WO 2U04/ 032588 Radi o Frequency Transceivers Filed of the Invention PCT/S G
2003/ 0011197 The present invention relates to radio frequency transceivers
and rebeeeydadski cul arly, h not exclusively, to radi BCi/s6ae3/0009Tr anscei ver
constructed using a virtual' 10 nodul ar arrangenent. Background to the

I nvention Present radio frequency transceivers are constructed using
several separate nodules each having a required electrical function. Each
nodul e i s securel y nouRadid Fraguencyld#iscayea | ar ge box) and the nodul es are
i nterconnected as required using wires, cables, and so forth- This

i nvol vigled gidesinvkatietbl e | abour, and results in a housing that 15 is
relatively large- Many interconnects are required. It is therefore a
princi pal object of the prese i nvent | ' i o frequency
transc M@ie@"anff’l@?eég‘hWg&q?qBﬂ%%ﬁsgﬁg%glagépe\aﬁéﬁrg%@ﬁ%r [ly not required.
20 A fihgigh oot eljueily,ofo tolie frgesentiranseeiert fastnycled; vsing 8WIHA! a r adi o
frequenc% ;r"aans&%nyer where virtual nodul es are used. Another object of
the r nventiron is to provide a radio frequency transceiver where the
construction aids heat dissipation 25 A final object of the present

i nventg rduid foQndm@nigle a multi-layer printed circuit board for use with
such a radro frequency transceiver. Summary of the Invention 30 Wth the
abve and other objects in mind, the present inventi onHBrovi des a radio

f r equerssyntiradiniemency traheoeiverg 2 gANPIFHcisd VEIPg seYete! BRPRFE BRYURT ch_are I ocated a

pl ur alei‘x;,yhagg,g LRGN icHicall 0RcHPH. | Eaetmodule isi tectrelyrmounisidnig sandwi ched

bet We(raxr)]m;l%g (a SIa?geagcgc)% \éerlﬁbdules are interconnected as required using wires,

cables, and so forth. This involves considerable labour, and results in a housing that

15  is relatively large. Many interconnects are required.

it is therefore a principal object of the preéent invention to provide a radio frequency
transceiver where interconnects between modules are generally not required.

20 A further object of the present invention is to provide a radio frequency fransceiver

where virtual modules are used.

Another object of the resent invention is to provide a radio frequency transceiver

where the construction aids heat dissipation.

25
A final object of the present invention is o provide a multi-layer printed circuit board
for use with such a radio frequency transceiver. : ‘
Summary of the Invention

30

With the above and other objects in mind, the present invention provides a radio
frequency transceiver having a printed circuit board on which are located a plurality of
components, the printed circuit board being sandwiched between a base and a cover; .
the cover having a plurality of means for accommoadating each of the plurality of

35  components to separate the plurality of components into a number of virtual modules.

All interconnects between the number of virtual modules are preferably in the printed

circuit board.



the cover having a plurality of means for accomodati ng each of the
plurality of 35 conponents to separate the plurality of conponents into a
numbeky@boobsdssial nodul es. Al interconnects betweenpd¢hecimsipmioof virtual
nodul es are preferably in the printed circuit board WD 2004/ 032518

PCT/ SG2003/ 000197 Both the base ar’d the cover may be nade of a heat
conductive material so that at feast one of the base and the cover may act

as a heat sink Each of the neans for accommopdating may be a conpartnent in
a lower surface of & the cover, Each co rtnent may, recegs.ipto | ower
surface ‘E“ﬁ ase A dhe coyE may. e "Pg%gﬁ%g%gfor%w{éﬁe ’83*8@2?% Lfticient to

ac conmmo dasieont: bighe basp anethe cower ey kdeatbeat sickerei n. One of the recesses pass

may conpletely through the cover. 1o The conpartnents may be forned by .
pat hways projecting downwar dlé fromthe lower surface of the cover, the

pat hivay Eathonf ierygeant dor senserp way brop SHBRATISA! inTe lOWeSHEECR By | ncl ude a

pl ural idw cﬁw.pgﬁégr%ﬁﬁarfuﬁﬁm ' gaielaginw Ib\her&:uﬂira]dderciﬂthé yover, afCeaghat hwgys in tcl Ihe
printed circuit arg. . T rality o t xt 15 downwar dl y
from t hESEGEY. beﬂ%ea %ﬂ‘%?@ﬁ&ﬁ% B’(?g?t%%n%wﬁnéc“ﬁu“cy}%%g "?‘% % frequency

| ayer, thereindiOpe biibepeensys pagys oay dohpistely threughthelgpyerr | and a DC ground | ayer.
There may be a plurality via holes fromthe radio frequency ground | ayer

to the DC ground | ayer, to provide virtyal radio .20 fr ency ground. The
pl ul%al | The amPrEnRglsTRRY ke TARRRDibY PPTIWRXS REYEFURY 3%7 d ﬁ%ﬁﬁq‘&%‘?{verter,

r ef er enfface@s the lchvaet, disg, padtiwdye erbing the chmpaitngatsdhdrebdtween. C- band synt hesi zer,
at | east one up converter, and at |east one L-band synthesizer. 25 The DC

.layer may include the DC pat hways to praovi de power %gnnecééeons to all the
vi rt ualTheTaURrdeay inslideea APreBh APt oRa3ionRY JYhR RUFRIYOMSPYo substantia) Iy
el i m npbhwiysg e theopithted pibokit sbaafd. S| Theaplualitp pefgpatiheays ay textendor e, and nore

pre erq,ghxwarémrgujercgw_ency radi ati on for each virtual nodule is contained
wi thi n that :

The printed circuit board may inclede a radio frequency layer, a radio frequency
ground layer, a DC layer, and a DC ground layer. There may be a plurality via holes
from the radio frequency ground layer to the DC ground layer to provide virtual radio

20  freguency ground.

The phlurality of components may includes one or more of down converter, reference
oscillator, at least one band pass filter, C-band synthesizer, at least one up converter,

" and at least one L-band synthesizer.

The DC Jayer may include the DC pathways to provide power conneclions to all the .
virlual modules; and each compartment may be of dimensions to substantially
eliminate higher order modes of signal propagation. Furthermore, and more
preferably, radio frequency radiation for each virtual module is contained within that
30 wvirdual module. Each virtual module preferably comprises one means for

accommodating and at least one component.

The base may provide a radio frequency ground; and the DC layer may include a
pattern of a plurality of fans that, in combination with the DC ground fayer and radio ‘

35  frequency ground layer, form capacitors o filter radio frequency signals to ground.



30 virtual nodule. Each virtual nodule preferably conprises one neans for
accommodati ng and at | east one conponent The base may provide a radio
f r equeiecabofinseed; and the DC | ayer may include a patiscionfoaspl ural ity of
fans that, in conmbination with the DC ground | ayer and radio 35 frequency
ground | ayer, formcapacitors to3filter radio frequency signals to ground.
WO 2004/ 032588 PCT/ SG 2003/ 000197 I n another form the present invention
provi dggambitfepfblif, the ﬁwﬂﬁ\)entrdranmweadldnmquwg:yaranmwm*éﬁmg|3rCU|t board on
whi ch are oun it hipdi radi o frequency
t r ansc ®PYeY C@H'&E?f"?fﬁgﬁ'c? Re r%:(%u@(aefi |%@Eﬁw&@8ﬁ\{/\%r su?‘f“é;g]ee with neans for
separ a&aditgfrédnen@dmscewﬂit anhe Cpmﬁletwfd'éﬁ‘!’ﬁ'&‘ﬂtwg surfage WiBonmpar t nent f or
recei V'P{l-g ?&ﬂ?@tlhé &aért.meaﬁeéa‘t an@bmaiu teélcrﬁforr‘béﬁﬁ@rﬂ@ﬂt s to create at
WO

| east dul es, fa p g F% Stl nvention provides
a phi nte@qwm if@[ﬁ"t atgast @n¢ 6 ”‘Gsﬂé‘"@ﬂ‘%ﬁ ‘é?mpf’%dﬁs o Pt 8h &St Panscei ver wher ei n
the priphRehodlisscui t board has a radio frequency 10 |ayer, a radio frequency
ground | ayer, a DC layer, and a DC ground layer. There may be a plurality

via holes fromthe radio frequency ground |a er to the D&,ground | ayer to
provi dim a/ﬁuaumhmamesent mqu@n@;nvg%arﬂﬂ'mefm@c a‘?éfdrFQS/”iﬁB e a radio
frequeﬁ,ﬁ,}{, ey HansBEivkr iwherelCink Pyifted rd‘mmtlbmﬂduﬁs sarapiatitegoencef a plurality of
fans t

corrbl natiqn wt | o frequency
gr Ubnd'a}'e&y%'Pd'of'S‘PW"& aﬁyﬂ 8?’élf’¥)er’f fjt er &gd{ﬁxﬁea‘fﬁ%g& signals to
gr oundbe J pleraREviadiples fmmythe radiotrtauency govndipyer {o e DSIBYWIdHAE)s to provi de
power y,fag.sma.g rdquehéyf grobrdy e K‘a@éfﬁ%y@mvﬁie amdibtieblencpn t he printed
oar

ci rcui the pluralit of co rer.an s a nunber of
virt uMdﬁP‘EW@CIﬁﬁrW 3/%“’1' 9 % f’;l\%l 'ﬁ&éﬂ?ﬁ?é{"ﬁ; gﬁ?ﬁat the invention
nmay beombaticnywitn ther BCogrdursh éyere st |raydwpﬁ?quen%9mua%t'?v@al foms effect there
shal | 2ONGBE 1§ RRE rhdis fediéndPigrlid 1B @Rouhi.MThélDiCVye heaypheudinsy a preferred

phorality of DC pathways to provide power connections 1o a plurality of components
mountable on the printed circuit board, the plurality of components being arranged as

a number of virtual modules.
20
Description of the Drawings

“In order that the invention may be clearly understood and readily put into practical

25  effect there shall now be described by way on non-limitative example only a preferred
embodiment- of the present invention, the description being with reference to the

accompanying illustrative drawings in which;

Figure 1 is a perspective view of the preferred embodiment removed from the housing

30  {not shown);
Figure 2 is an underneath view of the cover of Figure 1;

Figure 3 is a side view of the printed circuit board of Figure 1;

35
Figure 4 is a top plan view of the cover and the printed circuit board and the cover, the

top plate of the cover having been removed,



enbodi nent of the present invention, the description being wwth reference
to the acconpanying illustrative drawings in which: Figure 1 is a
perspgq;io\égojégw of the preferred enmbodi ment renoveddvspmedmwoiyeusi ng 30
(not Shown), 35 Figure 2 is an underneath view of the cover of Figure 1;
Figure 3 is a side view of the pr#nted circuit board of Figure 1; Figure 4
Is a top plan view of the cover and the printed circuit board and the
cover, the top plate of the cover having been renoved; WD 200-1/032588
PCT/ SG2003/ 000197 Figure 5 is a plan vjew the print ciLcuit board
showi ngFige 5 eV ef t'l!ﬁéﬁ"W?@r‘F"‘f‘ﬁémarﬂﬁM' O‘,"e %He%PBE?@Q%' tlhé a top plan
vi ew of phéiesbage. Description of Preferred Enbodi ment To first consider
Figure 1, there is shown a radio frequency transceiver renoved from 10 its
housi ng (not shown) and having a cover 10, a printed circuit board 12 and a
bases 1Hgwdbis adgvplan iiéw afittle basse 14 "sandwi ch" the printed circuit between
them Base 14 (Figure 6), is generally planar and has a top surface that-+is
flat- Preferabl base 14 is made of a heat-conductive material such.as,
PRSCIRONHON & s hat it will aid heat dissipation fromthe
vari ous conponents nmounted on the printed circuit board. By using

al uni niyp e QAL 1 YBLEN ool 338 FERAS banSieh@ricisabdront he  base 14

acts as Sin acts as a suppart f. he printed circuit board 12.
| t 10al dte hpusingiers shewm) and Bawrrgeaq%?fc&?-SPB'E}%‘?"%Q"’%"HQB@%P%FH% base 14

cl osel y4f Phd @06 10R0d badearesaiiwlntihe pinteduircuitbetveen them. t board 12 and t he
cover 10. The base 14 may be 20 secured to cover 10 using screws, nuts and
bolts, clips, or other readily rel easable yet secure f %% ning. To now
refer tBoseri4iifioure), s jgenarallyplanauandshag adep galRes Mt s ik 3?{8% Efd has a  °
gener alphat 4 8tmadb P adRat-ECpusivel Patitisicsublass, dompdxample) elymipfunpse hways 16 and

Cor’{‘?ar Ergtegﬁl a]ighea-[%enssipaﬁon from the various components mounted on the printed
circuit board. By using aluminium the overall weight is also reduced. Effectively, the
l;ase 14 acts as a heat sink and acts as a support for the printed circuit board 12. It
also provides a radio frequency ground. The shape of the base 14 closely follows the
shape of both the printed circuit board 12 and the cover 10. The base 14 may be

20  secured to cover 10 using screws, nuts and bolts, clips, or other readily releasable yet

sseriphon-of Preferrad Ebooime

secure fastening.

To now refer to Figure 2, the cover 10 is also generally planar and has a generally flat
top 20. Cover 10 also has a pluréi'rty of pathways 16 and compartments 18. The

25  compariments 18 are sized, shaped and located to align, preferably align exactly
(within reasonable manufacturing tolerances) with components mounted on the -
printed circuit board 12. The compartments 18 may be in the form of concave
recesses into the lower surface of cover 10, with each compariment 18 being
recessed to a sufficient extent to accommodate the components on printed circuit

30  board 12 to be located therein. Alternatively, the compariments 18 may be formed by
pathways 16 projecting downwardly to from compartments 18 therebetween. Each
compartment 18 may be recessed differently to accommodate its components, or all

compartments 18 may be recessed fo the same depth.

35  The pathways 16 are sized, shaped and located to align exactly (within reasonable
manufacturing toleraﬁces} with the DC pathways of the printed circuit board 12. The ’



25 compartnments 18 are sized, shaped and | ocated to align, preferably align
exactly (wthin reasonable manufacturing tol erances) wth conponents
nount e oow/dskss printed circuit board 12. The conpaPCmsct@3Leoieay be in the
form of concave recesses i'nto the |ower surface of cover 10, with each
conpartment 18 being recessed td a sufficient extent to acconmodate the
conponents on printed circuit 30 board 12 to be | ocated therein.

Al t er Nafdio/Rdgench REnSIGRPES R tie: fBhwayy 1B drofroomrecbriparimendtifviays 16 proj ecting
downwardly to fromcgnpartnents 18 therebetween. Each conpartnment 18 may

be rec@® C‘H?HEF‘E'F%W?W to accommodate its conponents, or all conpartnents
18 may be recessed to the sane depth. 35 The pathways 16 are sized, shaped

and | ogaf ' F ihWhyshisant eaapataking 18MBROMEIGAtION I Ng t ol er ances)
wi th tﬁ"ga'%%’%g}eﬁé\xah’g@a@%t fpepatibls 't boar. The YO 2004/ 032588 10

rinted, circ 2

15 PCT W@GQ@@B’!EMI’W“‘P%WOP’WE"QQWE%QD ﬁ’dﬁaF’eﬁ a‘{'}'gLfai M9t he pat hways 16
f r om opmeaQRR oBRINM2, A% in@oveN10! ersuctompy radiation is¥8pt wilhintescl way, the
conmbi nati on aof the pat hway : rd a2 oG nation wth
corrpon@'%\‘?g '?fgiﬁ'ﬁt%rﬁ"o B |htss'e‘§}®cﬁlragd'?t9ﬁ%€ard %‘Zh%r maite virtual nodul es on
pri nt eBreferablyby chulelling itbe dimrasiops eheReh qampagment, df, Mglgy oFdeRi at i on i s kept
wthin gﬁﬁﬁﬁﬁﬂﬁbQQHQ&th@mﬁnmaﬁ such, should not interfere with other
virtual nodul'es.” Preferably, by controlling the dinmensions of each
cohpartment 18, higher order nodes of signal propagation nmay be
el i m nateckbse 15 keovba $@ g, becwedsr 0f] @ hpatycopausing @asFalSURR 26, ©hnduct i ve
mat er i&%,mab',c Aiium! Oh Mm% Sds BéalBis3iptiton froin i compenenist omi ds heat

a

di ssi th L0t | | 2. Thi
hat , rieaFrak bopig. dBodpesrt et et o Eiter A8 €l B S, L0 112 RO

and paiebisintl arly for conponents on printed circuit board of greater height,

15
K desired, and particularly for components on prinied circuit board of greater height,

one or more of the compartments 18 may pass through top 20, as is shown in Figure1.
The shape of the cover 10 closely follows the shape of both the printed circuit board
42 and base 14. The cover 10 may be releasably secured to the base 10 by use of
20 one of more of screws, nuls and bolts, clips, or other readily releasable yet secure

fastening. Holes 22 through cover 10 may be provided to assist this.

Figure 3 shows the construction of the printed circuit board 12. It has four layers: a
radio frequency layer (top) 24, a radio frequency ground layer (second_ top) 26, a DC
25  layer (second bottorn) 28, and a DC ground layer (bottomn} 30.

The DC ground layer 30 is connected to the radio frequency ground 26 by a plurality
of via holes, thus producing a virtual radio frequency ground. By doing this it is
possible to maintain the same radio frequency potential through the radio frequency

30 firansceiver at the radio frequency ground 26, base 14, and cover 10.

The radio frequency-layer 24 and the radio frequency ground 26 form the micro-strip
transmission for the radio frequency circuits. Between the radio frequency layer 24
and the radio frequency ground 25 is a dieleciric layer (not shown). This may be FR-4
35  as using FR-4 as a base material may decrease manufactured cost. The thickness of

the dielectric layer determines the 50-ohm transmission line width.



one or nore of the conpartnents 18 may pass through top 20, as is shown in
Figurel. The shape of the cover 10 closely follows the shape of both the
pri nt egh sdohesbsés board 12 and base 14_ The cover 10 reEwystmos/aloessabl y

secured to the base 10 by use of 20 one or nore of screws, nuts and bolts,
clips, or other readily rel easabl € yet secure fastening- Holes 22 through
cover 10 may be provided to assist this Figure 3 shows the construction of

Ehe frgg’h@gmﬁéc{i &Hﬁlib&ﬂ%@h&% m|ﬁgu@£héwmunhl&yefa)mpanerﬁsadbmtéd equlency | ayer
t op aralo frequenc er ayer
(second“ﬁ"fﬁ“f‘ Hﬂ’g ”%@%ﬁgﬁ)uﬂ %%eftgf%%ﬁ%ngeg%%osg% ground | ayer
30 is cwmaedsstmrt;he G-hahdesyhthesigee A8 yiwg) low ranid Passofifters 48 Moadipi ty  of vi a

hol e, LIgdi 95U51iN0o R rthd bitilest8diad. MHERUABAL IBIEPHAh aBY o0 Ng (his [T \i's

possi bI &8 At al sa uency potential thr ough the radio
freqmenwm‘lﬁraﬁm@mm an ?ll*lé" rcaeneaf 0 duBR PPVET BRdES @9hase 14, and

cover 1GpmENe i #Hdiott dohR@tonsy 54 Rpectividy. and the radi o frequency ground 26"
formthe mcro-strip transmssion for the radio frequency circuits.

Bet ween the radio frequency layer 24 and the radio fre eguency ground 25 is
a di el eedchi of thaye:mp@mlls ohominjed Tirebit hoald Ise aPIR-1@ b% leptedsi'ng FR-4 as a base

mat er | W %GveF‘%BUfr%P%%rﬁ‘ﬂe ek balﬂﬂsag‘smnﬁkﬁe%%a@é in khe dielectric
| ayer determ nes t e 50 ohm transm ssi }é@ v&ﬁm 004/ 032588
PCTIOSGXS0pidoent 5§ Crbpod synthgsig’ %q’f‘d:ﬁm[’a »&8C ?yﬁ' f'Gure 4 has a
nunber gafin e@ammmsemmunbmduinrwWQWnem&mmﬁg forthut Althowghbisng |inited to:
down R G 1y SHCHRNERARA o BlcAcof mﬁmmamena efilters 36,

- band s esi zer ow band ers two up converters_42,
and tWMan%Wm@#@&WﬁmW&g ?Pz‘?/ffé"ﬁ?f@e in and out terminalg
46 48 respectlvely, an out put connect 50 for the power anplifies; and

out f h t
on prl rﬂ"ecgp' II’CEI# Q&S&?S agbggrd 1§%ré%§'%%8\/ﬁhﬁra§m'rﬁ 50-n€ Corrponen S

t ment 18 in
cover Phm ipggs. é%&@ﬂm@meé%wwﬁ@"ﬁég@“mnﬂ%h 5‘63"?06‘83?%?”?% % 10 conpart nent
56; C baad synt hesi zer 38 in conpartnent 58; each L-band synthesizer 44 in
a conpartnent 60; oscillator 34 in conpartnent 62; and so forth. Although
'tis The pathways 16 are sized, shaped and Jocated to align exactly (within reasonable
20 manufacturing tolerances) with the DC pathways 66, as show in Figure 5. The DC

pathways 66 are in the DC layer 28. Besides functioning as the DC power connection
10 all the virtual modules, the DC pathways 66 serve to control and monitor the virtual
modules. Each virtual module is a combination of a component on printed circuit

board 12 and its relevant compariment 18; and the virtual modules are separated by

25  pathways 16.

- The DC layer 28 preferably has a pattem of “fans” 64 that, in combination with the DC
around layer 30 and radio frequency ground layer 26, form capacitors to filter the radio
frequency signals to the ground (i.e. base 14) so that interference between virtual

30 modules will be minimized. This, together with the virtual modules formed by the
combination of the components on printed circuit board 12 and their respective
compartments 18, reduces the interference between the viriual modules.

Whilst there has been described in the foregoing description a preferred embodiment ,
35  of the present invention, it will be understood by those skilled it the technology that
many variations in details of design or construction may be made without departing

from the present invention.



preferred for there to be only one conponent for each conpartnent 18, there
may be nore than one conponent (e-g. two or three) in a single conpartnent
18. t wdkdosmorpponents on the printed circuit board lptgscEocoaosct ed,
preferably using 50- ohmtraces. This elimnates the connection of
conponents by interconnects, as ifd the past The pathways 16 are sized,
shaped and located to align exactly (within reasonable 20 manufacturing
tol erances) with the DC pat hways 66, as show in Figure 5. The DC pat hways

66 are i r v BES i.ani ng. as. t he ower connection
to all ?ﬁ‘ﬁ’;\}?‘?%&lﬁﬁ‘?@ﬁ&ﬁ‘éﬁ %t%'efg%%e%);é[gﬁ\%’\%e%bogg'"g'«g\d@%yt %'%c'g’nel rol and nonitor
t he vi r pergible petioldations ardgombipitionsial nodul e is a conbination of a component
on printed circuit board 12 and its relevant conpartnment 18; and the
virtual nodul es are separated by 25 pathways 16. The DC | ayer 28
preferably has a pattern of 'fans' 64 that, in conbination with the DC
ground | ayer 30 and radio frequency ground |ayer 26, formcapacitors to
filter the radio frequency signals to the ground (i.e. base 14) so that
interference between virtual 30 nodules will be mnimzed. This, together
with the virtual nodules fornmed by the conbination of the conponents on
printed circuit board 12 and their respective conpartnents 18, reduces the
interference between the virtual nodules. Wilst there has been descri bed
in the foregoing description a preferred enbodi nent 35 of the present
invention, it will be understood by those skilled it the technol ogy that
many variations in details of design or construction may be nade w t hout
departing fromthe present invention. W 290-1/032588 PC' 1'/SG&003/ 000197
The present invention extends to all features disclosed both individually,
and in all possible pernutations and conbi nati ons. WO 2004/ 032588
PCT15G2003/ 000197 The clainms, A radio frequency transceiver having a
printed circuit board on which are '



| ocated a plurality of conponents, the printed circuit board being

sandwi ched between a base and a cover the cover having a plurality of
means wW@hodhsaegodati ng each of the plurality of copposenisoédeseparate
the plurality of conponents into a nunber -of virtual nodules 2. A radio
frequency transceivers as clainmed §n claim1, wherein all interconnects 10
bet ween the nunber of virtual nodules are in the printed circuit board. A
radi o freguemsy transceiver as clained in claiml or claim2 wherein both
the base and the cover are nmade of a heat conductive material. 15 4 A

radi o frequency transceiver as clainmed in claim3, wherein at |east one of
t he basel.and A halicchagpency dtansrsiver hadrty & iprikded 2igcuit hoardi e whishweicy transcei ver

as Cl al red. 1 1aBlea¥ublly &8 hehis! o prnd B/ Boar® Bf Slnaliefiedreans f or

accomodat i ng’ﬁl S a co In a [ower surface of  the cover A radio
freqdency tr daiween pebasasnd|mroMel e cevesihaving Rl (of d8ea0S orpartnent is a

recess into |aespimoubiing 86 & thelpRalihoorebmpohents to shpsratite plorelijyency transcei ver
as claimed in claim®6, wherei ch ss is of a depth sufficient to
acconmodat e PH'BP‘E'S{‘%@??&?""T"S' %é"rﬁ 'c"é‘fﬁ%gt herein. A radio frequency
transceiver as clained in claim®6, wherein at |east one of the recesses
passes gonpl ﬁtré‘d.a/f rdlErY HnscBifers QY Bhimed c%uﬁadwzré;ﬁ SNHRASHNndcEsANSCel ver as

claimed 1n claimb vvherel t he copmpart e by pat hways
prof®cting dBSINGRYHE WH%%V{%'W&EF a?d'l’p’&?gmﬁcfc'fcﬂ'gg ‘gver t he pat hways
form ng the corrpartrrents t herebetween. 35 10. A radi o frequency transceiver

WG 4 Gaime Wclan'nnﬂ}ruéitﬂﬁ Dhnerah ibbih Oof pat hways

as claige ﬂhga
for allgnln W|t ality of n the printed circuit board
WO 21101/ 032%8b¥fe1ﬁ"7’@efe P?Chga‘ Onitive bt <y

15 4 A radio frequency transceiver as claimed in claim 3, wherein at least one of
the base and the cover act as a heat sink.

5. A radio frequency transceiver as claimed n any one of claims 1 to 4, wherein
each of the means for accommaodating is a compariment in a lower surface of

20 the cover.

6. A radic frequency tansceiver as claimed in claim 5, wherein each
compartment is a recess into lower surface of the cover.

25 7. A radio frequency fransceiver as claimed in claim 6, wherein each recess is of
a depth sufficient to accommodate the component to be located therein. . -

8 A radio frequency transceiver as claimed in claim 6, wherein at least one of

the recesses passes completely through the cover.

30
9. a radio frequency transceiver as claimed in claim 5 wherein the compartments
are formed by pathways projecting downwardly from the lower surface of the
cover; the pathways forming the compartments therebetween.
4
35 10, A radio frequency transceiver as claimed in claim 5, wherein the cover

includes plurality of pathways for aligning with a plurality of PC pathways in
the printed circuit board.



11. A radio frequency transceiver as darned in claim10, wherein the
plurality of pathways extend downwardly fromthe cover. 12. Aradio
frequsveyoinamsscei ver as claimed in any one of clai rrTisd¢2ostdopissherein the
printed circuit board includes a radio frequency |ayer, a radio frequency
ground layer, a DC layer, and a D& ground layer. 13. A radio frequency
transceiver as clainmed in claim1l2, wherein there is a 10 plurality of via
hol es fromthe radi o frequency ground | ayer to the DC ground |ayer to
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down converter, reference oscillator, at |east one band pass titter,

C-band synt hesi zer, at |east one up converter, and at |east_ one L.-band
synt hesilZer . ATasiio frequensy Fansceivet@n eipime Ak ops ehclaies Lfoy] lnheelR ¢l ai m 12 when
appended t o fkgrifled 2cult Goardisuhaies atridio Beguedydayer, nec ladidesequBecyDC pat hways to

provide power . connection ’ta%%giq%[}%\ééﬁﬁual modul es. 16_ ?o;rggir?rrent s

frequency tranecerver as al me I'm5, wherein each
of dinmensions to substantially elimnate higher order nodes of 25 signal
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one of cl ai rayet totpwovide a vitlvel redio frequendy grduwnd.ual nodul e conpri ses one neans for
accommodating. and at | east one conponent. 19. A radio frequency

_~ transcejver as clainmed in any one of clai rrsd%) (0] Eé $/nerei-n 35 the base
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) the plurality of components includes one or more selected from the group
15 consisting of: down converter, reference oscillator, at ieast one band pass

. filter, C-band synthesizer, at least one up converter, and at least one L-band

synthesizer.

15. A radio frequency transceiver as claimed in claim 12 when appended to claim
20 10, wherein the DC layer includes the DC pathways to provide power
connections to all the virtual modules.

16. A radio frequency transceiver as claimed in claim 5, wherein each
compartment is of dimensions to substantially eliminate higher order modes of

25 signal propagation.

17. A radio frequency transceiver as claimed 1 to 16, wherein radio frequency
radiation is for each virtual module is contained within that virtual module.

30 18 A radio frequency transceiver as claimed in any one of claims 1 to 17, wherein
each virtual module comprises one means for accommodating. and at least

one component.

19. A radio frequency transceiver as claimed in any one of claims 1 to 18, wherein

35 - the base provides a radio frequency ground.



20. A radio frequency transceiver as clainmed in any one of clains 12 to 19,
wherein the DC | ayer includes a pattern of a plurality of fans that, in
conbi pa) tedwyosssssh t he DC ground | ayer and radi o frequemscmoammp7l ayer, form
capacitors to filter radio frequency signals to ground. 21_ A radio
frequency transceiver having a priénted circuit board on which are nounted
a plurality of conponents conprising the radio frequency transceiver, and

a cover gy t Nep GOHE hredudhby triBeiver | RVESiImEd i ayeonsi difcraans ©ors, separating the
cover into at [east two corrk)1 réﬁr;ents, eacfh C nﬁﬁrtg?r}]t or i10 recei ving
therein at |'¥wsin dbke DSt 19y¥fe gl’ aF’iWerBfoc?)rPg"E nfs '3 Credte at least two
vi rtual nmodudofbinationwith iecDC olotndiiayeraad ragicf foquense gmimdiagery fgdn o f r equency

transcei ver wherei he .DEi i i rd has a radio frequency |ayer,
a radio frecﬁ"j‘@??g'i’/s&@ﬁ%ﬁd'ﬁggwgﬁéﬁd'{gg%@rfg@gr, and a DC ground layer. 23_ A

primted circuit board as clained in claim?22, wherein there is a plurality
via hojes fy %}o‘ b9 RinkdeRaH BAGG 8'pAkBEl clréuit @oaidoort WhickGrgr ound | ayer to
provi dceE “virtua ﬁgi@_rg%e%%}t %rgslrmd. 20 24!‘09 A}B%i ﬂ%&%nﬁi rcuit board as
claimed in OPAPiRH23 plrallly po SPRPITY P& P8r OV des’ a radio
frequency gmansdiver2and Hcgvet; tiieecbves ncluding d bwedsusisce Wit means ¥ any one of
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26_ A pri nt ggh viruabibduldgoard as clainmed in any one of clains 22 to 25,
wherein the 30 DC |ayer includes a plurality of DC pathways to provide
power connections to a plurality of conponents nount abl gjggrr'l the printed

ci r cui B2boafdrinted girgyit hpa(p fqryse With @ agid fRAEYIENHEVET YRGB s a nunber of
virtual nodpdrfsd circuit board has a radio frequency layer, a radio frequency ground

15 tayer, a DG layer, and a DC ground layer.

23. A printed circuit board as claimed in claim 22, wherein there is a plurality via
holes from the radio frequency ground layer to the DC ground layer to provide
virtual radio frequency ground.

20
24. A printed circuit board as claimed in claim 22 or claim 23, wherein the base

provides a radio frequency ground.

25 A printed circuit board as claimed in any one of claims 22 to 24, wherein the
25 DC layer includes a patiemn of a plurality of fans that, in combination with the
DC ground layer and radio frequency ground layer, form capacitors to filter

radio frequency signals to ground.

26. A printed circuit board as claimed in any one of claims 22 to 25, wherein the
30 DC layer includes a plurality of DC pathways to provide power connections to
a plurality of components mountable on the printed circuit board, the plurality

of components being arranged as a number of virtual moduies.



