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(54) A FULL BAND CELLULAR ANTENNA

(57) It is provided a vehicle telematic control unit
comprising a printed circuit board having an elongated
shape with a first extremity and a second extremity. The
TCU further comprises a first cellular full band antenna
mounted over the first extremity of the PCB, a second

cellular full band antenna mounted over the second ex-
tremity of the PCB, and a first cellular middle/high band
antenna and a second cellularmiddle/high band antenna
mounted between the first cellular full band antenna and
the second cellular full band antenna.
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Description

TECHNICAL FIELD

[0001] The present invention relates to the field of
antennas, and more specifically to full band cellular an-
tennas of a vehicle telematic control unit. It is also related
to a TCU comprising said antenna, and a vehicle com-
prising said TCU.

TECHNICAL BACKGROUND

[0002] Various types of antennas are used in the auto-
motive industry to implement various applications (radio,
navigation, or telephony). Multiband antenna systems
are also commonly used in the automotive industry. Such
an antenna system includes a small number of antennas
to cover and operate at multiple frequency ranges and/or
for redundancy reasons.
[0003] An antenna system can be installed on the roof
surface of a vehicle to let the antennas have an unob-
structed view overhead. This antenna system is gener-
ally connected to one or more electronic devices (e.g., a
cellular phone) inside the passenger compartment of the
vehicle, such that the antenna system is operable for
transmitting and/or receiving signals to/from the electro-
nic device inside the vehicle.
[0004] The role of the Telematics Control Unit (TCU) in
a car is to control wireless tracking, diagnostics and
communication to and from the vehicle using such an
antenna system. Typically a TCU is embedded onboard
on a vehicle.
[0005] TCUs are becoming more and more limited in
space so as to satisfy vehicle design requirements. Elec-
tronic vehicle components for the TCU therefore need to
become as small as possible to satisfy the vehicle man-
ufacturing design requirements and fit the necessary
amount of components within the TCU.
[0006] Within this context, there is a need for an im-
proved vehicle TCU.

SUMMARY

[0007] It is therefore provided a vehicle telematic con-
trol unit (TCU) comprising a printed circuit board (PCB)
having an elongated shape with a first extremity and a
second extremity. The TCU further comprises a first
cellular full bandantennamountedover the first extremity
of the PCB, and a second cellular full band antenna
mounted over the second extremity of the PCB. The
TCU further comprises a first cellular middle/high band
antenna and a second cellularmiddle/high band antenna
mounted between the first cellular full band antenna and
the second cellular full band antenna.
[0008] The TCU may comprise one or more of the
following features:

- having a height less than 30mm, preferably less than

25mm, and more preferably less than 22mm;
- each of the first cellular full band antenna, a second

cellular full band antenna, the first cellular middle/-
high band antenna, and/or the second cellular mid-
dle/high band antenna is a monopole broadband
metal stamp antenna;

- each of the first cellular full band antenna, a second
cellular full band antenna, the first cellular middle/-
high band antenna, and/or the second cellular mid-
dle/high band antenna is mounted on a same plane
parallel to the PCB;

- each of the first cellular full band antenna and the
second cellular full band antenna covers cellular
dedicated bands from 0.6GHz to 5GHz;

- each of the first cellular middle/high band antenna
and the second cellular middle/high band antenna
covers cellular dedicated bands from 1.4GHz to
5GHz;

- the first cellularmiddle/high bandantenna and/or the
second cellular middle/high band has an effective
height less than15mmorpreferably less than13mm;

- the first cellular full band antenna and/or the second
cellular full band has an effective height less than
20mm or preferably less than 18mm;

- each of the first cellular full band antenna and the
second cellular full band antenna comprises a low
bandelement andahigh bandelement, the lowband
element and the high band element being coupled
capacitively to each other;

- further comprising an adapter connected to a feed
point of eachof the first cellular full bandantennaand
the second cellular full band antenna; wherein the
adapter comprises a first adaptive matching circuit
configured to be electrically connected to the first
cellular full band antenna, and a second adaptive
matching circuit configured to be electrically con-
nected to the second cellular full band antenna;
and/or

- further comprising a controller, the controller being
configured to tune amatching frequency of the first/-
second adaptive matching circuit to a given fre-
quency.

[0009] It is therefore provided a vehicle comprising the
TCU.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Non-limiting examples will now be described in
reference to the accompanying drawings, where:

FIG.s 1‑10 present examples of the TCU; and
FIG.s 11‑15 present simulation/test results on ex-
amples of the TCU.

DETAILED DESCRIPTION

[0011] It is provided a vehicle telematic control unit
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(TCU) comprising a printed circuit board (PCB), a first
cellular full band antenna, and a second cellular full band
antenna. The PCB has an elongated shape with a first
extremity and a second extremity. The first cellular full
band antenna is mounted over the first extremity (121) of
the PCB. The second cellular full band antenna is
mounted over the second extremity of the PCB. The
TCU further comprises a first cellular middle/high band
antenna and a second cellular middle/high band anten-
na. The first cellular middle/high band antenna and the
second cellular middle/high band antenna are (each/-
both)mountedbetween thefirst cellular full bandantenna
and the second cellular full band antenna.
[0012] Such an arrangement provides an improved
solution in TCU design by enabling the integration of
two full band antennas in a compact low height profile
(i.e., side view). This facilitates the application of such
TCUs in modern vehicles, for example a terrestrial ve-
hicle such as an automobile, a motorcycle, or a truck.
[0013] As known, any antenna herein is an interface
between radio waves propagating through space and
electric currents moving in metal conductors, used with
a transmitter or receiver. In transmission, a radio trans-
mitter may supply an electric current to the terminals of
the antenna, and the antenna may radiate the energy
from the current as electromagnetic waves (radio
waves). In reception, the antenna may intercept some
of the power of a radio wave in order to produce an
electric current at its terminals, that is applied to a re-
ceiver to be amplified.
[0014] As known, a TCU in the automobile industry
suchas theTCUherein is anembedded systemonboard
of a vehicle that wirelessly connects the vehicle to cloud
services or other vehicles over a cellular network. The
TCU collects telemetry data from the vehicle, such as
position, speed, engine data, connectivity quality, etc.,
from various sub-systems over data and control busses.
TheTCUhas amain printed circuit board (PCB) onwhich
a plurality of elements, antennas, sensors, controllers, or
bussesmay bemounted. ATCU comprising the antenna
system is particularly suitable for being installed inside a
vehicle, such as a car. For example, the TCU may be
installed inside the dashboard of the car or under the roof
(e.g., between the cross member and the roof).
[0015] As known, a PCB such as the PCB herein is a
medium used to connect electronic components to one
another in a controlled manner. The PCB is in the form of
a laminated sandwich structure of conductive and insu-
lating layers: each of the conductive layers is designed
with a pattern of traces, planes and/or other features,
etched from one or more sheet layers of copper lami-
nated onto and/or between sheet layers of a non-con-
ductive substrate. Electrical components may be fixed to
conductive pads on the outer layers in the shape de-
signed to accept the component’s terminals, generally by
means of soldering, to both electrically connect and
mechanically fasten them to the PCB. Additionally or
alternatively, connections may be made using vias (pla-

ted-through holes that allow interconnections between
layers).
[0016] It is alsoprovidedavehicle comprising theTCU.
[0017] Examples of the TCU are now discussed.
[0018] The dimensions of the TCU may be small en-
ough to be installable inside a vehicle, for example inside
the dashboard or the body, or under the roof (e.g., be-
tween the cross member and the roof). The TCU of claim
may have a height less than 30mm, preferably less than
25mm, and more preferably less than 22mm. The height
may be referred to as a thickness of said antenna. Such a
small height/thicknessmakes the TCU perfectly employ-
able in modern vehicles.
[0019] In examples, each of the first cellular middle/-
high band antenna and the second cellular middle/high
band may have an effective height less than 15mm or
preferably less than 13mm. Alternatively or additionally,
each of the first cellular full band antenna and the second
cellular full band may have an effective height less than
20mm or preferably less than 18mm. As known in the
field, by an effective height it ismeant a distancebetween
the lower part of the antenna to the (main) PCBground or
to the metal structure. Examples of said effective height
for a full band antenna and a middle/high band antenna
are discussed later in reference to figures.
[0020] In examples, each of the first cellular full band
antenna, a second cellular full band antenna, the first
cellular middle/high band antenna, and/or the second
cellular middle/high band antenna may be a monopole
broadband metal stamp antenna.
[0021] Each of the first cellular full band antenna, a
second cellular full band antenna, the first cellular mid-
dle/high band antenna, and/or the second cellular mid-
dle/high band antennamay bemounted on a same plane
parallel to the (main) PCB.
[0022] Each antenna in the TCU may be responsible
for a specified range of frequencies. In examples, each of
the first cellular full band antenna and the second cellular
full band antenna covers cellular dedicated bands from
0.6GHz to 5GHz. Alternatively or additionally, each of the
first cellular middle/high band antenna and the second
cellular middle/high band antenna covers cellular dedi-
cated bands from 1.4GHz to 5GHz.
[0023] According to a first example configuration, each
of the first cellular full band antenna and the second
cellular full band antenna may comprise a low band
element and a high band element. The low band element
and the high band element may be coupled capacitively
to each other.
[0024] According to a second configuration, which is
combinable with the first example configuration, the TCU
may further comprise an adapter connected to a feed
point of each of the first cellular full band antenna and the
second cellular full band antenna. The adapter may be,
for example, connected to each of said feed points elec-
trically. The adaptermay comprise a first adaptivematch-
ing circuit configured to be electrically connected to the
first cellular full band antenna, and a second adaptive
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matchingcircuit configured tobeelectrically connected to
the second cellular full band antenna. As known, an
adaptive matching circuit comprises digitally tunable ca-
pacitors.
[0025] In such second configurations, the TCU may
further comprise a controller, the controller being config-
ured to tune a matching frequency of the first and/or
second adaptive matching circuit to a given frequency.
[0026] Non-limiting examples of the antenna system
are now discussed in reference to FIG.s 1‑7.
[0027] FIG. 1 presents a TCU 100 of the first config-
uration which comprises a first cellular full band antenna
103 and a second cellular full band antenna 104, a first
cellular middle/high band antenna 105 and the second
cellularmiddle/high band antenna. TCU100 further com-
prises a GNSS dual band antenna 107, an SDARS
antenna 108, WIFI 109 and V2X 110. In this configura-
tion, in the full band antennas 103, 104 there is no
separation between the low band and high band ele-
ments.
[0028] FIG. 2 presents TCU 100 from another view
angle and some of the elements of FIG. 1. Each of the
full band antennas 103, 104 is located at the extremities
121, 122 of the TCU.
[0029] FIG.3presents the connectionof theTCUof the
first configurationwhich comprises anadaptivemarching
network as an adapter 301. Said network is connected to
a feed point 302 of each of the first cellular full band
antennaand the second cellular full bandantenna (FIG. 3
only shows the first cellular full band antenna 303).
[0030] FIG. 4 shows a schematic view of the adaptive
matching network of FIG. 3. The antenna feed point is
presented as 402 here. The adaptive matching network
uses Digitally Tunable Capacitor (DTC) 403.
[0031] FIG. 5 presents a TCU 500 of the second con-
figuration which comprises a first cellular full band anten-
na503anda second cellular full bandantenna 504, a first
cellular middle/high band antenna 505 and the second
cellular middle/high band antenna 506. TCU 500 further
comprises a GNSS dual band antenna 507, an SOARS
antenna 508, WIFI 509 and V2X 510. In this configura-
tion, each of the full band antennas 103, 104 antennas
has a parasitic design with separate low band element
541 and high band elements 542 which are coupled
capacitively to each other. TCU 500 further comprises
a UWB 511.
[0032] FIG. 6 presents TCU 500 from another view
angle and some of the elements of FIG. 5. Each of the
full band antennas 503, 504 is located at the extremities
521, 522 of the TCU.
[0033] FIG. 7 shows a 3D view of TCU 500 and a top
housing 510. FIGU. 8 presents example dimensions of
the top housing 510.
[0034] FIG. 9 shows a zoomed view on a full band
antenna 903 (which has the same structure as the an-
tenna 503 of FIG. 5). The antenna 903 has a higher band
antenna element 942with a direct feed from thePCB902
with the feeding point 932 as a direct feed on the PCB

902. The antenna 903 further has a lower band antenna
element 941which is coupled to the higher band element
942 at the region 950 on one side and grounded to the
metal bottom housing on the other side at 931.
[0035] FIG. 10 presents the notion of effective height in
the full band antenna and middle/high band antenna. As
discussed above, an effective height is the distance from
the ground to the lower part of the antenna parallel
element to the ground. For the Mid/High band antennas,
the ground is on the PCB which is beneath the mid/high
antenna element. On the other hand, for the full band
antennas, the ground is the bottom metal housing since
there is no ground on the PCB beneath the full band
antenna element.
[0036] The TCU 1000 presented in FIG. 10 is a TCU of
the first configuration (e.g., like TCU 100 of FIG. 1) with
full band antenna 1030 and middle/high band antenna
1040 (only one side is shown). Following the definition of
the effective height above, the distance 1100 is the ef-
fective height for the middle/high band antenna and the
distance 1200 is the effective height for the full band
antenna.

Simulations/tests

[0037] A number of simulations/tests were carried out
to examine the performance of the TCU including the
antennas as discussed above.
[0038] FIG. 11 shows the antenna total efficiency (on
the y-axis) versus frequency for full band antennas ac-
cording to the first configuration (presented inFIG. 1)with
adaptive matching/DTC. Different curves are obtained
for different values of capacitors in the adaptive match-
ing/DTC.
[0039] FIG. 12 shows the measured and simulated
mean gain of fullband antennas according to the first
configuration (presented in FIG. 1) with adaptive match-
ing/DTC. This figure shows "Measured and Simulated
mean gain" of full band antennas with adaptive match-
ing/DTC (The first configuration). Different curves are
obtained for different values of capacitors in the adaptive
matching/DTC.
[0040] FIG. 13 shows a zoomed view of FIG. 12 in the
low frequency region (between 0.65‑1 GHz).
[0041] FIG. 14 shows the antenna simulated total effi-
ciency (on the y-axis) versus frequency for full band
antennas according to the second configuration (pre-
sented in FIG. 9). The curve 1410 shows the efficiency
for the second full bandantenna (at the secondextremity,
like antenna 504 at the extremity 522 in FIG. 5) and the
curve 1420 shows the efficiency for the first full band
antenna (at the first extremity, like antenna 503 at the
extremity 521 in FIG. 5) .
[0042] FIG. 15 shows the simulated total efficiency of
the high band element (on the y-axis) versus frequency
for middle/high band antennas according to the first or
second configurations.
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Claims

1. Avehicle telematic control unit (TCU) (100) compris-
ing:

- a printed circuit board (PCB) (102) having an
elongated shape with a first extremity (121) and
a second extremity (122),
- a first cellular full band antenna (103) mounted
over the first extremity (121) of the PCB (102),
- a second cellular full band antenna (104)
mounted over the second extremity (122) of
the PCB(102), and
- a first cellular middle/high band antenna (105)
and a second cellularmiddle/high band antenna
(106) mounted between the first cellular full
band antenna (103) and the second cellular full
band antenna (104)

2. TheTCUof claim 1, having a height less than 30mm,
preferably less than25mm, andmorepreferably less
than 22mm.

3. The TCU of any of claims 1 to 2, wherein each of the
first cellular full band antenna, a second cellular full
band antenna, the first cellular middle/high band
antenna, and/or the second cellular middle/high
bandantenna is amonopolebroadbandmetal stamp
antenna.

4. The TCU of any of claims 1 to 3, wherein each of the
first cellular full band antenna, a second cellular full
band antenna, the first cellular middle/high band
antenna, and/or the second cellular middle/high
band antenna is mounted on a same plane parallel
to the PCB.

5. The TCU of any of claims 1 to 4, wherein each of the
first cellular full bandantennaand thesecondcellular
full band antenna covers cellular dedicated bands
from 0.6GHz to 5GHz.

6. The TCU of any of claims 1 to 5, wherein each of the
first cellular middle/high band antenna and the sec-
ond cellular middle/high band antenna covers cel-
lular dedicated bands from 1.4GHz to 5GHz.

7. The TCU of any of claims 1 to 6, wherein the first
cellularmiddle/high bandantennaand/or the second
cellularmiddle/high bandhasaneffective height less
than 15mm or preferably less than 13mm.

8. The TCU of any of claims 1 to 7, wherein the first
cellular full band antenna and/or the second cellular
full band has an effective height less than 20mm or
preferably less than 18mm.

9. The TCU of any of claims 1 to 8, wherein each of the

first cellular full bandantennaand thesecondcellular
full band antenna comprises a lowband element and
a high band element, the low band element and the
high band element being coupled capacitively to
each other.

10. The TCU according to any of claims 1 to 9; further
comprising

- an adapter connected to a feed point of each of
the first cellular full band antenna and the sec-
ond cellular full band antenna;

wherein the adapter comprises a first adaptive
matching circuit configured to be electrically con-
nected to the first cellular full band antenna, and a
second adaptive matching circuit configured to be
electrically connected to the second cellular full band
antenna.

11. The TCU of claim 10, further comprising a controller,
the controller being configured to tune a matching
frequency of the first/second adaptive matching cir-
cuit to a given frequency.

12. Avehicle comprising theTCUofanyof claims1 to11.
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