Title: A M CRO ELECTRONI C BOND DEGRADATI ON SENSOR AND METHOD OF MANUFACTURE
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substrate having sensor circuitry and a sensor stud and a power stud
extending therefrom The sensor circuitry includes a volt- age-to-current
anplifier having an input coupled to sensof stud and an output coupled to
the power Pont stud stud. The voltage-to-current anplifier is operable to
convert a voltage signal occurring along the sen sor stud to a current

si gnal output along the power stud. [err] [err] [err]

AMICRO-ELECTRONIC BOND DEGRADATION SENSOR
AND METHOD OF MANUFACTURE

CROSS REFERENCE TO RELATED APPLICATIONS
This épplication claims the benefit of U.S. Provisional Application No.
60/119,166, entitled "Micro Electro-Mechanical Systems Adhesive Bond Degradation
- Sensors," filed February 8, 1999, the contents of which are herein mcorporated by

reference in its entirety for all purposes.

BACKGROUND

This invention relates to devices and systems for detecting bond

degradation and more particularly, to micro-electronic devices and systems for detecting
degradation in an adhesive bond formed between two or more sMcﬁres.
. Bonded structures that are comprised of materials adhesively fixed
together can provide relatively light weight with great strength. An adhesive material is
" typically applied to one or both of the materials, which are then pressed into contact.
After the adhesive cures, the adhesive material holds the two mateﬁals'together, without
physically altering the state or condition of the respective materials. Bonded ﬁatedals
offers many advantages over traditional joined materials, which usually require drilling
and riveting of plates with the consequent prbblems associated with increased stress at the
rivet holes. Thus, the bonded materials do not loose any of their inherent strength or
other features of the materials themselves. Bonded materials are extensively used, for
example, in the aircraft industry for making aircraft wings, fuselage coverings, and other
body structures. .
A complete release of the bond betweén materials, called a disbonding, is
unusual and, fortunately, is typically rather easy to detect. One problem with bonding
-,technology is reliably detecting a loss of strength of the bonded structure, as opposed to a
complete disbonding 6f parts of the structure. The lack of a test for partial bond
degradation has (1) limited the application of bonded manufacture and repair technology,
especially in critical components of air-frames; (2) meant that the current technology



err] [err] [err] [err] [err] [err] [err] [err] [err] [err] err]
%err% [err] [err] [err] [err] [err] [err] [err] [er?]AUQE@r 3
[err] [err] [err] [Jerr] [err] [err] 8 August 2003 A
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" REFERENCE TO RELATED APPLI CATI ONS This application clainms the benefit of
U.S. Provisional Application No. 60/119,166, entitled "Mcro
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damage with the separating bonded repair patch; and (4) resulted in unnecessary, and
expensive, removal of old or suspect bonded repair patches for replacement with a new
patch. |

There is a great need for a reliable technique for monitoring the condition
of bonded components in both military and civilian applications. The development of
such technigues would lead to a greater confidence and hence wider application of

‘bonding technology for manufacture and Tepair, more reliable condition-based
maintenance of bonded structures, and improvements in bonding methods through the

understanding gained from the use of degradation-sensitive sensors in the study of bond

degradation mechanisms.

Macroscopic Fracture Mechanics Testing

Macroscopic examination of fractured surfaces has revealed that adhesive _
-failure can occur at the adhesive bond interface between materials. Corrosion has been
found to exist in the metal layeré that are bonded together, under some conditions.
Generally, fracture surfaces of specimens subjected to dry air show that failure oceurs
principally in the adhesive film itself. Fracture analysié of specimens tested in humid air,
however, reveal large areas of adhesive failure at the bond interface, and also reveal
evidence of corrosion in the bonded materials. This clearly demonstrates the need for a
reliable metal interface sensor. . _
Commoﬂ macroscopic testing methods that will be known to those skilled
in the art include the “Boeing wedge test” (ASTM D3762-79, reapproved 1988) and the
Constant Load Point Displacement Rate Test.
The Boeing wedge test is the standard test method for adhesive bonded
surface durability of Aluminum (Al). The method simulates in a qualitative manner the
.forces and effects on any adhesive bond joint at a metal adhesive/primer interface. Inthe
Boeing wedge test, one end of a double-cantilever beam (DCB) speciinen isopenedtoa
specified and constant crack opening displécement using a wedge. The elastic energy
release rate depends on the crack length. The crack 13n§th typically cannot be measured
accurately due to the uncertainty in loc'ating.the crack tip. Hence there is a need for a test
that eliminates the need to measure the crack length, '
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nmor e rel i abiveigateithinpdhesivedayers in adhesive/metal interfaces. The manner in which water
: degrades an adhesive bond is complex. It is believed that the processes of bond

.degradation_ involve the migration of water ahead of the crack tip, the decoupling of the
adhesive or coupling agent from the oxide, and the hydration of oxide at the unprotected
sites on the oxide surface. Models of the X-ray generation ciose to an interface, using
Monte Carlo and finite element techniques, allow for the determination of thin layers on
the interface and hence microscopic insight of the adhesive/metal interface. The SEM
observations imply that the metal oxide is not being degraded by diffusion of water
through the bulk oxide. Thus diffusion of water must be occurring either along the
epoxy/metal oxide bond interface or within the epoxy. The macroscopic fracture
mechanics tests would indicate that the diffusion of water is suspected to be along or very
close to the interface. _

Electrical impedance measuréments from 10 Hz to 10 MHz have been
.performed on bonded specimens after differént times of exposure to water. The results

show that the metal-epoxy-metal bond initially behaves like a capacitor and then becomes
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two bonded surfaces (the so called “kissing bond” problem). All of these NDE

techniques require good access to the bonded region visually and/or manually. The x-ray
systems often suffer from occupational health and safety considerations, since typical x-
ray energies used are around 200keV. '

Honeywell Smart Sensor Technology

An electrochemical-based smart sensor system was develoéed by
Hoqeywell Technology Center to provide early warning detection of corrosion related
symptoms in hidden locations of aircraft structures. The Honeywell system, called
“Smart Aircraft Fastener Evaluation (SAFE)” system, detects symptoms of extensive pH
cycling and the presence of extensive moisture,

The SAFE system measures ionic activity in real time. The SAFE system
uses a prototype Lawrence Livermore National Laboratory (LLNL) multi-element micro

SEnsor array'developed under the Smart Metallic Structures (SMS) program designed to
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o présenc_e-and rate of bond degradation in an adhesive bond line formed between i.'\‘_&;(_) or -

more structures. Further needed is a bond degradation sensor of minimal size to permit
the sensor's implementation within a thin adhesive bond line. . ” .
. French Patent Aﬁplicatioﬂ FR.-A-2732-46S describes a nﬁcroelectronié
‘sensor. U.S. Patent No. US-A-5245293 describes a microelectronic sensor for méﬁitoring,
- . bond degradation. Finally, U.S. Paten; No. US-A-4423371 describes the construction of

a microelectronic sensor formed on a sensor substrate.

SUMMARY OF THE INVENTION

- The present invention provides for a micro-electronic bond degradation

sensor which is operable to detect the presence and rate of bond degradation in an -
adhesive bond line formed between two or more structures. The micro-electronic bond -
degradation sensor can be fabricated on the order of 20-100 um thick and can easily be

embedded into very thin adhesive bond lines to provide accurate bond monitoring



bond with ingress of mater Devel opnent of this technlque could lead to a
nondestructive technique for interrogating the'integrity of 8 AYBes$i2083 bonds
inthe field. Current NDE Systens for Bonded Conponents .Three conventi onal
non-destructive eval uation (NDE) techni ques are connnnly used with

adhesi vel y bonded repairs. The three tgghniques are (1) x-ray toanraphy,
(2) ultrasonics (including |aser ultrasonics), and (3) infra-red |nag|ng
Al  of thegebllgchni ques are external to the bonded conponent. are
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requi re .good .access t-o the bonded region visually and/or nanually The
Xx-ray systens often suffer fromoccupational health and safety -
consi derations, since typical x- ray energies used are around 200keV.
Honeywel | Smart . Sensor Technol ogy An el ectrocheni cal - based smart -sensor
systemwas devel oped by Honeywell .Technol ogy Center to provide early
war ni ng detection of corrosioon related synptoms in hidden | ocations of
~aircraft structures. The Honeywel| system called "Smart Aircraft Fastener
Eval uation (SAFE)" system detects synptons of -extensive pH cycllng and t he
. presence of extensive mojsture. The SAFE system neasures ionj-c activity in_
real time. The SAFE system uses a prototype Lamﬁence Li vernore Nati onal -
Laboratory (LLNL) multi-element micro sensor array 'devel oped under the.
Smart Metallic Structures (SM5). program designed to 8 August 2003 5 sense a
speci fic ionic phenomenon. Those skilled in the art will be famliar with-
t he SAFE .system and LLNL sensors. ‘The sensor systemis packaged.in Hi-Lok
fasteners used to-bolt aircraft skin t oget her. Various nethods for nDuntlng
the sensors in the fasteners have been used. Typically, a corrosive
‘el ectrol yte solutien is- transported fr.om between aircraft skin |ayers via
a series of capillary channels tocated in the well of the fasterer to-an
|nternaIIy | ocat'ed environment al : chanber, where the-LLNL sensor array :can
sense the effects and' quantify early corrosi on synptons Al'so used are
desi gns mnth the sensors nDunted in a :



shal l ow sl ot on the outside of the fastener. . The SAFE system provides
sufficient corrosion nonitoring capability in bolted areas.8BH84 2003t el v,
corrosion detection using the SAFE systemis often tinmes only possible

t hrough enpirical association wthout physical insight as to the cause of
the bond degradation. Further disadvantageously, the hollow structure of
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‘'sensor cir quil,i try includes a August 2003 6 voltage-to-current anplifier
havi ng an2PhButhes soppasing ¢ dabhesracion ¢irawid having ansoputeupleddo the power
stud and an oufput.

In accordance with a second aspect of the invention, there is provided a micro-
electronic bond degradation sensor embedded within an adhesive bond line formed
between the surfaces of a first conductive plate and a second conductive piate, the
micro-electronic bond degradation sensor comprising:

a sensor substrate haviﬁg a first major surface and a second major surface;

a sensor stud extending from one of the major surfaces of the sensor, substrate,
the sensor stud not contacting the surface of either conductive plate;

a first power stud extending from the first major surface of the sensor substrate,
the first power stud contacting the surface of the first conductive plate;

a second power stud extending from the second major surface of the sensor
substrate, the second power stud contacting the surface of the second conductive plate;
and

sensor circuitry formed on the first major surface of the sensor substrate, the
sensor circuitry comprising a voltage-to-current amplifier having an’input coupled to

the sensor stud and an output coupled to the first power stud, the voltage-to-



to the power stud. The voltage-to-current anplifier is operable to convert
a voltage signal occurring along the sensor stud to a currefRAUSHYRIO3

out put along the power stud. In accordance with a first aspect of the
invention, there is provided a mcro- electronic bond degradation sensor,
conprising: a sensor substrate having two maj or surfaces; a sensor stud
extending froma major surface of the nsor substrate; a power stud
extending froma major surface of the sensor substrate; and sensor
circuitry formed on a maj or surface of the sensor substrate, the sensor

circuitr i Sl a veltage-to-current anplifier .having an input coupled
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first power stud, the voltage-to 8 August 2003 "6a current anplifier
configured to @dHv@OWensydbeengingsiam tie fusicuaien sutfacss of the sesnsabstetteythe 0 a

cur rent - SigoahweARh iR ;6 QTREL 5F AR SRkARELEASt i on i rouit having an

i nput

a second power stud extending from the second major surface of the sensor
substrate, the second power stud contacting the surface of the second conductive plate;
and |

sensor circuitry formed on the first major surface of the sensor subsﬁate, the
sensor circuitry comprising: .

a data extraction circuit having an input coupled to the first power stud and an
‘output, the data extraction circuit configured to receive a multiplexed data and power
signal and to output, in response, a data signal; and '

a voltage-to-current amplifier having an input coupled to the sensor stud and an
output, the voltage-to-current amplifier configured to convert a voltage signal occurring
on the sensor stud to a current signal; |

an external interface having a first port coupled to the first conductive plate for
outputting the multiplexed data and power signal and for receiving the current signal, and

a second port coupled to the second conductive plate for providing a reference signal.



coupled to the first power stud and an output. In accordance with a third
aspect of the invention, there is provided a sensor nonit or Prtio¥§tsddds  or
detecting bond degradati on of an adhesive bond |ine formed between the
surfaces of a first conductive plate and a second conductive plate, the
sensor nonitoring systemconprising: a mcro-electronic bond degradation
sensor enbedded within the adhesive bog& line, the sensor conprising: a
sensor substrate having a first major rface and a second maj or surface; a
sensor stud extending fromone of the major surfaces of the sensor

substrate, the sensdc})lgl stud not contacting the surface of_ either conductive
plate: a first Pacaordanes with 2 fauuth aspect poibe invention, Seregjpervidediarmetbed §or ¢ he

sensor s ulisiniiak Bledidplatdd EsypeP QRIS dif H SeflUARLILN habdihRHId & Gnbhinhe 17t
conductive plafe; a Second power stud extending fromthe second major
surface ofmgtpldayes the methndiwompaising: t he second power stud contacting the
surface of the :l?@ﬁ QHQH I : { itry formed on the
first major sur clggo %t e g@'lrllc\sf%r‘%fg{)gl%or%r?e, S@'ﬁ{gaﬁfssedr:iisg‘%%& rcuitry

conpri si ndydwfldetiaaests racti on circuit having an i nput coupled to the first
power stud and.an output _the . data extraction.cireuit.configured to

recei ve a mul tiL%fT&%?jg g’ﬁts méﬁ?&dﬂ‘%%waég Fbﬁth‘"’ﬁfaaﬂg‘i% gd&{ﬂﬁ'l"f)‘ﬁta?ld'r n response, a
data signal; afcinfrsiod tlegeerhicondiicior afami iaf da@frated Aimg ozide IiARMImEMUR ed to
t he sensor_stud, and an utput, fhe voltage-to-current anplifier configured
.to conver thyar(\’/‘&etsgg’él_c’?itﬁ%ﬁ%ﬁ%’tﬁi‘-‘ﬁ‘ﬁf’gzmﬁﬁgldﬁaaﬁénsor stud to a current
signal; an ext emfksihgiRIsERG@dnBaMbNFafer i SubktaBR4]ly TPMREE abfd; t he first
conductive plate for “outputting the nultiplexed data and power signal and
for receiving iRECEURE &ha sapigarductarngalen ik acwhiraisd raine etide do amgmemBms econd
conduct | vayioalde sofitioR o Yirfhich Brofy 1€ BRARRSe 5indWRlde 1fhyAUISt 2003 6B I n
accordance’with a fourth aspect- of the invention, there I's provided a

met hod for forcappry ckdctreplatipg theddrmeshpine oxidadayenn a semi conduct or waf er
having an al um num netal |ayer, the nmethod conprising: dipping the

sem conductor wafer into an substantially 50:1 water: hydrofluoric acid;
In accordance with a fifth aspect of the invention, there is provided a method

for forming eléctroplated copper studs on a semiconductor wafer having an aluminum
metal layer, the method comprising: |

exposing an aluminum pad area of the aluminum metal layer;

dipping the semiconductor wafer into an approximately 50:1 water:
hydrofluoric acid; '

cleaning the exposed aluminum pad,;

depositing substantially 1 micron of copper the exposed aluminum pad, thereby '
forming; and

copper elecﬁ'oplaﬁng the immersing the semiconductor wafer in a saturated zinc
oxide in ammonium hydroxide solution to form a conductive zinc oxide layer;

immersing the semiconductor wafer in substantially 70% nitric acid;

immersing the semiconductor wafer in a saturated zinc oxide in ammonium
hydroxide solution to further grow the conductive zinc oxide layer; and

copper electroplating the formed zinc oxide layer.



I mersing the sem conductor wafer in substantially 30%nnitric acid,

I mrersi ng the sem conductor wafer in a saturated zinc oxide ﬁﬁQSWﬁ@Wﬁ @m
hydr oxi de solution to forma conductive zinc oxide |ayer; inmersing the
sem conductor wafer in substantially 70%nitric acid; imrersing the

sem conductor wafer in a saturated zinc oxide in ammoni um hydroxide
solution to further grow the conductivg zinc oxide |ayer; and copper

el ectroplating the formed zi nc oxide | In accordance with a fifth
aspect of the invention there is prOV|ded a nethod for formng

el ectropl at ed %@g studs on sem conduct or . waf er having an al um num

netal |ayer, ﬁﬁ’ec@fﬁ]é"smﬁf@m&’ﬁ tetenis Beavidsd methad & t he
al um num %ﬂﬁhﬁﬂ&a{)ﬂ%munijb%' ('ﬁgb&tﬂﬁn SEMce QICera)y@fo‘ﬁra E]EI:& AR insulator

approximately 5 wat er hydr of | uori c aci | €ani ng the exposed al um num
pad; depo¥fafdr havisgpdemervics laxzr,landmtp@aﬁdm’ce b@md@ﬂdeﬂengdwﬁammqmm pad,

t hereby BQr{dEQerer 8@18@‘36m .roplating the i mersing the sem conductor
wafer in a saturat’ed zinc ‘'n ammoni um hydroxi de solution to forma
conducti ve zi netcbiogaits umﬁsrdemmsnorﬁngMMmm trectictied pitvyaheetchad pits
substanti 0% nitric acid Mer s nductor wafer in a

sat ur at ed%tf%c}: %?egggﬁe@pom?fdh? %‘&F@%%’ %‘g?’ﬂfl? Tt o further grow the
conduct i ve zi ndemsitig anaoside; lagsrcio elepRalle isoliid tRlckpbsed stifeen i@ eerdcreiinc

oxi de Iaye 8 August 2003 6c In accordance with a sixth aspect of the

. invention; t? ’here is provided a nmethod for fabricating al um num pads on

bot t om sur f acee@mngeavwheerlp%m &T’thée)ilbdsé@ﬁﬁn&pomﬂé Wyl fbrﬂle%ﬁﬁxh sHRéhNg
top devic %qd?yer and internediate buried oxide layér, and a bottomsilicon
handl e wa et hod conprising: etching pits in the device |ayer to

expose silicongmnitdha u@,},ﬁ,gﬁgq ARk § b&tﬂﬁ-xc]‘éf‘ be xtending to expose a
portion of the interned ate urf ee oxl ‘Fiaygpéﬁ]%%pogl ting an oxide | ayer
to el ectrical | yeresdnethe botiem siliposkandlsiwifeon in the etched pits; etching a
center portion of the exposed buried oxide |ayer to the bott om si | i con

In accordance with a seventh aspect of the invention, there is provided a method
for fabrication aluminum pads on bottom surface of silicon device wafer on the silicon
device wafer having a pre-fabricated top surface and a bottom surface comprising:

bonding the top of the silicon device wafer to a handle wafer;

thinning the bottom surface of the silicon device waferto a prédeﬁned thickness;

depositing an insulating layer over the exposed bottom surface of the silicon
device layer; ‘ '

exposing, in predefined areas, the bottom surface of the silicon device wafer;

depositing aluminum in the predefined areas, wherein the deposited aluminum
forms electroplating pads formed on the bottom surface of the silicon device wafer.

In accordance with an eighth aspect of the invention, there is provided an on-
wafer electroplating control circuit for controlling the formation 6f an electroplated
structure, the on-wafer electroplating control circuit comprising:

an on-wafer resistor having a first port and a second port; and

an on-wafer current driver having a first port coupled to the second port of the on-
wafer resistor and a second port coupled to a plating pad, the on~wafér current driver
configured to provide a predefined current to the plating pad responsive to the application
of an enable voltage at the first port of the on-wafer resistor.



handl e wafer; form ng alum num pads at the bottom of the etched pit; and
renoving the bottom silicon handle wafer. In accordance withSAUgHIEROR
aspect of the invention, there is provided a nethod for fabrication

al um num pads on bottom surface of silicon device wafer on the silicon
devi ce wafer having a pre-fabricated top surface and a bottom surface
conprising: bonding the top of the silé on device wafer to a handl e wafer;
t hi nning the bottom surface of the silTcon device wafer to a predefined

t hi ckness; depositing an insulating | ayer over the exposed bottom surface
of the silicon device |ayer; exposing, in predefined areas, the bottom

surface of the siliOg%r peangAdyantages Op theinressnt invention ghaulé be prpapmbdef i ned

areas, Whefph thelfhifowiP asdch ] ' p med on

the bottom surface qut he gﬁﬁfgﬁé%\%%%%mﬁé@g%%%%@%@%ﬁ?é%ﬁaﬁggn

ei ght h aspgsanplefthe pandiploeefithoinventipsr e i s provi ded an on- wafer _

el ectroplating control circuit for controlling the formati on of an

el ectroplated structure, the on-wafer electroplating control circuit

conpri sing: an on-waf er BRAEF IERCRIBVION OF THE HRAWINGSNd a second port; and

an on-wafer current_driver Ing a first port coupled to t second port

of: the on- wafer rég’lggtlciara‘?adrq]@/’él“gtéa&%{?@ a}S‘SISEleé'W E%P?CBV%lYp?fgtehOngcgad, IOt he

on-waf er Gtructemtin sedostiance W bhasislihentor tieipiesed invalehi ned current to the
| ati d L) h ication  of an enabl e voltage at the

.Pi-?slt ngorlof1 o;efﬁgnzhmgg %’éiiaﬁfj ?“aééfQBgmo@Wi@‘dlamq\%é’?eWSgﬁﬁﬁes and

advant agesesdor IhE Reeadekte WithidRlehbodBhatbEhd Bread@i #veAion. f rom t he fol | owi ng

description of the reéerred enbodj ment, which illustrates, by way of

exanpl e, the princi pifed AoHlustraiesacaematicrpf tsrgensor ppaiiy pracemdarce Frth DRAW NGS

Figs. 1A @ﬁgelﬂaﬁodﬂnbﬁﬁ{fﬁ]ﬁt}ﬁegeﬁﬁneé}ﬁoﬁ_i de views, respectively, of a bonded
structure in accordance W th one enbodi nent of the present invention. Figs.

2A, 2B and 2C i | | ustigadB itusyatep one embediereat ofdhe igend of dagetaction  sensor
I Cin acceie@ny e ¥chiaRRSyRITBRAUMRAm&t of e présEiGMientiByention. Fig. 3 A

illustrates a Schematic of the sensor circuitry in accordance with one
embodi nent of the pFigsaktllysisatesan gxemplary input waveform, an output clock phase

signal 380 and a data output signal generated in accordance with one embodiment of the
present invention, '

Fig. 4A illustrates a monitoring system in accordance with one
embodiment of the present invention. ‘

Fig. 4B illustrates one embodiment of the external ‘interface shown in Fig.

4A.
Fig. 4C iflustrates one embodiment of the computer system shown in Fig.
“4A,
Fig. 4D illustrates the internal architecture of the computer system shown
in Fig. 4C

Fig. 5A is a flowchart illustrating the process by which aluminum pads are
fabricated on the bottom surface of the sensor IC formed on a silicon on insulator wafer in
accordance with one embodiment of the present invention.

Fig. 5B is a flowchart illustrating the process by which aluminum pads are
fabricated on the bottom surface of an sensor IC formed on a standard silicon wafer in

accordance with one embodiment of the present invention.



Fig. 3B illustrat es one embodi nent of the front end of data extraction
circuitry in accordance with one enbodi ment of the present i&¢waust@ad3rFig.

3Cillustrates an exenplary input waveform an output clock phase signal 3
80 and a data output signal generated in accordance with one enbodi nent of
the present invention. Fig. 4Aillustrafes a nonitoring systemin

accordance with one = gnbodi. t ..of the present jnvention. Fig. 4B
i|lustrates one errbodli‘eiﬁ’eﬁ%1 1§§§{aﬁeé adOR greﬁ&%sap teg ?Iaﬁténgs]ﬁWI‘?tﬂmﬁﬁdq 4A. Fig.
AC i | | ust r abesrdane: withagiore einbodinicheoftpapret@r inBxaticin shown in Fig. .4A
Fig. 4D illustrates the internal architecture of the conputer system shown
in Fig. 4C Fig. 5A ist'g PPJHEHRtes onf paBedeniRf adhectigplsting somip! Gigh
al um num padgn fufed iﬁ@@&%&@@itﬁ%éﬁ?@seﬁ%@iﬁ’bﬂ{ﬁoﬁwface of the sensor IC forned
on a silicon on insulator wafer In accordance with one enbodi ment of the
present invention. Filig 58 illusteatdsiagyaderarower interface an kovgrdanee pitborss by whi ch
al um num pa% b‘aﬁifnenﬂc{ﬂ%é r%ge%ginggnﬁolﬁe bottom surface of an sensor IC forned
on a standard silicon wafer 1'n accordance wi th one enbodi nent of the
present invention. 8 RiggstisaASvchart Hlugtrathvy the proséss dlyashich ¢lepropiagad of an
el ectropl ati ng bus- constructed in.accordance with the one enbodinent of
The. pr onent PR AEFE PRl E HH FF GerPa e OnE e Ol R oRme of the
el ectropl at ig?@eﬁqmemdm,ci rcuit configured in accordance with the present
invention. Fig. 6Cil]lustrates a wafer power interface in accordance with
_one enbodi ment of t hEigpr/dsiEatlowcharbiusieing sgcondmethod by whighiag t

i I'lustrati ncelécﬁgpxae@em @ﬁs%&ﬁ?oﬁkﬁ%c{s%ﬁ_ méPRPREAGRI AiaAfd  Pover
studs are formed in accordance with one enbodi nent of the present
i nventi on. mrgpentz@yenyon f| owchart illustrating a second nethod by which the
el ectropl ated copper sensor and power studs may be forned in accordance
with the present invention. :

DESCRIPTION OF THE SPECIFIC EMBODIMENTS

" Qutline of Contents

A General Overview
1L Sensor Architecture
L. Sensor Monitoring System
IV. Sensor Fabrication

V.  Applications

1. General Qverview

Fig. 1A and 1B are top and side views, respectively, of a bonded structure
110 illustrated in accordance with one embodiment of the present invention. The bonded
structure 110 includes a lower plate 102, a metallic wing span in the illustrated
embodiment, which is repaired by an upper metal plate 104. The bonded structure 110
further includes one or more micro-electronic bond degradation sensors 200 (hereinafier
sensor IC), which are preferably placed around the periphery of the upper plate 104. As
shown in the side view of Fig. 1B, an adhesive bond line 106 provides attachment
between the upper and lower plates 104 and 102, respectively. The adhesive bond line
106 may include an internal scrim to provide uniform thickness and electrical isolation

between the upper and lower plates 104 and 102. The adhesive bond line 106 may be



DESCRI PTI ON OF THE SPECI FI C EMBODI MENTS Qutline of Contents %@‘ Gener. al

Overview Sensor Architecture Ill. Sensor Mnitoring System UgU 2083
Fabrication V. Applications 1. General Overview Fig. 1A and | B are top and
side views, respectively, of a bonded structure 110 illustrated in

accordance wi th one enbodi ment of the pregent invention. The bonded
structure 110 includes a |ower plate 102, a netallic wing span in the

il lustrated fambddh meme31r«vmuh0:1knes, aldpaph B’dhb)lhﬁﬁatﬂcﬂ)ﬂﬁbodmtaﬁhn pihahehel04. The
bonded structur her des nmore nicro-electronic bond
degr adat i on ég G%SF%Q?BWL& hésr@ ?féﬁf? ?”m%grﬁs"ggeslwf)bm‘ﬁﬂi“%ﬁ of aanipineal diiggiegs.

pl aced aroungre&fémalp%shﬂﬂﬁrsmo n, 1§ Bred e theRtradtBrekOdrodfiSamis BR) I de
view of Fig. 1B, an adhesi vegbondﬁ line 186 ro]\rfl derso attalcﬁnggmepbfg{.qu%egn t he
upper and | oﬁ?@bocbmﬂb@ vitgeh hAdondoffsat ésmses q:rvtmay theTadbesiet e Vayeb bitdmby ne
106 may i ncl ? mngrnal scrimto. provide uniformthickness and.

el ectrical isolation" "between the upper and | ower plates 104 and 102. The

adhesi ve bond li ne 106Myeﬁ©0&nﬁugiﬂ1&£’m&99ﬁh3ff&ﬁw&ah@uﬁiﬂa‘ 0@s1108dnd

t hi ckness, ‘P in the |J strated enbodi nent in whic bonded
structure llé a’é‘?"r"&’?péi’ﬁ‘? %u ndyughve smatail.the %QHCHVPrPémssﬂQ)lﬁseémn ni mal
thickness, ps@iRhRRpoWeSEd mmgms faeaawse% ﬁhg ﬁﬁ*hbf’g%&ﬁlfeflsoe ow.

aer odynani ¢ graopertles I'n other ~enbodi nent in
not as criti éapnothasempgfiaentin \b}@}nl@lon%lmﬂlmeteﬁéw argkkﬂé@ab Gifposed dfin rtdme

. enbodi ment i B WRLETE 0 at es
are conposed o a coﬁg%g{nf %/ué:h%g ag?ﬁ@@ﬁm@}ﬂaet&gag,?ﬁ&ucetrl veorpcfg"t %Yn%er%mt?ég
communi cat e pmh@enmﬁcdaﬂhyawgmduﬁmidecbmdhe aihesive bord las 106) | be furt her
descri bed below. | n anather i ch. one  or | at es, 102 and
104 are conposed of a ﬁpprgﬁlﬁ%gq l\?@" ?Fél&%wh%es%ﬁvé’éet&"?a?ﬁﬁg wateRalser i al |
- power and/ oamﬁlaimpmylbmapbaussﬂlad fbron theadhesbenmad ldyér 230 PheWimRdenbedded
in the adheswg %ond li 106 %re jable to those skilled in the art,
a variety of “HdR &e\%’ gh 7 gretal mo?ﬁf’g Eﬁ‘ﬁﬁﬂﬂ‘i}&sows% Re glesspiicomponndsihe
adhesi ve- bonthdrayes ep&. filladhbavé, khatsisF® A3 or FM® 300 available from Cytec
Industries of West Paterson, New Jersey. These adhesives are commonly used in aircraft -
manufacture and repair, have been used in ship repair, and could be used in the
automotive industry. Other adhesives may be used alternatively or in addition to the

theromoset epoxy film adhesives.

II. Sensor Architecture

Figs. 2A, 2B, and 2C illustrate top, bottom, and side views, respectively of
the sensor IC constructed in accordance with one embodiment of the present invention.
Fig. 2A illustrates the top surface of the sensor substrate 210 which includes one or more
top-sensor studs 222a, one or more top power studs 228a, and sensor circnitry 300. The
top sensor and power studs 222a and 228a extend substantially orthogonally from the
substrate top surface 210a. The sensor circuitry 300 contams the chip's control and
measurement circuitry, furthér described below.

Fig. 2B illustrates the bottom surface of the sensor IC 200. In this
embodiment, the bottom surface includes one or more bottom sensor studs 222b and one

or more bottom power studs 228b, each extending substantially orthogonally from the



enbodi nent in which a netal/netal bond is nade, one possi bl e cl ass of
conpounds is a thernoset epoxy film adhesive, such as FMr) f@'gé?tzﬁﬁ‘@r)
300 available from Cytec |Industries of West Paterson, New Jersey. These
adhesives are commonly used in aircraft nufacture and repair, have been
used in ship repair, and could be used inthe .autonotive industry. O her

adhesi ves nmeyoten sigRee. afheduBatdtyEbottor! sukﬂﬁc@ﬂl@b%a@,@l&o%&lﬁ@e a LiRGoRset epoxy
fil madhesives. H Sensor Architecture Fi 2B, and 2C illustrate top,

bottom and aicaatiyelygsn %@gtﬁ@ctp |thre4ug¢wéﬁreag%fog@ﬁ% gleng thesobriretaictop ahrfage.
accor dance th one e
wi rﬁ} %nﬁ% s 4 88 \Hév@%ﬂgxbé)% ff&%dlda %J: ande, s&é\, the . ne

illustrates the top sur ace o e sensor s
or nore toptopand botiat pdwer2dRls, 228 retend thadarthest dnptweenset uﬂbstrﬁaaao "Bimedl

sensor circujtr 00. The _to nsor__and wer studs 222a an 22 a extend
subst ant i al &%ﬁ?ﬁ%@%ﬁ%ﬂ? Sft'r“!c))sr%a?ﬁée cogﬁ%%rf‘? teé“elngﬁ’ag?ﬂaf 53§97 Bhe sensor
circui try 30&mnesriiubditias 1live In hie@rsfeﬁéméxﬁﬁﬂduﬂé}fﬂ, theBmSeH sRBRAte TIO WL TY,
further described bel ow, F': gh?l ilJustrates, the bottom surface of the

sensor | C 208tckpgssidipensi gthwhich peprpistab lyriess thandbe thickapsspd shepibesdiye nor e
bot t om sensopeet S 082 BBriRGhE BehsorudiDDE aRA bl a@@?ﬁ?fngshte% % B har RACH

ext endi ng substantially orthogonally fromthe 8 August 20 9 bottom
surface. Thelessiloe dagsa1os cospact Sim oppesizgmetaliplap 182 9r bﬂ“so include a circuit

area alternatively orohd AR 48 it Deyhiciid netaRsi0BLOPAALENI, Lhe

. substrate's top surface es a side view 0O e sensor IC
200. As can benditgmmnf ﬂndmlhemmqabcmddnctjdtmtmfaqnmbe s¢seied B Boandringrbielve more

farthest fro strate 210. or studs
255 are cons et o HARGD Bhenlntre nplifonh P SRt NSRRI M ot o e
210. In the ppmfs&rgrﬁﬂa em)adl(maﬂﬁasﬁd&ﬁic&ﬁﬂﬁ&ﬁne&ﬂbﬁdfo&ﬁa@eﬂé&@e&ﬂ&n@- t hi ckness
di mensi on (or Jess.th he thi ckness of the

f b
Snearve™ | okeptfala st e B OPpRine puflts PBiHa 1o 99 et BE Rrsipetagrate

varying hei gbfsoxfdmk@raﬁkwdn at Ieast one does not contact the opposing netal
plate 102 or: 104. Once, the sengﬂ_}é C 200 is enbedded into the adhesive bond
line 106, the conditiBrEd¥ eRkedipent 3hs spnsersubstiala s o complemsatape

assessed by pR1HQ1de BeniRBRdREor iee:ﬁéagmﬁagl apBﬁﬂkﬁHﬁEl?rlnﬁﬁ(tl)’ﬁ%nQ@Fx or-
nore non-confacting sensor stu s opposi ng plate 102 or: 104. In

a speci fic edboaihbihe fabrination pt%gﬁ@@%éﬁb@@mla badwrthes dpacaibed PrioweHudhrer st ud
and the Oppoﬂé}&aﬁl&aﬁ@ pbwel T sERNOE Huds®29GhE 538 £ CoRp&RE 36 SopBplafthi®

aluminum and extend 15 pm to 40 um from the top and bottom surfaces 210a and 210b,
respectively. Those of skill in the art will appreciate that substrates and studs of varying
materials and/or dimensions may be used in alternative embodiments.

Fig. 3A illustrates a schematic of the sensor circuitry 300 in accordance
with one embodiment of the present invention. As illustr-atcd, the sensor circuitry 300
includes a power supf)ly 302, a data extraction circuit 304, a shift register 306, an address
comparator 308, a chip select register 310, a command interpreter 312, a data output mux
314, two voltage to current amplifiers 316, one or more selectable current sources/sinks
318, a first analog multiplexer 320, a second analog multiplexer 322 and one or more
reference resistors 324, Of course, other circuitry may be implemented alternatively 61’ in

addition to those components illustrated.



of bond degradation. In an exenplary enbodi nent, the sensor substrate is a
conpl ementary netal oxide seniconductor (CMOS) die measuri ngAHP 8R0%at el y
(1) xImm(w) x - 25 p.mh), the fabrication processes of which will be
further described below Further preferably, the power and sensor studs
222 and 228.are conposed of copper-pl ated;,al um num and extend 15 mto 40 m
fromthe top and bott.om surfaces 210a and 210b, respectively. Those of

skill in the art will é&moveseFundy 1034ds coutist todbemovesrdnats 208 agf is\baémbRo

material s an ol ' in alternative epbodi nents. Fig. 3A
i |lustrates gé%égd#agﬁ?yoggéotu e gglﬁe gll?fe L] Jtort € HB50T Hreytvotdante paxierh one

enbodi nent ofsumﬂ}e?r@ﬁmsphtclddawenﬁg'eeé‘gumﬁmicliﬂcm&yrtﬁpm;detgﬂtﬁ,léﬁ&gﬁr vSIitafg%Ei try
300 includes a power. sutp\pl% 302, gltndata extraction circuit OA, a shift
regi ster 306 °VEn Ri BRLTVOlsghieydt ot sop, apRlicakPRS. 8t pevter segilstiomitdd B0t a
command i nt er@fiie@r 312, a data output nux 314, two voltage to current
anplifiers 316, one or npre selectable current sources/sinks 318, a first
anal og mul tipl exer 3204 datasxEaeiiPnairabiv §0hbdstanphmit epuBe@ toahel powe sardsIPaB.e

ref erence T esisieqted Ayl AR ANEELEULIY By, he |l erent ed

‘alternatively or in Ition to tHOS€ conpoh th BPOWust
2003 10 A péiganl te fpypl ymabiplexed sigugd ekt ie commupiud 16 tHeGensd2 e A0vil She

operable to ' e .sources, of, requl ated power to the sensor
c!or cuitry 308.&%![1%@&%%\%&(&2%}5%!?9"%5’2“??&9“ PR "\?BF?‘E&%? qlecyand dptesignals
. cireuitry toapd oniedehest sighals tothetditlol ¥l taBefmenl Sfculidy.Yi Ng i nput vol tage
| evel s. In sonme applicati the power supply circuit"is not required. A

S
data extraction circui ‘gsgﬁ?lhﬁgatﬁﬁmeﬁﬂ@dmpéﬂletf@n@h’@d@fdhedatsenc@tiw&
As descri bed cireuifryBo4) eFig Bt Aivktriigd A% i ﬁmﬁ' | SudlS &QThi ned
i ¥ ipl ?gﬁk‘é‘?gﬂfé@f .c%ﬂf%’g“%fm" ated to

with a power _signal to forma nultiple 's CO
the sensor | EM366'EHRl380Rd 2 datg opiput signel B9 fardhexdxga exftaeton atreuied(r act i on

o i ot ot racts L Defy Actaiich SRl 8eRhi390! Rt HONE B2 01350 83 92 S

~to the control and nmeasurenent circurtry.
‘enbodi ment  ofmadplated pwer wpplygioltagre ThataodutedamtvwerBuprdy veltigeiydeded t 9. 3C

Il lustrates P ' ram 3,70 n_out qut.. cl ock hase .si gnal
380 and a da?vgogut p.ut&él%dﬁgﬁggg%&tcﬂ}enéﬁpﬁe?% Oﬁm@tﬁmgfe@e@t%ri ng
“operation, athfesreundi JiraMQY Gansisters 892 fetidela0ogghly Eorisk 01830 réicdon to the
modul at ed POYRTicHARRdet néRIkR9Ss. THMEBRHISLES BAI0h 338 DR eohmatio oey

y .

detected b 38 In conjunction with the
resistor divider network 333 are operable to conduct at different power supply input

voltage levels. The data extraction circuit 304 operates to convert a high voltage level
(5.5 V in the illustrated embodiment of Fig. 3C) to a phase0 clock signal and high (1) bit.
The data extraction circuit 304 converts'a low voltage level (4.8 V in the illustrated
. embodiment of Fig. 3C) to a phase0 clock si gnal and low (0) bit or a phase] clock signal
if a phase0 clock signal immediately preceded the low voltage level. A single data bit
consists of two clock signals, phase0 and phasel, as illustrated in Fig. 3C. Data is input
“during clock phase0 by taking the power suppiy voltage 330 to either a high voltage level
or low veltage level 370 corresponding to a high data bit or low data bit respectively, The
clock phasel signal is a low voltage. Additional standard logic circuits and latches (not
shown) generate the two phase non-overlapping clock and a high or low data signal for
 the rest of the CMOS circuitry, the clockO, élockl and data signals from 304 in Fig. 3A.
In this implcmgntation, the phases of the intemal sensor clock and external 'data input are

synchronized by forcing the sensor circuitry to generate a clock phase0 whenever the data
input is high, '



MOS transistors 334, 336 and 338 which in the preferred enbodi nent are
referenced to the ground. The MOS transistors 332 provi de a8rfégysti3p03
constant voltage reduction to the resistor divider network 333. The MOS.
transistors 336 and 338 in conjunction with the resistor divider network
333 are operable to conduct at differenttlpower supply input voltage

| evel s. The data extr h vol t age
[evel (5.5 Vin the Ilﬂﬁﬁé '?ﬁeg%({e%b%ﬁgé &%t% EI%Pﬁér&ltrg%Wﬁgkgr ﬁgs%o cl ock
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cl ock si g'nagétgﬁ%d‘g%r}vélée@)b&gﬁ? co&?mgn%ﬁség%q toce?ﬂb%qgs%rl &%@B (CFWGQS‘BPFH%@ ftheock
si gnal i nmestnadretuds ppEcadéa) defaeutw vol t age | evel . A single data bit
consists of two clock signals, phase0 and phasel, as illustrated in Fig.
3C. Data is input during clock phaseO by taking the power supply voltage
330 to eit hﬁﬁd@s@%dﬂ;ﬁ'aﬁ@qsnﬁrﬁﬁébamor | ow vol tage | evel 370 corresponding
to a high data bit or_Iow data bit Tespectively. The clock phasel signal
is a low vol tage. AddiWelyhbit dafe sieadrate neogiinthis mqérbentativa dlthbugtedatd not
shown) gene I Ioc and. a..hi gh | ow dat a
signal for {;vacgotrfesfgér Sﬂtﬂ%?%\/@@}:?\r{% |bt%gged1€'hag W 37(6“"%4“5‘8% Q:Eﬂﬁa’data

si gnal s fr onp80i ai 13-t Shift Ragistet fSR)h“ﬂOé whmhl 1emnkai siip, thé h@n—b{?@ﬁpﬁmgl‘ twlohe

i nternal se d.e are synchraoni zed f.orcing
. the sensor a%%ﬁﬁl%ﬁa%l{c%%nals 05[(@ ‘g?rg(gk "?}E‘ra“fjﬁ'ée Hé‘tdéyaq‘hput i s
high.” 8 Auga:stusaue Zﬁcfhﬂmmb that the SR BF6eHas edwmtmﬁem&a bominBfd. SERSRdd ﬁ;ﬁé“ try
300 further Jncl ga,qg%]e g%gonents to g,erform (a) - address decoding to allow

sel ection oP 596 compand Joetiohas  det er mi ned by the conmands

i ssued to the sensor et tmBBAMUHEIR MRl M 8 22, and
(d) data out put Addr ess Decqdi-ng and Con’manp & 0 %Qéﬂ It?ﬁegg{? gwords

are used i ndgRspding HpATEE st die saptonHagh thafisst omﬂwabﬂaﬂe{mg@rd widreshisr t er
~bit | engths ey d)ﬁmttﬁ@fiana ihifld AigE aﬁabi@déﬂqa R a
*12-bit Shi f{ Regl ster a % 1 which i1s %ﬁ@?ﬁnﬁ@@% eét?\%ﬁénggép a{gpl ng,
.two phase Egares eqrmn@dgmt,s%achcﬁw@c@naacmukaelecﬂoa of thesiatat asd ndgated b| t s
and the | asf,dg | t t.hat t
“address or c%tmrgﬁae o?ﬁe@}@sddg I%gaq%l?{%g&% tﬁ{ éﬂdg%ﬁt arnat e 3%&%@&"%}55
-function. | setoRNANI2Edtes, trideterindati Wmuhe,rﬂterrﬂrmauﬂmtsemkat mslt&emadﬂresscedrmm thr ee
\é\?gts e d:psgﬂﬁrggru-g%ﬁgg%t%ﬁéﬂyﬁhg I:ox;[nggho%%g ermng in the ﬁna?meta ayer olp tﬁr ational
integrated circuit. When the sensor IC is selected an internal latch circuit 310 records this

and through the command interpreter 312 resets the SR 306 ready for another (iata word.

In a second op_erational state, the sensor IC has previously received a valid
address word to select the sensor, indicated by the latch 310 being set, and subsequ.ently'
receives a valid command word. In this state, the command remains in the SR 306 and
the nine command bits are presented to the command interpreter 312. The data bits
presented to the command interpreter 312 to determine the action of the sensors IC chip.

In a third operational state, the sensor IC is selected and the comr-nand
received into the command interpreter 312 is an ins&ucﬁon to read a sensor stud 222 or
iptemal reference resistor 324. In this state, receipt of low data bits toggles the data
output mux 314 on and off. Receipt of a high data bit resets the command interpreter 312
to a ready state to accépt a new command.



received and the remaining nine data bits define the address _of the

sel ected sensor IC. In the preferred enbodi nent, each. sens®Augestgies o
uni que selection of the data and negated data outputs of the SR 306 hard
wired to the address conparator 308, which consists of a set of NAND

gates, to determ ne whether the particul sensor has been addressed: This
hardwiring is determ ned by the connectioif patterning in the final netal
| ayer of theSensent@mtmied circuit. Wien the sensor 1Cis selected an

internal latch circui tT310 recngr.ds this and through the conmand

i nterpreter 312 reset s e SRISHHCIEERA Ronaplstiveirydas setwbrtdtic ogicaaecond
oper at i onal middhtehestWltcispERM thfMBwi ' | ceived .a valjd address
word to select the sensor, indicat edn{t%/ﬁ%ﬁﬁg&l%a@é%%&?i’lﬁnﬁ ?lﬁ@rg‘blﬁ",ter%ﬁlud
subsequent | Y IFECRISFELOT2G oF p gensemstuch 22 vormloniton, (béelectib@bfthe bitgent 9TRNT
remai ns in tixe fafhSPRad J ' nd bits are presented to the
command i nterpreter 3%2%?’%’ %%égégg?'?gpﬁg%e&?ﬁfﬂé‘ﬁmtaﬁlpﬁﬁ@ Hértrhpysed and

i nterpreter @1Paghngiefithe sinser qiymt At4 b the pévie timensors 1 C chip. In a third

oper ati onal nsor...C i.s sel ected and the command received into
t he conmand ?&netactg?%r}agltlag?t%%@eﬁ 2 AGHY3ies ongor E’Bﬂ? myltindexars326 en32% tosbmekcP22 or

i mternal r eftbe et s@scestsinks 328 to the rdeScckaLE . Low data, bits

toggl es the rgé";tt a: PUt ut mux 314 onrang %ff - Rresc:{ezig(g?h%fm%glﬁf@ﬁm(ﬁ{dgzg#’t

resets the COMTBNT I nt YHGFNS! theourrenpsogirges/sinics 31 Sitoareferenae neifors3 MeW

. command. 8 Awgdikks ARQF nlote REBRR4 nd. interpreter 312
control cirgyitry i.s a set of stea\tgggé‘fsggit%ng%@g]mar?&aﬁétloé”fé@mvﬂ‘i‘ifiweberform

the fol | ow rcﬁéﬁfferrﬁellblalﬁ% theaspnaos 1@ cE€ommectén ef thiewrramn souréeaingd 18 b ehelais e ’

resistor 324unqr r ‘ nopitor: (b) selection of the current
318 to use férzzt@r?z@ﬂngﬁsau@%%gﬁt%% gt(‘z:(?tagﬁpjeti?f’ ?’{?Hg ‘E#th‘f’ Keltagg-iesowrmant aplifias) i f i er

316 to be usdf dhedatg@ptpubygk Bivswitchich thesnegondiu Rithsuddfler? e&fj’eﬁft BfoRper

lines. The gRM&EML LALE" 3 ctiyates one or both nultiplexers 320
or 322 to comngiR e&csﬁfrdgrégéa%%%F@'ei‘?éFH@e’@8°“?‘29dﬂh@tr1@‘ﬂéplem32(bsi-st-or.s

324 or the R2dsnd dheme QMO8anidg switdlespecti vel y. Connection of the-current
sources/sinks 318 to reference resistors 324 produces one or nore
reference voltages to the input of the voltage-to-current anplifier 316
for cali bratensprMeeswemsar |. C. Connection of the current source/sink 318
to the sensor stud ﬁﬁ.le Erovi,des a neasurenent voltage to the input of the
vol tage-to-current anpPf Fewhtionoighe adhesiuebendimetplintenase Baylbsmbihicttesbyt he
correspondi ngeas@ingWne e tHorE slEABEH phi@nRRE 0 f the power studs 228a
or 228b. In the preferred enbodi nent. rrusfft’)elrhgf:ée?‘x&en?s?gg?ﬁ‘?no -contacting sensor

s ¢ opposing plate 102 or 104, In an exemplary embodiment, a direct current

{dc) voltage is measured. Those of skill in the art will appreciate that other dc
. measurements as well as alternating c‘urre_nt' (ac) measurements may be made altematively

or in addition to the dc voltage measurement.

Responsive to a control signal from the command interpreter 312, a mux
318 selects a constant current source/sink to supply or pull current from the sensor stud
222. The sunk/supplied current develops produces a voltage between the sensor stud 222
and the opposing plate 102 or 104. The mux 322, responsive to a control signal output
from the command interpreter 312, routes the sensor stud voltage to the inpuf of the
voltage-to-current amplifier 316. The voltage-to-current amplifier 316 converts the
sensed voltage to a2 modulating current signal. In the preferred embodiment, the voltage
measurements are made periodically, each over a short duration in order to preserve
power. In alternative embodiments, the tmung and duration of the measurement may
vary.



322 and 314 are CMOS anal og switches. Sensor Measurenent The condition of
t he adhesi ve bond/ netal interface naybe monitored by neasur Bi#o8se2088 nore
el ectrical paranmeters between one or nore non-contacting sensor studs and
the opposing plate 102 or 104. In an exenplary enbodi nent, a direct current
(dc) voltage is neasured. Those of skill13n the art will appreciate that

ot her dc neasurenents : nat current (ac surenents may
be made alternatively Igglru\eﬁltg%g@?ﬂl}g%ﬁtt %rgfiltﬂsgns& St\ygﬁ Eirﬁé‘éo‘%fj&gesﬁ}”é?f’eﬁ’g
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322, responsive to a cosgirol signal output . fromthe command I nterpreter

312, rout es SPHECSHERLBET SGHL SR TEReinks 3L ko prapide a sfider dpnamiokangg dorttioe cur r ent
ampl'i fier 3Bnddduity HehfS8ndnds CAEL; | fEer . ts.t sensed

voltage to a Ir%oduj fa%fi r? | cur rnentﬁgqlgﬂ{aaflg’r?ﬁ{# {eﬁggnﬁggegles%?%%ﬂéaﬁ%gﬁruﬁﬁ%ﬁt the -
vol tage medSUACEREFHIEY abkandedeopartloth wavily o rfareineoniingeato svorditagistoat i on in

order to pr%ﬁéﬂ&nﬁ@éﬁrﬁr%ﬂn@nﬁﬁw tmiltve enbodi nents, the ti mng and
e nay " var

duration of t nmedsur enen ary. 108 August 2003 13 In illustrated

enbodi ment, ei ght sengorthstpoeferablyetvar aliage th-ciirfuf amli RACH 65dr6i8ro0fded e
;lesensor studs 222 are formed at different heights to

sensor 'CZ%Qd r‘[he10 . 2 A K Jart A ]
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.ensure that a 2]

woul.d pr evenb-camemaaiplifit is HRBReAIS GrasiaireRnEa Sl TRdtial (156 iﬁ%ﬁ@or circuit
e

300 .i ncl udes,,f selegtable urrent sources and four selecta current

ur .
sinks 318 t IPPEAIEEPRdRbang ¢ ssvand vPiigggaotlRrent yaplifenefromiced toyhe power
measur ement Suppid@228bah &l iMustlafidlenftRiRIBNC & SR Riment Ae BSmhfc! uded in

the sensor circuitry 300 and are operabl’e to provide a reference voltage to
t he vol t age-RIGEPTeiEy HeruPRlifp RiconiEelsignal to selest etvrasn theamplifiest loan alfemativer

oref erabl v, oKk e R UL ERVeIBIBbILbEN S HACARE AL ed i g der T

al | ow measurenent. over the entire power supp a eerrgpr%écée. Fr st
vol t age- t o-4@aloederdigiiebtanvertars i s attached to ground/reference system
potential (228a in the illustrated enbodi nent) and a second -
vol tage-to-current anplifier referenced to the power supply (228b in the
i |1 ustratedRaethOutpwent). In this enbodi ment, the conmand

Responsive to a control signal supplied from the command interpreter 312,
the data output mux 314 routes the modulated current signal to eifher the top or bottom
power studs 228a or 228b, respectively. In the illustrated embodiment in whicﬁ the upper
plate 104 is the non-referencg'or signal plate, the data output mux 314 routes the
modulated current signal to the top power stud 228a. The modulating current signal
propagates along the upper plate 104 to an external interface 430 and connecting
computer system 470, further illustrated in Fig. 4A and described below.

In the preferred embodiment, the modulated current signal can be toggled
on and off by successive low data clock pulses input to the sensor IC 200. This allows
the current sensing circuitry to perform more accurate measurement of low level signals
by offsetting the no-signal current. If an analog-to-digital converter is nsed in placeofa .
voltage-to—current amplifier 316, a current sink output could be used to transmit high and
low data bits.



interpreter 312 supplies a control signal to select between the amplifiers.
In an alternative enbodinent, one or both of the volt age-t o AYPHEFO03
anplifiers may be replaced with an analog-to-digital converter. Data

Qut put Responsive to a control signal supplied fromthe command interpreter
312, the data output mux 314 routes.th 4m)dul ated current signal to either
the top or bottom power studs 228a or 228b, respectively. In the

i | lustrated enbodi menésidescribitabovhaheippsr ICR0BELopkbbId & hhRuaqRe t8f.eL ence
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connecti ng CO%}TVPUt er s stem 470, further illustr &nd
descri bed bEIGHCTHS Fthepplitsraatively o imesanbieaiion withethedatibtemtemurengnt si gnal

can be toggkeEnigodinaiilerab hssBi (RHUGHESPILY §ohPW data cl ock pul ses input to the
sensor- 1 C 200. This allows the current” sensing circuitry to performnore

accurat e measurement b¥an digmativenessignehsteciyque frestisongoltdae pBRufdl FA/

current. |fpapoailed ¥t Al oLt al verter is used in place of a
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sensor 1C 28%#&8]@@ ebl e to rrg sure the voltage devel oped between Sensor

stud 222 and ‘the opposingoprie Eiwuﬁt‘tf@ﬁgﬁaé?ﬁ‘?ncmg,ﬂwsignabisiloi\eef to the

- sensor st udti@ag that Tleesisadsyothe bissing afcdhdidif CuROR ek er f or t her

measur enent sfﬁith 0 E’léteﬁfnat ibveln?/aor I n conbi %gt?\iegﬁg\% ?gtsr%éd%@sa@ﬁioﬂgd
SO BHRees;

measur enent © ObeXIEPlE, orfd semasiom the stasting motertinkishenstd Lavan
al t er nat i ve(doBesion B nd 3 | lLt.age potential may be
. (JBBRSPOREHE 16 n Q&Midﬂyﬁrgpgﬁg fofs—eq?f%rh‘éﬁ it lé‘gr%aaﬁ ‘ﬁ%e
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monitored with a zero_current supply. i's assu ¥ %o Cu

general |y operates asSecandlgsthe eonductiiity aaydsendasured withain deighal, pifaakied by
the | ocal egM i of O8N dlh9 t 2 quantitative measurenent of
the anount of -qéeagr adat igt(gn. H}E)a&gv%gk ?ﬁg“)éli%beﬂgf‘oﬂahﬁa Slg]ﬂ?é?@?‘ﬁ&t measur ed
by the passpHeciaged vibitbapoleiratientesivenwenrthaCaans ADgursices] ¢332 afigeone  of

the netal p ar corrosign the starting potential is
around -1V %%ﬁ%@g%ﬂﬁ?ﬁﬁga{"gy r?%twce 8$|ll18§?rl§ﬂﬁs‘ &'?'Sﬁﬁteﬁbﬂlﬂbﬁtmbegng weesradt | s

heavi |y cor indHesens@etwhidtpdesttie dooncie fosiiahye Atale Aﬁaﬂa@@wrfa@eéf\éﬂd@@ ac
signal ; prefgr. P} Wﬂ% dlheguency of greater than 1 Kiiz. This w end to
mitigate poss g eyy o5 Ilo casurement times {greater than milliseconds) a polarization -
resistance builds up around the Al and Cu due to the accumulation or depletion of ions
close to the metal surface. AC signal measurements may mitigate these problems. Gold
electrodes which are more stable than Cu electrodes, and would 4ct as true reference

electrodes, could be used for the above measurements.

The CMOS layout may be designed using any standard CMOS sofiware
design package (for example Tanner EDA L-Edit® software). Tanner EDA T-Spice®
software (or any other implementation of SPICE circuit simulation software) can be used
to evaiuate and emulate the performance of these CMOS circuits. |

ITT. Sensor Monitoring System

Fig. 4A illustrates a sensor monitoring system 400 in accordance with one
embodiment of the present invention. As illuétrated, the sensor monitoring system 400
includes the bonded structure 110, an external interface 430, and a cdmputer system 460.
The bonded structure 110 includes the above-described upper plate 104 which is.
adhesively bonded to the lower plate 102. One or more sensor ICs 2d0 are preférably



associated wth the polarization resistance on the Ca and Al surfaces,
giving a truer measurenent of conductivity between the sensBfsiguste03
potential that is being nmeasured in the sensor stud includes that due to
the resistance at the Al and Cu surfaces and that in the-epoxy. Wth | ong
measurenent tinmes (greater than mlliseckdnds) a polarization resistance

bui l ds up ar and. Cu etot cupgul ati.on. or depl etion of
ions cl ose l‘%é{’éﬁ ﬁ}eolaﬁde §IPBI§Br%ggﬁs)}\@esripgaﬁ%mg@mggﬁ’éﬁ{‘ alisraivRi t i gat e t hese
probl ens. Gehbodieleat; theaeessr Iy 200 nidyebeToE£edih aldi Ferehdt ritiod] Pgkrodes, and

woul d act as, trye referenge electrodes, could be used for the above
measur enment §I?r°"|’ﬂk9“@ﬁ£°‘?‘§§6ﬁ?‘ may be designed using any standard CMOS

software design packameeddnsl iRxasmel 2o Taam tiokALd - Tanner
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si mul at i on 3JBE% watierenes(ar la poupdedatouthe lewanplatmf2amé atphweper f or mance

of these CMRS cireUitss:: . Ltori t Eig. 4A illustrates a
sensor nonito rn:‘ﬁ{r]l%rﬁ%%t/ﬁs)? s Irhé 5.%’(5’ c?ﬁﬂg@ E:oot&{g ghéee p\i/(’llP efqhos% ﬁ&%%gmtﬁf@%ﬁ?b%m%e
present i nvéhe lower plits id the frate af th airtiaé and tias definesi thordf@encepoieamuidithe

i ncl udes the, honded structure 0,. an .external interface 430, and_ a

conpuit er sygﬂaﬁwﬁﬁg‘f an #%8’%3?188 HmPREIR hl@?)“l?ﬂ?ép conptitutes BseleHast r i bed
upper pl at e (f@dnswhie vhes 2 ahar 34 Meddurdendes thwinds tHeQRE 4912368 43 Bdwoliae or
nore sensor I Cs 200 are preferably 8 August 2003 .15 |ocated around the

. periphery ofP*fR&SGhper plate 102, al though in an alternative enbodinent,
the sensor 1Cs 200 mayhbeikAnahedadensn idhkher @ablelko ﬁé%&%@?&afsgeg{‘%sg he

t hroughout the honded area. The external interface 430 is cou

bonded st r uctdn Brerpdc yhichtigprefarablva busfor ssramppisatingdatoepnttdlrewes dad/aoupl ed
to the | ower, ; rs | ' | ] upled to the
upper pl ateoi%gfl?l%ll%ar%;‘?%g | gg’?%g?égtc{é%%ﬁ% h%éadnlqbgl\}ér%gl gﬁee Is the
frame of the&OHPREr BAY beymdonviufipndledanmater mipshineS fertberatesqriited int Figh. 4¢ atiche
structure. Igyan alternative enbodi nent in which the upper plate ,
constitutes the reference (for instance, when a repair is nade underneath
the wing) the |ines 4Big. 4Badlhctrd3s 4 kehamatidblobedingraear sfttle extaalanfegtdad30

B e R Y W
and/ or ot heinclsdegaabmputecintveface 432¢a suth@e4d3, i poatl anslifienl4, 430mramdedsbe
conput er 470435:'1}1% a current level shift detector 438.

During operation, the external interface 430 receiv.es, via the bus line 431c,
a power signal 432a and a data signal 432b from the computer system 460, The power
signal 432a is provided to power up to all of the sensor ICs 200 located in the bonded
structure 110. The data signal is provided to contro} and/or communicate with one,
several or all of the sensor ICs 200 within the bonded structure 110. The power and data
signals 432 are multiplexed together using the summer 433 and the multiplexed signal is
amplified by the power amplifier 434. A current sensor 435 coupled at the output of the
power amplifier provides little or not effect to the output multiplexed signal. In the
preferred embodiment, the inverting input on the power amplifier is coupled to the power
amplifier output in order to provide feedback control, A coupler or other device may be
coupled along the feedback path to sense thé‘amplitude, phase, frequency and/or other

signal jaarameters of the output multiplexed signal 436 in order to better control the
signal's characteristics, | |



conputer may be a conventional conmputer nmachine, further descrl bed in Figs.
AC and 4D. Fig. 4B illustrates a schematic bl ock di agram of 8 AH8USR08% nal
interface 430 in accordance with one enbodi nent of the present invention.
The external interface 430 ,includes a conputer interface 432, a sumrer
433, a power anplifier 434, a current senfﬁce)r 435, and a current |evel
shift detector 438. During operation, the external interface 430 receives,

via the bus line 431 cThe @tmwlnplemahgrﬁBZ% @eﬁfésﬁorﬂﬁ&@th%'xgﬁﬂwa\‘}%gﬁqg @m
t he conputer gnal 432a is provid to power up to
all of the sgﬁl)é%%tg#néﬁﬁtﬂg I %&%&ﬁgﬂﬁ'ﬁ et?’rﬁplﬁé%‘dﬁﬂlex%d wmi d3&hasDC Phwedat a
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si gnal 436 hidepgngent gpiselatedaomsompply. oper abl'e to power the sensor |Cs 200

and a nodul ating data gl row e conmuni cati ons, and
control to the sensor ICsrg%%gﬂgtgg%r?lg ggasb%mg ﬁt"ﬁ?{"erﬁﬂe{‘ﬁ%l@ﬁ’éﬂal

si gnal 436 |@wl@oh,deﬂlqluumdtqumdmmnatcensmaoﬂi nidaglaBepERnt SEidGkUre via

line 43 1 b gi r t ernce naI is provided to the |ower
pl ate 104 of the bong %rcHJCQr Sgnsfbﬂgﬂsa?o}‘l?lﬁﬁ UIFPSQL 'S POWEr wrdsA2 viathe | ower

plate 102, tmer lelxteewaahd tretponlOdmi Bttt HiRNE 16 IS OBRAHEE 1o RURLER, 400 ar
all tied toft u?‘_regtun ot her reference sjgnal In seve

el ectrical enV| dan fhﬁﬁgt%“wﬂﬁ%moae%w E?Sr%‘@!‘éﬁlmeii ﬁt\ﬂuf»}ance 432 coul d
be used and mhhptexbcbmgﬁdlsdlsﬁ&ébaﬁ o3, Cié! AlrdSEse Rt

I ndependent e ﬁ\?tcf" ga ﬁgﬁe up%l i%a The externael Q(%rr?tggeésggggleﬁ%’oa?@epbrt her
operable to reéé S L 436 whi to convert the modulating current signal to a

digital output 439 for communication to the computer system 460 for analysis.

Fig. 4C illustrates one embodiment of the computer system 460 configured

in accordance with one embodiment of the present invcntiqn. The computer system 460
includes a monitor 464, screen 462, cabinet 468 and a keyboard 484. A mouse (not
shown) may also be included for providing additional input/output commands. Cabinet
468 houses a mass storage device 466 such as a hard drjve operable to store data and
computer readable instructions which may be utilized to execute the processes of the
present invention, Alternatively the mass storage device 466 may be a fixed or
removable disk drive such as a floppy drive, 2 DVD or CD read only drive, or a writeable

~ orre-writable drive. In this instance, the disk drive 466 accepts a matching disk (not
shown) which stores the aforementioned data and computer-readable instructions.
Cabinet 468 also hogscs familiar computer cbmponents (not shown) such as a central
processor, memory, and the like.



437 which, in the illustrated enbodi nent, consists of a nodul ating current
signal, as described above. The current sensor 435 is coupl eAugest2BAdor' s
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i n one enbofypieally)500aner bus architectures will be apparent to those
skilled in the art. | ~Sensor Fa?rlcatlon
o Zbrication of all

the sensor circuitry 300 and the fop side Al pads may
be performed using a conventional CMOS processes. However, formation of the bottom

side Al pads are not conventional processes. Figs. 5A and 5B illustrate two processes by
which bottom side Al pads are formed in accordance with the present invention.

Fig. 5A is illustrates a bottom side Al pad formation process for SOI
sensors. Initially at 502, truncated pyramidal pits in the device layer are etched.
Preferably, the pits aré etched using Ammonium TetraMethyl-Hydroxide (TMAH) and an
oxide mask layer. Next at 504, an oxide (or nitride) layer is deposited (or grown) to

" electrically isolate the exposed Si in the etched pits. In the preferred embodiment, the
oxide (or nitride) layer is deposited on the top surface of the device layer, on the bottom
surface of the Si handle and on the insides of the etched pit.

Subsequently at 506, a center portion of the exposed buried thick oxide
layer is etched down to the Si handie. Next at 508, an Al pad at the bottom of the etch pit
is formed which is electrically connected to circuits on the top of the 15um device layer.

This process may be achieved with a combination of standard thickness (and extra thick,



In the preferred enbodi ment, the sensor I1Cis fabricated usi n%\g

process using Silicon-On-Insulator (Sol) wafers, known in t he AHPYUst 293 so
wafers typically consist of a device layer (typically 15gmthick) forned
on top-of a buried thick oxide |layer (0.5 - 3.0gm avail able from
suppliers) formed on top of a Si handle wafer (typically 50011n).
Fabrication of all of the sensor circuitry 300 and the top side A pads nmay
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508, an Al pHgead of this metessth 1cielpesxtgcluhthpbmtomfﬂmmmdamwﬂm@at its will
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Cu and the Aﬁupmrrtmgghatmmchm@hﬁb‘issectlon of the sensor. A Cu diffusion
barrier may be necessa.fl?/e\}s ch(? Igg@ is held at an el evated tenperature
for .the final protec 8Q ﬁ&é!"cﬁhéFPPfsaﬁ'ﬂWﬁith@Wa}EﬂmyhSub&equentIy
at 510, the ﬁ@ﬁdﬂdﬁthapﬂdte-ﬁﬁﬁj‘g%phi r6REBYE A e eL8 Ak 2030 Thi
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advantageous to present a backside Al pad formation process suitable for standard Si
wafers.

Fig. 5B illustrates a backside Al pad formation process for sensor ICs
formed on a standard Si wafer. Initially at 522, the top side of the Si device wafer, which
has undergone all of the required CMOS processing and sensor fabrication, is bonded to a
handle wafer.‘ In the preferred embodiment, the bonding method is compatible with all
etchants and processing conditions in the following processes.

Next at 524, the bottom side of the Si device wafer is mechanically-
chemically thmned to the required thickness. Subsequently at 526, the exposed bottom
surface of the S] device wafer is coated, patterned and etched through to make via holes
to previously fabricated structures on the top side of the Si device wafer. Next at 528, an
insulating layer is deposited on the exposed bottom surface of the Si device wafer. At

530, the insulating layer is patterned and etched to expose the areas which form the
electrical connection to the sensor circuitry 300,



by TMAH is | ow. The wafer will now consist of a square nesh gf t hi %k Si
ribs supporting the thin chip sensors. The formation of the® pHEtRA03 he
top surface of the wafer may have an inpact on the photo-Ilithographic .
processing. In this case, a thicker coating resist can be wused during the
fabrication process. Due to the ease w i which backside A pads are forned

on sensor |1Cs fabri ' . ers are.th referred
substrat e used. Home\(l;\ge?{?gé%a ’ ﬁ%‘,g@ﬁsﬁ%ﬁg lﬁn%re rgfggngl}ﬂ\;/%d“ggﬁbgr 8&05{‘8‘?
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backsi de Al, pad fornation,pr s.suitable for. stand Si__wafers. Fig. 5B
i |l ustrat eéh‘gb%’é’gkg‘ﬁa e}%lthggg‘iégfﬂmﬁsc?ﬁf ?@B@g@eﬁﬁrﬁm@ﬁ%ﬂl@épa‘*ﬁﬂmd on a
standard Sielssbgitting b thedbltymaf thkénsok 1€, WOP34 hdgpRkt shllQurelis B8 & maf er
whi ch has undergone _all of the required CMOS processing and sensor

fabri cat i ofieVice laysnubhdeves alhplgdnepats perosed. nhersepporetiaeiueds erafatidnent , t he
bondi ng netfpd ejes i GRAIRR i Bkﬁofﬁﬁédtbn%loghzsﬁ@és%?%%af&n Ghe E%@%ﬁ?&?ﬁuﬁo ndi tions

in the follow ng processes. Next at e bottomsi . e Si device
waf er is mrctfanablyaemgins dhplateduring rehpyel edthe handie wafeqati 536 d Onbé thic hesdie

Subsequent | d tom .surface,of the Si device er is
coat ed, pat‘%%fgllnhé’g %a"ﬁnd‘t e %(‘:1 %ﬂé%%?ﬁf %‘gg RSPt ANG R éve{/‘%tgds i %’En?(g 9 BRRCEE

f abr.i cat ed vgicluart fortieer dasciibed indfigs 7deandf7B detovdi  devi ce wafer. Next at 528,
an insulating layer .,s deposited on the exposed _hottom surface of the Si
_device wafer. At 536f,.h°tpﬁ§’gf TR fensor fyds aa‘;‘?é’ré%?r%ﬁﬁgﬁ’t"é?tﬁ%ﬁ%{ﬁﬂ o%éthehed t o
expose the EVOSproddssifp hayteh BEmpRIed Bt prictlto ¥afeRBRingOFof Aoublesi GRS Nor
circuitry 3[0. 8H®# st. 2003 19 Next at 532, netal, (alumnumin the
preferred %ﬁrﬂi? t%‘JmF’é‘gd’ Bissersonlertns glsp bempegiopned: hin thisembedimentr . Thi s
met al  f or mehHnBor(ahli told@r M@ GRBREF RSS! o the
CMOS circuits on thepE)o rof t he sensor I_éegﬁgglg?@?ﬁg%%dggﬁiﬁgﬁtﬁe

el ect r opl atHMER wHer: Hdrsoeh skill intke arewilbapprec@te thet @t megalsequbbbe structure

i s bonded t@ediasiatddeNistfol @¥&. Which leaves all plating pads exposed. The.
support structure 1s preferred since electroplating is perfornmed on both

si des of the wafer. Guglemsroplating owrent/area pry eferahhl lpwerfonstads that apd ace
during remm . Of e - .er 36. Once the handl waf er . has been
?r(.) tlﬂtéllﬁagpljgéﬂ‘gé &nﬁ@t%ﬁlentaal i{s) 'latmg és Re ro%%if ortvﬁol%}vs%:éss@é s of

renoved at ensor an ower st uds a
‘which are feffitibat; loseswst agieblime piogsctioriA Thishraddssaekiobe achieved in the following

way§£ (2) using an electroplating bus bar system that supplies different currents to the
different plating pads over the wﬁole wafer and/or (b) using on chil-n CMOS current
‘'sources which will only need power and an optional enable signal to be supplied over the
whole wafer. Either or both of these approaches may utilize an external electrical
connection to the wafer while it is immersed in the electroplating bath.

Fig. 6A illustrates a top view of a electroplating bus 610 constructed in
accordance with the one embodiment of the present invention. In this embodiment, the
bus 610 includes seven first metal layers 612 and seven second metal layers 614 located
around the periphery of a sensor IC 200. A second electroplating bus 613 is also formed
Just inside the periphery of the sensor IC 200 and interconnects the points at which the
power studs are to be formed. '

Connected to seven first metal layers are five plating pads 615, 616, 617,
and 618. Plating pads 615-618 are provided to form each of the four sensor studs 222a
illugtrated in Fig. 2C. By providing a separate plating connector to each sensor stud, each

sensor stud may be formed at different dimensions. Plating pads 619a-d are



The power and sensor studs are preferably fabricated after all of the CMOS
processi ng has been conpleted but prior to wafer dicing. For S A¢@uste088 ded
sensor |Cs, the bulk thinning of the sensor |ICs has al so been perforned.
In this enbodi ment, the sensor and power studs consist of Cu studs ‘
el ectropl ated onto exposed Al pads on t Si CMOS wafer. Those of skill in
the art will appreciate that other metal’s could be electroplated as sensor
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610 const ruct ed |nhngg%egﬁéigﬁééesm\ﬁrﬁﬁﬁ?@pkﬁéoéﬁéﬁ&llmtdfb‘ﬁrﬁmqndese_nt
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whi ch the Eovxier StUd}ﬁ are to_be forned. met al
layers are PUPEASP e Hyingpads Glfpnd 616 respedtivelyarid oftier SmbBliatenagtheads 615- 618 <.
are provi dedratep efeotrdplARSRoMfol by r nsor studs 222a i)Jlustrated in

Fig. 2C. By i)rovi.didrﬁ%9 agsgpaorateli) atq]aﬁgsugglﬁr?él&t ee0) Mese Rladipg s 6dfud, .

each sensofl%t Herhvafyhorurent driverss23 did talized bs 8iweasHQSET Bhabd: Rpads

619a-d are BhaNdQesiin ML .copnect ed Vi he second el ectroplating
bus 613 and are pr olvi%g{e%?i a‘t%g“}lSﬁrﬁg‘%0\%&?&@?&}5@-@%3@%@%@11&@%|or ' .

di mensi ons. CiFqug copfizrations mmaxtbe gsedrie aksrhaile BRbodRiengn ON- Waf er

el ectropl ati ng contr%u- ior Cll_.éi:i;g 620 ?.nfig]:tja:ed i n_accordance with the
present invention. The eleetroprate %mES 25115 appdigd te thedaput of theedntral :
control t hecifapitrédianda pesoiting surednt ishieli 6@EERthamds; - med on the
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driver 623aresuitingelement's dimensions) is determined by the value of the connecting resistor and

. the connecting current driver. In the illustrated embodiment, the two plating pads 615
and 616 may be supplied different electroplating currents using the same enabling voltage
if the resistance values 621a and 621b are selected to be different and/or if the current

B drivers 623a and 623b are designed to deliver different amounts of current (e.g.,one
current driver employing transistors having a different gate periphery than the otht;:r
current dﬁyer). The circuit 620 is operational during the eiectropiating process to control
the height and other dimensions of the power and sensor studs formed from the plating
pads 615 and 616. '

In this embodiment, both plating techniques have been implemented with
five variable low current sinks used to control the current at each plating pad on some of
the die, with 2 maximum permissible average current of 650 pA/mm’. The remaining
two bus lines of 612 are used for on-chip CMOS current sinks on other die on the wafer.

One of these lines provides low voltage pov;ver and the other line is used to enable and
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rent

on sone of uén%{%véji et? wi th a pmaxi num perm ssi bl e average cur 650
pA/ nun2. The Ferar AT Hyetsg et s er st igerfaces 64Qway bk @sedon- chi p CMOS
current sinks on ot Baeh piveer OftedtRe 4L L f ines provides |ow.
vol t age pome%* and tt%{% ofbher line is -u.sguéie%‘é?ﬁg‘ﬁ%&ieé@@%?% f%fﬁﬂ@f“ﬁ%S 21
defi ne t hd O RFE46H teh £atin oF Ather conpeating devipdss In fhailinsmbddendoaime: Vol t age
suppl y is ses@tton@disivt Beipt 848dre SHY | itored and set to, ensure that
m aver agevDC current Bf(Bi {sd%Pte:glgésP %&%@’dﬁgf‘?&?ﬁ?ﬁﬁwf‘h&ttﬂ@“ﬁr eferred

the ng)r‘r; mi?“&iﬁg,*ﬁ“’é‘ﬁ? Biecffss Sapificaliin filstradhotive\s e ooiTe Sravid@b iR |
current | & et e ol et Bnd BB SRR B Blosfes P ausbleoroitasansi ot or s
623a or g22alhof fpyrcondudtive sttips 64Petpeoviiesqd weytotseBscs B pedtRE badd 13-@ikg, t he
transi st oran@Rdedelf AUV Ltni) RG24 provides power to the power stud plating padé 619a-

d. Each conductive strip is prefgrably 1 mmx 10 mm. The illustrated powef interface

640 is but only one example of one possible structure and those of skill in the art will

*appreciate that power interface structures of differi.ng structure and/or dimensi;)ns may be

used as well, :

In the preferred embodiment, the final CMOS processing step involves

removing resist by ashing the resist in an oxygen plasma. This process grows an Al oxide

150-2004 thick on the sensor stud and power pads whiéh is preferably removed prior to

the electroplating process. While the sensor studs 222 in the preferred embodiment

consist of electroplated Cu over Al, those of skill will appfcciate that other base and

plating metals may be used alternatively.



resi stor 62l1la or 621b connecting it to the enable voltage. This resistor
621a or 621b can be chosen to doninate the resistance of an§August2003
netal -to-netal vial or nmetal-to-resistor contacts. Further preferred,
polysilicon resistors are inplenented to provi'de m ni mum resistance
variation across the wafer. Fig. 6Cillustrates a wafer power interface in
accordance with one enbodinent of the present invention. As illustrated,
the wafer 630 incl udesgt MWDisRONR chatt 0 ach .p r interface 640
provi di ng power t one hal T of tcﬁgh\ﬁ/?/g%gr%@eﬁeﬁle%gﬁesesr a%‘@g\é\gﬁffﬁ’éﬁt%‘f s, a
di ff er ent rﬁ?HﬁfEranch’W?rtSé‘%dﬁaé%gn@m araforbedus eccordacwiRBWEE chhBdBibace 640

I ncl udes cond ' : - contact .with robe needl es, flex cable,
or other conn gg{sléﬁrf 3“"3%{}‘:”5 thgﬁﬁﬁtkg%es%aﬁds?&%’%‘iaé‘ag 8%56 Siurpbetroplating en

conduct i ve tsehmiiges Beed veittethjpkoMi dfhik tecHni RBAOMEH RerebE,
el ect ropl atj SQU%EPE'H& nﬁsqu%% %l[t}o(ﬁﬁ)i n CI,f??:g. 661-,_56'& g;}egit???jggf‘f(g‘?hge?fa}g? .
conductive EErip 4 PrOVIEEE (NaRH) geb iitsed ard 2 peod)zipnerddd jagdris formed ond
conduct i ve BulkiAd ebd@tplpimpmesdesqiel freSRal ch. of, four. conductive
strips 642%8@&\6)92[%2%0\/\% 1o sens_gr sfb‘tﬁ’ﬂgﬁgk’ ?%gleﬁoaggetg'f‘ggléfﬂ%{s f°r5ﬁ3 a
seventh co i<re'st PIgs tha it by evilemayedey thechemicapdwesivest ud pl ati ng pads
619a- d. Each conductiivigneiiiop 4 . eF . nx 10.mm _The i|lustrated
power interface. 640 i's b)fu%t 7(9?17 glégﬁié—&féi&alﬁ%dgmg%mgaéﬁgg‘;pﬂﬂ@@ﬁclﬁcf%re and
those of sKiPPIoXimateld 20 secondld fo rempyr ibe bride forhedd dUEVE thel r%iﬁ%l?ﬁf?x%EJsECt ures
cof differingdass / Xol siops. be wused as well."Tn the
preferred enbgd-ih%ygw&t ‘%gg‘fl ?%Ig%e%wﬁ&&%@g‘? &Y e’éﬁé[}?r‘i’%bmnaes’Next ehiid, ng
resist by dBhwaferistimnreswid én a BO%aoneonstaesh of & iBhcidBl 5o 9&8%@?%&{ quscan A
I'S ?

oxi de 150 | ck t.he ,sensor stud and power pads whicC
pr ef er abl yt&‘g@r{%{/eregmﬁorr%éﬁ)fanefjﬁ’é“'éfeéct ropl ating process. Wile the sensor

studs 222 in the. pr eBenOBdhenaRssThRlers A3 kBl dzﬂcgq%fgéeﬁ Ijmatmeﬂdﬂ-ﬂ% %irbﬁd’

t hose of s | | reci.ate that other
used al ter ﬁé{{‘%"\’fﬁeﬁ'@gﬁfﬂjﬁQg%wgtezzherplmgfonmg scadidtveeherokideidyest r at i ng.
t he proc.esﬁ‘hbynmm?dhtﬁh@@ll[%abﬁﬁd%g@gﬁlﬁgmﬁmesgﬁ&%@iuds 22 and 228

are fornmed i,n accqrdance with one e I ment 0 Bt Eidn. The
method i s BAXEAUHHY Finseddnwaterishdl Cu el ectropl ating  techni ques used with

thick Al. This techniguetizss qﬁé |YE40n-pil k Al where a rat her
aggr essi ve sodi_.um hydr oxi de ’?ﬁN%%Hgt C ﬁrsseddggﬁ%awﬁ‘céc BAPPTOXENHRlYdE | ayer

i s formed. Se98Afl% TRHS Blogess opeshtes loirip effini rinesxide end\@es difngIdittcARRkLi cabl e
to the thi mnéhyvakdridBnd@iBsker at 714 and subsequently immersed in the saturated zinc oxide

in ammonium hydroxide solution for 10-30 minutes once more to grow the zinc oxide
again at 716. A final quick rinse is performed at 718 and the wafer is quickly transferred
to the Cu electroplating solution with the electrical connections already applied and

. powered up 720. The maximum average plating current is set to 650 pA/mm?, Pulsed
plating may be performed with a 10% duty cycle at 1kHz. The Cu studs grow at roughly
1pm/minute at this current density. Those of skill in the art we appreciate that other
settings may be used as well.

_Fig. 7B is a flowchart illustrating a second method by which the
electroplated Cu sensor and power studs-222 and 228 may be formed in accordance with
the present invention. This method deposits a seed layer of Cu onto oxide free Al sens-o.r
and power pads using a lift off process.

Initially at 722, photoresist is deposited and patterned to expose the Al
areas where Cu is to be deposited. Next at 724, the wafer is dipped in 50:1

s



on CMOS IC s since the filmis easily renoved by the chem cals invol ved.
Initially at 702, the wafer is dipped into 50:1 water: hydrof  A¥8ut 2888 d for
approximately 120 seconds to renove the oxide forned during the resist
ashing process and to lightly etch the Al surface. The wafer is then given
a thorough rinse. Next at 704, the wafeflis imersed in a 30% .

concent r at i ont@athydidfluofic aciddof Shroxdnsecand 96, .the. yafer is

t horoughly rinsed in water. Atéago& .tﬁlg m?%crohlfggs(&rﬁd%tf%%aé% FYFif aeHgtat ed
zinc oxide FHSGIRFGRCYRDeHyecdrmeRd dioing theomsifiashit®p@css Mekes 724, s eby
form ng a CQREWLEH IAYSadd 1€ s r The imersion time wll vary -
dependi ng upo%&ft_éhe_ i ckntsalgg 6g§r;ilﬁ%fapﬁleﬁn§§,8}t&1eme VeRERent Giat e b8aquent | y
rinsed i n waeRgsited iz Pext me%28, athd Antrddueingairefitoitiee ﬂrméiﬁf&ahi%eg 0%nitric

acid for ap ' 20 ecands., This process operates to strip off the
zi nc oxi de %R@%%ig;g&sagxfl fnn%qé‘éﬁ%fe%??ge%?% expoppd Ahpidseand phatpnesistd Nent atat er  at

714 and subdaGubntdsist amimhe segsiive CHEo t | | H8vink & AATONLUM
hydr oxi de sql ution for_10-30 m nutes %ﬁ%%ﬁ%orregﬁggoﬁglpgévd’ge%‘émz{t’hﬁc ‘b?(rf{ilj‘@
agai n at 718?‘1"’/?\6?????5?- s Reor 19 plswtraplatiney the Emstrfaces At leand ib banovafaay | S ‘
quickly tramgiderred to the Cu electroplating solution with the electrical
connections al ready applied and powered up 720. The maxi num aver age
plating current is set to 650 A/ iMmR2. Pulsed plating nay be perforned with

a 10%duty cycle at | tuds grow.at roughly 1 p.mmnute at-
.this current density. T 85’?@?"%"?‘1@@%‘% ‘beIS‘ii?’P\%élgwm%feﬁr%adéyt hat ot her
settings mayranerns theawataetola Ciplgting/Fath with efdcovaband p&d«ér'd&{:fd?tcé%%ct%dgc?cond

s°. an

met hod by WGt N ctropl at ed nsor .and power stu 228 .
may be for mea- i n cco(g?‘%igr‘%gm%“t‘%ﬁwtq%‘ éﬁ’é%ﬂm%@éﬁﬁswmlﬂmﬁmm feoth

deposits a §&@HANam2eandpulsid i pRxolted @ Mos Hﬁi—g”é r. pads using
alift off [ QEESS, [nitially ﬁgﬁ?@zz, phot o?esi/?t% i ﬁé‘ggg?‘ﬁgfé’\%zﬁg&lfé
patterned t 5 oOxBOSBNHmminyte st hisgyavent dansitys Thosbef dtihinghd atwe Next at 724,

t he waf er i sppdeqigne chak Bth2Pscktins ?‘b’é%g&%&%&ﬁ wat er : hydrof | uoric acid for .
‘approxi mately 120 secgnds an erwards given a thorough rinse to renove

a

t he oxijdi] for Hrr;d dur i Fefhafdhe @é?@ﬁdMTﬁg ngmmmrmn inPariédforrhs) € )
expose RRARIR B AN, heldwal eaned i.n t sapge equi pnent that
the u is depostced in. Next. °éftﬂ‘@§§,%’ A Rahmatife Pg‘g'ﬁﬁ?i g'gf’%ﬁ qubodimgent he
pr gc ess :j ng hE AfBEFent Aptenan, e wethods arerimylefientedasdonesictpeshrans SHhsngiposed Al
pads and phej Re&Rpstbr sySekd, ofit embodiment of which is shown in Figs. 4C and 4D. In this

embodiment, the software program comprising the method is stored either locally in

system memory 476,-or on a fixed disk 486. In another embodiment, the program is

)

stored on a removable ‘disk 482, such as a magnetic floppy disk, 2 CD or DVD disk.

. In a further embodiment, each method is implemented as a series of |
encoded electronic, electro-optic, or optical signals which are communicated to the

_ computer system 460 via the network interface 488. The encoded elcctronidsignals may

be communicated to the network interface 488 via a hard-wire line such as a fiber optic or
coaxial cable. Alternatively, the encoded signals may be communicated over free-space
to the network interface 488. The network interface 488 in this embodiment is
appropriately configured to receive and convert the encoded signals to computer-readable
instructions corresponding to the processes illustrated in each of the present methods.
The network interface rfzay include electronic, electro-optic, or optically-based

components such as an antenna or an electromagnetic lens, demodulation and/or



730, the resist and the excessive Cu covering the resist is renoved, ,

| eaving the Cu. on the exposed areas. Just prior to el ectropﬁé‘#ghﬁ,m@%e Cu
surfaces are cleaned to renove any oxide. In the preferred enbodi nent, Cu
el ectroplating is performed by transferring the wafer to a Cu plating bath
with el ectrodes and power already connectigd to the wafer -prior to

i mrer si on indthei.blath. The maxi num average plating current is set to 650
Fi & 2 and PUTEERCHECITRY ) arg ethersimilarichmaodns. dTHenetysiken@ifaddehz, The Cu

studs grow firtheOMEREY rdcipdbdalLiRhE, Al/tRiS,current density. Those “of skill

inthe art we apﬁ{;emate that ot Her settTRPETHRPEIFEIete caVeitthrericesas hf of
the descri beWChef Hsdsesentymeshodsripbendat Sgnala various forms, including
software, hardware, firmmvare, or a conbination of these. In one enbodi nment
of the present invention, the nethods are inplenented as software prograns
execut abl e ¥nAmplcativus er system one enbodi ment of which is shown in Figs.
4C and 4D. In this enfodinent, the software program conprising the nethod
i s stored either |ocal1%f Affenidyeantion ireppliGables a verietyrof adiidsiedodiial 486. | n
anot her enbayswRBithat iMBRFAYEPELLS Holy n.a renovabl e di sk 482, such as
a magnetic %}o dj sk, ma% CD or Dv%llgﬁlgslgg%f]g S"‘ﬁ%ﬁ?‘ﬁ'ﬁ” By Btatlismartseach

met hod is i e@%ﬁ@%@e@kca@ bgéwp saetad heetsror admmalahed boAdidoveth Bt O- OPtic, or
opti-cal si gnaheyedHcdirudh .cated to the conputer system 460 via the
network i nt erfa?ée 488. %éqg%gﬂggcaé?’é’csf’}agﬁ?ﬁ"%F‘&ﬁﬁl”%ouiﬂa@e regeirabforuni cat ed
. to the netwdpkationwétiesersor @Bhinithe Bonbpdothtiitiusiukd ARI SHENRS efichifer OPtic or

coaxi al cabl Al - hvel t he encoded sjgnal s nay be coniuni cated over .
free-space CESH%EEE%@\%\%‘P%G%?W%WP&@@%%@.be‘ﬁ?élgﬁ%fi 16 toe bonding preedi®E in this <

enbodi nent is.  appr oprihapedssht eRhlicHN S mAPd £ESI convert the, encoded
signals to qg&pl%gfo}readabl e. instructi on)gl_) cor Egg‘é‘ﬁ%ﬁi"é’ 1tt%glf' éE’B’I‘QS’é‘é%ses

i | Tustrated (ftl noeach: ofpesde plates onhonsgegmalywith tednclesino oReithiet @ pi@ge My

i ncl ude el edteqoency poekeaid RnfiniGiion’; lLGall:y-hased co ents such as
an ant enna grtw%pw.el.e?t omagnet i C I%nsl?egééﬁggt#g ?%ns%ﬁ?ﬂf‘#gg&&ﬁﬁ%{“s’w% 24
denul ti pl exi“ng i Tt e[r%c,e SRl @i produgenminimalalimmpptiverts she cbi®o8Rs WRAlkKure, In

i nterface meye lafteche bné HGhMES iar | circuitry and/or components
operabl e to_covert. the proce$seergssg cgg@k?e%?néiﬁ'em&%& long-hp 3dEsst Shencoded
si gnal's. V. "AQpYHCAKHEEcambe implemented ithee at disgrelesthan Rsufs et irdsDodd Vs €t Y

of adhesi ves@roag d?ﬁs a wiring pattern deposited and etched on 2 thin flexible substrate such as a
polyimide sheet.

The driving factors behind aircraft structural xﬁaintenance are aircraft
safety and longevity. Structural maintenance of milita-ry and commercial aircraft takes
two forms: periodic replacement or inspect and repair. Sorme structural components of an
aircraft are periodically replaced based on the number of t:«ikeoff/landing cycles
expen'epced while other componénts are manually inspected and evaluated for repair or

replacement. The inspect and repair method is very labor intensive and based upon
arbitrary judgments, and both methods lead to cost inefficient maintenance.

Most commercial aircraft are manufactured using bonding technoiogy to
adhere certain external surfaces to their underlying structures. Typical components that
use bonding technology include the rudder, elevators, ailerons, wing

-to-fuselage fillet,
nacelles, engine cowling,

and rotors (helicopters). Newer aircraft use fiber reinforced



systens that incorporate an electrically insulating system bgt ween two
netallic parts. The bonded netal can be two netal sheets or AUREYtZ003 heet
bonded over a netal honeyconb structure. In the |ater case, a snall
carrier insert would be required for |ocation of the sensor within the
honeyconb structure and an isolated ele¥trical connection to the honeyconb
woul d need The ese I nvention
al so may be&éa{arg)%% fe!)g%%eg{rbﬁg}édr?pﬂpggf) %Jégig?at eslH%io é-%%%tﬂijc Orr'r%?néﬁm%h(ﬂ% glSmmposi t e
pl ates or Holenaisraft ganeally hies mefellio siagamiabsfin einidvetithic dic&ﬂtr@ctlo&]r equency power
and communi cations i Rt ve.the sensar. and CMOS circuits, or a

r to dri
two-wire interface tha? nIa%? %’Pgﬁﬁ%QIW‘jﬁﬁoﬁgFra i18 Fprerigs N of rehestiposi t e
structure. Honded steactuadst Gthe Cﬁ&:ept i9Eproduct R Sm e ARaRal " ConGoohRGuaRE: al | Y
connect ed alfogg g ‘?E FFS‘?& two wire interface can be 1 nplenented
ei ther as difSPRLBIeReRdsnt, irrlsss saneer L Pabedsish vithn ﬁlﬁédh3§éi¢§7@n@~ho¢ Bee a
Wi ring pat t'emar geRemlt@g be Adrodtied a2 ch as a
pol yi m de sheet. Aircraft The drlgfbng fggﬁxgérztgrayreﬁéirgl-gﬁh?%?%% ut:étural
mai nt enancdEpugh apemplgtettear dava dyring e Lifa Fotansipn PRigramt mlahgemerm enance of
mlitary a r "g r eri.odi c I acerrent or
i nspect and%lpgpal .lgbélgé'n{e@ésr%tﬁ}?%rﬁa]?ﬁ%wr%mdrﬂn%gglgwaﬁcmgﬁ ?ogftélfc(?g
peri-odi cal IQW&E@MQS&@"WMW&MW ccmhecttaktﬁm‘cfeh{ral%hﬁgl ﬁﬂt&b}ﬁ&;

expert encedui Loy LU oF RIS, S ONEl b epest e oo vl et ed for

i nt ensi ve. lacatiobmsed upon arbltrary judgnents, and both methods |ead to
cost inefficient naintenance. t co rcial aircraft are manufactured

usi ng bondi ng- t echnol pppach;; @isé“rﬁré SERefuRk inspectipn &q/bg achioyed withousi r

under | yi ng @mbmwaﬁmbﬁeemdﬁathe@ﬁaaﬂaﬁ@ga%es hidfatendics BO0dbdied GEBARLPOY
I ncl ude the rudder, elevators, ailerons, gleto fusel age

nacel | es, eWYFHE E’SWH& PI%‘H#SPSPW%“CQ’W‘FC@&) eleripty ofieeqiredinspecibn use
fiber rei nf@ipadad ahtipiodtod A3 witBhe b B dofadhfifh, NOMGMERTR, fore W Lh

skins made of netallic or nonnetallic mater AIF Crar generally
use net al | i Rattighbend dagsadptiorsworsd elsp featl to wisies anplicttioamnf bhhdingeackmdlogypgdr t uni t y
related to jgintskd dérﬁaﬁcﬂngoéf(?i\égﬂﬁatmg' #{]mq esive bonded structures. The
concept is to produce a "shart-naterial” nS|st| ng of a number of small,

[ ndependent wi.rel ess sensor | Cs enbedded within the adhesive bond-|i ne.
The "smartgppterial” can be retrofitted as part of a structural repair or
-when an airtTratt goes

The driving factors behind highway bridge mamtenance are safety and
highway maintenance budget allocation. The Federal Highway Administration (FHWA)
requires that each bridge in the United States be inspected every two years and rated on a

scale of 0 to 9. The coqdition rating assigned to'a bridge is based on 2 manual inspection '
of the bridge which is a time-consuming, labor intensive, and often arbitrary process.
Nonetheless, the decision for maintenance on a bridge is based largely upon the rating it
receives.

There are many bridge designs in exist_eﬂce today including prestressed
concrete multi-beam, girder floorbeam, slab span, concrete tee beaxﬁ, adjacent box beam,
steel box girder, reinforced concrete frame, deck truss, through truss, deck arch, through
arch, suspension, cable-stayed, bascule, steel culvert, and concrete box culvert. Many of
these bridge types involve encapsulating a steel superstructure in concrete, thereby

* eliminating the ability to determine the condition of the steel superstruétme.



through a conplete tear down during the Life Extension Program A

| onger-term opportunity is also to enbed the "snart materi ag'AUEHﬁti2|983new
aircraft construction. During maintenance, the "smart material s" are
connected to a central control unit which indicates the status of each
enbedded sensor 1 C and identifies weak or 6damaged | ocations. This approach
allows aircraft structural inspection t02be achi eved wi thout renoval of
assenblies fromthe ai%mﬁketanlcbrsmﬁtgsforrmidgteﬁﬁaa9ﬁoﬁééﬂﬁtorﬁggu%§_ t he cost

of  struct urddsyASRAGE LR vi des .consi stency, . reduces the’variety of
required i ns[:l)escti on Be%&?%ﬁg?\ﬁ’e CSHHSIBPB?J‘@(SE%‘ %erlbr@ﬁﬁleleérent@affﬂlbmgmaﬁt ibend
degr adat i on.plgepanidil ef tepsts (similar P& Eds@For RS ion wqul d al so | ead
to wider ap%é'cg‘%\géa? of .r%(l)n.di nge t echnol ogOlr _aﬁgﬁgi%n%?%@%aurﬂ%%t%%ﬁﬁg of
degr adat i on FTEGhATT $Hs PG skehmeharmags Wireless samser Iishinde piaginay br i dge
mai nt enance "sensoraddstéry dak britiod RYR: j ce budget allocation. The
Fedéral Hi ghvw%é%d&sm nistrati _or%g( FHWA e?%aagﬂ(ﬁ{b smf‘ﬂﬁgg REUKTBE PRrgavithgnt he
Uni ted Stat &8B¥F SEROE plsterinter gnalimtiametar bolendtillal tifbugh 11 brivg@ kRl 0 to 9.
The condi ti Qe baHsbiM@ AFS1 - bridge.is based on a manual 1nspection
of the bridge which is 3“???@8? %:“%ﬂ%%ﬁﬁ{? ,“99%%8?“%1-?1?@% Aydcoshrpffectiivelgn
arbi trary pfgEBese thenomosibe et eddheloctioh SF 2 Hrioe BRRRLEMARSS Oncg bridge
i's based.laraggdvybr}%g:r}o hgbratira% it receives. There are nany bfidge
desi gns in existence today I RerHan iybpachicved sdthaut eoste matieal inspedtioheam
- girder fl ooftsecasss th¢ thioraghiess 6PME irihBetloRSpde iacent box beam  steel
box gi rder,véﬁé n}‘nprce.d oncrete f(aﬁe, d:%k ?%g@sﬁ?ff » T %eé,thf'deck
arch, through “PApyauiE BB quinRAns-20d ayasticehaseulie, waskiag bt sidgger t . and
concr et e boReteridrméori.. Many of = these bridge types involve encapsulating a
steel superstructure JSEF concrete, thereby elimnating the ability to
determ ne the conditi HFSWW@V%@QIhaSbmrtEBdﬁhBﬂ%Gveﬁt&%lb?rap?ég%l 6 The
mar ket  oppopiefuict ¥nfbeinkhi $O65: 4 rovide automatjc, Non Destructive
Moni t or i ngnﬁ& the corrosion con ﬁ'}“}igrﬁ‘%gﬁmgP?E}E@rgﬁea@m@qn-ph@b@mg@_ is to
place a nunbef & LBKRSH My icniigratiamsthanad inegmylShahd Qy'sgﬂ{smop the

ar

sur r oundi Ngspeife4l o . r-:he. reinforcing steel rebar cage.
Wrel ess sensor | a&é“én egg@%flgglg W CEH?@{E%W Bveioaris aphlicable The dge -

col urm overPratemt Bvensionshawld thenefor o0 B bhas GRIRIW i icu%.w&%g? d sensor
cluster - it fessiil hefiR ol el & ESull e dndorstony g the bridge € .

be understood that the present invention has wide
apphcabll_zty with respect to bond integrity sensing systems generally. All modifications
vanations, or equivalent arrangements and implementations that are within the scope of

the attached claims should therefore be considered within the scope of the invention.

20



The sensor 1Cs allow bridge managers to quickly, consistentl % and -
cost-effectively determine the. corrosion state at each | ocatHgwst@Pos he
bridge el enment. This approach allows bridge corrosion evaluation to be
achi eved wi thout costly manual inspection, increases the thoroughness of
the inspection, provides consistent results, reduces the variety of
required i nspection equi pnent, and proaaces an earlier warning of bridge
deterioration. The present invention has been described above in terns of a. -
presently preferred enbodi nent so that an understandi ng of the present

i nvention can be conveyed. "~ There are, however, many configurations for
bond i ntegrity- i ens not specifically described herein but wth
whi ch t'he-%ﬁmm i's applicable. The present invention should -
therefore not. be seen as lirnited to the particul ar enbodi nents described
herein, but rather, 1t shbulidokictrodebstidodrdradhtaen seheorproepesingi nvent i on has
wide applicability wi'th respect band integrity sensing systens

general | y. Al nodif# EREFSHEH? dzwrhia‘éfflgg’ﬁ%?la%f S‘Eé"&?ﬁm ent arrangenents- and
I npl enentations thata géneorwhidi2Iv)hRndit @ RemQ majbheurfitt efthesenedrabb@rathoul d
therefore be considered w thin the scope of the-inyentjon: 8 August 2003 27 -
WHAT |'S CLAIMED | S: qpowrﬁuér(%%é|eéfé¥q?%§em@dﬁﬂ°¥j%%3fd%‘itﬁ%w§%§ ate; .
conprising,,q.a-sensor substrate (210) having two major surfaces;. a sensor
stud (222) extending froma: major surface of the sensor substrate;, a power
. stud (228) . ext endi ngsehsawireni(T0) umpdera sryarisariaceed fie seU9s FPaFES and - -
sensor cirgui Q9 ' J : rafngﬂl% -I@%nqg' Rbur trate,

t he sensor%strdé:%fggy co%ﬁ%ﬂlﬁgﬁgﬁeﬁ%aﬁﬁo- urregfrll%‘ﬁanpli ig?upﬁgﬁ\??ng an

i nput coupktedetsor st ensetmibeowpladdo trapowat yud theyajiegedotcorreamplifier st ud the
vol tage-to-cyrrent. anplifiet confi t | 3 o
occurring 8?1%{'%6%3% ﬁgggvrmsatvt?ifa%eom% aio%%&%%lg'ogit%eg%}é?&gﬂ% tygf' tﬁ%{r%s%g%’gﬂdsi ng.-a
dat a ext r agiritencahprisitig a da¥Oekirabtion aiguia (B hpaingcoliphedotpled tohppawsr st ud-
and an out 'uh. % The micro-electronic bond degradation sensor. of claiml,
wherei n . t FE448¢ &2 8%P¥action circuit s configured to a receive a :
mul ti pl exed. signal conprising a power signal and.a data signal and to

out put, in response;2t-he Tatmicsi-gjadtonichond Hegradation seisetefadaiind , bbegin
degradati-o Thescg.‘?asegcrtra&ioncclir%{;imszc’o guergcf fo's receive a multiplexed signal comprising a

" power signal and a data signal and to output, in response, the data signal.

3. The micro-electronié bond giegradation sensor of claim 2, Where_in‘ '
the sensor circuitzy. further comprises a shift register (306) having an input coupled to th_é
outbut of the data extraction circuit and an output, the shift register configured fo store the

_  data signal.

. " 4, The rr;icro—electroni‘c bond degradatioﬁ éensor of claim'3, wherein
 the data signal compriséé a received address word, the sensor circuitry further comprising
‘an-address comparator (308) having an input coupled to the output of the shift register,
the addréss comparator configured to compare the received address word With a
" predefined address word. ' - '

5. The micro-electronic boﬁd degradation sensor of claim 3, wherein
the data signal compriées a received command,wbrd, the sensor circuitry fur_ther .
comprising a command interpreter (312) having an input coupled to the output of the shift

register and an output coupled to the voltage-to-current amplifier, the command



t he sensor circuitry further conprlses a shift reglster (306 haV|@% n
i nput coupled to.the output of the data extraction circuit Aokt Qgtput
the shift register configured to store the data signal. 4. The

m cro-el ectroni c bond degradation sensor of claim3, wherein ‘the data
signal conprises a received address word, the sensor circuitry further
conprising an address conparator (308)28havi ng an i nput coupled to the-

?Eteprtecgr Vér@&g%@#r géréﬁgqlgeds%%de'vteQEe I%th éls c?)l it e%ﬂ%qo%? géds m\%gﬂéln e pﬁ%%%econpar €

m cro- el ecvoitagedo-bument deptifierat i on sensor of claim3, wherein the data
S|gnal conprises a received’ ‘commend, - word, the sensor circuitry further

Ryl E N

vol t age-t Oﬂfeltéﬂisaﬂblraﬁ@j/ fifriher coniReLCORRRAOsBredlgsB 1 203N 8 firktHoft! P eter
configured to recejve the received command word.and in response activate -.

the vol t-afRPiEL e Ry @HforéH‘EIaP@Fé?con@PmTﬁ‘euﬂlﬁdéP@%‘I%’E@@éﬁ?‘éﬂ’é%ﬁd&’@egr adati on -
sensor " of ghdsRurcMIRE SdrifigutelSo SRRGAINICL Hrebitiel cﬁz'r'é&t RS Fof APh S8 St
current source/sink (318) having a first port -coupled to the sensor stud
and a. secoFijGERﬂﬂﬁe@ receivehizon dheneomanandtinterreieter . the  'current” -
sour-cel.si nk ‘confi gured to source/sink a predefined current. to/fromthe
sensor stud -in respgnse g icki Q@@&oﬂ@&%ﬁ‘&%ﬁra&ﬁﬁﬁ‘s{eﬂgrmﬁ] fegf preter.
- 7. ..The mcro=el ectroni ¢ bond degradation sensor of claimbo erein the
sensor ‘ci r Ehgiserspr eigeuite furbiongsmipsises arefasense aesistor(824) soepleq ezthg cwrsnpl ed to
the Cu”e“qurée%tﬁtG%éfe%mcEP& s[o‘%f @9&1 tb & ?6&&:9 r&&@ﬁde% geattﬁ?ue% “Ce a
reference voltage "at the rn it vol't age- ocurren KN

m cr o- el ecbfthaiveoltigsrid- Cdsgmtatdmtlﬁm sensor enbedded within an adhe5| ve bo_nd
line formed bet vveen t he surfaces of a first conductive pI ate and a second
conductive plate, mc i SAL rising:
a sensor substrate (glo %g%?ﬁﬁgeqa@?lﬁéogﬁg%o%ﬁgégg&ce an g- sgglg%g ma) or.
sur f ace; - aadhesiyebowd bimk {oaRA) betwesmritie wgfatcmﬁad'nei cohductize plajeomd sisedomdes  of

t he sensor Hl?ﬁt n contacti n t.he surface of .

ei t her con(cl‘uc(:i[ﬁl ve ﬂg?t%ethegmcr?%%c Om%\gver &a?%“% T&X nsdn‘%g fromthe first
maj or surface ( 210a) a sdnsor substrate (210) havmgaﬁrst maJorsurfaee and a second major

. surface

* @& Sensor stud (222) extendmg from one of the major surfaces of the sensor .
substrate the sensor stud not eontactmg the surface of either conductive plate;
a first power stud (228a) extending from the ﬁrst major surface (210a) of
-the sensor substrate, the first power stud eontactmg the surfaee of the first conductive
 plate; : |
a second power stud (228b) extending from the second major surface
(210b) of the sensor substrate, the second power stud contacting the surface of the second
conductive plate; and |
sensor circuitry (300) formed on the first maj 'ot surface of the sensor
substrate, the sensor circuitry comprising a voltage-to-current amplifier (316) having an
input coupled to the sensor stud and an output coupled to the first power stud, the voltage-
- to-current amplifier conﬁgured to convert a voltege signal occurring' on the sensor studto
a current signal, and further comprising a data extraction circuit (304) having an input

coupled to the first power stud and an output.



the sensor substrate, the first power stud contacting the sugface of the
first conductive plate;. a second power stud (228b) extendi ﬁg‘\UQPtir%OPﬁe
second mgj or surface' (210b) of the sensor substrate, the second power
stud contacting the surface of the secgpd conductive plate; and sensor
circuitry (300) forned on the first major surface of the sensor substrate,
the sensor circuitry conprising a voltage-to-current anplifier (316) having
an input coupled to the sensor stud and an output coupled.to the first
power stud, the vol tage: tiR-fidfd-8BlucalEohf UeraCaihisaubess dignchMiefn a
vol t age si gnal occurring on the sensor stud to a current signal, and ~
further coﬁ’tﬂ'dﬂ@ qxgaetma@trawé;@tcpatégur%mctmematmtﬂyolﬂie%%aﬁgiewqr sigetl  coupl ed -

to the fir y% t 8 August 2003 29 9. The
m cro-el ec ronl \ﬁ}%%% ggr aoiatl on sgnsor of claim8, wherein the data.
extraction circuit is configured to receive a nmultiplexed data and power

signal and to outputl- i rlhegsisomelestroaicchond degrgdation segror Thadaim S wderdiect roni ¢ -

bond degradation_sensor further .
comr | oo SRRy PSR et Biod s MRS (od BERERT ALl e BF ¢ O

t he data' entpnamﬁth@aiatmxtfamxmn ciredlitand ewbyipit, the vkt figkgister cadigatedito starfthgur ed
to store t data signal. 11. The m cro-el ectronic bond degradati.on sensor
of claimi aa\ﬂ% in the data signal conprises a received address word,
the sensor circuitry further conprising an address conparator (308) haV| ng
-an input coupled to the thtqmior@élewtemtximdfdbgmégmmtsems,orbMaladw adisrein

conpar at or _copfi d to. co ar.e recel d add

pr edef | nedt%"tfg’tweg FEprsgHa efﬁlge%@]rgs é’l"é oﬁ?F%orﬁgﬁ‘ag—geﬁ%ﬁgqr?%ﬁmsgensor
of clai m 1@n atieds@ompartatir (SUBY naxsngmhp@mmmeschaonmmmdsmmmmnﬁ wor d, o
t he sensor circuitry further r| s‘pg{gﬁtﬁ comma %nt%m{ﬁr (312) hav1 ng

an input cdfAEEEsE ?P“E‘R?éat%‘iﬁc’ﬁﬁg“%‘? Q $ran ‘t"re‘:FIgE}‘?@t PSS But put coup| ed'. -

to the vol bweﬁﬁ&ﬁgfeggagrdanpl ifier, the conmand interpreter confi gured to-
receive the received command - word and in response activate the

vol tage-to-current anplifier. 13. The njicr.o-electronic b datlon
sensor of claim 12, a}'}rereﬁ‘Fm"F‘ﬁ@b r% |dFE“1‘}§?tW”FﬁWﬂga PSS 5

current s Olﬂiéiﬁltasétﬁﬁﬁl ééﬂﬁiseg‘ @Yéc@i@e@c&mﬁﬁﬂd W&xd! the sensor circuitry further
comprising a command mterpreter (312) havmg an input coupled to the oufput of the Shlﬁ
register and an otltput coupled to the volta.ge—to-current amplifier, the command
- interpreter oonﬁ guted to receive the rec_eiveti command word and in response activate the

voltage-to-current amplifier.

13. The mlcro-electromc bond degradatlon sensor of clalm 12, wherein
. the sensor cucmh-y further compnses a curtent sou:ce/smk (31 8) havmg a first poxt
coupled to the sensor stud and a second port coupled to the command interpreter, the
current source/smk configured to source/sink a predefined current to/from the sensor stud

in response toa 31gnal received from the command interpreter.

14 The micro-electronic bond degradation sensor of claim 13, wherein
the sensor circuitry further comprises a reference resistor coupled to the current
source/sink, the reference resistor couﬁgured to produce a reference voltage at the mput

of the voltage-to- ~current amplifier.



coupled to the sensor stud and a second port coupled to the 52%
interpreter, the current source/sink conflgured to sourcel/s 9%“2003
predefined current tolfromthe sensor stud in response to a signal -
received fromthe command interpreter. 4. Tice mcro-electronic bond
degradation sensor of claim13, wherein the sensor circuitry further
conprises a reference resistor coupled to the current source/sink, the
reference resistor configured to produce a reference .vol tage at the i nput

of the-vol tage to-current LeRkbfh&dis 3@5{9 1003 sor
nonitoring. systemfor_ detecting ] bongnﬁe%t a??o?\ og% %gdéé aec'lsatl\(/) 8hd line

formed bet Sltheoréidrrﬁée@@dcbrewepen itheseprfcm dfie firsy conplvetive patel ard secoRl

conductive @Qah&; ?jﬁ%% stemconmprising: -a = -
m cro- el ect rélnl C vegﬁbﬁ egrB%a%%orgsrgégns gtre CQHW ‘Bhbedded within the
adhesi ve bond i ne( lcﬁa)ucm—hlectamnﬁmmddegmdatﬁmmgxsar ©O0eEbeaaaSH ftah e d 210)

having a fi and a second maj or surface; a sensor-stud
(222) exten%ﬁ%g r%nr%lglr?@ gﬁ%%@“ﬁ?ﬁfﬂ@%ﬁﬁ&aces of the sensor substrate

the sensor stud not cont aetsbﬁygrﬁdbwﬁa(imﬁﬁavﬁigﬁﬂfshﬁ JoPQHFéHEEﬁd@s&#u?&
first power_stud 228a) extending. fromthe first major surfaces o

sensor subsTH8t :first. power stud contacting the surfate of the f| T st

conductive pl ate a secoaqc&gy@ﬁdgzgpeﬁ%ﬁ%)ﬁ&gg gytﬂgmtdfogl%% S?fstgcond

maj or surface of the-sensor substrate e secon power °s con et‘lng
. the surface®Bior epRsTaiscthp aer@@)frﬁﬂtﬁcltqt ventpdting ghe %m@ceaafwgbﬂ oondtmtwe plﬁteﬁ 300) .

formed'- on the first najor ggﬁgﬁf& é?gzgc? en E%O%etﬂ {sﬂuf?str |?1 ‘he

sensor circuitry -conpri si ng ata e On i rcult t
coupled to @ﬁ@m@frsﬁbstraﬁf@ﬁ]@rﬁrsmoweaﬂdd emtatitp the, sutfire odaieaﬁzet)«:toh&fdhlvm circuit
(304) conflrgé{ged to receive a. multiplexed. data and power signal and tag.
output, in‘response, a data signal; and a‘'voltage-to-current anplifier .
(316) having an i nput couptcmddpmirmmds(em&)rex&hdidgﬁaﬂdh@ébc%ﬂﬁﬂﬁr the

occurting. daHH AT o Eols o ﬂaté’rgruéﬁ%ﬁééwate%%’%%aﬁgﬁft%%%%?a%@ce'
(430) havi mgnawhwplatepmnﬂ coupl ed to the first . _
- . sensor circuitry (300) formed on the first major surface (2102) of B
the sensor substrate, the sensor circuitry compnsmg ‘ '
a data extxact.ton circuit havmg an input coupled to the first
- power stud and an output, the data extraction circuit (304) configured to receivea
- muluplexcd data and power signal and to output, in response, a data signal; and
a voltage-to-current amphﬁer 3 16) having an input
coupled to the sensor stud.and an output, the voltage-to-cu:rcnt amphﬁer conﬁgured to
' convert a voltage signal occurring on the sensor stud to a current signal;
) .an external interface (430) having a first port coupled to the first
conductive plate for outputting the multiplexed data and power signal and for receiving
the current signal, and a second port coupled to the se_cend conductive plate for providing

areference signal

16.  The sensor monitoring system of claim 15, wherein the external
interface comprises:



conductive plate for outputting the nultiplexed data and po r signal and
for receiving the current signal, and a second port coupled ﬁb‘gﬂaé 083cond
conductive plate for providing. a reference signal. 16. The sensor ‘

noni toring system of claim 15, wherein.4jhe external “interface conprises: "
8 August 2003 31 a summer having a data input, a power supply input and a .
mul ti pl exed signal output; the sumer .configured to conbine the input data

and- power signal intgo the multiplexed data and na d ,a power -
Aol [ier having an FABIEE BRI PRo: AT e PPt bR B e T
sunmer and sgghaDatiitf the Oktphettohfgirb®tof dohfbinecO gt datLardl pabver sibhd 16 WRr

anplifier canfj gured to anplify the signal level of the multiplexed data-
and power sIP‘&H%ler 1date apq@ORBLEHIRLBAI t ori ng system of cl ai m 15; wherein the -

external' interface Gogpkl Sskifier ﬁav%g Jn%ﬁut%%ﬂﬁ@& to(tﬂé”ﬁﬂﬂt ?ékl‘-:ﬁ‘gutﬁﬂt drapHt

coupled to the first Conductive plate and an ‘output, the current sensor. :
confi gur ed shourde eedan Quiknt coupied o thy @nmmdmiﬂealaémﬁhwer avplifighi ft- det ect or:

R e R TR L et A

output, the ¢ or-¢C ure convert the current
signal into a sensor output digital word. - 18 The sensor nonitoring

system of cl aim 16, rth ri sing a 0 er em (47 ving a
first output coupled :7' ﬁéci?ﬁfé”?%btﬁ’tq“%ﬁysfeﬁggg%% ?remﬁp%(:}%ﬁu the
data si gha[mteﬁa@e@ﬁipﬁs@ut put coupl ed to power supply |nput for providing
- the power supply signal, and an. g}at for .recei Vl ng the sens&r out

digital word: 19. ACH’EWSWS?W-”? ¥ing g0 ARt eoupindde e s sgau @w&a@tﬁbna

sem CondUCtﬁﬂaﬁ\/@ﬁ@ﬁt h@%&lt%&sa}wmgwéuwaa&ct@&&enﬁ aIT@ﬁJDOd conpri si. ng' ’
di ppi ng the semi-conductor wafer into an substanti aI wat er :

hydrof luoric acid; . acuirerierel shifl deiecterdfd DANEE B i ?@qudﬁo herssiruhef al I_y
30% nitric tﬁ@blﬁlyent eHEE!r%(rgééli gﬁeao&tp@ &@%&%Mf&mm&a& eoaﬁwwo%&gt inc

oxi de in amoni um ution to form'a conductiVe zinc oxide layer,
i mer si ng t%e@érﬁﬂéﬁnﬁlﬁwrm@éﬁlm@lw&ht antially 70%nitric acid;
I mmer si ng the sem conductor wafer in a saturated zinc oxide in

18. The sensor momtonng system of claim 16, further compnsmg a
computer systcm (470) having a first output coupled to the data input of the summer for
providing the data signal, a second output coupled o power supply input for provld.mg :

- "the power supply s1gna1 and an input for reccwlng the sensor output digital word

19 A method for formmg elecu'oplated copper studs on a
sem;conductor wafer having an aluminum metal layer the method comprising:

-dipping the _semconductor wafer into an substar_ltlally 50:1 water:
hydrofinoric acid; ' L

immersing the semiconduetor wafer in substantially 30% mtnc acid;

' 1mmcrsmg the semiconductor wafer in a saturated zinc oxide in -

ammonium hydroxide solution to form a conductive zinc oxide layer; -

immersing the _semiconducto_i' wafer in sub stanﬁaily 70% mitric acid;

immersing the semiconductor wafer-in a saturated zinc oxide in
ammomum hydroxide solution to further grow the conductive zinc oxide layer and

copper electroplatmg the fonned zinc ox1de 1ayer



ammoni um hydr oxi de solution to further grow the conductive zjnc oxide

| ayer; and copper electroplating the fornmed zinc oxide |aye .Auglﬂﬁ.t,gg%st
2003 31A 20. The method of claim 19, wherein copper electroplating the
formed zinc, oxide |layer conprises prq iding a maxi num average .

el ectropl ating current of substantiall ;AGSO AlmR at a frequency of | KHz
with al 0%duty cycle. .21. A nethod for forming el ectropl ated copper studs
on a sem conductor wafer having an al um num netal |ayer, the nethod

conpri sing: exposing.an alum num_pad ar of the alum num netal, |ayer;

di ppi ng the sem cond&@t or “waf¥ Oﬁﬁ?lﬁla‘é‘h? PEEER FRRPET §lectiyplpting therformed

hydr of | uor iAncsiidk laferAu@Yfites 2RARIR2a RN Svedk AR eRXROFSCH AL UM Pad;
depositing substantially 1 mcron of copper the exposed um num pad,

t her eby f orsHbsigntiangses - &l adfeaguonslyat il g wéh i diongycldie . seni conduct or
wafer in a  saturated zinc oxide in amoni um hydroxi'de solution to forma
conductive zinc oxid N L4 I : em conduct.or wafer in
substantially 70% ni tgrll C ?c/r?%h"d %ﬁ%ﬁ%@{ﬂﬁgﬁgﬁ&g "ﬁaﬁ‘éf Bt2wafer in a )
sat urat ed AfFmécopsiictier Waterhanng idu plumlmo xiethd layet, teimsthddcdmpiisthgt grow the -
conductive zinc oxide,layer. and. copper electropltatin he formed zinc -~ -
oxi de | ayer. 22. The%}ﬁ%%sﬁg&hgwgpﬁg‘gfeaﬁ#@?dwﬁ%% al-&ﬁyéf‘étropl ating the
formed zinc oxide | dippingthegenicrrdufboviid R @ dPRICx TS0/ 1AG er: -

el ectropl atﬁi cur.rent of - ‘'substantially 650 AAmmR. at a frequency of- 1KHz
~with a 1006dHRfURNeFEE 23 0 a si'licon.on. insilator wafer having a‘top
device layer, an . internedi ate buried .oxide layer, and a bottomsilicon.
handl e wafer, a nmethod for fabricating alunm num pads on. the bottom surface
of the device layer, the nethod conprising: etching pits in the device.

| ayer to expose silicon in the etched pits, the ‘etched pits extending to
expose a portion of the internediate buried oxide |ayer,; o



depositing an oxide layer to electrically isolate the exposeg silicon_in
the etched pits; etching a center portion of the exposed bur éﬂ‘gH%?@Q | ayer
to the bottom silicon handl e wafer; form ng alum num pads at the bottom of
the etched pit; and renoving the bottomsgjlicon handle wafer.. 24. On a
silicon device wafer having a pre-fabricated top surface and a bottom
surface, a nethod for fabrication alum num pads on the bottom surface of

the silicon device vva@lg&nng&ggg(@%%@l bond the top of the silicon

device wafer to a handle 33 thinning the bottom

surface of the silicondgevitiog smzafaaﬁan}o] ﬁucms:eﬁiﬁi‘o' p&dhe &xpo Qsi ting
an insul ati ng,. }%y,%mql\{er he exposed bottom surface of "the tIC n tevice
| ayer; exposing, - inh pr%’é’éI i ned areas, the bottom surface of the silicon

devi ce wafer; depositiagpal- H@&tfﬂgblﬂtxh@tﬁé]&n&"rﬁ%\e@&ﬂl Bﬁa‘?ﬁﬁg abeer .ein the

deposi ted aI um nym forpp el ectroplating pads for rre ot't 6m sur f ace
of the silicHHWaEY RS oxigsria mmpgiunnhy drpxidefeduticsl te demoptatdcty ccin §:ade
circuit for g@gtrolling the formation of an electroplated structure, the
on-waf er el ectropl ating control circuit -conprising: an on-wafer resistor
~having a first port an@laersmg@memmohdumdvaﬁrMUumﬁﬁllﬁm‘%ﬁh’tﬁcgéxﬂver

having a first port c t he.second rt of the on-wafer resistor
and a second port coup: l& ?m%?h FPiGoRgu d"Pa 1R agAAsdAIncRidem  dri ver

confi gured tmnmundwdaomdestéﬁttdm&d fiertHer Sy m@cﬁaﬁc@e%&g?@@ﬁ% bérfhons' ve to

-the application of an_enabl.e vo{at age at the_ first port n-waf er
resistor. 26. The on- WP AFLop |f?@1656WP6lded¢MUl t of ‘claim 25, ‘
wherein the on-wafer resistor conprises a polysilicon resistor and vvherei n-*

the current driver ccﬂﬁprl S’Eﬁalﬁethdmoﬂ:dﬁfm@llrﬁrﬁ%mrﬂobﬁé? lecﬁgplaﬂ_lllfthg'?o
electroplatlng cogt{ circuit of claim?25, furt
¢ oxide iayer compnses providing a maximum average clectroplatmg current of

substantially 650 |.:.A/mm at a frequency of 1KHz with a 10% duty cycle.

.23, On a silicon on msulator wafer havmg a top device layer, an
intermediate buried oxide layer, and a bottom silicon handle wafer, a method for
fabricating aluminum pads on the bottom surface of the device layer, the method
comprising:

etching pits in the device layer to expose silicon i-n‘the etched pits, the
etched pits extending to expose a portion of the intermediate buried oxide layer;
depositing an oxide layer to electrically isolate the exposed silicon in the

- etched pits;

etching a center portion of the exposed buried oxide Iayer to the bottom
silicon handle wafer;

forming a[uminmn pads at the bottom of the etched pit; and

removing the bottom silicon handle wafer..

24. Ona s_;ilicon device wafer having a pre-fabricated top surface and a
bottom surface, a method for fabrication aluminum pads on the bottom surface of the

silicon device wafer, comprising:

bonding the top of the silicon device wafer to a handle wafer;



I Si ng: [ [ irst port c |l ed to the
rising: a second on-wafer resistor having a firs : 0s
??pgt por? of the on-wafer resistor and a secondlpgrz, ?Eg gzggﬁﬁéﬁlort of

-waf er current driver having a 'first port coupl e o] _
?Eemgecond on-waf er resistor and a seconé3porp coupled to a second pLaE!ngd
pad, the second on-wafer current driver configured to provide a pre ﬁ I ne
cur}ent to the second plating pad responsive to thg application of the
enabl e vol tage at the Hhinpig thobattopt surfatreofdhe sibdearderies ivaf@ho a predefined

thickness;

depositing an insulating layer over the exposed bottom surface of the
silicon device layer; )

eprsing, in predefined areas, the bottom surface of the silicon device
'wafer; |

depositing aluminum in the predefined arcas, wherein the deposited

aluminum forms electroplating pads formed on the bottom surface of ihe silicon device
wafer, |

25.  Anon-wafer electroplating control circuit for controliing the
formation of an electroplated structure, the on-wafer electroplating control circuit
comprising:

an on-wafer reéistor having a first port and a second port; and

an on-wafer current driver having a first port coupled to the second port of
the on-wafer resistorﬁn& a second port coupled to a plating pad, the on-wafer cument
driver conﬁgﬁre'd to provide a predefined current to the plating pad responsive to the

application of an enable voltage at the first port of the on-wafer resistor.

26.  The on-wafer electroplating control circuit of claim 25, wherein the
on-wafer resistor comprises a polysilicon resistor and whereis the current driver

comprises a two FET curment mirror.

27.  The on-wafer electroplating control circuit of claim 25, further
compriéing:
a second on-wafer resistor having a first port coupled to the ﬁrst port of the
- on-wafer resistor and a second port; and
a second on-wafer current driver having a first port coupled to the second
port of the second on-wafer resistor and a second port coupled io a second plating pad,
the second on-wafer current driver conﬁgured to provide a predefined current to the

second plating pad responsive to the applicati'on of the enable voltage at the first port of
the on-wafer resistor.





