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WD 2004/ 105377 PCTI US2004/ 015947 RF ASI C FOR
SUBSCRI BER COVMUNI CATOR 5 RELATED APPLI CATI ONS Thi s

PCT Application is based on and clainms priority to US
Patent Application 10/443,537 filed May 22, 2003. The
Wo241g8370Whi ch form a part of this PCT appl i REHVEH4015947
i ncl ude additional enbodi nents not shown in draw ngs

in 10/443,5 ' i [ ' nti nuati on
in part of ﬁ%i\%‘ﬁf@gg‘?@%&%ﬁ g‘%j . B%TC(}%%?QJND ART
[0001] The inventions described herein generally
pertain to a subscriber comunicator 15 for use in

t ations. They are particularly
%%igghbﬁﬁ)%ﬁ?g%pgged i mpl ement ati ons of and net hods
applicable to receiver and transmtter channels of a
subscri ber comunicator. It is presently preferred

t hat hhﬁ:@r RENBRRNY Sasalng ancedliine sridvizy ol FfiPase Aprdidation

in p P ion
|1ﬁ{4@§§33tfgﬂi I@ayr?gu?.qeb)? ‘%Eeufx%u% % wh:c:g'%%l agt%grﬁ{é{: 15"(?12: %Jghcatlon
lil%hfdlg 2@fititR a1 einppdimentt nat slioowiit dnawpgselnéf}/ﬂﬁt,iﬂn Jhis application is

21 I n.a su rib i<gat or, the receiver
éﬁﬁﬁﬁéﬁ“ﬂ&Wﬁ@ E ;?Fam ﬂ%@ﬁﬁ%ﬁlates a received RF

(Radi o Frequency) conmunication signal to provide
recei ved quadrature conponents at baseband and

uadrature conmponents to respectively
prOV|%e So- cal "I" and "Q' digital data out put

signals. The transnitter channel processes | and Q
digital data input signals to provide input quadrature
Jbo01p dThihve@tions aes@ﬂmrmmin eamvrlaliy ettty ratsubsaiifer eQsHBHiREteT

t he quadr ture nod lat| an RF
e B L Sty SR L g
flﬂfplea;emthﬁ@ off daé methodwmpplicelsle wrrestyyani sransmijtey ehapnelent a
}?ﬁgﬂ?ﬂl‘ 8<g%nphlgrhcalgorr] cf ﬁgs]dp%essexgﬁﬁéb?eﬁeg Fha{ e Eﬂra\‘nhaﬁbn%r&nﬁﬁethods be

di rect

Ohamﬁmceﬁneaagn mmm(@miimm precifie @“é?syaé%ﬁ Gipeuit), but they
ni G& n S G b/ggsoofgﬁ'&‘llt'nq emthtA#3Ad. 09 quadrature

d@ ﬁgﬁf‘w poige el ved S|g at baseband. A
t E}gﬁi mlnfbcjt EhsSB&ch Hlumbaﬁ‘&l tﬁgﬁ&iﬁ &ﬁ,ﬁneﬂ acﬁwmpmns/mdt i ng
I'ning ana i nput quadrat ure no

demodulates a recelvecl RF (Radlo Frequency) cormmunication 51g11u] o provﬂe received
quadrature components at baseband and processes the quadrature components fo
respectively provide so-called “T” and “Q” digital data output signals. The transmitter
channel processes I and Q digital data input signals to provide input quadrature
modulation components; and upconverts and combines the quadrature modulation

corponents to provide an RF communication transmit signal.

[0003] A known RF ASIC for a subscriber communicator comprises a receiver section
that includes means for receiving an RF communication signal and means for directly
downconverting and demodulating the received RF communication signal to provide
analog quadrature components of the received signal at baseband. A transmitter section
includes means for upconverting and combining analog input quadrature modulation

components to provide an RF communication transmit signal and means for amplifying
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conmponents to provide an RF communi cati '

signal and neans for anplifying 1 WO t2|082/t1622§r7nt

PCT/ US2004/ 015947 the transmt signal for driving an
external power anplifier. A synthesizer provides
woghmliess7at sel ected frequencies for use in PCT/US2004/015947
downconver si on and upconversi on. DI SCLOSURE OF

I NVENTION 5 [0004] The inventi ' i
e
Ws@ﬁ%&&ﬁﬁéagenﬁﬁg fo@u@ulbsiewhdomers@mmmc@mwe@hn- The ASIC
I'ncludes a receiver section, including nmeans for
receiving an RF conmunication signal; and neans for
downconverting and denodul ating the received RF
CISCROTURE OBINEEGHEN t o provide 10 anal og quadrature
conmponents of the received signal at baseband. A
transmtter section includes neans for upcon;/erti ng

and conbi ni ng anal L nput t .
dOMAb nBietiavepting 63\91?[%8 Ihgrﬁm [foq'iéag %?n?n#% grtrai{%%ﬁc%?iadﬁg meihods of

?sgggﬁglrdceqﬂﬁg srRaisciter coampinichtpr. ige ABHenedss & A7 CVE, S&‘FEESP’

or driving an exter Ly @&DE
pradedingducany Rereca iy "’6‘5@ b%ogle a%gﬂ’gg%{ﬂzfg? géﬂ; 0 oﬁe nis
5

%@H}tﬁvé’lﬁﬁg&iﬂ aeln&hulptiag the wogived R FamMUBIRHORSIgRY F BiPY!
Sqn@lggﬂlgﬁllta ?acli,o%{;porgﬁ?l% oﬁ{hg Qe%e?ﬁe%%iglna@ﬂﬁhs@aﬁﬂ. OA tradsmiitiepsettion
. Provrde “the “anal og i nput uadrat ur ,
niﬁéihﬂe@hﬂeﬂﬁ fcﬁ'mm:!mmaﬁmga_nﬂ oYmIHNE B gpg)ptgw_a ¢ %:fnéor%g a’?ci}l
E@ﬁ:@?{ﬁﬂ g%ﬂzlg{ e co&inﬂﬁﬂch‘tﬂﬁﬁraﬁbnﬁi digble arplandang Hr amplify’/ing
~tne ~and di gi tal output %%Cslf&r
Ofiat Parsmirsigaal $wdriging a@@@qr@aglpovg:,r @rﬂg%égtzs g R P 8 fssg? the
-S%E%trg BLfda g{;ﬁ%gltur@%p%&'tsgif @ recbing@Leignsl tg praivisie f sk Gigital
! _Serl gital ajgnall(}fls r.ea 0. 110005 halog
Acprt siigmads, ot RIQEsFs Trap Qysdta pl% ey ﬁ Nt 1 ONS atl%genrlpem is
PE QR A5 Gihon i forp-conatani BeferatdyrtheRIcASIS fuithsy
use 1n sate I'te conmnuni.cat i il DG Sl Lpgh .
r ckilesarsinglear @?Y,COWWEP%H‘FE! @‘”‘“ﬁggl ita Egp g g\%}lé gb?wéétglt&?% @serial
2@%@%{@@53%%# gt @ slfeﬁfﬁzﬂi'ng éd 1 R Q digital it signals from an npat
LV Sl ignal to provide received
c serjabdigirl gepl sid¥eband;  and neans f Io\r/epr gggg;ia\;;r ?he

uadr at ure - !
O SSEt A2 T B Mo be O fivdrR6R] e s h@nal a B ASIC fora
cations. The ASIC includes a

subscriber communicator for use in satellite communi

receiver channel, including means for downconverting and demodulating a received R¥

munication signal to provide received quadrature components at baseband;

satellite com
to respectively

and means for processing the quadrature components of the received signal
provide T and Q digital output signals. A transmitter channel includes means for

processing I and Q digital input signals to provide input quadrature modulation

components; and means for upconverting and combining the input quadrature modulation
components to provide an RF communication transmit signal.
[0006] Additional features of the inventions are described with reference to the detailed

description of the preferred embodiments.
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25 provide | and Qdigital output signals. A
transmtter channel includes means for processing I
and Q digital input signals to provide input
quadr ature nodul ati on conponents; and nmeans for
WPeoHes3t1 ng and conbining the input quadratRETEUS2004/015947
:nragul a.tlton. colrrponents to provide an RF conmuni cati on
nsmt_si jtional features of the
ad%%et aﬁﬁ%‘%ﬁd ;%}‘gogé[&&ﬁ%bg Wth reference to the
ile escription of the preferred enbodi nents
2 WD 2004/ 105377 PCT/ US2004/ 015947 BRI EF DESCRI PTI ON

TchpgAy\g ; k ' i
{%7 G - G bf afpkdBerred emBodimért oftke BF agiGancortiin
_pre%err_e en‘%i% ment of p{rhe RF ASI C accordi ﬁg to thg
tqf)iifhfmtwlltlzg%a_ 5 [000f8] FIG 2 is a block diagramof a

st _enbodi t..of a_receiver.ch S
M08 0.2 e oty SRLal R Rech B pel @R E DY
Aubedrment of a transmitter channel of the RF ASIC of

FIG 1. [QOiO] FIG 4 is a block diagramof an
[8809% I REL. B \ien Wodicliigmemt adifst embadineahefiatespsneifie Awpel of g

ﬁg&%m?w in FIG 3. [0011] FIG 5 is a block

an alternati ve enbodi nent of a receiver

ARG ﬁ&é%*&l%loﬁdé i 5 ah Bl e %nboaﬁsmfemmscml
= preferred enbodi ment of the RF
sl @ shavoopditrd-t o the inventions is adapted for

inclusion.in a b [ [ '

OBF1 LEIS i € RIS S 1 TRl ARt cReet o
el yehkwenengtnough the principles of the described
inventions are applicable to other systems. The

ORBCOWM networ k, as configured at the tinme of 20 this

writing, includes twenty-eight |owearth- :
DBmmTKR{DBﬁPEdiF@TIM@Bé, ) orbit (LEO

[0012] A preferred embodiment of the RF ASIC according to the inventions is adapted
for inclusion in a subscriber communicator that is adapted for use in the ORBCOMM
Satellite communication network even though the principles of the described inventions
are applicable to other systems. The ORBCOMM network, as configured at the tine of
this writing, includes twenty-eight low-earth-orbit (LEQ) communication satellites,
pateway Barth stations, network control centers and a global network operations center in
Dulles, Virginia. The ORBCOMM network provides wireless, two-way global satellite
data communications between mobile subscriber communicators and operators via the
Internet or dedicated leased lines for high-volume operations. ORBCOMM downlink
signals are provided in a symmetrical differential phase-shifi-keyed (SDPSK) format at
4800 bps in a receive frequency range of 137.0 to 138.0 MHz. ORBCOMM uplink
signals are provided in a SDPSK format at 4800 bps in a transmit frequency range of
148.0.0 to 150.05 MHz.

[0013] FIG. 1 is a block diagram of a preferred embodiment of an RF ASIC 10

according to the inventions. RF ASIC 10 includes a receiver section 11, a transmitter
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gateway Earth stations, network control cen

gl obal network operations center in Dullesfebfrgrgig
The ORBCOWM network provides wrel ess, two-way global.
satellite data conmunications between nobile
VEHWEESEHEr communi cators and operators via PAEUS2004/015947
Internet or dedi cated Ieased lines for high-volune

er at i ons.
RS 0 o SRSt ey s ind
drﬁﬁlﬁ’sﬁfﬁ)terfaaé (D) gt 17 Zh&@@eltsp@lon 2 andraef@éwenﬁr? é‘E’fH@‘h% The

regetyet 6‘?“8?/} Hoht b el fecol EopalBH ALY %)désﬁ}{ﬁdﬁs  gnal s
[({1}[5@ 121;%}3 é(z&%%ﬂ& Y1 {e@émearpﬁ C&A&m&aﬁoﬂ SonAFOK-06 fiivizn

I's a bl ock ef erred
exderhd dicaiveltranshit gpfeIRE VIR @(tg_r@a JItc%I ﬁ% exr a bandpass
it tE}V&HHb»Qﬁb%nveREaﬁSieﬁo&@atésnEd roeteed RF k:mum@no:ssmal Brio11,

atransmtt
muide p@%?@ad?%urgf@p@am&%éé‘a’@e% < T

nt h
[(f)(]ﬂﬂe (¥ géns(@%ﬁ )sec %x} fzer #ﬂ@gﬁ%&é@éﬂ@gg ?I:ng{% 1ﬁ)ﬂﬁeﬁlﬁhrature
nRaiietionCompdnehts SﬁprSiQIn pR@ide THRF congrpiaiicpen ga@g{nrt 8@:@ d, g
a?xg%[{ea?j\e%gsrn}l eCt roe'l%e PGk n{ﬁﬁ Sadshit dighAlrk= @@pfc@ Hrivingle

sectio recei ves an
eﬁt@ﬁﬁnﬂowa&nﬁphﬁershag mabupmw e pirteiRR &i8 a8 cERpg H%Pass filter and
rec Fék&ﬁﬂ antenna via an external RX/TX switch
Xtérna ‘bandpass filter, and downconverts and

[glflo d ! ané15tc!5‘xﬁ Jn%ﬁ?feyeﬂgd Blih:@@gmmmmtsuq:nmasgmmg 22 to

uadr at ur
“plec@‘eaﬂ\/%w%ibfgﬂfﬂam a@ed B‘a@%ﬁ‘gﬁ&gﬂ °§‘8§‘§%‘?ﬂgf gt ?@%stn
gtion 12 upconverts and conmbi nes anal og i nput
quadrature nodul ati on conponents 251, 25Q to provide
[ﬁmlgﬁffmm c;apﬂoeersset tha amlngtbasabgwaduadrmg odrgpoapst 33249
a
g aekopgy il poi BB ERpfhaBil Mot SRSy

ﬁr&b@isesl [Sné Qlﬂﬁlﬁtﬁnptm mgm ﬂhﬂé@ haprovige theana mugprlatllgel er

owagg}?(fsoa{?lg‘l‘etg 2?% é e Brﬁ;e 2 by@g%ﬁﬂbrtsgdﬁon [£016]

re erre to throughout this
@ﬁ@i ER rFf]S tgﬁfbglgs the 2l €S Agital odtpt b@ﬂild 281, ase for output as
fude e scri ber comuni c 1h ah s
ogerifkidigital 51gna1 stream SD-RX, and separates the | angl E} digital mput s1gn slﬁg?
29Q from an input serial digital signal stream SD-TX.

[0019] The synthesizer 16 provides signals at selected frequencies for use in the signal
downconversion provided by the receiver section 11 and in the signal upconversion
provided by the transmitter section 12. The SPI port 17 is coupled to the synthesizer 16

for programming the synthesizer 16 to synthesize signals at the selected frequencies.

[6020] The power section 19 distributes power to the receiver section 11, the transmitter
section 12, the CODEC 14 and the synthesizer 16 (power connections not shown in the
drawing). Preferably the power is supplied by a replaceable battery received by the power
section 19. The power control section 20 controls the power distribution to the receiver
section 11 in accordance with an externally provided PM-RX control signal; controls the

power distribution fo the transmitter section 12 in accordance with an externally provided
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15 ASIC. [0017] The CODEC 14 processes the anal og
baseband quadrature conponents 231, 23Q of the
received signal to provide | and Q digital output

Si gnals 281, 28Q and also processes | and Q digital
Woee4/95ghal s 291, 29Q to provide the anal ogPGHPFH04/015947
guadrature nodul ati on conponents 251, 25Q that are

#ﬁ ﬁ‘%{]cggt{-ch g%nﬁ Yanl Dbl %ﬁwmv&rt(ﬂinbﬁﬁ&{ o @ rdodiverd@cetioB L8]

conbi nes t al t
aswgmceswmﬂ ex@a@lx HPVI@F&tP °8nf§é?1 * i g.otJ aIOUt

nal stream SD- RX
WL The 4776 1 meppnected Gramex Ry aaécﬁglfﬁsr%ﬂa?%@e%g }”?%‘%""'

" 1hd G5l corinhRamoSDIREXSP [paﬂﬂdsg thT ARL-RY mmelsﬂzgpels thgg

provi de t
breo! st an SeeWRR T ReS et BIHERE °§‘ﬁ‘i‘q’fe&?“e‘*é‘??v'e?
@gﬁg h gﬂ% Ddp & c&ngé?e% 3 PR foHﬁ§ %Y&E@ia@ fhe 3Bipiw sonl digtlal

ransm ter sectl1 on ort
dpapitrean §D-R0R om hetlieortd 8 pndyfgr prﬁﬁiim@rhs gxpafﬁﬁﬁ”?{ &lgttﬁé‘gnal
%Qér% RESie %rthellﬁﬁ %(Qt SUNLEhEE wih 8 WatdSsirabe sidnsl WE kot serdal

requencil es

The powe
oozt SOLK bt exsaio eiovUgtD B lﬁoetﬁfe P et rer

section 12, the CODE

BBrahc dbe DAL inrornechOR i s BrubiR SATRIsAE o bl BT
?ﬁig@%zoe&grﬁgtg%ﬂﬁdgaﬁtabmzﬂ Mcmhxama’ddme bl & srope m@z:aéSS/ By
posehone dnessoerE Raty Gihrafe oy BRDR, ueseljn7ed
§R6EhiaS datdback sighdt MISA isqreowdet byaie Séstp@t Hatr it Rftovi ded

PM RX control signal; controls the power distribution
foo241h el"hb synmntzertlé receieastiintng sigals XTALE ardiaRble? fipp Feiefpe!

e R TSNS E e o TN o "h“’D?f’ c"‘;he rol s
t:;hlehemméﬁ alghh provifdsatsck detee sighad LP@S&’%%

11 Q ata
et b

elgmaéMQﬂI d| gl tal signal processor (DSP) wi t h| n the

|
i G e R B e

E.’%{hé?( Ned s BB tdcilerSéc@Bial 1 dng tHeGOIPEIVEY tibORF 651G gbthwm in
1 20 Bt oot HA e Lo SRR ah Bl fld)as! @unasd 4

FI.floThe sedr s 53Ot HPBHeptiovslrT d

a first port 35, a second port 36, a digital-controlled variable galn amplifier 37, an I-

channel mixer 39, a Q-channel mixer 40, a 90-degree phase shifter, 41, an I-channe] low-

pass filter (LPF) 42, Q-channel low-pass filter 44 an I-channel baseband amplifier (BBA)

45 and a Q-channel baseband amplifier 46.

[0026] A local oscillator signal at an intermediate frequency IF is provided to the first
mixer 34 by the synthesizer 16, Local oscillator signals ai the baseband frequency BBF
are provided to each of the I-channel mixer 39 and the Q-channel mixer 40 by the

synthesizer 16.

[0027] The receiver section 11 thereby provides a superhetrodyne receiver for
downconverting the received signal; wherein the reccived signal is first downconverted by

the first mixer 34 to the intermediate frequency IF and, after being fed from the first port

5



10

15

20

25

30

signal stream SD-RX fromthe |12S port 15 and for
providing the input serial digital signal stream
SD-TX to the 12S port 15 in accordance with a word
strobe signal W5 and a serial clock signal SCLK that
NiP@0E18%7Pr ovi ded by DSP is to the |12S port PXH/USRQ4/015947
[0023] The DSP is connected to the synthesizer 16 via

3% E}gmrég h]nﬂgﬁﬁﬁlalgltz% §banl 'illoﬁlite‘il U8 BhdBbaclBHd JB@QBKEI{} via the second
si gna n accor
A R e b e e R U
afA@QQ oﬁfﬁrﬁleﬁhﬁ&‘ 01 ﬁmede,gl tmyesp&nﬁvmad Qochiie! BRIpapdilers BZ,
onf,j ng dat a O d
pnd e by eSS 0580 i smp RIS Bty ovidd®
t]neemellog gadtaiumd wmpsnegtsaBlg 23 dilthe }amﬂveﬁﬁgnaﬂ affhagatramsix {T6¢ nal

ex e %ﬁé{%&%ﬁf ﬂlrﬂeq [gtgﬂ\équﬁémﬁ If B & {ERGE &l b@&lﬁse it is

synthesizer 16 al so
ngnrc)morj@mcai thap ifichelE thidtertwesg 1g e mnlositepimthe ASKhE): DSP when
the synthesizer becones |ocked to a fre

[P038] ¢ htanchltpryativh embagmen@ptsBowm oW ReORTATTIY: o Epageng fsé‘ﬂg"rt

L Y e L R A

ch@mel M alisaet-pas filkd sand lhandeREg-b4igih! dhertBTAADST, 4.0
[

G o cap a4y ongd K Aol il S

d- b}[ashet[) Fxgmﬂ d85mationdiderdhid Pm."?xretbb@ e Iancij@-gh&naqﬂae%@a-tp@ﬂaﬁe]d

vall.a |

ca_lveF]ters 5? SQ re@wﬂ&%ﬁ cgﬂaa{é)&gh gg?ﬂé cieIt &B&ﬁsﬁ@d m xer 39, a

nel " m xer e ase shifter, 41, an

a a E 1
PGZ&P 2@(‘5&!1?10?%56%& &agﬂaﬁugegdﬁgx%ﬁtgﬁ B Zglg 236 %ﬁ%ﬁ?ﬁe}g Lﬂgrrl | are
I

P(@B?i?d pethasspenied ot @ raRd oV B art ~diggal

bRRA6k 5A HAERecRRGhd filkoH, 5519 Eﬁivmathea And QURitARdipat senals
freguency J F is_provided to the first mxer 34 by the

28, ABR&S BB P9 15 ocal oscillator signals at the

BRSO RSP RS 1, PSPl
iByRineesd imalie tHbsmida sflapT] andite GRIREC oo tedti ADK 11}.'5110“’11 in
HAS] OB RId gﬁswédeg HPEROSES 196%3% iBPERE YEL J. Gannel
intepelati@diler ihah I-tlenifd digital teamtoe Aenveltes &iDb(}) 595 1 Q-chpnngk
[‘gAé &b g 8ﬁagn&h&v hm ﬁ%el;r@ﬁmt - RSB R RREYasd fiteR OS], Pl

the I and Q-channel DACs 59, 60 are 51gma-delta modulated; and the I and Q-channel
low-pass filters 61, 62 are CT switched-capacitor filters which precisely conirol the

baseband frequency by digital clocking.

[0032] The Iand Q digital input signals 291, 29Q are processed by the respective I and
Q-channel interpolation filters 57, 58, DACs 59, 60 and low-pass filters 61, 62 to provide

the analog input quadrature modulation components 251, 25Q.

[0033] The transmitter section 12 includes an I-channe] anti-alias low-pass filter 64, a Q-
channel anti-alias low-pass filter 63, an I-channel baseband amplifier 66, a Q-channel
baseband amplifier 67, an I-channel mixer 68, a Q-channel mixer 69, a 90-degree phase

shifter 70, and an adder 71. Local oscillator signals at the transmit frequency TF are



10

15

20

" 25

5 WD 2004/ 105377 PCT/ US2004/ 015947 35 through an
external narrowband IF filter 48 and back onto the
ASIC 10 via the second port, 36, is then

downconverted fromthe internedi ate frequency by the
WOeeRAMST7 i xer 39 and a Q channel mixer 4CCHYRLPEGL7
by the respective | and Q channel |ow pass filters 42,

14541(1@(!‘% Al 'tlfe'I—%ﬂanQM i 68 BERRCGIcHAnt ndRd 660 f tha Bytesizer

bandpass anplifiers 45, 46 to provide 5 the analog
1&uadr at ure components 231 23Q of the received signa

(a1 ot sl ing] st PR S EPRiiof ppiagh i A 2P ot EhARLS
fiheredibysite [ ndiGchampl bwemerfdtersdd) 65 mraplified br the I frid @chapest

olBhiia hphficl AEBE (B Hed B (OG0 ol mos R elooied 2T
ciyalgedddrydhe asldeti7i mrowde[ao&if@]ommew@wg@sw siggl| e groxide
tHe oﬁﬁy@%km@ﬁﬁdﬂ@k'(ﬁﬁl‘ th@\WHriPASR deletdabpovlcAdlifdd, a Q 10

channel anti-alias |lowpass filter 50, an |-channe

[@BQJ: orct tprsg&l Wck aiagr@ﬂ ramfdltefnaﬁv%/eabo&ﬂaentaf Qrﬂht&iﬁiﬁﬁcthanncl
an 0g- to-di gl

vert han | I
thednbmosegrowr hembRe o o esinun FRAR LA &b b
uﬂﬁi@k &Tﬁihb @mtfplekédante@aatopr af thitsahibydimbitethe Papdrt Q6 ptosidesdts

onver
G ereeradentsy TR EH T adtve sl s camtigedty
da'ﬂaﬂuﬂa:a:lr egwhials e ipuade BAGISE agbBPO6ent s 231 23Q of
the received signal are 15 processed by
[0036]p e1G. § & o blogh diagpaw leBrrradternpigig-eprhadiment |°1f é’f‘—'éelY@ chagpgel.

T?Q ?l{ffglgnécgpzmegﬂ i lemb&ﬁ‘xﬁé’rﬁ Eﬁcﬁﬁcsoré%hovﬁlzm & re%@ tha‘ﬂhlls ot

ers provi de the | and F#B &p%}
utilizgn afime nwgmlex@g@m@mt hdn lhwsﬂﬁ’e@*tnelitsthe P‘Gﬂé @l and 3%
aft BAE o @Heé}ﬂfu%r@f anuﬁlpﬁiﬁfﬁlg I TiRchu @fdlhﬂliﬁﬂﬁxeﬂfz ificoupled to

transmtter channel | enment e n the transmitt
thedBt B SIEleAREmEHRR THCLHIE RUBY: of HAChis p,t\fgr‘%gi%fq%

C
(GREL Fho sspeiyporaiply e neln SRR BN ey o1
cbiceivele Efihodatent ef@lteepmmit irgrengioh aFurther, suvh kteigd b@mﬂfe of e
DAC) 5 a hann I
§qs? é’:‘, rgffn gﬂg e@m eg A e{f\n lg\%(_bt bggglls%r&%a%g e %13(%3\’1'6@@%?
tikerpedsedtaiention. Wdle the almeye @escitipion g¢ntmn5 gpecifipitigy: these

ﬁ not g el t suﬁng%ﬁ&é fﬂ% sk 0{" thét P%seg' GRARKE but rather as

OW- ass hed- capaci t or
ef;arh}ilarcgf thMprefdnreg pxgqug@ﬁnys desgsrib qdchere@qq Other var:atlons are possible

and the scope of the present invention should be determined not by the embodiments

described herein but rather by the claims and their legal equivalents.



25 baseband frequency by digital clocking. [0032] The
| and Qdigital input signals 291, 29Q are processed
by the respective I and Q channel interpolation
filters 57, 58, DACs 59, 60 and | ow pass filters 61,
62 to provide the anal og i nput quadrature nodul ation
Claghonent s 251, 25Q [0033] The transmitter section 12
includes an_|-channel anti-alias |owpass filter 64, a
Q 30 chaknBF ANE fonp pebscripiicorssini¢alqre pongmyIsing
| -channel baseband anmplifier 66, a Q channel baseband
anpla ecaver6ectioaninchelieynel ni xer 68, a Q channel ni xer
69, a 90-degree phase shifter 70, and an adder 71.

Local os Qﬁéah@if&rreééiﬁﬁ%hﬁ R&#t colfifurti 4108 Rignal; keguency TF
are 6 WO 2004/ 105377 PCT/ US2004/ 015947 provided to

cach of ol 1 RMRbeVBRS ?ggiﬁg;{bﬁ%ﬁgﬁg%&%@é?%m xer

69 by the synthesizer nal og i nput

quadr at ure nodul ati on copponents 25 25 [

oo SotHpson PieflP R GO Siok dusfirtuse SATRRIRY ofPbass
filters 64, 65, anplified by the I and Q channel 5

bas dpsshvedsigmel atihesdapd 67, upconverted by the | and

Q channel mxers 68, 69 and conbined by the adder 71
to pricansoigtensediencioniudingeat i on transnmit signal 74, to
provide the output transmt signal TX-OUT that drives
the external posses f@mpkodveeting dndG8hbikhEanalog mpat dpladciture
di agram of an alternative enbodi nent of a transmtter
chanp&ulatioh*8ufpbhéié RE6viae biRE ohthingni SdadiaRBAt siidl; and

the one shown in Figure 3 is that this one 10 utilizes

atime multinpl ' -tq%]-'lsd] ' t 1
the 12S port f@é%g?gd\}r%ﬂﬁb gh%tlraélhgllltss 0 ngpgi?ip ateixgerﬁn :

unit 82. The.out th of interpolation unit 82 is
demR¥HER b?fr? demul ti pl exer 80 which provides

i nputs to DAC 59 and DAC 60. [0036] FIG 5_is a block
di agr am &CQRES foepiesessing thedinde sredseband quagdrafias geapponents

channel . The difference between this enbodi mrent and
of theercoaiecdsdignah td proFidgdmed 2 digitallvatput kignalsead f6r procéssingd

atime nultiplexed decimator. In this enbodi nent, the
an@ @ Pigits iBputAlgRals to prdidethe anifog Dippt @ehdtauremeodulypiohs of

a multiplexer 82. The output of nultiplexer 82 is
cofPBRfRIfoE Said upconversion, the codec including an analog to digital converter
and a decimation filter arranged to receive signals from the analog to digital converter
for processing received signals, the codec also including an interpolator and a digital

to analog converter arranged to receive signals from the interpolator for processing

signals to be transmitted.

2. An RF ASIC according to Claim 1, further comprising:
a signal port for combining the I and Q digital output signals for output as a
serial digital signal stream, and for separating the I and Q digital input signals from an

input serial digital signal stream.



the input of a single decimation filter 84, the out put

of which is provided to f S port 15. [0037] The

benefits specifically stated herein do not necessarily

apply to every conceivable enbodi nent of the present

i nvention. Further, such stated benefits of the 20

present invention are only exanples and shoul d not be

construed as the only benefits of the present ]

i nvént i of\n RKASCrageordinge Clrarich, ivicram thegaeciyas seqtieny

specificities, these should not be construed as
indhadeis tsapdriosterodyne theans fapdovafconhatipg teaateivad\sggmial.on, but

rather as exanples of the preferred enbodi nents

desar i beAnRF AISIC aCkdiging Y& Uladinl Nherdie wtdfiSthel €  and

t he scope of the present invention should be

o B R G TR TR PRt B e
7.d ai. 1. RE ASI [ [ ,
P St £ TptPomphdin ek PoR A d T HaaRad e «

recei vi ng an, RF communi cati on sjgnal; and neaps for
secPPMIE BRIV ETting sseipndendemmconysigiondom theantpapedigte frequency.

conmuni cation signal to provide anal og quadrature

conponents of the received signal at baseband; a

transmtter section, including: neans for upconverting

and 5conbiAmi R ASIAhogrding td Cliinady, &irthee compidsihg@it | on

conmponents to provide an RF comruni cation transmt

Si gRAV-pasdTteriiB ARAnd BétwadPhk t¥deRer kgioh aad &8 ¢opEgNal

for driving an external power anplifier; and a C

for processing the anal og baseband quadrature

conponents of the received signal to provide I and Q

di gi.ital qut L, gnal nd for. processing.l and Q

i obcar gt AR AdReing R e Rifher St RE % nput

quadr ature,_nodul ati on conponents for said )

upc brregssifiiering ﬁ@a%*aeéwefmq@m GHPEC apd thedrasgmittst gegional

converter

7. An RF ASIC according to Claim 1, further comprising:

low-pass filtering means between CODEC and the transmitter section.

8. An RF ASIC according to Claim 1, further comprising:
a synthesizer for providing signals at sclected frequencies for use in said

downconversion and upconversion.

9. An RF ASIC according to Claim1, wherein the receiving means

include a low-noise amplifier.



and a decimation filter arranged to receive signals
fromthe analog to digital converter for processing
recei ved signals, the codec al so including an
interpolator and a digital to analog converter

arr ed fo_receive signal.s fromthe interpalataor. for

pr oduBei i REZANIG r § soaribs shomm vt Tof biken aplisg O

according to aim1, further conprising: a signa
copRynI¢abony GABIPHPAE  t he | and Q digital output signals

for output as a serial digital signal stream and for

separmatéivgy chhxmel irgehdllin®: di gi tal i nput signals from an

i nput serial digital signal stream 8 0 3. An RF ASIC

accor di ngnés @raiofntonwhieigind deffoduREiap WeEcehed R odtellite
i ncl udes super het erodyne neans for downconverting the

" e CoHRHRLAIR gnth o BT: RSk AGERE Ao ok A 3
mhergln MAfﬁinsgﬂe O?ﬁ%ér%etérod ne neang%&gn out put
of Jérs&,dgmmconverting section at an internedi ate
freghéﬁ@g %! provided to a first port and an i nput
froma second _port is provided to a secon ) .
downcony dREH { TBRIF BAE 1A ARANE D FPRPRIHHT i hpepued signal
intermedi ate frequency. 5. An RF ASIC according to
d aiterrespedtiyebtnspvide hpind Qidigjtal butpupsigrals themeodepyngmans
bet ween the receiver section and the CODEC. 6. An RF
AS| Ghduoding dicodecttavidganmnblogfie digitel convaberi anid mgtecimation filter
| owpass filtering means between the CODEC and the
t r angdhsddab réRfld stdhals ffom Mk dRalopSh Qi AL diilieRter foPplacadsifig
1, further conprising: |lowpass filtering neans
bet gggﬁ apgi the transmtter section. 8. An RF
Asl Caccor ng’to Claim1, further conprising: a
synt hesi z for ovidi.ng signals at sel ected
fre&BEW@W@%rF%¥m§g8“$%£%§Jd downconver si on and
upconversion. 9. An RF ASIC agqording_to dain,, .
wher ei n 805 £¥ PreseptingbandQ digital mpat signalyiopspydde mput
anplifier.

quadrature modulation components the processing means including a codec

having an interpolator and a digital to analog converter arranged to receive
signals from the interpolator for processing signals to be transmitted; and
means for upconverting and combining the input quadrature

modulation components to provide an RF communication transmit signal.

11.  AnRF ASIC according to Claim 10, further comprising:
a single port for combining the I and Q digital output signals for output as a
serial digital signal stream, and for separating the I and Q digital input signals from an

input serial digital signal stream.

10 °



9 0 10. An RF ASIC for a subscriber conmunicator for
use in satellite comunications, conprising:. a
recei ver channel including: nmeans for downconverting
and denodul ating a received RF satellite

co ni caf i sjgnal to prayide cej ved quadrature
' coggig"nent‘é“ gilq A@iﬁ@ﬁgﬁg}gptgﬁﬁalﬁk%‘@?uﬁgﬁr CB]PEE‘@%i ng the
quadr ature conponents of the received signal to .
" oo ettt e Rgmbhen e | AndRLEIOEIPLBH EoRE [0V A seral
the processing neans including a codec having an
digirdsipgaltstrealngi t al converter and a decimation filter
arranged to receive signals fromthe analog to digital
converter for processing received signals; and a
transm tter channel, including: nmeans for processing |
and di gi ' j : j j o
quadiat ursh B AIE Rl ERACTI, B, RS oBRBE eans
i ncl udi a _codec . havi an _jnterpolatpr _and a .
o A B Senic i el o PRl B Rt soril
.signals fromthe interpol ator for processing signals
digigel pignglsiigaii t t ed; and neans for upconverting and
conmbi ning the input quadrature nodul ati on conponents
to prlovi den BF A3CasarndinigdaiGlaim 1, avierin theirgeriyer chamel
An RF ASI C according to Caim 10, further conpri sing:
inéluddsiigpehgterodyhomeaator ddvgcohhetihg tede€ividyigml. out put
signals for output as a serial digital signal stream
and for separating the | and Qdigital input signals
froman input serial digital signal stream 10 o 12.
An Rl ASl &y ﬁﬁ%’ﬂ@! ar&goxidﬁqg% @15?311%, thléfJiﬁ‘%hﬁﬂﬁQf Ising:
Ining t an

a port for co I'gltal output

i ls for ' . . . .
sugerﬁ&gro%iyng megn%f u%ut%ﬁt 06}' asi"lsrg‘,tI (ﬁ)lwnconvertmg section at an intermediate
frequency is provided to a first port and an input from a second port is provided to a

second downconverting section for downconversion from the intermediate frequency.

16.  An RF ASIC according to Claim 10, wherein the receiver channel
includes:
low-pass filtering means between the downconverting and demodulating

means and the processing means.

17. AnRF ASIC according to Claim 16, wherein the transmitter channel
includes:
low-pass filtering means between the processing means and the upconverting

and combining means.

BT o



digital signal stream 13. An RF ASIC according to

Claim 10, further conprising: a port for separating

the I and Qdigital input signals froman input serial

digital signal stream 14. An RF ASIC according to

a ai.m 10, rein the receiyer channel .includes

supdPhet ARE ASThabearg s i BhoBreim i MashERs shpone
~signal. 15. An RF ASIC according to Claim 14, wherein
inakpdeli n t he super het erodyne means, an output of a

first downconverting section at an internediate

f r edareipass filseripgondads tetveem thiei predespog meamchnadrthe wpnonverting

froma second port is provided to a second

andl A &dngg section for downconversion fromthe
internmedi ate frequency. 16. An RF ASIC according to
Claim 10, wherein the receiver channel i ncludes:

| ow- pass filtering nmeans between the downconverti ng

S0 SO RSN PR SR> 17

transmtf{er channel . includes: |ow pass filterin
neaﬁseaa%%mégﬁﬂ?%%w&@g% ¥ CWQ%HW%*%%HSG in said
upconverting and conbining nmeans. 11 0 18. An RF ASIC

dowoeanveising and uvgrerversi®. wherein the transnitter channel
i ncludes: |low pass filtering neans between the

processi ng neans and the upconverting and conbining
means. 19. An RF ASIC according to Caim10, further

conppi si AG RF A0 acdRUing YO CRESI 10] WHer2irOMa kéeedler section
sel ected frequencies for use in said downconversion

inciRfdsupconver si on.
means for low-noise amplifying of the received signal prior to said

downconversion.

21. An RF ASIC comprising:

a receiver constructed and arranged to receive an input signal;

a receiver codec for decoding quadrature signals from the receiver;

a transmitter codec for coding quadrature signals to be tranmitted;

a transmitter constructed and arranged to receive signals from the transmitter
codec and transmit them;A ,

an I’S port constructed and arranged to receive signals from the receiver codec
and provide signals to the transmitter codec;

a synthesizer constructed and arranged to synthesize integration signals

required to integrate the ASIC with a digital signal processor; and

12



20. An RF ASIC according to Caim 10, wherein the
receiver section includes: neans for | ow noise
anplifying of the received signal prior to said
downconver si on. 21. An RF ASI C conprising: a receiver
constr ed andk ed tqQ recei ve an . nput s' nal ; a
ity 6 R By i
t he recelver a transmtter codec for coding
sygihssiratheriptesiatipmpignaly be trannitted: a transmitter
constructed and arranged to receive signals fromthe
transmtter codec and transmt then an |2S port
constructed and arranged to receive signals fromthe

receiyer LOREASIEMEcHdM Welfindauihérdnélbéings ansmi tter
codec; a synthesizer constructed and arranged to

t 2 .
Sy GRSl Sk ’98@ £ B I SeeclVing ) GAtpi rie

SPlL Port coupl.ed to the 1o r

digiigd @Fﬁ‘t%ﬁréﬁli“z"éfe%eb"edgw thep?‘{ﬁ gﬁ a‘“ng‘“ serial
nals. 22. An RF AS| C accordln to cIa|n121 further

dlglﬁag sigipcan A signslg o ?Eﬁ%ﬁlmﬁ?‘b@g'é%ls RO8lupl ed to the

| 2S port for receiving an output serial digital

signal stream of received signals fromthe 12S port

and providing an input serial digital signal stream

of signals to be transmtted to the 12S port. 13 0
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