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Advanced light control and diagnostics using
SPC56xBx/RPC56xBx and SPC56xCx microcontrollers

Introduction

The members of the SPC56xBx/RPC56xBx and SPC56xCx families are high performance
microcontrollers developed for car body application needs. These devices are especially
useful in automotive light management applications and offer features to assist the car body
system developer in writing optimized firmware with a very low CPU load.

This document offers an interesting example about the interconnection between the eMIOS,
CTU, and ADC modules of the SPC56EC74 (one member of the SPC56xB/RPC56xBx/Cx

family) in a lighting application, including the support of circuitry diagnostics, without placing
an additional load on the MCU’s CPU. This example is easily applied to each device of the
SPC56xB/RPC56xBx/Cx family.
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Lighting application design challenge

General light application aspects

In an automotive lighting application it is necessary to drive two types of lights:
1. Bulb lamp
2. LED

When controlling the lamp light bulb, two points must be addressed:
e Lamp power supply variations
e Lamp lifetime

Lamp power supply voltage may differ when compared to its nominal value. Figure 1
displays how lamp lifetime depends on power supply voltage. The impact of 5 %
overvoltage (630 mV at 12.6 V) on light bulb performance is significant, as indicated by the
vertical line in the figure. The light bulb luminous flux grows up to 120 % and the light bulb
lifetime is reduced to less than 60 %, when compared to nominal values. Therefore, the
lamp power supply voltage should be regulated to the nominal value to maintain lamp
lifetime. The most common control technique is the PWM, which can also be used for lamp
light beam intensity control.

Figure 1. Lamp light bulb characteristics
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A lamp’s lifetime is limited and it can be shortened if the lamp is connected in a faulty
environment. If the design includes lamp diagnostics and protection, the lamp’s nominal
lifetime can be preserved. Usually the load drivers report various diagnosis information and
the light application has to collect and check this information. These factors must taken into
account when designing a lighting module.
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1.2 Driver signals characteristics
The signals that drive the light loads must satisfy the following requirements:
e  Capability to drive up to 60 channels with PWM signals
o  Capability to drive different load types using PWM signals with different characteristics:
—  Bulblamp
PWM frequency: ~100 Hz
Duty cycle: 50 to 100 %
Duty cycle adjustment precision: usually 5 %
- LED
PWM frequency: 150 to 200 Hz
Duty cycle: 10 % to 100 % (as much as 2 % to 100 % for high efficiency LED)
Duty cycle adjustment precision: usually 1-2 %
The variation of the duty cycle is performed to maintain constant power on the lamps when
the battery voltage changes.
The duty cycle variation is based on the following expression:
Equation 1
2
T/ref If vbat >Vref
S=—""3
Vbat
where
V,ef is the nominal value of the battery voltage
Vpat is the actual battery voltage
If Vpat < Vief, the duty cycle is equal to 100 %, else the expression is applied. The adaptation
of the duty cycle is performed one time per period.
A typical battery voltage value for automotive applications is 13.2 V, so if, for example, the
application reads a V5 equal to 16 V, a duty cycle of 68 % applies.
When turning the lamp light bulb on, the bulb current applied to a cold filament can reach up
to 10 times the rated current. The total current of several lamps causes a significant power
supply voltage drop and an increase in the electromagnetic interference (or EMI) emissions.
Therefore, it is essential not to drive all lamps together and it is necessary to introduce a
delay between each pair of rising edges of the PWM signals (see Figure 3).
1.3 System proposal

3

In a typical system solution for a light application, the SPC56xB/SPC56xCx/RPC56xB
microcontroller family can manage several power drivers, depending on how the power is
managed and the number of channels to be driven.

Some devices are driven by an SPI link. Using this link, the application can configure the
signals, that are generated inside the driver device, to drive the loads.
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Other devices need an input signal (PWM signals) for each load to generate the output
signal to drive the loads.

It is possible to use both the microcontroller and the power devices for the solution shown in
Figure 2. This solution is configured with an STMicroelectronics power driver and the
SPC56EC74 microcontroller.

Figure 2. System solution for light application
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This system uses devices that are driven by PWM input signals and other devices that use
an SPI connection to configure the drivers.

Diagnosis check

Today’s requests for automotive systems are based not only upon technical features and
reliability, but also upon increasingly important safety concepts. To fulfill these requirements,
a system must provide and communicate feedback on its behavior to external devices. This,
in turn, makes it possible to detect faults and react to them in a specified time.

The power drivers used in light applications provide diagnostic signals that give information
about the status of loads driven. These signals must be read and interpreted to give
feedback to the application. It is important to understand if there are faults and to execute
protective action to obtain a safe and robust system.

Three different diagnosis types exist:

e Digital
e Analog
e  Serial

The diagnosis types are explained in the following sections.

3
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Digital diagnosis

To read the digital diagnosis it is necessary to read an I/O pin of the driver for each load
driven. To read this type of diagnosis the microcontroller has to read the digital pin in polling
mode or by connecting this signal to an external interrupt line.

Analog diagnosis

To read the analog diagnosis a current sense pin is available for each load driven. This pin
is used to read a proportional current (voltage using a resistor) that flows in the load.
Comparing this current with certain thresholds can determine if problems on the load exist.
To read the voltage of the current sense pin, an analog-to-digital conversion must be
performed.

The analog diagnosis has to be read in synchronous mode to the input (PWM) signal which
is available after a delay from the rising edge of the input signals. The analog-to-digital
conversion has to be triggered with a delay from the rising edge of the input signals to allow
the load current to stabilize.

Serial diagnosis

When the power devices provide serial diagnosis, they usually save the type of fault in
internal registers. The microcontroller, using the SPI link, then performs a query on the
specified register to examine the fault status.
The application can perform the following types of diagnosis inspection:
e During T_ON (time when the PWM input signal is switched on) of the input signal
—  Open-load
—  Overtemperature
— Undervoltage
—  Short-circuit to GND
—  Short-circuit to Vg
e During T_OFF (time when the PWM signal is switched off) of the input signal
—  Open-load
—  Short-circuit to Ve
The digital and serial diagnosis can usually be read asynchronously with respect to the

PWM input signals and the diagnosis action can be performed during a noncritical instant of
the system cycle. The CPU load used to collect this information is not an important aspect.

The analog diagnosis consists of checking the current that flows in the loads. The input
signal status must be known to collect diagnosis information in a specific instant of the
loads’ activity. The reading of the diagnosis and the input signal must be synchronized to
determine the status of the input signal.

The input signal is a PWM signal, making it necessary to select if the diagnosis is occurred
in the T_ON or T_OFF phase of the input signal. Furthermore, a delay exists between the
rising (falling) edge and the instant when the diagnosis read occurs because the current
sense signal is stabilized only after a transitory time (about 300 ps).
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Figure 3. Light management
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The SPC56xBx/RPC56xBx and SPC56xCx devices offer dedicated features to cover the
light application requirements with very low CPU load, especially when the analog diagnosis
has to be managed. Section 2: SPC56xBx/RPC56xBx features to cover lighting needs
describes the device features that are used to manage the analog diagnosis.

3
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2.1

3

SPC56xBx/RPC56xBx features to cover lighting
needs

The SPC56EC74 is a member of the SPC56xBx/RPC56xBx and SPC56xCx 32-bit
microcontroller unit family. It operates at speeds of up to 120 MHz and provides a variety of
peripherals (DSPI, IIC, ADC, CTU, eMIOS, FlexCAN, LINFlex) balanced with relatively large
Flash, RAM, and emulated EEPROM memory.

The following modules are essential parts of the lighting application suitable for lamp bulb as
well as for LED control:

e eMIOS (enhanced Modular I/0 Subsystem)—provides functionality to generate or
measure time events and then to generate PWM signals

e CTU (Cross Trigger Unit)—allows triggering analog-to-digital conversion synchronized
to a PWM signal

e ADC—allows converting analog signals synchronized to a PWM signal and allows
holding the converted value in different register for each ADC channel

The three module descriptions are covered in Section 2.1: eMIOS (enhanced Modular
Input/Output Subsystem) Section 2.2: CTU (Cross Triggering Unit) and Section 2.3: ADC
(Analog-to-Digital Converter). It is also recommended to read the SPC56xBx/RPC56xBx
and SPC56xCx device reference manual see Section Appendix A: Reference documents.

The eMIOS channels are connected to event configuration registers of the CTU, where it
links an eMIQOS trigger to a specified ADC channel conversion (see Figure 4). Inside each
event configuration, that is connected in a fixed way to an eMIOS channel, it is possible to
write an ADC channel that is triggered when an event from the eMIOS channel arrives.

Figure 4. eMIOS, ADC and CTU interconnection scheme
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eMIOS (enhanced Modular Input/Output Subsystem)

The SPC56EC74 includes two identical eMIOS modules that together provide up to 64
channels with input and output capability. Each eMIOS module provides 32 channels with
OPWMT mode, especially suited for the lighting application. In OPWMT mode, a channel is
in PWM mode, making it possible to configure a compare match, anywhere in the period, to
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trigger—using the CTU—an analog-to-digital conversion at a specified point of the period.
This is especially suited for lighting applications.

When configuring channels UCJ[0], UC[8], UC[16], UC[23], and UC[24] in modulus Counter
Mode (MC), the A1 register determines the counting period.

Figure 5. eMIOS-OPWMT mode
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When configuring a channel in OPWMT mode, the channel can be linked to:
e Internal counter (only for the channels that have this feature)

e  Counter bus A driven by UC[23]

e  Counter buses B, C, D, E driven by UC[0], UC[8], UC[16], UC[24]

In a channel configured in OPWMT mode, the A1 register value defines the PWM leading-
edge and the B1 register value defines the PWM trailing edge (duty cycle). The A2 register
is the sampling point for diagnostic purposes (the ADC channel trigger using the CTU), and
in B2, the buffered value of the trailing edge, which is, on A1 match, loaded into the B1
register (see the eMIOS chapter of the device reference manual see Section Appendix A:
Reference documents). When the B2 value equals the A1 value, the PWM duty cycle is

0 %. When a B2 value is higher than the channel period, the PWM duty cycle reaches

100 %. The PWM output signal polarity is dependent on the user’s choice.

When configuring channels UCJ[0], UC[8], UC[16], UC[23] and UCJ[24] in Modulus Counter
(MC) mode, the A1 register determines the counting period.

CTU (Cross Triggering Unit)

When the eMIOS OPWMT channel counter reaches the A2 value, the specific ADC channel
conversion is initiated by the CTU module. The ADC channel number is specified in the
CTU event configuration register by the user. When configuring the event configuration
register, be aware, that:

e The CTU channel 0-15 event can trigger any of the ADC channels 0-15
e The CTU channel 32-47 event can trigger any of the ADC channels 3247
e The CTU channel 48-95 event can trigger any of ADC channels 48-95

For more details, see the Cross Triggering Unit chapter in the device reference manual (see
Section Appendix A: Reference documents).

DoclD024675 Rev 3 KYI




AN4300

SPC56xBx/RPC56xBx features to cover lighting needs

2.3

3

ADC (Analog-to-Digital Converter)

The 2 ADC module convert analog signals into digital form; ADC_0 with a 10-bit resolution
and ADC_1 with a 12-bit resolution offering normal, injected and trigger-injected modes.
The ADC module can be configured to provide up to 62 single-ended input channels with no
additional external logic, expandable to 90 channels using an external multiplexer, all driven
by the ADC module logic.

When using the SPC56EC74:

e The ADC channels 0-15 correspond to ANP pins 0—15 with a resolution of 10-bit or 12-
bit (depending on the choice of ADC_0 (10-bit resolution) or ADC_1 (12-bit resolution);
in both cases the used pins are the same (precision channels)

e The ADC_0 channels 32-60 (28 channels) correspond to ANS pins 0-27 (extended
channel, medium occurrence) while the ADC_1 channels 32-44 correspond to ANS
pins 0-12

e The ADC channels 6495 correspond to ANX pins 0-3 (external multiplexer driven by
MAOQO-2 ADC pins; external channel, medium accuracy)

For the family SPC56xBx/RPC56xBx/SPC56xCx, 6 + 3 analog watchdogs (6 on 10-bit ADC,
3 on 12-bit ADC) are present on the ADC peripheral.

The analog watchdogs provide the capability to generate an interrupt for continuous
hardware monitoring to determine if the converted channel value lies within a given guarded
area defined by user-specified threshold values. If the converted value lies outside the
guarded area, an interrupt is generated. The analog watchdog interrupts are well suited for
light bulb diagnostic purposes.

With SPC56xBx/RPC56xBx/SPC56xCx devices, the diagnosis value can be collected in
hardware mode, thus reducing the load on the CPU for this task. Moreover, one time within
an input signal period, a load is placed on the CPU when these values collected in hardware
mode are checked and when they are compared to certain thresholds.

The analog watchdog feature can reduce this CPU load by triggering an interrupt only when
a fault occurs, instead of one time for the period, because the diagnosis check is performed
in automatic mode.
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3

Lighting application example architecture

The lighting application example code introduces essential SPC56EC74 initialization and
configuration for demonstrating eMIOS and ADC synchronization using the CTU. An
example is based on the LA system study depicted in Figure 6 that is suitable for lamp bulb
as well as for LED control.

Figure 6. Lighting application—example system concept
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The demonstration is based on the SPC56EC74L7 176LQFP EVB, and the application code
is written in C language using the Green Hills compiler.

The purpose of the application code is to show how the external triggering capability of
SPC56xBx/RPC56xBx/SPC56xCx device brings “system” advantage in highly complex
body application such as:

¢ Minimal microcontroller resources required
e Low Interrupt and CPU load

e Minimized usage of Memory resources

e Few ADC channels and pins needed

The example application code has been implemented using the M0-6 Mother board for
Power PC applications connected with the SPC56EC74L7 minimodule and the EVB using
the J1 connector on the board following the connection reported in Figure 6 and in Figure 7.
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Figure 7. SPC56EC74L7 Minimodule + M0-6 Board
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3.1 Hardware architecture
The hardware system as described in the Figure 6 uses:
e The same DSPI channel (DSPI_0) to drive all the M0-6 devices
e A dedicated chip selected for each M0-6 device
¢ A PWM channel (EMIOS Channel) shared for all M0O-6 devices to provide a common time
base (M0-6 Clock)
e Four eMIOS channels configured in SAIC to manage the trigger signals
¢ AnADC channel for each M0-6 device shared for the four channels inside the same M0-6
device.
3.1.1 Generalities on M0-6

3

As power devices we have used the STMicroelectronics M0-6 devices:

VNQ6040S
VNQ6004S

These devices are made using STMicroelectronics VIPower technology. They are intended
for driving resistive or inductive loads directly connected to ground. Devices are protected
against voltage transient on Vcc pin. Programming, control and diagnostics are
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implemented via the SPI Bus through the dedicated pins. Each device offers four channels
that can drive different loads in term of power.

Software Implementation

The software implements the following features:

Support of the SPI configuration of 16 channel of four M0-6

Adapt the PWM signal to drive the loads to the V_bat variations
Collect the current sense values for each channel and for each period
Low CPU load to collect the Current Sense

The code allows to initialize the configuration of M0-6 devices and at the beginning of each
period (10 msec) performs the following steps:

Vbat Measurement via ADC
Duty cycle update for all channels of M0-6 devices
SPI frame for new information configuration

Digital diagnosis on all M0-6 devices

Synchronous diagnosis

Figure 8 and Figure 9 represent the initial configuration of the Microcontroller and the Vbat
measurement strategy in order to update the duty-cycle of the PWM signal.

3
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Figure 8. Initial Configuration flowchart
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Figure 9. Vbat measurement and duty-cycle update flowchart
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3.3 Synchronous Analog Diagnosis

The reading of the current sense is done in a synchronous way with the M0-6 output signals.
In the following application code, current sense is read during TON of the period, 300 us
after CS_sync rising edge. It should be noticed that the microcontroller has to be
synchronized with the outputs of the M0-6 device.

3
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Figure 10. Delay between the CS_Sync and Output channel/Current Sense signal
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Depending on Vbat values, M0-6 can be either in PWM mode or in DC mode. In the former
case synchronous diagnosis is triggered by the rising edge of the CS_Sync signal for each
active channel, by an internal timer expiration (e.g. 10 ms) of the micro in the latter.

e  When in PWM mode, the CS_Sync signals is used to trigger the ADC conversion of the
Current Sense of a channel after a 300 ps delay from its rising edge.

e The End of Conversion of the ADC activates a DMA channel that transfers the ADC
value from the peripheral register to a SRAM location.

e Atthe end of a period all Current Sense are available to the same memory structure.

3.4 Implementation of the synchronous diagnosis

In order to trigger ADC conversions to perform analog diagnosis synchronous with external
events (CS_sync arrival) the following resources of the microcontroller have been used:

¢ A Channel of the eMIOS is configured as Input Capture

e The arrival of the input signal on the Input Capture triggers a DMA transfer intended to
trigger a second eMIOS channel previously configured as SAOC (Single Action Output
Compare mode) counting 300 us

e The SAOC End of Counting event triggers another eDMA transfer triggering the ADC
conversion.
After the conversion the following action are performed:

e The end of ADC conversion triggers a DMA transfer moving the ADC values to a buffer
in RAM.

e Via channel linking, a DMA transfer sends an SPI frame to a given M0-6 in order to link
the multiplexer to the next current sense/CS_Sync.

3

DoclD024675 Rev 3 19/40




MCU initialization

AN4300

4

4.1

MCU initialization

In this section are described the most significant functions used in the application example

code.

Setting up Mode Entry and clocks

This module enables clocks to all peripherals and sets the 12 MHz bus clock using the PLL.

Figure 11. MC_Mode_Init function7

woild MNC MODE INIT{wvoid)

{

f% [BM] =vystem clock driven by FIRC */
CGM.5C_35.R = :

/% keep the z0 divider for division of 2%/
CGM_Z0 DCR = ;

/% keep the FEC divider for division of 2%/
CGM_FEC_DCR = :

/% keep the FLASH divider for division of 2%/
CGM FLAL3H DCR = ;

/% Enable system clock dividers with wvalues =1%/
CGM.3C_DC[O].R H
CGM.3C_DC[1].R H
CGM.3C _DCLZ].R

.

S/ Modes Configurations

ME.MER.R = H /f enable all modes

f/i3etting RUN Configuration Register ME_RUN_PC[0O]
ME.RUNFC[O] .R= : /F Peripheral ON in every modes

ffre-enter in DRIN mode to update the DRUN config

ME.MCTL.E = H ff Mode & Key
HE.MCTL.R = : ff NMode & Eey
while(ME.G3.E.3_ MTRANS3==1) ;

% Wait for wode entry to cowmplete *7

while(ME.G3.E.3 CURRENTHMODE!= | £% Check DREUN mode has heen entered =/

20/40
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Figure 12. PLL initialization function

void PLL_12MHE()

1
j% Enable CLEOUT pin 2o clock frequency can he werified #f
% Configure CLEQUT on PaO #/

SJIU.PCR[O].R = H F% PAD olkout =7
CGH.OC_EN.R = 1: /% Enakhle Output Clock !
CGM.OCDS SC.EBE.SELDIV = 2 F* Divide Output Clock hy 4 %/
CGH.OCD3 _3C.E.3ELCTL = H #£% PLL is Output Clock *

/% Enahle external osc */

ME.RUM[O] .B.FEOICOON

ME.RUN[O] .E.FHPLLCON = f% Enahle PLL w/

ME.RUN[CO] .B.3TSCLE = H A% Zwatem clock iz PLL +/

CGM.FMFLL CR.B.IDF = ; Fro10 %/

CGM.FMFLL CR.B.CODF = Fro1e w7/

CGH.FMPLL CR.B.NDIV = f* 48 */f

ME.MCTL.R = : F£% Mode & Hey */

ME.MCTL.E = : f% Mode £ Hey inverted */
while{ME.G3.E.3 NTRALNI==1) {}: f% Wait for wode entry to complete */F

¥

The PA[0] pin is configured as Clock output in order to verify the clock bus frequency
provided by the PLL. The CGM module allows to tune the dividers in order to provide a clock
source of 12MHz starting from an external oscillator of 40 MHz.

4.2 DSPI configuration

The following function allows to initialize the DSPI module used for the SPI transmission.
It configures the DSPI_0 as master and the following pins as:
e Pad PA[12] as DSPI_0 SIN (Serial input)

o Pad PA[13] as DSPI_0 SOUT (Serial output)

e Pad PA[14] as DSPI_0 SCK (Serial Communication Clock)
e Pad PA[15] as DSPI_0 PCSO0 (Peripheral Chip Select_0)

e Pad PF[10] as DSPI_0 PCS1 (Peripheral Chip Select_1)

e Pad PF[11] as DSPI_0 PCS2 (Peripheral Chip Select_2)

e Pad PE[06] as DSPI_0 PCS3 (Peripheral Chip Select_3)
The CTAR register defines the following parameters:

e Set Double Baud rate disabled

¢ Frame size equal to 16

e Baud Rate Prescaler value equal to 3

e Baud Rate Scaler equal to 4

o Delay after Transfer Scaler equal to 32

e PCS to SCK delay Prescaler equal to 7

3
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Figure 13. DSPI master init function
woild InitD3PI _master{wvoid)
{
SIU.FCRE[L2].E = H S7 Config pad PALLZ as DIFI_0 3IN, OQBE = O LS
SIU.PCR[13].R = : /% Config pad PLL3 as DSFI_O SOUT #/
SIU.PCRI14].E = H 47 Config pad PAL4 as DSPI_D SCE, output */
SIU.PCR[15].ER = H /7 Config pad PALS a= LIPI_0 PC3O L
SIU.FCRIL[ZC].E = H 7 Config pad PFLO as DIFI_0 PC31 uy
SIU.PCR[Z1].R = : /% Config pad PF11 as DSFI_0 PCS2 #/
SIU.PCRL[70].R = H /7 Config pad PEO6 as DESPI 0 PCE3 */
DSPI O.MCR.R = H #7 Configure D3PI 0 as master #f
D3PI O.MCR.B.PC3IZ0 = 1: 7 C3: idle = high level*/
DEPI_O.MCR.E.PC3IZ1 = 1; ¥ C3: idle = high lewvel®/
DSPI_D.HCR.E.PCSISZ = S7 CS3: 1dle = high lewelw/
DSPI_D.HCR.E.PCSIES = H % CZ: idle = high level®/
| DSPI_O.CTAR[O].R = ; /% et Double Baud rate disabled, Frame size 16
Band Bate Prescaler walue i= 3,
Eaud Rate Scaler is 4 =/
DSPI_O.CTAR[O].E.LT = : f7 Delay after Transfer 3Jcaler is 32+/
\ DEPI_O.CTAR[O].B.FCEECK = = 7 PC2 to 2CE delay prescaler=7:
it's necessary to communicate with TC *+/
¥
4.3 eMIOS_0 and EMIOS_1 modules
431 eMIOS_0 and eMIOS_1 module initialization
The following function allows to configure the two eMIOS and the following pins as:
e Set PCR[1] as EOUC[1] using PA[1]
o Set PCR[89] as E1UC[1] using PF[9]
e Set PCR[112] as E1UC[2] using PHI0]
 Set PCR[92] as E1UC[25] using PF[12]
o Set PCR[93] as E1UC[26] using PF[13]
o Set PCR[104] as E1UC[17] using PG[8]
e Set PCR[105] as E1UC[18] using PG[9]
22/40 DoclD024675 Rev 3 Kys
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Figure 14. eMIOS init function

void eMIOS Config loc{woid)

{
EMIOS O.MCR.R =
EMIOS 1.MCR.R =
SIU.PCR[1].R =
SIU.PCR[E9].R =
SIU.PCR[112].R =
SIU.FCR[22]1.R =
SIU.PCR[23]1.R =
SIU.PCR[104].R =
SIU.PCR[105].R =

H

Figure 15. eMIOS clock init function

[void ExeTest{woid){

EMIOS_1.MCR.R

(EMICS_GPREN i
IEMICS GPRE( Yrosw

EMICOS 0O.MCR.R = (EMIOS GTBE ;o
IEMIOS GFREN £+
IEMIOS_GPRE{DxE} /¥

Glohal
Module

Zlobal
Glohal
Madule

Prescaler
Prezoaler

Tiwe Base
Frescaler

Prezscaler

Enshle
diwr 1

Enable
Enahle
diw 12

x4
"

L
oyl

s
:f

For eMIOS_1, the bus clock is divided by one in the system clock Prescaler, while for

eMIOS_0 the Prescaler is set to 12.

EMIOS_0 Ch23 is configured in MC to drives the Bus A with a period of 1 msec, due to the

value of 1000 used as PWM_PERIOD.

eMIOS_0 CH1 is configured in SAOC mode, with an internal counter period of 300 psec.
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Figure 16. eMIOS_0 configuration code

ENIOS O

ENIOS_O

ENIOS_O
ENIOS_O

* ENIOS_O
ENIOS O
ENIOS_O
ENIOS_D
ENIOS_O

ENIOS O.
ENIOS 0.
ENIOS_O.

ENIOS O,
.CH[2

* ENIOS 0 Ch23

with a period of 1 msec( because the prescaler is 12 and the
.CADR.R
.CCR.
+CCR.
.CCR.
.CCR.
.CCR.
«CCR.
.CCR.

//Channel used as counter after the trigger

LCH[
CH[
CH[

CH[

LCH[

Chl is configured in SAOC (Single Action Output Compare), with internal counter, period of 300 usec?*/

CH[
LCH[2Z

is configured in Modulus Counter to drives the Bus A

[ QS S i P e

.CH[1].CCR.R

.CH[1] .CADR.R
.CH[1].CBDR.R
.CH[1].CCNTR.R

B.MODE
B.BSL
B.
E
B
B

UCPRE

.FREN

. UCPEN
-EDPOL
B.

FEN

//*emios0_siu[1]= Ox0600; /%
EMIOS O.CH[1].CADR.R
EMIOS_0.CH[1].CCR.B.MODE

Clock is 12 MHZ ---> 1MHz to the eMIOSO)*/
FPWHM_PERIOD; /* Period will be 1000 clocks (1msec) Frequency 1KHz*#*/
5 /7 Node is Modulus Counter, internal clock */
/* Bus Selected: all channels: internal counter */

/* Set channel prescaler to divide by 1 */

/* Normal Operation, no freeze channel counting when in debug mode */
{3 /% Enabled prescaler; uses default divide by 1 #/
H /¥ Edge Polarity bit: trigger on a rising edge */

/* Eneble interrupt on FLAG */

/% Initialization of the register */

Set the eHMIOS1 pad for eMIOS o/p SIU.PCR[1].R = Ox0600;%/
- &z /% Set period 300 clocks (300usec) with a internal freq of 3.3KHz */
= /* Node is SAOC */

24/40

eMIOS 1 CH23, configured in MC, drives bus A with a period of 19.417 usec (51.5 KHz)
eMIOS_1 CHO, configured in MC, drives bus B with a period of 10 msec (100 Hz)

eMIOS_1 CH1 is configured in OPWMT driven by bus A (51.5 KHz) with a duty cycle of 50%
to give the PWM clock to M0-6 devices.

eMIOS_1 CH2 is configured in OPWMT driven by bus B, with the same period of the PWM
generated by M0-6 devices (100 Hz) and it is used to give an internal counter to check the
Vbat once for each period or to trigger the collection of the diagnosis collection when the
MO0-6 devices work in DC mode.

eMIOS_1 CH17 is configured in SAIC mode and it is connected to the Sync_mux of the
MO0-6_3. Internally it triggers DMA_MUX 21.

eMIOS_1 CH18 is configured in SAIC mode and it is connected to the Sync_mux of the
MO-6_4. Internally it triggers DMA_MUX 22.

eMIOS 1 CH25 is configured in SAIC mode and it is connected to the Sync_mux of the
MO0-6_1. Internally it triggers DMA_MUX 23.

eMIOS 1 CH26 is configured in SAIC mode and it is connected to the Sync_mux of the
MO-6_2. Internally it triggers DMA_MUX 24.

3
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Figure 17. eMIOS_1 Ch23 and Ch0 configuration code

/* Comfigure the PWK Clock HO6 1 %/

[* EHIUSil Ch23 15 configured in Modulus Counter drives
busk with a period of 19,417 usec(51.5 EHz)
{becanse the prescaler i3 1 and the 3ys Clock i3 12MHz
==5 12 MHz to the eNIOS1%/
ENIOS 1.CH[?7].CADR.R

COUI‘ITER_PERIDD;,“* Period will be 233 clocks (19,417 usec) Frecuency 51.5 KHz®/

EMIOY 1.CH[ZU].CCRBLVMODE = Oull; /At Mode is Modulus Counter, internal clock ¥/
ENIOH 1.CH[Z3].CCR.B.EAL = x0; # Tze internal counter hus[d] */
EIOZ 1.CH[ZE].CCRBLUCPRE = Ouly i %t channel prescaler to divide by 1 %/

EXIOZ 1.CH[Z3].CCR.B.FREN i it Normel Operation, no freeze channel counting when in debug mode #/
EMIOS 1.CH[25].CCR.E.EDPOL
EMIOS 1.CH[29] . CCR.B.FIN

{* Edge Polarity bit: trigger on a rising edge &/

n
=

; #* Enaple interrupt on FLAG 7

[t EMIOS 1 ch0 is configured in Modulus Counter drives
busk with & period of L0 wsec (100 Hz)
[ bemause the Bus(d] has internal frequeney of 51.5 EHz?/

ENIOS 1.CH[O].CADR.R = LiMP PERIOD: /* Period will be 515 clocks (10 msec) Freguency 100 Hz*/
ENICS 1.CH[0].CCR.B.MODE = (x10; /* Mode 1s Modulus Counter, internal clock =/

ENIOZ 1.CH[0].CCR.B.BSL = (x0; /* Use internal counter */

EMIOF 1.CH[O].CCR.B.UCPRE = (x3; /% Set channel prescaler to divide hy 4 %/

ENIOS 1.CH[0].CCR.E.FRIN a; /% Freezs channel counting when in debug wods #/
EHIOY_1.CH[0] . CCR.ELEDMOL
EXI05_1.CH[0] . CCR.B.FEN

i; /% Edge Polarivy bit: trigger on a rising edge */
i; /% Epshle interzupt on TLIG */

Figure 18. eMIOS_1 Ch1 and Ch2 configuration code

Jf OPUM Cloek
i EXIC3 1 chl is configured in OFTUMT driven by bush [51.5 Kiz)
wich & ducy cyole of 50% to give the PUM clock o HOE devicest/
/fvemioal_siu[l] = Ox0600) /% Set the eMIC31 pad for eMIOE ofy *7 //SIU,PCR[89].R = OxE00//

EMIOS_1.CH[1].CADR.R =13 /* et Initial Duty Cyele =/
EMIOS 1.CH[1].CBDR.R = COUNTER FERIODS:: /T Get Initial Duty Cyele =/
EMIOS_1.CH[1].CCR.R = (ENIOS_UCPRE{() /* Channel Prescaler div 1 */
|EMIOS_EDFOL
JENIOY_BIL{0x0) 4t Zelect Bus L K/
|Oxiay At et wode OPWNT and EDPOL 1 to trigger on a rising edge +/

Jf Timer for WBat read
f* EMIOS 1 chi is configured in OPWHT driven by busB [100Hz)
and it is used to give internal counter to check the Vhat
once for each period or to trigger the collection of the
diagnozis when the MO6 devices work in DC mode, #/
/f®emioal_aiu[2] = Ox0600; /% Set the eMI0Z1 pad for eMIOS ofp 3T0.PCR[11Z] .R = Ox0600%/

EMIOS 1.CH[Z].CADE.R = 1: /7 Ger Initial Duty Cyele =/
EMIOS _1.CH[Z].CBDR.R = LAHFLPERIODJTZ; /* Set Initial Duty Cycle L
EMIOS_l.CH[:’:].ALTCJlDR.R =1;: /7 Get period %/
IMIOF_L1.CH[Z].CCR.R = (ENIQ3_UCFRE{D:0) /% Channel Prescaler div 1 %/
|ENIOE EDPOL
| ENIOS_BSL({UX1) [T Belect. Bus B %/
|EMIOS_FEN
|ENTOS_DHMA
|Uxibyy /7 Set mode OFUMT and EDPOL 1 to trigger on & rising edge #/
Kys DoclD024675 Rev 3 25/40
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Figure 19. eMIOS_1 Ch25, Ch26 and Ch 17 configuration code

i ENTCE 1 ch 25 is configured in SATC mode and it i= connected
to the 3ync mux of the HO6 1. Internzally 1t triggers DML MUXZ3+/
fj*emlnsl_siu[ZE] = 0Ox0500; /% Set the eMIOSZ pad for eMIOS input SIU.PCR[SZ].R = 0x0S00%/
ENMIos_1.CH[Z5].CCR.R = (ENIOS_UCPRE(D) /% Channel Prescaler diwv 1 7f
|ERLIOS_UCFREN
|ENIOE_EDFOL

|ENIOS_FEM
|ENIOS DHMA
JENIOS BISL{O=0) /% Zelect Bus o */
|0xz2y: f* Get mode SAIC */

s ENIOZ 1 ch 26 15 configursd in 3AIC mode and ic is connected
to the Sync wux of the M08 2, Internally it triggers DML MHUXZ4+/
ff*amicsl_siu[ZE] = 0x0500; /% Sec the =MIOZZ psd for sMINS inpuc SIV.PCR[23] R = OxOSO0O0*/

EMIOE 1.CH[28].CCR.R = (EMIOS UCPRE(O} /% Channel Przscaler div 1 */
|ENIDS _UCPREN /% Enakble ch Prescaler i
|EHIOS_EDPDL
|EMIOS_FEN
|ENIOE_ DML
|EMIOS BAL(0x0) /* 3elect Bus A *y
[02) s /% Set mode SATC w

ST ENICE 1 ch 17 is configursd in SAIC mode and it iZ connected
to th= Jync _mux of the NMO6_3. Internzlly 1t triggers DHE_HUXZl*!
Aéteminsl s2iu[17] = Ox0500; /% Set the eMI0S?2 pad for eMIOS dinput STO.PCRL104] . R = Ox0500%/)

ENLOES 1.CHLL1/].CCOR.B = (ENLO3 UCPRE(L) /¥ Channel Prescaler div 1 7/
| ENIQE _UCPREN /™ Enakle ch Prescaler s
|ENIOS_EDFOL
JENLDG FEN
|ENIOS DHMA
[ENIOS BIL{O=0) /7 Zelect Bus A =/
|0=z) S Fet mode IAIC L

Figure 20. eMIOS_1 Ch18 configuration code

f¥ EMIOS 1 ch 18 is configured in 3AIC wode and it i3 connecred
to the Sync_mux of the MDE_&. Internally it trigogers DHA_HUEZE”I
fifemiusi_siu[lﬁj = 0x0800; /% Set che eMIOSZ pad for eMIOS input 3I0,PCR{105].R = Ox0500%/

EHIOS_I.CH[ 5].CCR.R = (EHI(E_UCPRE{H) /% Channel Preacaler div 1 %/
|ENIQS TCPREN /7 Ensble ch Prescaler L
|ENI0Z_EDPROL
|EHICOS FEN
|ENIOZ_DMA
| ENIOS_BSL{L=0) /* Seleet Bus L T
R J Zet mode SAIC wf
EMIOS 1.CH[15].CER.R =1
INTC.PIR[L06] B PRI = L} {% Get to 1 the prioricy of the IMIOSFLAG register [FLE,FL9] */
count. = [

ENIOS 1.CH[Z9].CCR.EBLVUCPEN = 1 /7 Enshle prescaler; wses default divide by L %/
EMIOS 1.CH[0].CCR.B.UCPEN = 1; /% Ensble prescaler; uses default divide by 1 #/
H
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4.4 DMA module

The initDMA_Vbat function permits to configure DMA channel number 6 to be used to
transfer, by SPI, the configuration to M0-6 devices about the PWM waves generation.

This DMA channel is configured to be triggered by DSPIO_TX signal each time when Vbat is
read and PWM configuration is needed.

The scatter gather feature allows to change the TCD descriptor to send the duty-cycle
configuration for 16 channels, for all M0-6 (4 channels for 4 M0-6) and it allows to change
the TCD descriptor to wait the new manual trigger to send M06_PWM control register for the
next period.

Figure 21. Init DMA Vbat function

{

tUL6 initDMA Vhat (void)

tU32 fail = 0;

//SPI_VBat_SetTCD(*ted, ch, start, dEest; inSize, outlLoop, interrupt);

SPI_VEBat_SetTCD (&tcdSG _PWN[O], O, (tU3Z)msg PN, (tU32)0xF 54, 4, MO6_NUMBER, 0): //Create a the TCD structure for the SG_PWM vector[0]
tedidG_PWMIO].D_REQ H // The channel's DMAERG bit is cleared when the outer mwajor loop is complete

tod3G PUM[O] .DLAST SGA (tT32) &tod3G PUM[1]; // point to address of TCD for scatter gather

// Ensble Scatter/Gather
// first transfer will not clear ERQR, 2nd one will

tedsG_PUN[O].E_3G
tedsSG FWH[O].D_REQ

SPI_VBat_SetTCD (&tedSG PWE[1], O, (tU3Z)DNA MO6 VBAT, (tUIZ)0xFFFE0034, 4, MO6 MUMBER®NCHANNEL, 0); //Create & the TCD structure for the $G PUN vector[1]
tedSG_FUM[L].DLAST SGA (tU32) &rcdSG PWMIO]: // point to address of TCD for scatter gather

ted3G PWM[1].E_SG 1; // Enable Scatter/Gather

tedSG_PUM[L].D_REC /¢ this transfer will clear ERQR

SPI_VEat_SetTCD (0, &, (tU3Z)msg PWM, (tU32)oxf E , MO6_NUMBER, 0): //Set the TCD for the SPI communication of the msg_PUM using the EDMA ché
EDMA.TCD[6].DLAST SGE = (tU32) &rcdSG _PWHM[L]: // point to address of TCD for scatter gather

EDMA.TCD[6] .E_SG = // Enable Scatter/Gather

EDMA.TCD[6].D_REQ = /4 this transfer will not clear ERQR

DMAMUX.CHCONFIG([5] .B.SOURCE = 1; // DHMA Channel Source, specifies which DMA source is routed to a particular DMA Channel
DMAMUX.CHCCNFIG[E].B.ENEL = Oxl: 7/ DHA Channel enabled
if (fail)
return (FLIL);
else

return (FLSS):

3

The function SPI_Vbat_SetTCD allows to create a TCD structure for the SG_PWM vectors
0 and 1 and for the DMA channel 6.
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Figure 22. SPI_Vbat_SetTCD function

void SPI_VBat_SetTCD

(volatile struct EDMA TCD_3TD_tag *tcd, tUL6 ch, tU3Z start, t03Z dest, tU3Z indize,

{

ced-»NEVTES = inSize!
tod-»3LAST = 0,
ted=>DOFF = 03
tod-rDLAST &¢4 = O;
ted->BITERE_LINK =
ted-»BITER = outloop;
tcd->=CITERE_LINK =
ted-+CITER= outLoop;
ted=>BUC = :

e T

if (ted == 0) { cod = EEDMALTCD[eh]r )
/T Ser up TCD #/
tod-»3ADDR = start; '/  3rtart address
ced-»DADDR = desc} {/ Degtination iddress
tod-»3100D = ; Jource address modulo
tod-»DNOD = H Destination address modulo
tod-»DEIEE = I Destination transfer size : 32 EBits
cod-»S5IZE = ) Source trangfer gize ! § Bits
tod-»30FF = 4; 3igned source address offset

Inner "minor™ bhyte count
last Signed source address adjust
Signed destination sddress offset

Signed destination address adjust

begining "major" iteration count

Current "wajor" iteration count Disabled

Bandwidth control : [o DML Scalls

tod-SNMAJORLINKCH = ; [/ Major Channel nurber

ted->MAJORE LINK = O3 /  Major Channel Link : Disabled

ted->DONE = (0; Channel Done

tod-»ACTIVE = 0 /{  Channel ACtiwve

ted-»E 3G = 0; /{ Enshle Scatter/Gather : Disabled

ted->D REQ = 0 '/ Disable TCD When done

ted->INT HALF = ; // Interrupt on minor loop count @ Disabled

ted->INT_NMRJ = interr: '

/* end of SFI GetTCD 7/

Interrupt on major loop completlion

28/40

The function InitDMA_1 configures the eDMA channels to collect the diagnosis
automatically. For this reason the following channels are configured as described below:

DMA CHO, CH7, CH8 and CH9 are configured to trigger the start counter of the
eMIOS0_CH1 when the SYNC_MUX comes from M0-6_1, M0-6_2, M0-6_3 and M0-6_4
respectively.

DMA CH1 is configured to trigger the stop of counter of the eMIOS0_CH1

DMA CH1 is linked to DMA CH2. In this way when the CH1 finishes it starts the DMA CH2
transmission which allows the start of the ADC conversion.

DMA CH5 is configured to send, by SPI, the configuration to the MUX for the active M0-6
to select the right channel connected to the CS and with CS_SYNC.

DMA CH4 is configured to transfer the value of the 4 Data Registers relative to the 4 ADC
channels linked to the 4 M0-6 to a buffer in the memory, this is done at each trigger event
because it is necessary to read all ADC channels that can trigger DMA transfers.

DMA CH10 is configured to transfer the value converted by ADC to the final RAM
structure. The scatter gather feature is used to change the TDC to adapt the ADC Data
Register and Memory location relative to the M0-6 Channel selected.

S74
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Figure 23. initDMA_1 function part 1

SetTCD
/4 Ch7
3etTCD

/* Che

tU16 initDMa 1 {void)

{

tldz fail = 0;

DEA_STEP1[0] = (EMIOS _UCPRE(D) /% Channel Prescaler div 1 %/
|EMIO3 UCFRIN /% Enable ch Prescaler wf
| EMI05_EDPOL
|EHIOS FEN
|ENIOS DHA
|ENIOE_BEL(0x%) /% Belest Internal Bus w/
BT JF det wode SROC W/

/# ChO of DHA i3 eonfigured to trigger che starc counter of che eNMICS0 ohl when arrives che SYNC HUX from

(0, O, (tU3Z)DMA STEPL, (tU3Z)&(EMIOS 0.CH[1].CCR.R}, %, 1, 0); //Start SAOC MOS 1

of DMA iz configured to crigger the start counter of the sMIOUO chl when arrives the STNC_MUZ frow
(0, 7, (tU3Z)DML STEP1, (tU32)&(ENIOS O.CH[1].CCR.R}, &, 1, 0); //Start SL0C MOE 2

of DML is configured to trigger the start counter of the eMIO30 chl when arrives the JTHC NUX from

SetTCD (0, &, (tU32)DMA STEP1, (tU32)&(ENICS O.CH[].CCR.R), 4, 1, 0}  //Start SACC MO6 3

/% Ch9 of DML iz configured to trigger che start counter of the eNIOS0 chl when arrives che SYNC_NUZ from
SetTCD (0, 5, (tUSZ)DMA STEPL, {tW3zp&(EMIOS O.CH[I].CCR.R), 4, L1, 0); //Sctart 3A0C MO§ 4

/% Chl of DMA iz configured to trigger the stop of counter of the eMIO30 chi */

SetTCD (0, L1, (tU32)DML STEPZ, (tU3Z)&(EMIOZ O.CH[1].CCR.R), <, L, D)y  /J/STOP SA0C MO1

EDHMA, TCD[1] . MAJORE LINK = 1; /% enable link on major loop +/

4% Chl i3 linked tE Ch? =0 when it finish its transfer start ch? and allows to start the LD conversion®/

EDMA.TCD[1] .MAJORLINECH = 2; /* link to next channel */

Hog 1%/
MG g%/
s 3%/

noe_gv/

3
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Figure 24. initDMA_1 function part 2

A% ChE of DMAR is configured co trigger the scart of conversion of che ADC# S

SetTCD [ A , (CU3Z)DHMA STEP3, (tU32) - r . | SfStart ADC conwversion

FecTCD (Etcd3G[O0T . , {tU32)ADC_ DR MOS[1], (cU3Z)I&CS MOG[L1], - - 3 Si/Moves read C3 in the memory

tod3G[U] JDOFF ; /% Zigned destination address offset &/

t2d3G[0] LCITERE_LINK = i A% enalble link on winos logop #F

tcd3G[0] .BEITERE LINK = B S* prnable 11nk on mlinos loop

tedSG[0] .CITER = S0t £% link to next channel =/

teodIG[0] L.BITER 1= S-=og 4% link to next chaunel */

tod3GLO] CMAJORE L TNE = H S oenable link on majors loop w7

todSG U] CHAJORLINKCH = ; A% link to next channel =/

tod3G[0] JDPLAST SGA = {32}y &ecdSGLl]: #* point to address of TCD for scatter gather */

toed3SG[o] _E73G = B A% Enable Scatter/Gather *)7

todsSG U] . _REQ H S % first transter will not clesr EROR, 2nd one will /7

SertTCD (ErodSGL1] , . (tU32]ADC_DR_MDE[ 1. (EU32)&CS_MDE[ 1. " " hH S iMoves read CS in the memory

todSG[1] LDOFF H F% Signed destination address offzec &7

tcd3G[1] .CITERE LINK = 1; f* enable link on minos loop #47

todSG[1] -BITERE LINK 2 A% enable link on minos loop &4

tod3G[1] .CITER I= S=<<o; #* link to next channel *7

Lod3G[1] .BITER I= S5<=5: % link to next channel */7

tod3G[1] .MAJORE_LINK = 1; /% epnable link on majoc loop #/F

tod3G[1] CJHATORLINKCH = B F* link to next channel */7

ted3G[1] .DLAST SGA = (tU032) &tcdSG[=]1: /* point to address of TCD for scatter gather *f

ted3SG[1] LE_S6 : A% Enmble Scatter/Gathsr */f

tod3G[1] .D_REQ - i £* firat transfer will not clear ERQR, 2nd one will */

5etTCD  {(&CodSGL2], U, (TU3SZ)ADC DR MOG[:], {(TUSZ)ECS MOG[3], =, 4, U): S/Moves resd OS5 1n ThHe Memory

tod3G[2] JDOFF - H A* Gigmed destination addrecos gffoec

LedSG[A] .CTTERE LTNK H S oepAable 1link on minos loop ®F

todSG[0] (BITERE LINK = H A% enable link on mwminor loop &7

ted3G[2] .CITER I= S0, /* link to next channel =/

redSG[2] -ETTER = S0 A% 1ink to mext channel #/

tedSG[2] JHAJORE_LINK = 1: ¥ enalble link on wajos loop 77

tod3IGr2] JHAJORLINKCH = 5 #% link to next channel */

tod3G[-] CDLAST_3GL = (LU32) &tbcdiG[5]: /% point to address of TCD for scatter gather o7

tedl3G[2] WE_SG = 1: 4% Ensble Soatter/Gathse */

ted3G[2] .D_REQ : f% first transfer will not clesr EROR, 2nd one will #*/
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Figure 25. init DMA_1 function part 3

SetTCD
cedsSG[
tedsc[
tod3s[
ceddG[
ced3G[
Lod3G[
TedSG[
TedsSGL
TedSGL
ted3GL

S T M A N |

/% Ch4 of
SetTCh
EDMA. TCD[
EDMA. TCD[
EDMA. TCD[
EDMA. TCD[
EDMA. TCD[
EDMa. TCD[
EDML. TCD[
EDMA. TCD[
EDHA. TCD[
EDMA.TCDL

/% ChE pf
SetTCD
EDMa. TCD[
EDMA. TCD[

EDMA
EDMA

- BERQ.
-3ERQ.

{Etcd2G[3], O,
«DOFF
.CITERE_LINK
.BITERE LINE
.CITER
.BITER 1=
- MAJORE LINE

- MAJORLINKCH
.DLAST SGa

E_SG
D_REQ

(£U32) ADC_DR_MO6[O] ,
= H
R
S

;

(tU32) &tod3GLU] .

(tU32)ECS_MOG[O], <,
ST Signed
A7 enckbls
S* enable

A% link teo next channsl

i

link on minor
link on minor

P E

s
lli'fr
ll.'ﬁ
i
s
i

link to next channesl
ensllle link on major
link co next channel

Enslblzs Scatter/cathe

DML iz configured to transfer the Walue converted by WDC

, 4, {(tU3Z)AD
1.DOFF
1.DLAST_5GA
].CITERE_LINK
].BITERE_LINK
1.CITER |=
1.BITER  |=
1.MAJORE_LINE
1. MAJORL INECH
1.E_5G
1.D_REQ

DML i= confiog
, 5, (ET32)SE
1.50FF

1.SLAST

-

C_DR_MOE[C],

{tU32) Etcd3G[O];

;

ured to =mend, by SPT,
o MI6, (tU3z})

*1E) r

(tU3Z)CE_MOs, 1, o,

e

)z FfiMoves read C3 in the wmemory
destination address offset */

loop */F
loop */

+ 7

Ls
+
s
loop

=/

point to address of TCD I0r scatter gather 77

r */

first transfer will not clear EROE, Znd one will #F

to a HAM structure.

f/Moves read CF in the memory

¥ Zigned destination address offzer */

i
i
i
i
Iz
IE
i
i
Ji'ﬁ

enzskbls link on minor
ensbls link on minox
link to next channsl
link to next channsl
enslhls link on major
link to next channesl
Enable SeatterfGathe

the configuration to the MUY far the acrtive MOS cto selecrt ol

P PR

A% Signed zource addres

point to address of TCD for scatter gather */

loop */
loop */
L
4
loaop
ny

r =)

i

firsc transfer will not clear EROE, Znd one will */

f/Configures the next 5

=z offzet 7/

A% last Figned source address adjusc */

; Si%et ensble request and the corresponding bit in EHDA_ERQRL
; Jé8et ensble regquest and the corresponding bit in EMDA_ERQRL

The scatter ogater

4.5

3

ADC module

The dadc_init function initializes ADC module enabling the CTU trigger. It selects the ADC
channels used for the conversion. ADC_0 CHO is used to convert the VBat and a End of
Conversion interrupt is set on this channel.

EMIOS1_CH2 is used as counter to read Vbat. When this counter elapses, the CTU_CH34
(connected to eMIOS1_CH2) will trigger the ADC_0 CHO to convert the Vbat.

At the EoC an interrupt will be raised to adapt the Duty Cycle of the PWM signals to the

Vbat.
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Figure 26. ADC init function

void dade init{void)
{
HHRDC_J ohl 13 used to convert the Vhat and 1t 15 conficured an
fdinterrupt at the EQC of this channel, =MIOR1 chi 1 used 35 counter to read VWBat.
fFfWhen the counter elapseas, the CTU Chi4d (connecoed to che EMICOE] chi)
A/ will vrigoger the ADCD chO to convert the What.
AAht the ECC an interrupt will be ralsen to adapt the Duty Cycle of the
/¢ PUM aignals to the VEat

vuintB_t i, j:

for {(i=20; i < 2&; i+4+) F72E

{

SIU.PCR[1i] .B.APC = 1;

for (i=40; i < 607 i++)
i
SIU.PCR[i].E.APC = 1;

ADC O.HMCR.E.PWDN Jf exic from power doun stace [(0lfsSer cancellscion 1
ADC _O.MCR.E.CTUEN L; /f Enakle the CTU
ADC O.NCR.E.HNODE £f Configure One shot convers=ion

Inon
=)

1]
L)

ADC_D.WCHRO.R = O®1E} S Norwal Conversion Nask BEsgister Enahles hics
ff wof normal Sswpling for channel 1, 2, 3, 4

ADC_O.IMR.B.MSKEQCTO = 1; Ff Interrupnt Hask Register Mask Enabled End of CTU C
ADBC O.CIMRO.B.CIMO = 1: f} Channel Interrupt Mask Rsgister Enables Interrupt
INTC.P3R[2Z].E.FRI = 1: ff det priority for the ADC_EdC end of conversion
ADC O.DHNARD.E.DIA% = Duxl; A DME Chrannel Zelocl Eegisiel eosbls choooel 4 Lwu L
ADC O.DMAE.B.DHAEN = 1; £ DMA enable register: DMA feature =nabled.

for (i=0:i<{NCHLINMNEL: i++)

{
for (1 = 0; j < MD6_NUEEER: j++)
{
DHA MOG VBAT[J][il=(Cxl<< (16+3)) +wm=g[i];
)
}
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Figure 27. ADC_0 CHO EoC interrupt service routine

void ADCO EOC TIsr(wvoid)
{
if {(ADC O.ISR.B.EOCTU && ADC O.CEOCFRO.B.ECC CHO)
{
SIU.GFDO[Z] .B.PDD *=
ADC DO.ISR.B.EQCTU =1;
ADC_O.CEOCFRO.B.EQC_CHO =
checkWVoltageBattery()
SIU.GPDO[2] .B.PDD "=

451 Check Voltage Battery function

This function is called inside the EOC interrupt of the ADC, when the conversion is triggered
by the CTU and only for the ADCO_CHO.

It performs a reading on the Vbat value and carries out the duty cycle of the PWM signals
update.

The voltage read with a nominal value of the Battery voltage (13.2 V) is equal to:
13,2%4,7/(4,7+22) =2,32V with a resistor divider of 22KOhm and 4.7 KOhm

The resolution of the ADC is:

5V/1024=4,88mV

Reporting this resolution to the value of the Battery using the resistor divider:
4.88%(4,7+22)/4,7 = 28,404 mV

that is the resolution of voltage of the battery (V_BAT_RESOLUTION)
2
Vref” .

When the value is read, following the relation §=

Vbat
if Vref 2 Vbat then the battery voltage is under than r?ominal (13,2 V) value and the output
channels of the M0-6 devices are configured in DC mode (100% Duty Cycle) and the trigger
to read the diagnosis is given manually with the same period used to read the Vbat.

If Vref < Vbat the battery voltage is upper than the nominal value and the output channels of
the MO0-6 devices are configured in PWM mode with Duty Cycle based on the above
relation. The trigger, in order to read the diagnosis, is given by the Sync_Mux signal from
each MO0-6 device.

After that the table of PWM signals are updated and these values are sent to each M0-6
devices using the SPI connection.

3

DoclD024675 Rev 3 33/40




MCU initialization AN4300
Figure 28. Check Voltage Battery function part1
wold checkVoltsgeBattery {woid)
{
uintS_t i, 32
velove app = ADC O.CDR[C].E.CDLTL;
velored = W_BAT NOIO + H
valored = W DAT RESCLUTICON;
velore? = W BAT NOH LDC:
if {valore app > J)
i
wralare = {{U_B].T_NDH_D.DC * ‘ii'_BJ.T_I'JGH_jLDC} * » {{valnre_app & valore_app}};
if (v=lore = 1
i
welore ;
EDML.CERQ.B = 02 ff/Clear enable Regquesc, clesr corresponding it in EDMA_ERQORL
EDML.CERD.B = 7; //Clear enslle Regusst, olesr corrssponding bit in EDHA EBQBL
EDML.CERQ.B = Sp f/Clear ensble Reque=st, clesr corresponding bitc in EDMA_EEQRL
EDEL.CERQ.B = 22 //Cl2ar enable Requsst, olear corresponding bic in EDML ERDRL
for (i = 0, 1 < MO& NUTMBER: i++})
{
Cr3pidhkmsy PWM 0[i1): //SPI transmission
I}
it [MOE_chfing = 1}
{
for {i = 07 i < HD& NUMBERANCHANNEL; i++}
{
EDOL. TCD[Z]1.3TART = L»
for (j = 0; 3« I R
H
Iy
jel=e
{
msg PUH[O] = + ((WRITE_HCDE|MOE PWHCR)<=E) | {VUINElE T H
mag PUH[1] = + {(WRITE MCDE|MO& PWMCR)<C<5) | {wuintlf th H
wsg PUM[2] = + {(VRITE_MCDE |MOE PWMCR)}<<5) | {vuintle t} :
mag PUH[5] = + ((WRITE_NCDE |MO6_PWHNCR)<>E) | {wvuintlf H
EDML.ZERQ.R = U: //53et ensble Recuest, set corresponding bit in ELDMA ERDORL
EODNL.BERQ.R = 7: //%eC ensble FEequest, ser corresponding Dic in EDMA_ERORL
EDML.ZERQ.E = 2; //%3et enskle Fecmest, set corresponding bit in EDMA ERDBL
EDML.BERQ.R = 0O //3ec ensble Recmest, et corresponding bit in EDMA ERQRL
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Figure 29. Check Voltage Battery function part2

welore = walors * I

w31 {({URITE_MODE|HOE DUTTCOCR}< I {vuintlé_t} walors;

]
meg[1] = ({URITE MOPE|MD& DUTTCLCR)<<E) | {vuintlé t) valors;
ms[?] = {(TRITE MODE|MDE DUTYC2CR)<<7) | (vuintié t) walors:
wag[*] = ((TRTTR_MODR|WIA_TNTTRACR)ccr) | (wninnif_r) walars:

for (i=0;i<NCHAMMEL: i++})

{
for (3 = 0; ] < MD6_NUMBER: J1++)
f
DML M09 VBEATII1[11=( < (Llo+3)r + Dwvulntle ) msglil) -
L
H

EDMi.2ERQD.E ; MMi=t =nable Beguest, et corcesponding kit 1o EL
ISPI O R3ER.E.TFFFLIRS ;5 f/DHMAS Interrupt Reguest Select snd ens
DSPI_D.RSER.B.TTFFRE = 1y /A Transwic TIFO Fill Deguest ensbled,

}el=se
{
ralore = :
EOMA.CERQ.E = 0O f/Clear ensable Request, clear corresponding bit in EL
EDMAL.CERQ.E = 7 //Clear =nable Request, clesr corresponding bit in EI
EDHA.CERQ.R = & //Clear enable Request, clear correaponding bic in ET
ELMA.CERQ.E = 9 //Clear enable Request, clear corresponding bhit in EL

initDMA 1 4); /¥ Configure the eDHL channels to collect the diagnosis
for (1 = U: 1 < MOg NUMEER: 1i++})

i
THSh1(&MST FUM_O[1]); // Transmit the FUM vwia SPI
}
if (Md6 confing == 1)
i
for (i = 0; i <« HOG NUNBERANCHAMIEL: i++}
{
ECHA.TCOLE] . START = 1
for {(j = 0: 3 ¢ FPoirny
}
}

4.6 CTU module

The bctu_init function configures the CTU channels as follows; CTU CH34 is connected to
the eMIOS1_CH2 and it is configured to trigger the ADC conversion of the ADCO_CHO.

3
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Figure 30. bctu_init function

vold betu init({wvold)

i

CTU.EVTCFGR[=4].E.TH = 1 ff Trigger Enabled
CTU.EVTCFGR[Z4].E.CHANNEL WALUE = 0O; f4 Belected channel 0O
}
4.7 Micro Resources summary

The Lighting Application example allocates the several resources inside the micro:

Table 1. Resources allocated on the microcontroller

Peripheral Resource Notes
name
DSPI DSPI_0 7 pins
INTC IRQ 62 ADC_EOQ
IRQO Software interrupt

CHG6-Vbat measure

CHO - Start counter M0-6-1
CH7-Start counter M0-6-2
CHS8 - Start counter M0-6-3
eDMA CHS - Start counter M0-6-4 10 DMA channels used
CH1 Start ADC conversion

CH4 Transfer data register of ADC in RAM
CH10 Transfer value in final array

CHS5 Trigger SPI communication to select the M0-6

channel

eMIOS eMIOSO - 2 Channels 10 eMIOS channels
eMIOS1 - 8 Channels used
CHO for Vbat

DADC CH1, CH2, CH3, CH4 to convert the CS 5 ADC channels used
CTU_CH34

BCTU eMIOS1_CH2 vs ADCO_CHO 1 CTU channel used
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3

Conclusion

The SPC56ECT74 lighting application example introduces MCU eMIOS, CTU, and ADC
modules usage within a lighting application, which is in this case well suited for the lamp
light bulbs control as well as for the lamp LEDs control with no major change required in the
peripherals software.

The benefit of using the CTU module is significant as opposed to using the timer to trigger
ADC at a certain point within a PWM channel cycle. The timer produces frequent interrupts
that need to be processed by the MCU CPU, causing an increase in the CPU load and
suspending run time processes. Using the CTU gives the application designer a powerful
tool to avoid diagnostic timer-configuration challenges and makes the lighting application
simpler to design and test.

The ADC module gives the designer the opportunity to use watchdog threshold interrupts to
increase MCU performance, and enables fast responses in case of lamp light bulb failures.
If required, the number of the ADC channels can be increased from 64 up to 95, using
simple external logic circuitry fully controlled by the ADC module.

The eMIOS module offers up to 64 PWM channels suitable for a lighting application as well
as for other PWM-based applications. The eMIOS module provides PWM channels with
high resolution and flexibility.

The lighting application example consists of an example description and complete software
demonstration based on the SPC56EC74L7 LQFP176 minimodule and EVB.

This example is easily portable to each device of the SPC56xBx/RPC56xBx/SPC56xCx
family; for devices which have DMA module, no particular modifications are required. For
devices where DMA module is missing, the DMA feature can be replaced with interrupt
routines but with a higher CPU load.
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Reference documents

SPC560B4x, SPC560B5x, SPC560C4x, SPC560C5x, 32-bit MCU family built on the

embedded Power Architecture® (RM0017), available at www.st.com

SPC564Bxx, SPC56ECxx 32-bit MCU family built on the embedded Power

Architecture® (RM0070 DOC 1D18196)

Acronyms
Table 2. Acronyms
Acronym Name
ADC Analog to Digital Converter
ALTCADR eMIOS UC A2 Register
CADR eMIOS UC A1 Register
CBDR eMIOS UC B2 Register
CTU Cross Triggering Unit
EMC Electromagnetic Compatibility
eMIOS Configurable enhanced Modular 1/0 Subsystem
EVB Evaluation Board
LA Lighting Application
MC eMIOS channel Modulus Counter mode
MCU Microcontroller Unit (SPC560B50)
OPWMT eMIOS channel Output PWM mode with Trigger
PCR Pad Configuration Register
PWM Pulse Width Modulation
SIUL System Integration Unit Lite
SAIC Single Action Input Capture
SAOC Single Action Output Compare
DMA Direct Memory Access
uc eMIOS Universal Counter channel
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Table 3. Document revision history

Date Revision Changes
13-Jun-2013 1 Initial release
17-Sep-2013 2 Updated Disclaimer.
08-Oct-2015 3 Robust root part numbers added.
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STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and
improvements to ST products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on
ST products before placing orders. ST products are sold pursuant to ST's terms and conditions of sale in place at the time of order
acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or
the design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. All other product or service names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2015 STMicroelectronics — All rights reserved
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