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of MEMB devices Field of the invention The present |nveﬁmmmmmmwmwme to

nmet hods for formng MEMS (mcro el ectromechani cal devic

particular to a surface treatnent nethod 5 for use in such mstftods.
Background of Invention Recently there has been nmuch research to devel op
MEMS devi ces in which one or nore elenen{s are fabricaqmwmmmmﬂmmmmm
sem conductor wafer, and in 10 particular a silicon waf
techni ques, such as dry etching (that is, techniques in whisglpa pl asm is
applied to the silicon to cause a physical or chem cal reaction) or wet
etching (that is, techniques in which a liquid etching is applied to the
silicon), are commonl A syrface tregimehider Bie ke fabricationrafMEMS dedicesi n VEMS
devices the texture of the resulting surfaces is very 15 inportant in order
to produce gﬁ$WnghEEviEg hi gh performance. However, the conventiona
et chi ng techmt d above usually | eave rough surfaces, due to the
non-uni formreaction of the silicon to the etching gas (in the case of dry

et ching) or THee pregentd ievaritont relates i aaathodt V&t feiaMghdNEME @hiero-
possibility would be to I@;the etched surface so that it is a flat pI ane,

and use a mégErareashanigal devirashoand i pagticutarpto 8 Hunfass! treaimantirpeihod

pol i shing) tg ué@fnoé’lﬁ:htlfﬁﬁtrﬁﬂsf ace snoot hness. However, high snoothness is
often required on a surface which for sone reason cannot be pol i shed. For
exanple, in previous patent applications the present inventors have
proposed 25 Bekgromtdoofdnwemtidn conpri se conponents such as sl eeves and
‘shafts. One wafer nay be processed to produce a nunber of laterally spaced
conmponents (i.e. conponents spaced apart in the plane of the surface of the
silicon waf eRgcdhlyithereshdl yésh iichGesbdren b AegblopMEMS a&ﬂcwﬁﬂwmdh' urality
of wafers 2 brought together. In this way, for exanple, the sleeves and
shafts of aOMENE MBteelemeants amfabicatessisomsesieondudier waters andim nar r ow
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to inprove ttéehriiqees fnawkich a plasma is applied to the silicon to cause a physical or

chemical reaction) or wet etching (that is, techniques in which a liquid etchant
is applied to the silicon), are commonly used to produce Si MEMS structures.
For certain MEMS devices the texture of the resulting surfaces is very

15 important in order to produce devices having high performance. However, the
conventional etching techniques mentioned above usually leave rough
surfaces, due to the non-uniform reaction of the silicon to the etching gas (in
the case of dry etching) or the liquid etchant (in the case of wet etching).

20 One possibility would be to lay the etched surface so that it is a flat plane, and
use a mechanical polish method such as CMP (chemical mechanical
polishing) to improve the surface smoothness. However, high smoothness is
often required on a surface which for some reason cannot be polished. For
example, in previous patent applications the present inventors have proposed

25 MEMS motors which comprise components such as sleeves and shafts. One
wafer may be processed to produce a number of laterally spaced components
(i.e. components spaced apart in the plane of the surface of the silicon wafer)
having a given three-dimensional shape, and then a plurality of wafers



5 snoot hness, 'since the elenents are so shaped that it is difficult to

pl ace themon a surface such that the critical surfaces are horizontal and
exposed, so that they can be polished. However, in such systens it is very
inportant that the gap between the elenents is nade as snmall as possi bl e,
and undesirabl e mechani cal vibration could arise if there is any nechani cal
contact between 10 the sleeve and shaft due the roughness on their
respective surfaces. Summary of the |Invehtion The present invention
proposes a technique for use in a MEMS device fabrication process, for

i ncreasi ng the snoothness of a surface of a 15 sem conductor elenent. In
general terns, the present invention proposes that, in a MEMS device
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device is pro uced E}y eltchl n tecB}gl e that surface is oxjdised to
forma surf S0 A BelfLFosa I de o 8 ea1lp 9y a wet
et chi ng pr oGewhicrthedeRichts atd Wplchhﬁpkdﬁ{ﬁéﬁ'WDRﬂEQ@éﬁr@acWéW of

fabricating a MEMS device requirin | east one snooth surface conprising:
shapi ng an stclyng)stltrca&neb@d|ffﬂnglfatoSaﬂpéscano@eétreatmgntﬁooms@vet heirqurage | east
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advant age ofort #guffaes soth tret fine QﬂﬁcaISuﬁbaés ate h@nméll alﬁbéﬁpdsédt 86 Itﬁatques
in which MENMS devices are produced in a batch process, i.e. one in which

mul tipl e MENRSYEIR @@sw(hﬁbﬁ% Hywavwafrgéu%ﬁﬁéemsa? I8 vigry peiantthatibes ane

ti me using i T f ab
plurality omv‘%gbﬁgégkéarﬁgﬂ \oqghnga{ ro%ﬁ?n%%%% b\féeés:ﬁ[:)a;@tq%m erally
spaced port imesharficalvibratidrecouldearize |athwiseanpfneshahtcal oontabebdtaesrd from

respectlvel terally d portions of a st waf er a plurality of
sl eeves 'Hay 1B S i%vﬁtﬁi“f?ﬂ?ﬁ% due g rqugbness QPzi‘r“P'f/r%ﬁPﬁt,c@He ﬁH&???gs of a second
wafer). Note that the proposed techni que does not require that any surfaces
of the 10 corrponents of the MEMS devices can be placed horizontally, as in
the CMP pr oGed#H O inedlfivabive. The oxi dation step may be perfornmed at

el evated tenperature in an at nospher e cont ai ni ng oxygen, which may be
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The Fi gures Preferred features of the rnvention will now be described, for
the sakdSof semMigeRduatonelenanf. with reference to the following figures in
which: 20 Fig. 1, which is conposed of Figs. 1 (a) to 1 (d), shows
schemati cal | f ' : bl t: VEMVB
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Det ai | ed Description of the enbodi nents

20 Specifically, the invention proposes a method of fabricating a MEMS device
requiring at least one smooth surface comprising:

shaping an Si substrate using a selective etching process to form at
least one etched surface;

oxidising the etched surface of the substrate to form a surface oxide
25 layer; and

removing the oxide layer by wet etching.




Referring to Fig. 1 (a), the starting point of a MEMS fabrication technique
is a sem conductor substrate, typically a Si substrate 1, which is normally
a silicon 5 wafer. Such wafers are typically formed as a single crystal, so
they are very flat. Their surface roughness is alnost zero (with a peak to
trough anplitude typically I ess than 5nn), because they are typically
subject to a CVWP process before the stagéa showmn in Fig. 1 (a). A
cross-section of a portion 2 of the upp surface 4 of the wafer 1 is shown
in enlarged viewin Fig. 2(a). 10 In a first step of the process, a known
etching process, such as a DRIE process using a photo-resist mask 6
produced by lithography (normally | owesolution |Iithography), is used to
form a strudruadvardage gf the prmnﬂtetdfmn'ﬂmiasl thatiit imepplicEtile to kadl'inllquﬁsrlat ed in

Fi 1 (b but th 1 fi 1 f
Chpeedi nen MBS dEkicR, Ao Brrsticetiohed Batgh il oefsm k4 Sné dng wﬁtch t he
MEMS devi ce mhgtipie MEMS GRivieds! @sﬁa!?bolbrgér YiBhf&r] ¥re bhedrieRsaf ﬂfees

actual | y be shaped to have a perio eating pattern in at ast one
| at er al d| r dione aising ner arlmosqo@d@onpwaferen hef respective searapenente sfhaped to

formr es pl ol 2 anpl e,
t he subs {pllyr%“&agpﬂ\ggWape '(‘%5‘ éafo rbg? i?'%/EQEf gg%t ﬁ %CF 99(5(? nt S
which wil I lepace® pomoriep i wafers f(éfgt S Almbeplofirshlafts Ymay H&El&ﬁnéa\fﬂr@ms At
this point, the surface of the substrate 1 is relatively rough, as shown in

Fig. 25 2(byesnestiyedatesally-snagedoportinns of gclirst waisr, aiadomplusahtbrqf@m/em

carried out. e

about 850C, rj] be We??ﬁu%%égg&ﬁétgﬁlﬁ}"saﬁs%%@ %53’83 Sig%org}nwlgmsphere
cont ai ni ng qu;tgethat 8 propuisedrtechnifiug.doXschot tdyuiresthiag lanl yssfaves hefsthiehe
surface, since the oxigdati 5, process causes sone flattening of the
peaks of Ot hé’oglﬂ‘ﬂ?@gs g’ﬁ'@ @@M%éj@ ises an be plaged '&?f&mtaj ' BS "TR@e&M He

| ayer shoul (ﬂ,r@éégsedégynbeagbgygm ficantly thicker than Ra,, such as at |east
about 10 tirmes . In a third step of the method, the surface oxide |ayer

5 is renoved, as shown in Fig. 1 (d). This may be by di pping the substrate
1 into an etldarmxidationi ¢tep urry abeBoeropuet et delexaied éempere)tum iRFan

(hydrof [ uori e t i but esser
degree (or sﬁ'g@ggﬁ% g'ﬂg{g §ﬁiqnl ;avr}"tr‘)h Fffié) éé%?%%%] %t'et?gf 7S agd of B8
silicon oxi qﬁm@fguib@hwai canbyur®@yehekieangnoved. This 10 elim nates the
peaks on the surface of the substrate 1, and greatly snoothes the etched

surface, hown in Fl ﬁ? %/ Following this step, the substrate 1 can be
used acéérdlﬁ'@ FRVRII the: XYQRRINAF-He gﬁﬁ%ﬁ%d kyhwed @ichipgt wsingBGE
conbi ned W B, f&edUxidPERNED é}tlﬁ%ﬁd RydehLEEEaciBavi ng the same or different

shapes, and 'the conbination o

Brief Description of The Figures

Preferred features of the invention will now be described, for the sake of
illustration only, with reference to the following figures in which:

20 Fig. 1, which is composed of Figs. 1(a) to 1(d), shows schematically
the steps of a processing a silicon substrate to form a MEMs device in a
method which is an embodiment of the invention;

Fig. 2, which is composed of Figs. 2(a) to 2(d), shows schematically
the cross-section of a surface part of the substrate at stages corresponding

25 respectively to Figs. 1(a) to 1(d); and

Fig. 3, which is composed of Figs. 3(a) to 3(c), shows results from a
experiment using the embodiment of Fig. 1.



substrates cut so as to singulate individual MEMS devices. For exanple, the
substrate 1 may be shaped so as to include a plurality of el enents which
are to becone respective shafts of respective MEMS devices. Follow ng the
snmoot hi ng techni que, the substrate 1 can be conbined with (i.e. placed 20
adj acent to or touching) one of nore other substrates which have been
shaped to include nultiple portions which are to becone ot her conponents of
t he MEMS devi ces, e.g. respective sl eeves. These other substrates have
preferably al so been subjected to the sane snoot hi ng process. Once the
substrat es have been conbi ned, the set of substrates can be cut together,
to 25 singulate individual MEMS devices. Thus, the entire process is a MEMS
devi ce f abr iDatailesthDpscrition ofithetendiodifeBtsdevi ces are produced i n bat ches.
Experimental results of the enbodinent are shown in Fig. 3. Fig. 3(a) shows
an AFM (atom c force mcroscope) inmage of a 5 mcronmeter by 5 mcroneter 30
squar e port iREfe@in TG I i ' i kL £ b) and
5 12(by. It e ngRo g KR, S g Hoifte] oTAE e (eaoh feolrue b2 ok £
process use&eBreo tosubstrate; Hypigallysa & stibstrate 1s edvehlis ndrovallyveesilitgn

assi vat on ing. CAFa, These_ste are applied repeatedly in
Dt or nat Pon Wtk SERIAIEE 45 BB ol af adidle sl o8 il ot leider

mnute, 5 afidttTeiesurfidegrophaessisvEimosppéion Wit 4 pealktd Bbagh aimplid@ier nut es
to produce the i mage of a). T m cron by 5 mcron square portion

Fig. 3 . The 5
of the surfé)b‘écﬂh/s%és Han I@R%@b’at&?aﬁﬁﬁﬁg@éaﬁwgiﬂaﬂ!éyblﬁ&t teca IMB queegssThe

oxi dation s , [ QX ' I~

At mapher e CoS e stk ST PITF, 118, AordEl-sBdTbl & Boklont2 ofhebper o
1100C. The suifaced ofdhetwmafes 1 lis stiewoitygerlarged view indigr2(@ap with generati on
of hydr oaen (Si + 2H20 -~ Si02 + 2H2). This gave a Si 02 coating of

thi ckned€ 1.8 microns. Fi g. 3(b) is an image of the substrate surface at
thi s nmoment i i i d 5 mcron by
5 mcron sng?grrﬁgﬁggw :ttguﬁ]pf)c{cbetkﬁgé Iéﬁ{)\%vgéﬂécmégﬁagénc%g \s;%lﬁgégfﬂ_eginm The
silicon di oproeesssusinga photovesistoypaskt prodicedyby fithograptBdBofmall 2wy nut es.
The BCE was ¢coO sed of HE and NH3F, .and _had Hof 1. Fig.,.3(c).is, an
Tmmge of ¢ nSSuRLes MrBowids \Bpadp i@ue o8 Hetingea tiref cigetbiond! "o 1
(d) and 2(d)surfad8ETHis RluSHatdd iR Fig.CT(BNas GUsHRty O but §Enéally fige sur f ace has

an Ra value of only 14nm _ )
15 configuration of the three-dimensional surface may be much more complex

than this, e.g. if the MEMS device being fabricated is a motor. Typically, the
substrate may actually be shaped to have a periodically repeating pattern in at
least one lateral direction. Laterally spaced portions of the substrate are
shaped to form respective components of a plurality of MEMS devices. For

20 example, the substrate 1 may be shaped so that it includes a plurality of
elements which will become the respective shafts of a plurality of MEMS
devices.

At this point, the surface of the substrate 1 is relatively rough, as shown in Fig.
25 2(b).

In a second step of the process, an oxidation process is carried out. This may
be performed at high temperatures (e.g. at least about 850°C, and at most
about 1150°C, such as about 1000°C), in an atmosphere containing oxygen.

30 Asshown in Fig. 2(c), this slightly smoothes the surface, since the oxidation



7 Clainms 1. A nethod of fabricating a MEMS device requiring at |east one
snoot h surface, the nethod conprising: shaping an Si substrate using a

sel ective etching process to format 5 | east one etched surface; oxidising
the etched surface of the substrate to forma surface oxide |ayer; and
removing the oxide layer by wet etching. 2. A nethod according to claim1l
in which the oxidation step is performed_10 at a tenperature in the range
850C to 1150C i n an at nosphere cont ai ni n@ oxygen. 3. A nethod according to
claim1l in which the wet etching is performed using a buffered oxide
etcher. 4. A nethod according to claim1 in which the wet etching is
performed 15 using hydrofluoric acid. 5. A nethod according to any
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Following this step, the substrate 1 can be used according to known
techniques. For example, the substrate can be combined with one or more

15  other substrates having the same or different shapes, and the combination of
substrates cut so as to singulate individual MEMS devices. For example, the
substrate 1 may be shaped so as to include a plurality of elements which are
to become respective shafts of respective MEMS devices. Following the
smoothing technique, the substrate 1 can be combined with (i.e. placed

20 adjacent to or touching) one of more other substrates which have been
shaped to include multiple portions which are to become other components of
the MEMS devices, e.g. respective sleeves. These other substrates have
preferably also been subjected to the same smoothing process. Once the
substrates have been combined, the set of substrates can be cut together, to

25 singulate individual MEMS devices. Thus, the entire process is a MEMS

device fabrication process in which MEMS devices are produced in batches.

Experimental results of the embodiment are shown in Fig. 3. Fig. 3(a) shows
an AFM (atomic force microscope) image of a 5 micrometer by 5 micrometer

30 square portion of a silicon surface at the moment shown in Figs. 1(b) and
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10% & () - ! a2kby ndhis egpenment an i waferhesriseercatehed by DRIE. The DRIE

process used SFg and O, as etching gases for 14 seconds, followed by
passivation for 7 seconds using C4Fs. These steps are applied repeatedly in
alternation. This produces an overall etching rate of 3.5 microns per minute,

5 and the etching process was continued for a total of 100 minutes to produce
the image of Fig. 3(a). The 5 micron by 5 micron square portion of the
surface has a R, (average surface roughness) value of 290nm.

The oxidation step was then performed, using wet oxidation (i.e. an
10  atmosphere containing steam) for a total of 10 hours at a temperature of
1100°C. The silicon reacts with the oxygen in the water to with generation of
hydrogen (Si + 2H,0 — SiO; + 2Hy). This gave a SiO; coating of thickness
1.8 microns. Fig. 3(b) is an image of the substrate surface at this moment
(corresponding to that of Fig. 1(c) and 2(c)). The 5 micron by 5 micron square
15  portion of the surface has an R, value of 75nm.

The silicon dioxide is then removed by wet etching using a BOE for 20
minutes. The BOE was composed of HF and NH3F, and had a pH of 1. Fig.
3(c) is an image of the substrate surface afterwards (i.e. at the stage of Figs.

20 1(d) and 2(d)). The 5 micron by 5 micron square portion of the surface has an
Ra value of only 14nm.
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Claims

1. A method of fabricating a MEMS device requiring at least one smooth
surface, the method comprising:

shaping an Si substrate using a selective etching process to form at
5 least one etched surface;

oxidising the etched surface of the substrate to form a surface oxide
layer; and

removing the oxide layer by wet etching.

2. A method according to claim 1 in which the oxidation step is performed
10  at a temperature in the range 850°C to 1150°C in an atmosphere containing
oxygen.

3. A method according to claim 1 in which the wet etching is performed
using a buffered oxide etcher.

4, A method according to claim 1 in which the wet etching is performed
15  using hydrofluoric acid.

5. A method according to any preceding claim in which in the shaping of
the substrate the substrate is etched to form simultaneously respective
components for each of a plurality of different MEMS devices.

6. A method according to claim 5 in which, following removal of the oxide,
20 the substrate is combined with one or more other shaped substrates, and the
substrates are cut to singulate individual MEMS devices.

7. A method according to claim 6 in which the MEMS devices are MEMS
motors each having a shaft and a sleeve, the shaft and sleeve being spaced

apart by a gap.
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