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DOWNHOLE TELEMETRY SYSTEMS AND METHODS

@ A downhole telemetry system comprises an optical fiber, a downhole sighal generator, a downhole amplifier, and a
first downhole laser. The downhole sighal generator can be in optical communication with the optical fiber to
generate a signal to be transmitted along the optical fiber. The downhole amplifier can be in optical communication
with the optical fiber to receive the signal from the downhole signal generator. The first downhole laser can be in
optical communication with the downhole amplifier to generate a first laser light output to power the downhole
amplifier. Additional apparatus, methods, and systems are disclosed.

Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de
techniek en schriftelijke opinie. Het octrooischrift komt overeen met de oorspronkelijk ingediende
stukken.
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DOWNHOLE TELEMETRY SYSTEMS AND METHODS

Background

[0001] Conventional uplink telemetry, microseismic, and coiled tubing systems utilizing
fiber optic communication are limited to a few megabits-per-second (Mbps) operation.
Ensuring correct data transmission requires a certain amount of energy per bit, and the limited
power budgets of conventional systems thus result in limitations on data rates. Some of these
systems use light emitting diodes (LEDs), which have a broad spectral range and low coupling
efficiencies into fiber, further contributing to limited data rates. Some of these systems make
use of remote pumping, presenting further inefficiencies. For example, light-matter material
interaction can result in non-linear optical energy conversion, signal shape degradation, and

cross-talk.

Brief Description of the Drawings

[0002] The present disclosure may be better understood, and its numerous features and
advantages made apparent to those of ordinary skill in the art by referencing the
accompanying drawings. The use of the same reference symbols in different drawings
indicates similar or identical items.

[0003] Figure 1 depicts an example downhole telemetry system, in accordance with some
embodiments.

[0004] Figure 2 is a block diagram of an example downhole telemetry system, in
accordance with some embodiments.

[0005] Figure 3 is a block diagram of an example downhole telemetry system, in
accordance with some embodiments.

[0006] Figure 4 is a flow diagram of an example method of downhole telemetry
communication, in accordance with some embodiments.

[0007] Figure 5 depicts an example system at a wireline site, in accordance with some
embodiments.

[0008] Figure 6 depicts an example system at a drilling site, in accordance with some

embodiments.
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Detailed Description

[0009] To address some of the challenges presented above, as well as others, various
embodiments operate to provide a non-remotely pumped telemetry system that may include
both an uplink telemetry system and a downlink telemetry system. In some embodiments, a
high temperature laser is used to provide superior optical power output and narrower
bandwidths, increasing the power budget and reducing the effect of dispersion to increase the
possible bandwidth of data transmission. In some embodiments, the high temperature laser is
in communication with a single mode optical fiber and a modulator to encode the laser light
output, producing a telemetry signal. In some embodiments, a high temperature laser is
pumped to power an amplifier to amplify the telemetry signal, providing higher signal to noise
ratios (SNR) for longer distances, or to augment the SNR and increase the possible data rate
that can be transmitted. ...

[0010] Figure 1 depicts an example downhole telemetry system 100, in accordance with
some embodiments. A downhole laser 102 generates a laser light output at the end of an
optical fiber 104, for example a fiber optic cable, down a borehole 106. In at least one
example, the optical fiber 106 comprises a single mode optical fiber. In at least one example,
the laser comprises a high temperature laser. In some examples, the downhole laser 102
comprises a quantum dot laser. In at least one example, the downhole laser 102 comprises a
vertical-cavity surface-emitting laser, a Fabry-Perot laser, a distributed feedback laser, a
cooled electro-absorption modulated laser, or the like. In some embodiments, the downhole
laser 102 provides power at the end of the optical fiber 104. For example, in at least one
embodiment, the downhole laser 102 provides power of from about 100 nanowatts (nW) to
about 1 Watt (W). In at least one embodiment, the downhole laser 102 provides power of
about 10mW in silica optical fibers. In some examples, the downhole laser 102 is capable of
operating at temperatures greater than approximately 75° C. In at least one example, the
downbhole laser 102 is capable of operating at temperatures greater than approximately 150° C.
In at least one embodiment, the downhole laser 102 is not remotely pumped.

[0011] In at least one embodiment, being non-remotely pumped entails co-locatihg the
pump laser and the amplifier or the amplifier and the probe laser. Remote optical pumping

may be accomplished by sending a quantity of higher power excitation light (pump light)
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along the fiber to the remote (downhole) laser cavity containing an active ion medium. Pump
light is typically at a different (shorter) optical wavelength than the excited ion’s
spontaneously emitted “fluorescent” light (via excited-electron state relaxation).

[0012]  In at least one embodiment, the laser light output generated by the laser passes, via
the optical fiber 104, through a downhole modulator 108. In some embodiments, the downhole
modulator 108 encodes a telemetry signal. In at least one embodiment, the laser light output is
modulated directly in the optical fiber 104 to generate a telemetry signal. For example, in the
case of microseismic measurements, the optical fiber 104 may include a sensor to modulate
the laser light output directly in the optical fiber 104. In some embodiments, the modulator
comprises an electroabsorption modulator, an electro-optic modulator, a semiconductor optical
amplifier, a combination of these, or the like. The sensor can comprise a pressure transducer, a
temperature transducer, a chemical sensor, a density sensor, a resistivity sensor, a
microseismic profiler, a combination of these, or the like.

[0013] In some embodiments, the telemetry signal travels through the borehole 106 via the
optical fiber 104 to a receiver 110 at the surface of the earth 112. In at least one embodiment,
the receiver 110 is in optical communication with the optical fiber 104, such that the receiver
110 receives telemetry data via the optical fiber 104. In some embodiments, the receiver 110 is
in electrical communication with surface equipment 114. In at least one embodiment, the
surface equipment includes an analyzer to analyze the telemetry data received via the optical
fiber 104. In at least one embodiment, the receiver 110 comprises a transceiver, such that the
transceiver 110 can send a signal through the borehole 106. For example, in at least one
embodiment, the transceiver 110 sends a signal through the borehole 106 to adjust the laser
light output of the downhole laser 102.

[0014] In some embodiments, the telemetry system 100 includes one or more optical
components 116, 117, 118, 119, 120. In the illustrated example, two optical components 119,
120 are depicted along the optical fiber 104 between the downhole laser 102 and the downhole
modulator 108, and three optical components 116, 117, 118 are depicted along the optical
fiber 104 between the downhole modulator 108 and the surface of the earth 112. In other
embodiments, the telemetry system 100 can include the same number of optical components
116, 117, 118, 119, 120, more optical components 116, 117, 118, 119, 120, or less optical
components 116, 117, 118, 119, 120, in any arrangement along the optical fiber 104. For
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example, in one embodiment, the telemetry system 100 includes a single optical component
119 along the optical fiber between the downhole laser 102 and the downhole modulator 108.
In at least one example, the telemetry system 100 does not include any additional optical
components 116, 117, 118, 119, 120. In another embodiment, the telemetry system 100
includes a single optical component 117 along the optical fiber 104 between the downhole
modulator 108 and the surface of the earth 112. Each of the optical components 116, 117, 118,
119, 120 may comprise, for example, a depolarizer, a polarizer, a fiber stretcher, a coupler, a
circulator, an isolator, a wavelength division multiplexer, a fiber Bragg grating, a faraday
Rotator mirror, an optical receiver, a metallic-coated fiber mirror, an optical mixer, an optical
filter, a demultiplexer, additional amplifiers, a combination of these, or the like. In some
embodiments, one or more of the downhole laser 102, the downhole modulator 108, the
sensor, and optical components 116, 117, 118, 119, 120 are included in a downhole tool 122.
[0015] Figure 2 is a block diagram of an example downhole telemetry system 200, in
accordance with some embodiments. In at least one embodiment, the downhole telemetry
system 200 comprises a non-remotely pumped telemetry system. The illustrated downhole
telemetry system 200 comprises both an uplink telemetry system 202 and a downlink
telemetry system 204. However, in other embodiments, the downhole telemetry system 200
may comprise only a downlink telemetry system 204, or only an uplink telemetry system 202.
In at least one embodiment, the uplink telemetry system 202 and the downlink telemetry
system 204 utilize the same optical fiber. In other embodiments, the uplink telemetry system
202 and the downlink telemetry system 204 utilize separate optical fibers. In at least one
embodiment, the optical fiber is a single mode optical fiber.

[0016] In some embodiments, a signal generator 206 is in optical communication with the
optical fiber to generate a signal in the form ofia laser light output 226 to be transmitted along
the optical fiber. In at least one embodiment, the signal generator 206 comprises a downhole
laser 224 that generates a laser light output 226 and a controller 222 that receives sensor data
228 from one or more sensors 230. The one or more sensors 230 provide data for the telemetry
signal 212. In some embodiments, each of the one or more sensors 230 comprise a pressure
transducer, a temperature transducer, a microseismic profiler, a chemical sensor, a density
sensor, a resistivity sensor, a combination of: these, or the like. In some embodiments, the

controller 222 processes the sensor data 228 and transmits a sensor data signal 208.
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[0017] In at least one embodiment, the controller 222 is in electrical communication with
the downhole modulator 210. In some embodiments the signal generator 206 comprises a
downhole modulator 210 in optical communication with the downhole laser 224 to modulate
the laser light output 226 based on the sensor data signal 208 to generate a telemetry signal
212. In at least one embodiment, the optical fiber comprises the downhole modulator 210,
such that the optical fiber modulates the laser light output 226. In at least one embodiment, the
downhole laser 224 is capable of: operating at temperatures greater than approximately 75° C.
In at least one embodiment, the downhole laser 224 is not remotely pumped. In some
embodiments, the signal generator 206 can comprise, for example, a vertical-cavity surface-
emitting laser, a Fabry-Perot laser, a distributed feedback laser, a cooled electro-absorption
modulated laser, a combination of these, or the like. While the illustrated embodiment depicts
the downhole laser 224 as a laser, in other embodiments, the downhole signal generator 206
may comprise a light emitting diode (LED) 246 or other light source to produce a non-laser
light output instead of laser light output 226.

[0018] In some embodiments, the uplink telemetry system 202 comprises a downhole
amplifier 214 in optical communication with the optical fiber. In some embodiments, the
downhole amplifier 214 is to receive the telemetry signal 212 from the downhole signal
generator 206. In at least one embodiment, the downhole amplifier 214 comprises an erbium-
doped fiber amplifier (e.g., 1525nm to 1575nm band). In some embodiments, the downhole
amplifier 214 comprises, for example, a Thulium (e.g, 1450nm-1490nm band);
Praseodymium (e.g., 1300nm band), and Ytterbium (e.g., 1030nm to 1070nm band), or the
like. In at least one embodiment, the downhole amplifier 214 comprises a semiconductor
optical amplifiers. In some examples the semiconductor optical amplifier is used for
wavelengths ranging from about 700nm to 3000nm. In at least one embodiment, a downhole
laser 216 is in optical communication with the downhole amplifier 214. The downhole laser
216 is to generate a laser light output 218 to power the downhole amplifier 214 and amplify
the telemetry signal 212. For example, in some embodiments, the downhole laser 216 acts as a
pump for the downhole amplifier 214 while the telemetry signal 212 acts as a probe, which is
then amplified.

[0019] In some embodiments, the combination of the downhole laser 216 and the

downhole amplifier 214 allows for high signal to noise ratios for longer distance telemetry
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applications (e.g., booster amplifier). For example, in at least one embodiment, the
combination of the downhole laser 216 and the downhole amplifier 214 allows for signal to
noise ratios of approximately 20dB better than without an amplifier for a telemetry application
of at least about 10 kilofeet (kft). In at least one embodiment for low bit-error-rates, overall
optical system SNRs (laser/amplifier, interconnect fiber component, and optical receiver) can
be about 30dB to 40dB. In some embodiments, the uplink telemetry system 202 comprises the
downhole laser 216 and downhole amplifier 214 positioned to amplify the telemetry signal
212 immediately after the laser light output 226 is modulated by the downhole modulator 210,
to allow an optical signal 220 to travel to a receiver (or transceiver) at the surface of the earth,
while the noise level is still relatively low, countering the attenuation inherent in fiber
transmission. The resulting optical signal 220 is a higher power signal than it would be
without the amplification provided by the amplifier 214 and the laser 216. The downhole laser
216 can comprise, for example, a vertical-cavity surface-emitting laser, a Fabry-Perot laser, a
distributed feedback laser, a cooled electro-absorption modulated laser, a combination of
these, or the like. In at least one embodiment, the downhole laser 216 is capable of operating
at temperatures greater than approximately 75° C. In at least one embodiment, the downhole
laser 216 is not remotely pumped.

[0020] In some embodiments, the downlink telemetry system 204 comprises a downhole
photodetector 232 to detect an optical signal 234 transmitted from the surface of the earth. In
some embodiments, the downlink telemetry system 204 includes a downhole amplifier 236
and a downhole laser 238 to amplify the optical signal 234, transmitting an amplified
telemetry signal 240 along the optical fiber to be received by the photodetector 232. In at least
one embodiment, the downhole amplifier 236 comprises an erbium-doped fiber amplifier. In
some embodiments, the downhole laser 238 is capable of operating at temperatures greater
than approximately 75° C. In at least one embodiment, the downhole laser 238 is not remotely
pumped. The downhole laser 238 can comprise, for example, a vertical-cavity surface-emitting
laser, a Fabry-Perot laser, a distributed feedback laser, a cooled electro-absorption modulated
laser, a combination of these, or the like.

[0021] Similar to the downhole amplifier 214 and downhole laser 216 of the uplink
telemetry system 202 in the illustrated embodiment, the downhole laser 238 generates a laser

light output 242 to power the downhole amplifier 236 and amplify the optical signal 234. In
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the illustrated embodiment of the downlink telemetry system 204, the downhole amplifier 236
amplifies the optical signal 234 after attenuation, increasing both the magnitude of the signal
236 and the noise, as well as the difference between the signal 236 and the noise. In the
illustrated example, the amplification after attenuation would augment the signal to noise ratio
(SNR) and increase the data rate that may be realized along the optical fiber.

[0022] In some embodiments, the downhole telemetry system 200 comprises more than
one amplifier in series, in parallel, or a combination of series and parallel. In at least one
example, each amplifier of the plurality of amplifiers boosts the power until reaching a
predetermined limit, based on safety concerns or the desire to avoid non-linear effects.

[0023] In at least one example, a 1550 nm light can be amplified by an erbium-doped fiber
amplifier (EDFA), then pass through an ytterbium-doped fiber amplifier (YDFA) with
minimal effect, then a 980 nm light could go through the EDFA with little effect to then be
pumped by the YDFA, all on the same optical fiber. In some examples, amplifiers on separate
fibers could be brought in together by a wavelength-division multiplexer (WDM MUX).
[0024] In at least one embodiment, the photodetector 232 translates the telemetry signal
240 into an electronic signal 244 to be communicated to the controller 222 in electrical
communication with the photodetector 232. For example, in at least one embodiment, the
electronic signal 244 could include commands for the controller 222, such as a command to
obtain sensor data 228 from the one or more sensors 230. In some examples, the controller 222
would collect sensor data 228 from the one or more sensor 230, interpret the sensor data 228,
and send the sensor data signal 208 to the downhole modulator 210 to adjust the laser light
output 226 produced by the downhole laser 224. In some embodiments, a downhole tool 248
houses one or more components 206, 210, 214, 216, 222, 224, 230, of the downhole telemetry
system 200, a second laser, a second amplifier, a photodetector, or the like.

[0025] In at least one embodiment, the downhole telemetry system 200 is a non-remotely
pumped telemetry system. Remote optical pumping can lead to light-matter material
interaction, within the optical fiber, resulting in non-linear optical energy conversion along
said fiber as the high power pump light propagates along the fiber length. This degrades signal
shape, adds cross talk in adjacent multiplexed channels. Examples of optical non-linearities
include: Stimulated Raman Scattering; Stimulated Brillouin scattering; Self-Phase

Modulation; Cross-Phase Modulation; Four-Wave Mixing; and Supercontinuum Generation.
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Further, with remote optical pumping, the power required for the pump light to be effective
often exceeds desirable eye safety (class 1M) and explosion proof regulations.

[0026] In some embodiments the optical connection between the surface optical
equipment and downhole optical equipment is made through a disposable telemetry cable
deployment system. In at least one embodiment, the connection system includes an optical slip
ring.

[0027]  Figure 3 is a block diagram of an example downhole telemetry system 300, in
accordance with some embodiments. In some embodiments, the downhole telemetry system
300 includes a transceiver 302 which performs the functions of both the downhole laser 224
and the photodetector 232 in the example downhole telemetry system 200 illustrated in Fig. 2.
That is, the transceiver 302 forms part of the signal generator 206 of the uplink telemetry
system 202, generating the laser light output 226 to be received by the downhole modulator
210 via the optical fiber. In some examples, the transceiver comprises a light source other than
a laser, such as a light emitting diode (LED) or other light source that produces light output
226. Transceiver 302 also forms part of the downlink telemetry system 204, detecting the
optical signal 234, or in the illustrated embodiment, the amplified telemetry signal 240, to
translate the telemetry signal 240 into the electronic signal 244 communicated to the controller
222.

[0028] In some embodiments, the downhole telemetry system 300 includes a downhole
amplifier 304 and a downhole laser 306 that serves to amplify signals 212, 234 of both the
uplink telemetry system 202 and the downlink telemetry system. That is, downhole amplifier
304 performs the functions of both downhole amplifier 214 and downhole amplifier 236 of the
example downhole telemetry system 200 illustrated in Fig. 2, and downhole laser 306
performs the functions of both downhole laser 218 and downhole laser 238 of the example
downhole telemetry system 200 illustrated in Fig. 2

[0029] In some embodiments, the downhole telemetry system 300 includes the transceiver
302, as well as separate downhole amplifiers 214, 236 and downhole lasers 216, 238 for the
uplink telemetry system 202 and the downlink telemetry system 204. In some embodiments,
the downhole telemetry system 300 includes the amplifier 304 and the downhole laser 306
shared by both the uplink telemetry system 202 and the downlink telemetry system 204, as
well as a separate photodetector 232 for the downlink telemetry system 204 and a downhole
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laser 224 for the uplink telemetry system. In some embodiments, the downlink telemetry
system 204 and the uplink telemetry system 202 send one or more optical signals 234, 240,
220, 212, 226 along the same optical fiber. In other embodiments, the uplink telemetry system
202 and the downlink telemetry system 204 do not share an optical fiber. In at least one
embodiment, the downhole telemetry system 300 is a non-remotely pumped telemetry system.
[0030] Figure 4 is a flow diagram of an example method 400 of downhole telemetry
communication, in accordance with some embodiments. As a matter of convenience, the
downhole telemetry method 400 is described with reference to the downhole telemetry system
200 as illustrated in Fig. 2. At block 402, the downhole signal generator 206 or surface
equipment 114 (see Fig. 1) generates a telemetry signal 212, 234. In the case of the downlink
telemetry system 204, the surface equipment 114 generates a down-going telemetry signal
234. In the case of the uplink telemetry system 202, the controller 222 samples the one or
more sensors 230 to collect sensor data 228. The controller 222 processes the sensor data 228
and transmits a sensor data signal 208 to the downhole modulator 210. The downhole laser
224 produces the laser light output 226 to power the downhole modulator 210 via the optical
fiber 104 (see Fig. 1). The downhole modulator 210 modulates the laser light output 226 of the
downhole laser 224 and generates the up-going telemetry signal 212 based on the sensor data
signal 208 and the laser light output 226.

[0031] At block 404, the downhole amplifier 214, 236 receives the telemetry signal 212,
234 from the optical fiber 104. In the case of the downlink telemetry system 204, the
downhole amplifier 236 is optically coupled to the surface equipment 114 via the optical fiber
104, such that the surface equipment 114 transmits the telemetry signal 234 along the optical
fiber 104 to be received by the amplifier 236. In the case of the uplink telemetry system 202,
the downhole modulator 210 is optically coupled to the downhole amplifier 214 via the optical
fiber 104, such that the downhole modulator 210 transmits the telemetry signal 212 along the
optical fiber 104 to be received by the downhole amplifier 214.

[0032] At block 406, the downhole laser 216, 238 is pumped to produce the laser light
output 218, 242 to power the downhole amplifier 214, 236. In at least one embodiment,
pumping the downhole laser 216, 238 does not comprise remote pumping. At block 408, the
downhole amplifier 214, 236, powered by the downhole laser 216, 238, amplifies the
telemetry signal 212, 234 to produce an amplified telemetry signal 220, 240. In the case of the
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uplink telemetry system 202, amplifying the telemetry signal 212 by powering the downhole
amplifier 214 with the downhole laser 216 allows for high signal to noise ratios for longer
distance telemetry applications (e.g., greater than 10 kilofeet). In at least one embodiment, the
receiver 110 (see Fig. 1) at the surface of the earth 112 receives the amplified telemetry signal
220. In some embodiments of the uplink telemetry system 202, the downhole amplifier 214
amplifies the telemetry signal 212 immediately after the downhole modulator 210 modulates
the laser light output 226 to allow an optical signal 220 to travel to the receiver (or transceiver)
110 at the surface of the earth 112, while the noise level is still relatively low, countering the
attenuation inherent in fiber transmission.

[0033] In some embodiments of the downlink telemetry system 104, the downhole
amplifier 236 amplifies the optical signal 234 after attenuation, augmenting the signal to noise
ratio (SNR) and increasing the possible data rate along the optical fiber 104. In at least one
embodiment of the downlink telemetry system 104, the photodetector 232 detects the
amplified telemetry signal 240 and converts it to an electronic signal 244 to transmit
commands or other information to the controller 222.

[0034] Figure 5 is a diagram showing a wireline system 500 embodiment, and Figure 6 is
a diagram showing a logging while drilling (LWD) system 600 embodiment. The systems 500,
600 may thus comprise portions of a wireline logging tool body 502 as part of a wireline
logging operation, or of a down hole tool 602 as part of a down hole drilling operation.

[0035] Figure § illustrates a well used during wireline logging operations. In this case, a
drilling platform 504 is equipped with a derrick 506 that supports a hoist 508. Drilling oil and
gas wells is commonly carried out using a string of drill pipes connected together so as to form
a drillstring that is lowered through a rotary table 510 into a wellbore or borehole 512. Here it
is assumed that the drillstring has been temporarily removed from the borehole 512 to allow a
wireline logging tool body 502, such as a probe or sonde, to be lowered by wireline or logging
cable 514 (e.g., slickline cable) into the borehole 512. Typically, the wireline logging tool
body 502 is lowered to the bottom of the region of interest and subsequently pulled upward at
a substantially constant speed. The tool body 502 may include downhole spectroscopy system
516 (which may include any one or more of the elements of systems 100, 200 or 300 of

Figures 1-3).
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[0036] During the upward trip, at a series of depths various instruments (e.g., co-located
with the downhole spectroscopy system 516 included in the tool body 502) may be used to
perform measurements on the subsurface geological formations 518 adjacent to the borehole
512 (and the tool body 502). The measurement data can be communicated to a surface logging
facility 520 for processing, analysis, and/or storage. The processing and analysis may include
natural gamma-ray spectroscopy measurements and/or determination of formation density.
The logging facility 520 may be provided with electronic equipment for various types of
signal processing. Similar formation evaluation data may be gathered and analyzed during
drilling operations (e.g., during LWD/MWD (measurement while drilling) operations, and by
extension, sampling while drilling).

[0037] In some embodiments, the tool body 502 is suspended in the wellbore by a wireline
cable 514 that connects the tool to a surface control unit (e.g., comprising a workstation 522).
The tool may be deployed in the borehole 512 on coiled tubing, jointed drill pipe, hard wired
drill pipe, or any other suitable deployment technique.

[0038] Referring to Figure 6, it can be seen how a system 600 may also form a portion of a
drilling rig 604 located at the surface 606 of a well 608. The drilling rig 604 may provide
support for a drillstring 610. The drillstring 610 may operate to penetrate the rotary table 510
for drilling the borehole 512 through the subsurface formations 518. The drillstring 610 may
include a Kelly 612, drill pipe 614, and a bottom hole assembly 616, perhaps located at the
lower portion of the drill pipe 614. As can be seen in the figure, the drillstring 610 may
include a downhole spectroscopy system 618 (which may include any one or more of the
elements of system 100, 200 or 300 of Figures 1-3).

[0039] The bottom hole assembly 616 may include drill collars 620, a down hole tool 602,
and a drill bit 622. The drill bit 622 may operate to create the borehole 512 by penetrating the
surface 606 and the subsurface formations 518. The down hole tool 602 may comprise any of
a number of different types of tools including MWD tools, LWD tools, and others. In other
embodiments, the downhole spectroscopy system 618 can be located anywhere along the
drillstring 610, including as part of the downhole tool 602.

[0040] During drilling operations, the drillstring 610 (perhaps including the Kelly 612, the
drill pipe 614, and the bottom hole assembly 616) may be rotated by the rotary table 510.

Although not shown, in addition to, or alternatively, the bottom hole assembly 616 may also
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be rotated by a motor (e.g., a mud motor) that is located down hole. The drill collars 620 may
be used to add weight to the drill bit 622. The drill collars 620 may also operate to stiffen the
bottom hole assembly 616, allowing the bottom hole assembly 616 to transfer the added
weight to the drill bit 622, and in turn, to assist the drill bit 622 in penetrating the surface 606
and subsurface formations 518.

[0041] During drilling operations, a mud pump 624 may pump drilling fluid (sometimes
known by those of ordinary skill in the art as “drilling mud”) from a mud pit 626 through a
hose 628 into the drill pipe 614 and down to the drill bit 622. The drilling fluid can flow out
from the drill bit 622 and be returned to the surface 606 through an annular area 630 between
the drill pipe 614 and the sides of the borehole 512. The drilling fluid may then be returned to
the mud pit 626, where such fluid is filtered. In some embodiments, the drilling fluid can be
used to cool the drill bit 622, as well as to provide lubrication for the drill bit 622 during
drilling operations. Additionally, the drilling fluid may be used to remove subsurface
formation cuttings created by operating the drill bit 622.

[0042] The workstation 522 and the controller 526 may include modules comprising
hardware circuitry, a processor, and/or memory circuits that may store software program
modules and objects, and/or firmware, and combinations thereof, as desired by the architect of;
the downhole spectroscopy system 516, 618 and as appropriate for particular implementations
of various embodiments. For example, in some embodiments, such modules may be included
in an apparatus and/or system operation simulation package, such as a software electrical
signal simulation package, a power usage and distribution simulation package, a power/heat
dissipation simulation package, and/or a combination of software and hardware used to
simulate the operation of various potential embodiments.

[0043] Thus, many embodiments may be realized. Some of these will now be listed as
non-limiting examples.

[0044] In some embodiments, a system comprises a downhole sub to attach to a drill string
and a vibration component mechanically coupled to the downhole sub to generate a selected
vibration in the drill string when the downhole sub is attached to the drill string.

[0045] In some embodiments, a system comprises an optical fiber, a downhole signal
generator in optical communication with the optical fiber, the downhole signal generator to

generate a signal to be transmitted along the optical fiber, a downhole amplifier in optical
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communication with the optical fiber, the downhole amplifier to receive the signal from the
downhole signal generator, and a first downhole laser in optical communication with the
downhole amplifier, the downhole laser to generate a first laser light output to power the
downhole amplifier.

[0046] In some embodiments, the downhole laser is capable ofi operating at temperatures
greater than approximately 75° C.

[0047] In some embodiments, the downhole signal generator comprises a second
downhole laser in optical communication with the optical fiber, the second downhole laser to
generate a second laser light output, and a downhole modulator in optical communication with
the second downhole laser, the downhole modulator to modulate the second laser light output
to generate a telemetry signal.

[0048] In some embodiments, the optical fiber comprises the downhole modulator.

[0049] In some embodiments, the second downhole laser comprises the downhole
modulator.

[0050] In some embodiments, the system further comprises a second downhole amplifier
connected in series or parallel with the first downhole amplifier.

[0051] In some embodiments, the system further comprises a third downhole amplifier,
wherein the first, second, and third downhole amplifiers are connected in series, in parallel, or
in a combination of series and parallel.

[0052] In some embodiments, the system further comprises a receiver at the surface ofithe
earth, the receiver in communication with the optical fiber to receive telemetry data via the
optical fiber.

[0053] In some embodiments, the downhole laser comprises a quantum dot laser.

[0054] In some embodiments, the downhole laser is selected from the group consisting of:
a vertical-cavity surface-emitting laser, a Fabry-Perot laser, a distributed feedback laser, and a
cooled electro-absorption modulated laser.

[0055] In some embodiments, the system further comprises a sensor to provide data to be
included in the signal, the sensor selected from the group consisting of: a pressure transducer,
a temperature transducer, a chemical sensor, a density sensor, a resistivity sensor, a magnetic
field sensor, a radiation sensor, and a microseismic profiler.

[0056] In some embodiments, the system comprises a downlink telemetry system.
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[0057] In some embodiments, the system comprises a non-remotely pumped telemetry
system, wherein the downhole laser is not remotely pumped.

[0058] In some embodiments, the system further comprises one or more downhole optical
components optically coupled to the optical fiber, the one or more downhole optical
components selected from the group consisting of: a depolarizer, a polarizer, fiber stretcher, a
coupler, a circulator, an isolator, a wavelength division multiplexer, a fiber Bragg grating, a
faraday Rotator mirror, an optical receiver, a metallic-coated fiber mirror, an optical mixer, an
optical filter, and a demultiplexer.

[0059] In some embodiments, a method comprises receiving, at a downhole amplifier, a
signal from an optical fiber, producing, at a first downhole laser, a first laser light output to
power the downhole amplifier, and amplifying, at the downhole amplifier, the signal using the
first laser light output.

[0060] In some embodiments, the method comprises generating the signal by
generating, at a second downhole laser, a second laser light output to be received by a
downhole modulator, and modulating, at the downhole modulator, the second laser light
output to produce a telemetry signal.

[0061] In some embodiments, the signal comprises a down-going telemetry signal.

[0062] In some embodiments, the method further comprises receiving, at a downhole
receiver, the down-going telemetry signal.

[0063] In some embodiments, the method comprises receiving, at a receiver at the surface
ofithe earth, the downhole signal via the optical fiber.

[0064] In some embodiments, the method comprises adjusting the first laser light output
based on information provided by at least one sensor.

[0065] In some embodiments, a non-remotely pumped telemetry system comprises a
single mode optical fiber, a first downhole laser in optical communication with the optical
fiber, the first downhole laser to produce a first laser light output, a downhole modulator in
optical communication with the optical fiber, such that the downhole modulator modulates the
first laser light output to produce a telemetry signal, a downhole amplifier in optical
communication with the optical fiber, the downhole amplifier to amplify the telemetry signal,
and a second downhole laser in optical communication with the downhole amplifier, the

second downhole laser to produce a second laser light output to power the downhole amplifier.
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[0066] In some embodiments, the first downhole laser comprises a quantum dot laser.
[0067] In some embodiments, the second downhole laser comprises a quantum dot laser.
[0068] In the foregoing Detailed Description, it can be seen that various features are
grouped together in a single embodiment for the purpose of streamlining the disclosure. This
method of disclosure is not to be interpreted as reflecting an intention that the claimed
embodiments require more features than are expressly recited in each claim. Rather, as the
following claims reflect, inventive subject matter lies in less than all features of a single
disclosed embodiment. Thus the following claims are hereby incorporated into the Detailed
Description, with each claim standing on its own as a separate embodiment.

[0069] Note that not all of the activities or elements described above in the general
description are required, that a portion of a specific activity or device may not be required, and
that one or more further activities may be performed, or elements included, in addition to
those described. Still further, the order in which activities are listed are not necessarily the
order in which they are performed. Also, the concepts have been described with reference to
specific embodiments. However, one of ordinary skill in the art appreciates that various
modifications and changes can be made without departing from the scope of the present
disclosure as set forth in the claims below. Accordingly, the specification and figures are to be
regarded in an illustrative rather than a restrictive sense, and all such modifications are
intended to be included within the scope of the present disclosure.

[0070] Benefits, other advantages, and solutions to problems have been described above
with regard to specific embodiments. However, the benefits, advantages, solutions to
problems, and any feature(s) that may cause any benefit, advantage, or solution to occur or
become more pronounced are not to be construed as a critical, required, or essential feature of
any or all the claims. Moreover, the particular embodiments disclosed above are illustrative
only, as the disclosed subject matter may be modified and practiced in different but equivalent
manners apparent to those skilled in the art having the benefit of the teachings herein. No
limitations are intended to the details of construction or design herein shown, other than as
described in the claims below. It is therefore evident that the particular embodiments disclosed
above may be altered or modified and all such variations are considered within the scope of
the disclosed subject matter. Accordingly, the protection sought herein is as set forth in the

claims below.
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Conclusies:

1. Systeem, omvattende:

een glasvezel;
een boorgatsignaalgenerator die in optische communicatie
staat met de glasvezel, waarbij de boorgatsignaalgenerator is
bedoeld voor het genereren van een signaal dat moet worden
verzonden via de glasvezel;

een boorgatamplificator die in optische communicatie
staat met de glasvezel, waarbij de boorgatamplificator is
bedoeld voor het ontvangen van het signaal van de
boorgatsignaalgenerator; en

een eerste boorgatlaser die in optische communicatie
staat met de boorgatamplificator, waarbij de boorgatlaser is
bedoeld voor het genereren van een eerste laserlichtoutput

voor het voeden van de boorgatamplificator.

2. Systeem volgens conclusie 1, waarbij de boorgatlaser kan
werken bij temperaturen die hoger zijn dan bij benadering

75°C.

3. Systeem volgens conclusie 1, waarbij de
boorgatsignaalgenerator het volgende omvat:

een tweede boorgatlaser die in optische communicatie
staat met de glasvezel, waarbij de tweede boorgatlaser is
bedoeld voor het genereren van een tweede laserlichtoutput;
en
een boorgatmodulator die in optische communicatie staat met
de tweede boorgatlaser, waarbij de boorgatmodulator is
bedoeld voor het moduleren van de tweede laserlichtoutput

voor het genereren van een telemetriesignaal.
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4. Systeem volgens conclusie 3, waarbij de glasvezel de

boorgatmodulator omvat.

5. Systeem volgens conclusie 3, waarbij de tweede

boorgatlaser de boorgatmodulator omvat.

6. Systeem volgens conclusie 1, verder omvattende:
een tweede boorgatamplificator die in serie of parallel

is verbonden met de eerste boorgatamplificator.

7. Systeem volgens conclusie 6, verder omvattende:
een derde boorgatamplificator, waarbij de eerste, tweede
en derde boorgatamplificators in serie, parallel of in een

combinatie van in serie en parallel zijn verbonden.

8. Systeem volgens conclusie 1, verder omvattende:
een ontvanger aan een oppervlak van de aarde, waarbij de
ontvanger in communicatie staat met de glasvezel voor het

ontvangen van telemetriegegevens via de glasvezel.

9. Systeem volgens conclusie 1, waarbij de boorgatlaser een

kwantumdotlaser omvat.

10. Systeem volgens conclusie 1, waarbij de boorgatlaser is
geselecteerd uit de groep bestaande uit: een verticale-holte
oppervlakte-emitterende laser, een Fabry-Perot laser, een
verdeelde feedbacklaser, en een gekoelde elektroabsorptie

gemoduleerde laser.

11. Systeem volgens conclusie 1, verder omvattende:
een sensor voor het leveren van gegevens die moeten worden
opgenomen in het signaal, waarbij de sensor is geselecteerd

uit de groep bestaande uit: een druktransductor, een
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temperatuurtransductor, een chemische sensor, een
dichtheidssensor, een weerstandssensor, een magnetische
veldsensor, een stralingssensor en een microseismische

profileerder.

12. Systeem volgens conclusie 1, waarbij het systeem een

downlink-telemetriesysteem omvat.

13. Systeem volgens conclusie 1, verder omvattende:

een of meerdere optische componenten in het boorgat die
optisch gekoppeld zijn met de glasvezel, waarbij de een of
meerdere optische componenten in het boorgat zijn
geselecteerd uit de groep bestaande uit: een depolariseerder,
een polariseerder, een vezelstretcher, een koppeling, een
circulator, een isolator, een golflengtedivisiemultiplexer,
een fiber Bragg grating, een Faraday rotatorspiegel, een
optische ontvanger, een met metaal gecoate vezelspiegel, een

optische mixer, een optische filter en een demultiplexer.

14. Werkwijze, omvattende:
het ontvangen, aan een boorgatamplificator, van een signaal
van een glasvezel;

het produceren, aan een boorgatlaser, van een eerste
laserlichtouptut voor het voeden van de boorgatamplificator;
en

het versterken, aan de boorgatamplificator, van het

signaal met behulp van de eerste laserlichtoutput.

15. Werkwijze volgens conclusie 14, verder omvattende:
het genereren van het signaal door het genereren, aan een
tweede boorgatlaser, van een tweede laserlichtoutput die moet

worden ontvangen door een boorgatmodulator, en het moduleren,
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aan de boorgatmodulator, van de tweede laserlichtoutput voor

het produceren van een telemetriesignaal.

16. Werkwijze volgens conclusie 14, waarbij het signaal een

5 neerwaarts telemetriesignaal omvat.

17. Werkwijze volgens conclusie 16, verder omvattende:
het ontvangen, aan een boorgatontvanger, van het
neerwaartse telemetriesignaal.
10
18. Werkwijze volgens conclusie 14, verder omvattende:
het ontvangen, aan een ontvanger aan een oppervlak van de

aarde, van het boorgatsignaal via de glasvezel.

15 19. Werkwijze volgens conclusie 14, verder omvattende:
het aanpassen van de eerste laserlichtoutput op basis

van informatie die is geleverd door ten minste &&n sensor.

20. Niet-remote gepompt telemetriesysteem omvattende:
20 een enkele-modus glasvezel;
een eerste boorgatlaser die in optische communicatie
staat met de glasvezel, waarbij de eerste boorgatlaser is
bedoeld voor het produceren van een eerste laserlichtoutput;
een boorgatmodulator die in optische communicatie staat
25 met de glasvezel, zodat de boorgatmodulator de eerste
laserlichtoutput moduleert voor het produceren van een
telemetriesignaal;
een boorgatamplificator die in optische communicatie staat
met de glasvezel, waarbij de boorgatamplificator is bedoeld
30 voor het versterken van het telemetriesignaal; en
een tweede boorgatlaser die in optische communicatie staat

met de boorgatamplificator, waarbij de tweede boorgatlaser is

1041997
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bedoeld voor het produceren van een tweede laserlichtoutput

voor het voeden van de boorgatamplificator.

21. Niet-remote gepompt telemetriesysteem volgens conclusie

21, waarbij de eerste boorgatlaser een kwantumdotlaser omvat.

22. Niet-remote gepompt telemetriesysteem volgens conclusie

21, waarbij de tweede boorgatlaser een kwantumdotlaser omvat.
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ABSTRACT OF THE DISCLOSURE

A downbhole telemetry system comprises an optical fiber, a downhole signal
generator, a downhole amplifier, and a first downhole laser. The downhole signal
generator can be in optical communication with the optical fiber to generate a signal to
be transmitted along the optical fiber. The downhole amplifier can be in optical
communication with the optical fiber to receive the signal from the downhole signal
generator. The first downhole laser can be in optical communication with the
downhole amplifier to generate a first laser light output to power the downhole

amplifier. Additional apparatus, methods, and systems are disclosed.
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Onderdeel I Basis van de Schrifieliike Opinie

1. Deze schriftelijhe opinie is opgastaid op basis van de meest recente conolusies ingediend voor aanvang van hat
andearzask.

o

Met betrekking {of nucleotide eniof aminozuur sequenties die genoemd worden in de asnvraag en relevant
zijny voor dewibvinding zoals beschraven in de conclusias, is dit onderzoek gedaan op basis varny

&, pe materiaal:
L sequantic opsomming
I3 tabel met batrekking tot de sequentie Hjst
&, vorn van et materiaal;
B oppapier
3 in elekironische vorm.
¢, momant van indisningaantevearing:
&1 opgenoimen i de asnvraag soaly ingedisnd
L1 samgn melde aarviaay elekironisch ingediend
T iater aangeleverd:voor het onderzosk
3. L1 tngeval or meer dan én versie of kopie van sen sequantie opsomming of tabel met betrekking op sen
sequentiais ingediend of aangeleverd, zijn de-benodigde verKlaringen ingadiend dat de informatie inde
tatare of additionele kopieén identiek is aan de aativraag zoals ingediend of niet meer informatie bovaitan
dan de aanvraag zoals oorsprovkelifs ward ingediend.

4. Overige opmerkingart:
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Onderdeel V  Gemotiveerde verkiaring ten aanzien van nlieuwheid, inventiviteit en industridle
{oapashaarheid

1. Verklaring

Nisuwhsid Jar  Conclusias 611, 13, 21, 22
MNee: Conclusies 1-5,1214-20

{rventivitelt da;  Conclusies
Nea: Copolusias 1-22

industrigle toepasbaarbaid Jar  Conglusies 122
Naga: Conchusies
2. Citaties en toslichting:

Zie aparte bladzijde

Ondevdegl VI Overige gebreken

Be volgende gebreken in de vorm of inhoud van de aanvraag zin opgemerkt:

Zis aparte bladzijde

Onderdeel VIl Querige opmerkingen

Da volgends opmerkingan met betrekking tot'de duidslikhaid van de conclusies, beschrijving, en figuren, of met
batrakking tol de vrgag of de conclusies nawerkbaar ziin, wordsn.gemaakl:

Z2ie aparte hladzijde

MLRITE (duly 2008y
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{APARTE BLADZIJDE) NLT1041997

Reference is made to the following documents:

D1 US 8 274 400 B2 (WILSON COLIN A [GB] ET AL) 25 saptember 2012
{(2012-09-25)

D2 US 2008/224936 A1 (VANNUFFELEN STEPHANE [FR] ET AL) 10
september 2008 (2008-08-10)

D3 US 2008/038794 A1 (YAMATE TSUTOMU [JP] ET AL) 12 februari 2009
(2009-02-12)

D4 ALAN STRUDLEY ET AL: "Optimum Optical Architectures for Seismic
Reservoir Monitoring”,
OFFSHORE TECHNOLOGY CONFERENCE, 5 mei 2008 (2008-05-05),
bladzijden 5-8, XP055335888,
DO 10.4043/19678-M8

D5 CN 202 914 087 U ({CHENGDU HONGTIAN TELEX ENGINEERING CO
LTD) 1 mei 2013 {2013-05-01)

Re ltem V.

Reasoned statement with regard to novelty, inventive step or industrial

applicability; citations and explanations supporting such statement

1 1 disclozes in at least figure 5B (see also the correponding text places) a
signal generator {driver in module 414} and optical fibre cable (see module
41Q) and an amplifier and {aser{in module 414) as claimed in claim 1.

The present application does therefore not meet the criteria of palentability,
because the subject-matier of claim 1 is not new.

2 Furthermore, D1 disclose the additional subject-matter of the following
dependent claims:

Claim 2. See claim 18;
Claims 3-8, 12: See¢ fig. 5B.
Said claims are thersfore also not new,

3 The additional subject-matter of dependent olaims 8-11, 13 appearto be
trivial and would therefore be considerad obvicus by the skilled man when
considering D1 alone. Said claims do therefore not involve an inventive siep.

FoemNL2STR fsdpaiaie sheetl dduly SOE8Y (sheet 1}
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4 What has been said above is similatly considered valid for corresponding
mathod claims 14-1¢. Said claims are therefore not considered novel (see the
citation as set out in the search report).

5 What has been said above is similarly considered valid for corresponding
claims 20-22. Said claims are therefore not considered novel {claim 20/
inventive {claims 21-22). Reference is made {o the cilation as set out in the
geagrch report,

Re Itern VH

Certain defects in the international application

1 The retevant background art disclosed in D1-D3 is not mentioned in the
description, noy is this document identified therein.

2 The features of claims are not provided with refersnce signs placed in
parentheses.

3 independent claims 1, 11 are not in the two-part form.

He ltem VIl

Certain observations on the international application

1 Although claims 1, 20 have been drafled as separate independent claims,
they appear o relate effectively to the same subject-matter and to differ from
gach other only with regard to the definition of the subjsct-matter for which
protection is sought andfor in respect of the terminglogy used for the features
of that subject-matter. The aforementioned claims therefore lack conciseness.

2 Claims 21, 22 are read as referring back to claim 20,

FoemNL 2SR fsdpaiaie sheetl dduly SOEEY (sheet 2}
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