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(7) ABSTRACT

An ultrasound transducer (40,70,100) comprises a combined
individual die integrated circuit (42,72,102) and an array of
acoustic elements (44,74,104) coupled to the combined indi-
vidual die integrated circuit via an array of flip-chip bumps
(46,76,106). The combined individual die integrated circuit
includes a first integrated circuit die (48,78,108) aligned with
at least one additional integrated circuit die
(50,80,(110,112)). In addition, the first integrated circuit die,
the atleast one additional die integrated circuits, and the array
ofacoustic elements together form a large aperture transducer
array. large aperture transducer array.

TRACES ONLY

BUMPS

ACF PADS

DICE

LINES
138

134 136 |/
/[ (1)
goooooopoooa goooooopdoon ooooooganono

i £ h g y J130

- H 94

anoonooopono (4 poooooonoono noooooooooan )(

\142/ Pt Y
o PO PO



Patent Application Publication  Apr. 23,2009 Sheet 1 of 8 US 2009/0105596 A1

10
T /
24
EEEEEEt ez aazsassy
2
18 /
PRIOR ART
1
o / 1O FLEX
ctl)mlgc%ﬁs\ / CONNECTIONS

16
FLIP CHIP
CONNECTIONS



Patent Application Publication  Apr. 23,2009 Sheet 2 of 8 US 2009/0105596 A1




Patent Application Publication  Apr. 23,2009 Sheet 3 of 8 US 2009/0105596 A1

49 51 4
F(/
uuuuuuuuuuuunyuuuuuuuuuuuuu oooo

18 20

[ = = = = I = = I I = = = e e = = = = = = = = = =y =
[ = = = I I e e = e e e e I e R e = e = Y
O0o00000O0OO0O0DOO0DO0OOO|0000O0O0OOOOOOOOOOaQD
O0o00000O0OO0O0DOO0DO0OOO|0000O0O0OOOOOOOOOOaQD
O0o00000O0OO0O0DOO0DO0OOO|0000O0O0OOOOOOOOOOaQD
OoooooOoOoO0OO0OO0O0DOoOoDCOO0OoOOOOOOOOOOOOOaRn

V|EW/\“’ e i

O0o00000O0OO0O0DOO0DO0OOO|0000O0O0OOOOOOOOOOaQD
0000000000000 O0OOj00000O0O0OOO0OOOOOQOOoaQn
OO0ooo0O0ODOO0OO0OO0OO0DODODCOO0DOoOO0O0OOOOOOOOOOOOQO
O0o00000O0OO0O0DOO0DO0OOO|0000O0O0OOOOOOOOOOaQD
Oooo0oo0oDOoDO0OO0OO0OD0DOO0DO0OOO0D00O0O0O0O0OOO0OOOOOOO0aGQD
Oooo00o00oO00O00DO0OO0DO0O0OO000O0O0O0O0OOO0OOOOOOOaGQD
[ == = == = = == = = = = === == == == == = = = = = = = I =]
[ = = = I I e e = e e e e I e R e = e = Y

44\UUDDDDDDDDDDEDDDI:II:II:II:II:II:IEII:IEIEIEII:II:II:II:II:I

LI T T DA T T T T AN T UL T NI T T OO ITTIT I
hY

]

22— ; —
| 7 — (/ —
e ) L 156\

VIEW 50

ALIGNMENT
SUBSTRATE



Patent Application Publication  Apr. 23,2009 Sheet 4 of 8 US 2009/0105596 A1

N S

60 g | g OO

64

FIG. 5



Patent Application Publication  Apr. 23,2009 Sheet 5 of 8 US 2009/0105596 A1

TOP
VIEW

79 61

74

/2

" f [

VIEW

oooooooDoDOOOOOOpolDDoDoDOOODOODOODAOODO

g 80

I:II:II:II:II:II:II:Iﬁl:lIJDDDIJD'DDDDDDDEDDDDDDD
DﬂﬂDﬂﬂﬂﬂDﬂﬂﬂﬂﬂﬂﬂ'ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂnﬂﬂﬂﬂ
|:||:||:||:||:||:||:||:||:||:||:||:||:|:||:||:|||:||:||:||:||:||:||:||:||:|:||:|:||:||:||:||:|
I:II:II:II:II:II:II:II:II:II:IDDDDDDIDDDDDDDDDDDDDDDD
I:|I:II:II:II:II:II:II:IDDDDDDDDIDDDDDDDDDDDDDDDD
Ooooooo0DO0DOoO0DO0OOO0OO0OOO0OO@ODO0O0OO0O0OO0OO0OOOOOOOOOan
OooooooOoOoDo0O0DO0oo0O0DO0O0OO0O0DO0O0O0OO0OO0OO0O0OOOoDOoOoOOoOoOaGn
L= I = I O Y I o I Y e e e Y O I e o O e I e e Y e O e e I I Y
L= I I O I o I o I o Y O I O I I Y
000000000000 O0OO0O0O0OO0OO0OODOOOOOOOOOQOOOD
oooo0oO0oOoooO0OO0OOOOO0'0o0o0O0O0O0OOODOCOO@OOOaO
I:II:II:II:II:II:II:II:II:II:IDDDDDDIDDDDDDDDDDDDDDDD
I:II:II:II:II:II:II:II:II:II:II:II:II:II:II:II:III:II:II:II:II:II:II:II:IIJI:II:II:II:IIJI:IIJ
I:II:II:II:II:II:II:II:II:II:II:II:II:IDI:IDII:II:IDI:IDDI:IDIJDI:II:IDIJI:IIJ
I:II:II:II:II:II:II:II:II:II:II:II:II:II:II:II:III:II:II:II:II:II:II:II:IIJI:II:II:II:IIJI:IIJ
DﬂﬂDﬂﬂﬂﬂDﬂﬂDUEIUEIIDUEIUEIEIUEIUEIDDEIDDD
OOoOoo0Ooo0Od0O0O0O0O0O0O0OOO000O0O0OO0OOOOOOOOOaO

|
Ooo0DO0D0DO0ODO0O0O0O00DO0O0D0DO0ODOOOOOO0O0OOOODOD

N

IIIIIIIIIIIIIIJIIPIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII\IIIIIIIIIIIIIII\IIIIIII\IIIIJI

—_F

80

FIG. 6

72

« 10



Patent Application Publication  Apr. 23,2009 Sheet 6 of 8 US 2009/0105596 A1




Patent Application Publication  Apr. 23,2009 Sheet 7 of 8 US 2009/0105596 A1

102

/

109 111 113

nooooooooDoooODpoloooooooooooopoooloooDoDOOODoDOOOOADDOn

AR L

I:IDDDI:IDI:IDI:II:II:II:IDDDDIDDDDDDDDDDDDDDDDIDEEEEDDI:II:IDDDI:IDI:ID
I:IDDDI:IDI:IDI:II:II:II:IDDDDIDDDDDDDDDDDDDDDDIDEEEEDDI:II:IDDDI:IDI:ID
ooooOoDO0oDOoOOoO0OOODOoOOOOOOOOODOOOOOOODOOOODODDODOOOOOOOOOOODOGO
I:II:II:II:II:II:II:II:II:II:II:II:II:II:IDDIDDDDDDDDDDDDDDDDIDDDDDDDI:II:II:II:II:II:II:II:ID
DDDDDDDDDDDDDDDDIDDﬂﬂDDDDDDDDDDDDIDDDDDDDDDDDDDDDD
oooooooO0O0O0Oo0DOoOo0OOOO0O0O0OO0O0OO0OO0OO0OOOO0O0OOOOO0OO0OOO0OOOOOOOOOOaQn

TOP == = I == = = = = = = = = = = = = = e = = = = e = = = = e = o e = = = = = g =
/1_-7 == = I == = e = = = = = = = = = = I mm m m m m m  = = m ym = = m  m = y  = = = =  = g =
le\N [ === = = = = == = = === = I = = = = = = = = = = = = = = = = = = = = = = = = = = = = I = =}
00000000 O0OO0O0DO0DO0OOOO0OO00OO0OO0O0OOCO0OO0OOOOOO0OOOOOOOOOOODOOOOOOOOaQn
00000000 O0OO0OO0DO0DO0DOOO0'000000OC00OO0OO0OOO0OO0OOOO000O0OOO0OD0DOOOOOOOGOaQn
oooooDooOoDOoDOoDoDOoDOoOoOoOoloooOoO0DOoOO0OO0DO0OOOODOOoOOOoooDOoDOO0DODOOOOOOOOaQn
I:II:II:II:II:II:II:II:II:II:II:II:II:II:II:II:III:IEIDDDDDDDDDDDDDDIDDDDDDDI:II:II:II:II:II:II:II:IEI
oooooooooooooooolooooooooooooooooloooooooooooooooao
L0 O O O O e A e e R = I I
LI == I = e e I = e e e = e = e e e e I = = = == == == e
0000000000000 O0O0OO0000D0O0O0OO0O0OOD0D0OD0000O00D0O0O0ODO0OO0ODODODOaQ

| |
104 000000000 DDODDODO00O0DO0O0O0O00OO0D0ODODDODODOD0DOODDODDODOODODODORD

\\\\\— (/}QO

SIDE/ / 1§8 1120 122

FIG. 8



132 AREA USE FOR CIRCUITRY

N\ /138

000000000000
TRACES ONLY

BUMPS

noooooooooo
SINGLE DIE

ACF PADS

Patent Application Publication  Apr. 23,2009 Sheet 8 of 8 US 2009/0105596 A1

=] 7] a o

I~ TT T 1T 17 1T 1T 1T 17T 1T <——

DICE
LINES
138
/// 134 136 ki}/
/ C (L
000000040000 ||| 0000000pA000 || 00ODOOGAOOO0O
: }W Eﬁ 130

04
poooooooipooa o00oooooaooon pooooooooooo f
4
T Joront
\ e oot -prront 9
’ 16. 9
140
1)42 b 144 0
ULTRASOUND
DIAGNOSTIC
IMAGING SYSTEM

FIG.10



US 2009/0105596 Al

TRANSDUCER ARRAYS FOR MEDICAL
ULTRASOUND AND METHOD OF MAKING
THE SAME

[0001] This application relates to the application entitled
“Ultrasound Transducer and Method For Implementing High
Aspect Ratio Bumps for Flip-Chip Two-Dimensional
Arrays”, Wojtek Sudol, Attorney Docket US040333, filed
concurrently herewith and incorporated herein by reference
in its entirety.

[0002] The present disclosure generally relates to trans-
ducer arrays for use in medical ultrasound, and more particu-
larly, to a method and apparatus for implementing flip-chip
two-dimensional arrays.

[0003] In medical ultrasound, two-dimensional transducer
arrays are generally used for transmission and reception of
ultrasonic or acoustic waves during ultrasound diagnostic
imaging. State of the art two-dimensional arrays generally
include a flat array having on the order of about three thou-
sand (3,000) transducer elements. In one type of ultrasound
transducer design, all transducer elements of an array are
attached and individually electrically connected to a surface
of an integrated circuit (IC) via flip-chip technology using
conductive bumps. The IC provides electrical control of the
elements, such as, for beam forming, signal amplifying, etc.
[0004] One example of a typical design of an ultrasound
transducer is illustrated in FIG. 1. The ultrasound transducer
10 includes a flat array of acoustic elements 12 that are
coupled to a surface of an integrated circuit 14 via flip-chip
conductive bumps 16. A flip-chip underfill material 18 is
included within a region between the flip-chip conductive
bumps 16, the integrated circuit 14 and the flat array of acous-
tic elements 12. Transducer 10 further includes a transducer
base 20 and an interconnection cable 22. Interconnection
cable 22 is for interconnecting between the integrated circuit
14 and an external cable (not shown). Integrated circuit 14 is
electrically coupled to the interconnection cable 22 via wire-
bonded wires 24, using techniques known in the art.

[0005] FIG.2isatop planview of an integrated circuit chip
14 used in the conventional ultrasound transducer 10 of FIG.
1. The integrated circuit chip 14 includes an array of flip-chip
connections 16 disposed in a center of the chip, the array 16
comprising on the order of 2500-3000 connections. In addi-
tion, the integrated circuit chip 14 includes first and second
plurality of IC-to-flex connections (26 and 28, respectively)
disposed on respective first and second side edges (27 and 29,
respectively) of the chip 14. Each of the first and second
plurality of IC to flex connections can include on the order of
100 connections.

[0006] Flip-chip assembly is a technique that allows attach-
ment of a bare integrated circuit (IC) chip directly to a sub-
strate in a face-down configuration. An IC chip can also be
referred to as a die. With flip-chip assembly, the electrical
connections between the IC chip and the substrate is achieved
via conductive “bumps”. The height of the conductive bumps
defines the distance between the IC chip and the substrate.
Accordingly, flip-chip technology offers many advantages,
including for example high density I/O count and short inter-
connect distance.

[0007] Integrated circuit and flip-chip technology can be
applied to a large percentage of ultrasound transducer appli-
cations but it also has a great limitation. That is, the IC
fabrication technology is limited to small size parts, and thus
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limits application of the IC technology to small transducer
arrays. In addition, there presently exists a large application
base for larger transducer arrays. However, the application
base can not readily be addressed with the current integrated
circuit and flip-chip technology.

[0008] Fabricating large size integrated circuits is a chal-
lenge. That is, fabrication of large size integrated circuits is
limited by the size of a reticle used in the fabrication process.
In other words, the circuitry of the entire IC must fit within the
size of the reticle. Typical size of a reticle inunder 2 cmx2 cm.
[0009] Accordingly, an improved ultrasound transducer
and method of making the same for overcoming the problems
in the art is desired.

[0010] According to one embodiment of the present disclo-
sure, an ultrasound transducer comprises a combined indi-
vidual die integrated circuit and an array of acoustic elements
coupled to the combined individual die integrated circuit via
an array of flip-chip bumps. The combined individual die
integrated circuit includes a first integrated circuit die aligned
with at least one additional integrated circuit die. In addition,
the first integrated circuit die, the at least one additional
integrated circuit die, and the array of acoustic elements
together form a large aperture transducer array. Furthermore,
the large aperture transducer array can include a 1D, 1.5D, or
2D transducer array.

[0011] FIG. 1is a plan view of a conventional ultrasound
sensor;

[0012] FIG.2isatop planview of an integrated circuit chip
used in the conventional ultrasound transducer of FIG. 1;
[0013] FIG. 3 is atop plan view of a plurality of integrated
circuit chips on a wafer for use in making large aperture array
two dimensional ultrasound transducers according to one
embodiment of the present disclosure;

[0014] FIG. 4 is a top plan view of a portion of an ultra-
sound transducer in the formation of a large aperture array
two dimensional ultrasound transducer using integrated cir-
cuits of FIG. 3 according to an embodiment of the present
disclosure;

[0015] FIG. Sisatop plan view of a plurality of integrated
circuit chips on a wafer for use in making large aperture array
two dimensional ultrasound transducers according to another
embodiment of the present disclosure;

[0016] FIG. 6 is a top plan view of a portion of an ultra-
sound transducer in the formation of a large aperture array
two dimensional ultrasound transducer using integrated cir-
cuits of FIG. 5 according to the another embodiment of the
present disclosure;

[0017] FIG. 7 is atop plan view of a plurality of integrated
circuit chips on a wafer for use in making large aperture array
two dimensional ultrasound transducers according to yet
another embodiment of the present disclosure;

[0018] FIG. 8 is a top plan view of a portion of an ultra-
sound transducer in the formation of a large aperture array
two dimensional ultrasound transducer using integrated cir-
cuits of FIG. 7 according to the yet another embodiment of the
present disclosure;

[0019] FIG. 9 is a top plan view of a portion of an ultra-
sound transducer in the formation of a large aperture array
two dimensional ultrasound transducer according to another
embodiment of the present disclosure; and

[0020] FIG. 10 is a block diagram view of an ultrasound
diagnostic imaging system with an ultrasound transducer
according to an embodiment of the present disclosure.
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[0021] In the figures, like reference numerals refer to like
elements. In addition, it is to be noted that the figures are not
drawn to scale.

[0022] Inthe manufacture of integrated circuits, a semicon-
ductor wafer generally contains a number of integrated circuit
die not yet separated into individual devices. Each of the
integrated circuit die generally contains circuitry for perform-
ing desired functions according to the requirements of a par-
ticular integrated circuit application. For example, an inte-
grated circuit could include ultrasound signal processing
circuitry. Furthermore, the ultrasound transducer application
can include a cardiac application, an abdominal application, a
transosophageal (TEE) application, or other diagnostic or
therapeutic ultrasound application. Moreover, the shape of
the transducer array can be flat, or it can be curved to form a
curved linear array.

[0023] With respect to ultrasound devices, a simplified
ultrasound transducer build process sequence could include
the following steps. For example, the process begins with
obtaining a wafer containing desired ultrasound transducer
ICs, e.g., from an application specific integrated circuit
(ASIC) vendor. A process of wafer bumping according to one
of the embodiments of the present disclosure is performed on
the wafer. Subsequent to wafer bumping, the wafer is thinned
and separated into individual die, using standard techniques.
A flip-chip operation is then performed. Following the flip-
chip operation, a dicing operation provides separation of
acoustic elements of an ultrasound transducer or sensor com-
ponent. The sensor can then be attached to a frame, according
to the requirements of the particular ultrasound transducer IC
application.

[0024] FIG. 3 is a top plan view of a plurality of integrated
circuit chips 30 on a wafer 32 for use in making large aperture
array two dimensional ultrasound transducers according to
one embodiment of the present disclosure. Individual ones of
the integrated circuit chips 30 of wafer 32 are singulated
along dicing lines indicated by reference numeral 34. F1G. 4
is a top plan view of a portion of an ultrasound transducer 40
in the formation of a large aperture array two dimensional
ultrasound transducer using integrated circuit chips 30 of
FIG. 3 according to an embodiment of the present disclosure.
[0025] In one embodiment, an ultrasound transducer 40
comprises a combined individual die integrated circuit 42 and
an array of acoustic elements (generally indicated by refer-
ence numeral 44) coupled to the combined individual die
integrated circuit via an array of flip-chip bumps (generally
indicated by reference numeral 46) and a suitable underfill
material (not shown). The combined individual die integrated
circuit 42 includes a first integrated circuit die 48 aligned with
at least one additional integrated circuit die 50. In addition,
the first integrated circuit die 48, the at least one additional
integrated circuit die 50, and the array of acoustic elements 44
together form a large aperture two-dimensional transducer
array 40.

[0026] In another embodiment, the first integrated circuit
die 48 and the at least one additional integrated circuit die 50
each comprise an array of bond pads (generally indicated by
reference numerals 49 and 51, respectively) on a flip-chip
attachment surface 54 of a respective integrated circuit die.
The bond pads have a pitch between adjacent bond pads. An
alignment of the first integrated circuit die with the at least
one additional integrated circuit die preserves a continuation
of the pitch between bond pads on the respective first and at
least one additional integrated circuit die.
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[0027] The combined individual die integrated circuit 42
further includes the first integrated circuit die 48 and the at
least one additional integrated circuit die 50 mounted on an
alignment substrate 56. In one embodiment, the first inte-
grated circuit die and the at least one additional integrated
circuit die comprise two integrated circuit die. In another
embodiment, the first integrated circuit die and the at least one
additional integrated circuit die comprise three integrated
circuit die. Furthermore, the first integrated circuit die and the
atleastone additional integrated circuit die may comprise two
individual singulated integrated circuit die. In the later
instance, the two individual singulated integrated circuit die
are aligned with respect to one another and mounted on the
alignment substrate.

[0028] FIG. 51is atop plan view of a plurality of integrated
circuit chips 60 on a wafer 62 for use in making large aperture
array two dimensional ultrasound transducers according to
another embodiment of the present disclosure. Desired ones
of the integrated circuit chips 60 of wafer 62 are singulated
along dicing lines indicated by reference numeral 64. FI1G. 6
is a top plan view of a portion of an ultrasound transducer 70
in the formation of a large aperture array two dimensional
ultrasound transducer using integrated circuits 60 of FIG. 5
according to the another embodiment of the present disclo-
sure. The ultrasound transducer 70 comprises a combined
individual die integrated circuit 72 and an array of acoustic
elements (generally indicated by reference numeral 74)
coupled to the combined individual die integrated circuit via
an array of flip-chip bumps (generally indicated by reference
numeral 76) and a suitable underfill material (not shown). The
combined individual die integrated circuit 72 includes a first
integrated circuit die 78 aligned with at least one additional
integrated circuit die 80. That is, the first integrated circuit die
78 and the at least one additional integrated circuit die 80
comprise two individual integrated circuit die 60 aligned with
respect to the other on a wafer 62. In such an instance, the two
individual integrated circuit die 60 are singulated along dic-
ing lines 64 together from the wafer 62 as the combined
individual die integrated circuit 72. Furthermore, during a
design portion of the particular ultrasound transducer appli-
cation, individual die artwork on the wafer assures a continu-
ation of an array pitch of the flip-chip bumps (generally
indicated by reference numerals 79 and 81, respectively)
between adjacent die.

[0029] FIG. 7 is atop plan view of a plurality of integrated
circuit chips 90 on a wafer 92 for use in making large aperture
array two dimensional ultrasound transducers according to
vet another embodiment of the present disclosure. Desired
ones of the integrated circuit chips 90 of wafer 92 are singu-
lated along dicing lines indicated by reference numeral 94.
FIG. 8 is a top plan view of a portion of an ultrasound trans-
ducer 100 in the formation of a large aperture array two
dimensional ultrasound transducer using integrated circuits
90 of FIG. 7 according to the yet another embodiment of the
present disclosure. The ultrasound transducer 100 comprises
a combined individual die integrated circuit 102 and an array
of acoustic elements (generally indicated by reference
numeral 104) coupled to the combined individual die inte-
grated circuit via an array of flip-chip bumps (generally indi-
cated by reference numeral 106) and a suitable underfill mate-
rial (not shown). The combined individual die integrated
circuit 102 includes three individual integrated circuit die 90
aligned successively with respect to one other on a wafer 92.
The three individual integrated circuit die 90 (corresponding
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to die 108, 110, and 112 of FIG. 8) are singulated together
from the wafer 92 as the combined individual die integrated
circuit 102. Furthermore, during a design portion of the par-
ticular ultrasound transducer application, individual die art-
work on the wafer assures a continuation of an array pitch of
the flip-chip bumps (generally indicated by reference numer-
als 109, 111 and 113, respectively) between adjacent die.
[0030] In yet another embodiment, the combined indi-
vidual die integrated circuit further comprises a group of two
or more individual die that have been singulated simulta-
neously from a wafer. Individual die artwork on the wafer
assures a continuation of an array pitch of the flip-chip bumps
between adjacent ones of the group of two or more individual
die. Moreover, an array pitch of the flip-chip bumps is main-
tained substantially constant between adjacent ones of the
group of two or more individual die.

[0031] FIG. 9 is a top plan view of a portion of an ultra-
sound transducer 120 in the formation of a large aperture
array two dimensional ultrasound transducer according to
another embodiment of the present disclosure. The first inte-
grated circuit die and the at least one additional integrated
circuit die can comprise two or more integrated circuit die
(generally represented by reference numerals 132, 134, and
136). In this further embodiment, the first integrated circuit
die 132 includes traces 138 along at least one side portion
thereof. The at least one additional integrated circuit die 134
further includes traces 142 along at least one side portion
thereof. Adjacent ones of a first integrated circuit die and an at
least one additional integrated circuit die are stitched together
at traces along adjacent side portions of adjacent one of the
first and at least one additional integrated circuit die.

[0032] Referring now to FIG. 10, the figure illustrates a
block diagram view of an ultrasound diagnostic imaging sys-
tem 140 with an ultrasound transducer according to an
embodiment of the present disclosure. Ultrasound diagnostic
imaging system 140 includes a base unit 142 adapted for use
with ultrasound transducer probe 144. Ultrasound transducer
probe 144 includes ultrasound transducer 40 as discussed
herein. Base unit 142 includes suitable electronics for per-
forming ultrasound diagnostic imaging according to the
requirements of a particular ultrasound diagnostic applica-
tion. Ultrasound transducer probe 144 couples to base unit
142 via a suitable connection, for example, an electronic
cable, a wireless connection, or other suitable means. Ultra-
sound diagnostic imaging system 140 can be used for per-
forming various types of medical diagnostic ultrasound imag-
ing. In addition, the ultrasound transducer of probe 144 can
also include transducers 70, 100, and 130 as described and
discussed herein.

[0033] Accordingly, an ultrasound diagnostic imaging sys-
tem adapted for use with an ultrasound transducer 40 com-
prises a combined individual die integrated circuit and an
array of acoustic elements coupled to the combined indi-
vidual die integrated circuit via an array of flip-chip bumps.
The combined individual die integrated circuit includes a first
integrated circuit die aligned with at least one additional
integrated circuit die. In addition, the first integrated circuit
die, the second integrated circuit die integrated circuits, and
the array of acoustic elements together form a large aperture
two-dimensional transducer array.

[0034] A method of fabricating an ultrasound transducer
comprises forming a combined individual die integrated cir-
cuit and coupling an array of acoustic elements to the com-
bined individual die integrated circuit via an array of flip-chip
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bumps. The combined individual die integrated circuit
includes a first integrated circuit die aligned with at least one
additional integrated circuit die. The combined individual die
integrated circuit further includes an array of flip chip bumps
on flip-chip attachment surfaces of respective ones of the first
integrated circuit die and the at least one additional integrated
circuit die. Furthermore, the first integrated circuit die, the at
least one additional integrated circuit die, and the array of
acoustic elements together form a large aperture two-dimen-
sional transducer array.

[0035] Inanother embodiment, the method furtherincludes
aligning the first integrated circuit die with the at least one
additional integrated circuit die to preserve a continuation of
the pitch between flip-chip bumps on the respective first and
at least one additional integrated circuit die. The method can
further include forming the combined individual die inte-
grated circuit by mounting the first integrated circuit die and
the at least one additional integrated circuit die on an align-
ment substrate.

[0036] Inanother embodiment, the method includes form-
ing the combined individual die integrated circuit further by
singulating individual ones of the first integrated circuit die
and the at least one additional integrated circuit die from one
or more wafers. In one instance, the first integrated circuit die
and the at least one additional integrated circuit die comprise
two individual singulated integrated circuit die, wherein the
method further comprises aligning the two individual singu-
lated integrated circuit die with respect to the other and
mounting the aligned die on an alignment substrate.

[0037] In another embodiment, the combined individual
die integrated circuit further comprises a group of two or
more individual die that have been singulated simultaneously
from a wafer. For example, the first integrated circuit die and
the at least one additional integrated circuit die can comprise
two individual integrated circuit die aligned with respect to
the other on a wafer. Furthermore, the two individual inte-
grated circuit die are singulated together from the wafer as the
combined individual die integrated circuit. In another
example, the first integrated circuit die and the at least one
additional integrated circuit die can comprise three individual
integrated circuit die aligned successively with respect to one
other on a wafer. In the later instance, the three individual
integrated circuit die are singulated together from the wafer as
the combined individual die integrated circuit. Furthermore,
individual die artwork on the wafer assures a continuation of
an array pitch of the flip-chip bumps between adjacent die.

[0038] Accordingly, the embodiments of the present dis-
closure provide a path to implement flip-chip two dimen-
sional technology to large size arrays, on the order of greater
than 2 cmx2 cm. In one embodiment of the array fabrication
process to achieve a large size IC, two or more of the indi-
vidual ICs are positioned, aligned and attached to a flat sub-
strate. The alignment of the individual dies includes preserv-
ing a continuation of the pitch between the pads on adjacent
dies. After the alignment and attachment, a normal process of
flip-chip can be performed.

[0039] In another embodiment of the present disclosure,
the individual die artwork for a wafer is arranged in a way to
assure continvation of the array pitch onadjacent dies. During
awafer die separation process, groups of two or more dies can
be singulated together. Examplary applications for using the
large size IC include a Large Footprint Abdominal Array,
Linear Transducers and Large Curved Linear Arrays (CLA).
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[0040] As disclosed herein, one solution for fabricating
large 1C size transducer arrays is to tile a number of smaller
size dies next to each other. In addition, a stitching technique
can be used to produce large size dies by connecting any
number of adjacent dies. Connecting a number of adjacent
dies is achieved by careful die design that purposely allow for
dies to overlap during a step-and-repeat mask generation
process. An advantage of such a stitching technique includes
the requirement for a decreased number of connections
required to a flex connector than would otherwise be required
absent the stitching technique.

[0041] Typical die size is on the order of 15 mm high by 20
mm wide. With the embodiments of the present disclosure, a
linear array could be formed using two die side by side to
produce a 15 mm by 40 mm array. A 15 mm by 60 mm curved
linear array could be formed using three die, as discussed
herein with respect to the various embodiments. Although
only a few exemplary embodiments have been described in
detail above, those skilled in the art will readily appreciate
that many modifications are possible in the exemplary
embodiments without materially departing from the novel
teachings and advantages of the embodiments of the present
disclosure. For example, the array configurations disclosed
herein could be modified to include one or more forms of a
curved linear array (CLA). A curved linear array can be
formed by bending the assembly to form a desired curvature
of the curved linear array. In addition, the embodiments dis-
closed herein are not limited large aperture two dimensional
arrays only, but could also be implemented for large aperture
1D and 1.5D arrays. 1D arrays include one row of transducer
elements. 1.5D arrays include several rows of transducer
elements, wherein the pitch between rows is larger than the
pitch within a row. Accordingly, all such modifications are
intended to be included within the scope of the embodiments
ofthe present disclosure as defined in the following claims. In
the claims, means-plus-function clauses are intended to cover
the structures described herein as performing the recited
function and not only structural equivalents, but also equiva-
lent structures.

1. An ultrasound transducer (40,70,100), comprising:

a combined individual die integrated circuit (42,72,102),
the combined individual die integrated circuit including
a first integrated circuit die (48,78,108) aligned with at
least one additional integrated circuit die (50,80,110,
112); and

an array of acoustic elements (44,74,104) coupled to the
combined individual die integrated circuit via an array of
flip-chip bumps (46,76.106), wherein the first integrated
circuit die, the at least one additional integrated circuit
die, and the array of acoustic elements together form a
large aperture transducer array.

2. The ultrasound transducer of claim 1, wherein the first
integrated circuit die (48,78,108) and the at least one addi-
tional integrated circuit die (50,80,110,112) each comprise
bond pads on a flip-chip attachment surface of a respective
integrated circuit die, the bond pads having a pitch between
adjacent bond pads.

3. The ultrasound transducer of claim 2, further wherein an
alignment of the first integrated circuit die with the at least
one additional integrated circuit die preserves a continuation
of the pitch between bond pads on the respective first and at
least one additional integrated circuit die.

4. The ultrasound transducer of claim 1, wherein the com-
bined individual die integrated circuit further comprises the

Apr. 23, 2009

first integrated circuit die and the at least one additional
integrated circuit die mounted on an alignment substrate (56).

5. The ultrasound transducer of claim 4, wherein the first
integrated circuit die and the at least one additional integrated
circuit die comprise two integrated circuit die.

6. The ultrasound transducer of claim 4, wherein the first
integrated circuit die and the at least one additional integrated
circuit die comprise three integrated circuit die.

7. The ultrasound transducer of claim 1, wherein the first
integrated circuit die and the at least one additional integrated
circuit die comprise two individual singulated integrated cir-
cuit die.

8. Theultrasound transducer of claim 7, further wherein the
two individual singulated integrated circuit die are aligned
with respect to each other and mounted on an alignment
substrate.

9. The ultrasound transducer of claim 1, wherein the first
integrated circuit die and the at least one additional integrated
circuit die comprise two individual integrated circuit die (78,
80) aligned with respect to the other on a wafer (62).

10. The ultrasound transducer of claim 9, further wherein
the two individual integrated circuit die are singulated
together from the wafer as the combined individual die inte-
grated circuit.

11. The ultrasound transducer of claim 10, further wherein
individual die artwork on the wafer assures a continuation of
an array pitch of the flip-chip bumps between adjacent die.

12. The ultrasound transducer of claim 1, wherein the first
integrated circuit die and the at least one additional integrated
circuit die comprise three individual integrated circuit die
(108,110.112) aligned successively with respect to one other
on a wafer (92).

13. The ultrasound transducer of claim 12, further wherein
the three individual integrated circuit die are singulated
together from the wafer as the combined individual die inte-
grated circuit.

14. The ultrasound transducer of claim 13, further wherein
individual die artwork on the wafer assures a continuation of
an array pitch of the flip-chip bumps between adjacent die.

15. The ultrasound transducer of claim 1, wherein the
combined individual die integrated circuit further comprises
a group of two or more individual die that have been singu-
lated simultaneously from a wafer.

16. The ultrasound transducer of claim 15, further wherein
individual die artwork on the wafer assures a continuation of
an array pitch of the flip-chip bumps between adjacent ones of
the group of two or more individual die.

17. The ultrasound transducer of claim 1, wherein the first
integrated circuit die (132) further includes traces (138) along
at least one side portion thereof and the at least one additional
integrated circuit die (134) further includes traces (142) along
at least one side portion thereof, further wherein adjacent
ones of the first integrated circuit die and the at least one
additional integrated circuit die are stitched together at traces
along adjacent side portions of adjacent one of the first and at
least one additional integrated circuit die.

18. The ultrasound transducer of claim 17, wherein the first
integrated circuit die and the at least one additional integrated
circuit die comprise two integrated circuit die.

19. The ultrasound transducer of claim 17, wherein the first
integrated circuit die and the at least one additional integrated
circuit die comprise three integrated circuit die.
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20. The ultrasound transducer of claim 17, an array pitch of
the flip-chip bumps is maintained substantially constant
between adjacent ones of the group of two or more individual
die.

21. An ultrasound diagnostic imaging system (140)
adapted for use with an ultrasound transducer (40,70,100,
130), said ultrasound transducer comprising:

a combined individual die integrated circuit, the combined
individual die integrated circuit including a first inte-
grated circuit die aligned with at least one additional
integrated circuit die; and

an array of acoustic elements coupled to the combined
individual die integrated circuit via an array of flip-chip
bumps, wherein the first and second die integrated cir-
cuits and array of acoustic elements together form a
large aperture transducer array.

22. A method of fabricating an ultrasound transducer, com-

prising:

forming a combined individual die integrated circuit, the
combined individual die integrated circuit including a
first integrated circuit die aligned with at least one addi-
tional integrated circuit die, the combined individual die
integrated circuit further having an array of flip chip
bumps on flip-chip attachment surfaces of respective
ones of the first integrated circuit die and the at least one
additional integrated circuit die; and

coupling an array of acoustic elements to the combined
individual die integrated circuit via the array of flip-chip
bumps, wherein the first integrated circuit die, the at
least one additional integrated circuit die, and the array
of acoustic elements together form a large aperture
transducer array.

23. The method of claim 22, further wherein an alignment
of the first integrated circuit die with the at least one addi-
tional integrated circuit die preserves a continuation of the
pitch between flip-chip bumps on the respective first and at
least one additional integrated circuit die.

24. The method of claim 22, wherein forming the com-
bined individual die integrated circuit further comprises
mounting the first integrated circuit die and the at least one
additional integrated circuit die on an alignment substrate.

25. The method of claim 24, wherein the first integrated
circuit die and the at least one additional integrated circuit die
comprise two integrated circuit die.
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26. The method of claim 24, wherein the first integrated
circuit die and the at least one additional integrated circuit die
comprise three integrated circuit die.

27. The method of claim 22, wherein forming the com-
bined individual die integrated circuit further includes singu-
lating individual ones of the first integrated circuit die and the
at least one additional integrated circuit die from one or more
wafers.

28. The method of claim 27, further wherein the first inte-
grated circuit die and the at least one additional integrated
circuit die comprise two individual singulated integrated cir-
cuit die, the method further comprising:

aligning the two individual singulated integrated circuit die

with respect to the other and mounting the aligned die on
an alignment substrate.

29. The method of claim 22, wherein the first integrated
circuit die and the at least one additional integrated circuit die
comprise two individual integrated circuit die aligned with
respect to the other on a wafer.

30. The method of claim 29, further wherein the two indi-
vidual integrated circuit die are singulated together from the
wafer as the combined individual die integrated circuit.

31. The method of claim 30, further wherein individual die
artwork on the wafer assures a continuation of an array pitch
of the flip-chip bumps between adjacent die.

32. The method of claim 22, wherein the first integrated
circuit die and the at least one additional integrated circuit die
comprise three individual integrated circuit die aligned suc-
cessively with respect to one other on a wafer.

33. The method of claim 32, further wherein the three
individual integrated circuit die are singulated together from
the wafer as the combined individual die integrated circuit.

34. The method of claim 33, further wherein individual die
artwork on the wafer assures a continuation of an array pitch
of the flip-chip bumps between adjacent die.

35. The method of claim 22, wherein the combined indi-
vidual die integrated circuit further comprises a group of two
or more individual die that have been singulated simulta-
neously from a wafer.

36. The method of claim 22, further comprising bending
the large aperture transducer array to form a curved linear
array.
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