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An apparatus and method for gas-phase bromine tri?uoride 
(BrF3) silicon isotropic room temperature etching system for 

corporation both bulk and surface rnicrornachining. The gas-phase 
BrF3can be applied in a pulse mode and in a continuous ?oW 

Appl- NO-I 09/741,403 mode. The etching rate in pulse mode is dependent on gas 
concentration, reaction pressure, pulse duration, pattern 
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GAS PHASE SILICON ETCHING WITH BROMINE 
TRIFLUORIDE 

[0001] This application claims bene?t under 35 USC 119 
(e) of the US. Provisional Application No.60/035,307 ?led 
on Jan. 22, 1997, the entirety of Which is incorporated 
hereWith by reference. 

FIELD OF THE INVENTION 

[0002] This disclosure relates to pulsed gas-phase silicon 
etching in micromachining processes. More speci?cally, 
etching using BrF3 is described. 

BACKGROUND 

[0003] Etching is used to form features during silicon 
micromaching in micro-electromechanical systems 
(“MEMS”). The success of etching processes are character 
iZed by the etch rate in dimensions of thickness per unit time. 
The etch rate has dimensions of thickness per unit time. A 
high etch rate is generally desired. HoWever, too high an etch 
rate may render a process dif?cult to control. Common 
desired etch rates are in units of hundreds or thousands of 
angstroms per minute. Selectivity is the ratio of the etch 
rates of silicon referenced to the etch rate of the mask ?lm 
being patterned on top of silicon. Aparticular process may 
be quoted as having a selectivity of 300 to 1, polysilicon 
over oxide. This means that polysilicon etches 300 times 
faster than oxide. Another consideration When characteriZ 
ing etching performance is producing isotropic etches. Iso 
tropic etches, meaning etches having uniform etch proper 
ties in all directions, are desirable. 

[0004] Silicon micromachining in MEMS often uses Wet 
chemical and plasma etching. Wet chemical etching is a 
purely chemical process having three steps: movement of 
the etchant species to the surface of the Wafer, chemical 
reaction With the exposed ?lm that produces soluble byprod 
ucts, and movement of the reaction products aWay from the 
surface of the Wafer. Wet etching often yields high selectiv 
ity. HoWever, Wet etching can have serious draWbacks such 
as poor process control and excessive particle contamina 
tion. Chemical etchants also can cause surface tension 
effects during drying. The meniscus force of the liquid 
etchant can drag on the free standing structure thereby 
sticking to the structure’s surface Which can induce direct 
mechanical damage. 

[0005] Etching in a plasma environment has several 
advantages When compared to Wet etching. Plasmas are 
easier to start and stop at precise times de?ning the begin 
ning and end respectively of the etching process as com 
pared With simple immersion Wet etching. Plasma etch 
processes are much less sensitive to small changes in the 
temperature of the Wafer. Plasma etching involves less 
contaminant and no damage to fragile structures due to 
surface tension and stiction forces of Wet etchants. 

[0006] Plasma etching is carried out by introducing a feed 
gas into the chamber. The feed gas is broken doWn into 
chemically reactive species by the plasma. These chemically 
reactive species diffuse to the surface of the Wafer and are 
adsorbed. The species react With the exposed ?lm. The 
reaction product is desorbed, diffused aWay from the Wafer, 
and is transported by gas stream out of the etch chamber. 

[0007] Plasma etch processes obviate many of the Wet 
chemical etch problems. HoWever, plasma etching has lim 
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ited selectivity over silicon dioxide and nitride. The plasma 
environment also produces ions and soft x-ray radiation 
Which can damage or have undesirable charging effects on 
the electronic devices on the substrate. 

[0008] In “Plasma-less Dry Etching of Silicon With Fluo 
rine-Containing Compounds”, Lbbotson et al, J. Appl. 
Phys., Vol. 56 (10), 1984, p. 2939-2942; it Was suggested 
that some ?uorine-containing interhalogens such as xenon 
di?uoride can etch silicon spontaneously in the vapor phase. 

SUMMARY 

[0009] The present invention provides an apparatus and 
method for gas-phase bromine tri?uoride (BrF3) silicon 
isotropic room temperature etching system for both bulk and 
surface micromachining. Gas-phase BrF3 etching has many 
advantages. BrF3 has a high vapor pressure at room tem 
perature. This alloWs ease of use and high etching rate. 
Gas-phase BrF3 etching produces feWer damaging meniscus 
and stiction forces and is relatively contamination-free. 
Gas-phase BrF3 etching produces longer undercut distance 
than plasma etching and produces no damage to the elec 
tronics device on the substrate. 

[0010] The BrF3 containing gas-phase etchant can be 
applied in a pulse mode and in a continuous ?oW mode. The 
BrF3 gas can be diluted With another gas and this mixture 
can be used as the gas-phase etchant. The etching rate in 
pulse mode is dependent on gas concentration, reaction 
pressure, pulse duration, pattern opening area and effective 
surface area. 

[0011] An apparatus and method for BrF3 containing gas 
phase etching is provided. 

BRIEF DESCRIPTION OF THE DRAWING 

[0012] These and other aspects Will be described With 
reference to the draWings, in Which: 

[0013] 

[0014] 
[0015] FIG. 2 illustrates etching rates at different BrF3 
pressures; 

[0016] FIG. 3 illustrates silicon mass loss vs. pulse dura 
tion time for different exposed silicon areas; 

FIG. 1A shoWs a preferred etching apparatus; 

FIG. 1B shoWs the steps in one etching pulse; 

[0017] FIG. 4 illustrates vertical and horiZontal etching 
depth vs. Circular opening With varying diameters; 

[0018] FIG. 5 illustrates vertical etching depth vs. number 
of pulses With different circular opening siZes; 

[0019] FIG. 6 shoWs local loading effect and aperture 
opening effect; 

[0020] FIG. 7 illustrates surface micromachined channels; 

[0021] FIG. 8 illustrates surface micromachined mem 
branes; 

[0022] FIG. 9 illustrates etching length in surface micro 
machined channels vs. number of pulses; and 

[0023] FIG. 10A and 10B compares the effect of BrF3 
dilution on surface roughness. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Etching Chemistry 

[0024] The literature does not suggest any e?icient meth 
ods and apparatus of using BrF3 gas for silicon microma 
chining. At room temperature, BrF3 is in the form of a 
colorless to gray yelloW liquid With a vapor pressure of 
approximately 7.0 Torr. When compared With xenon di?uo 
ride (XeFZ), bromine tri?uoride is easier to vaporiZe. XeF2 
has a vapor pressure of approximately 3.0 Torr and exists as 
a White poWer at room temperature. BrF3 exists as a liquid 
at room temperature. This is advantageous since the etchant 
can be stored as a liquid. Liquids are usually easier to store 
in process chambers and to vaporiZe than solid poWder. BrF3 
has more ?uorine atoms than XeF2 per molecule. Hence, 
BrF3 has a higher etching e?iciency than that of XeF2 
because ?uorine atoms are believed to be the active etching 
molecule. BrF3 etching is also cost effective When compared 
With the use of XeF2. The cost of BrF3 etching can be as loW 
as 10% of the cost of XeF2 etching. 

[0025] The etching mechanism of gas-phase BrF3 With 
silicon is believed to be similar to that of other ?uorine 
containing interhalogens. The mechanism is believed to 
include: (1) nondissociative adsorption of gas-phase species 
at the surface of the solid being etched; (2) dissociation of 
this adsorbed gas; (3) reaction betWeen adsorbed atoms and 
the solid surface to form an adsorbed product molecule 
(SiF4); (4) desorption of the product molecule into the gas 
phase. Adsorption is the adhesion of an extremely thin layer 
of molecules to the surfaces of solid bodies With Which the 
molecules are in contact. Desorption is the release of product 
molecules from a surface. 

[0026] Pure BrF3 gas can be used as a gas-phase etchant. 
A mixture of BrF3 With another compound can also be used 
as a gas-phase etchant. One embodiment features diluting 
BrF3 With xenon gas to control the etching surface roughness 
produced. 

[0027] The etching of silicon on the surface is believed to 
be done by ?uorine atoms. The volatile products, SiF4 and 
Br2, are produced as shoWn in equation (1): 

[0028] Assuming the etching process is limited by chemi 
cal reaction and the BrF3 concentration is uniform in the 
reaction chamber, the number of BrF3 molecules in the 
reaction chamber, N, can be expressed as equation (2), 

dN 4 (2) 
— — : —RA ><nsi 

dz 3 

[0029] Where R is the silicon etching rate in angstrom/ 
minute, nSi is the atomic density of silicon, and A is the 
silicon opening area of the etching sample. 

[0030] The BrF3 etching rate is shoWn as a function of 
silicon substrate temperature and ?tted to the Arrhenius 
equation in the form of equation (3), 
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[0031] Where Ea is the activation energy that has a value of 
—6.4 kcal/mole for BrF3 at room temperature, k is the 
BoltZmann constant (1.987><10_3 kcal/mole/K). In the pre 
ferred embodiment, T is 300 K, V is 2220 cm3, the initial 
value of N is 7.76><1019. 

[0032] At 1.0 Torr gas pressure and room temperature, 
equation (3) gives an etching rate of 4.13 pm/min in the 
preferred system. 

[0033] By combining equation (2) and equation (3) and 
solving the ?rst-order differential equation, the number of 
BrF3 molecules in the reaction chamber, N, is found to be an 
exponential function of time. N can be converted to the 
silicon mass loss as a function of etching time, M(t) as in 
equation (4), 

[0034] Where '5 is shoWn in equation (5), 

(5) V 
T : C—(second) 

A 

[0035] C is a constant and has a value of 878x10-2 s/cm 
for the present system. Equation (5) shoWs that the time 
constant is inversely proportional to the silicon exposed area 
A. For the opening area of 3 cm2, equation (5) gives a time 
constant of 65 seconds. 

Etching Apparatus and Operation 

[0036] FIG. 1A shoWs the preferred etching apparatus 
having a reaction chamber 110, a vapor reservoir 120, 
nitrogen purge source 130, xenon dilution system 140 and a 
vacuum subsystem 150. Individual gas ?oW is controlled by 
sWitching the corresponding valve 174, 178. 

[0037] Valve 176 regulates the ?oW of gas from the vapor 
reservoir 120 to the reaction chamber 110. Valve 172 regu 
lates the ?oW of gas from the reaction chamber 110 to the 
vacuum subsystem 150. Pressure in the vapor reservoir 120 
and reaction chamber 110 are monitored by a pressure 
sensor, e.g., baratron 160 and a pressure gauge 170 respec 
tively. 

[0038] The vapor reservoir 120 is used to contain certain 
vapors prior to introduction into reaction chamber 110. 
Gases are held at the vapor reservoir 120 to control dilution 
concentration. The vapor reservoir is coupled to the reaction 
chamber. A 1900 cc reaction chamber 110 and a 320 cc vapor 
reservoir 120 can process approximately ten 4 inch Wafers. 
The siZe of the chamber and reservoir are modi?ed to 
accommodate the amount and siZe of the Wafers to be 
processed. 
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[0039] In one embodiment, the reaction chamber 110, 
vapor reservoir 120, the interconnecting pipes, valves and 
any other part of the apparatus that may come in contact With 
BrF3 is covered With a layer of corrosive resistant coating. 
Preferably, a thin layer of Parylene-C polymer ?lm is 
deposited by chemical vapor deposition at room tempera 
ture. Parylene is chemically inert and prevents BrF3 corro 
sion of the construction materials. The organic interior 
coating Will give increased hydrophobicity to the apparatus 
thereby preventing undesirable condensation of gas onto the 
apparatus surfaces. Polyimide is another organic material 
that can be used as corrosive-resistant coating. Parylene-C is 
preferred because Parylene-C is easily applied to the appa 
ratus by chemical vapor deposition at room temperature. 

[0040] Nitrogen purge 130 is used to introduce nitrogen 
gas Which removes contaminants and Water from the Wafer 
surface. 

[0041] A xenon dilution system 140 is used to dilute the 
amount of BrF3 used in the reaction. A preferred dilution 
ratio is 1 Torr of BrF3 to 99 Torr of pure xenon gas. The 
inventors found that BrF3 has a very high reaction rate Which 
may produce uneven etches due to a diffusion limited effect. 
The diffusion limited effect is de?ned as When a reaction is 
limited by the time the molecules come in contact With the 
surface rather than the amount of reactants. Hence, some 
molecules may reach the surface faster than others produc 
ing an uneven etch. Dilution With xenon reduces the mean 
free path, as a result, BrF3 molecules are scattered more 
uniformly at a higher reaction pressure thereby resulting in 
a smoother surface. 

[0042] Baratron 160 is a sensitive, short range, pressure 
measuring device. The baratron measures a capacitance 
change When the pressure changes. The baratron is used in 
this embodiment to measure pressure changes Within a 10 
Torr range. The baratron is used as a vapor pressure sensor, 
positioned to measure a pressure of the vapor reservoir 120. 
The pressure gauge 170 is a Wide range pressure dial Which 
is used to measure a range from 0 to 500 Torr in this 
embodiment. The pressure gauge 170 is used as a reaction 
pressure sensor positioned to measure a pressure of the 
reaction chamber 110. 

[0043] The construction materials are preferably stainless 
steel, brass, and nickel. A more costly material such as 
monel can also be used. Monel is more BrF3 corrosive 
resistant than stainless steel and brass. Other BrF3 corrosive 
resistant materials can also be used. The inventors found a 
method to improve the corrosive-resistant properties of less 
expensive metals, e.g. stainless steel and brass, by the 
application of Parylene-C polymer ?lm. This corrosive 
resistant coating enables the use of less expensive metals as 
construction materials by making these metals more BrF3 
corrosive-resistant. 

[0044] For safety reasons, the Whole apparatus system is 
set up inside a ventilated fume hood 180. The process can be 
automated in Which case controller 190 can control the 
valves. Alternatively, the entire process can be manual. 

[0045] The inventors found that the characteristics of BrF3 
gas are different than other etchants Which have been used. 
In order to exploit these characteristics, etching processes 
are preferably conducted using pulse BrF3 ?oW etching. 
Alternately, continuous How of BrF3 vapor can also be used. 
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The apparatus as shoWn in FIG. 1A can be adapted for 
continuous ?oW operation. Mass ?oW controls 195, 197, are 
positioned to regulate the continuous ?oW rate of BrF3 and 
Xe respectively during continuous ?oW operation. 

[0046] HoWever, such continuous How of BrF3 vapor Will 
etch silicon very fast Which makes the etching dif?cult to 
control. Also, continuous BrF3 How has a loW etching 
ef?ciency. Continuous How of BrF3 leaves a signi?cant 
amount of unconsumed BrF3 vapor; this vapor can enter the 
pump system and may cause safety concerns and pump 
corrosion. 

[0047] The etching process begins by loading the Wafers 
in the reaction chamber 110. Vacuum subsystem 150 is used 
to evacuate both the reaction chamber 110 and vapor reser 
voir 120 to beloW 10 mTorr. The pressure of the reaction 
chamber 110 can be read from pressure gauge 170. The 
chamber separation valve 172 is then closed. Valve 174 is 
opened to inject a ?xed amount of BrF3 into the vapor 
reservoir 120, e.g., around 10'4 moles of material, depend 
ing on amount of samples to be processed. For a load of ?ve 
4 inch Wafers, 7 Torr of BrF3 are preferably used. The 
chamber separation valve 176 is then opened to alloW BrF3 
vapor to enter the reaction chamber 110. Enough time is 
given to make sure all the BrF3 vapor inside the reaction 
chamber 110 is consumed. This reaction time is dependent 
on the number and siZe of the Wafer being processed. 
Finally, the chamber separation valve 172 is opened and 
both the reaction chamber 110 and vapor reservoir 120 are 
again pumped doWn. The above procedures de?ne one pulse 
of the etching process. The process is continued for each 
pulse. 
[0048] FIG. 1B summariZes the steps in one etching pulse. 
In step A, valves 176 and 172 are opened and valve 174 is 
closed. The open valves 176 and 172 alloW the vacuum 
subsystem 150 to evacuate the vapor reservoir 120 and the 
reaction chamber 110. Step B introduces the gas-phase 
etchant into the vapor reservoir. Valve 174 is opened to alloW 
the gas-phase etchant to ?ll vapor reservoir 120. Valve 176 
is closed to prevent the gas from vapor reservoir 120 to ?ll 
reaction chamber 110. In step C, valve 176 is opened to 
alloW the gas-phase etchant from the vapor reservoir 120 to 
?ll the reaction chamber 110. The valves 174 and 172 are 
closed to prevent escape of the gas-phase etchant. Step D 
closes valve 176 and valve 172, thereby isolating a con 
trolled gas-phase etchant atmosphere inside the reaction 
chamber 110. Step D lasts for a duration suf?cient for all of 
the gas-phase etchant to be consumed. Another pulse is 
applied by repeating steps B to D. 

[0049] At room temperature and 6 Torr pressure in the 
vapor reservoir 120, the number of BrF3 molecules in one 
pulse is calculated to be around 129x10‘4 mole. When the 
atmosphere in the vapor reservoir equaliZes With reaction 
chamber 110, there is 1.1><10_4 mole of BrF3 in the reaction 
chamber 110. According to the equations (1) to (5), theo 
retically up to 2.3 mg of silicon can be etched aWay per 
pulse. 

Sample Preparation 

[0050] Silicon etching processes are conducted on silicon 
dice With edges covered by hard baked photoresist, Which is 
shoWn later to have a very loW etching rate. The material is 
?rst prepared to remove the native oxide on the silicon 
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surface. The samples are etched in buffered hydro?uoric 
acid for 10 seconds followed by deionized Water rinse and 
nitrogen drying before etching. This removes the native 
oxide on the silicon surface. This cleaning step removes the 
native oxide so that the BrF3 can react With the silicon 
surface directly When introduced in the reaction chamber 
110. Without the cleaning step, BrF3 vapors are suf?cient to 
remove the native oxide. Once the BrF3 removes the native 
oxide then the etchant Will proceed to etch the silicon 
surface. 

[0051] Samples are then loaded into the reaction chamber 
110 Which is evacuated to 10 mTorr. The samples are then 
dried. A vacuum is applied to vaporiZe the moisture on the 
sample surface. Samples are maintained under vacuum for at 
least 10 minutes before starting the ?rst BrF3 pulse. This 
process time under vacuum is also dependent on the siZe and 
amount of Wafers to be processed. Nitrogen gas is then 
applied to bloW aWay any residual moisture and contami 
nants before starting the ?rst BrF3 pulse. Nitrogen valve 178 
and chamber separation valve 176 are opened to introduce 
the nitrogen gas. 

[0052] Nitrogen gas (N2) drying produces reliable and 
repeatable etching. Baking the sample at high temperature 
for drying can also be done but is not necessary. Acetone 
cleaning is undesirable. AWhite polymer-like ?lm forms on 
the silicon surface When acetone residue is exposed to BrF3 
vapor. This White ?lm is undesirable because the ?lm stops 
further etching. 

[0053] The etching depth and the undercut can be mea 
sured, eg using a microscope With a calibrated focus. The 
thickness of the mask layers before and after the etching is 
determined using a Nanospec thin-?lm thickness measure 
ment instrument, available from Nanometrics, Sunnyvale, 
Calif. The roughness of the silicon surface is measured using 
a surface pro?ler preferably a Tencor ot-step 200(TM) avail 
able from Tencor Instruments. SEM photographs of surface 
roughness can be taken; surface roughness are measured by 
scales on the SEM photograph. 

Etching Characterization and Performance 

[0054] Bulk Silicon Etching 

[0055] A ?rst example carries out bulk silicon etching 
processes on silicon chips With circular openings. Single 
crystal silicon, Polysilicon, and amorphous silicon have all 
been etched effectively using BrF3 containing gas-phase 
etchant. The diameter ranges from 4 m to 4 mm; other 
diameters can also be used. Different masking materials such 
as thermal oxide, LPCVD silicon nitride, hard-baked 
AZ4400 and AZ1518 photoresist are used as the mask 
materials to characteriZe the etching rate and etching selec 
tivity. 
[0056] The etching rate of one constant sample opening 
With variable gas pressures and constant pulse duration is 
measured. The samples have 800 pm circular WindoW open 
ings and the constant pulse duration is 10 minutes. FIG. 2 
shoWs the vertical etching depth as a function of the number 
of pulses at different BrF3 pressures. The etching rate ranges 
from 10 pm/pulse up to 140 pm/pulse, Which correspond to 
an average etching rate range from 1 pm/min up to 14 
pm/min for this particular opening of 800 pm. The vertical 
etching depth increases as the number of pulses applied 
increases. 
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[0057] The amount of sample etched under various pulse 
durations is measured. The BrF3 pressure is constant at 1 
Torr While the pulse duration time is varied from 20 seconds 
to 20 minutes. FIG. 3 shoWs the mass of silicon etched aWay 
versus pulse duration time With different WindoW opening 
areas. The samples With different openings are tested sepa 
rately. FIG. 3 shoWs that not only the etching rate but also 
the system etching ef?ciency is a function of exposed silicon 
area. The system efficiency is de?ned as the ratio of the 
silicon mass etched by the system to the theoretical silicon 
mass etched assuming all the BrF3 is consumed by silicon, 
Which is 2.3 mg in the preferred system. The efficiency from 
FIG. 3 is 80% for a 4 inch (160 cm2) bare silicon Wafer. 

[0058] The etching rate as the function of the opening area 
is measured. Circular openings With diameters from 4 pm to 
4 mm are used. All the samples are etched in the same load. 
The BrF3 pressure is 1 Torr and the pulse duration is 15 
minutes. The etching depth and undercut of these samples 
versus the sample opening area are plotted in FIG. 4. 

[0059] FIG. 4 shoWs that the etching depth of the 40 pm 
to 200 pm samples are about 50% more than the larger 
samples. For the samples With diameters under 40 pm, 
smaller openings alloW less silicon to be etched. Another 
series of samples are processed With the same type of 
samples using 500 mTorr, and 15 consecutive pulses at 1 
min./pulse. All the samples are etched at the same time. The 
results shoWn in FIG. 5 agrees With the results of FIG. 4. 

[0060] Equation (5) shoWs that the etching time constant 
"c is inversely proportional to the surface area. The bulk 
etching process results in FIG. 3 indicate such a qualitative 
relationship. Since the BrF3 etched silicon surface is quite 
rough, the effective silicon surface area is larger than the 
mask opening area A. 

[0061] The bulk silicon etching results in FIG. 4 and FIG. 
5 illustrate the local loading effects for large openings, e.g. 
openings greater than 200 pm in diameter. Aperture opening 
effects are also shoWn for small openings, eg those under 
10 pm in diameter. These tWo effects can be caused by the 
formation of a local BrF3 depletion region. 

[0062] The diffusion limited effects can be qualitatively 
explained by comparing the circular opening radius With the 
mean free path L of the gas molecules. When the opening 
radius r is close to L, the diffusion front pro?le can be 
represented by a semi-spherical surface With radius r, shoWn 
as opening A in FIG. 6, Which has a surface area of 2IIr2. 
If r>>L, as in the case of opening B, it has a surface area of 
IIr2, Which means the number of BrF3 molecules that 
reaches the silicon surface per unit area Without any colli 
sion With other gas molecules is half of the case A. This 
explains Why the etching depth per pulse in B is half that of 
A as shoWn in FIG. 4. In the case of opening C, after etch 
doWn a depth of d, When d>2r, and r<<L, the opening that 
alloWs BrF3 molecules enter is reduced compare to the case 
of r similar to d, thus reducing the etching rate. 

[0063] Etching Selectivity 
[0064] Checkerboard openings of 800 pm><800 pm on a 
silicon Wafer With several masking materials are processed 
to characteriZe the etching selectivity. The etching selectiv 
ity of silicon to other materials is found to be greater than 
3000 to 1 for LPCVD silicon dioxide, and 1000 to 1 for hard 
baked AZ 4400 and AZ1518 photoresists. The etching rate 
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of silicon nitride depends on the quality and silicon concen 
tration of the nitride layer and results in a selectivity range 
of 400: 1 to 800:1. In the case of most metals, like aluminum, 
copper, gold, and nickel, BrF3 forms a passivated non 
volatile metal ?uoride layer on the metal surface and further 
reaction is stopped. The selectivity over these metals is 
greater than 1000 to 1. The selectivity of silicon to Polyim 
ide is greater than 1000 to 1. The selectivity of silicon to 
Parylene-C polymer ?lm is greater than 104 to 1. 

[0065] Polysilicon Sacri?cial Layer Etching 

[0066] As shoWn in FIG. 7 and FIG. 8, surface micro 
machined channels and membranes With silicon nitride as 
the structural layer and polysilicon as the sacri?cial layer are 
also released by this BrF3 etching process. FIG. 9 shoWs that 
no obvious etching rate difference is found among the 
channels With different Widths. A total length of 300 pm has 
been etched into the channels With 10 etching pulses. 
Circular membranes have similar etching rates as the chan 
nels. The present invention provides an etch rate that is 
independent of the desired geometry of the sample. 

[0067] Surface Roughing 

[0068] FIGS. 10A and 10B compare the effect of BrF3 
dilution on surface roughness. The inventors found that the 
silicon surface etched by pure BrF3 at 1 Torr pressure is 
rather rough With about 2 pm roughness as shoWn in FIG. 
10A. When 99 Torr of Xenon (Xe) gas is added to the 1 Torr 
BrF3, the BrF3 molecules have a much shorter mean free 
path and are scattered more uniformly under the higher 
reaction press. This effect reduces the surface roughness to 
about 0.1 pm as shoWn in FIG. 10B. 
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[0069] Consistent etching results and high molecular etch 
ing ef?ciency (80%) have been achieved by performing the 
etching in a controlled pulse mode. This pure gaseous BrF3 
etching process is isotropic and has a high etch rate With 
high selectivity over silicon dioxide (3000:1), silicon nitride 
(400-80011) and photoresist (1000:1). Gaseous BrF3 etching 
can also be used in surface micromachining process, Where 
silicon nitride channels and membranes using polysilicon as 
the sacri?cial layer have been successfully fabricated. Gas 
phase BrF3 etching is simple, fast, maskable, and repeatable. 

[0070] Although only a feW embodiments have been 
described in detail above, those having ordinary skill in the 
art Will certainly understand that many modi?cations are 
possible in the preferred embodiment Without departing 
from the teachings thereof. For eXample, materials other 
than silicon can be etched in this Way. 

[0071] All such modi?cations are intended to be encom 
passed Within the folloWing claims. 

What is claimed is: 
1. A method of etching in micromachining processes, 

comprising: 

obtaining a sample of a material that can be etched using 
bromine tri?uoride; 

treating said sample by contacting said sample With a 
gasphase bromine tri?uoride containing etchant to pro 
duce a desired etch depth in said sample. 

* * * * * 


