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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 Transceiver 
performance

▫ Expertise in design of small antennas for RFID, Zig-bee and RKE/TPMS.
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• Quiz to assess how much information participants learned

• Survey participants to see if they found the training beneficial

Assessment and Evaluation
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1. Radio Spectrum

2. dB, dBm,dBW, dBmV,dBmV

3. Transmission lines

4. Smith Chart and impedance matching

5. Some practical considerations of designing a RF PCB 
in designing a RF considerations 

in designing a RF PCB

Topics
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Radio spectrum
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Regulations ISM/SRD bands
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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.

Radar-based safety applications 
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dB, dBm,dBW, dBmV,dBmV

Power Ratio 10 log10 (P2/P1) dB

Power Level 10 log10 (P/1mW) dBm

Power Level 10 log10 (P/1W) dBW

Voltage Ratio   20 log10 (V2/V1) dB

Voltage Level   20 log10 (V/1µV) dBµV

Voltage Level   20 log10 (V/1mV)dBmV



dBm Typical Values

Power level Notes

80 dBm Typical tx power of FM radio station with 50-km range

60 dBm
Typical combined radiated RF power of microwave 

oven elements

50 dBm Typical max o/p from a ham radio HF transceiver

37 dBm
Typical maximum output RF power from a handheld ham 

radio VHF/UHF transceiver

36 dBm
Typical maximum output power for a Citizens' band 

radio station (27 MHz) in many countries

33 dBm
Maximum o/p from UMTS/3G mobile phone ( class 1)

Maximum output from a GSM850/900 mobile phone



Power level Notes

27 dBm Maximum o/p from a UMTS/3G mobile phone (class 2) 

24 dBm Maximum o/p from a UMTS/3G mobile phone (class 3)

21 dBm Maximum o/p from a UMTS/3G mobile phone (class 4) 

20 dBm Bluetooth Class 1 radio.

15 dBm Typical Wireless LAN transmission power in laptops

4 dBm Bluetooth Class 2 radio, 10 m range

0 dBm Bluetooth Class 3 radio, 1 m range

−10 dBm Maximum received signal power (802.11 variants)

−100 dBm Minimum received signal power (802.11 variants)

−127.5 dBm Typical received signal power from a GPS satellite

−174 dBm
Thermal noise floor for 1 Hz bandwidth at room 

temperature (20 °C)

dBm Typical Values
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Transmission lines 

R, L, G, C are primary constants and are all

specified per loop meter
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Lumped-circuit representation
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Propagation Coefficient

α is attenuation coefficient in Nepers/m

 is phase-change coefficient in degrees/m or 

radians/m
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Velocity of propagation
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Characteristic Impedance

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

13

Wavelength
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Standing Wave
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Voltage Reflection Coefficient 
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Return loss = 20 log10 

Voltage Standing Wave Ratio
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Twisted pair

Unshielded and shielded twisted pairs

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

.
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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.

Multi-pair cable
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The value of  varies from 0.25+ 0.0004 q2 to 0.25+0.001 q2

depending on the softness of wire insulation where q is the 

pitch angle in degrees

Characteristic impedance



Finetuning Academy (www.finetuningrf.com)

where T is the twists/inch, 
q is the pitch angle and 
D is the wire diameter

The wire length for one twist is 

The useful pitch angle is bounded by the limitation on line 
uniformity at about 20⁰ and the strength of copper at about 45 ⁰
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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.
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Transmission line impedances

Signal 
source

Load

l
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Lossless transmission line (α = 0)
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Open-circuited transmission line

l

ZL=∞Zoc
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Open-circuited transmission line
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Short-circuited transmission line

l

ZL=0Zsc
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Short-circuited transmission line
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Short-circuited quarter-wave stub 
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Open-circuited quarter-wave stub 
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Short-circuited stub

Inductive when l<λg/4

Open-circuited stub

Capacitive when l<λg/4
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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
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Coaxial cable 

33

L = 460.6xlog (D/d)  nH/m
C = 24.13 x er / 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

34
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Field distribution in coaxial line

35

Dominant mode: 
TEM
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Microstrip

36
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Field distribution in microstrip
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Quasi - TEM
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Stripline

38

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
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Dominant mode: TEM
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Coplanar waveguide

40

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

41

Quasi- TEM
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Adding 
series L  or C

Smith Chart 
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Adding 
shunt L or C
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Impedances and admittances superimposed
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Circuit Q representation
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L network - Low pass

Impedance matching
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L Network-High pass 
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Two L-sections
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Six L-sections
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T network design

• 1. Select the desired bandwidth and calculate Q.
• 2. Calculate XL = QRg

• 3. Calculate XC2 = RL√[Rg (Q2 + 1)/RL – 1]
• 4. Calculate XC1 = Rg (Q2 + 1)/Q[QRL/(QRL – XC2)]
• 5. Calculate the inductance L= XL/2πf
• 6. Calculate the capacitances C = 1/2πfXC

50
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T matching network example

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

• XL = QRg = 10(10) = 100 Ω

• L = XL/2πf = 100/2(3.14)(315 x 106) = 50 nH

• XC2 = RL√[Rg (Q2 + 1)/RL – 1] = 50√{[10(101)/50] – 1} = 219 Ω

• XC1 = Rg (Q2 + 1)/Q [QRL/(QRL – XC2)] = 10(101)/10[500/(500 –

219)] = 179 Ω

• C2 = 1/2πfXC = 1/2(3.14)(315 x 106)(219) = 2.31 pF

• C1 = 1/2πfXC = 1/2(3.14)(315 x 106)(179) = 2.82 pF
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Some practical considerations 
in designing a RF PCB
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Some Substrate Materials

53
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4-layer
1st Layer: Component and RF 
traces
2nd Layer: RF Ground Plane
3rd Layer: Power Plane
4th Layer: Ground Plane 
and Signal Routing

1st Layer: Component and RF 
traces
2nd Layer: RF Ground Plane
3rd Layer: Signal
4th Layer: Signal 
5th Layer: Power Plane 
6th Layer: Ground Plane 

6-layer

1st Layer: Component, RF 
traces, Power , Signal, Ground
2nd Layer: RF Ground Plane

2-layer

PCB stack-up

54



Finetuning Academy (www.finetuningrf.com)

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

57
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EMI reduction 

The electromagnetic emission/interference from        

the board can be reduced by

• Moving components on the PCB 

• Adding/changing ground planes 

• Reducing the length of noisy PCB traces and 

wires 

• Using less noisy components 

• Adding ferrite products

• Using special shielding techniques 
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• Email: support@finetuningrf.com

• Phone: +91 80 23432021 / +91 93435 10805
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• 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. 

Introduction 

2 
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• Topic 1: System Architecture for SRD 
▫ Heterodyne, Homodyne 

• 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) 

 

Training Outline 

3 
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1. RECEIVER ARCHITECTURE 

4 
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1.1 RECEIVER ARCHITECTURE TC32306FTG 
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Rx-Tx Block diagrams 
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1.1 RECEIVER ARCHITECTURE TRF1122 
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Block diagrams 
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1.1 RECEIVER ARCHITECTURE AT86RF212B 
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Block diagrams 
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2. TRANSCEIVER PARAMETERS 
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a.  Sensitivity (Noise floor, NF) 
b.  Non Linear Distortion 
c.   Intermodulation Rejection 
d.  Spurious Response Rejection 
e.  Radiation emission 
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a. Noise Figure 

9 

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

                       𝑽𝒏 = 𝟒𝒌𝑻𝑩𝑹 
           .  𝟏 𝒇   Noise  present from 1Hz to 1MHz 

           . Available Noise Power= K𝑻𝒂B ; K=1.38∗ 𝟏𝟎−𝟐𝟑 (J/K) 
           . Noise Power Density=K𝑻𝒂 (W/Hz)=-174dbm/Hz @RT 
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a. Noise Figure (Contd.)  

10 

  SNR = 
𝑾𝒂𝒏𝒕𝒆𝒅 𝑺𝒊𝒈𝒏𝒂𝒍 𝑷𝒐𝒘𝒆𝒓

𝑼𝒏𝒘𝒂𝒏𝒕𝒆𝒅 𝑵𝒐𝒊𝒔𝒆 𝑷𝒐𝒘𝒆𝒓
 

 

Noise Factor=
𝑺𝑵𝑹 𝒂𝒕 𝑰𝒏𝒑𝒖𝒕

𝑺𝑵𝑹 𝒂𝒕 𝑶𝒖𝒕𝒑𝒖𝒕
  for a linear 2-port N/W 

                       =
𝑺𝒊

𝑵𝒊
 

𝑺𝟎
𝑵𝒐
 

=
𝑵𝒐

𝑮 ∗𝑵𝒊
 

NF=10*log𝟏𝟎 𝑭 
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a.1 Noise Figure of Cascade 

11 
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a.2 Equivalent Noise Temperature 

                𝑻𝒆= 𝑭 − 𝟏 ∗ 𝑻𝑶 ; hence 

                 𝑭 =
𝑻𝒆

𝑻𝒐
+ 𝟏 

 
 

12 

Note: Overall system noise temperature including antenna is  
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a.3   BER    vs. Eb/No  

13 

𝑆𝑁𝑅 = (𝐸𝑏/𝑁𝑜)∗ 𝑅𝑏 𝐵  

𝑆𝑁𝑅 = 10 ∗ 𝑙𝑜𝑔10(𝐸𝑏/𝑁𝑜)+10 ∗ 𝑙𝑜𝑔10 (𝑅𝑏 𝐵)  
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a.3     1-db Compression 

14 

Input signal power in dbm that produces 1-db compression in 
gain is  
                    𝑷𝒊𝒏,𝟏𝒅𝒃=𝑷𝒐𝒖𝒕,𝟏𝒅𝒃-𝑮 + 𝟏𝒅𝒃 
 
Minimum Detectable Signal (MDS) is defined as 3 db above the 
noise floor, given by 
                      𝑴𝑫𝑺 = 𝑲𝑻𝒂𝐁 + 𝟑 𝐝𝐛 
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a.4 Dynamic Range 

15 

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

16 

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 

. Caused by non linearity in         
signal path. 
. Easily removed by filtering 
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b. Harmonic Distortion (Contd.) 

17 
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c.  Intermodulation Distortion 

18 
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c.  Intermodulation Distortion (Contd.) 

19 
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c.  Intermodulation Distortion (Contd.) 

20 

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

21 

TOI of cascade 
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c.  Intermodulation Distortion (Contd.) 

22 

Example 

Ans  +9.1dbm 
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c.  Intermodulation Distortion (Contd.) 

23 



Finetuning Academy (www.finetuningrf.com) 

d.  Spurious Response Rejection 

24 
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d.  Spurious Response Rejection (Contd.) 

25 
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e.  Radiation Emission 

26 
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e.  Radiation Emission (Contd.) 

27 
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e.  Radiation Emission (Contd.) 

28 
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e.  Radiation Emission (Contd.) 

29 
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• Email: support@finetuningrf.com  

• Phone: +91 80 23432021 / +91 93435 10805 

Contact information 
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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
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• 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. 

Reflection, Diffraction, Scattering
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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. 

7
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Free-space path loss calculation 
using Friis equation

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

8
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Free Space path loss

9
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Free Space path loss at 2400 & 5300MHz

10
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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)

11
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Multi-path

One way to overcome the impact of multipath is to transmit 
more power, or have enough link margin. 

12
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Rayleigh Fading Model

Link availability as a percentage of time

13
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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 

14
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Line of Sight and Fresnel Zone

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 

15
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Clearance of Fresnel zone and earth curvature

16
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‘Okumura-Hata’ propagation model for 
land-mobile applications 

17
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Link parameters

• transmitter output power

• transmit antenna gain

• path loss

• receive antenna gain

• receiver noise power

• link margin

• interference

• modulation schemes or rates, 

• types of users (portable, mobile, fixed)

18
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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

19
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Power in a wireless system

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

20
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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 x10-23)
=-228.6 dBW/HzK
For T=290 ⁰ K (or 17⁰ C) 
Noise power = -228.6 + 24.6

= -204 dBW/Hz or -174dBm/Hz 

21
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External noise sources

22
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Bit error

23
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Data Rates vs Minimum SNR

24
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Path loss vs range for flat earth 434MHz 
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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-4 approximation can be 
used.
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• 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. 

Introduction 

2 
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• Topic 1: Resonant and Non Resonant antennas 

• Topic 2: Small Antenna Parameters  
▫ Efficiency, Q, BW 

• Topic 3: Small Antenna Types 

    * Meander Line, Chip Antennas 

• Topic 4: MIMO Antennas 
▫ MIMO, MISO, SIMO, SISO 

 

Training Outline 

3 
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1. Antennas 

4 

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.) 

5 

. 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 

6 

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 = η𝑫𝒎 
 𝝁 is the efficiency, D the directivity and m the mismatch loss. 
Antenna gain is measured in 𝒅𝒃𝒊 𝐮𝐧𝐢𝐭𝐬. 
 
Directivity: describes the radiation pattern of the antenna. 
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2. Antenna Parameters 

7 
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2. Antenna Parameters 

8 

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, 
      η = 𝑹𝒓 (𝑹𝒅 +𝑹𝒓); 𝑹𝒓  Radiation resistance, 𝑹𝒅  dissipation 
resistance 

Quality Factor Q: of an antenna is described as  
           Q=antenna reactance/antenna resistance 
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2. Antenna Parameters (Contd.) 

9 

 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: 
         𝑸𝒎𝒊𝒏= 𝟏 (𝒌𝒂)𝟑  where 𝒌 = 𝟐π/λ 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 
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2. Antenna Parameters (Contd.) 

10 

 𝑩𝑾 =
𝟏𝟔∗(𝝅𝒓)𝟑

ηλ𝟑
 

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

11 
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2. Antenna Parameters (Contd.) 

12 



Finetuning Academy (www.finetuningrf.com) 

2. Antenna Parameters (Contd.) 

13 

Example: Consider an antenna for 433MHz to be implemented in 

a 5x5 cm of PCB area.  𝒅 λ = 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.) 

14 

Also, by bending the monopole inside the area available, the 
length of monopole could get even longer than .07λ. Exploiting 
the area better, getting a monopole structure of twice the length 
(0.14λ), would give a radiation resistance of 7.7 Ohms.    
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3. Small Antenna Types  

15 

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

17 

a. Meander Line Antenna 
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3. Small Antenna Types  

18 

a. Meander Line Antenna 

S=10,15,19cm W=2,3,5 cm 
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3. Small Antenna Types  

19 

a. Meander Line Antenna 
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3. Small Antenna Types  

20 

a. Meander Line Antenna 

39 MHz 
 
30 MHz 
 
5 MHz 
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3. Small Antenna Types  

21 

a. Meander Line Antenna 
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3. Small Antenna Types  

22 

a. Chip Antenna  
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3. Antenna Measurement 

23 

Anechoic Chamber 
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4. MIMO 

24 

MIMO-SISO 

. No Diversity 

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

25 

MIMO-SIMO 

. Receive Diversity 

. additional processing required (consume battery) 



Finetuning Academy (www.finetuningrf.com) 

4. MIMO (Contd.) 

26 

. 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.) 

27 

MIMO-MISO 

. Transmit Diversity 

. Data transmitted redundantly from the two transmit antennas 

. Complexity of signal processing moved to Transmitter 

. no extra antenna at the receiver results in compact size 
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4. MIMO (Contd.) 

28 

. 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.) 

29 
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