; pde3e" ("Dl : 06Tp2; 2 Field of the Invention 5 The present invention

relates t suitable for a frequency nodul ated sign
parti cul am\@\\“\mm\m&“\ exclusively applicable for use with the?’mnmg,@ﬂmmm”m
prot ocol . SGdossl On of the Prior Art 10 In npst wireless transce
integrated circuits, linearity, power copsurrpti on and production %1% are
the nost inportant challenges to systemand circuit design engi neers.

and use AcARECENER AND I STaNAT, RRECESSING CRGTCTAERERES) 2270 2°1 T
and use A . , recious in
today's portable electronic applications and feedback AGC architecture is
too slow to respond in sone applications, such as Bluetooth, which has only
4 preanbles. In the Bluetooth protocol, a particular problemis the design
of the dat gebid ef thdvdmidhe burst node nature, short preanbles and system
frequency offset of Bluetooth, the design problemof an analog data 2 o
slicer becones form dable and yield becones a najor issue. One way to
overconme this is to use an advanced digital signal processing mnethod. 2 A
sem conductor integrated circuit which ains to overconme the problens of

li neari fy, PUBIeSEAHINYSAYPR IRIAISE QA raseierulpbledar ayrasieaey rosyateshs | nc.
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W r el ess LASighalIBorg particulatlip) sutpagt @xclusivebyapplicabteforarseawittintheect ure i s
used. The 5 RF is converted to 1 Mz I F and passed through a nunber of

conpl ex fil@getcdtRprstochieed forward AGC with fine resolution (1 ~2 dB)is
used at nost of the stages. The I1Q outputs fromthe IF filter is fed to two
6 bits ADCs which operate at 10 MHz. Finally the denodul ator and dataslicer
are inplemented in the digital domain. 10 By using AGC, smaller power
consunption_ can be achieved with the feed forward structure ensuring

uncondi t i orReseriptiemiofithg Prior Afe final denodul ati on and dataslicer are

i npl enented digitally, consistency and hence production yield can be

i nproved with careful design of the inplenentation algorithm

In most wireless transceiver integrated circuits, linearity, power consumption
and production yield are the most important challenges to system and circuit
design engineers. Conventional ways to overcome the linearity problem are to
increase power and use AGC to slide the dynamic range. However, power is

15 precious in today's portable electronic applications and feedback AGC
architecture is too slow to respond in some applications, such as Bluetooth,
which has only 4 preambles. In the Bluetooth protocol, a particular problem is
the design of the dataslicer. Due to the burst mode nature, short preambles and
system frequency offset of Bluetooth, the design problem of an analog data

20 slicer becomes formidable and yield becomes a major issue. One way to

overcome this is to use an advanced digital signal processing method.



* 15 The receiver structure disclosed by Conexant is an inprovenent on prior
desi gns. However, the structure has sone redundancy and al so introduces
extra challenges for the circuit design engineer since the feed forward AGC
wi th high speed response and fine resolution required in the Conexant
structure is 2 0 difficult to design andpwill have an inpact on the steady
state systembit error rate BER 3 Summary of the Invention According to

the inventi i V] i 014 i j if requency
modul at ed. shgrEpEtoRRsERH G iRen BIRETS BUPRoP il ok MimE 575 ol o
to digital conversion neans, the filter conpri Siq?gg first and _second conpl ex
filter stagineaiity RoWasansheonsisteney has Hessdopesedtby Ganexanhgystems: ldcer abl y
the first filter stage is arranged to provide gain to a received signal and

may conpri s0atl IEEEsIntérhationalGalideState ICheuitd Tonfelencabl Sesdionsidgond fil ter
stage is arranged to filter out higher order harnonics of a received signal

and Y cOTRGAALANI S o, FBaSS, G Bhelel akhpcsold fhat S
Comier 100 RS AL RN S RS TobueR Tl beRh S 4 9

anplifier, with the sensor being preferably arranged to control the gain of
the anpl i f i stagbet hearhfarward) AGC withdine esotidipar(ded ciB)ispdsed atembstvef thef a
received signal) nost preferably with the | evel sensor having hysterisis.

20 The anal gages. Theé |G dutpiits Yhs tHNIFHESs FEEiEhad b bits FNIDCE wHiclP Bbérale
single analog to digital converter. 4 The output fromthe second filter

ot Lot e TG PSR R R dlger R HBan B o riPeAtEL R " o

the limter to the analog to digital conversion neans
digital domain.

10
By using AGC, smaller power consumption can be achieved with the feed
forward structure ensuring unconditionally stability. As the final demodulation
and dataslicer are implemented digitally, consistency and hence production
yield can be improved with careful design of the implementation algorithm.
15

The receiver structure disclosed by Conexant is an improvement on prior
designs. However, the structure has some redundancy and also introduces
extra challenges for the circuit design engineer since the feed forward AGC with
high speed response and fine resolution required in the Conexant structure is
20 difficult to design and will have an impact on the steady state system bit error

rate BER.



+ 5 are preferably arranged to Iimt the signal voltage to |less than the
maxi mum al | owabl e range of the analog to digital conversion neans. The
circuit may further conprise a mxer, connected to the first filter stage,
preferably via DC decoupling neans. to The descri bed enbodi ment has
particular application in the Bluetooth gtandard, in which the inmage
rejection requirenent is relatively relaxed and is achievable by a five

stage conpl i rejection is required in the digital

dormai n and ?ﬁtﬂ'ﬁ“‘%’hﬁ@%l@é&é&% ormation is no |onger needed, so analog to
15 digital conversion of either the | or Qsignal is sufficient for
subsequent digital processing. 5 Brief Description of the Draw ngs

Enbodi ments of the invention will now be described by way of exanple with
ref erence t Actdrdirartothpdnyentipndhere isgsrovidedvdnsigal praeegsing circui far &1 ock

di agram of a receiver including a processing ci rcui t of a first enbodi nent

of the iWefP%d@é\‘éCf r‘nB?[l%t@d E@ﬂ%r ﬁ/e?tc'bHFdr}é" AfieXRérc e%téH d he

enbodi ment o rgur e | ust rat the respons eac

conpl ex pol e; ure .4 illustrates the C i ned res of, aII he conpl ex
ol b5 dhd asalpo Joidioibl epiYETBIc BeahS dbBJe" BARWASHBATSLRNY RBCPM ant | on.

Det ai I ed Description of the Preferred Enbodinents Figure 1 is a sinplified
circui t di agoraplexifiter stagesrarcka voligge liotiter disposed bebveen thelstageso t he first
enbodi ment of the present invention. The receiver is specifically for use
with Bluetooth but is equally applicable for other frequency nodul ated
signal applications. 6 An aerial 100 is connected to a LNA (I ow noise

anplifier) Ii%lfembtl t firs| fl thy&ls AhRGEd td'Botilid Saintold fdbeRleddighg?! | Y
drh%t 'F%

connected to

and may comprise at least three complex poles.
10
Preferably the second filter stage is arranged to filter out higher order

harmonics of a received signal and may comprise at least two complex poles.

Preferably, amplifier means disposed between the second filter stage and the
15 analog to digital conversion means and the amplifier means may comprise an
automatic gain control amplifier having a signal level sensor and a controllable
amplifier, with the sensor being preferably arranged to control the gain of the
amplifier between two gain levels in dependence upon the level of a received
signal, most preferably with the level sensor having hysterisis.
20
The analog to digital conversion means preferably comprises only a single

analog to digital converter.



« m xer 102 which provides internediate frequency (IF) | and Q outputs which
are connected to a differential five pole conplex filter 105, 106, 107,
108, 109, 110, 5 111 through coupling capacitors 103. The conplex filter
consists of five conplex poles 105-107) 109,110, a voltage limter 108 and
an anplifier 111. Gain is assigned to thg first three poles 105-107, the
output fromthe first three poles being electrically connected to the
voltage linter 108.. The limter.is inplenented usi a. hard. clip topol ogy,
 though sof et icam fae SR it <158 FRECoRres Mo g als iRt cai 1y
connected to another two conpl ex poles 109,110 which have insertion |oss at
the centre GﬂadnaéurleFonlymﬁagf]c)\yhichri@iﬁmtbrt@tnelanalogltsz digital copvertersingans. i s

el ectrically connected to the voltage anplifier 111. The output fromthe
voltage anplifier 111 is electrically connected to an analog to digital
convertor (ADC) 112. Finally, the ADC output is electrically connected to

Lo 010121 ThghabRLRRATH TR RS i d R AHBG 2 g SRR cHbabeY, o
O e Rl S b P b SB2E b hest Sl B s ©

preferably also be built on the sane IC. 20 The structure of a conplex pole
i s shown i nakewable rangd bétheodrmalogde idigital coaversion mpanhssi gnals |, ~ and Q ~
and provides output signals ot and Qo~, . |, 7 is fed to a difference

el ement where it is conbined with Qout received via an anplifier having
gain 2Q where Qis the quality factor of the conplex filter pole. Qn is

fed to a su re it. i i ne i | put .. i V. via a
Furt her - ampl T e P ah SUN ey Romish® FRE: EFthelidd te et instred s
applied to the 5 outputs fromthe sumand difference elenents to formthe
out put s | ot Pegferably-via DGgeceupling eansf all the conpl ex poles is the sane,
with the frequency response of each pole being selected by choosing Q and
W accargdingly. As shown in Figure 3, poles 1-3 have a relatively flat
frequency response with poles 4 and 5 having nuch nore pronounced peaks

around. the ik ol eicEfias Biftiohr SBARh HIABRIGE R, Slengh

poles is shown 1 n gure e operatron o e recelver w'l |

5550 2 SRR B S LB R0 R
by a five stage complex filter. No further rejection is required in the digital
domain and thus the 1Q phase information is no longer needed, so analog to

15 digital conversion of either the | or Q signal is sufficient for subsequent digital

processing.



«is input to LNA 101 and is anplified and converted to a differential RF
signal. 15 The differential RF signal is then input to the mxer 102. 1 Mz
differential quadrature Internediate Frequency (IF) | and Q signals are
obtained at the output of mxer 102 and are fed to the conplex filter

t hrough coupling capacitors 103. The coupl i ng capacitors 103 cut off all
the DC Il evel in the signals at interconnect 104. The AC signals at

i nt erconneck,: ‘ i and at the sanme tinme anplified by
the first pgrlée(?%cg*ﬁtmoggﬁ%ﬁgéﬁﬁﬁjer_ The out put signals of the first
pol e 105 conplex filter are DC connected to the next pole 106. The filtered
and again anplified signals are DC connected to the next pole 107. The
filtered and again anplified signals from pole 107 are then 8

el ectri cal | Enbpueehtzdoftthe dnvartiongeillinow bedesbfbed by wayl dfede@nhplaivity
ensures that the AC voltage swing of the signals is smaller or equal to a
pr e- desi gne . Wiyl en i nput to another two
conpl ex pol g&%@%gé&h%%gcémﬂnﬁhﬁ?ﬂgy%ﬂﬁﬁ, g{sg’h@ and L2 respectively.
Finally, the outputs from5 conplex pole 110 are anplified by a voltage
arrplifié:i' 111 with gain G Only one of the 1Q signals fromanplifier 111
are sanpled by a Nyquist rate ADC 112 . The ADC has a maxi mum i nput range
of Y vol ts. Figuse Niisiatklock diageamuefiaveceiver inaludihg ssprotcessinglcincuih of airdt09,
110 and the input range of the ADC have the following relation 10 Y>=X*L1
*L2*G Typi cembodiriést 6iitBe ¥nfentiont-1=0. 5, L2=0.63, G=4) Y=1 The digitized
signal is then processed by the digital denodul ator and dataslicer 15 115.
In the first enbodi nent as described above, the single ended RF signal from
outside the sem conductor integrated circuit is converted by the LNA to
differenti ah_ signal w thout the use of a discrete BALUN which reduces the
total 2 o nGiYES 2showsdthestrictyr i Rerraplexpale of thempmbedimentof Figdres 1ni t e
attenuation at DC frequency, the coupling capacitors 103 help to reduce the
second ldrder effect of the LNA and m xer and al so all ows independent design
of the common node voltage for both m xer and conplex filter. The built in

gai n in conpig@re 3 illustrates the response of each complex pole;
Figure 4 illustrates the combined response of all the complex poles; and
15  Figure §illustrates a second embodiment of the invention.
Detailed Description of the Preferred Embodiments
Figure 1 is a simplified circuit diagram showing a receiving architecture
20  according to the first embodiment of the present invention. The receiver is

specifically for use with Bluetooth but is equally applicable for other frequency

modulated signal applications.



9 poles 105, 106 and 107 hel ps to inprove the signal to noise ratio of the
desired signal. The limter together with the conplex poles 109, 110 and
anplifier 111 will ensure that the largest signal at the ADC 112 input is
smal | er than the ADC maxi numinput range. As the desired signal is
frequency nodul ated, non 5 linearity at ghe limter has no severe inpact on
the signal integrity. To allow a | ow sanpling rate anal og-di gital converter

oL e AP e BTN o BB 0 0 B

third and hi %her har noni cs produced at the |imter 108 output which would
ot her wi se béiffergrdiadodipss, which ieinstugh glearigally copneeteditosaeivpdiadere Kk d

signal, this will experience a conplete conplex filter response, however
for a | ar gemineyri@2)whibh psogdes inteimedibfeefiequenoy @XpleandQeeutputs whichrare
following by two conplex poles. Hence, in principle there is no upper limt

to the “Sabé@nq]éb?éﬂ tda%ﬂgdeﬁga Jﬁbgﬁl@%m é’ﬁ?fﬂ% mﬁw% 187! Ui 5§ o, 1a@ei ver

15 circuit with m ninum c ra wever, archltecture as
descri be ab

Uhis roau rEhbHrough Gonaing SRRARIcES TR m@fﬁrac%'fnest Soffnt i on bl ng

a slight 2 o nodification of the enbodi nent of Figure 1. The nmain
di fference ¢camplex podes 10511071109, $10yA voltage Emiter hQ&aedlan ampliier 111.
anplifierll3,114. This ACC is placed after the conplex filter chain to

repl ace thecair igidsal r@drteltﬁeqmlthfeeeﬁolééhos 100 tAE Sufifdt Pl Sheé Tifst Bireb\O
parts: nanely hysterl sis signal sensor 114 and a controllable two step

chai n' s ol RRBP Belrd Seghaly FAfnglblTo AL\ Bhad¥ tilier fou TREIRTRNE ot ™

control amplifier. The output of the sensor 114 is electrically connect ed
to 5 the co'ﬁiﬁ'%’?neﬂtw ¥ging i?eh%fﬁrﬂ"PftPBWoQ!Ga'thQ'biﬁfbﬁ P &N Pﬁé’%ﬁ’pﬁ PPier is

then electrically connected to the ADC 112 for further digital processing.
The oparcat i Dine timitehd 08 éx eledtrivatip dormrecteddd @nothdrdwd@dmplax pbles $02446t | y
the sane as the first enbodi nent. Wen the input signal to AGCis small,

H‘Sh ér Ogg : gﬂﬁichsﬂw iRSerfibhGsdd atlthd clnltle SMhEAP fidiftieRBY! Fridn® polkl P16, Drily
the | or Q signal is electrically connected to the voltage amplifier 111. The
output from the voltage amplifier 111 is electrically connected to an analog to
digital convertor (ADC) 112. Finally, the ADC output is electrically connected to

15 digital signal processing circuitry including a digital demodulator and dataslicer
115. Elements101-112 form a single semiconductor integrated circuit receiving
the signal input from aerial 100 and provided a digital signal output to digital
signal processing circuitry 115, which may preferably also be built on the same
IC.

20

The structure of a complex pole is shown in Figure 2. The pole receives | and

Q input signals I, and Q,, and provides output signals |, and Q. - |,



+ preferably 24 dB and when signal is large, the circuit 113 wll swtch
anplifier to a lower gain, nost preferably 12 dB gain. The signal sensing
is designed to have 610 dB hysterisis to prevent frequent swtching. The
smal | signal threshold should be higher than the maxi num sensitivity of the
receiving i5 system (i.e. that at which the signal level hits the signal to
noi se ratio to achieve the desired bit error rate) and the | ow gain val ue

hDC i nput 158 1o 2t e e BTl f battbink e g et d ¥BATTE hoc

is 5 nvpp and at large signal, input to GClsllmtedt0158m/pdueto
the |initeramplifier hawing gain2Q@, WhQF%Q '§éh§qu§||thCfaﬁt°r@6inC@@p@‘t l@r pRlbut 12
nvpp and hi gh sensing point could be set to 36 mvpp (hysterisis =

201og( 36/ 12%% feddid)a samnting Bleméhipwherenit/jsocormbiaedenitinl)recaised vieidy | evel
and 36 nvpp * 4 (equivalent to 12 dB gain) < 158 nWpp, the ADC i nput range

m e LinGeRnatdifat hamngypone P LARHSREL DR ACIA LS 85Bled [t e

noi se generated by ‘anal og ¢ i's case rov anal og

Communi cht | SHPHRITHEES SR pBR fstens “ei%mspﬁr?nﬁov”ﬁﬁé% AT A

additional 4~5 dB inprovenent in sensitivity In the first enbodi nent |f t he
noi se fi gur Ehestrunturanéinl the comprexnpcles dsl theigarme, with the frgquency tesponise
happen that, before maxi numsensitivity is hit, the will not inprove the

sensi tivityof dddHpdledeingBblRced by BhoesingQ aAd 'Wghlfdbraingtwlﬁs shéwatinof the
quanti zati on noise can be mnimsed. As the anplifier needs to switch

bet ween t worgl (4 87 GRies0Rh 8 Maathlol) faffSdiind) SedEst ARk B Jhiacs The

first enbodi een 1 nplenen I"'ogy” and "t o neet

the requir nts of .the Bl uetooth protocol W th dded ma be
achi eved. FEEV'QS(F'PP‘F EPRFRNAUNSRY pqqtlfg agjﬁi“?‘&&hﬁj' qigtﬁfa €f the

conponents of the descrl bed enbodi ment are as foll ovvs LNA Gai n = 20 dB
M xer Rdl elcombived r2sporise a8l the poles is shown in Figure 4.

The operation of the receiver in Fig. 1 will next be described. A single ended RF
signal from antenna 100 or a BPF outside the semiconductor integrated circuit
is input to LNA 101 and is amplified and converted to a differential RF signal.

15 The differential RF signal is then input to the mixer 102. 1 MHz differential
quadrature Intermediate Frequency (IF) | and Q signals are obtained at the
output of mixer 102 and are fed to the complex filter through coupling
capacitors 103. The coupling capacitors 103 cut off all the DC level in the
signals at interconnect 104. The AC signals at interconnect 104 are then

20 filtered and at the same time amplified by the first pole 105 of the complex filter.
The output signals of the first pole 105 complex filter are DC connected to the
next pole 106. The filtered and again amplified signals are DC connected to the

next pole 107. The filtered and again amplified signals from pole 107 are then



+ 2 5 Pole2 : W = 2*pi*0.89e6 Pole3 : W = 2*pi *0.89e6 Gain = 15 dB Q = 0.91
Gain = 6dB @1 Miz Q= 0.76 Gain = 6dB @1 Miz Q= 1.5 Gain = 6dB @1 Mz
12 5 to Limter : Cip voltage : 0.5Vpp Pole4 : W = 2*pi *0. 34e6 Pole5 : W
= 2*pi *0. 34e6 Anplifier (1gt enbodi ment) ADC AGC (2"d enbodi nent) Gain =
B Q=14 Gin =-6dB @1 Mz (Low gaig to maintain filter linearity) Q—
4.5 Gain = -3dB @1 Mz (Low gain to maintain filter linearity) Gain =

dB Sanpling V| t |bed
'n the 11 r opieefFald 8 BeB sanmiEoeutetc G Tl R R MR- EE B °F
nmodul ati on schenes particul arly using FSK/ GFSK, where phase |nfornat|on |s
not criti cathe ACivoltaggiswing of thessslgna% ip soadies phgq@alrt@@ prezdesigned valiene
used in a frequency nodul ated signal receiver conprising a conplex filter

connect ed tX. ar pitéd odipuits ate thendinpet # amotheatwo cbrlmFIém péles 109mand si ng
first and second conplex filter stages and a voltage limter disposed

betveen t heq 35 4ifisinsdrtiofh 164 £1'Ea FsPeltbiy TRk, Thd oMSIgibr e T 1t
e ga

filter stage 'S arrange o provi rec gnal AC|rcuit
as clainmed in claim?2 erein t f.irst pr i o three
ol ox ol ATBIEX BRIg 1 V*’@Lﬁre atupiiedi b volta a%em?@gbﬁf P ghsTEiqine Lme
wherein the second

one of the 1Q signals from amplifier 111 are sampled by a Nyquist rate ADC

112 . The ADC has a maximum input range of Y volts. The limiter range,

gain/insertion loss of complex poles 109, 110 and the input range of the ADC

have the following relation :

10

Y>=X*L1*L2*G

Typical values are X=0.5, L1=0.5, L2=0.63, G=4, Y=1

The digitized signal is then processed by the digital demodulator and dataslicer
15 115.

In the first embodiment as described above, the single ended RF signal from
outside the semiconductor integrated circuit is converted by the LNA to
differential signal without the use of a discrete BALUN which reduces the total
20  number of discrete components. As the complex filter has finite attenuation at
DC frequency, the coupling capacitors 103 help to reduce the second order
effect of the LNA and mixer and also allows independent design of the common

mode voltage for both mixer and complex filter. The built in gain in complex



filter stage is arranged to filter out higher order harnonics of a received
signal. 5. Acircuit as clained in claim4 wherein the second stage
conprises at least 15 two conplex poles. 6. Acircuit as clainmed in any one
of the preceding clains further conprising anplifier means di sposed between
the second filter stage and the analog tg digital conversion neans. 7. A
circuit as clained in claim6 wherein the anplifier neans conprises an 20

automatic j t i ' [ I 0 ;

cont ol 1 abi CORRRIHS 18P APy bohos 1 NinBHE Bl iiha B RIes BB BB RRBeT n e
sensor is arranged to control the g{ai n of the anplifier between two gain
levels in d@ﬁ@ﬁgé’h@élmﬁﬁsﬁogmerm| h@fcoawnl%eplﬁémm,dﬂ&aanamAll&¢rr1:h1g t as
claimed in claim7 or claim8 wherein the | evel sensor has 5 hysterisis.

10. A circuwlll essure thatetbe ilargasysignal atfthé KD rd@ddpapisanaalles thdre thes ADGe
analog to digital conversion neans conprises a single analog to digital

converter. ﬂ'l%xin%r‘ﬁiipﬁt&'li Fanﬂé. ﬁ%@ﬁéﬁ@ﬂrﬁé aPI%efr&iuoénr{)b?.rHBGGI%fgd]g\o‘hL ai s

wherei n t he out put omtHe seco st age ises two signals in

phase. S48 Gy Bl S el st s e el BBt

clains wherein circuit elenments fromthe limter to the analog to digital
conver si on wkasampling rate angéay-digital eonveries (ef 4Miiz sampliog rate foeasignain t he
maxi nrum al | owabl e range of the analog to digital conversion neans. 15 13. A

circuit as éf F=TadHzarIYardVidel 1MpE) k6 BeaSedd afbiieiBwb Woldarecadddd si ng a
m xer, connected to the first filter stage. 14. Acircuit as clainmed in

Gecoupl i ng. T e teR s itet AT € fitEaN® nlgher halrhbnics'fuded BEme & ™
clains wherein the circuit .is 2 o arranged to be used in a Bl uetooth
recei ver. 18niter 108 putput whiich weyld,etherwisg be folded backto thesigaal handany one

of the preceding clains.
10

For a small received signal, this will experience a complete complex filter
response, however for a large signal, the signal will effectively experience a
limiter following by two complex poles. Hence, in principle there is no upper limit
to the usable input range. The Bluetooth specification requires a receiver

15 circuit with minimum 90 dB dynamic range. However, with architecture as
describe above, a 45~48 dB dynamic range ADC will be able to meet and

exceed this requirement.

Figure 2 shows a second embodiment of the invention being a slight
20 modification of the embodiment of Figure 1. The main difference is the addition
of a simple one step hysterisis AGC amplifier113,114. This AGC is placed after

the complex filter chain to replace the original simple amplifier 111.
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109& () - 1094he ;amgmﬂ'@ﬂ apnlgdiment o&hen- thgomg $|gna to AGC is small, the
10109%&' () - f 109& () - 10%&' ()- S10%& ()- & 10%&' ()-, 109%& ()- fdE: /
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a lower gain, most preferably 12 dB gain. The signal sensing is designed to
have 6~10 dB hysterisis to prevent frequ_ent switching. The small signal
threshold should be higher than the maximum sensitivity of the receiving
15 system (i.e. that at which the signal level hits the signal to noise ratio to achieve
the desired bit error rate) and the low gain value (12dB) should be such that
the maximum output of the ADC is less than the ADC input range. For
example, if at maximum sensitivity, input to the AGC is 5 mVpp and at large
signal, input to AGC is limited to 158 mVpp due to the limiter, then the low
20 signal sensing point could be set at about 12 mVpp and high sensing point
could be set to 36 mVpp (hysterisis = 20log(36/12)=9.5 dB), since 12 mVpp >
5mVpp, the maximum sensitivity level and 36 mVpp * 4 (equivalent to 12 dB

gain) < 158 mVpp, the ADC input range limit.
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In the first embodiment if the noise figure of the analog components 101-111 is
fairly good, it could happen that, before maximum sensitivity is hit, the
5 quantization noise introduced by ADC 112 is larger than the noise generated by
analog components. In this case, by improving the analog circuit noise figure
will not improve the sensitivity. With the simple switching AGC in Figure 2, this
effect of the quantization noise can be minimised. As the amplifier needs to
switch between two different gains only, it is easier to design and with the
10  hysterisis, there is minimum switching during communication and hence better

BER.

The first embodiment has been implemented in CMOS 0.35um technology and
to meet the requirements of the Bluetooth protocol v1.x. With AGC added

15 according to second embodiment, additional 4~5 dB improvement in sensitivity
may be achieved. For such implementations, the gain and pole assignments

of the components of the described embodiment are as follows:

LNA : ' Gain =20 dB
20
Mixer : Gain=15dB
Pole1: W, = 2*pi*1.1e6 Q=0.91 Gain =6dB @ 1Mhz
25 Pole2: W, = 2*pi*0.89e6 Q=076 Gain = 6dB @ 1Mhz

Pole3 : W, = 2*pi*0.89e6 Q=15 Gain = 6dB @ 1Mhz
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Oy 10%& () - Poleds \\) =2'0PR. 34e6 ' F109® (R 3519 ()-S Gain=-6 1Mhz
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109%& ()-S 1pAR5(Iw. LOMi*0)34eB + » » = - AEEPL41H@ 10%&' (Bamlo%E48 ) @M
10% () FI00 ) 40V () 008! (- e ot pAHRSHAMRI ek i)
Amplifier (1* embodiment) Gain = 12dB
10
ADC Sampling Rate: 4Mhz
AGC (2" embodiment) Gain = 12/24 dB

The receiving structures described in the first and second embodiments are
15 generally applicable to all FM modulation schemes particularly using

FSK/GFSK, where phase information is not critical.



109 ()- @ 109%& ()-y& 10%& ()- $10%& ()-"110%& ()-/k//00000PObC 1010%& () -
9y109%&’ ()- 10 10 10610%& ()-4! 109%& ()-y@g#10%& ()- POOOE111l 2dEbC

10ys! 109& ()- 109 ()-109%& ()-f 10%& ()- & 10%& ()- 109%&' ()- 2nm223a333dEbC
103 1109%& ()-" 1 109%& ()-f 1109 ()-&s! 109%& ()-#10%& ()-s! 109%& () -
3J444(5u55dEbC 10yf 2#10%& () - 0s! 10%& ()-45s! 109%& () -

+s! 10%&' ()-S)s! 109%& ()-y' #10%&' ()-56Y6666666bC 10- #10%&' ()- 9y10%& ()- 10 10
108910%&' () ; T%I&g%&' ()-4"110%& ()-6+7{777 8j 8dELC 10f- 10%& () - &

109 () -y' % ()-&10%&' ()-y-#10%& ()- 10%& () -] 889V999/ : dEbC 10S) f

1098 ()-$109%& ()-" 109%& ()- 109%& ()- f10%& ()-&R! 109%& ()-/:2:p:t::::dELC 104
10% ()- S210%' ()- 010%& () - O@O% ()- +y109%& ()-fF1 109%& ()-::::::56;7;
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109%& () - 7; 81, ;A-sighal proc¥ssing@l@Uit afjangedio be used in a frequency modulated

10%& ()-S10%& ()- M10%& ()-L 109%& ()-y10%& () -
signal receiver comprising a complex filter connected to analog to digital
5 conversion means, the filter comprising first and second complex filter
stages and a voltage limiter disposed between the stages.

2. A circuit as claimed in claim 1 wherein the first filter stage is arranged to
provide gain to a received signal.

3. A circuit as claimed in claim 2 wherein the first stage comprises at least

10 three complex poles.

4. A circuit as claimed in any one of the preceding claims wherein the second
filter stage is arranged to filter out higher order harmonics of a received
signal.

5. A circuit as claimed in claim 4 wherein the second stage comprises at least

15 two complex poles.

8. A circuit as claimed in any one of the preceding claims further comprising
amplifier means disposed between the second filter stage and the analog to
digital conversion means.

7. Acircuit as claimed in claim 6 wherein the amplifier means comprises an

20 automatic gain control amplifier having a signal level sensor and a

controllable amplifier.
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11.A circuit as claimed in any one of the preceding claims wherein the output

from the second filter stage comprises two signals in phase quadrature, only
10 one of which is input to the analog to digital converter means.

12. A circuit as claimed in any one of the preceding claims wherein circuit
elements from the limiter to the analog to digital conversion means are
arranged to limit the signal voltage to less than the maximum allowable
range of the analog to digital conversion means.

15 13.A circuit as claimed in any one of the preceding claims further comprising a
mixer, connected to the first filter stage.

14. A circuit as claimed in claim 13 wherein the mixer is connected to the first
filter stage via DC decoupling means.

15.A circuit as claimed in any one of the preceding claims wherein the circuit is

20 arranged to be used in a Bluetooth receiver.

16.A fm receiver incorporating a circuit as claimed in any one of the preceding

claims.



