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(57) Abstract

A downhole tool, comprising: a tool mandrel; a
pad comprising a transmitter operable to
transmit an electric current into a formation
and a receiver operable to receive at least a
portion of the electric current from transmitter;
an extension from the tool mandrel that
couples pad to tool mandrel; and a signal filter
positioned in the downhole tool to suppress
passage of mandrel leakage current that
passes through tool mandrel to pad. A method
of resistivity imaging, comprising: disposing a
downhole tool into borehole; transmitting a
current into formation surrounding the
borehole with a transmitter that is extended
from tool mandrel of the downhole tool towards
borehole wall; and recording at least a portion
of the current that returns to receiver of
downhole tool, wherein a signal filter suppress
passages of mandrel leakage current that
passes through the tool mandrel to a pad on
which the transmitter is disposed.
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AN ELECTROMAGNETIC INSULATING COMPONENT USED IN WELL
LOGGING TOOL PAD

BACKGROUND

KKK ] Boreholes dulled o subterranean formabions mav enable recovery of
desirable fluids (e.g., bydrocarbons) using & number of different technigues. A dowsbole lool
may be emploved in subterranean operstions to deternmine borehole andior formation
properties.

{0002} Traditionally, one tvpe of downhole ool may include borehole nnager wols
used in obtaming a detailed characterization of reservoirs. These borehole tmager ols may
provide a resistivity image of the formation immediately surrounding the borehole. Borehole
muager tools may be used to determine formation stratigraphy, dips of the formation layers as
well as, borehole and formation stress. During drilling operations borehole imager tools may
he parncularly important i leaming about thin beds and fracture locations. Borghole image
tools may include a pad on which sensors may be mountad, which may include fransmitters
and receivers, The pad may be supported by an extension, such as arm, which may be made
of metallic matenal. The exiension may be used to extend the pad away from the tool
mandrel toward the borehole walls. One or more {ransmitters on the pad pay myject electric
current o the formiation and returned 1o one or more recetvers on the pad. The retumned
arrent may be recorded mnd processed to generate a formation resistivity image. However,
the coupling of electromagnetic signal between the tool mandrel and pad may be observed,
which affects the measurement of mtended signal. The coupling becomes sironger with the
increase of the electromagnetic signal frequency, caasing severe signal nterference for some

tools working at high frequency.

BRIEF DESCRIPTION OF THE DRAWINGS
[003] For a detailed deseription of the preferred exmmples of the mvention, reference
will now be made tothe accompanying drawings i which:
H004] Froore 1 Hlustrates an exanple of 3 well measurement system;
{0005] Fipare 2 iHustrates another example of a well measurement systeny;

[0006] Figure 3 illustrates an example of a downhole tood;
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[0007] Figure 4 iHlustrates an example of a portion of the downhole tool with current
paths;

[0008] Figure 5 dlustrates an example of an equivalent ciraut wodel for the
downhole tool of Figure 4,

[RKI9] Figore ¢ dlustrates an example of a response of a downhole tool; and

{0010} Figore 7 Hlustrates another example of a portion of the downhole ol with

current paths,

DETAILED DESCRIFTION

[0011] The present discloswre relates geperally to downhole tools, and more
particularly, 1o dowabole tools that nclude a signal flter to reduce rehurned curvent through
the wol mandrel. Among other things, by reduction of this retured current a more geowate
image of the formation surrounding the borehols mav be oblamed fromm the downhoele tool,
such as oi-based mud imager tools. In particular, a resistivily image may be provided with
improved contrast i lfow resistivity formations where teaditional otl-based raud 1magers have
performed poorly.

[0012] The systems and methods disclosed herein may be implemented with a
downhole 100l The downhole ool may be used to measwre formation properties, such as
permeability, porosily, resistivity, and other properties. The downhole ool may inclade a tool
mandrel and one or more pads. The pads may carry one or more sensors, which may include
transmitters and recetvers. Bach of the one or more pads may be coupled 1o the tool mandrel
by an extension. Any suitable extension may be used, tncluding bat not hmuted 1o, an s, a
ntechanism configured as a pamnllelogram (e.g., a scissor-like arangement), a mechanism
confipured as a apezium, andéor any combinations thereof. The extension may be operable
to adjust radial posigon of the pads by exiending away from or retraching towsard the tool
mandrel. In operation, the pads may be pushed ontward from the tool mandrel toward the
borehale wall. To measure the formation resistivity {or other suitable formation properiy},
one of more tansmitters on the pad may inject an electie carrent into the formation. Most of
the current may come out fromy the tansmutier and veturn o the receiver. However, there may
still be a considerable amount of current flowing from the transmutter through the formation,
mandrel and arm and back to the receiver, This problem may be especially prevalent when
the formation vesistivity is low. This retumed cuwrrent from the tool mandrel may be

“*
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suppressed by the signal filker, which may result in a more focnsed measurement current.
Thas, the tmaging fool may become more robust for low-resistivily formations and the
measured formation resistivity may be more representative of the true value. For example,
the signal filter may onable measurement of formation resistiviiies in forpations with
resistivities as low as 0.1 However, it should be undersivod, that the image tool may be used
any suttable formation depending a number of factors, wcluding formations with a fornwtion
resistivity ranging from about 0.1 Q- to about 10,000 O-m or even greater,

[0013] The signal filier may be designed to suppress the passage of electrical current
refurning o the pad through the tool mandrel within a specific frequency range. The signal
filter may be disposed i the downbole tool m several wavs to achieve the deswred
suppression. For example, the signal filter nay be disposed on the arm connecting the pad to
the tool mandrel andior on the tool mandrel. Any suitable signal {filier capable of electrically
isolating the mandrel from the measurement system may be used. Suitable signal filters may
include, but are not limited to, & soft magnetic material, A soft magnetic material may be any
material that has a low retentivity, low coercivity, and may be easily magnetized and
demagnetized. Soft magnetic materials may be characterized by their relative permeability.
Accordingly, as disclosed berein, the term “soft magnetic material”™ refers to materials with a
bigh relative permeability m that the soft magnetic material bas & relative permeability of
about 20 or greater.  Suifable relative permeabilities for the sofl magmetic material may range
from 20 to about 1,000, from about 5O (o abont 1,U00, from about 80 to about 1,000, or from
about 200 to about 1,000, Optionally, soft magnetic material may have a suitable relative
permeabiiity of about 20 to about 1,000,008, or from about 28 to about 250,004, or from
about 250,000 to about 500,000, or from about 500,000 1o about 750000, or from about
750,000 to about 1,000,000, The relabive permeability for a soffl magnetic material may be
tested i1 gccordance with ASTM A341/A34 1M~ 16 Standard Test Method for Direct Current
Magnetic Properties of Soft Magnetic Materials Using D-C Permeameters and the Point by
Point {Ballistic) Test Methods. It should be noted that, the higher the relative permeability of
the soft magnetic material 13, the smaller the signal filter can be. Suitable soft magnetic
materials may inchads, buf are not Limted to, ferriies, iron, iron-silicon alloys, nickel-iron
alloys, ron-ahemimun alloys, ron-coball allovs, low-carbon steels, won-alumimam-silicon

alloys, amorphous alloys, andfor any combination theveofl
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[0014] Signal filters may be any suitable size. Suitable lengths for the signal filter
may ichude, but are not Hhimited 1o, about 1 inch 2.5 cm} o abowt 10 inches {25 om), or
aboot 1 inch (2.5 om) to about § inches {12.7 cm), or about § inches (12.7} to about 10 inches
{25 cm}. Signal filters mav be of any suitable thickness, Suitable thicknesses may include, but
are not imited to, abowut G.02 inches (.05 cmy} to about 1 inch (2.5 cm), or about (.02 inches
{6.05 cm) to abowl (0.5 mches {1.2 am), or about 0.5 Inches (1.2 cm} to about | inch (2.5 cm).
However, the scope of the disclosure should not be limited to these values for size of the
signal filter. Rather, the signal filter may have any suitable dimensions as desired for a
particular application. Where the signal filter 15 disposed on the ool mandvel, the signal filter
may be placed around the mandrel in close proxamity to the arm connecting the mandrel 10
the measuring system,

[0 5] Signal filters may be disposed in the system in any suitable manner capable of
electrically isolating the mandrel from the measurement system. In this example, the signal
filter may be in the form of a wrap, a sleeve, and/or a choke that is disposed on the extension
andfor the tool mandrel. The signal filter forms may differ in size, shape, and/or thickness.
The signal Gilter may be v ribbon or other swlable form {or wrapping aroand the extension
andior tool mandrel. The signal filter may be wrapped on at least a portion of the extension
andfor tool mandrel, In an embodiment, g gap may be present between the ends of the signal
filter so that the signal filier may not completely cover the diameter of the arm andfor tool
mandrel. Optionally, the signal filter may be wrapped around the entive diameter of the
extension and/or tool mandrel. The size of signal filter used may be directly related to the
relative permeability of the soff magnetic material. The higher the relative permeability, the
smaller the signal filter may be.

[0016] Altemnatively, the signal filter may bean the form of a sleeve or choke. The
sleeve or choke may cover at least a portion of the tool mandrel and'or the extension
connecting the pad to the tool mandrel. Optionally, the sleeve or choke may cover the entire
extension connecting the pad {o the tool mandrel. The sleeve or choke may be any suitable
length, thickness, and shape. The signal filter may be n any suitable form capable of
minimizing wnwanted currents m the measwement svstem that return through the tool

manddrel and should not be Hmited to the configurations described heremn.
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[0017] Figure 1 iHlustrates & cross-sectional view of a well measurement system 100,
As dlustrated, well measurement sysism 100 may comprise downhole tool 102 asttached 10 a
winch unit 144, In examples, it shoald be noted that downhele tool 102 may not be attached
to ¢ winch unmit 104, Downhole tool 102 may be supported by rig 106 @t swrface 108,
Downhole topl 102 mav be tethered {0 winch wnit 104 through convevance 110, Conveyance
110 may be disposed around one or more sheave wheels 112 to winch unit 104, Conveyance
110 may include any suttable means for providing mechanical conveyance for downhole 100l
1432, including, but not limited to, wireline, shickline, coiled tubing, pipe, drdl pipe, drill
string, downhole tractor, or the like In some examples, convevance 110 mav provide
mechanical suspension, as well as electrical connectivity, for downhele tool 102,

[O018] Conveyance 110 may conypwise, in some stances, a plurality of electrical
conductors extending frony winch unit 104, Conveyance 11} may comprise an mner core of
seven electrical conductors {not shown) covered by an insulating wrap. An inner and outer
steel armor sheath may be wrapped in 8 helix in opposite directions around the conductors.
The electrical conductors may be used for communicating power and telemetry between
winch unit 104 and downhole tool 102,

[0019] Conveyance 110 may lower downhole tool 102 in borehole 124, Generally,
borehole 124 may include horizontal, vertical, slanted, curved, and other types of horehole
geometries and orientations, Imaging tools may be used in uncased sections of the borehole.
Measurements may be made by downhole tool 102 in cased sections for purposes such as
calibration,

(00207 As illustrated, borghole 124 may extend through formation 132, As dlustrated
in Figare 1, borehole 124 may extend generally vertically into the formation 132, howsever
borehole 124 may extend at an angle through formation 132, such as horizontal and slanted
boreholes. While Figure 1 generally depicts a land-based operation, those skilled in the ant
may recognize that the principles described herein are equally applicable to subsea operations
that employ floating or sea-based platforms and rigs, without departing from the scope of the
disclosure.

10021} Information {rom downhole tool 182 may be pathered andfor processed by
wformation handling system 114, For example, signals recorded by downhole tool 102 may

be stored on memory and then processed by downhole tool 102 The processing may be
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performed real-time during data acquisition or afier recovery of downhole tool 102
Processing may alternatively occur downhole or may occur both downbole and at surface. In
some examples, signals recorded by downbole tool 102 may be conducted {o information
handling system 114 by way of conveyance 110. Information bandling system 114 may
process the signals, and the information contained therein may be displayed for an operator to
observe and stored for [uture processing and reference. Information handbag system 114 may
also contain an apparatus for supplvisg control signals and power to downhole tool 102,

100221 Systems and miethods of the present disclosure may be unplemented, at least
fn part, with mformation handling gystem 114, While shown at sarface 108, infornwtion
handling systery 114 may also be located at another location, such as remote from borehole
124, Informwation handling system 114 may include any instrumentality or apgregate of
instrumentaliies operable to compute, estimate, classify, process, transmit, receive, relriave,
originate, switch, store, display, mantfest, detect, record, reproduce, handle, or atilize any
form of mformation, mielligence, or data for business, scientific, control, or other purposes.
For example, an mformaton handling systemn 114 may be a processing unit 116, a network
stovage devige, of any other suitable device and oy vary in size, shape, performance,
functionglity, and price. Information handhng system 114 may include mandom. access
memory (RAM), one or more processing resources such as a central processing unit {CPU) or
hardware or software control logic, ROM, andior other iypes of nonvolatile memory.
Additional components of the information handling system 114 may inclade one or more disk
drives, one or more network ports for communication with exiemal devices as well as an
input device 118 (e.g. kevboard, mouse, etc.} and video display 120, Information handling
systemn 114 may also mclude one or more buses opersble o fransnit commumtications
between the various hardware components.

[0023] Altematively, systems and methods of the present disclosare my be
implemented, al least i part, with son-transtiory  compuoter-readable media 122, Nop-
trausitory computer-readable media 122 may mclude any instromentality or aggregation of
instrumentatities that may retain data and/or instructions for g period of time. Non-transilory
computer-readable medis 122 may include, for example, storage media such as a divect

access storage device (e g, a hard disk drive or floppy disk drive), a sequentisl access storage

wfn
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device {e.g.. a tape disk drive), vompact disk, CI-ROM, DVD, RAM, ROM, slectrically
erasable programmable read-ondy memory (EEPROM), andfor flash memory; as well as
conmmunications media such as wives, optical fibers, microwaves, radic waves, and other
electromagnetic and/or optical carriers; andfor any combination of the foregoing.

[0024] As discussed below, methods may wilize an nformation handling system 114
to determing and display a resistivity image of fornwation 132 surroundinyg borehole 124, This
resistivity imape may depict boundaries of subsurface structures, such as a plrality of lavers
disposed in formation 132, These images may be used n reservoir characierization. Images
may be considered high resolution, which may allow accurate identification of thin beds and
other fine features such as fractures, clasts and vugs. These images may provide information
sbout the sedimentology, hithology, porosity and permeability of fornwation 132, The mmages
may complement, or in sone cases replace, the process of corng.

100231 Downhols tool 102 may comprise a plurality of sensors, such as fransmitiers
and vecetvers. The seasors may mclude any sutable sensor for wansnutting current and/or
current measwrements, ncluding, but not hmited to measwrement elecirodes. In an
grnbodiment, measurement electrodes. As tlustrated, the sensors may include an armay of
electrodes, shown on Figure 1 as injection electrode 128, Downbels tonl 102 my also
comprise a retum electrode 1340 It should be noted that the plurality of electrodes of njection
electrode 128 may be any suntable electrode and is should be frther noted that return
electrode 130 may be any suitable electrode. Injection electrode 128 andior retum electrode
130 may be disposed on at least one pad 134 in any suitable order. For example, a pad 134
may inclede only injection arrayvs 128 andfor retuun electrodes 130, Further, a pad 134 may
somprise both injection electrode 128 and retirn electrodes 130, Pads 134 mav be attached (o
fool mandrel 138 by at least sxtension, such as arm 136 thal may extend from too! mandrel
138, Arm 136 may extend pad 134 away from tool mandrel 138, In examples, arrn 136 may
place pad 134 in contact with borehole wall 140, It should be noted that there may be a
plurality of arms 138, One or more arms 136 may place an arrangement of injection arrays
128 andfor retwrn electrode 13C in close proximuty to the wall of borehole 124, In an

embodiment, downhole tool may comprise a signal filter (not shown). The borehole 140 may
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contain a fluid, such as an oil-based or syuthetic-based drilling mud in which ol or a
synthetic fluid mav be the continwous phase.

(0016} During operations, an operator may energize an individual electrode, or sy
number of elecirodes, of injection electrode 128, A voltage may be applied bepween the
injection electrode 128 and retumn elecirode 130, The level of the voltage may be controlled by
mformation handlimg svstem 114, This may cause cwrents o be transmitled through the
electrode of mjection electrode 128 and into formation 132, Tt should be noted that there may
be any mumber of currents ransmitted into formation 132, These currents nway travel through
the flnid disposed in borehole 124, mto formation 132 and may reach back to return glectiode
130. The amount of current emitied by esach electrode of mgection electrode 128 may be
mversely proportional to the impedance seen by the electrode. This impedance may be affected
by the propsrties of formation 132 and the mud dirsctly m fromt of each electrods of the
igection slectrode 128, Therefors, current emitted by sach slectrode may be measured and
recorded in order to obtmin an image of the resistivity of formation 132, Alternatively, current
may be emitted from the retum electrode 130 and returned to igection electrode 128,

[0027] In examples, downhole tool 102 may operate with additional equipment {not
iltastrated) on surface 108 andior disposed in a sepavate well measurement system (not
ihustrated) 1o record measwrements andfor values from formation 132 to render a resistivity
image of formation 132, Without {imiation, downbhole tool 142 may be connected to andfor
controlled by mformation handhing system 114, which may be disposed on sorface 108
Without linutation, mformavon handling syster 114 may be disposed downhole in downhole
toal 102, Processing of nfornation recorded may occur downhole andior on surface 108, In
addition to, or in place of, processing at swrface 108, processing may ocowr downhole.
Processing occurring downhole may be transmitied to surface 108 {0 be recorded, observed,
andfor further analyred. Additionally, mformation recorded on information handling system
114 that may be disposed downhole may be stored until downhole tool 102 may be brought 1o
surface 108, In examples, information handling system 114 may communicate with downhole
tool 102 through a fiber optic cable (not llustrated} disposed m (or on) convevance 110, In
examples, wireless communication may be used to transmit information back and forth
between information handling system 114 and downhole teol 102, Information handling

systern 114 may transmit information o downhole tool 102 and may receive as well as
a8
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process information recorded by downhele tool 102, In examples, a downhole information
handling system (not Hlustrated) may inclade, withow Bmitation, a microprocessor or other
suitable circuwitry, for estimating, receiving and processing signals from downhole (ool 182
Downhole mformation handling systern (not Hlustrated) may further inchide additional
components, such ay memory, inputionipt devices, interfaces, and the hike. In examples,
while not illostrated, downhole ool 102 nwy inclode one or more additional components,
such as analog-to-digital converter, filter and amplifier, among others, that may be used to
process the measurements of downhole tool 102 before they may be transmitied to surface
108, Alternatively, raw measurements from downbole tool 102 may be transmitted to surface
108,

[O028] Any suitable technique may be used for wansnutiing signgls from downhole
wol 102 to swrface 108, As illustrated, a communication hink (which may be wired or
wireless and may be disposed in conveyanece 110, for example} may be provided that may
transaii data from downhole tool 112 {o an information handling system 114 at suvface 108,

[0029] Figore 2 ilustrates an example in which downhole tool 102 may be disposed
m a drilling systemn 200, Ag illastrated, borehole 124 may extend from a wellhead 202 o
formanion 132 from surface 108, As illustrated, a drilling platform 206 may support a derrick
208 having a travehing block 210 for ratsing and lowering deill string 212, Dintll string 212
may inchude, but is not linuted to, deill pipe and coiled tubing, as generally known to those
skilled in the art, A kelly 214 may support deill string 212 as 1t may be lowered through g
rotary table 216, A dvill bt 218 may be attached to the distal end of dnill string 212 and may
be driven gither by a dowanhole motor andfor via rotation of deill siring 212 from surface 108,
Without indtation, drill bit 218 may include, roller cone hits, PDC bits, natural dianmond bils,
any hole openers, reamers, coring biis, and the hke, Ag drill bit 218 rotates, L may creste and
extend borehole 124 that penetrates vanous formations 132, A pump 220 may circulate
drilling fluid through a feed pipe 222 {0 kelly 214, downhole through interior of drill stning
212, through orifices i drill bit 218, back to surface 108 via snulus 224 swvounding drill
strinte 212, and into g retention pit 226

[0030] With continued reference to Figure 2, doill sining 212 may begin st wellbead

202 gnd may traverse borehole 124, Drill bt 218 may be attached o o distal end of dull

wi) .
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string 212 and may be driven, for example, sither by a downhole motor andfor via rotation of
dritl string 212 from surface 108 (Referring to Figure 13 Drill bit 218 may be a part of
botiom hole assembly 228 af distal end of deill sining 212, Bottom hole assembly 228 may
further comprise downhole tool 102 (Referring to Figuwre 1) Downbole tool 12 may be
disposed on the outside andfor within bottom hole assembly 228, Downhole tool 102 may
comprise test cell 234, As will be appreciated by those of ordivary skill in the art, bottom
hole assembly 228 may be g measarement-while deilling (MWD) or logging-while-drilling
{LWD) system.

{0031} Without limuation, bottom hole assembly 228 nway be connected to andior
controlled by information handling system 114, which may be disposed on surface 108
Without linntationy, information handling systamn 114 may be disposed downhole in bottom
hole assembly 228, Processing of information recorded may oueur downhole andier on
surface 108. Processing occurring downhole may be transmitted to surface 108 1o be
recorded, observed, andior further analyzed. Additionally, mnformation recorded on
mformation handling system 114 that may be disposed downbole may be stored until bottom
hole assembly 228 may be broaght to surface 108, In examples, information handling system
114 may communicate with bottom hole assembly 228 through a fiber optic cable (not
Hlustrated} disposed in (or ony drill siring 212, In examples, wireless compmutication may be
ased o transnut information back and Torth between nformation bandhing system 114 and
bottom bote assemibly 228, Information handhing svstem 14 wmay transmit information to
bottom hole assembly 228 and may recenve as well as process mformation recorded by
bottom hole assembly 228, In examples, a downhole mformation handling system {not
ittustrated) may inchade, without Hmitation, a micropracessor or other suitable cirowtry, for
estimating, receiving and processing signals from bottom hole assembly 228, Downhole
information handhing system (not tHustrated) may funther include additional components,
such as memory, inputfoutput devices, interfaces, and the like. In examples, while not
tlustrated, bottom hole assembly 228 may mchude one or more additional components, such
as analog-to~-digital converter, filter and amplifier, among others, that may be used to process

the measurements of bottom hole assembly 228 before they may be ransmitted to surface

- 10~
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108, Alternatively, raw measurements from bottom hole assembly 228 may be fransmitied ©
surface 108,

[0032] Any sutable technigue may be used for iransmitting signals from bottom hole
assembly 228 to surface 108, incloding, but not Himited to, wired pipe telemetyy, muad-pulse
telemetry, acoustic telemetry, and electromagnetic telemetry. While not llustrated, bottom
hole asserpbly 228 may include o telemetry subassembly that may transmit telemetry data o
surface 108, Without imitation, an electromagnetic sowrce in the telemetry subassernbly may
be opersble to generate pressure pulses 1 the drilling fld that propagate along the flnd
stream to surface 108, At surface 108, pressure transducers (not shown) mav convert the

pressure signal into electrical signals for a dignizer (not Hlastrated). The digitizer may supply

A

o

a digital form of the telometry signals o mformation handiing system 114 v a
comnuncation ik 230, which mav be a wired or wireless Huk. The telemetry data may be
analyzed and processed by information handling system 114,

(00331 As illustrated, communication link 230 (which may be wired or wireless, for
example) may be provided that may transmit data from bottom hole assembly 228 to an
mformation handling system 114 at surface 108, Information handling system 114 may
include a processing unit 116, a video display 120, an mput device 118 {e.g., kevboard,
mouse, ete.), and/or non-transitory computer-readable nmedia 122 (e, optical disks,
magnetic disks) that may store code representative of the methods described herein. In
addition to, or in place of, processing at surface 108, processing may occur downhole.

[0034] Fugure 3 fllustraies an example of downhole tool 12, Downhole ool 102 nay
comprise, {ool mandrel 138, pad 134, arm 136, Pad 134 may serve to place sensors, such as
mjection electrode 128 andfor retwn electrode 130 n contact with or i close proxnuty o
borehole 124, Pad 134 may comprise at least one imjection electrode 128, at least one retumn
electrode 130, a guard (not shown), and a housing 302. In examples, there may be a pluralty of
mjection electrode 128, In examples, retum electrode 130 and injection electrode 128 may be
disposed dwectly on downhole {ool 102, Optionally, retumn electrode 130 and injection
electrode 128 mayv be disposed on pad 134, Injection electrode 128 may be a sensor that senses
wnpedance of formation 132, H should be noted that injection electrode 128 may be a bution
electrode. There may be any suitable pumber of injection electrodes 128 within injection
electrode 128 that may produce a desired, predetermined current. Without limitation, the range

-1~
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for a suitable number of injection elgctrodes 128 within injection electrode 128 may be from
about one injection electrode 128 or greafer.

[0035] In examples, theve may be a plurality of return electrodes 138, One of the
return electrodes 130 may be disposed on one side of injection electrode 128, and snother one
of the return electrodes 130 may be disposed on the opposite side of imjection electrods 128,
These return electrodes 130 may be disposed at equal distances away from injechion electrode
128 ar at varying distances from injection electrode 128, In examples, 8 voltage dilference
between injection electrode 128 and retumn electrodes 130 niay be applied, which nmay cause
carrents to be enutted from injection electrode 128 mto the mud (not Hustrated) and
formation 132 (referning to Figure 1)

[0036] During operations, an operator ny energize injection electrode 128, A voltage
may be applied between one or more electrodes of ijection glectrade 128 and retumn electrode
130. The level of the voltage may be controlled by information handling system 114, This may
cause cwrents to be wansmutted through mjection electrode 128 These currents may tavel
through the mud and formation 132 and mav reach back to return elecwrode 130, The amouni of
carrent emutted by each mnjection electrode 128 may be wnversely propotional to the impedance
seen by that injection electrode 128, This impedance may be affected by the properties of
formation 132 and the mud directly in front of each injection electrode 128, Therelove, current
emitted by each injection elecirode 128 may be measured and recorded in order to obiain an
tmage of the resistivity of formation 132,

F0037] Most of the transmitted current pray be retumed o retum electrodes 130
although some portions of it may retum through tool mandrel 138, To reduce current retmed
through tool mandrel 138, downhole tool 102 may further a signal filter 300, Any suitable
signal filter 300 may be wsed. As Hlustrated, signal filter 300 may be disposed on arm 136
Signal filter 300 may be of any suitable sofl magnetic muterial which niay have a high relative
permeability. Any suitable signal filter 3080 capable of elecirically isolating tool mandrel 138
from the measurement system may be used.

{0038 Figore 4 sllustrates a two~dimensional schenmatic of 8 downhole ol 102
utilizing a signal filter 300 in the form of a slgeve. Downheole ool 102 may conyprise ol
mandrel 138 and pad 134, Arm 136 may conpect pad 134 to {ool mandre] 138, While only a

single pad 134 and arm 136 are iltostrated, downhole tool 102 may inclode more than one pad
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134 and arm 136, Any suitable tool mandral 138 may be used. In an embodiment, a suitable
tool mandred 138 may comprise a metal. Impedance measurements may be taken when pad 134
is in direct confact with borehole wall 140, Arm 136 may extend to allow pad 134 to contact
borehole wall 140 (or mudcake 402 disposed on borehole wall 1403 Pad 134 may mmclude
fjeciion electrode 128 and retorn electrodes 130, Guard 400 may also be provided on pad for
focusing cavrent produced by one or more elecirodes (nose shown separstely) on injection
eleetrode 128 into formatton 132 radially. Guard 400 may be disposed around mjectron
slectrode 128, Guard 400 may mclude the same potential as injection electrode 128,

{00391 For measurement, 8 voltage 502, which may be high frequency, may be appled
between one or more electrodes of injection electrode 128 and return electrodes 130, A highe
frequency voltage refers to a voltage with a frequency ranging from about 10 kHz to about |
GHz, or from abowt 10 kHz 1o abowt 300,000 kHz, or from about 500,000 kHz (0 about 1| GHz.
This may cause a current to flow from njection elecirode 128, through the mudcake 402 which
sy be between the end of injection electrode 128 and fornation 132. At least s portion of the
current may fow into formation 132 and back into retum electrodes 130, Thus path for the
carrent may also be referred {o herein as return carrent and 1s shown on Figure 4 by arrows 404,
Information handhing system may record return curvent. Information handhng system may then
analyze the recorded retum current and may then generate a formation resistivity image. AL
teast a portion of the cuirent may return back to pad 134 via tool mandrel 138 and arm 136. In
an embodiment, this carrent retum may follow a transmission hine model. The pad 134 may
operste in megahertz range, which may cause the current to accurnulate and propagate along
the surface of the borehole wall 140, This may also be referred to herain as the leak cuvent as
shown by arow 406, The current may then capacitively vetom to tool mandrel 138, This
current may be referred 1o herein as the mandrel leak current. The near-borehole formation of
fow resistivity, the metal tool mandrel 138 together with the nor-conductive rond form a lossy
coaxial waveguide so that the mandrel leak cusrent may return to pad 134 by way of ol
mandre! 138 and arm 136, The mandrel leak current may returs o tool mandrel through mud
416 as shown by arrows 408, The mandrel] leak current may travel along tool mandrel 138 10
arm 136, as shown by arrows 410, From tool mandrel 138, the miandral leak curmrent may then
pass through arm 136 to pad 134 as shown by arows 412, where the mandrel leak cusrent may

then return to injection clectrode 128 and return electrodes, as shown by arrows 414, This
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affect, which may alse be referred hevein as the mandrel return effect, may contribuie © a low-
reststivity artifactof the measorament

00407 It may be advantageons to reduce the mandrelretum effect. In an embodiment,
the mandrel-retura effect may be reduced by isolating pad 134 by way of fabnicating anm 13610
comprise an insulator (not shown). Any swiable mselator may be wsed. However, said
fabrication may ncrease the cost of production, as arm 136 and insulstor (not shown) must be
fabricated 1w a way such that they oy be capable of withstanding bigh temperature and high-
pressure borehole environments, Optionally, the mandrel-retum effect niay also be reduced by
separating waveguide from the pad 134 with the retumn electrode 130 and injection electrode
128, This separation may be accomplished by electnically decoupling the pad 134 Fom mandrel
138, To decrease the electrically coupling between pad 134 and ool mandrel 138, signal filter
300 may be used. As iHustrated, signal filter may be disposed on arm 136, Signal filter 300 may
be in the form of a sleeve. Alternatively, signal filter 300 may be in the form of a wrap, choke,
or other spitable configuration. Signal filter 300 may swround at lesst a portion of arm 136,
Signal filier 300 mav comprise any suitable material, diameter, longth, and relative permittivity,
as praviously discassed. Signal filter 300 may decrease the coupling of the pad 134 with retum
electrode 130 and injection electrode 128 from tool mandrel 138 within a susiable frequency
range. This may occur for any suitable [requency range. Suitable frequency ranges may
inchade, but are not mited to, from abowt 1 kHz o about 1 GHz, or about 10 kHz to about
500,000 kHz, or about 500,000 kHr to about T GH». Signal filter 306 may be disposed on arm
136 in any suliable manner. The inclusion of signal filter 300 may suppress the mandrel leak
carrent and I tue may ncrease the amount of return current. This wncreased amount of return
carrent may result in more gecurate resistivity images.

{00411 Figure § ilustrates a humped-civcuit model 5300 for the arrangement of Figure 4,
A voltage 302, which mayv be high frequency, may be apphied between one or more electrodes
of miection electrode 128 and retuen elecirodes 130, Currents produced by the voltage 502 may
then flow through a variety of different paths. For example, current SG1A may flow fom the
sjection electrode 128 to the formation 132, The impedance from injection electrode 128 (o the
formation 132 may be represented by Zpr. Current 3018 may then flow from formation 132
back to retam electrodes 130, The wpedance from formation 132 o returmn electrodes 130 may

be represented by Zyx. This corrent SOIB may also be referred to as the rebwrn Current,
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Additionally, current S0LA mayv fow from injection electrade 128 to formation 132, Current
ST may then flow from formation 132 to pad 134, Querent 501C may also be referred to as
leakage current from formation 132, The impedance from formation 132 to pad 134 may be
represented by Zygp. To reduce this current S01C (or leakage current), the mpedance Zyp may
be increased, for example, by incluston of signal filter 308 {e.g., shown on Figure 4}. Current
301D may flow from pad 134 {o return glectrodes 130, The impedance from pad 134 to rehan
electrodes 130 may be represented by Zpg. Current SO1E may flow from mjection elecirode 128
to pad 134, The impedance from injection electrode 128 o pad 134 may be represented by Zgp.
Current SGIE may also be referred to as corrent leakage from backside of pad 134 It is to be
understood that this ave jost examples of paths a current may take and any suntable current path
may be utilized.

{00421 The overall calculated mmpedance £ may be calonlated using the formula below:

7w ak {1

o
where V) is the voltage 502, 1y, is the curvent measured 8t one or more electrodes of imjection
glectrode 128, which includes the return current 404 and the leakage current. The messured

carrent Howing info the mjection electrode 128 may be calcalated using the following formula:
e = dgp = Ipp + Ipp {2}

where Iyy 1s current 301A measured from injection electrode 128 1o the formation 132 along,
Inr is current 5018 measared from formation 132 to the return electrodes 130, and Tpe is crorent
S01C measured from the formation 132 and {o the pad 134, In an embodiment, downhole tool
102 may be designed so that the Zgp from tnjection electrode 128 to pad 134 15 so large, it nay
prevat the current leakage Ipe, from backside of pad 134 (current 3G1E). Thus, the caloulated
impedance Z may be a good approximation of the achual impedance Zap, if the leakage current,
Irp, through formation 132 (Current S01C) may be small when compared o the returned
curent, gy from formation 132 o retum electrodes (current 501B). The calculnted inpedance
Z may comprise a mud impedance and a formation unpedance in series. The real part of the
impedance Zgp may be determined by the mudeake 402 {eg., shown on Figure 4) and
formation 132, whereas the imaginary part of the impedance may be determined by the
mudcake 402 alone. The overall resistance of the formation 132 may be determined using the
veal part of the impedance. Optionally, one way to determine the formation resistivity may be to

-1
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ndtiply the real part of the formation impedance by a scaling factor determined by the tool
geomelry. Any suitable scaling factor mav be used.

[0043] Figure 6 illostrates the response of downhole tool 102 {eg, Figwe 4) 1n a
homogeneous and isotropic formation at operating frequencies of 10 megahertz (MHz) and 50
MHz. Any borehole mud with a suitable resistivity may be used. Suitable resistivity of the
horehole mud may be aboul 1,000 olun or greater. In some examples, the borehole mud may be
generally son-conductive as will be appreciated by those of ordinary skill o the art. In the
example of Figwre 6, the resistivity of the borehole mud i 8000 Ohm-meters ((-m}). The
borehole mod and formation may have any suitable relative permnittivity. Suitable relative
permittivity's may inchide, but ave not limited o, from about 3 to about 8¢, or abowt 3 to abowt
30, or about 30 to about 80. The relative permittivity’s of the borehole mud and formation in
the example of Figure 6 are 6 and 15, respectively. Signal filter 300 mav be used. For this
exampie, the downhole tool 102 included a signal filter 300 m the form of a ferrite sleeve
disposed on the anm 136, as shown on Figure 4. an embodiment, signal filter 300 was in the
form of a fernite sleeve disposed on arm 136, However, suttable signal filters 300 may be of
any suitable material, size, shape, thickness and {ength, as previously desenbed. Signal filter
300 used in the example of Figure ¢ had a thickness of about 0.1 inches and a length of abowt
5.5 inches, Signal filer 300 may have any suitable velative permeability. Suitable relative
permeability may include those described above for a soft magnetic material. The ferrite sleeve
used in the example of Fizure 6 had a relative permuttteity of about 4.

(0044} A downhole tool 102 with signal filter 300 and a downhole tool 102 without
signal {ilter 300 were modeled af frequencies of 10MHz and S0MHz and the resalis are shown
in Figure 6. The tests were also performed at standoffs of 1 ymum and 3 mm. It should be noted
that any suitable standoff distance may be used and should not be lmited to the present
embodiments. The x-axis represents the formation resistivity and ranges from about 0.1 Q-m o
about 20,000 O-ma. The v-axis represents the real part of the calculated mmypedance. For 10
MHz, the real part of the wmpedance doe {o the mudcake 402 {e.g., shown on Figuwe 4) may be
significant within the low formation resistivity range. With the increase of standofl, which
weneraliy comelates with the thickuess of the nudeske 402, the mpedance due to mudceake 402
mav become stronger. As illastrated by Figare 6, the curve for the test at 3 mm stondofl and 10

MHZ curves op more than the curve for the test at 1 o standoft and 10 MHz. For 50 MHz,
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the real part of the messwed impedance may be affected by the mandrel leak current more
significantly. For the standofl of 3 nam, the measared impedance reduces rapidly as formation
resistivity decreases, which may then eventually drop below rero when formation resistivity s
sufficiently low. This may be problematic i formation resistivity inversion, The artifsct may
be caused by the mandrel-retien effect. To reduce {or potentially eliminaie) the mandrel-retun
effect, the impedance Zep from formation 132 fo pad 134 {eg., shown on Figwre §) may be
mereased {or potentiglly even maximized). For mnstance, g signal filter 300 (e.g., showsn on
Figure 4) may be included on arm 136 {e.g.. shown on Figure 4}, The signal filter 300 may
mcrease the impedance Zyp, thus improving performance. As funther lustrated on Figure §, the
curve for the test at 50 MHz and 3 mm standoff with signal filter 300, the calcalated mnpedance
may be all positive over the range of interest. This result may be because the leak current via
the path {e.g., current 301C on Figure 3) from formation 132 {e.g., shown on Figure 4} through
tool mandrel 138 (e.g., shown on Figure 4) 1o pad body may be effectively suppressed by signal
filter 300. Moreover, for the same curve at 50 MHz with signal filter 300, the mudceake effect
mayv not be obvious on the low-resistivity side. The calculated mpedance may be ahmost
finearly proportional o the formation resistivily, which may provide a great benefit for
formation resistivity inversion.

{00457 Figure 7 llustrates a two~-dimensional schematic of downhole tool 102 utilizing
a signal filler 300 i the form of a choke on tool mandrel 138, Downhole tool 102 may
comprise pad 134, Arm 136 may conmrect pad 134 o tool mandrel 138 While only a single pad
134 and arm 136 are ihustrated, downhole tool 102 may melode more than one pad 134 and
arm 136, Any suitable tool mandrel 138 may be used. In an embodiment, a swtable tool
mandrel 138 may comprise a metal. Impedance measurements may be taken when pad 134 is in
direct comact with borehole wall 140 {or mudcake 402 disposed on borchole wall 140} Amm
136 may extend to allow pad 134 to contact borehole wall 140. Pad 134 may include mjection
electrode 128 and retwn electrodes 130. Guard 400 may also be provided for focusing current
produced by one or more electrodes {none shown separately} on injection electrode 128 info
formation 132 radially. As illustrated, signal filter 300 may be disposed on ool mandrel 138
in the Hustrated embodiment, signal filter 300 may be in the form of a choke wrapped around
tool mandret 138, Alternatively, signal Blter 300 may be wn the form of 8 wrap, sleeve, or other

suitable configuration. Signal filter 300 may surround at least 8 portion of tool mandrel 138

-17 -~



WO 2020/139363 PCT/US2018/067817

Signal filter 3 may comprise any suilable material, dimmeter, length, and relative
permeability, as previously discussed. Signal filter 300 may decrease the coupling of the pad
134 with return electrode 130 and mjection electrode 128 from tool mandret 138,

{00461 Without signal filter 300, coupling between formation 132 and tool mandrel 138
may be verv strong. With the addition of the signal filter 300, the coupling between the
formation 132 and tool wandrel 138 miay decrease. Several factors may continbute o the
decrease in couphing between fommation 132 and tool mandrel 138, Such factors may welude,
bt are not limited to, frequency, voliage, size of the design, the like, andior any combination
thereof In tumn, this decrease may allow most of the cwrent to retirn 1o the return electrodes
130 vin the path illustrated by amrows 404 and not through tool mandrel 138, Additionally, the
stgnal filter 300 may decrease the amount of leak current produced thereby increasing the
amount of return current 404, The leak current is shown on Figure 7 by arvows 406 and may
retom 1o pad through mud 416 {shown by arrows 408}, then through tool mandvel (shown by
arrows 410}, and then through anm 136 (shown by arrows 412} 1o pad 134 where it returns to
return electrode 130 and injection slectrode 128 (shown by amows 414). This merease m the
amonaid of relurn currend not passing through ool mandrel 138 may resull in 8 more accurate
estimation and depiction of the wellbore resistivity tmaging.

00471 Statement 1. A downhole tool, comprising: a tool mandrel, a pad comprising a
fransmitter operable to transmit an electric cwrent o a formation and a recerver operable to
receive at least a portion of the elecivic corrent from the transmitter; an extension from the tool
mandrel that couples the pad to the tool mandrel; and a signal filter positioned in the downhole
ool {0 suppress passage of mandrel leakage current that passes through the tool mandrel to the
pad.

{00481 Statement 2. The dowsnhole {ool of statement 1, wherein the sipnal filter
comprises a soft magnetic material.

{00491 Statement 3. The downhole tool of any of statements 1 or 2, wherein the
signal filter comprises at least one sofl magnetic material selected from the group consisting of
a fernite, ron, won-silicon alloy, mckelron alloy, ron-slununum alloy, ros-cobalt alloy, low-
carban steel, ron-aluminun-silicon alloy, amomphous alloy, and any combination thereof.

[0030] Statement 4. The dowsnhole fool of any of the preceding statements, whersin

the soft magnetic material comprises the fermite.
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[0051] Statemenmt 3. The downhole tool of any of the preceding statements, wherain
the signal filter comprises a soft magnetc material having a relative permeabibity of about 20 or
greater.

[052] Statement 6. The downhole tool of any of the preceding staternents, wherein
the signal filter comprises a sleeve at least partially wrapped around the extension, wherein the
extension comprises an arm that i1s extendable from the ool mandrel.

{0053] Statersent 7. The dowsbole ool of any of the preceding statements, wherem
the sleeve is disposed completely around a diameter of the arm.

[0054] Satement 8. The downhole tool of any of the preceding statements, wherein
the signal filter comprises a choke at least poartially wrapped around the {ool mandrel.

(00357 Statement 9. The downhole ol of any of the preceding statements, wherein
the signal filter iy in the form of a sleeve, choke, or a wrap.

{00561 Statement 10, The downhole tool of any of the preceding statements, wherem
the receiver comprises a pair of retum electrodes, and wherein the transmitter comprises an
arrav of mjection electrodes,

100571 Satement 11, The downhole tool of any of the preceding statements, further
comprising a plarality of pads, wherein each of the pads is coupled to the tool mandrel by one
or more extensions, wheremn each of the pads comprises a transmitter and a receiver,

[O38T Statement 12, The downhole tool of any of the preceding statements, wherein
the downhole tool 15 operable fo transmit the electric current into the formation at a high
frequency of from about 10 kHx to about 1 GHx.

(0059} Staterment 13, A downhole tool, comprising: a tool mandrel; & pad comprising
an array of injection electrodes and a pair of return electrodes, wheren each of the return
electrodes are disposed on opposile sides of the array from one another; an arm that couples the
pad 1o the tool mandrel, wherein the arm is extendable from the ool mandrel;, and a ferrite
sleeve disposed on the arm.

{0607 Statement 14, The downhole tool of statement 13, wherein the femie sleeve
has a relative permeability of sbout 20 or greater.

(0061} Statement 13, The downhole tool of statements 13 or 14, wherein the ferite

sleeve 13 disposed completely around a diameter of the arm.
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[0062] Statement 16, The downhale tool of any ong of statements 13 to 135, further
conyprising a plorality of pads, wherein each of the pads 18 coupled to the wol mandrel by one
or more extensions, wherein each of the pads comprises a transmutter and a receiver.

{00631 Siatement 17, A method of resistivity imagmg, comprising: disposing g
downhole tool 1o a borehole; transmuiting 8 cwrrent into a formation surrounding the borehole
with a ransouiter that is extended from a tool mandrel of the downhole tool towards a borehole
wall; and recording at least 3 portion of the current that returns (o & recenver of the dowshole
tool, wherein g signal filter suppress passages of mandrel leakage current that passes thwough
the tool mandrel to a pad on which the transmitier is disposed.

100641 Statement 18, The method of statement 17, further comprising exiending the
pad from the downhole tool with an arm, wherein the transmitter transmits the current when the
pad s in engagement with 3 muodeske formed on the borehole wall, wherein an @il o
synthetic-based drilling mud 18 disposed in the borehole, and wherein the formation has a
resistivity from about 0.01 Q~m 1o about 1 Q-

0065} Statement 12 The method of statements 17 or 18, wherem the signal filter is
disposed on the arm or the {ool mandrel, wherein the signal Bilter comprises a soft magnetic
material having a relative permeability of about 20 or greater.

{00661 Statement 20, The method of any one of statements 17 to 19, futher
comprising extending the pad from the downhole tool with an arm wherein the signal filter is in
the form of a sleeve disposed on the armu

{00671 Alihough the present invention and its advantages have been described in detail,
it should be understood that various changes, substitutions and alterations may be made herain
without departing from the spirit and scope of the invention as defined by the appended claims.
The preceding description provides vanous examples of the systems and methods of use
disclosed herein which may comtain different method steps and alternmative combinations of
componenis. I should be understood that, abthough individual examples may be discussed
herem, the present disclosure covers all combinations of the disclosed examples, including,
without limitation, the dfferent component combinabions, method step combinations, and
properties of the svstem. It should be understood fhat the compositions and methods are
deseribed n terms of “comprising,” “containg,” or “including” various components or steps,

the compositions and methods can also “consist essentially of " or “consist of” the various
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components and steps. Moreover, the indefinite articles 3" or “an,” as used in the claims, are
defined herein {o niean ong o more than one of the element that i introduces.

[0068] For the sake of brevity, only certain ranges are exphontly disclosed herem.
However, ranges from any lower limit may be combined with any upper Bmit to recite g
range not exphicitly vecited, as well as, ranges from any lower linul may be combined with
any other lower Hmil to reciie a range not explicily recited, in the same way, ranges from any
upper hiout may be combined with any other upper limit to recite a range not explicitly
rectted.  Additionally, whenever a numerical range with a lower limit and an upper limit is
disclosed, anv number and any included range falling within the range are specifically
disclosed. In particular, every range of values (of the form, “From about a to about b,” or,
equivalently, “from approximately a to b7 or, equivalently, “from approximately a-b™)
disclosed herein is 10 be undersiood to set forth every number and range encompassed within
the broader range of values even if not explicitly recited.  Thus, every pomt or mdividaal
value may serve as #s own lower or upper linut combined with any other point or individual
valug or any other lower or upper limit, to reciie a range not explicitly recited.

00697 Therefore, the present examples are well adapted fo attain the ends and
advantages menbioned as well as those that are inberent therein. The parbicular examples
disclosed above are illustrative only, and mgy be modified and practiced in different but
equivalent manners apparent o those skilled in the art having the benefit of the teachings
herein. Although individaal examples are discussed, the disclosure covers all combinations of
all of the examples. Furthermore, no limitations are intended to the details of construction or
design hergin shown, other than as described in the claims below. Also, the terms in the
clatms have theiy plain, ordinary meaning uniess otherwise explicitly and clearly defined by
the patentee. 1t is therefore evident that the particular WHlustrative examples disclosed above
may be altered or modified and all such variations are considered within the scope and spirit
of those examples. I there is any conflict in the usages of a word or term in this specification
and one or more patent(s) or other docaments that may be incorporated herem by reference,
the deftrutions that are consistent with this speaificabon should be adopied.

(0076 Although the presaid invention and #is advantages have been described mn

detadd, 1 should be understood that various changes, substitutions and alterations mav be
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made herein without departing from the spintt and scope of the invention as defined by the

appended claims.
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CLAIMES
What ts claimed st
i A downbole tool, compnising;
# tool mandrel;
a pad comprising a ransmitier opsrable to transnut an electric current into a formation
and a recetver operable to vecerve at least a portion of the electric current from the ransmitter;
an extension from the tool mandrel that couples the pad 1o the tool mandrel; and
a signal filier positioned in the downhole tool 1o supprass passage of mandrel leakage

current that passes through the tool mandrel o the pad.

2. The downhole ool of claim 1, wherein the sigonl filker comprises & soft magnetic
matenal
3 The downhole tool of claim 1, wherein the signal filter comprises at least one soft

magnetic material selected from the group consisting of a ferrite, ron, on-stlicon alloy, nickel
wwon alloy, won~ghuminuny alloy, iron-cobalt alloy, low-carbon steel, ron-alurninum-silicon

alloy, amorphous alloy, and anv combination thexent

4, The downhole tool of claim 3, wherein the soft magnetic material compnses the ferrite.
5. The downhole ool of claim 1, wherein the signal fiker comprises a soft maguetic

materal having a relative permeability of about 20 or greater,

&, The dowsnhole tool of clamm 1, wheren the signal filter comprises a sleeve at least
partially wrapped around the exiension, wherein the extension comprises an arm that i3
extendable from the tool mandrel.

7. The downhole ool of clatm 6, wherein the sleeve is disposed completely around a
diameter of the am.

&, The downbole ool of claim 1, wherein the signal filter comprises a choke at least
partially wrapped around the tool mandrel.

9, The dowsnhole tool of claim 1, wherein the signal filter is in the form of a sleeve, choke,
or g wrap.

16, The downhole iool of clatm 1, wheretn the receiver comprises a pair of rohun

glectrodes, and wherein the transimilter comprises an array of injection elecirodes.
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11, The downhole tool of claim 1, further comprising a phurality of pads, wherein each of
the pads 15 coupled o the ool mandrel by one or more extensions, wherein each of the pads
comprises a transmitler and a receiver,

12, The downhole (ool of claim 1, wherem the downhole o0l is operable to transmit the
elecinie cwrrent indo the formation at a hugh frequency of from about 14 kH2 (o abouwt 1 GHx.

13, A downhole tool, comprising:

a tool mandrel;

a pad comprising an array of injection slectrodes and a paw of return electrodes,
wherein each of the retum electrodes are disposed on opposite sides of the array from one
another;

ait grm that couples the pad to the tool mandrel, wherein the arm is extendable from the
ool mandrel; and

a fegrite sleeve disposed on the army.

14, The downhole tool of claim 13, wherein the ferrite sleeve has a relative permeabibity of
about 20 or greatar,

15, The downhole tool of claim 13, wherein the ferrite sleeve i3 disposed completely
around a diameter of the arm.

16, The downhole tool of clatm 13, further comprising a plurality of pads, wherein each of
the pads is coupled to the ool mandrel by one or more extensions, wherein each of the pads
comprises a transmyiter and a receiver,

17, A method of resistivity imaging, comprising:

disposing a downhole tool into a borehole;

transmitting a current into a formation survounding the borehole with a transmitter that
15 exiended Fom a tool mandrel of the downhole ool towards a borehole wall; and

recording at least a portion of the current that returns 1o a receiver of the downhole tool,
whergin a signal filter suppress passages of mandre! leakage current that passes through the tool
mandred to a pad on which the ransmitier 1s disposed.

18, The method of claim 17, further compnsing exiending the pad from the downbole ool
with an arm, wherein the ttansmutier transmifs the cwrent when the pad is In engagement with a

mudcake formed on the borshole wall, wherein an oil- or synthetic-based drilling mud 1s

L
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disposed in the borghole, and wherein the formation has a resistivity from about .01 O-m to
about 1 {m.

19, The method of cloim 18, wherein the signal filter 15 disposed on the srm or the ol
mandrel, wherein the signal filter comprises a sofl magnetic material baving a relative
permeabiiity of aboat 20 or greater.

20, The method of clam 17, further compnsing exiending the pad from the downbiole ol

with an arm wherein the signal filter is in the form of a sleeve disposed on the arm
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