2 6 NOV 200 3 1 METHOD OF FORM NG ATOM C FORCE M CROSCOPE TIPS FI ELD OF
| NVENTION 5 The invention relates to atomc force m croscope t| angwrm
particularly for a method of formng silicon atomc force mcroscope tips
using etching techniques. BACKGROUND 10iAtomi c force microscope tips are
used to neasure the topography of surfaces at an atomc level. In atomc
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are recorded. The sharpness of the tip, or its radius of curvature,
determ nes the resolution of the scan. Sone atomc force m croscope tips
are for meBIREDOR INVENDION cantil ever. Wth cantil evered 15 atomc force
m croscope tips the notion of the can ilever may be recorded to determ ne
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this application shaper tips will enable a higher data density to be 20
achi eved since nore data bits can be witten per square area. One nethod
for formpgqcgtQR (?:Ulfmrce m croscope tips uses conventional electron beam
chem cal vapour deposition (CVD). This nethod as described in US patent
5,611,942 involves first formng a rounded ti p I\/asks are then added to
the tjp in areas where points 25 w be fo overed S
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ensuring Linrgllrgn%ss o% the tip, or its radius of curvature, determines the resolution of the scan. Some

atomic force microscope tips are formed at the edge of a cantilever. With cantilevered
15  atomic force microscope tips the motion of the can-ilever may be recorded to determine the
topography of the surface being scanned. Atomic force microscopy may also be used in
the manufacture of integrated circuits (IC) to measure the dimensions of components on
the IC. There are also developments of applications for atomic force microscopy in the
area of data storage. In this application shaper tips will enable a higher data density to be

20  achieved since more data bits can be written per square area.

3 One method for forming atomic force microscope tips uses conventional electron beam
chemical vapour deposition (CVD). This method as described in US patent 5,611,942
involves first forming a rounded tip. Masks are then added to the tip in areas where points

25  will be formed. The mask covered tip is then etched for a predetermined period of time.
The etching process removes the tip material in a parabolic manner between the masks
Jeaving points under the mask layers. Finally the mask layer is removed to reveal a multi-
pointed atomic force microscope tip. One problem with this method is ensuring uniformity
of the etching process to form uniform tips. A further problem is that the tips tend to break

30  off before they are sharp, leaving a fractured end.



of the etching process to formuniformtips. A further problemis that the

tips tend to break 30 off before they are sharp, |eaving a frachG vr‘@ua
2 6 NOV 2003 2 Another nethod for formng atom c force microscop [ [

to etch pyramdal pits into silicon wigh an etchant such as potassium
hydr oxi de (KOH). These pits are then used as a nould for a silicon nitride
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structures, Further to this tips formed from silic: : |
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It is the object of the invention to provide a method for forming atomic force microscope
tips in silicon that overcome the disadvantages mentioned above or to at Jeast provide the

15  public with a useful choice.

In broad terms the invention comprises a method for forming a silicon atomic force
microscope tip including the steps of depositing a masking layer onto a first layer of doped
silicon so that some square or rectangular areas of the first layer of doped silicon are not
20 covered by the masking layer, etching pyramidal apertures in the first layer of doped
silicon, removing the masking layer, depositing a second layer of doped silicon onto the
first layer of doped silicon, the second layer of doped silicon being oppositely doped to the

first layer of doped silicon and etching away the first layer of doped silicon.

25  Before the first layer of doped silicon is etched the invention may further include the steps
of performing an anisotropic wet etch on the second layer of silicon to provide at least one
raised area, fusion bonding a third layer of silicon over the raised area to form at least one
cavity between the second layer and the third layer. Following the step of etching away
the first layer of doped silicon the invention may further include the steps of depositing a

30 masking layer over the second layer of silicon on the side previously in contact with the

first layer of silicon, patterning the masking layer to include an area of no masking at one



first layer of doped silicon and etching away the first |ayer of doped
silicon. 25 Before the first layer of doped silicon is etched the %w/gﬂtvl 2@03
may further include the steps of perform ng an anisotropic wet et t
second | ayer of silicon to provide at | gast one raised area, fusion

bonding a third |ayer of silicon over the raised area to format |east one

cavity between the second layer and the third |layer. Follow ng the step of
ey eV Hor
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silicon on in con wth the first layer of silicon,
patterning the masking layer to include an area of no masking at one 26NOY
1003 3 side of a tigyp_?erform' ng a rel ease etch to renove silicon above the

cavi ty noBREBEIERC 1IGR GBEDRNYINGSr | and renoving the masking | ayer.
BRI EF [DESCRI PTI ON OF DRAWNGS 5 A preferred from nethod of the invention
wll be further described with reference to the acconpanying draw ngs by
way of exarméferredlfionanckivdd Siothe ihvenebaliwill Heofubted destiibaugwithwhferanica;to 1
Figure 1A shows a layer of silicon partially covered with a masking. |ayer;
Fi gure 1 FHcomporyinmdravapsy byrway pf éwﬁﬁ&n%éﬁﬁr@‘hoaw}te%%ﬁo §°\AES‘“§Bch;

Fi gure 1%%)}&'\@{5 a second |l ayer of silicon bonded to the first |ayer of
silicon; fgure 1D shows the results of an anisotropic etch on the
second | ayer of silicon; Figure IE shows a third layer of silicon bonded to
the second layer of silicon; 20 Figure |IF sho a nmasking | ayer deposited
ont o e Bigatsnkd shgvera lyersfsilicon pag YlﬂP‘gj‘EIF‘ingsaerEf@ dntil evered atonic

force mcroscope tip fornmed by a rel ease etch on

Figure 1B shows the layer of silicon and masking layer after a wet etch;

Figure 1C shows a second layer of silicon bonded to the first layer of silicon,
15

Figure 1D shows the results of an anisotropic etch on the second layer of silicon;
Figure 1E shows a third layer of silicon bonded to the second layer of silicon;
20  Figure 1F shows a masking layer deposited onto the second layer of silicon, and

Figure 1G shows a cantilevered atomic force microscope tip formed by a release etch on

the second layer of silicon.
25 DETAILED DESCRIPTION

Figure 1A shows a layer of silicon 1 substantially covered by a masking layer 2. The
masking layer is deposited such that rectangular or square areas 7 are uncovered. These
areas are those where atomic force microscope tips will be formed. The silicon is either p-

30  type doped silicon or n-type doped silicon.



t he second | ayer of silicon. 25 DETAI LED DESCRI PTI ON Figure | A shows_a

| ayer of silicon 1 substantially covered by a masking | ayer 2. Theﬂﬁrdﬁ)?(rﬂ%
| ayer is deposited such that rectangular or square areas 7 are uncovered.
These areas are those where atom c foreae mcroscope tips will be formed.

The silicon is either p- 30 type doped silicon or n-type doped silicon. 2
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structure of siliconis a zinc blende lattice with identical atons in each

subl atti c&OWpe silicon crystal can be oriented al ong several planes. These
pl anes are denoted by coordinates. For exanple <100>, <110> and <111> are
all different planes wthin the silicon crystal. Wen etching a single
crystal, Taetcaystalestelvant sofexticdd is aorinerilaideontttbe peitt eidtntidat atoras es . eabln
particul ar strong base etchants, such as potassium 10 hydroxi de (K

oH)
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(EDP), exiiihia B) SBbMihlse il OmHeRENGENL ) 1BLCICANACLRIAIB biffefor Bblanes
silicon. Ing a strong base etchant the 'etch rate 1n silicon 1s hirghly
dependent wathift hiee dilicont tigstabf Wihee etchingah phgpecrystal heertin ietcdantsTiehikit 00>
and <1 10> pl anes etc rruc;( faster than Ehe 15 <111> BI ane. The aspect

ratio of PHEMEHID ASPHERtCRIEh EatFS nilk PATISY A FEORE PP PICORMEpMHE 25PPEtte of
the ejgh p efik ety ' i broxidel EPATNE aitd Jehity 182 MGSN;
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and a shapprothgieccd (BBPJ,@exhibit. highiherisntagen ddpendrnt ajpbrcharmaetefioassd silisonhe
single crystal silicon forns an etch angle of 54.7 to the horizontal.
Varying the mask opening sizes can easily be used to formdifferent tip

Using a strong base etchant the etch rate in silicon is highly dependent on the direction of
the crystal plane in the silicon. The <100> and <110> planes etch much faster than the
15 <111> plane. The aspect ratio of the tip is therefore limited by the crystallographic
structure of the etch pit material. Using single crystal silicon the <111> planes effectively
form etch stops that enable a mould with accurate dimensions and a sharp tip to be formed.
The sides of the aperture formed in the single crystal silicon forms an etch angle of 54.7° to
the horizontal. Varying the mask opening sizes can casily be used to form different tip
20  heights. The size of the apertures formed using strong base etching can therefore be

controlled by the size of the aperture in the masking layer.

Figure 1B shows the results of the etching process. The etchant is ideally a strong base and
may be, for example, KOH, TMAH or EDP. In a KOH etch a 45% concentration 18
25  commonly used as an etchant. Isopropy!l alcohol is also sometimes added to improve the
selectivity of the etch. The common temperature range of a KOH etch 1s between 50°C
and 85°C. The temperature of the etch affects the etch rate with the etch rate increasing as

the temperature increases.

30  Following etching with the strong base etchant the masking layer is removed using known

techniques. A layer is epitaxial silicon is then deposited onto the layer of doped silicon



20 heights. The size of the apertures fornmed using strong base etching can
therefore be controlled by the size of the aperture in the mas.&i&g‘ﬂﬁyﬁﬂa
Figure | B shows the results of the etching process. The etchant is ideally
a strong base and my be, for exanple, KOH, TMAH or EDP. In a KOH etch a
45% concentration is 25 comonly used as an etchant. |sopropyl alcohol is
al so sonetines added to i nprove the selectivity of the etch. The conmmn
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and fill stypeeloppdatdifele Brst brymeef dycontenkape dapeithry the laysohenivxpl gilieen | C.
The | ayer of epjtaxial silicon is doped to have the opposite doping of the
first ?ayyPbedopfdon. For exanple if the first layer of silicon is
p-type doped then the | ayer of epitaxial silicon is n- type doped and if
the first layer of silicon is n-type doped then the |ayer of epitaxial
silicon Figuse pDx shoavsdibpaesultsiafancanisopopitosieh-t Adis eigh femnsolrougns Aad daisedpi ¢

etch. This etch. for .traoughs and raised r i i ' id, L.con
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| ayers. 10 Ideally the second |ayer of silicon has the sane doping as the

| ayer 10f &¢rallpthedecand layemnf sHiondwp th seme depingiap ghedryerod cpRKipl 8- of
silicon the first layer of silicon 1 is renoved by electrochenm cal etch
Because the first layer of silicon and the epitaxial |ayer of silicon 4

are doped F@h&m{fqﬂé bindihg oboikndanyydesiwikeont the fitstdayenysilicdrot isremodedtyp
junction. This I5 diode junctions acts as a _stop fqor the %“ect rO{:th' cgl
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etch. Thi slestrpeemicaleteh. y Becapss e fisst layer of silicon and the epitax
are doped differently the boundary between the two layers forms a diode junction. This

15  diode junctions acts as a stop for the electrochemical etch. This allows the first layer of
silicon 1 to be removed leaving the tips formed in the layer of epitaxial silicon 4 and solves

the problems of removing the tips from the mould.

Figure 1F shows the layer of epitaxial silicon 4 with cavity 8 after removal of the first layer
20  of silicon. A masking layer 5 is deposited onto the epitaxial silicon 4. The masking layer

5 covers the atomic force microscope tips but is deposited to leave a gap 6 after each tip.

Figure 1G shows the results of a release etch. This etches away the epitaxial silicon not
covered by masking layer 5. This releases the tip from the nearest raised layer of epitaxial
25  silicon 4 and leaves the tip cantilevered. Finally the masking layer 5 is removed to leave

the cantilevered atomic force microscope tips.

Other process steps can be added to this process to form other MEMS structures such as
actuators or features such as metal intercormects/bondpads.

30

In another embodiment the steps illustrated in Figures 1D to 1G are omitted and the first

layer of silicon 1 is removed by electrochemical etch after the step of depositing the layer



silicon 1 to be renoved leaving the tips formed in the |ayer of epitaxial
silicon 4 and solves the problens of renoving the tips fromth:zggkléﬁl.m
Figure | F shows the |ayer of epitaxial $ilicon 4 with cavity 8 a

removal of the first layer 20 of silicon. A masking layer 5 is deposited
onto the epitaxial silicon 4. The masking |l ayer 5 covers the atomc force
m croscope tips but is deposited to |leave a gap 6 after each tip. Figure |
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cantil evered atomc orce m croscope tips. X her process steps can be added
to this process to formother MEMS structures such as actuators or
features such as t nt er connect s/ bondpads L n .anot her enbodi nent the
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t he ned hochahicaltyagoumdepnsition. are forned of silicon and have superior
stiffness and strength to tips forned of other materials such as silicon
nitride, silicon dioxide etc. Atom c force mcroscope tips formed using
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chem cal vapour osit
modifications as will be obvious to those skilled in the art are intended to be incorporated

within the scope hereof as defined in the accompanying claims.



The foregoing describes the invention including preferred fornms thereof.
Alterations and nodifications as will be obvious to those skilled in the
art are intended to be incorporated within the scope hereof as QefiNG¥ 2003
t he acconpanying clains. 2 6 NOY 2003 7,CLAIMS 1. A nethod of formng
silicon atomc force mcroscope tips including the steps of: depositing a
masking | ayer onto a first |ayer of doped silicon so that sone square or 5
rect angul GEAdMERs of the first |ayer of doped silicon are not covered by
the masking |ayer, etching pyram dal apertures in the first |ayer of doped
silicon, renoving the masking |ayer, depositing a second | ayer of doped
silicon onto tRenéthodbf foamete wficohaadictbide @oibrostdpe tipadmaioding thel sigpsrofof
doped silicon being OEpositer doped to the first |l ayer of doped silicon,
and et chiapgsisingye mmskiperlgyer| enfera §st deysa Pisdqped gilicop SnIhAbSABY 5% i ng

nd siingys fiels _ SHREE Glec>. _
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atom c force magegscope tips as clainmed in claiml or claim2 wherein the
first layer of silicon is p-type doped silicon _and the second |ayer of
si i con igchingpyeanidplapedyies gbthe fpg layer af denedsdISR: f orning silicon atonic
force mcroscope.ti imed in claim1 or claim2 wherein the first
| ayer of rsefrfqvé%th%g?aﬁsﬂ%éggegoped silicon and the second | ayer of silicon
i s p-typedgrpeifgsi decahlaydr ofAloped hididow bnioatheriing 1ayer io€ dopet nlitan, flor eond
m croscope tips as clained in any one. of -

10 layer of doped silicon being oppositely doped to the first layer of doped silicon, and

etching away the first layer of doped silicon.

2. A method of forming silicon atomic force microscope tips as claimed in claim 1

wherein the final etch is an electrochemical etch.

15
3. A method of forming silicon atomic force microscope tips as claimed in claim 1 or
claim 2 wherein the first layer of silicon is p-type doped silicon and the second layer of
silicon is n-type doped silicon.

20 4. A method of forming silicon atomic force microscope tips as claimed in claim 1 or

claim 2 wherein the first layer of silicon is n-type doped silicon and the second layer of

silicon is p-type doped silicon.

5. A method of forming silicon atomic force microscope tips as claimed in any one of

25  claims 1 to 4 wherein the pyramidal apertures are etched using a strong base etchant.

6. A method of forming silicon atomic force microscope tips as claimed in claim 5

wherein the strong base etchant is potassium hydroxide.

30 7. A method of forming silicon atomic force microscope tips as claimed in claim 5

wherein the strong base etchant is tetramethyl ammonium hydroxide.



25 clains | to 4 wherein the pyram dal apertures are etched using a strong
base etchant. 6. A nethod of formng silicon atomc force n‘icros%&e bbps
as claimed in claim5 wherein the strong base etchant i s potassi N 2003
hydroxi de. 30 7. A method of formng sigicon atom c force mcroscope tips
as claimed in claim5 wherein the strong base etchant is tetranethyl
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M Croscope tip alm erein ong base ant is

et hyl ene @h@ginn8e BrsChat etphnt iQethiNenB tidetnOpyrbeliaitday silicon atonic force
m croscope tips as clainmed in any one of 5 clains 1 to 8 further including

the steps of: before the first |ayer of doped silicon is etched performng
an ani sotgopic,wet,.etch.on.the,. second }ayer. il rQyi east
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area to formLat td EagthePRIMEM thy stepebfeen the second | ayer and the third
| ayer, 10 followi ng the step of etchi ng}eaway the first |ayer of doped

. . . P
silicon degforsithe digstdayrisifideged pitigen isoxtetedtpesfosmignan ariyRroPiF Wet ficB 6R 1B t he
side previously in.contact,.with the.finrst. | r..Qf. silicon, patterning the
maski ng | ayer %IGSOP%galyﬁla(gfcsélﬁcogrtggr%’flden% lgnaasgﬁli]e%%gggﬁeﬁé side of a tip,

per f or m nghspn BIRIASE a ’hiEd 1iyRer € HkDnSdek GR ralfrav ereh he fowidt Measotone veitgd by
the masking 15 layer, and renovi ng{%he maski ng | ayer. 10. A method of
form ng silicobetaeemihs spenmddayeir apddhegpeddayss as clained in claim9 wherein

the tH rdrh@¥tle fe Sbp bf RnMESadbHCaR e AIE HOadRa! e CE i@V matling
layer over the second layer of silicon on the side previously in contact with the first
layer of silicon,
patterning the masking layer to include an area of no masking at one side of a tip,
performing a release etch to remove silicon above the cavity not covered by the masking

15 layer, and

removing the masking layer.

10. A method of forming silicon atomic force microscope tips as claimed in claim 9

wherein the third layer of silicon has the same dop:ng as the second layer of silicon.





