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BoJsiblias NPONycKHasA CNoCco6HOCTb KaHaNoB CBA3U U 6onbliasn
€MKOCTb CeTeM Ha UX OCHOBEe;

CyuiecTBEeHHO MeHbllass MOLWHOCTb, NOTpebnsaeMaa TepMnHanamu;

OuyeHb xXOopowue ngouukatgu.me CrnocobHOCTN CUrHanoBs, 6naronapﬂ
NX OTHOCUTEJIbHO O0J1bLUIOU MOJ10CE HacCTOT, HTO BaXKHO rnpum
pa3BepTbiBaAaHUUM B nNpeaenax sgaHmn, ropoaCKom 3aCTtpomku, B
necax.

3¢ PeKTUBHOCTb CeJIeKLMUN JTy4YEN B YCJZIOBUAX MHOIoJ1y4eBoro
pacnpocTpaHeHus;

CoBMEeCTMMOCTb C Y3KOMNOJIOCHbIMM CUrHaJIaMU — MaJIOU CTerNneHbio
BJIMAHUA NOCJieAHNX Ha NPUEeM CBEepPXLUMPOKOMNOJZIOCHbIX CUTHANI0OB U
MaJiIo CNEeKTpaJibHOM MJIOTHOCTbIO, HE OKa3blBaloOLlEN
CYLLECTBEHHOIO BJIUAHUA Ha NPMEM Y3KOMNOJIOCHbIX CUrTHAJI0OB;

CurHanbsl TpyaHO O6Hapy>XMMbl U AiETEKTUPYEMbI, UTO YMEHbLUAEeT
BEpPOATHOCTb HECAHKLIMOHMPOBAHHOIO AOCTYNa K NnepeaaBaemMom
nHpopmMauuu;

BO3MOXXHOCTb JIOKaJin3aumm TepMMHANIOB C BbICOKOW TOYHOCTbIO
(caHTMMeTpbl NpM [ANTBHOCTU B KUJIOMETPbI) NPpU UX CETEBOM
B3aMMOAEeNCTBUMN;

lNMpueMonepenaTynkn MOryT 6biTb BbIMOJIHEHbI B MaJibIX pa3Mepax
(HanpumMmep, pasMepoM MOHETbI), MAaJIOMOLHbIMN, HU3KOMU
CTOMMOCTM, NOCKOJIbKY 3JIEKTPOHUKA MOXeET 6bITb LLEeJIMKOM
BbiNoOJIHEHA HAa OCHOoBe TexHos1iornm CMOS 6e3 MHAYKTUBHbIX
KOMMOHEHTOB.

AHTEHHbI MOryT 6bITb He6onbLwNMKN, NpeacTaBNAsa cCO60M TOKOBbIE s
Hepe3OoHaHCHble neTnu, Bo3by>xaaemblie HenocpeacTBeHHO CXeMOoM
Ha ocHoBe CMOS texHonorum, "6a6boukun’’, pynopsol.
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Hazsauue
auana3oHa

JluanazoH
4acToT

LI1punHa cnekTpa
cUrHana

T

5

Bo3MmoskHble TpUMeHeHus

3+30 I'u
30+300 I'u

0.3+3 k[
3+30 klu
30+300 kI
0.3+3 MI
3+30 MIu

30+300 MIu

03+3 ITu

3+30 I'Tu

10+30 '
100+300 I'u

1+3 kI
10+30 k[
100+300 xI'u

1+3 MI'g
10+30 MI'n

100+300 MI'u

1+3 [Ty

0.03+0.1 ¢
3+10 Mmc

0.3+1 mc

0.03+0.1 mc

3+10 MKc

0.3+1 MKc
0.03+0.1 mkc

3+10 Hc

0.3+1 HC

MaruuTtocdepHslii pagap

To K€, paguoCBA3b C LIaxTaMi, norpy-
KE€HHBIMH MOABOIHBIMH T0IKAMH

To xe
To xe u rnobanbHas paanocBa3b
JlanbHsAs paanocBa3b, MOHOChEPHBII pagap
To xe

['mobGanpHas paanocBsa3b, 3arOPU30HTHBII
pazap, HoHocdepHBIii pagap
Paaunocea3b, paanonokaums caMoneToB,
aTMoctepHo-noHochepHbIii pazap,
cHcTeMa aKTHBHBIX NTOMeX

Paaunoces3e, pazapel 1ansHero obHapy-
’KeHUs, MIaHeTHbIil padap, atMochepHo-
noHocdepHblii pagap, reopaiap,
30HIMPOBaHHUE Tela YeloBeKa,
HAHOCEKYHIHas IeKTPOHHKA

To xe




I'BY

Cyobnuko-
CEeKYHIHBIH

DeMmTO-
CEeKYHIHbIH

To xe

Cyodemro-
CEeKYHIHbIH

ArtTO-
CEeKYHIHbIH

30+300 ITu

03+3 Tl

3+30 TI'u

30+300 TIu

3+30 Il

30+300 Ml

300-+-3000 Iy

BbICOKOCKOPOCTHAA BHYTPEHHSAA paano-
CBA3b, pafapkl O/IHKHEro JeicTBHA, MeTeo-
pagapsl, paaHoIoKauHa NPH3eMHOH aTMO-
Chepbl, MMKOCEKYH/IHAA AEKTPOHHKA, JIOKATb-

HbIe KOMIBIOTEPHbIE CeTH, METPOIOrHA

To xe
To xe

deMTOCEKYHIHAA KBAaHTOBAs J1eKTPOHHUKA,
CMEKTPOCKOMHA CO CBepXpaspelleHHeM,
uccne10BaHHe (PH3HKO-XHMHKO-0HOIOTH-
YeCKHMX MPOLECcCoB, MEIHLHHA, Ta3epHbIe
TEeXHOIOTHH, METPOIOTHs

To 7K€, 1a3€pPHa CBA3b, Ta3€PHELIC JIOKATOPEL,
ONTHYECKHE THHHH CBA3H

To xe

ATTOCEKYHHas KBaHTOBas CMEKTPOCKOMHS
CO CBepXpa3spelleHHeM, dTeKTPOHHKA,
nazepHas CBA3b, 1a3epHble T0KaTOPkI,

uceneJoBaHue GH3INKO-XUMHKO-
OHONOrHYeCKHX MPOLECCOB, MeIHLIHHA,
na3epHble TeXHONOTHH

To xe
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AMNNINTYOHaS

BpemeHHaa (TH-UWB, TR-UWB)
AHBepcHad

KopoBas:
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(a)

HemoaynmpoBaHHas nocnenoBaTebHOCTb
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leHepaTop
nceBAocnyYyanHom
nocneaoBaTeNlbHOCTH
ana 0

leHepaTOp
nceBAoCTy4anHon

NnocrneAoBaTeNbHOCTH
ans 1

FeHepaTop
MOHOLMKNA
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eHepaTop
ncesao cryvyaitHon
nocneaoBaresnb -
HocTu 1

eHepaTop
ncesao CrnyvyaitHon
nocneaoBarenb -
HocTu O

CWHXPOHW-
3aTop
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W, aABM/MI'y
W, abmM/MIry

Puc. 1. (a) — Macka MakcHMMalbHOMH CMEKTPaabHOM NMJIOTHOCTH MOLLUHOCTH, paspewénnoii FCC
ans padorel CLUIT paanocucTem , npeanasHayeHHbIX A8 HCMOAb30BAHUSA BHYTPH NMOMELUEHHI;
(6) — Macka MakcHManbHOH CNeKTpanbHOil naoTHocTH MouHocTH, Ans CLUIT paanocuctem, npeanasnayeH-
HBIX 718 NpUMeHeHus BHYTpH noMewenuii B PO, yreepkaénunas Pewennem F'KPY Ne09-05-02
ot 15.12.2009




(per) (/)dj?

rae W,,(per) ( f)=const, 3HaueHHe KOTOpoil onpenensercs u3 [2], puc.18, n — HOMep YacToT-

HOTI'0 v4acCTKa.

P = 0.555 MBT (—2.55 aBbM) (FCC)

P=0.112 mMBT, (-9.5 aBbMm) (TKPY)
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rae FH U FB—— HUXHAS U BepXxHSs FpaHulbl pabodyero cnekTpa curHana
B npeaesiax pa3peLleHHOro gnana3oHa,

Wceur(f)  — dyHKUMa cnekTpasbHOW NAOTHOCTU MOLHOCTW CUrHana,

F H.per n FB.per — HMXHSAS N BEPXHAS pa3pelluéHHble 4acToTbl paboThl
CLN cucrtemsl,

W(f)per — yHKUMSA MAaKCUManbHO AOMYCTUMOW NANOTHOCTU MOLLIHOCTHU
No NpaBunaaM peryampoBaHus.
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Puc.2. K nonsatuio addextusnoctu CLUII curnana.
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i

eHe auv’ﬂ c:lomHﬁro VIFHJ'EriJ'Ia, codro;m‘l_lero n3
60/1bLLIOIro KOJIMYECTBaA CreKTpasbHbIX S1IeNecTKoB,

J'IeHl'lIFI MOLWLHOCTb

1O KTHA"

NI\ Ju,

nepegaTtynka qamlnbmos, /

popMUpPYIOLWNMX 3aAaHHYO (POpPMY cneKkTpa,npu
3TOM C/NOXHad dopMa MMNyJsibCca BO BPpEMEHHOU
obnacTtn B npouecce npoxoxXaeHus curHana yepes

dnnbTp.
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P1- DUM nepepatumka BT, 34ecCb YUYTEH KOIPDPULMEHT YCUNEHUS

nepeaalroLlen aHTEHHbI,
G 2 — KO3(pPNLUUEHT YCUITEHUS MPUEMHOWN aHTEHHBI

7\‘— AOJIMHA BOJIHblI CUITHAJ1a, M
I — paCCTOAHUNE MeXAY I'IpMéMHMKOM n nepejatTynkom, M
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o,

k — noctosaHHaa bonbuMaHa
T — wymMoBasa TeMnepartypa

B — paboyas rnosoca 4acToT, [0
N — KO3 PUUMEHT WyMa NMPUEMHUKA,

Mpn n=10, MOLWHOCTb LUWYMOB B NOJIOCE 4YaCTOT, cornacHo (4), bypet
COCTaBNATb:

320 nBT (—64.93 nbM), Ana poccnmnckoro aAmanasoHa 2.85 - 10.6 T,

310 nBT (=65.07 abm) ana ananasoHa FCC .



cncrteMm B 3aBMCMMOCTHU O

PACCTOAHUA

MeXAay

NPUEMHUKOM U NepeaaTy

NI-COR

JITD\GCUD

14.38 1 4.5 cm, DV 0.444 MBT 1

' TKPY cooTBETCTBEHHO. P

| Iy |

MBT, an Ul-lcq:

acyéTa, |

BbIMOJIHEHHOIO B AMana3loHe paccroaHuun 0.5 - 20
MeTpoB C warom 0.1 M, nokasaHbl Ha puc.3.
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Puc.3. 3aBUCHMOCTb OTHOLUIEHHS curHan/wyM ot pacctosHus a1a FCC u 'KPY cucrewm.




« [lapamMeTpbl UMMYJTbCHON
nocnenoBaTenNbHOCTU, CKOPOCTb
nepeanayu

butoBas SHEPIMNA CWUIrHalla U3 nocneaoBaTe/ibHOCTU MMMNYJIbCOB.

P — MoWHOCTb curHana, BT
Np - KO/IMYEeCTBO MMMYJ/IbCOB, UCMONb3yeMbIX ANA nepeaavyn oaHoro 6ura
Tp— nepuoa MoBTOPEHNSA MMMNYNbCOB, C
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« OTHOLWEHNEe BUTOBOU SHEPIUN K
NJIOTHOCTM MOLLHOCTU LWIyMa

N — MOLWHOCTb WyMa, BT

B — nosioca curHana, 'y

R — CKOpoOCTb nepeaayun AaHHbIX, but/c
NO- nAOoTHOCTb MOWHOCTU WwyMa, BT/I'u
Tu— OANNTENbHOCTb MMNYNbCa

q — CKBAXHOCTb
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50 nc, uT

06bl HE B

bINTU 3a

rpaHny

sl

paHnye

pa3peLlleHHbIX YacT

OT. NMa M

ns, CBA3

HHbIE C

AHNMAJlb
blB

HY O

1,010

9

NCKaXXEH

NAMU Mp

NMPUMEHATDb HEXENNIATEJIbHO N3-3d CUNJIbHbIX
NCKaXeHUN aake Ha MasblX PACCTOAHUSAX.

U




A y y A LA ¥ \J/ 7 ¥ 7 L A o - i ¥ y y o " VAW y 1 LJ
S e Vo e 7 T S Ve e e v

I
— BO3MOXHOCTb annapaTHOl peanu3auum 0%pa6CTKVI I'\OC}'IeA,OBaT%
MMMY/1bCOB;
_ hMHth?anJ BO3 ~40>|<H£;| CKBamHoiin npu YLI,OBﬂeTITOpEHI/IM

npeabiayLwmx YCnoBumin, Ans AOCTUXEHNSA MAKCUMasIbHOM CKOPOCTY.

| | | | |

Mcxoas N3 paccCMOTPEHHbIX TpeboBaHu, A9 NpuMepa,
BO3bMEM C/leayoLLMe NoKa3aTenn nocneaoBaTe/IbHOCTU:

— ANuTenbHoOCTb uMnynbca — 150 nc;
— CKBAXHOCTb nocneaoBaTtenlbHOCTU — 4;
— KOJIMYECTBO MMMNYNbCOB, ANd nepeaadn oaHoro 6uta — 10.
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SKCNMepnMeHTaJibHbiIX AaHHbIX YCTAaHOBJIEHO, YTO BpPEM

« Ecnn yBennuuntb ckBaxHoCTb A0 100, Tak, 4TObbI peakuus
S9/1a Ha Cleayrwnn ;
OCTasbHbIX MAapaMeTpoB MOC/IeA0BATENILHOCTH, NOJly4aeMm

—CKOpocTb MmeHee 10 Mbut/c, yto NpnMeHMMo TONMBKO 4N

HM3KOCKOPOCTHbIX MPUTOXEHUN.

= /19 LOCTUXXEHWS BBICOKNX CKOPOCTEN NMepeaadn TpebyeTcs
NPUHUMATb CNeaylLWnin UMNynbC Ha MOHE NOMeX OT
MHOrOJTy4EeBOro pacnpocTpaHeHus npeablayLmx UMNyJabCoB.
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Figure 2.6 Example of TH-UWB with Bi-Phase Modulation

In TH-UWRB, the transmitted signal for one user using antipodal bi-phase signal is

defined as:

= fo w, (t=jT; —c;Tc)(2d ;= 1)

=—C r

is the pulse waveform

is the pulse repetition time

is a pseudorandom code different for each user
is a slot time

is the binary data

is an integer which indicates the number of pulses transmitted for each bit
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Figure 2.7 Example of TH-UWB using PPM Modulation

_Z .]T —(’ TC Mj/.-\’a)

Where:
w is the pulse waveform
Tf 1s the pulse repetition time
cj 1s a pseudorandom code different for each user
O i1s a fixed delay
d is the binary data




Figure 2.8 Example of DS-UWB using Bi-Phase Modulation

2.4.2 Direct Sequence UWB

In DS-UWRB the transmitted signal for one user using binary antipodal modulation

can be expressed as:
j== X
Se =2 Wet=JT)n,(2d,, 1)
Where:
w s the pulse waveform
Tf 1is the pulse repetition time

nj is a pseudorandom code which only takes values of +-1

d is the binary data

Ns is an integer which indicates the number of pulses transmitted for each bit
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Figure 2.9 Example of DS-UWB using PPM Modulation

In DS-UWRB, the transmitted signal for one user using PPM modulation can be

expressed as:
j== :
Sy = Zj=-oc i (t _JTf - &11'/-\"' ® nj)

Where:
w 1s the pulse waveform
Tf 1is the pulse repetition time
nj is a pseudorandom code which only takes values of 1 or 0
d is the binary data
O is a fixed delay

Ns is an integer which indicates the number of pulses transmitted for each bit
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When the modulation is PPM, the blocks of modulation and code generation
control a programmable time delay. If the modulation is Bi-Phase, the block of modulation
controls the pulse generator. The programmable-time delay determines the time when the
pulse generator will be triggered. In the case of TH-UWB, this block causes the

time-hopping of the signal that permits the multiple access. Besides, it 1s used as data

modulator when the scheme is PPM. In the DS-UWB, the programmable delay is only used

if the signal has a PPM modulation scheme. In case of DS-UWB with Bi-Phase modulation,
the programmable time delay is omitted, and the block of modulation and code generation
control directly the pulse generator.

From the above descriptions it is possible to conclude that no carrier modulation is
required in any stage which results in a simplified architecture. Also, as the required power
level is very low, power amplifiers are not needed. Finally, the antennas behave as filters,

and therefore their effect must be considered.




) Correlator
Finger 1 Max

Decision

Correlator

Correlator

Finger J

Correlator

Figure 2.12 RAKE Receiver with J fingers
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Figure 2.13 Correlation Receiver
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Figure 3.1 Structure of the Transmitter
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Figure 3.3 Frequency and Impulse Response of the monopole antennas [8]

o ]

I
I
I
=y
I
I
I

OfF ===

|
|
|
|
1
o

16 —————

_mnohile

L | AR

15

05

-25

4 Return Loss of the monopole antenna |8|

3

igure

F




e Coaxial connector

Antenna substrate —~"

Figure 3.5 Vivaldi Antenna [9]
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Figure 3.6 Impulse and Frequency response of the Vivaldi Antenna [9]
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Figure 3.7 Return Loss of the Vivaldi Antenna [8]




Figure 5.3 convolution of monocycle and antennas impulse response
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Figure 43. Measured VSWR vs. Frequency for Elliptical Monopole Antennas.
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Fig. 9.1 PulsON 200 Evaluation Kit UWB radios. Reproduced by permission of (©)Time
Domain.

87



Table 9.1 Time Domain’s PulsON 200 Evaluation Kit specifications.

Parameter Value

Pulse repetition frequency 9.6 MHz

Data rates 9.6,4.8, 24, 1.2, 0.6, 0.3, 0.15, 0.075 Mbps
Center frequency 4.7 GHz
Bandwidth 3.2 GHz (10 dB radiated)
EIRP —11.5 dBm
Power consumption 12.2 W (transmit)
11.9 W (receive)
FCC compliance Parts 15.517, 15.209

Modulation BPM, quadrature flip-time modulation




