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i nclude a communication controller such as a Media Access Controller
("MAC') to interface data processing equi pnent and a wirel ess transcei ver.
The cont rwbl2eds/2edsect s the radio channel at which the ragiw2i0sarsee ver
operates, organizes data for transm ssion and reception across the

wi rel ess LAN, and perforns error cor dection and other functions. [ 0003]
Typically, the transceiver used by these devices to communicate via the
wireless LANis a su erheter%e radi o frequen "RF") device. In the

conventional transcei 4 GOMMINIGASEL I€Eand provides themto

a bandpass RF filter, or diplexer, that selects only the RF signals and
radi o noise within a predeterm ned bandw dth of interest. Radio noise
out side of the predeterm ned bandpggdtRiFafionnt erest are attenuated. The
selected RF signals and noise are anplified by a noise anplifier prior to
conversion to an Internmediate Frequency ("IF') by the receiver m xer.

[ 0004] When transmtting, a converter passes signals to one or nore output
transm t THOHN®AL FIEnese filters, also known as the "transmt side" of the
di pl exer, attenuate those signals outside of a desired predeterm ned
transmt [0@01¢wW dEHe.invBn@&ivelated B0d Jovi-aist mesaha@c&ﬁmuslediontdeviwqhhd fy si gnal s

before or t hose signals are ceived. b ilters.
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wi r el ess Af ARIMPAGRES HERSFBI ﬂ?bs"ﬁﬁé’ktf"?ft%‘ and ot her workstations is easier as
wel |l . Indeed, the popularity of wireless LAN equi pmrent has grown so

rapidly tm@(t:KGRaqmamt)FyerIN\tmmeI\ar eas, two or nore wireless LAN signals
intersect each other at multiple points. In urban areas where the

conput i ngoenpyi prmmﬁplma‘r sghitdnfisesuetnis pecsojxd noreputers, m&xbpélecdnmutelrs tipppe proximty
to each ot hert hi s |t nt ersection heno[?snotgn 0 ‘Wg\?%,,or n@}ﬁﬁdw rel ess LAN
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required e u ensi ve
9 \i’lhreless caﬁ Are IQetwork ("wireless LAN”). In such a configuration, terminal devices

include a communication controller such as a Media Access Controller (“MAC”) to interface

data processing equipment and a wireless transceiver. The controller selects the radio

channel at which the radio transceiver operates, organizes data for transmission and reception

across the wireless LAN, and performs error correction and other functions.

[0003] Typically, the transceiver used by these devices to communicate via the wireless
LAN is a superheterdyne radio frequency (“RF”’) device. In the conventional transceiver, an
antenna receives signals and provides them to a bandpass RF filter, or diplexer, that selects
only the RF signals and radio noise within a predetermined bandwidth of interest. Radio
noise outside of the predetermined bandwidth of interest are attenuated. The selected RF
signals and noise are amplified by a noise amplifier prior to conversion to an Intermediate

Frequency (“IF”) by the receiver mixer.

[0004] When transmitting, a converter passes signals to one or more output transmit
filters. These filters, also known as the “transmit side” of the diplexer, attenuate those signals
outside of a desired predetermined transmit bandwidth. A power amplifier may also be used

to amplify signals before or after those signals are received by the transmit filters.



net wor ki ng conponents. Thus, a need has arisen for a wreless network
comuni cation device that extends the viable wavel ength of w rel ess
comuni cavoanodmzbssBur t her reduces the cost associ ated iPOTHUS2008X2EBSI ON.

[ 0006] The present invention is provided to solve the problens di scussed
above and other problens, and to pr oVi de advant ages and aspects not

provi ded by prior systens of this type. A full discussion of the features
and advant ages of the present invention is deferred to the follow ng
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device herein referred to as a "transconverter” that is easily coupled to
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f r equencyFORhIFIOFiBieA &t the RXENSIANe coupl ed to one terminal of a single bal anced
m xer. The other two term nals of the balanced m xer are coupled to a pre-
nodul at ed000é] si drhalprdsextifiveationss frogidad tol solve tierprotdstas diseaeued abyvetand atheral . A
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A full discussion of the features and advantages of the present invention is deferred to the

following detailed description, which proceeds with reference to the accompanying drawings.

SUMMARY OF THE INVENTION

[0007] The present invention is a device herein referred to as a “transconverter” that is
easily coupled to existing final stage radio equipment in a wireless LAN transceiver. The
transconverter up-converts transmitted WLAN signals and down-converts received WLAN
signals to and from a millimeter wave frequency band. The resulting wireless signals, being
located in a millimeter wave frequency band far away from the more traditional unlicensed

wireless LAN frequency bands, do not interfere with signals from other devices.

[0008] A single oscillator, frequency multiplier, and mixer combination is used for
processing both transmit direction signals and receive direction signals. This reduces the cost
of the transconverter from those of previous transconverter designs that would use separate

heterodyne stages for the transmit and receive functions of the device.

[0009] More particularly, the transconverter is a type of single-ended transceiver that

makes use of a bi-directional IF-to-millimeter wave converter. This specifically includes a



antenna. Optionally, a power amplifier or |ow noise anplifier nodule may be
coupled between the filter and antenna. [0010] For exanple, the

t r ansconwsot2ess/0re8ssshi ft an i nput | EEE 802. 11B conpat i bipeT/ust@sabssks om an
operating range of 2.4 Giz up to a mllimeter wave frequency range in the
20 GHz band. However, it should be untlerstood that ot her frequency ranges
and multiply shifts can be used. For exanple, an 802.11A device operating
inthe 5.8 G4z band nmay be transconverted to 40 GHz or higher. [0011] The
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anplifier or ownoise anplifier. 1In addition, a bi-static node may be

used to physically isolate the transmt and receive signal paths. [0012]
In a prefléd¥ldd drdvesimpiatthe ransconyeaies moy shuft ar inpuf IEERS034 B epmpdtibleent i on i s

conveni ent it hi ' - j I: ndar d
502, 11 v L REH S GRfaticilel ofo BB o s IS e O ERG S AR B 00" 2
boards. T&Hz bands Hogevargnstmuhidetunderstoahbatathee fitqreney muges end msltiphushifesl so t he
mllinmeter ve .antenna,, an ta . processor .i e.port. [0013] O her
feat ur os AR Krganpegagrisr sl 1A BrePORRE R e SESRIPERe"R B8, {ne

f ol | owi ngraap@aidriedad 4MGHE akiiphdérn conj unction with the fol |l owi ng draw ngs.
BRI EF DESCRI PTI ON OF THE DRAW NGS WD 2006/ 020838 PCT/ | JS2005/ 028689 4

[0011] The power amplifier or low noise amplifier stage may take several forms. In one
embodiment, where low-gain transmit signals are acceptable at the millimeter wave
frequency, circulators may be used to isolate a power amplifier path from a low noise
amplifier path. However, in such instances as where high power amplifiers are preferable, it
is still useful to use the transconverter design of the present invention. In particular, these
implementations may be used in a Time Division Duplex (“TDD”) signaling environment,
wherein bias signals may control the operation of a power amplifier or low noise amplifier.
In addition, a bi-static mode may be used to physically isolate the transmit and receive signal

paths.

[0012] In a preferred embodiment, the transconverter of the present invention is
conveniently packaged within a housing. The housing may contain standard 802.11 wireless
LAN equipment such as packaged in PCMCIA-formatted circuit boards. The housing
contains the transconverter electronics, but also the millimeter wave antenna, and a data

processor interface port.

[0013] Other features and advantages of the invention will be apparent from the

following specification taken in conjunction with the following drawings.

BRIEF DESCRIPTION OF THE DRAWINGS



[0014] To understand the present invention, it will now be described by way
of exanple, wth reference to the acconpanying draw ngs in which: [0015]
FIG 1 iswe 2odenbs3di agram of the transconverter, shown ecwplseahsinescao

wirel ess LAN transceiver according tosthe present invention. [00161 FIGS.
2A, 2B, and 2C represent various inplenentations of the present invention
wherein the millinmeter wave frequency signals are of | ow power. [0017]

FIGS. 2D 2E show, possi ' .conf | '
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present invention. DETAILED DESCRI PTI ON OF THE DRAW NGS [0019] Wiile this

i nventiongj us tii.bl i i i re is
shoan 1 n 1WESEr abfge a8t FRRR S B aR o R ] Bl d Pl LY
enbodi nmentrsnsodivérhecordiny ®rthé pmaseni inkentibe under st andi ng t hat the present
disclosure is to be considered as an exenplification of the principles of
t he i nventg ang- Obpl L :

i nvent i ontdtog@{ hegIeG g& ?r%’ngtﬁgépﬁﬁggte?ta\{aggaglg%’%%ﬁ?{a%%%e@??%&? rgqiﬂe&ml, t here
i s shown aheremahke dilkgetanwiadelfrequgngy sigupleare phlogawseerter 10 constructed in
accordance with the principles of the present invention. The transconverter
10 is pre |y Lddsi ; r in ency

il i pr 1 ol 0h,  FRE 2 Ao bR g R Lo o R T g

Opt i onal | yheraingugtepowenrpperdtionrs teqited noi se anplifier {PAILNA) 108 may al so
be coupled to the transconverter 10.- [ 0021] The transconverter 10 is a

bi -di rect y@ig] CoRY it & isbhdtic 3G anedRaridal iR abEfor e AHRBA%NE gnal  at
one input termnal of the m xer 104. The signal is converted up to a

hi gher fr dgwessent ibygntiere filter 106, and passed to the antenna 110. Thus,
the transconverter 10 can convert an input standard wavel ength radio

f r equency pEIQABED IESERIPTIONTBFEHE BRA®INGISgher frequency signal .

[0019] While this invention is susceptible of embodiments in many different forms, there
is shown in the drawings and will herein be described in detail preferred embodiments of the
invention with the understanding that the presént disclosure is to be considered as an
exemplification of the principles of the invention and is not intended to limit the broad aspect

of the invention to the embodiments illustrated.

[0020] Referring to FIG. 1, there is shown a block diagram illustrating a transconverter
10 constructed in accordance with the principles of the present invention. The transconverter
10 is preferably assembled of a local oscillator source 100, frequency multiplier 102,
balanced mixer 104, filter 106, and antenna 110. Optionally, a power amplifier / low noise

amplifier (PA/LNA) 108 may also be coupled to the transconverter 10.

[0021] The transconverter 10 is a bi-directional converter that accepts an intermediate
frequency signal at one input terminal of the mixer 104. The signal is converted up to a
higher frequency by the filter 106, and passed to the antenna 110. Thus, the transconverter
10 can convert an input standard wavelength radio frequency signal to a millimeter range

higher frequency signal.



WO 2006/ 020838 PCT/1JS2005/ 028689 5 [0022] Conversely, the transconverter
10 accepts a non-standard mllinmeter range wavelength radio signal via the
antenna M0.2odneossgnal is filtered through the filter »0®usand/o28689
converted down to a standard wavel ength signal via the balanced m xer 104.
Thus, the transconverter 10 can convelt an input mllinmeter range signal
to a standard wavel ength radio frequency signal. [0023] The bal anced m xer

104 is a three term nal device havi na a first termnal Athat is
associ at 80741t h Genverselyr the HrnseRnvererdH asrepts ¢ingrratangrsd millime€Rtafy t er ni nal B

associ at egaweh h"i‘ad1$§l | via@heSinRn6L1 1. %@'sygnﬁﬁﬁﬁﬁer&d‘ﬂhl‘cﬁgﬁ ﬁiémltelai%cand
associ ated wt imeter wave port for the filter 10
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modul at edyskQaddrer hé& c%{s&g\}/?ﬁﬁqw rrﬁ)lflmiet%?rtﬂé@ﬁ?ﬁatd d’léfﬁﬂguld%vel%ﬁ'ﬁh radio

transconverter 10 wor a wreless I ocal area network equi pnment where
t he standaeaensygigal.-is in the range of, for exanple, 2.4 to 2.483 Gz,
such as in an | EEE 802. 11B conpliant environnment. In a 802.11A conpli ant

envi r onmegh23)t hersd Kinakted mixky il Gad JhYeeQ&%ﬁna5d&1c@ﬂ%v1néQ%%}enlnﬂlaﬁA Raefser r ed
enmbodi nrent, the transconverter 10 conmunicates with a wireless |ocal area

net wor k naseRsiAtEigVitimaneiniererdiatofiequardy sigaal Rertoasesonst lorrina) d assopiatadi widhea 202,
encoder 204, réi@r@t%q%iégﬁgloﬁ'ldarm g emsl @3Loci HERHh HiRnefel 7a &',509 for@E 214, and

control |l er 208 is transmtting, SI gna are received
fromthe falter éthDr"B@eBtsnmglalténﬁrmuem&gn@GQd wrpdrta ef theohixeo 1@4ie apregnal encoder

ZQ4 and t 1 gdsrl fal. rﬂ%'ﬂl: ﬁlts ﬁcezo% I&Erﬁ 1§Je9{‘<?rl He%rah 5 ertfere gﬁ( ﬂﬁ' the
T4 348 p et OferER) yl

di pl exer |nterrre late equency en fed to
a wrel aswirevieﬂsﬂmkaramma eqx[@@@tﬁ]wh%ekm sttzhdamlrs(gam i20h thsramg@efl, forng radio

signals, the si | 1 d from or o the diplexer 214 and
Chen t o (HATRE G SIS shEH i TR 313 cPRblnct SRl 1S e
|nterfaceSOZ(lZAc‘malimnnvitmlnhrent, m981gnﬂmuymbﬂlytdeer53&6daﬂer 204 and decoder 206,
and the interface 202 to provide signals in a desired format to data

processi n[ﬂOféﬁ ui pﬂ%r})tretlelggcﬁetn?o%d%e’nt, the transconverter 10 communicates with a wireless
| local area network modem 20. The model 20 includes a data processor interface 202,
encoder 204, decoder 206, modulator 210, demodulator 212, diplexer 214, and controller 208.
When the modem 20 is transmitting, signals are received from the data processing interface
202 and are fed to the signal encoder 204 and then to the modulator 210. This signal is then
fed through the diplexer 214 to the intermediate frequency port, and typically then fed to a

wireless network antenna.

[0025] When the modem 20 is receiving radio signals, the signal is fed from the antenna
port to the diplexer 214 and then to the modulator 212, then to the decoder 206, and then to
the interface 202. The controller 208 controls the encoder 204 and decoder 206, and the
interface 202 to provide signals in a desired format to data processing equipment located at,
for example, a personal computer. For example, the interface 202 may be an Ethernet-10

Base T port, 100 Base T, Gigabit Ethernet, or other suitable data processing interface.

[0026] The transconverter 10 uses a single balanced mixer 104 to accomplish both the
conversion of standard wavelength signals to a millimeter range wavelength, and the
conversion of a millimeter range wavelength signal to a standard wavelength signal. The

oscillator 100 and multiplier 102 are chosen to provide the desired shift from or to the



for exanple, a personal conputer. For exanple, the interface 202 nmay be an
Et hernet-10 Base T port, 100 Base T, G gabit Ethernet, or other suitable
dat a procwenew2issser face. [0026] The transconverter 1@Cwamss003/03368gl e

bal anced m xer 104 to acconplish both {he conversion of standard

wavel ength signals to a mllinmeter range wavel ength, and the conversion of
a mllimeter range wavel ength signal to a standard wavel ength signal. The

oscillator 100 and nultiplier 102 are _chosen to provide the desired shift
from or tiBefrrdiagsronewmydrogiempet hspgdbnesoaagufireayeraybantedy Bne he equency
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out put  sigRRleRgth E@hal‘?@(é’lﬂipénedccdrﬁinérfh@wsﬁrbcpge)f)arfaéGJ AlwNelbSotBbtRben e 2, an
input frequency signal of 12.9 GHiz can be Converted to an output signal of
25. 8 GHz.inpui@ngpypyt signilssFacstnpledt thp muliphyiactoniN|is ¢qvekte 2, aeipputsi gnal in t he
28.2 to % I 11ply
factors (%geﬁ%%nec N e‘g%t?gggg ZtéﬁﬁgE%V%S tggggﬁt?ﬁ@%gﬁg??ﬁﬁ%&%%%arti ng
from t he thus predygesstbe oftputhailljnretes evave ignad m thoA8.2 fOIRZE GRefapes. i Inghonblbet 0 FI G
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ant enna. deparEhg¥ro@Bhe winciplds af te pre3@R invédibnar e coupl ed to an i nput port and
out put port, respectively, of a power anplifier 130. The circulators 122,

124 servagiagl At fersiifpabe o AR S0 LR ANLEREAmAAPe T ecel ved

by the ante oW noi se anp e placed in the
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respectively, of a power amplifier 130. The circulators 122, 124 serve isolate signals

transmitted to the antenna from those received by the antenna. In FIG. 2C, a low noise
amplifier 132 may be placed in the receive path of the signal between the circulators 122,
124. These embodiments permit the transconverter 10 function as both a receiver and

transmitter within the desired wavelengths.

[0029] Referring now to FIG. 2D, there is shown a diagram of a system for providing a
higher-power mode of operation of the present invention in which the signal paths are
isolated. Through this system, operation in a Time Division Duplex mode is supported
through the use of bias terminals 134, 136 coupled, respectively, to the power amplifier 130
and low noise amplifier 132. Alternatively, as illustrated in FIG. 2E, the output port of the
power amplifier 130 and input port of the low noise amplifier 132 may be left uncoupled. In
this embodiment, it is assumed that there are separate receive and transmit ports on the

antenna and/or separate antennae for sending and receiving.

[0030] Referring now to FIG. 3, there is shown a housing for a transconverter 10 in
accordance with the principles of the present invention. A housing 300 is constructed in

which the transconverter 10 is seated. Preferably, the housing 300 also provides a



transmtter within the desired wavel engths. [0029] Referring nowto FIG

2D, there is shown a diagramof a systemfor providing a higher-power node
of oper atworro@fo20838 present invention in which the signacTpsbévs/028689

i sol ated. Through this system operation in a Tinme D vision Duplex node is
supported through the use of bias terhinals 134, 136 coupl ed,

respectively, to the power anplifier 130 and | ow noise anplifier 132.
Alternatively, as illustrated in FIG 2E, the output port of the power

anpl i fi ermecBanieghsupparsfor thromnilligter Wave p@NT90li19 e Peefgsibly.itks hopging AQhasa | ef t
uncou pl e%oaél& 3 lbmlﬁch%%% eri’fﬁé’i'tmeﬁhgniéaﬁ%' %ﬁé%&g}' Qﬂ'&n H?J fecdlen whbdkat €
receive and transmt ports on the antenna and/or separate antennae for
sendi ng dochl arez rétworkgpard 1203 5pr Rafmpler thetpcalgwgatngtvidiricear@ 32Q mey ke 4 s shown a
housi ng f {r.an nverter J . i ri.ncipl es of the
prosent iedSt BRESESMUEEHE odphll, vERERHAERDGblAc} FEafibi EiR

t r ansconwessccted Mathi te dratigch] inRrfate2Rfbry/carttying stpoals kaapd3I6dn the datapr ovi des a WO
2006/ 020838 PCTI U82005( 028689 7 nechani cal support for the mllinmeter wave
ant enna PITPIETIEPESTY, the housing 300 has a coupl er 310 which may be

ei ther mechanically or electrically arranged to receive a wireless |ocal

ar ea net ViB0] carWhid2e speoificexdmpiinents hine Heerc Alusteatesland dessobdd, saneto®20 may be
a PCMC A-type. .networ . t he. h i 0 S es a
conneot or b ety R dliR 8ty deafind R PRI ASMABES U, g
si gnal s tand drdcdpeaiptduetidmis@nlydinticd g ithegceguif theert oma@Pidg Claihs.| e t he

speci fi c enbodi nents have been illustrated and descri bed, numerous

nodi fications come to mind without significantly departing fromthe spirit
of the invention, and the scope of protectionis only limted by the scope
of the acconpanying C ains. W 2006/ 020838 PCT/ US2005/ 028689 S CLAI M5



What is clained is: 1. A wreless data conmunication device conprising: a
mllimeter range mxer having a first intermediate frequency port, a second
ref erencewpands/o2essd a third nmillineter wave port; an oseciriabas/obsssy
providing a reference signal to the refgrence port of the mxer; and, a
mllimeter wave filter coupled to the mllinmeter wave port of the m xer for
converting an input internediate frequency radio signal to a mllineter
wave radi o signal and for converti ng 8 LI limeter wave radio signal to an
out put internediate frequency radio % BWSI. 2. The device of Caim1l,

further conpri ']Bg. r.anplifier for anplifying the strength of the
radi o signal. ? Sgla?fg%l/éﬁg'e of Claim1l, further conprising a | ow noise

filter forl. anpliwiylesy dbtaeommunienighkdedte ddngprisingut radi o signal . 4. OIThe i
device of Claimd, further conprising an antenna for receiving and sending
radio signal s?n}oﬂfhmfﬁé“ﬁ‘é?/%’gggq‘v"@ aa‘?rﬁﬁ 1ptermpediat, KedueRGYRAOTts? $GoH! mul tiplier

f or adj ustrefagndelport afder thind millimegnahve fort; A met hod for the conve(rjsl on of .
radi o signals, co | si.ng the steps of: receiving an input radio signal a
an i nput gr adi oa%?sgﬁ{&torﬁ%g’fovb‘gn%a W?"){"é}c? S‘W&Q/&‘BW@‘%“P@%’E%@BX% Pdal from
an oscillator &millimeef eaentieer pOIpledab teh@llFet@ wavO JoPUi thé Rkepfdri | 11 met er
wave radi o Si gnal Lf the input radio signal was an internmedi ate frequency
radio si g8tV REd" RAUBIHTTAY2ta feaurher Hedisiend tp agnbimetegivare afiotsigaaliangut
radi 0 si giiéconveiingda fillimétefl Al riMRY Sgialf A odtgdhAtermddiad REqU¥RL QG0 C ai m 6,
further conprising the step of: anplifying the power of "the output o
millinetef®@ve radio si gnal. 8. The nethod of Caim®6, further conprising

the step @f !  The device of Claim 1, further comprising a power amplifier for amplifying the
strength of the radio signal.
3. The device of Claim 1, further comprising a low noise filter for amplifying the
strength of the input radio signal.
4. The device of Claim 1, further comprising an antenna for receiving and sending radio
signals. |
5. The device of Claim 1, further comprising a multiplier for adjusting the reference
signal.
6. A method for the conversion of radio signals, comprising the steps of:
receiving an input radio signal at an input radio signal port of a mixer;
providing a reference signal from an oscillator to a reference port of the mixer;
outputting a millimeter wave radio signal if the input radio signal was an intermediate
frequency radio signal, and outputting an intermediate radio signal if the input radio signal
was a millimeter wave radio signal.
7. The method of Claim 6, further comprising the step of:
amplifying the power of the output millimeter wave radio signal.
8. The method of Claim 6, further comprising the step of:
filtering the input radio signal through a low noise amplifier.
9. The method of Claim 6, further comprising the step of:
receiving the input radio signal from an antenna.
10.  The method of Claim 6, further comprising the step of:

transmitting the output millimeter wave radio signal to an antenna.



filtering the input radio signal through a | ow noise anplifier. 9. The

met hod of Caim6, further conprising the step of: receiving the input
radi o si gweldwnssan ant enna. 10. The met hod of d ai m 6pcfrwstésn2sseapri si ng
the step of: transmitting the output gillineter wave radio signal to an
antenna. WO 21)1) 61020838 PCT/11S211115 /112 8 6 8 9 9 11. The nethod of
Caim6, further conprising the step of: adjusting the reference signal

via anmltjpligr. 12, i.rel es t i ion device, conprising: a
mllinet eﬁi'r anﬁ? 'ﬂ‘?té%ir&fén?}f’hég?lgﬁjlgéj%gfprlﬁﬁ%%egi%g’t e frequency port, a second
ref erence por tadjanflg te dferectersignblivied moltiphere port; an oscillator for
providing a referepnce,signal to.the reference port of the mxer; a

mi |1 met et2wa “f“ieef‘%‘?at%%l%?‘g’écaPBH%YQrﬁqml er wave port of the mixer for
converting an jmplineteafismitteia@inghadnsténeynedadi feeqaegn pbrttaseeondi | | i net er
wave radi o signal and for %onverti n%oan input mllineter wave radi o signal

to an i nt EfreHe 2P ARE ¢ ANIFLBIIYMLPHEAE PoUn ant enna for recei vi ng and

transmtting bgtdficiloeforpivitim aveieeentasdpml & ortaemagort bf the mikier wave
radi o signals; a _power anplifier for anplif ing t he radi o, sit%nal s; and, a
| ow noi se arrpI?Hﬂil etpbwa@rfﬁ}er f%"’ip}?ﬁ t¢ the nlligjetpr %%rtsqft e mixer for

converting an input intermediate frequency radio signal to a millimeter wave radio signal and

for converting an input millimeter wave radio signal to an intermediate wave radio signal;
an antenna for receiving and transmitting both intermediate wave radio signals and
millimeter wave radio signals;
a power amplifier for amplifying the radio signals; and,

a low noise amplifier for amplifying the radio signals.



