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This reference design implements safe brake control * Implements Safe Brake Control That Meets
functionality in servo drives as per IEC EN 61800-5-2 Requirements Specified in EN 61800-5-2

by providing two channel output signals to control an » 24-V Rated Holding Brakes With a Current of up to
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when the power supply is cut off and released when
voltage is applied to the coil. This setup is

2 A Controlled Through Isolated Control Signals
e Dual Switch Control Enhancing Safe Operation

accomplished by enabling and disabling the smart * Self-Diagnostics Features Covering Open Load
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This reference design also includes diagnostic features « High-Side Switch Failure Detection

to detect various faults, ensuring safe operation and
voltage reduction at the holding brake output to reduce
power consumption. The design uses the C2000™
LaunchPad™ to generate the brake control signals
and to perform the diagnostics functionality.
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Reduction of Holding Brake Current
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Output to Reduce Power Consumption
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System Description

Variable speed drives are used in a wide range of applications, including robotics and computer numeric
control (CNC) machines. Safety is a constant concern because holding and motion controls are always
present in these systems involving humans. The recent development of drives with built-in safety-related
features eliminates the conventional methods of using standstill and speed monitors, limit switches,
position cameras, contactors, and so on, which highly improves the reliability of the system. There is an
enormous amount of danger in automated production, particularly from gravitational forces in the case of
vertical movements, if a power failure occurs or a braking device fails. The "safe brake control" (SBC)
function enables brakes to be controlled safely, thereby preventing suspended loads from falling. In CNC
machines, SBC prevents movement of work due to external force.

SBC comes under the standard EN 61800-5-2: 2007 functional safety for speed variable drives. SBC
supplies a safe output signal to drive an external mechanical brake. The brakes used must be safety
brakes, in which a quiescent current operates against a spring. If the current flow is interrupted, the brake
engages. Control modules frequently include a power reduction feature when the brake is released to
reduce energy consumption or brake heating. Holding brakes and service brakes are often used on axes
with suspended loads. The SBC function is generally used to control the holding brake and is activated
once an axis is at standstill.

This reference design implements the SBC function for holding brakes rated up to the current rating of 2
A. This design uses the TPS27S100 as a high-side smart switch and the ULN2003A as a low-side switch.
Dual switch control is implemented to ensure safe brake operation. The brake control signals are isolated
from the controller through the digital isolator ISO7142. The TPS27S100 enables the design to detect
open circuit and short circuit conditions at the brake output, enhancing safety of the system. Output
voltage from the brake coil is reduced through the PWM on the low-side switch, reduces power
consumption while the brake is energized. The load switch eliminates the discrete elements, which
improves system reliability. Figure 1 shows the block diagram of this reference design.
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Figure 1. Block Diagram of TIDA-01600
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1.1 Key System Specifications

Table 1 shows the key system specifications for this reference design.

Table 1. Key System Specifications

PARAMETER

SPECIFICATIONS

Nominal input voltage

+24 V (+15%)

Output voltage without voltage reduction

Input — 1 V (nominal)

Output voltage with voltage reduction OVto23V
Brake current Upto2 A
Switching frequency 10 kHz
Hardware redundancy 1

Protection features

Open load detection

Overcurrent protection

False brake activation detection

Release time

<100 ms

Applying time

<200 ms

Time to voltage reduction

Programmable through MCU (up to 1 s)
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2 System Overview

2.1 Block Diagram

Figure 2 shows the system level block diagram for this reference design.
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Figure 2. System Level Block Diagram of TIDA-01600

This design provides a reference solution for implementing SBC in servo drives. The SBC function
provides safe output signals to control the external brake. Holding brakes with a current rating of up to 2 A
can be controlled. The main parts of the design include the ISO7142 digital isolator, the high-side smart
switch TPS27S100, and the low-side switch ULN2003A. The brake coil is connected between the two
switches. The switches are enabled and disabled by the digital input signal generated by the
microcontroller (MCU) through the digital isolator.

The board is powered by two external 24-V power supplies. The MCU and VCC1 of the digital isolator are
powered using the 3.3 V generated from a 24-V supply using the LMZ14201 SIMPLE SWITCHER®. The
high-side switch and VCC2 of the digital isolator are powered using the 3.3 V generated from a 24-V
supply using the TPS7B6933 LDO.
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The system is designed to be protected against overload, short-circuit, and overtemperature and also
detects when there is an open load. The status output pin of the TPS27S100 generates a fault signal that
corresponds to the open load detection and short-circuit and overtemperature protection, when it is
accounted. This fault signal is fed to the MCU through the isolator. Voltage feedback from the brake coil is
taken to monitor the unintentional turnon and also to adjust the voltage from the brake coil. Optional PWM
operation can be implemented to the ULN2003A low-side switch to control the peak and hold currents of
the brake coil.

2.2 Highlighted Products
221 1ISO7142
The ISO7142CC provides galvanic isolation up to 2500-Vgys for 1 minute per UL and 4242-VPK per VDE.
The 1ISO7142CC is a quad-channel isolator with two forward- and two reverse-direction channels. This
device is capable of a maximum data rate of 50 Mbps with 5-V supplies and 40 Mbps with 3.3-V or 2.7-V
supplies. The 1ISO7142CC has integrated filters on the inputs to support noise-prone applications. Figure 3
shows the pin diagram of the device.
Veei 1 @ o 16 O Veeo
GND1 T2 o 15 |0 GND2
INA T3 —> {[>—14 [0 OUTA
INB T4 — > ! 13 [[1O0 OUTB
OUTC 05 = 12 £ INC
OUTD 6 + —<}-11 [0 IND
EN1 17 o 10 [0 EN2
GND1 g o o [ GND2
Figure 3. Pin Diagram of 1SO7142
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TPS27S100

The TPS27S100 is a single-channel, fully-protected, high-side switch with an integrated NMOS and
charge pump. Full diagnostics and high-accuracy current-monitor features enable intelligent control of the
load. An adjustable current-limit function greatly improves the reliability of the whole system. The device
diagnostic reporting has two versions to support both digital fault status and analog current monitor output.
Accurate current monitor and adjustable current limit features differentiate it from the market. Figure 4
shows the functional block diagram of the TPS27S100.
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2.2.3 ULNZ2003A

The ULN2003A device is a high-voltage, high-current Darlington transistor array. This device has seven
NPN Darlington pairs that feature high-voltage outputs with common-cathode clamp diodes for switching
inductive loads. The collector-current rating of a single Darlington pair is 500 mA. The Darlington pairs can
be paralleled for higher current capability. The ULN2003A device has a 2.7-kQ series base resistor for
each Darlington pair to operate directly with TTL or 5-V CMOS devices. Figure 5 shows the block diagram
of the ULN2003A.

COM
[
Rp Output C
2.7 kQ
Input B AVAVAY. . I\A\
4
72kQ | 3kQ ¢ E

—AAA—4

I‘ o

/77

Figure 5. Block Diagram of ULN2003A

224 LMZ14201

The LMZ14201 SIMPLE SWITCHER power module is an easy-to-use, step-down, DC/DC solution that
can drive up to a 1-A load with exceptional power conversion efficiency, line and load regulation, and
output accuracy. The LMZ14201 can accept an input voltage rail between 6 V and 42 V and deliver an
adjustable and highly accurate output voltage as low as 0.8 V.

225 TPS7B6933

The TPS7B6933-Q1 high-voltage linear regulator operates over a 4-V to 40-V input voltage range. The
device has an output current capability of 150 mA and offers fixed output voltage of 3.3 V. The device
features a thermal shutdown and short-circuit protection to prevent damage during overtemperature and
overcurrent conditions.

2.2.6 TVS3300

The TVS3300 is a unidirectional precision surge protection clamp with a 33-V working voltage designed
specifically to protect systems with mid-voltage rails in industrial, communication, and factory automation
applications. The TVS3300 has a fast response time when surge current is applied so there is no
overshoot voltage during clamping, making it ideal to replace traditional TVS and Zener diodes.
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2.3

231

2.3.2

P3V3

System Design Theory

DC Voltage Input

This reference design is designed to operate for a DC voltage of 24 V (+15 %). The board has two
separate connectors to supply 24 V to the primary and secondary sides. J1 is the input connector for
supplying the 24-V DC to the primary side. The DC voltage can be applied to the reference design at
connector J2. The TVS3300 is a 33-V precision clamp that is connected in a bidirectional configuration for
protection against high-voltage transients. Inductor L1 and capacitor C8 form the power filter.

Low-Power, Quad-Channel Digital Isolator

The MCU sends the control signals through the 1SO7142 digital isolator to drive the high-side and the low-
side switches independently. Also, the Status pin output from the high-side switch, which gives the
diagnostic coverage against fault conditions, and the voltage feedback from the brake caoil is fed back to
the MCU through the digital isolator. Figure 6 shows the circuit for the ISO7142.
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Figure 6. Schematic of Digital Isolator 1ISO7142 and Circuit

The VCCI pin is supplied with 3.3 V generated using the LMZ14201 SIMPLE SWITCHER (as explained in
Section 2.2.4). C12 (0.1 pF) is used as a local decoupling capacitor for the VCCI pin. The EN1 pin of the
isolator is tied high to enable the output channels in the primary side.

The VCC2 pin is supplied with 3.3 V generated using the TPS7B6933 LDO (as explained in
Section 2.2.5). C13 (0.1 pF) is used as a local decoupling capacitor for the VCC2 pin. The EN2 pin of the
isolator is tied high to enable the output channels in the secondary side.
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233 High-Side Switch
This reference design uses the TPS27S100 as a high-side switch. Figure 7 shows the circuit for the high-

side switch.
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4.7k vs 2
10
R16 1w |= LS 10
(SN ST P
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Figure 7. Schematic of High-Side Switch TPS27S100 Circuit

The switch is powered by the 24-V external power supply. The IN pin is the control for activating the
switch. The input signal is given from the MCU. An external resistor connected to the CL pin sets the
current limit. This reference design is designed to have a current limit of 2 A. The resistor value for setting
the current limit can be calculated using Equation 1:

V, x K
LIM(TH) (Liv) _ 1.233 V x 2000 _ 12 kO
lout 2A 1)

The enable (DIAG_EN) is connected permanently to the 3.3-V rail to enable continuous diagnostics
monitoring. The FLT pin is an open-drain diagnostic status output. Resistor R14 is a pullup connected to
get the digital signal output. The FLT pin goes low in case of any overcurrent, short-circuit, thermal
shutdown, or open-load detection. The output pin is connected to one terminal of the brake coil through
connector J5. R19 and D4 form the GND network to protect the device from reverse current. Resistors
R15, R16, and R17 are connected to protect the MCU against overcurrent conditions.

R18 =
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2.3.4 Low-Side Switch

This reference design uses the ULN2003A as a low-side switch that is a high-current Darlington transistor
arrays. Figure 8 shows the circuit for the low-side switch.

™2
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220
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3 {38 3c 24
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J_—S E com —2 DNP
GND2 ULN2003APWR GND2
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Figure 8. Schematic of Low-Side Switch ULN2003A Circuit

The ULN2003A consists of seven Darlington pairs each having a current rating of 500 mA. All the pairs
are paralleled for higher current capability. The input signal for activating the switch is given from the
MCU. The output of the switch is given to another terminal of the brake coil through connector J5.

2.3.5 Snubber Circuit

Figure 9 shows the snubber circuit connected across the brake coil. When the switch is opened, the coil's
inductance responds to the decrease in current by inducing a voltage of reverse polarity, which damages
the switch. Resistors R20 and R25 are placed in series with the commutating diode D3 connected in
parallel to the brake coil to demagnetize the brake coil faster, thus protecting the switch from a high
reverse voltage transient.

D3
ES3AB-13-F

282834-2

R20
R25

4.7
4.7

ULN_OUT
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Figure 9. Schematic of Snubber Circuit
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2.3.6 Voltage Feedback From Brake Coil

Voltage feedback from the brake coil is taken from the low-side switch and fed to the MCU through the
digital isolator. This feedback is done to monitor the output voltage and adjust the input PWM signal to the
low-side switch accordingly. A resistor divider is used to step down the voltage from 24 V to 3.3 V to feed
it to MCU. Figure 10 shows the circuit for brake voltage feedback.

ULN_OUT

R22
310.2k

VOLT_FB

D5
MMSZ5226B-7-F
3.3v

GND2
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Figure 10. Schematic of Circuit for Brake Voltage Feedback

2.3.7 Power Supplies

2.3.7.1  3.3-V Generation Using LMZ14201

The LMZ14201 is a step-down, DC/DC power module used to power the primary side. This device is
typically used to convert a higher DC voltage to a lower DC voltage with a maximum output current of 1 A.
This design uses the LMZ14201 to convert the 24-V input to 3.3 V to supply power the primary side of the
isolator and MCU. Figure 11 shows the circuit for the LMZ14201.

1
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° ° by
P24V u1
T ° ENRVIN vout L e
? 0.022 uF R24
C1 R1 R3 3 6 RS 50
10pF $68.1k 619 EN e o
5 s Ghp 2
* 2 8 ——c4 cs h
[3ey 2 R4 224F 24F 06
LMZ14201TZ-ADJ/NOPB 107k Green
—er)
0.022 pF N

GND1 GND1
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Figure 11. Schematic of 3.3-V Generation Using LMZ14201

Output voltage is determined by a divider of two resistors connected between VO and ground. The
midpoint of the divider is connected to the FB input. The voltage at FB is compared to a 0.8-V internal
reference. In normal operation. an ON-time cycle is initiated when the voltage on the FB pin falls below
0.8 V. The main MOSFET ON-time cycle causes the output voltage to rise and the voltage at the FB to
exceed 0.8 V. As long as the voltage at FB is above 0.8 V, ON-time cycles will not occur.
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The regulated output voltage determined by the external divider resistors R5 and R4 is:
Vo =0.8 Vx(l+ ﬁj
R4 )

Rearranging terms, the ratio of the feedback resistors for a desired output voltage is:
RS _ Vo _
R4 0.8V 3

These resistors must be chosen from values in the range of 1.0 kQ to 10.0 kQ. This reference design uses
R5 as 3.32k and R4 as 1.07k to generate an output voltage of 3.3 V.

2.3.7.2 3.3-V Generation Using TPS7B6933

A 3.3-V supply is needed to power digital isolator on the secondary side. Here, the TPS7B6933 is used to
convert 24 V to 3.3 V to supply power the secondary side of the isolator and the high-side switch.
Figure 12 shows the circuit of the TPS7B6933.
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Figure 12. Schematic of 3.3-V Generation Using TPS7B6933
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3 Hardware, Testing Requirements, and Test Results

3.1 Required Hardware

This section explains the top and bottom views of the PCB for this reference design. This section also
explains the power supply requirement and connectors used to connect the external world.

3.2 PCB Overview

Figure 13 shows the top view of the PCB. The high-side and low-side switches are highlighted in the
figure.

T e A S
Figure 13. Top View of PCB
3.21 Connectors

Table 2. Connectors

CONNECTOR PURPOSE
J1 24 V_VIN power supply to power the primary side of the board
J2 24 V_VIN power supply to power the secondary side of the board
J3 20-pin connector to connect to the C2000 LaunchPad
J4 20-pin connector to connect to the C2000 LaunchPad
J5 Output connector for connecting the Brake coil
TIDUDR4-January 2018 Smart Brake Control and Diagnostics Reference Design for Servo Drives and 13
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3.3 Testing and Results
This section shows the test results that evaluate the functionality and the performance as specified in the
design. This reference design used a 1-kW servo motor with a brake coil for testing. The brake caoil is
powered by a 24-V DC, and the current rating of the coil is about 0.81 A. The inductance of the coil is
measured to be about 65.35 mH and the resistance is about 30.8 Q.
3.3.1 Test Results

3.3.1.1 Functional Tests

Figure 14 shows the brake coil current, output voltage across brake coil, and the enable PWM signal given
to the low-side switch. Figure 15 and Figure 16 show the rising and falling edges of the brake coil current,
respectively. When the enable PWM signal becomes high, brake current ramps from zero to reach the
maximum current of 740 mA. When the enable signal goes low, the current starts to decay and then it
reaches zero. Faster decay of the brake coil current is determined by the diode and resistor connected
across the brake coil.

; o ] 140kHz Noise Filter
v
Brake Coil
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Figure 14. Waveform of Brake Coil Current
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Figure 16. Falling Edge of Brake Coil Current
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3.3.1.2 Output Voltage Measured Across Coil and Switches

This test checks the overvoltage across the brake coil when it is turned off. The voltage is measured
across the coil and independently across the both switches. The voltage increases proportional to the
enable input PWM signal and drops to zero when the enable signal goes low. No overvoltage condition
occurs when the brake coil is turned off. Figure 17, Figure 18, and Figure 19 show the output voltage
measured across the coil, low-side switch, and the high-side switch, respectively.
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Figure 17. Output Voltage Across Brake Coil
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Figure 18. Output Voltage Across Low-Side Switch
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Figure 19. Output Voltage Across High-Side Switch
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3.3.1.3

No Load Detection

The TPS27S100 high-side switch has a built-in diagnostic feature covering no load detection. When the
enable signal input to the switch is high and if the current flowing through the output is less than | .,
which is typically less than 6 mA, the device recognizes an open-load fault. The status pin signal goes low

to indicate the fault.

When the enable input signal is low and if an open load occurs, the output voltage is

close to the supply voltage (V\y — Vour < Vo), typically less than 1.8 V, the status pin signal goes low
indicating no load detected. Figure 20 and Figure 21 show the no load detection waveforms captured. This
functionality helps in identifying open cable and coil detection, thereby enhancing the safety of the design.
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Figure 20. No Load Detection, IN Pin High
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Figure 21. No Load Detection, IN Pin Low
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3.3.14 Short-Circuit, Overcurrent, and Thermal Shutdown Protection

Another built-in diagnostic feature of the TPS27S100 is the short-circuit and thermal shutdown protection.
When the switch is on, a short to GND or an overload condition causes overcurrent. If the overcurrent
triggers the current-limit threshold (l,,,,), the fault condition is reported out. The current limit threshold is set
to 2 A for this reference design. The device starts to heat up due to severe power stressing on the power
FET. To protect the device in cases of severe power stressing, the device implements two types of
thermal fault detection: absolute temperature protection (thermal shutdown) and dynamic temperature
protection (thermal swing).

Thermal swing activates when the power FET temperature is increasing sharply (that is, when AT =
Tren — Tiogi > Tsw)- Then the output turns off. The output automatically recovers and the fault signal
clears when AT = Teery — Tiogio < Tswy — Tys)- 1he thermal swing function improves the device reliability
when subjected to repetitive fast thermal variation.

Multiple thermal swings are triggered before thermal shutdown happens. Thermal shutdown is active when
absolute temperature T, > Tgp. When active, the output is shut down, and the ST pin goes low. The output
is auto-recovered when T; < Tg, — Ty the current limit is reduced to |y, 54, Or half of the programmable
current limit value, to avoid repeated thermal shutdown. However, the thermal shutdown fault signal and
half current limit value are not cleared until the junction temperature decreases to less than Tgp .

Figure 22 shows the thermal behavior after a short circuit happens.
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Figure 22. Thermal Behavior of TPS27S100
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Figure 23 and Figure 24 show the short-circuit and thermal shutdown response of the high-side switch.
When the output is short to GND, the current limit is triggered to 2 A and the fault signal goes low to
indicate a short-circuit fault. Due to the thermal shutdown, the current limit is reduced to half the
programmed value as shown in Figure 22.
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Figure 23. Short-Circuit Protection
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Figure 24. Short-Circuit Protection Delay Measurement
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3.3.1.5 PWM Waveforms From Operational Mode to Hold Mode

This reference design has a feature that reduces voltage at the holding brake output to reduce power
consumption. The PWM signal given to the low-side switch is controlled to reduce the voltage at the
holding brake output. To activate the brake coil, a 100% duty cycle is applied. Once the brake gets
activated, the voltage can be reduced to the holding level to reduce the power consumption. When the
voltage drops below the holding level, the brake gets latched holding the load. The following figures show
the waveforms captured from operational mode to hold mode. The PWM frequency is set to 10 kHz. At a
100% duty cycle, the brake coil current is measured to be 0.71 A.

Figure 25 shows the waveforms captured reducing the PWM signal from a 100% duty cycle to a 50% duty
cycle. The brake coil current is measured to be 0.36 A. The brake is still holding and the power
consumption is saved to around 76%.
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Figure 25. PWM Duty Cycle Reduced From 100% to 50% at 10 kHz

Figure 26 shows the waveforms captured when the PWM duty cycle is reduced from 100% to 25% without
the brake latching. The brake coil current is measured to be 0.18 A. The power consumption is saved to
around 90%. The brake is latched at a 20% duty cycle where the brake coil current is around 0.15 A. The
safe threshold is to operate the brake at a 25% duty cycle.
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Figure 26. PWM Duty Cycle Reduced From 100% to 25% at 10 kHz
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Now, the PWM frequency is set to 1 kHz and the PWM duty cycle is applied to the low-side switch. At a
100% duty cycle, the brake coil current measured is about 0.71 A. Figure 27 shows the waveforms
captured when the duty cycle is reduced from 100% to 75% without the brake latching. The current goes
down to 0.35 A. The power consumption is saved to around 65%.
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Figure 27. PWM Duty Cycle Reduced From 100% to 75% at 1 kHz

Figure 28 shows the waveforms captured when the PWM duty cycle is reduced from 100% to 50% without
brake latching. The current goes down to 0.19 A. The power consumption is saved to around 86%. The
brake got latched at a 20% duty cycle. The safe threshold to operate the brake is at a 25% duty cycle.
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Figure 28. PWM Duty Cycle Reduced From 100% to 50% at 1 kHz

3.3.1.6  Brake Voltage Feedback Waveforms

Figure 29 shows the waveforms taken of the brake voltage feedback. The output brake voltage is
converted to 3.3 V using the resistor divider, is fed to the MCU through the digital isolator for monitoring
the brake coil voltage, and adjusts the input PWM signal to the low-side switch accordingly to reduce
voltage to the brake output and save power.
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Figure 29. Waveform of Brake Voltage Feedback
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3.3.1.7 Voltage Drop Across Switches

Figure 30 shows the voltage drop taken across the low-side switch. which is measured to be 780 mV.
Figure 31 shows the voltage drop taken across the high-side switch, which is measured to be 60 mV.
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Figure 31. Voltage Drop Across High-Side Switch
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3.3.1.8 Thermal Image

Figure 32 to Figure 35 show the thermal images of the board captured at different duty cycles. The
reference design board is powered. The test condition is that the high-side switch is kept always on and
the PWM signal is given to the low-side switch. The board is operated for 15 minutes for each duty cycle.
Images are taken before coil excitation and after coil excitation with a 100% duty cycle, 50% duty cycle,
and 25% duty cycle, respectively. The ambient temperature when making these measurements is 25°C.

ULN2003A l:l ULNzoosAQ
TPS275100 IE TP$27510 r!__-l
fe )

264

Figure 32. Temperature at No Load Figure 33. Temperature at 100% Duty Cycle

ULN2003A
ULN2003A:

- TPS275100
. TPS275100

Figure 34. Temperature at 50% Duty Cycle Figure 35. Temperature at 25% Duty Cycle

The low-side switch gets much hotter than the high-side switch because the voltage drop across the
ULNZ2003A is 780 mV whereas the voltage drop across the TPS27S100 is 60 mV. The temperature is
reduced when a 5-V LDO is used because the power dissipation is lesser when compared with the power
dissipation when a 3.3-V LDO is used. The temperature in the low-side switch can be improved by using
the FET-based switch TPL7407L as there is no dependency of base current in FET, which makes it
thermally stable as compared to BJT.
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4 Design Files

4.1 Schematics
To download the schematics, see the design files at TIDA-01600.

4.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-01600.

4.3 PCB Layout Recommendations

Figure 36 and Figure 37 show the isolation barrier and the ground split, respectively. The primary and the
secondary copper tracks are separated from each other by the isolation barrier. A copper-to-copper
creepage spacing of 4 mm is maintained between the primary and the secondary sides. The two 20-pin
connectors J3 and J4 are placed 20 mm apart for interfacing to the C2000 LaunchPad. The power plane
is divided into 3.3-V and 24-V planes.

Isolation Spacing
of 4mm

LaunchPad
Orientation

USB orientaticn

Figure 36. Isolation Barrier and Power Plane of Layout

The ground is split into two planes: GND1 and GND2. GND1 serves as a ground for the primary side of
the 1ISO7142 and LM14201 devices. GND2 serves as a ground for the secondary side of the 1ISO7142,
TPS27S100, ULN2003A, and TPS7B6933 devices.
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4.3.1 Layout Prints
To download the layer plots, see the design files at TIDA-01600.

4.4  Altium Project
To download the Altium project files, see the design files at TIDA-01600.

45 Gerber Files

To download the Gerber files, see the design files at TIDA-01600.

4.6 Assembly Drawings
To download the assembly drawings, see the design files at TIDA-01600.

Figure 37. Split in Ground Plane of Layout
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5

5.1

7.1

Related Documentation

1. IEC - International Electrotechnical Commission, IEC 61800-5-2:2016 RLV: Adjustable speed electrical
power drive systems - Part 5-2: Safety requirements - Functional , 18 April 2016

Trademarks

C2000, LaunchPad, E2E are trademarks of Texas Instruments.
SIMPLE SWITCHER is a registered trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

Terminology
PWM— Pulse width modulation

MCU— Microcontroller unit

About the Author

MEGA PRIYA GANESAN is a systems engineer at Texas Instruments, where she is responsible for
developing subsystem design solutions for the Industrial Motor Drive segment. Mega Priya earned her
bachelor of engineering in electrical and electronics engineering at PSG College of Technology,
Coimbatore.

Recognition

The author would like to recognize the excellent contributions from PAWAN NAYAK during the design,
test, and documentation phases of the TIDA-01600 reference design.

26

Smart Brake Control and Diagnostics Reference Design for Servo Drives and TIDUDR4-January 2018

Robotics Submit Documentation Feedback
Copyright © 2018, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDUDR4
https://webstore.iec.ch/publication/24556
https://webstore.iec.ch/publication/24556

IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated


http://www.ti.com/sc/docs/stdterms.htm
http://www.ti.com/lit/pdf/SSZZ027
http://www.ti.com/lit/pdf/SSZZ027
http://www.ti.com/sc/docs/sampterms.htm

	Smart Brake Control and Diagnostics Reference Design for Servo Drives and Robotics
	1 System Description
	1.1 Key System Specifications

	2 System Overview
	2.1 Block Diagram
	2.2 Highlighted Products
	2.2.1 ISO7142
	2.2.2 TPS27S100
	2.2.3 ULN2003A
	2.2.4 LMZ14201
	2.2.5 TPS7B6933
	2.2.6 TVS3300

	2.3 System Design Theory
	2.3.1 DC Voltage Input
	2.3.2 Low-Power, Quad-Channel Digital Isolator
	2.3.3 High-Side Switch
	2.3.4 Low-Side Switch
	2.3.5 Snubber Circuit
	2.3.6 Voltage Feedback From Brake Coil
	2.3.7 Power Supplies
	2.3.7.1 3.3-V Generation Using LMZ14201
	2.3.7.2 3.3-V Generation Using TPS7B6933



	3 Hardware, Testing Requirements, and Test Results
	3.1 Required Hardware
	3.2 PCB Overview
	3.2.1 Connectors

	3.3 Testing and Results
	3.3.1 Test Results
	3.3.1.1 Functional Tests
	3.3.1.2 Output Voltage Measured Across Coil and Switches
	3.3.1.3 No Load Detection
	3.3.1.4 Short-Circuit, Overcurrent, and Thermal Shutdown Protection
	3.3.1.5 PWM Waveforms From Operational Mode to Hold Mode
	3.3.1.6 Brake Voltage Feedback Waveforms
	3.3.1.7 Voltage Drop Across Switches
	3.3.1.8 Thermal Image



	4 Design Files
	4.1 Schematics
	4.2 Bill of Materials
	4.3 PCB Layout Recommendations
	4.3.1 Layout Prints

	4.4 Altium Project
	4.5 Gerber Files
	4.6 Assembly Drawings

	5 Related Documentation
	5.1 Trademarks

	6 Terminology
	7 About the Author
	7.1 Recognition


	Important Notice

