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Receiver Selectivity

» Ability of a receiver to select a desired signal in the presence of other unwanted signals.

Recelver Sensitivity

» Lowest signal power level at the input of a receiver which guarantees proper working of a
wireless receiver.
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Frequency mixer

» Using Input and LO (two signals )are applied to a mixer, yields new signals at the sum and
difference of the original frequencies in ideal mixer. Mixer/Multiplier

» Other frequency components may be present in a practical mixer. Input Output

LO

» Used to shift signals from one frequency range to another, also known
as heterodyning.

» EX: In Superheterodyne receiver is a mixer used to translate the received signals to a IF.
w

b

» Used to modulate a carrier signal in radio transmitters.
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Quadrature Modulation
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In this topic we have learnt about the

v SDR Hardware, Sensitivity, Selectivity, Frequency Mixer, Quadrature
Modulation

» Next we are going to Super-Heterodyne Architecture
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In this topic we have learnt about the

v' Super-Heterodyne Architecture

» Next we are going to learn Homodyne Architecture
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In this topic we have learnt about the

» Homodyne Architecture

» Next we are going to learn Lo Leakage and DC Offset
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LO LEAKAGE AND DC OFFSET

» Since LO is not perfect, there is LO leakage which causes self-mixing at mixer to produce a
DC component.

» This contribute to a large DC offset due to high gain of receiving chain.
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Heterodyne

» RF=LO1+LO2

Homodyne

» RF=LO1
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In this topic we have learnt about the

v' LO LEAKAGE AND DC OFFSET

» Next we are going to learn I/Q MISMATCH OR I/Q IMBALANCE
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1/Q MISMATCH OR 1/Q IMBALANCE

» Since the 90 degree phase shift is not ideal since it is an analog component.
» The matched pair of mixers is converting the same input signal with the dual version of the LO.
» Mismatches between the two LO signals and/or between two paths of down-conversion

mixers, cause signals to be corrupted, either due to amplitude or phase differences.
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In this topic we have learnt about the

v 1/1Q MISMATCH OR 1/Q IMBALANCE

> Next we are going to learn HETERODYNE ARCHITECTURE

ADVANTAGES & DISADVANTAGES
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HETERODYNE ARCHITECTURE ADVANTAGES & DISADVANTAGES

Advantages

Can easily adapt itself to many different standards requirements achieving a very good
sensitivity and selectivity.

DC offset of the first few stages is removed by BPF, and that of the last stage is suppressed
by the total gain in the proceeding stages.

The LO frequency is out of the band and suppressed by BPF.

Disadvantages

Need of many external components, i.e. the image rejection filter, complexity of the structure
causes problems if a high level of integration is necessary.

It is @ major drawback from the costs point of view. \
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In this topic we have learnt about the

v HETERODYNE ARCHITECTURE ADVANTAGES & DISADVANTAGES
> Next we are going to learn HOMODYNE ARCHITECTURE ADVANTAGES
& DISADVANTAGES
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HOMODYNE ARCHITECTURE ADVANTAGES & DISADVANTAGES

» Advantages

» Less complex and easy integration on chip.

» Easy availability of baseband signal.

» Disadvantages

> DC offset

» 1Q imbalance
\
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In this topic we have learnt about the

v HOMODYNE ARCHITECTURE ADVANTAGES & DISADVANTAGES

» Next we are going to learn Comparison of both Architecture
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Comparison
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» High complex, & difficult for chip
based implementation.

» DC offset and LO leakage and IQ
Imbalance is not much significant.

» Costly due to more extra analog
component.
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Mixer

» Easier for chip-based implementation.

» DC offset and LO leakage and IQ
Imbalances are very much significant.

> Less costly. \,
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In this topic we have learnt about the

v’ Comparison of both Architecture

» Next we are going to learn SDR Companies
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SDR Companies

Analog Devices (Front-End)

____ICs____| __Bandwidth — Frequency (GH2)

AD9361
AD9364
AD9363
AD9371
AD9375
ADRV9009
ADRV9008-1
ADRV9008-2
ADRV9026
ADRV9002

56

20
100 Rx, 250 Tx, ORXx
100 Rx, 250 Tx, ORX
200 Rx, 450 Tx, ORX

200 Rx
450 Tx, ORX
200 RXx, 450 Tx, ORX
.12 to> 40

2RX, 2TX
1RX, 1TX
2RX, 2Tx
2RX, 2Tx, ORX, SnRX
2RX, 2Tx, ORX, SnRX
2RX, (1 ORX), 2Tx
2RX
2TXx,1 ORX
4ARX, 4Tx, 2 ORX
2RX, 2Tx

https://www.analog.com/media/en/news-marketing-collateral/solutions-bulletins-brochures/radioverse-tech-and-radio-design-ecosystem.pdf

0.07-6
0.07-6
0.325-3.8
0.3-6
0.3-6
0.075-6
0.075-6
0.075-6
0.075-6

0.03-6
\
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https://www.analog.com/media/en/news-marketing-collateral/solutions-bulletins-brochures/radioverse-tech-and-radio-design-ecosystem.pdf
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Front-End Baseband Applications
Evaluation Boards Carrier Platforms
P 3G/4G Pico cell, SDR,
ADase, | AD-FMCOMMS2 (ADY36T), AD-FMCOMMS3 (ADS36I), ﬁg‘% ZI(%DD% {fg%;
AD-FMCOMMS4 (AD9364), AD-FMCOMMSS (ADS361) L L
ZedBoard”, MITX045 3G/4G macro BTS
AD9371 ADRV9371-N/PCBZ, ADRVS371-W/PCBZ EVAL-TPG-ZYNQ3, Xilinx ZC706 |
massive MIMO, Radatr,
AD9375 ADRV9375-W/PCBZ, ADRV375-N/PCBZ EVAL-TPG-ZYNQ3, Xilinx ZC706
ADRVS008 ADRVS00S-W/PCBZ, ADRVS008-TW/PCBZ EVAL-TPG-ZYNOS3, Xil Test equipment, Phased
. ' = r - . o ALINX 7
ADRVS009 ADRV9008-2W/PCBZ 200102, Intef Amia 0S0c. 2 1@y, UHF, VHE, Satellite
Communication,
1 —— ADRV9026-HB/PCBZ, ADRV3026-MB/PCBZ, ADSS-V2EBZ, ADS9-V2EBZ,
ADRVS026-LB/PCBZ Intel Arria 10 SoC | |
Point-to-pint
ADRVI002  ADRVS002NP/WI/PCBZ, ADRVOS92/NP/W2/PCBZ Xilinx ZC706 (othersTBA)  communication

\
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https://www.analog.com/media/en/news-marketing-collateral/solutions-bulletins-brochures/radioverse-tech-and-radio-design-ecosystem.pdf

In this topic we have learnt about the

v' Analog Device based SDR

» Next we are going to learn other SDRs
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National Instruments

USRP-2900
USRP-2901
USRP-2920
USRP-2921
USRP-2922
USRP-2930
USRP-2932
USRP-2940

» Many others with frequency range from 50 MHz to 6GHz -
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LimeSDR

Frequency | Bandwidth Function Duplex Sampling Rate
(GHz) (MHz) (MSPS)
LMS6002D 03-3.8 SISO Full
LMS7002M 0.0001-3.8 >60 MIMO Half and Full ADC-160
DAC-640
Open source
5.
t\.‘

https://limemicro.com/technology/
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https://limemicro.com/technology/

CONT.... FPGA JTAG
Dual color  RF connectors

USB3.0 FPGA GPIO (RG) LED
MA
(type A) plug P

l

LimeSDR

RF transceiver :
controller regulators (LMS7002M) RF switches
(FTDIFTB01) FPGA FPGA
EGPIO (Altera MAX10)

Frequency Range: 10 MHz - 3.5 GHz
RF Bandwidth 30.72 MHz

Sample Rate: 30.72 MSPS
Tx & Rx Channel: 1 P

\ \.\‘
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https://wiki.myriadrf.org/images/thumb/2/24/LimeSDR-Mini_v1.2_top_componens.png/640px-LimeSDR-Mini_v1.2_top_componens.png

N4 - Reference clock  SW1 - FX3reset

CONT. s input UAL connector  push-button

18- FPGA | J17-FPGA 119,120 - 3.3VFAN RX RF coaxial
GPI0(0.05") | JTAG (0.05") headers (0.1°,0.05") conne dors

LEDS1, LEDS2 -
4 x stakus
indication LED ¢

RF Transceiver: LMS7002M MIMQO 13- Fx3boot

FPGA: Altera Cyclone IV niuss B
Frequency range: 100 kHz - 3.8 GHz wmedsr
Bandwidth: 61.44 MHz L
2x2 MIMO Salhades

header (0.1%)

NS -6vAV

DCpower jack =i

IC4 - Cypress IC9 - temperature TXRE coania

112 - X3 A USBRO controller gy gy FENRF T roRFLMSTOOM conne dtors

0.05) CYCLONE W tran sceiver

N\
https://wiki.myriadrf.org/images/thumb/3/3b/LimeSDR-USB-Overview.jpg/550px-LimeSDR-USB-Overview.JRgA H S O F T



https://wiki.myriadrf.org/images/thumb/3/3b/LimeSDR-USB-Overview.jpg/550px-LimeSDR-USB-Overview.jpg

CONT....

RTL-SDR

Bandwidth: Up to 2.4 MHz stable

ADC: RTL2832U 8-bits \’
Frequency Range: 500 kHz - 1766 MHz \ \\‘

RAHSOFT
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CONT...

Parameters | HackRF One | Ettus B200 | Ettus B210 | PlutoSDR RTL-SDR LimeSDR
Freq. Range | 1IMHz-6GHz | 7/0OMHz-6GHz | 7/0MHz-6GHz| 300MHz- 22MHz- 100kHz-
3.8GHz 2.2GHz 3.8GHz
Bandwidth 20MHz 61.44MHz 61.44MHz 20MHz 3.2MHz 61.44MHz
DAC/ADC 8 bits 12 bits 12 bits 12 bits 8 bits 12 bits
Sample Rate | 20MSPS 61.44MSPS | 61.44MSPS 40MSPS 3.2MSPS 61.44MSPS
Tx Channels 1 1 2 1 0 2
Receivers 1 1 2 1 1 2
Duplex Half Full Full Full N/A Full
-
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In this topic we have learnt about the

v SDR Companies and their SDR systems

» Next we are going to do a Tear down of a SDR
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Tear down of a SDR

RX1B_P,

rx18_N QL AD9361 > 2 x 2 transceiver

RX1A_P,

rxia N OAI>HRHIHAIALC)H > Integrated 12-bit DACs and ADCs

RX1C_P,

rx1c N QAL > TX range: 47 MHz to 6.0 GHz

rxae - QA > RX range: 70 MHz to 6.0 GHz

RX2A_P, | w i

rxza-n OAI>HHIHAT ADC i 8 » Tunable channel bandwidth: <200KHz to 56 MHz
R QA Lrxro E Oy psbo. > Automatic and manual gain control

= :

TX_MONTO—1> _1xLo E ""':3;;1'_[[%?;‘:-%?]; > APPLICATIONS

iaw Ol Q=1 ArpACil S Point to point communication systems

TX18f .m Femtocell/picocell/microcell base stations
TX_MoNzO—> General-purpose radio systems

TX2AN ﬂ Q=HAAcl

TX2B_P,

Tx28 N O+ § E E GPO |+O SwiTcHING -

ET?: CTRL PLLs CLK_OUT \
P

ﬁu;f-;;[l'l: AUXDACK ETTLP ¥TALN https://www.analog.com/en/products/ad9361.html RAHSOFT
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In this topic we have learnt about the

v Tear down of a SDR

» Next we are going to learn Module-3: Communication Layer
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