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Description

TECHNICAL FIELD

[0001] The present invention relates to a process for
the fabrication of integrated devices in small-thickness
semiconductor chips.

BACKGROUND ART

[0002] As is known, customary techniques of fabrica-
tion of semiconductor integrated devices (typically micro-
electromechanical circuits or devices) envisage provid-
ing a plurality of units identical to one another on the
same semiconductor wafer. At the end of the process,
the so-called "singling" or singulation is carried out, i.e.,
the wafer is divided into a plurality of portions (dice), each
of which contains a respective device. Hereinafter, the
portions obtained by cutting of a semiconductor wafer
will be indicated for reasons of simplicity by the term
"chips".
[0003] Normally, a saw is used to cut the wafer.
[0004] Prior to singling, the wafer is normally thinned
out, so as to reduce as much as possible the thickness
of the chips containing the finished devices. This opera-
tion enables various advantages to be achieved. In the
first place, thin chips have a lower thermal capacitance
and a higher thermal conductivity and hence enable a
better heat dispersion, which is particularly important
when the integrated devices in the chips dissipate high
power levels. Furthermore, minimizing the dimensions
of the chips in general enables a considerable reduction
in the overall dimensions of the devices after packaging
in the external protective structures, especially in the
case of devices with a number of stacked chips. In some
devices, moreover, the current can flow also between
the front and rear faces of the chip (vertical-current-flow
devices). In this case, the reduction of the thickness also
involves a reduction in the electrical resistance and lower
energy consumption.
[0005] Currently, semiconductor wafers are usually
thinned out mechanically by grinding. In this way, how-
ever, the thickness cannot be reduced beyond a certain
limit, because the wafer must in any case maintain a suf-
ficient mechanical resistance both during thinning-out
and in the final machining steps. In particular, the me-
chanical stresses in the grinding step and in the cutting
step can bring about microcracks in the wafer, and the
likelihood of damage is all the greater the smaller the
thickness achieved. In practice, the final thickness of the
wafer can hardly fall below 100 Pm without a reduction
in the yield of the process.
[0006] A method for releasing chips from a wafer with-
out dicing is described in Overstolz et al: "A clean wafer-
scale chip release process without dicing based on vapor
phase etching" MICRO ELECTRO MECHANICAL SYS-
TEMS, 2004. 17TH IEEE INTERNATIONAL CONFER-
ENCE ON. (MEMS) MAASTRICHT, NETHERLANDS

25-29 JAN. 2004, PISCATAWAY, NJ, USAS, IEEE, US
25 January 2004 (2004-01-25), pages 717-720,
XP010767991 ISBN: 0-7803-8265-X.
[0007] EP-A1-1 324 382 discloses a process for man-
ufacturing SOI wafers. Trenches are opened in a semi-
conductor wafer, thereby separating semiconductor wall
structures from one another. The trenches are closed by
growing an epitaxial layer, thus forming buried cavities,
and an annealing step is carried out. During the anneal-
ing, surface atoms tend to reach minimum energy con-
figuration and wall structures are thinned out. Finally, the
wall structures are completely oxidized.

DISCLOSURE OF INVENTION

[0008] The purpose of the present invention is to pro-
vide a process for the fabrication of integrated devices
which will be free from the drawbacks described above.
[0009] According to the present invention a process is
provided for the fabrication of integrated devices in small-
thickness semiconductor chips, as defined in Claim 1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] For a better understanding of the invention,
there are now described some embodiments, purely by
way of non-limiting example and with reference to the
attached drawings, in which:

- Figures 1-3 are cross-sectional views through a sem-
iconductor wafer of the successive steps of fabrica-
tion according to a first embodiment of the present
invention;

- Figure 4 is a top plan view of the semiconductor wafer
illustrated in Figure 3, in a subsequent machining
step;

- Figure 5 is a cross-sectional view of the wafer of
Figure 4, taken according to the line V-V of Figure 4;

- Figure 6 is a cross-sectional view of the wafer of
Figure 4, taken according to the line VI-VI of Figure 4;

- Figure 7 is the same view as that of Figure 5, in a
subsequent step of the process;

- Figure 8 is the same view as that of Figure 6, in a
subsequent step of the process;

- Figures 9 and 10 show the same view as that of
Figure 7 in subsequent machining steps;

- Figure 11 is a cross-sectional view of the wafer of
Figure 10, taken according to the line XI-XI of Figure
10;

- Figure 12 shows the same view as that of Figure 10,
in a subsequent machining step;

- Figure 13 is a side view of a chip obtained starting
from the wafer of Figure 12;

- Figures 14 and 15 are top plan views of a second
semiconductor wafer and a third semiconductor wa-
fer, in intermediate steps of fabrication of processes
according to a second embodiment and a third em-
bodiment, respectively, of the present invention; and
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- Figure 16-18 are cross-sectional views through a
semiconductor wafer in successive machining steps
according to a fourth embodiment of the process ac-
cording to the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0011] As illustrated in Figures 1-3, a semiconductor
wafer 1 comprising a substrate 2, for example made of
monocrystalline silicon, is subjected to initial steps of fab-
rication as described also in the European patent appli-
cation No. EP-A-1 324 382, filed in the name of the
present applicant.
[0012] In particular, (see Figure 1) after a first mask 3
has been formed, the wafer 1 is etched anisotropically,
and rectilinear deep trenches 4 are dug. The deep trench-
es 4 are adjacent and parallel to one another and extend
in a direction perpendicular to the plane of the drawing.
The first mask 3 is then removed, and an epitaxial layer
5 is grown, which closes the deep trenches 4 forming
buried cavities 4’, completely surrounded by silicon (Fig-
ure 2). During the epitaxial growth, the silicon is deposited
in part also inside the deep trenches 4, before they are
closed, and hence the buried cavities 4’ have a substan-
tially elliptical cross section, with the major axis perpen-
dicular to the surface 5a free from the epitaxial layer 5.
[0013] A thermal step of annealing is then carried out,
in which the cross section of the buried cavities 4’ is mod-
ified (Figure 3). In practice, when the wafer 1 is heated
in deoxidizing atmosphere, the surface silicon atoms that
surround the buried cavities 4’ migrate and tend to as-
sume a minimum-energy configuration, as explained in
the article "A New Substrate Engineering for the Forma-
tion of Empty Space in Silicon (ESS) Induced by Silicon
Surface Migration" by T. Sato, N. Aoki, I. Mizushima, and
Y. Tsunashima, IEDM 1999, pp. 517-520. For example,
if the wafer 1 is heated at 1150°C for 5 hours, the buried
cavities 4’ assume the shape of parallel buried channels
8, having a substantially circular cross section and sep-
arated from one another by silicon diaphragms 10. The
width of the diaphragms 10 is determined both by the
initial distance between immediately adjacent deep
trenches 3, and by the duration of the annealing step. At
the end of the annealing step, the channels 8 are overlaid
by a structural silicon layer 5’ having a thickness S that
is determined by the duration of the step of epitaxial
growth and by the duration of the annealing step. The
thickness S is preferably comprised between 1 Pm and
50 Pm and, still more preferably, between 10 Pm and 20
Pm. Furthermore, the structural layer 5’ is partially sus-
pended above the substrate 2 and is constrained to the
substrate 2 itself by means of the diaphragms 10, which
function as temporary anchorages.
[0014] As illustrated in Figures 4-6, first and second
service trenches 11, 12 are then dug, which have a depth
equal at least to the thickness S of the structural layer 5’
so as to reach the buried channels 8, and are preferably
slightly deeper. In practice, then, the channels 8 are ac-

cessible from the outside through at least some of the
service trenches 11, 12, when the latter are free. The first
service trenches 11 are parallel to the channels 8, where-
as the second service trenches 12 are substantially per-
pendicular thereto. Furthermore, the first and second
service trenches 11, 12 intersect one another forming a
grid and laterally delimit portions 13 of the structural layer
5’, which are then to be separated by the substrate 2 to
form respective semiconductor chips. In this step of the
process, the portions 13 are laterally isolated from one
another and are connected to the substrate 2 by means
of the diaphragms 10. Furthermore, the portions 13 are
partially suspended above the substrate 2.
[0015] Next, the wafer 1 is thermally oxidized for a first
controlled time interval, as illustrated in Figures 7 and 8.
In this step, the service trenches 11, 12 are filled, and
the walls of the channels 8 are coated with an oxide layer
15. Since the oxide layer 15 grows both towards the in-
side of the channels 8 and within the silicon, the duration
of the step of thermal oxidation, i.e., the first time interval,
is controlled in such a way that the diaphragms 10 are
completely oxidized, without however occluding the
channels 8.
[0016] After removing the oxide from the surface of the
wafer 1 (Figure 9), standard manufacturing steps are per-
formed to provide a respective device 16 in each of the
portions 13 of the structural layer 5’. In Figure 9, the de-
vices 16 have been schematically illustrated using elec-
trical symbols of active and passive components. In prac-
tice, the devices 16 can be of any type that may be inte-
grated in a semiconductor chip, such as for example mi-
cro-electromechanical circuits or structures. The corre-
sponding fabrication steps can be standard steps of fab-
rication of any type of semiconductor devices and may
comprise, for example, masking, implantation, diffusion,
etching, deposition and growth of layers, metallizations,
etc. After the devices 16 have been completed, the wafer
1 is protected with a second photoresist mask 17, which
leaves exposed only the first and second service trench-
es 11, 12, which are still filled with oxide.
[0017] The wafer 1 is then etched in a bath or in va-
pours of hydrofluoric acid HF for a second controlled time
interval. During this step, initially the first and second
trenches 11, 12 are freed from the oxide, which is selec-
tively removed, laterally isolating once again the portions
13 of the structural layer 5’. Then, also the buried chan-
nels 8 are made accessible from the outside through at
least the second service trenches 12. Consequently, the
hydrofluoric acid HF can reach and etch the oxide layer
(designated by 15’ in Figures 10 and 11 is a residual
oxide layer, which remains after etching). The service
trenches 11, 12 hence perform the dual function of de-
limiting laterally the portions 13 of the structural layer 5’
and of providing an access from the outside to the buried
channels 8 for etching of the oxide layer 15’.
[0018] The step of etching with hydrofluoric acid HF is
interrupted before the residual oxide layer 15’ is com-
pletely removed and, in particular, before the portions 13

3 4 



EP 1 745 505 B1

4

5

10

15

20

25

30

35

40

45

50

55

of the structural layer 5’ are separated from the substrate
2. In practice, in this step, the residual oxide layer 15’
functions as a temporary anchorage for the portions 13
of the structural layer 5’, but it is weakened with respect
to the silicon diaphragms 10.
[0019] After steps of testing of the devices 16, the por-
tions 13 of the structural layer 5’ are separated from the
substrate 2 by a mechanical action (Figure 12). More
precisely, in succession on each portion 13 of the struc-
tural layer 5’ a force F is applied, which is directed per-
pendicularly to the surface of the wafer 1 and is has a
sufficient intensity to overcome the mechanical resist-
ance of the residual oxide layer 15’. The residual oxide
layer 15’ fails where it is weaker, i.e., substantially along
a median plane of the buried channels 8 parallel to the
surface of the wafer 1. Preferably, together with the force
F, a torque T is applied, which facilitates failure of the
residual oxide layer 15’. The mechanical action neces-
sary for separating the portions 13 from the substrate 2
can be obtained conveniently using vacuum pipettes 18,
of the type commonly used for picking up the chips sin-
gled out after the operations of traditional cutting (pick-
and-place operation).
[0020] Chips 20 are thus obtained, each of which con-
tains a respective device 16, as illustrated in Figure 13.
The chips 20 have substantially the thickness S deter-
mined by the steps of epitaxial growth and of annealing
of the silicon. The chips 20 are finally packaged in pur-
posely provided protective structures equipped with con-
tact pins, according to conventional process steps (not
illustrated herein).
[0021] Advantageously, then, it is possible to obtain
chips of extremely contained thickness, even less than
10 Pm, without increasing appreciably the risks of micro-
cracks in the wafer during its fabrication. Instead, the
yield can be increased. In traditional processes, in fact,
the portions of the initial wafer which are then to form the
chips must be arranged at a distance apart from one an-
other by an amount sufficient to enable passage of the
cutting saw without any damage to the integrated devic-
es, in practice at least 60-100 Pm. According to the in-
vention, instead, the service trenches are sufficient to
guarantee lateral separation between the portions which
are then to form the chips and can have a width even of
just 1 Pm. The density is hence much greater, and it is
possible to increase the number of chips per wafer.
[0022] The present invention overcomes another lim-
itation of traditional processes, which are tied to rectilin-
ear cutting paths and consequently exclusively enable
square or, at the most, rectangular chips to be obtained.
According to the process described, instead, the shape
of the chips is defined by the service trenches, which can
extend in any pattern. Consequently, also the chips can
have any appropriate shape. For example, Figures 14
and 15 illustrate two alternative embodiments of the proc-
ess. In the embodiment of Figure 14, in a wafer 25 service
trenches 26 are dug, which delimit hexagonal chips 27.
Figure 15 shows, instead, a wafer 30, in which service

trenches 31 have been dug, which delimit C-shaped
chips 32.
[0023] According to a further embodiment of the inven-
tion, illustrated in Figures 16-18, in which parts that are
the same as the ones already illustrated are designated
by the same reference numbers, in a wafer 35 some ad-
jacent channels 8 are separated by diaphragms 36 hav-
ing a width greater than that of the diaphragms 10. During
the step of thermal oxidation (Figure 17), in which oxide
layers 37 are formed, the diaphragms 36 are thinned out,
but not completely oxidized, so as to form thin temporary
silicon anchorages 38. In the subsequent etching step
with hydrofluoric acid HF, which is performed after the
devices 16 have been made, the oxide layer 37 is re-
moved completely, and the portions 13 of the structural
layer 5’ remain constrained to the substrate 2 through
the temporary anchorages 38 (Figure 18). In the final
step of singling of the chips, the temporary anchorages
38 are broken by applying the force F and, possibly, the
torque T, as explained previously.
[0024] In this way, a smaller precision in the control of
the duration of the etching with hydrofluoric acid HF is
required.
[0025] It should be noted that the temporary-anchor-
age silicon structures may have any suitable shape so
as to present a controlled mechanical resistance (for ex-
ample, they could be pillars).

Claims

1. A process for the fabrication of integrated devices in
a semiconductor chip, comprising the step of:

- forming a silicon layer (5’) partially separated
from a semiconductor substrate (2) by buried
cavities (4’, 8) and constrained to said substrate
(2) by temporary anchorages (10, 15’; 38);
wherein said step of forming said silicon layer
(5’) comprises making a plurality of said buried
cavities (4’, 8), and said step of making a plurality
of said buried cavities (4’, 8) in turn comprises:
- opening a plurality of adjacent deep trenches
(4) within said substrate (2);
- growing an epitaxial silicon layer (5) thereby
closing said deep trenches (4) and forming bur-
ied cavities (4’); and
- carrying out an annealing step in a deoxidizing
atmosphere at a temperature causing silicon
surface atoms that surround the buried cavities
(4’) to migrate such that the silicon layer (5’) is
formed from the epitaxial layer (5) and from the
substrate (2) and such that said temporary an-
chorages (10, 15’ 38) are formed between im-
mediately adjacent deep trenches (4), the tem-
porary anchorages (10, 15’; 38) having a width
that is determined by the initial distance between
said immediately adjacent deep trenches (4),
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and by a the duration of the annealing step;
characterized by:
- dividing said silicon layer (5’) into a plurality of
portions (13; 27; 32) laterally separated from one
another; and
- removing said temporary anchorages (10, 15’;
38) in order to free said portions (13; 27; 32).

2. The process according to Claim 1, comprising oxi-
dizing at least partially said temporary anchorages
(10, 15’; 38) and chemically etching oxidized portions
(15) of said temporary anchorages (10, 15’; 38),
whereby said temporary anchorages (10, 15’; 38)
are weakened.

3. The process according to Claim 2, wherein said step
of etching comprises using hydrofluoric acid (HF)
and has a controlled duration.

4. The process according to any one of the foregoing
claims, wherein said step of removing comprises
breaking said temporary anchorages (10, 15’; 38) by
means of a mechanical action (F, T).

5. The process according to any one of the foregoing
claims, wherein said step of dividing comprises dig-
ging service trenches (11, 12; 26; 31) delimiting said
portions (13; 27; 32) and having a depth at least
equal to a thickness (S) of said silicon layer (5’).

6. The process according to Claim 5, wherein said bur-
ied cavities (4’, 8) are accessible from outside
through at least some of said service trenches (11,
12; 26; 31).

7. The process according to Claim 2, wherein said step
of oxidizing is interrupted before said buried cavities
(4’, 8) are obstructed.

Patentansprüche

1. Verfahren zum Herstellen von integrierten Vorrich-
tungen in einem Halbleiterchip, das folgenden
Schritt aufweist:

- Bilden einer Siliziumschicht (5’), die von einem
Halbleitersubstrat (2) durch vergrabene Hohl-
räume (4’, 8) teilweise getrennt ist und an dem
Substrat (2) durch temporäre Verankerungen
(10, 15’; 38) gehalten ist; wobei der Schritt des
Bildens der Siliziumschicht (5’) das Erzeugen
einer Vielzahl der vergrabenen Hohlräume (4’,
8) beinhaltet und der Schritt des Erzeugens ei-
ner Vielzahl der vergrabenen Hohlräume (4’, 8)
wiederum Folgendes beinhaltet:
- Öffnen einer Vielzahl von einander benachbar-
ten tiefen Gräben (4) in dem Substrat (2);

- Aufwachsen-lassen einer epitaktischen Silizi-
umschicht (5), um dadurch die tiefen Gräben
(4) zu schießen und vergrabene Hohlräume (4’)
zu bilden; und
- Ausführen eines Wärmebehandlungsschrittes
in einer desoxidierenden Atmosphäre bei einer
Temperatur, die die vergrabenen Hohlräume
(4’) umgebenden Silizium-Oberflächenatome
zum derartigen Migrieren veranlasst, dass die
Siliziumschicht (5’) aus der epitaktischen
Schicht (5) und aus dem Substrat (2) gebildet
wird und dass die temporären Verankerungen
(10, 15’; 38) zwischen einander unmittelbar be-
nachbarten tiefen Gräben (4) gebildet werden,
wobei die temporären Verankerungen (10, 15;
38) eine Breite aufweisen, die durch die anfäng-
liche Distanz zwischen den einander unmittel-
bar benachbarten tiefen Gräben (4) sowie durch
die Dauer des Wärmebehandlungsschritts be-
stimmt wird; gekennzeichnet durch
- Teilen der Siliziumschicht (5’) in eine Vielzahl
von Bereichen (13; 27; 32), die lateral vonein-
ander getrennt sind; und
- Entfernen der temporären Verankerungen (10,
15’; 38) zum Freigeben der Bereiche (13; 27;
32).

2. Verfahren nach Anspruch 1,
das das zumindest partielle Oxidieren der temporä-
ren Verankerungen (10, 15’; 38) sowie das chemi-
sche Ätzen der oxidierten Bereiche (15) der tempo-
rären Verankerungen (10, 15’; 38) beinhaltet, wo-
durch die temporären Verankerungen (10, 15’; 38)
geschwächt werden.

3. Verfahren nach Anspruch 2,
wobei der Schritt des Ätzens die Verwendung von
Fluorwasserstoffsäure (HF) beinhaltet und eine kon-
trollierte Dauer aufweist.

4. Verfahren nach einem der vorausgehenden Ansprü-
che,
wobei der Schritt des Entfernens das Brechen der
temporären Verankerungen (10, 15’; 38) mittels ei-
ner mechanischen Aktion (F, T) beinhaltet.

5. Verfahren nach einem der vorausgehenden Ansprü-
che,
wobei der Schritt des Teilens das Einbringen von
Service-Gräben (11, 12; 26; 31) beinhaltet, die die
Bereiche (13; 27; 32) abgrenzen und eine Tiefe auf-
weisen, die zumindest gleich einer Dicke (S) der Si-
liziumschicht (5’) ist.

6. Verfahren nach Anspruch 5,
wobei die vergrabenen Hohlräume (4’, 8) von außen
durch mindestens einige der Service-Gräben (11,
12; 26; 31) zugänglich sind.
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7. Verfahren nach Anspruch 2,
wobei der Schritt des Oxidierens unterbrochen wird,
bevor die vergrabenen Hohlräume (4’, 8) versperrt
sind.

Revendications

1. Processus de fabrication de dispositifs intégrés dans
une puce semi-conductrice, comprenant l’étape qui
consisté :

à former une couche de silicium (5’) partielle-
ment séparée d’un substrat semi-conducteur (2)
par des cavités enterrées (4’, 8) et rattachée
audit substrat (2) par des ancrages temporaires
(10, 15’ ; 38) ;
où ladite étape de formation de ladite couche de
silicium (5’) comprend la réalisation d’une plu-
ralité desdites cavités enterrées (4’, 8), et ladite
étape de réalisation d’une pluralité desdites ca-
vités enterrées (4’, 8), comprend à son tour :

l’ouverture d’une pluralité de tranchées pro-
fondes adjacentes (4) dans ledit substrat
(2) ;
le développement d’une couche de silicium
épitaxiale (5) fermant ainsi lesdites tran-
chées profondes (4) et formant des cavités
enterrées (4’) ; et
l’exécution d’une étape de recuit dans une
atmosphère désoxydante à une températu-
re amenant des atomes de surface de sili-
cium qui entourent les cavités enterrées (4’)
à migrer de sorte que la couche de silicium
(5’) soit formée à partir de la couche épi-
taxiale (5) et du substrat (2) et de sorte que
lesdits ancrages temporaires (10, 15’ ; 38)
soient formés entre des tranchées profon-
des immédiatement adjacentes (4), les an-
crages temporaires (10, 15’ ; 38) présentant
une largeur qui est déterminée par la dis-
tance initiale entre lesdites tranchées pro-
fondes immédiatement adjacentes (4), et
par la durée de l’étape de recuit ;
caractérisé par le fait :

de diviser ladite couche de silicium (5’) en une
pluralité de parties (13 ; 27 ; 32) latéralement
séparées les unes des autres ;
et
de retirer lesdits ancrages temporaires (10, 15’ ;
38) afin de libérer lesdites parties (13 ; 27 ; 32).

2. Processus selon la revendication 1, comprenant
d’oxyder au moins partiellement lesdits ancrages
temporaires (10, 15’ ; 38) et d’attaquer chimique-
ment les parties oxydées (15) desdits ancrages tem-

poraires (10, 15’ ; 38), moyennant quoi lesdits an-
crages temporaires (10, 15’ ; 38) sont affaiblis.

3. Processus selon la revendication 2, dans lequel la-
dite étape d’attaque comprend l’utilisation d’acide
fluorhydrique (HF) et sa durée est régulée.

4. Processus selon l’une quelconque des revendica-
tions précédentes, dans lequel ladite étape de retrait
comprend la rupture desdits ancrages temporaires
(10, 15’ ; 38) au moyen d’une action mécanique (F,
T).

5. Processus selon l’une quelconque des revendica-
tions précédentes, dans lequel ladite étape de divi-
sion comprend le creusage de tranchées de service
(11, 12 ; 26 ; 31) délimitant lesdites parties (13 ; 27;
32) et ayant une profondeur au moins égale à une
épaisseur (S) de ladite couche de silicium (5’).

6. Processus selon la revendication 5, dans lequel les-
dites cavités enterrées (4’, 8) sont accessibles de-
puis l’extérieur à travers au moins quelques unes
desdites tranchées de service (11, 12 ; 26 ; 31).

7. Processus selon la revendication 2, dans lequel la-
dite étape d’oxydation est interrompue avant que les-
dites cavités enterrées (4’, 8) ne soient obstruées.
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