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UNIVERSAL DIGITAL INTERFACE Erik Anderson Daniel Babitch Majid
Hashemi Background of the Invention 1. Field of the Invention The
PRELHETIPRASRIEION relates to an interface between a radio freqerenaystiR&dison7
signal processing integrated circuit and a base band processor. In
particular, the present invention relates to an interface between an RF
signal processing integrated circuit for a global positioning system (GPS)
application and a base band processor that is implemented by a general

purpose digitaFSGAET FRoRe¥SEHOP N IyEmF ALPDIGEEA InisipkE¢eSEor of a

mobile device. 2. Discussion of the Related Art A GPS receiver typically
includes an RF "front end" integi@ti&dAaideeitRFIC) and a digital signal
processing integrated circuit ("basgfsardymgcessor”). This base band
processor is often implgmentemjﬁﬁmg tion specific integrated circuit
(ASIC) or programmed into one of more field programmable gate arrays
Batk of 18 RbelGdgceives signals from the GPS satellites through an
antenna, down-converts the GPS signals to an intermediate frequency,

filters; ted signals and digitizes the filtered signal at a
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esigned to be used for the required high speed digital signal processing
a correlation engine), and may include both

2. Ir?a? V\}%fr]gs%%%c Atﬁa%%‘%%ﬁ%onents. The signal of each GPS satellite is
characterized by a unique code vector rpodulating_ a carrier signal. In one
Il Ao HERB ReiSeken RBS A PR BRRNLATABIETIC) mnd
digalaandliproreseipg intsgretrdrgimillitomrd 4hé pratadatiippihiy baiehand Processor
is often implemented in an application specific infegrated circuit (ASIC) or programmed into
one or more field programmable gate arrays (FPGAs). The RF IC receives signals from the
GPS satellites through an antenna, down-converts the GPS signals to an intermediate
frequency, filters the down-converted signals and digitizes the filtered signal at a prescribed
sampling data rate. The RFIC then provides the digitized samples to the base band processor,
which “acquires” (i.e., detects) from the digitized 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 satelljte 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, 2 common frequency £, = 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



1.023 MHz). Conventionally, a common frequency fo = 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 | parameter for GPS applications. In the

prior art, an intermediate frequency of 4f0 is typically used, which requires

a sampling rate of 16f0 to avoid artifacts due to aliasing. Thus, in the prior
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frequency that is less than 16f0; an intermediate frequency filter which
Surraeaives and filters the intermediate frequency GPS signals to produce

filtered intermediate frequency GPS signals; an automatic gain control
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GPS signals to produce filtered intermediate frequency GPS signals; an automatic gain
control circuit which amplifies the filtered intermediate frequency GPS signals to provide
amplified, filtered intermediate frequency GPS signals; an analog-to-digital converter
which digitizes the amplified, filtered intermediate frequency GPS signals at a
predetermined sampling rate to provide samples of a predetermined number of bits; and
an interface which provides the samples to a base band processor over a serial bus
selected from the group consisting of a Serial Peripheral Interface (SPI) bus and a Multi-
Channel Buffered Serial port (McBSP) bus, wherein the base band processor is a general-

purpose microprocessor.



selected from the group consisting of a Serial Peripheral Interface (SPI)

bus and a Multi- Channel Buffered Serial port (McBSP) bus, wherein the

base band processor is a general- purpose microprocessor. 2 In a second

aspect of the invention, there is provided a method for interfacing a radio

frequency integrated circuit for a global positioning system (GPS)
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intermediate frequency GPS signals is then digitized by an analog-to-digital converter at
a predetermined sampling rate more than twice the intermediate frequency to provide
samples of a predetermined number of bits, which are then provided for base band
processing by a general purpose microprocessor over an industry-standard serial bus

(e.g., a synchronous peripheral bus).
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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(e.g., a synchronous peripheral bus). In one embodiment, the

predetermined sampling rate is substantially 6fo. In one embodiment, a

calibration circuit is provided to set the pass band of the intermediate

frequency filter. 2a In one embodiment, the product of the predetermined

sampling rate and the predetermined number of bits is less than or equal
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to SPI 113 To facilitate cross-referencing between figures, like elements
: i afrhedpapvipgslike reference numerals.

Figure | is a system block diagram of a hardware structure 100 in a mobile device
for supporting a GPS application, according to one embodiment of the present invention.

Figure 2 is a block diagram of RF IC 104, in accordance with one embodiment of
the present invention,

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 control 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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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)

applicetion3swith digitized GPS signals provided from a radio #rejuse/ 018067

signal processing circuit to the general purpose microprocessor or the

digital signal processor over a 3 WO 2007/081380 PCTIUS2006/018007
conyshterriclatn tiesanterface. Figure 1 is a system block diagram of a

hardware structure 100 in a mobile device for supporting a GPS
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may be implemented, for example, by one of the Xscale microprocessors,
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mtéﬁg&%atheaq 1|sna5£gf’c’1fﬁel obny tﬁgfﬁggﬂg %r%g@s%rlalls 16}1311&1%{19 afHard synchronous
peripheral interface (SPI), which is indicated in Figure 1 by reference numeral 113. SPIhasa
framing signal {(FRM), a clock signal (SCLK) from base band processor 105, a serial data
input signal (DI) into RF IC 104 and a serial data output signal (DO) to base band processor
105. For bidirectional operation, a second clock signal (MCLK) may be provided from RF
IC 104. In this embodiment, when data is transferred from RF IC 104 to base band processor
105, signal MCLXK is provided from RF IC 104 to base band processor 105. Base band
processor 105 then derives its output clock signal SCLK from signal MCLK. In this
embodiment, base band processor 105 may be programmed to divide the frequency of the
MCLK signal by 2 and use the resulting signal as the SCLK signal. In addition,
asynchronous reset (RST_N) and “chip-select” (CS) signals are provided from general input-
output terminals 111 and 112 of base band processor 105.

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 MCLX to



framing signal (FRM), a clock signal (SCLK) from base band processor
105, a serial data input signal (DI) into RF IC 104 and a serial data output
signal (DO) to base band processor 105. For bidirectional operation, a
SELEAERdER signal (MCLK) may be provided from RF IC 102G TAI#2{96/018007
embodiment, when data is transferred from RF IC 104 to base band
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processor, rather than the conventional intermediate frequency of 4f,, the intermediate
frequency (IF) is selected to be 1.5f;, in this embodiment. The 1.5f, intermediate frequency
still allows the approximately 2 MHz bandwidth GPS signals. A sampling rate of 6f, can

then be selected to avoid aliasing artifacts. Under this arrangement, using a 1-bit or a 2-bit
quantization with the sign bit, the resulting sampled signal data can be provided on SPI bus
113 at a data rate of 6 or 12 MHz, respectively.

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.,



113. Such an arrangement results in a lower number of connections
required between RFIC 104 and baseband processor 105. It is observed
that the bandwidth of the base band GPS signal is approximately 2 MHz.
Taohecabas®m use SPI bus 113, and thus avoid the cost of a edstoRIRSH18007
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corfvereict{tigs quantize into a magnitude portion and a sign bit. As discussed above, the
magnitude portion may be quantized to 1-bit or 2-bit, as desired. In this embodiment, AGC
206 is set by AGC controi loop 205 to an operating range which yields a high magpitude bit

in A/D converter 206 approximately 40% of the time. (In one implementation, the high
magnitude percentage may be made programmable from less than 25% to higher than 50%)._

To reduce aliasing noise, in this embodiment, the bandwidths of IF filter 204 may be
calibrated. Filter calibration circuit 211 calibrates and sets IF filter 204 using on-chip filter
calibration oscillator 212, so that a substantial attenuation is achieved at approximately 3.5
MHz, with a filter bandwidth of approximately 2 MHz, as shown in Figure 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 processdr 105 via
SPI Jogic 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



The intermediate frequency is then filtered by IF filter 204 with the general
shape shown in Figure 3. The parameters of IF filter 204 include a center
freque at 1.5fo, an approximately 2 MHz bandwidth, an upper 3dB
B‘é?la\/vf’é‘fﬁ%ﬁ‘? 5MHz, and attenuation at 3.5 MHz for anti al®&SkgS2006/018¢07
purposes The filtered signal is then provided to an automatic galn-
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are gr%veve progzépr fI\%rl g%‘}%e ??gﬂ%%%‘&hﬁlf °PEYEHEATE tﬁ%{ff’tﬁé% %P R bus
handwidth of IF filter 204 is maintained across process variations, a
calibration scheme may be implemented. In particular, test points -- which -
may 8BS e SErae FTanesstiienstt BRhcinéroh sitcict0find g delsrfeces RF IC
104ereShiolAde dhaisliheririp itignd Guitpt taieningls ofclirdiliap 20dstandeatkbe4o1,
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calibrated. Filter calibration circuit 211 calibrates and sets IF filter 204
usify it enipofient Rb Istimelodes| mtordu Boftnatlactivioltantiedsing the input
terngitteinafalfofiie achmibshaiuapprexaately;8.2081Hz, with a filter bandwidth
of approximately 2 MHz, as shown in Figure 3. Alternatively, with a 1 MHz

filteThasshvidibtasubatantiptiaienpaiaiqmay s ey gk skt SMMbAmERE of
the ﬁfg&mﬁx}&ﬁﬂﬁ'%ﬁ%‘}l %ﬁéﬁbﬁéﬁ' 55% ﬁ&qgragﬁsng% }8&%&%&;@@@ and

modocessor 1&5 \@ SPI ég odiment, the operating .
o‘ﬁ%%%s SPRE 10e S0op e TRSRSsstt 125DUR Hr@suRlbidbe pIeStRpiRvention is
set forthein Aheifdlpwisairlein®os and SPI input level shifter 210 6 WO
2007/081380 PCTIUS2006/018007 are provided to allow RF IC 104 to
interface with the conventional voltage levels of SPI bus 113. Figure 4
shows one implementation of SPI control circuit 400 which interfaces RF
IC 104 to SPI 113. As shown in Figure 4, logic circuit 400 includes 32-bit
shift register 401, which may 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
incremented by signal SCLK, generates the address to select one of the
multiple registers of register bank 404. During operation, serial data as
cLAISRal input signal DI at terminal 405 is shifted into 32-bit register 401. At
—_the same time, serial data in 32-bit shift register 401 is shifted out at
-terminal 406 as serial data signal DO. An 128-bit command from base
1. bANdASARRRSAE I RdeAN-RIRQAYiINRd Anchiaicheshinto messageTeppiSltion,
ta control the operation of SPI control circuit 400. In this embodiment, RF
compiincludes a terminal TP for selectively accessing the input terminal of IF
fille inkE4aan ehordgititgrmibaliehAéat, 206, fiheRdave detataddesardpiion
S r&‘QPeﬂi}:g% Hsyare \FQ&% §8B$\I§{“n%?sd£5“£“Jéd"&é%%?&e&%?t ';}Yﬁn?r%”uemy
and 15 not Intended o be fimi ing. Numerous variations and  modifica i011e
that is lgsthihath&6écope of the present invention are possible. The present
'%‘%H{é?&éﬁxa%g S“rf%fe‘r{&lztﬁﬁemﬂi’é’f-ﬂ%bc“é%@ %hg Tﬁ!‘eﬁl M§ m]cet'ﬁ&éﬁﬂg‘é frequency
frequency integrated circuit for a global positioning system (GPS
GPS Siﬂpgﬁéaﬁtﬁ?ﬁm%ﬁiﬁ?{ﬁ%’i@?@ﬁ%i@ﬁé@é@%@&%iﬁ@%ﬁio frequency GPS

SignAIS o g&l@é@ﬁ%@hﬁ@tﬂﬁ%ﬁﬁ%ﬂ%ﬁﬁﬁ@%i% o ConVRItaitheda ®ncy GPS
signals to a predetermined-intermediate freque%cﬁé that is less than 16fo;

signals4q pResy AR s eoilsned iemAmfits Peaurist Ghd fik8PSihe intermediate
frecueney- 1R S sigoalsterpraiuca dilieredintiemnnadiam dreduenanddiRe

; sigqﬁ!%f an automatic gain control ci[cuit which amplifies the filtered

requenc d %

Mtermadiste frabh RIS SPESHIASTS BV ASIHER fighagrodetermined

numbeintémgdiade frequency GPS signals; an analog-to-digital converter which

dé%igl&%f?f}@eevaélb%'ﬁ%ﬁiﬂé‘&‘%ﬁ%%Q&%ﬁ%@%dai%%esefﬁﬁ%'gﬁ%s%?§v%i19Q%L%i #hs
predetermined sampling rate to provide samples a predetermlne
selected (frpetho Bt emdiaiiheé facaalRicipralitveriavs Sthiies 2odes Baslei-Channel

Buffer&?gaﬁ[%ﬁmﬁﬁgﬁf %§,%@Hﬁh%%§§§%%ﬁ%é&%<ﬂ@ lé%&%§f%§lﬁ§o@£ a
Serial Peripheral Interface (SPI) bus and a Multi-Channel Buffered Serial

MICTONRGRSEcBSP) bus, wherein the base band processor is a general-purpose
microprocessor.

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 circuif as in Claim 1, wherein the mixer comprises an image

reject mixer.

4, A radio frequency integrated circuit as in Claim I, wherein a product of the
predetermined sampling rate and the predetermined number of bits is less than or equal to a data

rate of the 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,.



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
7. ChHlAD AT BRI RGN R e GRS IR AR R ency
rate and the predetermined number of bits is'less than or equal to a ata
filter rpfiteoBf e sl buaf 55 Adgio frequency integrated circuit as in Claim 1,
wherein the predetermined intermediate frequency is substantially 1.5f0.
6. A radio frequency integrated circuit as in Claim 5, wherein the
8. petidierinmed SaltisRRICTAtEt SapRakimIR, Blsraly 2RonalsprsachEE
mtermitegr ategaitpuiias And@iain e yvdetindhe interm edialebbieasienCytidiltated at
rolls off in the vicinity of 2 . 8. A radio frequency integrated circuit as
f]""‘:qumllr? laglrr%atgfqv}\(}e %roéire]q){]aa%(t)(\)/vés\{ls\?e%tra of the intermediate frequency filter
and the analog-to-digital converter are substantially attenuated at
' fr ' t r 5 MHz. 9. A radio fr ne .
A L NS ST A S S
SPI'bupys. 10. A radio frequency integrated circuit as in Claim 1, wherein the
industry-standard serial bus comprises the Multi-channel Buffered Serial
Port bus. 11. A radio frequency integrated circuit as in Claim 1, wherein
10 tHerRdindTRetieh &SRB RtEMERE I aiphswhesinahg Bdpstrystandard serial
bus coRpANDBY\statechnchaBORTcatateial BoAtiadio frequency integrated circuit
as in Claim 1, wherein the radio frequency integrated circuit is
configurable over the serial bus. 13. A method for interfacing a radio
11, freéqudndicntegratedgreditiona glabalpositiovingisystemi¢@leG)ency integrated
o lication wi enesal pﬁﬁﬁq; ICropro Qr,.comprising: receiving
Clreu}t?gﬁgﬁégﬁgﬁcﬁg %ageSag‘lgg%ﬁAéls rorr? tgrpne g&?gar%a s’oat?éee'; down-converting
the GPS signals to a predetermined intermediate frequency that is less
12.  thaplgid deprodyes dotermediaie frevency CRRIINAS: MEHRGIIRY integrated
. intermediate frequency GPS signals to produce filtered intermediate
circuit is configurable over the Serial bus.

13. A method for interfacing a radio frequency integrated circuit for a global positioning
system (GPS) application with a general purpose microprocessor, comprising:

receiving radio frequency GPS signals from an external source;

down-converting the GPS signals to a predetermined intermediate frequency that is less
thanl6f, to produce intermediate frequency GPS signals;

filtering the intermediate frequency GPS signals to produce filtered intermediate
frequency GPS signals;

providing an automatic gain control circuit which amplifies the filtered intermediate
frequency GPS signals to produce amplified, filtered intermediate 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 general purpose processor over a



frequency GPS signals; providing an automatic gain control circuit which
amplifies the filtered intermediate frequency GPS signals to produce
amplified, filtered intermediate 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 general purpose processor over a 9 serial bus selected
serial Brsreetersegroom donsietingoosiaiSendpreriphterbhsteHatutsP(SHuderanda
Mutti-MifGAnneL Bylisres, SRR EIMCBSP) bus. 14. A method as in
Claim 13, further comprising calibrating the pass band of the intermediate
frequency filter. 15. A method as in Claim 13, wherein a product of the
14.  pregetasdined samplingiiaieandhihesipredrtesmipes: P BRL PSS iStermediate
; less.than or equal to a data rate of the serial bus. 16. A method as in
TequeRy; t%& wherein the predetermined intermediate frequency is
substantially 1.5f.. 17. A method as in Claim 16, wherein the
pre rmine mphing rate is substantially 610. ,18. A method.as in
L S LR S R N P R By o e
predetgmiaihtuBbevioé fie ithlesséhial usiedmiprdsksatseMntieckaimhéh8uffered
Serial Port bus. 20. A method as in Claim 13, wherein the radio frequency
integrated circuit comprises an ON state, a STANDBY state and an OFF
16, sinfacthed Asifetio ds i esksi S plRAeromitRe BEERSHist Hesssyis
substa@@NPNSES. @ general purpose microprocessor. 22. A method as in Claim
13, wherein the baseband processor comprises a digital signal processor.
23. A method as in Claim 1, further comprising configuring the radio
17.  frequehey dntedrated [ 6jretifreiviendhecgerianibnsl skthpling rate is substantially 6f,.

18. A method as in Claim 13, wherein the serial bus comprises the SPI bus.

19, A method as in Claim 13, wherein the serial bus comprises the Multi-channe] Buffered

Serial Port bus.

20, A method as in Claim 13, wherein the radio frequency integrated circuit comprises an ON

state, a STANDRY state and an OFF state.

21, A method as in Claim 13, wherein the baseband processor comprises a general purpose

Mmicroprocessor.

22. A method as in Claim 13, wherein the baseband processor comprises a digital signal
processor.
23. A method as in Claim 1, further comprising configuring the radio frequency integrated

circuit over the serial bus,



