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Page 2 

1. The present application, filed on or after March 16, 2013, is being examined under the 

first inventor to file provisions of the AIA. 

Firstly, it is well-known a metamaterial/meta-atoms derive their properties not from the 
properties of the base materials, but from arrangement periodic pattern from composite materials 
such as metals and plastic at scales that are smaller than the wavelengths they influence, and 
their shape, geometry, size, orientation and arrangement gives them properties in affecting the 
electromagnetic waves by absorbing, enhancing, bending, or blocking to achieve the desired 
result output. 

Claim Rejections - 35USC§102 

(a)(2) the claimed invention was described in a patent issued under section 151, or in an application for 
patent published or deemed published under section 122(b), in which the patent or application, as the 
case may be, names another inventor and was effectively filed before the effective filing date of the 
claimed invention. 

2. Claim 1 is rejected under 35 U.S.C. 102(a)(2) as being anticipated by Birkedal et al. (US 

7,693,203) 

Birkedal et al. (US 7,632,203)shows and discloses a known vertical cavity surface 

emitting laser (Fig 2,3 (Prior Art): VCSEL)comprising: a gain layer configured to generate light 

(Fig 2, 3 (Prior Art): active region 304 generate light); a distributed Bragg reflector disposed 

below the gain layer (Fig 3 (Prior Art): DBR 306 below gain layer 304); and a meta structure 

reflector disposed above the gain layer and comprising a plurality of nano structures having a sub 

wavelength dimension (Fig 2, 3 (Prior Art): meta structure reflector/PEG 318 above gain layer 

and comprising a plurality of nano structures; Col 4-6: line [36-067] PBG nano structure 

having sub wavelength; See also Fig 4-10 and related Col 1-2 ). 
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3. In the event the determination of the status of the application as subject to AIA 35 U.S.C. 

102 and 103 (or as subject to pre-AIA 35 U.S.C. 102 and 103) is incorrect, any correction of the 

statutory basis for the rejection will not be considered a new ground of rejection if the prior art 

relied upon, and the rationale supporting the rejection, would be the same under either status. 

4. The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness 

rejections set forth in this Office action: 

Claims 1-16, 20 are rejected under 35 U.S.C. 103 as being unpatentable over 

Ostergaard et al. (2002/0163947)/(US 6,683,898) in view of Birkedal et al. (US 

7,632,203). 

With respect to claim 1, Ostergaard et al. '947 shows and discloses a vertical cavity 

surface emitting laser (Fig lA-B, 4, 8B, 8C: VCSEL) comprising: a gain layer configured to 

generate light ((Fig lA-B, 4, 8B, 8C: gain 104 active generate light); a distributed Bragg 

reflector disposed below the gain layer (Fig lA-B, 4, 8B, 8C: DBR 102 below gain layer); and a 

meta structure reflector disposed above the gain layer (Fig lA-B, 4, 8B, 8C: meta structure 

reflector/P BG 1551116 above gain layer. The claim further requires the meta structure reflector 

comprising a plurality of nano structures having a sub wavelength dimension. Ostergaard et al. 

'947 did not explicitly state as the above. However, Ostergaard et al. '947 did disclose the PBG 

one/two/or three D periodic microstructure of different shapes being used (Section [0026, 0053, 

097, 0111] dimension of short axis lnm-500nm, and 50-lOOOnm in long axis). Therefore, it is 

recognize Ostergaard et al. '94 7 having the meta structure reflector comprising of nano structure 

and having a sub wavelength dimension. 
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Birkedal et al. '203 of analogous art shows and discloses a known vertical cavity 

surface emitting laser (Fig 2,3 (Prior Art): VCSEL)comprising: a gain layer configured 

to generate light (Fig 2, 3 (Prior Art): active region 304 generate light); a distributed 

Bragg reflector disposed below the gain layer (Fig 3 (Prior Art): DBR 306 below gain 

layer 304 ); and a meta structure reflector disposed above the gain layer and comprising a 

plurality of nano structures having a sub wavelength dimension (Fig 2, 3 (Prior Art): 

meta structure reflector/PEG 318 above gain layer and comprising a plurality of nano 

structures; Col 4-6: line [36-067] PBG nano structure having sub wavelength; See also 

Fig 4-10 and related Col 1-2 ). Therefore, before the effective filling date of the claimed 

invention, it would have been obvious to one of ordinary skill in the art to provide 

Ostergaard et al. '947 the PBG nano structure having subwavelength as taught or 

suggested by Birkedal et al. '203, for the benefit of having the desired output. 

Page 4 

With respect to claim 2, Ostergaard et al. '947 shows and discloses wherein the meta 

structure reflector further comprises a first support layer, and wherein the plurality of nano 

structures are disposed on the first support layer (Fig lA-B, 4, 8B, 8C: meta structure reflector 

comprises a first support layer 105, and the plurality of nano structures are disposed on the first 

support layer 105). 

With respect to claims 3, 4 the claims further requires wherein a thickness of the first 

support layer is 1/5 or greater of an oscillation wavelength of the vertical cavity surface emitting 

laser; OR wherein the first support layer has a refractive index less than a refractive index of 

each of the plurality of nano structures. Ostergaard et al. '947 did not explicitly state as the 
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above. However, Ostergaard et al. '947 did show and disclose of the support layer thickness and 

the variation of refractive index can be selected or affect based on the material/structure/ or 

method of forming (Section [026, 083-087 0100] refractive index of microstructure based on 

material or formation air hole "semiconductor rods and material, or etch air hole"). Therefore, 

it is recognize Ostergaard et al. '947 capable of having the above limitations. 

With respect to claim 5-6 Ostergaard et al. '947 shows and discloses a second support 

layer disposed on the first support layer and having a plurality of through holes corresponding to 

shapes of the plurality of nano structures, wherein the plurality of nano structures are 

respectively arranged in the plurality of through hole; AND wherein a refractive index of the 

second support layer is less than a refractive index of each of the plurality of nano structures (Fig 

2A-2E; Section [052-053]; See also Fig 6-15). 

With respect to claims 7-11 the claims further requires wherein at least one of a 

thickness, a width, and an arrangement interval of the plurality of nano structures is less than half 

of an oscillation wavelength of the vertical cavity surface emitting laser; OR wherein the 

plurality of nano structures has a size distribution that allows the meta structure reflector to 

operate as a concave mirror; OR wherein the plurality of nano structures has a size distribution 

that allows the meta structure reflector to operate as a convex mirror; OR wherein the plurality of 

nano structures has a size distribution that allows the meta structure reflector to operate as a 

beam deflector; OR wherein the plurality of nano structures has a shape distribution that allows 

the meta structure reflector to operate as a polarization beam splitter. Ostergaard et al. '947 did 

not explicitly state as the above. However, Ostergaard et al. '947 did show and disclose a typical 

circular shape, triangular, or different shapes, distribution, and relative potion will determined 
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the far field of the array, or affect the beam in polarization, of the support layer thickness and the 

variation of refractive index can be selected or affect based on the material/structure/ or method 

of forming (Section [007, 026-027, 044, 075, 081, 110-111] regular polygon, rectangular, 

trapezium, ellipse, etc. where shapes and positions determined the far field of the array; See also 

Section [0114-0119] ). Therefore, it is recognize Ostergaard et al. '947 capable of having the 

above limitations where desired thickness, arrangement, distribution, etc. to operate as a concave 

mirror, convex mirror, deflector or splitter (i.e. it is well-known a metamaterial/meta-atoms 

derive their properties not from the properties of the base materials, but from arrangement 

periodic pattern from composite materials such as metals and plastic at scales that are smaller 

than the wavelengths they influence, and their shape, geometry, size, orientation and 

arrangement gives them properties in affecting the electromagnetic waves by absorbing, 

enhancing, bending, or blocking to achieve the desired result output). 

With respect to claim 12-13, Ostergaard et al. '94 7 shows and disclose wherein the 

plurality of nano structures have asymmetric shapes; AND wherein the plurality of nano 

structures have shapes and arrangements that allow a ratio of a width in a first direction to a 

width in a second direction perpendicular to the first direction to change according to a position 

of the plurality of nano structures (Fig 2C; Section [080] PBG asymmetric). 

With respect to claim 14, the claim further requires wherein a reflectance of the 

distributed Bragg reflector is greater than a reflectance of the meta structure 

reflector. Ostergaard et al. '947 did not explicitly state as the above. However, it is well-known 

and recognize reflectance at the output side/top DBR meta structure in the VCSEL is lower than 
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the bottom mirror - so that the resonating wavelength would output at the lower side/the meta 

structure reflector. 

With respect to claims 15-16, Ostergaard et al. '947 shows and discloses wherein the gain 

layer comprises: an active layer; and an upper clad layer and a lower clad layer respectively 

disposed above and below the active layer; AND wherein each of the active layer, the upper clad 

layer, and the lower clad layer comprises a semiconductor material (Fig JA-B, Fig 4-15: active 

layer 104 between upper and lower clad layer 103 and comprising of semiconductor material; 

Section [082-084] ). 

With respect to claim 20, an optical device comprising: the vertical cavity surface 

emitting laser of claim 1 (See claim 1 ). The claim further requires the vertical cavity surface 

emitting laser being configured to emit light toward an object; a sensor configured to receive the 

light reflected from the object; and an analyzer configured to analyze the light received by the 

sensor and analyze at least one of a property, a shape, a location, and a motion of the object. 

Ostergaard et al. '947 in view of Birkedal et al. '203 did not explicitly state the above, however 

it is recognize the existence of known system with sensor/detector that analyze the light output 

from metamaterial VCSEL to assessed whether the design has met its intended purposes or 

intended use. 

Claims 17-19 are rejected under 35 U.S.C. 103 as being unpatentable over 

Ostergaard et al. (2002/0163947)/(US 6,683,898) in view of Birkedal et al. (US 

7,632,203), and further in view Morel et al. (US 2014/0059830). 
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With respect to claim 17-19 the claims further requires a heat sink configured to dissipate 

heat generated from the gain layer; wherein a region of the heat sink comprises; a first region 

that is disposed in parallel to a direction in which the distributed Bragg reflector and the gain 

layer are stacked and surrounds side surfaces of the vertical cavity surface emitting laser; and a 

second region connected to the first region and located at an upper portion of the gain layer; 

AND wherein a discharge path of the heat generated from the gain layer toward the hot sink 

includes a first path of the heat toward the second region and a second path of the heat toward 

the first region, and wherein the first path is shorter than the second path in at least one position 

of the gain layer. Ostergaard et al. '947 in view ofBirkedal et al. '203 disclose the above without 

teaching of a heat sink to dissipate heat from the gain layer. 

Morel et al. ' 830 of analogous art shows and discloses the use of metamaterial in a 

VCSEL with DBR mirrors and perform dual function of the DBR and heat spreader at the same 

time (TITLE; ABSTRACT; Fig 1-5; Section [013- 015]). Therefore, before the effective filling 

date of the claimed invention, it would have been obvious to one of ordinary skill in the art to 

provide Ostergaard et al. '947 in view of Birkedal et al. '203 the metamaterial heat sink as taught 

or suggested by Birkedal et al. '203, for the benefit of having the metamaterial/DBR acts as a 

heat sink, and the heat generate from the gain layer toward the top PGB/first path is shorter than 

the second path in at least one potion/bottom DBR of the gain layer. 

Citation of Pertinent References 

The prior art made of record and not relied upon is considered pertinent to applicant's 

disclosure. It is cited primarily to show the product of the instant invention. 
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Capasso et al. (US 2011/0315898) shows and disclose a VCSEL with meta-surface where 

the periodic of the surface not only fine grooves but can be other sub-wavelength-sized structures 

such as apertures or indentation with other shapes, with the same constant or non-constant element 

to element distance, depth, etc. to balance the benefit of the output (Fig 1, 2, 4, 5, 17-44; Section 

[94, 52-97] ); AND the measure of emission pattern detection of meta-surface (Section [023-024, 

064, 072-095]). 

Wang et al (US 2016/0307939) shows and discloses known a VCSEL with active/QW 

layer between DBR layer with metal microstructure above active layer (Fig 28: active 2504 

above DBR 2876 with microstructure/metastructure above the active layer 2504, Section [0204-

0206]; See also Figs 23-38B, 85-90, 92-96, 100-102, lOSA-107, 112-114). 

1. Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to TUAN N NGUYEN whose telephone number is (571)272-1948. 

The examiner can normally be reached on M-F. 

Examiner interviews are available via telephone, in-person, and video conferencing using 

a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is 

encouraged to use the USPTO Automated Interview Request (AIR) at 

http://www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, JESSICA MANNO can be reached on (571) 272-2339. The fax phone number for 

the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 
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may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/TUAN N NGUYEN/ 
Primary Examiner, Art Unit 2828 
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515 0 372/$$$.ccls. and (VC5EL and DBR and U5-PGPUB; OR OFF 2019/07/05 06:04 
(meta near3 reflect$4)) U5PAT; 

FPR5 
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516 0 372/$$$.ccls. and ((meta near3 reflect$4)) U5-PGPUB; OR OFF 2019/07/05 06:13 
U5PAT; 
U50CR; 
FPR5; 
EPO; JPO; 
DERWENT; 
IBM_TDB 

518 30 372/$$$.ccls. and (meta$material) U5-PGPUB; OR OFF 2019/07/05 06:26 
U5PAT; 
U50CR; 
FPR5; 
EPO; JPO; 
DERWENT; 
IBM_TDB 

517 0 257/$$$.ccls. and (VC5EL and DBR and U5-PGPUB; OR OFF 2019/07/05 06:26 
(metamaterial)) U5PAT; 

U50CR; 
FPR5; 
EPO; JPO; 
DERWENT; 
IBM_TDB 

519 198 438/$$$.ccls. and (meta$material) U5-PGPUB; OR OFF 2019/07/05 06:49 
U5PAT; 
U50CR; 
FPR5; 
EPO; JPO; 
DERWENT; 
IBM_TDB 

520 18 (VC5EL and DBR and (meta$material)) U5-PGPUB; OR OFF 2019/07/05 06:53 
U5PAT; 
U50CR; 
FPR5; 
EPO; JPO; 
DERWENT; 
IBM_TDB 

521 15 (VC5EL and DBR and (meta$material or U5-PGPUB; OR OFF 2019/07/05 08:15 
metalayer) and (gain or active)) U5PAT; 

U50CR; 
FPR5; 
EPO; JPO; 
DERWENT; 
IBM_TDB 
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522 48 ("20050092925" I "20050184354" U5-PGPUB; OR OFF 2019/07/05 08:24 
"20070092192" I "20070190434" U5PAT; 
"20080047604" I "20080102582" U50CR 
"20080218740" I "20080229941" 
"20080248608" I "20080265449" 
"20090188557" I "20090267049" 
"20100029067" I "20100126548" 
"20100193768" I "20100197068" 
"20100221866" I "20100313941" 
"20120193676" I "20120292676" 
"20130207222" I "20140001528" 
"20150041965" I "20160225631" 

"4571559" I "4637129" I "4716449" 
"5451767" I "5457327" I "5625636" 
"5757057" I "5886374" I "6027956" 
"6177289" I "6667528" I "7115971" 
"7397101" I "7495306" I "7601597" 
"7674563" I "7772615" I "7795064" 
"7893348" I "7898052" I "7972934" 

"8114695" I "8129710" I "8436370").PN. OR 
("9496435").URPN. 

523 19 ("4790635" I "4991179" I "5031012" I U5-PGPUB; OR OFF 2019/07/05 08:27 
"5340998" I "5404373" I "5557117" I U5PAT; 
"5574738" I "6285704" I "6396083" I U50CR 
"6611539" I "7075954" I "7105866" I 

"7369583").PN. OR ("7772615").URPN. 

524 31 (U5-20190056246-$ or U5-20180278023-$ U5-PGPUB; OR OFF 2019/07/05 08:28 
or U5-20180080758-$ or U5-20170211951-$ U5PAT; 
or U5-20180062353-$ or U5-20190115725-$ FPR5; 
or U5-20180316155-$ or U5-20190155124-$ DERWENT 
or U5-20190154503-$ or U5-20190137856-$ 
or U5-20190103727-$ or U5-20190086579-$ 
or U5-20190057512-$ or U5-20190034035-$ 
or U5-20190011535-$ or U5-20190004312-$ 
or U5-20190139243-$ or U5-20190137665-$ 
or U5-20180158856-$ or U5-20160307939-$ 

or U5-20180129866-$ or 
U5-20180131160-$).did. or (U5-9632216-$ 

or U5-9496435-$ or U5-7772615-$ or 
U5-8634078-$ or U5-7369583-$).did. or 

(W0-2017217035-$ or CA-2878975-$).did. 
or (U5-20140059830-$ or 

U5-20140348191-$).did. 

L1 19 (("7693203") or ("6683898") or U5-PGPUB; OR OFF 2019/07/07 23:32 
("20160156883") or ("20120128019") or U5PAT; 

("4944788") or ("4275948") or U50CR; 
("106058642") or ("1020120061514")).PN. FPR5; 

EPO; JPO; 
DERWENT; 
IBM_TDB 

L2 4 L1 and (meta or metamaterial or U5-PGPUB; OR OFF 2019/07/07 23:45 
meta$atom or nm) U5PAT 

L3 168 VC5EL and ((meta or metamaterial or U5-PGPUB; OR OFF 2019/07/07 23:50 
meta$atom) and nm) U5PAT 
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