+;€3e||}Ld6T"nP 1 METHODS TO PREVENT METAL DEPCSI TED WAFERS FROM
CONTAM NATI NG THE FRONT- END CLEANI NG SI NKS OR FRONT END FURNACES BACKGROUND
OF THE INVENTION (1) Field of the Invention The invention relates to the
field of sem conductor wafer nanufacturing and nore specifically to
nmet hods of preventing partially processed wafers that have to be reworked
from cont arMBTHODSN TIOr PREVENT BPRAtDERGS IGED WAFRBRAUFRCY UCONRAMINAG ING- THE-
Sem conduct or wafer processing typically is a conplex process including a
| arge number and varFreNy-aNDPCDERSENG G RKSPHR FRENE PNDCESENATESt eps are,
during each of the sequences that are executed as part of the step, closely
nonitored and may result in a conplex web of rework, rejects, partial
rework, etc. This leads not to the ideal processing sequence where a wafer
proceeds f mHMﬁWHMMWﬁmep to kiowerstep but rganTNwsuitond n many di verse fl ows
of parti al wafers. Wafers may be returned to prior processing
st eps causi ng se@meerns of wafers further down the processing |ine 4.1 7 .
t ._ being contam nated with wafers that have al ready undergone nore
advanced st@ps Qge@goggsghgglnééngf%d:herefore inportant to screen for such
occurrences and to limt or elimnate the inpact of contam nation that may

be introduced kg 3,yaheropr OCEANNG LRRLALL 00qbYe VLB S ddiate AT e not part
war er

of the regular processi ng Duri1 ng norma processi ng,

nEtiCU|Ousvﬁhﬁﬁ“%&%ﬂf%éturlng, and more specifically to methods of
preventing partially processed wafers that have to be reworked
from contamination front-end operations of the manufacturing
line.

AMNAT AR

(2) Description of the Prior Art *1ARVARN

Semiconductor wafer processing typically is a complex
process including a large number and variety of processing
steps. These processing steps are, during each of the
sequences that are executed as part of the step, closely
monitored and may result in a complex web of rework, rejects,
partial rework, etc. This leads not to the ideal processing
sequence where a wafer proceeds from known step to known step
but can result in many diverse flows of partially completed

wafers. Wafers may be returned to prior processing steps

causing concerns of wafers further down the processing line



«",paid.to obtaining and maintaining a clean and particle free environnent.
This clean environnment has a direct inpact on wafer yield and therefore on
waf er cost. Wafer processing by its very nature tends to introduce
inmpurities into the processing environngnt, these inpurities can for
instance be introduced from wafer processing furnaces. Dependent on the
type of partheding, conssnipated ciidsh m@yfedist thae have aleeassbhivaciegdgeoner
substrate, especially in areas of the manufacturing process where high
frequency opermat iedvengee beémy perfrooesdion-t At ssbshemforeThimpocaanhave a
severe detrinental effect on wafer properties nmaking these wafers
unsui t abl e ftor sfaxekherfouseuch noatdmrencasesnddonot imit aoc efdtior ndapanhs nay
be introduced to substrates. These dopants can have a direct affect on the
per f or mance iofpaidie odevboesmimati@r ehatt aayaber istagéudal bister @atedekr om
these wafers. Yet other inpurities can cause surface defects in the surface
of " r 3 tgwmossfsehgobpstackém@pyf alfles sothdtshoeatdOnsattn dfhehat om ¢
structure of the substrate. Poor wafer surface can be caused by organic
matter that ddgyies®Bifeirnptbes yafey -floacessi ng envi ronnent, such as oil or
oil related matter. All of these inpurities nmust be carefully nonitored and
controll ed and nust, when present, be renoved fromthe wafer processing
environnment. This control nust be exercised within the cycle of wafer
processing st epsualkh alodnl?@ ReGLRNLRI-Ofsidle wWaftalculbaseastBge Psocess. The
frequency and intensity of such contam nant control operations is highly
cost dependgnf; nd ebedhfin¥hefeveri RessiiBhea BeeREr i MR- 131135 f@w a cost

J

environment. This clean environment has a direct impact on
wafer yield and therefore on wafer cost. Wafer processing by
its very nature tends to introduce impurities into the
processing environment, these impurities can for instance be
introduced from wafer processing furnaces. Dependent on the
type of particle, these particles may diffuse into the
semiconductor substrate, especially in areas of the
manufacturing process where high frequency operations are
being performed on the substrate. This can have a severe
detrimental effect on wafer properties making these wafers
unsuitable for further use. In other cases, donor or acceptor
dopants may be introduced to substrates. These dopants can
have a direct affect on the performance of the devices that

are at a later stage to be created from these wafers. Yet

other impurities can cause surface defects in the surface of



. as- can be acconplished. These nethods of identification and elim nation
nust therefore be sinple but yet effective. To start wafer processing with
wafers that are free of contam nants, |oose particles are typically first
removed fromthe wafers by neans of a wafer scrubbing process. In this way
various dusts (atnospheric, silicon and fjuartz), photoresist chunks and
bacteri a ar echenmfxt dthetackény Sawlis par tdicllesafiens aibechreermiogdct his is
usual Iy acconplished by a polishing operation. | 4 Organic inpurities
such as hydrogardanse afd tgeeaaBst fdes . Pt eiafebesat eadk NEAPNEC ST sedenoved
with the use of solvents such as trichloroethyl ene, acetone, p-xylene,
net hanol and,etdhanalic Maticeal teheand NerLntt Hanthe perdorpmstdisiing vari ous
i norganic chemcals to renove heavy netals, for exanple. These inorganic
chem cal m x{nakBSormien St 501G a¥i dantsy i chikeem aathén, oxi de layer at the
waf er surface. This oxide |layer is stripped, renoving inpurities absorbed
into the oxide layer. Also used to further enhance wafer cleaning can be
conventional chem cal cleaning operations that include acid and rinse

baths. These prggesges:ye@Vanitamieal hisbopdes fd dunifyr aghtkersurigge of
the wafer. A further cleaning operation includes the use of mechani cal

scr ubbing_ opssAti Stk TAESRRE ALONSIRNM | Beb2AGILESELNE eanlay

operations t ~use polishing pads af to turning tabl at hold the
substr ?‘t et oééss&q{dn'%nl?lqlrlogmggt. %th Ocoth%oﬂaBlHEg Qé é)bélscicée%aWiQ%in
operation, the operatlon needs to be

the cycle of wafer processing steps and at the beginning of

the wafer processing process. The frequency and intensity of

such contaminant control operations 1is highly cost dependent

and should, wherever possible, be performed at as low a cost

as can be accomplished. These methods of identification and

elimination must therefore be simple but yet effective.

To start wafer processing with wafers that are free of
contaminants, loose particles are typically first removed from
the wafers by means of a wafer scrubbing process. In this way
various dusts (atmospheric, silicon and quartz), photoresist
chunks and bacteria are removed. Where very small particles
are to be removed this is usually accomplished by a polishing

operation.



.carefully nonitored and special precaution needs to be taken to assure that
particles that are renoved during the operation are renoved fromthe

envi ronnent . i 5 Typically, the turntable is rotated at various
control |l ed speeds, for instance 10 to 100 RPM in a controlled cl ockw se or
count ercl ockwi se direction. A silicon wafef, generally in the formof a
flat, circul ar OGrghknic sinelmd tiietshismch ear hyeéroesgenid yanal glretbessabstrat e
wafer face to be polished faci ng downward. The polishing pad is typically
fabricated faftenm @ yirehhagepadickd o, poinwesidewilbasehantes i af . sAncnier
field in the high density interconnect technology is the physical and

el ectrical isu&t connadichaprotthplyne Ntegitaired e-xkgliehe chhgshdmmola Siangl e
substrate conmonly referred to as a nufti-chip nodule (MCM. A nufti-Iayer
structure isetthiaailed 0Fihhe sUbshimg ecd iddebet peacbirrye asiig@hradidusg and
packi ng density. This nmufti-layer structure allows for short interconnects
and i nprovedi g ¥t ilc REEhGEERBCEs SEREFAtHQ VYO mettAespl apesexaddid. tiese
substrate, such as netal power and ground pl anes, is acconplished by
separating the,l aers ekl c@1dhek6Edd Ca st R oROUNH L Hewn M &dorm &
conductor lines can be enbedded in other dielectric layers with via

openi ngs thaty i QuidR gloetr healheopnast i NS RRLWeRRsSLEN@L 1d\n8s jf to the
netal power and ground planes. 6 In the indicated processes, great care

is used to @@Mﬁpé&atremﬁfiagri &5: Ofed rg&rcir%gs iRay¥erQoOgk phamaljdy. In a

mul tilayer structure, a flat surface is extrenely inportant to nmai'ntain
uni form processing paraneters fromlayer to |layer. Layer dependent
processing greatly increases processing conplexity. Many approaches to

pr aduci ng_a-pl aggLosyLLACE, NAKE S RAMIRELPAL ALLC | o fEPLhadp (O

fabricating hig nsity interconnects and integrated cirtcuit chips in the

past. For inst el ines .a Vi as c | .ze pLyi ng
mul tiple cS&FW%§§§8?%goﬁ%%ﬁ%C:é %ﬂf@ﬁlg egggggtg%%ggﬂ#évgngﬁua%cépﬁgb?%d
degr?e.Of Q&%n%rbégggonThéggﬂIf%%&s%gsOfeggbglgﬂg fémﬁf'ug%ﬂ%%dtQLﬁg from
polyi m de i's REWYer-ti me co sum ng Snd°Créat es %ld% St ress on the
substrate.gﬁhe Rr bl ens soci%;ed with prior art polyimde processes have

e s ace of e warer. . . . . :
becone nore trSubl8sone. For exanpl e, one of the main difficulties with
pol yi mi de processes is that the profiles (i.e. slopes) of the polyimde at
t he bondi ng pad edges are not consistent. Rough edges or filns having

nUMer ous flakeSAaggrther cleaning operation includes the use of mechanical

scrubbing operations. These operations tend to be aggressive
cleaning operations that use polishing pads affixed to turning
tables that hold the substrate that is being polished. Due to
the nature of this cleaning operation, the operation needs to be
carefully monitored and special precaution needs to be taken to
assure that particles that are removed during the operation are

removed from the environment.



_other defects are pervasive throughout the prior art. In other cases,

pl eces’ of photoresist can sonetines becone deposited on the surface of the
bondi ng pads causi ng spi kes of unetched passivation |layer to be |eft behind
on the bonding pad itself. Al though these problens have not prevented the
use of f 7 conventional polyimde processes in conjunction with standard
wi re bondi ng teqhypigaédy,t heses shautracabhgs arse umaceeptiablaer i n vialre onewer ,
nor e advanced bonding. Al of the above indicated processing conditions and

envi ronmentgorgadiliead tspekhe,i ntbeduchkeaneé aibarge nuoberrefi, cophangnant s
and therefore lead to the need for strict control of the enV|ronnent and

the way in Mhitghitke wabekgitbabratgulRet AEL fFaGessed ralce ibal. NG rsQutiedn
Anong the contam nants that can accumul ate on the surface of a substrate

are metal s U}, asq&oPRern oOr i &l UkenUi Coptral fMrghant spm, tiat dﬁgnbanq% the
nmoni tori ng of t he ?evel of nmetal deposited on the surface of a wafer

prevent Unﬁﬁﬁﬁﬁﬁ@%&hfﬁEJ‘EEﬂﬂEbﬁ”H%ééﬁMirkw@&hs%%Q Wokhek$atBr Qd¥ell @R gost
of sem conductor wafers wll be reduced |f such wafers can be identified so

onor k cycl'e VS 5,550 GO0 (Teeng ot BT scl ovgs Bowat eham Baf 1 °
t refat mept Sce'ﬁat %@1195 ?aé?gcz%% ( %%legncgfélﬂre)thﬁggm%ﬁ%&%é 38%1(y srt%].e)r

moni t ori ng |ng usi ng reflectance spe copy. UsS

shows a funace SYIL§ .

Another field in the high density interconnect technology
is the physical and electrical interconnection of many
integrated circuit chips to a single substrate commonly referred
to as a multi-chip module (MCM). A multi-layer structure is
created on the substrate in order to achieve a high wiring and
packing density. This multi-layer structure allows for short
interconnects and improved circuit performance. Separation of
the planes within the substrate, such as metal power and ground
planes, is accomplished by separating the layers with a
dielectric such as a polyimide. Metal conductor lines can be
embedded in other dielectric layers with via openings that
provide electrical connections between signal lines or to the

metal power and ground planes.



~J 8 US 5,683,180 (De Lyon et al.) shows a nethod of wafer tenperature
méasurenment using reflectivity spectroscopy. US 5,369,510 (Carpio) shows a
schenme for bath chem stry control. SUMMARY OF THE INVENTION It is the
primary objective of the invention to identify sem conductor substrates
that contain netal on the surface of th& substrate. It is a further

obj ective of the&n mhentindincdoed mhidsiassiescoprest came iy wiedvdferssuke is a
further objective of the invention to elim nate unnecessary substrate
rewor k act itHdt ede Istirifacasfof tirere dizcest hageofodtieplawvanitiyon Ino ar educe t he
overall cost of substrate manufacturing. It is yet another objective of the
i nvention tmuIgdugerhyfBoceir®y a nflidie sud€atcef ysngxaneme utim@rafant to
substrates in the substrate manufacturing process. al! 91t is yet

anot her objmegitrited nofunti e rh Ny estd L4 P paeduee ekbernon kl Hpsk frar ffayent.- end
cl eaning sinks and furnaces. It is yet another objective of the invention

to prevent mHydM@iedlentener kryed &8 smgMdleaaguliabrvaées prasassidyg flow |t
is yet another objective to prevent unnecessary wafer scrapping due to

suspect ed r@énﬁhe‘%ﬁ@y@”hﬁﬁ%iQﬁ%réa(br?é‘scwod%%@u\éﬁih& 5 he1 ob ecdi e O alie

i nvention, a new nethod of detecting and neasuring the |evel of netal

present ON peen incorporated into methods of fabricating high density
interconnects and integrated circuit chips in the past. For
instance, the lines and vias can be planarized by applying
multiple coatings of polyimide which are used to achieve an
acceptable degree of planarization. Application of multiple

coatings of thick polyimide is however time consuming and

creates high stress on the substrate.

The problems associated with prior art polyimide processes
have become more troublesome. For example, one of the main
difficulties with polyimide processes is that the profiles (i.e.

} slopes) of the polyimide at the bonding pad edges are not
consistent. Rough edges or films having numerous flakes and
other defects are pervasive throughout the prior art. In other
cases, pieces of photoresist can sometimes become deposited on
the surface of the bonding pads causing spikes of unetched

passivation layer to be left behind on the bonding pad itself.

Although these problems have not prevented the use of



‘the surface of a substrate is achieved. A wafer can, at any tine and at any
| ocation within the wafer processing cycle, be neasured for the existence
of netal on the surface of the layer. The presence of netal causes the

rai sing of a visual or audible alarmthereby invoking human or automatic
intervention. Under the first enbodinent of the invention, rf power is

di rect ed ajorveatdvnkaceodfiaidafmrqcddsesr éhl echgpancti@mnerighh issandptrdr ed and
-anal yzed for intensity and frequency content. Based on this analysis

concl usi ongi A bR idganschrggnds Nk HyLesencetandihypeard ureiclepenbilbein
surface of the wafer. 10 Under the second enbodi nent of the invention, a

source of dHOMewHNOERT et RBvaREEACSRfirihe waf er under an angl e such that
part of the light reflects off this surface. The reflected light is

captured and neasured. Based on the neasurenents obtained in this manner,
concl usi ons can be drawn concerning the reflectivity of the reflecting

surface, that ipgithg suef as6vel i il LlhrotResen§onsh s 10t lerd directly
to a nmeasurenent of the ampbunt of netal present on the surface of the

waf er. Undgiy{enfdhitsd aRbedhaent ofe the doAveRt bANe r & MBGRAT Iihdeadiat es
el ectromagnetic energy in the frequency range of m crowave frequency. This

energy i S’cérmgagﬂin%@lt%ng#ﬁ’ clbreeted Alad he tHEl Ae8q0fo L he MafierednRab i s

bei ng evaluated. Part of the energy is reflected by the surface of the

wafer, ang {%{heogehfr&ti%g%@ggg Qﬁ@;gﬁe;p&;r ual ¢ 8RO aN Of feasped Al ter it

has passe hr ou co ing the |eve e reflected

e B e 18, FOERE I PR LU SO s

conclusions ¢ rawn a ecti vl e waf'er ‘surface and
therefore éggngcédﬁ%fy@%ug% gﬁengﬁg%aégwgfIassubstrate are metals such as

copper or aluminum. Control mechanisms that enhance the
monitoring of the level of metal deposited on the surface of a
wafer prevent unnecessary re-routing and rework of such wafers.
Production cost of semiconductor wafers will be reduced if such
wafers can be identified so that only wafers that need to be

rerouted for rework are entered into the rework cycle.

, UsS 5,820,689 (Tseng et al.) discloses a wet chemical

treatment system.

Us 5,552,327 (Bachmann et al.) shows a method for

monitoring etching using reflectance spectroscopy.

US 5,840,368 (Ohmi) shows a furnace system.



_'present on the surface of the wafer. 11 BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig. 1 shows details of the inplenentation of the first enbodiment of the

i nvention, which uses an rf nmetal detector arrangenent to neasure the
presence of nmetal on the surface of a wafer. Fig. 2 shows details of the

i npl enent ati on of the second enbodi nent &f the invention, which uses a
light emtting ul cddeednrisOheéDsouyce of xher phawsath msthed| eftwafeff t he
surface of the wafer. Fig. 3 shows details of the inplenentation of the
third enmbogém@sttatafrd hasnvenbhonus iy cle fises iaifggepeeonoé@spyt he source of
energy that is reflected off the surface of the wafer. Fig. 4 shows a graph
of the reflectivity of a Si02 |ayer deposited on Si as a function of

wavel ength. Fig. 5 shows a graph of the reflectivity of a layer of Al Cu as

a function of wayel engf 1o Elagpléﬁ sinsky S0 oWV oROSSER! €naRdd.Gat i ons
of the invention in re- routlng waf ers. 12 DESCRI PTI ON OF THE PREFERRED

EMBCDI MENT Ref 571 ng now specifically to Fig. 1, there is shown an
el ectronic circuit that serves as a neans to identify and neasure the

anount of rf energy that is reflgghethbpi Meseilagere a wafer. The
electronic circuit contains three functional sections: a LC resonating

circuit, a LCtuning circuit and a rectifying

It is the primary objective of the invention to identify
semiconductor substrates that contain metal on the surface of

the substrate.

It is a further objective of the invention to inhibit

incorrect routing of wafers.

It is a further objective of the invention to eliminate

unnecessary substrate rework activities.

\ It is a further objective of the invention to reduce the

overall cost of substrate manufacturing.

It is yet another objective of the invention to reduce
human error in the identifying and routing of substrates in the

substrate manufacturing process.



circujt. RF energy of a certain frequency is generated by an rf generating
circuit that conprises the anplifiers 14 and 16 and the LC tuning
conponents 12 and 10. The resonating rf wave is anplified by anplifier 18
and passes through the second tuning circuit consisting of inductor 20 and
‘capacitor 22. The second tuning circuit 20/ 22 sel ects specifically the rf
frequency generldt i Biptt RECFPEEL ORIRFT g Cidfc e 1DVSREL 0. tanee ¥t dted
wave is then anplified by anplifier 24 and rectified by diode 26 and
capaci t or @Stklpadrinra fdensrgndl cleweind Sidfker apft RUANABEAl | ayer s
brought in proximty with the coil 10, the inductance and the stray
capacitance of the first resonating circuit changes. The frequency
generated is 13 therefore shifted and can no | onger pass through the
second tuni ng cit cid tyedaasiongetrhebilecoitpuif \tdlet ageetbibe tedpeedor to be
elimnated. This triggers an alarm and produces a control signal that stops
t he subseguenin@oifi crewsirkpuwetfeng wheh wed@rlamtwefercbeaneagisgnkler. a
furnace, thereby avoiding the contam nation. Elenent 37 is a neans for
conparing a do voltage level 34 with a limt voltage 35. Said nmeans 37 for
conparing the voltage level 34 with a predetermned or limt voltage |eve
35 i s determ ning mhetdteranichaedoowdbtape: |evelredéntwnnabecessdey ewaigred by
and indicative of the level of the reflected or penetrated rf or m crowave
ener gy, iSsbigheing ldwerccoruegeaketiomét 91 egrtaminhagdprst able linmt vol tage
val ue 35. El enent 37 provides an electrical signal 36 that reflects the
outcone of this determ nation. 14 Electrical signal 36 indicates that the
result of the conpare, a conpare that is perfornmed by the nmeans of conpare
37, is either arhigfcaepaiewithathéSoypddwiges34£i shbi gheentban, voldiage 35)
or an equal conpare (that is voltage 34 is equal to voltage 35) or a | ow
conpare (thathdés dOlda@et34hg anhomeE sty Wald a@&e35bf he0ALt Bee shgram
that is provided in Fig. 2b the followi ng can be concl uded: -high netal
surface copgentustltded derbibkicedtonid hecisildace nolvadesubshl abhe Yy time
providing reflected or penetrated rf or mcrowave energy; this ref%ected or
penetrated,hf OF 5H§JE&M§H%o%n%&9MihStﬁéﬂ%éﬁé%*ﬂ%bc%@ﬂ&h&'€%§1éﬂ1b46 and a
tuning circuit conprising a capacitor 12 and an inductor 10 -the reflected

or penetrafedsfife® rdl WHIVRLE sEBREEYo£ARPHd1S&h theOkurgEOVBY e ighef Her .
havi ng a frequency and an anplitude. The reflected or penetrated rf ‘or

m crowave @RErGYedendd OF dREal0cBubbs OFhdl Sl iQMRVE o8NEr §Y sTBASYF eE bl e
apparatus, this rf or mcrowave neasurenent apparatus is made up of

conponent s, 18,4 ath &Yy fiinfioki nd0n(Aln | HHUCI Ut 122 16REARACLLRT) . 24 (an
anplifier), 26 (a diode) and 28 (a capacitor) -the surface of a

sem conduct or substrate is exposed to the source of radiation of rf or

m crowave energy, thereby including the substrate into the tuning circuit

of the rf or ”1@£&M@W§KQQH§%%tQﬁb&ﬁ?ﬁ@@%_&@aﬂﬂjQ%v%%%i%h?qygng¥w95 f@e rf
or mcrowave wave due to the metal containing substrate; an rf or mcrowave

ener nmea t ke f oG v ed
gy MeagyLeOR(y APRAALUSaRR ks hifd [ Bl PeGhaLRNE \ﬁﬂfggﬁ?&tg% hang

frequency e sources of energy radi ati on have been I as

t he Light it ' ( in. Fig.. i g.
3, as a SOE?%EE&LO%@I’%{J? %ﬁa&h}';?)r? t%%g ?ré‘lh:%rgslo%arﬁﬁgl? g\%%\?ggﬁ F ggggﬁgl&g‘g ?f%feé:aff
or mcrowa r t e vl 4 t IS
i cat i veoot Chre FrRdaaey aad P s et aatsrt pedpef i, hEEEende
penetrated_rf or_m craowave nerﬁgfthat 'stﬁg(%ﬂ eed to the rf or m crowave
ener gy neaSiPEntht"Ebarct J8° FRELPEFI Rt'E N Sénetrated rf or nicrowave
energy being energy that is reflected by a netal containing surface, as
highlighted in Fig. 2a of the instant invention, or energy that has
penetrated this surface, as highlighted in Fig. 3 of the instant invention;
this do voltage 34 can be conpared with a reference do voltage 35,

provi ding the neans for conparing the do voltage 39 with the limt voltage
| evel 35



-the source of radiation 40, being a LED in Fig. 2a or a magnetron 30, Fig.
3, is positioned in a stationary and well defined physical |ocation both
with respect to the surface of the substrate and with respect to the rf or
m crowave energy measurenent apparatus; the rf or nicrowave energy

‘measur enment apparatus can capture reercFed or penetrated rf or m crowave
energy and can,Urfder e¢dehseebhdcemobadimgenetfr athed infreotion cr ovwewer dar eduency,

i ncluding a first and a second reflected or penetrated rf or mcrowave
frequency, 1 hgas uwepddes eher gurktevel odftlichaevadant unadrr efil ent el uctpeneitr at ed
energy; fromthis follows that the frequency of the tuning circuit 10/12
changes fream@a df riate nafghectredl ast peset riatied sifr faren Thewayel @mssdyl kg ng
a first frequency and a first anplitude to a second refl ected or penetrated
rf or m croyayspenesdnaveaguaesecwaskd requerc yweand ramseconcbaaidd ude of
the rf or mcrowave waves created by the source of reflected or penetrated
rf or m creMeyenaed gy .codlkdub@ofBt @n tihatddsvplcesertni Agt BRe surf ace of the
substrate, reflecting the fact that the tuning of an oscillating circuit is

affected byefhe-dining JCraanpopeatsif Jlimdd, etht; 18 changerfdeLidher
one of these conponents of the tuning LC conponents results in changing the

osci |l atingnd reguencyriysel boRE1 ik £ QYaNE LRENHBELAL, tBea0REhbhALAG: G cui t,
thereby conprising changing froma first reflected or penetrated frequency

and anplityde {0, dhSesondhel Leeted: o5n Panetdaled el HLeaugaCYa ARM, anpl i tude
16 -the reflected or penetrated rf or mcrowave energy neasurenent
apparatus is calibrated to provide a do | evel output of known val ue for
each particul ar and unique reflected or penetrated rf or mcrowave

frequency, thergby. spagi fringal! ¥mb£‘§ir¥ﬂ9:&€‘%@ dld %v%tt@éoﬁ Sﬁ%@?né@ﬂ f£cted

or penetrated frequency -the do voltage 34 is conpare mt vol tage

level ? ?ﬁ (rje%r%rtrpo BQMQS@%@ rgq:hvmftr%g;%elng ek:ag’é tt};'f‘t I's

|nd|cat|ve 0 9ected or penetrate rf or nlcroma e energy is higher,

| over or eqya or.sgv@‘ %%tcly Oﬁﬁ‘?%gérg%%f |§ mJ‘n \é(}l %%9§n§§L“ d§1_5e%ég§ at

presence or absence O ace ‘of t € substrate can

determ ned,, A given netal, f 9 EPSEI’@\? a%blggw%:@vﬁl%%ltggts?gyg 5prteh? ol

prlnary (640) ors In a uni ue an I dent par Icul ar

th fl t "

T T 3,0 SPE 2B, SR BELOP e L3 A3, KO T oo
fl ect ed | 2 |

115t g TR S, kORI, e 0151 e

are known i $ "combi nat’i on I nstance

[ um . h h b f
3nﬁgeaznzefgig€%%ea§%b%1efha ?ﬁ%g%pgign qf?ﬁ?e qgsrﬁ §C%ég3ﬁg$$%hfn

(frequency/mavele th ance red and Go his reflectivity
nmeasur emenf "W ¥h Yﬁ% R%EM&GKFE % g?? ?%ﬁﬁ%%ﬂrvqtggsgﬁ §Rfﬂgfhc%%

expect ed frogtvarrou | s, ta Q9t frts tg% ﬁsgrﬁ Iectrvrty
profile call®b&™f dedlt uﬁéfnsBﬁausr t%%Pw% enéth SrePRaVE ¥e% prirar y
col ors (red reen nd bl ue) .t he anDu t of ht th i ected py the
surface of "EREX WAt B qR REY EPPEEFPET nﬁFymSEFL Ehghtbe
measur ed (b¥ t he photqdetector). The three rrnary colors have uni que
wavel engt hB? e?ﬁ%%e M SHGERSSaPE TR ¥t ¥d as three points on the X-axis
of Fig. 2b. The Y-axis of Fig. 2b 17 indicates reflectivity values. The
reflectivity values (Y-axis values) neasured for the three primary colors
(X-axis values) can then be plotted in Fig. 2b. The range of reflectivity
values (Y-axis values) is, for a particular nmetal, known. |If therefore the
three neasurenents of reflectivity that have been obtained in the manner
indicated fall within the (known) range for a particular netal, the
conclusion is clear that the netal that is present on the reflecting
surface (the surface of the wafer) is the sanme netal as the netal that

bel ongs to that range of ~ reflectivity values. Therefore, in neasuring the
reflectivity for 3 wavel engths, for instance 300, 500 and 700 nm and if
for all three points the nmeasured reflectivity falls within the range of
for instance alum num the conclusion is apparent that alum numis present
on the surface of the wafer. An automatic response nmechani sm can be

i npl enented to respond to the presence



‘of aluym numon the surface of the wafer. This can be inplenmented by using
three LED s and three phot odi odes and an "and" circuit a that gives a
signal when the output voltage of all three diodes falls within a specific
range of values. Fig. 3 uses a nmagnetron 50 as its source of radiation in
‘the range of microwave frequencies. This tadiation is again ained under an
angle at the wafer that is [BRIEG DESCRAPTPAN tOHEEHE DRAWINGSrgy that strikes
the surface of the wafer is 18 reflected, part 58 of the energy
penetrates the surface of the wafer and can be neasured "behi nd" the wafer.
The magnetron 50 is positioned approximately as shown with respect to the
position of therv@f er, sHowe awaveleebectins hdleasttesoh her enes gyi ddw@t has
penetrated the wafer, mcrowave detector 54 neasures the energy that is
reflected &ypédensw facans? iohvehBeonal @iid0.ushssSthong netdBcddurdir t he
surface 32 of wafer 30 indicates the presence of netal on that surface, if
therefore gdetgeddfiedd AR caAtAEIPLEsd RYE|0 OhebEr BMAYRe NSF HYcd AN a
detector 52, it is clear that netal i1s present on the surface of the wafer.
Automati c gggpense nechani sns can be inplenented that are activated either
by the signal fromthe detector for reflection or by the detector for
transm ssion or by subtracting the signal of one fromthe other. Fig. 4 and
5 further enphasize the basic concept underlying the invention, that is

that surface reflgctd vidd Bdgpeodsnte o0 Lha dkng.and, concans ratian of the

material contained wthin the reflecting surface and 1s dependent on the

1 eauency gk Bheycl enaih SbhSemoppict s 5 el PR {ran AN,
| i ght of i i | um i.g. h
L9 o ShoP e 40T 5 ARG S L1 ALANIUR UL 65 FlB oft Shov

the wafer.

Fig. 3 shows details of the implementation of the third

embodiment of the invention, which uses a magnetron for the

source of energy that is reflected off the surface of the wafer.

Fig. 4 shows a graph of the reflectivity of a Si0O2 layer

deposited on Si as a function of wavelength.

Fig. 5 shows a graph of the reflectivity of a layer of AlCu

as a function of wavelength.

Fig. 6a and 6b show two possible applications of the

invention in re-routing wafers.



. 'been deposited on the surface of a layer of Si. Fig. 5 shows 19 this
correlation for a layer of Al Cu that has been deposited on the surface of a
| ayer of Si. Figs. 4 and 5 apply to the LED photodi ode nethod only. It is
clear that both correlations have very unigue and identifiable
characteristics, these characteristics are used as the basis for the

i nvention. Mst notewort RESCRIRT§ONAOF sTHE, PRESESRR P &MBPEIYENT he
reflectivity of the Si02 |layer as the frequency of the reflected |ight
decreases. Fig. 5 shows that, for AlCu, the reflectivity is and renains at
a plateau fromwhere the reflectivity only slowy decreases for relatively
hi gh frequenci Refiarnimg nef| epeedlfi¢ayhty = §ide dhokberesideshewwadf an

i npl enentation of the invention that lends itself to automatic handling of
waf er s baseleotrdriec anowgntl tahtat yperoés et @& meenishéosddeateipfande waf er.
The netal detector apparatus as described can be nounted as shown, facing
t he surfaceeadutde-hmafagosinandf| rikegetqy ahradbdtsi cediliprthdt bgathdeswsed e o
renove wafers fromthe teflon wafer holder. The action of renoval is
triggered by 4 heatevel of detection reaching a level that indicates the
presence of metal, the robotic armrenoves the wafer in question and
positions that wafer into another wafer carrier for further wafer
processi ng. The operation of identifying contamnated (with netal ? wafers
i S thereby aut ored ed e<andoheadvedchf Onednneims nhekeeithoni angl hawaiions20
error. Wafers 62 are nounted in the wafer carrier 60, the source of energy
64 broadcagtsc thesanarigyy 68 rtait heasur faasind? difrcuiie wabies Bect PBying/0 of
the energy is reflected by the surface 72 and detected by the energy

det ect or 681 rdidM . energy detector can

RF energy of a certain frequency is generated by an rf
generating circuit that comprises the amplifiers 14 and 16 and
the LC tuning components 12 and 10. The resonating rf wave is
amplified by amplifier 18 and passes through the second tuning
circuit consisting of inductor 20 and capacitor 22. The second
tuning circuit 20/22 selects specifically the rf frequency
generated by the first tuning circuit 12 and 10. The selected
wave is then amplified by amplifier 24 and rectified by diode 26

and capacitor 28 to form a dc signal.

When a wafer with a metal layer is brought in proximity

with the coil 10, the inductance and the stray capacitance of

the first resonating circuit changes. The frequency generated is



. readily determ ne the presence and type of netal, if any, which is present
on the surface 72 of wafer 62. Fig. 6b shows a top view of a simlar
arrangenent that allows the application of using a magnetron as source of
energy whereby the incident radiated energy 68 is partially reflected (74)
by the surface of the wafer 62 and partially transverses (76) the wafer.
Wafers 62 are nounted in the wafer carrier 60. By neasuring and conpari ng
_the reflected energy 74 with the penetrated energy 76, conclusions can be
drawn regardi ng the presence and type on netal on the surface of the wafer.
For the applications of the inVéntion as shown in Figs. 6a and 6b, nethods
known in the art of wafer processing and wafer F handling can be applied
for renoving wafers that have undesirabl e surface coatings of nmetal. These
waf ers, once renoved fromthe normal wafer processing flow, can then be
handl ed, rdac i requjre o blished for such wafers.
21 AIth%h%ﬁQ%%% g?g§§%¥“%§béﬁgi%% ﬂgg%%]ﬁggégﬁgg%éﬁdk%%scribed herein as
enbodi eq_. } S d | Ao NUber. of I it is neverthel ess
not intgﬁgggyggnggal?%#%&&pggg%hggdeta?ﬁsgggﬁgfggéﬁggﬁ.&ﬁé%her, vari ous
modi 1 CALAQN% T8 BC,IRMA|iR.L0E. Bt Le Wb LA L heasgong and range of
equi val ents of the clains ané W t hout departing fromthe spirit of the

i nventi pp.g, 22 Wiah k8 Ghigied [5a¢ LeAsmerbod fon Ldentidying hi gh metal

surface content sugstrate conprising: providing a 'sem conductor substrate;

provi di gg 2,SAWCenof ui Al 88N, 0f1ddni8885 9k or a furnace,

thereby avoiding the contamination.

Element 37 is a means for comparing a dc voltage level 34
with a limit voltage 35. Said means 37 for comparing the
voltage level 34 with a predetermined or limit voltage
level 35 is determining whether the dc voltage level 34,
which is determined by and indicative of the level of the
reflected or penetrated rf or microwave energy, is higher,
lower or equal to a pre-set or adjustable limit voltage
value 35.Element 37 provides an electrical signal 36 that

reflects the outcome of this determination.



'providing a rf energy neasurenent apparatus; exposing the surface of said
sem conduct or substrate to said source of radiation of rf energy thereby

i ncluding the substrate into the tuning circuit of the rf generator thereby
changing the frequency of the rf wave due to the netal containing substrate
t hereby detecting the presence of netal; conparing said do voltage |evel
with alimt voltage level; and initiating intervention if said do voltage
-level is below or equal to a predeterm ned value. 2. The nethod of claim1l
whereby said source of radiation of rf energy can radi ate el ectrical energy

wi thin the difribneayeney Bandwh dth Jahereby furtlgipore @i d source of

radi ation of energy is positioned in a stationary and wel| defined physical
| ocat i oncHHAToW BhCPFFECE D theesdpraeed Wf tai deaubstir gperarel with

respect 19, sai dikfie £NENAYnMESIM RBRL 2 BPPANRN ¥S (Whes ey pfiypt pernore said
source of rf energy is calibrated to provide a 80 vol tage | evel output of
known vatha® fol tegehdparti el efvdndonhrfriel thetf fequeHageandd $or each

parti cul @guandcugh aug;Physi 6ala 123 ceRPLFQUItaki0Rs 0f o 1Qeat ken; and
orientation as to angul ar intersection and di stance between radi ated and
capt ur edl9¥eTei8PRy M 39S éShect to the surface of said substrate. 3. The

met hod of &l alnd &; Wheleithagal 8 gfo8R.HIYL NMBRSUDRENERE APARALALYS IS an
apparatus that can capture rf energy and that can, for each rf frequency,

nmeasur e tHe R¥né&PRGLIRAEI of the captured energy whereby furthernore said rf

ener gy NBASH GRBNL ARPAIAL USnisnd QaReLPOSAddAnedql On iRt dLikepaly and wel |
defi ned physical |location both with respect to the surface of said

subst r at @f ghFuREtRatedperor it deddarerd ofr pPaaphiart off PE ener gy whexeby

further npr & il Bhic RHET Y1 TRASHILARAL o APRAHALUS i Sy £8), brated to provide a
do voltage | evel output of known value for each particular and unique rf

f r equency* HRYFEr Seakdy par FREUMERY &¥d 0Pt biiershySi chf a6hPi guration of
| ocat i one @th Priiept 8t | Ap2sst Qg aNQubaki Lot ersaehi 9n AN Gt ance bet ween

radi ated and captured rf energy with respect to the surface of
-the reflected or penetrated rf or microwave energy
comprises rf or microwave energy having a frequency and an
amplitude. The reflected or penetrated rf or microwave
energy is provided to a rf or microwave energy measurement
apparatus, this rf or microwave measurement apparatus is
made up of components 18 (an amplifier), 20 (an inductor),
22 (a capacitor), 24 (an amplifier), 26 (a diode) and 28 (a

capacitor)

-the surface of a semiconductor substrate is exposed to the
source of radiation of rf or microwave energy, thereby
including the substrate into the tuning circuit of the rf or
microwave generator thereby changing the frequency of the rf
or microwave wave due to the metal containing substrate; an
rf or microwave energy measurement apparatus captures the rf

or microwave wave of changed frequency



said substrate. 4. The nethod of claim1 whereby said exposing the surface
of said sem conductor substrate to rf radiation is directing said rf energy
at the active side of said sem conductor substrate whereby the direction of
said rf exposure is essentially under an angle with the plane of said

sem conduct or 24 substrate wherngby said angle is within the range between
about 30 and 60 degrees. 5. The nethod of claim1 wherein said neasuring
~said refl etthedspiregrerodgy ensray eadingien davweobtage igdvebhtdiatasi s directly
proportionale £9gaNdditdiiagt hvsuofLEbe snargyihevel @k said,Jeflected rf
energy said do, vol tage FI.eve~l3 baesl %gsah’?éé aobtJ e fo sti mul atﬁa or activate a
devi ce t hdt*BRERP s> HefitVat Phg'ad APAFTR & WAPAT Hesitgnkt® (1&8FEby i nvoki ng
human i nt et @icreowave. freHeengtdfod of claim 1 wherein said conparing said
vol tage | evgle Wt br aniRiredalerdidied Rbaddrbnlen¥ohpaoe theveind,scdgt erm ning
whet her sal di docyplinag Leye! 4 NakyLs. I ndidatiue olosakd 1, gaeray i s

hi gher, | ower or equal to a Fe-set or adj ustabl e 19 mf vorfdt age val ue

t her eby f AtFHHELHD? & Dridéi aPﬁge%Frﬁ‘—dePéchil%?efla@Pgﬁ%lo% RAErP¥fieect s t he

out cone ofersaigy dedterid pabivoded aiod tekect rdrcalicsbwgnad ehergyndi cate that the

result of sajdh cRAPATRIa$aChl Nalhea B ghere £LOWPAL S QlardR YAl conpare or a
| ower conpare. 7. An ary})]agat us f i dentifyi ggf?(}gh nmetal surface content
S

or

suust r at e TEHPREF nYC GrRe DrrPEdratt o EitePyy? W&idd source of rf
ener gy prowirdiaiging swaviesehaws nyisdlfgbtedney Fagd 2n odnphetiudeansai d source
of 5 f fnergwé?@\ibﬂg & lhelryi f‘lgaﬁ?ih"a@Ubé@e@artﬁdeﬂﬁfgﬁuﬁﬁ@@?,r %megt aplo?r at us,
said rf energy. re app S, 0_gener. a do vol tage
that is i rrllﬁl atlgsgg%f“}w%leltgfrgq‘%{eﬁggé.éﬁgé%}ﬁce%gk%flh%%qu%gs% d rf energy
provi ded bYPILA9g SHUFHe PEf CPPPRREE yth a X feraBansid grleapdsihg the surface
of a sem conductioy shbhstadaatefdo Sapdrsoyride ok vdlesper gy biyth nalkudi ng t he
surface of) said subsid al&ehNt9 the tuning circuit of the source of rf
energy, changing a first rf energy having a first frequency and a first
anpl i t ude ofhe Beurge erfergyliatéen & byesag b &0 éo Bifg.r Raeperyy to a second
rf energy hagtidtgoa secanq.fsequensyiadndned secandtapoaryden®@fueihe rf waves
creat ed bydé);aj!n%dsggr%.ecaq.f 16EaBNG P6aUG: L0 J&%%%L«t bel rt%epéﬁgﬂk%e in the
surface of said subStrate: a nmeans for entering sald second rf energy into
said rf enRfdgyensubat GFenttrdpParatiFSPeshi P i enér oy HEASHR Ehent appar at us
creati ng aecwrarohtagerdreng| apparaatsi;veéhefrisairdmgecorder Enengy gy; a do

reference xodda@8cheValpard tiiBadsn fQHtaoaPAs 1 1RG t8aI 6 G2 néekhage drevel
created byoge}‘l\.d ener%yenrg%surggre t apparatus which is indicative of said
sali e

1Crowa a n
second rf éenergy w Yd6 7 eference vol tage level; and a neans for

det er ni ni n§PF fe35Hi e SEI% agePtafdatrd Bbde TéFrewid fr698eh @ r ef er ence do
vol t age | evedtludngThef apparatius ofcaridaicaf Veattser ebypaathasedrce aof radi ation

of rf enerﬁi’cfcﬁJEVEa@f@cﬁ]ﬁer@y@Cﬁé&&@e QAT G¥e My NkBet her Nthef requency

bandwi dt h wher eby TULTDSTIPLS 3aldt20UG08OLgyA2hah! 9 OlrofT8eY T

P \ that the frequency of the tuning circuit 10/12 changes from
a first reflected or penetrated rf or microwave energy
having a first frequency and a first amplitude to a second
reflected or penetrated rf or microwave energy having a
second frequency and a second amplitude of the rf or
microwave waves created by the source of reflected or
penetrated rf or microwave energy, due to metal that is
present in the surface of the substrate, reflecting the fact
that the tuning of an oscillating circuit is affected by the
tuning LC components of this circuit: a change in either one
of these components of the tuning LC components results in
changing the oscillating frequency or rf or microwave energy
of the oscillating circuit, thereby comprising changing from
a first reflected or penetrated frequency and amplitude to a
second reflected or penetrated frequency and amplitude



stationary and well defined physical |ocation both with respect to the
surface of said substrate and with respect to said rf energy neasurenent
apparatus whereby furthernore said source of rf energy is calibrated to
provide a do voltage | evel output of known value for each particular and
uni que rf frequency and for each particular and uni que physi cal
configuration of |ocation andifrientation as to angul ar intersection and

di stance helweepcct2h &aq;eag@plat@adrfaoqt m&@{iovrafvee&%% with respect to the
surface of said substrate. 9. The apparatus of claim7 wherein said rf

ener gy nEXSHMERRINT apPATAtiGsiT CaAAPEPRar AP U Ahde &8 Eftture rf energy and
t hat can,oftenteat knbhinf FRGUensy catBasdrte chher ener@iduevel of the captured
ener gy wher eby f urt her nor e s idrf eper nmeasur enent apparatus is to be
posi t i onecmegEi Xtéeéjt °4t PONATY “aAd W1 M g’é%%l physi cal |ocation both with
respect toreadunensur fraceelnf spacdfisabsy riatc@udin wi fhrytespecd to said source of

radi ati ons Qf, Kf - &NQLIY, Wherehy: £ Segh&rera%g aid rf energy neasurenent

apparatus 1s ca rated to provide a do voltage | evel output of known val ue
for each et dcmcelltaaﬂd34unlsqg@npafreﬁr@mheacy1WdV®mageat¢quarti cul ar and
uni que physiggl configuration of location and orientation as to angul ar
i ntersection and di stance between radiated and captured rf energy with
respect to the surface of said substrate. 10. The apparatus of claim?7
wher eby sdiwddabansinfing whasdst nget He sulthaeeleofelsad dheémconduct or substrate

to rf radjakicapits # FRCTIRTe AL f &R IVl st BE active side of said
sem conduct or substrate whereby the direction of said rf exposure is

essent i al TAFIGHEES SRR Shgl eh\}\ﬁ?'i‘?F't REYHT &fecdtals4Pde Pre7selerfifconduct or

subst r at eadherebye Sadt anglegé sraaukhd s, tthe panrgacbeisveen about 30 and 60
degrees' absence of metal on the surface of the substrate can be

determined. .

A given metal, for instance aluminum, reflects the three
primary colors in a unique and identifiable way. For a
particular metal, the reflectivity of each of the three
primary colors is known. This means that for light of one
particular frequency, for instance red, that is reflected by
a known metal, for instance aluminum, the reflectivity
values are known for this combination light with metal (for
instance red with aluminum}. From this it is clear that by

) measuring reflectivity of an unknown metal (the metal that
must be identified)using a known light (frequency/wavelength
), for instance red, and comparing this reflectivity
measurement with the known (range of) reflectivity values
that can be expected from various metals, the metal that

fits the measured reflectivity profile can be identified.

By using the wavelengths of the three primary colors (red,
green and blue) the amount of light that is reflected by the
surface of the wafer (the reflectivity) by these primary
colors can be measured {(by the photodetector). The three
primary colors have unique wavelengths, these wavelengths
are indicated as three points on the X-axis of Fig. 2b. The

Y-axis of Fig. 2b



11. The apparatus of claim7 wherein said neans for neasuring said
reflected rf energy is creating a do voltage level that is directly
proportional to and indicative of the energy |level of said reflected rf
energy said do voltage |l evel being available | to stinmulate or activate a
devi ce that enables invoking an alarm or warning signal thereby invoking
human intervention. 12. The apparatus of claim7 wherein said neans for
‘conparing said voltage |evel with a predgtermined or Iimt voltage level is

det er m ni ngdwhatBer r88l e €loy MGl tagd@elseVehe Of e SBd dt ilfi teNQRANLS (DL ghes
| ower or equal to a pre-set or adjustable limt voltage val ue thereby

fur t her morg 1 RLQYI gbgguééldef&cttm %rabgagkmw@tcaﬂﬂse%&]a&% 941 GO

salg determ nation said electrical signa ndi cate that the result of
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reflectivity values. Therefore, in measuring the reflectivity

for 3 wavelengths, for instance 300, 500 and 700 nm, and if for
all three points the measured reflectivity falls within the
range of for instance aluminum, the conclusion is apparent that
aluminum is present on the surface of the wafer. An automatic
response mechanism can be implemented to respond to the presence
of aluminum on the surfacg of the wafer. This can be implemented
by using three LED’s and three photodiodes and an “and” circuit
that gives a signal when the output voltage of all three diodes

falls within a specific range of values.

Fig. 3 uses a magnetron 50 as its source of radiation in
the range of microwave frequencies. This radiation is again
aimed under an angle at the wafer that is being tested. Part 56

of the energy that strikes the surface of the wafer is
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2 the type and concentration of the material contained within the

)

reflecting surface and is dependent on the frequency of the
wavelength of the energy that is reflected from this surface.
Both Fig. 4 and Fig. 5 show the different reflectivity optical
light of an SiO2 surface as compared with an aluminum surface.
Fig. 4 shows this correlation for a layer of Si0O; layer that has

been deposited on the surface of a layer of Si. Fig. 5 shows
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characteristics are used as the basis for the invention. Most
noteworthy in Fig. 4 is the seesaw nature of the reflectivity of
the SiO2 layer as the frequency of the reflected light
decreases. Fig. 5 shows that, for AlCu, the reflectivity is and

remains at a plateau from where the reflectivity only slowly

decreases for relatively high frequencies in the reflected

light.

Fig. 6 shows a side view of an implementation of the
invention that lends itself to automatic handling of wafers
based on the amount and type of metal on the surface of the
wafer. The metal detector apparatus as described can be mounted
as shown, facing the surface of the wafers and linked to a
robotic arm that can be used to remove wafers from the teflon
wafer holder. The action of removal is triggered by the level of
detection reaching a level that indicates the presence of metal,
the robotic arm removes the wafer in question and positions that
wafer into another wafer carrier for further wafer processing.
The operation of identifying contaminated (with metal) wafers is

thereby automated and removed from human intervention and human
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and detected by the energy detector 66. This energy detector can

readily determine the presence and type of metal, if any, which

is present on the surface 72 of wafer 62.

Fig. 6b shows a top view of a similar arrangement that
allows the application of using a magnetron as source of energy
) whereby the incident radiated energy 68 is partially reflected
(74) by the surface of the wafer 62 and partially transverses
(76) the wafer. Wafers 62 are mounted in the wafer carrier 60.
By measuring and comparing the reflected energy 74 with the
penetrated energy 76, conclusions can be drawn regarding the

presence and type on metal on the surface of the wafer.

For the applications of the invention as shown in Figs. 6a

and 6b, methods known in the art of wafer processing and wafer

et

handling can be applied for removing wafers that have
undesirable surface coatings of metal. These wafers, once
removed from the normal wafer processing flow, can then be
handled in accordance with required procedures established for

such wafers.
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it is nevertheless not intended to be limited to the details as
presented. Rather, various modifications may be made in the

details within the scope and range of equivalents of the claims

and without departing from the spirit of the invention.
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What is clélmed is:

1. A method for identifying high metal surface content
substrate comprising:

providing a semiconductor substrate;

providing a source of radiation of rf energy;
providing a rf energy measurement apparatus;

J exposing the surface of said semiconductor substrate to said
source of radiation of rf energy thereby including the substrate
into the tuning circuit of the rf generator thereby changing the
frequency of the rf wave due to the metal contéining substrate
thereby detecting the presence of metal;
comparing said dc voltage level with a limit voltage level; and
initiating intervention if said dc voltage level is below or

equal to a predetermined value.

2. The method of claim 1 whereby said source of radiation of rf
energy can radiate electrical energy within the rf frequency
bandwidth whereby furthermore said source of radiation of energy
is positioned in a stationary and well defined physical location
both with respect to the surface of said substrate and with
respect to said rf energy measurement apparatus whereby
furthermore said source of rf energy is calibraﬁed to provide a

dc voltage level output of known value for each particular and

unique rf frequency and for each particular and unique physical

10%



10Y 1 1090 ()-1&t ! 10%08& ()- 310%08 ()-1& 10%08 ()-1 10%0& ()-
109%0% () - 44" 5] 5556aB7/
10Y@ 10%0% ()-1*"109%0& () -!{( YILOUOOL () - 4l &Z10%0% () -1 &S$t! 109%0& () - |

“t110%08 () - 6: 6x6666667bC 10Y 10% & ()- 10% & ()- 100 100 100F4" 10%0% () - @

'10%08' ()-  LO10%0& () - 7999998; ; <~\ :
10! sl "109& ()-!sl "109& ()-!sl "109& §}-10% & ()- 10: 10: 10:10% & () -
.<A>?2222@CuV4 10! L#109%& ()-3 10% . & ()-10% & ()- 10 10 10! 0f)" 109& () -

9 10% & ()gq %@BE'r'a't&bh{bf 1L 108 0& o) ©1Q% 08t {dn kDt ol Bngh@a¥F110% & () -
“9#10%he () 1 OH10%2& () -1 6IxJIKNPY <{\= 101 3S10% 0& ()- 1! 10% o0

& 1 @ 0 * 0, & a
00%97& 0O %%%%Sggt%ﬁppl é}ﬁé%oﬂ(%?y bﬁ])toq/fe%ﬂ rhdisted 2nd GV T80k () -1 -

1 100
LI10% energy with respect to the surface of said substrate.

3. The method of claim 1 wherein said rf energy measurement

apparatus is an apparatus that can capture rf energy and that

can, for each rf frequency, measure the energy level of the
! captured energy whereby furthermore said rf energy measurement
apparatus is to be positioned in a stationary and well defined
physical location both with respect to the surface of said
substrate and with respect to said source of radiation of rf
energy whereby furthermore said rf energy measurement apparatus
is calibrated to provide a dc voltage level output of known
value for each particular and unique rf frequency and for each
particular and unique physical configuration of location and
orientation as to angular intersection and distance between
radiated and captured rf energy with respect to the surface of

said substrate.

4. The method of claim 1 whereby said exposing the surface
of said semiconductor substrate to rf radiation is directing
said rf energy at the active side of said semiconductor
substrate whereby the direction of said rf exposure is

essentially under an angle with the plane of said semiconductor
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directly ropUrtlonal to and 1nd1cat1ve of the energy level of

said reflected rf energy said dc voltage level being available
to stimulate or activate a device that enables activating an

alarm or warning signal thereby invoking human intervention.

6. The method of claim 1 wherein said comparing said

voltage level with a predetermined or limit voltage level is
determining whether said dc voltage level that is indidative of
said rf energy is higher, lower or equal to a pre-set or
adjustable limit voltage value thereby furthermore providing an
electrical signal that reflects the outcome of said
determination said electrical signal to indicate that the result
of said compare is either a higher compare or an equal compare

or a lower compare.

7. An apparatus tor identifying high metal surface content substrate
comprising:

} a source of radiation of rf energy, said source of rf energy providing rf
waves having a frequency and an amplitude, said source of rf energy having

a rf tuning circuit;
a rf energy measurement apparatus, said rf energy measurement apparatus
being able to generate a dc voltage that is indicative of the frequency

and the amplitude of said rf energy provided by said source of rf energy;
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changing a first rf energy having a first frequency and a first amplitude
of the rf energy created by said source of rf energy to a second rf energy
having a second frequency and a second amplitude of the rf waves created
by said source of rf energy due to metal being present in the surface of
said substrate;

a means for entering said second rf energy into said rf energy measurement
apparatus, said rf energy measurement apparatus creating a dc voltage
level indicative of said second rf energy;

a dc reference voltage level;

a means for comparing said dc voltage level created by said energy
measurement apparatus which is indicative of said second rf energy with
said dc reference voltage level; and

a means for determining if said dc voltage level is above or equal to said

reference dc voltage level.

8. The apparatus of claim 7 whereby said source of radiation of rf energy
can radiate electrical energy within the rf frequency bandwidth whereby
furthermore said source of radiation of energy is positioned in a
stationary and well defined physical location both with respect to the
surface of said substrate and with respect to said rf energy measurement
apparatus whereby furthermore said source of rf energy is calibrated to
provide a dc voltage level output of known value for each particular and
unique rf frequency and for each particular and unique physical
configuration of location and orientation as to angular intersection and

distance between
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measurement apparatus is an apparatts that can capture rf energy
and that can, for each rf frequency, measure the energy level of
the captured energy whereby furthermore said rf energy
measurement apparatus is to be positioned in a stationary and

) well defined physical location both with respect to the surface
of said substrate and with respect to said source of radiation
of rf energy whereby furthermore said rf energy measurement
apparatus 1s calibrated to provide a dc voltage level output of
known value for each particular and unique rf frequency and for
each particular and unique physical configuration of location
and orientation as to angular intersection and distance between
radiated and captured rf energy with respect to the surface of

said substrate.

10. The apparatus of claim 7 whereby said means for exposing
the surface of said semiconductor substrate to rf radiation is
directing said rf energy at the active side of said
semiconductor substrate whereby the direction of said rf

exposure is essentially under an angle with the plane of said
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said reflected rf energy is creating a dc voltage level that is
directly proportional to and indicative of the energy level of
said reflected rf energy said dc voltage level being available
) to stimulate or activate a device that enables invoking an alarm

or warning signal thereby invoking human intervention.

12. The apparatus of claim 7 wherein said means for comparing
said voltage level with a predetermined or limit voltage level
is determining whether said dc voltage level of said rf energy
is higher, lower or equal to a pre-set or adjustable limit
voltage value thereby furthermore providing an electrical signal
that reflects the outcome of said determination said electrical
signal to indicate that the result of said compare is either a

higher compare or an equal compare Or a lower compare.



