SEM CONDUCTOR DEVI CE PACKAGE AND METHOD OF MANUFACTURI NG THEREOF
BACKGROUND OF THE | NVENTI ON 100011Enbodi nents of the invention relate
generally to structures and nethods for packagi ng sem conduct or devi ces
and, nore particularly, to a sem conductor device package structure that
provi des a high breakdown voltage and | ow parasitic inductance.
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rectifiers in power electronic circuits, such as switched mode power supplies, for
example. Most power semiconductor devices are only used in commutation mode (i.e.,
they are either on or off), and are therefore optimized for this. One common power
semiconductor device is a high voltage power semiconductor diode. A high voltage
power semiconductor diode operates on similar principles to its low-power counterpart,
but is able to carry a larger amount of current and typically is able to support a
larger reverse-bias voltage in the off-state. In use, high voltage power semiconductor
diodes are connected to an external circuit by way of a power overlay (POL) packaging

and interconnect system, with the POL package also providing a way to remove the heat

generated by the diode and protect the diode from the external environment.

[0003] In order to operate efficiently, semiconductor diodes require dielectric
isolation between their anode and cathode junction as well as a low loop inductance
between the anode and cathode. With respect to providing dielectric isolation between
the anode and cathode junction, a high dielectric material that is capable of providing a
high reverse breakdown voltage (e.g., up to 10 kV) is typically provided for the
semiconductor diode. However, such dielectric materials often have an increased
thickness that may be incompatible with certain POL packaging techniques for the
semiconductor diode and, if the thickness is not properly controlled, can lead to
increased parasitic inductance. With respect to providing a low loop inductance
between the anode and cathode, challenges arise with controlling the inductance when
using conventional packaging technologies. That is, inherent to conventional packaging

technologies are problems associated with the high parasitic inductance of such



1000311 n order to operate efficiently, sem conductor diodes require
dielectric isolation between their anode and cat hode junction as well as a
| ow | oop i nductance between the anode and cat hode. Wth respect to
providing dielectric isolation between the anode and cat hode junction, a
high dielectric material that is capable of providing a high reverse
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provi degor a high breakdown voltage in the diode as well as low parasitic inductance in the

semiconductor diode package.



for a high breakdown voltage in the diode as well as |low parasitic
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ConneCtIingtgHB:agosnhection pads formed on the substrate and a base dielectric laminate sheet
affixed to the first surface of the semiconductor device, the base dielectric laminate
sheet having a thickness greater than that of the first passivation layer. The
semiconductor device package further includes a second passivation layer having a
thickness greater than that of the first passivation layer that is applied over the first
passivation layer and the semiconductor device so as to cover the second surface and the
edges of the semiconductor device and a plurality of metal interconnects electrically
coupled to the plurality of metallic connection pads of the semiconductor device, with
each of the plurality of metal interconnects extending through a respective via formed
through the first and second passivation layers and the base dielectric laminate sheet to

form a direct metallic connection with one of the plurality of metallic connection pads.

[0008] In accordance with another aspect of the invention, a method of forming a
semiconductor device package includes providing a semiconductor device having a
substrate composed of a semiconductor material and a plurality of metallic connection

pads formed on the substrate, with the plurality of metallic connection pads being



[ 0008] I n accordance with anot her aspect of the invention, a nethod of
formng a sem conduct or device package includes providing a sem conduct or
devi ce having a substrate conposed of a sem conductor nmaterial and a
plurality of nmetallic connection pads fornmed on the substrate, with the
plurality of metallic connection pads being formed on top and bottom
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through the patterned base dielectric film and the patterned first and second passivation

layers to form a direct metallic connection with the plurality of metallic connection

pads.

[0009] In accordance with yet another aspect of the invention, a method of forming a
semiconductor device package includes providing a semiconductor device having a
substrate composed of a semiconductor material and a plurality of metallic connection
pads formed on the substrate, with the plurality of metallic connection pads being
formed on top and bottom surfaces of the semiconductor device. The method also
includes applying a thin first passivation layer about the semiconductor device so as to
passivate the top and bottom surfaces of the semiconductor device and passivate edges
of the semiconductor device, applying a base dielectric laminate to the bottom surface
of the semiconductor device, and applying a second passivation layer over at least the
edges of the semiconductor device and over the first passivation layer to form a
passivated semiconductor device, with the second passivation layer being applied so as
to have a thickness that provides a desired breakdown voltage for the semiconductor
device package and that also provides a minimized parasitic inductance for the
semiconductor device package. The method further includes patterning the base
dielectric film and the first and second passivation layers to form a plurality of vias
therethrough and forming a plurality of metal interconnects that extend through the vias

to form a direct metallic connection with the plurality of metal interconnects.



sem conduct or devi ce package includes providing a sem conductor device
havi ng a substrate conposed of a sem conductor material and a plurality of
metal lic connection pads fornmed on the substrate, with the plurality of
metal lic connection pads being fornmed on top and bottom surfaces of the
sem conductor device. The nethod al so includes applying a thin first

[ ' I b h ] d devi [ h
Pop andl 03Bk om B Sicpecty S REemad dtdiicor oot apane PCBRE B ges of

the senfepn@y Q‘él%wiﬂﬁ\defaﬂed ABRriptiod of phAGtediémbaiihents of e hatidrothhhe
bottom surface of the sem conductor device, and applying a second

passi vaisirsevifled @rcoppegtiogtwithathe peqompanigaslrayinghe. sem conduct or devi ce and
over the first passivation |ayer to forma passivated sem conduct or
device, with the second passivation |ayer being applied so as to have a

t hi ckness that provides a desired breakdown voltage for the sem conduct or
devi ce package and that al so provides a mnimzed parasitic inductance for
t he sem conduct or devi ce package. The method further includes patterning
the base dielectric filmand the first and second passivation |layers to
forma plurality of vias therethrough and formng a plurality of netal

i nterconnects that extend through the vias to forma direct netallic
connection with the plurality of metal interconnects. 100101These and

ot her advantages and features will be nore readily understood fromthe
followi ng detail ed description of preferred enbodi nents of the invention
that is provided in connection with the acconpanyi ng drawi ngs. BRI EF
DESCRI PTI ON OF THE DRAW NGS 100111The drawi ngs illustrate enbodi nents
presently contenplated for carrying out



the invention. 100121In the drawings: [0013]FIG 1 is a schematic
cross-sectional side view of a sem conductor device package according to
an enbodi rent of the invention. [0014] FIGS. 2-13 are schematic
cross-sectional side views of a sem conductor device package during
various stages of a manufacturing/build-up process according to an
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[0011]  The drawings illustrate embodiments presently contemplated for carrying out

the invention.
[0012] In the drawings:

[0013] FIG. 1 is a schematic cross-sectional side view of a semiconductor device

package according to an embodiment of the invention.

[0014] FIGS. 2-13 are schematic cross-sectional side views of a semiconductor
device package during various stages of a manufacturing/build-up process according to

an embodiment of the invention.

[0015]  FIGS. 14-17 are schematic cross-sectional side views of a semiconductor
device package during various stages of a lap joint formation process according to an

embodiment of the invention.

[0016] FIGS. 18-20 are schematic cross-sectional side views of an array of
semiconductor device packages during various stages of an assembly process according

to an embodiment of the invention.



devi ce package during various stages of a lap joint formation process
according to an enbodi nent of the invention. [0016] FIGS. 18-20 are
schematic cross-sectional side views of an array of sem conductor device
packages during various stages of an assenbly process according to an
enbodi nent of the invention. DETAILED DESCRI PTI ON [ 0017] Enbodi nments of

the pre ' ' I de for a sem conductor device package having a
hi gh br@%ﬁlﬂvﬁbﬁﬁﬁg&p@yl ow parasitic inductance, as well as a nethod
of form uc em conduct or devi ce .package. .The sem conductor. device
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an electrical interconnects systembeing formed to top and bottom surfaces
of the Betodgfdornimge syelyiacsmiconductor device package. The semiconductor device

package is manufactured such that edges of the semiconductor device are passivated
using multiple dielectric layers of differing thickness, with an electrical interconnects

system being formed to top and bottom surfaces of the semiconductor device.

[0018]  Referring to FIG. 1, a semiconductor device package 10 is shown according
to an exemplary embodiment of the invention. The semiconductor device package 10
includes a semiconductor device 12 therein that, according to various embodiments,
may be in the form of a die, diode, or other electronic device. According to an
exemplary embodiment of the invention, semiconductor device 12 is in the form of a
high voltage semiconductor diode, such as an optical diode having a back bias in the
reverse direction, for example. As shown in FIG. 1, according to one embodiment of
the invention, semiconductor device 12 may have a trapezoidal shape; however, it is
recognized that other shapes and configurations for semiconductor device 12 are
envisioned, such as a rectangular shape, for example. Furthermore, regarding the shape
and size of semiconductor device 12, it is recognized that semiconductor device 12 is in
the form of a “thicker” device, with semiconductor device 12 having a thickness/height

of up to 40 mm or more, for example.

[0019] The semiconductor device 12 includes a substrate 14 formed of a
semiconductor material such as silicon, silicon carbine, gallium nitride, gallium
arsenide, or another semiconductor material, that has impurities added to it to create a
region on one side that contains negative charge carriers (electrons), called n-type
semiconductor, and a region on the other side that contains positive charge carriers
(holes), called p-type semiconductor. The boundary within the substrate between these
two regions, called a PN junction, is where the action of the diode takes place, with the
substrate conducting conventional current in a direction from the p-type side (i.e., the

anode) to the n-type side (i.e., the cathode), but not in the opposite direction.



[0018] Referring to FIG 1, a sem conductor device package 10 is shown
according to an exenplary enbodi nent of the invention. The sem conductor
devi ce package 10 includes a sem conductor device 12 therein that,
according to various enbodinents, nay be in the formof a die, diode, or
ot her el ectroni c device. Accordi ng to an exerrpl ary enbodi nent of the
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applied using plasma enhanced chemical vapor deposition (PECVD) so as to have a
thickness in the order of 1-2 microns. The first passivation layer 22 thus serves to
passivate the edges 24 of semiconductor device 12 as well as protect the surfaces of
substrate 14 and metalized circuits/connection pads 16, such as during manufacturing
processing steps of the semiconductor device package 10 (e.g., etching, lamination,

etc.), as explained in detail below.

[0022] As shown in FIG. 1, portions of first passivation layer 22 are removed in
locations adjacent metal circuits/connection pads 16 of semiconductor device 12, such
as by using reactive ion etching (RIE), so as to provide for an electrical interconnection
to made to those circuits/connection pads 16. According to an embodiment of the
invention, where semiconductor device package 10 is in the form of an optically active
device, the nitride or oxide passivation layer 22 is optically clear, so as to permit light to
pass there through while still offering protection of an optical window 28 of the
semiconductor device package 10. However, it is recognized that semiconductor device

12 may be in the form of a device/diode that is not an optically active device, and thus



plurality of metalized circuits and/or connection pads (i.e., termnals)
16 through which an el ectrical connection can be made to sem conduct or
device 12. As shown in FIG 1, the circuits/connection pads 16 are forned
on surfaces 18, 20 of substrate, such that electrical connections can be
made with two surfaces of sem conductor device 12. 100211Al so i ncluded in
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[0024] Since the nitrides and oxides used for forming first passivation layer 22
cannot be applied much thicker than a few microns, second passivation layer 30 is
formed of a different material than first passivation layer 22 but one that provides good
compatibility (i.e., adhesion) to the already applied nitride/oxide film of the first
passivation layer 22. Second passivation layer 30 may thus be formed of such materials
as polyimides, epoxies, paralyene, silicones, etc. According to one embodiment, second
passivation layer 30 is in the form of a pre-formed laminate sheet or film that is formed
of Kapton®, Ultem®, polytetrafluoroethylene (PTFE), Upilex®, polysulfone materials
(e.g., Udel®, Radel®), or another polymer film, such as a liquid crystal polymer (LCP)
or a polyimide material. Alternatively, second passivation layer 30 can be in liquid
form and applied via one of a spray coating application, a molding process, or a
selective deposition process (i.e., “direct writing”), as will be explained in detail below.
In either embodiment, whether second passivation layer 30 be formed of dielectric

material applied in laminate form, liquid form, or a combination thereof, the second



[0023] Wiil e the first passivation |layer 22 serves to serves to passivate
the edges 24 of sem conductor device 12 and provide a protective covering
for the netal circuits/connection pads 16 forned thereon, it is recognized
that the thinness of the first passivation |ayer 22 (i.e., the coating of
silicon nitride/oxide) is typically insufficient to hold very |arge
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dielectric strength and .increase the breakdown voltage of sem conductor
devi ce ﬁﬁﬁﬁaﬁﬁniggﬁﬁ%ﬁﬁﬁﬁ’ckness of second passivation |ayer 30 nay be up
to 1-2 mm according to one enbodi nrent of the invention. [0024] Since the

nitridegoga® o i@shaS®dwnah FIGH M feBorklingSth oR@eRibYainkcdf of eiéahvetdiogaanot be
applied nmuch thicker than a few m crons, second gasm vation |ayer 30 is

formed drseadiglectrisrlaminatmlarei 42 it manliedite surfpreski ohsanoiaondagtar deviced. one
that pr Mc':hdg%t gﬁﬁ&&%’ﬁ?@éﬁ% 1%1{51{ryi5 (e ?n%f%a;%g%g thtﬁ%ehjggoggkétggggvi@gpl | ed

nitri del oxi m of assivatiron”l assrvation

|l ayer 3Qi.¢pyormbinatide of aecmd pdssisutién Miee3i0aisl &enipak y42midEsrmed paboues,
par al yene,  silicones, etc. Accordi n% to one enbodi nment, second passivation

| ayer  3@emicopducteredevisend 0f Bachraf-the dwg qind 5eronsk Rassivaliqn kwersi32m30has i s

f or ned : 3 . g / Ys id ex(r),
ol youl FAERRAPISE el bk BT B4 44 AR REARLONERGY WEChrlo pag 2L
such as securédjtei baserdydeatic pahipater4l, latPyelentivalyppdtieinedde fomh er platality of

Al ternativel second psgsivation Layer 30 can pe in Jiquid form and

appl i ed WASa2hy 8PeTngsy PAY eI | nGPGPHIYPSRINGR, 5% I fmRY Bt QOSKIENS or o

sel ecti g EeBAGH !t?'lh@hfé@a@ﬁéd Clre@its/confedtRR paltt 116! 38med oftSseiddndf&or
explained 1 n detail below 1In either enbodi'nent, whether second

passi vatdevpe | Ryero 39 tbeefmsergtie ofircditetauectiian paderlical Agpokdiag tonohani nat e

30 15 asibpdael el dhuReids B3 i wrEnss o cth et trdone S hi | e
cont r ol kedndaseVatidHAty 2, 30)BaddickbeicJathRicet, ang drlédiicipntisiwy a

desired/required diel ectric strengph but yet does not excessively increase
t he i ndwnayi oleal losgy alflatione os dader ohidling groageyitlas is2performpgi sdbequanickness of

5000 RTRALS) PRSI 3306 B o RERIPb o Bkt ABF R Sl o

diref"ectri"t breakdo reng

needed. s¢hiedhdudtorf dividaer2. s pdematiRelly] the Vias/8Figdi a9 Benprecfohnet fEnt  of
the nvggctolng r};élss?vation layer 30 and/or dielectric laminates 42, 38 by way of a laser ablation
or laser drilling process that is performed prior to application thereof onto first
passivation layer 22. In an embodiment where the vias/openings 34 are pre-drilled
through second passivation layer 30 and dielectric laminates 42, 38, a separate reactive
ion etching (RIE) process would be performed to extend vias/openings 34 down through
first passivation layer 22 to circuits/connection pads 16. According to additional
embodiments of the invention, it is also recognized that vias/openings 34 may be

formed by way of other methods, including plasma etching, photo-definition, or

mechanical drilling processes.
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base dielectric lamnate |ayer 42 is applied to surface 18 of

sem conduct or device 12, such that a thicker dielectric |ayer is forned
entirely about the sem conductor device (i.e., conbination of second
passivation |layer 30 and |lam nate 42 is fornmed about sem conductor device
12). Each of the first and second passivati on |ayers 22, 30, as well as

t he bas ielectric, |lapnate a addltl nal | am pat.e f

di el ect $9@6fl I O%C%%@Fré&a&b E Vé%S Yicgl n@ﬁt (& Farﬂ?tﬁgtuéterfﬁnn%& g'% tebet i vel y
pat t er negieh® fdofm ahﬂahgﬁ alibd/¥pdingdi 35 ANAiRNitPRHMLOEH PAdS hEY & .thd he

vi as/openi hgs 34 are formed at ml tions correspondi ngl to the netalized

ci rcui t sereisAndistarofevierdd 216 Nefphdriersannests 86nte tform gdigeg engtallicsgndys t o
expose r nne d i of the
i nventi %Ir%gtr’t%hle%%&e%ol%en& %Ijgg /&glggcufjo r%@% ? éir g&gh&%he f@gltg&g ‘%‘? cond
passi va’tf(blﬁmdllﬁ)aeﬂi@t@ZpacBéﬂ dhmeirﬂh@érﬁ@itr iMethhinteradmmedt2,3 6aard foineddeloy r i C

film38 by way of, a | ase tlonorlaser drilling. proce at. i1s

"
per f or n@@ysﬁbéﬁﬂﬁ’éﬂtat%et%}p%yf: eteal cuch s Ylayaersgut?zmgser f;agrgp a8 ectric
| am nat I t i

Al ter na? foég 3 %9 hgieg ia ; %ﬁl I l%gggg téﬁnﬁ% tﬁ%eﬁg}lg@ r}g?ﬁn%gﬁ?tﬁﬁés/legg% Jhetal

passi vauntcmommytsr3(8®awang/a)desﬂueélséaaper| Adcardimntesnd 2mbBdinmntwdy wetah | aser

bl at | ! t hat, f t ti
Fher cof TETEAMRERG10 pirs e ynaayat Sobtaniut GHoSio i REAE shds rk " "
vi as/ opefkiga a uﬁéﬁhg}i@cé@g ifol18Wed By Bldetfo RGNS daaﬁ@hgtadgﬁg& theeh 130 and

dielectric | am nates , a separate reactive ion Ing (R F) process
woul d_béncpeass o fhiekhespofithe aretal interspoyssts 3(6934539110@&@% H&r bugrsutfaes20 o

| /
Rt ot Ceni Bt 3ot eidbod RMGH i ARiShbReo ARG iy

vi as/ openétigfosAediBi pags {®6iBEhidyndieior deviet h,@[ thmlghoxdss/opdﬁﬁigls@mngncpl asnma
et chi ng, photo-definition, or mechanical drijl (g processes. [0026] For med
8

wi t hi n_ ealcaeress the awispaniapgyef sacond pessreation liamré Hheett the edgat2%9f ends
d h / /
s contE O URYRBRTI IR e Pl 36 T8 MEhLA LA B E,

and el eedges Qalofcseﬂfmﬁumsdéx@ceclz bting Sonosinacthe additadsl [hfina MImet be

i nt erconnects bei n% formed in a t| htlgr ﬁcked cl ose arrange Met al

i nt er coflisssire dBma38 serike tBy bassy distecHip| lgmmgten At aPny ayrésce ?ePf al

such as t t L08R ¢ uently
pattern|ér?g’;{:"(tnlzfldu%ﬂ)lIl ?iré:gqrgré?lal&hgét}é{r@agaéﬂn@%aﬁ@% ﬁ%tgpgonnects :lg%ﬁﬂavi ng a
desi r edcisha&ondetion diadg 160 of rsemérvinduiétoe dbyice e, rthttoaghi\riasémmhrgecité‘s 36 are

f or med applying a tit uma esi.on | ayer.ang copper seed |ayer via a
sputter?‘%ﬁleg ﬁ’é%%d‘e*et‘}frfco e gl"é‘ét ﬁ? it i tHig ng aé’go‘?”ttlaﬁWéF ﬂ?:eoé’ﬂ)t@

t her eongypch %%?a&%@ﬁm'3(8kmsth9iméﬂe§m{56£sad6 éﬂéﬁﬁ@@ﬁ%&ﬁm@@a;&% hown in
FIG 1, on surface 2 sem conduct or devi ce 12, the copper prating of
met al i of esmicondrte dk@mxtknd foot 38 raoch @i A csidet of ﬁbnn@copmﬁltpémn 16 of

sem conduct or de e 12, thr Vi as/ ope S ut ross the
outer _stitgens S6dfat i abRyadnon s 1 B SatEe adRteiedihesss of

sem conductor device 12, with the interconnects 36 in the region extending
out pasmotzhr eB@@&ich’rlyOfthéﬁm&&@difcdeﬁﬁccﬁxﬁuu@ﬁdé‘ﬁc@paﬂ@gé qoreghigninte
additional |lam nate sheet of dielectric film38 secured to base dielectric
| ami nat package baviars digh berakdowe olagriaed dpwdiadnetancezloophe Theipiserthl at i ng
of neta rcon 6 r inhC 16 of
cern contibbsienbt] aab o sbhfafitich 8 25 30, AaCHAGSHAR REC

di el ect piovideafdr nathépid Breakdowh eloitegd of 1fo| k¥ 38th ardthickinesic tirsftingut er
surface of dielectric film38, with the interconnects 36 eatendl ng out
past t heorsiplled 5948&a§%ﬁ?%@ﬁalpéfaémdé%%@cweweﬂ.tb%weéﬁ cgihode &) de of

film 38 n as to
be el ec¥h§%§aﬁ&l&|ﬂ%éﬁ{i@teg)dcﬁaegejftd)o%%gﬁggég Ben %c{?ng?tHf Ht he é& tructure of
sem contiucilows dfey | apergpian kihgeofl At raasimprevédiefficipac Io;agretm@\ﬁetqgerwyh ivgth

br eakdown vol tage and | ow i nductance | oop. That is, the arrangenent of
first and second passivation |ayers 22, 30 and interconnects 36 can
provide for a high breakdown voltage of 10 kV, with the thickness thereof
being controlled so as to al so decrénse parasitic inductance between the
anode and cat hode in the sem conductor device package 10. The structure of
sem conduct or devi ce package 10 allows for operation thereof at an

i nproved/ efficient operating frequency, with



reduced switching tinme and inproved signal strength for subsequent signal
transm ssion (e.g., generation of a square wave pul se for Fourier
processing). [0028] Referring to FIGS. 2-10, various process steps for

t echni ques of manufacturing sem conductor device package 10 are set forth,
according to enbodinents of the invention. As shown in FIG 2, the

bui | d-up_pra enic nduct gr devi 10 be

CAUCC _?Wl cl%mg < an8 111 I‘ ved s1gn?,l S en&ﬁ%kr &%S?q&le Sg%’gl? transmlsswn

appl i Catrl on o passi 1 oNn rc on sem conduct or
device Jeg., “g'b@erﬁtlidnsdfarhalasﬂewaatvbcpmsbwouz@r pocéRmgrd about surfaces 18, 20

and edges 24 of the sem conductor device 12, so as to cover the substrate
14 and rrgé%a&}l zed circuits/co nec} on pads 16 of the sem conductor device.

First pa at iRsterrigg efo 251G % hé’a¥18’1‘sm6rf)c%§shlsﬁﬁs If df SfPfm such
as silicpmRichiifie s@r“m&inhh&&“ fxide, Wa%lb%g 19 app! i&d o, 0a§&ﬂalﬁ§b%lf3t or

device 12 so as to have a uniformt According to one efbodi ment
of the iembedimears dfhthesinviestoon. ni Asi ghemgi lin &iﬁ} o?><| d@ paddiupapicoessl ajer 22

is applied.usin l,Lasma _enhanced, chem ¢ 03| tion C,\/D) SO as
Lo have STIPORTRE ST PRAGE Jr bRy vt aBatos Fhat firy dRsXaGM, kt  on

| ayer 22idibdiSc ROENESoh SerlidSiiiuét Actibe 12088 fidd tpﬁisnﬁiﬁml tRRANE iOforeleyi ce 12
as well as protect the surfaces 18, 20 of substrate 14 and netalized

ci r cui t shewrimeleedsord, gdwd ﬁdg681%Q©mR§s@pqomﬂgctmdm@ R, ep agto icoves thext step
of the %Hf)stl% Py %r ggﬁé&l’l% rcuﬁg/r% %Qt(?(lyngbgc{ ace f CEE g‘emlc\(l)\ﬁ& ctorhc?ew er st

pa55|vat|on ayer ere Nt 6 AN adnesi ve layer 40

and accmapa/smgumwed lzel 1§Gﬁ the foray 6f a412gli patfornganc® AlMe shichr 8 Sificén
lam nation/film_As shown in FIG 3, sem conductor device 12 is placed
onto adméseer sHigen oxpleathst i aprdiedrqnéo samicarductn devics iZnsa Anto Baeface 18

t her eof h?foﬁl’?ctg}fc‘ﬁgestso t olcﬁﬂ%irté & efitbo J‘f’ﬁetnlf' d&fhﬁlesﬂ{vfe i6n, 2heOlilicon

sem conductor device 12 renmihing open. ccor Ing to e odl ment of the
i nvent i aitridé/kidicoth ekeletpasmvdttmpeiayékzzma;b;ﬂleﬂwsn@phﬁmmmﬁhmcpﬁ whemiday of

dielectric er.i.al as Ka tonO te tet afI uor ogt hyl ene
(P Ve Bpasitinn (OEGHPY 58 St iy thigkicgs 1t (g1 gr ol aniesons o hevhor ot
pol ymer I I I (14

mat er i alffrétg%})sﬁ%&géi}%é%g thl?blggglﬁﬁg é%%g%ga(%)é hgreg\anéecse 12 Sgﬁ{l%&lggﬁdggp%gfayer 40
and basd2diagl gellr ias paréatatheorsutfacest HE, adhesf vabsifate s 1¢uned metadigedir e t he

sem conduct. r devi ce lﬁ%g the dielectric | amnation 42. [0030] The
bui | d- uﬁ‘rﬁ‘fl CQDECtigh PR with application of another dielectric or

[0029] Referring now to FIG. 3, in a next step of the build-up process, the
semiconductor device 12, with the first passivation layer 22 applied thereto, is placed
into an adhesive layer 40 and accompanying base dielectric layer 42 that is in the form
of a lamination/film. As shown in FIG. 3, semiconductor device 12 is placed onto
adhesive layer 40 and dielectric lamination 42 such that surface 18 thereof is secured to
the layers 40, 42, with the surface 20 of semiconductor device 12 remaining open.
According to embodiment of the invention, the dielectric layer 42 may be formed of one
a plurality of dielectric materials, such as Kapton®, Ultem®, polytetrafluoroethylene
(PTFE), Upilex®, polysulfone materials (e.g., Udel®, Radel®), or another polymer
film, such as a liquid crystal polymer (LCP) or a polyimide material. Upon placement
of semiconductor device 12 onto adhesive layer 40 and base dielectric lamination 42,
the adhesive 40 is cured to secure the semiconductor device 12 on the dielectric

lamination 42.
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passivation |layer (i.e., second passivation |layer) onto surface 20 and
edges 24 of sem conductor device 12. According to enbodi nents of the

i nvention, and as shown and described belowin FIGS. 4-7, it is recognized
that such a dielectric |ayer may be applied according to one of several
application processes such as by vvay of application of a pre-forned

| am nat f(f(]éﬂ et ltiudll(jllnea)l gf( ?’F%sgff?r? {n%eéa QL h aP;r)]ia caﬁgﬁ aof gr{otkpe\f éﬁ?l}écﬁ’{c or

applica materiart via a spray coa

appl i Cabassmauan MByeli (0Q., PROGRIS BassDatian I8 bhite s@lﬁb@sm ia0d ¢Hg@§@$So(I e,
"direct witing"). [0031 ] Referri ngﬁ)to FI.GS. 4A-4C accordllgig to one
embodi nefiicenducts devigerZi ofceoading e sabedignratt obpthedpynsion, mrd ARthaml 44 i s

applied, aéscﬁugfgagsw%ﬁ ﬁ%‘g;sgdp%slszréag?lz%ﬁghﬁ%gﬁ%t&éle ﬁ}!'l%%tr #ga[yel‘éget h an

adhesi vé ayer t aded, esive) I nclude t ween

t o secuapplicdecsdrédil tobnebfbevetal hpplivatien pa)lcesﬂ;és tsm}szesrﬁ)cwmﬁuﬁappﬁcdmn ce 12.
As shown_in FlI the thickness of diele t i c. sheet, 44 is gre r than
that of f i3 Bfe- f65§€$\}%¥f"inﬁw %brorz‘élm WiseR afpdie ﬁﬁ%kﬁ‘é‘%labforol?yel%@é't? c sheet
44 bei ngo JRLESITORGAiRRE FIBHO R i ased BSatitbedppaitation, Ar @alesmn
strengt h Iﬁeeded Tor 1@;“ conddct or (lzlew ce s%'ﬂa;l I'n ggné)?al t he t hi ckness of
di el ect picceshest selettivg Hepdsionprodess (igngdiredt varitogrid 10- 50 nicrons for every
1 kV of dielectric breakdown strength needed. [0032]As shown in FIG 4A

and cagl @3k oReBR nhIGEY GrEaELBarRb . Sy flod RN B8 siRiag L 00 *°

t he edgggniddte Ghedtest gieRRouit Aatetigl U4 s hpplisthbedt mfab@rzmci e@wmof Thi s
void 48 is filled in a next step of the build-up process, as shown in FIG

4B, wi t Bereigorsystoy dsivicgoldy iwithyan r@db@sﬁealaygo% rﬁ@te stagitsh dagkantdhpsivel ed.
Accor di pgy i gﬂ&gtg&&%éﬂ fE° fourd {L%hgﬁl%d?ﬁ&xe fedprld Jn)ge af 18R %@&ﬁaguw h the

epoxy/ pol yi m ven ot SHowns bal ng provi at the
ot her edelito11.eAs shdwrain'FIG. B A, sherthivkaess o€ dieldeaic sheetndbt is@ndatergharsthaeen,

t hen t he illustrated at. FIG ot .be nee 033].Referrin
now to M %rst pessvaHen layeh 42+ with the @wia rPérﬂlé] getrie sheet ﬁgg)ﬁm%%ter Conal
| am nat g, ggfﬂ%@eafbagéaeb Ghd uf‘el%?ﬁ@weakd @ﬁé(rggl?ﬁ @Rk B seeﬁ%nawt&ace 20

and edges sem con uctor evi ce ependi ng on the electrical
r equi r edevites1 Df Insgememb ribkithi dkne sheofi dieleqiric klagpe 44 villibe én thetrangaiofidreund ncr ease

it or i ol 030 PR BT SReR. | BN Bh sttt ong peasbaerd. ' © o

[0032] As shown in FIG. 4A, when a laminate sheet of dielectric material 44 is
applied over surface 20 and edges 24 of semiconductor device 12, a void 48 may be left
adjacent the edges 24 of semiconductor device 12, which is termed “tenting.” This void
48 is filled in a next step of the build-up process, as shown in FIG. 4B, with an epoxy or
polyimide material 50 that is subsequently cured. According to one embodiment, the
void 48 is filled from one end with the epoxy/polyimide 50, with a vent hole (not
shown) being provided at the other end to let out air. It is recognized that if no tenting

is seen, then the step illustrated at FIG. 4B would not be needed.

[0033] Referring now to FIG. 4C, according to one embodiment of the invention,
additional laminate sheets of dielectric material 52 may be applied over surface 20 and
edges 24 of semiconductor device 12 depending on the electrical requirements of
semiconductor device package 10 (i.e., to further increase the dielectric strength). Thus,

one additional sheet of dielectric material 52 may be positioned on top of the dielectric
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sheet 44 with an adhesive |ayer 54 included therebetween to secure the
sheets 44, 52 together. While not shown in FIG 4C, yet still additional
sheets may be added over surface 20 of sem conductor device 12 as needed.
[0034]While the dielectric |am nations 44, 52 shown in FIGS. 4A-4C are
formed as continuous |amnations, it is recognized that pre-patterned

| am nati 9n .al ternativel .a i cording to another di ment
of 't he. 108 it et Fyt L iRRle Bere REFEUALS s BRRRET, 45050 o
and/ or agghthdrorwhilopeniigsm (MBIG.sA@We sl edditiohhlegheers nedb 6d addddh@regi n
before lam nating onto the sem conductor device 12. These vias and/or
openi ng§um@%&ewwtphdqvé@a@%ﬁ’§e@rrespondi ng to circuits/connection
pads 16 on sem conductor device 12. [0035]Referring nowto FIG 5,

accor di ngoig anﬁhﬁ@{heedmeahggmin%oﬁm, SRR RIFIA. l4AdlE Ardffhn8G LT
material” 1s applied over surface 20 and edges 24 of sem conductor device
12 vi a aosimanys todinatiensaip pd iecagnized . thakipee-pattpuna ldingdagions iney mermativdly i s
sprayed .onto.sem conductor device,12. such that. a dielecfric |ayer .58 is
For mad IEVTRUCE PPRRHGAS sgPEET ERUPAREn il P rinfsiop: pdbdl Gafiiiayer 22,
W th thgahiaalness soimai RveGhds sdlor%aditieRalRpeniaigs aict sRbweChraadie@t r ol | ed
based on the dielectric breakdown strength needed for sem conductor device

12. As sblatddotheieinabeiow, laminatingjoglends sewiconduatercievice 12ayBressgiagiand/obe in
the ran eﬁlglg%sg\ré@u q)ﬁéf?{fﬁ%dgmolﬁ&%{%zls ]:gglrres%\éxgéi%{%%% ki\r/cu?t]cs/cghxggalc?lg :i%I% S ng kdown

strengthp esi ness "and geo ry of the

di el ect rse@idoadedtorndviceult i pl e spray coating steps may need to be
performed. [00361Referring nowto FIGS. 6A-6C, according to another

enbod np{(r)](%ZSS(])f tRQ}%erring now to FIG. 5, according to another embodiment of the invention, a
liquid dielectric material is applied over surface 20 and edges 24 of semiconductor
device 12 via a spray coating application. The liquid dielectric material is sprayed onto
semiconductor device 12 such that a dielectric layer 58 is formed having a thickness
greater than that of first passivation layer 22, with the thickness of dielectric layer 58
being determined and controlled based on the dielectric breakdown strength needed for
semiconductor device 12. As set forth above, the thickness of dielectric layer 58 will be
in the range of around 10-50 microns for every 1 kV of dielectric breakdown strength

needed. Depending on the desired thickness and geometry of the dielectric layer 58,

multiple spray coating steps may need to be performed.

[0036] Referring now to FIGS. 6A-6C, according to another embodiment of the
invention, a liquid dielectric material is applied over surface 20 and edges 24 of
semiconductor device 12 using a mold to control a shape and thickness of a resulting
dielectric layer. As shown in FIG. 6A, semiconductor device 12 and the adhered base
dielectric layer 42 are flipped over such that semiconductor device 12 is pointed
downward. The semiconductor device 12 is then placed into a mold 60 positioned
therebelow, with the semiconductor device 12 being held in place within mold 60 by,
for example, a protrusion 62 formed in the center of mold 60, and such that a space is
formed between the semiconductor device 12 and the mold 60. Exact positioning of the

semiconductor device 12 within mold 60 may be provided by a pin align mechanism
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invention, a liquid dielectric material is applied over surface 20 and
edges 24 of sem conductor device 12 using a nold to control a shape and
t hickness of a resulting dielectric layer. As shown in FIG 6A,

sem conductor device 12 and the adhered base dielectric |ayer 42 are
flipped over such that sem conductor device 12 is pointed downward. The

sem conduct or _device 12.is the | aced into a d 80, posi:tiane
therebe?‘b(&/,sgwg%\fqrheéa@@*ﬁ' i‘bﬁ&ﬁgts P JEVITE T2 18?? _&H‘g6ﬁeﬁh§ Irilor%Ei 8?&%@“3&‘ thin
nol d 60 whth,a fiqUid SRR Emaribl O, kuh AanGpok P bipslyiniidé g exampRy woth thel d 60,
and such that a space is forned between the sem conductor device 12 and

t he nol 4980, beimeimjectrsisthroughianll pprit(Ret shemme ereyidadon hewdd and iipithe n ol d
) o o ! f n
S next SrR AR OY B e fOiCTRS T ok, ACRMTbpr (G ERAY, B 18

di el ect ig glsorpi@vidal inbthe mukihtoasnable mipeKyn of tho didlevirie nfatariagddnpUpon wi t h
the liquid being injected through a fill port. (not shown rovided.in the
mol d andlling of thi&nald S0Vl theligiid dielectii H’@F?B‘Gkg%rré’ﬂéleﬁ?‘?fé‘)i‘i% %{Hﬁ‘gf"ﬁ% mol d

60. A V%tmpfanfemweé, aS RRYMA id PI@'&QltBEﬁP{ﬂ deshidhBg :iﬂ&j?ec'ﬁ?d BytiosehakRe

injection of the dielectric materia . Upon filling of "the nmold 60 with
t he |i qeirdhacei 26 awt edges et eff senicatiuctonaledicel 18ct As anéld Guisexpnaimactedhef nol d

renmoved s showmn.in FIG 6C to.forma finished. dielectrig |ayer 66 over
e sur AsHe ST dhadanattoight disiuihdutt B S0 fe S i esifef s
const r ugiefl r@hovisd s@mconduRior Aedicdd Merdtrdrr i al , the dielectric layer 64
shoul d not stick to the nold 60 when renovi ng sem conductor device 12

t herefrom 0037£eRe_ferri ng nowto FIG 7, according to still another
embodi mi37bf Riséeriing exew & FIG- |7, cascardinge ke stili anotiear eppbadiment gpithed over
Surfapein%%nf?@rg 5 qgﬁ?d %f%le%}ri S%%%Tqycag)ﬂie@%\%nc %u&%ceb%O iy &f\ﬁ’eg zs‘et)gctl ve
deposition process, or a "direct wit process. I'n direct Iting of the

di el ect gdrsicombiRidralevizstlQ bihevag effiaceeiudtios depadatitnCrodsds, orhe “direit eniteT c
material is dispensed usi r[gg a programrabl e di spensin tcgq(gl Sﬁ{ml shown)
that depspess I diesst pritiggod thodigtecttematedipleeqte ithe prppigpndictar deyvicg dize f or m

TR S AT SRt SRshp Sl

i nkj et printing-type at s epo I nes or dots 70 of
t he di etlactepositsriiherdralots 0 bf theidieléariomatdrial in hesddoms For evampde.dln t o
obtain the necessary coverage of the sﬁngn(r:fgnduct.or devi ce 1(21 and _can be

appl i edPT%rW?lPI_BI PPayRS © gayhedn ﬁhet : @QéglﬂFg/pr&&WP? ate gﬁ?ckness
for t heféi&&iv@ryt fdgostBligks Bk -dofN®0 3PRhE QFelbdNeShatetia iA01i@fid HogheCcThd C

material are then cured to conplete the passivation. [0038] Referring now
to FI G lifies/dipo70 applrawatd ortaiofthe heeessaryoendettige lof ther semigmdpetos deraed bh | ayer

(general |l y desi gnated hepceforth as. 30).over surface 20 and.edges. 24 of
sem conﬂ?}{?%%eoegwﬁﬁ‘glﬁ‘?u&pie g‘ﬁ%rs('j O?t_ﬁg‘?tp%Bﬁ?ﬁsiﬁﬁ%§e%'ﬂ%%ar5gtgmg‘8gsc§fﬁ%ed in
the embadi f1BB¢Hic HatdRdBSThefapplicd MBedbtl G0 WP IRIQEES Mmakhiab R thaNEMed @ devi ce
package 10 may continue with an abl ation of the second passivation |ayer

30. Thatompleteithe passivetiogni zed that in sone cases the exact desired
geonetry/thi ckness of the second passivation |ayer 30 nmay not be obtai ned

o0 o e RLL | 89,58, 1 B SpBR S, 1 RepE et e
passivation layer (generally designated henceforth as 30) over surface 20 and edges 24
of semiconductor device 12 via one of the techniques shown and described in the
embodiments of FIGS. 4-7, the build-up process of semiconductor device package 10
may continue with an ablation of the second passivation layer 30. That is, it is
recognized that in some cases the exact desired geometry/thickness of the second
passivation layer 30 may not be obtained and slight modifications to the profile may

need to be performed. One method that is used is laser ablation, or a similar method, to
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abl ate away excess material to obtain the necessary profile of the

passi vation | ayer 30. As shown in FIG 8, the passivation |layer 30 is
shown as having a trapezoi dal shape so as to natch the trapezoi dal shape
of sem conductor device 12; however, it is recognized that other shapes
and configurations for both passivation |ayer 30 and seniconductor devi ce
12 are en |S|oned ular sha

ot A BERY Preett L B O RL A e Sl PBTus oLl TSRk 100E 30 | ayer

30 usi ngAd seen AHIEL BOthe Passaviiol @syefBD hoshavanadieivigy 4 ahpedidaDshapayoof t he
dielectric material application nethods set forth above, .including_the

| ani nat @Sé@maicéxatbﬁ ApqzPidebshapa.of eymicepiugier clsHice fé: mmwebaft IiScsepogm@ 5),
mol di ng tﬁ@cp(lth%r & %grEll @‘ﬁggétl@@ forotgotﬁ é)%g‘s%atl '15 e'?%.Oa'Bﬁ ée%%émc&)gl G 7) :

I f, however eS|re onetry of t secon assivation layer 30 is
obt ai nediewjzen 2 are enwmrmld amhlas aaéatmrgum‘r shipe, tirekaaplei dhombcetificdtionnt o

sem cond ctar, devic such as be .envi si oned. especi al | usi ng the
mol di ng BpPIFEssT 8 /err geﬂr?%t ofysieop @a%mtﬁoea}@m?% hihg osop aBlghpn &8 ¢ hat

abl at i ngghef Hl%th%ﬁ(égf?@e B@ﬁélln){é%lt foPBn @F’ @1'% d%geétﬁc alatetal Eﬁﬂlc’éﬁbﬁﬁﬁﬁﬁﬁsand
geonetry thereof may be forgone. 1003 further shown in 8, the

seni congettienth dboigeintldding ther lamreae aﬂpbhattdma‘(FIé}Spd%A%@m slﬁra}argoatingl ectric
| am nati ons (.an C anyin dhesi yer extendi ng,.out as

dos! r ed PEFPE (BRC-<D B paanniairs (s P86 & ofifeLbguse aPiRliof.

sem conqpRs.o7). deligsvelér, i the rd@éﬁ@édegeowﬁﬂbﬂltlﬁhg sécdndl HRsavhal et 30fist he

i nvention shown in FIG 8, a portion of base dielectric |amnation 42 and

adhesi veblayasrupeg aarlléltltlﬂnphé@tmﬁlerﬁh%él!ﬁe@@WdU@tﬁml o sepeicamuct davise by way
of al aser %Rla?trﬁ;ﬁrhe engfsm%)éﬁlgpﬂegfallgtuts el%%ﬂf" i%og)'hcgt?\’l\{gpvecﬁrec{ Qﬁ{m

addi ti onat ectric I'am nations esired pro$|le of

second p@pkdavioh) 01k lleayg-:rﬁzeaahad zQﬂka@dﬁQBe Qe‘koﬂ(ﬂ pﬁtﬁﬁ/aﬁ@lmla}/@ﬂﬂﬁ(té alerdwi ce 12
could also be trimred uch as dielectric lamnation 52 (and adhesive

| ayer 565‘10]§YFF(§W48P0P19@Y%@30§Y6?YB@<3}?5¢ . Sinilar to the renoval of any
excess material fromthe dielectric material formed about surface 20 and

edges 24o@4g Semscmﬂgpémndmleﬁ 8lhe dsfeﬁﬁc& gh@iﬂ} pavl@e‘ 125 Hheh &Pkl

| ami nations 42 extending out past a desired profi second passivation
| ayer 30hal armprécdyed &4 oliel¢diec demimbnokudbmt admmpmymg pdlyesbe pefspr med so

as achieve desi red shape of th inin ortio di | ayer 42
et ached alBB L BRI CEIRIaRuET soson it VRN b ShBlagisde ohes 5
the trigEhRYn@lctGeNd NG Rinod8Y] PR cdrlitio emudATARer o tBE ifvehition

lam nation 42 is performed at an angle so as to maintain an overal

t r apezoishewn sh&pe. §fa pmloaexf chasle é@b@@trmlammtloaﬁr argDadhigsive laygnidt@ameluct or
devi ce Jf @H{eagéf’g‘% R%%i%é% ctor ev1ce (1)2 suql as' by W%? %f gfl]aasgr ébqat?gn, §0r exarglple.

paSSI vatli
It is recognized, however, that additional dielectric laminations extending out past a

desired profile of second passivation layer 30 along edges 24 of the semiconductor
device 12 could also be trimmed, such as dielectric lamination 52 (and adhesive layer
56) shown in FIG. 4C, for example. Similar to the removal of any excess material from
the dielectric material formed about surface 20 and edges 24 of semiconductor device
12, the trimming of any dielectric laminations 42 extending out past a desired profile of
second passivation layer 30 along edges 24 of the semiconductor device 12 may be
performed so as achieve a desired shape of the remaining portion of dielectric layer 42
attached to semiconductor device 12. Thus, in the embodiment of FIG. 8, the trimming

of semiconductor device 12 out from base dielectric lamination 42 is performed at an
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trimm ng of the sem conductor device 12 out from base dielectric |ayer 42,
a passivated sem conductor device 72 is thus fornmed. The passivated

sem conductor device 72 is subsequently attached to a dielectric sheet
(e.g., polyimde sheet) 74 via an adhesive |layer 76. As shown in FIG 9,
di el ectric sheet 74 includes a w ndow 78 opening pre-cut therein that
general |y .corresponds_ . n_size sem . conduct devi.c S

P ecogni 2045 SREI0 BN BB QPR E BAE HE e RER S8 1S 680 1 or m o
a conti pbeusemiwatiudor.®@vicerl@. W ndow pre-cut therein), and that a w ndow
coul d subsequently be forned therein after placenent of passivated

sem conduct or device 72 on the dielectric sheet 74. 100411Upon_securi ng
passi v ad U0 e nkEiEInE POP et o #BOT SheRTEE & ﬁ?qoed%%t/aﬂm,]?a #He3band d- up

process tx‘?ﬁmﬁﬁ‘é‘%%@g%fc@ﬁd&ﬁ&: FFiRASKRY Fro Ia%% '&ﬁéié(’)b‘_t&%la%ﬂ 4, LhRasadkber ni ng

and interconnection steps illustrated in F Wth regard to these

bui | d- upemsicepductart devicer Bc sgthizy éatntedat Thehpassivetedisqudcondediot devapplly isecond

passi vation | ayer 3 ver surface 20 and edges. 24, of m.condugt or devi ce
5% | SUBPaiT R e AR eRat elseBas Hegt (i P do DERP ARE) pic R HOCTRS

passi vatdyen7é aneshaddn EIGTEK URGct st LainciuféLd FAIBACTS Spshidglpretat t op and
bottom of the sem conductor device 12. Such variations in the exact

bui | dup therein dks genesplly eorpaspgrds inmizeHe spraicoaduntergleaing 12ntletscisprmdzadng st eps
are addressed bel 421Referring. t:0, Fl 10, Qaccor.di e
erbod ERTES REOPROERCRET TSP B R B R g AERHAR hEBOE o) 54
are f or gegdovn piel-dus theadifl), 266 did apaisdowablldnsubsy@estly2ls fodted theddintaftepr ovi de
access to circuits/connection pads 16 of sem conductor device 12. The

vi as/ op&licergentdf passivafegrseaicondugiasdeviesnd ebthe dighestids shget -
circuits/connection pads 16 on sem conductor device 12, with the

Vi as/ opej4es LOg; - fibls {oY@td Obheb@Y L thl 2
f ormed g@é‘rﬁpt hg%gﬁgée@%&%%?%ggagﬁdé%%ﬁu%g édlié&,zggﬁ)ra(ﬁ{é% toee%o’éPffzrents of

t he i nvenild-ap prdcess ofi sesviamdnctogdeviek pagiadrel F amtindesowithvilye mritteenihgsmd
ablation or laser drillin oC | asnma . et chi ng, .phot o-defipniti.on, or
nmechani EXFCORICCHOH Ry ‘&‘:‘é‘g@g‘i n fﬁfsdﬂBeﬁb(ﬁl ﬁ%arggo fl%ée k’ sHP is{%ﬁs’vbher e

second pagsdMRldiQRatl tBY RlchAfué Ss&Pil dpBl ée@oﬂ&‘ﬁasfsﬂlﬁﬁbrpfaggf‘% BlerRiace
dielectric I'am nations/sheets, such as sheets 44, 52 shown in FIGS.

4A-4C, ) asd odees Py of 3emivapdigoméeieeni 2 atill ydethrinineethe tdxpeiugiepst tequidéde| ectri c
| ayer (s) and adhesi.ve | ayer(s). appli oyer .sem.conduyctor devi.ce 12. In an
erbod! miRERERE PHETHIG e Forivaies EOEha) eBt Bl TR RO b reeleiogy s

appl i edth¢itap aRd BYtERIF itOsentlbdRivbtodbdtd 82, ShcHPAtdEs irSthe Rxaq bulldFl GS.
5-7, vias/openings 34 may be forned in the passivation layer 30 in the

r egi onsup paecesesigby employed dorihe pritepingandhintedeanneetinestapy Ay addressed

abl at i 0p.;8%, | aser drilling. It is recognized, however, that certain
met hods olf) appl yi ng second passivation |layer 30 may negate the need for
subsequent ablating or drilling of vias/opening 34 therein. For exanple,

for app[00d2} i oRefefrith @l FICK 10 CaddBidéng @l one repiboyinngnt af thel idvantiod) viecaindw i ti ng
t echni que, one or, nore yvias/openings, 34. may al ready he forned in second
passi vatPui#rt pEspe (i.e3ppenings) 34 are formed in first and second passivation layers 22, 30
so as to provide access to circuits/connection pads 16 of semiconductor device 12. The
vias/openings 34 are formed at positions corresponding to circuits/connection pads 16
on semiconductor device 12, with the vias/openings 34 being formed down to the first
passivation layer 22 formed over those circuits/connection pads 16. According to
embodiments of the invention, the vias/openings 34 may be formed by way of a laser
ablation or laser drilling process, plasma etching, photo-definition, or mechanical

drilling processes. In an embodiment of the invention where second passivation layer

30 is applied in the form of one or more dielectric laminations/sheets, such as sheets 44,
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[0043] I n a next step of the patterning/interconnect process, and as shown
in FIG 11, the vias/opening 34 are further extended down to the
circuits/connection pads 16 on sem conductor device 12 by renoving the
first passivation |layer 22 that is present over the circuits/connection
pads 16 at the | ocations corresponding to vias/opening 34. According to

one enbadi nent .of i\nyent.i fir Lvat i g | acent netal
ci rcui tgs%a%wgo1ﬁnFeIE}{§?8%—%§,d\éla§§pegfdgss%télmﬁgiﬁalﬁc@?ﬂg@@%’%ﬂéﬂ%&?@gﬁ etﬁgved by
\Aﬁy of ﬁiiéle@tﬁt ila{sﬁlr(is))ﬁncﬁﬁ@ﬁﬂsﬁg 14y E) appldessr samidoadigiion device Enviishened
that other suitable technjques may al so be .enpl oyed. Upon extendi ng of
vi as/ opeihagiment o theipventionayksss Hig seeond; nassivaipadayesi30d aprlirdrvia spray he

ci roui t SLEANNGAIL YRGS of HAfing HIKORIHCERIS. IEY! SRobRRS SXRASETe SO as

to provide t9dr an electrical 1 nterconnection to be na
ci rcui t shommthec theopaspiaaison [a6430 lpahe cepigisethabreqoire tilterdoonengionan thé

i as/ i 4 d t frcuits/ nect | ds .16, ,th i as/ i 34
ro ol eaREe (2 deiredbiorst BlaR ah R PRILGBoN 'S FECRUES® it Xt R, R y
met al i ZgfothGusk QF a[ﬁp'lﬁﬁ% K&QRD §abvaton l?%rh inBgdté Ghe Aedd fEPQuBERE@Int

interconnects 36 are typically formed through a conbination of sputtering
and el ecblabipk ar indingpbiviasapering 34 Hereinx Hapexampde. tfor anplicaticadHekislediric ayer

and copper, seed laver may, . first be appligd.via a sputterin r.ocess,

ol | onedtig M BHEF s drflsel SolBR Pt o B T RRRIBETSH ¢ e
copper Ufayalfbasy betbrhrueh secoh®papihii@dlayet®. material is then subsequently
patterned into nmetal interconnects 36 having a desired shape. As shown in

FIG 12, netal .interconnects 36 formdirect netallic an el ectrical
connect i8]t o e pmekt dtey ofghaBeliGr B pUECONRECHProsess kg FBowR IyEIG.dd. 12. The

metal | Qﬁee'ir{:a%ggxﬁg% 3.%%9@1%9 é?c't@nél & ABWA! ok F&rcﬁgﬂé&geﬁﬁigﬂfﬁgi Yopads 16

of sem conduct Vi ce , throu vi as/ openi ng n Cross

opposi ngemitohdwes d¥ice2I2 lof remenvingothd drstqrasdeationdagd? 22 That isprakbnt over

i nterconnects .36 further e tg@d OHt ast the edges. 24 of. s rriconcr% ctor

devi co 1% GHOYRSEeRIOBLPHCER % rthe 1Bedions (CEmERBAing 4to ¥igSRPEATE % he for m
of ¢ Opp@(ccgf&ﬁ% RDrREniHRIHAR e Q{erih@‘erﬁilaﬁ,eﬁrg? ﬁassivgf?c/%iaﬁ&c% SiRGnt RedD

enbodi nent of The invention where sem conductor device

circuits and connection pads 16 of semiconductor device 12 is removed by way of a
reactive ion etching (RIE) process, although it is envisioned that other suitable
techniques may also be employed. Upon extending of vias/opening 34 by way of
removing of first passivation layer 22, the circuits/connection pads 16 of semiconductor
device 12 are exposed so as to provide for an electrical interconnection to be made to

those circuits/connection pads.

[0044] Upon completion of the formation of vias/opening 34 down to
circuits/connection pads 16, the vias/opening 34 are cleaned (such as through an RIE
desoot process) and subsequently metalized to form interconnects 36, as shown in FIG.
12. The metal interconnects 36 are typically formed through a combination of
sputtering and electroplating applications. For example, a titanium adhesion layer and
copper seed layer may first be applied via a sputtering process, followed by an
electroplating process that increases a thickness of the copper to a desired level. The
applied metal material is then subsequently patterned into metal interconnects 36 having

a desired shape. As shown in FIG. 12, metal interconnects 36 form direct metallic and
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isin the formof an optical diode (i.e., diode with |ight-based

swtching), a further patterning step is perforned to renove an additi onal
portion 80 of base dielectric layer 42. As shown in FIG 13, portion 80 of
base dielectric sheet 42 and adhesive | ayer 40 are ablated off of surface
18 of passivated sem conductor device 72, with a netal circuit/contact 16

serving as, a packsto r mask , for the ahl ating. ladow 82, 1s thus
For med_ Scuier SoURaiRsid sHEEIraPher 0B b A6 oD Rer R GulRaE: SR “Th Sue
|i ght t endtdaghercbitheoRt B6abxtehddrit lifom! Birassh aAdYoe nddadédi@nt padst 16s of

recogni zed that first passivation |layer 22 would be conposed of an

opt i cal IsgmigpadHctergvieatl P hefust asiepeing 8 a1d QU aeroperrrosug suatestld: pass
there t . Whi j ff-arj ' f i | of the
sem condact annisdiuidorddce 12" 1K g R E O B R R e feent of

t he i nvedgdsd, ofi deniisondactogdéviex 12 batopposing surfaes ofppldctrat sheais74fsuch

sem conduct or _devi ce package 10, it . m e irable to enploy an array of
such seff &b a@apb?f%?@%rcéa‘g&%a@séwhﬂ%fﬁﬁﬁgﬁ@ in parallel and/or in
series. As such, an efficient technique for assenbling an array of

senm conqgrfspr  GR¥bAth Bk aDDdI ke Bf tHeMentidh SheRkenfredmuttongeviem1 o FI GS.
14-17, according to one enbodi nent of the invention, a lap joint is fornmed

) ) A clap |
on sem éofmithet farmdel hie @ptiea kdiode (ie..i fiode avith lighthaseshwighiag), a further
assenbl i ng/joining an_array, of such . 0] i 14,
oo o P edts BRI e FomRHE P REFIBRA Tort DAL A Bask WMBAIOIEEE
packageg21Qns gho@EAIRIGE 13 hRetion 80 anBasedlielsityie shestal and adhesiedlagéedd away on

opposi ng sides of sem conductor device 12 at areas 84 where lap joints are
desi r ed 2teoabjated ffred . sungces A8vef passivpied semicanductah|dgyice /% SViep BEREd in an

area of dj ' f ' ' [ te. 0.,
copper ﬁﬁg‘ﬁ/ﬁ%{a{%gﬂ% %grﬁl oa%f%l bﬁ?%%ér;b g’iﬁnfg{%a%ﬁ G%f%gl%ééq% (ﬁ%ﬁgﬁggﬁ% ls:nd
adhesi vehdsapaned 6n sarfacedl bf pmaivatedhesicomdhetye devidd 72 nisht dillelvasdight ¢o sheet
88 are app)ied/ |l am nated over surface 20 of passivat sem conduct or

devi ce 7&chfheaptisahieds k2| lapush acihediaeal édk F‘?"Bg’élﬁi‘égg’a ISERISSNATORYy out
past th ] Qi I i ‘ : e f the
ap | of Sef B7apily B Sampied et b CPREIL Slel S e e
appl i edpemiiessighe té pysrth@6 threughy Ivatikedstillnoffdrimg| aptepaomef eptiwal Bidosudh t hat
only di e% ctric s eeté?&is left in the lap joint area 84. The renaining
por t i on&T B¢ sgmiopdyqiprdeyicedrckagedfly adhesive | ayer 76 and of dielectric
sheet 88 and adhesive |ayer 86 that are outside of the lap joint area 84
(i.e., fioa6p MNeOSRIRRMoCADES eRbobRYE B 1R investid)eNisrepapneAdi thaid | nal
abl ation step shown in FIG 17, such that a conpleted sem conductor device
package cartrii applivgtiensofseméepnugiol devige okageet®h dmpy be desgiagble teenaley of t he

A b %rrg)b &6F é[ucg%ergpc%%duc S c%ggcee%ackages 10 arranged in parallel and/or in series.

As such, an efficient technique for assembling an array of semiconductor device
packages 10 is highly desired. Referring now to FIGS. 14-17, according to one
embodiment of the invention, a lap joint is formed on semiconductor device package 10

in order to accommodate assembling/joining an array of such packages.

[0047] As shown in FIG. 14, upon completion of patterning and interconnecting
semiconductor device packages 10, dielectric sheet 74 and adhesive layer 76 are ablated
away on opposing sides of semiconductor device 12 at areas 84 where lap joints are
desired to be formed. As shown in FIG. 14, the ablation is performed in an area of
dielectric sheet 74 which is free of metal interconnects (e.g., copper plating) 36 thereon.

After ablation of dielectric sheet 74 and adhesive layer 76, an additional adhesive layer
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100481The formation of lap joint 90 in the conpl eted sem conductor device
package 10 allows for easy joining of the device package to anot her

i denti cal device package, such that an array of sem conductor device
packages 10 can be easily forned. Referring nowto FIGS. 18-20, an
assenbly process for assenbling an array of seniconductor device packages

Phe "oy o Mo pl® gl Mecl oo AR BoptyRiGied Db Syt 2900f dablifieed’ P ©

di el ect rsemi®headtoS&vive 12)evithaidhesive a0 86 laAd @161@%1110 sticep 8®kexicheingssenbl y
process, and as shown in FIG 19, one or nore additional sem conductor

devi ce pasiche&p jomt area Sthasis aparghddGnd 2 h Ise R SHaRLthe lagdoint Brpatirage 10,
such as Corgﬁﬁn&fas SRlAi nj;t@nlraeme a?%ﬁﬁhﬁﬁhfr a@;&heﬁi%wgéwé) aySi 88 &1k gnment

tool. A ng to one enbodi mént © ention Ari nat] on press
(not shauutie lap joiheaes 8] soyk thdt onlyeditlectpic tsheet #8he kifvim tB2 lzq»rjotrx‘tmarelaaﬁ@r j oi nt
f se uc or,. devi to.the

addl ti Oﬁl%qe%&%n&%a@%?ﬁ% I‘)gg%ﬁ? é”cpg??fhggém Aﬁdh?\?bYeefaé’f)‘gzﬁg gé’iszf})ele‘%‘iﬂﬁe5| ve

92 securgsetisBendigh&sd | l'ag Isﬁbet%t £8 oﬁfsx&%ﬂtﬁ@%%h@%re@%w(?@ H%%@Hﬁn 10 to
the dielectric sheet(s sem conduct or devi ce packages

[ 0049] Wseheoadimdei dﬁey1®212praw t@asremowbhwam fioall ablativer dhemshavet meEIiG 17,

sem conduct r devi c ckage d sem conduygt,or. devi ckage

o St Bt iR B e B iRt R e SRR B e SR G TR 28 e

t he devitkgedipis kagaRted D sf thadlimMBslicet §8 fHat whs adiadel ectrical |y conductive
mat eri al / conponent 96 is provi ded on edges of sem conductor device package

10 and ext endi g&ﬁover to sem conductor device packages 94. For exanple, a

metal sUPfM48] sdihadprmasionef fryjors Al i therompdeted ﬁeamc‘e@uejtor deviReIneckiage
dhesi
adhesi ng Alg)é\grfgy %&Lj *%’Sﬁfhet&%l %%dﬂdcatn%{heg?Xénﬁ@alp%g%%?a%lé%ber 4

The sol I's app I'nterconnects
pl at i ngyudb thar aediran oﬁ)pemldagdmmleslemf:e tpaekapesi Hbrdncheoradby ifeengdackage

10, that, hei.ng on outward fa surf of digelectric, sheet 74 and

di el ect ?ﬁ %@H%e‘%o‘%éo % Lﬁ@é}r g@@s?eéna\ﬁﬁu%mﬁ%ﬁé hi MY AN AEB PE cal |y

coupl ed S%L%ﬁa&cxort&avfc%awhg% 6P0AES ggém@g‘ o 8h&&h ARS Bhowe T FRAGBCT O

devi ce packages , SO as to p oVl an el ectrical connection

t her ebetimedirst gtepbcﬁ]tlw adsemblpprotesspap adhvdsdiengmanr figuidy92ofs dapobitasinaiuct or

device % (f c%%a gheet 88 %n 'the lap joint 90. In a next step of the assembly process, and as
shown in FIG. 19, one or more additional semiconductor device packages 94 are then
aligned with semiconductor device package 10, such as by way of a pin alignment
system (not shown) or similar alignment tool. According to one embodiment of the
invention, a lamination press (not shown) is then employed to heat up the adhesive 92
on the lap joint 90, to provide for adhering of semiconductor device package 10 to the
additional semiconductor device packages 94. More specifically, adhesive 92 secures

the dielectric sheet 88 of semiconductor device package 10 to the dielectric sheet(s) 88

of semiconductor device packages 94.

[0049]  While adhesive 92 provides a mechanical-type bond between semiconductor
device package 10 and semiconductor device packages 94, a mechanism is still required
for forming an electrical connection between the device packages. Thus, as shown in
FIG. 20, an electrically conductive material/component 96 is provided on edges of

semiconductor device package 10 and extending over to semiconductor device packages
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it is recognized that the build-up technique for individually constructing
each sem conductor device package 10 (as shown in FIGS. 2-12) is a highly
repeat abl e process that results in natched inductances, capacitances, and
resi stances in each sem conductor device package in the array of

sem conductor devi ce packages 10, 94. The matching of inductances,

capaci tanc and resistances ween each s cond devyi c ackage in
the arr §3 giﬁ’rseéﬁ]ing n&JREH Stﬂgv?og “Inde thlﬁlégorf@ml\ﬂmg ena Kc% af? yé%rC gsul ts in
an arr aydRawnieNss prapided ddtvaRaraé kaficpeddcarmriie. pabk@‘éi]l@,h% effbegpldaccor di ng

to one enbodi nent of the invention, a sem conductor device package
i ncl ude96a feye gxasemleuist 8PPliedy P dNieEsANAEE: (8 8bstaPRER PEEREL SO eé on

sem con e f or med
ot o SR TG B RSoBIRI Rl pRladEl @ e B CLARY BRGSO

formed eurf&eshofollicldcsd shed %@mﬂddmﬁnﬁrm shees USS. ac €he afoldene9s ami thonduct or
devi ce vmth ques of the sem co the first

tor, devjce extendin
and sec&ghausalycad el Qﬂ’éc%lb’n?%#g’u‘g‘f‘iﬁly&@\} %éﬂ%@%@ gq Qg ‘ien@]%ﬁfé& a
First passickAlicaR JOM&! ga @Oioow Q@ A g%m@taar cld@YicIe cSithedfiod 0 cover
t he sem conductor devic an the' plurality metal lic connection pads
f ormed dher¢deevembstrate and a base dielectric |am nate sheet affixed to
the first surface of the sem conductor device, the base dielectric

| am nat vin t hi ckpess qgreatger than
passi vai?o?rq ﬂﬁh refﬁ%C%é%moé’b(ﬁ%E’? %85?683"%%&‘& O(f;éle¥l i) %ag?sngq ddes a
second ﬂa$§lr¥&igln%d| ﬂwerthbaumm;u}a feBhfifie Ior dh@Ridkially hadhstrhaingofeaé}he first

passivation layer that is applied over the fjrst él:E)asm vation layer and the
seni condeicondustori daviasopackagd 18 dweshowe isddéivd St ice highly teeeatableyges of
the sem condugt ice y t

el ectri Bzﬁ"F% ghggpfsqldt\é i %%%8 ulgg te?AC%é Ca%e?%?gé dggnﬁeéfc% I gﬁscé)lgc?ac}bf t he

sem conggtficondudas| dé@lcevpabkag%alﬁ hthe farrhiﬂ of pemicdhdiigtorodevieet pdckagdser(; Gdnect s
ext endi ng t hrough a respective via forned through the fiyst and second
passi vatlPen Ma¢ErE fhd IFCI%‘W@&%% SRRacHanGsse  puhi ﬁeétséa@%e egeR o PR di rect

met al 1 ¢, cONNGEId Ubvide! cRAR ngsft EDgra 'dg}[s%%dh ohdtoREALL bgaﬁgg@;ggt%fn pads.

100521According to anot I men e i nvention,
form ngbmﬁ‘mmllg@enﬂulteﬁmanaieaylmir@immg@dlapefamdgsmfonmrxde ng a sem conduct or
device having a substrate conposed of a sem conductor material and a

| i t th bstr at tht
o1 ural 1158 mEbelone ESRRER IorbaaRoqBienhor Biveacuity apem gt obm
surf acegeqfe PA&kage %&9&@“5%@&1%@&&&& ddhee meYiRgth %t%ﬁa!en@rﬂﬂ%ﬁdaﬂpi ying a

first passivation |layer onto the top and bottom surfaces of
sem condftmlpomdlmim wateriald anhtaoplicklisy off metabics eeringetitiupeds fefeedcen dhe endi ng

bet ween the to ttom ur f adherin e [ m to
Che " bot suretsy RiBdfe AREHEY T e BTG opBRhGh i BRI o B ST st v
passi vahh@rsebeitelopPyshg { RLfLEP of Uhkasamirbidiiche aedes wftht&@esem gnduct or
devi ce and over tﬁe first passivation layer to forma passjvated

seni coneneicordugioy | déVle ediending setwern e stitsht 3n spegpdr sHedGesg alkhi ckness

greater _than t L rs t ¢ gp 4 r
i ncl udege%lﬁ??&uf %’l n(gev t%eP %:L%%e ggﬁé@l’%@cé ?ﬂ ?tn@é élattl(}g] tdﬁﬂg’ijendb&gté@%nd
passi vatdr@iohdit @i SdelviteesPas o tcheerpiher ghiitondattoneleaice |ant1 ethe grimatitys ofind
formng a plurality of petal interconnects that e(%endt roug hthe

pat t er nBYtabis eongealia: padsclopmedren Al spRsirate: andr & beser diplestrig amsr@%mf
passi VaHf?(@d 1% i §tosufrﬁ[:énof‘ i E&fofRlct! deikOMEHAd AMeldbiil hiighapd ural ity

of metallic connection
sheet having a thlckness greater than that of the first passivation layer. The

semiconductor device package further includes a second passivation layer having a
thickness greater than that of the first passivation layer that is applied over the first

passivation layer and the semiconductor device so as to cover the second surface and the
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[ 0053] According to yet another enbodi nent of the invention, a nethod of
formng a sem conduct or device package includes providing a sem conduct or
devi ce having a substrate conposed of a sem conductor nmaterial and a
plurality of nmetallic connection pads fornmed on the substrate, with the
plurality of metallic connection pads being fornmed on top and bottom

surfaces_of t sem.conduct or .devi ce. The. nmethod al i des | ying a
i 11 resep RC T BRI AebE b BB A PRkt SR RO

passi vatg@upleé tb tie plnchlippbf atatliy E@mesiodf pdds & shaapgidchiducns ddeice,oritRnd
passi vate edges of the sem conductor device, appl iéi ng a base dielectric

| ani nat eael of e HBribhpueth dEercppnectsexiadingoeieh o regesrtive Visafoamappl yi ng
a SeCO“Clhﬁ)%gﬁ kﬁeaﬁﬁg@d &X6hd gé{s‘é‘{vaé‘én iaﬁ@ﬁ%tanﬁ hEe BAQ&Ee1Qril Tﬁﬁ‘niﬁ&t@‘sﬁﬁéﬁb‘“ or

devi ce an ver t Irst passivatio ayer to forma passivate
sem conduot edirdevhetellicwbhdectibie withonn df egdurabityi dmdtalie cotrection ppisl | ed so
as to have a thickness that provides a desired breakdown voltage for the

sem con r devic cka and that al. provi.des a mnimn zed. parasitic
hauct adtii Ao, KorerEub Rt SRt aroatPrue s e RaGoRes Ml i FERIRSH

i ncl udesepadongictbndetibe pha&8e dha@li@Gt ploCidind B REAcddbctbl ldebica r}ﬁvﬁ%c@ nd
passivation layers to forma plurality of vias therethrough and formng a

pl ur al i tsyibgratereeraposeshioé pcemirsnductonaatesint antia phirdlifylof mpesallic gennestipnr m a
direct ”%ﬁg'fg'er'ﬁgedc&? QE&{CFs{ll%Qrﬁggs Rﬁtht 0 gfuyarl?%g)gymntggﬁeéo | e&tﬂ}neg&%”ﬂ?ﬁlﬁéﬁ- wi th

100541Wﬂ i nvent i on een descr i et ai I'n connec

only a Iforhddedn nopragd bottonfiethicee st she sdmisbmlikcthr hieviceadThey medaelr sik@od t hat
the invention is not limted to such disclosed enbadi nents. Rather, the

i nvent i dpcledgs #wlyipglier fiesy Pagsiyakionlavsraenio 4Rg toRi B rbogipmy, syrfages ohthe
alterati i bt i SRR g e
descri besgl,q Oataﬁmvﬁlf %ﬁﬁﬁr%@%%ﬁ%%@?g%‘??@ﬁ%%sm “c:e %ﬂ@iﬂ@%gée&%gﬁt he

i nvent i aie topdwd thottorml duyfaceshadlerivug nivassdielebtidi fitentoshebotidra surfeeenifitben have

been describeq, it is to pe understood that aspects of the inyention may
el ude SSRIPRQT e @ ERBET I 8 SR U IS AL YT R STERE Al hvent | on
I's not Qe 9@‘%]@%Qﬁﬂh@%eﬂﬁc@h&%xb&evﬁ&earfd%@&%@Qiré?{e&a%ikf&)&dnoﬁyexbébt ford &Ny
limted by the scope of the appended cl ai ns.

passivated semiconductor device, with the second passivation layer having a thickness

greater than that of the first passivation layer. The method further includes patterning

the base dielectric film and the first and second passivation layers to expose the plurality

of metal interconnects and forming a plurality of metal interconnects that extend

through the patterned base dielectric film and the patterned first and second passivation

layers to form a direct metallic connection with the plurality of metallic connection

pads.

[0053]  According to yet another embodiment of the invention, a method of forming a
semiconductor device package includes providing a semiconductor device having a
substrate composed of a semiconductor material and a plurality of metallic connection
pads formed on the substrate, with the plurality of metallic connection pads being
formed on top and bottom surfaces of the semiconductor device. The method also
includes applying a thin first passivation layer about the semiconductor device so as to
passivate the top and bottom surfaces of the semiconductor device and passivate edges

of the semiconductor device, applying a base dielectric laminate to the bottom surface

22



CLAI M5 What is clained is: 1. A sem conductor device package (10)
conpri si ng: a sem conductor device (12) including a substrate
(14) conposed of a sem conductor material and a plurality of nmetallic
connection pads (16) fornmed on the substrate (14), the plurality of

metal lic connection pads (16) being fonned on each of first and second

opposi n urfaces (18, .2Q) of .the sem conduyctor device (12 i th edges
OO0y of B k' seBtircnaheint. devtss ol cBo T SSEoB ey oimIEEh S aket b Feng
second ggdsageehel I&nicéuctor device and ovér tHe' Sikst RASSVMAIN Byet &Y Forrh 22)
applied on the sem conductor device (12), the first passivation |layer (22)

bei ng appisivatbdssemagondoctendevice, wathstberisewond pessdyatigaiss bemg)apphed seiphg t he

| | i f met.alli ' ds (16), f t 14) ;
D bace i bitsof Bhiftnes Sl BRSEISET PR trfiioh VEBtle Ror e BHRRMIBG: (150 o
t he sendedodyatiigedend aBat(d12) , protidedas eniflingik &L tpaiRiticairidnatates feetthd 42)

having a thickness greater than that of the first passivation |ayer (22);
<(51 s )econéefb'&%dl\%ﬁfi davigeapackags0) The pnetead dueher H@l‘{qg? Rattguanrg fhg %8¢ | ayer

22) ang. . j V] : i hj th
that of cieyet Al SHENE U8 A8 E8d bEbiyftoh IBKIOR Rrkly PARETS B on
| ayer ( 8f¥yethiovugh bmdfdrinéngseplndity of fretad int20dnent thitexeohgebro(ighd Yheofiag he

sem conduct or devi ce f12); and | . .
to form a direct metallic Connection with the plurality of metal interconnects.

[0054] While ‘the invention has been described in detail in connection with only a
limited number of embodiments, it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the invention can be modified to
incorporate any number of variations, alterations, substitutions or equivalent
arrangements not heretofore described, but which are commensurate with the spirit and
scope of the invention. Additionally, while various embodiments of the invention have
been described, it is to be understood that aspects of the invention may include only
some of the described embodiments. Accordingly, the invention is not to be seen as
limited by the foregoing description, but is only limited by the scope of the appended

claims.
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a plurality of netal interconnects (36) electrically coupled to the
plurality of netallic connection pads (16) of the sem conductor device
(12), each of the plurality of netal interconnects (36) extending through
a respective via (34) fonned through the first and second passivation

| ayers (18, 20) and the base dielectric |am nate sheet (42) to forma

di rect qg;g@%’c connection with one of the plurality of netallic

connect i s (16). 2. The sem conductor devi ce package (10) of
claim1 wherein the first passivation |layer (22) conprises one of silicon
nitride WA &FRiMEHSHX de. 3. The sem conductor device package

(10) of claim1 wherein the second passivation |ayer (30) conprises at
| east one dielectric |amnate sheet applied over the first passivation
| ayer (22) arld t heA sagicoalustor daviee pakagelgés c¢apiising: t he sem conduct or

device (12), with the .at |east one diel ectric | am nat bei f or med
Lo substant] al |y fetoHcondafp degpe (i lnEhilbro AR T Hfpeds % 0Ty
The seniseRDUEHcR6r Bigwtigeardos kR@dity H0meaflli€ taintrdor padshe6) fonpd ogithg an

adhesive | ayer positioned between the first passivation |ayer (22) and the
second aBsialeatliddrihe Musplityd)metallic connestiorpads el dsiguiorsed ga\irel Opackage

(10), o ool SO RSBSPRLBRISHY R BRANEOLREL U L
and t he (3€cante semicanduct@Wevivnd 1 2dgeandidbetoten the fistambsedond surfateyvi ce
(12) so to substantially match a shape of the sem conductor device
(12), tr‘gil%oéfui d dielectric material being applied via one of a spray
ZBB: : gg: : 82i a ol,di g, ARRLIGRTdYRP 23 NPpRed 6h B ierBicARRBR) tdefRe (12),
the first passivation layer (22) being applied so as to cover the semiconductor device
(12) including the plurality of metallic connection pads (16) formed on the substrate
(14);
a base dielectric laminate sheet (42) affixed to the first surface (18) of
the semiconductor device (12), the base dielectric laminate sheet (42) having a thickness
greater than that of the first passivation layer (22);
a second passivation layer (30) applied over the first passivation layer
(22) and the semiconductor device (12) and having a thickness greater than that of the
first passivation layer (22), with the second passivation layer (30) covering the second
surface (20) and the edges (24) of the semiconductor device (12); and
a plurality of metal interconnects (36) electrically coupled to the plurality
of metallic connection pads (16) of the semiconductor device (12), each of the plurality
of metal interconnects (36) extending through a respective via (34) formed through the
first and second passivation layers (18, 20) and the base dielectric laminate sheet (42) to

form a direct metallic connection with one of the plurality of metallic connection pads

(16).

2. The semiconductor device package (10) of claim 1 wherein the first

passivation layer (22) comprises one of silicon nitride and silicon oxide.
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6. The sem conductor device package (10) of claim 1 further conprising an
additional dielectric |am nate sheet (74) affixed to the base dielectric

| am nat e sheet (42) and extendi ng out past a perineter of the

sem conduct or device (12). 7. The sem conduct or devi ce package (10)
of claim6 wherein the plurality of netal interconnects (36) extends out

past the per| net er, of the nduct e e 2

addi tional d| el ect hecsqnmnag{%r Heet P?%% YIOS Of(&m%l £ qlep ﬁ%ec%ﬁ qUct or
devi ce pagkagen (&Rt (30) dhirivePat leid: bae dmwm &lnliigata shaep ajpphestt o¢&Ghe f or med
on the additional dielectric |am nate sheet extendi ng qQut past the

per } met dirstpssivationdayes ¢adluanddhe aopnd surface) andmg%{%) Phihe sgRisdnetor 90) i s
confi 9” gé ﬁz@%feﬂl %he §s‘%f5h§g%§’ééﬁ§c%m%‘{é gfé {?ﬁ&#@ﬂﬁn&&% sdﬂsuiﬁug ther

sem con uc o “devi ce package em conduct or ice
package naléh) a sifape baihnsémidoadeitor deveceei conduct or devi ce (12) conprises an
optical diode, with the sem conductor device package (10) further
conprising an optical w ndow (82) formed through one of the base

di el ectric | am naigeSBRRLNEdAdr &R}Qetﬂa&a@%qmdomm yﬁ&iheflcdrﬁyﬁging aQ) so as

to expose one surface of the optical diode. . The sem conduct or
devi ce péhﬂsagela(y&aOpomhonﬂdabaﬁ%em/rtbc dimt ph&sl\eaecmridyqya@@b \ﬁaltdl the $esped (30)
is confl ag 2 h%@ a thickness that provides a desired breakdown

vol tagep ?ﬂ" AR 1ayER0dnduct or devi ce package (10) and that al so provides a
m nim zed parasitic inductance for the sem conductor device package (10).

5. The semiconductor device package (10) of claim 1 wherein the second
passivation layer (30) comprises a liquid dielectric material applied over the first
passivation layer (22) and the second surface (20) and edges (24) of the semiconductor
device (12) so as to substantially match a shape of the semiconductor device (12), the
liquid dielectric material being applied via one of a spray application, a molding

application, and a selective deposition application.

6. The semiconductor device package (10) of claim 1 further comprising an
additional dielectric laminate sheet (74) affixed to the base dielectric laminate sheet (42)

and extending out past a perimeter of the semiconductor device (12).

7. The semiconductor device package (10) of claim 6 wherein the plurality
of metal interconnects (36) extends out past the perimeter of the semiconductor device

(12) and onto the additional dielectric laminate sheet (74).

8. The semiconductor device package (10) of claim 6 further comprising a
lap joint (90) formed on the additional dielectric laminate sheet (74) extending out past
the perimeter of the semiconductor device (12), wherein the lap joint (90) is configured
to couple the semiconductor device package (10) with another semiconductor device

package (94).
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9. The semiconductor device package (10) of claim 1 wherein the
semiconductor device (12) comprises an optical diode, with the semiconductor device
package (10) further comprising an optical window (82) formed through one of the base
dielectric laminate sheet (42) and the second passivation layer (30) so as to expose one

surface of the optical diode.

10.  The semiconductor device package (10) of claim 1 wherein the second
passivation layer (30) is configured to have a thickness that provides a desired
breakdown voltage for the semiconductor device package (10) and that also provides a

minimized parasitic inductance for the semiconductor device package (10).
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