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A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - HO4R 19/00 (2013.01) :
USPC - 3687/180
According to International Patent Classification (IPC) or o both national classification and IPC

B.  FIELDS SEARCHED
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Dotumentation searched other than minimum documentation to the extent that such documents are included in the fields searched
USPC: 367/49, 80, 140, 141, 178, 180, 181; IPC(8): HO4R 18/00 (2013.01) (see terms belaw)
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PatBase, PUbWEST(PGPB,USPT,USOC,EFPAB,JPAB), Gongle Scholar

terms: ultrasonic, transducer, micromachined, micromachanical, membrana, driva, sanse. referanca, electrede, contact, condudor
mades, kinds, types, oscillation, resonanca, vibration, ultraseund, shape, frequency, bendwidth, band, induce, excite, transfer, piazo.

C. DOCUMENTS CONSIDERED TQ BE RELEVANT

Category™ Citztion of document, with indication, where appropriate, of (he relevant passages Relevant to claim No,
X US 2008/0301200 A1 (Tanaka et al.) 10 Decamber 2009 {10.12.2008), fig. 1, 5-10, 16-20, 35,  (-1-13, 15-21
- para [0002], [0008], [0078]-{0030], [D0BE], [0GS41[095], [HO4}-[0111], [0115]{0117), [0120],  [-«-----
Y [0125]-{D127], [}133H0135], {0139], [0221]. 14
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A US 20100277040 A1 {Klee ot al.) 04 November 2010 (04.11.2010), fig. 3, 11, para |ou44], 121
[0062}-{0063], [00871-{0088].
A US 201040327695 A1 {Goel et al.) 30 Decamber 2010 (30.12.2010), enfire document. 1-21
A US 2009/0182237 A1 (Angelsen et al.) 16 Jﬁly 2009 (18.07.2009), entire documert. 1-21
A US 2007/0164631 A1 (Adachi et al.) 19 July 2007 (15.07.2007), entird document. 1-21
A US 2007/0059858 A1 (Caronti et al.} 15 March 2007 (15.03.2007), entire documant. 1-21
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D Further documents are listed in the continuation of Box C.
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“A" document defining the general state of the art which is not eonsldcmd
Ip be of particular relevance

earlier upphmunn or patent but published on or afler the i
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“T"  later dogument published afier the internalional filing date or priority
date and ngt in conflict with the bul cited to
the principle or theory underlying the invention
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dncument which may throw doubls on priority claim(s) o which is
ciled to establish the publication date of er citation or other
special reason (s specified)

document referring to an oral disclosure, use, exhibition or other
means

document published prior to the international filing date but later than
the priority date ctaimed
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considered to involve an inveniive step when the document is
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INTERNATIONAL SEARCH REPORT International application No.
PCTUS 1363255

Box No. 11 Observations where certain claims were found unsearchable (Contnuaton of item 2 of first sheet)

This intcrnational search repbn has not been established in respect of certain claims nnder Aricle 17(2){a} for the following reasons;

1. D Claims Nos.:

because they relate to subject matier not required to be searched by this Authority, namely:

2. D Claims Nos.:
because they relate to parts of the intemational apptication that do not comply with the prescribed requirements to such an
extent that po meaningful international search can be carried ous, specifically;

3 D Claims Nos.:
because they are dependent claims and are not drafled in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of lirst sheet)

This Inlernational Searching Authority found multiple inventions in this international application, as fotlows:
Group I: Claims 1-21 ara directad to a method and micromachined ultrasonic Wansducer (MUT) amay.

Group [1; Claims 22-26 are directed tn a method of optimizing @ frequency responge of & plezoelldﬂc micromachined uttrasonic
transducer {(pMLUT) armay. .

—50¢ axtra sheat—

1 I:I As all required add:tlorml search fees were timely paid by the applicant, this intemational search repodt covers all searchable
claims.

2 D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3 D As only some of the required additional search fees were timely paid by the appl:canl. this internatipnial search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. E No required additional search fees were timely paid by the epplicant Consequently, this international scarch report is
restricted 10 the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest end, where applicable, the
payment of a protest fee.
D The additional search fees were ipanied by the applicant’s prolest but the applicable protest

fee was not paid within the time limit specified in the invilation.
D No protest accompanied the payment of additional search fees.

Form PCT/ISA/2i0 (continuation of first sheet (2)) (July 2009)
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INTERNATIONAL SEARCH REPORT

; International application No.
Information en patent family members piemational applicatt

PCT/US 13/63255 .

Box No, ill Observations whera unity of invention is lacking (Continuation of item 3 of first sheet)

This application contains the following invertions or grouph of inventions which are not so linked as to form a.sinle general inventlve
concept under PCT Rule 13.1. In order for all inventions to ba axaminad, the appropriate additional examination foes must be paid,

Group |: Claims 1-21 are directed to 8 method and micromachined ultrasanic transducer {MUT) amay comprising a plurslity of
fransducer alements, each Including @ membrane, a singte drive/sense electrods, and a reference alectrode; and drive or sense circuitry
io aperate the MUT armay with at least two modas of oscillation, wherein the at least two modes comprise a first mode associated wilh a
first resonant frequency band, and a second mode associated with a second resonant frequency band that includes one or more
frequencies greater than one or more fraquencies wilhin the first resonant frequency band.

Group !I- Claims 22-26 am diracted 10 a method of optimizing a frequency responsa of a plezoslactric micromachined ultrasonic
transducer (pMUT) array, the mathod comprising neminally dimensioning features in a plurality of pMUT elemant patteming mask levels
to achieve one or more nominal frequency response; varying dimensions of a feature in one or more mask level over an area of the
amay, wherein the featurs dsfines an area of contact between an elactrode and a plezgelactric matarial of the transducer membrane;
generating a sensilivity matrix from measured rasponses associated with the varied dimensions; and determining the area of contect
batween an electrode and a piszoelectric material of the tansducer membrana needed tn achieve a target responsa from the amay
using plurslity of nominally dimensioned pMUT element patterning magk layers.

The inventions listad as Groups | and Il do not relate to a single generat inventive concept under PCT Ruls 13.1 becausae, under PCT
Rule 13.2, they lack the same or coresponding special technical featuras for the following ressans: .

The special technical feature of the claims of Group | provides a referance slectrode; and drive or sense clrcuitry to operate the MUT
amay with at least wo modes of oscillation, wherein the at least iwo modes comprise a first mode assoclated with a first rasonant
frequency band, and a second mode assoclated with a second reaonant frequency band thet includes ane or more frequendes greater
than cne or more frequencies within the first resonant frequency band not required by the claims of Group 1.

Tha special Lechnical feafure of tha claims of Group Il provides patieming mask levils to achieve one or mom nominal frequency
response; varying dimensions of a featurs in one or more mask level over an area of the aay, wheraln the feature defines an area of
contact, a piazoekactric material; generating a sensitivity matrix from measured responses associated with the varied dimensions; and
determining the area of contact batwean an electrode and a piezoelectric material of the transducer membrana nesded Lo achiave a
target response from the amay using plurality of nominally dimensioned pMUT alement pattaming mask layers not requined by the
claims of Group 1. : . ) '

Groups | and |l share the technical faatures of a micromachined ultrasonic transducer {MUT) amay, transducer slements: membrane
and electrode. However, these shared echnical featuren do not provide a contribution over the prior art of US 2010/0277040 Klee et al
which teaches micromachined ultrasonic transducar (MUT) array (para [0087] micro-machined ultrasound transducar amray 1110);
transducer elements (Fig. 11 and para [0087] transducer elernents 1110, 1120): membrane {para [0088] membrane 1186}, and
sloctrede (para [0088] metal comacts 1188). .

Groups I-1l therafors lack unity under PCT Rile 13 because they do not share & same or comesponding special tachnical feature,

Form PCT/1SA/210 {patent family annex) (July 2009)
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