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Various wireless applications are currently under development for the unlicensed 60 GHz band. This paper describes three
examples with different system requirements. The first two are point-to-multipoint wireless networks (in an airplane and
in a car) and the third one is a short range point-to-point connection. Special requirements of the applications are a high
number of users for the point-to-multipoint connection and a high data rate of 10 Gbit/s for the point-to-point connection
system. Implementation aspects are pointed out, which are important to demonstrate the functionality of the system in a rel-
evant environment and are key aspects to develop the related products. For example, integration aspects of the antenna into
an airplane passenger seat and the receiver concept of the radio frequency-(RF) front-end to reducing the power consumption
at ultrahigh data rates are described. Additionally, to determine the geometrical system architecture, ray-tracing simulations
inside an aircraft and inside a car were performed.
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I . I N T R O D U C T I O N

The use of the 57–64 GHz frequency band is a promising sol-
ution for Gigabit short range wireless communication
systems. Up to 7 GHz unlicensed bandwidth was allocated
around the world for various communication applications
and the standardization is developing under the IEEE
standard 802.15.3c [1], 802.15.11ad [2], and the European
Computer Manufacturers Association (ECMA) standard 387
[3]. Another advantage beside the high unlicensed bandwidth
is the fact to have low interference with other electrical
systems in the vicinity. This is due to the high amount of
energy absorption by oxygen molecules around 60 GHz.

Therefore, many potential products are under development
for Gigabit Wireless Local Area Network (WLAN) in the
recent years. The first consumer products are available to
transmit wireless high-definition video signals, was developed
e.g. by the WirelessHDTM consortium [4].

This paper describes novel applications for communication
at the 60 GHz band. Two of these scenarios are based on
60 GHz point-to-multipoint connection, which will be

implemented in an aircraft for the in-flight entertainment
(IFE) and inside a car for the in-car entertainment.
Furthermore, a point-to-point connection from a vendor
(the kiosk) to a user is described at the kiosk scenario. A
focus is on the special requirements of these scenarios. For
the IFE scenario, a very high number of users (up to 50)
have to be connected to one access point. The kiosk scenario
is pushing the boundaries of the data rate of wireless com-
munications towards tens of Gbits/s, and is expected to
open the gate for even higher data rates [5].

Additionally, this paper emphasizes the various implemen-
tation aspects, which are important to demonstrate the func-
tionality of the system in a relevant environment. For the IFE
scenario and the in-car entertainment scenario, the antenna
placement analysis by ray-tracing simulations is described
and integration aspects of the antenna into an airplane passen-
ger seat are analyzed. The very high data rate of 10 Gbit/s for
the kiosk scenario requires a re-thinking of traditionally
digital-oriented system designs with serialized processing.
Hence, at the kiosk scenario the main implementation chal-
lenges are the digital signal processing and the advanced recei-
ver concept.

I I . I N - F L I G H T E N T E R T A I N M E N T
( I F E ) S C E N A R I O

A) Scenario description
The IFE system onboard aircraft is currently based on wired
connections with disadvantages in terms of lower flexibility
and higher installation efforts. These disadvantages could be
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eased by the implementation of a wireless IFE system.
However, the high demands on data distribution capacity
for Audio/Video On Demand in a large aircraft with many
passengers/users, as well as the fact that the system must be
operable worldwide, has made it difficult to find a commer-
cially available wireless point-to-multipoint solution.
Therefore, the main objective of the IFE scenario is to demon-
strate the capabilities of the 60 GHz WLAN components and
systems by integrating these into an aircraft cabin mock-up
and to provide very high data rate in a bi-directional com-
munication links.

The IFE-data links consist of access-points (APs) at the air-
craft ceiling over the aisle and seat terminal transceivers
(STTs) in each row of seats, one for a group of three seats.
The aim is that each AP should provide a data rate of one
Gbit/s. Each seat should be supplied with 20 Mbit/s down-link
and 5 Mbit/s up-link. The passengers will have display term-
inals with a touch screen to interact with the media server to
view the desired contents, to update the local contents at the
seat or to interact with other passengers. Figure 1 depicts
the arrangement of the IFE-scenario.

In the 60 GHz frequency range shadowing of the signal by
persons is remarkable and consequently a line of sight connec-
tion is required. In order to ensure a high quality of service, a
redundant connection is required. Therefore, macro diversity
is applied by two antennas for a group of seats. The antennas
of the STTs point to different APs, so that two APs are acces-
sible for a bi-directional communication link. A
seamless-handover between both communication links is
required.

Special requirements for this scenario are:

† A point-to-multipoint connection with up to 50 STTs for
one AP.

† A redundant connection with a seamless handover to
ensure the high quality of service, which is necessary for
a video streaming without interruption.

† Integration aspects of the antenna into an airplane passen-
ger seat (see paragraph B2).

The first two requirements influence the geometrical
arrangement of the system, which are discussed in paragraph
B1. The software-related aspects (Media Access Control
(MAC) layer and baseband) are not within the scope of this
paper.

B) Implementation aspects

1) antenna placement analysis

In order to achieve a good performance of the wireless IFE
system, radio coverage optimization is to be performed for
the aircraft of interest. In the presented case a typical
European single aisle aircraft has been chosen as target
environment for the IFE application. Since ray-tracing has
been shown to be an appropriate tool for simulating 60 GHz
indoor and in-cabin wave propagation [6, 7], a detailed 3D
model of a part of an aircraft passenger in-cabin room was
drawn up to make corresponding analyses. The model is
shown in Figs 2 and 3. The dimensions of the part of the
in-cabin room are 15 × 4.0 × 2.1 m (L × W × H). There
are 17 rows of passenger seats with 6 seats in each row and
a center aisle. The environment and the 102 passengers are
characterized by 35 380 triangular and 12 285 rectangular sur-
faces. Transmission and reflection measurements have been
carried out to determine the electrical properties of involved
materials [8]. The simulations incorporate antenna patterns
of 2 × 1 symmetrically-balanced-fed antennas on Low
Temperature Co-Fired Ceramics (LTCC) with a gain of
approximately 9 dBi [9].

With regard to given boundary conditions the APs are
mounted at the cabin ceiling at a height of 2.1 m. Two differ-
ent AP setups and associated configurations are compared.
Configuration 1 corresponds to a symmetric AP setup with
two directional antennas radiating in opposite directions,
whereas configuration 2 involves APs being equipped with a
single directional antenna. For a particular scenario only

Fig. 1. Illustration of the general arrangement of the IFE-scenario
demonstrator.

Fig. 2. Ray-tracing model of a part of the aircraft passenger in-cabin room
with access point configuration 1.

Fig. 3. Ray-tracing model of a part of the aircraft passenger in-cabin room
with access point configuration 2.
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one type of AP is considered, either symmetric or asymmetric,
so that APs are interchangeable. The antenna tilt (elevation
angle) is identical for all APs. The arrangement of the STTs
and the transmitted data rates are given by the scenario
description (see above). The tilt of the STTs is determined
by the STT with the largest distance to the closest neighboring
AP and is identical for all.

AP arrangement 1, which is based on the symmetric AP
setup, is shown in Fig. 2. APs are symbolized by green balls.
Two APs are located at the front and rear partition wall,
respectively; the other two are in between with equal
spacing. Red and green cones illustrate the antenna beam
directions and the down tilt. Figure 3 shows AP configuration
2, which is based on the asymmetric AP setup. In this case
the APs at the partition walls radiate only toward the center
of the cabin. The other two APs are concentrated at the
same location and radiate into opposite directions along
the aisle.

The achievable Signal-to-Noise Ratio (SNR) has been used
as the basis for a comparative study of the different AP con-
figurations. Physical layer parameters as well as implemen-
tation constraints are included in the calculations. Based on
a noise-effective bandwidth of 1.75 GHz we assume that the
thermal noise power is 281.6 dBm. Additionally, we take a
10 dB Rx noise figure and 5 dB implementation losses into
account. An effective SNR above 6 dB is assumed to be suffi-
cient to achieve a cumulative downlink rate of 1 Gbits/s with
Orthogonal Frequency-Division Multiplexing (OFDM) –
Quadrature Phase-Shift Keying (QPSK) modulation, equaliza-
tion and efficient channel coding, whereas a lower SNR leads
to an outage. Numerous simulations were carried out under
various conditions like the 3D model with sitting passengers,
with shadowing by randomly distributed standing passengers
(10% of the passengers were standing on average) and with
shadowing by the cabin crew moving a trolley up and down
the aisle. Collecting the SNR for every STT in each simulation
run, an average number of STTs attaining a certain SNR has
been calculated. Figure 4 shows an exemplary SNR distri-
bution which results from the scenario with shadowing by
the cabin crew involving 25 simulation runs. The achievable
SNR always exceeds 7 dB for each of the STTs.

The overall results of the ray-tracing simulations show that
without shadowing four APs are sufficient to supply all STTs

regardless of the AP configuration. However, when shadowing
by passengers or by the cabin crew is taken into account, AP
configuration 1 outperforms configuration 2 in both cases and
hence should be preferred. Despite the achievable SNR is suf-
ficient in most cases, sporadic outages cannot be prevented
completely. They occur with 2.0% probability for configur-
ation 1 with shadowing by passengers under the above-
mentioned assumptions (calculated over 60 simulations with
34 STTs, which leads to 2040 STTs in total; 41 STTs exhibit
less than the achievable SNR and are rounded down to 2%).
Although it is not possible to make quantitative statements
on the duration of those events for lack of spatio-temporal
models for passenger movement, it is obvious that data buffer-
ing is an effective way to significantly alleviate this problem.

2) antenna integration into passenger seats

One major issue for the final realization of the IFE system is
the implementation of the 60 GHz RF-Front-end into an air-
plane passenger seat. Two aspects were evaluated:

† The RF-characterization of the materials used in an air-
plane seat.

† The performance of the installed antenna.

Hence, in a first measurement campaign the attenuation of
commonly used seat materials was measured by transmission
line measurements. The materials were placed in a measure-
ment set-up between two horn antennas and the magnitude
of the transmission factor was determined. The analyzed
materials were different kinds of seat covers like fur, leather,
or cloth and the used foam. The measured attenuations of
all materials are for normal incidence of the wave less than
21.5 dB.

In order to evaluate the performance of the installed
antenna and to measure the influence of the integration of
the antenna on its pattern and therefore on the overall link
budget, two aspects were evaluated: The location for the inte-
gration at the backrest of the seat and the influence of the sur-
rounding materials of the antenna.

A metallic frame was designed which permits to mount the
back of an airplane passenger seat onto the antenna measure-
ment set-up inside an anechoic chamber. The antenna is posi-
tioned in the center of rotation and at a constant height for
every pattern measurement. Figure 5 shows a photograph of
the frame from behind the mounted seat. The center and
direction of rotation are also illustrated in the picture.

For the measurements, a LTCC-integrated 2 × 1 aperture
antenna array was used, which was also developed in the
context of the EASY-A project [9]. The center frequency of
the antenna was 58 GHz and therefore the pattern measure-
ments were performed at this frequency.

The pattern in azimuth and elevation were measured for
two locations of the antenna (see Fig. 5) and for two different
positions relative to the foam (see Fig. 6). Table 1 summarizes
all measured cases.

As an example for all measurements performed Fig. 7 shows
the antenna elevation pattern measurement, for which the
antenna is located on top of the seat. The figure compares the
antenna pattern of both positions relative to the seat cover
with the pattern of the stand-alone antenna. The antenna radi-
ates in horizontal direction for 08 elevation, for positive angles
upwards and for negative angles downwards.

Fig. 4. SNR distribution (average No. of STTs for a given SNR) for access
point configuration 1 under the influence of shadowing by the cabin crew.
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The measurement shows, that there is a strong influence of
the foam and the seat cover on the antenna pattern. If the
antenna was placed on top of the foam, the first high degra-
dation of the pattern occurred at 2238. At this angle, the
antenna radiates directly towards the edge of the seat cover.
For angles between 2908 and 2238, there is a strong ripple
at the pattern, but even for angles between 2238 and 908
there is an influence of the foam and the seat cover. If the
antenna was placed inside the foam, the antenna radiates
towards the edge of the seat cover for an angle of approxi-
mately 208. For this position, the influence of the foam and
the seat cover is not as much as if the antenna was placed
on top of the foam. A similar pattern characteristic occurs
for the azimuth pattern measurement, if the antenna was
located at the side of the seat.

The previous material characterization showed, that
the attenuations of the seat materials could not explain the
pattern disturbance. The reason for the distortion of the

antenna pattern was interference of the direct antenna beam
with reflections from the surface of the seat cover.

To overcome the problem with interferences from the seat
cover, the antenna could be placed in a way, that it radiates
perpendicular through and not parallel to the seat cover.
Figure 8 illustrates both cases.

In summary, it was demonstrated that the interference of
the signal with the seat cover plays a significant role for the
integration of the antenna into the passenger seat. But with
a smart placement of the antenna relative to the seat cover,
the interference can be minimized.

I I I . I N - C A R E N T E R T A I N M E N T
S C E N A R I O

A) Scenario description
60 GHz communications technology is very beneficial for
different use cases within the car. Primarily it can be used
for high quality video transmission with high data rates and
high demands on robustness. The main use cases are in-car
video transmission, integration of consumer electronic
devices and integration of after-market equipment.

In-car video transmission, e.g. rear seat entertainment
systems, front seat passenger displays or even ceiling
mounted displays can comfortably be realized by simply con-
necting to the car’s infrastructure by a 60 GHz communi-
cation link. Also the transmission of real-time video streams
of one of the several driver assistance cameras by a 60 GHz
communication system is feasible. The video streams can be
transmitted compressed (e.g. H.264 or MJPEG) or uncom-
pressed, depending on the performance of the 60 GHz

Fig. 5. Photograph of the seat from behind. White marks: center and direction
of rotation. Black marks: different locations for the integration at the seat.

Fig. 6. Different position of the antenna relative to the seat cover: top of the foam (left side) and inside the foam (right side).

Table 1. Overview of overall possible cases for the measurement.

Location at the seat Position relative to the
seat cover

Measured
pattern

Top of the seat Inside the foam Elevation
Azimuth

Top of the foam Elevation
Azimuth

Side of the seat Inside the foam Elevation
Azimuth

Top of the foam Elevation
Azimuth
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communication system and the requirements of the particular
use case.

Consumer electronic devices, as soon as they have an inte-
grated standardized 60 GHz communication interface, can
easily be connected to the car. In particular it is reasonable
to use the consumer electronic device as an additional in-car
display or as an entertainment server for high quality video
content.

Wireless 60 GHz communication allows a fast and simple
integration of additional after-market electronics equipment
into the car. Thus, it will be possible to easily upgrade the
car. Examples are the already mentioned; rear seat entertain-
ment system or the integration of a supplementary driver
assistance camera (e.g. rear view camera).

From today’s view, the most important use cases for
60 GHz communications technology within the car can be
seen in the integration of a wireless rear seat entertainment
system as well as the integration of consumer electronic
devices as soon as they have the appropriate 60 GHz interface
built in. It is obvious that the briefly described use cases will
need high data rates and a high robustness and reliability
not only in a static but also in a dynamic environment with
moving people and devices within the car. The following
measurements and analysis describe the 60 GHz in-car
channel and the potential performance of a 60 GHz com-
munication system within a car.

B) Channel investigations and
implementation aspects
A comprehensive channel measurement campaign has been
carried out in order to investigate 60 GHz wave propagation
inside the car and to derive conclusions on system design
and performance [10]. In this section we give a brief overview
on the measurement scenarios and point out basic results. As
shown in Fig. 9 the transmit antenna was mounted perpendi-
cularly to the front panel. Open-ended waveguides with a gain
of ~8 dBi served as antennas at both the Tx and the Rx side.
Scenarios A/B and E refer to rear seat entertainment and con-
sumer electronic devices communication, respectively. There
is a direct line-of-sight (LOS) between the Tx and the Rx
antenna for Scenario A if the car is empty. In contrast, for
Scenario B, the Rx antenna is pointing to the rear window
and the transmission relies on reflections inside the car.

To evaluate the achievable coverage of the rear seats for
consumer electronic devices (Scenario E), 20 Rx measurement
positions at a height of approximately 30 cm above the seat
have been considered as indicated in Fig. 9. In order to
additionally assess the influence of varying propagation con-
ditions, measurements with and without passengers, closed
and open doors as well as outside and inside a garage have
been carried out. Additional measurements focused on the
influence of interference from a 60 GHz wireless system in
another car [10].

Figure 10 illustrates the results obtained for the channel
gain (the inverse of the path loss including antenna gains)
for Scenario E. Relatively high values above 260 dB are
observed at some locations near the middle of the rear seat,
as they benefit from LOS conditions. However, for most of
the positions the LOS was obstructed by the driver’s seat, a
front passenger seat, or the screen on the center console,
resulting in values down to 272.6 dB. Since there are only
small gaps of few centimeters between the seats and the
screen, even slight variances in the antenna position could
give rise to significantly differing propagation conditions,
which is the cause for non-symmetric results.

The overall analysis shows that the Root Mean Square
(RMS) delay spread of the channel ranges from 0.57 to
4.1 ns, which is very low compared to typical indoor [11]
and aircraft in-cabin results [12], and that neither the environ-
ment (outdoor/garage) nor the conditions of the doors (open/
closed) have a significant influence on the in-car wave propa-
gation. Passengers do not have a relevant impact as long as
they do not obstruct the LOS. Furthermore it reveals that

Fig. 7. Elevation pattern measurements. The antenna location was at the top
of the seat.

Fig. 8. Illustration of the radiation of the antenna relative to the seat cover.

Fig. 9. Antenna arrangement for Scenario A, B, and E – top view.
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Scenario A with aligned antennas always outperforms
Scenario B relying on multipath propagation, even if the
LOS is obstructed by passengers. Assuming a transmit
power of 10 dBm, a thermal noise power of 284 dBm
(based on 1 GHz system bandwidth) and a receiver noise
figure of 6 dB, an SNR between 15.3 dB (worst case with
severe shadowing) and 36.6 dB can be achieved. These
results show that a millimeter wave indoor system which is
capable to cope with non-LOS conditions will perform well
inside the car and encourage using 60 GHz for high data
rate in-car communication.

I V . K I O S K S C E N A R I O

A) Scenario description
The classical application for the kiosk scenario is the down-
load of very large amounts of bulk data (e.g. movies in
HDTV quality) from a vendor machine. The user is situated
in front of the machine, at a distance of less than 1 m. The
amount of scatterers in the direct vicinity is strongly limited;
transmitter and receiver have a line-of-sight connection. The
downloaded data is not directly used (e.g. for video stream-
ing), but stored on the user terminal. The data should be
transferred in an acceptable amount of time, typically less
than 10 s. The user terminal will be a battery powered hand-
held device, with corresponding constraints on the form factor
and power consumption. Both constraints are less severe for
the vending machine, which will have access to mains supply.

For this scenario, the following set of general requirements
holds for an appropriate system design:

† The required data rate on top of the physical layer is
10 Gbit/s. The data storage capacity at the transmitter
and the receiver has to be on the order several tens of
GBytes. The storage medium must be able to support a
write speed in excess of 10 Gbit/s, i.e. 1.25 GByte/s.

† “Error-free” transmission on top of the transport layer is
required, i.e., bit error rates in the range of 10212 have to
be ensured with appropriate retransmission protocols.

The packet error rate must be low enough to ensure
acceptable performance of the transport/network layer
(e.g. Transmission Control Protocol/Internet Protocol
(TCP/IP)).

† The physical layer design (de-/modulation, de-/coding,
synchronization, etc.) has to ensure lowest complexity
and reasonable power consumption of the user terminal.
(See also chapter IV.B)2), receiver concept.)

† Very long packets with a size on the order of several kBytes
are required for lowest physical layer overhead.

† Time division duplexing will be optimal to separate uplink
and downlink, due to the small transmission range and
highly asymmetric traffic.

† Latency requirements are rather relaxed. The maximum
delay induced by the physical layer should be below
10 ms to ensure a correct functioning of higher layer pro-
tocols (e.g. TCP/IP).

† The radio channel (excluding antennas and analogue trans-
ceiver front-ends) is rather frequency-flat and Additive
White Gaussian Noise (AWGN)-like. Spatial diversity is
limited to polarization diversity.

B) Implementation aspects

1) digital baseband and data storage

For the implementation of the digital baseband, the main chal-
lenge is the digital signal processing with a throughput of
10 Gbit/s. The clock frequency of suitable state-of-the-art
digital signal processing devices such as Digital Signal
Processors (DSPs), Application-Specific Integrated Circuits
(ASICs) and Field-Programmable Gate Arrays (FPGAs) is
typically below 1 GHz, and a throughput of 10 Gbit/s can
only be achieved with a high degree of parallelization.
Low-power digital signal processors have nowadays a clock
frequency of around 300 MHz, which would require at least
302 to 40-fold parallelization to process data bits at 10 Gbit/s.

Concerning the hardware-related need for parallelization,
it is convenient to incorporate the parallelism already in the
physical layer design, such that the bit sequence to be trans-
mitted is split into number of lower rate bit sequences that
are mapped to different resources. For the anticipated single-
carrier QPSK modulation with 2 × 2 spatial multiplexing
(using two polarizations), a 10 Gbit/s bit sequence can be
easily split into four parallel sequences at 2.5 Gbit/s, which
are then mapped to the two complex and two spatial dimen-
sions. For a packet oriented file transfer with lowest complex-
ity, it is further convenient to divide the payload of each data
packet into blocks with bits from parallel (interleaved) code
words. For a bit sequence at 2.5 Gbit/s with 32-fold paralleli-
zation, each parallel en-/decoder will then only process a sub-
sequence of data bits at 78.125 Mbit/s. Three types of
parallelism are thus jointly used to match the target data
rate of 10 Gbit/s to a digital processing speed in the range of
100 MHz: (a) code words that are en-/decoded in parallel,
(c) in-phase and quadrature phase of the transmitted QPSK
symbols (which is also possible with differential modulation),
(b) two polarizations.

Another critical implementation aspect relates to the
storage of the large amount of data at the transmitter and
especially at the receiver. Today’s solid state disks achieve
write access on the order of 250 MByte/s, and the underlying
Serial Advanced Technology Attachment (SATA) interface is
specified for up to 3 Gbit/s. It is thus clear that one bottleneck

Fig. 10. Scenario E – Back seat coverage analysis: color coded values for the
channel gain at 20 Rx positions.
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for the system implementation is the performance of the data
storage devices, when restricted to non-volatile memory and
not using storage devices in parallel. For the physical layer
implementation in the EASY-A project, the problem is
tackled by caching the data in a double data rate 2 (DDR2)
memory with sufficiently large access rate.

2) receiver concept

The main challenges for GBit/s transmission rates of handheld
devices are low power consumption and low cost components.

Therefore, a receiver concept was adopted which

† reduces power consumption through an all-analog demo-
dulation of the employed differentially encoded QPSK
signals,

† reduces cost through monolithic integration of down con-
verter and analog demodulator, and

† reduces cost further through the use of a very low-cost
technology (Telefunken Semiconductors SiGe2RF npn
hetero-bipolar, 0.8 mm minimum feature size, fT ¼

80 GHz) for the monolithic integrated circuit (IC).
Additionally, a low-cost substrate (Rogers 5880) and stan-
dard chip on board mounting techniques with wire
bonding are chosen.

The system concept calls for two data streams with a net
data rate of 5 GBit/s (symbol rate 3.456 GHz) transmitted
on two orthogonal antenna polarizations. The targeted recei-
ver noise figure is 10 dB, with 9 dB receive antenna gain.

The receiver concept is shown in Fig. 11. After low-noise
amplification (the LNA, is an external IC in IHP SG25H1
SiGe BiCMOS technology), the signal is down converted to
a 5 GHz intermediate frequency (IF). From the QPSK modu-
lated IF signal, the carrier is then recovered by quadrupling
the signal. As the QSPK signal can be written as

sQSPK = A(t) cos vct +
p

4
(2m − 1 + wn)

( )
(1)

with m in {0,1,2,3} and wn an unknown phase, the quadrupled
signal is

s4v = −A(t)4 cos (4vct + 4wn) (2)

The modulation content has thus been completely removed.
The time-variant amplitude A(t)4 still introduces spurs in the
spectrum around 4 vc, which are subsequently removed in
the band-pass filter. The divide-by-four block restores the
carrier frequency, and at the same time creates quadrature

signals. The recovered carriers then undergo a static phase
adjustment in active all-pass filters and demodulate the
QPSK signals in two Gilbert cell type four quadrant analog
multipliers. The amplitude is restored in limiting amplifiers.
Because clock recovery is provided in the subsequent FPGA
board implementing the digital baseband, this function has
not been implemented in the analogue demodulator.

For the final demonstrator, two receiver front-ends will be
needed. Each consists of two semiconductor ICs (the LNA and
the down converter/demodulator IC). The band-pass filter
needs a quality factor which is significantly beyond what
can reasonably be integrated on a semiconductor IC; it is fab-
ricated as a planar filter on the Rogers 5880 substrate that
serves as the platform for the receiver system, and also
carries the antennas. In the present state of the implemen-
tation, the receiver front-end consists of three ICs, because
the down converter and the demodulator are still separated.
Details of the receiver and the demodulator will be described
in [13].

As almost no equalization and digital impairment correc-
tion can be done with e.g. 1-bit resolution, very strict specifi-
cations are imposed on the gain flatness of all circuit blocks
and the quadrature accuracy of the QPSK modulator. For
those reasons, it is crucial to enhance the modeling accuracy
of the components and circuit blocks involved, while reducing
the system complexity to its minimum. In this context, the
direct-conversion architecture is a viable solution, which can
be implemented on RF technologies featuring active devices
capable of approximately 200 GHz transit frequencies.
Those devices are suitable for the design of all the required
basic circuit blocks operating at 60 GHz. At a circuit level,
the strict gain flatness specification can be addressed by
relying on multi-stage higher-order matching networks in
all the inter-stage sections of the system, whereas quadrature
accuracy must be the result of accurate electromagnetic mod-
eling of all passive structures and interconnects of the fabri-
cated circuits. In addressing both issues, the use of
distributed transmission lines and their validated models are
required for all the on-chip matching and connecting
elements. The interface between the integrated circuits and
the rest of the system presents very specific modeling chal-
lenges at both the digital baseband and the antenna ends. In
both cases, bond wire technologies can be a suitable and a
cost-effective solution, but the availability of accurate
models is crucial to meet the strict requirements on gain flat-
ness and quadrature accuracy.

V . C O N C L U S I O N

Three novel wireless communication systems were described,
which will expand the currently announced 60 GHz appli-
cations in terms of number of users (IFE) and data rate
(kiosk scenario). Implementation aspects are pointed out,
which are important to demonstrate the functionality of the
system in a relevant environment and are key aspects to
develop the related products.

In order to analyze the geometrical arrangement of the
wireless system ray-tracing simulation of the aircraft cabin
and the car interior as well as pattern measurements of the pas-
senger seat-integrated antennas were performed. For the ultra-
high data rate kiosk scenario an adopted receiver reduces the
power consumption and costs for the handheld devices.

Fig. 11. Concept of the ultra-high-rate cordless receiver with analogue QPSK
demodulation.
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The next steps are to demonstrate the functionalities of the
wireless systems in a relevant environment (e.g. in the IFE
scenario the next objective is to demonstrate the scenario per-
formance inside a typical LR (long range) aircraft mock up
with two APs and two STTs).
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