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mr“‘témiiy overlap. A current flows in the conductor layer (2) so as to block a magnetic
field generated by a current flowing in the coil conductor (31). A current, which flows
around the periphery of an opening (CA) of the conductor layer (2), flows along the
periphery of a slit and around the periphery of the conductor layer (2} due t0 the cut-
edge effect. Since magnetic flux does not pass through the conductor | ayer (?}
magnetic flux MF attempts to bypass the conductor layer (2) along a path in which the
conductor opening (CA) of the conductor layer (2) is on the inside and the mﬂ:m edge of
the conductor layer (2) is on the outside.; As a result, the magnetic flux MF draws
relatively large loops that link the inside md the outside of a coll conductor (41) of an
antenna (4) on a reader/writer side. Consequently, an antenna device (101) and the
antenna {4) on the readeriwriter side are magnetically coupled.

A coil conductor (31) of an antenna coil module (3) and a conductor layer (2) at least
he
in
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BTH 5,

[0029]

CZHEMLT, W4 (B) RIS, MidBhB2AEFEELRVE, o VEORN
CWEBRBTAZMEMFIEZ, M4 (B) KrnLEmMETEAAN (Fr7FaA4VEYa
—L3DOEEHEAKETIEDND AM) WKIEFE2T ek, V—HF - SAHZUTTF 4k
ODREERENDNEV, LEDP2TEBETHZELEDLAEENAEELRSZ 2V 2EHENE
Ca,

[0030]

iz, ARHAOT7 Y7 EER. EHEBVPMHERELARNEILZDT, 7T TEE
PLOBEEMHFHMOT »FFHET, EREEGHEFUNOT YT FIET Y F T EBETHE
BEE, 7oFFREELEEHTFUT v F S LOBETESNEENAZIE S,
(0031]

KDER, TyTFIAANET2—N3DKREIEELEREE, T 7 F a4
EVA—NI3EMAABT VYT FTEBEL1I01I LEGHFANT7 Y7 LM THEE YL B
GHZRAELEERTH D,

[0032]

FrsrFradihEYa—lhHkEX BREEL HEBAED
Z2. 5mmxX20mm 0~24dmm 0~44mm
22. bmmX 19 mm 0~2 3mm 0~4 3 mm
22, 5mmx18mm O0~19mm 0~4 1mm
22. bmmX17mm - 0~3 9mm
2Z2. 5mmxX16mm - 0~38mm

FlziE, KEX22. 5mmX18mmBFrFFa4VETa—NV3EHIET T

JEBTHLIES. BHAEBNBOELAGTREBAERE 1 9 mmTHa0ic/H L., EEE
BELLHAEVERABELRI I IlmnikETHRENS, £, flAEREE22. 5m
mx17TmmUTO7»FFaAsNVEPa—V3ERAET VT TRETHRZES. ik
Ehfne, POXS54BEETLEETETHLS. TNCH L., BiEEN G, flAE
KEZT2Z22. smmX16mméEWVSERIIHMOT T FaAANEY 2= N3 EBATE
FrrrEEEBRLTCL,. OmmP P53 8mmETOLERICHz- TEETREERS
[0033]

a7 7 F+HEE101 ORLEAREROREEIROL T,

K2 (B) KRLETYyFFaAANEYa— V32 EEE2ICEELEZVKRE, §4b
BFHMEFR LK T ROEERETCD (HLU, £ERAF» S 2B MHAHERK L 2 WKE
) TOHREREEZ FTORARAESFROPLAFRRIOEKSBELTEL. 757+ 3
AIVEY2—N3%EK2 (B) RUK4 (A) IERLiz&5ikc, B2 oBKMOMHC
AlfEERZ L, 753 a4V ETa—NV30A4 Vv E5 2 AENNELEZDT,
TryFFEELO 1 ORIERAEHFALET S, 201D, 7T F AN EIY 22— 3%
EFHBBOEAARCHARAR, TY7FFEBIO I ZBRLIERET., ZOT7 7+ EE
101 OHIRAEHEVAAFRBEROPLARME ZIF -T2 L3, Mgy 7+
AANEYa—NV3HETDASA VY EVZ L AiETD S,

[0031]

Elh, AUV FSLOEERBRESTE7 YT FHEEHOSA Y EX IR ARNEDLS, f
ZAEAN) Y RSLERELTZE, P77 FAANETa— LI ICBERB2BREISEE
EEDSEIRAEORY (HERAEHROLR) BEFNZLSND, FOi-d, Y
DAVHEI A AERBLEIIC, AVYIFSLOEIRUBAERET 5,
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[0035]

EHE, TYFTFAANEY2a—-L3LBAB2 LOMNEERK. BAB2 0EAMON
CADEIK « RETKEoTET VYT FHEBOA LTI RV ADREDLZDT, FiED 1Y
Ry AEEBL LS, 7yFF a1t EPa—L 3 BRE2LOMNBEER. RT
BikE 2 DEEMAOBCADEE - KX 2HET S,

[00356]

CDEIREBRBRE>THENL—THENZOT, a4/ NVEK3 1O VEDOHC
WHENELLTEEL, PYFFAAMNEY 2— VDB TE2, £, 2 VEOH
CWENELTECEEN Y, TLNVDE—VEEELTE, 7yFF a4V EYa—
DALHT R ADRVELEEELTES, FORBRE. LERABRBORENER LTS
[0037]

MEdB<_EL51., AHBEE, SABCREANEATZIERTERVEVIFHES
FIALC, FHAEBRTHAOKA NN A -V E2EEBIR I TEFIR TS,

AFEHOT7 yFFEBIO0 1IN, 77 FEBLO1EV—F A4 2087 7
FALDORETHABEATHEHDTLEELEBRNPITZ 2, §4bd, V&K -S4 207
TFTHAWKEVWEGE, BAE20EFEICLIDBENKE{HEBL, 7>FFEEL1O0 1
DEDMER) —H SAZMUTYFF1I01RBLL, V=%« S Z[T7 T 4H
MEVEESRE., ERB20FEHEXIBEIPELERENET S,

[0038]

{(E20EEHBE)

HoRFE2OEMPRERICHESZ VYT IEBI102KETANTH S, M5 (A) BEF
BHROTHEA LI OAEWMERE-TAKTHZ., £H-KS5 (B) B THEA1IOAEICT
YFFALMNEY a3 EWMONUTERETOFERTH 5.

[0039]

COE2OEMPETE. THERKIOWNHECERBEZZRITWVS, BERE21X 7
ZoYLEOSEBORERCEHOMBIC I > THREINS, COXSCEHER =K
OHNTIRITITE LW,

[0040]

. BSIKRLEMTE., BFEB20A Uy FSLEHABEOSCALEABGETD
EEHOEVHALRITT NS,

MBS 2R ETHBATORRO S FIZERELTL LY, 2O LK, #
HEBAE2 ZETRBOY— N VFPHOBREFHFRZ2 LB TE S,

[0041]

(EIDERMERE)

K6 (A), B6 (B) BMNLEIDEREEREILFEI 7 V7 HFEBI1O03IOEHEET
3, K6 (A) B/ )EBEI 1 KHKENZER., M6 (B) &, BhAE 2 cHinsER
IZFNEFNRLT VS, COTYTFEBLIO3E 7T a4V EY2a—3 LERK
B2RBAT WS, 75 FaAANLETa— 3, BEXROIAINEFS 1HBERE
NETLERVTLVEREBAEAKY - FEFBETATERZATVL S, EXNICER 3K
RLIELOLAETHS. BHL, TOFTETLFTINEKRIS A INEEKOEERE T
TML, aAANVEBEEI1ITASHEAEMBEERSERITITVS,

[0042]

BEFB2REAMAONCARTEAEOSCA L ABGLrOMEEET LAYy FSLE
HWAaTWVW3b,

DA NEFS I RUBFE 2R EEHALZEE, O LBEAAOBCWEEEKBEORMC AL
PR TEALDE>TEEELZ>TVS, TOLITHRICKD, a7V EK3 12T
HMELELEL, MV EF3 1 OFXREXRB2LLELLELILENTES, Thick
2T, AMNEEIIDPSELZERNETEFB2LERXLEIETSDT, TOMK
EELIISICEEF 2, AV EBRA3 I CHALZBEROAELEIENAMOKRELRER
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PELD, SHEBMOFRCAOHMIEN I RERERIE., AV FHESLOABMEZED
VEHEBYE. RU. BRVMRCIOVEEBRABICKEI L3RS, chickd., ik
Ba2ho@ A MANEL, BEEBEZESIKIETZCENTES, £, BHEBFOEC A
RUCOANVEOSCWEEBRL., BB 2 2AMTAMEONL -SRI OMBNICIENS
o FORS, TYyFFTERI0IFPHMAZIBFERBLV—F -S4 20077 FOmICH
LTHEHAAMOZOmMETHELTERELEEE TR LR S,

[0043]

(FBADEBERE)

B7 (A) BEADEMPEBICKRAT VT FaAANLEYa—NLV1I30OFEEK, M7 (B
) BFOEERTHES, cOT7 Y7 a4 NEY2a—N131E, BE1OEBBEOREE
A, R2KRLELSDEEABICH L TEBERESINS., COXSKEEREZNS
e T, HEE 2 KEAERMVEL, BOBANIEL B,

(00 44]

Ty FraAAVEY2—01 3%, BERKOZLF7VEHR3 4. AU EFBIR
ROBMEFA—F39EEHEI TV, 7LF T INERIACIBEAFLEE TS IVH
O CWETLIMEBEIROIAMNNERI I RCATOBBLEOERORLDCHENS #
M3 2HEBRENTVE, MEICNEERI IR TLFCTLVERIADFHicbio
TERENTWE, BHQIE7EETEEINTVWS, BERA—F39@MAEY—1
RICEEBELEZ A4 FTH 5,

[0045])

TOESIE, AL NVBE3 1 HERBICbE>TENZNEZ2ICE->T, 2L 8EK
DOBVHEANEL, FORE., HEBlIcRKEAEREARIT LN TES, T, AL
BARPEHABHOBOABRCHE - HMHNBIKENIBEZ LN TESE, ZTORD, A INEK
JIRECZEFLUEHMHESMEABRCETLEILTEZ20T, SRBLEAEZLAEREER S
CENTES,

[0046]

(B DERERE)

ESEHEOEMEREBICKRAT VT FEELIOQO4DOVTEETHADA, ZOT7 7T FEEI
0477 T AANEY 22— L3 LERB2EBATVS, 775734 NEY 2N
3. MEEFROOSILVEESI IDPERINEI LS T VERLIBEEAS - EHEE
ENTWE, CORERIMEIKRLELDLAETHS, HL, CORTRERBFEORC
AXDIAMANVHEHAOFCWHIEIICNAELEBRENT NS,

[o0047]

TIANVEBEHEI 1O —HIEEGFEB2ELEER->TVAEOT, TORBEIKED, o NVEHKS
ILELCAZHMRICLIVERBEZ CERIFINS,

[0048]

{E6 DHERMERE)

Ko (A) BE6ORBBREILKRI 7TV T TEBOEMER,. B9 (B) B7 7+
EEI1050TFTHETHS, CO7YTFEBIO0S5Q 7 VYT AN EYa—3, H
HE2, RUMBHESZHITVE, 7yFFIAL4NVEY2—L31F, BEEKRoaLL
BHRIIPERENEILVFTLVERI3LBEEAS—F3 9 LARBEIATVS, 7
YFFAANTY 22— 3OBERRIIKRLIELDOEEANEERARTH S,
[0049]

BEB2RUBSERLHEIANEFOBNHIIH L TEETEER IR LESH S, BB
2HIAANEEXRI1IOEFBICEREINATHT, AR BEEF2OEHEICEEZhTY
. MRS LBEB2LEAVIMEOMBEZM T THAL., 3B aL R
FHEAEEZNALTHEL, MEKRSEPERLAEZEE, BARS L EEE 2 G HEEKF
ATHEZ->TWS,

[o050]

BRB21Z, g/ VBEEKI 1 eRmTE LI, RERSENALTVS, BEKE 2
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B, CchEYEHLEEE, O/ NEEK3 1 2Z3EE K> EAHEBEERAL, b2,
AN E -3 1 OMOBEEELZ LSRRI ONFEERTTHLMAONLCAL,
COBOMCARLEETZIAVy MESLEZBATVS, Lo sy, FEHERET
BEB2UIMHKSF O —HICE R > T3P, EEB2O0MONCARTAY Yy S L
KHRHARSAER > TRV TEAEEZ L, BAB2OMOFCARTAY Y FEHS L
KHRHES A ER > TVWAEVWI ERE-2 T, AU PSS LATOBOWVEANGITFENT
BEEHBEREMATES, REKRS I, MOMBCAZTFALE, AUy MSLAGENTE
MBICHEET S EHNEFE LWL,

COESic, PHACHRNNSAEGBEZD— Mo tEL > TR EICX-T. Bk
Bermaiks LB EBERABAEFEHBABET S,

[o051]

Eh, 3ANVEEI LEBHKRS CHAEATEIRET TR, BERS LE@MA TG
MRENMLTHEST S, 20k, HERIOTFEELE > TN F—OREFHEN W L
T H,

[o052]

K10, M9 (A), M9 (B) kLT VyFTHEBIO0SOERKE 2 L HHKS
EREFND2FEBEROBETERLTVS, MIOTORHERI CEHFEEROBEREH
AWIELTWVS,

[005 3]

COBEKE2 LRSS EOWAKET, J/NEEROWE TFICHEORREEN (FHE
WES) VRBEENGE, O/ VEFOFACHFERANMER I N, COFEFERITL-
T. BB 2086EE (A VEREHAGTHIEE) KB, N1 0OXS RFEEER I
CHiiNG, T§hbb, O/ NEREIERB2 LEIBAESTT S,

(D05 4]

CCZT, BEEMRIC (FHDODEESER) . MEESHAmMINE, BEEHE 2 O
BAEZEABTAKI2CHENBZRETTHEID. HARSPVABLEBEATHEELTNS
fesh, AR S ICd N 2. EEBREBRERONE WAEHENS D THS, FOK
&, EEERE. AOBEOMAKIICEI N, EEZBFROFNATITHESRD ., AR
AT HITYTHIELNS, 2OHR., AGHER (GFREHE) P RELES,

[0055]

AB, AERMERBICBTA2HHBRE. WHEKRLSVETHZHN, BEB2 ML &R
ROAERETNAZL, 2 NLEERLM S EREFBAVERENS,

[0056]

(BT7TOEERE)

Bl 1RETOERMIPRICKELZ T /T TEHBEI O EZHALEFREBEOTHEHNTDH 5,
ZofTiE. BEB 2V THER 1 OANBCEREATH T, FHEMRE1 OA®EIZ AR
SHAERINTVSE, K1 1 THIANEEINRA TN, a/VERLERKB2 LD
EHEEKS (A) . B9 (B) KaARLZbDLEAETH S,

[005 7]

D3I, RERSEERICHERTNE., RIRS ERFTI3DORAZHM SR
N—ABFELLED, 7oyt HBrMALE LIRS KhE ) EETE S,

[0058]

BB, AW EZEAROAmICRITEZC MM, MBEROT T RERE R L L
THHRHTZCLRELAETH S, -, ERFAKBRILN S - XBEMOBEBINESE
REOMOEBEMHAME L TCHBETAEI LEAGETHE, £, T/NEEKELEREB &
EEVa— LT REERTAHCLLAETH S,

[0059]

BB, AEMEETE., EABIRBISNLAY v FES LOBMKRAMSE, 77 F%
BlLOGBDOLAZAVLTLADT., LHOFBGVWEREEEED., BEHALPIT (A
%
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[o00860]

(BB DEMERE)

K1l Z2R3ESDERERBERAT VY FTEBIOTOXYENTE S, COT T TEE
107&., a/VEE3 1, B2, RURHNKS A, 5BEMATVS., 218Kk
31 LEAB2ELOBBIEE (A) . B9 (B) KRLELODELAKTHS, HEKFE2
BMUHMSHES A, SBEaONBEI1IOEBEWCH L TEEEELAEm LIcH B, Hik
B2 L8 &3 1OEBICERENTHT, MERS A, 5 BREEHFKE2 OEHEICE
BENTWVS, BEHKRSA, 5BLEK&E2 CREVICHEDCEHBER T TIAAL TV
s MW S A, SBEFHMHALZLE, MHAKS A, SBREERBE2O—FoLER-T
5,

(00611

DOk, BEOBHWS A, 5BEFATEEIL, £, COXIE, BHRKRS A

S5BREREAHAF2DOA Yy S LERERLUAZDICTMT 20400 (AU w kS LIKE
Beai) k., FEETEEZSES3IKLTE XV,

(006 2]

(HIDHREERE)

B13REODHEREEBELCLHEAT VT TEBIOBOYAENTERL. COT YT T HE
108, arVEAKI L, BEhEB2, RURHKSZHBA T3, BAE 2 RUKRHEK
SO NLEERI1IOLEEMICH LU THEEEELFE LICHSS, BEB21 a7/ VEHRS
lDEFEERENTVT, BREKRSBERB2ORFLEBEINA TS, HFKL L E
FEE2PBEVEHREOBBER T TIREINT LS, AR EEFmEALEE &, HE
BoRE#gEB 2 o8N BB INR TS,

[o06 3]

COXSKHHEHES CEEB2 LAECCHEOHMBERTTCREE N TN TSE ., HiE
B2k s EREHAREET S, 0, ERB20HO0HCAKLBYS AR, LE
RB2ONBETOEREL 1., BhEB2 L RHEKS COMRBEL2 TET L, L2AK
L HH5FL. BREB2LHHKRL EOBHAKAVEEZS, LML, L1>=L20D
EEEITNE., OV EES I RUBKBE 2O HMERS NOBHEEDRFAEA L (E
BEWIK) BRTZE S,

(006 4]

BE, MECRUEEBEETR, a/VEBEEHLT, BEEHFOT T HiICEET
ZlicEAEAEEL DN, as/ B BRBLOMEBERIRICBET RV, flxd
BEHFOTYFIALBRT, MEN - A NVEEK - BABOIHEKEBEINTLTH &
A
[0065]

T, MEEARLEBEBEREETE, EAOAEEFEIANERRELBLPHEREFRL
e, EHAOABICEHABYRERERBELTL LV, £, EABEKILEETHABES
Wi, TOEREMEEABRMHARELTHVTE L,

[00686]

Eih, BECRLULEEDHOEBBERETE., JANVERI 1 EHFALTILVLEFTVER
337254 LA MEEY—F39LERMBLTY VS aALETa—N3%
BRLEFZTRLEDY, ENVN—TOBERICE>TEREORVVRETER, 7>7F24
NEYa—30EMCATLEREG—FE2RIEITE XL,

(e orim]

(o006 7]

CA--EBEEOH
CW--aJ)LFEO
F A -3t (] fE I
MF - fi R
SL-—-AUw}
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An antenna apparatus (101) includes a power supply coll (8), a booster electrode sheet
(73, a magnetic sheet (6), and a ground substrate (5) in this order from the top. The
power supply coll (8) is obtained by forming a spiral coll conductor (81) on a flexible
substrate (80). The booster electrode sheet (7) is obtained by forming a booster
electrode (71) on an insulating substrate (70). The booster electrode (71) includes a
conductor region covering the coil conductor (81), a conductor aperture (CA) covering a
coil window (CW), and a slit portion (SL1) connecting the outer edge of the conductor
region and the conductor aperture (CA) in plan view. The magnetic sheet (6) covers the
booster electrode sheet (7) so that the magnetic sheet (6) covers a region slightly
larger than a region including the conductor aperture (CA) and the slit portion (SL1) of
the booster electrode (71).
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O providing omni-directional transmissions.

(57) Abstract: A housing for a wireless communications device includes a metal cover providing structural strength to the housing.
An aperture is formed in the metal cover adjacent an antenna to limit interference with transmissions through the antenna. The op -
posing side of the housing is made from a material that allows transmission from the antenna with limited interference, thereby
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WIRELESS COMMUNICATIONS DEVICE AND HOUSING FOR A WIRELESS
COMMUNICATIONS DEVICE

BACKGROUND

[0001] There are a number of considerations in the design of a housing for a wireless
communication device. Because wireless devices are typically carried by a user, it is desirable,
for example, that the devices be lightweight. However, because wireless devices can also be
easily dropped, it is also important that the case or housing be sufficiently strong to limit damage
to internal components. In any wireless communication device or system, moreover, antenna
performance is important to both functionality and user experience, and it is important that the

housing be selected to limit interference with communications to the antenna.

[0002] To maximize antenna performance, typical wireless devices are thercfore often
constructed with plastic housings, which allow largely unimpeded transmissions from the

antenna. Plastic housings also provide a lightweight casing, another desirable characteristic.

[0003] Metal housings, however, can also be useful for a number of reasons. Metal
housings, for example, can be used to create thin wireless devices such as "wireless cards," and
can also provide additional benefits including electromagnetic shielding, and increased strength.
Metal housings for wireless devices can, therefore, be desirable, despite interference caused with

antennas.

[0004] One method for allowing antenna transmissions while still using a metal cover is
to provide an aperture in the metal adjacent the antenna. While an aperture is helpful in allowing

transmissions, however, apertures allow dust and contaminants inside of the wireless device, and

1
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can therefore increase maintenance costs, and decrease the life span of the electronics. The

present invention addresses these and other issues.

SUMMARY
[0005] In onc aspect, the invention compriscs a housing for a wireless communications
device, including a plastic base member, a metal cover coupled to the base member, and an
aperture provided in the metal cover, and located in the metal cover in a position sclected to
locate the aperture an antenna to be received in the housing. A label comprising a material

sclected to limit interference with transmissions of the antenna, is positioned over the aperturc.

[0006] In another aspect of the invention, the label comprises plastic material, and can be
a polycarbonate material. The label can have a thickness dimension of about .25 mm. The label

can also comprise a material selected to meet the UL 94 VTM-2 fire standard.

[0007] In yet another aspect of the invention, the metal cover comprises a stainless steel
material, and can have a thickness of about .19 mm. The aperture can be sized and dimensioned
to have a length dimension about three times the width dimension. The width can be 1/12 of the

wavelength of the antenna, and the iength 1/4 of the wavelength of the antenna.

[0008] In another aspect of the invention, a wireless communications device is provided.
The wireless communications device comprises a communications circuit, including an antenna
for transmitting wireless communications to external devices, and a housing for receiving the
communications circuit. The housing includcs a metal cover, a plastic base member coupled to
the metal cover, and an aperturc located in the metal cover adjacent the antenna. A label is
positioned over the aperture, and comprises a material selected to limit electromagnetic

interference with the antenna.
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[0009] In another aspect of the invention, the wircless communications device comprises
a receptacle for connecting the wireless communications device to a universal serial bus. The

wireless communications device can be powered from the universal serial bus on a host device.

[0010] The antenna on the microchip device can comprise a microchip antenna, and can
be selected to opcrate in the ISM band. The wireless communications device can also include

circuitry for communicating with at lcast onc of a WLAN and a Bluctooth protocol.

[0011] These and other aspects of the invention will become apparent from the following
description. In the description, reference is made to the accompanying drawings which form a
part hereof, and in which there is shown a preferred embodiment of the invention. Such
cmbodiment docs not necessarily represent the full scope of the invention and reference 1s made

therefore, to the claims herein for interpreting the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Fig. 1 is a perspective view of a wireless communication device constructed in

accordance with the present invention with a top cover exposed;

[0013] Fig. 2 is an exploded view of a wireless communications device constructed in

accordance with the present invention;
[0014] Fig. 3 is a top view of the cover of the wireless communications device of Fig. 2;

[0015] Fig. 4 is a top view of a printed circuit card that can be used in the construction of

Fig. 2;
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[0016] Fig. 5 is a block diagram of one embodiment of a circuit card that can be used in

Fig. 2.

DETAILED DESCRIPTION

[0017] Referring now to the figures and more particularly to Figs. 1 and 2, a
communications adapter device 10 includes a housing 12 comprising a top cover 16 and a lower
basc member 18. A communications board 24 is provided between the top 16 and bottom 18
sections of the housing 12, and a label 14 is positioned on the top cover 16. A receptacle 22 for
connection to an external device can be provided at onc cnd of the communications adapter
device 10. Here, the receptacle 22 is shown as a Universal Serial Bus (USB) type A connector.
Various other types of connectors can also be used. The cover 16 can comprise a metal
material, which is preferably stainless steel, while the bottom 11 comprises a material that allows
transmissions from the antenna with limited interference, such as plastic. An aperture 40 can be
provided in the cover 16 to limit interference and improve transmission from the antenna, as

described more fully below.

[0018] Referring now to Fig. 5, a block diagram of one embodiment of a
communications board that can be usced with the housing 12 is shown. Hcre, the receptacle 22 is
connected to the communications board 24, and can be connected, for example, to a universal
serial bus (USB) port on an external USB host device 38. The communications board 24
includes a processor 27, such as a microprocessor, microcontroller, or other device, that is
programmed to process communications received between the external device 38 on the USB
port; and one or more wirgd or wireless communication devices for communicating with

peripheral devices.
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[0019] The wireless communication devices on communication board 10 can include, as
shown here, a WLAN communication device 30, Bluetooth device 32 or other wireless
communications devices operating to provide other wireless protocols including Zigbee, 3G, 4G,
IEEE 802.11, etc. The processor 27 can also communicate through a communication device to a
network through a local area network or wide area network connector, such as Ethernet
Communications device 34, which can be connected to an RJ 45 connector 23 as shown here. In
addition to the processor 27, a memory component 25 comprising, for example, a flash 26 and a
RAM memory 28, which can be, for example, a synchronous dynamic random-access memory
(SDRAM). Although specific type of memory is shown here, various types of memory
components suitable for this application will be apparent to those of ordinary skill in the art
including Read Only Memory (ROM), Electronically Programmable Read Only Memory
(EPROM), Erasable Electronically Programmable Read Only Memory (EEPROM), etc.
Although a number of different processors could be used in this application, the microcontroller
is preferably an ARM microcontroller with integrated periphcral controllers, including, for
example, a Synchronous dynamic random access memory (SDRAM) controller, Flash controller,
and static random-access memory (SRAM) controller. The processor also can include serial
interfaces, including universal serial bus (USB), Secure Digital Input Output (SDIO), universal
asynchronous receiver transmitter (UART), serial digital interface (SDI), and Inter-Integrated

Circuit (120).

[0020] Referring still to Fig. 5, the USB connection to receptacle 22 provides power for
operating the communications board 24 through the DC to DC convertor 36, and the processor
27 transmits information bi-directionally between external devices communicating through the

communications devices 30, 32, 34 to the connected peripheral device 38. Communications to

-5.
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the communications card 24 from peripheral devices 39 can be, as shown here, from a networked
PC, a tablet PC, or a mobile phone, for example, although any device capable of communication
with the communication board 24 can be used. Although the wireless communication board 24
can be connected to various devices, in the embodiment shown here, the connected host device
38 is a printer. Computers, cellular phones, personal digital assistants, and other electronic

devices, however, can be connected.

[0021] Referring still to Fig. 5, the main memory 28 can store instructions used to
exccute the operating system, as well as executable software for the communication module
application. The memory 28 can also store temporary processes and variables, raw print job data
cxtracted from the Bluetooth 32, WLAN 30 and LAN 34 interfaces during operation through, for

example, a Dynamic RAM bus interface with the processor 27.

[0022] Referring still to Fig. 5, the Flash memory provides permanent storage for storing
the board support package, a boot loader, an operating system kernel, firmware drivers and
application software for the communication module. The processor 27 can, for example, boot up
from the flash memory 26. The flash memory 26 can also include a backup boot image that can
be retrieved to safcly re-boot the system when there is a boot failure due to, for example, a boot

loader corruption. The flash can be connected with the processor 27 on a Static RAM interface.

[0023] Referring yet again to Fig. 5, the LAN controller 34 can be a non Peripheral
Component Interconnect (PCI) LAN controller that includes both integrated physical and Media
Access Control (MAC) layers. It is connected with the MCU’s Static RAM interface. When
configured in this way, the LAN controller 34 can support 10/100Mbps transfer rate and support

multiple powcr modces.
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[0024] Referring still to Fig. 5, the WLAN module 30 can be a highly integrated System
In Package (SIP) unit, which comprises a wireless MAC base band controller (1.LE.E.E.
802.11b/g/n Platform for Internet Content Selection (PICS) compliant), RF power amplifier,
clock oscillators, DC-DC converters and RF transceivers. It can also support IEEE 802.11d, ¢, h,
I, k, r, s PICS. Tt can also support the Bluetooth co-existence. It can be connected with a SDIO
peripheral interface controller with the processor 27. The Bluetooth module 32 can also be a
highly integrated standalone unit which consists of a Bluetooth base band controller, transceiver
and clock oscillators. The Bluetooth module 32 can communicate with the processor 27 through
a Universal Asynchronous Receiver Transmitter (UART) interface, and can support Bluetooth
version 2.1+EDR standard. As shown here, optionally the Bluetooth module can be integrated
with WLAN module 30 as a single package. In that case, the UART interface from the main

MCU is shared between these two different Bluetooth modules.

[0025] Referring again to Figs. 1, 2, and 3, the top cover 16 of the wireless
communications device 10 includes an aperture 40 that can be positioned adjacent the antenna
20, and can be oriented one to three length to width with respect to the antenna 20. To minimize
interference from the cover 16, the length of the aperture 40 can be selected as a multiple of a
wavelength. In one embodiment of the invention, for example, a 10 mm by 30 mm aperture
which corresponds to a 1/12 A by 1/4 A aperture size was shown to be useful in limiting
interference with the antenna 20. An aperture having a length dimension in a range between

about 1/4 A and 1/2 A has been shown to provide the best performance characteristics.

[0026] The antenna 20 is preferable a microstrip or multilayer chip antenna, although
other types of antennas are possible. In one embodiment of the invention a AT§010-E2RO9HAA

antenna was shown to be advantageous. This device is available from Advanced Ceramic X
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Corp., Tzuchieng Road, Shinchu Industrial District, Shinchu, Hsien 303, Taiwan. The antenna
can be a 2.4 GHz antenna which operates in the Industrial Scientific Medical (ISM) band and can
be used with WLAN, Bluetooth, and other types of communication devices including these

described above.

[0027] Referring again to Fig. 1, the cover 16 comprises a metal material which is
preferably stainless stecl while the bottom 11 comprises a material that allows transmissions
from the antenna with limited interference, such as plastic. The metal cover 16 and plastic
bottom 18 includc corresponding mating surfaces that allow the cover 16 and bottom 18 to be
snapped together. The bottom 18 can also include holes or posts for mounting a wireless
communication board 24 into the housing 12, and one or more indentations or apertures for
receiving a connector for connecting to external drives, as discussed below. The metal cover 16
can be constructed of a stainless steel material, and stainless steel SUS303 has been used
beneficially in the application. The stainless steel can have a thickness of about .19 mm, which
has been shown to be helpful in reducing electromagnetic interference with transmissions from
the antenna, although various other thicknesses could also be used. The cover 16 can be
positioned above the antenna 20 a distance selected to provide sufficient clearance from the
printed circuit board, while maintaining sufficient strength in the cover 16 to prevent, for
example, collapse, or damage when dropped. In one application, a distance of between 5-6 mm
above has been shown to be advantageous although, again, this distance can be varied. To
further limit interference between the cover 16 and the wireless communication board 24, an

insulator can be positioned between the cover 16 and the communication board 24.

[0028] Referring still to Fig. 1, in order to meet required safety standards for information
technology equipment fire, dust, and spray tests, the label 14 provided over the aperture 40 and

-8-
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on cover 16 preferably comprises a plastic material such as a polycarbonate. The thickness of
the label 14 can be selected to provide a sufficiently stiff surface over the aperture to make it
difficult for a user to detect the label. The label 14 can be as thick as the sheet metal
constructing cover 16, and in onc cmbodiment, a label 14 having a thickness of.25 mm was used
advantageously. The label is preferably constructed of a material that can be printed on to
provide regulatory information, such as FCC (Federal Communications Commission ), CE
(European Conformity), RoHS (Restriction of Hazardous Substances directive), or power rating
data. To meet fire safety standards, the material can be selected to pass a UL 94 VTM-2, or IEC
60950 standard for fire rating. To assure that the label 14 can be properly positioned over the
aperture 40, the cover 16 can include an indentation 41 sized and dimensioned to receive the
label 60. Although the label 14 is shown here to extend across a significant portion of the cover

16, the label 14 can be made in a reduced size and positioned to cover the aperture 40.

[0029] When the circuit board 24 is enclosed in the housing 12, the portion of the
housing 12 ncarest the antenna 20 is the bottom 18, which is constructed of plastic. The
opposing side, the top cover 16, is metal, as described aboven, but the aperture 40 improves the
ability of the communications device 10 to transmit data, providing omni-directional gain and
allowing the wireless communications device 10 to be used in multiple orientations. Without a
metal cover, the antenna 20 has been shown to havc a gain of about 34.5 %. If the metal cover is
solid metal, the gain is about 17.8%. Using a cover 16 with an aperture 40 as described herein, a
gain of about 27.5% has been shown while operating with the label 14 in position enclosing the
aperture 40. The system dcscribed herein, therefore, allows for an improved transmission of
communications from the communications board 24 while allowing the wireless communication

device 10 to have improved strength characteristics as compared to an overall plastic

9.
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construction, and while still meeting the fire standard ratings safety standards for IT equipment.
The housing 12 with label 14 also meets dust and spray testing standards, and helps to minimize
or prevent effects of electromagnetic interference that could result from touching the internal

components on the printed circuit board 24.

[0030] In one example of the use of the communication device 10, the communication
device 10 is connected to a USB host 38 through the USB port on the printer. External or
peripheral devices 39 can communicate data, including print jobs, through wireless
communication devices 30 and 32, or through the wired connection 34. Communications
transmitted from wireless peripheral devices are received by the antenna 20, and are transmitted
to the host device 38 for printing. Although a printer is one application, the principles described

here can also be applied to various other computer environments.

[0031] It should be undcrstood that the methods and apparatuses described above are
only exemplary and do not limit the scope of the invention, and that various modifications could
be made by those skilled in the art that would fall under the scope of the invention. For example,
the wirelcss communications board discussed above, as well as the corresponding connectors and
communication devices, arc exemplary. Various types of communication devices, connectors,
protocols, and memory devices can be used. Also, while the cover and base member are
described above as a top and bottom, the configuration can be reversed. Although the aperture is
shown and described as rectangular, various shapes can be used. Various other modifications
will be apparent to those of skill in the art. To apprise the public of the scope of this invention,

the following claims are made:

-10-
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CLAIMS

We claim,
1. A housing for a wireless communications device, the housing comprising:

a plastic basc member;

a metal cover coupled to the base member;

an aperture provided in the metal cover, and located in the metal cover in a position
selected to locate the aperture an antenna to be received in the housing;
and

a label positioned over the aperture, the label comprising a material selected to limit

interference with transmissions of the antenna.

2. The housing of claim 1, wherein the label comprises plastic.

3. The housing of claim 1, wherein the aperture is about 1/12 of the wavelength of the

antenna in width and 1/4 of the wavelength of the antenna in length.

4. The housing of claim 1, wherein the label comprises a polycarbonate material.

5. The housing of claim 1, wherein the metal cover has a thickness of about .19 mm.

6. The housing of claim 1, wherein the metal cover is constructed from stainless steel.
11 -
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7. The housing of claim 1 , wherein the label comprises a material selected to meet the UL

94 VTM-2 fire standard.

8. The housing of claim 1, wherein the label has a thickness dimension of about .25 mm.

9. The housing of claim 1, wherein the aperture is sized and dimensioned to have a length

dimension about three times the width dimension.

10. A wireless communications device, comprising:
a communications circuit including an antenna for transmitting wireless communications
to external devices;
a housing for receiving the communications circuit, the housing including:
a mctal cover;
a plastic base member coupled to the metal cover;
an aperture located in the metal cover adjacent the antenna; and
a label positioned over the aperture, the label comprising a material selected to limit

electromagnetic interference with the antenna.

11. The wireless communications device of claim 10, further comprising a receptacle for

connecting the wireless communications device to a universal serial bus.

12. The wireless communications device of claim 10, wherein the communication circuit is

powered from the universal serial bus on a host device.

12 -
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13.  The wireless communications device of claim 10, wherein the antenna comprises a

microchip antenna.

14. The wireless communications device of claim 10, wherein the antenna is selected to

operate in the ISM band.

15. The wireless communications device of ¢laim 10, wherein the communications circuit

includes circuitry for communicating with at least one of a WLAN and a Bluetooth protocol.

16. The wireless communications device of claim 10, wherein the metal cover comprises a

steel material.

17. The wireless communications device of claim 10, wherein the metal cover compriscs a

material having a thickness of about .19 mm.

18. The wireless communications device of claim 10, wherein the label comprises a

polycarbonate material.

19. The wircless communications device of claim 10, wherein the label has a thickness of

substantially 25 mm.

- 13-
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20. The wireless communications device of claim 10, wherein the aperture is substantially

rectangular in shape, and the length is dimensioned to be substantially three times the width.

- 14 -
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AN ANTEMNNA ARRANGEMENT AND ANTENNA HOUSING
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as: US8432321 (B2) GB2463421 (A} more

Abstract of KRZ0100005071 (A}

An antenna arangemeant comprising. an g

antenna ccoupying at least a first plane; @ o i“ ' ey
conductive structure that is isolated from L -~ {
the antenna but is aranged o be &

parasitically fed by the antenna, the Big. 1R

conduciive structure having a siot and
ocoupying at lsast g second plane differant 1o butl adiacent the first plane.
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COMMUNICATION DEVICE, ANTENNA DEVICE AND COMMUNICATION SYSTEM
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number:

Priority number JP20090126411 20090526

{s}:
Also published JP5532678 (B2} US2010302039 (A1) US8B466791 (B2)
as: CN101801369 (A) CN101901369 (B)

Abstract of JPIOI027EE18 {4}

PROBLEM TO BE SOLVED: To perform non-contact communication of a high speead
and & wide band while following the requiation of limiting electric field and magnetic
fisld strength to be radiated 1o the oulside and suppressing the influsnee of jamming.
SOLUTION: Since the antenna device is structurad such that two loop antennas with g
magnetic body sheetl are vertically symmetrically disposed to a conductor surface, a
communication antenna and a cancsling antenna have the muiually same raception
characteristics {0 radio waves made incident from the horizontal direction of an antenna
surface. Then, since both antennas have the antenna loeps in directions opposite (o
gach other, the antenna surface horizontal direction components of the incident radic
waves are canceled with sach other when reception signals are processed.
COPYRIGHT, {2011 JPORINPIT
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COMMUNICATION DEVICE

inventor{sh HIDAKA AKIO; NARUSE TAKUMI; FUJIWARA MUNENOCRI;
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KENICHIRO, ; NISHING TOKUJD
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JP20110188413 20110831 ; JP20130220906 20131024

Also published EP2712053 (A1) EP2712053 (A4) US2016172896 (A1)
as: US2014091758 (A1) US9306411 (B2) more

Abstract of JPI014084384 {4)

FROBLEM TO BE SOLVED: To provide a communication device which enables a non-
contact charge module and a sheet antenna 1o coexist even when the non-contact
charge module and the shest antenna exist in the communication device SOLUTION: A
commurnication device includes: a housing (108); a sscondary side non-contast chargs
module (42) including a first coll which is housed in the housing (105) and receives
glectric power through slectromagnetic indudcdion, and around which a conducting wirg
is wound, and a first magnetic sheet facing the first coil, and an NFC antenna {51}
including a second ool which is housed in the housing (105}, and around which a
cordudiing wireg is wound, and a sscond magnetic sheet facing the second coll, The
secondary side nor-contact charge module (42) and the NFC antenna (51) are not
laminated.
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NON-CONTACT CHARGING MODULE AND MOBILE TERMINAL COMPRISING
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PROBLEM TG BE SOLVED: To provide a non-contact charging module that achieves
down-sizing by integrating a non-contact charging coll, an NFC antenna, and a
magnetic shesat into one module, and is capabls of the same direction communication
and electric power transmission, and a mobile terminal comprising the non-contact
charging module, and also to achisve not only down-sizing but also thinning by putling
hoth tarmingls of the non-contact charging coll in a siit provided on the magnetic sheet.
SOLUTION: A non-coniact charging module is characterized in that it comprises: g
charging coil 30 which is a wound arcund conducting wirg, an NFC coll 40 which is
arranged such that it surrounds the charging coil 30; a magnstic sheel 10 which
supports the charging coil 30 and NFC coil 40 from the same direction; and a slit 11
formead on the magnetic shest 10, and that both terminals of the charging ool 30 are
pul in the slit 11 COPYRIGHT: (C12013 JPQ&INPITPROBLEM TO BE S0LVED: To
provide a non-contact charging module that achieves down-sizing by integrating a non-
contact charging coll, an NFC antenna, and a magnetio shest inio one module, and s
capable of the same direction communication and eleclric power transmiasion, and a
rnohile terminal comprising the norecontact charging module, and also 10 achisve not
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only down-sizing but aiso thinning by putling both terminals of the non-contact charging
coil in a sht provided on the magnetic sheel SOLUTION: A non-contact charging
module is characterized in that it comprisas: a charging ool 30 which is a wound
around conducting wire, an NFC coil 40 which is arranged such that i surrounds the
charging ool 30; 8 magnetic sheet 10 which supports the charging ooll 30 and NFC ol
40 from the same direction; and a slit 11 formed on the magnetic shest 10, and that
both terminals of the charging coll 20 are put in the siit 11,
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Bikliographic data: KR20080008687 (&) — 2008-01-24

MOBILE COMMURNICATION TERMINAL

inventor{s): JUNG KANG JAE [KR} YEON MIN HO [KR]; LEE DONG HO [KR]
+ (JUNG, KANG JAE,  YEON, MIN HO, ; LEE, DONG HO)
Applicant{s}: LG ELECTRONICS INC [KR} + (LG ELECTRONICS INC)
Classification: - international: HO1(1/24; H0481/38
- cooperative:
Application KR20060068220 20060720 Global Dossier
number:

Priority number KR20060068220 20060720
{sk:

Also published KR101253088 (B1)
as:

Abstract of KRZ0080008887 (A}

A metallic housing for a portabie terminal is providad to funclion as an antenna, thereby
also implementing strong housing. A portable ferminal comprises a housing, &
substrate{13}, and a coupler{4d). The housing, composad of an upper housing(11) and
a lower housing(12}), is made of a conductive metal. The substrate{13), on which a
signal precassing module(15) s mounted, s embeddad in the housing. The coupler
{40}, electromagnetically coupling the housing and the substrate{13), feads the power
of the housing to the substrate(13). A pattemn part(20) is formed at the upper housing
{11} The pattern pari{20} is composed of the first sloi{21) and the sgcond slol{22). The
first slot(21) has & requiar paltern, and the second siot{22) has a pattern symmetrical to
the pattern of the first siot(21).; The first and second slots(21,22) form a neclk, which is
refatively close 10 gach other, 30 as to induce an intensive radigtion of electromagnstic
WEVES,
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Bibliographic data: KR1M1210847 (81} — 2012-14-11

FARALLEL ANTENNA WITH PLURAL LOOP ANTENNA

inventor(s): LEE SANG HOON [KR]; CHOI KYUNG JUN [KR]; KIM JU MAN
[KR] + (LEE, SANG HOON, ; CHOI, KYUNG JUN, ; KIM, JU MAN)

Applicant(s): AQ COLTD [KR]+(AQ CO,, LTD)

Classification: - international:Hg1Q7/00
- cooperative: HO1G1/2208; HO1Q1/38; HO1Q21/28; HO1Q7/04
more

Application KR20120016987 20120220 Global Dossier
number:

Priority number KR20120016987 20120220
(s)

Abstract of KR1D1210841 (BY)

FURPOSE: A parallel antenng with one or more ioop antennas is provided © Inprove
antenna performance by connecting one or more oop anfennas in pargliat v the sams
terminal {o redune the resistance of the antenna. CONSTITUTION: A first loop antenna
{100} is composed with a closad loop. The first {oop antenna s located outside an
antenna substrate(10). A sscond oo antenna{200) is composad with a closed oop.
The firat loop antenng and the second loop antenna are connaciad in paralist to the
same ferminal. A gap betwesn the first loop anfenna and the sscond lnep antenna is
4.9 1o 5 mm.
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