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Description

[0001] The present invention relates to means and
methods for providing vias for starting substrate wafers
for semiconductor engineering, where the contact resist-
ance in the interface between metal contact pads and
the wafer vias will be reduced.

Background of the Invention

[0002] Applicants own Swedish patent SE-0300784-6
(publication number 526 366) discloses and claims
through connections (also referred to as vias) made in a
wafer material from the native wafer itself. The vias there-
by comprise the same material as the remainder of the
wafer and will thus be capable of being processed in a
more versatile manner, as described in detail in the above
patent. However, for certain applications the resistivity
that is attainable in these prior art vias may be too low,
and it would be desirable to provide vias with very low
resistivity.
It is known to provide vias made of metal, but the con-
ventional methods used (sputtering, plating, or evapora-
tion methods) are all suffering from the problem that it is
difficult to fill very small holes with them. Metal vias only
allows via last processes (e.g. CMOS structures must be
made before via formation).
[0003] US3787252 discloses a method of forming
through connections formed of highly doped semicon-
ductor material. This method includes filling p+ doped
polysilicon into trenches etched into a wafer.
[0004] US2002/0074615 discloses methods of form-
ing through-substrate vias made of conductive substrate
material by forming delineating trenches surrounding
doped substrate material and filling those trenches with
insulating material.

Summary of the Invention

[0005] The general problem to be solved by the present
invention is that on one hand it is desirable to have sub-
strates (wafers) having low resistivtiy electrical through
connections (vias). This requires that the starting sub-
strate for making the vias exhibits a low resistivity, e.g.
it is highly doped.
[0006] On the other hand electronic circuits are made
in high resistivity materials (such as non-doped silicon).
It is desirable to connect the circuits made on one side
of a wafer with structures on the other side using vias of
the type mentioned.
These two requirements and preconditions are contra-
dictory.
[0007] The present invention provides a method for
solving this problem. Thus, the object of the present in-
vention is to provide a new method for making electrical
through connections (vias) for a wafer, and a wafer as a
substrate for semiconductor engineering in general, i.e.
further processing to make and package various kinds

of electronic circuits and/or components and/or for
MEMS applications.
The novel method is defined in claim 1.

Brief Description of the Drawings

[0008]

Fig. 1 illustrates a first step in a process sequence;
Fig. 2 illustrates a second step in a process se-
quence;
Fig. 3 illustrates a third step in a process sequence;
Fig. 4 illustrates a result of a process sequence;
Fig. 5 illustrates a first step in a process sequence
according to an embodiment of the present inven-
tion;
Fig. 6 illustrates a second step in a process sequence
according to an embodiment of the present inven-
tion;
Fig. 7 illustrates a third step in a process sequence
according to an embodiment of the present inven-
tion;
Fig. 8 illustrates a result of a process sequence ac-
cording to the embodiment of the present invention
shown in Figs. 5-7;
Fig. 9 illustrates a first step in a process sequence;
Fig. 10 illustrates a second step in a process se-
quence;
Fig. 11 illustrates a third step in a process sequence;
Fig. 12 illustrates a fourth step in a process se-
quence;
Fig. 13 illustrates the result of the process sequence
shown in figs. 13-16;
Fig. 14 illustrates making of polysilicon contacts; and
Fig. 15 illustrates making of metal contacts

Detailed Description of the Invention

[0009] For the purpose of this invention the term "sem-
iconductor engineering" shall be taken to mean any
processing on semiconductor wafers, i.e. further
processing of wafer material to make various kinds of
circuits, components and/or devices, electronic circuits
and/or components and/or MEMS applications.
The present invention relates to a method for providing
vias for CMOS wafers, where the resistance between the
electronic (CMOS) layers and the wafer vias will be re-
duced.
For providing a planar substrate with electrical through
connections, or as they will be referred to below, vias, a
method is used which is the subject of a co-pending In-
ternational Application PCT/SE07/050052. It comprises
the provision of a suitable substrate, normally a standard
semiconductor wafer, commonly employed for the man-
ufacture of various semiconductor devices. The planar
substrate is preferably a semiconductor wafer, preferably
selected from silicon, doped silicon, GaAs, InP, SiC etc.
The wafer is normally 0,300-0,675 mm thick.
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[0010] In particular the above mentioned method is ap-
plicable to cases where it is desirable to provide connec-
tions between a front side and a back side of such a
wafer, where there are high demands on the resistivity
in said connections to be as low as possible.
The present inventors have now devised a method for
providing vias for CMOS wafers, where the contact re-
sistance in the interface between metal contact pads and
the wafer vias will be reduced.
[0011] This method is illustrated in Figs. 1-4, does not
form part of the invention as claimed and will be described
below.
First a wafer of silicon 70 (or other suitable material) is
patterned on both sides with highly doped "spots" 72.
Such patterning can be performed with standard tech-
niques of lithography etc. well known to the skilled man.
The doping can be made through a suitable mask defin-
ing said pattern i.a. by ion implantation, although other
methods are possible too.
In a next step the CMOS structure 74 is made on one
side of the wafer 70.
In order to make the vias 76, a method disclosed in ap-
plicants Swedish patent mentioned previously herein can
be employed. This entails etching trenches 78, suitably
by DRIE, in the wafer from the back side all the way
through the silicon part of the wafer, after having pat-
terned the back side of the wafer appropriately, see Fig.
2. Reference is made to said Swedish patent for this, the
disclosure of the patent being incorporated herein by ref-
erence.
The trenches are then at least partially filled with a die-
lectric material 80 to create an insulating barrier, see Fig.
3. By partially is meant the entire trench is not filled but
the side walls inside the trench must be covered. Also
the back side of the wafer is covered. The dielectric on
the wafer back side can be removed, and a suitable di-
electric can be deposited again on the back side if the
first dielectric should be undesirable.
Finally, as shown in Fig. 4, the dielectric layer is opened
up 82 at the highly doped "spots", and metal pads 84
forming contact points for attaching further electric com-
ponents to the wafer back side, thereby connecting them
to the electronic structures on the other side of the wafer.
Alternatively, if the dielectric is removed, the entire back
side can be provided with a metal layer, and then by
lithography, unwanted metal can be etched away leaving
metal pads located on top of the vias.
With this method an electronic device can be made which
comprises a CMOS structure on a wafer, having vias
essentially consisting of wafer native material, preferably
doped to exhibit a low resistivity, and further comprising
areas of low resistivity in the contact areas between wafer
and components thereon. Another alternative, which is
not part of the invention as claimed, includes making the
vias with a process similar to the one described previ-
ously herein, and which is the subject of co-pending In-
ternational application PCT/ SE07/050052, where the
wafer is exposed to molten metal that will enter holes by

wetting force or capillary forces.
In this case a CMOS wafer, i.e a wafer having a CMOS
structure on one side is provided with holes extending
through the wafer. These holes are preferably etched
using e.g. DRIE. The holes are treated such that the side
walls inside them exhibits wettability. In this case how-
ever, the molten metal must exhibit a relatively low melt-
ing temperature, i.e. <400°C, in order not to affect the
CMOS structures and its relatively delicate components.
Suitably such solder/alloy/material is deposited on the
back side, either as covering layer, which is subsequently
masked and etched to provide metal spots comprising
just enough metal to fill the holes when the metal is melt-
ed.
Alternatively, the back side is patterned to leave openings
just above the holes and then metal is deposited on top.
Upon melting the metal will be drawn into the holes. Care
should preferably be taken to optimize the amount of met-
al so as to avoid excess metal on the wafer.
The substrate surface of the back side should preferably
be treated so as not to be wetted by the metal, or at least
exhibit lower wettability than the side walls in the holes.
[0012] The inventive idea also encompasses an inter-
mediate wafer product, comprising a planar substrate
suitably of a semiconductor material, provided with a pat-
tern of spots having low resistivity, usable as a starting
material for making CMOS wafers having components
on both sides of said wafer, with electrical through con-
nections between them.
[0013] In an embodiment of the invention provides a
starting substrate shown in Fig. 8 and a method of making
it, and will now be described with reference to Figs. 5-8.
Thus, starting with a low resistivity substrate wafer 110,
e.g of silicon, an oxide mask 112 is provided on the wafer
in a pattern defining the location and size of the vias to
be made subsequently.
Then the non-masked areas are etched away
(DRIE/KOH) to a predetermined depth to form depres-
sions 120, and then high resistivity material 122 is grown
by epitaxial growth on the etched away areas, see Fig.
6. These areas will form the substrate for the manufac-
turing of electronic circuits.
Trenches 132 are etched from the back side but not all
the way through the wafer, as indicated in Fig. 7. The
trenches are then filled with an insulating material 133.
Finally, as shown in Fig. 8, the wafer is grinded such that
the insulating trenches become exposed to define vias
140. This product can be used as a starting substrate for
the manufacture of any desired electronic circuits/com-
ponents, which subsequently can be connected to the
vias by routing.
[0014] In an alternative approach, not forming part of
the invention as claimed and illustrated in Figs. 9-13, that
will result in an equivalent starting substrate, the method
starts with a low resistivity wafer 150 having an epitaxially
grown high resistivity layer 152 on top.
Instead of patterning to define the vias by masking as
described above, the pattern 154 is inverted such that
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holes 156 are opened in the mask defining the size and
location of the vias. This is schematically illustrated in fig.
9. The high resistivity layer is etched through, see Fig.
9, down to the low resistivity via material opening up de-
pressions 166 in the wafer. Then by epitaxial growth the
opened up holes are filled 176 with the same or at least
similar low resistivity material as in the wafer.
Again, trenches 182 are etched as in the previous em-
bodiment, and filled with an insulating material, where
upon the same grinding process as was described above
is performed to provide the final product shown in Fig.
13, having vias 192.
The only difference between the embodiment of Fig. 13
and the one of Fig. 8 is illustrated by the broken line at
190 indicating the interface between wafer native silicon
and epitaxially grown material.
[0015] A still further alternative is shown in Fig. 14.
Here vias 202 are first made by methods described above
in a low resistivity substrate wafer 200 having a high re-
sistivity (e.g. non-doped) epitaxial layer 204 on top. Elec-
tronic circuits or components are made as desired in the
top layer 204.
By patterning and etching depressions 206 are made
through the top layer and down into the via material. Rout-
ing structures for contacting the circuits made in the top
layer with the vias 202 are defined by patterning and etch-
ing to make a mask. Then polysilicon 208 is applied
through the mask and doped. After removing the mask,
subsequently the wafer is covered with an SiO2 layer 209
by PECVD. Undoped polysilicon 207 fills the residual de-
pressions.
[0016] In this alternative approach there is a possibility
to utilize the contact made to provide a diode function.
Namely, if the low resistivity silicon in the via is n-doped,
and the polysilicon in the layer 208 is p-doped (or vise
versa), the contact will only conduct electric current in
one direction and can be used as a limiter diode for ESD
protection.
In a further variation, the diode like structure can be made
as a photodiode. By virtue of the possibility in accordance
with the invention to make very close packed vias, it will
thus be possible to make large array of very densely
spaced photo-diodes, usable for i.a. image recording and
many other applications.
[0017] In a still further variation metal is used for the
routing and contacts. This embodiment is shown in fig.
15. Again, the vias 212 are made as described previously,
in a low resistivity substrate wafer 210 having a high re-
sistivity epitaxial layer 214 on top. Electronic circuits or
components are made as desired in the top layer 214.
[0018] Again a depression 216 is formed by pattern-
ing/etching as previously described, the contact/routing
structure 218 is defined by patterning and etching and
metal is plated or deposited according to the pattern. Fi-
nally, a SiO2 layer 220 is deposited on top of the wafer
by PECVD.

Claims

1. A method of making a starting substrate wafer for
semiconductor engineering having electrical wafer
through connections (140), comprising:

providing a low resistivity silicon wafer (110)
having a front side and a back side; and
providing the wafer (110) with electrical wafer
through connections of low resistivity material,
by:

providing a mask (112) covering the wafer
(110) at the location where electrical wafer
through connections (140) are to be formed,
the mask defining the size of the electrical
wafer through connections (140);
removing wafer material on areas not cov-
ered by the mask (112) to form depressions
(120);
eptaxially growing high resistivity material
(122) in said depressions (120);
etching enclosing trenches (132) from the
back side of the wafer (110) but not all the
way through the wafer (110), at the location
or locations where electrical wafer through
connections (140) are to be formed;
filling the trenches with insulating material
(133); and
grinding the front side of the wafer (110) to
expose the insulating material (133) and the
low resistivity material enclosed by the
trenches (132) to create the electrical wafer
through connections (140).

2. The method as claimed in claim 1, wherein said de-
pressions are formed by etching.

3. The method as claimed in claim 1 or 2, wherein the
etching is a DRIE and/or KOH etch.

Patentansprüche

1. Verfahren zur Herstellung eines Startsubstratwafers
für die Halbleitertechnik mit elektrischen Wafer-
durchgangsverbindungen (140), umfassend:

Bereitstellen eines niederohmigen Siliziumwa-
fers (110) mit einer Vorderseite und einer Rück-
seite; und
Bereitstellen des Wafers (110) mit elektrischen
Waferdurchgangsverbindungen aus niederoh-
migem Material, mittels:

Bereitstellen einer Maske (112), welche den
Wafer (110) an der Position bedeckt, wo
elektrische Waferdurchgangsverbindun-
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gen (140) gebildet werden sollen, wobei die
Maske die Größe der elektrischen Wafer-
durchgangsverbindungen (140) definiert;
Entfernen des Wafermaterials in Berei-
chen, welche nicht von der Maske (112) be-
deckt sind, um Vertiefungen (120) zu bilden;
epitaxiales Wachstum von hochohmigem
Material (122) in den Vertiefungen (120);
Ätzen umschließender Gräben (132) von
der Rückseite des Wafers (110), jedoch
nicht durch den gesamten Wafer (110) hin-
durch, an der Position oder den Positionen,
wo elektrische Waferdurchgangsverbin-
dungen (140) gebildet werden sollen;
Füllen der Gräben mit isolierendem Material
(133); und
Abschleifen der Vorderseite des Wafers
(110), um das isolierende Material (133)
und das von den Gräben (132) umschlos-
sene niederohmige Material freizulegen,
um die elektrischen Waferdurchgangsver-
bindungen (140) zu erstellen.

2. Verfahren nach Anspruch 1, wobei die Vertiefungen
mittels Ätzen gebildet werden.

3. Verfahren nach Anspruch 1 oder 2, wobei das Ätzen
ein DRIE- und/oder KOH-Ätzen ist.

Revendications

1. Procédé de fabrication d’une tranche de substrat de
départ pour la mise au point de semi-conducteurs
comportant des connexions électriques traversant
la tranche (140), comprenant :

la fourniture d’une tranche de silicium à faible
résistivité (110) présentant une face avant et
une face arrière ; et
le fait de doter la tranche (110) de connexions
électriques traversant la tranche de matériau à
faible résistivité, par :

la fourniture d’un masque (112) recouvrant
la tranche (110) à l’endroit où les con-
nexions électriques traversant la tranche
(140) doivent être formées, le masque dé-
finissant la taille des connexions électriques
traversant la tranche (140) ;
le retrait du matériau de tranche sur des zo-
nes non recouvertes par le masque (112)
pour former des dépressions (120) ;
le développement épitaxial d’un matériau à
résistivité élevée (122) dans lesdites dé-
pressions (120) ;
la gravure de tranchées de logement (132)
depuis la face arrière de la tranche (110)

mais sans traverser entièrement la tranche
(110), à l’endroit ou aux endroits où les con-
nexions électriques traversant la tranche
(140) doivent être formées ;
le remplissage des tranchées de matériau
isolant (133) ; et
le polissage de la face avant de la tranche
(110) pour exposer le matériau isolant (133)
et le matériau à faible résistivité logés par
les tranchées (132) pour créer les con-
nexions électriques traversant la tranche
(140).

2. Procédé selon la revendication 1, dans lequel lesdi-
tes dépressions sont formées par gravure.

3. Procédé selon la revendication 1 ou 2, dans lequel
la gravure est une gravure DRIE et/ou KOH.
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