
PCT/AUOO/005 83  Received 11 March 2002 MJ34 1 2 7 O CT 2004 "Method of
Fabricating Devices Incorporating Microelectromechanical Systems Using  at
Leant One UV Curable Tape" FIELD OF THE INVENTION 5 This invention relates
to the fabrication of devices incorporating microelectromechemical systems
(MEMS). More particularly, the invention relates to a method of fabricating
a MEMS device using at least one UV ourable tape. For the sake of brevity,
such a device shall be referred to below as a MEMS device and the part of
the devices comprising  the microelectromechanical system shall be referred
to as a MEMS layer.  10 CO-PENDING APPLICATIONS Various methods systems and
appratus relating to the present invention are disclosed in the following
co- pending applications filed by the applicant or assignee of the present
invention simultanously with the present  application.   ACT/AUOO/0051*.
Pori OO100319, PC7'1AV00/00520. PCT/AU0O/00521, PCT/AU0W00522. 15
P'CT/AUOO100523, PCTIAUOO/OOS24, PCT/A11t10100525, PCUAUOO/O iS26,
PC17ALJOW00527,  PC 'IAU001OOa28, PGT/M1OOKJO529, P T/AUBOb0530, PCr/AU
W/0053 I, PCT/AUO QO532,  pCTIALAOwoO533. PCT/AU9MJ0534. PCT1A1)IOOV00535,
PCVAUO0) OS36, PCT/AUOWOO537.  pcr/AUoo/00538. PCrI UOIllo0339, ACT/AuOOmo
4O, PC(YAtf00I0O 41, PCT/AuOO/0OS42,  PYr/At1150100543, PGT/AUOOJO0644,
PCVAU0OJOO 45. PCF7AU00/00547. PC'r/AUOW0054d, 20 I'CCT/AI JOVOD5S4. PcrA
UOQ/00556, PCT/AtR O1OO5S7, PC17AlJaHOO5* P'C'T/AUOW00559.  FCl'/AUOO/0056O.
PCCMrUOW00561,1'C"r/A1J3AW0031 , Per/AUOWOo553, ?C1tA1J0WO 5 4.
PCFIAUOO/OOS6I, PCrA000IO066, PCTIAUOWOOS67. PC /AU(M o56a, PCT/AUOOJQ05d9,
PCI1AIJOQm0S7O, PC FAkUOW00S91, PCrIAUOO UO572, FCr/AUQQ100573, ?C
/AIJOWOO574,  PCT/AUOWO075, PiCr/ IUDWOdi76. Pcr/AU0w00577. PCTfAUDWOO578.
FCT/AU0WOO579, 25 PCl'!AU(10Ja06a1, PGrAUWOO58O. PCT/AtA$1I00d82,
PCT/A000100507, PCT/AUOWOMB,  PCT/AUOW003g9. PCTiAUoWU0583, pCr/AU00/00593,
I'CT/AUOR Oos9O, PCT/AUOO100591,  YC1'/AUOO/00592,1'CT, AU00/00584,
PCT/AUOONOSg5,1'CI1AUOO/OQSa6. PCP/At 11}61005514,  PCT/AUOOm0595,
PCT)AUOO/n0596y Pcr/AUOW00597, YC: r1AUO0100598, PCT/AUOOIOOS1 ,
1'GT/AUOOA05I7, PCT?AUOOAOS11,PCT/AUOOJOO5O1. PCT/AU0010O502,
FGT/AUOOIQ0503, 3Q PCT/AUOM0504, PCqAUOWOO505, PCTIAUOO/O0O6,
PCTIAUOO/00507, PCT/AUJOQVOO508,  PCT/A[ Innm4509. PC' AUQW00510
PC".17AI*1O(OO5 I2, PCT/AUOO/0OS13, PCTIAUOWOai 14,  PCIYAUOO/005I5 



The disclosure of these co-pending application are incorporated herein by
cross-reference 35 SUMMARY OF Tilt INVENTION According to the present
invention there is provided a method of fabricating MEMS devices, the method
including the scope of : providing a substrate and a  MEMS layer wed on ow
aide of the aubaZrote;  applyinS a fu rftr layer mrrnged to protect tke MI
MS layer to said one side of the substrate;  PCT/AUOO/ O53  Received 11
March 2002 2 7 OCT 2004 subsequent to the step of separating the substrate
into discrete pans, applying a holding means to said opposed  sidc of the
substrate: defining individual chips by performing at la one spas on,
including an etching operationf an the farther  hycr, carp of said chips
being composed I of one of W d discrete pans of the subruate, at least am
pact of the MEMS layer  and a part of the further layer, and cansing the
individual chips to be salessed ftom the holding means for removal from the
holds mata.  Preferably the slap of defnin* individual chips Is performed
sftcr the step of applying a holding means to the  subitate. The method may
further include the step of bonding the holding means to the sugars. In a
preflemed cmbodimmt the holding means 1, bonded to the substrate by mrxms of
an adbcsivc which is  cunNc by exposure to ultraviolet (UV) lght and in
which the method Who includes the step of aupoaing localized  regions of the
holding mean to W llg&ft to release one chip at s time from the holding
manna to table each chip to be  removeed individually boas the holding kaafL
Preferably the method further includes the step of applying a handling means
to the holding swans, the handling  nmans being tssnsparcnt to UV light so
that. UV light Is transmitted through the handbag nos to cute true adhralve
of  the holding teem s. It is advantageous if the method induces the step of
removing each chip from the holding mans by a  transporting means The step
of rcuawing aagh chip from the holding mom tray ihrchudc rccipiocadag each
drip individually over a  source ar UV light. 27OCT2004 WO 01/89987
PCT/AUOO/00583 2  



The holding means may be bonded to the layer by means of an adhesive which
is curable by exposure to ultraviolet (UV) light. By "curable" is meant that
the adhesive loses its adhesive properties when exposed to UV light.  Thus,
the method may include exposing localised regions of the holding means to UV
light to release one chip at a time  from the holding means to enable each
chip to be removed individually from the holding means. It will be
appreciated 5 that the handling means is transparent to UV light so that UV
light is transmitted through the handling means to cure the  adhesive of the
holding means. The handling means may be in the form of a glass, quartz,
alumina or equivalent wafer. The method may finally include removing each
chip from the holding means by a transporting means.  BRIEF DESCRIPTION OF
THE DRAWINGS 10 The invention is now described by way of example with
reference to the accompanying diagrammatic drawings  in which: Figures 1 to
8 show various stages in a method of fabricating MEMS devices, in accordance
with the invention.  DETAILED DESCRIPTION OF THE INVENTION In an initial
step, illustrated at 10 in Figure 1 of the drawings, of a method of
fabricating a MEMS device, in  15 accordance with the invention, a layer 10
is provided to be applied to a first surface 12 of a silicon substrate at
wafer 14.  The wafer 14 carries a surface macromachined MEMS layer 16 on the
first surface 12 of the wafer 14. The MEMS layer 16 comprises individual
MEMS elements 18. The invention has particular application in the
manufacture of ink jet printheads. For ease of explanation, the  invention
will be described with reference to that application. 't'hus, the layer 10
is a nozzle guard layer or wafer which is  20 applied to the surface 12 of
the silicon substrate 14. Each individual MEMS element 18 is in the form of
a nozzle assembly. Each nozzle assembly 18 comprises an ink ejection nozzle
and its associated actuator. The actuator acts on the  nozzle for effecting
ink ejection, on demand. The purpose of the method of manufacture is to form
individual MEMS chips 20 (Figure 8). Hence, after the nozzle guard layer 10
has been applied to the wafer 14, the wafer 14 is turned over to expose a
25 reverse side 22 as shown in Figure 3 of the drawings. Various operations
are then carried out on the wafer 14. In particular, the wafer 14 is back
etched, from the  surface 22 towards the surface 12 to separate the silicon
wafer into discrete parts 24. In addition, in this application of the
invention, ink inlet apertures 26 are etched through the parts 24. It is to
be noted that each part 24 comprises a plurality  of MEMS elements 18 and a
bond pad 28. Also, as shown more dearly in Figure 1 of the drawings, the
layer 10 has a 30 plurality of struts 30 which support a body 32 of the
layer 10 in spaced relationship above the surface 12 of the wafer 14  such
that the MEMS elements 18 and the bond pads 28 are protected by the body 32.
The struts 30 define chambers 34  and 36. The chambers 34 overlie the bond
pads 28 while the chambers 36 overlie the array of MEMS elements 18 of  each
part 24. A holding means in the form of an adhesive tape 38 is bonded to the
surface 22 of the layer 14 as illustrated in  35 Figure 5 of the drawings.
The tape 38 is bonded to the layer 14 by means of a curable adhesive. The
adhesive is curable  



in the sense that it loses its adhesive properties or "tackiness" when
exposed to ultraviolet (UV) light. Depending on the equipment used, a
handling means in the form of a glass, quartz, alumina or other transparent
handle wafer 40 is secured to an opposite surface of the tape 38. The wafer
40, the tape 38, the silicon wafer 14 and the nozzle guard layer 10 define a
laminate 42. The laminate  40 42 is then turned over, as shown in Figure 7
of the drawings. Predetermined operations are carried out on the layer 10.
More particularly, passages 44 are etched through the  layer 10 from an
outer surface 46 towards the chambers 36. In addition, individual nozzle
guards 48 are formed by 27OCT2004 WO 01/89987 PCT/AUOO/00583 3  etching to
remove material as shown at 50 in Figure 7 of the drawings. The removal of
this material exposes the bond  pads 28 of each chip 20. Upon completion of
this operation, the individual chips 20 are formed. In this embodiment of
the invention, each chip 20 has a plurality of MEMS elements 18 in an array
formed thereon.  5 The laminate 42 is placed on an xy wafer stage (not
shown) which is reciprocated, as illustrated by arrow 52 in Figure 8 of the
drawings. Each MEMS chip 20, when it is desired to remove it, is exposed to
UV light as indicated by  arrows 54 through a mask 56. This cures the
adhesive of the tape 40 locally in a region beneath one particular MEMS
chip 20 at a time to enable that MEMS chip 20 to be removed from the tape
38. The MEMS chip 20 is removed from the  tape 38 by means of a transporting
means including a vacuum pickup 58. 10 Hence, it is an advantage of the
invention, that a method of fabrication is provided which facilitates the
performing of various operations to fabricate the individual MEMS chip 20
and which facilitates removal of the MEMS  chips 20 for packaging. It will
be appreciated that devices of the kind in question are measured in micron
dimensions.  Accordingly, the MEMS elements 18 on such devices are extremely
fragile. The provision of the nozzle guard layer 10  and the use of the UV
curable tape 38 facilitates that the MEMS elements 18 are not touched by
solids or liquids after  15 they are released by the release etch. It will
be appreciated by persons skilled in the art that numerous variations and/or
modifications may be made to  the invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as
broadly  described. The present embodiments are, therefore, to be considered
in all respects as illustrative and not restrictive. I 10 15 20 25 30 



35 Mims 4 fCTIAUODIO6583 - Received 11 March 2002 27OCT1004 1. A method of
fabricating MEMS devices, the method including the steps ot' providing a
subtrate and a MEMS layer, the MEMS JiM aaaaged w acne aide of the
substrate.  applying a further layer arranged to protect the MEMS layer to
said one skin of the substrate; scpa ating the substrate into dscrete p by
Ong at list one operatiao including a back etch  operation front a stick of
the aubsorsee Q~Pw"d to the side having she MPMS laytr. each discrete part
cwrying at least one  MEMS part of the MEMS hays; subsequent to the step of
seperating the subtrate into discrete parts, applying a bolding means to
said opposed side of the substrate: defining individual fps by performing
at least one operation, including an etching operation on the further
Iayer, each of acid chips being composed of One of said discrete pea of the
subs'tti c, at least one part of the MEMS layer  and a }rant of the further
layer. and causing the individual chips to be Wowed from the holding mezis
for removal from the aiding means, 2. The method of ctalm 1, wtare s the
step of defining individual chips is performed aft the as of sWOng a
holding mcaoa to the eub:aase. 3. 711; method of claim 1, f athm indnding
the art p of handling the holding means to the substrates. 4. The method of
claim 3. wvazh the holding mesas is betided to the subsi ate by maims of an
adhesive which is  cumble by exposuve to ultraviolet (UV).light and in wtdch
the mcdte further includes the shop of exposing located  regions of the
holding means to AV Ifght to release pnn chip at a that from the holding
mesas to enable eacb chip to be  removed individually from the holdin
ibeuas, 5. The mctbod of claim 4, further` including the step of applying a
handling ramu to Uac haul x.h mctaoa. tht  handling menus being oar aparent
to UV light so that UV light Is transmitted through the handling means to
cute the  adhesive of the holding mantra. 6. The methods of daisn 6. further
including the sap of removing each chip from the holding "MS by a  imparting
means. 7. The spud of claim 6, wherein the step Of removing each chip from
the holding amass includes teadpavcating  each chip individually over it
sonnets of UV liii. 


