WO 2009/ 091342 PCT/ SG009/ 000025 Conmruni cati on Devi ce and Met hod of
Determ ning a Ranging Value in the Conmuni cati on Device Technical
Field 5 [00011 Enbodi ments relate generally to a comunication device

and a net ermning a ranging value in the cp(;:m&} Ahdo2
devi ce. ng%ngg%ﬁ?ﬁg 10 [00021 U tra w deband (UWB) techni que 6[1)8

opened up a great potential for |lowcost high-quality broadband

mul timedi a applications, especially for wirel ess personal area

net wor ki ng applications. Specifically, UW characterizes transm ssion
systems with instantaneous spectral occupation in excess of 500MHz
or a fracti on&Pmpunisatien Pevige apg Method of Daterminine aRanging Ualpeitarthend
spectral mask for indoor comunication systens assigned by Federal
Conmuni cati ons Conmi ssi on (FC@”W@“?‘FPW’Hﬁ)Wéquency range of 3.1-

10. 6GHz with power spectral density (PSD) < -41.3dBm This allows UWB
technology to coexist with | egacy services such as | EEE 802.1 | a
wireless |ocal area network (WAN), radar systens, and to overlay
with sensi eshgical Fieldary and civilian services in 20 adj acent bands
such as gl obal positioning system (GPS) and federal aviation system
(FAS). fowever, cellul ar phones, for exanple, transmt up to +30dBm
whose PSD i s about 107 times higher than what UWB transmtters are
perni tted. [Offlls (Bybpdiawmts fiste asv@algy@tﬂeﬁq%um%?en Seviengdcaapaed Pty to
resi st the narrowband int ?rfer ence. 1 \WD 2009/091342

PCT/ SG2009 pgw a ranging value in the communication device.

Background

10
[0002] Ultra wideband (UWB) technique has opened up a great potential for low-cost
high-quality broadband multimedia applications, especially for wireless personal area
networking applications. Specifically, UWB characterizes transmission systems with
instantaneous spectral occupation in excess of SO0MHz or a fractional bandwidth of more

15  than 20%. The bandwidth and spectral mask for indoor communication systerms assigned
by Federal Communications Commission (FCC) is in the frequency range of 3.1-
10.6GHz with power spectral density (PSD) < -41.3dBm, This allows UWB technology
to coexist with legacy services such as IEEE 802.11a wireless local area network
(WLAN), radar systems, and to overlay with sensitive military and civilian services in

20  adjacent bands such as global positioning system (GPS) and federal aviation system
(FAS). However, cellular phones, for example, transmit up to +30dBm, whose PSD is
about 107 times higher than what UWB transmitters are permitted. This requires the

UWB system to have strong capability to resist the narrowband interference.



[ 00031 Inmpul se Radio is one spectrum spreadi ng technique. It works by
transmtting baseband pul ses of very short duration, typically on

t he order of nanosecond or sub- nanosecond, thereby spreading the
energy of LBSfoasis® Signal to a few G gahertz range. P&V&Q}ﬁ@ﬁﬂﬁgﬁof
the pul se specifies the frequency spectrumof the transmtted signal
A well 5 designed pul se shape allows maxi numemtted power within the
FCC al |l ocated frequency mask. The spread spectrumensures that it
can tolerate the interference of other signals and at the sane tine,
it does not cause interference to other radiqQ systens working in
their dedi d¥%8k pprydse Raflin deongpecirip peadingigrhyidge dt ek byjtgesmitting
bandwi dth and has ve&y goqod tjnme-domain resolution, it can be used
for | ow dutgsebapg mulseoelowsiheiricduration Bpigellrwcihs osier ob aanoseard phsubt ¢ .
applications. WiJe UM inpul se radio _techni que has been used for
low rate | SopsARh therhnmriradime neneiay el dhe radip gigpal ge prfew igphertz range.
rangi ng/ |l ocal i.zati on transcei ver .integrated circuit (Ié?_

i npl enent affﬁsﬂmw‘s?fﬁl@f SPEPIRELING BeqgRAY SPCEER A e gansyited signaly § WeB0041
I n an enbo ineqa, here is, provided a comuni cati on device,

i ncl udi Ag: 9&58EY SFi ERS 2llPXENMRAPER PREPY Rower Jithin, thenFiCepllacptet ik
generating_circuit éonfi ured to generate a transmitter clock

si gnal ; andeReReEBlethe FAFaT SRFFITER SRESs (Rpb & cantolerais the niecisiracs ol ther
circuit configured to recover a yeceiver cJock signal_ froma received
signal, a é‘&’l‘?g%f’%ﬁ E}r‘?““ SFPE HPE ’c’fd{‘ffﬂ 8% §28°e ﬂ@l’fléﬁ%‘i?kmr LhSVEHY SESHIRY) ¢
and configured to conpare the . regei clogk signal ,and.the |
Cransm tt aMOEEHCR %%“5?? atf‘f)%éﬁg%%ﬁgﬁ isa‘ﬁwﬁ@iogﬁmlﬁs vaﬁﬁ%dwﬁbi ng

determnation,circuit confiqured to,determ ne,a rangi ng val ue based
oo e oot B & i koot e onEe O rEE Pk ol Soiat b .

?gﬁtglh ﬁrdoemggngxhumﬁc%ién ;[m eprreecisliosn 1g£a?i\z/e|1t%g%tc?'apnpﬁga ggs. %ge&%mmr}}uﬂg radlio
technique has been used for low rate low power communication, there is ne report on a

ranging/localization tfransceiver integrated circuit (IC) implementation using UWB

impulse radio technique.

15  Summary

[0004] In an embodiment, there is provided a communication device, including: a
transmitter path which includes: a transmitter clock generating circuit configured to
generate a transmitter clock signal; and a receiver path which includes: a clock recovery
20  circuit configured to recover a receiver clock signal from a received signal, a comparator
circuit coupled to the clock recovery circuit and configured to compare the receiver clock
signal and the transmitter clock signal to generate an output signal, and a ranging

determination circuit configured to determine a ranging value based on the output signal.



val ue in a comruni cation device, the nethod including: generating a
transmtter clock signal; recovering a receiver clock signal froma
recei ved signal; conparing the receiver clock signal and the
transmtte jgnal to generate an output signal
deterniniHgogg®gﬁg§%anging val ue based on the out put g?gnampmﬁggbG]

I n anot her enbodi nent, there is provided a communi cati on devi ce,
including: a clock recovery circuit configured to recover a receiver
clock signal froma received radio preanble signal conprising a
preanbl e code; and a ranging determ nation circuit configured to
det er mi ne &008hgi Fyanpierembedimsat, direrip ropided ABiethod jof Aefprmining Branging
Description of the Draw ngs [0007] In the drawi ngs, |ike reference
char act er s VeJah &y 2 Feuymynigagien deyicefbe gsthad pishding: gepentingha drenspter clock
different views. The drawi_ngs are not necessarily to scale, enphasis
15 i nst ead SigeaberevPnaeiesrivep Flagedenabbm p recaived sighali sompaingthaygeehices of
the invention. In the foll ow ng description, various enbodi nents of

t he i nvent Frk agnsl apddhs trasarpitteclask pignabiogisagate ap oytpyt sigpal] aidergrmining
drawi ngs, in which: [00081 Figure 1(a) shows a plot of a detailed
channel 3di &iefingingivalye basedefbnepinusigi!l enbodi ment. 20 100091 Fi gure
1(b) shows a structure of a BPM BPSK (burst position nodul ation -

bi nary phal®0&h; f i spatherrmbodipentshiems & Profiddraiorynunisation dewise drausing:

[ 00101 Figure 2 shows a schepmtic diagram of a commrunication device
accor di ng & &lock Recarisy girsidfonfigiredre ses0esr Foreasiver plork sepd dorpp aessiyed

[0011] Figure 3 shows a flowhart of a process for determning a
rangi ng v afaf}é’ Rream signal comprising a preamble code; and a ranging determination circuit

configured to determine a ranging value based on the preamble signal.

10

Brief Description of the Drawings

[0007] In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis
15  instead generally being placed upon illustrating the principles of the invention. In the
following description, various embodiments of the invention are described with reference
to the following drawings, in which:
[0008] Figure 1(a) shows a plot of a detailed channel distribution according to an
embodiment.
20  [0009]) Figure 1(b) shows a structure of a BPM-BPSK (burst position modulation -
binary phase shift keying) PHY symbol according to an embodiment,
[0010] Figure 2 shows a schematic diagram of a communication device according to

an embodiment.



comuni cati on device according to an enbodi nent. [0012] Figure 4
shows data flow of the conmunication device at a system/| evel
according to an enbodinent. 5 [0013] Figure 5(a) shows a schenmatic

di agr am of 3, Jpssles8sShaper and a nodul ator of a transg di ng
to an enbo irren%o. f0014] Figure 5(b) shows a pol e-zer?ﬂﬁgﬁ%ﬁ%%n

i magi nary axis plotted against a real axis of the pul se shaper and
t he nodul at or according to an enbodi nent. [0015] Figure 5(c) shows a
graph of attenuation plotted agai nst frequency of the pulse 10
shaper and .t he nodul ator according to an enbodi nent. [0016]. Figure 6
shows a scHUHdk i cFigrgdsamsa ‘ﬁvﬁh?’g%fra pEqeessiier deteqnaipeRransing e i WY t o
an enbodi nent. [0017] Figure, 7 shows a, schematic di agram of an
anpl i fier GPMEpLcafipn FFFF‘ECé?Fd“‘geFEé’b‘F‘EHGaﬁ“ePb an ermbodi ment. 15 [0018]
Figure 8(a) shows_a schematic d%(gﬁg%’gm of an anplifier and a m xer of

a recei vel®®™ekor ievg 4 hoxn et Hie. copeRyRISRian; dryice 28 eEYSIERIGE! a

schematic di a%ipam of first stage circuit of the anplifier
accor di ng 2EFEHEAHLETIPEM [ 0020] Fi gure 8(c) shows a schematic

di agr am_of econd st circuit of the 20 anplifier according to
an enbodi mifh3l [ogﬁ‘ff S{ef §Wé a@%&yna%%w%ogw@%&@er Wdggrogiianr b
automati c of fset cangel lation .circuit of a variable gain anplifier
accor di ng B EHeEASEGIRENIn PO 09/ 091342 PCT/ SG2009/ 000025

([)fo 0t2 ﬁé \Ij Ia? :ljlg}gflg( bﬂ‘igt?rg %ﬁs s ox’?scap qugtzérg mg;i) %%E]aa? i;(J)"l];gir?aQ‘y %Elplo]‘cft!a gga%istrac ui t
real axis of the pulse shaper and the modulator according to an embodiment.
[0015] Figure 5(c) shows a graph of attenuation plotted against frequency of the pulse
10 shaper and the modulator according to an embodiment.
[0016]  Figure 6 shows a schematic diagram of a mixer of the transmitter according to
an embodiment. |
[0017]  Figure 7 shows a schematic diagram of an amplifier of the transmitter
according to an embodiment.
15 [0018] Figure 8(a) shows a schematic diagram of an amplifier and a mixer of a
receiver according to an embodiment.
[0019] Figure 8(b) shows a schematic diagram of a first stage circuit of the amplifier
according to an embodiment.
[0020] Figure 8(c) shows a schematic diagram of a second stage circuit of the
20  amplifier according to an embodiment.

[0021])  Figure 9(a) shows a schematic diagram of an automatic offset cancellation |

circuit of a variable gain amplifier according to an embodiment.



gain anplifier according to an enbodi ment. 100231 Figure 10 shows a
schematic di agram of a frequency generator according to an
enbodi nent. 5 [0024] Figure 11 shows a schematic di agram of a
guadr at ur controlled oscillator (QUCO acc i

enbodi rrente‘fvw[ag%%%]%nﬁ gure 12(a) shows a schematic di %&éérar?(gwge%oar se
tuning control circuit for a first bit according to an enbodi nent.
100261 Figure 12(b) shows a schematic diagram of a coarse tuning
control circuit for 10 a second bit according to an enbodi nent.
(0027] Figure 12(c) shows a schemati ¢ di agram of _a coarse tunin
control ci MOZL 1 Beure 40 Riovit aPhemate divaipmep ol BRIk Bisc' Fl he. vapi ez 8)
Figure 13(a), shows a schematic diagramof a ring oscillator of the
QVCO  accoftt AgPittsT aqording A rEtbpdimes)- [ 0029] Figure 13(b) shows a
schematic diagramof a delay cell of the ring oscillator according
to an enboli%dint . Fipre B phawsguschematic dingtpa of %@%Wizenemt%rgchm toy
frequency doubler of the QUCO according to an enbodi nent. [00311
Figure 15 &hoWedianeghi p ni cr ophot ogr aph of an exanpl e conmuni cati on

20 device according to_an enbodjnment. ‘10032][ Figure 16 shows a

measur edl plP%H sliBuRdd evas Shewte diseraon ot @ ARdmire apltaggeensiolsdhg t o
an enbodi ment. 5 WD 2009/ 091342 PCT/ S&009/ 000025 [0033] Figure 17
shows a nedSUeLaQNfUecendjpeioer sahefigetnect rum at channel 3 of

[0025] Figure 12(a) shows a schematic diagram of a coarse tuning control circuit for

a first bit according to an embodiment.
[0026] Figure 12(b) shows a schematic diagram of a coarse tuning control circuit for
10 asecond bit according to an embodiment.
[0027] Figure 12(c) shows a schematic diagram of a coarse tuning control circuit for
a third bit according to an embodiment.
[0028] Figure 13(a) shows a schematic diagram of a ring oscillator of the QVCO
according to an embodiment.
15 [0029]  Figure 13(b) shows a schematic diagram of a delay cell of the ring oscillator
according to an embodiment.
[0030] Figure 14 shows a schematic diagram of a frequency doubler of the QVCO
according to an embodiment.
[0031] Figure 15 shows a chip microphotograph of an ekample communpication
20  device according to an embodiment.
[0032} Figure 16 shows a measured pulse sequence at an output of the transmitter

according to an embodiment.



the transmtter according to an enbodi nent. [0034] Figure 18 shows a
measur ed pul se sequence and a spectrum at channel 9 of the
transmtter according to an enbodinent. 5 [0035] Figure 19 shows

neasur ed LR zend performance of the receiver at di ng
to an enbo Pr%e(ﬁ}ta.m 0036] Figure 20 shows neasured perlfi?ré%%ogﬁé&gs t he

frequency generator according to an enbodi nent. [0037] Figure 21
shows neasured | ocalization performance of the conmunication 10
devi ce according to an enbodi nent. [0038] Figure 22 shows measured
bi nary phase shift keying (BPSK) denodul ati on of the communi cation
devi ce at H983e r@ﬁ@ﬁlﬂisgwsrar wepswrd pulserRmyengs amia sorpumy picchimyield of
oscillation (LO of 4.49GH according to an enbodi ment. [0039] Figure
23 shows nigdapsadtpperidingts gusehodigwnef t he conmuni cation device 15
at PRF of 31.2MHz _and LO of 7.98GHz according to an enbodi nent.

[ 0040] Fi glft0dd124 Emend 8 shevn weasved PHE searenprotidor sageioumn gfchanpel 9 of
communi cation device according to an enbodi nent. Detail ed

Descri pt i ofte tragofittry aqcprdingdpm epbpdigeplodi nent s of a communi cation’

device and a nmethod of determ ning a ranging value in the

comuni éat [4935ldeFigee AP éh%‘@%ﬁﬁub‘éd&i frpngrendperfogaangeot the repeiveapel@hice to
the acconpanying figures. It will be appreciated that the exenplary
6 WD 2009/ 9ardisg tpeemhedintsdl 000025 embodi nents descri bed bel ow can

be nodified in various aspects w t hout chan%il nfg t he .
[0636] Figure 20 shows measured performance of the frequency generator according

to an embodiment.

[6037] Figure 21 shows measured localization performance of the communication
10 device according to an embodiment.

[0038] Figure 22 shows measured binary phase shift keying (BPSK) demodulation of

the communication device at pulse repetition frequency (PRF) of 31.2MHz and local

oscillation (LO) of 4.49GHz according to an embodiment.

[06039] Figure 23 shows measured BPSK demodulation of the communication device
15  at PRF of 31.2MHz and LO of 7.98GHz according to an embodiment.

[0040] Figure 24 shows a table listing the performance of the communication device

according to an embodiment.

Detailed Description
20

[0041] Exemplary embodiments of a communication device and a2 method of
determining a ranging value in the communication device are described in detail below

with reference to the accompanying figures. It will be appreciated that the exemplary



essence of the invention. [0042] |EEE 802. 15.4a has specified a UAB
PHY for lowrate cormmutation with ranging capability for wreless
personnel area and sensor network applications. IEEE 5 802.15. 4a
supports t{ieh of operation, i.e. sub-1GHz ban

(249. 6- 749, 6N ,ﬁ?%w band (3.1-4 8GH) and hi gh bang"?Té’?G&-““f@‘.}{’g@z)
with 16 channels in total. Figure 1(a) shows a plot 102 of a

detail ed channel distribution. There are three conpul sory channel s
with central frequencies of 499.2MHz, 4492. 8MHz and 7987.2MHz, while
others are optional. 10 L0043) A conhbi nation of the burst position
nodul at i on cpBERignenhdestribed pelovsicas be andified ingegipyspspePSKihosbehapgingbed t o
support both coherent and non-coherent receivers using a common

si gnal i ng $twessef thyfwentighhi ned BPM BPSK can be used to nodul ate the
synbol s, with each synbol being conposed of a burst of UWB pul ses.
The vari oud'¥3t a @Eﬁ@?»lééﬁ hb%%&lﬁg@ﬁtw Ao fRgow mete gemmyfation with
vari able-length bursts. Figure 1(b) shows a 15 structure of a

BPM BPSK PIArEig Agenbilipn for witelestrpeipontel sareagindirenser peitypek aplieasionsy ilBEE t wo
bits of information: one hit is used to determ ne the position of a
burst of pdPEby4a siprortethass bagssiof prgtionyie: subsl Gizdand G4R6TEP aME 2}, few
phase (pol arit&(‘) of the same burst. Each synbol 104 can have an

i nteger nuRis Gdr4-§58%d pad ik Rid GHsI0GCERE Wi 16 hanpelsin ot figire 4@ Tc.
The overal l syr%?l duration Tsym can be divided into two BPM
interval s &ET At A0Zofagetrdanmsl dpfpbutipa.y Rhese i hess commpis chanpls v

position nmodul ation. A burst 106 can be forned b roupi ng Ncpb
consecuti v& rﬁeb‘??g’ﬁ?}wﬁ%§ o 4587 X % A49RRIMEE 2andNE5: E’H{ZTH‘@II" Others are

| ocalization.of, the burst in either the first half or the second half
of the synfB#™los can 7 WD 2009/ 091342 PCT/ SG009/ 000025 i ndi cate

(()glet E;ﬁ 0?];_ [lg)g;]i; nﬁtci)nq{)]matfg\g g)i' ll.;nle (gtrl]r%tl }Lo ftiorE ngdlﬁgl%rsl ?Blph];f) z;[.ng%ng)alfl; gl;[asels 6ft
keying (BPSK) can be used to support both coherent and non-coherent receivers using a
common signaling scheme. The combined BPM-BPSK can be used to modulate the
symbols, with each symbol being composed of a burst of UWB pulses. The various data
rates can be supported through the use of variable-length bursts. Figure 1(b) shows a

15  structure of a BPM-BPSK PHY symbol 104. A symbol 104 can be capable of carrying
two bits of information: one bit is used to determine the position of a burst of pulses
while an additional bit is used to modulate the phase (polarity) of the same burst. Each
symbol 104 can have an integer number of possible chip positions Nc, each with duration
Tc. The overall symbol duration Tsym can be divided into two BPM intervals each with a

20  duration 7bpm=Tsym/2 which enables binary position modulation. A burst 106 can be

formed by grouping Ncpb consecutive chips and has a duration Tburst= NepbZc. The

localization of the burst in either the first half or the second half of the symbol 104 can



can be used to indicate a second bit of information. [0044] Wth
different coding rate, bursts per synbol, and chips per burst, the
nmean pul se repetition rate (PRF) can vary from 3.9VHz to 62. 4MHz for

data throughpsbedls, 5 120kHz to 31.2MHz. The transm td5ad:SREAdfHM Can
bo. def i noq omtbindAte, & o0 B for 0 681 Tp<j - f cl <0. 8/ T%,G b Br

for If-fcj>0.8/Tp. The measurenents can be nmade wusing | Mz

resol ution bandwi dth and a 1 KHz video bandw dth. [0045] Figure 2
shows a schematic di agram of an enbodi nent of a comruni cation device
200 (e.g. WB radio frequency (RF) transceiver). The conmunication
devi ce 200indigge ﬁaeyb%a{awgwat&n%%ﬁl npiyy therphased ten st d 0§ (either -1 or 1)
channel s), variable date rate and ranging capability as specified in
| EEE 802. 15nb4vusefindigptansscent bitnd idugpiden 200 nay be | EEE  802. 15. 4a
conpliant and may_support both communi cation and | ocali zati on.

Target ed f 10441 oWVED Sttferanh eoding Fateriestt 155 5y kRl w0d chipp perljprghghe mean
inplemented in a 0.18-m__conpl enentary netal oxi de sem conduct or
(CVOS)  pr oBsgrepetifien endRRRE) cait Yaon frers A WEH4 b 0MRg foram @tpusipubrtap) e
data rate communication (| OOK-1Chps), precision ranqi n (-.3cm

r esol ut o} Z0KHAE § baMPeble BeTRRHPRIR sandhtsIrtetdcr ok ey 1B O se,
receiver RX 5.51nJ/pul se). through the optim zed design of

tr anscei vel-6¥1pifcg-8 Fp,and C@H%%’d%fci’gﬁf@e\}rihﬁé“z%em ciEneepade

(o 0. onal Vil 9k seoniion Rl & R heesetiidia standard
ot co- 2000088 o Nt Shet <PEOHA ISR SR aOR A B
PCT/ G200 T0ALEE AU PR AT CHETaLR SEmbB T Rei e a
tr ansrril(]j t erI;'1a3/2911%1’3015’(5l arp?u?'a {t)\f/ %E chzagéels (e.g. 12 channels), variable date rate and ranging
capability as specified in IEEE 802.15.4a. The communication device 200 may be IEEE
802.15.4a compliant and may support both communication and localization. Targeted for
low cost, the communication device 200 may be implemented in a 0.18-pm
complementary metal oxide semiconductor (CMOS} process. The communicatiox-i devi;:e
15 200 may achieve scalable data rate communication (100K-1Gbps), precision ranging
(~3cm resolution), and low power consumption (transmitter TX 0.77nJ/pulse, receiver
RX 5.51nJ/pulse) through the optimized design of tramsceiver circuits. The
communication device 200 may achieve comparable energy efficiency while it is targeted
to be low cost (e.g. small die size in non-expensive process) and standard compliant. To
20  further improve the performance of the communication device 200, a more advanced
technology such as 90nm and beyond can be considered especially for high frequency

band.



and a frequency generator 206. The communication device 200 may
include a transmtter path 207 for the transmtter 202. The
transmtter path 207 may include a transmtter clock generating
circuit 2 ed to generate a transmtter cloqE;?

The 5 traggnltté?ﬁggth 207 may include a pul se shaper couﬁ%ed to
the transmtter clock generating circuit 208. The pul se shaper 210
may tunably shape the pulse of the transmtter clock signal 209. The
pul se shaper 210 maybe a baseband pul se shaping filter (BPSF).

[ 00471 The tr tter ath 207 ma incluqe a nodu] ator 212 cou Ied
to the pul ¢4 10 usirfion SeRpTtllanay inclyde aeamiter 202 yifegiven 2

be transmtted |nto a | ur edef frequen ranges,
triggered B?fie"’l frRauency 8 “E‘?’gﬂéh%f E‘R“ ‘i"l"'ﬁﬁ&? Byinchyfiea ransmies | ned

f b f 200 MHz b 11
o The PRAACTIT P Fasrfts 05 T e g Ou%&ta@g‘%?‘e A e SR ot

signal generating circ @ﬁl The transm tter 213 may_be

bi nary dat "¢ t"}r%ts?r‘#stf’ ggﬁeﬂ)ﬁﬁlge@‘gﬁ%raafrf‘?f@“ﬁ %?“icf}ﬂ‘tal 279% 8 be
coupled_to the. tran ter cl ock ating circyit 208 and the
odul ot 81 _ SEPTeD B PR dickie h RSt AT GoeP O e

216 to prOV|de an u v ted signal, 217 to ans tted. The
mixer 216 RESHRE UM A8 (8 (RS rfh%ﬁ 516 ey 5ngty ShBE o @uibnar e
nodul at ed SIC tran ted, The trans

B S6 50" 1 niFResioksiSe % RAR B 21 ks ptrad P g e

up- convertﬁgﬂﬁ gnal 217 to be transmtted. The anplifier 220 may be

a driver ier. [00491 The conmuni cati on device 200 may include a

receiver p for the recejiver 204, The.rece 21 may
i ncl ude a E‘\t"g’é rl@c“%{}’&lvﬁ%’i Rﬁﬁlﬁ oy gt ‘aﬁ‘i‘“é”g‘“’ %‘\ﬁ @%@/t SR
PCT/ SC?Q 094.1393-%5 to modulate a transmitter signal 213 to be transmitted into a plurality of

predefined frequency ranges, triggered by the shaped transmitter clock signal 214. The
predefined frequency ranges may be in the range of about 200 MHz to about 11 GHz.
The transmitter signal 213 may be generated by a transmitter signal generating circuit
215. The transmitter signal 213 may be binary data. The transmitter signal generating
15 circuit 215 may be coupled to the transmitter clock generating circuit 208 and the
modulator 212.
[0048] The transmitter path 207 may include a mixer 216 to provide an up-converted
signal 217 to be transmitted. The mixer 216 may be coupled to the modulator 212 to
receive the modulated signal 218 to be transmitted. The transmitter path 207 may also
20 include at least one amplifier 220 to amplify the up-converted signal 217 to be
transmitted. The amplifier 220 may be a driver amplifier.
[0049] The communication device 200 may include a receiver path 221 for the

receiver 204. The receiver path 221 may include a clock recovery circuit 222 configured



to recover a receiver clock signal 223 froma received signal 224.
The receiver path 221 may include a conparator circuit 226 coupl ed
to the clock recovery circuit 222 and configured to conpare the
receiver ' | 223 and the transmtter clock 'qygg t 0
generate gkagﬁ?gggﬂgignal. The receiver path 221 nay%; éozﬁﬁgﬁﬂﬁé a
ranging 5 determnation circuit 228 configured to determ ne a ranging
val ue based on the output signal. [0050) The receiver path 221 may
include at | east one anplifier 230 to anplify the received signal
224. The anplifier 230 may be a | ow noise anplifier. The receiver
path 221 megcoyprsoressiver claek sgnal 323 droaserepeivas signal22¢ o Therresaivee path 221

i n-phase anplified signal 233 10 and a quadrature m xer 234 to

provi de a Hawdchda pecomppator cisghitsd2§ranpled e thptrdock regonery ccirew 283 ami32
may be a down-conversion mxer. The quadrature m xer 234 may be a
down- convemEpged iei cpmpare fhggeeivermheck sigaali 2723 angithe Farmmitterglpck signah 809

i nclude an in-phase filter 236 to filter the in-phase anplified

si gnal 233topEEeiatedn BYtoph sighah- Bhea sescinerxpath 233 man alio jodedear ueReing | t er
15 238 to filter the quadrature anplified signal 235 provided by the
quadr at 3ir edg§reiationeircuit 428 pofighrad (0 dqtqrmine arapgivgyalpsebaged exnthe pyput
filter. The quadrature filter 238 may be a low pass filter. [0052]
The recei v8&3kj gnal 224 may be processed by the anplifier 230, the

i n-phase mxer 232, the quadrature m xer 234, the_in-phase filter
236 and t hWO¢hadrEedreiver pathe212myy inglyde l?aéb%\?émphﬁﬁh%%g do amplfy thgr y
phase shift keyi ng (BPSK) sipnals. [ 0053], The recejver_path 221 may

i ncl ude antefsvehifieRal 2724, Thesmplifies; 230 may be £iley nolapampiifien The reogivenpath
filtered in-phase signal 241 and a quadrature yafiable,gain anmplifier
242 to anfiliMay ANANFde 2R aRfiagh FINFrA>a (R PIOYigh At incbhase appplificdagial ¢33 pat h

221 may. i ncl.ude an in-phas 10
YO and a quac%‘ature mig)cer 33 to provide a quadrature amplified signal 235. The in-phase

mixer 232 may be a down-conversion mixer. The quadrature mixer 234 may be a down-
conversion mixer. |
[0051] The receiver path 221 may further include an in-phase filter 236 to filter the
in-phase amplified signal 233 provided by the in-phase mixer 232 and a quadrature filter
15 238 to filter the quadrature amplified signal 235 provided by the quadrature mixer 234.
The in-phase filter 236 may be a low pass filter. The quadrature filter 238 may be a low
pass filter.
[0052] The received signal 224 may be processed by the amplifier 230, the in-phase
mixer 232, the quadrature mixer 234, the in-phase filter 236 and the quadrature filter 238
20 1o recover a phase of binary phase shift keying (BPSK) signals. |
[0053] The receiver path 221 may include an in-phase variable gain amplifier 240 to
amplify the filtered in-phase signal 241 and a quadrature variable gain amplifier 242 to

amplify the filtered quadrature signal 243. The receiver path 221 may include an in-phase

10



WO 2009/ 091342 PCT/ SG2009/ 000025 integration circuit 244 coupled to
an out put 245 of the in-phase variable gain anplifier 240 to receive
the anplified filtered i n-phase signal 246 and to produce an anal og

i nt egr at edywhRodhdse si gnal 247, and a quadrature int eghalchRBogobisCul t
248 coupled to an output 249 of the quadrature variable gain

anplifier 242 to receive the anplified filtered 5 quadrature signa
250 and to produce an anal og integrated quadrature signal 251. [0054]
The receiver path 221 may include an in-phase anal og-to- digital

t (A 252. t t th t t d I
247 pr ovi AU ﬁl@cuff&%%%&ﬁrwaﬁwa%% P e sl g
i nt ted h I d -to-digit
conver ter 2D TS8P RRIGET deRL marog Iait%ara&eiﬁa il o PP
signal 10 %g E§FOVI b &g adra ure |n ratjon circuit 248 to a
di gi tal ol el 0 S bt et it 8| SRR ety
c:?gu?t 22% 31 h@e Eecelv s QZb nqﬁ. §409u red 0 t?g ﬁ%if ery
I ARG A M byl
anpl i fi [
qtrjrgdr at gr e VA %ﬁl%langoﬁmgﬁﬁf?df %Tﬁgrffoedﬂg tk‘f& S‘ﬁ%ﬁ%’pl ified
filt d I Th Kk 222
el ude anI:'I?{J e F ”raertﬁi‘z% e 5vE B B W eErsiE sien

257 d t 258 d

quar ed_ oulEoD B85 e uF e Bekie] § Pbise sire! 292D ey e Fterea

sunm ng cif | 260 Hqggonblge“the flég uared o%%put 257 nd t he

second square§r§’On §i0) 9thH o?inﬁméagrgumm gﬁtsf%'?l IR tuadry

recovery c t(g d12%z§ cgrgre% (A?el(),‘i? Q%O)ﬁ'glg tl'% a];!al{)%&nte tedpq?lggr%r{.n!';lé{:ﬁ%%l ggg

to filter out put provi

to rece er ggﬂ! %%ﬁ 56 e.re |ve cl ock
Si gnal 2§n&§°&&ﬁ%g¥lfg‘{u§hr§&%e@g ver c%{ ci rc%iglfa tl.' e% ’a%’et

t he flrst i@ﬁﬁﬂﬁss filter 262. A receiver signal CIFCUIt 264 may be
coupled to

[0055] The clock recovery circuit 222 in the receiver path 221 may be coupled to the
output 245 of the in-phase variable gain amplifier 240 to receive the amplified filtered in-
phase signal 246 and to the output 249 of the quadrature variable gain amplifier 242 to
15  receive the amplified filtered quadrature signal 250. The clock recovery circuit 222 may
include a first squaring circuit 256 to produce a first squared output 257 and a second
squaring circuit 258 to produce a second squared output 259. The clock recovery circuit
222 may include a summing circuit 260 to combine the first squared output 257 and the
second squared output 259 to form a summed output 261. The clock recovery circuit 222
20  may also include a first low pass filter 262 to filter the summed output 261 provided by
the summing circuit 260 to recover the receiver clock signal 223.
[6056] The receiver clock signal 223 may be sent to a receiver clock circuit 263

coupled to the first low pass filter 262. A receiver signal circuit 264 may be coupled to

I



11 WO 2009/ 091342 PCT/ SG2009/ 000025 the receiver clock circuit 263.
The receiver signal circuit 264 may be coupled to the in- phase

anal og-to-digital converter (ADC) 252 to receive the digital

i nt egr at ed,, 415 signal 253 and may be coupled t ure
anal og-t ofjglbglmpyaaﬁégzonver ter (ADC) 254 to receive t h&%zﬁg@%g

i ntegrated quadrature signal 255. The digital integrated in-phase 5
signal 253 and the digital integrated quadrature signal 255 may be
used to recover the digital data received by the receiver 204 of the
comuni cati on device 200. %%957] The conparator circuit 226 may

i ncl ude an theogesivte elock Grcuip 86 The teeatysn signal fricuit Adanaydre colplektogheyinal
223 and the transmtter clock signal 209 to generate an out put pul se
si gnal 267 phashandegyte-diginbemysrtep 68D @Ry 520t reveainerthe digifell ialpetateddn-blsssveen
a rising edge of 10 the transmtter clock signal 209 and a rising
edge of t heisnd@éd ved may bscdeunledytndhe Qrdratulnanalogia-digital gorveserdABRARS D67
may represent the delay tinme between the rising edge of the

transm tt efo esceitk thejdigital ingegoted radritarersignalnpSe dbe digitaltinegried dn-phase
clock signal 223. [0058] The conparator circuit 226 may include a
second Powsigaal £5% and te dmirgl inteerpted geadratyry, sigeal 255 map (e secdsto gergiver 7
provi ded by the edge detector 266 to produce an anal og 15 out put

si gnal 269 digittlaataereiyed Bithpigecivst il thegommuyiceion 9edesci0Pi onal to the
delay tinme between the rising edge of the transmtter clock signal
209 and t h087ki ngheepgpagior ¢ifait 2?%@&7 ipelude prrdge deteniar 266 xeconfp@@sly) The
recei ver path 221 may include a first anal og-to-digital converter
(ADC) 270rceiversisk signal R and hedynonritgislock pighd LODEEerarye arierpw pulsa
second | ow pass filter 268 to 20 a digital output signal 271. The
first anal 8893l 36%ilgr edae delsriorelop aray (datomyino 7 delpptjme betweri dingydeneln
the second | ow pass filter 268 and the ranging determ nation circuit
228. The Hiedrapsmitegplgsksiseql gAApndoarasipggiep of thederetver deskerigmhe?dt Ree

rangi ng val ue. i . y
output pulse signal 267 may represent the delay time between the rising edge of the

transmitter clock signal 209 and the rising edge of the receiver clock signal 223.

[0058] The comparato‘r circuit 226 may include a second low pass filter 268 to filter

the output pulse signal 267 provided by the edge detector 266 to produce an analog
15  output signal 269. The analog output signal 269 may be proportional to the delay time

between the rising edge of the transmitter clock signal 209 and the rising edge of the

receiver clock signal 223.

[0059]  The receiver path 221 may include a first analog-to-digital converter (ADC)

270 to convert the analog output signal 269 provided by the second low pass filter 268 to
20  a digital output signal 271. The first analog;to-digital converter (ADC) 270 may be

coupled between the second low pass filter 268 and the ranging determination circuit 228,

The digital output signal 271 may be used to determine the ranging value.
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12 WO 2009/ 091342 PCT/ SG2009/ 000025 [0060] The frequency generator
206 of the communi cation device 200 may provide oscillator signals.
The frequency generator 206 may be coupled to the m xer 216 of the

transm ttegodfdendi9zProvide a transmtter oscillator SicgRabooddredso the
m xer 216. The frequency generator 206 may be coupled to the

i n-phase m xer 232 of the receiver 204 to 5 provide an in-phase

recei ver oscillator signal 273 to the in-phase m xer 232. The
frequency generator 206 may be coupled to the quadrature m xer 234 of
the receiver 204 to provide a quadrature receiver oscillator signa
274 to thel®96Udr athsritcansnee genpmior 20Qofthy coppuisatiqn davise HEreavareHde06
may include a voltage-controlled oscillator (vqga 276 configured to
gener at e a?sc}l]é@éﬁ'%‘%eTB%ﬁFQ“F%@PH%QFF?GP mgy b £Pupledhie theamixery 316 of gherpy
be a multi-tone VCO The frequency generator 206 may include a first
buf fer ci r Eusmiter 20% iy Previde @otrasmibdert ecillator signal ZF7gtoche iz 216 Thte

vol tage control oscillator 276 to buffer the at | east one oscillator
out put si gfieguency gerspiorERR MRy beerupley toghs ks mize@3hal/the Frepivg 04t
coarse tuning circuit 279 coupled to the first buffer circuit 277 to
provi ded coBP¥ide flAmRBPsereteivar Picalistes figpak 473 e Weoinrriges misr 28t Ths
oscillator 276. The frequency generator 206 may_al so include a fine
tuni ng ci réﬁﬂuﬁmzs@e@&x&ﬁ@a@ ge tqyeled (pthe eradighirspixer £38attherpepivep204
provi de fine tuning of the jrequ?ncy_to the _voltage contraol

osci | | at or OPRyIdepgBiayturg reeiverosqillanysiensl 244 fothg quadmiremizengdde oupl ed to
the m xer 216 toH@{o ide the transmtter o cill?tor siqngl 272 to
the nixer PN THeSEOSHREY RFFFEPT &G BBy 1inDYes Aaiplipse-contplled psiilaior: o

S gnal 273G <PHLE i de iR S onerisbBR APY e THR VR 21578
TRy be fouRl et o e At aL e T 258 L0 B 05, L isaguadiat e
277 and a second buffer circuit 278 coupled to the voltage control oscillator 276 to buffer
the at least one oscillator output signal.
[0662] The frequency generator 206 may include a coarse tuning circuit 279 coupled
to the first buffer circuit 277 to provide coarse tuning of the frequency to the voltage
15  control oscillator 276. The frequency generator 206 may also include a fine tuning circuit
280 coupled to the coarse tuning circuit 279 to provide fine tuning of the frequency to the |
voltage control oscillator 276.
[0063]  The first buffer circuit 277 may be coupled to the mixer 216 to provide the
transmitter oscillator signal 272 to the mixer 216. The second buffer circuit 278 may be
20  coupled to the in-phase mixer 232 to provide the in-phase receiver oscillator signal 273 to
the in-phase mixer 232. The second buffer circuit 278 may be coupled to the quadrature
mixer 234 to provide the quadrature receiver oscillator signal 274 to the quadra;mre mixer

234,
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234. 13 WD 2009/091342 PCT/ SG2009/ 000025 [0064] The communi cation
device 200 may include a switch 281 coupl ed between the anplifier
230 of the transmitter 202 and the anplifier 220 of the receiver 204.

The swit y, be coupled to an antenna 282 of t i.cation
SHoPhaER, R

devi ce 200. he comruni cati on device 200 may t ude a
baseband processor 5 284. The baseband processor 284 may include a
burst power control nodule 286. The baseband processor 284 may al so
include the transmitter clock generating circuit 208, the

transm tter signal_ generafi

n%b@%rcuit 215, the ranﬁing det erm nati on
circuit 228000¢he Theeommpaicaiiqnotayice i2PC may el aripieh 281 seupfed detwepnyna
circuit 264. [0,g61 The duration of pul ses may qccupy a_snal
duty of datic PRBer3Bgf te Vet ALR AR TR GmpRAGT ARD Bf B ro0H D70k REe
recei ver 204 tq _power down when there is no pul se transm ssion.
(0067] The S%ﬁi\%ﬁﬁfﬂ@& § SHPlaL PR ATt 25%19? Hpsormypicgtiondericg gl ex node
when t he Q ni gation device, 200 js use or. co ni cation. For
exanpl e, ef(’c0 r tf%FnW"E‘EF“‘K‘ devise 2'105% Hyingly ec%r‘?ﬁﬁﬁ?“@d’c’%“ﬁﬁ th
receiver A éor recej ver B) at_qne ti 5 [ 00681 For, rangi ng and
| ocal i zati 6% T A2 ERAMABICTSR, A wwgidezﬂol‘e}" w&‘p@“ﬁ?’em?q’?%az sdhfene
cal l ed two- rangi ng, dedi cat e ﬁreanbje(ﬁ§¥tbe defined to be
used for P%%%amg‘iﬁogaé mayiio Bt rant PR AeGegReraling SRt 298, the
preanbl e pul se.seque ceﬁ%e. . ._S) g; nized by a transmtter_clock
TX ol k)t oFFBRUIFE Aient, Eoperaing, aireus H13c b vateing, dererpiialar it ¢ e
triggers transmitter. Bt%% S ﬁ? a Fulse #najn ép receiver A After
recei ver A5GV glogk gid eang IS % %ansni tter B, receiver A
recovers a receiver clock Eﬁﬁﬁég- From TX cl k RC.cl k, a_ ranging
|t or i oMOREIn b Ele e o BN srhey ey 4 P e ot Gan e (4590
10  aliowing the transmitter 202 or the receiver 204 to power down when there is no pulse
transmission.
[0067] The communication device 200 may work in a half duplex mede when the
communication device 200 is used for communication. For example, either transmitter A
{or transmitter B) communicates with receiver A (or receiver B) at one time.
15 [0068] For ranging and localization, the communication device 200 may operate in a
scheme calied two-way ranging. A dedicated preamble may be defined to be used for
ranging purpose. For example, transmitter A sends a preamble pulse sequence (e.g.
synchronized by a transmitter clock TX clk) to receiver B. Receiver B receives the
pulses and then triggers transmitter B to send a pulse train to receiver A After receiver A
20 receives the pulse train from transmitter B, receiver A recovers a receiver clock RC clk.

From TX clk and RC_clk, a ranging information can be extracted. Assuming that the

time delay between the two clock edges is Az, and the total processing time (including

detection time of receivers B and A, relay time from receiver B to transmitter B etc.) is

14



time delay between the two clock edges is etd and the total
processing time (including detection tine of receivers B and A,
relay time fromreceiver Bto transmtter Betc.) is 14 WO
2009/09134@0@&%k§§¥p09/000025 At,, the distance bet Ik C2009/000025
conmuni cat1on device A and communi cati on device B can be cal cul'ated
as d = (Atd -At, )c/2 where c represents the velocity of |ight.
[0069] If the clock of transmtter A and the clock of transmtter B
can be synchronized, one-way rangi ng nay be used to cal cul ate the
del ay between the 5 transmitter clock of the transmtter and the
recover ed récdlievstanct brtwenfcommunigation Hevige Avpnd¢omnuumésatiansvice B can be
conmuni cati on device 200. Once the ranging information i s obtained,
| ocal i zat i edicutas kel a@&rﬁiﬂg}i{bﬁh&@@ﬁ-@k&%éﬁt& the vélbskyELgitng nore than
two different ranging data for an object. The proper

oper ati on/ gsé)Chi F9mef c1GR O RhksHideP ™ 3RH HRNAbAI of Ydfsmiftdr BN be
communi cation device 200 nay be controlled by 802.15.4a MAC. 10

[0070] Li nifregtom¥ed hﬁeﬂaﬁ?ﬂgi@e FhOTHRRGE O chilifad QRO UEES DefiledE Kne t NE
ranging circuits can achieve 0.2ns edge detection accuracy. This can

equal t9 3eMshARILIBE G Wafd¥itterAnd HOMESRER rBRBOMIKIRE r&BVerRithin
expected by using an 1 | bit ADC. [0071] Based on the above

di scussi oneaffleNESmBAAARSE dBice P60, CORIUMCANLAE idoWha®n i€ ObidiRN, |
include a clock recovery circuit 222 configuréd to recover a receiver

clock 15 gigRaondddbd didfiedby Qbfiinifih Jn_@%e?giﬁ)% Rofh tob iiffen _Ag[in
conprising a preanble code, and a ranging de i ig228

ermnation circu

conf i gur edgde®orl @k 85jE3t MPhepréRNEHeRtio it QinR 3% @6knflnit4i6n atf BRI Ko gnal
224. [0072] Figure 3 shows a flowchart 300 of a process for

det er mi ni Ngr the EodidBlinRGtidhAHeViEe 200Mndy/Be cGRBTRHYGHLI168a St Cce 200
according to an enbodinent. At 302, a transmtter 20 clock signal

may bejgenpoaded. LiitedBy the FittérgbimfficeCf MeKreSiveRa klobk, BB BngifCaicViad
si gnal may
can achieve 0.2ns edge detection accuracy. This can cqual to 3cm ranging accuracy. A
coverage of >60m range can be expected by using an 11 bit ADC.
[00°71] Based on the above discussion, another example of the communication device
200 may include a clock recovery circuit 222 configured to recover a receiver clock
15  sigoal 223 from a received radio preamble signal 224 comprising a preamble code, and a
ranging determination circuit 228 configured to determine a ranging value based on the
preamble signal 224.
[0072] Figure 3 shows a flowchart 300 of a process for determining a ranging value
in the communication device 200 according to an embodiinent. At 302, a transmitter
20  clock signal may be generated. At 304, a receiver clock signal from a received signal may
be recovered. At 306, the receiver clock signal and the transmitter clock signal may be

compared to generate an output signal. At 308, a ranging value may be determined based’

on the output signal.
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be recovered. At 306, the receiver clock signal and the transmtter
clock signal may be conpared to generate an output signal. At 308, a
rangi ng val ue may be determ ned based on the output signal. 15 WO
2009/ 09134¢0R6able@009/ 000025 [00731 For better il usdfi@Rbifiecedz Qure
4 shows data flow of the conmunication device 200 at a system | evel
according to an enbodi nent. Figure 4(a) shows UAB pul se train 402
triggered by the transmtter clock generating circuit 208. Figure
4(b) shows a nodul ation signal 404. Figure 4(c) shows the

B
42 T R R B S S 4
dermet 2410 51905 o 84 et f%&%&ﬁg@wwre R
15 R HE- B i T Sl 0 o

| ock I d f . th d
Fecel VZ?QQ?S 10 gy e sy by et B o Pk O %s&%wﬁarl”i&%?etv e’
di gi tal @ﬁ)”aﬁav% dlﬁi otfromFltgurw%r%mge)d e@g@g %Ed ou hﬁé%‘g theshown

in Flgure &nerat'ed 8AVE €4

proportiongl t he de ay n can used i 1
[ 00741 Det al S;mSSl " déorcorrp%rﬂlénn tém%?F ! ¢St fie%?‘{"?aﬁl %BZH 4ﬁ{)tter

202 of t hes; gﬁ%m%o%ttho{%c }/ed gcc?vgp cI&d 41?e§1(1:er }ebt)ev%re recelver E}%g‘?l@r’!#d t he

Figure 5(a a sc I'ag ran1o Se shaper

modul at or 1%%; B%%c&ﬁ%dtf{?ﬁlnﬁ@d%&gcéﬂa%gg 81%%('1:59 IFn%%{: mo?vnbodj $1 Pulse.r-l,l;ge

pul se shape orde ass

pul se spapgLy, 419 fo%‘lgd B}‘@oxﬁ'ﬁ?&% fe0 Irxsu?glélge of the transmitter clock signal 402 of

Figure 4(a) and the rising edge of the recovered receiver clock 412 of Figure 4(f). After

low-pass filtering of the digital pulse train 414 of Figure 4(g), an averaged output 416
shown in Figure 4(h) may be generated. The averaged output 416 may be proportional to
the delay time and can be used for ranging.
15 [0674) Details of the components of an embodiment of the transmitter 202 of the
communication device 200 are described below.
[0075]  Figure 5(a) shows a schematic diagram of the pulse shaper 210 and the
modulator 212 of the transmitter 202 according to an embodiment, The pulse shaper 210
may be a third order Elliptic lowpass filter. The pulse shaper 210 and the modulator 212
©20  may include a first order filter 502 and a biquad Gm-C filter 504. The first order filter
502 and the biquad Gm-C filter 504 may include dedicated pole-zero placements to
generate channel mask compliant pulses. Four switches 506 may be coupled between the

first order filter 502 and the biquad Gm-C filter 504. The four switches 506 may be
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20 may include a first order filter 502 and a biquad GnC filter 504.
The first order filter 502 and the biquad GnC filter 504 may

i ncl ude dedi cated pol e-zero placenents to generate channel nask
conpl i ant Qﬁhégégwf ur switches 506 nay be coupled b <ﬂﬁﬁﬂ(ﬁﬂ first

order filter and the biquad GnC filter 504. The four %mn Ches

506 may be 16 WD 2009/091342 PCT/ S&009/ 000025 controlled by
nodul ation data 508 to change the polarity of the pulses. A buffer
circuit 510 may be coupled to the biquad GnC filter 504. Using
passive switches 506 for the _nodulator 212 and |liberalized =
t r anscondu€eibe homodulaiop dits a0%Rghanee sheopalalfy akcthe avless. 4 dulferpirsuit
linearity which attain a maxi rum.input sw ng of 1V peak to peak and
an 5 out pat0 wgy %Cwleémwbw@%@dg ﬁB%rkS.O‘*{‘%wam@m@h@(S&? fsibs a
pol e-zero map 512 with an inmaginary axis plotted against a real axis
of the pul g8ddanHe2 aﬁdlbﬁﬁhzeﬁgﬁmcaww%ég% the iy lse shager Reryi aebisre
Figure 5(c) shows a graph 514 of attenuation plotted agai nst
frequency ¥ Al b%ﬂaggv Ehighh taing i dragipum ppeuTars et BY dstkdiomyal andpp
enbodi ment. The graph 514 shows that a frequency response 10 516 is
const r af neBtRitEYE oA 8Q0mihprak topsdk 518 with a margin. This takes into
account the ﬁossLbIe s?ectral spreadigg of the transmtted signal
209 due t ol092%1 i nE&TEOP) SoE A PRIgFErOFRAPOA G ¥l apimasiaTyAxisaiotiod B2aIfY t he
a schematic di agram of the m xer

anplifier 220, [00Q77] Figure 6 %ho
216 of t he?sekariht thegplsoghoper gpd Mﬁﬁﬂ?r&%dlw&a eReofimentfdeys ety 216
may be an ﬂgconver or., ﬁhich can be a 15 Gl bert-cel| active nixer
opt i mi zed FSWS Riggh 1A QheryRISR glofted peeinsl Erapency g g Rulse SRAPET adREe £ ul |
UAB band. Th 1m'xer %16 may achi eve @ cggéﬁrs'ont%gi@ of -9.6dB, 11P3
(third  or BERIATOTRE b PEaPOPBEN T<ararrs 13 Ao Rt o HOPSEY IFRAH) of
15. 448, [ 0078] The mxer. 218 mmy, be resist vely 19200 Y L00 4
possible spectral spreading of the transmitted signal 209 due to nonlinearity which may
be caused by the mixer 216 and the amplifier 220.
[0077} Figure 6 shows a schematic diagram of the mixer 216 of the transmitter 202
according to an embodiment. The mixer 216 may be an upconvertor, which can be a
15  Gilbert-cell active mixer optimized for high linearity and resistively loaded to cover the
full UWB band. The mixer 216 may achieve a conversion gain of -9.6dB, IIP3 (third
order input intercept point) of 15.2dBm, NF (noise figure) of 15.4dB.
[0078] The mixer 216 may be resistively loaded by two resistors Ry, 602, 604 for a
wide band performance over the entire bandwidth. The mixer 216 may include six
20 transistors 606, 608, 610, 612, 614, 616, and three current sources 618, 620, 622. A first
terminal 624 of the resistor 602, a first terminal 626 of the resistor 604, an input terminal

628 of the current source 618, and an input terminal 630 of the current source 620 may be

coupled to a supply voltage 632. A second terminal 634 of the resistor 602 may be
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wi de band performance over the entire bandw dth. The m xer 216 may
include six 20 transistors 606, 608, 610, 612, 614, 616, and three
current sources 618, 620, 622. A first termnal 624 of the resistor

602, a fir bElgisnal 626 of the resistor 604, an in|ol;q:T ] 628
of the curﬁtﬁﬁ gbarce 618, and an input termnal 630 0 E%ﬁéﬁ@ﬂ@%%nt

source 620 maybe coupled to a supply voltage 632. A second term nal
634 of the resistor 602 may be 17 WD 2009/091342 PCT/ SG2009/ 000025
coupled to a drain termnal 636 of the transistor 606 and a drain
termnal 638 of the transistor 610. A second term nal 640 of the
resi stor 6G2uplAgdyio Bedraip igsmingl 636 of We Hpnsistor SPiapdip derim teningh@38 of the
transi stor 608 and a drain termnal 644 of the transistor 612. A
source t elAnsiEar @A6A Fpcopd dermingh840sefthe emiFtoR )4 eay sugsreled to2 draiour ce
term nal 648 of the 5 transistor 608, an output term nal 650 of the
current solfr@Ealgrd obihe transigion PP qud afrapierngml 64 ef thhgansision8l s Aspures4. A
source termnal 654 of the transistor 610 may be coupled to a source
terninal 6%mwal 640eok the Awnsittes, 6051ay b coypledfp a equiRengmMipd $48foftthee
current source 620 and a drain term nal 660 of the transistor 616. A
gate tefm Hapsistg 0% an priputitermingl 30gf thegpuent g 8 apd e draingerpingh f&2
term nal 664 of the transistor 610. A source term nal 666 of 10 the
transi st or °64% URYEIBS1Eol sowute (enipal $8t ptibe tansistor 10wy hsfeoupled to a
transistor 616 and an__input term nal 670 of the current source 622.
An out put ERVGF tFEHnaE 36 off the fansister Sbh tan SYRRCIEming H53:9§ thsCubent SPERF t o
ground 674.§%007%1_Figure 7. shows a _schematic diagramof the

anpl i fier 5¥pandra qrap tqpinalGAOof dhe trappigiorl6.of got drrpgabep2nfphsdranifier. The
anplifier 220 may be differential drjiver 15 amplifier. A sw tched
d ass- A anf¥d Pex Gﬁ‘éaleaad@a&gt@& ali 6 ot frsisior PL- Ageprgeiemaing 668 oler i n

order 4§ PLESELNS NS SORS UG Shect re 50 L0, IRLOYS Ly
four ind UC}n?mrJtstenLrJinaI &O%%&escélr)éen(t:sao%g:% i6£2955§1 ogtputt tgrminal 672 of the current source
622 may be coupled to ground 674.
[0079] Figure 7 shows a schematic diagram of the amplifier 220 of the transmitter
202 according to an embodiment. The amplifier 220 may be a differential driver
15  amplifier. A switched Class-A amplifier may be used as the differential driver amplifier
in order to preserve the constrained spectral and to improve the efficiency. The amplifier
220 may include six transistors M1 to M6, four inductors L1 to L4, six capacitors C1 to
C6, and two resistors Rl and R2.
[0080] A drain terminal 702 of transistor M5 and a drain terminal 704 of transistor
20 M6 may be coupled to a supply voltage 706. A source terminal 708 of transistor M5 may
be coupled to a first terminal 710 of inductor L1. A second terminal 712 of inductor L1

may be coupled to a first terminal 714 of capacitor C1 and a drain terminal 716 of

transistor M3. A second terminal 717 of capacitor C1 may be coupled to an output
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C6, and two resistors RI and R2. [0080] A drain term nal 702 of
transistor Mb and a drain termnal 704 of transistor 20 Ms may be
coupled to a supply vol tage 706. A source term nal 708 of transistor
Mb may be o a first termnal 710 of induct

t erm nal %@BH@ uctor LI may be coupled to a firs '#%?%ﬁﬁéﬁ%g

of capacitor C and a drain termnal 716 of transistor M3. A second
termnal 717 of capacitor C nay be coupled to an output 18 WD
2009/ 091342 PCT/ S&2009/ 000025 termnal out+. A gate term nal 718 of
transi stor MB and a gate term nal 720 of transistor M nay be

coupl ed t otegpinpl aubte At gateytermonnl 71 ofitraptitter N} pid 8@ tameinalx720 Of)tm?ﬁﬂmf
respectively. A series of NOT gates 785 may be coupl ed between the
gate term Nl mpaygbepfoupledates raepiemeyBra sontiohcinpps €l €783 md 2P 384
transi stor Mb. A source termnal 722 of 5 transistor M3 nay be

coupl ed t orepectively AtseriqsiohNOT 2aus B neaypg coupdad beveemitie gatel terhinalt B8 of nal
726 of transistor M. A second term nal 728 of capacitor C3 may be
coupl ed t otransisfor M3 ande theri gatel temam] RO o6 dlantistor M6 A /sowiee deTahinab 23 nfl
732 of resistor R may be coupled to a gate term nal 734 of

t ransi sfor triyisiston ¥M3zmay hesouplestorp fiesk temBigal R4 ebgrarsiton®3 @Bl a draindamingl
termnal 738 of capacitor C5 may be coupled to a first termnal 740
of i nduct o720 & trapsistargMé et otreand tsrmpingl 4128 piigapaitor fduerydre doBplahiip dfirst
coupled to an input termnal In+. [00811 A source terninal 744 of
transi stor tewnﬁaﬁﬂ & resisigpRégA sesord fermiggl 732 ofasistor R4 gnaydfe doppledtogr L2,
A second termnal 748 of inductor L2 nay be coupled to a first

term nal gHOtegRinglaif4of tepsity Mhanda ﬁfséiqlim’tné‘r?ﬁsrﬁlcapﬁslzf’fo@ tA a9¢81ds t or
M4. A second termnal 753 of capacitor C2_ may be coupled to an

out put t er Wi “hef caraciter QSttheﬁakaf%ta aofirstttprah%ql Jtopf Iugier Ind a
gate termnal 756 of transistaor may be coupled to conpl ementary
controfl0 | Wﬁ‘lﬂdéer@ﬂ"ral 74?8’@“&%“@@@“5"" vwlerdé%ﬁ@eﬂtmyml Intseries of NOT

gates 788 nax be coupl ed
A source terminal 744 of transistor M6 may be coupled to a first terminal 746

of inductor L2. A second terminal 748 of inductor L2 may be coupled to a first terminal
750 of capacitor C2 and a drain terminal 752 of transistor M4. A second terminal 753 of
capacitor C2 may be coupled to an output terminal out-. A gate terminal 754 of transistor
15 M4 and a gate terminal 756 of transistor M5 may be coupled to complementary control
inputs Ctrl 786 and Ctrl_b 787 respectively. A series of NOT gates 788 may be coupled
between the gate terminal 754 of transistor M4 and the gate terminal 756 of transistor
MS. A source terminal 756 of transistor M4 may be coupled to a first terminal 758 of
capacitor C4 and a drain terminal 760 of transistor M2. A second terminal 762 of
20  capacitor C4 may be coupled to a first terminal 764 of resistor R2. A second terminal 766
of resistor R2 may be coupled to a gate terminal 768 of transistor M2 and a first terminal
770 of capacitor C6. A second terminal 772 of capacitor C6 may be coupled to a first

terminal 774 of inductor L4. A second terminal 776 of inductor L4 may be coupled to an
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between the gate termnal 754 of transistor Md and the gate term nal
756 of transistor M. A source termnal 756 of transistor M4 may be
coupled to a first termnal 758 of capacitor C4 and a drain term nal
760 of tr [ Me. A second terminal 762 of 20 capggi y be
coupl ed tg‘pézﬂg@égytzerm nal 764 of resistor R2. A se%%%@bgc{eﬂ?@%%%? 766
of resistor R2 may be coupled to a gate term nal 768 of transistor M
and a first termnal 770 of capacitor C6. A second termnal 772 of
capacitor C6 may be coupled to a first termnal 774 of inductor L4.
A second termnal 776 of inductor 1.4 may be coupled to an 19 WO
2009/ 091 34RpREFMBEPRO W 6HOG2Eminah PR ofttansistoxaMl land a Aosaueodnad g8mwfal
778 of transistor M and a source termnal 780 of transistor M may
be coupl edtrimsistgr MQA mchy B8 2oupled OB@EPundi82.t r ansi st ors M3/ M4 and Mo/ M6 can
allow the anplifier 220 to be turned off when there is no pul se

t ransm ssi [8A82] TheTte arydisore M3AVIY anbMbEMA canraflotsheCimplifian2R0 6 b&turhedb may
be slightly delayed from each other using the series of NOI gates
785, 788 tdf whevéwrte noesileacnpoibsm. Jeneomplemmtioy contgl otypossClell 4nd?2
during fast transitions of the control signals. The transistors

ML/ M2 nhy Galvemeebd dighthededayedifoan kach othergsing e seties of Y Ttgated 786, 78
anplifier 220 may adopt a resistive feedback topology in order to
provi de a pevent ondesiretl mise ngenergiopdrydindwtdns L¥Yh2 danpd ifdst gansk@s nhiyhe
achieve a gain of 6-8dB, 10 BW (bandw dth) of 6GH (3-9GH), and

maxi mum oucoptiol penaker The tr8ebBrars FHEV2 tmraynisne treséstive Gedbegly thémproves thei ng a
peak current of 8mA to generate 500MHz PRF pul ses. [0083) Details of
t he conponendwiddi Thn amphibadi 328 nayofdophe reustiv Veadb@dgtopdlogyhie order to
comuni cati on device 200 are described below. 15 [0084] Figure 8(a)
shows a scireridad gpindivarhe entiod bandreiddginfiei apiplifier 230 may actiieve p geie pf/&RdB,

10 BW (bandwidth) of 6GHz (3-9GHz), and maximum output power of 8dBm. The
transmitter 202 may be consuming a peak current of 8mA to generate 500MHz PRF
pulses,

[0083] Details of the components of an embodiment of the receiver 204 of the
communication device 200 are described below.

15 [0084] Figure 8(a) shows a schematic diagram of the amplifier 230 of the receiver
204 according to an embodiment. The amplifier 230 may be a low noise amplifier (LNA).
The LNA 230 may include a band select circuit 801 controlled by a signal Cntrl. The
band select circuit 801 may be coupled to a low band first stage circuit 802, a high band
first stage circuit 803, a low band second stage circuit 804 and a high band second stage

20  circuit 805. The low band first stage circuit 802 may be coupled to the low band second
stage circuit 804. The high band first stage circuit 803 may be coupled to the high band

second stage circuit 805.
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204 according to an enbodi ment. The anplifier 230 may be a | ow noi se
anplifier (LNA). The LNA 230 may include a band select circuit 801
controlled by a signal Cntrl. The band select circuit 801 may be
coupl ed toygh@eRand first stage circuit 802, a high mm%ﬁﬁéﬁ
stage circuit 803, a | ow band second stage circuit 804 and a high
band second stage 20 circuit 805. The |ow band first stage circuit
802 may be coupled to the | ow band second stage circuit 804. The

hi gh band first stage circuit 803 may be coupled to the high band

second stagﬁ éirc HI 8g5. 20, WD, 2009/ 091342 PCT/ 5G2009/ 000025 [ 0085]
A first chiPid sg‘l I3t chamnel sglegt cipt HicbecouprLte the lovhkand disst stk
first stage cCi ui% 80% nd.the | ow band. second sta%g circujt 804.
second 111 SEeulHagpaft teooucand sgepp FPeRYFUHR) A SEwapitEd channehielesi gh
band first stag&ﬂcir ui t §03 and %gg hj gh band, second stage circuit
805. A powEFUdiA may e cgrpled todly sl band st tiege st B e the Bigh band

capacitive cross coupl ed input stgge circuit 80 The power - down
control ci PO} StS@BCI'?ﬁS;dSOB‘e C’Eﬁﬂﬁ'ggw’i‘ (fo’flﬂlg HTEA g%&“‘é’e‘&)ﬁ?ﬂm?@ dge
circuit_804 and the hi band second #q%e circuit 80£“ The
Capaci 1 7ve RO R5E FIENd PREHEEE tiRE 81 1 Bepevas e VR EgP LBl FYE o

| ow band first

Ci T cuit | B0% STBISAGT PG I S50 G e A e B e aP o et
T L e e e S L
et orrod nEPEERTETE LSS BB R ASUC R ER B The band

and vei v (TS T s, P ot e B Bt G APV it e o
arpli 110 <batth e ARG el TRt el B e PR EPAREPe 1 ne

capaci tor

cross coupled input stage circuit 809 may be used to boost the Gm and to reduce input
referred noise while achieving good input matching. The band switching between low
and high band_can be done by transistors M3/M4 and M5/M6 where there are two LC
tanks to cover either low band or high band. Within each band, there may be two stage
15 cascaded amplifiers. The first stage can be a LC tuned loading stage where the capacitor
bank may be employeci to tune to the desired channel. The second stage can be a common
source amplifier with LC tunable loading network.
[0087] Figure 8(a) also shows a schematic diagram of the mixer 810 of the receiver
204 according to an embodiment. The mixer 810 may include a power-down control
20 circuit 811 coupled to an input transconductance stage circuit 812. The transconductance
stage circuit 812 may be coupled to a first mixing pair 813 (e.g. in-phase mixer 232) and

a second mixing pair 814 (e.g. quadrature mixer 234).
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bank nmay be enployed to tune to the desired channel. The second stage
can be a common source anplifier with LC tunabl e | oadi ng networKk.
[0087] Figure 8(a) also shows a schenatic diagramof the m xer 810 of
the receiver 204 according to an enbodi nent. The m xer 810 ma

i ncl ude a PO U3 control 20 circuit 811 coupledﬁpaﬁgﬁmWWﬁé?
transconductance stage circuit 812. The transconductance stage
circuit 812 maybe coupled to a first mxing pair 813 (e.g. in-phase
m xer 232) and a second mxing pair 814 (e.g. quadrature m xer 234).
21 WD 2009/ 091342 PCT/ SG2009/ 000025 [0088] A first RF switch 815 and
a second RM@088M t ch fiSt BFreswtclo@15camd plsesnd 8F wedich 81thmay DAcdBRd herdednhe

m xer 810. Both the first RF swtch 815 and the second RF switch 816
maybe coupthedNAG230hed thewika$d0. Fedohefist B ewitdhr&idiahd 8@4ecohdRF bwidh band
second stage circuit 805 and the transconductance stage circuit 812.
5 [0089] F3lgunay bd(cyplsitoiis lav bokseatd sagdicagtiddpthe higk biridrssdond stagge
circuit 817 of the LNA 230 according to an enbodi nent. The first

st age ci r ctirchit 805/andehe tranchurbietagre selgd direwiedilt2i al common gat e capacit or
coupl ed input stage 809 followed by a first inductive resonant

di f f er eht i [@P8Yt adgig B8O B(b) 8ixBvsf oschavatih diagdimy oftthalfirdy atags cirddatrd 7 o€ltkect | on
can be controlled by the cascode transistors M3 and M4 or by the
cascode t rEMAi 230oacsoriiBg an chnl GnlivBintehiatThs fostesaget biwuitn§ilt mayt aghde a
transistors M and M2. Either the gate voltage (VL) of both M3 and
M4 | ow bandiffeterftiabeammanadatepapacitercopiiet igiut etageo$tddghowedHy adirstbwdubtiveb and
M6 high band differential pair can be set to 1.8V (ON) at any one

ti me depenusonant skfferguitinlctieseet02héidior sach dhdivithend] balsaBaml sedpetianctandie (Ch
Sel) can be achieved by utilization of a transistor sw tched

capaci t or @ntrellpd bgdke gasqody yransistors My apd Ml @ athe edstastegra@gsteorn $5Ghdf or

15 | ow band and vari abl e capacitors C5 and C6 for hi gh band.
10 M6 that succeed the input stage transistors M1 and M2. Either the gate voltage (VL) of

both M3 and M4 low band differential pair or the gate voltage (VH) of both M5 and M6
high band differential pair can be set to 1.8V (ON) at any one time depending on
whichever band is selected. Channel selection {Ch Sel) can be achieved by utilization of a
transistor switched capacitor array (Cap Armray), e.g. variable capacitors C3 and C4 for
| 15  low band and variable capacitors C5 and C6 for high band.
[0090] The capacitive cross coupled input stage circuit 809 may include two
transistors M1 and M2, two polarized capacitors C1 and C2 and two inductors LI and L2.
A gate terminal 818 of transistor M1 may be coupled to a positive terminal 819 of
capacitor C1. A gate terminal 8§20 of transistor M2 may be coupled to a positive terminal
20 821 of capacitor C2. A source terminal 822 of transistor M1 may be coupled to an input
voltage terminal Vin+, a first terminal 823 of inductor L2 and a negative terminal 824 of
capacitor C2. A source terminal 825 of transistor M5 may be coupled to an input voltage

terminal Vin-, a first terminal 826 of inductor L1 and a negative terminal 827 of capacitor
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[ 0090) The capacitive cross coupled input stage circuit 809 may
include two transistors M and M2, two pol arized capacitors Cl and
C2 and two inductors LI and L2. A gate termnal 818 of transistor M
may be co positive termnal 819 of capacit te

t erm nal g\%%%ryk?lr%ny stor M may be coupled to a posﬂ{ {S\%e é?oghzqnal
20 821 of capacitor C2. A source termnal 822 of transistor M may be
coupled to an input voltage termnal Vin+, a first termnal 823 of

i nductor L2 and a negative term nal 824 of capacitor C2. A source
term nal 825 of transistor Mb may be coupled to an input voltage
term nal ViGA-A secofd teningl 82519finduc®p bl axfd 4 ssehund tteyminial 829 irluetenyel maje
termnal 827 of capacitor 22 WD 2009/091342 PCT/ S&009/000025 d. A
second t er e praple@ megrgmd B3uct or LI and a second ternm nal 829 of

i nductor L2 may be coupled to ground 830. 100911 The | ow band first
stage ci r cl#091]302Thalpwiband {itse staggoeitonitl §¢2 way incRdemwo inductors kg apddédabl e
capacitors C3 and C4, two transistors M3 and M4, and two polarized 5
capacitors tvgy vasefleGpaciion | G3s endk £.niweatrangigtors g¥i3 j and d¢,0and| /0 pelggeed tive
term nal 832 of capacitor C3, a positive term nal 833 of capacitor C4
and a fBr stapecitors GARNGEY A first frmmiel§3] qfAndpgipr ba, & pesivsdenmina 832iph| v
vol tage 835. A second termnal 836 of inductor L3 nay be coupled to
a negat i vecaesier Rl 2 @Sivomyng £33 einepaciior G apd|atfigjderptintal-83rad induetptai n
termnal 838 of transistor MB. A second terminal 839 of inductor LA
may be coupf &y be ceupiddae pupply\mltags &3P n pecgubtepning $34 of inducterd.3 may
voltage V |- and a drain termnal 841 of transistor Mi. A gate

term nal 8hocaspled panspaliveiemygalfdy ofrercsensided veltrea Vb P%ch@féralwnaml a
positive term nal 843 of capacitor C7. A negative term nal 844 of
capaci t or &8 shdgpnsistor ¢y 1 seepnd FrmigrlAiR af led,@torg«‘*gmwetcetmﬁdﬁap nggagveo f
transistor MA may be coupled to a voltage VL and a positive term nal

847 of RapkepipgSiest caAﬁCﬁ@rg%‘t iavaliage Vit anda dyein tegpingbi of trapsistss Mfag be

gate terminal 842 of transistor M3 may be coupled to a voltage VL and a positive
terminal 843 of capacitor C7. A negative terminal 844 of capacitor C7 may be coupled to
ground 845. A gate terminal 846 of transistor M4 may be coupled to a voltage VL and a
positive terminal 847 of capacitor C8. A negative terminal 848 of capacitor C8 may be
15 coupled to ground 849.
[0092] The high band first stage circuit 803 may include two inductors L5 and L6,
two variable capacitors C5 and C6, two transistors M5 and M6, and two polarized
capacitors C9 and C10. A first terminal 850 of inductor LS5, a positive terminal 851 of
capacitor C5, a positive terminal 852 of capacitor C6 and a first terminal 853 of inductor
20 L6 may be coupled to a supply voltage 854. A second terminal 855 of inductor L5 may
be coupled to a negative terminal 856 of capacitor C5, a voltage V2+ and a drain terminal
857 of transistor MS. A second terminal 858 of inductor L6 may be coupled to a negative

terminal 859 of capacitor C6, a voltage V2- and a drain terminal 860 of transistor M6. A
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15 coupl ed to ground 849. [00921 The high band first stage circuit
803 may include two inductors L5 and L6, two variable capacitors C5
and C6, two transistors Mb and M6, and two pol arized capacitors C9
and C10. i rm nal 850 of inductor L5, a positj i nal 851
of capaci orzﬁ ?ﬁsgz positive term nal 852 of capaci tollrc\i%gg(g)%@oa%fi rst
term nal 853 of inductor 20 L6 nmay be coupled to a supply voltage
854. A second term nal 855 of inductor L5 may be coupled to a
negative term nal 856 of capacitor C5, a voltage V2+ and a drain
termnal 857 of transistor Mb. A second term nal 858 of inductor L6
may be couphtedermimah8hiegfatringistor Mr man &t cofdedofo T apltege VT aba pesitivd t age
V2- and a drain termnal 860 of transistor M6. A 23 WO 2009/091342
PCT/ S&R009t000a 852 ofaperittreChiAmabat®@6 teroinalt 863 v tapraitor U8 mapbe trmpledupl ed
to a voltage VH and a positive termnal 862 of capacitor C9. A
negati ve t ewpidiid. 8@dte thrminal e iof wansi@9r Méymiychbegouiédetd atvoltagg VMiard 864.
A gate term nal 865 of transistor Mo may be coupled to a voltage VH
and a pospesitive termingli §66 of @8&:itof Cldapaciative te@hidal 387 néeppeditoeClEmay eal

867 of capacitor CIO may be 5 coupled to ground 868. [0093) A drain
term naP 8ol tagreumdi®6t.or M of the capacitive cross coupled input
stage circuit 809 may be coupled to a source term nal 870 of

t ransi st or [0083lof 4 Heain tspnind 488 of fransistos Milgefl Gie cenarcitive O@ssaaedpled ingut
source termnal 871 of transistor Mb of the high band first stage
circuit 808agesirgwinhfe? mast bei epaple@pa srfurcerterminal 849 ofpansistor N8 ddpralomt i ve
cross 10 coupl ed input stage circuit 809 may be coupled to a source
termi nal 8iamddfst stagerrirruit ¥ aplito agpuretyisrmiipal, 88 b pbiranpipter M8 phidje high bend t
802 and to_a source termnal 874 of transistor Mo of the high band
first stagBstptegegircuige?’. 4 doguternmpyF7R o (trapsishiolE of the Rwasitive crdisagr am
of theigecond stage circuit 875 of the

coupled input stage circuit 809 may be coupled to a source terminal 873 of transistor M4
of the low band first stage circuit 802 and to a source terminal 874 of transistor M6 of the
high band first stage circuit §03.
[0094) Figure 8(c) shows a schematic diagram of the second stage circuit-875 of the
LNA 230 according to an embodiment. The second stage circuit 875 may be based upon
15 a simple common-source cascode amplifier configuration. A common-mode current
source is not adopted as it may impede upon a voltage head room. As such, an input stage
transistor of the second stage circuit 875 is gate biased in this embodiment. Similar to the
first stage circuit 817, a capacitance array can allow the second stage circuit 875 to swit¢h
the gain between each channel. In this embodiment, 2 bits can be implemented for the
20  low band and 3 bits for the high band.
[0095] The second stage circuit 875 may have two inductors L1 and L2, two variable

capacitors C1 and C2 and four transistors M1 to M4. A first terminal 876 of inductor L1,

a positive terminal 877 of capacitor C1, a positive terminal 878 of capacitor C2 and a first

24



LNA 230 according to an enbodi nent. The second stage circuit 875 may
be based upon 15 a sinple conmon-source cascode anplifier
configuration. A common-node current source is not adopted as it nay
i npede upon_a voltage head room As such, an input stage transistor
of the secORd"PU3E circuit 875 is gate biased in thiPé:qésﬁ;ﬁ%’&’PWt.
Simlar to the first stage circuit 817, a capacitance array can

all ow the second stage circuit 875 to switch the gain between each
channel. In this enbodinent, 2 bits can be inplenented for the 20

| ow band and 3 bits for the high band. [0095] The second stage
circuit 87&nninyl 8AavEindwioril2doaythercsupldd tanduiply vdltape S8, iAafBtodd terminal
capacitors O and C2 and four transistors ML to M4. A first term nal
876 of i ndsgitafiinduétor Liampolsd doupied toarnepaiat tefifinal 382 of papaditod C1,Gh output
positive term nal 878 of capacitor C2 and a first 24 WO 2009/091342
PCT/ SG20094dMagdvamti-+\aoutit-nad a 8rath terdminah 8830if atndisfory, Adeconittprhdal 882 a
supply voltage 880. A second termnal 881 of inductor LI nay be
coupl ed t ocfhinthegatli2ueayt ler ¢vupiad B8 2egafivectapeiaaltdds oFlcapaaitoroll, puloutput

vol tage Voutl +Nout h+ and a drain termnal 883 of transistor M3. A
second § er wltagd V@84 Voart andal drainoermi®sl 886yoflieansaopMadAt gatetertitgph BNV a
termnal 885 of capacitor C2, an output 5 voltage Voutl-Nout- and a
drai n ter niramaikto888 ofi 4 pae) snsinalr 8§80 tAngadreMi anay bakopld tofa voltage
transi stor MB and a' gate term nal 888 of transistor M4 nay be

coupl ed t oVE/VIDIA smgee tevthin®lH89 Af gansiste M3anay teadou@8® toof drbihasrsinal 890 M3
may be coupled to a drain termnal 890 of transistor M and a source
term nal 8&lrapfistorMihsindt srurdeitemmanal B2l clorppbistdr Mg maydiead¢anpled @raviimial 892
of transistor M2. A gate term nal 893 of transistor M may be coupl ed
to a 10 voleriggd 892 efN@asisierdMa 4y atte tetraingti8A% bf @9uistof Mirmnshesogredvl amay
be coupled to a voltage VI-N2, A source termnal 895 of transistor
M maylbe witags eld/Yd andsopatecterntienl fiPhel trag9gor MR niaydregiospled toldvoliapd
ground 897.

V1-/V2-, A source terminal 895 of transistor M1 may be coupled to a source terminal 896

of transistor M2 and ground 897.

{0096) A double balanced differential Gilbert cell may be used as the mixer 810 of

the receiver 204 and resistive loads can be adopted to cover the entire UWB band. One
15 single transconductance stage can be used at the input of the mixer 810 to reduce the

loading effect of the resistive loads on the LNA 230. The combined RF front-end may

achieve a voltage gain of 30.4/21.3dB, NF of 5.5/7dB, and IIP3 of -16.7/-10.7dB for low

band and high band respectively..

[0097)  The filters 236, 238 of the receiver 204 may be implemented by a third-order
20  Elliptical Gm-C filter with a cut-off frequency of 250MHz. The ampliﬁerlt; 240, 242 of

the receiver 204 may include an automatic offset cancellation circuit and an amplifier

circuit.
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[ 00961 A doubl e balanced differential Glbert cell may be used as the
m xer 810 of the receiver 204 and resistive |oads can be adopted to
cover the entire UWB band. One 15 single transconductance stage can
be used at j t of the m xer 810 to reduce the |oadi ct of
t he resisfvégﬁnggé on the LNA 230. The conbi ned RF fronfﬁgﬁﬁ&ﬁéy
achieve a voltage gain of 30.4/21.3dB, NF of 5.5/7dB, and |1P3 of
-16.7/40.70 for low band and high band respectively.. [00971 The
filters 236, 238 of the receiver 204 may be inplenented by a
third-order 20 Elliptical GnC filter with a cut-off frequency of
250MHz. Thé0088ip| i FismresH(@abowpa schematic ¢iagram of thpeutopptic pHset canstllation an
automatic offset cancellation circuit and an anplifier circuit. 25
WO 2009/ 09%isa# IpEfeaxding o ppenpdinent Jho effser-pagpgellatioy gitcuis ABumaginclude
schematic di agram of the automatic offset cancellation <circuit 902
accor di ng foyr gapsisierdd? w2, siriepapiiorsel todernd ifpusrasisiorsd y ek ASoRcaray
include four transistors MD to M2, six capacitors A to C6 and four
resi stors RImipyg 3 of Araagisierc1l ped aispre Gormingl 944 efntsansisier MIR mmaynbe a
source termnal 904 of transistor M2 may be 5 coupled to a supply
vol t age’ 90Pupled ¢t Hunply apiaen 895 dobaia tenpingh¥)6f gransigtor Midepashie ceuriesl ed
to a gate termnal 907 of transistor MI, a first termnal 908 of
capaci t or o2 gafe ferpial 947f Hapgstorotdl.of figsh rrminelo?08c caprgiter @b first
termnal 910 of transistor MD. A second _termnal 911 of capacitor C
may be couiﬁf’%‘&alt??s’a"fv‘iﬁf’%cé{@fec%/&ﬂ‘? # dpig termpinal O tof tpsisipr HPp Agpecond
resistor RI. A second termnal 913 of capacitor C2 nay be coupled to
2 second t TSN GFARREHOTGH! TRIESPUNEdp 2 SapEs Vpiriad 2 i A 992 & of
resistor R2., A‘Eecond terninFI 3%6 of, resistor R2 may be coupled to
a gate terfripal R fyseandiipraynel I3 cRIgCUS & 2ma Besourled Riarpggond dergingl

capaci r Cb. econd term nal 19 of capacitor Cb be coupled to
gr (F;undti(? 914 o resﬁstor 1 and a first termgxal 915 of resestor R2. A secon ¥erm?nal 916 of

resistor R2 may be coupled to a gate terminal 917 of transistor M9 and a first terminal
918 of capacitor C5. A second terminal 919 of capacitor C5 may be coupled to ground
920.
[0099] A drain terminal 921 of transistor M12 may be coupled to a gate terminal 922
15  of transistor M12, a first terminal 923 of capacitor C3, a first terminal 924 of capacitor
C4 and a drain terminal 925 of transistor M10. A second terminal 926 of capacitor C3
may be coupled to a voltage Vqu. and a first terminal 927 of resistor R3. A second
terminal 928 of capacitor C4 may be coupled to a second terminal 929 of resistor R3 and
a first terminal 930 of resistor R4. A second terminal 931 of resistor R4 may be coupled
20 to a gate terminal 932 of transistor M10 and a first terminal 933 of capacitor C6. A
second terminal 934 of capacitor C6 may be coupled to ground 935. A source terminal

936 of transistor M10 may be coupled to a source terminal 937 of transistor M9. A
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920. 10099] A drain termnal 921 of transistor M2 nay be coupled to
a gate termnal 922 15 of transistor M2, a first termnal 923 of
capacitor C3, a first termnal 924 of capacitor C4 and a drain
termnal 925 of transistor MLO. A second termnal 926 of capacitor C3
may be couPPéPPY3E voltage VO"t. and a first terni ndiCI¢EFOGPO00S
resistor R3. A second termnal 928 of capacitor C4 maybe coupled to
a second termnal 929 of resistor R3 and a fast term nal 930 of
resistor R4. A second term nal 931 of resistor R4 may be coupl ed 20
to a gate termnal 932 of transistor MO and a first term nal 933 of
capaci t or QGfrenAl3Eydiad ftoer axonsdcti@Bpbin D3R effbeionme t«BHinakd36 bftrawispt ed
to ground 935. A source termnal 936 of transistor MO nay be
coupl ed t oMiOsodithe sourertermiml 93937 trafsistor M¥si stor MB. A 26 WO
2009/ 091342 PCT/ SG2009/ 000025 <current Ibi. may flow froma
connect i on{Q60nt Big&e &(b) slivevs acuireomtit dingramalf the 3Grpbiiertairans?49taogordidgl O
and the source termnal 937 of transistor MB. [0100] Figure 9(b)
shows a schempnbodigicaty TemangflifieharcainBéd fearinclode eiphtitraddforadtiordMhgh to
an enbodi ment. The anplifier circuit 940 may incl ude eight
t ransi sfor soubde temnihdB 941A0f tHansistor M, ¢ eoundertaimigy P43 b1 tramiser Mon shitce a
source termnal 942 of transistor Mb, a source term nal 943 of
transi st or telBinaldidd obtramgistoicld6,tand Asade t@rhinabP44t of grassistar M8 WBy reepuilel
coupled to a supply voltage 945. A gate term nal 946 of transistor
M/ may be toupmbpld voltege 845% Agmate tyifaBo46 of tansister Meé may hakbouled topfoltage
transistor M/ may be coupled to a drain termnal 948 of transistor
M6, a gat e VbemsriArdzdin GA0ingf947 ohmansistooM7vEY be sbupdggleto ¥ drain termigal §ddiph
termnal 950 of 10 transistor M, a gate term nal 951 of transistor
MB, and a tansisior My aaiaifernyifal 949 of ransistoxsMby voltng Vo, galrain teemingl 950 0953
of transistor MB nmay be coupled to voltage VDMFB+ A drain term nal
954 of 19r amanisision MipBegiaipmyeal 88 1Lipf tegsistor M3.chnd ia draimiermingl (952 g5rapgistor
transi stor Mg, a

M3. A gate terminal 953 of transistor M8 may be coupled to voltage Vpmrp:. A drain

terminal 954 of transistor M8 may be coupled to a drain terminal 955 of transistor M6, a
gate terminal 956 of transistor M6, voltage V., a drain terminal 957 of transistor M2, a
gate terminal 958 of transistor M4, and a drain terminal 959 of transistor M4. A source
15  terminal 960 of transistor M1 may be coupled to a source terminal 961 of transistor M2.
A current I; may flow through a connection point 962 of the source terminal 960 of
transistor M1 and the source terminal 961 of transistor M2. A gate terminal 963 of
transistor M1 may be coupled to a voltage Vi« and a gate terminal 964 of transistor M2
may be coupled to a voltage Vi,.. A source terminal 965 of transistor M3 may be coupled
20 toa so.urcc terminal 966 of transistor M4. A current I may flow through a connection
point 967 of the source terminal 965 of transistor M3 and the source terminal 966 of

transistor M4.
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gate term nal 956 of transistor Ms, voltage VO1l,+, a drain term nal
957 of transistor M2, a gate termnal 958 of transistor M4, and a
drain termnal 959 of transistor M4. A source 15 term nal 960 of

t ransi st or he coupled to a source term nal 96 i St or
M. A cur?vynz?@%skrgy fl ow t hrough a connection poi ng?(glréséﬁﬁo(?;aﬁdﬁ%t
source termnal 960 of transistor M and the source term nal 961 of
transistor W A gate termnal 963 of transistor M may be coupled to
a voltage Vj,+ and a gate termnal 964 of transistor M2 may be
coupled to a voltage Vu,.. A source termnal 965 of transistor M3 may
be coupl ed (0191t o Zhesgain elthe emplifiees 240681 2haytbeenpriessed Py: MY = gp /gur Pent 12
may flow through a connection point 967 of the source termnal 965
of transi stootpuNBC afificit mimebesdsterted atttiper gaterteini®b 81 7odf tratsisaor M drgirat & gat® 7 WO
2009/ 091342 PCT/ S&2009/ 000025 [0101] The gain of the anplifiers 240,
242 may be texpre?ead tdaysistoh M Hpafter a tgpetiveNoy-passlR ( ladd&CThd diffeencerry be
detected at the gate termnal 917 of transistor M@ and at the gate
term nal 93X Bkfelt phNontstand WO madyt iewodncey espeohdiug oppwitp A culEnts alder .
The difference in DC levels of Vout+ and Vout- may introduce

cor r espénditragpisopphs i ahd MICwbich memtcancelnth effech nBD € tofifks ai kespdhdvibsitivdri ch
may cancel the effect of DC offset and keep the positive and

negati ve ouatdmegativedetputieietelrdeed THe amppfiers 2485 24228 bedbatroliegd bpe dB-
controlled by a dB- linear V-1 converter which regulates 11 and 12.

I n this enboc Ndrromefter wiachenagilatési [ pgd 24 Oy this2dbodifievef donspbifias 249,
stages are cascaded to obtain the desired gain range. Capacitances

d to C4 md42, fiae cona¢chipveadtdgosarh caghaded eoopbtate the desigpd sanrage.dCapastences

t hrough and be fed back 10 to transistors M/ and MB, reducing the

| oad curr efitl 4o 64 mpy panddllytabew high fraqndndyBomppricnts to pasytheoughn enddielfed laghance
the gain of the anplifying stage at high frequencies. The five- stage
cascaddf dB wingistars NiaepdMBeredusing therjsiafl Cimzantsyadyrapsisiore WS anddyifavdich gai n

from-20 to
may eventually enhance the gain of the amplifying stage at high frequencies. The five-

stage cascaded dB-linear variable gain amplifier may achieve a dynamic gain from -20 to
50dB with 400MHz BW.
[0102] The integration circuits 244, 248 of the receiver 204 may be variable
15  bandwidth (BW) integrators. The variable BW integrator may capture the reflected pulses
from multipath and extend the duration of the demodulated pulses. For localization
purpose, two squaring circuits 256, 258 and a low-pass filter 262 (e.g. nonlinear low-pass
filter (NLPF)) may be used to regenerate RC_clk. The squaring circuits 256, 258 may be
used to detect the signal energy and the filter 262 may be used to boost signal level to
20  rail-to-rail. Using the edge detector 266, a digital pulse train can be turned on and off at
the rising edge of TX_cik and RC_clk respectively. A low pass filter 268 (e.g. a passive

fifth-order RC LPF) with a cutoff frequency of 500kHz may be applied to average the
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50dB with 400MHz BW [01021 The integration circuits 244, 248 of the
receiver 204 may be variable 15 bandwidth (BW integrators. The
variable BWintegrator nay capture the reflected pulses from

mul ti path and extend the duration of the denodul ated pul ses. For

| ocal i zat i BB 2BY3Yse, two squaring circuits 256, 255?’%5{?&2999’?‘%99&5pass
filter 262 (e.g. nonlinear lowpass filter (NLPF)) nay be used to
regenerate RC cl k. The squaring circuits 256, 258 may be wused to
detect the signal energy and the filter 262 may be used to boost
signal level to 20 rail-to-rail. Using the edge detector 266, a

di gital pujise dandaioise Gadh hbree tsignifieghtlg nimarvdesotht ratging dveumdys iOpgradoiget of
TX clk and RC clk respectively. Alow pass filter 268 (e.g. a passive
fifth-ordefOORCEIAIED, theipedk carre bthé rebeien Qehay beB1mBAOKHz nmay be applied
to average the 28 WD 2009/091342 PCT/ SG2009/ 000025 jitter and noise
and hence Hi103]i f i Bawt |1 shops ov eshetmpatic dapginngf alic dieqeycy @ueradri 205 at
500MHz PRF, the peak current of the receiver 204 can be 31mA. 101031
Fi gure 10 shovdagda scivdraiiest. Ohafjgqaency genetaer 20@ opae be y nigeae ft@reni06
according to an enbodi ment. The frequency generator 206 may be a

ni ne-t ohe fmegioerithe frefugpen geratatr 208 ey finchgle enfisqugegelekttor 1@2Gndwy

i nclude a frequency detector 1002 and a | ock detector 1004. An out put
term nal 1066 dgéctarhid04.r &m oetpdyteniatad d 0@ of1 GO Freqesncy deteataruliloR dnaydea
first input term nal 1008 of an 11 bit counter/latch 1010. An out put
term nal dOplad tfa firktgnpud kmidelt16868 efran 10 01 comyertaschc il Ascbutmt gersiegond
input termnal 1014 of the I 1 bit counter/latch 1010. A first

out put t er H1Aaf the BB desfctarH €041 hathbet coupledhto @rstdond diputlerhGnaid§l 41 thed 1
coupled to an input termnal 1018 of a digital to anal og converter
(DAC) 1020vitgwinigr/lask dOdAdust putput termyiah 2016 0@ 2 1dfbit dewuntdrilatbh 1010 may
counter/latch 1010 nay be coupled to a first input termnal 1024 of
a quadi@t ureecovpled tege-iemhtermainild@1%efc digitel &r anplgyCOYver@ABACAR020 and a

second output terminal 1022 of the 11 bit counter/latch 1010 may be coupled to a first
input terminal 1024 of a quadrature voltage-controlled oscillator (QVCO) 1026. An
output terminal 1028 of the DAC 1020 may be coupled to a second input terminal 1030
of the QVCO 1026. An output terminal 1032 of the QVCO 1026 may be coupled to an
15  input terminal 1034 of a current mode logic (CML) divider 1036. An output terminal
1038 of the CML. divider 1036 may be coupled to an input terminal 1040 of a CML-
CMOS converter 1042. An oufput terminal 1044 of the CML-CMOS converter 1042 may
be coupied to an input terminal 1046 of a true single phase clock (TPSC) 1048. An output
terminal 1050 of the TSPC 1048 may be coupled to an input terminal 1052 of a
20  programmable divider 1054. An output terminal 1056 of the programmable divider 1054
may be coupled to an input terminal 1058 of a fixed divider 1060. An input terminal 1062
of the fixed divider 1060 may be coupled to a first input terminal 1064 of the frequency

detector 1002 and a first input terminal 1066 of the lock detector 1004.
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output term nal 1028 of the DAC 1020 rmay be coupled to a second i nput
term nal 1030 of the QVCO 1026. An output term nal 1032 of the QVCO
1026 nay be coupled to an 15 input termnal 1034 of a current node

| ogi c % d|V|der 1036. An output termnal 1038 of the CML. di vi der
1036 nay bEOCHUBYEY to an input terminal 1040 of a CNMIGT/SERRSE000025
converter 1042. An out put termnal 1044 of the CM.-CMOS converter
1042 may be coupled to an input termnal 1046 of a true single phase
clock (TPSC) 1048. An output term nal 1050 of the TSPC 1048 may be
coupled to an input term nal 1052 of a 20 progranmmabl e divider 1054.
An out put {004l nah siga61068 repneaeping gr ayseh tequediy refgrencd Ay benszyt foea
coupled to an input termnal 1058 of a fixed divider 1060. An input
term nal 164&nd ioputtdrmingi }08@ ofl iheifbquendy) édecnam\l Of amclouge@d iyt @erfninals t
input termnal 1064 of the frequency detector 1002 and a first input
term nal 1068 offthet lnek detecior défide AtsignalliDO repPBentify 2ARGAON BAR be sent to

PCT/ SG2009/ 000025 [01041 A signal 1068 representing a crystal
frequency theffeqencedamior 602kt theafixed diidcon60. Mhefrequency deadctot 06@ of
the frequency detector 1002 and a second input termnal 1069 of the
| ock def ectnay cdnfiidd: thi\crgstg righuehOy Bferaype E3Entd tig feeqheney WETIC I thay isle

sent to the frequency detector 1002 fromthe fixed divider 1060. The
frequency diferudean ftGRRyDetveegn the rparkbirtduencynyfetende 068 auikthe frequehar ence
1068 and the frequency 1070. If there is a difference in frequency
bet ween t ht078r e frafuehgyedptretor y0R2aher end e sigd@8! 037 deprdsenting @ U@M ¢yningl 070,
the frequency detector 1002 may send a signal 1072 representing a VCO
tuni ng vovdliaggetottbe i hbit tountirdateholi 0. el BEQ Huridy] Goltafth may/GOstoradi a3 g

vol tage may be stored as a digital word in the 11-bit counter/latch
1010, wher digitdhmiond idithyi Il iit dopntes/lacliy 1018 whefothree digktglebits 074t fry coanst
8-bit DAC outputs 1076 are for fine tuning. Basically, the coarse

t uni ng 10raytuning ands-bit B Corptputshli0dtigm fartfme dingier BhsicoBy.tthawparst tunfng reay- of f

of capacitor banks. The eight
be carried out through the digital setting of the on-off of capacitor banks. The eight

possible combinations of capacitor bank setting can roughly cover the 12 channel
frequency range of the frequency generator 206. The fine tuning may be carried out
through a digital phase locked loop. The 11-bit counter/latch 1010 may work as a charge
15 pump and a loop filter, and the digital control bits may be converted to analog voltage
through the 8 bit DAC 1020.
[0105] The three digital bits 1074 and the 8-bit DAC outputs 1076 may be sent to the
QVCO 1026. An output signal 1078 of the QVCO 1026 rep'resenting a frequency may be
processed by the CML divider 1036. The CML divider 1036 may work in the 3-5GHz
20  frequency range. In 0.18um CMOS, CML can be a suitable topology for the divider.
[0106] The output signal 1078 may be processed by the CML-CMOS converter 1042,

the TSPC 1048 and the programmable divider 1054. The programmable divider 1054 can
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possi bl e conmbi nati ons of capacitor bank setting can roughly cover the
12 channel frequency range of the frequency generator 206. The fine
tuning may be carried out through a digital phase |ocked | oop. The
11-bit cou h 1010 may work as a charge 15 pu p
filter, anﬁ%?ﬁ%%%%%ital control bits may be convertegﬂ?%ﬁg%awgg%
voltage through the 8 bit DAC 1020. [01051 The three digital bits
1074 and the 8-bit DAC outputs 1076 nay be sent to the QVCO 1026. An
out put signal 1078 of the QVCO 1026 representing a frequency may be
processed by the CM. divider 1036. The CM. divider 1036 may work in

t he 3- 5GHz b ®etfsp dkpti dhecopntemafieguencyy pf 32 thapnelem@she @vered afhehmogrammiliabl e
topol ogy for the divider. [01061 The output signal 1078 may be
processed WiidehSErantebasd on thediSPetopeldg2, the TSPC 1048 and the
programmabl e divider 1054. The programmabl e divider 1054 can 30 WO
2009/ 09134201677/ Sk gmbaines, a cgaltagé"squsmttnmg lohe [@%rrae be fised tulodkcy  of
12 channel s can be covered. The programmabl e divider 1054 can be
based on t He QERE cqupgb freapgncy|to a7 an [extempl 55.@viio ¢ivvehreferencei Qiceathe
frequency tuning | oop 1080 can be used to | ock the QVCO out put
frequenédy QYG® 8326 drfuned tethp desirgdschamial ag dgjermigied by theregkalstectonti4ithee 5
QVCO 1026 is tuned to the desired channel, as determ ned by the |ock
det ect or 1002 lopie 108thrangbt peperad 8l dhn apairgsy vl Behverfcy. tuing meaycks acy
of frequency tuning may be <10MHz, which may be |limted by DAC

resol uti on<100\Hp gpuckimgy pelimitedhydddC gsdetmmat i ¢ di agram of the QVCO
1026 according to_an enbodinment. To significantly reduce the die

si ze, a fomﬂ’@t agBee A4 sburs 1 sedempticl diggram of the QY@& 1026 rerredingi udn er
1104 may be used as the QVCO 1026. The ring oscillator 1102 may

gener at e 45pedimpmhda sigpificatiyeducy e die sgect orngtass iae epeliatorcld 02 aidrg

2.8-4.75GHz, and the i
10 frequency doubler 1104 may be used as the QVCO 1026. The ring oscillator 1102 may

generate 45°/90° phase difference local oscillations (LOs) covering 2.8-4.75GHz, and the
frequency doubler 1104 may generate quadrature LOs covering 5.6-9GHz. The measured
QVCO starting up time may be 5.39ns, and the phase noise may be -90dBc/Hz at IMHz
offset for 4.5GHz LO with output power of -2.1dBm. The peak current may be 40mA.
15  All buffers used in the QVCO 1026 may use the same structure with different transistor
sizes to drive different loadings.
[0109] The three digital bits 1074 (coarse tuning) and the 8-bit DAC outputs 1076
(fine tuning) may be sent to the ring oscillator 1102. In this embodiment, V0, V1 and V2
may be used for coarse tuning and Vctrl may be used for fine tuning. The ring oscillator
20 1102 coupled to the frequency doubler 1104 may send in-phase (I) and quadrature (Q)
signals to the frequency doubler 1104. The ring oscillator 1102 may output an IQ(LB(low
band)) signal 1105, The frequency doubler 1104 may output an IQ(HB(high band)) signal

1106. An ENABLE signal 1107 may be sent to both the ring oscillator 1102 and the
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frequency doubler 1104 nay generate quadrature LOs covering 5.6-9GHz.
The neasured QVCO starting up tinme may be 5.39ns, and the phase

noi se nmay be -90dBc/ Hz at 1MHz offset for 4.5GH LO with out put
power of -2.1dBm The peak current may be 40mA. 15 All buffers used
in the QUONO2PIE° 1YYy use the sane structure with di f FETERIPOWS st or
sizes to drive different |oadings. [0109] The three digital bits 1074
(coarse tuning) and the 8-bit DAC outputs 1076 (fine tuning) may be
sent to the ring oscillator 1102. In this enbodinment, VO, VI and V2
may be used for coarse tuning and Vctrl may be used for fine tuning.
The ring os6€qehadt dubRp 1 kO Wheo thel EVABLE &igeal fineruenale degilRhar dolbed may
send i n-phase (1) and quadrature (Q signals to the frequency

doubl er 110704 nldyeberdff) WHeh etiel HINABIE sigh@P1 108Ys ® uWhePhdquétidy BB 0nay
band)) signal 1105. The frequency doubler 1104 may out put an

| QHB( hi ghbbamndl )Basd-getadt sighd106.08 Arny EBNABAtFto Sthe frdduedckOdoubRY 10@ SN tO
both the ring oscillator 1102 and the 31 WD 2009/091342

PCT/ SG20094Gida01260. The esyitein C1090tayttectouplddd anigput tdiminaNABIOR fShg R
1107 is 1, the frequency doubler 1104 may be off. Wen the ENABLE

si gnal 310dsciliatod,1 180 16w eehte(IBY) sl ealdatedr THel Oitciion 09 Beay®a. cofipled to an
Band- Sel ect signal 1108 nay be sent to the frequency doubler 1104 and
a swtch &itpf.terbival 3 it fhthd H8fhensydobiderc DIWA|iL High Gagd(HR) ip Wtledie) @ nal
1110 of the ring 5 oscillator 1102 if low band (LB) is selected. The
swi tch 1109x/RmSeloet sipnsipll ¢imhpbadent 16 tHepttqudney dbubddr 11M14hd afswitkle1113.
frequency doubler 1104 if high band (HB) is selected. A Tx/Rx-Sel ect
si gnal 111Zhensswytole 1 X2nhaytbe coupiedfts the tramaytted L)l mikerl1] O4}if arTet-Selesmignaln
1113. The switch 1122 may be coupled to the transmtter (TX) m xer
1114 i f a TX2$edesc Thesiwjrhll 122Idybeicsupdetd theTkreivemiRED Imiddk 221 Mifiyn Re-
coupled to the receiver (RX) mxer 1115 if an Rx- 10 Sel ect signal
1112 i $0seBdlect signal 1112 is sent.

[0110] Figure 12(a) shows a schematic diagram of a coarse tuning control circuit

1200 for a first bit according to an embodiment. The circuit 1200 may have five

transistors M1 to M5. A gate terminal 1201 of transistor M1, a gate terminal 1202 of

transistor M2 and a gate terminal 1203 of transistor M3 may be coupled to a voltage V0.

15 A source terminal 1204 of transistor M1 and a source terminal 1205 of transistor M3 may

be coupled to ground 1206. A drain terminal 1207 of transistor M1 may be coupled to a

source terminal 1208 of transistor M2, a drain terminal 1209 of transistor M4 and a

source terminal 1210 of transistor M4. A gate terminal 1211 of transistor M4 may be

coupled to a voltage Vo-. A drain terminal 1212 of transistor M3 may be coupled to drain

20 terminal 1213 of transistor M2, a drain terminal 1214 of transistor M5 and a source

terminal 1215 of transistor M35. A gate terminal 1216 of transistor M5 may be coupled to

a voltage Vot
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[ 01101 Figure 12(a) shows a schematic diagram of a coarse tuning
control circuit 1200 for a first bit according to an enbodi nent. The
circuit 1200 may have five transistors M to Mb. A gate term nal
1201 of tr , a gate termnal 1202 of trans

gate termﬁnﬁ %D%’%f transi stor MB may be coupl ed tobgf% %0&9

15 A source termnal 1204 of transistor M and a source term naI 1205
of transistor MB may be coupled to ground 1206. A drain term nal
1207 of transistor M nay be coupled to a source term nal 1208 of
transistor M2, a drain term nal 1209 of transistor M4 and a source
term nal 148101bf Fizaresi2fyshowya sehegaticedingramiofal cobd¢ tumdfg controlséisnior M4
may be coupled to a voltage Vo-. A drain termnal 1212 of transistor
M3 may be dédpfe@ seeond biti agecding ¢r ai prabodirgeb® Tife dircuind 22t way hve threelr ai n
term nal 1214 of transistor Mb and a source termnal 1215 of

t ransi st or tieBsistoxs YHtte Mband foud cap@iters§3l rCingdi satoterviBalniP! b trarsistor ed
to a voltage Vo+. 32 WD 2009/091342 PCT/ SG2009/ 000025 101111 Figure
12(b) showMl agathéminklci2eR effraaststof M3 andongatectermindl i g2 cefritansidtordviy way t
1220 for a second bit according to an enbodi nent. The circuit 1220
may havé t lye eeupled ans veltege Y IMA sayrakBerminh! {132 of pasistar dvik a@l atsowd. A
gate termnal 1221 of transistor M, a gate termnal 1222 of

t ransi st or tevRinghl®25 ofjeaneistprdylprimazbe qanpled tf grownd IR 6 tPodrainBerminal 5223 of
coupled to a voltage VI. A source termnal 1224 of transistor M and
a source tensiaorYl 1Ry de spunledainsd suese tyBtinehy 2ok mansisier M2oangr o irst]
1226. A drain termnal 1227 of transistor M may be coupled to a
sour ce t er frmERl 1229 oBcagicitpr Ghdt secend tpmingh 4239 gfjcapacitory(@r mesnl coppled of
capacitor C . A second termnal 1230 of capacitor C may be coupled
to a first tadfim §enina 3334 ofranagitng &2t Hseqepd temmigalclgdl of apsatanf2 magbe of
capacitor C2 may be 10 coupled to a voltage Vo-. A drain term nal

1233 ofl0tr aq*gaiegtt%p vmgagﬁagp bﬂéd@%tﬁqngaal tl@33;0f transistor M3 may be coupled to a

drain terminal 1234 of transistor M2 and a first terminal 1235 of capacitor C3. A second
terminal 1236 of capacitor C3 may be coupled to a first terminal 1237 of capacitor C4. A
second terminal 1238 of capacitor C4 may be coupled to a voltage Vo+.
[0112] Figure 12{c) shows a schematic diagram of a coarse tuning control circnit
15 1240 for a third bit according to an embodiment. The circuit 1220 may have three
transistors M1 to M3 and two capacitors C1 and C2, A gate terminal 1241 of transistor
M1, a gate terminal 1242 of transistor M2 and a gate terminal 1243 of transistor M3 may
be coupled to a voltage V2. A source terminal 1244 of transistor M1 and a source
terminal 1245 of transistor M3 may be coupled to ground 1246. A drain terminal 1247 of
20  transistor MI may be coupled to a source terminal 1248 of transistor M2 and a first
terminal 1249 of capacitor C1. A second terminal 1250 of capacitor C1 may be coupled

to a voltage Vo-. A drain terminal 1251 of transistor M3 may be coupled to a drain
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drain termnal 1234 of transistor M2 and a first termnal 1235 of
capacitor C3. A second term nal 1236 of capacitor C3 maybe coupl ed
to afirst termnal 1237 of capacitor C4. A second termnal 1238 of
capacitor C4 ng¥be coupled to a voltage Vo+. [01121 Fkﬁure 1%&%%
shows a sch®AEPE34i agram of a coarse tuning control *&GFEE%YMS 1240
for a third bit according to an enbodi nent. The circuit 1220 may have
three transistors M to M3 and two capacitors C and C2. A gate
term nal 1241 of transistor M, a gate termi nal 1242 of transistor
M2 and a gate termnal 1243 of transistor M3 may be coupled to a

vol t age VZerming dOSZ ef trarsivion M2 a4 findt térmarabil233006f ddpadind C2. 20setand
termnal 1245 of transistor M3 may be coupled to ground 1246. A drain
term nal li2dninab2530f tapadier €2 ony M couplyd toar vobagelVed. t 0 a source term nal
1248 of transistor M2 and a first termnal 1249 of capacitor d. A
second ter(i¥3hl Fahoe d¥(a)cshpaciatscenGlic diagratneofcbel phg dscillaporal 102 bf dge
Vo-. A drain termnal 1251 of transistor M3 nay be coupled to a drain
33 WO 20090000342 RcartiBEROO0Mm00IREt. Theting aseillatd? BD2 afaythnenfoinsdelay M2
and a first term nal 1253 of capacitor C2. A second terminal 1254 of
capaci tsor cels 1y pi302,01303, 4304 & wegatdk baget tefoninal | D1H]a firstglelag cdIB{30)
shows a schematic diagramof the ring oscillator 1102 of the QVCO
1026 accormiyrig couplaito epbstieamt temiing 130Nof 2oscind|dakap celll [302. Ampysitivav e
four delay 5 cells 1301, 1302, 1303, 1304. A negative output

term nal 18G5t @imiaalf 1303 tof thel fayt deblylcell 3001 may bbeowgdedotoed n¢goativee ippsi ti ve
input termnal 1305 of a second delay cell 1302. A positive output
term nal 188ihabfi3@8hef the sesondiddlayycetlel302. 13 diganmy olpuictonmpiha d 30D ofathe
negative input termnal 1308 of the second delay cell 1302. A

negat i ve oeropdtelaerettilitd ma3@ocogpled v posieomputderininal tHI0|of 230@ dely be
coupled to a positive input termnal 1310 of a third delay 10 cel
1303. W posil 13103eApatipstoutpar iefmingl 13 Bl1of thgfseeand delay erlld] 3¢2 may be edupled 302

may be coupl ed
to a negative input terminal 1312 of the third delay cell 1303. A negative output terminal

1313 of the third delay cell 1303 may be coupled to a positive input terminal 1314 of a
fourth delay cell 1304. A positive output terminal 1315 of the third delay cell 1303 may
be coupled to a negative input terminal 1316 of the fourth delay cell 1304. A negative
15  output terminal 1317 of the fourth delay cell 1304 may be coupled to a negative input
terminal 1318 of the first delay cell 1301. A positive output terminal 1319 of the fourth
delay cell 1304 may be coupled to a positive input terminal 1320 of the first delay cell
1301.
[0114] Figure 13(b) shows a schematic diagram of the first delay cell 1301 of the ring
20  oscillator 1102 according to an embodiment. The second delay cell 1302, the third delay
cell 1303 and the fourth delay cell 1304 may have the same circuit layout as the first
delay cell 1301. The delay cell 1301 may have six transistors M1 to M6 and a current

source I1. The delay cell 1301 may have differential N-MOS input pair (transistors M1
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to a negative input termnal 1312 of the third delay cell 1303. A
negative output termnal 1313 of the third delay cell 1303 may be
coupled to a positive input termnal 1314 of a fourth delay cell
1304. A positive output termnal 1315 of the third del ay cel|l 1303
my be cIVPPUY™M2a negative input terminal 1316 of PCRECTUHIYH del ay
cell 1304. A negative 15 output termnal 1317 of the fourth del ay
cell 1304 may be coupled to a negative input termnal 1318 of the
first delay cell 1301. A positive output term nal 1319 of the fourth
delay cell 1304 may be coupled to a positive input termnal 1320 of
the first sdlM3), eebktve 1406k, repkddrdd b-ugny teandisiods)M3 hnd\siddn diadue agtanC
diagram of the first delay cell 1301 of the ring 20 oscillator 1102
accor di ng 4nd tarsissorbiidianelB. The second del ay cell 1302, the third
delay «cell 1303 and the fourth delay cell 1304 may have the sane
circuit | apolf] asA tdveceftértiral 133¢lofiytarsiiol MB3 0 dourcehternded] 4y3 206 ltdansls31 may
have six transistors M to M6 and a current source |Il. The del ay
cel |l 1301 MBya doane teghhihildd @hof tednside DS andypwstirep sdnthingl Y384 of sinsiser M6 34
WD 2009/ 091342 PCT/ SG2009/ 000025 and M), resistive | oading

r epr eseht aedasye aosplabtotarsamsd sdlags1398. Apde Miminal 1336 efuransisgt By mayrbel
transistors Mb and M6. [0115] A source termnal 1331 of transistor
Mb, a sourmepledtordnah e384 1037 dfrtangitethy, a diily teanisd UB Softtangidtoral3,1333
of transistor M4 and a source termnal 1334 of transistor M6 5 may
be coupl et vatage Youpmka \dodit sy@indB3BEY ok tgasigort MilmAngdte 1€3@Malo1340 of
transistor Mo nay be coupled to a drain termnal 1337 of transistor
M6, a dr aitrensigpmMA ahay 1@38umdéd toraavvdtast Vutrl MB] a gate vainiab BN @f tamdbta
drain termnal 1339 of transistor M. A gate term nal 1340 of

transi st orMABA dmip tbsnind hpt2ed tiausisor\d mayybe sdoplel tandram gatiel 8 #43mifnal
1341 of transistor M. A drain termnal 1342 of transistor M4 nmay be
coupl etd t draasigioralVify' at gatertemyahal 1 3UPE Gnsistor M6, a voltage Vo+ and a drain terminal

1345 of transistor M2. A gate terminal 1346 of transistor M1 may be coupled to a voltage
Vin+ and a gate terminal 1347 of transistor M2 may be coupled to a voltage Vin-. A drain
terminal 1348 of transistor M1 and a drain terminal 1349 of transistor M2 may be
coupled to an input terminal 1350 of current source I1. An output terminal 1351 of
15  current source I1 may be coupled to ground 1352.
[0116]) Figure 14 shows a schematic diagram of the frequency doubler 1104 of the
QVCO 1026 according to an embodiment. The frequency doubler 1104 can be a Gilbert
cell mixer with inductive loading for higher gain. The input of frequency doubler 1104
may be I and Q signals. The I signal can be multiplied with Q signal to get double
20  frequency using the principle of sinwtxcoswt=1/2sin(2wt). The frequency doubler 1104
may be a differential inverter buffer. The inverter may be self-biased by connecting a
resistor between an output and an input. The resistor value must be large enough to

prevent leakage signal from the input to the output.
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10 transistor Mb, a gate termnal 1344 of transistor Ms, a voltage
Vo+ and a drain termnal 1345 of transistor M2. A gate term nal 1346
of transistor M nmaybe coupled to a voltage Vin+ and a gate term nal
1347 of tr M may be coupled to a voltage Vi

term nal ‘gggh(ﬁ%}&t&r ansistor M and a drain term nal %ﬂ@é %5/%0925
transi stor M2 may be coupled to an input term nal 1350 of current
source Il. An output termnal 1351 of 15 current source Il maybe
coupled to ground 1352. [0116] Figure 14 shows a schematic di agram of
t he frequency doubler 1104 of the QVCO 1026 according to an

enmbodi ment [011He f Thaficspensy dosbilsy £H04mayhavasiwotedugtors I itaad L2, twielresistarx er
with inductive |oading for higher gain. The input of frequency

doubl er 1184 anddiy, preelye teneistezs MigieaMd2, i dwp cutreph spuresard! loud FulA fipst i ed
with Qsignal to get doubl e 20 frequency using the principle of

si ncot xcos Enalldd hebiguctor T and ¢ gt iemeyal d A fandugtonl2 mampe prapled to
differential inverter buffer. The inverter nmay be sel f-biased by
connect i ng?&uppkiceitagect0h gt seend terppingd i 4dtof dndictanll mpyibe coppled tesfist or
val ue nust be Iarge enough to prevent | eakage signal fromthe input
to the 8ut prrinaldgiipf 12@6@/@9@9426@@65@2@&)%8eﬁméwtor[lajmqbemepled
frequency doubl er 1104 may have two inductors LI and L2, two
resistors toR fighierpinal WAL PG esisterR A seroad tgrminal MPB of sesistar Bd mar beent

sources Il and 12. Afirst termnal 1401 of inductor LI and a first
term nal 120Pledfo 2 sigrl oyt ¢ siepshgutper é@l&'ptP@élmtld“O%Ofs"EPaEiPtyf Y6} ¢ dyin
1403. A second term nal 1404 of i nductor may be coupled to a first

5 term nal tewaipy 1440 PEWS&’W aaqfﬂnde@é‘@bdﬂl“t angigior Mi@eansk a draipuct or
L2 may be coupled to a first termnal 1407 of resistor R2. A second
term nal 14080141 %ef wngstondti sy sepend tergiins a4 3th r%@lssﬁr &ﬁa‘?ﬂy&it‘?ﬁ“ﬂ@

Si gnal OUtgfdla drain term pal 1409 of transistor

term na? 1®70rER tmalsiald gf trapgistor Mg, adrpin termynal 1415 fﬁj@s’@pr M7aﬁ§’ia§*t or

MLO, and a dr.ai
terminal r1416 of transistor M9, and a drain terminal 1417 of transistor M11.

[0118] A gate terminal 1418 of transistor M5 may be coupled to a signal LO Q+. A
source terminal 1419 of transistor M5 may be coupled to a drain terminal 1420 of
transistor M1 and a source terminal 1421 of transistor M6. A gate terminal 1422 of
15  transistor M6 may be coupled to a signal LO_Q- and a gate terminal 1423 of transistor
M7. A source terminal 1424 of transistor M7 may be coupled to a drain terminal 1425 of
transistor M2 and a source terminal 1426 of transistor M8. A gate terminal 1427 of
transistor M8 may be coupled to the signal LO_Q+.
[0119] A gate terminal 1428 of transistor M9 may be coupled to the signal LO_I+. A
20  source terminal 1429 of transistor M9 may be coupled to a drain terminal 1430 of
transistor M3 and a source tenﬁinal 1431 of transistor M10. A gate terminal 1432 of
transistor M10 may be coupled to a signal LO_I- and a gate terminal 1433 of transistor

M11. A source terminal 1434 of transistor M11 may be coupled to a drain terminal 1435
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term nal 1412 of transistor ML2. A second term nal 1413 of resistor
R2 may be coupled 10 to a drain term nal 1414 of transistor M, a
drain termnal 1415 of transistor M/, a drain term nal 1416 of
transistor MB, and a drain term nal 1417 of transistor ) |;0118] A
gate termW&zO%ﬁ‘é%f transi stor M6 may be coupl ed to“éi”%‘ﬁ&‘ﬁ@ 030 Q.
A source termnal 1419 of transistor Mo may be coupled to a drain
term nal 1420 of transistor ML and a source term nal 1421 of

transi stor M. A gate termnal 1422 of 15 transistor M6 nay be
coupled to a signal LOQ and a gate term nal 1423 of transistor M.
A sour ce t ef ehiditor Mi24hd afsodrcarRahiailad30VFf teayistheMe D.UR lged tdrindl Di3Qion
term nal 1425 of transistor M2 and a source term nal 1426 of

t ransi st or ulfsistoA Mj2tneaythe Edpledlto thd gigna0f.0_kH ansi stor MB nmay be coupl ed
to the signal LO Q+. [0119] A gate termnal 1428 of transistor M may
be coupl ed [#120F he ASfagnéerinida01438. of Arans?foraL k@ bt esuplddab a b KE I+ A
transi stor M@ may be coupled to a drain terminal 1430 of transistor
M3 and a sQ@utkGeminal N30 af tdndidtbr M2 haybsdcapled 1o\l fignah RFal- A toafetbrinitlal 1432
of transistor MO may be coupled to a signal LOI- and a gate

term nab 1438 of trédnsisns M3tmdy bdvkoubledAo 204igmE RFeQHI Addateldorind)f1441 of
transistor M | may be coupled to a drain termnal 1435 36 WO

2009/ 09134 Zakdsidr SEAGDe ORDATF0 a sifndl RENGH. Atsourcddrmsingl 1a425afufatgstdre nal
1436 of transistor ML2. A gate term nal 1437 of transistor M2 nmay
be coupl ednta b¢ bimpled grualinphiQetmiinal [1 0420 curfengsduere i b and awabrcd ¢ifinalf1444
transistor M may be coupled to a signal RF_I+. A gate term nal 1439
of transi sbbtranvidtorrM2. Aesomoti pirrathall Bi4a of irgnsistor RIB nay bé comlead tb @fi ipnal 5
1440 of transistor M3 nmay be coupled to a signal RF _ Q+. A gate

t ermi nal 14bfrhinalf1446 efivsirgt enurdell2 amlydreurcoiphiesl 1847 o tehgnal MRRAnQutpui
source termnal 1442 of transistor M nmay be coupled to an i nput
term ndD 1&48inalfl14¢Riofrcemént smmed empy basrdplad ®@ueund 1449 and pa butfut4etminal

1450 of current source I2 may be coupled to ground 1451.
[0121] Figure 15 shows a chip microphotograph of an example communication
device 200 (e.g. a UWB transceiver) according to an embodiment. The UWB transmitter
and receiver IC chips can be implemented in a Charter’s 0.18-pm CMOS technology.
15  The chips may be mounted on a printed circuit board PCB e.g. using QFN48 board and
may be tested. The UWB transceiver 1500 may have a driver amplifier 1502, a BPSF and
transmitter (TX) mixer 1504, a low noise amplifier (LNA) 1506, a frequency tuning loop
1508, a serial peripheral interface (SPI) 1510, a quadrature voltage-controlled oscillator
(QVCO) 1512, a receiver (RX) mixer 1514, a low pass filter (LPF) 1516, a variable gain
20  amplifier (VGA) 1518, an integrator 1520, and a ranging determination circuit 1522. The
communication device 200 may also have an analog to digital converter (ADC), and/or a

digital baseband and/or other components.
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of transistor M2. A source term nal 1445 of transistor M3 nmay be
coupled to an input termnal 1446 of current source 12 and a source
termnal 1447 of transistor M4i. An output 10 term nal 1448 of current
source || qupl ed to ground 1449 and an out put 1 1450
of current‘g@%otﬁl%%g@Z maybe coupl ed to ground 1451. [d’f%%”’gq‘-’?@‘lﬁ?zé 15
shows a chip m crophotograph of an exanpl e conmuni cati on device 200
(e.g. a UWB transceiver) according to an enbodi nent. The UW\B
transmtter and receiver IC chips can be inplenented in a Charter's
0.18-m CMOS technol ogy. 15 The chi ps may be nmounted on a printed

ci rcui t boli22] PCBTe.cgmplyswitly IEFINAS2.hoéa, dwangquirespnty showd thedsatidited. UVB
transcei ver 1500 nay have a driver anplifier 1502, a BPSF and
transm tt eFirsfli;)d burstxafrpulstOfould Hedns12pwith agprak irériettion fidgapncy5SBRF) ef
frequency tuning |oop 1508, a serial peripheral interface (SPl)
1510, a quitdMHr may bt tragmitted nwithil drecsyubeli Flgateolt sho@v@@peagigddpulse
receiver (RX) m xer 1514, a low pass filter (LPF) 1516, a variable
gai n 20 anghuenteckt0? Y@A)outbBIE thearansmitierd02 rerordirg20 an embbdzmend (e higyst
determnation circuit 1522. The communication device 200 may al so
have an’ anefl midpes 603 lpve al PRI R/ 4% 2e MHzADE) pulsa ddyatien af 1el dibtrafordpsieeband
and/ or ot her conponents. 37 WO 2009/ 091342 PCT/ SG009/ 000025 [01221
To conpl y mistithurh BIRF gDhe MEnspaittertaap be cl§iiz dransmitted [ab UGHz PRFs dhei wioj ed.
Firstly, a burst of pulses (could be 1-512) with a peak repetition
frequency suPRRjvegfulse@9 b Niffereptinjedp Seqandlysthre awed Swhuiiels inhé- 1996Hs |
Figure 16 shows a neasured pul se sequence 1602 at an output of the
transm t t efhapged 3aanddt aiferrepndeorarang rikroelhere are. optineal blyr ete enbeflimsal, dhes
1602 have a PRF of 499.2 MHz and pul se duration of Ins. Therefore,
the maxi nEARSTRIRET G@R coysechapealicinl 4 andmaypnlyore lindieg by progess (-1 fuetCHOS| GHz
PRF, the two successjive pulses can be differentiated, ,Secon_dlgl,

t her e 4 e vped igphis fdasizs). ;The chanuelsgl36l@pqan be covered if the communication device 200

is implemented in 90nm CMOS and beyond.
[0123] Two measured pulse sequences at the two mandatory channels 3 and 9 and
their respective spectrums of the transmitter 202 of an embodiment are shown in Figure
17 and Figure 18 respectively. Figure 17(a} shows a measured pulse sequence 1702 for
15  low band mandatory channel 3 in time domain according to an embodiment. Figure 17(b)
shows an exploded view of the measured pulse seqﬁence 1702 according to an
embodiment. The pulse sequence 1702 can be BPSK modulated and controlled by a
modulation signal. The generated pulses 1702 are of 2ns width. The generated pulses
1702 can be of 1.5-2ns width and can have a maximum swing of 300mVpp. Figure 17(c)
20  shows the measured pulse sequence 1702 in frequency domain according to an
embodiment. A power spectrum density (PSD) spectrum 1704 of the pulse sequence
1702 can fit both the FCC UWB band mask 1706 and the 802.15.4a channel 3 mask

1708. The peak frequency of the pulse sequence 1702 is 4.4928GHz. The peaks of
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Channel 3 and 9 are mandatory and the others are optional. In one
enbodi nent, the transmtter can cover channels 1-12 and may only be
limted by process (0.18m CMOS 10 used in this design). The channel s
13- 15 can be covered if the communication device 200 _is inplenented
in 90nm CMR2UAEBByond. [01231 Two neasured pul se sdGUEFEY O%W”the
two mandatory channels 3 and 9 and their respective spectruns of the
transmtter 202 of an enbodi nent are shown in Figure 17 and Figure
18 respectively. Figure 17(a) shows a neasured pul se sequence 1702
for 15 | ow band mandatory channel 3 in tine domain according to an
enbodi ment widebagtl s&odd fiddhonis (wen@rednt OGHZ) dad thisdeharmdnid {tentereaIBGHE)
pul se sequence 1702 according to an enbodi nent. The pul se sequence

1702 can bgaBRSkgnifRalyat@eesssddd>30dB).r ol | ed by a nodul ation si gnal

The generated pul ses 1702 are of 2ns w dth. The generated pul ses
1702 can bpipf] 1.Bgue(¥)isEdds afchsaradplig\sequndEel R0 hhbagl QindX0GNVpp.
Figure 17(c) 20 shows the neasured pul se sequence 1702 in frequency
domai n accehafien i tmadoma@ixosHing fd an dnpdintht. FRAL TGN sHEASnt explo@ID)
spectrum 1704 of the pul se sequence 1702 can fit both the FCC UVB
band mesk 40 6f eredndaiged3flilseldaqidbceCBaR Redordng®Sdes enlbtdfinent Fegupe d8(c)

frequency of the pul se sequence 1702 is 4.4928CGH. The peaks of 38
WO 2009/ 09hdw? tRCTemurd0pu1e0 8&htnce Wi 802 hia nfleqresg ndorad ndcirding aendner ed
at 10GHz) and third harnonic (center at 15GHz) nmay be significantly
suppr essedentbediebi) A PSI Rgkltninh J804eofldBé anlses kequanca 1 Ma2asuirfithoththe #CC
sequence 1802 for high band mandatory channel 9 in tinme donmain

accor di ng UV@WBabuné magkd] 896 atd thei8Q2it £4alSadmel S Inewis 1808. Theppeakl ddquebcyyafew of
t he neasured pul se sequence 1802 according to an enbodi nent. Figure
18(c) showvise piie sepasarl 8¢ ipab8B G Equence 1802 in frequency domain
according to an :

10 [0125] Figure 19 shows measured RF front-end performance of the receiver 204 at
5GHz according to an embodiment. Figure 19(a) shows a graph 1902 of gain plotted
against frequency and a graph 1904 of noise figure plotted against frequency according to
an embodiment. The overall gain is around 24 dB and the noise figure is 10dB within
channel 4. Figure 19(b) shows two graphs 1906, 1908 of output power plotted against

15  input power according to an embodiment. The curve 1906 is extended with a straight line
1910 and the curve 1908 is extended with a straight line 1912. The intercept point 1914
of the two straight lines 1910, 1912 is the measured IIP3. The measured IIP3 is -22dBm
at 5GHz.

[0126]  Figure 20 shows measured performance of the frequency generator 206

20  according to an embodiment. Figure 20(a) shows that the VCO has a fast start up time of
5.36ns according to an embodiment. Figure 20(b) shows the VCO outputs quadrature I/Q
signal at a frequency of 3.5GHz according to an embodiment. Figure 20(c) shows an

output spectrum of the VCO having a centre frequency of 3.5GHz according to an
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enbodi ment. A PSD spectrum 1804 of the pul se sequence 1702 can fit
both the FCC UWWB band mask 1806 and the 802.15.4a channel 9 mask
1808. The peak frequency of the pul se sequence 1802 is 7.9872GHz. 10

[0125] Figure 19 shows neasured RF front-end performance of the
recei ver 208 2P"8E Yy according to an enmbodi nent. Fi grECRYPEIhons

a graph 1902 of gain plotted against frequency and a graph 1904 of
noi se figure plotted agai nst frequency according to an enbodi nent.
The overall gain is around 24 dB and the noise figure is 10dB within
channel 4. Figure 19(b) shows two graphs 1906, 1908 of output power

pl otted agambsliméib The perforfiaise b ARETQOGaNbe bedefivial Grlapaigwntkr wildiahger ve
1906 is extended with a straight line 1910 and the curve 1908 is

ext ended wistdo datastatisaligloh. | i ne 1912. The intercept point 1914 of the
two straight lines 1910, 1912 is the neasured | 1P3. The neasured |1 P3
i's -22dBm [27]5GHRigurk Q1 2kdwshi igeeived P01s6 DIORS a iadaiitte dlopie (TxOEIRpIRR, Hf
the frequency generator 206 20 according to an enbodi nent. Figure
20(a) showectitaicloch RA/CI) NiAS afd 4 sfbres bildpit 2008 hdcoMin@fio arbenMpdfnent. A
according to an enbodi nent. Figure 20(b) shows the VCO outputs

quadr at fir emkds(@ed Shngira) reault @nfieediuentyd af a JubSkpeataOfretubgyt @RAN of

enbodi nent. Figure 20(c) shows an output spectrum of the VCO having
a centre fif6Mbepscandaflodl bécHiatiac( @) dif AGOGHzaThe BCasMEN RO VelP barhden
PCTI SG2009/ 000025 enbodi ment. The performance of the VCO can be
benefi ci al Tf etk 3Hdi and Rrovker2106h é&nl4.918r Using SheequaddadmaATFAASTI(SR dbiect
[01271 Figure 21 shows a received pul se 2102, a transmtter clock
(Tx_cl k) 2dirdnceanr: tirecdulayee: velbaylof [igdt), tekejlcDiebrangitg distada d 228,50t put
2108 according to an enbodinent. A 5 neasured ranging result can be
det er m ned{0a28]a plikge 22 ajuetsi 4 irawmitiee (judnsignal PRIZ) adfansmitted data pattern
10 2204 (at TX input), a received pulse pattern 2206 (at RX input), and a demodulated data
pattern 2208 (at Integrator output) according to an embodiment. In this embodiment, the
BPSK pulse transmission and demodulation is performed at PRF of 31.2MHz and local
oscillation (LO) of 4.49GHz.
j0129] Figure 23 shows a transmitter clock signal 2302, a transmitted data pattem
15 2304 (at TX input), a received pulse pattern 2306 (at RX input), and a demodulated data
pattern 2308 (at Integrator output) according to an embodiment. In this embodiment, the
BPSK pulse transmission and demodulation is performed at PRF of 31.2MHz and local
oscillation (LO) of 7.98GHz,
[0130] Figure 24 shows a table 2400 listing the performance of the communication
20 device 200 according to an embodiment. Column 2402 shows the performance of the
transmitter 202, Column 2404 shows the performance of the receiver 204. Column 2406

shows the overall performance of the communication device 200. Targeting a low cost

and high energy efficiency implementation, the communication device 200 can achieve
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15. 6Mops and a local oscillation (LO of 4.49GH. The neasured tine
del ay between Tx_clk 2104 and Rx_clk 2106 is 14.9ns. Using the
equation 1d=4txc/2 (Ad: object distance, At: tinme delay, c: velocity
of light), the calculated ranging distance is 223.5cm__ 101281 Figure
22 shows a" P&ttt er clock signal 2202, a transnit tSd’F%9 W%t er n
10 2204 (at TX input), a received pulse pattern 2206 (at RX input),
and a denodul ated data pattern 2208 (at Integrator output) according
to an enbodinent. In this enbodi nent, the BPSK pul se transm ssion
and denodul ation is perfornmed at PRF of 31.2MHz and | ocal

osci | | ati of.74dI@ulsefor #ankBiEtdr TX[20d 8.9}/l sg ot @ec2iSerSHTO Whil S odctpyisg 4. b
clock signal 2302, a transmitted data pattern 15 2304 (at TX input),
a recei vedoglyl se pattern 2306 (at RX input), and a denodul ated dat a
pattern 2308 (at Integrator output) according to an enbodinent. In
thi s enbodimeft, ThHeeombBRfkatpuldeecs 26ING Meksbaabane caeHEnfillf iitefatdds
performed at PRF of 31.2MHz and local oscillation (LO of 7.98GHz.

[ 0130] Fi gGMOSZUWBhamserert IEompHOto|TEER B0 5.Me W€ the errhitefireddf thehe
comuni cation 20 device 200 according to an enbodi ment. Colum 2402
shows the gesfhoicvancdviot 200) dothtthalosnioveetoniflicatiand atiarlo2b-dios bave t he
performance of the receiver 204. Columm 2406 shows the overall

per f or mancshfed henaeptiyni Tat iagslogl ehasebend? @Rise Tehapiag i Agl acahlRy kst

and high energy efficiency inplenentation, the communication device
200 can acipcemersiof@an/\iz £20p@4 6Oha42hdPTWESHRZEER/bOMARE FCMOband mhslpatds e
for transmtter TX and 6.5nJ/pul se for receiver RX while occupying
4.5mP  ondhgnnel 6b&1 A hhlg-toenfirgoenca tsjmoleside(e.gea PODindsctate $Z2-bardddwBbove
can be a fully integrated CMOS UMB transceiver | C conpatible to | EEE
802. 1. 5. 4afreqwric stylitbesizen) lmayelost used tofgesdmte multitone carrier frequency and the

10 switching of carrier makes it flexible for multichannel (e.g. up to 12) transmission in the
design. A tunable RF front end may be used to tune to the respective channel in the
receiver 204, A tunable narrowband LNA/Mixer over 3-9 GHz band can be used. A
BPSK demodulation and two way ranging can be realized. The transmitter 202 and
receiver 204 of the communication device 200 can consume only 0.74nJ/b and 6.5nJ/b at

15 1.8V supply with a scalable data rate up to 1G pulse/s. The ranging accuracy attained
may be 3cm.

[0132] Further, the communication device 200 can wuse pulse synchronized
demodulation to achieve precision localization, a pulse generation circuit to enable high
spatial resolution, a preamble based localization circuit technique, a quadrature fine

20  tuning loop for frequency synthesizer, and a proprietary BPPM circuit for power saving.
[0133]  The communication device 200 can achieve concurrent communication and
localization by implementing a preamble-defined integrated function and a unique ‘node’

platform for wireless sensor network. For power savings, the communication device 200
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5 communi cati on device 200, both the | ow power conmunication and

| ocal i zati on can be achi eved concurrently. The anal og baseband pul se
shaping and carrier based upconversion can be adopted to nake the
UWB pul se fit both into FCC band nask and channel mask. A nulti-tone
frequency WORRRY Per (e.g. a two-inductor, 12-band GRESPPEEIERCcy
synt hesi zer) may be used to generate nultitone carrier frequency and
the 10 switching of carrier makes it flexible for nultichannel (e.g.
up to 12) transmission in the design. A tunable RF front end nay be
used to tune to the respective channel in the receiver 204. A

t unabl e natamqisbakdstloiddé phwee corotindIedhctigizant a Rgbtantlrvél @ptitgation Af 10BPSK
denodul ati on and two way rangi ng can be realized. The transmtter 202
and recei y®ver 28duiftiohhe comuni cati on devi ce 200 can consune only
0.74nJ/b and 6.5nJ/b at 15 1.8V supply with a scal able data rate up
to 1G pul s@134] ThEher asighuitcad@c Weaey 280 taah nid ndwa \cirbets 3o BENEFRK
Further, the conmunication device 200 can use pul se synchroni zed
denodul at i saddlaioacdnideviecufds efi muldrusérocphbitiiat aren int@fepinbs eesistamned. aTleon
circuit to enable high spatial resolution, a preanble based

| ocal i z&t | commuinicatior deviee POU @b @lso asequsanilified basebamican210g implémaptdtiont f or
frequency synthesizer, and a proprietary BPPMcircuit for power

savi ng. [ &h@3dlowpewercmduss effdciienesdevi ce 200 can achi eve concurrent
conmmuni cation and |ocalization by inplenmenting a preanbl e-defined

i nt egr at ed[0d8d]ct i e camchupicativh gleeice Raldah be pisat foarvdsoapplidatiaisessh sensor
networ k. For power savings, the comrunication device 200 41 WO
2009/ 091 34¢dRGhASCRAe8Mme0 0aRss caserus@wearkb wistesspehsormelverea cmtworkl and
reduction and a system | evel optimzation of |ow power consunption.

[ 0134] Thehaabmaenrpwrbticonetdevi ce 200 can use new circuits for BPM BPSK

10 [013¢] It has become apparent, in an embodiment, a complete UWB transceiver IC
which is 802.15.4a compliant and supports both communication and localization, is
provided.

[0137]  According to an embodiment, a communication device includes a transmitter
path, including: a transmitter clock generating circuit configured to generate a transmitter

15 clock signal; a receiver path, including: a clock recovery circuit configured to recover a
receiver clock signal from a received signal, a comparator circuit coupled to the clock
recovery circuit and configured to compare the receiver clock signal and the transmitter
clock signal to generate an output signal; a ranging determination circuit configured to
determine a ranging value based on the output signal.

20  [0138] According to an embodiment, the transmitter path further includes a pulse
shaper to tunably shape the pulse of a transmitter clock signal.

[0139] According to an embodﬁnent, the transmitter path further includes a

modulator coupled to the pulse shaper to modulate a transmitter signal to be transmitted
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nmodul ation and circuits of nulti-user capability and interference
resi stance. The 5 communication device 200 can al so use a sinplified
base- band anal og i nplenentation to achieve |ow power and cost
ef fectiveness. g({]0135] The conmuni cati on device 200 can_be used |
various appPPU¥PT$Hs such as vi deo/ audi o streaning, \ﬂTfng@g@”{’%nsor
networ k, w reless personnel area network, healthcare application,
etc. 10 [0136] It has becone apparent, in an enbodi nent, a conpl ete
UWB transceiver IC which is 802.15.4a conpliant and supports both
conmmuni cation and | ocalization, is provided. [01371 According to an
enbodi ment intctone ofaplofatigtdf predefvd f@uente randes trippbre Ao 1he EhapEd randhifter
including: a transmtter clock generating circuit configured to
generate aclhekangmali tter 15 clock signal; a receiver path, including:
a clock recovery circuit configured to recover a receiver clock
si gnal from40]r ecAdcyrithgb gin ahbodineif) tpafanimikteiCpatic fiktherdauljilee4l mib@r ohe
clock recovery circuit and configured to conpare the receiver clock
si gnal andprbtide b apsofvetedr signal ©H¢ tRhghiatd, twhetp) te ahiRerds cOupledUb the
signal; a ranging determ nation circuit configured to determne a
rangi ngs v ambdnldi@sertceive th mohildtgl signslitebadransd@tef 0138] According to an
enbodi nent, the transmtter path further includes a pulse shaper to
tunably shpp#]t heaqeodding tofin antiodiarstyiht treisntited hthSargieainclufidd h8193st one
According to an enbodinent, the transmtter path further includes a
nodul at or axulifieretd ainlifyhies yprloserteddgnel tobe tramdutkedt € a transmtter
signal to be transmtted 42 WO 2009/091342 PCT/ S&009/000025 into
one of a plMAl i tAccaldingrie de kinb@liindmt, ebpiend ver rpathgfgher tincdiglge atdehsbynet he
shaped transmtter clock signal.

amplifier to amplify the received signal.

10 [0143] According to an embodiment, the amplifier is a low noise amplifier.
[0144] According to an embodiment, the receiver path further includes an in-phase
mixer to provide an in-phase amplified signal; and a quadrature mixer to provide a
quadrature amplified signal.
[0145] According to an embodiment, the receiver path further includes an in-phase
15  filter to filter the in-phase amplified signal provided by the in-phase mixer and a
quadrature filter to filter the quadrature amplified signal provided by the quadrature
mixer.
[0146] According to an embodiment, the in-phase filter is a low pass filter.
[0147] According to an embodiment, the quadrature filter is a low pass filter.
20 [0148] According to an embodiment, the receiver path further includes: an in-phase
variable gain amplifier to amplify the filtered in-phase signal; and a quadrature variable

gain amplifier to amplify the filtered quadrature signal.
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[ 0140] According to an enbodi nent, the transmtter path further
includes a mxer to provide an up-converted signal to be
transmtted, wherein the mxer is coupled to the 5 nodulator to
receive t ed signal to be transmtted. [014 j to
an enbodi %%@glﬁ%%transm tter path further incl udes%?éﬁ@gg @ge
anplifier to anplify the up-converted signal to be transmtted.
[0142] According to an enbodi nent, the receiver path further includes
at least one anplifier to anplify the received signal. 10 [0143]
According to an enbodinment, the anplifier is a |low noise anplifier.
[0144] Accidflng Awommgdoriodnbriment,tthereeeeee path furfet ncludest e m-phassl udes
an i n-phase mxer to provide an in-phase anplified signal; and a
quadr at ur eintegratien ¢isuip Fappled ¢o an outpub df the Urphaserptialilé gain ginplefzer fo feGeiveS]
According to an enbodi nent, the receiver path further includes an
i n-phase th&amplified filtered iniphasesignéi@nd to-ppivceanamplbg integohtes igmhdse pgepki ded
by the in-phase mxer and a quadrature filter to filter the
quadr at ur eandrysluadriturs infegyation cpewivéodpldd toyant duéputiofaitie qeadrature yinable.g2in0146]
According to an enbodi nent, the in-phase filter is a |low pass filter.
[ 0147] Accavepdiifipgytot gceine theviyoplified iltered padgarerd rsignelr andftp |pragucd an gnalogw
pass filter. 20 [0148] According to an enbodi nent, the receiver path
further i nolegrdied quadratirpsignidhse variable gain anplifier to anplify the
filtered in-phase signal; and a quadrature variable gain anplifier
to anpli fyloiﬁ’é f iAcerding iqanembodiment, dhegmegiver noh fynheomolude ] gyip-phase
PCT/ SG2009/ 000025 i(gr“:)£1‘0149] According to an enbodi nent, the receiver
pat h f urt heaplogr-fligiipb senvagter ity costyers ghe anplog Gitagratedrinehase yignalawenided dyt o an
out put of the in-phase variable g_ai, nanplifier to receive

the in-phase integration circuit to a digital integrated in-phase signal; and a quadrature

10 analog-to-digital converter to convert the analog integrated quadrature signal provided by
the quadrature integration circuit to a digital integrated. quadrature signal.
[0151] According to an embodiment, the clock recovery circuit is coupled to an
output of the in-phase variable gain amplifier to receive the amplified filtered in-phase
signal and to an output of the quadrature variable gain amplifier to receive the amplified
15  filtered quadrature signal.
[6152] According to an embodiment, the clock recovery circuit includes a first
squaring circuit to produce a first squared output and a second squaring circuit to produce
a second squared output.
[0153] According to an embodiment, the clock recovery circuit further includes a
20 summing circuit to combine the first squared output and the second squared output to

form a summed output.

44



the anplified filtered in-phase signal and to produce an anal og

i ntegrated in-phase signal; and a quadrature integration circuit
coupled to an output of the quadrature variable gain 5 anplifier to
receive the anplified filtered quadrature signal andt an
analog i n‘?’%é‘?ﬂ Pgéﬁuquadr ature signal. [0150] Accordi ﬁg?@@%ﬁ%h%&s
enbodi ment, the receiver path further includes: an in-phase

anal og-to-digital converter to convert the anal og integrated in-phase
signal provided by the in-phase integration circuit to a digital

i ntegrated in-phase signal; and a quadrature 10 anal og-to-digital
converter Pos4onvecérdinge arealbodiment g tlatkadcoyeadiraiiufoshes irgludés qffiretvi ded
by the quadrature integration circuit to a digital integrated

quadr at ur dowipgssdilter tp Glterithe shamed ditpg pravided be ieadinmmbigtciraiitte rebos lthe
recovery circuit is coupled to an output of the in-phase variable
gai n anpl iktedver Elockrsggmeli ve the anplified filtered in-phase signal and
to an output of the quadrature variable gain anplifier to receive the
anplified [0155] f i |Acesrdlg Gumcrdbdimentstheg cahpardt@ Lilit iAdodes ah eiige tietedor
enbodi nent, the clock recovery circuit includes a first squaring

Ci rcui t5 t aopomghicte secéivar shoclsgigral @d teutapsbitterdbck sigead angknergte an bwgut
circuit to produce a second squared output. [0153] According to an
enbodi mentpulskignatl ock recovery circuit further includes a 20 summ ng
circuit to conbine the first squared output and the second squared
out put to [0158§ m AAcserding ¢ aembudimedtAthy\ERAGEIrGE O SURMRCHhER00RLGE0025
[ 0154] According to an enbodi nent, the clock recovery circuit further
i ncl udes dowipass ffilter tofiltgraleoufput pulse sigoal fidvided by the edgerdetecioioppdtice an
provi ded by the sunming circuit to recover the receiver clock

si gnal . analog output signal.

10 [0157] According to an embodiment, the receiver path further includes a first analog-
to-digital converter to convert the analog output signal provided by the second low pass
filter to a digital output signal.

[0158) According to an embodiment, the first analog-to-digital converter is coupled
between the second low pass filter and the ranging determination circuit.

15 [0159] According to an embodiment, the communication device further includes a
frequency generator to provide oscillator signals.

[0160] According to an embodiment, the frequency generator is coupled to the mixer
to provide a transmitter oscillator signal to the mixer.
" [0161] According to an embodiment, the frequency generator is coupled to the in-

20  phase mixer to provide an in-phase receiver oscillator signal to the in-phase mixer; and
the frequency generator is coupled to the quadrature mixer to provide a quadrature

receiver oscillator signal to the quadrature mixer.
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[ 0155] According to an enbodi ment, the conparator circuit includes an
edge detector 5 to conpare the receiver clock signal and the
transmtter clock signal to generate an output pulse signal. [0156)
According to an enbodi ment, the conparator circuit further includes a
second | oWPPRB#Ater to filter the output pul se si¥daC2HPEWHed by
the edge detector to produce an anal og output signal. 10 [0157]
According to an enbodi nent, the receiver path further includes a
first analog- to-digital converter to convert the anal og out put

signal provided by the second |ow pass filter to a digital output

signal . [0}6183] AcaodoetiinkOtd en ambediied| thefiequdnbe ghhdrgtbr further includes a

anal og-to-digital converter is coupled between the second |ow pass
filter andvblbge el Rglisdatonfigundtits gencieaCldhst oneldaci[ldbRipuisiga.di ng to
an enbodi mrent, the communication device further includes a frequency

gener at or 016§y OV AckddXECH lah 3inbédigmer@nad Gequbitl GelerACarthdrigbiddes afirst
enbodi nent, the frequency generator is coupled to the mxer to

provi de a biffershircdit @id Os@bhd Bl cgbgnNadupled té BR Voltsgy confu@ll 6stilator to
According to an enbodi nent, the frequency generator is coupled to the
i n- 20 phaseffdirtheart ledsborerosuiiideér oatpul signphase recei ver oscil |l ator signal
to the in-phase mxer; and the frequency generator is coupled to the
quadr at ur e[o15&jer Acopknpyiodsh ambetadénnt the Greqli@CR igueiat@s firthbrainclides i gnal
to the quadrature m xer. 45 WD 2009/091342 PCT/ SG009/ 000025 [0162]
Accor di ng taranusnhdtireaipledt thahd fisgbigfee yirqiéine padvide dodist aiing sfaheudes
a voltage control oscillator configured to generate at | east one
osci | | at or frequiefuytto gie golaage confrollzdllatéiccor di ng to an enbodi nent, the
frequency generator further includes a first

[0165] According to an embodiment, the frequency generator further includes a fine

10 tuning circuit coupled to the coarse tuning circuit to provide fine tuning of the frequency
to the voltage control oscillator.

[0166] According to an embodiment, the first buffer circuit is coupled to the mixer to
provide the transmitter oscillator signal to the mixer.
[0167] According to an embodiment, the second buffer circuit is coupled to the in-

15 phase mixer to provide the in-phase receiver oscillator signal to the in-phase mixer;
wherein the second buffer circuit is coupled to the quadrature mixer to provide the
quadrature receiver oscillator signal to the guadrature mixer.

[0168] According to an embodiment, the predefined frequency ranges are in the range
of about 200 MHz to about 11 GHz.

20 [0169] According to an embodiment, a method of determining a ranging value in a

communication device includes: generating a transmitter clock signal; recovering a

receiver clock signal from a received signal; comparing the receiver clock signal and the
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buffer circuit and a second buffer circuit coupled to the voltage
control oscillator to 5 buffer the at | east one oscillator output
signal. [0164] According to an enbodi ment, the frequency generator
further includes a coarse tuning circuit coupled to the first buffer
circuit to¥BrPYIYeé2coarse tuning of the frequency t PARE2PHLEGe
control oscillator. [0165] According to an enbodi nent, the frequency
generator further includes a fine 10 tuning circuit coupled to the
coarse tuning circuit to provide fine tuning of the frequency to the
vol tage control oscillator. [0166] According to an enbodi nent, the
first buff @insiittet tlotk signal QUith@ste b oltP@ stEn¥IChnd QeterPinds €@ rdnbBg value
transmtter oscillator signal to the mxer. [0167] According to an
enbodi ment baskdién ec@pd siphfif er circuit is coupled to the in- 15 phase
m xer to provide the in-phase receiver oscillator signal to the
i n-phase njoig0]; Abwidaigtd Re emBsiAcht, ballhamusitdtoni devics ifomded: ef clotk t he
quadrature m xer to provide the quadrature receiver oscillator
signal to tebeveguaehuntdenBpumdd @I recdverl S BdcedCEIbE Kignd Grona QERREE TR |
the predefined frequency ranges are in the range of about 200 MHz to
about 14 GhzamblOsifkdl fifudifg & preainblg cdde; aringind aclerRitkion ArdR thdfuef
determ ning a ranging value in a conmuni cation device includes:
gener at i Ngdederinin@AsdMgiigentlue bekorSth@radmblé ggaveri ng a receiver clock
signal froma received signal; conparing the receiver clock signa
and the A4@p1NWD 2008l ShBRmENTET bS@X0 GFEADA0Rve Hebm pafichlin®y skdvaC knd
signal to generate an output signal; and determ ning the ranging
val ue basédcribad i @ftkgpod t batifit .enfbOdiFSndts, Ac ahsuld be uhderasvdelb adsaTent |
a conmuni cation device includes: a clock

skilled in the art that various changes in form and detail may be made therein without

10 departing from the spirit and scope of the invention as defined by the appended claims.
The scope of the invention is thus indicated by the appended claims and all changes
which come within the meaning and range of equivalency of the claims are therefore

intended to be embraced.
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. ' PCT/8G2009/000025
recovery circuit configured to recover a receiver clock si Quativéd OF&bruary 2010
received radio 5 preanble signal including a preanble code; a
rangi ng. determnation circuit configured to determ ne a ranging
val ue based on the preanble signal. [01711 Wil e enbodi nents of the
i nvention have been particularly shown and described with reference
to specific ene8isrents, it should be understood by those skilled in
the art that various changes in formand detail may be nmade therein
wi t hout 10 departing fromthe spirit and scope of the invention as
defined by the‘ﬁﬁg)pended claims. The scope-of the invention is thus
i ndi cated by tRESADPEAGEH clai ms and all changes which come within
t he nmeani ng and range of equival ency of the clains are therefore
i ntended to be ‘enbraced. 47 PCT/ S&009/ 000025 Received 17 February
2010 d ai 143 Vl\hat iAscocI ai_ned idsﬁ:. 5 1. A communication device,
conprising” a trafnsiitier ARV o NP eng: a transnitter clock
generating circuit R to generate a transmtter clock
signal;, a pulse sﬁg%%%'%gg%%%ﬁ&%?’?ﬁ%ape the pulse of a transmtter
clock signal; 10 a nod . ed to.the pul se shaper to nodul ate
a transnitter signal tt)le Ee ltﬁrgrgéfn%mg[ef’eéﬁmlgrﬁr ‘RB??BEWC‘gg’&Cﬁ?%‘PPtWiW
predefined frequency rae'i&ﬁﬁgnal;”.i ggered by the shaped transnmitter
cl ock-signal; .a m xer to provide an up-converted signal.to be

transmtted, wherein thuise shaperto tunably shape the pulse of a transmitter clock signal:

R 10 ‘ & modulator coupled to the pulse shaper to modulate a fransmitter signal to
be transmitted into one of a plurality of predefined frequency ranges,
uiggcr_cd by the shaped transmitter clock signal;

a mixer to provide an up-converted signal to be transmitted, wherein the

mixer is coupled to the modulator to receive the modulated signal to be
15 transmitted;

a receiver path, comprising;

a clock recovery circuit-c?nﬁgured 10 recover a receiver clock signal from

a-received signal;

a comparator circuit coupled to the clock recovery circuit and confignred
20 to compare the receiver clock signal and the transmitter clock signal to

generate an output signal;

a ranging determination circuit configured to determine & ranging value

based on the output signal,
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PCT/8G2009/000025

m xer is coupled to the nmodul ator to receive the nodul at ed Reicgivadl 17 February 2010
be 15 transmtted; a receiver path, conprising: a clock recovery

circuit configured to recover a receiver clock signal from a

recei ved signal; a conparator circuit .coupled to the clock recovery

circuit and configured 26. to conpare the receiver clock signal and

the transmtter clock signal to generate an output signal; a ranging

determ nation gircyit configured to determ ne a ranging value based

on the output i gndit®commu BaEriaspagleim 1, PEA/ AU PCT/ SG2009/ 000025

Recei ved 17 Februa%¥%201gﬁ 2. The c%ﬁgunicatign device of claim1,
wherein the transm'tter: PECHF U e Rahtp compisegt leeshione ompdifiantol anfpiliey
to anplify the upagonverted signal, to be transmtted. 5 3. The

conmuni cation devi &5 ORI LA gl {beiErsnitade recei ver path furt her

conprises af least one anplifier to anplify the, received signal. 10
4, The communication device of claim3; wherein the anplifier is a

| ow noi se anpld, fi efpa communication device of claim 2,

wherein the receiver path further comprises at least one amplifier to amplify the

received signal,

} 10 4, The communication device of claim 3,

wherein the amplifier is a low noise amplifier.

5. The communication deviee of claim 3,
wherein the receiver path further comprises:
15 an in-phase mixer fo provide an in-phase amplified signal;

a qQuadrature mixer to provide a quadrature amplified signal.

6. The communication device of claim 5,
wherein the receiver path further comprises an in-phase filter to filter the in-phase
20 amplified signal provided by the in-phase mixer and a quadrature filter to filter

the quadrature amplified signal provided by the quadrature mixer.

7. The communication device of claim 6,

49

‘Amer_lded Sheet
IPEA/AU



o : PCT/8G2009/000025
5. The communi cation device of claim3, wherein the recei vatecpaveth 17 February 2010
further conprises: 15 an in-phase m xer to. provide an in-phase

anplified signal; a quadrature m xer to provide a quadrature

anplified signal. 6. The comrunication device of claim5, wherein

the receiver path further conprises an in-phase filter to filter the

i n-phase 20 anpl i Mhetinstheivanhasedidod isletbpast fileeri n- phase ni xer and. a
quadrature filter to filter the quadrature anplified signal provided

by the quadrature m xer. 7. The conmmunication, device of claim6, 49

Anmended Sheet |-PP- A/ AU PCT/ SG2009/ 000025 Received 17 February 2010

wherei n the i f: phadée pepp@pication devicgof . fil ter. 8. The :

communi cati on devi c% of claim®6, wherein the quadrature filter is a

| ow pass filter. &% gemfﬁ%q‘@ Hesispdaw prsefibe. of claim 6, wherein

t he recei vsr path further conprises: an in-phase variable gain

anplifier to. anplify the filtered in-phase signal; a quadrature

vari‘abl e gainjanplifier to.appljf) éﬁh Jfiltered quadrature 10
si.gnal . 10. TRe co%ﬁq%‘fl’i":@ﬁpﬂd@%ﬁ ‘%Fméi aim9,
wlhierein the receiver path firther comprisés:
an in-phase variable gain amplifier to. amplify the filtered in-phase signal;
a quadrature variable gain amplifier to amplify the filtered quadrature

{ ’ ) 10 signal.

10,  The communication device of claim 9,
wherein the receiver patl further comprises!
an in-phase integration circuit coupled to an output of the in-phase
15 variable gain amplifier to receive the amplified filtered in-phase sigﬂai and
to produce an analog integrated in-phase signal;
a quadrature integration circuit coupled to an output of the quadrature
variable gain amplifier 1o receive the ampiiﬁed filtered quadrature signal
and to produce an analog &temﬂted quadratuwe signal,
20
11, - The co@@caﬁon device of claim 16,

wherein the receiver path further comprises:
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wherein the receiver path further conprises: an in-phase |rﬁ&gfﬁaﬁ/sgzg§groogg?g
circuit coupled to an output of the in-phase 15 variable gal Y '
anplifier to. receive the anplified filtered in-phase signal and to

produce an analog integrated in-phase signal; a quadrature
integration circuit coupled to an output of t he quadrature variable

gain anplifier to recei e it-Hesemplogfi-ggid cbdverads 96{1@?& ﬁ;ﬁz-gna‘hg m ﬁ:{élltecfiu-

and to produce an analog integrated quadrature signa

communi cati on devi ce of pb#saisignilOprovideebgithe (ghaEL GRL R rtoer
conprises: 50 Anended Sheet | PEA/ AU PCT/ SGZ%%Q/ Ood%g'rgn (%Iec{(;:l%i“\%l/eadglﬁal

February 2010 an in phagesrdetihobasteigailgi t al converter to convert the
anal og integrated in phase signal provided by the in-phase
integration circuit to aqﬂ?@ﬂtﬂal&nalpmtosggmt eﬂwbﬂ?erp@asﬁeﬁlt&ngjalogqmemted
guadr ature 5ana| og-to-digital converter to convert the anal og
integrated.” 5 quadrat uﬁ'éadéﬂﬁﬁﬁﬁsnabpre‘(ﬂddd:d’tlwqttatinatuﬂu@dgﬁﬂéﬁ&mmttoadg;tal
integration circuit to a di gltal integrated quadrature signal. é ‘
The conmuni cation devi cB*e8Fag|a4dstare sighdr ei n the cl ock recovery
circuit is coupled to an output of the in-phase. variable 10 gain
anplifier to receive the anplified filtered in-phase signal and to- -

an output of 45 qpe communication device of claim 9,
| wherein the clock recovery cirouit is coupled to an output of the in-phasc' variable
(o 10 gain amplifier to receive the amplified filteréd in-phace signal and to an output of
the quadrature varable gain amplifier to recejve the amplified filtered quadrature

signal,

13, The communication device of claim 12,
- 15 ‘wherein the clock recovery circuit comprises a frst squaring circuit to produce a
first squared output and a second squaring circuit to produce a sécond squared

output.

14, The communication device of claim 13,
20 wherein the clock recovery circuit further comprises 8 summing circuit to
combine the first squared output and the second squared output to form 4 summed -

outpuf,
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the quadrature variable gain anplifier to receive the a”plkkké. d 17 Fébruary 2010
filtered quadrature signal. 13. The- communi cation device o ¢Tai m ary
12, 15 wherein the clock recovery circuit conprises a first squaring
circuit to produce a first squared output and a second squaring
circuit to produce a second squared output. 14. The communi cation

devi ce of clail® 13 TheGoneiatioh dobRe 6f Gk 1yecovery circuit further
conprises a summing circuit to conbine the first squared output and

the second squar edwheiefithe d6kir@6VBricisdkiIBher O3 d
[ PEA/ AU PCT/ SG2009/ 000025 Recei oy R uar;}’gg%ffd%f%wl’isﬁ%%“ o Hie

comuni cati on devi te sofimed ainfar 3bvidedBy @k Burk RS - ClOfKo ¢ circe
further conprises a first low pass filter to F teroegﬁ&¥ﬁk¥amﬁmrc°°

out put provi ded bysigis summing circuit to recover the receiver clock
signal. 5 16, The conmuni cati on device of claim 15, wherein the
conparator5circuit conprises an edge detector to conpare the
receiver clock signal and the transmtter clock signal to generate an
out put pul se 1G gnale communication device of claim 15,
wherein the comparator. cireuit comprises an edge detector to eompare the
receiver clock signal and the transmitter clock signal to generate an output pulse

signal,

17.  The cornmunication device of claim 16,
wherein the consparator circuit ﬁlrt.her comprises a second low pass filter to fiiter
' the output pulse signal provided by the edge detector to produce an analog output
signal,
15
18. The communication device.of claim 17,
wherein the receiver path further comprises;
a first analog-to-digital converter to convért the analog output signal
= . provided by the second low pass filterto a digital output signal.
20 |
190 The communication device of claim 18,
wherein the first analog-to-digital converter is coupled between the second low

pass filter and the ranging determination cireuit,
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10 17. The comnuni cation device of claim 16, wherein the CR@MV@WFebmaryzolo

circuit further conprises a second |ow pass filter to filter th
out put pul se signal provided by the edge detector to produce an
anal og output signal. 15 18. The conmuni cati on device. of claim17,

wherein the receiver path further conprises: a first

anal og-to-digital converter to convert the anal og output signal

provi ded by the second |ow pass filter to a digital output signal. 20
19. The conmuA?-cat Temcodeminietiafdecbaofiviall s, fbdérabhpdng: T i r st

anal og-to-digital converter is coupled between the second | ow pass
filter and the ranyfreRycawseremtrae pomide bsedlaidr sigh?s, Amended Sheet

| PEAJAU PCT/ SG2009/ 000025 Received 17 February 2010 20. The

comuni cati on devi ce of claim5, further conprising: a frequency
gener at or row oscil]ator signals, 5 21, The comunication

devi ce of cI afm 20T W@F@Pﬁ“ﬁﬁém%abm%gener ator is coupled to the

mxer to provide ahran mtter oscillator signal to the m xer.
erein the frequency generator is coupled to the mixer to provide a transmitter

oscillator signal to the mixer,

22. The communication device of claim 21,
( S 10 wherein the frequency generator is coupled to the in-phase mixer to provide an in.
phase receiver oscillator signal to the in-phase mixer; |
wherein the frequency generator is coupled to the,quadrﬁture mixer to provide a

quadrature receiver oscillator signal to the quadrature mixer,

15 23.  The communication device of claim 22,
wherein the frequency generator further comprises;
a. voltage control oscillator configured to generate at least one oscillatdr cutput

wignal,

20 24,  The communication device of claim 23,
wherein the frequency generator further comprises a fivst buffer circﬁit and a
second buffer circuit coupled to the voltage control oscillator to buffer ;chc at least

one oscillator output signal,
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22. The communi cati on device of claim21, 10 wherein the frﬁ&gqi(é%sgzoowoooozs
generator is coupled to the in-phase mixer to provide an in- pha ebruary 2010
receiver oscillator signal to the in-phase m xer; wherein the

frequency generator is coupled to the quadrature m xer to provide a
guadrature receiver oscillator signal to the quadrature m xer, 15 23.

The conmuni cati on device of claim22, wherein the frequency generator

further conprises: a. voltage control oscillator configured to

generate at | &dst dite coseinitaibndevivdlopsihim 3451 gnal . 20 24, The

comuni cati on devi c%pof clgi m 23, wherein the frequency generator

further conprises &hpiepsthe fefubsry pehdrast firtiRR Boms fer circuit

coupl ed to the vol %ﬁ eﬁgﬁgg;ﬂ;‘ol osci| lator toﬁpﬁf?ﬁ%glsﬁgl%w%%@“med

one oscillator out futhe g er @it ApeviiRGoSheRhin .

PCT/ SG2009/.000025 Recei ved 17 February 2010 2‘5§EPE§/E§%LW$%%?T%‘H@

devi ce of €laim 24%onfRkeseillptor.he frequency generator further conprises

a coarse tuning eircuit coupled to the first buffer circuit to

provi de coarse tuning of the frequency to the voltage 5 control

oscillator. 26 Thfh conmunj cation device of claim25, wherein the

f requency gene?‘ato FOPEratepyirseslaim £f,ne tuning circuit coupl ed

to i f
wherein the frequency geaerator further comprises a fine tuning circuit coupled to
the coarse tuning circuit to provide fine tuning of the frequeéncy to the vﬁ!tagc
{ J 10 control oscillator.

27. The communication device of claim 26,

wherein the first buffer circuit is coupled to the tixer to provide the transmitter

oscillator signal to the mixer.

is
28, The commuupication device of claim 26,
wherein the second buffer circuit is coupled to the in-phase mixer.to provide the
in-phase receiver oscillator signal to the in~phase mixer:
wherein the second ircuit { : i
| I buffer circuit is coupled to the quadrature mixer to provide the.
20 quadrature receiver oscillator signal to the quadzature mixes

29.  The communication device of claim 1,
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the coarse tuning circuit to provide fine tuning of the frcuseined 1v Cebruary 2010

the voltage { 10 control oscillator. 27. The communi cation device of
claim26, wherein the first buffer circuit is coupled to the mxer to
provide the transmitter oscillator signal to the mxer, 15 28. The
conmruni cati on devi %Emogaégai m 26, wherein the second buffer circuit
is coupled to the iiepiate pridefared theqEnoyiatess thein ho; '
oscillator signal to the in-phase m xe??/ adv\%er ein tﬂgﬁgﬁgﬁﬁ%ﬁﬁﬁP}’ﬁﬁz to
circuit is coupl eda¥%1f11h§1‘1quadrature m xer to provide the. 20
guadrature receiver oscillator signal to the quadrature m xer. 29.
The conmmuni cation device of claiml1l, 54, Anmended Sheet | PEA/ AU
PCT/ SG2009/ 000025 Received 17 February 2010 wherein the predefined
frequency ranges are in the range of about 200 Mz to about 11 GHz.
55 Anended Sheet | PEA/ AU
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