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1 Features

The TMC603 evaluation board makes it possible to evaluate the features of the TMC603 three phase
BLDC motor driver with back EMF commutation hallFX™. On the evaluation board the Infineon XC886
microcontroller is used to control the TMC603. The microcontroller's FLASH memory contains a
program which configures the TMC603 and controls the communication with the PC via the CAN
interface or the RS232 interface. To use the CAN interface the TRINAMIC USB-2-X is available as an
USB adapter. Windows based PC software allows tuning of all operation parameters for every three
phase BLDC motor.

Motor type

e 3 phase BLDC motor

e block commutation

¢ Rotor position feedback: sensorless or hall sensor

Highlights

Up to 6A (Irms) Nominal motor current

12V to 48V operating voltage

Integrated current measurement using power MOS transistor RDSon

hallFX™ sensorless back EMF commutation emulates hall sensors

Integrated Break-before-Make logic: No special microcontroller PWM hardware required
EMV optimized current controlled gate drivers — up to 150mA possible

Overcurrent / Short to GND and undervoltage protection and diagnostics integrated
Internal QGD protection: Supports latest generation of Power MOSFETs

Integrated supply concept: Step down switching regulator

Common rail charge pump allows for 100% PWM duty cycle

Communication to the PC via CAN interface and RS232 interface

Firmware update via RS232 interface

Please check our website for the latest version of manual and firmware!
WWW.trinamic.com



http://www.trinamic.com/
http://www.trinamic.com/
http://www.trinamic.com/
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Life support policy

TRINAMIC Motion Control GmbH & Co. KG does not
authorize or warrant any of its products for use in life
support systems, without the specific written consent
of TRINAMIC Motion Control GmbH & Co. KG.

Life support systems are equipment intended to
support or sustain life, and whose failure to perform,
when properly used in accordance with instructions
provided, can be reasonably expected to result in
personal injury or death.

© TRINAMIC Motion Control GmbH & Co. KG 2009

Information given in this data sheet is believed to be
accurate and reliable. However no responsibility is
assumed for the consequences of its use nor for any
infringement of patents or other rights of third parties
which may result from its use.

Specifications are subject to change without notice.
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3 General Description
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Figure 1: The structure of the TMC603 evaluation board

The TMC603 is a BLDC driver IC using external power MOS transistors. Its unique feature set allows
equipping inexpensive and small drive systems with a maximum of intelligence, protection and
diagnostic features. Depending on the desired commutation scheme and the bus interface
requirements, the TMC603 forms a complete motor driver system in combination with an external 8 bit

processor (Infineon XC886). The complete analog amplification and filtering frontend as well as the
power driver controller are realized in the TMC603.

Copyright © 2009 TRINAMIC Motion Control GmbH & Co. KG
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4 Quick Start

4.1 Connecting the motor

For a first quick start, plug the jumpers on the evaluation board like shown in Figure 2. Please check if
the jumpers X212, X213 and X214 are plugged. Connect a three phase BLDC motor to the connector
X301 (motor coil output). The pins are marked by “U”, “V” and “W”. Please note that the BLDC motors
may only be connected to or disconnected from the evaluation board while the board is disconnected
from power supply, as otherwise the evaluation board could get damaged!

Figure 2: Default settings of jumpers for quick start

4.2 Connecting the RS232 interface and power supply

Connect the RS232 interface (X116) to the PC by using a null modem cable. The baud rate is
automatically set to 115200 baud by the PC software. Now, connect the power supply between 12V
and 48V and at least 1A to the connector X201 (power supply). The positive terminal is marked “12V-
48V". The green “POWER ON” LED will light up after attaching the power supply.

I TMC603 HallFX Evaluation Board ¥1.04 o ] 1|
— Interface — Mator Contral — Configuration Cpkions —————————————

A ¥ 5282 Start | Skap | Made: IBInck, HallF¥, Closed Loop j
CIpEn | ICOM2 vl Close | Choppet: IDuaI chopper j

— Makar Startup

— Motar Parameters Speed [rpm]: |2DEIEI 3,
Resistance [Ohm]: Il-BUUE'E'f':‘DDDDDD vi Acceleration [rpm/s]: [700 S Ll Ll

Mazximurn current [4]:{5.400000000000 & Ramp up tme [ms]: Ilggg ﬂv — Status

I Inwert Hall Sensars

BEMF const, [rpm i]: |255 vi Wit start pos, [ms]: (1000 = Motor speed [rpm]: E
. I 3 PWM duty cvcle [%:]: ﬁ
Pole pairs: * ud Direction: o CoW (ol

Supply volkage [¥]: E‘H

Get | Set |
Get | Set | G2 e e @ o
— Speed Control OfF on HallFX  Error  Owerload

— Current Control Speed Ref, [rpm]: ID 3. —Current Measurement ———————— |

Current Ref. [A] IS.DDDDDDDDDDDD 3, speed CH, Time [ms]: [10 - 11 [A]: ﬁ,u
2 I[A]:
Current Time [ms]: |10 = Dby cyele ref, [%]: ID 3 12[A]: 0.0 [#]: oo
13 [A]: F i
Current Control Kp: I1.|'32*Ermr vl [ Erable speed conkral
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Get Set Gek | Set | J High amplification {18.4)

Figure 3: The TMC603 Evaluation Software

Copyright © 2009 TRINAMIC Motion Control GmbH & Co. KG
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4.3 Establishing the connection

Thereafter, start the TMC603 Evaluation Software (Figure 3, page 5) on the PC and select the RS232
interface and the associated COM port that is to be used. If you press the “Open” button the
connection will established. The connection establishment was successful if the default settings are
read automatically.

4.4 Selecting the operating mode

Then, enter the operating mode “Block, HallFX, Closed Loop”. In this mode the motor will start by using
a closed loop ramp up. This means that the closed loop control limits the current. The PWM duty cycle
is increased depending on the measured current. Thereafter, the motor will run by using the BLDC
back EMF commutation hallFX™. Please keep in mind to press the “Set” button. You can only change
the operating mode if the motor is stopped.

4.5 Configuring the motor parameters and settings

In the operating mode “Block, HallFX, Closed Loop” the parameters “Maximum current” and “Pole
pairs” are required only. The parameter “Maximum current” is the peak current of the motor. You can
find the required data in the datasheet of the motor. In addition, some parameters for closed loop ramp
up are necessary. The value “Speed” is the end point of ramp up. The value “Acceleration” is the angle
acceleration. The direction can be changed by setting CCW (counter clockwise) or CW (clockwise).
Please keep in mind to press the “Set” button. The values in Figure 3 are default parameters.

4.6 Configuring the current and speed controller

Thereafter, you can configure the current controller. The first parameter “Current Ref.” defines the
maximum current value for startup. The parameter “Current Time” is the regulation time of the current
controller. The last parameter “Current Control Kp” is the proportional gain of the controller. Please
take into account the manufacturer’s data of the used BLDC motor. Now, enter the speed reference
value (Speed Ref., e.g. 2500rpm) and the speed control time (Speed Ctl. Time). The speed control
time is a time duration in ms. In this time the PWM duty cycle counts up or down by a value of 1/16 %.
You can change these parameters at any time. Please keep in mind to press the “Set” button.

4.7 Starting the motor

Thereafter, press the “Start” button and the motor will ramp up via closed loop current control and will
run by using the BLDC back EMF commutation hallFX™. If the button “Stop” is pressed the motor will
stop. In order to change the motor speed you can enter the new speed reference (Speed Ref.) by
pressing the button “Set”. Thereupon, the motor will accelerate and decelerate respectively. In addition
you can disable the speed control by deactivating the option “Enable speed control”. In this case you
can enter the PWM duty cycle (Duty cycle ref.) by pressing the button “Set”. If you disable the speed
control, be sure that the “Duty cycle ref” is unequal to zero. Otherwise the motor will stop. Please note
if the speed control is disabled, the motor will start without ramp up.

If the motor decelerates after ramp up, be sure that you have entered a speed reference value (Speed
Ref.). It is possible that the speed reference value is too low. Also check the speed control time (Speed
Ctl. Time). It is possible that the speed control time setting is too low. A third reason is that the current
limiting has occurred. So the current reference value (Current Ref.) is too high.

Please take into account that the maximum PWM duty cycle is limited to the value of 93%. This is
necessary because the BEMF voltage is incapable of measurement clearly above the PWM duty cycle
of 93%.

4.8 Brief instruction

In this chapter you can find a short instruction to start up the motor by using the TMC603 evaluation
board. For a detailed description please read the following chapters. In chapter 6.1 (page 12) you can
find an overview about all options and parameters.

1. Plug and unplug the jumpers on the evaluation board (Figure 2, page 5)
a. For sensorless commutation plug the jumpers X212, X213 and X214
b. For commutation with hall sensors unplug the jumpers X212, X213 and X214

2. Connect the three phase BLDC motor to the evaluation board (X301)

Copyright © 2009 TRINAMIC Motion Control GmbH & Co. KG
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Connect the evaluation board via null-modem cable with a RS232 port of the PC
Start the PC software EVAL603HallFX.EXE
Select the COM port (COM1, COM2, ...) and push “Open”

Select the mode of operation (Block, HallFX, Closed Loop, ...) under “Configuration Options”
a. For operating mode “Block, HallFX, Open Loop” you need the following parameters
“Resistance [Ohm]” of the motor coils
“Maximum Current [A]” of the motor
“BEMF constant [rpm/V]” of the motor
Number of “Pole pairs”
“Speed [rpm]” is the starting point of ramp up
“Acceleration [rpm/s]” for startup
“Ramp up time [ms]” for startup
“Wait start pos. [ms]” is the time to turn to the definite start position
“Direction” of the rotation (CCW, CW)
“Speed Ref. [rpm]” is the reference to change the motor speed
“Speed Ctl. Time [ms]” is the time to count up or down the PWM duty cycle
“Duty cycle ref. [%]” if speed control is disabled (optional)
b. For operating mode “Block, HallFX, Closed Loop” you need the following parameters
“Maximum Current [A]” of the motor
Number of “Pole pairs”
“Speed [rpm]” is the end point of ramp up
“Acceleration [rpm/s]’ for start up
“Direction” of the rotation (CCW, CW)
“Current Ref. [A]” is the current value for startup
“Current Time [ms]” is the regulation time of the current controller
“Current Control Kp” is the proportional gain of the controller
“Speed Ref. [rpm]” is the reference to change the motor speed
“Speed Ctl. Time [ms]” is the time to count up or down the PWM duty cycle
“Duty cycle ref. [%]” if speed control is disabled (optional)
c. For operating mode “Block, Hall Sensor” you need the following parameters
“Chopper” mode selection (Low side, High side, Dual chopper)
“Invert Hall Sensors” (optional)
“Maximum Current [A]” of the motor
Number of “Pole pairs”
“Direction” of the rotation (CCW, CW)
“Speed Ref. [rpm]” is the reference to change the motor speed
“Speed Ctl. Time [ms]” is the time to count up or down the PWM duty cycle
“Duty cycle ref. [%]” if speed control is disabled (optional)
d. For operating mode “Sine, HallFX, Closed Loop”
e Set the same parameters like operating mode “Block, HallFX, Closed Loop”
e Initialization of sine startup via operating mode “Block, HallFX, Closed Loop”
(pls. refer chapter 6.4.4, page 18)

o g~ w
® 6 6 o o ¢ o o o o o e 6 O o o o o o o o o o

7. Start the motor by pushing the button “Start” under “Motor Control”
8. Change the motor speed
a. Enter the new speed reference value under “Speed Ref. [rpm]”
b. Push the button “Set”
9. Change the PWM duty cycle
a. Enter the new PWM duty cycle reference value under “Duty cycle ref. [%]”
b. Disable the option “Enable speed control”
c. Push the button “Set”

10. Stop the motor by pushing the button “Stop” under “Motor Control”

Copyright © 2009 TRINAMIC Motion Control GmbH & Co. KG
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5 The Hardware

5.1 Connectors
The TMC603 evaluation board is equipped with the following connectors:

Connector

Name*

Function

Power supply

X201

This is the connector for power supply. The voltage must be between 12V
and 48V DC. The positive pole is marked “12V-48V”. The negative pole is
marked “GND”. The board is protected against reverse polarity by a diode
(from evaluation board version 1.10).

Motor coil output

X301

This is the connector for a three phase BLDC motor. Connect the coils to
the pins marked “U”, “V” and “W”.

Hall sensor

X112

This is the connector for optional hall sensors. The first two pins are for
power supply of the hall sensors. The voltage is 5V DC. The positive pole
is marked “+5V” and the negative pole is marked “GND”. The other three
pins are the inputs for hall signals. Connect the hall signals to the pins
marked “INPUT1”, “INPUT2” and “INPUT3".

CAN

X115

This Sub-D connector is a CAN interface for communication to the PC.
Additionally you need a Trinamic USB-2-X interface converter which
allows easy interfacing the evaluation board to a PC running under
Windows 98/2000/XP via the USB Interface. Please see also the USB-2-X
manual for a description of the USB-2-X interface converter. The CAN
interface uses a baud rate of 500 kbaud. The pin assignment of this
connector is as follows:

Pin2 CAN low
Pin3 GND
Pin6 GND
Pin 7 CAN high

RS232

X116

This Sub-D connector is a RS232 interface. If the evaluation board is not
used with the USB-2-X interface converter, a RS232 plug can be
connected here which also allows interfacing the evaluation board to a PC.
The RS232 interface uses a baud rate of 115200 baud, eight data bits,
one start bit, one stop bit and no parity. Only the pins 2, 3 and 5 are
connected. The assignment of this connector is as follows:

Pin2 RxD
Pin3 TxD
Pin5 GND

Table 1: The connectors of the TMC603 evaluation board

* You can find the name of the connectors in the TMC603-EVAL schematic.

Copyright © 2009 TRINAMIC Motion Control GmbH & Co. KG
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RS232

Hall sensor Power supply

34

Figure 4: Connectors of the TMC603 evaluation board

5.2 Jumpers and test pins
The TMC603 evaluation board is equipped with the following jumpers and test pins:

Jumper

Name?

Function

BSL

X101

If this jumper is plugged, the Bootstrap Loader Mode (BSL) is enabled.
The main purpose of BSL Mode is to allow programming/erasing of the
Flash and XRAM by using the Infineon USB-2-CAN interface. The default
option is to unplug this jumper.

Attention: If you misuse the BSL mode the TMC603 evaluation board
firmware and bootloader will erase.

+5V OUT

X111

The microcontroller and its peripherals needs 5V power supply. This
jumper allows to select the 5V power source. You have two options:

1. Integrated 5V linear regulator of the TMC603 (40 mA cont.)
(jumper plugged in pin 2 and pin 3)

2. External voltage regulator (1C104)
(jumper plugged in pin 1 and pin 2)

The default option is the external voltage regulator.

SP_SUP

X216,
X217

The external capacitors on this pin controls the commutation spike
suppression time for hallFX™. Please refer the TMC603 data sheet for
more details.

Jumpers unplugged: Cspsup = 2.2 NF (tspsyp = 220pS)

X216 plugged only: Cspsup=2.2NnF+22nF=4.4nF
(tspsup = 440ps)

X217 plugged only: Cspsup =2.2nF+4.7nF=6.9nF

(tspsup = 690uS)

X216 and X217 plugged: Cspsyp =2.2 NF+2.2nF + 4.7 nF=9.1 nF
(tspsup = 910us)

Table 2: The jumpers of the TMC603 evaluation board

2 You can find the name of the jumpers in the TMC603-EVAL schematic.

Copyright © 2009 TRINAMIC Motion Control GmbH & Co. KG
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Jumper Name? | Function
u,Vv,w X105, |At these jumpers you can measure phase currents and voltages of the
X106, |BLDC motor.
X107
Filt1, Filt2, Filt3 X108, |The microcontroller includes an Analog-to-Digital Converter (ADC) with
X109, |eight analog input channels. The input signals of the ADC channels 5, 6
X110 |and 7 are selectable. You have two options:
1. filtered coil voltages provided by the TMC603
(jumpers plugged in pin 1 and pin 2)
2. unfiltered coil voltages provided by a resistor divider
(jumpers plugged in pin 2 and pin 3)
The default option are the filtered coil voltages provided by the TMC603.
F1, F2, F3 X207, |Here you can measure the filtered voltages Filt1, Filt2 and Filt3 of the coils
X208, |directly provided by the TMC603.
X209
HALLZ1, HALL2, X212, |You must plug these jumpers to use the TMC603 evaluation board with
HALL3 X213, |the BLDC back EMF commutation hallFX™. Unplug these jumpers to use
X214 | the hall sensors.
MESS_IM3 X114 | The input signal of the ADC channel 3 is also selectable. You have two
options:
1. current measurement output CUR3 of the TMC603
(jJumper plugged in pin 1 and pin 2)
2. shunt based current measurement with a difference amplifier
(jumper plugged in pin 2 and pin 3)
The default option is the current measurement output CUR3 of the
TMC603. Please note that the current measurement outputs CUR1 and
CUR2 are connected directly to the ADC channels 0 and 1.
M.IM1, M.IM2, X204, |Here you can measure the currents CUR1, CUR2 and CUR3 of the coils
M.IM3 X205, |directly provided by the TMC603.
X206
Test Output X203 |The test output is reserved for manufacturing test. Please refer the
TMC603 data sheet for more details.
ERROUT X215 |Here you can measure the error output signal of the TMC603. The
TMC603 has three different sources for signaling an error:
1. Undervoltage of the low side supply
2. Undervoltage of the charge pump
3. Short to GND detector
Upon any of these events the error output is pulled low.
Bridge Shunt X302, |You must plug these jumpers to bypass the low end resistor. You can
X303 |unplug these jumpers for other applications like a shunt based current

measurement with a difference amplifier. The default option is to bypass
the low end resistor.

Table 3: The jumpers of the TMC603 evaluation board (continued)

3 You can find the name of the jumpers in the TMC603-EVAL schematic.
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5.3 Status Signals

The TMC603 evaluation board provides two status LEDs. The green LED (D102) lights up if the power
supply is working. The red LED (D203) lights up if an error is occurred by undervoltage of VLS or VCP

as well as by short to ground of the power MOS half bridges.

5.4 Dimensions

The mechanical dimensions of the TMC603 evaluation board are shown in Figure 5, page 11. This
evaluation board has four layers: top side, GND plane, power plane and bottom side. The thickness is
ca. 1.67 mm. The size of the board incl. components is ca. 15.4 mm. The diameter of the boreholes is

4.6 mm.
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Figure 5: Dimensions of the TMC603 evaluation board

5.5 Compatible CPU types

In case, you search for a firmware compatible CPU, the following types are

available from Infineon:
SAF-XC886CLM-8FFA 5V AC
SAK-XC886CLM-8FFA 5V AC
SAF-XC886CLM-8FFI 5V AC
SAK-XC886CLM-8FFI 5V AC
SAK-XC886CM-8FFI 5V AC

SAF-XC886CM-8FFI 5V AC

A later version of the board will use a more powerful 32 bit CPU, which need

different firmware.
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6 The PC Software

PC software to operate the TMC603 evaluation board is supplied on the TMC TechLibCD or can be
downloaded at http://www.trinamic.com. The program can be used with Windows 98, Windows 2000
and Windows XP. To install it, just copy the file “EVAL603HallFX.EXE” to the hard disk of your PC. To
run the program, double click the file.

6.1 Overview

After starting the software, the main window will be shown (Figure 3). The PC software is divided into

several parts.

Option Function
Interface Here you can establish a connection via CAN interface or RS232 interface.
CAN Here you can select the CAN interface.
RS232 Here you can select the RS232 interface.
Open Press the “Open” button and the connection will established.
Close Press the “Close” button and the connection will closed.

Motor Control

Here you can start and stop the motor.

Start

Press the “Start” button and the motor will run.

Stop

Press the “Stop” button and the motor will stopped.

Configuration
Options

Here you can select the operating mode, the chopper mode and the option “Invert
Hall Sensors”. You can only change the operating mode if the motor is stopped.

Mode

Here you can select the operating mode. There are currently three modes:

1. Block, HallFX, Open Loop
This mode is the sensorless block commutation with hallFX™ and open
loop current control. In this mode the motor will start with block
commutation by using an open loop ramp up. This means that the PWM
duty cycle is increased in a definite time. Then, the motor will run by using
the BLDC back EMF commutation hallFX™,

2. Block, HallFX, Closed Loop
This mode is the sensorless block commutation with hallFX™ and closed
loop current control. In this mode the motor will start with block
commutation by using a closed loop ramp up. This means that the closed
loop control limits the current. The PWM duty cycle is increased depending
on the measured current. Thereafter, the motor will run by using the BLDC
back EMF commutation hallFX™,

3. Block, Hall Sensor
This mode is the block commutation with hall sensors. In this mode the
motor runs with hall sensors so that no ramp up procedure is necessary.
You can additionally select the chopper mode and the option “Invert Hall
Sensors”.

4. Sine, HallFX, Closed Loop
This mode is the sensorless block commutation with hallFX™ and closed
loop current control. In this mode the motor will start with sinusoidal
commutation by using a closed loop ramp up. This means that the closed
loop control limits the current. The PWM duty cycle is increased depending
on the measured current. Thereafter, the motor will run by using the BLDC
back EMF commutation hallFX™.

Table 4: Several parts of PC software
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Option Function
Chopper Here you can select the chopper mode. This option is available in “Block, Hall
Sensor” mode only. The chopper frequency is 20kHz.
1. Low side chopper mode
In this chopper mode the low side drivers are chopped only.
2. High side chopper mode
In this chopper mode the high side drivers are chopped only.
3. Dual chopper mode
Both, the high side drivers and the low side drivers are chopped with the
same signal. The dual chopper mode is required for HallFX.
Invert Hall This option can be selected optionally if the signals of the hall sensors are inverted
Sensors to the hallFX™ signals. If this option is unused the firmware of the TMC603
evaluation board will configured the correct setting automatically. This option is
available in “Block, Hall Sensor” mode only.
Motor In these input boxes you can enter the required motor parameters. You can find the
Parameters required data in the datasheet of the motor.
Resistance This parameter is the resistance of the motor coils.
Maximum This parameter is the peak current of the motor.
current
BEMF const. | This parameter is the BEMF constant of the motor. Please take into account that
the unit of the BEMF constant is in rpm/V
Pole pairs This is the number of pole pairs of the motor.

Motor Startup

Here you can enter the parameters for motor start up.

Speed

If you selected the operating mode “Block, HallFX, Open Loop”, the value “Speed”
is the starting point of ramp up.

If you selected the operating mode “Block, HallFX, Closed Loop”, the value “Speed”
is the end point of ramp up.

Acceleration

This value is the angle acceleration for startup.

Ramp up time

The ramp up time is the time duration of startup.

Wait start pos.

This value is the time before ramp up. In this time the rotor turns to the definite
start position.

Direction This is the rotating direction of the motor. The direction can be changed by setting
CCW (counter clockwise) or CW (clockwise).
Status This option shows display fields with actual values and status flags.

Motor speed

The field “Motor speed “displays the actual speed of the motor.

PWM duty The field “PWM duty cycle” displays the actual PWM duty cycle.

cycle

Supply voltage | The filed “Supply voltage” displays the actual power supply voltage.

Off The status flag “Off” lights up if the motor is stopped.

On The status flag “On” lights up if the motor is started.

HallFX The status flag “HallFX” lights up if the motor is run by using the sensorless BLDC

back EMF commutation hallFX™

Table 5: Several parts of PC software (continued)
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Option

Function

Error

The status flag “Error” lights up and the motor will stopped if an error has occurred.
The TMC603 has three different sources for signaling an error:

1. Undervoltage of the low side supply
2. Undervoltage of the charge pump
3. Short to GND detector

In addition the status flag “Error” lights up if you try to ramp up the motor with sine
startup and no initialization has been done.

Overload

The status flag “Overload” lights up if a current overload is detected. In this case
the PWM duty cycle will be decreased. You can define the current limiting by
setting the parameter “Maximum current”.

Current Control

Here you can configure the current controller. Please take into account the
manufacturer’s data of the used BLDC motor.

Current Ref.

The current reference value defines the maximum current value for startup.

Current Time

The parameter “Current Time” is the regulation time of the current controller.

Current
Control Kp

The parameter “Current Control Kp” is the proportional gain (Kp) of the controller.

Speed Control

In this field you can modify the speed control parameters.

Speed Ref. The speed reference value defines the actual motor speed.

Speed Cil. The speed control time is given in milliseconds (ms). In this time the PWM duty
Time cycle counts up or down by a value of 1/16 %.

Duty Cycle If the speed control is disabled, the duty cycle reference value defines the actual
Ref. PWM duty cycle.

Enable speed
control

If this option is selected the speed control is enabled. You can disable the speed
control by deactivating this option. In this case you can enter the PWM duty cycle
(Duty cycle ref.) by pressing the “Set” button. If you disable the speed control, be
sure that the “Duty Cycle Ref.” is unequal to zero. Otherwise the motor will stop.
Please note if the speed control is disabled, the motor will start without ramp up.

Current These display fields show the actual currents of the 3 phase BLDC motor and the
Measurement overall current. The status flags display the actual amplification of the internal
amplifier of TMC603.
11 This display field shows the actual current (l,rus) of the motor phase U.
12 This display field shows the actual current (I,rms) of the motor phase V.
13 This display field shows the actual current (lsrus) of the motor phase W.
| This display field shows the actual overall current (Irms) of the motor.
Low The status flag “Low amplification (4.5)” lights up if the actual amplification of the
amplification internal amplifier of TMC603 is set to low.
High The status flag “Low amplification (18.4)” lights up if the actual amplification of the
amplification internal amplifier of TMC603 is set to high.
Get/Set buttons |By pressing these buttons the parameters will received and transmitted
respectively.
Get All parameters may be read by pressing the respective “Get” button.
Set Press the “Set” button to send the parameters to the evaluation board.

Table 6: Several parts of PC software (continued)
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6.2 Establishing the connection
You can establish a connection to the PC via RS23 interface and via CAN interface. In the following
these options shall be described.

6.2.1 Connection via RS232 interface
If you use the RS232 interface you need no additional hardware. Before starting the software, the
evaluation board should be connected to an RS232 interface of your PC using a null modem cable.
Then, make sure that the evaluation board is supplied with power. Thereafter, start the PC
software by double clicking the file
“EVAL603HallFX.EXE”. Then, select the I
RS232 interface and the associated COM port - can
that is to be used. If you press the “Open” |7.

button the connection will established. After ﬂlﬂl
that, all default parameters may be read

automatically. Figure 6: Connection via RS232

6.2.2 Connection via CAN interface

If you use the CAN interface you need the TRINAMIC USB-2-X interface converter to function
correctly. Before running the program, install the TRINAMIC USB-2-X interface converter (pls. Refer
USB-2-X manual) and attach the TMC603 evaluation board to it. Then, make sure that the
evaluation board is supplied with power.

Thereafter, start the PC software by double Inkerface

clicking the file “EVAL603HallFX.EXE”. Then, " Rs232
select the CAN interface and the associated ||—_|

CAN device that is to be used. If you press the open | i e |

“Open” button the connection will established.
After that, all default parameters may be read Figure 7: Connection via CAN
automatically.

6.3 Selecting the operating mode

If the connection is established you can select

the operating mode by pressing the pull-down

menu. The several modes are “Block, HallFX, [ Configuration Options

Open Loop”, “Block, HallFX, Closed Loop”, Mode! [Block, HallF, Closed Loop 7|
“Block, Hall Sensor” and “Sine, HallFX, Closed
Loop”. You can only change the operating
mode if the motor is stopped. If you select the L dregert bl Zanars
“Block, Hall Sensor” mode you can additionally
select the chopper mode. Three chopper
modes are available (Dual chopper, Low side
chopper, High side chopper). Please press the Figure 8: Configuration options
“Set” button to send these data to the

evaluation board.

Chopper; IDuaI chopper j

et Set

6.3.1 The operating mode “Block, HallFX, Open Loop”

The first mode is the sensorless block commutation with hallFX™ and open loop current control. In this
mode the motor will start with block commutation by using an open loop ramp up. This means that the
PWM duty cycle is increased in a definite time. Thereafter, the motor will run by using the BLDC back
EMF commutation hallFX™.

6.3.2 The operating mode “Block, HallFX, Closed Loop”

The second mode is the sensorless block commutation with hallFX™ and closed loop current control.
In this mode the motor will start with block commutation by using a closed loop ramp up. This means
that the closed loop control limits the current. The PWM duty cycle is increased depending on the
measured current. Thereafter, the motor will run by using the BLDC back EMF commutation hallFX™.

6.3.3 The operating mode “Block, Hall Sensor”

The third mode is the block commutation with hall sensors. In this mode the motor runs with hall
sensors so that no ramp up procedure is necessary. You can additionally select the chopper mode.
Three chopper modes are available: Low side chopper, high side chopper and dual chopper (default).
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If you select the low side chopper mode, the low side drivers are chopped only. In the high side
chopper mode the high side drivers are chopped only. If you select the dual chopper mode, the high
side drivers and the low side drivers are chopped with the same signal. The option “Invert Hall
Sensors” can be selected optionally if the signals of the hall sensors are inverted to the hallFX™
signals. If this option is unused the firmware of the TMC603 evaluation board will configured the
correct setting automatically.

6.3.4 The operating mode “Sine, HallFX, Closed Loop”

The last mode is also a sensorless block commutation with hallFX™ and closed loop current control. In
this mode the motor will start with sinusoidal commutation by using a closed loop ramp up. This means
that the closed loop control limits the current. The PWM duty cycle is increased depending on the
measured current. Thereafter, the motor will run by using the BLDC back EMF commutation hallFX™.

6.4 Configuring the parameters and settings

Depending on the selected operating mode, several parameters and settings should be configured
before running the motor. Other settings are disabled because these options are unnecessary. In the
following these required options shall be described.

6.4.1 Configuration of operating mode “Block, HallFX, Open Loop”

Before starting up the BLDC motor, some information about the motor are required (Figure 9). The first
parameter is the resistance of the motor coils. The second parameter is the maximum current. This is
the peak current of the motor. The last parameters are the pole pair number and the BEMF constant of
the motor. Please take into account that the unit of the BEMF constant is in rpm/V.

— Motar Parameters — Moktar Skartup

Resistance [Chm]: IW Speed [rpm): 0 =
Maximum current [4]:|S. 400000000000 2 Acceleration [rpmys]: Im
BEMF const, [rpm¥]: [265 - Ramp up time [ms]: Im
Pole pairs: Iﬁ ‘Wait start pos, [ms]: |1000 =

Direction: f+ W oW

Get Set | Get | Set

Figure 9: Motor parameters and motor startup parameters (“Block, HallFX, Open Loop’)

Furthermore some parameters for open loop ramp up are necessary (Figure 9). The value “Speed” is
the starting point of ramp up. The value “Acceleration” is the angle acceleration for startup. The ramp
up time is the duration of ramp up. The value “Wait start pos.” is the time before ramp up. In this time
the rotor turns to the definite start position. The direction can be changed by setting CCW (counter
clockwise) or CW (clockwise).

Now, enter the speed reference value (Speed
Ref.) and the speed control time (Speed Cil. ™ Speed Contral

Time). The speed control time is a time Speed Ref. [rpm]: [0 3
duration in ms. In this time the PWM duty cycle

Speed CHL Time [ms]: |10 -
counts up or down by a value of 1/16 %. You P e
can change these parameters at any time. Duty eycle ref, [%]: [o 3]
Please keep in mind to press the “Set” button. ¥ Enable speed contrel

Thereafter, press the “Start” button and the
motor will ramp up via open loop current et | Set |
control and will run by using the BLDC back
EMF commutation hallFX™. The motor will
stop, when the button “Stop” is pressed.

Figure 10: Speed control options

In order to change the motor speed you can enter the new speed reference (Speed Ref.) by pressing
the button “Set”. Thereupon, the motor will accelerate and decelerate respectively. In addition you can
disable the speed control by deactivating the option “Enable speed control” (Figure 10). In this case
you can enter the PWM duty cycle (Duty cycle ref.) by pressing the button “Set”. If you disable the
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speed control, be sure that the “Duty cycle ref” is unequal to zero. Otherwise the motor will stop.
Please note if the speed control is disabled, the motor will start without ramp up.

Please take into account that the maximum PWM duty cycle is limited to the value of 93%. This is
necessary because the BEMF voltage is incapable of measurement clearly above the PWM duty cycle
of 93%.

6.4.2 Configuration of operating mode “Block, HallFX, Closed Loop”

In this mode the parameters “Maximum current” and “Pole pairs” are required only. In addition, some
parameters for closed loop ramp up are necessary. The value “Speed” is the end point of ramp up.
The value “Acceleration” is the angle acceleration for startup. The direction can be changed by setting
CCW or CW. (Figure 11)

— Mokar Parameters

Resistance [Shm]: Il 800000000000 3,

Maximum current [4]: |S.400000000000

— Mokor Startup

Speed [rpm]:

Acceleration [rpmy's]: (700

|2nno 3,

-

BEMF const, [rprft]: |265

= |
T

Pole pairs:

]

Get

s, up kime [ms]: IIDDD 5,

SWait statt pos, [ms]: [1000

-

|Directi0n:

(Gl

r"cw|

Set |

Get | Set

Figure 11: Motor parameters and motor startup parameters (“Block, HallFX, Closed Loop’)

Thereafter, you can configure the current
controller. The first parameter “Current Ref.”
defines the maximum current value for startup.
The parameter “Current Time” is the regulation
time of the current controller. The last
parameter “Current Control Kp” is the
proportional gain of the controller. Now, enter
the speed reference value (Speed Ref.) and

r— Current Cantral

Current Ref, [4]

Current Time [ms]:

I3.DDUDDDDDDDDD 3,

10

-

Current Contral Kp: I1.|'32*Error "I

ek

Set

the speed control time (Speed Ctl. Time). The
speed control time is given in milliseconds
(ms). In each time interval the PWM duty cycle
counts up or down by a value of 1/16 %. You
can change these parameters at any time.
Please keep in mind to press the “Set” button.

Figure 12: Current control options

Thereafter, press the “Start” button and the motor will ramp up via closed loop current control and will
run by using the BLDC back EMF commutation hallFX™. When pressing the button “Stop”, the motor
will stop. In order to change the motor speed you can enter the new speed reference (Speed Ref.) by
pressing the button “Set” (Figure 10, page 16). Thereupon, the motor will accelerate and decelerate
respectively.

In addition you can disable the speed control by deactivating the option “Enable speed control” (Figure
10, page 16). In this case you can enter the PWM duty cycle (Duty cycle ref.) by pressing the button
“Set”. If you disable the speed control, be sure that the “Duty cycle ref’ is unequal to zero. Otherwise
the motor will stop. Please note if the speed control is disabled, the motor will start without ramp up.

Please take into account that the maximum PWM duty cycle is limited to the value of 93%. This is
necessary because the BEMF voltage is incapable of measurement clearly above the PWM duty cycle
of 93%.

6.4.3 Configuration of operating mode “Block, Hall Sensor”

In this mode no ramp up procedure is necessary. Only the parameters “Maximum current” and “Pole
pairs” are required (Figure 13). The direction can be changed by setting CCW or CW. If the required
parameters are defined, enter the speed reference value (Speed Ref.) and the speed control time
(Speed Ctl. Time). The speed control time is given in milliseconds (ms). In each time interval, the
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PWM duty cycle counts up or down by a value of 1/16 %. You can change these parameters at any
time. Please keep in mind to press the “Set” button (Figure 10, page 16).

— Maokar Parameters

— Mokar Startup

Resistance [Ghm]; Il L BO0&EE000000 3,

Speed [rpm];

IZDDD ﬂ,

Mazximum current [4]:}5. 396092000000 j|

BEMF comst, [rpmyfi]: |265

L

Acceleration [rpmis]: (700 -

Fiarnp, up ke [ms] s Il oo 3,

Fole pairs: |4 j| Wi ait skark pos. [ms]: IIDDD 3,
Direction: o COW o CW|
et Set | Get | Set

Figure 13: Motor parameters and motor startup parameters (“Block, Hall Sensor”)

Thereafter, press the “Start” button and the motor will accelerate up to the defined speed reference
(Speed Ref.). Pressing the button “Stop” stops the motor. In order to change the motor speed you can
enter the new speed reference (Speed Ref.) by pressing the button “Set” (Figure 10, page 16).
Thereupon, the motor will accelerate and decelerate respectively.

In addition you can disable the speed control by deactivating the option “Enable speed control” (Figure
10, page 16). In this case you can enter the PWM duty cycle (Duty cycle ref.) by pressing the button
“Set”. If you disable the speed control, be sure that the “Duty cycle ref’ is unequal to zero. Otherwise
the motor will stop.

6.4.4 Configuration of operating mode “Sine, HallFX, Closed Loop”

Before starting up the BLDC motor with sinusoidal commutation, an initialization is required. Please
start the motor in operating mode “Block, HallFX, Closed Loop” like described in chapter 6.4.2 to
initialize the sine startup. If the motor is running, then stop the motor by pressing the “Stop” button.
Thereafter select the operating mode “Sine, HallFX, Closed Loop” and start the motor again by
pressing the “Start” button. Now, the motor is ramping up with sinusoidal commutation. After startup
the motor will run by using the BLDC back EMF commutation hallFX™.

If you try to ramp up the motor without initialization of sine startup, the status flag “Error” lights up. In
this case press the “Stop” button and start the motor in operating mode “Block, HallFX, Closed Loop”
like described in chapter 6.4.2 to initialize the sine startup.

Please note if you change the motor parameters, motor startup parameters (Figure 11) or the current
control options (Figure 12) a new initialization for sine startup is required.

In order to change the motor speed you can enter the new speed reference (Speed Ref.) by pressing
the button “Set” (Figure 10, page 16). Thereupon, the motor will accelerate and decelerate
respectively. In addition you can disable the speed control by deactivating the option “Enable speed
control” (Figure 10, page 16). In this case you can enter the PWM duty cycle (Duty cycle ref.) by
pressing the button “Set”. If you disable the speed control, be sure that the “Duty cycle ref’ is unequal
to zero. Otherwise the motor will stop. Please note if the speed control is disabled, the motor will start
without ramp up.
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6.5 An example

In this example it is assumed that the QMot Motor QBL4208-41-04-006 is connected to the motor
output connector. The evaluation board is connected to an RS232 interface of the PC by using a null
modem cable. The board is supplied with 24V (DC).

At first, we would like to use the sensorless block commutation with hallFX™ to run the BLDC motor.
Please check if the jumpers X212, X213 and X214 are plugged. Then start the PC software and
establish a connection between the evaluation board and the PC.

Thereafter set the operating mode to “Block, HallFX, Closed Loop” to ramp up with block
commutation and closed loop current control. Then enter the parameters as shown in Figure 14.
Please keep in mind to press the “Set” buttons. Thereafter, press the “Start” button and the motor will
ramp up via closed loop current control and will run by using the sensorless BLDC back EMF
commutation hallFX™.

I t™C603 HallFX Evaluation Board ¥1.04 o ]
— Interface — Matar Cantrol — Configuration Options ——————————————

AR (¥ R5232 Start | Stop | Mode: IBIDckJ HallF:, Closed Loop j
Dpen | Icomz vl Clase | Chopper: |Dua| chopper j

— Motor Stark
otar Startup [~ Inwert Hall Sensors

— Motar Parameters Speed [rpm]: IZDDD 3.
Resistance [Ohm]: ILSDUﬁﬁﬁUUDDDU 'I #cceleration [rpm/s]: I?DD 3. Ll Ll

Mazxzimum current [4]:5, 400000000000 & R up tme (ms]: Imug 3_ — Stakus

BEME canst, [rpmi]: 265 > Wit start pos, [ms]: {1000 - Mator speed [rpm]: ﬁ
- I 3 Pt duty cvele [96]: ﬁ
73l e N x Direction: 0 COW O C

Supply woltage [¥]: W

(et | Set |
o | | 4 e e e o
— Speed Contral OFf On HalFy  Error  Owerload

— Current Control Speed Ref, [rpm]: ISDDD 3, —Current Measurement ——————— |

Current Ref, [A] IS.DDDDDDUUDDDD 3, Speed Ctl, Time [ms]: (10 = I1[A]: ﬁ,n
: I[AL: 0.
Current Time [ms]: |10 = Duty cycle ref, [%]: ID 3‘, 12[A]: D.O [Al 0.0
I3 [A]: i 0
Current Conkrol Kp: |1||'32*Err0r 'I ¥ Enable speed control

g Lows amplification {4.5)

Get Set Get | Set | J High amplification {18.4)

Figure 14: Parameter settings for closed loop current control (Example: QMot QBL4208-41-04-006)

After startup, the motor accelerate up to the defined speed reference value (Speed Ref.). In this
example the speed reference value is set to 3000rpm. The PWM duty cycle is about 62 % dependent
on the mechanical load.

Now, we would like to disable the speed control. Please deactivate the option “Enable speed control”
and set the duty cycle reference value (Duty Cycle Ref.) to 62 %. Then press the “Set” button. The
motor will run without speed control. The PWM duty cycle is fixed. You can change the PWM duty
cycle by setting a new duty cycle reference value (Duty Cycle Ref.).

If you would like to start the BLDC motor with sinusoidal commutation, an initialization for sine startup
is required. Select the operating mode “Block, HallFX, Closed Loop” and enter the parameters as
shown in Figure 14. Please check the option “Enable speed control”. The speed control should be
enabled. If the speed control is disabled, the motor will start without ramp up. Please keep in mind to
press the “Set” buttons. Thereafter, press the “Start” button and the motor will ramp up with block
commutation. If the motor is running the initialization is successful. Then stop the motor by pressing
the “Stop” button und select the operating mode “Sine, HallFX, Closed Loop”. Thereafter, press the
“Start” button and the motor will ramp up with sinusoidal commutation and will run by using the
sensorless BLDC back EMF commutation hallFX™.
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The initialization for sine startup is not required if you have already started the motor with the same
settings in operating mode “Block, HallFX, Closed Loop”.

I} TMC603 HallFX Evaluation Board ¥1.04

r— Interface

 Cal (& R5232

CIpER ||COM2 'I Close |

— Matar Parameters

Resistance [Shm]: II LBO00EEE000000 3,

Mazimum current [4]1:(S, 400000000000 &

BEMF const, [rpmfy]: |26 =

C—
et | Set |

Pale pairs:

r— Current Cantral

Current Ref, [A]

IS.DDDDDDDDDDDD 3,

Current Time [ms]: |10 =
Current Control kp: I 1/32*Errar v I
Get Set

r— Motar Control

Skark | Skop |

— Mokaor Startup

Speed [rpm]: 60 -

Acceleration [rprnys]: I?EID 3,
Famp up time [ms]: IIDDD 3,

Wait start pos, [ms]s |1000 -

& Co [aa}

Gek | Set |

Direction:

— Speed Contral

Speed Ref. [rpm]: ISDDD 3,

Speed Ctl, Time [ms]: |10 -

Duty cvle ref, [%]: ID 3.

¥ Enable speed contral

Get | Set |

=101

— Configuration Options

Mode! |Elock, HallF, open Loop 7 |

Chopper; IDuaI chopper ﬂ
™| Inivert Hall Sensars

Gek | Set |

— Skatus
Motor speed [rpm]: ﬁ

P duby cycle [96]: ﬁ

Supply voltage [Y]: E‘LI

4 e e e a

Off On  HalFX  Error

Ovetload

— Current Measurement
nakpo
12 [4]: D.0
Blalpo
g Low amplification {4,5)
|| High ampification {18.4}

I[A]: .o

Figure 15: Parameter settings for open loop current control (Example: QMot QBL4208-41-04-006)
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Figure 16: Parameter settings for hall sensors (Example: QMot QBL4208-41-04-006)
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You can also start the BLDC motor with open loop current control. Please check if the jumpers X212,
X213 and X214 are plugged. Select the operating mode “Block, HallFX, Open Loop” and enter the
parameters as shown in Figure 15 (page 20). Please keep in mind to press the “Set”’ buttons.
Thereafter, press the “Start” button and the motor will ramp up via open loop current control and will
run by using the sensorless BLDC back EMF commutation hallFX™. If the motor is not running, the
parameters should be calculated experimentally.

For using hall sensors, please check if the jumpers X212, X213 and X214 are not plugged. Then plug
the hall sensor connector to X112. Thereafter select the operating mode “Block, Hall Sensor” and
enter the parameters as shown in Figure 16 (page 20). Please keep in mind to press the “Set” buttons.
Then, press the “Start” button and the motor accelerate up to the defined speed reference value
(Speed Ref.).

In addition you can select the chopper mode. Three chopper modes are available: Low side chopper,
high side chopper and dual chopper (default). If you select the low side chopper mode, the low side
drivers are chopped only. In the high side chopper mode the high side drivers are chopped only. If you
select the dual chopper mode (default), the high side drivers and the low side drivers are chopped with
the same signal. The option “Invert Hall Sensors” can be selected optionally if the signals of the hall
sensors are inverted to the hallFX™ signals. If this option is unused the firmware of the TMC603
evaluation board will configured the correct setting automatically.

In order to disable the speed control, please deactivate the option “Enable speed control” and set the
PWM duty cycle reference value (Duty Cycle Ref.). Then press the “Set” button. The motor will run
without speed control. You can change the PWM duty cycle by setting a new duty cycle reference
value (Duty Cycle Ref.).
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7 The Firmware

7.1 Updating the firmware

The TMC603 evaluation software enables to modify the motor and startup parameters and to control
the motor speed. However to update the firmware of the TMC603 evaluation board, the TMCL IDE is
required. The TMCL IDE is supplied on the TMC TechLibCD or can be downloaded at
http://www.trinamic.com. To install it, just copy the file “TMCL.EXE” to the hard disk of your PC. To run

the program, double click the file.

PN TMCL Integrated Development Environment - [New File 1] o [=] | A TMCL Integrated Development Environment - [New File 1] =10 x|
File Edit TMCL Debug | Setup Help File Edit TMCL Debug | Setup Help
) [m] ‘ =S | By li][ltujn:'-‘.. o [u] | ‘ &y £ 5 options. .
[Mew File 1] | #4 configure Madule. . [Wew File 1] | L Corfigure Madule...
1 = Search Madule. .. =} search Madule...
I = I =l
StallGuard JE——— 'E’fEnﬁéEi’{oﬁ“' StallGuard L3 |
Parameter Calcu i e ———
e Type |H5232 7 FS485 (COM port] j B install TMCM Operating System [RS232] |
— File:
R5232 / R5485
Pot  [COM2  ~ & Mame:  [C%. \TMCED3_EVAL FIRMWARE _1+0 hex
Size: 22398 bytes Wersion: |[TMCM-603 %1.01
Baud: 118200 =
Checksum: 4368
Address: |1 3. Search.
~ Programme
Start Device Type: [TMCH-G03
Progiess:  writing...
oK Cancel Clsan EZPAU ]
| o Ll | o | o
[ [ [nsert [ [ 7 [ 1: 4

Figure 17: Connection options

Figure 18: Install operating system

At first, open the connection options (Figure 17). Here you should select “RS232/RS485 (COM port)” and
the COM port that is to be used. Set the baud rate to 115200 baud. The module address is 1.

Now, open the install OS window (Figure 18). At first, load the new firmware file by pressing the “Load”
button. The file is then checked if it is a TMCL firmware file. Its device type and version number will be
displayed. Then, press the “Start” button to program the new firmware into the module. Please make sure
that there will be no power cut or cut of the serial connection during the programming process. The
program checks if the device type in the firmware file and the device type of the evaluation board are
identical. An error message will be displayed if this is should not be the case. If everything is okay, the
new firmware will be programmed into the evaluation board and verified afterwards. The programming
progress is shown by the status bar.

After the programming process, you can close the TMCL IDE. Then, start the TMC603 evaluation
software to run the motor.
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11 Revision History

11.1 Documentation Revision

Version Date Author Description
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Table 7 : Documentation Revisions
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1.04 03-Apr-09 MW Sinusoidal commutation ramp up added, Option “Enable

Speed Control” added

Table 8: Firmware Revisions
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Table 9: PC Software Revisions
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1.10 17-Feb-09 MW Reverse voltage protection added, changeable Cgp sup
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Table 10: Hardware Revisions
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Note:

For the first TMC603 evaluation boards (version 1.00 and 1.10), the current measurement is sub-optimal
due to a PCB layout mistake. This leads to a noise signal on the current measurement signals of the
TMC603. It is fixed by a wire on the first evaluation boards. Some very first boards have been delivered
without the fixing wire. Actual boards will be delivered with this fixing wire.

In the PCB layout the track width between the source connector of the N-Channel MOSFET transistors
(T301, T302, T303) and the shunt resistor R301 is dimensioned too small (Figure 19). This leads to a
very high resistance in the ratio of the drain-source on-state resistance Rps(n). If the resistance of the
track is higher than 1% of the Rps(n), it will have an effect on the current measurement signals. The shunt
resistor R301 will also have an effect on the current measurement, although the shunt resistor is
bypassed by the jumpers X302 and X303.

If you use one of the first evaluation boards without the fixing wire, please connect on the bottom side the
source connector of the N-Channel MOSFET transistors (T301, T302, T303) to ground as shown in
Figure 20 by using a wide wire. The width should be more than 0.85 mm.

Bridige Shunt Bridge Shunt
oo oo
4 4 __4 4

X302 o E|)iI!vIJS X30 5 E\ X303

ci04 I|l|l

EE
g
]
CJCI5

1

8T Cﬂ
'Es
b
T30

g IC106 g IC106
X210 X280
GND @ 8] 6o @

Figure 19: Layout detail of TMC603-Eval Figure 20: Detail of layout shows the solution

T3(
X301

Layout consideration:

For your own layout, please take into account that the track width is wide enough between the source
connectors of the N-Channel MOSFET transistors and ground. The resistance of this track should be
less than 1% of the drain-source on-state resistance Rpg(on) Of the N-Channel MOSFET transistors. In an
example this shall be explain. If the resistance Rpgen is 50m<, the maximum resistance of the track
should be less than 0.5mQ. The optimum solution is to connect the source of the N-Channel MOSFET
transistors to a ground plain.
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