Tl SSUE PENETRATI ON DEVI CE COUPLED W TH ULTRASOUND SCANNER [ 0001] The present
application clains the benefit of the US provisional patent application

61/ 297, 802P1/@H3BNn 25 January 2010), the entire cont eRCI/SGROMHPYBL ar e

i ncorporated herein by reference for all purposes. Technical Field

[ 0002] Enbodi nents rel ate generally to a device for penetrating a tissue of
a subj ect. Background [0003]In surgical operation, there is a need to

i nj ect an@$$SE PENETRATION DEVICE DOQURIEE D WIT BdUL ERASOUNDAISCAPINER al

anest hesi a and general anesthesia, the difficulty in the procedure is the
requi renment of finding the right spot for intervention. In general

anest hesia, the anesthetic is injected into the body through the artery.
Before the intervention, the anesthetist normally uses an ultrasound i nager

to identi 1 he tery |l ocatjon and .mak mark on the patient. After that,
the ul tra&%ﬂhd iﬁr&ﬁel?l%?egt ABRRAE AR Wh@@?@%@h@? ithe Wi |provisigual Rpteng| y on
the feeling and exPeri ence_such as the back flow of the blood into the
syringe tenticeion §LRALEIS Kaled tame2hdawiaey RALO)r dhec pritie tdeatenisgelt whishaare on,
meaning into the artery. On the other hand, procedures such as epidural
anest hesi mcerporatad Hesere by niferepeei for 2lepwpesss.bl ood back flow and ul trasound
imaging. This is because that there is essentially no blood in spinal cord
and the ultrasound cannot penetraTechnieadFieldher efore the procedure is even
nmore chal l enging for the practitioners. 100041l n anot her aspect, during the
procedur e[opb2jamMiExRAiRSISreRie Shefall9nd & dditd a8 pSRIRMIAd Wiissh@bPA &ibjf.e t aken
fromthe ammiotic fluid or placenta via an intervention device such as a
needl e or catheter. There are howeggidrbgid hat the intervention device

[0003] In surgical operation, there is a need to inject anesthetic into the Body. During
procedures such as epidural anesthesia and general anesthesia, the difficulty in the -
procedure is the requilfement of finding the right spot for intervention. In genefal
anesthesia, the anesthetic is injected into the body through the artery.- Béfére the
intervention, the anesthetist normally uses an ultrasound imager to idenfify the artery
location and make a mark on the patient. After that, the ultrasound imager is removed and
the anesthetist will have to rely on the feeling and experience such as the back flow of the
blood into the Syringe to clearly know that the needlé has reached the ‘right loéétiofl, , |
meaning into the artery. On the other hand, pfocedures such aé epidural anesthesié d(; not’
have this privilege as blood back flow and ultrasound imaging. This is because that fhere
is essentially no blood in spinal cord and thie ultrasound cannot penetrate bones.
Therefore the procedure is even more challenging for the practitioners.

[0004] In another aspect:, 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 risks that

t he i nterwenpligo4devi ce for collecting the tissue sanpl ETMHepoA®IdENt al |y
penetrate artery. Summary 100051Vari ous enbodi ments provide a device for
penetrating a tissue of a subject which solves at |east partially the above
ment i oned probl ens. 10006] I n one enbodi ment, a devi.ce for penetrating a:

ti ssue of a subject is provided. The device nmay include a tissue - -

penet r at i M@y peridanglypsustrate e fotus Sémilarhye dvring thg peacgdurg pborgan tiswemmy f ur t her
include an ultrasonic scanner coupled to the tissue penetrating portion.
The ul t r asanmplingsuchnasdiventissué seniplude, therelare risks dhat thetingnedtion devicecor cui t bei ng
configured to generate and transmit ultrasound waves to the subject and. to
recei ve r edllectisgihs disvnd sivaples mag hasdentallypehéteatsSatigract . The ul trasoni ¢
scanner may further include a pulse generating circuit being configured to
generate an electrical pulse so thasuﬁﬁﬁgdgltra30und transduction circuit is
triggered to generate and transmt ulfrasound waves. Brief Description of

t he Drawi 10Q0.71)., ; | | dek o e ‘ |1
e braw [1%65] Qbbb HERYVD Y Rte de@f?;? F(gr I@B&%ﬁé\%\gggl%%%r ag,ganer ally

refer to e sanme parts throughout the di nt vi raw ngs are

ot necesafichisfybouIG8! SraBTARERS . SLEAG SSfgRe! | bei ng ol aced Upon

illustrating the principles e inven Rt he fol I ow ng description,
vari ous’ e[@ﬁ&mms ts of ‘W i Qve&nt i.on. are tcletscr i tbed‘ V\f t hbr eI er encg dt o the
f ol | owi ng! i nd® ong ¢mbgdiment, a device for penetrating a tissue of a subject 1s provided. .~
The device may include a tissue penetrating portion having a tissue penetrating end. The
device may further include an ultrasonic scanner coﬁpled to the tissue .penetr‘ating
portion. The ultrasonic scanner may 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 ultrasonic scanner may further

include a pulse generating circuit being configured to generate an electrical pulse so that

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

Brief Description of the Drawings
[0007] In the drawings, like ref;:rence characters :gér;erally refer to the same.pans
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 description7 various embodiments of the i#Véntion are described with rcferénce
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 (a) illustrates a device for penetrating a tissue of a subject in
one exenpl ary enbodi nent; FIG 1 (b) illustrates the cross section
vi ew of tweeuljvesy faci ng end of the device as shown i RCFISG2011/00@)3]

FIG. 1 (c) illustrates the working nechani smof an ultrasound transduction
circuit according to one exenplary enbodi nent; FIG 2 (a) illustrates
a photo of a device for penetrating a tissue of a subject i-n one exenpl ary
enbodi nment ; FIG 2 (b) illustrates a photo of the device as shown in
FIG 2 (a) whiEl.ildb}ilkuseaies thelcross sectiorFyigy of thespbjert facing gndbef thadeviem
application-specific integrated circuit- (ASIC) and a ul trasound transducer
are el ect nd shalnyin FiGer @gnnected with a circuit board via w re-bond; -

FIG 3 (b) illustrates that the bond wire, the ASIC and part of the .

m niaturized uFIiG.ase)ilidsttdt@nBeweinghechabisthest ahltrasd@idegdnsduttion circuit FI G 3

(c) illustrates the circuit board is bended at the portion of the
ul t r asoungecbfRRSAWNE exhtlaf ddfollingdppport plate is glued at the back of the
circuit board to increase the rrgrdrty of the circuit board; FIG 4

(a) illustrat ePIé;f 23(%)55112 s ? ot) faldegfc@?{ ﬂgt?]aging'}tg ect” %j%?t ifilohgUi t -

board and the A |ev
i nt erconnecti n be%mgngﬂ he crrcurt board and the ultrasound transducer is

al so achrgV?H’ ’p; and - FIG 4 (b) illustrates that m xed
types of el ect erconnecti o tween fhe circuit board and the ASIC
ant between B el M SRR e S cnsheva bt g @ Wik ™ 1%

dissembled;
FIG. 3 (a) illustrates that an application-spveci-ﬁc integrated cirouit (ASIC) and a
_ ultrasound transducer are electrically interconnected with a circuit board via wire-bond;

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

FIG. 3 (¢) illustrates the circuit board is bended at the po‘rtion of the ultrasound
transducer and a back support plate is glued at the back of the circuit board to increase
the rigidity of the circuit board; |

FIG. 4 (a) illustrates that the electrical interconnection between the circuit board
and the ASIC is achieved by flip-chip, and the electrical interconnection between the" :
circuit board and the ultrasound transducer is also achieved by ﬂip-chio; and |

FIG. 4 (b) illuetrates that mixed types of electrical interconnection betwee_n t}re
circuit board and the ASIC and between the circuit board and the ASIC are applied. .

Description
[0008]  The following detailed description. refers to the accompanying drawings that

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



Description [0008] The follow ng detail ed description refers to the
acconpanyi ng draw ngs that show, by way of illustration, specific details
and enbodwvoentig943owhi ch the invention nay be practi ce@#CT/Reeed/000mB0di ment s
are described in sufficient detail to enable those skilled in the art to
practice t he invention. In thiS'regard,'directionaI terninology, such as
"top", "bottonm', "front", "back", "leading", "trailing", etc, is used with
reference to the orientation of the Flgure(s) bei ng descri bed. Because
conponent Sagbe grastiendnEhess eabadisenisost deseread ipsullicientieiail tsf endble flsent
orientations, the directional termnology is used for purposes’ of '

i | | ust r at slgHedsindhé &t torpragicedlye ihvention nig. thi€régard, dirbabinakatsinolayy, sectudsi | i zed
and structural, logical, and el ectrical changes may be nmade without -
departi ng"tbp'qrrbctthm s togar", Obadkhe'ldadingMtraiing T e, aused ustheepats®nhe are not
necessarily mutual |y exclusive, as sone enbodinents can be conbined with

one or MDbRer4tihAlof eEOmgh béang BescABEN. BRYABE BAHIRA D eﬂihsdlﬁehis%ea
detail ed description t ere ore, is not to be taken in a limting sense, and

the scopepakiddag ubh RSRAL df B 95 huidlR! hPMeRnNEARBATRLE] TS

[ 0009] The word "exenplary” 1s use erein to nean "serving as an exanpl e,
|nstance drnent [ Si escr be rei,n as
axerm o Jptes oK TSRy 1 P SR A TR OB AP ERRL b B AT, age0us
over other enmbadj oL desi 001 odi. nent vrde devi ce for
penet r at i MgCRTes kﬁfé ﬁle%tUB‘]‘lgB?“geL g% ETT‘T?EF & ‘thf’we‘fegg‘ﬁ‘f‘ S"Ei’é’ea person
or an aninal. The device may include a tissue penetrating portron having a
tissue peﬁfethr Hvepiere fhe vanuis gmbpdignetsargpot aspassasily ewtually seelasiva@e t he
tissue via the tissue penetrating end. The device may further include an
ul t r asoni someemprsimenssipanchf qombined withseneeorpeare pthar ¢mbodiments emformivew
ul trasoni c scanner may include an ultrasound transduction circuit which'is
conf i gur eembadigenter Btedobowing detaded descripticngbernfbraydsies ¢ be taken mubj ect and to
recei ve returned sound waves echoed fromthe subject. The ultrasonic
scanner nhiitingrsehsel ardthé sudpe af thelpsegdneébn GefinéCby the\wpp&ided Slaims.

[0009] The word "exemplary" is used herein to mean "serving as an example,
instance, or illustration';. Any embodiment or design described herein as "exemplary" is
not necessarily to be construed as preferred or advantageous over other embediments er
designs.' |
[0010] Embodiments provide a device for penetreting a tissue of a subject. For - |
example, the subject may be a person or an animal. The device may include a tissué‘ -
penetrating portion having a tissue penetrating end. The device may be corlﬁgured to

. penetrate the tissue via the tissue penetrating end. The device may further includé' an
ultrasonic scanner coupled to the tissue penetrating p_ortion. The ultrasonic scanner may
include an ultrasound transduction circurt which is cenﬁgured to generate and transmit
ultrasound waves to the subj ect and to receive‘ retumed sound waves echoed from the |

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



configured to generate an electrical pulse so that the ultrasound
transduction circuit is triggered to generate and transmt ultrasound
waves. 1000kpiwnoessber words, in one enbodi nent, the deviPpce/scagiiweooased to
penetrate a tissue of a subject, e.g. a patient, via the tissue penetration
portion, e.g. a needle or catheter. For exanple, the device may be used in
the procedures of anesthesia such as epidural anesthesia, and anesthetic
may be injected into the body through the artery or spinal cord using the
devi ce. Aconfignre sogencente i eectrigih phlse sy Biet tha yltraseundriegsdustipr cirevitds an artery,
the anesthetist may rely partially on the help of an ultrasound imager but
is still triggered edgdneratecdng taansthe a@ltrasguranehves per i ence to clearly know t hat

t he needl e has reached the right location. Wen injecting anesthetic into
spi nal copd11]t he psheewords, ik osOembodimeR, hBakvied Giah Ge Qadat pendufag 4l t r asound
can not penetrate bones. The device as described herein i ncl udes an

ul trasoni gss8& e N&Ibjetie@Na baticn®Rid @Y El@éﬁetpgnéiﬁ‘aﬁgﬁ ﬁ&ﬁloﬁ laRB&ELE ul trasound
waves and to recelve ‘returned sound waves echoed fromthe subject. The

devi ce atl%‘?ercﬁ’d}féfc%f@dthk Qeibe HQYBL ﬁﬂedgx? o&ires Bf %rfé%les%‘glch% wth a

nonitor, Tor exa returned soun es may Vi brate transaucer(s)

(whi ch i nc ul tra ound_ t.r. uct CiyJ and the

¥ ansduce%cfil)falﬁaﬁstﬁtf o e feibmro R O ﬁtdﬁﬂmsét e

travel to th rocessor ,where the. el ectrical pul.ses rocessed and

t r ansf or PR3l AeTE usingitf deyjce; 5‘&“%9{&3&?’%‘6{’ uaﬁcteﬁgﬁ%ewﬁthgtfc QA di ngl y,
by coupling such an ultrasonic scanner to the tissue penetrating_ portion,

t he anestaEry.dke saegth MWW?{@PW’G}W%@@IWW%@W‘{) geq g iestiblenet r at i ng
portion, e.g. a needle or a catheter, has.reached the right location for
the inj ecteiwredap relpestering end experisnﬁppplesﬂljak@cm thatithe mhedlehgsi reached the of t he
device in the procedure of anesthesia described hereinis only for ' .

i 11 ustr attigin lgpatigo SWhdLinjestivgg dndsthetic ib® dpimal te@d, thé proetdure b&dBmes more

2011/ 090439PCT/ SG2011/ 000031 [ 0012] For anot her exanple, the device as
descri bedcHapéliny beryudeeheilfthdofld 64 1ol Peridhteiones dUE devite dusaiteat esi s or
chorionic villus sanpling. As nentioned earlier, in these procedures,

sanpl es afeih akcBilicl bR Mitabéhi @AY whidH i¥ bohffurdd tef‘geﬁ@ree\éh@umnhm ervention
devi ce such as a needle or catheter, and there are risks that the

| nter Vemﬁlﬁ&soﬁﬁ& Wabes )it@ﬁa% 1@9%@:&’ sdUnl Saled &hBéIPfr&ﬁfthlfsubUEP THigVi ce as

descri bed hereln nay elp the practitioners to accurat ocate t he

preci se | geatl on lﬁonﬁtmggto D5 BRTR) £plo AL Rh Yl Blpcent e

wi t hout anagln AV éscrlbed

h [ | i ed d f t '
e BB bR 3%%’@@%5 TS ErP s & O «
ti ssue of a subject as descrj bed herein y facilitate both the pr ocedur e
of drug d®fpipRsQunddragsdusen cit), éngé‘}‘it\fi’éﬁs Ce‘édetbh'é‘"b&‘Sé’Bm}toé‘S #Ocol | ecting

ti ssue sanpl es. [0014] I n one enbodi ment, the tissue penetrating portlon i's
of an ‘el odlemdxiead palsesibat may travel to the processor where the electrical pulses may be - ,

processed and transformed into a digital image and dlsplayed on the monitor.

. Accordingly, by couphng such an ultrasonic scanner to the tissue penetrating portioh, the
anesthetist may determine from the image whether the tissue penetrating portion, e.g. a
needle ora catheter, has reached the right location for the injection of anesthetic. It is
appreciated that the application of the device'ix.l the procedure of anesthesia described |

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



For exanple, the tissue penetrating portion nay be a needle or catheter
whi ch has an el ongated shape. [0015]In one enbodi nent, the tissue
penetr at iwQ 2ench9os90f a bevel shape. The bevel shape mapcirascoiitoatosit he
penetration of the device in the tissue of .the subject. [0016]In one
exenpl ary enbodi nent, tissue penetrating portion may be a needle or a
catheter. In another exenplary enbodi nent, the tissue penetrating portion
may be a tube. In a further exenplary enbodi nent, the tissue penetrating
portion niP12le aFeoahotiepexariple, thadeveceino desesibed hereinrmayobd appiedduréng the of an
el ongat ed shape. For exanple, the elongated ul trasonic scanner may be
coupl ed aprobgiutooftanmicientesiabechdrioaeudilyeampling. i Axgmanionedearlidrintthese
enbodi nent wherein the tissue penetrating portion has a hol |l ow passway,

the ul t r apeBédurdsCaRPESs AbPkLfrdM IR drRdotidi@idlon Placbrs VR aRemefveatiorNd Portion
and fitted alone the inside wall of the tissue penetrating portion. -

g(r)rg I1|83‘ ly |n n&g’é?ﬁceesﬁi}%g dlle oTr @ﬁhé{lext, LRGP MReCard HARNGRA théintdMdntibR AEHERa RN

| accidentally penetfate the fetus. The device as described herein may hélp the practitibncrs

. to accurately locate the precise locatioﬁ to collect the samplé from amniotic fluid or
vplacenta withéut darﬁaéing vulnerable fetus. Similarly, the dévi_ce as described hefein
may be applied in the procedures 'of organ tissue_ sampling, e.g. livér tissue sampling.

: [0013] In other words, the device for penefratihg a tissu.e ofa subjéct as described

. herein may facilitate both the probeciure of drug delivery, e.g. anesthétic delivery, and the
procedure of collecting tissue samples.
[0014] In one embodiment, the tissue penetrating portion is of an elongated shape.
For example, the tissue i)enetrating portion may be a needle or catheter which has an
elongated shape.
[0015] ~ In oné embodiment, the ti_ssue penetrating end is of a ;bevel shape. The be§e1 :
shape may facilitate the penétration. of the device in 'tile: tissue of the subject.
[0016] In one exemplary embodimenf, tissue pen:etxf'ating portion may bea ngedlé ora
catheter. In another exempléry embodiment, the tissue penetrating port‘ionlmay bé a tube.

- In a further exemplary embddiment, the tissue penetrating portion may be a rod. .1 -
[0017] In one embodiment, ultrasonic scannerAi‘s of an elongated shape. For e){ample,

the elongated ultrasonic scanner may be coupled along to the elongated tissue penetrating

portion. In the embodiment wherein the tissue penetrating portion has a hollow passway,



circuit being configured to anplify the returned sound waves. In a further
enbodi nent, the ultrasonic scanner further includes a circuit board. For
exanpl e, Wheot/ove4spt board nay be a flexible circuit boRCA/SGRIIAN0G0S1
bendabl e. For exanple, the circuit board may be of an el ongated shape. In a
still further enbodiment, the ultrasound transduction circuit, the pulse
generating circuit, and the anplifying circuit are coupled with the circuit
board such that the ultrasound transduction circuit, the pul se generating
circuit, @adglttaseniapgannerynaycpednsestad inte the tissecnenpeaiingportimmrradfsgd wionh each
other via the circuit board. [0019]1n one enbodi nent, the pul se generating
circuit athdinside vealpofi they/tissge penetating pragiobe assenbl ed together in an
application-specific integrated circuit (ASIC), and the ASIC nmay be coupl ed
to the cijooL8]t bdaskt Gutddirhéintthé bieradiplicscanter tflvéher ifchates Bmamplifyipduct i on
circuit may be electrically connected. The ASI C generally refers to an

i ntegrat earcﬁitrb@mlgtcoﬁﬁgaremsa&]gm;ﬁﬂ rétQfned sBAd Wik ah aiSfher RBEikdent, 0ne
enbodi ment, the circurt board may be coupled along the tissue penetrating
portion. ' .1 1.3 : UGLI irenit may
be coupi chlo e ogo e BB TR Rfidcs b SRedl bors Rt 0 Ao
during the iRterventi.on ocedur field of viewright ,at the {i subj ect
faci ng enthd HeABEERbLPRoR QRERN SunadbiE For Shamtpig e L3 Bhud Sy bl B> 0L
further enbodi t, the ject facing end of the ultrasoni.c scanner is
coupl ed GonapirtRgis, I HuRbIRkGR srpoRimehs: s nbrasoud sEnibRReT oo Mor i on.
Accordingly, when the device is penetrated into the tissue of the subject,
the  ul tPHEAsAErHRSFEMfc tdshe amplifying cireyit gee coypled yrithahe eipcuitboprdy t

ul trasound waves to and to receive returned sound waves fromthe portion of
t he ti ssuswch that thgltraspundiigansdursige cisene theaquilsegenerating @iteuithand ther | mage of t he
portion of the tissue in front of the tissue penetrating portion may be

obt ai ned. aniidfguig sirctihearcichmyieally tonmagtedwitt ebdr otherada theetrbdt bednd devi ce has
reached the right location. This may for exanple facilitate the
practitiope1y a hebdriecemidithénd|thé pulps gehietting clradedrdte hfiplifyigticitcait del i ver
nmedi ci ne or anesthetic agents or to collect organ tissue sanples. [0022]In
one enbodingPERd assétiBlell kdgeBPIANG appHAISIIREHeDM: Mtdpfditd citchitGRABIEEEhd e 2 Subj ect

ASIC may be coupled té the circuit board such that the ASIC and the ultrasound
transduction circuit may be electrically connected. The ASIC generally refers to an
ihtegrated circuit (IC) éustomized for a panicular use.
[0020] | In oﬁe embodiment, the ‘circu‘it board ma-yj be coupled along the tissue
penetrating portion. | |
[0021] In one embodiment, the ultrasound transdﬁcﬁon circuit may be. coupled to 5
. subject facing end of the ultrasonic scanner. Ac‘;cordingly; durihg the interventioh: -
procedure, field of view right at the tip (subject faéing end) of device, e.g. a needle or
cathéter, 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



facing end of the circuit board. In a further enbodi nent, the subject
facing end of the circuit board is coupled to the tissue penetrating end of
t he ti sswOpeHawdEPi ng portion. [0023] 1 n one enbodi ment PCAYG20I1/000081

ul trasound transduction circuit, the pul se generating circuit, and.the
anplifying circuit nmay be coupled to the circuit board via w re-bond or
with flip-chip. For exanple, the ASIC may be coupled to the circuit board
via wire-bond or with flip-chip. [0024]In one enbodi nent, the ultrasound

t r ansductylapsound trensductipn| cirguis may by cerfjgustd to|transmis yHepseyndrsaygerand to n g
further enbodinent, the ultrasound transduction circuit includes a |inear
array of memverctumadsouhd wavesmn thegostchmod ithe tifsad RS dm obthe tissteodi nent , t he
ti ssue penetrating portion is hollow, and the ultrasonic scanner nay be
fixed i nspetetrating end ouh thitentimageief the patioa bt thg tissuetih Giont dfthatidsué t her

enbodi nent, the ultrasonic scanner nmay be fixed inside and along.the tissue

penet r at | fEetPAin ipdRtichufidy bd\dHtaihétE Basddontthe (B! it @6 HeASRYAMNed Wheteah t he
ti ssue penetrating portion. Hollow space or passway between the tissue

penetr atifg4nqed id @Ta%ﬂedkh@%rgﬁtf 189&%&(;@9919'@5&&@&&&1& R pfﬁ@v%ti&{c%Vi de

passage for drug delivery or for ecting tissle sanp

2011/ 0.904213&%%1—[(/30% opgfli&rgcggeg?ﬂocgtgn%ﬁgl Is %é?on?elﬁl)ére g@&fé{n 09 g;loe%&lie{{g Qgtehtstorlle.
ul trasoni c scanner_ I I X d 1'nsivde” an a O_ng i

to collect organ tissue samples.
[0022] In one embodiment, the ultrasound transduction circuit is coupled to a subject
facing end of the circuit board. In a further embodiment, the subject facing end of the
circuit board is coupled to the tissuei penetrating end of the tissue penétratiné portion.
[0023] In one embodiment, any of the ultrasound transduction cirbuit, the pulse
generating qircuit, and the amplifying circuit may be coupled to the circuit board 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 ultrasound transduction circuit includes an array 6f
ultrasouhd transducers. In a further embodiment, the; ultljasound transduction circuit
includes a linear arrayvof one or more ultfasou’nd tran‘sdfucers.
[0025] In one embodiment, the tissue pcnetrating' pbrtion is hollow, and the ultrasonic
- scanner may be fixed inside and along the tissue penetratiﬁg 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 penetr#ting portion such as a needle and |

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



the tissue penetrating portion using glue. [0027]1n the enbodi ment wherein
the tissue penetrating portion is a rod, the ultrasonic scanner may be
coupl ed aworngirase43pod. In a further enbodi ment, the ultPagsGreliopedsduct i on
circuit may be coupled to a subject facing end of the ultrasonic scanner
and the subject facing end of the ultrasonic scanner may be coupled to the
tissue penetrating end. In a still further enbodinent, the rod and the

ul trasoni c scanner are configured to be covered with a sheath catheter upon
penet r ati 9§26¢lhe n erarxemplary,embediment; theplizasepig seanper igfized meide shdalopg
catheter. and the tissue penetrating portion may provide passage for drug
del i very the tifsne pendtiagiog pamionfising gkige sanpl es, for exanple. [0028]1n one
enbodi nent, the device is configured to be coupled to an injector. For
exanpl e, [0027]i nj @&cihelenibByinkativhémintthetistue gedetratie peatiow Braadd, taed when it is
determ ned that the device has reached the right |ocation, the drug may be
i nj ected \1ghQnidRafided HaybeecalpiQNalohg thb ok WPh Bfther EAbodMeA fie ENATRE,
sanpl e tissues may be collected into the injector. [0029]In one enbodi nent,
the Ul ag0RkGoidG HGE mhs bE OIpldIHD &dubBor'TRARE YR dF thE GfAbonte iR e ! he
pul se generating circuit”to generate the electrical pulse. T 30t n one
enbodi nen tl?rietlf,zll tras nif?l%eﬁqgnner i.s confi gured tdotoqllljéttréut t he. returned

. the subgect 1ac end o ulirasopic scannér may He couple SsSu€ penétratin
sound waves. or exeﬁnﬂ e e refuur-ne sou waves hmy be ?ﬂrneg Ignto

Fur ther - pird e r R Ehen todiinent e ibgend S5 O EpRonts L BROSFBEEH AW sound
waves nmay be obtained. The practitioner may determ ne fromthe i mge
whet her t ¢veredgrith 3 deathicatielsnupqicRenciratingtasitisspoobihy sebieatnEie spafeds, in one
enbodi ment, the tissue penetrating portion my be a needle or catheter with
bevel shalpréwean the sheathrathetes pubthettissusaneneteating peritonanasrprevde nassagetfoe
~ drug delivery or for collectibn of 'tis‘sue samples, for example. |
[0028] .In one embodiment, the device is conﬁgured to be coupled to an injector. For.
example, the injector may contain the drug to be deliyeréd, and when it is’detenﬁine’d that -
the device has reached the right location, the drug may be injected into the right location ‘
.of the subject. For another example, sample tissues may be collected into the injector. -
[0029] _In one embodiment, the qltrasonic scanner is Conﬁgured to receive a signal to
initiate the pulsé generating circuit to génerate the eiect_rical pulse.
[0030] In one embodiment, the ultrasbnic scannefr 1s configured to output thet:r.eitu‘rned
sound waves. For example, the returned sound waves nilay be turned Airito électric@_l >pul.ses:
. and may be further trgnsmitted to a processor for further i)rocessing such that m'iﬁlage
corresponding to the returned sound waves may be _’qbtéined. The practitioner may
determine from the image whether the riéht 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



ultrasoni c scanner. The ultrasonic scanner may include an ultrasound
transduction circuit and a pul se generating circuit. The ultrasound

t ransductwonrotiyooe4s®t nay contain an ul trasound transduc®CT&GReN/MBEH nmay
be attached to an ASIC for driving and signal anplification. The pul se
generating circuit nmay be assenbled in the ASIC. The ultrasonic scanner may
further include an anplifying circuit which is configured to anplify the
returned sound waves. The anplifying circuit may al so- be assenbled in the
ASI C. Theulgajopicasanner L hg|ultrasenig sepnperapayinghude an dltrasqynd trppsdustioneitpited to a
circuit board. The ultrasound transduction circuit, the ASIC and the
circuit buodrapulsyeeoerpingaitaugy The dltrasound fransductinn crcol snayeonfapranof t he ti ssue
penetrating portion, e.g. a needle or catheter, so that there is passage to
del i ver nidaouné tratsdacee atrhg whichagsiesatacheddao an lASEC tforadriyanp dridsignal sanpl es.
The needl e or catheter itself nmay be hollow as a tube or solid as a rod. In

t he enbodimificatibie Mhe Eﬁﬁe paRMth gRircitinag be hssembRdSe tictA SIOU Thawkagid
catheter may be attached outside the needle or catheter for delivering the

medi ci ne QLnAp i iRasat ar: hiOn Edadd d anpl es,
which is %urt hglr%iqﬁlmegtlrat eozlm\%nh%ﬂrlll@}?g gi%éeuﬁtg‘gmtelglvsgmég 2 E&a%lﬁl?g?z%?. The

sheat h ool hEAesolRY wltes! PhJorhBUAE DG Il Y BOLLERLARGA oLOLSIE! Y del Tvery

or vital 'sign nmonitoring pur or exa he ‘el'ectrical signal
and power e . fed thr h the circuit board jinside the needle or

ot hoter Aottapdpn Bfrapolod Rt botr e o beled 1 A Hihe il dbEsel ng. The
ASI C may he only responsibl e for erating high yoltage pulse to the

Tt r asourdiresound persibetpRatio: eé%ﬁgswﬁ'ﬁ’ﬁmwggqaé%gﬁavealye%ﬁvmar et ur ned
waves) fromthe ultrasound transduction circuit. Therefore the cost of the
ASI C may fectio @fithe grosyisecdiopwf thedissua neactatipgpertion, a8stneedlerisatheien seor e
conpetitive in disposable usage. WD 2011/090439PCT/ SG2011/ 000031

[ 0033] FI Ghatith¢rg)s passags te delvsr medieine oe an@thefio pgentamgite aollegtorgan fissyeie of a
subj ect not shown) in one exenplary enbodi nent. [0034] The device 100

i ncl udes saniplessTie: Eedietor asthetgr jeifimayrbellidllotvaasiartgbesortsolid uea peinkdt that i ng end
102. The device 100 may be configured to penetrate the tissue via the

ti ssue pegfgiddahéd fvhRRtthd QdedldThiecatRior @ solid roda shetth btheten@hybeattidhed

ul trasoni c scanner 103 coupled to the tissue penetrating portion 101. The

ul tr asoni gt§§AMeREedlO dihktdr 161 déﬂeerﬂ{g tHe @R 14 ahésaRed dgdnt @Pfori rcui t 104
which is configured to generate and transmt ultrasound waves to the

subj ect %%e&t%nro?%?%a%gisﬁge;ﬁ?%ﬁg wRURG ugirﬁll\?ﬂ%ﬁeﬁ%{}{ RS (SHRYLst . The

ul trasoni ¢ scanner rther inc a pulse generating circuit (not
h whij ' ' . €. | ical hat th
SO e A e SR A LS B PSRRI gL 2

ul t rasound \fvaves. ..
vital sign monitoring purpose, for example.

[0032] The electrical sigﬁal and powér may be fed through the circuit board ihSi_dé

the needle or catheter to external instrument for scan jcohtrol and imagé pr.ocess.i1>1.g. ‘T.h:e : 3
_ASIC may be only responsible for generating high voltég;a pulse to the ultrasoun‘d‘b '

transduction circuit and amplifying receiyed echo (retumed 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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[ 0035] The tissue penetrating portion 101 is of an el ongated shape. The

ti ssue penetrating end 102 is of a bevel shape. In one exenplary

enbodi menwp 20i1gwus9penet rati ng portion 101 may be a needlce/serod/oo@Bhet er .

I n anot her exenpl ary enbodinent, the tissue penetrating portion 101 may be
a tube. [0036] The ultrasonic scanner 103 is of an el ongated shape.

[ 0037] The ultrasoni c scanner 103 nmay further include an anplifying circuit
(not shown) bein confiqgred to anplify the returned sound waves. The

ul t r asoni W03Hani %IIG'lb@‘)f Instrates a dejase Hidfoppenefrating a trshe of aembjecHmot exanpl e,
the circuit board 105 nay be a flexible circuit board. The circuit board
105 may bshowm) arensl xagataedembedbmentThe ul trasound transduction circuit 104,
the pul se generating circuit, and the anplifying circuit may be coupled to
t he cir cujon34joar d'hd dévieeit00 inblatestassud panagatinpchoiti@nBUalingra tissue cui t 104,
the pul se generating circuit, and the anplifying circuit are electrically

connect edpenetritiradld 102 MEHe dévitel1D@ nfalybe kbhfifiRed @ pbR&iratd A IHBIuEREa ! se

generating circuit and the anplifying circuit may be assenbl ed together in

an appl i cadshOPersReid drfd 1091 PE ARY 100 niy fhrth Bl Flde GultrARHicsBAnéS (3 106 may
be coupled to the citcuit board 105 such that the ASIC 106 and the

ul t rasounghybl405 HGlb @ heibh itk hohfih B1°1R! Afhdhfidlchine FoNRSY ﬁgiugggg ASIC

may only e function generating pulse and a
e P G A R s S B Pt o
cireurt bl(ljl?rgsc(l)ugi éva\r}?syto (%l?eusellbﬁgt aanldqtcr)] geéEelQ/% r(tatiufn%g gqu%%nv%[vgg E:(i:h%gd r(()){nttihg n 101.
, subjépt. The ultrasonic scanner 103 may further include a pulse generéting circuit (not
- shown) which is configured to generate an elecfrical pulse so that thé ultraséund o
transduction circuit 104 is triggered to generate and transmit ultrasound wdves.
[0035] The tissue penetrating portion 101 is of an elongatéd shabe. Thebtissue ‘
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
pénetrating portion 101 may be a tube.
[0036]  The ultrasonic scanner 103 is of an elonéated' shape.
[0037] | The ﬁltrasonic séanner 103 méy further inplude an amplifying circuit (not -
shown) being configured to amplify the returned sound waves. The ulfrasbm'c s'cannér;
- 103 further includes a circuit board 105. For eXample, the circuit board 105 may‘be 5 |
flexible circuit board. The circuit board 105 may b¢ 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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[ 0040] The ul trasound transduction circuit 104 may be coupled to a subject
facing end of the ultrasonic scanner 103. In a further enbodinent, the
subj ect f&EOI20/9MB390f the ultrasonic scanner 103 i s coupCE$Grol1toh@3ti ssue
penetrating end 102 of the tissue penetrating portion 101. [0041] The
ul trasound transduction circuit 104 nmay be coupled to a subject facing end
of the circuit board 103. The subject facing end of the circuit board 105
may be coupled to the tissue penetrating eng 102 of .the tissue penetrating
porti on 19Eut[18h4bs pHye gneraae cirevit aedthg amphifdegieifquire plecttrallyio4, the
pul se generating circuit, and thevanplifying'circuit may be coupled to the
circuit beanectadBith paehyities visghel cisguitioard 105 p- chi p. For exanple, the ASIC
106 may be coupled to the circuit board via wire-bond or with flip-chip.
WO 2011/ ({90389 PCTh&HAS dene i tir§G0atidl] thé emplliflyingsinenid ntaly doe sekeatbledn circui t
104 may include an array of one or nore ultrasound transducers. For
exanpl e, top&hdtlih aRagplizdtidn-spesifidditegatedicircuit {ASICF 108)and e ASIES1 06 thayhear
array of one or nore ultrasound transducers.
be coupled to the circuit board 105 such that the ASIC 106 and the ultrasound
- transduction circuit 104 are electrically connected. The ASIC may only have the function
 for generating pulse and amplifying echo received. Therefore the cost of the ASIC may
be dramatically reduced which méy make the device 100 more corhpetitive in disposable
usage.
- [0039] The circuit board 105 may coupled along the tissue penetrating pbrtion 101.
[0040] The ultrasound transduction circuit 104 may be coupled to a subject facing
end of the ultrasonic scanner 103. In a further embodiment, the subject facing end of the
ultrasonic scanner 103 is coupled to the tissue penetrating end 102 of the tissue
penetrating portion 101.
[0041] The ultrasound transduction circuit 104 may be coupled to a subject facing
end of the circuit board 103. The subject facing end of the circuit board 105 may be
coupled.to the tissue penetrating end 102 of the tissue penetrating portion 101.
[0042] Any of the ultrasound transduction circuit 104, the pulse génerating circuit,
-and the amplifying circuit may be coupled to the circﬁit board 105 via w'ire-bond_idr with

flip-chip. For example, the ASIC 106 may be coupled to the circuit board via wiré;bond

or with flip-chip.
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[ 0044] The tissue penetrating portion 101 may be hollow, and the ultrasonic
scanner 103 may be fixed inside and along the tissue penetrating portion
101. Fur tWer2011/dee43al trasoni ¢ scanner 103 nmay be fixed i REI$S2eM@0BdONg t he
ti ssue penetrating portion 101 such that there is at |east one passway .
through the tissue penetrating portion 101. [0045] For exanple, the
ultrasoni c scanner 103 may be fixed inside and along the tissue penetrating
portion 101 using glue. [0046] The device 100 may be configured to be
coupl ed t 9043l nj dbe yhraseind tengdpstion cipit A0Fmeayin¢lpdeyhireayi gaper me3 may be
configured to receive a signal to initiate the pul'se generating circuit to
gener at e tltresoshé trangdoedrs.Fiok sxample, [tixOul8hsPiuad trhnsdastomi arcgtdfheray103 may be
configured to output the returned sound waves. [0049]FIG 1 (b) illustrates
t he cr ossinskdés Dlineat enayodf dnber fioky Warhsouad tragsdacsds.of t he :
[0044] The ﬁssue penetrating portion 101 may be hollow, and the ultrasonic sc':annerr
103 may be fixed inside and along the tissue penetrating portion 101. Further, the
- ultrasonic scanner 103 may be fixed inside and aloﬁg the tissue penetrating portion 101
such that there is at least one passway through the tissue penétrating portion 101.
[0045] For example, the ultra'sonic scanner 103 may be fixed inside and along the
tissue penetrating portion 101 using glue.
~ [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 electrical pulse.
[0048] The ultrasonic scanner 103 may be configured to output the returned sound
waves.
[0049] FIG. 1 (b) illustrates the cross section view of the subject facing end of the
device 100.
[0050] °  As can be seen, the ultrasound transduction circuit 104 is located at a subject
facing end of the ultrasonic scanner 103 and also a subject facing end of the circuit board
. 105. For example, the pulse generating circuit énd the amplifying circuit may be
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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devi ce 100. [0050] As can be seen, the ultrasound transduction circuit 104
is located at a subject facing end of the ultrasonic scanner 103 and al so a
subj ect fwoizog/mmsoof the circuit board 105. For exanpl eCTiSceopwbest
generating circuit and the anplifying circuit nay be assenbl ed 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

ul trasound transduct] ircuit 104 are e ectrlcall connect ed.

2011/ 09045988/ s@é@ﬂ&éd@tﬁﬁtef %Emﬂﬂ%mef ey pf hgaltraspind tfﬂ‘?éd%Pkl ng
mechani sm of the ultrasound transduction circuit 104. For exanple, the

ul t r asouneirewitah{ddbiertexamplei the uitraseiind teapsdustinn air¢uitiay containg ligearraimay af uri zed
ul trasound transducers. [0052] The linear. transducer imaging array nmay be
capabl e omimjemszeakuligsophdisansdhieis.ed pul se on each individual elenent to
form focus ultrasound beam 130. Therefore the echo fromthe objects at the

focal zong052D al Dindirdehetrimadnter hegind@yayhraybadaphble of geidrabing phssed
afterward to generate an ultrasonic inmage. By repeating the same process

wi th di ff grifed pllQcdrSdats irdidahesl eRndchlodoi focheUinalorRRBERR i1 BB BleVefdrd - 45
degree fromthe normal vector of the linear array surface may be -

constr uct gl ccld o TR 9&95{' tﬁ@ﬂmhl%@w@ ?,}1635188%&;% O bBSm U3 ANRH AN 2

noni t or to show t epr ctltloners 0} sues or orga str cture in
s PSR M A e el O
op ol e e . L A0 B SOOR s PR Bl
- normal vector of the linear array surface may be constructed. The image acquired in the
~ process may be displayed on a mbnitor to show the practitioners of the tissues or organ
structure in front of the tissue penetrating end, e.g. a needle tip. The deviceimay be
applied, for example, in the application in helping th(? procednre for epidural anésth'esia
and for organ tissue saﬁpling.
[0053] FIG. 2 (a) illustrates a photo of a device 200 for penetration a tissue of a
subject according to an exemplary embodiment. In this exemplm embodiment, the fissue
penetrating portion is a rod, and the ultrasonic scanner may be coupled along the rod. The
ultrasound transduction circuit is nnupled to a subject facing end of the ultrasonic scnnner |
and the subject facing end of the ultrasonic scanner is noupled to the tiésué penenating
. end. Further, the rod and the ultrasonic sca_nnef are cci)n;ﬁgured'to be covered wi'tn'a; B
sheath catheter upon penetrating the tissue o‘f the Snbj e(::t. The space between the jsheafh

catheter and the tissue penetrating portion may be used for drug delivery or for collection

of organ tissue samples, for example.
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subj ect according to an exenplary enbodinent. In this exenplary enbodi nent,
the tissue penetrating portion is a rod, and the ultrasonic scanner nay be
coupl ed awvongittdeess3pod. The ul trasound transduction circect/Scoamo@ded to a
subj ect facing end of the ultrasonic scanner and the subject facing end of
the ultrasonic scanner is coupled to the tissue penetrating end. Further,
the rod and the ultrasonic scanner are configured to be covered with a
sheat h cat het er upon penetrating the tissue of the subject. The space

bet ween t 19854heafHG catbh dlusiratghziphdie of the dgeice 20{bwhereinibe shepthicetheienys be used
for drug delivery or for collection of organ tissue sanples, for exanple.
WO 2011/ 0diss¢BORAT BGHETdd D08 bltfadasu] thinglucto byit.i | | ust rat es a photo of the
devi ce 200 wherein the sheath catheter is dissenbled fromthe rod and the
ul t r asoun@ofss]ans 8164, Bqn) torie)tilludt@ahd ks€mblyPrécess 6fxhé Glrasddidishnmdre t he
assenbly process of the ultrasonic scanner according to one exenplary

enbodi menjecorlilif thloh 85l 4ry SAABAIRenT e Lltfdseiile s@nhérardybih€lugé § Aptibleboar d
305, an ultrasound transducer (ultrasound transduction circuit) 304, an

ASI C 306 &&Qit%oﬁﬂd%%g?l%gﬁﬂ Al R dRQ 185 oald o gﬁgﬁfﬁgmoa,xa{m' e-be a

needl e or catheter. pul se generating circult .and- an

anpl | £ yi ngfd Sty (Nl Showtl. Ty Ae ASHRIPLEY et heheln Ll AS! C 306,

and t he ul'trasound transducer the Fredl |y
connected, .[00 FI 3 (a) illustrates that, the ASI.C 306.gnd m niaturized
1t 1 asourie i R S5atatnscirt B i ab g SR ook PoBBAr d 308
wth wire-bonding (see the wires 320&. The m_niaturized ultrasound
t r ansducePaBbrasteblsd tagsthsr MFheASIC 400 ang theplirasgynghiggnsducer 304 and the

- ASIC 306 are electrically connected.

- [0056] FIG. 3 (a) illustrates that the ASIC 306 and miniaturized ultrasound transducer
304 are assembled to the flexible circuit board 305 with wire-bonding (see the wires
320). The miniaturized ultrasound transducer 304 may be in é form of a chip, fof
example. |
[0057] FIG. 3 (b) illustrates the bond wire 320, the ASIC 306 and part of the
miniaturized ultrasound transducer 304 are molded for protection. The molding mateﬁal '
may be any material that can be applied in shape chénging form and solidified after
molding process. Examples of materials ére PDMS, photopolymer or polycarbonate
molding rasin. Alternatively, a CVD deposition with péralyne may be éppiied. The

. purpose of the molding process is to cover the ASIC,;bbhd-wife 320 and part of :the‘
ultrasound transducers 304 for protection. l‘ |
[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 rigidity of the board 305.
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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 protection. The
nol di ng eibenitzlvo4say be any material that can be appli e@CirrsGaéuapeooshangi ng
formand solidified after nolding process. Exanples of materials are PDVS5,
phot opol yner or pol ycarbonate nolding rasin. Alternatively, a CVD
deposition with paral yne nay be applied. The purpose of the nol ding process
is to cover the ASIC, bond-wire 320 and part of the ultrasound transducers
304 for plB8%Yct i dherepfysby Freit Wapd:305 glongswith ASEC BAG and weragauadi bl e circuit
board 305 is bended at the portion of the ultrasound transducer chip 304.
Furt her ; twanbdler 3Q4may be piserted i80% tivaye fEacyitionchoation dueh baig keedle drhe circui t
board 305 to increase the rigidity of the board 305. WO -

2011/ 0904a0t¢et atdgtd bR €HAnsidd @alD Of the eikweipefdtrativh okionh CThd filabaévice305 al ong
with ASIC 306 and ultrasound transducer 304 may be inserted into a tissue

penetr at i @iy BOtht bAe aSiHelimas FEGNEQS fBr & heter and gl ued on the inside
wal | of the tissue penetration portion. The frmal device may be the one as

shown ina'f‘_’b.&’rh ér £, 479 to BT Ete &991@%%&1%@8%@%%5 E%‘%gé’h glle'tcgé' jfate the

electric connect’i on ‘between the circuit-. ASI C 406
o et I LS OB R R SR RS, 405, T,
of wire- bt(r)ar}gd&:gld 4641 rlng}_' geh guBﬁeved by ﬂip-chip instead of wire-bond or a mix and match of
both type of wire-bond and ﬂip-chip.
. [0061] FIG. 4 (a) illustrates that the electrical intérconnéction between the circuit
~ board 405 and the ASIC is achieved by flip-chip, and the electrical iﬁterconﬁection )
between the circﬁit board 405 and the miniaturized ultrasound transducer 404 isalso
achieved by flip-chip.
[0062] FIG. 4 (b) iliustrates mixed types of electrical interconnection between the
circuit board 405 and the ASIC 406 and between the circuit board 404 and the ASIC 406
rhay be applied.
[0063] In FIG. 4 (b), the electrical interconnecti;)n between the circuit board 405 and
“the ASIC 406 is achieved by flip-chip, and the electrical interconnection between thé : |
circuit Board 405 and the miniaturized ultrasound Uahsdpcer 404 is alsb.aéhjeved by
. wire-bond.
[0064] In summary, various embodiments proVide é device with ultrasound iﬁiaging ‘
éapability is disclosed to facilitate the anesthesia or drug delivery procedure and to

facilitate organ tissue samplings. The hassle during the procedure may be greatly reduced

since the image may be provided through the device. The space (passway) between the
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[0061]FIG 4 (a) illustrates that the electrical interconnection between
the circuit board 405 and the ASIC is achieved by flip-chip, and the

el ectri cavoi2ptigvesnnecti on between the circuit board 40BCaf$6G201800031

m ni aturi zed ul trasound transducer 404 is al so achieved by flip-chinp.
[0062] FIG 4 (b) illustrates mxed types of electrical interconnection .
between the circuit board 405 and the ASIC 406 and between the circuit -
board 404 and the ASIC 406 nmay be applied. [0063]In FIG 4 (b), the:

el ect r i canltrpspnis scamnse end b tibwe RERiTaing PeItioR Brqvidse drepasmse Midirihe AS| C 406
is achieved by flip-chip, and the electrical interconnection between the
circuit bddiverysgSorsudiettiva afiorgaattissuczseniples t Thedsauwachenctzating pogiondfay besa al so
achi eved by wire-bond. [0064]1n summary,. vari ous enbodi ments provide a
devi ce wi idedlelor cathetanatith baxgl tips @3fipehétiafing end)l The Aasdlt drahd @tickdringdye t he
anest hesia or drug delivery procedure and to facilitate organ tissue
sanmpl i ngsbe TR 1NASShEtdULbdEr dfR3STiPHNEER@H! FhdWitadoRicHhc fitlet dhay MRS NCe t he
i mage may be provided through the device. The space (passway) bet ween t he

ul trasoni fe $64 w?écu?g%dtd?%ém&%ﬁm%@ﬂﬁ%f gh ultths A d kA0 blg&l?t Wiigy Passage

for drug delivery or for collection of organ tissue sanples. The tissue

penetrat! AR AL hll 19 B30 E Pl RANIR! SlaichBaBBKRL s (11 Ssue

penetrating en e or e ca OW €l ongat ed t ube
or of solid filled rod. The ultrasoni can i nclu at the subject
et ng. ertlae rTES Py Rt RO Bt POl Tl e B ieat Pt oo s
which contains _a |inear array of plural ultrasound transducers as an

i magi ng d@gY befixedjaside theqeerle er cathistrat theaybise frqiagendef themesdieg hol | ow

needl e or catheter, and the linear array may be fixed inside the needle or
cat het er %ﬁheﬁqreTlsmlb}eetm#yaeslﬁgthé meedd¢ o dathetrs auflydegnade of miniaturizethe | i near
array inside the needle or catheter may be nmade of mniaturized ultrasound
t r ansduc ewlgrasofnd &BhsGucars. Wi ABIGinpyhistea pelse ganeratigg circwuand aprahpdifiyingmpl i f yi ng
circuit may be assenbl ed nay be placed right beside the Iinear array for
driving ptitcagt neaycheausienililad may bdylacedaiyhy besidethbitinear array for driving pulse

and amplifying the receiving echo. |

[0065] In various embodiments, the miniaturized 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 disks in the spine by operating at higher

frequency with better resolution, for example.

[0066] While the invention has been particularly shown and described with reference

- to specific embodiments, it should be understood by those skilled in the art that variou$
changes in form and detail may be made therein Withbﬁt departing from the spirit and :
scope of the invention as defined by the appended claims. The scope of the invention is

thus indicated by the appended claims and all changes which come within the meam'né

and range of equivalency of the claims are therefore intended to be embraced.
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1006511 n various enbodi nents, the mniaturized ultrasound transducers may
be conbined along with a tissue penetrating portion such as a needle. The
ul t rasoursiotznameouseer array fornmed by the miniaturized ecrrsagoundoosl
transducers may provide sufficient field of vieww thin the space between
di sks in the spine by operating at higher frequency with better resol ution,
for exanple. [0066] Wil e the invention has been particularly shown and
described with reference to specific enbodinents, it should be understood
by those skilled in the art that var&laims changes in formand detail nmay be
made therein without departing fromthe spirit and scope of the invention
as defin AV ended cl ains. The scope of the invention is thus
|ndlcategwgglsh@ﬁgﬁﬁgnded clainms and all changes which come within the
meani ng and range of equival ency of the clains are therefore intended to be

erbr aCEd t{oy\géﬁeujaﬁnéll ﬁlssqggflilgub%ec} coi%ll.l) ?W ce for penetrating a

tissue of a su jec tlng portion having a

ti ssue penetrating end; uItr soni ¢ scanner %P gd to the tissue
penetrating p d'lrttsis enpenefratmg portlon aving a tissue penetrat1 €n

an ultrasonic scanner coupled to the tissue penetrating portion;
wherein the ultrasonic scanner cdmprises
an ultrasound transductioﬁ circuit being conﬁgured to generate and
transmit ultrasound waves to the subject and to. receivé returned sound waves echoed
from the subject; and
a pulse generating circuit being configured to generate an eleqtrical pﬁlse
so that the ultrasound transduction circuit is triggered to generate and transmit ultrasound

waves.

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

elongated shape. ‘

3. The device according to any of claims 1-2, wherein the tissue penetrating end is of a

bevel shape.

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

needle or a catheter.
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wherein the ultrasoni c scanner conprises an ul trasound
transduction circuit being configured to generate and transmt ultrasound
waves t o wbeosubpsaet and to receive returned sound wave®@cCesiaeed/oheodm t he
subj ect; and a pulse generating circuit being configured to
generate an electrical pulse so that the ultrasound transduction circuit is
triggered to generate and transmt ultrasound waves. 2. The device
according to claim1, wherein the tissue penetrating portion is of an

el ongat ed>-s hblpredevicg acqurding ée prseofdaims drdh gvhersimihy tissuedienstraging portiophies ei n t he
ti ssue penetrating end is of a bevel shape. 4. The device according to any
of cl ai nstube.3, wherein the tissue penetrating portion is a needle or a

cat heter. 5. The device according to any of clains 1-3, wherein the

ti ssue penetrating portion is a tube. 6. The device as clained in any of
clainms 1-3, wherein the tissue penetrating portionis a rod. 7. The device

as cl ai megl iThe ABYic®hs QhidiedEn dmybof IMILE 2LI7) WHRRiNHe tRER PehettARB PBFtiongs #F an
el ongat ed shape. R ~ o ‘ '

rod.

7. The device as claimed in any of claims 1-6, wherein the ultrasonic scanner is of an

elongated shape.

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

comprises an amplifying circuit being configured to amplify the returned sound waves. .

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

comprises a circuit board.

10. The device as claimed in claim 9, wherein the circuit board is of an elongated shape.

11. The device as claimed in any of claims 9-10, wherein the ultrasound transduction
_circuit, the pulse generating circuit, and the amplifying circuit are coupled with the éir;:uit ,

board such that the ultrasound transduction circuit, the pulse generatihg circuit, ‘afn'd_?the

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

19



8. The device as clainmed in any of clains 1-7, wherein the ultrasonic
scanner further conprises an anplifying circuit being configured to anplify
t he returwedosiowmdowaves. 9. The device as clained i n aoy/Sckoaloasoss 1-8,
wherein the ultrasonic scanner further conprises a circuit board. -10. The
device as clained in claim9, wherein the circuit board is of an el ongated
shape. 11. The device as clainmed in any of clains 9-10, wherein the

ul trasound transduction circuit, the pulse generating circuit, and the
anpl i fyi n. cThecdaviceas elamad ireanywl gaimsd- b, rvgwrftm iesagirbusf hoard: i at flexihde

ul trasound transduction circuit, the pul se generating circuit, and the
anpl i fyi ngrcoitboardt are el ectrically connected with each other via the
circuit board. 12. The device as claimed in any of clains 9-11, wherein
the circuit board is a flexible circuit board. 13. The device as cl ai ned
in claim1l, wherein the pul se generating circuit and the -anplifying
circuit aje BRSNS LRGSR clhih 3N, dRBeirC el fllseS Pfetdting difthR Fhatgél
circuit (ASIC), and the ASIC:is coup1ed to the circuit board such that the

A e A b s A S L A
board i's Goypl e @lienaside, L saue (peReLrati A9, AOLLL OB, alSasTne, doyl ce as

cl ai ned i imi, erein rasound transauction circuit 1s coupl ed
to a subhﬁct f%ﬁ%%% end of the uhtras nic scanner. 16. The device as

cl ai med i HUR{OYR duciion el pigslectisaly comgeietly end of the ul trasonic
scanner is coupled to the tissue penetrating end of the tissue penetrating
portion. :

14. The device as claimed in any of the claims 9-'13,' wherein the circuit board is coupled

along the tissue penetrating portibn.

15. The device as claimed in claim 1, wherein the ultrasound transduction circuit is -

coupled to a subject facing end of the ultrasonic scanner.

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

scanner is coupled to the tissue penetrating end of the tissue penetrating ponio'n';

17. The device as claimed in any of claims 9-14, wherein the ultrasound transduction

_circuit is coupled to a subject facing end of the circuit board.

18. The device as claimed in claim 17, wherein the subject facing end of the circuit

board is coupled to the tissue penetrating end of the tissue penetrating portion.
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17. The device as clainmed in any of clains 9-14, wherein the ultrasound
transduction circuit is coupled to a subject facing end of the circuit
board. MO 20h90s9i ce as clainmed in claim17, wherein rhe/ssabiimoetnsfaci ng
end of the circuit board is coupled to the tissue penetrating end of the
ti ssue penetrating portion. 19. The device as clained in claim 11,
wherein any of the ultrasound transduction circuit, the pulse generating
circuit, and the anplifying circuit is coupled to the circuit board. via

wi re- bond1%SrThe devies jap cidimed in zépimThb Werpigeanysok thei wirgsquad ciragsdyctign
wherein the ASIC is coupled to the circuit board via wire-bond or with

f1i p- chi peircuit] theTidsedgeneméng sirchifiand dhé amplifying dircuithie ceupled hethgl dircag ound
transduction circuit conprises an array of ultrasound transducers. 22. The
devi ce asb@irdviaadrd-borall cdiwithXlip-chiper ei n t he ul trasound transduction circuit
conprises a linear array of ultrasound transducers. . 23. The device as
claimed in any of clains 1-5, wherein the tissue penetrating portion is
hol |l ow, and the ultrasonic scanner is fixed inside and along the tissue

penetrati 5§ PR §dvd as cfal x)r(xg%ﬂfclﬁtﬁi’i?,%lﬁe?eiﬁlt@ isoGp1Rd B A citdieh&ird t he

ul trasoni c scanner is i nside ‘and along the tissue penetrating portion

such that..gﬁ e lg at . t,one passway through the tissue penetrating
portion. Yé .{ (%ﬁégy?%gﬂgghlrained in claim23, wherein the ultrasonic

scanner is fixed inside and along the tissue penetrating portion using
gl ue.

21. The device as claimed in claim 1, wherein the ultrasound transduction circuit

. comprises an array of ultrasound transducers.

22. The device as claimed in claim 21, wherein the ultrasound transduction circuit

comprises a linear array of ultrasound transducers.

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

hollow, and the ultrasonic scanner is fixed inside and along the tissue penetrating portion.
24. The device as claimed in claim 23, wherein the ultrasonic scanner is fixed inside and
along the tissue penetrating portion such that there is at least one passway through the

_ tissue pénetrating portion. -

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

along the tissue penetrating portion using glue.
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26. The device as clainmed in claim®6, wherein the ultrasonic scanner is
coupled along the rod. 27. The device as clained in claim 26, wherein the
ul t rasoursiotznam®oset i on circuit is coupled to a subject pCasGagisnad3of the
ul trasoni ¢ scanner and the subject facing end of the ultrasonic scanner. is
coupled to the tissue penetrating end. 28. The device as clainmed in claim
27, wherein the rod and the ultrasonic scanner are configured to be covered
wi th a sheath catheter upon penetrating the tissue of the subject. 29. The
devi ce -as26| Biedegicess elaimed in clagndys sheretrhibe ylivasendc seangernis ceppleddlong the
coupled to a injector. 30. The device as clained in claim.l1, wherein the
ul trasonimdscanner is configured to receive a signal to initiate the pul se
generating circuit to generate the electrical pulse. 31. The device as
claimed in claiml, wherein the ultrasonic scanner is configured to output
t he returned sound waves. :

27. The device as claimed in claim 26, wherein the ultrasound transduction circuit is

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

. ultrasonic scanner is coupled to the tissue penetrating end.

28. The device as claimed in claim 27, wherein the rod and the ultrasonic scanner are

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

29. The device as claimed in claim 1, wherein the device is conﬁguréd to be coﬁpled toa

injector.

30. 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.

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

output the returned sound waves.
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