: [y e ﬂgol’lqi"c
. L. . P 1 METHODS AND APPARATUS FOR PRODUCI NG | NTEGRATED prifinet,
CIRCU T DEM CES FI ELD OF THE | NVENTI, .ON +he present invention relates to
met hods and apparatus for_producing integrated circuit devices and to

i nt egr at ed ingggﬁ§$€d15iﬁ@ﬁ?ﬁoaevﬂgéé/ﬁﬁoduced t hereby. An essential step
in the manufacture of all integrated circuit deviceces is known as

"packagi ng" and invol ves ne .cal,.an nvi | protection of a
silicon chip which is at thggﬁggrtbFonggheiﬁ?Eﬁggégted circuit as well

as electrical intercofhecpreaehbt ievanpiederelateedte geethests ond he
silicon chi pagggrsﬁaer Eéié gks&aéiﬁal 1hBEFLARLE- cAEcRI €S8Oy ddy equy | nei pal

t echnol ogi es g-qulo ed Tor packagi ng Sem conductors: w re bandi ng, tape
aut omati ¢ bo#@i ARLE %@ge%nﬂlF??btdﬁ?ﬁ%cﬁWr%rﬁﬁﬁﬂ?ﬁgt¥$ﬁﬁQWs heat and
ultrasonic energy to weld gold bonding wires between bond pads on the chip

and contacts on the pack au ILc, b | AB) enpl oys a copper
R R e o b

foil tape instead of bon er forl"tape is configured for
each specific die and package conbi nati on and includes a pattern of copper

traces suited thereto.an Thesddth ¥4 dudd of eadSE BRI GRIMRL &F | Rdiyvi dual |y
or as a group to the varjous, bond pads on the chipW'Flkgﬁﬁhi'§ are -
i ntegrated cHPeRFTRELIFFRHE IRELGRT deF IR 31 RAF lt%'g oftighe

bondi ng padsin¥dlsses| Inpyttgnidiel dirg teniercrnidmtad preajtesitiiionsiode gown and
o rectly solSbr et o & SIHEA S W SRR B0k Le0 kRt Bba
above- descr itiatuiteclalwafiless eddctinad igwrerdonnectioger beitween
limtati ons.pBRid} i dPNdiREARGn B RPNAHY &8 iRLANe cdhqpbadahgnd
formati on and subject the die_tg relatively high tenperaturés and
mechani cal ﬁ?ﬁ%%ﬁ#%kaehﬁﬂﬂ¥%ﬁ@Laqﬁﬁﬂi@%%f'TAB t echnol ogi es are probl ematic
from a package size viaw@reisenty @t priiticiPaal edcknbloigtiedevagas having
a die_to_pa%gﬁﬁ%w%£ﬁaf%31%%c&%EQEggé%&&gbnductors: wire bonding,
tape automatic bonding (TAB) and flip chip.
Wire bonding employs heat and ultrasonic
energy to weld gold bonding wires between bond pads on
the chip and contacts on the package.
Tape automatic bonding (TAB) employs a copper
foil tape instead of bonding wire. The copper foil tape
is configured for each spécific die and package
combination and includes a pattern of copper traces
suited thereto. The.individual leads may be connected
individually or as a group to the various bond pads on
the chip.
Flip chips-are integrated circuit dies which
have solder bumps formed on top of the bonding pads,
thus allowing the die to be "flipped" circuit side down
and directly 501de:ed to a substrate. Wire bonds are
not required and considerable savings in package
spacing may be realized.
The above-described technologies each have
certain limitations, Both wire bonding and TAB bonding
are prone to bad bond formation and subject the die to
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about 10%to 60% The flip-chip does not2provide packaging but rathér:
only interconnection. The interconnection encoun- ters problens.of -
uniformty in tdiatsolsley tblljfp&é:}ﬁpdﬁﬂuxﬁé‘s iand hesctednisgdan gmessurssat chi ng,
o Ch oM LS (eSS, Al SYaLl ALl SHBS U ALBR IS Ald | S OlptRliiatlie whi of
have thermal expansi Gr-Th ac ST st Cs ar 1o those o |1 con.
SUMVARY OF THEEXQWENT| maadkmq)r@mrvmmm on Badicing, ﬁf”d:\ﬂgd’é‘ ed
apparatus andciealit qussvids PrRftGld o Qﬁé«rﬁ&gfaﬁl@djecl Bréd datioe
overconme many of the above Ilmtatl o%ﬁ%prow e integrated circuits of
relatively sre1EnG;Zem APtk %trhanced el ectrical performance.
There is thus provided |'1rhacﬁalpsl-aﬂuq> wides aqlr gimvisld @esdkadigiagt dutt he
present invent & et f Qr . egr Cizhy cg(grg.’

Il S()d(uim ng a ura(ﬂ{ A o ate oiftiectssn

including the's eps of ; y of I ntegr circurts on a
waf er havi ng femuImﬂ%ecmmbl[ﬁm S—lmffﬁ@gtléa‘éht@ﬁ eed diext e HHBPE

Ci r]gtu' ts lpcl gl ngzéurmlég Pl @Hetn1 P M&fwn&[%nﬁftﬁ:hihhlgng whibkat h lsiau d
surfaces of t er o qQt.ective naterial ; .thereaf.ter partially
cutting into Eﬁé‘\‘ﬁhﬁf P(Ylaééﬁ%‘@ Tates t9cnéd it"ﬁgpet g

t hereby to defmaiﬁenm@mmmimm@mtdhemlofe:@amm [ t:yxaarhc;tleepatkaged
integrated cir e for r{%g contacts onto the.plurality of
prepackaged i %laq: é." CiTeul o(?e\r/élq'(::tes lile they are still joined together
on the water, at least a portion of said netal contacts extending into the
notches; and thereafter separating the plurality of prepackaged
integrated circuit devices int o indi VI dual devices. Throughout the
specification dnd clains, the terns "cutting” and "cut" shall have

broader than usual neaning and shall refer to removal of material or
separating along a line by any suitable technique, such as, for exanple,
et chi ng, sawi ng, sandblasting and mlling.
/——————.—"‘
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It is noted that the term"waferw se" does ‘nat reqdfre that a whol e wafer
be so processed at a given tine. "Waferw se" applies equally to steps

applied to multiple dies prior tQ_dicing ghe f. pr esent
invention the step of partialﬁf“mégk?iﬁ e posegNggﬁFﬁgﬁél surfaces of
the nultiplicity of pads. Preferably the step of partially cutting cuts
pads so as to simultaneousl y fi?Eeggg%traﬁqggggghacgegggiogg fREohPEl of
Ci it Addi ti ' i

a pair of adjacent integrate - cuits. lonal l'y i n_accordance with
a preferred enbodi ¥RPRTBUS hans EechnignesnErenPrAdREtionpPdyi 4BBegrakedod

for producing int egied€ld Cidefdide douieemel RMahydbfgthBeabbeps Dimipsaobilbwsng

a plurality of integrated ciycuits on,a wafer, .each.o .l ntegrat
circuits includingii n&FFWBF%Ei egraﬁﬁgsF15ﬁ81§%e95a¥?%$§%a?#¥al%@ggﬁ?¥ing
the wafer, therebyize dad weigbtchod ehbapcedt elactrbtal pevfarmaycef inte-
grated circuit, and wherein st aft cuptl tipna
surfaces of the nultiéﬂ icit?5%?epa§§.eé?gfE?gg%éé?hgﬁ5?2%°§?Q§§§5V§??y*9
cutting cuts a pl Reafaryeds epRadimart uafnfhsoneeapnEnleveRtiPRat e BFtPG

one of a pair offadjprealcingniffegi&tedCigthit deitlces heRS1WMIiky the
communi cation w t'h_another of the pair of adjacent integrated circuits,’
thereby to defirua%ﬁ%ﬁﬁ:P%f cal contact regions for both of said pair of
adj acent integrated circuitprotincingoadaburality of pimteyradednhmidtauwdbtts of

the present invenbhonathgéﬁegrﬁagiﬁe f49¥%d§ﬁhs%éiﬁh§ﬁ SAA Ny A ces,

conductive | ayer over notched edges, © he 1 ntegrated circuits in

el.ectrical conmunP&&Ri onohi t hthehe - frEERAteddgedirtithe pnslutididrhersei n

portions of thengeBdpeityeyl 8¥6pad®ymuni cating with separate ones of the

mitiplicity of pads are el ecti] Al 2 SERA ASLd "Woth LR P BB Ges of
the wafer a layer of protective material;

thereafter partially'cutting into the wafer
and the protective material attached thereto, thereby
to define notches along outlines of a plurality of
prepackaged integrated circuit devices;

forming metal contacts onto the plurality
of prepackaged integrated circuit devices while they
are still Jjoined together on the wafer, at 1least a
portion of said metal contacts extending into the
notches; and '

thereafter separating the plurality of
prepackaged - integrated cilrcuit devices into
individual devices.

Throughout the specification and claims, the
terms "cutting" and "cut" shall have broader than usual
meaning and shall refer to removal of material or
separating along a line by any suitable technique, such
as, for  example, etching, sawing, sandblasting and
milling.

It is noted that the term "waferwise" does
not require that a whole wafer be so processed at a

given time. "Waferwise" applies equally to steps

e
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In accordance with a preferred enbodi nent 49f the present invention, the
step of providing a conductive |ayer conprises formng a conductive coating

al so over non-edge of tONR, £f; e dfgéa ailsd &y€h1'-tﬁgg%§gerably t he

partially cutting step is carried out a | ocat 1 ons e silicon
substrate is not exposed Ht agenienese¥Fiddyés myreferaede Hapandt egfat ed

ci rcwt ts. In aetﬁmtr dqm&t Q Mt htlalvﬁrﬁfl%&l{ :@;‘ere@t@!ﬂi gt p@frttlﬁﬂl@[ eZletlng t

i nventi on, prior to the parti uttin rated circuits
are surrounded CPERS ?ﬁ%ﬁﬂﬂ@as§$F 8EES b&fs& EFB&%DE gildn PRSFars and
on their edges by epoxy. Hﬁegh&maﬂwytaetB@epabib@adtnglﬂadcu$thmgnedtsn at

| east one out eryy RN, 1 136 2191 $8bdobBY GO GeC L 14RY) E8htact

Addi tionally |ﬁ)accordance w. th erre t he present
i nventi on t her &993-08Ss 0 9oy ibgch tﬁ§ 3t Ppisf Eﬁov?éﬂﬁﬁeaﬁ |ﬁP$§95FF?dforned
ground plane iriseudtisitegrated circuit devices. Preferably, the protective

| ayer is transparent to r tlon ich_is used for PROM devi ces.
Adéitionally iﬁ accordané@gﬂn5ﬁnﬁlg§eféprgﬁcg SHFﬁeﬁ%%ﬁf th€r8f8§5ﬁ¥

i nvention ther embodimenitded &ppapaesentoinpentidonngheneefsapedvideduat
devi ces incl udm@gnoappa%&us 86upRLA UCiHEe g?a&a' : EXrEEltnte E316ds

circuits on a ya aV|ng 203|te | anar aces, each of t e |ntegrated
circuits |ncluépﬁéuélﬁHI¢ gl FEEP§ OF: pads; apparatus for waferw se
attaching to both said Syi‘faaﬁéingfatﬁEui‘\@iﬁtyaofaYﬂtle:aﬂéQt e@irwlts

packagi ng material; d parti uttin or, there
bartial 1y cut ¢ Pig®; MaLRaroPaGRct HEiG, LREeFFREedPErril ta, FaCAU I R ot o
thereby to defmnktmplmbetyabﬁngadﬂtIanés of a plurality of prepackaged

integrated circuit dEVICE§y §$£@é co 599h39ﬁ§raéﬁ€t%&% feﬁg1ngw§§gfu

contacts onto the plurali prepackage egra ircurt devices while
they are stilltheraby tegdefiépe orotohesaabeng puthinres LHor t P dEithe

nmet al cont act sgext eﬂﬂtg raBLe t@gr@ﬁ@hesan@ndwﬁgp@i@tlﬂgeapgaé@t Usof or
thereafter SepSé? nZgly cBLgigé g&poses sectional surfaces of the
| multiplicity of pads.
: Preferably the step of partially cutting cuts
a plurality of pads including some which communicate
with a one of a pair of adjacent integrated circuits
~and others with communication with another of the pair
of adjacent integrated ciréuits, thereby to define
electrical contact regions for both of said pair of
adjacent integrated circuits. '

In accordance with a preferred embodiment of
the présent invention there are also provided steps of
providing a conductive layer over notched edges of the
integrated circuits in electrical communication with
the exposed edges of the pads and wherein portions of
the conductive layer communicating with separate ones
of the multiplicity of pads are electrically separated
from one another. _

In accordance with a preferred embodiment of
the present invention, the step of providing a
conductive layer compriées forming a conductive coating

_This Sheet Has Been Reraced
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of prepackaged integrated circuit devices gnto™ ndividual devices. 6
Preferably the partially cutting apparatus exposes sectional :surfaces of

the nultiplicity,of pads and cyts pads.which_c nicate . With. adjacent |
i nt egr at ed cir%AFPSgvefhEPéﬁﬁggFQBQFﬁﬁPPﬁnggugﬁguﬁgﬁ?%ga%¥%c$+¥%%*€tontact
regions for the adjacent Predgrabky ctheuipe;trﬂllhercmhtam@brﬂéﬂ@e‘M$th a-
preferred embodigpns af cheatnyERLE 900 LNGRErEBy PERYT Soth pPpar Aibist fke

produci ng integrat circuit devices Inc I ng. _apparatus for producing a
plurality of ini&grBPEde¥ppeaftatobhg naFehed c8@¥eDIOt hethhit il ng

circuits incIudiﬁgegrauéaiaﬁfghiusof pads; and partially cutting apparatus
for thereafter partially cuttin he wafe there t 0, def.l ne. not.ches. al ong
outlines of plurality of ?Ht@ﬁ?gféﬁn%?r¥ﬁ£? %I%ﬁﬁﬁg%Fééﬂ%ﬁ#égaﬁ%gé’sé%qional
surfaces of thethel t ppesentyinvephiisn, Poeier abd ythe Ipamakally | ycuthiiang
apparatus cuts geBpilr athbYiftefPlited NELLLIG: SOME MLAukRANSH Calfeiil 11 2
one of a pair of_adfacent integrated clIrcuits, and others W th conmmunication:
wi th anot her ofPlaRak$RrEaces A proteckiratsEiating sdavets & t ®Mef i ne
el ectrical contggéireddgas bprepwh. of said pair of adjacent integrated

circuits. In accordance wth_a preferred enhodi nent of the present '

i nvention there is also #59#%%’%p%r§ﬁ§“n%033%%‘ﬂ%lqﬁpésgd‘$ﬂﬂﬁq P& | ayer
over notched edaies bfasheonateutreat apllanax Burfiacelatt rdadal dorbagradsd on
with the edges of e Rade;a0d for electrically separating portions of the

conductive | ayer ‘conmuni cating, with separate ones of the nultiplicity of
pads. Preferably, the corRiditianalaper dbmncudance dHdlcd verederres over

nore than the €dggodinddie ¢ edt edrdddiitl tinRffimblohdre AY tiadlsy
s hot “expooed BROYIAFhorie d ShRR Sl THE IS nd AHeERgrdsed FOTPER .
Preferably the capparditplamd ihegirdkdarttegiabeehtdioruis devices.

Preferably, the  protective layer is
transparent to radiation which is used for erasing
EPROM devices.

Additionally in accordance with a preferred
embodiment of the present invention there is provided
apparatus for producing integrated circuit devices
including:

apparatus for producing a plurality of
integrated circuits on a wafer having opposite planar
surfaces, each of the integrated circuits including a
multiplicity of pads; S

apparatus for waferwise attaching to  both
said surfaces of the wafer a layer of protective
packaging material; and

partially cutting apparatus for thereafter
partially cutting the wafer and the protective material
attached thereto, thereby to define notches along
outlines of a -plﬁrality of - prepackaged integrated
circuit devices;

metal coating apparatus for forming metal
contacts onto the plurality of prepackaged integrated

Thiis Sheet Has Been RTlaced
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7 Preferably, the conductive |ayer conprises a ctonductive coating over nore
than the edge of the inte- grated circuit. Preferably the partially

cutting apparatug,LaiePaEdhiis wAi1e0FRElOuT e aRiehY baked! LbGaRLaYDSh al &
I s not exposed at the notche egges of the resulting”inte- grated circuits.
Preferably the &Pfar¥efisrof ehelppesent PomkdAR Pifokhes Eﬁﬁ?gtiﬁﬁniécEﬁrry

out any and al | eptehBengboner ERB! heBedesnt Rad steps. In accordance with a
preferred enbodi nent of the invgntion t here iﬁ rovi ded an i tegra%ﬁd
8 FREATYST

circuit device construct e§®REC8FUPHg t 02RPRER or 48 ng ap .

havi ng any of tH&epavatigpgngtheat piesalddgi t ofinabkrgpackagedr damtegyateda
preferred e”bOdbﬂFEEiETdé@EcBEeiﬁEB iH&?Q&BBQltHEchéé.prQV'd?d an
integrated circuit device conprising. an integrated circuit die havi-ng top
and bottom surfaces fornBHederabd¥t rthal peripddlvt i Gathheg mePRFAtugal |y

protective Uﬁtékbéée@nﬁeétﬁéhéiCéhffacéﬁsyfathéemﬁﬂﬂgpﬁiﬁi@ﬁaifh%&kﬁg
exposed sectlonéﬂ$f con uctlveggads ang being incljined wth respect to the

ei
top and bott om Bt acERES AddPEIBNa Y in SOPBRBLARES wi - H pr ALIFGRRT
enbodi nent of tiertegeseed |cvectibs, therebyetoasbmuTtamesuslylevdefine

lanar surface Sroype ot SofEder FEriBhs o0t Tene ufpcil SHiliedihedn out el
Preferably condet¥¢WEtSirips are formed on the outside surface of the
integrated circuit devi cephPEhéit erLONNgEtdbrdande axpased seqramns-rald
conductive pads, Bl & it 3t I s S0d8E on there oft RS dipaitis 8

: for producing integrated circuit devices including:

. ' apparatus for producing a plurality’ of
integrated circuits on a wafer, each of the integrated
circuits including a multiplicity of pads; and

partially cutting apparatus for thereafter
partially cutting the wafer, thereby to define notches
along outlines of a plurality of integrated circuit
elements which expose sectional surfaces of the

multiplicity of pads. _

Preferably, the partially cutting apparatus
cuts .a plurality of pads including some  vwhich
communicate with a one of a pair of adjacent integrated
circuits and others with communication with another of
the pair of adjacent integrated circuits, thereby to
define electrical contact regions for both of said pair
of adjacent integrated circuits.

In accordance with a preferred embodiment of
the present invention there is also provided apparatus
for providing a conductive layer over notched edges of
the integrated circuit in electrical communication with
the edges of the pads and for electrically separating
portioﬁs of the conductive layer communicating with
separate ones of the multiplicity of pads.

Preferably, the conductive 1aYer comprises a

" This Sheet Has Been Reﬂlaced
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BRI EF ‘DESCRI PTI ON OF THE DRAW NGS The present 1 nvention will be understood
and appreciated nore fully fromthe follow ng detailed de- scription, taken
i n conjunction w thcbhéudtawengsoatimhi Gdyrerinprel ihmm thempladgeed RjCt ehieal
illustration of an & | i 1~ devi ce constructed and operative in
accordance with a p!}g?gg%%éggné‘#l rretth't of the present invention;, Fig. 2 is
a sinplified pictorial illustPreferaly tihe Rarddaddit Afttdingr eppariates is

packaging | ayer {0 spuBaeiyEOlt & Sddt dhedluticHethy tole I110G0A URELLENL! 5
dies; Fig. 3|sasm$I|f|ed=|.ctor|a |Iltgsqt“rv§%;|o of sﬁ&rlglngo €
wafer to define indPOFdus¥Pesed, 3%l %R AP meMt of & presuétivg

packagi ng | ayer to iheegedtosd diwygmuithd, 4B, 4C, 4D and 4E are sectional
illustrations of various sta i : 'nggw‘a I I nt.egrated circuit
devi ces in accordance with a%‘f%#ée}rérﬂéi% enbodi (réé%ta%g%hfhebgr egéﬁt i RYEREPEN;
Fig. 5 is a partialiljvertiomeals cnendtdvepiter garkyaout] payt aadi ahlobfanthe

integrated circuit gewW&andHiGorld sbthgamdtsiafer of Fig. 4E Figs. 6, 7
and 8 are sectional illustrations of variquys stages in the manufacture of
the integrated circuit devi cdBRGAPTIRAESGVLILE & B e%f“é??dQe%Gdlmenbge@fler
provide a sinplifiethédl dovetitdgmarbhereudtsr giriovidetl appanéegsateq caiFyae
out the nmethod of t J S ' i;on_ Fi . i §.a.Si ifi,ed pictori al
illustration of an (#bﬁ{léggefa?ez%d#\rﬁ%&feg dg\(/glégg’d%(}))ést ?Sg?edﬁg%iaégpe?gt i VRLRH
accordance w th an@pRargius daviademinydofeheofforggoprgséadtunesnti on and

havinginul tiple rows of pads s tidRgedyon id abaaeaaﬁeéfaﬁehtgerﬁg%f Fi%%
12 s 2 sl Lhed Dol o YR L eaN®! slehBi S phet o iU T T e
constructed and op digent g pre 1s  provided
an integrated circuit device comprising:

an integrated circuit die having top and
bottom surfaces formed of electrically insulative and
mechanically protective material and electrically
insulative edge surfaces having exposed sections of
conductive pads and being inclined with respect to
the top and bottom surfaces.

Additionally in accordance with a preferred
embodiment of the present invention, the integrated
circuit device includes an integrally formed thermal
contact to a heat sink on an outer planar surface of
the device and an integrally formed ground plane.

Preferably conductive strips are formed on
the outside surface of the integrated circuit device
for interconnecting the exposed sections of conductive
pads at a plurality of edges.

This Sheet Has Been Reilii:ed
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i n accordance with yet another preférred enbodi nent of the pr esent

i nvention and pads extending to edge surfaces thereof; and Figs. 13, 14 and
15 are sectional illustrationBRHER DESGREL Y OF FHEL ORAYINGRCt ure of the
integrated circuit device shown in Fig. 12. [err] 10 DETAI LED
DESCRI PTI ON OF PREFERRED EMBQDI VENT Ref er.ence ,i.S _Nows; Fi . - ,
which illustrate the producti <5I%%ﬁpégFﬁ?@ﬁ“ﬂf?buﬁ%qgg%i%gge#%%ggéo[ éﬁce
with a preferred edmmtiendmtest miorepr Fuddty ifiroant itdve. Epdlovipgl udetaideda
preferred embodi menfeiriifHliQR Ai@itesl Halido %\qﬁ%' 8 onORIthuehedaaadiAgsr athve
in accordance with awprefg%?ed enbggi#ént 5& the present invention gnd

i ncl udes a reIativéW9£WHin and conpact, environnentally protected and
mechani cal | y strengthened i nirdgr.attedsciar edivpli#dledopit@obasinglaustration

multiplicity of elegtrical contact 2 pl.ated.al gng.t he [ es 14
thereof. In accord&ﬁie ﬁPth1§%6§§P§Péed%&ﬁEH&FneﬁF%&Fethggg§$%ﬁF%§§,_ &nd
contacts 12 ext endopexatisge inurtaordavneowilth pl prefesuefdaembodbmentt het

package. This congget REeHRpenRELHLts both flat surface mounting and
edge nounting of packaggk%% onto anc?rcuit board. ~ It is noted that the

integrated circuit package 181ifmy2ihe| BdELRRLLELEEr BEFYOFHR hebl LRStRERBne
(not shown) as wel bfagher atbdchmane 66nkapkotd8tile packigbngelawvéh o a
preferred enbodi nent o% t he greﬁent inve?tioga t.he %nteg atqg q&rbuit .
package 10 may alsgaFﬁ | uGRPGAE P ol P HER Fyboﬂ inb %3%% E% fo?ﬁgaxﬂﬁ

one or both of thedpkesmar surfaces 16 thereof. The provision of such
thermal bonding pads 19 is optiongl il 3 ; s :
enbodi ment of tHhe present,ijgggfignlsa§d§g§9???£§§r§%%€o€% _?%fiééékﬁfﬁﬂﬁl
4A, a conplete sil PEonSRELRING0 BhVERY Waben: kpi dofire i dheiunks dies,
formed thereon by genvewingnal theéchattaebmens dpNdedprdtedtivet ipeckayimee
24 to an insulatin? cover P te Zg via a |layer 28 of epoxy. The insulating
cover plate 26 typ %Xffy RonpFi €& eﬁ{ass; al um na, beryllia, sapphire or
any other suitable insulativeigs. 4A, 4B, 4C, 4D and 4E are sectional

illustrations of various stages in the manufacture of

integrated <circuit devices in accordance with a
prefefred embodiment of the present invention;

Fig. 5 1is a partially cut away detailed
pictorial illustration of an integrated circuit device
produced from the wafer of Fig. 4E;

_ Figs. 6, 7 and 8 are sectional illustrations
of various stages in the manufacture of the integrated
circuit device shown in Figs. 1 & 5; and

Figs. 9 and 10 together provide a simplified
block diagram illustration of_apparatﬁs for carrying
out the method of the present invention.
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substrate. Cover plate 26 may be transparent to radiation in a spectr al

region useful for optical or infrared alignment. Cover plate 26 may be
transparent .to radi LD %ﬁ&?fﬁ@oﬁ% PREHFRED EHBOPRMERSS O
infrared alignnment. I'S appreclrated that certain steps in the

conventional fabrication of silicon wafer 20 may be elim nated when the
wafer is used in accordanterevdntd Hes presanridd meemtiigen. 1These, st ehichncl ude

t he provision af,.vi eni.ngs..above. .pads fer - .ndi: ng waf er
back net al coatli]r?d‘?sq;ﬁ?é%o%oqﬁﬁq reotgfs%ﬁeﬁ]t%ln dvga\flxg‘rte?(#%?‘rféé %%E?g??regeguﬂgﬁsan
i ntegral groundipl @awcdndanwe etiitdnala | intedgrasdy esbpdigges apfanfhe
sui tabl e | ocat ?y}g%}ﬁr Sidverf¥iigy.native- Iy prior to the bonding step of
nd plan ﬂ)

Fig. 4A, a gro e nmay e . _deposited and configgred by. conventi onal
tech- niques over the actEi® Juiddustrates,a,roeiertre §MBAAY™ERENeCFi es
bet ween acti ve intdpet e Ardulifte deRdxe loayetragtedohhavwopgrabevéoninng
step described_hereina- bove,.the_silicon wafer .. efer y QLo down
to a decreased 3HCHAFESS, t%hcgl P§ ! rﬁchB‘ﬁgglgl?Béhé\?\megé Fgé‘.‘g%gt.: Thi s
reduction in wiiwenthiiopknegsl iigcdndelsed helaldvedsi thinagndechampact,
strengt h provi : - ok 0 [ td QVRE ate
26. Fol |l ow ng % ﬁlgfl?é%%ﬁt%gﬂ?np;r E‘?g%%%?ﬁ%‘? %“ﬁtgﬁ\ﬁg?gé?ﬂgm%che{iis oprtx?:(h)nal ,

the wafer is sdftesFakesngimcyibaprekagradd bBeyAgIpRclBl etRd ety @f i nes
whi ch sepa- rakgeldlteicadi vicdnghctsed2 phatear shedgcbnenedge 30sarfadds

icrons.  The Siti pSleRaPE, 18 SHORACPRCE Bith anBrRcR g codiidie ) oy’
wafer is then efchbe inventdnuenconten&s iﬂlEKpathchépga®@¢tﬁuxﬁﬁqsﬁmh_as
5 D! Dot 27 B8, SHAB/CHTEIS! GutGpos SOt ot Epc it cobi ocl
contact arrangement permits both flat surface mounting
and edge mounting of package 10 onto a circuit board.
It is noted that the integrated circuit package 10 may
include an integrally formed ground plane (not shown)
. as well as ground plane contacts 18.
N In accordance with a preferred embodiment of
the present invention, the integrated circuit package
10 may also include one or more thermal bonding pads 19
formed on one or both of the planar surfaces 16
thereof. The provision of such thermal bonding pads 19
is optional. , _
In accordance with a preferred embodiment of
the present invéntion, and as illustrated in Fig. 2 and
Fig. 4A, a complete silicon wafer 20 having a plurality
of finished dies 22 formed thereon by conventional
techniques, is bonded at its active surface 24 to an
insulating cover plate 26 via a layer 28 of epoxj. The
insulating cover plate 26 typically comprises glass,
alumina, beryllia, sapphire or any other suitable
insulative substrate.
Cover - plate 26 may be transparent to
radiation in a spectral region useful for optical or

This Sheet Has Been RTI C

i




fiel d. oxi de |ayer, as shown in Fig. 4D. 10 This Sheet Has Been Re |aced 12
ty of separated dies 40, each of which includes silicon of thickness about
100 mi crons. Asnfsaead a&Dighag@nt4E, following the silicon etching, a
second insul ati ng packagipg y [ oNgEed e L L, onjde side
t her eof opposite to i_nsu#gt-‘{lgn%_5 g%ﬁ%é}:ggnﬁg%%r 6. A Iayeg%}alo& epoxy

| i es between tfenversianabndfabiel calyéen4208nel by WLy 139 | Jiahe be

interstices betVeRIngt&d “Phed Nensapdveshiofuide ai chasktoriRice?0 wanth t he
first and secogﬁl insulatin packatﬁ Iayﬁqs 26 a{Id 42 i.s then partially

I N
cut along |ines®80, PYFFGPGI oty Blgﬂter- T c L IRT nedM Yt ent™ 8 es” 40
to define not chesvasbmy td® owid i ngsenmings plabave t ypasis pr exgfaok adpactk

i ntegrated cirgcui t t,l t the invention that |ines
50 are selecte Jé%% B h%ﬂfétvzae% ﬁe%%%‘f%%ﬁdé%%ﬁ%ng the notches are

di stanced from the out erTh&t eramptetdesiliicanivaken\2may &est Qraest ance
d, (25 Shown [ nefuss, 4F anhiaqial whighuie! gimiice | sanowceddiontionnal |y
made. is a particul ar feature .0 e present inve n rtia
Cutting of thel SRR RSN A | A 50 BERIE edd@eedion

mul tiplicity dfheasliin 34 Aditarmatiafesy 2(hriwi dio @ ddgddingwhetepo efposed,
defi ne cont act rface i . hid H};gj |0 . 1;,ch of
Fig. 4E al so e%%’se%’e?g?r%%j&ﬁs%{lg nthﬁg %ér?l? ptﬂae%eagé \%\/I%?l(]:??‘lagg I ne
ground pl ane ddhteRavenflonadcdedmiqugs aveiy theyvasddivec suatbget o2firg. 5,

at |east one idifat aiH4l0 ﬁrﬁé’@&bﬂﬂ?ﬁ';ﬂ@ﬁ& 1ikes HethidepXinde ikay ekurifacgehown at
ref erence nuneral ?:ﬁd: nd netal _pads are shown at reference nuneral 34. An

over-netal instft &% &, FROXYs 18¥&H 28+ ref erence nuneral 36. The ground
plane is shown at refererdqowimer al t3f | bonslisgen siap t hedestehbpdoduced

by partial hereinabove, the silicon wafer is preferably ground
down to a decreased thickmness, typically 200 microns,
as shown in Fig. 4B. This reduction in wafer thickness
is enabled by the additional mechanical strength
provided by the bonding thereof of the-insulating coverxr
plate 26.

Following the reduction in thickness of the
wafer, which is optional, the wafer is scribed along
its back surface along predetermined dice lines which
_separate the individual dies. The scribed channels 30
are of Sufficient depth to reduce the wafer thickness
thereunder to typically 100 microns. The scribed wafer
is shown in Fig. 3 and in Fig. 4C.

The scribed wafer is then etched in a
conventional silicon etching solution, such as a
combination of 2.5% hydrofluoric acid, 50% nitric acid,
10% _acetic ~acid and 37.5% water, so as to etch the
silicon down to the field oxide layer, as shown in Fig.
4D.

The result of the silicon etching is a
plurality of separated_dies 40, each of which includes
silicon of thickness about 100 microns.
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cutting as in Fig. 4E typically as inclinedtkidewalls, as iIII ustrated in
Fig. 5. This need not necessarily be the case, however. Reference is now
made to Figs. 6, 7 and 8, -whi chekhl ushr gtig. quLhEbl&bemaginthbe gabiifast ure

f d devi ' d h f
Che present i nveRECBDOR 5 ooPFPAG: PALBLSk PePaPERERE, rryFlsa i g 1o °

preferred cross beodednaierothegdiesi 60 of ahﬁoscdeptberagéedpb9sp§$tt@]Iy
cutting as descrEHEQIQEEE?nﬁQ@gS?%HgCQQQSEth@n Aﬁggggkg444gf g§5§¥c§ieé|nes

56 indicate the jntersection o i njn
exposed secti onaPep¥8e8ur FAEesdtes ¢£repdafh ?|%§¥e§84?nGF§at%P?ﬁ¥ I i on

of a subsequent fibdt thé Phtebstbpesabeswebr dies #ato individual
integrated circuits at a I@ﬂgr éﬁ@& CE gf %ﬂé géﬁ gtgéFéfhzaoéﬁgtl
0

nmetal contacts 12 al ong the |nc Ine rt € top sur ace
16. These cont acfsrwhu@mnagc@edfmmhabyn@nga@mqam&mm depmrd t i4h

techni que, are sggn El?eﬁxﬁéfgléiﬁ%d@u@0&)?&1&41115&'55@5tWiﬁ?héI’&’n &l aglg i cal

contact with surfaces 5 g %A I S artlcque eature of t he
present inventi ol tEETLHERS PebReR t 1@@@?Ew%%%£oﬁ?o te Heekine jpptches
elhecfj_rl cal contabéna tithéﬁrézamaﬁxéé abf p@dSpldﬁﬁalw:jv hatf  fpretpasciryeat i n]g]
the dies into i ci o]

t he i ndivi dual %yé%g%%& Gk ufé%ub:%‘gq‘hée Lﬁator%é"?‘ggcon a&éﬁré Jf tﬂlf%n

t hereon, into inthvenfion prfdiqiacldalgtes i M apeitsekerted c suchlevihals. the
Reference is “OVéd(E%? 0 thdidk %ﬁ@’tﬂ@'rﬁtéﬂwt hete idi1 4L from

apparatus for |ntegrated circult devices in accordance with a

preferred errbod Eilﬁe Sftendnt iR T 1t edy ot viast a
fabrica- tion faﬁléﬂatncelBQi,pr@/s demowampletE gl o 2thd | i vitdh- valichef er s
20 are bonded on_t actid ve surf s h ondi ng apparatus 182, preferably
having facilit i'}s ce}'r nds i e d%cgtlor}/altiy MadL .

it is a particular feature of the present

invention that partial cutting of the sandwich of Fig.
4E along lines 50 exposes edges of a multiplicity of
pads 34 on the wafer 20, which pad edges, when so
exposed, define contact surfaces 51 on dies 40. Partial
cutting of the sandwich of Fig. 4E also exposes edge
portions of the ground plane 38 which define ground
plane contact surfaces 52.

Referring now particularly to Fig. 5, at
least. one insulating layer, including the field oxide
layer, is shown at reference numeral 32 and metal pads
are shown at reference numeral 34. An over-metal
insulating layer is shown at reference numeral 36. The
ground plane is shown at reference numeral 38.

It is seen that the notch produced by partial
cutting as in Fig. 4E typically as inclined sidewalls,
as illustrated in Fig. 5. This need not necessarily be
the case, however.

' . Reference is now made to Figs. 6, 7 and 8,
which illustrate further steps in the manufacture of
integréted circuit devices in accordance with a

-
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rotation of the wafer 20, the l|ayer 26 and the epoxy 28 14 so as to
obtain even distribution of the epoxy. The bonded wafer (Fig. 3) is thinned
at its non-activersafidace asenbodiiiend f aheapatesent84dnventhoas Model
32BTGW usi ng 12. 5A abrasi ve,; i.chyi Ci.al l.l.ab eedf am
Machi nes Co. Ltd. of Engla?ydq?ﬁgq%&%gﬁ I'S th% g%??%%éhgthﬁﬁéiﬁgkggﬁtgve
surface by scri bif¢ispacat ®rors6 sechigpad rROPLAGETIRALEBRf 0¥ 75adi RPN saw
enpl oying an N pirjdeted @gogyéﬂt%dw ke ngPaedueshgiBed eSHbteaBdve S
shown in Fig. 4C. _The scrihe mafgr Qf Fig. 4C is tﬂeg.etchgg I 0 &i
tenperature cont rl ICOFRESEAOPHLE n?&gniﬁ%‘aVEFFFES £B6S 3P ut +B G
Commer ci al | y avaith&bl énéguispatibnf ounft bthe potphss4i withdethe Chpads ee3n pat h
and an WHRV ci r g r ' ek u by, Waf o Of
the US A. A su?%gékghgon%gﬁgﬁgéa%ggﬁﬁPgég g?gh%ﬁg£§%§%ti%%'ié@$gg oﬁm
Silicon etch, whiléRess B8nmkidirateythealpgptéonrefm M cPebsemérntrechinsilogy
Ltd. of England. chtewhatRr sepacaBe8nthanaiby ihfsetnaivedu®l chhfeyrathd
resulting etched wafer.,is sho n Fig. 4D. The etched wafer is bonded on
t he non-active.gﬁﬁgu%gsaﬁgtﬁgiat?ﬁtﬁg?gee | ayer 42 by bonding apparatus
192, which may be essenti aFlig.t he sabhPuatrapparthesfdBfation prafiuaetad

doubly bonded wa 4 gh S s o Ls FLg. chi 194,
whichynay be ide%?#ggﬁeggigp%gég us %Q%P&fﬁﬁ%gafﬁéé%gﬁéE?kg%gﬁﬁggg?ma er
sand- wich of Figor4surfagechhti Taesei eonsaobm, i whith may behefommadchdy
Containing a chrammt ke R O Srrnt he
fol | ow igg u. s%ﬁg?%%t &9%}%571}%%} 54 g5y s %@%iﬁé@o,e%ﬁéncatl

di scl osure of whecahitast heithysurfarceorst coff lpadef®dtrence. Conductive |ayer
deposition apparatus  20fl, Wi ch, QRErAI &R JY HARUHD UPOUHd Ohresent

techni ques, such as a . _
invention that metal contacts are formed onto the dies

in electrical contact with surfaces 51 of pads 34
without first separating the dies into individual
chips.

Fig. B8 illustrates subsequent dicing of the
individual dies  on the wafer, subsequent to metal
contact formation thereon,.into individual pre-packaged
integrated circuit devices.

Reference is how made to Figs. 9 and 10,
which. together illustrate apparatus for producing
integrated @ circuit devices in accordance ~with a
preferred embodiment of the present invention. A
conventional wafer fabrication facility 180 provides
complete wafers 20. Individual wafers 20 are bonded on
their active surfaces by bonding apparatus 182,
preferably having facilities for rotation of the wafer
20, the layer 26 and the epoxy -28 so as to obtain even
distribution of the epoxy.

The bonded wafer (Fig. 3) is thinned at its
non-active surface as by grinding apparatus 184, such
as Model 32BTGW using 12.5A abrasive, which is
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Model  903M sputtering machi ne manufacturéd by Material REPLACEMENT
SHEET The photoresist is preferably |aser configured by a suitable | aser
scanner 204 to defineeciallgbbkeaglsbiegfpaint spasedfamTHechhoesr €sistLtd. t hen
devel oped in a g%vghggggat bath 206, and then etched in a netal etch

sol ution 208 | ocated™in an etching bath 210, thus providi ng a conduct or
configuration such as thathshowafen Fsgthen saeikedodkdlEdndBeRrdetsY®i ps

shown in Fig. 7sageatbenppl a&eﬂbm(?fs?ﬁ@katay ehgcéhchess @l rulngk@ppar at us
212, which is cgng_grci R avallab e rorq(O(uno of l#apan Thg V\%f’er i(; t hen
di ced into indi ¥Pa63l z?{gpa RSHRY FRAY cGFRECHLRT r i YT delt REEC %01 y

t he di ci ng bl adko2ddd shbadld, bpradwc tmgpnd resubbi ehbtlades ofhowm ckmeBby4 - 12
nmls. The resuljjing dies appear as illustrated generally in Fig. 1.

Reference is now nmade to Fig 11,, which illustrates a preferred e_rrbo'di nment
of integrated circuit devFe ceestbedtedfendbplidti4e 15 e daFeredi t h

anot Per Pr eI o red Saboeé:ﬂﬁfia@aré h%&ﬁ@ﬁ?ﬁﬁd YEEH | ?I‘B?ndcéﬂﬂ@é%jhfilﬂﬁg aa
relatively in conpact.:; environmentally rotec and' .

mechani cal | y §’?f3e?ﬂﬂ heRbahi n?@d?%*%‘a %?Qt:uiqorﬁﬁ"c’ﬁ%)gaeﬁ}élo_ avARYe a
multiplicity oéqeipmént cibrcunsghardle plmtbubdeal ontheniel eelycbasth fasks 314
thereof. Simlarl t ' f_ Fi.g s t f’#@t\?ﬁ‘&?n ver
edge surfaces O%E o%p?%%ﬁ%%%ﬁﬁg ‘%%l%he%é;cﬁ‘%@% tts a q))P
particul ar featW@Ealf Ine. e®bditheitUot -4 g. A1, sulablke r FervSRGIONaL ge

nunber of contagificdn $EcIiRY i SiEaitob®| B arfsSrbFR el Bildon Regdtef alliedy
arranging themjn nulti as .| at, t

cumul ative wi dt¥f ofccf%gllf:‘gjrﬁhg]c\?sawgf%r t‘%?gglt‘%f&_t see%nht %wogfquedge
length of the diid, vefhdriglami atiiry wiefegis ule@mveitiionasl laecanplseshed by
Tnol'de ground D AL S SN e S sl BSHRHE T
pads 319 fornmedin o or both of the planar surfaces 316 thereof. The
provision of such ther malphondi ipPadsredl %d DAL the non-active
side to another protective 1layer 42 by  bonding
apparatus 192, which may be essentially the same as
apparatus 182, to produce a doubly bonded wafer
sandwich as shown in Fig. 4E. _
Notching apparatus 194, which may Dbe
identical to apparatus 186, partially cuts the bonded
wafer sandwich of Fig. 4E to a configuration shown in

Fig. 5.

The notched wafer is then subjected to anti-
corrosion treatment in a bath 196, containing a
chromating solution 198, such as described in any of
the following U.S. Patents: 2,507,956; 2,851,385 and
2,796,370, the disclosure of which is hereby
incorporated by reference.

Conductive layer deposition apparatus 200,
which operates by vacuum deposition techniques, such as
a Model 903M sputtering machine manufactured by
Material Research Corporation of the U.S.A., is
employed to produce a conductive layer on one or more

—
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16 Reference is now made to Fig. 12, whichusillustrates a preferred
enbodi nent of integrated ci rcuit devi ce constructed and operative in

accordance wthy %Jg@g cpfeé@ @J?dtﬁ@r\sa‘oérté? cﬁ&prgg ighyenty on and

i ncl udes a rel at y thin an envi ronment a protected . and
nmechanically  strengt herfé‘épﬂﬂ‘é'gfr‘%%% ef r%‘tﬂﬁa%cﬂ%@%S@%a?hQ’fﬁl aln

mﬁm p:cICISty FfFﬁiECiI'r@céJﬁﬁeEtcﬁl@er%f@Eéﬂl wimnadihey edgresivioaeds 334
t hereo imla 0 t ,of Fi nt 1. over
edge surfaces o‘?‘#{%c?ﬁo %%rfé}boe% ’@?s%&ot:f t"ﬂgcgiacglgste(%%ﬁ% gagyve

| ar ge nunber ofawﬂtmee mrm;edm: mr(denjddlearbna@ plagmea Primeicosd 936, .
preferably by affgpgl %iﬂféﬁ}' N JAldy Plghd OWraaRi | It r algddid.n thhe

il lustrated enbodinent, it I's a particular feature that the contact,s 332
ext end beyond GRREOFEFist o Jﬁe%%l% ey dadfrsh dds 333 @PhREeR L8kt end: .
perpendi cul ar twath -ag¥eiidlly UW0F € A386.s Doaniadiaga yrayaileblée gromnd

pl ane contacts s weld, -as, one or nore thermal bonding pads 342 forned
on one or bothntglflboan% oﬁ:l g"alrpﬁs r'faces 336 thereof. The provision of such

t hermal bondi ng pads 342 Tiee omhochm:lesm deeprefierahdy dasert ocpngig- 13,
14 and 15, whi¢h-dd (?g/\sltar @\ﬁtfalﬂ ras%tre%'i:an'i‘xeij”"%oqa'%f a%tf‘ih‘é Qf.u'i:QSle

integrated circuit i ces in accordance Wt referre

embodi ment of EEhINGS Qﬁ“tttl%?’@nt &'&? phaorgsist, 46 4her g?"?i?é’?@ncén
numér al ngO aapﬁ%}‘v;@lb@ﬁ.e@ito&;‘at&eqtolsqnagdg@%%hgwt@geanmf aameekiheB86R )
produced by partia cu |ng cri.bed herejnabov cqonect L.pon_wit
Fig. 4E. In cof'?tO ? t31nI F&sﬁt &9 ngﬁhg g% #ﬁ
vertical |i nesp&@mddlngaiae cblmelux:r!rperr seqifiignrativhesnohichs5thatt hshoenpads
34, defining eé_ %s gctional pad surfaces 51, in the present enmbodi nent,
t he notch 352 does not en%age pads 354. Fi 14 illustrates a subsequent
manuf act uri ng step wher eTHea exPPgrghconguciige stripreahawnt kB E&Stef of

notch 352 and gxposenefdyplatbdpagseedably 1By electroless plating
apparatus 212, which is commercially available from
Okuno of Japan.

The wafer is then diced into individual pre-
packaged integrated circuit devices. Preferably the
dicing blade 214 should be a diamond resinoid blade of
thickness 4 - 12 mils. The resulting dies appear as
illustrated generally in Fig. 1.

It will be apparent to persons skilled in the
art that the present invention is not limited to what
has been particularly shown and described hereinabove.
Rather the scope of the present invention is defined
only by the claims which follow:
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Ref erence is now made to Figs. 13, 14 and , Which illustrate further
steps in the manufacture of the integrated circuit device
accordance with a preferred enbodi nent of the present |nvent| '
illustrates at reference nuneral 350, @ IprféfTerl‘fe%l Cross sect|ﬂ3‘|m—“ﬁ!l‘ﬂm|“|“l
configuration of a notch 352 produced by partially cutting as«descnibed s *
her ei nabove in connection with Fig. 4E. In contrast to thexenbodi nent

illustrated in Fig. 6, where vertical lines 56 indicate the intersection of
the notch 54 with the pads? 3d4getdefd n-fampradwsiay sdsttiegraltegad cdgrnages

51, in the presggv%gpq_ﬁaq}dn{#tqﬂ@% %fdoes not engage pads 354. Fig.

14 illustrates a subsequent nmandfacturi_ng step wherein a strai ht CE%§356

is formed at the center ofPHRSIUHNER IHITRLIITe Odgtedsets gds 35FULERg. 15
i1 lustrates thedmrmat iwaferd Hamtialg mm&&&cﬁndngpubaarncbumdcedges

360, part of the A r ace.362 f per. ul ag, | s_364,

whi ch extend perpe%’gr ctﬁ ar | 3:]}0 tg‘b’q:eo tte(% 36 l@%{tkg'lst% co%?gg'gg,ﬂqghr ch may

be fornmed by anyuddiipdilodtyetodl paesgsi ti on techni que, are seen to extend

i nside notch 352 and insrq%g§&@a ghggg@5h§5g ¢ hg@tﬁsggghrggk@gcggecgfrca
a

contact with ed%gisurfaces 66 OF p e netal contacts are
formed onto the ee§’a|fr?—reIaeé{aﬁ’eé'apfcﬁpéﬁctwv?hméﬁﬂééés 366 of pads 354

af ter separ ?t[ i no. t he dl es ﬂh@x@alﬂ&%h:w @a&ttlan&pswt_tmgl inbe thpareateto
persons skilled i art the presen ng i

what -has been pSPEI rpfoéﬁg VSnE §3Fﬁbgg 8b3$ ghgggggRatﬂt% g%%
scope of the pré@enﬁeinmentno&chssdaﬂpngdouhlynby ofie 8l apherahith fofl ow
18 1. A met ho'g ] SECRE HCPB@eb?%EQHaEEQCEEECHé§1@§¥LCes i ncluding the

steps of: producin rated circuits on a wafer having
first and second planar s§PFHé§§ @8§ﬁ10fCPHEaFHFeQFE?edt%?rcE1¥§a1¥EYudrng

a nultrplrcrty oF pp#epackaged integrated circuit devices while they
are still joined together on the wafer, at 1least a
portion of said metal contacts extending into the
notches; and

thereafter separating the plurality of
prepackaged integrated circuit devices into
individual devices.

2. A method according to claim 1 and wherein the
step of partially cutting exposes sectional surfaces of
the multiplicity of pads.

3. A method according to claim 1 and wherein the
step of partially cutting cuts pads so as to
simultaneously define electrical contact regions for
both of a pair of adjacent integrated circuits.

4. A method for producing integrated circuit
devices including the steps of:
producing a plurality of 1ntegrated circuits
on a wafer, each of the integrated circuits. including a
multiplicity of pads; and _
K_
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waf er w se";ttacm ng to bot h- said ;;H?;ﬁsyo&%??n\é\af :a:]tg I %:r d!!lmlmlgllu""m""

protective material; thereafter
the protective mat eri al attached thereto, thereby to define notches al ong

outlines of a plurality of phepxelfaged i mxaefg:naﬂéd' ciengtingdebhees; wdtemi ng
metal contacts Omt?xetx%%?glggr ﬁléft’ﬁeo';)o@cﬁ%%déﬁ fng bﬂ%ﬁghégegf%rﬁl'ﬁfaﬁfﬁgces

while they are stil t oget her- portion
said metal contacP$ eH’@ﬁSFﬁ& tGlFﬁBlﬁ(?t cﬁé‘@reé"’ﬁd Fﬁ'@?éé?‘ﬂer §%‘b%&%ﬂﬂﬁg

the plurality of puegacksged ithiceguateglsicieyi bfdewtses into individual
devices. 2. A method according to claim1 and wherein the step of
partially cutting exposes sectional surfaces of the nultiplicity of pads.
3. A met hod accbrding to 8l methedaadcakdisgntohelaimps odngpavhergin the

cutting cuts, . B888 Serasphecabmi!sneeuslycdeti ng slesiries! SEN3Hds

regions for both of pair Integrated cifcuits A et hod
for producing i ntéﬁ?%&l@ﬁngl r§9¥“? HB%‘FBe§°¥“ﬁBF&€Pﬁ§ VhER R efRe AT Br RRI ng

a pkurality of i nbﬁgraacﬁlaaeﬁew 1ﬁt@@ratéaf eeireaghsofatde cbttﬁ@t}f atedth
circuits |nclud|ngarrult g %gﬂ tand#I 1r'leafter ar ])éfccuttlng
the waf er, t her eby P8 a8t £ lﬂBtc e&la| ?)ﬂa BEE| PheERSr BEHY urS

i nt egr at ed circui Lnte@m’eeq egposuibys secthenaebysutdacdsfpie t heelrﬂﬂunlmallcl ty
of pads. REPLA%A@E 5. A 0, di ai. c%rﬁq;
WhEIPEI n the step of partial yl%ﬁ?tlﬁarcu?gﬁﬁ gfﬁ%ﬁ?a ﬁgjf péﬁés |dr?cl udi ng
some whi ch comuniBhedrafed &1leaei®s-a pair of adj acent integrated circuits

and others w th gomunication with.another of the pair of adj acent

integrated circuits, thereby to d@bo e el ectr Lcal contact regio bot h
of said pair of ad]acent irntegrit HC?]‘F?%r B9 W hdy a d| ﬁl 5%
claim4 and al so mnmlslm_g tbiee s$togps of prov1ding a conductlve layer

over notched edges of the integrated circuits in
electrical communication with the exposed edges of the
pads and wherein portions of the conductive layer
communicating with separate ones of the multiplicity of
pads are. éle'(:trically"separated from one another.

7. A method according to claim 6 and wherein the

step of providing. a conductive layer comprises foming

a cc’mdi:é‘tive coating- also over non-edge portions of the
: int-egrated circuit.

8. A method according to claim 4 and wherein the
partially -cutting step is carried out at locations
‘whereby the silicon substrate is not exposed at the
notched edges of the resulting integrated circuits.

9. A method according to claim 4 and wherein

prior to the partially cutting step, the integrated

circuits are surrounded on their planar surfaces by

protect{!e insulation layers and on their edges by
~ epoxy.
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of providing a conductive |ayer over notched edges of the int e*m‘mm&uluu‘mmll
circuits in electrical communication with tfe exposed edges of '
wherein porticons of the conductive |ayer communicating with separafe onds * ¢
of the multiplicipy of pads anetib®cicésnding separidiad 4 rod wheradat har. 7.

A met hod according to_¢l aj sand -’ rejn:the st r.Qyi di a

conductive | ayer tgﬁﬁ%?fsgég%’%}@gn a(_fclbéndﬁ%lfr??/% %gaﬁq'{ r%a%\éso?gl\%er Oﬁgﬁ-redge
portions of the phanay sswdface cof tsaid. integnairt atiowmuditngevdcesai m 4 and
wherein the partially cutting step is carried out at |ocations whereby the
silicon substrate is not:exposed at the notched edges qf the resulting
integrated circutts. 9. & % adFWHPD 0 19 aiGhdTand wABfei ALEPi or

t(ﬁ; the lpart iall ycf;m;bztimgt efhe tdtsep _rdﬁeggfxaixgidﬁmig Gl ti.mt&gea&ﬂly[] o;ﬂaﬂmgdon ]
their planar surf otectjve, i, 1,0 [ S eir edges by
epoxy. 10. A nﬁ%%%cﬁq{ﬁ nlgg;téc?lcﬁ 5;}%]6 f*f%mcg‘%%uﬁ‘taagﬁggﬁér bondi ng pad

Is fornmed on at | east one outer planar surface of said integrated circuit
devices. 11. A ggfhod acqorgidihdd sdctir8ih@b 139 mC0P! halNgwhBBeghep Of
provi ding an integr

|1y formed grqund plane i_n said.integrated circujt .
devices. 12. A d WSt FREHFHR ARy SFhedsi " EEaREPAFEREe Foe
i nsul ati on | ayerrddidtrias il ilso usadl Adroreresitly EPROMedetdeesl asi ng
EPROM devi ces. 20 13. A-nethod according to any of the preceding clains

and al so conprising fornmng netal contacts in nutually staggered

rel ati onshi p ontid.a pl anaAppareise offozaipdoducdgoat éotegrated. aifrcwidret hod
accordi ng to anyfiddie ipasedingd cl aims and al so conprising formng netal
contacts which &tend onto surfaces perpendicular to said first and second
pl anar surfaces. 15. AppaPREFELUSor IPTodREPAYCLPHt efyr P EHa L ¥ ui toF

devi ces i ncl udi igteapptedt ugirenipsoducangaZepl hatlihyyoppostegrpiathr

oM LS Pnol uahEeg Rt RREC' B 19fotELACBRecTRED Flei iy 97
multiplicity of pads;

_ 'apparatus for waferwise attaching to both
said surfaces of the wafer a layer of protective
packaging material; and

' partially cutting apparatﬁs for thereafter
partially cutting the wafer and the protective material
attached thereto, thereby to define notches along
outlines of a plurality of prepackaged integrated
circuit dévices;

| metal coating apparatus for forming metal
contacts onto the plurality of prepackaged integrated
circuit devices while they are still joined together on
the 'wéfér, at least a portion of the metal contacts
ektending into_the notches; and

' separating apparatus for thereafter
separating_'the plurality of prepackaged. integrated
circuit devices into individual devices.

'14. Apparatus. according to claim 13 and wherein
the partially cutting apparatus exposes sectional
-surfaces of the multiplicity of pads and cuts pads
—_—
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apparatus for waférwi se attaching to both g@i d surfaces of the "‘Hm",m'""!l!"',l""
S :

| ayer of protective packaging material; and partially cutting apparatus

thereafter partially cutting the wafer and.the protectiv terial .attached
thereto, ther eby"a’lf‘b&aefcf‘?f@mﬂrb‘f% ‘%ﬂtﬁhga‘glﬂ??rhtgs Ht%gﬁqiﬁrgl i‘EJ;fcé’rl%s'

prepackaged i nt eghatehy citeuisimdeMiaresyusiey adelone i eyl expparaalus damtafodr mi ng
metal contacts opé%_é&e fAurald tagQfcdiie sdtegralmg, circuit devices
' ' er, at

while they are sti | oi ned together on the _ east a portion of
the netal contacts extending into the notches; and separating apparatus for
thereafter separating the plurality of prepackaged integrated circuit
devices into indjyidual deyvices. 16. arat ys .accordi,ng tq cl]aim1i15.and
wherein the parﬁ% |y cut %%’fr atﬁ.?g‘p %%ctlirbtrﬁ%ra&‘ﬁdf ac,cé‘§c8'ﬁ he
mul tiplicity of gewisendmuinglipgrts whi ch comunicate with - adj acent
integrated circuits, ther%%%b Q3! t@geoy fide £l egtiisgalconpgct
regions for the adjacent | ‘gzgfr&%:'?lesguci r.cul #?dal‘%:idggppar ?tﬁug?cif%g?p b%
produci ng i nt egrttegratad qdincuigeyioes ivadiar mpchfaitdtus indegprsadci ng
a pl urfll ity lofd!ﬁﬂi@fgxﬁlnﬂimwa?hﬁad@lqrcgtgﬁﬁt @il‘aldtshealtnat egrated ’
circuits including a nmultiplicgity of s; and partia cu ng appar at us
for thereafter partially H%Iiﬁlﬁéjxy r,il:tllﬁ’é? wa ,artar*félrseﬁf?rt o%i‘@‘%ﬁﬁggﬁ‘ét ches
al ong _ outdantdsldly sutitingl ithe oz fient,e ghatredbyc itioc dieff ialee maotsheki ch
expose sect | onala eid aget1aheNCoib! pAlGh kPP st elfatoAPPRE 2liP:
according to claim I7 an erein the partralty cutfing”apparatuS cuts a
plurality of padlemesitadi nyhiche RMPORecomrehiiomad wsunfacese of a Baer of
adj.acent integr3hAatiplhedits oFngagkhers with conmunication with another of
the pair of adjacent integrated circuits, thereby to define electrical
contact regions for both of said pair of adjacent integrated circuits. 19.
Apparatus accondéi.ng to Apparatui’/ aegdrdihgotocelpimsiBganfpawhébsifor

providing a Con‘ij:'ﬂ(ét i'ﬁﬁrh%&iiyovéﬁtﬁfhghSBpSQQ‘EE'SOfcuts a plurality of
pads including some which communicate with a one of a
pair of adjacent in'tegrated circuits and others with
communication with another of the pair of adjacent
in't'egrated' Circuits ,. thereby to define electrical
contact regions for both of said pair of adjacent
integrated circuits.

17. : Apparatﬁs according to claim 15 and also
compriSing' apparatus for'providing a conductive layer
over mnotched edges of the integrated circuit in
eleCtrical'cdmmuniCation with the edges of the pads and
for electrically separating portions of the conductive
layer cémmunicating with separate ones of the
_mﬁltiplicity of pads.

i8. Apparatus according to claim 17 and wherein
the conductive layér comprises a conductive coating
over more than the edge of the integrated circuit.
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the integrated circuit in electrical comunjgatidn with the ed g “ﬂ
pads and for electrically separating portions of the conductlvgﬂlun u “““I““H
comuni cating with separate ones of the multiplicity of pads.
Appar atus according to claim 19 and wherein the conductive Iayer conprises
a conductive coatithg over rRpmaidias t ke ety ngf tiche ladme disatead cwhegein 21.
Appar at us accordi t o 44485 any Y d1ald Y opetbicigearpgeat us

tife (?H ﬁhg%'by %h%Qfx gﬁ% ope e

is operative at |ocati e si trate i.s not exposed at
the notched edgesesatias é@kﬁlﬁbﬂgthﬁtég-r uhslirate is nok, expPeg§edt ed
circuit device capritHend nctitHed egs o Ctﬂﬂhfe dlx@zdma\ﬂmg t gptegdabedt om
surfaces fornmed of. ele%{rlcally i nsul ative and nechanically protective
material and el et |nsulative edge surfaces having exposed sections
of conductive pads and being inclined with respect to the top and bottom
surfaces. 23. An integrated circuit device manufactured according to the
nmet hod of cIa|n11 24. An integrated circyit device according to claim23
and a not ched 2%dges ofAl R8tegraged: edrepibudevics cemprisings

comuni cation with the edgasa ofintbgraada aadri:q&teue@trhav@a{;l yteppadsd i ng
portions of the’ % A uctive nlca e, ones of ;the

multiplicity of m20Sur Aﬁﬁﬁ?ﬁ?u?fas Fﬁﬁaﬁéyc ﬁ#ig 1¥fd ﬁﬂ%reln

t he. conductive mayhanacaﬁdysespaoteaﬁmv9|vmateauamg audr nelectharalle
edge of the integpal,gde FVECUEE 21surfacesAﬂgaiﬁ%uég?ﬁggad'Q?cﬂ?oﬁéahﬂf17

and wherein the parti al PRg Bpparatus |s Ive at l[ocations
whereby the sili €9ﬁd§t§§§f’?at pagds n@@dekﬁéggdlaf-‘l#ﬁédno‘t’éﬁ’éd ggeecht the

resul ting |ntegr@h@dt§pr§ﬁat§ot£3m surfacég.integrated circuit device
conprising: an integrated circuit die having top and bottom surfaces

formed of electrically insulative and nechani- cally protective materi al
and electrically insulative edge surfaces havi ng exposed sections of

conductive pads 3pd being pfcl i ped, Wil eSPEChitO §061L0P ALGROLLARg

according to the method of claim 1.

22. An integrated circuit device according to
claim 21 and also including at 1least one of an
integrally formed thermal contact to a heat sink on an
outer planar'surface of the device and an integrally
formed ground plane.

23. Apparatus according to any of the preceding
claims, substantially as shown and described
hereinabove.
- 24. " A method according to any of the preceding
claims, substantially as shown and described
hereinabove. '
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surfaces. 23. . An integrated” circa@iot device manufactured
according to the nethod of claim1. 24. An integrated circuit device
according to claim 23 anflppatatus i NeéeEdth@ttod easy ofethef precedittegr al | y

formed thernal ‘@3it act to heat,k s on an out er._pla sur f f e

device and an i olagmgk|y. FBPﬁEﬂnH%ﬁfPﬂ pl&he. TV il % (?ﬁugg—q'a%ét%“dl—ﬁg—*——
to any of the jprgfgdofigtheadndwings.- 24 and al so conpri SI ng

contacts ar- ranged in nutually staggered relationship onto a g IH"II'""IIII“'

surface of said integrated circuit. 23 26 Apparatus accov
any of the preceding . clains 15 - 25 and al so conprising netal “contacts
whi ch extend ongg. surfaceﬁ PREBISSE £eb@Fdisy Sbd daky ref  athie s gmoswkdilmnar

surfaces. clalms, substantially as shown and described

in any of the drawings.

For the applicant,

sanford T. Colb & Co.

: Advocates and Patent Attorneys
et C: 18268 HB-9401
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