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(54) Method of dividing a substrate into a plurality of individual chip parts

(57) The present invention relates to a method for
dividing a substrate into a number of individual chip parts,
comprising the steps of:
forming a number of chip parts in the substrate, compris-
ing, for each chip part, of arranging recesses in the sub-
strate for containing fluid;
arranging one or more breaking grooves in the substrate
along individual chip parts;
applying mechanical force to the substrate to break the
substrate along the breaking grooves;

wherein the steps of arranging recesses in the substrate
and arranging breaking grooves in the substrate are per-

formed substantially simultaneously,
wherein the substrate comprises a first and a second
substrate part, and the method comprises the steps of:
a) arranging in the first substrate part at least one recess
for containing fluid;
b) arranging in the second substrate part passages to
the recess in the first substrate part, wherein a first pas-
sage forms a fluid feed and a second passage forms a
fluid discharge;
c) arranging one or more breaking grooves in at least
one of the substrate parts;
d) placing the second substrate part on the first substrate
part;
e) breaking the substrate along the breaking grooves.
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Description

[0001] The present invention relates to a method for
dividing a substrate into a number of individual chip parts.
The invention also relates to a substrate on which is ar-
ranged a number of chip parts for dividing. The invention
likewise relates to a chip part separated from a substrate.
[0002] So-called fluidic chips have been developed in
the recent past, wherein a fluid with charged particles is
transported through a microstructure, such as for in-
stance formed by very small channels, arranged in the
chip part by applying an electric field, under the influence
of which the positively and negatively charged particles
displace in opposite directions. This transporting mech-
anism is also known as electrophoresis. Fluidic chips
have also been designed in which the transporting mech-
anism of the fluid is so-called electro-osmosis. The chan-
nels in the chip part are in this case enclosed by an elec-
trical insulator, wherein transport of the fluid in the chan-
nels can be controlled using electrodes. The fluid in the
channels can also be displaced via an externally applied
(hydraulic) pressure. Fluidic chips are also known which
function as micro-reactor in which chemical reactions are
initiated on micro-scale.
[0003] It can be deemed known to produce these fluidic
chips relatively inexpensively in large numbers by man-
ufacturing a number of these chips (for instance 10) si-
multaneously on a larger substrate. The individual chips
or chip parts ("chip dices") are then mutually separated,
before they are finished one by one, optionally in auto-
mated manner, with electrical and other connections to
the outside and packaged in a protective housing.
[0004] It can be deemed known to mutually separate
the chip parts by sawing the substrate into sections. An-
other known method is cutting the substrate with a laser
beam ("laser scribing"). The known manufacturing meth-
ods have the drawback that special and expensive equip-
ment is required, which moreover can only simultane-
ously realize one sawing line respectively cutting line or
only a number of parallel sawing lines respectively cutting
lines, and this for only one substrate at a time. An accu-
rate and time-consuming aligning procedure must also
be followed in order to arrange the sawing lines respec-
tively cutting lines at exactly the correct positions relative
to the microstructures in the chip parts. A further draw-
back is that during the sawing or cutting a quantity of dust
and/or a quantity of fluid is released, which can collect in
the microstructures of the chip parts, such as for instance
in the channels, feed openings and so on.
[0005] Known from American patent specification US
6 075 280 is a method for separating a number of inte-
grated circuits (IC) chips. This does not however relate
to a substrate for holding a fluid or gas as described
above, but a semiconductor substrate, furthermore of a
special crystallographic orientation, on which are provid-
ed integrated circuits of the electronic type. In addition,
the known method is complicated and comprises a large
number of processing steps. The known method consists

of the following processing steps being performed: ar-
ranging a layer of a material which is resistant to concen-
trated potassium hydroxide solutions, for instance a sil-
icon oxide layer, forming a photoresist layer, treating the
photoresist layer via a photolithographic process, where-
in the patterns for exposing in this layer have to be ori-
ented very precisely in accordance with the crystallo-
graphic directions in the substrate, as well as performing
a crystal direction-dependent etching process in the sub-
strate, for instance in a concentrated potassium hydrox-
ide solution, for the purpose of arranging V-shaped
breaking grooves. The grooves are oriented along the
crystal directions, which crystal directions also form the
breaking directions of the semiconductor substrate. The
above described process is complicated and furthermore
requires a number of additional processing steps, which
makes manufacture of the chips time-consuming and
costly. The most important shortcoming of the method
however is the limited applicability, since only monocrys-
talline substrates of determined, suitably chosen crystal-
lographic cut can be divided in this manner.
[0006] It is an object of the present invention to provide
a method for dividing a substrate into a number of differ-
ent chip parts, wherein the above stated drawbacks are
obviated.
[0007] It is a further object of the invention to provide
a method for dividing the chip parts in which an additional
aligning step can be omitted.
[0008] According to a first aspect of the invention there
is provided a method for dividing a substrate into a
number of individual chip parts, comprising the steps of:

forming a number of chip parts in the substrate, com-
prising, for each chip part, of arranging recesses in
the substrate for containing fluid;
arranging one or more breaking grooves in the sub-
strate along individual chip parts;
applying mechanical force to the substrate to break
the substrate along the breaking grooves, wherein
the steps of arranging recesses in the substrate and
arranging breaking grooves in the substrate are per-
formed substantially simultaneously. Dividing the
substrate into the different chip parts in such a man-
ner avoids dust and/or fluid entering the recesses
for containing fluid in the chip parts, as is the case
when the chip parts are sawn or cut. Furthermore,
the chance of losing substrate material, particularly
at the edges of the substrate, and the chance of dam-
age such as cracking in the substrate, is further re-
duced. The steps of arranging recesses in the sub-
strate and arranging breaking grooves in the sub-
strate are performed substantially simultaneously
and preferably in one step. This results in a decrease
in the number of processing steps.

[0009] The substrate preferably comprises at least a
first and a second substrate part, and the method com-
prises the steps of:
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a) arranging in the first substrate part at least one
recess for containing fluid;
b) arranging in the second substrate part passages
to the recess in the first substrate part, wherein a
first passage forms a fluid feed and a second pas-
sage forms a fluid discharge;
c) arranging one or more breaking grooves in at least
one of the substrate parts;
d) placing the second substrate part on the first sub-
strate part;
e) breaking the substrate along the breaking
grooves. The steps of arranging recesses in a sub-
strate part and arranging breaking grooves in one or
more of the substrate parts are once again per-
formed here substantially simultaneously and pref-
erably in one step.

[0010] The sequence of steps a-d can herein otherwise
be changed. The step of placing the second substrate
on the first substrate can thus also be carried out imme-
diately after the first step, although when carried out in
this order there is the risk that during arranging of the
breaking grooves contaminants may enter the channels,
such as for instance powder from a powder blast process,
which is undesirable. By making use of two substrate
parts for placing one on the other, it is relatively simple
to arrange the desired channel structure, since the re-
cesses in the first substrate form channels once the sec-
ond substrate has been placed on the first substrate. De-
pending on the desired microstructure in the chip, em-
bodiments can otherwise also be envisaged with three
or more substrates placed one on top of another. In the
first substrate or the second substrate breaking grooves
are arranged along the chip parts for dividing. Because
the substrates are fixed one on top of another, it will suf-
fice to arrange breaking grooves in just one of the sub-
strates. Breaking grooves can however also be arranged
in more of the substrates.
[0011] For the purpose of arranging the recesses
and/or the breaking grooves, the method preferably com-
prises of removing substrate material by a powder blast
process. Powder, for instance aluminium oxide particles
with a diameter of an average of 30 micrometre, is herein
blasted against the substrate material at high speed, as
a result of which substrate material is removed locally.
[0012] The method according to the invention further
preferably comprises of arranging a lithographic mask
on the substrate. This can then be followed by removing
substrate material at positions designated by the mask,
preferably by means of the above stated powder blast
process.
[0013] The breaking grooves preferably have a depth
which corresponds with the thickness of the substrate or
the substrate packet, wherein the substrate packet com-
prises two or more substrate parts placed one on the
other.
[0014] According to a further preferred embodiment of
the method, the recesses comprise channel structures

for transporting fluid and/or at least one feed opening and
at least one discharge opening for feeding respectively
discharging fluid.
[0015] A further preferred embodiment of the method
according to the invention comprises of arranging trans-
port means in the recess for transporting the fluid in the
recesses.
[0016] Preferably the method further comprises of ar-
ranging a cathode and an anode in the substrate for ap-
plying an electric field in the recess with which fluid par-
ticles can be transported in the recess by electrophoresis.
[0017] Preferably, the method comprises of providing
the recess at least partially with an insulator with which
the fluid particles can be transported in the recess by
electro-osmosis.
[0018] A further preferred embodiment of method fur-
ther comprises of removing the protective layer arranged
on the chip parts at the positions designated by the lith-
ographic mask
[0019] Another aspect of the present invention relates
to a substrate on which a number of chip parts are ar-
ranged, wherein a chip part comprises a number of first
relatively deep recesses, preferably channel structures
for transporting fluid, as well as at least one feed opening
and at least one discharge opening for feeding respec-
tively discharging fluid, in addition to one or more second
relatively shallow recesses which form breaking grooves
extending along the individual chip parts, wherein the
breaking grooves are provided for the purpose of dividing
the individual chip parts from each other through break-
ing.
[0020] The recesses are preferably arranged using the
above mentioned powder blast process. The recesses
thus formed in the substrate have a substantially rounded
V-shape in cross-section. Particularly when compared to
for instance round or rectangular breaking grooves, the
V-shape of the breaking grooves is advantageous since
the V-shape simplifies breaking of the substrate.
[0021] In a specific preferred embodiment the sub-
strate is provided with a protective layer which is treated
lithographically at the position of the chip parts. The pro-
tective layer is removed locally at positions defined by
the lithographic mask. This enables recesses to be made
in the substrate in accurate and simple manner in those
areas where the protective layer has been removed, us-
ing the above stated powder blast technique. The same
lithographic mask is used in this embodiment not only to
manufacture the chip parts, i.e. arrange the microstruc-
tures of the chip parts, but also to arrange the breaking
grooves. This means that a separate aligning step for the
purpose of arranging the breaking grooves can be dis-
pensed with.
[0022] When the powder blast technique is used, the
depth of a recess depends on the width of the opening
in the lithographically treated protective layer. Through
a correct choice of the lithographic mask, a desired depth
of the recess is thus "automatically" realized. A rather
shallow yet well-defined narrow breaking groove can thus

3 4 



EP 2 390 225 A2

4

5

10

15

20

25

30

35

40

45

50

55

be arranged simultaneously with deeper structures for
fluidic uses, such as inlets and outlets and channels for
chemical separation techniques or chemical synthesis.
[0023] According to a further aspect of the invention,
a chip part is provided which is separated from a sub-
strate, wherein the chip part comprises a substrate in
which is arranged a number of recesses for containing
fluid, which recesses preferably form channel structures
for transporting fluid as well as at least one feed opening
and at least one discharge opening for feeding respec-
tively discharging fluid, wherein the peripheral surface of
the substrate comprises a chamfered edge correspond-
ing with a breaking groove arranged in the upper surface
of the substrate and a surface extending under the cham-
fered edge and defined by breaking of the substrate along
the breaking groove. The chip part divided according to
the above stated method according to the invention is
recognizable from the outside, among other reasons, be-
cause the peripheral surface thereof has a part with a
determined roughness which is indicative of the breaking
of the substrate, as well as a part with a different rough-
ness which is moreover slightly chamfered, which part is
indicative of a breaking groove arranged in the substrate.
[0024] The edge preferably has a determined rough-
ness indicative of the breaking groove which differs from
the roughness of the surface defined by breaking of the
substrate.
[0025] According to a further preferred embodiment,
the substrate comprises a first substrate and a second
substrate fixed thereto, wherein at least one recess for
guiding fluid is arranged in the first substrate and pas-
sages to the recess in the first substrate are arranged in
the second substrate, wherein a first passage forms a
fluid feed and a second passage forms a fluid discharge.
[0026] The substrate of a chip part is preferably man-
ufactured from relatively hard material, such as prefera-
bly glass or (other) ceramic material. Glass is a relatively
hard material in which (capillary) channel structures and
the like can be readily arranged. In another preferred
embodiment with two or more substrates, a number of
the substrates is manufactured from glass and the re-
maining number of substrates is manufactured from plas-
tic, for instance as support for the glass substrates.
[0027] According to a further preferred embodiment,
the substrate is a crystalline material and the breaking
grooves are arranged in the wafer substrate independ-
ently of crystal direction.
[0028] According to a further preferred embodiment,
the breaking groove width is in the order of magnitude of
200 micrometre or less.
[0029] According to a further preferred embodiment,
the breaking groove depth amounts to about 500 mi-
crometre.
[0030] According to a further preferred embodiment,
the channel structures form capillaries.
[0031] According to a further preferred embodiment,
the chip part according to the invention forms micro-flu-
idic chips.

[0032] According to a further preferred embodiment,
the chip part comprises means for generating a fluid flow
through the recesses in the substrate by electrophoresis
and/or electro-osmosis.
[0033] According to a further preferred embodiment,
the chip part according to the invention comprises a mi-
cro-reactor.
[0034] An as yet unmentioned advantage of the
present invention is that, as a consequence of breaking
the chip parts out of a substrate, there results a minimal
loss of chip surface, this in contrast to the loss of typically
300 micrometre on all sides of a chip part in order to
divide the chips according to the above stated standard
methods.
[0035] Further advantages, features and details of the
present invention will be elucidated on the basis of a de-
scription of two preferred embodiments thereof. In the
description reference is made to the figures, in which:

Figure 1 shows a cross-section of a substrate in
which a number of micro-fluidic chips is provided;
Figure 2 shows a cross-section of another preferred
embodiment with two substrates placed one on the
other;
Figure 3 shows a partly cut-away perspective view
of a chip part separated along a side of the substrate;
and
Figure 4 shows a perspective view of a chip part
separated from a substrate.

[0036] Figures 1-3 show the processing steps with
which a substrate can be divided into a number of indi-
vidual chip parts or micro-fluidic chips. As shown in figure
1, a substrate comprises a number of chips (chip parts),
for instance ten, 2, 2’, 2" which are arranged simultane-
ously. In the shown embodiment the substrate is built up
of two substrates, namely an upper substrate 3 and a
lower substrate 4. A recess 7 is arranged in lower sub-
strate 4 using an etching technique, a laser machining
technique or a powder blast technique. In assembled
state, when the two substrates are fixed to each other,
the recess forms a channel. Recesses 5 and 6 are made
in upper substrate 3. In assembled state these function
as passages, wherein the first passage 5 is a feed open-
ing for the channel formed by recess 7, while passage 6
forms a discharge for said channel. The upper substrate
3 is moreover provided in known manner with a thin pro-
tective layer 8.
[0037] The term "channels" is otherwise understood to
mean both "open" and "closed" structures. This means
that a deep groove arranged in a substrate and open at
the top forms a channel, but that a (tubular) passage
arranged in a substrate also forms a channel.
[0038] The substrates are fixed to each other via for
instance a technique known in the field as direct bonding.
[0039] After the different chip parts 2,2’,2" have been
manufactured on the substrate, they have to be mutually
separated. The separation of the different chip parts
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takes place as follows.
[0040] Simultaneously with arranging of passages 5
and 6 in upper substrate 3, relatively shallow breaking
grooves 9 are arranged along chip parts 2, 2’, 2". Break-
ing grooves 9 are arranged simultaneously with arrang-
ing of passages 5 and 6 in the upper substrate, preferably
via a masked powder blasting method, wherein the sub-
strate material is blasted away by a powder jet in a pattern
defined by a mask. This masked powder blast process
has the characteristic that the depth of the structure ar-
ranged in the substrate, for instance the depth d1 of
breaking groove 9, depends on the width of the opening,
in the case of breaking groove 9 equal to width d3 of the
opening in the lithographically treated protective layer 8.
A relatively narrow breaking groove can hereby be man-
ufactured, characteristically in the order of magnitude of
d3 = 100 micrometre or less. This means a minimal loss
on the chip surface compared to standard techniques,
such as the above stated sawing method or the laser
scribing technique. This moreover has the advantage
that no fluid or sawdust enters the chip, as is often the
case in above stated techniques. During use of the fluidic
chips, dust or fluid can for instance collect in the micro-
structures such as the channels 7 or passages 5 and 6,
which disrupts the operation of the device. Furthermore,
such dust or fluid is generally very difficult to remove,
with the result that the fluidic chip is useless.
[0041] After the breaking grooves 9 have been ar-
ranged over sufficient depth d1 = 500 micrometre in upper
substrate 3, the different chip parts 2, 2’ , 2" can be easily
broken along a plane designated with a dotted line 10 by
applying mechanical force, for instance manual force.
Figure 3 and figure 4 show a thus separated chip part 2.
It can be clearly seen that a breaking groove is arranged
through a depth d1 on the upper side 11 of upper sub-
strate 3, this being shown by the relatively smooth struc-
ture of the substrate material, while the remaining part
12 of the peripheral surface of the substrate (2,3) has
been broken off and therefore has a relatively irregular
structure. The interface between upper substrate 3 and
lower substrate 4 is indicated in figure 4 with a dotted
line. This interface is usually (hardly) visible in practice.
[0042] Figure 2 shows an alternative preferred embod-
iment in which the second substrate 4 is arranged on a
carrier 13, for instance manufactured from plastic. A fur-
ther embodiment (not shown) has a single substrate in-
stead of an upper and a lower substrate 3 and 4, wherein
the single substrate is also arranged on a carrier 13. At
the position of the breaking planes 10 the carrier 13 is
interrupted in order to allow chip parts 2, 2’, 2" to be bro-
ken off.
[0043] The present invention is not limited to the de-
scribed embodiments thereof; the rights sought are de-
fined by the following claims, within the scope of which
many modifications can be envisaged.

Claims

1. Method for dividing a substrate into a number of in-
dividual chip parts, comprising the steps of:

forming a number of chip parts in the substrate,
comprising, for each chip part, of arranging re-
cesses in the substrate for containing fluid;
arranging one or more breaking grooves in the
substrate along individual chip parts;
applying mechanical force to the substrate to
break the substrate along the breaking grooves;

wherein the steps of arranging recesses in the sub-
strate and arranging breaking grooves in the sub-
strate are performed substantially simultaneously,
wherein the substrate comprises a first and a second
substrate part, and the method comprises the steps
of:

a) arranging in the first substrate part at least
one recess for containing fluid;
b) arranging in the second substrate part pas-
sages to the recess in the first substrate part,
wherein a first passage forms a fluid feed and a
second passage forms a fluid discharge;
c) arranging one or more breaking grooves in at
least one of the substrate parts;
d) placing the second substrate part on the first
substrate part;
e) breaking the substrate along the breaking
grooves.

2. Method as claimed in claim 1, wherein step (d) is
performed before step (b).

3. Method as claimed in any of the foregoing claims,
comprising of removing substrate material by a pow-
der blast process.

4. Method as claimed in any of the foregoing claims,
comprising of arranging a lithographic mask on the
substrate, followed by removing substrate material
at positions designated by the mask.

5. Method as claimed in claims 3 and 4, wherein the
arranging of recesses in the substrate comprises of
arranging a lithographic mask on the substrate, fol-
lowed by a powder blast process for removing sub-
strate material.

6. Method as claimed in claims 1 and 5, wherein the
arranging of recesses in the first substrate part com-
prises of arranging a lithographic mask on the first
substrate part, followed by a powder blast process
for removing substrate material at positions desig-
nated by the mask.
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7. Method as claimed in any of the foregoing claims,
wherein the breaking grooves have a depth which
corresponds with the thickness of the substrate or
the substrate packet.

8. Method as claimed in claim 1, wherein a breaking
groove has a depth which corresponds with the thick-
ness of only one of the substrate parts.

9. Substrate on which a number of chip parts are ar-
ranged, wherein a chip part comprises a number of
first relatively deep recesses, preferably channel
structures for transporting fluid, as well as at least
one feed opening and at least one discharge opening
for feeding respectively discharging fluid, and com-
prises one or more second relatively shallow recess-
es which form breaking grooves extending along the
individual chip parts, wherein the breaking grooves
are provided for the purpose of dividing the individual
chip parts from each other through breaking.

10. Substrate as claimed in claim 9, wherein the recess-
es are arranged with a powder blast process.

11. Substrate as claimed in any of the claims 9-10,
wherein a protective layer is provided on the chip
parts which is treated lithographically for removing
the protective layer locally at positions defined by a
lithographic mask.

12. Substrate as claimed in claim 11, wherein the depth
of a recess depends on the width of the opening in
the lithographically treated protective layer.

13. Chip part separated from a substrate, comprising a
substrate in which is arranged a number of recesses
for containing fluid, which recesses preferably form
channel structures for transporting fluid as well as at
least one feed opening and at least one discharge
opening for feeding respectively discharging fluid,
wherein the peripheral surface of the substrate com-
prises a chamfered edge corresponding with a
breaking groove arranged in the upper surface of the
substrate and a surface extending under the cham-
fered edge and defined by breaking of the substrate
along the breaking groove.

14. Method for manufacturing a wafer substrate and/ or
a chip part as claimed in any of the claims 9-13.

15. Chip part as claimed in claim 13, separated from a
substrate as claimed in any of the claims 9-12.
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