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HIGH ASPECT RATIO TRENCH ISOlATION PROCESS FOR SURFACE 
.MICROMACHINED SENSORS AND ACTUATORS 

FIELD OF THE INVENTION 

The invention relates to tl)e general field of MEMS with particular reference to filling 

deep trenches with oxide and witf:l th~ ~ormation of silicon beams. 

BACKGROUND OF THE INVENTION 

The fabrication Of Micro-Electro Mechanical Systems (MEMS) on silicon substrates 

often necessitates electrical isolation between various suspended mechanical structures 

that need to be electricatly actuated. In a previous patent (US 5,930,595), we disclosed 

a deep trench isolation proces~ fo~. sensors and a~tuators application. The isolation 

between microstructure and surrounding ~ilicon was realized by oxide filled trenches. That 

process is suitable for deep trench isolation of up to 10-12 microns. However for higher 

sensitivity, there is a need for much deeper trenches (40-45 microns). This makes it 

necessary to have a deeper trench isolation process. 
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The principal limitation imposed by the process described in US 5.930,595 is 

illustrated_ in FIG. 1a. Seen there is silicon body 12 in which deep trenches 104 have been 

formed. Through use of a release etch, the trench bottoms were widened to form expanded 

regions 103 which penetrated one another, thereby connecting ~II trenches and forming 

silicon islands 110 (FtG. 1b) .. 

The filling of the trenclles i~ illustrated in FIG. 1 b. First the trench walls were lined . . 

-with thermal oxide layer 106. i;nen_f!!ling was completed with the deposition of an oxide 

layer (TEOS) by means of LPCVO. (IQW pressure chemical vapor deposition). This resulted 

in the formation of voids such as 109, whose presence is undesirable because of potential 

reliability problems. The void formation problem increases in severity with increasing trench 

depth. 

A routine search of the prior art was performed. The following references of interest 

were found: 

In US 6,051,866, Shaw et al. show a sensor process with initial steps similar to the 

' present invention. Muenzel et al.in µs .5,723,353 teach another sensor isolation system. 

Sakai et al. (US 5,549, 785) also d~cribe an isolation process. Sparks et al. in US 

5,427,975, teach a method for filling ·trenches with potysilicon but said polysilicon is not 

oxidizable, being inserted in order to make electrical connections. In US 5,426,070, Shaw 

et al. discuss the formation of beams in a silicon body by using trenches followed by a 

release etch step. These trenches do not get fitled with oxide. MacDonald et al. (US 
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5,393,375) show~ similar beam formation process. 

SUMMARY OF THE INVENTlON 

It has been an object of th.e pr~~ent inv~ntion to provide a process for filling a deep 

trench in a silicon body with silicon oxide. 

A further object of the invention has been that said filling process be free of void 

formation within the filler oxide. 

A still further object has been to apply said process to the formation of embedded 

silicon beams that are surrounded by silicon oxide. 

Another object of the invention has. been to apply said process to the formation of 

silicon beams that are partly cantilever and partly embedded in silicon oxide. 

These objects have been achieved by means of a process of deep trench etch and 

silicon undercut release etch by using oxide spacers to protect the silicon beam sidewalls 

during release etch. An oxide tayer is then formed followed by deposition of a 

pre-determined thickness of potYsilicon which is then thermally oxidized. The polysilicon 
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. •.: layer._ inside ~he trenches gets fully oxidized resulting in void .. free trench isolation. This 

process creates a silicon island on three sides leaving the third side for interfacing with the 

sensor/actuator beams. ~he sensor/actuator is formed by a similar process of deep trench 

etch and release etch process on the same substrate. These suspended beams of the 

sensors and actuators are bridged with the silicon islands from the fourth side. The above 

process finalfy results in suspen~ed. ~i!!con _beams connected to electrically isofatect silicon 

islands called anchors. 

BRIEF DE~C~IPTJON OF THE DRAWINGS 

FIGs. 1a and 1b illustrate how voids form when a deep trench is filled using a 

process of the prior art. 

FIGs. 2 through 4 show how the trenches are defined and formed. 

FIG. Sa shows trenches that have been lined with thermal oxide. 

FIGs. 5b and 5c refer to the first embodiment and illustrate how trenches are filled 

by first depositing, and then thermally oxidizing, polysilicon. 
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~JG. 5d shows the struct~.ire after oxide liner .formation and po!ysilicon deposition.-

FIG. 5e shows the structure after thermal oxi~ation of the polysilicon. 

FIG. Sf shows the struct~re after removal of surface oxide. 

FIG. 6 shows the structure after two adjacent trenches have been connected by 

means of a release etch thereby forming a beam. 

FIGs. 7 and 8 refer to embodiments two through four and illustrate how trenches are 

filled by first depositing, and then thermally oxidizing, polysilicon. 

FIG. 9 shows the structure of FIG. 8 after removal of surface oxide. 

FIGs. 10 through 12 illustrate.different silicon beam configurations achieved through 

application of the present invention. 

5 



DESCRIPTION OF THEPREFERRED EMBODIMENTS 

As discussed earlier, there is need for deep, oxide-filled, trenches that are free of 

trapped voids. The present invention ac~ieves this by forming the trench'-filling oxide by 

thermal oxidation. This approach has several advantages {in addition to eliminating void 

formation). It makes possible the filling of deeper trenches with oxide. By using thermal 

oxide (as compared to the LPCV9, ~xid~ that is standard in the prior art), a less porous 

oxide of much better quality is obtained. Additionally, the dielectric strength of thermal 

oxide is better than LPCVD oxide. 

For applications involving accelerometers and gyroscopes, the oxide shell that holds 

the isolation island can be reinforced by a thin unoxidized polysilicon layer. This greatly 

improves the mechanical stability of the isolation structure for such applications. This new 

approach can provide excellent trench isolation for 40-50 micron deep trenches with aspect 

· ratios as high as 20. 

The process of the present invention will now be disclosed through a description of 

four embodiments. 
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FirsJ embocJ.irrumt . 

Referring now to FIG. 2, the process of this embodiment begins with the provision 

of silicon body 12 on whose upper surface silicon oxide layer 21 is deposited. Photoresist 

layer 22 is then laid down and p~~e.r.nedJo form an etch mask that includes openings such . · ... -: . 

as 23 that define the trench. All !-J~P.rqi~ed silicon oxide is then removed, resulting in the 

formation of hard mask 31 as seen in FIG. 3. 

Using both masks, trenches 41 are then etched to a depth of at least 40-50 microns. 

The hard mask ensures accurat~ dimensioning of the trenches even if the photoresist is 

attacked by the etchant. Etching of the trenches was achieved as follows: 

In an STS SCP system, ~sing a cyctical etch process --- etching with SF6 (100 

SCCM), 0 2 {10 SCCM), and C4F8 (40 SCCM); 600 watt coif power, 14 watt platen; 7.5 

seconds cycle time; passivating with C4F8 (180 SCCM); 600 watt coil power; 0.5 seconds 

cycle time; pressure 22-30 mtorr at 54% valve position, for a total process time between 

about 40 and 50 minutes (depending on required trench depth), for an etch rate of about 

1.2 microns per minute. 

After removing all photoresist, all silicon oxide (notably hard mask 31) is also 

removed. This sequence of steps are shown in FIGs. 2, 3, 4a and 4b. Then, a new layer 
• 

of silicon oxide (layer 51 in FIG. Sd) is formed on all exposed surfaces by means of-thermal 

oxidation or LPC TEOS deposition. L8yer 51 has a thickness between about 4,000 and 
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6._QOO Angstroms. This is followed by a key feature ofthe invention which is the depesition 
JI,., ' • • ~ •.• 

of conformal ·polysilicon layer 52 over silicon oxide layer 51. The polysilicon is deposited 

to a thickness between .about 4,000 and 6,000 Angstroms by means of the following 

LPCVD process: 

using ASM furnace LB45 at a temperature about 580°C; pressure about 300 mtorr; 

with SiH4 at about 165 SCCM, for a deposition rate of about 0.33 microns/minute, 

deposition time depending on requirements. 

As shown in FIG. Se, in another key step, polysilicon layer 52 is then thermally 

oxidized though its full thickness by means of wet thermal oxidation. This is achieved by 

means of a stabilizing temperature of about 700°C which is ramped up to about 1,050°C, 

for wet oxidation using oxygen at 500 SCCM and hydrogen at 6 SLPM (standard liters per 

minute) for as long as needed, followed by a nitrogen anneal (5 SLPM) at about 1,050°C 

for about 30 minutes, after which the temperature is ramped back down to about 700°C. 
'. 

Through careful choice of the thicknesses of layers 51 and 52 (the trench has a 
. . 

width that is bel\Yeen about 2 and '3 times ~e combined thickness of layers 51 and 52), as 

the oxide grows, opposing sides of the trench will just meet, causing the trench to fill with 

oxide 55 and avoiding the formation of any voids. The surface oxide layer can then be 

removed, giving the final structure the appearance seen in FIG. Sf. 

As iltustrated in FIG. 10, oxide filled trench 55 can stand alone within siltcon body 12 
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or can take the form of multiply connected trenches that surround El series of silicon beams 

12, as shown in FIG. 11. 

... , . 

. §§con~ embodiment 

As in the first embodiment, the process of this embodiment begins with the provision 

of silicon body 12 on whose upper surface silicon oxide layer 21 is deposited. Photoresist 

layer 22 is then laid down and pa~rned to form an etch mask that includes openings such 

as 23 that define the trench. All unprotected silicon oxide is then removed, resulting in the 

formation of hard mask ·31 as seen in FIG. 3. 

Using both masks, trenches 41 are then etched to a depth of at least 40-50 microns, 

The hard mask ensures accurate dimensioning of the trenches even if the photoresist is 

attacked by the etchant. A typical aspect ratio for the trench would be between about 15 

and 25, depending on trench depth and width. Etching of the trenches was achieved by 

means of a deep RIE process, as follows: 

using an STS multiplex ICP system, etching with SF6 (100 SCCM), 0 2 (10 SCCM), 

C4F8 (40 SCCM), 600 watt coil power, and 140 watt platen power. This was followed by 

passivation ·in C4F8 (180 SCCM) With 600 watt coil power for a 5 second cyde time. 

Pressure was 22-30 mtorr at 54% fixed valve position, for an etch rate of about 1.2 

microns/minute, with total etch time deJ)ending on required trench depth. 
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After removing all photoresist, the. silicon oxide (notably hard. mask 31} is still 

retained. Then, a ne~ layer of silicon oxide (layer 51 in FIGs. Sa and s_b) is formed on all 

exposed surfaces by means of thermal oxidation or deposition, following which it is 

selectively removed from the top and floor of the trench. Layer 51 is deposited to a 

thickness between about 4,000 and 6,000 Angstroms. 

This is followed by the formation of ·beam 61 (Fig. Sc) which is achieved by 

subjecting all exposed silicon to a release etch which cau5es all silicon 62 between the 

floors of trenches 41 to be removed. 

At user's discretion, either of the following processes may be used for the release 

etch (STS multiplex tCP system}: 

XeF 2 release etch 

XeF2 1.6 torr 

pressure 90 mtorr 

temperature 10"C 

time 15-30 minutes 

etch rate 1 micron/minute 

SF 6 plasma release etch 

SF 6 160-200 SCCM 

pressure 30-40 mtorr 

coil power 1,000 watts 

time 2-3 minutes 

platen power 1 O watts 

Then, all silicon oxide (notably layers 31 and 51) is removed, following which fresh 

silicon oxide layer 64 is formed on all exposed surfaces by means of thermal oxidation or 

LPCVD TEOS deposition. The latter consisted of TEOS (about 100 SCCM), at a 
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temperature of about 720°C an.d a pressure of about 150 mtorr, for a deposition rate of 

about 25 Angstroms/minute. 

Then, in a key feature of the inyenti_on, conformal polysilicon layer 52 is deposited 

over silicon oxide layer 64. The polysilicon is deposited to a thickness between about 4, 000 

and 6,000 Angstroms by means of LPCVD {SiH4 at 165 SCCM, at about 580°C and a 

pressure of about 30Q mtorr) for a deposition rate of about 0.33 microns/minute. 

As shown in FIG. 8, in ano~er key step, polysilicon layer 52 is then thermally 

oxidized though its full thickness by means of wet thermal oxidation. This is achieved by 

means of a stabiliZing temperature of about 100°c which is ramped up to about 1,050°C, 

for wet oxidation using oxygen at 500 SCCM and hydrogen at 6 SLPM (standard liters per 

minute} for as long as needed, followed by a nitrogen anneal (5 SLPM) at about 1,050°C 

for about 30 minutes, after which the temperature is ramped back down to about 700°C. 

Through careful choice of the thicknesses of layers 51 and 52 (the trench has a 

width that is between about 2.5 and 3 times the combined thickness of layers 51 and 52), 

as the oxide grows, opposing sides of the trench will just meet, causing the trench to fill with 

oxide 85 and avoiding the formation of any voids. This is illustrated in FIG. 8. The surface 

portion of 85 can then be removed, giving the final structure the appearance seen in FIG. 

9. 
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As illus~rated in FIG. 11, a plurality of silicon ·beams 61 .may be formed. These are··· 

anchored to main silicon body 12 at one end· and are surrounded everywhere else (except 

their top surface) by silicon oxide 8?. . 

Third embodiment 

This embodiment is similar to the second embodiment but With additional process 

steps after the structure has reached the stage illustrated in FIG. 9. This additional 

processing comprises the formation of a cantilever beam (such as 112 in FIG 12) by 

masking the upper surface 11~ ($~n here as a lower surface with mask not shown) and 

then etching unprotected parts qf surfa<::e 113 so that part of the beam becomes cantilever 

112, which extends away from surface 113, as.shown. 

Fourth embodiment 

This embodiment is also similar to the second embodiment, but with one key 

difference. Afterthe polysilicon layer52 has been laid down, as illustrated.in FIG. 7, the 

next step of fully oxidizing it by mearis of Viet thermal oxidation, is modified to only partial 

oxidation so that,_ instead of filling the trench ehtirely with silicon oxide, it becomes filled with 
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a laminate of silicon oxide-polysilicon-silicon oxide (not shown) that has greater mechanical 

strength than silicon oxide alone. Said laminate surrounds the silicon beam on four sides 

and, as in the oxide only case, is _fre~ Qf voids. 

As in the earlier embodiments, the trench has a width that is between about 2.5 and 

3 times the combined thickness of silicon oxide layer 64 and the polysilicon layer 52, while 

silicon oxide fayer 64, the remaining (unoxidized) pofysilicon layer, and the oxidized 

polysilicon layer that form the laminate, have relative thicknesses of about 5,000 to 1,000 

to 8,000 Angstroms, respectively. 

While the invention has been i'>articularly shown and described with reference to the 

preferred embodiments thereof, it will be understood by those skilled in the art that various 

changes in form and details may be made without departing from the spirit and scope of the 

invention. 

What is claimed is: 
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CLAIMS 

1. ~ process for forming a deep, oxide filled trencb in a silicon body having an upper 

surface, comprising the sequential st~ps of: 

depositing a first layer of silicon oxide on said upper surface; 

on said first silicon oxide ray~r.forming a photoresist mask that defines the trench; 

etching all unprotected first sificon oxide, thereby forming a hard mask; 

etching all silicon not covered by said hard mask to a depth of at least 50 microns, 

thereby forming the trench, said trench having a floor; 

removing all photoresist; 

removing all silicon oxide; 

by means of thermal oxidation, forming a second silicon oxide layer on alt exposed 

surfaces; 

depositing a conformal layeq>f polysilicon over said second silicon oxide layer; and 

by means of wet thermal oxidation, fully oxidizing said layer of polysilicon thereby 

filling the trench with silicon oxide that is free of voids. 

2. The process described in claim 1 wherein the second silicon oxide layer is deposited 

to a thickness between about 4,ooo·anc:J 6,QOO Angstroms. 

3. The process described in claim 1 wherein the polysilicon layer is deposited to a 

thickness between about 4,000 and 6;000 Angstroms. 

4. The process described in ciaim 1· WMrein the step of depositing the polysilicon layer 
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further comprises using SiH4 a~ a ~ow .rate of about 1.65" SCCM, a temperature of a~out 

580°C , and a ·pressure of about 300 mtorr for a deposition rate of about 0.33 microns per 

minute. 

5. The process described in claim 1 wherein the step of fully oxidizing said layer of 

polysilicon, by means of wet therm~! oxidstion," further comprises: 

providing a stabifizing ·temperature Of about 700°C; 

ramping the temperature up to about 1,oso°C; 

admitting oxygen at about ~00 SCCM and hydrogen at about 6 SLPM; 

annealing in nitrogen at about 1,050°C for ~bout 30 minutes; and 

then ramping the temperature.back down to about 700°C. 

6. The process described in claim 1 wherein the trench has a width that is between 

about 2.5 and 3 times the combined thickness of the second silicon oxide layer and the 

pofysilicon layer. 

7. A process for forming, within a silicon body that has an upper surface, a silicon beam 

surrounded on fot.Jr sides by silicon o>dde, crimprising the sequential steps of: 

depositing a first layer of silicon oxide on said upper surface; 

on said first silicon oxide fayer ~nrling a photoreslst mask that defines a trench 
. . ·.~ ,.,: -~ ,. : . .. . 

shape that surrounds the beam on three sides, two of which oppose one another; 
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etching all unprotected first silicon oxide, thereby forming a hard mask; 

etching all silicon not covered ~Y said hard mask, thereby forming the trench, said 

trench having a floor; 

removing all photoresist; 

depositing a second silicon oxide layer on all exposed surfaces; 

selectively removing the second siUcon oxide layer from the floor of the trench; 

subjecting all exposed silicon to a release etch whereby all silicon between the floors 

of said apposing trench sides is removed, thereby forming the beam; 

removing all silicon oxide; 

by means of thermal oxidation, forming a third silicon oxide layer on all exposed 

surfaces; 

depositing a conformal layer c;>f polysilieon_ over said third silicon C?xide layer; and 

by means of wet thermal oxidation, fully oxidizing said layer of polysilicon thereby 

filling the trench with silicon oxide that is free of voids and forming a silicon beam 

surrounded on four sides by silicon oxide. 

8. The process described in· claim 7 wherein the trench has an aspect ratio between 

about 15 and 25. 

9. The process described in daim 7 wherein the step of subjecting all exposed silicon 

to a refease etch further comprises using XeF2 at 1:6 torr, at a pressure of 90 mtorr and 

a temperature of about 10°C for between about 15-30 minutes, thereby achieving 
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an etch rate of about 1 micron/minute; or 

using SF 6 at about 160-200 SCCM, at a pressure of about 30-40 mtorr, a coil power 

of about 1,000 watts and a platen power of about 1 o watts for 2-3 minutes. 
. . 

10. The process described in claim 7 wherein the step of depositing a second silicon 

oxide layer is wet oxid~tion that ft;1.r:tber comprises: 

providing a stabilizing temperature of about 100°C; 

ramping the temperature up·to about 1,oso0 c; 

admitting oxygen at about 500 SCCM and hydrogen at about 6 SLPM; 

annealing in nitrogen at about 1toso0 c for about 30 minutes; and 

then ramping the temperatur~ back down to about 700°C. 

11. The process described in claim_ 7 wherein the polysilicon layer is deposited to a 

thickness between about 4,000 and 6,000 Angstroms. 

12. The process described in claim 7 wherein the step of depositing the polysilicon layer 

further comprises using SiH4 at a flow rate of about 165 SCCM, a temperature of about 

580°C, and a pressure of about 300 mtorr for a deposition rate of about 0,33 microns per 

minute. 

13. The process described in -claim· ·twtterein the step of fully oxidizing said layer of 

potysilicon, by means of wet thermal .oX:idiittdn, fUrther comprises: 
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providing a stabilizing temperature of about 100°C; 

ramping.the temperature up to about 110S0°C; 

admitting oxygen at about 500 SCCM and hydrogen at about 6 SLPM; 

annealing in nitrogen at about 1,oso0 c for about 30 minutes; and 

then ramping the temperature back down to about 700°C. 

14. The process described ·in claim 7 wherein the trench has a width that is between 

about 2.5 and 3 times the combined thi~kness of the second silicon oxide layer and the 

pofysilicon layer. 

15. A process for forming, wi~hin .. ~_ siJi~n body that has an upper surface, a silicon 

# ;, -· beam, part of which is surrounded ~n- .an sides by silicon oxide and part of which extends 

away from said surface as a cantilever beam, comprising the steps of: 

depositing a first layer of silicon oXide on said upper surface; 

on said first silicon oxide layer fomiing a photoresist mask that defines a trench 

_ shape that surrounds the beam on three sides, two of which oppose one another; 

etching all unprotected first silicon oXide, thereby forming a hard mask; 

etching all silicon not covered by said hard mask, thereby forming the trench, said 

trench h~ving a floor; 

removing all photoresist; 

depositing a second silfcon oxid~ fayer on all exposed surfaces; 

selectively removing the secona siheon oxide layer from the floor of the trench; 
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. subjecting all exposed silicon to a release etch whereby all sllicon between the floors 

of said apposing trench sides is removed, thereby forming the beam; 

removing all silicon oxide; 

by means of thermal oxidation, forming a third silicon oxide layer on all exposed 

surfaces; 

depositing a conformal layer of polysilicon over said third silicon oxide layer; 

by means of wet thermal oxidation, fully oxidizing said layer of polysilicon thereby 

filling the trench with silicon oxide. that is free of voids and forming a silicon beam 

surrounded on four sides by silicon oxide; and 

masking the silicon beam at the upper surface and then etching unprotected parts 

of the upper surface so that part of the-~am becomes a cantilever which extends away 

from said surface. 

16. The process described in clam 15 wherein the cantilever part of the beam extends 

away from the surface for a distance of between abo~t 1 oo and 500 microns 

17. The process described in claim 15 wherein the trench has a_ width that is between 

about 2.5 and 3 times the combined thickness of the third silicon oxide layer and the 

polysilicon layer. 

18. A process for forming, within a· silic:On body that has an upper surface, a silicon 

beam, part of which is surrounded ·on'all sides by silicon oxide and part of which extends 
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away from said surface as a cantilever beam, comprising the steps of: 

depositing a first layer of sjlicon oxide on said upper surface; 

on said first silicon oxide layer forming a photoresist mask that defines a trench 

shape that surrounds the beam on three sides, two. of which oppose one another; 

etching all unprotected first silicon oxide, thereby forming a hard mask; 

etching all silicon not covered by said hard mask, thereby forming the trench, said 

trench having a floor; 

removing all photoresist; 

depositing a second· silicon O?Ci~e l~yer on all exposed surfaces; 

selectively removing the second silicon oxide layer from the floor of the trench; 

subjecting all exposed silicon to a release etch whereby all silicon between the floors 

of said apposing trench sides is rer:noved; thereby forming the beam; 

removing all silicon oxide; 

by means of thermal oxidation, fonning a third silicon oxide layer on all exposed 

surfaces; 

depositing a conformal layer of polysilicon over said third silicon oxide layer; 

by means of wet thermal oxidation, partia,lfy oxidizing said layer of pofysilicon thereby 

filling the trench with a laminate of silicon oxide-potysilicon-silicon oxide that is free of voids 

and has greater mechanical strength th.an ~ilicon oxide alone and thereby forming a silicon 

beam surrounded on four sides by said laminate; and 

masking the silicon beam at the upper surface· and then etching unprotected-parts 
. . 

of the upper surface so that part of the beam becomes a cantilever which extends away 
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from said surface. 

19. The process described in claim 18 wherein the trench has a width that is between 

about 2.5 and 3 times. the combined thickness of the third silicon oxide layer and the 

polysilicon layer prior to said wet oxidation step. 

20. The process described in claim 18 wherein, ·the third silicon oxide layer, the 

polysilicon layer, and the· oxidized potysilicori layer that form the laminate, have relative 

thicknesses of about 5,000 to 1,000 to 8,000 Angstroms, respectively. 
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