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A new referencing method for lmproving the bassline scabiliny of
spectrophotameters has been develsped. The idea i3 to use two scurces and
two detectsrs, thereby establishing four éptigal beam paths sohrough the
system, and have each and evary opcizal element in the system te used oy
at. loast two, covarlapping and mutuaily referencing, beams. The two sour-~
ces are modulated and the two detector signals are dempdulaced so chac
che signal components due to Ihe fdur optical beams can be separated by
standard signal processing means. SpectrIphoromerric measurements like, - -
e.g., cransmission spectra, are 'ccnxpu.tzed as a racio of two raciocs. The

mechod has bDeen dubbed *Two of Zachk, Clesa in Space” (TECS) and is able

to previde a complete, full'y specrrally rasolved, referenca without

mechanically moving parts.

-4 -} lon

TRe invention relates th apparatus and metihods for refersncing
SpRLS T EROTNBLErS .

16 April 1396 -1/ i5 . 3 Pigurez, 6 Claims



Apr 21 2005 11:36 DIASENSEINCFAX 41227390355

Mar 15 2005 11:40AM HP LLASERJET FAX

Most of tha spectcroscopic analyses parformed in tha UV, VIS, NIX and
TR wavelengtn ranges require raticmecric measuremancs, i.e., thas oprieal
signai received from the sample is compared o the oprical gignal
received from a reference standard. Ratiometric neasurements, e.g..
cransmission, absorbance, or reflaccance spectra, are importanc for

correct qualitative and quantiracive interprecation.

The main purpoge af o spectrophotometric measurement isg pe igolate
rhe spectral signature c¢f the sample from the spectral characteristic of
the inscrumenc (lamp, filters ecs.). This is achieved by measuring the
respense of the instrument to a reference standard, the macerial and
gpectral response of which are Qauerally chosen to na as flac as passible
throughcut the wavelength range of interast. The spectral rasponse
measured from the sample is then rarioed by the rasponsé measured from
che :afarm&:e and, ideally, all spectral signaturas unrelated to che

sample will be canceled.

The cypical instrument teday is a so-called single-beam spectromecver
im which the reference and the sample are maa.sured secuentially. Typical
research instrumencs like, e.g., many Fourier-Transform IR spectromecers,
require the operator (o manually put the reference into pasicien.
Instruments used for on-line process control and instruments dedicated
re routine analyses typically alse measure tha reference seguentially bue

may neve slectrs-mechanical means Zor moving che refére;wa ~nto posicion.

praceical spectromaters are net perfectly stable but show responss

dris=sz due -3, e&.g., room temperarure varviacions, The inscability of an
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instrument can ba observed by ratioing the response signals from two
| consecutively measured ?aﬁe.rmes; typically, instruments will deviate
from the ideal *“100% trangmission baseline" anywhere in the range from
0.1% to 109, Iﬁ practice, tche sz:r‘_'cr.er the requiremencs of the applica-
tisn, the more fraquently the reference measurement needs to be repeated.
On typical FT-IR spectrometers, f{or example, qualicative analyses may
cequire only a single reference per day whereas some gquantitative axialyw
ses may require z new reference every other minute. Because of practical
limicarions as to how fast the reference can be moved, baseline instabi-
licy rurms out to be a limiting facctor fcf accuracy in single-beam

inaciummm .

™ c.b.é garly days of coptical spectroscopy researchers tried te build
deuble~beam "SpectrophRorometers” i:i which the sample and the reference
msuld be measured guasi-zimultanecusly. Typically, two separate optics.
which were mirror images .cf sach other, would pick up radiation emitted
spem a single source, direct the two beams to the sample and the
referance, then pick up the two beams and direct them to a rotating
mirrer which would transfer the beams to a single detectpr {é.g. [L]).
n practicees, however, doubla-beam instrumentsg turned out ta be infericr
zc single-beam gpectrometers wirth respect to bhaseline stability and
relighility and the idea has been largely abandoned to this date. The
reascn for the failure of the =arly double-beam insrruments was that the
two separace optical paths wers Just tnat;..sapuata. If one optical
glament got misaligned, or fingerprinted, and its respective mirror image
glement did not underge the exact same change in its spectral respan&e
mhmaracraristic then the accuracy of the baseline of the instrument was

~empremised.
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This invention provides a mechod for achisving a complete, quagi-
5simultaneous, long-verm stable, fully spectrally resolved reference in
a specrtrophotometer without mechanically moving parcs. As a resulc of
using chis invention, the baseline stability of speccmﬁhotometric
measurements can be improved by several orders of magmitude cosmpared to
current single-beam instruments and highly acourats measurements can be
performed réliably, aven in ungontrelled or hostile environmants.

Tmportant applications of this invencisn include IR process control

sgnscrs and IR biomedical home monitoring sensors.

In the £allowing, - the mnotation of | Detector Detector
T&b- I Will b‘ uﬂﬂd for the four L T ample. dalesanes
. : z ‘ 134
oprical beams and ctheir respective Sau’{:: #A sy st
electrizal counterparts.  Also., A | o ioc. B gty gt
. . Rol { aarapion
rransmission measurement will be used

as an example. The inwvention, howgver, can bea applied o other

. spectrophotomecric measurements like absorbance or reflectance.

The basic idea behind this inﬁention is to use two sourses and cwo
detecctors, thereby defining four ciapti;al beam paths through the gsystem,

and have eéch and every optical element ln the system be used Ly at leasc
ewo, overlapping and mutually iefermcing, Lasme. The rransmissicrn

speccrum is compucted as a ratio of two ratios:

(3]
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™o besms are mutually referencing whenever chey form a rarvic in Eg.1,
@.g., beam 8%, references with 5%, and ST, but 20t with 5%. In the
Eollowing, S5, will be called the sample beam: $'%, will be called thae
reference beam; and §%, and 5%, will be called the Lns:rumgﬁn Deams., The
ratio 57%,/8%, in Eq.1 is the spectrophotomecric ratio and provides
gpectral information about the sample. The instrument beams <o not
prdvide spectral information about the sample but de provide spectral
jpformaticn about the baseline of the instrument. As will be explained
in detail later, referencing can take‘blaﬂa barween all possible pairs

of referencing beams in actual TECS spectrophotometers.

The closer the v;wc: beame of a referancing pair are to v‘each‘ other in
space, i.e, the mcré they overlap at che optical surfaces and in the free
space betwean optical surfaces, the less sensitive the baseline ¢f :he
instrument will be with respecrt to dugt, absorbers in thg atmosphere,
mechanical misalignments. etc. Practically speaking, TECE spactrophoto-
meters should be designed for maximum heam cverlap throughout the system
in order to increase baseline stabllicy and reliapility and in order te

avold expensive baseline proteccion mechanisme like purging.

of course, given tha wvery nature ¢f the measureamentc, the sammle beam
and the reference beam need to be separated in spate somewhere in the
sysﬁe.m so that one beam can hit the sample and the other the reference.
In many applications, however, the area of geparation can ke restricted
o a small space in the immediate vicinity of the sample which, in curn,
ean ralatively easily be protected from environmental influenges. In
parvicular, the area of separation can be placed inside an optical glass

ce fully benefic from the uz:ifcrmit.? and environmental stabllicy of the
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glass. The state of the atn of eptical dasign makes available':a aptical
angineers and spiut:mscapists a large wvariecy of different desiqns by
which separacien of sample and refarence can be achisved in & protected
.aﬁvironmant. In practice, cholce of design will depend on ths physical
characteristics of che sample, the type of spectrometer used (g.¢. FT-IR,
grauing}; and the type of experiment (e.qg. cransmission, reflection). In

the following, thrae particularly useful designs will be described in

decail.

FI&.1 shows a preferred embddimant of TECS for a diffuse reflectizn
experinant and an LED array based instrument.
Fig.2 shows a praferred embodiment of TECS for a transmission experiment
. and a detector array based instrument,
Fig.3 shows ancther émbodimant ¢f TECS Z3r a rransmission experimentc and

a detector array based instrumenc,

Datail Descript _of Invention

A preferred embodiment of TECS for a diffuse reflection experiment

uging an LED array based ingtrument is shown in Fig.l.

Two LERD arrayvs (1A and }B) that may or may not be packaged intp a
single package, emit lighr onro a grating (2) and mopochromatic images
{44 and 4B) are formed in the exit slit (£) of monochromator (3). The two
arrays (iA) and (1E) have identical number of emicters and idencical
spectral coverage. Mirror (6) and lens (7) direct the ctwo beams onto a
peamsplitter (8) where a small portion 2f the radiacion power is reflec-

Y

red and is directed through lens (8) tc derector I (10). Detector I (10
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datects the two instrument beams $%, and S%. Lens (3) is 2 Kobler lens
chat images ubo'wpaxcﬁra.of beamsplitter (3) onto detectcx I (10), i.a.,
the two beams are ﬁou separated at devector I (10) but are overlapping.
Most of the optiral power. however, is tranamictad through beamsplitter
(8) and lens (11) and mirrer (12) to an irmersion lens (13} contacted by
rhe sample (14). Lens (13) is dimensioned big ancugh to allow significant
separacion of the sample beam and the reference beam to ocour snly within
the glass of (13) and is ﬂmdé out of, e.g., 2k-7., fused silica, or
saﬁﬁhirc. The separation ¢f the LED 1magas (4A) and (4B8) in the exit siit

{%) is used ta focus the reference beam onto the reference standard (15)

which is immersed and protected in lens [13) whereas rhe sample beam is

directed onto the sample (14). The diffusely reflected optical signals
from both the sample (14) and the reference (15} are ccllected by pick-up
optics (16} and concentrated ento detector IT (17). Zetacrtor I (17) i3
used to decect borh the sample and the referéncé signal whereas decector
r (10) is used to detect the two instrument bHeams. Thé decector signals
ara amplified by pre-amps {15} and (1%) and fed into a eignal processing
alactronics (20} typically comprised o»f additicnal amplifiers, &
multiplexer, sample & hold, an A/D convertaer, digital signal processing,

a central procsssing unit, and associsted digital hardware.

The optical signals emrrcted by the twe arrays (8, and S§g) are
modulaced in tiﬁe, e.g., in a sisple cn-off fashion in which cnly a
single LED is on- ak a time. Blectronics (20) is used to demodulate the
rwo deteccor signals (S' and §°%) and separate the four components, ST,
3Ty, gL, , s#g. Phase-sensitive demodulation ig preferred aﬁd iz achisved
by having contrel electronics (31! provide timing signals (21a} ©o hoch

the LED driver (22} and vhe signal processing elecuronics (20). The TECS
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double ratic {(EQ.1) is then computed by the CPU in (20) and tha resulting

diffuse raflection gpectrum ig displayed on display {(23).

produce the following TECS double ratio result:

i s.ﬂ]
Fafoctance =

whara:
Ea
Tﬂkw!i
Tag.A
Tu»ml-
Rﬂwlu
Temple-s2

Bug.a
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At any one particular wavelength, the system shown ia Fig.l will

e
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Tos sumpne * Tagpw (2.0)
Tl’..ﬂ o r".‘ (2.!)
assuring that: Tm w” Tavn 2.4)
Rm - R”.’ (B.b}
‘ Tesora * Toynn (2.9)
LED emission, array A Euw LED enmission, arvay B
zransmission, from array A Ton-ns transmission, from array B
ro beamsplitter: ts beamsplitter
cransmisaion  through Tes.8 tranamission thravgh
beamaplitter., array A beamsplitter, array B
wransmission, from beam- Tag-pat transmission, £Zrom beam~
splitter to sample ' spLicter to referwnce
diffuse reflection of the Rpar diffuse reflection of the
sample ' refarsnca
rransmission, f{rom sample Toaf-i tranemission, Eram
o datector LI reférance to detectnr II
reflectien of Tbeam- Rus x raflmetrion of bmam -
.Eplitter, array A splitter, array B
cransmission, from Dean— Tag-41.8 transmission, Erom beamw
splitter Lo dececter I, splitter to detector I,
array & ‘ array B
raspnsivitcy of deteetor 1T Ray responsivity of detector I

The "=* gign in Egs.Za-e is used ro allude to an imporcant

poine, viz. the difference between ratiometric acouracy and stability,

I# accuracy i required, then che optical system needs to be designed in

such a way that each pair cf parameters in £qs.2a-e ars equal, e.g.,

Tgs, a=7es, ur

at all wavelangehs.

If =vabilicy

i regquired., then che
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parameters Ao not need to be equal and the optical system only needs to
be degigned to assure stapility of the ratio of e;ch pair of naramstors
in Egs.2a-@. e.9., Ty a/Tas,a, OVer cime. Many spectrophotometric
apﬁlications, in faet, enly require scability and designers of TECS

gpectropaotomecers can use this requirement to their favor.

41) oprical elaments in Fig,l1 are being used by :two,
overlapping and matually referendinc. beams. The bam separation at the
exit slit (5) does net viplate the TECS principle because Tep.pg and Tun-RE
ara referenced ouct batween detectors I’ a.nd\II, and net between souUrces

A _amﬁ B (cmp. Eg.2). Gengrally, for systems similar to the one shown ia
| Fig.l, beams do not need Lo be ¢lose in space before tha beamsplitter but.

sniy at, and after, the beamsplitter.

A preferred embodiment of TECS for a tracsmission experiment

using a detector array based ingtrumenc is shown in Fig.2.

The radiation from two broad band sources (51A) and (S1B) thac
may or may Aot ba packaged into a8 single package, is collected by a lens
(527 and directed towards a beamsplitter (53) where a small portion of
the radiaricon power is reflected and directed chrough lems (54) to
encrance slit (55) of spectrograph (57). Lens (54) is a Xohler lans thac
images che aperture of beamgpiitter (53) ::ﬁt:z:: entrance siit (55), i.e.,
rhe twn Leams zre not ssparated at encranca slic (55) but form an
overlapping image (S8} . Polychromatic image (56) is wavelength-dispersed
and imaged by conecave gratipng (88} onte detector array I (S5I). Most of
the optical ptwer, hLowsver, is transmitted by beamsplitter (53)

and
gnters an environmental proetection box {70] through a window (60), inside
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(70) . =he mazpie mtg( t lle}r?s rsalference beams separate; the sample beam (from
source 513) is focussed,onto tha sample (62) and the referance beam (from
gsource S51B) is focussed onto the reference standard (63). The two beams
overlap again at lems (64) and leave protecticn box (70) chrough windew
(65). Mirzror (66) and lens (67) direct the radiation towards a second
entrance slit (68) of spectrograph (37). Spectrograph (57) is a so-called
“@ual-beam” gpactrograph similar in its optical design to, e.g., the MD-5
model from American Holographic [(21. The main advantagae of incorporating
a “dualmbearﬁ' spectrograph into a TECS spectrophotometer is, the
gignificant reduction of optical and aptomchmical parts compared to
using two separate spectrographs. In addition co conventional “dual-beam
epectrsgraphs having two entrance slits and a single datector arzay,
spectrograph (37), however, alsc has two detactor arrays making it a
fulily operétional dual-beam suybsystem under rthe TECS mechod. The two
detector arrays (58I) and (39IL) of spectrograph (57) are arranged in a
standard, so-called *over & under” arrangement which is accomplished by
,loaating the polychromacic images (56) and (69} ac different optical
heights in encrance slits (55) and (EB‘). respectively. As a result, image
(56) ig dispersed and imaged onco decsctor arzay {359I) while ima.éa (63}
is dispersed and imaged onto detector array (39II).

The dAriver alectronics for broad band sources (£1A) and (51B)
and the readout and =signal procassing alectronics fer detector arrays
(59I) and (S9II) are standard camonmts and are not shown in Fig.2.

Broad hand sources (51A) and (51B} are modulaced in time and modulation
preferrably is in a simple, alternacing onmoff fasnion Sources (51A) and
(518) are prefarrably solid-stace sources wicth fast response cimes, e.g.,

proad-band LEDS in the near IR wavelength range [3]1. Detecror AITAYS
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(S3I) and (S9I1) are preferrably; integrated momolichically: packaged
inve a singlae package; and have multiplexed raa.doul: alectronics in the
packag*eq Phase-sensitive demodulation of the spectral signals detecred
by arrays (59I) and ($S9II) is preferred. After demodulation, the TECS
double~ratic {Eq.1} is compured using standard signal processing means
(emp. discussion of Fig.l abovel., The differenc optical and elaectro~
opt‘ical cranafer factors in the system cransfar funcrion of rig.2 canecel,
lika they 4id in Eg.2 for Pig.l.

Significant advantages of the TECS method as demonstrared in

Fig.l and Fig.2 above include: | '

1. source emission drift referenced out simultaneously

2. detector rasponsivity drifc referanced ouc in fast time-multiplex

3. fully spectrally resolved reference . '

a4, lonrg—tem’ stakility of opetieal 'cmwp;:nents not required
5, completely referenced system, all c:pt._ii:al components included
€. mecﬁmscupi: reference standard permanencly sealed and protactad

7. no mechanically meving pazts

Another amnbodiment of TECS for a Sranswmission experimenr and a -
devgctor array based insrrument is shown in Pig.3.

Radiation emitted from a tungscen source {10l) is collected by a
lens (102) and directed towards a mirror (103} and beamsplitrer (104),
A chepper blade (100) with two stagugered slots (1l00A) and (1008) chat are
£i@lA scops 4in the optical paths ¢f tha zvystem, is used to provide two
spatially separated, modulated sources. A porcion of the radiaticon power

is reflecced by beamsplitrer (104) and directed vhrough lens (10%) and
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slot {100%) to mizror (105) and bsamgplitter (107) where part of the
oprical power is reflected and focussed by lens {108) onto entrance slit
{109} of speccrograph (11l). Grating (110) of spectrograph (111)
-disperses and focusses the radiation onto detector array (112). Most of
che optical power is transmitted by beamsplitter (104) and enters an
anvironmental protection bhex {(121) through a window (115). Inside (121},
rhe sample and the reference beams separate; the sample beam {Emm‘ slot
100A) is focussed by lens (1168] onto the sample (117) and cthe reference

beam {(from slot 100B! is5 focussed by lens (1lE) onto the reference

standard (1181. The two beams overlap again at lens {119) and leave

protection bex (121) chrough window {120). Mirrer (1232} and lens (123)
direct the radiation through slot (1G0II) and towards beamsplictar (107)
whexe‘ the sample and the mfemnca. beaﬁs are recombined with the
inscrument beams, Lenses (108) and {123) are Kohler lenges chat, in
combination with lams (108), iméme the apertures of beamsplicrer (104)
and mirror (122), respectively, onto encrance slit (109), The driver
alectronics for broad' pand sourte (101), the comczol elecrronies for
chopper blade (100), and the readout and signal processing electronics
‘ﬁox derectoy array (112) are standard components and are not snown in
Fig.3. Decector array (112) preferrably ig integrataed monelithically and

has muitiplexed readout alectronices in che package.

The main difference between the TECS gpectrophotometers shown in
Fig.2 and Fig.3 is thar the system shown in Fig.3l usas a chopper blade
(100} with slots (100A), (100B), (100I) and (10CII) vo apply the TECS
referencing mechod to *conventicnal® systems with & single source (101).
single entrance siit (108}, and single decector array (112). The system

shown in Fig.d provides a relatively straightforward and cost-effective
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way to upgrade existing instruments with the TECS referencing mechod
because many of today's instruments use chopper bladas for gourca modula-
eion anyway. In Fig.3A, slots (100A), (100B), (100T) and (100TI1 are
#rrmgeci in such a way thar the four sigmals S,%, s,,f,' Sa™F, and §,%, are
mocdulaced in vime, i.e., one signal is detecrted at a time. An alternacive
ig shown in Fig.3B where the four heams are madulated in frecuency which
‘i.s a&conwlishad by having the openings of the four slcots subresmd
diffarent angular periods. Phasé-ensitiv& daﬁodulani.on «f tha spectral
#igmals detected by detector array (112) is preferred and can be realized
by using either time modulacion and gaced amplifiers, or frequency
mogulation and lock-in emplifiers. After demodulation, the TECS double-
"ratio (Bg.l) is computed using standard sigmal processing means (cmp.
discussion of Fig.l above) . The differenc opcical and electro-optical
cransfer factors in the system cransfer functicn of Fig.3 cancel, like
chey did in Eq.2 for Fig.l.

The systems shown in Figs.i-3 are merely éxmlas of three
parcicularly useful designs of TECS spectrophotcometars. Modificacions are
possible vo the cprical dasign ¢f the relay o-ptics. the specrrographe,
and the sample/refersnce optics; as well as to the modulation scheme of
the sources. Modifications ©., 8.9., cthe system in Fig.2 includa:
the dual beam spectrograph could e replaced by two separate Cerny-Turner
spectrographs with one entrance 8lit and one detector arzay esch, cr, the
:wo. proad-band LED sources could be modulated in frequency instead of in
cime, or, the two broad band LEDs could be replaced oy a tungsten bulbd
and a chopper wheel with two staggered slots if mechanical movement were
volaraple, or, tha two broad-band LED sources csuld be replaced by a

tungsten dulb and a moaulated gpticald Zllrer cransmicting only one of twe
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seaves of polarization at a time in which cage a pelarizacion-sensitive

peamsplirter could ba used to separate and recombine the sample beam and

the referenge beam at the sample.

Tt is impeortant to note that the TECS referencing method can be
applied to all cypes of spactroscnﬁic ingrruments and not juge to instru-
ments using diffraction gratings. Again, Figs,l-3 are merely examples of
TECS specrtrophctomecers and the idea is simple enough that it can be
applied te many alterpavive syscems. TECS, for instance., can be applied
te AQTF-based instruments or to Foﬁrier-'rransfarm spectromaters. In fact,
TECS works Zor anybody who is w‘illi::;g to inrtreduce a second, medulated
source and & second detecter into his system. By applying the TECS
' mernod, rhe task of designing a suable spectrophotometer is reduced to

the task of designing stabls sample optics.

Lastly, it is mentioned chac the TEC3I meched can have applicacions
outside of the Fields of UV, VIS, NIR or IR Spectroscopy, viz. for other

raciometric measuremencs where the concept of “besam overlap® applies.
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What is Cla_l_med

L.

A method for rafaremwlspmtrwnowmuats comprising che steps of:

al using two radiation sources and two radiatien dRtecters, :.he.#eby
establishing fc;:zw: optical beam pachs through the system;

B) modulating the two sources with different time funcrions:

¢! having each and every optical elemsnt in the system be used Ly
at lemst twa, averlapping ard matually referencing. ‘h-amsé

d) separating cne pair of umtuﬁlly referencing beams at ac least
one point in The syscvam and positioning the sample into one of
the two beams and the reference iante the cther beam;

e} demodulacing the detectcry signals and separating the sigxmlk due
te the four optical beams;

£)  computing the spectrophotometric ravie ag & ratio of two racics.

The method as sat foreh in Claim 1, whereln the area of separacion
betwaen the sample beam and the reference beam is restricced to the
interior of an optical glass alament.

The method as setc Forth in Claim 1, wherein the area of separavion
tetween the sample beam and the reference beam is procected by an
anclosure. ‘ <
The method as set forth in Claim 1, wherein che two radiation

sourced aze replaced by a single source and a chopper wheel.

rhe mernod as set forch in Claim 1, wherein the two radiacien

sources are replaced by a single source and an optical filtar
cransmitcoing only one of two states of polarization at 2 cime,

te method as ser forch dn Claim 1, wherein the twa radiacion

detgctors are repliaced by i single detactor and a chopper wheel,
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Applicant or Petentee: Ralf Marbach - Attorney’s

Serial or Patent No.: Docket No, :_2301=-960681
Filed or Iasued; ‘

For: 12

VERIFIFD STATEMENT (ﬁM‘I‘IUﬂ) CLAIMING SMALL ENTITY STATUE
(37 CFR 1.9{f) & 1.27{c))—EMALL BUSFINESS CONCERN

I heraby declare that I am

the owner of the small business concern identified balow:
X an official of the small Ybusiness concern empowerad to act on behalf
of the conctern ldentified below: 4
NAME OF SMALL BUSINESS CONCERN_____ Diasense, Ino.
ADDRESS OF SHALL BUEBINESS 2 Bovrsa, Bull
2278 SwallD

it BY

1 hereby declare that the above identified small business conwern qualifies
aB a small buminess congern am defined in 13 G¢FR 121.12, and reproduced in 37 CFR

1.%(d), for purpovses of payirg reduced fess to the United Stateas Fatent and.

Trademack Office, in that the number of amployees of the concern, Llncluding those
OFf its affiliates, deas not oexceed 500 persons. For purpozes of this statemeant,
(1) the number of employses of the bugineas concern ig the average over the
previons fiscal year of the concern of the persone amployed on a full-tims,
part-time or temporary basis during each of the pay periods of the fiecal year,
and (2} concerns are affilistes of each other when eaither, directly or
indireagtly, one concern controls or has the power to control the other, or a
third paxty or parties controls or has the power to control both.

T hereby declars that rights under contract or law have been conveyed te and
ramain with the small business ooncern ;dentifiad above with regard Lo the

invention, entitled TE et aine Meethod fo pectropha ey
: by inventez(s) Ralf Mgrbach

deporibed in

x “¢dhe specification filed herewith.
application sesial no. » Elled -
patent no. ' s Asaued "

——

emmm——

If the righte held by the above jdentified small bugipess concern ars not
axclueive, each individual, concern or orgspization having rights in the
ipvantion isg listed belowr and oo rights to the invanticn are held by any person,
other than the inwventor, who would wot qualify as an Lndependent inventor under
37 ¢PFR 1.9(e) if that pereson made the invention, or by any concern which would
net gualify a8 a emall business concern under 37 CFR 1.%(d), or a poaprofit
prganization under 37 CFR 1.%(e). *HOTE: 3eparate verifisd statemsnts are
ragquired from each named person, ooncarpn or organijzation having righte to the
invention averring to their status zs small entities. (37 CFR 1.27)

NAME _
ADDRESS

INDIVIDUAL, SMALL BUSINEES CONCERM - NONPRO¥IT ORGANIZATION

WA
ADDREESS

wpIvinuat, ... SMALL BUSINESS CONCERN HONPROFIT ORGANLZATION

T acknowledge the duty to file, in this application or patent, notlification
of any changse in status resylting in losa of entitlement to emall entity status
prior te paying, or at the tima of paying, the aarliest of the issue fas or any
maintepance feg due after the date on which status as a emall entity ig no longer
appropriate. (37 CFR 1.28(b})
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I hereby declare that all statemants made hersin of my own knowledge arve trua
and that all statements sade on information and belief are belisved to be truej
and further that thesa statements were made with the knowledge that willifu)l false
statesents and the like so made are punishable by fine or impriscnment, or both,
under section 1001 of Title 18 of the United States Code, and that such willful
false gtatements may Jjeupardize the walldity of the application, any pitent
igguing therson, or any patent to which this verified statevant ig directed.

NAME OF PERSON SIGNING_____________David E. Staudenmajer
TITLE OF PERSCH Ir OTHER THAN OWNER_Vice President
ADDRESS OF PERSON SIGNING_The Bourse, Bui 500, 2nd Fl

- T227% swallow Hil)l Road, Pittsburgh, PA 15220

SIGHATURE ‘DM»Q £. MW&L DATE *3; St /_/‘ T

{

S q

qu-l



