Teshicha RS2 B8RRI GOI0 Red eftiye @f grGOsaRdERr Pth6lthereof in
semiconductor_devices, or the like, which may be carried by circuit board

suchivgpeRerrar thate o PHESRIH EirmetitafoRtistvESFIREn S4Bt shown in

FIG cpotaais af assanicradudaendevies, hraddnas hben greaietia«insoiddoaiTAB)
10 and componentry external to circuit board 10, conductive traces 28

elements COMBTRR SORHREHYE LISRIEATT S0 raid I3 paleactee sukiirals. in desired
orieiRQHRANCSE{DILG-andr PIA}IYPES CORNEctorfespoaantabyieainalin adjacent

conductive pins, or the like, [0036] Although it js currently preferred tha
Seml&8ﬂgﬁ“ctf?\r/é1"t§é“cee§“%s 8“({‘6%%(@1& %{c'?g s%‘sﬁﬂ%&?%{xf%zcé %{r‘&‘fj‘r‘&“t board 10
incliRarlcbdribctishaigtacd 27diealiiabhHecatiespdadiigCititertrdddacdsaduthible element

include die-ﬁﬁﬁﬁ%&ocati ns 20 with c.ircLi)it traces 28 exte.ncél{ thereacross

is segprec i S %E‘SB?eC8F1Wé“BFé188Ht VSO T3 E it Sttach
corrdopaiidin 2Boatigieuit board 10 is an area over which a semiconductor

St R R o R LR R e e 14
16 upssevhilietheyaydearseduestbyatleachtlist-agachylpeatiade 200 Rigtati@ebsponding
surfellgg ?ﬂ?rllg 1%9 angi?%arr?csg Tiﬂlgtu\gﬁﬁ%r}gegXt excess adhesive material (not shown in
FIG. 1 or FIG. 2), which may be used for securing a semiconductor device to its
corresponding die-attach location 20, from flowing onto and, thus, contaminating connection
surface 27 of that terminal 26. In addition, connection surface 27 of each protruding terminal
26 may be positioned at an elevation above its corresponding surface 14, 16 that facilitates
the connection of one or more intermediate conductive elements thereto. The raised height of
each connection surface 27, as well as the possibly closer positioning of each terminal 26
relative to its corresponding die-attach location 20, may facilitate the use of shorter
intermediate conductive elements between each terminal 26 and its corresponding bond pad
or other contact of a semiconductor device as the semiconductor device is secured and
electrically connected to circuit board 10.

[0040] Terminals 26 of circuit board 10 may be fabricated by any suitable, known

technique. By way of example only, an electrolytic process that employs known dry film
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the same plane as their corresponding surface 14, 16, as shown in FIGs.
1 and 2, or they may be raised somewhat relative to their corresponding
surface 14, 16 and, thus, reside in a different plane than that surface 14,
16, as depicted in FIG. 3. 10 [0038] Teyminals 26 of circuit board 10 are
arranged on a surface 14, 16 thereof in such a way as to facilitate the

techpigiesmBncophsicitiodiate tomgurayerssbind Mo LRI R OF K81 5e, sach
termiil§3 -2%)n§i§r%’é %?ak%adﬁﬂb@@ﬂawiﬁ@ﬁ ) s%l@%l%urdihi? da@autnmatec-hepdingtal,”

(TAB) elements comprising conductive traces carried upon a flexible

nickghefs &ferabinetigteo i fidsriPlantayen s buthad s e dhmidar se iRy

electtR SOrHARPOMSINGRAAPE Rak Ob Bh adiacentide S6RIICQNIUILNUR VIRLB0tSuch
shown in FIG. 1 or FIG. 2). Each terminal 26 of circuit board 10 includes a

platipg ipaealsn BetEested by koA mecesitestishding N rtertelatitectesttnietiver

immeleiveplaif sestHeiduesestablish electrical communication between that
terminal 26 and its corresponding bond pad. [0039] At least some

terhId 268 SiTciioBuhtl AR AUHPEHROSTIFREEESEA 2rots 26-(36R

rece¥BiCArdhey ateyaiEdd Bagk sHeduiedninatdf dnalk Noiomse Ry extess adhesive
corresponding surface 14, 16 by a distance DT that will prevent excess

mategiph it s doscer Uy dhdiinma diesaitosh estion ohaliseay Bearddd for

semiBORUINGASRIIGOREMGHY ideiskida tsereoviesRdiRg die-attaglogagon
20, from flowing onto and, thus, contaminating connection surface 27 of

substAniathiaIPE SHTQUBtih CUSFRARERestifrata 27 tger Bratrtamiged in

FIGdermiiet 23 Rérmaaydde, posHianeth aian £lexaiomabovr disteosespanding 24/
surface 14, 16 that facilitates the connection of one or more intermediate

may s RRFEHRE ETEHT PRRYBTLOR K@ PHIOEY HeAN tPReRdiPEShfiatiaoR location 20.
Furtbetfageh 2dcaasedali-aihepossitly wlabpitp asitensgopdaactiteimistal @ftion 20
relative to its corres%%nding die-attach location %O, may facilitate the use
i

S0 ALY RVTHEP RYAPRRLYiate RO MY GRS AldrishRarBatvdisnBLi A aminafiugor device
wheafigk it8rasagpaoe g Rend spagkai nfogibsiticartaat thhedsemieon thgitsn 20

e e LA e T
eachfelidaieddhanpaeiiphids kndwroieelipuadiagByeviayf Iexamnvalemnheedy
e SRS s I TPIOS P I 2 SR S s
adhdérminalezalMaynitoplate dwitaml materithsighcasmgotibarsafatbe? thereof.
so-[(b%I‘I&q "nﬂ?rlr?ir@er}gxlifl Ito FIG. 5, an exemplary embodiment of a solder mask 30 for
use on a surface of a circuit board, such as circuit board 10 of FIGs. 1 and 2, is illustrated.
Solder mask 30 includes a plurality of dams 46 that are configured to laterally surround
corresponding terminals (e.g., terminals 26 of circuit board 10, shown in FIGs. 1 and 2) of the
circuit board. As shown in FIG. 5, solder mask 30 may also include a plurality of device-
securing regions 40 to which semiconductor devices may be secured. Also, if solder mask 30
includes one or more device-securing regions 40, it may also include at least one recessed
area 44 adjacent to each device-securing region 40.

[0043] Solder mask 30 is configured to prevent solder or another electrically
conductive joint-forming material (e.g., a conductive elastomer, conductor-filled epoxy, etc.)
(not shown) from contacting various features of a circuit board. Thus, solder mask 30
prevents such conductive joint-forming materials from damaging the circuit board, as well as

from wetting and, thus, adhering to and potentially causing electrical shorting between
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nickel, or a combination of different plating layers, that may enhance the
adhesion and electrical connection characteristics of an intermediate
conductive element thereto. Such 5 plating may also be effected by known
processes, such as by electrolytic, eleggroless, or immersion plating
techniques. [0041@]%; circuit board 10 also includes one or more recessed

electyieally sanduihy e ERBUESPEIBS I HHRPBE! G USRS i e heis RecIgh
condiclpast-sasneahtha@yrasnrdbeshe@ imateiiad thad ishiorsRdiovbaRIAMd devices

from a die-attach location 20 of circuit board 10 as a 10 semiconductor

that favsarrady bgrad sRpe it taiatlRrattadh Wedetsesrieaminglsgf the circuit

boardUbsiantipbyateisdlycswsaendiits TamespaRdin adigsadacblaaatier esd.
depicted in FIGs. 1 and 2. Alternativel%, as shown in FIG. 4, one or more

disEMtd ke derdutom ¢8:05 A0 IR Bk TS RIS At drath A ROkiod 8hRyPeriphery of a

corr@PuiRnsokmaaneasnapdina:disoalip@doaatianirl. 26 WitbrEuRasdArd 10) so as to
recessed area 24, 24' may extend into its corresponding die-attach

PrevRiEstiFR O L8v4a s eVt e ABRET) 399dh RITEsRERtiRg-@digcent terminal 26.

Alsch @byt ireeath FIceB)ieasdustion deyvite dvhebotheasemisondupi@ndydsgon of
is secured into position over that die-attach location 20

see FIG. 10).
soldes dpask A0 RS £X oSS iatdhs RARSHv et eith Meighesvy in FIG. 5)

whidbERRREIt PEce@eh ittt Re HialesareaBROREISHA i BICRIFgspandin@uit board
die-attach location 20, thereby effectively increasing the height of each.

overgyRitReiAHIRGIS o RIS HERGH SRRty & Rebsah WyhdZR/B fratarpating its
corrdspbhdpwiRgneintdsand contaminating connection surface 27 thereof.
[OOﬁ@tTuming now to FIG, 5, an exemplargggmbodiment of a solder mas
30

Kk
dbe 61 SeBifpfet N dHS criduipdbdrd S0ciay Brdidepdalrally sxtending
ledgEKGsvHiand 2oigi Hust ataskteholehasr mpsk pikincidde s A wality dlodamsace of its

46 that are configured to laterally surround corresponding terminals (e.g.,
corrgERANmE SEBP Al AP I h‘&%?&dﬁfég?fflgﬁg %oé{ﬁ‘gﬁ ciate
confhifaed. 1 sushewprévdniexbe Saldessmaskadimayoalstomaldda@ phaabbimhinating

device- securing regions.40 tqQ.which semiconductor de

. vices may. be.
the <QURSFLAN ANEHSF nher e ioe reiteion sl ot INSr el clemen
therdegidne ¢} OhdtHeiayi b ofinelpel e Bidpdist aneheecansetioaraafddeatijagent teljacent

ea evice-securing regjon 4(10. 0043] S Iclgq-ri)m 30 is configured to .
e 2 DU G e RS0 RN GRAIOE I, ARG Miekei” that is
expde@ theoaghdutitceatlabtgorel |abrdictonfibe daegoxyoaih, ko(patsinovimection

from c ntactig%v?iogs featu#fs ﬁ%a circuit %oard. Thtus, solder mask 30
QUi Bt et BB RICHE MG R O RS the circui
bo@0ddel wal gisrwn in FIG. 5, each dam 46 is configured to surround the entire
periphery of its corresponding terminal. Also, each dam 46 includes a ledge 47 (FIG. 10) that
extends over the entire peripheral edge of the connection surface of its corresponding
terminal.

[0047] Each device-securing region 40 of solder mask 30 is positionable over a
corresponding die-attach location of the circuit board (e.g., a die-attach location 20 of circuit
board 10) over which solder mask 30 is to be positioned. Dams 46 of solder mask 30 that
correspond to a particular device-securing region 40 may be positioned laterally adjacent to
that device-securing region 40.

[0048] Each device-securing region 40 of solder mask 30 is configured to receive a
semiconductor device, such as a bare semiconductor device, a packaged semiconductor

device, or a multi-chip assembly, and to have the semiconductor device secured thereto. By
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from wetting and, thus, adhering to and potentially causing electrical
shorting between -10- electrically conductive features of the circuit board
or structures carried thereby, such as conductive traces of the circuit
board, connective elements of the cirquit.board, and devices that have

already been secured to the circuit board, as well as other terminals of the
way gf&rriia kS Whithoororteriabseshat v ahararme eSS ean. or

presSHESRANRREM RGN JMRARLE acbedard £ Rl &HABEBIARK BE RPNRSRe-

at least a portion of a periphery of a corresponding terminal of the circuit

secupggregioR FAqkimlramE bAtirdl s 34RT S 1 BHSEbIIRY b RIsERbiRlid state
as thbQinghries It dapodhianditsy SOt ROBNINGn 2diagant (e EoHRab Re

Also, the distance DD (FIG. 8) each dam 46 protrudes above a laterall

: y .
adhesgiye MHETHE AN RS TUGRIEFATASR S P Ve rESRAS IqT dRtifE 20 flfyice-securing
regiGleSiveraBteHabhaatShawipitipheryf tRewbist da dees @SRV @toward dams

semiconductor device (ngt shown in FIG, 5) to the circuit board over

46 anghiRASeRgET PRASKN 8 GHRTRRIBhEY S HBRAFY Bty it itk a8l drbmask 30

corbmamatng fistReFeaReNENEKaINIcalsa Q0P A deRiRte nkieridiOyill flow
each dam 46" may include a laterally extending _ledge 47 which is

over Byt {0 BRI B SEBHEPAIEHGE S O b ARBEtRAN L NgeEmpals, one

or mibSe 1 ERUESRARAINGNES BY Hb(8ded samestiansislace Réwfierating 28)nd at
Ledge 47 may be configured to further prevent excess adhesive material

leastrsomaeWing GREEPIRL LS AR iR Atig PG SN b Uiea T S UPfRcRaXf BT Ensions that

are donpiediRg corventiopitanikliermnediaie cardiiciNeRlemertiiheraty forced from
Thus, the height H of ledge 47 relative togﬁe,connection surface 27 of the
bW g bR SRR eSS B LA A BRBRUIGHT VA a e e Aogi sapsRegrthe

semithganoeationrsiirfacerdd ithadvic2Qxpasaddiviough or laterally beyond
led g? may be large enqugh, t0 permit conpection equipment (e.g,, a
wirtDB i CHHAA o RSB Ghe el T4 R e
periphdriG2mfeach dantdeeisucioniigpian40. sutramad e, entifepipeiphenGob, one or
its corre ponding,term'nal. Also, each dam 46 includes a Ireﬂijge 47 (FIG., 4
mors st TeTan S VY BicPEtiRdBLABHERAT KGR EPARECds N A H Spssiplery
of a obitssporidiagalaing L deiipirglioad Of kedsrdayike3se thikngdiegion 43 efiown in
splder mask 30 is positjonable gver a corresponding die-attach location of
FIG oL R B o0 e ke S BH D BF U B4R ) Bt vt
peripiibigtosalsienitaslo 30 isldoibe widlshtonaiti txaos Kk ofissddec tndskIOdhate is
secured to device-securing region 40"

[0051] Solder mask 30 may comprise a preformed element that is configured to be
aligned relative to, positioned over, and secured (e.g., with an adhesive material) to a
complementary circuit board. Alternatively, solder mask 30 may be formed on the circuit
board.

[0052] A variety of known, suitable processes may be employed to form solder
mask 30 either separately from or on a circuit board. By way of example only, known
photolithography techniques, which include the use of a liquid photoresist material, a pattern on
a reticle to be copied to a layer of the photoresist material, radiation of a suitable wavelength
for exposing selected regions of the layer of photoresist material through the reticle, and resist-
developing chemicals that are appropriate for use with the photoresist material, may be used to form
solder mark 30. Dry film photoresist materials are also known and suitable for use in the present

invention may be employed. As another example, stereolithographic techniques may be used
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correspond to a particular device-securing region 40 may be positioned
laterally adjacent to 30 that device-securing region 40. [0048] Each
device-securing region 40 of solder mask 30 is configured to receive a
semiconductor device, such as a barejgemiconductor device, a packaged
semiconductor_device, or a multi-chip assembly, and to have the

to foganiRlg AT Hele sae rentrrelaterssy a Phoayrablepahimmsdniyclastively

expRHNERIVR MILERK asphSiditakiplEpeNmResRAASEraB NI Ak, to cure the
pressure-sensitive adhesive, may be used to secure a semiconductor

seleqibiplyectPasad i€ curing region 40 of solder mask 30. If the adhesive
mafeossis imadiapidod &eREel Slatg AsclignpRmicandaionslaviassinbly 1 is
positioned over device-securing region 40, some of the 5 adhesive

depigtedarRirhig Bdrorcatr b RPHSAE et th SSedsTcBRtu b BRkiReoERRIate teachings

of tHdQHiSRmerWingegion 40, laterally beyond an outer periphery of the
semiconductor device, and toward dams 46 and their corresponding

terb¥EH oftheherouieheatcbere idussoldebRaLk 0. fotuojTele die-atiach
1oca&6rﬁ%f'r&9%§§%§ '{ﬁ%igﬁgﬁatpalﬁ%é‘c%hﬁx%ﬁé%&q h§

RS RIhIR Yo i
over dams 4 contaminate the connection surfaces oftheir

positoncespondihanteadjinals, toragpelpoermnddé o desaadchreastibh ARy Bach of

provi% ¢ between each device-sgcuring region 40 and at Least some of its

e BT A G G e o e AP e B R TR ST

(e.g IR GREHIgUTEd to receive substantially all of the excess adhesive
material that is forced from between a semiconductor device and the

adiHNSR detidesaraskinty) reyylastutn bitariahly cysircomdiradA dairdades a single
devi§§-‘§9€ﬁﬂﬁ§ Q%Y&%%e%irig Jﬁ%@@ &Qh%&%ﬁld%%&@%{ RILEG: pbrfton of

single recessed area 44 laterally surrounds an outer periphery 42 of each

die-digledoseicening regivisuiobadrdriativEhadsstivapidiey 10 FrEs@denmank 30” are

alignrggrv%{l?gr%?)%diﬁcr)%aé fé%‘?'rﬁl? 08, 8%@%@?5"0%9&?5?&%%82"Xd?%r%'%géu Thoard 10"
an outer periphery of a corresponding device=securing region 40 o

As sholderdnaski S0y aitberaatielhy, lagsiigvsnrinukiGerhiinakRe6f, mateonly connection

recessed areas 44" may gextend beneath the location at which an outer 20
surfage h et ?ét&é‘mftf’& &bt gevice \S%ﬁfﬁ%f BEGESHRASHhEer cach dam 467, A

rece SRAIFLNIUCIRTASVIERAS beRELEREInJRYIPRPAIIRA B HPAA R - [0 hg
Solder mask 30 may comprise a preformed element that is configured to

regiqgeA@figneé dasrdiOe tt psinsied igecant sevuresipterg! sdan h- Thus, each
rece?s%ﬁeﬁ§§ée4ﬂ’%eé§§?&8n@d %%}pc'ﬁ&?ﬂ%‘tﬁ}‘dcir(ﬁ"”&%%de&{%f RAUVEIY FOMG die-

mask 30 may ormed on the circul
attach location 20” thereof to terminals 26” that correspond to that die-attach location 20”.

[0056] In FIGs.9 and 10, assembly and electrical connection of semiconductor
devices 50 with a strip 2 comprising a plurality of unsevered circuit board assemblies 1 are
described.

[0057] Semiconductor device 50 may comprise a bare semiconductor die, as
depicted, or a packaged semiconductor device. Also, semiconductor device 50 may comprise
a single semiconductor die or a multi-chip assembly. A quantity of a suitable adhesive
material 60, such as a two-stage epoxy, a thermoset resin, or a pressure-sensitive adhesive
material, may be applied to one or both of a bottom surface 52 of a semiconductor device 50
(i.e., the back side of the depicted semiconductor die) and a device-securing region 40" of
solder mask 30”. As a semiconductor device 50 is positioned adjacent to (e.g., over) its

corresponding device-securing region 40", some adhesive material 60 therebetween may be
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25 board. [0052] A variety of known, suitable processes may be employed
to form solder mask 30 either separately from or on a circuit board. By
way of example only, known photolithography techniques, which include
the use of a liquid photoresist materiaf,3a pattern on a reticle to be copied
to a layer of the photoresist material, radiation of a suitable wavelength 30

foreggbexpod ity Srs aRiPRSGIONS f el RgpeuspHtare sidt eitedidpmpotigtef solder
masmf%%‘%hépgorﬁééﬁk %%Y;l?ﬁiﬂﬂﬁ??@“"&?ﬁm B ARBrOPHRIE Rk y&dhesive

with the photoresist material, may be used to form solder mark 30. Dr
matdified photoeesistdneitiials aaal sockndwh andalitabiewoeusetén pasphery 54 of

present inventiop may be employed. As another,example, . . )
e G A o A2y BAE Aok A ol AT pesdiggent o
assoffiamdaBeRhdNore”1ayers @it dRhetneurahle polirealdin selecti@sed areas 44”7,
exposing rggions of each layer of photocurable pé)%mer, one layer at a

outefiRfEINREEY AE e csriiaPedprsed etidiismedss ot seifsh el 89 Fiss.

prefdr 1Y AR ENADRIER A HGUHH R BSSENBI & IS FRABRIGHREEWAIGD forced
includes a circuit board 10" and a solder mask 30" that incorporate

frombgernsgscatiteadresedevicertiond [doseq-sesuhagre gt 4R befareldgrmask 307,

Thué[]mﬁd&ﬁl&ﬁ%g%ﬂﬁl&%ré%mw&%ﬁé%@ﬁ@% lﬁ&é}'ﬂp (%pfr&rﬁ ﬂowing onto

substantially planar surface 14" thereof. A plurality of terminals 26" is
expqyedifiorisuapdgntnanidoadjadeststd/a perdlhesyt2gnahdie 2ftach location
20", of. 10 terminals 26".protrydes from surface 14" to supstantiall
L B R ey T s O g SR
areaS04, ddiich stibsiariialiy coyens sudfaeesidd, dirakidesia’simgleolder mask 30, 30” of
device:-securing region 40" that is aligned. ié@ nd positioned over at least
the RYCSERHAR G GIL BEARH ISEATRRe S P B 0o P SO P AeHIB S oAFRLoD
surf#8s of spider maskndQ W85 alisnadinilh, aachpasiiaraddaiewdy REgadnt
corresponding terminals 26" of circuit board 10". As shown, dams 46"

inveption &apibitateadly PiaseAISNE Qf saminads At 26 clgseh SRR BHAHR dhe
corrééfféﬁ&ﬁlgE'i'e%%m&é%ﬂ&i@%@ b ﬁ{éiQ&I{ﬁﬁﬁfso&b&mgeﬁﬁeﬂg’legrcuit boards

through each dam 46". A recessed area 44" is positioned between each
may hsripheiranedigpagse o dwiicesemnaidingediontghdpehdems 46" that are

locﬂjﬁgﬂfj‘dj %ﬁ?&t &%éﬁﬂé&ﬁﬂeﬁﬁr&éﬁ%%ﬁé{s gg@f?pgﬁﬁgn&paﬁﬁfﬁ QIy oriented

area 44" is positioned over circuit board 10" so asto extend laterally from
relatiygi@-the appropriate locations of circuit board 10” and solder mask 30”, adhesive

material 60, if a curable material, may be partially or substantially cured, as appropriate for
the type of adhesive material 60 used, to securely maintain the position of semiconductor
device 50 on device-securing region 40"”. In addition, intermediate conductive elements 70,
such as the bond wires that are shown, leads, or conductive TAB elements carried by a
dielectric film, may be positioned or formed between bond pads 56 of semiconductor device
50 and their corresponding terminals 26” of circuit board 10”.

[0060] Following the placement or formation of intermediate conductive elements
70 between bond pads 56 of semiconductor device 50 and their corresponding terminals 26”
of circuit board 10", semiconductor device 50, intermediate conductive elements 70, and,
optionally, circuit board 10” may be fully or partially encapsulated, as known in the art. By
way of example only, a so-called “glob top” type encapsulant material 80 (FIG. 8) may be

disposed on semiconductor device 50 and intermediate conductive elements 70. Alternatively,
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attach location 20" thereof to terminals 26" that correspond to that
die-attach location 20". [0056] In FIGs. 9 and 10, assembly and electrical
connection of semiconductor devices 50 with a strip 2 comprising a
plurality of unsevered circuit board asgsemblies 1 are described. 25 [0057]
Semiconductor device 50 may comﬁrise a bare semiconductor die, as

semigepittear 87 atlkdgiaraedti Pelrmens)-sidridrgntégacent portions
of ciHGHIAHAA MAVEATHRI ISR 1Bs31AAE SEMHIRACHplRKslg. Or @ multi-chip

assembly. A quantity of a suitable adhesive material 60, such as a

twd0fable epBhouahHshsed Aesiss G Rt pReeilipEns et v sdfiessithese should
not BRRISHiRdBRY ﬁﬁlﬁﬂ@@g §90?)@_%ﬂh@%&ftﬁig%mf&ﬁ%@ﬁfe%%rojs%roviding

semiconductor device 50 30 (i.e., the back side of the depict

illusyafifiep Al s idhapie by rRislsaed s rsiiorn B0 Smidyite Pk dpdiments
of AR SRIDICARI UL deMice RPHAP SRR AJACERIIALEH s QR Ddithe present

~corresponding device-securing region 40", some adhesive material 60
invegiigie bMprearchmigABEes frore Egnsal masineritergidhip HagnEaHmay be employed
in coiRPHERRAUCIRE depee PihcDWand SR siftie Bt SQlIREARSKBPMARE 08Ty the

corresponding terminals 26" of circuit board 10". This excess adhesive

appeRiad AEIBY Mfdbeivie e releassaethaehanhy ths (DEiRanBdareidption. All
addiQULR! RAERNRYand AbEEENCORLR HRViagor0M6kER52 AbreRf SPUHET fall within

mask 30" that are positioned adjacent to 5 associated terminals 26" of

the prRiRDHIFdODe AHBS BRIMe Yefinda sbEsddbareb¥as 44", outer
periphery 54 of semiconductor device 50, and dams 46" of solder mask
30" is preferably sufficient to receive substantially all of the excess
adhesive material 60 forced from between semiconductor device 50 and
device-securing region 40" of solder mask 30". Thus, this collective
volume preferably prevents adhesive material 60 from flowing onto 10
exposed portions of connection surfaces 27" of adjacent terminals 26".
[0058] Any combination of raised terminals 26, 26" and dams 46, 46",
recessed areas 24, 24' of a circuit board 10, 10" and recessed areas 44,
44" of a solder mask 30, 30" of the present invention may prevent
adhesive material 60 from contaminating connection surfaces 27, 27" of
terminals 26, 26". Accordingly, each of these features of the present 15
invention facilitates the placement of terminals 26, 26" in closer proximity
to their corresponding die-attach location 20, 20" than the terminals of
conventional circuit boards may be positioned relative to their
corresponding die-attach locations.
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[0059] Once a semiconductor device 50 has been positioned and properly
oriented relative to the appropriate locations of circuit board 10" and
solder mask 30", adhesive 20 material 60, if a curable material, may be
partially or substantially cured, as apprepriate for the type of adhesive
material 60 used, to securely maintain the E)osition of semiconductor
device 50 on device-securing regi M addition, intermediate
conductive elements 70, such as the bond wires that are shown, leads, or
conductive TAB elements carried by a dielectric film, may be positioned
tween bond pads 56 of semiconductor device 25 50 and their
corresponding terminals 26" of circuit board 10". [0060] Following the
placement or formation of intermediate conductive elements 70 between

borld pad$'SBH ALICSRERS WEVRN St NEF eiFasbrgprising:

provi@indRasrA6r sebsiauitRaaItd 8 | &RMise ekt HeyiaE SPanatermegdisie
conductive elements 70, and, optionally, circuit board 10" may be fully or

paffaiinahadissems fodhe aidsath AR He AR BIPSH VR Bf example only, a
provi@ialiedidglondapoivae artepsuarhatey i &8 (ick BLma@nHer least one

disposed on semiconductor. device 50 and intermediate conductive

eleflilies SFOUANS FRARMERY S AN AR dEtb? BeNIes 8bthnalirshRi die-attach
congigtine alemanise iecanddatrieastjacinacentpaitions dfedistibichRattling region,
10" may be encapsulated in a molded package. [0061] Although the

for8B0iHd HESERHHBM COREERL T S|5a LS, FHeSECdRET RO S from the at

consikuedeateliniing liia seopemtibamsentdiientionabtih naebses portion of a

providing 5 iIIustratéons of some of the presently preferred embodiments.

SiAERYCEHAEEAbURAAHE SiRiDahteh eI s Asa Wit dhat excoeds

notdeparitdmnoitiie sRivicorsscapezat thenpresent invention. Moreover,

features from different embodiments of the invention may be employed in

combination. The scope of the invention is, therefore, indicated and limited

only. by thehappencedfclrimsiand theicdegaigagivalents, rather than by

the foregaing description. All 10 ao(l&liﬂ?ons, deletionﬁ, and modifications tof 0
DIy AR MBI AR R L HIGH OB SR e B ion of the

scaptlef thelclaims ssadm bertivdsdacttibesabyemicon@lddME vitkhat i secured

claimedis: 51. A m(Fthod for farming .a semiconductor device assembly,
Corir?pgfgiﬁbl_east one device-securing region.

Wh

3. The method of claim 2, further comprising:

positioning the at least one semiconductor device on the at least one device-securing region,
the adhesive material located between the bottom surface and the at least one
device-securing region securing the at least one semiconductor device to the at least

one device-securing region.

4. The method of claim 3, wherein positioning comprises applying force to at

least one of the at least one semiconductor device and the carrier substrate.

5. The method of claim 3, wherein positioning comprises forcing the adhesive
material to spread between the bottom surface of the at least one semiconductor device and

the at least one device-securing region.
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providing a carrier substrate including at least one die-attach location and
at least one terminal adjacent to the at least one die-attach location; and
providing a solder mask on the carrier substrate, the solder mask
including at least one device-securing gegion positioned over at least a
portion of the at least one die-attach 10 location, at least one recessed

are adjad@stis e &f 162ED oh & BER LS IR YT S5H Q2XE IBE SK B
adhedAR AfiaeeNbiadhe At IeRshRPSHESERISCoRALES: Lpasia freayths ale lRaskst one

one device-securing region, the at least one dam contacting at least a

semigaATHA(ef %e‘ﬁé?iﬁﬁg PSR O th NG ISR GHE tertHifAPSHPEIE#RIIng to
an elevation that exceeds an elevation of the device-securing region. 15
2. The method of claim 1, further comprising: applying adhesive material

to dt leastigemsthed af flaigt BnBHiheACGOIBRES %G region of the solder

recelViagkianekacboHAssiy inae Al ok |aastpO e IeicRRIbEINdayige to be
secured to the at least one device-securing region. 20 3. The method of

claim 2, further comprising: positioning the at least one semiconductor

degce onthe atiRasbPoRIESICRIRESHITRY AERIAN otb A adhesivatnatesialess
located between the bottom surface and the at least one device-securin

adhey i A E RO MR B 58 §8Hﬂ86th%%‘E&‘?a&"ef)fc@‘%é"tﬁ%‘%{t%%&“ﬁ?%-

one device-securing region. 4. The method of claim 3, wherein positioning
comprises applying force to at least one of the at least one semiconductor

device andth LR PEEBLR e Ber g PRI e SPiamaskaiosrarises
proviisitianisigecanapkisamfarengdhe adhesiveomaisiial 4q80raRdeRBIMERH portion

the bd%ttom surfa?e of the at least one semiconductor device, and‘“t)%e at
configlrad e Quficb At Ry agich? PEEPECHHEI¢eth S SRS IR WiREF &l the at

leastpaitiomngatomprises causing excess adhesive material to flow laterally
beyond at least one of a peripheral edge of the at least one
semiconductor device and a periphery of the at least one device-securing
region. 5 Thi hecthedhsittpielainy Bektif pes\aampisinglder mask comprises

providing the carrier substrate with the solder mask already secured thereto.

11.  The method of claim 1, wherein providing the solder mask includes securing a

preformed solder mask to a surface of the carrier substrate.

12. The method of claim 1, wherein providing the solder mask includes forming

the solder mask on a surface of the carrier substrate.
13. The method of claim 12, wherein forming is effected stereolithographically.

14. The method of claim 12, wherein forming comprises forming a plurality of at

least partially superimposed, contiguous, mutually adhered material layers.

15. A method for designing a solder mask for use on a carrier substrate,
comprising:
configuring at least one device-securing region to have a semiconductor device secured

thereto; and



receiving the excess adhesive material within the at least one recessed

area. 8. The method of claim 6, wherein the at least one dam prevents the

excess adhesive material from contaminating a connection surface of the

at least one terminal. 10 9. The methgd of claim 1, wherein providing the

solder mask comprises providing a solder mask with the at least one dam
configippsiny sl rany sashiivg potio e aatiiRNeladas e Fatddacantact with a

porfiaipRés BERRMRRI 8&9@5%@9@!&%&@8 sttfRcaR{dhiBittgast one

terminal. 15 10. The method of claim 1, wherein providing the solder mask

comprises providing the carrier substrate with the solder mask already

seqyed thexetRethdd bheimathodrefkéaicarhpmdigsein providing the solder
mask includes securing a 20 preformed solder mask to a surface of the

configring aflsepR8e 1ocertfd Metsdvpeaaiir Bt Amerarn sovRiHE A Sbidsrat least
Mastel aelieesaamipge s saldlar maskv meniacaial tbersrbdedams.

substrate. 25 13. The method of claim 12, wherein forming is effected
stereolithographically. 14. The method of claim 12, wherein forming

comprisesfaisiiod foplralinigf atrRshRARIASHBRMPEREGubstrate,
contiguous, mutually adhered material layers. 30 15. A method for

COMBH&ing a solder mask for use on a carrier substrate, comprising:

confe@iigiisingast ipRd e devigirseeLiingd agIRM @ MaMeh AusesN EONElIséelired
device secured thereto; and - 17 configuring a plurality of raised dams,

ealfef5'Be?Pbsitioned adjacent to and in contact with a periphery of a
confBigies eOlEesRMRANG JaMminal afjldentasrigksubsiiatind thelddsngitad of
claim 15, further comprising: 5 configuring at least one recessed area

befli8ET SETEHLE4 5530 on of a periphery of the at least one
device-securing region and at least one of the plurality of raised dams. 17.

A method for desjgnin older mask for use on a carrier substrate,
'gl“lcl)e metilgod 09 caia?mq%, furtﬁer compris?ng:

comprising.
configuring a plurality of raised dams adjacent to the at least one recessed area, opposite from

the at least one device-securing region.

19. A method for designing a solder mask to be used on a carrier substrate,

comprising:

configuring at least one device-securing region of the solder mask to be located over at least a
portion of a die-attach location of the carrier substrate;

configuring at least one recessed area laterally adjacent to the at least one device-securing
region; and

configuring at least one dam adjacent to the at least one recessed area, opposite from the at
least one device-securing region, to be located laterally adjacent to and contact a
peripheral edge of a terminal protruding from a surface of the carrier substrate, and to

have a height that exceeds a height of the at least one device-securing region.

20. The method of claim 19, wherein configuring the at least one dam comprises
configuring the at least one dam to include a laterally extending ledge positionable over at

least a portion of a peripheral edge of a connection surface of the terminal.
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10 configuring at least one device-securing region to have a

semiconductor device secured thereto; and configuring at least one

recessed area adjacent to and surrounding the at least one

device-securing region. 15 18. The method of claim 17, further

comprising: configuring a plurality of raised dams adjacent to the at least

on@feces%@%lfﬁ?é?&,"b &im ir%mfhmélaﬂéafsglaﬁega’éwé@éébavmgafagraﬂprlses

confidtirh MBAdLRL I8SIEHNS A SRIdaicmabinie bR USRARMBI SRIUEhe at least one
substrate, 20 comprising: configuring at least one device-securing region

devigg-fiseWeHIA&rFHALK to be located over at least a portion of a die-attach
location of the carrier substrate; configuring at least one recessed area
laterally a%%ct:ent to the at least one device-securing region; and 25

corffiguring gt REARPSAE i %&ljéﬁ@éﬁﬁ?’t’&%ﬂ'éfgt‘lré%%ﬁllﬁwg Ierd Qs flam gomprises

confRRRASEAMRERNe BRSO BE WEMES HOGUIDGIRAINhitA ResIRaIRGally the same
laterally adjacent to and contact a peripheral edge of a terminal

as o et ARG I A IS ACE BFHNG s QlBSHRMERIRFYY draiecddRsgpsitioned on

the dhRheGreds rheightial theiohleast one device-securing region. 30 20.
The method of claim 19, wherein configuring the at least one dam

comprises configuring the at least one dam to include a laterally

extepdingAegem fosdicrakie Qv ecalrleasbaReslieshipraipgripheral edge
of a_.connection surface of the terminal. -18- 21. The method of claim 19,

confSHERSA SORTIBRIHY ™K RN BHe o RaRiirieasd ettty esation on a

leastapne@dnodehbased; aheight that exceeds the height of the at least one
device-securing region. 55& The method of claim 21, wherein configuring

confiEurita a5 55N A LA S E SR LGNS St fEESL R 'S8 B protrude a

locaieficainpdisigvalinoiviieRusssat RNy th@isame epaviaseidzasn abhesive
elevation of an active surface of a semiconductor.device to be positioned
]7 a t)ﬁ r%lﬁgattach

on ISR AP SSBA PRI FeBB Or 6 D b ipa isriiauy
a CRigigioaUbsitiaientannmariaing coanfigiuing & fuhstantial e pletras terminal, and to
substrate to iﬂclﬂde. at least one die-attach location on a
ave a height that is at least as great as an elevation at which a bottom surface of the
semiconductor device will be supported above a surface of the substantially planar
substrate and at most substantially the same as an elevation at which a top surface of
the semiconductor device will be located upon securing the semiconductor device

relative to the substantially planar substrate.

24, The method of claim 23, further comprising:
configuring an adhesive-receiving area between the at least one die-attach location and the at

least one terminal.

25. The method of claim 24, wherein configuring the adhesive-receiving area

comprises configuring at least one recess.

26. The method of claim 25, wherein configuring at least one recess comprises
configuring the at least one recess to substantially laterally surround the at least one

die-attach location.



major surface thereof; and configuring at least one terminal adjacent to
the at least one die-attach location, to protrude a sufficient distance from
the substantially planar substrate to prevent excess adhesive 15 material
forced from between a semiconductorjdevice and the at least one

die-attach location from contaminating a connection surface of the at least

oné termil&e Biihes! Haslaid Heghiberapisoaiguin g atdrash s Arrete Gamyises
confegbdﬁhlgkhé AQHAMLBUTaCR0bBE |semisanpeiRiseNIGe Yol FRROHEEast one

_above a surface of the substantially planar substrate and at most

die-affps8ilafibifP the same as an elevation at which a top surface of 20 the

semiconductor device will be located upon securing the semiconductor

device relative to the substantially planar substrate. 24. The method of

claim 23, further comprising: configuring an adhesive-receiving area

between the at least one die-attach location and the at 25 least one

terminal. 25. The method of claim 24, wherein configuring the

adhesive-receiving area comprises configuring at least one recess. 30 26.

The method of claim 25, wherein configuring at least one recess

comprises configuring the at least one recess to substantially laterally

surround the at least one die-attach location. - 19 27. The method of

claim 25, wherein configuring at least one recess comprises configuring

the at least one recess to be located adjacent to only a portion of the at

least one die-attach location. 5



