RESISTOR FAﬁngﬁ%?;N FI ELD OF THE | NVENTI ON The present |ﬂV€£¢b&§$%@$?Ies

generally to the field of electrical devices. Mre particula

preesent invention relates to the field of resistor fabrication. BACKGROUND
OF THE | NVENTI ON Typi cal m crowave el ectrical devices have bondi ng pads on
the top of the device to provide connections to external circuitry. Bonding
Wi res are connected to these bonding pads to provide these connecti ons.
These bonding wires are typically fragile. They are susceptible to breaking
when subjected to relatively high external florces or when placed under high
pressure. Qther prior mcrowave el ectrical devices have beam | eads on the
top of the device to provide conrRESISTOR FABRICATIGNCircuitry. These beam
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devices. In man r bag devices, resistors are subjected to
relatively h|ghq%§%%#%%F§?%k§%s and pressure. A slurry is typically packed

around the resistor in a rel Ewd@d;kdwlg@@izeﬁ%ﬂrlﬁm*ﬁ@wm t hat can

cause the bonding

Typical microwave electrical devices have bonding pads on the top of
' the device to provide connections to external circuitry. Bonding wires are
connected to these bonding pads to provide these connections. These
bonding wires are typically fragile. They are susceptible to breaking when
subjected to relatively high external forces or when placed under high
pressure. |

Other prior microwave electrical devices have beam leads on the top
of the device to provide connections to external circuitry. These beam leads,
however, are also relatively fragile.

The frailty of bonding wires or beam leads has a number of
drawbacks. For example, resistors are typically used in air bag devices to
protect people when involved in a motor vehicle collision. Resistors provide
an explosive trigger when injected with a relatively high current, igniting
explosive material to activate the air bag. Resistors thus provide a vital role
for air bag devices.

In manufacturing air bag devices, resistors are subjected to relatively
high external forces and pressure. A slurry is typically packed around the

resistor in a relatively high pressure environment that can cause the bonding



-2- wires or beamleads at'tached to the resistors to break. Such breakage
can resuwo9ws40d3c air bag not activating when needed i n apecehishseety Air
bag devices may be provided with circuitry to continually nonitor the
resistors, ensuring they are properly connected to activate the air bag.
The bonding wires or beam|eads of the resistors may break after
installation of the air bag device in an autonpbile or even after the sale
of the autonobile to a customer. This |leads to increased costs for the
manuf acturer as new air bag devices nust ,be reinstall ed. Redundant bondi ng
W res or beam | eads may be used to bette? ensure the resistors wll

activate the ai.r xanpl e, r 6 or res my be
connected to &’%‘?srﬁ'gqg I?&ﬁﬁ@tfﬁ&}&e‘%ﬁo err§§‘?§¥6|t° Wahfo%é‘\&‘lﬂﬁa G t he
bondi ng wires_wi | t break en. t he sI acked..around the resistor.
Thi s redundangfls “ F&Heb%’i’g{] B ﬁ%eecfecg ‘ﬂ} f’§9 air bag devi ces
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present invention is to provide an trical "apparatus that is relatively

durabl e and r airitrigl The'buidiag vﬁbesﬁ@rtbéafmléh@ismfeﬁ@i'émstamh?(b?ealsdt@r provide
an electrical apparatus with a durable and reliable contact interface. A

further objecinstdllation qirtrheemt baghdevite iman autampbide prlevemafbetitersabadf the

apparatus with a contact interface that can withstand external forces.
automobile to a customer. This leads to increased costs for the manufacturer
as new air bag devices must be reinstalled.

Redundant bonding wires or beam leads may be used to better ensure
the resistors will activate the air bag. For example, 4 or6or8 bonding wires
may be connected to a single bonding pad of a resistor in hope that one of
the bonding wires will not break when the slurry is packed around the
resistor. This redundancy technique may reduce the number of faulty air

bag devices at the time of manufacture. The bonding wires or beam leads

may nevertheless break after installation or sale of the air bag device.



A further apphRgheoes the present invention is to provide an e '
apparatus with a sidewall contact interface. A further obj ec%eg'iﬁ%s&'ghg

pr-esent invention is to provide for a resistor apparatus with a sidewall
contact interface that is both durable and reliable and that can w thstand
external forces. A nethod for fabricating an electrical apparatus wth a
waf er having a substrate is described. The substrate has a first side and a
second side. Aresistive region is fornmed over the first side of the
substrate. A trench having a sidewall is fodmed over the first side of the
substrate. A contact |layer having a first material is fornmed over the
sidewal | of the trenclBikkd F STMM ARYOAN 19 1O BIEGTHOFSHIE TINWVEN EHDE The
wafer is separated through the trench. An electrical apparatus that

i ncl udes a substrat e AR Phtheokisgs @fd&p@semrmvegneequ prayide ansecond

sidewal | is also,descr,jbed. The apparatus, incluydes resi.stive region
formed over the qlggrlgiflloaéa%améhgﬁx‘ggp%gb; %@ﬁ%ﬁ%&%@lfenwudesg:ﬂ first
contact | ayer havin ISt eri,al_fornmed ove first.portipn, of,the
Fesi ot ve Tegi on and SuelHes opERt B prebhliRy Pt P lgrdvidi o KRRl M e,
and a second co aﬂ‘@w@ﬁhQ%agl%}f?ﬁ@ﬁﬁl%s%@égfi @r}%&re[ al fornmed over a

. n
second portion of “the resistive reglion an portion of the second

si dewal | of the SUb_StA%ﬁhexCBi?ﬁEt &t}h@?résex{t@ﬁ&éﬁtf‘o% iéacB r8d\RYrAgesrRhl t he
present invention will be apparent fromthe acconpanying drawi ngs and from

the detail ed desppapatugrvithatcondd: dveriaeé Gvdt can withstand external forces.

A further object of the present invention is to provide an electrical
apparatus with a sidewall contact interface.

A further object of the present invention is to provide {or a resistor
apparatus with a sidewall contact interface that is both durable and
reliable and that can withstand external forces.

A method for fabricating an electrical apparatus with a wafer
having a substrate is described. The substrate has a first side and a
second side. A resistive region is formed over the first side of the
substrate. A trench having a sidewall is formed over the first side of thé
substrate. A contact layer having a first material is formed over the
sidewall of the trench and over a portion of the resistive region. The
wafer is separated through the trench.

An electrical apparatus that includes a substrate having a top side,
a first sidéwall, and a second sidewall is also described. The apparatus
includes a resistive region formed over the top side of the substrate. The
apparatus includes a first contact layer having a first material formed
over a first portion of the resistive region and over a portion of the first

sidewall of the substrate, and a second contact layer having a second



-5 - BRI EF DESCRI PTI ON OF ‘'THE DRAW NGS The present invention is illustrated
by way ovo®sadesse and not linmitation in the figures of thscEossmsgadyi ng
drawi ngs, in which like references indicate simlar elements and in which:
Figure 1 illustrates a top view of a resistor nodule; Figure 2 illustrates
a cross-sectional side view along line 2-2 of the resistor nodul e of Figure
1, Figure 3 illustrates, in flow diagramform one nethod used in
fabricating the resistor nodule of Figure 1; Figure 4 illustrates a
cross-sectional side view of a wafer useg to fabricate the resistor nodul e
of Figure 1; Figure 5 illustrates a crosS-sectional side view of the wafer
of Figure 4 after.a . nmesa, structure has_bee?tﬁorned;over,the fer; Figure 6
t

illustrates aneperial forrped gier a seqoad pariopotithe resistive 1ogiqn aRd OVEr &t ter a
mask | ayer h n.d.or oyern th fer., Fiqure 7 illustrates a
cross-sectio ?&g’?‘aoefftgleggv%&dv lﬁgw\%gfog?h%éuﬁtﬁ%g'e 6 after the substrate of
the wafer has bee ﬁﬁ*qgi i ] - 0SS5 A side view
of the wafer of Fﬁaure ‘g@%g%ﬁﬁﬁg'?ﬁ%g??gﬁ%@%?afﬁg égféﬁﬁhggﬂgé%n et ched;

Figure 9 ill ugillBb Q?p&re?ﬁ%?n%ﬁé&éc% an?:iﬁ'% draR Mg add'@onpiier d&hilkd gur e 8
after the mask | ayer has been renoved; Figure 10 Tllustrates a

cross-sect i ondéscsiptiontheyvfodowdtselowaf er of Figure 9 after a patterned
contact |ayer has been fornmed over the wafer;

L]



WD 95/ 34083 wr $488al 1 illustrates a cross-sectional side vi ew(grf t he waf er

of Figure 10 after the underside of the substrate of the waf dreiieHeaR
thi nned; Figure 12 illustrates a cross-sectional side view of the wafer of
Figure 12 after the wafer has been separated; Figure 13 illustrates, for an

alternative enbodi ment, a cross- sectional side view of the wafer of Figure
11 after a patterned contact |ayer has been fornmed over the underside of

the wafer; Figure 14 illustrates, for an alternative enbodi nent, a cross-
sectional side view of the wafer of Figure -18-after the wafer has been
separated; Figure 15 illustrates a top view of a resistor nodul e; and
Figure 16 illustrates a cr oBRIERDESQRIPTEDNE OF FTHEIDRAWINGS 16- 16 of the
resi stor nodul e of Figure 15. -7- DETAI LED DESCRI PTI ON The fol | owi ng

detai |l ed description sktespriesentiinzestier isf illustateddbyremay afrexanipldiandntat i n
accordance with the present invention for resistor fabrication. In the
fol | owi ng descri piisetion imihefigures of the accompanying dsawings: st whidhlike as

specific materi als rocessi ng sequengces, etc..,. .
P references mglca similar ef:ements and’in which:

Figure 1 illustrates a top view of a resistor module;

Figure 2 illustrates a cross-sectional side view along line 2-2 of the
resistor module of Figure 1;

Figure 3 illustrates, in flow diagram form, one method used in
fabricating the resistor module of Figure 1;

Figure 4 illustrates a cross-sectional side view of a wafer used to
fabricate the resistor module of Figure 1;

Figure 5 illustrates a cross-sectional side view of the wafer of
Figure 4 after a mesa structure has been formed over the wafer;

Figure 6 illustrates a cross-sectional side view of the wafer of
Figure 5 after a mask layer has been formed over the wafer;

Figure 7 illustrates a cross-sectional side view of the wafer of
Figure 6 after the substrate of the wafer has been sawed;

Figure 8 illustrates a cross-sectional side view of the watfer of
Figure 7 after the substrate of the wafer has been etched;

Figure 9 illustrates a crosé-sectional side view of the wafer of
Figure 8 after the mask layer has been removed;

Figure 10 illustrates a cross-sectional side view of the waler of

- Figure 9 after a patterned contact layer has been formed over the wafer;



in order to provide a thorough understandi ng of the present invention. It
wi || be woisggsuss however, to one of ordinary skill in thel,%f,hsgsm;”t he
present invention nay be practiced without these specific details. In other ,
i nstances, well-known processing steps, equipnent, etc., have not been
described in particular detail so that the present invention is not
unnecessarily obscured. Figure 1 illustrates a top view of a resistor
nodul e 100, which is one enbodi nent of the present invention. Figure 2
illustrates a cross- sectional side view along line 2-2 of resistor nodul e
100. Resistor nodule 100 is also referref"to as an apparatus, an electrical
apparatus, and a device, for exanple. Resistor nodule 100 incl udes
substrate 106. SubEiguze 31 ilbestraiys derasssections] sidst yiewpktheavafer obr exanpl e,
that includes_a N-- substrate regjon. A variety of other types of

seni conduct or Figye P 2 t@%“??a‘ifn‘&?@lf{edéf thgéﬂg?tﬁatﬁro@fé\fr? (‘ﬁ‘fagﬁ" hasbesmesent

i nventi on. Reﬁhstqé nodul e 100 al so includes a resistive region 103.

Resi stive reg AM4%Y3 is also referred to as a resistive |ayer. Resistive
region 103 is el ecgguﬁ‘ré‘ﬁbgn&é%%a{g 5%&;%@&1&9&1‘5?&4 vieGPLPIR Warkr b2
Resistive region 1 may - be created, for exanple, Usihg an I on inplant

process. Resi pighi¢€ 10 afteP thelafdrhasHeeRRephragsl;conduct or regi on 103 over an
N- - -8- semconductor region 106, for exanple. Seniconductor region 103

serves as a resi st Figursnseligtatag)donRy altematiRiensbhdiaidrg, 4 esdsst i vity val ue.
Resi stive region 103 has a relatively low resistivity as conpared to that

of sectional side view of the wafer of Figure 11 after a patterned contact
layer has been formed over the underside of the wafer; |
Figure 14 illustrates, for an alternative embodiment, a cross-
“sectional side view of the wafer of Figure 13 after the wafer has been
separated; |
Figure 15 illustrates a top view of a-resiétor module; and
Figure 16 illustrates a cross-sectional side view along line 16-16 of

the resistor module of Figure 15.



substrate stive region 103 resides in a nesa struct ﬁ?{g
resi st or rmjvg(gf B?gjo Mesa structure 104 is rectangular in shg%]gw%gé) top
vieew of resistor nodule 100, as illustrated in Figure 1. Contact regions
141- 142 are also referred to as contact |ayers. Contact regions 141-142
extend fromresistive region 103 on the top side of resistor nodule 100
over a sidewall at respective ends of resistor nodule 100. Contact regions
141- 142 are the connection points for resistor nodule 100 to external
circuitry. Contact regions 141-142 both hawe a relatively large surface
area to hel p ensure good contact to external circuitry. Contact regions
141-142 may be conprised of titaDETAILEDDESCRIBPFIANand ni ckel (Ni) for
one enbodinent. Ni is preferable as Ni is well-suited for soldering. These
Ni contact |ayers maylhedobobsngdetaileg desariptionisets foxdnpbpecifitth a thin

llayer of gold ( ﬂ%@? Such a coating nmay serve to prevent the corrosjion or
oxi dation of thé& Wé@!‘e mBpsinents imascortance with ghe ReeseBt HurEmtigDabi | ity

f N. F t f N
Cont act 1 eqi ons MHESEIS! R ey bt RUPPEDR AGEtT B EoR BPFEHS SR8 1. For
| | Cu | d
T ST T B
i nat f | , T
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Contact regi ons wWifilsel A4dBRY hexweas tBQJnQVéSIU?GuﬁQS rsRm 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.

Figure 1 illustrates a top view of a resistor module 100, which is
one embodiment of the present invention. Figure 2 illustrates a cross-
sectional side view along line 2-2 of resistor module 100. Resistor
module 100 is also referred to as an apparatus, an electrical apparatus,
and a device, for example.

Resistor module 100 includes substrate 106. Substrate 106 may be
a silicon (Si) substrate, for example, that includes a N~ substrate region.
A variety of other types of semiconductor substrates may also be used in
practicing the present invention.

Resistor module 100 also includes a resistive region 103. Resistive
region 103 is also referred to as a resistive layer. Resistive region 103 is
electrically coupled to two contact regions 141-142. Resistive region 103
may be created, for example, using an ion implant process. Resistive

region 103 may be an N semiconductor region 103 over an N~



side of substrate 106, may be substantially flush with the surface of the -

bot t om sw¢lesapgssubstrate 106, or may extend only partial lp¢ratsespsobs' e
sidewal I s of resistor nodul e 100. Resistor nodule 100 nay be attached

across circuit gaps using either solder or conductive epoxy. Resistor
nodul e 100 can be configured to be a replacenent for present beam | ead or
bondi ng wire devices. Alternatively, resistor nodule 100 can be nade
smaller or larger to address a customrequirenent. The design of resistor
nodul e 100 allows the device to be nade_relatively small. The fact that
contact regions 141-142 have relatlvelyshlgh surface areas helps to inprove
the durability and reliability of connectigns to resistor nodul e 100. The
connect i on sé¢igengductorregionctO6: forraxampler Sempcanslurter 11@6!%31(@305&1’7‘?95( ove the
ability of resistqr nodule 100 to withstand re tlvelé5 ext er nal

forces. Resi 8% Bresisiivg maierial ang may baye any syitablerepisti - air bag

devices. Th t t 0 b |

esi ot ant 't oREVBRRE FeEtn AR® 5RE A ralaRieli ot EesioAiF SEnBTSR thabal & Td in a
latively h d f
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for exanpl e. rdgigtlf hodlull hG@tMt&@%ﬁruhﬁ:r@|19W1§jie%9£xﬁgﬁlixoiﬁwr§h'\?’@‘¥rdfﬁtd‘Od used in

fabricating a resistor nodule. The nethod of Figure 3 nay be used to
fabricate resdpvivw oDehsistorl@ddiuds 1605 aspllwstrated beFigureaxpl ai n the net hod

o Contact regions 141-142 are also referred to as contact layers.
Contact regions 141-142 extend from resistive region 103 on the top side
of resistor module 100 over a sidewall at resp’eétive ends of resistor
module 100. Contact regions 141-142 are the connection points for

* resistor module 100 to external circuitry. Contact fegions 141-142 both
have a relatively large surface area to hélp ensure good contact to
external circuitry. .

Contact regions 141-142 may be compriéedof titanium-tungsten
(Ti-W) and nickel (Ni) for 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 of gold (Au). Such a coating may
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 regions 141-142 may
include other conducti_\}e 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.



G850 of

?
of Figure 3wosgkisg§S 4-12 Will be used to illustrate the var g,ﬁﬁlsgg,
e view of

the method of Figure 3. Figure 4 illustrates a cross-sectiona
a=wafer used to fabricate the resistor nodule of Figure 1. For one
enbodi ment, a seniconductor substrate is provided to performthe nethod of
Figure 3. This substrate is illustrated, for exanple, in Figure 4 as
substrate 300. Substrate 300 nmay be a silicon (Si) substrate, for exanple,
that includes a N-- substrate region. A varjety of other types of

sem conductor substrates nay al so be used T?l'practi cing the present

i nvention. Substrate 300 nmay be used to fabricate any suitable nunber of
resi stor structures 100e botiommide gbprsistor frmdudg 46D mny onsubrasiially of
substrate 300. Figures 4-12 illustrate the fabrication_ of three resistor

modul es usi ng subénABRRd flgb. Confast Freipns 14k-1Hemageatend belowpthg houem has
Chvention.For g obagbairatific,iaag be HbSrRHALY Shuh with e SLERFeB thear e a
i st t t i t i i I i dt
fabricate a oot RRtomadERFa TR I iy pOBRUT BarRIIR SERg e PC L0
300 is inplant Edsiéi@vgléggﬂf‘eﬁ]srt&dm%ﬁlﬂ@ﬁ?(?f ions to create region 302 on the
) 0

surface of substrate e nunber ions inplanted into substrate 300

determ nes the |evel Résiét@ﬁhﬁidtﬂéflﬁoi'xﬁyE@Qit%he@%ro%ﬁ&ﬁ@%ﬁa@@ﬁngﬂy t hen
e

be annealed to activate the ions. Region 302 has a relatively | ow

resistivity as ceithrseltidroricoatuctiveepoty.aResisiod mauledolicanibent may be

used to create an N sem conductor region 302 over an N-- sem conduct or

regi on 300, for condigyired to\be a replacement for present beam lead or bonding wire
devices. Alternatively, resistor module 100 can be made smaller or larger
to address a custom requirement. The design of resistor module 100
allows the device to be made relatively small.

The fact that contact regions 141-142 have relatively high surface
areas helps to improve the durability and reliability of connections to
resistor module 100. The connection scheme with respect to resistor
module 100 helps to improve the ability of resistor module 100 to
withstand relatively high external forces.

Resistor module 100 may thus be used as a trigger {or air bag
devices. Thé connections to resistor module 100 can be made relatively
resistant to breakage when slurry is packed around resistor module 100
in a relatively high pressure environment.

Resistor module 100 may be used for other purposes as well.
Resistor module 100 may be used as an RF resistor, for example.

Figure 3 illustrates, in flow diagram form, one method used in

fabricating a resistor module. The method of Figure 3 may be used to

fabricate resistor module 100 for example. To better explain the method



- 11 - sem conductor region 302 may have a resistivity in the range of
appr oxi meoesg4od3 4 ohns, for exanple. Substrate 300 may bepSrbssmbed t o any
suitable ion inplant process and may be used to create a region 302 having
any suitable resistivity value. Resistive region 302 is also referred to as
a resistive layer. For one enbodi nent, a mesa structure 304 may be formed
over substrate 300, as illustrated in Figure 5. Figure 5 illustrates a
cross- sectional side view of the wafer of Figure 4 after nesa structure
304 has been .formed over the wafer. I\/Esqpstructure 304 includes resistive
0

regi on 303. Mesa structure 304 may be forned using a suitable etch

techni que to r.epjove tions of resistiye region 302 from each i on of
substrate 300 %ﬁ%ﬁ%@rgs fekd ‘é’%lgge HB"&{F%‘IW%F‘F‘% e VRSIQUSHRRE ChiEEa

structure 304 is rectanqular in shape froma top view, as illustrated in
Figure 1. Negﬁeéioplfgt@ r%,€4 may have ot her shapes as well. Resistive
‘region 303 of nesas;sh 4, l%gg_' . LSt lave Legi. 2 after
substrate 300 has Bge{lé%{lg{?gg%& eéi S F%lc{r{eaig)lg?g%%é%‘é (#fsae‘é gtg"%ggggred to as

a resistive |fayBeatethé r&fbPRIORICBAFIZTRAE 1 For dheRnidiflenkigure 3, the
resistive region may be fornmed by formng a patterned nmask | ayer over

substrat e 30Genticorsdipjtocsubiraid & profvided B pPerforrh aheé method ofPigure 3process to
create resistive regions in exposed portions of substrate 300. This mask

| ayer may i ncThisleubstyateis ilhistratedy fer exdmplecin Biguphdtssebstsate 300r exanpl e,
and may be forned using any suitable technique. The nmask | ayer prevents
cover ed port ioipstrete 3hmay bea dbicon (Bhswhsitrade. dopexampte, beat ibeludesdved usi nf

any suitable gechgi que. . _ . .
N substrate region. A variety of other types of semiconductor

substrates may also be used in practicing the present invention.

Substrate 300 may be used to fabricate any suitable number of
resistor structures 100 that may depend, for example, on the size of
substrate 300. Figures 4-12 illustrate the fabrication of three resistor
modules using substrate 300. This number of devices is exemplary and
has been chosen to provide for a clearer understanding of the present
invention.

For step 200 of Figure 3, substrate 300 is used to fabricate a resistor
structure. For one embodiment, an ion implant process is used to
fabricate a resistor étructure. This is illustrated in Figure 4. Substrate 300
is implanted with a desired number of ions to create region 302 on the
surface of substrate 300. The number of ions implanted into substrate

* 300 determines the level of resistivity for region 302. Substrate 300 may
then be annealed to activate the ions. Region 302 hés a relatively low
resistivity as compared to that of substrate 300.

An ion implant may be used to create an N semiconductor region

302 over an N~ semiconductor region 300, for example. N



] .
-12- Suit akye o9fysks contacts may be forned over portions of {,gpmggfuio.;{gor
structure where the resistive region is to be contacted. For™ exanple,

sui tabl e ohm c contacts may be forned over portions of resistive region 103
that are to be contacted by contact regions 141-142 as illustrated in
Figures 1-2. Suitable ohmc contacts may be forned after the resistor
structure has been forned for step 200 of Figure 3. For one enbodi nent
where mesa structure 304 with resistive region 303 has been forned for the
resistor structure, suitable ohnic contactslmay be formed after resistive
regi on 302 has been fornmed over substrate 300 and just prior to the

formati on of nesemiconduasorregien 3¢hmayUiawed resistivity indheasnge ofhni que may
be used. For exanple, ohm c contact material such as nickel, palladium

silicide, or pl &PPaeximatelycl-dohmsforeample; Swytiate IWway theubjested fe

waf er and patterned using suitable photolithography and etch techniques,
for exanpl 6. ThenSiiH @ oIISRAEIIRS BIGUEPS 38 TR Heed (1 CT8R T eBon A
whet her resi sti egion_3 has .been doped w th. boron o hosphorou For
step 205 of Fi gy aRp s enStahy VRRE RsletiyideRibaip R ARt RiReR (o
formtrenches oygr : or one enbodi nent, a mask layer is first
formed over the\{%a?tg:}@g\‘r%g{'%%aﬁegr ned into mask regions 311, 313, and 315 as

L 0y L Sk B AR AL R B S R ol vl o

313, and 315 hagubsweatel300rasliiRaatddE Figlies 5. Figure 5 illustrates a cross-
sectional side view of the wafer of Figure 4 after mesa structure 304 has
been formed ovér the wafter. Mesa structure 304 includes resistive region
303. Mesa structure 304 may be formed using a suitable etch technique to
remove portions of resistive region 302 from each region of substrate 300
from which a resistor module will be fabricated. Mesa structure 304 is
rectangular in shape from a top view, as illustrated in Figure 1. Mesa
structure 304 may have other shapes as well. Resistive region 303 of
mesa structure 304 remains from resistive region 302 after substrate 300
has been etched. Resistive region 303 is also referred to as a resistive
layer. |

For another embodiment for step 200 of Figure 3, the resistive

region may be formed by forming a patterned mask layer over substrate
300 and subjecting the wafer to a suitable ion implant process to create
resistive regions in exposed portions of substrate 300. This mask layer
may include any suitable material such as photoresist, for example, and
may be formed using any suitable technique. The mask layer prevents
covered portions of substrate 300 from being doped and may be removed

using any suitable technique.



In form ng mask regions 311, 313, and 315, any suitable mask material may
be used wg9dssgys be forned and patterned over the wafer I ng any
sui tabl e techniyque. Mask regions 311, 313, and 315 may copn%rrﬂl}%gm‘sﬂ§

phot oresi st, for exanple, that has been spun-on and patterned with

phot ol i t hography techni ques. O her suitable mask materials, including other
phot osensitive materials, may al so be used here and nmay be fornmed and
patterned over the wafer using any suitable technique. Mask regions 311,
313, and 315 define scribe line regions_312 and 314 over the surface of the
wafer. Scribe |line regions 312 and 314" 1faverse the | ength of the wafer and
run substantially parallel to one another. Scribe |ine regions 312 and 314
defi ne where the tablephmigrondagss maye formedpyearrpartiosswéthell ong scri be
line regions 312 and 314 to create pifs 322 and 324 as il‘i\t;\}gtrated in
Figure 7. Fi J&¥gtop siiuctivevehere the pgsisitve reglan galbecoptrcieduwfeh t he wafer of

Fi 6 af he sub f the wefer,has been sawed. Scribe i
regi ons 312 HAHAs SHeOlnk oS e RS et BT BonShl 315 ' mmy

serve as a gyLde.] ] ' , t di t, the
mask | ayer igb%gttw"?lﬁl m?%ﬁ‘}oatét% {%%%%‘Q ?r}ltt:j gé&@ﬁ@@ggg%gk@g@?g@ and 315.
Rat her, the nBsS&ri@HSA Fdures 1f0r med over the wafer and then sawed to define

mask regions 311, 313, and 315 while creating trenches 322 and 324. The
waf er is not enti rSuitablepihad @htads endynbeé fornidl After vafresisfor seieaie pits 322

and 324, as illustrated in Figure 7. Each [err] 322 and 324

has been formed for step 200 of Figure 3. For one embodiment where
mesa structure 304 with resistive region 303 has been formed fbr the ‘
resistor structure, suitable ohmic contacts may be tormed after resistive
region 302 has been formed over substrate 300 and jﬁst prior to the
formation of mesa structure 304. Any suitable ohmic contact technique
may be used. For example, ohmic contact material such as nickel,
palladium silicide, or platinum silicide, for example, may be deposited
over the wafer and patterned using suitable photolithography and etch
techriiques, for example. The ohmic contact material may depend, for

~example, upon whether resistive region 302 has been doped with boron
or phosphorous.

For step 205 of Figure 3, the wafer is subjected to a saw-and-etch
process to form trenches over the wafer. For one embodiment, a mask
layer is first formed over the wafer and patterned into mask regions 311,
313, and 315 as illustrated in Figure 6. Figure 6 illustrates a cross-
sectional side view of the wafer of Figure 5 atter a mask layer including
mask region's 311, 313, and 315 has been formed over the wafer.

In forming mask regions 311, 313, and 315, any suitable mask

material may be used and may be formed and patterned over the wafer



may have anywgokiiqogy € depth and width. After creating pits 32@@@5,3%@
substrate 300 is etched in scribe |ine regions 312 and 314 as define By

mask regions 311, 313, and 315 to create trenches 332 and 334. This is
illustrated in Figure 8. Figure 8 -14- illustrates a cross-sectional
side view of the wafer of Figure 7 after the substrate of the wafer has
been etched. Any suitable etch technique and chem stry nay be used here to
create trenches 332 and 334. For anot her nggdlnent pits 322 and 324 are
not created at all. Rather, trenches 332 334 are created by etching
substrate 300 in scribe li ne regions 312 and 314 as defined by mask regions
311, 313, and 319singoany suitabletechiniqua.  Mask regionaBlb 338cand dthmiayue and
chem stry may be used here to create trenches 332 and 334 using nmask

regi ons 311, 313°°’5\H!15§ﬂ‘°&%reﬁlsﬁé§¥<exwpker tlﬁ?@ﬁ\?t’&?@@“:??i‘neﬁwaé‘ézpaﬁﬁﬁlé‘?%een

f d, k 1 15 h f,

i IOIr lrJn:t ra'[melz i Leg:méafgﬁgéhrgﬁ tF‘F q}g?{es:t rregvsalt&gge %ﬁlf %bqv{\%lg{éf de view
f th f 1

Cenoved: - Any sui eipbfeodet BholReNsi el iRlIeridl maf leo BE Bett Ry Sa HERT

311, 313, and 31Be f6Rhed taﬁg j%&@rﬂéd BV@UiR wafed u@ﬁ%} W%t@&@%ﬁ&ﬁu!}@é’ er

i ncludi ng contact regions rned over waf er

illustrated in Fi gureMadsk s8110313, landAtIBIRFinR FiB6 ImegefiomRA12%nde Vi ew
of the wafer of Figure 9 after a patter ned contact |ayer hasS been forned

over the wafer. Gbhbaert thecyirfare oB4le BrhPerarSeribedmerregiimsed 2tamdad] 4c0ad erse
| WELS the length of the wafer and run substantially parallel to one another.
Scribe line regions 312 and 314 define where the wafer will be separated.

The wafer is sawed along scribe line regions 312 and 314 to create
pits 322 and 324 as illustrated in Figure 7. Figure 7 illustrates a cross-
sectional side view of the wafer of Figure 6 after the substrate of the
wafer has been sawed. Scribe line regions 312 and 314, as defined by
mask regions 311, 313, and 315, may serve as a guide in sawing pits 322
and 324.

For another embodiment, the mask layer is not initially patterned
into mask regions 311, 313, and 315. Rather, the mask material is formed
over the wafer and then sawed to define mask regions 311, 313, and 315
while creating trenches 322 and 324.

The wafer is not entirely separated here in sawing the wafer to
create pits 322 and 324, as illustrated in Figure 7. Each pil 322 and 324
may have any suitable depth and width.

After creating pits 322 and 324, substrate 300 is etched in scribe
line regions 312 and 314 as defined by mask regions 311, 313, and 315 to

create trenches 332 and 334. This is illustrated in Figure 8. Figure 8



For one enbodi ment, contact regions 341-342 are formed by first formng a
conduct owa xade83over the wafer. For exanple, titanium tupggiRisidedrs W may
be sputter deposited over the wafer. This Ti-Wlayer may serve to provide
for a diffusion barrier layer for contact regions 341-342. Qher diffusion
barrier materials may al so be used. Gold (Au) is then sputter deposited
over the Ti-Wlayer. This Au | ayer - 15 - may serve to facilitate the
pattern plating of gold (Au) or nickel (N), for exanple, in formng
contact regions 341-342. Alternatively, gny suitable material or _

conbi nation of materials may al so be used in place these Ti- Wand/or Au

| ayers. For e I ni ckel (N ) y be used in _place of Au here to

f aZi litate t hﬁ%@?ﬁ%ﬁ“ﬁ%{f‘?é@% glaﬁ_,‘m?‘eirosfé&%mfa of Fignrs Aftgr thant ac]'E

the conduct orTesaté REME WAy 1AL kel lchaul AR sttt B erCnidoe nel s o ng
hot or esi st, #fdm ' ) ; IS terned mask | ayer

!Ds used in patter%hgpg?fﬁg%ﬁgke%%&g?éntﬁees(’iﬁ?,ﬁd%}a' exanpl e, over the

under | yi ng barri er F@nghotREeinbeHirhee bits B2 6h8208 af@RbRGleal RUACUIE 341- 342.

. After this pattern plating process, the patterned mask layer 1s renoved.

he SurTace of Lhe valor ey inon be i oamee b0 N rpl 6

the surface o e wafer may then be renove ng, )

| eavi ng cont asribedijienegiBwB124nd314i dsl defired: ydmiask Fegione 310, 319 ake! (N )

n

contact regions are greferabl e as N is well-suited for soldering. These N
t

cont act regi otk gy this enyprdiment any switable etdhaechnique and chemistry
"may be used here to create trenches 332 and 334 using mask regions 311,
313, and 315 as a mask.

After trenches 332 and 334 have been férmed, mask regions 311,
313, and 315 are removed from the wafer as illustrated in Figure 9.
Figure 9 illustrates a cross-sectional side view of the wafer of Figure 8
after mask regions 311, 313, and 315 have been removed. Any suitable
technique may be used here to remové mask regions 311, 313, and 315.

For step 210 of Figure 3, a patterned contact layer including
contact regions 341-342 is formed over the wafer. This is illustrated in
Figure 10. Figure 10 illustrates a cross-sectional side view of the wafer of
Figure 9 after a patterned contact layer has been formed over the wafer.
Contact regions 341-342 are also referred to as contact layers.

For one embodiment, contact regions 341-342 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 contact
regions 341-342. Other diffusion barrier materials may also be used.

Gold (Au) is then sputter deposited over the Ti-W layer. This Au layer

(



\

exanpl e, Wwiwgogsjogsn | ayer of gold (Au). Such a coating nmay
prevent the corrosion or oxidation of the NN contact regi onsﬁﬁ%bﬁ%%’”

destroying the soldering ability of Ni. The contact material conforns to
the contour of the surface of the wafer. Particularly, contact regions
341-342 are fornmed along the sides and bottom of trenches 332 and 334,
respectively, as illustrated in Figure 10. Contact regions 341-342 each
traverse the length of the wafer. -16- Each contact region 341-342 al so
overlies an end portion of the resistive ré§i-on, exposing a center portion
of the resistive region. For one enbodi nent, each contact regi on 341-342
overlies a portimay eérvedeifadilitate thegpatterd(dating edgold tMlupbr nickal @¥i)orur e
304, respectively, exposing a center portion of resistive region 303.

Cont act regi ons S¥ampiginfpEmingeantaetaegiprecidpridd. tilterastivelyy any syitable303.

Contact regions 341-342 may. extend t o nej ghbori sa structures tg the
left or right, rBisEA PYepRbinationfmater W?g%hgg%?gabf’laﬁééh%ﬁ?s 1341- 342

i ncl ud h ' | al [ le,.alum Al
or copper (0n) R o SR Ein SrtalP ANEhst G S5 Br AR A o e
ATO I | il f | Lncl udi
et al s may al So b6 taccty (SRR BaRefl pRE ST PA e MR B ISk O o

Tt 071 a1 4 used Lo B R o e R PR e Ve e
waf er and subs eq;seﬂttbyOm&h@mﬁﬂlét@?ﬁryeaheré;ont act )r/egi ons 341-342.

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) or nickel (Ni), for example, over the underlying
barrier and conductor layers to create contact regions 341-342. After this
pattern plating prpceés, the patterned mask layer is removed. Portions of
the underlying barrier and conductor layers that are exposed on the
surface of the wafer may then be removed by etching, for example,
leaving contact regions 341-342 as illustrated in Figure 10.

Nickel (Ni) contact regions are preterable as Ni is well-suited for
soldering. These Ni contact regions 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 contact regions without
destroying the soldering ability of Ni.

The contact material conforms to the contour of the surface of the
wafer. Particularly, contact regions 341-342 are formed along the sides
and bottom of trenches 332 and 334, respectively, as illustrated in Figure

10. Contact regions 341-342 each traverse the length of the wafer.



Phot ol i t hogr aphy and etch techni ques, for exanple, may be used here to
pattern wonsagisr egi ons 341-342. For step 215 of Figure 3pciicusiogsdssi de or
undersi de of the wafer is thinned as illustrated in Figure 11 as conpared .
to the wafer illustrated in Figure 10. Figure 11 illustrates a
cross-sectional side view of the wafer of Figure 10 after the underside of.
the substrate of the wafer has been thinned. The undersi de of substrate 300
may be thinned here using any suitable technique. For exanple, the

under si de of substrate 300 nmay be -}gé_sandbl asted. The underside of
substrate 300 nmay al so be etched using sui tabl e etch techni que and

chem stry. The underside may be thinned to the extent that the bottom side
of contact regi on§ach contast egiondbl-adl alsp QYgRigsAN endiBPEIRObthes uhstrat e
300, as iIIustr.%ted in F s thin serve.to arate

i e 11. Th i !
Substrate 305ISHYE IR EXPRSIRg A cEnlerRprton f He Reristive region) EQHQS oy o
i 305, . ) . ti ly,
the under o) danibedtiingbhch NBEE fbion el 388 blefles s lortiOnT redi bG8 TE V1Y
regions 341-3 oP?Oﬂ%‘teé‘nﬁP&?&gf o uglichhie 39@93%%.&%&@?&, eigggtn e 300.

Substrate 300 t hen be separated as discu el ow. tep 220 of

Figure 3, theentfpbrtién 8ERBIstveTegitnB03e TGiitaft BibHsSA1- AR drel ustrated in
Figure 12. Figure 12 illustrates a cross-sectional side view of the wafer

of Figure 11ekktricallyrmoupdddto haistiveaagiveBi3atCGuhtadtireginiscs4 1842 thay
separated, for exanple, by sawing the wafer. :
extend to neighboring mesa structures to the left or right, respectively, of
mesa structure 304. |
Contact regions 341-342 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 341-342 may be formed using any suitable
technique. For example, a layer of the material or materials used to
create contact regions 341-342 may -be deposited over the wafer and
subsequently patterned to create contact regions 341-342.
Photolithography and etch techniques, for example, may be used here to
pattern contact regiohs 341-342.
For step 215 of Figure 3, the backside or underside of the wafer is
thinned as illustrated in Figure 11 as compared to the wafer illustrated in
Figure 10. Figure 11 illustrates a cross-sectional side view of the wafer of
Figure 10 after the underside of the substrate of the wafer has been
thinned. |

The underside of substrate 300 may be thinned here using any

suitable techhique. For example, the underside of substrate 300 may be
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The sawcut any suitable wdth. Oher techni ques may e uysed
RIS rélyDhsiiod

to separate t r and include, for exanple, using a | ase The
waf er is separated through, for exanple, trenches 332 and 334. The wafer is
al so separated along scribe line regions that run substantially orthogonal
to trenches 332 and 334, separating sem conductor region 306 into separate
resi stor nodules along the |l ength of the wafer. Contact regions 341-342 are
al so separated for each resistor nodule fabricated from sem conduct or

regi on 306. Resistor nodul es may be sinmiladfy fabricated by separating

sem conductor regions 305 and 307. WO 95/34083 - 18 - The reference
nuner al s used i safdblasted] Theonnderpiviecftsmbstrexe30fsmdy fatso hé gurhed Wbz above.
The bottom side of resistor nodule 100 may be substantially planar and
flat. Contact ré&yitahle etah techpiqugand chemistol.-ow t he bottom si de of substrate

AR R e AR R R X ALV X,
ol ¢ 100, Sepeilepsns MEAEI b B ALS RC R ERR Ll ereY,
S 0] YA M S PRk, AR D e o1t
Figure 13 ill uski;Bi@ste 300 inidYubstatefdpdbhy/503; 306 U7, Baci Ribsuaget i onal
region 305, 306,_ and 307 traverses the length of the water. Alternatively,
the underside may also be thinned such that the bottdm side of contact
regions 341-342 is not exposed through the underside of substrate 300.
Substrate 300 will then be sepérated as discussed below.
For step 220 of Figure 3, the wafer is separated into resistor
modules, as illustrated in Figure 12. Figure 12 illustrates a cross-sectional
side view of the wafer of Figure 11 after the wafer has been separated.
The wafer may be separated, for example, by sawing the wafer.
The sawcut may have any suitable width. Other techniques may alsa be
used to separate the wafer and include, for example, using a laser scribe.
The wafer is separated through, for example, trenches 332 and 334.
The wafer is also separated along scribe line regions that run
substantially orthogonal to trenches 332 and 334, separating
semiconductor region 306 into separate resistor modules along the length
of the wafer. Contact regions 341-342 are also separated for each resistor
module fabricated from semiconductor region 306. Resistor modules
may be similarly fabricated by separating semiconductor regions 305 and

307.



k.
side view of the wafer of Figure 11 after contact regions 351-352 have been
formed owevssdoss underside of the wafer. Wth respect to tgegnigskgede of
Figure 3, contact regions 351-352 nmay be forned over the underside of the
waf er, for exanple, after step 215 of Figure 3. Contact regions 351- 352
are also referred to as contact |ayers. For one enbodi nent, contact regions
351-352 are fornmed by first form ng a conductor |ayer over the underside of
the wafer. For exanple, titaniumtungsten (Ti-W nmay be sputter deposited
over the underside of the wafer. This :I'il-yVIayer may serve to provide for a
di ffusion barrier layer for contact regions 351-352. Qther diffusion

barrier materials y also be useq. Gold (Au) is then sputter deposited
over the Ti-WI ayfﬁ‘%r??ﬁr%“‘;ﬁfnl“aﬁ S HESF gbé‘ﬁé‘)r?ﬁ]ca’g?ﬂi"? Epfq}f@epattern
pl ating of gol Au. or nickel (Ni), for exanple, in formng contact
regi ons 351 }’ég‘i?oruﬁlgpiesgi- Sﬂ%f)g natively, any suitable material or

conbi nati on of makegLl eqﬁq.g ' I L= M\,and/ or Au

| ayers. For. exanpﬁ‘ree,gﬂrslﬁ)éﬁg?a( i)Sllrarg)gqﬁggﬂfseg(?ai!ﬁggnggﬁgtfaxkaﬁ\gere to
facilitate thpamatd! Mlad!@drtaét REidNs 141 029 APBkRndi BRI6RTHRE Bateant act

regi ons 351-352. Furthernore, any suitable technique my be used to form

t he conduct osidesyfesubserate 106, pedyt be sutsbtamily Ayt wiflotheaxafgeeof eloerpri si ng
phot or esi st, may then be formed over the underside wafer. This. patterned
mask | ayer i dottomiside gfsubstrateplOés onmayaxterdanlygpartiatlk@lorg\the f or

exanpl e, over the underlying barrier and conductor |ayers to create contact
regi ons 351- siwallyefgesistoranpdulectdl, dependips mpsdethie extend splsraiened mask

| ayer is

&

300 has been thinned for step 215 of Figure 3.

For an alternative embodiment, a patterned contact layer
including contact regions 351-352 is formed over the underside of the
wafer to fabricate resistor module 100. This is illustrated in Figure 13.
Figure 13 illustrates, for this alternative embodiment, a cross-sectional
side view of the wafer of Figure 11 after contact régions 351-352 have
been formed over the underside of the wafer. With respect to the method
of Figure 3, contact regions 351-352 may be formed over the underside of
the wafer, for example, after step 215 of Figure 3. Contact regions 351-
352 are also referred to as contact layers.

For one embodiment, contact regions 351-352 are formed by first
forming a conductor layer over the underside of the wafer. For example,
titanium-tungsten (Ti-W) may be sputter deposited over the underside of
the wafer. This Ti-W layer may serve to provide for a diffusion barrier
layer for contact regions 351-352. Other diffusion barrier materials may
also be used. Gold (Au) is then spﬁtter deposited over the Ti-W layer.'
This Au layer may serve to facilitate the pattern plating of gold (Au) or

nickel (Ni), for example, in forming contact regions 351-352.



renoved. Pqphig@§$$f the underlying barrier and conductor |ayers that are
exposed on YHE ace of the wafer may then be renpved by ePERUSE06P2H
exanpl e, | eaving contact regions 351-352 as illustrated in Figure 13.

Ni ckel (Ni) contaet regions are preferable as N is well-suited for

sol dering. These Ni contact regions nmay 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 Ni contact regions wthout
destroying the soldering ability of N . Cerndact regi ons 351-352 are forned
al ong the underside of trenches 332 and 334, respectively, as illustrated

in Figure 13. Comltédativeli, any saidbR9da R of ta@isfidher ndnaid)s afayt 1o
waf er. For one enbodi ment, portions of contact regions 351-352 forma

durabl e and r el itebhsedsinrpglacethiese THW and /boad: Jalyets. ebgras@chpiof tickelNGJ
contact regions 341-342, respectively, when contact regions 351-352 are
formed over the maybegisdd inpladesiwad bere tadrnailitatedhepreiaplaigepoffildi, for - 20
- contact regions 341-342 that is exposed on _the underside of the wafer
after thinning ieapRledndpraping contaniregionsmdlnible ugthermares any swiahlet

regi ons 351-352 that, is to cone in éc{)nt%ct W th cglnt act regions 341-342.
For one enbodi meREUAHNE A RS HERR LS DY e SRRauctofdayelerene first | ayer for

each Sontact 1 ealon, Y bRl e o Sefheie Wi MO S B
o vent o RIS e A O T AR L 50
used in pattern plating gold (Au) or nickel (Ni), for example, over the
underlying barrier and conductor layers to create contact regions 351-
352. After this pattern plating process, the patterned mask layer is
removed. Portions of the underlying barrier and conductor layers that
are exposed on the surface of the wafer may then be removed by etching,
for example, leaving contact regions 351-352 as illustrated in Figure 13.
Nickel (Ni) contact regions are preferable as Ni is well-suited for
soldering. These Ni contact regions 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 contact regions without
destroying the soldering ability of Ni.
| Contact regions 351-352 are formed along the underside of
trenches 332 and 334, respectively, as illustrated in Figure 13. Contact
regions 351-352 each traverse the length of the wafer.
For one embodiment, portions of contact regions 351-352 form a
durable and reliable surface-to-surface bond with exposed portions of

contact regions 341-342, respectively, when contact regions 351-352 are

formed over the underside of the wafer. Here, the material used for
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Ti-Wmay be used in creating these bonds. Using the sane material here may
facilitayveokhsss ormati on of a durable and reliable bond bahweRpenst act
regi ons 341-342 and 351-352, respectively. For still other enbodinents, the,
materials used to bond contact regions 341-342 with contact regions 351-352
may be different. Contact regions 351-352 nay 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
netal s or combinations of materials including netals may al so be used.
Furthernmore, contact regions 351-352 may" be forned using any suitable
techni que. For exanple, a layer of the material or materials used to create
contact regi GABtastregions 3ily34%that kiposed ehdhe unsleppifle of theywalfisequent | y
patterned to gre t.e_cont act re@i 388 351- 3&%? n-ga;lOt‘o-l ith_‘gﬁr qghy End etch
t echni ques, POFT EVARHIES RElereldy 198 §amgAs the material wseeivr S8RACEgi ons
351-352. For . %E%Ra;}'g?-?gi tljlzdt.quC?CO%ﬂg? F&Wa? @iﬁﬁe{dﬁq%ét\@%%@%ql'l_:@ay’ the

ted n F es FlTusira N

t
noau , as

waf er is separ 0 resisto i'gure 14.
Figure 14 - 21 i : f J. S 3 'R di S |
cross-secti onal siFgéo\b}jgv?\x/{%@t 3*’&3?%%?’“%%‘5?@1@3??gg&gﬁgﬁﬁgﬁér has

been separ at @gyer FoL @ &nta@efROnTNBRLHM 3510852 X48RIresulb) Ganable t he
waf er. The sawcut may have any suitable width. O her techniques may al so be

used to separaadaelihblevinfermetailic surfhcsmy-stdacebompisformetingtewebaser scri be.
The wafer is separated through, for exanple, trenches 332 and 334.

contact regions 341 and 351 and between contact regions 342 and 352 for

this embodiment. For other embodiments, another material in place of '

Ti-W may be used in creating these bonds. Using the same material here

may facilitate the formation of a durable and reliable bond between

contact regions 341-342 and 351-352, fespectively. For still other

embodiments, the materials used to bond contact regions 341-342 with

contact regions 351-352 may be different. |

Contact regions 351-352 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 351-352 may be formed using any suitable

technique. For example, a layer of the material or materials used to

create contact regions 351-352 may be deposited over the wafer and

subsequently patterned to create contact regions 351-352.

Photolithography and etch techniques, for example, may be used here to

pattern contact regions 351-352.

For step 225 of Figure 3 for this alternative embodiment, the wafer

is separated into resistor modules, as illustrated in Figure 14. Figure 14



The wafer i parated along scribe line regions that run
substantialﬁ@géigw@gonal to trenches 332 and 334, separating BeHUBBMERS: or
region 306 into separate resistor nodules along the Iength of the wafer.
Cont act regions 341-342 and 351-352 are al so separated for each resistor
nodul e fabricated from sem conductor region 306. Resistor nodul es may be
simlarly fabricated by separating sem conductor regions 305 and 307.

Cont act regions 341-342 that have bonded with contact regions 351-352 form
wr ap-around contact regions as illustrated-Bh-Figure 14. Bonded contact
regions 341 and 351 and bonded contact regions 342 and 352 are separated in

separating t he willastratag) for s alt@rnatia-catlsudithea®d adlsskedicial kile wiepasmat e
resi stor nodules fabricated fromthe wafer. For this alternative

enbodi ment, resi showaterdefl BgatOl13 after theadafes hasbeed sépuratedlevi ce that is
configured for surface nounting, for exanple, over a printed circuit board.
Cont act regions 151- 15hewvafer maychmsaparated, fari exasnplesby sswvisygptherwaiere 100
to external circyjtry. Contact regions 151- 152 are both relatively flat on
the underside of NESR¥CYE Maydhave ampbsuitaiie xedth. cQthardeahniques mayalse 88 bot h
relatively large, T ens 00

external circuitm 9?&123%%5%?%#&8%#? i‘é‘%”i‘ggslﬁﬁé’% %f‘%%‘p %ﬁ"éﬁ’r@g l%%p%g&ta%;? act
e Seonuee o COThESkaf R A AR Ao SR, RPN JREHE, 100
As contact regi ohelddfel {2180 et BlcdAlohE 9EPE 148 FediBRs (R4t Fun
substantially orthogonal to trenches 332 and 334, separating
semiconductor region 306 into separate resistor modules along the length
of the wafer. Contact regions 341-342 and 351-352 are also separated for
each resistor module fabricated from semiconductor region 306. Resistor
modules may be similarly fabricated by separating semiconductor
regions 305 and 307.
Contact regions 341-342 that have bonded with contact regions
351-352 form wrap-around contact regions as illustrated in Figure 14.
Bonded contact regions 341 and 351 and bonded contact regions 342 and
352 are separated in separating the wafer and create a wrap-around
contact region for separate resistor modules fabricated from the wafer.
For this alternative embodiment, resistor module 100 is a leadless
monolithic device that is configured for surface mounting, for example,
over a printed circuit board. Contact regions 151-152 are the connection
points for resistor module 100 to external circuitry. Contact regions 151-

152 are both relatively flat on the underside of resistor module 100.

Contact regions 151-152 are also both relatively large. These features



wr ap- around contact regions that have rel atively higher surface areas, a
nore du reliable connection may be nade to resipHy e 100.
Such a ?ﬁ(ﬁﬁ%&ﬁ%n can better withstand relatively high externsgfm?g;rces as
conpared to prior bonding wires or beamleads. Figure 15 illustrates a top
view of a resistor nodule 400, which is another enbodi nent of the present

I nvention. Figure 16 illustrates a cross-sectional side view along |line
16-16 of resistor nodul e 400. Resistor nmodule 400 is also referred to as an
apparatus, an electrical apparatus, and_a device, for exanple. The nethod
of Figure 3 may be simlarly used to fadficate resistor nmodul e 400.

Resi stor nodule 400 differs fromresistor nodule 100 in its fabrication of
a resistor shelplognsuregoed spniagbtagxtemal giscwisty . JEomaghiragions T Hel¥bove

di scussion pertaining tq resistor dul e 100 that is not inconsistent with
t he bel ow di 8182895 e;r@?l tP@éicgi‘EﬂCt%’@Eﬁ-e 400 applies for resistor nodul e
400, as well. Resi,stor dul e 400.i nc Subst 406, resi,stive region
403, and cont act P&@q“@ﬁs@&&’l@&ﬁ‘fg‘% {l{l?f%?eaxpcg3Pg-ﬁgz,dgsxisgordpgguﬁeef erred to
as a resisti r ] | ' i dul e 400, a
resistive re\gile%h?%gge? g}ﬁgﬁ{eg@%é%ﬁ)%é@?f@%gﬂsh?r@étftug&ﬁ%g\gttggg f)err irqn{ﬂt he resistor

structure. circdfiy. REShSbbMRAGKCI4I40R drkt EHRRANQLGH 151 BFBAm om a {op
vi ew of resistor dule 400, as illustrated in Figure 15. Resistive |ayer
403 may have wrapeiroahdrentAs régibhs that have relatively higher surface areas, a

more durable and reliable connection may be made to resistor module
100. Such a connection can better withstand relatively high external
forces as compared to prior bonding wires or beam leads.

Figure 15 illustrates a top view of a resistor module 400, which is
another embodiment of the present invention. Figure 16 illustrates a
cross-sectional side view along line 16-16 of resistor module 400. Resistor
module 400 is also referred to as an apparatus, an electrical apparatus,
and a device, for example.

The method of Figure 3 may be similarly used to fabricate resistor
module 400. Resistor module 400 differs from resistor module 100 in its
fabrication of a resiétor structure for step 200 of the method of Figure 3.
The above discussion pertaining to resistor module 100 that is not
inconsistent with the below discussion for resistor module 400 applies for
resistor module 400, as well.

Resistor modulé 400 includes substrate 406, resistive region 403,
and contact regions 441-442. Resistive region 403 is also referred to as a.
resistive layer. |

For step 200 in fabricating resistor module 400, a resistive region

403 is patterned over substrate 406 to form the resistor structure.



Substrate 40§ o&94pss €Si stor nodul e 400 nay conprise any sui tap&Fb@J{ tive,
sem -insulative, or otherwise relatively high resistive material.""SITtTcon

(Si) or a ceramic material, for exanple, may be used. To create patterned
resistive layer 403, tungsten silicide [err] for exanple, may be deposited
over substrate 406 and subsequently patterned, for exanple, using

phot ol i t hography and etch techni ques. For anot her enbodi nent, an insulative
| ayer including silicon dioxide [err], for _exanple, may be forned over
substrate 406 that includes silicon (Si). -#Ai's insulative layer is
subsequently patterned exposing the region over substrate 406 where

resi stive | ayer ResBtive layertA03ds cetangular irestepe fsomha tp vievaof wasistdi ) or
cobalt (Co), is deposited over the wafer. The wafer is then heated, causing
the netal to re&edwer490; aeilliistratashin Figurd b2 r Resisuvslaysr 4P2may hawd | i ci de

| ayer. The netalﬁgoe not react with portions of substrate 406 that are
covered by the OS¢ 3 %aFXV%k The nmetal may then be rempved using an

tchant that d K. the silici te 406.. or_the,insul ati
ctan that s ot gt ALk S RUBR I e bR v
As 't : i - LS, f Ve I

Rosist i ve | ayer HibdIatife taMilifis GANEE St dhbhyRedblativbfinighiibislOc SEINALRD

rai sed over thesslionaGe &fa B¢ HlRed0f R Nall §Iﬁ1§k%_ds@d’?i gure 15.
Rat her, silicide |ayer 403 nmay be substantially flush with the surface of

substrate 406. - 2X o créhiegpat tathéd bdsistivat lay o4 (3, naygsaabss oilinkia8F 81 ) ofor

resistive |layer 403. Patterned resistive |ayer 403 nay be fornmed over

substrate 406 uskample, may be deposited over substrate 406 and subsequently
patterned, for example, using photolithography and etch techniques.

For another embodiment, an insulative layer including silicon
dioxide (5i02), for example, may be formed over substrate 406 that
includes silicon (Si). This insulative layer is subsequently patterned
exposing the region over substrate 406 where resistive layer 403 is to be
created. A metal, such as titanium (Ti) or cobalt (Co), is deposited over
the wafer. The wafer is then heated, causing the metal to react with the
silicon in substrate 406 to create a silicide layer. The metal does not react
with portions of substrate 406 that are covered by the insulative layer.
The metal may then be removed using an etchant that does not attack the
silicide, substrate 406, or the insulative layer. The insulative layer may
then be removed using suitable techniques. As a result, substrate 406 is
covered with a silicide laver to serve as resistive layer 403. For this
embodiment, resistive laver 403 may not be raised over the surface of

substrate 406 as illustrated in Figure 15. Rather, silicide layer 403 may be

substantially flush with the surface of substrate 406.



ot her suitable techniques ‘as well. Depending upon the process used to
Create tWo 9564083t or structure for step 200 of Figure 3, secraishsoedzenster
materials including netals may be required to provide for an appropriate
ohm c contact between the resistive region and the contact regions. In the
f oregoi ng description, the invention has been described with reference to
specific exenplary enbodi nents thereof. It wll, however, be evident that
various nodifications and changes nay be nade thereto wi thout departing
fromthe broader spirit or scope of the ygresent invention as defined in the
appended cl ai ns. The specification and drawi ngs are, accordingly, to be

ded |1 h
CLATNG hat 19 ol ap et Sl Raliart aEy dlsd B \ed o oRRi S Tven 480 ca

apparatus wt a first _
side and a segoﬁeﬁﬁﬁg%sg?#r%e?ﬁod cén%%gp{ﬁ?i&%ﬁ%%&@%ﬂﬁg formng a
resistive regb%rgﬁﬁgblbt}gcﬂmgﬁésgg@guof the substrate; (b) formng a
trench having a sidewal l ovet] the first side of the substrate; (c)

formng a contact Dependitguipth thel progbss e todlredteehe Fdidsi6F Sieueture Of the
trench and over a portion of the resistive region; and
for step 200 of Figure 3, suitable transfer materials including metals may

‘

be required to provide for an appropriate ochmic contact between the
resistive region and the contact regions.

In the foregoing description, the invention has been described
with reference to specific exemplary embodiments thereof. 1t will,
however, be evident that various modifications and changes may be
made thereto without departing from the broader spirit or scope of the
present invention as defined in the appended claims. The specification
and drawings are, accordingly, to be regarded in an illustrative rather

than a restrictive sense.



(d) separ {fd shebdde Waf er through the trench. 2. -The et p’%ﬂ"‘%ﬁ%ﬁ%m 1,

wherein the resistive region formng step (a) includes the s (i)
subj ecting the first side of the substrate to an ion inplant process, and
(a)(ii) renmoving portions of the substrate over the first side of the
substrate such that the resistive region is forned. T LT26- 3 ‘The - —
nmet hod of claim 1, wherein the resistive region formng i nel udes
the step of: (a)(i) formng a patterned mask | ayer over”mrmﬂ@llugaﬁlﬁf
the substrate, and (a)(ii) subjecting the-£drst side of an
ion inplant process to formthe resistive region in an exposed portion of
the substrate. 4. The net hod of cl ai @llAIMBerein the resistive region
formng step (a) includes the step of: (a)(i) formng a resistive materi al

| ayer having a second material over the substrate, and (a)(ii) patterning
the resistive rial layer to formthe resistive region. 5. The net hod
of claim4, wher@iatisa d material includes tungsten silicide. 6.

The nethod of claim 1, wherein the resistive region form ng step

1 A method for fabricating an electrical apparatus with a wafer
having a substrate, the substrate having a first side and a second side, the
method comprising the steps of:

(@)  forming a resistive region over the first side of the
substrate;

(b)  forming a trench having a sidewall over the first side of the
substrate;

() forminga contéct layer having a first material over the
sidewall of the trench and over a portion of the resistive region; and

(d)  separating the wafer through the trench.

2. The method of claim 1, wherein the resistive region forming step
(a) includes the step of:

(a)(i) subjecting the first side of the substrate to an ion implant
process, and

(a)(ii) removing portions of the substrate over the first side of the

substrate such that the resistive region is formed.



(a) includes the step of: (a)(i) formng a patterned |ayer over the first
si de of wbessdoestrate, (a)(ii) formng a material | ayer hsvinpshspesaecond
mat eri al over the patterned mask Tayer, and - 27- (a)(iii) heating the

substrate to formthe resist ' iy ' Substrate. 7. The met hod
of claim1 wherein the seconmmmm ““m l es titaniumor cobalt. 8.
The method of claim 1, whereinr the redtstsive region includes tungsten

F

silicide, titaniumsilicide, or cobalt silicide. 9. The nmet hod of claim
1, wherein the trench formng step (b) 'gcl udes the step of etching the
substrate such that the trench is forned” 10. The net hod of claim1,

wherein the trench form ng step (b) includes the steps of: (b)(i) saw ng
the first si de of Feangdyoskofghaim | ewhereinghe wesistiveregipnioring s¥P f or med,
and (b)(ii) etgchi the substrate such that the trench is forned. 11. The
met hod of cl z?)rﬁ“ff,]"&méﬁ%ﬂ??tqe first material includes nickel, gold,

, | um . . Th ' : L Si h
Ctep of removing OBy doringr s pRECAR et 9ePhier Y ARERLEURAE® 1 fo”

-substrate sughptirade 4§ €l ectrical apparatus has a substantially planar
bottom side after the |

(alii) subjecting the first side of the substrate to an ion implant
process to form the resistive region in an exposed portion of the

substrate.

4. The method of claim 1, wherein the resistive region forming step
(a) includes the step of:

(a)(i) forming a resistive material layer having a second material
over the éubstrate, and

(a)(ii) patterning the resistive material layer to form the resistive

region.

5. The method of claim 4, wherein the second material includes

tungsten silicide.

6. The method of claim 1, wherein the resistive region forming step
(a) includes the step of:

(a)(i) forming a patterned layer over the first side of the
substrate,

(a)(ii) forming a material layer having a second material over the

patterned mask layer, and



waf er has bgenRsssgar at ed. - 28 - 13. The nethod of clai %&T/UE#?(}(BE
conprising the step of renoving aﬁﬁrtion of tﬁe substrate fromthe Second

si-de of the substrate such that EI Lml{mﬂﬁﬂm chont act layer formed in

the trench is exposed through th the substrate. 14. The
met hod of claim 13, further conprising the step of formng a second contact
| ayer having a second material over the second side of the substrate such
that the second contact |ayer is electrically coupled to the exposed
contact layer. 15. The method of claim 1427wherein the third materi al

i ncl udes nickel, gold, copper, or alumnium 16. The nethod of claim1,
wher ei n the separ at i fgXEbdyatioy thosypbdtsde to hans tpresists@wegiprt instheaf er
through the trench. 17. A resistor nodul e conprising: (a) a silicon
substrate havi nguBsttate- side, a left sidewall, and a right sidewall, wherein
the top side includes an etched nesa structure that is part of the silicon
substrate; (b) an i nplanted resistive sem conductor region residing in

t he et ched t f t. ide of .th N .Sub te;

ort substrat e fot al i Befod ol il Svidte™ tig Rebha maRrRLREH R ooi bt i ve

sem conduct or r?fgmﬁn’%ﬁl%ﬂi ng directly to a left portion of the etched
0

nmesa structure the silrcon substrate and that al so adheres to the |eft
sidewal|l of the silicon substrate;

8. The method of claim 1, wherein the resistive region includes

tungsten silicide, titanium silicide, or cobalt silicide.

9. The method of claim 1, wherein the trench forming step (b)

includes the step of etching the substrate such that the trench is formed.

10.  The method of claim 1, wherein the trench forming step (b)
includes the steps of:

(b)(i) sawing the first side of the wafer in a region where the .
trench is to be formed, and

(b)(ii) etching the substrate such that the trench is formed.

11.  The method of claim 1, wherein the first material includes nickel,

gold, copper, or aluminum.

12, The method of claim 1, further comprising the step of removing a
portion of the substrate from the second side of the substrate such that
the electrical apparatus has a substantially planar bottom side after the

wafer has been separated.



(d) a right substrate netallic—eentact—tayer that contacts the inplanted
resi sti vevasssmqoganduct or regi on bi adh\ﬂ“j\g directly to a 5t9nfsd9§k%5§ on

-29 - of the etched nesa m‘“ﬁ\m‘ ﬂ‘ silicon substrate an at al so
adheres to the right si del con substrate. 18. The resi stor

nmodul e of claim 17 wherein* ttfe I'eft and ri ghtfFSoBstrate=retaic cont act
| ayers are each conprised of titaniumtungsten TH@H%EHﬁéﬁEENOrg nmodul e of
claim 17, further conprising: (e) a second|left BEBYAPEPe netfllic

contact |ayer . that covers the left substrate netalTrc contact tayer; (f)

a second right substrate netallic cont acs -l ayer that covers the right
substrate netallic contact |layer. 20. The resistor nodule of claim 19,
wherein the second left and second right substrate netallic contact |ayers

are each conpyj sed_of nickel, 21. The resistor nodule of claim19, wherein
t he second Ie# d'&h E'\:?(Sl?fb‘?i"f ﬁtmsluﬁtrtﬂﬂ%rt@mlangutbeétﬂmtatcrtemcayegg are each

d of Th t d f 9% f
P s e e HIEAAR SRR Ind SR e S R A Gt a0 econd

| ef b |
rrgtglﬂjcsf:gﬁt act ?-%lfélpﬁtcﬁﬂ{& \S/'g%g& eglsg%lce)r%ﬁen dﬁ?xg‘rﬂﬁfg{]ﬁa"é?'ég reiltltlelc

contact | ayersecérd side¢f theslibstpdtemodul e of cl ai n22, wherein the third |eft
and third right substrate netallic contact |ayers are each conprised of
gold. 24. A resistor nodule conpri sing:

14.  The method of claim 13, further L‘omprising the step of forming a
second contact layer having a second material over the second side of the ‘
substrate such that the second contact layer is electrically coupled to the

exposed contact layer.

15.  The method of claim 14, wherein the third material includes

nickel, gold, copper, or aluminum.

16. The method of ¢laim 1, wherein the separating step (d) comprises

the step of sawing the wafer through the trench.

17. An electrical apparatus comprising;

(@)  asubstrate having a top side, a first sidewall, and a second
sidewall;

(b)  aresistive region formed over the top side of the substrate;

(c)  afirst contact layer having a first material formed over a
first portion of the resistive region and over a portion of the first sidewall

of the substrate; and
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(a) a silwewansgegdstrate having a top side, a left sidewal |l pcgnsogiiifors
sidewal |, and a bottom wherein the top side includes an etched nesa

structure that is part of. the:s nﬁ Hﬁﬂm (b) an i npl ant ed

resi stive sem conductor region M“ﬁmﬂﬂl tched nesa st ’_?\g —of . the
top side of the silicon substrate; ¢ a left suls tziiiégéjrc
wrap-around contact that contacts the |rrpl ant ed resistive s@

|

region by adhering to a left portion of the,) et ched nesa structure of the
silicon substrate and that also adheres té%He left sidewall of the silicon
substrate and a left portion of the bottomof the silicon substrate; (d)

a right substrate netl@l i ca secopdaiontant layerthasing haecthmmrsaltrhenedpl ant ed
resistive sem conductor region by adhering to a right portion of the et ched
mesa structure AVERSeSPRd Portian S themesistivg region aa}ck@"%ron@%m@f e right
sidewal | of the sili on su nd a right portion of the bottomof the
silicon substrat¥BgS qf%é‘i%?tb‘?’ Stiatful e of claim 24, wherein the left
substrate netallic wap-around contact is further conprised of a left top
portion coupled to a left bottom portion, wherein the left top portion

adheres to the Igft pﬁﬁéé Eustcfﬁ:lfi?ﬁli'ﬁ g?ﬁ%ﬂﬁéf&is'ﬁr\@r %xcﬁﬂ%cﬁlde’scon

substrate and to the Ieft on substra wherein the

left bottom pOfttluﬁgs@ﬂfyi’l_ﬁcﬁae,tt&ahhﬁn'sﬂfd&d@@rtdo@mt@fhcﬁ@@ bottom of the
silicon substrate; wherein the right substrate netallic wap-around contact

is further conprised of a right top portion coupled to a right bottom
portion, wherein the
19.  The apparatus of claim 17, wherein the resistive region is formed

in the substrate.

20.  The apparatus of claim 17, wherein the first material includes
nickel, gold, copper, or aluminum and wherein the second material

includes nickel, gold, copper, or aluminum.

21.  The apparatus of claim 17, wherein the apparatus has a

substantially planar bottom side.

22.  The apparatus of claim 17, wherein the substrate has a bottom
side;

the apparatus further comprising:

()  athird contact layer having a third material lormed over
the bottom side of the substrate and electrically coupled to the first

contact layer; and
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right top portion adheres to the right portion of the etched nesa structure
of the s | ubstrate and to the rigf

substrate V\ﬁ@r'gr n the right bottom por1 |1(-)’?t|lsaﬁ pE%Hf ﬁﬁﬂfﬂj%%? portion of _
the bottomof the sH+ieon—substrate. The—resictar—anddl e of cl aim 24,
wherein the left and ri ubstrate rretallrc wr ap-around contacts are each
conpri sed o““““@m“ Mﬁten AMENDED SHEET - 31- 27. The resistor
nodul e of c the left and right substrate netallic

wr ap- around é&ont ac‘ts are each conpri sedr}Bf titanium tungsten covered with
ni ckel . 28. The resistor nodul e of clai'm’Z4, wherein the left and right
substrate netallic wap-around contacts are each corrprr sed of titanium
tungsten covered wif h gofakrth contact layer having a fourth material formed over

the bottom side of the substrate and electrically coupled to the second

contact layer.

23.  The apparatus of claim 22, wherein the third material includes
nickel, gold, copper, or aluminum, and wherein the fourth material

includes nickel, gold, copper, or aluminum.
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