Tl SSUE PENETRATI ON DEVI CE COUPLED W TH ULTRASOUND SCANNER [ 00011The
present application clains the benefit of the US provisional patent
appl i cati owo@d¥1890%3839 (filed. on 25 January 2010), thercavsG208/4000031
contents of which are incorporated herein by reference for al

pur poses. Technical Field [0002] Enbodi nents relate generally to a
device for penetrating a tissue of a subject. Background [0003]In
surgi cal oft3SUE BENETRATEON DEVIOE @OURLED WITH ULTEXSOUND SCANNER e
body. During procedures such as epidural anesthesia and generat
anesthesia, the difficulty in the procedure is the requirenent of
fmding the right spot for intervention. In general anesthesia, the
anesthetic is injected into the body through the artery. Before the
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bl ood into. the s% hn e to Iear%¥ltnow t hat the . needl e has reached
the right PEYBFREH e rﬁ TeNGT 8 BHBYB?FEry, On the ot her hand,

procedures’ such as epi.dural anesthesia do not. have this privil ege as

bl ood back fl ow and uItrasound i . is because that there is
essentiall no blgﬁg n spinal cord and_the ultrasound.cannot
penetrat e paimsnts relate esnerlly in 3 devics fonpsRetiAbing » Eisse PERgIbIFGE f or

t he practltloners. [ 0004] I n anot her aspect, during the procedure of
ammi ocent esis or chorionic villus Baggreunsd sanples are taken from:
the amiotic fluid orplacenta via an intervention device such as a
needl e or 883Het eln sumeical epesption, thermds aneed fosikisct angathatiqdntp fedod Muidog

devi ce
procedures such as epidural anesthesia and general anesthesia, the difficulty in the -

procedure is the requi;ement of finding the right spot for intervention. In geneiql
anesthesia, the anesthetic is injected into the body tluough the arte'ry.. Béﬂ;re th'er
interventidn, the anesthetist normally uses an ultrasound imager to ident.ify the artery -
lqcation and maice a mark on the patient. After that, the ultrasound imager is removed and
the anesthetist will have to rely on the feeling and expcnence such as the back flow of the
blood into the syrmge to clearly know that the needle has reached the nght locatlon
meaning into the artery. On the other hand, procedures such as epiduré:} ar;esthesi:a d(; not’
have this privilege as blood back flow and ultrasound imaging. This is because that ﬂjlere
is essentially no blood in spinal cord and the ultrasound cannot penetrate bones. - |
Therefore the procedure is even more challenging for the practitioners.

[0004] Im another aspec%, during the procedure of amniocentesis or chorionic villus
sampling, samples are taken from the amniotic fluid or placenta via an intervention

device such as a needle or catheter. There are however risks that the intervention device



may accidentally penetrate the fetus. Simlarly, during the procedure
of organ tissue sanpling such as liver tissue sanpling, there are

ri sks thatwoheijopisgy venti on device for collecting the trcyseeosamobes
may accidentally penetrate artery. Sunmmary. [ 0005] Vari ous enbodi nents --
provide a device for penetrating a tissue of a subject which solves
at least partially the above nentioned probl ens. [0006]1n -one -
enbodi ment, a device for penetrating a tissue of a subject is :
provi ded. - Mavacsilenially penptrate the fefus. Similasly, during e rroger g of evean assunavi ng
a tissue penetrating end. The device may further include an R
ul t r asoni csaspling euch@plipsir issue samplingt thers aee risknibat the intagvasion device fahe L
ul trasoni c scanner nay include an ultrasound transduction circuit
bei ng conf éojleeting thetisgeswamples maydedideatsdlrpenetrateragteyund waves to the |
subject and to receive returned sound waves echoed from the subject. -
The ul trasoni c scanner may further Sumimade a pul se generating circuit -
bei ng configured to generate an electrical pulse so that the Z
ul t r asound[0D93)ns dWetious embodiments piovideridgres fod péretrgipertshie adfadubjeansmi t -
ul trasound waves. Brief Description of the Drawings , [0007]In the
drawi ngs, whikkessledsat eat parthidy the higyva ngatiatedptoplensf er to the same parts -
t hroughout the different- views. The drawi ngs are not necessarily to -
scal e, enpfpesd]s insiceatodite] aldvicelTor praetpitiag & dssup ona bdbjddsis patvided. t he -
principles of the invention. In the follow ng description, various i
enbodi ment shefevich ﬁlaylihtﬁﬂbla(ﬁssualbendﬁ@ﬁ@g’ poesh hivin artﬁélﬁrp@ﬂ%ﬁ@nﬁg)cﬂdh'ﬁhe
foll ow ng draw ngs, in which: FIG | (a) illustrates a device

for penet r@vicGnay flrlfes URIVAE ardulGEfiinRGharinBr ISl IAEPLALY paRRAHIgNENT ;
- portion. The ultrasonic scanner niay include an ultrasound transduction circuit being
configured to generate and transmit ultrasound waves to the subject and to receive
returned sound waves echoed from the subject. The u.lh'asonié scanner may ﬂthl;ier '
include a pulse generati;lg circuit being configured to generate an electrical pulse so that .

the ultrasound transduction circuit is triggered to generate and transmit uitrasound waves.

Brief Description of the Drawings
[0007] In the dra“ﬁngs, like refgrence characters :géﬁerally refer to the samél_parts
throughout the different views. The drawings'are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the in'ven.tion. In the
. following description,_ various embodiments of the i.n_v'.ent‘ion are described with f_efcrlcnce
to the following drawings, in which:
FIG. 1 (a) illustrates a device for penetrating a tissue of a subject in one

exemplary embodiment;



FIG 1 (b) illustrates the cross section view of the subject facing
end of the device as shown in FIG 1 (a);. FIG 1 (c)

I 11 ustrat esotzi@aovaski ng nechani sm of an ul trasound tr angguwekdamooos:
circuit according to one exenplary enbodi ment; - - FIG 2 (a)
illustrates a photo of a device for .penetrating a tissue of .a subject
I n one exenpl ary enbodi nent; FIG 2 (b) illustrates a photo of
the device as shown in FIG 2 (a) which is dissenbl ed; FIG 3
(a) il ustrat esFiGha(b)dMusizpios the stosovectigedew phthe subicst fciag cad plithé device
(ASIC) and a ultrasound transducer are -electrically interconnected _
with a cireishowhaaFI. Vi@ wi r e- bond; FIG 3 (b) illustrates:that
the bond wire, the ASIC and part of the mniaturized ultrasound.
transducer are F6l déq) ilhwiratpy he eotkingmechanism ofarGiltr8so(u trarsfuction cites
the circuit board is bended at the portion of -the ultrasound .= -

t r ansducer azogling thaskexemphoy ¢mimldabent;i s gl ued at the back of the
circuit board to increase the rigidity of the circuit board, N

FIG 4 (a) ill ud3Gt atdslistatts 4 pretedfacierice fiir pemdhatitontieed ofasubjettie ene
the circuit board and the ASIC is -achieved by flip-chip, and the

el ect ri cal edenipbirg eabslisényn bet ween-the - circuit. board and the

ul trasound transducer is-also achieved by flip-chip; and - FIG 4

(b) i1l ustratesFiGhatb)iiusested ¥piasto @ﬂthe&l@ederasﬁaiwmﬂtﬁﬁﬁczxamﬁfbh n
bet ween the circuit board and the ASIC and between the circuit board.

and the ASiczemb&dappl i ed. Description
fIG. 3 (a) illustrates that an application-sp'eci.ﬁc integrated circnit (ASIC) and a
_ ultrasound transducer are electxichlly interconnected with a circuit board via wire-bond;

FIG. 3 (b) illustrates that the bond wire, the ASIC and part of the miniaturized
ultrasound transducer are molded for protection;

FIG. 3 (¢) illustr.ates the circuit board is bended at the poﬁion of the ultrasouﬁd
transducer and a back support plate is glued at the back of the circuit board té) increase
ﬂle rigidity of the circuit board; |

FIG. 4 (a) illustrates that thc electrical mterconnechon between the cu"cmt board -
and the ASIC is achieved by flip-chip, and the electncal interconnection betwcen the
circuit board and the ultrasound transducer is also achieved by ﬂ1p~ch1p; and

FIG. 4 (b) ilIu;trates that mixed types of electrical interconnection betweé_n thé
circuit board and the ASIC and between the circuit board and the ASIC are applie&. _

Description
[0008] The :following détailed description. reft_irs ¥o the accompanying drawings thét

show, by way of illustration, specific details and embodiments.in which the invention



[ 0008] The follow ng detailed description refers to the acconpanying
drawi ngs that show, by way of illustration, specific details and
enbodi nentwoizonwbesgh t he i nventi on may be practiced. pEIB8E2011/000031
enbodi nents are described in sufficient detail to enable those
skilled in the art to practice the invention. In this regard,
directional termnology, such as "top", "bottont;, "front",. "back", :
"l eading", "trailing", etc, is used with reference to the orientation .
of the Fi gtakbepragisedglhgisscmhodiverntspaedaseribed impliciont detail tasngblgitivsnt s
can be positioned in a number of different orientations, the o
di r ect i onaskibesinitheciriggpracicetheinvension. Ip triptegerd, difectignalitsrminolopy: saabdisi s
in no way limting. Oher enbodinments imay be utilized and structural, .
| ogi cal , altdp'e[Tedtom” c'dlon gkt s lendingh & tratioe!, eictib nsed vdtyrafetenegtoftheom

t he scope of the invention. The various enbodi nrents-are not . :
necessar i | grientation bf the Eiguie(s) beng desribahBeamizommpendnss af@mbbdimentybamted
with one.or.nore other enbodinments to form.new enbodi nents. The.

fol | owi ng pesitivinbdih admsrber gftdififererdt lodemitames, the direatidnat rrhinologk Bruse¢dfon
limting sense, and the scope of t-he present invention is defined by

t he  appendpipedeaofifustiaOO0ok Thim nooray lineiiegniitker pmbodimemnts thal &€ aiilizetl and ’
mean "serving as an exanple, instance, or .illustration". Any -

enbodi ment staictuikd Sogital b @lecthieal chdpes mapbe madeWiticat Yepaitihg fidin the scope
necessarily to be construed as .preferred or advantageous over other
enbodi ment &f th¢ intt&Riod) TEhe vaROEQhiboliatthRY ot RERLAR nduteEN ekEuditd, as
penetrating a tissue of a subject. For exanple, the subject nmay be a
person or. &nedmb¥Bimentkiten BEMIndEndBYith dielob HRreothdr SY6dRRAG ] Rith Rew =~ .
portion having a tissue penetrating end. The device nay be configured
t 0 penet r agBbddiBertd. THERIWIvgldaRilbd Satiibtids ARtdTeYe] 9 dot@b de takBiEin@eVi ce
may further include an ultrasonic scanner coupled to the tissué"

penet r at i NEmRREérRE)-and (R stdplelof B2 PrdieR GRARAESN i8N ired BY UkGpadhded Lihigsound
transduction circuit which is configured to generate and transmt

ul trasoundigeBsies TR: wHA "SipipSay" i@ QskdiHerelFte Phadf "delitl ASH 28HRE Waves.
echoed fromthe subject. Thé ultrasonic scanner may further include a

pul se genefabhdddoGilhstHidn" WhyF dnbodlim& Bf dSigh GeschiBeARRGH & @x@fplary” is

el ectrical pulse so that the ultrasound transduction circuit 1§

triggered }Q  @Q0&HHR! 6 b2 BShstrh @R Prdfertdaldr 33AURFNRYES other embodiments or
designs: ' | |
[0010] Embodiments provide a device for penetrzati:n'g a tissue of & sﬁbject’. foi"l 3
example, the subject rﬁay be a person or an animal. ’l;hf:: device may include a tissue',l.' :
penetrating portion having a tissue penetrating end. The device may b{; coﬁﬁgured to

. penetrate the tissue vig the tissue penetrating eﬁd. The device may further include‘aﬁ

ultrasonic scanner coupled to the tissue penetratiné_p.oﬁion. The ultrasonic scanne;' may |
include an ultrasound transduction circui.t which is cdnﬁgured to generate and transmit

ultrasound waves to the subject and to receive returned sound waves echoed from the

subject. The ultrasonic scanner may further include a pulse generating circuit which is



[0011] In other words, in one enbodi nent, the device nmay be used to
penetrate a tissue of a subject, e.g. a patient, via the tissue
penetrati oWwoportkedy €.g. a needle or catheter. For examiseroiihcoes:
device may be used in the procedures of anesthesia such as epidural
anest hesi a, and anesthetic may be injected into the body through the
artery or spinal cord using the device. As nentioned earlier, when
injecting the anesthetic into an arter the anesthetist may rely
parti al I-y. eonfigered fogeperate an sleatrics] aulse prithat theyeltratpund fransductipn ciredfis red
to rely on feeling and experience to clearly know that the needle has
reached t heiggéregthto denerate ipnhirangmigmltraspundiwaves. anest heti ¢ i nt o spi nal '
cord, the procedure becones nore chall engi ng-because the ultrasound
can not pel§@1tat elnbuher svordshin ole vinbalimenttbe devideauayHeneedtoiprndtmattes - an’
ul trasoni c scanner which is configured to generate and transm.t

ul t r asoundtisses/afs sabjdctt ©g.ragmeentovia it tissne dersetrativh puatiess e.echeedlebr om t he
subj ect. The device may be configured to be coupled to a processor
opt i onal | ycattiete. For exempl€) the deoice xabpled infthe proetdiidsed asetheda watias may -
vi brate transducer(s) (which may be included in the ultrasound L
t ransduct i épiduallafitste}ia, 20 dndsthetid maybelinfrered $to tRbolyithfoukh the\aitbyadri 0ns
into electrical pulses that may travel to the processor where the

el ect ri cal spaial 626 usiBy the Ae it A6 Sfeaflord darliEra Wb Ehd thé Shedtheticihtod
i mge and di spl ayed on the nonitor. Accordingly, by coupling such an.

ul t r asoni Carfe6yd BidQinedtitetibtiRayt e PdRiallP BE the hblphd ap Glirhéodnd ichdder RAGSkIEt | St
nay determ ne fromthe inage whether the tissue penetrating portion,

e.g. a neeld.#pﬁrearto felyat Relif and BARriERR 88arly 1810W (Bl ihd fRedit hittedcBEd thbe
injection of anesthetic. It is appreciated that the application of -

the devi cerjm 1&%@%@%&&9&@1&%%%@%% keRsbeGE Séd&nie§nfBFtJ. y
for illustration purpose but should not be linited thereto.
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as descri bed hereln may be applied during the procedure of _
ammi ocent ejghdn Meh@BOL @ﬂsﬁm&héahb{»} whAdHAS écﬂﬂi%m‘%ﬁ t&&ﬁ%ﬂa&%ﬂuﬁﬁé‘iﬂd er. 1n

these procedures, sanples are taken fromthe amiotic fluid

pl acenta Vijjg.@ind Bhes Y olrQive MR e &ugbwa%saccﬁb%&%ﬁl és&?&r%sr ﬁnd

there are risks that the intervention device nmay accl ental
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drug dellvery, e.g. ane rocedure
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needle or a catheter, has reached the right location for the injection of anesthetic. It is
appreciated that the application of the device-in the procedure of anesthesia described |

herein is only for illustration purpose but should not be limited thereto.



1001611 n one exenpl ary enbodi nent, tissue penetrating portion may be
a needle or a catheter. In another exenplary enbodi nent, the tissue
penet r at i ngoperitobee may be a tube. In a further exenpl ack/serbasdosent ,
the tissue penetrating portion nay be a rod. [0017]1n one enbodi ment,
ultrasonic scanner is of an el ongated shape. For exanple, the

el ongated ul trasoni c scanner may be coupl ed along to the el ongated
tissue penetrating portion. In the enbodinent wherein the tissue- .
penetrati nPOBHrt i gﬁ apatherexpppleohe fdevicssa gescribedtisrein may borpptied duringdhe
may be inserted into the tissue penetTating portion and fitted alone
t he i nsi depraegdureif amhigcentesisins chyaaicrvillissgmplong: As menfi@ed 83rlier, uthese
enbodi ment, the ultrasonic scanner further includes an anplifying
circuit bepmepdomafsamplesate takem frpinithe/arietia fhtidi onglecesvichaniaraentidon - a .
further enbodi nent, the ultrasonic scanner further includes a.circuit
board. Fordeicaspdhas anballcorcatheter, hoditherenmyridke that fhe énterobration idevicd maypoar d
whi ch is bendable. For exanple, the circuit board nay be of an .

el ongat ed mhipetally penetra¢ th feths Thdevice b dekctibsdtherdihMay hdlp 82 @ruedtioners
transduction circuit, the pulse generating circuit, and the .
anpl.i f yi. ngtoGicéugately laa tigprpdi@dosstibitol ddlledt HeGlmplelfont dnSbsdfidiiat t he
ul trasound transduction circuit, the pulse generating circuit, and

t he anpl i fylhde@taGiithout damagiag ehlaerhble Cald. BinaRAPaRE 8&Vio & HeRABd REher Vi a
the circuit board. [0019]1n one enbodi nent, the pul se generating
circuit anglag heappigd infibe gigccdies of &gmwsmaﬁFm@‘ng.eﬁive& ASAL Bekpiing. an
application-specific integrated circuit (ASIC), and the ASIC nay be

coupl ed to[bf CimGuicr waRR! e 38464 hgthedfiRg ASkSGc06 sith@: &Y deb@peand

transduction circuit nay be electrically connected. The ASIC

general | y gafif iy bRilAde both @RS bf Gk lelfve), ¢ GUMRHMZSRIIFY, a8d the
particul ar use. fOOZO] I n one enbodi nent, the circuit board nay "be

coupl ed al BR&aliR@rLIRSHE tissue samples.

[0014] In one emb-odiment, the tissue penetrating portion is of an elongated shape.
For example, the tissne benetrating portion may be a needle or catheter which has an
elongated shape.

[i]015] - In 0né_ cmb-odiment, the ti_ssue penetrating end is of a.bevcl shape. The be\..'e'l :
shape may facilitate the pcnétratioﬂ. of the device in the tissue of the subject.

[0016] In one exemplary embodimenf, tissue pen:etlf'ating portion ma.y bea ne_,ed:le' c:)r a
catheter. In another exempla\.ry embodiment, the tissue ].)enetrating port'ionlmay bé a tube.

- In a further exemplary embc;diment, the tissue penetrating portion may be a rod. .'_‘ :
[0017]  Inone embodiment, ultrasonic scanner‘ifs of an elongated shape. For e:{amplc,
the elongated ultrasonic scanner may be coupled aldng to the elongated tissue penetrating

~ portion. In the e:mbodiment wherein the tissue penetrating portion has a hollow passwéy,



penetrating portion. [0021]In one enbodi nent, the ultrasound
transduction circuit may be coupled to a subject facing end of the

ul t rasoni oweeemnnerse Accordi ngly, during the interventi ¢aTRGosedeuHs,
field of viewright at the tip (subject facing end) . of device, e.g. a
needl e or catheter, may be provided. In a further enbodi nent, the
subj ect facing end of the ultrasonic scanner is coupled to the tissue
penetrating end of the tissue penetrating portion. Accordingly, when
t he devi cethf slirsgonet scannstmay,beinsenied inite tha dissyk peirpratingaposidon and igted alone

ul trasound transduction circuit my be configured.to transmt -

ul t r asoundtheisids wall ofithd tismie pestniing poetiar ned sound waves fromthe
portion of the tisssue in front of- the tissue penetrating end such

t hat an i ni@@8]of Inlvae pmbédimantothe hlesdnicssammet furtherandludel at leplifiyimgue.
penetrating portion nmay be obtained. Based ori-the image, it may be.
det er m nedciwhie béieg cdnfiguctd vo auplifatheraambd shuntl evavésghita fughatembodiméhd S
may for exanple facilitate the practitioners- a better control in
preci sel y thealationf schrmesfuathertinclstiel h vietuitBodidC Forexampla s tifritiboard@ent s
or to collect organ tissue sanples. [0022]1n one enbodi nent, the
ul t r asoundbela fherhikti€itcultBosid hithtis bend sl Foeekatiplaa e b @choafdrahytee: dgad Of
the circuit board. .In a further enbodiment, the subject facing end of
t he ci r cuidlodgari ehaps. 16 Q4RI BGtheLeridinidnS ShtCulRR0OEEd Winkdi@tiercal, thbe |
tissue penetrating portion. [0023]1n one enbodi nent, any of the

ul t r asoundylise B Seatis cRBuit ahEitk Empﬁﬂl?ﬁm Ritt:SiEare AR A WiftheE LikGitibbardand
the anplifying circuit may be coup eg to the circuit board via

W re-bond Qkh Wt the filaRual trihsdiction SX¥ARDINE ?uk@'gexéékigg BRhitosdaripl ed to

the circuit board via wire-bond or with flip-chip. [0024]1In one
enbodi MeNt aniffin ik du S i AP SHHEAE OIS Ldch Girr ViR Bleislesi Bk ray of
[0019]  In one embodiment, the pulse generating circuit and the amplifying circuit
may be asse;mbled together in an application-specific _integrated circuit (ASIC), and the
ASIC may be coupled tc;\ thé circuit board such that the ASIC and the ulfrasound
transduction circuit may be electrically connected. The ASIC generally refers to an
iﬁtegrated _circuit {IC) ;:ustor_rﬁzed f01_' a particular use.
[0020] h or;e embodiment, the circuit board ma; be coupled along the tissue
penetrating portion. B |
[0021] In one embodiment, the ultrasound UMsdﬁcﬁon circuit maf be‘ coupled to é
. subject facing end of the ultrasonic scanner. Aécordingly; during the intervention " |
procedure, field of view right at the tip (SL_lbject faéi_ng end) éf device, e.g. a needle or
éatﬁeter, may be provided. In a further embodiment, the subject facing end of the

ultrasonic scanner is coupled to the tissue penetrating end of the tissue penetrating

portion. Accordingly, when the device is penetrated into the tissue of the subject, the



ul trasound transducers. In a further. enbodi nent, the ultrasound
transduction circuit includes a linear array of one or nore

ul t rasoundwonrenseuser s. [ 0025] 1 n one enbodi nent, the tipETIS&2011/000031
penetrating portion is hollow, and the ultrasonic scanner nay be -
fixed inside and along the tissue penetrating portion. In a further
enbodi nent, the ultrasonic scanner may be fixed inside -and al ong the
ti ssue penetrating portion such that there'is at |east one passway

t hr ough -t Hatraspund feansdistion Gifcuy qay be coniguredde frapsmitidisasownd wryesigeapd to
bet ween the tissue penetrating portion such as a needl e and

ul t r asoni creesivgrrefarmegsgund weay psfeomp the parpioniod the dissng inlEpnté the tissuef or
collecting tissue sanples. WD 2011/ 090439PCT/ SG2011/ 000031 100261l n
one exenplrenstrainponti swelnthat anhimage ofitheportion efdhevissne indront sdgble fisss¢ de .and
along the tissue penetrating portion using glue. [0027]In the. .
enbodi mentpen¢teatieg portihe may bs olgaipeth Basedton iy ipwet, iitonayi ks deteroibed whether

ul trasoni c scanner nay be coupled along the rod. In a further
enbodi mentthe ddvizehhs reached e rightliosadioat Tlasmey for ekdmplafacihieateihe praettidnersa
subj ect facing end of the ultrasonic scanner and the subject facing
end of t he hetterrcaansliis pecacip dicatirpythdeoc didelied niadicinttor bh@thatic agents or
penetrating end. In a still further enbodi.ment, the rod and the

ul t rasoni ao selion@arctdistuccamplegur ed to be covered wiith a.sheath

cat heter upon penetrating the tissue of the subject. The space

bet ween t heoz2peatin ofatibidaheratie tild@scuhs GRRHRLIOE tiréit i Goupltiditd bRy
provi de passage for drug delivery or for collection of tissue

sanpl es, ffadingsAroBkiR ciltGOB&d. h @ AgtherfiRikbidiiadt, thd u8jerddifCendSof the
configured to be coupled to an injector. For exanﬁ%e,_the_injector

nmay cont aidirchitBoasd ;dgo%p)eda@ tltskeaeRblratia end\b¥aRe tidsud Senet@itiaf Phryesl t hat

the device has reached the right location, the drug may be injected
into the rpgd3) | afdhé SbcAimédCng 8PitR GltraséiRl tARQLERIN XA MleSulssanpl e

ti ssues nmay be collected into the injector. [0029]1n one enbodi nent,
the ul trasRf:bingcRONE and the GRBIiHVHY Eluit Ha) 86 Bhupfeado He@hdlit Bird via
wire-bond or with ﬂip—chip. .For example, the ASIC may be coupled to the circuit board
via wire-bond or with flip-chip.
[0024] In oné_ embodiment, the u}trasound transduction circuit includes an array (;f
ultrasouhd transducers. In a further embodiment, the; ultrasound transduction circuit
in¢ludes a linear array'of one or more ultrasotind tran.sdfucers.
[0025] In one embodiment, the tissue penetratinglpé)rtion is hollow, and the ultrasonic
. scanner may be fixed inside and along the tissue penetrati.ﬁg portion. In a further‘_ |
embodiment, the ultrasonic scanner may be fixed inside and along the tissue penetrating
portion such that there is at least one paséway through the tissue penetrating portion.

Hollow space or passway between the tissue penetraZting portion such as a needle and ‘

ultrasonic scanner may prov.ide passage for drug delivery or for collecting tissue samples.



initiate the pul se generatinicircuitto generate the electrical pulse.
[ 0030] I n one enbodi ment, the ultrasonic scanner is configured to

out put t hewoebtoprey sound waves. For exanpl e, the retumpregcaounchosl
waves nmay be turned into electrical pulses . and may be further
transmitted to a processor for further processing such that an inmage
corresponding to the returned sound waves may be obtained. The
practitioner may determne fromthe inmage whether the right .l ocati.on
has been ri882fed. Ifane sa9mplary embpdipsntgtie vitrseirscarnshisifixed mside rd alprgsue
penetrati.ng portion may be a needle or- catheter with bevel shape at
the tip. Ithetisiue penstratingdiogfiopusingighist er cont ai ns t he uItrasonrc
scanner. The ul'trasoni c scanner may incl.ude an ultrasound

transduct i [082i r clni the emiebdiment wheremshetisné pyewiting ppttion Tererod) the asound’
transduction circuit may contain an ultrasound transducer array which
may be at tultimedictcanaer mi& € chupledialpng the rainth sfugther embnhilicht, tetiltosountihe
pul se generating circuit ‘may be assenbled in the ASIC.. The ultrasonic
scanner nayanfductiecirduitahayde ceuplaimp laishilyja daciigrand of thelltabonisscantef aglur ed
to anplify the returned sound waves. The anplifying circuit may al so
be assembl welsibfect reindShdof tiheltrShic sasmiet gy b donpledtntle tissanpaheatingn
circuit may be coupled to a circuit board. The ultrasound :

t ransduct i g, Biastillifirthet BAbAGhEatARErddRad erubitisbnib Safiskr BR)coBRgred6 GYPY
a fraction of the cross-section of the tissue penetrating portion,

€. g. a needhere@ivithalsheiitsatheted upditfentthtihg tHelisRRT a@eubjectdBld syfie
nmedi ci ne or anesthetic agents or to collect organ tissue sanples. The

needl e or, |eaideaties shidth ethetérard bR thelelperérafin@pdriiemey prooide ga edor’ 0d.
In the enmbodi ment where the. needl e or catheter is a solid a :

sheath cat &li r 6+ BlcABR Bk Sires ! BFexAgBR e or cat het er for
dellverlng e nedicine or anesthetic agent or for collection of

organ ti ssgg2gjaMminGhe eiﬂebcﬁmemstha dedinas cédﬂgul%a E@E@&mﬁkﬁ b anﬁfe&sﬁ@@r to
FIG. 2 (a) to (b). The sheat h cat heter be left inside the

i nterventi é}ﬁmFBOtthe ]td‘? oty cHRAIUEE Fruffo Bé' Jeﬂlreréd Qi WREN it Qrdbiéﬂmﬂ&f Rase,

for exanple 0032] The el éctrical signal and power may be fed through

the circuige BRALShak RALKLA tﬂé}?gh?ﬁ)‘émoﬁ Rk dﬁl%trﬁﬁtb%rmﬁ(ge@%{o%@ﬁ t location

instrunment for scan control and 1 nage processing. The A may be -

only res pOﬁﬁﬁ@éuﬁjeﬁpﬁo%ﬂﬁéﬁiﬁh@glchéaﬂiblevt%kﬁeé yiY lcélf‘e f8 uﬁt@ ﬁle jbgsound

transduction circuit and ying recelve echo ret urne V\B.VGS)

fromthe ulhigsoupthrb LARGHER BB uftfalditd %annﬁbfsrcgﬁ Fed B FecEiEh siphalid'®

ASI C may be reduce 'S may mak evi.ce escrl

gg';l.i/ 8832 3@{9%){@6 él_gsf%ea&%%tg‘%?u%myﬁ)a&ﬁeratem elf::ct:ncal pulse.

[0030] In one embodiment, the uitras;)nic' scanner is configured to output thé:re:tdmed |

sound waves. For example, the retumed sound waves rrflay be tumed _iﬁto electric:al i)ulses:
. and may be further tmpsnﬁttcd to a processor f;)r further processing such that an‘:i'r.né‘ge

corresponding to the returned sound waves may be :t_)bt«;:lined. The practitioner may ,

determine from the image whether the n'éht location has been reached.

[0031] In other words, in one embodiment, the tissue penetrating portion may be a

needle or catheter with bevel shape at the tip. Inside the needle or catheter contains the



[0033]FIG 1 (a) illustrates a device 100 for penetrating a tissue of
a subject (not shown) in one exenplary enbodi nent. [0034] The device
100 i ncl udwe 2a1tives3eie penetrating portion 101 havi ng a HO1g%1611/000031
penetrating end 102. The device 100 nay be configured to penetrate
the tissue via the tissue penetrating end 102. The device 100 may
further include an ultrasonic scanner 103 coupled to the tissue
penetrati ngl portion 101, The ultrasoni c scanner 103 nay include an.
ul t r asoundUiTASRSERINET Abg Riirasonic ssomenARiRcInde oHErsgURdEIsdICRTErcal o
and transnmit ultrasound waves to the subject and to receive retuned
sound waveandgdmegerarsingcifeuit Jhe plratoundensdyction sieHibmaeniseran1 03 may,
further include a pulse generating circuit (not shown) which is
confi gur edultréﬁog@m@ad@eaw ay| vdueh inexle gitathed taen ABKE for Aaving andzigmahd. -
transduction circuit 104 is triggered to generate and transmt

ul t r asoundampdifiestion; Dham]IsEgenerating ircpiemey baesseigblpdintthoASID The sltrofonin
el ongated shape. The tissue penetrating end 102 is of a bevel shape.
| n one exesvpirgr ynap fvther imelnds ant angdifgng eimaitvdtichng cpdighied o 40dlifprehe be a
needl e or a catheter. In another exenplary enbodi ment, the tissue .
penet r at.i.ngtupedtstwnd vidyes. Thy alnplifyinguwireuit ﬂ:ﬁ)ﬁaﬁolﬂ'dfuasaﬂwemm ASIScaner
103 is of an elongated shape. [0037] The ultrasonic scanner 103 may
further i naSittmdaln wipoidd/ragduetion tidiit (rythe sbuph) tolacirogt buard. Ther ed t o
anplify the returned sound waves. The ultrasonic scanner 103 further

i ncl udes aultrhsoGht franbdiRticn dittuit, the A SER adrhe cirduftdoaidiidyi dnlpaaigd al05 may
be a flexible circuit board. The circuit board 105 may be of an -

el ongat ed ﬁé’bﬁ@ﬁ! of thb Erob-$ecBEOaNik fisoidd yedletfalting Por€ibh, @Y. b ndéie orlch@etty ks €
generating circuit, and the anmplifying circuit nmay be coupled to the
ci rcui t. bomstdhelOfs pasgage foldativer kit dielnk basRuRetid 4z8Ms BiGLdbDEtt organ tissue
samples. The needle or catheter itself may be hollow as a tube or solid as a rod. In the
embodiment where the needle or catheter is a solid ro'd, a sheath. catﬁeter may be attached
outside the needle or cafheter for delivering the medicine or anesthetic agent or for
collection of organ tissue samples, which is further illustrated with reference to FIGs. 2
(a) to (b). The sheath catheter may be left inside the intervention spot for drug de]iveﬁ; or
vital sign monitoring purpose, for example |
[0032) The electrical si gnal and power may be fed through the circuit board msxde
the needle or catheter to external instrument for scan control and image processmlg The '
. ASIC may be only responsible for generating hjgh voitage pulse to the ultrasound |
transduction circuit and amplifying receix{ed echo treturned waves) from the ultrasound

transduction circuit. Therefore the cost of the ASIC may be reduced. This may make the

device as described herein more competitive in disposable usage.
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circuit 104, the pulse generating circuit, and the anplifying circuit
are electrically connected with each other via the circuit board 105.

[ 0038] The wolsang@pserating circuit and the anplifying Gigdhbiasesbe
assenbl ed together in an application-specific integrated circuit

(ASIC) 106, and the ASIC 106 nmay be coupled to the circuit board 105
such that the ASIC 106 and the ultrasound transduction circuit 104
are el ectrl cally connected. The ASIC méy only have the function for

gener at i ngl08¥se EXd lé?}dilPWFeﬁ@dE‘é%lqo @?W@EP““&'H@F%‘FBF%S‘{"BF@ @e5t  of
the ASIC may be dramatical 'y reduced which may nake the device 100
mor e conpetiownia ong cxrmplyy sisbedisatge. [ 0039] The circuit board 105 may
coupled alo the tissue penetrating portion 101. [0040]. The ‘

ul trasou nd[opg‘ﬂns dilee deyived PP ingludesiusswaengicating ppttioy lﬁbhevzmﬂd}ssm
facing - end of. the ultrasonic scanner 103. In a further enbodi nent,

t he subj ecrenttatinggnd hRR. Fhe dévicell0) may baconfiveedie pertdde i tissuspliatie t o
the tissue penetrating end 102 of the tissue penetrating portion 101.
[ 0041] The tissus penetraithg tendh e k¢ devivedion ouay tfuri@dinnimde hevitrasopicadanher 103
subj ect facing end of the circuit -board 103. The subject facing end
of the cireupled bnte tisshe permeaytingepoctonaiiod dTHeqiltkdsenit bcaanee 102 may ireludagn end
102 of the tissue penetrating portion 101. [0042] Any of the

ul t r asoundultrisatsdiaisdetios cikaniti 1104 %Oikh i$ fmfigndes & gaaerahd Ggasaiir cui t
and the anplifying circuit may be coupled to the circuit board 105
via wire- bifskood wirted td the pubgdet find thedcei fotitned sobhdwivas Cchbed frsmythde

coupled to-the circuit board via wire-bond or with flip-chip.

sub_]ect The ultrasonic scanner 103 may further include a pulse generating circuit (not

~ shown) which is configured to generate an electrical pulse so that the ultrasound :
transduction circuit 104 is triggered to generate and transmit ultrasound waves,
[0035] The tissue penetrating portion 101 is of an elongafed shaﬁe. The.tissue '
penetrating end 102 is of a bevel shape. In one exemplary embodiment, tissue penetrating
portion 101 may be a needle or a catheter. In another exemplary embodiment, the tissue
ﬁenetrating portiqn 101 may be a tube.
[0036] . The ultrasonic scanner 103 is of an elonéated‘ shape.
[0037] - | The :ultrasom'c sczanner 103 méy further in_cl:ude an amplifying circuit (not -
shown) being configured to amplify the returned souﬁci waves. The ult.rasr;)nic s'camie'rz

. 103 further includes a circuit board 105. For eﬁample, the circuit board 105 may'.be 5 |
flexible circuit board. ’I:he circuit board 105 may Bg of an elongated shape. The |

ultrasound transduction circuit 104, the pulse generating circuit, and the amplifying

circuit may be coupled to the circuit board 105 such that the ultrasound transduction '
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WO 2011/ 090439PCT/ SG2011/ 000031 [0043] The ultrasound transduction
circuit 104 may include an array of one or nore ultrasound

t ransducengo 20n9@38npl e, the ultrasound transducti on @crsaréiibédzimy
includes a linear array of one or nore ultrasound transducers.

[ 0044] The tissue penetrating portion 101 may be hollow, and.the
ultrasoni c scanner 103 may be fixed inside . and along the tissue
penetrating portion 101. Further, the ultrasonic scanner 103 nay be
fixed i nsifEUhAL Hiegmlipe grnerating sifenit abibe APPIHYNESHEYILHE Poatriealldh t hat
there is at |east one passway through the tissue penetrati.ng portion
101. [ 0045Presctedwdthsiaeh othereviajthe g oardd@8nner 103 may- be fi xed

i nsi de and al ong .the tissue penetrating .portion 101 using gl ue.
[ 0046] The [8€38] ce TBmuls genseating sirsutanddhe anphiéviep eipiui dnaydeassempledt or
(not shown). [0047] The ultrasonic scanner 103 may be configured to
recei ve a tegegfrenin anmpph¢atipmspecifiedntpgrnted cigattd ASIGCING6 cind dled ASICol Ogarrgr at e
the electrical pulse..[0048] The ultrasonic scanner 103 may be .
conf i gur ecbetcoupled touhe ditvait beard il Beshch thahthe ASIC 106 and the ultrasound
. transduction circuit 104 are electricallsf c.:onnected.AT]ie ASIC may only Eave the ﬁmction
" for generating. pulse e.m-d amplifying echo reéei\;ed. Therefore tﬁe cost of the ASI(:'J may
be dramatically reduced which mﬁy make the device 100 more conipetitive in disposable
usage. |
[0039]  The circuit board 105 may coupled along the tissue penetrating ﬁonion' 101
[0040]  The ultrasound transduction circuit 104 may be coupled to a subject f.'acing-
end of the ultrasonic scanner 103. In a further embodirnént, tﬁe subject facing eﬁd of the
ultrasonic scanner 103 ié coupled to the tissue penetrating end. 102 of the tissue
penetrating portion 101.
[0041] ‘The ﬁltrasound transduction circuit 104 may bé_coupljed to a subject faciné
end of the circuit board 103. The subjecf facing end lof the circuit board 105 may be
coupled‘to the tissue penetrating end 102 of the tissﬁe penetrating portion 101.
[0042]  Any of the ultrasound transduction circuit 1(53;4, the pulse ge;ler‘;ating ci_'rc131it,:
.and the amplifying circuit may be coupled to the circ{uiti board 105 via wire-bond :_c:nr w1t11
flip-chip. For example, the ASIC 106 may be coupled t; the circuit board via wir:te;bqnd

or with flip-chip.
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waves. [0049]FIG 1 (b) illustrates the cross section view of the
subj ect facing end of the device 100. [0050] 'As can be seen, the
ul t rasoundwbpnrangdess i on circuit 104 is |located at a subjcasigzofiAcGioRg
end of the ultrasonic scanner 103 and al so. a subject facing end of
the circuit board . 105. For exanple, the pulse generating circuit
and the "anplifying circuit may be assenbled together in a o
application-specific integrated circuit éASI C) 106, and the .ASIC 106
Ty be coulPEl 1 o Thadiratond amsahstipricinens 154 mmy trshide pn arsisitons opmend
the ultrasound transduction circuit 104 are electrically connected.
WO 2011/ 09€teopairgshets/. Bocsanple, tgngtrisoug trapsdusfion FirqwiftlfPdey t he
wor ki ng mechani-sm of the ultrasound transduction circuit 104. ‘For
exanpl e, tineluddstarlmsanamdy of enesd mord Whasohnd:trnsdyrass. contain a |inear.
array of mniaturized ultrasound transducers. [0052]} The |inear"
t ransducer [0D4dgi nGhetisses pemetyating portipa bl lemay beglerlomatndthe phameicsbanhtred
pul se on each individual element to formfocus ultrasound beam 130.
Ther ef or e tBenmdiedided dvideland dbhphe tssat péreeatirpomitichaloe. FuiBertheng t he
focus beam may be anplified and processed afterward to generate an.
ul t r asoni. culirnsagie scdiyer P @pdyibe fixtdidsidasml 406rpaBSEssut penetiting @ofidh 101
focusing angle, a field of view of approximately 1-1-45 degree from
t he nor mal suvle tHaother@fis dtheast dnd passway thegagh tHeftReR pEhdtrakigg patisd 101ct ed. . The
i mge acquired in the process may be di splayed on a nonitor to show
t he practifpo48)er SF@fexhhiple, th&SbaHnRscMREAD3 SHybe fixe@inside hiddéngahe t he
ti ssue penetrating end, e.g. a needle tip. The device may be appli ed,
for exanp]@sudﬁngmngg&hibﬁaoj @¥hd ghudiel ping the procedure for epidural
anest hesia and for organ tissue sanpling. ‘ ,

. [0046] The device 100 may be configured to be coupled to a injector (not shown).

[0047]  The ultrasonic scanner 103 may be configured to receive a signal to initiate

the pulse generating circuit to generate the electric-:al Pul'se.

[0048] o The ultrasonic écanner 103 may be configured to output the returmed sound

waves.

[0049] FIG. 1 (b) illustrates the cross section view of the subj ect facing end of thé

device 100. |

[0050] ©  As can be seen, the ultrasound trahsdﬁction; circuit 104 is located at a subject

facing end of the ultrasonic scanner 103 and also a sﬁbjféct facing end éf tﬁe circl_jli.t ibozltrd ‘
. 105. For example, the pulse generating circuit énd the 'a{mplifying circuii may be.: 3

assembled together in a application-specific integrated circuit (ASIC) 106, and the ASIC

106 may be coupled to the circuit board 105 such that the ASIC 106 and the ultrasound

transduction circuit 104 are electrically connected.
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[0053]FIG 2 (a) illustrates a photo of a device 200 for penetration
a tissue of a subject according to an exenplary enbodinent. In this
exenpl ary wobedipmnd , the tissue penetrating portion i $ca/9c26h1/08086h
the ultrasonic scanner may be coupled along the rod. The ultrasound
transduction circuit is coupled to a subject facing end of the
ul trasoni c scanner and the subject facing end of the ultrasonic.
scanner is _coupled tqQ the tissue penetratjng end. Further, the rod
and t he -ul 19038on  £1G:ddRnilinstzstes the taricge msghantsmyal themlrsomnd ansdistiameat h
cat heter upon penetrating the tissue of the subject. The space = .
bet ween t heird#dQf-Fos staule theplgmspynd trangdugion rircatt may corjaip g linpasarrawsf be
used for drug delivery or for collection of. organ tissue sanples, for -
exanpl e.  Wusrized obpaswddranydger®11/ 000031 [0054] FIG 2 (b) .
illustrates a photo of the device 200 wherein the sheath catheter is
di ssenbl ed[0052m t Ade linehr fransduees inagingaey mepytbe gapalilecf igenerating phase
[0055]FIGs. 3 (a) to (c) illustrate the assenbly process of the
ul t rasoni cshifiedmuse on eaghdudividng elementte formefopisartyasewrisideand 30.. Thittedore
ul trasoni c scanner may include a flexible circuit board. 305, an .
ul t r asoundthe eehwsfthne te obigtts retbo fovel Zonahbhlotg thefocns antny (e, anphifidls| C
306 and a tissue penetrating portion 301 which nay for exanple be a
needl e or awkivedtessed affdreraplib genegae @ dltrasogicdmagel By r¢peatingahosame padtdssan
anplifying circuit (not shown) may be assenbled together in the ASIC
306, and t tvh differeasfoousing anglesalfield of 30w ofl apbrotimatbsl+Z-43d6graé fom the
el ectrically connected. [O0056]FIG 3 (a) illustrates that the ASIC
306 and m mormalvecoed thé lineas auayckutfacnfg ieafondfdteds Fhedmagdelgietdtif tHeh e
flexible circuit board 305 with wre-bonding (see the wires 320). The
m ni at ur i zpdedss mapBodinglayed a0 2dheor BGHOMyheRactitiortrd NthS @kued of Bigin T Or
exanpl e. - _ )
structure in front of the tissue penetrating end, e.g. a needle tip. The device may be

applied, for example, in the application in helping tht_a pr'ocedﬁre for epidural a.nésthésia
and for organ tissue saﬁpling.
[0053] FIG. 2 (a) illustrates a photo of a device 200 for penetration a tissue of a
shbj ect according_ to an exemplary embodiment. In this excmpla:_'y embodiment, the t.issue
penetrating portion is a rod, and the ultrasonic scanﬂer may be coupled along the rod. The
ultrasound tansductioh circuit is .ct;upled to a subject facing end of the ultrasonic sc;nner -
and the subject facing end of the ultrasonic scanner is c:oupled to the ti;ssué penet%at_ing‘

. end. Further, the rod and the ultrasonic sca_nnef are cc:)ﬂZﬁgured'to be cov:e:red w1tha :
sheath catheter upon penetrating the tissue df the s'u.bjec::t. Tﬁe space between the-jshe_atﬁ
catheter and the tissue penefrating portion may be used for drug delivery or for cc:)llcction

.of organ tissue samples, for example.
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[0057]FIG 3 (b) illustrates the bond wire 320, the ASIC 306 and part
of the mniaturized ultrasound transducer 304 are nol ded for

prot ecti onyobbR/m®kei Ng material may be any material thatygatiiRGs:
applied in shape changing formand solidified after nol ding process.

Exanpl es of materials are PDMS, photopol yner or- pol ycar bonate nol di ng
rasin. Alternatively, a CVD deposition with paralyne may he appli ed.
The pur pose of the nolding process is to cover the. ASIC, bond-wre
320 and -pal®054f t F&. 3I(b) Husiated a phetp otithe devicel wlmeupﬂletsmth agtheter is
[0058]FIG 3 (c) illustrates that the flexible circuit board 305 is
bended at disssmplsd fioonthefodiand thel itraseundrivinsduatiduniter chi p 304. Furt her,
a back support plate 309 may be glued at the back of the circuit
board 305 H855IncrEse3 (A& (c) dustiatetheassethblypomest of s ultrdd@hic scanner |
2011/ 090439PCT/ SG2011/ 000031 [0059] Thereafter, the circuit board 305
al ong W t hacASiding 36 Bnecexemplaty enstedintent. (The shitacemic s%%emyy relude s dekibld
into a tissue penetration portion such as a needl e or catheter and

gl ued on tdieuit bsardleosryahh;ltthfsm.tnh&aisdﬁau@lmlaidt&ﬁmmnwﬁmﬂmoﬂhﬂ f|nal
device may be the one as shown in.FIG 1 (a), for exanple. - .

[ 0060] Fl. GSASKE 306)andl @ tisdu) pbhdirditg kont 308 wiHichGhdy foabxatripleeGaizodE bi O n
between the circuit board 405 and the ASIC 406 and bet ween the

circuit boafidtetOfhepitie %&ﬁrﬂﬁhﬁ ERGRUR6t shévat)dd 6 imAlding i maGhbeyed

by flip-chip instead of wire-bond or a mx and match of both type of

Wi re-bond @adhd dskdniéd tBgether in the ASIC 306, and the ultrasound transducer 304 and the

. ASIC 306 are electrically connected.

i [0056] FIG. 3 (a) illustrates.that the ASIC 306 and miniaturized ultrasound transf:lucer
304 are assembled to the flexible circuit board 305 with wire-bonding (see the wires |
320). The miniaturized ultrasound transducer 304-may be in aI form of a chip, fo;
example. |
[0057] FIG. 3 (b) illustrates the bond wire 320, the ASIC 306 and part of the
miniaturized ultrasound transducer 3Q4 are mo@de.d for protection. The molding mateﬁal ’
may be any material that can be applied in shape chz'mgirig form and solidified after
molding process. Examples of materials are PDMS, photopolymer or polycarbonate "
molding rasin. Alternatively, a CVD deposition with :pa@ralyne may be éppiied. The -

. purpose of the moldin.g process is to cover the ASIC,;Bé:hd-wife 320 and part of the
ultrasound transducers 304 for protection. ) |
{0058]  FIG. 3 (c) illustrates that the flexible circuit board 305 is bended at the portion

of the ultrasound transducer chip 304. Further, a back support plate 309 may be glued at

the back of the circuit board 305 to increase the rigidit)} of the board 305.

15



[0061]FIG 4 (a) illustrates that the electrical interconnection
between the circuit board 405 and the ASIC is achieved by flip-chinp,
and t he elwotzniimadsze Nt erconnecti on between the circuit geasgoddveand
the miniaturized ultrasound transducer 404 is al so achi eved by
flip-chip. [0062]FIG 4 (b) illustrates mxed types of electrical

i nterconnection between the circuit board 405 and the ASIC 406 and
between the circuit board 404 and the ASIC 406 may be appli ed.

[0063] I n Fi08914 (Bhereafinn theicaerit besad 3@oralenectiindiC 6 apdn dhe
circuit board 405 and the ASIC 406 is achieved by flip-chi.p, and the
el ect ri cal ransduseiciidmeanhiednseried intocatissercpenetration pertilon awch as @ Becalircbrt he

m ni aturized ultrasound transducer 404 i.s al so achi eved by '

Wi r e- bond. call@Ge a1d glusianthe inside wall ofide Gistvo genetration foribw. Tle Fnalldiieee ,
wi th ultrasound inmaging capability is disclosed to facilitate.the
anest hesi amay betheignes|shover in 6ot & foeexamglet o facilitate organ tissue
sanplings. The hassle.during the procedure may be greatly reduced
since the [0f6lje nBiGsbe(aptood) dlesiratdihe elgttritdl éntetestineetion BeBvesp e ircuit
(passway) between the ul trasoni c scanner and the tissue penetrating
porti on. priwardies ahd hepeBISaAQE afidbetwltengheatdiciulr 8oatd 405 dmdrthealtrh@aid on of
organ tissue sanples. The tissue penetrating portion nmay be a needle
or cat het ettanéduictr 408\vely Heiapiieed iby ke cliip eteadbf Wige-Bitd)or 2 Tkif anbstbieonr
the cathet'er may be a holl ow el ongated tube or of saolid filled rod.
The ul t r asiti §pssowinebondamd iNQethisle, at the subject facing end of the
ul trasoni c scanner, an ultrasound transduction circuit which contains

a linear amoety of FIg. BB illustrh e 2GAURClelksALS i inhedtfon BBt BRME DB Vi Ce.
The ultrasonic scanner may be inserted into the holl ow needl e or

cat het er, tafl 405@nd tHROHICH dcmevmhg 1115? cﬁiﬁ%ﬁﬂl thd\8b&Bcal BfterbsRettidn Or
en e

cat heter “at the subject facing needl e or catheter. The

linear arriayvien dedfrckifBod@R6Y Hidhe SREMGT80 uARYURE ARG P04 is also
m niaturized ultrasound transducers. An ASIC in which a pul se

gener at i NGy chieldtiyiftipRBiipan anplifying circuit nmay be assenbled may be
placed ri ght besi de the l.inear array for driving pul se

[0062]  FIG. 4 (b) illustrates mixed types of electrical interconnection between the
circuit board 405 and the ASIC 406 and between the circuit board 404 and the ASIC 406
rﬁay be applied. _
[0063] In FIG. 4 (b), the electrical interconnecti;)n bétween the circuit board 405 and
“the ASIC 406 is achieved by flip-chip, and the electrical interconnection between thé .
circuit board 405 and the minaturized ultrasound transducer 404 is also achieved by
- wire-bond.
[0064] In summary, various embodiments proﬁdé a device with ultrasound i-niaging
capability is disclosed to facilitate the anesthesia or drng delivery procedure and to
facilitate organ tissue samplings. The hassle dﬁﬁng the procedure may be greatly reduced

since the image may be provided through the device. The space (passway) between the

16



and anplifying the receiving echo. [0065]In various enbodi ments, the
m niaturized ultrasound transducers may be conbined along with a

ti ssue pengonefijoxgsporti on such as a needl e. The ul t r asaasd2011/000031
transducer array formed by the miniaturized ultrasound transducers
may provide sufficient field of-vieww thin the space between disks
in the spine by operating at higher frequency with better resolution,
for exanple. [0066]Wile the invention has been particul arly shown.
and descr i WHearopicrranper g diedissuepenyiting pertienprauidesthe passage f d be
understood by those skilled in the art that various changes in form
and det ai | dekigrylon forgeliectipreoicirganijssussamplge Jae tissug pencoating nortigs maytbegnd
scope of the invention as defined by the appended clains. The scope
of the i nvaeadleoncatketiertyith tiewelitipa (tisehepgnettatingerpld he deedladnthe catlteainiay
changes which come within the neani.ng and range of equival ency of the
cl ai ms ar ebetimillevalangated tabe edofisolid Ellahbd Adeditras@Gliasqasney\iray inciude] i med
is: ‘1. A.device for penetrating a tissue of a subject,.conprisi.ng: a
ti ssue pendhe sudfichfpcingrend afthéreluhsvgicascinngs aeulpesvahd ainsthgetion dircudtrwhich

ul trasoni c scanner coupled to the tissue penetrating portion; - -wherein
t he ul t r asntainsadmesnerrag offltuab@frasound transducers a@ an {thdgirgsisvioe The
transduction circui.t being configured to generate and transmt

ul t r asoundulitesesis stantmitayitliheatd Mmackhe holldcicle of SithiterLthd S li@aiane'sS.

echoed fromthe subject; -and .

may be fixed inside the needle or catheter at the subject facing end of the needle or
catheter. The linear array inside the needle or catheter may be made of n.liniamrized
ultrasound transducers. An ASIC in whicha pulse generating circuit and an -amplify.in.g
circuit may be assembled may be placed right beside the linear array for driving 'pulse‘
and amplify_ing the receiving echo.
[0065] In various eﬂlbodiments, the miniaturiéed ultrasound transducers may be
combined along with a tissue penetrating portion such as a needle. The ultrasound
transducer array formed by the miniaturized ultrasound transducers may provide
sufficient field of view within the space between dis-ks iri the spine by operating at higher
frequency with better resolution, for example. |
[0066] - Whil:e the invention has been particularlg-( shown and descﬁiaed with reference

- to specific embodimex_lts, it should be unde,rstoﬁd by tli(:m-a skilled in the art that_\‘f.:ai.rio:ufs
changes in form and detail may be made therein wiﬂioﬁt departing from the spirit and
scope of the invention as defined by the éppended claims. The scope of the invention is

thus indicated by the appended claims and all changes which come within the memﬁng

and range of equivalency of the claims are therefore intended to be embraced. -
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~a pulse generating circuit being configured to generate a (ﬁé % i.cal
pul se so that the ultrasound transduction circuit is trigg% gg‘gl%%mBl

generate and transmit ultrasound waves, wher ei n t he Bgoeived &l ¢2011
scanner further conprises a circuit board, wherein the circuit board

is coupled along the tissue penetrating portion. 2. The device
according to claim1, wherein the tissue penetrating portion is of an
el ongated shape. 3. The device according to any of clains 1-2,

wherein the tissue penetrating enddifimef a bevel shape. 4. The

devi ce according to any of clainms I-3, wherein the tissue penetrating
portion isygeedhRqQr a catheter. 18 AVENDED SHEET 2EA/AU 5. The
devi ce accoréing to any of clains 1-3, wherein the tissue penetrating
portion is a tube. 6. The device as clainmed in any of clains 1-3,

wher ei n t hé tASeime fppemstmigianigup of 4 suject, Smprisra
a tissue penetrating portion baving a tissue penetrating end;
an ultrasonic scanner coupled to the n:ssuc penetrating portion;
wherein the ultrasonic scan.‘ner comprises
an ultrasound transduction cirenit being configured to generate and
: ( transmit ultrasound waves 10 the subject and to receive returned sound waves echoed
from the subject; and
- & pulse generating circuit being configured to generate an electrical pulse
so that the ultrasound transduction circuit is friggered to generate and transmit ultrasound
waves,
wheréin ihe ultrasonic scanmer ﬁuther‘compzises a circuit board, wherein the

circuit board is coupled along the tissue penetrating portion.

2. The device according to claim 1, wherein the tissue penetrating portiont is of an

clongated shape.,

P

3. The device according to any of claims 1.2, wherein the tissue penetrating end is of 2

bevel shape.

4. The device according to any of claims 1-3, wherein the tissue penetrating portion is a

needle or a catheter,

18
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7. The device as clainmed in any of clains 1-6, wherein the ultrasonic
scanner is of an elongated shape. 8. The device as cl ai metdCHAGAML/Q9P031
clains 1-7, wherein the ultrasonic scanner further conpri sBeenpd 16/11/2011
anplifying circuit being configured to anplify the returned sound
waves. 9. The device as clainmed in claiml1, wherein the circuit
board is of an elongated shape. 10. The device as clained in any of
clains 1-9, wherein the ultrasound transduction circuit, the pul se
generating circuit, and the anplifying circuit are coupled with the
circuit board such-that the ultrasound transduction circuit, the
pul se generat Thedewics wairding wady dfviianps, ivhydemghaishe phiercating pehieetshai cal |y
connected with each other via the circuit board. 11. The device as
claimed i n®™fy of clainms 1-10, wherein the circuit board is a
flexible circuit board. 19 AMENDED SHEET | PEA/AU 12. The devi ce as
clainmed in claim210, wherein the pul se generating circuit and the
anpl i fyi ng.cCi i.t__are..as enbqu t ogef her j'n an application-specific
i nt egr at ed Gbiﬁhg g?‘?cc(ﬂig?lﬁfc?m§%° %@%‘@%Fé“&fdﬁf"éﬂg’tﬂﬁa?ﬁ 8°’E?"I'£ﬁi t
board such thgt the ASIC and the ultrasound transduction circuit are
el ectrically connected. 13. The device as clained in claiml,
wherein the ultrasound transduction circuit is coupled to a subject
facing end of the ultrasonic scanner.

7. The de}’ice as claimed in any of ¢laims 1-6, wherein the ultrasonic scanner is of an

( elongated shape,

8. The device as claimed in any of claims 1-7, whercin the ultrasonic scanner further

comprises an amplifying circuit being oonﬁguréd to amplify the returned sound waves.
9. The device as claimed in claim 1, wherein the circuit board is of an elongated shape.
10. The device as claimed in any of claims 1-9, wherein the ultrasound transduction

circuit, the pulse generating cireuit, and the amplifying circuit are coupled with the circuit

board such that the ultrasound transduction circuit, the pulse generating circuit, and the

Pl
i

amplifylng circuit are electrically connected with each other via the circuit board.

11. The device as claimed in any of claims 1-10, wherein the circuit board is a flexible

¢ircuit board.
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14. The device as clained in claim13, wherein the subject ¢ inﬁH?nd
of the ultrasonic scanner is coupled to the tissue penetra?' Gafiid/qopo31
the tissue penetrating portion. 15. The device as cl ai medRpgsvashy6/bi/2011
clains 1-12, wherein the ultrasound transduction circuit is coupled
to a subject facing end of the circuit board. 16. The device as
clainmed in claim15, wherein the subject facing end of the circuit
board is coupled to the tissue penetrating end of the tissue
penet r at i Ng2pThd BoMre as blimele cThan 10 CwRsent ki iRE ghddrGh@bitud Qng Wher ei n
any of the ultrasound transduction circuit, the pul se generating
circuit, anupifymgaiptit frgiapsgmblcd tagetheri is an cipgticefbntspecifReinRit@d icireuoar d
via wre-bond or with flip-chip. 18. The device as clained in claim
12, wher ei @3 4| e IASIC dupuplgd tte theharcpit board tudbobetdthy iAS1Qvand tHeond or
wth fIip-cH%gj %0 AVENDED SHEET L, DEA/ AU 19. The device as cl ai ned
SRR IR RO TR dsel icplaregeied i on circuit conprises an

in claim1,
array of ultrasound transducers. 20. The device as clained in claim
19, wherein the ultrasound transducfion circuit conprises a'linear

array of uh4rasomide LE @_ﬂﬁrgﬂqgrcﬁim 1, wherein the ultrasound transduction circuit is

coupled to a subject facing end of the ultrasonic scanner.

( 14. The device as claimed in claim 13, wherein the subject facing end of the ultrasonic

scanner is coupled to the tissue penetrating end of the tissue penctrating portion.

15. The device as claimed in any of elaims 1-12, wherein the uitrasound transduction

circuit is coupled to a subject facing end of the circuit board,

16. The device as claimed in claim 15, wherein the subject facing end of the circuit

board is coupled to the tissue penetrating end of the tissuc penetrating portion,
17. The device as claimed in claim 10, wherein any of the ultrasound tramsduction
circuit, the pulse generating circuit, and the amplifying eircuit is coupled to the cirenit

board via wire-bond or with flip-chip. -

18, The device as claimed in claim 12, wherein the ASIC is coupled to the circuit board

via wire-bond or with flip-chip.
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21. The device as clainmed in any of clains 1-5, wherein tqﬁjﬂ$éﬁﬂ /000031
penetrating portion is hollow, and the ultrasonic scanner iS fi '
inside and along the tissue penetrating portion. 22. The %%ﬁ?%%l L1/2011
clainmed in claim21l, wherein the ultrasonic scanner is fixed inside
and along the tissue penetrating portion such that there is at | east
one passway through the tissue penetrating portion. 23. The device

as claimed in claim?2l1, wherein the ultrasonic scanner is fixed

-inside and along the tissue penetrating portion using glue. 24. The
devi ce as glainegain claim6, wherein the ultrasonic scanner is

coupl ed al bfigTRehdevice s claimed ipnelaige s wheren thel wirpreund; mansdugtion clepuit
wherein thgoultrasound t{ansqgﬁf%ﬁn circuit is coupled to a subject
faci ng end BRSSP A STRATCILY SRS and t he subj ect facing end of

the ultrasonic scanner is coupled to the tissue penetrating end. 21
AMVENDED SHEET TPEA/ AU  26. The device as clained in claim?25,

wher ein t heo ragd &oe o Glatideh 18 SRh G oS GRIEE "thePiGass QY IV Shat %?&?he

covered with a sheath catheter upon penetrating the tissue
sUbj ect.  comprises alinear array of ultrasound transducers,

21. The device as claimed in any of claims 1-5, wherein the tissue penetrating portion is

I hollow, and the uitrasonic scanner is fixed inside and along the tissue penetrating portion.

22. The device as claimed in claim 21, wherein the ultrasonic scanner is Sxed inside and
along the tissue penetrating portion such that there is at least one passway through the

tissue penetrating portion.

23. The device as claimed in claim 21, wherein the ultrasonic scanner is fixed inside and

along the tissue penetrating portion using glue,

24, The device as claimed in claim 6, wherein the ultrasonic scanner is coupled along the

rod.
25. The device as claimed in claim 24, wherein the ultrasound transduetion circuit is

coupled to a subject facing end of the ultrasonic scanner and the subject facing end of the

ultrasonic scanner is coupled to the tissue penerrating end.

21

AMENDED SHEET
PEA/AU




27. The device as clainmed in claim1l, wherein the device
configured to be coupled to a injector. 28. The device a§ﬁ€V§9ﬂEdKP%BI
claim1, wherein the ultrasonic scanner is configured to rRe8iveelel1/2011
signal.to initiate the pul se generating circuit to generate the

el ectrical pulse. 29. The device as clained in claim1l, wherein the
ultrasonic scanner is configured to output the returned sound waves.

22 AMENDED SHEET WEA/ AU :

26. The device as claimed in claim 25, wherein the rod and the ultrasonic scanner are

configured to be covered with a sheath catheter upon penetrating the tissue of the subject,

27. The device as claimed in claim 1, wherein the device is configured to be coupled to a

injector,

28. The device as claimed in claim 1, wherein the ultrasonic scanner is configured to

[ receive a signal to initiate the pulse generating circuit to generate the electrical pulse,

29. The device as claimed in claim 1, wherein the ultrasonic scanner is configured to

output the returned sound waves.
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