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ABSTRACT

The requirement to maximize power saving has increased in various automotive electronic systems in the past
years. Particularly, surveillance systems which utilize camera and radar sensors are required to minimize power
consumption to maximize operational time when the vehicle is parked. This requires most system components
to be in a low power sleep mode configuration while the vehicle is parked. This application note will explain how
to implement low power mode operation of cameras with FPD-Link Il and IV to minimize power consumption in
surveillance mode operation including how to enable remote wake-up capabilities.
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1 Introduction of FPD-Link

FPD-Link is a multi-protocol physical layer technology that aggregates data from various industry standard video
protocols and transfers it over coax or twisted pair cables. Its most common use is for digital video and audio
transfer in automotive applications, such as video screens or driver assistance cameras as shown in Figure 1-1.

Image sensor

Image signal
FPD-Link processor
(over Coax or STP) (lSP) or
Serializer Deserializer i
< > Graphic
processor

Figure 1-1. Typical application of FPD-Link

The FPD-Link forward channel is used to send video, audio or other control data such as 12C and GPIOs to
endpoint devices with low latency. Low-speed data is transmitted from deserializer to serializer through the back

channel simultaneously with frequency division duplexing.
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2 Power-over-Coax Concept

A Power-over-Coax (PoC) network separates the high-speed data signal from the DC power signal on a coaxial
cable. Figure 2-1 shows a high-level overview of how FPD-Link and DC power share a single coax cable. The
inner conductor of the coax cable is used as the supply line for the DC power and the shield of the coax cable is
connected to ground and is used as return path for the DC power. The PoC Network acts as a low pass filter with
high impedance at the FPD-Link operational frequency band to minimize interference from the DC power with
the high-speed signals.

For more information on PoC with FPD-Link see FPD-Link ADAS Power-Over-Coax Design Guidelines.
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Figure 2-1. Power-over-Coax Application
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3 System consideration for sleep mode and remote wake-up with FPD-Link Ill and
FPD-Link IV

FPD-Link Il and IV devices do not have a built-in sleep mode feature with bidirectional wake-up capabilities.
Therefore, a sleep mode function with bidirectional wake-up needs to be implemented on system level. The
following Figure 3-1 shows a proposal on how to cost-effectively add a robust sleep and bidirectional wake
functionality for remote sensor systems which use FPD-Link Ill or IV devices. The additional system components
and considerations compared to a traditional automotive camera system implementation are depicted in red.

The system level proposal is based on two functions. Entering and exiting sleep mode is based on adjusting the
PoC voltage. A higher PoC voltage is used for normal mode operation and a lower PoC voltage is used for sleep
mode operation. The PoC voltage adjustment is controlled on the deserializer side (e.g. ADAS or central ECU).
During sleep mode operation, the deserializer can be fully powered off to minimize system power consumption.
A voltage detection circuit on the serializer side (e.g. remote camera) enables and disables the serializer through
the power down pin (PDB) to minimize power consumption and achieves the wake-up functionality from the ECU
to the remote sensor.

The PoC voltage levels for normal mode and sleep mode should be carefully selected to account for the voltage
drop due to the DC resistance of the power path and accuracy of voltage sensing and PoC voltage regulation.
Depending on the system requirements, the PoC voltage in sleep mode should be selected high enough to avoid
undervoltage lockout (UVLO) of the PMIC on serializer side which supplies other devices, e.g. image sensor
which runs in a low-power movement/human detection mode. As an example, the PoC voltage in normal mode
can be selected with 12V and for sleep mode operation with 7 - 8V.

For advanced system features, e.g. cameras with movement or human detection, a wake-up from serializer to
deserializer side needs to be implemented. This can be realized by monitoring the PoC current of the individual
camera channels during sleep mode. If one of the remotely connected sensors is switching to active state, an
increase in power consumption is detected on the ECU side and the wake-up of the system can be initiated.
Other remote sensors which remained in sleep mode are enabled by increasing the PoC voltage to normal mode
level.

The following sections present possible implementations of the detection circuits for bidirectional wake-up
functionality. The first three options show how to implement the voltage detection circuit on the camera side
for wake-up initiated by the ECU side. The fourth option shows how the current sensing on ECU side is
implemented for reverse wake-up scenarios initiated by a remote sensor (camera).
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Figure 3-1. System level block diagram

3.1 Voltage detection with Comparator circuit

The first option to implement PoC voltage detection on the serializer side is using a comparator circuit with a
resistor divider as shown in Figure 3-2. This option represents the easiest and most cost-effective approach
but requires more consideration at the system level due to component tolerances. An external resistor divider
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is used to set the threshold voltage to switch between sleep and normal mode. The output rail of the voltage
regulator (e.g. 1.8V) is used as reference voltage for the comparator. If the PoC voltage is below the threshold
the output of the comparator is low and powers down the serializer for system sleep mode. For this option,
resistors with a tolerance of 1% are recommended for the external resistor divider.
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Figure 3-2. Voltage detection with comparator

The following example shows how to estimate the voltage levels at the comparator input for sleep and normal
mode for a given configuration as shown in Table 3-1.

Depending on the tolerance of resistors, PoC voltage, reference voltage and IR drop of the PoC filter networks
and coax cable the system designer needs to ensure correct detection of sleep and normal mode based on
worst case conditions.

Table 3-1. Comparator Example Design Parameters

Parameter Condition Min Typ Max Unit
Vpoc(norm) |POC voltage normal mode | Tolerance: +/- 5% 8.55 9 9.45 \%
Vpocsieep) | POC voltage sleep mode Tolerance: +/- 5% 475 5 5.25 \%
R1 Resistor high side Tolerance: +/- 1% 68.31 69 69.69 kQ
R2 Resistor low side Tolerance: +/- 1% 26.73 27 27.27 kQ
VRer Reference voltage Tolerance: +/- 5% 1.71 1.8 1.89 \%
Virgorm) | IR drop over coax path Ipoc(norm) X Rpc(max) 500 mV
Virsleep) | IR drop over coax path Ipoc(sieep) X Roc(max) 40 mV
The comparator input voltage can be calculated with the following equation.

Veomp = (Vpo(ch leg)x = )

For the above example, the comparator input voltage at normal mode in worst case condition equates as:

(VPoc(norm, min) ~ VIR(norm)) X R2(min)  (855V — 0.5V) x 26.73kQ

Veomp(norm, min) = R1(max) + R2(min) =" 6969ka 1 26.73kn  — 2231V 2)
For sleep mode the worst case condition can be calculated with Equation 3.
_ (VPOC(sleep, max) ~ VIR(sleep)) X R2(max)  (525V —0.04V) x 27.27K _
Veomp(sleep, max) = R1(min) + R2(max) = G83ik+2727K) - 486V (3)

The calculated values show sufficient margin of at least 200mV to the reference voltage range.

Other system parameters which should be considered are the offset voltage and offset voltage drift of the
comparator. However, these values are typically in the low mV range and therefore are negligible.

For robustness against voltage transients, a small capacitor can be added at the input of the comparator.

Tl offers a variety of comparators like LM393LV-Q1 with low quiescent current and input offset voltage which are
suitable for the presented solution.
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3.2 Voltage detection with Supervisor

A different option to implement the voltage detection circuit is with a voltage supervisor. Compared to the
previously presented option this approach requires no external resistor divider and provides therefore better
accuracy. As shown in Figure 3-3, the voltage supervisor directly connects to the PoC voltage rail.
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Figure 3-3. Voltage detection with Supervisor

The voltage supervisor uses an internal voltage reference and selectable internal threshold voltage.

Below example shows the expected voltage range at the input of the supervisor for normal mode and sleep
mode for a given configuration according to Table 3-2.

Table 3-2. Supervisor Example Design Parameters

Parameter Condition Min Typ Max Unit
Vpoc(norm) |POC voltage normal mode | Tolerance: +/- 5% 8.55 9 9.45 \%
Vpoc(sieep) | POC voltage sleep mode Tolerance: +/- 5% 4.75 5 5.25 \%
VTR Threshold voltage Tolerance: +/- 1.5% 6.40 6.5 6.60 \%
Virorm) | IR drop over coax path Ipoc(norm) X Rpc(max) 500 mV
Virsleep) | IR drop over coax path Ipoc(sieep) X Rpc(max) 40 mV

The input voltage at the supervisor can be calculated with the following Equation 4.

Vsvs = Vpoc — VIR (4)
For the above example, the supervisor input voltage at normal mode in worst case condition equates as:

Vsvs(norm, min) = VPoC(norm, min) — VIR(norm) = 855V — 0.5V = 8.05V ()
For sleep mode the worst case condition can be calculated with Equation 6.

Vsvs(sleep, max) = VPoC(sleep, max) ~ VIR(sleep) = 525V — 0.04V = 5.21V (6)

Considering the threshold voltage range of 6.4 — 6.6V, the supervisor option provides significantly more margin
compared to the comparator option with external resistor divider.

A suitable supervisor device for this option is TPS3842-Q1, which offers high accuracy, built-in hysteresis and
a programmable sense delay which makes it robust against voltage transients and allows for more PoC voltage
variation.

3.3 Voltage detection with Programmable Logic Device

The two previously presented options are not robust against conditions when the PoC voltage is lower than the
threshold voltage for an extended time period during normal mode. This leads to a power down of the serializer
through the PDB pin as shown in the diagram in Figure 3-4.
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Figure 3-4. PDB output during transient event

A third option to implement the voltage detection circuit on the serializer side is by using a programmable logic
device which allows designers to choose a custom configuration to avoid unwanted activation of the sleep mode
condition during normal mode. Table 3-3 shows the function table for an example configuration of the voltage
detection function with a programmable logic device.

Table 3-3. Function Table of Programmable Logic Device

Input Output
IN_1 IN_2 PDB
Low VIN_2 < V1HR Low
High ViN_2 < VTHR High
Low Vin_2 > VTR High
High ViN_2 > VTHR High

In this example, the IN_1 pin acts as an enable input for sleep mode control. If the input on the IN_1 pin is
logic low and the voltage on the IN_2 pin is below the configured threshold, the output pin which is connected
to the PDB pin of the serializer is set to low and powers down the serializer. This avoids unintended sleep
mode activation when the PoC voltage falls below the configured voltage threshold in normal mode operation.
Figure 3-5 shows the implementation with the programmable logic device for the above example configuration.
The IN_1 input is connected to a GPIO of the PMIC, which is controlled over I2C from a remote host ECU.
Depending on the system architecture this can be also a GPIO pin from the image sensor.
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Rt Vcomp ENsieep GPIO | Camera

I I PMIC
R2
% TPLD1201-Q1 nRST

PDB

CSI-2

FPD-Link Image
Serializer 12C Sensor

»

Figure 3-5. Voltage detection with Programmable Logic Device

Tl offers a variety of programmable logic devices suitable for the voltage detection function like TPLD1201-Q1
with integrated comparators, LUTs, counters and oscillators.

3.4 Power-over-Coax Current Sensing for Reverse Wake-up

For advanced systems where wake-up from sensor to ECU side is required, additional system level
considerations are required. Figure 3-6 shows how to cost-effectively implement the wake-up function from
sensor to ECU side.
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Figure 3-6. Current sensing for reverse wake-up

During sleep mode, the MCU/SoC is monitoring the supply current on the individual camera channels through
the high-side switch or camera protector switch. The current monitoring can be accomplished by either using
an ADC channel in the SoC if the high-side switch provides an analog current sense output or through 12C if
the high-side switch already integrates an ADC for the current monitoring. When sleep mode is active and the
SoC detects one of the channel supply currents is increasing above a defined threshold, the SoC interprets

this as a wake-up request from a remote sensor. The rest of the system then transitions to normal mode and
increases the PoC voltage to wake up the remaining remote sensors (Serializers), which are still in sleep mode.
Together with the lower PoC voltage used in sleep mode, the current sense accuracy for wake-up detection
can be also lower. To increase the current draw for wake-up purposes, there are different options on the sensor
side: a dummy load which is only temporarily activated or by enabling other devices which increase the power
consumption, e.g. serializer. The presented approach for reverse wake-up utilizes devices that are already
present in most camera systems and therefore provides a cost-effective implementation.
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4 Summary

The increasing demand for camera surveillance functionality in the automotive segment requires solutions

to reduce the system power consumption when the vehicle is parked and maximize the operation time of
surveillance mode. This application note presents concepts and different options for how to implement low power
mode on a system level for FPD-Link camera systems. This includes system level considerations like voltage
variations, transients and component tolerances as well as suitable devices to implement lowest power operation
in surveillance mode for automotive camera systems.
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