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Fabrication o Utra Deep Hectrical Isolation Trenches with
High Aspect Ratio Using DRIE and Didectric Refill
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Abdract : A rnovel technique to fabricate ultra deep high agpect ratio dectricd ilation trencheswith DRIE and didectric reill is
presented. The reaionship between trench prdfile and DRIE parameters is discussed. By optimiziing DRIE parameters and RIE
etching the trenches opening ,the ided trench prdfile is obtained to ensure that the trenches are fully refilled without voids. The
dectricd ilation trenches are B mwide and 921 m deep with 0. 3 m thick oxide layers on the sdewdl asislation materid . The
measured [-V result shows thet the trench gructure has good eectricd il ation peformance :the average res gance in the range of
0 100V is nore than 10"Q and o breakdown appears under 100V. Thisislation trench gructure has been used in fabrication of
the buk integrated micromachined gyroscope which shows high performance.
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1 Introduction

Micro-electro-mechanica sysems(MBVS) techrolo-
qy has received increasng attention in recent years®?!.
Gonpared with conventiona devices ,MBMS devices have
an advantage of dze ,weight ,004 ,and power consunp-
tion. However ,the performance of present MBMS sensors
(such as MBS gyrosoopes) ,eecidly the accuragy ,is
mot as good as that of conventiona sensors. Integrating IC
and MBEMS devices into one chip can increase the preci-
son and the rdiability of MBEMS sengors. Both surface mi-
crogructures and bulk microgtructures can be integrated
with circuits. Quiface integrated micromachined gyrosoopes
with on-chip read-out circuits have been reported[3’4] ,but

Article ID : 0253-4177(2005) 01-0016-06

they have small proof mass ,which induces too weak output
sgnd ,and they may sufer from thinfilm resdua dress
and sxcrificia layer release problems. These drawbacks
comnon in suface MBMS sensors limit their applications.
In view of the foregoing ,there is a need to fabricate the
integrated bulk microgructures, which have large proof
mass (the thicknessisdf the order of 20 10Q4 m) . How-
ever ,integrating microelectronic circuits and bulk MBS
gructures on a snge chip is difficult in fabrication. In
particular ,the mog difficult is how to redlize the eectrica
i olaion between mechanicdly interconnected units. Sme
dfortsto insulate a noveable microgructure from a fixed
gructure have been reported!® . However ,ultrar deep iDlar
tion trenches (over 5 m) have not been fabricated.

In present work ,deep trench etching ,thermal oxida
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tion ,and polyslicon refilling techrology are used to fabri-
cate ultrardeep (over 8 m) high agoect ratio iolation
trenches. The process to fabricate ilation dructures
mainly condgsd the folloning two geps:firdly ,use deep
reactive ion etching (DRIE) techrology to create deep
and narrow slicon trenches whose ddewall prdfile is sit-
able to refill polydlicon without wvoids. Secondly ,a thermal
oxide is grown on the trench sdewadl surface as an iola
tion layer and then a LPCVD undoped polyslicon is de-
posted to refill the trenches.

2 FRabrication

The darting materids are 100 noderately doped
rrtype ,100mm. snge crysd dlicon wefers. The fabricar
tion process combines DRIE, therma oxidation, and
polyslicon rill. Frdly ,% mwide and 921 m deep dlicon
trenches are etched by DRIE techrnology. Snce the trench
esare very deep (over 8 m) ,the thick photoresd is
used as a mask (nmore than 21 m) . In order to acquire de-
dred ilation trenches without woids in the coming reill
process ,the trench prdfile mug be controlled carefully by
selecting optima DRIE process parameters ,which will be
discussed in the section 3. Secondly ,a 0. §1 m thick ther-
mal oxide layer isformed on both the surface of wafer and
the ddewadl of trenches,which acts as an islation layer
between the polyslioon and the subdgrate. After oxide
gronth,a corformal LPCVD undoped polyslicon is de
posted to refill the trenches. The thickness of the polysli-
oon depends on the width of the trenches (nore than half
o the trench width) . Then reactive ion etching (RIE) is
used to etch the photoress and the polyslicon to redize
the planarity of surface dter the wefer is coated with pho-
toress. Fndly,a 1. M m thick therma oxide layer is
formed on the suface of subdrate to cover the undoped
polyslicon bars.

3 Resultsand discussion

This work is performed with a surface techrology
sysems(STS) multiplex ICP as the DRIE equipment. This
etiching sygsem uses the high agect ratio S etching
(HARSE) process, ensuring the achievement of features
with high vertica agect ratio ,anisotropic profiles ,high S
etched rates, and gpod dimensiona precisont®’). This
DRIE technique is a patented process developed by
Robert Bosch GnbH ,called the Bosch process. Unlike the
previous smultaneous Sdewdl passvation technique ,the
Bosch process uses an dternation between separated etchr
ing and passivation (polymerization) to achieve its techni-
ca targets.

In order to obtain dedred ilation gructures without
woids in bulk fabrication ,the dliocon trenches etching is
the nog important gep. The Sdewdl prdfile should be
controlled carefully to make sure that the trenches are re-
filled well without voids. Therefore we select carefully op-
erating conditionsof DRIE to fabricate ided profile of dli-
oon trenches. The depth of dlicon trenches dependson the
demands of MBEMS device gructures.

Acoording to the processin section 2 ,the trench pro-
file has to be controlled carefully with DRIE. Therefore ,
numerous experiments have been carried out to fabricate
the dlioon trenches with satiSactory profile. As we know ,
many variables can tailor trench prdfile in the ICP sysem
o STS,such as Sk flow rate, etching active time, etch
overlgp , electrode power during etching , C4Fs flow rate ,
passvation active time, dectrode power during passver
tion ,and APC orientation®®!. In our work , experiments
have been carried out to invedigate the reationship be
tween the trench prdfiles and the duration of the active
etching cycle. The experiments show that by changing the
passvatiory etching time corfiguration in one cycle,the
profile of the trenches can be adjuged.

Fgure 1 shows the experimental reaults of trenches
by etching geps with different pasdvation/ etching time
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corfigurations in the same experiment. The 79 7s,79 9s
and 79 5s pasdvaion/ etching time oorfigurations are
used sequentialy , each for 5min. The prdfiles of the
trenchesfirg maintain vertical as shownin Fig. 1(a) ,then

Fg. 1
deps with dfferent pasdvation/ etching time corfigurations in

Bperimenta result of trenches usng three etching

the same exeriment The 79 7s,79 9s,and 79 5s pasdva
tion/ etching time corfigurations are used sequentialy ,each for

5min.

become wider (Fig. 1(b)) ,at las become narrower (Fig. 1
(c)) . The prcfile differences can be explained by Fig. 2.

Aswe know ,the time multiplexed deep etching (TMDE)

technique utilizes an etching cycle floning S and then
anitches to a ddewall passvation cycle uing GFs. In the
TMDE process ,an inhibiting filmisfira depogted on both
the suface of ddewall and the bottom of the trenches ,as
shown in Fg. 2(a) . During the subsequent etching cycle,
the passvation film is conpletely renpoved from the bottom
o the trenches due to the ion bombardment ,while the
etching of the ddewdls are prevented. After many such
cycles ,aniotropic etching can be redized. Thus the bal-
ance between etching and inhibiting the sdewal is the
key mechanian of the different trench profiles we ob-
tained. For exanple ,in Fg.2(b) ,as son as the sdewal
i's etched right to the postion where the sdewal has been
etched in the previous cycle ,the process saitches to the
Sdewadl passvation cycle immediatdy. If the process is

oontrolled carefully ,we can fabricate idea vertica trench
profiles (Fig.1(a)) . ff the Sdewall is etched nore than
the previous sdewdl etched (Fg. 2(c)) ,the reentrant
dope trenches (Fig. 1(b)) will be created. Furthermore,
if the ddewdl is etched less than the previousone (Fg. 2
(d)) ,the V-shape profile (Fig. 1(c)) will be crested.
The pasdvation/ etching time oorfiguration in one cycle
can reflect the balance between etching and inhibiting the
sdewal . Therefore \we can tailor the trench prdfile by ad
jugting pasdvation/ etching time corfiguration.
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FHg.2 <Shemesilludrating the trenches profile results

Fgure 3 dows the SBM microgrgph of deep trenches
with two different widths (34 m and 5Q m) &ter DRIE. It
iswel krnown that DRIE techrology has a lag efect (-
caled microloading efect) ,namely the depth is sraler
for a narrower trench than for a wider trench!™ . In our
experiment ,the width of the trench is 1 m and 50 m ,the
depth of the trench is 98I m and 126 m,respectivey. In
order to acquire satifying trench prdfile ,the etching pro-
cessis divided into two geps. Frdly ,a4 3 m,about
8Q m deep trench isformed with 79 6s pasdvation/ etchr
ing time corfigurations for 1h. However we find that the
bottom of the trench is too narrow which is not suitable for
ilaion. S in the second gep ,the active etching time is
increased from 6s to 10s in order to widen the bottom of
the trench. Urfortunately ,as shown in Fg. 3 ,both the bot-
tom and the middle of the narrow trenches are enlarged.
However ,the results of the wider trenches nearby are dif-
ferent : the bottoms of trenches are widened obvioudy as
regect ,but the midde of the trenches do not change in
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the whole. The difference of the trench prdfiles in the
trenches with different widths can be explained as follow
ing:in the case of wider trench,the etching ions can
trangort eadly to the hottom of trenches even if the
trench is very degp. On the other hand ,in the case of nar-
row trenches (less than 1 m) ,the etching ion cannot
reach the bottom freely and the etching byproducts in the
trench bottom canmot be renoved quickly because the
trench istoo narrow. As a result ,the etching ions accumur
late a the middle of trench and enlarge the trench mid
de. In concluson,in the shdlow trench Stuation (less
than about 4 m) ,the profilesof narrow and wide trench-
es are dmilar because the etch ions can reach the trench
bottom fredly to react with the dlioon at the bottom. Oppo-
dtely,in the degp trench dtuation (nore than about
4 m) the results are different. In the narrow trench ,the
react ions and the etching byproducts canrot trangport
freely in the trench , the prdfile is devagated \while the
prdfile of wide trench isthe same as the prdfile of shalow
dtuation due to the react ions can reach the trench bottom

eadly.

Fg.3 SBEM microgrgoh of deep trenches of different widths
(¢ mand 5¢ m) dter DRIE The trench depths with widths
o Fm and 50 m are about 98I m and 1261 m ,reectively.

Fgure 4 shows the etching results obtained &ter op-
timization of the above operating conditions for etching

narrow deep trenches. The trenches are $I m wide and
921 m deep. However ,the profile in Hg. 4 is not suitable
to reill didectric fully because the entrance of the trenchr
esis narrower than the midde of trench. To ensure the

Fg.4 SBM microgrgph of the etching results obtained ater
optimization o the operating conditionsfor etching narrow deep
trenches  The trenches are I mwide and 92/ m deep.

trench be refill without woids,an additiona RIE etching
process is adopted &ter DRIE in order to enlarge the enr
trance of the trenches. Fgure 5 shows the iglation trench
dructures dter RIE thermal oxidation ,and polyslicon re-
fill. The entrance of the trenches is enlarged from 3. I m
to 1 m dter RIE. No wid is found , 9 the gdructure is
good ermough to be used for mechanica connection and
eectrica ilation.

Fg.5 SBM microgrgph of the isolation trench gructures eter
RIE ,thermal oxidation ,and polyslicon refill
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With HP4156b ,we measure the |-V curve o the
eectrica ilation trench sructures dter backsde TMAH
silicon etching to expose the bottoms of ilation trenches.
The curve of current versus gpplied voltage in the range of
0 100V is down in Hg. 6. The average resgance is
nore than 10"Q and no breakdown appears up to 100V .
S the result indicates that the sructure has good dectri-
ca ilation performance.

] A L
40 i) 80 100
A

Hg.6 |-V curve o the dectricd ilation trench gructures
gter backdde TMAH dlicon etching to expose the bottoms of
ilation trenches

This iglation trench gructure has been used in the
fabrication of integrated bulk micromachined gyrosopes,
which has shown high performance. Fgure 7 is the SEM
front close-up view of the integrated bulk gyrosoope with
deep iolation trenches. In thisfigure the diodes (upper)
and the sendng combs (lower) are dectricaly ilated by
the islation trenches (midde) to redize the nonolithic
integration of MBEMSwith dgna processng e ectronics.

4 Conclusion

With trench etch and polyslicon refill techmology \we
have developed a novd isolation techrology on bulk mi-
cromachining. With this techrology , ultra degp (over
8Q m) high aspect ratio electricd islation gructures are
fabricated. The ilation gructures can be used to rot only
mechanically connect ,but d dectricdly ilate ,MBEMS
gructure region ,and IC regon in the integrated bulk gli-
oon MBMS senors. The result indicates the sructure has

Hg.7 SBM front view microgrgohs o the gyrosoope gructure
dter DRIE rdease The comb sze: about 4lm width,4I'm
gap ,and 10 m thickness.

good i vlation performance.
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