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BACKGROUND ART
10 In the past, a pyroelectric infrared detector for detecting infrared
radiation emanating from an object has been used as a motion sensor for
detecting the motion of a person. This infrared detector is mainly
composed of a substrate of a material having pyroelectric effects such as a
ceramic material, e.g., PbTiO3 or PZT, a single-crystal material, e.g.,
15 LiTaOs, and a high-molecular compound, e.g., PVF2, and a plurality of
electrodes formed by depositing an infrared absorption material such as
NiCr on opposite surfaces of the substrate.
As a production method for this kind of infrared detector, for example,
Japanese Patent Early Publication [KOKAI] No. 10-2793 discloses a
20 method of producing several hundreds of infrared detectors from a single
wafer, which comprises the steps of forming circuit patterns of the
pyroelectric infrared detectors on the wafer of a pyroelectric material having
a thickness of 40 um and a diameter of 3 inches by use of a metal mask for
photolithography, forming electrodes at required positions on the basis of
25 the circuit patterns by depositing an infrared absorption material, and then *
performing a sandblast treatment or a dry-etching process to remove
required regions of the wafer. The sandblast treatment is a manufacturing
technique of cutting a workpiece or forming slots in the workpiece by



25 the circuit patterns by depositing an infrared absorption material, and
then perform ng a sandbl ast treatnment or a dry-etching process to renove
required regions of the wafer. The sandbl ast treatnment is a manufacturing
techni que of cutting a workpiece or formng slots in the workpi ece by

bl ow ng fine hard particles on the workpi ece at a constant pressure. The
dry-etching process conprises ion nilliﬁb and RIE, which are used in the
conventional sem conductor process. The sandbl ast treatnment has advant ages
that the treatnment speed is 5 high, and there is no need to use an _
expensi ve blgwingt fise hard particles onlthengorikpieceé @at@cbnstant pvessubsk owlrhe the -’
hard particles of inorganic materials on the wafer substrate,
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pyr oel ect
material may be broken by static electricity developed on the substrate ‘

surface. As a result, there is a problem that variations in performance of

10 the produced pyroelectric infrared devices occur, and as the worst desired
device performance is not obtained. Moreover, in the case of producing
large amounts of devices from a single thin wafer, there is another problem
that much effort is needed to collect and arrange these devices.

15  SUMMARY OF THE INVENTION
In view of the above problems, an object of the present invention is to
provide an improved method of producing plural device chips from a thin
plate of a pyroelectric material.
That is, the method of the present invention comprises the following
20 steps. First, a device substrate to be treated with a blast of hard particles
is formed. The device substrate comprises the thin plate of the
pyroelectric material, plural device-forming regions each having an
electrode, which are defined on opposite two surfaces of the thin plate, and
a circuit pattern formed on each of the opposite two surfaces to electrically
25 connect the electrodes. Each of the device-forming regions is isolate‘d ’
from an adjacent device-forming region by a stock-removal portion. Then,
an electrical connection is made between the circuit patterns formed on the
opposite two surfaces of the device substrate to obtain a 3-dimensional

circuit pattern, and the 3-dimensional circuit pattern is grounded so that all
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In the present invention, since all of the device-forming regions on the
device substrate are maintained to be at the same potential by the
presence of the circuit patterns on the bridge portions during the blast
treatment, the polarization state of the pyroelectric material is not broken by
static electricity. In addition, since plural device chips are provided as a
device-chip aggregate by the blast treatment, the handling of the device-
chip aggregate becomes easy, and it is possible to collect the device chips
separated from the device-chip aggregate by removing the bridge portions,
while maintaining an arrangement of the device chips.

In the above method, it is preferred that the electrodes and the circuit
patterns are simultaneously formed by means of physical vapor deposition
(PVD). In this case, it is possible to efficiently produce the device
substrate.

In addition, it is preferred that the pyroelectric material of the stock-
removal portion is removed such that the bridge portion is of a constricted
shape having a small cross section in the middle between adjacent deviqe

chips. In this case, when separating the device chip from said device-chip"

aggregate, it is possible to break only the bridge portion without causing the
propagation of cracks into the device chip.

In addition, it is preferred that the step of removing the bridge portion
is performed by use of a table having holding means for holding the

strate to

s



presence of the circuit patterns on the bridge portions during the bl ast
treatnent, the polarization state of the pyroelectric material is not
broken by static electricity. In addition, since plural device chips are
provi ded as a device-chip aggregate by the blast treatnent, the handling of
the device- 15 chip aggregate becones easy, and it is possible to collect
t he device chips separated fromthe devi&e-chip aggregate by renoving the
bri dge portions, while maintaining an arrangenent of the device chips. In
the above nethod, it is preferred that the electrodes and the circuit
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addition, it is preferred that the step of renoving the ?rldge portion is
performed lwithouwt contamindtiorhafi the devicerghip aggregaté ovithngdhbsives for

moans has MdEapann AITERE foal PYIBS) BPRIN it ramoved JYBUaBIRyat o
on the opening formed in the magnetic mask, there is no need to worry about the
contamination of the device chips with scattered particles generated when
10 the bridge portion is removed by use of a laser.

In addition, it is preferred that one of the table and the magnetic mask
has a projection on its surface, which can fit into a space between adjacent
device chips of the device-chip aggregate. The positioning of the device-
chip aggregate becomes easier, and it is possible to prevent the

15 occurrence of a positional displacement of the device-chip aggregate
during the removing step.

Moreover, it is preferred that the above method comprises the steps of,
after the step of removing the bridge portion, catching the magnetic mask
and separated device chips by use of a suction apparatus, which

20 comprises a first suction means for catching the magnetic mask, second
suction means for catching a required number of the device chips
separated from the device-chip aggregate through first openings formed in
the magnetic mask, and a third suction means for catching the rest of the
device chips separated through second openings formed in the magnetic

256 mask, transferring the magnetic mask and the device chips caught by thle"'
first, second and third suction means to a first position, releasing only the
device chips caught by the second suction means at the first position,
transferring the magnetic mask and the device chips caught by the first and

third suction means to a second position, and releasing the device chips



tabl e by use of. a magneti c mask having an opening, and the step of renoving
the bridge portion is performed through the opening. In this 5 case, it is
possible to easily hold the device-chip aggregate on the table w thout
contam nation of the device-chip aggregate with adhesives for holding. In
addition, since the bridge portion is renoved through the opening forned in
the magnetic mask, there is no need to worry about the contam nation of the
device chips with scattered particles generated when 1o the bridge portion
is renoved by use of a laser. In addition, it is preferred that one of the
tabl e and bh@gﬁ%&}ﬁthé%ﬁa%dﬁ%ﬁ MeBhdl fthbYecdhd pEsitiBhl adf thishtade ap fit
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10 the other circuit pattern, placing a metal foil between the connection ends,

and securing the metal foil by forming a resist film on the device substrate.
In addition, the step of making the electrical connection between the circuit
patterns may comprise the steps of forming a connection end of one of the
circuit patterns on a surface having the connection end of the other circuit
15 pattern, placing a metal foil having magnetism between the connection
ends, and securing the metal foil by magnetic force. Moreover, the step of
making the electrical connection between the circuit patterns may comprise
the steps of forming a through hole in the thin plate of the pyroelectric
material by use of a laser, and coating an interior surface of the through
20 hole with an electrically conductive material. According to these methods,
it is possible to readily make the electrical connection between the circuit
patterns with reliability.
A further object of the present invention is to provide a method of
producing device chips from a thin plate of a pyroelectric material, which
25 comprises the following steps. That is, in this method, a device substrat‘é"
to be treated with a blast of hard particles is firstly formed. The device
substrate comprises the thin plate of the pyroelectric material, plural
device-forming regions each having an electrode, which are defined on
opposite two surfaces of the thin plate. Each of the device-forming



devi ce chi ps caught by the second suction nmeans at the first position,
transferring the magnetic mask and the device chips caught by the first and
third suction nmeans to a second position, and rel easing the device chips
caught by the third suction neans at the second position. In this case, it
I's possible to readily obtain an arrangenent of the required nunber of

devi ce chi ps, which has an increased di sbance between adj acent device

chips, froman original arrangenment of the device chips of the device-chip
5 aggregate. Therefore, it is effective to inprove the efficiency of

col | ecti ng regibrs isrigoiaged Heone anc adiddgrt. devicesfopming rregion Hay a rstosk-ep of~
maki ng the el ectrical, connection between the circuit pattepps co ghiéﬁf t he

steps of fdEMONAl PAERRectiRAN.cAR aleckicallyrcandudiveclaver jaifo

e o i P EE . 6 e Do g L BAeRh o e dAfE bl ™ °

formng a i #e devit@Bubifatie s FRId Whoh the thfoddithe dbnduttive! Riyed!

maki ng the electrical connection between the“circull patterns may conprise

t he steps ddnfthenotingrzharmhna circwit patlent isofernvéd tarethe othért spefacerofsthen a

surface having the connection end of the other circyit 15 patﬁern, | aci ng
ur

a met al foiqe i ﬁ&bﬁﬁéﬁét to nelegtieally «sennept dbei (ﬁleﬁﬁﬁﬁg?sand %y the

connect  on BHIMRAE, kver s pettsaly Hnndrtea 3o iBe betil e o058 A g

through holignjiRated' @t hée dthgke id the 1BMiASte s 'drdunded so that all of the
device-forming regions on the device substrate are at the same potential.

10 Next, the laminate is treated with the blast to remove the pyroelectric
material of the stock-removal portion, while leaving a bridge portion
extending between adjacent device-forming regions and having the circuit
pattern thereon, to thereby obtain a device-chip aggregate, in which
adjacent device chips are coupled through the bridge portion.

15  Subsequently, the device chip is separated from the device-chip aggregate
by removing the bridge portion.

According to this method, it is possible to prevent the breakage of the
polarization state of the pyroelectric material by static electricity developed
during the blast treatment, and obtain the device-chip aggregate that

20 facilitates the separation/collection of the device chips.

Further characteristics and effects brought thereby of the present
invention will be understood in detail from the best mode for carrying out
the invention described below, referring to the attached drawings.

25 BRIEF DESCRIPTION OF THE DRAWINGS
FIGS. 1A to 1E are schematic perspective views showing a method of
producing plural device chips from a thin plate of a pyroelectric material
according to a first embodiment of the present invention;

FIG. 2 is a partially plan view showing a preferred embodiment of a bridge



material by use of a laser, and coating an interior surface of the through
20 hole with an electrically conductive material. According to these

nmet hods, it is possible to readily nake the electrical connection between
the circuit patterns with reliability. A further object of the present

I nvention is to provide a nethod of prodPC|ng device chips froma thin
plate of a pyroelectric material, which 25 conprises the follow ng steps.
That is, in this nethod, a device substrate to be treated with a bl ast of
hard particles is firstly formed. The device substrate conprises the thin
pl at e of t pertipn extending beatweeni thie, deviceathipgvi ce-f or mi ng regi ons each
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FIG. § is a partially perspective view of the magnetic mask having guide
10 projections for a device-chip aggregate;
FIGS. 6A and 6B are a plan view of a preferred arrangement of the bridge
portions, and a schematic view showing a separating step for the bridge
portion, respectively;
FIGS. 7A and 7B are a plan view of another preferred arrangement of the
15 bridge portions, and a schematic view showing the separating step for the
bridge portion, respectively;
FIG. 8 is a partially perspective view showing an embodiment of a method
of making an electrical connection between circuit patterns; _
FIG. 9 is a partially perspective view showing a first modification of the
20 method of making the electrical connection between the circuit patterns;
FIGS. 10A and 10B are partially perspective views showing a second
modification of the method of making the electrical connection between the
circuit patterns;
FIG. 11 is a partially perspective view showing another example of the
25 second modification; '
FIG. 12 is a partially perspective view showing a third modification of the
method of making the electrical connection between the circuit patterns;
FIGS. 13A and 13B are partially perspective views showing a fourth
modification of the method of making the electrical connection between the



material of the stock-renoval portion, while | eaving a bridge portion

ext endi ng between adj acent device-form ng regions and having the circuit
pattern thereon, to thereby obtain a device-chip aggregate, in which

adj acent device chips are coupled through the bridge portion. 15
Subsequently, the device chip is separated fromthe device-chip aggregate
by renoving the bridge portion. According to this nethod, it is possible to
prevent the breakage of the polarization state of the pyroelectric material
by static electricity devel oped during the blast treatnent, and obtain the.
devi ce- chigiradiigpaljedns; @st 20 facilitates the separation/collection of thé
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thin plate of a pyroelectric material according to a first enbodi nent of
the prédsent invention; FIG 2 is a partially plan view showing a preferred
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Referring to the attached drawings, a method of producing plural
device chips from a thin plate of a pyroelectric material according to a first
embodiment of the present invention is. explained in detail below.

10 First, as shown in FIG. 1A, an electrical treatment (polarization
treatment) is performed to a wafer substrate 10 having a thickness of 40 to
60 um and made of a material having the pyroelectric effect, and then plural
device-forming regions 12 each having an electrode 20 are formed on both
of front and rear surfaces of the wafer substrate. Each of the device-

15 forming regions 12 is isolated from an adjacent device-forming region by a
stock-removal portion 14. Next, as shown in FIG. 1B, a circuit pattern 30
for connecting all of the electrodes 20 on the front surface of the wafer
substrate and a circuit pattern 30 for connecting all of the electrodes 20 on
the rear surface of the wafer substrate are formed. The electrodes and

20 the circuit patterns can be simultaneously formed by means of physical
vapor deposition (PVD).

Next, as shown in FIG. 1C, an electrical connection 40 is made
between the circuit patterns 30 formed on the front and rear surfaces of the
wafer substrate 10 to obtain a 3-dimensional circuit pattern 33, and the 3-

25 dimensional circuit pattern is grounded G, so that all of the device-forminé ’
regions 12 on the wafer substrate 10 are at the same potential. For
example, the electrical connection 40 can be formed by applying an

electrically conductive material such as a conductive paste, e.g., a silver



device chips, FIG 3B is a perspective view of a nmagnetic mask used, and
FIGS. 3C, 3D are schematic diagrans showng a step of cutting the bridge 5
portion through an opening of the magnetic mask; FIGS. 4A to 4C are
schemati c di agrans showi ng steps of transferring the device chips to
different two positions by use of the magnetic nmask of FIG 3B; FIG 5is a
partially perspective view of the nagnetrc nmask havi ng gui de 10

projections for a device-chip aggregate; FIGS. 6A and 6B are a plan vi ew of
a preferred arrangenent of the bridge portions, and a schematic view
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the pyroelectric material of the stock-removal portion 14 is removed, while
first bridge portions 50 each extending between adjacent device-forming
10 regions 12 and having the circuit patterns 30 thereon are left, so that a
device-chip aggregate 60, in which adjacent device chips 62 are coupled
though the first bridge portion 50, is obtained, as shown in FIG. 1D. In this
embodiment, in addition to the first bridge portions 50, second'bridge
portions 52 each extending between adjacent device-forming regions 12
15 and having no circuit pattern 30 thereon are formed to improve the
mechanical strength of the device-chip aggregate 60. The first bridge
portions 50 formed on both sides of the device chip 62 are arranged in a
straight line. Similarly, the second bridge portions 52 formed on both
sides of the device chip 62 are arranged in a straight line. The numeral 54
20 designates a slot formed between adjacent device chips 62 by removing
the pyroelectric material by the blast treatment.

Prior to the blast treatment, it is preferred to form a resist pattern for
exposing only the stock-removal portion 14 on the wafer substrate 10 to
protect the surfaces of the device-forming regions 12. In addition, it is

25 preferred that each of the first and second bridge portions 50, 52 is of a
constricted shape 561 having a small cross section in the middle between
adjacent device chips 62 to facilitate the crack propagation C at the bridge
portion, as shown in FIG. 2. Therefore, when removing the bridge
portions 80, 52 to separate the device chips 62 from the device-chip



met hod of making the electrical connection between the circuit patterns;
FIGS. 13A and 13B are partially perspective views show ng a fourth
nodi fication of the nethod of maeking the electrical connection between
circuit patterns; and FIGS. 14A to 14E are schematic perspective views
showi ng a nethod of producing plural device chips froma thin plate of
pyroel ectric material according to a sedénd enbodi mnent of the present

i nventi on.
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of static eectnm In addition, since the device-chip aggregate 60, in
which the adjacent device chips 62 are coupled through the first bridge
portion 50 and the second bridge portion 52, is obtained by the blast
treatment, a handling property of the device chips after the blast treatment
is improved.

As shown in FIG. 1E, by removing the bridge portions 50, 52 from the
device-chip aggregate 60, the device chips 62 are separated from each
other. To remove the bridge portions, it is possible to use laser cutting,
stamping, dicing with grinding wheels and so on. From the viewpoint of
enhancing the cutting operation, it is preferred that the device-chip
aggregate 60 is formed such that a direction of cutting the bridge portion (a
direction shown by the arrow in FIG. 2) is in agreement with a cleavage
direction of the pyroelectric material. For example, a wafer of LiTaOs that
is a kind of pyroelectric material has plural cleavage directions, each of
which is in every 60 degrees relative to a cleavage direction. By designing
the bridge portion such that the cleavage direction is in agreement with the
cutting direction of the bridge portion, it is possible to easily cut the device-
chip aggregate 60, and prevent the occurrence of cracks in the device
chips 62. -

For example, it is preferred to separate the device chips 62 from the
device-chip aggregate 60 according to the following procedure. That is,
after the device-chip aggregate 60 is placed on a table (not shown) having

the capability of generating magnetic force, a magnetic mask 70 having



the rear surface of the wafer substrate are forned. The el ectrodes and 20
the circuit patterns can be sinmultaneously formed by neans of physical

vapor deposition (PVD). Next, as shown in FIG IC, an electrical connection
40 is nade between the circuit patterns 30 forned on the front and rear
surfaces of the wafer substrate 10 to obtain a 3-di nensional circuit
pattern 33, and the 3- 25 dinensional éircuit pattern is grounded G so
that all of the device-formng regions 12 on the wafer substrate 10 are at
the same potential. For exanple, the electrical connection 40 can be formed

by appl yi ngpaRirs6'is gt on e dievidecehipphggretateuc Trs niagrstibintaske70ast e
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chips 62 ape-504p!\GBrry about contamination of the device chips with scattered
particles generated when removing the bridge portions by use of a laser.
10 In addition, since this operation of removing the bridge portions can be
performed in such a clean environment, it is possible to omit a cleaning
process for separated device chips that is a subsequent process.

After removing the bridge portions 50, 52, the separated device chips
can be collected by use of a suction apparatus described below. This
15 suction apparatus is composed of a first suction unit 86 for catching the
magnetic mask 70, second suction unit 82 for catching a required number
of the device chips 62 ("A" shown in FIG. 4A) separated from the device-
chip aggregate 60 through first openings 72 formed in the magnetic mask
70, third suction unit 84 for catching the rest of the device chips 62
20 separated ("B" shown in FIG. 4A) through second openings 74 formed in
the magnetic mask 70, and a transfer unit (not shown) for transferring the
device chips 62 caught by these suction units together with the magnetic
mask 70. After the magnetic force for holding the magnetic mask is
removed, the magnetic mask and the separated device chips caught by the

25 first to third suction units are transferred to a first position. At the ﬁrét*'
position, only the device chips 62 ("A" shown in FIG. 4A) caught by the
second suction unit 82 are released, as shown in FIG. 4B. Subsequently,
the magnetic mask and the device chips caught by the first and third
suction units are transferred to a second position. At the second position,



t hough the first bridge portion 50, is obtained, as shown in FIG 1 D. In
this enbodinent, in addition to the first bridge portions 50, second bridge
portions 52 each extendi ng between adjacent device-form ng regions 12 15
and having no circuit pattern 30 thereon are fornmed to i nprove the
mechani cal strength of the device-chip aggregate 60. The first bridge
portions 50 formed on both sides of theldevice chip 62 are arranged in a
straight line. Simlarly, the second bridge portions 52 formed on both
sides of the device chip 62 are arranged in a straight line. The nuneral 54

20 desi gnfHecgedice! GhipsqrBe éhbRiniie FIGJUAYesdught \ByCthes third sG2tion uringqi ng
the pyroelectric material by the blast treatnment. Prior to the bl ast
tr eat nent , are releagedf asrshibwi in f@. AC.esOftcquusecitris passiedoinelease llt he
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aggregate, and prevent the occurrence of a positional displacement of the
magnetic mask 70 during the operation of removing the bridge portions 50,

10 52. In addition, when removing the bridge portions is finished, an
arrangement of the device chips 62, in which adjacent device chips 62 are
isolated from each other by the convex portion 78, is obtained on the
magnetic mask 70. Therefore, it is possible to avoid a situation that the
device chips overlap one another. The convex portions that can fit into the

15 slots 54 of the device-chip aggregate may be formed on a stage such as a
ceramic plate or a table for holding the device-chip aggregate.

As described above, when the device chips 62 are released at each of
the first and second positions, an arrangement of the device chips having a
larger pitch between adjacent device chips than the original pitch between

20 adjacent device chips 62 of the device-chip aggregate 60 can be obtained.
Therefore, it is possible to collect the device chips while maintaining a
desired arrangement of the device chips. The above method of picking up
the device chips is particularly effective in the case that the pitch between
the adjacent device chips is about 0. 1 mm.

25 In addition, as shown in FIG. 6A, when forming a device—chi.p
aggregate 60, in which adjacent device chips 62 are coupled through only
first bridge portions 50 extending on a straight line in opposite two
directions from substantially center positions of both sides of the device
chip 62, the device chip can be separated from the device-chip aggregate



Due to the formation of the 3-dinensional circuit pattern 33, all of the
device-formng regions 12 on the wafer substrate 10 are maintained to be 5
at the same potential during the blast treatnent. Therefore, the

pol ari zation state of the pyroelectric material is not broken by the

I nfluence of static electricity. In addition, since the device-chip
aggregate 60, in which the adjacent devill8e chips 62 are coupl ed through the
first bridge portion 50 and the second bridge portion 52, is obtained by
the blast 10 treatnent, a handling property of the device chips after the
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preferred iof BRIRE portibhe divcribedcbeliw pray anféieed. That is, the device-
10 chip aggregate can be formed by removing the pyroelectric material of the
stock-removal portion by the blast treatment such that the device-chip
aggregate has a frame portion 55, one end of each of the bridge portions
50 is connected to the frame portion, the other end of each of the bridge
portions 50 is connected to a side of the device chip 62 to support the
15 device chip in a cantilever fashion, and adjacent device chips are coupled
through the frame portion and the bridge portions. In this case, as shown
in FIG. 7B, the separating operation and the pick-up operation for the
device chip can be achieved at a time. .
In addition, as means for holding the device-chip aggregate 60 in the
20 step of removing the bridge portions, it is possible to use a UV sheet or a
thermally-foamed sheet having a property that its adhesive force rapidly
lowers by heating, or a porous plate such as a porous ceramic plate. In
the later case, the device-chip aggregate placed on a surface of the porous
plate can be caught by vacuum suction from the opposite surface of the
25 porous plate. |
As described before, the electrical connection 40 between the circuit
patterns 30 can be made by forming a connection end 32 of one of the
circuit patterns on a surface having a connection end 31 of the other circuit

pattern, and applying an electrically conductive material between the



devi ce-chi'p aggregate 60 according to the follow ng procedure. That is,
after the device-chip aggregate 60 is placed on a table (not shown) having
the capability of generating magnetic force, a magnetic mask 70 havi ng
openings 76 is put on the device-chip aggregate. The magnetic mask 70 is
held on the table by the magnetic force, so that the device-chip aggregate

i s secured therebetween. The nagnetic md$k 70 is disposed on the

devi ce-chi p aggregate 60 such that the first and second bridge 5 portions
50, 52 of the device-chip aggregate are exposed through the openings 76. As

shown i n Fkehnedfioanends, asneholre iat IR 8 empigrpativelyhr thigeelewtticalns i s
performed through these openings 76, there is no need to worry about
cont am nat connettionanay becforotédhacopnding ta the feltowing medifications. at ed when
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FIG an) SdiRnGR erBkiS0aDBs Water subshatedbe 60" hr ough first
openings 72 T oinPfhd Seddifa MREARLAoNTES shown in FIGS. 10A and 10B, after the
connection end 32 of one of the circuit patterns is formed on the surface
10 having the connection end 31 of the other circuit pattern, a resist film 90 is
formed on the surface of the wafer substrate 10. Next, a part of the resist
film corresponding to a region between the connection ends are removed
to form a concave 92 for exposing the region in the resist fiim 90.
Subsequently, a metal foil 42 having magnetic properties is fitted into the
15 concave, and secured by a magnetic force provided from a magnet or the
above-mentioned table. Alternatively, as shown in FIG. 11, the metal foil
42 may be placed at a region between the connection ends 31, 32 on the
wafer substrate 10 without forming the resist film, and secured to . the
position by use of the magnetic force. |
20 As the third modification, as shown in FIG. 12, after a through hole 45
penetrating between the connection ends 31, 32 is formed in the thin plate
of the pyroelectric material of the wafer substrate 10 by use of a laser beam
100, an interior surface of the through hole is coated with an electrically
conductive material. For example, when using the PVD method, it-is
25 possible to simultaneously achieve the step of forming the electrodes aﬁd"
the circuit patterns, and the step of coating the interior surface of the
through hole with the conductive material. In addition, when forming a
through hole penetrating between the circuit patterns in the thin plate of the
pyroelectric material by use of a laser in the presence of an aséist gas



70, third suction unit 84 for catching the rest of the device chips 62 20
separated ("B" shown in FIG 4A) through second openings 74 fornmed in the
magneti ¢ mask 70, and a transfer unit (not shown) for transferring the

devi ce chi ps 62 caught by these suction units together with the magnetic
mask 70. After the magnetic force for holding the magnetic mask is renoved,
the magneti c mask and the separated devilBe chi ps caught by the 25 first to
third suction units are transferred to a first position. At the first
position, only the device chips 62 ("A" shown in FIG 4A) caught by the

second Sucbbﬁlfthngt c8Podh ecéﬂir@é?sel‘i'avrﬁg émalncﬁh&lcﬁﬁty Sfheanepnahy, the”
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t he device ChIpS ("B" shown in FIG 4A) caught by the third suction unit 84
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t he occurrence of ositional displacement of the magn?tt ic mask 70 during
t he operation l}l‘@n&;q modifigationycas shewsnin Bis. 13A, after the connection

end 32 of one of the circuit patterns is formed on the surface having the
connection end 31 of the other circuit pattern, a region between the
10 connection ends is scanned by a laser beam 100 in the presence of an
assist gas containing carbon. Carbides 43 having electrical conductivity
generated on the laser-scanned region provide the electrical connection
between the connection ends. From the viewpoint of improving the
reliability of the electrical connection between the circuit patterns, it is
15 preferred that each of the circuit patterns has a plurality of connection ends
31, 32 arranged in a comb-like manner, and the connection ends 32 of one
of the circuit patterns are formed on a surface having the connection ends
31 of the other circuit pattern to obtain a staggered configuration of the
connection ends 31, 32, as shown in FIG. 13B. In this case, the electrical
20 connection between the connection ends can be achieved by performing a
laser scanning in the presence of an assist gas containing carbon
according to the similar manner to the above so as to join together of the
connection ends of the staggered configuration.
Referring to the attached drawings, a method of producing plurgl
25 device chips from a thin plate of a pyroelectric material according to a
second embodiment of the present invention is explained in detail below.
First, as shown in FIG. 14A, an electrical treatment (polarization
treatment) is performed to a wafer substrate 10 having a thickness of 40 to



|0 52. I'n addition, when renoving the bridge portions is finished, an
arrangenment of the device chips 62, in which adjacent device chips 62 are

i sol ated from each other by the convex portion 78, is obtained on the
magneti c mask 70. Therefore, it is possible to avoid a situation that the
devi ce chi ps overlap one another. The convex portions that can fit into the
15 slots 54 of the device-chip aggregal® may be fornmed on a stage such as
a ceramc plate or a table for holding the device-chip aggregate. As

descri bed above, when the device chips 62 are rel eased at each of the first

and secondgpqimtai madéobamasia Maviig tepgrdlectricheffiscthandniben plaryer
pi tch between adj acent device chips than the original pitch between 20

adj acent ddevioe-fdrming degivtng 12 edehi bavingian etgptrage 206redanmed obthaithed.
Therefore, it is possible t
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device chips 62 are coupled through only first bridge portions 60 extéendi ng
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ositions of both sides of the device chip 62, the device c¢chip can, be
E epar at ed tWemUriRcesQf the wafey =N gng th@;yva{ér substrate is secured oa

stage 5 through the conductive layer. For example, it is preferred to use
an electrically conductive wax as a material for the conductive layer.

10 Next, as shown in FIG. 14C, a circuit pattern 30 is formed on the other
surface of the wafer substrate 10 to electrically connect the electrodes 20,
and then the conductive layer is electrically connected to the circuit pattern
to obtain a laminate 35 on the stage 5. The laminate is grounded (G) so
that all of the device-forming regions 12 on the wafer substrate 10 are at

15 the same potential. The electrical connection 40 between the conductive
layer 34 and the circuit pattern 30 can be readily formed by extending the
conductive wax of the conductive layer 34 to the surface having the circuit
pattern 30. In addition, when the circuit pattern is formed by use of an
electrically conductive resist material such that only the stock-removal

20 portion is exposed, the resist material can protect the device-forming
regions 12 from a blast treatment described later.

Next, by treating the laminate 35 with a blast of fine hard particles, the
pyroelectric material of the stock-removal portion 14 is removed, while
bridge portions 50 each extending between adjacent device-formin'g

25 regions 12 and having the circuit pattern 30 thereon are left, so that a
device-chip aggregate 60, in which adjacent device chips 62 are coupled
though the bridge portions 50, 52, is obtained on the stage 5, as shown in
FIG. 14D. Subsequently, the device-chip aggregate 60 is detached from



with relative ease by catching the device chip by the suction unit 80, and
applying a twist to the caught device chip, as shown in FIG 6B, to break
the bridge portions. Since the separated device chip is transferred as is
caught by the suction unit, it is possible to achieve the separating
operation 5 and the pick-up operation for the device chip at a tine.

Mor eover, in the above enbodi nent, the i17rst and second bridge portions 50,
52 are forned to provide the device-chip aggregate 60 shown in FIG 1 D.
However, a device-chip aggregate 60 having an arrangenent of bridge
portions OpeCitatns ehRY R bAfigeCpBRibns ite feimolB8 6 tise dévicélthip
aggregate can be forned by renoving the pyroelectric material of the

st ock- r enoaggregatei ton objainhindividaally+sepanated device ichips 162, des ishoveriin
aggregat e has frame portion 55, one end of each of the bridge portions 50
S connectEH3t$4Ehe frame portion, the other end of each of the bridge

portions 50 is 2 ' t | chj .10, S r eis
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in FIG 7B, the separating operation and the pick-up operation for the
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by vacuum suction fromthe” opposite surface o
10 produced device chips.

)

In addition, when separating the device chips from the device-chip
aggregate held by use of magnetic force, and using the method of catching
/ transferring the device chips by use of vacuum suction, there is no need to
worry about contamination of the device chips with adhesives for catching.
15  Therefore, it is possible to omit a subsequent cleaning process. Moreover,
it is possible to transfer the device chips, while maintaining the
arrangement of the device chips of the device-chip aggregate. Therefore,
even when producing several hundreds of small device chips from a 3-inch
wafer, it is possible to efficiently produce the large amounts of the device

20 chips with improved yields.



25 porous plate. As described before, the electrical connection 40 between
the circuit patterns 30 can be nmade by form ng a connection end 32 of one
of the circuit patterns on a surface having a connection end 31 of the

other circuit pattern, and applying an electricall ' rial

bet ween t he 14 connection ends, as shown in Fl Gﬂlﬂmﬂmﬂuumﬁ' y, the
el ectrical connection may be fornmed accd®¥ding to thé féllbowithgs +

nodi fications. That is, as a first nodification, as showmn in FIG 9, after
the connection end 32 of one of the circuit patterns is forned on the
surface having the 5 connection end GLAMISt he other circuit pattern, a
netal foil 41 is placed to extend between the connection ends, and secured
to the position by formng a resist film90 on the wafer substrate 10. As

t he second nodification, as shown in FIGS.. 10A and 11B, after e
connecti onlerf @Q%B‘Pdoﬁfe prdyﬁli‘gcim'd[ﬁltgsﬁ iceechipg dromg, A &hign, pﬁ%@ Sirface

10, e "SGR SR gl e T L BRLtern, B resst
the resj st fdriifiy & HeveosdbsWateotrbedeatedbRithves blddtofdmrdesartictes nslidar e
renoved to forma concave 92 for exposing the region in the resist film 90.
Subsequent tevice suhbstratecdampesing/thegthimplateiof the gyroelesdric materiabgpluralo t he
15 concavg, Ratorming Tegiond each Faving An BIBcRodd hhich are Fefiel oh "
opposite two surfaces of the thin plate, and a circuit pattern formed on each
of the opposite two surfaces to electrically connect said electrodes, and
10 each of said device-forming regions being isolated from an adjacent
device-forming region by a stock-removal portion;
making an electrical connection between the circuit patterns formed on the
opposite two surfaces of said device substrate to obtain a 3-dimensional
circuit pattern, and grounding said 3-dimensional circuit pattern so that all
15 of said device-forming regions on said device substrate are at the same
potential;
treating said device substrate having said 3-dimensional circuit pattern with
said blast to remove the pyroelectric material of said stock-removal portjon,
while leaving a bridge portion extending between adjacent device-forming
20 regions and having the circuit patterns thereon, to thereby obtain a device-
chip aggregate, in which adjacent device chips are coupled through said
bridge portion; and
separating said device chip from said device-chip aggregate by removing
said bridge portion.
25

2. The method as set forth in claim 1, wherein said electrodes and said

circuit patterns are simultaneously formed by means of physical vapor
deposition (PVD).
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tioned table. Alternatively, as shown in FIG 11, the netal foi

42 may be placed at a regi on between the connection ends 31, 32 on the
waf er substrate 10 without form ng the reS|st film and secured to ,the
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by use of the nagnetic force. m\mﬂm catlon
in FIG 12, after a through hoI e 45 peﬁa “HN\M‘
n ends 31, 32 is forned in thelPhin plate«ofc t he byrbelectrlc

of the wafer substrate 10 by use of a | aser beam 100, an interior

f the through hole is coated with an electrically conductive
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ously achieve the step of form ng the electrodes and the circuit
amadé higy sapplyifg amtelegtricatlyi conductive umfadaemaalofsot Ias tdnrextgndhol e
conductive material. In addition, when formn ﬁ@ ho] e
n@eswea@éaldr@rwt patterpmonete opRosiie twp su &@§ device
ric nﬁ ﬁgl by use of a laser in the presence of an assist gas
gSHQ 8¢ car bi des havi ng el ectrical conductivity of carbon and
of the pyroelectric material are generated in the interior surface
rough hole. The carbi des provide the electrical connection between
It patterns. As the assi st gas it is preferred to use carbon
or_ net hane gas. Moreover,, referred to blow th aSSISt gas

- A1 EADGR Gsoset orinRehlaien th SURRPD CAETRISIES 106 1P R foaInGbur 1
' Yresist fﬁH'nOMQW'nB & bgtte}ﬁéf e%tog nd Egidcéigﬁﬁ%h?&al portion on said

device substrate prior to the step of treating said device substrate with said
blast.

5. The method as set forth in claim 1, wherein the pyroelectric material of
said stock-removal portion is removed such that said bridge portion is of a
constricted shape having a small cross section in the middle between
adjacent device chips.

6. The method as set forth in claim 1, wherein the step of removing said
bridge portion is performed by use of a table having holding means for
holding said device-chip aggregate.

7. The method as set forth in claim 6, wherein said holding means has the
capability of magnetically holding said device-chip aggregate on said table”
by use of a magnetic mask having an opening, and wherein the step of
removing said bridge portion is performed through said opening.

e



end 32 of one of the circuit patterns is formed on The surface having the
connection end 31 of the other circuit pattern, a regj W‘t Ht“gm 10
connection ends is scanned by a | aser beam 100 in thEImH l“ﬁﬁl] assi st
gas containing carbon. Carbides 43 having el ectrical tonductiVity génerated
on the | aser-scanned region provide the electrical connection between the
connection ends. Fromthe viewoi nt of 2Pnproving the reliability of the

el ectrical connection between the circuit patterns, it is 15 preferred

that each of the circuit patterns has a plurality of connection ends 31, 32

arranged i 8. Jeftethodeaswatdorthandcitim 7Z,owhestinoonesfssdid tableaadosaidhe
circuit patterns are fornmed on a surface having the connection ends 31 of

the other ¢nagnetic ppaske hasta pipjeationaostityygurfagec witicly e fibintera spase
connection, ends 31, .32 shown .in El G B. Inthis cas the el ectri cal
20 connectqe&weﬁgtwéﬁépﬁaegﬁﬁ%[’?(9#S@H@Ibéé’éﬁ?'ﬁglpa%ﬂg@ﬂ?geby performng a
| aser scanning in the presence of an assist gas containing carbon according
to the simlar manner to the above so as to join together of the connection
ends of 5t he staggered configuration. Referring to the attached draw ngs, a
met hod of produci ngl plural 25 device chips froma thin plate of a

pyr oel ect r i% Trhe meathodascsetionth inoclaimet gamprising ensteps afhe present

el ot i oal TEEAPREED GEermIaySy s bidermdriiph; Sa1RG Rald madtetMiask’
substrate 1f Nauhiiad duvisd' 8hsdby fi8eldt a suction apparatus comprising a first
suction means for catching said magnetic mask, second suction means for
10 catching a required number of the device chips separated from said
device-chip aggregate through first openings formed in said magnetic mask,
and a third suction means for catching the rest of the device chips
separated through second openings formed in said magnetic mask;
transferring said magnetic mask and said device chips caught by said first,
15 second and third suction means to a first position, and releasing only said
device chips caught by said second suction means at the first position; and
transferring said magnetic mask and said device chips caught by said first
and third suction means to a second position, and releasing said device
chips caught by said third suction means at the second position.
20

10. The method as set forth in claim 1, wherein the step of making the
electrical connection between the circuit patterns comprises the steps of
forming a connection end of one of the circuit patterns on a surface having

25 a connection end of the other circuit pattern, placing a metal foil betweelh"
said connection ends, and securing said metal foil therebetween by forming
a resist film on said device substrate.
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] mand nmade of a material having the pyroelectric effect, and

then plural device-formng regions 12 each having an el ectrode 20 are

f ormed on
regi on by

t he opposi
is secured
preferred
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connect th
connect ed

on the waf

| ayer 34 t
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material s
resi st mat
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both of front and rear surfaces of the wafer substrate. Each of
the device- formng regions 12 is isolated from anJﬂmml'mﬁu

a 5 stock-renoval portion 14. Next, as fmm[ an
electrically conductive |ayer 34 is fordkd on the entire Surfact of one of
te two surfaces of the wafer substrate, and the wafer substrate
to a stage 5 through the conductive |ayer. For exanple, it is
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portion 14
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20

25

is renoved, while

12. The method as set forth in claim 1, wherein the step of making the
electrical connection between the circuit patterns comprises the steps of
forming a connection end of one of the circuit patterns on a surface having
a connection end of the other circuit pattern, placing a metal foil having
magnetism between said connection ends, and securing said metal foil by
magnetic force.

13. The method as set forth in claim 1, wherein the step of making the
electrical connection between the circuit patterns comprises the steps of
forming a through hole in the thin plate of the pyroelectric material by use of
a laser, and coating an interior surface of said through hole with an
electrically conductive material.

14. The method as set forth in claim 1, wherein the electrical connection
between the circuit patterns is made by carbides generated at an interior
surface of a through hole formed in the thin plate of the pyroelectric

orm ng

e



bri dge portions 50 each extendi ng between adjacent device-form ng 25
regions 12 and having the circuit pattern 30 thereon are |left, so that a
devi ce-chi p aggregate 60, in which adjacent device chips 62 are coupl ed

t hough the bridge portions 50, 52, is obtained on t ) Eomn in
FI G 14D. Subsequently, the device-chip aggregate 6|3ﬂlﬂ“m3m|rmmﬂ m 17
the stage 5, and the bridge portions are&2renoved from tthe *deli ct-chip

aggregate to obtain individually-separated device chips 62, as shown in
FIG 14E. As understood fromthe above enbodi nents, according to the nmethod

5 of pr Od?ﬁ'té%idl@y qRd ©F £NhBer finoe! Preddhidl RIfabR AdsithgarycentaRing c

material o present invention, it is possible to prevent the breakage
of the pol arkahi on state of the pyroelectric material by static

el ectricity devel oped during the blast treatnent for machi ning device chips
of the pyroelectric material such as pyroelectric infrared detectors, and
readily collect the 10 produced device chips. In addition, when separating
t he device chips fromthe device-chip aggregate held by use of nagnetic

force, gnd 15iTHe hiGthoR 49 SepfordRin Bidigh 14! WhRPERY Sailthddict gay compiiass by
use of vacuum suction, there is no need to worry about contam nation of the

devi ce chi marbontdioxidesanesnéthaneagasi ng. 15 Therefore, it is possible to
omt a subsequent cleaning process. Moreover,

16. The method as set forth in claim 1, wherein each of the circuit patterns

10 has plural connection ends arranged in a comb-like manner, and wherein
the step of making the electrical connection between the circuit patterns
comprises the steps of forming the connection ends of one of the circuit
patterns on a surface having the connection ends of the other circuit pattern
to obtain a staggered configuration of the connection ends of the circuit

15 patterns, and scanning a laser in the presence of an assist gas containing
carbon so as to join together of the connection ends of said staggered
configuration.

20 17. The method as set forth in claim 1, wherein the pyroelectric material of
said stock-removal portion is removed such that bridge portions formed on
both sides of said device chip are arranged in a straight line.

25 18. The method as set forth in claim 1, wherein the step of treating said"
device substrate with said blast is performed such that:
said device-chip aggregate has a frame portion,
one end of said bridge portion is connected to said frame portion,
the other end of said bridge portion extends to a side of said device chip to



It is possible to transfer the device chips, while maintaining the
arrangenent of the device chips of the device-chip aggregate. Therefore,

even when produci ng several hundreds of small device chips | mEh
wafer, it is possible to efficiently produce the |ar gelﬂmm@“j\\m\u‘“
device 20 chips with inproved yields. 18 CLAIMS 1. . pr oduci ng
plural device chips froma thin plate of3a pyroelectric material conprising
the steps of: 5 formng a device substrate to be treated with a bl ast of

hard particles, said device substrate conprising the thin plate of the

pyr oel ect r §GppBit i@ devideERIp ifex cantifevenfashioryighis each having an
el ectrode, which are defined on opposite two surfaces of the thin plate,

and a cir cadjacent tdevicé cchipd are catipled thneugipsaidtftameo portioncand tsaid

el ectrical]y ,connect said el ectrodes, and 10 each of said device-formng
regi ons bebﬁggﬁéEFHPEa-fron1an adj acent device-formng region by a

st ock-renoval portion; making an el ectrical connection between the circuit
patterns formed on the opposite two surfaces of said device substrate to
obtain g 3-dinensional circuit pattern, and grounding said 3-di nensional
circuit pattern so that all 15 of said device-form ng regions on said
devi ce subd9r The methed ashsetfantk ipotlaimitgiwherein said device-chip aggregate

is formed such that a direction of cutting said bridge portion in the step of
removing said bridge portion is in agreement with a cleavage direction of
the pyroelectric material.

10

20. The method as set forth in claim 1, wherein the step of making the
electrical connection between the circuit patterns comprises the steps of
forming a connection end of one of the circuit patterns on a surface having

15 a connection end of the other circuit pattern, and generating carbides by
scanning a laser between the connection ends in the presence of an assist
gas containing carbon.

20 21. The method as set forth in claim 3, wherein said electrically conductive
material comprises an electrically conductive paste, electrically conductive
resist material, and an electrically conductive wax.

25 22. A method of producing plural device chips from a thin plate of a
pyroelectric material comprising the steps of:
forming a device substrate to be treated with a blast of hard particles, said
device substrate comprising the thin plate of the pyroelectric material, plural
device-forming regions each having an electrode, which are defined on



treating said device substrate having said 3-dinmensional circuit pattern
with said blast to renove the pyroelectric material of said stoc Wal
portion, while |l eaving a bridge portion extendi ng between \\%
device-formng 20 regions and having the circuit patt w s 10

t hereby obtain a device- chip aggregate, in which adja c evi ce ch| ps are
coupl ed through said bridge portion; andl4separat| ng sai d device chip from
sai d device-chip aggregate by renoving said bridge portion. 25 2. The

met hod as set forth in claim1, wherein said electrodes and said circuit

patterns ar@pmsné twoeswfaces Of kg Biin plats afd eacH ofl said devidefosmingn

(PVD) . The nmethod as set forth in claiml1, wherein said electrical
connection neglmbemg isglatachfroan anl adjacen devicafonming eegiandy al stockas t o
extend between said circuit patterns on the opposite two surfaces of said
devi ce subdEMPRI BP rﬁon-,—he met hod as set forth in claimi1, further

COTErL o BEITA R Soc A RGBSl o A5 s 314K By e
treating sapgpskita Q\ﬁoSs@ﬁéC@é ofsaid davidel8ubdirats, and holding said device
substrate on a stage through said conductive layer;
forming a circuit pattern on the other surface of said device substrate to
electrically connect said electrodes;
electrically connecting said conductive layer to said circuit pattern to obtain
10 a laminate on said stage, and grounding said laminate so that all of said
device-forming regions on said device substrate are at the same potential,
treating said laminate with said blast to remove the pyroelectric material of
said stock-removal portion, while leaving a bridge portion extending
between adjacent device-forming regions and having the circuit pattern
15 thereon, to thereby obtain a device-chip aggregate, in which adjacent
device chips are coupled through said bridge portion; and

separating said device chip from said device-chip aggregate by removing

said bridge portion.
20
23. The method as set forth in claim 22, wherein said conductive layer is
formed by use of an electrically conductive wax, and wherein the electrical
connection between said conductive layer and the circuit pattern is formed
by extending said conductive wax to the surface having the circuit pattern:
25

24. The method as set forth in claim 22, wherein the circuit pattern is
formed by use of an electrically conductive resist material such that only
said stock-removal portion is exposed.



5. The nmethod as set forth in claim11, wherein the pyroelectric material of
sai d stock-renoval portion is renoved such that said bridge portion is of a
15 constricted shape having a small cross section in the mddl e between

adj acent device chips. 6. The nethod as set forth in claim1l1, wherein the
step of renoving said 20 bridge portion is perfornmed by use of a table
havi ng hol di ng neans for hol ding said deh ce-chi p aggregate. 7. The net hod
as set forth in claim6, wherein said holding neans has the 25 capability
of magnetically hol ding said device-chip aggregate on said table by use of
a magnetic mask having an opening, agg Aen the step of renmoving said -~
bridge portion is performed through said opening. 20 8. The nethod as

set forth in claim7, wherein one of said table and said magnetic mask has

a projection on its surface, which can fit into a space between adjacent
devi ce chi ps ofAsaethed ok preduginggglurghtdevice chipsefrast @dhis plale pbran in

SRR T RS A AR R i
maoneey & PR ROERG cBane VS, AH°BSE IR Bion SHhalt it for
the devi ce elbchricallypeormexctirig thre electrodes are formed on each of front and rear
surfaces of the thin plate to obtain a device substrate. By making an
electrical connection between the circuit patterns, and grounding it, all of
the device-forming regions on the device substrate are at the same
10 potential. Next, a blast treatment is performed to the device substrate to
remove a required region of the pyroelectric material, while leaving a bridge
portion extending between adjacent device-forming regions and having the
circuit patterns thereon, so that a device-chip aggregate is formed, in which
adjacent device chips are coupled through the bridge portion.
15 Subsequently, by removing the bridge portion, the device chip is separated
from the device-chip aggregate.



devi ce-chi p aggregate through first openings fornmed in said nmagnetic nmask,
and a third suction neans for catching the rest of the device chips
separat ed through second openings fornmed in said magnetic mask;
transferring said magnetic mask and said device chips caught by said first,
15 second and third suctioen neans to g/}ﬁgst position, and rel easing only
sai d device chi ps caught by said secoé sticti on neans- at e first
position; an@Ntraqd{erring said magnetic mask and sajd 8 chi ps caught
by said first.ard \rd sucgg on neans to a second pog$it/on, § rekgasing
sai d devi ce_chy t byrsaid third suction neans epnd &

posi tion. hodeas set forth in claiml,
maki ng t he Y i on between the cirguit
steps of &por {on end of one of the éf
surface hevi ng ion end of the other
nmetal foil tion ends, and securing
t her ebet ween t filmon said devicg
The et hod

el ectrical e circuit patternsg

formng a

¢ of<fthe circuit pat
a connecti '

circoait pattern, for



5 surface of said device substrate, renoving a part of said resist film
corresponding to a region between said connection ends to obtain a concave
of exposing said region in said resist film and fitting a netal foi

havi ng magneti sminto said concave to secure said nmetal foil by magnetic
force. 10 12. The nethod as set fortg%%peflajn1l, wherein the step of
maki ng the el ectrical connection bet he circuit patf\berns conprises the
steps of formng a connection end of one of the circuit/ patterns on a
surface having 15 a connection end of the othe ft pattern placing a
metal foil having nagnetlsn1betmeen said '
nmetal foil by nagnet|c|?63c2 20 13. The claim 1,
wherein the step of making the el ectrical rcuit
patterns conprises the steps of for&dhe ébplate of
the pyroelectric material by use of a | ase | i

surface of said through hole with an el egtsi y—eanducti ve nate |aI. 25
14. The method as set forth in ci) i connecti on
between the circuit patterns is nmade by car bi &5 generared—a® an i nterior
surface of a through hole fornmed in the thin plate of the pyroelectric
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22 material by 'use of a laser in the presence of an assist gas containing
carbon. 5 15. The nethod as set forth in claim 14, wherein said assist gas
conpri ses carbon dioxi de and .net hane gas. 16. The nethod as set forth in
claiml1, wherein each of the circuit patterns 10 has plural connection
ends arranged in a conb-like manner, a rein the step of making the
el ectrical connection between the circuit patterns conprises the steps of
form ng the connection ends of one of the circuit patterns on a surface
havi ng the connection ends of the Gxhgr r gy pattjgn toéQb ain a

@H tthe®ciifcdirt | 15 patterns,

L

1t
staggered configuration of the con ilon*ends
and scanning a laser in the presec frag a9si g Tat i ng carbon so
as to join together of the connecfti end@ af id sﬁ%gzerjg confi guration.
20 17. The rrethogﬂig a t forth iWim‘, e i 1 ;ﬂe ;lee ectri@?2
material of said K noval poft4orn |i s=r gnovwad |quc® t ha#¥blidge portions
formed on both sides of said devipgechip—=at Ie N ra—st1 ai ght |ine.
25 18. The nethod as set forth i Bleim& mr tAe|st5 pf treating
sai d device substrate with said b i 5—peRTerres that— sai d
devi ce-chip aggregate has a frane| phrtlijonB drle And ofs%i d Arjdge portion
is connected to said frame portion, the other end of said bridge portion
extends to a side of said device chipto
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23 support said device chip in a cantilever fashion, and adjacent device
chi ps are coupl ed through said frane portion and said bridge portions. 5
19. The method as set forth in claim1l, wherein said device-chip aggregate
is formed such that a direction of cutting said bridge portion in the step

of renoving said bridge portion is |n nent with a cleavage direction
of the pyroelectrlc rlal 0 20. thod as set forth in claiml,
wherein the step of |ng ;ﬂ%éelectrlcal connection betme?ﬂ%the 82rcuit
patterns conprises the step f formng a cofaectioncend ne pf the
circuit patterns on/a surfdce havirlg 15 a conpectio e ot her
circuit patterm, |and generAating darlbi des by sc:nnlng 3] et ween t he
connecti on ends$ in |the presenc gf |an ass oF: ) arbon. 20 21
The met hod florth fn cl aijim|3,| where [ ductijve
material cO an electric

y conducti ve pasﬂe”EXectrlcally
eLgEErlcaIIy conductive wax. 25 22. A
dhi ps~H@®m a thin BliGite of a pyroelectric
florm ng a device substrate to be treated

ild device substrate conprising the thin

conductive resis terial, an
nmet hod of produciing plural devifce
materi al conprifsin ;
with a blast o

plate of the p pl ural FIG. 6B
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devi ce-form ng regi ons each having an el ectrode, which are defined on 24
opposite two surfaces of the thin plate, and each of said device-formng
regions being isolated froman adjacent device-formng region by a stock-
removal portion; formng an electrically conductive |layer on the entire
surface of one of the 5 opposite tmghﬁy faces of said device substrate,
and hol di ng sai d device substrate on age through said conductive | ayer;
forming a circuit pattern on the other surface of said device substrate to
el ectrically connect said electrodes; electrically connecting said
conductive layer to said circuit pattern to obtain |0 a |lamnate on said
stage, and groundi ng sgtjlznﬁnate so that all of said device-formng

regi ons on said device“substrate are at the sane potgptial; _tredt@0g said
laminate with said blast| to renovelthe pyroel ectric N [
st ock-renoval @2tion, iletea¥ing a bridge portion exteng
adj acent devi ce-f orgi pg g and havi ng themgFgcui :
to thereby obtain a de ggregate, in ch~dradent
are coupl ed through/sajd fortion; and separ a¥i ng-salsh

-

sai dAMTi dge pof?i-“f
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23. The nethod as set forth in claim22, wherein said conductive layer is

formed by use of an electrically conductive wax, and wherein the electrical
connection between said conductive layer and the circuit pattern is forned
by extending said conductive wax to the surface having the circuit pattern
25 24. The nethod as set forth in clagp2dd, wherein the circuit patternis
formed by use of an electrically conductive resist material such that only
sai d stock-renoval portion is exposed.

FIG. 14D



