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BEAM COMBINER

BACKGROUND OF THE INVENTION

1. Field of Invention
The present izvention is directed to 2 heamforming device. More pariicularly,

the present invention is directed ta a method and apparatus for conrbining und

collimating light through the atmosphere.

2. Diescription of Related Axt

Presently, lighling systema can be used to transmit light. This transmilted
light can be used to communicaie data beiween a source and a receiver. For example,
data may be transmitted from 2 source across fiber optics to a receiver. Additionally,
the transmitted Bight can be vsed to pinpoint objects. Fot example, a Jaser sight can be
used ta pinpoint a target. Furthermore, transmitted light can be used for engraviog
purposss. For example, high power radar can tilize transmitting light for target
illurnination.

Unfortunately, many present lighting systemns do not provide adcquate power
for numercus applications. Furthermore, it can be cost and space prohibitive fo
increase the power of the light for use in nwnerous applications. For example, it is
cosl profiibitive to iransmit high-speed data actoss fhe atmosphere becanse of the
necessary power requircments. Also, cost and size comstraints can prokibit the use of
a large Yighting system for many applications, such as systems for pinpointing targets.

Far example, presenily the highest power laser dindes cannot produce meore than one

. fo four Watts of power. This power can be insufficient for making a three~

dimensional rendering of 2 batlle scene when dense atmospherie conditions are

presert.

S TR
The prescot mvention provides a nonimaging heam combiner and collimator
(NIBCC). The NIBCC can include at least two frst light sources that emit light of the
same wavelength through e facus point and & nenimaging element that yeceives the

Tight of the same wavelength after the focus point and collimates the light of the same

JP 2004-503836 A 2004.2.5



—
L T e T e T e T e T e T e T e B e N s T e T e T e, T e T e TR e, T e, TR e T e, T e T e T e T e T e TR e T e T e B e |

(18)

WO 0147435 PUT/USOLAABING

10

20

30

wavelength through the Btnmsphere.. The 2t Least two first light sourees can include at
least one of fiber light sources, optical fibers, gradient index lenses, fiber lusers and
laser diedes. The collimator can include an input surface, & paraboloid surface
lecated adjacent o the mput surface, a conical surface located adjacent to the
patabolaid surface, and an ellipsoid surface located adjacent to the conical surface and
located on an opposite side of the collimator from the inpuf sacface. The pareboloid
surface uses total mternal reflsction principals.

The MIBCC can further include at least two second light sowrces, the at least
two second light sources cmitting light of a same second wavelengily through the
focus point. The nonimaging element can further receive the light of the same second
wavelength after the focus point and eollimate the light of the same second
wavelength to sum the power of the light of the sume second wavelenith ibvough the
atmosphare.

The NIBCC can additionally inciude a Iiéht source controller coupled to at
teast ane of the at least two first Hght sources and an atzospheric condition sensing
device coupled 1o the light source controller. The light source controiley can control
lighi emitted by at least one of the at least two first Jight sources based on atmospheric
conditions sensed by the atmogpheric condition sensing device. The light source
controller can also cause the st least one of the at least two first light sources e stop
emitling light when the stmaspherio condition sensing device senses that the
atmosphere transmits light casily. The light source controller can furiher cause the at
least one of the at least two first light sources to emit light when the atmospherte
condition sensing device senses that the atmosphere does not transmit light easity.
The atmospheric condition sensing device can nclude a laser radar. The Bght soutee
controller ean perform 21 least one of boosting, maintaining and lowering the power of
Tight through the stmosphere baged on atmospherics senged by the atmaspheric

sensing device. The atmospheric condition sensing device can senss atmospheric
conditions within 2 beam. of ths light of the same fitst wavelength through the
atrposphere.

The NIECC e be atilized in an eagraver. The NIBCC can also be utilized in
a target poinling system for targeiing an object.

JP 2004-503836 A 2004.2.5
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The NIBCC car additionaily be utilized in an atmospheric optical network.
The atmospheric opticul network can include an atmospheric optical data node. The
atmospheric optical data node can include at least two fitst light sources, the at leasi
twao first light sources emitting light of 2 same first wavelength through a focus point.
The atmospheric optical data node cun alse include at least fwo second light saurces,
the at least two second Light sources emitting light ol a same second wavelength
through the fosus point. The ahmospheric optical data nods can farther include a
ronimaging element that recefives the light of the same first wavelength after the focus
point and gollimates the light of the same first wavelength to sum a power of the light
of the same first wavelength through the atmosphere and receive the light of the same.
sacond wavelength after the focus poiot and collimate the light of the same second
wavelength o sum the power of the Eght of the same second wavelcngth thirough the
atmosphcre. The atmaspheric optical network can also include a second atmospheric
optical data node.

‘The atmospheric cptical nelwork can additionally include a recetver that
receives the light of the same first wavelength and the light of the same seeond
wavelength from the atmosphere. The receiver can be located approximately af least
two kilemeters, 10 kilometers, or more from the apparatus for combining and
collimating Lishi. The receiver can inolude a wavelength division demultiplexer that
demultiplexes the light of the same first wavelength from the light of the same second
wavelength. The receiver ean alge inciude an add/drop multiplexer.

The atmospheric optical netwaork can further include a reflector that reflects
the collimated light through the atmosphere. The atmospheric optical network can
also include a refractor that refracts the collimated light to a first reeciver and a
second recejver.

The atmospheric optical network can additionally include a light source
confrolier coupled to at least one of the at least twao first light sources and an
atmospheric condition sensing device coupled to the light source controller. The light
souree gontroller can contral light emitted by the at least one of the at least two first
light sources based on atmospheric conditions sensed by the atmospheric condition
sensing device. The light sourse contreller can also cause the at lcast one of the at

least two first light scurces to stop emitting light when the atmospheric condition

JP 2004-503836 A 2004.2.5
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sensing device sensos that the aimosphers transmits light easily. The lighi source
controller can additionally cause the at Jeast one of the af least two first light sources
to emit light when the atmospheric condition sensing device sonscs thal the
atmosphere does not transmit light easily.

The atmnspheric condition sensing device can include a laser radar. The light
souree contreller can boost, maintain or lower the power of light through the
atmosphere based on atiospherics sensed by the atmospheric sensing device. The
almospheric candition scnsing device can sense atmospheric conditions within a bexn
of the light of the same first wavalengih threugh the atmosphere.

The NIBCTC offers the following advantages: It achieves a high quality
eollimated beam with 0.5 mrad divergoence. Alse, it is mechanically rugged and does
1ot require periodic alignment duzing the operation, even wder battiefield conditions.
Additionally, it is inexpensively nass produced by cither molding or diamond-inrning
technologics. Furthermore, it is transpatent to enemy radar in battiefield application
Dbecanse it can be ruade without metal elements; therefors, it supports steatth
technology, Also, it is very compact; 10 times smaller than a conventional optics
approach. The size of the NIBCC can be < 2" x 27 % 3. Additionally, it 12 stble
amainst contiminatinn with an ouber surface that can be gasily cleaned. TFurthermore,
it provides phass coherent collirgation at microwave modulation frequencies of 1 GHz
because the optical path difference in the WIBCC can b designed to be nuch less
than the coherence length of a I GHz microwave signal, Also, it provides high
efficiency (>98% ansmission, with antireflection coating on the NIBCC) light
collimation. Additionally, potential aberrations of individual beams can be small
because the more beams the NIBCC combines, the smaller every partial apertore of
the entrince beam, Furthermore, the NIBCC cen cornbine beams of the same
wavelength.

The NIRCC can be very incxponsive and can maintain its stabilily n the
presence of temperature deviations and yihraﬁnns, Because of 1is ability fo achieve
high brightness in small, salid angles, it will be attractive in many commerciel
applications such as airport landing lights, unidirectional warning approach lights for
high masts, police searchlights, and helicopter approach Jighs.
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BRIEE DESCRIPTION QF THE DRAWINGS

The preferred embodiments of the present invention will be described with
reference to the fellowing figures, wherein like numerals degignate like elenents, and
wherein:

Fig. 1 is an exemplary block diagram of a system for combining and
collimating light through the aimosphere according to a first embodiment;

Fig. 2 is an exemplary diagram of 2 system or apparatus for combinimg and
collimating light through the atmosphere according o another embodiment;

TFig. 3 is an exemplary block diagram of an afmospheric optical network.
system according to onc embodiment;

Fig. 4 is an exemplary block diagram of a receiver according to one
embodiment;

Tig, 5 is an cxemplery illustration of & system wiilizing NIBCCs according to
onc embodiment;

Fig. 6 is an exemplary illustration of a network that utilizes NIBCCs according
o one embodiment;

Fig, 7 is an exemplary block diagram of un engraver according to one
embadiment;

Fig R is an exemplary illustration of a target pointing system ascording o one
smodimasnt;

Hig. 2 is an exemplary illustration of the {Icsign of a NIBCC according to one
embodiment;

Fig, 10 is an exemplary illustration of hew rays exit parallel to an x-axis;

Fig. 11 is an exemplary dlusiration of the design of 2 NIBCC aceording to
another embodiment;

Fig. 12 i an cxemplary itlushation of the shape of a NIBCC fer different
magmitudes of index of refraction according to one emhodiment;

Fig. 13 is an exemplary illustration of a conjugation scheme for a reduced
cnirance angle according to one embodiment;

Fig. 14 is an exemplary ilisstration of focusing optics according to one

embediment;
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Fig. 15 is an exemplary iilustration of how focusing optics provide good
aberration correction;

Fig. 16 is an exemplary illustration of an image of a fiber: tip over a focusing
syster;

Fig. 17 18 an exemplary illustration of focusing optics according to another
embodiment;

Fig. 18 is en exemplary illustration of focusing optics ascording to another
embodiment;

Fig, 19 ig an exemplary illustration of point spread fumctions of focnsing
optics for four feld-of-view points according to one smbodiment;

Fig. 20is an exemplary illustration of housing design of a focusing cbjective
according to one embodiment; and .

Fig. 21 is an exemplary illustration of an arrangement of beams incident on &

NIBCC with fhe faousing ohjective according to one embodiment.

DETAILED DESCRIPTION QF PREFERRED EMBODIMENTS

Fig 1 is an exemplary block diagram of a system or apparatus 100, such as a
NIBCE, for combining and collimating light through the atmosphere zccording to a
first embodiment. The apparztuz 100 can include light somces 110, 120, and 130, and
a non-imaging clement (NIE) 160. The light soucees 110, 120, and 130 can include at
least two light sources 110 and 130 or can inclnde more than two lLight sources 110
and 130. The kight soueces 110, 120, and 130 may further inchude fiber light sources,
optical fibers, gradient index lenses, fiber lasers, laser diodes or any other device
useful as a light source. The NIE 160 can include an fnput surface 165 and an output
surface 167. The NIE 160 may comptise an apparatus for collimating andfor
combining light. In operation, the light sources 110, 120, and 130 can emit light 140,
142, and 144 directed towards the input surface 165 of the NIE 160. Al least two of
the light sources can emit light of substantially the same wavelength. The light 140,
142, and 144 can be substantially directed through a focus point 150 towards the input
surface 165 of the IR 166, The NIE 160 and can collimate and combine the light
140, 142, and 144. The WIE 160 can then oulput collimated and combined light 170,
172, and 174 through outpmt surface 167. By collimating and combining the light
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received through the focus poiat 150, the NIE 160 can sum the intensities of the
received light 149, 142, and 144 to create the cornbmed light 170, 172, and 174
through cutput sorface 167. Thus, for example, the intensity of ight emitted by one
tight source can doubls by adding 4 second light source, triple by adding a third light
souree, cte,

The light source 120 may contnin a Light controller and ammospheric sensor
and may be caupled to at jeast cue of the light sources 110 and 130. Tor example, the
light souree 120 may be = lidar or laser radar and may emit light 140 through the
focus point 156 which may travel through the NIE 160 and be emitted as light 170 out
of the eutput surface 167. A portion of the light 170 can be reflected back through the
WIE 160 depending on atmospheiic conditions, For example, dense fog or smog may
canse raore lighi to be reflocted back than a cleaver atmosphere. The Eght may be
rellected back through the NIE 169 back to the light soutce 120. The atmospheric
sensor of the light source 120 can then sense chenges in atmospheric conditions.
When atmospheric conditions change, the Light controller of the light source 120 can
cantrol the light emitted by light sources 110 and 130. For exawmple, when
aimospberic conditions make it difficult to transmit light, the light cortroller can
canse additional light sources, such ag Yight sonree 110, to fransmit Bght or to increase
the intensity of the light transmitted. Therefore, one light sonrce may be used for
clear atmospheric conditions and more light sources may be added to compensate for
denser atmaospheric conditions,

Fig. 2 is an exemplary diagram of a system or apparatus for cembining and
collimating light through the atmosphere such as a NIBCC 200 according to another
embodiment. The NIRCC 200 can include light sowrces 203 and MIE {NIE) 230. The
light soutees 203 ean inelude laser diodes 210, 212, and 214 and gradiont index
(GRIN) lenses 230, 232, and 234, The GRIN lenses 230, 232, and 234 can be
mowrited 10 an iffuminator housing Z20, The NIE 250 can inchide an input sartace
252, a parabolic surface 254 a conical surface 256 and an ellipsoid surface 258. The
comical surface 256 is conical about the x-ards 260. In operation, the laser diodes 210,
212, and 214 may project Light through the GRIN lenses 230, 232, and 234 in the
form of light 240 through a facal point 275, The light 240 can enter the NIE 250
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through the input surface 252 and be reflected and refracted as output light 270 and
272 which iz parallel fo the x-axis 260

More particularly, in operation, the light from the laser diodes 210, 212, and
214 is coupled te the fibers 216-218, using =liher horn technology ar vonventional
optics. A number of GRIN lenses 230, 232, and 234 steer light to the focal point 275
of the NIE 230. The NIE can then outpur the light as output light 270 and 272.

The NIE 250 consists of surfaces with rotation symmetry about the x-axis 260.
The input surface 252 is spherical, with ifs cenfer at point 275. The rays fiom pont
275 go through ihe input surface 252 without refraction, Surface 254 from A to B
in¢ludes & parabola with its focus at poini 275, BEvery ray FC will be reflected {as ray
CE) in a direction parallef to the parabola’s axis throngh total internal reflection. The
conical surface 256 from B to D will refract ray CE in a direction parallel to the x-
axis. The ellipsoid 258 fiom I} to T to § has a back focus 2t poiot 2735, This surfacs
256 will directly refract incident rays such as FP in a direction parallsl to ths x-axis
as, for cxample, culput light 272. The acquisition angle of the NIE 250 can be 180°
(i, the NIE can collect light from 2 n selid angle), [tis also an aberration-free
collimating element for point sources. Because the focusing spot size at point 275 can
be extremely soall (50 p), the NIE 250 can provide 0.5 mrad divergence of the
outgoing beam. To support low aberrations o the NIE 250, which can b made from
optical plastic nsing diamond-turning technology, the scquisition angle can be
reduced to 160°, This reduction in the acquisition zngle dogs mot significantly reduce
the amounl of collected light.

Fig. 3 is an excmplary block diagram of an atmospheric optical network
systern 300 aceoding to one embodiment, The system 300 can inchude a data source
310 Yght sources 320, 322, 324, 326, and 328, light 330 emitted through a focus point
335, a NIE 340, combined and collimaed light 345, 4 receiver thai can include a lens
350 apd a detector 360 and fermnals 372, 374, and 376, In operation, the data source
310 may provide data for light sources 320-328 to project ag light 330. For example,
data souree 310 may provide binary data for light sources 320-328 to emit as pulsed
light. To effectuate different channels, light sources 322 and 324 may emit light ofa
first wavelength for one chomnel. Additionally, light sources 326 and 328 may emit

light of the second wavclength jo effectuate z section channct. Thersfore, data of a
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first chanmel may be transmitted by light sourees 322 and 324 and dats of a second
chammel may be transmitted by light sources 326 and 328,

Light source 320 may contain 2 light controiler and aimespheric sensor for
sensing atmospheric conditious in controlling the light sources 322, 324, 326, and
328. Therefors, for clear atmospheric conditions, less Hght sources may be used for
conservation of power. For dense atmospberic conditions, additiona) light sources of
the smne wavelength ey be used per channe! to increase the power of a trapsmission
through the atmosphere. The light controller and atmespheric sensor may bo
positioncd extemal 1o the system 300, Therefore, it is not necessary for the light
controller ind aimosphene sensor 1o receive light through the NIE 340.

Light 330 is transmitted through focal point 335 te the NIE 340, The NIE 340
may then combine and collimats the lght 345, The light 345 may be received and
focussed by the lens 350 of the receiver to a detector 360 of the reeciver. The datector
360 suay then distribute different channels of data to different forminals 372, 374, axd
376, For example, the detector 360 may comprise 2 detector array, a wavelength
division demultiplexer, an opticsl to eleciric converter and/or an add/drop
multiplexer/demuitiplexer. The terminals 372, 374, and 376 niay be additional
detectars, computer terminals, servers, nodes, or anything else that can viilize data.

Rig. 4 is an excmplary block diagram of a receiver 400 according o ons
embodiment. The receiver 400 may operate as fhe dufector 360 of the system 300
illustrated 1n Fig. 3. The receiver 400 can include a deteetor 420, an optical pump
430, opto-electrical detectors 442, 444, 446, and 448, a tester 450 and an accusto-
optic add/drop multiplexer/demultiplexer (AQADM) 452. In operalion, the detecior
420 can receive light 417 from the atmospbers. The detector 420 can include a lens
or beam splitter, detecior circuitry, optical sensors, wavelength divi;iou
demuliiplexers or the like. The detector may then distribute data received from the
light 419 to the other elements of the receiver 400, The data may be dismibuted as
optical or as clectricel data. The oplical pump 430 can receive the data as optical data
or light and can then amplify the Hght for continued transmission. The opta-elactrical
deteetors 442-443 can receive the data as light and can canvert the light to elecirical
signals for use by electrical systems. Each detector 442-445 can receive separate
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channels demultiplexed from the light 410. The defeciors 442-448 can then convert
the optical datato electrical signals for fransmission le subsequent devices.

The testing device 450 can test the almoespheric conditicns based on various
criteria and can control other deviees appropriately. For example, the testing device
450 may use in-band lidar for testing of atospheric conditions. The AGADM 452
can #dd or drop additienal chermnels in the form of additjonal wavelengths of light
cairying data and can continue transtuission of the light by use of additienal NIBCCs.
The ADADM 452 may also regenerate received signals for continued transmission.
The ACADM 452 may perform fanctions entirely in the optical domain or may
perform conversion to the electrical domain and then back into the optical domant.
The ACADM 452 can then send signals to other receivers.

Fig. 5 is an exemnplary illustration of a basic systom 500 utilizing NIBCCs
actording to one embodinaent, The basic system 500 can include a first atnospheric
optical data node (AQDN) 510, a second AODN 520, collimated aud combined lght
530, a first structurs 540 and a second structure 550, The first AODN 510 may be
mounted on the first siruciure 540, The second ACDN 520 may be mounted on the
second struciure 550, The struetures 540 and 350 may comprise buildings, towers ar
any other useful stracture for honsing an AODN. The structurss 340 and 330 may be
located, Tor example, approximately 10km apart, An ACDN can include an apparatus
for combining and collimating light through the abnesphere such as the apparatus 100
illustrzted in Fig. 1. In eperation, the AQDN 510 can transmit data in the form of
combined and collimated light 540 to the sccond AODN 520, Thus, the basic sysiem
50 may be utilized to effociuzte a metropolitun area neiworlk (MAN) such as 2
canpus area network or may be used to effectuate a wide area network (WAN).

Fig. 615 an exemplary illustration of 2 network 600 that utilizes NTBCCa
ageording o onc embodiment. The network 600 can includs structures 610-614,
ADDNz 620-624 and a reflector 630, Iu operation, the AODN 620 may transmit daia
using combined and collimated Light to the AGDT 621, The AODN 621 may reccive
data transmitted using the light and may regenerate, reflact or refract the light fo
ACDNs 622 and 623. The AODN 623 may utilize data trapsmitted from the light and
may further transmit the light to reflector 630. The reflector 630 may reflect the light
to AODN 624, Therefore, the reflector 630 may be used to overcome an obstacle
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blocking a ditect path from ADDN 623 ta AODN 624. The network 600 may be
utilized to effecinate m WAL or MAN. All of the AODNs 620-624 may wiilize
yeceivers such as that illustrated in Fig. 4 and NIBCCs such as those illustrated in
Figs. 1 and 2.

Fig. 7 is an exemplary block diagram of an engraver 700 according to one
cmbodiment, Eagtaver 700 may include light sources 710, 720, and 730 and a NIE
740. In operation, the light soutces 710, 720, and 730 may projoct light 735 through a
focal peint to the INIE 740. The NIE 740 may then combine and collimate the light as
light 750 towards an object 760. Thus, the NIE 740 can produce Yight with a high
intensity whick is equal to the sum of the intensities of the light 735 critied by the
light sources 710, 720, and 730. The engraver 700 ean be used to engrave various
objects, uch as object 760, by using light.

Fig. § is an exemplary illustration of a target poinfing system 8§00 sceording to
one embodiment. The target painting gysiem 800 may comprise light sources §10,
820, and B30 and a NIE 849. In operation, the light sources 810, 820, and 330 can
emit light 835 through a focal pomt to the NIE 840 The NIE £40 cun then combine
and collimate the light and outpur it as Light 830, The light 850 may he used fo target
an object 860. Thus, the power of light sources 810, 820, and 830 may bo combined
by the NIE 840 to produce lugh infensity Lght 859, The high intensity light 850 can
then be used to target an object 360.

Fig, 9 iz an exemplary illustration of the design of a NIBCC 900, such as the
NIBCC ilustrated in Fig. 2, according to one embodiment, The NIBCC 900 can
juciude & NIE 210 and GRTN lenses 920, $30, and 940 attached to an atrey of fibers
§25, 935, and 945, NIE 910 can concentrate light from a whole hemisphere, The
maxinun accepted ray is FA. The Jateral surface AB is a paraboloid of rotation,
which reflcets light at the angle of total internal reflection k or at angles greater than
this angle.

hsink=1, -2
where I is the reflective coefficient of the nonimaging ¢lement material. All rays will
be reflected at an angle 8 from the optical axis PO, After refraction at the comical
surface BD, the outpoing rays will be parallel to the axis FO. Where n is the

refractive coefficient,
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nsine=smf (1-3)

If the oulgoing ray v is paraliel to the axis FQ, from triangle FEM:
B=90°4 (-4

where EM is normal to the conical surfaoe DB, From Trizngle CNE:
a=180°-6-8 (1-5)

Therefore,
8=180°-4 (1-6)

or, taking into consideration Eq. (1-4),
5=180°-00°+49=90"+¢ (1-7)
£
a=180°-4-90°=90"-6-4 (1-8)

50 the main eguation that deternrines the design of the nonimaging element is the

interpretation of Eq. (1-3):

nsm(80° - 6 - )= sin{90° - §), or
1 cos(S + ¢) =cos ($). (1-9)
Because § = 90° - ZK, and angle K is known from Eq. {1-2), Bq. (i-9) gives the
magnitude of §,

The surface IVLS is @ convex ellipseid. The back focus is at peint F. Itis
Inrown that if the eccentricity £ of the ellipsoid is
£=1/n (1-10

all rays will exit parallel to the X axis as illustrated in Fig. 10, 1 = FA and 0 = AFy:

rn=a+sx (1-11)
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where 2 is the half sxis of the ellipse. 1['the angle ¢ from Fig. 10 is equivalent to ¢
from Fig, 9, the sitation is reflected in Fig. 11. The sepment FD is 1; for angle ¢. To
find ry, let’s consider the lriangle FAD:

y1/5in(90 - 8) =T/ sin(130- 50 + 0 — 90 + §}, (112

or

r1/eos 8 =h/sm(0+b), (1-13)
r=hcos 9/ sin (0 + &3

Because focal point F is af the position in which x = -a5 {Figurs 10), the x coordinate

of point D is:

*xp =-at t 1) o5 ¢ {1-14y
However, from Eq. (1-11), we have:
1= a4 gxn or (1-15)

f=a+e(ue+1 cosg).

Eq. (1-15) will determine the paramster

a= E]j—g?){l 205 §) (1-16)
Paramefer a from Eq. (1-16) and parameter g from Eq. (1-10) will determine the
ellipse. The design shown in Fig. 9 is theoretically fiee of aberrations. However, in
practice, the light concentrated at point F hag 4 finite size becanse it is the image of
ihc ond fibers over the GRIN lenses. This will lead to divergence of the oulgoing
heam.

A NIE with un accepizble enirance angle of (807 cxists for a very narrow
interval of e reffactive index of optical material. This interval of the refractive
index is limited to index mapnitudes from 1.7 io 1.85. Shape degradation of the NIE
iz caused by swelling of the clliptical part of the MIE with a decreasing index. This
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happens becauss the eccentricity grows with the deereasing index (Eq. {1-100} and
increases the sbhsolute value of the small gllipse axis. This index decrease lcads to an
increase in the angle of total intemal reflection k (Fig. 9), and henee, in the height of
point D. If the index grows, the ellipse shrinks, which will once more lead to shape
degradation. Fig. 12 is an exemyplary illustration of the shape of the MIE for different
magnitudes of index of refraction accovding to ane embodiment,

Dizmond-tuming js the only feasible technelogy for NIE manufacturing,
However, using the diammmd-tuming process with glass creztes a raptured layer. A
design can be created from optical plastic-acrylic, Acrylic has a refractive index of
1.5. The entrance angle of the NTE can be redused fram 180 to 2 lower velue, such
25 160°, to accommodats the refractive index. Fig. 13 is an cxemplary illustration of 2
conjugation scheme for a reduced entrance angle according to one enbodiment.

In Fig.13, for the inclined parabola AR, the fotal internal reflection begins
from point A. Despitc the large magnitude of angle k, angle © is sufficiently large to
support the compact clliptical part of the NIBCC (ray PD is going down and point I
is close to F). In this casz, the ellipse does not swell. Where ariginally § =907 - 2K,
now B = 90-2k+(90-e/2). The clliptical part is the main source of aberration in the
NIBCC, even though 1t is sufficienily smallin this desiga. Therefore, the fiber optic
illuntination assembly must be in accordance with the acceptance angls of the
NIBCC.

Fig. 14 is an exenplary illustration of focusing optics 1400 that uiilizes a
plano-convex GRIN lens 1410 and an additional positive component 1429 that can be
nged to achieve good quality of focusing optics according to ene emhodiment. The
additiona! positive compaonent 1420 compensates for aberrations and makes the input
aperture 2qual to the fiber aperture, D.35. The focusing optics 1400 provide good
aberration corrcction as illustrated in Fig, 15. The three point spread funciion for
object heights 0, 0.02 mm, and 0.031 mm are shown. The spot size is about 0.015
1t in digmoeter. This means thai the image of the fiber tip over the focusing system
will appear as shown in Fig. 16.

Fig. 17 is an exemplary illustration of focusing optics 1700 according to

another more sophisticated embodiment. The focusing optics 1700 ean include a
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GRIN lens 172{}, a positive component 1730, and & negative lens 1710. The negative
Iens 1710 can be used to project an exit pupil over the positive component T730.

Fig. 18 is an exemplary illustration of focusing oplics 1800 according ta
another embodiment. The focusing optics can include a GRIN lons 1810, a negative
lens 1820 and a positive lens 1830, The inage quality of focusing optics 1800 is 10
tines beticr than for the objective in Fig, 14. The maximum spoi size at the edge of
the fisld-of-view is about 2 pm. Fig. 19 is an exemplary illustration of the point
spread functions of foersing optics 1800 for four ficid-af-view points according to
one embodiment.

The exit aperture of the developed focusing abjective is 0.449, or 26°, Sothe '
double angle of the light cone is 52°. The arcangement of seven focusing optics or
abjectives can cover the entrance cone of a NIBCC at about 156°. The optics of the
objective can be assemibled into a mechanical honsing, The minimum thickness of the
housing walls can be 0.2 mm. ‘With an image distanee of the 1.154 mm, shown in
Fig, 18, the wirimum half angle of beam intervuption is about 9°. Fig. 20 is an
exemplary illustration of housing design of 2 facusing objective 2000 according 1o
one embodiment.

Fig. 21 is an exemplary iilustzation of an arrangement of beares incident on a
NIBCC with the focusing objective 2000 according to one embodiment. The
arrangement in Fig, 21 is close 1o optimal and can be achieved with existing miecro-
objective manufacturing technology.

While this invention has been described with specific embodirnems thereof, it
is evident that many alternatives, modifications, and varistions will be apparent (o
these skilled in the art, Accordingly, ihe prefemred embaodiments of the inventien as
sef forth herein are intended ta he illustrative, noi Limiting. Modifications and tactical
transformations may be made. Additionally, various further changes may be made

without departing from the spirit and scope of the invention.
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WIAT IS CLATMED 1S:
1. An apparatus for combining and collimating light through an aimosphere
comprising:

at least two first light sonrees, the at least twe first light sources emitting Hght
of a samc first wavelenath substantially through 2 focus paint; and

a nonimaging clement that receives the light of the same first wavelength after
the foous point and collimates the light of the same first wavelength to sun a power of

the light of the same first wavelenath through the stmosphere.

2, The apparatus sccording to claim 1, wherein the at least two first light sources
comprise at least one of fiber light sources, optical fibers, gradient index lens focusing

systems, fiber lusers and laser diodes.

3 The apparatus according to claim 1, wherein the nonimaging element
COMPTises:

an input surface;

a parsholoid surface located adjacent to the input surface;

a conical surface lecated adjacent to the paraboloid surface; and

an cllipsoid surface located adjacent Lo the conical surface and located on an

opposite side of the nonimagbag callimator element from the input surface.

4. The apparatus according to claim 3, whersin the paraboloid surface comprises

4 total intemal reflection surface.

5. The gpparatus according to claim 1, furfker comprising at least two second
light sources, the at least two second light sources emitting light of a same second
wavelength through the focas point, wherein fhe ponimaging element farther receives
{he light of the same second wavelength after the focus point and collimates the light
of the same second wavelength lo sum the power of the light of the same second

wavelenglh through the atmosphere.
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G, The apparatus according to claim [, further comprising:
a light source eontroller coupled to at least one of the at least two first light
sowrces; atd

an atmospheric condition sensing device coupled o the light souree controller.

7. The apparatus according to clasm 6, whersin the light source controller
cantrals Light emitied by the at least one of the at least two first light sources based on,

atmospheric conditions sensed by the atwospheric condition sensing device.

8. The apparatas aceording to claim. 7, wherein the light source controller causes
the at least one of the at least twao first light sources to stop emitting light when ihe
atmospheric condition senaing device senses that the atmosphere iransmits light

easily.

9 The apparatus according to claim 7, wherein the light source controller causes
the at least one of the at least two first light sourves to emit light when the
atmospheric condition sensing device senses that the atmospberc does not transmit

light easily.

0.  The apparatus according to claim &, wherein the atmespheric condition

sensing device comprises laser radar,

11, The apparatus according to ¢laim 6, wherein the light source controller
performs at least one of boosting, maintaining and lowering the powex of light
through the atmosphere based on atmospherics seused by the aimospherte scasing

device.
12.  The apparatus according to claim 6, wherein the almospheric condition
sensing device senses atmospheric conditions within a beam of the light of the same

{irst wavelength through the atmosphere.

13.  Axn engraver comprising fhe apparatus of claim 1.

JP 2004-503836 A 2004.2.5
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14. A target pointing system for largeting an object comprising the apparatus of

claim 1.

15.  An etmospheric optical network comprising:

a first atmospheric oplical data node including:

at lzast two first light sources, the at Ieast two tirst light sources emitling light
of a samec first wavelength through 2 facus point,

at leas{ lwo second Hght sources, the at 1east two second light sources emitting
light of 2 same second wavelength through the focus point,

2 porimaging clem.ent that receives the light of the same first wavelength afier
the foous paint and collimates the light of the same first wavelsneth to sum a powsr of
the light of the same first wavelength thirough the atmosphere and receives the light of
the same second wavelength after the focus peint and collimates the light of the same
second wavelength to sum the power of the light of the same second wavelongih
through the atmesphers; and

a second atmosphenic optical data pode.

16.  The network according to claim 15, fusther comprising 2 receiver that receives
the light of the same first wavelength and the light of the same second wavelength
from the atmosphere,

17. The network according to claim 16, wherein the receiver is located

approximately 10 kilometers from the apparatus for cembining and collimating Jight.

18.  The netwark according ta claim 16, wherein the receiver includes 2
wavelength division denultiplexer that demultiplexes the light of the same first

wavelength from the light of the same second wavelenglh.

19. The network according to claim 16, whevein the receiver includes an add/dmp

multiplexer.

20.  The network aecording to claim 15, further comprising a reflector that reflects
the collimated light through the atmosphere.

JP 2004-503836 A 2004.2.5
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21.  The network according to claim 15, further comprising a refractor that refracts

the collimated Jight to 2 first receiver and a sccond receiver.

22, ‘thenetworl according to clrin 15, further comprising:
2 light source controller coupled 1o al least ong of the at least iwo first Light

sources; and

an atrospheric condition sensing device coupled to the light source controller.

23.  The netwotk according io claim 22, wherein the hight source controller
controls light emitted by the af least one of the ai least two first light sources based an

atmospheric conditions sensed by the atmospheric condition scosing device.

24, The nctwork according to claimn 23, wherein the light source controller causes
the at least one of the at least two first light sources to stop emitting light when the
aimospheric condition sensing devies senses that the atmosphere fransmits [ight

casily.

25.  The netwerk according to claim 23, whersin the light source controlier causes
the 2t least one of the at least two first Hzht sources o emit light when the
atmespheric condition sensing device senses that the atmosphere does not iransmit
light easily.

26.  The network according to ¢laim 22, wherein the atmospheric condition

sensing device comprises laser radar.

27.  ‘The neiwork according to claim 22, wherein the light source controller
performs at least one of boosting, maintaining and Jowcering the power of Light
through the atmosphere based on atmospherics sensed by the atmospheric sensing

device.
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28, The network according to claim 22, wherein the atmospheric condiiion
seosing device senscs aimospheric conditions within a beam of the light of the same
{irst wavelength through the a2imosphere.
28 An almospl:neﬁc ophieal data nade comprising:

at least twa first light sources, the af least two first Jight sources emitting light
of & same first wavelength through a foeus paint;

at |east two second light seurces, the at least two second light sources emitting
light of a same second wavelength through the foous point; and

a nenimaging element that recetves the light of the same fixst wavelengih after
the focus point and collimates the light of the same first wavelength to sum a power of
the light of the same first wavelength through the atmosphere and reccives the light of
the same second wavelength after the focus point and collimates the light of the same
second wavelongth to sum the power of the light of the same second wavelength

threugh the atmosphere.

JP 2004-503836 A 2004.2.5



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

Q7

WO 0147435 PUT/USOLAABING
1711

102
7y
Y, -
res
4 //) P 12

o oL
/R,
—
/70
Y.
s Z174
ey FIG 1

SUBSTITUTE SHEET (RULE 28)

JP 2004-503836 A 2004.2.5



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(38)

WO 0147435 PUT/USOLAABING

2/11

T
T Fa0y FED e Faa T
e
T2 .
— T
_{;;:j _rET
A I
75
FIG. 3
ST

Py — -

e

240 | A E
E ?; E FEE
| ot

—

I

Erzd

T

e

FIG 4

SUBSTITUTE SHEET (RULE 26)

JP 2004-503836 A 2004.2.5



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(39)

WO 0147435 PUT/USOLAABING

3711

S0

=

e |

= x. 7]
i L L
.—-é
FIG. 5
P ol
Go0 \
GrE
ey ST & FI
4 _(v
wre G Y4 e
FIG. 6
&/E

SUBSTITUTE SHEET (RULE 26)

JP 2004-503836 A 2004.2.5



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(40)

WO 0147435 PUT/USOLAABING

i:: Egiﬁéﬁ

;Eiﬂz zé
7T

E=

411

3

Erd

G

g
&
Q

SUBSTITUTE SHEET (RULE 26}

JP 2004-503836 A 2004.2.5



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(41)

WO 0147435 PUT/USOLAABING

5/11

e o
FIG @
v

////”’WEJ:;_ N7

_Fel 1\~

- ~Er X
P

FIG. 10

SUBSTITUTE SHEET (RULE 26)

JP 2004-503836 A 2004.2.5



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(42)

WO 0147425 PUTIUSOTAARIEG
6/11
7
&
7
5
7
~ £
¢
9
FIG 11

> g

nels 72 =t
[OF7ICRL GLRES, PILYSTIRENE) (Frichs §is55)

20X

n=LE R=E T
(orrrene Gemss) (e secaze)

£g 12

SUBSTITUTE SHEET {RULE 26)

JP 2004-503836 A 2004.2.5



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(43)

WO 0147435 PUT/USOLAABING

/11

FIG. 13
Az \
)
L 2T 2 i
L o <iff°
227
Y ZFEET 27| |47
Py
‘—-*‘—\—._‘—;
N O, it
: : (&57)
48 D OEENR O FF A e st GK7
FIG. 14

SUBSTITUTE SHEET (RULE 26)

JP

2004-503836 A 2004.2.5



JP 2004-503836 A 2004.2.5

(44)

PUTIUSOTABING

WO 0147425

y S0 _ e
2 1
LAl | !
N
w
=
=]
é 3
N -
i 7 i
¢ P74 £
194 N Adesmriwe U K i
p0¢ 5
= —_ E
— I
5 Gl Ol 2
?
I POPPC CRPE P rEC WA ECT - OPOP P L TFD AW COPC O~ QOO0 C L£F0
LN EBE O~ 0O YT WS TSP - PO HHE Wi POC G POew EnT
R Ry
Fatr s tat L R Y
I - A =
HE FAR)-
Tz RATG
W PIEG @ OOPD LEE B CRFEC OOCP P L EC W CORE D008 G LSO

Lo L L L L L L L L L L L L L L L L L



JP 2004-503836 A 2004.2.5

(45)

PUTIUSOTABING

WO 0147425

8 O
oF oA pL &
ol v Sy pipres pede EANLD EpOEIE SERYEY
sdrt="a s vz orots eI Sd-eEF
EBB DN GO=LE BN
Wi 500 = IWGHT FEERT (BB = WtT P& & LED = iT) POSPRE
LPLC HN :
W EGT = WUAE POy WWET s CeP- 2 [LE D Pre i) 84775

9/11

SUBSTITUTE SHEET {RULE 26}

P |90 ||\ F 8 LFIEE

foe

HUPTE = bl SIRED
IS s ST TN T

SPENZT FIENIE GHL AL /a Pry.
FEO $PF OFF MPo SNPPOMNE F07IFE

\ ) ED P
2 LEVN

Lo L L L L L L L L L L L L L L L L L L L L L L L L L L L



JP 2004-503836 A 2004.2.5

(46)

PUTIUSOTABING

WO 0147425

10/11

GEED .QJ Wb T LEC

61 Ol

Wb 520 O~ EWT P a7

Wt QPP 0 LEE
WS POE T ST

W OIEC D LEC
WA FIP 0~ EWT

WA POTECLEC

Fa0

SUBSTITUTE SHEET {RULE 2§)

L T T T T S N T T T (|



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(47) JP 2004-503836 A 2004.2.5

WO 0147435 PUT/USOLAABING

4L ey -
o= P
g= 705"
=l

FIG 20

s7E"

FiG. 21

SUBSTITUTE SHEET (RULE 26}



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

(48)

uboobooboboobdooboooboooboaoadao

{12) INTERNATIONAL APPLICATION PUBLISHED UNIFER THE PATENT COOPERATION TREATY {PCT)

{19) World Intell } Property O izali
Imernational Burea

{43) Internatinral Publication Date

70 December 2001 (20,12.2001) PCT

0 VC 2 0 A Y0

(i} International Publication Numher

WO 01/97425 Al

El

Internutional Patent Classification”
131 10400

T4 14402,

(21) Interiatianal Application Number:  PCTALISO1 8284
{32) Entcroational Filing Date: 6 Junc 200H {06 06.2001)
(15 Filing Language: Erglish
(28) Publication Lanpuspe: English

(30) Priarity Data:
GASRL333 B June ZN0OR06.20000 TS

(71) Applicant:  PHYSICAL OPIICS CORPORATION
TUSIUS |, 306K Granwerey Place. Building 100, Tocrance,
CA D050L (USY,

(72) Invenlomy: AGUROK, FI'ya: 16892 Codl Circle #1, Tunl-
ington Beach, CA 42647 (15). EINDSEY, Lannie: 13852
Fas Solanas Streat, Westminster, DA 93683 (LS),

(74) Agents: NILLES, Andrew, J. ctal.: Nilles & Nijles.
Firstar Center, Suite 2000, 777 Bast Wisconsin Avenne,
Milwaukee, W 33202 (US).

(81 Designaied States fiotlonsti: AR, AG. AL, AM, AT, AL
AL RABH, UG, BR,BY,. BZ. CA.CI1, CN, CR, CU, C2,
DE, DK, DM, [¥Z, EB. G5, FI, G, (7T G
HULID IL IV IS, JF KE, KO3 5P KR, KZ LC LK. LR,
LS. LT. LU. LY, MA, MD, MG, MK, MN, MW. MX, MZ,
NO.NZ, PL. PT. RO, RL. 5D, SE. S, SISK, S1, T, TM,
TR.TT. TZ, VA, UG D7 VN YL, ZA, ZW,

(84) Designated Statos {regional); ARIPO patent (GIL. GM,
KE. LS, MW, MZ. §11. SL, SZ TZ, 1IG, ZW), Fusasiun
paenl (AM, AZ, BY. KO3, K%, M2, RU. 7). TM), European
patent (X1, BE, CH, CY, DE. DK, ES. FI. FR. GB, GR, [E.

1, MC. NI, PT, SE. TR). OAFI patent (KF. B, CF.

1. M, OAGN, GW, ML, MR, NE, §N, TD, TG).

G,

Published:
—  with interneional segrch vopore
with amended clains and starentent

{Continued om vevi page}

(%4) Title: BLAM COMBTNER

L8

>

LFa

7425 Al

oD
P =3
A
w7 A
oo N
Ferl
/.?ﬂ:
-] Z
ST

b2
-

/P

437 Abstraet: A nanimaging beam combinar and collimaiar. “The nanimaging bewm combiner amd collimarar can inchide at loast

o, TH0 Fight svwrces £104, 130] that =mis light of the s wavaengtb (142, £44) duough a focus point {150) aod a nesirmaging gement

001

S (160) tht receives Lo (ight of the same wavclenpth alter the Bxcus potnt and callimates the Hghl al the same wavelength through tbe
atmasphere. The at Jeast nwo lighl sources {1010, 130) can inclade fher ight sourcys, optical fhers, gradient index lenses, fiter lasers
arlaser dindes, The nomimaging element (L60) can incluke an input surface {1653, a paraboloid sarfzce lncutsd adiwent to the inpot
surlace. u conical surface located adjacont ta the praboloid sorfice, and an ellipsnid surface losawed sdjscent 1 the conical surfuce

‘3 and located an ar opposite side of the nonimaging slement (1400} Fom e input sorfaes (165), The paraboloid anrface ean inelude

a tarad inteniad refleetion surtace,

JP

2004-503836 A 2004.2.5



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(49) JP 2004-503836 A 2004.2.5

woO 01/97425 A1 TRRSRIITI0!RIVENA0CA DGR ANADA

Date of publication of the amended claims and statement: For two-letter codes anel aiher ghbreviaions, refér io the "Chid.
2% March X002 ance Nates on Codes and Abbrevintions appearing at the hogin-
mitny uf ek regalur fsue of the PCT Gazette,



e R ey [ s R s [y |

e e e e e e e e s |

Oo0oooogogooooodg
OO0 oDooo4gogooooodg
Oo0ooooooooood
Oo0oooooooooodg

Oo0oooogoQgg

OOoDooooog4oooooooogoDoooogogogaog
OO0 o0ooDoogg4UoooDoooggUoooDooogogogaog
Ooooooooo0oooooooooooooogoao-g

OooooooQgoao

OoooooogoQgogoooao

OO0 ooDooogoQgogooao

Ooo0oooooOooOooOooao

OO0 oo ooooQgoooo

I Y [y
O 0o oo
I [

OoooooooQooooao

Oooooooog

O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo

O
O
O
O
O
O
O

O
O
O
O
O
O
O

O
O
O
O

O

O
O
O
O

260

(50)

(2001.12.26)

O
O
O
O
O
O
O
O

O
O
O
O
O
O

O d
[ |
[ |
[ |
O d
O d
0O O
[ |

O
O
O
O
O

O
O
O
O
O

JP 2004-503836 A 2004.2.5

oogao
oboooboonboag



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

Oo0o0oooogog4UoooDoDooo4Qgooooao
Ooooooooooooooogoooooao
OoooooooooDoooooooooao
Oooooooo0oooDooooogogooooao

e e e e e e s s e
OO0 o0oooOoooo0ooDoooo o ooDoooooooooofdg
I s e e s A
OO0 o0ooOooo4o0 oo oooo o0 oo oDoooo0ooooodg

Ooooooodg
OO0 ooooodg
Oooooood
Ooooooood
Oooooooodg
Ooooooodg
OOoooooogodg

O
O
O
O
O
O

O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O

O 0Oo0oo0oo0oao
O 0Ooo0oooao
O Ooo0oooao

O

(51)

O
O

JP

2004-503836 A 2004.2.5

gooooao



Oooooooooooooogooooao

Oooooooooooog
Oo0oooogogooooodg
OO0 oDooo4gogooooodg
Oo0ooooooooood
Oo0oooooooooodg

O 0Oooo
O Oooo
OO oo
O 0ooo
O 0Oooo
O oOooo

OooooooogooQgooao

O
O
O
O
O
O
O

OOoo0oooao
O 0Oo0oooaog
O0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O 0Oo0oooao
O 0Oo0oo0ooao

O Ooo0oono
O Ooooo
O Ooooo
O OoOgoo
O O0Ooo0ooo
O Ooo0ooOono
O Ooo0ooo
O OooOooo
O OooOooo
O O o0goaog
O Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O O oOgooao
O Ooo0oono
O Ooo0ooo

(52)

JP

O

2004-503836

gboogooboad

O Ooogoo
O
(]

O
O
O
O
O

2004.2.5



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

(53)

gbooogbodaoan

INTERNATIONAL SEARCH REPORT International application Mo.
) FOT/USAL 18880

A CLASSIFICATION QF 3URIECT MATTER
IC{7)  HOAJ 1408, HOSB 10700
US CL @ 3804 1,1 27,151,172,610,641
Accordiig to Taternational Batent Classification (IPC) or to both navicsat classifivation and TR
B FIELDS SEARCHED

searched (ol ion ssiem fullowed hy dlassifioation spmbols)

1B 0 350/124,097,081,172,518 800

Documentation searched other than minimum docamentation €a the extent that sach documents are includad in che Delds
searched

Eleerronic daa hase conenlied during the interaadonal search {name of daa base and, whers pr

calole, scarch terms used)

Co DOCUMENTS CORSLDERED TO BE RELEVANT

Categary™ Citation of doetiment, with indication, where appropriate, of the relevant passages Relevant tu claim Mo.

X US 5,113,244 A (CURRAN) 12 MAY 1992, Fig. 4. [-2,13-14

[ Forther donumenss ace listed in the coptmuation of Bex @ [ | Ser parene family annes

- Spicinl oatagoilon b denmonty M lator drcrerneni pabLished afler the nternabicnal fllg dats ee rinetly
dale axd god i Dict with the Beatliu byt gited 1o anlstand
ar AR 4T tie ZOUIT) 808 30 Mie 2l hich i€ a0t Sassidonei [ Principns ot Luatiy DLMYiSIng it brrmotien s
o e of pazticnlar mlevanes
. ’ e dastimaent of parthaulas rehvauen; B olabmed imeatkn tasach b
suaier deswmasat published e ar afias (e Lalomational Mllag dubs rslidornd uokel o5 saungt b conetfonst ko Lvelve au daveliv stap
docineal selich gar Wiow dmbks cy Friveily siaipis) or wideh 1s e o dsewont U takan dloss
cited, 19 erablial the prblicadion dafe of 2oeiber citilion o otber . 5 N
apactal mazen (i TRTERAY T daenment of pAMGmlar relevanee] Bin olaimed juven oy canust bo
naikidormd Gn fnwlvn au inventive slap whey, the docamazl is £rabhoed
an Aicnmeny prarmilg oA el Ao, g, BTLIMEOE ar diler il me ur e wlber zach duegmonis, ek cembinaciia baiog
maae e lo x pomon Zhillei in Ma at
e Aconmet poblisled privg Ja Abe ia'anualinas] Gling dale bot later  pe donEAL meshox of lka saine. patuot utnily
Vhas ths privzity date ulxmad
Date. of the xctual completion of the international search Dats of mailing af the biternationsl sesrch report
se AUGUST 200t i§ NOY 2001
HNane 2wl walling address of she (FA/GS Autharized officer ol
o ner of Petents and Tradensancs .
o < By i .
Washington, D.C. 20231 I\INFF,M[CHAEL. H . STy
Fackiniite Mo, (104) 2059210 Telsphons Mo. (7o) 3054 = _,:f

Framn POT/ISAS¢10 (erond shues) (July 1 e85je

JP 2004-503836 A 2004.2.5



(54) JP 2004-503836 A 2004.2.5

goboogoooon

@énHoooooono  AP(GH,GM,KE,LS,Mw,Mz,SD,SL,SZ,TZ,UG,ZW) ,EA(AM, AZ,,BY ,KG,KZ ,MD,RU, TJ, TM) ,EP(AT, BE,
CH,CY,DE,DK,ES,FI,FR,GB,GR, IE, IT,LU,MC,NL,PT,SE, TR) ,0A(BF,BJ,CF,CG,CI ,CM,GA,GN,GW,ML ,MR,NE, SN, TD, TG)
,AE,AG,AL,AM,AT,AU,AZ,BA,BB,BG,BR,BY,BZ,CA,CH,CN,CR,CU,CZ,DE,DK,DM,DZ, EE,ES,FI,GB,GD, GE,GH,GM,HR ,HU,
ID, IL, IN, 1S,JP,KE,KG,KP,KR,KZ,LC,LK,LR,LS,LT,LU,LV,MA,MD,MG,MK,MN ,MW,MX ,MZ ,NO,NZ,PL,PT,RO,RU,SD,SE,S
G,S1,SK,SL, T3, ™™, TR, TT,TZ,UA,UG,UZ,VN, YU, ZA,ZW

72000 OoOOoOoOoooo
gooooooooooobooobooooooooooooooobooooboooooooooooo
oooooooo

OO0O0O0O @ 0O) 2Ho37 BAO3 BA32 CA16 DAO3 DAO4 DAO5



	bibliographic-data
	abstract
	claims
	description
	drawings
	international-document-image-group
	written-amendment
	search-report
	overflow

