CLAI MBS 1. WORXR3IBRLctrical apparatus, conprising: (a) a deRCHESISING18Y
sem conduct or region having a top side; (b) a sem conductor post region
having a top side and a sidewall that have a comon edge; (c) a first

| ayer coupled to a region over the top side of the device sem conductor
region and forned over the top side of the sem conductor post region, the
first layer extending over the common edge of the sem conductor post
region, the first layer including a fisist conductive material; and (d) a
second | ayer formed over the sidewall of the sem conductor post region, the
second | ayer i ncl udi ngSEVEECOMDUSTORRABRICATEONIWITHNEONTAGT | ayer
bonded with the fir RROCESEING FOR WRATRMA ROUN DFLANGEINTERBACEOr post
region such that a flange interface of the first and second |ayers is
formed at the common edge of thISCLOSHREDOCEMENTRgi on. 2. The

el ectrical apparatus of claim1, the device sem conductor region having a
sidewal | that has a common edge with the top side of the device

sem conductor region,,.the electri.cal. apparatus furfher co i sing: .. a
third layer formed oveds dBRdt fo&%regla[#loqq@xs& FHER §§W@Bﬁn§{ibpe$—rgga)n,
the third | ayer i } i n LIV Jal . -\3, e electrical
appar atus of cl gI& ﬁﬁzﬁg*tggt%t%mgé%ﬁ&?igﬂ%gdg%a@ﬁ&c?88'}@?.)/[4& rformed over
the top side of the device sem GoRONGERS APE1AT fourth | ayer extending
over the conmon edge of the devimﬂrr!l%ﬁ’c‘rdr—f%é_ on, the fourth | ayer
bonded to the third ITakedpplicatidg is STHRY RABE fEflowitey B8y iFgerem conduct or
region. 4. The el ectrical apparatus of claim2, further conprising an

overlying | ayer Alpplivetionster t he device sem conductor region, the
sem conduct or post region, and the
(1 U.S. Application Serial No. 07/889,832, filed May 27, 1992,

entitled Fabricating a Semiconductor with an Insulative Coating; and

(2) U.S. Application Serial No. 08/045,584, filed April 9, 1993,
entitled Fabricating a Semiconductor with an Insulative Coating, which is

a divisional application of U.S. Application Serial No. 07/ 889,832,. filed
May 27, 1992.
FIELD OF THE INVENTION
The present invention relates generally to the field of
semiconductor fabrication. More particularly, the present invention
relates to the field of semiconductor structures and to the field of contact

processing for semiconductor fabrication.



first la The el ectrical apparatus of claim 2, t
electrica %’6’33% atus includes a diode. 2 6. - The eI \é\@’ fdcsg mﬂgpar at us

of claim1, wherein the first layer includes a first plurality of materials
including the first conductive material, the second |ayer includes a second
plurality of materials including the second conductive material, and the
first conductive material is directly bonded to the second conductive
material at the common edge of the sem conductor post region. 7. The

el ectrical apparatus of claim®6, whereinsthe first conductive materi al
~includes titaniumtungsten and the secon conductlve material includes
titani umtungsten. 8. AL BCHEOUND OF Tl i-'m 7, wherein the

‘first plurality of teri I i ncl.udes andthe slend pIurallty of
material's i ncl udes FigyNed) illugtrates *ﬂf@“‘&%é@gﬁ‘%lt basr%trt?scecmo‘dn%

and the rogi 0B 8 tE il BpaRee ThlsTielnled st REuRRE i RS, Iigi;’”
first redion: 1601Cadl ifchiakitglFIAPRES &l aﬁ&uﬁ ofeosﬂ%ﬁéd mﬁﬁim Ansecond

fil
seni conduct or post region, t he seco sem conduct or | on havi ng a

top side and @ skﬁwy@lrllos laaa mn&@c@m&mgﬁmoﬁfaimuu ﬁnt Mh@lethlayer
coupled to a second regi on over the top side of the device sem conductor

region and fo ed0Srelédicalpeorirketsasiliédrecis@d o6l &esilieornpost 196, post -
region, the third layer extending over the comon edge of the second
sem conduct or Metst bridge 305 and silidonrpbsk &0 provide fiok a gomtattlead foottduct i ve

material; and (Q) a fourth Iayer forned over the sidewall of the second
semi conduct or integrated circuit. Epoxy layer 103 and silicon cap 104 also cover metal

bridge 105. Epoxy layer 103 separates silicon circuit 101 and silicon post
106. | |

A nickel (Ni) plate contéct iayer 10'7 covers silicon post 106 and
forms a butt-joint with metal bridge 105. _Co_nfact layer 107 is electriéally
coupled to silicon pc_)st 106 and metal bridge 105. Contact layer 107
provides the integrated circuit with a connection point to external
circuitry. |

As illustrated in Figure 1, the contact lead of the integrated circuit |
has been soldered to circuit board conductor 109 with solder fillet 108.
Circuit board conductor 109 has been formed over circuit board substrate
110.

The contact lead for the integrated circuit illustrated in Figure 1
provides for various advantages. For'example, contact layer 107 covers

~ the sidewalls of silicon post 106, which helps to strengthen the bonding

between the integrated circuit _an-d the circuit board. This is due to the
fact that solder can be placed on contact layer 107 on the sidewalls of

silicon post 106 as illustrated in Figure 1. It also facilitates inspection



post regi owossi@s2ourth | ayer including a fourth conducti ve PeXYUs95as189 t he
fourth | ayer electrically bonded with the third |layer at the commobn edge of
t he second sem conduct or post region. 10. The el ectrical apparatus of
claim9, the device sem conductor region having a sidewall that has a
common edge with the top side of the device sem conductor region; the

el ectrical apparatus further conprising: (e) a fifth layer forned over
the sidewall of the device sem conductor region, the fifth layer including
a fifth conductive material. 11. The el edtri cal apparatus of claim 10,

further conpri Shﬂﬁng%ui’fé%'rﬂéﬁgt 6%8%&&{-&}%& C?ﬁg{t tbfRe gﬁl‘ﬁﬁﬁoﬁﬁdﬁ conduct or

region, the first seém conductor post re second sem conduct or post

region, the firpWhdth¥ea gosdndliet ikthide taYB¢ easily onfidmed BySecthgehd i cal
apparatus of claim 10, wherein the electrical apparatus includes a

transi stor, thesdldesonthgsiaewalBroftsiliconqmossilde. of the device sem conduct or
region and coupled to the first layer includes an emtter region, and the
second regi on over thurthepmerelsonfact layed07 estendsioventhesidewalgobn and
coupled to the third | ayer includes a base region, 13. The el ectri cal

appar at :JS of ?:I ?PH?EPh f@ﬁa@‘?‘ﬁ F‘Piétgﬁsrt_bﬁ Si%/‘éfrmﬁﬁlépﬁié‘@@ 195 formingp it ty of
t , t t , I . )

ir]ﬁc?{);jglssal E gcﬂwbr‘]%r%?fl géqe{‘grﬁsfwgﬁ%%ﬁ%eﬁ@féha lﬁ@ﬁﬁﬂﬁﬂ@é@ﬁﬂg_ o ve

e Bt ST RO BN o 1

of materials in ' tﬁﬁhx th conductive |ayer; and wherein the first
conductive nate§+§ ﬂ?%n !regt ;'bonded to the second conductive material at
the common edge of tiRe buliSjoirfafterfitd Wi tRé iMtegtaté® dirbiit 2BAtachRakildfr d
conductive layer is directl'y bonded to the fourth conductive |ayer at the

common Figure 1, however, cannot be formed with much certainty or control over

its resulting reliability or bonding adhesion between contact layer 107
and metal bridge 105. There are a number of reasons for this. The
physical surface of the side of metal bridge 105 might not be flat enough
to ensure a reliable bond at this butt-joint interface. Furthermore, the
side of metal bridge 105 is difficult to clean because of its location on the
side of the wafer. The bond at this butt-joint interface therefore may be
weakened if the side of metal bridge 105 has not been thoroughly
cleaned. The formation of a butt-joint interface also limits the materials
that may be used for contact layer 107 and metal bridge 105. This is so
because metal bridge 105 will typically comprise more than one metal
layer. The bonding layer of contact layer 107 then has to be formed so as
to bond with each metal layer at the side of metal bridge 105 in order to
form an effective contact. Accordingly, the selection of materials that
may be used for metal bridge 105 and for the bonding layer of contact

layer 107 is limited.



edge of the second sem conductor post region. 14. The e '
appar at UYOPF38828i m 13, wherein the first conductive mat e*’?@bgﬁhwsecond

conductive material, the third conductive material, and the fourth
conductive material each include titaniunltungsten. 15. The el ectri cal
apparatus of claim 14, wherein the first plurality of materials and the
third plurality of materials include gold and wherein the second plurality
of materials and the fourth plurality of materials include nickel. 16.

The el ectrical apparatus of claim. 1, mhgrein the el ectrical apparatus

i ncl udes an integrated CIrCUIt the deV| e sem conductor region includes a
circuit, and the fBRIEF DX R AR E iz 1 : Qﬁicuit by the
region over the to S|de of t he devi ce sen1conductor The

el ectrical appar at YnesH the gbiectsof the present !‘H@%’QWE(S%H Y‘gF aE)"ost region is

a first semc duct d an ov the top side of the
devi ce senico Egicﬁfapﬁ a%‘r‘?ﬁg“ qe?a&gfetlygblrgﬁeapﬂg Pgl@trlcal appar at us
further conprising I reglons
each having a top é“f‘j’gl)'%{ ﬁ%&o'f'alg%\g %@ﬁ@%ﬁg@g&% D&Hagtﬁg l&%? l
plurality of L&¥Aica eelidpig! VR eedt é@toﬁﬁ?ﬁl‘@ﬂ’er egi ons over
the top side %ﬁ%lﬁt devi ceaggén’qlégﬁgugt oBrdgrcégfagn andaeach respectively
formed over tBRcirRial BoAGIng each of the other semi conductor post regions,:
each of the third layers respectively extendi ng over the 4 comon edge
of each of the ot hey fustitarabjettof tite presenyinyention istcprovide he eldeinichl| ayer s
i ncluding a third conductive material; and (g) a plurality of fourth

| ayer s respecappatajus withealcovtact reggéors hateing| condiictive hidewallseanst nfange

sem conduct or _post regions, each:.of the fourth |ayers
interface to improve electrical bonding. '

A further object of the present invention is to provide an electrical
apparatus with a conductive bridge structure and with a contact fegion |
having conductive sidewalls and forming a flange interface with the
conductive bridge structure to improve electrical bonding. |

In accordance with the present invention, a first layer having'a
first material is formed over the first sidel' of a wafer. A trench is formed
from the second side of the wafer such that a portion of the first layer
becomes exposed in the trench. A second layer having a second material
is formed over the second side of the wafer such that a portion of the
second layer contacts the portion of the first layer exposed in the trench.
The wafer is separated through the trench. The trench may be formed by

-sawing the second side of the wafer in an area where the trench is to be
formed. The wafer is etched such that the trench is formed.

Also in accordance with the present invention, an electrical
apparatus includes a semiconductor wafer having a first side and a

second side. A first layer having a first material is formed over the first



i ncl udi ng MOPH312A conductive material, each of the fourth PEFAISES 5189
electrically bonded with each of the third |ayers, respectively, at the
common edge of each of the other sem conductor post regions, respectively.
18. The el ectrical apparatus of claim 17, further conprising an
overlying layer fornmed over the device sem conductor region, the first
sem conduct or post region, the plurality of other sem conductor post
regions, the first layer, and each of the third layers. 19. The

el ectrical apparatus of claim 17, wherein-®he electrical apparatus includes
an integrated cideof the ihferdeysaenddayQOiaitaf alset6nd aaterial ydemedr cui t s,
and the first layer and the third |ayers are electrically coupled to the
circuits. 20. ovErd¢hebemnd side ofppawafars Tife fisalayet Zndvhe second lagef i r st
layer includes a first plurality of materials including the first

conduct i ve mat dermia flange inderface atareedgencf thesemdceonsduniar plaferal i ty of

mat eri al s including tge second conductive material, each of the third

| ayers include a t hiStHl birtheninagcendange avithythe preseniginygnting, am; r d

d i i al h of f h | i ncl ud f h pl [
conduct Ve ot Gk ndEheholAEy S8 LA RUEAP SIBIER A LA Pl 1LY
conduct ve ! ekt SRV ORGSR AH AI0 RNRL e T g 1 @

conduct i ve mat er i al SdifiBh b hORINRE obifertdiferlot by ERBUE IbYE Tgher i al at

t he common edge of each of the other sem conductor post FPegions he
el ectrical appaisat bf i pfdsanfinvéRtionh@llibetohftCevident toceidbCdrdiraryadlell i al ,

t he second conductive naterial, the third conductive material, and the
fourth conduct iineheaticbasetl onahle followinie detafiledidesctiptign of the pgesent The

el ectrical apparatus of claim 21, wherein the first plurality of materials
and the third phuendion ywith reference &b the amboymnysngl daartingser ei n t he second
plurality of materials and the fourth plurality of nmaterials include

ni ckel . 23. A nmethod for use in sem conductor fabricating with a wafer
havi ng a



5 first a second 'side, conprising the steps of: @ayusodnish ng a
first a@er ﬁ’Zé}qng a first material over the first side o?the waf er; (b)

forning an opening in the wafer fromthe second side, the opening exposing
a portion of the first layer; (c) form ng a second | ayer having a second
materi al over the second side of the wafer such that a portion of the
second | ayer contacts the portion of the first |ayer exposed in the

openi ng, wherein the first nmaterial includes a first conductive nateri al
and the second material includes a secong conductive material; and (d)
separating the wafer i t he openi ng such

that a flange interfacé A 4314 formed for each
of the two wafer ts i on of
the wafer to for mp‘gfxagﬁs%gl %Vrﬁngg) g&‘?%ﬁ'artg‘wq”g%aﬁé" Hc%ﬁ&c]ué o or - post
lregl on; . and tﬁﬁu{aﬁoﬁ‘xﬂ%éf ré?af t‘f'@ ﬂ%dx%%ﬁﬂﬁ.@g\ WHitA iRe L he Tirst
ayer such t hat e first Payer ect couplFed to a region over

the device Sefaf&%éwﬁmcdtegixﬂna@élémweéhﬂmﬁ{vmlehfI rst layer bridges from
t he devi ce sem conductor region over the trench region to the sem conductor

post region. 24. Fifuee Telltistdates acrossrsedfiondlsiddeiewe ofpniistegratedie step of
() formng an overlying |layer over the first layer on the first side of

t he waf er. 25circuifhentaetlead; of cl ai m 23, wherein the separating step (e)
conprises the steps of: (e)(i) formng a first trench in the trench region
fromthe first si dElgﬂretZHHusﬁa@pa pesspective view of a diode module;

Figure 3 illustrates a cross-sectional side view along line 3-3 of the
dlode module of Figure 2;

Figure 4 illustrates a bottom view of the diode module of Figuré 2;

Figure 5'illustrates, in flow diagram form, an exemplary |
semiconductor fabrication method used in fabricating the diode module

- of Figure 2;

Figure 6 illustrates a top view of a semiconductor wafer used to
fabricate the diode module of Figure 2;

Figure 7 illustrates a cross-sectional side view of the wafer of
Figure 6;

Figure 8 illustrates a top view of the wafer of Figure 6 after
interconnects have been formed over the wafer;

Figure 9 illustrates a cross-sectional side view of the wafer of
Figure 8; |

Figure 10 illustrates a to;ﬁ view of the wafer of Figure 8 after
trenches have been formed from the substrate of the wafer;

Figure 11 illustrates a cross-sectional side view of the wafer of

Figure 10;



(e)(ii) foVP%G1®9second trench in the trench region from t RETASEHPRIBL| de
of the wafer such that the first trench and the second trench separate the

waf er. 26. The met hod of claim 23, wherein the device sem conduct or
region includes a diode. 27. The nethod of claim 23 wherein the device
sem conductor region includes a circuit and the region over the device

sem conductor region is electrically coupled to the circuit. 6 28. The

nmet hod of claim 23, wherein the sem conduc%or post region is a first

sem conductor post region and the trench fégion is a first trench region:
t he devi ce seni conduEigare 12 ¢ilustrateca wiesiew bf tisivaieriof Rigwerer Kifesr aaver t he
devi ce sem conductor region includes a base region; the nethod further
conpri ses the sowgslyinglaydr)has beepdomnedgvehthawbfer; at a second trench
region of the wafer to forma second sem conductor post region; (?)
forming a third | aycFigHE® 13 Hlustrates 3 crasssertionalside vigw of therwaienof of t he
waf er such that_the ig_ird | ayer is electrically coupled to an emtter

regi on over t heb IgHe sem conductor region and such that the third | ayer

brTdges romhe 0ot URRIEL Pt EURb N Sind DSyl b Bl ARPRE 12007,
L) EAEs RS S iRl S G AN AR D0, oL ()
second |ayer contactpBighte19alishes’dn bidetsiié Vi BEtheSWRRT A Figle Ry
openi ng. 29. The method of claim 23, wherein the first |layer includes a
first plurality Figure 16 illustrates a cross-sectional side view of the wafer of
Figure 14 after a mask layer has been formed over the underside of the
wafer;
Figure 17 illustrates an underside view of the wafer of Figure 16;
Figure 18 illustrates a cross-sectional side view of the wafer of
Figure 16 after the underside of the wafer has been sawed;
Figure 19 illustrates an underside view of the wafer of Figure 18;
Figure 20 illustrates a cross-sectional side view of the wafer of
Figure 18 after the underside of the substrate of the wafer has been
etched;
Figure 21 illustrates an underside view of the wafer of Figure 20;
Figure 22 illustrates a cross-sectional side view of the wafer of
Figure 20 after the underside mask layer has been removed;
Figure 23 illustrates an underside view of the wafer of Figure 22;
Figure 24 illustrates a cross-sectional side view of the wafer of
Figure 22 after a conductor layer has been formed over the underside of
the wafer and after a mask layer has been formed over the underside of

the wafer;



of mat er iy o318 udi ng the first conductive material and PoE/UsestsIsd | ayer

I ncl udes a second plurality of materials including the second conductive
material; and the formng step (c) includes-the step of directly bondi ng
the first- conductive material in the portion of the first |ayer exposed in
t he opening and the second conductive material in the portion of the second
| ayer. 30. The nmet hod of claim?29, wherein the first conductive nateri al

i ncl udes titaniun1tungsten and the second conductive material includes
titani um tungsten. The met hod of cl8&i m 30, wherein the first

plurality of mater 'f?g&re e kRS0 A e BlAHEAL it pmterials

i ncl udes ni ckel . use I n sem conduct or lcation with a

waf er having a fi r%ﬁgﬁedz% i06rates ACQBSS-SdciBnaLAHB VIS B8 thd\wabdrats of © ()
- forming a first layer having a first material over, the first side of the

wafer; (b)  Fogufend aftere@nitid layeriiie beehdorihedoveh theswnderdide afehet he
openi ng exposing a portion of the first |ayer, wherein the formng step (b)
. further 7 owafpr;i ses the steps of (i) sawi ng the second si de of the
wafer in a region where the opening is to be forned; and (ii) etching the
waf er such that th&FigwedZidustatesamaenderpidecdew ofthe iafer of Eigusndd: ayer
havi ng a second material_over the second sjde aof the \&fer é?gl]h hat a

portion of the secmqeegsemuégﬁfeé&%m?%%e%ﬂ greyiew yer exposed

i,ncl.udes .a fir,st conductive

h
Irrgtfarlealopgmjn%‘ﬁ“’?%fnr Fé‘lnid%?stlii% e%ég ef Ras heel TERAYS i ve naterial: and
(d) ~ separating ”ﬁgx‘.{@ 3] 111h§¥rgtets"¥?1 SERAE iR S tnB A deer LIERLed28,1e

openi ng
Figure 30 1llustrates a cross-sectional side view of the wafer of

Figure 28 after the underside of the substrate of the wafer has been
etched;

Figure 31 illustrates an underside view of the wafer of Figure 30;

Figure 32 illustrates a cross-sectional side view of the wafer of
Figure 30 after the wafer has been separated into diodée modules;

Figure 33 illustrates an underside view of the wafer of Figure 32;

Figure 34 illustrates a perspective view of a transistor module;

Figure 35 illustrates a cross-sectional side view along line 35-35 of
the transistor mbdule_ of Figure 34;

Figure 36 illustrates a bottom view of the transistor module of
Figure 34; | |

Figure 37 illustrates, in flow diagram form, an exemplary
semiconductor fabrication method used in fabncatmg the transistor
module of Figure 34

Figure 38 illustrates a top view of a semiconductor wafer used to

fabricate the transistor module of Figure 34;



such that WOPSAMIR interface of the first and second | ayersPCIUSSIAMRP ¢ o

each of the two wafer parts; (e) separating the wafer at a trench region
of the wafer to forma device sem conductor region and a sem conductor post
region; and the formng step (a) conprising the step of formng the first

| ayer such that the first layer is electrically coupled to a region over
the devi ce sem conductor region and such that the first |ayer bridges from
t he devi ce sem conductor region over the tbench region to the sem conduct or
post region. 33. The nmet hod of claim 32 “further conprising the step of:
(f) forming an overiguradd ilhystratesz crasksettiontl sidg eilevoof theovifer of si de of
the wafer. 34.  The_nethod of claim 32, wherein the separating step (c)
conprises the I8P} (e)(i) fornming a first trench in the trench region

fromthe first side Qf th fer, an e)(ii) fornin .secqnd trench in
the trench region fr ﬂ“f%goﬁﬁtsg‘mess?g‘é?ﬁ%e ﬂgeﬂ?ﬁa‘ﬁ rgﬁ%l‘g‘frﬁ qfh"é first
trench and the. fer.. 35. The nmethod of claim
34, wherein thelﬁgﬁ(}gglq?%#%ﬁ??e@%ﬁﬁoﬁégegw%v@fegﬁﬁsp etching the second
trench in the trenchg; i o ] . sl.de. ; f, ke

si mul t aneousl y perfrcﬁlglﬁ%g?ﬁieds%{gééﬁaﬁgggggf%ﬁiﬁ%V%g% Iﬁga%gtb od of
claim 32, V\herqi:igu}@m;fi rst layer includes a first plurality of materials

including the first conductive naterial and the second | ayer includes a
second plurality of Fighes&2ilhustratésidltapgvieneob trondies @f Giirievd afedrey i al ; and

8 the formng step (c) includes the step of directly bonding the first
conducti ve mask layer has been formed over the wafer;

Figure 43 illustrates a cross-sectional side view of the wafer of
Figure 42;

Figure 44 illustrates a top view of the wafer of Figure 42 after
trenches have been formed from the substrate of the wafer and after the
mask layer has been removed;

Figure 45 illustrates a cross-sectional side view of the wafer of
Figure 44; :

Figure 46 illustrates a top view of the wafer of Figure 44 after an
overlying layer has been formed over the wafer;

Figure 47 illustrates a cross-sectional side view of the wafer of
Figure 46;

Figure 48 illustrates a cross-sectional side view of the wafer of
Figure 47 after the underside of the wafer has been thinned;

Figure 49 illustrates a top view of the wafer of Figure 48;

Figure 50 illustrates a cross-sectional side view of the wafer of
Figure 48 after a mask layer has been formed over the underside of the

wafer;



mat er i al wigosdigororti on of the first layer exposed in thepowpmsisigsissmd the
second conductive material in the portion of the second | ayer. 37. The
met hod of claim 36, wherein the first conductive material includes titanium
tungsten and the second conductive material includes titaniumtungsten. 38.
The nethod of claim 37 wherein the first plurality of materials includes

gold and the second plurality of materials includes nickel. 9 Figure 39
illustrates a cross-sectional side view of the wafer of Figure 38; Figure
40 illustrates a top view of the wafer of0+i gure 38 after interconnects

have been forned o : e B QUL ' ) o tional
side view of the vvg%lrr EI(%? l]‘lﬁ%tgé_rtgs Eg%lﬂggééeek’i ?,F Flﬁés??g%ecg Fgéxﬁ%e:ﬁ{f/i ew of
the wafer of Figur F?lﬁe%ﬁiiﬂﬁﬁat@?ﬁ?&ré@%&i&@ﬁ SEevichObIBR WiRE ofhe waf er;

Figure 43 illustrates a cross-sectional side view pf the wafer of Figure

42; Figure 44FjgureShradlee Shauhaersideds i wirer hasé beerwfawegur e 42 af ter
trenches have been fornmed fromthe substrate of the wafer and after the

mask | ayer has beeBigureBddiustFatgsiar Wislerside viewoé thewafersaf gerd Bhal si de
view of the wafer of Fi %tir_'e 44; Figure 46 illustrates a top view of the
waf er of Figure 44Figureb4dlugivates picnosstsegtienalsidesiew phIWaRF&f t he wafer;

Figure 47 illustrates a cross-sec iopt?ill S
he s

R C Lde vi ew of tthe WaLer- of Figure
" 46; Figure 52 after the underside o er has _

u. strate of the wa een
etched and after the underside mask layer has been removed;
Figure 55 illustrates an underside view of the wafer of Figure 54;
Figure 56 iliustrates a cross-sectional side view of the wafer of
Figure 54 after a contact layer has been formed over thé underside of the
wafer; |
Figure 57 illustrates an underside view of the wafer of Figure 56;
Figure 58 illustrates a cross-sectional side view of the wafer of
Figure 56 after a mask layer has been formed over the underside of the
wafer;
F{gure 59 illustrates an underside view of the wafer of Figure 58;
Figure 60 illustrates a cross-sectional side view of the wafer of
Figure 58 after the contact layer has been patterned and after the
underside mask layer has been removed;
Figure 61 illustrates an underside view of the wafer of Figure 60;
Figure 62 illustrates a cross-sectional side view of the wafer of
Figure 60 after the wafer has been separated into transiétor modules;

Figure 63 illustrates an underside view of the wafer of Figure 62;



Fi gure 48 WO%581828t es a cross-sectional side view of the wafP&T"Eﬁ”/&?Ia%re 47

after the underside of the wafer has been thinned; Figure 49 illustrates a
top view of the wafer of Figure 48, Figure 50 illustrates a cross-sectional
side view of the wafer of Figure 48 after a mask | ayer has been forned over
t he underside of the wafer; -10- Figure 51 illustrates an underside view
of the wafer of Figure 50; Figure 52 illustrates a cross-sectional side
view of the wafer of Figure 50 after the upderside of the wafer has been
sawed; Figure 53 illustrates an underside View of the wafer of Figure 52,

Fi gure 54 il ustrat eEigure fdildusrates a sepsssiegdonalside vievh ef wher wafesiol Fi gure 52
after the undergsi de of ?he substrate of the wafer has gﬁgg@et he? and after

t he underside re 49 aften g ndskdaypEhas een forgiedeoves th Fagee

under si de vi ew‘%f the wafer of Figure 54; Figure 56 illustrates a
cross-secti onal 5?‘?56 view of the wafer of Figure 54 after a contact |ayer

h b f d ' | e Lol s .
under i de. vi ow of ¢ HEBALE B9 ApstitEs B4 kfergtil Shew B MG ok Bl s =0

cross-sectional si deFx‘#u?&"ﬁQ_fiuﬁélf‘at@@%%Poé%fseai&&'él%ié@v&g& Sf flﬁe Waff orayer has

been formed over the underside of the wafer; F gure 59 illustrates an
under si de Vi ew Figulré 64 Whtee theolfindérgidecotBie wafgt has Blent sdwedy ates a

cross-sectional side view of the wafer of Figure 58 after the contact |ayer
has been patterned aRiguzé (Eilltsteatander unideesidayiew af ehe Waterhddiigurendyed;
Figure 68 illustrates a cross-sectional side view of the wafer of
Figure 66 after the underside of the substrate of the wafer has been
etched and after the underside mask layer has been removed;
Figure 69 illustrates an underside view of the wafer of Figure 68;
Figure 70 illustrates a cross-sectional view of the wafer of Figure
68 after a mask layer has been formed over the underside of the wafer;
Figure 71 illustrates an underside view of the wafer of Figure 70;
Figure 72 illustrates a perspective view of another transistor
module;
Figure 73 illustrates a perspective view of the transistor module of
Figure 72 with an overlying layer;
Figure 74 illustrates a perspective bottom-up view of a field effect
transistor module;
Figure 75 illustrates a bottom view of yet another transistor
module;

Figure 76 illustrates a bottom view of yet another transistor

module;



Fi gure 6ygdsiaugr at es an Undersi de view of the wafer of FPgWUSISEZI8Ii gur e

62 illustrates a cross-sectional side view of the wafer of Figure 60 after
the wafer has been separated into transistor nodul es; Figure 63 illustrates
an underside view of the wafer of Figure 62; - 11 - Figure 64

illustrates a cross-sectional side view of the wafer of Figure 48 after a
mask | ayer has been formed over the underside of the wafer; Figure 65
illustrates an underside view of the wafer of Figure 64, Fi gure 66
illustrates a cross-sectional side viewl&-the wafer of Figure 64 after the

underside of the weigeiro bASNARRIIeS @WSHonTY M Bf dt drldied kahlSoRn under si de

vi ew of the wafer Figure 66; Figure 68 illustrates a cross-sectional
si de vi ew of ﬁ{aﬁd}@fer .of Figure 66 after the underside of the substrate of
the wafer has been etched and after the underside mask Iayer has been
removed; Figure 69Figure 38 ilkistfatasna botens vitev mfwa:fothéletrmﬁeﬁorof Fi gure 68;
~ Figure 70 illustrates a cross-sectional view of the wafer of Figure 68
after a mask mededehas been formed over the underside of the wafer; Fi gure
71. illustrates an_underside view of the wafer of Fi I(%ure 70, Figure 72
illustrates a per shigatre 8 illugtates a hosomeview ghyetanathepansistor; gure 73
illustrates a pe gective view of the transistor nodule of Figure 72 with
an overlying FP%@ * Figure 74 illustrates a perspective bottom up view of a

fied effect transpalof gftiiliirelh Betdnd Didvt o 5t aa}{o‘?ﬁexatrgﬂélg%?‘ view of yet

anot her transistor
module;

Figure 81 illustrates a bottom view of a dual transistor module;

Figure 82 illustrates a bdttom view of another dual transistor
module; |

- Figure 83 illustrates a bottom view of yet another transistor

module;

Figure 84 illustrates a bottom view of a quad transistor module;

Figuré 85 illustrates a bottom view of yet another transistor
module;

Figure 86 illustrates a bottom view of another qﬁad transistor
module; | |

Figure 87 illustrates an integrated circuit in relation to a
semiconductor wafer; |

Figure 88 illustrates a contact lead for an integrated circuit
fabricated in accordance with the present invention;

| Figure 89 illustrates a top view of a semiconductor wafer used to

fabricate the integrated circuit of Figure 88;



modul e; FMYRI¥SY i |1 ustrates a bottomview of yet anot her TCHASISARHP

nodul e; -12 - Figure 77 illustrates a bottom view of yet another

transi stor nodule; Figure 78 illustrates a bottomview of yet another
transi stor nodule; Figure 79 illustrates a bottom view of yet another
transi stor nodule; Figure 80 illustrates a bottomview of yet another
transi stor nodule; Figure 81 illustrates a bottomview of a dual transistor
modul e; Figure 82 illustrates a bottom vi.z%_of anot her dual transistor
nodul e; Figure-83 illustrates a bottom vi of yet another transistor

modul e; Figure 84 i Higurerdillustratestat anssrientionnl sidgvaewtaf ahe mafer oftodul e;
Frgure 85 illustrates a bottomview of yet another transistor nodul e;

- Figure 86 ill uStsweds: a bottom vi ew of another quad transistor nodule;
Fioure 87 11 Lustr et ched amiegholed B Gilionfe\ et PRgh e Ba 3B STVt
Fabricated I n AaeRlRRER el AL RGRENed V6T The Hdfer;

Figure 92 illustrates a cross-sectional side view of the wafer of
Figure 91;

Figure 93 illustrates a top view of the wafer of Figure 91 after
trenches have been formed from the substrate of the wafer; |

Figure 94 illustrates a cross-sectional side view of the wafer of
Figure 93;

Figure 95 illustrates a top view of the wafer of Figure 93 after an
overlying layer has been formed over the wafer;

Figure 96 illustrates a cross-sectional side view of the wafer of
Figure 95;

Figure 97 illustrates a cross-sectional side view of the wafer of
Figure 96 after a cap layer has been formed over the wafer;

Figure 98 illustrates a cross-sectional side view of the wafer of
Figure 97 after the cap layer has been thinned;

Figure 99 illustrates a cross-sectional side view of the wafer of
Figure 98 after the underside of the wafer has been thinned;

Figure 100 illustrates a cross-sectional side view of the wafer of
Figure 99 after a mask layer has been formed over the underside of the
wafer;

Figure 101 illustrates a cross-sectional side view of the wafer of

Figure 100 after the underside of the wafer has been sawed;



Fi gure 8%,, Bé bg ates a top view of a sem conductor wafer pEpokososBabri cate
the integrated circuit of Figure 88; -13- Figure 90 illustrates a-
cross-sectional side view of the wafer of Figure 89; Figure 91 illustrates
-a top view of the wafer of Figure 89 after interconnect |ayers have been
formed over the wafer; Figure 92 illustrates a cross-sectional side view of
the wafer of Figure 91; Figure 93 illustrates a top view of the wafer of
Figure 91 after trenches have been fornmed fromthe substrate of the wafer;
Figure 94 illustrates a cross-sectional -g#de view of the wafer of Figure

93; Fi 95 il i
over | ;/lgggr;el ayelr u?é@’éenemzdphglgatgggr%?% é&% ngf Fgijerwg'oggﬂeewgg%ﬁfgf (rasag
Cross- sect | 0ol e (RE uhiBrad f tr@‘wﬁfeewa@ b35h eFdHRMr Pditéd thest r at es

a cross-section e View o e vva er of Figure 96 after a cap layer has

been -f or ned oqﬁ{det,-glgemigaa & Had Be?Orenhdwigl;r at es a cross-sectional side :
view of the wafer of Figure 97 after the 'cap | ayer has been thinned; Figure

99 illustrates a crRigareH3illasahtesiadmross-seutiohal sidewidierof ohe Riajerraf 98 after
t he underside of the wafer has been thinned; Figure 100 illustrates a
cr oss- sect i ondigerelH24fear aoforntaet lapgrehascheemtgcmgd ggeath%ungerﬁqu@ﬁ teer has
been fornmed over the underside of the wafer;
wafer;
Figure 104 illustrates a cross-sectional side view of the wafer of
Figure 103 after a mask layer has been formed over the underside of the
- wafer;
Figure 105 illustrates a cross-sectional side view of the wafer of
Figure 104 after the contact layer has been patterned and after the
underside mask laj/er has been removed; and
Figure 106 illustrates a cross-sectional side view of the wafer of

Figure 105 after the wafer has been separated into integrated cii'cuits._



Fi gure 101WOI953882Pat es a cross-sectional side view of the wREUSIIMUBYure
100 after the underside of the wafer has been sawed; -14- Figure 102
illustrates a cross-sectional side view of the wafer of Figure 101 after
t he undersi de of the wafer has been etched and after the underside mask

| ayer has been renoved; Figure 103 illustrates a cross-sectional side view
of the wafer of Figure 102 after a contact |ayer has been forned over the
undersi de of the wafer; Figure 104 illustrates a cross-sectional side view

of the wafer of. Figure 103 after a mask I'a%?e‘r has been forned over the
undersi de of the wafer; Figure DISTAILEDIDESCRIPTIONS- sectional side view
of the wafer of Figure 104 after the contact |ayer has been patterned and
after the undersi de Heafollowing dedaildsbdesariptimresits forth kisgaci€ic106 il | ustrates
a cross-sectional side view of the wafer of Figure 105 after the wafer has
been separ at ed empedimgnigreneodiments insaccordangeswithetha preserbESERIPN ON The

follow ng detail ed descrjption sets forth a specific_ enbodi nent or
enbodi nents in fJQEE%‘F‘b‘éW@Ié‘pCWrt brigation wd L EOnHAGRROCETFIRG FOrb T BB 1RIRRAG -

fabrication wth contact processi for wr.ap-around fl ange.interf.ace. In

the fol | owi ng e ipfsitac” T 3RS Ilbvobedescthofnigerous SikGitic' a€taut
are set forth such as specific dixhensions, materials, processing sequences,
semiconductor devices, etc., in order to provide a thorough
understanding of the present invention. It will be evident, however, to

“one of ordinary skill in the art that the present invention may be
practiced without these specific details. In other instances, well-known
processing steps, equipment, etc., have not been described in particular
detail so that the present invention is not unnecessarily obscured.
DIODE
Figure 2 illustrates a perspective view of a diode module 200,
which is one embodiment of the present invention. Diode module 200
may include one of a variety of elements or devices. Diode module 200
may include a PIN or NIP diode, for example. Diode moduie 200 may
include a series element for use as a switch. Diode module 200 may
include a Schottky-barrier diode. Diode module 200 may include a series
shunt element. Diode module 200 is also referred to as an apparatus or
as an electrical apparatus that includes one of a variety of elements or
devices, such as those elements or devices described above. Diode
module 200 is also referred to as a device.
For one embodiment, diode module 200 is a leadless monolithic

device that is configured for surface mounting, for example, over a



are set WJSBI ch as specific dinensions, materials, propepmisosksigguences,

sem conduct’or dévices, etc., in order to provide a thorough understandi ng
of the present invention. It will be evident, however, to one of ordinary
ski'll in the art that the present invention may be practiced wthout these

specific details. In other instances, well-known processing steps,

equi pnent, etc., have not been described in particular detail so that the
present invention is not unnecessarily obscured. DIODE Figure 2 illustrates
a perspective view of a diode nodul e 20036 whi ch i s one enbodi nent of the

t i ti.on.. Diod dul 0 L ngl ud f | ot f .
b ent e e SaiPgERN £ BB ERIRE SR BB ), oL,
' | e. Diod I gl [ £l d i tch.
cranm! o2 2O5TRA fy RORR 0y e R SIS oot g, 2 S0,

. | d n . . . ] et . . d t
ggga‘rlateug Serhift éﬁﬁgﬁﬁvéiﬁ@?%,me'%vﬁﬁ%ﬁnaqpmﬁ iateracerbatdced to as an

) ectri‘cal apparatus”that includes one of a variety of
- elenents or deadieg TomiprizedT firbOingerebriiEd 1ay22d anidofst dentact lager above.

D ode nodul e 2 is al'so referred to as a device. For one enbodi nent, diode
nodul e 200 i s280,laesetthiesnductop posthiegiate28%; a sebatd irsulative pyerd73,endsur f ace
nmounting, for exanple, over a -16 - printed circuit board. As

i |l ustrated i sedéinglweaparatiradifangelinterfacocantattregioraeoroprised pheeaoader 250,
a devi ce sem conductor region 286, a first insulative |layer 271, a first
wr ap- around f interenngeidayer22.and seaondonsartdaygid8ded of first interconnect

ls 22;/ g ;] d 2 |2 ﬁ S 3|ngt T i/;s ﬁ‘ﬁggt:’gﬁtﬁstlrg?% raaczrggs’-s'eactiso%m' s gglilecvb i dﬁ)géet n{o%ﬁilg Bog87: 2

| along line 3-3 of diode fnodule 200 of Figure 2. Figuré 3 illustrates

overlying layer 250, device semiconductor region 286, first insulative

layer 271, first interconnect layer 221, first contact layer 280,

semiconductor post region 287, second insulative layer 272, second

" interconnect layer 222, and second contact layer 281.

Figure 4 illustrates a bottom view of diode module 200 of Figure 2..

.Figur'e 4 illustrates overlying layer 250, device semiconductor région 286,

first contact layer 280, semiconductor post region 287, and second contact
layer'281. | .

Asseen in Figures 2-4, dverlying layer 250 encapsulates the top
sides of device semiconductor region" 286, first insulative layer 271, first
interconnect layer 221, semiconductor post region 287, second insulative
layer 272, and second interconnect layer 222. Overlying layer 250 also
separates dévice semiconductor region 286 and semiconductor post
region 287. Overlying layer 250 may include any sui table insulative
material. For example, overlying layer 250 may include epoxy, silicon

dioxide (SiO»9), silicon nitride (Si3 Ny, plastic, Teflon, a polyimide, or a



second w YO58 f| ange interface contact

regi on conpri se®CPUSIHTLISI

I nterconnect | ayer 222 and second contact |ayer 281. Figure 3 illustrates a

cross-secti onal

side view of diode nodule 200 along |ine 3-3 of diode

nodul e 200 of Figure 2. Figure 3 illustrates overlying |ayer 250, device
sem conductor region 286, first insulative |layer 271, first interconnect

| ayer 221, first contact |ayer 280, sem conductor post region 287, second
i nsul ative | ayer 272, second interconnect |ayer 222, and second contact

|l ayer 281. Figure 4 illustrates a bot t om-viZew of ~di ode nodul e 200 of Figure
2. Figure 4 illglads @e&lﬁxzsgghyémdrﬂxﬁnaﬁaeo@l@éﬂcﬁ@le%ﬁ% SOREUGHRM T egi on

286, first contact |ayer

,_ sem conductor post region 287, and second

contact |ayer Zfaterials, oeedmbindti@uy efSmatetialoyewelll @Wvdrisiag 1And 250aapgul at es
the top sides of device sem conductor region 286, fi,rst insulative |ayer
271, first int serehteeprotectybode pigdwe 200.0Meclying fryer 26@ giaynse28 as second
I nsul ative layer 272, and second_interconnect |ayer 222. Overlying |ayer

250 al so -separ Rassivationdeyeye Pveshdnedayer25§imay 2

regi on 287. Overlyi | ayey .2 may j ncl ude any suitable insulative
mat eri al . For g‘)@&ﬁﬁﬁgde 8@9‘9?—8@‘?‘%}&‘250 may i nclude epoxy, silicon

di oxide [err],

-17- glass. Overlyi

Serve (o prot ectRadi faeim R SRR hdlpalfon At Plasti? ™

passivation | a
di ode nodule 2

hss, %ﬁiﬂﬁ%x‘x@%@ﬁi%@nﬂ?b&'& PhatBFNR drQofsiRanbsesabf y hol d
t oget Her .

materials may also be used for this cap layer. This optional cap layer
may serve to make diode module 200 more rigid and rugged. This
optional cap layer may also serve as a heat conduit for diode module 200.

Trench or gap 266 separates device semiconductor region 286 and
semiconductor post region 287.

An active junction region 202 resides in device semiconductor
region 286 of diode module 200 as illustrated in Figure 3. Active junction
regibn 202 is electrically coupled to second interconnect layer 222.
Second interconnect layer 222 is electrically coupled to contact layer 281.

Interconnect layers 221-222 may be comprised of titanium-
tungsten (Ti-W) and gold (Au) in one embodiment. Ti-W may provide
for a diffusion barrier layer. Other diffusion barrier materials may also
be used. Interconnect layers 221-222 may include other conductive
materials as well. For example, aluminum (Al) or copper (Cu) may be
used. Indium titanium oxide (ITO) or gold tin oxide {ATO) may also be
used. Other metals or combinations of materials including metals may

alsobeused.

serve kemeshaigalvr post

i jtri ' I | f.| on, | vi m de,
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Overlyi ngbvb s2¢ 00 MRy al’'so include an optional cap |ayerp éeeg, for
exanpl e, sirficon, polysilicon, anorphous silicon, plasti-c, glass, epoxy,

al um na, or dianmond. Qther materials or conmbinations of naterials may al so.
be used for this cap layer. This optional cap |ayer may serve to nmake di ode
nmodul e 200 nore rigid and rugged. This optional cap |ayer may al so serve as
a heat conduit for diode nodule 200 Trench or gap 266 separates device

sem conductor region 286 and sem conductor post region 287. An active
junction region 202 resides in device seggconductor region 286 of diode

modul e 200 as illustrated in Figure 3. Active junction regjo 02, 1

el ectrically coupl ed® B’%WE%‘Gr'H‘R‘iﬂéﬁﬁﬁé‘H?rfﬁ @ntiﬁt.resgggmp‘fcfﬂséfréénnect |
| 222 i ' | . tact | ) t |
over 222 15 Slgiirbesl e emipLitols SRS LW by RbShiaRe, | vt
gnbopll ment . TiaVlid8)e Bhﬁgféi@e Bpﬁngegﬁe%lg%'vgptlﬂ?é:’i&ia@v%ll'(ﬁ%%‘icea her diffusion
arrier materials may al so be used. lnterconnect |ayers =222 may include .

ot her conduct s¥i¢BHdRIcter regith Y8, | Firdt$htePecHiRcElayt 891 A firéd don@dctcopper
(Cu) may be used. Indiumtrtaniumoxide (I TO or“gold tin oxide (ATO may
al so be used. 143}er@B0 AR Pisedio forfiba flahgehstetfacemt eri al s i ncl uding netal s
may al so be used. -18- The first wap-around flange interface contact
region includes fi Te secorad poaperouhd flange hteafade tonsict regiomincludgser 280.
First contact |ayer 280 covers the underside of and extends over the
sidewal | of deesans indercenneridaysr 322gingsezand contast layer @Btoberand | ayer 221

and first contact | er 280 are joi ned forma flagnge interface
contact ﬁ\%ler 2§1 covers tllle ungersgc?e ofo annnz\ extends Over H’le sidewall

- of semiconductor post region 287. Second interconnect layer 222 and

second contact layer 281 are joined to form a flange interface.

First coritact layer 280 and second contact layer 281 are the
connection points for diode module 200 to external circuitry. First
contact layer 280 and seconci contact layer 281 are both rélatively flat on
the underside of device semiconductor region 286 and semiconductor
post region 287, respectively._ First contact layer 280 and second contact
layer 281 are also both relatively large. These features help to ensure
good contact to external circuitry.

Contact layers 280-281 may be comprised of titanium-tungsten (Ti-
W) and nickel (Ni) -in one embodiment. Ni is preferable as Ni is well-
suited for soldering. These Ni contact layers may be subsequently
coated, for example, with a thin layer 6f gold (Au). Such a coating rhay .
serve to prevent the corrosion or oxidation of the Ni contact layers
without destroying the soldering ability of Ni. For another embodiment,
gold (Au) may be used in place of Ni. Contact layers 280-281 may

include other conductive materials as well. For example, aluminum (Al



The second™@23f1&P0und fl ange interface contact region incl RETEUSISLHEY

I nterconnect |ayer 222 and second contact |ayer 281. Second contact |ayer
281 covers the underside of and extends over the sidewall of sem conductor
post region 287. Second interconnect |ayer 222 and second contact |ayer 281
are joined to forma flange interface. First contact |ayer 280 and second
contact layer 281 are the connection points for diode nodule 200 to
external circuitry. First contact |ayer 28Q and second contact |ayer 281
are both relati.vely flat on the undersi de Gf" devi ce sem conductor region
286 and seni cormupper (Ga) nragthaouse2 Indiwspitahiumloxidd{ITE) cc@oidtn | ayer
280 and second contact | ayer 281 are also both relatively |arge. These
features hel p taxideédTO)goryialsemeatsed; Oter metals aricombinaionsoint act | ayers
280-281 may be conprised of titaniumtungsten (Ti- W and nickel (N) in
one enbodi ment .MRferials inclidingpnetalssmay also bppsed-suited for sol dering. These

ayer of gol o (Al REHACH PR p L Brees 1 BapBErERTach e Ttton or

of N For anolRER 2R adRENe YEisha i g TR daa ol il 7 1Y
Cont act | i | ' : 1. F
oxaml o, ol am SR An) T onE R ST ERRRE UE RS RRS m

titani um oxi de grovidesJor 8QfablelarXtdlidbleIsAd BBdvanselifitetsSithecidier metal s
or conbinations of materials including netals may al so be used. Fi'rst

i nterconnect | ayelth22bntaotisyer. f | ange interface with contact |ayer 280.
Li kewi se, second interconnect |ayer 222 fornms a flange
For one embodiment, titanium-tungsten (Ti-W) is used as the
bonding interconnect layer and as the bonding contact layer for both
contact regions. That is, Ti-W is formed at the bottom of interconnect
layers 221-222 and at the top of contact layers 280-281. As aresult, a
reliable intermetallic surface-to-surface bond is formed between each
interconnect layer 221-222 and each contact layer 280-281, respectively,
for this embodiment. For other embodiments, another material in place
of Ti-W may be used in creating a bond between interconnect layers 221-
222 and contact layers 280-281, respectively. Using the same material
here may facilitate the formation of a durable and reliable bond between
interconnect layers 221-222 and contact layers 280-281, respectively. For
still other embodiments, the materials used to bond interconnect layers
221-222 with contact layers 280-281, respectively, may be different. -
Diode module 200 may be die-attached across standard beam
circuit gaps using either solder or conductive epoxy. Diode module 200

can be configured to be a drop-in replacement for present beam lead

devices. Alternatively, diode module 200 can be made smalier or larger



I nterfac ] ntact |ayer 281. In each case, the flang 61% f.
provi des%yiénrgg'gw urabl e and reliable bond between the int e(rel::onn%é't iayer and

the contact |ayer. For one enbodinment, titaniumtungsten (Ti-W is used as
t he bondi ng i nterconnect |ayer and as the bonding contact |ayer for both-
contact regions. That is, Ti-Wis fornmed at the bottom of interconnect

| ayers 221-222 and at the top of contact |ayers 280-281. As a result, a
reliable internetallic surface-to-surface bond is fornmed between each

i nterconnect |ayer 221-222 and each coniggt |ayer 280-281, respectively,

f t hi nbodi t. F th nmbodi ts, another terial | | f
TiO;W m'at§ ﬁf ;géggawsgP%gﬁ%?élﬁawg}s%gfﬁééﬂfgﬁe?gw@wr i erdlu%%('?%n ?2?6282 |
and contact |ayers - 281, respectively. Usi e sane nmaterial here nma
facilitate théﬁ?B’Pﬁﬁ? %8?4“:_81&0éedﬁ?é%}'e!até%?}yrsﬂqngl e.bond between g
I nt t | ay . =2 - ty: - ' ly. F
St 11 ot her  embodi SEATS S HiRsBASANAR i@ Jordd Bt BembREPRISTY . '
221-222 with g i’t?&edx?c‘bﬁﬁ%:ct%ﬁ%gﬁéatid‘zﬁ'sﬁ‘i‘&ﬁieéﬁ‘ttd/of r06 Hhy bengey . Di ode

nodul e 200 may be die-attached across standar eam Circuit gaps using

~either sol der t@fabrivateidiodeaneaary2000op dramipit!! Fo Beleaipiiia wenhéwioded to be
a drop-in replacenent for present beam | ead devices. Aternatively, diode

modul e 200 cawf FiguradeFiguabsd 683 awill ke gexd to illus@8te theovazibiisessepsaofchet om
requirement. The_ design of diode nodule 200 allows the device to be nade
relatively srrmethoe‘-’iog%ngmsﬁ.l lustrates, in flow diagramform an exenplary
nmet hod used in sem _conductor fabrication. The nethod of Figure 5 may be
used to fabricate &igHe Giysiratesgoropaiew ffptemicondyetor ayafgsysed 10  he

met hod fabricate diode module 200 of Figure 2. Figure 7 illustrates a cross-

sectional side view of the wafer of Figure 6.

A semiconductor substrate is provided to perform the method of
Figure 5. This substrate is illustrated, for example, in Figures 6-7as |
substrate 400. Substrate 400 may be a silicon (Si) substrate, yet a variety
of other types of semiconductor substrates may be used in practicing the
present invention. _ | |

The wafer of Figures 6-7 includes substrate 400 in which active
junction regions 401, 402, 403, and 404 have been formed to prbvide for
four diode devices. This number of devices is exemplary and has been
chosen to provide for a clearer understanding of the present invention.
Any number of devices may be formed using the same wafer and may
depend, for example, on the size of the wafer. Active junctiori regions
401-404 may be provided with appropriate ohmic contacts.

A patternéd insulative layer inclixding regions 411, 412, and 413
has been formed over the wafer. For one embodiment this insulative

layer is formed by depositing silicon nitride (Si3N4). The insulative layer



of Figure BO¥¥Y82%s 6-33 will be used to illustrate the varTGUESHPIE of
the method of Figure 5. Figure 6 illustrates a top view of a sem conduct or
waf er used to fabricate diode nodul e 200 of Figure 2. Figure 7 illustrates
a cross- sectional side view of the wafer of Figure 6. A sem conductor
substrate is provided to performthe nethod of Figure 5. This substrate is
Illustrated, for exanple, in Figures 6-7 as substrate 400. Substrate 400
may be a silicon (Si) substrate, yet a vari)ity of other types of

sem conduct or substrates nay be used in pré&cficing the present invention.
The waf er of Fi guayeslsébe formeddesn silitonrdiogide0SiOp) thiat hhs hedri gigh¢runct i on
‘regions 401, 402, 403, and 404 have been forned to provide for four diode
devi ces. Thi s ndepesited origrowa ovies thesurfdcerof sabstratestdfe dthedheglativeo provi de
for a clearer understanding, of the present invention, Any nunber of_ devices
may be forned uld¥eymapincipde gHres matgrialeyr apkingtionspf Biaderals as ovelkne si ze
of the wafer. iveﬂ.jiunct'ion r.eqi ons 401-304, mag be_provided w th
appropriate ohnitedBsrianye laygr ished patterngd pising protolifhography aidR egi ons
411, 412, and 413 been for over t.he For one enbodi nent this

I nsul ative | aye eﬁ*‘?‘ﬁ%‘?nﬁ%%@“ﬁ@gfo@?{? F‘F&j%?mg#’-m tride (Si3N4). The

I nsul ative | ayer AL ye Al or k] I Q] (Si )

t hat has been either A(fé%lggtlrtg%g lglrﬁglrlg%mé g’vtgirgqllt1 lfelggté?ia)gg?%ngSt%’g{Seglﬁgt e 400.
The insul ative Eﬁiﬁ@ée ditivel 'ﬁﬁéﬁ&?ré}fi@ﬂ'w‘ﬁl@zt bﬁu’i%@léﬁﬁ@%@ﬂtré%igﬁs af6

materials as well. The insulative layer is then patterned usi
phot ol i t hogr aphyn&nid 8@iveh tiealrfadUusisubs a0 rench Régloh 496 eRtrefiset- 413.
over two diodes that will be created using active junction regions 401-
402. Trench region 418 traverses over two diodes that will be created
using active junction regions 403-404. Trench regions 416 and 418 run
parallel to one another. Insulative region 411 has been patterned to
expose active junction regioﬁs 401-402. Insulative regions 411-412 define
trench region 416. Insulative region 412 has been patterned to expose
active junction regions 403-404. Insulative regions 412-413 define trench
region 418.
For an alternative embodiment, four contact regions or bonding
pads may be formed over substrate 400 to provide for electrical
connection to active junction regions 401-404. Insulative regions 411-412
may then be patterned to expose such contact regions or bonding pads as
opposed to exposing active junction regions 401-404.
For yet another alternative embodiment, insulative regions 411-
413 may be patterned to define scribe line regions 415, 417, and 419,

exposing underlying substrate 400 in each region. Scribe line regions 415,

417, and 419 traverse the length of the wafer along the left side of the



As illus in Figures'6-7, the i néul ative layer is patdeqgagedige €Xpose
active j&ﬁ@%ﬁ%ﬁypegi ons 401-404 and to define trench regions 416 and. 418

over the surface of substrate 400. Trench region 416 traverses over two

di odes that will be created using active junction regions 401- 402. Trench
region 418 traverses over two diodes that will be created using active
junction regions 403-404. Trench regions 416 and 418 run parallel to one
anot her. Insulative region 411 has been patterned to expose active junction
regi ons 401-402. Insulative regions 411:442 define trench region 416.

I nsul ative region 412 has been patterned tQ expqQse.active junction regions
403- 404. | nsuivaterdhe sepignef tilezwa&es,@yf herighbHe of %'Wﬁ?ﬁés. For an

alternative enbodi nen f qQur . cont act.. regio or__bgndi.ng,.pads.. f ormed
over substrat éemﬁgﬁfypﬁar‘ifga?%‘% ”b?’&’:‘t’gf’cgﬁ‘e&ﬁﬁﬁgfﬂlggllﬁ%‘ r%@?lﬁ gé&jﬁunct-i on

regi ons 401- 4%&%@319’;\%6%%%9&% %b%&ae@zb%lw be patterned to expose

such cont act ns -~ or ing pads as opposed to exposing active junction

regi ons 401-404. F P ' hXiSecBdBAd ubB Hnd 47854ateat i ve regi ons
411- 413 may be paﬁoé?ég%p to éﬁ??ﬁées'gé%%ﬁ ne_rég?%ns 415 417, and 419,

exposi ng underghyhsd ovePiie wher4 Ghid i3 iRastate@dh Figurke B-REFigupesr egi ons 415,
417, and 419 traverse the length of the wafer along the left side of the
- 22 - wafer, ilhstrateshaop view lof thetvafer afiftigtitest aftghintercdenedts 4RE-43af er ,
respectively, as illustrated in Figure 6. The use of scribe |ine regions
415, 417, and have beehlfotraed over theedafen. Figureddllastrates|agmoss=sgctionab 300 of
Figure 5, interconnects 421, 422 and 423 are formed over the wafer. This

i s illustratedideviewyof e water ofFigure 83

Interconnects 421-423 are also referred to as interconnect layers.
Interconnect 421, as illustrated in Figures 8;9, may be a portion of an
interconnect that is shaped like interconnects 422:423 and that extends
over other diode devices to be formed from the wafer to the lef_t of the
diode devices illustrated in Figures 8-9. Interconnect 422 includes bridge

~ portions 424-425. Interconnect 423 includes bridge portions 426-427

Bridge portion 424 crosses over trench region 416 and provides for
an electrical connection to active juhction region 401. Bridge portion 424
iﬁcludes gap 434 which overlies trench region 416. Bridge portion 425
crosses over trench region 416 and provides .for an electrical connection
to active junction region 402. Bx"idge portion 425 includes gap 435 which
overlies trench region 416. Bridg'e’pdrtion 426 crosses over trench region.
418 and provides for an electrical connection to active junction region
403. Bridge portion 426 includes gap 436 which overlies trench region
418. Bridge portion 427 crosses over trench region 418 and provides for
an electrical connection to active junction region 404. Bridge portion 427

includes gap 437 which overlies trench region 418. For an alternative



I 1l ustrat eW@9%/3482%i ew of the wafer of Figure 6 after intercpornesssssfsdl- 423

have been fornmed over the wafer. Figure 9 illustrates a cross-sectional
side view of the wafer of Figure 8. Interconnects 421-423 are also referred
to as interconnect |ayers. Interconnect 421, as illustrated in Figures 8-9,

may be a portion of an interconnect that is shaped |like interconnects
422- 423 and that extends over other diode devices to be forned fromthe
wafer to the left of the diode devices illustrated in Figures 8-9.

I nt erconnect 422 includes bridge portions-224-425. |nterconnect 423

i ncludes bri dgeeﬂfyddiﬂéﬁpéﬁﬁié?é?rt%s%wy&d 20t & %fgaiﬁr Oa}%ﬁ%és)w trench

regi on 416 and provides ectrical "connecCtio ejunction

region 401. Bri fgpep@vélyOButrdhérdredaa tﬁ‘ﬁi)gé&% whi ch overlies trench
region 416. Bridge portion 425 crosses over  trench region 416 and provi des

for an electrical coBoroheembodimeht ifitdredieidc ¥UZEMDreA2ZmeBrdydgaRtpor tion
425 i ncl udes gagn435 whi ch overlies trench region 416. Bridge portion 426
crosses over trrorngegtawiutd laper pventhdasafenr Fanexample) tiealiuapnnection to
active junction region 403. Bridge portion 426 includes gap 436 which
overlies trenchtungstem(Tily) nmy bespypiier deposied aveyshe svaderer This §dM r egi on

404. "B Gge. por IYSHAT/SSFHE R BERS g8 SO A RPSIER boviae layer FarantercoRasdn 418
Contai n gaps 4SLIAP U ARGER PR maleriel R alsorberset dgeld (B one
oo Tert o GEPGRBERr Aok SO RN e O A e, SR o
deposited over fdfite the-palters pldtind of gold, for example, in forming
interconnects 421-423. A patterned mask layer, for example comprising
photoresist, may then be formed over the wafer. This patterned mask
layer is used in pattern plating gold (Au), for example approximately 10
Hm in thickness, over the Ti-W-Au layers to create interconnects 421-423.
After this pattern plating process, the patterned mask layer is removed.
Portions of the Ti-W-Au layers which are exposed on the surface of the
wafer may then be etched, leaving interconnects 421-423 as illustrated in
Figures 8-9. Interconnects 421-423 as a result contain Ti-W and Au.
Interconnects 421-423 may include other conductive materials as
well. For example, aluminum (Al) or copper (Cu) may be used. Indium
titanium oxide (ITO) or gold tin oxide (ATO) may also be used. Other
metals or combinations of materials including metals may also be used.
Furthermore, interconnects 421-423 may be formed using any suitable
technique. As another example, a layer of the material or materials used

to create interconnects 421-423 may be deposited over the wafer and

subsequently patterned to create interconnects 421-423.



| ayer to provide for a diffusion barrier |ayer nnect s
421- 42?% ’%@:‘E’al ffusion barrier materials nmay al so be usgg&’dég#'@iﬁ S

t hen sputter deposited over the Ti-Wlayer. This Au | ayer may serve to
~facilitate the pattern plating of gold, for exanple, in formng

I nterconnects 421-423. A patterned nmask | ayer, for exanple conprising
photoresist, may then be formed over the wafer. This patterned mask Iayer
is used in pattern plating gold (Au), for exanple approxinmately 10 [err] in
t hi ckness, over the Ti-WAu |ayers to crgate interconnects 421-423. After

this pattern | at.ing process, the p tterned mask | ayer is renpved. Portions
of the Ti- plolithographyang, eéd@mg@m%n qrr%amnledeéy@rz ysgd heEe &9 may

t hen be etched | eavi ng i nt ts 421-423 as illustrated in Figures
8-9. I nter conRd1 Rﬁefg @%@%@mt contain Ti-Wand Au. |nterconnects

(421-423 may incl Ud?opéﬁg{t%ﬁ}%mg%%ﬁ(@dxﬂ?eg\?r e%h? t@? Mnn &rmgg%g’pl &

al um num (A ) or copper anl um.oxide (1 TO

gold tin oxi dﬁrﬁémvéﬁue%ﬁer bﬁhmeda se?a?% iflfdr xﬁ\&tnwt?éf@tﬂéws of

materials including nmetals may al so be d. Furthernore,” Interconnects

421- 423 may bevéraheBeafds fatkeadh)iisde Habice 16 Be fabriciled Ansterrt Bﬂorﬁﬁﬂq‘p
| ayer of the material or materials used to create interconnects 423 may

be deposited nuemohhe&ﬂ&amthﬁoseﬁamebnﬂgy poztibns 424428 for eedmple,

I nt erconnects 421-423 - 24 - Photolithography and etch techni ques, for
exanmpl e, may bwo geparakeindenconpeats may beformeshonearttbe avaferieach with an
alternative ehaodi ment, separate interconnects nay.be formed over the

waf er. That jBrid EQWW%Q%FMBE?Vn&y be formed over the wafer for

each diode deV| ce I=8r gtg fS%Q ?tuerg 5, Ithnesit[ %%iatg ]:)r ]trenc 1esg442 and 444 are

formed from respective trench regions 416-and 418 of substrate 400 as
defined by insulative regions 411-413. This is illustrated in Figures 10-11.
Figure 10 illustrates a top view of the wafer of Figure 8 after trenches 442
and 444 have been formed from substrate 400 of the wafer. Figure 11

- illustrates a cross-sectional side view of the wafer of Figure 10.

In forming trenches 442 and 444, ahy suitable processing
technique may be used. For example, any suitable etch technique and
chemistry may be used. As insulative regions 411-413 may serve as a
mask layer when etching trenches 442 and 444, the etch technique and
chemistry is preferably selective to the material used for insulative
regions 411-413. The etch technique and chemistry is also preferably
selective to the material used for interconnects 421-423 as interconnects
421-423 are 'subjeéted to this etch process.

The material of substrate 400 in trench regions 416 and 418 which
lies beneath bridge portions 424-427 is removed in forming trenches 442

and 444. Gaps 434-437 may serve to facilitate the removal of underlying



I nterconnewo 95228281 t h two separate bridge portions 424-425, HQIUSISasush e,
two separate interconnects may be formed over the wafer each with bridge
portions 424-425, respectively. For step 305 of Figure 5, then, npats or
trenches 442 and 444-are formed fromrespective trench regions 416 and 418
of substrate 400 as defined by insulative regions 411-413. This is

illustrated in Figures 10-11. Figure 10 illustrates a top view of the wafer
of Figure 8 after trenches 442 and 444 have been fornmed from substrate 400
of the wafer. Figure 11 illustrates a cros85sectional side view of the

waf er of Fi gur esdibktrdi8 460 ibRfirg GBAARS £48% R4 idre HMIGHiIngAREE

processi ng techni que may be used. For exanple, any sui'table &etch technique

and chemi stry netehbet wsohw thsougisblidge porfiegs aps4221- 413 may serve as a
mask | ayer when etching trenches 442 and 444, the etch techni que and
chemi stry is prefer abbyas elterntative erobodienere; bridgé posgond 424-12%mlagtbeve
regions 411-413. The etch technique and chem stry is also preferably

sel ective to theolichbridges witheut geps #3443 eadissusserbabarzs Bridgepertiafisnect s

421-423 are sub%%e‘lct ed to this etch process, The material of substrate 400
in trench regi ofd-436maydestdoks inngrds wishibathoughy tyehifAIarBAEvVa24- 427 i s

dinf ] 442 d 444. Ga 34-43
faci | itate the PRMBURROr St ity nderly i subbiiale fol Bredovad thenthg
t hes 442 . d i . I th h brid
por (1 ona. a24- 4o FiopRpeEiSy e ARRE wRLERR ke B uBh 0T ) 487
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alternative between substrate 400 and interconnects 422 or 423. That is, insulative
regions 411-413 protect interconnects 422-423 from contacting substrate
400 after formirig trenches 442 and 444. This is illustrated in Figure 11
where insulative regions 411-412 protect interconnect 422 from
contacting substrate 400. Here, trench 442 has been partly formed by
undercutting beneath an edge of insulative regions 411-412. Likewise,
insulative regions 412-413 protect interconnect 423 from contacting
substrate 400. Here, trench 444 has also been partly formed by
undercutting beneath an edge of insulative regions 412-413.

For an alternative embodiment, a separate patterned mask layer
may be formed over the wafer, that is over interconnects 422-423, to
define trench regions 416 and 418. Trenches 442 and 444 may then be
etched with a suitable etch technique and chemistry using this patterned
mask layer.

Trenches 442 and 444 essentially provide for a top-side separation
of semiconductor for each diode module to be created from the wafer,

providing for a device semiconductor region and a semiconductor post



enbodi ment _so as to ensuré underlying substrate 400 is re neat h
bri dge p&??m29424- 427 in formng trenches 442 and 444. %ﬁ%&ﬁ%ﬁ?on of

trenches 442 and 444 will not cause a short between substrate 400 and

i nterconnects 422 or 423. That is, insulative regions 411-413 protect

I nterconnects 422-423 from contacting substrate 400 after form ng trenches
442 and 444. This is illustrated in Figure 11 where insul ative regions
411-412 protect interconnect 422 fromcontacting substrate 400. Here,
trench 442 has been partly fornmed by un cutting beneath an edge of

insul ative regions 411-412. Likew se, inSUlative regions 412-413 protect

i nt er connect regon fomeashrdiade medwleb Thisssepatgifon pbsemicondnctor fJariedchs al so
been partly forned by undercutting beneath an edge of insulative regions
412-413. For dipdg mednle wilk beseseribrchin meredetailhelowat t er ned mask |ayer may

e L T
suiteble o chyl 6l MGand STILALIY 5 B SURRLSEIE TRl bV T
s conduct or yl,ofafacly ik aHel TS Gk § g LEyeP A5G Thak bRER HdHindiRlfén ghlr oVi di g

for a device sem con reglion an conduct or post - - region

for each di odgaredUbigurelts Aluseatdsad £rdBs-Qbctioial SidlRAHEWASf thelwafeebf di ode
nodul e will be described in nore detail below For step 310 of Figure 5,

overlying | ay®igu¥ed2i s fornmed over the wafer as illustrated in Figures
12-13. Figure 12 illustrates a top view of the wafer of Figure 10 after
overlying |ayer 450vexlying tayer 466eubstantialiyencapsulates the entire surface of
the wafer and substantially fills trenches 442 and 444. For one
embodiment overlying layer 450 includes epoxy. that has been
centrifuged over the wafer. A controlled vacuum environment may also
be used to spin-on epoxy here. For alternative embodiments, overlying
layer 450 may include silicon dioxide (SiO»), silicon nitride (Siz Ng),
plastic, Teflon, a polyimide, or a glass. Overlying l_ayer 450 may be
formed using other dielectric or insulative materials or combinations of
materials, and may be formed using any suitable technique.
Overlying layer 450 may serve to protect each diode device
created from the wafer. Overlying layer 450 may serve as a passivation
layer. Overlying layer 450 may also'serve to mechaniéally hold together
each diode device created from the wafer. | |
| Overlying layer 450 may also include an optional cap layer
containing, for example, silicon, polysilicon,'amorphdus s'ilicbﬁ, plastic,
glass, epoxy, alumina, or diamond. Other materials or .combinations of

materials may also be used. This optional cap layer may serve to make

each diode device created from the wafer more rigid and rugged. This



waf er. Fi gWOSSBIBY| | ustrates a cross-sectional side view of PCHESRRPUPI of
Figure 12. Overlying | ayer 450 substantially encapsul ates the entire
surface of the wafer and substantially fills trenches 442 and 444. For one
enbodi ment overlying | ayer 450 includes epoxy that has been centrifuged
over the wafer. A controlled vacuum environnent may al so be used to spin-on
epoxy here. For alternative enbodi nents, overlying |ayer 450 may include
silicon dioxide [err], silicon nitride [er pl astic, Teflon, a polyimde,
or a glass. Overlying |layer 450 may be fordfed using other dielectric or

i nsul ati ve nat eoptidrsal @ap daydrimay alsoseode anh deaadonduinfbrreayh bidododede usi ng
any suitable techni que Overlying layer 450 may serve to protect each diode
devi ce creat ed fboisateddromithe wadgnr | yi ng | ayer 450 may serve as a

"~ passivation | ayer yin er 450 may al so serve to nechanlcally hol d
t oget her each di ode%‘é" f%ﬁ3g$gg¥{é-d"?|50|?ﬁec¢?§kﬁ&€éru‘@%’?‘ld)?l‘ ;&KPJFI'QSO may

ol ysi 11 con. BB UsePR i Fighe? 17 oBeil: ar%%aiiwew%wﬁastr Fdifanond.
Qher mteria %g&&%fbt@;:&a%m gs&s&hﬁglsggﬁx.a@' o Uy SFthe WHIG of

optional cap la _ eac cre romthe
e o1 e 110 g At o SPHAPS %ﬁ"%“%ﬁ%# Bt aior.
For step 315 ofillob@tted ap udd@siRoKevast tBE widebsFigarefi4t he wafer is thinned
as illustrated in Figure 14 as conpared to the wafer illustrated in Figure
13. Figure 14 il ustTh¢ anderstdostsitbsetat@sdd nwiyde thirvedhetehesimghay of
suitable technique. For example, the underside of substrate 400 may be

sandblasted. The underside of substrate 400 may also be etched using a

suitable etch technique and chemistry or, alternatively, may be thinned

by grinding it. The underside of substrate 400 may also be thinned by

lapping. The bottom of substrate 400 beneath active junction regions 401-

404 may be provided with appropriate ohmic contacts.

For step 320 of Figure 5, then, a saw-and-etch process is used to

pattern the underside of the wafer. One embodiment of this step is

illustrated in Figures 16-23. Here, a mask layer 452 is first formed over

the underside of the wéfer. This is illustrated in Figures 16-17. Figure 16

illustrates a cross-sectional side view of the wafer of Figure 14 after mask

layer 452 has been formed over the underside of the wafer. Figure 17

illustrates an underside view of the wafer of Figure 1lo.

Mask layer 452 may comprise photoresist, for example, that has
been spun-on. Other suitable mask materials, including other

photosensitive materials, may also be used here and may be formed over

the underside of the wafer using any suitable technique.



Fi gure livabdfigad he underside of the wafer has been thi nnegrnfsostiige 15
Illustrates an underside view of the wafer of Figure 14. The underside of

substrate 400 nay be thinned here using any suitable technique. For
exanpl e, the underside of substrate 400 nay be sandbl asted. The undersi de
of substrate 400 may al so be etched using a suitable etch techni que and
chem stry or, alternatively, may be thinned by grinding it. The underside
of substrate 400 may al so be thinned by |apping. The bottom of substrate
400 beneath active junction regions 401-2804 may be provided with

i hmi . t 20..0f Fi 5, then,. d-etch
R ors e uond ¢ oTRALAERSiaL B iRl GRF 3D ufon AP Slobe SRR 1R RBERE T of ©
thi . USt : \ o Ts first
oo onor °y s Wi SHEAL B ISR 45 487, i B0 Sd RAatdhatlo? 15 117

16-17. Fi gur elalfr itb? uitbrAAASredi SHOBS-4C ITIAO Y i1tk ated AVFiglrdsh-yof er of
Figure 14 after mask | ayer 452 has been fornmed over the underside of the

waf er. Fi gur eFiglre [1Billtistedtes a arosgrsdetionalside eiewobdf tHeewakeh of Fifureilgure 16.

~Mask | ayer 452 may conprise photoresist, for exanple, that has been

spun-on. O heaftentheaidersidelof whe evafert sas heenl sasvery Kigher 1pilhistsdessirt | ve

materials, may al so be used here and _nmay be fornmed over the underside of

t he waf er usi Hpderside viensof therwalenofiigure 18. 28 - The underside of the

wafer is then sawe | o scribe line_regjons 41 417, .and 419 to create
Saser i 27 I

pits 455, 457, and regiopatt ik 1 el ﬁ%&atﬁﬁti’bﬁgigﬁf’r egi ons
£95- 454, TI 5ot Wsdoh B e b Sy BB 205 2,
the wafer has,Raeni¢a¥Pke wARYhfay'Be sl if 8rfSe e regions 415, 417, and
419 to create pits 455, 457, and 459, thus defining mask regions 453-454
from mask layer 452. For another embodiment, mask layer 452 may be
first patterned using photoli'thography techniques, for example, to define
scribe line regions 415, 417, and 419 with mask regions 453 and 454.
'I'hese defined scribe line regions may then be used as a guide in sawing
pits 455, 457, and 459.
The wafer is not entirely separated here in sawing the underside
of the wafer to create pits 455, 457, and 459, as illustrated ih Figures 18-
19. Each pit 455, 457, and 459 is apprbximately 2-3 mils in width. Pifs
. 455, 457, and 459 may also have other widths.
After creating pits 455, 457, and 459, substrate 400 is etched from
the underside of the wafer in scribe line regions 415, 417, and 419 as
defined by mask regions 453-454 to create trenches 465, 467, and 469.
- This is illustrated in Figures 20-21. Figure 20 illustrates.a cross-sectional

side view of the wafer of Figure 18 after the underside of the substrate of



under si de WOAW3¥2% he wafer of Figure 18. Scribe |ine regi oRFIESYSPHBY and
419, as illustrated in Figure 6, define where the wafer will be separated.
For one enbodi ment, the underside of the wafer may be sawed in scribe |ine
regions 415, 417, and 419 to create pits 455, 457, and 459, thus defining
mask regi ons 453-454 from mask | ayer 452. For another enbodi nent, mask

| ayer 452 may be first patterned using photolithography techniques, for
exanpl e, to define scribe |ine regions 415,417, and 419 with mask regions
453 and 454. These defined scribe |ine re@'&ﬁs may then be used as a guide
in sawi ng pits HeswalgghashednaschedTHigusd 21 illistratds anhhdelsyideeioar of 8@ here
In saw ng the underside of the wafer to create pits 455, 457, and 459, as
illustrated i n Maberdignre3d® Each pit 455,457, and 459 is approxi mately
2-3 mls in wdth. Piits 455,457, and 459 may al so have other widths. After
creating pits 455, 457y Siifebleetchieguinue andghemistsy arastibe need here tonder si de

f-th f ' | he L | , 417 4 defined b k
o e VLSt oI SR AA N Pl 4, bR B T,
in Fi 20-2 ' ' - [ l, sj ' f th
0 15, 20 ZepgPh i oo i 083650, 00RY 17t O (1

vafer has been qiahed subsatfeu0dlintd ﬁﬁ%fﬁég%ggﬁwg_g?éi de view of the wafer
c

of Figure 20. Any suitable etch technique a em strymay be used here to

create trenches 465, Thé matedalBom iﬁ%ﬁf&@i@@%ﬁﬁﬁ)ﬂs 44941330 4cABE 1R r¥iohs
separate substrate 400. As illustrated in Figure 20, trench 467 serves to

separ at e subst r4t5%420GANd4H 1Y is abxt etehed hes s pdEd pbrfons of interconnects
421-423 in trenches 465, 467, and 469, respectively. As illustrated in

Figure 20, insulative region 411 is etched into insulative region 471,
insulative region 412 is etched into separate insulative regions 472-473.
Insulative region 413 is etched into insulative region 474. A single etch
process may be used here to etch both the material of substrate 400 and
the portions of insulative regions 411-413 exposed in trenches 465, 467,
and 469, respectively. Separate etch processes may alternatively be used
to remove the material of substrate 400 and the material used for
insulative regions 411-413.

Insulative regions 411-413 may be initially patterned, as described
above, to expose underlying substrate 400 in scribe line regions 415, 417,
and 419. For this embodiment, only the material of substrate 400 would
need to be removed to expose interconnects 421-423 in forming trenches
465, 467, and 469.

For an alternative embodiment, pits 455, 457, and 459 are not
created at all. Rather, trenches 465, 467, and 469 are created by etching

substrate 400 in scribe line regions 415, 417, and 419 as defined by mask



The nat e fig@M i Nnsul ati've regions 411-413 in scribe |i RpRrrgéssise
415,417, and 419 is also etched here to expose portions of interconnects

421-423 in trenches 465,467, and 469, respectively.- As illustrated in
Figure 20, insulative region 411 is etched into insulative region 471,

i nsulative region 412 is etched into separate insulative regions 472-473. -
I nsul ative region 413 is etched into insulative region 474. A single etch
process may be used here to etch both the nmaterial of substrate 400 and the
portions of insulative regions 411-413 exposed in trenches 465, 467, and

469, respectivel.y. te etch processes may alte tively.be used to
renove the rraf%ﬁ”?gﬁf gﬁ?’%@bgﬂ léeﬁ@@%&ﬁ@nf’ﬁ’é& ¥e5 -E‘é‘@g’%f&sti nsul ative
regi ons 411-4 ' i c . Lol tial terned, as
descri bed aboéé?te*ﬁéghgﬁlﬁﬁgﬁg%ﬁé%ﬁ%éﬁlr(ﬁ%é’ rg:ggk?}rxﬁsl%rtﬁigﬁ 'ne regions
415, 417, and 4ddve fifl régibhs 215V 419With iaGK FELBRL 34354 Syt T ate 400
woul d need to be renpved to expose interconnects 1-4 in formng
trenches 465, éﬁﬂabl@@d‘ﬂ&%hnﬁ?[ezﬁ{d ArRIsAF! N4 tREWBE LB herdid &redfed, 457,
and 459 are not created at all. Rather, trenChes 465, 467, and 469 are
created by et ¢ttenches4d5;UbZtandi48y.i n scribe |line regions 415, 417, and 419
as defined by mask - 30 - regions 453-454. For this enbodi ment, nask

| ayer 452 may be fiAféer tpenches #éd, 467 anxd g6Dheie beenyfarpied, meadktiegites, f or
exanpl e, to define scribe line regions 415 417, and 419 with nask regi ons
453-454. Any 463d3HREe reaved fom Hrundersidesh theryafengs Hlustraed ied here to

create trench 4%? 3674237] giSSr% 'ﬁGi?lhsét'\Ee%ra ér{)gsrlgehc%songfs sSiHéQZéw%?ctlhé 69 have

been forned,
wafer of Figure 20 after underside mask regions 453-454 have been

removed. Figure 23 illustrates an underside view of thé wafer of Figure
22. Any suitable téchnique may be used here to remove mask regions
453-454. |

For step 325 of Figure 5, a patterned contact layer is formed over
the underside of the wafer. One embodiment of this step is illustrated in
Figures 24-29. Figure 24 illustrates a cross-sectional side view of the
wafér of Figure 22 after a conductor layer has been formed over the
underside of the wafer and after mask regions 477-478 have been formed
over the underside of the wafer. Figur‘é 25 illustrates an underside view
of the wafer of Figure 24.

For this embodiment, the patterned confaci layer is formed by first
forming a conductor layer (not shown) over the ;vafer.' For éxample,
titanium-tungsten (Ti-W) may be sputter deposited over the water. This
Ti-W layer may serve to provide for a diffusion barrier layer for the
patterned contact layer. Gold (Au) may then be sputter deposited over

the Ti-W layer. This Au layer may serve to facilitate the pattern plating



453- 454 arWOOSBI2d from the underside of the wafer as il | uSGrARYOI0

Figures 22-23. Figure 22 illustrates a cross-sectional side view of the
waf er of Figure 20 after underside nask regi ons 453-454 have been renoved.
Figure 23 illustrates an underside view of the wafer of Figure 22. Any

sui tabl e techni que may be used here to renove nmask regi ons 453-454. For
step 325 of Figure 5, a patterned contact layer is fornmed over the
underside of the wafer. One enbodinment of fhis step is illustrated in
Figures 24-29. -Figure 24 illustrates a cross-sectional side view of the
waf er of Fi gur eof22ldfaa on nickel (SDoforlexgmpleds forming trepatterned contact
underside of the wafer and after mask regions 477478 have been formed over
the underside dRY€heAltgmatively, gnysupble matariad s sombinatien of materiay of t he

waf er of Figure 24.. Far this. enbodi pent tterned contact |layer is
Formed by f 1 SR8 AHFORE SSEbARBROP FREAURGRC e (060 MR, For
exanple, titani Ti - W. tter depesited over the wafer.
This Ti-WI ayernl{%%ﬂggf ’\L‘/‘gagté)e ‘bsre\ég}f‘gpgx'f%& %B:hel;ﬁt]% ?%Cﬁl?tgé‘? ﬁ]e at e&?er for the
patterned cont : i I : r |Jed over the
e, O BN Bl e RIS 01 (e
31 - of gold (Afrtkérnmidrekehy émtableft@éhxﬁ%aérﬁ{agﬁ bé AsdPidorh HeecoRtcRsred
contact layer. Alternatively, any suitable material or conbination of
material s may dhger kereused in place of these Ti-Wand/or Au |ayers. For
exanpl e, nickel (Ni) may be used in place of Au here to facilitate the
pattern plating of NApatternekamaskdayerrhdvingimagkiregicpatd7Zr478ds tloert act | ayer.
Furt her nore, anfy sui tabl e technique may be used to formthe conductor
ormed over the underside of the wafer, as illustrated in Figures 24-25.
Mask regions 477-478 are used in pattern plating contact material over
the conductor layer to create the patterned contact layer. Mask regions
477-478 may include any suitable material and may be formed using any
suitable technique. Photoresist, for example, may be spun-on over the
underside of the wafer and subsequently patterned using
photolithography techniques, for example, to form mask regions 477-478.
A suitable contact material may then be pattern plated over the
underside of the wafer as illustrated in Figures 26-27. Figure 26
illustrates a cross-sectional side view of the wafer of Figure 24 after
contact regions 480-482 have been formed over the underside of the
wafer. Figure 27 illustrates an underside view of the wafer of Figure 26.
Mask regions 477-478 serve to prevent contact material from
forming over the underside of the wafer during pattern plating. For one
embodiment nickel (Ni) is pattern plated over the underside of the wafer

to form contact regions 480-482. Ni contact regions are preferable as Ni is

well-suited for soldering. These Ni contact regions may be subsequently



| ayer heMe0 951828 t er ned. nask | ayer havi ng mask regi ons 47 PCISISAS8NKen
formed over the underside of the wafer, as illustrated in Figures 24-25.
Mask regions 477-478 are used in pattern plating contact naterial over the
conductor layer to create the patterned contact |ayer. Mask regions 477-478
may include any suitable material -and may be formed using any suitable
techni que. Photoresist, for exanple, may be spun-on over the underside of

t he waf er and subsequently patterned usipng photolithography techniques, for
exanple, to form mask regions 477-478. A% tabl e contact material may then
be pattern pl absedpfcerexhfitplendithi thén Diyet b€ gvRT @XuR Budhl Aisdativigatiayn Fi gures
26-27. Figure 26 illustrates a cross-sectional side view of the wafer of

Fi gure 24 aft eervedotpreventehe eosrosiir cr8exidatien bé tre N comidcoregionshe under si de

of the wafer. Figure 27 illustrates an underside view of the wafer of
Figure 26. Mawithaufidestroying tegsoldering abilisy of Bit Fopanather embadiaient, om

formng over th dersi de of the wafer during patterpn platjng. For one :
enmbodi ment ni SREq H‘{JN] may ed?ﬁtfeéprplﬁ'iegt%'@réﬁ%Pgtjﬁ’@“&ﬁlﬂgﬂ’s"l ‘Hé}%golf‘?f‘énmfer to
form contact regij 480- i contact regions are preferable as N is
wel |l -suited f 69@%{1%@9%&%@6 Ni contact regions may be subsequently
-32 - coated, for %@@hﬁ‘act\%&t@ﬁ&l édﬂf&r&xlélé%p}eg{]org&{’ﬂﬁe @%i)um gi%eaofcoa“ ng

My serve to prevent the corrosion or ox contact regi ons

wi thout destr gy %féﬂ??a’iﬁl:@l%ﬂézﬂgoxﬁ%&ﬂ :ie%yorgfwtmsz%@ f§ﬁﬁw%!o- di ment,
gold (Au) may be pattern platéd over the underside of the waf'er to form

contact regi ogrle$@RrdAittomite updietside tiBRkRES £45, 267/ N E6Y, Bedpeetioalp] aur of
t he undersi de of : -
' illustrated in Figures 26-27. For one embodiment, portions of contact
regions 480-482 fdrm aﬂdurable and reliable surface-to-surface bond with
- the portions of interconnects 421-423, respe'ctively,.which are exposed in
trenches 465, 467, and 469, respectively, when the contact material is
formed over the undersidé of the wafer. Here, the material used for
interconnects 421-423 that is exposed in trenches 465, 467, and 469 is
preferably the same as the material used for contact regions 480-482 that
is to come in contact with interconnects 421-423.
For one embodiment, titanium-tungsten (Ti-W) is used as the first
interconnect layer and as the first contact region layer. As aresult, a
durable and reliable intermetallic surface-to-surface bond is formed for
this embodiment. For other embodiments, another material in place of
Ti-W may be used in creating a bond between'in_terconnects 421-423 and
contact regions 480-482. Using the same méterial here may facilitate the

formation of a durable and reliable bond between interconnects 421-423

and contact regions 480-482 in trenches 465, 467, and 469, respectively.



the waf er. VP31 arly, contact regions 480-482 are forned RARFESPNE si des
and bottom of underside trenches 465, 467, and 469, respectively, as
illustrated in Figures 26-27. For one enbodi nent, portions of contact

regi ons 480-482 forma durable and reliable surface-to-surface bond with
the portions of interconnects 421-423, respectively, which are exposed in
trenches 465, 467, and 469, respectively, when the contact material is
fornmed over the underside of the wafer. éﬁ the material used for

i nterconnects 421423 that is exposed in tr8nches 465, 467, and 469 is
preferably the Earrstill otherembodimerits, e dndterialsouseddd hopgl innercdBfiect82 t hat
Is to conme in cgﬂf ct with interconnects 421-423. For one enbodi nent,

titani umtungst ?%MW h centasiaegions 480-482 may iberdifferamiect | ayer and as the

first contact region As a result, a _durable nd rellable
intermetal lic surfacé f?%eiéﬁf:?lé@ét Byerialdas hegadorge Wﬁétm‘?rﬁﬂﬁd For

creating a bonatisv AR P der 478 31E S Suer et HRAL T il PRt 460
Using the same sat gy, tﬁbzb?ﬂﬁstp?%sE%Fééflslegggnﬁl@zdcon 5 Ak Qhed oqlfé@?xl e ai“d

reliabl e bond betwe I nt erconnects regi ons
trenches 465, 494 aftaPAndbBidd AABR 9&%&5?15 %77-478 hdve begﬁ’ E'exﬁb'v&l‘l T‘\igifrﬁ
h cont act

enbodi nents, the materials used to I nt erconnects 421-423

regi ons 480- 482illusyraves ah tthdeside vidht of tieWwake of Fegurewiger i al  has been
formed over the underside of the wafer, mask regions 477-478 are renoved as
illustrated in Fi gur éay2Buitable teEhgique B8y iblel usetitetre so cernovs maskatgionsl  si de
view of the wafer of Figure 26 after underside mask regions 477-478 have

been removed. FFGUAE-2E0T thegmbediserywlegeribed pbevesiportions ehhegonguctar

Fi gure 28.
e layer which are exposed on the underside of the wafer may then be

removed, leaving contact regions 480-482 as illustrated in Figures 28-29.
Any suitable etch technique and chemistry, for example, may be used to
remove the exposed portions of the conductor layer.

Contact regions 480-482 may include other conductive materials as
well. For example, aluminum (Al) or copper (Cu) may be used. Indium
titanium oxide (ITO) or gold tin oxide (ATO) may also be used. Other
metals or combinations of materials including metals may also be used.
Furthermore, contact regions 480-482 may be formed using any suitable
technique. For example, a layer of the material or materials used to
create contact regions 480-482 may be deposited over the wafer and
subsequently patterned to create contact regions 480-482.
Photolithography and etch techniques, for example, may be used here to
pattern contact regions 480-482.

For step 330 of Figure 5, underside trenches 466 and 468 are

formed over the underside of the wafer. This is illustrated in Figures 30-



Any suit s esd1ephni que may be used here to renpbve mask regicafikod7sigst 78. For
t he enbodi nent descri bed above, portions of the conductor |ayer which are
exposed on the underside of the wafer may then be renoved, |eaving contact
regions 480-482 as illustrated in Figures 28-29. Any suitable etch

techni que and chem stry, for exanple, may be used to renove the exposed
portions of the conductor |ayer. Contact regions 480-482 may incl ude ot her
conductive materials as well. For exanple, alumnum (Al) or copper (Cu) may
be used. Indiumtitaniumoxide (ITO or-gpld tin oxide (ATO may al so be

d. Gh | ' of . [ I ncl udi |
be- used. Furt By e SRRk Lot tBoi i uir ol P el ol iRy
sui tabl e techpggper tl{:é)tﬁn&’é%@m&’th@shﬁé’tgéetegjf th /a8 12ls @éepoe(tcl erials used

to create contact regions 480-482 may eposi ted over the warer and

subsequent | y Piphire316lusteates 8 undediiaview 89 WafdGi482urd MRt ol i t hogr aphy
and etch techniques, for exanple, nay be used here to pattern contact

regi ons 480-482. Famyshuifabbséchitedlirdquenty bidssbhéte tbrenahatieifideand 468
are formed over the underside of.the wafer. This is illustrated in Figures

30- | - 34 -trenchds 4frand3e68. | Corstactregiors 4806482 - mag biearsell ssiaimask ew of t he
waf er of Figure 28 after the underside of the substrate of the wafer has
been etched. lAYgninetshing franchesi466 and 468der si de vi ew of the wafer of Figure

30. ‘Any suitable etch techniqu y be used here to form underside trenches
466 and 468. Cont aﬁ‘ eﬂtilsﬁgﬁéaagéggﬁpwwlmgaaw 430nessitlusirptad imy et chi ng

[renches 466 AirdfSo-1! T060%%s 166 aAR%6805RAGS OoIdeord balioeh- 450 2
side separation of semiconductor for each diode module to be created
from the wafer. In conjunction with the top-side separation of
semiconductor by trenches 442 and 444, then, a complete separation of a
device semiconductor region and a semiconductor post region is
provided for each diode module to be formed from the wafer. Trenches
442 and 466 together separate substrate region 475 into device
semiconductor region 486 and semiconductor post region 487. Trenches
444 and 468 together sep'arate substrate regioh 476 into device
semiconductor region 488 and semiconductor post region 489.

For an alternative efnbodiment, only underside trenches 466 and
468 are used to provide for the semiconductor separation described
above. That is, trenches 412 and 444 are not formed at all. Rather only
trenches 466 and 468 are formed by removing the substrate material
through the entire thickness of the substrate, exposing overlying layer
450. For this alternative embodiment, however, bridge portions of
interconnects 422-423 may be exposed at the underside of the wafer. A

material resistive to corrosion is preferably used in forming interconnects



Fi gures 30V91953#%nches 466 and 468 accordingly provide for BEHOPEMS i de
separation of sem conductor for each diode nodule to be created fromthe
wafer. In conjunction with the top-side separation of sem conductor by
trenches 442 and 444, then, a conplete separation of a device sem conductor
region and a sem conductor post region is provided for each diode nodule to
be formed fromthe wafer. Trenches 442 and 466 together separate substrate
region 475 into device sem conductor regi 03 486 and sem conduct or post

regi on 487. Trenches 444 and 468 together S2parate substrate regi on 476
into device sen#2bi@d édrothis embodiniélt, dneh, aswiverlpihglager #8Gmayagitdnll89. For
an alternative enbodi nent, only underside trenches 466 and 468 are used to
provi de for theeswmﬁmmmﬁrﬂlﬂﬁmécbe&mbove That is, trenches
442 and 444 are not fornmed at e? Rat her only, trenches 466 and 468 are
formed by renoving t Rer 8§Bsopaf Figratesy ithe wqﬁewgﬁpﬁw%mtwﬂ@%. ckness of

Eimpoal nant - mowEaaes e MGl fa i Ges At ddhwitiRs éaE?f%‘t‘lFF\é%'be
eXposed Ft L MRAGES) SRSkl B LS & MRLFL YELEERS pUS b%gﬁr osion is

preferably used Tn I nterconnec

enbodi ment, t heiblpajg FABkS Widkd ndYRles uitod3 | lgl's{r%étéé%‘h%i

i nt erconnects 4 to protect them For Step 3 igure the waf er
i S separated inbﬁv&ibp%%ggﬂ(ng‘ﬂg@%:gj_l ustrated in Figures 32- 33. Fi gure 32
illustrates a cross- sectional side view of the wafer of Figure 30 after
the wafer has been sThamedfefimiaytise sipadsteapilitlexanyle, byFsouing the wafenst r at es
an underside view of the wafer of Figure 32.

The sawcut may be approximately one (1) mil in width. The sawcut may

have other widths as well. Other techniques may also be used to
separate the wafer and include, for example, using a laser scribe.

The wafer is separated through, for example, trench 467.
Interconnects 421-423 which have been bonded with contact regions 480-
482 form wrap-around flange interface contact regions as illustrated in
Figures 32-33. Interconnect 422 and bonded contact region 481 are both
separated in separating the wafer and create a wrap-around flange
interface contact region for separate diode modules fabricated from the
wafer. The reference numerals used in Figures 32-33 correspond to those

used for Figures 2-4 above.



The waf egyggR)s 98 separated, for exanple, by sawi ng the wapegsddisigaveut
may be approximately one (1) m!l in wdth. The sawcut nay have other w dths
as well. O her techniques may al so be used to separate the wafer and

i nclude, for exanple, using a | aser scribe. The wafer is separated through,
for exanple, trench 467. Interconnects 421-423 which have been bonded wth
contact regions 480- 482 form wap-around flange interface contact regions
as illustrated in Figures 32-33. Interconnect 422 and bonded contact region
481 are both separated in separating thegwafer and create a w ap-around

flange interface contact region fom&b di ode nodul es fabricated from
the wafer. The reference nuneral s E&JI’GS 32-33 correspond to those

used for Figures 2 - = e RANSL, Lgure 34 1| tes a
per spective view o?@?ggém?ssﬁa&?s %&ﬂﬁpg@@%‘%&%&ﬁt?%sgsﬁ% %{r%icl‘)lzﬁg %éaq;‘t of the
present invengj is Uri bth I 63 ef an
appar atus or gg@glnlsg ect r?%%ﬂa'néggggrtg? ?g&eﬁ‘fé{ﬁ}se?‘ gito (E)‘r %ﬁﬁ?@%@a‘,‘s al so
referred to asocﬁis_ca@adfeqerrE@&oagsnaﬁ‘?aﬁhta%}ashﬁmlﬁ&aara gatus. 500 is a
| eadl ess nonolithic device that is"Configured for surface nounting, for
exanpl e, over Transistot rbdule 500 is dsmreferréd to kb usdevideed i n Fi gure 34,
transi stor nodul e 500 includes an overlying |ayer 560, a device

sem conduct or regi bor e8sembadimantl tramisister modmieS0tisatleadlesst regi ons
584-585, a first contact region includi n? collector contact |ayer 593, a
second wrap- Bos@highicidevige that isroadigusesh faraurfacgimpunting.far BERI% t er or

base contact | ayer 594, nd.athird -around_flange i nterface contact
regi on over a pr51nted drcuit board. ‘As Lftstrated mn Figure g-'l, transistor

module 500 includes an overlying layer 560, a device semiconductor
region 583, base and emitter semiconductor post regions 584-585, a first
contact region including collector contact layer 593, a second wrap-
around flange interface contact region including emitter or base contact

R layer 594, and a third wrap—érouncl flange interface contact region
including base or emitter contact layer 595. |

Figure 35 illustrates a cross-sectional side view of transistor
module 500 along line 35-35 of transistor module 500 of Figure 34. Figure
35 illustrates overlying layer 560, device semiconductor regioh 583,
semiconductor post region 584, collector contact layer 593, and contact
layer 594.

Figure 36 illustrates a bottom view of transistor module 500 of in
Figure 34. Figure 36 illustrates overlying layer 560, collector contact layer .
593, device semiconductor region 583, base and emifter semiconductor
post regions 584-585, and base and emitter contact layers 594-595.

As seen in Figures 34-3p, overlying layer 560 encapsulates the top

sides of device semiconductor region 583 and base and emitter



i ncl udi ng VRA’Y31E enitter contact |ayer 595. Figure 35 il | uBEFHPISLIB
cross-sectional side view of transistor nodule 500 along |ine 35-35 of

transi stor nmodul e 500 of Figure 34. Figure 35 illustrates overlying |ayer
560, device sem conductor region 583, sem conductor post region 584,

col l ector contact |ayer 593, and contact |ayer 594. Figure 36 illustrates a
bottom view of transistor nodule 500 of in Figure 34. Figure 36 illustrates

overlying | ayer 560, collector contact |ayer 593, device sem conductor

regi on 583, base and emtter sem conducto 7post regi ons 584-585, and base
and em tter cosemitorcayRospost4egidns 584-588¢ Dviellyihg layes 584-akl, sepuedteyi ng

| ayer 560 encapsul ates the top sides of device sem conductor region 583 and
base and enitt slevice sengzondwaor tegidn 683 andeemicaylwater p8st-regonsG8dr | yi ng

| ayer 560 al so_separates device sem conductor region 583 and seni conduct or
post regi ons 5385 frxgn onegmobhar. Shearidng layanG6pimay inchade 88y sHitgblencl ude any
sui tabl e i nsul at ilée.materi al lJ:or exanpl e, overl|lying |ayer, 560 may i ncl ude

epoxy, siliconiRfHaiiyematerial Foziexarpie averiydRs jayer P60 praykinciuderepesh, a

pol yi m de, or a..glass. ! Lying. |l ayer .56 incl ud ther djelectric or
i nsul ative mat g#%gr@%%%f@ﬁﬁﬁo try e?ﬂ?%fé’f%s%s%ﬁg??’.a?ﬂbﬁ%ﬁ?ﬁg | ayer
560 nmay serve i r Ming. | I may
serve a5 a pasS oairsn QuEARBARI satitky Tuatle oté dikiefic Y oubitle
mechani cal | y hehgtetinRNSF sdbinRibisDf MMPeHABANFEN. ORKH ymggayea 86 nofP may
al so include an optional cap layer containing, for exar¥p| , “silicon,
pol ysilicon, agefRheYsrotddt tR@Bistdd mstule 5A0. a36er] pip@Xiyert$60iag seffe 4§ anond.
Q her material.s or conbinati ons of

a passivation layer. Overlying layer 560 may also serve to mechanically

hold transistor module 500 together.

Overlying layer 560 may also include an optional cap layer
containing, for example, silicon, polysilicon, amorphous silicon, plastic,
glass, epoxy, alumina, or diamond. Other materials or combinations of
materials may also be used fof this cap layer. This optional cap layer
may serve to make transistor module 500 more rigid and rugged. This
optional cap layer may also serve as a heat conduit for transistor module
500. |

Trench or gap 577 separates device semiconductor region 583 from
both base and emitter semiconductor post regions 584-585. Trench or
gap 581 separates base and emitter semiconductor post regions 584-585.

A device resides in device semiconductor region 583 of transistor
module 500. This device has a base region and an emitter region. The
base region is electrically coupled to a base interconnect layer in
transistor module 500. This base interconnect layer is electrically coupled

to contact layer 594 or 595. The emitter region is electrically coupled to



mat er i alﬁ'ﬁﬁél Pso be used for this cap layer. This optiog&mgmaisgyer may
serve to ansi stor nodule 500 nore rigid and rugged. This optional

cap layer may al so serve as a heat conduit for transistor nodul e 500.
Trench or gap 577 separates device sem conductor region 583 from both base
and em tter sem conductor post regions 584-585. Trench or gap 581 separates
base and em tter sem conductor post regions 584-585. A device resides in
devi ce sem conductor region 583 of transistor nodul e 500. This device has a
base region and an emtter region. The bgge region is electrically coupled

to a base interconnect layer in transistaqr nodul . Jhis base -
i nt er connect PRyFENItEEE IntpEconneehiay or Ebﬁﬁ!‘%ﬁf"(b“‘i‘%ﬂ‘ﬁf%gg F%‘?mgg or 595. The

emtter region jis electricall aupl ed t. - =+ an .. eqk I nt er connect
layer in trandMEINeELayer ’bsd%?&’l'ﬁﬁiy W@Fgrto icﬂﬁéﬁﬁ%ayéég?l F’Ié?/éesr is -
electrically t ¥ - Y!;ﬁa'i‘ ) or post
regi on 584 anggfé%ﬁ]?%gg&f@&g&%ﬁkgér@{)ﬁg’géaﬁgrégﬁ%db se s?gg}—%g’gﬁyfdr '
sem conduct or {ROBAsd RGidH) sefrcHHUEO PE regidNTBSANA @rladtIgyer 395 drbe
emtter region. Alternatively, where sem conductor post region 585 and
contact | ayer 388 fér elifilter @égibhe AlesrfiatiediypWhese sérnivotideictor pmsst r egi on
584 and contact |ayer 594 are used for the emitter region. The base and
em tter inter cegiondss andorontaryayer 595mpe used farf thieibase regivnungsten (Ti-W
and gold (Au) in one enbodinent. Ti-Wmay provide for a diffusion barrier
|l ayer. O her gemiconductompostaegion: i8diandscardgctdnyer 3 are asiged dorthethe

i nterconnect |ayers may include other conductive materials as well. For
exanpl e, al umeRUSEY GI0Br copper :

The base and emitter interconnect layers may be comprised of

titanium-tungsten (Ti-W) and gold .(Au.) in one embodimént. Ti-W may
provide for a diffusion barrier layer. Other diffusion barrier materials
may also be used here. The interc_bn'nect layers may include other
conductive materials as ivell. For example, alurriinunx (A or copper
(Cu) may be used. Indium titanium oxide (ITO) or gold tin oxide (ATO)
may also be used. Other metals or combinations of materials including
metals may also be used.

The first contact region covers the underside of and extends over
the sidewall of device semiconductor region 583. The second wrap-
around flange interface contact region covers the underside of and
extends over the sidewall of semiconductor post region 584. The third
wrap-around flange interface contact region covers the underside of and

‘extends over the sidewall of semiconductor post region 585.

Collector contact layer 593 and base and emitter contact layers

594-595 are the connection points for transistor module 500 to external

circuitry. Contact layers 593-595 are all relatively flat on the underside of



(Cu) may bAYQ¥EHS2I ndi um titani umoxide (1 TO or gold tin oxPEHUSMPS9 My
al so be used. Other netals or conbinations of materials including netals
may al so be used. The first contact region covers the underside of and
extends over the sidewall of device sem conductor region 583. The second
wr ap- around flange interface contact region covers the underside of and
extends over the sidewall of seni conductor post region 584. The third

wr ap-around flange interface contact region covers the underside of and
extends over the sidewall of sem conduct or‘%ﬁo'st regi on 585. Coll ector
contact |ayer 5%eminondracter zegiorsb83-685,respertivelyayContabOkhyeft5a3 593 dre
connection points for transistor nodule 500 to external circuitry. Contact
| ayers 593-595 @lso both relatively tirgef Thesofeatives ivetiptsenmirefzood codact to

sem conduct or regi ons, 583-585, respectively. Contact ;| ayers 593-595 are
al so both rel at ¥} GrgiitryThese features help to ensure good contact to
external circuitry. nt act

| a 3-595 may be conprised of .
titani umtungsten (Ti -owcgﬁﬁe%iegcgéé%%(rﬁﬁ)’%ﬁﬁom‘ ditaBim-tyngsten (Ti-
preferabl e as Niy Ja L.ed fo l.dering.,..Thes i, contact l.ayers may
be subsequently vgggfléﬁl,lh?%?@xlg‘% ee%mﬁﬁfhﬁn%f‘tt %’n‘s Ipé‘ﬁ%f'z%‘? aﬁg%tr igswel™ “such a
coating may ser\gi inkyD | | | | contact
| ayers without \gg;titeregef ﬁ%ﬁt@ 13%.32]11 gélf\ﬁg%bggalc?h@ %gﬂ% wﬁ)grsegﬁg?%r

ﬁ%%r 595

enbodi ment , gol Gohfid), fo¥eexaBeplestethl Nihagferaff Mid (ANt 96éh A BLNRg
may include other conductive materials as welI”. For exanple, al um nim (Al)

or copper (Cu) mepvedd preodnt fhectiorosion anuxiRatohdd thé NdcoftacMybrs i n oxi de
(ATO may al so.be used. O her netals or conbi nati ons of

without destroying the soldering ability of Ni. For another embodiment,

gold (Au) may be used in place of Ni. Contact layers 593-595 may

include other conductive materials as well. For example, aluminum (Al)

or copper (Cu) may be used. Indium titanium oxide (ITO) or gold tin

oxide (ATO) may also be used. Other metals or combinations of

materials including metals may also be used.

The base and emitter interconnect layers each form a flange
interface with contact layers 594-595. In each case, the flange interface
provides for a durable and reliable bond between the interconnect layer
and the contact layer.

For one embodiment, titanium-tungsten (Ti-W) is used as the
bonding interconrnect layer and as the bonding contact layer for both
contact regions. That is, Ti-W is formed at the bottom of the interconnect
layers and at the top of contact layers 594-595. As a result a durable and
reliable intermetallic surface-to-surface bond is formed between each

interconnect and each contact layer 594-595, respectively, for this

embodiment. For other embodiments, another material in place of Ti-W



mat eri al yg sxig@di ng netal S nay al so be used. The base a”dr?:‘i}'ds?ﬁéslw
I nterconnect |ayers each forma flange interface with contact [ayers

594-595. I n each case, the flange interface provides for a durable and
reliabl e bond between the interconnect |ayer and the contact |ayer. For one
enbodi ment, titaniumtungsten (Ti-W is used as the bonding interconnect

1 ayer and as the bonding contact |ayer for both contact regions. That is,:
Ti-Wis formed at the bottom of the interconnect |ayers and at the top of
contact |ayers 594-595. As a result a duggble and reliable internetallic

surface-to-sur g bon&i.is f@r rre%beé%g\een e_ach i nt erconnect and each
contact | ayer B4 8480 MLEFAUNEAPQRC Pelrveen; IBIIRpRRRC AR cpptachiayers

nbodi ts, 1 ' i N - - 40 - b di
creating a booriopyisspeively: Ltk & Salie disioflal pere flavaliadee > "
~respectivel y. fbfhaion BEa RERLISRNGN felih féeé(ﬁlmﬂvjéﬁ'thbtiﬁtte?c&rn@cfscﬁ{ tion of

a durable and reliabl e bond between tEe I nterconnects and contac ayers

594- 595, 1 espeohiacelayerd594-593, rksprichioelye THR QLB ther elBBdIfERLS] fHes Used to
bond the interconnects with contact |ayers 594-595, respectively, nmay be

di fferent. Tr anatesialsruseddolbonsidberintertonrdices withaonestt doyees 594685 dar d beam
circuit gaps usi'ng either solder or conductive epoxy. Transistor nodule can
be confi gur edrespestivelydmyy-bediffasenicenent for present beam | ead devi ces.

Al ternatively, transistor nodul e 500 can be nmade snaller or larger to
address a cust om r edan§ieies sodulgS08arayhe die-attaghadsagesswsandardiomml | ows

the device to he de rel at"ir'f'}e/tial y féral | . Fi %ur,e 37 illustrates, in flow
di agr am f or m STAUEB2RS USIE hersglder or conductive epoxy. Transistor module

can be configured to be a drop-in replacement for present beam lead
.de\'rices.. Alternatively, transistor module 500 can be made smaller or

~ larger to address a custom requirement. The design of transistor module
500 allows the device to be made relatively small.

'_Figure 37 illustrates, in flow diagram form, an exemplary method
for use in semiconductor fabrication. The method of Figure 37 may be
used to fabricate transistor module 500 for example. To better explain
the method of Figure 37, Figures 38-71 will be used to illustrate the
various steps of the method of Figure 37.

Figure 38 illustrates a top view of a semiconductor wafer used to
fabricate the transistor module of Figure 3-1 Figure 39 illustrates a cross-
sectional side view of the wafer of Figure 38.

In performing the method of Figure 37, a semiconductor substrate

.is provided. This substrate is.illustrated, for example, in Figures 38-39 as
.substrate 700. Substrate 700 may be a silicon (Si) substré'te, yét a variety

of other types of semiconductor substrates may be used.



for use in ¥@AMBBAYuctor fabrication. The nethod of Figure 3PCHESIWSIsed
to fabricate transistor nodule 500 for exanple. To better explain the

met hod of Figure 37, Figures 38-71 will be used to illustrate the various
steps of the nmethod of Figure 37. Figure 38 illustrates a top view of a
sem conductor wafer used to fabricate the transistor nodul e of Figure 34.
Figure 39 illustrates a cross- sectional side view of the wafer of Figure
38. In performng the method of Figure 37, a sem conductor substrate is
provi ded. This substrate is illustrated, -t “‘exanple, in Figures 38-39 as
substrate 700. Subst rEiewaff offigines3839 inehitdes SubsttatestoodhavhixRtbage vari ety
of other types of semiconductor substrates may be used. -41 - The wafer
of Figures 38-3@ndemittersegidrspaisg 2017002, 703 W04 cTOFHZENe and F0Z08 lerverbeghon
pairs 701-702, 703-7Q4, 705-706, and 707-708 have been forned to provide
for four transi $PEMeddpeavidefar fourrpasistor dgriceseThissunbenebdevigerishas

been chosen so as to .provi for a clearer understanding of the present

i nvention. Any ﬁefﬁﬁmlg’a‘raf&gS%E%eW% SPcﬁsﬁBd’rﬁgif%gfdofﬁél%aéﬁ’é waf er and may
depend, for exanpl n.t.he shze of the fer. ,Base and enmitter region
pairs 701-708 rrar@wgeés%flggﬂ %%%Rrﬁsﬂﬁﬁ?gﬁ?'%‘eABPfrﬁ“Bngﬁrn?fg%‘f" cesgn gltbfeer ned
I nsul ative | ayergas ' ' 7 a - S L ormed
over the wafer. fg%rﬁgggi%}%glﬁﬁagﬁﬁ?dl %%XI%#\?&’ ay%r]@ﬁ} sg'f%lfggé(}l%é)

deposi t'i ng sil | @@ihéaFérd BAseladltVomitidrepidntbAtd MA -708/ Ray BYprdvidede fornmed
fromsilicon dioxide [err] that has been either deposMeg or grown over the

surface of substwitheppéSpriflemhimitidontices | ayer may include other materials
or conbi nations of materials as well.

A patterned insulative layer including regions 711, 712, 713, and
714 has been formed over the wafer. For one embodiment this insulative
layer is formed by depositing silicon nitride (Si3Ng). The insulative layer
may also be formed from silicon dioxide (SiO2) that has b;een either
deposited or grown over the surface of substrate 400. The insulative
layer may include other materials or combinations of materials as well.
The insulative layer is then patterned, for example using
photolithography and etch techniques, into regions 711-714.

As illustrated in Figures 38-39, the insulative layer is patterned to
expose base/emitter region pairs 701-708. Insulative region 711 has been
patterned to expose base/emitter region pair 701-702. Insulative region
712 has been patterned to expose base/emitter region pair 703-704.
Insulative region 713 has been patterned to expose base/emitter region
pair 705-706. Insulative region 714 has been patterned to expose
base/emitter region pair 707-708.

For an alternative embodiment, contact regions or bonding pads

may be formed over substrate 700 to provide for electrical connection to



The i nsufatd ayer is then patterned, for exanple usi ng ep,g i.ida00r aphy
and etch tedéégslzgues, into regions 711-714. As illustrat edP| n Tg—}ﬁlg’g"ﬁ;r‘égs 38- 39,

the insulative layer is patterned to expose base/emtter region pairs
701-708. Insulative region 711 has been patterned to expose base/enmtter
region pair 701-702. Insulative region 712 has been patterned to expose
base/em tter region pair 703-704. Insulative region 713 has been patterned
to expose base/emtter region pair 705-706.. I nsul ative region 714 has been
patterned to expose base/emtter regiongair 707-708. For an alternative

enbodi nent, contact .regions or.b i ads may be formed over substrate
700 to provi dﬁaqe FIUftE fqgl%PaHB%ﬁg'gﬁg'oﬂ“ﬁ”iam’ regons M§£l/4e"r‘i‘iaytt $Mr egi on
pairs 701-70 . tiyve L on - 714 nmay then be patterned {0, expose
Bhch cont act e BN el 805, (il SaiiRe or MRy BAIA 65 BRERIRN T or
region pairs sodsth ; ' ~»84, | nterconnects 721, 722,
723, 724, 72_5',7&%"2%43 ﬁggezﬁ%gﬁ%’g%@{?girr%yggér the wafer. This is
illustrated in Fi gp6estef@00E Fidur@@reintércohhéi&l 781 622873002y 24, Pl t he

waf er of Figure 38 after interconnects 721-728 have been fornmed over the
waf er. Fi gur e727} andl728tara f@ned oversthesester OThIs i6 ilikestrdteavin Figures 4ef er of
Figure 40. Interconnects 721-728 are also referred to as interconnect

| ayers. | nt erébnhigure 22 {llustrdtesia toppviesgef therwafen of Figurei38aftere,

i nterconnects,  722-728 incl ude bridge Efrtions 732, 733, 734, 735, 736, 737,
and 738, resplyercprnects g21-748 hgye bremiorned gvs theovafee Higywse#h1, 742, 743,
744, 745, 746, 747, and 748, respectively.. .ﬁor an alternatijve enbodi nent,
bri dge porti 'Oﬂysygig%goags%{or@ sicle view i dhe watenal Figuzadldt i vely, but

rather are . .
Interconnects 721-728 are also referred to as interconnect layers.

Int_eréonnect 721 includes bridge portion 731. Liké\vise, interconnects
722-728 include bridge portioﬁs 732, 733, 734, 735, 736, 737, and 738,
respectively. Bridge portions 731-738 include gaps 741, 742; 743, 744, 745,
746,747, and 748, respectively. For an alternative embodiment, bridge
portions 731-738 do not contain gaps 741-748, respectively, but rather are
solid bridges. | | '

Interconnects 721-722 provide for an electrical connection to
base/emitter region pairs 701-702. Interconnects 723-724 provide for an
electrical connection to base/emitter region pairs 703-704. Interconnects
725-726 provide for an electrical connection to base/emitier region pairs
705-706. Interconnects 727-728 provide for an electrical connection to
base/emitter region pairs 707-708.

For one embodiment, interconnects 721-728 are formed by first
forming a coﬁduct()r layer over the wafer. | For example, titanium-
tungsten (Ti-W) may be sputter deposited over the wafer. This Ti-W

layer may serve to provide for a diffusion barrier layer for interconnects



solid bridgesesdier connects 721-722 provide for an el ectri Coqr/BessRRFdel ON
to base/emtter region pairs 701-702. Interconnects 723-724 provide for an
el ectrical connection to base/emtter region pairs 703-704. Interconnects
725-726 provide for an electrical connection to base/emtter region pairs
705-706. Interconnects 727-728 provide for an electrical connection to
base/em tter region pairs 707-708. For one enbodi nent, interconnects
721-728 are formed by first formng a conductor |ayer over the wafer. For
exanple, titanium tungsten (Ti-W may be_gputter deposited over the wafer.

This Ti-WI . ' f di ffusi b [ I f

i n!t Zr c:)nnec'f1 ger ﬁ?%g%e'@gﬁ} %g‘gs% ﬂ’%"%‘r?‘%@%ﬂ%ﬁaﬂ?‘é% Ef'lﬁ'tg‘iPFg(%{géﬂlﬁfl)r al so
b d h : ' ot ] Lo AL . Thi
A 1ayer may sorue b en s es Aep B b R L TS PR e,
in f ' I nt BN FhSili I fiore I
lztr)]rrp?ir;ni 28 Ipﬂo'?gfesi st, &rlrlgé'-ttﬁg atbtén?grr med o d}&,ﬂ% e\%gxs{grle, ‘%"?ﬁgg)t 2r ned

mask |ayer is um«érédnmtstmrvz&an;baaegmcﬂn(aéu)ayé‘rpfor%&am%l@c@wrgm%mt ely
10 [err] in thickness, over the Ti-WAu |ayers to create interconnects

721-728. After tphiosonesist,anay et boiprmiesteser, thieheafpat Thisnexdternsd masker i s
renoved. Portions of the Ti-WAu |ayers which are exposed on the surface of
the wafer may t lyerieusedicpatteraoplatingigolad (Auhfor example apsroximatelyd36r at ed
in Figures 40-41. |nterconnects 721-728 as a result contain Ti-Wand Au.
I nter connects 780 ibthigknessoyardhe JitY¥rAg davars to creatgindencanseets 7a&7R8. For

cxarple. ) Ui ULl S Righnd SIS e LIRSS ST O
Portions of the Ti-W-Au layers which are exposed on the surface of the -
wafer may then be etched, leaving interconnects 721-728 as illustrated in
Figures 40-41. Interconnects 721-728 as a result contain Ti-W and Au.

Interconnects 721-728 may include other conductive materials as
well. For example, aluminum (Al) or copper (Cu) may be used. Indium
titanium oxide (ITO) or gold tin oxide (ATO) may also be used. Other
metals or combinations of materials including metals may also be used.
Furthermore, interconnects 721-728 may be formed using any suitable
technique. As another example, a layer of the material or materials used
to create interconnects 721-728 may be deposited over the wafer and
subsequently patterned to create interconnects 721-728,
Photolithography and etch techniques, for example, may be used here to
pattern interconnects 721-728.

For an alternative émbocliment, interconnects 721-728 are not
entirely separate when formed. For example, interconnects 721 and 725
may be formed as an integral interconnect pattern, joined at the closest

edge 749 in Figure 40 between interconnects 721 and 725. Interconnect



metals o iyt i ons of materials including metals may SP , d.
Furthern&‘g%g erconnects 721-728 may be forned using an?/"('?ﬁ{ %#gﬁ

techni que. As another exanple, a layer of the material or materials used to
create interconnects 721-728 may be deposited over the wafer and

~ subsequently patterned to create interconnects 721-728, Photolithography
and etch techni ques, .for exanple, nay be used here to pattern interconnects
721-728. For an alternative enbodi nent, interconnects 721-728 are not
entirely separate when fornmed. For exanplg. interconnects 721 and 725 may

be formed as an_integral interconnect }])attern, joined at_ the closest edge
749 in Fi'gurepwsg@?z%%ﬁa 723{ 637 aRd 2t 4728 may pdsorbe formadbinc i manner. - 44 -

irs 722/ 726,323/ 727, and 724/ 728 l,sq be .formed in this . . Th
bt or wi 111 are waret uplllates B eferrali sint haipingd ShersoRoet B o 721/ 725,

1221726, 7231 93117 \92d PAde] 353 V77, aRE GNP Bhhne EQLcBlGP 805 of Figure

37, then, noatS or trenches are Tornmed 17T M form ng t hese

trenches, any sui t%&3203;@5583?22?;4%@&ﬂ%gﬁ%ﬁ@%&ﬁ@garﬁﬂ'ﬂﬂ% m

enbodi nent, a nask | a Irst forned an atterned over the wafer.

Thi's is illustubstestelAD0FTS orefingAhésk trbh@idsCarty shithBIS iprdé&sing t 0p Vi ew of
the wafer of Figure 40 after nmask | ayer 750 has been forned over the wafer.

Figure 43 il | tedhriqes maydbeused. Rortorerethbsadititent] 2mask laper T8dfiefiref Fi gure
42. Mask layer 750 may include photoresist. Mask |layer 750 may al so include
si li con nitri dermai and)pasterned premthei wadede Thisris fllusttated imFegures 824dy

i ncl ude other materjals or conbinations of nmaterials as well. Mask | ayer
750 may be defédure? iysratena tpprdewpidhe avader ohigure4@after mask layer

750 has been formed over the wafer. Figure 43 illustrates a cross-
sectional side view of the wafer of Figure 42.

Mask layer 750 may include photoresist. Mask layer 750 may also
include silicon nitride (Si3Ng) or silicoﬁ dioxide (SiO2). Mask layer 750
may include other materials or combinations of materials as well. Mask
layer 750 may be deposited over the wafer and later patterned using
phofolithography techniques. Other process steps may also be used to
form mask layer 750. Mask layer 750 is patterned to define trench
regions 751, 752, 753, and 754, as illustrated in Figures 42-43.

Trench region 751 traverses over two transistors which will be
created using base/emitter region pairs 701-704. Trench region 752
traverses over two transistors which will be created using base/ erhitter
region pairs 705-708. Trench regions 751-752 run parallel to one another.
Trench regions 753-754 run perpendicularly between trench regions 751-

752.



phot ol ithoé‘?‘%\%ﬁﬂlspechni gues. Ot her process steps may al so beP P81 or m
mask | ayer 750. Mask |ayer 750 is patterned to define trench regions 751,
752, 753, and 754, as illustrated in Figures 42-43. Trench region 751
traverses over two transistors which will be created using base/emtter
region pairs 701-704. Trench region 752 traverses over two transistors
which wll be created using base/emtter region pairs 705-708. Trench
regions 751-752 run parallel to one another,. Trench regions 753-754 run
per pendi cul arly. between trench regi ons 7513752, -45 - Bridge portions
731-734 cross over t rirhdge pegions 7354734Gapss vk -tréivch regam 7H . tGapeTil-egi on
751. Bridge portions 735-738 cross over trench region 752. Gaps 745-748
overlie trench rédicyeristrendh eggion Z5¥5Bridgegortions 730rd38 sxpssoaer Henckt ched
from substrate 700, i rench | gns 771-754, respectively, as defined by
mask | ayer 750. rﬁ&’?ﬁ‘%séyga%’)@%%‘%s%‘% glenchyegio fromthe wafer. This

is ill din Fi 44545 ' | 1] e h
wafer of Figure 42 o RBRRERonca 796 9b e Beb R Firleo PribRiit ] af e
700 of th fer f b ' 45
[Mlustrates a crbereRebRlondPStd Bhpditdfiac e APHER, N0, [

etching t renchesy#brag887heistubaRiudtily AbhGvad fBn BRhARRe THiglischeni stry

may be used. As mask Fayer 750 sefves-as a mask when etching trenches
755-758, the et ¢hustesteaiin Fogwed 4¢hiSTFigiine 4-Sillisehassablop vielest theavifer t he
material used for mask | ayer 750. The etch technique and chem stry is also
preferably sel eof Figurea2tdfterntedrehesn755+388 hhoe beert forteethfrons sulstrat g0@s

bri dge portions 731-738 are subjected to this etch
of the wafer and after mask layer 750 has been removed. Figure 45

illustrates a cross-sectional side view of the wafer of Figure 44.

In etching trenches 755-758 here, any suitable etch technique and
chemistry may be used. As mask layer 750 serves as a mask when
etching trenches 755-758, the etch technique and chemistry is preferably
selective to the material used for mask layer 750. The etch technique and
chemistry is also preferably selective to the material used for
interconnects 721-728 as bridge portions 731-738 are subjected to this etch
process.

The material of substrate 700 in trench regions 751-752 which lies
beneath bridge portions 731-738 is removed in forming trenches 751-752.
Gaps 741-748 may serve to facilitate the removal of underlying substrate
700 in etching trenches 755-756 here by allowing the etchant to flow

- through bridge portions 731-738, respectively.

For an alternative embodiment, bridge portions 731-738 may be

solid bridges without gaps 741-748 as discussed above. Bridge portions

731-738 may need to be thinner in width, though, for this alternative



process. % oeri al of substrate 700 in trench regions gednkagudtes ch |ies
beneat h bridge portions 731-738 is renoved in formng trenches - 752.
Gaps 741-748 may serve to facilitate the renoval of underlying substrate

- 700 in etching trenches 755-756 here by allowing the etchant to fl ow

t hrough bridge portions 731-738, respectively. For an alternative

enbodi nent, bridge portions 731-738 may be solid bridges wthout gaps
741-748 as di scussed above. Bridge portions 731-738 may need to be thinner
in wdth, though, for this alternative _4,:46 - enbodinent so as to ensure

derl bs 700 db th d t 731-73
1l‘J (r)]r ﬁir nél '? ?eﬁgﬁ@i" ee?S’EP g%ﬁ%&%ﬁ@ﬁ?’&g wtgt,a%égggfggl_e%?}%’eﬁ bgneg cause
hort bet btt d {. 728. That is,
MUl ati ve. 1 ogrgRs PRTEBhS LR D B ol SRR L %1 728 ' rom cont act i ng
substrate 700 aftefgphg 5%%9?&898%577%% '7’%6Wlli Héﬁ&{ﬂs ‘é%hoggﬁﬁfkeéﬁl

protects interconnects rom cont act I Ng Su nsul ati ve

regi on 712 prghetidte 700 @h8IRRSESrthetts721270d. 'R G Thadhti 08 réc’»lBﬁ& yeie 700.
| nsul ative region 713 protects.interconnects 725-726 from contacting

substrate 700714 peoteétinte coRece7 YL Pfroheebittattih sGbstRee 780 aRér 728 from
contacting substrate 700. This is illustrated in.Figure 45 where insulative

regions 712 afatnihg tperwhes 755-756r hombatitesregitsn Ah0pr#8cts imtepainiects! y, from
contacting substrate 700 after form ng trenches 755 756, respectively.

Here, trench nl‘ymérom@ﬂnq@ahngyubwmaoﬁylmmdemmmgmg?b%pemehtSan edge of
I nsul ative region 712. Likew'se, trench 756 has al so been partly fornmed by

under cut ti ng HYRECONRests 72dy4 fromsoptastingsubsiptay 0Py 4nsulative region

713 protects interconnects 725-726 from contacting substrate 700.
Insulative region 714 protects interconnects 727-728 from con tacting
substrate 700. This is illustrated in Figure 45 where insulative regions
712 and 714 pi'otect. interconnects 724 and 728, respectively, from
contacting substrate 700 after forming trenches 755-756, respectively.
Here, trench 755 has been partly formed by undercutting beneath an
edge of insulative region 712. Likewise, trench 756 has also beeh partly
formed by undercutting beneath an edge of insulative regiori 714.
Trenches 755-756 are similarly formed with respect to insulative regions
711 and 713 as well.

After trenches 755-758 have been formed, mask layer 750 is
removed from the underside of the wafer as illustrated in Figures 44-45.
Any suitable technique may be used here to remove mask layér 750.

For an alternative embodiment, the insulative layer including

- insulative regions 71 1-714 may be patterned not only to expose
base/emitter region pairs 701-708 but also to define trench regions 751-

754. This embodiment is similar to the use of the insulative layer



Trenches WAB9S/B829%re simlarly fornmed with respect to insulRBEWUWSPESPons
711 and 713 as well. After trenches 755-758 have been fornmed, mask | ayer
750 is renoved fromthe underside of the wafer as illustrated in Figures
4445. Any suitabl e technique may be used here to renove nmask | ayer 750. For
an alternative enbodi ment, the insulative |layer including insulative
regions 711-714 may be patterned not only to expose base/emtter region
pairs 701-708 but also to define trench regions 751- 754. This enbodi nent
is simlar to the use of the insulative 1%&yer -47 - di scussed above with

regard to the disodssedeibidve. withségarayerthé dodwmudimet Maeknepserso woekl as
this insulative |ayer may be used as a mask in etching trenches 755-758.
Trenches 755- 788t baypeduede thdreds whishingulative ddotee neay be usedhns gqueasknisk cheni stry
using this mask. Trenches 755-758 essentially provide for a top-side

separ ation of %témng)ﬁ%@%r75517|58e§"€ﬁn¢h&§r7§ﬁs%§ﬂn&bbﬁIeédled withoragtadle f rom
the wafer, providing for a gevice sem conductor_  region, a base

semi conduct or 68 techuyaye and chempsteymsing thissmasknduct or post regi on for

h t | st I ' .ed f 1 ¢ fer. Thi ti f
e conduct or for LA RS CEOFROHANS FIPTIegB: AOQRFIdRTPRARNGS B ot ai |
bel ow. F t ' 7 ' I L $,. th
ot o1 as 111 ustraraganeior it S pRSbhH AR W B cf ey I INESARET, L7
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Figure 46. region, and an emitter semiconductor post region for each transistor

module to be fabricated from the wafer. This separation of

semiconductor for each transistor module will be described in more

detail below.

For step 610 of Figure 37, overlying layer 760 is formed over the
wafer as illustrated in Figures 46-47. Figure 46 illustrates a top view of
the wafer of Figure 44 after overlying layer 760 has been formed over the
wafer. Figure 47 illustrates a cross-sectional side view of the wafer of
Figure 46.

Overlying layer 760 substantially encapsulates the entire surface of
the wafer and substantially fills trenches 755-758. For one embodiment,
overlying layer 760 includes epoxy that has been centrifuged over the
wafer. A controlled vacuum environment may also be used to spin-on
epoxy here. For alternative embodiments, overlying layer 760 may
include silicon dioxide (5i0p), silicon nitride (SI3 Ny, plastic, Teflon, a
polyimide, or a glass. Overlying layer 760 may be formed using other
dielectric or insulative materials, or combinations of materials, and may

be formed using any suitable technique.



Overlyi ngyd a8/41829760 substantially encapsul ates the entir e peynfsosssigd t he
waf er and substantially fills trenches 755-758. For one enbodi nent,
overlying |l ayer 760 includes epoxy that has been centrifuged over the
wafer. A controlled vacuum environnment nmay al so be used to spin-on epoxy
here. For alternative enbodi ments, overlying |1ayer 760 may include silicon
dioxide [err], silicon nitride [err], plastic, Teflon, a polyimde, or a

gl ass. Overlying layer 760 nmay be formed using other dielectric or

i nsul ative materials, or conbinati-ons of4gmterials, and may be fornmed using
any suitable techn senve o protect

Que. . .- 48 - Overlyi | 7 Y. o,
each transistor dew%glyé?%}ﬁygﬁgf’? mfﬁxﬁgsfﬂ%ﬁgmﬁé%%w 60 may
rechan; cai |y TP hOf HEYater UFELMRG 1 U o0 il TN U P IREE e er.
Overlying |aygs e¥.6@)mw_iﬁ$ &@e} 760 Wik ABo 9eriviedBFhedtRRidallyHoldeBg@her ng, for
exanpl e, silicon, polysSilicon, anorphous silicon, plastic, glass, epoxy,

al um na, or deattotrdnsiS¥oreleviciceatedSrom thomafent i ons of materials may al so
be used. This optional cap |layer nmay serve to nmake each transistor device

created from the wiiverlying tayer §60 maydalsogmedde ahioptiomal cagalayeap | ayer may
al so serve as a heat conduit for each device fabricated fromthe wafer. For
step 615 of Froutainiag, farlexamplesilicon polysilicon, amaspheus siliger, PIasti¢,hi nned as
illustrated in Figure 48, as conpared so the wafer .illustrated in_Figure
47. Figure 4881ass ARG, alimingy gEdIameRd-oRithersmaterialagr epmbatiQus &f of

o 4T 21 b IS o Gl S BiplR S5 hy MR e 9
each transistor device created from the wafer more rigid and rugged.
This optional cap layer may also serve as a heat conduit for each device
fabricated from the wafer. |

For step 615 of Figure 37, the backside or underside of the wafer is
thinned as illustrated in Figure 48, as compared to the wafer illustrated in
Figure 47. Figure 48 illustrates a cross-sectional side view of the wafer of
Figure 47 after the underside of the wafer has been thinned. Figure 49
illustrates a top view of the wafer of Figure 48.

The underside of substrate 700 may be thinned using any suitable
technique. - For example, the underside of subs.trate 700 may be
sandblasted. The underside of substrate 700 may also be etched using a
suitable etch technique and chemistry or, alternatively, may be thinned
by grinding it. The un.derside' .of substrate 700 may also be thinned by
lapping. The bottom of substrate 700 beneath base/emitter region pairs
701-708 may be provided with app_ropriafe ohmic contacts.

For step 620 of Figu_re'37, a saw-and-etch process is used to pattern

the underside of the wafer. One embodiment of this step is illustrated in



The under siWR%¥3¥182Ubstrate 700 nmay be thinned using any sui t BEFVESISESHR?I que.
For exanple, the underside of substrate 700 may be sandbl asted. The

undersi de of substrate 700 nay al so be etched using a suitable etch

techni que and chem stry or, alternatively, may be thinned by grinding it.
The underside of substrate 700 may al so be thinned by | apping. The bottom
of substrate 700 beneath base/emtter region pairs 701-708 nmay be provided
Wi th appropriate ohm c contacts. For step 620 of Figure 37, a saw and-etch
process is used-to pattern the underside off9he wafer. One embodi nent of

this step is il [Figirea504b5, M pattedifed makR iRy 780 iSArstdoRAbd @FBLthaask | ayer
762 is first forned over the underside of the wafer. This is illustrated in

Fi gures 50-51. Ringlersideof the wateraflids is itlusratesitint Figneds 50-5le Figave 50 t he
waf er of Figure 48 after mask |ayer 762 has been fornmed over the underside
of the wafer. Filljisteatesaicrosssertienal side vieveps theewefenof FigurestS aftermagk

Fi gure 50. Mas hot oresi st, for exanple, that has

K. | 62 '
been spun-on. dﬁ%@k&@?ﬂgﬁ%&n‘fpﬁﬁgé he underpicie pfithg waltle rFighse 8kensi ti ve
materials, may alisc%{%e uged and ma}/ befFor med 0\{(2{, _theﬂmdersi de of the
waf er using any SiTTaiET &0 FRERRIde Xlewiof the yaferafdigwie 3 gur es 50-51, mask
I 762 | tt ' ' ] ' (63, 765, 67,
e 102, LS PR Mg YO S B BRSO Mo B AR
al so patterned bgesghiidnt T EQRaBFeQHS%ngﬁ%rgﬂﬁ,i aé@xgxdixgﬁme?rfi& and 769.

Under si de trench regl ons 764, 766, 768, eneat h trenches
755-758 formed photdsensitiveandi@PialdVasdy Alay Bk uéed amdymB§ bedbhabAFeHthe'd any

suitabl e patterning techni que. For exanple, mask | ayer 762 nay be patterned
underside of the wafer using any suitable technique.

As illustrated in Figures 50-51, mask layer 762 is patterned to
define scribe line regions 763, 765, and 767, which define where the wafer
will later be separated. Mask layer 762 is also patterned to define
underside trench regions 764, 766, 768, and 769. Underside trench
regions 764, 766, 768, and 769 lie beneath trenches 755-758 formed in
substrate 700. Mask layer 762 may be patterned using any suitable
patterning technique. For example, mask layer 762 may be patterned
using photolithography techniques.

The underside of the wafer is then sawed along scribe line regions
763,765, and 767 to create pits 771, 773, and 775. This is illustrated in
Figures 52-53. Figure 52 illustrates a cross-sectional side view of the
wafer of Figure 50 after the underside of the wafer has been sawed.
Figure 53 illustrates an underside view of the wafer of Figure 52.

For one embodiment, the underside of the wafer may be sawed
using as a guide scribe line regions 763, 765, and 767 as detined by mask

layer 762 to create pits 771, 773, and 775. For another embodiment, mask



usi ng pheibddior aphy techni ques. The underside of the Wapkgfush§418en sawed
al ong scribe line regions 763,765, and 767 to create pits 771, 773, and '

775. This is illustrated in Figures 52-53. Figure 52 illustrates a
cross-sectional side view of the wafer of Figure 50 after the underside of
t he waf er. has been sawed. Figure 53 illustrates an underside view of the
waf er of Figure 52. For one enbodi nent, the underside of the wafer may be
sawed using as a guide scribe line regions 763, 765, and 767 as defined by
mask | ayer 762 to create pits 771, 773,.smnd 775. For anot her enbodi nent,

k - 50- 62 b d def i I ' 764,
766, 768, and FUST 7R e & priRIReH PR TRE N Rt ropRls “BRuled FEN woul d
t be initial; t d ] L ine . regi JA d 767.

The sawi ng. of 19287 SEPER gk P B2 ARl MBS AGR i e P0°

woul d then sepifafip pafteiRidtdWetind Ribl 1FRZepRATE761 L hAEy N aHe SCT i be

~line regions, as-i strated 1 n Figures 52- Thé'wafer is not entirely
separat ed her@mmgisw\ih@gmdeesiuedﬁmé dafé toldieateqig771 0773, aallg7pi ts 771,
773, and 775, as illustrated in Figures 52- 53. "Each pit 771, 773, and 775
i s approxi mat etould-tRBensdrveita pattdtinmaskisyet 762 s6 @3, toaiefiné thesescribeso have
other widths. Preferably, pits 771, 773, and 775 are sawed such that the
di st ance bet wiine regions, ;s iBustrated infFigutesiS2efi3e 700 and the top of pit 773
(said distance illustrated in Figure 52 as distance 774) is substantially
equal to the di stJbewﬁﬁwtﬁ%rﬂdﬁemmdmﬁwmyg thgungdersidee, and
t he bottom of bstrate 700 (as | r at in Fiqure 52 di st.ance 772).
This mayservel B walerie £iaaed Bis 7o 2m, ardt7smsil Bilcsied n FewsSic b of
substrate 70055 0phg, E}t%?%i SH4 775 'ipgpinlo&?mately 2-3 mils in width. Pits

771,773, and 775 may also have other widths. Preferably, pits 771, 773,

and 775 are sawed such that the distance between the top surface of
substrate 700 and the top of pit 773 (said distance illustrated in Figure 52
as distance 774) is substantially equal to the distance between the bottom
of trench 755, for example, and the boitom of substrate 700 (as illustrated
in Figure 52 as distance 772). This may serve to facilitate the later etch of
trenches as .the depth of substrate 700 to be etched from scribe line
regions 763, 765, and 767 and from underside trench regions 764, 766,
768, and 769 is then about the same. |
After creating pits 771, 773, and 775, substrate 700 is etched from |
the underside of the wafer in scribe line regions 763, 765, and 767 and in
underside trench regions 764, 766, 768, and 769 as defined by mask layer
762 to create trenches 776, 777, 778, 779, 780, 781, and 782. This is
illustrated in Figure$_54-55. Figure 54 illustrates a cross-sectional side
view of the wafer of Figure 52 affer the underside of the substrate of the

wafer has been etched and after underside mask layer 762 has been



regi ons 70809¥81829 and 767 and from undersi de trench regi onsPGHNSISASEB 768,
and 769 is then about the sanme. After creating pits 771, 773, and 775,
substrate 700 is etched fromthe underside of the wafer in scribe line
regions 763, 765, and 767 and in underside trench regions 764, 766, 768,
and 769 as defined by nmask | ayer 762 to create trenches 776, 777, 778, 779,
780, 781, and 782. This is illustrated in Figures 54-55. Figure 54
illustrates a cross-sectional side view of _the wafer of Figure 52 after the
undersi de of the substrate of the wafer Rat-been etched and after underside

mask | ayer 762rémevedeRigure55iliusttepuadindersidedi&® oflthe sédféat eSFigare
undersi de view of the wafer of Figure 54. Any suitable etch techni que and
chenmistry nmay b& used here to create trenches 776-782. Trenches 776-782
serve to separate substrate 700. As illustrated in Figures 54-55, trenches
777-782 serve to sepdpatutabigsichdechigoeppdrhenysiy apey beysehberstd 784,

785, 786, 787, 788, 789, 0. Aft t h 776-782 h b d,
mask | ayer 762°%eatg gﬁﬁaﬁf%%(%ﬁ%t rré'e{}?ﬁf[esr7s7ir6§7?§%cﬁ%%’%@ W‘éﬁ”‘te?él‘%ﬂrgﬁ?&dog[ gg in
Fi 54-55. Al i hl e..t echni b h t k |
oo R oot s on AstuS e iR At PN e TR ATRE 0 SRR 1y ench Tob
I be L N : ocpes, :

H o ee ba s SEaEAErE0 ulichuehtle b nSIey 7ad V63, 1k, vhy sl Sl

illustrated inpydggures 54-55. Trenches 777-779 and 781-782 accordingly
provide for a bottom side separation of sem conductor for each transistor

nmodul e to be creat edfter trenches 776-782 have been formed, mask layer 762 is
removed from the underside of the wafer as illustrated in Figures 54-55.
Any suitable technique may be used here to remove mask layer 762.

A portion of each interconnect 721-728 becomes exposed in trench
778 along scribe line region 765 after this etch. This is illustrated in
Figures 54-55. Underside trenches 776-782 expose overlying layer 760, as
illustrated in Figures 54-55.

Trenches 777-779 and 781-782 accordingly provide for a bottom-
side separation of semiconductor for each transistor module to be created
from the wafer. In conjunction with the top-side separation of
semiconductor by trenches 755-758 a complete separation of a device
semiconductor region, a base -semiconductor post region, and an emitter
semiconductor post region for each transistor module has been formed.

For an alternative embodiment, only underside trenches 776-782
are used to provide for the semiconductor separation described above.
That is, trenches 755-758 are not formed at all. Rather, only underside
trenches 776-782 are formed by removing the substrate material through

the entire thickness of the substrate, exposing overlying layer 760 for



from t heyyakBige ! N coNj unttion with the top-side separ atigpere§sici180
sem conduct or %y trenches 755-758 a conplete separation of a device

sem conductor region, a base sem conductor post region, and an emtter

sem conduct or post region for each transistor nodul e has been forned. For
an alternative enbodi nent, only underside trenches 776-782 are used to

. provide for the sem conductor separation described above. That is, trenches
755-758 are not formed at all. Rather, only underside trenches 776-782 are
fornmed by renoving the substrate materigd-through the entire thickness of

h b s | vi l. 760 f . -52 .- id
renen  Eor astUARs T BEGER LOmi€ S, Eflhodinjen owareh BAGEE ! 9°

i nt 1 - i i

L Tencr T oer o potadnd GEipREtoRRe R PEROS flay DEHRABL S e Bhabifudbi@le |0
preferably useget th frehéh REibiY P44 986 SeBSar(d ¥69 28 rhaferfdir&sigiRo@d nent as

overlying layer 760 may n fully encapsul ate interconnects 721-728 to

protect themcofrosiontiepréfebalsly used in orddingdnprtdenies72ZM&kdr thizyer is
formed over the underside of the wafer to provide contact regions for each
transi st or nmethbodimenbas ovedying layem7G0mayanor fullyescapsubatenent of this step’
Is illustrated in Figures 56-61. For this enbodinent, a contact |ayer 791
is first forintgreoraectsi@lcAzeopratecbthame wafer. Figure 56 illustrates a -
cross- sectional sjde view of_the fer of Fi %ure 54 afte act |ayer

791 has been for mb@F SRR 633 Rf Kighes 3. aPasterped CRRIACK 1ayer i ég‘ggtqvlqrust rates
an vnder 1 o SR 05 WA LIRS SRt Sidond by egh o (T
provide for g,Gh{feY3tRtrOALa Hm tAY Hafer. One embodiment of this step is

illustrated in Figures 56-61. For this embodiment, a contact layer 791 is

first formed over the underside of the wafer. Figure 56 illustrates a cross-

sectional si.de view of the wafer of Figure 54 after contact layer 791 has

been formed over the underside of the wafer; Figure 57 illustrates an

underéide view of the wafer of Figure 56.

Here, titanium-tungsten (Ti-W) may be sputfer deposited over the

wafer. This Ti-W layer may serve to provide for a diffusion barrier layer

for the patterned contact layer. Nickel (Ni) may then be sputter

deposited over the underside of the wafer. Ni is preferable because it is

well-suited for soldering. This Ni éontact layer may be subsequently

coated, for example; with a thin layer of gold (Au). Such a coating may

serve to prevent the corrosioh or oxidatior.\.of the contact layer without

destroying the soldering ability of Ni. For another embodiment, gold

(Au) may be formed over the underside of the wafer in place of Ni. Any

suitable conductive material or combination of materials may also be



for the paty®t¥e8%ontact Iayer. Nickel (N) may then be spREHPSEOBHY t ed
over the underside of the wafer. N is preferable because it is well-suited
for soldering. This Ni contact |ayer nmay be subsequently coated, for
exanple, with a thin |ayer of gold (Au). Such a coating nay serve to
prevent the corrosion or oxidation of the contact |ayer w thout destroying
the soldering ability of Ni. For another enbodinent, gold (Au) may be
formed over the underside of the wafer in g#ace of Ni. Any suitable
conductive material or conbination of matervals may al so be - 53 - used
to form cont act uped ta forgucomrtarct lagentfile, Funtersmoteabhy stiizableitetmiqay nixy used
to formcontact, | ayer 791. Contact |ayer 791 conforns to the contour of the
under si de of t hBeR&ed o form cortartlayer 7¥bnt act | ayer 791 is formed al ong the
si des and bottom of der si de nches 776, 778, and 780, respectively, as
illustrated in Fi gurg'gmgqfﬁa,yer% CORETEMIO AR IoERfithe madersidesf the ~ | ayer

i er connect s 79Rer2d ¥RV ELY: CofiEBLlsler o1 Rierardeidte hastdsbaihen cont act
| ayer 791 is f qﬁ%(yt ndd1Sidenes e 978]:77%2%%%2@%@%‘?%&31?’5?} erial used for

I nt erconnects 7 at I's exposed I Htr 830l y the sane

as the materialilsedidoin Figharse-baY for Rl elfbBiinint, b GRS bgﬁé@%fﬂ?t with

i nterconnects 721-728. For “one enbodi nent titani umtdngs is used

as the first inlagecP9nfnin haieablendlidsletshefabbiskus@bd 86hd @R Ehe AS a
result, a durable reliable internetallic surface-to-surface bond is forned

for this enmbodipertionskdrinterémmeetsZai-7Tasthat arnetpused iR ugidesdide freplchce of
Ti-Wmay be used in creating a bond between interconnects 721-728 and
778 when contact layer 791 is formed over the underside of the wafer.
The material used for interconnects 721-728 that is exposed in trench 778
is preferably the same as the material used for contact layer 791 that is to
come in contact with interconnects 721-728.

For one embodiment, titanium-tungsten (Ti-W) is used as the first
interconnect layer and as the first contact layer. As a result, a durable
reliable intermetallic surface-to-surface bond is formed for this
embodiment. For other embodiments, another material in place of Ti-W
may be used in creating a bond between interconnects 721 -728 and
contact layer 791. Using the same material here may facilitate the
formation of a durable and reliable bond between interconnects 721-728
and contact layer 791 in trench 778. For still other embodiments, the
materials used to bond interconnects 721-728 with contact layer 791 may
be different.

A patterned mask layer 792 is then formed over the underside of

the wafer, as illustrated in Figures 58-59. Figure 58 illustrates a cross-

sectional side view of the wafer of Figure 56 after mask layer 792 has



contact |wp®ess®id. Using the sanme material here may facil ipetresdshisiso
formati on of a durable and reliable bond between interconnects 721-728 and
contact layer 791 in trench 778. For still other enbodinments, the materials
used to bond interconnects 721-728 with contact |ayer 791 may be different.
A patterned mask | ayer 792 is then forned over the underside of the wafer,

as illustrated in Figures 58-59. Figure 58 illustrates a cross- sectional
side view of the wafer of Figure 56 after mask |ayer 792 has - 54 - been
formed over the underside of the wafer. -Bggure 59 illustrates an underside

vi ew of the valeh (8lmEh BUEEnBRdBRId GHRL /32 L LOS) HilguIGL Q1 oS ot

Mask | ayer SO i nc Sui I nations of

material s as \Qﬁ{dergh’g?vlfe‘b@f%e a%gem,ggréjggqom ted over the wafer and |ater
patterned using photolithography technFques. O her process steps may al so

be used to form rmagUaslalsger 792mavHnkludesiotdfdists Mkt layaerb? magelsone
undersi de trench regions 764, 766, 768, and 769 where trenches 777, 779,

781, and 782 linsladbetierfsuitibie mateieds br ¢anpindtivrsasitmb@yials addells t hen
patterned into contact regions 793, 794, 795, 796, and 797 using mask | ayer
792 as a nmaskMasklayenye? magbd ée}mﬂb@dcpmttheywaéemnﬂlatéﬁ‘rw&temeﬂ | ustrat ed
In Figures 60-61. Figure 60 illustrates a _cross-sectional side view of the
waf er of Fi gur"él%PBﬂOé‘ft QeFaPhYttechiigues SRther Proeess SiRRS BANAFORR af t er

T e o BB R e 7 e B A A e la AR e Ve
regions 764, Berside trench regions 764, 766, 768, and 769 where trenches 777, 779,
781, and 782 have been formed, respectively.
Contact layer 791 is then patterned into contact regions 793, 794,
795, 796, and 797 using mask layer 792 as a mask. Mask layer 792 is
subsequently removed. This is illustrated in Figures 60-61. Figure 60
illustrates a cross-sectional side view of the wafer of Figure 58 after
contact layer 791 has been patterned and after mask layer 792 has been
removed. Figure 61 illustratés an underside view of the wafer of Figure
60;
| Contact layer 791 is etched from underside trench regions 764, 766,
768, and 769 as defined by mask layer 792. That is, contact layer 791 is’
etched from underside trenches 777, 779, 781, and 782 to create contact
regions 793-797. Any suitable etch technique and chemistry may be used
here. Mask layer 792 may then be removed using any suitable technique.
Contact regions 793-797 may include other conductive materials as
well. For example, aluminum (Al) or copper (Cu) may be used. Indium
titanium oxide (ITO) or gold tin oxide (ATO) may also be used. Other

metals or combinations of materials including metals may also be used.



768, and TBRO3Afined by nask layer 792. That is, contactPFHYEPMEP i
etched from underside trenches 777, 779,781, and 782 to create contact

regions 793-797. Any suitable etch technique and chem stry nmay be used
here. Mask | ayer 792 may then be renobved using any suitable technique.

Cont act regions 793-797 may include other conductive materials as well. For
exanpl e, alum num (Al) or copper (Cu) may be used. Indiumtitani um oxide
(ITO or gold tin oxide (ATO may al so be_used. O her netals or

conbi nations of materials including net al'é:’r'ray al so be used. - 55 -
Furthernore, cdnrthermozeicméactIegings 783y 9% endoberbarnad ngingranyssiitabbé e
techni que. For exanple, contact regions 793-797 may be pattern pl ated over
the underside &chiguealerexamplescdpact3ginsi3urd Bay bempatiesn plated

separated into transistor dules, as illustrated in Figures 62-63. Figure
62 illustrat esoé{e’éﬂ&'é‘-“?%rég)q‘lfﬁgf: "s’?afﬁé view of the wafer of Figure 60 after
t he waf er has been ar at I nt.o tr j stor. nodul es. Fiqure 63 .illustrates
an undersi de vi ew oi%? ﬁgep\,@eqfr%guﬁ %?if}e &fepﬁﬁée%%?gﬁﬁﬁ 152315§5§85r at ed,
for exanple, b ] t: I C LM - one (1)
mil in width. i&gg%&tlﬁﬁgﬁg}g Flefra ¥l h%gé’spﬁze?ﬂ&% %?E’;ﬂé%hni ques

may al so be usgertichal SRR AE® o tBeWRdBF oPREUre 6h Afer thOiva8xaidal eenusi Nng a
| aser scribe. The wafer is separated through, for exanple, trench 778.

| nterconnects §@garatétl isho eranBRYSr MoENld0 Figdrad3 illustratascin urgesitee 794- 796
formw ap-around flange interface contact regions as illustrated in Figures
62- 63. Bonded oinwafthe egfersf Figdre/@6 are separated in separating the
waf er. The ref-erence nunerals used in Figures 62-63
' The wafer may be separated, for example, by sawing the wafer.
The sawcut may be approximately one (1) mil i width. The sawcut may
have other widths as well. Other techniques may also be used to
separate the wafer and include, for example, using a laser scribe.
The wafer is separated through, for example, trench 778.
Interconnects 721-728 which have been bonded with contact regions 794-
796 form wrap-around flange interface contact regions as illustrated in
Figures 62-63. Bonded contact regions 794-796 are separated in
separating the wafer. The reference numerals used in Figures 62-63
correspond to those used for Figures 34-36 above.
For another embodiment for fabricating transistor modules, an
alternative saw-and-etch process is used in etching the underside of the
wafer for step 620 of Figure 37. This embodiment is illustrated in Figures
64-71. In the illustration of the method of Figure 37 using Figures 38-63
above, Figures 50-53 are replaced by Figures 64-71 here.

For this alternative embodiment, a mask layer 761 is first formed

over the underside of the wafer of Figures 48-49. This is illustrated in



correspogd fkBdoh0se used for Figures 34-36 above. For anopépiserBad nment
for fabricating transistor nodules, an alternative saw and-etch process is

used in etching the underside of the wafer for step 620 of Figure 37. This
enbodinment is illustrated in Figures 64-71. In the illustration of the

met hod of Figure 37 using Figures 38-63 above, Figures 50-53 are replaced
by Figures 64-71 here. For this alternative enbodi nent, a nask |ayer 761 is
first formed over the underside of the wafer of Figures 48-49. This is
illustrated in - 56 - Figures 64-65.sflLgure 64 illustrates a

cross-sectional side view of the wafer of Figure 48 after | ayer 761
has been for FaSMIESE&A-6 ‘&H’Efeq“%ﬁld’étréfestang"ﬁ%‘ gqtiong é"%‘gncﬁﬁﬁﬁst rates an

ohotor esi st | Wafer ok ERFE 8 f 3t il Tl i Mo fihed el Be T 3°
materials, | Rl of HhelaPROURER A NS AR @hdersliviBlSdl g Used here

and may be formed over e -under _ e wafer using any suitable

t echni que. Agv+k}5§p{§aﬁg@4j n Figures 64-65, mask layer 761 is patterned to
define scribe l'ine regions 763, 765, and 767, which define where the wafer
will later be sepafaslethyeMrekna3y@mphide P‘B&td@ési;tafdreemamblusﬁhaghamy sui tabl e
patterning techni que. For exanple, mask [ayer 761 may be patterned using
phot ol i t hogr dizlen spaakm.qOdser stiblemhask nienalst inclwdihgother t hen sawed al ong
scribe line regions 763, 765, and 767 to create pits 771, 773, and 775.
This is il ugphotosensitiveangtarials,apay alsofejised lsse andysay bedarged over

f Lgsj\,afs :(r:t ngtﬁlgégql%gséaég\_flvtﬁg wEaPe(ai‘ Ly'\s%];g tan)(?fsuﬁét lértgcl?ndfqgi.ter the underside of

As illustrated in Figures 64-65, mask layer 761 is patterned to

a,

define scribe line regions 763, 765, and 767, which define “','here_ the wafer
will later be separated. Mask layer 761 rhay be patterned using any
suitable patterning technique. For example, mask layer 761 may be |
patterned using photolithography techniques.

The underside of the wafer is then sawed along scribe line regions
763, 765, and 767 to create pits 771, 773, and 775. This is illustrated in
Figures 66-67. Figure 66 illustrates a cross-sectional side view of the
wafer of Figure 64 after the underside of the wafer has been sawed.
Figure 67 illustrates an underside view of the wafer of Figure 66.

For one embodiment, the underside of the wafer may be sawed |
using as a guide scribe line regions 763, 765, and 767 as defined by mask

~ layer 761 to create pits 771, 773, and 775. For another embodiment, mask

layer 761 would nof be initially patterned to define scribe line regions
763, 765, and 767. The sawing of the underside of the wafer to create pits
771, 773, and 775 would then serve to pattern mask layer 761 so as to

define these scribe line regions, as illustrated in Figures 66-67.



Fi gure 67 WPP§3182%t es an undersi de view of the wafer of Fi gBFFUSHMIY one
enbodi nent, the underside of the wafer may be sawed using as a guide scribe
line regions 763, 765, and 767 as defined by mask | ayer 761 to create pits
771, 773, and 775. For another enbodi ment, mask |ayer 761 woul d not be
initially patterned to define scribe |line regions 763, 765, and 767. The
sawi ng of the underside of the wafer to create pits 771, 773, and 775 would
then serve to pattern mask |layer 761 so as_to define these scribe line
regions, as ill.ustrated in Figures 66-67. 97" - 57 - The wafer is not
entirely separated HErewaferdisnbnhgntitely septaasidkereflintsheringtiee uhdesidmt e pits
771, 773, and 775, as illustrated in Figures 66- 67. Each pit 771, 773, and
775 i s approxi rafttbe yafentodreate) pitsd 1k R73,Rinds7757 as ilvaratedhih Fighirang6-al so
have other widths. After_creating pits 771, 773, and 775, substrate 700 is
et ched from t hé/uRRERRIHE b 73 rAnd\éfis approvimajely 23eniey wiadthvdits 765, and

767 as defined k | r 761, tqQ create trenches 776, 778, and 780. Mask
| ayer 761 is tf@ﬁ' %g%gm§)§a‘sg%qvpdg{*lgrap@gﬂysn Fi gures 68-69. Figure 68
illustrat - i | sid i f f i t th
Ilustrates a crose afel LRlake BA%YI A4 Sha'e MALELEh0El MR BRRtor (e
mask | ayer 761.tﬁ@%nlag?§idé%?W&@af%iiﬂ%&ﬁ}gﬁ%nb'rh%&%&%9,97 N HH9gy a5 de view of

the wafer of Figure 68. Any sultable et technique and chem stry may be

used here to Crdiaiir@dtli)eﬂﬁbﬁifafe?@m?Eéreai‘é‘&eﬁgﬂes THCPEE nd/78D. M4sk and 780

serve to separate substrate 700. After trenches 776, 778, and 780 have been
formed, mask | dyper 781 %s tlsert ranvestl. f Thinis Nusunded & Bipuobs 6869WEF RUre 8

illustrated in Figures 68-
illustrates a cross-sectional side view of the wafer of Figure 66 atter the
underside of the substrate of the wafer has been etched and after
underside mask layer 761 has been removed. Figure 69 illustrates an
underside view of the wafer of Figure 68.

Any suitable etch technique and chemistry may be used here to
create trenches 776, 778, and 780. Trenches 776, 778, and 780 serve to
separate substrate 700.

After trenches 776, 778, and 780 have been formed, mask layer 761
is removed from the underside of the wafer as illustrated in Figures 68-
69. Any suitable technique may be used here to remove mask layer 761.

A portion of each interconnect 721-728 becomes exposed in trench
778 along scribe line region 765 after this etch. This is illustrated in
Figures 68-69. Underside trenches 776, 778, and 780 expose overlying
layer 760, as illustrated in Figures 68-69.

A mask layer 759 is then formed over the underside of the wafer.
This is illustrated in Figures 70-71. Figure 70 illustrates a cross-sectional

view of the wafer of Figure 68 after mask layer 759 has been formed over



69. Any wgﬁﬂﬁﬁ techni quée may be used here to renove rrasli,clrﬂﬁg%égl. A
eac c

portion I nt erconnect 721-728 becones exposed in tren al ong
scribe line region 765 after this etch. This is illustrated in Figures
68- 69. Underside trenches 776,778, and 780 expose overlying |ayer 760, as
illustrated in Figures 68-69. A mask |ayer 759 is then forned over the

underside of the wafer. This is illustrated in Figures 70-71. Figure 70
illustrates a cross-sectional view of the wafer of Figure 68 after mask
| ayer 759 has_ been forned over - 58 -sghe underside of the wafer. Figure

71 illustrates an underside view of the wafer of Figure 70. Mask_ | ayer 759
Ry conprise @wdf qrsidetof the waleh nfigure Fhiltustradesnnndgisidoriewephite

sui t abl e mask rrget-eri | S5 }épcl udi ng ot her photosensitive materials, nmay al so
be used here W@ rfgﬁ%‘é % ©rned over the underside of the wafer using any

ot orned Lo defi rtaRAre e L SoBrit Blciio e Sorelfinbic, Rifthes>® ' °

Under si de L epglh &gi- RS Oidy syiBbIéAhsiRBteFAR, bidulRRRAMEY L T enches 755 758

formed in substrat'e 700. Mask layer 759 may be patterried using any suitable
patterning tephdiogesitive nfteaaB] MayMskbé ay&l hdkShrtbihapbaiirinetaaérusi ng
phot ol i t hography techni.ques. Substrate 700 is then etched fromthe

under si de of thHeeunddrsideiof thaderter dsingraycinitably teoknidgiw, AGiBus#esd iand 769
as defined by .nmask | ayer 759 to create trenches 777, 779, 781, and 782..
This is il usFigaresi7¢-A1,angsk kyes45% 5 patiagned t¢ defive unigersidedweaichent
illustrates a cross-sectional side view of the wafer, of Fiqure 70 after the
under si de of ¥egions o4 rée.o68; and€69. Underside trench regions 764,766, 768,

and 769 lie beneath trenches 755-758 formed in substrate 700. Mask layer

759 may be patterned using any suitable patterning technique. For
example, mask layer 759 may be patterned using photdlitllography
techniques. | |

Substrate 700 is then etched from the underside of the wafer in
underside trench regions 764, 766, 768, and 769 as defined by mask layer
759 to create trenches 777, 779, 781, and 782. This is illustrated in Figures
54-55. Figure 54 for this embodiment illustrates a cross-sectional side
view of the wafer of Figure 70 at ter the underside of the substrate of the
wafer has been etched and after underside mask layer 759 has been
removed. Figure 55 illustrates an underside view of the wafer of Figure
54. Any suitable etch technique and chemistry may be used here to
create trenches 777, 779, 781, and 782. As illustrated in Figures 54-55,
trenches 777-782 serve to separate substrate 700 into substrate regions

783, 784, 785, 786, 787, 788, 789, and 790.



waf er has BERPHFhed and after underside mask | ayer 759 hasPCRESNSISIEBYed.
Figure 55 illustrates an underside view of the wafer of Figure 54. Any
suitabl e etch technique and chem stry nmay be used here to create trenches
777, 779, 781, and 782. As illustrated in Figures 54-55, trenches 777-782
serve to separate substrate 700 into substrate regions 783, 784, 785, 786,
787, 788, 789, and 790. -59 - After trenches have been forned, mask

| ayer 759 is renoved fromthe underside of _the wafer as illustrated in

Fi gures 54-55. -Any suitabl e technique nay'ﬁ%‘used here to renove nask | ayer

759. A portion of eadlterntenchesnheed bédifofated, maklased7s91s re@deld fdnal ong
scribe line region 765. This is illustrated in Figures 54-55. Underside

trenches 776- 78thedspdersideafithgiwafer aydlushtibed isFigures$4-85 e Arniyrsufiaple es
54-55. The nmethod, of Figure 37 then continues with step 625, as discussed
above, for thi steShBitHeBAY bemseddrere to remove maskdayerdident s, the

saw and-etch process 620, may be replaced with other patterning

of step ] \ €

processes. For exanpf‘el?“z‘%‘i‘#ﬁ*shé’ef@ﬁcq%@ﬁﬁ%h@wfm@s%euuem@h8?'8a mask

| ayer may be fo 1 h nd ide.of .t,he wafer of Fiqure 48 and
patterned, for £el§§ s?éséglhﬁgeéﬁ&efﬁi &ﬁ%ﬁ}sd Wtrﬁmﬁifgﬁﬁ ,5%?"' efine scribe
line regions 7 é ¥owe\ Lo dafine. un i.de,tr.ench.regions
764, 766, 768, Cngéfsade BRAcHAT0 ﬁ%%%@&%‘%{%ﬁé@ a&é’ilﬁ%"%ﬁtt; Byitabl e
etch techni que Egd;@d@p'g§.try to create underside trenches 776-782 using the
mask | ayer as a rmask. The resulting wafer would then appear as illustrated

in Figures 54-55.  The method of Figure 37 then continues with step 625, as
 discussed above, for this embodiment.

For still yet other embodiments, the saw-and-etch brocess of step
620 may be replaced with other patterning processes. For example, a
simple etch technique may be used. Here, a mask layer may be formed
over the underside of the wafer of Figure 48 and patterned, for example
using photolithography techniques, to define scribe line regions 763, 765,
and 767 and also to define underside trench regions 764, 766, 768, and
769. Substrate 700 may then be etched using any suitable etch technique
and chemistry to create underside trenches 776-782 using the mask layer
as amask. The resulting wafer would then appear as illustrated in
Figures 54-55.

As yet another example, a mask layer may be patterned to define
scribe line regions 763, 765, and 767. Trenches 776, 778, and 780 may then
be etched from the underside of the water using this mask. Another
mask layer may then be patterned to define underside trench regions 764,

766, 768, and 769. Trenches 777, 779, and 781-782 may then be etched



As yet a&g%pgj} ?xarrpl e, a'mask layer may be patterned to dgériuiass6es be |ine
'regi ons 8 and 767. Trenches 776, 778, and 780 may then be etched

fromthe underside of the wafer using this mask. Another mask | ayer may
then be patterned to define underside trench regions 764, 766, 768, and
769. Trenches 777, 779, and 781-782 may then be etched - 60 - fromthe
undersi de of the wafer using this mask. The resulting wafer woul d then
appear as illustrated in Figures 54-55. The nmethod of Figure 37 may be
simlarly used to provide for differentJ@Ustructured transi stor nodul es.

F | thod_of . Fi be. si il d to formth

{rant ot or  rolfrLEs Wndereis e alfy Hibe tismgek S FTonE Yaldl it o6 o
ti The t t dule of

B e 72 ne b g @ RbBeL AR08 %?m'??%g.eaa”‘ | "base and em tier

sem conduct or postThggﬁagég%g%- 3758 vlb@t ﬂ&gl%%dlt@ﬁﬁﬁd%%ﬁ%

) | nt erconnect | ayers been toOr I'TE sem conduct or post

regi ons 802- 8@gferbhalystubfiretthfisisibrmodiuley, Sﬂlﬁ(étxhifi‘ﬁplt“tﬁ\é’rﬁéthbh%ft ransi stor
modul e of Figure 72 with overlying [ayer 806. The transistor nodul e of

Fi gures 72- 73Fipasel3¢anay be sinilavily eed tovfarmn thowansisformyadulet er f ace cont act
regions. Suitable contact regions may be fornmed over the underside of

sem conduct or illusgrated ir8Biguges72-86.pr ovi de for base, collector, and enmitter
contact regions. These contact regions may al so extend over the sidewal | s
of semi conduct or r@lgﬁ‘-ﬁﬁgZSbEwQ@%a WW@VM’WWIQ§§PP§’£Q§§”&‘5&%pect|ve

bottomu V|ewo eld eff
P ule Il'ile transxstor module of Figure 72 includes device

semiconductor region 801, base and emi'tt_er semiconductor post regions
802-803, and interconnect layers 804-805. Interconnect layers 804-805
have been formed in wells of semiconductor post regions 802-803.

| Figure 73 illustrates a perspective view of the transistor module of
Figure 72 with overlying layer 806.

The transistor module of Figures 72-73 has been formed without
wrap-around flange interface contact regions. Suitable contact regions
may be formed over the underside of semiconductor regions 801-803 to
provide for base, collector, and emitter contact regions. These contact
regions may also extend over the sidewalls of semiconcluetof regions 801-
803. |

Figure 74 illustrates a perspective bottom-up view of a field effect
transistor module. This field effect transistor module may include a J-
FET or MOSFET transistor, for example. This field effect transistor
module includes overlying layer 807, source semiconductor post region
808, gate semiconductor post region 809, drain semiconductor post

region 810, and device semiconductor region 811.



transi st or WHM#1829 This field effect transistor nodul e may iPEI/USRS5189- FET
or MOSFET transistor, for exanple. This field effect transistor nodul e

i ncl udes overlying | ayer 807, source sem conductor post region 808, gate
sem conduct or post region 809, drain sem conductor post region 810, and
devi ce sem conductor region 811. -61 - The transistor nodule of Figure
74 may al so include suitable contact regions fornmed over the underside of
sem conduct or regions 808- 811. Such contact regions may also be fornmed to
extend over the. sidewalls of sem conduct or®lregi ons 808-811. W ap- around

flange interface corTl€transigiorinodnle ofFiguke7d aRisiRIudelitppluct or
regi ons 808-811. Figures 75-80 illustrate bottom views of various other

transi st or nodudoadact Fegions dmsned oventidulredaride @fsemiddndutbitgionsy/808-yi ng
| ayer 812, emitter contact region 813, collector contact region 814, and
base contact rdgiloSughzontashregions myiyoreo befomned mgxtendvientheide a wr ap-
around cont act tggign having a.fl ange interface exposed on the sane side of

the transistor s gtsemicApGioE degigngBE8nBal 7 WV rapmaroungfiangeor nodul e of
Figure 76 incl ung over | }/i nge I‘aﬁer 81%s Erri tter,contact, reqi on 817,

col | ector cont ABFETfASECBRtast Begians MaYsaise Be formed gy ersemirgnaBgior J8810R i ons

817-819 may eagy igvﬁl ude a wap-around contact region having a flange

i nterface exposeg on opposite sides of the transistor nmodule as illustrated

R e T o e
contact regi on rRaduleSo ThatiarsedbiOfodddd of P I5 RdluBas Bvépingdgyér W ap-
812, emitter contact region 813, collector contact region 814, and base
contact region 815. Contact regions 813-815 may each include a wrap-
around contact region having a flange interface exposed on the same side
of the transistor module as illustrated in Figure 75.

The transistor module of Figure 76 includes overlying layer 816,
emitter contact region 817, collector contact region 818, and base contact
region 819. Contact regions 817-819 may each include a wrap-around
contact region having a flange interface exposed on opposite sides of the
transistor module as illustrated in Figure 76.

The transistor module of Figure 77 includes overlying layer 820,
emitter contact region 821, collector contact region 822, and base contact
region 823. Contact regions 821 and 823 may each include a wrap-
around contact region having a flange interface formed on the same side
of the transistor module, as illustrated in Figure 77. Contact region 822
may include a wrap-around contact region having a flange interface
formed on an opposite side of the transistor module, as illustrated in

Figure 77.



around copy figdecdi on having a flange interface forned onpihrissfisissi de of

the transistor nodule, as illustrated i'n Figure 77. Contact region 822 nmay
include a wap-around contact region having a flange interface formed on an
opposite side of the transistor nodule, as illustrated in Figure 77. -62

- The transistor nodule of Figure 78 includes overlying |ayer 824, emtter
cont.act region 825, collector contact region 826, and base contact region
827. Contact regions 825 and 827 may include wrap-around contact regions
having a flange interface fornmed on oppezi-te sides of the transistor nodul e

illustrated i L gure .78. Contact. I eqi 82 i ncl ud - nd
Cont act regi on haviig AN GrGIOTHEG Figdre A RebBh oyl Rt bl (o "
t i st | . ] | 7 ' ' I f
Figure. 70 | noiiiet Sookict WA B35 Colebo? dofia(Preelif sph MR BAectiy © ©
col | ect or Co%gfdn 8’99@6}1@3101@&?&@ ﬂ?@%&@ﬁﬁﬁg ih@ale viplaroka@l act regions

829 and 831 may each i ncl ude wrap- around cOntact region having a flange

i nterface forqgtadResiohs havinges flahgé fitteffhaRirfiicd oBPpPbSitasides biigier at ed in
Figure 79. Contact region 830 may 1 nclude a w ap-around contact region

havi ng a f| angansistoeniahde hsillestrated oppigaire #8s ibrdactfregion 826anay st or nodul e
as illustrated in Figure 79. The transistor nodule of Figure 80 includes
overlyi ng | ayiaeluglen weap-areynd contact regiop bavisg flange nderdacedformed: regi on
834, and base contact regi on 835, Contact r eqi ons 833 and 834 may each
i ncl ude a wr 9 2 Sigd side-Qfrthg sransistemoriag ayillustnatedyin Figuge f&ce for med on
two sides of the transistor nodule as.illustrated in Fiqure 80 nt act
region 834 may inc %Eaﬁs‘ﬁﬁo&ﬁn‘é&&ﬁﬁﬁ%&%‘r‘ﬁe Ht‘“fa:ﬁﬁfjeé h"’ﬁg}\)’ﬂ}é’gﬁé"‘-‘f F2Bige
interface fordhflier contact region 829, collector contact region 830, and base contact
| region 831. Contact regions 829 and 831 may each include a wrap-
around contact i'egion having a flange interface formed on three sides of
the transistor module as illustrated in Figure 79. Contact region 830 may
include a wrap-around contact region having a flange interface tormed
on opposite sides of the transistor module as illustrated in Figure 79.
The transistor module of Figure 80 includes overlying layer 832,
emitter contact region 833, collector contact region 834, and base contact
region 835. Contact regions 833 and 834 may each include a wrap-
around contact region having a flange interface formed on two sides of
~ the transistor module as illustrated in Figure 80. Contact region 834 may
include a wrap-around contact region having a flange interface formed
on one side of the transistor module'as illustrated in Figure 80.
Figure 81 illustrates a bottom view of a dual transistor module.
This dual transistor module includes overlying layer 836 and emitter

contact regions 837 and 842, collector contact regions 838 and 841, and

base contact regions 839 and 840. Each contact region 837-842 may



on one si d¥OFR# transistor nodule as illustrated in Fi guRCTHISNSIEYr e 81
Il lustrates a bottomview of a dual transistor nodule. This dual transistor
nodul e includes overlying | ayer 836 and emtter contact regions 837 and
842, collector contact regions 838 and 841, and base contact regi ons 839
and 840. Each contact region 837-842 may - 63 - include a wap-around
contact region having a flange interface forned on one side of the dual
transi stor nodul e. The configuration of eagh transistor of dual transistor
modul e of Figure 81 may be used for singl€-tTansistor nodules. Figure 82
illustrates a baciusie ¥ wraparoandichetact nagdion haniigs Aangdthterfacd Firtneatlial
transi stor nodul e inclJudes overlying |ayer 843 and emtter contact regions
844 and 849, cd eve sidefthgeiual bgnsistorgneduled Buscordighrbter of eatlact

regi ons 846 anc{ 841. Eaga Cﬁnt act regié)n 844, 846-847, and 849 may i ncl ude
a wrap-around cOHRSRIPT PEGRBhtARYIFI0g Boqdyle i digwie) may begiseddonsingle si des

of the dual tr ' | e. Contact regions 845 and 848 may each i ncl ude
a w ap-around ggﬁgzéztggp{e%éj%ﬁs'havi ng a flange interface formed on one side

Cransi stor modul o of Bricee Brhies £BSGRRVRY SaminE el AP Toau o5,

transi stor nodul e of Figure used

Figure 83 illushbauRSs FhibauhPiaMtierhodble iﬂFRfdé@rolvgglgpﬁiB%@F giﬁ?{ﬂgf The

transi stor nodul e of Figure 83 includes overlying

contact regi on efitter cohtaet teionO84Patd BEYicoNED2 coAlit RGHENEOHH A%Y 84691 ON
853. Contact regions 851-853 may each include a wap-around contact region

having a fl angearidbasefcaneadt oegieds 646 hhé 84ANEash denmtt idpgort BNB4618ay, modul e
as illustrated in Figure 83.
and 849 may include a wrap-around contact region having a flange
interface formed on two sides of the dual transistor module. Contact
regions 845 and 848 may each include a wrap-around contact region
having a flange interface formed on one side of the dual transistor
module. The configuration of each transistor of dual transistor module
of Figure 82 may be used for single transistor modules.
Figure 83 illustrates a bottom view of yet another transistor
module. The transistor module of Figure 83 includes overlying layer 850,
emitter contact region 851, collector contact region 852, and base contact
region 853. Contact regions 851-853 may each include a wrap-around
contact region having a flange interface formed on the same side of the
transistor module as illustrated in Figure 83.
Figure 84 illustrates a bottom view of a quad transistor module.
The quad transistor module of Figure 84 includes overlying layer 854 and
contact regions 855, 856, 857, 858, 859, 860, 861, 862, 863, 864, 865, and |
866. Each transistor of this quad transistor module corresponds to the

transistor module illustrated in Figure 83. That is, the quad transistor



Fi gure i trates a bottom view of a quad transistor <ddae quad
Hopip SEEih el

t ransi st or e of Figure 84 includes overlying | ayer t act
~regions 855, 856, 857, 858, 859, 860, 861, 862, 863, 864, 865, and 866.
Each transistor of this quad transistor nodul e corresponds to the

transistor nodule illustrated in Figure 83. That is, the quad transistor
-.64 - nodule of Figure 84 is made up of four of the transistor nodul e.
illustrated in Figure 83. Figure 85 illustrates a bottom view of yet

anot her transistor nodule. The transistey.nodul e of Figure 85 includes
overlying |l ayer 867, emtter contact region 868, collector contact region
869, and basé’neﬁH]("aQ:ftﬁggﬁq Shisgnade BBrﬂfégFr pEHedRANAHBT B YRy each i ncl ude
a w ap-around contgaeﬁt. rfﬁgi or@avi ng a flange interface formed on the sane
side of the tHERSREAIPHIBWRE as illustrated in Figure 85. Figure 86

illustrates a bot tﬁghlx_é; %‘@Isg%?%,{'ﬁé&g%a‘%wﬂ}féﬁégﬁEh&q%%fo;r he quad

transi stor nodul e o es over ayer and cont act

regions 872, Bduld The f4Rsisf Mnodflé.of FureB5Anchfes RBAlvin l%yeﬁBGV,883-

Each transistor of this quad transistor Trodul e corresponds to“the
transi stor noghitericohtift katien 868, doligdfo? cBhtact hgiioh 869, 1Rl Basktcontansi st or

nodul e of Figure 86 is made up of four of the transistor nodule illustrated
in Figure 85.region &%). -ConfabFegidzi3 888R870 rhay each include a wrap-around
contact region having a flange interface formed on the same side of the
transistor module, as illustrated in Figure 85.
Figure 86 illustrates a bottom view of another quad transistor
module. The quad transistor module of Figure 86 includes overlying
. layer 871 and contact regibns 872, 873, 874, 875, 876, 877, 878, 879, 880,
881, 882, and 883. Each transistor of this quad transistor module
corresponds to the transistor module illustrated in Figure 85. That is, the

quad transistor module of Figure 86 is made up of four of the transistor

- module illustrated in Figure 85.



Figure 87 iYVPI$B13es integrated circuit 900 in relation to RCTASPHMBCL or
wafer 901 fromwhich integrated circuit 900 is fabricated. Integrated
circuit 900 is one enbodi nent of the present invention. Integrated circuit
900 may include one or nore transistors, diodes, resistors, and other
circuit elenments, for exanple. Integrated circuit 900 can be conprised of,
for exanple, conplenentary netal oxide sem conductor (CMOS) circuits,

bi polar circuits, or galliumarsenide circuits. Integrated circuit 900 is
also referred to as an apparatus or as an-&Pectri cal appar at us that

i ncl udes one of a variety of el endNEEGRATED CERCIATCh as those el enents or
devi ces described above. Integrated circuit 900 Is also referred to as a
devi ce. For one enbodiignae 87 illnstrgtestintegrateduditcudOM0 in reldtiemdioess nmonol it hic
device that is configured for surface nounting, for exanple, over a printed
circuit board. PREREERDGUSIOr VAN doom wiichdstegaatedrdbrsuitVide fabricatedads,
for exanple contact |egd.902, arranged algne a side or sides of integrated
circuit 900. Thi’i‘@gﬁﬁﬁaégﬁu}%"éﬁé BP%@PH@qlmeegPéflwptﬁse%wwegbgnw th

el ectrical conn [ . ext al_circui,try. Figure 88.illustrates a
contact | ead fo?ﬁ%ﬁgéggé%frgg’tgoﬂéﬂﬁ “5-‘86‘5‘? 8%??55?‘3& tf?f‘%%‘%?&‘é‘ﬂ%é'vvith t he
present inventi ogsistoRd agttREr %%l@ﬁél%ﬂ?&qa%qgr EL G Ee %té&%le'ﬂpg%}lih%o

sem conduct or regi on 983 upon an active CIreurt reyion as been

formed. Seni condaibelcofrfised FABRrBYmPIE! MASpRINERA, fndtdl Ji@de €XaMPl €. An
insulating film999 coat's the - 66 - underside of sem conductor region

983. This insul atmigriductor (CMOS) oirakits MipoRY cirbeiislde @aMiustirsale
insulative material .
circuits. Integrated circuit 900 is also referred to as an apparatus or as an
electrical apparatus that includes one of a variety of elements or devices,
such as those elements or devices described above. Integrated circuit 900
is also referred to as a device.

For one embodiment, integrated circuit 900 is a leadless
monolithic device that is configured for surface mounting, for example,
over a printed circuit board.

Integrated circuit 900 includes a number of contact leads, for
example contact lead 902, arranged along a side or sides of integrated
circuit 900. These contact leads provide integrated circuit 900 with
electrical connection to external circuitry.

Figure 88 illustrates a contact lead for integrated circuit 900
fabricated in accordance with the present invention. Integrated circuit
900 of Figure 88 includes semiconductor region 983 upon which an active
circuit region 910 has been formed. Semiconductor region 983 may

include silicon (Si) for example. An insulating film 999 coats the



I nt egr at it 900 al so includes optional cap |ayer : Ji NQ
| ayer ﬁggg’hiséyconnect 922, sem conduct or post region 984, Ign é%)s\réuact

| ayer 993 Overlying | ayer 960 encapsulates the top si des of device

sem conductor region 983, interconnect 922, and sem conductor post region
984. Overlying layer 960 al so separates device sem conductor region 983 and
sem conduct or post region 984. Overlying |layer 960 may i nclude any suitable
insulative material. For exanple, overlying |ayer 960 may incl ude epoxy,
silicon dioxide [err], silicon nitride [@rr], plastic, Teflon, a polyim de,
or a glass. CNerIylng Iayer 960 may include.other dielectric or insulative
mat erial s or wrAArSkigofsemierndugter regien 983.wEhis ingyatingifia is@psionabo nay

serve to protect inte ed circuit 90 CNerijng | ayer 960 rmay serve as a
passi vati on |3REMaYAn 3&'@’%"&5?3’:13 858 W‘&P?ﬁ‘ erve to mechanically hold

I nt t ed t th 961 ' I 960.
cap Tayer 961 my TRCERISr Tt 29 AR Ees GRISEHGERIRVEAR], "ot phovs

b oS e RRONercBhh 920 S ORTRAN, pAIREIGPSRL SR O

is optional. &aRadtd¥Ger 9Bl may serve to nmake integrated circuit 900 nore
rigid and rugged. Cap layer 961 may al so serve as a heat conduit for

integrated circui tO9eflying lagelﬁ%o érdapsalateabl t9p2ides ofldkeidei cal |y coupl ed
to active circuit regi on 91 I nt erconnect 922 together with contact |ayer

993 form a wsemigonduactof regigr %axméraomwm 922.c4nd sgniondlintogposhnect 922 i s
electrically coupled to
“region 984. Overlying layer 960 al:.o aeparates device semiconductor
region 983 and semiconductor post region 984. Overl ying layer 960 may
~ include any 'sﬁi_t'able insulative material. For eXainple, o\'erlying layer
960 may include epoxy, silicon dioxide (Si02), silicon nitride (SI3 Na),
plastic, Teflon, a polyimide, or a glass. Overlying layer 960 may include
other dielectric or insulative materials or combinations of materials as
well. | |
Overlying layer 960 may serve to proteét integrated circuit 900.
Overlying layer 960 may serve as a passivation layer. Overlying layer
960 may also serve to mechanically hold integrated circuit 900 fogether.
Cap layer 961 covers overlying layer 960. Cap layer 961 may
include, for example, silicon, polysilicon, amorphous silicon, plastic,
glass, epoxy, alumina, or diamond. ‘Other materials or combinations of
materials may also be used for cap layer 961. Cap laver 961 is optional.
Cap layer 961 may serve to make integrated circuit 900 more rigid
and rugged. Cap layer 961 may also serve as a heat conduit for

integrated circuit 900.



contact | ayeps/$829 | nterconnect 922 forns a conductive bri dBET/USIM5IBY | Ve
circuit region 910 to contact |ayer 993. Interconnect 922 may be conprised
of titaniumtungsten (Ti-W and gold (Au) in one enbodinent. Ti-Wmy
provide for a diffusion barrier layer. Qher diffusion barrier materials
may al so be used here. Interconnect |ayer 922 may include other conductive
materials as well. For exanple, alum num (Al) or copper (Cu) may be used.
Indiumtitaniumoxide (I TO or gold tin oxide (ATO may al so be used. O her
metal s or conbinations of materials includ/ng netals may al so be used.

Contact |ayer 993 ceNRiSorae: PIRIFARA @&ﬂ:l@&ﬂ@%@ﬁvé’&?éu&?%%@%@'! of

sem conduct or post region 984. Sem condu post region y conprise

silicon (Si) fDitefostifiecr922 gkt Wil @bnR981dyer 893 Rithe & tvineip-Roumd f or
integrated circuit 900 to external circuitry. Contact |ayer 993 is

rel atively fl aflange ixterfacelesistaderegiors ehitermndnett®22ioelectrémilyrcodPled @ont act
| ayer 993 is also relatively large. These features help to ensure good
contact to exteemtakct kiyer893.r l}ltemnna@ﬁmayanb og®nduytibe bridgpfrapactve
titaniumtungsten (Ti-W and nickel é i n one enbodi nent. Contact |ayer
993 nay be for FEgU @ﬁmE)?&ﬂﬁPé‘mB';‘itkﬂV&‘f Ni over seni conduct or post

region 984. Ni |speferable§£2I s well-sujted for solderln V-hyls Ni
contact |ayer may bIVETHRIMEGEFHS Pay e P ‘é Qiapyem- Wl“tbﬁteé‘(tl’m | ayer of

o the N - and S hIR G PR R B b g A RS e a1
of N . For_ anoleseahar Bk uiiakiin (e JEUREH, 1o R erd!

Cont act | ayer may” | nc e ot conduct 1've &
exanpl e, al um mBtconnect Iayer 922 may include other conductive materials as well.

For example, aluminum (Al) or copper (Cu) may be used. Indium
titanium oxide {ITO) or gold tin uxide (ATO) may also be used. Other
metals or combinations of materials including metals may also be used.

Contact layer 993 covérs the underside of and extends over the
sidewall of semiconductor post region 984. Semiconductor post region
984 may comprise silicon (Si) for example.

Contact layer 993 is a connection point for integrated circuit 900 to
external circuitry. Contact layer 993 is relatively flat on the underside of
semiconductor post region 984. Contact layer 993 is also relatively large.
These features help to ensure good contact to external circuitry.

Contact layer 993 may be comprised of titanium-tungsten (Ti-W)
and nickel (Ni) in one embodiment. Contact layer 993 may be formed,
for example, by plating Ni over semiconductor post region 984. Ni is
preferable as Ni is well-suited for soldering. This Ni contact layer may
be subsequently coated, for example, with a thin layer of gold (Au). Such

a coating may serve to prevent the corrosion or oxidation of the Ni



(Al') or copper (Cu) may be used. Indiumtitani um oxide (I dtin
oxi de (AN%@J) galso be used. O her netals or conbinationgs%wgﬁﬂggbials

i ncluding nmetals may al so be used. Interconnect 922 forns a flange
interface with contact |ayer 993. The flange interface provides for a
durabl e and reliable bond between the interconnect and the contact |ayer.
For one enbodi nent, titanium tungsten (Ti-W is used as the bonding

i nterconnect |ayer and as the bonding contact |ayer. That is, Ti-Wis
formed at the bottom of interconnect 922 and at the top of contact |ayer
993. As a result a durable and reliable %%t ermetal |ic surface-to-surface
bond is fornedomatiiayer withent deskzoyingzhe soliieriong ablity afyléli E%almhet hi s
enbodi ment. For other enbodi ments, another material in e of Ti-Wmay be
used in creat en@oahmgnug@&d%ehmaryt@wmlagezef Iélthee er 893r 993.

Using the sane mate e y facilitate the faqrmation of adurable and
reliable bond“t?éﬂﬂét’ﬁlaq ‘NP‘S {Vegﬁgte;; %R)WFHCI%T Of £yamPbhy IUBRIUID, |y

h nbodi b h '
Cayer 563 mmy ChD aicpPBRERe Ay be et BrpEn M BbE SRNRNEGT F e chea o
external ci GChthx?ggAt@> mlgﬂag%%% AR ORERIL SOLBRB AR 900 of

Fi gure 88, i ona ap | ude roxi mately 0.004 in. of

silicon (Si) Hht&ﬁhﬁ‘iﬁélﬁat k%lt@télilh%él%% u36Q. may i nclude approxi mately
0.003 in. of epoxy in th es - (between. cap layer 961 and active

circuit region 9101nteElQ§ﬂneet sENforaRdtage intgi otk WAR, conegtldyer 98Bt h active
circuit region 910, may be approximately 0.003 in. in thickness. Contact
| ayer 993 may Thedlange interface provides for a durable and reliable bond between the
interconnect and the contact layer. For one embodiment, titanium-
tungsten (Ti-W) is used as the bonding interconnect layer and as the
bonding contact layer. That is, Ti-W is formed at the bottom of
interconnect 922 anel at the top of contact layer 993. As a result a durable
and reliable intermetallic surface-to-surface bond is formed between
interconnect 922 and contact layer 993 for this embodiment. For other
embodiments, another material in place of Ti-W may be used in creating
a bond between interconnect 922 and contact layer 993. Using the same
material here may facilitate the formation of a durable and reliable bond
between interconnect 922 and contact layer 993. For still other
embodiments, the materials used to bond int_erco'nnect 922 with contact
| layer 993 may be different.
Integrated circuit 900 can be die-attached to external circuitry
using solder or epoxy.
For integrated circuit 900 of Figure 88, optional cap layer 961 may
include approximately 0.004 in. of silicon (Si) in thickness. Overlying

layer 960 may include approximately 0.003 in. of epoxy in thickness



appr oxi mat WIOWS318905 in. of nickel (Ni) plate in thickness. POTaSeyers18Mm of
sem conduct or post 984 may extend approximtely 0.005 in. fromthe top of
active circuit region 910. Integrated circuit 900 may be fabricated with
features having other dinensions as well. The nmethod of Figure 37 may al so
be used in fabricating integrated circuits, such as the integrated circuit
illustrated in Figure 88. So as to better explain the exenplary application
of the method of Figure 37 in fabricating integrated circuits, Figures
89-106 will be .used to illustrate the vari®us steps of the nethod of Figure

37, Figure 89 ibbieédraifslaet 91 wh@ucoie Bragieaplvabe DERker used to
fabricate the integrated circuit of Figure 88. Figure 90 is a

cross- sect i onalsesiidenductor odgioho83ybgethet WitlgueeySaredibrap@sh 910 mMay bae

met hod of Figure 37, a sem conductor substrate is provided. This substrate
i s illustrated,appopxisabely @003 in. i ghickses89-Cfhtast layérs?93amay if€ideSubst r at e
1000 may be a silicon (Si) substrate, but alternatively a vari ety of other
types of seni cAPRIexianatehhdPoeh s ofnickeb (N gate Théhigkhess. Fhehottonf89- 90
i ncl udes substrate 1000 which %%s active circuit regions_1001-1002 and
substrate cont SETUFUYFRAICT ROHSFA0RY exiepskanprexunee!ye.005 indromitha top

R e UL e S R T
e 0, Sn 58 B Ener e (YRR O, A e o e e
the wafer. Substraterieomeffdd 6CHE0RS 37 B0R7 400 Be 3sed IR Fi&king
integrated circuits, such as the integrated circuit illustrated in Figure 88.
So as to better explain the exemplary application of the mr;athod of Figure
37 in fabricating integrated circuits, Figures 89-106 will be used to
illustrate the various steps of the method of Figure 37.
Figure 89 illustrates a top view of a semiconductor wafer used to
fabricate the integrated circuit of Figure 88. Figure 90 is a cross-sectional
side view of the wafer of Figure 89.
In performing the method of Figure 37, a semiconductor substrate
is provided. This substrate is illustrated, for example, in Figures 89-90 as
substrate 1000. Substrate 1000 may be a silicon (Si) substrate, but
alternatively a variety of other types of semiconductor substrates may be
used.
The wafer of Figures 89-90 includes substrate 1000 which has
active circuit regions 1001-1002 and substrate contact regions 1005-1006.
Substrate 1000 as illustrated in Figures 9-90 is used 1o fabricate two

integrated circuits. The number of devices is exemplary and has been

chosen so as to provide for a clearer understanding of the present



For step 600 of Figure 37,7 interconnects 1021-1022 are forned he
waf er. THYQ9931823 | ystrated in Figures 91-92. Figure 91 |IIP:§ENS§¥’§£“% t op
view of the wafer of Figure 89 after interconnect |ayers 1021-1022 have
been fornmed over the wafer. Figure 92 illustrates a cross-sectional side
view of the wafer of Figure 91. Interconnects 1021-1022 are also referred
to as interconnect |ayers. Interconnect 1021 includes bridge portions
1031-1032. Likew se, interconnect 1022 includes bridge portions 1033-1034.
Bridge portions 1031-1034 incl ude gaps _1?@_1- 1044, respectively. For an

al ternative enbodi nent, bridge portions 1031-1034 do not contain gaps

1041- 1044, r ebpentiope|Any nmnqrremﬂ gleviges may belfaymefyusing|the saRgivier s

1021- 1022 provige for, an electrica conﬁ_ectioo? Eo- active circuit regions
1001- 1002. FoANd Ry AsBeRdAr exanple 05the 8128 of(bg wider, Sphstrale GeRfaEy £ r st
form ng a conduct or 4)@/2 over the fer. For exanple, titanium tungsten
(Ti-W may ber%ﬁdﬁi‘?é d ‘?)Oc?s"?’?é’(??‘&f‘é- the wafer. This Ti-WIlayer may serve .
to provide for a di ' ref: | r. gt elat.] . 2. O her
di ffusion barrier Eé[- glr%#"a g%mﬁég{es%ﬁégeﬁéog‘ < L%oﬁ%g??ﬁﬁgﬁ%h%ﬁﬁ%%t ter
deposi ted ovegnd e Hié Rifllstrd RSt gh A%SS1-9RYFigAFY §1 fifushated d top e the
pattern plating of gold, for exanple, *’n formng I'nterconnects 1021-1022. A
patterned maslkidvayethe vaferof Pl 804Nk iftdrgoihet (ayees $021-1832 hdan be
fornmed over the wafer. This patterned mask layer is used in pattern plating
gol d (Au) appbeen fermedéd/ over thevarfet.OFjgure P2iillustidtek aesasseseetiondlside - W Au

| ayers to create interconnects 1021- 1022. After this pattern plating
process, the piew of theiwafenoflFigere 9l renoved. Portions of the Ti-WAu

| ayers that are fornmed on the surface . )
Interconnects 1021-1022 are also referred to as interconnect layers.

Interconnect 1021 includes _b'ridge portions 1031-1032. Likewise,
interconnect 1022 includes bridge portions 1033-1034. Bridge portions
1031-1034 include gaps 1041-1044, respectively. For an alternative

B embodiment, bridge portions 1031-1034 do not contain gaps 1041-1044,
respectively, but rather are solid bridges. Interconnects 1021-1022
provide for an electrical connection to active circuit regions 1001-1002.

For one embodiment, interconnects 1021-1022 are' formed by first
forming a conductor layer over the wafer. For example, titanium- |
tungsten (Ti-W) may be sputter deposited over the wafer. This Ti-W
layer may serve to provide for a diffusion barrier layer for interconnects
1021-1022. Other diffusion barrier materials may also be used. Gold
(Au) is then sputter deposited over the Ti-W layer. This Au layer may
serve to facilitate the pattern plating of gold, for example, in forming
~ interconnects 1021-1022. A patterned mask layer, for example

comprising photoresist, may then be formed over the wafer. This

patterned mask layer is used in pattern plating gold (Au) approximately



of the waf %0 #¥3183%en be etched, |eaving interconnects 1021-B®RE6s9525189
illustrated in Figures 91-92. Interconnects 1021-1022 as a result contain
Ti-Wand Au. Interconnects 1021-1022 may i nclude ot her conductive materials
as well. For exanple, alum num (Al) or copper (Cu) may be used. Indium
titaniumoxide (1 TO or gold tin oxide (ATO may al so be used. O her netals
or conbinations of materials including netals may al so be used. :
Furthernore, interconnects 1021-1022 nmay be formed using any suitable
techni que. As another exanple, a |ayer of-fhe material or materials used to

create interco nrmphﬁinlﬂﬁclmb@s?av@fﬁmebﬂ-weﬁﬁ%%r% t8\cPéath Netel@intlecRN®21-
subsequently patterned to create interconnects 1021-1022, Photolithography

and et ch techni {i22s After thiscpantére, plating ipeoteseftHepatfirhed mdskiiayaoiRnect s
1021-1022. For another enbodi nent, separate interconnects nay be forned
over the waf er.Temeyed. sPorsions eftiae Ti-Witdar bayenethat apeg fdrendcbomeite smdacet he

waf er for eachrg’&g%&at ed circuit contact |ead to be fabricated. Instead of
havi ng interco Ffen man thep ks eiehed. deaving ivtgeconnectsoi92141922, 2032, f or

exanpl e, two separatge Jj.nterconngc be fornmed over the wafer with

bri dge portions %iﬁeflolé‘zﬁg}“é%s 3&@@%&@%&%3@@%@?%Fﬁfsgm@rs#l,n noat s
or trenches 105g.- 55%:?%1? formed from substrate 1000. In form ng trenches
1051- 1052, any sultabl e processing technique may be used. This is

illustrated in Fi gurl?l?exggﬁﬂécts IOZT_HZ,S& ng'igﬁﬁfgfqﬁhé‘l &ﬁé&&%@%&g}@% yd ew of

the wafer of Figure 91 ter trenc ave been forne romt he

substrate of thoeMaFsf exdthgie, 8lliriurh VALY S &ppRr ¢CA5 fia W LA iy Vi ew
of the wafer of Figure 93." Trenches ’
titanium oxide (ITO) or gold tin oxide (ATO) may also be used. Other
metals or combinations of materials including metals may also be used.
Furthermore, interconnects 1021-1022 xhay be formed using any suitable
technique. As another example, a layer of the material or materials used
to create interconnects 1021-1022 may be deposited over the wafer and
subsequently patterned to create interconnects 1021-1022,
Photolithography and etch techniques, for example, may be used to
pattern interconnects 1021-1022.

For another embodiment, separate interconnects may be formed
over the wafer. That is, a separate interconnect may be formed over the
wafer for each integrated circuit contact lead to be fabricated. Instead of
having interconnect 1021 with two separate bridge portions 1031-1032,
for example, two separate interconnects may be formed over the wafer
with bridge portions 1031-1032, respectively.

For step 605 of Figure 37, moats or trenches 1051-1052 are formed

from substrate 1000. In forming trenches 1051-1052, any suitable

processing technique may be used. This is illustrated in Figures 93-94.



1051- 105 fornmed simlarly as the trenches are for > nsi st or
O BuRR Apiphpies

nodul es bed above. The material of substrate 100 I es

beneat h bridge portions 1031-1034 is renoved in formng trenches 1051-1052.
Gaps 1041-1044 may serve to facilitate the renoval of underlying substrate

1000 in etching trenches 1051-1052 by allowi ng the etchant to flow through

bridge portions 1031-1034, respectively. For an alternative enbodi nent

di scussed. above, bridge portions 1031-1034 may be solid bridges w thout _
gaps 1041-1044. Bridge portions 1031-103% ay need to be thinner in wdth,

th h, f t'h,' | ti nmbodi 1t s t.Q. der | yi

SUbSCrat e 100HIERES OB HERtERASaR M DUt Warr S e Il AR 4reneheBe i ng

t h 1051-305 T h 1051-105 tiall i . -sid
separation of I EAITA e BrREd oI e SRa e of st RES B4 T o he
created from hpa, waler crogg-géﬁ]tfﬂrw smrvi?wdcavthgms%m HEHYr THGfEheS and a
sem conduct or pOSt reglion. . I'S Separation O sem conuctor wll be

described in {E5E165%MRAY b@ffbﬁ’ﬁ/edE_ﬁﬁilﬁx‘l?ﬂs@ﬂ@tx@ﬁcﬁéﬁ&@%ﬁied@dﬁr| ying layer
1060 is forned over the"wafer as illustrated in Figures 95-96. Figure 95

i I lustrates aph@pistoranodiilesae deatrtbeddibdvegure 93 after overlying | ayer 1060
has been forned over the wafer. Figure 96 illustrates a cross-sectional

side view of the waThematbritl gilsubstrate ThOS thyt lies baryeath boigigeqartivastial |y
encapsul ates the entire. - 73 - surface of the wafer and substantially
fills trenche303105a34igzemored inpermingodenadws 10814053 @grs A)&-184%60 i ncl udes

epoxy that has been cen}ri_tu?e(il over the.wafer., A c%ntrolioeo% vacuum
envi ronnment niAYSesye to acilitate the removal of underlying substrate in

etching trenches 1051-1052 by allowing the etchant to flow through
bridge portions 1031-1034, respectively. For an alternative embodiment
discussed above, bridge portions 1031-1034 may be solid bridges without
gaps 1041-1044. Bridge portions 1031-1034 may need to be thinner in
width, though, for this alternative embodiment so as to ensure
underlying substrate 1000 is removed beneath bridge portions 1031-1034
in forming trenches 1051-1052. |

Trenches 1051-1052 essentially provide fof a top-side separation of
semiconductor for each integrated circuit contact lead to be créated from
the wafef, providing for a device semiconductor region and a

- semiconductor post region. This separation of semiconductor will be
described in more detail below.

For step 610 of Figure 37, overlying layer 1060 is formed over the
wafer as illustrated in Figures 95-96. Figure 95 illustrates a top view of
the wafer of Figure 93 after overlying layer 1060 has been formed over
the wafer. Figure 96 illustrates a cross-sectional side view of the wafer of

Figure 94. Overlying layer 1060 substantially encapsulates the entire



be used t VQPIHBY¥h epoxy. For alternative enbodi ments, over PGTHEYHEr 1060
may include silicon dioxide [err], silicon nitride [err], plastic, Teflon,
a polyimde, or glass. Overlying |layer 1060 may be forned using other
dielectric or insulative materials or conbinations of materials, and nay be
formed using any suitable technique. Overlying |ayer 1060 may serve a
protective role. Overlying |layer 1060 may serve as a passivation |ayer.
Overlying layer 1060 may al so serve a nechanical role in holding together
conponents of the integrated circuits fabrBcated fromthe wafer. A cap

| ayer 1061 nay stbfage bf theowatd andesupraidallynglld aeathds0fB1-1082s Fos one
illustrated in Figure 97. Figure 97 illustrates a cross-sectional side view

of the wafer ofentbadimerdtowdrtyng tayer 1868ind06és bpexybtet hhsberen over the
wafer. Cap |ayer 1061 may contain, for exanple, silicon, polysilicon,

anor phous si | i ¢entrifgigadiover thg waer. ghesptroded vanaumoenvifemmert may adso
materials or conbinations of materials may al so be used for cap | ayer 1061.
Cap | ayer 1061 bedissgitpSpi-oneEpoxyafer alteniativgembedisnenssaueslyang fayer

L0 1 00 O el S B HR Bl oL S I NaS e | v
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may be formed using any suitable technique.
Overlying layer 1060 may serve a protecti.ve role. Overlying layer
1060 may serve as a passivation layer. Overlying layer 1060 may also
serve a mechanical role in holding together components of the integrated
circuits fabricated from the wafer.
A cap layer 1061 may then be formed over overlying layer 1060.
This is illustrated in Figure 97. Figure 97 illustrates a cross-sectional side
view of the wafer of Figure 96 after cap layer 1061 has been formed over
the wafer.
Cap layer 1061 may contain, for example, silicon, polysilicon,
amorphous silicon, plastic, glass, epoxy, alumina, or diamond. Other
materials or combinations of materials may also be used for cap layer
1061.
Cap layer 1061 is optional. Cap layer 1061 may serve to make each
integrated circuit created from the wafer more rigid and rugged. Cap

layer 1061 may also serve as a heat conduit for each integrated circuit

fabricated from the wafer.



For exanple, cap |layer 1061 nmay be sandbl asted. Cap | ayer al so be
et ched prﬁgﬂmgui tabl e etch techni que and chemistry or, 5&?’@#&?&3& y, may

be thinned by grinding it. Cap | ayer 1061 nay al so be thinned by | apping.
Cap l-ayer 1061 may al so be patterned. For exanple, Cap |ayer 1061 nay be
patterned so as to appear as cap layer 961 of integrated circuit 900
illustrated in Figure 88. For step 615 of Figure 37, the backside or
undersi de of the wafer is thinned as illustrated in Figure 99 as conpared
to the wafer illustrated in Figure 98. FLgure 99 illustrates a :
cross-sectional side view of the wafer of*Figure 98 after the underside of
the waf er has beenQalpilapedl06Theay thky ke thinnéd sasitszawedioFigwee&e t hi nned
here using any suitable technique. For exanple, the underside of substrate
1000 may be sﬁrgmee%txuustrmaumrsgra@n@lfsx@@b@cw gf thergabryFigned’ve et ched

using a suitable etch technique and chenjstry or, alternatively, my be
thi nned by gr RHET FRP 1ayer Higl ’t]%ﬁj}é‘?*‘éﬁ@é‘“l‘ﬁﬂ-substrate 1000 may al so be thinned

0 el B bR B
over t he. underSF RAIBPYs RaP 4 1061 R FESRHIER, EB1aTe et Ingh ™" o 0T
100 ~ -75 - h}slolbqeté &3 uSing' LPafaHE bicANathmg e anti&Neftlisirporyaf er of Figure

99 after mask layer 1062 haS been formed over the underside of the wafer.
Mask | ayer 10@ReffetivedyiRhay Be Bioihedesi gindihgrit.eRaphayer 1062maaalsbden

spun-on. Ot her suitabl'e mask material's, including other
~ thinned by lapping.

Cap layer 1061 may also be patterned. For example, Cap layer
1061 may be patterned so as to appear as cap layer 961 of integrated
circuit 900 illustrated in Figure 88.

For step 615 of Figure 37, the backside or underside of the wafer is
thinned as. illustrated in Fig;ure 99 as compared to the wafer illustrated in
Figure 98. Figure 99 illustrates a cross-sectional side view of the wafer of
Figure 98 after the underside of the wafer has been thinned.

The underside of substrate 1000 may be thinned here using any
sﬁitable technique. For exémple, the underside of substfate 1000 may be
sandblasted. The underside of substrate 1000 may also be etched using a |
suitable etch technique and chemistry or, alternatively, may be thinned
by grinding it. The underside of substrate 1000 may also be thinned by
lapping.

For step 620 of Figure 37, a saw-é_nd-etch'pmcess is used to pattern
the underside of the wafer. One embodiment of this step is illustrated in
Figures 100-102. A patterned mask layer 1062 is first formed over the

underside of the wafer. This is illustrated in Figure 100. Figure 100



phot osensi WQ&/HE%ri al s, nay al so be used and may be for medPOI/ESISIISLSY

undersi de of the wafer using any suitable technique. As illustrated in
Figure 100, mask | ayer 1062 is patterned to define scribe line region 1065,
whi ch defines where the wafer will |ater be separated. Mask |ayer 1062 is

al so patterned to define underside regions 1064 and 1066 which |ie beneath
at |l east trenches 1051-1052 forned in substrate 1000. Mask | ayer 1062 may
be patterned using any suitable patterning technique. For exanple, mask

| ayer 1062 may be patterned using photolith6yraphy techni ques. Mask | ayer

1062 is al so patillesstratestzocrdes-seionat bideanb GUTAHE Wadfe PO EigLPE 99 anbr ARRkact
|l ead to be fornmed. The underside of the wafer is then sawed al ong scri be

| i ne regi on 1065ayer t¢62has ren foOMBA Ofer shé anilbtsidé optledvafer Fi gure 101.
Figure 101 illustrates a cross-sectional side view of the wafer of Figure
100 after the under siMaskiayaidOpRnesy temphise phoswesist, Eor exomeplentivdibasnt

t he undersi de of, the wafer K be sawed using as_a_guide scribe |ine region
1065 as defi ned t?ﬁ?nrﬁi’é‘rP‘?%yﬁ engtitable maskuaatgrials; gydudingothedt her

mbodi t, 062 . tt d to, defi d '

"agi ons. 1054 andPAOREnSTAE mAerialgReY e 5 weest £ LD B BURont
| d not be iniji fine.sekihe,Li i on 1065. Th

Sowi ng of the rd e ElRac: bRl MBIl BEndR 001 1075 woul g

then serve to patter nAFBAKHAY®In F%%e%?ﬂ,%a&l?éa?ﬁﬁﬂé’z {sk}:ga;lfelrrﬁ%l O BetihD®

regions, as illustrated in Figure e wa s no _ yseﬁarated
i n sawi ng the undebeilihe refidnhREFRH@ICH Qeh&hBeRl thehQ4fer vl Lhidrpet rated in

Figure 101. Pit 1075 is approximately 2-3 mils in width. Pit 1075 nmay al so
have ot her wi dt fseparated. Mask layer 1062 is also patterned to define underside regions
1064 and 1066 which lie beneath at least trenches 1051-1052 formed in
substrate 1000. Mask layer 1062 may be patterned using any suitable
patterning technique. For example, mask layer 1062 may be patterned
using photolithography techniques. Mask layer 1062 is also patterned to
define each semiconductor post for each contact lead to be formed.

The underside of the wafer is then sawed along scribe line region
1065 to create pit 1075. This is illustrated in Figure 101. Figure 101
illustrates a cross-sectional side view of the wafer of Figure 100 after the
underside of the wafer has been sawed.

For one embodiment, the underside of the wafer may be sawed
using as a guide scribe line region 1065 as defined by mask layer 1062 to
create pit 1075. For another embodiment, mask layer 1062 may be
patterned to define only underside regions 1064 and 1066. That is, mask
layer 1062 in this other embodiment would not be initially patterned to

define scribe line region 1065. The sawing of the underside of the wafer



Preferably, pit 1075 is sawed such that the distance bet ¥ '
sur f ace B%’s"&ﬁ%’?rate 1000 and the top of pit 1075 (as il}mgs ,Pg%%’éié}g Fi gure

101 as distance 1074) is substantially equal to the distance between the
bottom of trench 1051, for exanple, and the bottom of substrate 1000 (as
illustrated in Figure 101 as distance 1072). This nmay serve to facilitate
the later etch of substrate 1000, as the depth of substrate 1000 to be
etched fromscribe line region 1065 and from undersi de regions 1064 and
1066 is then about the same. After creatpgg pit 1075, substrate 1000 is
etched fromthe underside of the wafer in scri-be line regiqn 1065 and in
under si de r egit®§Eeatepit 104§ wewd tb}gné@‘f“ieﬁ@dmé?rm%kﬁé%rr 3dO¢r eat e

trench 1076 and t . pQrti f t e..1000 ticularly th
penath 11 onREGnagbesathans s, pSRRHGR T i B Bl gur e 1027 Figure
102 illustrat _ Lpnak- .5 de Vi ew of g 101
ai'ter the underst a8 Whieh TLhPERTel Spathl ifleg iRy e Bholiod LR 10

paver 1052 has,beef, ERARYSH 10/ %hsIHhiRREa iﬁtmr%u&%mﬂimvmmg chenistry may

be used here to create tr and to renbve portions of substrate 1000

beneat h t r enchgprafivdaeiR-30hds inveagN et 105lma}Qlish havdlother Gvidews. serve to
separate substrate 1000.” As illustrated in Figure 102, trenches 1051, 1052,

-77 - and 107@Preferably, pitslOFbisnsaved bathr ttat tHO Gbtandedeswiesn the P egi ons
1083, 1084, 1085, and 1086. Each semni conduct or ggst for each contact |ead-
has al so been susfate®f sthstkatedP60 andahe tep ohpit 108htasdd ustratact IRFigHERr si de of

the wafer as illustrated in Figure 102. Any suitable technique magl be used
here to 101 as distance 1074) is substantially equal to the distance between th

bottom of trench 1051, for example, and the bottom of substrate 1000 (as
illustrated in Figure 101 as distance 1072). This'ma_v serve to facilitate the
later etch of substrate 1000, as the depth ;)f substrate 1000 to be etched
from scribe line region 1065 and from underside regions 1064 and 1066 is
then about the same.

After creating pit 1075, substrate 1000 is etched from the underside
of the wafer in scribe line region 1065 and in underside regions 1064 and
1066 as defined by mask layer 1062 to create trench 1076 and to remove
portions of substrate 1000, particularly those beneath trenches 1051 and

© 1052. This is illustrated in Figure 102. Figure 102 illustrates a cross-
sectional side view of the wafer of Figure 101 after the underside of the
wafer has been etched and after underside mask layer 1062 has been
removed.

Any suitable etch technique and chemistry may be used here to
create trench 1076 and to remove portions of substrate 1000 beneath
trenches 1051 and 1052. Trenches 1051, 1052, and 1076 now serve to

separate substrate 1000. As illustrated in Figure 102, trenches 1051, 1052,



renove nasWO9SJHR9 1062. A portion of each interconnect 1021PCOESIYW™Ihes
exposed in trench 1076 al ong scribe line region 1065 after this etch. This
is illustrated in Figure 102. Overlying | ayer 1060, which fills trenches
1051- 1052, has beconme exposed on the underside of the wafer, as illustrated
in Figure 102. A conplete separation of a device sem conductor region and a
sem conduct or post region has thus been created for each contact |ead to be
fabricated fromthe wafer. For an alternatjye enbodi nent, the separation of
sem conduct or descri bed above may be accoh% ished differently. For exanple,
rat her than forahdd076secieds skparhtd BoBstratailDbbdireogndsirsiedegioraridBds nay be
formed by renoving the substrate material through the entire thickness of
the substrate, &W¥b30BY andell8p HEpchsenvicarabictorpeosttinr eact cantaettlead has
enbodi ment, however, bridge portions of interconnects 1021-1022 may be
exposed at the al@dreenpdermedihe wafer. A material resistive to corrosion is

f bl din f ' ' ts 1021-1022 f t hj di t,
bver Ly ng | ayer 1060 MARK Huer 10h211s CastoERRY Sl 6Omh s CRARSIIRONBI TYaED2 ¢ o
tect th 8., - t f Fi 7 at_t d L I
Pt ormed over PR in e 107 Bryietibte Ripniulibar T el JRE o "
each cont act 'e?&n 9e%s§rl§g%13fb§zf°mthe waf er. One enbodi nent of this step

-1

is illustrated in Figures . For this enbodinent, a contact |ayer
1091 is first fornmedAOYsFidlef aHrfGharéSRic! i DE]-180 Ehecondbléxposed in

il lustrates a cross-sectional side view of the wafer of Figure 102 after a
contact |ayer trench 1076 along scribe line region 1065 after this etch. This is illustrated
" in Figure 102. Overlying layer 1060, which fills trenches 1051-1052, has
become exposed on the underside of the wafer, as illustrated in Figure
102.

A complete separation of a device semiconductor region and a
semiconductor post region has thus been created for each contact lead to
be fabricated from the wafer.

For an alternative embodiment, the separation of semiconductor
described above may be accomplished differently. For example, rather
than forming trenches 1051-1052, suitable underside trenches may be
formed by removing the substrate material through the entire thickness
of the substrate, exposing overlying layer 1060. For this alternative
embodiment, however, bridge portions of interconnects 1021-1022 may
be exposed at the underside of the wafer. A material resistive to
corrosion is preferably used in forming interconnects 1021-1022 for this
embodiment, as overlying layer 1060 may not fully encapsulate

interconnects 1021-1022 to protect them.



has been_forned over the underside of the wafer. For one ( 'g@ﬁ
titani um“f%&ég@ E%gr. ﬁghi s Ti-W

n (Ti-W nmay be sputter deposited over th

- layer may serve to provide for a diffusion barrier layer for the patterned
contact layer. Nickel (Ni) nmay then be sputter deposited over the underside
of the wafer. Ni is preferable because it is well-suited for sol dering.
This N of the contact |ayer may be subsequently coated, for exanple, with
a thin layer of gold (Au). Such a coating may serve to prevent the '
corrosion or -oxidation of the contact |aygr. wthout destroying the

| deri bility Ni . For t her _enbodi t, I A be f d
T8, L, S s L BBy SRS TR P S

terial : I natiQ terial ) | - : f t act
et OB B R SR S PG, T

|ayer. The conbagt, ba¥RlasPRb IR s OEoRBNGiRLnd diSngs o de of the

wafer. Particularly, -contac yer al ong the'si des and

bot t om of undqnasegel iRTMEurd 103-188. Fok sk batsliiienk) Dedirftadid8yerl@o10ne
enbodi ment, portions of contact |ayer 1091 forma durable and reliable

sur f ace- t o- surj§ gigst fopdd Wvieh tidhangersideoobthefwalet.cFipura €03 Hludbiatesl®22 whi ch
are exposed in underside trench 1076 when contact |ayer 1091 is -79 -
formed over t herosmsketiondksidé vidve ofviliewaferiud Higuer 102 afteyededndactilayesr connect s
1021-1022 that is exposed in trench 1076 is preferably the same as the

mat eri al used hasrbeepdorped oxge thergndersisie of thetwafebme in contact with:

I nterconnects 1021-1022. For one enhodinent, titapiumtungsten (Ti-W is
used as the first iEﬁré?%(ﬁmée&m%ﬂﬁeflt%ﬂ“‘a&“’lﬂ??r‘f&r"slg;s B R tPYRRTer . As a

result, a dur aci)elpeosited over the water. This Ti-W layer may serve to provide for a
diffusion barrier layer for the patterned contact layer. Nickel (Ni) may
then be sputter deposited over the underside of the wafer. Ni is
preferable because it is well-suited for soldering. This Ni of the contact
layer may be subsequently coated, for example, with a thin layer of gold
(Au). Such a coating may serve to prevent the corrosion or oxidation of
the contact layer without destroying the soldering ability of Ni. For
‘another embodiment, gold (Au) may be formed over the underside of the
wafer in place of Ni. Any suitable conductive material or combination of
materials may also be used td form the contact layer. Furthermore, any
suitable technique may be used to form this contact layer.

The contact layer conforms to the contour of the underside of the
wafer. Particularly, contact layer 1091 is formed along the sides and
bottom of underside trench 1076, as illustrated in Figure 103. For one
embodiment, portions of contact layer 1091 form a durable and reliable
surface-to-surface bond with the portions of interconnects 1021-1022

which are exposed in underside trench 1076 when contact layer 1091 is



and reliab™@¥M%Pretallic éurface-to-surface bond is for med LTSRS
enbodi nent. For other enbodi nents, another material in place of Ti-Wmay be

used in creating a bond between interconnects 1021-1022 and contact |ayer
1091. Using the sanme naterial here may facilitate the formation of a
durabl e and reliable bond between interconnects 1021- 1022 and_cont act

| ayer 1091 in trench 1076. For still other enbodiments, the meferials used .
to bond interconnects 1021-1022 with conta b _layer 1091 may be different. A
patterned mask { ayer 1092 is then forned over t he underside of the wafer,
as illustrated |fﬂrme@@wgr ﬂtﬂundﬁrgmﬁeofltbﬁ wafeysThematerialussskforsect i onal

side view of the wafer @3 103 after mask | ayer 1092 h S beeB for med
over the undersit f@Wﬁ“"ﬁ?@ 0 2%@%@&9@?«&6@%@%@?@@&% I Ihesi st .
Mask | 1092 I I i

e o 2052 o s S rBih 80 08 Bk o SO RRB o0
| ater patterned t-h9 y techni ques. Other process steps may
al so be used to oﬂ?mmﬁg%&ﬁ%gésel:b ?(}ggf Mask | ayer 1092 is patterned to

define underside r eg'F?)?%né%%&ﬂﬂle}tqqg’tamum-%ggstemﬁ ig! @s\éﬁrasltﬂglzxréts t hen

patterned into contact region 1093 usi ng nmas ayer as a mask

layer 1092 is siykeecsifiect ayef BRY @d thd Hrst cohtddt 1! @Is%jrés[lld:h@iﬂr@blé05
Figure 105 illustrates a cross-sectional side view of the wafer of Fi gure

104 after cont aandlreliebleifitttmetallibsarfapatd-surfade bond & formetbfk thisyer 1092
has been renoved. Contact |ayer 1091 is etched from underside regi ons 1064
and 1066 as def emapdilnemssKor aiher enggglimenys, snotheyimateriohin phicaiofdévdnd

) may be used in creating a bond between interconnects 1021-1022 and
contact layer 1091. Using the same material here may facilitate the
formation of a durable and reliable bond between interconnects 1021-
1022 and contact layer 1091 in trench 1076. For still other embodiments,
the materials used to bond interconnects 1021-1022 with contact layer
1091 may be different.

A patterned mask layer 1092 is then formed over the underside of
the wafer, as illustrated in Figure 104. Figure 104 illustrates a cross-
sectional side view of the wafer of Figure 103 after mask layer 1092 has
been formed over the underside of the wafer.

Mask Ia‘yer 1092 may include photoresist. Mask layer 1092 may
also include other suitable materials or combinations of materials as well.
Mask layer 109_2 may be deposited over the wafer and later patterned
using photolithography techniques. Other process steps may also be
used to form mask layer 1092. Mask layer 1092 is patterned to define

underside regions 1064 and 1066.



chem st % $¢ used here. Mask |ayer 1092 may then be rpepryeskussdong any
sui tabl e technique. Contact region 1093 nmay include other conductive
materials as well. For exanple, alum num (Al) or copper (Cu) may be used.
rlndiumtitani umoxide (1 TO or gold tin oxide (ATO nmay al so be used. O her
‘metal s or conbinations of materials including netals may al so be used.
Furthernore, contact region 1093 nay be fornmed using any suitable

techni que. For exanple, contact region 1093 may be pattern plated over the
undersi de of the wafer. For step 630 of-Bpgure 37, the wafer is separated,

as illustrated in Hgure,106.. Ei e 106 1|1 r d tnal side
vi ew of the wafer &%éd?&erﬂglgﬂlgﬂ S%&er&gﬁéx&toﬁéggﬁ%cgéﬁ @Z\B%O?gﬁxtgi nt o

i nt ted ci ' T. f ' - &1 ] th
waf or The salihe Bysr TE2E el N TR oDl Bl Ut oy

have ot her wi eiisisaBu¥@hled it PRfuré SO5INFBNOS 108 BeRedL crisedet ot par at e
the wafer and include, for exanple, using a |l aser scribe. The wafer is

separ at ed thr gideviehoof theanplet of Figtre04@ft6r comaer lagan@QIshasd®en1022 whi ch
have been bonded with contact region -81 - 1093 form wrap-around fl ange
i nterface contpatternedjand aftes maskusyerak09@ has beeguemoved. Bonded cont act
region 1093 is separated in separating the wafer. The referencedqﬁggral S

used in Figure 106 GuntactdpperiiQdd is pished frem ynslersidgaegions 106398

nder o de of SeeBBRAIBASK iean 000 3AnY SH BRI R ec AT B onal

insulative laygr, ;83 ihd 8 L Retd! M5 eP 058 may kA beenlpear 999, for
| using any suitable technique.

Contact region 1093 may include other conductive materials as
well. Fbr example, aluminum (AD) or copper (Cu) may be used. Indium
titanium oxide (ITO) or gold tin oxide (ATO) may also be used. Other
metals or combinations of materials including metals may also be used.
Furthermore, contact region 1093 may be formed using any suitable
technique. For example, contact region 1093 may be pattern plated over
the underside of the wafer.

For step 630 of Figure 37, the wafer is separated, as illustrated in
Figure 106. Figure 106 illustrates a cross-sectional side view of the wafer
of Figure 105 after the wafer has been separated into integrated circuits.
The wafer may be separated, for example, by sawing the wafer. The
sawcut may be approximately one (1) mil in wicjth. Thé sawcut may
have other widths as well. Other techniques may also be used to
separate the wafer and include, for example, using a laser scribe.

The wafer is separated through, for example, trench 1076.

Interconnects 1021-1022 which have been bonded with contact region



exanpl e, MHQ98BH3?i se any suitable insulative material. For PERGSHES18Y
enbodi nent for fabricating integrated circuits, an alternative saw and-etch
process is used in etching the underside of the wafer for step 620 of
Figure 37. This alternative saw and-etch process is simlar to that

di scussed above with regard to Figures 64-71. Accordingly, the above

di scussion pertaining to this alternative saw and- etch process applies
here as well. Briefly, pit 1075 is first fornmed on the underside of the

waf er. The underside of the wafer is subs'egt'ently etched in scribe line
regi on 1065 to &0%¥eform weaplarddd [laggb intesface tOMAcmegidises ilaseatdda i n
under si de regi ons 1064 and 1066. The method of Figure 37 would then
continue with sFignre186. Bonded contrstiregion d093 isrseparated i separating ther stil |
yet ot her enbodi gtzgft tlzhfg saw and-etch process of step 620 nmay be repl aced
with other patt¥ n;ﬂtﬁ Feuggnumeralsuser e Figure 196 corespand 48 fhes§ue nay
be used. A mask_ | ayer Y be, f.orned over the underside of the wafer of
Figure 99 and p‘e{?‘i‘gf%‘g%ﬂ 'f'%gg %%Vr?pl e using. photolithography techniques, to

1066, Subst rate 1000 RgPoien Tpastf P!t HEaEe LG Rhy BeiBiNBR oVEE 71

1066. Sgbstrate 1000 ma _ ( cordance w
mask using any s doalbrSidd SisehBEoHA G By ?éyioﬁggﬁof%} eXample Ti6is Ypiong waf er

woul d then appear as illustrated in Figure As yet “anot her "exanpl e, a

mask |ayer may h@ul&i\teelh?@d ab Alekefdtee nwr%'uh@ 881 36n& @08 158999, Tloench 1076
may then be etched fromihe underside of the wafer using this nmask. Another

mask | ayer nmay éexempleenpatdéamprise Any deftable insuletise deatedgl. ons 1064 and 1066.
The under si de .of
For another embodiment for fabricating integrated circuits, an
alternative saw-and-etch process is used in etching the underside of the
walfer for step 620 of Figure 37. This alternative saw-and-etch process is
similar to that discussed above with regard to Figures 64-71.
Accordingly, the above discussion pertaining to this alternative saw-and-
etch process applies here as well. Briefly, pit 1075 is first formed on the
underside of the wafer. The underside of the wafer is subsequently
etched in scribe line region 1065 to create trench 1076. Substrate 1000
may then be etched in underside regions 1064 and 1066. The method of
Figure 37 would then continue with step 625, as discussed above, for this
embodiment.
For still yet other embodiments, the saw-and-etch process of step
620 may be replaced with other patterning processes. For example, a
simple etch technique may be used. A mask layer may be tormed over
the underside of the wafer of Figure 99 and patterned, for example using

photolithography techniques, to define scribe line region 1065 and also to

define underside region 1064 and 1066, Substrate 1000 may then be



t he mafer Fn be etched using this mask. The resultlnﬂ?ﬁﬁg uId
t hen appear as I'Tlustrated in Figure 102. The undersi de of ma?er
patterned in regions 1064 and 1065 differently. For exanple, the under5|de
of the wafer directly beneath trenches 1051-1052 nay be etched nore than
those portions which lie directly beneath active circuit regions 1001-1002.
As a result sem conductor regions 1083 and 1086 woul d extend bel ow t he
bottom of the overlying |layer used to fill trenches 1051-1052. Figure 88
illustrates this result. Alternatively, igpe underside of the wafer directly

1064. 1065, - The RhERAL PPTORRT It iy g b °”r1'a/2§1§@?>ﬁ? Ehtshrifit i ¢
o9t ons 1001 1002 MO0 D R RN ard S IO R, LRIl s 0, ¢ hose

descri bed above i n ersi ricating
di ode nodul es p@§f§q925|stor modul es. St eps 320, 325, and 330 of Figure 5 as
di scussed abov th regard to fabricating di ode nodul es may be used in

fabricating other dmg@esnmh@hemﬂp&ch the€ll RYer mAyPSpAeérned 36 .defind 330 may
be used to form - 83 - contact regions, for exarrple for transistor

nmodul es and i nseibedirasiregiore UOE5. CD@hal@UOT(Eﬁdt? théh deditduadsoanthebove
pertaining to steps 320,325, and 330 of Figure 5 is therefore al so
applicable to uhderside ofcthei mfeotxsm@thm mask. Avdthesnasidlayer swyathed bsi r cui t
contact | eads. Likew se, steps 620 and 625 of FI&UI‘E 37 may be used in

fabricating ot Betterned toslef Wtwd@ﬁﬂaéegm@gule%an 16866 ’élz@uaﬁarse%%f Fi gure

37 may be used.,to formcontact re ex for .di od
y the water mayt en be etc e usmgt Es maaknpjl'ﬁe resultmg water

would then appear as illustrated in Figure 102.

The underside of the waler may patterned in regions 1064 and
1065 differently. For example, the underside of the wafer directly
beneath trenches 1051-1052 may be etched more than those portions
which lie directly beneath active circuit regions 1001-1002. As a result
semiconductor regions 1083 and 1086 would extend below the bottom of
the overlying l'ayer used to fill trenches 1-05'1-1052. 'Figure 88 illustrates
this result. |

Alternatively, the underside of the wafer directly beneath trenches
1051-1052 may be the only portions etched in regions 1064-1065. The
underside of the wafer directly beneath active circuit regions 1001-1002
would not be etched. This embodiment is similar to those described
above in patterning the underside of the wafer in fabricating diode
modules and transistor modules.

Sfeps 320, 325, and 330 of Figure 5 as discussed above with regard
to fabricating diode modules may be used in fabricating other devices

with contact regions. Steps 320, 325, and 330 may be used to form



modul es. TWO9SB2%ssi on above pertaining to steps 620 and GPETUSESRSI e | s
al so applicable to the fabrication of diode nodules. The follow ng

di rensions are generally applicable for the fabrication of devices. The
sem conductor regions for each device may be approximately 4-6 mls in

t hi ckness. The interconnects nmay contain approximately 8-10 [err] of gold,
for exanple. The overlying |layer may contain approximately 6-7 mls in

t hi ckness of epoxy. The contact |ayers may_contain approxinmately .5 -.7
mls in thickness of nickel. The sawcut fofed in the saw and-etch process
may be approXxi nedrethyt régiorss forrexdansle, fondragitoxmoaitesyardi mtegrated N Wi dt h.
The di nensi ons of the above features may vary and nay depend on vari ous
desi gn consi dergirtwihsontaheledds. The distussiontabdve peniningdostepsi 320, 325
present invention may be approximately 20 x 40 ml|s.. The di nensions may

al so be appr oxi #d 3By opbigurg @ inthereforpals appligablsstodihedabricatian e may vary
and nmay depend on vari ous . desi q,consi derations. Th esent invention may
al so be used intrFﬁ%‘ﬂ%éf‘?ﬂﬁl%égf BifgaRtE rClﬂ?é\‘/ﬁ%ga%tﬁengsfhat contact regions

h fl -interf t ' f devi '
Fabri cated. For exanpiiemist b wblERe Falren” R S Fnge i nterface
on three sides phRafRkiciFerifeEld Wil R feliBfle’ sidlt 3BLA%EQTed i N

accordance with the prgsent 1 nvention. egions i nclude those

simlar to the ppafasy xﬁa;,gb@%ea bd Foriat @éﬁt‘élc%ghhf‘s, foranangpie! forrisdes of
Figures 76, 79,80, and 82, for exanple. The present invention may further

be used not onl produlés e distigsidémabey peRainiRe & Stepa bRy afl@ $26 itha@@fereove
but also in fabricating various
is also applicable to the fabrication of diode modules.

The following dimensions are generally applicable for the
fabrication of devices. The semiconductor regions for each device may
be approximately 4-6 mils in thickness. The interconnects may contain
approximately 8-10 um of gold, for example. The overlying layer may
contain approximately 6-7 mils in thickness of epoxy. The contact layers
may contain approximately .5 -.7 mils in thickness of nickel. The sawcut
formed in the sa_w-and-etéh process may be approximately 2 mils in
depth and approximately 2.5 mils in width. The dimensions of the above
features may vary and may depend on various design considerations.

The devices fabricated in accordance with the present invention
may be approximately 20 x 40 mils. The dimensions may also be
approximately 20 x 30 mils. The dimensions of each device may vary
and may depend on various design considerations.

The present invention may also be used in fabricating

semiconductor devices such that contact regions have flange-interfaces

on more than one side of the device being fabricated. For example, a



ot her devices. The present invention, for exanple, may be |
f abri cat MOPSP$A3- quads, bridge- quads, and various ot her fgg'?&g%gé‘[%mc?evi ces.

The present invention nmay be used in fabricating sem conductor devices

havi ng any nunber of contact region feet. The present invention may al so be
used in fabricating capacitors, for exanple. Wile the detailed description
in accordance with the present invention has been set forth above with
regard to the best node and preferred enbodi nent or enbodi nents
contenplated by the inventors, it is to_gg.appreciated that the present
invention is not limted to, the_above egf‘oodi ment or esrr.@odi ment s anﬂ t hat
various nodi f COBIAChFRSIAR haKingd fange IntaEace,on hrersidas Rl dOVCRADYEnent

wi t hout departin rom i he .broader .spirit or scope of.t nt invention
as dofined in KR e Fge may g forfyed NS I Céﬁ%ﬁﬂitﬁgﬁ’?‘gﬁ‘?emodi ment s
are, accordin e ' | P : a
restrictive sgﬁgeenﬁ&b%%‘t&ﬂtg@ﬁg?{%‘gq?ghhﬁfl&?&%mﬁ%? E%@% génjﬂﬁgte I n

sem conduct or rf 3t GihdPdtedionth@ t¥idistitor'@ddidlesof Fibtites6d 79,800 and 8¢ 0nd
side, conprising the steps of: (a) formng a first layer having a first
mat eri al over fbh@xgﬁlpret, side of the wafer; (b) - formng a trench fromthe
second side of the wafer such that a portion of the first |ayer becones

exposed in the trerfie presint inventiongnay Batwrde wedmdtanlyin fabristing
material over the second side of the wafer such that a portion of the
second | ayer dbadevicesspecifically descoibediabovebatt ajsgyinfalsicaingivaniodhe trench;
and (d) separating the wafer through the trench .
other dévices. The present invention, for example, may be used in
fabricating ring-quads, bridge-quads, and various other four-foot
devices. The present invention may be used in fabricating
~ semiconductor devices having any number of contact region feet. The
present iﬁvention may also be used in fabricating capacitors, for example.
While the detailed description in accordance with the present '
invention has been set forth above with regard to the best mode and
preferred embodiment or embodiments contemplated by the inventors, it
is to be appreciated that the present invention is not limited to the above
embodiment or embodiments and that various modifications may be
made to the above embodiment or embodiments without départing from
the broader spirit or scope of the present invention as defined in the
following claims. The specific embodiment or embodiments are,

accordingly, to be regarded in an illustrative rather than a restrictive

sense.



2. The WEPRBYE2t claim 1,” wherein the forming step (b) cBFBAUSIHEShe
steps of: (b)(i) sawing the second side of the wafer in an area where the
trench is to be forned, and (b)(ii) etching the wafer such that the trench

is forned. 3 An el ectri cal apparatus conprising: (a) a sem conduct or
waf er havi ndf a1 , ek second side; (b) a first,l ayer having a
first mater'laf"f’ ] S difirst side of the wafer; and _—--86 - (c)

€ mat eri al for8rred over the-second f t he
waf er, wherein the first ver- and second T1%yer form a f| “\ e at
an edge of the sem conductor wafer. CLAIMS \\\\K\

What is claimed is:

1. A method for use in semiconductor fabrication with a wafer
having a first side and a second side, coxhprising the steps of:

(@)  forming a first layer having a first material over the first
side of the wafer;

(b)  forming a trench from the second side of the wafer such

" thata portion of the first layer becomes exposed in the trench;

()  forming a second layer having a second material over the
second side of the wafer such that a portion of the second layer contacts
the portion of the first layer exposed in the trench; and

(d)  separating the wafer through the trench.

2. The method of claim 1, wherein the forming step (b) comprises the
steps of:

(b)) sawing the second side of the wafer in an area where the
trench is to be formed, and

(b)(ii) etching the wafer such that the trench is formed.

3. An electrical apparatus comprising;

(@  asemiconductor wafer having a first side and a second
side;

(b)  afirst layer having a first material formed over the first side

of the wafer; and

/
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(¢} asecond layer having a second material formed over the

second side of the wafer, wherein the first layer and second layer form a

flange interface at an edge of the semiconductor wafer.
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