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The size of the antenna increases with the frequency of
operation i.e., the higher the frequency the larger the size.

A. True

B. False



The size of the antenna increases with the frequency of
operation i.e., the higher the frequency the larger the size.
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Up/Down Conversion
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Why do we need to up/d?wur\?conversion?



Up/Down Conversion

Baseband Passband Baseband
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Why do we need to up/down conversion?



Up/Down Conversion

Baseband Passband Baseband
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Why do we need to up/down conversion?

P  Why not transmit everything at lower frequencies?

— Data rate « bandwidth

—— Not enough bandwidth: —

— Different Technologies
—— Antenna size &« wavelength
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Why do we need to up/down conversion?
Why not transmit everything at lower frequencies?

— Data rate « bandwidth

Not enough bandwidth: —
— Different Technologies

Antenna size «< wavelength

"  Why not transmit & receive directly at high frequency?

Nyquist!



Nyquist Theorem

To recover the signal properly, we need to sample at twice
the highest frequency, i.e. 2 fmqx

Baseband H\ » Sample at 2B

0 B e.g. WiFi 802.11b = 40 MS/s

Passband /1\ » Sample at 2f. + B

0 f.  e.g. WiFi 802.11b = 5 GS/s
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How to we do up/down conversion?
s(t)=—> x =—> s(t) cos(2mf,t) —» x —» s(t) cos*(2nf,t)

! ]

cos(2nf.t) cos(2nf.t)

s(t) cos*(2nf,.t) =s(t) G + %COS(ZT[ 2f. t))



Up/Down Conversion
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How to we do up/down conversion?
s(t)=—> x =—> s(t) cos(2mf,t) —» x —» s(t) cos*(2nf,t)

! ]

cos(2nf.t) cos(2nf.t)

s(t) cos*(2nf,.t) =s(t) ( } 3 )) = %S(t)



Up/Down Conversion

s(t)=—> x =—» s(t) cos(2mf,t) —» x —» s(t) cos*(2nf,t)

! ]

cos(2mf, t) cos(2mf,t)




Up/Down Conversion

s(t) =—> x =—> s(t) cos(2nf.t) —» x —» s(t) cos?(2mf,t)

] ]

cos(2mf,t) cos(2mft)

s(t) isreal =S(f) is symmetric around 0
ﬁ
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Up/Down Conversion

s(t) =—> x =—> s(t) cos(2nf.t) —» x —» s(t) cos?(2mf,t)
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Up/Down Conversion

s(t) =—> x =—> s(t) cos(2nf.t) —» x —» s(t) cos?(2mf,t)
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Up/Down Conversion
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Up/Down Conversion
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Up/Down Conversion

s(t) =—> x =—> s(t) cos(2nf.t) —» x —» s(t) cos?(2mf,t)
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Up/Down Conversion

s(t) =—> x =—> s(t) cos(2nf.t) = x —» s(t) cos?(2nf,t)

] ]

cos(2mf,t) cos(2mfqt)

s(t) iscomplex: s(t) =1+ jQ



Up Conversion
s(t) =» x —» s(t) cos(2mf.t)

!

cos(2mf,t)

s(t) iscomplex: s(t) =1+ jQ



Up Conversion

Re{s(t)} =—» x =—> [ cos(2mf,.t)
r R
cos(2mfct) +—>1 cos(27f,t)
J +Q sin(2mf,t)
Im{s(t)}=—> x =—» Q sin(27mf,.t)
1

sin(27nf.t)



Down Conversion

¢ —mp 1 COS?*(21f,t) + Q cos(2mft) sin(2nf,t)
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Down Conversion
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Up/Down Conversion

Transmitter Receiver
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Up/Down Conversion

Transmitter Receiver
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Up/Down Conversion

Transmitter Receiver
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Up/Down Conversion

Transmitter Receiver
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Up/Down Conversion

Transmitter Receiver
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Up/Down Conversion

Sends B real symbols/sec with k bits/symbol

Baseband
A
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Sends B complex symbols/sec with 2k bit/symbol
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Up/Down Conversion

PAM: Sends B real symbols/sec with k bits/symbol
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QAM: Sends B complex symbols/sec with 2k bit/symbol
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Up/Down Conversion

PAM: Sends B real symbols/sec with k bits/symbol

Spectral Efficiency: Pass:a“d o

BXxk bits/sec k N
——5 5, — 5 bits/HzZ ot
2B Hz 2 / r o 1%

QAM: Sends B complex symbols/sec with 2k bit/symbol
Spectral Efficiency: Pessband |
BXx2k bits/sec | I
————— = k bits/Hz Y
2B Hz I

00.10 01.10_3 11.10 10.10 I 2B



Up/Down Conversion

Sends B real symbols/sec with k bits/symbol

Passband

Spectral Efficiency:
BXxk bits/sec k

2B Hz 2

= = bits/Hz

Sends B complex symbols/sec with 2k bit/symbol
()

Passband i

Spectral Efficiency:

B X2k bits/sec _ I
——— = k bits/Hz
2B Hz

£ 0

Complex Modulation =» More efficient use of the

same bandwidth



Up/Down Conversion
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Up/Down Conversion

Transmitter Receiver

Up-conversion Down-conversion
Mixer Mixer




Up/Down Conversion

Transmitter Receiver

Up-conversion Down-conversion
Mixer Mixer
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Digital
Output

DAC: Digital-to-Analog Converter: ADC: Analog-to-Digital Converter:
Takes digital signal values and outputs analog Takes analog signal and digitizes it, i.e.
signal i.e. current/voltage on the circuit. samples and quantizes the signal values.



