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Our Company
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22=5 o« ACORDE was created in 1999 as a spin-off company
~==5  of DICOM, Department of Communication Engineering
of the University of Cantabria.

-~ » ACORDE Iis located at the Center for the Industrial
22--  Development of Cantabria (CDTUC), a specialized
-2~ center for high-tech and research companies.

2.2 * Quality guaranteed...

L« November 2001: ISO 9001:2000
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Company Profile

Activities:

Design and Development of components, equipment and
systems for telecommunications

Provide Engineering and R&D services to other industries,
telec_om manufacturers, system engineering companies and
service providers

Development of prototypes, small and medium series and
turn-key products

Commercial Strategy:

ADVANCE
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Our aim Is to satisfy our customers providing personal
support by implementing our resources & technology in your
needs

Our technical department is in constant state of alert to
provide the RMA as soon as possible in order to return-back
the repaired equipment to our customers, typically less than
15 days
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ACORDE Customers

+ Alcatel Espacio SerCaTED
+ EADS DS’
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Offices & Delegations

ATEANTIC

PACIFIC

QCEAN

QCEAN
; i INDIAN

OCEAN

N

— — — =

Headquarters: Santander (Spain — EU)
Sales Offices: Madrid (Spain - EU)
Commercial Representatives: China, Indonesia, Saudi Arabia, Austria, France
Delegations: India, Mexico* (for North America — USA & Canada)
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Products

e Equipment for Satellite Communications:

— Transceivers for V-SAT: C, X, Ku, & Ka bands

— Civil and Military Applications

— Frequency Converters: C- X, Ku & Ka bands

Zose — Solid State Power Amplifiers C-Band (100W), X (40 W), Ku (16
ZmBo W) & Ka (2W)

458 — Ku Extended Bandwidth (750 MHz BW)
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Products

High stability and low phase noise Synthesizers and Oscillators
for civil and military systems

High Frequency Components up to 50 GHz
Filters:

 Waveguide Filters

» Cavity Filters

» Dielectric Resonator
* Micro-strip

Power Suppliers and Control & Monitoring Cards
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Products

“==5 ¢« Home Automation and Control Devices:

SSig — Control Systems

=82 e Surveillance and Tele-measurement via radio: short range
SRSs communications + GSM or GPRS links

uiD= e Monitoring and Control through GSM and Internet
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Previous Projects

-~.- + Radio over Fiber Distribution (UMTS)

=0z — Bidirectional distribution of UMTS from the base station (B
node) to remote terminals.

=Se=x — Broadband Distribution:

0sT » GSM900

onZ> e GSM1800

* UMTS

“mGo  WLAN

52:Z « MARECS

<Z<0 — Receiver & Transmitter for the SMART1 mission of ESA: Moon
20> Exploration

mage — L-, X, Ka bands down-converters with very low phase noise
SEEP and very high phase estability with temperature changes.

CIE= — The especification of phase estability is critical and and

R [

mIom probably is the first time this requirements is implemented
e mainly in the Ka band.

[
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Research and Development:

o

V Framework Program
— WINE (Wireless Internet Networks)

— WIND-FLEX (Wireless Indoor Flexible High Bitrate Modem
2 Architectures)

S — U.C.A.N. (Ultra Wideband Networks for Ad-Hoc Concepts)

2-0- ¢ VI Framework Program

a0 — MAGNET (My Personal Adaptive Global Net)
HE — PULSERS (Pervasive Ultra-wideband Low Spectral Energy
0503 Radio Systems)

e — 4-MORE

c8z= - WISE

ALILEO

S22 — GREAT

TTan — POSIRIS

Sgar PROEIT

GELS — ONDA (UWB Related)
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Research and Development:

« MMIC Design and Test

— ACORDE is a fabless company, we study, design,
simulate, and test our own MMICs, which are
manufactured by external foundries

e AsGa: Ohmic -> Shipped satellite circuits, power
applications and very low noise amplifiers

» SiGe: Freescale (former Motorola - Mobile applications,
high speed digital circuits, low cost, low power applications)

— Design and simulation capabillities:
* ADS (system level and circuit level simulations)
e Cadence (circuit level simulations and layout)

— Test capabilities
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« MMIC Design and Test

— Test & Measurement Capabillities:

S Class 10K and Class 1K Clean Room

= Probe Station for on-wafer and on-chip measurements
20 GHz Transient Analyzer

Seyéar 50 GHz VNA
003 500 MHz DSO
>2us — Integration

mma> « Wire bonding
cres « Flip chip facilities
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What 1Is UWB?

Any emitting device where the fractional
bandwidth is greater Than 0.25 Or Occupies
500 MHz or more of the Spectrum or more of

- the Spectrum” (FCC - 2003)

— Signal @ 4 GHz is UWB if BW > 500 MHz
— Signal @ 1 GHz is UWB if BW > 250 MHz

- Fractional Bandwidth #ﬂhﬂmw oo acteum

FBW:BW_ SUP — INF > 2504

(Fsup +Tin
//’m:; imaﬂ

f, fy FHz)

@
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What is UWB? (Il)

- “UWB?” is also known as: Impulse radio, Carrier-
free, Baseband Radio, Time domain Signhals or
Pulsed Radar

v UWB do not concentrate the RF energy -
- Radio Power spread over several GHzs

v UWB is much wider than conventional
narrowband and wideband signals

v UWB could be transmitted below thermal noise
(seems to be random noise)

E DVANCED 17
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What is UWB? (Ill)

- UWB signals:

 Pulsed signals -> Gaussian, Rayleigh,
Laplacian  pulses, Wavelets, Doublets,
Hermitical Polynoms, etc...

e High Frequency Chirps

 Dumped Sinusodials = (Their intentional use
Is forbidden)

e Direct Sequence Spread Spectrum

* Time Hopping Spread Spectrum

e Frequency Hopping Spread Spectrum

G00Z pupe bunssiN 682-1S0OD
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UWB Spectrum

arrowband (30kHz)

ideband CDMA (5 MH2z) Part 15 Limit

UWB (Several GHz) _l .

Frecuencia

-~ Large bandwidths allow:
: v Reduce the multipath fading
v Increase system capacity (Shannon Theory)
v Achieve low power spectral densities -
Spectrun re-use
v Low interception probability

g DVA g CED 19
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Time Domain UWB

~ Narrowband Signal (Sinusoidal Carrier)

Sl

~ UltraWideband (Pulsed)

T g,

= UWB BW > 500 MHz
= UWB do not use continuous carriers
= UWB works Iin the time domain - Radar applications

2RO E DVA g e 20
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UWB History

1000l NO  Radio communications.. but they were
broadband pulsed communications - Tam Tam!!

1870 | First radio transmissions = Hertz - Spark gaps =
UWB In nature

Eat
2 - — )ﬁ‘m '\.?‘
1- E
%_-'._ T'“'-‘:a- | .-:\Iur a0

A Morse Tx

1880) Morse Code and Telegraphy = Radio Expansion =
Pulsed transmission

ROVANCED ”
COMMUNICATIONS A i s
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UWB History (ll)

1900 New concept = Carriers - Radio channels

1912 | Radio regulation - Hertz radio is forbidden

1920 | Radio communications quick grow - New
modulation schemes

Shannon Theorem - System Capacity

C = BW -log,{t+ 4 )

1940

G00Z pupe bunssiN 682-1S0OD
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UWB History (Il1)

1950 | UWB comes back = Localization & RADAR
1960 | First patents on UWB
1970 1 UWB fully analog > UWB analog + digital

1990 | UWB Impulse Radio for communications (USC)

19098 | First Commercial products for handheld applications

G00Z pupe bunssiN 682-1S0OD

PULSON, Trinity....

Collision Avoidance, GPR...

ADVANCED 24
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UWB History (Il1)

2000 | Europe starts its work on regulation

20021 UWB products were approved for the US market

The IEEE starts the standardization process for
2003 | UWB communications - IEEE 802.15.3 for HDR
and |EEg 802.15.42 for LDR and localization
(RADAR basis)

2004 | Co-existence trials performed by the CEPT

G00Z pupe bunssiN 682-1S0OD

2005 | New applications

ADVANCED 25
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2-- Penetration Radars and short range communications

=5 May 2000 — FCC - Proposed Rules for Comment:

UWB Regulation Background

- USA
February 1998 — U.S. Radar, Time Domain & Zircon
request a commercial license for their Ground

September 1998 — FCC releases the first Notice of
Inquiry in order to study the operation of UWB systems

- Regulation - Emission Limits
- UWB definition - Measurment Procedures
- Frequency band - Other issues

- Test and Evaluations
2000/2001 — NTIA starts a measurement campaign of
UWB systems over GPS

g DVA g CED o6
ONMIMLUNICATIONS A i s
_ RESEARCH & Alvaro Alvarez Vazquez
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UWB Regulation Background (Il)

EU

The CEPT (SE24) start an study on the regulation of
UWB in Europe - Spectrum sharing below 6 GHz

The ETSI (TG31la) starts the standardization process in
Europe - Tests

Japan
The MPT (Ministry of Post and Telecommunications),
starts the regulatory process dealing with the industry.

The MPT grant free evaluation licenses for UWB
systems

ITU ITU-R (Study Group 1) is working on a UWB specific
recommendation

a E DVA g CED 7
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US Present Status

- The FCC has approved the UWB systems under the
following assuptions:

U Graphical and RADAR Systems

* GPR (Ground Penetrating Radars), Wall Imaging
Systems (f< 960 MHz, 3.1 GHz — 10.6 GHz)

* Through—Wall Imaging systems (f< 960 MHz, 1.99
GHz — 10.6 GHz)

» Medical Systems (3.1 GHz — 10.6 GHz)
» Surveillance Systems (1.99 GHz — 10.6 GHz)
d Communications: 3.1 GHz - 10.6 GHz
[ Vehicle Radar (anti-collision): Centered @ 24 GHz

ADVANCED

COMMUNICATIONS A A A

RESEARCH & Alvaro Alvarez Vazquez
DEVELOPMENT
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European Present Status

-~ 2 groups are tracking the regulatory and standardization
process for UWB:

CEPT SE24

A

v European Conference of Postal and
Telecommunications  Administrations Spectrum
Engineering Committee 24

v It is currently studying the compatibility of UWB and
other service below 6 GHz

v The results will be delivered to the national
agencies

v" In charge of the European contribution to the ITU-R
TG 1/8

ADVANCED

COMMLINICATIONS A i s
RESEARCH & Alvaro Alvarez Vazquez

DEVELOPMENT
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European Status (lI)

ETSI TG3la:
» Focused on viability studies and test
» Working on Co-existence experiments (from
July 2004)
TG31b:
» UWB for vehicles
» Analyzing the measurement results
CEPT SE24 Draft Report — Article 1
Protection of fixed services below 6 GHz
BW: 3.41-3.6 GHz, 3.6-4.2 GHz y 4.4-5.0 GHz,
some of them 20 dB below the FCC mask
As inthe FCC: 3.1-3.41 GHz y 4.2-4.4 GHz
Those results will be delivered to the ITU-R TG 1/8

ADVANCED
COMMUNICATIONS A A A
RESEARCH & Alvaro Alvarez Vazquez
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Comparison

US vs. Europe. Main differences:
— Emission mask (PSD)

— Device Category
« EEUU:
e Europe:

UWB EIRP Emission Level in dBm

-45

-60

&
o

=y
o

-
o

Indoor &
Indoor &

Handheld
Portable
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o
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Latest European Proposal (Sept. 2005)

CEPT ECC#11 Draft UWB Mask
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UWB Main Characteristics

.~ UWB is UWB due its large bandwidth.

Large bandwdith = Non periodical signal (a periodic signal

Large bandwidth = Avoid periodicity = Pulsed signals
- Break with traditional carrier systems

==2= has spectrum peaks)

- Before UWB > Superheterodine receivers, with frequency
-.=- conversions, LO’s, mixers...

o
|

G00Z pupe bunssiN 682-1S0OD

..~ Now - Pulse generators and signal correlators
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UWB Main Characteristics (ll)

" Main Properties:

v Low power spectral densities and large bandwitdh
(from 500 MHz to several GHz)

v Low interference with other radio systems (Co-
existence)

v Relative high peak instantaneous power vs. low
average transmitted power (below thermal noise)

v Processing gain - Peak versus average transmitted
power

G00Z pupe bunssiN 682-1S0OD
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v Pulse widths (time domain)
picoseconds (monoband) to few

(multiband)

UWB Main Characteristics (lll)

from hundred of

nanosecond

v Spectrum shape dependant on the pulse shape.
Spectrum peaks caused by modulation and coding

v Low frequency UWB signals are able to be
propagated in harsh environments and through wall,
ground or forest - Many interesting applications

v" Allow both localization (RADAR) and communications

A

ADVANCED
COMMUNICATIONS
RESEARCH &
DEVELOPMENT

to be done with the same system

Alvaro Alvarez Vazquez
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UWB Main Characteristics (IV)

v’ Large capacity for short range applications

v Allow very precise ranging, localization and
positioning (due to signal propagation delay of the
transmitted pulses)

Distance =c¢ T

e
G00Z pupeN BunasiN 682-1S0OD

v Ideal for Ad-Hoc Networking (communication
positioning and smart routing)
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UWB Signals

Nowadays, UWB is what the FCC defines. This definition

i @
opens many options: O
. —
» 5 years ago =2 UWB = Impulse Radio g
» 4 years ago - UWB = Impulse Radio + Multiband — Pulses “ZD
» 3 years ago =2 UWB = Impulse Radio + MB—Pulses + MB— a
OFDM + MB—CDMA + FM-UWB + Chirp-UWB =]
» Today - UWB = Everything with BW > 500 MHz and between Qz,
3.1 -10.7 GHz =
o
N
o
o
o1
Mono—Band
A Eﬁ%}%ﬁﬂ% Alvaro Alvarez Vazquez 38
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Original UWB, based on the transmission of radio impulses.

Monoband Impulse Radio UWB

This solution:

dB

-10

-20

-30

3.1 10.6

14

8 10 12

Frequency, GHz

Takes benefit from multipath
Makes use of filtered pulses
Not flexible in the freq. doma
Provides fine time resolution

—> State of the art
technology for Chip (IC)
Implementation

AN
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Biband Impuse Radio UWB

Evolution from monoband O
dB 3.1 10.6 O

0O 2 4 6 8 10 12 14 Y
Frequency, GHz “

Pulse width defines the UWB bandwidth

Avoids the 5 GHz band-ISMY]

0 |- N
" : Relax system requirements 3
10 | | <
; Cost Reduction @

-20 | g
I =

30| L n Q
/\ =

40 A A, > in’
=

N

)

o

O

Pulse cicles defines the center frequency

The signal envelope provides information on the power
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Multiband Impuse Radio UWB

3.1 10.6

-
e ——

2 4 6 8 10 12
Frequency, GHz

3.1 10.6

o

| - 28 L

2 4 6 8 10 12
Frequency, GHz
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The multiband solution provides:
Spectrum flexibility
FD/TD Multiplexing

F complexity (oscillator)

- UWB-OFDM option:

Fine frequency control

Increased processing complexity

41

G00Z pupe bunssiN 682-1S0OD



Impulse Radio

Impulse Radio is the first solution when trying to achieve
large bandwidths

YBEVELOPMENTO IONVYAQOW

=t is based on the transmission of a short RF burst or short
Dpzptlme electrical impulse

wIH=

IAIGRDVANCEDIN3IWDOT3IAID

3 S 3HCONMMUNICATIONSR "'HOH Y3534
K\é?‘dﬂﬂﬂ ESEAHRCH &SNOILVIINODWNDD

Spectrum of Gaussmn Monocycle
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Center frequency
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= VANGE 42
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Impulse Radio (Il

—|LTL)L_‘
[ U e =

:J;rJJuJSIQnaI bandwidth is directly related to the pulse width -

._ ---~The shorter the pulse the wider the spectrum
C8us fc=1/1

"‘E.E'f BW(3dB) = 116%fc

I‘I'I

o3> BW(IOdB) ~ 180%fc

— u..
-

- Ur
S |I
|-|—| I'[Jr‘

Tau = 100 ps }

—4L‘ruL
r_“|':| 4
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Impulse Radio (1V)

—|r HnL_‘
I”_ﬁf':l =

‘ff“’ To carry out with regulatory rules = Signal spectrum within
~.the PSD masks - Filtering below 3.1 GHz (filter ~ signal
-=:= derivation) or upconversion

~F-Nxk-

mr E[ .
~ [ =

I1|

= ':L[ Pulse fllterlng —> Derivative

- 'Jr
ZC |I

=
.
-
)

yGausswm Monopulse aus$|an Monppulse l
\

T Jm 0.8}
—m G0 _—Gaugsian Monocycle

DU e 0.6
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Time vs. Frequency Domain
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Maxwell equations = The radiated field is proportional to
the derivate of the electrical current through the antenna

With narrowband signals - 90° phase shift (sin = cos) =

Antenna Effect

No influence

The Rx pulse is the second derivative of the Tx one

1

Armnplitude

2.5

A

a 02 04 0B OB 1 12 14 16 18 2
Tirne [ns] w10t

ADVANCED
COMMUNICATIONS
RESEARCH &
DEVELOPMENT

1

Armnplitude

2.8

F-{—— generated pulse .

(15t derivative)

; |
— - radiated wavefarm |
. |

- - - received waveform
|

Alvaro Alvarez Vazquez

0 0Z 04 06 08 1 12 14 1B 1.8 2

Tirne [ns] w0’
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Modulation and Multiple Devices
Configuration

Modulation: How the information is placed into the UWB signal

100 00.] ) .“. b Jv_

Multi-user coding: How several users could make use of the same
network

]
| —
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UWB-IR Modulations

PPM : PAM
15 '00.'01-10'- 11" "1 O
1 I WAWAWA ‘ 10 ' 8
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Time Time
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Multi-User Coding

.:___.;;.'.

Orlglnal Idea: Time-hopping - Every PRP is divided into
. different slots, and each user has its own slot. In the next
<G PRP the user slot might vary

| PRP

?%?? Userl User 28
e e

User 28 User 1

<2<C gn%n%u?ns;&%gr\is A A 49
>SuWi BE Lt e Alvaro Alvarez Vazquez
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Time Hopping Spectrum

- Spectrum Effect > Spectrum Smoothing

Pulda Spectmm

50 Tlma Hnnplng Spantn.lm _______ i
: Dqlta Pu dio Spnutrum

L l 1
[ 1| 1
| 1 |
[ 1
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From Impulse Radio to CDMA

CDMA — Code Division Multiple Access

Digital code sequence translated to analog signals

S
Ul 68¢-1S0OD

-7

£
4
4

It 1 1 1 | 1 It

0 200 400 600 800 1000
Time
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Impulse Radio System

Main properties
* Do not use carriers
e Requires accurate synchronization (ps range)

e Digital concept for transceiver design (tech. limits
forces to employ analog circuits)

1~ 100’s ps

<>
SDw ‘\l\l\’ .
o> Z Modulator | e
- aBs Low Pass Filter

(Diferenciator

Pulse Effect)
Generator
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Correlator

% Demodulator | —

Sincron.
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Components

i

Impulse Radio UWB Transmitter

v Modulator/Coder and switch

v Pulse generator

v Antenna

Control

T~ 100’s ps

Pulse
generator

\

Low pass filter
(Differenciator
effect)

COMMUNICATIONS
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Impulse Radio UWB Receiver

~2:- Components:

2S5 v' Antenna + LNA

v" Signal Detector

=380 v/ Demodulator/Decoder

Wi v" Synchronization module

= 1
o LLI
TS ms Antena
E'Jéli.lw
Ry ]
EE T
<mE™
I Pl o

O ZF
oI Z2
= ; E{ up)
MLOm
P
—
DN s

=

1
3
a
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Impulse Radio Signal Detection

Threshold Detector (Voltage or Energy) — Non-coherent Rx
‘1 ‘1 0

| I!“I-i !_ I: i “ “
Detector .JI I
22p= I
TTE0 u

Correlator — Matched filer — Coherent Rx

Y |Correlator ./\ /\
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== Impulse Radio Signal Detection (Il

A DIN
4 COMMUNICATIONS ®
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Impulse Radio Signal Detection (V)

Rake Receiver: (Multipath discrimination)

Pulse Matched

’ EEEEEN]

SI

C[1]
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Coherent Integration

= Coherent Integration: Energy addition on reception, to
reduce false alarm detection probability

Mandatory in low SNR scenarios = High Ng = High

'~ > Gain due to the duty-cicle (Peak vs. average power) +

.-~ Processing Gain

Ng Gain

A

Tp

ADVANCED
COMMUNICATIONS
RESEARCH &
DEVELOPMENT

J-- processing gain

Example:

T

PG =10. Iog[l—fj +10.1og(N,)

P

T./T,=0.01 > GP =20 dB
Ns 1= 10 > GP = 10 dB
TotalGP =20 + 10 = 30 dB

Alvaro Alvarez Vazquez
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Coherent Integration (Il)
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UWB Multiband: RF Pulse or RF Burst

- Simplest multiband solution: Modulated pulse (carrier)
=Sl v' Shifts the signal center frequency
v Avoid interferences

®
O
_..; I_I
' N
oS
e v" Allow frequency channels and multiusers/systems =
’ v I . ] (D
BN v Wider pulses (ps = ns) 2 ADC characteristics relax &
.5 ! 1 i — —TRE
R A ﬁ"ﬁ.ﬁ&:ﬁ:ﬁ::ﬁ:ﬁ:ﬁ:ﬁ:ﬁ: “ i =
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UWB Multiband: RF Pulse or RF Burst (II)

Two implementation alternatives:

= Mixer + Oscillator

Data in

PN-Code
enerato
HF Modulation switch UWB -transmitter
Delay . /
RaBlEnator - \T
Oscillator
8 GHz
Oscillator
8 GHz
»| Mono-pulse .
Generator HF MOFJU|at|0n
switch
o b - UWB-receiver
ver R
Correlator

Data out

ADVANCED

COMMUNICATIONS A i 2
RESEARCH & Alvaro Alvarez Vazquez

DEVELOPMENT
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UWB Multiband: RF Pulse or RF Burst (lll)

-~ Main Properties:
/ Oscillation always ON - Transient start- up av0|dance
\/ Problems: deal f,
| v'OL isolation = OL leakages avmdanlgw_ﬁ
* Good Impedance matching ‘
* OL — RF mixer isolation
v Spurious frequencies generated by the OL and/or the
mixer...
- OL optimization for low spectral components
generation and low phase noise

500z PUPeN Bungen 682-1S0OD
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UWB Multiband: RF Pulse or RF Burst (V)

Homodine Receiver:

v'Direct frequency downconversion (no IF on the receiver
“.== chain)

~-.= v Very simplex architecture - Low Cost

~..- v Baseband mixer output = Care with the fliker noise on
~-2= the OL and nixer

G00Z pupe bunssiN 682-1S0OD
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UWB Multiband: RF Pulse or RF Burst (V)

 Dumped Oscillator

Datain

Delay
Generator

Quenching
Circuit

Oscillator T UWB-transmitter

L oo |

Quenching
Circuit

Oscillator

Baseband

G00Z puUpe bunssiN 682-1S0OD

d / .
nggzz?ei\y;e \R UWB-receiver

Correlator

Data out
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UWB Multiband: RF Pulse or RF Burst (VI)

Transients on Dumped Oscillators are based on a thrid-
order non linearity:
Example: Circuit parameters optimized for f- = 10.5 GHz

i(v)=av+bv? +cov®

RESEARCH &
DEVELOPMENT
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UWB Multiband: RF Pulse or RF Burst (VII)

Pulse power spectrum:

® 0.5ns pulse
OSCILLATOR AT 8 GHZ “ 1ns pulse

il ® 1.5ns pulse

V_DC
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Sliding effect: The center freq. is not the
— . o~~_Same on the stationary and transient stages
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UWB Multiband: RF Pulse or RF Burst (VIII)
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UWB IEEE Status

- UWB system candidates for the 802.15.3 standard
= Multiband approaches - Avoid interference problems.

* Focused on HDR & VHDR applications (data transfer,
multimedia and PAN & WLAN scenarios)

~= Stopped due to disagreement in the core group =2 75%
agreement is required for standard approval

» Several Proposals = 2 final proposals ~ 2 different
groups

v Direct Sequence (DS-UWB) > UWBFORUM
vOFDM-UWB > MBOA

ROVANCED 69
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EE : v’ Interference to narrowband communications and other

--.- ¥ Resistance of UWB to interference.

UWB Propagation Channel

- v Knowledge of the signal propagation characteristics is

required for communications and radar systems
electronic systems

v Must understand channel effects to fully exploit the

“=2 unique properties of UWB.

G00Z pupe bunssiN 682-1S0OD

— Affects system waveform/modulation/receiver design.

— Material/shape/range of objects affect radar signature.

RDOVANCED 71
COMMLINICATIONS A i s
_ RESEARCH & Alvaro Alvarez Vazquez
DEVELOPMENT



UWB Propagation Channel (ll)

' Channel Characterization
» Why? - System design and simulations...

* Where? - Indoor and Outdoor scenarios, but mainly
for indoor LOS and NLOS environments

= How? —-> Two different alternatives for the
measurement process

» Time Domain measurements (pulse generator +
antennas + digital oscilloscope)

G00Z pupe bunssiN 682-1S0OD

» Frequency Domain measurements (with a Vector
Network Analyzer)
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TDL Baseband Channel Sounder
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UWB Propagation Channel (IV)

w5.2 ¢ Indoor
-2t — Within a room (LOS, NLOS), Between rooms/floors,
Down hallways

=RET — Will investigate the impact of .
orE> distance y’
<055 Rx/Tx Antenna Height 4

= = . . o«

SmGo antenna polarization T [

-2 * Indoor-to-outdoor
<222 « Qutdoor

Y- — Campus environment .

Zo8 — Rural, Hilly, Impact of foliage é- ,+_¢___
o»E> — Urban :

o T N -M . i B
o-HOZ (] 100 100 100

%Q%fﬁ — “Low altitude” trms (re) frme fnch tme (os)
222 * In Vehicle, Automotive, airliner Ex: Qutdoor Measurements
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UWB Propagation Channel (V)
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UWB Channel Models

©-:- & "System” models

~ —path loss estimation

% — appropriate for link budget analysis and
Sk Interference prediction

= —perhaps similar to Hata model for cellular

- ¢ “Receiver” models

— multipath statistical characterization

=== —appropriate for receiver design

=52 — perhaps similar to Hashemi model or
Saleh/Valenzuela model for wideband indoor

ﬁﬁﬁﬁ
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Impulse Radio UWB System Design

= Main Components:

* Transmitter - Signhal Generator

v'Analog Pulse generators: Step Recovery
Diode, Avalanche Transistor, Tunnel Diode

v' Digital Pulse generators: High Speed Logic,
CMOS programmable
* TX/RX RF sub-systems

» Receiver - Impulse Radio UWB Signal Detector
v Threshold Detectors
v’ Correlators
v RAKE receivers and advanced techniques

ADVANCED
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Step recovery Diode Pulse Generator

SRD (Step Recovery Diode) Basis MESFET
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Step recovery Diode Pulse Generator (ll)

ACORDE Design — 1st prototype — 2002

Schottky  Schcithy

—

500 I 1pF 8RD Red
—VV\, )1 - Red MESFET[®"| Adepta
| Selida

Rload
6L q

s +)“n MSPD1020
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Avalanche Transistor Pulse Generator
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Tunnel Diode Pulse Generator
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High Speed Logic Pulse Generator

" High Speed ASICS (SiGe) > High Speed Counter (13,33

=32 GHg)

& _ttan
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(4833 o o o ouT
1258 I [
e

1€ DIAGRAM
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_-.= ECL > Logic family (till 4GHz)
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Libove Gate Architecture
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o
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Cantnl # m
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Y, e t
E Clock
L
i Start
" )1 Stop /
m» '_—J J
ringing
Analog
Input
Output
Output rises when Clock < Start Output pulse Stop, Start and Analog Input
Output falls when Clock < Stop amplitude = control pulse width, position in
- Analog Input the Clock cycle and amplitude
Ringing s noiefieck amplitude of the Output pulses.
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Pulser/Sampler Example
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—> Derivative effect of the antenna - Gaussian Doublets

CMOS Programmable Pulse Generator (ll)

~ University of Berkeley design

= Long pulses BUT with high speed state transfers (100’s ps)

Generated signal

1+ ,
0.5+ B
0
|
0 5 1

Radiated signal

V)

Input Voltage

|
10 5
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RF Sub-systems

RF front-end > UWB goes towards a full digital radio
SySte m ANALOG:

CLASICCAL

1)‘” F SYNTH | * APPROACH

| DIGITAL:

ANAL OG:
DIGITAL T_/;' == 'IAE o N
RADIO =< 7 e

- Avoidance of high-Q filters, mixers, frequency synthesizers,
high linearity power amplifiers... - Cost Reduction!!

ROVANCED 90
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IR-UWB Transmitter Prototype

ACORDE design > OOK modulation, for MDR and LDR
with location and tracking capabilities
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Alternatives

T
SR

Archltecture dependant on the application and system
~ requirements - Cost / Power Consumption / Performance

M= < Low Cost

Ok LNA

Q;Jf_«rt Medium 7/ High Cost

LNA

!
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Main properties

« Analog correlator

UWB Localizer and Positioner
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32 tap correlator
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UWB Correlation Process

Y AQUBEVELOPMENTO I ONVAOHY

HY 385 3dCOMMUNICATIONSR ' HO4v 3534

ii‘v’%ii\iﬂif@"dﬂﬂ RESEAHCH &SNOILVIINOWNDD

3

NIWCOT1IAIGRD VAN CEDIN3IWJOTI3IAID
J

ND
3

ot —]T |I—I 4!1("}
: O
It} n h :
* VvV - |_|_|_| Fb-n 3
e R ~ j' '?l_l_|_r |_|_|_|—- (i|)
S — . VoV '
I - W AT ™ %
¢imnli:1
—j s >
L W e, U\ D
A =
—— A e T A Y
| LV B S -
I j*“ LV JF e, Z
— 1 Q
| I W S, W A | T Q
— cren a
n I—V_I ,_)‘\_|jl—u1
- D e N
ﬂ LY J_f h I @1 O
N v I?L [ 1 SI- d- : d 8
A P Iding window
U V I I S
N AY4 AV I | @y,
4 W \/ M I |
ADVANCED
COMMUNICATIONS Alvaro Alvarez Vazquez 94
RESEARCH & q

I]EVELDF'MENT



Other Alternatives

Optional
Antenna
Pulse
» » ABR
Generator TDD
Digital T ! Switch
Signal Clock S\CD BP
Synthesizer o Filter
Processin
g l G = 16dB
1-bit
< ABR

v Digital Correlator

v' 20 GHz Sampling

v 1 bit ADC

v Reconfigurable pulse pattern on correlation
v' Rake receiver for multipath energy recovery

ADVANCE

]
COMMLINICATIONS A i s
RESEARCH & Alvaro Alvarez Vazquez

DEVELOPMENT
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Vdd

CMOS Solution

RIFCt Lt

R A o ouput

=0

M1

i

Ls

gnd

Narrowband Shaeffer Wideband Feedback
Architecture Architecture

Objectives:
v Gain ~ 15 dB
v" Ultra wideband input-output matching
v Noise Figures < 4 dB

RDOVANCED
COMMLINICATIONS A i s
_ RESEARCH & Alvaro Alvarez Vazquez
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COST-289 Meeting Madrid 2005

97

Alvaro Alvarez Vazquez

LNAs (1)

22 dB

v" Ultra wideband input-output matching (3-10 GHz)

v’ Figuras de ruido ~ 4 dB

v Gain ~

Architecture

Wideband Darlington




Filtering

Lim.
ETSI
Indoor
Lim.
FCC
Indoor
Lim.
Part 15

= n v Bluetooth gp2.11a
limits & 8802.11b

0. — i emm f—

-4sl I
_ —
8 s —)
z s =
2 -55
E / \
& ¢ \
= 65
e / [ = - Indoor Limit | \
%-TU - Part 15 Limit

‘
=75
10° 10"

Tx filter > Band pass filter

- v'GPS band protection (weak signals)
“~ Rx filter > Band pass and Notch filter
v'"WLAN band rejection

-l ADVANCED
EOMMUNICATIONS A A z
o RESEARCH & Alvaro Alvarez Vazquez
DEVELOPMENT

To avoid overcrowded bands and/or carry with regulatory
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Threshold Reception (ll)

- Avalanche Transistor Threshold detection

Ve 8
Antena wn
Rec L E)I
Co Salida 0
Q O
ol ) o Z
Low Pass Vo g
Filter
LNA 2. =
AV ' @
<
S J—L g-
One-shot e E—‘l
monoestable t= 2t o
imas : : . : o
- The transistor is polarized to work on the avalanche region &

= Incoming signals = Pulse generated - The delay line
- works as Pulse Stretcher
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Super Regenerative Recelver
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Correlators

- Analog Correlators

= Multiply (mixer) the incoming signal with a template
waveform stored at the receiver side = Matched filter

= Critical point = Sinchronization between the received
pulse and the template

= Analog integrator (energy addition)

Digital Correlators
= Sampling of the incoming signal

= Digital multiplication of the template and the samples
- Sliding window multiplication = + perfor., expens.

- Static multiplication - - performance, cheaper

E ODVANCED 102
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Correlators (ll)

S n
e —

UWRB correlation receiver

Analo g T, Baseband
j H| S/H y Processing — Data Out
0 & Timing
pulse T
SeHo generator clock
Ly e

L=y =
D riw

UWB correlation receiver

Digital

Baseband

Multip. | Processing | —— Data Out
Modules - & Timing

T/H ADC [—

clock
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Digital Correlation Implementation
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Digital Correlation Implementation (ll)

Parallel sampling during the time window

time
—> [ TsampLE

4—
TWINDOW

< TPULSE_REP g

S A
o Three different time scales:
Tsampre (SNS)  Tywyinpow (F10°sNS)  Tpy s rep (~100°s NS)

<235 COVMUNICATIONS 105
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Digital Correlation Implementation (UCAN)

Matche Track and Hold

~*“match

Alte
=% corl

el RN
Cemu | £ E O

jurable (to

.
T
% ,

Fropagzation registers

__old units.

pling) and

~-A FF%%

. DC o registers

X

Fafarence
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RAKE Recelver

"UWB signals has got up to 30 different multipath o
components - Take benefit from multipath energy - RAKE

e The multipath energy can be combined making use of a
RAKE receiver - System improvement

 Every path provides a small portion of energy. It is
difficult to estimate the bin weight for each path.

— Every path has a different amplitude/distortion
— Combine 30 different components might be difficult

« Simpler alternatives to make use of the multipath
energy?

— Non-coherent receivers

ROVANCED 107
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UWB Antennas

" The antenna is the component in charge of the radiation of
the radio-electrical signals, and with UWB signals must
carry out the following properties:

-+ Large bandwidth (several GHz)

+ Must be able to radiate short impulse type signals (ps
range), without distortion and ringing

+ The operative bandwidth is directly related to the
matching within this band (this is 2 |S11|,; < -10 dB)

+ The final objetive is to obtain the smaller antenna
(printed antennas are the challenge) for massive
applications and commercial integration

G00Z pupe bunssiN 682-1S0OD
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" to carry out with this condition

* established and the bandwidth is limited

UWB Antennas (Il)

- “If the shape of an antenna could be specified entirely by
5. angles, the antenna performance would be independent of
frequency” [1,2]

i >”< |,

- Strictly, the structure must have infinite dimensions in order

=5 If the antenna has limited size, a frequency dependency s

G00Z pupe bunssiN 682-1S0OD

D [1] J. D. Dyson, "The Equiangular Spiral Antenna,” IRE Transactions on Antennas and Propagation,

vol. 7, pp. 181-187, 1959.

"= [2] V. H. Rumsey, "Frequency Independent Antennas," in Proc. IRE National Convention, New York,

- NY, USA, 1957.
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Large Current Radiator

Large Current Radiator
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->=- Hartmuth Patent — US4,506,267

“-7- Based on the electrical excitation

LU =
—

~*~ by the current through the structure
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Biconical Antenna

Biconical Antenna

TSmO

LU el = H-plane

B Xilw
LI =
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Trapezoidal Antenna

Trapezoidal Antenna 2
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N
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AC-UWBAO1 - UWB Antenna Te)
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Bowtie Antennas

Bowtie o Brown Woodward Antennas
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Resistively
loaded
antenna
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T — Capacitive
-7z= Bow-tie printed antenna loaded

gﬁ%i Pictures and data from: antenna

22z CMé Institute for Communication an )%
@O l ; i .
9 68— Information Engineering I E

= LINZ CENTER OF COMPETENCE IN MecsaTROnies  University of Linz
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Spiral Antennas

Logaritmic-Spiral or Equiangular-Spiral Antennas
Logarithmic spiral antenna

WOIRESEARBCH &3SNOLVIINNWNGD
QYDEVELOPMENTO IO NV AOW

3 S 3HCONMMUNICATIONSR "'HOH Y3534

Substrate: FR4

Thickness: 1.55 mm

Copper thickn.: 35 um

Dielectric cnst.: 4.7

0: /2

Maximal dim.: 270 mm and 420 m

=222 Very broadband antennas with input impedance around 60
-2=- Ohms.
=2~ Pictures and data from:

EmEo l M Institute for Communication and
300 e — Information Engineering )

““5:1:5 LINZ CENTER OF COMPETENCE IN MECHATRONICS University of Linz
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Planar Antennas: Risks and Benefits

-=:= The hardest issue of working with planar antennas, is the
L_m feeding connection, this is the link between the radio front-
- end and the radiating element by itself.

f In order to feed this antennas, sometimes is required to
---- employ a wideband balun (unbalanced to balanced

S IR oy 7
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UWE antennas need not be complex or
expensive as shown in the example on the right
(suggested by Prof. Jack Lang, constructed and
measured by Dr. Hans Schantz). Although US
cents are shown, discs similar in size (19 mm
diameter and 0.7 mm thickness) such as the
Euro 2-cent piece may also be employed. (Of
course, the Euro dipole design would be a four-
cent solution). The diameter affects the lower
bandwidth frequency, while the thickness and
gap spacing between the two elements affects
the match.

I]"h—-
s\

1 2 3 4 ] 6 7 8 9
Frequency (GHZz)

10

1

12

2 W h

N

Gain (dBi)

1 2 3 4 5 [§] T 8 2]
Freauency {GHz)

10

1

12

For a more complete analysis
please see: H. 5. Schantz,
“Planar Elliptical Element
Ultra-Wideband Dipole
Antennas," Proceedings of
the 2002 IEEE APS/URS
Conference, San Antonio, TX,
16-21 June 2002,

Variations on this tTheme are
in Patent Application "Ultra
Wideband Antenna”
PCT/GB2003 /005070 filed
Mov. 2003. [You can use the
variations, it the patent
issues, Tor non-commercial
and academic work, providing
that any IPR is
acknowledged and any
changes or improvements
are reported back To Artimi
Ltd under Reasonable and
Men-Discriminatory, Zero- 116
royalty (RAMD-Z) tferms. ]
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Localization with UWB

» \Wideband signals allow a very precise time resolution -
Ranging and localization also very precise

= Example:
BW=1GHz->t=1ns-> Ad=30cm

* The transmission of low power impulses makes harder
the signal detection process (low power due to regulation)

v Low duty cicle signals
v' Complex receiver architectures

* |s required to know the global position of at leats 4
devices to establish the absolute position of the full UWB
network

E DVA E CED 117
ONMIMLUNICATIONS A i s
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Localization Technigue

Triangulation:

* N references are required to achieve the N-a order
relative position

* |s required to have the absolute postion of 4 references
to achieve the global position of one device

= Maximum likehood algorithm has been deployed to
estimate the device position, making use of:

v" Arrival time of the main ray (LOS)
v Energy/Power threshold

* The most precise methodology is based on the time
estimation of the main ray on LOS cases

E DVA E CED 118
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Triangulation

Measurement
error margin

Base Station

Base Station
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Base Station
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Triangulation (II)

V'S :g
LOS — Main path or
component
z > 1
At to the main ray Time
V' .
NLOS :  Power Threshold
’ >
Time

At para 80% Energia
ADVANCED
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RESEARCH & Alvaro Alvarez Vazquez

DEVELOPMENT

120

G00Z pupe bunssiN 682-1S0OD



Wd013AIgAD VAN CEDINIWJOI3A3G

|

HOdvY3s34COMMUNICATIONSE 'HOdv 3534
NOUVIINONWBIRE SEA B CH  &SNOILYIINDNND]
I3 NV AQUYDEVELOPMENTO IO NVYAQY

ADVANCED
COMMUNICATIONS
RESEARCH &
DEVELOPMENT

Applications

Alvaro Alvarez Vazquez

121

G00Z puUpe bunssiN 682-1S0OD



UWB Application Scenarios
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UWB Home Applications - Localization

AENTOIONYAOW

UWB Beacon 4

UWB Beacon 1
(x1,y1,z1)

€ mninSn e T O H S SN YDINMAINGD

UWB Master
(xM,yM,zM)
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Trough Wall Imaging
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Micropower Impulse Radar

4.5 o Fealures e
”‘ — Single Board Impulse Radar ®.
<3 — Connects to any antenna . oo !
TmEs — 100ps wide impulse

s250 — 1-meter sweep range (or spemfy)
Bt — Range controlled receive gain
-°.-  — Low bandwidth output - will work with sound card for
(s data acquisition

=g= — Single 5V supply

orE> — Low cost SiGe technology

TTon — Meets FCC UWB mask with proper antenna
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Micropower Impulse Radar

-« Applications

% — Imaging

- — Rangefinding

=5 — Tank Levels

=g30 — Electromagnetics research
St — Biomedical research

2355 — Materials evaluation

N
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Micropower Impulse Radar
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Transmit Pulse Bkack diagram
irwe. €}
oy ADVANCE D
COMMUNICATIONS 7 i . 128
RESEARCH & Alvaro Alvarez Vazquez
DEVELOPMENT

ADVANCEDINIWCI1IANIGA D VANCEDINANGDIIAIGAD VAN CEDINIWGOTIAIE

CONMMUNICATIONS 8 H D H Y 35 34 COMMUNICATIONS R " H O H v 3 S 34 COMMUNICATIONSR 'H O B Y 35 34
RESEABCH & SNOUYIINMWNDIRESEABCH & SNDUVIINOWNDBIRE SE AR CH &SNOILYIINNWINGD

BEVELOPMENT O3 3 NYAQUYBEVELOPMENT O33NV AQUBEVELOPMENTOQ I ONVYAQOY



ONVAQUDEVELOPMENTOIONVAQW

NIWHOT3AIGAD VAN CEDINIWJdO13AID
HOHY IS IHCOMMUNICATIONS®S 'HO4v 35S 3d
NOIYSINONWBIRE SEAB CH  &SNOILYIINDINNGD

B
3

Research Interests

G00Z puUpe bunssiN 682-1S0OD

=

—
30 e t—
wgzﬁ
=g b
P g O
129
e OMMUNICATION A " .

>Shu RESEARCH & Alvaro Alvarez Vazquez

LS i DEVELOPMENT

R




Open Issues

-~ » Mainly focused on the receiver design
— Synchronization
—---  —Energy detection / Correlation

r= =
oF 22
I

= —Signal Post-Processing

.=.=  —Coherent vs. Non-coherent approach
"~ But also on system design
Z08o — UWB Signals and Modulation options

- —Multi-user techniques

!
;
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