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WO 2008/ 008346 PCT/ US2007/ 015744 METHOD AND APPARATUS
FOR BUI LDI NG A TILTED ANTENNA Rel ated Applications
wohom/oaggabi cati on clainms priority to Provi si onaCTUSB07/015744
Pat ent Application 60/807,136, which was filed July
12, 2006 by inventors Mchael Bittar, Randy Beste,
Vadi m M nosyan, 5 and Mark Sitka. ound Back around
The gat hering of downhol e informati on has been done by
the oi | well |ndustry for many years. I\/bdern
RA TS| ROR RICELT )
great guantity of information rel atl ng to the
Related Apglicieher s and condi tions downhol e. Such information

pically 10 incl udes Np nd [ f
THAAPRIGRFOR BImOF I P GV OOy PAGS: ERpiRciRh k136,
which waPﬁ%%Iy £5 2000 BydhiddtbR gV RRuEIBIRAE Manﬁylmmet ¥adim Minosyan,

downhol’e. The collection of information relating to
and Mark {Sétkaat i on properties and condi ti ons downhole is

Backeroui@MONly referred to as "l ogging”, and can be
“_gr—p'érformsd during the drilling proc

t f
Theegathereneeaf dowahelecinfermatign %ebqeﬁe‘fﬂsnfe:ewsﬁ? P’éd’& L Wustry for
many yeafy, ifléx%grg F«t&gol@@nl cﬁll\l&ﬁg afll 'pk'(!)dd%gon OpSrafibiddald 4 grdahQuantlty of

resi s i ncl udes one or nore antennas
informatiémw relamngatusmetparmge'ans amcbg@md;m@qqé@wh@? gPueh inkerznatiog typically

includes ‘1fhor el %ogﬂan NS NG eameew@ﬂs : re]a%ﬁ cfrﬁfmg LEERIBIYy,"éhrdh formation

esponse. en opera | ow frequenC| es
propertlei, hendr @il wmtu;ontmlt pEgmters daWhh;tdeaﬁ‘he i qelilgetiony@f information

and at h| u es
relating g gm%wagﬂxape q?) gtlaOéxg ! H(g ooI %ﬁjg}dn%%lf'?eferred to as
“loggmg“paﬁéb&é:gbe Wmﬁm dnmngairece:shusciéasur emlant may
vary Wi reque oper at i p : .
iy ottt SOHETSY H T AR RAP I i v
drilling. &Rd/ Qlchtsl pase réfisthe Ediﬂelvs)\mclﬁ lingphades @rree oc Gnmr amdennas for

to the anplitude and/or se_ of .the transnit sig
wansmittiog, #0AGRETRRE 0PI GFy B8, BEMIFDS 2o 01k s s RReiinas fo

recelvmg a!“ﬁ)réﬁﬁbﬁ Fééggnseaw&f oﬁ&ﬁ@@ aPfowt ReqiceRisyibe stgstalis abkmay be
onpared to each othe neasure the f@f}matl on
called anr GeRstipyT (apl, 5| HERITCARIGES HAIOHSCA B HecTarafenctio wave

propagat%ﬁ thhi. A%oh M ﬁh&r mb&}ﬁeﬂanthﬁbﬂ&hn{aﬂﬁﬂfe%%w@ﬁbnt may vary
1boundlarl es”ext vertically, or when drilling from an
with freqafeheys,hﬁteeopﬂratuﬁg) mprincipley §ordélsq tem| aret epnsigtent.| Iqyspme ¢ases, the

amphtudq-ﬁpél/gg ghe CRVHt {” ﬁ?epl%gélvk E ggﬁg 420 H?ﬂﬁﬁﬂeﬁsto kHE érh%ﬁﬁé @ah&or phase

I'zont a drilling
of the trﬁlﬂisinlnt Isf@ahotd meanat | the fpnnatsorxjmstnaﬁyeln othesigases he paplitude

and/or p}&ﬁqt %tlb ﬁ)gexﬁ;c,glysisggerg éi chr,}% etgge%poss' to"“ﬁleﬁghre the ?f%rmatlon

le so as to
res,snwt?ram m ze the recovery. This can be difficult since
0

rmati ons, may dip t. Thu ' Mt i .
R b e
boundariB@ekicad | vaftidally Vet iwilien driéingrfrdrh abi ¢ff4sbgre platform, it is desirable to

drill wells at an angle with respect to bed boundaries in the strata. This is often termed

"horizontal" drilling. When drilling horizontally, it is desirable to maintain the well bore in
the pay zone (the formation which contains hydrocarbons) as much as possible so as to
maximize the recovery. This can be difficult since formations may dip or divert. Thus, while
attempting to drill and maintain the well bore within a particular formation, the drill bit may

approach a bed boundary.
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approach a bed boundary. 1 WO 2008/ 008346
PCT/ US2007/ 015744 As the rotating bit approaches the
woedswossadary, the bed boundary will be on onepreras2f/015744
the bit axis, i.e. in one azinmuthal range with respect
to the bit axis. Conventional resistivity tools are
not azinuthally sensitive and hence they do not enable
efficient detection and avoidance of approachi ng bed
boundaries. 5 Brief Description of the Drawings In the
As&hs votatngl bit apble)dclmssthc bpd bowndarnithe bed boygdary will he@e one side
tqQ the, acco draw n [
of the b s [LOTSERORLFLGTIERGT UhEeg s P Bl CoinBfresistiviey
tools are hb@ azitmBRAWS sénsitivee and Ih?:noé they db| nastenabley effividnt j detegbion and
ant enna;_ 10 3,shows a coordinate systemfor
ISt tilted antennas: Fig. 4A
BnefDesT&k_klﬁi’t‘fﬁl (ﬁ*tggﬁré@inky assenbl ed resistivity tool having
i ant ennas; . 4B shows a i] | stra e .
In ﬁhet%mn&eﬂ%@m ﬁ%ﬁﬂpﬁﬂgnaﬁeféﬁnicﬁtw’@a pates e¥% th accompanying

drawmgsi’M\FJﬂ ys; Figs. 4C 4D show different views of the
rotective cover in place on a resistivity tool;

FIEI b@owusmwedﬁgangevm@tdﬂlbn% EREFRAT 0N f or
Fifly £k r{&g%{daahsi%lf%‘ilﬁmaﬁve ARt Kitthnab 1S @

strative tilted antenna
Flgnen sHfcrst mcmginm dysttm Wndeénmge)rtﬁné@éw@éﬁ dilted paiepnets

. scepti
Flg1 tfé rsﬁ%&v? 8 partia Xsagse@lé% gck_bbcg S 11tﬁzﬁggléegna% o
Flgthdnys mgnlsubtlwprmcélwemoytrdlayum@gpmﬁj pattern of windows;

F 1gﬁ3§2 gposgugwdﬁi gv%v%shr})gﬂﬁ% ﬁl’dt%ptfg&mcﬁbgqg% d&g eonaaI re51st1v1ty tool;

Fige 5A-5ptdhov drhﬂteemmv&rwnsnukctlomtfenn@@bmog |ti1nthanteneas and

|nvent|ons to artj.cu rmd on
Fighg 153 Apvahart o {.?Féﬂ USHRYS %ﬁ df%nq l%)mcncr)lver &ﬁqng Ridtncd
While thd'@Ebibb&Pink Oftfons QG EVRESHBIS t@Rariakst raodifichties ddldlientptive forms,

specific q@@h&g&ggﬁe&%ﬁggg’pﬁ;ﬁ e ?{fé{xggpg)iﬁstgg%gawggﬁ and will herein
be descrﬁ)gé QAR ftheiohRl beWHAGrHERL Moktever) tﬁﬂtdt}fé| aiafingsOand detailed

er to particular system conponents and
descriptiapothieye aretias irfendest torani ke inyentions o thepartigylan form disclosed, but

on the cogg'gtgyg rﬁgeal%n?entloﬁqgﬁnaﬂci\%? alT8odiBE S onk Oe i vAEMS BEAhltdYatives falling

names I's docunment does not intend to
within thelspirit agd seipepdthweenpcodepelaents that differ in nane but

no unct In the fol |l ow ng di scussi on and in the
m@%ﬁ?@g{gﬁé&tﬁer% “including" and "conprising" are
Cageith fermanropesd tenugibut tbaifohowimgddespuptiahatd ¢laiws to refer to

reted to n
partxcula{ Bysef‘erg compogentsn% oﬂﬂl%%k%{giggg le';e éik?gelﬁfpinnlhtee?t will appreciate,
compamésninay deftr tte® an@arporehhy dﬁﬁemmﬁnm This docuineng does not intend to
O el omS o Uy | st AHEUbECT the foll
i35 b RREE MR e 8L Bt e o
discussidodflghthe claims, the terms “including” and “comprising” are used in an open-

ended fashion, and tﬁus should be interpreted to mean “including, but not limited to...”. Also,
the term “couple” or “couples” is intended to mean either an indirect or a direct electrical
connection. Thus, if a first device couples to a second device, that connection may be through
a direct electrical coﬁnection, or through an indirect electrical connection via other devices
and connections. In addition, the term “attached” is intended to mean either an indirect or a

direct physical connection. Thus, if a first device attaches to a second device, that connection
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a direct electrical connection, or through an indirect
el ectrical connection via other devices and
woaons@osi4ens. I n addition, the term "attached" PCE/US2007/015744

intended to nean either an indirect or a direct

physi cal connection. Thus, if a first device attaches

to a second device, that connection 2 W) 2008/ 008346

PCT/ US2007/ 015744 may be through a direct physica

connection, or through an indirect physical connection
may be th¥duh Dulrest sigsicak somredtiomrorabtdughsan ibdire¢t phyysical connection via

Description, The present application relates to a
other devipgs aNJFORREC MSar at us for buil ding a | oggi ng while

Detailed DEskdipticty (LWD) tool having one or nore tilted antennas

0 enable azinuthally-sensjtjve, resiStiLVitV .. . .
Thmgsmmﬁ@ﬁomleﬁe#&@ menod nckaprerarp forbuidine Alssging while
drilling ( Gk Zhavifid el 8r Tncensitbddinteihdsi fiehable Gomparipllpfsensitive
uston, TexaS, may be hel pful . This pat th Sr%¥| jfis hich i
resistivityr measpaements s Re6ueung @fqa{ngp@\ﬁtﬁtgg Bsesnt N BOREF | 0 08rd 2, which 1s
owned byldgip\%hﬁ)o etna&b‘%?a% o?ll%&{sgﬁﬂmﬁé | fhay He RIPRE This patent provides

t 00 ni ted States Patent Nunbers 6,911, 824 .
relevant discusSich8 bpd 38ravdbgso peaming 9 sl nmwrrteaf?ﬂeanﬁ% ectfomagnetic

Houst on . Texas, 60¢$8203n@N¢,$81,138, also
antennae { g\?ﬁ&‘gb}eeﬁ)g\?sar}gS%sgi&gegi %aﬁea;ﬁgg%m ngs pertaining to
owned by Halliberted Qdirhpany of Hemswe, Texaovmap|dso bg helpfuy These patents

. Tur ni now to e f.iqures. -Fi 1838k dnnge!id 1
provide selpyan s ded diterind b Rinibdo oy SRR UR contelil Ahimbole
tools. equi pped with a derrick 4 that supports a hoist 6.

Drilling of, oi

| g | and_ga [ls i carried. . iy
TGS e T ek 5ol 0K R p . A aniting
platform D34 BdfipfeSRithS dRritontha sdppdrts a Boist 69DANlnENE dibargt g wells is
) suspends a top drive 10 that iﬁ seﬂt .rlg‘iafethgf a drill

carried ogrtty 3 sEmg; ¢fgirgl BiRGs FAPRESted JORTIREY poft ot fgas to form

i iYe 100MmAEE @Rdite fobe kanerill erthgm8 and to
string 8. ?ﬁéqgg%qggstpﬁﬁ%dgyga&idgg ST bt 14 The BLE I8 8 g s

lower ther drilhstwihgahrpughithe W@hﬁ'ﬂé}cl@ﬁﬂWﬁgﬂd 3% JPWET ke drill strmg
is a drill BYe 14, THe"; il QbtaB@thd Gl string 8,

is a drill g}ti lﬁ 'l%xltett%xpgérl% 1}'/0%%%1 ﬁliﬁ?ngt fll(l) Sgﬁgrﬁ??ilsiﬁ?]?%l _utia_ld flgs, . string
by use ofrudipeshdly materndae e drill hiti erbyclrih etheds; Brilking flgit is pumped by

«SUpply pipe 1 iveid0 Wikive 10, and d
mud rec’tr?}"ﬁ%bg% eflﬁlg 8 r%f Ilﬁhﬁ%g&%g}a}?b i g%}ip%?{s%lr g@ and 0 _ o“fn
through theldditbstring Sateligh préwsangynd yphiness tgremesgs thrquglp npgrles or jets

LLdrill bit 14, Th d . h
e o 14 i oL AHEL B3 A e
exterior OF ithd dsillr kthigg88 and thebdbelrodhoiadl 2A) throggh vhplowght preventer (not

._ bl owout preventer (,ha S ificallWw.s j .
speciticaly FHAVEH (oAb PN 1 P9 SBaL el ise L B Siec SR e mud i
cleaned &Hd thbh REcifButhtéd by eéchidnption Rquiphesmt 16cThe diibingdnhby is used to cool

e 0 o ey g R e e G5 St o BB e, gtnce e

hydrostaf@pFesiire il ehPRIcR fbndtidssurface, and to bal ance the
25 hydrostatic pressure in the r

Towrals conpPipE TEUSRHISE FlERey| %&‘f@e SRS of Eotesh dgpayregarding
the fornfabiofi Prop&lrie Bhnd/or S&fods MWilling parameters. The downhole sensors 26 are
coupled to a mud pulse telemetry transmitter 28 that transmits the data to the surface.
Transmitter 28 modulates a resistance to drilling fluid flow to generate pressure pulses that
ﬁropagate at the speed of sound to the surface. One or more pressure transducers 124, 126
convert the pressure signal into electrical signal(s) for a signal digitizer 128. To improve

reception, a dampener or desurger 140 reduces noise from the mud recirculation equipment.
3
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the formation properties and/or various drilling
paraneters. The downhol e sensors 26 are coupled to a
woudsmasxae tel enetry transmtter 28 that transpCTASRNE015744

data to the surface. Transmtter 28 nodul ates a
resistance to drilling fluid flow to generate pressure
pul ses that 30 propagate at the speed of sound to the
surface. One or nore pressure transducers 124, 126
convert the pressure signal into electrical signal(s)

Feed plpefo conidci 8 addﬁllﬁllgzﬂﬁldlcﬁﬁlmb'éﬁ liagpinodesurgerc b4 |lbrd1aphragm or

anpener or desurger es nqis m t he
separation rr@ggb@@p Mﬁepw% mgggwg %@6&%3@% m a gas C amber 146.
The dlaphﬁﬁ-%g %oﬁxyvgéﬁsZﬂflvagﬁﬁgls AhPge Biliag mad Sprésauﬂs chhblingnthe gas

chanmber 142 in desurger 140._ A diap
chamber te eppandtansreoniapl feechypbsebing ROSORtHE PHS ﬂrrF W‘ﬂ?ﬁ
Th *b@%m%r @#s@rp%h 2 digie: 1$haATe lthelﬁféssurér B%ndlsabmaﬁmﬂMHO or

ation |nthe dri fluid pressur e, h
some othanﬁ)bﬂnl a@atdtga gaiecessiha rdswicet Eompierdl @PeI@tRsy igcgccordance wit

software (yEx g&rrgg gg if u?lfnlaﬁ n 5B rrﬁécﬁ'zt' 182§ Jaﬂtpﬁéé@‘iﬂﬁfﬂ %ia &n input

Ies a diglital form of
device 13§ RGWees ang riabodet theaemmjbmgnal_s_ 30he resugg@teleppféqy daia mpay be

further ana&gsq &é)é r Oceﬁis g}'é g%?’Rgﬁ\éleq? ngt? Eér%a%glagpcﬁﬂ%%ﬁﬁ ihfdrmation

on a compikeP iBHiloR N 36t & agee OBt Sorh8aJ aaahslpla;; aevicapbor examnple, a driller

could emglirc])g #tgpsggggqé %q é ffﬂug ?‘ﬁ rrr?ogll?téﬁ_éﬁ-ig i"lzlo%ﬁ,a‘r}d1 gnérﬁ?t% ﬁﬁormatlon
drilling pﬁﬁﬁlebé%@%alfgrrﬂ&tm&%?aﬂby computer 130 to generate a
splay of usef

ornmation 10 on a ¢ [ .
Figss 1o saeriot HshemaePh R 2B Aera| (bs (el Al i physical
appe'aranc%xglf‘rﬁkt@nnff1 186 ithdebe LaHEE AT AWop Mk Showat i@NFigo 3ghaatenna 100
noni tor BHA ‘position and orient ab% i .nf i{)nﬁ]tg qa 125 are
comprisesimiultifile g%&pﬁwwou%ag PECRE) GS6e P 3@?@?& %
attached tilgff@ergﬁte %ﬁ% ¢&le §§1@eﬂi§§t&£1sﬁﬁtte% B%Jkédelee@m@dﬁcﬁxmatoleﬁhnge the

ySI cal appear ance of antenna, mal
number dﬁ@fﬁ:csvcn guuas pﬂl&h@ﬁml oWpen gn HsTRRting qurRgnt 3 IPPAlY éﬂ ($911100, an

sl S IEL QR VL, ey s i e

vicinity cﬂ‘tatn&mlﬁe d (X)anduée‘sar eoltageait ltlse leads Eibise antignna 1@ syt hepsed as to

or recei ve{r el ectronl 6s to change the nunber of
transm‘t%‘frF‘é?Y?slgc BPRERTHE YA coi | . Wien an al ternating

Figlr @ithws 5 copplihate systemofor spedifying thelogentatinagiemi gntenna. The
el d is produced nver sel an a r [
wire Topgai I RBRELIE 1 FLFGAL 1 SRS roRRYEid o BRI AR, The dfppete mey
be expre:ds@&J 4¢ & ﬁlgl@btb%ﬁﬁee’htthé bl lagzdmd the tnsrmairmehm alailé).OWﬂua;e needed,
used as to transmt r receiv l]ect r Eﬁ ?he axis
the ammwaelegﬂem?fgon g %f fanienpy 8?‘?.1 R A&TRTS oagxg
(usually Hé}ﬁargﬁﬂeﬁm%/ﬁﬁ 2003 rBE 18R @Nthenssl fadéleof therteol amb’(}ﬁ)prbjeetlon of the
lane that is tilted at an ngli(erelgﬁllveltothe
normal vp@@r OB{R] esplarr%eelﬁ)ievféw'é‘ﬁ@?oeﬂ’ﬁ;%?g“ﬁa pris ol g 198l ¢ he
F%‘ngjlﬁ fiy \}&ﬁ%ﬁ%@e{ﬁtéd"%nﬁe‘ﬁﬁﬁe P{5Sad G Fb&t neloeed 200 dhbposed within

ane ere needed t he azi rmut ha orlent ation ﬁ
ellipticalt feecssng @dﬁalmansmeékﬁpgs%féﬂ downhole 4pRjt SegRcRES Otcﬁ)énpnses a

14@59%&%35 1’ t\%ttﬁtea a%%dnﬁs 25 Ngndupports 220.
cylmdm?lng 4 ’f aceé}lﬁhbgt he t ool  and the projection of the
Segment 200 further comprises a coaxial recess 229 for a coaxial antenna protected beneath

crosswise metal bars 230. Electronics for transmitting and receiving electromagnetic signals
via the antennas may be contamed in hermetically sealed cavities behind hatches 222. The
electronics of segment 200 may process ‘the receive signals to measure attenuation and phase

shift, or alternatively, may digitize and timestamp the signals and communicate the signals to
4
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normal vector onto a plane perpendicular to the
| ongi tudinal axis of the tool. Fig. 4A illustrates
woibasedszant ennae 215 and support bl ocks 220 di Bpoase007/015744
within elliptical recesses 210 in a segnent 200 of a
downhol e tool. Segnent 200 conprises a cylindrica
body 205, two elliptical recesses 210, two tilted
ant ennae 215, and supports 220. 30 Segnent 200 further
. conprises a coaxial recess 229 for a coaxial antenna
other comPbineséLlie heslerdt buchCsrosauingeSemhalt 208nsaBOpart of an azimuthally

sensitive @l}sgg{r{tg %ﬁ@;‘? rgnél{l% gl}rgs etgqtgmt #gdlgﬁpg%\éa ev‘txgxé to nearby bed
boundarieﬁ g{‘%ﬂfgiﬂ %ﬂf@ '&?fe'é’ﬁhbﬁﬁté Y., feabgWelldoréd)es behi nd

s 22 el ectronlcs of seg

C)@indde@léaqdbre?%e@éy PRUBFigh SRl 2t o4 SRR Bpffons of
its mteno? naa eextei-kHrfl{?moQ;edEiht&ElE‘rafd ¥ehdre FBYstRiG), tain?e@trd fif and boundary

e signals and conmuni cat e tﬁe Sl s to
direction ds MCﬁB@tBhﬁﬁB 3"43}’ RCTHeUSRoU P aiasy adﬁntléﬁﬁd?fe\ﬁlehﬁbﬂ‘é’ﬂ?%“s known

techmqueg (,H;ettyh g)]at lgs(r)?ld go rer@%\%q Pgﬁ%ﬁgﬁ' QimdrieMBody 299, '3@’ Qﬁhmg, laser

sensi t’i ve reS|st|V|ty
cutting. mbaahape;albhgm uhé disheiet o wybfdritiad bady eZOénmam|waé3cwltshpartxcular

near b u ries .or t e
otcaioh el e PO 0Ly S5 5081 o A bul R ek om 4.
20 inche@8ly léifgﬁhsl’mytvﬁéﬁplf it6 et fefeﬂnglmﬂrpiah body sH15 thayt eomhprisgfhreaded
havi n ortions o erio n r
connection 0 praciPeREY “tos ARt PLOEC eB) BB o Bhsepbtios e too

segments@ﬂ@orﬁphl ﬁﬂ;;cjlra)dd t6li Eﬂc@qidrﬂﬁ thxfsmdbmtas hldeidl stimg.e fully in

the i ssued pate ent | evi.ous ariQ

I i Aot BT SR B et PEEF B oD 387 gty to form

elliptical Féf:lebs'ég Q'l@ainl &Q%Mmgﬁdﬁownfih@ig MA, dldptcal recLeEiasr?gO comprise
shape, |en and dianeter o C

channels QOSFQ‘?H?SD a4 FEIRIETBGF 8 o] 515‘5%"%%‘{‘13’0%5 & S§t 3 ah angle with

respect o ﬂll 'e&% 6!?@1% b%ﬁ?ﬁnzgé f%%?@fh’él dilpttab rétRsRy 230 Gee ﬁh(ﬁVfEhtGhe same

romié4 i nches and | engt hs bet ween
angle relatove4tof thgt axiOpf |culjnqh'¢@|1 b@@mﬁoggguw @Wt, afec aﬁp%]a,dg:axr depth,

width, %ﬁg nq?n%t L gs UL1aBE08E L & WEJ‘HP%thHo’Wéz@i n®dyt D&Yy with the

poses of asse he tool “segnents to
particulaff applicatibn cblhataatrgn‘tegt POR &y @mgxeé foheThedepth mfelliptipel pcesses 210

may be %‘fquﬁ)gllsl egfhsb 4%@%?15; #9058 %éthﬁo ?ﬁé ?ﬁdho rde}?éndmg on the wall

Fenmove orm tical
thickness @fastindsica Hody 205t BHipgichlodieseen 2 hoan have F¢‘g=le ﬁﬂdges rounded or

square ccﬁp%rs,s%:lg ]ﬁﬁg gﬁ%l?%é‘ Qo Qf@ptf)é §ﬁ1pt g:g’l &P@s@%ﬁn t%lgfl ﬁ:spect to the

rcu erence o
circumfe2ie Tdhs eyliadricdd badg| 205wiot dvoid sp@ndmgdht trediak peofié of the tool,

In the figur I s§

sructurah geHoin ppoumierveifé aitp et apd Ple i B8 Wipdefpecesses be
formed Ué)rz]&bédﬂcigis@dtL amgag& ttis gurfabe ofibiadye205f lchannel s,

their dept W dt shape_an es relative to

Ao So i A S 3o Mo o G 1ebd8 210 and
coupled R@réléé‘t%réés R hadt &aployhade §ﬁ§ﬁﬁ§t ag Q&nlsﬁntﬁﬁl(g'nfﬁéclvers The

for. The defth of "elliptical r ses 21 pg% 0& £

antennae, 25 atgsincie plans, thet . ttegedt @nAIEe FEH LI crien dBer of an.
electmcaL&' %bm%OS ?ﬂeﬁgl @t Shewipkls., Hatdahng SSodflasy bpoxd bf:ﬁibber may

Ell1ptrcal recesses 210 may have bevel led
be placeeldgeztweem coteted 25 %@HW@C%W@?SS?-%%M@W? 245; ay ée sealed or

potted, 1deeSéJt§%§eenEf%Q§%‘§ B Qns‘%ﬁitin%tﬂnﬁt%haf 96 &38R SothBS Blnb¥ditents, where

cylindrical body 205 is already insulated or formed of a non-conductive material (e.g.,

fiberglass), antennae 215 may be directly mounted without additional electrically insulative
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circunference of the cylindrical body 205 to avoid
extending the radial profile of the tool, structura
wonomgosdsy i s a countervailing factor that mayprdrasaie015744
that the elliptical recesses be 25 fornmed between
rai sed guard bands on the surface of body 205. As
shown in Fig. 4A antennae 215 are di sposed within
elliptical recesses 210 and coupled to electronics
that may enpl oy the antennas as transmtters or
material. NORLILERES it iBiRefetdtile wmeinkih aaap or spacing betweehantepgae 215 and
tllted at an angle relative to the tool axis. A layer
elliptical rggesges 210 ectri cal | y insulating material (not shown),
k% dhgle 508 a@ﬁl rebds8 off[dlfiicAl AkSssep Q1P andreathibbiehna Bfiynidfinae 215

pl aced between antenna 215 and %II tical % % 1
relative t01he lnpeitiheal 26 rﬁfyclﬂlé’d;%'ééll badyp20 oYY ag desited. In some

! e Thbar b rﬁeﬁtermk LI21SGHAY be at a
enﬂmdun&?%tﬁ@h%%@@&#@ﬁ@ﬂs re cy Ifndrlcgl body 53? S s
plurality cfl dl&‘acbpt anglgs.aAnignnae 2 by may ‘nyadaaqqagh othgr @ptenpag.on segment 200,

perhaps a zero afxgie (]g_ng) a{ne{l'@ﬁg #3855 dlé“ o o rlﬁﬁ sBodWnR¥iQ&A, a plurality

I'Tec ut a el ectrically
of antennagwnay bt msposesl mmn Wy sMec@mqs@o’mf 015744

£t 5] r t I
AR B L SR 200 AR AL PR A A R
210. The rsﬁﬁﬁﬁ&&ﬁaﬁ déve 'Ehﬁplgmglse'udfuraiauppwre teswimghing hniferot gap between
C 0 an t enna of
the antonf ] RFeoPGUERE 1BGPEaP R e e eAg foever, fhe supports may
also provﬁﬁ%l%cé&&%ﬁnﬁé&ugﬁ&id\e&n the ammaa ahd eddvtdéalenicsitry, bad in some
|l e may be eqr ees

further crgheGmREE T PRYoB SN oG PUPREY” ShS GPPREfgRpy further serve to
anchor th@ '&Q{eﬁﬁa 2N HRNAG RdteriAbfor B B t@Qﬁ‘Eﬁen@%h@;ﬁag&ﬂhz&mﬂ@ht distort the
ment 200, perhaps at zero angle %I. d dt

antenna qmn nguqahen{ Bolome pplEmeaRtio tasStaRort ﬂ?ﬁ"@selvfﬂ maa‘/ 63 designed o
substantuﬁ?};J aP ARG 8% N8 G AWyPROSIEdnM Eflen nﬁ%ﬂé‘rﬁ‘alocfther than

tlcag recesses 210. As further shown in qu
perhaps assga@mtt The 20mibres of sgpp@nt%ws By aryifFere| QneARplgftion (G the next

Supportséx?lcﬁsl{s ] 5}1‘3&% 8?‘%0 &1 URP Bb4-S o BT E " B tefiallB), Yorasd combm'fmon

suppor to maintain a uniformgap between
thereof. the antenna and the conductive tool body. In sone

48{' prlfsg'la?eéonﬁ}/\cﬁ SStlve é ?’1&‘ B&%{%&th aoaf g&xg&ﬁﬁlﬁnts of the

I ons vveen t he antenna an )
mventlorﬁue(}‘)hftemad)f wirdowst 3 10 axantbrmad 10 thee ccﬁw,t srzanged so as to be aligned

di ment enclo e..the electr
with the qrhgf a%tamﬁlén’ﬁg e em %ﬁl ments, gle win anc h?é g\.ﬁ%&'ﬁfﬂlly rectangular
with theaé'l:%eﬁ BRafest HRS amf@hed loallenﬁ‘e&rgehhmllgaperpmdmdaem the tllted antenna

sl i ppage t hat nh ht d| tort %ge 15 a t

‘When m@a@pﬂtq qd&fﬁll q.tmf é ?ﬁltgrtn?ao Wfrh eovsé S1mens;ton should be

at least JrEQ,@ﬁﬁJn\é&‘f’ afiB)s ?ﬁef@ﬁ%l}gﬂ@ ehdre thaaubs bAND Icahﬂnynefersl Mdurging holes
, Obviating the need for ﬁny addi tj onal, fil

|
315 maytCsPpg BIOVASHCHS & FEARS [PoieRMISDE CQER| 1 1be TOR] SoRIFRFA20, Fover 300
provxdesﬁﬂ%gﬁ&f'fog%gléiﬁﬁ’a ¥&ibn fof 9EBrRR 200 Wyl aedhi @B alrigid Kl or sleeve.

upports may be forned of conductlveﬂg 1
Trbrlae drediic30% anavabe rfpemeds pf conductivgntsi Ra-eBRductiye mmprial, or a
ombmaglgn th%eotd' Byl édrﬂéteﬁﬂ;o‘aﬁnngltgrﬂt)%} 'b\()@ycﬂ)fie{s fdtmed of non-magnetic
ccordance wt some enbodi ments of " the
steel. Tubular body 305 may be hard faced with, for example, tungsten carbide. Tubular body

305 has open ends so that it can be slipped on and off cylindrical body 205 while allowing

segment 200 to be attached to a drill string at either end. The shape, thickness, diameter, and

length of tubular body 305 may vary from one application to the next. Tubular body 305 may

be tapered, as may be cylindrical body 205. In some embodiments, the inner diameter of
6
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invention. A pattern of wi ndows 310 are fornmed in the
cover, arranged so as to be aligned wth the tilted
wan@gse 215. | n sone enbodi nents, the w ndowBCaUS2007/015744
substantially rectangular, wth the edges nearest the
antenna oriented generally perpendicular to the tilted
antenna. Wen neasured perpendicularly to the plane
of the antenna, the wi ndow di nension should be 25 at
| east one centinmeter and is preferably no nore than 10
tubular body 308 i€ BietsanRtArthe olerdidnngenhal @dindded brdy 2815 Gubjdar body 305

ded t th
is preferalgé Mnogas s meansg I(fr:lg:\r?l%agg)%ne?n Y& 1u8mgfrl§1tén91?.]: 215.

I on
_ O1le€88 imdie RRiteiBNoP wib@GHE 310 2&9 ibymed: tm mjpvals 380r Egeld pattern of
wintons RO RS LS 500 i ) il 215. Bt

window i§ QH’thbat wih ilshehe *lged Bs pérpendioliastorart slané ob ahanndoamsy as the
I'S formed of non-magnetic 30 steel. Tubul ar gx to th
cover’s s@@&em&l pRoTcHa Fher miEbeT T Windogys I@i}éﬁfﬁﬂefmf‘hﬂa%?gﬂm n to the

next. Thebam+rg?ons gﬁé&lﬁ% ROV URP THARRtIREBs FFdsach Owindaty bf e@éld set of
d off cylindrical body 205 whjle
windows ahéwwnygfrose gneppplicmionoto theanexic ol dntperty 1y, jrpgact the

h wiH#ew within the
dlmensqu ﬁ]gzican%%.mg gncr gfr}ﬁg&gﬁgtzcgsmgcﬁk@@&ﬁodlﬁieﬁf@%&fh fHadw within th

may vary from one
pattern ofapipldo a3l 0 has eqlhhaﬂleme(htnenﬁ'lobsj Iasosedmi®dimenty, thpaindows in the

prcen o R80T A s Tt oy gy b

1\&5&’5&1&4@21%851 @157xﬂéy Heu bsgdaro bffly c@@Er 360t thesegmmmt é-’QOt s such,
outer di | i n a O
matching dipdes may g),eeﬁto |n§, %Han 398) éw?tsgg Ot%é:(r:e;wsb H g{hep ﬁggwn means
(not shovil) @dy B sed t6 PSTRDE 300 fonektidntiz0@Bueh na@ang iy b@m addltlon to
nore patterns of Wl{l?dOWS 310 .are forned in cover

a pressurgaih sl e Allst P RIRACIFEHPE o GREF £ Be ) Tilspe over
segment ypg.h an antenna identified by ant ennae 215 Each 5
w ndow i s arranged vvlthltslon ?Péj 1

Fige f{pethaive tharprofestivR ot P! ach @ 9! saggnet 30 For explanatory

purposes,’ ﬁ}/e{: wer 36! i@cﬁxo‘Md Ls Refimd aregh@neﬁéi‘m% @:fab‘ﬁ& REQuSzateY of the
?rom one application to the next.

relatlonshtip ntnmwemshe SpEoNay; 21§rmldoth¢ewlwsaél‘ér]r§? iside yiew g€ povered
segment ﬁ%(gf:?rgg §esec%99r %ﬁf @l ed twsgg[ﬂuct R a ?ﬂt%af FeB3se§1210 and antennae

integrit
215 undérlipaled piitt&ms df mméowm § 10.sPAeh myoperiimatade wvmgows % 10 are aligned

above hq%l%dfe#ésatbc%ﬁqng nqgear&?ﬁgda%le r@%&grf%r%ﬁ@o% t 200 Fig. 4C

further iMSRESI tAASIn $0ins embodivhards aptehsge 2he avd akﬂgnml 45n dt:grees from the
pattern of wi ndows 310 are equally spaced. The edges
axis of sqgrReRt RBO\M ndows 310 may be bevel ed. Mounting hol es
FRl U BHoWS aUsttbnt @i fdf he€ pyeectB@Ocdver $6Q e milac0tn tokd segment
200. Thé %gaﬂgln\?}gglrlg oge?rle g%&lo nsi%x ésn Se?&%ﬁkalzsggw( g telhptlcal
recesses Q@O Usfechra® 2i1 8] :Ehcpﬁ‘i/rﬁfow%(m Ot Rramgedrpetpericulabue imtamSZl 5 around
be in addition to 15 a pressure fit, weld or
theCerUm ce; 0hyEBReaLeY- met hod of retaining cover 300 in
e4§ Oaglﬁ 41%, QQEE%@& 489h tdol Gegrién 200WFe SRSV Ohedticelly sealed

'ace on tool segnent 200. Fg "
cavity be)eptham&aych contams electronics for transmitting and receiving sxgnals via the

corresponding antenna 215.
The volume of recesses 210 and the windows 310 and other area may be filled and

sealed to prevent penetration of drilling fluid and other material. Suitable methods may
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pur poses, the cover 300 is shown as a transparent
material to enable visualization of the relationship
woebtoswess4s he ant ennas 215 and t he wi ndows 310. pTChaIssiode1s744
vi ew of covered 20 segnent 400 conprises cover 300
mated to segnent 200. Elliptical recesses 210 and
antennae 215 underlie the patterns of w ndows 310.
When properly mated, wi ndows 310 are aligned above
and perpendicular to antennae 215 around the
include tHosé Adsor e HﬁEU Sf P&Eﬁlﬂﬁtﬁ@ﬁl@. Heivgpver, Ghe fsealmhtepreferably does not

_|IIustrates di
R Y AN R e N
Flg | O HReABONS al@erﬁ@ﬁ*@ﬂh}étl&w rédes$ benfpupdtint Segmenvi00 comprxses
] 00 in place on tool segment 20Q. Th Bottom ¥
cylindrica w630 GYREHE] 46GFSF |3 s EPIEPES 3 13 SBGAPOYBRE So1- ehpprimary
differencegii%{vgéﬁ %m i 206 $28 S Cu@m S0 18 MRASredckRe 0B BRoWHEE3YS. Shoulders

10 arra per pen 'ar to antennae 215 around the
525 suppmacsmatlar@vceﬂ@tl@@ghié@ﬁ 200. In Figs. 4C and 4D,

Flﬁegﬁh A%Q?S d g &191?8 e%ggﬁﬁﬂtaltgxqg G %o@&ﬂ%mg’% pattern of windows

cavity enea each
that aligns amit}althms enipacalr regesss Gayer 568 rmompriseh Janth§59 é@efmg Yipdows 560.

R [ T

Like wind®w{ 310, ecindowls S6@ afee;d’efanalﬂy aligned with @tld aeipsndisfilar to an antenna,

o s o o 5 A B L g S B BB o cov

550 and \dﬁﬁlﬁﬁvis 136d nhf?r Yar. frd?gtbﬁa implebfeBtafidR to thewexeas preeusly mentioned
. seal ant ef e oe subst an [ aI
with regg 19 coyerof iAo 1 ke En PR 200 SFEPREE ket may be

sealed to pr&/elY ped%'hﬁho@ﬁf dtingde Mbidsind lbtl@drﬁﬂtél@dllby&ngl Kriopin malhod Cover
recess configuratign. Segment 500

550 mayche pHiercial ssgEept 508, DXepRy FRP¥A| mpedl) of £ PHACHREUn - SCTews,
compres%&r'f_’ 1A s TUVeF §56 magompiRe Rht BBMbre Picdes. (A p@AREEmay be affixed

ween segnent 200 and segnent 500 is the presence of
to cover 85bort shonklesp325.Shoul ders 525 support a snal | er cover

I:r} Qr?g t?x%ytﬁ{l 3Q8odizidht, tﬁi@ shbhldSts' Ps&Rais lﬂ%foH éilscféteefﬂe@ﬁ bars 230

ernati ve cover avi tg a pattern w ndows hat
mterspersddl ‘gtth insuldtinghmatsrial pt p canfigwretes likesias shewp ig &ﬁ@r%e“&he gaps

u d
e L A8 SO e S b v
electromagizpiorsignalm (ﬁor sﬂmdn’a)l.tenms Ltihi enetalnbiyssnag1ioe slwmddmr%de edges

ab aligned with and perpendicular to an
mnnmg‘gﬁfsé’ﬁﬁea,(’tk %éﬂfl% case, antenna 515. The materials

Fus & $tovisod aivde eiew ob Bt whdlet dowed 5 Sk asd Bigs 5B slvser front view of

the wholgd:oy%gg % cg)v&' gg? gﬁ%’l gea [ t {rcrnglnmeggteshe?ﬁof ggéa]l:%nd' flmed into a
(tilted) cGBNdicaBShpana fier td@WSee tted Inkiheirsess, \M\mid\mn%@nm(hlong seam

ot her b dt
575 t s e o R ek Wl B iRleg o cover

and notcﬁ&vﬁﬂ hay BedréBie P Bf frouedatRsSEHRES) secubihgihardmyre, or other tool
elements. r}\?(;/\tdeq thft vr\]zgld(o%v st?afpegtéegg hanI% q::te m%'fgrm ms (s:hapvgsor size as indicated by
window 580.

Fig. SE shows the cover 550 in place on a partially assembled logging tool to illustrate
the relationship between the antenna 515 and the windows. Within a machined recess 584 are
an electronics cavity 584 and various threaded holes for securing the electronics and a hatch.
A matching recess 586 with additional threaded holes allows the hatch to be secured (beneath
cover 550) across the width of the antenna recess, providing a wireway between the antenna

8
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conpression, clanp(s). Cover 550 may conprise one or
nore pieces. A gasket may be affixed to cover 550 or
wehosiodess 525. In an alternative enbodi ment, PO®US2007/015744

shoul ders 525 may support discrete nmetal bars 230
interspersed wth insulating material in a
configuration like that showmn in Fig. 4A. The gaps 20
bet ween the bars 230 serve as wi ndows to pernit the
antenna to transmt or receive el ectromagnetic

and the elet@HatSif desifed. iTh pesttias tienameannat widl mettbelvisiblesasithy eliptical recess

shaped to ed runni crossvvl e to
and the cqyif GRALOWENGH P8 CHLEHONE: SoF R sl ‘P o ML\ pPR g grotect he
antenna. 250 and Fig. 5D shows a front VI ew of the whol e cover
550. The cover 550 may be {r flat sheet of h
Wil 1ot dfiestraisdrtineATs T8 8 °(‘fq s By o gment, i in the

walls of ﬁﬁa&gmeﬂ{ B@&y,'ﬂasglﬁg PA8EN of ichtiRly trohfle fToBC €FS outdr wlfske to the

) can be made "al ong seam 575 to secure the cover in
inner borg| Yodds alsbSeBatrey berwepr giased Windore i Paserest PloAngrer more

an’cennaet Ik%ta %‘f%ﬁsulat%ﬂd cBRIdC BEStifedd tﬁ%ﬁﬁl‘? Sy RAOYS dQ€vim Eddtact with the

roun access covers, securing ar dwar e, or ot her t ool
segment, elssmmng st isNwmduetieg. AvcpvRIWER a\p@@OW}%é@Yr%tmﬁlé nghb¢ yhikred with

such aneg% %ﬁggnq Qrthesin@gn i ndi cated by w ndow 580. 30 Fig.
he cover 550 in place on a partially

Figs Saltindtetks| cogghmigué fmi building 4 tibed antenna ¢rea rerigvitdpsédment of a
bet n the antenn 515 a t n .
downhOITTéBWH’eﬁc?oégﬁgcse g"é a7ee %r%b°41ec P o%ilp\é% éavetnttamH fFehnique 600
comprise¥afdrmisg fufl reﬂiaﬂﬁ:dl km:less of ahe segruentn gOi,hpiaehgcmr antews within the
recess 5 ddi td1Qn .
clitiosl Hissh Bl A REOKIOTIAA TREORG £y dob e Bufpidh 8L fprosoins
techniqué SM&ifi&DAtions tBsS nialebarimiérspated med doll@mah by exleitional actions to

providing a wi.reway between the antenna 8 WD
produce zzﬁmleeaalsa%}stpe%s 007/ 015744 and the electronics if

Fg%in%e&'r elilﬁtxﬁz{lai%t:éﬁeoﬂ AR SHRM0B09) tdmphieshen Yo b?lnﬁbodlments
as t ptical recess _and the cover w ndows w

forming pe eﬂlimuceh mrml ¥ acsepment dni Hersmidimentsg “s‘iﬁsmﬁes afﬂ’anmg an
elhptxcal%&%? BEtheQﬁ ra@&i SQ&% oMl Endiet The r&%‘l& Bﬁ&%delllWléHﬂ Q&M‘ess relative

al so fornmed In Oor on a segnen .,|nte
to the axwaifltbe sﬁfgmdmé mgeygaey fropn Eye am&wlwgt%f&ﬁtnpyt dks I@ﬁ’(’i"ﬂé‘b’)ﬂlm‘)sed

the shap%/gﬁcgﬁgﬁensfqgl@o&'lgge&%}ﬁgné‘aﬂ g&%?gﬁg vab$ froh B¢ idiPlefhentation to the

S may crea et ween adj acent w ndows Tor
next. passage of one or nore antennae. Retainer-insulators

Piing o Gillel! taS%nEQr\Q/ﬂgH) Al dnpiea’ RLER! 638N Aol lin some
%é rrent assum ng CE{l COVGYp

embodinydnit) (Imsatmyam relllmy:ah tatltebaa l]mavingzmdltmh hoo;gugﬁ wire contamed in a
planar c?xggxﬂﬁl% egefngly is ﬁl%t cotof]{n?us d'lgan ansg é‘.ﬁ% aﬁ't%kfx@tc@ér the segment
body to fkfétx’éb@d a:l‘a:lsl&pﬁﬁg aﬁdh&up];forang teedibheusingpivithin ‘dmecrec@a,rmphng the

st e GO SR HRERL 0! L S0 RS Q48P Qe
surroundhSR HintenBl WittPfiR& mgtetial @uppordand pRitért tieantenna.

Providing a protective cover for the tilted antenna 615 includes creating a cover
having a window pattern that aligns with the elliptical recess and the tilted antenna, and fixing
the cover in place over the elliptical recess. The cover should comprise a rigid, wear-resistant
material such as steel. The pattern of windows is designed to permit the antenna to function
with relatively little loss. The windows perform this operation by preventing current flow
through the cover in the plane of the antenna, e.g., by providing window edges that run

perpendicular to the plane of the antenna.
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elliptical recess, 610, and providing a protective
cover for the antenna, 615. The foregoing technique
wepesiohsxds acti ons that may be interspersed an@#CT/US2007/015744
foll owed by additional actions to 15 produce a
functional resistivity tool. Formng an elliptical
recess on the segnent 605, conprises, in sone
enbodi ments, formng an elliptical channel in a
segnment. In other enbodinents, it conprises formng an
Inesthenembedimestseblpckdilaanay pemprse foaming wm@wgrf-bﬁﬁegmem and
creating Jgiﬁs %gll%ﬁlotvﬁctb%vsellh' &I‘xﬁ&fﬁneﬁi C&hicre! @flirﬁfo'“)éearet ﬁ)rfnlga w1th1n the
ary tromone application
segment adﬂtappfmstxd to ﬂsomreﬁli)wyymdlr%(wl@s €0s. Bowevss, 3 gape hi*milg windows
S ss may vary from:
may still gﬁn?ﬁeqogr?g%{)rgﬁﬁgrﬁaﬂgﬁt&r?gue%h?& &%?am ngya ti I)/t ed
Itamhemdahw thhisteevé éoeldndphdwaluat emesrsa 6d\&r 550mmbaiments enable

e s B TS B 505500 BB B L0 G o s

than the ¥ctital lIQHSASIGh oDBBslaéveiost@veri Ng the coil housing to
ass _the antenna .over the segnﬁpa 25 bod¥ to t
GrRget

llecthe preselh ApieRGoR s d5ph OF With ZSSPECHOLR Elﬂated number of

embodmi@: hishibst RRilTe8GA She afOW hpjfiediBR maNrBiddefidafi®ns and variations
ectronics, placing the electronics in a hernetical

. Y.
therefrons da scitended thyat theneppeaded elaiay peyer vl suAk svcdifiggtions and variations

as fall ng’kll') W] o BBESFE A §<£F§ ‘4P Wﬂre%@ iRfeRli&sd the antenna.

roviding a protective cover for the tilted antenna
‘615 includes creating a cover having a wi ndow pattern
that aligns with.the elliptical recess and the tilted
antenna, and fixing 30 the cover in place over the
elliptical recess. The cover should conprise a rigid,
wear -resi stant material such as steel. The pattern of
wi ndows is designed to pernmit the antenna to function
with relatively little loss. The wi ndows performthis
operation by preventing current flow through the
cover in the plane of the antenna, e.g., by providing
wi ndow edges that run perpendicular to the plane of
the antenna. 9 WD 2008/ 008346 PCT/ US2007/015744 In
ot her enbodi ments, block 615 may conprise form ng
w ndows in the segnent and creating voi ds between
wi ndows. | n enbodi ments where wi ndows are forned
within the segnent as opposed to a cover, 615 may
merge with 605. However, a cover having w ndows may
still be utilized to absorb the ngjority of wear and
tear. 51t is noted that the sleeve 300 and i ndi vi dua
antenna cover 550 enbodi ments enable the | ogging
while drilling tool to have a spacing distance between
two tilted antennas of less than the vertica
di mensi on of the sleeve or cover. Wile the present
i nventi on has been described with respect to a limted
nunber of enbodi ments, those skilled in the art wll
appreci ate nunerous nodi fications and vari ations

10
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10 therefrom It is intended that the appended cl ains
cover all such nodifications and variations as fall
woRodsionsddbhe true spirit and scope of the preseRCT/US2007/015744

i nventions. 10 WD 2008/ 008346 PCT/ US2007/ 015744
Cainms WHAT IS CLAIMED IS: 1. A nethod of building a
tilted antenna on a retrievable segnent of a tool,
conprising: forming an elliptical recess on the
segnent; formng an antenna within the elliptical

Claims fecess; and formng a pattern of w ndows over and

er pendl cular to the axis of the elliptical antenna. 5
WHAT IQCLAMERI$i0od of claim 1, wherein the elliptical

1. A metl?cﬁf:&s:ﬁ%ldﬁté @flﬁ&ﬂaﬁ&n&f‘o@ﬂ g tHeVEDAS stipnit@it 8Da tetdgs@nysrising:
e axis of the segment. ‘3. The method of claim
forming anwllimt@ahrepm(’@athﬁémm%ﬁt wi ndows i s fornmed on a cover

formmg%% te%ﬂ?t 1thgtyﬂ‘¥e 31:1%1!1@‘1@%06 -Rgtion of the segnent.

ere| n the w ndows are
fonmngqn;a:ltﬂem shaiddwa mehmP@qqrallculaUOdhﬁéﬁ§ iof te elljpticp} antenna.
f.cl a| f E&ing 45
2. Toe RO o e PR R Kool e At
degrees fidin theaixis df, thekegraém. t he antenna conprises a vari abI e

el e ti ant
5. he ol HESRERS, Ml S8 Rk gl P S sl £ oy postionce
over at lehdtlat RetiGE6LHS sagtﬁbmd its circunference; a tilted

ant enna di sposed t he. recess: and 18, &Y e
4. The TRRbed O6aaiat Y REFTA RS MAEP s REOTRLLT | GG i have equal
dlmensmt]gte tilted antenna, wherein the wi ndows have edges
pendi cular to the plane of the tilte ant

5. The rEahirh et £16BP o IGFEiPM SR SLARCTREE 8 GHRECL SHEPT Dscliptical
recess. & Pplurality of tilted recesses having at |east one

antenna di sposed in each tilted recess. The t ool . of
6. The methmidofglainnhbveisieiatthe apigpna GRMPLiSes @y aF‘é‘&]@s%@gogta@ne“" antenna.

formed at different angles relative to the axis of

the retrievable segnent. 10. The tool of claim7,
7. Aloggi\m’@whilndﬁﬂmg/ﬁonhmplasmgequal |y spaced and have equal

a cylifdRp Lo RObaing S e FedsBPirgho e B el terde O s

a tilted antehna didposta willlie theowkcessf amd ai m 7, wherein at | east

a coveg'gglgf t %%%ées%h%wgg%:;}agtg&e \Qi%t ?%@ i eerede&jﬁﬁt%aestlﬁégj net%nsna

wheredtheSHRROWE havsPdges @Srp&néicnlw tathel planenafitha tilted antenna.
8. The tool of claim 7, wherein the segment comprises a plurality of tilted recesses having at
least one antenna disposed in each tilted recess.
9. The tool of claim 8, wherein at least two tilted recesses are formed at different angles
relative to the axis of the retrievable segment.
10. The tool of claim 7, wherein the windows are equally spaced and have equal dimensions.
11. The tool of claim 7, wherein the tilted recess comprises shoulders for supporting a cover.
12. The tool of claim 7, wherein at least one support ‘is positioned between the recess and
cover.
13. The tool of claim 12, wherein the at least one support comprises a structural, insulative,

antenna guide, spacer, volume filler, connector, or electronic component.

14. The tool of claim 7, wherein the windows vary in size and shape.

11



ant enna gui de, spacer, volune filler, connector, or
el ectronic conponent. 14. The tool of claim7, wherein
woOherswossdeows vary in size and shape. 11 WO 20081Q08®4/615744
PCT/ US2007/ 015744 15. A retrievabl e downhol e t ool
that conprises: at |east one tilted antenna at | east
partly protected beneath one or nore conductive
surfaces having wi ndows or gaps aligned with the
tilted antenna, wherein the wi ndow or gap edges
15.Are&f@%ﬁl@%@ﬁf&h@dﬂhhﬁ@ﬂn@ﬁﬁe@ﬂna ar;al oriented Ito

substantially mnimze curre w in a plane .

at eascaetied g &t (PRt RLUrRien bepsatiione G daredidpogivp surfaces

havinéivin\ﬁ@\% ot gaﬁs@igﬂeadﬂuﬁmertn@a@ﬁtehﬂy,e a di mensi on
erpendi cular to the plane of the antenna,. ang bstantiall
whereiniiee windopher san 9Aess Peestdo Hep DR At BLipnipd o substantially

mini@%tchﬁéﬁteﬂ&w il 4 plaldCoh@fhing ih i danténnanher ei n sai d
ownhol e t ool cghprlses a cylindrical body,having an
16. The tooltoficlaimr e seherein dhawvindows Qrgaas Saee & AIAgisioncRsTRERAIFYar to the

plane of {Re a%t%(ﬁx?as h SRpdih fﬂ? t Exgsu%‘ &lo ﬁerftﬁ&?abOL_ﬁ@éh YRinRitdYs.

salrd w ndows are formed 1n the walls of said . .

17. The tooll dfredhriincH, viiwalgin sp8l dawehale épol pmprisesd exlindgisal bpdy having an
ai d qne ar. nore _con [ r alr shalonit face,

ot e o B TR RO BRI AGER18 FRBr shefhr e

and whereigatd Winddwanieformediif theTwells oftidaidbéylipidaical bgly. wher ei n

sajd.ope o re conductive surf '
. e 5k Sl RS AR R F U PR BbEGs oo b s
across a 1k reeak tigfh cohtain® thd at wheropk tiltsd adteome or nore

19. The tggqncgfg:ge}i}gﬁf%s ! frgigg%gdgqon rrifégre%oﬁ&\{c%{ve sﬁ{-fé&% cto?ngriste aXiéeve that

fits over multiple tilted antenna recesses.

20. The tool of claim 15, wherein said one or more conductive surfaces comprise a cover

sized to fit one tilted antenna recess.
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