18 November 2005 TITLE OF THE INVENTION SOLDER MASKS FOR USE ON CARRIER
SUBSTRATES, CARRIER SUBSTRATES AND SEMICONDUCTOR DEVICE ASSEMBLIES
INCLUDING SUCH SOLDER MASKS BACKGROUND OF THE INVENTION;kiglg,of the Jgyention [0001]
The present invention relates generally to solder masks for use on carrier substrates and, more
particularly, to solder masks that are confidine @tolbrevdMEXEKSY adhesive material from contacting or
covering terminals of carrier substrates. In addition, the present invention relates to carrier substrates
including such solder masks and to semiconductor device assembligs and packages including the carrier

substrates. The pre%quem%ﬁlﬁs%qgk}{ég 8%1%%'&9% e ] giiy p Rto be used on
carrier substrates, to metddi s ﬁ%ﬁtﬂ%{% %%ii) r.f@rA b §@¥[%§o methods for
connecting semiconductor devices arrier substrates. grou

f Related Art [0002] Circuit boards
and other carrier substrates have Iog&@gg&gm@@fﬁﬁwﬁ@ﬁctrical communication between
ot

bond pads of semiconductor dice an er electronic components, including those carried by the circuit
board and cofitldeétlee Inzenfien external to the circuit board. [0003] Conventionally, relatively small circuit

boards have been ygggh jorRapkads: AN nR6MErR-semisaNdustoldicg . Whieh Rtacts-te dice and
provides a semiconductor device package that includes a standardized connection pattern, regardless of

the arrangemSRIGHHAAY PRdsPaF Al it Ra i rasr dhe Gra ser s pat kg Y $H 868 rcuit boards are
often referreadtedivéheaatiAsrimtesposeang. Ol adheistateninthe ddadtia simensions afldidenpdsers are

approaching (e aeiesnending dmensions LIS SEIEANAUCIL RS 19,08 sepyred thereto, with the

result being a continuous (c)jnef:érease in the sizes o semlconélsjltl:%or evice packages, many of which are
so-called "chisicaksdwiekdgjae wxpibitingadimenisisersitidie tiseyamis ubgraiconbhsiiietdptiarger than

those of the gig dhesgafsdQ0QRL Nﬁﬁ@&hﬂ@ﬁ%d@’ﬂgﬁl@%ﬁ&t}%@k%r@e Rending AERceasasRLE Used to
electrically connect bond pads, of a semiconductor die to corresponding contacts, or terminals,
to methods for forming solder masks on carrier substrates, and to methods for connecting

semiconductor devices to carrier substrates.

Background of Related Art

[0002] 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.

[0003] 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.

[0004] Nonetheless, when conventional wire bonding processes are used to
electrically connect bond pads of a semiconductor die to corresponding contacts, or terminals,
of an interposer to which the semiconductor die is back bonded, the terminals of the

interposer must be positioned outside of the outer periphery of the semiconductor die. This
1



of an interposer to which the semiconductor die is back bonded, the terminals of the interposer must be
positioned outside of the outer periphery of the semiconductor die. This 1 18 November 2005
requirement prevents a reduction in the size of these interposers to dimensiops that A8 systantially the
same as those of the semiconductor die to be secured thereto and carried thereby. [0005] Moreover, in
order to secuislyiemeh raesenticoiduction dishwostreatireest nsergseiisit Wipieaslpddbiaiste that a sufficient

amount of adhgsiy&imRtarialhe UseRdoJeiim @ntenilen:adhesivedaves adiresnidedhr pack side of the

semiconductor die and a fillet around the entire outer periphery of the semiconductor die. Some excess
adhesive matBff&P¥s typically required to adhere the semiconductor die and the circuit board to one
another in this marinessyWher®execdsoaBhesiveuraBtarialisa usedohawerelc some wicdhebadiiesive material

may flow outward from ihe semiconduciar diey heyond s desired Jocation fof g fllet, and contaminate
the connection SL?, aceg O? adjacent terminals, w ICPI are ocatedmaai't%e same e?eva?lfon as or jUSt above a

surface of the@iftusintodhesivif iherawvarventivrilsubtakesloptlike senmiprdudiecberadontdehimetad in this
manner, i”teftmeéi@@&9&%%%%&'@!@%‘5%%%&%1@@ds*é‘/iﬁ%%x&@aﬁﬁ&%%h%ﬁ%‘emﬁf‘E?to or form an

effective electrical connection, which may ultimately reduce the reliability of the packaged semiconductor
device, or cabiddcalbciidicHuRgHha TRNARPOFTIS Ha R JracEsriiCoAUUIBR ST 1BAUIB] Larger
circuit boardsnsueh. avsarealled donetherbaasidls'iand dheosubsiyataes of thowalsee pligrand-play” devices

or cards, may,be configued o, carny a pLrally. of semiconductof deviges, As with ijerposers, the trend
with such larger circuit boards 1S aiso toward ever-decreasing sizes and ever-increasing densities.
Consequentlyorontaaimationnoftctive sorimsstid aBurfacesiohdrminialsay laditesiy¢hmatarial is increasingly

encountered Whan s QMIFAREMSIOL AEYIERS & h@SREMBE VTR | oGiRIGHI RRaLds o[RO7] Solder masks

are often used on circuit boards to facilitate the formation of solder balls or bumps on selected terminals
of the circuit K6BBYISHETR SRAHMG YRR fuaitiaacthBreBR et prenbitiing Semttrotisting and
adhering to otbed featuresohshadrretitRaasd forhe s eltatimaskaribat @imaisod, hikghilyboards are

E’;'lgi‘t"%fab“g P B S P & B g g AR M RO B58 8 e G pider masks may
shorting and failure of the packaged semiconductor device.

[0006] Larger circuit boards, such as so-called “motherboards” and the substrates of
so-called “plug-and-play” devices or cards, may be configured to carry a plurality of
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.

[0007] 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
mask which is, in turn, secured to the circuit board to which the semiconductor device is to be
electrically connected.

[0008] When conventional solder masks are used on conventional circuit boards, a

portion of the adhesive material that secures a semiconductor device to the solder mask may
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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 mask which is, in turn, secured
to the circuit board to which the semiconductor device is to be electrically copgegied, [004§)sWhen
conventional solder masks are used on conventional circuit boards, a portion of the adhesive material
that secures sifidinivdrdiabiorwevidebeyohd deldeicnraskherayebth@spoigendveiopdodcatitidiowuplaterally

outward, beyghfh thg.Auief-PE IRNEA@hIBR: semicAndEEotdaNiaRAqd onto connection surfaces of the
adjacent terminals of the circuit board. [0009] Some solder masks have been configured with recesses to

receive some of thel 080 Semgildiaskidiys haemetnBreed it rrates EThie NP8t it have great
enough volumessiadiesiamaltahths @xcedssadhesive natefiplchbt ds forteddeatkanegath a

semlconductorldewcg as tagenséﬁrgfciggggc%ts%ra é’s'lcv% IS § g%ir&lgitg Qr%e%og%% ggas%hagld, thus, to the circuit

board. Consé’é)uuer?ﬁﬁ/,otﬁ%n erminals of circuit boards are typically spaced a sufficient distance away from
the location awitiehdtistondieicpesipliespnafoadismicantgdtorecytsdde iy beldscupeddas tHaisireuit board is

to b_G_ pO_Sitior}ﬁQéi?&lii@%a?@.”@%ﬁEiQiﬁéHf}?&r%%eHﬂ%ﬁ?foW&'raﬁl Q%&QQE@%@&Q? Qﬁé&_@l@eswe material. Such
positioning of the terminals undesirably requires that the circuit board include additional real estate,

which preventd SCiragdistns s At UARdheionYisn e BirdURLILFEPTOBREY PhAE TATETRBILCE not aware of
any carrier susirateveossaldatdasksdiiersfed ithatbanmcobfiguied fie: Rievesiachesive material from

flowing onto I‘Ee cqnnection surfaces o%lg;e carrier substrate terminals while reducing the dimensions of
o canier S BN AR T TR T 00 1 The B et P BRI es a solder
mask for usetodcaicatyicegutsstitztehestishiabauditocitdsoaid T seldetamashié penfigared to receive

adhesive and RreYentiihg. saRefncanagting gy.ptherwise covering connection surfaces of the
terminals of the circuit board or other carrier substrate. [0012] A solder mask according to the present

invention includes JOMRbRBRIERTEE AR NS BNAFY FOGIOTATAA QUPREA IR ARl ferceadedisdiiient to the

device-securing legionsianed whishareaarfiguiatialress Yp aahesiveimatenatidamstidad ére configured

to laterall . . . . . . .
y the carrier substrate terminals while reducing the dimensions of the carrier substrate.

SUMMARY OF THE INVENTION

[0011] 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.

[0012] 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
the solder mask and the solder dams and/or recesses that are adjacent thereto may receive
substantially all of the excess adhesive material that is used to secure the semiconductor
device to that supporting region. Accordingly, the height at which the supporting region
positions a semiconductor device, as well as the depths and lateral dimensions of the recesses,

may be configured to provide a volume that will receive excess adhesive.
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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 asgmISARIUGIgE device
positioned upon a particular device-securing region of the solder mask and the solder dams and/or

recesses that are atjit&hinthediionntay peoeieoisiibstideiaimalPbfheokikcawsiapar siienthaterial that is

used to 590“[%&@135*8{}@109{5@}&1851 QQMIGE do dhatsHeRAtIng RIIGNHARE RN HeR&Ight gt which the
supporting region positions a semiconductor device, as well as the depths and lateral dimensions of the

recesses, mBYBERShiibfEHer eviag s plarcifdeilerelac sas ke atwids 18 November 2005

[0013] In additdonicanesafioieobibesdlderdiaihs afabesaldespradibamay extingdasenally ayer a

peripheral poggrc%gsof tQI% Cpe?r%e%tli%f] ﬁgg‘@g&tqjotar}g terminal around which itis positioned. The laterally
extending reglons%(%nea such'so ofer am may also provide additional surface area over which

adhesive material nié}14preaichiferardpitiingvbigdrtiantoldeemeskriespofidime terhsidsposathaaircuit board.
[0014] A circyt. hagrg:HaoRwhich Shesaldler wask is canfianerkip bedisRosed Mavuinelyde terminals

that protrude from, or are raised or elevated relative to, a surface thereof, increasing the volume within
which adhesitAS SRR Be YaE R piheibia AT MY Rilass o rdBe HYM®ESurface of the

circuit board mayipie pideralpadiauharsdesied thaaline beivwasiy thevicowpspieurindesitder dams and the

location at Whiclh th%outer eripherey of .semil%on uctor g%\l/iqe s§curef\d Ver the circuit board will be
- volume between thelr,Corr SB?I’I dP]%so €I dajns.aj € 1pcation at w % he outer . .
positioned. As an increased volume of adhesive material may be received between raised terminals and

the location atwyhioti the suaopdvipbredyvofcasamitormueteirdericenydil Bebpositiooed, the aterminals may
be placed cloger.[Rh el GREGSRAMRGING HRAHAGH Rcaten dhap e deminalinaf.eomientonal circuit

boards and interposers. In addition, the connection surfaces of the terminals may be located at an
elevation that9§ERss8r 15 e E1ov st oA Gt remid Ysis g ica tal bopraidianet-dMsemiconductor

device are pasitipnas oMEbd pcHTHIb RORY thoS ari@pulidial aneaanboibt afishengioseispasing and raised
elevation of thtfa raised.tertIninaIs the raised terminals of g circuit board that inc rpora Eteachings of the

. conventignal,Cir u1t’ oards and. interposers.. In a dIl n, thec nnection, sur S the
present inventiol may Acilitate tl?1e use o élﬁé]?ter ititefmediate’ conductive aldments between bond pads

or other cont&uitginflamay 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 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.

[0015] 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
boards” includes and encompasses all types of single-die and multi-dice assemblies, such as
multi-chip modules (MCMs) including different types of dice or the same die type, the latter
being exemplified by single in-line memory modules (SIMMs) or dual in-line memory
modules (DIMMs).

[0016] Known techniques, including the use of adhesive material and positioning one

or more semiconductor devices over the circuit board and in contact with the adhesive
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semiconductor device and their corresponding terminals of the circuit board. [0015] 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 gig SURRFbEMber formed
of any suitable material, including without limitation conductor-carrying laminates formed of various
materials, silieterol ghasdsutsstiates with depesitditadaycpiotolithodheprldcomtuectotdeceramic

substrates af]ﬂaﬁlﬂh%&ﬁ‘dﬂ@ﬁ@tﬁ@ﬁ%@ﬁﬂn‘%@ﬁﬁ%@ %&ngmier&mgmhtmm@&m {eEMTelcrit boards”
includes and encompasses all types of sin%le-die and multi-dice assemblies, such as multi-chip modules

(MCMs) inclu8My i et tses B Gt trdhedertigning g s i rs e BN EN&HBffied by single
in-line memondhaditesSINMear duglpsri g snembesodectes (b I\ EXuf0Bd:6H Kndie techniques,
including the use of gdhes've.m%teﬁial Eqd r more semi%ondufctﬁ)r devic?s over the

(]?1 ate cry o c

sitioning pne .
circuit board and in contact with the ac esrlvgy F lfg r(g’vg%%leraﬁ(%ée "hateria , mé\y be'tided to secure a

semiconductoreievied/ts Behanichoactbrderying A sskisrcimipsieteoeditgntpathbygheseficinvention. Upon

being broug%ﬁﬁ@ﬁﬂ%@%’ i&ﬁh@%ﬁvé‘ﬁﬁ?%Y@re@%ﬁfé@dr@&ﬁiﬂ\g%ﬂ@ﬁﬁﬂ%ﬁﬁg rstg{:{ipc}ﬁgagtgpsitioning. de\(ice
and/or gravity may cause adhesive material between a support region of the solder mask on the circuit

board and thd¥midBRIORBE G568 tghtoesreraifty enitvirt 2 diorrdchly 8LtRT PRIBHBRS G the support

region and/oribecséshicardbgtondeNvicarduatepiaciedoiipedmainaast thcpart bybhiedsptdesnimask will

receive adhesiye that is farced outward .during.placement of the semiconductor device. The volume of
adY1e51 a??rom on%l n hlf % p

. VE materi 1nati € teyminals
each adhesive recep{gctlee, as well as the helghts of the solder dams of the solder mask that laterally

surround corresponidhty texrrimadorsiuttier direwit voemdpreseperatigdsivhingatdribd frsnertontaminating the
terminals. [0Q1v] AzEMitARINEIRLASVEE AsseRYIRFARRAING IeAChiNgs 9f fhgRFRSeNt invention

includes a circuit board with the solder mask thereon, as well as at least one semiconductor device
positioned ovEPATRILKesderterR eBrusHoNagSspEH 1R gictireteRiss ePIHSk e Shtets of the

semiconductesidevieainapyhedletitcalnconnaste ddaceaiigsRunding deyrsnaésted the circuit board by
way of intermediate cgnductiv.eaqle t%nts su rg)aarlgllgads, bond Wirgs and conductive tage-automated

orresponding terminals of the circuit way of intermediate conductive element
bond (TAB) elements Carried” by a Y
such as leads, bond wires, and conductive tape-automated bond (TAB) elements carried by a

dielectric film. The semiconductor device assembly may also be partially or fully
encapsulated.

[0018] 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.

[0019] 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
combination of dams and recesses may be configured, with the dams being located adjacent
to at least one recess, opposite from the corresponding device-securing region. The heights
of the at least one device-securing region and the solder dams that correspond thereto, as well
as the depth and lateral dimensions of the at least one corresponding recess, may be

configured to provide a desired adhesive receptacle volume.
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dielectric film. The semiconductor device assembly may also be partially or fully encapsulated. [0018]
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 ,gogfigirge. ypeevent

excess adhesive material from contaminating the connection surfaces of circuit board terminals, while
facilitating the placdMfl sidgitevinlbodhd peaspnniiscrionarnclvdedy toathed dendrsieatng hichicthe outer

periphery of asemicansinaierdamcenwilper decaigdhamheierinals AR GaOventipnalpikyit board
may be placed relative to the location at which the outer periphery of a semiconductor device thereon will

be located. [GBBYA FRBHIHH oI TREIGHIAG BE SHichel PRAEK IPELBIIHERTE wHfi AT biksdtinvention
includes configuringdattiaastiane idgyicedsacisiigdradienivancgitleist @nme tamiadpvadivgnreeess or a
plurality of da}gns la Srgrllla/aad(j%centt ereto. Alte n%tfirvgé)é?c% Oc%mggnsaetr&lqgogglgca%@a&nd lecesses may be

configured, with the dams elr?ép%ncé]tléc?ea{n Ja?élehl 0 at least one recess, opposlI e from %heecorresponding

device-securfitguregiornhd piechi¢iorird, shitvefatilsaisicohe davissiaeeUnitygredion condudiersolder dams that

correspond t'&%‘iﬁ&ﬁltsﬂ% W@Uerﬁﬁﬁ!ﬁ@ Q%?%@%%Jé&ﬁ&%km%ﬁ%@% ghihs-atiea”) @peirQrtesponding recess,
may be configured to provide a desired adhesive receptacle volume. 5 18 November 2005 [0020]

Additionally, Hﬁ’érﬁresent invention includes a method for designing a circuit board to minimize
contamination of theptmminals: eenaef hylexeessdbesiverStamanethodllibelvgesganéiguring terminals
of the circuit bo%rd et(()) fprr%trude Eﬁfn seurrft %(reoof the cir uittli(pnogltrgla distanc({ee ghat w}lll ereovide a desired

adhesive recéoptta(%fq’le VO urlrlllgr?’a%erahl;/ etween lflgllé “Ferminals and a corres onalrrl'})él(s)e’mlconductor device

once the semicomeioiongldiivenpasubbidn agpowtaticteitive circuit board, while facilitating the connection of
intermediate conductive elements to the terminals after the semiconductor device has been secured to
the circuit board. [0021] Other features and advantc'ﬁ;es of the present invention will become apparent to

those of ordinary skill in the art th‘?&igﬁ PERSBEFALON OftH&E ﬂ%%ription, the accompanying
drawings, and the gppzndediainsinBR ik EpLeRIRTOS Mk fEtsTd ExBRAMYI BbSdiments of

the present invention:

[0023] FIG. 1 is a top view of an exemplary circuit board according to the present
invention, which includes terminals that protrude from at least one surface thereof;

[0024] FIG. 2 is a cross-section taken along line 2—?2 of FIG. 1;

[0025] FIG. 3 is a cross-sectional representation of another exemplary circuit board
which includes a raised die-attach location;

[0026] 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;

[0027] FIG. 5 is a top view of an exemplary solder mask according to the present
invention;

[0028] 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;

[0029] FIG. 7 is a top view of an exemplary circuit board assembly of the present
invention which includes a circuit board and a solder mask;

[0030] FIG. 8 is a cross-section taken along line 8—S8 of FIG. 7;

[0031] FIG. 9 is a top view of the circuit board assembly of FIG. 7 with a
semiconductor device secured and electrically connected thereto; and

[0032] FIG. 10 is cross-section taken along line 10—10 of FIG. 9.
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[0022] In the drawings, which depict various aspects of exemplary embodiments of the present invention:
[0023] FIG. 1 is a top view of an exemplary circuit board according to the present invention, which
includes terminals that protrude from at least one surface thereof; [0024] FIG¢s,8,550s5p8gction taken
along line 2-2 of FIG. 1; [0025] FIG. 3 is a cross-sectional representation of another exemplary circuit
board which includes a raised die-attach location; [0026] FIG. 4 is a top view of a circuit board with each
recessed area thereof being positioned gajgagnEe BE3efierrahine periphery of a die-attach location
thereof; [0027] FIG. 5 is a top view of an exemplary solder mask according to the present invention;

[0028] FIG. 6 is a tdf%RWGHLItHEreeiiBrar 288 detfseRrbt e hetaln il A RtoH! RYEA recessed
area of whichi (sisarpied djace Mcaponlyea tpatiiaps of the esgharnyenioa. dBvickseeditnguiegion thereof;
[0029] FIG. 7 is a top.view of an.exemplary circuit board assembly of the present invention which
nclades 5 oAb e T B S B e e ot Fic. 7
[0031] FIG. 92 wipeeieanofuhacsidéuihdosid zssermb|yoohm respitiddo seshidisradiachor device secured

and electrically.connesied shereiRaand %%]a%éﬁ-tﬁQé&%@ﬁ%éﬁ?%@Be@ﬁ%@ﬂi@Qﬁ ding L0540 of FIG. 9. 6
18 November 2005 DETAILED DESCRIPTION [0033] With reference to FIGs. 1 and 2, an exemplary

embodiment SF R rEUPHoxHY Pe 6 BisfiRte iRttt s S reamwE ndi {Fe! ﬁt‘e@'&%vention. The
depicted circuiht bannst 1€-ineludesea Guhptaiialivip!ananh sodsisate L 2 with dqakdr adity0f gdie-attach
locations 20 .on1 acffleﬁst one surface 14 thﬂ?of. T rn‘linaés 2 lﬁa corres é)c%dd}g- 59%9 1%ie-attach location

20 are positiélﬁcea a?erng)} %rtlﬁé?:ceer% Ei?‘l%llpe 0, ac Jgt(?er%l 0a aérrllbsl %rftivf%nf AN area of “Surtace 14 that will

be occupied BY mdenitosrrdustof device{patdowmindd@o.1 or FIG. 2) that will be secured to the
corresponding die-gj l9aRHEAR 49Uyl ReAE LAY ARG AL IRasheng Ereessed area 24

located at least partially between each die-attach location . _ _
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.

[0035] 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
boards 10 that include die-attach locations 20 with circuit traces 28 extending thereacross are
also within the scope of the present invention.

[0036] Each die-attach location 20 of circuit board 10 is an area over which a
semiconductor device is to be physically secured. By way of example only, bare
semiconductor devices, packaged semiconductor devices, or multi-chip assemblies may be

secured over each die-attach location 20. Die-attach locations 20 may reside in substantially
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20 and at least some of its corresponding terminals 26. [0034] 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 gaxfigd, L iRQR&y3e or both
surfaces 14 and 16 of circuit board 10, or internally thereby if substrate 12 comprises a multi-layer
laminate strutteipemaplpnows ithaioopm¢apensliag sedprtultivié tracbhevasiafdGrrhnged. ior sehmzayway as to

establish CO%@M@&?E@He%%?&ﬁiﬂ%%%éﬁ&B@%@Hﬁ‘&iﬁ%@ﬂ%@q\l&’,ﬁ HafdGnds AesfdGn3) of one or more of
the semiconductor devices (also not shown in FIG. 1 or FIG. athat are electrically connected thereto

and other cofiffgrrahrlang O ha ol A8 AipitehiI6F & computer, other semiconductor devices,
or the like, which mpydH TarnigchB\ 6cisCuitchiodsdrd Qmirexierngddberetofd@ establisbregriimunication

between the leads or congagts. a se icondu evice.that h%s l%een secure tg %ircuit board 10 and
suc arv]vaaP/tas O. aa@a eté)R cemerclf uc Ot Shown 1n

E)(%rin ermediate %)n 1ve elelaetn S (n
componentry exter O CIrcult boar , conductive traces 2 may extend to connective elements 29 of

circuit board K8 suehtdG .sb- catleds Ishdg-aned prags topecsdimtectors ssconttdryordimdndisBeonductive
pins, or the likp, {0030 AHRGHE R S SHE GAts REeiRIRSLInATcoRALGHIMR Hiaces s donnRtgxiend across a

surface 14, 16 of circuit board 10 in the area of a die-attach location 20, circuit boards 10 that include
die-attach lo&tSHLIOE RN GRctithriaEB dg 8 Rhith g TReasinrg Songteadieb aRitdiAcait scope of the
present inventaiicdzt]ridach digoatiach pcatmn I0KGCirruidaasehithianfaieaioveryhich a

semiconductor Eievice IS to be ﬁ)hﬁjcal% eCLH’.eH. By way of (elxamIRIe orajy bare. s micrl)ndu tor devices,
mc udea a (iOHl’lgCth surface O \ﬁ ich the’co onding itermedrate,conductive elemen .
packaged semiconductor devices, or multi-chip assem may~be secured over each die-attach location

20. Die-attach kvecatidris @ahial) elsidealcsubstaictiadly kI8 MdbertierR006 atdetsame plane as their
corresponding,sUtfacRiddvdfi gishown 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. [§83%) Asiiniaeolatisns 4 BbarauiPared dfamjeyofiormdtifrawdasa 146 thereof in
such a way agpta fakitikate {heeplacemenicafsinie isradiate condpesivalielvanis (oetsiwangdn FIG. 1 or

FIG. 2), such as leady. RANA WIS TS aRSUcHY S aRs - altiomated,bonding { TAR hown 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 is 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.

[0039] 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
techniques and copper filling or plating may be used to form terminals 26. Also, each
terminal 26 may be plated with a material, such as gold or another so-called “noble metal”,
nickel, or a combination of different plating layers, that may enhance the adhesion and
electrical connection characteristics of an intermediate conductive element thereto. Such
plating may also be effected by known processes, such as by electrolytic, electroless, or

immersion plating techniques.



elements comprising conductive traces carried upon a flexible dielectric substrate, in desired orientations
between each terminal 26 and its corresponding bond pad of an adjacent semiconductor device (not
shown in FIG. 1 or FIG. 2). Each terminal 26 of circuit board 10 includes a cqR@ion, sisfage 27 to
which the corresponding intermediate conductive element is secured to establish electrical

communication betW¥dfltHatiternalRB) atg inslodereapondingebordspddroidgpmblegssssdme terminals

26 of circuit bpay @4119558f gL Mg&fégﬂbgﬂﬁéﬂé@ﬁﬁré&i\%@t HRRNUICH they s GRS e Rathisuch terminal
26 may protrude above its corresponding. surface 14, 16 by a distance DT that will prevent excess

adhesive matB#dF fReedrawri s ma Shieaechylogatien TR 20 Bre 5 Berid l 888 it s RS nductor
device to its @sarikespendiRg tigaitaehieecation BacHhieardening oniaandbihinsatoniaminating connection

surface 27 of they (eminal 26, Jnaddiion, connestion sutage 27,0691 Rroupsing terming, 26 may be
positioned at an elevation abbve |P§corresponcﬁng surtace iﬁ, that racilifates the connection of one or
more intermedishevwonubiéiive elewiantsedersets Phes sl sedhgmapbepashiicophbittionysurface 27, as well

as the possibly.clpssnppsitisning ot sachramingk 26.L8/RINRA 6. cotraspnding digsattach location 20,

may facilitate the use of shorter intermediate conductive elements between each terminal 26 and its

corresponding‘bShdBAa* GPOIREY ErEePordi v discHigh Lo R0 A8 ¥R BFRICISr device is
secured and aaleetecaly aolrne ghad A0ycicagit e a¢chit OnJOS3L{ichermimalsB6 seititsidiidieard 10 may be

fabricated by any suitable, known technique. By.w f example only, an, electrglytic process that
employs kot iy ek T o e e B P 0 R R 6. Atso,
each termina#2@4mayyhésplatedllyithtanhatesiaitislictraspgoitiay ahetbietesoigal Kdthaoble metal”, nickel,

or a combinafign.of lifferemt Riatng Javatsathat mawenfanee dhe.adbesianang . RIagHisal connection

characteristics of an intermediate conductive element thereto. Such plating may also be effected by
known proce88i§8! Sl A8 Y EratdiyfidoERIERSRSSY, RIFVRiFRE Ri6T HidbiFy febAlHRIdE™ 18 November
2005 [0040] tiositagishoand déhalsminclydemenposuitace 1eerssed areas 24, each recessed area 24 may
be sized and configyipd fGfeCelve At eRR; SOme QLS SRR aaneshie, MIeNal k 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.

[0042] 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

electrically conductive features of the circuit board or structures carried thereby, such as

conductive traces of the circuit board, connective elements of the circuit board, and devices

that have already been secured to the circuit board, as well as other terminals of the circuit

board to which bond wires or conductive TAB elements are to be subsequently secured.

[0043] Each dam 46 of solder mask 30 contacts at least a portion of a periphery of a

corresponding terminal of the circuit board (e.g., a terminal 26 of circuit board 10) so as to

9



that is forced outwardly from a die-attach location 20 of circuit board 10 as a semiconductor device is
secured in position thereover. Each recessed area 24 may substantially laterally surround its
corresponding die-attach location 20, as depicted in FIGs. | and 2. Alternativgly ngs.5impi3 FIG. 4, one
or more discrete recessed areas 24'may be positioned laterally around only portions of a corresponding
die-attach locatisn20lden friey floadheretisse thardamaih, 24 it agreexpondingtadiscenr tespoabiifg die-attach

location 20 sq RS 1QO¥RHARRSTIRNEN P AN Tue Pend &t laastRatiaiyPansail Regmicenductor device
when the semiconductor device is secured into position over that die-attach location 20 (see FIG. 10).

Recessed aré34epRagy3(pevaity 9xeeisayaaitisn @'stn et mme dindnphEarBdeH minal 26 that
corresponds whitieicoseaspoadirg dignaitactictocatiate20othierebynafiectiyedytipeieasingdtie height of each

such terminal 26 far.purposes of venting excess adhesive material from flowing onto and
contaminating SNk e A 7 R TOGNT] TETAg Hon s P, i U podiment of
a solder maskoB@sismdye tormanglsrface of a circuit board, such as circuit board 10 of FIGs. | and 2, is

lllustrated. Solder mgglPRJIACKAET 7 Pi@i‘fai"btye%}{j&z[ﬂl%éﬁ&ﬂ;ﬁﬁéﬁ&@é‘f&%ﬁ%‘} QA grround

corresponding terminals (e.g., terminals 26 of circuit board 10, shown in FIGs. I and 2) of the circuit
board. As showhhirFiecomfiggigd insasdovaiaypargbardiedns afpheretiycstioevieieeetilfing regions 40 to

which semicougugiondayicasimay-Re sembebnAlatc soldatmask 20, inslddas prg K more
device-securingéegions 0, it may also include at least one rece@sed area 44 adjacent tg each

device-securf®g 8hi A 6 BB AT EBIFEF MnaRSY Vi’ RBHELT H B L BRSeOBPARBIHE? electrically
conductive joilmi-fonnzictgp matéaial itlgyta mpating tivenedaistoofien, ioenaudtae-filledthepaxsieetn) (not shown)

from CO”taC“{h%r‘é%fioli“@i%%“dlﬁ%ﬁfﬁocljir‘]é&ge_%"’}'é atﬂ%ﬁ&l%%@ﬁfiéﬂ%r sida Y GRRSHE R canductive

joint-forming materials from aging thecircuit board, as well as from wetting and, thus, adhering to

and potentiall§rearaiRG BRYGEcBIE ORI e b prea kidibamsy ddhvicRnrs fer fures f THbatircuit board or

structures cagrigsktereishstahasi¢oriitivg dsagas Rfshecikcyib haatd pepnnestive @lgments of the
circuit board, and devices that have already been secured to the circuit board, as well as other terminals

of the circuit YEHPYTY tich BESPWIEE SPROHISiTETAR SIOMERIO L 8 Be subsequently secured.
[0043] Each dam 4§06#3pkleshmas knFAECohtacis dinletsis apoigiondabapeupheiy oftac corresponding

terminal of the, citeult BPALA (&3 AAREMUNRLAS A Sy UL DA% Rage 47 (FIG. 10) that
extends over the entire peripheral edge of the connection surface of its corresponding
terminal.

[0046] 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.

[0047] 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
way of example only, an adhesive material, such as a suitable epoxy, thermoset resin, or
pressure-sensitive adhesive, may be used to secure a semiconductor device to a device-
securing region 40 of solder mask 30. If the adhesive material is in a liquid or semisolid state
as the semiconductor device is positioned over device-securing region 40, some of the

adhesive material may be forced from between the semiconductor device and device-securing

10



9 18 November 2005 prevent solder from flowing between that dam 46 and its corresponding, adjacent
terminal 26. Also, the distance DD (FIG. 8) each dam 46 protrudes above a laterally adjacent location of
solder mask 30 prevents excess quantities of the adhesive material (not showg ), FlGp ) gyBich is used
to secure a semiconductor device (not shown in FIG. 5) to the circuit board over which solder mask 30 is

positioned fropgiflovihéperabydra ondus, drienresinheminbthegdmicondustpiotading tarhtdmalsl Jang4] As
depicted in Fig 19 upachdapbAinaineivde @dairiallyaxiansingdsaeesddehich # configured to

extend over a peripheral edge of the connection surface of its corresgonding terminal (e.g., connection
surface 27 of termid804¥) TP dereenrrdtics BelikdHmgd ibat i ehitkes prabeit eXekss iR material from
flowing onto ane demtasvinatioghtihenaanheconstisfacenisthotithenpeding aehnecinimokasmintermediate

conductive element thereto, Thu§ the P%ei ht l—éo Ieggee 47 relative to the connecti&p erf ce 27 of the
. or I’Il(fI’E €CeSSEe(l arcas ma erEI'OVldp be cn eacﬁ %VICC—SC ﬁ%m%re 10N 4U and a .

adjacent termina may be small enough, and the area and shape of the tonnection surface 27 that is

exposed throleg# ssmiatel #Hy resronediod deras7Amaljable ieaggecd g, i ypbarmsitdzoemegtichatequipment

(e.9., a wire handing £ARIIBNO. R ACEEIMING FANRERHON S0 [00AAl ASIShRW TR El G, ach dam 46

is configured to surround the entire periphery of its corresponding terminal. Also, each dam 46 includes a
ledge 47 (FIGSHO it RiGerbs 9var tite i papHL LaVdto BF the e8RRaLaurr_ hface of its
correspondingigieminatof @4kl kaechuaaviceseausigriegiogsH4of solder mask 30 is positionable over a
corresponding die-ribt&@yggstion aof c'grcuit bqard ey 2 di ﬂ%ac location d2% 192‘) uctierrcuit board 10)

S IS

over which solder 8%%%0& ionéd. Bams 46 of Solder mask 30 that E’:orrespond to a particular

device-securimvgipbginA24g gy dseipositiorieg tegeradll). adjrcentvidy thatdudickbis EtUripgregion 40. [0047]
Each device-ggcuringteg@ion, 49.0h,30ldenRarh 3P 5 LfGWRY IBARTRIVEA ReIPiRipauStgh device, such

as a bare semiconductor device, a packaged semiconductor device, or a multi-chip assembly, and to
have the senfibBRERIBIBPTHERECL Yertireer ihetettoney) Alss) b @dsknille B M thedivRMRErial, such as

a suitable epexy, 10esMASEhERSIBc Rt PIRERUE SRNSHIE QONRIIYENMBY BENUS S ih SAWHera
SemiConduCtggr(ijpel}/eircyeotfoaas'e?neigci)(r:l%{lctor device will be positioned when the semiconductor device is
secured to device-securing region 40.
[0050] 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.
[0051] 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. 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
to form solder mask 30 from one or more layers of a photocurable polymer by selectively

exposing regions of each layer of photocurable polymer, one layer at a time, to cure the

selectively exposed regions.
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securing region 40 of solder mask 30. If the adhesive material is in a liquid or semisolid state as the
semiconductor device is positioned over device-securing region 40, some of the adhesive material may
be forced from between the semiconductor device and device-securing 10 18 NQuemRgr 2885 region 40,
laterally beyond an outer periphery of the semiconductor device, and toward dams 46 and their
corresponding termif@d3lof uhaing reent toddfeh thand fderlrxemplelef hraski8dofoLB8} M ¥Urther reduce the

likelihood thaj GRA¥RRES RARRSY EiRAIYIRH MM low QURIARIR 467304 FRBIFHRIRAIE G £onnection

surfaces of their corresponding terminals, one or more recessed areas 44 may be provided between
each device-8EBSMESFBLIBFREPAN at least some of its corresponding dams 46. Each recessed area 44

may have dimensioihph ag.cenfiguiadderieceiug substantisiy@lofithe excersadhesive material that
is forced from between a semiconductor device and the adjacent device-securing region 40 when the

semiconductficaboicRiLssctstr R Hvpbstiing i gitiiced. foplelias LHeWRRISEE 1%, a single

recessed aregoddidataralvsusrRunsizan @UBErHBREINNSY f diehaadhislevise Becuring segion 40.
Alternatively, as depicted in FIG. 6, one or more recessed areas 44' may be positioned adjacent to only

portions of arciEpHetiphrarrds 5 vifrespantnEbaetiAlE UG FAGRPRACEESIer mask 30. In
either event, @s,shRwm dix5kGi420, one or more recessed areas 44" may extend beneath the location at
which an outer pergiggée@ra‘/1 of a semiconductor device will be positioned when the semiconductor device is

secured to device- g dgia 03 (00st T s HbpHiabK conH Ay EsH pls el et ariigi element that is

configured todagicalignashsalative 107 pRsitianesbavar and RetwRd (RE-aviik@padhasvaisaterial) to a
complementary circuit board, Alternatively, solder mask 30 may be formed on the circuit board. [0051] A

variety of kndWesIataE8 AloebsueutheyrbiomBIafuHce iRt 46Iddmnidrmans &t aligasdtely from or
on a circuit beaidaRypwiayoat xTE KoindkIRMpoRRlthedrRRhY IaehRidussarwhich jaclude the use of

a liquid photoresist material, a pattern on a reticle to be copied to a layer of the photoresist material,

radiation of aSBAALHEMYADe By tHISRE N e LB SEIEY e FEREYP HE 120 B FIT L8t material
through the kgtigle: andresistiavaloperbehetitalsHst preRPaIsRata i sacwilhnthe phetoresist

recessed area 44” is positioned between each peripheral edge 43” of device-securing region
40” and dams 46” that are located adjacent to that peripheral edge 43”. Thus, each recessed
area 44” is positioned over circuit board 10” so as to extend laterally from a die-attach
location 20” thereof to terminals 26” that correspond to that die-attach location 20”.

[0055] 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.

[0056] 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”7, some adhesive material 60 therebetween may be forced beyond an outer
periphery 54 of semiconductor device 50, toward dams 46” of solder mask 30” and their
corresponding terminals 26” of circuit board 10”. This excess adhesive material 60 is
received within recessed areas 44”, as well as between outer periphery 54 of semiconductor
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material. 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 to form solder mask 30
from one or more layers of a photocurable polymer by selectively exposing regiQps.f.eashyayer of
photocurable polymer, one layer at a time, to cure the selectively exposed regions. | | 18 November 2005
[0052] Turnindgvionstbakd@sm? 4(rchBsadeerauhple chat aiequitibonsd absemibiyassisidedicted which includes
a circuit boarfl 40, f0d.a SpIAELMAsk, 3 AIGRIROTRIGIEARNIDAS, of I presgjnvention. [0053] As
shown, circuit board 10" includes a substrate 12" with a single die-attach location 20" on a substantially
planar surfaceetighetysréof. sanphoralitst@fderieiflseddinspiesitiosrdearmsiBeind mdfasdtt to a periphery

23" of die-attaei IcAlOR.a0ve ; L fialf MRS LE PIOLHAGS SRR U RFR A4 R RHRSIANMAllY the same

elevation relative to (e.g., over) surface '14". [0054] Solder mask 30", which substantially covers surface
14", includessamieRjldudeneaieeed Ard dadteriworingaesioalithed widsameapbdfitioHuy. der at least a
portion of die; aitaght losRHRLRLRbIGis LI Reah AN . InAdditian dams ¢ ohealdssmask 30" are aligned

with and positioned laterally around corresponding terminals 26" of circuit board 10". As shown, dams
46" may subSAHEANYISERIRIQUTHEERE tehnfihadomt (8 RIyConnection surface 27" of each terminal

26" or a portion theygpé ey expesRdhyg-aagh AR A0 2A afacRsSeIbal6a Adcdspositioned between
each peripheral edge 43" of device-securing region 40" and dams 46" that are located adjacent to that

peripheral edije®13% Thu ecitgridraeed dd Weandsecrsisdsitranédt ddeptbivetifecnek 26+ LY 85 to extend

laterally fromigeGirsRitaeRchaoatian 25 vihe rnbin denminalsdtrothabsomaspprd daihabdie-attach location
20". [0055] In FIGs. 9. and 10, assembly and electrical connec%?ﬂ)gpf semiconductor devices 50 with a
[

strip 2 compri8ii e plurality OPURGaPerd Lirc O BEUPE RstashBIEE T i GRSty c1its6]
Semiconductoreauiadao0i ey the prise: i batesamices dactiardiesrgsGepicied thei a packaged
semiconductor device; Also, sem{aconductor deyjce 50 may comprise a single s_emi,c%QdL(i(S:tor die or a

multi-chip asSEMBRYA A6 PSURILRS <4 du0e st 'sg! convenional circuitboar

may be positioned relative to their corresponding die-attach locations.

[0058] 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
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”.

[0059] 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 may be disposed on
semiconductor device 50 and intermediate conductive elements 70 (FIG. 8). Alternatively,
semiconductor device 50, intermediate conductive elements 70, and at least adjacent portions

of circuit board 10” may be encapsulated in a molded package.
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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 g semiGRRAYEE3r device 50
is positioned adjacent to (e.g., over) its corresponding device- securing region 40", some adhesive
material 60 therebet(88h ividpusd thedetstuyp desaiipt ovetoriairip Nery Sacolfiserthesndaetdmdevice 50,
toward damsd&oRfRRldes magkSe dRBIL CHTESPARAINGIeHIRRIRISAS pfsifgHE board 10 This
excess adhesive material 60 is received within recessed areas 44", as well as between outer periphery
54 of semicoHHiERIO20f SNBVEHESTP6BS) BeliceSerind BSRiS 48mER<6IABChTANC S tHaL are
positioned adjaaerihterissaaigied deiminala Aaloafoidepitdreardipitiner vobpens defredhy recessed
areas 44, outer, periphen o4 of semiconduciar devics, % and dems 40r,af soldermasly 30's preferably
sufficient to receive subs antlaffy all Of the excess adhesive material 60 forced Trom between
semiconductor deviceasonarideissape osdeumignteyion horetfreolibeatnd sk BOMiTH 99ty theollective volume

prefe.rably pr%}!ﬁ&%&e@@ﬁ%@’%ﬁ‘ﬁ@ﬂ@g@@e &%lgﬁ’ééfiPﬂhef‘iﬁ’aﬁ%@‘?ﬁ@?or@zgﬁﬁ?%&fréfnﬂﬂﬂ?%ipn surfaces 27"
of adjacent terminals 26". [0057] Any combination of raised terminals 26, 26" and dams 46, 46", recessed

areas 24, 2494 e dRlHRYY A9, Moitrriivas L tsdurabsu4s direlgped Ssraidy ek 8B 8iRf the
present invenheoménniy pravscsrditesivematemab® apmcantarimating connection surfaces 27, 27" of
terminals 26, 26". Accordingly, each of these features of the present 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.
[0058] 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 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
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50 and their corresponding terminals 26" of circuit board 10". [0059] 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, intefediats: sgisluctive
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" typeAdMapsulant material 80 may be disposed on
semiconducteyleyice.pReand intermediate conductive elements 70 (FIG. 8). Alternatively, semiconductor
device 50, intermediate conductive elements 70, and at least adjacent portions of circuit board 10" may

be encapsulated in & moldb&HER5E f931 48R GAHIBET P {6088 ¥ough the foregoing description
contains many kpacificgetheseahtigdepoin be consgicuadfasclwhitingolider sege of the present invention, but

merely as proyiding illustrations of some of the.presently preferred embodiments. Similarly, other
embodiment=: ST oAk S APe T e DR Ta JLS STTBIe SRR of the present
invention. Moreovetafsakiyredideonh tdiffdpasitaanaittiodind @riestomeh efithagiioer sastiseeemployed in

Combi”{ition-aﬁlﬁs%%ﬂ@?e@és‘s}&@ éi@é’&?ﬁg%d%&%éﬁf@f@ati[QL@%;Eddeﬂgel—i@&ﬁgl _Eﬂgﬂ%( atmt@p‘rgended claims
and their legal equivalents, rather than by the foregoing description. All additions, deletions, and

modifications to thelfAVeMidRmEyHRTSEEhe iR AhreHradamMFm e A AT LA $8BYSe of the claims
are to be embracecdetberiahyasldel NovenryReQbcidlMGdA/hat is claimed is: 1. A solder mask for use
on a carrier substrate, comprising: at least one device-securing region on an upper surface of the solder
mask; at least one dam on the upper surface of the solder mask and configured to be positioned laterally
adjacent to at least 2 portibheophl¢emialfofdtine carherisubstralgsaoiedstroneaeitagsaddoarea located

between the af|eash RRRJEVICaIERYHRE RPN 3 ThRiah JEASLANLHAT AR LAPEE RIGEQS the at least

one dam being located at least the same elevation as the at least one device-securing region.

3. The solder mask of claim 1, wherein the at least one dam is at a higher

elevation than the at least one device-securing region.

4. The solder mask of claim 1, wherein the at least one recessed area extends

substantially laterally around the at least one device-securing region.

5. The solder mask of claim 1, wherein the at least one recessed area extends
substantially laterally adjacent to only a portion of a periphery of the at least one device-

securing region.

6. The solder mask of claim 1, wherein the at least one recessed area is
configured to receive excess adhesive material forced from between a semiconductor device

and the at least one device-securing region.

7. The solder mask of claim 1, wherein the at least one dam has a height
configured to prevent excess adhesive material forced from between a semiconductor device
and the at least one device-securing region from contaminating a connection surface of the

terminal.
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2. The solder mask of claim 1, wherein the at least one dam is configured to extend laterally over at least
a peripheral edge portion of a connection surface of the terminal. 3. The solder mask of claim 1, wherein
the at least one dam is at a higher elevation than the at least one device-seclyiQg&giens¢ys he solder
mask of claim 1, wherein the at least one recessed area extends substantially laterally around the at
least one device-seturing Yegiotles nake didan hadicsicihimt lcaprmeile tive-stoleing wawrdeessed area

extends subgiaRialbalisrally AHIRCE PSRRI HHRSHOR PR BERIRMRILRI RS Ac\aaSh OBk Heyice-

securing region. 6. The solder mask of claim 1, wherein the at least one recessed area is configured to
receive exced¥HEResive material forced from between a semiconductor device and the at least one
device-securing region. 7. The solder mask of claim 1, wherein the at least one dam has a height

configured to prevept excess adhe%sive materpl forced fr?ﬁn between a semi orbductor device and the at
. connection élement ? east € semicon UCF(%IheCthé)?minal 15 18

. . %l’l T C Hég a
least one device-securing region from contamina HEJ connection surface o
November 20081081sThige solder mask of claim 1, wherein the at least one device-securing region is

configured torgarivgRNY RRR AR Rfiaihatigmysurface of a semiconductor device positioned thereon. 9.
A connection element for carrying at least one semiconductor device, comprising: a substantially planar

substrate including:2atTh8P6 HE R ARSIy ORRSE U ihscR b aRdaly AR Finar substrate;

and at least one die-attacindocation; and a solder mask on the surface of the substantially planar

substrate, the solder rl’na§k incaudi : 'ilt least one device-securing region positioned over at least a
. att cas an 1e-at %}} ocation; . i
portion of the at least one “die-attach location’of the substantially planar substrate; and at least one dam

located betweenldhenasdsie astlonaidiecattaohsideativnl el dive atbigese, the solder mask including:

at least one device-securing region positioned over at least a portion of the at least one
die-attach location of the substantially planar substrate; and

at least one dam located between the at least one die-attach location and the at least
one terminal, the at least one dam having a height that is at least a distance the
at least one terminal protrudes from the surface of the substantially planar

substrate.

10. The connection element of claim 9, wherein the at least one dam of the solder
mask extends over at least a peripheral edge portion of a connection surface of the at least

one terminal of the substantially planar substrate.

11. The connection element of claim 10, wherein the at least one dam of the solder
mask is located at a higher elevation than the at least one device-securing region of the solder

mask.

12. The connection element of claim 11, wherein the at least one terminal
protrudes from the surface of the substantially planar substrate to a higher elevation than the

at least one device-securing region of the solder mask.

13. The connection element of claim 10, wherein the at least one terminal
protrudes from the surface of the substantially planar surface a sufficient distance to prevent

the connection surface thereof from being contaminated with excess adhesive material forced
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one terminal, the at least one dam having a height that is at least a distance the at least one terminal
protrudes from the surface of the substantially planar substrate. 10. The connection element of claim 9,
wherein the at least one dam of the solder mask extends over at least a perippgial£gdge pydion of a
connection surface of the at least one terminal of the substantially planar substrate. 11. The connection
element of cl&ipmbotwehe thirptiras ledt drreseeimingfrigeos oltibr seraisRidugiontstied ephigher elevation than

the at least oge (e cRBESHANYLeLRN QIVibE Balder ImaskhddviRa &R cign.element of claim 11,
wherein the at least one terminal protrudes from the surface of the substantially planar substrate to a

higher elevation than the at least one device-securing region of the solder mask. 13. The connection
element of claim 1014vhereir thamtizasii@nenteriniat Probdaciasiecnbinasinfatanaf dissabstantially
planar surfacF qh%ymgf'g@etsdistance to prevent the connection surface thereof from being contaminated
with excess adhesivé material forced 16 18 November 2005 from between the at least one
device-securing regiblsaheng weasicdathadtomdenide yderst seediingtafitiee samivshdiaetdeatevice to the at
least one device-securing Jggigmhit4. The connection element of claim 9, wherein the substantially planar
substrate further includes: at least one recessed area between the at least one die-attach location and
the at least one terminal. 15. The connection element of claim 14, wherein the at least one die-attach

location substantiallyslateraly siitetnes ieeat (Eastionel denes rsheuring segidic ktadihe connection

element of cl?im 14, Wh(—grein h? {a\t Iﬁast one gie-attf%(l:h locat(iion. is located laterally adjacent to only a
. ocation sub? ntial a e]ia surrounds the at [east one. eVl(if‘7-SQ?HI‘11’lg re%lon . .
portion of a periphery of the at'least one device-securing region. 17. The €onnection element of claim 9,

wherein the solder mask further includes: at least one recessed area located laterally adjacent to at least

a portion of the at lQ%.St Oﬁﬁed&\ﬁﬁ&ﬁﬁpéﬁgﬂlgtﬁe&igﬂim 14, wherein the at least one die-attach

location is located laterally adjacent to only a portion of a periphery of the at least one

device-securing region.

17. The connection element of claim 9, wherein the solder mask further includes:
at least one recessed area located laterally adjacent to at least a portion of the at least

one device-securing region.

18. The connection element of claim 17, wherein the at least one recessed area is
configured to receive excess adhesive material forced from between a semiconductor device
and the at least one device-securing region upon securing the semiconductor device to the at

least one device-securing region.

19. The connection element of claim 17, wherein the at least one recessed area

substantially laterally surrounds the at least one device-securing region.

20. The connection element of claim 17, wherein the at least one recessed area is
positioned laterally adjacent to only a portion of a periphery of the at least one device-

securing region.

21. The connection element of claim 9, wherein the at least one dam has a height

configured to prevent excess adhesive material forced from between a semiconductor device
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18. The connection element of claim 17, wherein the at least one recessed area is configured to receive
excess adhesive material forced from between a semiconductor device and the at least one
device-securing region upon securing the semiconductor device to the at leagt Qpe.ffuics;gecuring
region. 19. The connection element of claim 17, wherein the at least one recessed area substantially
laterally surrcuddketpideasieasdorieccieritirseivinf ragioranaing cepimeetion eiérpent G claim 17,
wherein the gt jeasi-apgiggessed area is positioned laterally adjacent to only a portion of a periphery of
the at least one device- securing region. 21. The connection element of claim 9, wherein the at least one
dam has a height configured to prevent excess adhesive material forced from between a semiconductor
device 17 18 Novernber 2005camiddfien alderst onaileviceseduningateégiarvomme antantinatiag a

connection syrfage qf e, i, lsast ans terinal, 22, Fhs conneption slement of dlaifn,a, wherein the at

least one dam is con guredy 0 exteﬁ%ftlg er%ﬁyeoverc%? east a perip edge portion oflta connection
surface of théeast fegderiealerminal. 23. A semiconductor device assembly, comprising: a carrier
substrate including: a substantially planar substrate; at least one die-attach location on a surface of the
substantially planar substrate; and at least one terminal protruding from the surface of the substantially
planar substrate; a%Solder SBICOMHETAFHISE at58PASTAMTNRY: at least one device-securing region
positioned atdeasigpataliyouaiibi@at least one die-attach location of the carrier substrate; and at least
one dam positioneda% '%ca%gtﬁo algn%rrigs)lt}.%rtaltg‘dge of the at least one terminal of the carrier substrate; and
at least one semiconductor devite secured t6 the at least one device-securing region of the solder mask
with adhesive matesnidkaekoesdiaditadivecatiaterial lnetuedbdtnwbstantipByipheralsebigatof thé at least one

semiconductor deViﬁQ&%%Q&&kﬁ@ﬁB@HﬁWnﬁq the surface of the substantially planar substrate;

a solder mask on the carrier substrate, including:
at least one device-securing region positioned at least partially over the at least one
die-attach location of the carrier substrate; and
at least one dam positioned adjacent to a peripheral edge of the at least one terminal of
the carrier substrate; and
at least one semiconductor device secured to the at least one device-securing region of the
solder mask with adhesive material, excess adhesive material located between a
peripheral edge of the at least one semiconductor device and the at least one dam, a
connection surface of the at least one terminal of the carrier substrate substantially

uncontaminated by the excess adhesive material.

24. The semiconductor device assembly of claim 23, wherein at least one of the
carrier substrate and the solder mask includes at least one recessed area for receiving at least

some of the excess adhesive material.

25. The semiconductor device assembly of claim 24, wherein the at least one

recessed area substantially laterally surrounds the at least one device-securing region.

26. The semiconductor device assembly of claim 24, wherein the at least one
recessed area is located laterally adjacent to only a portion of a periphery of the at least one

device-securing region.
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connection surface of the at least one terminal of the carrier substrate substantially uncontaminated by
the excess adhesive material. 24. The semiconductor device assembly of claim 23, wherein at least one
of the carrier substrate and the solder mask includes at least one recessed areg foL I8eehipy at least
some of the excess adhesive material. 25. The semiconductor device assembly of claim 24, wherein the
at least one recessed area substantially laterally surrounds the at least one device-securing region. 26.

The semiconductor gevicerpssembiy Rl Haidyv#4 MRRIRININeAhleas) Aleingces iel¥Radiriocated
laterally adjacent to only a portion of a periphery of the at least one device-securing region. 18 18

November 2088%7S F 1P SeHiRbiatctsndelice iy ssmBp sPerithcoss imdeain! the 4t'fadiBne dam
includes a togepoiition that extends laterally over a peripheral edge portion of the at least one terminal.

28. The semiconductor device assembly of claim 23, wherein an intermediate conductive element
electrically connects at least one bond pad of the at least one semiconductor device to the at least one
terminal. 29. The séhiconbictomgevibistasderitsipsesfoidinef2daifodhey boynipAsimégrarsdricapsulant material

covering at leaghthg parmediaie ceaetive alemertand qileash 3t RRriiar.ef Jhe at least one
semiconductor device. 19 _
semiconductor device to the at least one terminal.

29.  The semiconductor device assembly of claim 28, further comprising:

an encapsulant material covering at least the intermediate conductive element and at least a

portion of the at least one semiconductor device.
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