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7 Hardware Migration Guide
This section helps users to migrate the SDK example project to their own customer board.

7.1 Hardware Layer Overview

Figure 7-1 shows the hardware configuration relationships for FOC project. The hardware layer contains three
parts: Board layer, SysConfig layer and HAL layer.
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Board Layer MSMPMO SysConfig Layer
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] .

| (! SysConfig SysConfig files |
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Figure 7-1. Hardware Configuration Relationship

The Board layer is the layer that users’ connection for the MCU with other components in hardware circuit. For
FOC applications, it is mainly for the connection to the used gate driver device and ADC sampling channels.

The SysConfig layer sets the MCU peripheral initialization features in the .syscfg file. The IO PIN connected to
the external circuit needs to be set as the appropriate peripheral function to run FOC application sucessfully. The
SDK project provides several peripheral default configurations to fit the DRV EVM Board or TIDA Reference
Board. Users need to configure the .syscfg file to manually adapt the hardware circuit. The SysConfig tool will
automatically generate MCU peripheral initialization file, including macro definitions mapped to MCU hardware
peripherals.

The second HAL layer is the Customized Macro Definition in the SDK FOC project. Lots of FOC functions call
customized macro definitions to determine the implementation of the algorithm. Therefore, users need manually
to manage these customized macro definitions in header files to adapt the hardware circuit and SysConfig
generated macro definition.

Follow the steps below to migrate the hardware configurations for customized board:

1. Check the MSPMO IO pin used for each module on the customized board.
2. Modify SysConfig configurations to fit the hardware design.
3. Modify HAL layer macro definitions to fit the hardware design.

7.2 MCU Peripheral Configuration
7.2.1 Gate Driver Module

FOC application uses a pre-defined symbol to determine which gate driver board is used to configure the board
parameters and HAL layer properly, as shown in Figure 7-2.
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ﬁ Properties for sensorless-foc_DRV8316_LP_MSPMO0G3507_nortos_ticlang

| type filter text
Resource
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~ Build
SysConfig
~ Arm Compiler

Predefined Symbols

Configuration: Debug [ Active ]

Selective Disclosure

a X

Manage Configurations...

Processor Options

Optimization

Include Options

Predefined Symbols|

Advanced Options
Arm Linker

Pre-define NAME (-D)

${COM_TI_ MSPMO_SDK_SYMBOLS}
${SYSCONFIG_TOOL_SYMBOLS} =
_ MSPMOG3507
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1Q MPY MATHACL INLINE
DRV8316

Arm Hex Utility [Disabled]
Arm Objcopy Utility [Disabled]

Debug

2 Show advanced settings

Undefine NAME (-U)

Apply and Close

Cancel

Figure 7-2 DRV8316 Pre-define Symbol in Project Properties

The default gate driver interface is configured for the EVM hardware board. Users can overwrite the relevant
configuration set for DRV8316 to their own board configuration. While recommend using CUSTOM symbol for
users’ specific hardware design if use another gate driver for better code management.

Follow the steps below to configure the Custom Gate Driver Module:

7.2.1.1 Select Reference Projects

MSPMO SDK provides various FOC example projects for different hardware boards. Refer to Table 7-1 to select

the suitable project to do the migration for your own hardware board.
Table 7-1 Project Recommendation for Migration

Customized Hard Board
FOC Type Project Recommendation Migration Effort
Gate Driver | Current Sensing Type
. sensorless-foc_ DRV8323RS Porting single shunt configuration.
Single Shunt - - - -
DRV8323 sensorless-foc_ DRV8329 Porting gate driver configuration.
Dual or Three Shunt sensorless-foc_ DRV8323RS No significant effort.
Sensorless / Single Shunt sensorless-foc_ DRV8316 Porting single shunt configuration.
Universal FOC | DRV8316 sensorless-foc_DRV8329 Porting gate driver configuration.
Dual or Three Shunt sensorless-foc_ DRV8316 No significant effort.
Single Shunt sensorless-foc_ DRV8329 No significant effort.
Others
Dual or Three Shunt sensorless-foc_TIDA010250 No significant effort.
) hall_sensored-foc_ DRV8316 Porting single shunt configuration.
Single Shunt - - - -
DRV8316 hall_sensored-foc_TIDA010251 Porting gate driver configuration.
Eggored Dual or Three Shunt hall_sensored-foc_ DRV8316 No significant effort.
o Single Shunt hall_sensored-foc_TIDA010251 No significant effort.
thers
Dual or Three Shunt hall_sensored-foc_DRV8316 No significant effort.

Below uses the TIDA010250 as an example to introduce the flow for gate driver module migration.

7.2.1.2 Modify Pre-defined Symbols
In the project properties, modify the Default Pre-defined Symbols: TIDA010250->CUSTOM.
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Figure 7-3 Modify Pre-define Symbol in Project Properties

7.2.1.3 Add Custom Source Files

By default, FOC project has integrated SPI communication for gate drivers in FOC library, users are owned to
maintain the source code for gate driver communication if use customized gate drivers. To help users quickly

remove the default SPI communication, FOC projects provide custom source files in SDK folder. Users could

manually add source files into the customized project with CUSTOM pre-defined symbol.

7.2.1.3.1 Gate Driver Comm Folder
The preset custom source files for Gate Driver Communication are in the following SDK path:
... \ti\mspm@_sdk_<SDK_Version>\source\ti\motor_control_pmsm_foc\common_modules\hal\LP_MSPMOGx5xx\gat

eDriverInterface\gateDriverLib

Figure 7-4 shows the CUSTOM Gate Driver Library folder. The library deletes default codes for SPI

communications for gate drivers in FOC application, so that users can add their own gate driver communication
codes (Section 7.2.1.5) in their customized files.

Q > hal > LP_MSPMOGx5xx > gateDriverinterface > gateDriverlib > CUSTOM >
N HF - = &55-

O =& h s 5w
include 2025/11/12 18:06 i
source 2025/11/12 18:06 M

Q > hal > LP_MSPMOGX5 gateDriverinterface > gateDriverLib
{HF - = BE -

0O &=& e =t s#ml
CUSTOM 2025/11/1217:52 i
DRV8316 2025/11/12 17:52 ik
DRV8323 2025/11/12 1752 poac=
DRV8329 2025/11/1217:52 i
TIDA010250 2025/11/1217:52 BTl
TIDA010251 2025/11/1217:52 M

Figure 7-4 CUSTOM Gate Driver Library

Add the CUSTOM folder (copy and paste) into the example FOC project as shown in Figure 7-5. The default Gate
Driver folder (TIDA010250) can be deleted (optional).

PAGE 53



I3 TEXAS

INSTRUMENTS TI Information — Selective Disclosure

~ [ sensorless-foc TIDAD10250 MSPMOG1507 nortos_tidang [Active - Debug]
4l Generated Source
S Includes
= Debug
madules
&= applib
hal
comminterface
@ controllerinterlace
= = gateDriverinterface

= = gateDriverLib
- CLISTORM

& TIDADTDZS0

= include
& souree
- [imath
& matorControllit

- targetConfigs
& ticlang
4 ISR

5 ISRh

4 main.g

| Copy the CUSTOM folder here

5 mainh

> mepmOg3507.cmd
READMEmd

& TIDADTD250,syscfg

Figure 7-5 Add CUSTOM Folder into FOC Project
Add the CUSTOM folder path into the Include Options in Project Properties below:

& Properties for sensoriess-foc_TIDAD10250_ MSPMOG1507_nortos tickang a x
type filter text Include Options S
Resource
General
< Buitd Configuration: Debug [ Active ] Manage Configurations.

SysConfig
~ Arm Compiler

Processor Options
Optimization
Include Options
Predefined Symbols
Advanced Options
Arm Linker
Arm Hex Utility [Disabled]
Arm Objcopy Utility [Disabled]
Debug

7 Show advanced settings

Figure 7-6 Add CUSTOM Folder into Include Options

7.2.1.3.2 HAL Layer File

Add dir to #include search path (-1)
${COM_TI MSPMO_SDK_INCLUDE_PATH}

S{SYSCONFIG_TOOI_INCLUDE_PATH)

SIPROJECT ROOT}

S{PROJECT_ROOT)/modules/IQmath/include
S{PROJECT_ROOT)/modules/hal/controllerinterface/inchide
SIPROJECT_ROOT)/modules/hal/comminterface/uart_comm/include
$S{PROJECT_ROOT}/modules/motorControllib/include

${PROJECT ROOT)/modules/hal/gateDriverinterface/gateDriverl ib/TIDAO10250/include.

${PROJECT ROOTH/modules/hal/gateDsiverinterface/gateDriverl ib/CUSTOM/include
S(PROJECT_ROOT)/modules/hal/gateDriverinterface/include
$PROJECT_ROOT)/modules/applib/applnterface/include
$IPROJECT_ROOT/modules/applib/configTables/include
$IPROJECT_ROOT}/${ConfigName}

${COM_TI_ MSPMO_SDK_INSTALL_DIR}/source/third_party/CMSIS/Core/Include
S{COM_TI MSPMO_SDK_INSTALL_DIR}/source:

The preset custom source files for HAL layer are in the following SDK path:

... \ti\mspm@_sdk_<SDK_Version>\source\ti\motor_control_pmsm_foc\common_modules\hal\LP_MSPMOGx5xx\gat

eDriverInterface\[LAUNCHPAD]\source
Figure 7-7 shows the CUSTOM HAL layer file.

QD > = hal >

LP_MSPMOGx5xx >

gateDriverinterface > LP_MSPMO0G3507

Apply and Close

>

source

Cancel

N = B -
O & : feEm xm
";" custom_focHallnterface.c 2025/11/11 0:34 C 3t
1 drv8316_focHallnterface.c 2025/11/11 0:34 C 3t
* drv8323_focHallnterface.c 2025/11/11 0:34 C 3t
4 drv8329 focHallnterface.c 2025/11/11 0:34 C x4
";" tida010250_focHallnterface.c 2025/11/11 0:34 C x4
1/ tida010251 focHallnterface.c 2025/11/11 0:34 C 3
-/ tida010265 focHallnterface.c 2025/11/11 0:34 C 3
1/ tida010950 focHallnterface.c 2025/11/11 0:34 C 3

Figure 7-7 CUSTOM HAL Layer
Add the custom_focHallnterface.c file into the gateDriverLib folder of the FOC project below:
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Then copy it to the path corresponding to the SDK project:

~ & sensorless-foc TIDA010250 MSPMO0G1507 nortos ticlang [Active - Debug]
@l Generated Source
al Includes
Debug
modules
‘ ::f”" | Copy the custom HAL file here
comminterface
= controllerinterface
< = gateDriverinterface
~ @ gateDriverLib
CUSTOM
TIDA010250
- include
« | source]
< custom_focHallnterface.c

< tida010250_focHallnterface.c
@ 1Qmath
matorControllib

Figure 7-9 Add the Custom HAL file into FOC project

7.2.1.4 Add Custom Comm Interface

Gate drivers support different Comm interfaces to configurate, including resistor based, SPI based, |IC based,
and others. It is complex for users to integrate a new Comm interface into FOC HAL library and debug. An easier
way is introduced to disable default SPI based communication (DRV8316 or DRV8323 FOC project), so that the
FOC algorithm does not use any MCU pins or peripherals to do communication.

Follow the steps in Section 7.2.1.3.1 to use CUSTOM communication interface. Then the gate driver
communication APIs is set to empty and will not impact normal FOC applications, as shown in Figure 7-10. Users
can also manually modify the source code as empty for the gate driver communication interface.

4 custom.c %
7edinclude <math.hx
77#include "custesm.h”

7a#include “main.h"
se#include "ISR.h"
Bl#include "focHALInterface.h™

B3 #ifdef CUSTOM
Bduint3Z_t gateDrivernFaultReport = 8;
35uint32_t gateDriverFaultAction = @;

87wvoid gateDriverConfig(void)

Ba{

313

24wold gateDriverClearFault(wvold)

a7}

198 uint3z_t gateDriverGetFaultStatus(void)
1814

182 return @;

183}

184
185
196 {
1a7

183}
185

jate the Gate Driver Parameters when the Config En
EgateDriverParamsUpdate(Hv_DIE_EEPROM_INTERFACE_T

able Flg is Set *
*pGateDriverfonfig)

Figure 7-10 Custom Gate Driver File
Users can then add their own gate driver files out of FOC application to suit their own hardware board.

Note

Directly deleting APIs shown in Figure 7-10 results in compiler error as Sensorless FOC library calls these APIs in
a static library.

7.2.1.5 Overwrite Default Macro Definitions

7.2.1.5.1 main.h File

The main.h misses the CUSTOM macro for user customization. Add the related code below (copy from other
macro and overwrite with CUSTOM):
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217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238

Table 7-2 below.

| Manually add CUSTOM parts |

Tl Information — Selective Disclosure

Helif defined CUSTOM

tdefine _INVERT_ISEN

/*! @brief IPD feature is enabled */
#tdefine _ IPD_ENABLE

Hdefine DRIVER_PROPAGATION_DELAY_nS
#tdefine DRIVER_MIN_ON_TIME_nS

/*! @brief DC voltage base value */
#define DC_VOLTAGE_BASE

H#define FULL_SCALE_CURRENT_BASE

#define _ CURRENT_THREE_SHUNT_DYNAMIC

#define DYNAMIC_CURRENT_SHUNT_CONFIG_EN

/*! @brief TIDA@10©25@ has inverting isense */

/*! @brief TIDA@10©25@ propagation delay */

/*! @brief TIDA@1©25@ minimum on time (rise time + settling time) */

/*! @brief Full scale readable current used as current base value,
calculated using (FULL Scale Voltage(3.3)/2* CSA Gain) */

/*! @brief Current shunt configuration */

/*! @brief Enable dynamic current shunt changing */

500

8eee

448.0

8.25

FALSE//TRUE

#endif

Figure 7-11 Add the Custom Macro into main.h File
Users should take care of the macro definitions modification based on the hardware board features, refers to

Table 7-2 User Status Registers

Hardware Feature

Macro

Description

Current Sensing Type

_INVERT_ISEN

_NONINVERT_ISEN

The board has an inverting or non-inverting current
sensing hardware circuit. See Section 7.2.3.1.

Current Sensing Method

_ CURRENT_XX_SHUNT

Current sensing method includes Single Shunt, Dual Shunt
and Three Shunt. See Section 7.2.3.2.

DC_VOLTAGE_BASE

Maximum measurable bus voltage. See Section 6.1.1.

FULL_SCALE_CURRENT_BASE

Base current. See Section 6.1.2.

Board Parameters

DRIVER_PROPAGATION_DELAY_nS

Defines the Time delay in ns between the Input PWM logic
edge fed to the gate driver and actual Gate Driver output.

DRIVER_MIN_ON_TIME_nS

Defines the combined rise time and settling time of the
current sense amplified output.

IPD Function

__IPD_ENABLE

Enable IPD function for FOC application. The IPD
configuration register should be set properly, See Section
6.6.1.1.3.

7.2.1.5.1.1 Delay Component in Current Sensing Path
Figure 7-12 shows the delay components in the current measurement path.
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Figure 7-12 Delay in the Current Sensing Loop

FOC application uses DRIVER_PROPAGATION_DELAY to define the time delay in ns between the Input PWM
logic edge fed to the gate driver and actual gate driver Output PWM. This delay impacts the Current Sense
sampling instance on the actual gate driver output and has to be fed to the algorithm for accurate Current
Sensing. Users can get the propagation delay from the used gate driver’s data sheet or measure the time with
hardware.

FOC application uses DRIVER_MIN_ON_TIME to define the combined rise time and settling time of the current
sense amplified output. This value has to be captured independently for a full-scale change in voltage across the
current shunt. For accurate current sense reading, the current sense amplifier output to be settled before the
current signal is captured. Refer to Equation 16 to calculate the DRIVER_MIN_ON_TIME.

DRIVER_MIN_ON_TIME = CSA Settling Time + CAS Rise Time (16)

Note

DRIVER_MIN_ON_TIME limits the maximum FOC output PWM duty cycle to reserve sufficient time for CSA to
establish the stable current signal to feed ADC sampling channel.

7.2.1.5.2 gateDriver.h File

The gateDriver.h file defines the HAL layer macros. It is essential for users to overwrite the macros according to
their hardware board circuit.

For PWM related macro definition overwriting, refer to Section 7.2.2.
For ADC related macro definition overwriting, refer to Section 7.2.3.

7.2.2 PWM Module

Using TIMAO of MSPMO to enable three pairs of complementary PWM output and deadband time insertion for
FOC application. There have four output channels of TIMAO, and users can select any three of them for FOC
application.

When the hardware circuit is finalized, users should pay attention to the correspondence between the motor
phase sequence and PWM channel setting. The default mapping relationship for sensorless-
foc_DRV8316_LP_MSPMO0G3507 project is shown in Table 7-3.

Table 7-3 PWM Mapping

Board Layer | HAL Layer
SysConfig Layer Descriptions
Board Macro 10 PIN PWM Channel HAL Layer Macro
INHA PB4 TIMAQ_C2 FOC_PWMAO_U_IDX Phase A PWM output.
INHB PA28 TIMAQO_C3 FOC_PWMAO_V_IDX Phase B PWM output.
INHC PB20 TIMAO_C1 FOC_PWMAO_W_IDX Phase C PWM output.
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FAULT PA27 Fault Pin 2 NOT USED Gate driver output fault pin.
NA NA TIMAO_CO FOC_PWMAO_ADC_TRIG_IDX | Trigger channel from PWM to ADC.

The HAL Layer Macro always keeps the same mapping relationship to the Board Macro, and the SysConfig layer
should be modified accordingly.

Note

In current FOC applications, the unused PWM channel is configured as ADC trigger channel, but the PIN output
function is enabled in the project. Users can disable it manually in the main loop code, or use the non-output
channel (CC4 or CC5), to get rid of this PWM PIN output impact

7.2.2.1 Different Pin Used for PWM Output

For the case that users only change different PWM output pins in hardware while the mapping relationship keeps
the same, users can just modify the PINMUX selection of the TIMAO output channel in SysConfig tools, as shown

in Figure 7-13.
PinMux Peripheral and Pin Configuration 1. Open the selection menu ~
Timer Peripheral TIMAD ~ &

I Capture/Compare Pin 0 ,Tlﬁ
Capture/Compare Complementary Pin 0 Any -~ @
CHFI 2. Select the new used pin. PAO/T | -6
Capture/Compare Complementary Pin 1 PA8/16 l «- B
Capture/Compare Pin 2 L o)
Capture/Compare Pin 3 PB8/22 o)
Capture/Compare Complementary Pin 3 PB14/24 - B

Figure 7-13 Modify PWM Output Pin in SysConfig

7.2.2.2 Different Pin for PWM Fault Pin

For the case that users change different PWM fault pins in hardware, users can just modify the PINMUX selection
of the TIMAQO fault pin in SysConfig tools, as shown in Figure 7-14.

Fault Handler Configuration ~
I eauii] 1. Open the selection Faultpin] R
Faur| MeNU {and select the used ] Select Al .
fault pin [J FaultPin0
Fault Configuration . ~
FaultPin1
Trigger Fault Input [ FaultPin2 sn't participate as a fault ..~ +
Fault Latch Mode [ compo 3.F, Software Clear -
Fault Input Condition O comp1 :pendent on all selected f... -
Fault Input Enable [ comp2 ir fault detection fromthe .. «
Timer Counter Fault Entry Behavior Timer counter continues running during fault v
Timer Counter Fault Exit Behavior Timer counter is set to the period value -
Shared Fault Pin Configuration FOC_TIM_FAULT v o~
Name FOC_TIM_FAULT
Configure Fault Pins Fault Pin 1 -
Pin Configuration | 2. Open the selection menu v
and select the used 10 pin
PinMux Peripheral and Pin Configuration ~
Fault Pin 1 |PB20/41 - ﬁ
Other Dependencies v
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Figure 7-14 Modify PWM Fault Pin in SysConfig

7.2.2.3 Different Mapping to PWM Output Channel

For the case that the PWM output channel mapping in hardware is different, users should first refer to Section
7.2.2.1 to modify the 1O PIN used in SysConfig. Then position to gateDriver.h file to overwrite the HAL layer
macro.

For example, if users have a new mapping table below:

Table 7-4 Custom PWM Mapping

Board Macro 10 PIN PWM Channel HAL Layer Macro
INHA TBD TIMAO_CO FOC_PWMAOQ_U_IDX
INHB TBD TIMAO_C1 FOC_PWMAO_V_IDX
INHC TBD TIMAO_C2 FOC_PWMAO_W_IDX
NA NA TIMAO_C3 FOC_PWMAOQ_ADC_TRIG_IDX

The corresponding modifications in gateDriver.h file are shown in Figure 7-15;

gerief PWM U phase index *
i FOC_PiMAS_U_LIDX {GPIO_PWMAB_C2_IDX) (GPIO_PWMA®_CO_IDX)

PN W phac X
- PLMAG_V_IDX (GPIO_PUMAG_C3_TDX) (GPTO_PUMA®_C1_IDX)

76 PWM W phase index 678 a 1k 3

s71|rdefine FOC_PWMAG W_IDK (GPIO_PWMAB_C1_IOX) &71#define FOC_PHMA®_W_IDX (GPIO_PHMAR_C2_IDX)

72 Ebrie?r PWM Index used for ADL trigger ° —> 7 gbrief PwM Index used for ADC trigge

57{FdeTing FOC_PWMAB_ADC_TRIG_IOX  [GPIO_PWMAB_CB_I0N) 673 #define FOC_PWMAG_ADC_TRIG_IDX  (GPIO_PWMAB_C3_IDX)

ne for AD

675 gbrief e \DC event
s7elmdefine FOC_PWMAG_ADC_TRIG (oL,

(DL_TIMERA_EVENT_CCO_UP_EVENT)) _TIMERA_EVENT_CC3_UP_EVENT)

{BL -TIMER!A EVENT_CC_DN_EVENT )|

Figure 7-15 Modify HAL Layer Macro

The remaining unused PWM output channel is always used to trigger ADC sampling in dual or three shunt current
sensing method. And the ADC trigger EVENT should be set as the event of the trigger PWM channel.

For single shunt current sensing method, FOC application uses the secondary TIMA1 to trigger the ADC, so that
no trigger channel modification is required.

677 gbrief Define for ADC dow
s7e|#define FOC_PWMAS_ADC_TRIG_DN_EVENT

7.2.3 ADC Module

When migrating ADC module to customized setting, users should pay attention to the mapping relationship as
well as the current sensing method used in hardware circuit.

7.2.3.1 Current Sensing Type

Users should overwrite the macro definitions in the project according to the hardware sensing circuit type in
main.h file, as shown in Table 7-5.

Table 7-5 Current Sensing Type

File Macro Definition Description

_NONINVERT_ISEN Hardware board uses non-inverting current sensing circuit

main.h - - - —
_INVERT_ISEN Hardware board uses inverting current sensing circuit

Figure 7-16 shows the typical bidirectional current sensing circuit block diagram for users’ reference.
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Current R2
+ To ADC
Rsense R1 —
47 T =
R2

a. Non-inverting Current Sensing Circuit

VREF = 1.65V
R2
=T + To ADC
Rsense %)
A R1 _
R2
Current 1

b. Inverting Current Sensing Circuit

Figure 7-16. Current Sensing Type

7.2.3.2 Current Sensing Method

The SDK FOC example can be configured for various shunt configuration options such as Single Shunt, Dual
Shunt and Three Shunt. Based on the HW design the appropriate shunt configuration has to be selected for
proper operation of algorithm. FOC application supports simultaneously sampling the two phases at a given
instance to optimize the current sampling time. By default, in all shunt configurations, both the ADC instances are
used to utilize the simultaneous sampling feature.

7.2.3.2.1 Three Shunt Configuration
Table 7-6 shows the macro for three shunt configurations.
Table 7-6 Macro for Three Shunt Sensing

File Macro Definition Description

Select this configuration if A and B phases are
__ CURRENT_THREE_SHUNT_AB_C | sensed through ADCO and C phase is sensed
through ADCA1.

Select this configuration if A phase is sensed
_ CURRENT_THREE_SHUNT_A_BC | through ADCO and B, C phases are sensed
through ADCA1.

main.h

7.2.3.2.2 Three Shunt Configuration with Simultaneously Sampling
Users can also route one of the Phases say 'B' to both the ADC 0 and 1 instance and the other two phases to two
different ADC instances.

For example, Phase A is routed to ADCO, and Phase C is routed to ADC1. Phase B is routed to both ADCO and
ADC1 instances. Then algorithm can dynamically switch to the two samples which gives the best current
sampling time based on the given sector if enabled simultaneously sampling.

Under simultaneously sampling mode, FOC application supports shifting the current sensing estimation
dynamically to the two phases for maximizing the modulation index. As in a balanced three phase Motor, any one
of the three-phase currents can be estimated with the other two-phase currents in Equation 17.

la+lb+Ic=0 (17)
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Based on the operational sector the two phases with lowest modulation index are selected for current
measurement and third phase with highest modulation index is estimated using the other two-phase currents.
This method helps in extending the modulation index to higher limits with continuous SVM operation.

Table 7-7 shows the example to enable simultaneously sampling.
Table 7-7 Macro for Simultaneously Sampling

File Macro Definition Description
.+ | —CURRENT_THREE_SHUNT_DYNAMIC Add macro to the file.
main.
DYNAMIC CURRENT_SHUNT_CONFIG_EN Add macro to the file and set it to TRUE.

7.2.3.2.3 Dual Shunt Configuration
Table 7-8 shows the macro for dual shunt configurations.
Table 7-8 Macro for Three Shunt Sensing

File Macro Definition Description

Select this configuration if only two shunt sense
__ CURRENT_TWO_SHUNT_A B [ across phase A and B are available current sampling
where A is channeled to ADC 0 and B to ADCH1.

Select this configuration if only two shunt sense
main.h __ CURRENT_TWO_SHUNT _B_C [ across phase B and C are available current sampling
where B is channeled to ADC 0 and C to ADC1.

Select this configuration if only two shunt sense
__ CURRENT_TWO_SHUNT_A _C [ across phase A and B are available current sampling
and A is channeled to ADC 0 and C to ADC1.

If user has a different combination of phases routed to the ADC 0 and ADC1 instances than the default
connections in SDK. Appropriate changes are required to be made. See Section 7.2.3.4.

7.2.3.2.4 Single Shunt Configuration
Using the macro _ CURRENT_SINGLE_SHUNT for dual shunt configurations.
Single shunt configuration requires users to add additional TIMA1 instance, enable cross trigger function with

TIMAO. Recommend porting configurations from SDK example project single shunt configuration as shown in
Table 7-1 and following the instructions in Section 7.2.3.4.1.3.

7.2.3.3 CSA Offset Scaling Factor

FOC application converts the sampled currents through ADC into PU system based on the maximum current that
can be sensed through the ADC. This depends on the CSA offset introduced from the amplifier.

Typically for bipolar current sense measurement, full scale value of ADC 3.3V /2 = 1.65V is given as offset. For
applications where the current sensing is always unipolar, offset values are set at less than 0.5V to use the
maximum full scale ADC output for positive current measurement and small margin is left for negative current
measurement.

FOC application requires this scaling to be specified for appropriate functionality. As the ADC 12-bit value is
converted to PU value, if the offset is set as 0: Then the scaling factor to be set as _1Q(1). If the CSA offset in HW
is set as 1.65V (3.3V / 2) for bipolar current sense measurement the scaling factor to be set as _IQ(2). For any
arbitrary offset values, the scaling values to be specified as

_IQ(CSA_OFFSET [PU]) = _1Q(3.3V/(3.3V — CSA_OFFSET [V])) (18)

FOC application provides a macro for users to change the preset CSA offset defined for single shunt current
sensing method, as shown in Table 7-9.

Table 7-9 Macro for CSA Offset
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File Macro Definition Description

Define the CSA offset scaling factor for
single shunt current sensing method.

For dual or three shunt current sensing method, FOC application hardcode the scaling factor to _1Q(2) in
focHALInterface.c file.

Drv8329_focHalinterface.c | DRV8329 CURRENT_SF_IQ

7.2.3.4 ADC Mapping
Table 7-10 shows the default mapping relationship for sensorless-foc_DRV8316_LP_MSPMO0G3507 project.
Table 7-10 ADC Mapping

Board Layer | HAL Layer
SysConfig Layer SysConfig Configurations

Board Connection | ADC CHAN ADC MEMRES HAL Layer Macro

Phase A Current A0_3 AO0_MEMO ADCO_CURRENT_U_CH Initializes Memory 0/1 of ADCO/ADC1. The
Phase B Current 1 A0_2 A0_MEM1 ADCO_CURRENT_V_CH | Channel selection does not matter as the

- FOC application dynamically overwrites the

Phase B Current 2 A12 A1_MEMO ADC1_CURRENT_V_CH channel settings according to HAL layer

Phase C Current A1 1 A1_MEMO ADC1_CURRENT_W_CH macro in runtime.

FOC_ADC_VOLT_DC_INST )
Bus Voltage A1_3 A1_MEM2 Assign the ADC1 channel 3 to Memory 2.

ADC_VOLT DC_IDX

ADC_VOLTAGE_U_INST
Phase A Voltage A1 6 A1_MEMO ADC_VOLTAGE_U_IDX
ADC_VOLTAGE_U_CH

ADC_VOLTAGE_V_INST Not initialized in SysConfig and dynamically

Phase B Voltage AO_7 A0_MEMO ADC_VOLTAGE_V_IDX initialized in the FOC application if run ISD
ADC_VOLTAGE_V_CH function.
ADC_VOLTAGE_W_INST
Phase C Voltage A1_5 A1_MEM1 ADC_VOLTAGE_W_IDX
ADC_VOLTAGE_W_CH
ADC Interrupt NA AO_MEM1 FOC_ADC_ISR_INST Initialize ADCO interrupt configuration with

FOC_ADC_MEM_RES_LOAD | MEM1 Result Loaded.

The FOC application dynamically modifies ADC channel and ADC memory result register mapping for different
modes. In ISD mode, FOC applications use ADCO MEMO and ADC1 MEMO/1 to store sampled phase voltages. In
other mode, FOC application use ADCO MEMO/1 and ADC1 MEMO/1 to store sampled phase currents. Table 7-
11 shows the API used by FOC application in Drv8316_focHallnterface.c file.

Table 7-11 APIs to Modify ADC Mapping

FOC API HAL Layer Macro Description
ADC_VOLTAGE_X_INST [ Map the phase voltage channel (X_CH) to certain
HAL_GD_ConfigureVoltageChannels() ADC_VOLTAGE_X_IDX | ADC MEM (X_IDX) of ADC Instance (X_INST).

ADC_VOLTAGE_X_CH X=U/V/W.

Read the phase voltage from the ADC MEM (X_IDX)

of the ADC Instance (X_INST).

X=U/V/W.

Map the phase current channel (X_CH) to the

HAL_GD_ConfigureCurrentChannels() ADCO_CURRENT_X_CH [ hardcoded ADC instance and ADC Memory.

X=U/V/W.

Read the phase current from the hardcoded ADC

Memory of ADC Instance.

FOC_ADC_VOLT_DC_INST | Read the bus voltage from the pre-defined ADC
ADC_VOLT_DC_IDX memory of ADC instance.

ADC_VOLTAGE_U_INST

HAL_GD_ReadVoltages() ADG VOLTAGE U IDX

HAL_GD_ReadCurrents() NA

HAL_GD_ReadDCVBusVoltage()
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Below sections introduce the flow if user's hardware does not follow the default mapping of SDK project.

7.2.3.4.1 Phase Current Channels

The modifiable macros for phase current channels are the ADC channels, the remaining configurations (ADC
Instance and ADC Index) are hardcoded in the HAL_GD_ConfigureCurrentChannels() API, as shown in Figure
7-17.

168 void HAL_GD_ConfigureCurrentChannels(CURRENT_SHUNT_TYPES currentShunt)

1694

170 /* Configure the ADC channels based on the ADC pin configurations */
171 switch(currentShunt)

172 {

173 case CURRENT_THREE_SHUNT_DYNAMIC:

174 case CURRENT_THREE_SHUNT_AB_C:

175 HAL_setADCIdxChannel(FOC_CURR_ADC@_INST, ADC8_IDX_@, ADC@_CURRENT_U_CH);
176 HAL_setADCIdxChannel(FOC_CURR_ADC@®_INST, ADC@_IDX_1, ADC@_CURRENT_V_CH);
177 HAL_setADCIdxChannel(FOC_CURR_ADC1_INST, ADC1_IDX_©, ADC1_CURRENT_W_CH);
178 break;

179 case CURRENT_THREE_SHUNT_A_BC:

180 HAL_setADCIdxChannel(FOC_CURR_ADC®_INST, ADC®_IDX_8, ADCO_CURRENT_U_CH);
181 HAL_setADCIdxChannel(FOC_CURR_ADC1_INST, ADC1_IDX_@, ADC1_CURRENT_V_CH);
182 HAL_setADCIdxChannel(FOC_CURR_ADC1_INST, ADC1_IDX_1, ADC1_CURRENT_W_CH);
183 break;

184

185 case CURRENT_TWO_SHUNT_A_B:

186 HAL_setADCIdxChannel(FOC_CURR_ADC®_INST, ADC@_IDX_8, ADCO_CURRENT_U_CH);
187 HAL_setADCIdxChannel(FOC_CURR_ADC1_INST, ADC1_IDX_@, ADCL_CURRENT_V_CH);
188 break;

189

198 case CURRENT_TWO_SHUNT_A_C:

191 HAL_setADCIdxChannel(FOC_CURR_ADC@_INST, ADCe_IDX_e, ADCe@_CURRENT_U_CH);
192 HAL_setADCIdxChannel(FOC_CURR_ADC1_INST, ADC1_IDX_@, ADCL_CURRENT_W_CH);
193 break;

194

195 case CURRENT_TWO_SHUNT_B_C:

196 HAL_setADCIdxChannel(FOC_CURR_ADC@_INST, ADC8_IDX_@, ADC@_CURRENT_V_CH);
197 HAL_setADCIdxChannel(FOC_CURR_ADC1_INST, ADC1_IDX_@, ADC1_CURRENT_W_CH);
198 break;

199

200 case CURRENT_SINGLE_SHUNT:

201 break;

202 default:

203 break;

204

205}

Figure 7-17 Source Code for HAL_GD_ConfigureCurrentChannels
Figure 7-18 shows the ADC channel macros of phase currents.

680 /*! @brief Instance for ADC Interrupt *

681 #idefine |[FOC_ADC_ISR_INST (ADC@_INST)

682/*! @brjef Memory Load Register for ADC Interrupt */

633 #idefine |[FOC_ADC_MEM_RES_LOAD DL_ADC12_IIDX_MEM1_RESULT_LOADED \

684

685/*! @brief ADC instance for DC bus voltage */ Define the ADC interrupt trigger

686 #idefine FOC_ADC_VOLT_DC_INST (ADC@_INST) he ;

687 /*! @brief IDX for the DC bus voltage */ source. Use the last ADC MEM for

638 #idefine ADC_VOLT_DC_IDX (ADCB_ADCMEM_3) phase current as the trigger source

689

6908 /*! @brief Channel for Phase U current *

691 #define [ADCO_CURRENT_U_CH (DL_ADC12_INPUT_CHAN_3)

692 /*! @brief Channel for Phase V current */ )

693 #define |[ADCO_CURRENT_V_CH (DL_ADC12_INPUT_CHAN_1) Define the ADC channel used by
694 /*! @brief Channel for Phase V current */ P users’ hardware circuit. Modify the
695 #define |ADC1_CURRENT_V_CH (DL_ADC12_INPUT_CHAN_2) H .

696 /*! @brief Channel for Phase W current */ CHAN accordingly.

697 #define [ADC1_CURRENT_W_CH (DL_ADC12_INPUT_CHAN_1)

Figure 7-18 Phase Current ADC Channel Macros

Depending on the current sensing method of the hardware design, users should overwrite source code of the
HAL_GD_ConfigureCurrentChannels() APl and ADC channel macros for phase currents in gateDriver.h file to
sample phase current correctly.

7.2.3.4.1.1 Three Shunt Configuration
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Figure 7-19 shows the three or dual shunt configuration signal chain. Recommend using two ADC instances to
sample and convert three phase currents for MSPMOG series.

s N Auto trigger Mode
Phase current

Eventl
PWM — ADCO Followed with other
ADC channels
)Valid trigger Mode

e N Auto trigger Mode
Phase current

L ADC1

Followed with other
ADC channels

Valid trigger Mode
J

Trigger ADC interrupt when the last

phase current sensing channel is done
[ ADC Interrupt ]4

Figure 7-19. Three or Dual Shunt Configuration Signal Chain
Follow the steps below to modify phase current channels according to the hardware circuit.

1. Add the corresponding macro definition (Section 7.2.3.2) into main.h file

2. Modify the ADC channels in gateDriver.h file according to your hardware design

3. If Simultaneously Sampling is not enabled, users can set the ADCO_CURRENT_V_CH and
ADC1_CURRENT_V_CH as the same

4. Select the last ADC MEM Index for phase current sampling as the interrupt trigger source. For example, if
users set all three phase currents to the ADCO, then FOC application uses three ADC MEM Index (MEMO,
MEM1, MEM2), so that the FOC_ADC_MEM_RES_LOAD should be set as ADC MEM2

5. Add macro FOC_ISR_ADCH1 in gateDriver.h file if the Interrupt is used with ADC1 Instance

6. Initialize ADC Memory accordingly and set the ADC interrupt source in SysConfig. The ADC channel setting
is optional as FOC application calls HAL_GD_ ConfigureCurrentChannels() to re-configure it

7. Overwrite the source code in HAL_GD_ConfigureCurrentChannels() AP| to meet the ADC instance and
ADC Memory Index configuration implemented in step 2 ~ 6, as the ADC instance setting and memory read
selection is hardcoded

8. Overwrite the source code in HAL_GD_HAL_GD_ReadCurrents() API to meet the ADC instance and ADC
Memory Index configuration implemented in step 7

Figure 7-20 shows example of modifying all phase current channels mapping to ADC1. Example ADC channels
setting refers to below:

Phase U current channel: ADC1.1 -> ADC MEMO
Phase V current channel: ADC1.2 -> ADC MEM1
Phase U current channel: ADC1.3 -> ADC MEM2 -> Trigger ADC1 Interrupt
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Step 1: Add the current shunt configuration Step 7: HAL_GD_ConfigureCurrentChannels()

sSvoid HAL_GD_ConfigureCurrentChannels(CURRENT_SHUNT_TYPES currentShunt)

{

218#elif defined CUSTOM

219 /* Configure the ADC channels based on the ADC pin configurations *
220/*! @brief TIDA@1@25@ has inverting isense */ ;W"‘E"‘CU"""“"U"':)
221 #define _INVERT_ISEN
= = . case CURRENT_THREE_SHUNT_DYNAMIC:

222 /*! @brlef IPD feature is enabled */ case CURRENT  THREE SHUNT A8
223 #define __IPD_ENABLE 175 HAL_setADCIdxChannel{FOC_CURR_ADC1_INST,|ADCE_IDX_8, |ADCE_CURRENT_U_CH),
224 /*! @brief TIDA@1@250 propagation delay */ HAL_setADCIdxChannel {FOC_CURR_ADC1_INST, |ADCE_IDX_1, |ADCE_CURRENT_V_CH);
225 #define DRIVER_PROPAGATION_DELAY_nS 580 :J\L_:Qtl\ﬂ(”ﬂchanntl FOC_CURR_ADC1_INST,|ADC1_IDX_2, |ADCI_CURRENT_W_CH);
226/*! @brief TIDA@1@250 minimum on time (rise time + settling time) */ reaki _

- case CURRENT_THREE_SHUNT A BC:
227 #define DRIVER_MIN_ON_TIME_nS 8seee HAL_setADCIdxthannel {FOC_CURR_ADCL_INST,] ADCE_IDX_8, | ADCE_CURRENT U_CH);
228/*! @brief DC voltage base value */ HAL_setADCIdxChannal{FOC_CURR_ADC1_INST, [ADC1_IDX_1, [ADC1_CURRENT_V_cH};
229 #define DC_VOLTAGE_BASE 448.0 HAL_setADCIdxChannel{FOC_CURR_ADCI_TNST, |ADC1_TDX_2, [ADC1_CURRENT W_cH);

230/*! @brief Full scale readable current used as current base value, break;
231calculated using (FULL Scale Voltage(3.3)/2* CSA Gain) */
232#define FULL_SCALE CURRENT BASE 8.25

233/*! @brief Current shunt configuration */

case CURRENT_THWO_SHUNT_A_B:
HAL_setADEIdxChannel({ FOC_CURR_ADCE_INST, ADCE_IDX_8, ADCE_CURRENT_U_CH);
HAL_setADCTdxChanna1(FOC_CURR_ADCI_INST, ADC1_IDX_8, ADC1_CURRENT V_CH):

234#define __CURRENT_THREE_SHUNT_DYNAMIC break;
239/*! @brief Enable dynamic current shunt changing */ CURRENT Tho SHUNT A €
: case CURRENT_THO SHUNT_A_C:
23q#define DYNAMIC_CURRENT_SHUNT_CONFIG_EN FALSE//TRUE HAL_satADCTdxChannal{FOC_CURR_ADCS_TNST, ADCB_IDX_@, ADCS_CURREMT_U_CH):
ii;# it HAL_setADCIdxChannel(FOC_CURR_ADC1_INST, ADC1_IDX_@, ADC1_CURRENT_K_CH);
endi

break;

case CURRENT_TWO_SHUNT_B_C
HAL_setADCIdxChannel {FOC_CURR_ADC@_INST, ADCB_IDX_8, ADCB_CURREMT_V_CH);
HAL_setADCIdxChannel{FOC_CURR_ADC1_INST, ADC1_IDX_@, ADC1_CURREWT_W_CH);

Step 2 & 3: Set ADC Current Channel

break;
690 /*! @brief Channel for Phase U current */ e ; ;
591 #define ADC@_CURRENT_U_CH (DL_ADC12_INPUT_CHAN_1) S s IS TNGLE_SHUNT:
692 /*! @brief Channel for Phase V current */ default:
693 #idefine ADCO_CURRENT_V_CH (DL_ADC12_INPUT_CHAN_2) N bresk;
:g;’ ;;“f@b”:;éhza;:érgc’; z:ase v ‘u;EE”KDziZ INPUT_CHAN_2) ' This example uses all ADC1 channels, so the ADC MEM is

erine ! _V_! i . _ _ .

696 /%! @brief Channel for Phase W current */ increased to 2(9,1,2). The ADCX_INST and ADC_IADXs.houId
697 #define ADC1_CURRENT_W_CH (DL_ADC12_INPUT_CHAN_3) be both overwritten according to the hardware circuit.
This example uses all ADC1 channels. As using three shunt method, here only requires to modify

And simultaneously sampling is not enabled. the THREE_SHUNT related branch.

Step 8: HAL_GD_ReadCurrents()

Step 4 & 5: Set ADC Interru pt Source 117void HAL_GD_ReadCurrents{HAL_MEASURE_CURRENT_T *pCurrent)
118
680 /™! [@briet lnstance for AUC LNTECLUPT © 1 { int32_t adcdldxd,adc@ldxl,adc1ldxd,adclldxl;
581 #define FOC_ADC_ISR_INST (ADCL_INST)
682 /*! @brief Memory Load Register|for ADC Interrupt */ MC_ABC_T* iabcRaw = &pCurrent->iabcRaw;
583 #define FOC_ADC_MEM_RES_LOAD DL_ADC12_IIDX_MEM2_RESULT_LOADED N ;
684 - - - - = = o = o CURRENT_SHUNT_TYPES currentShunt = pCurrent-:currentShunt;

684 #define FOC_ISR_ADC1

This example uses all ADC1 channels, so the ADC
MEM is increased to 2 (0,1,2)

Due to ADC1 is used with larger Memory Index for
phase current smapling, there add FOC_ISR_ADC1
macro for FOC application

L_ADC12_getMemResult {FOC_CURR_ADCI_INST| |FOC_CURR_ADCA_IDX_8);

L_ADC12_getMemResult(FOC_CURR_ADC1_INST| |FOC_CURR_ADCE_IDX_1
adelldwd = DL_ADC12_getMemResult{FOC_CURR_ADCL_INST| |FOC_CURR_ADC1_IDX_1);

L_ADC12_getMemResult(FOC_CURR_ADCL_INST| |FOC_CURR_ADCL_IDX_2);

switch(pCurrent->currentShunt)

case CURRENT_THREE SHUNT_OYNAMIC:
Case CURREWT_TRREE_SAUNT_AB_C:

iabcRaw-:a = adcBIdu@;
JiabtRaw-)h = adc@Idxl;
Step 6: Configure SysConfig g cRauTE = adelida;

Sampling Mode Configuration

case CURRENT_THREE_SHUNT_A_BC:

Sequence iabcRaw-:a = adcBIdue;
iabcRaw-*b = adclldx@;
iabcRaw-:c = adelIdxl; [ /ADC1

braak;

case CURRENT_ TWO_SHUNT_4_B:

] Add ADC Memory Index |

iabcRaw-»a = adceldxe;
iabcRaw-»b = adclldxe;
ADC Conversion Memory Configurations - break:

ADC Conversion Memary 0, ADC Conversian Memary 1 +

Active Memory Control Blocks

This example uses all ADC1 channels, so ADC MEM read
back code should be modified according to Step 7.

The Phase U is read from ADC1— MEMO (iabcRaw->a)
The Phase V is read from ADC1— MEM1 (iabcRaw->b)
The Phase W is read from ADC1— MEMO (iabcRaw->c)

ADC Comversion Memery 0 Configuration ~

ADC Comversion Memary 1 Configuration v

ABC Comversion Memory 2 Configusation

[P Set Interrupt Source .

Intarmupt Configuration

case CURRENT_SINGLE_SHUNT:

Enable Imrmupts

| Interrugt Priority

3 break;
166 default:

Figure 7-20 Modify ADC Current Channel in Three Shunt Configuration

7.2.3.4.1.2 Dual Shunt Configuration

Refer to the flow for Three Shunt Configuration (Section 7.2.3.4.1.1) for dual shunt also. For Step 1, users should
select dual shunt configuration macro from the available CURRENT_TWO_SHUNT_X_Y (X, Y = A, B, C). For
Step 7 and Step 8, only the used CURRENT_TWO_SHUNT_X Y (Section 7.2.3.2.3) branch requires to be
overwritten, others can remain unchanged.
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7.2.3.4.1.3 Single Shunt Configuration
Figure 7-21 shows the single shunt configuration flow.

r 1\ Eventl [ ADCA1 h
. J

Timer ~ Auto trigger Mode
Bus current |[—— — —

Valid trigger Mode

é

Event2

. J

ADC1 .
Cross trigger ¢ first channel Followed with other
P S ADC channels
PWM ADC channels Valid trigger Mode
. J

ADCO first channel
(SDK Default)

Or Use ADC1 second channel

ADC Interrupt

Figure 7-21. Single Shunt Configuration Signal Chain
Follow the steps below to modify phase current channels according to the hardware circuit.

1. Add the corresponding macro definition _ CURRENT_SINGLE_SHUNT into main.h file
2. Modify the ADC channels in gateDriver.h file according to your hardware design. Single shunt requires one
ADC channel and two ADC MEM Index as it samples twice in one PWM period
3. Select ADC MEMO Index of the other ADC instance as the interrupt trigger source. For example, if users use
ADC1 for bus current sampling, then use ADCO instance for interrupt trigger
a. If ADC1 interrupt is used, add macro FOC_ISR_ADC1 into gateDriver.h file
4. Initialize ADC Memory accordingly and set the ADC interrupt source in SysConfig. The ADC channel setting
is optional as FOC application calls HAL_GD_ ConfigureCurrentChannels() to re-configure it
a. If ADC1 interrupt is used, switch Event Trigger for ADCO and ADC1 in TIMA1

Figure 7-22 shows an example of modifying ADC current channel mapping in Single Shunt Configuration.
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Step 1: Add the current shunt configuration Step 4: Configure SysConfig

132 /%! @brief Current shunt configuration */

13J#define _ CURRENT_SINGLE_SHUNT |

134 /*T @brief Enable dynamic current shunt changing */
1354#define DYNAMIC_CURRENT_SHUNT_CONFIG_EN FALSE

Step 2: Set ADC Current Channel

Sample First Index *
ST_IDX (DL_ADC12_MEM_IDX_8)
' g mple Second Index *
efine ADC_SECOND_IDX (DL_ADC12_MEM_IDX_1)

gbrief FOC current ADC instapce =
2#define FOC_CURR_ADC_TNSTANCE (ADC1_INST)

| @gerief Channel for ADC @ DC
155 fdefine ADE_DC_CURRENT_CH

(DL_ADE12_INPUT_CHAN_2)

The ADC_FIRST_IDX and ADC_SECOND_IDX
keep unchanged. ADC1 Memory 0 and Memory 1 is used to

sample bus current twice, and use the same ADC
Step 3: Set Interrupt channel
181 /* @brief Instance for ADC Interr upt */
182 #define FOC_ADC_ISR_INST (ADC@_INST)
183 /*! @brief Memory Load Register| for ADC Interrupt *

184 #define FOC_ADC_MEM_RES_LOAD | DL_ADC12_TIDX_MEM@_RESULT_LOADED Step 4-a: Switch PWM Event if use ADC1 Interrupt

Interrupt Configuration / -

0 result loaded interrupt -

Set the other ADC instance than current sampling
instance for interrupt operation, add
FOC_ISR_ADC1 if use ADC1

Always use MEMO as the interrupt resource

Event 1 is used to trigger interrupt and process
FOC algorithm
Event 2 is used to trigger bus current sampling

Figure 7-22 Modify ADC Current Channel in Single Shunt Configuration

Note
Migration is not restricted to one certain pattern. Users should take care of the interrupt setting in single shunt
configuration, including setting proper event trigger in Timer, and setting proper trigger mode and interrupt trigger
in ADC to meet the requirements defined in Figure 7-20.

7.2.3.4.2 Bus Voltage Channel
Follow the steps below to modify bus voltage channel according to the hardware circuit.

1. Assign the bus voltage channel to the desired ADC Instance and ADC Memory in SysConfig
2. Overwrite the HAL Layer Macro in gateDriver.h file accordingly

Figure 7-23 shows an example to modify voltage channel mapping: assign bus voltage channel (ADCO_4 defined
in new hardware circuit) to ADCO Memory 3.
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Sampiing Mode Conf

1. Add ADC Memory

=1 2. Select ADC Channel

SysConfig Setting

685/*! @brief ADC instance for DC bus voltage */
686 #define FOC_ADC_VOLT_DC_INST
687 /*! @brief IDX for the DC bus voltage */

688 #define ADC_VOLT_DC_IDX (ADC1_ADCMEM_2)

685 /*! @brief ADC instance for DC bus voltage */
(ADCL_INST) __y, 686#define FOC_ADC_VOLT_DC_INST
687 /*! @brief IDX for the DC bus voltage */
688 #define ADC_VOLT_DC_IDX

gateDriver.h file

(ADC@_INST)

(ADC@_ADCMEM_3)

Figure 7-23 Modify Bus Voltage Channel
Recommend using ADCO or ADC1 MEM2 for bus voltage sampling and keeping other ADC channel followed by

bus voltage channel.

7.2.3.4.3 Phase Voltage Channels

Follow the steps below to modify phase voltage channels according to the hardware circuit.

1. Make sure the SysConfig has initialized the ADC Memory index. No need to be set with corresponding
voltage channel, as FOC application calls HAL_GD_ConfigureVoltageChannels() to re-configure it
2. Overwrite the HAL Layer Macro in gateDriver.h file according to hardware circuit

Figure 7-24 shows an example of modifying phase voltage channel mapping.

699 /*! @brief ADC instance for Phase U voltage */
700 #define ADC_VOLTAGE_U_INST (ADC1_INST)
701 /%! @brief ADC instance for Phase V voltage */
702 #define ADC_VOLTAGE_V_INST (ADCO_INST)
703 /*! @brief ADC instance for Phase W voltage */
704 #idefine ADC_VOLTAGE_W_INST (ADC1_INST)
705

706 /*! @brief ADC index for Phase U voltage */

699 /*! @brief ADC instance for Phase U voltage */
700 #define ADC_VOLTAGE_U_INST (ADC@_INST)
701/*! @brief ADC instance for Phase V voltage */
702 #define ADC_VOLTAGE_V_INST (ADC1_INST)
703 /*! @brief ADC instance for Phase W voltage */
704 #define ADC_VOLTAGE_W_INST (ADC@_INST)
785

786 /*! @brief ADC index for Phase U voltage */

707 #idefine ADC_VOLTAGE_U_IDX (ADC1_ADCMEM_@)
708 /%! @brief ADC index for Phase V voltage */
709 #define ADC_VOLTAGE_V_IDX (ADC@_ADCMEM_@)
710 /%! @brief ADC index for Phase W voltage */
711#define ADC_VOLTAGE_W_IDX (ADC1_ADCMEM_1)

767 #define ADC_VOLTAGE_U_IDX
769 #idefine ADC_VOLTAGE_V_IDX

711#define ADC_VOLTAGE_W_IDX

(ADC1_ADCMEM_@)

_>798/*1 @brief ADC index for Phase V voltage */

(ADCO®_ADCMEM_@)

718 /*! @brief ADC index for Phase W voltage */

(ADC1_ADCMEM_1)

712

713 /%! @brief Channel for Phase U voltage */

714 #define ADC_VOLTAGE_U_CH (DL_ADC12_INPUT_CHAN_6)
715/*! @brief Channel for Phase V voltage */

716 #define ADC_VOLTAGE_V_CH (DL_ADC12_INPUT_CHAN_7)
717 /*! @brief Channel for Phase W voltage */

718#define ADC_VOLTAGE_W_CH (DL_ADC12_INPUT_CHAN_5)
719 #endif

712

713 /*! @brief Channel for Phase U voltage */

714 #define ADC_VOLTAGE_U_CH (DL_ADC12_INPUT_CHAN_4)
715 /*! @brief Channel for Phase V voltage */

716 #define ADC_VOLTAGE_V_CH (DL_ADC12_INPUT_CHAN_6)
717 /*! @brief Channel for Phase W voltage */

718 #define ADC_VOLTAGE_W_CH (DL_ADC12_INPUT_CHAN_7)
719 #endif

Original Phase Voltage Channel Setting
Phase U: ADC1_6
PhaseV: ADCO0_7
Phase W: ADC1_5

Updated Phase Voltage Channel Setting
Phase U: ADCO_4
PhaseV: ADC1_6
Phase W: ADCO_7

Figure 7-24 Modify Phase Voltage Channel

The ADC Memory Index can be left unchanged unless all Index is loaded to the same ADC Instance. If no voltage
channel is used, users can set the same channel configuration as phase current to avoid compiler error.

7.2.3.5 Trigger Mode

FOC application start the ADC conversion by a hardware event generated by PWM module to avoid software
delay. The ADC repeat mode is used with valid trigger mode to implement periodically conversion in every PWM
cycle. Table 7-12 introduces the difference between auto step and valid trigger mode.
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Table 7-12 ADC Trigger Mode Behavior
ADC Trigger Mode Description

When ADC finishes current memory conversion, it automatically steps

Auto step to next conversion ;
to next memory and starts conversion.

When ADC finishes current memory conversion, it waits for another
Valid trigger to next conversion trigger signal to start conversion at next memory. If no trigger signal
occurs, ADC stays at current ADC memory and with no operation.

Follow the steps below to set proper trigger mode of the ADC channels for FOC application.

7.2.3.5.1 Three or Dual Shunt Configuration

For three or dual shunt configurations, FOC application converts phase currents one time in one PWM period.
The ADC instance used for phase current sampling must set and only set the last ADC memory Index with Valid
Trigger mode. So that in every PWM period cycle, PWM module generates an event to ADC module when low
side MOSFET all ON, and this event triggers ADC to sample and convert phase currents. Figure 7-25 shows the
SysConfig setting of sensorless-foc_DRV8316 project.

ADCO Configuration ADC1 Configuration
ADC Conversion Memory 0 Configuration ~ ADC Conversi ion Memory O Configuration
Nan [
u] o
] [u]
[ gper it avtomaticaty step ta rert memory comvr._= Trigger Mode [ risger it awomatizaty step 0 e memory conver.. - |
| First two ADC memory select L
. . next mem
First ADC memory select auto step to next memory conversion auto ste.p to next memory | Trigger will automatically stey 1 |
conversion
ADC Conversion Memory 1 Configuration -~ ADC Conversion Memory 2 Configuration
Char
VDo
Sample Pericd Source Sampling Timer 0
Optional Configuration
=
Trigger Mode | \alid trigger will step 10 next memory conversion regi. = Trigger Mode | .:\dl'gg%r will 5t2p 1o next memory conversion regi..
Last ADC memory select valid trigger to next memory conversion Last ADC memory select valid trigger to next memory conversion

Figure 7-25 ADC Trigger Mode Setting in Three or Dual Shunt Configuration

7.2.3.5.2 Single Shunt Configuration

For single shunt configuration, FOC application converts phase currents two times in one PWM period and
triggers the interrupt at the second time. The ADC instance used for phase current sampling must set and only set
the first and last ADC memory Index with Valid Trigger mode. So that in every PWM period cycle, PWM module
generates two events to ADC module according to space vector state, and events trigger ADC to sample and
convert bus current in sequence. Figure 7-26 shows the SysConfig setting of sensorless-foc_DRV8329 project.
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ADCO Configuration
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o
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Sample Period Source Sampling Timer 0
Optional Configuration

Averaging Mode

Trigger Mode Vald trigger will step to next memory con

~ Burm Cut Current Source [m]

Window Comparator Mode [m]

Trigger Mode Valid trigger will step 1o next memery con - |
- | ADC1 is set as bus current conversion, so the first

valid trigger mode. Here only uses memory 0 for phase
voltage sampling (ISD mode), users can add additional
channels per their application requirements.

ADCO is set as interrupt source, only the last memory select

ADCmemory should select valid trigger mode

ADE Conversion Memary 2 Gonfiguration

ADG Gorversion Memery 1 Configuration
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Ingt Charnel
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nce Voltage

VDDA
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sample Period Source sampling Timer 0
Optional Configuration
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ADC1 is set as bus current conversion, the last ADC

memory should also select valid trigger mode, here is

memory 2

Trigger Mode

auto step to next memory conversion

| Bt ooty e '\’ Except the first and last ADC memory, select the

Figure 7-26 ADC Trigger Mode Setting in Single Shunt Configuration

If using the ISD function in single shunt mode, the two phase voltage channels should be configured to the same

Note

ADC instance that does not sample the bus current; otherwise, it will not be possible to sample all three phase

voltages simultaneously.

7.2.4 GPIO Pin

The GPIO used in FOC project mainly includes below parts:
1. HALL_GPIO_IN: Hall input signal, detailed in Section 7.2.5
2. FOC_GPIO_IN: to obtain direction and braking command input

3. FOC_GPIO_OUT: to control the gate driver power or indicate FOC fault
4. TST: test pins, not applied for FOC algorithm

Refers to Section 7.2.5 if users want to reserve the GPIO function and assign new PINMUX. If users want to

remove the GPIO pins, follow the steps below:
1. Delete the GPIO function in SysConfig

2. Remove the related API functions which use the related GPIO macros in focHALInterface.c file, shown in

Figure 7-27.

PAGE 70




I3 TEXAS

INSTRUMENTS TI Information — Selective Disclosure
927void HAL_ClearNFault()
9281
929//  DL_GPIO_clearPins(FOC_GPIO_NFAULT_PORT, FOC_GPIO_NFAULT_PIN);
930}
931
932void HAL_SetNFault()
933 ¢
934//  DL_GPIO_setPins(FOC_GPIO_NFAULT_PORT, FOC_GPIO_NFAULT_PIN):
935}
1003 _Bool HAL_getDirPinStatus(void)
1004 {
1005 return @; //DL_GPIO_readPins(FOC_GPIO_DIR_PORT, FOC_GPIO_DIR_PIN)?
1006 1/ HAL_GPIO HIGH : HAL_GPIO_LOW;
1007 }
1lee8
16089 _Bool HAL_getBrakePinStatus(void)
1010 {
1011 return @; //DL_GPIO_readPins(FOC_GPIO_BRAKE_PORT, FOC_GPIO_BRAKE_PIN)?
1012 // HAL_GPIO_HIGH : HAL_GPIO_LOW;
1013}

Figure 7-27 Remove Preset GPIO Function

7.2.5 HALL Pin

The three Hall Sensor input signals are to be fed through general-purpose input/output (GPIO) inputs and Events
are generated based on the changes in GPIO levels to a specific timer. Using SysConfig to overwrite the HALL
pins according to your hardware design.

I @HALLGPIOIN [ulis}

Name HALL_GPIO_IN

o oy -

Port Segment any

Group Pins Required to be same Port and Segment

edded for three Hall pins

I @HALLPIN.O o
GHaLLPnz 5}

Hame HALL_PIN_O
Direction Input

10 Structure

Digital 1OMUX Features N

Assigned Port Segment

Configure trigger on Both Edge and . N
trigger HALL Timer Capture & o

Trigger Pelarity | Trigger on Both Edges

Event Publishing Channef 11- HALL PIN_0 HALL PIN_T HALL PIN_2 => HALL SPEED_CAPTURE

LaunchPad-Specific Pin

Configure PINMUX | tostersties

PinMux  Peripheral and Pin Canfiguration x ~

| Haepri | . ) |

Figure 7-28 Modify HALL Pin

7.2.6 UART Module

The FOC project uses UART to communicate with GUI to support motor tuning without CCS IDE. The DMA is
used to improve UART transmission efficiency and not impacted by FOC ISR.
Following the steps below to remove the UART module:

1. Delete the UART module and CRC module in SysConfig
2. Exclude the uart_comm.c file from build
3. Remove the related API functions which use the related UART or DMA macros in main.c and ISR.c files

Figure 7-29 shows example of removing UART module. Then users can then add UART module back and apply
their own communication protocol.
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131 while (1)
. . } 132
Comment out UART APl in main.h file 133 g 1f(gdReadTestEn)
134
135 regData = gateDriverRegRead(regAddr);
136 }
137 // UART_checkForCommand (pUART) ; |
v 138
& mOdL”es 139 updateConfigs();
> = applib e}
~ (= hal 159/ DMA ISR, used fol Comment out DMA Interrupt in ISR.c file
160 //void DMA_IRQHandlq
~ = comminterface 61 //1
62 // switch (DL_DMA_getPendingInterrupt(DMA))
~ (= uart comm ie3// |
- 164/ / case DL_DMA_FULL_CH_EVENT_IIDX_EARLY_IRQ_DMACH®:
» = include 165 // UART_getFramelength(pUART);
166 // PUART->status = UART_STATUS_RX_BUFFERING;
~ = source 67 // break;
168 //
B uart comm.c 169 // case DL_DMA_EVENT_IIDX_DMACH1:
= 170 // DMA_RX_init(pUART);
> = controllerinterface 171/ / break;
. 172 // default:
» = gateDrivefInterface i;zx . break;
> = 1Qmath h75//}
. : 253void appConfig(void) . .
» & motorConftrollib 2541 Comment out UART APl in ISR.c file
255 gateDriverInit();

256 gateDriverConfig();

Exclude uart_comm.c from build 257 updateConfigsInit();

258 applicationConfig(g_pMC_AppY:
5977 UART_init(pUART);

260}

Figure 7-29 Remove UART Module

7.2.7 DAC12 Module
FOC application enables DAC12 module to track the variable in real-time running at MCU pin by default.
Following the steps below to remove the DAC12 module:

1. Delete the DAC12 module in SysConfig
2. Comment out the code of DAC output generation in FOC_ADC_ISR() API (located in ISR.c file)

191// if(pUserCtrlRegs->dacCtrl.dacEn != @)

192//

193// if(pUserctrlRegs->dacCtrl.dacScalingFactor != @)

194 // {

195// dacliriteData = _IQmpy_mathacl(

196 // *((uint32_t *)pUserCtrlRegs->dacCtrl.dacOutAddr),
197// pUserCtrlRegs->dacCtrl.dacScalingFactor);
198// /* Adding offset value to half of reference voltage */
199// dacWriteData = _IQtoIQl2((dacWriteData >> 1) + _IQ(®.5));
2008 // }

20e1// else

202// {

203// dacWriteData = *((uint32_t *)pUserCtrlRegs->dacCtrl.dacOutAddr);
204// if((pUserCtrlRegs->dacCtrl.dacShift)>=0)

285//

206 // dacWriteData <<= pUserCtrlRegs->dacCtrl.dacShift;

207 // }

208// else

209//

21e// dacWriteData >>= (-1*pUserCtrlRegs->dacCtrl.dacShift);
211// }

212//

213// DL_DAC12_outputl2(DAC@, dacWriteData);

214//

215}

Figure 7-30 Remove DAC12 Module

7.2.8 CAPTURE Module

A timer is enabled in capture mode for IPD pulse time counting. If the IPD function is not used, follow the steps
below to delete the CAPTURE module.

1. Delete the CAPTURE module in SysConfig
2. Comment out the macro __IPD_ENABLE in main.h file
3. Comment out the IPD_ADC_init() API (located in focHALInterface.c file)
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main.h

159 /*! @brief DRV8316 has inverting isense */
160 #define _INVERT_ISEN

161 /*1 i ls enabled */
162|//#define _ IPD_ENABLE
163 71 Fie propagation delay */

164 #define DRIVER_PROPAGATION_DELAY_nS lee

165 /*! @brief DRV8316 minimum on time (rise time + settling time) */
focHALInterface.c

621 static void IPD_ADC_init(ADC12_Regs *adcl2Inst, uint32_t chansel)

he22{

he23// DL_ADC12_setClockConfig(adcl2Inst, (DL_ADC12_ClockConfig *) &gADC_IPDClockConfig);
nez4// DL_ADC12_initSingleSample(adcl2Inst,

Lezs// DL_ADC12_REPEAT_MODE_ENABLED, DL_ADC12_SAMPLING_SOURCE_AUTO, DL_ADC12_TRIG_SRC_SOFTWARE,
he2d// DL_ADC12_SAMP_CONV_RES_12_BIT, DL_ADC12_SAMP_CONV_DATA_FORMAT UNSIGNED);

nez7// DL_ADC12_configConversionMem(adcl2Inst, DL_ADC12_MEM_IDX_®,

hezg// chansel, DL_ADC12_REFERENCE_VOLTAGE_VDDA, DL_ADC12_SAMPLE_TIMER_SOURCE_SCOMP®, DL_ADC12_AVE
o2 // DL_ADC12_BURN_OUT_SOURCE_DISABLED, DL_ADC12_TRIGGER MODE_AUTO_NEXT, DL_ADC12_WINDOWS_COMP|M

hesel//  DL_ADC12_setPowerDownMode(adc12Inst,DL_ADC12_POWER_DOWN_MODE_MANUAL )
hesy// DL_ADC12_setSampleTime®(adc12Inst,2);

ez2l//  DL_ADC12_setPublisherChanID(adc12Inst,FOC_IPD_EVENT_CH);
hes3l//#ifdef _NONINVERT_ISEN

hesd// DL_ADC12_enableEvent(adc12Inst,DL_ADC12_EVENT_WINDOW_COMP_HIGH)
[Le35|//#else

hesg//  DL_ADC12_enableEvent(adcl2Inst,DL_ADC12_EVENT_WINDOW_COMP_LOW);

Le37//#endif
hesg// DL_ADC12_enableConversions(adcl2Inst);
CEERS

Figure 7-31 Remove CAPTURE Module

8 Frequently Asked Questions (FAQs)

8.1 Set Higher Deadband Time

Currently there is provision to set the deadband time as a 6-bit configurable value in
pUserlnputRegs->periphCfg1 register. So, the register provides a Max of 3.2uS. In cases where the higher
deadband time is needed, users can update this register to increase the size of MCU_DEAD_TIME to higher
number of bits in applnputCtrlinterface.h file to enable larger deadband time.

Figure 8-1 shows an example to configure deadband time to 8-bit.

458 /*! @brief userInputPeriCfgl structure */

459 typedef struct

460 {

461 uint32_t

462 /*! Response to change of DIR pin status */

463 dirChangeMode: 1,
464 /*! DIR pin override */

465 dirInput: 2,
466 /*! Bus current limit enable */
467 busCurrLimitEnable: 1,
468 /*! Bus current limit */

469 busCurrLimit: 5,
470 /*! deadtime for PWM outputs */
471 mcuDeadTime: 8,
472 /*! Reserved */

473 reserved: 15;
474 yuserInputPeriCtgl;

Figure 8-1 Set the Deadband Time Register to 8-bit

8.2 Reduce 1x ADC Pin for Simultaneously Sampling in Three Shunt Config

In FOC applications, the simultaneous sampling feature in three shunt current sensing method is enabled with
four ADC channels.

For MSPMOGX50X series, there are two unique ADC channels that are mapped to ADCO and ADC1 instance
both as shown below. Select one of these channels for phase B current sampling.
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