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Characterization of Selective Polysilicon Deposition
for MEMS Resonator Tuning

Daphne JoachiiMember, ASMEand Liwei Lin, Member, IEEE

Abstract—Variations in micromachining processes cause submi- However, laser trimming is not feasible for very small struc-
cron differences in the size of MEMS devices, which leads to fre- tyres K 10 @m Wide), because Cosﬂy, Specia”zed lasers are
quency scatter in resonators. A new method of compensating for required for such precise work. A new method, demonstrated
fabrication process variations is to add material to MEMS struc- - S . .
tures by the selective deposition of polysilicon. It is performed by here, for C_ompensatlng for fabrication proces§ varlatlons IS to
e|ectrica”y hea’[ing the MEMS in a 25°C silane environment to add matel’lal to MEMS structures by the Select|Ve depOSItlon Of
activate the local decomposition of the gas. On §1.0 x 1.5 x  polysilicon. Selective polysilicon deposition is performed by
100) um?, clamped-clamped, polysilicon beam, at a power dissi- |ocally heating the MEMS structures in a silane environment,
pation of 2.38 mW (peak temperature of 699°C), a new layer of - 44 shown in Fig. 1. Selective polysilicon deposition may also be

polysilicon (up to 1 um thick) was deposited in 10 min. The depo- . . -
sition rate was three times faster than conventional LPCVD rates used in welding assembled MEMS components, or tuning the

for polysilicon. When selective polysilicon deposition (SPD) was frequency of microresonators, which will be discussed later.
applied to the frequency tuning of specially-designed, comb-drive  Selective deposition has previously been used in the fabri-
resonators, a correlation was found between the change in reso- cation of MEMS gas sensors [2]-[4]. Platinum was selectively
nant frequency and the length of the newly deposited material (the deposited on components of the gas sensors because chemically

hotspot) on the resonator’s suspension beams. A second correlation - . .
linked the length of the hotspot to the magnitude of the power fluc- etching the metal would have destroyed its properties. The

tuation during the deposition trial. In one sample, at a power dissi- Process was performed by electrically heating surface and bulk
pation of 10.7 mW (peak temperature of 80C°C), the cross section micromachined, polysilicon, rectangular beams and circular
of a suspension beam increased from 6 to 94m? in 15 min. The  membranes in various platinum precursor gasses. In the present
resonant frequency increased 1.96% from its initial value of 86.6 work, the precursor gas is silane, which is widely available

kHz. This change was in good agreement with the value of 2.2% . . L S - . .
predicted in a simulation. The mechanisms for changing resonant " microfabrication facilities. Another major difference in the

frequency by the SPD process include increasing mass and stiff- Processes is the temperature range in which the precursor
ness and altering residual stress. The effects of localized heatingdecomposition reactions were performed: 2@-450°C, in
are presented. The experiments and simulations in this work yield [2]—[4] for platinum deposition, and 600-80C, here, to pro-
guidelines for tuning resonators to a target frequency. [802] qguce polysilicon. Therefore, the heat transfer and mechanical
Index Terms—High-temperature thermal conductivity of analyzes of the substrates in this work are dependent on the
polysilicon, Multi User MEMS Processes (MUMPs), postfab- high-temperature properties of polysilicon. These are still not
rication processing, residual stress, resonant frequency tning, \ye|| known for thin-film polysilicon, but values that produce
trimming. . X .
consistent results are deduced from comparison of experimental
and simulated data, as shown below.
|. INTRODUCTION The methods of selectively depositing polysilicon include

ROCESS variations occur in the fabrication of MEMSI,"J‘_Ser writing [5] and epitaxial grow_th in spe<_:i_a||y prepare_d
Pmaking postfabrication modifications necessary to ia/ymdows on a wafer [6]. Th e selective .deposmon of polysil-
crease yield and produce devices to design specificatiol%m by silane decomposition on electrically heated, released

When the structural materials of MEMS are not depositéH'Cfosm.’Ctures’ p.r.esented hefe.’ IS & NEW process. .
uniformly or etched accurately, the resulting devices ha eSEleCt'Ve polysilicon deposition (SPD) will be applied to

differences in properties such as electrical resistance, mech fauency ‘“T"”g of comb-drive res_onators. Faprlcqtlng_ h'gh
ical deflection under load or natural frequency. One of t fequency microresonators at precise frequencies is difficult

techniques of compensating for fabrication process variatio gcause_they are ?alatlvgly ;maIIIE "’T”t‘?' SI%gl&aSntlly affected
is laser trimming [1], in which parts of a structure are remove&.y submicron vanations in size. £Xisting 1> Trequency
tuning methods include electronic tuning by varying the dc-bias

voltage [7]; localized annealing [8]; and etching/ion milling
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Fig. 1. Schematic of the selective polysilicon deposition (SPD) process.

Fig. 2. The microbeam resonator.
Reducing the comb-finger, reduces the capacitance of the
resonator. Frequency tuning using SPD does not have théseProcedure

drawbacks, but requires adequate facilities to handle the silaneyjicrobeam resonators were fabricated using the Cronos
The SPD process was developed using suspended Riiti User MEMS Processes (MUMPS) [15], in the phos-
crobeams with fixed-fixed supports [10], then it was applieghorus-doped polysilicon (Poly2) layer by surface-microma-
to comb-drive resonators for frequency tuning [11], [12]. I@hining. The structure shown in Fig. 2 was Sample A. The
this paper, the SPD process is demonstrated on a microbgsgBm was 1.5:m thick, 1.0 zm wide, and 10Qum long. It
resonator (a microbeam with electrodes along side, as showRyifls suspended 2.78m above a silicon-nitride coated, silicon
Fig. 2); there is a comparison of frequency tuning of comb-drivgafer. Its initial resistance was 228®. The microbeam can
resonators using the SPD and localized annealing proces$gSgriven electrostatically using the adjacent electrodes. These
and the mechanisms for modifying resonant frequency lYectrodes were not used in the selective deposition trial. The

adding material in a thermal process are analyzed. sample was mounted on a dual-in-line package and connected
to a power feedthrough in a plasma-enhanced chemical vapor
Il. DEVELOPMENT OFSPD deposition chamber. Standard features of the PECVD, such

The selective deposition of polysilicon occurs by the therm@p the RF power and platen heater were not used because
decomposition of silane gas on locally heated microstructuré3ese sources of energy render global deposition. Silane was
The silane decomposition reaction, Sjl = Si() + 2Hay), drawn into th_e chamber at 80 sccm toa total pressure of 500
requires a temperature of at least 4200 proceed [13]. The Mtorr. The silane supply was a mixture containing mostly
temperature required to obtain deposition was much higher. ¢ carrier gas, helium (90% by volume), which prescribes
reduce complexity, the intermediate reactions in the decoms&tain deposition rates. Sample A was connected to an HP
sition chemistry were neglected. This assumption was valida@@miconductor analyzer located outside the CVD chamber and
by the deposition results obtained under various process corfifonstant current of 0.8 mA was applied for 10 min. Heat was
tions [14]. The key to regulating the selective deposition proceggnerated in the microbeam to activate the local decomposition
is controlling the temperature of the substrate, the microbeaf. the silane. The output voltage was recorded and power
This, essentially, requires predicting the electrical current f#ssipation was computed.
create sufficient Joule heating to reach the temperatures for de- ] )
position. The use of very small microbeams.fb wide) at high B- Results and Discussion
temperatures and the uncertainty about the properties of polysilFig. 3(a) and (b) shows the selective deposition of polysil-
icon make precise predictions of the electrical input difficulicon on the microbeam resonator. Deposition occurred on the
A simple method of estimating the required current, neglectiqprtions of the microbeam that were above the silane decom-
nonlinear changes in resistance and radiation, was to use the parsition temperature during the trial. The thickness of the new
mula: I[mA] = /P/((1 + « - AT)R,), whereP[mW] is the polysilicon corresponds to the temperature distribution along
power dissipation to obtain deposition (found experimentallyhie microbeam. This indicates that the silane-decomposition re-
dependent on the size of the substratels the temperature co- action took place by the surface-reaction-limited mechanism,
efficient of resistance of the polysilicon microbeam (found to behich gives a bound of 900 °C on the peak temperatures.
1.5 e-37C when measured from 25 to 40Q); AT (taken to be The location of the peak temperature is at the center of the mi-
600°C) is the desired deposition temperature minus the initietobeam—the new, thickest point. The sample had intentionally
temperature; and Rs the initial resistance of the sample. Notdeen tilted in the deposition chamber because this was observed
that the predicted current changes for samples of nominally tteeproduce thicker deposits. The surface of the die was inclined
same size when their initial resistances differ. Once the curreotvard the vertical. The flow of heat by natural convection [fol-
level required to reach deposition temperatures was predictiulying the arrow on Fig. 3(b)] resulted in deposition asymmetric
a deposition trial was attempted. The following is the expenwith respect to the axis of the microbeam. Another result was a
mental procedure for and typical results of the SPD process.small accumulation of polysilicon on an adjacent electrode. Gas
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699 °C, which is consistent with the other evidence that SPD
occurred by the surface-reaction-limited, silane-decomposition
mechanism. Variations in the high-temperature, thermal con-
ductivity of thin-film polysilicon have also been explored using
SPD results and electro-thermal simulations [14]. Nearly con-
stant thermal conductivity had to be used throughout the tem-
perature range of the process to reproduce the power-dissipation
profiles from the experiments.

Measuring the thickness of the selectively deposited polysil-
iconin Fig.3(a) and (b) gives a deposition rate at the center of the
microbeam of approximately 100 nm/min. The epitaxial growth
rate of silicon was reported to be 30 nm/min at 7@ [17].

The discrepancy does not necessarily mean that the peak tem-
perature for Sample A was higher. In the selective deposition
of polysilicon with lasers, it was also reported that the tempera-
ture suggested by the deposition rate exceeded the temperature
calculated by other means [18]. The SPD method may be much
faster than the conventional, global, deposition process because
of the presence of current in the substrate. It has been reported
that charge at nucleation sites plays a role in the silane decom-
position reaction [19].

To measure the natural frequency of the microbeam resonator,
ac-voltage was applied to one of the adjacent electrodes and
dc-voltage to the microbeam. Motion was induced at 779 kHz
using 20 Vpp-ac and 120 V-dc, at atmospheric pressure. After
selective deposition, detectable motion could notbeinducedinthe

(®) microbeam at safe voltage levels. Ithad become stiffer. The effect
Fig. 3. Selectively deposited polysilicon on Sample A, where (a) is magnifi&f SPD on resonant frequency was measured in a second design,
4400X and (b) is the top view. the special comb-drive resonator, which has higher capacitance.

phase decomposition of silane was ruled out because of the
well defined gradient in deposition on the nearby electrode. [Il. M ODIFYING FREQUENCY BY SPD

Deposition would otherwise be scattered. The texture of ther . -ie frequency tuning by selective polysilicon deposi-

new p_o_lysmc_on in Fig. 3 (a)_ ahd (b_) was typical of OthelEion,aresonator that could withstand the thermal stresses of the
deposition trials [14], but variations in grain structure (Ion&ost-fabrication process (up to 80Q) was designed. The tun-

whiskers [10], [14]; spherical pebbles [12] and gnarled clum le resonator had to be stiff enough to prevent buckling during

[see Fig.8 (c)] occurred with changes in process temperatwgating but not so stiff that the original and modified resonant

and surface chemistry. Despite variations in process Conditioﬂ%’quencies were above 100 kHz. which is the limit of the mea-
and other structures on the die creating turbulence in the fl '

£1h lective d o £ polvsili i Wrement technique described below. The layout of this special
oft € precursor, se ectlve_ eposition of polysilicon was readiy, 1, qriye resonator is shown in Fig. 4. Features of the device
obtained on the heated microbeam.

include a split ground plane to electrically isolate the anchors of

. DLtJ.”ng the geapé)sn\;(\)/n:lal ;‘ortSat?pIe AI, ft.h(.at pe’Txk pow;er_dﬁhe rotor, to allow current to be passed through it; and a single
f'?a lon Waj ' | md t 3 eiec ro fr:m? inite etemer; tz'mlﬂ)'eam suspension on one side of the rotor. The current density
ation was developed o determine the temperature of the TRy werefore temperature are greatest along the single beam,

ired: dth | ductivit:. The bound fhich makes the location of the new deposition predictable. A
require R, andthermai conductivi % The ooundary Con- s ias of thermo-elastic and modal, finite element simulations
ditions were the input current from the experiment and a co

Were developed to find the dimensions satisfying the design cri-
stant temperature of 25C at the anchors (because the relq'eria. In the final structure, all the beams werg8 wide, the

tively large substrate was taken as a heat sink). The thermal CRir-beam suspension was jB1 long and the single beam was
ductivity of polysilicon was determined from current-voltagqOO ,um long?

tests on samples of similar size to Sample A. A room tem-
perature value of 30 W/mK was found [14]. This is consis;

: . “A. Procedure
tent with values found previously [16]. The output of the fi- _ _ _
nite element simulation was voltage and temperature. The accuThe experimental procedure here differs in many respects
racy of the predicted temperature was measured by comparif@jn that described above. The special comb-drive resonators
the predicted output power to the experimental power dissipa-

tion. Thea andk were assumed to be 1.4 €@/ 32 W/mK 1At these lengths, a simulation of the vibration mode shape shows a compo-
' ’ ent of the rotor’s displacement toward the four-beam suspension, but the device

respectively, to fit the simulation to the experimental data. mains a lateral resonator [14]. If this design is used in a gyroscope, it will also
doing so, the calculated peak temperature for Sample A wasSmportant to make the stiffness of the springs equal on both sides of the rotor.
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PROCESSDATA AND RESULTS FORSPDON THE SPECIAL COMB-DRIVE Fig. 5. Selective deposition on Sample 7.
RESONATORS AT3.5 V INPUT
Process | Power Dissipation | Length aligned, the samples with the longer hotspots (area containing
Sample | f, (kHz) | R, Time (mW) of SPD) showed larger changes in resonant frequency. The percent
1 s (“;‘25) fos P mﬂ(*)'zmi“ H";me change in resonant frequenggf,) ranged from 0.7 to 2.0%.
> 375 | 81 10 101 05 40 The initial resonant frequencies are given on Table I, along with
3 86.2 | 770 4 10.4 0.5 44 the length of the hotspots, which varied from38 for Sample
4 86.6 779 2 10.3 0.5 46 1 to 73um for Sample 7. To understand why the length of the
> 872 | 793 > 10.7 1.6 56 hotspot correlates to thaf,, consider that resonant frequency
6 379 78 > 104 08 5 is a function ofk; Mass was increased by the process. Since
7 86.5 | 790 15 10.7 12 73 Isaluncl s/m. wasl ythep -l

resonant frequency also increased, the essential effect of the
process was an increase in the stiffness of the rotor. Stiffness
were fabricated using the Cronos MUMPs in the Poly 1 laygg a function of size. Increasing the cross section of the single
which was 2um thick and suspended;#n from the substrate. heam in the hotspot increased the stiffness of the rotor. There-
The resonators were released in HF, followed by supercritiggle, longer hotspots yield larger increases in stiffness and res-
CO, drying. Frequency measurements (before and after SPéNant frequency.
were made atatmospheric pressure by applying 20 Vpp-ac to theonsider how adding material to the center of the rotor, as
stator and 40 V-dc to the rotor and ObserVing motion under gﬂposed to one of the rotor’s Suspension beamsl would affect
optical microscope. Seven samples were tested. Their averagéhnant frequency. If material were added to the center of the
initial resonant frequency was 86.6 kHz. The uncertainty in freator, resonant frequency would decrease because the effect of
quency measurements was0 Hz. In the SPD trials, silane WaSthe added mass would dominate in m¢m ratio. AlSO, much
introduced at 100 sccm and 150 mtorr, a lower pressure than Fﬁ\‘ber amounts would have to be deposited to obtain the same
previous procedure to obtain better selectivity and finer gramagnitude of change as shown in the experiments here.
structure. Power was applied at constant voltage (3.5 V) for var-o means of controlling the length of the hotspot was found by
ious lengths of time, from 2 to 15 min, as listed on Table I. Thexamining the power dissipation during the SPD trials. Recall
output current was recorded using an HP semiconductor agggt 3.5 V were applied across each rotor, continuously. The re-
lyzer and power dissipation was computed. sulting power dissipation profiles are shown in Fig. 7. The power
dissipation gives an indicate the relative temperature of the sam-
ples. In a heat transfer simulation, using the power outputs, the
Polysilicon was selectively deposited on the single beam péak temperatures were found to be 800—900at the center
the rotors as shown in Fig. 5 for Sample 7. In this case, resonahthe hotspots [14]. The thermal responses are not identical be-
frequency increasest 1700 Hz or 1.96%. The quality factor cause of variation in the initial properties and conditions of the
(Q) of the resonator was not measured, but it is expected to gamples, such as the resistance (given in Table I), thermal and
crease substantially because localized, post-fabrication heathectrical conductivities, and the separation of the rotor from the
has been shown to do so [8]. Also, Q is proportionalfb,m, substrate. The sharp fluctuations in the power dissipation may
wherek, is stiffness andn is mass. Both quantities are in-be the result of recrystallization of the heated rotor, the addi-
creased in the process. It should be noted that the new fitron of material and changes in the separation of the rotor from
has good adhesion to the substrate. It withstood high frequeniog substrate. Despite the variations in thermal response, the av-
vibration for repeated measurements without delaminating.ekage power dissipation results (given in Table I) were quite con-
cross section was made through the old and new films [14]. Thistent, ranging from 10.1 to 10.7 mW. It was found that the
interface showed no cracking. length of the hotspots correlated to the maximum difference in
Fig. 6 is a comparison of the results for all the samples. Wheower dissipationPy,.x — Pmin ), during each trial, as shown on
the location of the new deposition was marked on the SEM afidble |. Other factors such as the initial, final or average power

B. Results and Discussion



JOACHIM AND LIN: CHARACTERIZATION OF SELECTIVE POLYSILICON DEPOSITION FOR MEMS RESONATOR TUNING 197

Sample # Af [24] can be made about the sign of the residual stress in the

hotspot. It depends on the temperature coefficient of expansion

1 0.7% of the new film, the reduction in stress from the increasing
cross-section, the reaction forces at the anchors of the rotor and

2 0.7% the rotor’s initial residual stress. The experiments here indicate
the Af, will follow the correlation with the length of the

3 1.4% hotspot until the residual stress reaches a certain level. At this
level, strain is observable, as in Sample 5. Samples 1-4, 6 and

4 1.5% 7 are considered to be below that level. In the next section, an
attempt was made to determine the effect of localized heating

5 0.8% alone on the resonant frequency.

6 2.0%

IV. M ODIFYING FREQUENCY BY LOCALIZED ANNEALING
7 Localized annealing seems to change resonant frequency

1.96%

by altering residual stress. The following experiment was
performed for comparison to the results of the SPD process.

Fig. 6. The correlation between the size of the hotspots and the change in
frequency. All SEMs are magnified 400X. A. Procedure

dissipation and time do not show as strong a correlation with SPecial comb-drive resonator, Sample 8, was placed in a

the length of the hotspot. Since the length of the hotspots afsyf D chamber and nitrogen was introduced to a pressure of 150
correlates to thaf,, controlling the magnitude of change in théMorT- AS with the selective deposition trials, power was applied
power dissipation appears be an avenue to tuning resonant fleconstant voltage (3.5 V). The process time was 5 min. The

quency. This will be discussed further in the section on tunirfj!tPut current was recorded using an HP semiconductor ana-
to a target frequency. lyzer and power dissipation was computed.

One sample produced discrepancies in the trends described ] )
above. An explanation indicates the other factors affecting réé- Results and Discussion
onant frequency. For Sample 5, thd, (0.8%) was much less  After the localized annealing process, the resonant frequency
than expected from comparison of the length of the hotspotsghSample 8 (initially 88.3 kHz) increased 1%, but the surface
Fig. 6. Sample 5 also had the largest fluctuation in power disf the single beam also changed, as shown in Fig. 9. Voids ap-
sipation during its SPD trial. The second largest fluctuation iseared in the hotspot, along grain boundaries, and the area was
power dissipation was found in Sample 7, and the smallestitanched. The average power dissipation during the trial was
Sample 1. In comparing close-up SEM of Samples 1, 5, and.®.0 mW, slightlylessthan those of the selective deposition
(shown in Fig. 8(b), (c), and (d), respectively), a slight upwangials. The polysilicon beam’s response in the inert gas environ-
deflection was apparent in the single beam of Sample 5. It seement is not yet understood. The localized annealing trial was re-
the larger fluctuation in power dissipation (and thermal loagjeated (power was applied gradually from 0 to 10 mW) on a spe-
caused more strain. No permanent strain is evident in Sampleidl comb-drive resonator (Sample 9) in an argon-filled chamber
and Sample 7 or the other samples. Therefore, there is evideac@50 mtorr. The resonant frequency (initially 86.6 kHz) in-
that resonant frequency was affected by the increased perma@ased in 0.8%, and voids were also found in the hotspot on
nent strain and residual stress in the rétor. the single beam [14]. Since mass was reduced in these trials, the

The residual stress in the rotor is caused by nonuniforgiesired data on thAf. due to heating alone were confounded.
heating of the single beam. As the rotor is heated, the materialn the investigation of localized annealing by Waatal.[8],
in the hotspot wants to expand, but is constrained by tliifere was no mention of a change in the volume or the surface
surrounding material. So it experiences compressive stresbthe polysilicon rotor, and the power dissipation was not re-
When the rotor cools, the hotspot lags the surrounding materigbrted, but an increase in resonant frequency was also reported.
It cannot fully contract and is left with tensile residual stréss. In this work, the localized annealing process and SPD at high
The material surrounding the hotspot assumes compressiv@peratures have been shown to create distortions in the res-
residual stress so that forces on the rotor balance [22]. onator. Therefore, the recommended procedure for modifying

When the added material is also considered during thesonant frequency permanently is the selective polysilicon de-
nonuniform heating of the beam, various arguments [23josition process at low temperatures to minimize the effect on
2This argument is made assuming that the added volume of polysilicon, lgt?ts.ldual stress. T.he steady ahd predl(.:table.eﬁe.d of adding ma-
not its texture, determines theF, and assuming the density of polysilicon ist_e”aI to the rotor is shown using the simulation in the next sec-
invariant. tion.

3A similar conclusion was reached by Chen et al. [20] by examining the
curved load path of heated materials in stress-strain space and their reduction in
Young'’s Modulus. The Young's Modulus of the MUMP’s polysilicon decreases V. EFFECT OFADDING MATERIAL
10% over the temperature range 0—28D[21]. One can assume that at 80D, _ . . .
itis 30% less than the room temperature value, giving an indication of the extentA finite element simulation was deveIOped to determine the

to which the elastic behavior is nonlinear. Af, due to the added material aloneBAQUSs beam and shell
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Fig. 7. Power dissipation during SPD on special comb-drive resonators.

Fig. 8. Close-up views of SPD on (a) Sample 7, (b) Sample 1 at 1600X, (c) Sample 5 at 2000X, and (d) Sample 7 at 2000X.
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elements [25] were used to model the special comb-drive re w 30

onator. The hotspot was defined by the ‘extent of spot’ and tt |
‘spot separation’, as shown in Fig. 10. The size of the hotsp 01

tion
Extent of Spot

was modified in the simulation, assuming the thickness of tt ° A Sodfmectonlu 20
added material was uniformly 0;8m, which is an approxima-
tion of the results of Sample 7. Fig. 10. Simulation of the change in resonant frequency for changes in the

The simulation confirmed the experimental finding that thiecation of deposition. The thickness of the new film is 018.
longer the hotspot, the larger th&f,. The simulation also
showed theAf; increases as the SPOt separation de_creasesa{rihe lowest temperature. These results define the length of the
fact, as the hotspot approaches either end of the single be%}spots
the Af, ipcreases. Flgxural rigidity is.being ingreased where 1, produce these hotspots, do SPD trials while controlling
the ben_dmg momem IS greatest, A_ddmg material to the C_en{ﬁé power dissipation. The data on Table | show a correlation
of the single beam is not as gffectlve. A segment of the singl@ .\ can the maximum change in power dissipatiap, and
Eeam, -bitweenhspot sEparanons 0 Z”dmg(?‘way from .the the length of the hotspot. Interpolate to determixie for each

eat sinks at tde anc or(sj), was rec ucﬁf Im size 1o INCreARtspot. Apply 3.5 V to the samples in a gradual ramp-up. Use
temperature and promote deposition in this o.cat'|on. In F'g_' 1Q’,control circuit to limit the maximum power dissipation to 10
the curves have steeper slopes when material is added in m\ﬁ/ and minimum to(10mW — Ap). Using the anticipated
re(_jrl;]ced_ se?m_ent. d heck th its for S | average power dissipation and a thermal simulation, predict

e simulation was used to check the results for Samp etgmperature and use that to estimate deposition rate. Allow

At the star in Fig. 10, the spot separation i/ and the ex- the process to continue for a time determined by the desired

tent of spot is 8Q:m. The calculated change in frequency Wagy, ‘hickness and the deposition rate of the silane/helium
2.2%, which is in good agreement with the measured value @f, e - Attempt deposition in one shot; the effects of nu-

1.96%. Thus, designing the resonator to target a particular | g thermal cycles enormously complicate predictions.

cation for the added material should be a priority. For exampLﬁ,lese recommendations are a probable path to matching the

without the reduced section, heat transfer simulations i”dic%esonant frequencies of the MEMS. Several experimental trials
the spot separation for Sample 7 would increase tpri8The supported by simulations, are required for precise tuning.
Af,. would be 0.5%. Fig. 10 shows that if the hotspot in Sample

7 began at the spot separation of 0, thk would increase to
9%. Polysilicon is one of the few materials with which)d, VII. CONCLUSION
this high could be achieved by the addition of only @18 to
the surfaces of the single beam. Its advantage is its high speci
modulus- ten times higher than that of platinum, another m
terial that has been selectively deposited. Selectively deposit
polysilicon is a good choice for getting the greatasét with the
least amount of added material.

. A postfabrication process has been proposed for the fre-

ffency tuning of microresonators. The selective deposition of

églysilicon was demonstrated on two designs. It was found
t:

« the change in resonant frequency depends on the length of
the hotspots and the residual stress induced in the rotor;
« the effects of the added material alone and heating alone
were examined,;
Additional experiments may yield explicit relations of the < the length of the hotspots correlated to the magnitude of
correlations above, but the potential for tuning resonant fre- the power fluctuation;,
guency to a particular value is already apparent. The following * residual stress was negligible for trials with low power
is a guideline for continuing research. Consider tuning Sam-  dissipation;
ples 1 and 2, from their original resonant frequencies to say, * these data provide a path to controlling resonant frequency
88.0 kHz. The requirea\f,’s are 3.9% and 0.6%, respectively. by adding material.
Plan to make the selectively deposited film Q.8 thick and
use Fig. 10 to determine the dimensions of the hotspots. A hor-
izontal line, on Fig. 10, at the requirelif, intersects several
possible combinations of spot separation and extent of spotThe authors wish to thank Prof. R. A. Scott of the University
Choose the smallest spot separation because it can be achi@fddichigan for advice on conducting the research and the finite
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