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Abstract — The suitability of pulsed electromagnetic (EM)
field radio as a low-power, ultra-fast instrument for bridging the
gap between mobile terminals and ubiquitously deployed fiber-
optic networks is investigated. An in-depth study of the present
trends in fifth generation (5G) mobile communications strategies
is carried out, by highlighting the crucial role of Terahertz (THz)
and ‘low-GHz’ ultra-wideband (UWB) radio implementations.
Upon recognising the low-power capabilities of ‘low-GHz’ UWB
solutions, the contribution zooms in on the pulsed EM field
transfer and on the features of a monocycle pulse generator that is
deemed conditional for future physical realisations of the concept.

Keywords — baseband digital communication, time-domain
electromagnetics, pulse circuits.

I. INTRODUCTION

The fifth generation (5G) mobile communications is ex-
pected to commence initial commercialisation in 2020. 5G is
credited with enticing capabilities, such as (ultra-)high data
rate, low latency and massive connectivity, and is poised to
open unprecedented societal and commercial opportunities.

Despite the implementation of (pre-)5SG connectivity being
almost taken for granted, there are still important technological
challenges ahead, and intense research is currently invested in
removing these roadblocks. This contribution will perform an
in-depth study of the current status and developments in this
field, and examine in detail the decisive physical layer instru-
ments to ensuring the throughput that is commonly associated
with 5G. The study will start by analysing the present trends
at the lowest 3 layers of the Open Systems Interconnection
(OSI) reference model [1], as reflected in very recent literature
sources. This survey will allow conjecturing the benefits of
using pulsed electromagnetic (EM) field wireless transfer as
a means for bridging the ‘last centimetres’ between mobile
terminals and a ubiquitously deployed fiber-optic network. The
next step will elaborate upon a baseband transmitter making
use of a solid-state, nanosecond, monocycle generator with
unique specifications, by also highlighting its congruence with
theoretical results in time-domain (TD) electromagnetics. The
survey will end by drawing conclusions.

II. NEW RADIO: A PARADIGM CHANGE IN WIRELESS
CONNECTIVITY
A. Architectures & protocols

Providing 5G services requires reconsidering the very
foundations of (cellular) mobile networks, a fact reflected in

5G networks being often referred to as New Radio — a term that
is gaining momentum in the communication community. For
example, [2] defines “New Radio” in terms of delivered peak
data rate, user experienced data rate (interestingly enough, a
performance indicator whose relevance was already anticipated
in [3]), area traffic capacity, latency, energy efficiency, relia-
bility, mobility, bandwidth and support of a wide range of
services. Furthermore, [4] highlights the crucial role played
by efficient and flexible use of spectrum in 5G (see also [5]
for the current status and the challenges ahead in spectrum
use). Supplying the pledged 5G data rate is only conceivable
in smaller and smaller cells, with ultra-dense cellular networks
being increasingly investigated at the conceptual and protocol
levels [6] (note, however, that [7] already warned about the
limits of densification being close to being reached, at least
with the wireless technologies currently in use). To conclude
with, caching is envisaged as a critical enabler for providing
ultra-high throughput, the opportunities of this technique being
analysed in [8], and its potential caveats in [9].

B. Wireless technologies

The strategies catalogued in Section II-A concentrate on
the network architectures and protocols, with little more than
general references to their actual physical implementation.

Upon recognising that data-rate is conditioned by channel
bandwidth, most authors advocate a push towards higher
frequencies, with Terahertz (THz) technology (with carriers in
the hundreds of GHz) being largely believed to be the ultimate
solution. For example [10] discusses the high promises for
wireless backhaul and wireless local access of a THz baseband
fiber-to-wireless interface (the paper remaining at a rather
abstract level). However, free-space THz propagation is im-
peded upon by large spreading loss and molecular absorption
[11] (this paper proposing a distance-aware, physical-layer
design with massive multiple-input, multiple-output (MIMO)
as a feasible countermeasure). Another important roadblock in
THz communications is the so-called THz gap' that drastically
limits the available power, especially (well) above 100 GHz,
with [12] presenting illustrative measurements — here, [13] may
offer the needed breakthrough in sidestepping the THz gap. As
a result, although long-range, backhaul connections are also

TAs stated in [12], the THz frequency range envisaged for communications
(in the hundreds of GHz spectrum) is too high for using regular oscillators
and too low for using optical photon emitters as signal generators.
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reported in the literature [14], the combination of pass-loss and
limited power availability recommends the use of THz wireless
solutions for short-range communications. A suchlike example
is the “fly’s eye spherical antenna” concept [15], promising
12 Tb/s throughput via a frequency reuse scheme in a spectrum
around 120 GHz. Alternatively, [12] advocates a ‘last metre’
indoor THz wireless access and provides measurement evi-
dence of its feasibility (nonetheless, without giving indications
on the physical implementation of such a system).

The alternative for providing the needed bandwidth is the
ultra-wideband (UWB) technology in the ‘low-GHz’ spectrum.
Immediately after the release by the Federal Communications
Commission (FCC) of the 3.1 + 10.6 GHz UWB band [16]
there was a surge in investigations concerning UWB wireless
communication systems, with [17] giving a broad overview of
the potential application opportunities. However, these designs
proved of little practical use due to the drastic radiated power
limitations of the FCC mask and, even more importantly, due to
the non-uniform UWB band definitions in different geographic
areas. As a result, few (if any) viable commercial solutions
emerged. Despite these setbacks, distinctive prospects, such as
combined communication and localisation [18], [19] and, espe-
cially, low-power operation — a critical enabler for developing
energetically self-reliant devices [20], [21], maintained a con-
stant (somehow academic) interest for UWB technology. The
combination of large throughput and low-power operation was
used in [3] for justifying the opportunity of ‘low-GHz> UWB
radio for very-short range, (ultra-)fast transfer and, recently,
[4] reiterated that UWB radio is the path towards ensuring
power-efficiency, capacity and coverage in 5G networks.

C. Ultra-fast indoor communication

The argumentation above highlighted that both THz and
‘low-GHz” UWB technologies are exceptionally suitable for
short-range communications. Suchlike communications are of
particular importance for (ultra-fast) indoor communication.
Recent developments in optics and photonics [22] have opened
new avenues towards photonic home area networks [23],
especially via low-cost plastic optical fiber [24]. With fiber-
optic connectivity becoming ubiquitous, the challenge is now
to wirelessly connect to a myriad of photonic access points
within reach, this amounting to bridging the ‘last meter’ or
even the ‘last centimetres’. Two viable solutions to this end
were proposed in [12] (THz technology) and [3] (UWB, near-
field, wireless plug-in), the latter also (presumably) ensuring
low-power operation. Note that indoor communication bears
similarities with the KIOSK data downloading that was ini-
tially proposed in [17] (UWB implementation), and revisited
in [3] (again UWB) and [25] (THz implementation). As a
final remark, both indoor communication and KIOSK data
downloading can benefit a lot from intelligent data caching.

D. Pulsed-field radio — an overview

The benefits of UWB radio are fully exploited in a pulsed
EM field transfer scenario with the following features: (i) a
baseband (carrier-free) channel making use of simple coding

schemes; (ii) very-short range (~ centimetres), entirely falling
within the near-field zone of the transmitter (see [26] for the
applicable definitions); (iii) radiated power levels far under the
FCC mask for allowing license-free operation.

The implementation of such a transfer hinges on progress
at the level of antenna front-ends and, above all, on the
availability of high-quality, solid-state, low-power, pulse gen-
erating circuitry. With reference to such generators, it is
noted that early implementation were demonstrated in [27],
[28] and, subsequently, in [29] (in conjunction with fiber
optics). However, what was needed were nanosecond mono-
cycle generators, with [30], [31] providing for the first time
the needed functionality. An improved variant of the circuit
discussed in [31] was later shown in [32], that implementation
representing, to the authors’ best knowledge, the best solid-
state monocycle generator reported in the literature to-date.
Consequently, the circuit reported in [32] is deemed optimally
placed for implementing a pulsed EM field ‘last centimetre’
wireless link featuring ultra-fast (above 3 Gb/s) throughput,
under severe power consumption limitations. For implementing
the full channel, the pulse generator must be complemented
by UWB/baseband receivers/transceivers (here [33]-[35] offer
interesting solutions). To conclude with, for further curbing the
power consumption, the channel coding should be as simple
as possible, [36] giving relevant guidelines to this end.

III. MONOCYCLE PULSE GENERATOR

A. Monocycle pulse generator: implementation and key per-
Jformance indicators

On-chip pulse generation is challenging [32], as achieving
pulses with a desired form factor, a very short duration and an
adequate amplitude is conditioned by fundamental technologi-
cal limits. In [31], a very effective pseudo-gaussian monocycle
pulse generator designed in 90 nm, bulk complementary met-
aloxidesemiconductor (CMOS) technology was introduced and
demonstrated experimentally. In [32], the opportunity offered
by this solution has been pushed further to the 28 nm, fully-
depleted, silicon-on-insulator (FDSOI) CMOS technology, this
yielding monocycle pulses with a peak-to-peak amplitude of
1.18 V and a duration of 70 ps. Details on the key features are
available in [32] and thereby will not be repeated here.

In the interest of the reader, it is worth briefly explaining
that the pulse generator (see Fig. 1) consists of two triangular
pulse generators (TPGs), a delay element (t) and a shaping
network (SN). The operating principle consists of overdriving
the common-source differential pair (i.e., SN) by means of
two triangular monocycle pulses, the second pulse delayed by
its duration time. At each occurrence of the negative edge of
the command control signal, the pulse generator provides a
monocycle pulse, as shown in Fig. 2.a. Note that, considering a
one-bit pulse polarity coding, theoretical data-rates in excess of
10 Gb/s can be achieved with such a short pulse. Furthermore,
Fig. 2.b shows the spectral density per single pulse, which
exhibits a peak of -125 dBm/MHz at about 14 GHz.

Despite being a side-effect, it is mentioned that the initial
down-wiggle in Fig. 2.a is a simulation artifact and is due to the
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Delay

Fig. 1. Schematic of the pulse generator discussed in [32]. TPG = triangular
pulse generators; SN = the shaping network.

combined effect of fast digital command signal switching and
residual charge redistribution through C; and the decoupling
capacitances at the input of the shaping network. However,
due to the finite resistance of interconnects, this effect will not
occur in an actual physical implementation on silicon.

B. Mathematical replication of generate monocycle pulse

As stated in Section II-D, the monocycle pulse generator
presented above is an excellent candidate for implementing a
pulsed EM field, ‘last centimetre’ wireless link. It will now
be shown how the generated waveform fits in the theoretical
framework at the core of the pulsed, near-field EM transfer.

The radiation from a CMOS embedded pulse-fed loop
antenna was theoretically studied in [37]. In that paper it was
stressed the importance of the feeding pulse (i) being causal
and (ii) having an analytical expression that is controllable via
a reduced number of parameters. The excitation used in [37]
had the shape of a time-differentiated, power exponential pulse
[38]. While being causal, such a pulse has a, theoretically,
infinite tail, making it less adequate for high pulse repetition
rates, as required by ultra-fast communications. To address this
issue, [39] introduced the windowed-power (WP) family of
pulses with a finite temporal support.

The signature in Fig. 2.a will be shown to be in excellent
agreement with the time-differentiated, WP pulse 0;WP(v, t).
To this end, the part of the plot in between the cyan and light-
red boxes* is firstly clipped out and time-shifted to ¢ = Ons.
Applying the replication strategy described in [39, Section V.B]
to this signature yields a 9;WP(v,t) pulse having the param-
eters: raising power v = 4, pulse rise-time ¢, = 37ps and
amplitude Vp = 0.59V (see [39] for the relevant definitions).
The original p(t) (the initial down-wiggle included) and the
pulse replica signatures are shown in Fig. 3.a. The deviation

*The 9;WP(v,t) cannot replicate the down-wiggle preceding the pulse
onset. Furthermore, the part of the pulse marked by the light-red box is, for
all practical purposes, zero and needs not being replicated.
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Fig. 2. Original p(t) pulse reported in [32] — single-pulse operation. (a) Time-
domain signature; the light-cyan box designates the initial down-wiggle in the
measured signature, and the light-red box designates the zero tail (inter-pulse
guard in [32]); (b) spectral content; note that the spectral diagrams reported
in [32] corresponded to a 1 MHz pulse repetition rate.

between the two signatures is calculated with the expression

| :f [0, WP(, ) - p(t) ]2 dt
/t :f p>(t)dt

in which ¢ is taken just after the 9;WP(v,t) pulse’s support.
In the case of the constructed replica, this deviation amounts
to 0.22% when excluding the initial down-wiggle in p(t), and
to 0.25% when considering it. The spectral contents of the
OyWP(v,t) replica is shown in Fig. 3.b, this plot accurately
reproducing the main features of the spectrum in Fig. 2.b.

The pulse p(t) was also replicated by using a raising power
v = 5, a choice ensuring a smooth open-circuit (Thévenin)
induced voltage in a loop-to-loop transfer (see Eq. (9) in [40]).
The corresponding parameters were in this case: v = 5, ¢, =
41ps and Vp = 0.59V, the TD comparison of the original p(t)
and its replica being illustrated in Fig. 4.a. The corresponding
deviations calculated via (1) are 0.46% (no down-wiggle) and
0.48% (global) — still an excellent congruence! As expected,
the spectral content (shown in Fig. 4.b) is also in very good
agreement with that in Fig. 2.b.

It can now be concluded that the suitability of the monocy-
cle generated by the circuit proposed in [32] was also cogently
demonstrated from a theoretical, EM perspective. That pulse is

ERR%(V) =

100 (1)
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Fig. 3. Original p(t) pulse and its 9:WP(v,t) replica for v = 4. (a)
Comparison of time-domain signatures; (b) spectral content of 9;WP(v,t).

1

causal, is time-windowed and offers the smoothness required
for an adequate implementation of a loop-to-loop transfer.

As a final remark, it is mentioned that the exceptional
analytic features of the generated monocycle may also serve
a purpose in a TD imaging technique for shape reconstruction
of impenetrable and penetrable objects [41], this opportunity
being currently investigated.

IV. CONCLUSIONS

The suitability of pulsed EM field radio as a low-power,
ultra-fast instrument for bridging the ‘last centimetres’ be-
tween mobile terminals and the photonic access points to a
ubiquitously deployed fiber-optic network was investigated.
This suitability was substantiated by firstly presenting a broad
overview of the present trends in 5G mobile communications
strategies. Upon singling out the THz technology and the
‘low-GHz’ ultra-wideband (UWB) radio implementations as
the paths to be followed, the account focused on the latter
as the solution to combining the needed throughput with the
(ultra-)low power operation that is indispensable to any mobile
device implementation. To this end, the account put forward
a monocycle pulse generator realised in the 28 nm, FDSOI,
CMOS technology as a key enabler for implementing a ‘last
centimetre’ wireless link. That chip is capable of delivering
monocycle pulses with a peak-to-peak amplitude of 1.18V
and a duration of 70 ps. It was stated that, in the case a close-
range, pulsed EM field transfer using a one-bit pulse polarity
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Fig. 4. Original p(t) pulse and its 9:WP(v,t) replica for v = 5. (a)
Comparison of time-domain signatures; (b) spectral content of 9;WP(v,t).

1

coding, the generated pulses can yield theoretical data-rates
in excess of 10Gb/s. Those pulses were also shown to have
exceptional analytical properties, as they represent an almost
exact replica of a causal pulse with finite temporal support (a
0WP(v,t) pulse) featuring the smoothness needed in a loop-
to-loop, pulsed EM field transfer.
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