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(57) Abstract: In the method are repeated the stages of: ex-
posing (6) a zone of a sample to the X-rays through a colli-
mator, exposing only the parts of the sample placed between
it and some secondary boards of a main board; obtaining (7)
the data generated by exposure of the sample; and moving (8)
the mobile support to another zone of the sample. Next, the
data to obtain a complete digital image are processed. The
device comprises a source of X-rays, a data-gathering device,
a detection module which has a main board upon which are
arranged secondary boards, a collimator fitted between the
main board and the source of X-rays; and a unit for process-
ing the data. A continuous image without size limitation is
obtained.
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Mgthod and device for the production of digital images

This invention relates to a method and a device
for the production of digital images, mainly with X-rays,
at low doses and with high contrast, for the application

thereof in medicine or other fields.
BACKGRQOUND OF THE INVENTION

Large-area detectors for obtaining X-ray digital
images of large size are of considerable interest due to
their potential use in a large number of applications,
such as medicine, industry or applications related with
secﬁrity. The systems currently available in the market
haﬁe a number of limitations in various aspects, and these
involve major disadvantages.

A first limitation is based on the fact that the
arda of the surface for which it is possible to obtain a
coﬁtinuoﬁs image is generally small. This means that it is
only pos$ible to use the current devices for certain very
specific applicdtions.

A second limitation stems from the low guantum
efficiency of the detectors, this being understood as the
qudtient between the number of photons captured by the
detector in order to produce the image and the number of
photons incident thereupon. The fact that said efficiency
is low means that a high dose of radiation has to be
supplied in order to produce a radiography. The main
disadvantage of said limitation lies in excessive exposure
to! radiation of the individual or item of which it is
wi%hed to obtain the image or images, as such high
exposure can lead to injury or harm, often irreparable.

A third limitation derives from the noise produced
bﬁ the dispersed photons, which end up at any part of the
i

age. Said noise 1s superimposed over that inherently



WO 03/019215 PCT/1IB02/03100

10

15

20

25

30

2

found in any detector, and 1limits the possibility of
obtaining images of objects with low contrast.

DESCRIPTION OF THE INVENTION

The method and the device of the invention manage
to resolve the disadvantages mentioned, while providing
other advantages, which will be described below.

' The method for producing digital images comprises:

a. Repeating a predetermined number of times the
stafes ofn

exposing a zone of a sample to the X-rays
emikted fby a source of X-rays, through a collimator,
exppsing only t?e parts of the sample placed between it
and some secondary boards which form part of a main board
and is fixed to a mobile support:
| - obtaining the data generated by exposure of the
sample to X~-rays, by means of an electronic reading system
and a data-gathering device;
- moving the mobile support to another zone of
the sample;
b. Processing the data obtained by the data-gathering
device in order to obtain a complete digital image of
the sample, by means of a processing unit.

Thus 1is achieved a procedure in which it is
possible to obtain images from samples of any size, which
théreforé means that it can be adapted to various
ap@licat;ons such as medicine, industry or security.

Moreover, the procedure permits production of a
continuotis imagé as many times as large as the number of
repetitions of the stages of section a., multiplied by the
total area of the solid-state detectors.

Preferably, each secondary board comprises a
solid-state detector coupled to the highly integrated
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reading electronics, a programmable logic controlling unit
and an information storage device.

The solid-state detector is a room temperature
det?ctor which can be of a type and thickness suitable for
providing a high quantum efficiency, which permits images
to be c?ptured with a high reduction of the dose of
radiation in relation to that used in X ray systems which
use exposure of a photographic film.

P?eferably, the stage of data-gathering and the
stage of‘movemenf of the mobile support are simultaneous,
thereby achievihg a reduction of the time needed for
obtaining the digital image of the sample.

The stage of processing the data obtained by the
data~gathering device comprises a transfer of the data
stored in the information storage device to the processing
unit, a reconstruction and processing of the image and a
display of the image.

Advantageously, the information storage device is
a random-access memory {(RAM). Obviously other types of
memories could be used.

A;so advantageously, the processing unit is a
peﬂsonal computer.

According to one characteristic of the invention,
the collimator has a plurality of holes, which coincide in
position‘and siée with thelsolid~state detectors mounted
on the secondary boards. It is also possible not to use
the collimator if the radiation dose is not a critical
factor.

Thus, when the sample of which it is wished to
obtain an image is exposed to the X-rays, sald rays pass
through the holes of the collimator, exposing only the
parts of the sample situated beneath them and above the
solid-state detectors fitted on the secondary boards. That
isﬁ the sample is situated between the collimator and the

!
secondary boards.
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Depending on the application on which the method
is wused, it 1is possible to choose between different
parémetefs Thus, the thickness of the solid-state
detector can be between 10 ym and 1 cm, preferably between
300 pm and 2 mm; the surface area of the solid-state
detectors can be between 1 mm x 1 mm and 100 mm x 100 mm,
preferably between 5 mm x 5 mm and 15 mm x 15 mm; and the
energy of the X-rays generated by the source of X-rays can
be between 1 KeV and 2 MeV.

According to another aspect of the invention, a
device for the production of digital images is
characterised in that it comprises a detection module
which has a main board upon which are arranged a plurality
of |secondary boards, with the detection module being fixed
to |a mobile support; a collimator fitted between the main
bo%rd and the source of X-rays; and a unit for processing
the data obtalned by the data-gathering device.

Thus 1S1Obta1ned a dev1ce for producing digital
1m£ges on the ba81s of a sweeping 1n two dimensions, which
permlts the production of a continuous image of the same
area as that of the main board. The area of the main board
can in principle be as large as wished and can, therefore,
be adapted to diverse applications such as medicine,
industry or security.

Moreover, given that it is a digital image, it 1is
easy to display, store and process using suitable graphic
algorithms.

Furthermore, the manner in which the detection and
imege—capturing' module is constructed reduces dispersed
ph&tons. This characteristic, in combination with the fact
thét the reading electronics can be optimised compensate
for the| leakage current from the detection module and
operate 'in individual photon counting mode, permits the
detection of objects with low contrast.



10

15

20

25

30

35

WO 03/019215 PCT/1IB02/03100

5

It is furthermore clear that the detection module
is made up of small units (secondary boards), which can be
replaced in the event of poor functioning. This means that
the detector has high performance and a long average life,
thus increasing its profitability.

Similarly, the characteristic described also
permits flexibility when it comes to choosing the type of
semiconductor to be used.

Each secondary board comprises a solid-state
detector 'coupled to an integrated reading electronics
device, la programmable logic controlling unit and an
inf@rmatibn—storége device.EIt is possible to have the
programmable logic controlling unit and the information-—
storage device outside the secondary board.

According to one embodiment of the invention, the
relative dimensions of the secondary board and of the
solid-state detectors depend on the number of stages, that
is, on the manner in which the sweeping movement of the
main board is carried out.

Advantageously, the information storage device is
a memory unit with high speed of access for reading and
writing.

According to one characteristic of the invention,
thd coll%mator has a plurality of holes, which coincide in
poﬁition and si;e with the solid-state detectors mounted
on the s?condary boards.

Moreover, the unit for processing of the data
obqainedx by the data-gathering device is a personal
computer.

Depending on the application to which the device
is to be put, it is possible to choose between different
parameters. Thus, the thickness of the solid-state
defector can be between 10 pm and 1 cm, preferably between
300 ym and 2 mm; and the surface area of the solid-state
detectors can be between 1 mm x 1 mm and 100 mm x 100 mm,
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preferably between 5 mm x 5 mm and 15 mm x 15 mm; and the
energy of the X-rays generated by the X-ray source can be
betWeen 1 KeV and 2 MeV.

BRIEF DESCRIPTION OF THE DRAWINGS

Fdr a better understanding of all that has been
outiined some drawings are attached which show,
schematically and solely by way of non-restrictive
example, a practical case of embodiment.

Figure 1 is a schematic drawing of a main board
measuring 25 x 20 cm, composed of 63 secondary boards,
which forms part of the device for the production of
digital images object of the invention;

Figure 2 is a schematic drawing of one of the many
identical secondary boards which are on the main board of
Figpre 1;

Figure 3 is a flow diagram of the method for the
probuctidm of digital images object of the invention; and

ﬁigure 4 shows the sequence of operations of the
deviice of the invention, necessary to obtain an image, in
thq case 'of a sw?eping carried out in four stages.

DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION

As Figure 1 shows, the main board 1 of the device
for the production of digital images, object of the
invention, serves as support for a plurality of secondary
boards 2 fitted occupying adjacent positions. The main
board 1 1is a large—area printed circuit board of high
quélity and planarity.

' Each secondary Dboard 2 (Figure 2) contains a
soiid—stgte detector 3 (SSD) which works preferably at
room témperature, coupled to a highly integrated
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ele¢troni¢ readﬂng device (FEE, Front-End Electronics)
(not shown), a pfogrammable logic controlling unit 4 (PLC,
Programmable Logic Controller) of the reading electronics,
consisting in a processor or in a number of programmable
ports, and a random access memory 5 (RAM).

| It 1is preferable that the arrangement of the
solid-state detectors 3 on the secondary boards 2 and the
arrangement of the latter on the main board 1 be
implemented with precision. The inclusion of markers on
the; detectors 3, secondary boards 2 and main board 1
permit their overall alignment. The tolerances on the
posﬁtions can be reduced by providing correction files for
the| alignment (correction by software).

ﬁhe main board 1, with all the secondary boards 2
alrhady mounted . on it, is attached to a mobile support
(noft shown) in two dimensions and with precise adjustment
oflthe mbvementé. Also attéched to the support, mounted
betWeen the main board 1 and a source of X-rays, 1is a
collimator (not shown) provided with holes whose size and
positions coincide with the solid-state detectors 3
mounted on the secondary boards 2. The main board 1, the
secondary boards 2 and the mobile support move as a single
unit.

The device of the invention also comprises a
standard data acquisition system (DAQ), and a personal
computer which will be used as a unit for exposure of the
image and analysis thereof.

The procedure for the production of digital images
is thus és follows.

ﬁirstly, starting at a certain position on the
saﬁple,?a stage 6 of exposure (Figure 3) of the zone to
the X-rays generated by an X-ray source is carried out,
through the collimator mounted between said X-ray source
and the main board 1. The rays pass only through the holes

made in the collimator and expose only the part of the
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sample situated beneath them and above the solid-state
detectors 3 mounted on the secondary boards 2.

Immediately and simultaneously there is a stage 7
of obtaining the data generated by the solid-state
detectors 3 during exposure of the sample to the X-rays,
by %he reading electronics part and the data acquisition
device; and a stage 8 of movement of the mobile support to
another zbne of the sample and then carrying out again the
stage 6 o& exposure of said zone to the X-rays.

Once the' previous stages have been carried out a
pre@etermined nu%ber of times, as determined by a decision
diagram 9, a stage of processing 10 of the data stored in
the random access memory 5 of each of the secondary boards
2 1is carried out. Said data are transferred to the
personal computer, which acts by way of processing unit
and reconstructs and processes the image and displays it
on the monitor. From that time onwards the image can, for
example, be saved or modified.

There follows a description of an illustrative but
nonLrestrictive example of the invention, explaining how a
digital mammography is obtained. In this example it is
impbrtan? that the size of the secondary boards 2 is less
thah double the size of the active area of the solid-state
detector%B, since the image is to be produced with four

25 swekping passes.

One speéific example based on this invention
consists in a solid-state detector of Cadmium-Zinc-
Tellurium, CdZnTe, which operates at ambient temperature,
coupled by means of the bump bonding technique to a chip

30 of the same size containing all the reading electronics.

The size of the detector 3 is determined by that of the
chip in this case, and is 1.4 cm by 1.4 cm, which means
that it covers an approximate image area of 2 cm?. The
pixels, defined in the chip itself, are of 55 um x 55 um.

35 The dimensions of the secondary boards 2 must be less than
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2.8 cm x 2.8 cm. The size of the chip is not critical. The
con¢ept clan be applied to chips of smaller size. In fact,
the smal%er the size of the chip the smaller will be the
movement [of the mobile table, and therefore the shorter
the time needed %o capture an image.

The main board 1 contains 63 (9x7) secondary
boards mounted in chess~board form, and therefore has a
size of approximately 25 cm x 20 cm, which are the typical
dimensions of a mammography system (Figure 1). With a main
board 1 which had 15 x 15 secondary boards 2 1like the
preceding ones it would be ©possible to carry out
radiography of an area of 42 cm x 42 cm, which is the
typical size used in radiography of the chest.

The complete dimage 1s obtained by means of
movément of the main board 1, starting din position 1
(Figure 4) and moving the table on which it is mounted 3
times acébrding to the sequence -1.4 cm in direction x,
+1.4 cm in direction y, and then +1.4 cm again in
directionﬁ X, as shown in Figure 4. By means of this
seqience of movements the effective area covered by each
detector wunit is 8 cm®, and the total area of the
radiographed =zone 504 cm®. The collimator contains 63
holés aligned in such a way that they coincide with the
active areas of the detection units.

The process of mounting the solid-state detectors
3 on the secondary boards 2 and said secondary boards 2 on
the main board 1, and the fact that the table can be moved
in steps of less than the size of a pixel, ensures a
slight overlap (less than the size of a pixel) between the
images taken by each detection unit.

| In order to reconstruct an image of 8 cm?® on the
basis of a detection unit the procedure is simply as
follows: in position 1 (Figure 4) a beam of photons is
proﬁected for 0.1. seconds. The detector unit is then
moved to position 2, which takes a time of 0.2 seconds.
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During this period of 0.2 seconds the data from the chip
are transferred to the memory unit and the system becomes
available again for the next exposure. And while the main
board 1 (Figure 1) moves from position 1 (Figure 4) to
position 2, the beam of X-rays is switched off. This is
achieved by using an X-ray tube with a triggering door
device. All the steps for positions 3 and 4 (Figure 4) are
then repeated.

The total exposure time is thus equal to the total
exppsure time in any particular position (0.1 seconds)
multipliéd. by four exposures, plus the time due to a
movpmentl(o.z seconds) multiplied by three movements, that

is
4 x 0.1 secs. + 3 x 0.2 secs. = 1 sec.

Despite the fact that reference has been made to
one specific embodiment of the invention, it will be
obvious to an expert in the subject that the method and
the device described lend themselves to numerous changes
and modifications, and that all the details mentioned may
be replaced by others that are technically equivalent,
without departing from the field of protection defined by
the attached claims.
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CLATMS

1. Method for producing digital images which
comgrises:

ak Repeating a predetermined number of times the
stages ofk

- exXposing (6) a zone of a sample to the X-rays
emi;ted by a source of X-rays, through a collimator,
exp¢sing only the parts of the sample placed between it
and some secondary boards (2) which form part of a main
board (1) and is fixed to a mobile support:

- obtaining (7) the data generated by exposure of
the sample to X-rays, by means of an electronic reading
system and a data-gathering device;

- moving (8) the mobile support to another =zone
of the sample;
b. Processing (10) the data obtained by the data-
gathering device 1in order to obtain a complete
digital image of the sample, by means of a processing
unipw

2. Method according to Claim 1, characterised in that
the stage (7) of data-gathering and the stage (8) of
movement of the mobile support are simultaneous.

3. Method according to Claim 1, characterised in
that the stage (10) of processing the data obtained by the
data-gathering device comprises a transfer of the data
stored in the information storage device to the processing
unit, a reconstruction and processing of the image and a
display of the image.

’ 4. Device for the production of digital images
whﬂch comprises a source of X-rays and a data-gathering

de%ice, characterised in that it comprises a detection
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mod@le which has a main board (1) upon which are arranged
a pﬁurality of secondary boards (2), with the detection
mod&le being fixed to a mobile support; a c¢ollimator
fitted between the main board (1) and the source of X-
rays; and a unit for processing the data obtained by the
data-gathering device.

5. Device according to claim 4, characterised in
that each secondary board (2) comprises a solid-state
detector (3) coupled to an integrated reading electronics
device, a programmable logic controlling unit (4) and an
information-storage device (5).

6. Device according to claim 5, characterised in
that theiprogrammable logic controlling unit (4) and the
information-storage device (5) are outside the secondary
board (2) .

7. Device according to claims 4 and 5,
characterised in that the relative dimensions of the
secondary board (2) and of the solid-state detectors (3)
depend on the number of stages, that is, on the manner in
which the sweeping movement of the main board (1) is
carried out.

8. Device according to claim 5, characterised in
that the information storage device is a memory unit with

hiqh speed of access for reading and writing.

é. Device according to claim 4, characterised in
thjt thé collimator has a plurality of holes which
i

coincide’ in position and size with the solid-state

J
deﬂectors mounted on the secondary boards (2).
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10. Device according to claim 4, characterised in
that the unit for processing of the data obtained by the
data-gathering device is a personal computer.

11. Device according to any of the previous
claims, characterised in that the thickness of the solid-
state detector (3) is between 10 pum and 1 cm, preferably
between 300 um and 2 mm.

12. Device according to any of the previous
claims, éharactérised‘ in that the surface area of the
solid-state detectors (3) is between 1 mm x 1 mm and 100
mm x 100 mm, preferably between 5 mm x 5 mm and 15 mm x 15
mm.

13. Device according to any of the previous
claims, characterised in that the energy of the X-rays
generated by the X-ray source is between 1 KeV and 2 MeV.
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