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METHODS TO PREVENT METAL DEPOSITED WAFERS FROM CONTAMINATING THE

'FRONT-END  CLEANING SINKS OR FRONT END FURNACES
BACKGROUNG OF THE INVENTION

(1) Field of the Invention

| Tne invention relates to ﬁhe'field_of semiconductor
wafer:manufactnring, end more specificélly'to methods of_ 
‘preventing partially proceesed wafers that have to be reworked
from-contamination;frent-end operations of the manﬁfecturing

line.
(2) Description of the Prior Art

Semieenductor wafer processing typically is a complex

_ pfocess ineluding'a'la;ge-number and veriety of proceesing
steps. Theee processing steps are,=during each.of the

_sequenées thaf.are executed.as part Qf the Step; clesely'
rmonitored and may resu]l.t' in’."e conmplex web of rewerk, }éeje_cts,
partial-rework, etc.:This leede not té tne'ideal procesein§
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 pridr processing steps

causing concerns of.wafers further.down. the processing line
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being contaminated With wafers that'haﬁe'already undergone

more advanced steps of process1ng It is therefore 1mportant

to screen for such occurrences and to limit or eliminate the

1mpact of contamlnatlon that nay be 1ntroduced 1nto a wafer'
prooessing 0peration by wafers that are not part of the

regular wafer processing flow.

buring normal wafer processing, metichlouS'attention is

paid to obtaining and maintaining a clean and particle free

‘- environment. This clean environment has a direct impact on

-wafer yield ahd 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.-Dependeht'on.the
type of particle,'these'partioles'may diffuse into the
seﬁiconouctor substrate, especially ih areas of the]
manufacturlng process where h1gh frequency operatlons are

belng performed on the substrate. Thls can have a severe

: detrlmental-effect on wafer_propertles maklng 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
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the wafer or stacking faults or dislocations in the atomic
‘structure of the substrate. Poor wafer surface ¢an be caused
by organic matter that is present in the wafer-processing

environment, such as oil or o0il related matter.

iAil of.theSe impurities must be carefully monitored and
controlled and mnst,'when presenr,'be;removed from the wafer
processing environment. Tnis control must.be exercised within
the cYc;e of wafer'prooessing steps.and_at the beginning.of-
"the_wafer processing process. The freqnency and'intensity of
. such contaminant control operations is highiy cost dependent .
" and shonld( nherever possible;'be~§erformed at as low a cost
‘as can be ascomplished. These methods_of'idenrification and

elimination must therefore be simple but yet effective.

'io srart wafer processing with wafers_fhat'are free of
contamlnants, loose partlcles are typically first removed from -
the wafers by means of a wafer scrubbing process. In this way
_:varlous dusts (atmospherlc, 3111con and quartz), photore51st
chunks and bacterla are removed Where very small partlcles-
are to be removed thls is usually accompllshed by a polishing

operation.
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Organic impurities such as hydrocarbons and greases are,

after the_cleaning process; removed with the use of solvents

R such as trichloroethylene;.acetone, p—xylene, methanol and
lethanol A flnal cleaning can then be performed u31ng various
inorganic chemlcals to remove heavy metals, for example. These
rnorganlc chemlcal mixtures are strong oxidants, which form a
thln ox1de layer at the wafer surface. ThlS oxlde layer is

strlpped, remov1ng 1mpur1t1es absorbed into the oxide layer.

Also used to further -enhance wafer cleanlng can be
conventlonal chemlcal cleaning operatlons that include acid and
 rinse baths. These processes remove'Chemically bonded film from

the surface of the wafer. .

.A further CIeaning operation includes the use of mechanical
scrubblng operatlons. These operatlons tend to be aggress;ve
cleanlng operatlons that use: pollshlng pads afflxed to turnlng
tables that hold the substrate that is belng pollshed Due to
~ the nature of this cleanlng operatron, the operatlon needs to be
;carefully monltored and spec1al precautlon needs to be taken to
assure that partlcles that are removed durlng the operatlon are

removed from the environment.



Typically, the turntable .is rotated at various

.coﬁtrolled speeds, . for instance 10 to _100 HﬁPM; .in- a
'_controlied cloékwise or couﬁtefclodkwiSe direcﬁi&h. A silicon
wafer, genérai;y in the.form'ofva flat, Circﬁlaf disk; is
held within'a carfier assembly withnthe-sﬁbstrate wafer face
to lbe pblished facing' downward. 'Thé poliéhing pad is
typicaily 'fabricated' from é -poiyurethane- and/or lpolyester

base material.

Another field in the high density interconnect technology
~is the physical and electfical_intefconnectidn'of many
integrated cifcuit'dhips to a singlé’Substrate commonly referred -
to as a multi-chip module (MCM)..A multi—léyer:strudture is
éreated on the substiate in order tolachievé a'high,wiring and.
"packing depéity..This multi-layer -structure allows for shorf
:intércbnnects and improved éircuit performance; Separation of -
the planes within the_substrate, such as metal ﬁéwef and ground
plahe#? is accomplishéd by sebéréting,the layefs ﬁith a |
'diélectric'such as afp91§imide; Metal ¢6ndﬁctdr lihes can be
. embgddéd'in other'diéléctricllayefs with via openings that
prdvide eléctrical_coﬁhections betweéh signal lines or.to_the

metal power and ground planes.
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In the indicated processes; great care is used to assure

that the surfaces of interfaces have good plaharify._In a
multila&er structure, a ﬁlaﬁlsurfacé is3éx£remei§'important to
maintain uniférm processing paramgfers from layei to:laYgr;
Layér:dependeﬁt processing greatly ih§reases_processing

complexity. Many apprbaches to producing'a planar surface have

" been incorporated into methods of fabricating high density

interconnects and integrated circuit chipé'in the past. For

instance, the lines and vias cén be planarized by applying

‘multiple coatings of polyimide which are used“to.achieve'an

acceptable degree of planarization.-Applicatibn of multiple
coatings of thick polyimide is howefer time. consuming and

creates high stress On'the'substraﬁe.

- The problems associated with prior art polyimidé proceséeé
have become more trdﬁblesomé. For'example, one of the maiﬁ

difficulties with polyimide processes is that the profiles (i.e.

slopes)'of the pdlyimide atjthé bonding pad edgeé are n6t 
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 unetchéd

passivation laer_to be left behind on the bonding pad itself.

Althpugh these p:oblems have not prevented the use of
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conventional polyimide processes in conjunction with standard

‘'wire bonding techniques, these shortcomings are unacceptable in

the newer, more advanced bonding.

"All of the above indicated processing conditions and
env1ronments can lead to the 1ntroduct10n of a large number of
contamlhants and therefore lead to the need for strlct control
of the environment and the uay in whlch the wafers that are
belng processed are belng routed Among the contamlnants that
can accumulate -on the surface of a substrate are metals such as
copper or alumlnum. Control mechanisms that enhance the
monitoring of the level of metal deposlted on the surface of a
wafer prevent unnecessary re-routing and rework of such wafers. -
Production cost of‘semicohductor'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;'

USc5,820,689 (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.




Us 5,683,180 (De Lyon et al.) shows a method of wafer

temperature measurement using reflectivity spectroscopy.

Us 5,364,510 (Carpio) 'shows a scheme for bath chemistry
control.

SUMMARY OF THE INVENTION

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 objectiﬁe;Of the invention to eliminate

unnecessary substrate rework activities.

It is a further_bbjective of the invention to reduce the

overall cost of substrate manufactdring;

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

substrate manufacturing proceSs.'



It is yet another objective of the ‘invention to reduce the

workload for front-end cleaning sinks and fu:naces.

It is yet ancther'objective of the invention to'p;event .

mixing of rework wafers with'reguiar wafer processing flow.

It is -yet another objective to prevent-unnecéssary wafer

scrapping due to suspected metal contamiﬁstion.

In sccorcance with ths objectives of the'invention, a new
mctccd of-detectiﬁg and.measurihg the level of metal presentncn
the surface cf'a substrate is schicvcd. A wafef cén, at any time
and at any lccaticn Qithin the wafer processing cycle, be
méasused for the é#istence of metal on the surface of fhellayer.
'The presence of metal causes the :aising of a visual or audible

alarm thereby invoking human or automatic intervention.

Under thc first embodiment of_the inventioc; rf power iss
.directed at the surface of a ﬁafer, the"reflccted rf energy is
captured_and anslyzédxfcr intensity éné-freéuency content. Based
on fhis.anslysis conclusions can be &rawn régarding presence and

type of metal on the surface of the wafer.
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Under the second embodiment of the invention, a source of

light'exboses the surface of the wafer under.an angle sﬁch:that
part of the light reflects off this éurface. The reflected light
is'captured aﬁd measured. Bésed on the measuremehts'6btained'in_:
this manner, éonclusions'dan be drawﬁ.concerning tbe
reflectivity of fhe reflecting Sufface; that is the surfacé'of
the wafer. These conclusions lead-diiectly ﬁo a‘measuremeﬁt'of

the amount of metal present on the surface of the wafer.

Under the thifd.émbodiment_of the invention, a ﬁagnétron
£adiates elecéromagnetic ehetgy in the ffequenCy rangé of
- microwave frequency. This'energy is,*uﬁder an angle, directéd at
the surféce of the Wafer_that is_beihg evaluated. Part'of'the -
energy is_reflected b&.thé surfaée-of'thé.wafef,'anoﬁﬁer part 
passes through the wafer and can be measured.after it has passed
through ;he.wafer. By comparing the 1evel-§f-the reflecged.
energy with the 1eve1 of the energy that passed,through the
-wafer,.conclusions-cgﬁ be_drawn about the refleétivitf §f the
wafer.surface and ﬁherefd:é.abdut the amount bf'mefal:that is

_present on the surface of the wafer.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. :1 shows details of the implementation of the first
embodiment of the invention, which uses an rf metal detector
arrangement to measure the'presence'of metal on the surface of a

wafer.

Fig. 2 shows details of the implementation of the second
embodiment of the inventien, which uses a light emitting diode
-for the source of energy that is reflected off the surface of

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 ié'reflected off the surface of the wafer.

Fig. 4 shows a graph of the reflect1v1ty of a Si02 layer

dep081ted on Si as a function of wavelength. :

Fig.. 5 shows a graph of the refiectivity'of a'layer of AlCu

as a function of wavelength.

: Fig. 6a and 6b show two. p0551ble appllcatlons -of the

1nvent10n in re-routlng wafers.
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DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now .specifically to Fig. 1, there is shown an
electronic circuit that. serves as a means to-identify and
measure the amount of rf energy_thatiis reflected by the-surfade

of a wafer.

The electronic circuit contains three functional sections:
‘a LC resonating circuit, a LC tuning circuit and a rectifying

circuit.

‘RF energy of a cgrtain frequéndy i$'generated by an rf
generating circuit that comprises the amplifiers 14 and 16 and :
the LC tuning components 12 and.iO,_The fesénaﬁihg rf.wave is
amplified by,amplifier'is and bassés thrquéh the second tuning
circuit coﬁ§i$ting of iqductbr 20 and éapacifbr 22. The_sécond_
tuning circuit 20/22 selects specifically the rf frequency
generated by the first tuningﬂcifcuit'lé and 10. The ééledted_
wave ig then émplified by.amplifier.24_and rectifiéd'by'dicde 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 firStIresQnating circuit changes. The frequency generated is
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therefore shifted and can no longer pass through the second

tuning circuit Céqsing'the-dc-output-voltage to be redﬁced orftp.'
"be.elimihated. This-triggers_an alarm and'prodﬁces a control
signal that:stqps the subsequent ;ction of putting the. wafer
into a cleaning siﬁk or a furnace, thereby-éVoiding the

contamination. -

Fig; 2 shows an afrangement that haé the same objectives as
Idescribed under Fig. 1 abové. In- the implementation qf the.
“invention as.shown in Fig. 2, the source of energy is a Liéht.
Emitting Diode (LED). The LED showh"can be selected to genefate
.1ight_of-différent waveiengths,-for'instande_red,.green and |
.blue. The lightlfhat'is refleCted.by the surfaée'32 of wafer 30 -
can_be detected by a'photbdetector 42. This photodetector is .
also sensitive to;light of a particular frequency. Fig. 2b.$hows_
a graph iﬁdicatihg the reflecﬁivity of“metal'éé'a fﬁnction of .
.frequency (or wavelength) of the light that is-féflected..The
vertical orlf—axis shOWs'the amount: of energy thét is reflécﬁed,
'tﬁé horizontal or X-axis.shows the Wavelengtﬁlbf the light that
is reflected.’ ihé'f§pe and amount of métal that iS'present in a
.reflecfing surface can be identified.by thé:amount of enefgy. _
that the surface ﬁeflecté. This amount of eneréy is_different
fgrfthe frequengiés or wavelengths that are contained within thél

‘light that is reflected. Visible light contains many different
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frequencies, in many applications red, green and blue are used

for working purposes since these colors are the primary colors..

A given métal, for .instance aluminum, refleéts ﬁhe:thiee 
primary colorélin a unique and identifiable way. For a
particulaflmétal; the refiectivify-of each of the three primafy':
colors is known. This means'thét fér:light of one particular
frequency, for'instance'red,.thaf is reflected by.a knpwn metal,
for instance alumiﬁum, the'refléctivity.values are:known for

this combination light with metal (for instan¢e red with

'aluminum). From this it islcleai that by_meaSufing-reflectivity ,

of an unknown metal (the metai'thét'must'be identified) using a
known light (frequehcy/Waveiength);'for.instance réd,-and
comparing this reflectivity measﬁremént'with the known (range

of) reflegtivity values that can be expected from various

- metals, the métal that fits'the measured7refléctivity profile

can be identified.

By using.the wavelengfhs of the three primary colors (red,

-}gfeen and blue) thefamount.cf light that.is reflected by the
‘'surface of the wafer (the reflectivity) by'these primafy éoiors

can be measured (by the photodetectbr). The three primary colors

have unique wavelepgths,.these wavelengths are indicated as

three poiﬂts on the'Xjaxis of Fig. 2b. The Y-axis of Fig. 2b




15
indicates reflectivity values. The reflectivity values (Y-axis

values) measuredsfor the three=primary colors (X-axis values)
can then be plotted in Fig. 2b The range of reflectivity values
(Y-axis values):ls, for a partlcular metal, known. If therefore
the three measurements of reflectivity'that-have been obtained
in the manner indicated rall within the (known)-range for a
particular metal, the.concluslon is clear that the=metal that is
present on the reflectlng surface (the surface of the wafer) is
the same metal as the metal that belongs to that range of
reflect1v1ty values. Therefore, in measurlng the reflect1v1ty
for 3 wavelengths. for 1nstance 300, 500 and 700 nm, and 1f for
all three points the measured refledtivity falls within the
range of for inStance aluminum, the conclusion is apparent that.
aluminum is present on the surface of the'waferi.An automatic
respOnse mechanism.can be implemented to respond to the presence
of aluminum on the surface of the.wafer; This can be implemented
by using three LED’s.and ‘three photodiodes and an““and” circuit
that glves a signal when the output voltage of all three dlodes

falls within a specrflc 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.strikeshthe surface of the'wafer is



reflected, part 58 of the energy:penetrates the surface of the

wafer and can be measured “behind”. the wafer. The magnetroﬁISO't
- is positioﬂed approximately as showt'with_respeCt'to-the |
éosition Qf'tﬁelwafer, microwave deteetor 52'@eaeutes the energy:
that has_penetiated the wafer, miéro%éve detector 34 measures |
the energy that is reflected byftte'surface 32 of the wafer 30.:
A strong:tefiection by the su:fecé 32 of wafer 30 indicates the
preeence of metal on that strface} ifitherefore'detector 54
measures a higher_level of mictdwave eﬁergy-than detecto: 52, it
is clear that metai.is present on the surface.of the-wafer._
Automatic reséonse mechanisms can be implemented that ére-
activated either by the signei_from”the detector fdr reflection
brlby the detector_for'transmiséidﬁ-or by subtracting the signal

of one from the other.

Fig. 4:ahd 5 fufther eﬁphasize-the baSie concept'upqerlyihg
the invention, that is.that surfaee reflectivity is dependent_on
thethPe'and coneenttation 6flthe meterial.cohteihed within the
reflecting surface and ie.depeﬁdent.qn.the_frequeney of'the
- ﬁavelength_of the'enetéy that is tefiectedtfrem thie surface.’
'Both Fig.'4 and Fig. 5 show the different'reflectivity'optitai
. light of an SiO2 surface es eompared with an alumiﬁum sﬁrface,
Fig. 4 shows thie:correletiop_for_a layer of 8i0z2 layer that has

'been deposited on ‘the surface of a layer of Si. Fig; 5 shows
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this correlatlon for a layer of AlCu that has been deposited on

the surface of a layer of Si. Figs. 4 and 5 apply to the LED -
photddiddé method only. It is clear:that both correlations have
very unique'and:idéntifiable charatteristics, these
chafacteristics ate used as the basis'for-the invention. Most
noteworthy in Fig. 4 is_the seesaw naturé-of thé reflectivity of
the SiOé'layer as the frequency,of the reflected ligﬁt' _
decreases. Fig, 5'ah6ws_that, for AlCu, tha reflectivity is and
remains at a plateau fram.wﬁere the reﬁlectivity only slowly .
fdecteases for'relativély high frequencies in the reflecteq

_light.

Fig. 6 shows a side view of an implementation of the
inveation that leads itself to autbmatic.handlihg of wafers
based on the ambunt'and type of metal on the surface of the:
wafer.’Thé metal detector apparatus as:deaaribéd can,ba mounted
.as shown, fac1ng the surface of the wafers and linked to a
robotlc arm that can be used to remave wafers from the teflon
wafer holqer. The action of removal 1s_tr1ggered by the level of
detection reaching a-level-that iﬁdiéates the presence of metal,
theirobotiC-arm_removes the wafer in Question and-positians that
wafer inta another wafer carrier fqr further.wafer processiné.
Thepreratioh.of identifying contaﬁinated (with metal) wafers is

.thereby automated and removed from human intervention and human
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error. Wafers 62 are mounted in the wafer carrier 60, the source

of eneréy 64 broadcasts the energy 68 to the surface 72 of.ﬁhe
-wafer 62, pért 70 of the_enéfgy is iéflected by éhe surfaqe 72
énd detected sy fhe energy detector 66. Thié-energy detector ‘can
readiiy déterﬁine the presence and t&pe of metal, if ahy,_which

is present on the surface 72 of:Wafer_GZ.

Fig. 6b shows a top viéw of a similar'arrangemen; that
allows the application of usihé a magnetron as source-of eneréy;
whereby the incideﬁt radiated energy 68 is partialiyireflected=
(74) by the sﬁrface of the:wafér 62 and par;ially.transverses
(76) the wafer. Wafers 62 are:mouhtealin the wafer carriéf.éo.
By measuring and cdmpéring the reflected énergy'74;with the
peﬁetrated energy 76;.éonciqsions gaﬁ be drawn regarding.the 

presencé and type on metal on the surface of the wafér.

- For the applicafions of the inventibn as shown in Figs. 6a
and 6b, methods known in the art of wafer proceésing éﬁd wéfef
handliﬁg'can be ap?lied for reﬁoving wafers that héve |
:uhdesirable surfaée'baatings 6f ﬁetai.iThese'wafers, once
removed from'the:normaliwafer'prOCQSSing fiow, can then be
handled in accordanée.with'réquired_proéedures.éstablished for

such wafers.
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Although the present invention is illustrated and described

herein aé embodied in the construction of a numbe; of examples,
it is_neverthelesé not intended tb.be_limited to fhe details as
presented. Rat@er, various modifiéations may be made in the

detéils within the scope and range of'equivélents of the claims

and:without-departihg from the spirit of the invention.
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What is claimed is:

1. A method for identifying'high metal stirface content
.substrate comprising: . |

?roviding a semiconductor substrate;

providing a sSﬁrce of :adiatibn_of rf energy{

prévidihg a rf:energy'meaSuremeﬁt'apparatus;

exposing the surface of said semiécnductor substrate to séid
.source of radiétion of rf-éﬁergy thereby iﬁcluding the_substrate
into the tuning circuit of.the rf generator thereby cﬂaﬁging the:
frequency of.the'rf'wéve due to the metal containiﬁg.substrate-
.thereby detecting the presénée of meta;;-

- comparing said dc voltagé level with'anlimit voltage level; and
initiating interventibn if said dc'ﬁéltage level ié below or "

equal to a predetermined value.

2. The method of claim llwheieby said source éf radiafign_of rf
energy can radiate elecﬁrical energy:within_the'rf fréquency
bandwidth_whereby fuifhérmore said.sourﬁe of féaiaﬁioﬁ.of energy'_ 
_is.poéitioned in a'statidnéfy'ahd well defined physicél location
Jbéth with respec£ to_the surféce of said.sﬁbstrate éﬁd'with
respecf-to_said.rf énergy measurement'appafatus whéreby
furthermore said soﬁfce of rf eneréy is calibrated tofprovide a
dc voltage level output pf known value for each particular épd 

_unique rf"fréquency*and for each'pérticular and'unique,physical
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configuration of location and orientation as to angular

intersection and distahce between radiated and captured rf

energy with respect to the surface of said substrate.

.3;Th§ method of claim 1_wheréin-said rf energy measurement
apparafus is an apparatus that can captuie rf eﬁefgy and that
can, fof'each rf freéuency, measure the energy-leﬁél of the
captured energy:wheréby‘furthermore said if energy meaéurement
apparatus is to be posiﬁionéd_in a Stationary and well defined
fphysicalllocaﬁion both with respect t§ the surface of said
subétraté and ﬁith.respect to said source of iadiation of rf
_energylwhereﬁf furthérmére_said:rf;énergy measuremeht apparatus
is ca;ibrated td,profide;a dc voltage 1evel¢output of:known
vélue for each'pafticular.and unique rf frequency and;for_eéch
particulér and uniqué-physical cohfiguration of location and
orienfatién as to anéular interseétion:and disténc¢ between
radiated and captured rf'energy with respect to thé surface of

said suﬁstrate.

4.:The method of;claim i_whereby ééid:egposing the surface
of éaid.semiéonductor_éuﬁstrate'to-;f.fadiafion is,directing
said rf energy:at fhe active side of séid'semicénductér'
'subsfrat¢3whe£eby thg'direction of said rf exposure is

essentially under an angle with the plane of said semiconductor
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sﬁbstrate whereby said angle is within the range-between‘about

30 and 60 degrees.

5. The method'éf.claim 1 wherein said ﬁeasuring séid:
reflected rf énergy is creating a-dci%oltage:leve;.that is
difectly éroportidnai to and indicétive‘of the energy_level'qf
- said reflécted rf energy said dc,vélfage 1e§el being avaiiéblé
to étimulaté or activate a aévicelthat enables activating an

alarm or warning signal thereby invoking human intervention.

6.The.method Bf claim 1 whereih said comparihg said

- voltage levél with a predetermined o;liimit voltage'leigl is
determining whethéf'séid_dc voltage.level that is indicative of
said rf energy is higﬁer,.iower or equal to é.ére—set'or
adjustable limit. voltage vélue’theréby furthermoré pfoviding an
electrical Signal that reflééts the outcome'of'said
determination said electrical signal ‘to indicate that the result
~of Said.comparé is eiéher a.higher compére dr'aﬁ.equai éomparé

- or a lower compare.

7. A method for identifying high metal surface content substrate
'compris;ng:
providing a semiconductor substrate;

providingla Light Emi;ting Diode;
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rprov1d1ng a llght reflect1v1ty measurement apparatus,

setting the 11ght emltted by said Light Emlttlng Dlode to a

- certain wavelength,

exposing the surface of said semlconductor substrate to the
11ght emltted by sald Light ‘Emitting Dlode,

capturing the 1lght reflected by said surface of saldl
semlconductor substrate thereby dr1v1ng sald light reflect1v1ty'
measurement-apparatus; | |
'measuring the reflectiylty ef said reflected light;

.comparlng sald reflect1v1ty of said reflected light with a
predetermlned llght reflect1v1ty value; and

initiating intervention if said;reflect1v1ty'is within a

' predetermined range of values.

8 .The method of claim 7 whereby broviding a.Light Emitting'
Dlode (LED) is prov1d1ng a LED that can radlate electrlcal
energy w1th1n the llght frequency bandw1dth whereby furthermore
said LED is p031t10ned in a statlonary and well deflned physrcal
location both-w1th respect to.the surface of said substrate ‘and
_with respect tc said llght reflect1v1tyrmeasurement apparatus
whereby.furthermore saideED is calibrated'to provide -a
reflectivityEvalue:fOr each particular'and unique light
_'frequency and for each partlcular and unlque phy51cal

conflguratlon of locatlon -and orlentatlon as to angular
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intersection and distance between emitted and captured light

energy with respect to the surface of said substrate.

9. The method of claim 7 whereby said light is red light

followed by green light followed by blue light.

10. The.ﬁethod of claim-7’whereinISaid.light reflectivity
measurement apparatus is an-apparatus-that'can_capture.light
energj and_that_can; ror each light frequency,_measure the'd
reflectivity of thegcaptured light energy whereby furthermore'
said light reflectiv1ty measurement apparatus is to be
pos1tioned in a stationary and well defined phy51cal location
both with respect to the surface cf said substrate and with
respect to said LED whereby furthermdre'said.light'reflectivity
measurement apparatus_is calibrated to prcvide a reflectivity of
known value for each particular and unique light frequencylandi-
for each particular and unique physical configuration'of:
locaticn7and orientaticn as to angular intersection and distance
_.between radiated and captured light energy w1th respect to the

-surface of said substrate.

11. The method of claim 7 whereby said exposing the
surface of said semiconductor substrate to the light emitted by

Sald Light Emitting Diode is directing said Light Emitting Diode




light at the_actiVe side of‘saidziemiconductor_substrate whereby
the direction of saiddLED light. exposure is essentially under'an
;.angle with.the plane of said semiconductor substrate whereby
said angle is within the range between about 30 and 60 degrees
whereby furthermore said hED.is positionedgin a stationary and
well defined physical location both with respect'to the surface
of_said.substrate and:with'respect:tc said light'reflectivity

measurement apparatus.

'12. . The methcd of claim 7 wherein said measuring said
_reflected light energy'is'measuring'the reflectivity of said
captured light energy thereby having'the ability to identify
said light'reflectivity.in accordance.with the frequency or
.uavelength of said captured light energy thereby'furthermore
having the ablllty to determlne the reflect1v1ty of said |
captured llght energy for each of said 1dent1f1ed captured llght

frequenc1es or wavelengths.

'13. The method of clalm 7 wherein sald comparlng sald
_reflect1v1ty of said reflected llght w1th a predetermined light
reflect1v1ty is determlnlng whether said reflectivity of said
reflected light is-higher than, lower than or within a rance of
reflect1v1ty values thereby furthermore prov1d1ng an electrical

s1gna1 that reflects the outcome of sald determlnatlon sald
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electrical sighal'to indicate that the result of said compare is

either a high compare or an equal compare or a low compare.

i4. A method for identifying high.mefal'surfage conﬁent
subétrate_compfising: o

providing a semiconductor substf&tg;

providing a source of.miC£owave.:adiétion:-

providing a fiﬁst and.Secondlmicrowave enefgy measurement
apﬁaratus; |

'expésihg_the-éurfaée of said semicondubtbr substraﬁe to

' microﬁave radiaﬁion;

~ capturing ﬁicfowaﬁe energy_refiected-by Said.surface of said
semiconductor substrété.thereby driving said first migfoﬁave
eneigy measuremenf apparatus; -

caéturiné microwave éneigy_paséed_through said semiconductor
substrate'thgreby dfiving said second ﬁiérbﬁa?e'energy
measureﬁent-apparatus;

meaéurihg said réflected'microwave energy;
.'measuring'said-passed through'ﬁicroWave“energy;
-comparipg_said_;efiécted micréwavé energy ﬁith'said.passéd
thréugh microwave energy} and |

initiating interﬁention if said reflected micrbwave:ehergy

excéedslsaid'passed.through microwave energy.
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15. The method of claim 14 whereby said providing a source.of

microwave radiation is providing a source of energy that.céq
'radiaté energy wifhin the miérowave-frequency bandwidth whereby
. furthermore said.source:of_microwa§e.radiation ié poéitioned in
a stafionary énd well defined phyéicéi‘locafion both with
respecf to'the'surface-oflsaid substrate énd_with respect to
said firét and second:microwave-enérgy_meaSurémenﬁ apéaratus
whereby furthermore Said_soﬁrce of microwévé energy is
caiibrated to p:ovide én_output signal pf}known value for each
particular and uniQﬁeiﬁicrowave frequency and for eaéh_
 particular aﬁa_unique_physicai éonfiguration of location and
orientation aéito angulér intersection.and diétance'between
.radiated énd captured microwave energy with fespect tq.the

surface of said substrate.

l6.. The_ﬁethod 6f ciaim 14'wherein saia first and sécogd
microwave energy measurement apparatus is an_appérétus that can
captufe'microwave'enefgy.and that can méasuré'thé energy levéi
of the-captured.energy whéreby'furthermore SAid first and second
 ﬁicroﬁavefenergy méésurement appa:étu$ is-to be positioned in a |
staﬁionary and well definéd-physicalflbcatién both with respect
.to the surfé¢e'of_séid substrate and with respedt to said source
léf-miqrowave'radiation whereby furthermqre said first and second

microwave energy meaSurement appa_ratus is calibrated to 'prov'ide
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a signal level of known value for each pérticular'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.

17. The methodlof'claim i4 wherehy_said erposihg the
surface'of.said semicdnductcr substrate to microweue-radiation
is directing seid'source of microwave radiation;at the active
side of said semiconducror-eubstrete whereby the direction of
‘said microwave radlatlon is essentlally under an angle w1th ‘the
plane of said semlconductor substrate whereby said angle is
within the range between aboutl30 and 60 degrees whereby
furthermore Said source of microwave radiaticn is positicned in .
a stationary and well defined ph&sicel locafioniboth.with'
respect ﬁc'the surface or-saidISubStrate and with reepect to

said first and second microwave energy measurement apparatus.

18. The method of claim 14 whereln sald capturlng microwave
_-radlatlon reflected by sald surface of said semlconductor
.substratefis introducing said microwave radiation into said

first microwave energy measurement apparatus.
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19. The method of claim 14 wherein said ﬁeasurihg said
reflected microwave energy is creating a signal of said
' microwave energy that is diﬁectly proportional to and reflective

of the energy level of said-reflected'micrewave radiation.

20. The method ef claim 14 wherein seid.measuring said
microwave energy that passed throegh said semicondﬁctor_
subet;ate is_creatinéla_sigeal of-said'micfowave energy that is
.directly propo;tional to_ehd reflective'of the energy leﬁel of'. 

ISaid_passed_through-micrbwave energy-.

21. ihe methed.of claim 14 wherein Sai& comparing said ref;ected |
micrewave eneréy.ﬁith'eaid passed.through.micfowave eneigy.is
deﬁermining whether said reflected microwave. energy is largei

" than said”passed.threugh micrdWave energy thereby furthermere
providing ep electricallsighalltﬁat refleétseahd indicates that
said reflected microwave energy is larger than'séid.passed

_thrbugh'mierowave energy.

~ 22. An apparatus for identifying high metallsurfece content
. substrate comprisihg:
a source of radiation of rf energy;

a rf energy measurement apparatus;
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a means for exposing the surface of said semiconductor substrate

to said source of radiefion of rf energy:

" a means for capturing rf_eneegy reflected by said surface of
said semicondﬁctor substrate therebx driving said rf'energy
measurement aﬁparatus;

a ﬁeans for measuring said.reflecﬁed rf energy thereby providing
a dc volfege.level that ie;indicative.of the amount ef cf energy"

.thaﬁ is reflec#ed'by'ﬁhe surface of said Sﬁbstrate;' |
‘a means for compar;ng-said'dc voltage level_with a limit vOltage
level; and | |
.a means for iﬁitiating intervention'if said dc voltege level is

above or eqﬁal to a predetermined value.

23; The apparatus of.claim;22 whe:eby saiderurCe of radiation
of ff ehe:gy_can radiate.eleCtrical energy within the rf
freduency-bendwidth'Whe;ebyefu;thermore said Soﬁfce df-;adiatioﬁ
of energy.is.pOSitioﬁed.in a-seationarj_and well defined
physical location bofh with respect to the Suffeee:of'said
substratéeand.with respeet:to said rf ehergyimeasurement“
Napparatus whereby'fﬁrﬁhermereesaid'souieefef rf'energy'is
calibrated-te érovide'a:dc,voitage level oﬁtput of known value
for each partieulafland unique rf frequency andufor'eéch
eéarticular and unique physical eonfiguration of location and

orientation as to angular intersection and distance between
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radlated and captured rf energy w1th ‘respect to- the surface of

said substrate.

.-24; The apparatus of claim 22 Wherein'said rf energy
measurement apparatus is an apparatusythat.can capture rf eneréy
and that Can, for'each rf frequency, measure the.energy level: of
the captured energy whereby furthermore said rf energy _
measurement apparatus 1s to be p051tloned in a statlonary and
well deflned phy51cal locatlon both wrth respect to the surface .
of said substrate and'uith_respect_to said.source of-radiation-
of rf energy nhereby furthermore said rf energy measurement
apparatus is callbrated to prov1de a dc voltage level output of
‘
known value for each partlcular and unique rf frequency and for
each partlcular and unique phy31ca; conflguratlon'of_locatlon
and_orientation as to angular interSection and distance betueen'
radiated_and captured rf energy with respectcto-the surface_of-'

said substrate.

25; The apparatus of clalm 22 whereby sa1d means for exp051ng
ythe surface of sald semlconductor substrate to rf radlatlon is
dlrectlng sald.rf energy at the actlve 51de_of said
semiconductor'substrate nhereby the direction of said rf

exposure is“essentially under an-angle with the plane of said
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semiconductor substrate”whereby said angle is within the range

between about 30 and 60 degrees.

26;-,The apparatus of claim 22 wherein.said meane for meaeuring;“
said reflecteo'rf energy is creatingsa.dc voltage level that is
directly proportlonal to and 1nd1cat1ve of the energy level of
said reflected rf energy sa1d dc voltage level being avallable
to.stlmulate or actlvate a device that enables_lnvoklng anialarm

or warning signal- thereby invoking human intervention.

27. The apparatus of claim 22'wherein said_means for comparing S
'said-voltage level-with a predeterminec or limit_voltage level
is determining whether sald dc voltage level of said rf energy l
is hlgher, lower or equal to a pre set or adjustable limit
voltage value thereby furthermore provldlng an electrlcal signal
that reflects the outcome of said determlnatlon said’ electrlcal
slgnal to indicate that the result of sard compare rs e1ther a'

: hlgher compare or an equal compare or a lower compare.

. 28. An apparatus for identifying high metal surface content
substrate comprising:
a Light Emitting Diode;

a light reflectivfty meaeurement_apparatue;--
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a means fcr.settlng the llght emitted by.sald nght Emitting
Diode to a certaln wavelength;

"a means for exposing the surface of said semiconductor substrate
to the 1ight emitted by said Light'Emitting Dlode;

a means for capturing the light reflected'by'said surface of
said semiconductor SubStrate thereby drivind said light
reflectivity measurement apparatus;

a means for measurlng the reflect1v1ty of sa1d .reflected. llght,
a means for comparing sa1d reflect1v1ty of said reflected llght
'w1th a predetermlned_llght reflect1v1ty value; and

a means for 1n1t1at1ng 1nterventlon 1f said reflect1v1ty is

within a predetermlned range of values.

29 The apparatus of claim 28 whereby a Light Emlttlng Dlode
(LED) is a LED that can radlate electrlcal energy w1th1n the
11ght frequency bandw1dth whereby furthermore sald LED is -
p051t10ned in a statlonary and well deflned phys1ca1 locatlon
both w1th respect to the surface of sald substrate and with
respect to said llght reflect1v1ty measurement apparatus whereby
furthermore said LED 1s callbrated to provide a reflectivity
value each partlcular and unlque 11ght frequency and for each
partlcular and unlque phy81ca1 configuration of locatlon and

'_orlentatlon as to angular intersection and distance between
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" emitted and captured light energy_with respect to the surface of

said substrate.

30. The apparatus of claim.28 ﬁhereby'said light is'red=light

followed by green light followed by blue light.

31. The spparetus of'claim'28 whereih_said light

reflectivity_apparatus is an apparatus that can capture light '

'energy and that can, for each light frequency;_measure the

reflectivity of the ceptured light energy whereby furthermore'

said light reflectivity meaSurement;apparatus is to be

positioned in a staticnary and well“defined physical location

both with respect to the surface of said substrate and with

respect to said LED whereby furthermbre said light reflectivity g

measurement apparatus is calibrated to provide a reflectivity of
knohn_value for each particular and unique'light frequency and

for each particular and unique physical configuration'of:

_lOcetion'and orientation as to ‘angular intersection and distance
. between radiated end-captﬁredﬁiightfenergy-with‘respect to the

. surface of said substrate.

32, The apparatus of claim”28 whereby said means for'exposing

'the surface of sald semlconductor substrate to the light emltted'

by sald nght Emlttlng Dlode 1s dlrectlng ‘said nght Emlttlng
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Diode'light.at the active side of said semiconductor substrate
uhereby the.diréction of.said.LED light exposure is esaentially
. under an angle with the plane of said semiconductdr substrate
whereby said angle is Within.the_range between_about 30 and 60
degrees whereby furthermore said LED ie poeitioned'in a
stationary and. well defined physical 1ocation bdth_with reepect
to the surface of said substrate and with respect'to:said light -

reflectivity measurement apparatus.

:33. The apparatus of claim 28 wherein said means for measuring
said reflected light energy is measuring the reflectivity of

said captured light energy thereby having the ability to

' _1dentify said light reflectiv1ty in accordance ‘with the

frequency-or wavelength Of said captured light energy thereby
furthermore having the ability to determine the reflectivity of
said captured light energy for each of said identified captured

light frequenc1es or wavelengths.

.34. The apparatus of claim 28 wherein said means for comparing
'said reflect1v1ty of said reflected light w1th a predetermined
light reflectivity is determining whether said reflectivity of
said reflected"light is higher than; lower than or within a
_range of reflectivity values_therehy furthermore providing an

~electrical signal that reflects the outcome of said
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determination said electrical signal to indicate-that the result

of ‘said compare is either a high compare 6r an equal compare or

.a low compare.

35. A apparatus for identifying:high'metal surface content

substrate comprising:

: a source of microwave:radiationr

a flrst and second microwave energy measurement apparatus,

a means for exp051ng the surface of said semlconductor substrate

to m;crowave radlatlon,_

-a means for capturlng mlcrowave energy reflected by said surface

of said semiconductor substrate thereby driving said first
microwave energy measurement apparatus,

a means for capturlng microwave energy passed through said
semiconductor substrate thereby ‘driving said second microwave
energy measurement apparatus, |

a means for measurlng said reflected mlcrowave energy,

a means for measurlng sald passed through m1crowave energy.

a means for comparlng-sald reflected.mlcrowave energy w1th said

:passed through mlcrowave energy, and
'a means for 1n1t1at1ng 1nterventlon if sald reflected mlcrowave-

energy exceeds said-passed through microwave'energy.
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36. The apparatus of cla1m 35 whereby said a source of

mlcrowave radiation is a source of energy that can prov1de

. energy within the microwave frequency bandwidth whereby

furthermore said source of,micromaye radiation is positioned in
a-stationary.and well defined physicalllocation both with
respect to_thegsurface of said substrate‘and with respect to
said first.and Second'microwave_energy measurement'aﬁparatus
whereby furthermore said source of microwaye energy is'"

calibrated to provide an output signal of known value for each

‘particular and unique microwave frequency and'for each

particular ahdﬂunique physical configuration of location and

orientation as to angular intersection and distance between

 radiated and_captured microwave energy with respect to the

surface of said substrate.

37. The apparatus of claim 35 whereinfsaid.first_and-second
microwave energy measurement apparatus is an apparatus that can
capture microwave energy and that can measure the energy level

of the captured energy whereby furthermore sald first and second.

fmlcrowave enexrgy measurement apparatus is to be p051tloned in a

stationary and well defined physical location both with.respect

to the surface of said substrate and with respect'to said source.

- of microwave radiation whereby furthermore said first and second

microwave energy measurement apparatus is calibrated to provide
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a signal level of known value for each particulaf and unique

physical configuration of location and orientation as to angular

.intersection and distance bétween.rédiated and Céptured rf

energy with respect to the surface of said substrate;

'38. The apparatus of claim 35 whefeby-said means of eXposing _'

the surface of said semiconductor substrate to microwave
radiation is directing said source of microwave radiation at the
active side of said semiconductor substrate whereby the

direction of said microwave radiation is essentially under an

'angle with thelplane of said semiconductor §ubétrate Whereby_

said”angle is within_the'range betweén'abqut 30 and 60 degrees'
whereby furthermore said source Qf.miérowave.;adiation ié'
positioned in a stationary and wéll_defined:physical location
both with respect to the surface of said_subét:ate and with
resﬁect ;o.said first:and seéond microwave enérgy meéSh;ement

apparatus.

. 39. The'apparatus-of-cléim 35'wheréin.5aid means of heasurihg
.said reflected micrbwave eneréy is creating a signal of said

" microwave energy-that is directly proportional to and'fefléCtive

of the said reflected microwave radiation.
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40. The apparatus of claim 35 wherein Said-means of measuring

said microwave energy that passed through said semiconductor

substrate is creating a signal of said microwave energy that is

. directly.prbportional to and reflectiﬁe of the said passed

through microwave energy.

41. The apparatus of claim 35 wherein said means bf comparing
said reflected microwa#e énergy with said'passed'through
microwave energy. is determining whether said reflected microwave

energy is larger than. said passed through microwave enerqgy

| thereby furthermore providing an electrical signal that reflects

and indicates-that said reflected_microwave:energy is larger

_thén said passed,through microwave energy.



