POWER DRIVER FOR STEPPER MOTORS INTEGRATED CIRCUITS

TMC6130 DATASHEET

Cost-effective high-current BLDC motor driver with state-of-the-art feature set.
Fastest settling time and built-in EEPROM for extensive configuration.
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APPLICATIONS

Battery operated equipment
Handcraft gear

Professional healthcare
Fail-safe applications
Low-torque control applications
BLDC sine wave applications
Positioning Actuators

Factory Automation

Pumps and Valves

CNC Machines

+ + L !
FEATURES AND BENEFITS DESCRIPTION

Level Shifting: pC PWM outputs / 6 or 3 ext. N-FET half-bridges The TMC6130 is a high-current motor driver
100% PWM Operation for compact and energy efficient BLDC

solutions. It is designed to drive N-type FET
3-phase  motor control applications and
contains all power and analog circuitry
Operating Range VM = [4.5, 28]V, 32V abs. max required for a high performance system. The
Fault Interrupt & Feedback to microcontroller built-in EEPROM allows extensive
configurability without the need for external
resistors and SPI interface programming. This
Diagnostics: overcurrent, overtemperature, undervoltage reduces the pin count to only 32. All output
voltages are monitored and controlled. The

. device comprises a current shunt amplifier
Drain-Source Voltage / Gate-Source Voltage external FET with a high gain bandwidth (GBW), offering a

monitoring for short circuit protection fast

Low Offset, Low Drift, Fast Current Sense Amplifier with
configurable input range

Fastest settling time and minimum noise

Configurable communication interface for diagnostics feedback

settling time with low noise. A
Sleep Mode with low quiescent current (<30pA) combination of bootstrap and charge pump
enables driving 6 (or 3) NFETs, with gate

C tible with 3V and 5V mi troll
ompatibie wi an microcontrotiers charges up to 400nC/NFET with a minimum of

Charge-Pump provides NFET reverse polarity drive device self-heating. Further, the IC reset level
Small Size: QFN 5x5mm package, 32 pins below 45V allows also for low-voltage
operation.
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APPLICATION EXAMPLES: HIGH POWER - FASTEST SETTLING TIME

The TMC6130 3-phase motor pre-driver scores with a very fast settling time, high reliability, and broad
diagnostic and safety features. It can be used within a large operating range from battery systems on up to
24V DC. This versatility covers a wide spectrum of applications and motor sizes, all while keeping costs

down.

Several safe operating features are integrated, including diagnostics related to all output voltages, power
on reset, and short circuit protection. Diagnostics feedback is communicated to the microcontroller via a
bidirectional error interface. Finally, this BLDC driver chip features a low side shunt amplifier with large
gain bandwidth (GBW), ideal for torque control applications requiring very fast settling time and minimum
noise. Extensive support at the chip, board, and software levels enables rapid design cycles and fast time-

to-market with competitive products.
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Layout with MOSFET power module (B6-bridge)

ORDER CODES

TMC6130 |—» | q I
e Q

Position

TMC6130 EVALUATION BOARD

This evaluation board is a development
platform for applications based on the
TMC6130 three phase BLDC motor
driver chip. Supply voltages are 4.5..
28V DC (max. 32V). The board features
an embedded microcontroller with USB
and RS232 (TTL level) interfaces for
communication. The board offers test
points for all pins of the TM(6130.

For positioning, three digital hall
sensors can be connected as well as
an ABN encoder. Using the IOs,
potentiometers and switches can be
attached.

TRINAMICs TMCM-BLDC software tool
(running under Windows) enables
access to all functions of the TM(C6130
from a PC.

Order code Description Size [mm?]
TMC6130-LA BLDC 3-phase driver, QFN32 5x5
TMC6130-EVAL Evaluation board for TMC6130. 80 x 115

www.trinamic.com
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1 Principles of Operation
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Figure 1.1 Block diagram and principle operation circuit

1.1 Key Concepts

The TM(C6130 BLDC motor pre-driver implements advanced features which contribute toward energy
efficiency, high precision, high reliability, smooth motion, and cool operation in industrial BLDC motor
applications.

Configuration All configurations are done. The TM(C6130 is equipped with a programmed
EEPROM in order to simplify the design-in. In almost all cases the default values
will fit. Nevertheless, special configurations are possible, if necessary.

Interfacing The TMC6130 communicates with the microcontroller using the ERROR
input/output for diagnostic feedback. During stand still, the SPI interface on the
pre-driver can be used for configuration purposes. Further, it is possible to
communicate via bit banging.

Fast Settling Time The TM(C6130 offers an extremely short settling time. The shunt amplifier has a
high gain bandwidth (GBW) to reach a fast settling time with minimum noise.

Voltage The TM(C6130 can be used within the range of 4.5V to 28V DC.

Boost Current For quick motor reaction on a target setting, a higher boost current can be used.
This way, the time interval for acceleration and deceleration can be shortened.

Sleep Mode In sleep mode, the current consumption can be reduced to or below 30pA.

TRINAMIC motor drivers also offer safeguards to detect/protect from shorted outputs,
overtemperature, overvoltage, and undervoltage conditions.

www.trinamic.com
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1.2 Application Circuits
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1.2.1 Ground Connections

Optional reserve polarity diode

hali 1
VMON J}
TMC6130 - % 1 4
VM
CPU T
VCP
(regulated to GND)
VCP_REG
vec RS+
RS- Power ground
GNDA GNDP

Analog ground

Controller ground

Figure 1.4 Ground connections
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1.2.2 Pin Internal Connections

SupPLY CONNECTIONS

VMON VM VCP_SW
Ve VCP_REG vee
>V 55V 18,5V 8V
= aNP = = GNDP = GNDP = GNDP

Figure 1.5 Supply connectinons

GATE DRIVER CONNECTIONS

O VCPx

VCP_REG
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O BMx &———O LSx
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*® O GNDP ———o0 GNDP

Figure 1.6 Gate driver connections

DIcITAL TO CONNECTIONS

vee vee vce
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18.5V
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Figure 1.7 Digital IO connections
AMPLIFIER CONNECTIONS
vee  vec vce vee
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Figure 1.8 Amplifier connections
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2 Pin Assignments

2.1 Package Outline
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Figure 2.1 TMC6130 pin assignments

2.2 Signal Descriptions

Name Number | Type Function

RS+ 1 Analog | Current sensor input (positive)

CURRENT 2 Analog | Current sensor output; diagnostic output in case of fault
BL1 3 Digital | PWM input for low-side bridge n-FET1

BL2 4 Digital | PWM input for low-side bridge n-FET2

BL3 5 Digital | PWM input for low-side bridge n-FET3
ERROR 6 10 Diagnostic feedback I0

ENABLE 7 10 Enable input

BM2 8 Phase Motor phase 2

HS2 9 Output | PWM output to high-side n-FET2 gate

VCP2 10 Supply | Charge pump supply for high-side n-FET2
BM1 11 Phase Motor phase 1

HS1 12 Output | PWM output to high side n-FET1 gate

VCP1 13 Supply | Charge pump supply for high-side n-FET1
BM3 14 Phase Motor phase 3

HS3 15 Output | PWM output to high side n-FET3 gate

VCP3 16 Supply | Charge pump supply for high-side n-FET3
VCP 17 Analog |Charge pump generated supply, unregulated
VCP_REG 18 Analog | Regulated output from charge pump to drive n-FET gates
LS2 19 Output | PWM output to low-side n-FET2 gate

LS3 20 Output | PWM output to low-side n-FET3 gate

LS1 21 Output | PWM output to low-side n-FET1 gate

GNDP 22 Ground | Driver ground

VCP_SW 23 Analog | Output of charge pump to boost low battery

www.trinamic.com
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Name Number | Type Function
VM 24 Supply | Power supply input
VMON 25 Input Supply for 3 high-side n-FETs to monitor drain source voltage Vo
GNDA 26 Ground | Analog ground
BH?2 27 Digital | PWM input for high-side n-FET2
BH1 28 Digital |PWM input for high-side n-FET1
BH3 29 Digital | PWM input for high-side n-FET3
VCC 30 Supply | The input voltage on VCC is used to drive the digital I0's, and is
used to supply the shunt amplifier.
Sleep mode control: VCC = OV puts the pre-driver in sleep mode.
VREF 31 Analog | Reference voltage input for current sense
RS- 32 Analog | Current sensor input (negative)

Table 2.1 Pin definitions and descriptions

www.trinamic.com
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3 Currents and Current Control

3.1 Supply Systems

The current for operation of the system is supplied via Vy and V. V. supplies the IOs, and the
amplifier. In case V( is supplied with a limited output impedance (for instance from a microcontroller
I0), the performance of the amplifier may be affected. Vy, supplies the internal operation and the
charge pump.

There are two possibilities to connect the boost current capacitor to the TMC6130. For charge pump
mode 0 (default setting), connect it to VCP as shown in Figure 3.1.

CBOOST
.

IDIODE_CP

ITOT IDI(JDE_CP ITOT

+Vpar D \ 4

Charge Pump Mode = 0 Charge Pump Mode = 1

Figure 3.1 Power supply systems: CPMODE = 0 and CPMODE = 1

STANDARD OPERATION: CHARGE PuMp MoDE = O

The standard operation of the charge pump is to ensure sufficient gate voltage to the bootstrap
capacitors in case of low voltage conditions. Vgoosr is regulated compared to GND level. The charge
pump will not be switching when V > Vec+2*Ve with V; = forward voltage of charge pump diodes.

CHARGE PuMP MobE = 1  (has to be programmed and stored in EEPROM via SPI)

Alternatively, the charge pump can regulate Vgoosr compared to Vy. In this case the Cgoosr capacitor
should be connected to Vy to ensure any supply variations are coupled to the Vgyosr level. The
disadvantage is an additional amount of dissipation inside the pre-driver to regulate Vgg.

The default configuration is stored in the integrated EEPROM. In case CPMODE1 is desired, it is
necessary to change EEPROM configuration bits (using the SPI interface or via bit banging).

www.trinamic.com
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3.2 100% PWM with Bootstrap

A current is drawn from the VCP_SW pin to the phase pins. This current will discharge the gate
voltage on top of any external pull down gate resistance.

CALCULATION EXAMPLE 1 CALCULATION EXAMPLE 2

Parameter Value Unit Parameter Value Unit
bootstrap 330 nF bootstrap 100 nF
VCP_reg 12 v VCP_reg 12 v

Qbootstr 3960 nC Qbootstr 1200 nC
QFET 200 nC QFET 120 nC
VGS_initial 114 v VGS_initial 10.9 v

Rep_leak 0.75 MQ

Leakage 15 pA Leakage 15 pA
On time 60 ms On time 10 ms
Qleak 914 nC Qleak 152 nC
VGS_end 9.4 Vv VGS_end 9.8 Vv

VGS_drop 2.06 v VGS_drop 113 v

This gate leakage will limit the maximum state time during which 100% PWM can be applied.

3.3 Current Consumption in Sleep Mode

Sleep mode is activated when the supply input V¢ is pulled below V(g level. In sleep mode, the
current consumption is reduced to IS .

Pin Current consumption in Sleep Mode Input/Output

BHx Input pins, supplied from VCC GND

BLx

ENABLE

VREF

ERROR

CURRENT Supplied from VCC GND

VCP_REG Supply regulator disabled GND

VCP Externally connected to supply. -VBAT

VCP_SW Charge pump disabled. GND

VCPx Any charge that remains after VCP_REG is disabled will leak to | GND
ground.

HSx VM > 4.5V

BMx In sleep mode, gate-discharge-resistors (Rcp) between HSx and | GND
BMx are activated.

LSx VM > 4.5V GND
In sleep mode, gate-discharge-resistors (Recp) between LSx and
DGND are activated.

ATTENTION!

In case input pins are externally pulled high while VCC is low, current will flow into VCC via internal
protection diodes. This condition is not allowed!

When VCC is pulled low, also ERROR will go low. This should not be interpreted as a diagnostic
interrupt.

www.trinamic.com
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STATES IN SLEEP MoODE

Name Number Type State in Sleep Mode

RS+ 1 Analog GND

CUR 2 Analog GND (tied to VCO)

BL1 3 Digital GND (tied to VCQO)

BL2 4 Digital GND (tied to VCO)

BL3 5 Digital GND (tied to VCO)

ERROR 6 10 GND (tied to VCQO)

ENABLE 7 10 GND (tied to VCQO)

BM2 8 Phase Connected via diode to GATE2
HS2 9 Output Internal pull down (Rep) to GND
VCP2 10 Supply Any present charge leaks to GND
BM1 11 Phase Connected via Diode to GATE1
HS1 12 Output Internal pull down (Rep) to GND
VCP1 13 Supply Any present charge leaks to GND
BM3 14 Phase Connected via Diode to GATE3
HS3 15 Output Internal pull down (Rep) to GND
VCP3 16 Supply Any present charge leaks to GND
VCP 17 Analog Connected via charge pump diodes to Vg,p
VCP_REG 18 Analog GND

LS2 19 Output Internal pull down (Rep) to GND
LS3 20 Output Internal pull down (Resp) to GND
LS1 21 Output Internal pull down (Rep) to GND
GNDP 22 Ground Driver ground

VCP_SW 23 Analog GND

VM 24 Supply Power supply input

VMON 25 Input Connected to supply

GNDA 26 Ground Analog ground

BH2 27 Digital GND (tied to VCQ)

BH1 28 Digital GND (tied to VCO)

BH3 29 Digital GND (tied to VCQO)

VCC 30 Supply Externally pulled low

VREF 31 Analog GND

RS- 32 Analog GND

www.trinamic.com
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4 Diagnostics
4.1 ERROR Interface

ERROR is a serial interface that feeds back detailed diagnostics information to the microcontroller. Two
modes for supplying diagnostic feedback can be used (configured in EEPROM). The default
configuration for the TMC6130 is PWM_SPEED = 1.

PWM_SPEED = 0 Slow response diagnostic mode
PWM period Teggor = 64ps for frequency Feppor s

PWM_SPEED = 1 Fast response diagnostic mode
PWM period Tergor = 10ps for frequency Fegpor ¢

In these modes detailed diagnostic information is provided in the form of a PWM duty cycle. Each
error corresponds to one duty cycle. The duty cycle is transmitted until the microcontroller
acknowledges the reception of the duty cycle. The microcontroller acknowledges by pulling the ERROR
line low for a period ty > tegror-

&—r
&—~w

2
N

Ul

ERROR 1 ERROR 2 ERROR 3 EOF
T T T T T T T T T T T
- ras ras ras ras e e >
MCU ¢ Tack 3 ¢ Tack 3 ¢ TackE ¢ Tack 3

1 MCU pulls ERROR low.
2 TMC6130 detects acknowledge on falling edge.
3 MCU releases ERROR line.

Figure 4.1 ERROR handshake protocol

At each falling edge the TM(C6130 checks the actual voltage on the ERROR line to detect an
acknowledgement. When an acknowledgement is detected the duty cycle value is changed to the
corresponding duty cycle value of the highest priority next error that has not yet been transmitted.
This sequence of capturing duty cycle and acknowledging continues until the end of the frame (EOF)
duty cycle has been received. By acknowledging the EOF duty cycle all error latches are reset and the
ERROR line goes high again until a new error occurs.

ATTENTION

- It is possible that a lower priority error is transmitted before a higher priority error because the
higher priority error occurred after the start of transmission of the lower priority error.

- When V is pulled low to put the TMC6130 into sleep mode, ERROR will go low as well. As soon
as V¢ goes high, ERROR will go high as well and remains high: no EOF is required in this case.

- As long as the regulated voltages on VCP and VCP_REG have not been achieved, ERROR may
immediately start to go in diagnostic mode. This implies the microcontroller has to acknowledge
these errors until the undervoltage conditions have been resolved. As soon as ERROR no longer
enters diagnostic mode, the pre-driver is ready for operation.

www.trinamic.com

13



TMC6130 DATASHEET (Rev. 1.01 / 2018-JAN-19)

ACKNOWLEDGE ON ERROR

For the CPU to acknowledge ERROR it should be able to keep the line low while ERROR is pulling the
line high.

Mi troll TMC6130
icrocontroller | @ 1 vee
L - L]
¢<5mA
| ERROR
T

CLoap < 100pF % ¢<5mA

LJ

|
4
Ik

Figure 4.2 ERROR output

OVERVIEW DIAGNOSTIC ERRORS

Priority | Input Error | Duty Cycle | Debounce | Description
Code [%] Time
11 ERROR_EOF 93.5 n/a End of frame
Drain-source voltage Error = VDS_T1 || VDS_T2 ||
VDS_T3 || VDS_B1 || VDS_B2 || VDS_B3
10 VDS_ERR 82,5 2y Can be'Masked by VDS_COMP_EN. o
To avoid erroneous triggering due to switching
there is a programmable blanking time on top
of the debounce time: VDS_BLANKTIME[1:0].
9 EEP_ERR 55 n/a EEPROM DED error
VCC_UV 49.5 8us VCC undervoltage
44 VM overvoltage.
7 VHZOV ok This event cannot be masked!
6 VM_UV 38.5 8us VM undervoltage
OovT 33 2us Overtemperature
4 VCP_REG_UV | 27.5 16ps VCP_REG undervoltage
Gate-source undervoltage
3 VGS_UV 22 2ys This event can be masked by setting
VGS_UV_COMP_EN=0
2 VCP_UV 16.5 16pus VCP undervoltage
Voltage regulator overvoltage
1 VCP_REG_OV |11 2ys This event can be masked by setting
VREG_OV_BF_EN=0
NOTES
- In case of multiple errors at the same time, priority is defined: 0 is highest priority, 16 is lowest
priority.

- Duty cycle is transmitting with 5 bits resolution.

- Since the rise and fall times are matched, the resulting error is depending on the input
comparator level of the microcontroller. If the comparator level is at VCC/2, there is no error. In
any other case there is a systematic error which can be taken into account.

www.trinamic.com
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4.2 Hardware Protection

Hardware protection refers to the capability of the microcontroller to turn off the TMC6130 pre-driver
without intervention in case of error condition. All gate voltages have to be pulled low to Z-state. An
overvoltage condition on VM will always switch off the pre-driver, in order to protect it. This safety
feature cannot be masked.

4.2.1 VDS Overvoltage

The reaction of the pre-driver on VDS (drain source voltage) overvoltage events can be configured in
EEPROM with bridge feedback (BF) bits.

Per default configuration, VDS _COMP_EN and VDS BF EN are set to 1. Thus, in case of VDS
overvoltage, ERROR reports error and the pre-driver becomes disabled.

For any other EEPROM configuration it is necessary to use the SPI interface or to communicate with
the microcontroller via bit banging. Note, that in most cases it is not necessary to change EEPROM
settings. Therefore, information about programming the EEPROM via SPI is subject of an application
note and not mentioned here.

VDS_COMP_EN | VDS BF EN | Reaction

Any possible drain source (VDS) overvoltage events are

0 . : ) ) .
neglected: no reaction on ERROR line. Pre-driver remains active.

1 0 ERROR reports error and pre-driver remains active.

1 ERROR reports error and pre-driver is disabled.

4.2.2 VCP_REG Overvoltage

The reaction of the pre-driver on VCP_REG overvoltage events can be configured in EEPROM with
bridge feedback (BF) bits.

The default configuration is VCP_REG_OV_BF EN = 1. Thus, ERROR reports error and bridge driver is set
in tri-state if the error flag VCP_REG_OV is set.

For any other EEPROM configuration it is necessary to use the SPI interface or to communicate with
the microcontroller via bit banging. Note, that in most cases it is not necessary to change EEPROM
settings. Therefore, information about programming the EEPROM via SPI is subject of an application
note and not mentioned here.

VCP_REG_OV_BF_EN | Reaction
0 ERROR reports error.

ERROR reports error.

VCP_REG overvoltage bridge feedback is enabled:

1 1.  When error flag VCP_REG_OV =1 > bridge driver is set in tri-state.
0:  When error flag VCP_REG_OV =1 > no effect on bridge driver. This
setting can be used to mask VCP_REG_OV event.

4.2.3 Pre-driver Output State Summary

The table below shows all conditions due to which the pre-driver may be disabled.

Pre-driver disabled (Z-state) Pre-driver released again

As soon as an error condition appears for which | As soon as the end of frame EOF has been
the hardware protection is activated. acknowledged.

VM_0V

VDS

VCP_REG_QOV

As soon as VCC is low. As soon as VCC is high.

As soon as ENABLE is low. As soon as ENABLE is high.

www.trinamic.com
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5 EEPROM Default Configuration

A good pre-driver configuration is already done by TRINAMIC. The EEPROM features single error

correction and double error detection.

EEPROM PROGRAMMING

The EEPROM data can be programmed by the microcontroller via an SPI interface. In most cases it is
not necessary to change EEPROM settings. Therefore, information about programming the EEPROM via

SPI is subject of an application note and not mentioned here.

MEMORY MaP
SPI
Address ED7 ED6 ED5 ED4 ED3 ED2 ED1 EDO
[2:0]
0
1
2 DEAD_TIME[2:0] VDSMON[2:0] CPMODE
3 VDS_BLANK_TIME[1:0] PWM_SPEED CUR_GAIN[2:0]
4 VREG_OV_B VDS_ VDS_ VGS_UV_CO 0 EN_CP
F_EN BF_EN COMP_EN MP_EN
5 SPI_EN 1
EEPROM BITs
Bit name Description Default
Driver Configuration
DEAD_TIME[2:0] Defines the DEAD TIME between the HS FET and LS FET of the same | 011
phase. Default value: 1.0ps.
VDSMON[2:0] Defines the detection threshold level of the Vds monitoring. Default | 111
value: 2V.
VDS _BLANK_TIME Defines the duration of the Vds monitor blanking time after the on- | 10
[1:0] transition of the FET. Default value: 3.0 ps
CUR_GAIN[2:0] Defines the gain of the current sense amplifier. 011
Default value: *17.2
CPMODE 0: VBOOST voltage is regulated relative to ground 0
1: VBOOST voltage is regulated relative to VSUP.
IC Configuration
SPI_EN When set, the SPI block is enabled. 1
When reset, no SPI possible.
In SPI mode this value can only be programmed from 1 to 0, not from 0
to 1.
VCP_REG_OV_BF_EN VCP_REG Overvoltage bridge feedback enable 1
1: When VCP_REG_OV = 1 > Bridge driver is SET in tri-state
0: When VCP_REG_OV =1 - No effect on Bridge driver.
VDS_BF_EN VDS bridge feedback enable 1
1: When VDS_ERR =1 - Bridge driver is SET in tri-state.
0: When VDS_ERR =1 &> No effect on Bridge driver.
VDS_COMP_EN 1: VDS comparator enabled 1
0: VDS comparator disabled
VGS_UV_COMP_EN 1: gate-source undervoltage comparator enabled 0
0: gate-source undervoltage comparator disabled
PWM_SPEED 1: PWM = Fegror ¢ 1
0: PWM = Fepor s (ERROR PWM frequency slow ~ 12.5KHz.)
EN_CP 1: boost charge pump enabled 0
0: boost charge pump disabled
OUT_RESERVE_RG Undefined 0
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5.1 Basic Information for SPI Communication

To communicate with the TMC6130 via SPI the motor has to be in standstill because of pin sharing.
When the chip is in SPI mode the EEPROM is programmable and readable via the SPI port.

The TM(C6130 switches from normal mode to SPI mode if the following conditions are met:

- EN=0

- ERROR:
Any pending errors have been acknowledged
All BHx = high
All BLx = low

A Low Level pulse is applied on ERROR between 256ps (2048 Tclk) and 512ps (4096 Tclk) )

The chip returns from SPT mode to normal mode when
- EN=1.

This means that any ongoing EEPROM writes will be completed and the EEPROM state machine will
copy all EEPROM contents into registers. Then the chip will return to normal mode. During this time
the ERROR pin will be kept low.

When the TM(6130 comes out of power ON reset, after leaving SPI mode and returning to normal
mode, the pre-driver will be blocked until the data have been copied to the registers. This assures
that all chip parameters are set correctly.

It only makes sense for the CPU to call for SPI if all errors are clear and acknowledged.

www.trinamic.com

17



TMC6130 DATASHEET (Rev. 1.01 / 2018-JAN-19)

6 Sense Amplifier

The sense amplifier offers very low input offset, and very fast settling times. The input range can be
adjusted by applying a suitable voltage on the VREF pin, typically as a resistor divider on VCC. For
the definition of VREF, the input offset, the current range, and the linear output range of the CURRENT
pin should all be taken into account.

Input signal: Viy = Vigp = Visy

. . _ *
Max. input offset: VOFFSET_MAX = VIS_IO_MAX + Trance VIS_IO_TDRIFT

Teance = over the full temperature range
Visense = (Viy +/-Voreser) * ISgan + Ve has to be in the range [VISENSE_MIN- VISENSE_MAX]

IMIN = [(VISENSE_MIN - VREF) / ISGAIN + VOFFSET] / RSHUNT

IMAX = [(VISENSE_MAX - VREF) / ISGAIN - VOFFSET ] / RSHUNT

Symbol Parameter

Vi 10 Input offset voltage

Vis 10 orier | Input offset voltage thermal drift
ISeam Closed loop gain

Visense Miv Iense Output voltage range low
Vicense max | Lsense Output voltage range high
Vier Reference voltage input

The table below shows the current input range for two resistive divider settings on V.

1. Vg = VCC/2 for a symmetrical input range
2. Ve = VCC/18 for a maximum current level, whilst ensuring it is possible to measure the input
offset before starting the motor (Isgyse vy > OA).

For ease of calculation a max temperature offset drift of 1mV was added to the 5mV offset. From this
follows that the maximum input offset is 6mV.

VCC 3.3 3.3 3(**) 3(**) 5 5 4.5(*%) 4.5(*%)
Visensemin 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Visensemax 3.28 3.28 2.98 2.98 498 498 4.48 4.48
div 2 18 2 18 2 18 2 18
VREF 1.65 0.18 1.50 0.17 2.50 0.28 2.25 0.25
Voffset 0.006

www.trinamic.com
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6.1 Sense Amplifier Current Ranges: Examples for 1MQ Shunt

Tsense v
Gain DIV2 DIV18 DIV2 DIV18 DIV2 DIV18 DIv2 DIV18
8 -198 -14.4 -179 -12 -304 -26.2 -273 -23
103 -152 9.9 -138 -8 -235 -19.0 -211 -16
133 -117 -6.3 -105 -5 -180 -13.4 -162 -11
17.2 -89 -3.5 -80 -3 -138 9.0 -124 -1
22.2 -67 -1.4 -61 -0.6 -106 -5.6 94 -4
28.7 -51 0.3(*) -46 0.9(% -80 -3.0 -12 -2
37.0 -38 1.6(*) -34 2.0(%) -61 -1.0 -54 0
47.8 -28 2.6(%) -25 3(%) -46 0.6 -41 1

- (® Applying a GAIN of 28.7 or higher with DIV 18 for 3.3V does not allow the measure the input

offset

- (*) examples taking a 10% supply variation into account.

ISENSE_MAX
Gain DIV2 DIV18 DIV2 DIV18 DIVe2 DIV18 DIVe2 DIV18
8 198 381 179 346 304 582 273 523
103 152 295 138 267 235 451 211 405
133 117 227 105 206 180 348 162 312
172 89 174 80 158 138 267 124 240
22.2 67 133 61 121 106 206 9 185
28.7 51 102 46 92 80 158 72 141
37.0 38 78 34 70 61 121 54 108
47.8 28 59 25 53 46 92 41 82
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7 FET Driver Implementation

7.1 Normal Operation

The top side FET drivers are bootstrapped drivers. Each of the six external FET transistors which have
to be connected can be controlled directly via six digital inputs.

The six external FET transistors (or three half bridges) can also be controlled using only three digital
input signals. Therefore, proceed as follows:

- Connect the BHx to VCC.
- Control the 3 phases via the BLx inputs. In this mode of operation, the TMC6130 will
automatically generate the programmed dead times.

The drain source voltage VDS as well as the gate voltage VGS are monitored to ensure fail safe
operation. The FET gate outputs are all pulled low by pulling ENABLE low.

1.2 FET Driver during Sleep Mode

In sleep mode, a gate discharge resistance (Rgs, - 1KQ) is activated. This ensures that the FET gates
remain fully in OFF state. It is the responsibility of the microcontroller to ensure all gate voltages are
low, for instance by setting the ENABLE input low, prior to switching to sleep mode.

VCPx

| Hsx 'E}

L BMx
.

TMC6130

-

]

Rsp _l

1 [
L

]

L

VCP_REG
] -

L LSx lE}
P -

[

Figure 7.1 Fet driver during sleep mode: BMx is kept low with HSx through the internal body
diode of the TMC6130.
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8 Absolute Maximum Ratings

The maximum ratings may not be exceeded under any circumstances. Operating the circuit at or near
more than one maximum rating at a time for extended periods shall be avoided by application
design. All voltages are referenced to ground (GND). Positive currents flow into the IC. The absolute
maximum ratings given in the table below are limiting values that do not lead to a permanent
damage of the device but exceeding any of these limits may do so. Long term exposure to limiting
values may affect the reliability of the device. Reliable operation of the IC is only specified within the

limits shown in the table.

Parameter Symbol Condition Min Max Unit
Supply voltage Vy t < 200ms *¥ -0.5 45 Y
PPYY g Vyon permanent (functional) -0.5 28 v
Voltage on analogue LV Van v -0.5 VCC+0.5 |V
Digital output voltage Vour b6 -0.5 VCC+0.5 |V
Digital input voltage Vix big -0.5 VCC+0.5 |V
Digital input current Iy o6 -10 10 mA
Input voltage on BMx pins e -2 45 v
Maximum latch-up free according JEDEC JESD78,
current at any pin Lares AEC-Q100-004 100 100 mA
Ei? ety ©F By e A human body model * 2 W2 kv
Storage temperature ts1e -55 150 °C
Junction temperature t, *3) -40 150 °C
. in free air on multilayer pcb (37)
Thermal resistance package Rrua (JEDEC 1s2p) to be KIW
confirmed
; (10
R referrlncglj éo center of o be KW
éxposed pa confirmed

NOTES

*U Only during load dump pulse.
*2 Equivalent to discharging a 100pF capacitor through a 1.5kQ resistor conform to MIL STD 883

method 3015.7

*3) For applications with t, > 125C: the extended temperature range is only allowed for a limited period
of time. The application mission profile has to be agreed by TRINAMIC. Some analogue
parameters may drift out of limits, but chip function is guaranteed.
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9 General Electrical Specifications

9.1 Operational Range (unless otherwise specified)

Parameter Symbol | Min Max Unit
Application temperature t, -40 125 °C
Supply voltage TMC6130 Vy 7 18 v
V¢ logic supply input voltage Ve 3 5.5 vV

BATTERY SUPPLY

Parameter Symbol |Test Conditions Min Typ Max Units
Supply voltage Vy 7 18 V
Supply voltage Vi kR Functional with  relaxed 4.5 7 v
extended range low specification.
Supply voltage Vi eru Functional with  relaxed 18 28 v
extended range high specification.
Quiescent current Tysieer Ve = low 30 pA
drawn from VM
Operating current Iy v Pre-driver operation without 1 mA
drawn from VM charge pump operation
(EN_CP=0).
Battery overvoltage Vi own Warning on ERROR. 35 \Y
threshold high
Battery overvoltage Vo ERROR released. 31 \Y
threshold low
Battery overvoltage Vi ov ny 0.4 1 \Y
threshold hyst
Battery overvoltage V_ov pes 2 T
debounce time
Battery undervoltage Vi i Warning on ERROR. 6 \"
threshold high
Battery undervoltage Vv ERROR released. 5 \Y
threshold low
Battery undervoltage Vi uvhy 0.2 0.5 v
threshold hyst
Battery undervoltage Vi uv pes 10 pS
debounce time
Power on reset level Veor Reset released on rising 3 4.5 v
edge of Vy while Vo is
high.
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POWER AND TEMPERATURE

Parameter Symbol |Test Conditions Min Typ Max Units

Overtemperature 0T, Warning on ERROR. 153 166 183 °C

protection high

Overtemperature OT, ERROR released. 123 137 153 °C

protection low

VCC IO SuppPLY INPUT

Parameter Symbol |Test Conditions Min Typ Max Units

VCC operating current | I Maximum input current 20 mA
includes ERROR current
sourcing.

VCC pull down Ve rep 230 300 370 KQ

resistance i

VCC input voltage Ve Ve =33V orby, 3 5.5 v
logic supply.

VCC input undervoltage |V yy u VCC increasing, 2.7 2.8 v

high ? B NFET control is activated.

VCC input undervoltage | Ve yy | V¢ decreasing, 2.6 2.7 v

low disable NFET control.

VCC input undervoltage | Vec yy uy 0.07 0.1 v

hyst

VCC sleep voltage high |V gy | Vo increasing, 2.45 2.6 v

- out of sleep.

VCC sleep voltage low |V gep | Ve decreasing, 19 2 v
go to sleep.

VCC sleep voltage hyst |V gieep uy 0.45 0.58 V

U The info V¢ yy xis used to disable the control of the external FETs.

ON-CHIP OSCILLATOR

Parameter Symbol |Test Conditions Min Typ Max Units

Charge pump Fep 170 230 KHz

frequency

ERROR PWM frequency | Fgror ¢ 85 115 KHz

fast

ERROR PWM frequency | Fegror s 10.6 14.4 KHz

slow i

SPI start up pulse topr sy EN = Low 2048/F 4096/F Sec

duration BH1/2/3 = low 0sC 0SC

BL1/2/3 = high
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The charge pump of the TMC6130 can be used with three modes of operation.

CHARGE PuMp / CPMODE=X
(Silicon diodes BAS16, Ccp=1uF,Cboost=1uF +Creg=4.7uF: to be confirmed)

Parameter Symbol |Test Conditions Min Typ Max Units
Resistive load from Rep Leak Ry = room temperature 6 8 MQ
VCP to GND . Rum = 150C

(excl. Rycp gec (ear)
Output slew rate 100 Vlus
Charge pump Fepr 170 200 230 kHz
frequency
VCP undervoltage Ver uun ERROR released. 7.2 v
(VCP high) ]
VCP undervoltage Vo Warning on ERROR. 5.7 6.7 V
(VCP low)
CHARGE Pump / CPMODE=0
(Silicon diodes BAS16, Ccp=1uF,Cboost=1uF +Creg=4.7uF: to be confirmed)
Parameter Symbol |Test Conditions Min Typ Max Units
CP Load current on Tep res mooeo | Vep reg > 11V 40 mA
VCP_REG o EN CP=1
Output voltage Veee Vy > 8V 11 12 13 v
VCP_REG L., < 40mA
Output voltage Vep rec Vy = [7.8]V 10 13 v
VCP_REG ] Lycp ges < 40mA
VCP Undervoltage, Ver uvn ERROR released. 7.2 V
(VCP high) }
VCP Undervoltage, Ver Warning on ERROR. 5.7 6.7 v
(VCP low)
CHARGE PumMp / CPMODE=1
(Silicon diodes BAS16, Ccp=1uF,Cboost=1uF +Creg=4.7uF: to be confirmed)
Parameter Symbol |Test Conditions Min Typ Max Units
CP load current on Ter rec mooer | Vres > 11V 20 mA
VCP_REG o EN CP=1
Reverse polarity NFET | Vi gprer Vy>17 5 12 13 v
gate voltage Lycp rec < 20mA
(Ve - V)
Output voltage Ver rec Tiee < 20mA 11 12 13 v
VCP_REG l
VCP undervoltage, Ver uwn ERROR released. 1.2 v
(Vep - V) high
VCP undervoltage, Vor Warning on ERROR. 5.7 6.7 v

(Vep - V) low
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VREG Warnings / CPMODE=X

Parameter Symbol |Test Conditions Min Typ Max Units
Internal resistive load | Rycp geg ieax | Rrve = Room 0.3 0.4 MQ
from V¢p geg to GND Rum = 150C
VCP_REG overvoltage Ve rec.ow | Warning on ERROR. 14.2 16.5 v
high
VCP_REG overvoltage Ve recove | ERROR released. 13.5 v
low
VCP_REG overvoltage Ver rec_ovhy 0.7 1 v
hyst
VCP_REG undervoltage |Vep geg uwn | ERROR released. 8.1 v
high
VCP_REG undervoltage |V gecuwe | Warning on ERROR. 6.9 7.8 v
low o
VBATF
Parameter Symbol |Test Conditions Min Typ Max Units
Internal leakage from |Ryyon sk | Pre-driver is not in sleep 20 pA
VMON to GND ] mode.
FET GATE DRIVERS
Parameter Symbol |Test Conditions Min Typ Max Units
Driver ON resistance? | Ryg ox 4 8 0
Rise time tg Cload = 1nF, 20% to 80% 6 7 15 ns
Fall time te Cload = 1nF, 80% to 20% 4 7 15 ns
Pull-up on resistance Ron up -10mA t, = -40 2.4 6.5 0
i -10mA, t, = 150

Pull down on Row on 10mA t, = -40 15 5.7 Q
resistance 10mA, t, = 150
Turn on gate drive Ig on Vg = OV -1 -1.4 A
peak current
Turn off gate drive Tc o Ves = 12V 1 16 A
peak current i
Propagation delay tpp pRY From logic input threshold 20 100 ns

to 2V Vg drive output at no

load.
Propagation delay tep pRYM Transitions at the different| -20 20 ns
matching phases at no load

condition.
Programmable dead toeap DEAD_TIME[2:0] = 000 0.0001 0 0.0002 us
time : 001 0.5
asynchronous internal 010 0.75
delay between top and 011 1.0
bottom FET 100 15

101 2.0

110 3.0

111 6.0
Dead time tolerance tbEAD ToL -15 15 %
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FET GATE DRIVERS

Parameter Symbol |Test Conditions Min Typ Max Units
Programmable Vpe Vos_mon VDSMON[2:0] = 000: disabled 0.5 v
monitor voltage 0.4 0.75 0.6

001 0.6 1.00 0.9

010 0.85 1.25 1.15

011 1.05 1.50 1.45

100 1.25 1.75 1.75

101 15 2.00 2.00

110 1.70 2.3

111
Programmable V. tups sl VDS_BLANK_TIME[1:0] = 00 0.75 ps
monitor blanking time: 01 15
internal delay between 10 3
GATE signal high and 11 6
enabling the
corresponding V¢
monitor
Vs blanking time typs_ToL -15 15 %
tolerance
Sleep gate discharge Rsep Internal resistance between 1 KQ
resistor FET gate-source pins to

switch-off FET.

Ve = OV (sleep mode)

Ve = 0.5V

See chapter FET driver

during sleep mode.
V¢ under voltage Ves o Warning on ERROR. TBD 75 %Vgeq
monitor
PWM frequency Fowm 5 20 100 KHz
Leakage from VCPx to | Rep 1eax Typ = Room 0.75 1 MQ
BMx Min = 150C
2 The driver on resistance is <5Q at 25°C. Maximum values correspond with 150°C.
Logic IO (FET inputs, EN input)
Parameter Symbol |Test Conditions Min Typ Max Units
Digital input high VN b1 # Minimum voltage for input 70 %V e
voltage to be treated as logical high
Digital input low VN pr6 1 Maximum voltage for input 30 %V ¢
voltage to be treated as logical low
Input pull-up resistance |Ry g py | BL1, BL2, BL3 90 410 KQ
Input pull-down Ry _pre_pp BH1, BH2, BH3 90 410 KQ
resistance
Input pull-down Rex pp ENABLE 90 410 KQ
resistance
SPI TIMING
Parameter Symbol |Test Conditions Min Typ Max Units
SPI initial setup time tepr rsu 2 psec
SPI clock frequency Fopr 500 KHz
Riselfall times topr e All riseffall times on CLK, 200 nsec

CSB, MISO, MOSI
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SPI TIMING

Parameter Symbol |Test Conditions Min Typ Max Units
(SB setup time tess <u 1 psec
CSB high time teen u 2 psec
Clock high time ton 1 psec
Clock low time to L 1 psec
Data in setup time tor su 1 psec
Data in hold time tor u 500 psec
Data out ready delay 1o & Cload at BL1<50pF 500 psec
EEPROM read delay et ro EERD =1 6 psec
EEPROM write delay tee wr EERD =1 12 msec
ERROR OuTPUT

Parameter Symbol |Test Conditions Min Typ Max Units
Pull-up current IERROR PU VERROR= OV '2.23 '5 mA

Pull-down current Terror P Verror = Ve 5 2.6 mA

ENABLE INPUT

Parameter Symbol |Test Conditions Min Typ Max Units
Bridge disable ENpg pet From bridge enable EN< 1 ps

propagation delay

0.2*V to Vg<0.5V  with
Cload=1nF.
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CURRENT SENSE AMPLIFIER

Parameter Symbol |Test Conditions Min Typ Max Units
Input offset voltage Vis 10 Input diff. voltage within -5 5 mV
+/-100mV;
common mode within -0.5..
1.0V.
Input offset voltage Vis 10 morer | Input diff. voltage within -10 10 pVv/eC
thermal drift +/-100mV;
common mode within -0.5..
1.0V.
Input common mode | IS¢y pc Input diff. voltage within 60 dB
rejection DC +/-100mV;
common mode within -0.5..
1.0V.
Input common mode  |ISqywrac | Input diff. voltage within +/- 40 dB
rejection 1MHz 100mV;
common mode within -
0.5.. 1.0V.
Input power supply ISpsrr nc Input diff. voltage within 60 dB
rejection DC for V. +/-100mV;
supply common mode within -0.5...
1.0V
Input power supply ISpsrr ac Input diff. voltage within 40 dB
rejection 1MHz for V +/-100mV;
supply common mode within -0.5...
1.0V.
Closed loop gain IScan Gain is programmable in -3% 8.0 +3% -
EEPROM. 10.3
133
17.2
22.2
28.7
37.0
47.8
Output settling time IS¢ Amplified output to 99% of 1.0 ps
final value after input
change.
Output voltage range | Veyrpent wax | Current sense output max Ve Vee v
high level. 0.020
Output voltage range | Vyrent vy | Current sense output min GND GND V
low level. +0.020
Output short circuit Tcurrent sc | Output current saturation 14 mA
current to ground level.
GBW IScew 10 MHz
Output slew rate IS¢ 40 Vlus
(M spike recovery ISem rec CM spike = = 1.5V 730 nS
duration = 250nsec
VREF voltage input Ve 0 50 %V
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10 Package Mechanical Data
10.1 QFN32 Dimensional Drawings

Attention: Drawings not to scale.
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Parameter Ref Min Nom Max
Total thickness A 0.80 0.85 1.00
Standoff Al 0.00 0.05 0.05
Lead frame thickness A3 0.2

Lead width b 0.18 0.3
Body size X D 5.0

Body size Y E 5.0

Lead pitch e 0.5

Exposed die pad size X |]J 3.5 3.7
Exposed die pad size Y |K 3.5 3.7
Lead length L 0.3 0.5

General tolerance of D and E is :0.1mm.

Bottom pin 1 identification may vary depending on supplier.

10.2 Package Code

Device Package

Temperature range

Code/ Marking

TMC6130

QFN32 (RoHS)

-40° to +125°C

TMC6130-LA
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11 Disclaimer

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.

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.

All trademarks used are property of their respective owners.

12 ESD Sensitive Device

The TMC6130 is an ESD-sensitive CMOS device and sensitive to electrostatic discharge. Take special
care to use adequate grounding of personnel and machines in manual handling. After soldering the
devices to the board, ESD requirements are more relaxed. Failure to do so can result in defects or
decreased reliability.

A
Ard

Note: In a modern SMD manufacturing process, ESD voltages well below 100V are standard. A major
source for ESD is hot-plugging the motor during operation. As the power MOSFETs are discrete
devices, the device in fact is very rugged concerning any ESD event on the motor outputs. All other
connections are typically protected due to external circuitry on the PCB.
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14 Revision History

Version |Date Author Description

0.9 2014-MAR-10 (SD Initial version; preliminary.

1.0 2016-0CT-28 | SK VDS_ERR error code in error code table corrected.
Preliminary state removed.

101 2018-JAN-19 |BD Corrected VDS overvoltage descrition
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