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Description

[0001] The current invention relates to an antenna ar-
rangement, in particular an antenna arrangement for an
electronic vehicle key.

[0002] Most vehicles today may be unlocked and re-
motely started using an electronic vehicle key. Some
"start and stop" access systems are well known in which
the user needs to press an unlocking button from the
electronic remote key to unlock or lock the vehicle, start
the engine of the vehicle, or open a trunk of the vehicle,
for example. Such an electronic vehicle key usually has
to be inserted into an immobilizer station located inside
the vehicle which recognizes the vehicle key and allows
the user to start the vehicle. Such systems replace the
originally known ignition switch systems. Other "start and
stop" access systems do not require the user to press a
button or to insert the key in an immobilizer in order to
unlock or lock the vehicle or to start the engine. Such a
"start and stop" access system is called a passive start
and entry system. With passive start and entry systems,
the vehicle may be unlocked automatically when the key
is detected within a certain range from the vehicle. In
order to start the vehicle, a start button within the vehicle
usually has to be pressed.

[0003] Such an electronic vehicle key communicates
with the vehicle using wireless technology. For this rea-
son, an electronic vehicle key usually comprises two or
more different antennas. For example, an electronic ve-
hicle key may comprise at least one low frequency (LF)
antenna and at least one radio frequency (UHF, ultra-
high frequency) antenna. At least one of the antennas
may be implemented as a loop antenna. Small-loop an-
tennas generally have certain advantages over large-
loop antennas. However, the behavior of a small-loop
antenna may shift to a large-loop behavior if certain con-
ditions arise. This may negatively affect the performance
of the antenna.

[0004] There is a need to provide an antenna arrange-
ment for an electronic vehicle key which provides a sat-
isfactory performance and the advantages of a small-
loop antenna.

[0005] This problem is solved by an antenna arrange-
ment according to claim 1 and an electronic vehicle key
with an antenna arrangement according to claim 11. Con-
figurations and further developments of the invention are
the subject of the dependent claims.

[0006] An antenna arrangement includes a large loop
antenna, an antenna circuitry electrically coupled to the
large loop antenna, a first capacitance coupled in series
with the large loop antenna and between the large loop
antenna and a ground potential, and a second capaci-
tance coupled between the ground potential and a com-
mon node between the large loop antenna and the an-
tenna circuitry.

[0007] This antenna arrangement allows to maintain
the electrical length of a large loop antenna, while at the
same time benefiting from the advantages of a small loop
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antenna.

[0008] The antenna arrangement may further include
a substrate or printed circuit board, wherein the antenna
circuitry and the large loop antenna are arranged on the
substrate or printed circuit board.

[0009] When an antenna is printed on a substrate or
printed circuit board, the electric length of the antenna is
multiplied by the square root of the relative permittivity
of the substrate or printed circuit board. Arranging the
capacitances accordingly, however, still allows to benefit
from the advantages of a small loop antenna design.
[0010] The substrate or printed circuit board may in-
clude a ceramic substrate.

[0011] The relative permittivity of a ceramicis generally
comparably high. The advantages of a small loop anten-
na, however, may still be maintained by arranging the
capacitances accordingly.

[0012] The substrate or printed circuit board with the
antenna circuitry and the large loop antenna arranged
thereon may be molded into a potting material.

[0013] Thisincreases the relative permittivity even fur-
ther. The advantages of a small loop antenna, however,
may still be maintained by arranging the capacitances
accordingly.

[0014] The potting material may include polyurethane.
The advantages of a small loop antenna, however, may
still be maintained by arranging the capacitances accord-
ingly.

[0015] The antenna arrangement may further include
a third capacitance coupled in series with the large loop
antenna and between the large loop antenna and the
antenna circuitry.

[0016] This allows a satisfactory antenna impedance
matching.

[0017] The antenna arrangement may further include
a fourth capacitance coupled between the ground poten-
tial and a common node between the large loop antenna
and the third capacitance.

[0018] This allows a satisfactory antenna impedance
matching.

[0019] The large loop antenna may include an electri-
cal length of between 9/10 and 11/10 of the wavelength
of the operating frequency of the large loop antenna. The
antenna circuitry may be configured to control the anten-
na and transmit and/or receive data sent or received by
the antenna.

[0020] The antenna arrangement may further include
a microcontroller coupled to the antenna circuitry.
[0021] An electronic vehicle key may include an anten-
na arrangement as described above.

[0022] Examples are now explained with reference to
the drawings. In the drawings the same reference char-
acters denote like features.

Figure 1, including Figures 1A and 1B, schematical-
ly illustrates a small-loop antenna (Figure 1A) and a
large-loop antenna (Figure 1B) arranged on a printed
circuit board.
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Figure 2 , including Figures 2A and 2B, schematical-
ly illustrates in smith diagrams an antenna imped-
ance of a small-loop antenna (Figure 2A) and of a
large-loop antenna (Figure 2B).

Figure 3 schematically illustrates an antenna ar-
rangement according to one example.

Figure 4 schematically illustrates an antenna ar-
rangement according to another example.

Figure 5 schematically illustrates in a smith diagram
an antenna impedance of a large-loop antenna ar-
ranged in the antenna arrangement of Figure 3.

Figure 6 schematically illustrates in a smith diagram
an antenna impedance of a large-loop antenna ar-
ranged in the antenna arrangement of Figure 4.

Figure 7 schematically illustrates an antenna ar-
rangement according to another example.

Figure 8 schematically illustrates an antenna ar-
rangement according to an even further example.

Figure 9 schematically illustrates in a smith diagram
an antenna impedance of a small-loop antenna ar-
ranged in the antenna arrangement of Figure 7.

Figure 10 schematically illustrates in a smith diagram
an antenna impedance of a large-loop antenna ar-
ranged in the antenna arrangement of Figure 8.

[0023] Inthe following Figures, only such elements are
illustrated that are useful for the understanding of the
present invention. The antenna arrangement and the
electronic vehicle key described below may comprise
more than the exemplary elements illustrated in the Fig-
ures. However, any additional elements that are not
needed for the implementation of the present invention
have been omitted for the sake of clarity.

[0024] Figure 1 illustrates an antenna arrangement
thatmay be arranged in an electronic vehicle key. Signals
may be sentbetween a vehicle and the electronic vehicle
key (vehicle not illustrated in Figure 1). For example, the
electronic vehicle key may send inquiry signals to the
vehicle to indicate the desire of a user to unlock/lock the
vehicle. Further, authentication signals may be sent be-
tween the electronic vehicle key and the vehicle, for ex-
ample, in order to prevent unauthorized users (unauthor-
ized keys) from unlocking or starting the vehicle. Many
other signals may be sent between the electronic vehicle
key and the vehicle for many different applications.
[0025] An electronic vehicle key, therefore, may com-
prise different antennas. A first antenna may be a low
frequency (LF) antenna, for example. Low frequency sig-
nals may be sent at frequencies in the range between 30
to 300kHz, for example. A second antenna may be a
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radio frequency (RF) or ultra-high frequency (UHF) an-
tenna, for example. Radio frequency signals may be sent
at frequencies in the range between 20kHz to 300GHz.
In Figure 1 only a radio frequency or ultra-high frequency
antenna 31, 32 is schematically illustrated. The antenna
31, 32 may be coupled to corresponding antenna circuit-
ries 21. The antenna circuitry 21 may be configured to
control the antenna 31, 32, and transmit and/or receive
data sentorreceived by the antenna 31, 32. The antenna
arrangement may further comprise a microcontroller as
well as other necessary components. The microcontrol-
ler may be coupled to the antenna circuitry 21. The an-
tenna 31, 32 and corresponding circuitry 21 are arranged
on a printed circuit board 10.

[0026] In the example illustrated in Figure 1A, the an-
tenna is a small-loop antenna 31, while in the example
illustrated in Figure 1B, the antenna is a large-loop an-
tenna 32. An antenna is generally considered a small-
loop antenna if an overall perimeter or (electrical) length
of the antenna loop is small as compared to the wave-
length of the antenna. Small in this context generally
means that the perimeter is shorter than 1/10 of the wave-
length of the antenna. On the other hand, antennas are
considered large-loop antennas if the overall perimeter
or (electrical) length of the antenna loop is large as com-
pared to the wavelength of the antenna. Large in this
context generally means thatthe perimeter is significantly
larger than 1/10 of the wavelength of the antenna, e.g.,
between 9/10 and 11/10 of the wavelength or, in other
words, close to a full wavelength of the antenna.

[0027] Small-loop antennas generally have several ad-
vantages such as, e.g., the influence of foreign objects
and human bodies close to the antenna have a compa-
rably small influence on the performance of the antenna,
the antenna shows little sensitivity to electro-magnetic
noise, the antenna has an omni-directional pattern in the
loop lane, and the antenna is comparably small and easy
and cheap to realize.

[0028] An antenna can generally be realized in metal
(metal loop) or may be printed on a printed circuit board
10, as is exemplarily illustrated in Figure 1. At a working
frequency of the antenna, generally no natural resonanc-
es arise and the antenna can be matched to a specific
impedance comparably easy. Impedance matching is
generally an important aspect when an antenna arrange-
ment is assembled to allow the antenna to operate in the
desired frequency band with maximum efficiency. An op-
timized efficiency results in a maximum range, minimal
power consumption, reduced heating and a reliable data
throughput. In most cases today, an antenna is matched
to an impedance of 50Q. Matching the input impedance
of an antenna to 50Q (or any other desired impedance)
is a prerequisite in order to ensure maximum power trans-
fer from the circuitry 21 to the antenna 31, 32 with a neg-
ligible amount of power being reflected back.

[0029] When an antenna is printed on a substrate or
printed circuitboard 10, e.g.,on aFR4 PCB, orintegrated
in a plastic molding or carrier, the electronic length of the
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antenna is multiplied by the square root of the relative
permittivity of the substrate or PCB 10. When the permit-
tivity of the substrate or PCB 10 is high, this may result
in a significant increase of the electrical length of the an-
tenna. The substrate or printed circuit board 10 with the
antenna circuitry 21 and the antenna 32 arranged may
be molded into a potting material. The potting material
may comprise polyurethane, for example. This may in-
crease the electrical length even further while at the same
time introducing losses in the total power radiated by the
antenna. The resulting electrical length of a small-loop
antennamay increase to such an extentthatthe electrical
length is shifted more and more towards the desired
wavelength. A small-loop antenna, therefore, may be-
have more like a large-loop antenna in such a case and
the advantages of small-loop antennas may be lost.
[0030] The small-loop antenna 31 of Figure 1A and the
large-loop antenna 32 of Figure 1B may have different
disadvantages such as a strong resonance and high an-
tenna impedance (large-loop antenna) or no resonance
close to the working frequency and a small antenna im-
pedance (small-loop antenna). A matching between a
radio frequency antenna 31, 32 and a corresponding ra-
dio frequency circuitry 21 (e.g., RF IC) may lead to a
reduced radiated power due to an in-band resonance
with a high real part of the large-loop impedance (e.g.,
hundreds of ohms compared to a few ohms for a small-
loop design). This is schematically illustrated in Figure
2, wherein Figure 2A illustrates in a smith diagram an
exemplary antenna impedance of the small-loop antenna
31 of Figure 1A, and Figure 2B illustrates in a smith dia-
gram an exemplary antenna impedance of the large-loop
antenna 32 of Figure 1B.

[0031] As can be seen, the small-loop antenna 31
shows no resonance in the desired frequency band (Fig-
ure 2A), while the large-loop antenna 32 shows a reso-
nance in the desired frequency band (Figure 2B). The
resonance is highlighted by the bold arrow in Figure 2B
which points towards the resonance. The design of the
large-loop antenna 32, therefore, is very sensitive to ex-
ternal influence (e.g., foreign objects, human bodies,
noise, etc.) and the input impedance may not be stable
and may cause problems with reflections and may be
prone to drops in signal quality.

[0032] Forthisreason, generally a small-loop antenna
may 31 be preferred over a large-loop antenna 32 for
many applications. However, in some cases the overall
design of the antenna arrangement cannot be adapted
to reduce the electrical length of the antennafrom a large-
loop antenna to a small-loop antenna. This may be the
case, for example, when a potting material is used to fill
aninside volume of the electronicmodule (e.g., electronic
vehicle key), or when materials having a high permittivity
are used within the electronic module. A substrate or
printed circuit board 10 including a ceramic material, for
example, may have a high permittivity due to the low-
loss properties of ceramic materials.

[0033] An antenna arrangement according to an ex-
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ample allows maintaining the electrical length of a large-
loop antenna 32 while, at the same time, benefiting from
the advantages of a small-loop antenna 31. This may be
achieved by electrically loading the large-loop antenna
32 using at least one discrete component. The at least
one discrete component artificially shifts the electrical be-
havior of the large-loop antenna 32 to a resonance-free
area. A matching may be implemented which adapts this
impedance at the working frequency (e.g., 433.92MHz)
close to a desired value (e.g., 50Q2). The value of the at
least one discrete component may be chosen to match
the working frequency of the specific application.
[0034] Inthe antenna arrangementillustrated in Figure
3, afirst capacitance C1 is coupled in series with a large
loop antenna 32. In particular, the first capacitance C1
is coupled between the large loop antenna 32 and a
ground potential GND. The corresponding smith diagram
in Figure 5 shows the corresponding antenna imped-
ance. As can be seen, the resonance in the desired fre-
quency band which is present in Figure 2B, is no longer
presentin the antenna arrangement of Figure 3. The first
capacitance C1 moves the impedance towards point M1,
as indicated with the dashed arrow in Figure 5.

[0035] Figure 4 shows an antenna arrangement ac-
cording to another example. The antenna arrangement
also comprises a large-loop antenna 32. The large-loop
antenna 32 is coupled in series with a first capacitance
C1. A second capacitance C2 (shunt capacitor) is cou-
pled between a ground potential GND and a common
circuit node between the antenna 31 and the antenna
circuitry 21. The second capacitance C2 moves the im-
pedance towards point M2, as indicated with the dashed
arrow in the smith diagram illustrated in Figure 6.
[0036] Figure 7 schematically illustrates a further ex-
ample of an antenna arrangement. A first capacitance
C1is coupled in series with the antenna 31. In particular,
the first capacitance C1 is coupled between the antenna
31 and a ground potential GND. In this arrangement, a
third capacitance C3 is coupled in series with the antenna
31. In particular, the third capacitance C3 is coupled be-
tween the antenna 31 and the antenna circuitry 21. A
second capacitance C2 is coupled between a ground po-
tential GND and a common node between the antenna
circuitry 21 and the third capacitance C3. The antenna
31 inthis case is a small-loop antenna. Figure 9 in a smith
diagram exemplarily illustrates the corresponding anten-
na impedance.

[0037] Figure 8 schematically illustrates an even fur-
ther example of an antenna arrangement. The antenna
32 in this arrangement is a large loop antenna. In this
arrangement, a first capacitance C1 is coupled in series
between the large loop antenna 32 and a ground potential
GND, similar to the arrangement of Figure 3. A third ca-
pacitance C3 is coupled in series between the large loop
antenna 32 and the antenna circuitry 21. A second ca-
pacitance C2is coupled between a ground potential GND
and a common node between the antenna circuitry 21
and the third capacitance C3. A fourth capacitance C4
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is coupled between a ground potential GND and a com-
mon node between the large loop antenna 32 and the
third capacitance C3. Figure 10 in a smith diagram ex-
emplarily illustrates the corresponding antenna imped-
ance.

[0038] With the described antenna arrangements, a
large loop antenna 32 does not have a directional pattern
anymore. When using a large loop antenna 32, an an-
tenna gainis generally larger (e.g., approximately +4dBi)
as compared to a small loop design. At the same output
power, therefore, the antenna arrangement with the
large-loop antenna 32 as described above may radiate
up to 4dB more, or even more than 4dB. That is, that the
current consumption of the antenna arrangement may
be reduced in the large-loop antenna arrangement while
obtaining a similar performance as with a small-loop an-
tenna arrangement.

Claims

1. An antenna arrangement comprising
a large loop antenna (32);
an antenna circuitry (21) electrically coupled to the
large loop antenna (32);
a first capacitance (C1) coupled in series with the
large loop antenna (32) and between the large loop
antenna (32) and a ground potential (GND); and
a second capacitance (C2) coupled between the
ground potential (GND) and a common node be-
tween the large loop antenna (32) and the antenna
circuitry (21).

2. The antenna arrangement of claim 1, further com-
prising a substrate or printed circuit board (10),
wherein the antenna circuitry (21) and the large loop
antenna (32) are arranged on the substrate or printed
circuit board (10).

3. The antenna arrangement of claim 2, wherein the
substrate or printed circuit board (10) comprises a
ceramic substrate.

4. The antenna arrangement of claim 2 or 3, wherein
the substrate or printed circuit board (10) with the
antenna circuitry (21) and the large loop antenna (32)
arranged thereon is molded into a potting material.

5. The antenna arrangement of claim 4, wherein the
potting material comprises polyurethane.

6. The antenna arrangement according to any of the
preceding claims, further comprising a third capaci-
tance (C3) coupled in series with the large loop an-
tenna (32) and between the large loop antenna (32)
and the antenna circuitry (21).

7. The antenna arrangement according to claim 6, fur-
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10.

1.

ther comprising a fourth capacitance (C4) coupled
between the ground potential (GND) and a common
node between the large loop antenna (32) and the
third capacitance (C3).

The antenna arrangement of any of the preceding
claims, wherein the large loop antenna (32) compris-
es an electrical length of between 9/10 and 11/10 of
the wavelength of the operating frequency of the
large loop antenna (32).

The antenna arrangement of any of claims 1 to 8,
wherein the antenna circuitry (21) is configured to
control the antenna (32), and transmit and/or receive
data sent or received by the antenna (32).

The antenna arrangement of any of claims 1 to 9,
further comprising a microcontroller.

An electronic vehicle key comprising an antenna ar-
rangement of any of claims 1 to 10.
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