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About this document

Scope and purpose

AN234282 demonstrates how to configure and use a SAR ADC in XMC7000 family with a software trigger, a
hardware trigger, group processing, averaging, range detection, pulse detection, diagnosis, and calibration.
This document is based on using the Device Configurator to configure the ADC parameters.

Associated Part Family

XMC7000 family of XMC™ industrial microcontrollers.
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Introduction

1 Introduction

This application note describes how to use a SAR ADC for Infineon XMC7000 family. The SAR ADC converts
analog input voltages into digital values. The analog channels can be individual or grouped. Each channel can
be triggered by software or hardware. The SAR ADC features averaging, range detection, pulse detection,
diagnosis, and calibration.

The Device Configurator is part of a collection of tools included with the ModusToolbox™. Use the Device
Configurator to enable and configure device peripherals, such as clocks and pins, as well as standard

MCU peripherals that do not require their own tool. To understand the functionality described and terminology
used in this application note, see the “SAR ADC” chapter of the architecture reference manual.

Application note 4 002-34282 Rev. *A
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2 Software trigger procedure

Figure 1 shows an example application that converts voltage values given to pin ADC[0]_0 of the MCU to digital
values. Analog-to-digital conversion is repeated in the interrupt service routine (ISR) by using a software
trigger.

+5V
MCU
= ADC[0]_0
GND

Figurel Example of analog-to-digital conversion connection

To implement this application, use the following sections that describe the procedure for setting the ADC
channel. These sections also provide an example for using a software trigger.

2.1 Basic ADC global configuration

This section describes how to configure the ADC based on a use case using the Peripheral Driver Library (PDL).
The code snippets in this application note are part of PDL. See References.

The driver part configures each register based on the parameter values in the configuration part.

2.2 ADC global configuration
Configuring the common ADC settings in each channel involves the following:

o Enabling the ADC and configuring auto idle power down with the SARn_CTL register
e Configuring debug freeze with the PASS_PASS_CTL register

Figure 2 shows an example of the ADC global settings.

4 ' N
[ Start Setting of Global ADC )
N /

Enable ADC Setting Enable SAR IP, SAR ADC, SAR sequencer, SARMUX
Auto Idle Power Down Setting Disable auto idle power down
Debug Freeze Setting Disable debug freeze

a N
ﬂ\ End Setting of Global ADC )

/
Figure2 Example of ADC global configuration

Application note 5 002-34282 Rev. *A
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2.2.1

The following use case is an example of ADC global setting:

2.2.2

Use case

ADC logical channel: 0

ADC operation frequency: 13 MHz
Auto idle power down: 0 (Disable)
Power-up time: 0 (Disable)
SARIP: 1 (Enable)

SARADC and SARSEQ: 1(Enable)
SARMUX: 1 (Enable)

VDDA Voltage: 3.3V

Configuration

Figure 3 shows the parameters of the configuration part in Device Configurator tool for SAR2 global setting.

KMCT200D-E272K8384

12-bit SAR ADC 0 (ADCO) - Parameters

Peripherals Pins  Analog-Routing System Peripheral-Clocks DMA |Enterfi|terte><t...
|Enterfi|terte><t... i |\F =] EEE] I Mame Walue
Resource Mame(s) Personality M O\relt\_riew
v Analog ‘?\ Configuration Help
~ Programmable Analog v General
12-bit SAR ADC 0 SAR2-1.0 | (2) Enable SAR Block
) Enable The SAR MUX

1 TZ-Bit SAR BDC T | pas
[] 12-bit SAR ADC 2 |pas

Open SARZ Documentation

) Enable The SAR ADC

) Precondition Time

Qe lOde"|REEA

[ epassaref g
Communication ) Power Up Time
Digital ) Power Down If ldle
System ) MSB Cycles se 1 clock cycles per conversion
) Half LSB
‘?\ MNumber Of Channels |1
* Connections
(2) Clock & | @ 8 bit Divider 0 clk [USED]
(7) Clock Frequency (% 13.066667 MHz
Figure3  SAR2 global configuration in Device Configurator
Table1 Functions for ADC global configuration
Functions Description Value
Cy_SAR2 Init (PASS SAR,ADC Initializes the ADC module -
Configure)
Application note 6 002-34282 Rev. *A
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2.2.3 Sample code

This section demonstrates a sample code for the initial configuration of ADC global settings. The following
description will help you understand the register notation of the driver part of the PDL:

e base->unENABLE.stcField.ul1CHAN_EN is the PASSO_SARO_CHO_ENABLE.CHAN_EN setting mentioned in the
registers reference manual. Other registers are also described in the same manner.
e Performance improvement measures

e Toimprove the performance of register setting, the PDL writes a complete 32-bit data to the register. Each
bit field is generated in advance in a bit-writable buffer and written to the register as the final 32-bit data.

Code Listing 1 General configuration of ADC global settings

#define ADCO HW PASSO_SARO

#define ADCO CHO HW PASSO_SARO_ CHO

#define ADCO channel 0 HW ADCO CHO HW

#define ADCO _CHO IRQ pass_0 interrupts sar 0 IRQOn
#define ADCO channel 0 IRQ ADCO CHO IRQ

#define ADCO VDDA RANGE CY SAR2 VDDA 2 7V_TO 4 5V
#ifndef SARMUX0 CHO PORT ADDR

#define SARMUX0 CHO PORT ADDR 0

#endif

#define ADCO channel 0 IDX (OUL)

const cy stc sar2 config t ADCO config =

{

.preconditionTime = 0U,

.powerupTime = 0U,

.enablelIdlePowerDown = false,

.msbStretchMode = CY SAR2 MSB STRETCH MODE 1CYCLE,
.enableHalfLsbConv = false,

.sarMuxEnable = true,

.adcEnable = true,

.sarIpEnable = true,

.channelConfig = {(cy stc sar2 channel config t *)&ADCO channel 0 config,

NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL,
NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL,
NULL, NULL, NULL, NULL, NULL, NULL, NULL},

b

int main (void)

{

Application note 7 002-34282 Rev. *A
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/* Initialize the device and board peripherals */

result = cybsp init();

/* Board init failed. Stop program execution */
if (result != CY RSLT SUCCESS)
{

CY ASSERT (0) ;

/* Enable global interrupts */

__enable irqg();

/* Initialize ADC */
{
/* Initialize the SAR2 module */
Cy SARZ2 Init (ADCO_HW, &ADCO config);
/* Set ePASS MMIO reference buffer mode for bangap voltage */

Cy SARZ SetReferenceBufferMode (PASSO EPASS MMIO,
CY SARZ REF BUF MODE OFF);:

}

for (;;)

Application note 8 002-34282 Rev. *A
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2.3 Logical channel configuration with software trigger

Each logical channel has one A/D conversion result register. A logical channel can be assigned as any analog
input (ADC [n] i) by configuring the SARn CHx SAMPLE CTL register.

Figure 4 shows the example of logical channel configuration with a software trigger. In this example, the
minimum value of the sample time is used. To find the proper sample time for your system, see the datasheet
mentioned in References.

IS : : N
L Start setting oflloglcal channel )
Logical channel priority setting Highest priority: 0
Trigger type setting Trigger type: OFF - no hardware trigger
Preemption type setting Preemption type: FINISH_RESUME
Group End setting Last channel of a group
Level or pulse selection DONE_LEVEL: pulse
Analog input setting Analog input: ADC[0]_0
Sample time setting Sample time: 412.5 ns=11/ (80 MHz /3)
‘ Interrupt mask setting ‘ Enable group done interrupt
. Set interrupt enable of CM4: __enable_irq();
Interrupt setting Interrupt structure setting:
‘ Channel enable setting ‘ Enable channel 0
‘ Software trigger setting ‘ Enable software trigger of channel 0
|
( End setting of logical channel )

Figure4 Example of logical channel setting with software trigger

Logical channel 0 is used in this example. Any logical channel will work in this application if proper analog input
is selected.

2.3.1 Use case
The following use case is an example of configuring the logical channel with software trigger.

e Analoginput: ADC[0]_0

e Sample time: 846 ns=11/13 MHz
o ADC trigger selection: OFF

e Channel priority: 0 (highest)

e Channel pre-emption type: Finish resume
e Channel group: The last channel
e ADCdone level: Pulse

e ADC pin/port address: ADC[0]_0
o External analog MUX: 0, Enable
¢ Pre-conditioning mode: OFF

e Overlap diagnostics mode: OFF

Application note 9 002-34282 Rev. *A
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e Calibration value select: Regular

e Post processing mode: None

e Resultalignment: Right

e Sign extension: Unsigned

¢ Averaging count: 0

e Shiftright: 0

e Mask group: Done/Not cancelled/Not overflow

e Mask channel: Not range/Not pulse/Not overflow

2.3.2 Configuration

Channel configuration in Device Configurator and Table 2 lists the functions of the configuration part of in the
PDL for configuring a logical channel with software trigger.

* Channel 0
f‘-"\ Channel Name channel 0
(7)) Enabled ]
(7) HW Trigger Disabled
77 Tngger Input <unassigned=
‘-"\ Trigger Qutput <unassigned>
/'?\ Trigger Chanel Input <unassigneds
'?\ Voltage Range Trigger Output | <unassigned=
/"\ Channel Done Trigger Cutput | <unassigneds
‘-"\ Debug Freeze Input <unassigned>
(7) Priority o
Preemption Type Abort cngoing acquisition, do net return
Group End |
'?\ Output Trigger Type Pulse
(7) Input & | @ Pé6[6] analog (CYBSP_POT) [USED]
‘?\ Enable External Analog Mux [
/'?\ Precondition Mode Mo Preconditioning
'?\ Cverlap Diagnostic Mode Mo Overlap or SARMUX Diagnostics
/"\ Sample Time (Aperture) |'I'|
"\ Selection Of Calibration Values | Regular
/"\ Result Data Alignment The data is right aligned in Result[11:0]
'?\ Sign Extension Unsigned
/'?\ Post Processing Mode MNo Post Processing
(7) hveraging Count =1
(7) Shift Right o
() Positive Reload 0
/"\ Negative Reload =50
7\ Range Detection Mode Below Low Threshold (Result < Low)
/"\ Range Detect Low Threshold |0
(7) Range Detect High Threshold |65335

Figure5 TCPWM timer configuration in Device Configurator

Application note 10 002-34282 Rev. *A
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Table 2 Functions for configuring a logical channel with software trigger
Functions Description Value
Cy_SARZ2_Channel Init (PASS Initializes the ADC channel -
SARchannel, ADCchannel
Configure)

Cy_SARZ_Channel Enable(SAR | Enables the corresponding -
channel) channel

Cy_SARZ2_Channel SoftwareTr ||ssues asoftware start trigger -
igger (PASS SARchannel)

2.3.3 Sample code

See Code Listing 2 for sample code for initial configuration of a logical channel with a software trigger.

Code Listing 2 General ADC global configuration

#define ADCO HW PASSO_SARO

#define ADCO CHO HW PASSO_ SARO CHO

#define ADCO channel O HW ADCO_CHO HW

#define ADCO CHO IRQ pass 0 interrupts sar O IRQn
#define ADCO channel 0 IRQ ADCO CHO IRQ

#define ADCO_ VDDA RANGE CY SAR2 VDDA 2 7V _TO 4 5V
#ifndef SARMUX0O CHO PORT ADDR

#define SARMUX0 CHO PORT ADDR 0

#endif

#define ADCO channel 0 IDX (OUL)

const cy stc sar2 channel config t ADCO channel 0 config =
{

.channelHwEnable = true,

.triggerSelection = CY SARZ2 TRIGGER OFF,

.channelPriority = 0U,

.preenptionType = CY SARZ2 PREEMPTION ABORT CANCEL,
.donelevel = CY SAR2 DONE LEVEL PULSE,

.isGroupEnd = true,

.pinAddress = SARMUXO CHO PIN ADDR,

.portAddress = SARMUX0 CHO PORT ADDR,

.extMuxEnable false,

.extMuxSelect = 0U,

.preconditionMode = CY SARZ PRECONDITION MODE OFF,
.overlapDiagMode = CY SAR2 OVERLAP DIAG MODE OFF,
.sampleTime = 110,

.calibrationValueSelect = CY SAR2 CALIBRATION VALUE REGULAR,

Application note 11 002-34282 Rev. *A
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Code Listing 2 General ADC global configuration

.postProcessingMode = CY SAR2 POST PROCESSING MODE NONE,
.resultAlignment = CY SAR2 RESULT ALIGNMENT RIGHT,
.signExtention = CY SAR2 SIGN EXTENTION UNSIGNED,
.averageCount = 10U,

.rightShift = 0U,

.positiveReload 0u,

0u,

.negativeReload

.rangeDetectionMode = CY SARZ2 RANGE DETECTION MODE BELOW LO,

.rangeDetectionLoThreshold = 0U,
.rangeDetectionHiThreshold = 655350,
i
int main (void)
{

cy rslt t result;

uintle t resultBuff;

uint32 t adc status = 0;

/* Initialize the device and board peripherals */

result = cybsp init();

/* Board init failed. Stop program execution */
if (result != CY RSLT SUCCESS)
{

CY ASSERT (0) ;

/* Enable global interrupts */

__enable irqg();

/* Initialize retarget-io to use the debug UART port */

result = cy retarget io init (CYBSP DEBUG UART TX,
CYBSP_DEBUG_UART RX, CY RETARGET IO BAUDRATE) ;

if (result != CY RSLT SUCCESS)

{
CY ASSERT (0) ;

Application note 12 002-34282 Rev. *A
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Code Listing 2 General ADC global configuration

/* \x1b[2J\x1b[;H - ANSI ESC sequence for clear screen */
printf ("\x1b[2J\x1b[;H") ;

printf ("*************************************************************

*******************\r\n") ;

printf ("XMC7000 MCU: software trigger ADC conversion\r\n");

printf ("*************************************************************
*******************\r\nu) ;

/* Initialize ADC */

/* Initialize the SAR2 module */
Cy SARZ2 Init (ADCO_ HW, &ADCO config);
/* Set ePASS MMIO reference buffer mode for bangap voltage */

Cy SARZ SetReferenceBufferMode (PASSO EPASS MMIO,
CY SAR2 REF BUF MODE OFF) ;

/* Initialize the SAR2 Channel */
Cy SARZ Channel Init (ADCO HW, 0, &ADCO channel 0 config);

/* Issue software start trigger */

Cy SARZ Channel SoftwareTrigger (ADCO HW, O0);

for (77)
{
/* Get conversion results in counts */
resultBuff = Cy SAR2 Channel GetResult (ADCO HW, 0, &adc_status);
if (CY SAR2 STATUS VALID == (adc status & CY SAR2 STATUS VALID))
{
/* Print out the ADC conversion result by UART */

printf ("ADC conversion complete, result: $d\r\n",
resultBuff);

resultBuff = 0;

/* Trigger next conversion */

Cy SAR2 Channel SoftwareTrigger (ADCO HW, 0);

Application note 13 002-34282 Rev. *A
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2.4 A/D conversion ISR with software trigger

Figure 6 shows the example of ADC ISR with a software trigger. For details on CPU interrupt handling, see the
architecture reference manual mentioned in References.

‘/' Start of A/D Conversion Interrupt Service \
Routine with Software Trigger

‘ Read A/D Conversion Data ‘ Read result data of channel 0

‘ Clear A/D Conversion Interrupt Flag ‘ Clear group done flag of channel 0
‘ Read A/D Conversion Interrupt Flag ‘ Read group done flag of channel 0
‘ Software Trigger Setting ‘ Enable software trigger of channel 0

‘/' End of A/D Conversion Interrupt Service \
) Routine with Software Trigger

Figure6  Example of ADC ISR with software trigger

2.4.1 Use case

See Section 2.3.1.

2.4.2 Configuration

Table 3 lists the functions of the configuration part of in the PDL for global ADC configuration.

Table 3 Functions for configuring the ADC ISR with software trigger

Functions Description Value

Cy_SAR2_Channel GetResult( | Getsthe conversion resultand -
SAR Channel, Status) status

Cy_SAR2_Channel ClearInter | (learsthe correspondingchannel |-

ruptStatus (SAR interrupt status
Channel, Source)

Cy_SARZ2_Channel SoftwareTr ||ssuesthe software start trigger -
igger (SAR Channel)

2.4.3 Sample code

See Code Listing 3 for sample code for initial configuration of the ADC ISR with software trigger.

Code Listing 3 Configuration of the ADC ISR with software trigger

int main (void)
{
cy rslt t result;

/* Initialize the device and board peripherals */
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Code Listing 3 Configuration of the ADC ISR with software trigger

result = cybsp init();

/* Board init failed. Stop program execution */
if (result != CY RSLT SUCCESS)
{

CY ASSERT (0) ;

/* Enable global interrupts */

__enable irqg();

/* Initialize retarget-io to use the debug UART port */

result = cy retarget io init (CYBSP DEBUG UART TX,
CYBSP_DEBUG UART RX, CY RETARGET IO BAUDRATE) ;

if (result != CY RSLT SUCCESS)

{
CY ASSERT (0) ;

/* \x1b[2J\x1b[;H - ANSI ESC sequence for clear screen */
printf ("\x1b[2J\x1b[;H") ;

printf ("*************************************************************
**‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k**\r\n") ;

printf ("XMC7000 MCU: ISR with software trigger ADC conversion\r\n");

prlntf ("*************************************************************
ALl .
*******************\r\n ),

/* Initialize ADC */

/* Initialize the SAR2 module */
Cy SARZ Init (ADCO_HW, &ADCO config);
/* Set ePASS MMIO reference buffer mode for bangap voltage */

Cy SARZ SetReferenceBufferMode (PASSO EPASS MMIO,
CY SAR2 REF BUF MODE OFF);

/* Initialize the SAR2 Channel */
Cy SAR2 Channel Init (ADCO HW, 0, &ADCO channel 0 config);
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Code Listing 3 Configuration of the ADC ISR with software trigger

/* Set ADC group done i

CY SAR2 INT GRP DONE) ;

NVIC ClearPendingIRQ

/* Issue software start

(;7)

for

{

if (adc_done f1
{

adc_result);

void adc_ int handler (void)

{
uint32 t adc status

/* Get interrupt sta

uint32 t intrSource

if(CY _SAR2 INT GRP D
{

Cy SysInt Init(&irqg cfg sar,

Cy SARZ Channel SoftwareTrigger (ADCO HW,

adc_done flag

nterrupt */

Cy SARZ Channel SetInterruptMask (ADCO HW, ADC LOGICAL CHANNEL,

/* Register ADC interrupt handler and enable interrupt */

(ADC_IRQ NUM) ;

NVIC EnableIRQ((IRQn Type)ADC IRQ NUM);

trigger */
0);

/* Check ADC conversion done flag */

ag !'= 0)

0;

/* Print out the ADC conversion result by UART */

printf ("ADC conversion complete,

0;

tus */

Cy SARZ Channel GetInterruptStatusMasked(ADCO HW, ADC LOGICAL CHANNEL) ;
(intrSource & CY SARZ INT GRP_DONE))

ONE ==

/* Get the ADC conversion result and status */

&adc_int handler);

result: %d\r\n",

Application note

16

002-34282 Rev. *A
2024-03-19



o _.
Using a SAR ADC in XMC7000 family Infineon

Software trigger procedure

Code Listing 3 Configuration of the ADC ISR with software trigger

adc_result = Cy SARZ Channel GetResult (ADCO HW,
ADC LOGICAL CHANNEL, &adc_status);

if (CY SAR2 STATUS VALID == (adc status &
CY SAR2 STATUS VALID))

{
adc_done flag = 1;
}
/* Clear interrupt source */

Cy SAR2Z Channel ClearInterrupt (ADCO HW, ADC LOGICAL CHANNEL,
CY SAR2 INT GRP_DONE) ;

/* Trigger next conversion */

Cy SAR2 Channel SoftwareTrigger (ADCO HW, 0);
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3 Hardware trigger procedure

The SAR ADC can be triggered by related hardware functions such as TCPWM, GPIO, and event generator.

This section explains the example application that converts voltage values given to the ADC[0]_6 pin of the MCU
to digital values. The analog-to-digital conversion is repeated at regular intervals with a hardware trigger of a
corresponding TCPWM.

The physical setting of this application is the same as shown in Figure 1.
Ensure that you have set up the parameters as mentioned in Basic ADC global .

To implement this application, follow the procedure for configuring the ADC channel and its example when
using a hardware trigger. The example in this section uses a corresponding TCPWM for the trigger.

3.1 Configuring a logical channel with hardware trigger

Figure 7 shows the example of configuring a logical channel with a hardware trigger in XMC7000. In this
example, the minimum value of the sample time is used. To find the proper sample time for your system, see
the datasheet mentioned in References.

Start Setting of Logical Channel )

Logical Channel Priority Setting Highest priority: 0

Trigger Type Setting Trigger type: a corresponding TCPWM

Preemption Type Setting Preemption type: FINISH_RESUME
Group End Setting Last channel of a group

Level or Pulse Selection DONE_LEVEL: pulse

Analog Input Setting Analog input: ADC[0]_0

Sample Time Setting Sample time: 412.5 ns =11/ (80 MHz /3)

Interrupt Mask Setting Enable group done interrupt

|

Set interrupt enable of CM4: __enable_irq();

Interrupt Settin
. & Interrupt structure setting:

|

‘ Channel Enable Setting ‘ Enable channel 0

|

C End Setting of Logical Channel )

Figure7  Example configuration of a logical channel with hardware trigger in XMC7000

Logical channel 0 is used in this example. Any logical channel will work in this application if proper analog input
is selected. Also, TCPWM and the trigger multiplexer should be configured.
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3.1.1 Use case
The following use case is an example of configuring a logical channel with hardware trigger:

e Analoginput: ADC[0]_6

e Sample time: 846 ns=11/13 MHz

e Trigger select: TCPWM

e Pre-emption type: FINISH_RESUME

e GROUP_END: Last channel of a group

e External analog MUX: 0, Enable

e Pre-conditioning mode: OFF

e Overlap diagnostics mode: OFF

o Calibration value select: Regular

e Post processing mode: None

e Result alignment: Right

e Sign extension: Unsigned

e Averaging count: 0

e Shiftright: 0

e Mask group: Done/Not cancelled/Not overflow
e Mask channel: Not range/Not pulse/Not overflow
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3.1.2

Configuration

Table 4 lists the functions of the configuration part in the PDL configuring a logical channel with hardware

trigger in XMC7000.

Rezource Mame(s) Personality ?) Clock Frequency % 13.066667 MHz
v Analog g Chan_nel 0
v Programmable Analo Channel Name |channe\_D
| 12-bit SAR ADCO SAR2-1.0 Enabled
1 12-bit SAR ADC 1 HW Trigger TCPWIM
[] 12-bit SAR ADC 2 Trigger Input & | @ TCPWM[1] Group[1] 16-bit Counter 0 out 0 (MY_PWM) [USED]
Tl s Trigger Output <unassigned=
Communication
Digital Trigger Chanel Input & . TCPWM([1] Group[1] 16-bit Counter 0 out 1 (MY_PWM) [USED]
Systemn . .
7) Voltage Range Trigger Qutput | <unassigned>
Channel Dene Trigger Output | <unassigned>
Debug Freeze Input <unassigned>
Priority [o
Preemption Type Abort ongoing acquisition, do not return
Group End I
Output Trigger Type Pulse
Input & | (@ P6l6] analog (CYBSP_POT) [USED] I
Enable External Analog Mux [
Precondition Mode Mo Preconditioning
Overlap Diagnostic Mode Mo Overlap or SARMUX Diagnostics
Sample Time (Aperture) |1T
Selection Of Calibration Values | Regular
Result Data Alignment The data is right aligned in Result{11:0]
Sign Extension Unsigned
Post Precessing Mode Mo Post Processing
Averaging Count =
Shift Right o
Positive Reload =
Negative Reload o
Range Detection Mode Below Low Threshold (Result < Low])
Range Detect Low Threshold |0
Range Detect High Threshold |65535
Figure8 XMC7200: SAR channel configuration in Device Configurator
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Enter filter text...

Zveml i BE

Resource
Analog
Comrmunication
~ Digital
~ Timer, Counter, and PWM [TCPWM) 0
TCPWMIO] Group O
TCPWMIO] Group 1
TCPWMID] Group 2
¥ Timer, Counter, and PWM [TCPWM]) 1
TCPWMI1] Group O
~ TCPWM[1] Group 1

MNamels)

Personality

| TCPWM(1] Group[1] 16-bit Counter 0

MY_PWM

PWM-1.0 |

] TCPWM[1] Group[1] 16-bit Counter 1 [tcp

wm_1_group_1_cnt_1

] TCPwWmM[1] Group([1] 16-bit Counter 2

cpwm_1_group_1_cnt 2

] TCPwmi1] Group[1] 16-bit Counter 3

cpwm_1_group_1_cnt_3

[ TCPWM[1] Group[1] 16-bit Counter 4

pwm_1_group_

] TCPwWmM[1] Group([1] 16-bit Counter 5

cpwm_1_group_1_cnt_5

] TCPwmi1] Group[1] 16-bit Counter &

m_1_group_1_cnt_6

] TCPWM[1] Group[1] 16-bit Counter 7

m_1_group_

] TCPwWmM[1] Group([1] 16-bit Counter &

pwim_1_group_1_cnt 8

] TCPwmi1] Group[1] 16-bit Counter 9

cpwm_1_group_1_cnt_9

[ TCPWM[1] Group[1] 16-bit Counter 10 |tcpy

t
tep
tep
tep
tep
tepw
tcpw
tep
tep
tep
tep

MName Value
(Z) PWM Mode PWIM
(7) Clock Prescaler Divide by 1
PWM Resolution ) 16-bits
PWM Alignment Left Aligned
Run Mode Continuous
(Z) Immediate Kill Oa
~ Period
(7) Enable Period Swap
7) Period 10000
v Compare
(%) Enable Compare 0 Swap [
Corpare 0 |SDDD
) Enable Compare 1 Swap []
(2} Compare 1 |SDDD
w

Interrupt Source
/""\ Overflow & Underflow [
O

) Compare 0
(Z) Compare 1
Inputs

(Z) Clock Signal & | @ 8 bit Divider 0 clk (PWM_CLK) [USED]

vr_1_group_ Count Input Disabled
] TCPWM[1] Group[1] 16-bit Counter 11 [tcpwm 1 group 1 cnt 11 Kill 0 Input Disabled
TCPWMI1] Group 2 ) Reload Input Disabled
System Start Input Disabled
Swap Input Disabled
(20 Kill 1 Input Disabled
v PWM Output Polarity
")\ Invert PWM Output O
(7) Invert PWM_n Output [
~ PWM Disabled Qutput
(’j‘: PWM Disabled Qutput  High Impedance
~ Qutputs
""\ PWM (ling) <unassigned>
/‘7\ PWM_n (line_campl) <unassigned>
v Trigger Outputs
’9‘ Trigger O Event Cormnpare 0 Match
Trigger O Signal & | @ 12-bit SAR ADC 0 tr_sar_gen_in[0] (ADCO) [USED]
Trigger 1 Event Cormpare 0 Match
(7) Trigger 1 Signal & | @ 12-bit SAR ADC D tr_sar_ch_in[0] (ADCU) [USED]
Figure9 XMC7200: TCPWM configuration in Device Configurator
Table 4 Functions for configuring a logical channel with hardware trigger in XMC7000
Functions Description Value

Cy SAR2 Channel GetInterru
ptMaskedStatus (PASS
SARchannel, INTR Source)

Returns the interrupt status

Cy Tcpwm Pwm Init (Group
Counter, TCPWM PWM config)

Initializes the TCPWM for PWM
operation

Cy Tcpwm Pwm Enable (Group
Counter)

De-initializes the TCPWM block

Cy Tcpwm TriggerStart (Grou
p Counter)

Triggers a software start on
selected TCPWMs

3.1.3 Sample code

See Code Listing 4 and Code Listing 5 for sample code for initial configuration of a logical channel with

hardware trigger in XMC7000.
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Code Listing 4 Configuring a logical channel with hardware trigger in XMC7000

infineon

#define MY PWM HW TCPWM1

#define MY PWM NUM 256UL

#define MY PWM IRQ tcpwm 1 interrupts 256 IRQn
#define MY PWM INPUT DISABLED 0x7U

const cy stc tcpwm pwm config t MY PWM config =

{

.pwmMode = CY TCPWM PWM MODE_PWM,

.clockPrescaler = CY TCPWM PWM PRESCALER DIVBY 1,
.pwmAlignment = CY TCPWM PWM LEFT ALIGN,
.deadTimeClocks = 0,

.runMode = CY TCPWM PWM CONTINUOUS,

.period0 = 10000,

(CY TCPWM INT ON CCl & 0U),

.invertPWMOut = CY TCPWM PWM INVERT DISABLE,
.invertPWMOutN = CY TCPWM PWM INVERT DISABLE,
.killMode = CY TCPWM PWM STOP ON KILL,
.swapInputMode = MY PWM INPUT DISABLED & 0x3U,
.swapInput = CY TCPWM INPUT O,

.reloadInputMode = MY PWM INPUT DISABLED & 0x3U,
.reloadInput = CY TCPWM INPUT O,
.startInputMode = MY PWM INPUT DISABLED & 0x3U,
.startInput = CY TCPWM INPUT O,

.killInputMode = MY PWM INPUT DISABLED & 0x3U,
.killInput = CY TCPWM INPUT O,

.countInputMode = MY PWM INPUT DISABLED & 0x3U,
.countInput = CY TCPWM INPUT 1,
.swapOverflowUnderflow = false,

.immediateKill = false,

.tapsEnabled = 45,

.compare2 = 5000,
16384,

.compare3

.periodl = 32768,

.enablePeriodSwap = false,

.compare0 = 5000,

.comparel = 16384,

.enableCompareSwap = false,

.interruptSources = (CY TCPWM INT ON TC & 0U) | (CY TCPWM INT ON CCO ) |
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Code Listing 4 Configuring a logical channel with hardware trigger in XMC7000

infineon

.enableComparelSwap = false,

.compareOMatchUp = true,

.compareOMatchDown = false,

.comparelMatchUp = true,

.comparelMatchDown = false,

.killlInputMode = MY PWM INPUT DISABLED & 0x3U,
.killlInput = CY TCPWM INPUT O,

.pwmOnDisable = CY TCPWM PWM OUTPUT HIGHZ,
.triggerOEvent = CY TCPWM CNT TRIGGER ON CCO MATCH,
CY TCPWM CNT TRIGGER ON CCO_ MATCH,

.triggerlEvent
i

#define ADCO HW PASSO_SARO

#define ADCO CHO HW PASSO_ SARO CHO

#define ADCO channel 0 HW ADCO CHO HW

#define ADCO CHO IRQ pass 0 interrupts sar 0 IRQn
#define ADCO channel 0 IRQ ADCO CHO IRQ

#define ADCO_ VDDA RANGE CY SAR2 VDDA 2 7V_TO 4 5V
#ifndef SARMUX0 CHO PORT ADDR

#define SARMUX0 CHO PORT ADDR 0

#endif

#define ADCO channel 0 IDX (OUL)

const cy stc sar2 channel config t ADCO channel 0 config =
{

.channelHwEnable = true,

.triggerSelection = CY SARZ2 TRIGGER TCPWM,
.channelPriority = 0U,

.preenptionType = CY SAR2 PREEMPTION ABORT CANCEL,
.doneLevel = CY SAR2Z DONE LEVEL PULSE,

.isGroupEnd = true,

.pinAddress = SARMUXO CHO PIN ADDR,

.portAddress = SARMUX0 CHO PORT ADDR,

.extMuxEnable false,

.extMuxSelect = 0U,

.preconditionMode = CY SARZ PRECONDITION MODE OFF,
.overlapDiagMode = CY SAR2 OVERLAP DIAG MODE OFF,

.sampleTime = 110U,
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Code Listing 4 Configuring a logical channel with hardware trigger in XMC7000

.calibrationValueSelect = CY SAR2 CALIBRATION VALUE REGULAR,
.postProcessingMode = CY SAR2 POST PROCESSING MODE NONE,
.resultAlignment = CY SAR2 RESULT ALIGNMENT RIGHT,
.signExtention = CY SAR2 SIGN EXTENTION UNSIGNED,
.averageCount = 10U,

.rightShift = 0U,

.positiveReload 0u,

.negativeReload = 0U,

.rangeDetectionMode = CY SAR2 RANGE DETECTION MODE BELOW LO,
.rangeDetectionLoThreshold = 0U,

655350,

.rangeDetectionHiThreshold
i

const cy stc sar2 config t ADCO config =

{

.preconditionTime = 0U,

.powerupTime = 0U,

.enableIdlePowerDown = false,

.msbStretchMode = CY SAR2 MSB STRETCH MODE_1CYCLE,

.enableHalfLsbConv = false,

.sarMuxEnable = true,

.adcEnable = true,

.sarIpEnable = true,

.channelConfig = {(cy stc sar2 channel config t *)&ADCO channel 0 config,

NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL,
NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL,
NULL, NULL, NULL, NULL, NULL, NULL, NULL},

}s

Code Listing 5 TCPWM Hardware trigger ADC conversion function

int main (void)
{
cy rslt t result;
uintleé t resultBuff;
uint32 t adc status = 0;

/* Initialize the device and board peripherals */
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Code Listing 5 TCPWM Hardware trigger ADC conversion function

result = cybsp init();

/* Board init failed. Stop program execution */
if (result != CY RSLT SUCCESS)
{

CY ASSERT (0) ;

/* Enable global interrupts */

__enable irqg();

/* Initialize retarget-io to use the debug UART port */

result = cy retarget io init (CYBSP DEBUG UART TX,
CYBSP_DEBUG_UART RX, CY RETARGET IO BAUDRATE) ;

if (result != CY RSLT SUCCESS)
{
CY ASSERT (0) ;

/* \x1b[2J\x1b[;H - ANSI ESC sequence for clear screen */
printf ("\x1b[2J\x1b[;H") ;

prlntf ("*************************************************************
ALl .
*******************\r\n ),

printf ("XMC7000 MCU: HW trigger ADC conversion\r\n");

printf ("*************************************************************
**‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k**\r\n") ;

/* Initialize the SAR2 module */
Cy SARZ2 Init (ADCO_ HW, &ADCO config);
/* Set ePASS MMIO reference buffer mode for bangap voltage */

Cy SARZ SetReferenceBufferMode (PASSO EPASS MMIO,
CY SAR2 REF BUF MODE OFF);

/* Initialize the SAR2 Channel */
Cy SAR2 Channel Init (ADCO HW, 0, &ADCO channel 0 config);

/* Initialize PWM using the config structure generated using device
configurator*/
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Code Listing 5 TCPWM Hardware trigger ADC conversion function

if (CY TCPWM SUCCESS != Cy TCPWM PWM Init (MY PWM HW, MY PWM NUM,
&MY PWM config))

{
CY ASSERT (0) ;

/* Enable the initialized PWM */
Cy TCPWM PWM Fnable (MY PWM HW, MY PWM NUM) ;

/* Then start the PWM */
Cy TCPWM TriggerReloadOrIndex Single (MY PWM HW, MY PWM NUM) ;

for (77)
{
/* Get conversion results in counts */
resultBuff = Cy SAR2 Channel GetResult (ADCO HW, 0, &adc_status);
if (CY SAR2 STATUS VALID == (adc_status & CY SAR2 STATUS VALID))
{
/* Print out the ADC conversion result by UART */

printf ("ADC conversion complete, result: %d\r\n",
resultBuff);

resultBuff = 0;

3.2 A/D conversion ISR with hardware trigger

Figure 10 shows the example of the ADC ISR with a hardware trigger. For details on CPU interrupt handing, see
the architecture reference manual mentioned in References.
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‘,// Start of A/D Conversion Interrupt )
Service Routine with Hardware Trigger

Read A/D Conversion Data Read result data of channel 0
Clear A/D Conversion Interrupt Flag Clear group done flag of channel 0
Read A/D Conversion Interrupt Flag Read group done flag of channel 0

(7 End of A/D Conversion Interrupt 7
Service Routine with Hardware Trigger

Figure 10 Example of ADC ISR with hardware trigger

3.2.1 Use case

See Section 3.1.1.

3.2.2 Configuration

Table 5 lists the functions of the configuration part of in the PDL for the ADC ISR with hardware trigger.

Table 5 Functions for configuring the ADC ISR with hardware trigger

Functions Description Value

Cy_SARZ_ Channel GetResult ( | Gets the conversion result and -
SAR Channel, Status) status

Cy_SARZ2_Channel ClearlInter |(Clearsthe corresponding channel |-
ruptStatus (SAR interrupt status
Channel, Source)

3.2.3 Sample code

See Code Listing 6 for sample code for the initial configuration of the ADC ISR with software trigger.

Code Listing 6 Configuring the ADC ISR with software trigger

/* ADC channel number definition */

#define ADC_LOGICAL CHANNEL (Ou)

#define ADC IRQ NUM (NvicMux2 IRQn)

#define ADC_INTR NUM (((ADC_IRQ NUM << 16u) | ADCO_CHO IRQ))
#define ADC INTR PRIORITY (7u)

/**************************************************************************

* Kk k kK

* Global Variables

KRR AR A A A A A A A A A A A A A A A A A A AR A A A A A A A A A A AR A A A A A A A A A A A A A A A A A Ak A A A A A A A A A A A Ak ko kK
‘k*k‘k*k/
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Code Listing 6 Configuring the ADC ISR with software trigger

infineon

/* ADC interrupt configuration */
const cy stc sysint t irg cfg sar =
{
.intrSrc = ADC_INTR NUM,
.intrPriority = ADC INTR PRIORITY,
bi

/* ADC conversion complete flag */

volatile uint8 t adc done flag = 0;

/* ADC conversion result */

uintl6é t adc result;

int main (void)
{
cy rslt t result;

/* Initialize the device and board peripherals */

result = cybsp init();

/* Board init failed. Stop program execution */
if (result != CY RSLT SUCCESS)
{

CY ASSERT (0) ;

/* Enable global interrupts */

__enable irqg();

/* Initialize retarget-io to use the debug UART port */

result = cy retarget io init (CYBSP DEBUG UART TX,
CYBSP_DEBUG_UART RX, CY RETARGET IO BAUDRATE) ;

if (result != CY RSLT SUCCESS)
{
CY ASSERT (0) ;
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Code Listing 6 Configuring the ADC ISR with software trigger

/* \x1b[2J\x1b[;H - ANSI ESC sequence for clear screen */
printf ("\x1b[2J\x1b[;H") ;

prlntf ("*************************************************************
" .
*******************\r\n ),

printf ("XMC7000 MCU: HW trigger ADC conversion with interrupt\r\n");

printf ("*************************************************************
*******************\r\nu) ;

/* Initialize the SAR2 module */
Cy SARZ Init (ADCO HW, &ADCO config);
/* Set ePASS MMIO reference buffer mode for bangap voltage */

Cy SAR2 SetReferenceBufferMode (PASSO EPASS MMIO,
CY SAR2 REF BUF MODE_OFF);

/* Initialize the SAR2 Channel */
Cy SARZ Channel Init (ADCO HW, 0, &ADCO channel 0 config);

/* Set ADC group done interrupt */

Cy SARZ Channel SetInterruptMask (ADCO HW, ADC LOGICAL CHANNEL,
CY SAR2 INT GRP_DONE) ;

/* Register ADC interrupt handler and enable interrupt */
Cy SysInt Init(&irqg cfg sar, &adc_int handler);
NVIC ClearPendingIRQ (ADC IRQ NUM) ;
NVIC EnableIRQ((IRQn Type)ADC IRQ NUM) ;

/* Initialize TCPWMO GRPx CNTx PWM PR as PWM Mode & Enable */
Cy TCPWM PWM Init (PWM SAR2 HW, PWM SAR2 NUM, §PWM SAR2 config);

/* Enable the MY COUNTERO */
Cy TCPWM PWM Enable (PWM SAR2 HW, PWM SAR2 NUM);

//Cy TCPWM TriggerReloadOrIndex Single (PWM SAR2 HW, PWM SAR2 NUM) ;
Cy TCPWM TriggerStart Single (PWM SARZ HW, PWM SAR2 NUM) ;

for (;7)
{
/* Check ADC conversion done flag */
if (adc done flag != 0)
{
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Code Listing 6 Configuring the ADC ISR with software trigger

adc_done flag = 0;
/* Print out the ADC conversion result by UART *x/

printf ("ADC conversion complete, result: %d\r\n",
adc_result);

void adc_int handler (void)

{
uint32 t adc status = 0;

/* Get interrupt status */

uint32 t intrSource =
Cy SARZ Channel GetInterruptStatusMasked(ADCO HW, ADC LOGICAL CHANNEL) ;

if (CY _SAR2 INT GRP DONE == (intrSource & CY SAR2 INT GRP_DONE))
{
/* Get the ADC conversion result and status */

adc_result = Cy SARZ2 Channel GetResult (ADCO HW,
ADC LOGICAL CHANNEL, &adc_status);

if (CY SAR2 STATUS VALID == (adc status &
CY SAR2 STATUS VALID))

{
adc_done flag = 1;
}
/* Clear interrupt source */

Cy SAR2 Channel ClearInterrupt (ADCO HW, ADC LOGICAL CHANNEL,
CY SAR2 INT GRP_DONE) ;

}
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4 Group procedure

The SAR ADC has a function for consecutive conversions using multiple pins with one trigger. The pins and the
order of conversions can be selected from any ports that can be configured as an analog input. ADC logical
channels that are selected for consecutive conversion with one trigger are called ‘groups’.

A group trigger is defined by the first channel of the group, which has the trigger type set to ‘OFF’ (no hardware
trigger), ‘TCPWM’, ‘Generic 0 to 4’, or ‘Continuous’.

If the “continue group with next channel” option is not set by the GROUP_END bit of the SARn_CHXTR_CTL
register, the group will consist of only one channel. Otherwise, the group continues until the last channelin a
row with its bit set to ‘last channel of a group’. After the first channel of the group is triggered and converted,
the second channel is automatically triggered, and so on until the whole group is converted.

Figure 11 shows an example application that converts the voltage consecutively in the order of ADC[0]_10,
ADC[0]_12 and ADC[0]_15 with one software trigger.

Ensure that you have set up the parameters as mentioned in Basic ADC global .

MCU

~<«——ADCJ[0]_10

B — ADC[0]_12

< ADC[0]_15

Figure11 Example of group conversion connection

Use the information in the following sections and the example to implement this application.

4.1 Configuring a logical channel for group procedure

Figure 12 shows the example of configuring a logical channel for the group procedure in XMC7000. In this
example, the minimum value of the sample time is used. To find the proper sample time for your system, see
the datasheet mentioned in References.
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4 N\

( Start Setting of Logical Channel ) ADC[0]_10 ADC[0]_12
Logical Channel Priority Setting Highest priority: 0 Highest priority: 0 )
Trigger Type Setting Trigger type: OFF - no hardware trigger Trigger type: OFF - no hardware trigger
Preemption Type Setting Preemption type: FINISH_RESUME Preemption type: FINISH_RESUME
Group End Setting Continue group with next channel Continue group with next channel
Level or Pulse Selection DONE_LEVEL: pulse DONE_LEVEL: pulse
Analog Input Setting Analog input: ADC[0]_10 Analog input: ADC[0]_12
Sample Time Setting Sample time: 412.5ns=11/ (80 MHz /3) Sample time: 412.5ns=11/ (80 MHz /3)
Interrupt Mask Setting Disable interrupt Disable interrupt

I

Interrupt Setting

[

‘ Channel Enable Setting

l

‘ Software Trigger Setting ‘ Enable software trigger

Enable channel 0 Enable channel 1

( End Setting of Logical Channel )

ADC[0]_15

Highest priority: 0

Trigger type: OFF - no hardware trigger
Preemption type: FINISH_RESUME
Last channel of a group

DONE_LEVEL: pulse

Analog input: ADC[0]_15
Sample time: 412.5 ns=11/ (80 MHz /3)

Enable group done interrupt

Interrupt structure setting:

Enable channel 2

Figure 12 Example of configuring a logical channel for group conversion in XMC7000

Although this example uses logical channels 0, 1, and 2, you can use any channel if those numbers are

consecutive.

4,1.1 Use case

The following use case is an example of configuring a logical channel for group conversion.

o ADC trigger selection: OFF

e Channel priority: 0 (highest)

e Channel pre-emption type: Finish resume
e Analoginput, channel group and interrupt

Channel |Analoginput | Channel group Interrupt

CHO ADC[0]_0 Continue group with next channel Disable

CH1 ADC[0]_1 Continue group with next channel Disable

CH2 ADC[0]_2 Last channel of a group Enable group done interrupt

e ADCdone level: Pulse

e External analog MUX: 0, Enable

e Pre-conditioning Mode: OFF

e Overlap diagnostics mode: OFF

o Calibration value select: Regular

e Post processing mode: None

e Resultalignment: Right

e Sign extension: Unsigned

e Averaging count: 0

e Shiftright: 0

e Mask group: Not done/Not cancelled/Not overflow
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e Mask channel: Not range/Not pulse/Not overflow

4.1.2 Configuration

Table 6 lists the functions for configuring a logical channel for group conversion in XMC7000.

Resource Mame(s) Personality

v Analog

v Pr og
I 12-bit SAR ADC O SARZ-1.0

] 12-bit SAR ADC1
[J 12-bit SAR ADC 2
epassaref

Communication

Digital

System

EpassAref-1.0

v Overview

'/"\ Configuration Help
v General
(Z) Enable SAR Block
) Enable The SAR MUX
) Enable The SAR ADC

) Precondition Time

) Power Up Time

! Power Down If ldle
) MSEB Cycles

Half L5B

Open SARZ Documentation

dr=T= 1R & E

Use 1 clock cycles per conversion

?7) Clock Frequency

& | (@ 8 bit Divider 1 clk [USED]
(%) 13.066667 MHz

Figure 13 SAR2 global configuration for group in Device Configurator

~ Channel 1

v Channel 0

<unassigneds>

7) Trigger Chanel Input

& | @ TCPWM[1] Group[1] 16-bit Counter 0 out 0 (MY_PWM] [USED]

& | @ TCPWMI1] Group[1] 16-bit Counter 0 out 1 (MY _PWM) [USED]

Trigger Input

) Trigger Qutput

(7) Trigger Chanel Input

(7) Channel Name |channeI_D '/7\ Channel Name |channel_1
(7) Enabled Enabled
(7) HW Trigger TCPWM HW Trigger Disabled

<unassigned:

<unassigned>

<unassigned>

7) Voltage Range Trigger Qutput | <unassigned=

! Channel Done Trigger Qutput | <unassigned>

Debug Freeze Input <unassigned:>

Debug Freeze Input

Priority o

) Preemption Type

Abort ongoing acquisition, up on return Resume

Voltage Range Trigger Qutput

) Channel Dene Trigger Qutput

<unassigned>

<unassigned>

<unassigned>

Group End L]

Output Trigger Type Pulse

nput & || @ epassaref vdda [USED]

Enable External Analog Mux
) External Analog Mux Select EXT_MUX[x] 0
Precondition Mode Mo Preconditioning

Overlap Diagnostic Mode Mo Overlap or SARMUX Diagnostics

(7) Input

! Enable External Analog Mux
External Analog Mux Select
Precondition Mode
Overlap Diagnostic Mode

Sample Time (Aperture) |11

Sample Time (Aperture)

Selection Of Calibration Values | Regular
The data is right aligned in Result[11:0]
) Sign Extension Unsigned

Result Data Alignment

Post Processing Mode Mo Post Processing

Averaging Count (!

Result Data Alignment
Sign Extension
Post Processing Mode

Averaging Count

Shift Right [o

Shift Right

Paositive Reload o
Negative Reload ]
Range Detection Mode Inside Range (Low <= Result < High)

Positive Reload
MNegative Reload
Range Detection Mode

Range Detect Low Threshold |D

Range Detect Low Threshold

(2} Range Detect High Threshold |65535

') Range Detect High Threshold

Priority o

Preemption Type Abort ongoing acquisition, up on return Resume
Group End ] I
Output Trigger Type Pulse

& | @ P6I6] analog (CYBSP_POT) [USED]

EXT_MUX[x]_0
Mo Precenditioning

Mo Overlap or SARMUX Diagnostics

[11

Selection Of Calibration Values | Regular

The data is right aligned in Result{11:0]
Unsigned

Mo Post Processing

1

o

o
=
Inside Range (Low <= Result < High)

0

63535

Figure 14 SAR2 channel_0 and channel_1 configuration for group in Device Configurator
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v Channel 2
Channel Name
Enabled

channel_2

\ HW Trigger
\ Trigger Input
Trigger Cutput

Trigger Chanel Input

Disabled
<unassigned:
<unassigned=

<unassigned:

') Voltage Range Trigger Outpu

Channel Done Trigger Outpu
Debug Freeze Input

Priority

Preemption Type

t | <unassigned=

t | <unassigned>

<unassigned:=

o

Abert ongoing acquisition, up on return Resume

Group End

) Output Trigger Type

Input

Enable External Analog Mux
External Analog Mux Select
') Precondition Mode

Overlap Diagnostic Mode
Sample Time (Aperture)

Result Data Alignment

') Sign Extension

Post Processing Mode
Averaging Count

Shift Right

Positive Reload

! Megative Reload

Range Detection Mode
Range Detect Low Threshold
Range Detect High Threshold

Pulse

& | @ epassaref veed [USED]
EXT_MUX[x]_0

Mo Preconditioning

Mo Overlap or SARMUX Diagnostics
[11

Selection Of Calibration Values | Regular

The data is right aligned in Result[11:0]
Unsigned

Mo Post Processing

=1
[0
&0
=0

Inside Range (Low <= Result < High)
0
63533

Figure 15 SAR2 channel_2 configuration for group in Device Configurator

v Channel 2

Trigger Input
Trigger Cutput
Trigger Chanel Input

/7\ Channel Name |channel_2
 Enabled
) HW Trigger Disabled

<unassigned:
<unassigned>

<unassigned>

(7} Voltage Range Trigger Output

Channel Done Trigger Output

Debug Freeze Input
Priority
Preemption Type

<unassigned>

<unassigned>

<unassigned=
o

Abert engoing acquisition, up on return Resume

Group End

) Output Trigger Type

Input

Enable External Analog Mux
External Analog Mux Select
Precondition Mode
Overlap Diagnostic Mode
Sample Time (Aperture)

Result Data Alignment
Sign Extension

) Post Processing Mode

Averaging Count

) Shift Right

Positive Reload

Negative Reload

Range Detection Mode
Range Detect Low Threshold
Range Detect High Threshold

Pulse

& | @ epassaref veed [USED]
EXT_MUX[x]_0

Mo Preconditioning

Mo Overlap or SARMUX Diagnostics
[11

! Selection Of Calibration Values | Regular

The data is right aligned in Result[11:0]
Unsigned

Mo Post Processing

&1
o
&0
=0

Inside Range (Low <= Result < High)
0
63535

Figure 16 SAR2 channel_2 configuration for group in Device Configurator
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Table 6 Functions for configuring logical channels for group in XMC7000

Functions Description Value
Cy_SAR2_Channel_ Tnit (PASS Initializes the ADC channel -
SARchannel, ADCchannel Configure)

Cy_SysInt_InitIRQ(Config) Initializes the referenced system -
interrupt by setting the interrupt
vector

Cy_SARZ_Channel_Enable (SARchannel) Enables the corresponding —
channel

Cy SARZ Channel SoftwareTrigger (PASS ||ssues a software start trigger -

SARchannel)

4.1.3 Sample code

See Code Listing 7 for sample code for initial configuration of a logical channel for group procedure.

Code Listing 7 Configuring a logical channel for group procedure

/* SARO interrupt configuration structure */

const cy stc sysint t SARO IRQ cfg = {
.intrSrc = ((NvicMux3 IRQn << 16) | MY SAR CH2 IRQ),
.intrPriority = 7u

}s

static bool sar0 isr set = false;
int main (void)
{

cy rslt t result;

uintl6 t sarOResultO = Ou;

uintl6 t sarOResultl = Ou;

uintl6 t sarOResult2 Ou;

/* Initialize the device and board peripherals */

result = cybsp init();

/* Board init failed. Stop program execution */
if (result != CY RSLT SUCCESS)

{
CY ASSERT (0) ;

/* Enable global interrupts */

__enable irqg();
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Code Listing 7 Configuring a logical channel for group procedure

/* Initialize retarget-io to use the debug UART port */

result = cy retarget io init (CYBSP DEBUG UART TX,
CYBSP_DEBUG_UART RX, CY RETARGET IO BAUDRATE);

if (result != CY RSLT SUCCESS)

{
CY ASSERT (0);

/* \x1b[2J\x1b[;H - ANSI ESC sequence for clear screen */
printf ("\x1b[2J\x1b[;H");

printf ("*************************************************************

*******************\r\n") ;

printf ("XMC7000 MCU: TCPWM trigger mutil-channel ADC conversion
(Group) \r\n");
prlntf ("*************************************************************

*******************\r\n") ;

/*Analog resource initialize*/

init analog resources();

/* Initialize PWM using the config structure generated using device
configurator*/

if (CY _TCPWM SUCCESS != Cy TCPWM PWM Init (MY PWM HW, MY PWM NUM,
&MY PWM config))

{
CY ASSERT (0) ;

/* Enable the initialized PWM */
Cy TCPWM PWM Enable (MY PWM HW, MY PWM NUM);

/* Then start the PWM */
Cy TCPWM TriggerReloadOrIndex Single (MY PWM HW, MY PWM NUM) ;

for (;;)
{
if(sar0_isr set)

{
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Code Listing 7 Configuring a logical channel for group procedure
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sarOResult0 = Cy SAR2 Channel GetResult (MY SAR HW, Ou,
printf ("sarOResult0 = %d \r\n",sarOResult0 );

sarOResultl = Cy SAR2 Channel GetResult (MY SAR HW, 1u,
printf ("sarOResultl = %d \r\n",sarOResultl );

sarOResult2 = Cy SAR2 Channel GetResult (MY SAR HW, Z2u,
printf ("sarOResult2 = %d \r\n",sarOResult2 );

sar0_isr set = false;

static void init analog resources (void)
{
/* Variable to capture return value of functions */

cy en sar2 status t status;

/* Initialize SARO */
status = Cy SARZ Init (MY SAR HW, &MY SAR config);
if (CY_SARZ SUCCESS != status)
{
CY ASSERT (0);

/*Configure and register SARO channel interrupts*/

Cy SysInt Init (&SARO IRQ cfg, sar0 interrupt handler);
NVIC ClearPendingIRQ((IRQn Type)SARO IRQ cfg.intrSrc);
NVIC EnableIRQ((IRQOn Type) NvicMux3 IRQn);

/*Initialize SARO channel 0%*/

Cy SARZ Channel Init (MY SAR HW, Ou, &MY SAR channel 0 config);
Cy SARZ Channel Init (MY SAR HW, 1lu, &MY SAR channel 1 config);
Cy SARZ2 Channel Init (MY SAR HW, 2u, &MY SAR channel 2 config);

/*Set SARO channel 0 interrupt mask*/

Cy SARZ Channel SetInterruptMask (MY SAR HW, 2u,CY SARZ2 INT GRP DONE) ;

NULL) ;

NULL) ;

NULL) ;
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Code Listing 7 Configuring a logical channel for group procedure

}

4.2 A/D conversion ISR for group

Figure 17 shows the example of an ADC ISR for the group. For details on CPU interrupt handling, see the
architecture reference manual mentioned in the References.

‘/' Start of A/D Conversion Interrupt Service
Routine with Software Trigger J

‘ Read A/D Conversion Data ‘ Read result data of channel 0

‘ Clear A/D Conversion Interrupt Flag ‘ Clear group done flag of channel 0
Read A/D Conversion Interrupt Flag Read group done flag of channel 0
‘ Software Trigger Setting ‘ Enable software trigger of channel 0

‘/' End of A/D Conversion Interrupt Service '\‘
) Routine with Software Trigger

Figure17 Example of ADC ISR for group

4,2.1 Use case

See Section 4.1.1.

4,2.2 Configuration

Table 7 lists the functions of the configuration part of in the PDL for an ADC ISR for group.

Table 7 Functions for configuring the ADC ISR for group procedure

Functions Description Value

Cy_SAR2_Channel_GetResult (SAR Gets the conversion result -

Channel, Status) and status

Cy SARZ2 Channel ClearInterruptStatus (SAR | Clearsthe corresponding -
Channel, Source) channel interrupt status

Cy SAR2 Channel SoftwareTrigger (SAR Issues a software start -
Channel) trigger
4.2.3 Sample code

See Code Listing 8 for sample code for the initial configuration of ADC ISR for group procedure.

Code Listing 8 Configuring the ADC ISR for group procedure

static void sar0 interrupt handler (void)

{
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Code Listing 8 Configuring the ADC ISR for group procedure

flag to true */

if (Cy SAR2Z Channel GetInterruptStatus (MY SAR HW, 2u)
CY SAR2 INT GRP_ DONE)

{

sar0 _isr set = true;

/* Clear the interrupts */

/* Check if End-Of-Scan trigger has occurred. If yes,

set

Cy SARZ Channel ClearInterrupt (MY SAR HW, 2u ,CY SARZ INT GRP DONE);

sar0 _isr set
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5 Averaging procedure

Averaging is fully configured per channel by the SARn_CHx_POST_CTL register. The number of samples
averaged is up to 256.

This section shows an example application that converts the voltage values given to the ADC[0]_0 at the MCU to
digital averaging values. The physical setting of this application is the same as shown in Figure 1.

Ensure that you have configured the settings as described in the Basic ADC global configuration, Use case, and
A/D conversion ISR with software trigger sections. Use the information in the following sections and the
example to implement this application.

5.1 Configuring averaging

Figure 18 shows the example of configuring averaging. The ADC result of specified averaging count is
accumulated, and it is shifted right by specifying the right shift bit. Then, itis stored in the result register. For
true averaging, the averaging count must be a power of 2 and the right shift must be set to the corresponding
value. For non-power of 2 the averaging counts, the right shift can only approximate the required divide. In this
case, if a true averaging result is required, the software must perform a divide.

Ve z N
[ Start Sett f A )
_ Start Setting of Averaging )

Post Processing Mode Setting Post processing mode: Averaging
Averaging Count Setting Averaging count: 1 +1

-
( End Setting of Averaging >)

Figure 18 Example of configuring averaging

5.1.1 Use case
The following use case is an example of configuring averaging.

e Post processing mode: Averaging

e Averaging count: 1 +1times

e Rightshift: 1

o Other use case items are same as Section 2.3.1.

5.1.2 Configuration

Figure 19 lists the parameters and Table 8 lists the functions of the configuration part in the PDL for configuring
averaging.
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v Channel 2

'? Channel Mame |channel_2
(7) Enabled

(@) HW Trigger Disabled

'}\ Trigger Input <unassigned>

rigger Output <unassigned=

"‘\ Trigger Chanel Input <unassigned:

"‘ Voltage Range Trigger Qutput | <unassigned>

')\ Channel Done Trigger Output | <unassigned=

'-" Debug Freeze Input <unassigned>

(7) Priority |D

7 Preemption Type Abert ongoing acquisition, up on return Resume
"\ Group End

"‘ OQutput Trigger Type Pulse

"‘\ Input & | @ epassaref veed [USED]

"‘ Enable External Analog Mux
\ External Analog Mux Select EXT_MUX[x]_0

! Precondition Mode Mo Preconditioning
'?\ Overlap Diagnostic Mode Mo Overlap or SARMUX Diagnostics
‘) Sample Time (Aperture) |11
7

\ Selection Of Calibration Values | Regular

7 Result Data Alignment The data is right aligned in Result[11:0]

"\ Sign Extension Unsigned

) Post Processing Mode Mo Post Processing
weraging Count 1

') Shift Right [0
(7) Positive Reload =0

7) Negative Reload =0

ange Detection Mode Inside Range (Low <= Result < High)
7) Range Detect Low Threshold |0
(7) Range Detect High Threshold {65535

Figure 19 SAR2 channels configuration for averaging in Device Configurator

Table 8 Functions for configuring averaging

Functions Description Value

Cy_SAR2_Channel_Init (PASS ||nijtializes the ADC channel |-
SARchannel, ADCchannel

Configure)

5.1.3 Sample code

See Code Listing 9 for sample code for the initial configuration of averaging.

Code Listing 9 Configuring averaging

const cy stc _sar2 channel config t MY SAR channel 0 config
{

.channelHwEnable = true,

.triggerSelection = CY SARZ2 TRIGGER TCPWM,
.channelPriority = 0U,

.preenptionType = CY SAR2 PREEMPTION ABORT CANCEL,
.doneLevel = CY SAR2Z DONE LEVEL PULSE,

.1sGroupEnd = true,

.pinAddress SARMUXO CHO PIN ADDR,

.portAddress = SARMUX0 CHO PORT ADDR,
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.extMuxEnable = false,
0u,
.preconditionMode = CY SARZ PRECONDITION MODE OFF,

.extMuxSelect

.overlapDiagMode = CY SAR2 OVERLAP DIAG MODE OFF,
.sampleTime = 20U,

.calibrationValueSelect = CY SAR2 CALIBRATION VALUE REGULAR,
.postProcessingMode = CY SAR2 POST PROCESSING MODE AVG,
.resultAlignment = CY SAR2 RESULT ALIGNMENT RIGHT,
.signExtention = CY SARZ SIGN EXTENTION UNSIGNED,
.averageCount = 80U,

.rightshift = 30,

.positiveReload = 0U,

.negativeReload = 0U,

.rangeDetectionMode = CY SAR2 RANGE DETECTION MODE BELOW_ LO,
.rangeDetectionLoThreshold = 0U,

.rangeDetectionHiThreshold = 655350,

}i

/* SARO interrupt configuration structure */

const cy stc sysint t SARO IRQ cfg = {

.intrSrc = ((NvicMux3 IRQOn << 16) | MY SAR CHO IRQ),
.intrPriority = 7u

bi

static bool sar0 isr set = false;

int main (void)

{
cy rslt t result;
uintl6 t sarOResultO

Ou;

/* Initialize the device and board peripherals */

result = cybsp init();

/* Board init failed. Stop program execution */
if (result != CY RSLT SUCCESS)
{

CY ASSERT (0) ;
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Code Listing 9 Configuring averaging

}

/* Enable global interrupts */

__enable irqg();

/* Initialize retarget-io to use the debug UART port */

result = cy retarget io init (CYBSP DEBUG UART TX,
CYBSP DEBUG UART RX, CY RETARGET IO BAUDRATE) ;

if (result != CY RSLT SUCCESS)

{
CY ASSERT(0);

/* \x1b[2J\x1b[;H - ANSI ESC sequence for clear screen */
printf ("\x1b[2J\x1b[;H");

printf ("*************************************************************

*******************\r\n") ;

printf ("XMC7000 MCU: ADC conversion averaging process \r\n");
prlntf ("*************************************************************

*******************\r\n") ;

/*Analog resource initialize*/

init analog resources();

/* Initialize PWM using the config structure generated using device
configurator*/

if (CY TCPWM SUCCESS != Cy TCPWM PWM Init (MY PWM HW, MY PWM NUM,
&MY PWM config))

{
CY ASSERT (0) ;

/* Enable the initialized PWM */
Cy TCPWM PWM Enable (MY PWM HW, MY PWM NUM);

/* Then start the PWM */
Cy TCPWM TriggerReloadOrIndex Single (MY PWM HW, MY PWM NUM) ;

for (;7)

002-34282 Rev. *A
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Code Listing 9 Configuring averaging

{

if (sar0 _isr set)
{
sarOResult0 = Cy SAR2 Channel GetResult (MY SAR HW, Ou, NULL);
sar0_isr set = false;

printf ("sarOResult0 = %d \r\n",sarOResult0 );

static void sar0 interrupt handler (void)
{

/* Check if End-Of-Scan trigger has occurred. If yes, set sar0O isr set
flag to true */

if (Cy SAR2 Channel GetInterruptStatus (MY SAR HW,Ou) ==
CY SAR2 INT GRP_DONE)

{

sar0_isr set = true;

/* Clear the interrupts */
Cy SARZ Channel ClearInterrupt (MY SAR HW, Ou ,CY SAR2Z INT GRP DONE);

static void init analog resources (void)
{
/* Variable to capture return value of functions */

cy en sar2 status t status;

/* Initialize SARQ */
status = Cy SARZ Init (MY SAR HW, &MY SAR config);
if (CY _SARZ SUCCESS != status)

{
CY ASSERT (0) ;

/*Enable SARO*/
Cy SARZ Enable (MY SAR HW);
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Code Listing 9 Configuring averaging

/*Configure and register SARO channel interrupts*/

Cy SysInt Init (&SARO IRQ cfg, sar0 interrupt handler);
NVIC ClearPendingIRQ((IRQn Type)SARO IRQ cfg.intrSrc);
NVIC EnableIRQ((IRQn Type) NvicMux3 IRQn);

/*Initialize SARO channel 0%*/
status = Cy SARZ Channel Init (MY SAR HW, Ou, &MY SAR channel 0 config);
1f (CY SAR2 SUCCESS != status)

{
CY ASSERT (0) ;

/*Set SARO channel 0 interrupt mask*/

Cy SARZ Channel SetInterruptMask (MY SAR HW, Ou,CY SARZ2 INT GRP DONE) ;

/*Enable SARO channel 0*/
Cy SARZ2 Channel Enable (MY SAR HW, Ou);
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6 Range detection procedure

Range detection enables a check with a high and low threshold register without CPU involvement. Each logical
channel can be enabled for range detection individually. This function is usually used to monitor abnormal
values in the voltage.

This section shows an example application that converts the voltage values given to the ADC[0]_0 of the MCU to
digital values. If the digital value is greater than or equal to ‘2500’ or less than ‘1500, it generates an interrupt
to read the value as shown in Figure 20. Analog-to-digital conversion is repeated at regular timing with the
hardware trigger of a corresponding TCPWM. The physical setting of this application is the same as shown in
Figure 1.

Ensure that you have configured the settings as described in the Basic ADC global and Configuring a logical
channel with hardware trigger sections.

4000 |
Interrupt to read the A/D value
3000
o
=
GG ) e R
>
3 2000 || Do nothing
1500~ eSS e - = =
1000 Interrupt to read
the A/D value —Inputpulse
¢ AD Conversion
0 R

Time

Figure 20 Example behavior of range detection application

Use the information in the following sections and the example to implement this application.

6.1 Configuring range detection

Figure 21 shows the example of configuring range detection.

/ Start Setting of Range \‘
L Detection J

Post Processing Mode Setting Post processing mode: Range detection
Range Detection Mode Setting Range detection mode: Outside range
Range Detection High threshold: 2500
High/Low Threshold Value Setting Low threshold: 1500

Range Detection Interrupt Setting Enable range detection interrupt

/" End Setting of Range \

L Comparator %
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Figure 21 Example of configuring range detection

6.1.1 Use case

The following use case is an example of configuring range detection.

e Range detection threshold: Low: 1500 / High: 2500

e Other use case items are same as Section 2.2.1 and Section 3.1.1.

6.1.2 Configuration

Table 9 lists the functions of the configuration part of in the PDL for range detection.

infineon

~ Channel 2

12} Voltage Range Trigger Output

(7) Channel Done Trigger Output

(7) Channel Name |channel_2
(7) Enabled

‘) HW Trigger Disabled

(%) Trigger Input <unassigned>
(2) Trigger Output <unassigned>
7 Trigger Chanel Input <unassigned>
(7

<unassigned>

<unassigned=

(Z) Enable External Analog Mux

(Z) External Analog Mux Select

recondition Mode

Overlap Diagnostic Mode
Sample Time (Aperture)

7) Result Data Alignment
Sign Extension

ost Processing Mode

(2) Averaging Count
(2) Shift Right

Positive Reload
Megative Reload
ange Detection Mode

! Range Detect Low Threshold
@ Range Detect High Threshold

2} Debug Freeze Input <unassigned>

(3) Priority o

()] Preemption Type Abort engeing acquisition, up on return Resume
(2) Group End

‘1’ OQutput Trigger Type Pulse

7 Input & | () epassaref veed [USED]

EXT_MUX[x]_0
Me Preconditioning

Mo Overlap or SARMUX Diagnostics

[11

Selection Of Calibration Values | Regular

The data is right aligned in Result[11:0]
Unsigned
Mo Post Processing

=1

o

=0
0
Inside Range (Low <= Result < High)

0

63535

Figure 22 SAR2 channels configuration for range detection in Device Configurator

Table9 Functions for configuring range detection

Functions

Description

Cy SAR2 Channel Init (PASS
SARchannel, ADCchannel
Configure)

Initializes the ADC channel

Cy SysInt InitIRQ(Config)

Initializes the referenced system
interrupt by setting the interrupt vector

Cy SAR2 Channel Enable (PAS
S SARchannel)

Enables the corresponding channel

Cy SAR2 Channel SoftwareTr
igger (PASS SARchannel)

Issues a software start trigger
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6.1.3 Sample code

See Code Listing 10 for sample code for the initial configuration of configuring range detection.

Code Listing 10 Configuring range detection

infineon

const cy stc sar2 channel config t MY SAR channel 0 config =
{

.channelHwEnable = true,

.triggerSelection = CY SAR2 TRIGGER TCPWM,

.channelPriority = 0U,

.preenptionType = CY SAR2 PREEMPTION ABORT RESUME,
.doneLevel = CY SAR2 DONE LEVEL PULSE,

.1sGroupEnd = true,

.pinAddress = SARMUXO CHO PIN ADDR,

.portAddress = SARMUX0 CHO PORT ADDR,

.extMuxEnable = false,

.extMuxSelect = 0U,

.preconditionMode = CY SARZ PRECONDITION MODE OFF,
.overlapDiagMode = CY SAR2 OVERLAP DIAG MODE OFF,
.sampleTime = 11U,

.calibrationValueSelect = CY SARZ CALIBRATION VALUE REGULAR,
.postProcessingMode = CY SAR2 POST PROCESSING MODE RANGE,
.resultAlignment = CY SAR2 RESULT ALIGNMENT RIGHT,
.signExtention = CY SARZ SIGN EXTENTION UNSIGNED,
.averageCount = 10U,

.rightshift = 00U,

0u,

.negativeReload 0u,

.rangeDetectionMode = CY SARZ RANGE DETECTION MODE OUTSIDE RANGE,
.rangeDetectionLoThreshold = 15000,

.positiveReload

.rangeDetectionHiThreshold = 25000,
}i

/* SARO interrupt configuration structure */

const cy stc sysint t SARO IRQ cfg = {
.intrSrc = ((NvicMux3 IRQn << 16) | MY SAR CHO IRQ),
.intrPriority = 7u

}s

static bool sar0 isr set = false;
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Code Listing 10 Configuring range detection

int main (void)
{
cy rslt t result;
uintl6é t sarOResultO0 = Ou;

/* Initialize the device and board peripherals */

result = cybsp init();

/* Board init failed. Stop program execution */
if (result != CY RSLT SUCCESS)
{

CY ASSERT (0) ;

/* Enable global interrupts */

__enable irqg();

/* Initialize retarget-io to use the debug UART port */

result = cy retarget io init (CYBSP DEBUG UART TX,
CYBSP_DEBUG_UART RX, CY RETARGET IO BAUDRATE) ;

if (result != CY RSLT SUCCESS)
{
CY ASSERT (0) ;

/* \x1b[2J\x1b[;H - ANSI ESC sequence for clear screen */
printf ("\x1b[2J\x1b[;H") ;

printf ("*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*
**‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k**\r\n") ;

printf ("XMC7000 MCU: ADC conversion Range Detection\r\n");

printf ("*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*
**‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k**\r\n") ;

/*Analog resource initialize*/

init analog resources();

/* Initialize PWM using the config structure generated using device
configurator*/
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Code Listing 10 Configuring range detection

if (CY TCPWM SUCCESS != Cy TCPWM PWM Init (MY PWM HW, MY PWM NUM,
&MY PWM config))

{
CY ASSERT (0) ;

/* Enable the initialized PWM */
Cy TCPWM PWM Fnable (MY PWM HW, MY PWM NUM) ;

/* Then start the PWM */
Cy TCPWM TriggerReloadOrIndex Single (MY PWM HW, MY PWM NUM) ;

for (;7)
{
if(sar0_isr set)
{
sarOResult0 = Cy SAR2 Channel GetResult (MY SAR HW, Ou, NULL);
sar0_isr set = false;

printf ("sarOResult0 = %d \r\n",sarOResult0 );

static void init analog resources (void)
{
/* Variable to capture return value of functions */

cy en sar2 status t status;

/* Initialize SARQ */
status = Cy SARZ Init (MY SAR HW, &MY SAR config);
if (CY _SARZ SUCCESS != status)
{
CY ASSERT (0) ;

/*Enable SARO*/
Cy SARZ Enable (MY SAR HW);
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Code Listing 10 Configuring range detection

/*Initialize SARO channel 0%*/
status = Cy SAR2 Channel Init (MY SAR HW, Ou, &MY SAR channel 0 config);
if (CY _SAR2 SUCCESS != status)

{
CY ASSERT (0);

/*Set SARO channel 0 interrupt mask*/
Cy SARZ Channel SetInterruptMask (MY SAR HW, Ou,CY SARZ INT CH RANGE) ;

/*Configure and register SARO channel interrupts*/

Cy SysInt Init (&SARO IRQ cfg, sar0 interrupt handler);
NVIC ClearPendingIRQ((IROn Type)SARO IRQ cfg.intrSrc);
NVIC EnableIRQ ((IRQn Type) NvicMux3 IRQn);

6.2 A/D conversion ISR for range detection

Figure 23 shows the example of ADC ISR for a range detection. For details on CPU interrupt handing, see the
architecture reference manual mentioned in References.

/~ Start of A/D Conversion Interrupt R
Service Routine for Range Detection

Read A/D Conversion data Read result data of channel 0
l
Clear A/D conversion interrupt flag Clear range detection flag of channel 0
Read A/D conversion interrupt flag Read range detection flag of channel 0

 Endof A/D conversion interrupt 7
service routine for range detection

Figure 23 Example of ADC ISR for range detection

6.2.1 Configuration

Table 10 lists the functions of the configuration part of in the PDL for configuring the ADC ISR for range
detection.
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Table 10 Functions for configuring the ADC ISR for range detection

Functions Description Value

Cy SARZ Channel GetInterruptMaskedStatus (PASS Returns the interrupt -
SARchannel, INTR Source)

status

Cy SARZ2 Channel GetResult (SAR Channel, Status) | Getsthe conversionresult |-
and status

Cy SARZ2 Channel ClearInterruptStatus (SAR Clears the corresponding -

Channel, Source)

channel interrupt status

6.2.2 Sample code

See Code Listing 11 for sample code for the initial configuration of the ADC ISR for range detection.

Code Listing 11 Configuring the ADC ISR for range detection

static void sar0 interrupt handler (void)
{
/* Get interrupt status */

uint32 t intrSource =
Cy SARZ Channel GetInterruptStatusMasked (MY SAR HW, 0);

if (CY SAR2 INT CH RANGE == (intrSource & CY SAR2 INT CH RANGE))
{

sar0 _isr set = true;

/* Clear interrupt source */

Cy SAR2Z Channel ClearInterrupt (MY SAR HW, O,
CY SARZ INT CH RANGE);

}
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7 Pulse detection procedure

The result of comparison from range detection can be filtered with the pulse detection function. For every
logical channel, the pulse detection function has a pair of reload registers to store the initial value for the
positive and negative down counters. The positive and negative counters decrement on positive and negative
events obtained from the result of the comparison done by range detection. This function is usually used to
avoid misdetections of abnormal voltage caused by noise and so on when monitoring the voltage.

For parameters described in the Configuring range detection, an analog-to-digital conversion result greater
than or equal to 2500 or less than 1500 is a positive event; one greater than or equal to 1500 and less than 2500
is a negative event. This example application generates an interrupt if the positive event has occurred five
times in a row as shown in Figure 24,

The continuous number of positive events is cancelled when two negative events occur in a row; that is, the
count of positive event continues even if a negative event has occurred just once as shown in Figure 25.

The physical setting of this application is the same as shown in Figure 1.

Ensure that you have configured the settings described in the Basic ADC global configuration and Configuring a
logical channel with hardware trigger sections.

4000 -

—Inputpulse

¢ AD Conversion

3000 -
E
= 2500-
>
Q 2000 -
<
1500—

1000

¢Interrupt to read the A/D value

Time

Figure 24 Example behavior of pulse detection application 1

4000 |

—Inputpulse

¢ AD Conversion

3000
S
= 2500-
>
Q 2000 -
<
1500-
1000 -

#Interrupt to read the A/D value

Time

Figure 25 Example behavior of pulse detection application 2

Use the information in the following sections and the example to implement this application.
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7.1

Pulse detection settings

Figure 26 shows an example of pulse detection setting.

infineon

—

( Start Setting of Pulse Detection >

Post Processing Mode Setting
Positive Counter Reload Value Setting
Negative Counter Reload Value Setting

Range Detection Mode Setting

Range Detection
High/Low Threshold Value Setting

!

Pulse Detection Interrupt Setting

Post processing mode: Pulse detection
Positive counter reload value: 5
Negative counter reload value: 2
Range detection mode: Outside range

High threshold: 2500
Low threshold: 1500

Enable pulse detection interrupt

!

ﬂ\ End Setting of Pulse Detection

Figure 26 Example of configuring pulse detection

7.1.1 Use case
The following use case is an example of configuring pulse detection.

e Analoginput: ADC[0]_0

e Range detection threshold: Low: 1500 / High: 2500
e ADC trigger: TCPWM

» Positive counter reload value: 5

o Negative counter reload value: 2

Other use case items are same as Section 2.2.1 and Section 3.1.1.
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7.1.2 Configuration

Table 11 lists the functions of the configuration part in the PDL for pulse detection.

~ Channel 2

) Trigger Input
) Trigger Output

@ Trigger Chanel Input

‘2 Channel Name |channel_2
(7) Enabled
() HW Trigger Disabled

<unassigned=
<unassigned:

<unassigned>

'-" Voltage Range Trigger Output
7\ Channel Done Trigger Output

7 Debug Freeze Input

@ Priority

) Preemption Type

<unassigned:

<unassigned=

<unassigned:

o

Abort engeing acquisition, up on return Resume

! Group End

@ OQutput Trigger Type
""\ Input
‘? Enable External Analog Mux

'?\ External Analog Mux Select

‘) Precondition Mode

7) Overlap Diagnostic Mode
) Sample Time (Aperture)

) Result Data Alignment

ign Extension

) Post Processing Mode

) Averaging Count

) Shift Right

! Paositive Reload

! Negative Reload

) Range Detection Mode

! Range Detect Low Threshold
(%) Range Detect High Threshold

Pulse

& | () epassaref veed [USED]
EXT_MUX[x]_0

Me Preconditioning

Mo Overlap or SARMUX Diagnostics

[11

! Selection Of Calibration Values | Regular

The data is right aligned in Result[11:0]
Unsigned

Mo Post Processing

=1

o

=0
0
Inside Range (Low <= Result < High)

0

63535

Figure 27 SAR2 channels configuration for pulse detection in Device Configurator

Table 11

Functions for configuring pulse detection

Functions

Description

Value

Cy SAR2 Channel Init (PASS
SARchannel, ADCchannel
Configure)

Initializes the ADC channel

Cy SysInt InitIRQ(Config)

Initializes the referenced system
interrupt by setting the interrupt
vector

Cy SAR2 Channel Enable (PASS
SARchannel)

Enables the corresponding
channel

Cy Tcpwm Pwm Enable (Group
Counter)

De-initializes the TCPWM block

Cy Tcpwm TriggerStart (Group
Counter)

Triggers a software start on the
selected TCPWMs
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7.1.3 Sample code

See Code Listing 12.

Code Listing 12 Configuring pulse detection

/* SARO interrupt configuration structure */

const cy stc sysint t SARO IRQ cfg = {

.intrSrc = ((NvicMux3 IRQn << 16) | MY SAR CHO IRQ),
.intrPriority = 7u

bi

static bool sar0 isr set = false;

const cy stc sar2 channel config t MY SAR channel 0 config =
{

.channelHwEnable = true,

.triggerSelection = CY SARZ2 TRIGGER TCPWM,
.channelPriority = 0U,

.preenptionType = CY SARZ PREEMPTION ABORT RESUME,
.doneLevel = CY SAR2 DONE LEVEL PULSE,

.isGroupEnd = true,

.pinAddress = SARMUXO CHO PIN ADDR,

.portAddress = SARMUX0 CHO PORT ADDR,
.extMuxEnable = false,

0u,

.preconditionMode = CY SARZ PRECONDITION MODE OFF,
.overlapDiagMode = CY SAR2 OVERLAP DIAG MODE OFF,

.extMuxSelect

.sampleTime = 110U,

.calibrationValueSelect = CY SAR2 CALIBRATION VALUE REGULAR,
.postProcessingMode = CY SAR2 POST PROCESSING MODE RANGE PULSE,
.resultAlignment = CY SAR2 RESULT ALIGNMENT RIGHT,
.signExtention = CY SAR2 SIGN EXTENTION UNSIGNED,

.averageCount = 10U,

.rightsShift = 00U,

.positiveReload = 50U,

.negativeReload = 20U,

.rangeDetectionMode = CY SAR2 RANGE DETECTION MODE OUTSIDE RANGE,
.rangeDetectionLoThreshold = 15000,

.rangeDetectionHiThreshold = 25000,
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Code Listing 12 Configuring pulse detection
}i

int main (void)
{
cy rslt t result;
uintl6é t sarOResultO0 = Ou;

/* Initialize the device and board peripherals */

result = cybsp init();

/* Board init failed. Stop program execution */
if (result != CY RSLT SUCCESS)
{

CY ASSERT (0) ;

/* Enable global interrupts */

__enable irqg();

/* Initialize retarget-io to use the debug UART port */

result = cy retarget io init (CYBSP DEBUG UART TX,
CYBSP_DEBUG_UART RX, CY RETARGET IO BAUDRATE) ;

if (result != CY RSLT SUCCESS)
{
CY ASSERT (0) ;

/* \x1b[2J\x1b[;H - ANSI ESC sequence for clear screen */
printf ("\x1b[2J\x1b[;H") ;

prlntf ("*************************************************************
" .
*******************\r\n ),

printf ("XMC7000 MCU: ADC conversion Pulse Detection\r\n");

printf ("*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k*
**‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k**\r\n") ;

/*Analog resource initialize*/

init analog resources();
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infineon

Code Listing 12 Configuring pulse detection

/* Initialize PWM using the config structure generated using device
configurator*/

if (CY TCPWM SUCCESS != Cy TCPWM PWM Init (MY PWM HW, MY PWM NUM,

{

&MY PWM config))

{
CY ASSERT (0);

/* Enable the initialized PWM */
Cy TCPWM PWM Enable (MY PWM HW, MY PWM NUM) ;

/* Then start the PWM */
Cy TCPWM TriggerReloadOrIndex Single (MY PWM HW, MY PWM NUM);

for (;7)
{
if (sar0_isr set)
{
sarOResult0 = Cy SAR2Z Channel GetResult (MY SAR HW,

NULL) ;

sar0 _isr set = false;

printf ("sarOResult0 = %d \r\n",sarOResult0 );

static void init analog resources (void)

/* Variable to capture return value of functions */

cy en sar2 status t status;

/* Initialize SARO */
status = Cy SARZ2 Init (MY SAR HW, &MY SAR config);
if (CY SAR2 SUCCESS != status)
{
CY ASSERT (0);
}
/* Set ePASS MMIO reference buffer mode for bangap voltage */

Ou,
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Code Listing 12 Configuring pulse detection

infineon

Cy SARZ SetReferenceBufferMode (PASSO EPASS MMIO,
CY SARZ2 REF BUF MODE OFF) ;

/*Enable SARO*/
Cy SARZ Enable (MY SAR HW) ;

/*Initialize SARO channel 0%*/

if (CY SAR2 SUCCESS != status)

{
CY ASSERT (0);

/*Set SARO channel 0 interrupt mask*/

/*Configure and register SARO channel interrupts*/

Cy SysInt Init (&SARO IRQ cfg, sar0 interrupt handler);
NVIC ClearPendingIRQ((IRQn Type)SARO IRQ cfg.intrSrc);
NVIC EnableIRQ((IRQn Type) NvicMux3 IRQn):;

status = Cy SAR2Z Channel Init (MY SAR HW, Ou, &MY SAR channel 0 config);

Cy SARZ Channel SetInterruptMask (MY SAR HW, Ou,CY SARZ2 INT CH PULSE);

7.2 A/D conversion ISR for pulse detection

Figure 28 shows the example of an ADC ISR for pulse detection. For details on CPU interrupt handling, see the

architecture reference manual mentioned in References.

‘J/ Start of A/D Conversion Interrupt \‘
Service Routine for Pulse Detection

]

Clear A/D Conversion Interrupt Flag Clear pulse detection flag of channel 0

]

Read A/D Conversion Interrupt Flag Read pulse detection flag of channel 0

]

End of A/D Conversion Interrupt
Service Routine for Pulse Detection

Figure 28 Example of ADC ISR for pulse detection
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7.2.1 Configuration

Table 12 lists the functions of the global configuration part of in the PDL for the ADC

Table 12 Functions for configuring the ADC ISR for pulse detection

Functions Description Value

Cy_SAR2 Channel_ GetInterru | Returnstheinterrupt status -
ptMaskedStatus (PASS

SARchannel, INTR Source)

Cy_SAR2_Channel ClearInter | (Clearsthe correspondingchannel |-
ruptStatus (SAR interrupt status
Channel, Source)

7.2.2 Sample code

See Code Listing 13 for the initial configuration of the ADC ISR for pulse detection.

Code Listing 13 Configuring the ADC ISR for pulse detection

static void sar0 interrupt handler (void)
{
/* Get interrupt status */

uint32 t intrSource =
Cy SAR2 Channel GetInterruptStatusMasked (MY SAR HW, O0);

if (CY SAR2 INT CH PULSE == (intrSource & CY SAR2 INT CH PULSE))
{

sar0 _isr set = true;

/* Clear interrupt source */

Cy SAR2Z Channel ClearInterrupt (MY SAR HW, O,
CY SARZ INT CH PULSE);

}
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8 Diagnosis function

This section shows flowcharts and example that explain how to use the diagnosis function on the ADC.
It is possible to input from the ADC to reference voltages Viery and Vger,, @s shown in Figure 29.

Veern 1S the upper-limit reference voltage. The A/D value is OxFFF (= 4095).

Vier is the lower-limit reference voltage. The A/D value is 0x000 (= 0).

These are the functions for ADC diagnosis and ADC calibration.

s R
VREFH pin
ADC[n]_0 pin
ADC[n]_1pin Analog A/D
: : InPUt > converter
. . Selector
ADC[n]_x pin
VREFL pin
J

Figure29 VREFH and VREFL as analog input

8.1 Check VZT and VFST

To conduct ADC diagnosis, see the datasheet mentioned in References to check the maximum value of the
zero-transition voltage (VZT) and the minimum value of the full-scale transition voltage (VFST).

According to the datasheet, the maximum value of VZT is (Vger + 0.5 LSb) + 20 mV. The A/D value is 16.8 (0 + 0.5
+20/ (5000 / 4096)).

Therefore, when Vggy is input to the ADC, the value must be 16 or lower. (The A/D value < 16 = 0x010.)
The minimum value of Vst is (Vgery— 1.5 LSb) = 20 mV. The AD value is 4077.1 (4095 - 1.5 - 20 / (5000 / 4096)).

Therefore, when Vigy is input to the ADC, the value must be 4078 or higher. (The A/D value = 4078 = OxFEE.)

8.2 Diagnosis procedure

Figure 30 shows the example of the ADC diagnosis flowchart. In this example, the minimum value of the sample
time is used. If the temperature sensor channel is enabled, reference buffer mode must also be enabled. To find
the proper sample time for your system, see the datasheet mentioned in References.
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/~ Start of A/D Diagnosis
\(Single Conversion, Channel x)

Analog Input Setting: VREFH
Sample Time: 412.5ns =11 /(80 MHz / 3)

l

Set Reference Buffer Mode

l

Enable Diagnosis Function

Start A/D Conversion of Channel x
and Obtain A/D Value

" T— No
__—Isthe A/Dvalue higherthan ——_
the minimum of VFsT? -

Yes

Analog Input Setting: VREFL
Sample Time: 412.5ns =11 /(80 MHz / 3)

Start A/D Conversion of Channel x
and Obtain A/D Value

T e N
_— Isthe A/Dvalue lowerthan ——_ °

) the maximum of Vz1?

Yes

(" End of A/D Diagnosis with (" End of A/D Diagnosis with
Success Abnormality

Figure 30 Example of ADC diagnosis flowchart

8.2.1 Use case
The following use case is an example of configuring ADC diagnosis.

e Analoginput setting:
- VREFH
- VREFL

8.2.2 Configuration

Figure 31 lists the parameters and Table 13 lists the functions of the configuration part of in the PDL for ADC
diagnosis.
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Figure 31 SAR2 channels configuration for diagnosis in Device Configurator

Table13 Functions for configuring ADC diagnosis
Functions Description Value
Cy SAR2 Channel Init (PASS Initializes the ADC -
SARchannel, ADCchannel Configure) channel

Cy SAR2 SetReferenceBufferMode (PASSO EPASS
MMIO, RefBufMode)

Sets ePASS MMIO
reference buffer mode

Cy SAR2 Diag Enable (AnalogMacro)

Enables the diagnosis
function

Cy SAR2 Channel Enable (PASS SARchannel)

Enables the
corresponding channel

Cy SAR2 Channel SoftwareTrigger (PASS
SARchannel)

Issues a software start
trigger

Cy SAR2 Channel GetGroupStatus (PASS
SARchannel, GroupStatus)

Returns the group
conversion status

Cy SAR2 Channel GetResult (SAR
Channel, Status)

Gets the conversion
result and status
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8.2.3 Sample code

See Code Listing 14 for sample code for the initial configuration of ADC diagnosis.

Code Listing 14 Configuring ADC diagnosis

infineon

/* ADC channel number definition */
Ou)
NvicMux2 IROn)

#define ADC LOGICAIL CHANNEL (
#define ADC_TRQ NUM (
#define ADC_INTR_NUM (
#define ADC INTR PRIORITY (7u)

cy stc sar2 channel config t ADCO channel 0 config M =
{
.channelHwEnable = true,
.triggerSelection = CY SARZ2 TRIGGER OFF,
.channelPriority = 0U,
.preenptionType = CY SARZ2 PREEMPTION FINISH RESUME,
.doneLevel = CY SAR2 DONE LEVEL PULSE,

.1isGroupEnd true,
.pinAddress = CY SAR2 PIN ADDRESS VREF H,

.portAddress = CY SARZ PORT ADDRESS SARMUXO,

.extMuxEnable = false,

0u,

.preconditionMode = CY SARZ PRECONDITION MODE OFF,
.overlapDiagMode = CY SAR2 OVERLAP DIAG MODE OFF,

.extMuxSelect

.sampleTime = 110,

.calibrationValueSelect = CY SAR2 CALIBRATION VALUE REGULAR,
.postProcessingMode = CY SARZ POST PROCESSING MODE NONE,
.resultAlignment = CY SARZ RESULT ALIGNMENT RIGHT,
.signExtention = CY SAR2 SIGN EXTENTION UNSIGNED,
.averageCount = 10U,

.rightshift = 00U,

.positiveReload = 0U,

.negativeReload = 0U,

.rangeDetectionMode = CY SAR2 RANGE DETECTION MODE BELOW LO,

.rangeDetectionLoThreshold = 0U,
.rangeDetectionHiThreshold = 655350,
bi

cy stc sar2 config t ADCO config M =

((ADC_TIRQ NUM << 16u) | ADCO_CHO_ IRQ))
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Code Listing 14

Configuring ADC diagnosis

{

.preconditionTime =

0uU,

0u,
.powerupTime =
.enableIdlePowerDown = false,
.msbStretchMode =
.enableHalfLsbConv = false,
.sarMuxEnable =

.adcEnable =

true,
true,
.sarIpEnable = true,

.channelConfig =
*) &ADCO_channel 0 config M,

NULL, NULL, NULL, NULL, NULL, NULL,
NULL, NULL, NULL, NULL, NULL, NULL,
NULL, NULL, NULL, NULL, NULL, NULL,

bi
uint8 t Test Completed = 0;
uint8 t Flag VREFL = 0;
int main (void)
{
cy rslt t result;

result = cybsp init();
/* Board init failed.
if
{

(result != CY RSLT SUCCESS)

CY ASSERT (0) ;

/* Enable global interrupts */

__enable irqg();

result =

if
{

(result

CY SAR2 MSB STRETCH MODE 1CYCLE,

{(cy stc sar2 channel config t

NULL, NULL,
NULL, NULL,
NULL},

/* Initialize the device and board peripherals */

Stop program execution */

/* Initialize retarget-io to use the debug UART port */

cy retarget io init (CYBSP_DEBUG UART TX,
CYBSP DEBUG _UART RX, CY RETARGET IO BAUDRATE) ;

= CY RSLT SUCCESS)

NULL, NULL, NULL, NULL,
NULL, NULL, NULL, NULL,
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Code Listing 14 Configuring ADC diagnosis

CY ASSERT (0) ;
}
printf ("\x1b[2J\x1b[;H");

prlntf ("*************************************************************
" .
*******************\r\n ),

printf ("XMC7000 MCU: ADC Diagnosis\r\n");

prlntf ("*************************************************************
" .
*******************\r\n ),

/* Initialize the SAR2 module */
Cy SARZ Init (ADCO HW, &ADCO config M);
/* Set ePASS MMIO reference buffer mode for bangap voltage */

Cy SARZ2 SetReferenceBufferMode (PASSO EPASS MMIO,
CY SAR2 REF BUF MODE_OFF) ;

/* Initialize the SAR2 Channel to VERF _H */

ADCO channel 0 config M.pinAddress = CY SAR2 PIN ADDRESS VREF H;
ADCO channel 0 config M.portAddress = CY SAR2 PORT ADDRESS SARMUXO;
Cy SARZ Channel Init(ADCO_HW, 0, &ADCO channel 0 config M);

/* Issue software start trigger */
Cy SARZ Channel SoftwareTrigger (ADCO HW, O0);
Cy SysLib Delay(10);

for (;7)
{
DiagnosisProcedure() ;
if (Test Completed == 1 ) //&& status == CY SAR2 SUCCESS
{
while (1) ;
}
Cy SysLib Delay(10);

void DiagnosisProcedure (void)

{

uint32 t adc status = 0;
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uintl6é t resultBuff;

resultBuff = Cy SAR2 Channel GetResult (ADCO HW, 0, &adc_status);
if (CY SAR2 STATUS VALID == (adc_status & CY SAR2 STATUS VALID))
{

/* Print out the ADC conversion result by UART *x/

printf ("ADC VREF H result: %04d\r\n", resultBuff);

/* Is the A/D value Higher than the Minimum of Vfst */

if (resultBuff >= 4078 && Flag VREFL == 0) /* (VREFH -1.5 LSb) - 20 mV
*/

Flag VREFL = 1;

/* Initialize the SAR2 Channel to VERF H */

ADCO channel 0 config M.pinAddress = CY SAR2 PIN ADDRESS VREF L;
ADCO_channel 0 config M.portAddress = CY SARZ PORT ADDRESS SARMUXO;
Cy SARZ Channel Init (ADCO_HW, 0, &ADCO channel 0 config M);

/* Trigger next conversion */
Cy SARZ Channel SoftwareTrigger (ADCO HW, O0);
Cy SysLib Delay(10);

else

/* A/D value lower than the Minimum of Vfst */
printf ("ADC Diagnosis Failed\r\n");

if (Flag VREFL == 1)
{
resultBuff = Cy SARZ2 Channel GetResult (ADCO HW, 0, &adc status);
if(CY_SAR2 STATUS VALID == (adc_status & CY SAR2 STATUS VALID))
{
/* Print out the ADC conversion result by UART */
printf ("ADC VREF L result: %$04d\r\n", resultBuff);
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/*Is the AD Value lower than the Maximum of Vzt */
if (resultBuff <= 17) /* (VREFL + 0.5 LSb) + 20 mV */
{
Flag VREFL = 0;
Test Completed = 1;

printf ("ADC Diagnosis Successfully\r\n");

}

else

{
/*AD Value Higher than the Maximum of Vzt */
printf ("ADC Diagnosis Failed\r\n");
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9 Calibration function
It is possible to adjust the offset and gain of the ADC using the SARn_ANA_CAL register.

This section describes the effects of this register and how to process the calibration of the ADC.

9.1 Offset adjustment direction

The ADC has an offset adjustment function to compensate for offset error. The SARn_ANA_CAL[7:0] register can
adjust the offset. It is possible to select code from +127 to -128 in a decimal number for SARn_ANA_CAL[7:0].
The offset adjustment step is a quarter of 1LSb.

The equation follows (OFST = the value of SARn_ANA_CAL[7:0]):

Output Digital Code = max (O, min (4095, floor (V:::H X 4096 + ?)))

The relationship between OFST and the offset shift direction is shown in Figure 32.

Output Digital Code
I OFST=127 OFST=0
4095 - N N o

|
|
|
|
i

! OFST=-128
-31.75LSb |
|
|
1
» |
+32LSb ;
|
|
|
|
|
|
|
|
|
|
3

0 VREFH  Analog Input
Voltage

Figure 32 Relationship between OFST and offset shift direction

9.2 Gain adjustment direction

The ADC has a gain adjustment function to compensate for gain error. The SARn_ANA_CAL[20:16] register can
adjust the gain. It is possible to select code from +15 to -15 in a decimal number for SARn_ANA_CAL[20:16]. The
gain adjustment step is a quarter of 1LSb.

The equation follows (gain= the value of SARn_ANA_CAL[20:16]):

Output Digital Code = max( 0, min (4095, floor (% X (VIN — VRSFH) + 2048)))
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The relationship between the gain and the gain shift direction is shown in Figure 33.

Output Digital Code
GAIN=-15 GAIN=0

About -7.5LSb About +7.5 LSb
4095 F-=====m=== Ao mmmmm m = = g s = = = e—— = — = =

GAIN=15

‘ ‘ .
About+7.5Lsb  UREH/2 vrerd - Analog Input
Voltage

About -7.5 0
LSb

Figure 33 Relationship between gain and gain shift direction

9.3 Calibration procedure

Figure 34 shows the example flowchart for ADC calibration. First, adjust the offset, and then adjust the gain. If
the temperature sensor channel is enabled, reference buffer mode must also be enabled.

4 N
 Startof A/D Converter Calibration )

Set Reference Buffer Mode

|

Enable Diagnosis Function

|

Offset Adjustment

Gain Adjustment

“/ End of A/D C rter Calibrati V\l
\_ Endo onverter Calibration )

Figure 34 Example flowchart of ADC calibration

9.3.1 Configuration

Table 14 lists the parameters of the configuration part of in the PDL for the ADC calibration procedure.
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Table 14 Functions for configuring the ADC calibration procedure

Functions Description Value

Cy SAR2 SetReferenceBufferMode (PASSO EPASS | Sets ePASS MMIO reference

MMIO, RefBufMode) buffer mode B

Cy SAR2 Diag Enable (AnalogMacro) Enables the diagnosis function -
9.3.2 Sample code

See Code Listing 15 for a sample code for initial configuration of the ADC calibration procedure.

Code Listing 15 Configuring the ADC calibration procedure

/* ADC channel number definition */

#define ADC_LOGICAL_ CHANNEL (Ou)

#define ADC IRQ NUM (NvicMux2 IRQOn)

#define ADC INTR NUM (((ADC_IRQ NUM << 1léu) | ADCO CHO IRQ))
#define ADC INTR PRIORITY (7u)

/**************************************************************************
* k k ok Kk

* Global Variables

KRR A AR A A AR A A A A A A AR A AR A A AR AR A A A A AR A AR A AR A AR A AR I AR A AR A AR A AR A A A A AR A A A A A A A kK
****/

/* Calibration Setting */
cy stc sar2 analog calibration conifg t calibrationConfig =

{
.offset

127ul, /* Offset Calibration Setting */
15ul, /* Gain Calibration Setting */

.gain

}s

cy stc sar2 channel config t ADCO channel 0 config M =
{
.channelHwEnable = true,
.triggerSelection = CY SARZ2 TRIGGER OFF,
.channelPriority = 0U,
.preenptionType = CY SAR2 PREEMPTION FINISH RESUME,
.doneLevel = CY SAR2Z DONE LEVEL PULSE,
.isGroupEnd = true,
.pinAddress = CY SAR2 PIN ADDRESS VREF H,
.portAddress = CY SARZ PORT ADDRESS SARMUXO,

.extMuxEnable = false,
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.extMuxSelect = 0U,

.sampleTime = 110,

.averageCount = 1U,

.rightshift = 0U,

.positiveReload 0uU,

.negativeReload = 0U,

.rangeDetectionLoThreshold = 0U,
.rangeDetectionHiThreshold = 655350,
i

cy stc sar2 config t ADCO config M =
{
.preconditionTime = 0U,
.powerupTime = 0U,

.enablelIdlePowerDown = false,

.enableHalfLsbConv = false,
.sarMuxEnable = true,
.adcEnable = true,
.sarIpEnable = true,

.channelConfig = {(cy stc sar2 channel config t
*) &ADCO_channel 0 config M,

NULL, NULL, NULL, NULL, NULL, NULL, NULL},
b
int main (void)
{
cy rslt t result;

/* Initialize the device and board peripherals */

.preconditionMode = CY SAR2 PRECONDITION MODE OFF,
.overlapDiagMode = CY SAR2 OVERLAP DIAG MODE_OFF,

.calibrationValueSelect = CY SAR2 CALIBRATION VALUE REGULAR,
.postProcessingMode = CY SAR2 POST PROCESSING MODE NONE,

.resultAlignment = CY SAR2 RESULT ALIGNMENT RIGHT,
.signExtention = CY SAR2 SIGN EXTENTION UNSIGNED,

.rangeDetectionMode = CY SAR2 RANGE DETECTION MODE BELOW_LO,

.msbStretchMode = CY SAR2 MSB STRETCH MODE 1CYCLE,

NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL,
NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL,

NULL,
NULL,
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result = cybsp init();

/* Board init failed. Stop program execution */
if (result != CY RSLT SUCCESS)
{

CY ASSERT (0) ;

/* Enable global interrupts */

__enable irqg();

/* Initialize retarget-io to use the debug UART port */

result = cy retarget io init (CYBSP DEBUG UART TX,
CYBSP_DEBUG_UART RX, CY RETARGET IO BAUDRATE) ;

if (result != CY RSLT SUCCESS)
{
CY ASSERT (0) ;

/* \x1b[2J\x1b[;H - ANSI ESC sequence for clear screen */
printf ("\x1b[2J\x1b[;H") ;

prlntf ("*************************************************************
ALl .
*******************\r\n ),

printf ("XMC7000 MCU: ADC Calibration\r\n");

printf ("*************************************************************
**‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k**\r\n") ;

/* Initialize the SAR2 module */
Cy SARZ2 Init (ADCO HW, &ADCO config M);
/* Set ePASS MMIO reference buffer mode for bangap voltage */

Cy SARZ SetReferenceBufferMode (PASSO EPASS MMIO,
CY SAR2 REF BUF MODE OFF);

/* Set Gain Coreection to 0" */

calibrationConfig.gain = 0Oul;

/* Initialize the SAR2 Channel to VERF H */
ADCO channel 0 config M.pinAddress = CY SAR2 PIN ADDRESS VREF L;
ADCO channel 0 config M.portAddress = CY SAR2 PORT ADDRESS SARMUXO;
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Cy SAR2 Channel Init(ADCO HW, 0, &ADCO channel 0 config M);

/* Set Offset Compensation to "127" */
calibrationConfig.offset = 127ul;

/* Issue software start trigger */
Cy SARZ Channel SoftwareTrigger (ADCO HW, O0);
Cy SysLib Delay (10);

for (77)
{
if (adc offset calibration() == true)
{
if (adc _gain calibration() == true)
{
/* Test Completed */
printf ("ADC Calibration Successfully\r\n");
while (1) ;

else
/* Error */

printf ("ADC Gain Calibration Failed: \r\n");
while (1) ;

else

/* Error */

printf ("ADC Offset Calibration Failed\r\n");
while (1) ;

uintl6 t getAdcValue (void)
{

/* Trigger ADC. */
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Cy SARZ Channel SoftwareTrigger (ADCO HW, 0U);
/* Wait for group of single channel to complete. */

while (CY SAR2 INT GRP DONE !=
Cy SARZ2 Channel GetInterruptStatus(ADCO HW, 0U));

Cy SARZ2 Channel ClearInterrupt (ADCO HW, 0U, CY SARZ INT GRP DONE) ;
/* Get the result(s) */

uintl6é t resultBuff = Cy SAR2 Channel GetResult (ADCO HW, 0U, NULL);
printf ("ADC VREF result: %$04d\r\n", resultBuff);

return (resultBuff);

9.4 Offset adjustment procedure

Figure 35 shows the example flowchart of offset adjustment.
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Figure35 Example flowchart of offset adjustment

9.4.1

Use case

The following use case is an example of offset adjustment using ADC logical channel 0.

9.4.2

Configuration

Table 15 lists the functions of the configuration part of in the PDL for offset adjustment procedure.

Table 15

Functions for configuring offset adjustment procedure

Functions

Description

Value

Cy SAR2 Channel SoftwareTrigger (PASS
SARchannel)

Issues a software -
start trigger

Cy SAR2 Channel GetGroupStatus (PASS

Returns the group -

SARchannel,

GroupStatus)

conversion status
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Functions

Description

Value

Cy SARZ Channel GetResult (SAR
Channel, Status)

Gets the conversion
result and status

Cy SAR2 SetAnalogCalibrationValue (PASS
SARchannel, &calibrationConfiqg)

Sets the analog
calibration value

Cy SAR2 Channel Init (PASS
SARchannel, ADCchannel Configure)

Initializes the ADC
channel

Cy SARZ2 SetReferenceBufferMode (PASSO EPASS
MMIO, RefBufMode)

Sets ePASS MMIO
reference buffer
mode

Cy SAR2 Diag Enable (AnalogMacro) Epabmsﬁhe . -
- - - diagnosis function
Cy SARZ2 Channel Enable (PASS SARchannel) Enables the -
corresponding
channel

9.4.3 Sample code

See Code Listing 16 for sample code snippets for initial configuration of offset adjustment procedure settings.

Code Listing 16 Configuring the offset adjustment procedure

bool adc offset calibration (void)

{

intl6é_t result = getAdcValue();
intlée _t offset VREFH 0U;
intl6e t offset VREFL 0U;

intle t value = 0U;

ADCO channel 0 config M.pinAddress

/* Initialize channel. */

if (result > 0)
{

{

ADCO channel 0 config M.portAddress
Cy SARZ SetAnalogCalibrationValue (ADCO_ HW,

/* Start ADC conversion and get the ADC value */

/* Initialize the SAR2 Channel to VERF L */
CY SAR2 PIN ADDRESS VREF L;
CY SAR2 PORT ADDRESS SARMUXO;

Cy SARZ2 Channel Init(ADCO HW,0, &ADCO channel 0 config M);

/* Decrement the Value of Offset Compensation by "1" */
for (offset VREFL = 127; offset VREFL >= -128; offset VREFL -= 1)

/* Set "offset VREFL" to offset register value */

&calibrationConfiqg);
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calibrationConfig.offset = offset VREFL;

Cy SAR2Z SetAnalogCalibrationValue (ADCO HW, é&calibrationConfig);

/* Get ADC conversion value. */

result = getAdcValue () ;

/* Does the ADC conversion value equal to 0? */

if (result == 0)

{

printf ("ADC offset VREFL value: %d\r\n", offset VREFL);

printf ("ADC Offset VREF L Calibration Successfully\r\n");
break;

}

/* If offset has reached lower bound. */

if (offset VREFL == -128)

{
/* Report error. */

return false;

else

/* End of Offset Adjustment with Abnormality. */
return false;
}
/* Initialize the SAR2 Channel to VERF H */
ADCO channel 0 config M.pinAddress = CY SAR2 PIN ADDRESS VREF H;
ADCO channel 0 config M.portAddress = CY SAR2 PORT ADDRESS SARMUXO;
/* Set Offset Compensation to "-128" and init channel. */
calibrationConfig.offset = -128;
Cy SARZ SetAnalogCalibrationValue (ADCO HW, &calibrationConfig);
/* Initialize channel. */

Cy SAR2Z Channel Init(ADCO HW, 0, &ADCO channel 0 config M);

/* Start ADC Conversion and get the A/D value. */
result = getAdcValue();

/* Is the ADC Conversion value lower than OxFFF */
if (result < OxFFF)

{

Application note 78 002-34282 Rev. *A
2024-03-19




o _.
Using a SAR ADC in XMC7000 family Infineon

Calibration function

Code Listing 16 Configuring the offset adjustment procedure

2%/

/* Increment the Value of Offset Compensation by "1". */
for (offset VREFH = -128; offset VREFH <= 127; offset VREFH += 1)
{
/* Set "offset VREFH" to offset register value. */
calibrationConfig.offset = offset VREFH;
Cy SAR2Z SetAnalogCalibrationValue (ADCO HW, é&calibrationConfig);
/* Get ADC Conversion value. */
result = getAdcValue () ;
/* Does the ADC Conversion value Equal to "4095"? */
if (result == OXFFF)
{
printf ("ADC offset VREFH value: %d\r\n", offset VREFH);
printf ("ADC Offset VREF H Calibration Successfully\r\n");
break;
}
/* Does the value of offset compensation equal to "127"? */
i1f (offset VREFH == 127)
{
/* Offset adjustment failed - report error. */

return false;

}

else
{
printf ("ADC Offset VREF H Calibration Failed\r\n");
/* Offset adjustment failed - report error. */
return false;

}
/* Does "(floor((offset_VREFH+offset_VREFL)/2) + 2)" greater than "125"

value = (floor((offset_VREFH+offset_VREFL)/2U) + 20);
if ((value - 125U0) <= 0)
{
printf ("ADC Offset VREF Calibration Value: %d\r\n", value);
/* Offset adjustment failed - report error. */

return false;
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/* Set the value of offset compensation to
(floor ((offset VREFH+offset VREFL)/2) + 2) */

calibrationConfig.offset = (floor((offset_VREFH+offset_VREFL)/2U) +
20) ;

return true;

9.5 Gain adjustment procedure

Figure 36 shows the example flowchart of gain adjustment.
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l
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T

Decrement the value of gain compensation by “1”

]

‘ Start A/D Conversion of Channel x ‘

!

~ Yes

—— Does the A/D value equal to “0x00077 ———
e

—

——Does the value of gain compensation —_Yes
equal to “-15”?
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!
Set gain compensation to “the current value - 1"
: __x :
‘/ End of Gain Adjustment \‘ ‘/ End of Gain AdJust.ment with \‘
Abnormality

Figure 36 Example flowchart of gain adjustment
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9.5.1 Use case

The following use case is an example of gain adjustment using ADC logical channel 0.

9.5.2 Configuration

Table 16 lists the functions of the global configuration part of in the PDL for the ADC .

Table 16

Functions for configuring the gain adjustment procedure

Functions

Description

Value

Cy SARZ2 Channel SoftwareTr
igger (PASS SARchannel)

Issues a software start trigger

Cy SARZ Channel GetGroupSt
atus (PASS SARchannel,
GroupStatus)

Returns the group conversion
status

Cy SARZ2 Channel GetResult (
SAR Channel, Status)

Gets the conversion result and
status

Cy SAR2 SetAnalogCalibrati
onValue (PASS

SARchannel, &calibrationCon
fig)

Sets the analog calibration value

Cy SARZ2 Channel Init (PASS
SARchannel, ADCchannel
Configure)

Initializes the ADC channel

Cy SAR2 Channel Enable (PAS
S SARchannel)

Enables the corresponding
channel
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9.5.3 Sample code

See Code Listing 17 for sample code for the initial configuration of the gain adjustment procedure.

Code Listing 17 Configuring the gain adjustment procedure

bool adc gain calibration(void)
{
intlé_t gain;
intlé_t result = 0U;
/* Set Gain Correction setting to "15". */

calibrationConfig.gain = 15;

/* Initialize the SAR2 Channel to VERF L */
ADCO channel 0 config M.pinAddress = CY SAR2 PIN ADDRESS VREF L;
ADCO channel 0 config M.portAddress = CY SAR2 PORT ADDRESS SARMUXO;
/* Initialize channel. */

Cy SARZ Channel Init (ADCO_HW, 0, &ADCO channel 0 config M);

/* Apply the initial calibration settings. */
Cy SARZ SetAnalogCalibrationValue (ADCO HW, &calibrationConfig);

/* Start ADC value Conversion */
result = getAdcValue();
if (result > 0)
{
for(gain = 15; gain >=-14; gain -= 1)
{
/* Set gain to register */
calibrationConfig.gain = gain;
Cy SARZ SetAnalogCalibrationValue (ADCO HW, é&calibrationConfig);
result = getAdcValue();
if (result == 0)
{
/* Set gain compensation to "gain - 1" */
calibrationConfig.gain = gain - 1;

Cy SARZ SetAnalogCalibrationValue (ADCO HW,
&calibrationConfiqg) ;

printf ("ADC Gain Calibration Successfully\r\n");

break;

}
if (gain == -14)
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Code Listing 17 Configuring the gain adjustment procedure

/* Gain adjustment failed - report error. */
printf ("ADC Gain Calibration Failed\r\n");

return false;

}

return true;
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10 Temperature sensor

The temperature sensor can measure the chip temperature using an ADC. To accurately measure the
temperature at runtime, use the reference measurement done during production. This reference data is stored
in the SFlash along with other calibration data. See the “SAR ADC” chapter of the architecture reference manual
for the exact address to read this data.

This section shows an example chip temperature measurement flow.

Ensure that you have configured the settings as described in the Basic ADC global configuration section.

10.1 Temperature measurement procedure

Figure 35 shows the example flowchart of the chip temperature measurement.

[~ Startoftemperature
measurement

\ 4
ADC calibration

A\ 4
Check VREFH and VREFL

\ 4

Set the reference buffer mode

v

Set the temperature sensor register

v

Read the bandgap reference using ADC

v

Read the temperature sensor output using ADC

v

Calculate the internal chip temperature

/" Endoftemperature
measurement

Figure 37 Example flowchart of temperature measurement

ADC calibration: See Section 9.3 for example of offset and gain adjustment.
Check VREFH and VREL: See Section 8.2 for example of VREFH and VREFL diagnosis.
Set the reference buffer mode: Set the PASS_CTL register to enable reference buffer mode.

Set the temperature sensor register: Set bit 9, 8 and 6 of PASS_TEST_CTL register to ‘1’ only for CYT2B. For
other devices, keep the default value.

Read the bandgap reference (Vg¢) using ADC: Store the A/D conversion result of the Vge.

6. Read the temperature sensor output (Vge) using ADC: Store the A/D conversion result of the V.. To find the
proper sample time for the temperature sensor, see the datasheet mentioned in References.

Hw e

o
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7. Calculate the internal chip temperature:

a) Vge (temperature sensor output) has a second-order dependency on temperature (T) and can be
described by the following equation:

VBE =aT? + bT + ¢

To calculate the temperature from Vg, you must know the coefficients (a, b, and c) of the above equation.
These coefficients can be calculated using the data (Vg measured at three different temperatures) stored in the
SFlash. See the architecture reference manual for details. The three combinations of (Vg T) to be used depend
on the supply voltage (Vppa). For example, to calculate polynomial coefficients:

- When V,,, = 3.3V, use SFlash data set#0 and set#1 in the architecture reference manual
- When V,,, =5.0V, use SFlash data set#0 and set#2 in the architecture reference manual
b) Because the ADC reference voltage may have changed from the calibration, Ve must be scaled using the

ratio of Vgg 53 and Vg, where VBE NEW = VBE X (%—;—3) before itis used to calculate the temperature.

c) Calculate temperature using the above polynomial

VBE NEW = aT? + bT + ¢

d) After calculating the temperature, the accuracy can be improved by using the bandgap reference from
the nearest temperature in step b). Essentially, if the temperature calculated in step c) is close to

- COLD (-40), repeat step b) with Vg s, and recalculate the temperature using step c).
- HOT (150), repeat step b) with Vg ¢y and recalculate the temperature using step c).

- ROOM (27), temperature calculated in step c) is the final temperature.

10.2 Use case

o Vpppa=5.0V

e ADC logical channel: 0

e Number of iterations to get the ADC readings: 16
e Sampling time: 120 ADC clock cycles
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10.3 Configuration

Table 18 lists the functions of the configuration part of in the PDL for temperature measurement.

¥ Analog

v Programmable Analog

12-bit SAR ADC 0| MY_SAR SAR2-1.0

[ 12-bit SAR ADC 1|pass_0_saradc
[] 12-bit SAR ADC 2 |pass_0_saradc_

epassaref pass_0_aref_0 Epasshref-1.0
Communication
Digital
System
Resource Mame(s) Personality
¥ Analog
* Programmable Analog
12-bit SAR ADC 0 |MY_SAR SARZ-1.0

[ 12-bit SAR ADC 1
[ 12-hit SAR ADC 2

epassaref

Epasshref-1.0

\ £ onfiguration Help
v (General

(7) Enable SAR Black

Upen s8R Documentaticn

[

Enable The SAR MUX ]

Enable The SAR ADC

Precondition Time 0

Power Up Time ]

Power Down If [dle O

MSE Cycles Use 1 clock cycles per conversien
Half LSB [

Mumber Of Channels 2

(2) Clock Frequency

¥ Connections

vdda <unassigned>

weed <unassigned:>

& | @ 82 bit Divider 1 clk [USED]
(=) 12.25 MHz

wvitemp

vbg & | @ 12-bit SAR ADC 0 win[0] (MY_SAR) [USED]

& | @ 12-bit SAR ADC 0 win[1] (MY_SAR) [USED]

Figure 38 SAR2 basic configuration for temperature in Device Configurator

~ Channel 0

* Channel 1
=

'._?\' Channel Name

Channel Name ‘channe\_D
) Enabled
HW Trigger TCPWM

Enabled
) HW Trigger

Trigger Input
Trigger Output <unassigned>

Trigger Chanel Input

& . TCPWM(1] Group[1] 16-bit Counter 0 out 0 (MY_PWM) [USED]

& . TCPWM(1] Group[1] 16-bit Counter 0 out 1 (MY_PWM) [USED]

) Trigger Input
(7) Trigger Output

? Trigger Chanel Input

Voltage Range Trigger Qutput | <unassigned>

Channel Done Trigger Output | <unassigned=

Debug Freeze Input <unassigned>

@ Voltage Range Trigger Output

7) Channel Done Trigger Output

7 Debug Freeze Input

Pricrity ‘D

! Priority

Preemption Type Abort cngeing acquisition, up on return Resume

) Preemption Type

|(hannel_1
Disabled

<unassigned>

<unassigned:
<unassigned>

<unassigned:

<unassigned>

<unassigned>
o

Abort ongoing acquisition, up on return Resume

Group End D J Group End
Output Trigger Type Pulse ) Output Trigger Type Pulse
) Input & | @ epassaref vbg [USED] nput & | (D epassaref v_temp [USED]

) Enable Bxternal Analog Mux
External Analog Mux Select EXT_MUX[x] 0
Mo Preconditioning

Mo Overlap or SARMUX Diagnostics

Precendition Mode

Overlap Diagnostic Mode

) Enable External Analog Mux
! External Analog Mux Select

) Precondition Mede

) Overlap Diagnostic Mode

Sample Time (Aperture) ‘11

) Sample Time (Aperture)

Selection Of Calibration Values Regular

Result Data Alignment The data is right aligned in Result[11:0]

) Result Data Alignment

EXT_MUX[x]_0

Mo Preconditioning

No Overlap or SARMUX Diagnoestics
[11

Selection Of Calibration Values | Regular

The data is right aligned in Result[11:0]

Sign Extension Unsigned J Sign Extension Unsigned
Post Processing Mode Averaging ) Post Processing Mode Averaging
Averaging Count ] ') Averaging Count 8
Shift Right 3 ) Shift Right 3
Positive Reload o Positive Reload o
Megative Reload =0 ) Negative Reload o
Range Detection Mode Inside Range (Low <= Result < High) 7} Range Detection Mode Inside Range (Low <= Result < High)
Range Detect Low Threshold |0 @ Range Detect Low Threshold |0
7) Range Detect High Threshold 63535 (7) Range Detect High Threshold (65535
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Table 18 Functions for temperature measurement

Functions Description Value
AdcReadChannelData (cy en adc pin address t Reads the CY_ADC_IN_VBG
channelAddress) ADC (Y_ADC_PIN_ADDRESS_VB
conversion G =38ul),
result of the CY_ADC_IN_TEMP
target pin (CY_ADC_PIN_ADDRESS_V
address TEMP =39ul)

AdcConfigureChannel (cy en adc pin address t
channelAddress)

Initializes and

enable the
ADC channel
Cy SAR2 CalculateDieTemperature (cy stc_adc_ temp Calculates the &UﬂnpReﬂkﬂua
* .
:ref_t refvValue, cy stc adc _temp raw t chip 8¢empRawVawe
rawValue)
temperature

10.4 Sample code

See Code Listing 18 and Code Listing 19 for the sample code of temperature measurement.

Code Listing 18 Configuring temperature measurement

#define MY SAR HW PASSO SARO

#define MY SAR CHO HW PASSO_ SARO CHO
#define MY SAR CH1 HW PASSO_ SARO CH1
#define MY SAR channel 0 HW MY SAR CHO HW
#define MY SAR channel 1 HW MY SAR CH1 HW

#ifndef SARMUX0 CHO PORT ADDR
#define SARMUX0 CHO PORT ADDR 0
#endif

#ifndef SARMUX0 CH1 PORT ADDR
#define SARMUX0 CH1 PORT ADDR 0
#endif

#define MY SAR channel 0 IDX (0UL)
#define MY SAR channel 1 IDX (1UL)

{

.channelHwEnable = true,

#define MY SAR CHO IRQ pass_ 0 interrupts sar 0 IRQn
#define MY SAR CH1 IRQ pass 0 interrupts sar 1 IRQn
#define MY SAR channel 0 IRQ MY SAR CHO IRQ
#define MY SAR channel 1 IRQ MY SAR CH1 IRQ
#define MY SAR VDDA RANGE CY SAR2 VDDA 2 7V _TO 4 5V

const cy stc sar2 channel config t MY SAR channel 0 config =
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.triggerSelection = CY SAR2 TRIGGER TCPWM,
.channelPriority = 0U,

.preenptionType = CY SAR2 PREEMPTION ABORT RESUME,
.doneLevel = CY SAR2 DONE LEVEL PULSE,

.isGroupEnd = false,

.pinAddress = SARMUX0 CHO PIN ADDR,

.portAddress = SARMUX0 CHO PORT ADDR,
.extMuxEnable = true,

.extMuxSelect = 0U,

.preconditionMode = CY SARZ PRECONDITION MODE OFF,
.overlapDiagMode = CY SAR2 OVERLAP DIAG MODE OFF,

.sampleTime = 110,

.calibrationValueSelect = CY SARZ CALIBRATION VALUE REGULAR,
.postProcessingMode = CY SARZ POST PROCESSING MODE AVG,
.resultAlignment = CY SAR2 RESULT ALIGNMENT RIGHT,
.signExtention = CY SAR2 SIGN EXTENTION UNSIGNED,
.averageCount = 80U,

.rightshift = 3U,

.positiveReload 0uU,

.negativeReload = 0U,

0u,
655350,

.rangeDetectionLoThreshold

.rangeDetectionHiThreshold
i

const cy stc _sar2 channel config t MY SAR channel 1 config =
{

.channelHwEnable = true,

.triggerSelection = CY SARZ2 TRIGGER OFF,

.channelPriority = 0U,

.preenptionType = CY SAR2 PREEMPTION ABORT RESUME,
.donelLevel = CY SAR2 DONE LEVEL PULSE,

.isGroupEnd = true,
.pinAddress = SARMUXO CH1 PIN ADDR,
.portAddress = SARMUX0 CH1 PORT ADDR,

.extMuxEnable = true,

.extMuxSelect = 0U,

.preconditionMode = CY SARZ PRECONDITION MODE OFF,
.overlapDiagMode = CY SAR2 OVERLAP DIAG MODE OFF,

.rangeDetectionMode = CY SAR2 RANGE DETECTION MODE INSIDE RANGE,
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Code Listing 18 Configuring temperature measurement

.sampleTime = 110,

.calibrationValueSelect = CY SAR2 CALIBRATION VALUE REGULAR,
.postProcessingMode = CY SAR2 POST PROCESSING MODE AVG,
.resultAlignment = CY SAR2 RESULT ALIGNMENT RIGHT,
.signExtention = CY SAR2 SIGN EXTENTION UNSIGNED,
.averageCount = 8U,

.rightshift = 30,

.positiveReload = 0U,

.negativeReload = 0U,

.rangeDetectionMode = CY SAR2 RANGE DETECTION MODE INSIDE RANGE,
0u,

.rangeDetectionHiThreshold = 655350,

}i

const cy stc _sar2 config t MY SAR config =

{

.preconditionTime = 0U,

.rangeDetectionLoThreshold

.powerupTime = 0U,

.enableIdlePowerDown = false,

.msbStretchMode = CY SAR2 MSB STRETCH MODE 1CYCLE,
.enableHalfLsbConv = false,

.sarMuxEnable = true,
.adcEnable = true,
.sarIpEnable = true,

.channelConfig = {(cy stc sar2 channel config t *)&MY SAR channel 0 config,
(cy stc sar2 channel config t *)&MY SAR channel 1 config,

NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL,
NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL, NULL,
NULL, NULL, NULL, NULL, NULL, NULL},

001 }i

Code Listing 19 Temperature measurement

int main (void)

{
cy rslt t result;
uintl6é t resultVBG = 0;
uintl6 t resultTemp = 0;

float dieTemperature = 0.0;
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Code Listing 19 Temperature measurement

/* Initialize the device and board peripherals */

result = cybsp init();

/* Board init failed. Stop program execution */
if (result != CY RSLT SUCCESS)

{
CY ASSERT (0) ;

/* Enable global interrupts */
__enable irqg();
/* Initialize retarget-io to use the debug UART port */

result = cy retarget io init (CYBSP DEBUG UART TX,
CYBSP_DEBUG_UART RX, CY RETARGET IO BAUDRATE) ;

if (result != CY RSLT SUCCESS)

{
CY ASSERT (0);

/* \x1b[2J\x1b[;H - ANSI ESC sequence for clear screen */
printf ("\x1b[2J\x1b[;H") ;

printf ("*************************************************************
**‘k*‘k*‘k*‘k*‘k*‘k*‘k*‘k**\r\n") ;

printf ("XMC7000 MCU: ADC Temperature Measure \r\n");

printf ("*************************************************************

*******************\r\n") ;

/*Analog resource initialize*/

init analog resources();

/* Initialize PWM using the config structure generated using device
configurator*/

if (CY TCPWM SUCCESS != Cy TCPWM PWM Init (MY PWM HW, MY PWM NUM,
&MY PWM config))

{
CY ASSERT (0) ;
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/* Enable the initialized PWM */
Cy TCPWM PWM FEnable (MY PWM HW, MY PWM NUM) ;

/* Then start the PWM */
Cy TCPWM TriggerReloadOrIndex Single (MY PWM HW, MY PWM NUM);

for (;77)
{
if(sar0_isr set)
{
resultVBG = Cy SAR2Z Channel GetResult (MY SAR HW, Ou
printf ("resultVBG = %d \r\n",resultVBG ) ;

resultTemp = Cy SARZ Channel GetResult (MY SAR HW, 1u,
printf ("resultTemp = %d \r\n",resultTemp );

dieTemperature =
Cy SARZ CalculateDieTemperature (CY SARZ2 VDDA 2 7V _TO 4 5V, resultT
resultVBG) ;

printf ("ADC die Temperature value: $f\r\n",
dieTemperature) ;

sar0 _isr set = false;
}
Cy SysLib Delay(10);

static void sar0 interrupt handler (void)

{

/* Check if End-Of-Scan trigger has occurred. If yes, set sar0
flag to true */

if (Cy SARZ Channel GetInterruptStatus (MY SAR HW,1lu) ==
CY SAR2 INT GRP DONE)

{

sar0 _isr set = true;

/* Clear the interrupts */

Cy SARZ Channel ClearInterrupt (MY SAR HW, lu ,CY SAR2Z INT GRP DONE) ;

, NULL) ;

NULL) ;

emp,

_1isr set
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}

static void init analog resources (void)
{
/* Variable to capture return value of functions */

cy en sar2 status t status;

/* Initialize SARQ */
status = Cy SARZ Init (MY SAR HW, &MY SAR config);
1f (CY SAR2 SUCCESS != status)
{
CY ASSERT (0);
}
/* Set ePASS MMIO reference buffer mode for bangap voltage */

Cy SAR2Z SetReferenceBufferMode (PASSO EPASS MMIO,
CY SAR2 REF BUF MODE_ON) ;

/*Configure and register SARO channel interrupts*/

Cy SysInt Init(&SARO IRQ cfg, sar(0 interrupt handler);
NVIC ClearPendingIRQ((IRQn Type)SARO IRQ cfg.intrSrc);
NVIC EnableIRQ((IRQn Type) NvicMux3 IRQn);

/*Initialize SARO channel 0/1%*/
Cy SARZ2 Channel Init (MY SAR HW, Ou, &MY SAR channel 0 config);
Cy SARZ2 Channel Init (MY SAR HW, lu, &MY SAR channel 1 config);

/*Set SARO channel 1 interrupt mask*/
Cy SARZ2 Channel SetInterruptMask (MY SAR HW, 1lu,CY SAR2 INT GRP DONE) ;
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11 Glossary
Terms Description
SARADC Successive approximation registers analog-to-digital converter
SARMUX Analog input multiplexer
TCPWM Timer, counter, and pulse width modulator
Viegrn High reference voltage
VigrL Low reference voltage
Ve Bandgap reference voltage
Ve Temperature sensor output
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