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columar crystals and the underlayer of small seed crystals havé quite
15 BACKGROUND OF THE INVENTION
Processes for the construction of micro-electro mechanical systems (MEMS) are
characterised by the formation of micro actuator devices and mechanisms in multi layered
wafer structures. Often these layers comprise thin films of different materials having
different properties. For example, some of the layers may be required to be conductive,
20 such as where the mechanism includes a heating element as may be used with a thermal
bend actuator or the like. |
Thin film structures of this kind are typically formed as a wafer using a molecular
deposition process such as “sputtering” which causes the requisite material to be deposited
at a molecular level until the desired layer thickness has been attained. With these
25 deposition processes, the first layer of material typically forms small seed crystals which
adhere to and align themselves with the supporting substrate. However, subsequent
deposited material tends to self align on top of these seed crystals and because of the
restraint placed on the development of the growing crystals by the substrate and adjacent
crystals, further deposition of the same material tends to thus form columnar crystals.
30 Unfortunately, the columnar crystals and the underlayer of small seed crystals have quite
different thermal expansion properties and other physical characteristics. With many

materials, the growing layer also exhibits progressively expanding crystals during



different thermal expansion properties and other physical characteristics.
Wth many naterials, the growing |ayer al so exhibits progressively

expandi ngworog®#mBe duri ng WO 03/ 045836 PCT/ AU02/ 00537 - 2 Pdepa®enésn due to
t he dom nant grow h of some col umar cr)stals over others. As a result,
certain crystal boundaries exist through the entire thickness of the film
t hese particular boundaries not only weaken the overall structure, but
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of : deposited on an integrated circuit with aluminium wiring, then the temperature must remain
below the melting point of aluminium, which is too low to anneal many crystalline
materials typically used in integrated circuits made using CMOS techniques.
It is an object of the invention to provide a method and structure to reduce the
20 differential stress formed in thin film structures of this kind so as to overcome or at least

ameliorate these disadvantages of the prior art, or at least offer a useful alternative.

SUMMARY OF THE INVENTION
According to a first aspect of the invention there is provided a method of manufacture
25 of a crystalline thin film structure from a predominant first crystalline material, said method
including the steps of:
depositing said predominant first crystalline material as two or more sub-layers; and
depositing between said first crystalline material sub-layers, a layer of second
crystalline material, said second material possessing a lattice constant that is different from
30 that of the first crystalline material, so as to disrupt columnar crystal growth in said

underlying first crystalline material and thereby form a composite thin film structure having



depositing said predom nant first crystalline material as two or nore

sub-l ayers; and depositing between said first crystalline materi al
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materials must enable production of a thin film structure having relevant key properties or

characteristics that are close to that of the selected predominant first crystalline material.
Preferred combinations of first and second crystalline materials, particularly suited for
20 use in MEMS structures incorporating thermal bend actuators are:
titanium nitride as a predominant first material with intermediate layers of tantalum
nitride; and
silicon as a predominant first material with intermediate layers of germanium.
The combinations are particularly suitable for MEMS constructions formed on top of

25 CMOS circuitry.

BRIEF DESCRIPTION OF THE DRAWINGS
A preferred embodiment of the invention will now be described, by way of example
only, with reference to the accompanying drawings in which:
30 Figure 1 shows an enlarged partial cross-section of a thin film formed in accordance

with the prior art techniques;



silicon as a predomnant first material wth internediate |ayers of

germani um The conbi nations are particularly suitable for MEMS

const ructwong/oéssséred on top of 25 CMOS circuitry. BRI EF PESGRIOPOBN OF THE
DRAW NGS A preferred enbodi nent of thednvention will now be described, by
way of exanple only, with reference to the acconpanying draw ngs in which:
30 Figure 1 shows an enl arged partial cross-section of a thin filmforned
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r esi dual difigidntigl sivess;al stress; Figure 3 shows a series of clanped/free thin
filmstrips for I n accaord e W the prior art techniques; 5 Figure 4
shows a part %P@WSS%W%ﬁP@WB@ﬁ%&%Pﬁ“ PSS a?‘}?g‘ga&‘e%w&ﬁh with
the presgnbr driieertlip@R; Figure 5 shows the crystal boundarys between the
primary and secondary |l ayers of the filmshown in Figure 4; Figure 6 shows
a thin fil m Figureedishawsacpatidaness-sedtidn thivagh adkiadilmi foveed inmecordance witke 10
depositign of the primary material has been re-seeded three tines; and

Fi gure 78?Hﬁﬁ§mepﬁ ¥ free end strips of thin filmforned in accordance
with the pr Lpeanh Phoded rggglg NG MENTS
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built up froma fjrst side on a .substrate copposed of .silicon with a
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DESCRIPTION OF PREFERRED AND OTHER EMBODIMENTS

15 Referring first to figure 1, there is shown a partial cross-section of a titanium nitride
layer showing the grain morphology. The layer has been built up from a first side 1 on a
substrate composed of silicon with a thin silicon nitrate coating (not shown). As can be
seen, the titanium nitride builds up gradually on the silicon nitrate surface commencing with
a thin layer 2 of small seed crystals which gradually evolve into larger columnar crystals

20 shown generally at 3. These columnar crystals tend to become progressively larger during
deposition due to the dominant growth of some columnar crystals over others. Thus, certain
crystal boundaries exist through the entire thickness of the titanium nitride layer. These
particular boundaries weaken the titanium nitride layer and would be the likely location for
the onset of crack propagation.

25 The differing thermal conductivity and expansion characteristics of the different
portions of the titanium nitride layer induce residual stress in the wafer during cooling. As
shown in Figure 2, this residual stress gradient through the layer thickness tends to cause
the layer to curl. This can adversely affect the function of MEMS devices formed from the
wafer. In particular, thermoelastic actuators in the form of clamped/free end strips are

30 susceptible to a relatively high degree of curl. As shown in Figure 3, a series of
clamped/free end beam thin titanium nitride strips are shown. The longer and thinner strips

deflect the most however because of the residual compression on the underside of the strips



deposition due to the dom nant growth of sone columar crystals over
others. Thus, certain crystal boundaries exist through the entire
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Examples
A finite element model of a simple beam suitable for use in a thermal bend actuator
20 was constructed to investigate residual curl of the tantalum nitride/titanium nitride layer
structure. The intent of the analysis was to ascertain the relative effect that different
morphologies have on residual curl rather than the calculation of absolute values. The
beam model has identical dimensions to the heater section of a centreline prototype thermal
actuator and was constructed with ten elements through the thickness. A stress gradient
25 was indirectly included by applying a linearly varying temperature field through the entire
thickness. The presence of a tantalum nitride layer is modelled by reapplying the gradient
from the initial value.
Four different layer combinations were analysed including no tantalum nitride re-
seeding layer, and one, two and four layers of tantalum nitride. The solutions resulted in
30 deflections at the beam tip of 0.543, 0.0611, 0.0172 and 0.001 micrometres respectively. It

should be noted that these values are relative and not absolute.



nitride has a deconposition tenperature of 750 degrees Centigrade which is
above that of titaniumnitride. Exanples A finite elenent nodel of a
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i nvention can be enbodied in many other fornms. WD 03/045836 PCT/ AU02/ 00537
-7- 1 CLAIM 1. A nethod of manufacture of a crystalline thin film

st ruct ur ewDrossua3er edom nant first crystalline material, PE€aiAUo®0330d
including the steps of: depositing said predom nant first crystalline
material as two or nore sub-layers; and 5 depositing between said first
crystalline material sub-layers, a layey_of second crystalline material,
said second naterial possessing a lattice constant that is different from
t hat of ht@a;r.t crystalline material, so as to disrupt columar crystal
growt h i ‘underlying first crystalline material and thereby forma
conposite thin filmstructure having a differential stress profile that is
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solely fromsaid predom nant first crystalline material. 2. A nethod
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of a MEMS structure. 3. A nethod according to claim2 wherein the
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MEMS structure. 154. A nmethod according to any one of the preceding clains
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20 6. A nipdtlodcthedirstarrodtaliing masemal,goas af distupt caluhniracristaltpesethrin tshie
predom nant first material is _silicon and the second material is .
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secont | dyerfoahedsdlsle dim sudpreddmirfant Sist cryytatlmkelmae@idmt eri al ; and a second
crystalline material between the first and second | ayers wherein,

2. A method according to claim 1 wherein the crystalline thin film structure is a layer of

a MEMS structure.

3. A method according to claim 2 wherein the crystalline thin film structure is an

operational or active layer of a MEMS structure.

15 4. A method according to any one of the preceding claims wherein the second material is
selected to have appropriately compatible physical properties relevant to the intended

application.

5. A method according to any one of claims 1 to 4 wherein the predominant first

material is titanium nitride and the second material is tantalum nitride.

20 6. A method according to any one of claims 1 to 4 wherein the predominant first

material is silicon and the second material is germanium.

7. A method according to any one of the preceding claims wherein the intermediate

second layer has a thickness of approximately 100 Angstroms.

8. A crystalline thin film structure including a first and second layer of a predominant

25 first crystalline material; and

a second crystalline material between the first and second layers wherein,



WO 03/ 045836 PCT/ AUO2/ 00537 -8 the lattice constant of the second
crystalline material differs fromthe lattice constant of the predom nant
first crywoDaBlo#sses materi al so that colummar crystals in treTfAU0300332yer
termnate at the |ayer of the second crystalline material so that the
initiation of crystal growh in the second | ayer of the first predom nant
mat eri al reduces the differential stresg 5 profile relative to a
conparative crystalline thin filmformed solely fromthe first predonm nant
crystalline terial. 9. A.cgrystalline thin filmstructure according to
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material is titani umrrrgtricrjﬂ? and the second material is tantalumnitride.
Jeyer
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wher ei n phelohiihant thiskivegsatesall ess than 500 nanonetres. 14. A crystalline
thin filmstructure according to claim8 having nore than two | ayers of

predom ngnt fyrst erystalline material. wherein ayer. of the second
Crystal | ohe dhrdaelind AR B Bl O B s B b e 3T T B0 e
first predemmpRStstyectsd.al line miterial. 20 15. A crystalline thin film
structure according to claim 14 having four |ayers of the predom nant
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12. A crystalline thin film structure according to claim 10 wherein the predominant first

material silicon and the second crystalline material is germanium.

15 13. A crystalline thin film structure according to claim 8 wherein the film thickness is less

than 500 nanometres.

14. A crystalline thin film structure according to claim 8 having more than two layers of
predominant first crystalline material wherein a layer of the second crystalline material is

interleaved between each adjacent layer of the first predominant crystalline material.

20 15. A crystalline thin film structure according to claim 14 having four layers of the
predominant first crystalline material and three layers of the second crystalline material

interleaved between each adjacent layer of the predominant first crystalline material.

16. A crystalline thin film structure according to claim 15 wherein the thickness of the
structure is approximately 300 nanometres and the thickness of each of the layers of
25 predominant first crystalline material is approximately 70 nanometres and the thickness of

the second crystalline material is approximately 10 nanometres each.



