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ISOLATION PROCF.SS FOR SURFACE 

MICROMACBJNED SENSORS AND ACTUATORS 

RELATED APPLICATION 

4217-17.2 

This application is a divisional application of Singapore Application No. 9610874-1 

entitled, 11ISOLATION PROCESS FOR SURF ACE :MICROMACHINED SENSORS AND 

ACTUATOR", filed October 18, 1996 by EG&G International, Institute of Microelectronics. 

BACl{GROtJND OF THE INVENTIO~ 
Field of the Inyentioa 

'lbe present invention relates to a process for fabricating integrated circuit (IC) sensors 

and/or actuators and, more particularly, to a process for fabricating electrically isolated silicon 

lS "islands" which in~ with silicon "beams". The islands and beams are constxUCtcd in a. 

manner which completely electrically isolates the islands and beams from the ic substrate, has a. 

low parasitic capacitance. and may be compan'ble with a complementary metal oxide 

semiconductor (CMOS) process. 

20 

Disc:nssion of Belated Art 

Currently. integrated circuit (IC) sensors and actuators, such as accelerometers, pressure 

sensors, am! gyrQ$COPCS arc manufacn1red using either a bulk micromscbining proceas or a surf.ace 

micromacbining process. "Bulk" micromachining refers t.o struca.ues formed by deep anisotropic 

etching. "Surface" micromachining refers to structures formed from thin film layers deposited 

or grown. on the surface of a substtat.e. Surface micromachining bas advantages over the previous 

25 bulk micromachining process of fabricating IC sensors IDd actuators because it permits &miller 

devices and may by integrated with other circuits on an IC. 

SUrface micromsclrlning typically involves etching in a silicon substrate deep ~nches 

between 10 microns and 100 olicroDs deep. The resulting silicon mactUres (called "beams") are 

partially released (i.e., detached) from the silicon substrate by known processes such as wet or dcy 

30 etching. This deep trench technology is described, for example, in Klaass~ et al. "Fusion 

Bonding ml Deep Reactive Ion Etching: A New Technology for Microstructures, • Transducers 
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'9S, Sklckholm, Sweden, 199S. ·The contents of this article arc incorporated herein by reference. 

Fig. 1 is a top view of a typical micromachined sensor or acruator st.ruclllt'e so. (Pia. 1 

shows four thermal actuators). The sensor/actuator SO includes a substrate 52 from which a 

5 number of beams S4 are camilevered. via deep trenches 56 formed in the substrate ~2. Tbc beams 

S4 are connected to the substrat.e 52 at anchor portions 58. 

One problem associated with the beams i& electrically isolatina them from the substrate. 

Several !mown techniques arc used to address this problem. A first t.echnique for electrically 

isolating sensor/actuator beams from an IC substrate is to cover the beams with an electrical 

10 insulator such as a silicon dioxide film. A thin film of aluminum (Al) or other suitable metal is 

then deposited on the insulator. The metal operates as an electrically conductive portion at the 

device amt the beams, which llIC clcctrlcally isolated by the surrounding silicon dioxide film, act 

only as a mechanical structure. One drawback of this technique is that the metalization causes 

metal particles to "creep", thus the semor or actuator is vulnerable to degraded pcrfomiancc due 

15 to time and temperature. This structure is also subject to a bigh parasitic capacitance to the IC 

substrate. 

A second technique for electrically isolating sensor/actuator beams from an IC substrate 

is t.o isolat.e the beams from the substrate by leaving a cavity beneath the beams using a silicon 

bonding teehniquet as described in the Klaassen, et al. article referred to above. The beam 

20 anchors (where one end of beams are connected to the substrate) are electrically isolated from the 

substrate with an intermediate oxide layer grown during silicon wafer bonding. 

A third technique for electdcally isolating sensor/actuator beams from an IC substrate is 

tn u.~c impurity diffu.~inn tn isnlatc the bcamR. This technique i11 prnnc t.n paruitic capacitance and 

leakage current. 

25 A fourth tcclm.iquc for c1cdrically isolating scmor/actuator.beams from an IC substrate is 

to fusion bond the beams to a layer of electrically isolating oxide which separat.es the beams from 

the substrate. Although this provides effective electrical isolation., it is difficult to provide pl.am.r 

sudaces for further processin1. 'Ibis is because the beams extend above the IC substrate by tens 

of microns. Rmming metalization co connect them to the IC may be difficult due to the •steps• 
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in the surface. The beams are surrounded by trenches and diffusion isolation for planar lcadouta 

may cause electtical leakage and high parasitic capacitance at the trench/difl\:lsed junction 

interface. 

Therefore, it is an object of the present invention to provide a process for manufacblring 

S IC sensors and/or acmators that completely clccttically isolates the sensor's beams from the 

substtate. 

It is another object of tbc present invention to provide a process for manufacturing IC 

sensors and/or actuators that bas low pansitic capacitance. 

It is yet llDOtber object of the present invention to provide a process for mamfacturing IC 

10 sensors and/or actuators that is compatible with CMOS processes. 

SUMMARY OF THE JNYEN110N 
These and other objects of the present invention arc provided by a oovel process for 

fabricating integrated circuit sensor/actuators. In a. prcfcm:d embodiment of the pICSCDt invcution, 

lS silicon islands are formed in the substrate. These islands are preferably created by forming deep 

trenches in the substrate and lining the trenches with oxide. 'Ibis forms silicon islands 

substantially surrow:ided by electrically insulating oxide. The ancbor portion of the 

SCDSor/actuator beams is cmmectcd to the islands and is released from the substrate and therefore 

the entire beam - including the anchor portion - is also electrically isolated from the substrate. 

20 In a preferred embodiment, the IC sensor/ac1llator is manufactured according to the 

following process: 

1. forming deep 1rCnChes in a substrate. these trenches preferably surround .substrate 

ma~ on ~-sides and ~ttom, thus creating "islands" of substrate ma~ 

surrounded by trenches, and leaving one side of the island uncovered by the 

trenches, so that, e.g., three sides and the bottom of the substrate may be 

severed from the substrate; 

2. lining the trenches with electrically insulating material, sw::h as an oxide, thus 

surrounding the substrate material island with an electrical insulator, so that typical 
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10 

planar processes, such as opening contact regions and etching metal 

interconnects, can be subsequently performed without damage; 

3. forminl sensor/actuator beams in the substrate mar.crial such that the beams contact 

the uncovered portion of the islands; 

4. using release etching, isol:ltine the sensor/11etuator beams from the substratx:. 

In a preferred cmbodimcat, the islandlbeam. sa:ucturc may be connected to a CMOS or other IC 

structure using conventional metalization processes. 

BBJEF DESCRJYl10N OF THE DRAWINGS 

The present invention is descn'bed with refcrencc to the following figures: 

Fig. 1 is a top view of a conventional IC sensor/actuator; 

Fig. 2A is a top plan view of a:n interl'ace between substrate material "islands" and secsor/actuator 

beams accordioa to a preferred embodiment of the present invcudon; 

Fig. 2B is a cross~sectional isometric view of the interface of Fig. 2A taken along line 2B-2B; 

Figs. 3A-3F are cross-sectional views of the interface of Fig. 2 along line 2B-2B illustrating 

a preferred. process for forming the substrate mat:erial islands; 

Figs. 4A - 4C are cross-sectiooa.I views of the interface of Fig. 2A taken along line 4-4 illust:ratinc 
a preferred process for forming the sensor/actuator beams; and 

Figs. SA and SB are top plan views illustrating metalization of an interface according to a 

20 preferred embodiment of the ptcsent invention. 

DETAP·ED DESCRIPTION OF PREFERRED EMBODI.MEN'l'S 

Figs. 2A and 2B illustrate a preferred interface 100 between substrate material "islands" 

am semor or actuator beams ~~i.t.uULc:r uccctJii011ally referred to collecdvely as sensor beams) 

2S according to the presem invmttio:o.. Fig. 2A is a top view and Fig. 2B is a cross-sectional 

isometric view taken along line 2B-2B of Fig. 2A. This preferred embodiment includes a substrate 

material 102, such as silicon. in which a numbet of trcllCbcs 104 are formed. The trenches 104 

arc preferably U-shaped aDd lined on all sides and on the bottom with a. layer of tbmnal oxide 106 

and tilled with a. trench tlll.iilg oAiJ~ 108, suc,;h ~ a low pi:cssurc chemical vapor dcposidon ot 
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TEOS (tctmcthylorthosilicate) or BPSO (borophosphosilicatc). (An uDfi1led tubular volume 109 

may be defined towards the bottom of the trCDCb.) An area of substrate material 110 is enclosed 

within each trench 104. These areas 110 arc referred to herein as "isla!lds". These islands 110 

are surrounded on three sides and on the bottom by the thermal oxide 106 aDd trcoc.h fill oxide 108 

s defined in the trenches 104. Thus, the islands arc electrically isolated from the substrat.c 102 on 

these sides. In other word, three sides and the bottom of the islands are completely severed 

from the substrate. 

One side 111 oftbc islands is not covered by the insulating oxides 106, 108 of the trenches. 

The sensor beams 112 connect to the islands at this uncovered side 111. This connection is the 

10 anchor portion of the~ such as described with reference to Fig. 1. 

15 

A preferred process for forming the islands 110 to which the _beams 112 arc connected is 

descnl>ed with reference to Figs. 3A - 3E. A preferred process for forming the beams 112 is 

descn'bed with mference to Figs. 4A - 4C. A prefem:d met.alization of a sensor/acmator according 

t.o the ptesent invention is descn'bed with reference to Figs SA and SB. 

Eormioe The Substrate Material Islands 

A preferred process for forming the substr.lte m.lterial ishmds 110 is described with 

reference to Figs. 3A-3F, which are cross-sectional views of the interface 100 along line 

2B-2B. In Fig. 3A, a p-type silicon wafer substrate 102 is covered with photoresist 302. 

(Although Fig. 3A shows a p-type silicon sub.stratc 102, a pe1·so11 slclllcd W. the ul n:adily 

20 understands that an n-type substrate could also be used.) The photoresist is removed from selected 

areas and the exposed portion of the substrate is heavily doped with boron at a dopant 

concemration of 1018 
- lft'' CDi'3 to crcaic a p+ + region. The p + + region may be used to reduce 

series resistance. Preferably, if the scnsor/actuat.m being fabricated is bemg used with CMOS 

devices on the same substrate, the doping may occur at the same time as the source and drain 
2S formation during the CMOS fabrication process. After the doping process. the photoresist is 

removed. 

Tbe substrate lO'l is then patterned using any suitable patterning ~ and etched using 

deep trench etching t.echnology to form deep trcmches 104. The manner in which the deep trenches 

are formed is conventional. The trenches 104 are preferably U-shaped, as seen in Fig. 1. The 
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bottom of the trench 104 is preferably undercut in the following manner. A protective layc:r, such 

as slllcon dioxide. lines tbc trench walls. An anisotropic etclling process using wet silicon etcbants 

such as tetra methyl ammonium hydroxide is performod to fonn a tubular undercut 306 of silicon 

at the bottom of the trench. The trench is preferably about l to 3 microns wide and 1.5 microns 

deep. The result of these processes is seen in Fig. 3B. 

Next, all protective layers are stripped from the top and sidewalls of the trench usma a 

silicon dioxide etchant such as HF. Then. thermal oxidation is performed. This results in a. 

tbcrma.1oxidelayer106 preferably between 0.5 and 1 micron wide. The thermal oxide layer 106 

lines the inner walls of the trenches and the top of the substrate 102. 'Ibis thermal oxide layer 106 

10 completely surrounds the silicon islands 110 on three sides and the bottom. The trench is then 

tilled with trench tilling oxide 108, such as TEOS (tetraethylorthosilicate} or BPSG 

(borophosphosillcate) applied usin1, for example, low pressure chemic:al vapor deposition 

(LPCVD). Part oftbe tubular portions 306 of the trenches 104 may remain unfilled by tbe tresd. 

filling oxide 108 to define an nnfiJJed tubular volume 109 in the trench 104. The result of these 

15 steps is seen in Fig. 3C. 

The trench filling oxide 108 on top of the substrate (if any) is removed and the thermal 

oxide 106 on the top of the substrat.c is patterned and etc.bed using, for example. wet ct.chin&, 

preferably leaving a layer of several thousand Angstroms (i.e., 2000 Angstroms). Alternatively, 

all of the thermal oxide may be etched off using, for example, a wet or dry etching or a chcmbl 

20 meclJanical polish. The result of these steps is seen in Fig. 3D. 

In addition, to further enhance isolation on the bottom of the islands, a wet or dry 

etchant may be used to open a contiguous hole, through the tubular undercuts 306 of FIG 

3B to form a contiguous hole 309. Thereafter, the trenches are filled with thermal oxide 

layer 106 and trench filling oxide 108, as described with reference to FIG 3C. This 

enhanced embodiment is shown in Fig. 3F. Once the thermal and trench filling oxides are 

formed, the islands are held rigidly in place, despite hole 309. The advantages of the 

relatively large hole 309 stem from the inherent isolation properties of air contained in hole 

309. 

At this point in the fabrication process, CMOS circuitry may be fabricated on other areas 

of the substrate using any suitable CMOS fabrication method. After the CMOS fabrication 

This Sheet Has Been Replaced 
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process. the scmor/llClllator beams may be formed. A mctalil:a.tion layer, preferably about 6000 

Angstroms thick, is deposited over desired portions of the structure using, for example, sputter 

deposition. The result of this step is seen in Fig. 3E(shown with unfilled tubular volumes 

109, although contiguous hole 309 may also be implemented, as described above). The 

completed silicon islands 110 are electrically isolated from the substrate material 102. 

Forming the Sensor/Actuator Beams 

A ptefcrrcd process for formin11 the sensor/actliator beams 112 is described with refercncc 

to F!Ks. 4A- 4C. which~ cross-sectional views of the interface 100 of Fig. 2A taken along line 

4-4. Fig. 4A shows photoresist 402 or other mask on the substrate surface. As seen in Fig. 4B, 

10 ming deep trench etching technology, deep trenches 404 are formed in the substrate 10'2 to def"me 

a number of silicon beams 112. These silicon beams 112 are connected to the silicon islands 110 

at the uncovered side 111 of the islands. 

As seen lo. Fig. 4C. lh: !H:miur beams 112 are complct.ely released ft'om the substrate using 

release etching techniques, such as those described in Shaw, et al. , "A Single: Mask Lateral 

lS Accelerometer", 7th Annual Conference on Solid-State Sensors and Actuators. The contents of 

this article are incorporated herein by reference. Because the sensor beams 112 da not contact the 

substrate 102, the beams 112 are electrically isolated from the substrate 102. 

Metalization 

Figs. SA and SB· illustrate preferred metalization patt.cmJ for a sensor/actuator according 

20 to tbe present Invention. Figs. SA and 5B are t.op views and show areas where a met.alization layer 

S02 (preferably aluminum) is located on the substrate in order to contact the silicon islands 110, 

which are electrically connected to the beams 112. Fig. SA also shows where a contact cut out 

and a via cut out are located. 

Preferably, the metalization steps descn"bed above arc performed prior to the 

se~or/acmator beam forming process. Thus, the beam forming process is the final process In 

which lithographic patterning may be needed. 
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In conclusion, a process for formina an IC sensor/actuator having complete elecaical 

isolation for the substrate and a low parasitic capacitance is described. The process i& compatible 

with CMOS processes and thua may be convenicmly fabricated with CMOS devices~ 1ldnc 

described embodiments of the Invention arc intended to be IDusttatlve only. Numerous alternative 

S embodiments may be devised by those skilled in the art without departing from fh£ spirit and scope 

of tbc following claims. 
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. We claim: 

1. A method for connccting beams of an integrated circuit sensor or actuator to a substrate, 

the method comprising the steps of: 

a. forming trcnc:hcs in a substrat.c~ the: trencbes substantially surrounding islands of 

substrate material and leaving one side of the island uncovered by tbe trench; 

b. lining the trenches with electrically insulating material; and 

c. forming semor beams in the substrar.e material such that the beams conmct the open 

portion of the islands and arc released. from the substtate. 

2. The method of claim 1, wherein the step of forming the sensor beams further includes 

using tc1ease etching to release the beams from the substrate. 

3. The method of claim 1, wherein the step of forming the trcDcbcs further comprises the step 

15 of: 

20 

2S 

a. etching deep trenches in the substrate; 

b. undercutting the trencbcs; and 

c. performing thermal oxidation on the undercut trenches to form an oxide layer on 

the walls· ind bottom of the trench. 

4. The method of cWm. 4, wherein the step of undercutthlg comprises the steps of: 

a. lining walls of the trenches with a protective layer; and 

b. performing an anisottopic etch on the trenches. 

s. The method of claim 1, wherein the step of forming the sensor beam fmtbet comprises the 

steps of: 

a. forming deep tl"eO•"hes ill tilt: $'ub$1dlc, UM= d=p ~ dc:!'ming 1CD&Ur beams 

coaracting the open portion of the islands; and 

b. using release etchiDg to n::lcasc the beams from the substrate. 
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6. Tho method ofclaim.1, t'1rtber compdslog forming a heavily doped region in the substrate 

prior to the step of forming the trcDchcs. 

7. The method of claim 6, wherein the step of forming the heavily doped region cccurs during 

S formation of a source region and a drain region of a CMOS device on the substtatc. 

10 
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8. The method of claim l, wherein the integrated sensor or actuator is integrated on. the 

substrate with a CMOS device. 

9. An inrearated circuit sensor or actuator, comprising: 

a. a substrate having a first conductivity type; 

b. at least one ticnch fonncd in tbc substrate and filled with an insulator substance, · 

the trench substantially surrouIJding an island, the islalld havina an exposed side; 

and 

c. a sensor or actuator beam conncc:t.ed to the exposed side of the island a:od released 

from the substrate. 

10. The integrated circuit sensot or actuator of claim 9, further comprising a heavily doped 

region of the first conductivity type formed in the substrate. 

11. The integrated circuit sensor or actuator of claim. 9, wherein tho trench further comprises 

a layer of thermal oxide lining walls of the trench. 

. 
U. The integrated circuit sensor or adJ1atnr of claim 9, wherein the trench t\J.rtber comprises 

an unfi11cd volume defined at a bottom of the trench. 

13. The integrated circuit sensor or actnator of claim 9, wherein the insulator subst:m:e is 

t.ctrac:thylorthosilicate. 

10 
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14. Tbc integrated circuit sensor or actUator of claim 9, wherein the lnsulator substance is 

borophosphosilicate. 

15. The integrated circuit sensor or actuator of claim 9, wherein each trench further 

comprises a tubular undercut, wherein each said tubular undercut being connected together, 

such that a contiguous hole is formed through each connected tubular undercut. 

16. The method of claim 1, wherein the step of forming the trer.chas further comprises 

the steps of: 

a. forming a tubular undercut at the bottom of said trenches; and 

b. forming a hole between each said tubular undercut to form an air gap under 

said trenches, said air gap acting as an insulator. 

17. A method for connecting beams of an integrated circuit sensor or actuator to a · 

substrate, the method comprising the steps of: 

a. forming trenches, having four sides, a top and a bottom, in a substrate, the 

trenches substantially surrounding islands of substrate material on three of 

said sides and on said bottom, thereby leaving one side of the island 

uncove~ed by the trench; 

b. lining the trenches with electrically insulating material; and 

c. forming sensor beams in the substrate material such that the beams contact 

the open portion of the islands and are released from the substrate. 
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