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Think of atransmitter
“generating” aplane
wave traveling on a
arbitrary direction, by
producing the proper
phases

Same appliesto the
receiver (asfor any
antenna)

A bi-dimensional array
can steer azimuth and
altitude just by
electronically adjusting
the phases




Overview

= mm-Wave communications and phased arrays
= Need for high directivity calls for large arrays
= |nnovative row/column architecture

= |F busdesign

= LO busdesign

= Active microwave mixer design (ECL compatibility)

= Conclusion
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Received | _ [ DiDs A o oR =  mm-wave enables 1-10Gbps wireless
P 11672 | R? communi cations

transmitted

= Small A and atmospheric attenuation

// Imply short distance
@ - ,O) = Directional antennas (large D,) can
Increase link range

=  mm-wave systems must use phased

arrays

= Highdirectivity requires electronic
Area = (1/2) beam steering...

= ...but small element area demands

monolithic integration

= How to make a large monolithic
phased array?




= 16 discrete phases
of two LOs

=  Phaseon each
element is set by
row first, then by
column

= Thisisenough to
select any
direction above

array
= Element number

scalable (NV2
complexity)

= LimitinlFand
L O buses

(frequency and
max N)
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= |Fsignal isanalog and must travel on alinear bus

= Exploit long connections and periodic load to make
asynthetic t-line;
= Linear
= 50Q input
= Well controlled amplitudes and phases at tap points
= |tisentirely passive
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= Simulation of a 14 tap point t-
line, on a standard 0.18um RF
BiCMOS technology

_ \\ = Application and frequency plan
_6_ _ sets max frequency and N

=  Max RF might be quite higher
than max |F, e.g.:

° 10 20 Frequeggy [GHZ] “0 >0 *0 = LO,=15GHz
= N=12 @ IF,=15GHz
— IFs = |F, <1GHz (e.g. 1Gbps QAM)
T LRCI):S = LO,=RF-LO,

= Much higher than max |F!!!




LO bus: digital buffers

TV

= LOsignasneed no linearity, just phase and freguency
Information

= Exploit robustness of digital design
= ECL (fastest logic) inverters drive terminated t-lines

= Periodic load are selector inputs or other invertersdriving
column lines

= Full compatibility (DC levels) with Mixers and selectors,
both feasible as ECL gates




LO signal [V]

Simulation of a 12 tap-point
30GHz LO bus (same tech. as
before)

Signal levels are steady and
adequately recovered — no
sensible sign of degradation

Limit isonly in max frequency
of operation of ECL inverters

Virtually no limit in number of
tap-points (just the power
consumption...)

It is much faster than the analog
|F bus
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= ECL compatibility is very important ;' o

= |t'srobust and avoids bulky capacitors

= AnECL XOR gateis“amost” a
mixer...

= ...Just resistive degeneration needed to
linearize the | F-to-RF conversion gain
(analog path)
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Conclusion

= We propose a scalable and robust architecture for the
Integration of large phased arrays in Silicon technologies

=  Row/Column phase distribution minimizes wiring complexity
and reduces system design to |F and L O bus design

= Anaog design is necessary for IF bus, but it islimited in size

or max freguency very early. Analog systems are hardly
scalable!

= Digital design allows faster operation and larger sizes.
mixed-signal design of phased arrays enables better
performances (max freguency and directivity)
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