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A communication unit (700) is described that includes a
plurality of cascaded devices that comprise at least one
master device (710) and at least one slave device (720, 723)
configured in a master-slave arrangement. The at least one
master device (710) and at least one slave device (720, 723)
each comprise: an analog-to-digital converter, ADC, (741,
742) configured to use a same re-created system clock signal
(788, 790) to align respective sampling instants between
each ADC (741, 742). The at least one master device (710)
comprises: a clock generation circuit comprising an inter-
nally-generated reference phase locked loop circuit (708),
configured to output a system clock signal (782, 784); and
a modulator circuit (762) coupled to the clock generation
circuit and configured to receive and distribute the system
clock signal (784). The at least one master device (710) and
at least one slave device (720, 723) each comprise: a
demodulator circuit (764, 765) configured to receive the
distributed system clock signal (784) and re-create there-
from a synchronized system clock signal (788, 790) used by
a respective ADC, (741, 742) of each of the the master
device (710) and at least one slave device (720).

A
|M
N
o

240



uyioud-1oHd [

XY EXYd OXd IXH

US 2020/0003883 A1
.Q
.Q
_Q
_Q
=
i

ot eIt :ANV?
S 591
~ vl [+ epd cit
M ] O€ET

. SN ] N\
3 A ovt |
m '
S . 7= " ~ m
S 891 991 H 1/ !
% “ "
. w -
= 0LT T A m
~ IS IdIAT | = e

091

071 7

03\ R Wi
T &AM

Patent Application Publication



Patent Application Publication Jan. 2,2020 Sheet 2 of 7 US 2020/0003883 A1

220

208

o
< o~
A ‘
i} . . g
S LI, 4 { b
o~ i y i
1= . l
1 ol }
»
1 i
<3 i A 4
[So B i ] & 1
Qb <
N i c\,|
! 1\ N
i
i
|

221‘;/,
202
e
-
I
1
1230
1
1
1
L

A
L




lo)seul
N\

- v
Nwm TNASBLSIG S L,

Jan. 2,2020 Sheet 3 of 7 US 2020/0003883 A1

Patent Application Publication

i
|
! 3¢ N
: m_ Qon e p
! XLHO L R
; 98 = | |0
e 1 : ) m aowags| RN
X0 b RO LT
" wopesn - \.\ 08¢ wﬁx
I g q9¢/ o b i Lo 22 I
Nmm 1 ,Wm{ @ SR i &m «.EwEt i
¢ 1 98 — AN
v6E ; N &3 |
: i
|
=3 stitfuy . ~
% i ! aubuz HE g
w : B ! Bupsiy v | |
58 ,
’ ]
wEmionines | g€ DTS BITIOMENOD f
WO cLe B Th
153

HO YL e

7

§ ) pizoRe]
...!!l!...mllm.w.m !W!!!!!!lllmm‘mm
- B }
ﬁ.mwp cﬂbmm./
< £1¢ 44

T I I I e T T T I N S R o S e N ]



US 2020/0003883 A1

sy ¥ 'Old

(\/
v:uH*m V_O mmmmmw

S=proRoiop
: u S (/

TN PIODI0p

o STouhSsp  gee

Jan. 2,2020 Sheet 4 of 7

Patent Application Publication

AAAAAAAAAAAAAAAAAAAAAA _I__l_ :jJJJJJJJJ_I__I_:_I__mSE%
ih EECF[[EEEE[[W_I__I_CV_E_\,_

(0187




Patent Application Publication Jan. 2,2020 Sheet 5 of 7 US 2020/0003883 A1

500

502
504
506
508
510
512
514
516

\ 4
L 4
Y

A 4

FIG.5




Jan. 2,2020 Sheet 6 of 7 US 2020/0003883 A1

Patent Application Publication




Patent Application Publication Jan. 2,2020 Sheet 7 of 7 US 2020/0003883 A1

700

802
304
806
808
810
812
814
816

\ 4
L 4
Y

A 4

FIG.7




US 2020/0003883 Al

COMMUNICATION UNIT, INTEGRATED
CIRCUITS AND METHOD FOR CLOCK AND
DATA SYNCHRONIZATION

FIELD OF THE INVENTION

[0001] The field of the invention relates to a communica-
tion unit, such as a radar unit, that includes a distributed
master-slave arrangement and methods for clock and data
synchronization. The invention is applicable to, but not
limited to, a radar unit for, say, an automotive application,
and method therefor.

BACKGROUND OF THE INVENTION

[0002] There has been an increased demand for active
safety systems for vehicles. Active safety systems require
multiple radar sensors per vehicle, each radar sensor typi-
cally working with a specific radar technology. In an auto-
motive application, the radar sensors are mostly built using
a number of integrated circuits (ICs), sometimes referred to
as ‘chips’. The current trend is towards offering a radar
system on chip (SoC), using a radio frequency (RF) comple-
mentary metal-oxide-semiconductor (CMOS) process tech-
nology) solution in order to reduce cost and power con-
sumption.

[0003] Frequency-modulated continuous wave (FMCW)
radar sensors transmit frequency modulated signals, and
radar receivers substantially simultaneously receive their
echo. The received echo is then mixed with the transmitted
signal and results in a low frequency signal having a
frequency of:

2xRange Modulation BW [1]

Fb
¢ Ramp duration

at the output of the mixer, the so-called beat frequency (Fb).
By analysing the beat frequency, the range parameter (i.e. a
distance to targets) can be extracted.

[0004] Commercial automotive radar sensors typically
include multiple receivers and transmitters (the combination
of which is referred to as transceivers (TRx)). A microcon-
troller (MCU) performs digital control of the transceiver
circuits and digital signal processing of the digitized data
(e.g. fast fourier transform (FFT) and digital signal process-
ing) in order to output processed radar data to the MCU of
the vehicle.

[0005] Next generation high performance radar solutions
used for highly automated or fully autonomous driving will
need to comply with stringent radar angular resolution
requirements in both azimuth and elevation. Angular reso-
Iution is directly related to the radar system number of
receiver antennas and their location with respect to each
other. Current monolithic radar transceiver ICs are typically
constrained to contain only a few transceiver channels, as
the complexity and cost and heat dissipation problems of
integrating more transceiver channels on the same chip
increases substantially with the number of ICs that are
included.

[0006] To allow increased angular resolution in both azi-
muth and elevation, a multi-chip set solution with a master
device and several slaves may be used, as illustrated in FIG.
1. In this illustration, a known radar unit cascades two radar
TRx chips. One of the radar TRx chips is defined as the
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master device 110, which contains a first set of transmitter
circuits coupled to transmit antennas 112 and a first set of
receiver circuits coupled to receive antennas 114. The master
device 110 (or IC) provides a number of signals 130 to one
or more slave device(s) 120. In this way, master and several
slaves are cascaded coherently to increase the number of
transmit and receive channels, thereby enabling an increase
in sensor accuracy to improve angle resolution.

[0007] Each master device 110 and slave device 120
embeds several receiver and transmitter channels, and a
microcontroller unit (MCU) is used to combine all received
data from all receivers, as well as to control and program the
master device 110 and slaves devices 120. The master device
110 is arranged to distribute the Local Oscillator (LO) signal
140 off-chip through transmission lines on the printed circuit
board (PCB) 100 to other radar chips (in this case the one
other TRx chip functioning as a slave device 120). The LO
signal 140 is used for the different transmitters and receivers,
and is typically star-routed (i.e. routed via equal length
paths) to each device to guarantee the same delay and exact
phase coherence between all devices (which are sometimes
separate ICs). The slave device 120 (and further slave
device(s) 123) contains a second set of transmitter circuits
coupled to transmit antennas 122 and a second set of
receiver circuits coupled to receive antennas 124.

[0008] The distribution of the LO signal 140 from the
master device 110 ensures that the slave device 120 is also
able to use the LO signal 140, and thereby ensure that the
transmitting signal frequency and the clock frequency of the
down mixer of different radar TRx are the same. The LO
signal 140 is used by all devices (including the master device
110 wherein the LO signal 140 is routed out of the master
device 110 and thereafter back into the master device 110.
Typically, in master-slave arrangements, the LO signal 140
is routed with symmetrical PCB lengths in order to ensure
that all receivers (encompassing a respective down mixer) in
each master device 110 and slave device(s) 120, 123 of the
system receive the same LO with same phase. Phase coher-
ence is mandatory for cascaded systems. Other control
signals may be synchronized with a lower speed clock, for
example an analog-to-digital converter (ADC) clock, which
may be used across multiple ICs/devices.

[0009] The master device 110 is coupled to the MCU 160,
which includes various interfaces, such as a serial-parallel
interface (SPI) 162, a general purpose data input-output port
170, a ramp frame start (RFS) circuit 168, as well as a MCU
clock interface 164, this clock signal 165 generally provided
by the master device 110.

[0010] The RFS signal can be either (i) generated and
distributed by the MCU 160, through a dedicated pin on both
the MCU 160 (RFS_out) and a single pin on master device
(s) 110 and slave device(s) 120, 123 (RFS_in) or (ii)
generated and distributed by the master device 110, where
there is no pin needed for MCU 160 in this case.

[0011] In the first known architecture (i), as illustrated in
FIG. 1 and which is the predominant architecture used in
most current master-slave arrangements, RFS circuit 168
generates a RFS signal 166 that is used to trigger a starting
point of modulation timing engines within each master
device and slave device. The RFS signal 166 is generated by
the MCU 160 and requires at least one dedicated MCU pin.
The RFS can also be generated by the master device 110,
through a SPI command from MCU 160 via RFS signal 140.
In this case, generally two pins are needed in the master
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device 110 (to support RFSout, RFSin) and one pin in each
slave device (RFSin) in order to allow a star distribution that
is preferred to ensure a good symmetry of RFS signal.
However, even using star connected PCB routing in the first
architecture (i), perfect time alignment of frame start inside
master device(s) 110 and slave devices 120, 123 is not
possible because the MCU 160 and master device(s) 110 and
slave devices 120, 123 are not synchronized, e.g. they are
subject to different pad delays, no control on timing gen-
eration of RFS from MCU time engine, etc.
[0012] In the second known architecture (ii), when the
RFS is generated from the master device 110: the signal to
start the generation of RFS comes from a SPI command
from the MCU 160. Thus, no RFS at the MCU side is needed
in this case. The RFS is then generated by the master device
110. The connection from master device 110 to slave devices
120, 123 for routing that RFS signal can be performed in two
different ways:
[0013] (a) a not star connected manner using a single
pin on each master device 110 and slave device(s) 120,
123, so no alignment is possible: and
[0014] (b) in a star connected manner whereby two pins
(RFS_out and RFS_in) are used in the master device
110, and a single pin (RFS_in) used in each in slave
device(s) 120, 123. This star routing ensures the sym-
metry of the RFS signal length in all chips, and thereby
achieves a good alignment of chirp start signal (frame
start). However, the inventors have recognised that this
alignment is not sufficient to ensure the ADC clocks
(i.e. the M/S clocks on each master device 110 and
slave device(s) 120, 123) and RFS signal are synchro-
nized between each other.
[0015] A master-slave (MS) clock signal 142 is generated
by the master device and used as a time base for synchro-
nization of the microcontroller time based events any other
master device and all slave devices 123. The connection to
the MCU 160 consists of SPI control lines 163 and digital
data line signals from all the ICs back to the MCU 160 for
later signal processing, in a given data format (e.g. Mobile
Industry Processor Interface Camera Serial Interface (MIPI
CSI-2), low voltage differential signalling (LVDS) or other
formats).
[0016] The cascading master-slave (MS) clock signals
(MS_clkP, MS_clkN) 142 are specifically used for time
based synchronization of the sampling moments on the
ADCs of several master and slave devices.
[0017] For optimal operation of distributed radar systems,
it is important that these signals (LO 140, MS clock signal
142 and RFS signal 166) are synchronous across all receiver
circuits on different devices. This means that, after calibra-
tion of the phase difference between all receiver channels in
all master and slave devices, the voltage supply Vcec, tem-
perature and aging variation between all devices distributed
in the PCB should not change the initial clock alignment, for
example after a one-time calibration operation is performed
at radar module level.
[0018] A primary problem with such cascaded systems is
clock distribution and synchronization. Problems arise due
to any misalignment between clock valid and frame start
timings between master device and slave device(s), due to
different printed circuit board (PCB) delays between com-
ponents, devices, circuits. This problem is typically over-
come by adopting a MS clock distribution process in a
star-connection architecture, in order to guarantee the same

Jan. 2, 2020

transmission line lengths and therefore a good clock align-
ment between the components, devices, circuits. The star-
connection architecture is also required for the LO signal to
achieve phase coherence when all the TRx channels are used
as one antenna array. The requirement to adopt a star-
connection architecture for all common signals (LO signal,
MS clock, etc.) imposes severe constraints on the PCB
design. A common and synchronised phase reference is
particularly important in a distributed radar phased array
design, in order to steer a beam and control a radiation
pattern for the phased array system.

[0019] Synchronised clock signals are also used to sample
data inside the ADCs of each device. In an FMCW radar
device, the synchronized clock edges are used to sample data
and control signals that are used to start the modulation.
Here, the RFS signal across all devices must be synchro-
nized. This alignment is needed to avoid sampling valid data
at different times/moments in the master and slave devices,
which would create phase errors between devices and con-
sequently compromise radar system performance.

[0020] Even when adopting a star-connection architecture,
a problem occurs when the RFS signal edge is close to a MS
clock edge. Particularly in response to process, voltage or
temperature (PVT) variations, a master device and one or
more slave device(s) may observe RFS re-timed at a differ-
ent clock edges. This means that for an intermediate fre-
quency (IF) of, say, [F=20 MHz, an error of a complete 240
MHz MS clock cycle can happen. This leads to a phase error
of around +1-15 degrees, which compromises radar angular
resolution. Modern imaging radar systems specifications
allow a maximum of +/-3 degrees of phase error, and this
considers errors due to combined ADC sampling and
receiver channel variations, as well as some PCB asymme-
tries. This translates to a stringent required synchronization
time accuracy of around 416 psec., for a maximum inter-
mediate frequency (IF) of 20 MHz.

[0021] U.S. Pat. No. 6,775,328 B1 proposes a feedback
synchronization loop using mV input-output drivers and
receivers, U.S. Pat. No. 9,031,180 B2 provides synchroni-
zation via a protocol (data frame) in wireless transmitters,
U.S. Pat. No. 7,876,261 Bl proposes synchronization
between devices using reflected wave clock synchroniza-
tion. U.S. Pat. No. 6,209,072 B1 uses a de-skewing latch
technique in order to obtain a synchronous interface between
master device and slave devices. Each of these known
techniques is complex and/or require further components
and circuits, thereby requiring valuable PCB space and
increased cost.

[0022] Thus, a mechanism is needed to better support
synchronization between shared clocks signals (that use a
master-slave clock) and a ramp frame start (RFS) signal in
radar units that use multiple radar devices or ICs.

SUMMARY OF THE INVENTION

[0023] The present invention provides a communication
unit, such as a radar unit, an integrated circuit and methods
for clock distribution and synchronization in a master-slave
arrangement, as described in the accompanying claims.
Specific embodiments of the invention are set forth in the
dependent claims. These and other aspects of the invention
will be apparent from and elucidated with reference to the
embodiments described hereinafter.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Further details, aspects and embodiments of the
invention will be described, byway of example only, with
reference to the drawings. In the drawings, like reference
numbers are used to identify like or functionally similar
elements. Elements in the figures are illustrated for simplic-
ity and clarity and have not necessarily been drawn to scale.
[0025] FIG. 1 illustrates a block diagram of a known radar
unit that cascades two radar TRx chips.

[0026] FIG. 2 illustrates an example block diagram of a
radar unit adapted according to example embodiments of the
invention.

[0027] FIG. 3 illustrates an example diagram of a radar
unit that cascades multiple chips in a Master Slave synchro-
nization approach, according to example embodiments of
the invention.

[0028] FIG. 4 illustrates a timing diagram of a synchro-
nization method, according to example embodiments of the
invention.

[0029] FIG. 5 illustrates an example flowchart of the steps
associated with synchronization across multiple master
device(s)-slave device(s), according to example embodi-
ments of the invention.

[0030] FIG. 6 illustrates an example block diagram of a
master device-slave device arrangement configured to pro-
vide a radar clock and data synchronization, according to
some examples of the invention.

[0031] FIG. 7 illustrates an example flowchart of the steps
associated with a radar clock and data synchronization
across multiple master device(s)-slave device(s), according
to example embodiments of the invention.

DETAILED DESCRIPTION

[0032] Because the illustrated embodiments of the present
invention may, for the most part, be implemented using
electronic components and circuits known to those skilled in
the art, details will not be explained in any greater extent
than that considered necessary as illustrated below, for the
understanding and appreciation of the underlying concepts
of the present invention and in order not to obfuscate or
distract from the teachings of the present invention.

[0033] To address the aforementioned synchronization
problem between multiple devices or ICs within a commu-
nication unit, such as a radar unit, examples of the present
invention propose a design that includes a plurality of
cascaded devices that comprise at least one master device
and at least one slave device configured in a master-slave
arrangement. The at least one master device and at least one
slave device each includes: an analog-to-digital converter,
ADC, configured to use a same re-created system clock
signal to align respective sampling instants between each
ADC. The at least one master device comprises: a clock
generation circuit comprising an internally-generated refer-
ence phase locked loop circuit, configured to output a system
clock signal; and a modulator circuit coupled to the clock
generation circuit and configured to receive and distribute
the system clock signal he at least one master device and at
least one slave device each comprise: a demodulator circuit
configured to receive the distributed system clock signal and
re-create therefrom a synchronized system clock signal used
by a respective ADC, of each of the the master device and
at least one slave device.
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[0034] In some examples, the at least one master device
may embed a frame start signal, such as a chirp start signal
(RFS) of a radar unit, within the clock signal. Thereafter, the
embedded signal may be shared between the master device
(s) and slave device(s) (or ICs) in order to maintain syn-
chronization that is significantly less reliant on PCB con-
struction. Advantageously, the technique to embed a chirp
start signal within the distributed master-slave clock signal
(sometimes referred to as an ADC clock) enables the slave
device(s) (and any other master device(s)) to readily and
easily demodulate the distributed master-slave clock signal
in order to obtain concurrently the chirp start (RFS). Thus,
the master-slave clock distribution and the timing alignment
between the master-slave clock signal and the RFS across all
devices is inherently synchronized.

[0035] In some examples, each of the at least one master
device and at least one slave device may be configured to use
the same re-created system clock signal such that respective
sampling instants between each ADC are time-alignede. In
some examples, the at least one master device and at least
one slave device may further include a digital controller
coupled to the demodulator circuit and configured to re-
sample the re-created synchronized system clock signal. In
some examples, the clock generation circuit of the at least
one master device may be a XOR-based phase locked loop.
In some examples, the at least one master device and at least
one slave device are configured to use low-voltage differ-
ential signalling, LVDS, to assist modulation and demodu-
lation of the clock signal.

[0036] Such a technique benefits from the fact that the
master-slave clock signal is quasi-perfectly synchronized
(when using a star routed PCB) and delays of clock edges
between different devices during process, voltage or tem-
perature variations (once offset is calibrated) are minimal,
e.g. less than one clock cycle error. Thus, in some examples,
embodiments of the invention enable a designer to imple-
ment a digital cascading radar solution with increased phase
aligned performance, where a single reference oscillator
(e.g. phase locked loop (PLL)) may be used for all master
and slave devices (supplying a reference frequency/clock
and a main PLL frequency clock), thereby facilitating phase
coherence, clock alignment and clock and RFS synchroni-
zation throughout the communication units.

[0037] Some examples of the invention enable the RFS
signal (ramp frame start or chirp start) to be generated in the
master device for synchronicity purposes, and not in the
MCU as adopted in known communication units. This
approach advantageously removes a need for a dedicated pin
in the MCU and removes an additional routing constraint of
this signal in the PCB, because the RFS signal is embedded
within the distributed MS clock. In this example, the embed-
ding of the RFS signal into the master-slave clock signal
(thereby facilitating a distribution of the two signals with no
delay between the clock edges of each within the devices),
may be achieved using a RFS modulator and a RFS demodu-
lator, implemented in the master-slave clock distribution
transmit and receive circuits, respectively.

[0038] Some examples of the invention may employ low-
voltage differential signalling (LVDS), also known as TIA/
EIA-644, in order to assist the modulation and demodulation
of the embedded clock signal and chirp signal (i.e. low-to-
high or high-to-low transitions) to provide synchronicity
across different master device(s) and slave devices. LVDS is
atechnical standard that specifies electrical characteristics of
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a differential, serial communications protocol. LVDS oper-
ates at low power with programmable output amplitude of
voltages and can run at very high speeds using inexpensive
twisted-pair copper cables. In some examples, LVDS may be
employed in order to reduce interference or signal pollution
between supplies, due to current spikes, if CMOS logic were
used. Some examples of the invention may take advantage
of the fact that LVDS amplitude levels (V ;) can be pro-
grammed, for example by programming a LVDS transmitter
current value (V ;,~2*Idc_tx*Road), assuming a constant
100 ohms termination load (R,,,,), placed in each LVDS
receiver.

[0039] Thus, examples of the invention may facilitate
digital cascading radar units with increased phase aligned
performance, where a single reference PLL may be used in
a clock signal generation with embedded frame alignment of
frame start signals within a MS clock for distribution
between each master and slave device. This may ensure
optimized phase coherence, sampling clock and chirp start
signal alignment, which reduces system phase error, thereby
allowing accurate range resolution.

[0040] Although examples of the invention are described
with reference to synchronization in a star-connected mas-
ter-slave architecture for a radar unit, it is envisaged that, in
other examples, the techniques described herein may be
applied to any kind of communication unit or system where
several devices or ICs share the same sampling timing, and
where another signal may be sent and received embedded
within the clock, but synchronous to it (in this example radar
scenario, this signal is the ‘chirp start’ signal).

[0041] Although examples of the invention are described
with reference to a use of cascaded integrated circuits for,
say, a phased array vehicular radar system with many
transceiver circuits not located in a same IC, it is envisaged
that the examples herein described may equally be employed
in a phased array system for general wireless communica-
tion applications and units, such as base stations.

[0042] Next generation radar solutions will be based on a
multi-chip transceiver configuration where a master device
and several slave devices are cascaded coherently to
increase the number of transmitter and receiver channels,
thereby increasing sensor accuracy in angle resolution. Digi-
tal cascading is a preferable solution in order to circumvent
the limitation of analog cascading in terms of misalignment
of sampling clock of the ADCs and modulation ramp start
signal (RFS) between different radar chips.

[0043] The master-slave architecture and methods of
operation illustrated in FIGS. 2-5 describe a mechanism to
remove external misalignment between RFS and MS clocks,
and relax PCB requirements on RFS signal. Here, the RFS
signal may be embedded inside a clock signal, such as a
master-slave clock signal at 240 MHz signal. In some
examples of FIGS. 2-5, this may be achieved by adding an
RFS modulator on top of a LVDS transmitter for the
reference clock, and by adding an RFS demodulator at an
LVDS receiver side. In some examples of FIGS. 2-5, ampli-
tude modulation/demodulation may be used to retrieve the
RFS signal, without a need for a dedicated pin for RFS.
[0044] In order to improve the range resolution of the
master-slave architecture and methods of operation illus-
trated in FIGS. 2-5, the ADC bandwidth and sampling rate
may need to be increased, for example by generating (inter-
nally) a high frequency and quality clock in order to drive an
MIPI interface. In this manner, a receive digital output data
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path, such as a MIPI digital output, may always sample an
analog received signal with a same phase across, channel to
channel and device to device, despite any variation in PVT.
Thus, in this context, the master-slave architecture and
methods of operation illustrated in FIGS. 6-7 describe a
mechanism to synchronize ‘internally’ (to the master or
slave devices) and externally synchronize to the (PCB)
clocks and data on the master or slave devices, in such a
manner that the total radar receiver phase variation does not
change significantly over PVT. In particular, in some
examples, the internal synchronization may guarantee that
all ADC outputs and high-speed receiver output data inter-
faces, such as MIPI interface outputs, belonging to different
ICs, do not vary over PVT, for example within a defined
range of one system clock cycle. In these examples, the
internal PLL. and PLL reference clocks (e.g. the crystal
oscillator clock signal in master device and internal divided
MS_CLK clock signal in slave device(s)) are combined with
an RFS signal. In this manner, the clocks driving the ADCs
and high-speed receiver output data interfaces, such as MIPI
interfaces, may be configured to present a high performance
in terms of phase noise/jitter and duty cycle, in order to
achieve good ADC SNR and meet, say, a skew MIPI alliance
standard specification.

[0045] Referring to FIG. 2, a block diagram of an example
wireless communication unit is shown, adapted in accor-
dance with some examples of the invention. Purely for
explanatory purposes, the wireless communication unit is
described in terms of a radar unit 200, for example operating
at millimeter wave (mmw) frequencies. However, in other
examples, it is envisaged that the concepts described herein
may be employed in any communication unit that utilizes a
master-device-slave device arrangement.

[0046] The radar unit 200 contains one or several antennas
202 for receiving radar signals 221, and one or several
antennas 203 for transmitting radar signals, with one shown
for each for simplicity reasons only. The number of antennas
202, 203 used may depend on the number of radar receiver
and transmitter channels that are implemented in a given
radar device. One or more receiver chains, as known in the
art, include receiver front-end circuitry 206, effectively
providing reception, frequency conversion, filtering and
intermediate or base-band amplification, and finally an ana-
log-to-digital conversion. In some examples, a number of
such circuits or components may reside in signal processing
module 208, dependent upon the specific selected architec-
ture. The receiver front-end circuitry 206 is coupled to the
signal processing module 208 (generally realized by a digital
signal processor (DSP)). A skilled artisan will appreciate
that the level of integration of receiver circuits or compo-
nents may be, in some instances, implementation-dependent.
[0047] The microcontroller unit (MCU) 214 maintains
overall operational control of the radar device 200, and in
some examples may comprise time-based digital functions
(not shown) to control the timing of operations (e.g. trans-
mission or reception of time-dependent signals, FMCW
modulation generation, etc.) within the radar unit 200. The
MCU 214 is also coupled to the receiver front-end circuitry
206 and the signal processing module 208. In some
examples, the MCU 214 is also coupled to a memory device
216 that selectively stores operating regimes, such as decod-
ing/encoding functions, and the like.

[0048] As regards the transmit chain, this essentially com-
prises a power amplifier (PA) 224 coupled to the transmit-
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ter’s one or several antennas 203, antenna array, or plurality
of antennas. In radar unit 200, radar transceiver topology is
different from traditional wireless communication architec-
tures (e.g. Bluetooth™, WiFi™, etc.), as modulation occurs
within a phase locked loop (PLL) (typically via a frac-
tional-N divider), and is applied directly to the PA 224.
Therefore, in some examples, the receiver front-end cir-
cuitry 206 and transmitter PA 224 are coupled to frequency
generation circuit 230 arranged to provide radio frequency
(RF) local oscillator (LO) signals. The generated RF LO
signals are thus modulated directly to generate transmit
radar signals, and also used to down-convert received modu-
lated radar signals to a final intermediate or baseband
frequency or digital signal for processing in a receive
operation.

[0049] In examples of the invention, digital cascading of
multiple master and slave devices is achieved by sending a
reference clock signal generated in a master device to both
other master device(s) and one or more slave device(s). In
examples of the invention, the reference clock signal has
been adapted by embedding a start of a frame (RFS)
indication in the clock signal, which in some examples is a
master-slave clock signal. In some examples, the generation
and distribution of the MS clock signal with an embedded
start of a frame indication may be implemented via a star
connected LVDS link, for example to reduce PCB skew and
reduce signal reflections that could compromise signal integ-
rity and increase jitter.

[0050] To remove any misalignment between RFS and the
MS clock signal, as well as relax PCB requirements on the
RFS signal, examples of the invention embed the RFS
(sometimes referred to as a modulation chirp start) inside the
master-slave clock signal, by adding an RFS modulator in a
LVDS transmitter for generating a reference clock, and by
adding an RFS demodulator at a LVDS receiver side.
Thereafter, for example, amplitude modulation/demodula-
tion may be used to retrieve the RFS signal, advantageously
without a need for one or more dedicated RFS pin(s).
[0051] In accordance with examples of the invention, the
use of improved synchronization between respective master
device(s) and one or more slave device(s) may then allow
correct operation of the communication unit, e.g., that
implements an N-unit phased array, FMCW imaging radar
system. For identical units, the use of a phased array
increases the sensitivity by ‘N’ times, as compared to that of
a single unit. In a radar transmitter mode of operation, beam
steering can also be implemented by shifting the phase of the
transmitting signals of an N-unit phased array radar system.
For multiple mid-range radar units, the inputs to an N-unit
phased array radar system can be combined in order to
increase the radar transmit power, and thereby allow longer
range applications. Such benefits may result from the use of
improved synchronization between respective master device
(s) and one or more slave device(s).

[0052] In one example of the invention, the embedding of
a chirp start signal within a clock signal, which is shared
between the master device(s) and slave device(s) (or ICs) in
order to maintain synchronization, may result in an enabling
of more flexible PCB design without the constraints of a
strict transmission line or connection length between the
master device(s) and slave device(s). Furthermore, a smaller
MCU for, say, a phased array FMCW imaging radar system,
may be achieved by eliminating a need for an additional one
pin on MCU (when the RFS is provided by the MCU in the
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known architecture (ii)) or two dedicated RFS pin(s) on the
master device (when the RFS is provided by the master
device in known architecture (i)).

[0053] Some examples of the invention employ synchro-
nization in order to minimize any delay mismatch in either
the LO/frequency generation circuitry and/or analog-to-
digital converter (ADC) sampling instants (which would
ordinarily have led to angle estimation errors) as well as
transmit control, frequency chirp start control signals.
Examples of the invention employ synchronization in an
FMCW radar unit, particularly to align the frequency chirp
start and end frequencies.

[0054] Furthermore, examples of the invention allow mul-
tiple radar transceiver chips to be located on different PCBs
or modules in order to reduce installation complexity in a
constructing of an adaptive phased array FMCW imaging
radar system on a non-planar vehicle surface. Clearly, the
various components within the radar unit 200 can be realized
in discrete or integrated component form, with an ultimate
structure therefore being an application-specific or design
selection. A skilled artisan will appreciate that the level of
integration of circuits or components may be, in some
instances, implementation-dependent.

[0055] Referring now to FIG. 3, an example block dia-
gram of a communication unit 300 having a master-slave
architecture is illustrated. In this example, the master-slave
architecture is illustrated as a radar unit 305 that includes a
master device 310 and one or multiple slave devices 320,
323. One slave device 320 is shown for clarity purposes
only, with the potential for other similar slave devices shown
as 323.

[0056] Inthis example, the master device 310 incorporates
a radar transceiver formed by at least a frequency generation
circuit, which in this example includes a reference phase
locked loop (PLL) 350 and a main PL.L 317. An output from
the main PLL 317 provides a local oscillator (LO) signal to
a local oscillator output pin 318, which is routed via a
LO_out path 315 to a RF splitter 307 that is coupled to each
master and slave LO input pin (LO_in) 319, 329 via, say, an
equal transmission line length (e.g. via a star configuration).
In some examples, by using equal transmission line lengths,
it is possible to ensure equal delay and phase aligned signals
for the LO, applied across all master device(s) 310 and slave
devices 320, 323 for the generation and reception of radar
signals.

[0057] The master device 310 further includes a digital
controller 316 and a transmitter circuit 312 comprising one
to several transmitter channels (TX_CH) and a receiver
circuit 314 comprising one to several receiver channels
(RX_CH). In a transmitter mode of operation in the master
device 310, the digital controller 316 may provide a transmit
radar signal to the main PLL 317 to generate a modulated
transmit signal. The modulated transmit signal is then
optionally passed to a buffer or frequency multiplier in the
transmitter circuits 312, 322 (if the generated signal is not at
the operating frequency of the radar unit 305) of the respec-
tive master device(s) 310 and slave device(s) 322. A high-
frequency output of the transmitter circuit 312 is passed to
a power amplifier, say, via a phase shifter circuit (both not
shown), where it is amplified within transmitter circuit 312
and routed to the one or more transmitter antenna(e) 311
(and in some examples routed to the one or more transmitter
antenna(e) 325 in the one or more slave device(s) 320.
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[0058] In a receiver mode of operation in the master
device 310 and slave device 320, a received radar signal may
be received at the one or more receiver antenna(s) 313, 321
and passed to master and slave receiver circuits 314, 324 that
include a low noise amplifier (LNA) configured to amplify
the received radar signal. The amplified received radar
signal is passed to a down-mixer, where it is mixed with the
received high-frequency LO signal 315 received from the
master device 310.

[0059] The master device 310 further includes one or more
programmable bandpass filter(s) and one or more gain
amplifiers (not shown), as well as one or several ADC(s) 342
that is/are coupled to the one to several receiver channels
(RX CH) 314 as well as a serial interface 344. The one or
several ADC(s) 342 process a relative narrow band signal,
for example in a range between a few kHz up to tenths of
MHz.

[0060] In accordance with examples of the invention, the
master device 310 further includes a master-slave clock
distribution and synchronization circuit 360. In this
example, the reference clocks are generated on the master
device 310 using the reference PLL 350, tied to an external
crystal oscillator 352, and sent as a first clock signal (clk1)
to the main PLL 317 and a master-slave clock signal (clk2)
382 to master-slave clock distribution and synchronization
circuit 360.

[0061] In this example, the master-slave distribution and
synchronization circuit 360 is configured to embed a frame
start signal, such as a chirp start (RFS_in) signal 380 in a
radar unit, into the master-slave clock signal (clk2) 382
received from reference PLL 350. Embedding the chirp start
(RFS_in) signal 380 into the master-slave clock signal (clk2)
382 allows the two signals to be distributed across all master
slave devices with inherent synchronization and no delay
between devices. In this example, the result of the embed-
ding operation is a (distributed and received modulated)
differential master-slave clock signal 384. In this example,
master-slave distribution and synchronization circuit 360
uses a RFS modulator 362 (implemented in, say, a LVDS
transmit circuit) to embed the chirp start (RFS_in) signal
380 into the master-slave clock signal (clk2) 382, and a RFS
demodulator 364 (implemented in, say, a LVDS receive
circuit) to respectively de-embed (e.g. demodulate) the
differential master-slave clock signal 384 into a slave RFS_
out signal 390 and a master-slave slave clock signal 388.
Similarly, in the master device, a fed back (distributed and
received modulated) differential master-slave clock signal
384 is also received in master-slave clock distribution and
synchronization circuit 360.

[0062] Inresponse to a serial-parallel interface (SPI) com-
mand coming from the MCU 214, the digital controller 316
of the master device 310 provides a chirp start signal (rfs_in)
380 that will be used by each master device 310 and slave
device 320, 323 of the radar unit 305. The rfs_in signal 380
is provided to the master-slave clock distribution and syn-
chronization circuit 360, and it is embedded on the master-
slave clock signal (clk2) 382 by the RFS modulator 362. In
this example, the RFS modulator 362 is an LVDS transmitter
circuit that produces a modulated/embedded output LVDS
signal. In one example, as illustrated, the modulated/embed-
ded output LVDS signal may be a differential master-slave
clock synchronization signal with embedded RFS signal 384
(MSclk_n & MSclk_p). In this example, the RFS modulator
362 (and RFS demodulator 364) may be terminated by a 100
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ohms differential resistor (T), as well as all other slave
LVDS clock RFS demodulators, in order to reduce any
reflections due to LVDS link asymmetry, which may corrupt
the signal integrity and cause false zero crossings.

[0063] In accordance with examples of the invention, the
differential master-slave clock synchronization signal with
embedded RFS_in signal 384 (i.e. containing both clock &
chirp start) may then be propagated to a number/all devices
of'the radar unit 305 via an equal length (.2) star connection
and splitter 387, in order to limit any printed circuit board
(PCB) skew or PCB asymmetries to very low values (e.g. of
the order of <100 psec).

[0064] In this example, each radar slave device 320, 323
includes a digital controller 326 and a transmitter circuit 322
comprising one to several transmitter channels (TX_CH)
and a receiver circuit 324 comprising one to several receiver
channels (RX_CH). The slave device 320 further includes
one or several ADC(s) 341 that is/are coupled to the one to
several receiver channels (RX_CH) 324 as well as a serial
interface 334. In accordance with examples of the invention,
the slave device 320 further includes a slave-based master-
slave clock distribution and synchronization circuit 361,
where only the LVDS receiver is enabled. In this example,
the slave-based master-slave distribution and synchroniza-
tion circuit 361 is configured to demodulate and extract the
chirp start (RFS) signal 380 from the differential master-
slave clock synchronization signal with embedded RFS_in
signal 384. In this example, slave-based master-slave dis-
tribution and synchronization circuit 361 uses an RFS
demodulator 364 implemented in LVDS.

[0065] In some examples, as appreciated by a skilled
person, the slave device 320 may be configurable as a master
device 310, but with a number of circuits or components or
functionality disabled. For example, in such a slave device
320, since the clock and sync signal as well as LO signals
are received from the master device 310, a slave reference
PLL, main PLL and the MS_CLK transmit circuits are
disabled. Many other blocks may be present inside the slave
device, but are not mentioned herein to avoid obfuscating
concepts of the invention.

[0066] The respective RFS slave demodulator 364 is con-
figured to extract respective slave clock signals (clk_rxS
388) in a CMOS format with very low delay variation
between that clock and the master clock signal (clk_rxMS
385). In addition, the respective RFS demodulators 364, 365
are configured to demodulate the transmitted chirp start
signal (rfs_in 380) in each respective device. Since the
respective RFS master modulator 385, generates the clock
signal (clk_rxM) and RFS master demodulator 365 and RFS
slave demodulator 364 demodulate the respective master
clock signals (clk_rxM 385) and slave clock signals (clk_
rxS 388) that are very closely aligned, they are used to
re-sample the respective master (rfs_outM) 386 and slave
(rfs_outS) 390 device chirp output signals. In this manner,
the RFS master demodulator 365 and RFS slave demodu-
lator 364 create synchronized chirp start signals (rfsSync_M
392, rfsSync_S 394) at respective inputs at time engines
370, 372. In this example, in the slave device, this sampling
operation is performed in the digital domain, inside respec-
tive digital controller 326, by flip-flop 332. In the master
device, this sampling is performed inside digital controller
316, by flip-flop 330.

[0067] A skilled artisan will appreciate that many other
circuits, components and blocks may be present inside a
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master device 310 and slave device 320, but that these have
been omitted purely for clarity purposes. In this manner, a
system, such as a phased array FMCW imaging radar
system, employing example embodiments of the invention
relating to a master-slave arrangement, may be able to
benefit from improved clock synchronization accuracy in a
multiple chip configuration.

[0068] In some examples, the master device 310 is con-
figured to generate and distribute a master-slave clock 384
from a MS_clock LVDS transmit modulator 326 path to the
MS_clock LVDS receive path inside slave devices, and back
to master device LVDS RX demodulator 364, in, say, a star
configuration. In this manner, in some examples, an ADC
clock applied to both master device(s) and slave devices
may be perfectly aligned, so long as the transmission line
length to each of the receivers is matched. Furthermore, in
some examples, the clock signal with an embedded start of
a frame indication may be used to sample the data inside
different ADCs belonging to different ICs, in order to reduce
phase error and consequently angle resolution at sensor
level.

[0069] Also for example, in one embodiment, the illus-
trated examples of a master device 310 or slave device 320
may be implemented as circuitry located on a single inte-
grated circuit 398, 399. Alternatively, the circuit and/or
component examples may be implemented as any number of
separate integrated circuits 398, 399 interconnected with
each other in a suitable manner. The specifications and
drawings are, accordingly, to be regarded in an illustrative
rather than in a restrictive sense.

[0070] Referring now to FIG. 4 (and with reference to
FIG. 3), a timing diagram 400 of a synchronization method
between master device and one or more slave device(s) is
illustrated, according to example embodiments of the inven-
tion. In order to obtain phase coherence in, say, a master-
slave arrangement based radar unit, such as radar unit 305 of
FIG. 3, local oscillator (LLO) and clock signals are shared
between all devices of the radar unit. In accordance with
examples of the invention, the LO signal is provided from
the master device (via a LO_out path/pin 318) to each LO_in
path/pin 319, 329 present in both master device(s) 310 and
slave device(s) 320, 323. In this case, LO_out signal is star
routed using equal length (L) transmission/communication
lines and power splitters to guarantee phase aligned signals.
[0071] The reference clocks are generated on master
device 310 using the reference PLL clock signal (clk2) 382,
tied to an external crystal oscillator 352, and sent to RFS
modulator 360. Under, say, a SPI command from the MCU
214, the digital controller 316 of the master device 310
provides a chirp start (RFS_in) signal 380 to the RFS
modulator circuit 360, which is configured to embed (e.g.
encapsulates) the chirp start (RFS_in) signal 380 into the
master-slave clock signal (clk2) 382 received from reference
PLL 350. In this example, the embedded chirp start (RFS_
in) signal 380 takes a form of differential master-slave clock
signal (MS_clkdiff) 384, which is then used by all the master
device(s) 310 and slave devices 320 of the system. In FIG.
3, the RFS modulator circuit 360 may be an LVDS trans-
mitter and the differential master-slave clock signal (MS_
clkdiff) 384 may take a form of an LVDS signal, MSclk_n
& MSclk_p.

[0072] In some examples, the use of LVDS facilitates
programmability of output voltages and supports very high
data speeds. In some examples, LVDS may be employed in
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order to reduce interference or signal pollution between
supplies due to current spikes if CMOS logic were used.
[0073] This differential master-slave clock signal (MS_
clkdiff) 384 containing clock & chirp start is then transmit-
ted by the master device 310 to all devices of the system, and
is received by both master device(s) 310 and slave devices
320. Master-slave clock distribution and synchronization
circuits 360, 361 are configured to extract the clock signals
(clk_rxM 385 & clk_rxS 388) in a CMOS format with very
low delay variation between both clocks, as well as to
demodulate the transmitted chirp start signal (RFS_in) 380
in both the master device(s) 310 (to produce a reproduced
chirp start signal rfs_outM 386) and slave devices 320 (to
produce a reproduced chirp start signal rfs_outS 390). Since
the respective clock signals present a very good alignment,
as illustrated, advantageously with very low absolute delay
and delay variations, they are used to re-sample the repro-
duced chirp start signals rfs_outM 386 & rfs_outS 390. In
this manner, synchronized chirp start signals (rfsSync_M
392 and rfsSync_S 394) are created at inputs to the respec-
tive time engines 370, 372. In some examples, this sampling
is performed in the digital domain, inside digital controller
316, 326 by flip-flops 330, 332.

[0074] In some examples, in order to obtain this re-
sampling in a digital domain, at least one of the at least one
master device clock receiver and demodulator 360, and at
least one slave device clock receiver and demodulator 361
may be arranged such that clock extraction circuitry that
generate signals (clk_rxM, clkrxS) do not introduce a prob-
lematic delay (oM, oS 420) due to, say, any of process,
voltage, temperature (PVT) variations, for example where
the variations during a communication unit design phase are
constrained to be smaller than one clock cycle (Tclk) 410, to
avoid introducing re-sampling errors on RFS_signals (rfs_
outM, rfs_outS). In some examples, a clock extraction
circuitry generates signals (clk_rxM, clkrxS) that are only
allowed to introduce a delay (oM, oS<Tclk 420) of up to
half of a clock period of the system clock signal (388, 385)
due to any of process, voltage, temperature, PVT variations.
The inventors of the present invention have identified that a
more acceptable ratio is one eighth of a clock period delay
of the system clock signal 388, 385. Any variability is well
controlled to guarantee that the datavalid signals (data-
validM 396, datavalidS 398), which are used to set sampling
time of data at ADC side, are accurately time aligned on all
master device(s) and slave devices, with a maximum delay
(d) defined by the overall radar phase variation specification
(d=<R*Tclk) 430.

[0075] In one example operation, it is envisaged that the
radar units that include a built-in inter-chip localization
feature may be employed in radar units in vehicles.
Examples of the invention may be additionally employed to
support beam steering control in a phased array radar system
across multiple sensors, in some examples having multiple
chips.

[0076] Examples of the invention propose a method for
clock distribution and synchronization in a communication
unit having at least one master device and at least one slave
device configured in a master-slave arrangement and con-
figured to process at least one of: transmit signals, and
receive signals. The method includes, at a master device:
generating a system clock signal and generating a frame start
signal. The method further includes embedding the frame
start signal into the system clock signal to produce a
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modulated embedded master-slave clock signal. The modu-
lated embedded master-slave clock signal is then transmitted
to at least one slave device to synchronise the system clock
signal and a frame start signal between the at least one
master device and at least one slave device.

[0077] Referring now to FIG. 5 an example flowchart 500
of the steps associated with synchronization across multiple
master device(s)-slave device(s) is illustrated, according to
example embodiments of the invention. The flowchart starts
at 502, with a start-up of at least the master device and/or a
MCU. At 504, the reference phase locked loop (PLL) of the
radar unit is initiated. In some examples, at 504, a clock
signal is sent to master device(s) and slave device(s) and the
MCU. In one example at 506, a main PLL is initiated and a
waveform generator of a master device controls its VCO to
output a LO signal with a fixed frequency that is propor-
tional to a chirp start frequency, f,,,., .45z, In One example
application, one or more slave device(s) are initiated to
receive the signal from the master device, and accordingly
adjust their LO frequency to be the same as that in the master
device.

[0078] In examples of the invention, at 508, a master
device starts a FMCW ramp signal and embeds a RFS_in
signal within a MS clock signal. In some examples, the MS
clock signal is then sent to all other master device(s) and
slave device(s). At 510, the MS clock signal with an embed-
ded RFS_in signal is received and demodulated in each of
the master device(s) and slave device(s). At 512, the ramp
(chirp) signal starts in each of the master device(s) and slave
device(s). At 514, each of the master device(s) and slave
device(s) receive a representation of an echo signal and send
validated, demodulated data to the MCU based on the
synchronised clock signal with an embedded RFS_in signal.
In this manner, synchronization between the master device
(s) and slave device(s) is achieved, after which, all the
master device(s) and slave device(s) have the same fre-
quency chirp start and chirp end frequencies, as well as the
same sampling clock. The data sampled by all of the devices
(or ICs) including the ADC is now substantially synchro-
nous. The flowchart ends at 516.

[0079] In order to improve the range resolution, it is
known that the ADC bandwidth and sampling rate needs to
be increased, with a consequent need to generate internally
a high frequency and quality clock to drive the high-speed
receiver output data interfaces, such as MIPI interfaces.
Furthermore, a radar baseband receiver needs to guarantee
the synchronization of the RFS with high quality clocks.
Indeed, ADCs and MIPI interfaces need to operate with high
quality clocks. A high quality clock is needed on ADC to
reach the radar unit’s SNR specification, whilst a high
quality clock is needed by MIPI interfaces in order to reach
the MIPI Tskew specification, i.e. a data to clock skew limit
from MIPI standard. A high quality clock that is capable of
meeting the MIPI specification requires a very good duty
cycle (<+1-2%) and low jitter (<4 ps). The MIPI specifica-
tion further requires a limit of data to clock skew of +1-0.15
UI. This limit is important because, if it is exceeded, it can
degrade receiver performance to prevent the receiver being
capable of properly detecting the signal content (e.g. closure
of the eye diagram, increase bit error rate (BER) or frame
error rate (FER), etc.).

[0080] In order to remove internal misalignment of the
radar received data and clocks within different ICs, and
guarantee a high quality clock on an ADC and a MIPI
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interface, further examples of the invention describe a
mechanism that combines an internal PLL reference clock
with a RFS modulator/demodulator mechanism. In some
examples, the internal PLL reference clock may be provided
by a crystal oscillator (Xtal) signal in the master device and
an internally divided master-slave clock (MS_CLK) in the
slave device(s).

[0081] Referring now to FIG. 6, an example block dia-
gram 600 of a master device-slave device arrangement
configured to provide a system clock and data synchroniza-
tion is illustrated, according to some examples of the inven-
tion. In this example, the master-slave architecture is illus-
trated as a radar unit 705 that includes a master device 710
and one or multiple slave devices 720, 723. In this example,
the dashed lines are standard components and communica-
tion lines within the devices that are respectively disabled,
whereas the solid lines indicate that they communication
lines and signals have been enabled for that particular
device. One slave device 720 is shown for clarity purposes
only, with the potential for other similar slave devices shown
as 723. In this example, the master device 710 incorporates
a frequency generation circuit, which in this example
includes a main phase locked loop (PLL) 717. An output
from the ADCPLL 708 provides a reference clock signal, of
say, 120 MHz in this example, to the main PLL 717. In some
examples, the ADCPLL 708 may be an XOR-based ADC-
PLL 708, which provides better phase noise, is very small,
and can be used to only clock the MIPI interface on each
master device and slave device with a very high clock speed
as shown in FIG. 6.

[0082] In such XOR-based ADCPLL 708 designs, some
examples of the invention propose a different strategy for the
ADCs, as XOR based PLLs have an unequal phase rela-
tionship between the output phase and the input phase.
Hence, it is not possible to guarantee the same phase
relationship across each master device or slave device MIPI,
unless each master device uses its ADCPLL and each slave
device uses its ADCPLL. Thus, in order to ensure that the
sampling time employed at all ADCs is the same, each ADC
clock on master device and slave device(s) is supplied from
the same source, i.e. the MS clock from the master device
ADCPLL 708. This clock signal is distributed via an exter-
nal clock distribution link to clock all ADCs of all die, as
illustrated in FIG. 3 (in an ‘outside’ synchronisation manner
whereby the same clock is distributed via LVDS transmitter,
receiver and is star routed). Thus, in this manner, the MIPI
requirement on having a very good duty cycle (which
impacts Tskew) is achieved by internal distribution, and
ADC in-phase sampling that is achieved by external clock
distribution.

[0083] In accordance with examples of the invention, the
ADCPLL 708 of the master device 710 is also tied to an
external crystal oscillator 752. In this manner, an internal
ADCPLL uses a XOR-based PLL that is configured to
generate internally an ADC clock with an expected or
desired duty cycle and jitter performance for the ADC.
Furthermore, the ADCPLL 708 of the master device 710
generates a high-speed receiver output data interface clock,
such as MIPI interface clock, whilst maintaining a constant
phase relationship between all of the output clocks and input
clocks within or coming from the master device 710. A
generated ADCPLL output signal 782 at, say, 240 MHz in
this example, is sent as a first clock signal to a master-slave
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clock distribution and synchronization circuit 760, which
includes a RFS modulator 762.

[0084] In some examples of the invention, a RFS signal is
generated by the master device 710 in response to a SPI
command (e.g. RFSout signal 780). The RFSout signal 780
is modulated inside the clock within the master-slave clock
distribution and synchronization circuit 760, which includes
a RFS modulator 762, and is then sent to both RFS and
system clock demodulator circuits 764, 765 on the respec-
tive slave device and master device. At the RFS and system
clock demodulator circuits 764, 765, the system clock is
re-created and RFS signal is de-embedded in both Master
and Slave devices to produce synchronised RFSsynched
signals 731, 732. The RFSsynched signals 731, 732 are thus
provided to the respective ADCs 741, 742 with symmetrical
clock trees, thereby ensuring that they are each synchronous
at ADC output (612, 745) of both master device 710 and
slave device(s) 720, 723. The de-embedded, digital RFS_in
signals (RFSin) 612 in both master device 710 and slave
device(s) 720, 723 are then routed to the digital controllers
716, 726, which are now configured to start the FMCW ramp
in a synchronous manner.

[0085] The inventors have recognised that the serial MIPI
interface needs a very fast clock (e.g. of an order of 960
MHz in this example), in order to support increasing data
rate and throughput. Thus, in examples of the invention, the
inventors propose to achieve a very fast clock for the MIPI
interface by using the very fast clock provided by a XOR
based ADCPLL 708. In this manner, by using an internal
reference PLL (such as the XOR based ADCPLL 708) as a
clock signal for both the ADC and the MIPI interface, there
is no longer any constraint imposed on PCB routing. Fur-
thermore, this example implementation may ensure that any
ADC clock jitter performance is satisfied, due to the syn-
chronicity of the clock signal within and between the master
device and slave device(s). In addition, this example imple-
mentation may ensure synchronicity of the RFS signal
within the master device and slave device(s) in some
examples, with an RFS signal embedded within a system
clock. In addition, this example implementation may also
reduce any timing skew of the MIPI interface as the skew is
linked to the clock duty cycle. If a MIPI interface is used and
is needed to run at a faster clock (say, 480 MHz) than the
ADC clock (240 MHz), it cannot be achieved by routing the
clock signal to a single master device and, say, three slave
devices in a PCB to provide a single 480 MHz signal to all
dies with an accurate duty cycle (<+1-2%), which is needed
for each MIPI interface (although not needed for each of the
ADCs). Hence, in contrast, examples of the invention pro-
pose routing internally a 960 MHz clock signal 704, and
dividing this high clock signal (e.g. by a factor of 2’)
internally, individually on each master and slave device to
guarantee a good duty cycle at the output.

[0086] In some examples, as will be appreciated by a
skilled person, the device(s) may be generic devices that are
individually configurable as either a master device 710 or a
slave device 720, 723, whereby a number of circuits or
components or functionality is disabled. For example, in
such a slave device 720, 723, since the clock and RFS_synch
signal as well as LO signals are received from the master
device 710, a slave crystal oscillator, slave main PLL and the
slave MS_CLK transmit circuits are disabled. Many other
blocks may be present inside the slave device, but are not
mentioned herein to avoid obfuscating concepts of the
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invention. Furthermore, to illustrate the different approaches
adopted by the master device(s) 710 and slave device(s) 720,
723 from a generic device in the example block diagram of
FIG. 7, the respective signal paths that are disabled in each
of the master device(s) 710 and slave device(s) 720, 723 are
indicated as dashed lines, whereas the respective signal
paths that are enabled in each of the master device(s) 710
and slave device(s) 720, 723 are indicated as solid lines.
[0087] In some examples, the distributed MS_CLK signal
784 may include a modulated, embedded master-slave clock
signal, such as modulated embedded master-slave clock
signal 384 from FIG. 3. In this context, the master device
710 further includes a digital circuit 716 configured to
receive a RFS signal from MCU 214 via RFS pin 701, as
well as an RFS_in signal 612. Thus, in some examples of the
invention, it is envisaged that the frame start (e.g. RFS_start)
process may commence in the master device 710 following,
say, a SP1 command (sent by the controller 214) or via a
dedicated RFS pin 701 that is triggered by the controller 214
to directly start the ramp in the master device 710. The RFS
signal is re-sampled in the digital circuit 716 of the master
device using the demodulated received 240M_adcout clock
745. The re-sampled RFS signal is a RFS_out signal 780 for
embedding into the MS clock signal within (and by) RFS
modulator 762.

[0088] In other examples, it is envisaged that the
MS_CLK signal 784 may only represent the master-slave
clock signal (i.e. without an embedded RFS signal) for
distribution amongst master device(s) 710 and slave device
(s) 720.

[0089] In the embedded RFS_signal example, the master-
slave distribution and synchronization circuit 760 is config-
ured to embed a frame start signal, such as a chirp start
(RFS_in) signal in a radar unit, into a master-slave clock
signal 782 received from XOR based ADCPLL 708. Embed-
ding the chirp start (RFS_in) signal 612 into the master-slave
clock signal 782 allows the two signals to be distributed
across all master and slave devices with inherent synchro-
nization and no delay between devices. In this example, the
result of the embedding operation is a (modulated, distrib-
uted and received) master-slave clock signal 784. In this
example, master-slave distribution and synchronization cir-
cuit 760 uses a RFS modulator 762 (implemented in, say, a
LVDS transmit circuit) to embed the chirp start (RFS) signal
780 into the master-slave clock signal 782.

[0090] In this example, each master-slave receiver circuit
includes either a RFS and system clock demodulator circuit
765 in the master device(s) 710 or a RFS and system clock
demodulator circuit 764 in the slave device(s) 720, 723
(implemented in, say, a LVDS receive circuit), configured to
respectively de-embed (e.g. demodulate) the master-slave
clock signal 784 into either a slave RFS_out signal 794 or a
master-slave slave clock signal 790. Advantageously, in a
slave device 720, the demodulated slave RFS_out signal 794
and demodulated master-slave slave clock signal 790 are
synchronized between the master device(s) 710 and slave
device(s) 720. Similarly, in the master device 710, a fed back
(distributed and received modulated) master-slave clock
signal 784 is also received and demodulated in RFS and
system clock demodulator circuit 765 configured to respec-
tively de-embed the master-slave clock signal 784 into a
master RFS_out signal 731 and a master-slave slave clock
signal 788. The master device 710 further includes one or
more programmable bandpass filter(s) and one or more gain
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amplifiers (not shown), as well as one or several ADC(s) 741
that is/are coupled to a RFS and system clock demodulator
circuit 765.

[0091] In this example, a sampling operation of received
data is performed in the digital domain, inside respective
digital controller 726 in the slave device 720 and inside
digital controller 716 of the master device 710.

[0092] In response to, say, a serial-parallel interface (SPI)
command coming from the MCU 214, the digital controller
716 of the master device 710 provides a chirp start signal
(rfs_out) 780 that will be used by the master device 710 and
slave devices 720, 723 and any other master device(s) of the
radar unit 705. In this example, the RFS signal is provided
to the master-slave clock distribution and synchronization
circuit 760, and it is embedded on the master-slave clock
signal 782 by the RFS modulator 762. In this example, the
RFS modulator 762 is an LVDS transmitter circuit that
produces a modulated/embedded output LVDS signal. In
one example, as illustrated, the RFS modulator 762 (and
RFS and system clock demodulator circuit 765) of the
master device 710 and RFS and system clock demodulator
circuit 764 of the slave device(s) 720, 723 may be termi-
nated by a 100 ohms differential resistor (T) 759, for
example in order to reduce any reflections due to LVDS link
asymmetry, which may corrupt the signal integrity and cause
false zero crossings.

[0093] In accordance with examples of the invention, the
slave device 720 is configured to demodulate and extract the
chirp start (RFS) signal 794 from the differential master-
slave clock synchronization signal with embedded RFS_in
signal 784. In this example, slave device 720 uses an RFS
and system clock demodulator circuit 764 implemented in
LVDS.

[0094] The respective slave RFS and system clock
demodulator circuit 764 is configured to extract respective
slave clock signals (clk_rxS 788) in a CMOS format with
very low delay variation between that clock and the master-
slave system clock signal 790. In addition, the respective
RFS demodulators 764, 765 are configured to demodulate
the transmitted chirp start signal (rfs_in) in each respective
device. The master-slave clock distribution and synchroni-
zation circuit 760 in the master device 710 generates the
master-slave clock signal (MS-CLK) 784 and RFS and
system clock demodulator circuit 765 and RFS and system
clock demodulator circuit 764 are configured such that
demodulate the respective received master-slave clock sig-
nal (MS-CLK) 784 such that they are very closely aligned.
[0095] A skilled artisan will appreciate that many other
circuits, components and blocks may be present inside a
master device 710 and slave device 720, but that these have
been omitted purely for clarity purposes. In this manner, a
system, such as a phased array radar system, employing
example embodiments of the invention relating to a master-
slave arrangement, may be able to benefit from improved
clock synchronization accuracy in a multiple chip configu-
ration.

[0096] In some examples, the master device 710 is con-
figured to generate and distribute a master-slave clock 784
from a MS_clock LVDS transmit modulator 726 path to the
MS_clock LVDS receive path inside slave devices via slave
device LVDS RFS and system clock demodulator circuit
764, as well as back to master device LVDS receive
demodulator 765. In this manner, in some examples, a clock
signal with an embedded start of a frame indication may be
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used to sample the data inside different ADCs 741, 742
belonging to different ICs, in order to reduce phase error and
consequently angle resolution at sensor level.

[0097] Also for example, in one embodiment, the illus-
trated examples of a master device 710 or slave device 720
may be implemented as circuitry located on a single inte-
grated circuit 798, 799. Alternatively, the circuit and/or
component examples may be implemented as any number of
separate integrated circuits 798, 799 interconnected with
each other in a suitable manner. The specifications and
drawings are, accordingly, to be regarded in an illustrative
rather than in a restrictive sense.

[0098] In this context, in some examples, each of the ADC
clocks in the master device(s) and slave device(s) operate on
an output of an LVDS demodulated MS_CLK, once passed
through a duty cycle detector and corrector (DCC) 733. In
some examples, a DCC 733 may be used to correct a bad
duty cycle coming in via a LVDS link. However, such an
approach does bring some limitations, in that it would be
difficult to correct to +/-2% for a 480 MHz MIPI signal
through this LVDS link, although correcting to achieve
+/-5% on a 240 MHz link may be feasible in some
examples, if needed, using current technologies.

[0099] Both RFSsynched signals 731, 732 and system
clock (e.g. MS-CLK at 240 MHz) signals are used in the
analog circuits of the ADCs 741, 742. In some examples,
buffers 743, 744 may be inserted on the path for the RFS
signal (rfs_out) 780 in order to compensate for any clock
tree delay in the ADC module. The signals i.e. RFSin 612
and 240M_adcout 745, once balanced, are synchronous with
each other.

[0100] RFS_in signal 612 and the ADC clock (e.g. a 240
MHz_adc_out) signal are used in the digital controller 716
to generate the filtered adcout_dig signal 702. The filtered
adcout_dig signal 702 is transmitted through the MIPI
interface 630 using a 960 MHz clock 704 obtained directly
from the ADCPLL PLL 708, which guarantees a very good
(e.g. to within a few ps) accuracy. In this manner, in some
examples, the TSKEW MIPI alliance specification may be
achieved.

[0101] Advantageously, in the architecture of FIG. 6, the
LVDS demodulated MS_CLK 788, 790 is used as a system
clock by ALL ADCs inside the various master and slave
devices 710, 720, 723. In some examples, a 240 MHz clock
(240M_adcpll_out) 782 is the input of the master RFS and
system clock modulator circuit 762. In this manner, after
distribution to the various RFS and system clock demodu-
lator circuits 764, 765, the ADC operation across each of the
devices may be synchronized. Furthermore, in this manner,
the distribution of the system clock to each reference PLL
(which in the example of FIG. 6 is a XOR-based ADCPLL),
benefits from a use of lower speed LVDS links. Furthermore,
in examples of the invention, each receive RFS and system
clock demodulator circuit 764, 765 is turned ‘on’ at each
master device 710 and each of the (n) slave device(s), such
that each device is configured to generate a synchronized
LVDS demodulated MS_CLK system clock 788, 790.
[0102] In some examples, in this manner, an improved or
optimal trade-off between synchronization accuracy and
very fast data rates can be achieved. For example, it is
possible to increase a speed of the MIPI 630, since the clock
is generated internally with a good duty cycle, and not
concurrently increase the clock speed for ADCs 741, 742.
This opportunity and flexibility is particularly useful for
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high resolution radar systems, in that it provides a good trade
off between speed (e.g. data rate) and synchronicity.
[0103] In this example, the main PLL 717 that generates
the MIPI clock is configured to use the Xtal oscillator 752
as a reference clock signal within the master device 710.
Any unknown phase delay between the internal 240M_dig
digital clocks (after clock tree insertion) and the MIPI
interface clock may be managed through any suitable
mechanism available inside MIPI interfaces. All those
mechanisms guarantee that RFS and clocks are maintained
synchronous from channel to channel and device to device.
[0104] The synchronization mechanism in the slave
device 720 is also depicted in FIG. 6. The difference
between the synchronization performed in the master device
710 and the synchronization performed in the slave device
720 is the generation of the MIPI clock in the slave device
720. In this example, although each of the master device 710
and slave device 720 comprise a respective ADCPLL 708,
709, the ADCPLL 708 in the master device is clocked by a
60 MHz signal 707 that is provided by the crystal (XCO)
752. Similarly, in the slave device(s) 720, 723, an ADCPLL
709 is provided but can be clocked by any crystal oscillator
signal. Hence, a skilled artisan will appreciate that it is
important to create a 60 MHz clock signal, for example one
that is divided down in divider 792 in the slave device 720,
723, say from a 240 MHz clock signal 790 coming from a
LVDS link from the master device 710, to run the slave
ADCPLL. This is possible in this architecture, as the ADC-
PLL 709 in the slave device 720, 723 is not used to drive a
Main PLL (it is ‘OFF’). Thus, the ADCPLL 709 in the slave
device 720, 723 that generates the MIPI clock shall use a
divided version 793, from divider 792, of the demodulated
240 MHz clock (instead of a 60 MHz Xtal clock) as a
reference for the slave devices. The RFS and ADC clocks in
the slave device 720 use the same mechanism as in the
master device 710 and share the same external modulated
clock and RFS signal MS_CLK_240 MHz. Again, any phase
mis-alignment between the ADC output and MIPI input may
be handled by a well know mechanism present inside MIPI
components or circuits, such as FIFO, multi-phase program-
mability, etc.).

[0105] Thus, FIG. 6 illustrates a radar unit that includes a
plurality of cascaded devices that include at least one master
device 710 and at least one slave device 720, 723 configured
in a master-slave arrangement. The at least one master
device 710 and at least one slave device 720, 723 each
includes an analog-to-digital converter, ADC, 741, 742
configured to use a same re-created system clock signal to
align respective sampling instants between each ADC 741,
742. A radar receiver in the radio unit performs the sampling
of the radar data, in response to a recovered RFS signal,
within the receiver baseband circuit. The RFS signal is a
signal provided by the MCU 214 in a case where the device
is configured as a master device and provided by the master
device in a case where the device is configured as a slave
device. The synchronization between the RFS and the clocks
must be ensured all along the receiver baseband path.
[0106] In examples of the invention, in contrast to the
known teaching, synchronizing of the data and clock signals
is performed both inside and outside of the master and slave
design, so that the phase variation between the received
digital output data paths at output pin(s) 640 of multiple
devices always sample the analog received signal with a
same phase from channel-to-channel and device-to-device,
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does not vary in PVT. This synchronization is achieved
using high quality clocks. In this context, the synchronizing
of the data and clock signals being performed outside of the
master and slave design is achieved due to the symmetrical
nature of the signal transmission paths in the PCB distribu-
tion, which may be in a star connection with equal length
transmission lines to ensure no delay between signal arrival
at multiple devices. In this context, the synchronizing of the
data and clock signals being performed inside of the master
and slave design is achieved due to the fact that when the
de-embedded RFS and clock signals are passing through the
ADCs, they are constrained to be synchronous by using the
same clock tree on both signals, and to provide synchronous
outputs 745, 612, up to digital controller 716, 726.

[0107] In examples of the invention, it is noteworthy that
the RFSsynched signal 731, 732 and 240 MHz ADC clock
788, 790 entering the ADC(s) 741, 742 in respective master
device 710 and slave device 720, are considered synchro-
nous, as they are coming from the RFS and system clock
demodulator circuits 764, 765. The RFS and system clock
demodulator circuits 764, 765 are, by design, configured to
have low PVT variations and provide those signals in a
synchronous manner between themselves, using the syn-
chronously de-embedded RFS signal.

[0108] In some examples, a systematic error between the
synchronized data and clock signals, which can be due to
process variations, for example, can be tolerated and may be
compensated through a higher level phase calibration. After
such process impact calibration, the MCU may be config-
ured to add a dedicated systematic phase offset on each
receiver channel at, say, the start-up of the respective master
and slave devices, whose value may be found during a
calibration process to align all phases of all signals (e.g.
intermediate frequency (IF) signals) coming from all receiv-
ers. For optimal operation of distributed radar systems, it is
important that the signals (such as LO 140, MS clock signal
142 and RFS 166 from FIG. 1) are synchronous across all
receiver circuits on different devices. This means that, after
calibration of the phase difference between all receiver
channels in all master and slave devices, the voltage supply
Vee, temperature and aging variation between all devices
distributed within the PCB should not change the initial
clock alignment, for example after a one-time calibration
operation is performed at radar module level.

[0109] The above circuits and operations aim to improve
or guarantee that RFS and clocks are maintained synchro-
nous from channel to channel and device to device.

[0110] Referring now to FIG. 7, and with reference to the
example architecture 600 of FIG. 6, an example flowchart
700 of the steps associated with a radar clock and data
synchronization across multiple master device(s)-slave
device(s) is illustrated, according to example embodiments
of the invention. The flowchart starts at 802, with a start-up
of at least the master device (e.g. master device 710 of FIG.
6). At 804, the main frequency/clock resonator, e.g. XCO
752 from FIG. 6, provides a reference 60 MHz clock to a
master ADPLL 708, as well as to master digital controller
716. At 806, the master ADPLL 708 starts and provides a
high speed clock 704 to the master MIPI 630. At the same
time, the master ADPLL 708 provides, say, a 240 MHz clock
signal 782 to the master-slave clock distribution and syn-
chronization circuit 760, as well as, say, a reference 120
MHz clock for the main PLL 717.
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[0111] At 808, the transmitted master-slave clock signal
(MS-CLK) 784 is distributed outside the master device 710
and is star-routed on the PCB to reach various master device
and slave device RFS and system clock demodulator circuits
764, 765. Reception of this master-slave clock signal (MS-
CLK) 784 enables all slave devices 720, 723 to be able to
start. Once the RFS_signal has been de-embedded from the
distributed master-slave clock signal (MS-CLK) 784, the
re-created 240 MHz clock signals 788, 790 are then utilised
by the respective master device and slave device ADCs 741,
742. In each slave device 720, 723, the re-created 240 MHz
clock signals 788, 790 is divided in slave devices (via
divider 792) in order to create the 60 MHz slave clock
reference 793 (which is used for the digital controller 726
and for the ADCPLL 709) to enable the slave device(s) 720,
723 to start. At this point, a 960 MHz MIPI clock of the slave
device 720, 723 is then made available after ADCPLL 709
to the slave device(s) 720, 723.

[0112] In one example at 810, a main PLL is initiated and
a waveform generator of the master device 710 controls its
VCO to output a LO signal with a frequency that is propor-
tional to a chirp start frequency, f,,,., .45z, In One example
application, one or more slave device(s) 720, 723 are
initiated to receive the signal from the master device 710,
and accordingly receive their LO frequency (noting that the
main PLL in all slave devices 720, 723 is turned ‘off” and
therefore with careful PCB star-routing the same LO signal
coming from the master device may be used to achieve
phase coherence across all slave devices).

[0113] In examples of the invention, at 810, a master
device 710 also starts a FMCW ramp signal and embeds a
RFS_in signal within a MS clock signal and distributes the
master-slave clock signal (MS-CLK) 784 is then sent to all
other master device(s) and slave device(s) 720, 723. At 810,
the distributed master-slave clock signal (MS-CLK) 784
with an embedded RFS_in signal is received and the RFS
731, 732 is demodulated in each of the master device(s) and
slave device(s), 732, 731 and the clock signal 788, 790
re-created.

[0114] At 812, the re-created clock signals 788, 790 and
the demodulated RFS signals are provided to respective
ADCs 741, 742. The respective ADCs 741, 742, each output
a signal indicating that the ramp has started (e.g. an RFSin
signal 612) in each device in a synchronous manner, which
is provided to the digital controllers 716, 726 on each master
device 710 and slave device(s) 720, 723. At 814, each of the
master device(s) 710 and slave device(s) 720, 723 receive a
representation of an echo signal and send validated,
demodulated data to the controller 214, say, via the MIPI
interface 630 (where the pins are not shown here for
simplicity purposes only) based on the synchronised clock
signal.

[0115] Inthis manner, synchronization between the master
device(s) 710 and slave device(s) 720, 723 may be achieved,
after which, all the master device(s) 710 and slave device(s)
720, 723 have the same frequency chirp start and chirp end
frequencies, as well as the same sampling clock. The data
sampled by all of the devices (or ICs) including the ADC are
then substantially synchronous. The flowchart ends at 816.

[0116] Although examples of the invention are described
with reference to a radar unit suitable for an automotive
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application, it is envisaged that the concepts herein
described may be applicable to other applications, such as
radar for robotics or drones.

[0117] In the foregoing specification, the invention has
been described with reference to specific examples of
embodiments of the invention. It will, however, be evident
that various modifications and changes may be made therein
without departing from the scope of the invention as set forth
in the appended claims and that the claims are not limited to
the specific examples described above. The connections as
discussed herein may be any type of connection suitable to
transfer signals from or to the respective nodes, units or
integrated circuit devices. Accordingly, unless implied or
stated otherwise, the connections may for example be direct
connections or indirect connections. Also, plurality of con-
nections may be replaced with a single connection that
transfers multiple signals serially or in a time multiplexed
manner. Likewise, single connections carrying multiple sig-
nals may be separated out into various different connections
carrying subsets of these signals. Therefore, many options
exist for transferring signals.

[0118] Those skilled in the art will recognize that the
architectures depicted herein are merely exemplary, and that
in fact many other architectures can be implemented which
achieve the same functionality. Any arrangement of com-
ponents to achieve the same functionality is effectively
‘associated’ such that the desired functionality is achieved.
Hence, any two components herein combined to achieve a
particular functionality can be seen as ‘associated with’ each
other such that the desired functionality is achieved, irre-
spective of architectures or intermediary components. Like-
wise, any two components so associated can also be viewed
as being ‘operably connected,’ or ‘operably coupled,’ to each
other to achieve the desired functionality.

[0119] Furthermore, those skilled in the art will recognize
that boundaries between the above described operations
merely illustrative. The multiple operations may be com-
bined into a single operation, a single operation may be
distributed in additional operations and operations may be
executed at least partially overlapping in time. Moreover,
alternative embodiments may include multiple instances of
a particular operation, and the order of operations may be
altered in various other embodiments.

[0120] In the claims, any reference signs placed between
parentheses shall not be construed as limiting the claim. The
word ‘comprising’ does not exclude the presence of other
elements or steps then those listed in a claim. Furthermore,
the terms ‘a’ or ‘an,” as used herein, are defined as one, or
more than one. Also, the use of introductory phrases such as
‘at least one’ and ‘one or more’ in the claims should not be
construed to imply that the introduction of another claim
element by the indefinite articles ‘a’ or ‘an’ limits any
particular claim containing such introduced claim element to
inventions containing only one such element, even when the
same claim includes the introductory phrases ‘one or more’
or ‘at least one’ and indefinite articles such as ‘a’ or ‘an.” The
same holds true for the use of definite articles. Unless stated
otherwise, terms such as ‘first’ and ‘second’ are used to
arbitrarily distinguish between the elements such terms
describe. Thus, these terms are not necessarily intended to
indicate temporal or other prioritization of such elements.
The mere fact that certain measures are recited in mutually
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different claims does not indicate that a combination of these
measures cannot be used to advantage.

1. A communication unit comprising:

a plurality of cascaded devices that comprise at least one
master device and at least one slave device configured
in a master-slave arrangement;

wherein the at least one master device and at least one
slave device each comprise:

an analog-to-digital converter, ADC, configured to use a
same re-created system clock signal to align respective
sampling instants between each ADC

wherein the communication unit is characterized in that:
the at least one master device comprises:

a clock generation circuit comprising an internally-
generated reference phase locked loop circuit con-
figured to output a system clock signal; and

a modulator circuit coupled to the clock generation
circuit and configured to receive and distribute the
system clock signal;

wherein the at least one master device and at least one slave
device each comprise:

a demodulator circuit configured to receive the distributed
system clock signal and re-create therefrom a synchro-
nized system clock signal used by a respective ADC, of
each of the the master device and at least one slave
device.

2. The communication unit of claim 1 wherein the ADCs
of each of the at least one master device and at least one
slave device is configured to use the same re-created system
clock signal such that respective sampling instants between
each ADC are time-aligned.

3. The communication unit of of claim 1, wherein at least
one of the at least one master device and at least one slave
device further comprises:

a digital controller coupled to the demodulator circuit and
configured to re-sample the re-created synchronized
system clock signal.

4. The communication unit of claim 1, wherein the
modulator circuit is configured to receive a system clock
signal and a frame start signal and embed the frame start
signal into the system clock signal and distribute a modu-
lated embedded master-slave system clock signal.

5. The communication unit of claim 4 wherein at least one
ofthe at least one master device and at least one slave device
comprises:

a demodulator circuit configured to receive and demodu-

late the modulated embedded master-slave clock signal

and re-create therefrom a system clock signal and a

frame start signal.
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6. The communication unit of claim 4, wherein the
communication unit is a radar unit and the frame start signal
is a chirp start signal.

7. The communication unit of claim 1, wherein the clock
generation circuit of the at least one master device comprises
a XOR-based phase locked loop.

8. The communication unit of claim 1, wherein the at least
one master device and at least one slave device are config-
ured to use low-voltage differential signalling, LVDS, to
assist modulation and demodulation of the clock signal.

9. The communication unit of claim 1, wherein at least
one of: the modulator circuit and demodulator circuit is
terminated by a differential resistor.

10. An integrated circuit for a master device in a master-
slave arrangement, wherein the integrated circuit comprises
an analog-to-digital converter, ADC, configured to use a
same re-created system clock signal to align respective
sampling instants between each ADC across multiple
devices;

wherein the integrated circuit is characterized by:

a clock generation circuit comprising an internally-
generated reference phase locked loop circuit, con-
figured to output a system clock signal;

a modulator circuit coupled to the clock generation
circuit and configured to receive and distribute the
system clock signal to at least two of the master
device and at least one slave device; and

a demodulator circuit configured to receive the distrib-
uted system clock signal and re-create therefrom a
synchronized system clock signal used by a respec-
tive ADC, of each of the the master device and at
least one slave device.

11. A method for clock distribution and synchronization in
a communication unit having at least one master device and
at least one slave device configured in a master-slave
arrangement, wherein the method comprises, at a master
device:

generating internally to the master device a system clock

signal;

wherein the method is characterized by:

distributing the system clock signal to at least two of the

master device and at least one slave device;

receiving the distributed system clock signal; and
re-creating therefrom a synchronized system clock sig-
nal used by a respective ADC, of each of the the

master device and at least one slave device.
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