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Description Features
This reference design uses Hall-effect sensors to * Up to 10 mm of trigger displacement translated to
implement a trigger that outputs a varying voltage voltage
based on how far the trigger is pressed. These — Measured voltage error without calibration
types of triggers are well-suited for use in cordless < 3%
power tools or any other end equipment that utilize — Measured voltage error with calibration < 0.5%
trigger displacement information. The design uses + (Optional) Disables voltage output when strong
a contactless approach that reduces wear and tear external magnetic fields are detected
compared to traditional mechanical-based triggers, + Operates from AAA batteries or 5V to 30 V
thereby increasing product lifetime. Low-power Hall- external power supply
effect switches are used along with a load switch to + Low system current consumption in sleep mode
keep the system in a low-power standby mode when — Maximum protection against external magnetic
the trigger is not pressed. In addition, an optional fields selected: 6.9 pA
magnetic field protection feature is available that — Minimum protection against external magnetic
disables the voltage output when a strong, external fields selected: 3.5 pA
magnetic field is present. L.
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DRV5056, DRV5032 Product Folder * Mains powered tools
TPS709, TPS22917 Product Folder
SN74HCS00, SN74AUP1G00 Product Folder
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1 System Description

Many end equipment require user-provided position information to properly function. From a user’s perspective,
the inputs can be provided by various methods, such as pressing a button, pressing a trigger, or turning a knob.
A mechanism is often needed to translate the inputs from the user to a form that can be sensed and then

acted on by the electronics within the system. As an example, cordless power tools like power drills require a
mechanism to translate the trigger displacement into a voltage that controls the speed of the tool. Potentiometers
are commonly used for translating how far the user presses the trigger into an output voltage, however, this type
of mechanical implementation has issues with wear and tear that reduce product lifetime.

To reduce current consumption, cordless power drills are also put in a low-power mode to prevent from draining
the battery of the tool. Pressing the trigger wakes up the power drill. Mechanical implementations such as
mechanical switches may be used to wake up the system once the trigger displacement exceeds a minimum
threshold distance. Mechanical switches also have issues with wear and tear, similar to potentiometers.

In this reference design, a contactless trigger is implemented using Hall-effect sensors, which reduces wear and
tear compared to traditional triggers that use potentiometers and mechanical switches. This design includes a
3D-printed trigger module with embedded magnet for illustrating a Hall-based trigger press mechanism. In this
implementation, a magnet is placed so that it moves along with the trigger. As the trigger is pressed, the magnet
approaches a linear Hall sensor, which translates the sensed magnetic flux density from the moving magnet into
an output voltage. Since the sensed magnetic flux density and output voltage varies with the location between
the magnet and the linear Hall sensor, the output voltage provides information on the location of the magnet, and
therefore, the trigger displacement. This design translates up to 10 mm of trigger displacement into an output
voltage.

A load switch is used to disconnect power to the linear Hall sensor and other components if the trigger is not
pressed. To wake up the system to enter active mode, the design utilizes a Hall-effect switch for detecting when
the trigger displacement exceeds the turn-on distance. When the sensed magnetic flux density of the wake-up
Hall-effect switch exceeds the magnetic operating point (Bop) of the switch, the output of the Hall-effect switch is
asserted low, which triggers the load switch to reconnect power to the linear Hall sensor.

In addition to the wake-up Hall-effect switch, additional Hall-effect switches are present for implementing
optional protection against external magnetic fields. If these additional Hall-effect switches detect strong external
magnetic fields, the output of the linear Hall-sensor is disabled by disconnecting power to it, thereby preventing
the power drill from accidentally turning ON due to strong external magnetic fields tampering with the system.
This protection also turns OFF a currently ON drill when strong magnetic fields are present. Each of the tamper
Hall sensors can be individually disabled, which enables the user to select the number of Hall sensors needed
for their system based on their sleep current consumption, and external magnetic field protection requirements.

This design supports standalone operation or connection to external systems for in-system evaluation. In
standalone operation, the design is powered from AAA batteries that are inserted into the battery holder that
comes with the HALL-TRIGGER-EVM. To illustrate status, the following LEDs are used:

» LEDs on the output of each Hall-effect switch

* An LED added to the VCC input of the linear Hall sensor for indicating system wake up from its sleep mode
and when the linear Hall sensor is powered

* An LED that changes its brightness based on how far the trigger is pressed

For connecting to external systems for in-system evaluation, an LDO is included in the design to convert external
battery voltages from 5 V to 30 V down to a 3.3-V rail that powers the design. Instead of connecting the
DRV5056 power to the load switch output, the design can also be reconfigured so that the DRV5056 is powered
from an external 3.3-V rail. In addition, an optional BJT circuit on the design is present (this is not populated by
default) to translate the internally generated 3.3-V system wake-up signal to a voltage set to the voltage of the
external battery.

In addition to being applicable to cordless power tools, this design is also applicable for other end equipment that
have a trigger mechanism, such as surgical equipment, mains powered tools, and food blenders.

2 Contactless, Hall-Effect Variable-Speed Trigger Reference Design With TIDUBY9 — DECEMBER 2021
External Field Protection Submit Document Feedback

Copyright © 2021 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/TIDUBY9
https://www.ti.com/feedbackform/techdocfeedback?litnum=TIDUBY9&partnum=TIDA-060032

13 TEXAS
INSTRUMENTS

www.ti.com

System Description

1.1 Key System Specifications

Table 1-1. Key System Specifications

FEATURES

DESCRIPTION

Maximum trigger displacement distance

Note
The actual maximum trigger distance observed with the HALL-TRIGGER-EVM
is less than this due to the force from the spring preventing the 10-mm
displacement from being observed.

Magnet Specs

» Dimensions: 3/16 in diameter (4.7625 mm) x 3/16 in thick (4.7625 mm)

+ Material: NdFeB, Grade N52

» Magnetization Direction: Axial (Poles on Flat Ends)

* Link to Magnet: https://www.kjmagnetics.com/proddetail.asp?prod=D33-N52

calibration)

Voltage output range 09Vto31V
Measured Voltage output accuracy (without <39
calibration) °
Measured Voltage output accuracy (with <0.5%

Power Supply Options

+  Option 1: 2 AAA batteries
* Option 2: External 5V to 30 V on LDO input

Time needed to exit sleep mode and enter
active mode

50 ms if stray field Hall-effect switch disabled
» 100 ms if stray field Hall-effect switch enabled

Response time of tamper Hall-effect switches

50 ms

Sleep mode current consumption

* 18V at LDO input, all Hall-effect switches enabled: 7 A

* 18V at LDO input, one tamper Hall-effect switch disabled: 5.2 pA

+ 18V at LDO input, two tamper Hall-effect switches disabled: 3.4 yA

+ 18V at LDO input, two tamper Hall-effect switches disabled, stray-field Hall-effect switch
disabled: 3.4 yA

+ LDO disabled, 3.3 V applied directly to VCC, two tamper Hall-effect switches disabled,
stray-field Hall-effect switch disabled: 1.7 pA
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2 System Overview

2.1 Block Diagram

Figure 2-1 depicts the block diagram of this reference design.
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Figure 2-1. TIDA-060032 Block Diagram
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This design is powered from either two AAA batteries (default configuration) or an external 5-V to 30-V power
supply. To translate the external power supply voltage to the 3.3-V rail utilized by the reference design, the
TPS709 LDO is used. This ultra-low quiescent current, low-dropout (LDO) linear regulator allows the design to
be powered from the higher voltage batteries typically seen in cordless power drills.

When the trigger is pressed, a magnet attached to the trigger moves along it. The magnet selected is a 3/16

in x 3/16 in cylinder magnet made of neodymium grade 52. The DRV5056 translates the sensed magnetic flux
density from this magnet into an output voltage. When interfacing to an external power drill, this output voltage
can be connected to the ADC of an integrated motor driver or microcontroller for changing the speed of the drill.
The design has resistor dividers to scale the output voltage from the DRV5056 to a voltage input range suited for
the ADC.

To maximize battery lifetime, the design is placed in a sleep mode until a wake-up event by pressing the trigger.
A wake-up DRV5032 Hall-effect switch detects when the trigger is pressed by measuring the magnetic flux
density of the trigger magnet. The DRV5032 device variant selected for the wake-up sensor is a unipolar sensor
that responds to positive magnetic flux density readings. When the trigger is pressed, the sensed magnetic flux
density at this Hall-effect switch is greater than the magnetic operating point (Bop ), resulting in the output of the
DRV5032 to be asserted low and the design to be awakened from sleep mode into active mode. The magnetic
flux density at this sensor drops below the switch release point (Bgp) when the trigger returns back to its original
position, resulting in the output of the DRV5032 to be asserted high and the design to be placed back in sleep
mode. Since this sensor must always be ON, it is powered directly from VCC.

The output of the wake-up Hall-effect sensor can be falsely triggered to be asserted low when exposed to a
positive magnetic flux from a strong magnet that is external to the system. This external magnet is not to be
confused with the trigger magnet, which is internal to the system. The design has three optional, additional
DRV5032 devices to prevent the system from entering active mode in the presence of external magnetic fields,
even if the wake-up Hall sensor is falsely triggered to be asserted low by the external magnetic fields. Each of
these three additional Hall sensors can be individually disabled, which allows selection of the desired level of
protection against external magnetic fields.

One of the additional DRV5032 devices is referred to as the stray field sensor. The stray field sensor is a
unipolar sensor that responds to the negative magnetic flux. To reduce current consumption, the stray field
sensor is only powered when the wake-up Hall sensor is asserted low, which occurs when the trigger is pressed
or if the wake-up Hall sensor detects a strong, positive magnetic flux density reading. During the entire 10-mm
trigger displacement path, the stray field sensor should detect negative magnetic flux density readings from the
trigger magnet and the sensed magnetic flux density of the stray field sensor should exceed the absolute value
of the Bop of that sensor. Regardless of the state of the wake-up or other Hall sensors, the system is in sleep
mode if the stray field sensor detects positive magnetic flux density readings or if the absolute value of the
sensed magnetic flux density does not exceed the absolute value of Bop. As a result, if a strong external magnet
is applied to this design and it causes the stray field sensor to detect a net positive magnetic flux density reading,
the system will still be placed in sleep mode even if the output of the wake-up Hall sensor is falsely triggered to
be asserted low, thereby helping to prevent the design from turning ON due to the wake-up Hall sensor being
accidentally triggered by external magnets.

Even with the stray field sensor, it is possible to fool the design into waking up from sleep mode using a strong,
external magnet if the external magnet causes the wake-up sensor to detect a positive magnetic flux density
while the stray field sensor detects a negative magnetic flux density. To make this design robust to this scenario,
two other optional DRV5032 sensors can be used in this design. These other DRV5032 devices are referred

to as the tamper Hall-effect sensors and are powered from VCC. The tamper Hall sensor variants used in

this design are omnipolar devices that respond to both positive and negative magnetic flux density readings.
Regardless of the state of the other Hall sensors, the system is put in sleep mode if any of the two tamper Hall
sensors detects a strong, external magnetic field.

When any of the tamper sensors are enabled, a logic gate is needed to combine the outputs from the different
Hall sensors to produce one signal that informs the design when the system should be in sleep mode or active
mode. The SN74HCS00 quadruple 2-input NAND gate combines the outputs from the different Hall sensors to
produce an active-low signal that is asserted low when the system should be awake and asserted high when
the system should be in sleep mode. If tamper Hall sensors are not needed, the reference design can be
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redesigned to not use the SN74HCSO00 by using the following signals as the active-low wake-up signal instead of
the SN74HCSO00 output:

* The output stray field's Hall-effect switch's output if the stray field sensor is not needed
+ The wake-up Hall-effect switch if the stray field is also not enabled.

The TPS22917 in this design is a load switch that can disconnect power from the DRV5056 when the system
is asleep, thereby reducing current consumption. Since the TPS22917 has an active high switch control input
and the SN74HCSO00 produces an active low input, the output from the SN74HCS00 must be inverted before
connecting to the switch control input of the TPS22917. The SN74AUP1GO00 single 2-input NAND gate is
configured to do this signal inversion. Note that the design can also be redesigned to replace the active-high
TPS22917 and SN74AUP1G00 with just one active-low TPS22916 device.

As an alternative to powering the DRV5056 from the output of the TPS22917, the DRV5056 in this design can
also be powered from a voltage-regulated, external 3.3-V power supply. If reducing the current consumption is
desired, the power to the DRV5056 can be switched OFF externally when the system is in sleep mode.

In addition, there are two enable signal options in the design that can be used to provide information to any
external systems about whether the design is in sleep mode or active mode. The first enable signal comes from
the output of the SN74HCSO00. This enable signal is at 0 V when the design is in sleep mode up and 3.3 V when
in active mode. For external signals that require an enable signal with a higher voltage, select the second enable
signal option.

The second enable option is created by taking the first enable signal and feeding it into an NPN transistor switch
circuit. Connect the voltage source input to the NPN circuit to a drill battery to produce a wake-up signal that is at
the voltage level of the drill. As an example, if the voltage input of the circuit is connected to an 18-V drill battery,
the second enable option will have an output voltage of 18 V when the system is in active mode and 0 V when
the system is asleep (note that this is the opposite polarity of enable signal option 1). If enable signal option 2

is not needed, remove the NPN transistor circuit from the design. By default, the NPN transistor circuit is not
populated on the design.

An example use-case for the enable signals is for triggering any external systems connected to the design to go
to sleep or active mode along with the design. To trigger the external systems for sleep mode, one option is to
remove power from these external systems using an external eFuse, load switch, or hot swap controller that has
an enable pin that connects to one of the enable signals from this design. Based on the voltage generated by the
enable signal of the design, the power to the external system is either connected or disconnected accordingly.

The design also has a TLV9061 op amp; however, this op amp is just for driving one of the LEDs to change its
brightness based on the output voltage of the DRV5056. This LED is for showcasing the movement of the trigger
when the design is in standalone mode. Since it is mainly for demonstration purposes, this circuit is not needed
in final system implementations.

Note that this design has components that were added to demonstrate this design in a standalone mode. Figure
2-2 shows a simplified version of this block diagram that excludes the components in the design that are for
showcasing standalone mode, so they are not needed in a final system implementation. In the simplified block
diagram, it assumes that there is an external device that turns OFF power to the system based on the output
enable signal and that the DRV5056 is powered from an external power supply that is automatically disabled
when the system is in sleep mode. In addition, if protection against external magnetic fields is not needed, the
tamper DRV5032, stray field DRV5032, and SN74HCSO00 can be removed from this simplified block diagram.
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2.2 Highlighted Products

2.2.1 DRV5056

The DRV5056 is a linear Hall-effect sensor that responds proportionally to positive magnetic flux density
readings. The device uses a ratiometric architecture that can reduce error from VCC tolerance when the
external analog-to-digital converter (ADC) uses the same VCC for its reference. The DRV5056 is sensitive to the

magnetic field component that is perpendicular to the die inside the package. Figure 2-3 shows the direction of
sensitivity for the DRV5056.

TO-92
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Figure 2-3. DRV5056 Direction of Sensitivity

This design uses the TO-92 through-hole package. For the TO-92 package of this device, a positive magnetic
flux density is defined as when the magnetic south pole applied near the front (marked) of the package or a north
pole applied from behind the package. Figure 2-4 shows the magnetic response of the device. This device is a

unipolar device, where the analog output drives 0.6 V when no magnetic field is present and increases as the
positive field becomes stronger.
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Figure 2-4. DRV5056 Magnetic Response

The bipolar DRV5055 can be used an alternative to the DRV5056. The DRV5055 responds to both positive

and negative fields instead of just negative fields. The advantage of the DRV5055 is that it can still work if the
magnet was accidentally installed backwards since the device senses both negative and positive fields (note that
the wake-up and stray field sensors will not work if the magnets are reversed because they are unipolar as well).
For the head-on configuration used in this design, the linear Hall sensor is only exposed to either a positive field
or a negative field during the trigger movement; it is not exposed to both fields when the trigger is pressed. For
more information, see the Head-on Linear Displacement Sensing Using Hall-Effect Sensors application brief. As
a result, only half the range of the DRV5055 is used if the DRV5055 is used as the linear Hall sensor for the

8 Contactless, Hall-Effect Variable-Speed Trigger Reference Design With TIDUBY9 — DECEMBER 2021

External Field Protection Submit Document Feedback
Copyright © 2021 Texas Instruments Incorporated


https://www.ti.com/lit/pdf/SBAA519
https://www.ti.com/lit/pdf/SBAA519
https://www.ti.com
https://www.ti.com/lit/pdf/TIDUBY9
https://www.ti.com/feedbackform/techdocfeedback?litnum=TIDUBY9&partnum=TIDA-060032

13 TEXAS
INSTRUMENTS

www.ti.com System Overview

design. Since the DRV5056 is a unipolar device; however, the entire range of the DRV5056 can be used. To
maximize output dynamic range, the DRV5056 was selected in this design instead of the DRV5055.

The DRV5056A1 device variant was selected in this design because its magnetic range (20 mT) is near the
maximum magnetic flux density that is expected to be detected by the DRV5056 based on the magnet material,
magnet dimensions, and the distance from the magnet to the DRV5056 sensing element.

2.2.2 DRV5032

The DRV5032 device is an ultra-low-power digital switch Hall-effect sensor, designed for the most compact and
battery-sensitive systems. The device is offered in multiple magnetic thresholds, sampling rates, output drivers,
and packages to accommodate various applications. Table 2-1 (from the data sheet) shows a comparison
between the different DRV5032 device variants.

Table 2-1. DRV5032 Device Variants

VERSION MAXIMUM MAGNETIC OUTPUT SAMPLING PACKAGES
THRESHOLD RESPONSE TYPE RATE AVAILABLE
DRV5032DU 3.9mT Unipolar Push-pull 20 Hz SOT-23, X2SON, TO-92
DRV5032FA Omnipolar Push-pull 20 Hz SOT-23, X2SON, TO-92
DRV5032FB Omnipolar Push-pull 5Hz SOT-23, TO-92
DRV5032FC 48mT Omnipolar Open-drain 20 Hz SOT-23, TO-92
DRV5032FD Unipolar Push-pull 20 Hz X2SON, TO-92
DRV5032AJ 9.5mT Omnipolar Open-drain 20 Hz SOT-23, X2SON, TO-92
DRV5032ZE 63 mT Omnipolar Open-drain 20 Hz SOT-23, TO-92

Figure 2-5 shows the direction of sensitivity for the different DRV5032 device variants. When the applied
magnetic flux density exceeds the Bgp threshold, the device outputs a low voltage. The output stays low until
the flux density decreases to less than Brp, and then the output either drives a high voltage or becomes high
impedance, depending on the device version. By incorporating an internal oscillator, the device samples the
magnetic field and updates the output at a rate of 20 Hz, or 5 Hz for the lowest current consumption. Omnipolar
and unipolar magnetic responses are available.

-
B

@

SOT-23
X2SON

PCB

Figure 2-5. DRV5032 Direction of Sensitivity

In the design, the X2SON package of the DRV5032DU is used for the wake-up (U1) and stray field sensors
(U2). This device variant is selected for both of these sensors because it was unipolar and had both a positive-
responding and negative-responding output. In addition, the 3.9-mT Bgp threshold works well for the selected
magnet and magnet to sensor distances used in this design.

The SOT-23 package of the DRV5032FA is selected for the U3 and U4 tamper switches. This device is selected
for the following reasons:

* Itis omnipolar, which means it could respond to both a strong positive and a strong negative field from
external magnets

* |t uses a push-pull output, which consumes less current than an open-drain output type

* The 4.8-mT Bgp threshold works well for the selected magnet and magnet-to-sensor distances used in this

design
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* The 20-Hz sampling rate allows detecting external magnetic fields in 50 ms compared to the 200-ms
detection rate if a 5-Hz device variant is selected. If the system can use a 200-ms detection rate, the
DRV5032FA in this design can be replaced with a DRV5032FB to reduce system current consumption.

2.2.3 TPS709

The TPS70933 linear regulator is an ultra-low quiescent current devices designed for power-sensitive
applications. The device can take an input voltage of up to 30 V, which allows it to regulate the high voltage
from many cordless power tool batteries into a 3.3-V rail. A precision band-gap and error amplifier provides
2% accuracy over temperature. A quiescent current of only 1 yA makes these devices ideal solutions for
battery-powered, always-on systems that require very little idle-state power dissipation. These devices have
thermal-shutdown, current-limit, and reverse-current protections for added safety.

The TPS70933 device is used in this design to power the DRV5032 from the relatively higher-voltage batteries
that are in cordless power tools. This device was chosen for this design because of its low current consumption,
high input voltage, and its 3.3-V output voltage. For systems with more relaxed current consumption and input
voltage requirements, the TLV70433 is an alternative LDO that could also be used for a lower cost system.

2.2.4 SN74HCS00

The SN74HCSO00 contains four independent 2-input NAND gates with Schmitt-trigger inputs. Each gate performs
the Boolean function: Y = A x B. The device has a wide operating voltage range of 2 V to 6 V and has a typical
supply current of 100 nA. The SN74HCSO00 is used to combine the outputs from the different Hall switches to
produce one output that tells the system when it should be in sleep or active mode. This specific device was
selected because of its low current consumption and cost.

2.2.5 TPS22917

The TPS22917 device is a small, single-channel load switch utilizing a low leakage P-channel MOSFET for
minimum power loss. The switch ON state is controlled by a digital switch control input that can interface directly
with low-voltage control signals. The device has an input voltage range of 1 V to 5.5 V and has a 10-nA current
consumption when it is in its OFF state. The switch control input is active high. If a high voltage is applied to

the switch control input, the load switch is in the ON state and the VOUT pin is connected to the VIN pin of the
device. On the other hand, if a low voltage is applied to the switch control input, the load switch is in the OFF
state and the VOUT pin is disconnected from the VIN pin of the device.

In this design, the TPS22917 is used to disconnect the power supply of the board (connected to VIN of the
TPS22917) from the VCC pin of the DRV5056 (connected to VOUT of the TPS22917). When the system is in
sleep mode, the TPS22917 disconnects VCC from the DRV5056, thereby reducing system current consumption.
The TPS22917 was selected because of its cost and its low OFF-state current consumption. The active-high
TPS22917 and the SN75AUP1G00 can be replaced with one active-low TPS22916.

2.2.6 SN74AUP1G00

The SN74AUP1GO00 contains one 2-input NAND gate that performs the Boolean function: Y = A x B. The

device has an operating voltage range of 0.8 V to 3.6 V and has a maximum supply current of 900 nA. The
SN74AUP1GO00 is used to convert the active high switch control input of the TPS22917 to an active-low switch
control input. This device was selected because of its low cost, low current consumption, and its support of 3.3-V
logic. The active-high TPS22917 and the SN75AUP1G00 can be replaced with one active-low TPS22916.

2.2.7 TLV9061

The TLV9061 is a single low-voltage op amp with rail-to-rail input- and output-swing capabilities. This device
translates the DRV5056 voltage into a voltage that changes the brightness of an LED on the board based on
how far the trigger is pressed. The device was selected because of its low cost. Since this device is mainly used
for demonstrating the trigger movement with the LED, note that it is not actually needed in a final implementation
of a cordless power tool.
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2.3 Design Considerations
2.3.1 Design Hardware Implementation

2.3.1.1 Hall-Effect Switches

Figure 2-6 shows a snippet of the Hall-effect switch portion of the design, where the parts that are labeled U1,
U2, U3, and U4 are the Hall-effect switches. In the design, U1 is the primary switch for waking the system up
when the trigger is pressed, U2 is the stray field sensor, and U3 and U4 are the tamper Hall sensors.

VCC
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VCC
R21 )
T—WVT vee ouT
0
c2 3
o 1uF ouT2—2-  DNP
2 VCC
GND Py
GND DRV5032DUDMRR
Ut D1
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1 1vee ouT 24—
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Figure 2-6. Schematic Snippet of Hall-Effect Switch Portion of Design

The DRV5032 is used for each of the four Hall-effect switches in the design. All four of these switches have a
20-Hz sampling rate, a push-pull output type, a test point on the board for probing the switch output, and an
LED on the board for visually indicating the status of each switch. Table 2-2 shows how the configurations of the
different Hall switches vary in this design.
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Table 2-2. Configurations of Hall Switches U1-U4
BOARD PURPOSE DEVICE THRESHOLD VALUES MAGNETIC RESPONSE PACKAGE |POWER STATE
DESIGNATOR VERSION
U1 Wake-up sensor DRV5032DU Output asserted low if B > 3.9 | Unipolar: Responds to south | X2SON Always powered
mT. Output asserted high if B | (positive) pole of magnet and enabled
<0.9 mT. (OUT2 pin of device is used)
applied near top of package
u2 Stray-field sensor DRV5032DU Output asserted low if B < -3.9 | Unipolar: Responds to north | X2SON Powered when
mT. Output asserted high if B | (negative) pole of magnet resistor R21
>-0.9mT. (OUT pin of device is used) populated and the
applied near top of the OUT2 pin of U1 is
package. asserted low
u3 Tamper sensor 1 DRV5032FA Output asserted low if |B| > Omnipolar: responds to north | SOT-23 Always powered
4.8 mT. Output asserted high |and south poles of magnet if resistor R20
if [B] <0.5 mT. applied near top of package. populated
U4 Tamper sensor 2 DRV5032FA Output asserted low if |B| > Omnipolar: responds to north | SOT-23 Always powered
4.8 mT. Output asserted high |and south poles of magnet if resistor R19
if |B| <0.5 mT. applied near top of package. populated

For the DRV5032, a negative field is defined as when the north pole of a magnet is applied near the top of the
package containing the device, as shown in Figure 2-7. A negative field is also detected when the south pole

of a magnet is applied underneath the bottom of the package that has the device. A positive field is defined as
when the south pole of a magnet is applied near the top of the package or when the north pole of a magnet is
applied underneath the bottom of the package containing the device.

positive B

negative B

Figure 2-7. Flux Direction Polarity

In the design, the 4-pin X2SON package of the DRV5032DU device variant is used for devices U1 and U2. This
device variant is a dual output unipolar device, where each output only responds to either a positive field or a
negative field. Figure 2-8 shows the output waveforms of the DRV5032DU device variant.
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Figure 2-8. DRV5032DU Output Waveforms

The OUT1 pin of the U1 and U2 devices (referred to as the OUT pin in Figure 2-7) only responds to negative
magnetic flux density readings. This output is not affected by positive magnetic flux density readings. Figure 2-9
shows the data sheet spec for the Bop and Brp range of the OUT1 output . If the sensed magnetic flux density is
less than the Bop spec of the OUT1 output of the DRV5032DU device variant, the OUT1 output will be asserted
low. If the sensed magnetic flux density is greater than the Brp spec of the OUT1 output of the DRV5032DU
device variant, the output will be asserted high. Based on the Bop iy and Brpmax range of the OUT1 Hall
sensor, the OUT1 output is assured to be asserted low when the sensed magnetic flux density is less than -3.9
mT and asserted high when the sensed magnetic flux density is greater than -0.9 mT.

The OUT2 pin of the U1 and U2 devices, on the other hand, only responds to positive magnetic flux density
readings. Figure 2-9 shows the data sheet spec for the Bop and Bgrp range of the OUT2 output. If the sensed
magnetic flux density is greater than the Bop spec of the OUT2 output of the DRV5032DU device variant, the
OUT2 output will be asserted low. If the sensed magnetic flux density is less than the Bgrp spec of the OUT2
output of the DRV5032DU device variant, the output will be asserted high. Based on the Bopyin and Brpmax
range of the OUT2 Hall sensor, the OUT2 output is assured to be asserted low when the sensed magnetic flux
density is greater than +3.9 mT and asserted high when the sensed magnetic flux density is less than +0.9 mT.

PARAMETER | TEST CONDITIONS | MIN TYP MAX| UNIT
DU VERSION
, , OUT1 pin (north)@ -39 -25 -1.2
Bop Magnetic threshold operate point - mT
QUT2 pin (south) 1.2 25 3.9
QUT1 pin (north)@ -3.5 -1.8 -0.9
Brp Magnetic threshold release point - mT
QOUT2 pin (south) 0.9 1.8 3.5
Bhys Magnetic hysteresis: |Bop — Brp| Each output 0.1 0.7 1.9 mT
FA, FB, FC VERSIONS
Bop Magnetic threshold operate point 1.5 3 +4.8 mT
Brp Magnetic threshold release point +0.5 15 +3 mT
Bhys Magnetic hysteresis: |Bop — Brp| 0.8 15 3 mT

Figure 2-9. Bop and Brp Range of DRV5032DU and DRV5032FA Outputs

For devices U3 and U4, the 3-pin SOT-23 package of the DRV5032FA device variant is used. This device is a
single output omnipolar device, which responds to both positive and negative magnetic flux density readings the
same way. Figure 2-10 shows the output waveform of the DRV5032FA device variant.
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Figure 2-10. DRV5032FA Output Waveform

The OUT pin of the U3 and U4 devices responds to both negative and positive magnetic flux density readings.
Figure 2-8 shows the data sheet spec for the Bop and Brp range of this device variant. If the absolute value

of the sensed magnetic flux density is greater than the Bpp spec of the DRV5032FA, the OUT output will

be asserted low. If the absolute value of the sensed magnetic flux density is less than the Brp spec of the
DRV5032DU device variant, the output will be asserted high. Based on the Bop iy and Brpmax range of the
Hall sensor, the OUT output is assured to be asserted low when the absolute value of the sensed magnetic flux
density is greater than 4.8 mT and asserted high when the absolute value of the sensed magnetic flux density is
less than 0.5 mT.

2.3.1.1.1 U1 Wake-Up Sensor Configuration

The primary function of the U1 switch is to keep the system in low power when the trigger is not pressed. This
switch is always powered and enabled. U1 uses the OUT2 pin of the unipolar DRV5032DU X2SON package,
so it only responds to a positive magnetic flux density. OUT2 is assured to be asserted low when the sensed
magnetic flux density is greater than +3.9 mT and asserted high when the sensed magnetic flux density is less
than +0.9 mT.

The OUT2 pin of U1 is connected to the GND pin of the U2 sensor so that the U2 Hall sensor is only powered
when the wake-up sensor detects a positive magnetic flux density from pressing the trigger or if an external
magnet causes a positive magnetic flux density reading that triggers U1 into asserting its output low. If no
external magnetic field is applied or the trigger is not pressed, U2 is not powered, which reduces the current
consumption compared to if U2 was always powered. One disadvantage of connecting the output of one switch
to the GND of another switch is that it can increase the response time of the system by the sampling period

+ power-on time of one Hall sensor (= 50 ms in this case). Additionally, note that since the maximum output
current supported by the DRV5032 is +5 mA and the peak current consumption of the DRV5032 is 2.7 mA, do
not connect the output of a Hall sensor to the GNDs of any other Hall sensors. Consequently, switches U3 and
U4 do not have their ground connected to the OUT2 pin of U1.

2.3.1.1.2 U2 Stray-Field Sensor Configuration

Switch U2 is the stray field sensor. U2 is an optional sensor that can be disabled by depopulating resistor R21
on the board and placing a 0-Q resistor between pads 1 and 2 of the R16 3-pad footprint. The GND pin of U2 is
connected to the OUT2 output of U1, and is therefore, only powered if the output of U1 is asserted low. Note that
because U2 is not powered on when Switch 1 is inactive, its actual voltage varies, but remains near the inactive
state (logic high) of the load switch.

In addition, U2 uses the OUT1 pin of the unipolar DRV5032DU X2SON package, so it only responds to a
negative magnetic flux density reading. OUT1 is assured to be asserted low when the sensed magnetic flux
density is less than —3.9 mT and asserted high when the sensed magnetic flux density is greater than —0.9 mT.
With U2 being powered from U1, the U2 output is only assured to be asserted low if the sensed magnetic flux
density at U1 is greater than Bop of OUT2 while the sensed magnetic flux density at U2 is less than Bop of
OUT1. Consequently, the output of U1 is not needed to determine whether the system should be in sleep mode
if the U2 stray field sensor is enabled. In this case, the output of U2 provides enough information on the state of
U1 and U2.
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Since the wake-up sensor only responds to a positive field and the stray field sensor responds only to a
negative field, the design is robust against external magnets placed in the orientation shown in Figure 2-11 and
unidirectional stray fields exposed to the design. In this orientation, both the wake-up sensor and stray field
sensor either detect a strong negative field or a strong positive field. If a strong negative field is applied to both
sensors, switch U2 is not powered and the system is placed in sleep mode. If a strong positive field is applied to
both sensors, switch U2 is powered, but the system is still placed sleep mode.

Figure 2-11. External Magnet Orientation Best Detected by Stray Field Sensor

2.3.1.1.3 U3 and U4 Tamper Sensor Configuration

Switches U3 and U4 are the optional tamper sensors. To disable switch U3, depopulate resistor R20 and place
a 0-Q resistor between pads 1 and 2 of the R18 3-pad footprint. Switch U4 can also be disabled by depopulating
resistor R19 and placing a 0-Q resistor between pads 1 and 2 of the R17 3-pad footprint. U3 and U4 have

their GND pins connected to the GND of the board instead of an output of a Hall sensor, so they are always
powered as long as resistors R19 and R20 are populated. Both of these devices use the DRV5032FA SOT-23
package and respond to both positive and negative magnetic flux density readings. The output of these devices
is assured to be asserted low when the absolute value of the sensed magnetic flux density is greater than 4.8
mT and asserted high when the absolute value of the sensed magnetic flux density is less than 0.5 mT.

Switches U3 and U4 are for making the design robust against the magnet orientation shown in Figure 2-12.

In this orientation, U1 detects a strong positive field and U2 detects a strong negative field, thereby triggering
the wake-up sensor and stray field sensor. Switches U3 and U4 can detect the strong magnetic field from this
orientation and put the system in sleep mode. These switches are spread out from each other to cover a wider
sensing range. U3 and U4 are also placed so that the sensed magnetic flux density from the trigger magnet is
small enough to not be misinterpreted as an external magnetic field.
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Figure 2-12. Additional Magnet Orientation Detected by Tamper Hall Sensors

2.3.1.1.4 Hall Switch Placement

The magnetic flux density detected by a Hall sensor is dependent on the magnet dimensions, magnet material,
and the distance from the magnet to the sensing element within the Hall sensor. Note that the location of

the sensing element varies for each package of the DRV5032. Figure 2-13 shows the location of the sensing
element in the X2SON and SOT-23 packages of the DRV5032. The two pictures on the right express the
sensing location with respect to the bottom of the X2SON and SOT-23 packages of the DRV5032. To express
the sensing location so that it is with respect to the top of a package, subtract the readings that are with respect
to the bottom of the package from the package height. As an example, if the X2SON package height is 400 ym
and the distance from the bottom of the package to the sensing element is 250 ym, the distance from the top of
the X2SON package to the sensing element is 400 — 250 = 150 ym. Similarly, if the SOT-23 height is 1120 pm
and the distance from the bottom of the package to the sensing element is 650 uym, the distance from the top of
the SOT-23 package to the sensing element is 1120 — 650 = 470 um.

SOT-23
Top View

SOT-23
Side View

L]

centered _ 1| o
+70 pm

1]

X2SON
Top View

X2SON
Side View

centered | | s " 250 pm

Figure 2-13. Location of Sensing Element Within X2SON and SOT-23 Packages of DRV5032

Based on the magnet specifications and the distance from the magnet to the sensing elements, simulations were
done to estimate the expected sensed magnetic flux density at each sensor across the trigger displacement
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range. For detailing the distances from the magnet to the Hall sensors, the convention shown in Figure 2-14 was
used. In this figure, the z-axis is defined as going from right to left (this is the direction of the trigger movement),

the y-axis is defined as going from up to down, and the x direction is defined as going into the page (from the top
layer of the PCB to the bottom layer of the PCB).

Figure 2-14. Board Picture Within 3D Printed Trigger Module
2.3.1.1.4.1 Placement of U1 and U2 Sensors
The following procedure was used to find the placement of U1 and U2:

1. Aninitial y-component displacement of 0 mm was selected for switches U1 and U2. In the view shown in
Figure 2-14, switch U1 cannot be seen because it is underneath the magnet. Figure 2-15 shows a rotated
and zoomed in version of Figure 2-14, which better shows U1. The white dot at the left face of the magnet is
the center-point on the surface of the left face of the magnet. Both U1 and U2 are placed so that the sensing

element within these devices have no y-direction displacement from the white dot at the magnet.
———N

AX =7.35 mm,
AZ =2.18 mm

to 12.18 imm

Figure 2-15. Zoomed and Rotated View of Board Within 3D Printed Trigger Module

2. An initial x-component displacement was selected for the distance from the dot on the magnet to U1 and U2.
Since U1 and U2 cannot be moved in the x direction due to being surface mount parts with fixed heights,
changing the x-component displacement involves moving the magnet in the x direction or putting U1 and
U2 on the opposite layer of the PCB. If the magnet is moved in the x direction, note that the impact of this
change on the DRV5056 output must be verified if the height of the DRV5056 through-hole package cannot
be adjusted accordingly.

3. The z-component displacement from U1 to the dot on the magnet was selected. To ensure a more robust
design, place U1, which only reacts to a positive field, so that the magnetic field at U1 in the off position
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is slightly negative. The rest state magnetic field is made slightly negative by slightly displacing U1 in the z

direction so that the sensing element is under the north pole of the magnet.

After the z component of U1 was selected, a simulation was done to verify that the sensed magnetic flux

density of the sensor was less than Bgrp when the trigger was at rest. In addition, the sensed magnetic flux

density must be greater than Bop for a trigger displacement value of dpi, 0 dimax, Where dpin is the desired
trigger displacement at which the system is waked up and d,5x is the largest trigger displacement distance

(10 mm for this design). If these conditions are not met, take the following actions:

a. Restart from step 3 with a different z-component displacement.

b. Restart from step 2 with a different x-component displacement. Note that the impact of this change on
the DRV5056 output must be verified if the height of the DRV5056 through-hole package cannot be
adjusted accordingly.

c. Modify the dimensions or material of the magnet and restart from step 2. Note that the impact of this
change on the DRV5056 output must be verified.

The z-component displacement from U2 to the dot on the magnet was selected.

After the z component of U2 was selected, a simulation was done to verify that the sensed magnetic flux

density of the sensor was less than Bop during the entire trigger displacement range. If these conditions are

not met, take the following actions:

a. Restart from step 5 with a different z-component displacement.

b. Restart from step 2 with a different x-component displacement. Note that the impact of this change on
the DRV5056 output must be verified if the height of the DRV5056 through-hole package cannot be
adjusted accordingly.

c. Modify the dimensions or material of the magnet and restart from step 2 again. Note that the impact of
this change on the DRV5056 output must be verified.

Based on implementing the previous procedures, the following distances were obtained and used for this design:

U1 distance components
— X-component displacements
+ X-component from top of package to white dot of magnet = 7.35 mm
« X-component (“sensor z-offset” parameter in tool) from top of package to bottom of magnet = 7.35 —
magnet radius = 4.96875
+ X-component (sensor z-offset in tool) from sensing element to bottom of magnet to sensing element =
4.96875 + 0.150 = 5.11875 mm
— Y-component displacement = 0 mm
— Z-component displacement
» Trigger not pressed
— Z-component from sensing element to white dot of magnet (d1 in tool) = 2.18 mm
— Z-component from sensing element to magnet center = 2.18 — 0.5 x magnet thickness = 2.18 —
0.5(4.76) = -0.2 mm
* Maximum trigger displacement = 10 mm
— Z-component from sensing element to white dot of (d2 in tool) = 12.18 mm
— Z-component from sensing element to magnet = 12.18 — 0.5 x magnet thickness) = 12.18 —
0.5(4.76) = 9.8 mm
U2 distance components

— X-component displacement = x-component displacement of U1
— Y-component displacement = y-component displacement of U1
— Z-component displacement
» Z-component displacement from U1 sensing element to U2 sensing element = 11 mm
» Trigger not pressed
— Z-component from sensing element to white dot of magnet = —-8.82 mm
— Z-component from sensing element to magnet center = —8.82 — 0.5 x magnet thickness = —8.82 —
0.5(4.76) = -11.2 mm
* Maximum trigger displacement = 10 mm

— Z-component from sensing element to white dot of Figure 2-15=1.18 mm
— Z-component from sensing element to magnet = 1.18 — 0.5 x magnet thickness) = 1.18 — 0.5(4.76)

=—-1.2mm
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2.3.1.1.4.1.1 U1 and U2 Magnetic Flux Density Estimation Results

The magnetic flux density detected at switches U1 and U2 were simulated to determine appropriate placement
of the Hall-effect sensors. For simulation, the distance measurements are done with respect to the sensing
element to the magnet since the simulation tool does not automatically consider the location of the sensing
element within the device.

Figure 2-16 shows a plot of the simulation results for the U1 and U2 sensors. If the sensed magnetic flux density
of U1 is above the U1 OUT LOW horizontal line (Bopmax) in the results, the output of U1 is assured to be low.

If the sensed magnetic flux density of U1 is below the U1 OUT HIGH horizontal line (Brpmin) in the results, the
output of U1 is assured to be high. Similarly, if the sensed magnetic flux density of U2 is below the U2 OUT
LOW horizontal line (Bopmin) in the results and it is powered, the output of U2 is assured to be low. If the sensed
magnetic flux density of U2 is above the U2 OUT HIGH horizontal line (Brpmax) in the results and it is powered,
the output of U2 is assured to be high.

20
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Figure 2-16. Simulated Magnetic Flux Density Present at U1 and U2

In the results, notice that the output of U1 is not ensured to be low until the trigger is pressed at least 0.3 mm.
The output on U2; however, is always asserted low as long as it is powered. If the output of U1 is not asserted
low, U2 is not powered.

2.3.1.1.4.2 Placement of U3 and U4 Hall Switches
The following procedure was used to find the placement of U3 and U4:

1. Aninitial z-component displacement of 0 mm was selected for the z-component distance from the sensing
element of switch U1 to the sensing element of switch U3. The same displacement was selected for the
distance from the sensing element of switch U1 to the sensing element of switch U4.

2. Aninitial x-component displacement was selected for the distance from the dot on the magnet to U3. Since
U3 and U4 cannot be moved in the x direction due to being surface mount parts with fixed heights, there
are only two options where U3 and U4 can be placed: on the top layer or bottom layer of the PCB. Due
to the placement of the PCB within the 3D printed trigger module, the shortest distance from U1 and U2 to
an external magnet is when the magnet is applied underneath the trigger module as shown in Figure 2-11
and Figure 2-12. Consequently, U1 and U2 in this design are more affected by external magnets applied
underneath the PCB and trigger module. To deal with the susceptibility of U1 and U2 to magnets applied
underneath the trigger module, tamper Hall switches U3 and U4 were placed at the bottom layer of the PCB
to more closely detect external magnets applied underneath the trigger module. Outside of changing the
PCB layer U3 and U4 are placed on, the x-component displacement can also be changed by moving the
magnet in the x direction. If the magnet is moved in the x direction, note that the impact of this change on
the DRV5056 output must be verified if the height of the DRV5056 through-hole package cannot be adjusted

accordingly.
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3. Aninitial y-component displacement was selected for the y-component distance from the sensing element
of switch U1 to the sensing element of switch U3. This displacement should be far away from the trigger
magnet so that it does not detect the trigger movement as an external magnetic field, but it should also
be close enough to the wake-up sensor to detect nearby external magnetic fields affecting U1. Figure 2-17
shows a picture of the back of the trigger module, where the back surface is removed so that the bottom of
the PCB is visible. The rectangle with the “+” in it is a projection of switch 1 from its actual position on the top
of the PCB to the bottom layer of the PCB that is shown in Figure 2-17. The footprint of U1 is projected onto
the figure to show the y and z displacements of U1 to U2 and U3.

3
\V-10mm| U

|

s

Figure 2-17. Placement of U3 and U4 Sensors
4. After the y component of U3 was selected, a simulation was done to verify that the sensed magnetic

flux density of the sensor was less than Bop during the entire trigger displacement range. Additionally,

the sensed magnetic flux density should be less than Bgp when the trigger is at rest so that the tamper

outputs of the Hall sensor are automatically cleared when the trigger goes back to its rest position. If these

conditions are not met, take the following actions:

a. Restart from step 3 with a different y-component displacement.

b. Restart from step 2 with a different x-component displacement. Note that the impact of this change on
the DRV5056 output must be verified if the height of the DRV5056 through-hole package cannot be
adjusted accordingly.

c. Modify the dimensions or material of the magnet and restart from step 2. Note that the impact of this
change on the DRV5056 output must be verified.

5. Repeat steps 3 and 4 but for U4 instead of U3.

Based on implementing the previous procedures, the following distances were obtained and used for this design:

« U3 distance components
— X-component displacements
» X-component from bottom of package to white dot of magnet = 9.40 mm
» X-component from bottom of package to bottom of magnet = 9.40 — magnet radius = 7.02 mm
» X-component (sensor z-offset in tool) from sensing element to bottom of magnet to sensing element =
7.02 + 0.650 = 7.67 mm
— Y-component displacement = +10 mm.
— Z-component displacement (same as U1)
» Trigger not pressed
— Z-component from sensing element to white dot of magnet = 2.18 mm
— Z-component from sensing element to magnet center = 2.18 — 0.5 x magnet thickness = 2.18 —
0.5(4.76) = -0.2 mm
*  Maximum trigger displacement = 10 mm
— Z-component from sensing element to white dot of = 12.18 mm
— Z-component from sensing element to magnet = 12.18 — 0.5 x magnet thickness) = 12.18 —
0.5(4.76) = 9.8 mm
» U4 distance components

— X-component displacements
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» X-component from bottom of package to white dot of magnet = 9.40 mm
» X-component from bottom of package to bottom of magnet = 9.40 — magnet radius = 7.02 mm
+ X-component (sensor z-offset in tool) from sensing element to bottom of magnet to sensing element =
7.02 + 0.650 = 7.67 mm
— Y-component displacement = —10 mm.
— Z-component displacement (same as U1)
» Trigger not pressed
— Z-component from sensing element to white dot of magnet = 2.18 mm
— Z-component from sensing element to magnet center = 2.18 — 0.5 x magnet thickness = 2.18 —
0.5(4.76) = -0.2 mm
* Maximum trigger displacement = 10 mm

— Z-component from sensing element to white dot of = 12.18 mm
— Z-component from sensing element to magnet = 12.18 — 0.5 x magnet thickness) = 12.18 —
0.5(4.76) = 9.8 mm

2.3.1.1.4.2.1 U3 and U4 Magnetic Flux Density Estimation Results

The magnetic flux density detected at switches U3 and U4 were simulated to determine appropriate placement
of the Hall-effect sensors. For simulation, the distance measurements are done with respect to the sensing
element to the magnet since the tool does not automatically consider the location of the sensing element within

the device.

Figure 2-12 shows the corresponding magnetic flux density graphs for U3 and U4 across the travel distance of

the trigger magnet.
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Figure 2-18. Simulated Magnetic Flux Density Detected at U3 and U4
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2.3.1.1.5 Using Logic Gates to Combine Outputs from Hall-Effect Switches

If any of the tamper Hall sensors are enabled, logic gates are needed to combine the output of the multiple
Hall-switches to produce one signal that provides information on whether the system should be in sleep mode.
Figure 2-19 shows the schematic snippet of the logic gates.

vce

* vee
c1
0.1uF U9A U108
€12 5 fvec  enpf-2
14 vee 0.1uF
= SN74AUPTGOODCKR
GND 1 =
| 3 4U9B =3 GND
2 - 6 GND
5
GND [ SN74HCSO00PWR
SN74HCSO00PWR 9

@
2
o

SN74HCS00PWR SN74AUP1G00DCKR

9D
12

—
13

N74HCS00PWR

Figure 2-19. Logic Circuit Schematic

If all the Hall-switches are enabled, there are three signals that are needed to properly provide information on
whether the system should be in sleep mode:

» Switch U2's output: The system should be placed in sleep mode if the outputs of both U1 and U2 are not
asserted low. Since the GND of U2 is connected to the output of U1, the output of switch U2 is only asserted
low when the output of switch U1 is asserted low.

» Switch U3's output: If the output of U3 is asserted low, a strong magnetic field (the field can be positive or
negative) is detected, so the system should be placed in sleep mode.

+ Switch U4's output: Similar to U3, if the output of U4 is asserted low, a strong magnetic field (the field can
be positive or negative) is detected. This means the system should be placed in sleep mode.

The system should only be in active mode if the output of switch U2 is low, the output of U3 is high, and

the output of U4 is high. In Figure 2-19, this is implemented by using the SN74HCS00 and SN74AUP1GO00 to
implement the following logic function: U2, y1U3oyrU4 0yt Which is output at the LOGIC_OUT signal shown in
Figure 2-19 . The complement of this signal is also available at the LOGIC signal shown in Figure 2-19. The
SN74AUP1GO00 is necessary since the active-high TPS22917 load switch is used. If the active-high TPS22917
load switch is replaced with the active-low TPS22916, the SN74AUP1GO00 logic gate is not needed since the
LOGIC signal can be connected directly to the TPS22916. Table 2-3 shows the system state truth table.

Table 2-3. System State Truth Table

U2 OUTPUT | U3 OUTPUT | U4 OUTPUT | LOGIC_OUT | LOGIC STATE SYSTEM CONDITIONS
ASSERTION | ASSERTION STATE STATE
Low Low Low Low High Sleep External magnetic field detected by

both tamper switches. The trigger is
also pressed or both the stray field
and wake-up sensor are fooled by
an external magnet in a configuration
similar to Figure 2-12.

Low Low High Low High Sleep External magnetic field detected by
tamper switch U3. Either the trigger
is also pressed or both the stray field
and wake-up sensor are fooled by
an external magnet in a configuration
similar to Figure 2-12.
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Table 2-3. System State Truth Table (continued)

U2 OUTPUT
ASSERTION

U3 OUTPUT
ASSERTION

U4 OUTPUT

LOGIC_OUT
STATE

LOGIC STATE

SYSTEM
STATE

CONDITIONS

Low

High

Low

Low

High

Sleep

External magnetic field detected by
tamper switch U4. Either the trigger
is also pressed or both the stray field
and wake-up sensor are fooled by
an external magnet in a configuration
similar to Figure 2-12.

Low

High

High

High

Low

Active

Trigger is pressed without detecting
external magnetic fields

High

Low

Low

Low

High

Sleep

External magnetic field detected by
both tamper Hall switches. The trigger
might not be pressed. If the trigger is
pressed,both the wake-up and tamper
sensors either detect a strong positive
field or a strong negative field from an
external source.

High

Low

High

Low

High

Sleep

External magnetic field detected by
tamper switch U4. The trigger might not
be pressed. If the trigger is pressed,
both the wake-up and tamper sensors
either detect a strong positive field or

a strong negative field from an external
source.

High

High

Low

Low

High

Sleep

External magnetic field detected by
tamper switch U3. The trigger might not
be pressed. If the trigger is pressed,
both the wake-up and tamper sensors
either detect a strong positive field or

a strong negative field from an external
source.

High

High

High

Low

High

Sleep

External magnetic field not detected by
tamper switches U3 and U4. The trigger
might not be pressed. If the trigger is
pressed,

both the wake-up and tamper sensors
either detect a strong positive field or

a strong negative field from an external
source.

If using all the sensors is not desired, the logic gate can be configured to bypass the outputs from the Hall
switches by configuring the R16, R17, and R18 3-pad footprints appropriately. By default, a 0-Q resistor is
placed at pads 2 and 3 of R16, R17, and R18, which takes the outputs from all the Hall switches and feeds it
to the inputs of the logic gate. If U3 is disabled, move the 0-Q resistor from pads 2 and 3 of R18 to pads 1 and
2, which causes the logic circuit to ignore the state of the U3 output. Similarly, if U4 is disabled, move the 0-Q
resistor from pads 2 and 3 of R17 to pads 1 and 2 so that the U3 output can be ignored by the logic circuit. If
the stray field sensor is not needed, move the 0-Q resistor from pads 2 and 3 of R16 to pads 1 and 2, which
connects the output of U1 to logic circuit instead of the U2 stray-field sensor.
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2.3.1.2 Linear Hall-Effect Sensor Output

Figure 2-20 shows a snippet of the DRV5056 circuit in this design. The following subsections provide details on
the portions of this schematic snippet.

R10 R5 R8

c3
R22

ﬁFI—1 u vour £ —g VCle? gcc 5 1 fvee out -3 OUT * .

= 01uF l 0 7l & stk & 0 35,7k
GND 3 c4 C! 2 TP1Q
N QoD k2 0.1uF LPWR D5 0.1uF GND LIN
MWhite DRV5056A1QLPG
LOGIC OUT Zader ono |2 1 =

DIVDNP.

Figure 2-20. DRV5056 Schematic Snippet

2.3.1.2.1 DRV5056 Power

The DRV5056 can consume up to 10 mA, which would drain the battery if the DRV5056 was constantly
powered. To reduce current consumption, the DRV5056 is powered through the TPS22917 load switch. The
TPS22917 takes one of the system wake-up signals as an input. If the wake-up signal indicates that the system
should be in active mode, the TPS22917 connects the VCC rail on the board to the VCC pin of the DRV5056.

If the wake-up signal indicates that the system should be in sleep mode, the TPS22917 disconnects the VCC
rail from the DRV5056 device, thereby preventing the DRV5056 from draining the battery when the trigger is not
pressed. The LPWR D5 LED on the board indicates whether the DRV5056 is powered by turning ON when the
DRV5056 is powered (active mode) and turning OFF when the DRV5056 is not powered (sleep mode).

Since the TPS22917 expects the wake-up signal to be active high but an active low signal is produced by the
SN74HCSO00, a SN74AUP1G00 NAND gate is used to convert the active low wake-up signal to an active high
wake-up signal. Although the TPS22917 is used in this design, the board can be redesigned to replace both the
active-high TPS22917 and SN74AUP1GO00 with only one active-low TPS22916.

If desired, the board can also be modified to not be powered through the TPS22917 by removing R22. If R22 is
removed, the DRV5056 can be powered from an external rail applied at the VCC_2 test point.

2.3.1.2.2 DRV5056 Output Voltage

The DRV5056 in this design senses the magnetic flux density produced by the trigger magnet and translates this
sensed magnetic flux density into voltage using :

Vprv,out = B xS + Vg 1

where

» B is the sensed magnetic flux density

+ S is the sensitivity of the selected DRV5056 variant (the DRV5056A1 in this design has a typical sensitivity of
120 mV/mT at 3.3 V)

* Vqis the quiescent voltage (0.6 V typical).

Note that the maximum recommended current that can be drawn from the DRV5056 voltage output pin is £1 mA,
so any circuit connected to the DRV5056 output must be designed to ensure that it does not draw more than +1
mA from the DRV5056 OUT pin.

In this design, the D6 TRIG LED increases its brightness as the trigger is pressed. The brightness is adjusted by
using a TLV9061 op-amp circuit. Resistors R6, R7, R8, and R10 were selected to translate the DRV5056 output
voltage into a voltage that could drive the cathode of the LED so that the trigger magnet movement changes
the intensity of this LED. The anode of D6 is connected to VCC_2, which is the switched voltage rail from the
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output of the TPS22917. The voltage applied to the cathode of D6 is approximately equal to (0.728 x VCC_2) —
(Vpbrv,out % 0.699). As a result, the voltage across the diode will be approximately (0.272 x VCC_2) + (Vprv.ouT
% 0.699). The LED turns ON when the voltage across it is greater than 1.7 V. As the trigger is pressed, the
voltage drop across the LED increases, thereby increasing the brightness of the LED. In addition to selecting
the resistors to obtain the desired cathode voltage, these resistor values were selected so that they do not draw
more than +1 mA from the DRV5056 output. By performing circuit simulation on this circuit, it was verified that
this circuit takes less than £50 pA of current from the DRV5056 OUT pin.

The TLV9061 circuit is used to drive the D6 LED for demonstration purposes when in standalone mode. It is
possible to connect the DRV5056 output to an external system by removing resistor R5 so that the DRV5056
output is isolated from the TLV9061 circuit. If it is desired to divide the output from the DRV5056, resistors R10
(currently 51.1 kQ) and R11(currently DNP) can be replaced with values that divide the DRV5056 as needed.
The output voltage from this resistor divider is brought out to the “DIV” test point on the board.

2.3.1.2.3 DRV5056 Placement

Similar to the DRV5032, the magnetic flux density detected by the DRV5056 is dependent on the magnet
dimensions, magnet material, and the distance from the magnet to the sensing element within the Hall sensor.
The DRV5056 device in this design uses the TO-92 through-hole package. Figure 2-21 shows the location of the
sensing element for this package of the DRV5056. The sensing element is located about 1.03 mm from the back
side of the package. If the TO-92 width is 1.62 mm, the distance from the front of the package to the sensing
element is 0.61 mm.

TO-92
Top View
_2mm o 2mm
TO-92
1 54 mmI Side View
-t-1t+--== |\ |\ g —_——

+50 um 1030 pm

1.61 mmI D D D I_ +115 pm

Figure 2-21. Location of Sensing Element Within TO-92 Package of DRV5056

The DRV5056 is a unipolar device that only responds to a positive field. The device detects a positive field when
a south magnetic pole is near the front (marked-side) of the package, as shown in Figure 2-22. The device can
also detect a positive field when the north pole of a magnet is applied behind the back of the package.
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Figure 2-22. DRV5056 Flux Density Polarity

In this design, the north pole of the magnet is applied behind the back of the package. This made for a slightly
more compact design due to the Hall element placement within the package being further from the back of the
package than the front of the package. If desired, the polarity and direction of approach could be changed to a
south pole from the front. If this is done, then switches U1 and U2 need to swap polarities.

Based on the magnet specifications and the distance from the magnet to the sensing elements, a calculation of
the magnetic flux density was done to find a proper placement of the DRV5056 by using the DRV5056 Distance
Measurement Tool. This tool is able to calculate magnetic flux density for the head-on configuration used in this
design, assuming that there are no x or y displacements from the center of the magnet to the sensing element.
For more information, see the Head-on Linear Displacement Sensing Using Hall-Effect Sensors application brief.
Since the displacement input is based on the distance from the magnet to the sensing element instead of the
magnet to the top of the package, it can calculate the magnetic flux density detected when the magnet is behind
the Hall sensor package as well as when the magnet is in front of the Hall sensor package.

The following procedure was used to find the placement of the DRV5056:

1. 0 mm is selected for the x-component and y-component displacements from the dot on the magnet in Figure
2-14 to the sensing element.

2. The z-component displacement from the dot on the magnet in Figure 2-14 to the sensing element was
selected.

3. The DRV5056 distance measurement tool and simulations were used to estimate the magnetic flux
density detected at the DRV5056 across the entire 10-mm trigger displacement distance. The DRV5056
displacement tool can be used in this case due to the x and y displacements being 0 mm. For both the
distance measurement tool and the simulations, the distances from the magnet to the sensing element must
be used instead of the distance from the magnet to either the front or back of the package.

4. Based on the maximum magnetic flux density estimated, the DRV5056 variant was selected so that the
maximum magnetic flux density is around the maximum magnetic flux density that can be sensed by that
device variant. If the estimated maximum magnetic flux density is not near the full range of any of the
DRV5056 device variants, take the following steps:

a. Restart from step 2 with a different z-component displacement. To increase the maximum magnetic flux
density by the sensor, use a smaller z displacement. To decrease the maximum magnetic flux density by
the sensor, use a larger z displacement.

b. Modify the dimensions or material of the magnet and restart from step 2. Note that the impact of this
change on the DRV5032 switch U1, U2, U3, and U4 must be verified.

Based on implementing the previous procedures, the following distances were obtained and used for this design:

» X-component displacement= 0 mm
* Y-component displacement = 0 mm
+ Z-component displacement
— Trigger not pressed
» Z-component from white dot of magnet to back of DRV5056 package = 6.4 mm
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» Z-component from white dot of magnet to sensing element (d1 in tool) = 7.4 mm
— Maximum trigger displacement = 10 mm
» Z-component from white dot of magnet to back of DRV5056 package = 16.4 mm
» Z-component from white dot of magnet to sensing element to sensing element (d2 in tool) = 17.4 mm

Figure 2-23 shows the settings used to estimate the magnetic flux density for the DRV5056. Once the
settings have been entered into the tool, the tool calculates a table of the magnetic flux density. Figure

2-24 is the corresponding magnetic flux density graph, which includes the magnetic flux density waveform
obtained from simulation and the magnetic flux density calculated by the DRV5056 distance measurement

tool. Similarly, Figure 2-25 shows the simulated and calculated output voltage of the DRV5056.

#i3 TEXAS INSTRUMENTS

DRV5056 - Contactless Distance Measurement

33v
DRVS056A1

19
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Figure 2-23. Distance Measurement Tool Settings for DRV5056
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Figure 2-24. Simulated and Calculated Magnetic Flux Density at DRV5056
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Figure 2-25. Simulated and Calculated DRV5056 Output Voltage
2.3.1.3 Power Supply

Figure 2-26 shows the power supply snippet of the schematic. The design can either be powered from an
external 5-V to 30-V power supply or two AAA batteries that are inserted into the battery holder that comes with
this design. The selection between these two power supply options is done by the placement of a 0-Q resistor
on two of the three pads of the R14 footprint. By default, the 0-Q resistor is placed on pads 2 and 3 of the R14
3-pad footprint, thereby powering the design using the battery option. To power the board from the LDO, place a
0-Q resistor on pads 1 and 2 of the R14 3-pad footprint.
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Figure 2-26. Power Supply Circuit

If R14 is configured to be powered from an external power supply, the positive terminal of the power supply must
be connected to the VIN test point of the board and the negative terminal of the power supply must be connected
to one of the GND test points on the board. The input voltage on VIN must be between 5 V to 30 V, which covers
the voltage range of multiple power drill batteries. The TPS70933 LDO takes the 5-V to 30-V input and then
regulates this voltage down to 3.3 V.

If the design is powered from two AAA batteries, note that the VCC rail of the board will depend on the output
voltage of the AAA batteries, which will be less than 3.3 V. Since the DRV5056 has a ratiometric analog
architecture that scales the sensitivity linearity with the power-supply voltage, the DRV5056 sensitivity will be
scaled based on the voltage from the batteries. As an example, if the voltage from the batteries is 3.1 V instead
of 3.3V, the sensitivity at 3.1 V would be about 94% of the sensitivity at 3.3 V. For the A1 device variant used
in this design, this means that the sensitivity would be about 112.7 mV/mT typical instead of the 120 mV/mT
sensitivity seen at 3.3 V.

2.3.1.4 Transistor Circuit for Creating High-Voltage Enable Signal

The design has an optional transistor circuit (shown in Figure 2-27) that can be used for creating a high-voltage
signal that provides information on whether the system is in sleep or wake mode. This circuit takes the active-low
output signal from the SN74HCSO0O logic gate and produces an active-high, high-voltage version of this signal.

DNP
DNP.
DNP

Tocic DNP
LOGIC ® DNP

DNP

—

®
Z
o

Figure 2-27. Transistor Circuit

The circuit in Figure 2-27 was added in case it is desired to emulate connecting or disconnecting the battery from
a signal based on the sleep state. This signal can be used to put an external system to sleep if that external
system goes to sleep mode based on the state of a high-voltage pin.

To use this circuit, populate R24, Q1, and R15. Next, apply the high-voltage input on the BV test point. This
high-voltage input is the voltage that the output enable signal should be referenced with respect to. As an
example, connect this high-voltage input to the power drill battery to create an enable signal that is referenced
with respect to the battery in the drill. The output signal is produced on the BO test point. If the system is in sleep
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mode, the voltage at BO is equal to 0 V. If the system is in active mode, the voltage at BO is set to the voltage
applied at BV.

The circuit in Figure 2-27 is mainly for demonstration purposes. To reduce system current consumption, note that
circuit is not populated by default. Also note that the produced enable signal is not meant to power a drill or any
other system. The signal is primarily intended to trigger other components that actually connect or disconnect
power to the system, such as an external high current eFuse, load switch, or hot-swap controller.

2.3.2 Alternative Implementations

2.3.2.1 Replacing 20-Hz Tamper Switches With 5-Hz Tamper Switches

In this reference design, the SOT-23 version of the DRV5032FA device variant is used for switches U3 and U4;
however, if the response time of the tamper Hall sensors is not important, these switches can be replaced with
the SOT-23 version of the DRV5032FB device variant for a reduced current consumption. The SOT-23 packages
of these two device variants only vary in terms of sampling rate; the other device parameters are the same.

Figure 2-28 shows the typical magnetic sampling period and average current consumption of the FA and FB
devices from the data sheet. The response time of the DRV5032FB is 200 ms compared to the 50 ms response
time of the DRV5032FA. In systems that can use a tamper sensor that has a 200 ms response time, using the
DRV5032FB can reduce the typical average current consumption of each Hall sensor from 1.6 pA to 0.7 pA. As
a result, using the DRV5032FB for both U3 and U4 can reduce the sleep current consumption of the design by
up to 1.8 pA.

DU, FA, FC, FD, AJ, ZE VERSIONS

fs Frequency of magnetic sampling 13.3 20 37 Hz

ts Period of magnetic sampling 27 50 75 ms
Vec=18V 1.3

lcciave) Average current consumption Vee=3V 1.6 35 MA
Vec=5V 23

FB VERSION

fg Frequency of magnetic sampling 35 5 8.5 Hz

ts Period of magnetic sampling 117 200 286 ms
Vec=18V 0.54

lccave) Average current consumption Ve =3V 0.69 1.8 pA
Vec=5V 1.06

Figure 2-28. Current Consumption of Different DRV5032 Variants

2.3.2.2 Using Shielding to Replace Tamper Switches and Stray Field Switch

Switches U2, U3, and U4 are included for added protection against external magnetic fields. An alternative
method that can be used to make designs immune against external magnetic fields is adding magnetic shielding
to the design. Note that magnetic shielding is a way of creating an alternative path for magnetic flux to flow and
is not getting rid of the flux. The shield is made of a highly permeable material, which provides a preferential
path for the flux to pass through. One disadvantage of shielding, however, is that it not only affects external
magnetic fields; it can also affect the internal magnetic fields generated by the trigger magnet, thereby affecting
the measurement of the magnetic flux density of the linear Hall-effect sensor. Consequently, for shielding to be
used, it must be verified that the shielding does not significantly affect the measurement of the magnetic field of
the linear Hall-effect sensor from the trigger magnet.

If magnetic shielding is implemented successfully in a design, it could replace the two tamper Hall switches,
stray field switches, and the logic gates in this design (see Figure 2-29), thereby reducing current consumption.
However, shielding may also increase the weight of the system.
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GND
% External 3.3 V Switched

Figure 2-29. Block Diagram of Solution With Shielding

2.3.2.3 Replacing Hall-Based Wake-Up Alert Function With a Mechanical Switch

In this design, a Hall-based implementation is used for both waking up the system and translating the

trigger displacement into an output voltage. However, a hybrid approach is also possible, where a mechanical
switch wakes up the system when the trigger is pressed and a linear Hall-effect sensor translates the trigger
displacement into an output voltage. This alternative architecture essentially replaces the entire Hall-based
wake-up alert function (the green box within the block diagram in Figure 2-1) with a mechanical switch. By
replacing the wake-up alert function with a mechanical switch, the following components are not needed (see
Figure 2-30):

»  Wake-up DRV5032 sensor (U1)

» Stray Field Sensor (U2)

» Tampering Hall sensor for preventing accidental wake ups (U3 and U4)

* SN74HCS00 and SN74AUP1GO00 logic gates for combining the outputs from the different Hall switches

+ TPS709 LDO to power the always-on Hall-sensors. The mechanical switch can be referenced with respect to
the battery voltage and does not need regulation.

* TPS22917 (this was mainly present for demo purposes in standalone mode). If the external system already
has an internally-generated voltage rail that is disabled or enabled based on whether the system is in sleep
mode, this rail can power the DRV5056.

* NPN transistor switch circuit. If the mechanical switch is referenced with respect to the power tool battery, it is
not necessary to create another high-voltage enable signal.

By removing the previously-listed components, this hybrid approach can obtain a reduced system current
consumption than this design. However, the mechanical switch would have more issues with wear and tear
compared to the approach used in this design, which could reduce the lifetime of systems build with this hybrid
mechanical switch + linear Hall-effect sensor approach compared to the Hall-effect switch + linear Hall-effect
sensor architecture used in this design.

5-30 V Enable Signal When System Waked Up, 0 V or Floating When Sleep

External 3.3 V Switched

Figure 2-30. Block Diagram of Mechanical Switch + Linear Hall Sensor Solution
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3 Hardware, Software, Testing Requirements, and Test Results
3.1 Hardware Requirements

3.1.1 Installation and Demonstration Instructions

This hardware comes with an empty battery holder that is placed inside the 3D printed trigger module. Figure 3-1

shows the 3D model of the trigger module (note that the spring and the battery holder wires are not shown in the
image).

Battery holder
(wires not shown)

Figure 3-1. Front View With Battery Holder Inside Trigger Module

To use this design, batteries must be placed inside the battery holder. Batteries can be installed by first pushing
the battery clip upwards and simultaneously taking the battery holder outside of the trigger module. Figure 3-2
shows a 3D model with the battery holder placed outside the trigger module. After the battery holder is outside
the trigger module, install the two AAA batteries into the battery holder. Finally, the battery holder should be
placed back into the trigger module by pressing the clip upwards while placing the battery holder back into the
trigger module until the battery holder is inside the trigger module again (see Figure 3-1).

Battery & Trigger

Clip

Battery holder
(wires not shown)

Figure 3-2. Front View With Battery Holder Outside Trigger Module

The design can be used in standalone mode by pressing the trigger in Figure 3-1 to the left and observing the
state of the LEDs on the board. When the trigger displacement reaches a certain distance threshold, the system
is awakened from sleep mode. LEDs D1, D2, and LPWR will be ON when the system is in active mode and
LEDs D3 and D4 will be OFF. In addition, the TRIG LED will change its brightness based on how far the trigger is
pressed. The further the trigger is pressed, the brighter the TRIG LED will appear. Note that the trigger cannot be

pressed to reach a full displacement distance of 10 mm due to the spring preventing the trigger from being fully
pressed.

32 Contactless, Hall-Effect Variable-Speed Trigger Reference Design With TIDUBY9 — DECEMBER 2021
External Field Protection Submit Document Feedback
Copyright © 2021 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/TIDUBY9
https://www.ti.com/feedbackform/techdocfeedback?litnum=TIDUBY9&partnum=TIDA-060032

13 TEXAS
INSTRUMENTS

www.ti.com

Hardware, Software, Testing Requirements, and Test Results

If an external magnetic field is detected by switch U3, LED U3 will be on and the system will be placed in sleep
mode. Similarly, if an external magnetic field is detected by switch U4, LED U4 will be turned ON and the system
will also be placed in sleep mode. As an alternative to viewing the state of the LED, the outputs of the different
Hall sensors can also be observed by measuring the output voltage at the corresponding test points on the
board. Section 3.1.2 provides more details on the test points and LEDs available on this board.

3.1.2 Test Points and LEDs

Table 3-1. LEDs

LED PURPOSE

D1 This LED is connected to the output of U1. The LED is turned ON when the output is asserted low and
turned OFF when the output is asserted high.

D2 This LED is connected to the output of U2. The LED is turned ON when the output is asserted low and
turned OFF when the output is asserted high.

D3 This LED is connected to the output of U3. The LED is turned ON when the output is asserted low and
turned OFF when the output is asserted high. If U3 detects an external magnetic field, this LED is turned
ON.

D4 This LED is connected to the output of U4. The LED is turned ON when the output is asserted low and

turned OFF when the output is asserted high. If U4 detects an external magnetic field, this LED is turned
ON.

D5 (labeled LPWR on board)

This LED is connected to the VCC pin of the DRV5056 and provides info if the system is in sleep or active
mode. The system is only in active mode if LEDs D1 and D2 are ON while LEDs D3 and D4 are OFF.

D6 (labeled TRIG on board)

This LED changes its brightness based on how far the trigger is pressed. The further the trigger is pressed,
the brighter this LED.

Table 3-2. Test Points

DESIGNATOR BOARD LABEL |PURPOSE

TP1 VCC Main power supply of the board. This is either connected to the TPS709 output or the positive
terminal of the battery placed in the battery holder.

TP2, TP3, TP4, TP13 |GND Board GND

TP5 SW1 Output of switch U1

TP6 SW2 Output of switch U2

TP7 VCC_2 VCC pin of DRV5056. When the trigger is not pressed, this is disconnected from VCC (test
point TP1) on the board. When the trigger is pressed, VCC_2 is connected to VCC through the
TPS22917 load switch.

TP8 LIN Output of DRV5056

TP9 AMP Output of TLV9061, which drives the cathode of the TRIG (L6) LED so that it changes its
brightness based on how far the trigger is pressed.

TP10 DIV If R10 and R11 are used to divide the output voltage from the DRV5056, this is the divided down
voltage. By default, the voltage divider is not enabled. To enable it, the op-amp circuit must be
disabled by removing resistor R5 from the board.

TP11 Sw4 Output of switch U4

TP12 SW3 Output of switch U3

TP14 VIN LDO input. When the board is powered from an external power supply, this test point is
connected to the external 5-V to 30-V power supply so it can regulate the voltage to 3.3 V.

TP15 BV Connected to the voltage that you want enable signal option 2 to be referenced with respect to.
This can be connected to the cordless power tool battery so that enable signal is referenced with
respect to the high voltage. By default, the enable signal option 2 is not available due to this
circuit not being populated.

TP16 BO Enable signal option 2. By default, the enable signal option 2 is not available due to this circuit not
being populated. If the system is in active mode, the voltage here is equal to BV. If the system is
in sleep mode, the voltage hereis at 0 V.
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Table 3-2. Test Points (continued)
DESIGNATOR BOARD LABEL |PURPOSE
TP17 LOGIC Enable signal option 1. This is taken from the SN74HCSO00 output. This is available by default. If

the system is in active mode, this test point is at 0 V. If the system is in sleep mode, the voltage of
this test point is set to the VCC voltage.

3.1.3 Configuration Options

3.1.3.1 Disabling Hall-Effect Switches

Switches U2, U3, and U4 can be disabled to reduce current consumption when protection against external
magnetic fields is not necessary.

The different switches can be disabled by performing the following:

» Disabling U2: Remove resistor R21. Move the 0-Q resistor on the 3-pad R16 footprint from pads 2 and 3 to
pads 1 and 2.

» Disabling U3: Remove resistor R20. Move the 0-Q resistor on the 3-pad R18 footprint from pads 2 and 3 to
pads 1 and 2.

» Disabling U4: Remove resistor R19. Move the 0-Q resistor on the 3-pad R17 footprint from pads 2 and 3 to
pads 1 and 2.

The switches can be enabled again by doing the following:

» Enabling U2: Place a 0-Q resistor at R21. Move the 0-Q resistor on the 3-pad R16 footprint from pads 1 and
2 to pads 2 and 3.

» Enabling U3: Place a 0-Q resistor at R20. Move the 0-Q resistor on the 3-pad R18 footprint from pads 1 and
2 to pads 2 and 3.

» Enabling U4: Place a 0-Q resistor at R19. Move the 0-Q resistor on the 3-pad R17 footprint from pads 1 and
2 to pads 2 and 3.

3.1.3.2 Configuring Hardware for Standalone Mode or Connection to External Systems

This design can operate in standalone mode (this is the default configuration), which does not need to be
connected to an external system, or some of the signals from the design can be connected to an external signal.

In standalone mode, the trigger LED is mainly used to indicate how far the trigger is pressed. To configure the
design for full standalone mode, use the following configuration:

» Ensure that a 0-Q resistor is on pads 2 and 3 of the 3-pad R14 footprint. This configures the design to
operate off the batteries placed in the battery holder.

» Ensure that a 0-Q resistor is at R22. This allows the DRV5056 to be powered when the trigger is pressed and
unpowered when the trigger is not pressed.

» Ensure that a 0-Q resistor is at R5 so that the brightness of the TRIG LED changes based on how far the
trigger is pressed.

The design also has various options to support connecting to an external system, including the following:

* Operation from an external power supply, such as an 18-V cordless power tool battery: To operate
from an external power supply, ensure that a 0-Q resistor is on pads 1 and 2 of the 3-pad R14 footprint. The
positive terminal of the power supply is connected to the LDOIN test point and the negative terminal of the
power supply is connected to any of the GND test points.

* Powering the DRV5056 from an external power supply: The DRV5056 can be powered from an external
power supply. An example use-case is when the DRV5056 will be powered from an external voltage rail that
is switched ON or OFF based on whether the external system should be in sleep mode or active mode.
Another use-case is for powering the DRV5056 from the same VCC voltage rail that powers the ADC that
measures the output voltage of the DRV5056. The DRV5056 uses a ratiometric architecture that can reduce
error from VCC tolerance when the external analog-to-digital converter (ADC) uses the same VCC for its
reference, so connecting the ADC VCC to the DRV5056 can reduce error. To power the DRV5056 from
an external power supply, remove the resistor at R22 so that the DRV5056 is not powered through the
TPS22917. Next, connect the positive terminal of the external power supply to the VCC_2 test point and
the negative terminal of the power supply to any of the GND test points. To power the DRV5056, the power
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supply must be at either 3 V to 3.6 V or 4.5 to 5.5 V. In addition, the power supply must be able to power a
10-mA load.

» Connecting the DRV5056 output to an external system: The DRV5056 can be connected to an external
system by removing resistor R5. By doing this, note that the op-amp circuit is disabled and the TRIG LED
does not change its brightness based on how far the trigger is pressed; however, the DRV5056 still changes
based on how far the trigger is pressed. If desired, resistors R10 and R11 can also be populated to scale
down the output voltage from the DRV5056, which allows the DRV5056 output to be scaled down to match
the input voltage of ADCs with a relatively small input voltage range. The undivided DRV5056 output voltage
is available on the LIN test point and the scaled down voltage is available on the DIV test point. In addition
to connecting to the LIN or DIV test points to the external system, the GND of this design should also be
connected to the GND of the external system.

* Providing wake-up signal to an external system (enable signal option 2): The design has a transistor
circuit that translates the wake-up signal used internally in the design (enable signal option 1) into a wake-up
signal that is used externally (enable signal option 2). One use-case for this is for interfacing to external
systems that require a system wake-up signal that is shorted to the battery whenever the system should be in
active mode and disconnected from the battery when the system is in sleep mode. The transistor circuit can
emulate connecting and disconnecting the battery to a wake-up signal within the external system. By default,
the circuit for enable signal option 2 is not populated in this design. So to use this option, R24, Q1, and R15
must be populated. After populating these components, the voltage that the signal is referenced to should be
applied to the BV test point. As an example, connect this high-voltage input to the power drill battery to create
an enable signal that is referenced with respect to the battery in the drill. The output signal is produced on the
BO test point. BO equals 0 V when the system is in sleep mode and it equals the voltage set at BV when the
system is in active mode. Note that the produced enable signal is not meant to power anything that draws a
lot of current. Enable signal option 2 is primarily intended to trigger other components that actually connect or
disconnect power to the system, such as an external high current eFuse, load switch, or hot-swap controller.

3.2 Test Setup

3.2.1 Output Voltage Accuracy Testing

To precisely control the positioning of the trigger magnet with respect to the DRV5056, a motion controller
system was used instead of doing testing using the 3D printed module. The motion controller consisted of a
moving plate and a fixed plate, where the distance between the plates can be precisely controlled. In this setup,
a magnet holder was 3D printed to hold the trigger magnet. The magnet holder was placed on the moving plate
and the board of the design was placed on top of the fixed plate, as shown in Figure 3-3. Once the board was
placed, an external 3.3-V power supply was connected to it.

Magnet Holder\

| — L DRV5056
Moving
Plate Fixed Plate

Figure 3-3. Test Setup

After the magnet and board was placed, a correction factor was determined to convert the distance between the
plates into the distance between the magnet and the DRV5056 sensing element. Using the conversion factor,
the plate was moved so that the magnet was 7.4 mm from the sensing element of the DRV5056 (6.4 mm from
the back of the DRV5056 package). This 7.4 mm distance corresponds to a trigger displacement of 10 mm.

A multimeter then measured the voltage on the "LIN" test point, which is directly connected to the DRV5056
output. For this test, note that the LED op-amp circuit was disabled as a precaution by removing resistor R5, so
the op-amp circuit did not draw current from the DRV5056 output. After taking a reading at 7.4 mm , readings
were taken every 0.2 mm until the final reading at 17.4 mm was taken. The 17.4 mm distance corresponds to a
trigger displacement of 0 mm.
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Next, the design was calibrated. During calibration, the expected magnetic flux densities and measured output
voltages were used to calculate new values for the sensitivity and quiescent voltage. The measured voltages
were then converted to corrected magnetic flux density values using the new sensitivity and quiescent voltage
values using the following formula: Beorrected = (Vmeasured — V@, corrected) / Sensitivitycorrected- T0 Calculate the
corrected voltage, the corrected magnetic flux density used the ideal values of the sensitivity and quiescent
voltage: Veorrected = (Beorrected * Sensitivityigeal) + VQ, ideal = (Bcorrected X 0.12) + 0.6.

Testing was done with four different calibration options to show the accuracy of each option. The following
calibration options were specifically tested:

* 1 line, 2-point calibration: This calibration was performed using two data points to calculate a best-fit line
equation. The slope of the best-fit line equation was selected for Sensitivity.orrecteq @nd the y-intercept of the
line was selected for Vq, corrected- The values of Sensitivitycorrecteq @nd Vq were applied to all the data points
from 0 to 10 mm. The selected two data points were taken at 7.8 mm and 17.2 mm. The value of 7.8 mm was
selected as a calibration point because it was the first data point where the DRV5056 was powered. At 7.4
mm to 7.8 mm, the DRV5056 was turned OFF. The value of 17.2 mm was selected as the second calibration
point because the data point at 17.4 mm was near the outside of the nonlinear output range of the DRV5056.

* 1 line, 3-point calibration: This calibration option uses three points to calculate the best-fit line instead of
two. In addition to the two data points used in the 1 line, 2-point calibration option, a third calibration point at
12.2 mm was used as well.

* 2 line, 2-point calibration : This option calculates two different sets of Sensitivity.orrecteq @and Vq values. The
first set of values, Sensitivityqorrected 1 @nd Vq 1 , Were calculated using the data at 17.2 mm and 12.6 mm. The
second set of values, Sensitivitycorected 2 @aNd Vq 2, Were calculated using the data at 12.4 mm and 7.8 mm.
Data points from 17.4 to 12.6 mm were corrected using the values of Sensitivitycorrected 1 @nd Vq 1 while data
points from 7.4 to 12.4 mm were corrected using the values of Sensitivitygorrected 2 @nd Vq 2.

* 4-line, 2-point calibration : This option calculates four different sets of Sensitivity.orrecteq @and Vq values. The
first set of values, Sensitivitygorrected 1 @nd Vq 1, were calculated using the data at 17.2 mm and 15 mm. These
first set of values are used to calculate corrected data points from 15 mm to 17.4 mm. The second set of
values, Sensitivitycorrected,2 @nd Vq 2, were calculated using the data at 14.8 mm and 12.6 mm. These values
corrected 12.6 mm to 14.8 mm. The third set of values, Sensitivitycorected,3 @and Vq 3, were calculated using
the data at 12.4 mm and 10.2 mm. These third set of values corrected the data points from 10.2 to 12.4 mm.
The last set of values, Sensitivitygorrected 4 @nd Vq 4, were calculated using the data at 10 mm and 7.8 mm.
These last set of correction values corrected data points that were less than 10.2 mm.

The pre-calibration % error of the measurements were then calculated by comparing the measured data with
the corresponding values from simulation and the DRV5056 distance measurement tool. The post-calibration %
error was calculated using the corrected voltage values and the corresponding voltage values from simulation
and the DRV5056 distance measurement tool. The following post-calibration % error calculations were done:

» Simulated (1 line, 2-point): % error calculation using the voltages from simulation and the 1 line, 2-point
corrected voltage

» Calculated (1 line, 2-point): % error calculation using the voltages from the DRV5056 measurement tool and
the 1 line, 2-point corrected voltage. Note that the corrected voltage values here were corrected based on
the DRV5056 measurement voltage values instead of the voltage values from simulation. As a result, the
corrected voltage is different than the corrected voltage used in the 1 line, 2-point simulated scenario.

» Simulated (1 line, 3-point): % error calculation using the voltages from simulation and the 1 line, 3-point
corrected voltage

» Simulated (2 line, 2-point): % error calculation using the voltages from simulation and the 2 line, 2-point
corrected voltage

» Simulated (4 line, 2-point): % error calculation using the voltages from simulation and the 4 line, 2-point
corrected voltage

3.2.2 Magnetic Tampering Testing

Magnetic tampering testing was performed by using a strong 0.5 in diameter x 1.5 in thick N52 cylinder magnet.
The magnet was applied underneath the trigger module because that location is most susceptible to external
magnetic fields due to that location having the shortest possible distance from the Hall sensors to any external
magnets that are placed on the trigger module.
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The two magnet orientations shown in Figure 2-11 and Figure 2-12 were tested. For the different magnet
orientations of the external magnet, it was verified that the system did not turn ON by making sure that the
LPWR LED did not turn ON. For more information on which Hall sensors were triggered by the different magnet
orientations, the individual LEDs on switches U1, U2, U3, and U4 were also observed.

3.2.3 Current Consumption Testing

Before performing current consumption testing, the following board changes were made to ensure that the
current consumption measurements did not include the components on the design that were mainly used for
demonstration purposes and would not be implemented in a final system:

« BJT Q1, resistor R25, and resistor R15 were removed
¢ The individual LEDs on switches U1, U2, U3, and U4 were removed

After making these changes, the trigger design was powered from a DC power analyzer that would also measure
the current consumption. The design was powered using one of the three options:

» Using the LDO with 5 V applied to its input
» Using the LDO with 18 V applied to its input
* Bypassing the LDO by removing it from the board and applying 3.3 V directly to VCC

The average current consumption was measured under the following conditions:

» Condition 1: All Hall sensors enabled

» Condition 2: Tamper Hall switch U3 disabled

» Condition 3: Tamper Hall switches U3 and U4 disabled

» Condition 4: Stray field switch U2, tamper Hall switch U3, and tamper Hall switch U4 disabled

» Condition 5: LDO, Stray field switch U2, tamper Hall switch U3, and tamper Hall switch U4 disabled.

3.3 Test Results

3.3.1 Output Voltage Accuracy Pre-Calibration Results

The graphs in Figure 3-4 and Figure 3-5 express the distance in terms of displacement from the trigger resting
point. The 0 mm value in the graphs corresponds to a distance of 17.4 mm between the magnet to the DRV5056
sensing element and 10 mm corresponds to a distance of 7.4 mm. Also, note that the system does not turn

ON until the trigger is pressed 0.4 mm. As a result, the DRV5056 does not translate the sensed magnetic flux
density into voltage until 0.4 mm.

Without doing calibration, the worst observed error between the measured voltage and the simulated voltage is
—2.6%.
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Figure 3-4. DRV5056 Output Voltage vs Trigger Displacement Distance (Before Calibration)
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Figure 3-5. DRV5056 Output Voltage % Error vs Trigger Displacement Distance (Before Calibration)

3.3.2 Output Voltage Accuracy Post-Calibration Results

Figure 3-6 shows the DRV5056 output voltage versus trigger displacement distance after calibration.
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Figure 3-6. DRV5056 Output Voltage vs Trigger Displacement Distance (After Calibration)
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Figure 3-7. DRV5056 Output Voltage % Error vs Trigger Displacement Distance (After Calibration)
Table 3-3 shows the worst observed error in Figure 3-7. The post-calibration error is affected by noise, linearity

error, and possible magnet positioning errors. To reduce the impact of linearity error, calibration was done using
multiple points and lines. Additional averaging of the sample data can be done to reduce noise.

Table 3-3. Post-Calibration Worst Observed Error

CONDITION ABSOLUTE VALUE OF WORST OBSERVED
ERROR
Simulated (1 line, 2-point) 0.363%
Calculated (1 line, 2-point) 0.372%
Simulated (1 line, 3-point) 0.289%
Simulated (2 line, 2-point) 0.184%
Simulated (4 line, 2-point) 0.0789%

From the results, the 1 line, 3-point calibration provides a reduced worst-observed error than the 1 line, 2-point
calibration. Note that the utilized best-fit line algorithm works by minimizing the sum of the squared errors instead
of minimizing the worst observed error. As a result, using more points for the best-fit line may not always result in
a reduction of the worst observed error as it did in this case.

In addition, increasing the number of lines from 1 to 2 to 4 also reduces the worst observed error.

3.3.3 Magnetic Tampering Results

When the external magnet was applied to the trigger module according to the orientation shown in Figure 2-11,
the system did not turn ON. The external magnet caused the output of the wake-up sensor to be asserted low
due to the sensor detecting a strong positive field; however, the system remained OFF since the external magnet
caused the stray field sensor to also detect a strong positive field instead of the negative field needed to turn the
system ON.

The external magnet was also applied to the trigger module according to the orientation shown in Figure 2-12. In
this orientation, the output of both the wake-up and stray field sensor was asserted low, but the system did not
turn ON due to either U3 or U4 detecting this external magnetic field.
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3.3.4 Current Consumption Results
Table 3-4. Current Consumption Under Different Conditions
CONDITION CURRENT FOR CURRENT FOR CURRENT FOR
5V AT LDOIN 18 V AT LDOIN 3.3VATVCC

1: BJT optional circuit and LEDs removed 6.578 pA 6.946 pA -

(Everything else on the board is still enabled; current is

measured at LDOIN)

2: Condition 1 + tamper sensor 1 disabled 4.816 pA 5.229 pA -

(Current is measured at LDOIN)

3: Condition 2 + tamper sensor 2 disabled 3. 12 pA 3.427 A -

(Current is measured at LDOIN)

4: Condition 3 + Stray field sensor disabled 3.076 uA 3.459 pA -

(Current is measured at LDOIN)

5: Condition 3 + LDO disabled - - 1.67 pA

(Wake-up Hall sensor, load switch, 4-channel NAND

gate, and 1-channel NAND gate are still enabled; current

measured at VCC)

Based on the desired level of protection against external magnetic fields and the system current consumption
requirements, select which tamper and stray field sensors should be enabled. See Section 2.3.2 for additional

optimizations that can be done to reduce system current consumption.
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4 Design and Documentation Support
4.1 Design Files

4.1.1 Schematics

To download the schematics, see the design files at TIDA-060032.

4.1.2 BOM

To download the bill of materials (BOM), see the design files at TIDA-060032 .

4.2 Tools and Software

Tools
HALL-TRIGGER-EVM  Order link to TIDA-060032 Hardware (also referred to as HALL-TRIGGER-EVM)
4.3 Documentation Support

Texas Instruments, DRV5056 Unipolar Ratiometric Linear Hall Effect Sensor data sheet

Texas Instruments, DRV5032 Ultra-Low-Power Digital-Switch Hall Effect Sensor data sheet

Texas Instruments, TPS709 150-mA, 30-V, 1-uA Iq Voltage Regulators With Enable data sheet

Texas Instruments, TPS22917x 1 V=5.5-V, 2-A, 80-mQ Ultra-Low Leakage Load Switch data sheet
Texas Instruments, SN74HCS00 Quadruple 2-Input NAND Gates with Schmitt-Trigger Inputs data sheet
Texas Instruments, SN74AUP1G00 Low-Power Single 2-Input Positive-NAND Gate data sheet

Texas Instruments, TLV906xS 10-MHz, RRIO, CMOS Operational Amplifiers for Cost-Sensitive Systems
data sheet

8. Texas Instruments, Tl Precision Labs - Introduction to head-on applications video

Nogakrwb=

4.4 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

4.5 Trademarks

TI E2E™ are trademarks of Texas Instruments.
All trademarks are the property of their respective owners.
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