Introduction to RF and Wireless
Technology



Complexity Comparison

e FM Transceiver as an old RF Design
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Complexity Comparison

* A cell-phone as a modern RF Design
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Analog and Digital Systems

* Block diagram of a generic analog RF system.
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Analog and Digital Systems
e Block diagram of a generic digital RF system.
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Coding/Decoding

coding

1010011 = 111,000,111,000,000,111,111

error due to noise

¢ 110,100,101,100,010,110,011

decoding



Burst Noise

coding

1010011 Com> 111,000,111,000,000,111,111

error due to burst noise

=> 001,000,100,000,110,111,100

decoding



Interleaving/Deinterleaving

coding

1010011 > 111,000,111,000,000,111

interleaving

="> 101010101010010101
error due to burst noise
- 011010110010100101
deinterleaving
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Design Bottleneck

 RF design is a multidisciplinary field.
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Design Bottleneck

 RF Hexagon is another bottleneck.
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 RF CAD Tools are still infancy, forcing the designer to
rely on experience.
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RF Frequency Band

Microwave frequency allocations according to IEEE

Band L S C X Ku K Ka Vv W
Frequency | 0.8-2 | 24 |48 |8-12 |12-18 | 1827 |27-40 [40-75 |75-110
range GHz |GHz |GHz |GHz |GHz |GHz GHz | GHz GHz




Air Propagation
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RF Technology Applications and
Markets

Cellular Phones (Mobile Phones)
WLAN

GPS

RFID

Home Satellite Network

Main RFIC Market Segments

1

. Phones Networks Positioning Sensors I

Trend: .
Merging of / \ / \ \ | [
Applications Mabile Cordless WLAN PLAN GPS LPS Material detection, |
etc. [

——————————————————————————————————————————————————————————————

Market volume

Overview ol the most important wireless systems




Mobile Phones

Gen. 2G 2.5G 3G
Name GSM PDC [S95 GPRS EDGE CDMA 2000 UMTS
Mod. GMSK QPSK QPSK GMSK 8PSK QPSK QPSK
Max. DR | 14.4 Kkbit/s 6.7 kbit/s | 1.2-9.4kbit/s | 115 Kkbit/s 384 kbit/s 2 Mbit/s 2 Mbit/s
Freq. 0.9/1.8 GHz 0.9 GHz 1.9 GHz 0.9/1.8 GHz | 0.9/1.8 GHz 24 GHz 2.4 GHz
Realistic | 9.6-14.4 kbit/s | 6.7 kbit/s | 1.2-9.4 kbit/s | 20-50 kbit/s | 60—150 kbit/s 144 kbit/s 144 kbiv's
data rate
Access TDMA/ TDM A/ CDMA TDMA/ TDMA/ CDMA WCDMA
mode FDMA FDMA FDMA FDMA
Main re- | Europe, USA USA, Canada, | Europe, USA, Asia Europe,
gions worldwide Asia worldwide worldwide
Launch 1989 1990 1992 2001 2002 2002 2003
Mar ket ~60% together | ~8% ~15% 60% to- | n.a. 1% 2%
share with GPRS gether with
2005 GSM
Life-cycle | Decrease Saturation | Growth/ Saturation Development Onset/growth Onset
saturation
Strengths | 1. Market size | - 1. Good chan- | 1. GSM 1. High data 1. Very high data rate 1. Top standard in Europe, very
2. Cash cow nel separation | com- rate 2. Good starting posi- high data rate
2. Good posi- | patibility 2. GSM com- tion in USA and China | 2. Good starting position world-
tion in USA 2. Datarate | patibility wide
and Asia
Weak- I. Relative low | 1. Low | 1. Relative low | Life-cycle Life-cycle in-| 1. Competition with | 1. Extremely high license costs
nesses data rate data rate data rate influenced fluenced by | UMTS, no chances in | in Europe
2. Competition | 2. End of | 2. End of life- | by launch of | launch of 3G Europe 2. Competition with
with 2.5G and | life-cycle | cycle 3G 2. High infrastructure | CDMA2000 in USA and China
3G, decreasing costs 3. High infrastructure costs
market share

Mod.: modulation, DR: data rate, GMSK: Gaussian Minimum Shift Keying, QPSK: Quadrature Phase Shift Keying, 8PSK: Eight Times Phase

Shift Keying
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Wireless Networks

Type WLAN WPAN
Group 802.11 (WiFi) Bluetooth UWB
Sub-group a b g Multicarrier Im-
pulse
Modulation/ BPSK/ QPSK/ OFDM/ GFSK/ PSK/ PPM/
spreading OFDM CCK CCK DSFH OFDM n.a.
Frequency band 5.15-5.35/5.725- 2.4-2483 GHz 2.4-2483 GHz 2.4- 3.1-10.6 GHz
5.825 GHz 2.483 GHz

Multiband -
Maximum emitted | | W W 100 mW/1 W 1 mW/ 0.5 mW
power 100 mW
Max. data speed 54 Mb/s 11 Mb/s 54 Mb/s 0.7 Mb/s 110-200 Mb/s
Max. coverage S50-100 m 100 m 100 m 10 m/100 m 10 m
range
Market launch 2001 1999 2005 2003 2002 (USA)

2005 (Europe)
Recent life cycle Growth Growth/ Growth Growth Development
status saturation
Complexity and High Moderate High Low High Very
costs low
Power consump- High Moderate High Low Low Very
tion low
Standardisation IEEE IEEE IEEE 1.2 Draft IEEE 802.15.3a

PSK: Phase Shift Keying, BPSK: Binary PSK, QPSK: Quadrature PSK, GFSK: Gaussian Frequency Shift Keying, CCK: Complementary
Code Keying, OFDM: Orthogonal Frequency Division Multiplexing, DSFH: Direct Sequence Frequency-Hopping
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GPS (Global Positioning System)

:rll"
¥ *
.:"r o
.-
2,
o o
:-‘
o
¥
4
,‘i o w e
# 5
5, B,

HOLLX M-8T
PN 960EA-10M
Code 01014-034

ChipType: MTK chip

SiM: MB7-J72906964

GPS Module GPS Antenna

16



RFID (Radio Frequency ldentification)
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RFID

RFID:
Access Control RFID:
Animal ID Toll Roads
Inventory control RFID & Item Management
Time/Attendance, ski I.C. Cards ISM RFID:
lifts EAS, ISM :

Item Management

Microwave

Data | EAS
Terminal

— Cell Phone

Low Freq. EAS

Modem

10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 1000 MHz 2.45 GHz 300 GHz
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Commercial CAD Software

Simulations Circuit design EM Device
. Modellin
Simulation &
Tool ADS Virtuoso | MW office | Genesys HFSS IC CAP
Spectre
Supplier Agilent Cadence | AWR Eagleware Ansoft Agilent
DC Yes Yes Yes Yes No Extraction of
< . , ; ; ; , linear models
Small signal | Yes Yes Yes Yes Yes ‘
Linear noise | Yes Yes Yes Yes No
Transient Yes Yes Yes Yes No Extraction of
. . , nonlinear mod-
Harmonic bal- | Yes Possible | Yes Yes No ‘
: , els based on

ance via ADS .

linear data ar-
Nonlinear Yes Yes Yes Yes No rays
noise
Envelope Yes Yes. by using harmonic balance -
Mixed mode | Yes Yes No Yes No -
EM Yes. 2.5D | No No Yes, 3D Yes, 3D -
DRC Yes Yes Yes Yes - -
LVS Yes Yes Yes e.g. via MW |- -

office
Unix Yes Yes No No Yes Yes
PC Yes No Yes Yes Yes Yes
Parameter ex- | No Yes
traction
Layout editor | Yes
Major appli- | Analogue. | Mixed Analogue. Analogue. | EM simula- | Device model-
cation RFIC signal, RFIC RFIC tion of pas- | ling
digital sive devices

MW: Microwave, EM: Electromagnetic
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