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(57) ABSTRACT 

The method is based on the use of an etching mask com 

prising silicon carbide or titanium nitride for removing a 
sacri?cial region. In case of manufacture of integrated 
semiconductor material structures, the following steps are 
performed: forming a sacri?cial region of silicon oxide on a 
substrate of semiconductor material; groWing a pseudo 
epitaXial layer; forming electronic circuit components; 
depositing a masking layer comprising silicon carbide or 
titanium nitride; de?ning photolithographically the masking 
layer so as to form an etching mask containing the topog 
raphy of a microstructure to be formed; With the etching 
mask, forming trenches in the pseudo-epitaxial layer as far 
as the sacri?cial region so as to laterally de?ne the micro 
structure; and removing the sacri?cial region through the 
trenches. 
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METHOD FOR MANUFACTURING INTEGRATED 
STRUCTURES INCLUDING REMOVING A 

SACRIFICIAL REGION 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation-in-part of US. 
patent application No. 09/113,466, ?led on Jul. 10, 1998. 

TECHNICAL FIELD 

[0002] The present invention relates to a method for 
manufacturing integrated structures including removing a 
sacri?cial region. In particular, the method refers to the 
manufacture of integrated microstructures such as microsen 
sors, microactuators and special micromechanisms. 

BACKGROUND OF THE INVENTION 

[0003] Recently, methods for manufacturing microstruc 
tures have been proposed, Which are based on process and 
technology steps typical of the manufacture of integrated 
circuits and enabling a microintegrated structure and asso 
ciated control electronics to be integrated in a single chip. 

[0004] For example, EP-A-0 822 579 describes a method 
according to Which an embedded sacri?cial region of silicon 
oxide is formed above a substrate of monocrystalline silicon; 
a pseudo-epitaxial layer is then groWn, Which has, above the 
embedded sacri?cial layer, a polycrystalline structure and 
elseWhere a monocrystalline structure; the electronic com 
ponents of the circuitry are integrated in the monocrystalline 
structure portion of the pseudo-epitaxial layer; trenches are 
formed in the polycrystalline structure portion of the 
pseudo-epitaxial layer so as to de?ne the form of the desired 
microintegrated structure and, through the trenches them 
selves, the embedded sacri?cial region is etched so as to 
form a suspended mass Which can be used as a static, 
kinematic or dynamic microstructure. 

[0005] The operations of trenching and removing the 
embedded sacri?cial region require tWo etching processes: a 
?rst etching through a thick silicon layer (the pseudo 
epitaxial layer has typically a thickness of 8-9 pm) and a 
second etching using concentrated hydro?uoric acid. These 
operations are therefore someWhat complex, in particular the 
second Wet etching process With a very aggressive solution 
gives rise to problems as regards already exposed pad metal 
regions. In fact tests carried out using a single masking resist 
layer for de?ning the microstructure and protecting the pad 
metal regions have produced negative results, since the 
machine used for forming the trenches (MXT machine made 
by AMT) is not suf?ciently selective With respect to the 
resist layer. 

[0006] Also, in the case of using a double resist mask, a 
?rst one de?ned on the active area nitride With the design of 
the desired microstructures and a second one covering the 
entire device, including the pads, except for large WindoWs 
above the microstructures to be formed, has provided unsat 
isfactory results. 

[0007] The same problem arises When it is required to 
remove a sacri?cial layer or a region by an etching process 
Which is aggressive and/or has long duration. In fact, present 
resist masks are unable to suf?ciently Withstand etching 
operations Which have a duration of more than a feW minutes 
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and/or a high concentration (for example hydro?uoric acid 
With a concentration of up to 49%). 

SUMMARY OF THE INVENTION 

[0008] An object of the invention is therefore to provide a 
method so as to alloW complete removal of sacri?cial 
regions even When long durations and/or high concentra 
tions of very aggressive solutions are required. 

[0009] According to the present invention, there is pro 
vided a method for manufacturing integrated structures. In 
one embodiment of the invention, the method comprises 
forming a Wafer including a semiconductor material sub 
strate and a sacri?cial region; forming, above the Wafer, an 
etching mask including a material chosen from the group 
including silicon carbide and titanium nitride; and removing 
the sacri?cial regions using said etching mask. 

[0010] Hereinafter, a method for manufacturing an inte 
grated structure including a suspended mass formed in a 
region of polycrystalline silicon groWn epitaxially Will be 
described by Way of a non-limiting example. HoWever, as 
discussed beloW, the invention is not limited to the described 
example and extends in general to the use of an etching mask 
including a material chosen from the group including silicon 
carbide and titanium nitride for protecting regions of semi 
conductor material, metal and other materials used in the 
microelectronics industry during etching for the removal of 
sacri?cial regions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIGS. 1-5 shoW cross-sections through a Wafer of 
semiconductor material during different steps of the knoWn 
method. 

[0012] FIGS. 6-10 shoW cross-sections similar to those of 
FIGS. 1-5, during different steps of the method according to 
the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0013] The method described here comprises initial steps 
Which are similar to those of the knoWn method summariZed 
above and described rapidly here With reference to FIGS. 
1-5 in Which different layers and regions are not shoWn to 
scale. 

[0014] Initially, a silicon oxide layer 2 is formed above a 
substrate 1 of monocrystalline silicon; a silicon nitride layer 
3 is deposited above the silicon oxide layer 2 and a photo 
technical step and a step of etching nitride in the Zone Where 
the desired microstructure is to be formed are carried out. 
The intermediate structure according to FIG. 1 is thus 
obtained. Subsequently, a step of local oxidation, masked by 
silicon nitride layer 3 is performed, Which results in forming 
a sacri?cial region 6 of silicon oxide having a thickness, for 
example, of 2 pm (FIG. 2). 

[0015] Then the silicon nitride layer 3 is removed and a 
polycrystalline silicon layer With a thickness, for example, 
of 4500 A is deposited; by a phototechnical and chemical 
etching step, the polysilicon layer, except for the Zone above 
the sacri?cial region 6, and the silicon oxide layer 2 above 
substrate 1, are removed. The remaining portion of the 
polycrystalline silicon layer, denoted at 7 in FIG. 3, there 
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fore forms the seed for a next epitaxial growth step. If 
envisaged by the process, steps of implanting doping species 
for forming embedded structures and/or junction isolating 
regions using top/bottom technique are performed in a 
manner knoWn per se and not shoWn. 

[0016] Then an epitaxial groWth is performed, forming a 
pseudo-epitaxial layer 8 having a thickness of 8 pm for 
example, including a polycrystalline region 8‘ above the 
sacri?cial region 6 and a monocrystalline region 8“ else 
Where. A Wafer indicated at 9 in FIG. 4 is thus obtained. 
Then, standard process steps for forming electronic compo 
nents, including forming conducting and isolating regions 
inside monocrystalline region 8“ as Well as conductive, 
connecting and isolating regions above Wafer 9, are per 
formed. For example, in accordance With FIG. 5, pockets 
10, 11 forming part of a MOS transistor 12 and a bipolar 
transistor 13 shoWn schematically are formed in monocrys 
talline region 8“. 

[0017] A ?rst dielectric layer 15 (for example BPSG— 
Boron Phosphorous Silicon Glass) is deposited; metal areas 
are formed and contact pads are de?ned, one Whereof being 
visible in FIG. 5, at 18; a second dielectric layer 16 (for 
example PSG—Phosphorous Silicon Glass) and then a pas 
sivating layer 17 (for example, oxynitride) are deposited; 
then, by a special phototechnical and chemical etching step, 
portions of second dielectric layer 16 and of passivating 
layer 17 are removed from region of pad 18 (as can be seen 
on the left in FIG. 5) as Well as in the Zone above a 
microstructure to be formed (above polycrystalline region 
8‘). First dielectric layer 15 is deliberately left above poly 
crystalline region 8‘ in order to protect a Zone Where the 
microstructure must be formed, obtaining the structure 
according to FIG. 5 Which is then subjected to electrical 
tests envisaged for Wafers. 

[0018] After the initial steps described above have been 
performed, folloWing process steps, as shoWn in FIGS. 6-10, 
according to the present invention are carried out. A barrier 
layer 20, for example oxide obtained from TEOS (tetraethy 
lothorsilicate) With a thickness of 1000 A, is deposited; by 
a phototechnical and chemical etching step, barrier layer 20 
is then removed so as to form a WindoW 20a in a Zone Where 
the microstructure Will be formed; simultaneously also the 
exposed portions of ?rst dielectric layer 15 are removed, 
providing the intermediate structure according to FIG. 6. 

[0019] Then, initially a ?rst masking layer 21, comprising 
silicon carbide, With a thickness for example of 7500 A, 
folloWed by a second masking layer 22, preferably com 
prising oxide obtained from TEOS, With a thickness for 
example of 4000 A, are deposited, as shoWn in FIG. 7. A 
phototechnical step for de?ning the microstructure is then 
performed using a resist mask; thus, parts of the ?rst and 
second masking layers 21 and 22 corresponding to a desired 
lithographic form for the microstructure are then removed. 
Masking layers 22 and 21 therefore form a hard mask 23. 
Then, using hard mask 23 just obtained, the silicon of 
polycrystalline region 8‘ is chemically etched in order to 
form trenches laterally de?ning the desired microstructure. 
The chemical etching step is interrupted automatically on 
silicon oxide sacri?cial region 6. At the end of the etching 
step, the structure according to FIG. 8, in Which the trenches 
in the polycrystalline region 8‘ are indicated by 25, is thus 
obtained. 
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[0020] AfterWards, silicon oxide forming sacri?cial region 
6 is removed by etching With concentrated hydro?uoric acid; 
during this step, the oxide forming second masking layer 22 
is also removed. The structure according to FIG. 9 is thus 
obtained, Wherein, instead of sacri?cial region 6, there is 
noW an air gap 26 de?ning at the bottom the suspended mass 
(indicated by 27) of the microstructure. 

[0021] First masking layer 21 is then removed by exposing 
to a sulfur hexa?uoride solution (SF6) Which removes sili 
con carbide from the surface of polycrystalline region 8‘ and 
barrier layer 20; during this step, barrier layer 20 protects 
silicon nitride passivating layer 17 Which Would be etched 
by the silicon carbide etching mixture. Finally, barrier layer 
20 is removed, providing the ?nal structure according to 
FIG. 10. 

[0022] In the described method, barrier layer 20, as 
shoWn, has the function of providing an end point of silicon 
carbide removal etching, but must also be removed before 
hand from the Zone Where the microstructure is to be 
formed, so as to avoid in?ltration of hydro?uoric acid at the 
interface betWeen polycrystalline region 8‘ and ?rst silicon 
carbide masking layer 21 during removal of sacri?cial 
region 6; consequently, the mask used for removing barrier 
layer 20 (and ?rst dielectric layer 15, FIG. 6) must de?ne a 
WindoW 20a With such dimensions as to expose the micro 
structure Zone, but covering passivating layer 17 on all sides. 

[0023] Second masking layer 22 has the function of alloW 
ing correct formation of trenches 25, even When the etched 
area (not covered by hard mask 23) represents a signi?cant 
portion of the total area of the Wafer (more than about 5%) 
or there are Zones With a high concentration of exposed area; 
in fact, under these conditions, in the absence of second 
masking layer 22, there could be problems of etched mate 
rial redeposition. Second masking layer 22 therefore ensures 
good trench etching, Without complicating the process steps 
or creating problems of removal, since, as explained above, 
it is removed completely by hydro?uoric acid during etching 
of sacri?cial region 6. HoWever, if the abovementioned area 
conditions do not occur or if etching technique ensures 
trench correct etching irrespective of the existing topogra 
phy, it is possible to dispense With second masking layer 22 
and perform both etching of the trenches and etching for 
removing the sacri?cial region using silicon carbide layer 
alone. 

[0024] The use of silicon carbide for protecting the Wafer 
functionally important exposed regions (pad metal regions) 
during the steps of forming the trenches and removing the 
sacri?cial region alloWs aggressive chemical etching solu 
tions, such as hydro?uoric acid, to be used. It also ensures 
excellent etching pro?les and avoids damage to important 
parts of the integrated devices, despite the need to remove 
the material (silicon oxide) to a depth and in quantities 
Which are unusual for the electronics industry. 

[0025] In particular, the silicon carbide mask is able to 
ensure excellent protection of the underlying layers and 
regions also in the case of etching using hydro?uoric acid for 
a duration of up to 1 hour at a concentration of up to 49%. 

[0026] Basically, it has been shoWn that use of silicon 
carbide alloWs requirements of micromachining, to be com 
bined With those of microelectronics, achieving excellent 
results. 
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[0027] In the method described above, the thickness of 
silicon carbide layer 21 depends essentially on evenness of 
the Wafer prior to deposition of the silicon carbide layer 

itself. In particular, the above-mentioned thickness (7500 reliably prevents in?ltration of hydro?uoric acid in Weak 

points of the silicon carbide layer itself When discontinuities 
are present, and may therefore be reduced signi?cantly in 
case of Wafers With an even surface. 

[0028] Furthermore, the applicant has experimentally 
veri?ed that under particular conditions problems may arise 
during the removal of the ?rst making layer 21 of silicon 
carbide due to the fact that in such particular conditions the 
sulfur hexa?uoride solution (SP6) used for carrying out the 
removal may be not suf?ciently selective With respect to the 
polycrystalline region 8‘ underlying the ?rst making layer 
21, Where the microstructure is basically formed. 

[0029] The applicant has therefore found out that under 
these particular conditions a protective layer Which over 
comes the above-mentioned problems and, at the same time, 
has the same merits as the silicon carbide With regards to the 
protection of the underlying layers and to the etching 
pro?les Which can be obtained, is a titanium nitride layer 
(TiN), Which may be deposited by sputtering in mixed 
atmosphere (Ar/N2), etched in a Wet bench With a mixture of 
NH4OH:H2O2:H2O (1:5:5) for forming the hard mask 23, 
and removed by a dry etching after the release of the 
microstructure. 

[0030] Finally it is obvious that numerous modi?cations 
and variations may be made to the method described and 
illustrated herein, all of Which falling Within the scope of the 
invention, as de?ned in the accompanying claims. In par 
ticular, the use of silicon carbide or titanium nitride as a 
mask for etching a sacri?cial region With a very aggressive 
acid is also applicable to processes other than that described 
above; for example, the invention is applicable to processes 
using SOI substrates, in Which the silicon oxide layer 
comprised betWeen the tWo Wafers of monocrystalline sili 
con forms (partly) the sacri?cial region (see, for example, 
EP-A-0 822 398) or the sacri?cial region is made using 
different techniques, for example is formed by deposited 
oxide or by oxide regions formed in special recesses of the 
substrate. The present method is also applicable to sus 
pended structures formed by polycrystalline silicon depos 
ited above sacri?cial oxide regions in turn formed above the 
substrate, at the end of the process for forming circuitry 
electronic components; or else When the sacri?cial region is 
obtained by oxidating porous silicon. The silicon carbide 
mask can be used also for removing embedded regions of 
material different from silicon oxide and in case of an 
etching agent other than hydro?uoric acid, for example in 
case of suspended structures of metal material, in Which the 
sacri?cial region comprises polymer material Which is 
removed by an alkaline agent, such as oxygen plasma. 

1. A method for manufacturing integrated structures, 
comprising the steps of: 

forming a Wafer including at least a semiconductor mate 
rial substrate and a sacri?cial region; 

forming a semiconductor layer on the sacri?cial region; 

forming a barrier layer on the semiconductor layer and 
over portions of the Wafer lateral of the sacri?cial 
region; 
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forming an opening in the barrier layer over the semicon 
ductor layer to expose an area of the semiconductor 
layer directly above the sacri?cial region and leave 
barrier portions of the barrier layer laterally of the 
opening; 

forming an etching mask on the semiconductor layer 
through the opening and on the barrier regions; 

forming a hole through the etching mask and semicon 
ductor layer; and 

removing said sacri?cial region through the hole While 
using said etching mask to protect the semiconductor 
layer, Wherein said etching mask comprises silicon 
carbide or titanium nitride. 

2. The method according to claim 1 Wherein said sacri 
?cial region comprises silicon oxide. 

3. The method according to claim 1 Wherein said step of 
removing said sacri?cial region is performed by chemical 
etching With hydro?uoric acid. 

4. The method according to claim 1 Wherein: 

said etching mask contains a topography of a microstruc 
ture to be formed in the semiconductor layer; 

using said etching mask, trenches are formed in said 
semiconductor layer so as to laterally de?ne said micro 
structure, said trenches extending as far as said sacri 
?cial region and including the hole; and 

said sacri?cial region is removed through said trenches. 
5. The method according to claim 1 Wherein said barrier 

layer comprises silicon oxide deposited from TEOS. 
6. The method according to claim 1 Wherein said step of 

forming the etching mask comprises a step of forming a ?rst 
masking layer of silicon carbide or titanium nitride, and 
de?ning photolithographically said ?rst masking layer. 

7. The method according to claim 6 Wherein, after said 
step of forming a ?rst masking layer and prior to said step 
of de?ning photolithographically, a step of forming a second 
masking layer on the ?rst masking layer is performed and 
said step of photolithographically de?ning also comprises a 
step of selectively removing a portion of said second mask 
ing layer so that the hole extends through the semiconductor 
layer, ?rst masking layer, and second masking layer, Wherein 
the second masking layer is removed simultaneously With 
the sacri?cial region. 

8. The method according to claim 7 Wherein said second 
masking layer comprises silicon oxide. 

9. The method according to claim 8 Wherein said silicon 
oxide is deposited from TEOS. 

10. The method according to claim 1 Wherein said step of 
forming a Wafer comprises: 

forming an oxide region on said substrate, said oxide 
region being the sacri?cial region; and the step of 
forming the semiconductor layer includes: 

groWing epitaxially said semiconductor layer. 
11. The method according to claim 1 Wherein, prior to said 

step of forming an etching mask, the folloWing steps are 
performed: 

creating integrated electronic components in said semi 
conductor layer; 

forming a contact pad of electrically conducting material 
above said Wafer; 
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forming a passivating layer above said Wafer; and 

creating an opening in said passivating layer above said 
contact pad. 

12. Amethod for manufacturing an integrated microstruc 
ture device having a semiconductor material substrate, com 
prising following steps: 

forming a sacri?cial region on the semiconductor material 
substrate; 

forming a semiconductor material layer, the sacri?cial 
region being positioned betWeen the substrate and the 
semiconductor material layer; 

forming an etching mask over the sacri?cial region and 
the semiconductor material layer, said etching mask 
comprising silicon carbide or titanium nitride; and 

removing the sacri?cial region, Wherein the step of form 
ing the etching mask comprises: 

forming a ?rst masking layer, the ?rst masking layer 
including silicon carbide or titanium nitride; 

forming a second masking layer over the ?rst masking 
layer; 

photolithographically de?ning the ?rst and second mask 
ing layers; and 

removing parts of the ?rst and second masking layer 
being photolithographically de?ned. 
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13. The method of claim 12, further comprising: 

forming trenches in the semiconductor material layer to 
laterally de?ne the microstructure, the trenches eXtend 
ing as far as the sacri?cial region; and 

removing the sacri?cial region through the trenches to 
form a suspended region of the semiconductor material 
layer. 

14. The method of claim 12 Wherein, prior to the step of 
forming the ?rst masking layer, the method further com 
prises: 

forming a barrier layer over the semiconductor material 
layer; and 

selectively removing the barrier layer to form a barrier 
region and an opening region for hosing the micro 
structure of the device. 

15. The method of claim 14 Wherein the step of forming 
the barrier layer comprises: 

forming a ?rst dielectric layer of BPSG or PSG; 

forming a passivating layer of oXynitride over the ?rst 
dielectric layer; and 

forming a second dielectric layer of TEOS. 
16. The method of claim 12 Wherein the step of forming 

the barrier layer includes forming the barrier layer in the 
opening above the contact pad such that the barrier layer 
contacts the contact pad. 

* * * * * 


