Reliable Ultra Wideband

Watch what we can do.
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Why Now?

Cheap Storage
($/bit)

High Bandwidth,

Low Cost Wireless
\ High Resolution
/ Sources & Displays
Wireless

Unlicensed Spectrum =¥ | Multimedia
Availability & Mindset Connectivity

/ CE Aesthetics

Reliable Links
Robust to Interference



Wireless Landscape

A

100 Mbps

802.11(a,g,n)

WAN/LAN

Integration
10 Mbps 802.11(b)

1 Mbps Bluetooth
100 Kbps Cellular Phones

10 Kbps RE TagS
Sensor Networks

Enterprise Home Local Loop Wide-Area
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What’s Interesting about UWB?

* Huge amount of Spectrum
« 10-100x previous allocations
e Very high data rates
o Starts out around 500 Mbps, will go up
 Very high capacity
 Low transmit power level and interference management - enormous
number of colocated devices
 Very good Power/Data Rate tradeoffs
* Joules/Bit excellent for high and low data rate solutions
 Cost-Effective and Good Propagation
» Low carrier frequencies (< 10 GHz) enable good propagation



Ultra Wideband Spectrum
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Worldwide Regulatory Status

Europe

Working on approval process
ETSI, CEPT, ECO, ITU and

Ireland
Established UWB-friendly zone

Canada various Government Bodies
Active engagement within o -
the ITU | -
5 .
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USA

Issued Ruling in 2002
Unlicensed Allocation
3.1-10.6 GHz
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Americas
Active engagement with ITU

Africa
Active engagement with ITU

iy

China

Initiated Investigation

'» Japan

. MPHPT, ARIB, MMAC, ITU

Bands approved, DAA under discussion

S. Korea
Bands approved, DAA under discussion

Singapore
Established UWB-friendly zone

Asia & Australia
Active engagement throughout

region and with ITU
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WiMedia & Bluetooth
() Wikedia

* 100’s of members, including:
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Trend
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Exponential Increase: follows content and storage growth rates
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Market Segments

DVD Player

Routers LCD TV DVD Recorder

PDP

Media Server

Access Points Bridge Audio

Data Networking Consumer Electronics
Rate, Range \ Reliability, Range, Rate

NIC
LCD Monitor

Scanners _
Printers

Mouse, etc. s
Initial Focus

PC Peripherals
Cost
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Frequency (lots of it) Diversity: The Inherent Advantage

Path Loss @ 1.5m, Highly Scattering Environment
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Large Bandwidth reduces signal level variation (by averaging): reliability & range
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Solution

RF (0.18 u CMOS) SOC - Baseband/MAC (0.13 1 CMOS)

Chipset Software Antenna Reference Design
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MAC HW/SW Partition

From FCSL To FCSL
SW TX Processing < SV\éPrthCOI < SW RX Processing
ngine
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Software Stack & Interfaces

Host

TZero
API
Library

1Zero driver

SOC

MAC SW

Core SW

RFIC, PHY,

other 50C

Hardware

™
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WiMedia System

4 N

Tzero provides:

v/ Complete solution for
maximum performance

\/ IP network enabled

\/ Broadcast quality (108
Packet Error Rate)

\/ Non line-of-sight (3+ walls)

\/ Decoding at S/l > -10 dB

MAC and PHY hardware
offers:

\/ Integrated MAC/PHY
* Full WiMedia MAC &
PHY

v/ CMOS RFIC

o L,/
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Fading and Interference — Impact on Throughput

Interference Effecton 802.11n - Microwave
vs. Tzero TZ7000
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Interference Cancellation Example

Data Constellation Diata Constellation

SHR{lone) |dE|, Average SMA = -153 4B, e SNRtone) (48], Average SNR= 9.4 dB
- ' 10
N w wm w0 W @ W @ @ " w ® @m 0 0 W ™ m 4w &
Original (single Rx) With Interference Cancellation

Desired UWB Band 1 @ -70dBm, RX set to max gain
3.5GHz Narrowband Interferer @ -57dBm
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UltraMIMO™ Architecture & Performance

: ey o Qver 99% reliability
Link Reliability } * Exceeds CE requirements

* 5+ mat480 Mbps
Range > '« 15+ mat 100 Mbps
» PER<10?8
Key Packet Error Rate } e 2+ hours of error-free HD viewing
Benefits

} e Communicate through walls
Whole-home distribution

Non-Line ofiSight

» Unaffected by legacy interferers
In-Band: S/l <-10 dB

Interference Control }

e -26dB Tx EVM, -83 dBm Rx Sens.
} e Complete SoC

Chipset Features
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Products

Hand-held Devices Static Consumer

Electronics Devices

PCs and Peripherals

...and more
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Wireless HDMI Product

Transmit

Receive
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Growing Markets

Worldwide MP3 Player Sales Worldwide Digital Camera Sales
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Summary

Whole-home networked multimedia
Highest Performance

Reliable Links

Robust to Interference

“Video Quality”
Standards-based
Available now



