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(57) Abstract: An automatic chemical analytical apparatus for analyzing liquid samples. In order to provide a fully automatic
transport of sample tubes containing samples to be analyzed the apparatus comprises a sample processing unit (61), sample transport
means for transporting the sample racks (16) from a rack supply unit (18) to a rotatable sample rack carrier (19) in the sample
processing unit and vice versa, and means for controlling and coordinating the operation of the sample transport means and the
automatic pipetting unit (11). Sample processing unit (61) comprises an automatic pipetting unit (11) and a rotatable sample rack
carrier (19) adapted to accommodate a plurality of sample racks (16), each sample rack (16) being adapted to accommodate a plurality

of sample tubes (12).
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Analyzer having a rotatable sample rack carrier

The invention concerns an automatic chemical analytical
apparatus for analyzing liquid samples.

The invention concerns in particular an automatic chemical
analytical apparatus comprising

- an automatic pipetting unit for aspirating a sample
portion from a selected sample tube that forms part of an
array of sample tubes located in a sample tube area , and
for delivering said aspirated sample portion to a selected
reaction tube that forms part of an array of reaction tubes
located in a reaction tube area, each sample tube carrying
on it an identification readable by a reader device,

- a plurality of elongated sample racks each of which
has a length axis and is adapted to accommodate a plurality
of sample tubes each sample tube being filled with a sample,
each sample rack carrying on it an identification readable
by a reader device,

- a rotatable sample rack carrier located in said
sample tube area , said rotatable sample rack carrier being
adapted to accommodate a plurality of said sample racks
within a space delimited by a circumference , said sample
racks being arranged along said circumference with the
length axis of each of said sample racks substantially

orthogonal to said circumference.

An analytical apparatus of this kind is described in
European Patent specification No. EP 0325101 Bl. This
document contains no description of any means for
automatically transporting sample racks from a rack supply
unit to the rotatable sample rack carrier and for
positioning the sample racks on that rack carrier or for
automatically removing the sample racks from that carrier

and transporting them back to the rack supply unit.
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Therefore, according to EP 0325101 Bl the latter transport
and positioning and removing operations have to be done

manually.

In order to improve the reliability of the operation of such
an analytical apparatus and more in general in order to
improve the overall performance of such apparatus it is
desirable to avoid as far as possible any manual operations
for the transport of the sample tubes.

The aim of the invention is therefore to provide an analyzer
of the above mentioned kind wherein the transport of the

sample tubes is completely automated.

According to the invention this aim is achieved with an
automatic analytical apparatus of the above mentioned kind

which comprises:

(a) an automatic pipetting unit for aspirating a
sample portion from a selected sample tube that forms part
of an array of sample tubes located in a sample tube area ,
and for delivering said aspirated sample portion to a
selected reaction tube that forms part of an array of
reaction tubes located in a reaction tube area , each sample
tube carrying on it an identification readable by a reader
device, said automatic pipetting unit comprising a pipetting
needle and means for moving said needle in 3 directions
which are orthogonal to each other,

(b) a plurality of elongated sample racks each of
which has a length axis and is adapted to accommodate a
plurality of sample tubes each sample tube being filled with
a sample, each sample rack carrying on it an identification

readable by a reader device,
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(c) a rotatable sample rack carrier located in said
sample tube area , said rotatable sample rack carrier being
adapted to accommodate a plurality of said sample racks
within a space delimited by a circumference , said sample
racks being arranged along said circumference with the
length axis of each of said sample racks substantially

orthogonal to said circumference ,

(d) sample transport means for transporting said
sample racks from a rack input device of a rack supply unit
to said rotatable sample rack carrier , and for selectively
transporting said sample racks from said rotatable sample
rack carrier to a rack output device of said rack supply
unit , said rack input device and said rack output device
being each adapted to accommodate a plurality of said sample
racks ,

said sample transport means including means for
effecting a step-wise rotation of said rotatable sample rack
carrier , said step-wise rotation comprising rotation
intervals and rotation stop intervals, during which said

sample rack carrier is at rest,

(e) said automatic pipetting unit being adapted to
aspirate a portion of a sample contained in a selected
sample tube located in a selected sample rack carried by
said sample rack carrier at a point of time within a time
interval during which said rotatable sample rack carrier is
at rest, and for delivering said aspirated sample portion to
a selected reaction tube in said reaction tube area , and

(£) means for controlling and coordinating the
operation of said sample transport means and said automatic

pipetting unit.
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The main advantage of an analytical apparatus according to
the invention is that it includes means which provide a
completely automatic transport of the sample tubes, and that
these means makes possible to attain simultaneously two
aims:

- on the one hand to provide such automatic transport
at a relatively low cost and with a simple structure which
facilitates service work and thereby reduces service
expenses, and

- on the other hand to coordinate such automatic
transport of sample tubes with the necessary sample
pipetting operations, and to enable selective random-access
to any of the sample tubes in the sample area for carrying
out those pipetting operations.

Achievement of these aims contributes to optimize/increase
the number of samples the analytical apparatus is able to
analyze per unit of time. Moreover, since according to the
invention the sample racks remain on the rotatable sample
rack carrier as long as analysis of any of the sample tubes
contained therein is not yet completed, the sample rack
carrier serves also as buffer for sample racks, and in this
way the instant invention eliminates the need for a separate
sample rack buffer.

Preferred embodiments of the invention are described
hereinafter more in detail with reference to the

accompanying drawings.

Fig. 1 shows a schematic partial top view of an analyzer
system according to the invention.

Fig. 2 shows a schematic side view of one of the racks 16

shown by Fig. 1 and of sample tubes 12 contained therein.
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Fig. 3 shows a schematic cross-sectional view of
mechanical means for moving a sample rack 16 along transfer
line 23 shown by Fig. 1.

Fig. 4 shows a schematic cross-sectional view of the
mechanical means shown in Fig. 3 in a plane perpendicular to

the plane of the cross-section represented in Fig. 3.

As shown by Fig. 1 an embodiment of an automatic chemical

analytical apparatus according to the invention comprises:

a) a sample processing unit 61 comprising:

- an automatic pipetting unit 11, and

- a rotatable sample rack carrier 19, adapted to
accommodate a plurality of said sample racks 16, each sample
rack 16 being adapted to accommodate a plurality of sample
tubes 12,

b) sample transport means for transporting sample racks 16
from a rack supply unit 18 to rotatable sample rack carrier
19, and for selectively transporting sample racks 1¢ from
rotatable sample rack carrier 19 to rack supply unit 18, and

c) means for controlling and coordinating the bperation of

the sample transport means and automatic pipetting unit 11.

Rack supply unit 18 comprises a rack input device 17 and a
rack output device 21. In a preferred embodiment rack supply
unit 18 is located outside sample tube area 13 and comprises
a stationary rack input device 17 and a stationary rack
output device 21. In a preferred embodiment rack supply unit
18 is a separate module which is adapted to cooperate with
sample processing unit 61 as described hereinafter, but
which is not a part of the latter unit. For this purpose
rack supply unit 18 is so configured that sample racks 16
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located in are accessible for transport to and from sample

processing unit 61.

A preferred embodiment of automatic pipetting unit 11
comprises a pipetting needle and transport means for moving
the pipetting needle in 3 directions X, Y, Z which are
orthogonal to each other. Such an transport system of the
pipetting needle enables a random-access to samples
contained in sample tubes carried by rotatable sample rack

carrier 19.

In a preferred embodiment sample processing unit 61
comprises a sample tube area for receiving sample tubes to
be analyzed and a reaction tube area for receiving reaction
tubes where the necessary reactions of the samples with
suiltable reagents take place.

In a preferred embodiment the sample tube area 13 includes
space reserved for accommodating one or more additional
sample tube racks which are manually positioned on a
stationary support, that is sample tube racks which are not
transported by the sample transport means of an analytical
apparatus according to the invention.

Automatic pipetting unit 11 is adapted for performing
pipetting operations such as e.g. aspirating a sample
portion from a selected sample tube 12 that forms part of an
array of sample tubes 12 located in a sample tube area 13,
and for delivering the aspirated sample portion to a
selected reaction tube 14 that forms part of an array of
reaction tubes 14 located in a reaction tube area 15.
Automatic pipetting unit 11 is controlled by suitable
control means in order to perform such pipetting operations
successively with respect to a plurality of sample tubes,

respectively reaction tubes. Each sample tube 12 carries on
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it an identification readable by a reader device 27.

Rotatable sample rack carrier 19 is located in sample tube
area 13 and is adapted to accommodate a plurality of sample
racks 16 within a space delimited by a circumference 22.
Sample racks 16 are arranged along circumference 22 with the
length axis of each of sample racks 16 substantially
orthogonal to circumference 22, that is, the length axis of
each of the sample racks 16 is radially oriented with
respect to the axis of rotation of rotatable sample rack

carrier 19.

As can be appreciated from Figures 1 and 2 each sample rack
has an elongated shape and a length axis and is adapted to
accommodate a plurality of sample tubes 12 containing each a
sample to be analyzed.

As shown by Fig. 2 sample tubes 12 can have different sizes,
e.g. 4 ml or 7 ml as indicated for some of the sample tubes
shown by Fig. 2. On the right side of Fig. 2 lengths in
millimeters are indicated.

Each sample rack 16 carries on it an identification readable
by a reader device 27. In a preferred embodiment sample
tubes 12 are arranged substantially in a row along the

length axis of sample rack 16.

The sample transport means is adapted for transporting
sample racks 16 from a rack input device 17 of rack supply
unit 18 to rotatable sample rack carrier 19, and for
selectively transporting sample racks 16 from rotatable
sample rack carrier 19 to a rack output device 21 of rack
supply unit 18. Rack input device 17 and rack output device
21 are each adapted to accommodate a plurality of sample
racks 1le.



10

15

20

25

30

WO 01/36981 PCT/EP00/10836

The sample transport means includes means for effecting a
step-wise rotation of rotatable sample rack carrier 19. This
step-wise rotation comprises rotation intervals and rotation
stop intervals, during which sample rack carrier 19 is at

rest.

In a preferred embodiment the sample transport means are
adapted for transporting sample racks 16 one-by-one from

rack input device 17 to rotatable sample rack carrier 19.

In a further preferred embodiment the sample transport means
are adapted for selectively transporting sample racks 16
one-by-one from rotatable sample rack carrier 19 to rack
output device 21.

A typical pipetting operation effected by automatic
pipetting unit 11 is e.g. aspiration of a portion of a
sample contained in a selected sample tube 12 located in a
selected sample rack 16 carried by sample rack carrier 19 at
a point of time within a time interval during which
rotatable sample rack carrier 19 is at rest, and delivery of
the aspirated sample portion to a selected reaction tube 14
in reaction tube area 15.

The control means which control and coordinate the operation
of the sample transport means and the automatic pipetting
unit 11 include e.g. a computer which receives all necessary
information from the different parts which constitute the
analytical apparatus, which generates corresponding command
signals for controlling automatic pipetting unit 11 and
various parts of the sample transport means according to a
suitable program which provides an optimized operation of
the system components which participate to the transport of

the sample racks 16 for a predetermined range of number of
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samples processed by the system by time unit.

In a preferred embodiment the sample transport means include

- a transfer line 23 for effecting the transport of
sample racks from rack supply unit 18 to rotatable sample
rack carrier 19 and vice versa,

- means for moving serially and one-by-one sample
racks 16 from rack input device 17 to transfer line 23,

- means for moving one-by-one sample racks 16 from
transfer line 23 to rack output device 21,

- means for moving one-by-one sample racks 16 from
transfer line 23 to rotatable sample rack carrier 19 and
vice versa,

- means for effecting a step-wise rotation of
rotatable sample rack carrier 19, and

- a reader device 27 for reading the identification of
each sample rack 16 and the identification of each sample
tube 16 contained therein during their transport from the

rack supply unit 18 to the rotatable sample rack carrier 19.

In a preferred embodiment the sample transport means further
comprise means for moving a sample rack 25 containing at
least one sample that requires urgent analysis from a rack
input position 26 for such kind of rack to transfer line 23
in order that such sample rack 25 can be transferred to
rotatable sample rack carrier 19 with high priority.

In a preferred embodiment transfer line 23 is a single
transfer line 23 for transporting sample racks 16 in two
opposite directions, that is, from rack supply unit 18 to

rotatable sample rack carrier 19 and vice versa.

Figures 3 and 4 show schematic cross-sectional views of
mechanical components which form part of an embodiment of

transfer line 23 described herein as example. These
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components cooperate with each other for moving a sample
rack 16 along transfer line 23 shown by Fig. 1. As can be
appreciated from Figures 3 and 4, a sample rack 16 is
displaced on a support plate 49. Transport of sample rack 16
in a desired direction is achieved by means of a carriage 41
and a transport chain 45. Carriage 41 is removably connected
to sample rack 16 by means of a pin 42. The upper part of a
pin 42 of carriage 41 is removably lodged in a corresponding

cavity of the bottom wall of sample rack 16.

As shown by Fig. 7, guiding rolls 43 and a guiding rail 44
guide movement of carriage 41. A chain guide 46 guides
movement of chain 45. A base plate 48 supports guiding rail
44 and mechanical components which cooperate with it.

As shown by Fig. 6, a carrier bolt 51 connects carriage 41
to chain 45. Pin 42 is fixed to carriage 41 by means of a
set screw 53. Carrier bolt 51 is fixed to carriage 41 by
means of a set screw 52.

The means for effecting a step-wise rotation of rotatable
sample rack carrier 19 include e.g. a D.C. motor and a
encoder. This D.C. motor is controlled by the above-

mentioned control means.

The means for effecting a step-wise rotation of rotatable
sample rack carrier 19 operate in such a way that the step-
wise rotation of rack carrier 19 comprises rotation
intervals and rotation stop intervals, during which sample
rack carrier 19 is at rest.

The step-wise rotation of rack carrier 19 is effected so
that at the end of each rotation step a selected one of the
sample racks 16 is aligned with and is ready to be
transferred to transfer line 23 for its transport to rack
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output device 21 of rack supply unit 18, or a free position
24 available to receive a sample rack 16 on sample rack
carrier 19 is aligned with transfer line 23 for receiving a
sample rack 16 arriving to sample rack carrier 19 via
transfer line 23. For this purpose the length axis of the
end part of transfer line 23 is preferably radially oriented
with respect to the axis of rotation of rotatable sample

carrier 19.

Each rotation step includes rotation of sample rack carrier
19 of an angle determined by the control means, e.g. an
angle smaller than 180 degrees. The means for rotating rack
carrier 19 are so configured that carrier 19 can be rotated
in any of two opposite senses, i.e. in clock-wise sense or

in a sense opposite thereto.

The means for moving one-by-one sample racks 16 from
transfer line 23 to rotatable sample rack carrier 19 and
vice versa include means which serve for moving a selected
sample rack 16 arriving via transfer line 23 to a free
position 24 on sample rack carrier 19, during one of the
rotation stop intervals, and for moving a selected sample
rack 16 from its position on the sample rack carrier 19 to
the transfer line 23, during another one of the rotation

stop intervals.

The selection of a sample rack 16 to be removed from rack
carrier 19 is taken by the control means on the basis of the
information available on the status of the analysis
operations with respect to every sample tube on carrier 19.
Every sample rack 16 remains on rack carrier 19 as long as
analysis of a sample tube in that rack has not yet been
completed or has to be repeated, because validity of results
is deemed to be doubtful. Rack carrier 19 performs therefore

also the function of a buffer. A separate sample rack buffer
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is therefore not necessary. When the analysis of all sample
tubes in a sample rack 16 is completed, the control means
select that rack and provide the necessary commands in order
to remove that rack from rack carrier 19 as fast as
possible. Therefore, every sample rack 16 remains on rack
carrier 19 only during the minimum time interval required

for enabling analysis of the samples on that rack.

The identifications carried by the sample tubes 12 and the
sample racks 16 are e.g. bar-code labels readable by a bar-
code reader 27. In the embodiment shown by Fig, 1 bar-code
reader 27 1is fixedly disposed in the analyzer and is used to
read the bar-code labels of each sample rack and of each
sample tube contained on each vessel holder as these
components pass before the bar-code reader and cross the
reading path thereof during their transport on transfer line

23 from rack input device 17 to sample rack carrier 109.

List of reference numbers

11 automatic pipetting unit

12 sample tube

13 sample tube area

14 reaction tube

15 reaction tube area

16 sample rack

17 rack input device

18 rack supply unit

19 rotatable sample rack carrier
21 rack output device

22 circumference

23 transfer line

214 free position

25 sample rack (for urgent analysis)
26 rack input position
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41 carriage

42 pin

43 guiding roll
44 guiding rail
45 chain

46 chain guide
477

48 base plate
49 support plate
51 carrier bolt
32 set screw

53 set screw

6l sample processing unit

Numerous modifications and alternative embodiments of an
analytical apparatus according to the invention will be
apparent to those skilled in the art in view of the
foregoing description. Accordingly, this description is to
be construed as illustrative only and is for the purpose of
teaching those skilled in the art the best mode of carrying
out the invention. Details of the apparatus may be varied
substantially without departing from the spirit of the
invention and the exclusive use of all modifications which

come within the scope of the appended claims 1is reserved.
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Claims
1. An automatic chemical analytical apparatus for

analyzing liquid samples comprising

(a) an automatic pipetting unit (11) for aspirating
a sample portion from a selected sample tube (12) that forms
part of an array of sample tubes (12) located in a sample
tube area (13), and for delivering said aspirated sample
portion to a selected reaction tube (14) that forms part of
an array of reaction tubes (14) located in a reaction tube
area (15), each sample tube (12) carrying on it an
identification readable by a reader device (27), said
automatic pipetting unit (11) comprising a pipetting needle
and means for moving said needle in 3 directions (X, Y, Z)
which are orthogonal to each other,

(b) a plurality of elongated sample racks (16) each of
which has a length axis and is adapted to accommodate a
plurality of sample tubes (12) each sample tube (12) being
filled with a sample, each sample rack (16) carrying on it
an identification readable by a reader device (27),

(c) a rotatable sample rack carrier (19) located in
said sample tube area (13), said rotatable sample rack
carrier (19) being adapted to accommodate a plurality of
said sample racks (16) within a space delimited by a
circumference (22), said sample racks (16) being arranged
along said circumference (22) with the length axis of each
of said sample racks (16) substantially orthogonal to said
circumference (22),

(d) a sample transport means for transporting said
sample racks (16) from a rack input device (17) of a rack
supply unit (18) to said rotatable sample rack carrier (19),
and for selectively transporting said sample racks (16) from
said rotatable sample rack carrier (19) to a rack output
device (21) of said rack supply unit (18), said rack input
device (17) and said rack output device (21) being each
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adapted to accommodate a plurality of said sample racks
(16),

sald sample transport means including means for
effecting a step-wise rotation of said rotatable sample rack
carrier (19), said step-wise rotation comprising rotation
intervals and rotation stop intervals, during which said
sample rack carrier (19) is at rest,

(e) said automatic pipetting unit (11) being adapted
to aspirate a portion of a sample contained in a selected
sample tube (12) located in a selected sample rack (16)
carried by said sample rack carrier (19) at a point of time
within a time interval during which said rotatable sample
rack carrier (19) is at rest, and for delivering said
aspirated sample portion to a selected reaction tube (14) in
said reaction tube area (15), and

(f) means for controlling and coordinating the
operation of said sample transport means and said automatic

pipetting unit (11).

2. An apparatus according to claim 1, wherein said sample
transport means are adapted for transporting said sample
racks (16) one-by-one from said rack input device (17) to
said rotatable sample rack carrier (19.

3. An apparatus according to claim 1, wherein said sample
transport means are adapted for selectively transporting
said sample racks (16) one-by-one from said rotatable sample
rack carrier (19) to said rack output device (21.

4. An apparatus according to claim 1, wherein said rack
supply unit (18) is a separate module which is not part of
said sample processing unit (61) and which comprises a
stationary rack input device (17) and a stationary rack
output device (21.
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5. An apparatus according to claim 1, wherein said sample
transport means comprises

(1) a transfer line (23) for effecting said sample
rack transport from the rack supply unit (18) to said
rotatable sample rack carrier (19) and vice versa,

(i1) means for moving serially and one-by-one sample
racks (16) from said rack input device (17) to said transfer
line (23),

(iii) means for effecting a step-wise rotation of said
rotatable sample rack carrier (19), said step-wise rotation
comprising rotation intervals and rotation stop intervals,
during which said sample rack carrier (19) is at rest, said
step-wise rotation being effected so that at the end of each
rotation step a selected one of the sample racks (16) is
aligned with and is ready to be transferred to said transfer
line (23) for its transport to said rack output device (21)
of said rack supply unit (18), or a free position (24)
available to receive a sample rack (16) on said sample rack
carrier (19) is aligned with said transfer line (23) for
receiving a sample rack (16) arriving to said sample rack
carrier (19) via said transfer line (23),

(iv) means which serve for moving a selected sample
rack (16) arriving via said transfer line (23) to a free
position (24) on said sample rack carrier (19), during one
of said rotation stop intervals, and for moving a selected
sample rack (16) from its position on the sample rack
carrier (19) to the transfer line (23), during another one
of said rotation stop intervals,

(v) means for moving one-by-one sample racks (16) from
said transfer line (23) to said rack output device (21), and

(vi) a reader device (27) for reading the
identification of each sample rack (16) and the

identification of each sample tube (12) contained therein
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during their transport from the rack supply unit (18) to the
rotatable sample rack carrier (19.

6. An apparatus according to claim 5, wherein said
transfer line (23) 1s a single transfer line (23) for
transporting said sample racks (16) in two opposite
directions, that is, from said rack supply unit (18) to said

rotatable sample rack carrier (19) and vice versa.

7. An apparatus according to claim 5, wherein said sample
transport means further comprises means for moving a sample
rack (25) containing at least one sample that requires
urgent analysis from a rack input position (26) for such
kind of rack to said transfer line (23) in order that such
sample rack (25) can be transferred to the rotatable sample

rack carrier (19) with high priority.

8. An apparatus according to claim 1, wherein said sample
tubes (12) are arranged substantially in a row along the

length axis of the sample rack (16.

9. An apparatus according to claim 1, wherein said sample
tube area (13) includes space reserved for accommodating one
or more sample tube racks manually positioned on a

stationary support.



PCT/EP00/10836
1/4

WO 01/36981

TAN
§27

P-Eivig-eP

) | omsd

|

-

e ——

\

57

I\
N A NA A
ANAIALA
A A

QRO GRNY

ﬂ\f\f\/\

NATNTA

0 AN AN A AN AN A A

./}

N

/‘1\/\%\/-\»%\/* -
™

M
\r\f\f\r\r\f\rjm

/\f\/ﬁf\
melany lans lass Ia
SANATAS
K\f\r\m
A A

Al
AN
A

~

1<
WAL

sl
ht

A A A A A A AL AT AL AL A A A
NANANRANSANS :
AN AN AN AR ARY AN AN A A AL A
OGO

Jan lans

54

vl

AW W22 WasWaa
Ms N/ NN

el

L

blid] KD
dlld \\
S &)
PIPf K
ol )
PP mv
@D [N
®|p| [P
PP mw
|| (K
DlB] K
DI €@
OB -
Dlid

L

y

N\
O\‘\\
)

N\
\l
N




PCT/EP00/10836
2/4

WO 01/36981

9l |—pFS

—
)

— —— — - —— i ——— = — e

16 -
86 - ==

-
-

d

9Ll -
ozl 7

SUBSTITUTE SHEET (RULE 26)



PCT/EP00/10836

WO 01/36981

3/4

~ uwr NN
R AN NN //
e ///////

42

77T

835

NN NNN

XL AN LS 7T 77777777 7 A

TSNS SASSNNN

SAN

3

Fig.



WO 01/36981 PCT/EP00/10836
474

ey
N

]
-___.-__-.__-__.___.l_
H

__-____‘___-___J

16

|
|
|
|
=
=
ﬁ';—:ﬁ




INTERNATIONAL SEARCH REPORT

Inte  .ional Application No

PCT/EP 00/10836

A. CLASSIFICATION OF SUBJECT MATTER

IPC 7 GOIN35/02 GOIN35/10

According 1o International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by ciassification symbois)

IPC 7 GOIN

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, INSPEC, COMPENDEX, PAJ

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y US 5 833 925 A (BUTCHER BRADLEY A ET AL)
10 November 1998 (1998-11-10)

column 11-12; figures 1,4A,5A-5C

column 15, Tine 5 - Tine 20

Y EP 0 325 101 A (TOKYO SHIBAURA ELECTRIC
CO0) 26 July 1989 (1989-07-26)
figure 1

A US 5 620 898 A (PUCHEGGER KARL ET AL)
15 April 1997 (1997-04-15)
cotumn 13; figures 1,4,8,17-19

A EP 0 856 736 A (HITACHI LTD)
5 August 1998 (1998-08-05)
column 5, 1ine 10 - Tline 20; figure 1

Sy

1-9

1-9

Further documents are listed in the continuation of box C. Patent family members are listed in annex.

° Special categories of cited documents :

*A* document defining the general state of the art which is not
considered to be of particular relevance

*E* earlier document but published on or after the international e

invention

*L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another e
citation or other speciai reason (as specified)

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

filing date document of particular relevance; the claimed invention
ting cannot be considered novel or cannot be considered to
involve an inventive step when the document is 1aken alone

document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the

*0O* document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
*p* document published prior to the international filing date but in the art.
later than the priority date claimed *&" document member of the same patent family

Date of the actual compietion of the international search

1 March 2001 , 21/03/2001

Date of mailing of the international search report

European Patent Office, P.B. 5818 Patentiaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,

Name and mailing address of the ISA Authorized officer

Fax: (+31-70) 340-3016 Mason, W

Form PCT/ISA/210 (second sheet) (July 1992)

page 'l of 2




INTERNATIONAL SEARCH REPORT l_'

nte .conal Application No

PCT/EP 00/10836

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Citation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No.

US 5 207 986 A (TANIMIZU KOJI ET AL)
4 May 1993 (1993-05-04)
column 5; figures 1,5

EP 0 806 672 A (HELENA LAB CORP)
12 November 1997 (1997-11-12)
column 3, line 15 - 1ine 35; figures 4,5

US 5 138 868 A (LONG ERNEST W)
18 August 1992 (1992-08-18)
column 6, line 1-20; figures 1,2

DE 197 42 160 A (HITACHI LTD)
2 April 1998 (1998-04-02)
page 3; figure 1

PATENT ABSTRACTS OF JAPAN

vol. 014, no. 249 (P-1053),

28 May 1990 (1990-05-28)

& JP 02 066461 A (SHIMADZU CORP),
6 March 1990 (1990-03-06)
abstract

1-9

1-9

1-9

Fomn PCT/ISA/210 (continuation of second sheet) (July 1992)

page 2 of- 2"




INTERNATIONAL SEARCH REPORT

information on patent family members

Inte

donal Application No

PCT/EP 00/10836

Patent document Pubilication Patent family Publication
cited in search report date member(s) date
US 5833925 A 10-11-1998 NONE
EP 0325101 A 26-07-1989 JP 1187461 A 26-07-1989
DE 68905492 D 29-04-1993
DE 68905492 T 01-07-1993
US 5620898 A 15-04-1997 us 5578269 A 26-11-1996
CA 2125528 A 12-12-1994
EP 0628822 A 14-12-1994
GR 1002221 B 17-04-1996
EP 0856736 A 05-08-1998 JP 10213586 A 11-08-1998
us 5972295 A 26-10-1999
us 6117392 A 12-09-2000
US 5207986 A 04-05-1993 JP 1912787 C 09-03-1995
JP 3285175 A 16-12-1991
JP 6027745 B 13-04-1994
JP 4009764 A 14-01-1992
DE 4110380 A 10-10-1991
EP 0806672 A 12-11-1997 JP 10206431 A 07-08-1998
us 5879628 A 09-03-1999
US 5138868 A 18-08-1992 AT 123342 T 15-06-1995
AU 647262 B 17-03-1994
AU 1545092 A 15-09-1992
CA 2070401 A 14-08-1992
DE 69202735 D 06-07-1995
DE 69202735 T 12-10-1995
DK 524307 T 02-10-1995
EP 0524307 A 27-01-1993
ES 2075690 T 01-10-1995
JP 2731626 B 25-03-1998
WO 9215017 A 03-09-1992
DE 19742160 A 02-04-1998 JP 3032159 B 10-04-2000
JP 10096734 A 14-04-1998
us 5985215 A 16-11-1999
JP 02066461 A 06-03-1990 JP 1893503 C 26-12-1994
JP 6023769 B 30-03-1994

Form PCT/ISA/210 (patent family annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

