A Fig. 1 Radar sensors enable traditional motion sensing
applications to become smarter.
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nfineon’s new autonomous radar sensor
adds “smartness” to traditional motion
sensing applications, like lighting con-
trol, automated door opening and secu-

rity alarms (see Figure 1). The XENSIV™ 60
GHz radar sensor BGT40LTR11AIP is a Dop-
pler motion sensor using the 60 GHz ISM-
band, provided as a single package radar
solution. Operating in autonomous mode,
the radar can detect a human at a distance
up to 5 m, while consuming less than 5 mW.
Its high level of integration overcomes
the complexities of antenna design, RF

knowledge and radar signal processing. The
radar sensor can be hidden inside a prod-
uct, since it transmits and receives through
non-metallic materials, enabling the adop-
tion of radar technology into daily life. The
sensor can be integrated into systems like
laptops, tablets, TVs and speakers, awaken-
ing them when it detects motion or direction
of motion. When no motion is detected for a
defined time, it can put systems to sleep or
lock them, saving power and eliminating the
need for a keyword to activate the system.

LOW-POWER DOPPLER RADAR

Figure 2 shows the functional block dia-
gram of the BGT40LTR11AIP MMIC. The
MMIC package includes one transmit and
one receive broad-beam antenna. The two
antennas have horizontal and vertical half-
power beamwidths of 80 degrees for maxi-
mum coverage.

An integrated voltage-controlled oscilla-
tor (VCO) generates the 60 GHz radar sig-
nal, which is stabilized by a phase-locked
loop. The transmit signal chain consists of a
medium power amplifier with configurable
output power, controlled via the serial pe-
ripheral interface (SPI). Integrated power de-
tectors monitor the transmitted power. The
MMIC has a low noise quadrature receiver
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A Fig. 2 Functional block diagram of the motion sensor.
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A Fig. 3 The PCB holds the supporting circuitry for the motion sensor MMIC.

with a low noise amplifier in front of
a quadrature homodyne down-con-
version mixer, which provides excel-
lent sensitivity. Derived from the in-
ternal VCO signal, a RC polyphase
filter generates quadrature local
oscillator signals for the quadrature
mixer.

The integrated analog base-
band consists of a sample-and-hold
circuit for low-power, duty-cycled
operation, which is followed by an
externally configurable highpass fil-
ter, a variable gain amplifier and a
lowpass filter. The integrated target
detectors are analog comparators
generating pulses based on target
movements in front of the radar. The
detectors provide two digital output
signals, one indicating motion and
the other the direction of motion—
approaching or departing—of a
target. The detector circuitry offers
a user-configurable hold time, hit
counter and detection threshold,
which provide flexibility and robust-
ness against false alarms. Hold time
is the duration the output of the
detectors remain active after target
detection, and hit counter refers to
the number of comparator output

pulses required to determine valid
target detection.

To provide flexibility in setting
the performance parameters, even
when running in autonomous mode,
the MMIC has four quad-state input
pins, QS1-QS4 (see Table 1). For
example, with QS2, users can se-
lect among four threshold values to
increase or reduce detector sensi-
tivity. For experienced radar users,
semi-autonomous and SP| operat-
ing modes can be selected with the
QS1 pin. In these modes, raw radar
data can be extracted for signal pro-
cessing with customized algorithms
on a PC or external microcontroller
via the SPl. For external process-
ing, the evaluation board can be
attached to an Arduino MKR board
or an Infineon radar baseboard
(MCU7).

Infineon’s Toolbox supports the
BGT6OLTRT1AIP MMIC platform with
demonstration software and a radar
graphical user interface, which dis-
plays and analyzes the acquired data
in the time and frequency domains.
The sensor meets the ETSI and FCC
regulations.

TABLE 1
QUAD-STATE PARAMETER
SETTINGS
Qs Parameter

1 Radar Operation Mode

2 Detector Sensitivity
(Comparator Threshold Voltage)

Signal Hold Time After Target
Detection

4 Device Operating Frequency

EASY TO USE

As a fully integrated microwave
motion sensor, the BGT60LTR11AIP
provides both motion and direction
of motion information, and a state
machine controls the device. In fully
autonomous mode, the radar offers
unprecedented simplicity.

The small 3.3 x 6.7 x 0.56 mm
MMIC includes two antennas with-
in its two-layer laminate package,
which eliminates the complex an-
tenna design for the user. It also en-
ables standard FR4 materials to be
used for the PCB design with this
MMIC. The BGT60LTR11AIP MMIC
requires little support circuitry (see
Figure 3): a low noise voltage regu-
lator, a 38.4 MHz crystal oscillator
and external capacitors. Two LEDs
indicate the functioning of the radar
sensor: green when a target is de-
tected and red for direction of mo-
tion.

In addition to simplifying system
integration, this all-in-one solution
enables fast prototyping for evalu-
ating product features. The dem-
onstration board shown in Figure
3 is a turnkey solution to show the
features of the radar sensor MMIC,
and it can be used as is for a sys-
tem, by connecting a power supply
between the VCC and ground con-
nections on the board.

The BGT6OLTR11AIP MMIC is a
small, compelling and cost-effective
replacement for conventional pas-
sive infrared sensors in low-power
or battery-powered applications.
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