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Lecture 11
Implementation aspects
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Project

+ Study one existing or proposed link

— If choosing a standard, also choose an application example.

» Write a description of it, including

— Technical details on speed, modulation, equalisation, antennas etc.

— Link budget, both numerical and graphical

» Use well motivated assumptions where no data can be found.

— 2-4 pages.
Deadline: 25 May 2018
Format: pdf
* Email: ajin@eit.lth.se, with subject:"EITN75 report”

» Make sure report itself includes all necessary info, including participants names.

Reports will be run through Urkund.
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Ideas

« Sattellite links, such as Sattelite TV, INMARSAT, GPS, Irridium,

» Space probes such as Mars probes, including rovers, New Horizons (Pluto),
Pioneer, Voyager, Cassini etc.

« DAB-radio, Terrestial digital TV,

» Domestic system: GSM, 4G, 5G, Blutetooth, Bluetooth LE, WiFi, LORA, WiMax,
* Medical applications: MICS, Bluetoth LE

» Submarine communication
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* Moving theory to practice
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http://dspillustrations.com/pages/posts/misc/pvthon-ofdm-example.html
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Transmitter

ANT1

Driver Microphone
< T BT
FL4  power FL1  LNA1  FL2 AF Amplifier
Amplifier
LUND
Transmitter
* Modulate signal * Modulator
* Move signal in frequency * Oscillators
* Amplify signal - XO
- VCO
— PLL
* Mixer
* Filter
 PA
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Oscillator
 Postive feedback Amplifier
— Amplifier v A Yo
— Filter
* Filter can be @"
- RC Bliw)
» Vara.1ctor diode Foodback
— Ceramic Network
— Crystal
— Dielectric
— Atomic resonance (Atomic clock)
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Frequency vs. time
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Oscillator errors

* Pushing
— Dependence on votage supply
* Pulling
— Dependence on load
» Temperature
— TCXO, OCXO
* Aging
* Vibration
— Microphonics
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Phase Noise
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Phase Locked Loop (PLL)

+ Closed-loop control system working on
the phase of the output.

* Locks one signal to another in phase (
* By introducing mixing in the design,

new frequencies can be generated.
» Today digitally implemented at low cost and high fidelity.

Phase Loop

Comparator  Filter

hence the name)

Voltage
Controlled
Oscillator

<l
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Digital PLL

FI ———| Phase
frequency
detector

Charge
pump

Low-pass

filter

Output

converter

Fo

=N

* Fout = Fi*N

» Add divider on reference frequency

— Fout=Fref/M*N

» Add option N/N+1 on main divider

— Fout=Fref/M*(N+K/F)

(Optional)

— F is the cycle length, K is the number of (N+1) divisions.

%L
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Simple transmitter

Baseband Data XesK (t)
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Fig. 1. Generation of (a) FSK and (b) GMSK signals.

http://www.seas.ucla.edu/brweb/papers/Conferences/RCICC99.pdf

LUND

UNIVERSITY

QPSK-transmitter
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Fig. 2. (a) QPSK waveform, (b) generation of QPSK signal from baseband Fig. 4. Variation of envelope with raised-cosine baseband pulses.

streams.

sin (9 + %) = cos(6)

asinx + b cosx = csin(x + ¢)
¢ =+/a? + b2

¢ = atan2(b, a)
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Pulse shaping in the digital domain

atlll

A

Baseband i
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Fig. 6. Baseband pulse shaping.

Modulated
xgg(t) Signal

Fig. 7. Baseband/RF interface in for nonlinear modulation.
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Direct conversion transmitter

Baseband
1

Matching
Network

Baseband Duplexer
Q

Fig. 16. Direct-conversion transmitter.

Fig. 17. LO pulling by PA.
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LO injection pulling

Higher Injection Level

Natural
Frequency

Injection
Frequency

fo f fo f f
Fig. 18. Injection pulling as the magnitude of the injected noise increases.

oo

Fig. 19. Direct-conversion transmitter with offset LO.

Mixers

Ideal Mixer
(Multiplier)

Local
Oscillator

[8f, = (fit 2 fi- f2)

T Ty
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>
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I/Q-mixer (Gilbert cells)

Voo
Vout
7| o [
v, o A=y
- Note: CLD Pl Fss G_D

— Balanced inputs

Fig. 25. U/Q upconverter using Gilbert cells.
— Balanced outputs
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Filters

» Typically made of coupled resonators
* RC
* Waveguide
* Cavity
— Ceramic
C L

2Lz C2/2 21» Caf2

Pi section filter

L2 o Ly2
i
2C

L2 Ca

T section filler
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20 GHz synthesizer filters

+ HP83732B

Power Amplifier
* High absolute output power « Different topologies,
« Often low gain depending on
— Needs pre-amplifier — Linearity
(driver) — Efficiency
« Differnt types, depending on — Pushing
— Frequency (Hz) — Pulling
— Power (W, dBm) — Noise
— Efficiency (%) — Etc.
— Price (€9%)
— Size (mm, m, g, kg)
— Etc.
LUND
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Perfect amplifier

» Measure of linearity of amplifier.

Pout

p.
" Figure: rfcafe.com

1dB Compression level, Intercept point

. . e “1,7 IP3
* Measure of linearity of amplifier. P2 /, 4
.71
Saturation ,,' P1dB
‘1
r/
[}

~7
Linear Gain
duced b
re UCCI dg 3td_QOrder Products

Slope=3:1

Pout

21d_Order Products
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Original Tones
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Pin .
Figure: rfcafe.com
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Solid state
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Klystron

1.5 MW

700 MHz

* Pulsed

Duty Cycle 4%

* Power supply
110 kV
25A(ca.)
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Duplex filter, Antenna switch

X RX
Band Band [aVaV

\ H
| Feedthroug| i
10 dB/div. ,\‘ y DupIoE‘ er l

20V
20 MHz/div. ‘
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Antenna switch timing

X

1

RX

[ 1

t

Fig. 12. Time offset between TX and RX time slots in a TDMA system.
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ANT1
} |
I
FL1 LNA1 FL2 i AMP2 FL3 AMP2 | AF Amplifier
! fc=9 MHz !
Tttt Loudspeaker
0scC1 0sc2
(VFO) (BFO)
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Reciever

» Simple

» Super Heterodyne

* Double Super Heterodyne

* Homodyne

+ Digital Homodyne / direct conversion
* Direct sampling
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Simplest: Foxhole radio

* AM-reception

Cold water pipe

Coil=120 turns of wire

Aonal 7% il;’#ﬂﬂ%ﬂfi'i, e Ground
connection s
Pencil point
Razor blado—— _:_'J‘ Safety pin

-~

120 tirn s
~in. form

\N

Fox Hole Radio
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My first radio!

* (Similar,
mine is lost...)

Antenna
Diode

l Headphones
Ground

UNIVERSITY

Superheterodyne

* Filter
* LNA
* Mixer
Demodulator

RF RF
\/ Filter Amplifier Mixer

IF Amplifier
& Filter

Audio
Demodulator Amplifier
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Superheterodyne
Antenna
Q= fr RF filter
BW
Mixer Input

Mixer Output

IF channel
filter

IF filter
output
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Image

Antenna é

S1 ‘
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filter : 1
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 Direct conversion

» Zero-IF ’ . .._,
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Homodyne

fro = fehannet

Antenna

1

RF filter

I3

Mixer Input

Mixer Output | é

LP channel
filter

|
IF filter k

output

Lo

Very-low IF

1
fro = fehannet £ o Channel Bandwidth

Antenna

1

RF filter

15

Mixer Input

Mixer Output

LP channel
filter

IF filter
output

T

Lo
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Digital technology

* Moving border inside the digital domain
— AD/DA
— Subsampling
— FPGA/Signal processor
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AD/DA

» Sampling speed

— Input bandwidth
* Resolution in number of bits

— True number of bits (ENOB, resolution)
* Timing jitter

LUND
UNIVERSITY
www.maximintegrated.com/en/design/tools/calculators/product-design/data-conversion.cfm
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FUNCTIONAL BLOCK DIAGRAM

AVDD1 AVDD2 AVDD3  SPIVDD  DRVDD
(1.8V) (3.3V) (1.8V) (1.8VTO3.3v) (1.8V)
O O

AD9267

AD9467
BUFFER

> <PIP£)L{I:NEF,GL vos

VIN- OR+/OR-
OUTPUT
« 16 bit STAGING Dis+/D15-

DO+/D0-

CLK+ CLOCK
* 250 MSPS &I | [

g

AGND XVREF DRGND

Input bandwidth: 900 MHz Figure 1
At f,,=300MHZ, SNR is specified to 74 dB, which equals 12 bits.
— No data is goven above 300 MHz.
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Timing jitter

figure 519: the resuit of jitter: DA time errors and AD & DA level errors

analogue input time error jitter signal

l  — audio signal

m Jjitter causes level errors
W jitter doesn't cause any errors / :

I T
sampie taken samwe. taken
jitter causes time errors and level oo early e
DA| “rs /

level error

208us 208us

analogue output

Inciudes A/D and DVA level errors
Inciudes oniy DiA time errar
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www.yamahaproaudio.com/europe/en_gb/training_support/selftraining/audio_quality/chapter5/10_jitter/
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Jitter = noise = sidebands

figure 520: the level error generated by a sine wave as a result of noise shaped jitter

figure 520a: the audio signal: a sine wave with frequency f,

level

vz

level fy
LV VY time fr
time domain frequency domain caquency
figure 520b: the jitter signal
jitter jtter
firm (bl Wb
il f |
I quh |
(R | | \,
! e ——"
time frequency
time domain frequency domain
figure 520c: the resulting level error is linear with the frequency of the audio signal, creating left and right side bands around f,
level fy
level S(t)=s.cos(wt)
wed diterence frequencies | - sum frequenies
N create & left side band | create & nght side band
E(= 2 J(O.S(tydt |
s ORI | N Ko S
JO)=j.3 besin(wt) T frequency
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Software radio - SDR

—~
~—
—
-

GNU Radio

the gnu software radio

Smart

Antenna
v

» Wikipedia picture

Software Defined Radio

output
—p Processing —>
H Flexible “PI Apc P C . o
H an oftware
g P Hars;m 13 sample Rate f‘;:’g’;’e + Algorithms
@oon| oac lgmq COTVErSIO  are - Middloware Input
7Y — ! *Asics - Virtual Radio Machine T4
| | f
1 |
Control
%_J H_) H_J — J
Y
RF/IF A/D Digital Base Band
D/A Front End Processing
ANTENNA
Waveform
A
— ™
RF
Modem Network
AUPUIAER (- 2 (. Error —— Encryption—— Routing —— User
FILTER D/A Correction GUI
u J _J
Y Y
HARDWARE SOFTWARE
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