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Pulsed-field & ultra-high bit rate,
wireless digital signal transfer

Pulsed-field array antennas

eQverall quality metrics:
Directional distribution of radiated energy

[Signal fidelity in space and time]

e Time-domain behaviour

Time-domain analysis
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SYNnopsis

* Prerequisites

» TD far-field radiation

* Antenna quality metrics

e [llustrative numerical examples

e Conclusions
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Examined configuration

e N+1(N=0,1,2...,) identical,
mutually translationally shifted,
pulsed electric-current excited elements

e Reference element:
—spatial support: Dy (with boundary 6Dy)
—characteristic function: xo(z) = {1,1/2,0} /x € {Dy,0Dy, D" }

e By r,, translationally shifted elements:
—support: D,
—characteristic function: x,(x) = xo(x + r,)
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Examined configuration

e Excitation:
t

Ta(e,t) = 15 () ¥ ) (.1
— J,(x,t) = volume density of electric current
— I (t) = electric current at the Kirchhoff circuit port
— JJ(x,t) = unit Dirac pulse §(¢) volume density & »

upon neglecting the mutual coupling:
J‘;(m,t) — Jg(zc + 7y, t), forn=1,...,N

t ] .
= (*) = time convolution

» Embedding medium: vacuum ey, wo, co = (sop0) "
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TD radiated field (far-field region)

E = —pg0iA+¢e;'07 [V(V-A)]
H=VXxA,

— E(x,t) = electric field strength

—H(x,t) = magnettic field strength

- 8t_1f($7t) — / f(z,7)dr

T——00
N
—A(z,t) =) Ay(x,t) = electric-current potential
n=0
. ()(t) 5
with A, (x,t) = x x Jp(x,t) forx e R

() : :
* = gpatial convolution
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TD radiated field (far-field region)

{AE,H)}(z,t) =
{A® E>® H>®}&,t — |z|cg )
4 ||

1+0(z| Y], as |z| —

—{A® E* H OO}‘ t) = far-field radiation characteristics

— E™ = —po|0, A™ — §(§:0,A™))]
—H™>™ = —calﬁxatAoo

N
—A® =) "AY
n=0
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TD radiated field (far-field region)

e Beam steering (pulse-train excitation):
—select a reference pulse I ()
—take IS (t) = IS (t — T,,) for n =1,2,3,...,N, with T, the
relevant time delays
(t)

A = JE(t —Tp) * / T t + cg &+ (2 4 7p)]dV ()

n

¢

e Constructive interference: T, = ¢; '€, -rx
&« = the ‘direction of steering’
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Metrics: directional distribution of
radiated energy

rad __ rad .
W —/5.5_1‘1’ (€)-£d0 ]

— w4 = radiated energy

— ™ (¢) = area density of radiated energy
20 -

rad L 00\ | o0
) = gy & [ 06X A%) 0 (6x AX s

Zy = (1/e0)” the free space electromagnetic wave impedance

( )
e Array antenna directivity:

Dan(€) = 101ogyq | ®™()-& /4r W™
\ y,
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Metrics: signal fidelity

e System fidelity [Lamensdorf & Susman, 1994]:
” © Sest) Sef(t—71)
F Ss S?SI‘G — / . d¢
(Bover Seet) =0 J_ S]] 1St ] ]

— Seys @nd S,e¢ = scalar signals
—normalised cross-correlation evaluated empirically

e Array antenna = subsystem [")[directional fidelity factor:]

/O" A™(E 1) AT (&t —7)
t=—oco IAT(&,1)[ [|AG7(&; 1)]]

— A (&, t)= electric-current potential corresponding to the
reference element

dt

F(€) = max
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Numerical experiments:
excitation

e Trains of causal monocycle pulses: pulse amplitude,
pulse time rise ¢, > 0 and pulse rising power v > 1

d,PE(t) = N(v) (t'”‘l - t”’) exp [—v (' — 1)] H(t)

—t' = t/t, = normalised time
— N(v) E__» unit amplitude of d;PE

IS:(1) Z I d;PE(t + mR,)

m=0

— Iy = electric current amplitude
— R, = pulse repetition rate
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Numerical experiments:
array antenna

Elementary antennas E» rhombic antennas:
e Opening angle: ar = 90°

e Side length: Lg = ¢yt /20

e Orientations: ng-z, =0 0r ng-z, = 1

Examined cases:
e Single elements

o Linear array antennas with =, | ¢ :
— number of elements: 8
- Iocation: r, — Zniz, With Zn — N (CORI'/2) / n = 0, 1,2, « o 77
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Numerical experiments:
single element

e Directivity: the ‘doughnut’ shape <= » dipoles
e Fidelity: 1
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Numerical experiments:
uniform linear array, broadside

z Das (€) e Directivity:
T | — clear main beam

— sidelobes (SL)k.» some
generated by partial
interference

e Fidelity: at least 3dB
higher spatial selectivity

Fy (51)

5xd.PE(t) pulses
R, pulse repetition rate

coR; /2 inter-element spacing
broadside scanning
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Numerical experiments:

uniform linear array, scanning
e Directivity:
— prescribed scanning k.»
obtained
—SL are displaced
e Fidelity:
—F¢(&) in the main beam
—3dB gain is preserved
Fr(€) Fr(€)

5xd,;PE(t) pulses

R, pulse repetition rate

co IR, /2 inter-element spacing
£.,1. = 30° scanning
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Conclusions

Pulse-train Excited Array Antennas

» New metric definition: the directional fidelity factor & »
a purely directional quantity

» Beam shaping & beam steering & » demonstrated

e Full TD analysis

e

Applications:

ultra-high bit rate wireless transfer
ultra-low power, short-range wireless transfer
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