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Analog to Digital Converter?

BW=1GHz, 20 bits




Analog to Digital Converter trade offs
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Use Frequency Translation:
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Difficult ADC
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frequency translation
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multiply with Local Oscillator signal

Vin — An Sin(a)int + ¢in)
Vio =Ap Sin(c‘)l_ot + (PLO)
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TRANSPARANT for amplitude and phase information!!
Information is available at other Frequency



multiply with Local Oscillator signal




..and filter junk away

filter




Problem: interferers
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interfer

interferer



..so filter interferer too!

f +f,\

interfer

filter




so that's why RF frontend can be
complex

amplification, frequency translation, selectivity
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Dream: one wide band frontend IC:
Software Defined
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Thermal
Noise
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Noise Canceling
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N-path Filters



ldea from 1947: Band Pass Filters

NARROW BAND-PASS FILTER USING
MODULATION"

By N. F. Barber, M.Sc.

(Admiralty Rescar:h Laboyatory, Teddingten)

T i not easy to build a band pass filter
whose pass-band 1s very narrow. Iilters
of this kind usually employ a mechanical

resonating system, such as a erystal when the
pass band is at a high frequency, or a reed
for a low frequency. The mid-frequency of
the pass-band is fixed by the mechanical
properties of the crystal or reed, and once the
filter 1s bult this frequency f, cannot be
changed. If @ very exact specification is
needed the construction of a suitable crystal
Is expensive,

The following method of filtering by
modulation seems to offer many advantages.
The mid-frequency of the pass-band 1s fixed
by the frequency f, of 1 modulating signal
supplied to the filter. 1t follows that if we
provide one source of this frequency we can
construet as manv filters as we please whose

* MS accepted by the Editor, October 1940.

[Barber, Wireless Engineer, May 1947]

pass-bands will all have exactly the same
mid frequency f,. This [requency is not a
characteristic of the individual filters, and
we may adjust their pass-bands to centre
upon some new frequency f, merely by
supplying them with s frequency as a
modulating signal.  The width of the pass-
band 15 a characteristic of cach individual
filter and is determined by a low-pass network
of electrical components.

The simplest process of hiltering by modula-
tion is to multiply the input signal A sin
(27/t | =) by @ modulating signal .1, sin

2mff to give amongst other tones a difference
tone equal to L., cos [20(f — f) ! + al.
When /15 nearly equal to f, this difference
tone will have o lower frequency than any
others present and we mayv extract it from
the rest by means of a low-pass filter. “This
transmits only tones whose frequency (f — f,)

[Franks, ISSCC 1960]



Low pass — Bandpass transformation
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Radio spectrum is “full”
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FULL DUPLEX

@ same time-slot

., . AND .8
” @ same frequency-slot
Y



Challenge: Self-interference (SI)

Remote node Local node

S R m
s snﬁl .
----- b Desired S|gnal ADC—E)RX

FuII -Duplex

Short-range link:

10° (90 dB) si rejection desired



Prototype front-end

On-chip
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Short-range, low-power full-duplex
High integration potential
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Prototype front-end

On-chip
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It’s a 3D world
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Thank you!
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