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DIFFERENTIAL PRESSURE TRANSMITTER WITH COMPLIMENTARY DUAL
ABSOLUTE PRESSURE SENSORS

BACKGROUND OF THE INVENTION
[0001] The present invention relates to measurement of pressures of process fluids in industrial
processes. More specifically, the present invention relates to measuring line pressure in a
differential pressure transmitter.
[0002] Industrial processes are used in the manufacturing and transport of many types of
materials. In such systems, it is often required to measure different types of pressure within the
process. One type of pressure which is frequently measured is a differential pressure. This is the
pressure difference between one point in the process and another point in the process. For
example, the differential pressure across an orifice plate in a pipe containing a flow of process
fluid is related to the flow rate of the fluid. Differential pressures can also be used, for example,
to measure height of a process fluid in a tank or other container.
[0003] In industrial processes, the pressure sensors are typically contained in, or coupled to, a
pressure transmitter which is located at a remote location and transmits pressure related
information back to a centralized location such as a control room. The transmission is frequently
over a process control loop. For example, a two-wire process control loop is often used in which
two wires are used to carry both information as well as power to the transmitter. Wireless
communication techniques may also be used.
[0004] Advancements in transmitter technology have increased the amount of information that
can be produced by a transmitter. In particular, transmitters can be equipped with multiple
sensors to measure multiple process variable inputs or a wider range of a single process variable.
For example, transmitters can be provided with multiple pressure sensors as described in U.S.
Pat. No. 5,495,769 to Broden et al., U.S. Pat. No. 6,047,244 to Rud, Jr. and U.S. Pat. No.
7,467,555 to Schulte et al., all of which are assigned to Rosemount Inc., Eden Prairie, MN.
[0005] In many process installations, in addition to measuring a differential pressure, it is also
desirable to measure an absolute or gauge pressure (also referred to as “line pressure”) of the
process.  This information can be used, for example, to provide more accurate flow
measurements by including changes in density of the process fluid in the flow calculations. The
additional pressure measurements can be made using a separate pressure sensor coupled to the

process fluid.
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SUMMARY OF THE INVENTION
[0006] A process variable transmitter for measuring a pressure of a process fluid includes a
process coupling having a first port configured to couple to a first process pressure and a second
port configured to couple to a second process pressure. A differential pressure sensor is coupled
to the first and second ports and provides an output related to a differential pressure between the
first pressure and the second pressure. At least a first pressure sensor couples to the first port and
provides an output related to the first pressure. Transmitter circuitry is configured to provide a
transmitter output based upon the output from the differential pressure. Additional functionality
is provided by the transmitter using the sensed first pressure and second sensed pressure.
BRIEF DESCRIPTION OF THE DRAWINGS
[0007] Figure 1 shows a process measurement system with a process transmitter constructed in
accordance with the present invention.
[0008] Figure 2 is simplified block diagram of the process transmitter of Figure 1.
[0009] Figure 3 is a schematic side view of the process transmitter of Figure 1 showing
transmitter electronics.
[0010] Figure 4 is a cross sectional view of a sensor module of the transmitter of Figure 3.
[0011] Figure S is a cross sectional view of a line pressure sensor.
[0012] Figure 6 is a cross sectional view of the line pressure sensor of Figure 5 mounted in a
tube.
DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
[0013] In one embodiment, the present invention provides an apparatus and method for
providing additional functionality to a differential pressure measurement transmitter using dual
line pressure sensors. More specifically, in one aspect, the present invention includes line
pressure sensors which are coupled opposite sides of a differential pressure sensor for use in
performing diagnostics or providing other functionality.
[0014] Figure 1 shows generally the environment of a process measurement system 32. Figure 1
shows process piping 30 containing a fluid under pressure coupled to the process measurement
system 32 for measuring a process pressure. The process measurement system 32 includes
impulse piping 34 connected to the piping 30. The impulse piping 34 is connected to a process

pressure transmitter 36. A primary element 33, such as an orifice plate, venturi tube, flow
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nozzle, and so on, contacts the process fluid at a location in the process piping 30 between the
pipes of the impulse piping 34. The primary element 33 causes a pressure change in the fluid as
it flows past the primary element 33.

[0015] Transmitter 36 is a process measurement device that receives process pressures through
the impulse piping 34. The transmitter 36 senses a differential process pressure and converts it
to a standardized transmission signal that is a function of the process pressure.

[0016] A process loop 38 provides both a power signal to the transmitter 36 from control room
40 and bi-directional communication, and can be constructed in accordance with a number of
process communication protocols. In the illustrated example, the process loop 38 is a two-wire
loop. The two—wire loop is used to transmit all power to and all communications to and from the
transmitter 36 during normal operations with a 4-20 mA signal. A control room 40 includes a
voltage power supply 46 that powers the transmitter 36 and a series resistance 44. In another
example configuration, loop 38 is a wireless connection in which data may be transmitted or
received wirelessly either in a point-to-point configuration, a mesh network, or other
configuration.

[0017] Figure 2 is a simplified block diagram of pressure transmitter 36. Pressure transmitter 36
includes a sensor module 52 and an electronics board 72 coupled together through a databus 66.
Sensor module electronics 60 couples to differential pressure sensor 56 which received an
applied differential pressure 54. The data connection 58 couples sensor 56 to an analog to digital
converter 62. An optional temperature sensor 63 is also illustrated along with sensor module
memory 64. The electronics board 72 includes a microcomputer system 74 (or microprocessor),
electronics memory module 76, digital to analog signal conversion 78 and digital communication
block 80.

[0018] Also illustrated in Figure 2 are capillary or "fill" tubes 93 and 94 which are used to
couple the differential pressure sensor 56 to the process fluid 54. Isolation diaphragms 90
receive pressures from the process fluid 54 which is responsibly applied to a fill fluid carried in
capillary tubes 93 and 94. Through this fill fluid, the pressures of the industrial process are
applied to the differential pressure sensor 56.

[0019] In accordance with the illustrated embodiment, a line pressure sensors 97 and 98 couple

to capillary tubes 93 and 94, respectively, and are arranged to monitor the pressures in capillary
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tubes 93 and 94. Line pressure sensors 97 and 98 couple to pressure measurement circuitry 99.
Circuitry 99 can comprise, for example, circuitry which is responsive to electrical parameters of
the sensor 97 and 99 which change as functions of the applied link pressure. For example,
pressure sensors 97 and 98 may operate in accordance with known techniques including pressure
measurement techniques in which an electrical capacitance of the sensors 97 and 98 changes, an
electrical resistance of the sensors 97 and 98 changes, a resonant frequency of the sensors
changes, etc. One specific configuration is discussed below in more detail. Circuitry 99 can be
stand alone circuitry or, in some configurations, may be embodied in other circuitry used to
measure the differential pressure. For example, some or all of the components used to monitor
the various sensors may be shared components.

[0020] Figure 3 schematically shows one embodiment of pressure transmitter 36 having sensor
module 52 and transmitter electronics module 136. Sensor module 52 includes housing 152 and
base 54, in which are disposed sensor board 156, differential pressure sensor 56, isolation or
tubes 93 and 94 and isolation diaphragms 90. Transmitter electronics module 136 includes
housing 164, cover 166, display cover 168, output interface 170 and transmitter circuitry 172.
Sensor module 52 also includes line pressure sensors 97 and 98 and temperature sensor 175.
Pressures P; and P, are produced on either side of primary element 33 in piping 30 shown in
Figure 1.

[0021] Sensor board 156 and sensor 56 are mounted within housing 152 of sensor module 52.
Housing 152 of sensor module 52 connects to housing 164 of electronics module 136 through,
for example, a threaded connection. Similarly, covers 166 and 168 are connected to housing 164
through threaded connections that form flame-quenching seals, as are known in the art, to
prevent escape of flames from within housing 164. Output interface 170 and transmitter
circuitry 172 are mounted to housing 164 within transmitter electronics module 136 and form
electronics board 72 shown in Figure 2.

[0022] In the illustrated embodiment, sensor 56 is a capacitance-based differential pressure cell
having a sensing diaphragm disposed between a pair of electrode plates. In one embodiment,
sensor 56 is a metal-diaphragm type sensor as is described in U.S. Pat. No. 6,295,875 to Frick et
al., which is assigned to Rosemount Inc., Eden Prairie, MN. Sensor 56 is connected to base 54

with isolation tubes 93 and 94, in which is disposed a hydraulic fill fluid. Isolation diaphragms
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90 separate the fill fluid within isolation tubes 93 and 94 from pressures Py and P, of process
fluid. Changes in pressures P; and P, of process fluid are sensed as differential pressure AP by
sensor 56 through isolation diaphragms 90 within base 54 and the hydraulic fill fluid within
isolation tubes 93 and 94. However, the invention is not limited to this differential pressure
measurement configuration.

[0023] In the described embodiment, line pressure sensors 97 and 98 are capacitance-based
absolute pressure sensors. In one configuration, sensors 97 and 98 are capacitive pressure
sensors as are described in U.S. Pat. No. 6,484,585 to Sittler et al. and the related series of
applications, all of which are assigned to Rosemount Inc., Eden Prairie, MN. Such sensors
include technology that uses brittle sensing materials having high compression strength. For
example, a brittle material such as sapphire. Sensors 97 and 98 sense line pressures P; and P, of
the fill fluid in isolation tubes 93 and 94, respectively. The pressures sensed by each of pressure
sensors 97 and 98 can be compared to one another to produce a signal representative of the
differential pressure AP that can be used in place of, or for comparison to, the differential
pressure AP sensed by sensor 56.

[0024] Sensors 56, 97 and 98 together form a sensor system that includes a differential sensor
apparatus having a single sensor device, and an absolute sensor apparatus having two sensor
devices. Differential pressure sensor 56 and absolute pressure sensors 97 and 98 are in electronic
communication with sensor board 156. Sensor board 156 is in electronic communication with
transmitter circuitry 172 through sensor cable 176. Transmitter circuitry 172 is in electronic
communication with output interface 70 through electronics cable 178. Output interface 170
connects transmitter 36 to wiring of control loop 38. In other embodiments of the invention,
performance of the functions of transmitter circuitry 172, sensor board 156 and output interface
170 are distributed and implement differently as desired.

[0025] Sensor 56 accurately measures small differential pressures. Further, sensors 97 and 98
accurately measure absolute pressures. Sensor 56 directly measures the difference between line
pressures Py and P,. Sensors 97 and 98 directly measure pressures P; and P;, respectively. The
difference between the outputs from sensors 97 and 98 can be used to determine large

differential pressures, perform diagnostics, provide calibration to sensor 56, etc. or provide other
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functionality. Sensors 56, 97 and 98 can thus be used in a wide variety of scenarios to sense line
pressures and differential pressures.

[0026] Figure 4 is a cross sectional view of sensor module 52 shown in greater detail. As
illustrated in Figure 4, tube 93 includes a bent portion 202 which couples to the differential
pressure sensor 56. Further, tube 93 includes an extension portion 200 which couples to line
pressure sensor 97. In a similar manner, tube 94 includes a bent portion 206 which connects to
differential pressure sensor 56 and an extension portion 204 which couples to line pressure
sensor 98.

[0027] Figure 5 is a side cross sectional view of one example of line pressure sensor 97. In the
example of Figure 5, line pressure sensor 97 is formed of two sapphire substrates 220 and 222
which are bonded together and form a vacuum cavity 224 there between. Vacuum cavity 224
includes two capacitor plates (not shown) which couple to electrical connection leads 226.
Electrical connection leads 226 connect to circuitry in sensor board 156. A braze band 230 is
provided and is used for coupling the sensor 97 to the tube 93.

[0028] Figure 6 is a cross sectional view of line pressure sensor 97 mounted in the extension
portion 200 of tube 93. The tube 93 can be formed of nickel and filled with a substantially
incompressible fluid such as oil. The extension portion 200 of the tube 93 includes an opening
formed therein which supports pressure sensor 97. Pressure 97 is sealed to the extension portion
200 using, for example, to a braze 232.

[0029] Referring back to Figure 2, the sensor signals from pressure sensors 56, 97 and 98 are
received by circuitry in transmitter 36. This circuitry includes, for example, circuitry in the
sensor module 52 or on the electronics board 72. For example, microprocessor circuitry 74 can
process the line pressure signals to provide enhanced functionality to the transmitter 36. Such
enhanced functionality includes diagnostics, extended measurement range, redundant sensor
measurements, calibration, calculation of additional process variables such as mass flow rate, etc.
[0030] The use of additional sensors can be used to extend the range over which the device is
capable of sensing pressure. For example, the line pressure sensors 97 and 98 can be used to
sense the differential pressure of the process fluid in instances when the pressure exceeds the
upper range limit of pressure sensor 56. Although such a configuration may reduce the accuracy

of the pressure measurements, in some instances this tradeoff may be acceptable in order to
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provide the increase measurement range. This can be useful both for measuring flow rates as
well as differential pressure.

[0031] The additional sensors 97, 98 can be used to enable redundant differential pressure
measurements for use in providing sensor diagnostics. For example, at pressures less than 250
inches H,0, the sensors 97, 98 can be used to measure the differential pressure and provide a
redundant differential pressure measurement. The differential pressure measured using line
sensors 97 and 98 can be compared with differential pressure measured using differential
pressure sensor 56. The microprocessor 74 can use any differences between these two
measurements to identify a failing sensor.

[0032] In one configuration, the additional absolute pressure sensors 97 and 98 are used to
provide differential pressure measurements if the differential pressure sensor 56 has failed or is
providing an inaccurate measurement. This configuration allows the transmitter 36 to operate in
a limited (or “limp”) mode having a reduced accuracy until the failed equipment can be repair or
replaced. If microprocessor system 74 detects that sensor 56 has failed, for example, by
providing no signal output, the microprocessor 74 can calculate differential pressure based upon
the outputs from sensors 97 and 98. This calculated differential pressure can be transmitted to a
remote location. The transmission may optionally include diagnostic information such as
information which indicates that the transmitted process variable has a reduced accuracy because
the transmitter is operating in a “limp” mode. This configuration allows the industrial process to
continue operation, perhaps at a reduced capacity, until repairs can be implemented.

[0033] In another configuration, diagnostics are performed by microprocessor system 74 on the
absolute pressure sensors 97, 98 based upon the differential pressure measured by differential
pressure sensor 56. During normal operation, the pressure measured by one of the line pressure
sensors 97, 98 should be substantially equal to a difference between the pressure measured by the
other line pressure sensor 97, 98 and the differential pressure measured by differential pressure
sensor 56. Similarly, the additional line sensors 97, 98 can be used to identify a plugging of
impulse piping or a failing primary element.

[0034] In the embodiments described, the use of two different types of sensors can be used to
provide sensors having different frequency responses. For example, the metal diaphragm used in

differential pressure sensor 56 described herein has an effective low pass filter that tends to filter
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out higher frequency process noise. On the other hand, the sapphire based line pressure sensors
97, 98 described herein have a higher frequency response and are capable of providing
measurements with a faster response time. This high frequency response can be used to measure
noise signals on either side of the differential pressure sensor 56. This can be used to provide
enhanced process statistics or diagnostics, such as identifying a plugged line or other failing
component in the process. The line pressure signals can also be used to calibrate the differential
pressure sensor 56 as well as be used to compensate the differential pressure measurement for
any changes due to high line pressure. For example, the configuration of pressure sensors 97 and
98 described above offers relatively stable measurements over an extended time period. As the
sensors 97 and 98 are relatively stable, their measurements can be used to calibrate drift in the
measurements provided by pressure sensor 56. Thus, calibration can be performed by
microprocessor 74. In another example, the additional pressure measurements provided by line
pressure sensors 97 and 98 can be used to provide accurate span line pressure compensation by
microprocessor 74 to differential pressure sensor 56 pressure measurements. In one
configuration, the use of two absolute pressure sensor measurements can be used to more
accurately compensate for variations of the differential pressure measurements. Compensation
algorithms can be implemented in microprocessor 74.

[0035] In one configuration, the line pressure sensors 97 and 98 have an upper range limit of
about 5,000 psi. The sensors 97, 98 can be placed anywhere in the device, however the location
described above in association with the fill tubes 93, 94 offer a convenient position. As the line
pressure sensors 97, 98 described herein operate based upon capacitance variation, various
operations and components of the measurement system may be shared with the differential
pressure sensor 56, such as temperature sensor 63 shown in Figure 2, which also operates based
upon capacitance variations. In one embodiment, a temperature sensor is provided within sensors
97 and/or 98. This can be used to compensate for temperature variations in their measurements.
Further, a reference capacitor (not shown) can be implemented in sensor 97 and/or 98 to further
enhance accuracy of absolute pressure measurements. The dual absolute line pressure sensors 96,
98 may also be used in other process variable measurement configurations such as an inline unit

in which the sensors can be positioned in parallel with a strain gauge.
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[0036] Although the present invention has been described with reference to preferred
embodiments, workers skilled in the art will recognize that changes may be made in form and
detail without departing from the spirit and scope of the invention. The line pressures sensors 97
and 98 can be coupled to P; and P, in any appropriate manner and are not limited to the tube
configuration shown herein. The various functions described above can be implemented using
any appropriate circuitry and the implementation of such functionality can be shared between
components and implemented using the same or separate circuitry. As used herein “transmitter
circuitry” refers to any circuitry within transmitter 36. As used herein, “enhance functionality”
includes system diagnostics, component, diagnostics, process diagnostics, extended operation
range, calibration of components, statistical process measurements and limited device operation

in the event of a component failure.
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WHAT IS CLAIMED 18S:

1. A process variable transmitter for measuring a pressure of a process fluid, comprising:

a process coupling having a first port configured to couple to a first process pressure and
a second port configured to couple to a second process pressure;

a differential pressure sensor coupled to the first and second ports having an output
related to a differential pressure between the first pressure and the second
pressure;

first and second pressure sensors coupled to respective first and second ports having
outputs related to the first and second pressures; and

transmitter circuitry configured to provide a transmitter output based upon the output
from the differential pressure sensor and further provide enhanced functionality
based upon the first and second pressures;

wherein the first and second pressure sensors comprise a brittle material having a cavity
formed therein and wherein the outputs from the first and second pressure sensors
are related to deformation of the cavity.

2. The process variable transmitter of claim 1 wherein the transmitter is configured to
calculate differential pressure based upon the outputs from the first and second pressure sensors.
3. The process variable transmitter of claim 1 including a tube which couples the first port
to the first pressure sensor and to the differential pressure sensor.

4. The process variable transmitter of claim 3 wherein the tube includes an extension
portion and the first pressure sensor is mounted at a distal end of the extension portion.

5. The process variable transmitter of claim 1 wherein the first and second pressure sensors
have a frequency response which is greater than a frequency response of the differential pressure
Sensor.

6. The process variable transmitter of claim 1 wherein the first and second pressure sensors
are configured to operate at pressures which are greater than a maximum operating pressure of
the differential pressure sensor and the transmitter circuitry is configured to provide a transmitter
output based upon the first and second pressure sensors to thereby provide extended range to the

process variable transmitter.
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1. The process variable transmitter of claim 1 wherein the transmitter circuitry is configured
to provide a differential pressure output based upon a difference between the output from the
first pressure sensor and the output from the second pressure sensor when the differential
pressure sensor is degraded.
8. The process variable transmitter of claim 3 wherein the first pressure sensor extends into
the tube and is sealed to the first pressure sensor by a braze.
9. The process variable transmitter of claim 1 wherein the enhanced functionality include
detecting a plugged line.
10. The process variable transmitter of claim 1 wherein the enhanced functionality are based
upon a frequency of a signal sensed by the first and second pressure sensors.
11. The process variable transmitter of claim 1 wherein the enhanced functionality include
calibrating the differential pressure sensor based upon outputs from the first and second pressure
Sensors.
12. A method of measuring a pressure of a process fluid in a process variable transmitter,
comprising:
coupling a first tube to a first process pressure;
coupling a second tube to a second process pressure;
sensing a differential pressure between the first process pressure and the second process
pressure using a differential pressure sensor coupled between the first and second
tubes;
sensing the first process pressure with a first pressure sensor coupled to the first process
pressure through the first tube;
sensing a second process pressure with a second pressure sensor coupled to the second
process pressure through the second tube;
providing a transmitter output related to the differential pressure sensed by the
differential pressure sensor;
performing enhanced functionality to the process variable transmitter based upon outputs

from the first and second pressure sensors; and
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wherein the first pressure sensor comprises a brittle material having a cavity formed

therein and wherein the output from the first pressure sensor is related to
deformation of the cavity.

13. The method of claim 12 including calculating a differential pressure based upon the

outputs from the first and second pressure sensors.

14. The method of claim 12 wherein the first tube includes an extension portion and the first

pressure sensor is mounted at a distal end of the extension portion.

15. The method of claim 12 wherein the first and second pressure sensors have a frequency

response which is greater than a frequency response of the differential pressure sensor and the

diagnostics are based upon a sensed frequency.

16. The method of claim 12 including detecting line plugging based upon the sensed first and

second pressures.

17. The method of claim 12 including diagnosing operation of the differential pressure sensor

based upon the sensed first and second pressures.

18. The method of claim 12 including sensing differential pressure based upon the sensed

first and second pressures when the differential pressure sensor is degraded.

19. The method of claim 12 including calibrating the differential pressure sensor based upon

the sensed first and second pressures.



PCT/US2011/038692

WO 2012/009062

5

46
__E'_J

44
//

40

38




PCT/US2011/038692

WO 2012/009062

2/5

c 914

A A

WLIIIJ OL-9OTYNY

1<%
wmn/ 0

. T _

| 9o~ o
“ gonaw || 06 — 06 |

08 n3o

| ./ gy S| SIINOALITTA “ “ vmm m.}m_ A_V £6 |
| [[snorvomnmwwos | | les Vs
_ TWLI9Iq - — _

/i Pegs €9
| 24 |84 ) |
| TGN FoNL verTanaL| !
11 NozIssaNes Tnars e || BN HOSNIS | |
| 90TNY-OL-TVLIZIq “ || g - — Ihl — =

X || 4

“ o/ ﬁ | 77 % & norseanes ners || "

Tl )
_
| I

_




WO 2012/009062

PCT/US2011/038692

3/5

172

14

— — 175
176 — 52
156 56 52
97 /
94

93 ~—
54
90

90/



WO 2012/009062

(

202

93\

90

4/5

PCT/US2011/038692

yAV . WEAVA

o —)

—94

FIG. 4

90



WO 2012/009062 PCT/US2011/038692

5/5

97

200
/ 232

226

93\

226

FIG. 6



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2011/038692

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO1L13/00 GO1L15/00 GO1L27/00
ADD.

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO1L

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

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

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 2008/006094 Al (SCHULTE JOHN [US] ET 1-19
AL) 10 January 2008 (2008-01-10)
claims 1,11,13,19; figure 1

Y US 6 484 585 B1 (SITTLER FRED C [US] ET 1-19
AL) 26 November 2002 (2002-11-26)
claim 1; figure 1

abstract

Y US 5 680 109 A (LOWE JUSTIN PETER [GB] ET 9,10,16
AL) 21 October 1997 (1997-10-21)
column 3, lines 16-23; claim 3
abstract

D Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . .

"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
invention

"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 "X* document of particular relevance; the claimed invention
filing date cannot be considered novel or cannot be considered to

"L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone
“f:"f.h 18 °'tetg to QStaI?I'ISh the publlcatlon_fgia;e of another "Y" document of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

"O" 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 inthe art.
later than the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report

8 September 2011 07/10/2011

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, e q .
Fax: (+31-70) 340-3016 Cilissen, Marcel

Form PCT/ISA/210 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2011/038692
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2008006094 Al 10-01-2008 CA 2656738 Al 17-01-2008
CN 101490521 A 22-07-2009
EP 2049878 Al 22-04-2009
JP 2009543093 A 03-12-2009
WO 2008008110 Al 17-01-2008
US 6484585 Bl 26-11-2002  NONE
US 5680109 A 21-10-1997  EP 0906559 Al 07-04-1999
JP 2000505563 A 09-05-2000
JP 3106249 B2 06-11-2000
WO 0748974 Al 24-12-1997

Form PCT/ISA/210 (patent family annex) (April 2005)



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS
	SEARCH_REPORT

