Finetuning Academy (www.finetuningrf.com)

Speakers

« Sheela M. Krishnaswami received her B.E. (Honors) degree in ECE from University of Madras, M.E. degree in
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Head-Telecom R&D at Astra MWP, Eminent Systems. He is an advanced user of Simulation tools like ADS, MWO,
ALTIUM and ACAD. He is skilled at using Spectrum Analyzer, NW Analyzer, Vector Signal Analyzers, signal
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 Module-1: RF Fundamentals
= Radio Spectrum
= dB, dBm, dBW, dBmV, dBmV
= Transmission lines
= Smith Chart and impedance matching
= Practical considerations of designing a RF PCB
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 Module-2: RF Systems
= System Architecture and Design for Short Range Devices.
= Helps in Chip selection and system design for RKE, Bluetooth and TPMS
= Expertise in design of RFID, Zig-bee and RKE transceivers.
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 Module-3: Propagation and Link Calculation
= \Wave propagation

LOS & NLOS

Free-space path loss, other losses

Multipath, Rayleigh fading model

Fresnel zone

Okumura-Hata model

Link parameters

Noise power

BER, SNR

Path loss vs range at 434 MHz
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* Topic 4: Antenna Fundamentals
= Small Antennas analysis and design

= Helps In positioning of antennas and optimization of Transcelver
performance

= Expertise in design of small antennas for RFID, Zig-bee and RKE/TPMS.
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Assessment and Evaluation

 Quiz to assess how much information participants learned
« Survey participants to see if they found the training beneficial
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RF design fundamentals
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Topics

Radio Spectrum

dB, dBm,dBW, dBuV,dBmV

Transmission lines

Smith Chart and impedance matching

Some practical considerations of designing a RF PCB

Al S i



Radio spectrum
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Regulations ISM/SRD bands

iss/a‘esm'ﬂz

2.4GHz
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Radar-based safety applications

76 to 77 GHz, for adaptive cruise control (ACC), blind-spot
detection (BSD), emergency braking, forward collision
warning (FCW), and rear collision protection (RCP).

A “temporary” frequency band has also been established
at 24 GHz for short-term automotive electronics systems.



dB, dBm,dBW, dBuV,dBmV

Power Ratio
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Power Level
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dBm Typical Values

Power level Notes
80 dBm Typical tx power of FM radio station with 50-km range
Typical combined radiated RF power of microwave
60 dBm
oven elements
50 dBm Typical max o/p from a ham radio HF transceiver
2= [ Typical maximum output RF power from a handheld ham
m
radio VHF/UHF transceiver
e dB Typical maximum output power for a Citizens' band
m
radio station (27 MHz) in many countries
Maximum o/p from UMTS/3G mobile phone ( class 1)
33 dBm

Maximum output from a GSM850/900 mobile phone



Power level
27 dBm
24 dBm
21 dBm
20 dBm
15 dBm
4 dBm
0 dBm
-10 dBm
-100 dBm
-127.5 dBm

-174 dBm

dBm Typical Values

Notes
Maximum o/p from a UMTS/3G mobile phone (class 2)
Maximum o/p from a UMTS/3G mobile phone (class 3)
Maximum o/p from a UMTS/3G mobile phone (class 4)
Bluetooth Class 1 radio.
Typical Wireless LAN transmission power in laptops
Bluetooth Class 2 radio, 10 m range
Bluetooth Class 3 radio, 1 m range
Maximum received signal power (802.11 variants)
Minimum received signal power (802.11 variants)
Typical received signal power from a GPS satellite

Thermal noise floor for 1 Hz bandwidth at room
temperature (20 °C)
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Transmission lines

Lumped-circuit representation

R L R L R L R L
EPYYVEL L) S VY VL) B VY P
G%=C G? C G =C Gs=C

R, L, G, C are primary constants and are all
specified per loop meter
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Propagation Coefficient

Y =0+ |3=\/(R+j o L)(G+jo C)

a is attenuation coefficient in Nepers/m

B is phase-change coefficient in degrees/m or
radians/m
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Velocity of propagation

= W
JHrEr
Ltp — & for Hr =1
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Wavelength

)\g: AO
=

Characteristic Impedance

Zo =|(R+jo L)
W(G+jo C)

The values of R,L,G,C depend on the structure
and the dielectric material used.
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Standing Wave

—sincident < reflected resultant
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Voltage Reflection Coefficient

' =Vreflected _ ZL-ZO
Vincident ZL.+Z{)

Return loss = 20 log,, | T

Voltage Standing Wave Ratio

VSWR = Vmax/Vmin
=1+
1- |T|
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Twisted pair

Unshielded and shielded twisted pairs

Twisting cancels out inductive coupling while a shield
eliminates capacitive coupling.

. Twisting period

-1
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Incident sigr\lal Attenuated signal
NG

Vin _.;/_7 &11)_ Vout
D Coupling )

Vit I keI bkt PIIII L Vi
Next Fext

\ /

The more twists there are, the better the
cancellation, however, the twists also increase
attenuation, so there is a trade off between Near-
End crosstalk (NEXT) cancellation and attenuation.
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The time difference in signal propagation between the
longest pair and the shortest pair is the delay skew.

A cable should have a skew less than 50 nanoseconds
over a 100-meter link according to ISO/IEC 11801

Shortest Cable (loose twists)

Skew between the longest and shortest
wiring pairs in UTP cable
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Multi-pair cable

— e

When many twisted pairs are put together to form a
multi-pair cable, individual conductors are twisted into
pairs with varying twists to minimize crosstalk.
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Characteristic impedance

120

D
Z = cosh ™ 1—
\/ereq d

The equivalent dielectric constant
Sreq = 8!’1 +B (8r2'8l‘1)

where €1 & 8r2 are the dielectric constants of air (or some
other surrounaing material) and the film insulation respectively

The value of B varies from 0.25+ 0.0004 62 to 0.25+0.001 62
depending on the softness of wire insulation where 0 is the
pitch angle in degrees
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tan O where T is the twists/inch,
T= 0 is the pitch angle and
TD P g
D is the wire diameter

The useful pitch angle is bounded by the limitation on line
uniformity at about 20° and the strength of copper at about 45 °

The wire length for one twist is

n D/1+ 1/ (tan 6)’
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Twisted pair categories

Unshielded twisted pair (UTP)
Foil twisted pair (FTP)
Shielded twisted pair (STP)

Category 5 is much more
tightly twisted, with a typical
twist length of 0.6 to 0.85 cm,
compared to 7.5 to 10 cm for
Category 3.

Typical
consiruction

Catd TUTP

Catd TTE
Cat 5 UTP
Cat e TP

Caté6 TUTF
Cat6a UTTP, F/UTP

Cat./ ETTP. S5TTP

Cat. /Ja F/FTP, S/FTP

Cat.8.1 U/FTP, F/UTP

Cat.8.2 F'-FTP. 5/FTP

Bandwidth

16 MH=z

20 MHz

100 MH=
100 MH=
250 MH=
500 MHz

600 MH=z

1000 MH=z

1600-
2000 MH=

1600-
2000 MH=z
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Transmission line impedances

— Zin

Lo

Z, cosh vl+Z, sinh vl
zin.: ZO( L )4 0 v )

Zo cosh yl+Z, sinh vl
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Lossless transmission line (a = 0)

Z t+jZotanpl
Zin= Lo :
Zo+)Z tanpl
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Open-circuited transmission line
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Open-circuited transmission line

VA oc= ~jLoCOt Bl
Bl = 27\7[9
I=Ag/8 1=Ag/4
Bl =7 Bl =5
/oc = - JZD Zoc| =0
J"‘g/B ."g/d
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Short-circuited transmission line

/ sc— +j ZO tan BI
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Short-circuited transmission line

L= +jlytanpl

Bl = 27:'[9
I=Ag/8 1=Ag/4
pl =7 pl =5
Lsc| =+jZo lsc| = o
hgl8 hg/4
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Short-circuited quarter-wave stub

Open-circuited quarter-wave stub
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Inductive and capacitive stubs

Short-circuited stub

Inductive when I<Ag/4

Open-circuited stub

Capacitive when I<Ag/4
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Series inductance and capacitance

High impedance series
line (Equivalent to a
series inductance)

A gap left in the
transmission line
(Equivalent to a series
capacitance)
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Characteristic impedance of coaxial line

Zo = }?Jog (D/d)




Finetuning Academy (www.finetuningrf.com)

Coaxial cable

L = 460.6xlog (D/d) nH/m
C=24.13 xer /log (D/d) pF/m

50 ohm PTFE-filled cable will have 94.8 pF/meter
capacitance and 237 nH/meter inductance
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Choice of characteristic impedance

Maxamum power handling of 10 mm coax Loss versus impedance
Voltage breakdown at 100,000 volts/imeter 10 mm diameter copper coax
1000 1
o) 900 |Maximum at 30 ohms 0.9
S 800 74—* 0.8
;5’, 700 0.7 \
;’ 600 / \ —max volts po 06 Minimum at 77 ohms
S—— [«i]
g 500 max power g 05 \
g 400 © 04
z \ 03
= 300 N
g 200 N 02 e — e p——
T 400 \ﬁ.s 0-;
0 t
0 50 100 150 200 0 20 1950 120 9
Impedance {(ohms)

Characteristic impedance (Ohms)
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Field distribution in coaxial line

Dominant mode:
TEM
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Microstrip
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Field distribution in microstrip

Quasi - TEM
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Stripline

Symmetric

Asymmetric

Does not allow convenient mounting of discrete circuit
elements. Best for passive components. Low loss TEM. Good
transition to coax. Better immunity to crosstalk.
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Field distribution in stripline

Dominant mode: TEM
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Coplanar waveguide

CPW produces smaller trace per given Zo than microstrip.

CPW with ground plane provides better isolation between nearby
RF lines and other signal lines. The lower ground plane acts as a
heatsink for circuits with active devices.
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Field distribution in CPW

Quasi- TEM
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Impedance chart

Smith Chart

Resistances and reactances

Adding
series L or C

Addition of
series C
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Conductances and susceptances

Adding
shunt L or C

Admittance chart

Shunt C

. ' : »\’ Addition of
J 17 ; N

N

il

LI

Addition of

T, Shunt L
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Impedances and admittances superimposed
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Circuit Q representation
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Impedance matching

L network - Low pass

RF source L-network
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L Network-High pass

RF source
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Two L-sections

Return loss (dB)

A0~

Load Source .30, \ /

00 00
00 + ;]L oo STohHz 500 MHz 625 MHz

910p 7.50n 30.0p 240n




Finetuning Academy (www.finetuningrf.com)

Six L-sections

Return Loss
0
-10
-20 \\\‘_ //
| /
30 \ :
375 MHz 500 MHz 625 MHz

77 77 L Source
£
T T

470p 750n 620p 470n 910p 330n 120p 220n 27.0p 1.80n
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T network design LCCnetwork

1. Se
* 2.Ca
 3.Ca
* 4, Ca
« 5. Ca
* 6. Ca

ect the desired bandwidth and calculate Q.

Ccu
Ccu
Ccu
Ccu

Ccu

ate X, = QR,

ate X, = RV[R, (Q* + 1)/R —1]

ate X, = R, (Q* + 1)/Q[QR,/(QR — XC?)]
ate the inductance L= X, /2nf

ate the capacitances C = 1/2nfX.
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T matching network example

» Assume a source or generator resistance of 10 Q
and a load resistance of 50 Q. Let Q be 10 and
the operating frequency be 315 MHz.

X, = QR, = 10(10) = 100 O

L = X,/2nf = 100/2(3.14)(315 x 106) = 50 nH

Xc, = RWV[R, (Q2 + 1)/R, — 1] = 50v{[10(101)/50] - 1} =219 Q
X, = R, (Q% +1)/Q[QR/(QR, — X¢,)] = 10(101)/10[500/(500 —
219)1=179 Q

C, = 1/2nfX. = 1/2(3.14)(315 x 106)(219) = 2.31 pF

C, = 1/2nfX. = 1/2(3.14)(315 x 10°)(179) = 2.82 pF
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Some practical considerations
in designing a RF PCB
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Some Substrate Materials

: Dielectric e
Material Loss Tangent |Other Characteristics
Constant

RT Duroid 5880 i »
Composite PTFE 2.2 0i0005.@ 10/GHz| -2 o0st "soft"isubstrate,
‘ widely used
fiber glass
RT Duroid 5870

Low-cost "soft" substrate,
Composite PTFE [2.33 0.0012 @ 10 GHz

widely used

fiber glass
CLTE
AHGR 2.94 @ 10 GHz 0.0025 @ 10GHz |Stable €r, low loss
RO4 | r, | I , pr in
42208 345® 106Hz |oooa@toeH: |CoRe CF. low loss; processing
Rogers is similar to FR4
N7000-1 3.9 @ 2.5GHz 0.015@ 2.5 GHz )
High Tg (260 °C
Nelco 38@10GHz  |0.016 @ 10 GHz | 8" T8 )
FR-4 Woven 4.7 @ 1 MHz, 0.030@ 1 MHz Inexpensive, unstable €r, high
Glass/ Epoxy 4.3 @ 1GHz 0.020 @ 1 GHz |loss
Ch teristics d d
. <0.0015 to 25 aracteristics epefw on
Alumina 9.0-10.0 GHz manufacture, k=9.8 is more
common
RT6010LM

Rogers

10.2 @ 10 GHz

0.002 @ 10 GHz

High €r, low loss
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PCB stack-up

= Pre-Preg

/ <

' = Core
5 .
Copper
-

2-layer 4-layer 6-layer

1st Layer: Component and RF
traces

2nd Layer: RF Ground Plane
3rd Layer: Signal

4th Layer: Signal

5th Layer: Power Plane

6t Layer: Ground Plane

1st Layer: Component, RF 1st Layer: Component and RF
traces, Power, Signal, Ground traces
2nd Layer: RF Ground Plane 2nd Layer: RF Ground Plane
3rd Layer: Power Plane
4th Layer: Ground Plane
and Signal Routing
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Lumped elements Vs transmission lines

* Lumped elements can be effectively used if the
length of the element is very small in comparison
to the wavelength.

* At low frequencies, lumped elements have the
advantages of smaller size and wider bandwidth
as compared to distributive elements

At high frequencies, however, distributed circuits
are used because of lower loss (or higher Q), and
the size advantage of the lumped element is no
longer a significant factor.
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Lumped component selection

* The self-resonant frequency of the inductor should be
higher than the frequency of operation.

» For DC blocking the series resonant frequency of the
capacitor should be greater than the frequency of
operation.

* High Q inductors and capacitors for minimizing losses in
matching circuits
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Bias decoupling
)

oc

Decoupling
capacitors

Decoupling
capacitors

:E‘H .

DC Block
Capacitor

jF

DC Block
Capacitor
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EMI reduction

The electromagnetic emission/interference from
the board can be reduced by

e Moving components on the PCB

e Adding/changing ground planes

e Reducing the length of noisy PCB traces and
wires

e Using less noisy components

e Adding ferrite products

e Using special shielding techniques
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Contact information

e Email: support@finetuningrf.com
* Phone: +91 80 23432021 / +91 93435 10805
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Introduction

e System Architecture and Design for Short Range Devices.
e Helps in Chip selection and system design for RKE, Bluetooth and TPMS
e Expertise in design of RFID, Zig-bee and RKE transceivers.
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Training Outline

» Topic 1: System Architecture for SRD
= Heterodyne, Homodyne
e Topic 2: Parameters affecting system performance

= Noise Figure, sensitivity, Noise Floor, IMD performance, Dynamic Range,
Spurious Emission

» Topic 3: Regulatory Standards
= ETSI standard for SRD (RKE, TPMS)
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1. RECEIVER ARCHITECTURE

\rw BAND-SELECT IMAGE-REJECT  CHANNEL-SELECT \V

FLTER FILTER FILTER
RF | = IF| ~
X ‘) X X >—§ RF BAND-SELECT
FILTER i
IF
, g i m | X _|>, ? oc
X ‘®_
' f

3 RF DC

2§

’

A Fig. 1 The superheterodyne receicer.

A

A Fig. 7 The direct conversion receiver.
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1.1 RECEIVER ARCHITECTURE TC32306FTG
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1.1 RECEIVER ARCHITECTURE TRF1122

Block diagrams
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1.1 RECEIVER ARCHITECTURE AT86RF212B

— od
c <
= =
s N ™
TX Power XKOSC R‘-.-’cltage Configuration Registers
egulator

I
] -t [t ~— [SEL
. SPI = MISO
PA Mixer LPF DAC TX BBF (Slave) |al— MOSI
| - | - SCLK

RFF = - Frequency FTN,
RFN <i» Synthesis BATMON TRX Buffer &—| AES
¢ f A
Y Y
- - - L » RO
PPF Mixer BPF ADC RX BEP > CLKM
= DIG1
— - — - — - - = DIGZ2
° —— /RST
Block diagrams i i v| e
AGC |- L Control Logic = DIG3/
Analog Domain Digital Domain

b y L A




Finetuning Academy (www.finetuningrf.com)

2. TRANSCEIVER PARAMETERS

a. Sensitivity (Noise floor, NF)

. Non Linear Distortion
Intermodulation Rejection

. Spurious Response Rejection
Radiation emission

® Q0 T
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a. Noise Figure

* Sources of receiver noise
1. Noise picked by antenna (Ta=290K)
2. Noise generated by receiver
. Thermal Noise -thermal agitation of bound charges

V, = VAkTBR
. 1/¢ Noise present from 1Hz to 1MHz
. Available Noise Power= KT ,B ; K=1.38+ 1023 (J/K)
. Noise Power Density=KT , (W/Hz)=-174dbm/Hz @RT
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a. Noise Figure (Contd.)

SNR = Wanted Signal Power Giil_li] --------- ;FJ;W; S}&
Unwanted Noise Power S{wﬂ L
Noise Factor= SV at Input for a linear 2-port N/W
SNR at Output
_Si/Nl- _ N, Gain
S0/ (6N S -

NF=10*lOg10 F _T““"“T“ WJWmiﬂ_N_n
S/N, I>
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a.1 Noise Figure of Cascade

— 1 F Fy Fs | ] o Fp |
Gj Gy G3 G,_; G,
F-=1 F,-1 Fo—1
F:Fl .2 3 rrr—l— H
G, GG, GGy Gy
Fi=3dB=2 Fs=5dB=3.162

G, =20dB = 100 (5, =20 dB = 100
G = G,G, = 10,000 = 40 dB

- = =1 3.162 —1
F, = 3dB Fp= 5dB F=F +—2 =242 <=

G,= 20dB Gz= 20dB G 100
=24 0.0216 = 2.0216 = 3.06 dB.
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a.2 Equivalent Noise Temperature

T.,=(F —1) *Tp; hence

F — Te _I_ 1 F (dB) 3 2.28 1.29 (.82
T T, (K) 290 200 100 60
Ty
Tel TL’E 'rcf«! Ttﬂ
F; Fz F’; I, _— Fn
G G, G, G,
TfE TE‘3 TE‘I‘E
7.=T —= -
<TG 66 a6 6,

Note: Overall system noise temperature including antennais7; =7, + T,

0.29
20
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a.3 BER vs.Eb/No

Probability of Error for BPSK and FSK/ASK
0
Rl sttt st n s s s

SNR = (Ep/No)* Rp/B

SNR = 10 = loglo(Eb/No)‘l‘lO * l0g10 (Rb/B)

Probability of Bit Error

Eb/No in [dB]
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a.3 1-db Compression

Input signal power in dbm that produces 1-db compression in
gain is
Pin1ab=Pout1ap-G + 1db

Minimum Detectable Signal (MDS) is defined as 3 db above the

noise floor, given by
MDS = KT,B + 3 db
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a.4 Dynamic Range

Dynamic range is defined
as the range between 1-db
compression point and
minimum detectable signal
(MDS).
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a.4 Example

A receiver operating at room temperature has a NF of 5.5db and a BW of 1MHz.
The input 1-db compression point is +10dbm. Calculate MDS and DR. (Ans -
108.5dbm, -118.5db)

b. Harmonic Distortion Pout (dBm)

O|P3 ....................................E. ....... . ..::::‘:_:

. Caused by non linearity in
signal path.
. Easily removed by filtering

P1 :
thiré-order IMD

I:)IMD n

Pin (dBm)
p, IIP3
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b. Harmonic Distortion (Contd.)

4

o 3
out — alp;'n _{ISI/;.'H

Suppose an input Vin =A sin (ot) 1s applied

7

out

3a,4° | | .
—A{al — GZA :|SIII((GT)—|— ia@/f’ sin(3wr)

Gain Compression Third Order Distortion
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c. Intermodulation Distortion

Distortion Products Increase as a Function of

Fundamental's Power
Fa A

Power Third-order distortion
indB
Second-order distortion

2f1'f 2 f1 f, AR
Two-Tone Intermod T A

Second Order: 2 dB/dB of Fundamental in dB
Third Order: 3 dBidB of Fundamental

£ 2f 3f
Harmonic Distortion
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c. Intermodulation Distortion (Contd.)

frLo

]
fi

|}
fr2 fm fi,f —
fovz [ fowa
e~ Frequency
IF RF
Banduridth Bandwidth

Mixer or
Receiver

|

fro

f.J:F' 1
fr2
fﬂ\-{l

These intermodulation products are usually of primary interest because of their
relatively large magnitude and because they are difficult to filter from the desired

mixer outputs ( fiz, and fi;) if A 1s small.
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c. Intermodulation Distortion (Contd.)

Third order Intercept Point (TOI)
. Figure of merit for intermodulation product suppression
. High Intercept Point means higher suppression of undesired intermodulation

O]:P_z, — (P] — PIW)HZ T P]

1
IIP; = Py +;(Ff - E”MD)

—

_ E |_
EIRP = Eﬂlﬂg(p"ﬁm) 95.23
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c. Intermodulation Distortion (Contd.)

TOI of cascade

1 1 1 1
OIP, G(2)G(3)OIP,(1) T G0) OIP,(2) " OIP,(3)
1P - OIP,
G(HG(2)G(3)

\
IIP3= ?
LO

G(1) G(2) G(3)
OIP;(1) OIP;(2) OIP3(3)
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c. Intermodulation Distortion (Contd.)

Example

Amplifier Mixer Amplifier
——— Filter ™ Filter l
L~ !
G=-2dB 12 dB -3dB .7dB 23 4B
IP3 = o 10 dBm @ 20 dBm 20 dBm

IP; = 12dBm = 15.85mW

JPi=n <

[Py = 13dBm = 19.95mW <

IPs = 20dBm = 100mW < Ans +9.1dbm
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c. Intermodulation Distortion (Contd.)

% —
RF_IN MIX
SAW Matchi .
e e e e e e
35dB 31dB 51dB

4// reference value at 315 MHz
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d. Spurious Response Rejection
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d. Spurious Response Rejection (Contd.)

Collision Avoidance
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e. Radiation Emission

Frequency Bands For Non-Specific Short Range Devices in Europe

Fregquency Band ERP Duty Cycle | Channel Bandwidth Remarks
43305 = 434 .79 MHz +10 dBEm <10% Mo imits Mo audio and voice
43305 = 434.79 MHz 0 dBm Mo limits Mo imits = 13 dBmM10 kHZ, no audio and voice
433.05 - 43479 MHz +10 dBm MO limits <20 kHZ Mo audio and voice
868 — 868 .6 MHz +14 dBm < 1% Mo limits
8587 - 869 2 MHZ +14 dBm < 0. 1% NG limits
8693 - 869.4 MHz +10 dBm Mo limits < 25 kHz Appropriale access prolocol required
8694 - 86965 MHz +27 dBm < 105 < 25 KHz Channels may be combined to one high speed
channel
B9 T -B70 MHZ +7 dBm NG limits MG limits
2400 - 2483.5 MHz +7.85 dBm Mo limils Ma limils Transmit power limit is 10-dBm EIRP




e. Radiation Emission (Contd.)
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Frequency Band For License-Free Specific Applications in Europe

-

ERP

Frequency Band Application Duty Cycle Channel
Bandwidth
402 — 405 MHZ Ultra Low Poweer medical Implanis =16 dBmi Mo limils 25 kHz'"
BEB.E — B68.7 MHZ Alarms +10 dBm < 0.1% 25 kHz!"
BES 2 — 869 25 MHzZ Social Alarms +10 dBm < 0.1% 250 EHz
BED 25 — B63.3 MHZ Alarms +10 dBm < 0.1% 20 EHZ
869.65 -869.7 MHz Alarms +14 dBm < 10% 25 kHz
B&3 - B6S MHz Radio Microphones +10 dBm Mo limits 200 kHz
863 -865 MHZ Wireless Audio Applications +10 dBm Ho limits 200 kHz
1785 = 1800 MHZ Radio Microphanes +7.85 dBm Mo limils 200 kHz
2400 — 24835 MHz Wideband data transmission +17.85 dBm Mo limits Mo limits <
2446 — 2454 MHZz Railway applications +24 85 dBm Mo limitls Mo limits
2400 — 2483 5 MHz Mothon Sensors +11.85 dBm Mo limits Mo lmils
2446 = 2454 MHz RFID +24 .85 dBm No limits Mo imits
2446 — 2454 MHZ RFID +33 85 dBm < 15% Mo limits

i1l
iz

The whole frequency band may be used as oné channel for high speed data transmission
Maximum power density = 785 dBmf MHz for DS5S systems and = 17,85 dBm/A00 kHZ for FHSS systems
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e. Radiation Emission (Contd.)

Test Limits For Digitally Modulated Narrow Band Transmitters

Test Case (Clause) Limit for 10-kHz/12.5-kHz Channel BW Limit for 20-kHz/25-kHz Channel BEW
8.1 Frequency error, f < 500 MHz Fixed station: +1 kHz Fixed station: +2 kHz
Mobile station: £1.5 kHz Mobile stafion: £2 kHz
Portable station: £2.5 kHz Portable station: £2.5 kHz
8.1 Frequency error, f > 500 MHz Nothing specified Fixed station: +2.5 kHz

Maobile stafion: £2.5 kHz
FPortable station: £3 kHz

8.2 and 8.3 Carrier power or ERP According to ERC-REC 70-03 (see Table & | According to ERC-REC 70-03 (see
and Table &) Table 5 and Table &)

8.5 Adjacent channel power Mormal test conditions: —20 dBEm MNormal test conditions: —37 dBEm
Extreme test conditions: —15 dBEm Extreme test conditions: =32 dBm

8.7 Spurious emissions, operating < 1 GHz: —36 dBm

< 1 GHz at broadcast frequencies: —54 dBm
= 1GHz: —30 dBm

8.7 Spurious emissions, stand by < 1 GHz: -57 dBm
> 1 GHZ: —47 dBm

8.8 Freguency stability under low voltage | Remain on channel as long as the transmit power is larger than the spurious limits
conditions according to clause 8.7
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e. Radiation Emission (Contd.)

Test Limits For Wide-Band Transmitters

Test Case (Clause)

Limit

8.1 Frequency error (drift)

+100 ppm

8.2 and 8.3 Carrier power or ERF

According to ERC-REC 70-03

8.6 Range of modulation bandwidth

Band edges according to Table 5 or Table &

8.7 Spurious emissions, operating

< 1 GHzZ: =36 dBm
< 1 GHz at broadcast frequencies: — 54 dBm
> 1 GHz: — 30 dBm

8.7 Spurious emissions, stand by

< 1 GHz: -37 dBm
=1 GHz: 47 dBm

8.8 Frequency stability under low voltage conditions

Remain in the band as long as the transmit power is larger than the
spurious limits according to clause 8.7
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Contact information

e Email: support@finetuningrf.com
e Phone: +91 80 23432021 / +91 93435 10805
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Propagation and link calculation
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Topics

» Wave propagation

* LOS & NLOS

* Free-space path loss, other losses
» Multipath, Rayleigh fading model
* Fresnel zone

¢ Okumura-Hata model

* Link parameters

* Noise power

* BER, SNR

» Path loss vs range at 434 MHz
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Wave Propagation

Earth's upper atmosphere

- Receive
I antenna

7/// Sirtace woe %

Earth's surface

Transmit —'
antenna _I
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Reflection, Diffraction, Scattering

 Reflection occurs when the electromagnetic signal, or
wave, reflects off an object such as the ground, water, or
a building similar to how light reflects off objects.

* Diffraction of the signal occurs when the signal "bends"
around objects such as hilltops.

 Scattering occurs when the signal encounters objects that
are much smaller in size than the wavelength of the signal
and as a result the signal is dispersed in many directions
such as when a signal impinges on foliage, trees, rough
surfaces, etc.
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Primary mode of propagation
of UHF frequencies

*Generally direct wave

*Sometimes tropospheric ducting
[when the signal encounters a rise in temperature

the higher refractive index of the atmosphere
there will cause the signal to be bent]
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LOS & NLOS

In a LOS link, a signal
travels over a direct and
unobstructed path from
transmitter to receiver.

In a NLOS link, a signal
reaches the receiver
through reflections,
scattering, and
diffractions.

direct
path
indirect
path
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Free-space path loss calculation
using Friis equation

amdf\2
C

FSPL(dB) = 1010g10(

Figure from http://en.wikipedia.org/wiki/Inverse_square

Also
FSPL(dB) = 32.45 + 20*|log(D) + 20*log(f)
where D is expressed in kilometers and f in MHz
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Free Space path loss

T el

~Dretance | _soowr: | _zacr | sscr
91.53 100.05 107.72
97.56 106.07 113.74
101.08 109.60 117:26
103.58 112.10 119.76
105.51 114.03 121.70
111.53 120.05 127.72
117.56 126.07 133.74
121.08 129.60 137.26
123.58 13210 139.76
125.51 134.03 141.70



Finetuning Academy (www.finetuningrf.com)

Free Space path loss at 2400 & 5300MHz

2400 MHz
Free Space Path Loss stk
(=]
=
= . N, N 1Y, ... .8
] I L s
= -
) =
v -
g =
3 Lo
-+ '
2 |
2k
b
y
o
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5 km 10 km 15 km 20 km 25km 30 km
1 mi 5 mi 10 mi 15 mi 20 mi

Distance
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Other propagation losses

The following effects may need to be considered in
some applications

 log-normal shadowing (land-mobile)

» diffraction losses (obstructed paths)

» atmospheric absorption (at high frequencies)

» outdoor-to-indoor loss (base outside, user indoor)
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Multi-path

Signal Strength Decreases
Due to Path Loss

>4

P 4

o

One way to overcome the impact of multipath is to transmit

more power, or have enough link margin.
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Rayleigh Fading Model

Time Availability (%) Fade Margin (dB)

8

18

28
99.99 38
99.999 438

Link availability as a percentage of time
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Fresnel zone

* The First Fresnel Zone is an ellipsoid-shaped volume (around the
Line-of-Sight path between transmitter and receiver) that must be
clear of any obstacle for the maximum power to reach the receiving
antenna.

* Objects in the Fresnel Zone as trees, hilltops and buildings can
attenuate the received signal considerably , even when there is an
unobstructed line between TX and RX.

» A free line-of-sight is not equal to a free Fresnel zone
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Line of Sight and Fresnel Zone

(‘ L
_ | J
NS r r | —
“\ \\ MAX /} 7
—~—
— d1 - d2 ,
- d >

r = 1731 *sqrt{(d1 *.d2) / (f * d))

where r is the radius of the zone in meters, d1 and d2
are distances from the obstacle to the link end points

in meters, d is the total link distance in meters, and f is
the frequency in MHz



Finetuning Academy (www.finetuningrf.com)

Clearance of Fresnel zone and earth curvature

The table shows the minimum height above flat ground required to
clear 70% of the first Fresnel zone for various link distances at 2.4

GHz.

Di?;ﬁ‘r;ce 15t{:]c;ne T(?l:'? Earth curvature (m) I:e ?g;‘: tl Tn?]
5 12.4 8.7 0.4 9.1
10 17.5 12.2 1.5 13.7
15 21.4 15.0 3.3 18.3
20 247 17.3 5.9 23.2
25 27.7 19.4 9.2 28.6
30 30.3 2192 19 13.3 34.5
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‘Okumura-Hata’ propagation model for
land-mobile applications

For Urban Areas:
Lu=069.55+26.16%log(f)—-13.82*log(hg) —Cy +[44.9-6.55*1og(hg)]*log(d)
For Small and Medium-sized cities:
Cy; =0.8+(1.1*%log(f)—0.7)*h,, —1.56*log(f)
For Large cities:
8.29*(log(1.54*h,,))2-1.1if150< £ <200
o ={3.2 *(og(11.75* A, ))2—-4.97,if 200 < f <1500

where:

Parameters Unit Significance

Lu dB Path loss in Urban Areas

hg m Height of base station Antenna

ha m Height of mobile station Antenna

f MHz Frequency of Transmission

C, dB Antenna height correction factor

d km Distance between Base station and MS
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Link parameters

* transmitter output power

e transmit antenna gain

» path loss

* receive antenna gain

° receiver noise power

* link margin

* interference

 modulation schemes or rates,

* types of users (portable, mobile, fixed)
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Other factors for link budget

MIMO gain

Antenna diversity gain

coding gains

implementation losses to account for distortion,
intermodulation, phase noise and other
degradation introduced by real receivers and
transmitters
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Power in a wireless system

.antenna antenna
Tx Rx
! cable path loss cable
radio radio
EIRP
4
Tx power
power _' ~~
Rx power
dBm 'y
Margin
&;(-s-e-n.s;t.i\;i;y.
distance -

The amount by which the received power exceeds receiver sensitivity is called the link margin.
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Noise power

Everything with a temperature will generate noise.

Noise power per unit bandwidth = kT where
k is Boltzmann’s constant and
T is the absolute temperature in Kelvin

Boltzmann’s constant is often expressed in the
units of dB Watts per Hz per Kelvin.

Its value is 10 log (1.3806488 x10%3)
=-228.6 dBW/HzK
For T=290 ° K (or 17° C)
Noise power = -228.6 + 24.6
=-204 dBW/Hz or -174dBm/Hz
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External noise sources

3x106
3:‘& ~~~‘§~q‘"’qmmbqb
i A Business area
3x10¢ [ -'%.~~. . .
o N T~~t-b-f_ | B Galactic noise
X 3000 — ‘“..‘ . .
2 NC C Galactic noise max
@ 300 —Na - == T :
» <}\\ ol \/| D Quiet Sun
N -
g » \EN ~"'n i
> NI, wo}..\ E Gases (elevation)
hal Y. F
3 o
I F Cosmic background
\\
03
2 b 109 2 3 1010 2 b 10

Frequency (Hz '
100MHz Ausncy (2) 100GHz
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Bit error
1.0E-01
1.0E-02
1.0E-03 —
MSK, PSK -
u'l - [ [ [
W 1.0E-04 —

DBPSK. DQPSK — |
1.0E-05 COHERENT OOK, OFSK
1.0E-06 INCOHERENT OOK, OFSK
1.0E-07

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Ep/No (dB)
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Data Rates vs Minimum SNR

Modulation & Encoding Scheme

BPSK 1/2
BPSK 3/4
QPSK 1/2
QPSK 3/4
16-QAM 1/2
16-QAM 3/4
64-QAM 2/3
64-QAM 3/4

Mbps dB
6 8

9
12
18
24
36
48
54

11
13
16
20
24
25
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HKEY FOB WITH IC TRAMNSMITTER
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Path loss vs range for flat earth 434MHz
KEY FOB Tx HEIGHT = 1m; VEHICLE Rx HEIGHT = 1m

0.00

-20.00

“40.00

-60.00

-80.00

PATH LOSS IN dB

4= GROUND BOUNCE HODEL 434z -
== APPROXIMATION; 0.5'hm'2hf'2R'4
+120.00 —— FREE SPACE MODEL

=100.00

=140.00

RANGE IN METERS
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* The free-space loss model can be used for ranges
under 10 meters from the vehicle, however wide
variations can occur from the ground bounce
reflection within 10 meters.

» For ranges greater than 10 meters in obstruction-
free environments, the R# approximation can be

used.
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Introduction

 Small Antennas analysis and design

* Helps in positioning of antennas and optimization of Transceiver
performance

« Expertise in design of small antennas for RFID, Zig-bee and RKE/TPMS.
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Training Outline

e Topic 1: Resonant and Non Resonant antennas
e Topic 2: Small Antenna Parameters
= Efficiency, Q, BW
e Topic 3: Small Antenna Types
* Meander Line, Chip Antennas
e Topic 4: MIMO Antennas
= MIMO, MISO, SIMQO, SISO
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1. Antennas

Resonant Antennas

. Integer fraction of wavelength long
. Impendence purely resistive at resonance
. Example:- Half wave Dipole, Monopole above ground etc.

Small Antennas

. Size less than one tenth of a wavelength
. Made to resonant using lumped elements
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1. Antennas (Contd.)

. High reactance and low radiation resistance

. Reactance tuned out by making it part of transformation
network.

. Losses in lumped matching elements results in low efficiency.
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2. Antenna Parameters

Gain: describes antenna ability to radiate power in certain
direction when connected to a source. Usually calculate the
gain in the direction of maximum radiation. Mathematically,

G =nDm
W is the efficiency, D the directivity and m the mismatch loss.
Antenna gain is measured in db; units.

Directivity: describes the radiation pattern of the antenna.
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2. Antenna Parameters
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2. Antenna Parameters

Effective Isotropic Radiated Power (EIRP): Product of
transmitter power times antenna gain. Mathematically,
EIRP=G*P
Efficiency: Ratio of power radiated from antenna to power
dissipated as heat. Mathematically,

n = R,./(Rz+R,.); R, Radiation resistance, R; dissipation
resistance
Quality Factor Q: of an antenna is described as

Q=antenna reactance/antenna resistance
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2. Antenna Parameters (Contd.)

a low Q is desired for small antennas as the “loss” involved is the
radiation loss. A low Q antenna is easier to match and tune and
has a wider BW.
Mclean Limit for small antennas:

Q..in=1/(ka)> where k = 21/A and a is the radius of
sphere enclosing the antenna
Due to a high Q value for a small antenna it has small BW, difficult
to tune and are susceptible to tuning by surrounding objects.
Bandwidth: for a small antenna BW depends on the Q factor
and Efficiency. Maximum BW is given by



Finetuning Academy (www.finetuningrf.com)

2. Antenna Parameters (Contd.)

which shows there is an inverse relation between efficiency and
BW for small antennas.
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2. Antenna Parameters (Contd.)

Radiation resistance
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Small antenna Q-factor
T
Q00

2. Antenna Parameters (Contd.)
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2. Antenna Parameters (Contd.)

Example: Consider an antenna for 433MHz to be implemented in
a 5x5 cm of PCB area. ¢/, = 0.07,

Qloop = 433; Qdipole= Qmonopole =743
Rr,loop = 0.46; Rr,dipole = 0.96; Rr,monopole =1.93

Low radiation resistance of Loop is expected to be lower than the
dissipation resistance resulting in low antenna efficiency (high BW
or low Q).
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2. Antenna Parameters (Contd.)

Also, by bending the monopole inside the area available, the
length of monopole could get even longer than .07A. Exploiting

the area better, getting a monopole structure of twice the length
(0.14A), would give a radiation resistance of 7.7 Ohms.
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3. Small Antenna Types

. e Dimensions of Meander Line Antenna:
a. Meander Line Antenna

¥

d=0.164 (1)
— s =0.424, (2)
L =0.704 (3)
w = (0.054 (4)
- . X Where Ag is the guided wavelength of the substrate

which is given by:

¢ A

A - (5)
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3. Small Antenna Types

a. Meander Line Antenna
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3. Small Antenna Types

a. Meander Line Antenna
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3. Small Antenna Tvpes

PCB dielectric constant : & =4.4, Conductor thickness : T =35 pm
a. Meander Line Antenna
Operating frequency : f,=433 MHz, Substrate height: H=1.2mm
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3. Small Antenna Types

a. Meander Line Antenna

Antenna
Design |Bandwidth Dimension substrate| S11 |Max Gain
efficiency
Boardl 39 MHz (105mm™*39mm™1.2mm| &~4.4 |-20.36| 1.05 92%
Board2 30 MHz | 75mm™*39mm™1 2mm | e=4.4 |-24.67| -1.27 39%
Board3 5MHz | 79mm*39mm*1.2mm | e=4.4 | -348 | -1.06 51%




3. Small Antenna Types

a. Meander Line Antenna

Finetuning Academy (www.finetuningrf.com)

Actual S11 Reflection Antenna
Design Bandwidth Max Gain
Coefficient at 433MHz efficiency
simulate | measure | sunulate measure |sumulate| measure |sumulateMeasure
Boardl 39 MHz 39 MHz |-20.36 dB -20dB 1dB1 | 1.05dB1| 92% | 85.9%
Board?2 30 MHz 30 MHz |-24.67 dB -32dB -4 dB1 |-1.27 dB1| 39% 50%
Board3 5 MHz 42 MHz | -34.8 dB -24db 0dB1 |-1.06 dB1| 51% 53%
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3. Small Antenna Types

a. Meander Line Antenna 5
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3. Small Antenna Types
a. Chip Antenna

XY-plane XZ-plane
O433AT62_A002O
' ‘_"ff.{
irI _f:
\} <

Min:-50
Scale:10/d1v
I AY-plane Peak Avg. KZ-plane Peak Avg.
Total -1.99 -5.63 Total -B.50 -7.50

Unit 1n dB1
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3. Antenna Measurement

Anechoic Chamber
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4. MIMO

MIMO-SISO

Bk

. No Diversity
. No additional processing required
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4. MIMO (Contd.)

MIMO-SIMO

) 1=

. Receive Diversity
. additional processing required (consume battery)
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4. MIMO (Contd.)

. Switched diversity —=SIMO
. Looks for strongest signal and switches to that antenna

Maximum Ratio Combining — SIMO
. Combine both signals constructively
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4. MIMO (Contd.)

MIMO-MISO

. Transmit Diversity
. Data transmitted redundantly from the two transmit antennas

. Complexity of signal processing moved to Transmitter
. ho extra antenna at the receiver results in compact size
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4. MIMO (Contd.)

h11
21

. Spatial Multiplexing and Spatial diversity
. Increased data rate due to spatial multiplexing (4x4 MIMO results
in data capacity close to Nyquist limit
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4. MIMO (Contd.)
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Contact information

e Email: support@finetuningrf.com
e Phone: +91 80 23432021 / +91 93435 10805

a \_/
tuning Academy

RF & Wireless matters
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