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ABSTRACT 

Systems and methods are described to t.ime delay a signal output from an ana!og­

to-digital convener (ADC). The ADC includes a digital sensor responsive to an analog 

field quantity. The digital sensor is configured to output an oversampled digital output 

signal at a sampling clock frequency. A tirne delay element is configu.red to .receive as an 

input, the oversampled digital output signal and to output a time delayed oversampled 

digita] output signaL A filter is configured to receive as an input the delayed oversmnp!ed 

digital ontpnt signal. The filter lo•--v pass filters and decilnates to a lower smnp!e rate the 

delayed oversampled digital output signal. An output includes a kn-v pass filtered 

decirnated delayed digital output sipml, \vh,~re thti lm.ver sample rntti is less than the 

sampling clock frequency. 
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What is claimed is: 

1. A method to create a beamformed digital signal, comprising: 

outputting a first oversampled digital signal output from an analog-to­

digital converter (ADC), wherein the first oversampled digital signal is responsive 

to an analog field and the first oversampled digital signal is created at a sampling 

clock frequency; 

delaying the first oversampled digital signal by a time delay wherein the 

time delay is equal to an integer number of sampling clock cycles to produce a 

time delayed first oversampled digital signal; and 

combining the time delayed first oversampled digital signal with a second 

oversampled digital signal to obtain the beamformed digital signal, wherein the 

second oversampled digital signal is responsive to the analog field. 

2. The method of claim 1, wherein the combining is performed in an 

oversampled signal domain. 

3. The method ot claim 1, wherein the combining is performed in at an 

intermediate sampling rate. 

4. The method of claim 1, wherein the combining is performed in a baseband 

signal domain. 

K41090.P8C2 Page 42 of 48 

Page 4 of 275



5. The method of claim 1, wherein the first oversampled digital signal and the 

second oversampled digital signal are obtained from different sensors. 

6. The method of claim 1, wherein the first oversampled digital signal and the 

second oversampled digital signal are obtained from the same sensor. 

7. The method of claim 1 , further comprising: 

applying a !ow pass filter with decimation to the time delayed first 

oversampled digital signal to output a baseband digital signal that is delayed by 

the time delay. 

8. The method of claim 7, wherein the time delay is equal to a fraction of a 

baseband sampling period. 

9. The method of claim 7, wherein the time delay is greater than a baseband 

sampling period. 

10. The method of claim 7, wherein the first oversampled digital signal is 

digitized to create samples which are more than one bit deep. 

11. A system to create a beamformed digital signal, comprising: 
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a first digital sensor responsive to an analog field, the first digital sensor is 

configured to output a first oversampled digital output signal at a sampling clock 

frequency; 

a second digital sensor responsive to the analog field, the second digital 

sensor is configured to output a second oversampled digital output signal at the 

sampling clock frequency: 

a time delay element, the time delay element is configured to receive as 

an input, the first oversampled digital output signal and to output a time delayed 

oversampled digital output signal, wherein the time delayed oversampled digital 

output signal and the second oversampled digital output signal are separated by 

a time delay that is imparted by the time delay element; and 

an arithmetic unit, the arithmetic unit is configured to receive the time 

delayed oversampled digital output signal and the second oversampled digital 

output signal, the arithmetic unit is configured to produce the beamformed digital 

signal from the time delayed oversampled digital output signal and the second 

oversampled digital output signal. 

12. The apparatus of claim 11, wherein the arithmetic unit combines the Ume 

delayed oversampled digital output signal and the second oversampled digital 

output signal. 
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13. The apparatus of clairn 12, wherein the arithmetic unit combines the time 

delayed oversampled digital output signal and the second oversampled digital 

output signal using a summation function. 

14, The apparatus of claim 12, wherein the arithrnetic unit cornbines the time 

delayed oversampled digital output signal and the second oversampled digital 

output signal using a subtraction function. 

15. The apparatus of clairn 11, further comprising: 

a sigma-delta modul.ator, the first digital sensor utilizes tile sigma-delta 

modulator and the first digital sensor is configured to produce a pulse density 

modulated (PDM) output signal at the sampling clock frequency responsive to the 

analog field. 

16. A system to create a beamformed digital signal, comprising: 

a digital sensor responsive to an analog field, the digital sensor is 

configured to output an oversampled digital output signal at a sampling clock 

frequency; 

a time delay element, the time delay element is configured to receive as 

an input, the oversampled digital output signal and to output a time delayed 

oversampled digital output signal, wherein the time delayed oversampled digital 

output signal and the second oversampled digital output signal are separated by 

a time delay and the time delay is imparted by the time delay element; and 
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an arithmetic unit, the arithmetic unit is configured to receive the time 

delayed oversampled digital output signal and a second oversampled digital 

output signal, wherein the second oversampled digital output signal is responsive 

to the analog field, the arithmetic unit is configured to produce the beamformed 

digital signal from the time delayed oversampled digital output signal and the 

second oversampled digital output signaL 

17, The apparatus of claim 16, wherein the arithmetic unit combines the time 

delayed oversampled digital output signal and the second oversampled digital 

output signal. 

18. The apparatus of claim 17, wherein the arithmetic unit combines the time 

delayed oversampled digital output signal and the second oversampled digital 

output signal using a summation function, 

19. The apparatus of claim 17, wherein the arithmetic unit combines the Ume 

delayed oversampled digital output signal and the second oversampled digital 

output signal using a subtraction function. 

20. The apparatus of claim 16, further cornprising: 

a sigma-delta modulator, the digital sensor utilizes the sigma-delta 

modulator and the digital sensor is configured to produce a pulse density 
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modulated (PDM) output signal at the sampling clock frequency responsive to the 

analog field, 

K41090.P8C2 Page 47 of 48 

Page 9 of 275



Attorney Docket No. K4 l090. P8C2 

lJNITED STATES PATENT APPIJCATI:ON 

FOR 

PA.IE.NT 

BEA~lFORMING USlNG FRA.CTlONAL Tl\IE DELAY IN DIGITALLY 

OVERSAMPLED SENSOR SYSTE1\"IS, APPARATUSES, AND METHODS 

Inventors: 

K41090.P8C2 

Dashen Fan and Joseph Kwon 

PREPARED HY: 

MARK S. PELOQUIN 
PELOQUIN, PLLC 

800 FIFTH A VENUE, SUITE 4100 
SEATTLE, WA 98104-3100 

206-447-1336 TELEPHONE 
206-770-6562 FACSHvfILE 

Page 1 of 48 

Page 10 of 275



RELATED APPLICATIONS 

10001] This patent application is a continuation of United States Patent 

\ l • • s · 1· ·N, 1 1- ~ ·{147 84~ • 1 J "'r•r1,1·1·· r·)·r··I ........ , 1·N, r·)·1c·r·r· \I I'\./ /- .pp 1eatwn , erm . 'UHl1)er . ':J/ / .. , ,, • ), tit e lv. :: . :~ . . J . i: ., • .. 1 i·\ . ...... .i 

OVERSA.fvIPLED SENSOR s··tSTEfvIS, APPARATUSES, AND METHODS," filed on 

April 08, 2018, ,1,-·hich is a ,:ontinuation of United Stat1;.$ Patent Application Serial 

Number 15./225, 745, titled "TIME DELAY JN DIGITALLY OVERSAivIPLED SENSOR 

SYSTErvlS, APPARATUSES, AND IvlETHODS," filed on August 01, 2016, no\v U-5. 

Patent 9,941,895. United States Patent Application Serial Nu.mber 15/225,745 and 

United States Patent Application Number 15/947,845 are hereby incoivorated by 

reference. 

BACKGROUND OF THE lNVENTION 

t. FIELD OF INVENTION 

100021 The invention relmes generally to sampled systems more specifically to 

time delay in digitally oversampled sensor systems, apparatuses, and methods, 

2. ART BACKGROUND 

100031 Field quantities \.vhich exist in the natural ,vorld are generally analog 

signals \Vhich have ,:c.mt.inuously varying amphtnde as a function of time, Examples of 

these field quantities are sound pressure, vibration, light, etc. :1\-foasurernent of a field 
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quant.ity is accomplished with an analog sensor or a digital sensor. Dig.ital electronics 

\.vork with digital signals, Interfacing analog signals \.vith digital electronics presents a 

technical problem for which a technical solution using a technical means is needed. 
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BRl EF DESCRIPTION OF THE DRA \VINGS 

{0004} The invention may hest be understood by referring to the foHcn:ving 

description and accornpanying dra..vings that are used to illustrate ernbodiments of the 

invention. The invention is illustrated hy way of example in the embod.iments and is not 

lirnited in the figures of the accmnpanying drawings., in which !.ike references indicate 

similar elements. 

[0005] 

10006] 

Figure l illustrates a digital sensor system. 

Figure 2A illustrates tiine delaying an oversampled signal ,vithin an 

analog-to-digital converter (ADC) system, according to embodiments of the invention. 

[0007] Figure 2B illustrates hvo signals from Figure 2A, according to 

embodiments of the invention. 

[OOOSJ Figure 2C illustrates an oversmnpling system utilizing sigim0H:leHa 

modul.atio11 and pulse density· modulation (PDtvl), according to embodiments of the 

invention. 

[0009] Figure 3 illustrates applications of the system. from Figure 2C, according 

to e1nbodiments of the invention. 

l(HHOJ Figun~ 4 illustrates a pulse density rnodulafam (.PDrvJ) receiver 

architecture, .according to embodiments of HK~ invention. 

100111 :Figure 5 illustrates placing a time delay bet\veen stages of a pulse density 

modulation (PDLv1) receiver, according to embodiments of the invention.. 

[0012] Figure 6 illustrates placing a time dday between different stages of a 

pulse density modulation (PDrv1) receiver, according to embodiments of the invention. 
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10013] Figure 7 illustrates placing a time delay in yet anotht\r location within a 

pulse density modulation (PD!vl) receiver, according to embodiments of the invention. 

{0014} Figure 8 mustrates programmable time delay in an analog-to-digital 

converter (/\DC) systern, according to enibodirnents of the invention. 

(00151 Figure 9A innstrates time delays fbr multiple stinsors, according to 

embodiments of the invention. 

100161 :Figure 98 illustrates mult1ple time delays applied to an output from a 

sinde sensor, accordimi to e1nbodi1nents of the invention. 
~ • V 

10017] Figure 10 illustrates beamfom1ing, accordi11g to e1nbodi1nents of the 

invention. 

IOOl8J Figure llA mid llB illustrate increased resolution provided by a 

fractimrnl delay, according to embodiments of the invention. 

(00191 Fignre 12 illustrates a process to impart a time (k~lay to an oversampled 

system, according to embodiments of the invention. 

100201 Figure 13 .illustrates a process to use a time delay imparted to an 

oversampled system in a beaurforn1ing process, according to embodiments of the 

invention. 

(00211 Figure 14 mustrates a data processing system in which e1ubodiments of 

the ilrventio11 may be usett 

10022] F'igure 'ISA-15B illustrates integrated circuit dies in \Vhich embodiments 

of the invention may be irnplexnented. 
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DETAILED DESCRIPTION 

{0023} [n the following detailed description of embodiments of the invention, 

reference is made to the accompanying drav,dngs in \vhich like references indicate similar 

eleme11ts, and in which is sh(rwn by \vay of illustralion, specific embodiments in w·hich 

the invention may be practiced. These embodiments are described in sufficient detail to 

enable those of skill in the art to practice the invent.ion, In other instances, \veil-known 

circuits, structures, and techniques have not been sho,vn in detail in order not to obscure 

the understa11ding of this description. The following detailed description is, therefore, 

not to be taken in a limiting sense, and the scope of the invention is defined only by the 

appended claims. 

[0024] Systen1s and rnethods are descdbed for applying a t.irne delay to an 

ovt~rsampled digital signal. In various embodiments the time d1;.~lay is applied in various 

locations \Vithin the oversampled domain of the digital signal during signal processing in 

an analog-to-digital converter (ADC). 

10025] F'igure -i illustrates, generally at 100, a digital sensor system. With 

reference to Figure l, an analog field quantity l 02 is sensed by a digital sensor system 

104. As represented in Figure l at I 04, the digital sensor systen1 includes a digital 

sensor vvhich is typically configured to o,.rersamp!.e the ana!.og signal 102. \\/ithin the 

digital sensor system 104 the oversampled signal is input to a receiver which decimates 

and lmv pass filters the oversampled signal in order to output a signal at a baseband 

sampling rate at .106 \Vhicb is the digital representation of the analog fiel.d quantity 102. 

A time delay can be i1npart.ed to the digital baseband signal at 108 The time delay 108 
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can be of various lengths and is som.etimes expressed in two parts,. Le., an integer pan 

and a fractional part A first part 114 can be nd'erred to as an integer d1day· ,vhere 

1'integel' refers to an integer number of baseband sampling rate cycles. A second part 

110 can be referred to as a fractional delay \Vhere "fraction" refors to a fraction of the 

baseband sampling rate period. A time delayed digital version of the digital signal I 06 is 

output at 116. The time delayed digital signal 116 can be used in various subsequent 

processes such as heamforming, etc. 

10026] figure 2A 11lustrntes, generally at 200, time delaying an oversarnpled 

signal \Vithin an analog-to-digital converwr (ADC) system, according to embodiments of 

the invention. With reforence to Figure 2A, a time delay is inserted in the oversampled 

dornain of the ADC, In various embodiments, the tirne delay is inserted bet,veen a 

d.igitaHy oversmnpled sensor output signal and a receiver used to process the 

oversmnpled digital output signal. In operaiion, an analog field quantity 202 is incident 

upon a digital sensor 212. The digital sensor 212 converts the indde11t analog field to au 

ovt~rsampled digit.al output signal at 2 "I 4 ,vhich preserves phase information of the signal 

within the bit stream of the signal 214. In various en1bodiments, the oversampled signal 

214 is provided as a pulse density modulated (PDrvf) signal.. In other embodiments, other 

digitizing methodologies can be employed to digitize the oversampled signal The 

oversampling ,vhich occurs in the oversampled sensor 2 l2 occurs at a sampling clock 

frequency. The sampling dock signal is ofren provided externaHy by the data processing 

system or a dedicated digital signal processing system (DSP) clock \vhich is divided 

dcnvn to the dt$irt~d sampling clock frequency used to sample the digital sensor 2 I 2. In 
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other embodinu.~nts, the sa1npling dock c.:a.n be prov1ded locally even on the sarne 

integrated circuit \Nith a digital sensoc 

10027] The oversampled digital signal 214 is input into a delay element 216 and 

is output at 218 afrer a time delay !'i\t" is imparted to the oversampled digital signaL The 

time delay l\t imparted to the oversmnpled digital signal 214 at delay element 216 is 

represented by an integer number of sampling clock cycles. When it is desirable to 

impart a "fractional delai' at delay element 216, then the 1na,xinmn1 mnnber of sampling 

dock cycles that ·would be imparted at 216 is equal to the ratio of smnpling clock 

frequency divided by the baseband sampling rate, indicated herein by the variable "It'' 

R is discussed more completely helmv in cm\im1ction ,vith the figures that fl.1!10\v. Note 

that in other embodiments, systems are configured without the constraint R of equ.ation 

(3). In such cases, the delay imposed by the delay element 216 exceeds the n:pper limit R 

of equation (J), 

10028] ln various embodiments, the delay ele.rnent 216 is implernented as a 

bnffer, which can be programmable, In other embodinK~nts, the delay element is 

implemented \Vith a delay line; tl1e delay hne can be a prognunmab!e delay hne. h1 yet 

other embodiments, the delay element is implemented ,vith a circuit constructed to 

provide a delay and the delay can be :programmable. A programmable delay element 216 

will al!mv the magnitude of the delay 8.t to he adjusted as desired. In the context of 

beamfonning, a programmable delay(s) v,dll allcnv a beam formed \vith two or rnore 

sensors to be steered to different directions. Beamfbrrning ,.viH be discussed rnore ... 

ccnnpletdy below in conjunction ,.vith the figures that fol.low·. 
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The output signal from the delay element 216 is a delayed oversampled 

digital signal 218 which is input into a receiver module 220. Th,~ rec,~iver module 220 

performs the functions of Im,,,. pass filtering and decimation. L◊vv pass filtering removes 

the high frequency noise resulting from the oversampling process and decimation reduces 

the sampling frequency to a baseband sampling rate. A baseband digital signal is output 

at 222 from the receiver module 220. The baseband signal 222 is a dhdtal shmal havin~ 
- w ~ -

a bandwidth as prescribed by an application of interest and, depending on the dighizatkm 

rnethodology, an increased dynamic range relative to the oversa1np1ed digital signal 214 

output from the digital sensor 212. 

10030] As an illustration of a sinusoidal representation of an analog field quantity 

204 is illustrated as a function of time 206 and arnplitude 208- A rnarker 210 indicates a 

peak t1 in the field quantity 204. After the time delay "t\t" is imparted to the 

oversampled digital signal and the post processing described above in the rt~ceiver 220 is 

performed, for illustration herein,. vvhen the signal at 222 is converted back to an analog 

signal h ,vou!d appear as illustrated at 224 ,vhere the time delayed amplitude 224 is time 

delayed by l'i.t resulting in the peak a1nplitude of the signal 224 delayed to t1 + tit as 

illustrated at 219.. Thus, a time delay is imparted to the oversamp!.ed digital signal in the 

system described above in Figure 2A. lnrparting the time delay is accomplished by 

insert.ion of the delay element 216 which can be accomplished, in various embodiments, 

by inserting, in one embodiment, a buffer as shmvn benveen the oversampled digital 

sensor output 214 and thl! input to the receiver modu.le 220. ln alternative embodiments, 

described in the figures that follow, a time delay elemt'.nt \vill be inst~rted benvet~n stages 
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of a rec:eiver module. Thus, e1nbodi.me11ts of the invention an.! not lilnited to intnxluchon 

oft.he time dday clement on the input to the receiver module 220. 

10031] In various embodiments, the oversampling peifonned in the digital sensor 

2!2 is accomplished with a sigma-delta modulator in an analog-to-digital convt~rsion 

(ADC) process 'which outputs at 214 a one-bit deep pulse density modulated (PDlV{) 

oversa1npled digital signal representing the digitization of the analog signal 256 (Figure 

2B). Note that for illustration purposes only, without limiting embodiments of the 

invention, the illustration of the oversampled digital. signal 214 is presented at 252 as a 

pulse density modulated (PDl'.vl) signal in the time do.main and again in Figure 2B in 

enlarged vie\\·'. At 252 the oversampled dighal signal is illustrated \vith marker 254 

indicating a peak of the analog signal 256. 

[0032! Fol!(n:ving application of the time delay 1.t, imparted by delay element 

216, the t1me delayed oversampled digital sig11a12 l 8 is illustrated at 262 \Vith the 

oversampled digital signal illustrated with marker 254 indicating the peak of the analog 

signal 256 which has been delayed in hme by At, the peak is nmv indicated at 264. 

10033] The illustrative example pn.•sented \vith 252, 262, Figure 2A, and Figure 

2B illustrates oversampling \vhere one \Vavelength of an analog signal. has been sampled 

one hundred ( l Off) times. No li1nitation is implied thereby and this example is provided 

merely for illustration. Figure 2B illus:irntes, generally at 250, two signals from Figure 

2A, according to embodiments of the invention. 

100341 Referring back to Figure 2A,. as described above the sampling clock 

frequency is represented by a variable fsr; the baseband sampling frequency is given by 

the variable fiib. Equation O) is the require111ent fbr the oversampling condition where 
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fsr > fi)h. The ratio of the sarnpling dock frequency to the baseband samp!.ing frequency 

is given by equation (2) as R === fsr / fiih ln analog-to-dighal conversion rnethodo1ogies 

that are one-bit deep, R will repres(~nt the munber of subinwrvals that a baseband 

sampling period can be divided into for the purpose of applying a ,;fractional" time delay 

to the oversampled digital signal 214. Pulse tknsity modulation (PDivI) is such a digital 

conversion methodology that is one-bit deep \vhere the sign is carried by the hit value 

\vhere a n1 a corresponds to a pulse of plus polarity (+A) and a "0" corresponds \Vith a 

pulse of negative polarity (-A). Equation (3} indicates that a fractional delay can he 

selected based on a number of sarnpling clock ,:ycles N fro1n the range 1 :$ N ~ R, and the 

time delay \vhich is applied by delay element 216 is given by equation (4) as: At= N * 

1sr, \Vhere 't:;r is the period of the sampling dock. \Vhere as desnibed above, 

"fractional delay" refors to a fraction of a baseband sampling rate cyck. 

10035] Note that \vhen other analog-to-digital d1g1tization methodologies are used 

in the digital sensor 212 the resulting digital. hit strearn can be other than one-hit deep.. In 

such cases, tht~ oversampled digital signal at 212 can still be delayed \Vith delay ekme11t 

216, \Vhere the dday \Vill be a multiple of a ''sample'' regardless of how many bits are 

used to encode the ;•sample" at the digital sensor 212. The minimum time delay 

increment ,vi!l depend on the bit depth of the analog-to-digital digitization methodology 

used in the digital sensor 212. Thus, equation (4) is modified to equation (5) as follO\vs: 

i\t = N *(lvl* tsr). Vv11ere tsr is the period of the sampling clock, IvI is the hit tkpth of 

the digitization methodology and the prodnci N*J:vl, given by equation (6), ,vhich is: l :$ 

N"'M ::S: R with N being an integer subject to the constraint of equation (6_) for a fractional 
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delay, Note that in other e1r1bodin-1ents, systems are configured without the constraint R 

of equation (6), In such cases, the delay imposed by the de!.ay e!.ement 216 exceeds the 

upper limit R in equation (6). Thus, a time delay imposed by the system on the 

oversmnpled digital signal can he a fract1on of a baseband sampling period or greater 

than the baseband sampling period. 

10036] For example, in one non-limiting embodiment, given merely for 

fllustration, a 2-bit amplitude modulated digitization m.ethodo1ogy utilizt~s 2 bits to 

establish 4 amplitude states for a digital representation of an analog signaL l.n this 

example, rv1 ,,,2, which means that a magnitude of the time delay which can be applied to 

the oversampled digital signal \vill he an integer number (a nmhiple) of t\vo successive 

sampling clock cycles, e.g., 20 4, 6, 8, etc., thus the oversampled digital signal is. delayed 

2 bits at a time in this exa1nple oHvf"2. Introducing a delay of one smnpling clock. cyde 

or three sampling dock cydes at 216 ,;vhen the analog-to-digital enroding methodology 

is 2 bits deep \Vould introdtKe noise into the system because 2 successive bits are 

required to represent the expected ·value of the analog signal, Le,, a sample, 

10037] A variety of different digital sensors can be used at 212. For example,. 

some non-limiting examples of sensors used to detect field quantities are sensors used to 

detect pressure fluctuations such as acoustic pressure Huctuations in air or water. 

Frequency ranges can range from the lmv end oft.he audio spectrum to the ultrasonic 

range. Sensors can also be used to detect field quantities such as vibration or 

electromagnetic energy. The following description and the associated figures an.~ set in 

the context of a digital microphone hmvever; the description is applicable to sensors 

other than digital microphones and is generally applicable to oversampled sensors used 
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during analog-to-dig.ital conversion (A.DC) \vhere a time delay is introduced in the 

oversampled digital domain. 

10038] figure 2C illustrates, generally at 270, an oversampling system utilizing 

sigma-delta modulation and pulse density modulation (PDt\4), according to embodiments 

of the invention. \\lith n:~forence to Figure 2C, a d.igital microphone is indkmed at 272. 

Digital microphone 272 responds to an acoustic field 273. The digital microphone 272 

can take the frmn of an ele,:tret capsule microphone or it can be made using 

microe!ectromecha11ical systems (i'v1EJ\-1S) technology as a component on an inte!:,>rated 

circuit. In some einbodiments, rvlEl\-1S digital microphones are made as a structure on an 

integrated circuit \vhich uses a membrane that fimns a capacitor vv.ith a base plate. Sound 

\Vaves cause a vibration of the 1nemhrane \Vhich causes variations in capacitance \Vhich 

are sensed, amplified, and processed in the integrated circuit. 

10039] The 1'\,·fEI\JS digital microphones ran be configured \\-'ith a sigma-delta 

modulator \vhich prodtKes an oversampled digital output of the analog signal sensed by 

the microphone. A digital i'vIEf\--tS microphone configured with a sigma-delta modulator 

is supplied ,vith power and a sampling clock signal. In varions embodiments, the digital 

rnicrophone outputs a pulse density modulated (PDf\.-1) oversampled signal, A clock 

signal can he provided as an external clock signal from a digital data processing system 

or the sampling dock signal can he provided locally as part of the integrated circuit 

package that houses the digital inicrophone. Digital microphones using rvmtvlS 

technology and sigma-delta modulators for analog-to-digital conversion can he designed 

to operate at a variety of sa:n1pling clock frequencies. Commo11 sampling dock 
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frequencies are hi the range of l !VtHz to 5l\:1Hz. The sa.rnpling clock frequencies listed 

here are given merdy fi..)r illustration and do not limit embodiments ofth,~ invention. 

10040] Some baseband audio signal applications have established frequency 

ranges and these ranges together \.Vith a desired dynam.ic range for the audio signal place 

requiren1ents on the sampling dock frequency used to ,vith the digital microphone 272. 

For example, telephony,. compact disk (CD) format, etc. all have requiren1ents for the 

baseband audio signal that can he accomrnodated through e1nbodiments of the invention 

as described herein. Smne non-lirniting examples are, for exa.rnple, pulse code modulated 

(PCM) audio which can be provided at various dynamic ranges and sample rates, which 

could be provi(kd at 16 bits per sample at 48 kHz in one or more ,~mbodiments. Anot.111;.~r 

non-limiting example is l. 6 bit CD quality stereo PCvl at 44. l kHz. Telephony can be 

accommodated at different specifications. A non-limiting example is PCrvl audio at 12 

hits per sample at 8 kHz, The foregoing examples of baseband audio formats are 

provided merely for example and do not limit embodiments of the invention, 

10041] The oversampled digital output 274 is input to a delay element 276 as 

described pn.!viously, The delay element 276 applies a time delay to the oversampled 

digital signal and outputs a time delayed oversampled digital signal at 278, 

10042] The oversampled digital signal 278 is input into a PDl\'1 receiver module 

280. In various embodiments, the PDl\·1 receiver module 280 converts an input sig11al to 

pulse code modulation (PCM) forn1at and can be alternatively referred to as a PD:Vl to 

PCl\·1 conversion 1nodule 280 vvithout limitation to e1nbodilnents of the invention. The 

PDM rt~ceiver module 280 decimates and knv pass filters the time delayed oversampled 

digital signal 278 and outputs a tirne delayed PCtv1 baseband digital signal at 282. Those 
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of ordinary skm in the art will recognize that PC!vl thrnmt is a digital. data format in use 

\.vith digital signals sud1 as digital audio signals. PDM receiver modules such as 280, as 

\Veil as other recdver modules described in tlw other figures in this description of 

embodiments, can be implemented ,vith conversion to a format other than PCivI format 

and the description given herein vvith conversion to PCivl format does not impose any 

limitation on embodiments of the invention. 

[00431 As described above, the time delay element 276 can apply a fractional 

tirne delay to the oversampled digital signal 274. In some e1nbodin1ents, the system 

design is such that a total tin1e delay applied to the baseba11d signal 286 is 1nade t1p from 

the fractional delay contribution at 276 and an integer delay contribution at 284. In other 

embodiments, the entire delay is applied by the delay element 276. 

{00441 Accomplishing a fractional delay at the baseband stage in a digital 

rnicrophrme system is computationally intensive and has been elirninated hy 

embodiments ofthe invention desc.rjhcd herein by introducing the fractional delay in the 

ovt~rsampled signal domain. Equations ( t ), (2), and (3) from Figure 2A apply to th,~ 

digital microphone system ofFigure 2C Here the digital microphone 272 is driven by a 

sampling clock frequency [-.;r the baseband sampling frequency is given by f-t,b, therefore 

from equation (I) fsr .> fiib. The ratio of the sampling clock frequency to the baseband 

sampling frequency is given by equation (2) as R = fap / fbb- Equation ( 3) indicates that 

a fractional delay can he selected based on a number of sarnpling dock cydes N from the 

range 1 5 N s R, and the tim.e delay \Vhich is applied by delay element 276 is given by 

equation (4) as: i\t '" N * 'far. \i\/l1erc Tsr is the period of the sampling rlock. In various 
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embodin1e11ts, the PDM receiver module 280 1s const.ructed v,tith a sequence of stages as 

explained below in conjunction with the figures that tblluw, 

10045] figure 3 illustrates,. genera.lly at 300, applications of the systen1 from 

Vigure 2C. according to ernbodirnents of the invention.. With reforence to Figure 3, a 

non-lin11ting example of a digital m.icrnphone syste.rn 1s provided iv1th a .frmr stage PD!vf 

receivt~r module. An analog field quantity e.g., an acoustic field 302 is sensed by a 

digital microphone 304, The digital microphone 304 employs a one-bit sigma-d1;,~lta 

modulation to perfonn a11alog-to-digital conwrsion (ADC), In ont~ non-limiting 

embodiment, the digital microphone 304 is driven ,vith a 2.048 IvlHz sampling dock 

frequency to output an oversampled digital output signal at 306. tn the exarnple of 

Figure 3, the baseband sampling frequency is chnsen to he l 6 kHz. From equation 2 

(Figure 2A), R = 2,048,000/16,000 = 128. Thus, the period of the baseband sampling 

frequency can be divided b:'l 128 by selecting a tinx~ delay At ,vhich is related to a 

number of sampling clock cycles N from the range l :S N s 128. In this exarnple, the 

time delay vA1ich is applied by delay element 308 is given by equation (4) from Figure 

28 as: At= N * Tsr \-vhere Tsr is the period of the 2.0481\.Hlz sampling clock frequency, 

which equals 4,8828 X 10-7 seconds. Equation (4) from Figure 2B then provides as a 

fractional delay: 1\t ,,,, N * 4.8828 X 10·7. 

10046] ln one or more embodim1.:)nts,, the time dday element 308 i<:- impkiim:)nted 

\vith a buffer one-bit deep and 128 bits ,.vide. At 8 bits pt~r byte the buffer m~eded for 

time delay element 308 in the present example is of size 16 bytes, 16 bytes is a very 

small buffer w-hich makes the system and proct~ss needed to impart a fractional tinx~ 

delay to an oversampled digital signal much less resource intensive than that of existing 
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systen1s \.vhich impart a fractional t.in1e delay to th1;.! baseband signal through application 

of filtering and or post processing in the baseband domain, The titm.~ delay element 308 

can be configured to be controllable, such that the time delay imparted to the 

oversampled digital signal can be set using a control line 31 (l A controller can bt~ 

configured \vith one or more digital microphones according to embodin1ents of the 

invention to provide a steerable array of microphones for beamforming applications, 

Utilizing a controller \Vith u:mltip!e microphones is described more fully belo\v in 

conjtmction v,..-ith the figures that follo\-V. 
' ,.,. 

[00471 rltustrated in Figure 3, is a PD!v1 n.!ceiver n1odule 314 \Vhich has, in one 

embodiment, an architecture based on fonr main stagt~s, also shcJ\v11 in Figure 3 in 

enlarged viev.' at 332, The time delay element 308 applies a delay to the oversampled 

digital signal outputting a time delayed oversarnp!.ed digital signal. at 312. The 

oversmnpled digital signal 312 is inpui in the PDlvf receiver 1nod11le 314 and enters a first 

stage 316, Fort.he purpose of this example, the first stage of the PDI'vl receiver modnle 

314 is a cascaded-integrator-comb (CIC) filter structme. The integrator keeps a running 

sum of values adding each ne"v sample, the comb filter subtracts off the oldest sample. 

·rhe CIC filter is a cascade of integrator comb stages. The final component is a decimator 

,vhich reduces the sampling rate by a nmltip!e of 2. In the example of Figure 3~ the CIC 

filter provides 8· 1 decin1ation \vhich reduces the smnpling clock frequency of 2.0481'v1Hz 

to 256 kHz at 318 foll.o\ving the CIC 316 stage. The CIC stage 316 low pass filters the 

input digital signal 312 thereby providing an increase to the d)inamir range of the output 

digital signal at 318. 
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10048] In the example of Figure 3, the second stage ofPDM receiver 1nodt1le 3 I 4 

is a half-band filter 320. Half-band filter 320 decimates by a factor of 2: l tht~reby 

reducing the smnpling rate of the input signal 318 from 256 kHz to 128 kHz at the output 

322. Half-band filter 320 provides further lmv pass filtering and a further increase in 

dynamic range of the signal at 322. 

10049] Similarly, in the exmnple of Figure 3, the third stage of PDlvf receiver 

module 314 is a half-band filter 324. Hairband filter 324 decimates by a fi1ctor of 2: 1 

thereby reducing the sampling rate oft.he input signa1 322 from 128 kHz to 64 kHz at the 

output 326. Half.band filter 324 provides further knv pass filtering and a further increase 

in dynamic ranue of the siu.nal at 326 
. ....., .t..-· 

10050] ln the example of Figure 3,. the thurth stage of PD1\.-t receiver rnodule 314 

is a lo\.v pass filler 328 which decirnates by a factor of 4: l thereby· reducing the input 

digital signal at 326 from a sample rate of 64 kHz to a baseband sample rnte of 16 kHz at 

330, A. finite impulse response (FIR) filter structure or an infinite impulse response (HR) 

filter structure can be used in the stages of the PDIVI receiver modu!.e 314 describt~d 

above, such as, for example in lo\v pass filter 328, etc. Thus,, the PDf\.·I receiver n10dule 

receives as an input a time delayed oversampled digital signal at 312 ,vith sampling rate 

of2.048 l\.lHz and outputs a baseband signal, vvhich in some embodiments is an acoustic 

signaL, at a baseband sampling rate of 16 kHz at 330. Note that in order to e!irninate 

aliasing, the useful. frequency range of the basebaud signal \Vin be reduced by a factor of 

1/2 from the baseband sampling rate in order to satisfy the Nyquist sampling criteria 

\vhich requires the maximum useful frequency FNYQUIST :S fi.1b I 2; \vhere fi1b is the 

baseband sample rate. 
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10051] Figure 4 illustrates, generally at 400, a pulse density modulation (PD!\'1) 

receiver architecture, according to embodiments of the invention, \V'ith respt~ct to Figure 

4, alternative locations for the tin1e delay element 308 from Figure 3 are iHustrnted. An 

initial position frrr the time delay element 416 co1TE.$ponds v.rith the position of thti time 

delay element 308 in Figure 3, In this initial position, as described above tl1e time delay 

element 4 l 6 delays the oversampled digital signal and outputs a tin1e delayed digital 

signal at 312. 

[0052J The time delay elernent can he located throughout the oversmnpled 

domain of the PDrv-1 module 314. In figure 4, a first alternative location of the delay 

element is indicated at 418 bet\veen the first stage 4-02 and the second stage 406 at 

location 418. ln fais ahernative location, in one embodiment, the time delay element 416 

is removed and 312 represents the digital oversampled signal, the tin:ie delay is applied 

internal to 314. \Vhen the delav element is located at 418 the nmnber of fractional delav .,,• • .... 

elements is obtained by di•ifiding the sm.npling rate vvhich exists at 404, \Vhich is the 

output of 402 .and the input to time delay clement at 418., by the baseband sampling rate 

at 330. For the non-limiting example of Figure 3, R = 256 kHz/16 kHz= 16, Thus, the 

fractional delay \Vhich can he imparted by the time delay element \.Vhen located at 

position 418 is calculated by equation (4) from Figure 28 as: o.t = N * !sF \vhere is the 

period of the 256 kHz sarnpling rate period equals 3 .90625 X l ft6 seconds. Equation ( 4) 

fron1 Figure 2B then provides: l\t "' N * 3 ,90625 X 1 o-6 seconds. 

10053] In Figure 4, a second alternative location of the delay element is indicated 

at 420 het\veen the second stage 406 and the third stage 41 O at location 420, In this 

alternative location, in one embodiment, the time delay element 416 is removed and 312 
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represents the digital oversampled signal, the tim.e delay is applied internal to 314.. \Vhen 

the time delay element is located at 420 the number of fractional delay elements is 

obtained by dividing tht~ sampling rate ,vhich exists at 408, ,,vhich is the output of 406 

and the input to time delay element at 420, by tht~ baseband sampling rate at 330. For the 

non-limiting example of Figure 3, R CCC 128 kl-lzJ16 kHz CCC 8. Thus, the fractional delay 

which can be ilnpart.ed by the time delay element when located at position 420 is 

calculated by equation (4) from Figure 2B as: At= N * Tsnvhere Tsr is the period of the 

128 kHz sampling rate period which equals 7.8125 X 10·6 seconds. Equation (4) frmn 

Figure 2B then provides: At = N * 7 .8 ! 25 X I o-6 seconds, 

{0054} [n Figure 4, a third alternative location ofthe delay element is indicated at 

422 between the third staue 410 and the fourth strwe 414 at location 422_ In this 
Q ~ 

alternative location, in one embodiment, the time delay element 416 is removed and 312 

represents the digital oversampled signal, the time delay is applied internal to 314. \\/hen 

tht.( delay efoment is located at 422 the number of fractional delay elements is obtained by 

dividing the sampling rate which exists at 412, ·which is the output of 410 and the input to 

time delay element at 422, by the baseband sampling rate at 330. For the example of 

figure 3. R === 64 kHz/I 6 kHz === 4. Thus, the fractional delay which can be ilnparted by 

the time delay element \vhen located at position 422 is ca!.culated by equation ( 4) fro.m 

Figure 28 as: At CCC N * Tsr \vhere T sr is th(~ period of the 64 kHz sampling rate fK~dod 

vvhich equals L5625 X 10-5 seconds. Equation (4) from. Figure 28 tht~n provides: At= N 

* 1.5625 X 10'5 seconds. In other e1nbodiments, a time delav element can be located in a - ., 

plurality of locations, Le,, one or more of 416, 418, 420, and 422 .. 
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10055] Figure S illustrates, generally at 500, placing a time delay benveen stages 

of a pulse density modulation { PD~,f) receiver, according to embodiments of the 

invention. With respect to Figure 5, a PD\l receiver module 580 is illustrated \vith an 

oversmnrJled digital in1-,ut sknal at 578_ The oversam1J!ed diuital in1mt siixnal 578 ...... ~· t {,..,,' .t ...... 

origiliates in various embodiments, for example, -fh.m1 a dig1tal n1icrnphone such as 272 

in Figure :2C The PDfv1 receiver module 280 is configured \\'1th u 1st stage 502, a 

second stage 510, a third stage 5 ! 4, and up to an ith stage 518. Each stag,~ can provide 

one or both of decimation and lo\\-' pass filtering. A time delay element 506 is located 

between the first stage 502 the second stage 510. In operation, an oversanipled digital 

signal 578 originates frorn exarnple a digital rnicrophone or another type of digital sensor 

a,s described abo•,...-e. 

100561 The oversampled digital signal 578 is input iuto a first stage 502 of the 

PDrvI receiver module 580 where the signal is decimated and lo\v pass filtered. An 

output of the first stage 502 is then input at 504 into the time delay element 506. An 

output of the time delay element 506 is input at 508 into the second stage 510. The 

second stage 510 performs further decimation and 10\v pass filtering \vith an output 512 

providing an input into the third stage 514. The third stage 514 performs forther 

decimation and lo\•\' pass filtering ,vith an output 516 prov1ding an input into the ith stage 

518, The ith stage 518 provides the output 582 from t.he PDM re,x~iver moduk~ 580 \"-vhich 

can be configured to be at the baseband sampling rate. In various other embodiments, the 

time delay element 506 can be placed bet\veen otht~r stages of the PDJ\if rect~iver moduk~ 

580. 
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10057] Figure (i illustrates, generally at 600, placing a time delay benveen 

different st.ages of a pulse density modulation (PD~vf) receiwr, according to embodiments 

of the invention. With respect to Figure 6, the PDivl receiver module 580 fron1 Figure 5 

illustrated with stages. 502, 510, 514, up io 518. Here in Figure 6, a tirne delay element 

is insened benNeen the second stage 5 l O and t.he thfrd st.age 514. An output 604 from the 

second stage 510 is input to a time delay element 602. An output 606 from the time 

delay element 602 is a time delayed digital signal. at an intermediate sampling rnte. 

100581 Figure 7 mustrntes, generally at 700, placing a time delay in yet another 

location within a pulse density modulation (PDtvl) receiver, according to embodiments of 

the invention. \Vith rt~spect to Figure 7, the PD1\.-l teceiver module 580 frorn Figun~ 5 

illustrated \v.ith stages 502,510, 514, up to 518. In figure 7, a time delay element is 

inserted behveen the i-1 stage 514 and the / 11 stage 518. An output 704 from the i-1 stage 

514 is fone delayed at time delay element 702. An out1-mt 706 from the tiJne delay 

element 702 is a time delayed digital signal at an intennediate sampling rate which is 

input into the ith stage 518 ft)r forther processing bd'ore being output at 582 from the 

PDM rt~ceiver module 580. The output 582 is at a sampli11g freqnency ,,vhich is a reduced 

sample rate, ,vhich in some embodiments can be the baseband sample rate of the desired 

output signal from the system. 

10059] figure 8 illustrates, generaJly at 800, prograrnnu1ble time delay in an 

analog-to-digital converter (.ADC) systen1, according to embodiments of the invention. 

\Vith respect to Figure 8, an analog field quantity is represented hy 802 incitknt on a 

digital sensor 804, which in various embodiments, is a digital n1icrophone, vibration 

sensor, electromagnetic energy sensor, etc. For the discussion herein, digital sensor 804 
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is re.forred was a digital inicrophone 'Without limitation implied thereby. In response to 

the incident field 802 the digital microphone 804 outputs an ov,~rsampled digital signal at 

806, The oversa:n1pled digital signal output 806 is input to a time delay element 808 

\Vhkh outputs a time de!a:ve<l oversampled digital output at 81 (l The time delayed 

oversampled digital output 8 t 0 is input into a PDlVI receiver module 812, The PDfv'l 

receiver module 812 can be a configured v,ritJ1 a single stage or a multi~stage architecture 

as described above, At 814 an output from PDM receiver module 812 can optionally be 

tirne delayed at 8 I 6 bdhre being output at 822. In sorne ernbodirnents, a controller 818 

provides a control signal 820 to the time delay element 808. In some embodiments, \Vhen 

the time delay element 816 is configun'.d ,;.vith thti system, the i;;:ontrn!ler 818 or a separate 

controller provides a control signal at 822 tot.he time dday dement. 816, 

10060] In various embodiments, the time delay element such as 808 can be 

configured as a bufter or to include a buffer which has a number of values, \vhere each 

value corresponds to a different number of clock cycles of the sampling clock used 

within the digital sensor 804. In various e1nbodiments, the tiJne delav element 808 can be 
~ . . 

ccmfigured w provide a fixed time delay to the input digital. signal 806 or the time delay 

element 808 can be progrnmmabk rn op,!ration, the controller 818 provides a rnnt.ro! 

signal 820 \Vhich is used to specif)-' a number of sampling dock cycks which \Vin be us{~d 

by the time delay element 808 to provide the time delay to tht~ input signal. 806. 

10061] Similarly, \.Vhen present in the system, the tin1e delay element such as 816 

can be conffoured as a buffer or to include a buffer ,.vhich has a number of values. \vhere ..... ·' 

each value corresponds to a different number of cycles at the lovver sample rate 

corresponding to the output of the PDM n.'.('.eiver rnodu!e 812. In various embodiments, 
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the time delay element 816 can be configured to provide a fixed lime delay to the input 

digital signal 814 or the time delay element 816 can be programmable. In operation, the 

controller 818 providt$ a control signal 822 ,vhich is nsed to specify a number of cycles 

at the lo\ver sample rate \Vhich will be used by the time delay element 816 to provide tht~ 

time delay to the input signal 814. Thus~ the total time delay imparted by the system at 

the output 822 relative to the input 806 is the sun:1 of the time delay imparted by the time 

delay element 808 and the time delay element 816. 

10062] figure 9A 11lustrntes, generally at 900, time delays for multiple sensors, 

according to embodiments of the invention. \\lith respect to Figure 9A, an analog field 

quantity is represented hy 902, vd1ich is incident on digital sensors 920, 940., up to a 

general number of 11 sensors indicated by 960, \Vhich in various embodiments is a digital 

microphone, vibration sensor, electroumgnetic energy sensor, etc. For the d1scuss1on 

herein, digital sensors 920, 940, and 960 are referred to as digital microphones \".\-'ithout 

limitation implied thert~by, Each digital microphone has a sig11al transmission path 

indicated by 906, 908 and 910. A controller 904 is used to adjust time delay(s), \Vhich 

are used to delay each of the microphone signal. paths. 

10063] ln operation, a time delay Ati is associated with the digital signal output at 

912 fi.)r the digital microphone 920. Similarly, a time delay At2 is associated \vith the 

digital signal output at 914 fix the digital microphone 930. And a time d1day· Atn is 

associated \Vith the digital signal output at 916 fi)r the digital microphone 960. A 

controller 904 is used to supply one or more control signals to each signal path 906, 908, 

up to 91 0. As described above in the preceding figures, a control si!:,mal 922 supplied to a 

time delay element 924 is used to specify a time delay applied by the time delay elen1ent 
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924 to the oversampled digital signal recei•{ed from the microphone 920 .. Optionally, t.he 

controller 904 can supply a ,:ontrol signal 928 to a time delay element 940 (if present in a 

given syswm configurntion). Similarly, a control signal 942 supplied to a time delay 

Clement 944 is used to specif\, a time delay applied by the time delay elenx~nt 944 to the 

oversampled digital signal received from the microphone 940. Optionally, the controller 

904 can supply a control signal 948 to a time delay element 950 (if present in a given 

system configuration). Control signals are supplied as need to successive microphone 

signal paths, and finally \.vi thin microphone signal path 910 a control signal 962 supplied 

to a time dela.y eleu1ent 964 vd1ich is used to specify a time delay app!.ied by the ti.me 

delay ekmt~nt 964 to the oversampled digital signal received fiom the rnicrnphone 960. 

Optionally, the controlk~r 904 can supply a control signal 968 to a t1111i;.! delay element 970 

(if present in a given system configuration). 

100641 Note that the time delay element 924 can be located \Vithin the PD!vl 

receiver tnodule 926, e.g., between sta~es of the PD:tvl receiver module 926 as described . - • ~ 

in the figures above. Simi!arlv, and \Viihout limitations. the time de1av element 944 can - ~ • ~ ~ 

be located within the PDrvl receiver module 946, e.g., bet\veen st.ages of the PDlVf 

receiver n1odnle 946 a:nd the time delay ekment 964 can bt~ located ,vithin the PDfv1 

receiver module 966, e.g., bet\veen stages of the PDIVl receiver module 966 as <.kscrib{~d 

in the figures above. The microphone signal paths 906, 908, up through 910 need not be 

configured il1 the same ,vay. For example, one or more microphone signal paths can be 

configured with a time delay element inserted bet\veen a digital microphone and a Prnv·l 

receiver module while another microphone signal path can be configured with a time 

delav element inserted interna.llv to the PD!vI receiver tnodule . ., ,, 
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10065] In various timbodiments, the controller 904 is nsed to steer the arrny of 

microphones 920, 940, through 960 as needed in order to perfonn beamforming \Vith the 

time delayed microphone s1gna!s 912, 914,. through 916. As described in Figure 9A, a 

general number of n microphones has been described; ht)\vever, beamforming can be 

perfonned \vith as fe,w as two mkrophones as described belm,v in conjunction ,vith 

figure 10. 

[0066] Figure 9B illustrates, generally at 980, multiple time delays applied to an 

out.put from a single sensor, according io embodirnents of the invention. \li/id1 respect to 

Figure 98, an analog field quantity is represented hy 902, \vhkh is incident on a digfral 

sensor 920, which in various embodiments is a digital microphone, vibration sensor, 

electromagnetic energy sensor, etc., For the discussion herein, the digital sensor 920 is 

referred to as digital microphone \vitbout Lirnitation irnphed thereby. The digital 

microphone 920 outputs a signal 912 -..vhich is replicated (split) at 982 into n replicas, 

indicated by 984 through 986. Each replica of the microphone 920 signal 912 has a 

signal transmission path indicated by 906 through 910, A controller 904 is used to adj nst 

time delay{s), ,vhich are used to delay each of the replicas 984 through 986 of the 

microphone signal paths. 

[0067] In operation, the signal 912 is input into 982 in order to produce then 

replicas 984 through 986. Jn v-..ufous embodiments, 982 1s an n~\vay spfater. ln other 

embQdiments, replication at 982 is accomplished by other means. ln some embodiments, 

replication is performed in software. A tirne delay Ati is associated ,vith the digital signal 

output at 984 for the digital 1nicrnphone 920 at 924. Similarly, a time delay i\tn is 
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associat.ed ·with the digital signal output at 986 for the d1gital. n1icrophone 920 at 964. A 

controller 904 is used to supply one or more control signals to each signal path 906 up to 

910. As described above in the preceding figures, a control signal 922 supplied to the 

time delay element 924 is used to specif)., a time dday applied by the time delay element 

924 to the oversampled digital signal received from the n1icrnphone 920. Optionally, the 

controller 904 can supply a control signal 928 to a time delay element 930 (if present in a 

given systenl configuration). Control signals are supplied as need to successive 

rnicroplmne signal paths, and finally •--vithin mkrophone signal path 910 a contrnl signal 

962 supplied to the tilne delay element 964 ,vhich is used to spec1fy a time delay applied 

by the titne delay element 964 to the oversampled digital signal received from the 

microphone 920 at 986. Optionally, the contro!ler 904 can supply a control signal 968 to 

a time delay- element 970 (if present in a given system configuration). 

100681 Note that the time delay element 924 can be located \Vithin the PD!vl 

receiver tnodule 926, e.g., between sta~es of the PD:tvl receiver module 926 as described . - • ~ 

in the figures above. Simi!arlv, and \Viihout limitations. the time de1av element 964 can - ~ • ~ ~ 

be located within the PDrvl receiver module 966, e.g., bet\veen st.ages of the PDlVf 

receiver n1odnle 966 as described in the figures above. The n1krophone signal paths 906 

up through 910 ne,~d not be configured in the same \vay. For example, one or mor,~ 

microphone signal paths can be configured ,vith a time delay elem.ent inst~rted benvet~n a 

digital microphone and a POJVI receiver module \Vhile another microphone signal path 

can be configured \Vith a t.ime delay element inserted internally to the PD~l receiver 

module. 
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In various timbodiments, the controller 904 1s nsed to steer the arrny of 

signals obtained from the single microphone 920 as i11;.~eded in order to perfon:n 

beamforming with the time delayed microphone signals 912 through 916. As described 

in Figure 98, a general number of n time delayed sigmtls frotn a single mkrophone has 

been described. Ho-wever, beamfonning, as described beknv in conjunction \Vlth Figure 

IO. cm.1 be performed ·with as fovv as l'i-vo time delayed signa!.s (ll ====2} fro.ma single 

microphone .. Thus, in some embodiments, the D-\vay splitter is a splitter providing nvo 

outputs (ll ===2) from a single input. 

10070] Figure 10 i!Justrates~ generally at l 000, beamfom1ing, according to 

embodiments of the invention. V/ith respeci to Figure 10, an analog field quantity is 

represented by 1002, which is inddent on d.igital sensors I 004 and l 006. In one or more 

embodiments, the digital sensors 1004 and 1006 an.~ digital microphones; hmvever no 

limitation is iluplied thereby. The digital microphone 1004 outputs an oversampled 

digital signal \vhk:h is time delayed at a time del.ay el.ement 1008. Optionally a gain is 

adj nsted at l O IO \vhich either increases or decreases an arnplitnde of the signal output at 

lO 16. The second microphone 1006 outputs an oversampled digital signal \:vhich is time 

delayed at a time delay element 1012. Optionally a gain is adjusted at l O 14 which either 

increases or decreases an anlplitude of the signal output at HHS. 

10071] The signals 1016 and 1018 are inpnt into an arithmetic block at 1020 and 

the beamfom1ed output is provided at l 022. Depending on a given implementation of a 

system and the processing of the signals therein, the arithmetic block l 020 can perfonn a 

summation or a subtraction of the inputs l O 16 and l O 18 as needed for the given 
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bea1nfonr1ing operation. In Figure 10, bt~amfonning is illustrated with two microphmws 

hov..,ever beam forming can be perfonned with a general number of microphones. The 

example of Figure lO is provided merely for illustration and does not limit ernbodiments 

of the inventiotL 

Figure llA. and llB mustratc increased resolution provided by a 

fractional delay, according to embodiments of the invention. Referring to Figure l lA 

and Figure It n together, as described above, a "fractional dela~/' fa used in thfa 

description of embodiments to refer to a fraction of a baseband sampling rate q...-ck~. ln 

the context of bea1r1fonrling, increased resolution in time corresponds to increased 

resolution in space, \vhich is advantageous to the beamforming process, 

10073} Equation (7) provides the relationship behveen a signal \vith :frequency f 

and period t. As described above, a time delay can he introduced into an output of an 

analog-to-digital converter {ADC) process vvhich bas an integer time delay based on the 

baseband sampling rate of the system given by equation (8). Si.milady, \Vhen the time 

delay is introduced at the sampling dock frequency in the oversampled domain, the time 

delay is given by equation (9), 

10074] Equations (8) and (9) are substituted into equation (2) Figure 2A to yield 

equation ( 1 O)_ Solving equation ( l 0) for L\tfractional delay yields for equation ( l l ): 

Atrrnctional delay = Atintcg;cr dday/R. 

100751 The Nyquist sau:ipling theorem states that the highest unaliased frequency 

"f,-\YQt,1'-i·r" ,vhich can be measured with sampling frequency f~ is defined to be: f,,.,.YQt:lS"J 
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===f,;/2, .in this context the sampling frequency C which .is relevant is the baseband 

10076] The periods for three wavd'orms are illustrated in Figure 1 IB. 1102 is an 

illustration of a period corresponding \Vith a sampling clock frequency \\-foch would be 

used to oversample a digital sensor according to embodimt~nts of the invention. 1104 is 

an illustration of a period of a baseband sampling rate ..... --hid1 corresponds to the sampling 

rate after decimation of the oversampled signal The relationship bef.\veen periods 1102 

and 1104 is given hy equation (10). 1104 also represents an integer tirne delay which can 

be applied to a baseband signaL 1106 represents a period of the ,,vaveforrn that 

corresponds \Vitli the Nyquist frequency for the system. The Nyqnist \vavekngth 1106 is 

the shortest \vavelength (and highest frequency) of the field quantity· that ran be 

processed ,vithout aliasing. 

100771 Fractional time delay quaHtatively represented by 1102 can he applied to 

baseband signal I l 06 and represents an improvement in spatial resolution over the spatial 

resolution which could be achieved. from integer tilne delay represented by I 104. 

(00781 Fidd quantities such as those indicated in the figur,~s abO\.,,~ represent 

vvave propagation in a medium. In the case of acoustic ,vave propagation, the relevant 

medium is either air or ,vater and the speed of sound in air is nominally 340 meters per 

second, The speed of sound \Vil! vary as the physical properties of a medium change., for 

example in the case of air and water the speed of sound \viii vary \vith temperatu.re, 

pressure, and salinhy (water). In the non-limiting examples presented herein a nominal 

value of 340 meters per second is used for illust.ration purposes and no lirnitation is 

implied thereby. 
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Fractional time dday permits the spatial resolution of a system used for 

beamfonning to be increased with respect to the spatial resolution achievable ·with integer 

timt~ delay. The spatial resolution is given by ,Lj,x in terms ofC aud Atfractional delay, 

\vhere ~X = C * ~tiractional dday, 

100801 ln other embodiments as describ,~d above, a time delay element ran be 

inserted ,vithin a receiver module for a digital oversampled sensor such as for example a 

PD\1 receiver module.. In such cases a period l I 02 represents an intermediate sampling 

rate. The number of sampling clock cycles or intermediate sampling rate cycles that are 

used to produce a time delay in the oversau:-ipled domain that is incm1)orated into the 

decimated and lm,v pass filtered signal can vary as described above. 

10081] ln the oversampled systems described above, in various non~limiting 

embodiments, the variable R has been used to represent. the ratio of the sampling dock 

frequency (at the digital microphone) to the sampling rate at baseband. ln the non­

limiting example of Figure 3,. \vith fsr equal to 2.048 l\lHz and fab equal to 16 kHz, then 

from equation 2 in Figure 2A, R ,,,, fsr/fi1h ,,, 128. Fron.1 equation (10) in Figure HA in 

this non-limiting example a minimum fr-action t.hat R represents ,vit.h respect to tfa~ 

integer sampling rate is l/l 28, Other fractional time delay values are achieved by the 

techniques described herein, such as by time delaying for additional clock cycles at fsr or 

additional intermediate sampling rate cycles or by changing the sampling dock 

frequency that is used to drive the ADC in the digital sensor, 

[00821 Figure 12 illustrates, generally at 1200, a process to impart a time delay to 

a:n oversa:n1pled s)rstem, a,:cord1ng to embodiments of the invent.ion. With reference to 
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Figure 12, a process begins at a bock 1202. At a block I 204 a relationship is established 

between sampling dock cydes and the digital representation of the analog si!:,rnal 

produced by the digitization methodology employed in an analog-to-digital converter 

(ADC) process. In some instances, this is a one-hit deep process such as w'ith Pulse 

Density lvfodulation (PDJVl) described above. 1n other embodirnents, the process is other 

than one-bit deep but is then muWple bits deep. /\ t a block 1206 a number of dock 

cycles needed for a given time delay is computed taking into consideration the bit depth 

of the encoding methodology used in the ADC At a block l 208 t.he oversampled digital 

signal is delayed by a number of dock cycles that represe11ts the time delay ca!ct1lated in 

the block 1206. The process stops at the block 1210. 

[0083] F'igure J3 .illustrates, generally at 1300, a process to use a tirne delay 

irnparted to an oversampled syste1n in a bearnfonning process, according to embodiments 

of the invention. \Vith reference t.o Figure 13, a process starts \Vith a block 1302. At a 

block 1304 a tin1e delay is selected for a beamforming process. At a block U06 t.he time 

delay from the block 1304 is applied to a digita11y oversampk~d signal in the oversampl.ed 

domain for the signal. The oversampled domain for the signal can he, as described in the 

figures above, behveen the digital sensor and a receiver module for the digital sensor or 

in other en1bodirnents the time delay is inserted at a location \vi thin the receiver module. 

In yet other embodiments" the time delay is inserted at more than one location \Vithin the 

c.n.>t~rsampled don:rnin. At a block 1308 a bt•mnfonning process is peli'ormed wfrh the time 

delayed digit.al signal that. represents the field quantity of int,~rest. The time delay 

applied in the beamfaxming process at the block 1308 can be a fractional time delay 'With 

respect to a baseband sampling rate or it can be a sum of the fractional time delay and an 
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integer tin1e delay. 111 some embodiments, a 1nagnitude oft.he time delay applied in the 

oversampled domain ,:an exceed the duration of a sampling interval (or dock cyde) in 

the baseband domain. Thus, use of the terms ''fractional delay" docs not limit 

embodiments of the invention, but is used herein to tkscribe the relative magnitude of the 

delays in some enibodiments. \Vhere the integer tin1e delay is a number of baseband 

sampling rate cycles. The process ends at a block 1310. 

[00841 Figure 14 mustrntes, generally at 1400, a data processing s·yste1n in ,.vhich 

embodiments of the invention may be used. Th,~ block diagram is a high-level 

conceptual n.!prt!Sentation and may be implemented in a variety of\.vays and by various 

architectures. \Vith reference to Figure 14, bus system 1402 interconnec.:ts a Central 

Processing l.Tnit (CPU) 1404, Read Only l'.vlernory (ROM) 1406, Randmn Access 

l\.lemory (RAl\.f_i 1408, storage 1410, display l 420, audio l 422, keyboard 1424, pointer 

142(\ data acquisition unit (DAU) 1428, and connnunications 1430. The bus systern 

'1402 may be for t!xample, one or more of such buses as a system bus, Peripheral 

Component Interconnect (PCI), Advanced Graphics Port (AGP), Small Computer Sy·stem 

Interface (SCSI), Institute of Electrical and Electronics Engineers (IEEE) standard 

number 1394 (Fire \:Vire), Universal Serial Bus (USB), or a dedicated bus designed for a 

custom application, etc. The CPU 1404 may he a single, multiple, or even a distributed 

computing resource or a digital signal processing (DSP) chip. Storage 141 O may he 

Compact Disc (CD}, Digital Versatile Disk (DVD), hard disks (HD}, optical disks, tape, 

flash, menwry sticks, video recorders, etc. The signal processing system 1400 can he an 

aconstic signal processing system used to receive aconstic signals that are input from a 

single microphone or a plurnlity ofmicrophom$ (e.g., a first microphone, a second 
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m.icrophone, etc.}. Note that depending upon the actual i1nplementation ofth1;.! acoustic 

signal processing system, the acoustic signal processing system may include some, all, 

more, or a rearrnnge1r1ent of components in the block diagram. In some embodi1nents, 

aspects of the system 1400 are performed in software, \Vhile in some embodiments, 

aspects of the system 1400 are performed in dedicated hard,vare such as a digital signal 

processing (DSP) chip 1440, or a system on a chip (SOC) \Vhich can also he represented 

at 1440, etc, as \veil as combinations of dedicated hard\.vare and software as is knm:vn and 

appreciated by those of ordinary ski II in the art. 

[00851 Thus, in -various embodiments, acoustic signal data is received at 1429 for 

processing by the acoustic sipml processing syslt~m 1400__ Such dala can be transrnitted 

at 1432 via communications interface 1430 for further processing in a remote location, 

Connection ,:vifa a nenvork, such as an intranet or the Internet is obtained via 1432, as is 

recognized hy those of skm in the art, \vhich enables the acoustic signal processing 

system 1400 to communicate \vitb other data processing devices or systems in remote 

locations. 

[0OStil For ,~xample, embodiments of the invention can be imple111ented on a 

co1nputer system 1400 configured as a desktop computer or \vork station, on for example 

a Vv"INDO\VSi< compatible computer running operating systems such as WINDO\VSR' 

XP Horne or Vv'INDO\VS~- X P Professional, \V"INDO\VS"l<: IO Home or \\iINDOWS11 10 

Professional, Linux, Unix, etc. as \Vell as computers from /\PPLE (X)!vlPUTER, Inc. 

running operating systems such as OS X, etc, Alternatively, or in conjunction \Vith such 

an imple1nentation, en1bodiments of the invention can be configured \Vith devices such as 

speakers, earphones, video monitors, etc. configured fbr use \vith a Bh1etooth 
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c:omnmnicalion channel. Jn :{et other implementations., ernbodi1nents of the invention are 

configured to be implemented by mobile devices such as a smart phone, a tablet 

computer, a \.Vearable device, such as e)'e glasses, a near-to-eye (NTE) headset, or the 

like, 

10087] [n various embodiments,. the components of systems as \veil as the system.s 

described in the previous figures are implemented in an integrated circuit device, ,;vhich 

rnay include an integrated circuit package containing the integrated circnit l:n some 

embodiments, the components of systems as \vel1 as the systems are ilnplernented in a 

single integrnted cin;.:ufr die. In other embod.iments, the co1npo11ents of systems as \vell as 

the systerns are impkmented in rnore than one integrated circuit die of an integrated 

circuit device ,vhich may include a multi-chip package contain111g the integrated circuit 

For example, in one non-limiting embodiment using Figure 8, as il1ustrated by the 

example of Figm·c 8 and Figure 15A, the components of the S)iStem are implem,~nted in 

more than one integrated circuit die, \Vitl1 reference to 1500, a first integrated circuit die 

1502 includes the digital sensor 804 and time delay element 808; a second integratt~d 

circuit die 1504 includes one or more of the PDlVI receiver module 812, time delav . ., 

controller 818, and time delay element 816. ln some embodiments the second integrated 

circuit die 1504 does not include time delay controller 818 and time delay element 816. 

PD l\l receiver 1nodule 812 together \:Vith one or rnore of tilne delay con trn1ler 818 and 

time delay element 816 can also be refi.~1Ted to as an A.pphcat1on Processor. Jn another 

non-limiting embodiment, as illustrated hy the example of Figure 8 and Figure 15B, the 

components of the s:ystem are implemented in more than one integrated circuit die. \Vith 

reference to 1550 a first inteurated circuit die 1502 includes the digital sensor 804: a 
V - • 
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second integrated circuit die 1504 includes the PDM receiver module 812, the tinK~ delay 

element 808, and one or more of the time delay controller 818, and time d1;.~lay· dement 

816. In somt! emb<)tliments the second integrated circuit dfo 1504 does not i11dude time 

delay controller 8! 8 and time delay element 816. PD!\.·i receiver module 812 and time 

delay element 808 together .vith one or more of time delay controller 818 and time delay 

element 816 can also be referred to as an Application Processor. Distribution of any of 

the systerns Hlustrated in the figures above (e .. g., any one or more of Figure l through 

Figure 14) can be distributed between one or more integrated circuits dies. The 

examples of Figure 15A and Figure 158 are provided merely for illustration and do not 

limit et'nbodfrnents of the invention. In some ernbodirnents, the components of systems 

dlustrated in the first integrated circuit die 1502 and the second integrated circuit die 

L504 are impkmented in a single integrated circuit die. ln some embodiments, the entire 

system is implemented in a single integrated circuit tfa~. 

10088] For purposes of discussing and understanding the embodiments of the 

invention, it is to be understood that various terms are used by those knowledgeable in 

the art to describe techniques and approaches. Furtherrnore, in the description, for 

purposes of explanation, m1merous specific detalls are set forth in order to provide a 

thorough understanding of the present invention. It \Vll1 be evfrlent, however, to one of 

ordinary skill in the art that the present invention may be practiced \vithout these specific 

details. In somt! instanct$, \\1ell-k11ovi.tn structures and devices are shown i11 block 

diagram form, rather than in detail, in order to avoid obscuring tlle prt~sent invention. 

These embodiments are described in sufficient detail to enable those of ordinary skill in 

the al1 to practice the invention, and it is to be understood that other embodiments may he 
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utilized and that logical, mechan.ical, elec.:trical, and other changes rnay be mack! \vithout 

departing from the scope of the present invention. 

10089] Some portions of the description may be presented in terms of algorithms 

and symbolic representations of operations 011, for example, data bits \Vi thin a computer 

memory. These algorithmic descriptions and representations are the means used by those 

of ordinary skill in the data processing arts to most effectively convey the substance of 

their vrnrk to others of ordinary skill in the art. An algorithm is here, and generally, 

conceived to be a self-consistent seq.uence of acts leadin.u to a desired result. The acts are ..... 

those requiring physical manipulations of physical quantities. Usually, though not 

necessarily, these quantities take the fbrm of electtica! or magn,~tic signals capabk of 

being stored, transforred, combined, compared, and othenvise manipulated, lt has proven 

convenient at times, principally for reasons of common usage, to refor to these signals as 

hits, values, elements, sy1nbols, characters, terms, numbers, wavefonns, data, time series 

or the like. 

10090] H shonld be borne in mind, however, that all of these and similar terms are 

to be asso,:iatt~d \Vitli tht~ appropriate physical quantities and are merely co1we11ient labels 

applied to these qua11tities, Unless specifically stated othenvise as apparent from the 

discussion, it is appreciated d1at throughout the description, discussions utilizing terms 

such as >!processing" or "computing" or ''calculating'' or ''determining" or ndisplaying" or 

the hke, can refer to the action and processes of a computer system, or similar electronic 

cmnputing device, that rnanipulates and transforms data represented as physical 

(electronic) quantities \.vithin the computer systemis registers and me.mories into other 
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data similarly represented as physical quantities \vithin the computer system memories or 

registers or other such infi..mrnttion storage, transmission, or display devkes. 

10091] An apparatus for perfom1ing the operations herein can in1plement the 

present invention, This apparatus may be specially constrncted for the required purposes, 

or it may comprise a general-purpose computer, selectively activated or reconfigured by 

a computer program stored in the computer, Such a computer program may he stored in 

a computer readable storage 1nedium, such as, but not limited to, any· type of disk 

inchH.iing floppy disks, hard disks, optical disks, cmnpact disk reru.-J.-on!y rnenmries (CD­

ROMs), and magnetic-optical disks, read-only me1nories (RO!'v1s), random access 

memories (RA~·1s), electric.idly programmabki read-only mem.ories (EPROl\:f)s, 

electrically erasable programmable read-only memories (EEPROl\·--Is), FLASH memories, 

magnetic or optical cards, etc., or any type of media suitable it)r storing electronic 

instructions either local to the computer or remote to the computer. 

100921 The algorithms and displays presented herein are not inherently related to 

any particular computer or other apparatus. Various general-purpose systems may b,~ 

used \Vith programs in accordance with tht• teachings herein, or it may prove convenient 

to construct more specialized apparntus to perform the required method, For example, 

any of the methods according to the present invention can be implemented in hard-,:vired 

circuitry, hy programming a general-purpose processor, or by any combination of 

hard--w-are and sofhvare. One of ordinary skill in the art ,viH immediately appreciate that 

the invention can be practiced \vith computer systern configurations other than those 

described, including hand-held devices, multiprocessor systems, microprocessor-based or 

programmable consumer dectrunks, digital sigmtl processing (DSP) devices, network 
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PCs, minicon11-mters, mainframe cmnputers, and the like. The invention can also he 

practiced in d.istt-ibuted computing enviromnents \Vhen.~ tasks are performed by· remote 

processing devices thm are linked through a communkations net\vork. In other 

examples, embodiments of the invention as described in the figures abow can be 

implemented using a system. on a chip (SOC), a Bluetooth chip, a digital signal 

processing (DSP) chip, a codec ,,vith integrated circuits (I Cs) or in other implen1entations 

of hard\·vare and so:fhvare. 

10093] The methods of the invention rnay be ilnplernented using cornputer 

softwart!. ]f \vrlttt!n in a programming language confom1ing to a recognized standard, 

sequences of instructions designed to irnpkrnent the methods can be cmnpiled fbr 

execution on a variety ofhan:hvare platforms and for interface to a variety of operating 

systems. In addition, the present invention is not described \Vith reference to any 

particular programming language, lt will be appreciated that a variety of programming 

languages may be used to implement the teachings of the invention as described herein. 

Furthennore, il is common in the mt to speak of sofhvare, in one fonn or another (e.g., 

program, procedure, application, ,lrjver, ... ), as taking an action or causing a result Such 

expressions .are merely a shorthand way of saying that execution of the sofh.vare by a 

compuwr causes the processor of the computer to perforrn an action or produce a result. 

100941 It is to he understood that various terms and techniques are used by those 

knovded.geable in the art to describe communications,, protocols, applications,. 

implementations, rnechanisms, etc. One such technique fa the description ofan 

implementation of a technique in terms of m.1 algorithm or nuithernat1cal expression. That 

is, \\'bile the technique may be, for exam:pk implemented as executing code on a 
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c:omputer, the expression <if that technique may be rnore aptly and succinctly conveyed 

and communicated as a fbrmnla, algorithm, mathematiral expn.$sion., t1mv (hH!:,"ram or 

flov.,r chart Thus, one of ordinary skill in the art would recognize a block denoti11g 

A+B=C as an additive function \.Vhose implementation in hard,vart~ and/or sothvare 

\vould take t\vo inputs (A and B) and produce a smnmation output (C). Thus, the use of 

fonnula, algorithm,. or mathematical expression as descriptions is to be understood as 

having a physical embodiment in at least hard\vare and/or soft.vare (such as a computer 

systern in \vhkh the techniques of ihe present invention rnay he practiced as \veil as 

implemented as an ernbodirnent). 

10095] NmHmnsitory machine-n .. ~adable media is understood to inc::tude any 

mechanism for storing information in a fom1 readabl.e by a machine (e.g., a computer). 

For example, a machine-readable medium, synonymously referred to as a computer-

readable medium, includes read only menwry (ROM); random access memory (RAlVf); 

magnetic disk storage media; optical storage rnedia; flash memory devices; except 

electrical, optical, acoustical or other forms of tn.ms1nitting infbrrnation via propagated 

signals (e.g., caTTier waves, infrared signals, digital signals, etc.); etc. 

10096] As used in this description, "one embodiment" or "an embodiment" or 

similar phrases means that the foature(s) being described are included in at least one 

embodiment of the invention, References to '1cme embodimt~nt" in this description do not 

necessarilv refer to the same embodiment: hmvever_ neither are such embodiments J . , 

mutually exclusive, Nor does "one embodiment" imply that there is hut a single 

ernbodirne11t ofthe invention. For exaniple, a feature, structure, act, etc. described in "one 

ernbodirnenC may also he included in other etnhodiments. Thus, the invention may 
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include a variety (1f combinations and/or integnnions of the embodiments described 

herein. 

10097] Thus, embodiments of the invention can be used in various acoustic 

systems. Some non-limiting examples of such systems are, but are not limited to, use in 

short boom headsets, such as an audio headset for telephony suitable for enterprise call 

centers, industrial and general mobile usage, an in-line near buds" headset \'vith an input 

line (vvire, cable, or other connector), 1nounied on or ,.vitbin the frame of eyeglasses, a 

near-to-eye (NTE) headset display or headset computing device, a k:mg homn headset for 

very noisy environmt~nts such as industrial, military, and aviation applications as ,vell as 

a gooseneck desktop-style microphone \vhich can be used to provide theater or 

symphony-haH type quality acoustics without the structural costs. 

[0098] \Vhf!e the invention has been described in terms of several embodiments, 

those of skill in the art ·will recognize that the invention is not lhnited to the e1nbodhnents ..... 

described, but can be practiced vvith modification and alteration within the spirit and 

scope of the appended da.ims. The description is thus to be regarded as illustrative 

instead of limiting, 
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Inventor 1 I Rimm¥ fl j 
Legal Name 

Prefix Given Name Middle Name Family Name Suffix 

DASHEN FAN 
Residence Information (Select. One} (~) US Residency n Non US Residency {-\ Active US !Vlilitary Service \.J "j 

... City .... _LBELLEVUE .............................................. Lstate/Province ... L WA ..... 1 Country _of_ Residenc(J .. us .................................................. 

Mailing Address of Inventor: 

Address 1 14714 SE 49th ST 

Address 2 

City I BELLEVUE I State/ Province I WA 

Postal Code I 98006 I Countryi I us 

Inventor 2 I Rim¾% @l 
Legal Name 

Prefix Given Name Middle Name Family Name 

JOSEPH YONG KWON 

Residence Information (Select One} @ US Residency 
,-~ 
\.,._) Non US Residency 0 Active US Military Service 

City SANJOSE I State/Province I CA I Country of Residencd I us 

Mailing Address of Inventor: 

Address 1 2789 LAVENDER TERRACE 

Address.2 

City I SANJOSE I State/Province I CA 

Postal Code I 95111 I Countryi I us 
A!! Inventors Must Be Listed - Addition a! Inventor Information blocks may be [ Mi®! generated within this forrn by selecting the Add button, 

Correspondence Information: 
Enter either Customer Number or complete the Correspondence Information section below, 
For further information see 37 CFR 1.33{a), 

EFS VVeb 2.2. 1:3 

]] 

Suffix 
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Attorney Docket Number K41090P8C2 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention BEAMFORMING USING FRACT!ONAL TIME DELAY !N D!G!TALL Y OVERSAMPLED SENSOR SYSTEMS, 
APPARATUSES. AND METHODS 

D An Address is being provided for the correspondence Information of this application, 

Customer Number 51340 

Email Address 

Application Information: 

Title of the Invention BEAMFORMlNG USING FRACTIONAL T!fv1E DELAY IN D!G!TALLY OVERSAMPLED SENSOR 
SYSTEMS. APPARATUSES, AND METHODS 

Attorney Docket Number K41090P8C2 I Small Entity Status Claimed ~ . 
Application Type Non provisional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any} I 20 I Suggested Figure for Publication (if any) I 13 

Filing By Reference: 
Only complete this sectlon when filing an application by reference under 35 U.SL 111 (c) and 3? CFR 1.57(a). Do not cornp!ete this sKtion if 
application papers including a spedfication and any drawings are being !lied. Any domestic bimefit or foreign priority information must be 
provided in the appropriate section(s) below (Le" "Dornestk Benefit/National Stage Information'' and "Foreign Priority Information"}. 

For the purpmes of a filing date under 3? CFB 1.53(b), the description and any drawings of the present appl!cation are replaced by this 
r0forence to the prnvioL,sly 111n:! applic<1tion, subJect to rnnditlons and requirem,~nts of .37 CFR 1.57(,i}, 

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country 
filed application 

Publication Information: 
D Request Early Pub I ir,ation (Fee required at time of Request 37 CFR 1. 219) 

Request Not to Publish. l hereby request that the attached application not be published under 

~ 35 U.S.C, 122(b) and certify that the invention disclosed in the attached application has not and will not be the 
subject of an application flied in another country, or under a mu!tllatera! international agreement, that requires 
publication at eighteen months after filing. 

Representative Information: 

Representative information should be provided for all practitioners having a power of attorney in the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application {see 37 CFR 1.32). 

i_ 

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer 
Number will be used for the Representative Information dunng processing. 

Please Select One: (!) Customer Number I ··1 \. __ , US Patent Pradihoner 1 ' I 
/-, 
,_.) Limited Recognition (37 CFR 11.9) 

Custorner Number 51340 
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Application Number 

Title of Invention BEAMFORMING USING FRACT!ONAL TIME DELAY !N D!G!TALL Y OVERSAMPLED SENSOR SYSTEMS, 
APPARATUSES. AND METHODS 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U,S,C. 1 i9(e), 120, 121, 365(c), or 386(c) or indicate 
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes 
U1e specific reference required by 35 U.S.C, 119(e) or 120, and 37 CFR 1.78. 
When referring to the current applir..ation, please leave the "Application Number" field blank. 

Prior Application Status Pending I Riffi@t@I 
Filing or 371 {c) Date 

Application Number Continuity Type Prior Application Number (YYYY ¥MM¥D0) 

Continuation of l5947845 2018--04-08 

Prior Application Status Patented Efii~IDfilt~] 
Applica!ion Prior AppHcation Filing Date !ssue Date 

Number 
Continuity Type 

Number {YYYY-MM-DD) 
Patent Number (YYYY-MM-DD) 

15947845 Continuation of 15225745 2016,08~01 9941895 2018~04¥10 

Additional Domestic Benefit/National Stage Data may be generated ·within this form 
by selecting the Add button, 

Foreign Priority Information: 

This section allows for the applicant to claim priority to a foreign application. Providing this lnformalion in the application data sheet 

constitutes the claim for priority as required by 35 U. S, C. 119{b) and 37 CFR 1. 5_5 _ When priority is claimed to a foreign application 

that is eligible far retrieval under the priority document exchange program {PDX)l the information will be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2)- Under the PDX program, applicant bears the ultimate 

responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual 

property office, or a certified copy of the foreign prianty application is filed, within the time period specified in 3 7 CFR 1 . 55( g)( 1 j. 

IRiiiM%1 
Application Number Country1 Filing Date (YYYY-MM-DD) Access Codd (if applicable) 

Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition 
Applications 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also 
contains, or contained at any time, a c!a!m to a claimed invention that has an effective filing date on or after March 

0 16, 2013. 
NOTE: By providing this statement under 37 CFR 1.55 or i ,78, ttiis application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA. 
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Application Number 

Title of Invention BEAMFORMING USING FRACT!ONAL TIME DELAY !N D!G!TALL Y OVERSAMPLED SENSOR SYSTEMS, 
APPARATUSES. AND METHODS 

Authorization or Opt-Out of Authorization to Permit Access: 

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written 
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see 
paragraph A in subsection ·1 below) and the European Patent Office (EPO) access to any search results from the instant 
application {see paragraph Bin subsection 1 belov,). 

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant ffiY§tQPt~QIJt of the 
authorization by checking ti1e corresponding box A or B or both in subsection 2 below. 

NOTE: This section of the Application Data Sheet is QNLY reviewed and processed with the INITIAL ming of an 
application. After the initial fi!lng of an application, an Application Data Sheet cannot be used to provide or rescind 
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate. 

1, Authorization to Permit Access by a Foreign Intellectual Property Office(s) 

A, Prioril;y OQC~meot E~Ghange {POX} ~ Unless box A in subsection 2 (opt.out of authorization) is checked, the 
undersigned t1ereby grantsJhe USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office 
{JPO), the Korean Intellectual Property Office (KIPO}, the State Intellectual Property Office of the People's Republic of 
China (SIPO), the World Intellectual Property Organization (W!PO), and any other foreign inte!ledua! property office 
participating wit11 U1e USPTO in a bilateral or multilateral p1iority document exchange agreement in which a foreign 
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed 
and its related bibliographic data, (2) any foreign or domestic application to vvhich priority or benefit is claimed by the 
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h) 
(1 ), 

B. $~f,m;b. .. R~$µlt$Jr.o.m .. U.,S.,.AP:PHt~tl.9:0J9 .. EP.Q • Unless box B in subsection 2 (opt-out of authorization) is checked. 
the undersigned hereby gnimts.JlwUS.PIQa.yttJ.Qrlty to provide the EPO access to the bibliographic data and search 
results from the instant patent application when a European patent application claiming priority to the instant patent 
application is filed. See 37 CFR 1.14(h)(2). 

TI1e applicant is reminded that the EPO's Rule 141 ( 1) EPC (European Patent Convention} requires applicants to submit a 
copy of search results from the instant application without delay in a European patent application that claims priority to 
the instant application. 

2, Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s) 

A. Applicant QQfSNQI authorize the USPTO to permit a participating foreign !P office access to the instant 
D application-as-filed. If this box is r.hecked, the USPTO will not be providing a participating foreign IP offir.e with 

any documents and information identified in subsection 1A above. 

B .. Applicant DOES NOT authorize the US PTO to transmit to the EPO any search results from the instant patent 
D application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant 

application, 

NOTE: Once the application has published or is otheriNise publicly available, the USPTO may provide access to the 
application in accordance with 37 CFR 1.14. 
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Application Number 

Title of Invention 
BEAMFORMING USING FRACT!ONAL TIME DELAY !N D!G!TALL Y OVERSAMPLED SENSOR SYSTEMS, 
APPARATUSES, AND METHODS 

Applicant Information: 

Providing assignment information in this section does not substitute for compliance 'ltVith any requirement of paii 3 of Title 37 of CFR 
to have an assignment recorded by the Office 

Applicant 1 
!f the app!lcant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1 A5). this section should not be completed. 
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR 
1 43; or the narne and address of t~ie assignee, person to ~vhom the inventor is uncler an obligation to assign the invention, or person 
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1 A6, !f the applicant is an 
applicant under 37 CFR 1 A6 (assignee, person to 'Nhom the inventor is obligated to assign, or person who otllerw'ise shows sufficient 
proprietary interest) together with one or more Joint inventors, then the joint iiwentor or InvEmtors who are also the applicant should be 
identified in this section, I @)ijM ?! 

0 Assigne1: 
I 

,-,, 
\_) Legal Representative under 35 U ,S. C. 117 

1

,.-1 
\,J Joint Inventor 

<.!) Person to whom the lnventor is obligated to assign. 10 Person who shows sufficient proprietary interest 

!f applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

I 
Name of the Deceased or Legally Incapacitated Inventor: I 
If the Applicant is an Organization check here, ~ 
Organiz.ation Name I KOPIN CORPORA T!ON 

Mailing Address Information For Applicant: 

Address 1 125 NORTH DRIVE 

Address 2 

City WESTBOROUGH State/Province MA 

Country I us Postal Code 01581 

Phone Number Fax Number 

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button, 

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not substitute for compllance with any requirement of part 3 of Title 
37 of CFR to have an assignment recorded by the Office, 

I 
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Attorney Docket Number K41090P8C2 
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Application Number 

Title of Invention BEAMFORMING USING FRACT!ONAL TIME DELAY !N D!G!TALL Y OVERSAMPLED SENSOR SYSTEMS, 
APPARATUSES, AND METHODS 

Assignee 1 

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent 
application publication, An assignee-applicant identified in the "Applicant Information" section will appear on the patent application 
publicaUon as an applicant. For an assignee-applicant, complete this section only 1f identification as an assignee Is also desired on the 
patent app!icaUon publication, 

If the Assignee or Non-Applicant Assignee is an Organization check here. [SJ 

Organization Name 
I KOPIN CORPORATION 

Mailing Address Information For Assignee including Non~Applicant Assignee: 

Address 1 125 NORTH DRIVE 

Address 2 

City I WESTBOROUGH State/Province MA 

Countryi I us Postal Code 01581 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non¥App!icant Assignee Data may be generated within this form by 
selecting the Add button. 

Signature: 
NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application 
Data Sheet is submitted with the INIT!Ak filing of the application ~od either box A or B is !J9.t checked in 
subsection 2 of the "Authorization or Opt-Out of Authorization to Permit Access" section, then this form must 
also be signed in accordance with 37 CFR 1, 14(c), 

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic 
entity {e.g,, corporation or association). If the applicant is two or more joint inventors, this fomi must be signed by a 
patent practitioner, an joint inventors who are the applicant, or one or more joint inventor-app!ic-.ants who have been given 
power of attorney (e.g., see USPTO Form PTO/A!N81) on behalf of ~11 Joint inventor¥applicants. 

See 37 CFR 1.4(d) for the manner of making signatures and certifications. 

Signature !MARK S. PELOQU!Nl Date (YYYY-MMNDD} 2019-04-30 

First Name MARK I Last Name I PELOQUIN Registration Number 50787 

Additional Signature may be generated vvithin this form by selecting the Add button, 
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Application Number 

Title of Invention BEAMFORMING USING FRACT!ONAL TIME DELAY !N D!G!TALL Y OVERSAMPLED SENSOR SYSTEMS, 
APPARATUSES. AND METHODS 

This collection of information is required by 37 CFR 1 J6. The infommtlon is required to obtain or retain a benefit by the public which 
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S C. 122 and 37 CFR 1.14. This 
collection is estimated to take 23 minutes lo complete, including gathering, preparing, and submitting the completed application data 
sheet form to the USPTO. Time vvill vary depending upon the individual case. Any comments on the amount of time you require to 
complete this form and/or suggestions for reducing this burden, should be sent to the Chief lnforrnation Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P,O. Box 1450, Alexandria, VA 22313~1450. 
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The PriwKy Ar~t,.:,f "!974 (PL 93-579) requires that yrx, bt: ;Jiv011 certain inform11tion in connection with your submis,ion ofthe att;,chedforrn related to a patent 
application or p<Jtent. Acc.ordin~1ly, pt•rsu.;nt totlie requirement, of the An, please be .;dvised th.;t: (l) the ~wneral authority for th1i:' rnll<:>etion of this infmrnation 
is ?.5 U.S.C. 2(b)(l); (2) furnishing of the information solicited b 11okmt;;ry; and (3} the prindpal pmrmse for which th1i:' inform.;tion is ,,,ed by the U.S. P.;tl:'nt and 
Tradern<1rk Office is to process and/ot examine :1m.,r wbmis,.ion rel11t,;,d to 3 patent application or patent. If you do not furnish the requested in!mrnation, the U.S. 
Patent ;;nd Tr;;dern,uk Oflke may not be able to pw,es, and/or ex;,rnine your ~ubmission, whkh rnay result in terrnin;,tion of proc·eedings or abandonment o! 
the applk;;;tion or expirntion of the patent. 

The information pro11id,;d by you i11 this form will be subject to the following routine tises: 

The infom1aticm on this form will be treated wnfid011tia!!yto the extent allowed under the Freedom of lnforrri;;tion Act (5 U.S.(. 552) and the Privacy 
Act (5 USC. 552,'t). Records from thii, s:1,tem of record, rmiy be disdosed tr.> the Dep,irtment of Ju,;tice to deterrnine whether the Freedorn t)f 
lnf,.:,m1<Jtion Act require, di,dosure of tlie,e record,. 

2. A record from thi, sy,tem or records m.;y be di&dosed, as a routine use, in the c<.1t1rse of pre;.enting evidence to a col.Ort, rnagi;.trate, or admini;.tr~tive 
tribunal. induding disdo,ures to oppo1,in9 c,,umel in the cour,e of ,ettlement negoti.~tiom. 

3 i\ record in this system of record, rmiy be disclosed .. ,'t, a r~wtine tise, to a Member of Congre% subrnitting "request involvin9 ;,n individu;;I, to whom 
the record pert,)ins, when the individual h<1, reqtJested <1,sist;;,nce·fron, the Member with re,:pectto the subject m,:1tter ol the record. 

4. A re<.ord in this sy,tem of record, may be disclosed, as a routine use, to ii <:.ontrilct,.,r of the Agem:y having nel:'d for the information in order t,., pedorrn 
a <:.onlrilct. Rec.ipi,mts of inform.;tion ,hall be required to wrnply;,,,~th the requirements of the ~'rivaq, f\ct. of 1974, ilS amended, pmstk!nt to 5 U.S.C. 
552a(m}. 

5. A rec,.:ird related to iln l11temational Applk.atio11 liled wider the Patent Cooperatk,n Trl:'aty in thi, s1,,tem of records may be disclosed,.;;. a routine use, 
to the I nt,;rnilti<.:it1i11 Bureau or thoc; World lntdlectt1al Pwpeny Organi;,,,;tion. pursu.;nt to the Patent c,.,operation lr1i:'at\'. 

6. A record in this system of record, rmiy be disclosed .. ,'t, a r~wtine tise, to another lederal agency for purpo,:es of N;,tion;,I Sec.tirity review (35 U.5.C. ·1 s 1 i 
;;,nd for review pursuant to the Atomic Enersw ,<\(l (,12 U.S.C. 218(c:)!. 

7. A rec,.:ird from this sy,tem of re<.ord~ mi:ly be disclosed .. a,;; mutine use, to the Admini,trator, General Servkl:',, or hi,/her desi9nee, d1.0ring an 
inspection or record, conducted by GSA as part of that agency\ responsibility to r,;,-,~omrnend irnpn:.>V<ements in records manilgsement practices and 
programs, under authority of44 U.S.C. 2904 and 29015. Such di,do,ure shall be rri;;de in ;,ccordan<:.e with the GSA re9ulations 9owrnin<J inspection of 
records for this purp::i,e, ,wid ;;ny other relev<1nt (i.e., GSA or Cornrner<:el directive. Such disclosure sh,:111 not be %ed to rri;;ke detennin;;tions ;,bout 
individuills. 

::;_ A record from this ,y,tem of re<W(h may be disck,sed, a, ;; n.,utine use, to the public. ;;tter either pub!kati<)n of tlw applic,'ltion purnJant t<) 3$ USC. 
122(b) or i:isciance of <1 p;.'ttt:'nt pursu;,nt to 35 U.S.C. 1 s·i. Further, 3 record m,:1y be di,:dosed, stibj<:>et to the limitations ol 37 cm l. l4, as a routine use, 
to the public if the record W,)S flied in ar1 applkation which be<<1me ;,l:!andoned or in which the proceedings were terminated and which ;,pplkmion is 
rdererK,;d by either a published ilpplk.atio!l, an application open t<, ptiblic impection, or ~n iswl:'d ~-,,.,tent. 

9. A rec,.:ird from this sy,tem of re<ord~ r11i:ly be disdosed .. a,;; mutine use, to a Federal, State. or loc.;I law enfor<:.ernent agetK\', ii the USPTO b1i:'<:mne;. 
awilr,; of a viol.;tion or pote11tiill violation oi la\•V ,,rre,1ulati<,n. 
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Electronic Patent Application Fee Transmittal 

Application Number: 

Filing Date: 

Title of Invention: 
BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY 
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS 

First Named Inventor/Applicant Name: Dashen Fan 

Filer: Mark S. Peloquin 

Attorney Docket Number: K41090.P8C2 

Filed as Small Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 
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Claims: 
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1f68 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Abstract 48 48 

Claims 42 47 

Specification 1 41 

Warnings: 

Information: 

2205573 

3 
Drawings-other than black and white 020190430K41090P8C2FIGURE 

20 
line drawings Sl 17v08FINAL2i.pdf 

no 
2aaeb3a93632719fa1903383ce8d1117f56a 

bc06 

Warnings: 

Information: 

220397 

4 Non publication request from applicant 
0320190430K41090P8C2NPRsb 

1 
0035i.pdf 

no 
51 d3fb8e520ec02cda063d8660482a2bd72 

8c2f2 

Warnings: 

Information: 

1391922 

5 Application Data Sheet 
0020190430K41090P8C2ADSai 8 

a0014i.pdf 
no 

3c81 e62254b9cbdf1 Sdc32bdbb914d2466 
b86bf5 
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Warnings: 

Information: 

This is not an USPTO supplied ADS fillable form 

35210 

6 Fee Worksheet (5B06) fee-info.pdf no 2 
191 def7baf0085588dc9bf6c1 b78bab6924C 

052b 

Warnings: 

Information: 

Total Files Size (in bytes) 11669483 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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DocCode - SCORE 

SCORE Placeholder Sheet for IFW Content 

Application Number: 16399867 Document Date: 04/30/2019 

The presence of this form in the IFW record indicates that the following document type was received 
in electronic format on the date identified above. This content is stored in the SCORE database. 

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is 
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the IFW 
record were created from the original documents that are stored in SCORE. 

• Drawing 

At the time of document entry (noted above): 
• USPTO employees may access SCORE content via DAV or via the SCORE web page. 
• External customers may access SCORE content via PAIR using the Supplemental Content 

tab. 

Form Revision Date: March 1, 2019 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

APPLICATION NUMBER FILING OR 3 71 (C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

16/399,867 

51340 

04/30/2019 DashenFan K41090.P8C2 
CONFIRMATION NO. 9984 

FORMALITIES LETTER 
PELOQUIN, PLLC 
800 FIFTH AVENUE 
SUITE 4100 

111111111111111111111111]~!1]!~1!~1! ~!II~ )IIH~III 111111111111111 IIII 1111 

SEATTLE, WA 98104-3100 

Date Mailed: 05/14/2019 

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION 

FILED UNDER 37 CFR 1.53(b) 

Filing Date Granted 

Items Required To Avoid Abandonment: 

An application number and filing date have been accorded to this application. The item(s) indicated below, 
however, are missing. 

Applicant is given TWO MONTHS from the date of this Notice within which to file all required items below to avoid 
abandonment. Extensions of time may be obtained by filing a petition accompanied by the extension fee under 
the provisions of 37 CFR 1.136(a). 

• Surcharge as set forth in 37 CFR 1.16(f) must be submitted. 
The surcharge is due for any one of: 

• late submission of the basic filing fee, search fee, or examination fee, 
• late submission of inventor's oath or declaration, 
• filing an application that does not contain at least one claim on filing, or 
• submission of an application filed by reference to a previously filed application. 

SUMMARY OF FEES DUE: 

The fee(s) required within TWO MONTHS from the date of this Notice to avoid abandonment is/are itemized 
below. Small entity discount is in effect. If applicant is qualified for micro entity status, an acceptable Certification 
of Micro Entity Status must be submitted to establish micro entity status. (See 37 CFR 1.29 and forms 
PTO/SB/15A and 15B.) 

• $ 80 surcharge. 
• $( 0) previous unapplied payment amount. 
• $ 80 TOTAL FEE BALANCE DUE. 

Items Required To Avoid Processing Delays: 

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for 
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's 
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute 
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the 
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f). 

• A properly executed inventor's oath or declaration has not been received for the following inventor(s): 
page 1 of 2 
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Dashen Fan 
Joseph Yong Kwon 

Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing 
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more 
information and a suggested format, see Form PTO/SB/92 and MPEP 512. 

Replies should be mailed to: 

Mail Stop Missing Parts 
Commissioner for Patents 
P.O. Box 1450 
Alexandria VA 22313-1450 

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy 
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice". 
https ://sportal. uspto .gov/authenticate/ AuthenticateUserlocal EP F. htm I 

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or 
visit our website at http://www.uspto.gov/ebc. 

If you are not using EFS-Web to submit your reply, you must include a copy of this notice. 

/ngfissha/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION 
NUMBER 

16/399,867 

51340 

FILING or 
37l(c)DATE 

04/30/2019 

PELOQUIN, PLLC 
800 FIFTH AVENUE 
SUITE 4100 
SEATTLE, WA 98104-3100 

GRPART 

UNIT 

2845 
FIL FEE REC'D 

785 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

K41090.P8C2 20 3 
CONFIRMATION NO. 9984 

FILING RECEIPT 

1111111111111111111111 m~mll!UI~ IHll~ll lllll 111111111111111111 

Date Mailed: 05/14/2019 

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for 
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence 
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER, 
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are 
subject to collection. 

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes 
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or 
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt 
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another 
Filing Receipt incorporating the requested corrections provided that the request is grantable. 

lnventor(s) 
Dashen Fan, Bellevue, WA; 
Joseph Yong Kwon, San Jose, CA; 

Applicant( s) 
Kopin Corporation, Westborough, MA 

Assignment For Published Patent Application 
Kopin Corporation, Westborough, MA 

Power of Attorney: The patent practitioners associated with Customer Number 51340 

Domestic Priority data as claimed by applicant 
This application is a CON of 15/947,845 04/08/2018 PAT 10298253 
which is a CON of 15/225,745 08/01/2016 PAT 9941895 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 

If Required, Foreign Filing License Granted: 05/13/2019 
The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 16/399,867 
Projected Publication Date: Request for Non-Publication Acknowledged 
Non-Publication Request: Yes 
Early Publication Request: No 
** SMALL ENTITY ** 
Title 

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY OVERSAMPLED SENSOR 
SYSTEMS, APPARATUSES, AND METHODS 

Preliminary Class 

341 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
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technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 16/399,867 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A 75 N/A (37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A 330 N/A (37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A 380 N/A (37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 20 (37 CFR 1.16(i)) 
minus 20= X 50 = 0.00 OR 

INDEPENDENT CLAIMS 3 minus 3 = X 230 = 0.00 (37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL 785 TOTAL 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR ~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "O" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1. 
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16/399,867 04/30/2019 Drn,hcn Fnn K4 l 090. P8C2 
CONFIRMATION NO. 9984 

FORMALITIES LETTER :51340 
PELOQUIN, PLLC 
800 FIFTH AVENUE 
SUITE 4100 
SEATTLE, WA 98104-3100 

Date Mailed: 05/14/2019 

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION 

FILED UNDER 37 CFR 1.53(b) 

Filing Date Granted 

.!.tern~ R~qyir!t,d To Avoi~an~onmel!t. 

An application number and filing date have been accorfJed to this application. The itern{s) indicatecJ below, 
however, are missing. 

Applicant is given TWO MONTHS from the date of this Notice within which to file al! required items below to avoid 
abandonment. Extensions of time may be obtained by filing a petition accompanied by tile extension fee under 
the provisions of 37 CFR 1.i36(a). 

• Surcharge as set forth in 37 CFR 1.16{f) must be submitted. 
The surcharge is due for any one of: 

• late submission of the basic filing fee, search fee, or examination fee, 
• late submission of Inventor's oath or declaration, 
• filing an application that does not ccintain at least one claim on filing, or 
• submission of an application filed by reference to a previously filed application. 

S,UMMARY OF FEES DUE: 

Ttle fee(s) required within TWO MONTHS from the date of this Notice to avoicJ abandonment is/are itemized 
below, Small entity discount is in effect If applicant is qualified for micro entity status, an acceptable Certification 
of Micro Entity Status must be submitted to establish micro entity status. (See 37 CFR 1.29 and forms 
PTO/S8/15A and 15B.) 

• $ 80 surcharge. 
• $( 0} previous unappl!ed payment amount 
• $ 80 TOT AL FEE BALANCE DUE. 

Items_ Required_ To.Avoid.Processing _Delays: 

Applicant is notified that tile above-identified application contalns the deficiencies noted below. No period for 
reply is set forth in this notice for correction of these deficiencies. However, ii a deficiency relates to the inventor's 
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR i ,63, or a substitute 
statement in compliance with 37 CFR 1,64, executed by or with respect to each actual inventor no later than the 
expiration of the time period set in the "Notice of Al!owabllity" to avoid abandonment. See 37 CFR 153(f). 

• A properly executed inventor's oath or declaration has not been received for the following inventor(s): 
page 1 of 2 
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Das.hen Fan 
Joseph Yong Kwon 

Replies must be received in the USPTO within the set Ume period or must include a proper Certifinate of Mailing 
or Transmission under 37 CFR i .8 with a mailing or transmission date within the set time period. For more 
information and a suggested format, see Form PTO/SB/92 anti MPEP 512. 

Replies should be mailed to: 

Mail Stop Missing Parts 
Commissioner for Patents 
P.O. Box i450 
Alexandria VA 22313• 1450 

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy 
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice". 
https :/is_portaL us_pto .gov/authenticateiAuthenticateUserLocal EPF .html 

For more information about EFS-Web please cal! the USPTO Electronic Business Center at 1-866-217-9197 or 
visit our website at http://www.uspto.gov/ebc. 

If you are not using EFS-Web to submit your reply, you must include a copy of this notice, 

Qu(:slions about Hie contents of !fo~ notice and the 
requirements it set; forth should lx: dit(\C!cd to the Office. 

of Da1a l\fanageinenl, A .. pplication i\ssislance Uni!, at 
(571) 272-4(100 or {571) 2724200 or l-888~786-0101. 

/ngJisshw' 
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Doc Code: PA. 
Document Description: Power of Attorney PTOJAJAi8ZA. {07 -13} 

App,u,1t~d for !jt,;-, thrn<Jgh 03/31/202:L OMS {)f,~<l·0035 
u.s P«tent ,ind Tr,.<dHmmt om,;,:;: U.S DEPARTIAENT OF COMMERCE 

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE 
REGISTERED PRACTITIONERS 

NOTE: This form is to be submitted with the Power of Attorney by Applicant form {PTOIA!A/828) to ldenttfy the application to which the 
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Pow-er of 
Attorney by Applicant form. If neither form PTO/A!N'82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is 
directed, the Power of Attorney \'Viii not be recognized in the application. 

Application Number 16/399,867 

Filing Date APRIL 301 2019 

First Named Inventor DASHEN FAN 

Title BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY 
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS 

Art Unit Not yet assigned 
Examiner Name Not yet assigned 
Attorney Docket Number K41 090. P8C2 

SIGNATURE of Applicant or Patent Practitioner 

Signature /MARKS. PELOQUIN/ Date ( Optiona I) May 30, 2019 
Name MARKS. PELOQUIN Registration 50,787 

Number 

Title (if Applicant is a 
juristic entity) 

Applicant Name (if Applicant is a juristic entity) 

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d} for signature reqmrements and certificalions. !f 
rnore than one applicant, use multiple forms. 

[Z] •Total of 1 forms are submitted. 

This collection of inforrnation is required by 37 CFR 1. '131, 1.32, and ·1.33. The information is required to obtain or retain a benefit by 
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122: and 37 CFR 
1 . 11 and 1, 14. This collection is estimated lo take 3 minutes to complete, including gathering, preparing, and submitting !he completed 
application form to the USPTO. Time wm vary depending upon the individual case Any comments on the amount of time you require 
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark. Office, U.S, Department of Commerce, P.O. Box 1450, Alexandria, VA 22313~1450, DO NOT SEND FEES OR 
COMPLETED FORl'v,S TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450, 

ff you need assistance in completing the fomi, caff 1-800-PT0-9199 and select option 2. 

,...IA-tto-r-ne_y_D_o_c_ke_t _N-um_b_e_r _I _K_41-0-90-.P-8_C_2_ 
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Electronic Patent Application Fee Transmittal 

Application Number: 16399867 

Filing Date: 30-Apr-2019 

Title of Invention: 
BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY 
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS 

First Named Inventor/Applicant Name: Dashen Fan 

Filer: Mark S. Peloquin 

Attorney Docket Number: K41090.P8C2 

Filed as Small Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

LATE FILING FEE FOR OATH OR DECLARATION 2051 1 80 80 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 80 
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Electronic Acknowledgement Receipt 

EFSID: 36161280 

Application Number: 16399867 

International Application Number: 

Confirmation Number: 9984 

Title of Invention: 
BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY 
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS 

First Named Inventor/Applicant Name: Dashen Fan 

Customer Number: 51340 

Filer: Mark S. Peloquin 

Filer Authorized By: 

Attorney Docket Number: K41090.P8C2 

Receipt Date: 30-MA Y-2019 

Filing Date: 30-APR-2019 

Time Stamp: 18:31:12 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type EFT 

Payment was successfully received in RAM $80 

RAM confirmation Number 053119INTEFSW18320100 

Deposit Account 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 
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File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

292877 

1 
Applicant Response to Pre-Exam 20190514K41090P8C2NTFMPi. 

2 
Formalities Notice pdf 

no 
fS 9 b 1 5 34ff02beaecc7f7a68d bOfae 7 bccf2 9 

2ff 

Warnings: 

Information: 

566124 

2 Power of Attorney 
K41090P8C2POWEROFA TT ORN 

2 
EY82A82Bexecutedii.pdf 

no 
2a938d 1 c4cd8aea444e 746e778a5ce40bd2 

a2677 

Warnings: 

Information: 

30736 

3 Fee Worksheet (5B06) fee-info.pdf no 2 
95Sfc2d6f51 0e22e8d 1 d2e lcl 1462953225 

17a2b 

Warnings: 

Information: 

Total Files Size (in bytes) 889737 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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505501585 05/30/2019 

PATENT ASSIGNMENT COVER SHEET 

Electronic Version v1 .1 
Stylesheet Version v1 .2 

SUBMISSION TYPE: NEW ASSIGNMENT 

NATURE OF CONVEYANCE: ASSIGNMENT 

CONVEYING PARTY DATA 

Name 

JOSEPH YONG KWON 

RECEIVING PARTY DATA 

Name: KOPIN CORPORATION 

Street Address: 125 NORTH DRIVE 

City: WESTBOROUGH 

State/Country: MASSACHUSETTS 

Postal Code: 01581 

PROPERTY NUMBERS Total: 1 

Property Type Number 

Application Number: 16399867 

CORRESPONDENCE DATA 

Fax Number: (206) 770-6562 

EPASID:PAT5548389 

Execution Date 

05/07/2019 

Correspondence will be sent to the e-mail address first; if that is unsuccessful, it will be sent 
using a fax number, if provided; if that is unsuccessful, it will be sent via US Mail. 
Phone: 206-44 7-1336 
Email: mark@peloquinlaw.com 

Correspondent Name: PELOQUIN, PLLC 
Address Line 1: 800 FIFTH AVENUE 
Address Line 2: SUITE 4100 

Address Line 4: SEATTLE, WASHINGTON 98104-3100 

ATTORNEY DOCKET NUMBER: K41090.P8C2 

NAME OF SUBMITTER: MARKS PELOQUIN 

SIGNATURE: /MARKS. PELOQUIN/ 

DATE SIGNED: 05/30/2019 

This document serves as an Oath/Declaration (37 CFR 1.63). 

Total Attachments: 2 
source=K41090.P8C2 - AF Assignment JKWON-executed#page1 .tit 
source=K41090.P8C2 - AF Assignment JKWON-executed#page2.tif 
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K41090. P8C2 ASSIGNMENT PATENT 

Attorney's Docket No.: K41090.P8C2 ASSIGNMENT (For Execution After Filing Patent 
Application) 

In consideration of good and valuable consideration, the receipt of which is hereby 

acknowledged, we the undersigned, _J=o=s=e=p.:....:.h....:Y....:::o""'n__,g--'-K"""w..:....:o=n-'---------------

hereby sell, assign, and transfer to ~K~o-oi_n_C~o~r .... po~r~a~tio~n=· , ______________ _ 
a Corporation of DE, having a principal place of business 

125 North Drive, Westborough. MA 01581 , (''Assignee"), 
and its successors, assigns, and legal representatives, the entire right, title, and interest for the 
United States and all foreign countries, in and to any and all improvements that are disclosed in 
the application for the United States patent that was filed April 30, 2019 and assigned 
Application No, . 16/399 867 and is entitled 

BEAM FORMING USING FRACTIONAL TIME DELAY IN DIGITALLY 
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, ANO METHODS 

and in and to said application and all divisional applications, continuation applications, 
continued prosecution applications, continuation-in-part applications, substitute applications, 
renewal applications, reissue applications, reexaminations, extensions, and all other patent 
applications that have been or shall be filed in the United States and all foreign countries on any 
of said improvements; and in and to all original patents, reissued patents, reexamination 
certificates, and extensions, that have been or shall be issued in the United States and all 
foreign countries on said improvements; and in and to all rights of priority resulting from the 
filing of said United States application; 

agree that said Assignee may apply for and receive a patent or patents for said 
improvements in its own name; and that. when requested, without charge to, bot at the expense 
of, said Assignee, its successors, assigns, and legal representatives, to carry out in good faith 
the intent and purpose of this Assignment, the undersigned will execute all divisional 
applications, continuation applications, continued prosecution applications, continuation-in-part 
applications, substitute applications, renewal applications, reissue applications, reexaminations, 
extensions and all other patent applications on any and all said improvements; execute all 
rightful oaths, assignments, powers of attorney, and other papers; communicate to said 
Assignee, its successors, asslgns, and representatives all facts known to the undersigned 
relating to said improvements and the history thereof; and generally assist said Assignee, its 
successors, assigns, or representatives in securing and maintaining proper patent protection for 
said improvements and for vesting title to said improvements, and all applications for patents 
and all patents on said improvements, in said Assignee, its successors, assigns, and legal 
representatives; and 

covenant with said Assignee, its successors, assigns, and legal representatives that no 
assignment, grant, mortgage, license, or other agreement affecting the rights and property 
herein conveyed has been made to others by the undersigned, and that full right to convey the 
same as herein expressed is possessed by the undersigned. 

K41090.P8C2 Page 1 of 2 PELOQUIN, PLLC 
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K41090. P8C2 ASSIGNMENT PATENT 

Each Inventor: Please 
. also list the date that 
you signed the 
accompanying 
DECLARATION: 

Each Inventor: Please Sign and Date Below: 

,20_11 .. ~~ 
-ifame: Joseph Yong Kwon 

_____ ,20 __ 
Date 

State of: 

County of: 

Assignment Document Return Address: 
} SS. PELOQUIN1 PLLC 

800 Fifth Avenue, Suite 4100 
Seattle, WA 98104-3100 
(206} 447 .1336 

On this ___ day of ______ 20 ___ , before me, _________ _ 
the undersigned Notary Public, personally appeared ____________ _ 
LJ personally known to me LJ proved to me on the basis of satisfactory evidence to be the 
person(s) whose narne(s) ____ subscribed to the within instrument, and acknowledged 
that ____ executed it 
WITNESS my hand and official seal. 

Notary's Signature 

K41090.P8C2 

A nota!'{ public or other-Offictr tomp!eWlg th;s certilitat21irifies orny the ;denttty of t~e iildividual wliosigned 
the document to whitll thi! certificate is attacheti, and not the truthfulness, .ccu1acy, 01 vahdity of t~t dotUment.. 

State of California, County ol santa Clara )ss, On Iii' Rllf Yl!/..Jieior~ me RI:Singh, 
Notary Public, personally appeared $ ,f"6.p../4..... .. /'£L.i;· • .£-~-,,/,:;;) /V 

who proved to me Oil the baiis of satisfactof'/ evideTite to be the persan(s) whose name(s) i~a;e Stlbstrfuei! t 
the.within iristrument and acinowledged t-0 me that he/siieithey exewted the same in his/her/their authorized 
tapatity(ies), and that by hisiher/th€ir signature{s) on tl!e instrument the jl€flon[s), orihe entity open bellail of 
which the person(s) acted, executed the instrutnl:nt. I certif, under PfNALiV Of ?ERi!JRY under the ~ws of tilt: 
State of catifomiatliat t~,e foregoing par.igr~µh is tweard correct WITNESS my hand and officia! sea!. 

Page 2 of 2 PELOQUIN, PLLC 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

16/399,867 

51340 
PELOQUIN, PLLC 
800 FIFTH AVENUE 
SUITE 4100 
SEATTLE, WA 98104-3100 

FILING OR 3 71 (C) DATE 

04/30/2019 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

DashenFan K41090.P8C2 
CONFIRMATION NO. 9984 

POA ACCEPTANCE LETTER 

1111111111111111111111 ll]~!l]!~l!~IU!IHl~!H] 111111111111111 IIII IIII 

Date Mailed: 05/31/2019 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 05/30/2019. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1.33. 

/zabraha/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION 
NUMBER 

16/399,867 

51340 

FILING or 
37l(c)DATE 

04/30/2019 

PELOQUIN, PLLC 
800 FIFTH AVENUE 
SUITE 4100 
SEATTLE, WA 98104-3100 

GRPART 

UNIT 

2845 
FIL FEE REC'D 

865 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

K41090.P8C2 20 3 
CONFIRMATION NO. 9984 

UPDATED FILING RECEIPT 

1111111111111111111111 m~mll!UHtt~i~ 111111111111111 IIII 1111 

Date Mailed: 05/31/2019 

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for 
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence 
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER, 
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are 
subject to collection. 

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes 
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or 
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt 
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another 
Filing Receipt incorporating the requested corrections provided that the request is grantable. 

lnventor(s) 
Dashen Fan, Bellevue, WA; 
Joseph Yong Kwon, San Jose, CA; 

Applicant( s) 
Kopin Corporation, Westborough, MA 

Assignment For Published Patent Application 
Kopin Corporation, Westborough, MA 

Power of Attorney: The patent practitioners associated with Customer Number 51340 

Domestic Priority data as claimed by applicant 
This application is a CON of 15/947,845 04/08/2018 PAT 10298253 
which is a CON of 15/225,745 08/01/2016 PAT 9941895 

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution 
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None. 
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to 
foreign priority. See 37 CFR 1.55 and 1.76. 

Permission to Access Application via Priority Document Exchange: Yes 

Permission to Access Search Results: Yes 

page 1 of 4 
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as 
appropriate. 

If Required, Foreign Filing License Granted: 05/13/2019 
The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 16/399,867 
Projected Publication Date: Request for Non-Publication Acknowledged 
Non-Publication Request: Yes 
Early Publication Request: No 
** SMALL ENTITY ** 
Title 

BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY OVERSAMPLED SENSOR 
SYSTEMS, APPARATUSES, AND METHODS 

Preliminary Class 

341 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
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technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

16/399,867 

51340 
PELOQUIN, PLLC 
800 FIFTH AVENUE 
SUITE 4100 
SEATTLE, WA 98104-3100 

FILING OR 3 71 (C) DATE 

04/30/2019 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

DashenFan K41090.P8C2 
CONFIRMATION NO. 9984 

INFORMAL NOTICE 

1111111111111111111111 ll]~!l]!~l!~IU!IHl~!H] 111111111111111 IIII IIII 

Date Mailed: 05/31/2019 

INFORMATIONAL NOTICE TO APPLICANT 

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for 
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's 
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute 
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the 
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f). 

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid 
further processing delays. 

• A properly executed inventor's oath or declaration has not been received for the following inventor(s): 
Dashen Fan 
Joseph Yong Kwon 

/zabraha/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 16/399,867 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A 75 N/A (37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A 330 N/A (37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A 380 N/A (37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 20 (37 CFR 1.16(i)) 
minus 20= X 50 = 0.00 OR 

INDEPENDENT CLAIMS 3 minus 3 = X 230 = 0.00 (37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL 785 TOTAL 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR ~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "O" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1. 
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UnJt-t~ St3t,m• .Pa:t-t~lit AJ.ttd r.rr.ad-t-H.U::l't'".k om(~(.~. 
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A1TY. 1XJ<.::KJ".T .:'.Off1TLE 

16/399,867 04/30/2019 Da~hcn Fan K4 l 090.P8C2 
CONFIRMATION NO. 9984 

FORMALITIES LETTER 51340 
PELOQUIN, PLLC 
800 FIFTH AVENUE 
SUITE 4100 
SEATTLE, WA 98104-3100 

Date Mailed: 05/14/2019 

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION 

FILED UNDER 37 CFR 1.53(b) 

Filing Date Granted 

Items Required To Avoid Abandonment: 

An application number and filing date have been accorded to this application. The item{s) indicate,J below, 
however, are missing. 

Applicant is given TWO MONTHS from the date of this Notice within which to file al! required items below to avoid 
abandonment. Extensions of time may be obtalned by filing a petition accompanied by the extension fee under 
the provisions of 37 CFR 1.i36(a). 

• Surcharge as set forth in 37 CFR 1. i6(f) must be submitted. 
The surcharge is due for any one ot 

• late submission of the basic filing fee, search fee, or examination fee, 
• late submission of inventor's oath or declaration, 
• ll!ing an application that does not contain at least one claim on filing, or 
• submission of an application filed by reference to a previously filed application. 

SUMMARY OF FEES DUE: 

Ttle fee(s) required within TWO MONTHS from the date of this Notice to avoi,J abandonment is/are itemized 
below. Small entity discount is in effect If app!lcant is qual!fled for micro entity status, an acceptable Certification 
of Micro Entity Status must be submitted to establish micro entity status. (See 37 CFR i .29 and forms 
PTO/S8/15A and 15B.) 

• $ 80 surcharge, 
• ${ O} previous unapp!ied payment amount 
* $ 80 TOT AL FEE BALANCE DUE. 

ltemsRequlred To Avold Processlng_Delays: 
Applicant is notified that the above-identified application contains the deficiencies noted below. No period for 
reply is set forth in this notice for correction of these deficiencies, However, if a deficiency relates to the inventor's 
oatl1 or declaration, the applicant must file an oath or declaration in compliance witl137 CFR 1.63, or a substitute 
statement in compliance with 37 CFR 1,64, executed by or with respect to each actual inventor no later than the 
expiration of the time period set in the "Notice of AUowabi!ity" to avoid abandonment. See 37 CFR 1.53(f). 

• A properly executed inventor's oath or declaration has not been received for the following inventor(s}: 
page 1 of 2 
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Dashen Fan 
Joseph Yong Kwon 

Replies must be received in the USPTO within the set Urne period or must include a proper Certificate of Mailing 
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more 
information and a suggested format, see Form PTO/SB/92 and MP E P 512. 

Replies should be mailed to: 

Mail Stop Missing Parts 
Commissioner for Patents 
P.O. Box 1450 
Alexandria VA 22313•1450 

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy 
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice". 
http.s://sportal.uspto.gov;authenticate/AuthenticateUserLocal EPF .html 

For more information about EFS-Web please cal! the USPTO Electronic Business Center at 1 ·866·217-9197 or 
visit our website at http://www.uspto,gov/ebc. 

If you are not using EFS-\Veb to submit your reply, you must include a c:opy of this notice. 

/ngfissbtl 

Qu('.S!lons about the contt~nts of !lli:c. notice and the 
requirements it sets forth should he directed to the Office. 

of Da1a Management, Applic.ition Assistance Unit, at 
(571) 272•4tl00 or (571) 2724200 or l-AA8~78(i-010l. 

page 2 of 2 
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Electronic Patent Application Fee Transmittal 

Application Number: 16399867 

Filing Date: 30-Apr-2019 

Title of Invention: 
BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY 
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS 

First Named Inventor/Applicant Name: Dashen Fan 

Filer: Mark S. Peloquin 

Attorney Docket Number: K41090.P8C2 

Filed as Small Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

LATE FILING FEE FOR OATH OR DECLARATION 2051 1 80 80 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 80 
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Electronic Acknowledgement Receipt 

EFSID: 36579178 

Application Number: 16399867 

International Application Number: 

Confirmation Number: 9984 

Title of Invention: 
BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY 
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS 

First Named Inventor/Applicant Name: Dashen Fan 

Customer Number: 51340 

Filer: Mark S. Peloquin 

Filer Authorized By: 

Attorney Docket Number: K41090.P8C2 

Receipt Date: 15-JUL-2019 

Filing Date: 30-APR-2019 

Time Stamp: 11:27:15 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type EFT 

Payment was successfully received in RAM $80 

RAM confirmation Number 071519INTEFSW11273100 

Deposit Account 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 
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File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

295189 

1 
Applicant Response to Pre-Exam 0020190715K41090P8C2RNTF 2 

Formalities Notice MPi.pdf 
no 

3ee2d2c1 81 a54831 f7fbd8ce2a54adbdea7 
b77c3 

Warnings: 

Information: 

30737 

2 Fee Worksheet (5B06) fee-info.pdf no 2 
e39db8Sbb8b974290495186a2f566Se 78fa 

cafcO 

Warnings: 

Information: 

Total Files Size (in bytes) 325926 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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16399867 

PLUS Search Results for S/N 16399867, Searched Mon Dec 09 10:10:30 EST 2019 
The Patent Linguistics Utility System (PLUS) is a USPTO automated search system 

for U.S. Patents from 1971 to the present PLUS is a query-by-example search system which 
produces a list of patents that are most closely related linguistically to the application 
searched. This search was prepared by the staff of the Scientific and Technical Information 
Center, SIRA. 

4684925 99 
4766416 99 
4843390 99 
4943807 99 
4951052 99 
4972356 99 
4972357 99 
5010347 99 
5023921 99 
5030954 99 
5117441 99 
5155743 99 
5162798 99 
5187482 99 
5203335 99 
5206648 99 
5241310 99 
5245345 99 
5351016 99 
5387913 99 
5450083 99 
5465270 99 
5506932 99 
5512895 99 
5541600 99 
5568142 99 
5568206 99 
5579004 99 
5588027 99 
5590065 99 
5610942 99 
5617058 99 
5627536 99 
5638010 99 
5675277 99 
5682160 99 
5682161 99 
5710729 99 
5719573 99 
5732044 99 
5748842 99 
5754131 99 
5754592 99 
5777512 99 
5784419 99 
5789689 99 
5905769 99 
5909463 99 
5917809 99 

5948073 99 
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Electronic Version v1 .1 
Stylesheet Version v1 .2 

SUBMISSION TYPE: 

NATURE OF CONVEYANCE: 

CONVEYING PARTY DATA 

KOPIN CORPORATION 

RECEIVING PARTY DATA 

505820781 12/13/2019 

PATENT ASSIGNMENT COVER SHEET 

NEW ASSIGNMENT 

ASSIGNMENT 

Name 

Name: SOLOS TECHNOLOGY LIMITED 

EPAS ID: PAT5867611 

Execution Date 

11/22/2019 

Street Address: UNIT 211, 2/F., PHOTONICS CENTER, NO. 2 SCIENCE PARK EAST 
AVENUE 

Internal Address: HONG KONG SCIENCE PARK, SHATIN, N.T. 

City: HONG KONG 

State/Country: HONG KONG 

PROPERTY NUMBERS Total: 22 

Property Type Number 

Patent Number: 7386135 

Patent Number: 8885850 

Patent Number: 9456275 

Patent Number: 9491544 

Patent Number: 9406293 

Patent Number: 9633670 

Patent Number: 9257952 

Patent Number: 9792927 

Patent Number: 9312826 

Patent Number: 10306389 

Patent Number: 9941895 

Patent Number: 10298253 

Patent Number: 10339952 

Application Number: 14886054 

Application Number: 14886080 

Application Number: 16399867 

Application Number: 16171254 

Application Number: 16171266 

Application Number: 16420082 

Application Number: 62873889 
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Property Type Number 

PCT Number: US2018057869 

PCT Number: US2018057879 

CORRESPONDENCE DATA 

Fax Number: (206) 770-6562 

Correspondence will be sent to the e-mail address first; if that is unsuccessful, it will be sent 
using a fax number, if provided; if that is unsuccessful, it will be sent via US Mail. 
Phone: 206-251-1699 

Email: mark@peloquinlaw.com 
Correspondent Name: PELOQUIN, PLLC 

Address Line 1: 800 FIFTH AVENUE, SUITE 4100 
Address Line 4: SEATTLE, WASHINGTON 98104 

ATTORNEY DOCKET NUMBER: KSTL20191112 

NAME OF SUBMITTER: MARKS. PELOQUIN 

SIGNATURE: /MARKS. PELOQUIN/ 

DATE SIGNED: 12/13/2019 

This document serves as an Oath/Declaration (37 CFR 1.63). 

Total Attachments: 4 
source=Solos Patent Assignment-executed#page1 .tit 

source=Solos Patent Assignment-executed#page2.tif 
source=Solos Patent Assignment-executed#page3.tif 
source=Solos Patent Assignment-executed#page4.tif 
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ASSIGNMENT No.: KSTL20191112 

ASSIGNMENT OF UNITED STATES PATENTS, UNITED STATES PATENT APPLICATIONS, 

AND INTERNATlONAL1 (PCT) & FOREIGN PATENT APPLICATIONS 

Whereas, Kopin Corporation, a Delaware corporation, having a place of business at 125 

N01ih Drive, Westborough, Massachusetts 0 15 81 (hereinafter "Assignor") is the sole owner of the 

entire right, title and interest in and to the United States Patents, United States Patent Applications, 

and International (PCT) and Foreign Patent Applications all of which are described in the IP 

Schedule attached hereto and made a part hereof (hereinafter ''Patents"); and 

Whereas, Solos Technology Limited, a Hong Kong corporation, having a place of 

business at Unit 211, 2/F., Photonics Centre, No. 2 Science Park East Avenue, Hong Kong 

Science Park, Shatin, N.T, Hong Kong (hereinafter "Assignee") is desirous of acquiring the 

entire right, title and interest in and to the Patents. 

NOW, THEREFORE, for good and valuable consideration, the receipt of which is hereby 

acknowledged, the Assignor has sold, assigned and transferred, and by these presents does hereby 

sell, assign and transfer Assignor's entire right, title and interest in and to the Patents and all reissues 

and extensions thereof, including all claims, if any, which may have arisen for infringement of the 

patents prior to the date of this assignment, all said rights to be held and enjoyed by the Assignee for 

its own use and for the use of its successors, assigns or other legal representatives, to the full end of 

the tenn for which the Patents have been or will be granted, extended or reissued, as fully and 

entirely as the same would have been held and enjoyed by the Assignor if this assignment and sale 

had not been made. 

Assignor further agrees that Assignor will, without demanding any fuiiher consideration 

therefore, at the request but at the expense of Assignee, do all lawfu I and just acts, including the 

execution and acknowledgment of instruments, that may be or become necessary for obtaining, 

sustaining, or reissuing the Patents, and for maintaining and perfecting Assignee's right to the 

Patents. 

ASSIGNOR ASSIGNEE 
Kopin Corporation Solos Technology Limited 

Signature: 

211<. art_ 

Signature: ~ 

Printed Name: /-/ D Y1 J c_ h O ,· 

Title:C/2;-e{ kc~bvlo,y (5.ff>e:er: 

Printed Name: KQ.11~ 

Title: Glj\(21\a.JG __ 

Date: 22 /\lov 2o l + Date: Nu V. '2-2-J 2-o I~ 

Page 1 of 4 
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ASSJGNMENTNo.: KSTL20191112 

FILE NUMBER 

41090.C00I 

41090.C0l 1 

4I090.C022 

41090.C033 

41090.C044 

K41090.P0O l 

K41090.P002 

K4 l 090.P2C l 

K41090.P003 

K4 l 090.P00S 

K41090.P008 

K41090.P8Cl 

K41090.P2C2 

IP SCHEDULE 
UNITED ST A TES PA TENTS 

PATENT NO. lSSUEDATE 

7,386,135 June 10, 2008 

8,885,850 . November 11, 2014 

9,456,275 September 27, 2016 

9,491,544 November 8, 2016 

9,406,293 August 2, 2016 

9,633,670 April 25, 2017 

9,257,952 February 9. 2016 

9,792,927 October 17, 2017 

9,312,826 April 12, 2016 

10,306,389 May 28, 2019 

9,941,895 April 10, 2018 

10,298,253 May 21, 2019 

10,339,952 July 2, 2019 

Page 2 of4 

TITLE 

Cardioid Beam with a 
Desired Null Based Acoustic 
Devices, Systems and 
Methods 

Cardioid Beam with a Desired Null 
Based Acoustic Devices, Systems 
and Methods 

Cardioid Beam with a Desired Null 
Based Acoustic Devices, Sys1ems 
and Methods 

Frequency Domain Noise 
Cancellation With A Desired Null 
Based Acoustic devices, Systems, 
and Methods 

Apparatus and Methods to Detect and 
Obtain Desired Audio 

Dual Stage Noise Reduction 
Architecture For Desired 
Signal Extraction 
Apparatuses and Methods for 
Multi-Channel Signal 
Compression During Desired 
Voice Activity Detection 

Apparatuses and Methods for 
Multi-Channel Signal 
Compression During Desired 
Voice Activity Detection 

Apparatus and Methods for 
Acoustic Channel Auto-
Balancing During Multi-
Channel Signal Extraction 

Head Wearable Acoustic 
System with Noise Canceling 
Microphone Geometry 
Apparatuses and Methods 

Time Delay in Digitally 
Oversampled Sensor Systems, 
Apparatuses, and Methods 

Time Delay in Digitally 
Oversampled Sensor Systems, 
Apparatuses, and Methods 

Apparatuses and Systems for 
Acoustic Channel Auto-
Balancing During Multi-
Channel Signal Extraction 
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ASSIGNMENT No.: KSTL20191 l 12 

FlLENUMBER 
K41090.P004 

K41090.P007 

K41090.P8C2 

K41090.P013 

K41090.P014 

K41090.P016 

K41090.Z0I7 

IP SCHEDULE (Continued) 
UNITED STATES PATENT APPLICATIONS 

SERlAL NO. FILING DATE TITLE 
14/886,054 October l 8, 2015 Wrist Wearable Appara1uses and 

Me1hods with Desired Signal 
Extraction 

14/886,080 October 18, 2015 Apparatuses and Methods for 
Enhanced Speech Recognition in 
Variable Environments 

16/399,867 April 30. 2019 Beamforming Using Fractional Time 
Delay in Digitally Oversampled 
Sensor Systems, Apparatuses, and 
Methods 

16/171,254 October 25, 2018 Programmable Fractional Time Delay 
in Digitally Oversampled 
Microphone Systems, Circuits, and 
Methods 

16/171,266 October 25, 2018 Fractional Time Delay 
Structures in' Digitally 
Oversampled Microphone 
Systems, Circuits, and Methods 

16/420,082 May 22, 2019 Microphone Configurations for 
Eyewear Devices Systems, 
Apparatus, and Methods 

62/873,889 July 13, 2019 Wearable Devices Apparatuses, 
Systems, and Methods 

Page 3 of 4 
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ASSIGNMENTNo.: KSTL20191112 

IP SCHEDULE (Continued) 
lNTERNA TTONAL (PCT) & FOREIGN PATENT APPLICATIONS 

FILE NUMBER SERIAL NO. FILlNG DATE TITLE 

K.41090P08PCT-CN 20 l 780047952.0 January 31, 2017 Time Delay in Digitally 

(China) 
Oversampled Sensor Systems, 
Apparatuses, and Methods. 

K 41 090P0 8PCT-JP 2019-526185 January 30, 2019 Time Delay in Digitally 

(Japan) 
Oversampled Sensor Systems, 
Apparatuses, and Methods 

K.41090P0 l 3PCT PCT/US2018/057869 October 26, 2018 Programmable Fractional Time 
Delay in Digitally Oversampled 
Microphone Systems, Circuits, and 
Methods 

' 

K41090P0 l 4PCT PCT/US2018/057879 October 27, 2019 Fractional Time Delay Structures in 
Digitally Oversampled Microphone 
Systems, Circuits, and Methods 

Page 4 of 4 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

EXAMINER 
51340 7590 12/16/2019 

MAI,LAMT PELOQUIN, PLLC 
800 FIFTH A VENUE 
SUITE 4100 ART UNIT PAPER NUMBER 

SEATTLE, WA 98104-3100 2845 

DA TE MAILED: 12/16/2019 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

16/399,867 04/30/2019 DashenFan K41090.P8C2 9984 

TITLE OF INVENTION: BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY OVERSAMPLED SENSOR SYSTEMS, 
APPARATUSES, AND METHODS 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional SMALL $500 $0.00 $0.00 $500 03/16/2020 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING 
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD 
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT 
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN 
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST 
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that 
entity status still applies. 

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above. 

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled 
"Change in Entity Status (from status indicated above)". 

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity 
fees. 

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail 
Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980. 
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at 
www .uspto.gov/PatentMaintenanceFees. 

Page 1 of 3 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web. 

By mail, send to: Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All 
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected 
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 

51340 7590 

PELOQUIN, PLLC 
800 FIFTH A VENUE 
SUITE 4100 

12/16/2019 

SEATTLE, WA 98104-3100 

APPLICATION NO. FILING DATE 

16/399,867 04/30/2019 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

(Typed or printed name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

DashenFan K41090.P8C2 9984 

TITLE OF INVENTION: BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY OVERSAMPLED SENSOR SYSTEMS, 

ISSUE FEE DUE 

nonprovisional SMALL $500 

EXAMINER ART UNIT 

MAI,LAMT 2845 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form PTO/ 
SB/47; Rev 03-09 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

341-155000 

2. For printing on the patent front page, list 
( 1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$500 03/16/2020 

2 ______________ _ 

3 ______________ _ 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.8l(a). Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

4a. Fees submitted: □Issue Fee □Publication Fee (if required) □Advance Order - # of Copies _________ _ 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

0 Electronic Payment via EFS-Web 0 Enclosed check 0 Non-electronic payment by credit card (Attach form PTO-2038) 

0 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. ____ _ 

5. Change in Entity Status (from status indicated above) 

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 
NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 
NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature _______________________ _ 

Typed or printed name ______________________ _ 

PTOL-85 Part B (08-18) Approved for use through 01/31/2020 
Page 2 of3 

0MB 0651-0033 

Date ____________________ _ 

Registration No. ________________ _ 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. 

16/399,867 

51340 7590 

PELOQUIN, PLLC 
800 FIFTH A VENUE 
SUITE 4100 

FILING DATE 

04/30/2019 

12/16/2019 

SEATTLE, WA 98104-3100 

FIRST NAMED INVENTOR 

DashenFan 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

K41090.P8C2 9984 

EXAMINER 

MAI.LAMT 

ART UNIT PAPER NUMBER 

2845 

DA TE MAILED: 12/16/2019 

Determination of Patent Term Adjustment under 35 U.S.C.154 (b) 
(Applications filed on or after May 29, 2000) 

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance. 

Section l(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement 
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent 
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial 
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term 
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior 
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration 
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process 
outlined in 37 CFR 1.705. 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-010 I or (571 )-272-4200. 
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0MB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget 
approval before requesting most types of information from the public. When 0MB approves an agency request to 
collect information from the public, 0MB (i) provides a valid 0MB Control Number and expiration date for the 
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform 
the public about the 0MB Control Number's legal significance in accordance with 5 CFR 1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon 
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions 
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, 
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection 
of information unless it displays a valid 0MB control number. 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements 
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b) 
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information 
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent 
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not 
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment 
of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may 
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the 
Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence 
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of 
settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting 
a request involving an individual, to whom the record pertains, when the individual has requested assistance 
from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for the information in order to perform a contract. Recipients of information shall be required to comply 
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, 
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility 
to recommend improvements in records management practices and programs, under authority of 44 U.S.C. 
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection 
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall 
not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed 
in an application which became abandoned or in which the proceedings were terminated and which application 
is referenced by either a published application, an application open to public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. Page 127 of 275



Notice of Allowability 

Application No. 
16/399,867 
Examiner 
LAM T MAI 

Applicant(s) 
Fan et al. 
Art Unit 
2845 I AIA (FITF) Status 

Yes 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1.~ This communication is responsive to 4/30/2019. 

D A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2.0 An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the 
restriction requirement and election have been incorporated into this action. 

3.~ The allowed claim(s) is/are 1-20. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution 
Highway program at a participating intellectual property office for the corresponding application. For more information, please see 
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

4.0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) □All b) 0 Some *c) D None of the: 

1. D Certified copies of the priority documents have been received. 
2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of each 
sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

6.0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. ~ Notice of References Cited (PTO-892) 5. D Examiner's Amendment/Comment 

2.0 Information Disclosure Statements (PTO/SB/08), 6. ~ Examiner's Statement of Reasons for Allowance 
Paper No./Mail Date . 

3. D Examiner's Comment Regarding Requirement for Deposit 7. □ Other __ 
of Biological Material . 

4.0 Interview Summary (PTO-413), 
Paper No./Mail Date. __ . 

/LAM T MAI/ 
Primary Examiner, Art Unit 2845 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20191207 
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Application/Control Number: 16/399,867 
Art Unit: 2845 

DETAILED ACTION 

Notice of Pre-A/A or AJA Status 

Page 2 

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

inventor to file provisions of the AIA. 

Allowable Subject Matter 

Claims 1-20 are allowable. 

The following is an examiner's statement of reasons for allowance: Claim 1 is allowed over the 

prior art of record. The prior art of record, considered individually or in combination, fails to fairly teach 

or suggest claimed features, which is "combining the time delayed first oversampled digital signal with a 

second oversampled digital signal to obtain the beamformed digital signal, wherein the second 

oversampled digital signal is responsive to the analog field", structurally and functionally interconnected 

with other limitations in the manner as cited in the claim and dependent claims. 

Claim 11 is allowed over the prior art of record. The prior art of record, considered individually 

or in combination, fails to fairly teach or suggest claimed features, which is "arithmetic unit, the 

arithmetic unit is configured to receive the time delayed oversampled digital output signal and the 

second oversampled digital output signal, the arithmetic unit is configured to produce the beamformed 

digital signal from the time delayed oversampled digital output signal and the second oversampled 

digital output signal" structurally and functionally interconnected with other limitations in the manner 

as cited in the claim and dependent claims. 

Claim 16 is allowed over the prior art of record. The prior art of record, considered individually 

or in combination, fails to fairly teach or suggest claimed features, which is "arithmetic unit, the 

arithmetic unit is configured to receive the time delayed oversampied digital output signal and a second 

oversampied digital output signal, wherein the second oversampied digital output signal is responsive to 

the analog field, the arithmetic unit is configured to produce the beamformed digital signal from the 
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Art Unit: 2845 

time delayed oversampied digital output signal and the second oversampied digital output signal", 

Page 3 

structurally and functionally interconnected with other limitations in the manner as cited in the claim 

and dependent claims. 

Any comments considered necessary by applicant must be submitted no later than the payment 

of the issue fee and, to avoid processing delays, should preferably accompany the issue fee. Such 

submissions should be clearly labeled "Comments on Statement of Reasons for Allowance." 

Cited References 

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

disclosure. Cited references are related to instant application subject matters. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the examiner 

should be directed to LAM T MAI whose telephone number is 571 272-1807. The examiner can normally 

be reached on Monday-Thursday 7am-530pm. 

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 US PTO Automated Interview Request (AIR) at http:/ /www.uspto.gov/interviewpractice. 

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

Dameon Levi can be reached on 571-272-2105. 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 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 
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Page 4 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a US PTO Customer 

Service Representative or access to the automated information system, call 800-786-9199 (IN USA OR 

CANADA) or 571-272-1000. 

/LAM T MAI/ 
Primary Examiner, Art Unit 2845 
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Application/Control No. Applicant(s)/Patent Under 
16/399,867 Reexamination 

Notice of References Cited 
Fan et al. 

Examiner Art Unit 
LAM T MAI 2845 Page 1 of 1 

U.S. PATENT DOCUMENTS 

* 
Document Number Date 

Name CPC Classification US Classification 
Country Code-Number-Kind Code MM-YYYY 

* A US-20110271957-A 1 11-2011 Matis; Robert J. A61 K9/0009 128/203.12 

* B US-20140009564-A 1 01-2014 Cleve; Pascal H04M3/002 348/14.08 

* C US-9941895-B2 04-2018 Fan; Dashen H04B7/0617 1 /1 

* D U S-10298253-B 1 05-2019 Fan; Dashen H04B7/0617 1 /1 

E 

F 

G 

H 

I 

J 

K 

L 

M 

FOREIGN PATENT DOCUMENTS 

* 
Document Number Date 

Country Name CPC Classification 
Country Code-Number-Kind Code MM-YYYY 

N 

0 

p 

Q 

R 

s 
T 

NON-PATENT DOCUMENTS 

* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages) 

u 

V 

w 

X 

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).) 
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign. 

U.S. Patent and Trademark Office 

PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20191207 
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Application/Control No. Applicant(s)/Patent Under Reexamination 

Index of Claims 16/399,867 Fan et al. 

Examiner Art Unit 

LAM T MAI 2845 

✓ Rejected - Cancelled N Non-Elected A Appeal 

- Allowed Restricted I Interference 0 Objected -

CLAIMS 

~ Claims renumbered in the same order as presented by applicant D CPA D T.D. D R.1.47 

CLAIM DATE 
Final Original 12/07/2019 

1 = 
2 = 
3 = 
4 = 
5 = 
6 = 
7 = 
8 = 
9 = 
10 = 
11 = 
12 = 
13 = 
14 = 
15 = 
16 = 
17 = 
18 = 
19 = 
20 = 

U.S. Patent and Trademark Office Part of Paper No.: 20191207 

Page 1 of 1 
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Search Notes 

CPC - Searched* 

Symbol 

H03M 1/1245.cpc. 

H04B7/0617.cpc. 

H03M3//462.cpc. 

Application/Control No. 

16/399,867 

Examiner 

LAM T MAI 

CPC Combination Sets - Searched* 

Symbol 

US Classification - Searched* 

Class Subclass 

341 122-160 

Applicant(s)/Patent Under Reexamination 

Fan et al. 

Art Unit 

2845 

Date Examiner 

12/08/2019 lammai 

12/08/2019 lammai 

12/08/2019 lammai 

Date Examiner 

Date Examiner 

12/21/2018 lammai 

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of 
the search. 

Search Notes 

Search Notes Date Examiner 

Global Dossier/Google Scholar/NPL Search/IP.com/Plus/East Text 12/08/2019 lammai 
Search 

Inventors and Assignee 12/08/2019 lammai 

Reviewed Related Application 15/225,745 and 15/947,845 12/08/2019 lammai 

/LAM T MAI/ 
Primary Examiner.Art Unit 2845 

U.S. Patent and Trademark Office 
Page 1 of 2 

Part of Paper No.: 20191207 
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Search Notes 

Interference Search 

Application/Control No. 

16/399,867 

Examiner 

LAM T MAI 

US Class/CPC 
US Subclass/CPC Group 

Symbol 

H03M1 1245 

H04B7 0617 

H03M3 462 

/LAM T MAI/ 
Primary Examiner.Art Unit 2845 

U.S. Patent and Trademark Office 
Page 2 of 2 

Applicant(s)/Patent Under Reexamination 

Fan et al. 

Art Unit 

2845 

Date Examiner 

12/08/2019 lammai 

12/08/2019 lammai 

12/08/2019 lammai 

Part of Paper No.: 20191207 
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Issue Classification 

CPC 

Symbol 

H03M I mt 1 I mt 
H03M IN 3 IN 
H048 I mt 7 I mt 

CPC Combination Sets 

Symbol 

Application/Control No. 

16/399,867 

Examiner 

LAM T MAI 

1245 

462 

0617 

I M I I M I 

NONE 

(Assistant Examiner) 

/LAM T MAI/ 
Primary Examiner, Art Unit 2845 

(Primary Examiner) 
U.S. Patent and Trademark Office 

Applicant(s)/Patent Under Reexamination 

Fan et al. 

Art Unit 

2845 

Type Version 

F 2013-01-01 

I 2013-01-01 

I 2013-01-01 

Type Set Ranking Version 

Total Claims Allowed: 

(Date) 20 

08 December 2019 
O.G. Print Claim(s) O.G. Print Figure 

(Date) 1 10 

Part of Paper No.: 20191207 
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Issue Classification 

INTERNATIONAL CLASSIFICATION 

CLAIMED 

H03M1/12 

H03M3/00 

H0487/06 

I NON-CLAIMED 

US ORIGINAL CLASSIFICATION 

CLASS 

341 

CROSS REFERENCES(S) 

CLASS 

341 160 I 

NONE 

(Assistant Examiner) 

/LAM T MAI/ 
Primary Examiner, Art Unit 2845 

(Primary Examiner) 
U.S. Patent and Trademark Office 

Application/Control No. 

16/399,867 

Examiner 

LAM T MAI 

I rn I 1 

1m 3 

I@ 7 

155 

Applicant(s)/Patent Under Reexamination 

Fan et al. 

Art Unit 

2845 

I rn 12 

1m 00 

1 rnr 06 

SUBCLASS 

SUBCLASS (ONE SUBCLASS PER BLOCK) 

I I I I 

Total Claims Allowed: 

(Date) 20 

08 December 2019 
O.G. Print Claim(s) O.G. Print Figure 

(Date) 1 10 

Part of Paper No.: 20191207 
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Issue Classification 
Application/Control No. 

16/399,867 

Examiner 

LAM T MAI 

Applicant(s)/Patent Under Reexamination 

Fan et al. 

Art Unit 

2845 

~ Claims renumbered in the same order as presented by applicant □ CPA ~ T.D. □ R.1.47 
CLAIMS 

Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original 

1 10 19 
2 11 20 
3 12 
4 13 
5 14 
6 15 
7 16 
8 17 
9 18 

NONE 
Total Claims Allowed: 

(Assistant Examiner) (Date) 20 

/LAM T MAI/ 08 December 2019 
O.G. Print Claim(s) O.G. Print Figure Primary Examiner, Art Unit 2845 

(Primary Examiner) (Date) 1 10 

U.S. Patent and Trademark Office Part of Paper No.: 20191207 
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("5717618") or ("5742351 ") or ! 
("5771012") or ("5801653") or I 
("5870051 ") or ("5910957") or I 
("5910995") or ("5969798") or I 
("5982132") or ("6034564") or I 
("6092130") or ("6188785") or I 
("6195394") or ("6201490") or I 
("6590616") or ("6643382") or ! 
("6775684") or ("6947497") or I 
("6961151 ") or ("6972828") or I 
("7068841") or ("7187409") or I 
("7472206") or ("7583355") or I 
("7590675") or ("7626592") or I 
("7680807") or ("7706443") or I 

C?.!~.?..~~~.'.1~:.J:.?.~.~.?.QL~J.L~.~.:................. I 

0
9 I0IS38 and time near delay I..-U-S-_P_G_P_UB-;"'i,..□R ION l2017/11/13I 

I I I USPAT· I I i 09·07 I 
I I I EPO; JPO; I I I • I 
i i : DERWENT· 1 i : i : : I , : : ~ : 
II .......................................................................................... ...I 1.BM_TDB .... ! ........................ ! ................. l .......................... ! 

ilnlIS38 and digital near sensor I US-PGPUB;li7" IION l2017i11i13I 
i I USPAT; i i I 09:07 i 
I l I I i I 
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I I IIEPO; JPO; I I I I 
! ! ! DERWENT;! ! ! ! 

............. ! ................ ! ........................................................................................... j IBM_TDB .... ! ......................... ! ................. ! .......................... ! 

0
8 !□! oversampl$4 adj digital adj output with ! US-PGPUB; !DR !□N ! 2018/09/03! 

! ! time near delay ! USPAT; ! ! ! 18: 13 ! 
I I I EPO; JPO; I I I I 
i i I DERWENT·i i I i 

IJ ........................................................................................... 1 !.§~ -"!g.§ .. ~. 1 ........................ 1 ................. 1 .......................... 1 

0
9 !□! oversampl$4 adj digital adj output same ! US-PGPUB; !DR !□Ni 2018/09/03! 

! ! time near delay ! USPAT; ! ! I 18: 13 ! 
i i i EPO· JPO· i i i i 
! ! ! DERWENT·! ! ! ! 

II ........................................................................................... l lBM_TDB . .'J ...................... .J ................. l ....................... .J 

□60 !□! (microphone (digital adj sensor)) with ! US-PGPUB;!DR !□N !2018/09/03! 
! ! oversampl$4 with time adj delay I USPAT; ! ! I 18: 13 ! 
I I I EPO; JPO; I I I I 
i i I DERWENT·i i I i 
I I I I BM TDB , I I I I 
,;: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-- ~~~~~~~~ - ~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~-- ~~~~~~~~~~~~~~~~~~~~~~~~~~' 

□61 !Do! (digital adj sensor and time adj ! US-PGPUB;!DR !□N !2018/09/03! 
I ldelay).clm. IUSPAT; I I 118:13 I 
! ! ! EPO; JPO; ! ! ! ! 
i i I DERWENT•i i I i : : I , : : ~ : 
!! .......................................................................................... ...! 1.BM_TDB .... ! ........................ ! ................. ! .......................... ! 

□62 !□! tim$4 near delay$4 near oversampl$4 ! US-PGPUB; !DR !□Ni 2018/09/03! 
! !neardigitalnearoutput !usPAT; ! ! !18:13 ! 
i i i EPO· JPO· i i ! i 
! ! ! DERW, ENT,· ! ! ! ! : : I ' : : ~ : 

11 ........................................................................................... j I BM_ TDB _! ....................... J ................. j ........................ J 

□63 !□! tim$4 near delay$4 near oversampl$4 ! US-PGPUB; !DR !□N ! 2018/09/03! 
! ! near output ! USPAT; ! ! ! 18:13 ! 

I I I EPO; JPO; I I I I 
! ! ! DERWENT;! ! ! ! 

!j ........................................................................................... 1 IBM_TDB ... j ...................... ..1 ................. ! ........................ j 
S64 ! 198 ! (("3684829") or ("3755792") or ! US-PGPUB; ! OR ! OFF ! 2018/09/03! 

("3813485") or ("3914746") or ! USPAT; ! 18:13 ! 
("4021616") or ("4290050") or ! FPRS; ! 
("4361729") or ("4414685") or ! EPO; JPO; ! 
("4521099") or ("4577219") or ! DERWENT;! 
("4605921 ") or ("4628345") or I 
("5089820") or ("5089917") or ! 
("5177711 ") or ("5333063") or ! 
("5459718") or ("5483474") or ! 
("5493581 ") or ("5594438") or ! 
("5717618") or ("5742351 ") or ! 
("5771012") or ("5801653") or ! 
("5870051 ") or ("5910957") or ! 
("5910995") or ("5969798") or ! 
("5982132") or ("6034564") or ! 
("6092130") or ("6188785") or ! 
("6195394") or ("6201490") or ! 
("6590616") or ("6643382") or ! 
("6775684") or ("6947497") or ! 
("6961151 ") or ("6972828") or ! 
("7068841") or ("7187409") or ! 
("7472206") or ("7583355") or ! 
("7590675") or ("7626592") or ! 
("7680807") or ("7706443") or ! 
("7782439"). orJ'781_7071 ") ). PN ................... 1 

rnl S64 and time near delay I.;;;u=s-=P=G=P=UB=;"I·nR rN 12018/09/03! 
i I USPAT· i i 118·13 i 
! I EPO· JP()" ! ! ! • ! ! I , , ! ! ~ ! 
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l ............. lt ............... lt .......................................................................................... j~DBE:~~~~.'..lt ........................ lt ................ Jl .......................... 1 

0
78 !□! (microphone (digital adj sensor)) with ! US-PGPUB;!DR !□N !2018/09/03! 

! ! oversampl$4 with time adj delay ! USPAT; ! ! ! 18: 13 ! 

I I I EPO; JPO; I I I I 
! ! ! DERWENT;! ! ! ! 

!j ........................................................................................... I1.BM_ TDB ... j ...................... ..J ................. ! ........................ j 

0
79 !Do! (digital adj sensor and time adj ! US-PGPUB;!DR !□N !2018/09/03! 

! !delay).clm. !USPAT; ! ! !18:13 ! 
i i i EPO· JPO· i i ! i 
! ! ! DERWENT·! ! ! ! 

11 ........................................................................................... I I BM_ TDB., 1 ........................ 1 ................. 1 ......................... I 

D
O!□! tim$4 near delay$4 near oversampl$4 ! US-PGPUB; !DR !□N ! 2018/09/03! 

! !neardigitalnearoutput !USPAT; ! ! !18:13 ! 
I I I EPO; JPO; I I I I 
! ! ! DERWENT;! ! ! ! 

!! . . .. . ...................................... j IBM_TDB .... ! ......................... ! ................. ! .......................... ! 

D
1 !□! tim$4 near delay$4 near oversampl$4 ! US-PGPUB; !DR !□N ! 2018/09/03! 

! ! near output ! USPAT; ! ! ! 18:13 ! 

I I I EPO; JPO; I I I I 
i i I DERWENT·i i I i 

IJ ........................................................................................... 1 !.!?..~-"!g.!?.. .. ~.1 ........................ 1 ................. I .......................... 1 
S82 ! 198 ! (("3684829") or ("3755792") or ! US-PGPUB; ! OR ! OFF ! 2018/09/03! 

("3813485") or ("3914746") or ! USPAT; ! 18:13 ! 
("4021616") or ("4290050") or ! FPRS; ! 
("4361729") or ("4414685") or ! EPO; JPO; ! 
("4521099") or ("4577219") or ! DERWENT;! 
("4605921 ") or ("4628345") or I 
("5089820") or ("5089917") or ! 
("5177711 ") or ("5333063") or ! 
("5459718") or ("5483474") or ! 
("5493581 ") or ("5594438") or ! 
("5717618") or ("5742351 ") or ! 
("5771012") or ("5801653") or ! 
("5870051 ") or ("5910957") or ! 
("5910995") or ("5969798") or ! 
("5982132") or ("6034564") or ! 
("6092130") or ("6188785") or ! 
("6195394") or ("6201490") or ! 
("6590616") or ("6643382") or ! 
("6775684") or ("6947497") or ! 
("6961151 ") or ("6972828") or ! 
("7068841") or ("7187409") or ! 
("7472206") or ("7583355") or ! 
("7590675") or ("7626592") or ! 
("7680807") or ("7706443") or ! 
("7782439"). or..("781.7071 ") ) .. PN .................. J 

D
3 !□! S82 and time near delay !-=U=S-=P=G=P=UB=;"!'DR !□N ! 2018/09/03! 

! ! ! USPAT; ! ! ! 18: 13 ! 
! ! ! EPO· JPO· ! ! ! ! 
! ! ! DERW, ENT,· ! ! ! ! 
: : I ' : : ~ : 

11 ........................................................................................... j I BM_ TDB _! ....................... J ................. j ........................ J 

D
4 !□! S82 and digital near sensor ! US-PGPUB; !DR !□N ! 2018/09/03! 

! ! ! USPAT; ! ! ! 18: 13 ! 

I I I EPO; JPO; I I I I 
! ! ! DERWENT;! ! ! ! 
!j . . . . .............................. I1.BM_ TDB ... j ...................... ..J ................. ! ........................ j 

nn
2 I digital adj sensor with time adj delay I US-PGPUB; lnR rN 12018/09/03! 

i I USPAT· i i 118·13 i 
I I EPO; JPO; I I I • I 
i I DERWENT•i i I i ! I , ! ! ~ ! 
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S126 :9 !(microphone (digital adj sensor)) with !US-PGPUB;!OR !ON 12019/12/07! 
I::. ! oversampl$4 with time adj delay ! USPAT; ! ! ! 21 :49 ! 
I : ! EPO· JPO· ! I_ I ! ! I ' ' : j ~ : 
. , I DERWENT;! . I I 
! ! ! I BM TDB ! ! ! ! ........................ ~ .............................. ~ ........................................................................................................................................................................................., ................................ - .......................... ~ ................................................ ~ ....................................." .................................................... ~ 

0
127 !□1 ! (digital adj sensor and time adj ! US-PGPUB;!DR !□N !2019/12/07! 

! ! delay).clm. ! USPAT; ! ! ! 21 :49 ! 
I I I EPO· JPO· I I ! I 
! ! ! DERWENT·! ! ! ! 

II ........................................................................................... I I BM_ TDB., 1 ........................ 1 ................. 1 ......................... I 
□128 !□! tim$4 near delay$4 near oversampl$4 I US-PGPUB; !DR !□N ! 2019/ 12/07! 

! ! near digital near output I USPAT; ! ! ! 21 :49 ! 
I I I EPO; JPO; I I ! I 
! ! ! DERWENT;! ! ! ! 

!! . . .. . ...................................... j IBM_TDB .... ! ......................... ! ................. ! .......................... ! 

□129 !□! tim$4 near delay$4 near oversampl$4 ! US-PGPUB; !DR !□N ! 2019/ 12/07! 
! ! near output ! USPAT; ! ! ! 21 :49 ! 

I I I EPO; JPO; I I I I 
i i : DERWENT·i i : i 

IJ ........................................................................................... 1 !.§~ -"!g.§ .. ~. 1 ........................ 1 ................. 1 .......................... 1 
S130 ! 200 ! (("3684829") or ("3755792") or ! US-PGPUB; ! OR ! OFF ! 2019/ 12/07! 

("3813485") or ("3914746") or ! USPAT; ! 21 :49 ! 
("4021616") or ("4290050") or ! FPRS; ! 
("4361729") or ("4414685") or ! EPO; JPO; ! 
("4521099") or ("4577219") or ! DERWENT;! 
("4605921 ") or ("4628345") or ! I BM TDB ! 
("5089820") or ("5089917") or I 
("5177711 ") or ("5333063") or ! 
("5459718") or ("5483474") or ! 
("5493581 ") or ("5594438") or ! 
("5717618") or ("5742351 ") or ! 
("5771012") or ("5801653") or ! 
("5870051 ") or ("5910957") or ! 
("5910995") or ("5969798") or ! 
("5982132") or ("6034564") or ! 
("6092130") or ("6188785") or ! 
("6195394") or ("6201490") or ! 
("6590616") or ("6643382") or ! 
("6775684") or ("6947497") or ! 
("6961151 ") or ("6972828") or ! 
("7068841") or ("7187409") or ! 
("7472206") or ("7583355") or ! 
("7590675") or ("7626592") or ! 
("7680807") or ("7706443") or ! 
("7782439"). or .("7817071 ") ). PN ................... ! 

0
131 !□! S130 and time near delay !-=U=S-=P=G=P=UB=;"!'DR !□N ! 2019/12/07! 

! ! ! USPAT; ! ! ! 21 :49 ! 

I I I EPO; JPO; I I I I 
! ! ! DERWENT;! ! ! ! 

!! ........................................................................................... j I BM_TDB .. J ....................... J ................. j ........................ J 

□132 !□! S130 and digital near sensor ! US-PGPUB;!DR !□N ! 2019/12/07! 
I I I USPAT· I I i 21 "49 I 

I I I EPO; JPO; I I I • I 
! ! ! DERWENT;! ! ! ! 
!j . . . . . .. ......................... I1.BM_ TDB ... j ...................... ..J ................. ! ........................ j 

□133 !Do! digital adj sensor with time adj delay ! US-PGPUB;!DR !□N ! 2019/12/07! 
I I i USPAT· I I i 21 "49 I 
! ! ! EPO· JPO· ! ! ! • ! 
! ! ! DERWENT·! ! ! ! 

II ........................................................................................... I IBM_TDB.'I ........................ I ................. l ......................... I 

IS134InIdigital adj sensor with time adj delay andIIus-PGPUB;II0R !ION 112019/12/071 
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I I Ume near delay I~~~~~; I I 121 49 I 
: : I DERWENT;! : : I 

............. 1 ............... 1 .......................................................................................... 11 BM_ TDB .... i ........................ 1 ................ 1 .......................... 1 

Do

i (microphone (digital adj sensor)) with I US-PGPUB;l□R ION 12019/12/071 
! oversampl$4 with time adj delay ! USPAT; ! ! ! 21 :49 ! 
! I EPO· JPO· ! ! I ! 
! ! DERWENT·! ! ! ! 
I I I BM TDB , I I I I 

nnnnnnn~ ' nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnJ ~ - nn ' nnnnnnnnnnnn ' nnnnnnnnn•; nnnnnnnnnnnnn ' 

0
148 !□1 ! (digital adj sensor and time adj ! US-PGPUB;!□R !ON !2019/12/07! 

I I delay).clm. ! USPAT; I I I 21 :49 I 
I I I EPO; JPO; I I ! I 
! ! ! DERWENT;! ! ! ! 

II .................................................................. j I BM_TDB .. J ....................... J ................. j ........................ J 

0
149 IOI tim$4 near delay$4 near oversampl$4 I US-PGPUB; l□R ION I 2019/ 12/071 

I I near digital near output I USPAT; I I I 21 :49 I 
I I I EPO; JPO; I I I I 
! ! ! DERWENT;! ! ! ! 

!j ........................................................................................... 11.BM_ TDB ... j ...................... ..J ................. 1 ........................ j 

0
150 IOI tim$4 near delay$4 near oversampl$4 I US-PGPUB; l□R ION I 2019/ 12/071 

! ! near output ! USPAT; ! ! ! 21 :49 ! 
I I I EPO· JPO· I I I I 
I I ! DERWENT·! I ! I 

11 ........................................................................................... I IBM_TDB.'1 ........................ 1 ................. l ......................... 1 
S151 ! 200 I (("3684829") or ("3755792") or ! US-PGPUB; ! OR I 2019/ 12/07! 

("3813485") or ("3914746") or I USPAT; I 21 :49 ! 
("4021616") or ("4290050") or I FPRS; I 
("4361729") or ("4414685") or I EPO; JPO; I 
("4521099") or ("4577219") or I DERWENT; I 
("4605921 ") or ("4628345") or ! I BM TDB ! 
("5089820") or ("5089917") or I 
("5177711 ") or ("5333063") or I 
("5459718") or ("5483474") or I 
("5493581 ") or ("5594438") or I 
("5717618") or ("5742351 ") or I 
("5771012") or ("5801653") or I 
("5870051 ") or ("5910957") or ! 
("5910995") or ("5969798") or I 
("5982132") or ("6034564") or I 
("6092130") or ("6188785") or I 
("6195394") or ("6201490") or I 
("6590616") or ("6643382") or I 
("6775684") or ("6947497") or I 
("6961151 ") or ("6972828") or ! 
("7068841") or ("7187409") or I 
("7472206") or ("7583355") or I 
("7590675") or ("7626592") or I 
("7680807") or ("7706443") or I 
("7782439") .. or.("7817071")).PN .................. j 

0
152 !o! S151 and time near delay !~U_S-_P_G_P_U_B~;!'DR !ON! 2019/12/07! 

! ! I USPAT; ! ! I 21 :49 ! 

I I I EPO; JPO; I I ! I 
i i : DERWENT·i i : i 
I I I I BM TDB , I I ! I 
,;: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-- ~~~~~~~~ - ~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~-- ~~~~~~~~~~~~~~~~~~~~~~~~~~' 

0
153 lo! S151 and digital near sensor I US-PGPUB;!□R !ON I 2019/12/07! 

I I I USPAT· I I i 21 "49 I 
I I I EPO; JPO; I I I • I 
i i : DERWENT· 1 i : i : : I , : : ~ : 
!! .......................................................................................... ...1 I_BM_TDB .... ! ........................ ! ................. I .......................... ! 

111392 I "Kopin corporation" .asn. I U&PGPUB; li7" IION I 2019112/071 
i I USPAT; i i 121 :49 i 
I l I I i I 
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I I IIEPO; JPO; I I I I 
! ! ! DERWENT;! ! ! ! 

............. ! ................ ! ........................................................................................... j IBM_TDB .... ! ......................... ! ................. ! .......................... ! 

0
167 !□! tim$4 near delay$4 near oversampl$4 ! US-PGPUB; !DR !□N ! 2019/ 12/07! 

! ! near digital near output ! USPAT; ! ! ! 21 :50 ! 

I I I EPO; JPO; I I I I 
i i I DERWENT·i i I i 

IJ ........................................................................................... 1 !.§~ -"!g.§ .. ~. 1 ........................ 1 ................. 1 .......................... 1 

0
168 !□! tim$4 near delay$4 near oversampl$4 ! US-PGPUB; !DR !□Ni 2019/ 12/07! 

! ! near output ! USPAT; ! ! i 21 :50 ! 
i i i EPO· JPO· i i i i 
! ! ! DERWENT·! ! ! ! 

II ........................................................................................... l lBM_TDB . .'J ...................... .J ................. l ....................... .J 
S169 ! 200 i (("3684829") or ("3755792") or ! US-PGPUB; ! OR i OFF ! 2019/ 12/07! 

("3813485") or ("3914746") or ! USPAT; ! 21 :50 ! 
("4021616") or ("4290050") or ! FPRS; ! 
("4361729") or ("4414685") or ! EPO; JPO; ! 
("4521099") or ("4577219") or ! DERWENT;! 
("4605921 ") or ("4628345") or ! I BM TDB ! 
("5089820") or ("5089917") or I 
("5177711 ") or ("5333063") or ! 
("5459718") or ("5483474") or ! 
("5493581 ") or ("5594438") or ! 
("5717618") or ("5742351 ") or ! 
("5771012") or ("5801653") or ! 
("5870051 ") or ("5910957") or ! 
("5910995") or ("5969798") or ! 
("5982132") or ("6034564") or ! 
("6092130") or ("6188785") or ! 
("6195394") or ("6201490") or ! 
("6590616") or ("6643382") or ! 
("6775684") or ("6947497") or ! 
("6961151 ") or ("6972828") or ! 
("7068841") or ("7187409") or ! 
("7472206") or ("7583355") or ! 
("7590675") or ("7626592") or ! 
("7680807") or ("7706443") or ! 
("7782439")__or_(''7817071")).PN .................. j.====;;;;, ................. , 

0
170 !□! S169 and time near delay ! US-PGPUB;!DR !□N !"'2=01=9=/=12=/=07""!

1 

i i iUSPAT· i i i21·5Q i 

I I I EPO; JPO; I I I • I 
! ! ! DERWENT;! ! ! ! 

!j ........................................................................................... I1.BM_ TDB ... j ...................... ..J ................. ! ........................ j 

D
171 !□!S169anddigitalnearsensor !US-PGPUB;!DR !□N !2019/12/07! 

i i iLJSPAT· i i i21·50 i 
! ! ! EPO· JPO· ! ! ! • ! 
! ! ! DERWENT·! ! ! ! 

II ........................................................................................... l lBM_TDB.'I ........................ I ................. l ......................... I 

0
172 !DO !digital adj sensor with time adj delay ! US-PGPUB;!DR !□N !2019/12/07! 

! ! ! USPAT; ! ! ! 21 :50 ! 

I I I EPO; JPO; I I I I 
! ! ! DERWENT;! ! ! ! 

11 ........................................................................................... j IBM_TDB .... ! ......................... ! ................. ! .......................... ! 

0
173 !□! digital adj sensor with time adj delay and! US-PGPUB;!DR !□N ! 2019/12/07! 

! ! oversampl$4 adj digital adj output ! USPAT; ! ! ! 21 :50 ! 

I I I EPO; JPO; I I I I 
i i I DERWENT·i i I i 

IJ ........................................................................................... 1 !.§~_"!g.§ .. ~.I ........................ I ................. I .......................... I 

rnl digital adj senso.r ~n? time. adj delay and I US-PGPUB; In" rN 12019112/07! 
i oversampl$4 adJ d1g1tal adJ output i USPAT; i i i 21 :50 i 
i i EPO· JPO· i i ! i ! I , , ! ! ~ ! 
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I I Ume near delay I ~~~~~; I I I 09 07 I 
: : I DERWENT;! : : I 

............. 1 ............... 1 .......................................................................................... 11 BM_ TDB .... I ........................ 1 ................ l .......................... I 

Do

i oversampl$4 adj digital adj output same I US-PGPUB;l□R ION l 2017/11/131 
! time near delay ! USPAT; ! ! ! 09:07 ! 
! I EPO· JPO· ! ! I ! 
! ! DERWENT·! ! ! ! 
I I I BM TDB , I I I I 

nnnnnnn~ ' nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnJ ~ - nn ' nnnnnnnnnnnn ' nnnnnnnnn•; nnnnnnnnnnnnn ' 

0
4 !o! (microphone (digital adj sensor)) with ! US-PGPUB;!□R !ON !2017/11/13! 

I I oversampl$4 with time adj delay ! USPAT; I I l 09:07 I 
I I I EPO; JPO; I I ! I 
! ! ! DERWENT;! ! ! ! 

II . . . .. .................. j I BM_TDB .. J ....................... J ................. j ........................ J 

0
5 IOI (digital adj sensor and time adj I US-PGPUB;l□R ION l2017/11/13I 

I idelay).clm. IUSPAT; I I 109:07 I 
I I I EPO; JPO; I I l I 
! ! ! DERWENT;! ! ! ! 

!j ........................................................................................... I1.BM_ TDB ... j ...................... ..1 ................. l ........................ j 

0
6 IOI tim$4 near delay$4 near oversampl$4 I US-PGPUB;l□R ION l 2017/11/131 

! ! near digital near output ! USPAT; ! ! ! 09:07 ! 
I I I EPO· JPO· I I I I 
I I ! DERWENT·! I ! I 

II ........................................................................................... I IBM_TDB.'I ........................ I ................. l ......................... I 

0
7 !□! tim$4 near delay$4 near oversampl$4 ! US-PGPUB;!□R !ON! 2017/11/13! 

I I near output I USPAT; I I I 09:07 I 
I I I EPO; JPO; I I I I 
! ! ! DERWENT;! ! ! ! 

11 ........................................................................................... j IBM_TDB .... I ......................... I ................. ! .......................... 1 
S38 !195 !(("3684829")or("3755792")or !US-PGPUB;IOR !OFF !2017/11/131 

("3813485") or ("3914746") or I USPAT; I 09:07 ! 
("4021616") or ("4290050") or I FPRS; I 
("4361729") or ("4414685") or ! EPO; JPO; ! 
("4521099") or ("4577219") or I DERWENT; I 
("4605921 ") or ("4628345") or I I BM TDB I 
("5089820") or ("5089917") or I 
("5177711 ") or ("5333063") or I 
("5459718") or ("5483474") or I 
("5493581 ") or ("5594438") or I 
("5717618") or ("5742351 ") or ! 
("5771012") or ("5801653") or I 
("5870051 ") or ("5910957") or I 
("5910995") or ("5969798") or I 
("5982132") or ("6034564") or I 
("6092130") or ("6188785") or I 
("6195394") or ("6201490") or I 
("6590616") or ("6643382") or ! 
("6775684") or ("6947497") or I 
("6961151 ") or ("6972828") or I 
("7068841") or ("7187409") or I 
("7472206") or ("7583355") or I 
("7590675") or ("7626592") or I 
("7680807") or ("7706443") or I 

C?.!~.?..~~~.'.1~:.J:.?.~.~.?.QL~J.L~.~.:................. I 

0
9 I0IS38 and time near delay I..-U-S-_P_G_P_UB-;"'i,..□R ION l2017/11/13I 

I I I USPAT· I I i 09·07 I 
I I I EPO; JPO; I I I • I 
i i : DERWENT· 1 i : i : : I , : : ~ : 
II .......................................................................................... ...I 1.BM_TDB .... ! ........................ ! ................. l .......................... ! 

ilnlIS38 and digital near sensor I US-PGPUB;li7" IION l2017i11i13I 
i I USPAT; i i I 09:07 i 
I l I I i I 
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I I IIEPO; JPO; I I I I 
! ! ! DERWENT;! ! ! ! 

............. ! ................ ! ........................................................................................... j IBM_TDB .... ! ......................... ! ................. ! .......................... ! 

0
8 !□! oversampl$4 adj digital adj output with ! US-PGPUB; !DR !□N ! 2018/09/03! 

! ! time near delay ! USPAT; ! ! ! 18: 13 ! 
I I I EPO; JPO; I I I I 
i i I DERWENT·i i I i 

IJ ........................................................................................... 1 !.§~ -"!g.§ .. ~. 1 ........................ 1 ................. 1 .......................... 1 

0
9 !□! oversampl$4 adj digital adj output same ! US-PGPUB; !DR !□Ni 2018/09/03! 

! ! time near delay ! USPAT; ! ! I 18: 13 ! 
i i i EPO· JPO· i i i i 
! ! ! DERWENT·! ! ! ! 

II ........................................................................................... l lBM_TDB . .'J ...................... .J ................. l ....................... .J 

□60 !□! (microphone (digital adj sensor)) with ! US-PGPUB;!DR !□N !2018/09/03! 
! ! oversampl$4 with time adj delay I USPAT; ! ! I 18: 13 ! 
I I I EPO; JPO; I I I I 
i i I DERWENT·i i I i 
I I I I BM TDB , I I I I 
,;: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-- ~~~~~~~~ - ~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~-- ~~~~~~~~~~~~~~~~~~~~~~~~~~' 

□61 !Do! (digital adj sensor and time adj ! US-PGPUB;!DR !□N !2018/09/03! 
I ldelay).clm. IUSPAT; I I 118:13 I 
! ! ! EPO; JPO; ! ! ! ! 
i i I DERWENT•i i I i : : I , : : ~ : 
!! .......................................................................................... ...! 1.BM_TDB .... ! ........................ ! ................. ! .......................... ! 

□62 !□! tim$4 near delay$4 near oversampl$4 ! US-PGPUB; !DR !□Ni 2018/09/03! 
! !neardigitalnearoutput !usPAT; ! ! !18:13 ! 
i i i EPO· JPO· i i ! i 
! ! ! DERW, ENT,· ! ! ! ! : : I ' : : ~ : 

11 ........................................................................................... j I BM_ TDB _! ....................... J ................. j ........................ J 

□63 !□! tim$4 near delay$4 near oversampl$4 ! US-PGPUB; !DR !□N ! 2018/09/03! 
! ! near output ! USPAT; ! ! ! 18:13 ! 

I I I EPO; JPO; I I I I 
! ! ! DERWENT;! ! ! ! 

!j ........................................................................................... 1 IBM_TDB ... j ...................... ..1 ................. ! ........................ j 
S64 ! 198 ! (("3684829") or ("3755792") or ! US-PGPUB; ! OR ! OFF ! 2018/09/03! 

("3813485") or ("3914746") or ! USPAT; ! 18:13 ! 
("4021616") or ("4290050") or ! FPRS; ! 
("4361729") or ("4414685") or ! EPO; JPO; ! 
("4521099") or ("4577219") or ! DERWENT;! 
("4605921 ") or ("4628345") or I 
("5089820") or ("5089917") or ! 
("5177711 ") or ("5333063") or ! 
("5459718") or ("5483474") or ! 
("5493581 ") or ("5594438") or ! 
("5717618") or ("5742351 ") or ! 
("5771012") or ("5801653") or ! 
("5870051 ") or ("5910957") or ! 
("5910995") or ("5969798") or ! 
("5982132") or ("6034564") or ! 
("6092130") or ("6188785") or ! 
("6195394") or ("6201490") or ! 
("6590616") or ("6643382") or ! 
("6775684") or ("6947497") or ! 
("6961151 ") or ("6972828") or ! 
("7068841") or ("7187409") or ! 
("7472206") or ("7583355") or ! 
("7590675") or ("7626592") or ! 
("7680807") or ("7706443") or ! 
("7782439"). orJ'781_7071 ") ). PN ................... 1 

rnl S64 and time near delay I.;;;u=s-=P=G=P=UB=;"I·nR rN 12018/09/03! 
i I USPAT· i i 118·13 i 
! I EPO· JP()" ! ! ! • ! ! I , , ! ! ~ ! 
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l ............. lt ............... lt .......................................................................................... j~DBE:~~~~.'..lt ........................ lt ................ Jl .......................... 1 

0
78 !□! (microphone (digital adj sensor)) with ! US-PGPUB;!DR !□N !2018/09/03! 

! ! oversampl$4 with time adj delay ! USPAT; ! ! ! 18: 13 ! 

I I I EPO; JPO; I I I I 
! ! ! DERWENT;! ! ! ! 

!j ........................................................................................... I1.BM_ TDB ... j ...................... ..J ................. ! ........................ j 

0
79 !Do! (digital adj sensor and time adj ! US-PGPUB;!DR !□N !2018/09/03! 

! !delay).clm. !USPAT; ! ! !18:13 ! 
i i i EPO· JPO· i i ! i 
! ! ! DERWENT·! ! ! ! 

11 ........................................................................................... I I BM_ TDB., 1 ........................ 1 ................. 1 ......................... I 

D
O!□! tim$4 near delay$4 near oversampl$4 ! US-PGPUB; !DR !□N ! 2018/09/03! 

! !neardigitalnearoutput !USPAT; ! ! !18:13 ! 
I I I EPO; JPO; I I I I 
! ! ! DERWENT;! ! ! ! 

!! . . .. . ...................................... j IBM_TDB .... ! ......................... ! ................. ! .......................... ! 

D
1 !□! tim$4 near delay$4 near oversampl$4 ! US-PGPUB; !DR !□N ! 2018/09/03! 

! ! near output ! USPAT; ! ! ! 18:13 ! 

I I I EPO; JPO; I I I I 
i i I DERWENT·i i I i 

IJ ........................................................................................... 1 !.!?..~-"!g.!?.. .. ~.1 ........................ 1 ................. I .......................... 1 
S82 ! 198 ! (("3684829") or ("3755792") or ! US-PGPUB; ! OR ! OFF ! 2018/09/03! 

("3813485") or ("3914746") or ! USPAT; ! 18:13 ! 
("4021616") or ("4290050") or ! FPRS; ! 
("4361729") or ("4414685") or ! EPO; JPO; ! 
("4521099") or ("4577219") or ! DERWENT;! 
("4605921 ") or ("4628345") or I 
("5089820") or ("5089917") or ! 
("5177711 ") or ("5333063") or ! 
("5459718") or ("5483474") or ! 
("5493581 ") or ("5594438") or ! 
("5717618") or ("5742351 ") or ! 
("5771012") or ("5801653") or ! 
("5870051 ") or ("5910957") or ! 
("5910995") or ("5969798") or ! 
("5982132") or ("6034564") or ! 
("6092130") or ("6188785") or ! 
("6195394") or ("6201490") or ! 
("6590616") or ("6643382") or ! 
("6775684") or ("6947497") or ! 
("6961151 ") or ("6972828") or ! 
("7068841") or ("7187409") or ! 
("7472206") or ("7583355") or ! 
("7590675") or ("7626592") or ! 
("7680807") or ("7706443") or ! 
("7782439"). or..("781.7071 ") ) .. PN .................. J 

D
3 !□! S82 and time near delay !-=U=S-=P=G=P=UB=;"!'DR !□N ! 2018/09/03! 

! ! ! USPAT; ! ! ! 18: 13 ! 
! ! ! EPO· JPO· ! ! ! ! 
! ! ! DERW, ENT,· ! ! ! ! 
: : I ' : : ~ : 

11 ........................................................................................... j I BM_ TDB _! ....................... J ................. j ........................ J 

D
4 !□! S82 and digital near sensor ! US-PGPUB; !DR !□N ! 2018/09/03! 

! ! ! USPAT; ! ! ! 18: 13 ! 

I I I EPO; JPO; I I I I 
! ! ! DERWENT;! ! ! ! 
!j . . . . .............................. I1.BM_ TDB ... j ...................... ..J ................. ! ........................ j 

nn
2 I digital adj sensor with time adj delay I US-PGPUB; lnR rN 12018/09/03! 

i I USPAT· i i 118·13 i 
I I EPO; JPO; I I I • I 
i I DERWENT•i i I i ! I , ! ! ~ ! 
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S126 :9 !(microphone (digital adj sensor)) with !US-PGPUB;!OR !ON 12019/12/07! 
I::. ! oversampl$4 with time adj delay ! USPAT; ! ! ! 21 :49 ! 
I : ! EPO· JPO· ! I_ I ! ! I ' ' : j ~ : 
. , I DERWENT;! . I I 
! ! ! I BM TDB ! ! ! ! ........................ ~ .............................. ~ ........................................................................................................................................................................................., ................................ - .......................... ~ ................................................ ~ ....................................." .................................................... ~ 

0
127 !□1 ! (digital adj sensor and time adj ! US-PGPUB;!DR !□N !2019/12/07! 

! ! delay).clm. ! USPAT; ! ! ! 21 :49 ! 
I I I EPO· JPO· I I ! I 
! ! ! DERWENT·! ! ! ! 

II ........................................................................................... I I BM_ TDB., 1 ........................ 1 ................. 1 ......................... I 
□128 !□! tim$4 near delay$4 near oversampl$4 I US-PGPUB; !DR !□N ! 2019/ 12/07! 

! ! near digital near output I USPAT; ! ! ! 21 :49 ! 
I I I EPO; JPO; I I ! I 
! ! ! DERWENT;! ! ! ! 

!! . . .. . ...................................... j IBM_TDB .... ! ......................... ! ................. ! .......................... ! 

□129 !□! tim$4 near delay$4 near oversampl$4 ! US-PGPUB; !DR !□N ! 2019/ 12/07! 
! ! near output ! USPAT; ! ! ! 21 :49 ! 

I I I EPO; JPO; I I I I 
i i : DERWENT·i i : i 

IJ ........................................................................................... 1 !.§~ -"!g.§ .. ~. 1 ........................ 1 ................. 1 .......................... 1 
S130 ! 200 ! (("3684829") or ("3755792") or ! US-PGPUB; ! OR ! OFF ! 2019/ 12/07! 

("3813485") or ("3914746") or ! USPAT; ! 21 :49 ! 
("4021616") or ("4290050") or ! FPRS; ! 
("4361729") or ("4414685") or ! EPO; JPO; ! 
("4521099") or ("4577219") or ! DERWENT;! 
("4605921 ") or ("4628345") or ! I BM TDB ! 
("5089820") or ("5089917") or I 
("5177711 ") or ("5333063") or ! 
("5459718") or ("5483474") or ! 
("5493581 ") or ("5594438") or ! 
("5717618") or ("5742351 ") or ! 
("5771012") or ("5801653") or ! 
("5870051 ") or ("5910957") or ! 
("5910995") or ("5969798") or ! 
("5982132") or ("6034564") or ! 
("6092130") or ("6188785") or ! 
("6195394") or ("6201490") or ! 
("6590616") or ("6643382") or ! 
("6775684") or ("6947497") or ! 
("6961151 ") or ("6972828") or ! 
("7068841") or ("7187409") or ! 
("7472206") or ("7583355") or ! 
("7590675") or ("7626592") or ! 
("7680807") or ("7706443") or ! 
("7782439"). or .("7817071 ") ). PN ................... ! 

0
131 !□! S130 and time near delay !-=U=S-=P=G=P=UB=;"!'DR !□N ! 2019/12/07! 

! ! ! USPAT; ! ! ! 21 :49 ! 

I I I EPO; JPO; I I I I 
! ! ! DERWENT;! ! ! ! 

!! ........................................................................................... j I BM_TDB .. J ....................... J ................. j ........................ J 

□132 !□! S130 and digital near sensor ! US-PGPUB;!DR !□N ! 2019/12/07! 
I I I USPAT· I I i 21 "49 I 

I I I EPO; JPO; I I I • I 
! ! ! DERWENT;! ! ! ! 
!j . . . . . .. ......................... I1.BM_ TDB ... j ...................... ..J ................. ! ........................ j 

□133 !Do! digital adj sensor with time adj delay ! US-PGPUB;!DR !□N ! 2019/12/07! 
I I i USPAT· I I i 21 "49 I 
! ! ! EPO· JPO· ! ! ! • ! 
! ! ! DERWENT·! ! ! ! 

II ........................................................................................... I IBM_TDB.'I ........................ I ................. l ......................... I 

IS134InIdigital adj sensor with time adj delay andIIus-PGPUB;II0R !ION 112019/12/071 
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I I Ume near delay I~~~~~; I I 121 49 I 
: : I DERWENT;! : : I 

............. 1 ............... 1 .......................................................................................... 11 BM_ TDB .... i ........................ 1 ................ 1 .......................... 1 

Do

i (microphone (digital adj sensor)) with I US-PGPUB;l□R ION 12019/12/071 
! oversampl$4 with time adj delay ! USPAT; ! ! ! 21 :49 ! 
! I EPO· JPO· ! ! I ! 
! ! DERWENT·! ! ! ! 
I I I BM TDB , I I I I 

nnnnnnn~ ' nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnJ ~ - nn ' nnnnnnnnnnnn ' nnnnnnnnn•; nnnnnnnnnnnnn ' 

0
148 !□1 ! (digital adj sensor and time adj ! US-PGPUB;!□R !ON !2019/12/07! 

I I delay).clm. ! USPAT; I I I 21 :49 I 
I I I EPO; JPO; I I ! I 
! ! ! DERWENT;! ! ! ! 

II .................................................................. j I BM_TDB .. J ....................... J ................. j ........................ J 

0
149 IOI tim$4 near delay$4 near oversampl$4 I US-PGPUB; l□R ION I 2019/ 12/071 

I I near digital near output I USPAT; I I I 21 :49 I 
I I I EPO; JPO; I I I I 
! ! ! DERWENT;! ! ! ! 

!j ........................................................................................... 11.BM_ TDB ... j ...................... ..J ................. 1 ........................ j 

0
150 IOI tim$4 near delay$4 near oversampl$4 I US-PGPUB; l□R ION I 2019/ 12/071 

! ! near output ! USPAT; ! ! ! 21 :49 ! 
I I I EPO· JPO· I I I I 
I I ! DERWENT·! I ! I 

11 ........................................................................................... I IBM_TDB.'1 ........................ 1 ................. l ......................... 1 
S151 ! 200 I (("3684829") or ("3755792") or ! US-PGPUB; ! OR I 2019/ 12/07! 

("3813485") or ("3914746") or I USPAT; I 21 :49 ! 
("4021616") or ("4290050") or I FPRS; I 
("4361729") or ("4414685") or I EPO; JPO; I 
("4521099") or ("4577219") or I DERWENT; I 
("4605921 ") or ("4628345") or ! I BM TDB ! 
("5089820") or ("5089917") or I 
("5177711 ") or ("5333063") or I 
("5459718") or ("5483474") or I 
("5493581 ") or ("5594438") or I 
("5717618") or ("5742351 ") or I 
("5771012") or ("5801653") or I 
("5870051 ") or ("5910957") or ! 
("5910995") or ("5969798") or I 
("5982132") or ("6034564") or I 
("6092130") or ("6188785") or I 
("6195394") or ("6201490") or I 
("6590616") or ("6643382") or I 
("6775684") or ("6947497") or I 
("6961151 ") or ("6972828") or ! 
("7068841") or ("7187409") or I 
("7472206") or ("7583355") or I 
("7590675") or ("7626592") or I 
("7680807") or ("7706443") or I 
("7782439") .. or.("7817071")).PN .................. j 

0
152 !o! S151 and time near delay !~U_S-_P_G_P_U_B~;!'DR !ON! 2019/12/07! 

! ! I USPAT; ! ! I 21 :49 ! 

I I I EPO; JPO; I I ! I 
i i : DERWENT·i i : i 
I I I I BM TDB , I I ! I 
,;: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-- ~~~~~~~~ - ~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~-- ~~~~~~~~~~~~~~~~~~~~~~~~~~' 

0
153 lo! S151 and digital near sensor I US-PGPUB;!□R !ON I 2019/12/07! 

I I I USPAT· I I i 21 "49 I 
I I I EPO; JPO; I I I • I 
i i : DERWENT· 1 i : i : : I , : : ~ : 
!! .......................................................................................... ...1 I_BM_TDB .... ! ........................ ! ................. I .......................... ! 

111392 I "Kopin corporation" .asn. I U&PGPUB; li7" IION I 2019112/071 
i I USPAT; i i 121 :49 i 
I l I I i I 
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I I IIEPO; JPO; I I I I 
! ! ! DERWENT;! ! ! ! 

............. ! ................ ! ........................................................................................... j IBM_TDB .... ! ......................... ! ................. ! .......................... ! 

0
167 !□! tim$4 near delay$4 near oversampl$4 ! US-PGPUB; !DR !□N ! 2019/ 12/07! 

! ! near digital near output ! USPAT; ! ! ! 21 :50 ! 

I I I EPO; JPO; I I I I 
i i I DERWENT·i i I i 

IJ ........................................................................................... 1 !.§~ -"!g.§ .. ~. 1 ........................ 1 ................. 1 .......................... 1 

0
168 !□! tim$4 near delay$4 near oversampl$4 ! US-PGPUB; !DR !□Ni 2019/ 12/07! 

! ! near output ! USPAT; ! ! i 21 :50 ! 
i i i EPO· JPO· i i i i 
! ! ! DERWENT·! ! ! ! 

II ........................................................................................... l lBM_TDB . .'J ...................... .J ................. l ....................... .J 
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Sir: 

Applicant submits the following amendment under 37 C.F.R. 1.312 to correct 

informalities in the allowed claims. No new matter has been entered. 

Amendments to the Claims are reflected in the listing of claims which begin on page 2 of 

this paper. 

Remarks begins on page 7 of this paper. 
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Reply to Notice of Allowance Mail Date 12/16/2019 

Amendments to the Claims 

This listing of claims will replace all prior versions, and listings, of the claims in the 

application: 

Listing of Claims 

Claim 1 (Original). A method to create a beamformed digital signal, comprising: 

outputting a first oversampled digital signal output from an analog-to-digital converter 

(ADC), wherein the first oversampled digital signal is responsive to an analog field and the 

first oversampled digital signal is created at a sampling clock frequency; 

delaying the first oversampled digital signal by a time delay wherein the time delay is 

equal to an integer number of sampling clock cycles to produce a time delayed first 

oversampled digital signal; and 

combining the time delayed first oversampled digital signal with a second 

oversampled digital signal to obtain the beamformed digital signal, wherein the second 

oversampled digital signal is responsive to the analog field. 

Claim 2 (Original). The method of claim 1, wherein the combining is performed in an 

oversampled signal domain. 

Claim 3 (Currently amended). The method of claim 1, wherein the combining is 

performed iB-at an intermediate sampling rate. 

Reply to Notice of allowance Mail 
Date 12-16-2019 
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Claim 4 (Original). The method of claim 1, wherein the combining is performed in a 

baseband signal domain. 

Claim 5 (Original). The method of claim 1, wherein the first oversampled digital signal and 

the second oversampled digital signal are obtained from different sensors. 

Claim 6 (Original). The method of claim 1, wherein the first oversampled digital signal and 

the second oversampled digital signal are obtained from the same sensor. 

Claim 7 (Original). The method of claim 1, further comprising: 

applying a low pass filter with decimation to the time delayed first oversampled 

digital signal to output a baseband digital signal that is delayed by the time delay. 

Claim 8 (Original). The method of claim 7, wherein the time delay is equal to a fraction of 

a baseband sampling period. 

Claim 9 (Original). The method of claim 7, wherein the time delay is greater than a 

baseband sampling period. 

Claim 10 (Original). The method of claim 7, wherein the first oversampled digital signal is 

digitized to create samples which are more than one bit deep. 
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Claim 11 (Original). A system to create a beamformed digital signal, comprising: 

a first digital sensor responsive to an analog field, the first digital sensor is 

configured to output a first oversampled digital output signal at a sampling clock frequency; 

a second digital sensor responsive to the analog field, the second digital sensor is 

configured to output a second oversampled digital output signal at the sampling clock 

frequency; 

a time delay element, the time delay element is configured to receive as an input, the 

first oversampled digital output signal and to output a time delayed oversampled digital 

output signal, wherein the time delayed oversampled digital output signal and the second 

oversampled digital output signal are separated by a time delay that is imparted by the time 

delay element; and 

an arithmetic unit, the arithmetic unit is configured to receive the time delayed 

oversampled digital output signal and the second oversampled digital output signal, the 

arithmetic unit is configured to produce the beamformed digital signal from the time delayed 

oversampled digital output signal and the second oversampled digital output signal. 

Claim 12 (Original). The apparatus of claim 11, wherein the arithmetic unit combines the 

time delayed oversampled digital output signal and the second oversampled digital output 

signal. 
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Claim 13 (Original). The apparatus of claim 12, wherein the arithmetic unit combines the 

time delayed oversampled digital output signal and the second oversampled digital output 

signal using a summation function. 

Claim 14 (Original). The apparatus of claim 12, wherein the arithmetic unit combines the 

time delayed oversampled digital output signal and the second oversampled digital output 

signal using a subtraction function. 

Claim 15 (Original). The apparatus of claim 11, further comprising: 

a sigma-delta modulator, the first digital sensor utilizes the sigma-delta modulator 

and the first digital sensor is configured to produce a pulse density modulated (PDM) output 

signal at the sampling clock frequency responsive to the analog field. 

Claim 16 (Currently amended). A system to create a beamformed digital signal, 

comprising: 

a digital sensor responsive to an analog field, the digital sensor is configured to 

output an oversampled digital output signal at a sampling clock frequency; 

a time delay element, the time delay element is configured to receive as an input, the 

oversampled digital output signal and to output a time delayed oversampled digital output 

signal, wherein the time delayed oversampled digital output signal and #:+e-3 second 

oversampled digital output signal are separated by a time delay and the time delay is 

imparted by the time delay element; and 

Reply to Notice of allowance Mail 
Date 12-16-2019 

Page 5 of 8 Application No. 16/399,867 

Page 187 of 275



Appl. No. 16i399,867 
Response dated March 12, 2020 
Reply to Notice of Allowance Mail Date 12/16/2019 

an arithmetic unit, the arithmetic unit is configured to receive the time delayed 

oversampled digital output signal and a-the second oversampled digital output signal, 

wherein the second oversampled digital output signal is responsive to the analog field, the 

arithmetic unit is configured to produce the beamformed digital signal from the time delayed 

oversampled digital output signal and the second oversampled digital output signal. 

Claim 17 (Original). The apparatus of claim 16, wherein the arithmetic unit combines the 

time delayed oversampled digital output signal and the second oversampled digital output 

signal. 

Claim 18 (Original). The apparatus of claim 17, wherein the arithmetic unit combines the 

time delayed oversampled digital output signal and the second oversampled digital output 

signal using a summation function. 

Claim 19 (Original). The apparatus of claim 17, wherein the arithmetic unit combines the 

time delayed oversampled digital output signal and the second oversampled digital output 

signal using a subtraction function. 

Claim 20 (Original). The apparatus of claim 16, further comprising: 

a sigma-delta modulator, the digital sensor utilizes the sigma-delta modulator and 

the digital sensor is configured to produce a pulse density modulated (PDM) output signal 

at the sampling clock frequency responsive to the analog field. 
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REMARKS 

Claims 

Claims 1 through 20 are allowed. The current amendment to claim 3 corrects a 

grammatical error in the claim. The current amendments to claim 16 cure antecedent basis 

informalities. Applicant requests entry of the amendments to claims 3 and 16 under 37 

C.FR. 1.312. No new matter has been entered. 
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CONCLUSION 

Claims 1 through 20 have been allowed. 

Communication via cleartext email is authorized. 

March 12. 2020 
Date 
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Respectfully submitted, 

PELOQUIN, PLLC 

/Mark S. Peloquin/ 
Mark S. Peloquin, Esq. 
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c, □ Payment by credit card (Form Pro .. 20313 enclosed} d. [i1 Payment by EFS-Web 

WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide credit 
card information and authorization on PT0-203.S. 
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Signature /MARKS PELOQUIN/ l Date i March 13, 2C!20 
Name {PrintffypB) MARK S PELOQUIN ! Registration No. !so7B7 
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Tmdemarl<c O!'!\Gt>, U.S, D,,pa1tm,,n! nl C,·,mmf,rce, P.O. Sox 1450, Ak,xa11d1ia, VA 22313--1450. DO NOT SE NO FEES OR COMPLETED FORMS TO THIS 
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PTO!SSl3.0 (07..-o~n 
Appri:wed for m;e thrnugh ·1 ·1/J0/2020. OMS OBI,1-00<! j 

U.S. P>'lw,,-,t ,,mJ Trndemark Office: U.S. DEPARTMENT OF COMMERCE 
Under the Pap-~,t\1/,,,-Vf~ Reduction .Al)t of 1995~ fl)~ p~n;tll""V$ .;.in~ req:u:ired ·to r~~pom'J to a oo~!ez":tk.1n of itH'.-:.irrnsHon unta~5 ii cont...~tns -3 v~Hd 0MB (~~t;trol nw-nt.1ar. 

Instruction Sheet for RCEs 
{not ta be submitted to the USPTO) 

NOTES: 

An RCE is not a new application, and filing an RCE will not result ln an application being accorded a new filing 
date, 

Filing Qualifications: 
The application must be a utility or plant application filed on or after ,June 8, '1995. The application cannot be a provisional 
application, a utility or plan! application filed before June 8, 1995, a design application, or a patent under reexamination. See 
37 CFR 1.114(e). 

Filing Requirements: 
Prosecution in the application must be closed, Prosecution is closed if the applicat ion is under appeal, or the last Office 
action is a final action, a notice of a!!ovvance, or an action that otherwise closes prosecution in the application (e.g, an Office 
action under Ex parte Quayle} See 37 CFR 1. 114{b). 

A submission and a fee are required at the time the RCE is hied, If reply to an Office action under 35 U.S.C. 132 is 
outstanding (e.g., the application is under final rejection), the submission must meet the reply requirements of 37 CFR 1. 111. If 
there ls no outstanding Office action, the submission can be an information disclosure statement, an amendment, new 
arguments, or new evidence. See 37 CFR 1.114(c). The submission may be a previously filed amendment ( e.g., an 
amendment after final rejectton). 

WARNINGS: 

Request for Suspension of Action: 
AH RCE filing requirements must be met before suspension of action is granted. A request for a suspension of 
action under 37 C FR 1. 103(c) does not satisfy the submission requirement and does not permit the filing of the 
required submission to be suspended. 

Improper RCE will NOT toll Any Time Period: 

Before Appeal - !f the RCE is improper (e,g ., prosecution in the application ls not c !osed or the subm isslon or 
fee has not been filed) and the application is not under appeal, the time period set forth in the last Office action 
will continue to run and the application wm be abandoned after the statutory time period has expired if a reply to 
the Office action is not tirne!y filed, No additional time wm be given to correct the irnproper RCE, 

Under Appeal~ !f the RCE is improper {e.g., the submission or the fee has not been filed) and the application ls 
under appeal, the improper RCE is effective to withdraw the appeaL Withdrawal of the appeal results ln the 
allowance or abandonment of the application depending on the status of the clai ms, !f there are no allowed 
claims, the application is abandoned, !f there ls at least one allowed c!alm, the application will be passed to issue 
on the allowed c!aim{s). See MPEP 1215.01, 

See MPEP 706.07(h) for further information on the RCE practice, 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L 93--579) requires that you be glver1 certain informatlon ln connection 
with your submission of the attached form related to a patent application or patent Accordlngly, 
pursuant to the requirements of the Act, please be advised that: (1) the genera! authority for the 
collection of this information is 35 U.S,C, 2(b)(2); (2) furnishing of the information so!iclted is voluntary; 
and (3) the principal purpose for which the information ls used by the U.S. Patent and Trademark 
Office is to process and/or exarnine your submission related to a patent application or patent !f you do 
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submission, v,Nch may result in termination of proceedings or 
abandonment of the application or expiration c1f the patent. 

The information provided by you in this fom1 will be subject to the following routine uses: 

1. The information on this fomi will be treated confidentially to the extent allowed under the 
Freedom of !nformatlon Act (5 U.S.C. 552) and the Privacy Act (5 U,S,C 552a), Records from 
this system of records may be disclosed to the Departmer1t of Justice to determine whether 
disclosure of these records is required by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, ln the course of 
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to 
opposing counsel in the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routir1e use, to a Member of 
Congress submitting a request involving an individual, to whom the record pertains, wtien the 
individual has requested assistance from the Member with respect to the subject matter of the 
record. 

4. A record in this system of records may be disclosed, as a routine use. to a contractor of the 
Agency having need for the information in order to perform a contract Reclpients of 
information sha!I be reqLiired to comply with the requirements of the Privacy Act of i 974, as 
amended, pursuant to 5 U,S.C, 552a(m). 

5. A record related to an International Application flied under the Patent Cooperation Treaty in 
this system of records may be disclosed, as a routine use, to the International Bureau of the 
World lnte!!ectua! Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal 
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to 
the Atomic Energy Act (42 U.S.C. 218(c)}. 

7. A record from this system of records may be disclosed, as a t'O\.ltlne use, to the Adrninistrator, 
General Services, or his/her designee, during an inspection of records conducted by GSA as 
part of that agency's responsibility to recommend improvements in records management 
practices and programs, under authority c1f 44 U,S.C. 2904 and 2906. Such disclosure shall 
be made in accordance wlth tne GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not 
be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after 
either pliblication of the application pursuant to 35 U,S.C. 122(b) or issuance of a patent 
pursuant to 35 U,S,C, '151, Further, a record may be disclosed, subject to the limitations of 37 
CFR 1.14, as a routine use, to the public if the record was filed in an application which 
became abandoned or in \-Vhich the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspection or an 
issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, 
or !oca! !aw enforcement agency, rr the USPTO becomes aware of a violation or poter1tial 
violation of law or regulation. 
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Nnt ice of Reasons f nr Refusal 

Appl \cation number: Japanese PaH'nt. Application No. 2019"526185 
Date of Drafting: Reiwa 2(2020) January 23 
Patent t.'xaminer: KlTAMURA, Norihiko 02H7 SKOO 
Representative/Applicant: MURAI, Yasushi (mid 1 others) 
Applied Provisions: Article 29(2), Article 36, Article 37 

This application should be refused for tlie reason mentioned below. If the applicant 
ht1s any opinion(s) against the reason, a written opinion should be subniitted with·in :3 
months from the date on which this notification was dispatched. 

L (Unity of Invention) This patent application docs not fulfill the requir1:)nH:nt of 
the provision of Patent Act Attich., ?7 in terms of the item(s) listed lwlow. 

2. (Inventive step) The claimed invcntion(s) listed below of ttlls patent application 
shall not be granted a patent nnrkr the provision nf Patent Act Article 20 (2) for 
the reason that the claimed in\rention(s) could have easily been rnade by persons who 
have common knowledge in tlw technical fitlrl to which thf claimed invention(s) 
pertains. on tlw basis of the invenlion(s} deseribed in the distributed publication 
listed below or made avai ]able to the pub] ic through electric tf.,lecommi.rnication lines 
in Japa.n or other foreign countries prior to ttH) filing of the patent application. 

3. (Clarity) This patent application does not fulfill tne requirement of the 
provision of Patent Act Article 36(6)(ii) in terms of the item(s) listed below 
regarding the statement of the scope of claims. 

Note (For the cited documents, please refer to t.lw list of cited documeids below.) 

- Jfoason l (Unity of Invention) 

l. Dttenrdnation of the subject of examination based on special technical features 

A special technical feat11re is found in the invention claimed in claim 1. On the 
other hand, tht invention according to Claim 31-<n has the common technical feature 
of the invention according to Claim I and the common technical feature of ''to be used 

in the analog/ digital conversion system." However, the technical feature does not 
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contribute to the prior art 111 light of the disclosed content of the cited document 
l, and thus cannot be considered to be a special technical feature. Furthermore, 
there is no other identical or corresponding special technical feature between the 
invention according to Claim l and the invent.ion according to Claim :n"3J. 

2. Hettcrmination nf Uw subject of exami.nauon based on the efficiency of examination 

The invtntion according to Claim :31-<3:3 is not an invention of the same category 
including all the matters specifying the invention of the invention according to 
Claim L Mon,over, as a resnl t of examining thf.: invenli.on subjf_,ct to examination, the 

irrvention according to Claim 31-<t1 is not an invn1tion that is capable of performing 
examirw.tion without substantially requiring an additiona.l prior art search or 

determination, and there is no other circumstances in which it can be said that it is 
efficient to conduct examination together with the invention. 

Therefore, the invent\011 aceotding to C!;:J_im 3J-::n is not ;-i subject to f!Xamination 
concerning a requirement other than the provisions of Article 37 of lhe Patent Act. 

Since the application violates the prov1s1ons of Article 37 of the Patent Acl, the 
inventions according to Claims other than Claims 1-<rn and :!4·"54 have not been 
examined on the requirements other than Ar icle 37 of the Patent Act. Note that since 
the filing dale of the app1 ication is Apr l l, 2007, it should be noted that the 

a.liiendment does not constitute an amendment that vi n 1 at es Art i c ! e 17, paragraph (2), 
item (4) of the Patent Act. 

- Reason 2 (Inventive step) 

•• Claim 
- Cited Docwiient, etc, 1-4 

- I<cmarks 

Cited Document l (see, in particular, Column 4, Line 1~3-57, Column G, Line :lfi-50, and 
Go! umn 8, Line 22···3:3, and Fig. 2, ::i b)A system for delaying signal oulpnt from an 

analogue / d l gi tal converter, compr isl ng : a fk l ta-s lgma modu I a tor l eonf i gured to 
output a.n oversamplnl digital output signal at a sampling clock frequency ; andA 
system is described including a time-delay element (delay' memory 2) configured to 
receive the oversampled digital output signal as input and to output a timedelayed 
oversampled digital out.put signal. Here, the eited document 1 does not particularly 
describe that tht digital sensor is provided, and. there ls no description that the 
analog signal, which is an input of the delta sigma m{;dulator, is a signal from the 
digit.a! sc,nsor, which is rtspo11sive to tht ammmt of the analog field. However, a 
system in which a signal from a digital sensor responsive to the a.lliotrnl of an analog 
field is input to oversaJnpi ing means such as a delta sigma rnodulatnr to perform 
sampling is disclosed in Cited Doc11ment 2 (see the abstract, etc.), and Cited 
Document 3 (see Fig, 6,7 and the description thereof). As shown in the cited document 

4, (~('" tilP rl1';<;r•1· 11Y1 'io"S ir> f()CJ?~1:,·1 ·1·,) i'i)i)'~ff] ,<>r1·cl F1'0· ·1 \ !10 ,-•r·,111;>1·•!c,t)l'' {1_,,1·1·,1·'1'r:11lt:-.i ,1..., ....... I·' ~ -0..-V ~ \. .th .... j; t.•-~ .... _.,: ., k\.\.~~---, *~ " ~ t)... /~ - J. ,_ ..:.t ""~ ..... - -~-<I- --~ 

is found in that a digital sensor is provided to the invention described in the cited 
document l, and a signal from a digital sensor responsive to UH; amount of an analog 
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field is sampled. Hence, the invention according to Claim l of the present 
application could have been easily conceived by a person skll ltd in the art bastd on 
tbe invention descr ihed in the c i tf.,rl docrnnent 1 and the we I I-known art described in 
the cited document 2-4. 

"- C 1 aim 2, 44 
--- Cited nonimenl, etc.. !--4 

- I<cmarks 

The itrvention descri!H}d in the cited document l further includes a filter 
(subsampling Fi lter4), wherein the filters are configured to receive a delayed 
oversampled digital output signal as input, and the filters are configured to receive 
the amplified oversampled digital outp1.Jt signal as mi input signaL Low---pass 

fi !terir~ the time-delayed oversampled digital output signal and decimating it to a 
lower sample rare. And 011tput a delayed, thinned, delayed digital output signal, 
wherein the lower sample rate is less than the sampling clock frequency. Hence, the 
invention according to Claim 2.44 1Jf the present. applica1ion could have been easily 
conceived by a person skilled in the art based on tl1e invention described in the 
cited <loc1ru1ent 1 and the well-known art described in the cited document 2-4. 

---· C ! aim :3, 4, 10 
- Cited Document, etc. l-4 

- Remarks 

It is we! l known to use PDM signal as an output of a delta sigma. modulator. and there 
is no remarkable difficulty in considering a filter lo whfrh PDM signal is input as 

a PDM receiver. Hence, the inventifJll according to Claim J,4, IO of the present 
app! ication is the invn1tion described in Cited Document 1, and 
It could have been easily conceived by a person skilled in the ar1 based on the 
well-known art described in the cited document 2-4. 

- Cl.aim 5-7 
- Cited Document, etc. 1-4 

--.• Remarks 

The digital sensor described in Hw well-known example ls a microphone, and the cited 
document 4 is a MEMS sensor. 1~e cited document 3 uses the MEMS sensor. The digital 

sensor in the cited donmwnt 4 is a microrAmne. ln addition, the amount of acoustic 
pressure field is used for the analog field. Hence, the invention according to Clailli 
5-7 of the present application could have been easily conceived by a person skilled 
in the art based on the invention described in the cittd document l and the 
we! !--known art descr i lwd in the cited document 
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- Claim 8,9, 16,34,39 
- Cited Donimerii., etc. l-4 

It is obvious for the operation of the memory that the timi:_'. delay applied by a time 
delay eleme11t (d~lay memory 2) in the invention described in the cited document 1 is 
an integer numlwr of sample cl<Jck, and the definition of the b.aseband sample rah' is 
unc ! ear. The thinned freq1wncy corresponds to the snmp Ii ng clock freqiwncy being 
divided by some value. Hence, the invention according to Claim 8,9, 16,34,39 of the 
present app Ii cation eou l d have been easily er.nice i ved by a person sk.il led in t!w art 
based on the inventiori described in tht cited document land the wtJl .. Imown arts 
described in the c i te.d dorw.uent 2-4. 

- Claim 11, 12,45 
-·- Cited Document, etc. I ··4 

.. Remarks 

ln the invention describtd in cited docmutnt 1, the fi ltfrs are confignn.,d to have 
multiple stages (2 stages in Fig. 2), and 1t is also within a range that could rwve 
been easily conceived by a person skilled in the art to set the rn1mber of the filters 
to :L Hence, the invention according to Claim 11,12,45 of the present application 

con Id havi:., been eas i I y corwd ved by a pe rsnn ski ! led in the art based on the 
invention described in the cited document 1 and the wel !-known art described in the 
rited document 2-4. 

- Claim l:3-15 
•• Cited Document, etc. l-·-5 

-·- Remarks 

Since it is a we I I ··known art to input a signal of a microphone and perform a beam 
forming operation, as shown in cited document 5 (refer to Fig. 2 and the description 
thereof), there is no remarkable difficulty in performing a beamforming operation in 
the invention desc1·ibed in cited docwuent l. Hence, the invention a£eording to Claim 
13 .. 15 of the present application could have been easily conceived by a person skilled 
in Hw art based on tiw invention described in the cited docwHen t l and the 

we l 1--known art described in the cited document 2---5. 

--- C I aim 17 •• 19 
-·· Cited Doetmwnt, etc. 1··6 

- Remarks 

As described above, in the invention described in Citz'd Dorument 1, tlw filter is 
configured in multiple stages (2 sU,ges in Fig. 2), and it is with.in a range that 
could have been easily conceived by a person skilled in the art to makt'~ the numbfr of 
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fi !ters be 3, and it is a well .. lrnown art to convert PDM output of PDM output to PCM 
output as shown in Cited Document G ( 00:34]). Hence, the invention according t{; Claim 

17-19 of the pn.,sent application nm d havP bevn ('as l l y conce i vr,d by a person 
skilled in the art based on the invention described in the cited document land the 
we l ! --known art descr j bed in the cl ted document 2---G. 

--- C! aim 20 
-·· Cited Document, etc. 1··7 

-- Remarks 

lt is a well .. known art to configure a decimation filter provided at an output stage 
of an oversampling drcuit as a CIC filter or a half band filter, as shown rn Cited 
Dncume1H 7 (see the dtscription in [()005]). Hence, the invention according to Claim 
20 of the present application could have been easily conceived hy a person skilled in 
the art based on the invention described in the cited document land the well-known 

art described in the cited docuuwnt 2~7, 

- Claim 21,22 
- Cited Donmient, ete. 1-7 

--- Remarks 

A person skilled n1 the art could have appropriate}y determined to deten1dne what 
value the samp! ing frequency lo be used is, in view of Uw inpul signal, the power 
consumtltion, and the l ikt. Bence, the invtntion according to Claim 21, 22 of the 
present appl ieation could have been easily emwdved by a person skilled in the art 
based on the invention described in the cited document. I. and thf.: well-known art 
described in the cited document 2-7. 

•• Cl aim 23, 24 
- Cited Uocw11ent., etc, 1-7 

- Remarks 

As described above, tlw digital sensor described in the well-known ex.ample is H 

mi cropho!H\ and the cited dnnmient 4 is a 1fEMS sensor. The cited docunwnt 3 uses an 
MEMS sensor ,'.!.S the di gi ta l sensc.,r in the cited document. 4. 1 n addition, the amount of 
acoustic pressUJT field is used for the analog field. Hence, the invention accord.ing 
to Claim 23,24 of the present application could have been easily conctived by a 

person skilled in the art based on the invention described in the cited doc1imenl l 
a.nd the wel !"known art describtd in the cited docullient. 2-'7. 

"' Claim 25·-28 
.. Cited Document, etc. l ··7 
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... Remarks 

Tbe time delay t.dt=.,ment in the invf.,ntion described in the cited document I is a 
buffer, and a delay line and a programmable delay element as a delay element arc well 
known. Hc,rwe, lhe invent ion according to Claim 25--·28 of the present nppl ication 

could have been easily conceived by a person skilled in the art based on the 
invention describtd in the cited donmient l mid the well-known art described in the 
cited document 2-7. 

- Claim 29,30,35-38,41-43,46-48 

- Cited Hocwiwnt, etc, 1-7 

- Remarks 
Although lhe definition of the "basdrn.nd" is unclear, rio remarkable difficulty is 
found in considering t!w out put of the ADC sys tern as the basebHnd signal, Hence, the 
inventions according to Claims 29,30,35 to 38,41, and to 43,46 of the present 
app I i cation cou ! d have been eas i ! 'Y c.once l ved by a. person ski 11 ed in the a rt based on 
t!ie invention descrihf,d in the cited don1ment land the well···known art described in 
the cited document 2-7. 48. 

-- Clttim 49···5! 
--- Cited nonimenl, etc.. !--4, 8 

- Remarks 

Cited Document 8 (see Fig. G, elc.) describes that an output of a delta sigma 
modulator is split to give difforern delays; and no rerrmrkable difficulty is round in 
configuring th,,, .invention described in Cited Document I. to iun-'f: a configuration to 

give different delays like Cited Doc1unent 8. Hence, the invention according to Claim 
49-51 of the present application could have been easil:i conceived by a person stilled 

in the art based on the inventions described in Cited Documents l 8 and the 
well-known arts described in Cited Document 2-4, 

- Cl.aim 52 
·• Ci tcd Doctmwn t, e te, l· .. 4, 8 

••· Remarks 

As described abovt, 1.n the irrvention described in Cited Document 1, the filter is 
configured to hwe rnul iiple stages (2 stages in Fig. 2). Hence, the invtniion 
according to Claim 52 of tbe present application could have been easi !y conceived by 
a person ski I ltd in the art bas<2,d on the inventions described in Cited Documents 1 8 
and the we! !-known arts des er i bed in Cited Docuuwnt 2-4 .. 

.. Claim 5'.:l 
•• Cited Document, etc. l-··5, 8 
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... Remarks 

As described abovt=.:, it is a we!!-knnwn an to input a signal of a mierophone and 
perform a be:.rniforming operation, and therefore, there is no remarkable difficulty in 
performing a heamforming operation in the invention described in the cited doeument 
L Therefore, no remarkable difficulty is found in performing a beamforming optration 
in the invention described in tht cited document 5. 2. Hence, the invention 

according to Claim 5:~ of 1he present application could have been easily conceived by 
a person skilled in the art based on the inventions ifoscribed in Cited Documents l 8 
and the well .. known arts described in Cited Document 2-5. 

·•· Claim 54 
- Cited noci.rnwnt, etc. 1-4, 8 

It is we! l known that a PDM signat ts used tis an outpnt of H L:-. I: mndnlator. Ht•nct\ 
the invenl ion according to Cl aim 54 or the present a.pp! icat ion cou}d have been eas1 Iy 
etrnceived by a person skilled in the art based on Utt, inventions described in Cl ted 

Documents l 8 and the weLt--known arts described in Cit~Jd Document 2--·4. 

- Reason 3 (Clarity) 

- Claim 1--30,34-38,44-54 
The analog,/ digital converter (AD) described in the Claim 1; 1G,:M,44,4D 
Regarding the time delay of the signal output from C), the re!ationshlp betwf,m the 
analog I digital converter and the other configuration (in particular, the digital 
sensor, the delta modulator, etc,) is unclear, and the configurHtion of the invention 

is unclear. The same can lw said for Claims 2··15 and 17--30, 35··38, 4[i··-48, and 50···54. 
Therefore, the inventions according to Claims 1 to 30,:34, and to 1l8 and 44-54 are 

not clear. 

Regarding Claims 9 to 15,21, and to 24,29,30,35 - 38,40 to 43,46,47, and 9, 11 to 
:H,40, it is unclear which signals indiune tfre signals, and tfre configuration of Uw 

invention is not clear, and the configuration of the invention is not clear in 
Claims to 42,46,47. !3,21,29,30,35. The same applies to Claim 10, 14, 15,22 - 24,38,43. 
Therefore, The invention in Claims 9-15 and 21-24,29,30,35-38, 40-43, 46, a1td 47 is 

not clear. 

- Claim 13-15,53 
Regarding the "bearnforming" described in Claim 1:3, 14,53, it is unclear which signal 
is to bt used in the systtm. It is not ckar whether the beamfonwing 01-wration 
expresses that the configuration described in Claim 13,14,53 is implemented by any 
configuration described in Claim L In addition, .it is unclear what signal the 
thirteenth signal of the "beam forming process by the SN'ond signa!" tkscribed in 
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Clam 2 is. The same applies to Cla-im 15. Therefore, the .inventions according to 
Clams 13 to 15,53 are not clear. 

- Claim 44-48 
It is unclear whether or not the description in[···] of Claim 44 is included in the 
configuration of the invention, The same applies to Claim 45-'48. Therefore, the 
invention according to Claim 44-48 is not clear. 

<The list of cited documerrts etc.> 
l.lhe description of US Patent No. 05883822 
2 .. JP 20l0-122191A (Doc.ument showing well-known arts) 
:tJP 2000--·l97l80A (Docwnent showing wdl··known arts) 
4,The dr,scripi.lon of US Publication of l.h1r•xamined Patent Application No, 2015./02818JG 

(Docnnwnt showing we! !··known arts) 
5. JP 20 IG-420:3GA (f.locimient showing wel 1-known arts) 
G.JP 2007···24:30T!A (Document showing wtll··lrnown arts) 
7.JP 2002<W0224A (Document showing well"known arts) 
8.The dtscriptlon of US Publinltion of Utwxamined Pntm1t Application No. 2011/001::1488 

Record of the u.,sult of prior art search 

- Technical fieJds searched: 

!PC 
H03M3/00"D/00 
H04Hl4/02 

This n,cord of the result of prior art st,arch does not constltnle the n,asons for 
refnsa l. 

<Suggest i ems in amending> 
( l) Wiwn making amendment to the description or the scoJH.' of claims, the amended 
pa1·ts should be underlined so as to he clearly identified (please refer to Note 6 and 
7 of Form 1:3, Regulations under the Patent Act), 

(2)The amendment shat [ be made within the scope of the matters stated in the 
translation of the description ot drawings Climited to d\'.:scriptions in thf drawings) 
of the international patent application at the international filing date, the 
translation of tht scope of claims of the international patent application at the 
international filing date ( in the case where a translation of the amewhd scope of 
claims 11nder the provisions of Article 19 (l) of the Patent Cooperation Treaty is 
submitted. the relev::rnt translation), or the drawing of the international patent 
application at the international filing date (except the descriptions in the 
drawings) (hereinafter referred to as a transl at ion, tdc.) ( in the cast of having 
amended the description, stnpe of claims or HH~ drawings by submitting a 
mistranslation correction docim1<2,ni, the translation, etc. or the alliended description, 
amended claims or amended drawings). In addition, for the evidence of the legality 

of each amendment, allege the legality of each amendment in a written opinion with 
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clear indication of the corresponding parts in the translation, etc. (in the case of 
amending the description or drawings by s11bmitting a Correction of Mislranslati{;n, 
the translation, etc., or the amended description, or the scope of claims, or the 
drawings). 
(:3) Ont should rnake sure imt to perform any eorrections that invoke n violation 
against Patent Act Article 17-2(4) when amending the scope of claims. 

If you have :-my question or a re willing to make an interview wi t.h the examiner lo 
discuss issues on this not if i eat ion of reasons for refnsal, please contact us at: l t 
transfors from a Roppongi temporary government building to this government building, 
and the Fourth Examination Department starts the business 1n this government building 
on Rei\rn 2(2020) Tlrnrs., May 7. A teltphone and conneu ion by FAX camio1 be accepted 
during the period on April 30 (Tlrnrs, ) to Rei wa 2(2020) May 1 (gold) lwca.use of a 

move. After a move changes a FAX number (a telephone number does not change). Please 
confirm a FAX mimber by teiephowi a priori. 

Fourth Examination Department digital communication KITAMURA, Norihiko 
TEL,03-3581-1101 Extension 3555 
FAX.OJ<J.58G .. ·210G (v,did till Reiwa 2(2020) Tue., April 28)) 

A Director General(p.p.), a Direct.or(p.p.), an examiner, an assistant examiner, 
H !RO KAWA, Hi rosb l . KI TAMURA, Nori hi ko, and 9471 92!37 
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-. :>'i {~; fl1 :¥11 (.{-~ .tt: c:. t:.. 'll fE t] -~} f.J) .. U:~ }J :!it-":[~- \I O '} '!' i ) \l t• li -~ ~= lJ) () it fil)) :ffg i\ --r:~ HJ fJ ~ 
ft~(," ;} f'::, Rb. R d,;f.-(,t\ :\'(,t{l Hi :,fi T, Ra, R cJ,f Wl Xt ttl t,t}f, :ft. LT' t, , './ 1J -y :) fii! fri 
1)) x~ ~½ tl:1 /1 ·-c J_;, ,:$ lt.. ib fi~ tt t;: ~t fr t· 0 " 
[0014) -1{) 

Mt !\( tit tA ;w :r. <:'. L ~c U: ' illJ w i C. :ht L ~c ~& ,FF tt ()) _{;, ?1 it fr: z't :.'j;: ·r t~ 0) .::r~ .m t ., {$ ,, C O_) J:. -::1 

i.r fo:LM.ttUff id"...:::: L ·:c iL ivf R ( Magneto Resistance) ~r -f, G f G (Granular ln Gap 
) ;« f- fj: ,:~ l} }n i~) il -c !.- , ,t:, ~ 5H ;t'{ frr zW! 1t lm' :?. T: /,J (Vi) X. tf , ]\:\ H * T li) "" -~ '1.: Jb ~(, c M H ( 
Gian!. Magneto Resistance) ,}t~ T ,'12 jJJ: :iA R a, R dz:. rn t" ,;$ ,, 

[00lS] 

(0016) 

so 
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(0017] 
liit ~\ t > ·v· a (}) Wt :r v l i, , , v , » 2 a) ..... ls i: a ff in ff v ,, , h\ 1:11 hn t~ .:tt , @ /r i.c u: 

m~•mcNo~m~~n~o c0m~c&0~tt~. •tt&~l!12©X~Y+SWs 

( 0 0 l 8 ) 
J.: r:. , r~ t\\ -t~ > -i,t s x (}) tH h t,rAf I v •) :, r , , v ,) ,; T ,;· h' t, r&t t.-t ·t > -i,t 1w.1 mi fiil iW G ,-•• , 

c)) iiJ q lf i: ii 7, -·-t ,y + s W' x ,, , s \V x , l/ it i.t r, fl , liil H~ i-c , @J 1~t ·t :_... ➔J 8 '/ o) l'H :JJ M;W 
:r \! ;J t= T : J 'l o u -[~ ~~ h: fJ: .7 .... -·{ ~y -::r- s vv "{ '.: t s \.~./ )' ~~ i)~ ~1:1 tJ () f1 .. Kij ~'- 4:: ::..--· ·~t s z 
1: u:. ::z 1 'Y + s W' z ;; , s \V z ,, f.i\ I~i!: it r;, .:tt 1;) ., c h "::i 1'H )J tiit1 :f i<.: iR u· 6 f."l tt .~z .·( •y "r ,1~ 
tu ~:> ti-~- ~c ., 3 i~) ci) Mt ~tft ·t~ > ... ~J s u:) t 1 ~'.f :t1 i)' 1 ·--~) a) tB JJ frn -}J· ~ fill it i"! ~...- ~r miJ tm n:n If3 G ......... ), HJ 

( 0 0 l 9 ) 

lit! iz -i:: > +.r HN i~ rm t?i e u: , *t: ;1i -:f i..J :r > --:/ 2 o ., 6. r }1: m~ ilf4 2 2 ., ~;:· :".J p: iv 7 .-r- Jt, ::?J. 2 
·1, /:!j)J.»(,>;.:t-7 :r.-.7.. 2 6, tfili:tiD AC 2 8Le..fJ1Mffl!fm'.3 01,f:ff ... f?;.," 
(002 !] 

(0022) 
°' :r :1'. irJ Wit ~: 2 t }" > fl .1!., 7 ·t 1!.-- ) 2. 4 t t:l:: A r w1 A n c /r: @ 11.t L ., 1' ·r n .y tr ~iJ 't'" ts 

;5 lit! w. ;n lfl!I fat f} s ., !J'.' --:'7 :~/ , ;t.· '.'F-··· J? t:. !fi"' m L ru w m- }N ,r· , ... Y n " ,t J: .fili"_ ·,r .i " JI~ !liLi f ,J 
7 >· f 2 0 (<:_ ·r it\ ¢M ;_~ {"l t':.. ~ w. M· mil fr\ q S M U A f; It il/,-\j ;rn 2 2 k /, fJ c'.'. :'fl ·'.;} ,, 11 1: ~'ft,,~ ;ill 
2 2 ii ' j t:' '') f' (J) A D If m ~ fili ;f' :fr l..- ' !ti w ;H- iW] M; ?r s 13 ·Z'. {£ iN 1H iM -r~ - $( D S.{ C)) +:J· > 
j .JL.. t✓ --~ i-, ( -i:t- > 7 !) > '/ J'&1 i!U I& f ,. ) J:: 1) 't ·t· ·5-J k'. Mi 1,, \ Jr~J i& ti{ f (l " 'Z.: ~t =-· -' ;; -·- +J Y :i 
1) >l/LT, J'\)li.~(;'f}1%.'.ii£;l~] (Puls1' Density Modulation: P DM) ?:Z-lt'tl'i/\,;7,:~\j,}~~t 

.!~Y.: 1· ~~ (:, c C~) J:: ~ t,: ,. j,x ~1 t- ,, t' '.~/ ]~ ~c f11. < JI: :f~ -ft: t ;ft t:. H1 }]' I1: t-:-J: lit :1~ .ft ,/ .. ~( ::(~ :fJ\" ~t ( ft J.: 
fi. <& " c. o:.i .m T it / .--r ;<a, 1:, r 1r mt: -Hi 2 2 r;l;J rm ti) ./ --r ~z; > x --- ~ >' :1/ ~"1 ?& 1.:: , &1; Nil i& fo;1 

[0023] 
!:, z: 0'\l: KW HM 2 2 OJ It\ /J iJ , ·r :) ::'l. A 7 -1' .1!.-· ;" 2 4 /,: ).,_ h t: ft :{, ,. ,,,.- -::,Y $1 .1t.. 7 1 .1t.. ::'l. 2 4 

(j: , :/ l} 7 { }_l.. J"l. 3 2 , 3 :3 t /J ') /' :::< 3 4 l'. 7-f:' {¾li }:_ ¢, " ~p :) ):. }l, 7 ·{ }!., 1-t' 2 4 iJ !::l --- l { 

.:::z 7 .-( )v fl (Low-Pas~ Filler : L P F } '(' <t, f) ., / ·{ ::( :> x -··· t~ > :'/ WJ k'?t u:. '-C itW W] i1t ill'1 l!].i: 

t:_ lt ~ t·t t: I~! j~ ·ft .. / -··{ ;( ~~ :~{ ft t:: -tt -t> ... ~ :.t:r ~ fu~t }'f Jf iWJ ~r' _..._ :9 z;:~ .}1 ~4- ·ffi fJ hX ~>J if~ ·(ti {E ~9- {~ .f.tt 

(0024] 
/J r) > :;,1 3 4 /.j: ), 1J '2: fl .;;:, ·'f' - Y },f: m .fW Jm 'fJ ~➔- ¥., " C. ft tt li) H· '.1./1 11!! u: rfi 'fri L , iJ r\> > ;_.; 

3 4 J,t mi l-1~ #x 7 --t .1!., ;.:t t L- -c :Jf tt 1.:f ---- :x cl) r.. P F 1)) -tt i1r -tc :fr L -c t \ 4S ,, {~ .:, ... c , }'' ::) :<J }t .• 

7 ·{ }l.-- Y ;2 -1 1:i , J: im en m -T· rt / { -~< ,:t:_: r:i~ 1c.:: ·<J: .:t.. };.: ch o) ;.. ... ( ::..-- 7 1·· .1!, >.:-< t c -c 7-'J -:.'7 > , :3 -10 

4 t:- mi,.) T '-' ;J,"' ~ C, k:, -'/' ~/ :9' A 7 { ;L-- :9' 2 4 U . h ,:, > ;t 3 4 c::i ¥I~ L. ::i 1) 7 -·{ Jt., ;, 

(0025) 
1:: t:: ~. ·.?~ i) :">< ll.-· ~l -1 ,;t..- :~< 2 4 V~) H\ JJ ~;:: - }l, 0) ;}:-.:' -- :>l L--· -- 1,. ti.... iJ 1) :.-·· ·~~ 3 4 fJ'- ~=; 0) 7) t) 

>·· J-.. fiil a) fr.fl :J:J. l±~ L .. :~-l .-f ~ >·· :':/ t,: rt: t:. ~~c fW.1 ij~1 ··e ~ z, •:• ~4, ~i iJ ·1:;- ,. /J ~.:, >·· ~ 3 4 tt ~ ~;:· ~,,,. :'.:1 t.... 
- }, /,f. ~l- / \- 1}' > j l) >If.Mi l.1:~ )t~ f ",, fj'> i~~ tj fl\! 0) 1J > :/ l) :/ f it<l i;~ k1 f ~ k: ff\ <:'. ~/}" C 

(0026) 
c. o) J: c:; ::: , -?" :::..:: :':i }l, 7 ·{ }t., )I 2 4 i:t, h r::., >· ;,, 3 4 },f: m ~-, ·r, iJ. 1: rt tf1 ff~ 2 ;!. i), t) u) 

t;; ,iJff l(} [ e:- '') f' ::Y- ·$1 k.: 7 1 J[., )' 1.J > :7 <'.~. If ":l :....- 1}' ::,.- '.:f l) ; .... f {t {illi L ' *H J,f 1:Y'] t:::: {tf !'Af ... c 9 so 
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t-.::' '>' i--- o) ;?', ••• :1 t ·f .i,, c. 4l i'J) .. lii1 w M· lrnl ~_;:,· -··· :1 D,,, t c ·r 111 h ~ 4·l ;.~, ., 
(00;~7] 

?Y~~71~~24~t~~~ti~@Whl~f-~Dw~. ~W#fflffl~~~~-~ 
0· :Hi:: !iit -~t -t'. > +J iM -~ nm ifi 6 -Jr, i:, .1s: 7 .. ,'$11- fr c -c 'Z { =r > 1, ,·" fr~ i25 iE .:t1 ;,s" H1 JJ .f > , -
7 :X -··· .:::Z 2 6 tJ: ~;~ i'.f ;M '(:' /ij'.j /j{ Kf (, ft ;:;;, X , Y , Z i"'t ~:i!t ff if~] fi) % !f.-i ;fr lHil -'? •··· l D ,1 -'tr: C Ci) ·f' 

(0028] 

[002q) 

:~ {t ~n ~) '!J ;z_ ~r .. ttlt ::tt i.~ :..-· ~f' s x , s ~Y , s z r/) ·3 f:) ... i~ rE ~ff~ t~J :bn L- ... ~ a) H:~ /; .:fr )t ~1; ~:l 
1) :r > ~f 2 0 ..-, Hx (.l HJ ·1· -t (i) -~: ,11fi :fil: t: i:lli 1N L ' 1~ t: ' i'ill-lR L- .k:. Ttti ){ ·t > +;- 8 i:. J,J rt; L- T.' ' 
], ,-( '') "f- S vv x , , S W ;· , , S W ;. , ,'i;:: l,.iJ ~) t~ ,:'{ '( , :,Yi [';'b /E.l 9( {:'. :,/ -If 8 1: Ht- Ml: ~ ft t:.: ::r 
·{ .JL, l O <'"- ffl Nt D A C 2 8 iJ, r:,, ).,\~ Jr~ ~ ::. IE \WJ t-W. ift I s {? {!t ~{; ~ ·1:k o ,, -~ 6 t:. , /HI! ?}11 l1m '.:l 0 
iJ: ' j@ ti'( L h: !ill :M. {~ > ,J 8 '(' 0) 1 li:il 0) 6il ,n. frr MJ !: -ti t 1 ·t ' .jiW, it lsi. 'f.i'; nr l 2 .t( ;#) Ml L T:. fl} hn 
i~;i: /T 0) @ tl: >2 Fi 1ii t ·tt ,$ i.l! f'F >!- fi ) ·) * k ' ilJij ff~l iw J O u > r~ f;:.\ {: / +)' 8 ;:/) t/J 1) Wl ft. -\'J F:rl 
M ',{trr o)@it (}) vi l) wi .:.t 1;:: iliiillh L. .. c .:_F > :::.' }v 7 .•( }v Y- 2 4 {I) ti! n 1.::- i11 iw ·f z., .,. i c, i:, m11 
.$30tl. ~¾~>~8©WG-~4~~~~L.tmh~Y~-7x-~26~~fy~ w 

[0030] 
[:21 2 (j: , ·f 1) 7 ·{ A· 7 3 2 ~·'> J,:f{ f./fr. ;t ;f:;; ·J· t~ ~i{ C(l ZJ:: ::tu ,y :7 ml T &':i ;5 ,, ·f !J 7 ·{ .1t.• •:'i< :3 2 

iJ , ~t ft. :cf tl a 17~1 Ci) Jf if ~§ 4 0 .1'} tf lm Ji m~ ,J 2 l.J, r:, il Zi ., -S Qi 1if ;ill 4 0 Ci) tr iif tt't: rm a . :J· 
- } \ - ..;_r >· j 1) >· lf {)) n~ }'lfj T ( i2 l / f O ' ) ·c j,) 0 " j@ i.[ ({!~ 4 0 --1 ·-· 4 0 . a (j: iW J!j t# Wt 

4 o '" fi.~ 11 ;_l: t'l .f;i " NJ wi r,') /JG Ji m~ ,i 2 -1 iJ , 7' ,.J 7 -{ A :1 3 2 u.:. A fJ ,-:: tl -1 :F ---· :1 r , ii 
1i ;:.m 4 o . 1 iJ, ';) w tJ 7!c ;h :;_-s ·'f'"' - ;~ t ;;t hn Ji ';t .r, " 2 f~1 u Ji-Z 1w o) hri .w: {t~ 4 2 --J I J tt. 2 ::5; J 
;;$ a iJ: o fl t~ •@' ) (;; , fj{j Vi O) Jin W ff§ 4 2 - (j- 1} 0) Ill )J l'. , 1110r ):;§ 4 0 -j !J' 6 U:\ )1 t ;fl ;,_'.'J ·/ 
.... .:':" t Z£> tm w ·4· z., .,. M *~ rn o:i Jin tl m~ 4 2 .. (t a) 1±l :/J i: u: , iM iB. /.,: 7 i..J 7 .1 11.-- :1:1 3 2 i:. J... ):.i 3D 

t:· 4l ft ( lt + 1 ) @j 0) "'F ---- ;.,i (i) i3 iH !:ft i:l m, (:, .:t1. 0 ,, f§li x Lf, a = 3 1 J:~ L t: J:g (1 , fm :W: {t§ 

[003 !) 
f%J 3 fJ: ~ 7; ~) ~} .-f /1--· fl 3 J 0) :h1 iJX >~ ._;}:~ -9'" :™· ik: ~~J :.,~i,: :,t t:1 ~y --:, t~1 ·t} t) ,;~ ,, :f 1) :J .f /1,.· :fl. 3 3 

i± , 1~ fl -'f 41 4 Ii\~ o) @ 011,:1 s o & u hu w r:~ s 2 -JJ, rJ tt :;_-s ,. =611~ Ji£ :m s o r) ~10t 1tiJ: rm :.J: • 'lJ 
:,., j 1) > 'f NM Wl T T:' ;fi .:t) ,. }§1 }[ Im 5 o -1 (.t :/ 1.J 7 --r .1l..· :1 3 (3 >:i, 1~, A /J t ft,l i:'$ 7- 1l {f: ;;[.ill; 

L -r , h1J :w. ;m s 2 .. 1 1<: .J. ... )1 ·1· .s ,. /m w.. rm s 2 . 1 tt 7' •.J 7 { ; t, •::Z J 2 t.P r:, } ... .J1 c'-5 .:t1. ;.-:, -:r- ...... :~~ 

t. . iffi 0i ~rn s o .. 1 ,'.J, i_; IH JJ t: .:tl .?;., .. ,,,, - <J. ,t 1~ n11 :w 1· ~-s ~ 2 wi u .v. iit a) .1-lli i\f ~M s o -J N.t.. u Im 
ff J@ 5 2 -j ( C. C T: iJ j = 2 . 3 , 4 ) (i , hn n: H§ 5 ;:'. · (l-- l ) -jJ, (:; }'' - :)I ·i'. .A .. }] 2:· ft 0 ,, 
t<n w @, s ;2 ·J it Jm p: irn s 2 . o .. 1) t!' t:1 ,\ .:11 .~· tt ;t, 't- , t . }fil 11 mi s o -J ,:i, 1~, m /J t t1 ?$ -10 

i'' .... :P-' t -%· tm W ·,j- •Q ,, 13/lj ;:t. ii', f 1) 7 { .IL-· •>< 3 2 ii:: T a = 3 l !: L 7~ J:}}ft, }!!J Jim~ S 2 -4 

(0032] 
l~~I 4 i.:t , 11 •'J > ?;~ 3 4 a)•~ li'it 11' ,1'~ ·1-- mt A 11·'1 1J 7'' r.:i -:.1 1' M T' ct -s, " h ''.1 > 7 3 4 i:t , if'. !JD 

}1 ttJ 6 0 Tk U D 7 l) '.:I f 7 u 'Y '.i (:l 2 &') H ,{E", ijj- i/J~ r.if ~t:. t~ m ,t!J. ( /; t'; > ;, H) 51 H} if.of Lr:::. 
t~ xili /,£' fJ 'iJ" /,;:," :lJ <'J > :7 '.3 4 /J:, ·r fi'I m l: '.:1 }, 0) i': .!JfJ Jt }%1 G O Q) 'r - .;z ), )J 4~ :f " A " t::: 
MnM&7-Y~~o/~fflSOj(~c~~j~l~J~mtr~QMft)* hiEh-5,, 
i11 i) 0) L f:,'[ 1'JlJi (}) t:' ':J }- (f) 0. /Jn J-1( ml: 6 0 (i) .:.Cf' ..... 9 A }J I;M T ,, A " (.;:. iJ ' foi' f} R E V f..,S .\. )J ,! 
.:fl .?;,. " ..... li , ·i½ '.I~ hf! J~ ?cH G O O) ·r' - }.l .J....)] WJ T " B " :::: (j: rt ~- iJ: ·J D 7 l.J 'Y :/ 7 n ':l 'f 6 
2 (.f) HJ i1 ili~ f- " Q " 0) Mi i/i .A fJ 15 ft .~,;, ❖ .. F - ·$t b }]· R E V Li lU ·r: l\\ l;:::' '.'i }- (l) 0: .tn W ;m G O so 
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(0033] 

\s hn fl M:l f3. 0 a ' ft;1\l +· 11 .i-\ " ' ,, B " < " C r " 0) /!tl l:: J£ yj t' ye hn fl !:H h tlM '.f " s " Hz 
rJ~ .:r- -t~ \J ........ tB :J·1 tit -~r ,i c c) '~ ii' ~t:1: :if:: ·•<t' ;;.) .:. bn Jf: i11 :/11i;1-1:: ~1 s 1

~ .a) -fttl ii , .t1 ~tr ~ ·g~ I) ~} 1.J ~y 

7' 7 u ';1 :f 6 2 a) }, fl Mr:l T " D .. k )'- fl l {T :i;., ., D 7 1) '.>' :f 7 u ,y -:/ 6 2 iJ: ·) u '.>' ·) Hl fJ 

C L K ic:. !Hl Wl L T , .A. :}J 7' - ;X ,tr -";, ':J + sf .r, " •••• is , c:\" ·'r 1.J - tli h ~t~ T " C O " O) Mf Lt. {· 
f1 -t..: t-1. 1 y::> o) t.:· ,y r- c:> 2: /Jn p: Ht n o o) :.\"· •\' 11 - }•,. -JJ ft~1 :f " c 1 " t: A fJ ,':( tt o " 
[0034] 

m~i tt~J i1i~ 3 o Lt .. tti i~t & $ii f}!3 -1 ~~ 1~' ~:; rJt -t~\ ·'tt : .... -~.r s ~-, ,Ci) r p hn tfil' rE hs iE #i tt o) #J (1 i-c tt. -fr1 -~; 

.R E \/ ~ 11 0 H f.: JQ IE L- ~(.. .iJ t] ::....- :1 3 4 f( .. ( .{}~ {{ C~) JI-· =~t 111-{ }C.. ft t~ t.'t. 0) ft}{\' :-c tt !! 1 j( H} 

i:: W.t '.ti: ·<r ;,'£; ,, .::: fl. r: J: •) , iE Wt 'tt ,.i) rtJ 11 t: f.t , h ') > 1 3 4 Lt , Eil {f: (i) M· 1¼ Mi t: m !-::' ·/ l-
o) ;n M.: N %~ / .... 1~ :-?' li. ·f Mi t >!: hn }¥ L j:_ Mf ?ti:: :tfr t::.. ti: Jl-Vl Ml t 'if ;:, ,, ... .- :.f:r , Ht tli t~ (}) ~M ft k:. 
tl. h~Y~34U, fflA~Af¼ffl~G~~~&~-9~K~ffl~~-Lkffl~ffi~~Af 

(0035] 

1:: ·:1 1, it H ()) r1t n: JJ: c t:.. o) t rm :tt a) M m t:· Rt ,) c. ,t tJi ·z: ;Ji· ;,t ,, ·<t t: t) ·r, , iw: w mi ,t:: ff1 1-, -r 
1-: If f'.":J W1 r·m ~ fr ~':! C. t l)'', 't' t -iS " t@ 4 T' U: , ;lJ ') > Y. 3 4 U.: , .t Ht n t:.'.' ·:} l--- ;{? Bl ti $[) .t4t C,:) 

t: -:1 l- fr;t A DJ ( :: ,.: ·c= Ll:: j iJ l ;;; j /,; n /1 Z., f:l %& k't) t L -r tB h ,f ;,:, " 
[003G] 

,~i: ti '• :fJ >) :;/ 7 3 4 (/) iN- ;.l,: il({ t::l: , l) i:.:'. '.Y }-- Wl l} R S T !C _,': I) 1) {'. '') J, 'i} -~ C. t h ~ T' t 6 
,:, f l) 7 -{ /!; jt 3 Z , 3 3 T!l. '(J lJ <'l > jt 3 4 Lt :JJ~ l@. 0) :'7 n ''./ '.~' i@ I} C L K ·c· ,!R{ w1J <:5. ?,'l ;';, ,, 

·'7 u 'Y :;l q C L K {)) !ti t!U ix (J J]fi :ct,: fr~ P:: , -:/ !) 7 .•( Jl,· 9 3 2 A.. 0) .A. )] i'' ---- :':I 0) :F ---- :51 1 ......... 

[0037] 

[0038] 3D 

lil 5 tr , ·7:.:· :) -:)l /}..-· ::1 ·{ .; 1..: ~.z 2 4 -c (/) ·¼:1 tm I~: ~1t ti~] ~9~ .~ ft &+; (}_) :'l- .{ ~ /· ·:7' t:*-1 ·r✓ $) ~ a t /· ~J 
-t: L,,. ::'7 1, t L ·c ;J'; '9. it~ Hf iJ, x, Y , z i't!1 /J (ij cl) 1. , -f t1 i:: ·:) t, ·c €1 Vit ;H iM t.;~ l"i' t.:i ti. .:ffi iJ, •t: 
-'i~ L· -c i.., ;,5 ,, !W .:~. tf, x $JiJ a) TM 9r •tt > ,..t s x ti , x ❖-11! o) {'. .>' -it -t:: L,,. :'I i- ii H (High) i ..... ,···z ,;t, 
(}) jttj rRl 7 0 x k: -~ tJ~ rt':,1 1-:.- , ~ J:E fk tf i:; ,{ )' .::-z @l W Ji: W hu ·c::· :fl, -~ W it+ IWJ 1B lJ S sl /;'; )f: !WI --;i 
1J )y :;. .... ·7"' 2 o ~t:_ :;,.... :l1 t~ :fl •t.'l •=-\ ''l fh~ ·t z ~~{ o) t :.:.,., ~:_rt L--· •7 f .. t) i1:~J tt: o) c 1:: -i~: :.it L- ~c ti·) ~$ .. } .x 

[0039] 
--l::: >-:J- f,~ tt LL f~i ti=: & l!ii; m: I 2 O) :(;~ /ill ,;r ii v·c .. t; I) , f/;1);:t tL L (Low) I.,""'- fv (1) ,~HH! 7 

2~. mmt>~s~~m~m&~£~ttt~0, -n, H~""'-~0M~71~, m¼• 
rr t/" i1: @ tt .t: 1:i l'j %: c t:: ft Hin -c-' ,$ ;t, ,:::. 'if 0 " tr lil'i -~1 -i::: > +J· s o 1 im en 111 .w. n+ t~11 HH im K ·c -10 

fff!tiit0)itlll})J7 2 tt".l.t~itt:a)Jtfl(m7 4 tl/<VilLHt:'iJ'-:)[f-J:2~:!"l;tS:: fi,lSL.;j\~f@Jf),TU: 
, r~ <MJ o) •t' ~i -+.J· •t' i,,. , 1- (}) 1ti rm 1 o x . 7 o :.i , 1 o z h' •r il ;f' h 2 ~& H· '2: ft , M:1 ,'.r'" tf- iE 

(0040] 

·( A ·:,l 3 :!. , :3 3 T: (,) t;"iJ :~!1 ff 0) {& , 11 "J > :~ 3 4 T }H fn ho }% L , 2: Jt t,: J:: 1) , il I :$.: ,{~;j mj 

2 ;2 o) tH h >'.. ✓-< 1l 1, ,t, en in, tJ 111< ii1 itt ic t-J 'if 0 ,m 1~ n~1 mi 1i fl ., ,, 11 ,) > >.:--< 3 4 (/) -~ n~ 1m w: ii 
W1 ['I.ti 7 0 X ' 7 0 y . 7 0 z {)) •f' '.fl {:' fl K: .fJ t 1 -r fr ,b 1,l ' lJ ;_~r > ::t 3 4 :J ti- Wl rm 7 0 tif (.;:_ 
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PR08LErv1 TO BE SOLVED: To enf·iance precision of delay of a delay device used 
especia!!y for signal processing of the title controi!er. SOLUTION: The directivity 
controller obtains a synthesis directivity characteristic by· subtracting a signal from one 
of microphones opposed to each other at a prescribed distanci~ in bet\veen and a 
signal fmrn the other that is delayed by a tirne in response to nm prescribed distance. A 
means that conducts the time drday pmcessing as ab{)V(i espedany c(inslsts of an 
oversarnpHng processing section 42d that samp!es sn ine-orning digits! signal with a 
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Electronic Patent Application Fee Transmittal 

Application Number: 16399867 

Filing Date: 30-Apr-2019 

Title of Invention: 
BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY 
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS 

First Named Inventor/Applicant Name: Dashen Fan 

Filer: Mark S. Peloquin 

Attorney Docket Number: K41090.P8C2 

Filed as Small Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

PETITION FEE-37CFR l .17(H) (GROUP II) 2464 1 70 70 

RCE- 1 ST REQUEST 2801 1 650 650 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 720 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

Decision Date : March 1 3, 2020 

In re Application of: 

Dashen Fan 

Application No: 16399867 

Filed: 30-Apr-2019 

Attorney Docket No: K41090.P8C2 

DECISION ON PETITION 

UNDER CFR 1.313(c)(2) 

Commissioner for Patents 
United States Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA 22313-1450 

www.uspto.gov 

This is an electronic decision on the petition under 37 CFR 1.313(c)(2), filed March 13, 2020 , to withdraw the above-identified 
application from issue after payment of the issue fee. 

The petition is GRANTED. 

The above-identified application is withdrawn from issue for consideration of a submission under 37 CFR 1.114 (request for 
continued examination). See 37 CFR 1.313(c)(2). 

Petitioner is advised that the issue fee paid in this application cannot be refunded. If, however, this application is again 
allowed, petitioner may request that it be applied towards the issue fee required by the new Notice of Allowance. 

Telephone inquiries concerning this decision should be directed to the Patent Electronic Business Center (EBC) at 866-217-9197. 

This application file is being referred to Technology Center AU 2845 for processing of the request for continuing examination 
under 37 CFR 1.114. 

Office of Petitions 
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Electronic Acknowledgement Receipt 

EFSID: 38858282 

Application Number: 16399867 

International Application Number: 

Confirmation Number: 9984 

Title of Invention: 
BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY 
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS 

First Named Inventor/Applicant Name: Dashen Fan 

Customer Number: 51340 

Filer: Mark S. Peloquin 

Filer Authorized By: 

Attorney Docket Number: K41090.P8C2 

Receipt Date: 13-MAR-2020 

Filing Date: 30-APR-2019 

Time Stamp: 12:39:58 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type EFT 

Payment was successfully received in RAM $720 

RAM confirmation Number E20203CC39543501 

Deposit Account 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 
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File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

31706 

1 Petition automatically granted by EFS petition-request.pdf no 2 
SO bS aa52 7 34 91962 480 b8f64 3af4ecd 064 2 

27adf 

Warnings: 

Information: 

1201824 

2 
Quick Path Information Disclosure 20200312K41090P8C2sb0009Q 

no 2 
Statement PIDSi.pdf 

da269b61 db02bec092b5d737ce25a32845 
084fe8 

Warnings: 

Information: 

828357 

3 
Information Disclosure Statement (IDS) 20200313K41090JP8C2IDSsb00 

2 
Form (SB08) 08abi.pdf 

no 
b04Sc297aedd8be6b48ed0ccde 171 Od 145 

3e6636 

Warnings: 

Information: 

This is not an USPTO supplied IDS fillable form 

1661196 

4 
Request for Continued Examination 20200313K41090JP8C21stRCEs 

3 
(RCE) b0030i.pdf 

no 
995 fbOSd c2d 1 04 7a 7e 7a4 3 03 e46f2a07 5 70 

0642d 

Warnings: 

This is not a USPTO supplied RCE SB30 form. 

Information: 

3229884 

5 Foreign Reference 
JPl 90052POAMachineTransi. 

9 
pdf 

no 
effba680b9Sc0a8916b 1ff273cb 1 e3e1 048d 

e422 

Warnings: 

Information: 

5146390 

6 Foreign Reference 2JPA2010122191 EngBiblioi.pdf no 13 
d6f0f2a98c1b1940fc42c1279bb72ca28139 

Se38 
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Warnings: 

Information: 

4679197 

7 Foreign Reference 3JPA2000197180EngBiblioi.pdf no 10 
aa 1 b 1 dc872ddc7a0ae2a23809Se9aefacb2 

69277 

Warnings: 

Information: 

1861661 

8 Foreign Reference 7JPA2002300224EngBiblioi.pdf no 5 
3 77 5 19e02 4 73 a802d 0200405 8b0ea4 9 500 

37cad 

Warnings: 

Information: 

32379 

9 Fee Worksheet (5B06) fee-info.pdf no 2 
78e36f39d0816b5f89535Sdb25934 7f293d 

1701a 

Warnings: 

Information: 

Total Files Size (in bytes) 18672594 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PTO/SB/140 
Doc Code: PET.AUTO U.S. Patent and Trademark Office 
Document Description: Petition automatically granted by EFS-Web Department of Commerce 

Electronic Petition Request PETITION TO WITHDRAW AN APPLICATION FROM ISSUE AFTER PAYMENT OF 
THE ISSUE FEE UNDER 37 CFR 1.313(c) 

Application Number 16399867 

Filing Date 30-Apr-2019 

First Named Inventor Dashen Fan 

Art Unit 2845 

Examiner Name LAM MAI 

Attorney Docket Number K41090.P8C2 

Title 
BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY OVERSAMPLED SENSOR 
SYSTEMS, APPARATUSES, AND METHODS 

An application may be withdrawn from issue forfurther action upon petition by the applicant. To request thatthe Office 
withdraw an application from issue, applicant must file a petition under this section including the fee set forth in § l. l 7(h) and a 
showing of good and sufficient reasons why withdrawal of the application from issue is necessary. 

APPLICANT HEREBY PETITIONS TO WITHDRAW THIS APPLICATION FROM ISSUE UNDER 37 CFR 1.313(c). 

A grantable petition requires the following items: 
(1) Petition fee; and 
(2) One of the following reasons: 
(a) Unpatentability of one or more claims, which must be accompanied by an unequivocal statement that one or more claims 
are unpatentable, an amendment to such claim or claims, and an explanation as to how the amendment causes such claim or 
claims to be patentable; 
(b) Consideration of a request for continued examination in compliance with § 1.114 (for a utility or plant application only); or 
(c) Express abandonment of the application. Such express abandonment may be in favor of a continuing application, but not a 
CPA under 37 CFR l .53(d). 

Petition Fee 

@ Small Entity 

0 Micro Entity 

0 Regular Undiscounted 

Reason for withdrawal from issue 

Page 243 of 275



0 One or more claims are unpatentable 

@ Consideration of a request for continued examination (RCE) (List of Required Documents and Fees) 

0 
Applicant hereby expressly abandons the instant application (any attorney/agent signing for this reason must 
have power of attorney pursuant to 37 CFR 1.32(b)). 

RCE request,submission, and fee. 

□ 
I certify, in accordance with 37 CFR 1.4(d)(4) that: 

The RCE request ,submission, and fee have already been filed in the above-identified application on 

Are attached. 
[81 

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES 

I certify, in accordance with 37 CFR 1.4(d)(4) that I am: 

@ 
An attorney or agent registered to practice before the Patent and Trademark Office who has been given power of attorney 
in this application. 

0 An attorney or agent registered to practice before the Patent and Trademark Office, acting in a representative capacity. 

0 A sole inventor 

O A joint inventor; I certify that I am authorized to sign this submission on behalfof all of the inventors as evidenced by the 
power of attorney in the application 

O A joint inventor; all of whom are signing this e-petition 

Signature /MARKS PELOQUIN/ 

Name MARKS PELOQUIN 

Registration Number 50787 
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I" 
Substitute fer form i 449IPra 

Complete if Known " 
Application Number 16/399,867 

INFORMATION DISCLOSURE 
Filmg Date April 30, 2019 
First Named lnven!or DASHEN FAN 

STATEMENT BY APPLICANT Art Unit 2872 
(Use as many shoornc as necessary) Examiner Name MAL LAMT 

Sh~et 11 I ~f 12 Attorney Docket Number K41090.P8C2 ~ 

U, S, PATENT DOCUMENTS 
ExBrnl:n.er Cite Document Number Publicsl!km Date Nsm,; ol Patentee or P~ges .. C0Jurnns. Unes. V"Jh!j.re 

No.' initials'\ 

Ex:arnin<c>r 
initJ~.ts> 

( 
Examim:,r 

. -Signature 

Cite 
No.' 

MM--DO-YYYY Applicant of Cite<:! Ooc.ument 
Nwnber~Kind Ci..J>tit':~ /f.®~•;.i,• 

US- 5,883,822 03-16-1999 i FRANCE TELECOM 

US, 2015/0281836 A 1 10-01-2015 i ANALOG DEVICES TECHNOLOGY 

us-- 2016/0157828 A 1 06-09-2016 jCHIKAYOSHI SUMI 

US- 2007/0189400 A1 08-16-2007 j MITSUMI ELECTR!C CO., LTD. 

US-2011/0013488 A1 01-20-2011 jWE!MA 
US-

US-· 

US•r 

US-
US-

US-· 

US·~ 

US-
US-

t}S-

US-

USr i 
us~ 
US, 

FOREIGN PATENT DOCUMENTS 
Fomigr, Patent D<JC1.Jment Pubtica~;on Name of Patentee or 

Date Applicm,! of Cl!.;,d Document 
MM-DD-YYYY 

Cmm~y Crxl~;--NlH'l1t,~r ~·-Ki.;{1 coo~:. {ft Xr:-m~•·,n; 

JP2010122191 06-03-2010 SANYO ELECTRIC CO 

JP2000197180 07-14-2000 V!CTOR CO OF JAPAN LTD 

JP2002300224 10-11-2002 HITACHI !NT ELECTRIC INC 

R.e:[ev:ant P~ssages or R~Jevant 
Figures Api,,mr 

Pages. Co!um11s, Un~s. 
Wh.;,m R0ie~m,1 Passages 
Clr Reh?-\''ant figures Appear T~~ 

✓ 

✓ 
✓ 
✓ 
✓ 

"Ex:Ah.1fNE'R: initial if r-efer*rtt~e r;i~~1sider~rt vihr:t~~t';f or net cit;3tJon i•s i-n: t~t1rtfi..)l;:1t~ri.r~; ;,,\~th MPEP 609. Dr:N.., fo':tt'! through citation ff nr.::f in conh:fI"t'it~r;.r~; ;,n<l nr~t 
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lJSf'TO f'3\er,\ Documents .it l,~~~).':'.,ll~P.:i9.:£9.:,'. or MPEP 90 l.04. ' Enter Offic.: th3t issued !he document, by !he iv,o:,-1,,»Br code {WIPO §,tar«J.ard ST .3;. ' FO<' 
Japmiese patent documents, ti1e incfac:,tiQP l>f the year of !h,; ,etgn t>i the Empemr must prnr:ede U1,; sNia! mimb<!f o! the p.ateri! do<ol!ffl<!flt. 'Kirid of ,J<;,;i_.1m,;11t by 
the appr-:ipriate symbols as indi◊ilted on ,11-s docum0nt und-er vVIPO Standard ST.16 tf pGissii:>ie. "Applicant is to p!ace a chec~. m3rk: here it English lang,.1age 
Tn:1:nslaHcn 1~ 9ttad1ed. 
This r.::oltet~tio:n uf infunnatlon is requiJe~i by 37 C~R 1 9·7 and 1.98. Thg infurm.a~Jon ls reqult"Bd to obtain o,; reffiin a: b-.. ~.n.efit by the pu:blk~ t,~tsl{•,h k~ k.1 W0 {<.-.lnd by the 
!JSPTO It• process) an application. Conf,,:font,aHty is govem,,d by 35 U.S.C. 12:2 and Ji' CFR 1.14. This o::i!lection ls eslimaled !G lal<e 2 hos.irs to complete, 
irn::::ludSng g:;jthadng, prer~ring, a:nd sub1nftting the (X)mpl·~t~d :.::i:ppli-r.:~?if>n fonn to th.~ USPTO. Tim;; ,,_....,.·m vary dependin~) up-.<')fl tt,a 1ndivtdu$t! c:~~~- An?· t-YJrnrnant:5 

en the amount cl time you ro,:,,..1im tc complete this !cm1 and/or s,,ggest!ons f<lt reducing this i:>ur>'.len, showl>'.l be ,;,:ml to the Chiei lritormation omc-0r, :.JS. Parent 
and Tmdemilrk Offic.-, .. P.O. Bex 1450, fllexand,ia, \/,,;,_ 22313-·!450, DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND 
TO: Commis.siont>r for Patents, P.O. Box 1450, Alexandria, VA 2.2.313-1450. 

If you need assistance in completing the fo1m, ca/11-800.PT0-9199 (1-800-786-9199_) and select option 2. 
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Complete if Known 

Application Number '16/399,867 

INFORMATION DISCLOSURE Filing Date April 30, 2019 

STATEMENT BY APPLICANT First Named Inventor DASHEN FAN 
Art Unit 2872 

(Use as many sheets as necessary) 

Sheet 12 

Examiner 
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Examiner 
Signature 

Cite 
No.1 

Examiner Name MA!, LAMT 

I of 12 Attorney Docket Number K41090.P8C2 

NON PA TENT UTERATlJRE DOCU1VrENTS 
Include name of the author {in CAPITAL LETTERS), title of the article (when appropriate), title of 
the item (book, magazine, journal, serial, symposium, catalog. etc.), date, page(s), volume-issue 

number(s), publisher. citv and/or countrv where published. 

OFFICE ACTION ISSUED IN CORRESPONDING JP PATENT 
APPLICATION NO, 2019~526185. 
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Electronic Patent Application Fee Transmittal 

Application Number: 16399867 

Filing Date: 30-Apr-2019 

Title of Invention: 
BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY 
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS 

First Named Inventor/Applicant Name: Dashen Fan 

Filer: Mark S. Peloquin 

Attorney Docket Number: K41090.P8C2 

Filed as Small Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Miscellaneous: 

SUBMISSION- INFORMATION DISCLOSURE STMT 2806 1 120 120 

Total in USO($) 120 
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Electronic Acknowledgement Receipt 

EFSID: 38858864 

Application Number: 16399867 

International Application Number: 

Confirmation Number: 9984 

Title of Invention: 
BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY 
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS 

First Named Inventor/Applicant Name: Dashen Fan 

Customer Number: 51340 

Filer: Mark S. Peloquin 

Filer Authorized By: 

Attorney Docket Number: K41090.P8C2 

Receipt Date: 13-MAR-2020 

Filing Date: 30-APR-2019 

Time Stamp: 12:55:04 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type EFT 

Payment was successfully received in RAM $120 

RAM confirmation Number E20203CC55313710 

Deposit Account 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 
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File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

30582 

1 Fee Worksheet (5B06) fee-info.pdf no 2 
8bc1 a3ca09b64342cbe071 d09aedaa 181 aS 

71d19 

Warnings: 

Information: 

Total Files Size (in bytes) 30582 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New AQQlications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International AQQlication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International AQQlication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

16/399,867 

51340 7590 

PELOQUIN, PLLC 
800 FIFTH A VENUE 
SUITE 4100 

04/30/2019 

03/17/2020 

SEATTLE, WA 98104-3100 

FIRST NAMED INVENTOR 

DashenFan 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. 

K41090.P8C2 

CONFIRMATION NO. 

9984 

EXAMINER 

MAI.LAMT 

ART UNIT PAPER NUMBER 

2845 

MAIL DATE DELIVERY MODE 

03/17/2020 PAPER 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

PTOL-90A (Rev. 04/07) 
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Corrective 
Notice of Allowability 

Application No. 
16/399,867 
Examiner 
LAM T MAI 

Applicant(s) 
Fan et al. 
Art Unit 
2845 I AIA (FITF) Status 

Yes 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1.~ This communication is responsive to 3/13/2020. 

D A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2.0 An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the 
restriction requirement and election have been incorporated into this action. 

3.~ The allowed claim(s) is/are 1-20. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution 
Highway program at a participating intellectual property office for the corresponding application. For more information, please see 
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

4.0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) □All b) 0 Some *c) D None of the: 
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conskiered. !ndude e<..1py of this- fcnn 1.,,.ith n~;d o:.1tnrnunk;;1;;11:◄ f1 to ap:f.llic,ant 1 .A.ppfk.:anrs wtliqua- clt~mot; design~til":.'IJl ru.imber {opt:or~a!). .:: s~~ •Kinrls Corles ('tf 

lJSf'TO f'3\er,\ Documents .it l,~~~).':'.,ll~P.:i9.:£9.:,'. or MPEP 90 l.04. ' Enter Offic.: th3t issued !h<l document, by !he \v,o:,-1,,»<lr code {WIPO §,tar«J.ard ST .3;. ' FO<' 
Japmiese petent documents, ti1e incfac:,tiQP l>f the year af th,; ,etgn t>i the Empemr must prnr;.ede U1,; sNia! mimb<!f l'I the p.ater,! do<ol!ffl<!flt. 'Kir,d of ,J<;,;i..1m,;11t by 
the appr,:ipria!e symbols as indi◊ilted on the docum0nt ur,d-er vVIPO Standard ST.16 tf pGissibie. "Applicant is lo p!ace a chec~. m3rk: here it Engl,sh lang:.1;1rw 
Tn:1:nslaHcn 1~ 9ttad1ed. 
This r.::oltet~tio:ri uf infunnatlon is requiJe~i by 37 C~R 1 9·7 and 1.98. Thg infurm.a~Jon ls reqult"Bd to obtain o,; reffiin a: b-.. ~-n-efit by the pu:blk~ t,~tsl{•,h k~ k.1 W0 {<---lnd by the 
!JSPTO It• process) an app!icalion. Conf,,:font,aHty is govem,,d by 35 U.S.C. 12:2 and Ji' CFR 1.14. This o::i!lecticn ls estimated io tal<e 2 hos.irs to complete, 
irn::::ludSng g:;jthadng, prer~ring, a:nd sub1nftting the (X)mpk:~t~d :.::i:ppli-r_:~?if>n fonn to th.~ USPTO. Tim;; ..,.....,.·m vary dependin~) up-.<")fl tt,a 1ndivtdu$t! c:~~~- An?· t-YJrnrne-nt:5 

on the amount cl time ycu ro,:,,..1im lo complete this !om1 ar,d/or s,,gges!!ons f<lt reducing this i:>ur>'.len, showl>'.l b-e ,;,:ml le lhe Chiei lritormation omcer, :.JS. Parent 
and Tmdemilrk Offic.-, .. P.O. Bex 1450, fllexand,ia, \/,,;,_ 22313-·!450, DO NOT SEND FEES OR COMPLETED FORMS TO TH!S ADDRESS. SEND 
TO: Commis.siont>r for Patents, P,O. Box 1450, Alexandria, VA 2.2.313-1450. 

If you need assistance in completing the fo1m, ca/11-800.PT0-9199 (1-800-786--9199_) and select option 2. 
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UNITED STATES PA TENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

APPLICATION NO. 

16/399,867 

51340 7590 

PELOQUIN, PLLC 
800 FIFTH A VENUE 
SUITE4100 

ISSUE DATE 

05/12/2020 

04/22/2020 

SEATTLE, WA 98104-3100 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

PATENT NO. ATTORNEY DOCKET NO. 

10651866 K41090.P8C2 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U .S.C. 154 (b) 
(application filed on or after May 29, 2000) 

CONFIRMATION NO. 

9984 

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office 
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments 
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at 
(571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

Dashen Fan, Bellevue, WA; 
Kopin Corporation, West borough, MA 
Joseph Yong Kwon, San Jose, CA; 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 
IR103 (Rev. 10/09) 

Page 263 of 275



, 

\.. 

Doc Code: PA.. 
Document Description: Power of Attorney PTO/AIA/82A (07-13) 

Approved for use through 01/31/2018. 0MB 0651-0035 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE 
REGISTERED PRACTITIONERS 

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the 
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of 
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is 
directed, the Power of Attorney will not be recognized in the application. 

Application Number 16/399,867 

Filing Date 04/30/2019 

First Named Inventor Dashen Fan 

Title BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY 
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS 

Art Unit 2845 

Examiner Name LAM T MAI 
Attorney Docket Number 1537-001 USC2 

SIGNATURE of Applicant or Patent Practitioner 

Signature /Keegan Caldwell/ Date (Optional) 

Name Keegan Caldwell Registration 73731 
Number 

Title (if Applicant is a 
juristic entity) 

Applicant Name (if Applicant is a juristic entity) 

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If 
more than one applicant, use multiple forms. 

D *Total of forms are submitted. 

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by 
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.11 and 1.14. This collection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require 
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

ff you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 
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DocuSign Envelope ID: 451E0DD7-F2B5-4173-9004-4ACAF141B6ED 

[ 

_...,._, _...,....,.,_,. I 1••• 

Document Description: Power of Attorney 
PTO/AIA/82B (07-13) 

Approved for use through 03/31/2021. 0MB 0651-0035 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number 

POWER OF ATTORNEY BY APPLICANT 

I hereby revoke all previous powers of attorney given in the application identified in either the attached transmittal letter or 
the boxes below. 

I Appl;cat;on Number I Fmng Date 

I 
(Note: The boxes above may be left blank if information is provided on form PTO/AIA/82A.) 

[Z] I hereby appoint the Patent Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), and 
to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in 
the attached transmittal letter (form PTO/AIA/82A) or identified above: I 
OR 145340 I 

□ I hereby appoint Practitioner(s) named in the attached list (form PTO/AIA/82C) as my/our attorney(s) or agent(s), and to transact 
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the 
attached transmittal letter (form PTO/AIA/82A) or identified above. (Note: Complete form PTO/AIA/82C.) 

Please recognize or change the correspondence address for the application identified in the attached transmittal 
letter or the boxes above to: 

[Z] The address associated with the above-mentioned Customer Number 

OR 

□ The address associated with Customer Number: I 
I 

OR 

□ Firm or 
Individual Name 

Address 

City I State I I Zip I 
Country 

Telephone I Email I 
I am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box): 

I solos Technology Limited 
□ Inventor or Joint Inventor (title not required below) 

□ Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below) 

0 Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer's title if applicant is a juristic entity) 

□ Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition under 37 CFR 1.46(b)(2) was granted in the 
application or is concurrently being filed with this document) (provide signer's title if applicant is a juristic entity) 

SIGNATURE of Applicant for Patent 

The undersigned (whose title is sup~itedqye~Ef!!;".liuthorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity). 

Signature ! l-11 JA IA J ll1 :P' IIIA I Date (Optional) I 
Name Kenneth Fan \__ __ D409388C60ED4C5. 

Title Co-Founder 

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements 
and certifications. If more than one applicant, use multiple forms. 

0Total of forms are submitted. 
This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by the public which is to file (and by the 
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount 
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner 
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 

I 

l 
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DocuSign Envelope ID: 451E0DD7-F2B5-4173-9004-4ACAF141B6ED 

[ 

PTO/AIA/82C (07-13) 
Approved for use through 03/31/2021. 0MB 0651-0035 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number 

POWER OF ATTORNEY BY APPLICANT 

No more than ten (10) patent practitioners total may be appointed as set forth below by name and registration number. 
This page need not be submitted if appointing the Patent Practitioner(s) associated with a Customer Number (see form 
PTO/ AIA/82B): 

Name 
Registration 
Number 

l 
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DocuSign Envelope ID: 451E0DD7-F2B5-4173-9004-4ACAF141B6ED 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in 
connection with your submission of the attached form related to a patent application or patent. 
Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general 
authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the 
information solicited is voluntary; and (3) the principal purpose for which the information is used 
by the U.S. Patent and Trademark Office is to process and/or examine your submission related 
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent 
and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the 
patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the 
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records 
from this system of records may be disclosed to the Department of Justice to determine 
whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of 
presenting evidence to a court, magistrate, or administrative tribunal, including 
disclosures to opposing counsel in the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of 
Congress submitting a request involving an individual, to whom the record pertains, 
when the individual has requested assistance from the Member with respect to the 
subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of 
the Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 197 4, 
as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty 
in this system of records may be disclosed, as a routine use, to the International Bureau 
of the World Intellectual Property Organization, pursuant to the Patent Cooperation 
Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal 
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant 
to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the 
Administrator, General Services, or his/her designee, during an inspection of records 
conducted by GSA as part of that agency's responsibility to recommend improvements in 
records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing 
inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) 
directive. Such disclosure shall not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public 
after either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a 
patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the 
limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an 
application which became abandoned or in which the proceedings were terminated and 
which application is referenced by either a published application, an application open to 
public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, 
State, or local law enforcement agency, if the USPTO becomes aware of a violation or 
potential violation of law or regulation. 
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PTO/AIA/96 (08-12) 
Approved for use through 01/31/2013. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 
Applicant!Patent Owner: Solos Technology Limited 

Application No./Patent No.: 16/399,867; 10651866 Filed/Issue Date: 04/30/2019 ; 05/12/2020 

Titled: BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS 

SOLOS TECHNOLOGY LIMITED , a Limited Liability Company 
---------------------------

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.) 

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below): 

1. 0 The assignee of the entire right, title, and interest. 

2. D An assignee of less than the entire right, title, and interest (check applicable box): 

LJ The extent (by percentage) of its ownership interest is ______ %. Additional Statement(s) by the owners 
holding the balance of the interest must be submitted to account for 100% of the ownership interest. 

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire 
right, title and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made). 
The other parties, including inventors, who together own the entire right, title, and interest are: 

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire 
right, title, and interest. 

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a 
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached. 

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below): 

A. D An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in 
the United States Patent and Trademark Office at Reel ______ , Frame ______ , or for which a copy 
thereof is attached. 

B. 0 A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 

1. From: KWON, JOSEPH YONG To: KOPIN CORPORATION 

The document was recorded in the United States Patent and Trademark Office at 

Reel 049324 , Frame o997 , or for which a copy thereof is attached. 

2_ From: KOPIN CORPORATION To: SOLOS TECHNOLOGY LIMITED 

The document was recorded in the United States Patent and Trademark Office at 

Reel 051280 , Frame oo99 , or for which a copy thereof is attached. 

[Page 1 of 2] 
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1 .11 and 1.14. This collection is estimated to take 12 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the US PTO. Time will vary depending upon the individual case. Any comments on the amount 
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark 
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND 
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call I-800-PTO-9!99 and select option 2. 
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PTO/AIA/96 (08-12) 
Approved for use through 01/31/2013. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 

3. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

4. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

5. From: ___________________ To: __________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

6. From: __________________ To: _________________ _ 

The document was recorded in the United States Patent and Trademark Office at 

Reel ______ , Frame ______ , or for which a copy thereof is attached. 

D Additional documents in the chain of title are listed on a supplemental sheet(s). 

[2] As required by 37 CFR 3.73(c)(1 )(i), the documentary evidence of the chain of title from the original owner to the 
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment 
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

/KEEGAN CALDWELL/ 
Signature 

Keegan Caldwell 
Printed or Typed Name 

[Page 2 of 2] 

08/28/2023 
Date 

73731 
Title or Registration Number 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the 
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 35 
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the 
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related 
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark 
Office may not be able to process and/or examine your submission, which may result in termination of proceedings 
or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records 
may be disclosed to the Department of Justice to determine whether disclosure of these records is 
required by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting 
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the 
course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress 
submitting a request involving an individual, to whom the record pertains, when the individual has 
requested assistance from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency 
having need for the information in order to perform a contract. Recipients of information shall be required 
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for 
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act 
(42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General 
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's 
responsibility to recommend improvements in records management practices and programs, under 
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA 
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or 
Commerce) directive. Such disclosure shall not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either 
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the 
public if the record was filed in an application which became abandoned or in which the proceedings were 
terminated and which application is referenced by either a published application, an application open to 
public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Electronic Acknowledgement Receipt 

EFSID: 48500433 

Application Number: 16399867 

International Application Number: 

Confirmation Number: 9984 

Title of Invention: 
BEAMFORMING USING FRACTIONAL TIME DELAY IN DIGITALLY 
OVERSAMPLED SENSOR SYSTEMS, APPARATUSES, AND METHODS 

First Named Inventor/Applicant Name: Dashen Fan 

Customer Number: 51340 

Filer: Keegan M. Caldwell/Rachel Riley 

Filer Authorized By: Keegan M. Caldwell 

Attorney Docket Number: K41090.P8C2 

Receipt Date: 28-AUG-2023 

Filing Date: 30-APR-2019 

Time Stamp: 14:52:12 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

268767 

1 Power of Attorney 1537-001 USC2_POA.pdf no 4 
ae35e5b 1 Sb9e469370de7ea0004444b 1 dH 

cc8c2 

Warnings: 
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Information: 

83342 

2 
Assignee showing of ownership per 37 1537-001 USC2_373_Statement 

no 3 
CFR 3.73 .pdf 

38a336d86888d787 42c4150443f6ccee4b3 
16c9d 

Warnings: 

Information: 

Total Files Size (in bytes) 352109 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New AQQlications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International AQQlication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International AQQlication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

16/399,867 

145340 

FILING OR 371(C) DATE 

04/30/2019 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Dashen Fan 1537-001USC2 
CONFIRMATION NO. 9984 

POA ACCEPTANCE LETTER 
Caldwell Intellectual Property Law 
200 Clarendon Street 111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

59th Floor *OC000000061503049* 

Boston, MA 02116 

Date Mailed: 09/07/2023 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 08/28/2023. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1 .33. 

/wrhopkins/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

16/399,867 

51340 
PELOQUIN, PLLC 
PO Box 748 
VASHON, WA 98070-0748 

FILING OR 371(C) DATE 

04/30/2019 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Dashen Fan 1537-001USC2 
CONFIRMATION NO. 9984 

POWER OF ATTORNEY NOTICE 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
*OC000000061503021 * 

Date Mailed: 09/07/2023 

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 08/28/2023. 

• The Power of Attorney to you in this application has been revoked by the applicant. Future correspondence 
will be mailed to the new address of record(37 CFR 1.33). 

/wrhopkins/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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Case 1:2.6-cv<i.0304-ADB Document 3 Filed 0:1.i23/26 Page 1 of 1 

AO 120 (Rev. 08il0) 

Mail Stop 8 REPORT ON THE 
TO: 

Director of ihe U.S. Patent and Trademark Office 
P.O. Box 1450 

FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

In Compliance with 35 US.C. § 290 and/or l 5 US.C. § l l l 6 you are hereby advised that a court action has been 

filed in the US. District Court for the District of Massachusetts on the following 

D Trademarks or ~Patents. ( D the patent action involves 35 US.C. § 292.): 

DOCKET NO. DATE FILED US. DISTRICT COURT 
for the District of Massachusetts 

PLAINTIFF DEFENDANT 

Solos Technology Limited Meta Platforms, Inc., Meta Platforms Technologies, LLC, 
Oakley, Inc., Luxottica of America, Inc., and 
EssilorLuxottica USA, Inc. 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEivL-\RK 

TRADEMARK NO. OR TRADEMARK 

l 10,306,389 5/28/2019 Solos Technology Limited 

2 11,082,055 8/3/2021 Solos Technology Limited 

3 11,871,174 1/9/2024 Solos Technology Limited 

4 12,216,339 2/4/2025 Solos Technology Limited 

5 10,651,866 5/12/2020 Solos Technology Limited 

[n tbe above-----entitled case, the following patent( s )/ trademark( s) bave been included: 

DATE INCLUDED INCLUDED BY 
D Amendment D Answer D Cross Bill □ Other Pleading 

PATENTOR DATE OF PATENT 
[{OLDER OF PATENT OR TRADEivL-\RK 

TRADEr.1..ARK NO. OR TRADEr.1..ARK 

l 

2 

3 

-1 

5 

In the above-entitled case, the following decision has been rendered or judgement issued: 

DECISJON/nJDGEMENT 

CLERK {BY) DEPUTY CLERK DATE 

Copy 1-Upon initiation of action, mail this copy to Director Copy 3-Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4--Case file copy 
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