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Wthh “acquires” (i.e., detects) ‘from the dlgltlzed samples the signals of one or more GPS
satellites ("acquired satellites”). The signals of the acquired satellites are then used to
compute the distance (“range”) between the receiver and each acquired satellite. The ranges

of the acquired satellites may then be used to determine the position of the receiver.

Until recently, the base band processor is often a special purpose integrated circuit
specifically designed to be used for the required high speed digital signal processing in GPS
applications (e.g., a correlation engine), and may include both hardware and software
components. The signal of each GPS satellite is characterized by a unique code vector
modulating a carrier signal. In one implementation, the code vector is a 1023-bit
pseudorandom noise or code which is repeated every millisecond (i.e., at a “chipping” rate of
1.023 MHz). Conventionally, a common frequency f, = 1.023 MHz, which is a common
divisor of the two GPS frequencies 1575.42 MHz and 1227.6 MHz, is used as a design
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- In one embodiment, the predetermined sampling rate is substantially 6f;.

In one embodiment, a calibration circuit is provided to set the pass band of the
intermediate frequency filter.
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Figure 3 shows the pass band 301 of IF filter 204, which is substantially attenuate a
frequencies in the vicinity of 3.5 MHz, according to one embodiment of the present
invention.

Figure 4 shows one implementation of SPI contro] circuit 400 which interfaces RF IC
104 to SPI 113.

To facilitate cross-referencing between figures, like elements in the figures are
provided like reference numerals.

Detailed Description of the Preferred Embodiments

The present invention provides a mobile device that uses a general purpose
microprocessor or a digital signal processor to execute a global positioning system (GPS)
application, with digitized GPS signals provided from a radio frequency signal processing
circuit to the general purpose microprocessor or the digital signal processor over a
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RF IC 104 has three operational states: OFF, STANDBY and ON. In the ON state,
RF IC 104 is partial bus master of SPI bus 113, providing data and clock signal MCLK to
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Another suitable industry standard communication bus that can be used for the present
invention is the Multi-Channel Buffered Serial Port (“McBSP”) available in the OMAP
digital signal processors available from Texas Instruments, Inc. As the signaling conventions
under in McBSP are similar to those described above for the SPI bus, the details of an
embodiment implemented using the McBSP are omitted.

Figure 2 is a block diagram of RF IC 104, in accordance with one embodiment of the
present invention. As shown in Figure 2, RF amplifier 201 amplifies input GPS signals (e.g.,
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Ilflcatlongalno hi eve

bo
calibrag £gisTicRNIRESH Sreutai]ical aiop g e 16 PRFRAO) §Od sehip flter
cahbraﬁﬂﬁ dsaiﬂﬂdm dtd, softhdtha subkthetial 2Rénuation® dthiivee et @(pr@&ﬁlately 3.5

MHz,I ﬁli \ﬁaraaﬁtdtﬁ of app?oﬁ%a!ce?y ) tMl%1 a3 %Hown 1nnP1>éure 3. Alternatively,
with a 1 MHz filter bandwidth, substantial attenuation may be achieved at 4.0 MHz.

The sign and magnitude of the samples are transmitted to base band processor 105 via
SPI logic block 209. In this embodiment, the operating voltages of RF IC 104 are between
1.8 volts and 3.0 volts. SPI output driver and level shifter 208 and SPI input level shifter 210



particular, test points -which may be accessed at a
final testing step in the manufacturing process ~ are
wEe@vioshksso at t he i nput and out put term nal s of PCTFUS2006/018007
filter 204, and at the output term nal of AGC 206. The
upper 3db bandwi dth is achi eved by setting calibration
are profide 4w IOt Ser e WA Lo B P e AT A3 S bus
113. 207 to quantize into a magnitude portion and a sign
bit. As discussed above, the nagnitude portion may be

ﬁﬂid Zﬁﬂ)t\ﬁs%n@ 5.\ Igg%ta@roﬁlto‘f kS;PB@orﬁﬁﬁ ciredt Mo whick mterfaces RF IC
i s se tro
104 to P13 R sheg ghglgu £ 1556 cBtuitp REBME iR gsle a0,

which inteyAdelloadedie phenile PBém app o6 xivitile k@g1s4ﬁ%)ﬁfegud1m Hainkg 04 over bus

409. ‘{"r‘gk/ ﬁfﬂg rﬁ\.ggﬁlg ?@%&8’5 'o? g?geét%}eoggnk lgfgé '56 Hg Eq);ﬁgé ﬁ%ﬂlt ﬁﬂﬁlt shift
register H&h oSe0kus 4!’:)8 Cavnter dedoidersd i3g whidhsie 1nqr¢m@rﬁe¢,by Slgna SCLK,
genera%ﬁtlﬁg b&@@% totsgl@ct%@ %‘f"’tlfgrﬁﬁlt Ie ﬂeg Is{eH 61‘5‘1{3 g@ﬂbﬂﬁéﬂd}le Durmg

cali brate [ter calib I‘CUIt 1 cal &5)%
operatigie syl datppas ﬁmatl errpuiz@lgnﬂé? t%mum%HBS fi§ f’rb(l 3 info 32°bit register
401. &ﬁﬂhb BaBE e, el Hétahpzz-zit%hlfﬁ@gistwuoa1ssshbt$éda¢1ttlaatennma1 406 as

t enu n js.qachieved a r ox
seral 5 PR Do Aoy B G gt GRTHERE PP e ol aa i prqyided
and lafehediingo Bresshige decvaler toedoptrolht loperatiddiaf SP1 doatrobeinghif 400h,
substantial attenuation may be achieved at 4.0 MHz.

{ B! S AAIPAP 1E #ihudly o' AR 2 SPEEIIP ARG idfhe inpur
"eﬂmntahp%IFeﬁﬁEﬁS&Oﬁ@n@ outpttenpmrhef AGOAHG ages of RF | C 104

are between 1.8 volts and 3.0 volts. SPI output driver
aTFHe bR detilied H@gcrlﬁﬂgn Moﬁﬂéd topluitrdteite! spSthﬁé Eﬁllbodlments of

10are provided t RF.1C.104 to interf.
the prishRl oarsRng rehot e degdo Be e NuBetals SRS ARg |, o
modifiatitrewiticinehé sopbeottht présent inventioh acopdssible. cThrecpregentd@ention is
' ' . FIC 104 to SPI 113. As shown in
setﬂnﬁ?%ﬁﬂghﬂ?ﬁﬁéésgﬁ%{iCUIt 400 includes 32-bit shift
regi ster 401, which nay be |loaded in parallel from one
of multiple registers of register bank 404 over bus
409. Any of the multiple registers of register bank
404 can also be loaded from 32-bit shift register 401
over bus 408. Counter decoder 403, which is
i ncremented by signal SCLK, generates the address to
select one of the multiple registers of register bank
404. During operation, serial data as serial input
signal DI at termnal 405 is shifted into 32-bit
regi ster 401. At the sane time, serial data in 32-bit
shift register 401 is shifted out at term nal 406 as
serial data signal DO An 128-bit command from base
band processor 104 can be provided and | atched into
nmessage decoder to control the operation of SPI
control circuit 400. In this enbodinment, RF IC
includes a termnal TP for selectively accessing the
input termnal of IF filter 204 and output term nal of
AGC 206.
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The above detail ed description is provided to
illustrate the specific enbodi nents of the present
WO pooesizen and is not intended to be |imting. PAUIE2006/618007
variations and nodifications within the scope of the
present invention are possible. The present invention
CLAIMS set forth in the follow ng clains. CLAIMS W cl ai m
1. Aradio frequency integrated circuit for a gl oba
pﬁfitioning system (GPS) application, conprising: an
i MeP# e for receiving radio frequency GPS signals
froman external source; a m xer which down-converts
t he GP8 miiprsdgency iategratetbtinmiti foed globhlepoyittindtgesystem (GPS)
s that is less than 16f0; an internediate
aﬂﬂ“%é@gggﬁ'ys@glter whi ch receives and filters the
internmedi ate frequency GPS signals; an automatic gain
cont r ofD Eteréasedorysreming apip fieguenchi SRS sigealefrom an external
| fhuesgredi ate frequency GPS signals; an
anal og-to-digital converter which digitizes the

anplified, filtered inter i fregyenc S sighals .
o e o BUKTOPNER AR LIRS QPS seah D pieretmpi g R mediate
afrpqeedey dratrisiest thamb&fy; of bits; and an interface which
provi des the sanples to a base band processor over an

i ndust gy in?jérﬁ{éqﬁ&éjfré ehd) ﬁ%iswm&l ré%fe{x%? iﬁﬁd &9 SYermediate
integrated circuit as in Qalmd, further conprising a
cHpqusmgY 8P dgmadii t for setting the pass band of the

internediate frequency filter. 3. A radio frequency

I Nt egr af ettosiali€ ghih BAtroItichRiwhidh adpIEfiRithe FilGreMintBimediate
Cﬁqirlsegﬁ@p.l e reject mxer. 4.7 Aradio frequency

i APBEPSY ¥t as in aim1, wherein a product of

the predeterm ned sanpling rate and the predeterm ned
nunber awminddog-to-digithlemaveramwhich digitedes the ankpdifotd; fltered e

(@) - . . . .

¢ PRl oKe B Al 3P b pEde i jyed safbplifge g provie
t $Enple Hedstparinehrenbe @ Bits adequency i s
substantially 1.5f0. 6. A radio frequency integrated

Ci r cui in Aferfdte GiaEHHOVIdeNBieQhmpldd € BbeABBH Prét@Ssor over an

industry-standard serial bus.

2. A radio frequency integrated circuit as in Claim 1, further comprising a
calibration circuit for setting the pass band of the intermediate frequency filter.

3. A radio frequency integrated circuit as in Claim 1, wherein the mixer
comprises an image reject mixer.

4. A radio frequency integrated circuit as in Claim 1, wherein a product of the
predetermined sampling rate and the predetermined number of bits is less than or equal to the
data rate of the industry-standard serial bus.

5. A radio frequency integrated circuit as in Claim 1, wherein the predetermined
intermediate frequency is substantially 1.5f,.

6. A radio frequency integrated circuit as in Claim 5, wherein the predetermined
sampling rate is substantially 6f.



sanpling rate is substantially 6f0.7. A radio
frequency integrated circuit as in Caimb5, wherein

wo b@7psseet er mi ned frequency filter rolls off PET/UE®6/018007
vicinity of 2.5 MHz. 8. A radio frequency integrated
circuit as in Claim®6, wherein the power spectra of
t7he i &t exdicefieqicacy inecpuatod yiréuit dseih Glaieh § heherein the predetermined

frequengcglﬁlfggrolﬁ o ﬁtﬁ@blcﬂ élro%ﬁhsa substantial |y attenuated

requenci és grea equal to 3.5 MHz. 9. A
radio frequency integrated circuit as in Caiml,

Wher eisraditefreqreney injearaiad airehibasr in&llainu6, wherpinitbepower spectra

- Mlly att ted
or e AN Ay L8 kel Ao o amng s

at ﬁeqﬂ%ﬁ@%ﬁ%@(%ﬁ&%@ﬁ? > MBZ- conpri ses Ml ti - channel
Buffered Serial Port. 11. A radio frequency integrated
©. I CUIA radifo ‘fqu\ﬁnajl intdgrateld efreiinad ineClaiadi owhereipuhe mdustry-

at ed ci.rcuj state, a STANDBY

I
standargtsg?% AR GORRTIEER S%’flglflngmfzp erlRﬁerglc??\% frequency
integrated circuit as in Caim1l, wherein the baseband
fi0oc e s tadi Gagrency integrated eiralit pingdeion ki wherpingbe ysigptry-

standar% erid} BiRdbA: EE&,CMER CohahRiig A &As&idi Puitt as in Caim

erein base and processor conprlses an
i ndustry st ndard di nal ce

ital SO
rlddi o 4 FadéR, ﬁeyenpmrgggra&eé&ﬂe PesinClae 1y E?fambiradw
frequendyanRpfatddgrongdomplis &HNEDN tat ) taeIT ANDB Y stateaint! ah OFF state.
conflgurable over the industry-standard serial bus.

i nt eg td(gé) gcé&encir r}#tgérgf%ﬁl P‘g%l J Adh8; n.fl ﬁe\gﬂ%ﬁl)/’[h? b?rs]eband

p05| i ohi'ng sys
proces{oBRSNPEpgS|a graeiad pumosmmacrg@neeswr- pur pose
m croprocessor, conprising: receiving radi o frequency

@3S sigpais ﬂéﬁﬁbﬁﬁhtégiﬁféﬂféﬁrhuﬁ Qéii’nct?lmn@' QWRh&RRMERE bhdeBand
the GPS signals to rm ned |nterrred|ate

a
proces§qr §qUeHEs PRSIy sraeégrdtcﬂeﬁa BB PPFISSr i ng t he

i ntermedi ate frequency GPS signals; providing an
it OIMeA irali@ &equenoy finitograted roromit asnini Clhina pWwhéreasthe hadio

filt re nterrredl re .

reque BE et S R e TR o RS o
frequency GPS si gnal s at a predeterm ned sanpling rate
t18. pr o mﬁn@bﬁqp inderfasingaa radindfequent ningegnatad eircwt fopjatedobal

posﬁloﬂﬁ% Pgtgfﬁ' r > Sf)}‘)’l?%ﬁ@ﬁ@lﬁsa éeﬁeﬁl Bﬁ?@%ﬁbr@ﬁ@&%§&obrﬁﬁﬁﬁng

andar dser | bus nethod as in
Claim15, furt r brati band
of It héecelvmg racﬂo frequer}l.%ylePSn Sana?s hom anI er)]( ma ass an

down-converting the GPS signals to a predetermined intermediate frequency
that is less than 16£;

filtering the intermediate frequency GPS signals;

providing an automatic gain control circuit which amplifies the filtered
intermediate frequency GPS signals;

digitizing the amplified, filtered intermediate frequency GPS signals at a
predetermined sampling rate to provide samples of a predetermined number of bits;
and

providing the samples to a baseband processor over the industry-standard



internedi ate frequency filter. 17. A nmethod as in
Claim 15, wherein the m xer conprises an inmage reject
wOor0021081388. A nethod as in O aim 15, wherein aP@T/U82008/018007
of the predeterm ned sanpling rate and the
predet erm ned nunber of bits is |less than or equal to
t heriadddus rate of the industrystandard serial bus. 19.
A nethod as in Claim15, wherein the predet;errriggd R
i Rker mpdj f [ bstanti.ally..1.5 .
e hod sacinad ey SERRES, Rudih SO inpapiathe s band of the
intermpglighe fragpeney 8ltes substantially 6f0. 2 1. A nethod as
in Caim19, wherein the predeterm ned frequency
fiithter oLy b &t ; . -
ot hod meiiod & 1 CRIR1S, UGl ¥ pterompt arrag gt mirer
and t he

t internmediate frequency filter h i ]
aﬁ& 'og-At Bedpgas M 64;3#3 5 Whereings prodactaf 419 Rredateranned sanpling
rate amd the peefisenmired ngirdet of bitsia feso tha@ @y @budl @ thedabate A3he Mdustry-

in Caim1l5, wherein the industry-standard
Standés;g%%}gz}qbgﬁs conpri ses a synchronous peripheral bus. 24.

A nethod as in Claiml15, wherein the industry-standard

séPi al Avusthedepin Slaém V) whereiahepiedBiefihimed intSemddidte frequency
is subft@ftially2Ssf, A method as in Caim1l5 wherein the radio

frequéncy integrated circuit conprises anhd(;l state, a

STANDBY state and an OFF state. 26. A nethod as in

ol im £ efﬁﬁ@ P%%Cfaﬂ% 1Ba%hyaidhe prodatsanined sapplingtatess
substagtialy 6d,. pur pose nicroprocessor. 27. A nethod as in

Cl aim 15, wherein the baseband processor conprises an

' igi ' | w 28. A

o8t ARG b AL BPESRERE g g oo
in the yieénifyaefi25 MiEguency integrated circuit over the

i ndustry-standard serial bus.

22. A method as in Claim 19, wherein the power spectra of the intermediate
frequency filter and the analog-to-digital filter are substantially attenuated at frequencies
greater than or equal to 3.5 MHz.

23. A method as in Claim 15, wherein the industry-standard serial bus comprises a
synchronous peripheral bus.

24. A method as in Claim 15, wherein the industry-standard serial bus comprises
Multi-channel Buffered Serial Port.

25. A method as in Claim 15, wherein the radio frequency integrated circuit
comprises an ON state, a STANDBY state and an OFF state.

26. A method as in Claim 15, wherein the baseband processor comprises a general
purpose microprocessor.

27. A method as in Claim 15, wherein the baseband processor comprises an
industry standard digital signal processor.

28. A method as in Claim 1, further comprising configuring the radio frequency
integrated circuit over the industry-standard serial bus.
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