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Trigger Multiplexer usage in XMC7000 family

About this document

Scope and purpose

This application note describes trigger multiplexer for the XMC7000 family and explains how to route trigger
signals from the source peripherals to the destinations.

Associated part family

XMC7000 family of XMC™ industrial microcontrollers
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Introduction

1 Introduction

Every peripheral in the XMC7000 device is interconnected using trigger signals. Trigger signals are means by
which peripherals inform the occurrence of an event or transition to a different state. Trigger signals are used to
initiate an action in other peripherals. For example, triggers can initiate data transfer over DMA (see section
3.1), conversion on SAR ADC (see sections 3.2 and 3.3), or start a timer (see section 3.4). Trigger multiplexers are
simple multiplexers that are designed to route these trigger signals from the source peripherals to the desired
destinations.

In this application note, you will learn how to set up trigger routes from the source peripherals to the desired
destinations.

To know more about the functionality and terminology used in this application note, see the Trigger
Multiplexer chapter of the architecture reference manual [2].
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2 Trigger multiplexer overview

The trigger inputs are output signals from the source peripheral. The trigger outputs are typically input signals
to the destination peripheral. The trigger multiplexer multiplexes trigger input and trigger output.

Trigger multiplexer has two group types:

e Multiplexer-based group type (Group trigger)

- Connects a peripheral input trigger to multiple peripheral output triggers
e One-to-one-based group type (One-to-one trigger)

- Connects a peripheral input trigger to a specific output trigger

Each group type consists of multiple trigger groups (up to 16). Each group type is associated with the trigger
inputs of a specific peripheral. Figure 1 shows the trigger multiplexer block diagram.

Trigger Multiplexer

Group
TRIG_IN_MUX_x .

. > Trigger . TRIG_OUT_MUX x
(Up to 256 input)

(Up to 256 output)

(Up to 16 groups)

One-to-one
TRIG_IN_1TOL_x _ Trigger . TRIG_OUT 1TO1 x
(Up to 256 input) o (Up to 256 output)

(Up to 16 groups)

7y

Software (SW) Trigger
Inverted Output
Level/Edge Output

Figure 1 Trigger multiplexer block diagram

Trigger multiplexer has the following input and output signals:

e TRIG_IN_MUX_xis the input trigger of the group trigger. It has up to 256 input signals

e TRIG_IN_1TO1_xis the input trigger of the one-to-one trigger. It has up to 256 input signals

e TRIG_OUT_MUX_x is the output trigger of the group trigger. It has up to 256 output signals

e TRIG_OUT_1TO1_x isthe output trigger of the one-to-one trigger. It has up to 256 output signals

Trigger multiplexer features SW trigger, inverted output trigger, and level or edge sensitive trigger.

SW trigger is initiated by SW and can trigger any signal in the trigger multiplexer. Inverted output specifies the
polarity of output signals. Level or edge trigger specifies if the output trigger is treated as a level-sensitive or
edge-sensitive trigger.

The suffix “x” represents the name of the peripheral block. Table 1 shows the output triggers and the input
triggers of a group trigger that can be routed to each other, and the availability of routing in the XMC7000
device series. However, some combinations cannot be routed to some unit and channel numbers. For details
on the units and channels of each peripheral, see the datasheets [1].
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Table1 Routing between output trigger and input trigger of group trigger by series
TRIG_OUT_MUX_x TRIG_IN_MUX_x XMC7000

PDMA PDMA

MDMA

FAULT

CTI

EVTGEN
HSIOM
TCPWM
CANO_TT
CAN1_TT
PASS_GEN
MDMA MDMA
TCPWM
TCPWM TCPWM
CAN_TT
PDMA

MDMA

CTI

FAULT
PASS_GEN
HSIOM

SCB
SCB_I12C_SCL
CAN_DBG
CAN_FIFO
CXPI

EVTGEN

SMIF

12S

TDM

SG

PWM

MIXER
AUDIODAC
PASS_GEN PDMA v
CTI
FAULT
EVTGEN v

SIS ININSISININININ IS

AN

AN
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AN

N
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TRIG_OUT_MUX_x TRIG_IN_MUX_x XMC7000
PASS_GEN
HSIOM v
TCPWM v

CAN_TT CAN_TT v

HSIOM TR_GROUP[i]_OUTPUT v

PERI_DEBUG_FREEZE

PASS_DEBUG_FREEZE

SRSS_WDT_DEBUG_

FREEZE

SRSS_MCWDT_DEBUG_FREEZE

TCPWM_DEBUG_

FREEZE

12S_DEBUG_FREEZE TR_GROUPI[i]_OUTPUT

TDM_DEBUG_FREEZE

SG_DEBUG_FREEZE

PWM_DEBUG_FREEZE

PWM_DEBUG_FREEZE

MIXER_DEBUG_FREEZE

AUDIODAC_DEBUG_

FREEZE

TR_GROUPIi]_INPUT PDMA v
SCB v/
SCB_I2C_SCL v/
CAN_DBG v/
CAN_FIFO v/
CAN_TT v/
CTl v/
FAULT v/
TCPWM v/
MDMA v
PASS_GEN v
EVTGEN v
CXPI
SMIF v
125 v
HSIOM v
TDM
SG
PWM
AUDIODAC
MIXER
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Trigger multiplexer overview

In a one-to-one group trigger, one input trigger is directly connected to a specific output trigger. For the routing
of the one-to-one trigger, see the datasheets [1].

2.1 Group trigger

For a group trigger, an input trigger, TRIG_IN_MUX_x, is selected for each output trigger TRIG_OUT_MUX_x.
Note: All output triggers in a group “i” share the same input triggers.

Figure 2 shows the group trigger block diagram.

Group i
PERI_TR_GR[i] TR_CTL[K]. TR_SEL
SW Input SW Output Trigger
Input Trigger j % Trigger Trigger »| Manipulation —m Output Trigger k
Qualification Qualification
|
PERI_TR_GR[i] TR_CTL[K]. TR_EDGE
SW Trigger PERI_TR_GR[i] TR_CTL[K]. TR_INV
Figure 2 Group trigger

One among the multiple output signals from the source peripheral is selected. For a specific output trigger in
the trigger group, the input trigger can be specified via the PERI TR GR[i] TR CTL[k] register. Here,
suffices “i” and “k” indicate the trigger group number and the output trigger number respectively. Input trigger
number can be specified by PERI TR GR[i] TR CTL[k].TR SEL=j. This section describes a few examples of
group triggers.
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Example 1:

This example demonstrates that the trigger of the 16-bit TCPWM counter starts upon receiving the SCB RX
pulse. This trigger routing is included in Multiplexer (MUX) Group 6. This example is extracted from the XMC7200
datasheet that provides trigger group, input trigger, and output trigger. Table 2 and Table 3 show trigger
outputs and trigger inputs of MUX Group 5 extracted from the XMC7200 datasheet respectively.

Table 2 Trigger outputs of MUX Group 6 of XMC7200
Output (“k”) ‘ Trigger label Description
MUX Group 6: TCPWM1 Trigger Multiplexer

0:28 TCPWM1 ALL CNT TR IN[12:40] Triggers to TCPWM1
Table 3 Trigger inputs of MUX Group 6 of XMC7200
Input(“j”) ‘ Trigger Description
MUX Group 6: TCPWM1 Trigger Multiplexer
1:16 TCPWM1_16_TR_OUT1[0:15] 16-bit TCPWM1 counters
17 SCB_TX_TR_OUT[0] SCBO TX trigger
18 SCB_RX_TR_OUT[O0] SCBO RX trigger
19 SCB I2C SCL TR OUT[0] SCBO 12C trigger
20 SCB TX TR OUT[1] SCB1 TX trigger
21 SCB_RX TR OUT[1] SCB1 RX trigger
22 SCB_I2C _SCL TR OUT[1] SCB112C trigger
23 SCB_TX TR OUT[2] SCB2 TX trigger
24 SCB RX TR OUT[2] SCB2 RX trigger
25 SCB_T2C_SCL_TR_OUT[2] SCB2 12C trigger
26 SCB_TX TR _OUT[3] SCB3 TX trigger
27 SCB_RX_TR_OUT[3] SCB3 RX trigger
28 SCB_I2C SCL TR OUT[3] SCB3 12C trigger
29 SCB TX TR OUT[4] SCB4 TX trigger
30 SCB RX TR OUT[4] SCB4 RX trigger
31 SCB_T2C_SCL_TR_OUT[4] SCB4 12C trigger
32 SCB_TX TR OUT[5] SCB5 TX trigger
33 SCB RX TR OUT[5] SCB5 RX trigger
34 SCB_I2C_SCL_TR_OUT[5] SCBS5 12C trigger
35 SCB_TX_TR_OUT[6] SCB6 TX trigger
36 SCB_RX_TR_OUT[6] SCB6 RX trigger
37 SCB_I2C_SCL_TR OUT[6] SCB6 12C trigger
38 SCB TX TR OUT[7] SCB7 TX trigger
39 SCB_RX_TR_OUT[7] SCB7 RX trigger
40 SCB_I2C_SCL_TR _OUT[7] SCB7 12C trigger
41 SCB TX TR OUT[8] SCB8 TX trigger
42 SCB RX TR OUT[8] SCB8 RX trigger
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Input(“j”) | Trigger Description

MUX Group 6: TCPWM1 Trigger Multiplexer

43 SCB_I2C_SCL_TR_OUT[8] SCB8 12C trigger

44 SCB TX TR OUT[9] SCB9 TX trigger

45 SCB RX TR OUT[9] SCB9 RX trigger

46 SCB_I2C_SCL_TR OUT[9] SCB9 12C trigger

47 SCB_TX_TR_OUT[10] SCB10 TX trigger

48 SCB_RX_TR_OUT[10] SCB10 RX trigger

49 SCB I2C SCL TR OUT[10] SCB10 I12C trigger
52:57 PASS GEN TR OUT[0:5] PASS SAR ADC events
58:105 HSIOM IO INPUT[0:47] I/O Inputs

106:107 CTI TR IN[0:1] CPUSS CTlI Trace events
108:111 FAULT TR OUT[0:3] Fault events

Figure 3 shows the input trigger and output trigger structure.

Input
Trigger,
1:16
PDMAL: TCPWM1_16_TR_OUT1[0:15]
17
SCB_TX_TR_OUT[0] —— " »]
SCB_RX_TR_OUT[0] — 18 L -~

]
19
SCB_I2C_SCL_TR_OUT[0] ———————*|
]

SCB_TX_TR_OUT[..] —————
SCB_RX_TR_OUT[...] —————— |

SCB_I2C_SCL TR OUT[..] — " o]

47 Groupi=6

SCB_TX_TR OUT[10]— ' &

48

SCB_RX_TR_OUT[10]——— »

SCB_I2C_SCL_TR_OUT[10]—— 29 5

52:57

PASS_GEN_TR_OUT[0:5] ——>=>' &
1

HSIOM_I0_INPUT[0:47]—2:105 |

CTI_TR_IN[0:1] —106:107

108:111
FAULT_TR_OUT[0:3] ¢>/

b= » TCPWM: TCPWM_ALL_CNT_TR_IN[12]

Output
Trigger, k

0

1
—— = TCPWM: TCPWM_ALL_CNT_TR_IN[13]

2
= » TCPWM: TCPWM_ALL_CNT_TR_IN[14]

= TCPWM: TCPWM_ALL_CNT_TR_IN[...]

39
= » TCPWM: TCPWM_ALL_CNT_TR_IN[39]

40
L » TCPWM: TCPWM_ALL_CNT_TR_IN[40]

Figure 3 Trigger routing between 16-bit TCPWM and SCB of XMC7200

The following explains how to connect SCB channel 0 Rx and 16-bit TCPWM channel 0:

1. Configuration register selection:
MUX Group 6 (i=6)
Output trigger TCPWM_ALL CNT TR IN[12] (k=0)

Therefore, the register is specified as PERI TR GR6 TR CTLO.

2. Input trigger selection:
Input trigger SCB_ RX_TR_OUT[0] (3=18)
The configuration will be PERT TR GR6 TR CTLO.TR SEL
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Example 2:

Activation of SAR ADC unit, on ADC channel, can be triggered by Event Generator. Generic trigger inputs are
shared between ADC channels. One of the five generic triggers can be routed to any ADC channel. Group trigger
for SAR ADC typically specializes in trigger control of multiple SAR ADC units. The one-to-one trigger for SAR
ADC is typically useful for trigger control of ADC logical channels within a SAR ADC unit. For more details on SAR
ADC generic trigger inputs, see the “SAR ADC” chapter of the architecture reference manual [2].

For example, in XMC7200, the input trigger Event Generator 0 is routed to a generic trigger 0 of SAR. This trigger
routing is included in MUX Group 7. This example is based on Table 4 and Table 5 extracted from the XMC7200
datasheet that provides trigger group, input trigger, and output trigger.

Table 4 Trigger outputs of MUX Group 7 of XMC7200

Output (“k”) ‘ Trigger label Description

MUX Group 7: PASS trigger multiplexer

0:11 PASS_GEN_TR_IN[0:11] Triggers to PASS SAR ADCs

Table 5 Trigger inputs of MUX Group 7 of XMC7200

Input (“j”) ‘ Trigger label ‘ Description

MUX Group 7: PASS (PASS SAR trigger multiplexer)

1:31 PDMAO TR OUT[0:31] General purpose P-DMA (DW)0 triggers
32:44 TCPWM1 16M TR OUTO0[0:11] 16-bit Motor enhanced TCPWM1 counters
45:57 TCPWM1_32_TR_OUTO[0:12] 32-bit TCPWML1 counters

58:65 HSIOM IO INPUT[0:7] I/O Inputs

66:68 EVTGEN_TR OUT([12:14] Event generator triggers

For the Trigger Group Inputs and Trigger Group Outputs tables of each series, see the device datasheets [1].

Application note 10 002-34197 Rev *B
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Figure 4 shows the input trigger and output trigger structure.

Input
Trigger, j
Output
Trigger, k
1:31 SAR ADC
PDMAO_TR_OUT[0:31] ———==» 0 PASS. GEN_TR_IN[0]
3044 /1 PASS_GEN_TR_IN[1] | [~
TCPWMI1_16M_TR_OUTO[0:11] —————— | /2 PASS GEN_TR_IN[2] | | > GENERIC TRIGGER 0
4557 AR IE PASS_GEN_TR_IN[3]
TCPWM1_32_TR_OUTO0[0:12] ———————»| 4 PASS_GEN_TR_IN[4] | I GENERIC TRIGGER 1
365 | Gr u (=7 5 PASS_GEN_TR_IN[5]
HSIOM_IO_INPUT[0:7] ——————» /,p P 6 PASS_GEN_TR_IN[6] | | ——> GENERIC TRIGGER 2
/ 7 PASS_GEN_TR_IN[7]
EVTGEN_TR_OUT[12] — 0 & 8 PASS_GEN_TR_IN[8] | . > GENERIC TRIGGER 3
9 PASS_GEN_TR_IN[9]
EVTGEN_TR_OUT[13] 67, 10 PASS_GEN_TR_IN[10] I~ GENERIC TRIGGER 4
11 PASS_GEN_TR_IN[11]
EVTGEN_TR_OUT[14] — 0 »]
Figure 4 Trigger routing between TCPWM 16-bit Motor and Generic Trigger 2 in ADC of XMC7200

The following explains how the trigger source Event Generator 0 is routed to a generic trigger 12 of SARO:

1. Configuration register selection:

MUX Group 7 (i=7)

Output trigger PASS GEN TR IN[0] (k=0)

Therefore, the register is specified as PERI_TR GR7 TR CTLO.
2. Input trigger selection:

Input trigger EVTGEN TR OUT[12] (j=66)

The configuration will be PERI TR GR7 TR CTLO.TR SEL = 66.
3. Generic trigger selection:

Generic trigger SAR_ TR IN SELO.INO SEL = 0.

Table 6 shows the bit registers for a group trigger that explains the inverted output trigger and the level or edge
sensitive trigger. For more details, see the Registers TRM [2].

Table 6 Group trigger control bit registers
Bit register Description
PERI_TR_GRJ[i]_TR_CTL[K].TR_INV Specifies if the output trigger is inverted.
‘0’: Not inverted
‘1”: Inverted
PERI_TR_GRJ[i]_TR_CTL[k].TR_EDGE Specifies if the (inverted) output trigger is treated as a
level sensitive or edge sensitive trigger.
‘0’: Level sensitive
‘1’: Edge sensitive trigger
2.2 One-to-one trigger

For a one-to-one trigger, an input trigger, TRIG_IN_1TO1_x, is connected to the output trigger
TRIG_OUT_1TO1_x. A one-to-one group has AND gate functionality to disable an input trigger. Figure 5 shows
the one-to-one trigger block diagram.
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Group i

PERI_TR_GRI[i]_TR_CTL[k]. TR_SEL —
Input Trigger k —

SW Output
Trigger
Qualification

|
SW Trigger

\i

PERI_TR_GR[i]_TR_CTLk].TR_EDGE
PERI_TR_GRI[i]_TR_CTL[K].TR_INV

Trigger
Manipulation

7y

» Output Trigger k

Figure 5

One-to-one group trigger can be specified by the PERI_TR_1TO1_GR[i]_TR_CTL[K] register. Here, suffices

One-to-one trigger

and “k” indicate the trigger group number and the output trigger number respectively.

({3
|

PERI_TR_1TO1_GR[i]_TR_CTL[K].TR_SEL is used to enable or disable the input trigger. If set to ‘1’, the input

trigger is enabled. If set to ‘0’, the input trigger is disabled and set to constant signal level ‘0’.

This section describes an example of a one-to-one trigger.

Example:

This is an example to trigger data transmission on P-DMA (DW)1 channel 23 by SCB UART channel 3. This trigger
routing is included in MUX Group 2. The example is based on Table 7 extracted from the XMC7200 datasheet
that provides trigger group and input trigger.

Table 7

Trigger one-to-one MUX Group 2 of XMC7200

Input trigger (“k”)

‘ Trigger inputs

Trigger outputs

MUX Group 2: SCB to P-DMA (DW)1 Triggers

0 SCBO_TX TR OUT PDMA1l TR IN[16]
1 SCBO_RX TR OUT PDMA1l TR IN[17]
2 SCB1_TX TR OUT PDMAl TR _IN[18]
3 SCB1_RX TR OUT PDMAL TR _IN[19]
4 SCB2_TX TR OUT PDMA1 TR _IN[20]
5 SCB2_RX TR _OUT PDMA1l TR IN[21]
6 SCB3_TX TR OUT PDMA1l TR IN[22]
7 SCB3_RX TR OUT PDMAl TR _IN[23]
8 SCB4_TX TR OUT PDMAl TR _IN[24]
9 SCB4_RX TR OUT PDMA1 TR IN[25]
10 SCB5 TX TR OUT PDMA1l TR _IN[26]
11 SCB5 RX TR OUT PDMA1l TR _IN[27]
12 SCB6 TX TR OUT PDMA1l TR IN[28]
13 SCB6_RX TR OUT PDMA1 TR IN[29]
14 SCB7_TX TR OUT PDMAL TR IN[30]
15 SCB7 RX TR OUT PDMA1l TR IN[31]
16 SCB8 TX TR OUT PDMA1l TR IN[32]
17 SCB8 RX TR OUT PDMALl TR IN[33]
18 SCB9 TX TR OUT PDMA1 TR IN[34]

Application note
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Input trigger (“k”) ‘ Trigger inputs Trigger outputs
MUX Group 2: SCB to P-DMA (DW)1 Triggers

19 SCB9 RX TR OUT PDMA1l TR IN[35]
20 SCB10_ TX TR _OUT PDMA1l TR IN[36]
21 SCB10_RX TR OUT PDMA1l TR IN[37]

For the trigger one-to-one table of each series, see the device datasheets [1].

The following describes how to connect SCB channel 3 to P-DMA (DW)1 channel 23.

Note: In a one-to-one group trigger, each input trigger is directly connected to a specific output trigger.
Thus, specifying only the input trigger number is sufficient to indicate its output trigger.

1. Configuration register selection:
MUX Group 2 (i=2)
Input trigger SCB3_RX_TR_0OUT, which directly connects to output trigger PDMA1 TR _IN[23] (k=7)
Therefore, the register is specified as PERI TR 1TO1 GR2 TR CTL7.
2. Input trigger configuration:
Typically, the input trigger of a one-to-one trigger is enabled.
The configuration will be PERT TR 1TO1 GR2 TR CTL7.TR SEL = 1.

Table 8 shows the bit registers for a one-to-one trigger that explains the inverted output trigger and the level or
edge sensitive trigger. For more details, see the Registers TRM [2].

Table 8 Group trigger control bit registers

Bit register Description

PERI TR 1TOl GR[i]_TR CTL[k].TR_INV Specifies if the output trigger is inverted.
‘0’: Not inverted
‘1’: Inverted

PERI TR 1TOl GR[i]_TR CTL[k].TR EDGE Specifies if the (inverted) output trigger is treated as a
level sensitive or edge sensitive trigger.

‘0’: Level sensitive

‘1’: Edge sensitive trigger

2.3 Software trigger

Each group supports a software trigger. For a group trigger, either an input trigger or output trigger can be
selected for the SW trigger. For the one-to-one trigger, an output trigger can be selected for the SW trigger.
Figure 6 shows the group trigger with the SW trigger block diagram. Figure 7 shows the one-to-one trigger with
the SW trigger block diagram.
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PERI_TR GRJi] TR_CTL[k].TR_SEL

SW input SW Output
Input Trigger j —»| Trigger Trigger ——— Output Trigger k
Qualification Qualification
A A

PERI_TR_CMD.ACTIVATE 0

PERI_TR_CMD.GROUP_SEL (")

PERI_TR_CMD.TR_SEL (4 or k) 1

PERI_TR_CMD.TR_EDGE

PERI_TR_CMD.TR_OUT_SEL

Figure 6 SW trigger in group trigger

SW Output
Input Trigger kK ————»| Trigger —» Output Trigger k
Qualification

A

PERI_TR_CMD.ACTIVATE
PERI_TR_CMD.GROUP_SEL (‘")
PERI_TR_CMD.TR_SEL (*k)
PERI_TR_CMD.TR_EDGE

Figure 7 SW trigger in one-to-one trigger

The activation of a trigger through software can be made via PERT TR cMD. This register is useful for SW
initiated triggers or for debugging purposes. For a group trigger, to specify an activated trigger as input trigger
(=j) or output trigger (=k), configure PERI TR CMD.OUT SEL. If setto ‘0’, the input trigger is selected. If set to
‘1’, the output trigger is selected.

Note: This configuration is not used for the one-to-one trigger.

The activated trigger number can be specified by PERT TR CMD.TR SEL=7 or k. The trigger group number can
be specified by PERT TR cMD.GROUP_SEL=i. The level or edge sensitive trigger of the activated trigger can be
specified by PERI TR CMD.TR EDGE. PERI TR CMD.ACTIVATE canbe setto 'l'to activate a trigger.
PERI TR CMD.ACTIVATE cannot be set together with the other PERT TR cMD field. This section describes an
example of a software trigger.

Example:

This is an example to trigger data transfer on P-DMA (DW)0 channel 0. This trigger routing is included in MUX
Group 0 of group trigger and specifies the output trigger as the activated trigger. Table 9 lists the values that
need to be setfor PERI TR CMD.TR SEL (=k).
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Trigger multiplexer overview

Table9 Trigger outputs of MUX Group 0 of XMC7200
Output (“k”) ‘ Trigger label | Description

MUX Group 0: PDMAO_TR (P-DMA (DW)0 trigger multiplexer)
0:15 PDMAO TR IN[0:15] Triggers to P-DMA (DW)O0[0:15]

For the Trigger Group Outputs table of each series, see the device datasheets [1].

Figure 8 shows the trigger of data transfer on P-DMA (DW)0 by SW.

PERI_TR_GR[i]_TR_CTL[K].TR_SEL

SW input SW Output
Input Trigger j —»| Trigger Trigger ———» PDMAO_TR_IN[(]
Qualification Qualification

4

PERI_TR_CMD.ACTIVATE

PERI_TR_CMD.GROUP_SEL =0 0

PERI_TR_CMD.TR_SEL =0 |

PERI_TR_CMD.TR_EDGE = 1 1
I L

PERI_TR_CMD.TR_OUT_SEL =1

Figure 8 P-DMA (DW)0 data transfer start by SW

The following describes how to initiate data transfer on P-DMA (DW)0:

1. Activated trigger selection:
PERI TR CMD.TR SEL = 0:Output trigger PDMAO_TR_IN[O] (k=0)
PERI TR CMD.GROUP_ SEL = 0: MUX Group 0 of group trigger (i=0)
PERI TR CMD.TR EDGE = 1:Edge sensitive trigger

2. Specifying activated trigger:
PERI TR CMD.OUT SEL = 1:OQutputtrigger

3. Activate SW trigger:
PERI TR CMD.ACTIVATE = 1

For details on Trigger Group Inputs and Trigger Group Outputs of each series, see the device datasheets [1].
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3 Application
This section describes the following use cases for group trigger, one-to-one trigger, and SW trigger:

e Triggering P-DMA (DW) transfer by TCPWM timer: Group trigger use case

e Simultaneous ADC conversion on three SARs by single TCPWM timer: Group trigger use case
e Triggering ADC conversion by TCPWM timer: One-to-one trigger use case

e Simultaneous starting of TCPWM timer by SW trigger: SW trigger use case

3.1 Triggering P-DMA (DW) transfer by TCPWM timer

This section explains how an input trigger in a group trigger initiates data transfer of a P-DMA (DW)0 channel.

3.1.1 Use case description of triggering P-DMA (DW) transfer by TCPWM timer

Figure 9 shows an example application for group trigger in XMC7200. Data transfer of P-DMA (DW)0 channel 1 is
triggered by TCPWM 16-bit channel 0 on group trigger Multiplexer Group 1. TCPWM counter overflow event
triggers P-DMA (DW)0 channel 1 to start its data transfer from the SRAM source buffer to the SRAM destination
buffer. Figure 10 demonstrates the operation. For more details on TCPWM and DMA Components, see the
TCPWM and Direct Memory Access chapters of the architecture reference manual [2].

TCPWM_TO
TC for overflow PDMAO
TCPWM#0 wl _TTigGEr » P-DMAO ch.1
(16-hit) T~ Multiplexer - '
Period = 1kHz
MUX Group 1
N
- N
TCPWM_16_TR_OUTO[0] PDMAOQ_TR_IN[1]
PERI_TR_GR1_TR_CTL1

Figure 9 Example of group trigger in XMC7200
Enable
TCPWM
? Execute DMA l Execute DMA
DMA ; (8 bytes) ; (8 bytes)
TCPWM#0 : ;
(16-bit) : 4 )
(ov) (ov)

Figure 10 Example operation: Triggering P-DMA (DW) transfer by TCPWM counter overflow
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Triggers must be set to implement this application. Figure 11 describes the procedure for setting the trigger.
Figure 11 also provides the setting for the TCPWM counter and P-DMA (DW)0 channel.

=
v

Disable P-DMAO

l

Configure Descriptor

v

Configure P-DMAO Channel 1

v

Enable P-DMAO

v

Disable TCPWM#0 (16-bit)

v

Configure TCPWM#0 (16-bit)
for Timer Mode

v

Configure Group Trigger
- Select Output Trigger
- Select Input Trigger
- Invert Input Trigger
- Configure Output Trigger as
Edge Sensitive Trigger

v

Enable TCPWM#0 (16-bit)

v

Trigger a SW Start on
TCPWM#O0 (16-bit)

v
=

Figure 11 Example of setting for group trigger in XMC7200

The configuration for output trigger and input trigger for group trigger in Step (7) is described as follows:
Trigger multiplexer setting

Table 10 and Table 11 lists the values to be set. These tables are extracted from the XMC7200 datasheet that
provides trigger group, input trigger, and output trigger.
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Table 10 Trigger outputs of MUX Group 1 of XMC7200

Output (“k”) ‘ Trigger label Description

MUX Group 1: TCPWM to P-DMA (DW)O0 trigger multiplexer

0:15 PDMAO TR IN[16:31] Triggers to P-DMAO[16:31]

Table 11 Trigger inputs of MUX Group 1 of XMC7200

Input (“j”) ‘ Trigger label Description

MUX Group 1: TCPWM to P-DMA (DW)O0 trigger multiplexer

1:3 TCPWMO_16_TR_OUTO0[0:2] 16-bit TCPWMO counters

4:6 TCPWMO_16M TR _OUT0[0:2] 16-bit Motor enhanced TCPWMO counters
7:9 TCPWMO_32_TR_OUTO0[0:2] 32-bit TCPWMO counters

10:39 TCPWM1 16 TR OUTO0[0:29] 16-bit TCPWM1 counters

40:51 TCPWM1 16M TR OUTO0[0:11] 16-bit Motor enhanced TCPWM1 counters
52:64 TCPWM1_32 TR_OUT0[0:12] 32-bit TCPWM1 counters

65:70 PASS_GEN_TR_OUT[0:5] PASS SAR events

71:72 CTI TR OUT[0:1] Trace events

73:76 EVIGEN_TR OUT[0:3] Event generator triggers

Figure 12 shows the input trigger and output trigger structure.

Input
Trigger, j
Output
TCPWMO_16_TR_OUTO[0] — = »l Trigger, k
TCPWMO_16_TR_OUTO[1] — 2 . .
TCPWMo_16. TR_OUTO[2] 3 . [7——= P-DMAQ: PDMAO_TR_IN[16]
6 5> P-DMAO: PDMAO_TR_IN[17]
TCPWMO_16M_TR_OUTO0[0:2] —————— B EEE— P-DMAO: PDMAO_TR_IN[18]
7:9 - » P-DMAO: PDMAO_TR_IN[19]

TCPWMO0_32_TR_OUTO0[0:2] ———— ™

1039 | GrOUPi=1 L » P-DMAO: PDMAO_TR_IN[..]
TCPWM1_16_TR_OUTO0[0:29] —20:39,

- » P-DMAO: PDMAO_TR_IN[...]

: 12
TCPWM1_16M_TR_OUTO[0:11] — 2051, EE R P-DMAO: PDMAO_TR_IN[28]
52:64 == » P-DMAO: PDMAO_TR_IN[29]
TCPWM1_32_TR_OUTO0[0:12] ——————————» 14
65:70 BT P-DMAO: PDMAO_TR_IN[30]
PASS_GEN_TR_OUT[0:5] ———————>"» L= = P-DMAO: PDMAO_TR_IN[31]

CTI_TR_OUT[0:1] — 72|

EVTGEN_TR_OUT[0:3] 473:76»/

Figure 12 Trigger routing between 16-bit TCPWM and P-DMA (DW)0 of XMC7200

The following explains how to connect P-DMA (DW)0 channel 1 and 16-bit TCPWM channel 0:

1. Configuration register selection:
MUX Group 1 (i=1)
Output trigger PDMAO_ TR IN[1] (k=1)
Therefore, the register is specified as PERI_ TR GR1 TR CTLI.
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2. Inputtrigger selection:

Input trigger TCPWM_16_TR_OUTO[0]

(3=1)

infineon

The configuration willbe PERI TR GR1 TR CTL1.TR SEL = 1.ltis necessary to see the Trigger Multiplexer
diagram of each series to make sure the correct multiplexer group and accurate input and output triggers are
selected. To find the trigger setting of the group trigger of another MUX group and another series, see the

device datasheets [1].

3.1.2

Configuration

Figure 13 shows the parameters of the configuration in the device configurator tool for TCPWM PWM mode.

AMCT200D-E272K8384

Resource Name(s)
¥ Analog
~ Programmable Anslog
[ 12-bit SAR ADC 0
[ 12-bit SAR ADC 1
[ 12-bit SAR ADC 2
[ epassaref
Communication
~ Digital
~ Timer, Counter, and PWH (TOPWM) 0
~ TCPWRAIO] Group O

Peripherals ~ Pins  Analog-Routing  System  Peripheral-Clocks

DA

B B A

Personality

4 TCPWM[0] Group{0] 16-bit Counter D hAY_BW

PWM-1.0 ~

1 TCPWM{0) Growpl0] 16-bit Counter 1|tcpwm
[ TEPWM[D) Group(D] 16-bit Counter 2 tcpuwr
TCPWM(D] Group 1
TCPWIMO] Group 2
Timer, Counter, and PWM (TCPWM) 1
System

TCPWMD] Groupl0] 16-bit Counter 0 (MY_PWM) - Parameters 8
g B
Mame Walue
7] TCPWM Version ) TCPW_ver2
7] PWM Mode P -
7] Clack Prescaler Divide by 32 e
) PWM Resolution 1 1E-bits
7) PWM Alignment Left Aligned
7) Run Mode Continuous
?) Immediate Kill O
v Pegod
7] Enmable Period Swap O
?) Period 65535
v Compare
?) Enable Compare 0 Swap[]
7) Compare 0 (32768
%) Enable Compare 1 Swap ]
(%) Compare 1 [7813

~  Interrupt Source

?) Overflow & Underflow

) Compare 0 O
7) Compare 1 O
¥ Inputs
7) Clack Signal & @ 8 bit ivider 0 clic (PWIM_CLE) [USED] i
7) Count Input Disabled w
7) Kill D Input Disabled
7) Reload Input Disabled
?) Start Input Dizabled v
(3 Swap Input Dizabled ~
%) Kill 1 Input Disabled -
»  PW Output Polarity
7) Invert PWM Output [

7) Inwvert PWM_n Output  []

~ PWM Disabled Output

7] PWM Disabled Output  High Impedance

~ Outputs
7) PWM (line)

7] PWM_n (line_cormpl)

v Trigger Qutputs
?) Trigger 0 Event

<unassigned:>

< unasgigned>

Overflow

7 Trigger 0 Signal

& | @ DMA Channel 0tr_in (MY_DMA) [USED]

7) Trigger | Event
¥ Advanced
) Store Config in Flash

Disabled

=]

Figure 13 TCPWM counter configuration in the device configurator tool
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Figure 14 shows the parameters of the TCPWM counter clock configuration in the device configurator tool.

XMC72000-E272KB384 2 bit Divider 0 (PWM_CLEK) - Parameters & x
Peripherals  Pins  Analog-Routing  System  Peripheral-Clocks  DMA | nter O B m
l="'c'”'-(' text ( |V B E = Mame Value
Resource Mame(s) Personality | ¥ Overview
v Peri Clock Group 0 @ ¢ Help Open Peri Is Clock Dividers D
v Shi ~ Geperal
[=] 8 bit Divider O|PWM_CLK Peripheral Clock-1.0 | (?) Source Clock =) CLE_PERI (50 MHz = 7.2%)
T & bit Divider 1| per 5 (%) Divider [100
[ & bit Divider 2 |peri_0_group ; (%) Frequency 5 500 kHz + 7.2%
[ 8 bit Divider 3|CYBSP_TRACE_CLK_DIV | Peripheral Clock-1.0 7) statonReset [
16 bit (7) Peripherals & | @ TCPWMIC] Group[0] 16-bit Counter O clock (MY_PWM] [USED]
24.5 bit
~ Peri Clock Group 1
abit
16 bit
24.5 bit
Figure 14 TCPWM counter clock configuration in the device configurator tool
Figure 15 shows the DMA parameters configuration in device configurator tool for TCPWM counter.
XMC7200D-E272K8384 DMA Channel 0 (MY_DMA) - Parameters 5 x
Peripherals ~ Pins  Analog-Routing  System  Peripheral-Clocks ~ DMa Enter filter text... Al =N
Enter 7 |? B & & i Name Value
Resource Name(s) Personality v Oveniew

v DMA Controller

DMA Channel 0|MY_DMA

DMAC-20 v |

[] DMA Channel 2|«

[[] DMA Channel 1|cpuss_(

dmac_0_chan_1

[] DMA Channel 3 |«
[ DMA Channel 4 ¢
[] DMA Channel
[] DMA Channel 6|«
[] DMA Channel 7|cp
DMA DataWire 0
DMA DataWire 1

(Z) Configuration Help

Open DMAC Documentation

v L
(2) Trigger Input & | @ TCPWMID] Group[0] 16-bit Counter 0 out O (MY_PWM) [USED] +
Trigger Output <unassigned>
Channel Priority [3
Number of Descriptors IW
Bufferable O
(2) Select the descriptor Descriptor 0 w
~ Descriptor
@ Trigger output Trigger on descriptor completion ~
Interrupt type Trigger on descriptor completion v
Enable Chaining
Chain to descriptor |0
Channel state on completion Enable R
Trigger input type w

Trigger deactivation and retriggering
Data prefetch

Data transfer width

“ Descriptor X loop settings

An entire descriptor transfer per trigger

Retrigger immediately (pulse trigger)

Number of data elements to transfer
Source increment every cycle by
Destination increment every cycle by
Scatter transfer

tor Y loop settings

(Z) Number of X-loops to execute

Source increment every cycle by

Destination increment every cycle by

v Advanced
(7) Store Config in Flash

%

Figure 15 DMA configuration in device configurator tool
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3.1.3 Example program for triggering P-DMA (DW) transfer by TCPWM timer

Code Listing 1 shows the example program for Figure 11. The code snippets in this application note are part of
the Peripheral Driver Library (PDL). Contact Technical support for the PDL.

Code Listing 1 Example for triggering P-DMA (DW) transfer by TCPWM timer

/*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*k*
* Macros
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*k*k/
#define PWM_INTERRUPT_ PRIORITY (7u)

#define DMA INTERRUPT PRIORITY (6u)

#define BUFFER_SIZE (8u)

/*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*k*

* Global Variables

*)\*)\*)\*)\*)\‘k)\*)\*)\*)\*)\*)\*)\*)\*)\*)\*)\*)\*)\*)\*)\*)\*)\*)\*)\*)\*)\*)\*)\*)\*)\*)\*)\*)\*)\*)\*)\*)\*)\*)\*/

/* PWM interrupt*/

cy stc sysint t intrCfg =

( .intrSrc = ((NvicMux3 IROn << 16) | MY PWM IRQ), /* Interrupt source is tcpwm 0 interrupts 0 IRQn */
.intrPriority = PWM INTERRUPT PRIORITY /* Interrupt priority is 7 */

}i

/* DMA interrupt*/

cy stc sysint t intrCfgl =

{
.intrSrc = ((NvicMux2 IROn << 16) | MY DMA IRQ), /* Interrupt source is cpuss interrupts dmac 0 IRQn */
.intrPriority = DMA INTERRUPT PRIORITY /* Interrupt priority is 6 */

}i

/*DMA transfer source buffer and destination buffer*/
uint8_t src[BUFFER_SIZE];
uint8_t dst[BUFFER_SIZE];

uint8_t dmaFlag;
//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*k*k
* Function Prototypes
*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*k*/
static void pwm interrupt handler();

static void dma_interrupt_handler();

static void arr;yInit(voiE);

[ KKk ok ok ok ok ok ok ok ok K ok K ok K ok ok ok K ok K ok ok ok ok K ok K ok ok ok ok ok K ok K ok ok ok ok K ok K ok K ok ok ok ok K ok K ok ok ok ok K ok K ok K ok ok ok ok ok ok K ok ok ok ok Kk Kk

* Function Definitions
KAk hkhhkhkhhhkhkhhhkhkhhhkhkhhhkhkhhhkhkhhhkhkhhhkhkhhhkhkhhhhkhhhhkhhhhkhkhhhkhkhhhkhhhkhkxhhkhkxhhkkxhkhkkxhkkkx /

/‘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
* Function Name: main

LRSS S S SRS RS S EEERE SRR E S EESESERERESEREREREEEEEEEEEEEEEEEEEEEEEEEEEE S
* Summary:

* This is the main function for PWM trigger DMA data transfer function.

* 1. initialize the BSP.

* 2. initialize the retarget io and user ledl pins.

* 3. initialize the PWM and enable the PWM terminal count interrupt.

* 4. initialize the DMA and enable the DMA descriptor interrupt.

* 5. Start the PWM and DMA functions. PWM terminal output event will trigger the DMA start to transfer data.
* 6. PWM terminal interrupt will toggle user ledl. UART terminal will output DMA transfer data (0~7).

*

* Parameters:

*  void

*

* Return:
* o int

*
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*k*k/
int main (void)
{

cy rslt t result;

uint8 t cnt;

/* 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 */
Application note 21 002-34197 Rev *B
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Code Listing 1 Example for triggering P-DMA (DW) transfer by TCPWM timer

infineon

__enable_irq();
arrayInit();
/* Initialize the retarget-io to use the debug UART port */

if (CY_RSLT_ SUCCESS != result)

{
/* Halt the CPU while debugging */
CY_ASSERT (false);

}

/*Initialize the User LED*/
Cy GPIO Pin Init (CYBSP_USER LEDl1 PORT, CYBSP USER LED1 PIN, &CYBSP_USER LEDl config );

/* 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) ;

/* Configure and enable PWM terminal count interrupt */
Cy SysInt Init(&intrCfg, pwm interrupt handler);

NVIC ClearPendingIRQ((IRQOn Type)intrCfg.intrSrc);

NVIC EnableIRQ((IRQOn Type) NvicMux3 IRQn);

/* Start the PWM */
Cy_TCPWM_TriggerStart_Single (MY PWM_HW, MY PWM_NUM) ;

/*Initialize DMA descriptor */
if (CY DMAC SUCCESS != Cy DMAC_Descriptor_ Init (&MY DMA Descriptor_ 0, &MY DMA Descriptor_ 0_config))
{
CY_ASSERT(0) ;
}

/*Set the DMA source address and destination address*
Cy_DMAC_Descriptor_SetSrcAddress(&MY_DMA_Descriptor_O,src);
Cy_DMAC_Descriptor_SetDstAddress (&MY _DMA Descriptor_ 0, dst);

/* Configure and enable DMA interrupt */

Cy SysInt Init(&intrCfgl, dma_ interrupt handler);
NVIC ClearPendingIRQ((IRQOn Type)intrCfgl.intrSrc);
NVIC EnableIRQ((IRQOn Type) NvicMuxZ2 IRQn);

/*Initialize DMA channel*/
if (CY DMAC SUCCESS != Cy DMAC Channel Init (MY DMA HW, MY DMA CHANNEL, &MY DMA channelConfig))
{
CY ASSERT (0) ;
}
/*Set the DMA descriptor*/
Cy DMAC Channel SetDescriptor (MY DMA HW, MY DMA CHANNEL, &MY DMA Descriptor 0);
Cy DMAC Channel SetPriority (MY DMA HW, MY DMA CHANNEL, 3UL);

/*Set the DMA channel interrupt*/
Cy DMAC_ Channel SetInterruptMask (MY DMA HW, MY DMA CHANNEL, CY DMAC_ INTR MASK) ;
Cy DMAC Channel SetInterrupt (MY DMA HW, MY DMA CHANNEL, CY DMAC_ INTR_COMPLETION) ;

/*Enable DMA channel*/
Cy DMAC_Channel Enable (MY DMA HW, MY DMA_ CHANNEL);

/* Enable DMA hardware block */
Cy DMAC_Enable (MY DMA_HW) ;

for (;;)
{
/*DMA finish one descriptor transfer*/
if (dmaFlag == 1lu)
{
for (cnt = 0; cnt < BUFFER SIZE; cnt++)
{
printf("sd ", dstlcnt]);
}
memset (&dst,0,8);
dmaFlag = Ou;
printf ("\r\n");

}

/% kK ok ok ok ok ok ok ok ok ok K ok ok ok ok ok Sk ok K ok ok ok ok ok ok ok ok ok ok ok ok ok K ok ok ok ok ok ok ok K ok ok ok ok ok ok ok ok ok ok ok ok ok K ok ok K ok ok o ok K ok ok ok ok ok K ok ok ok ok Kk ok

result = cy retarget_io_init (CYBSP_DEBUG UART_TX, CYBSP_DEBUG_UART RX, CY RETARGET IO BAUDRATE);
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Code Listing 1 Example for triggering P-DMA (DW) transfer by TCPWM timer

infineon

* Function Name: pwm Interrupt handler pdl
R I I T I I I I T I I

Summary:
* pwm TC interrupt handler for the PDL example.

* Parameters:
* None

* Return:
* None

static void pwm_interrupt_ handler ()

{

/*toggle user LED1*/

Cy GPIO Inv(CYBSP USER LEDl1 PORT, CYBSP USER LED1 PIN);

/*clear the pwm terminal count interrupt*/

Cy TCPWM ClearInterrupt (MY PWM HW, MY PWM NUM, CY TCPWM INT ON TC);
}

A R T R T T T R

* Function Name: dma interrupt handler
Sk ek Kk Kk kK kK o K ok Kk K K K kK ok kK ok K o K ok ok Kk K ok ok ok ok ok ok ok K o K ok ok Kk ok ok ok ok ok ok ok K ok K ok ok ok Kk ok kK ok K ok kK ok K

Summary:
* DMA one descriptor transfer finish interrupt handler.

* Parameters:
* None

* Return:
* None

void dma_interrupt_handler ()

[ KKk ok ok ok ok ok ok ok ok ok ok K ok K ok ok ok K ok K ok ok ok ok K ok K ok ok ok ok ok K ok K ok ok ok ok K ok K ok K ok ok ok ok K ok K ok ok ok ok K ok K ok ok ok ok ok K ok K ok ok ok ok Kk Kk

* Function Name: arrayInit

LRSS S S S S ESESE SRS SRR RS EREREEEREREREEEEEEEEEEEEEEEEEEEEEEEEEESE
* Summary:

* This function creates an source array for DMA transfer function.

* Parameters:
*  void

* Return:

*  void
*

B

void arrayInit(void)

{
uint8_t 1i;
for (i=0; i < BUFFER_SIZE; i++)
{
src[i] = 1i;
}
}

ok K ok ok K ok kK ok K ok ok K ok ok K ok K ok ok K ok ok K ok ok K ok ok o ok K ok ok K ok ok K ok ok ok ok K ok ok K ok ok o ok ko ok K ok ok K ok ok K ok Kk ok Kk ok Kk kR kK Rk Kk k ok k ok /

ok ok K ok ok ok K ok ok K ok ok K ok ok ok ok K ok ok K ok ok K ok ok o ok K ok ok ok ok ok K ok ok o ok K ok ok K ok ok K ok ok K ok K ok ok ok ok ok K ok ok ok ok ok ok ok K ok ok K ok ok K ok Kk kK ok ok Kk /

{

dmaFlag = 1lu;

/*clear the DMA channel interrupt*/

Cy DMAC Channel ClearInterrupt (MY DMA HW, MY DMA CHANNEL, CY DMAC_INTR COMPLETION) ;
}

Note: The highlighted sections of the code snippet are not explained in this application note. For details,

see the architecture reference manual [2].
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3.2 Simultaneous ADC conversion on three SARs by single TCPWM timer

This section explains how an input trigger in a group trigger initiates ADC channel conversion on three SAR
units.

3.2.1 Use case description of simultaneous ADC conversion on three SARs by
single TCPWM timer

Activation of multiple SAR ADC units, on the ADC channel, can be triggered simultaneously by a single TCPWM
timer. Generic trigger inputs are shared between ADC channels. One of the five generic triggers can be routed to
any ADC channel. Figure 16 shows an example application in which ADC channel conversion of SAR0, SAR1, and
SAR2 are triggered by TCPWM 16-bit Motor Control counter on group trigger Multiplexer Group 7. Compare
match 0 on TCPWM counter generates a trigger to SAR ADC, which is connected to the generic triggers. The
generic triggers are routed to ADC channel 3 of SARO, SAR1, and SAR2, which initiates the simultaneous
conversion.

Figure 17 demonstrates the operation. For more details on TCPWM and SAR ADC, see the “TCPWM” and “SAR
ADC” chapters of the architecture reference manual [2].

[ sAR ADC2
| sAR ADCL
SAR ADCO xFim

Ch3 |= ADC Core (Ext Pin)

(Ext Pin)

A
CCo TCPWM_TO_PASS || ADC ResultReg ADC

TCPWM#1 | match Trigger | _centrowp | SARSeduencer i Tger -

f Lt R TP St > HW Trigger

(16-bit for Motor) Multiplexer Arbitration
Period = 10kHz
MUX Group 7
N
4 N
TCPWM_16M_TR_OUT1[1] PASS_GEN_TR_IN[8]

PERI_TR_GR7_TR_CTL8

Figure 16 Example of group trigger and ADC generic trigger inputin XMC7200

!
ADC ADC
SARO ch.3 § ch.3
:
ADC ! ADC
SARL ch.3 ; ch3
!
14
ADC ADC
SAR2 ch.3 ; Ch.3
1 5 1
!
| ! |
| ? |
1 ; 1
TCPWM#1 ‘ 2 )
(16-bit for Motor) 1 ; t
(cco) (cco)
Figure 17 Example operation: Simultaneous ADC conversion on three SARs by single TCPWM timer
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Triggers must be set to implement this application. Figure 18 demonstrates the procedure for setting the
trigger.

=

v

Disable TCPWM#1
(16-bit for Motor)

v

Configure SARO, SAR1, SAR2
Structure

L]

Configure Generic Trigger Input
Selection

L]

Configure Group Trigger
- Select Output Trigger
- Select Input Trigger
- Invert Input Trigger
- Configure Output Trigger as Edge
Sensitive Trigger

L]

Configure ch#3 of SAR0,1,2

L]

Enable ch#3 of SARO,1,2

v

Configure TCPWM#1
(16-bit for Motor) for Timer Mode

L]

Configure Output Trigger Selection
for TCPWM#1 (16-bit for Motor)

v

Set Compare Value of Compare0
for TCPWM#1
(16-bit for Motor)

v

Set Compare Value of CCO_BUFF
for TCPWM#1
(16-bit for Motor)

v

Enable TCPWM#1  (16-bit for
Motor)

v

Trigger a SW Start on TCPWM#1
(16-bit for Motor)

v

e

Figure 18 Setting for ADC generic trigger input and group trigger in XMC7200
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The configuration for the output trigger and input trigger for a group trigger in Step (4) are described as follows:
Trigger Multiplexer setting

Table 12 and Table 13 lists the values to be set. These tables are extracted from the XMC7200 datasheet that
provides trigger group, input trigger, and output trigger.

Table 12 Trigger outputs of MUX Group 7 of XMC7200

Output (“k”) ‘ Trigger label Description

MUX Group 7: PASS trigger multiplexer
(0:11 PASS_GEN_TR_IN[0:11] Triggers to PASS SAR ADCs ]
Table 13 Trigger inputs of MUX Group 7 of XMC7200

Input (“j”) ‘ Trigger label Description

MUX Group 7: PASS trigger multiplexer

1:31 PDMAO TR OUT[0:31] General purpose P-DMAO triggers
[32:44 TCPWM1 16M TR OUTO[0:11] 16-bit Motor enhanced TCPWM1 counters
45:57 TCPWM1_32 TR_OUT0[0:12] 32-bit TCPWM1 counters

58:65 HSIOM IO INPUT[0:7] /O Inputs

66:68 EVTGEN TR OUT[12:14] Event generator triggers

For Trigger Group Inputs and Trigger Group Outputs tables of each series, see the device datasheets [1].

Figure 19 shows the input trigger and output trigger structure.

Input _IE_\{ery Qutput
Trigger.| rigger is
gger, | \ Output Connected to
. : Generic
PDMAO_TR_OUT[0:31] — 3% | Trigger, k Trigger SARO
PASS_GEN_TR_IN[0] (O to 4, ™
0 -CEN_TR_INIO]_( ) GENERIC
PASS_GEN_TR_IN[1
TCPWM1_16M_TR_OUTO[0] —— 22| 1 _GEN_TR_IN[1] : TRIGGER 0 I~
\ 2 PASS_GEN_TR_IN[2] . |
\ 3 PASS_GEN_TR_IN[3] PASS_GEN_TR_IN[11] » é‘l’g:na; o
TCPWM1_16M_TR_OUTO[..] ——=! \ 2 PASS_GEN_TRINI] -
\ - - - .
\
N
Growp | 5 PASS_GEN_TR_IN[5] GENERIC e
TCPWM1_16M_TR_OUTO[11] — | i= 6 PASS_GEN_TR_IN[6] TRIGGER 1 :
\ 7 PASS_GEN_TR_IN[7] ; il ™
TCPWM1_32_TR_OUTO[0:12] —28:3L \| 8 PASS_GEN_TR_IN[8] _|___|PAss_GEN_TRIN11] N Logical
9 PASS_GEN_TR_IN[9] ™ > Channel 3
\ [ -
: PASS_GEN_TR_IN[10; »l A
HSIOM_IO_INPUT[0:7] —28:65 .| 10 —GEN_TR_IN[10] \ ™ ceneric AR
11 PASS_GEN_TR_IN[11] ; TRIGGER 2 SN
k PASS_GEN_TR_IN[8] | _ logical
. 66:68 ;
EVTGEN_TR_OUT[12:14] —86:68,,] PASS.GEN TRINL] (c;?ggesl)
/ - P
From Each
GENERIC ?:”ee”rc
TRIGGER 3 o 5094) )
[ R :
PASS_GEN_TR IN[11] P
P prr
™ \—> Logi
gical
. GENERIC \_, Channel 23
‘ TRIGGER 4 >
PASS_GEN_TR_IN[11]
=

Figure 19 Trigger routing between TCPWM 16-bit motor and generic trigger 2 in SARO unit of
XMC7200
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The following explains how the trigger source TCPWM 16-bit Motor Control counter is routed to a generic
trigger 2 of each SAR:

1. Configuration register selection:
MUX Group 7 (i=7)
Output trigger, generic trigger 8 or PASS GEN_ TR IN[8] (k=8)
Therefore, the register is specified as PERI TR GR7 TR CTLS.

2. Inputtrigger selection:
Input trigger TCPWM_16M TR OUT1[0] (j=32)
The configuration willbe PERI TR GR6 TR CTL2.TR SEL = 32.

3. Generic trigger 2 is forwarded to SAR generic trigger input 2, IN2 of the corresponding SAR unit:

e For SARO, the configuration will be
- SAR TR _IN SELO.IN2 SEL = 8

e For SAR1, the configuration will be
- SAR TR IN SEL1.IN2 SEL = 8

e For SAR2, the configuration will be
- SAR TR IN SEL2.IN2 SEL = 8

4. IN2 triggers channel 3 of the corresponding SAR unit:
e For SARO, the configuration for SAR trigger select will be
- PASSO_SARO CH3 TR CTL.SEL = 4 (Thisvalue represents SAR Generic trigger input 2)

e For SAR1, the configuration for SAR trigger selection will be
- PASSO SAR1 CH3 TR CTL.SEL = 4

e For SAR2, the configuration for SAR trigger selection will be
- PASSO SAR2 CH3 TR CTL.SEL = 4

To find the trigger setting of the group trigger, see the device datasheets [1].
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3.2.2 Configuration

Figure 20 shows the parameters of the configuration part in the device configurator tool for SAR.

XMCT200D-E272K8384 12-bit SAR ADC 0 (SARD) - Parameters a
Peripherals  Pins | Analog-Routing  System  Peripheral-Clocks ~ DMA [Enter filter text... Zle B
Enter filter text &7 | K b= 0 [Name Value
Resource Name(s) Personality ¥ General
v Anslog (2) Enable SAR Block
v Aqal 7) Enable The SAR MUX
12-bit SAR ADC 0 SARO SAR2-1.0 ) Enable The SAR ADC
12-bit SAR ADC 1 SART SAR2-1.0 (2) Precondition Time |
12-bit SAR ADC 2 SARZ SAR2-1.0 dieveUpinime) J
epassaref EpassAref-1.0 2) Power Down If Idle
Communication ) MSB Cycles Use 1 clock cycles per conversion >
~ Digital () Half LB O
~ Timer, Counter, and PWM (TCPWM) 0 (2) Number Of Channels [ ]
~ TCPWMID] Group 0 ~ Connection:
[ TCPWMIO] Group{0] 16-bit Counter 0 ) Clock P | @ &bit Divider 1 clk [SHARED] v
[ TCPWMIO] Group{0] 16-bit Counter 1 Clock Frequency & 98MH:
] TCPWMI0] Graup{0] 16-bit Counter 2 ~ Channel 0
~ TCPWMIO] Group 1 T2 Channel Name Tehannel 0
[ TCPWM(D] Group(1] 16-bit Counter 0 Y
[ TCPWM(0] Group{1] 16-bit Counter 1 () Hw Trigger e o
L] TCPWMIO] Group{1] 16-bit Counter 2 (%) Trigger Input @ | @ TCPWMI1] Groupl1] 16-bit Counter 0 out 0 (PWM_0) [USED] -
v TCPWMID] Group 2
[ TCPWMI0] Group2] 32-bit Counter 0 (%) Trigger Output <unassigned>
[ TCPWMID] Groupl2] 32-bit Counter 1 7) Trigger Chanel Input & | @ TCPWMI1] Group{1] 16-bit Counter 0 out 1 (PWM_0) [USED] v
[ TCPWM(0] Group[2] 32-bit Counter 2 -
 Timer, Counter, and PWM (TCPWM) 1 (2) Voltage Range Trigger Output | <unassigned>
CPUWMI1) Group 0 (%) Channel Done Trigger Output | <unassigned>
TCPWMIT] Group 1
TCPWML1] Group 2 (2) Debug Freeze Input <unassigned> v
System 7) Priority [
() Preemption Type Complete ongoing acquisition (including averaging), up on return Resume
%) Group End
7) Output Trigger Type Pulse >
7) Input & | @ epassaref vdda [USED] I
Enable External Analog Mux ]
(%) Precondition Mode No Preconditioning v
() Overlap Diagnostic Mode No Overlap or SARMUX Diagnostics. ~
(%) Sample Time (Aperture) [1000
(%) Selection Of Calibration Values  Regular -
(Z) Result Data Alignment The data is right aligned in Result[11:0] ~
(%) Sign Extension Unsigned ~
(Z) Post Processing Mode No Post Processing -
(7) Aversging Count 1
() Shift Right [o
(7) Positive Reload =0
() Menative Reload 0

Figure 20 Three SAR unit configuration in the device configurator tool

Figure 21 shows the parameters of TCPWM configuration in the device configurator tool.

Peripherals  Pins  Analog-Routing  System  Peripher. {1 ter filter text U B
TEB A&7 |Name Value
Resource Name(s) * ?) Enable Compare 0 Swap[]
v Analog 7) Compare 0 24999
v Programmable Analog — ?) Enable Compare 1 Swap[]
12-bit SAR ADC 0 [saR0 %) Compare 1 24999
[ 12-bit SARADC 1 |SART v Interrupt Source
[ 12-bit SAR ADC 2 |saR2 ) Overflow & Underfiow []
[ epassaref [pass_0_are ?) Compare 0
Communication — 2 Compare 1 O
v Digital v In
Timer, Counter, and PWM (TCPWM) 0 r‘b Clock Signal & @ 8 bit Divider 0 clk (PWM_CLK) [SHARED] v
v Timer, Counter, and PWM (TCPWM) 1 2 Count Input Disabled v
- TCPWMI1) Group 0 @ Kill 0 Input Disabled v
LRI Grotpi 3 16 CiecD ) Reload Input Disabled v
[C] TcPWMI1] Groupi0] 16-bit Counter 1 ) Start Input Disabled S
[] TCPWM[1] Group[0] 16-bit Counter 2 |ic 3 Swap Input Dicabled S
[J TCPWM(1] Group(0] 16-bit Counter 3 2 Kill 1 Input Disabled |

[ TCPWM(1] Groupl0] 16-bit Counter 4 |
] TCPWM(1) Group(0] 16-bit Counter 5 |t
] TCPWM(1) Group(0) 16-bit Counter 6 |
[ TcpwM1) Group(0] 16-bit Counter 7

v PWM Output Polarity
2) Invert PWM Output O
) Invert PWM_n Output [
v PWM Disabled Output

[C] TCPWMI1) Group|0) 16-bit Counter 8 | ?) PWM Disabled Output  High Impedance v
[[J TCPWM(1) Group(0] 16-bit Counter 9 |1« v Outputs

] TCPWMI1] Group[0] 16-bit Counter 10| 2) PWM (line) <unassigned> =
] TCPWMI1] Group(0] 16-bit Counter 11|

[T TCPWMI1] Group(0] 16-bit Counter 12 tcpwm 1 D PWM.n (line_compl) | <unassigned>

[C] TCPWMI1] Group(0] 16-bit Counter 13|tcpwm _1 v Trigger Outputs

[ TCPWM(1) Groupl0] 16-bit Counter 14|1c ) Trigger 0 Event Terminal Count 5

[J TCPWM(1] Group(0] 16-bit Counter 15 tcpw
[ TcPWM(1) Groupl0] 16-bit Counter 16|

—_—

[[] TCPWM(1) Group(0) 16-bit Counter 17 |t

[[] TCPWM(1] Group(0) 16-bit Counter 18|«

e TTrgger TSab! =
I TCPWMI1 Grounf0l 16-hit Counter 19 rcowm 1 QDRI Ve eaned ‘

Figure 21 TCPWM configuration in the device configurator tool

@ TCPWM[1] Group[1] 16-bit Counter 0 start (PWM_0) [USED)]
?) Trigger 0 Signal & | @ TCPWM[1] Group([1] 16-bit Counter 1 start (PWM_1) [USED)] ...
@ TCPWM[1] Group[1] 16-bit Counter 2 start (PWM_2) (USED]
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Figure 22 shows the parameters of three units TCPWM configuration in the device configurator tool.

Resource Name(s) (2) Compare 0 |249‘39
~ Analog (2) Enable Compare 1 Swap [_]
v Programmable Analog @ Compare 1 24999
12-bit SAR ADC 0 SARO ~ Interrupt Source
12-bit SAR ADC 1 SAR1 (2) Overflow & Underflow []
[~] 12-bit SAR ADC 2 SAR2 2) Compare 0
epassaref D (2) Compare 1 |
LCommunication ; 1 |~ Inputs
v Digital ) Clock Signal & @ 8 bit Divider 0 clk (PWM_CLK) [SHARED] w
Timer, Counter, and PWM (TCPWM) 0 (2) Count Input Disabled 2
~ Timer, Counter, and PWM (TCPWM) 1 @) Kill 0 Input Disabled .
o Iﬁﬁxmm g:gﬁg? , Reload Input Disabled v
TCPWM(1] Group([1] 16-bit Counter 0 |PWM_0 ) Start Input AL SRR -
TCPWM(1] Group[1] 16-bit Counter 1 m (2) Start Signal & @ TCPWMI[1] Group([0] 16-bit Counter 0 out 0 (PWM_S) [SHARED]

TCPWM1] Group(1] 16-bit Counter 2 |PWM_2 2 Swap Input Disabled "

[] TCPWM[1] Group[1] 16-bit Counter 3 |t
[] TCPWM(1] Group[1] 16-bit Counter 4
[ TCPWMI1] Group[1] 16-bit Counter 5
[ TCPWM[1] Group[1] 16-bit Counter &
D TCPWMI[1] Group[1] 16-bit Counter 7

@ Kill 1 Input Disabled v

<

PWM Output Polarity

@) Invert PWM OQutput [
@) Invert PWM_n Output  []
v PWM Disabled Output

(2) PWM Disabled Output |High Impedance ~

[_] TCPWM[1] Group[1] 16-bit Counter 8 ~ Outputs

] Tcpwmi1) Group[1] 16-bit Counter 9 @ PWM (line) cunassigned>

[ TCPWM(1] Group[1] 16-bit Counter 10 ic 1

[1 TCPWMI1] Group[1] 16-bit Counter 11 |tepwm_1_4 (2) PWM_n (line_compl) <unassigned >

TCPWMI) Group 2  Trigger Outputs
System (2) Trigger 0 Event Compare 0 Match ~

(@) Trigger 0 Signal & @ 12-bit SAR ADC 0 tr_sar_gen_in[0] (SARO) [USED]
(2) Trigger 1 Event Compare 0 Match 2
(2) Trigger 1 Signal & @ 12-bit SAR ADC 0 tr_sar_ch_in[0] (SARO) [USED]

Figure22 Three units TCPWM configuration in the device configurator tool

3.23 Example program for simultaneous ADC conversion on three SARs by
single TCPWM timer

Code Listing 2 shows the example program for Figure 18.

Code Listing 2 Example of simultaneous ADC conversion on three SARs by single TCPWM timer

int main (void)
{
cy rslt t result;
uintl6 t sarOResult = Ou;
uintl6_t sarlResult = Ou;
uintl6_t sar2Result = 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_irq();

/* Initialize the 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 (CY_RSLT_SUCCESS != result)
{
/* Halt the CPU while debugging */
CY ASSERT (false);
}

/*Analog resource initialize*/

init analog resources|();
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/*pwm resource initialize*/
init_pwm_resources();

/* Initialize PWM_S*/
if (CY TCPWM _SUCCESS != Cy_TCPWM_PWM Init (PWM_S_HW, PWM_S_NUM, &PWM S_config))
{
CY_ASSERT (0) ;

/* Enable the PWM S */
Cy_TCPWM_PWM Enable (PWM S HW, PWM S NUM);

/* Configure and enable PWM S CCO match interrupt */
Cy_SysInt_Init (&PWM_CCO_IRQ cfg, pwm_interrupt handler);
NVIC_ClearPendingIRQ ( (IRQn_ Type)PWM CCO_IRQ cfg.intrSrc);
NVIC_EnableIRQ ((IRQn_ Type) NvicMuxZ2 IRQn);

/* Start the PWM S to trigger three PWMs and start three ADCs (one-to-one triggers) */
Cy TCPWM TriggerStart Single (PWM S HW, PWM S NUM);

for (;;)
{
/*get SARO, SAR1l, SAR2 channels results and showed on terminal*/
if (sar0_isr set)
{
sarOResult = Cy SAR2 Channel GetResult (SARO_HW, Ou, NULL);
sar0_isr set = false;
printf ("sarOResult = %d \r\n",sarOResult );
}

if (sarl_isr_set)
{
sarlResult = Cy SAR2_ Channel GetResult (SAR1_HW, Ou, NULL);
sarl_isr set = false;
printf ("sarlResult = %d \r\n",sarlResult );
}

if (sar2_isr_set)
{
sar2Result = Cy_SAR2 Channel_ GetResult (SAR2_HW, Ou, NULL);
sar2_isr set = false;
printf ("sar2Result = %d \r\n",sar2Result );
}

}

/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*k*k
* Function Name: sar0O_interrupt
khkkkkhkhkhkhkhkkhkhkhkhkhhkhkhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkhkhkhkhkhkhkhkhkhkhkhkkkkhkkkkkkkkkkkkx
* Summary:

* This function is the handler for SARO interrupt

* Parameters:
* None

* Return:

* None
*

*‘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*/

static void sar0_interrupt_handler (void)

{

set sar0_isr set flag to true

/* Check if End-Of-Scan trigger has occurred. If yes,
) == CY_SAR2_INT_GRP_DONE)

if (Cy SAR2 Channel GetInterruptStatus (SARO_HW,Ou
{
sar0_isr set = true;

}

/* Clear the interrupts */
Cy_SAR2_ Channel ClearInterrupt (SARO_HW, Ou ,CY_SAR2_ INT GRP_DONE) ;
}

/*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*k*
* Function Name: sarl_interrupt
Ahhkhkhkhkhkhkhkhkdhdhdhdhdhdhhkhdhdhkrdhkdhkdhkdhdhkdhdhrhrhdhdrhrhdhkrhkrhkrhkrhkrhkrhkrhkrhkrhkrhkhhxkhkxk
* Summary:

This function is the handler for SAR1 interrupt

Parameters:
None

Return:
None

R S T

*/
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Code Listing 2 Example of simultaneous ADC conversion on three SARs by single TCPWM timer

*

K ok sk ok ok ok ok K ok ok ok ok ok K ok ok ok ok ok ok ok K ok ok ok ok ok ok ok K ok ok ok ok ok K ok ok ok ok Sk ok ok K ok ok ok ok ok ok ok ok ok ok ok ok ok K ok ok ok ok ok ok Kk ok ok ok ok K ok ko kK /

static void sarl_interrupt_handler (void)

{
/* Check if End-Of-Scan trigger has occurred. If yes, set sarl isr set flag to true
if (Cy_SAR2 Channel GetInterruptStatus(SAR1_HW, Ou) == CY_ SAR2_ INT_GRP_DONE)
{
sarl_isr set = true;
}
/* Clear the interrupts */
Cy_SAR2_Channel ClearInterrupt (SAR1_HW, Ou,CY SAR2 INT_GRP_DONE) ;
}

[/ kK ok ok Kk ok K ok ok ok ok ok K ok ok ok ok K ok ok K ok ok K ok ok K ok K ok ok K ok ok K ok ok ok ok K o ok K ok ok K ok ok K ok K ok ok K ok ok K ok ok ok ok ok K ok K ok ok K ok ok K ok K ok ok Kk

* Function Name: sar2 interrupt
k kK ok ok ok ok ok ok k ok ok ok ok ok k ok k ok k ok k ok k ok k ke k ke ke ke ke ke ke ke ke ke ke ke ke ke ke ke ke ke ke ke ke ke ke ke ke ke ke ke ke ke ke ke ke ke ke ke ke ke ke ke ke ke ok ke ok ke ok ke ok ke kK

* Summary:
* This function is the handler for SAR1l interrupt

* Parameters:
* None

* Return:
* None

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

static void sar2_ interrupt_handler (void)

{
/* Check if End-Of-Scan trigger has occurred. If yes, set sarl isr set flag to true
if (Cy_SAR2 Channel GetInterruptStatus(SAR2_HW, Ou) == CY_SAR2_ INT_GRP_DONE)
{
sar2_isr set = true;
}
/* Clear the interrupts */
Cy_SAR2_Channel ClearInterrupt (SAR2_HW, Ou,CY_ SAR2_ INT_GRP_DONE) ;
}

/*******************************************************************************
* Function Name: pwm interrupt

R R R RS R R R R S S RS R RS SRR R R RS RS EEEEE e E R E R E R E R E R E R EEE R SRR SRR E R RS
* Summary:

This function is the handler for PWM CCO interrupt

Parameters:
None

Return:
None

* ok ok ok ok ok ok

Kok ok ok ok Kk ok ok ok k ok Kk k ok k ok ok ok kK ok k ok kkkkkkkkkkkhk kA kkkkkkkhkhkkkkkk Ak khkkhkkkkkhkkkkkkkkkkkkkkkk /

static void pwm_interrupt_handler ()

{

/*toggle user LED1*/

Cy GPIO_Inv(CYBSP_USER_LED1 PORT, CYBSP_USER LED1_ PIN);

/*clear the PWM_S CCO match interrupt*/

Cy TCPWM ClearInterrupt (PWM_S_HW, PWM_S_NUM, CY TCPWM_INT_ ON_CCO);
}

/*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*k*
* Function Name: init_analog_resources

R RS EEEEEEEE SRS SRS RS RS RS RS RS RS E R E SRS SRR SRS RS E R E R EEEEEEEEEEE
* Summary:

* This function initializes analog components - CTBM, SAR ADC and CTDAC

*

Parameters:
void

Return:
void

EE S

Kok ok k ok ok k kK k ok Kk k ok kK k ok ok ok ok ok k ok kkk ok k ok ok ok k ok ok k ok kkkkkkkkhkkkkkhkkhkhkkkkkkkhkkkkkkkkkkkkkkx /

static void init_analog_resources (void)

*/

x/

{

/* Variable to capture return value of functions */
cy en sar2 status_t status;
/* Initialize SARO */
status = Cy SAR2_Init (SARO_HW, &SARO_config);
if (CY _SAR2 SUCCESS != status)
{
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Code Listing 2 Example of simultaneous ADC conversion on three SARs by single TCPWM timer

CY_ASSERT (0) ;
}

/* Initialize SAR1 */
status = Cy SAR2 Init (SAR1_HW, &SAR1 config);
if (CY SAR2 SUCCESS != status)
{
CY_ASSERT (0) ;
}

/* Initialize SAR2 */
status = Cy_ SAR2_Init (SAR2_HW, &SAR2_config);
if (CY SAR2 SUCCESS != status)
{
CY_ASSERT (0) ;
}

/*Enable SAR0, SAR1 and SAR2*/
Cy SAR2 Enable (SARO_HW) ;
Cy SAR2 Enable (SAR1 HW);
Cy SAR2 Enable (SAR2 HW);

/*Configure and register SARO, SAR] and SAR2 channels interrupts*/
Cy SysInt Init (&SARO_IRQ cfg, sar0_interrupt handler);
NVIC ClearPendingIRQ((IRQOn Type)SARO_IRQ cfg.intrSrc);

Cy SysInt Init(&SAR1 IRQ cfg, sarl interrupt handler);
NVIC ClearPendingIRQ((IRQOn Type)SAR1l IRQ cfg.intrSrc);

Cy SysInt Init(&SAR2 IRQ cfg, sar2 interrupt handler);
NVIC_ClearPendingIRQ ( (IRQn_ Type)SAR2_IRQ cfg.intrSrc);
NVIC_EnableIRQ((IRQOn_ Type) NvicMux4_IRQn);

/*Initialize SARO, SAR1l and SAR2 channels*/
status = Cy_ SAR2_Channel Init (SARO_HW, Ou, &SARO_channel 0 _config);
if (CY SAR2 SUCCESS != status)
{
CY_ASSERT (0) ;
}

status = Cy_SAR2_Channel Init (SAR1_HW, Ou, &SAR1l_channel 0_config);
if (CY SAR2 SUCCESS != status)
{
CY ASSERT (0) ;
}

status = Cy SAR2 Channel Init (SAR2_HW, Ou, &SAR2 channel 0 config);
if (CY SAR2 SUCCESS != status)
{
CY ASSERT (0) ;
}

/*Set SARO, SAR1, SAR2 channels interrupt mask*/

Cy_SAR2_Channel_SetInterruptMask (SARO_HW, Ou,CY_SAR2 INT_GRP_DONE) ;
Cy_SAR2_Channel_SetInterruptMask (SAR1_HW, Ou,CY_SAR2 INT_GRP_DONE) ;
Cy_SAR2_Channel_SetInterruptMask (SAR2_HW, Ou,CY_SAR2 INT_GRP_DONE) ;

/*Enable SARO, SAR1 and SAR2 channels*/
Cy_SAR2_Channel Enable (SARO_HW, Ou);
Cy_SAR2_Channel Enable (SAR1_HW, Ou);
Cy_SAR2_Channel Enable (SAR2_HW, Ou);

}

void init_pwm_resources(void)
{ /* Initialize and enable PWM_O0%*/
if (CY TCPWM SUCCESS != Cy TCPWM PWM Init (PWM O HW, PWM 0 NUM, &PWM 0 config))
( CY ASSERT (0) ;
Cy7%CPWM7PWM7Enable (PWM_0_HW, PWM 0 NUM);

/* Initialize and enable PWM 1*/
if (CY TCPWM SUCCESS != Cy TCPWM PWM Init (PWM 1 HW, PWM 1 NUM, &PWM 1 config))
{
CY ASSERT (0) ;
}
Cy TCPWM PWM Enable (PWM 1 HW, PWM 1 NUM);

/* Initialize and enable PWM 2*/
if (CY TCPWM SUCCESS != Cy TCPWM_PWM_Init (PWM_2 HW, PWM 2 NUM, &PWM 2 config))
{
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CY ASSERT(0);
}
Cy TCPWM PWM Enable (PWM 2 HW, PWM 2 NUM);

Note: The highlighted sections of the code snippet are not explained in this application note. For details,
see architecture reference manual [2].

3.3 Triggering ADC conversion by TCPWM timer

This section explains how an input trigger in a one-to-one group trigger initiates ADC conversion.

3.3.1 Use case description of triggering ADC conversion by TCPWM timer

Figure 23 shows an example application of a one-to-one trigger in XMC7200. ADC conversion of SARO is
triggered by TCPWM 16-bit counter on one-to-one trigger Multiplexer Group 7. Compare match of TCPWM
counter channel 0 and channel 1 trigger the conversion on channels 4 and 5 of SARO, respectively. Figure 24
demonstrates the operation. For more details on TCPWM and SAR ADC, see the TCPWM and SAR ADC chapters
of the architecture reference manual [2].

SAR ADCO

Ch 4 |= ADC
@4 Core

ADC Result Reg

(Ext Pin)

Trigger

cco Multiplexer | rcpwm o
match pass_CH_T | SAR Sequencer T i
TCPWM#0 (16-bit) N I REL

CcCo TCPWM_TO_ HW Trigger ADC
match PASS_CH_T Arbitration Trigger

,,,,,,,,,,, | RSl |

TCPWM#0 (16-bit)

MUX Group 7

Figure 23 Example of one-to-one trigger in XMC7200

ADC ADC
ADC Ch.4 Ch.5
| |
| |
| |
| |
i i
TCPWM#0 ‘ |
(16-bit) 4 1
(cco) i
TCPWM#1 !
(16-hit) 4
(cco)

Figure 24 Example operation: Triggering ADC conversion by TCPWM timer

Triggers must be set to implement this application. Figure 25 describes the procedure for setting the trigger. It
also provides the setting for TCPWM counter and SARO structure.
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Configure SARO Structure

v

Configure SARO Channel 4,5

Y

Enable SARO Channel 4,5

v

Configure One-to-One Trigger
- Select Output Trigger
- Set Input Trigger as True
- Invert Input Trigger
- Set Output Trigger as Edge
Sensitive Trigger

v

Disable TCPWM#0,1
(16-bit)

v

Configure TCPWM#0,1 (16-bit) for
Timer Mode

Y

Configure Output Trigger
Selection for TCPWM#0,1 (16-bit)

L]

Set Compare Value of Compare0
for TCPWM#0,1 (16-bit)

v

Enable TCPWM#0,1
(16-bit)

v

Configure and Activate SW
Trigger on TCPWM#0,1 (16-bit)

v

ST

Figure 25

Setting for one-to-one trigger in XMC7200

The configuration for the output trigger and input trigger of a one-to-one trigger in Step (4) is described as

follows:
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Trigger Multiplexer setting

Table 14 lists the values to be set. These tables are extracted from the XMC7200 datasheet that provides the
trigger group and input trigger.

Table 14 Trigger one-to-one MUX Group 7 of XMC7200

Input trigger k Trigger inputs Trigger outputs
MUX Group 7: TCPWM1 to PASS direct connect

0 TCPWM1_16M TR OUT1[0] PASSO_CH TR _IN[O]

1 TCPWM1_16M TR OUTL[3] PASSO CH TR IN[1]

2 TCPWML 16M TR OUTL[6] PASSO CH TR IN([2]

3 TCPWML 16M TR OUT1[9] PASSO CH TR IN[3]
[4:31 TCPWML 16 TR OUT1[0:27] PASSO CH TR IN[4:31] ]
32 TCPWM1_16M TR OUTL[1] PASSO_CH TR _IN[32]

33 TCPWM1_16M TR OUTL[4] PASSO_CH TR _IN[33]

34 TCPWML 16M TR OUT1[7] PASSO CH TR IN[34]

35 TCPWM1 16M TR OUT1[10] PASSO CH TR IN[35]
36:63 TCPWM1_16_TR OUTL[28:55] PASSO CH TR IN[36:63]
64 TCPWM1_16M TR OUTL[2] PASSO CH TR _IN[64]

65 TCPWM1_16M TR OUTL[5] PASSO_CH TR _IN[65]

66 TCPWML 16M TR OUTL[8] PASSO CH TR IN[66]

67 TCPWM1 16M TR _OUT1[11] PASSO CH TR IN[67S]
68:95 TCPWML 16 TR OUT1[56:83] PASSO_CH TR IN[68:95]

The following describes how to connect SARO channel 4 and channel 5 to 16-bit TCPWM channel 1.

Note: In a one-to-one group trigger, one input trigger is directly connected to a specific output trigger.
Thus, specifying only the input trigger number is sufficient to indicate its output trigger.

1. Configuration register selection:
MUX Group 7 (i=7)
Input trigger TCPWMO_16 TR _OUT1 [0], directly connects to output trigger PASSO CH TR IN[4] (k=4)
Input trigger TCPWMO_16 TR _OUT1 [1], directly connects to output trigger PASSO CH TR IN[5] (k=5)
Therefore, the registers are specified as PERI TR 1TO1 GR7 TR CTL4,and
PERI TR 1TO1 GR7 TR CTLS5, respectively.
2. Input trigger configuration:
Typically, the input trigger of the one-to-one trigger is enabled.
The configurations are PERI TR 1TO1 GR1 TR CTL4.TR _SEL = 1,and
PERI TR 1TO1 GR1 TR CTL5.TR SEL = 1.

For more details on Trigger Input and Trigger Output, see the device datasheets [1].
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3.3.2 Configuration

Figure 26 shows the parameters and values for SAR2 global configurator in the device configurator tool.

Resource Namels) Personality  Overview
v Anslog (2) Configuration Help  Open SAR2 Documentation
v Anal v G
12-bit SAR ADC O SAR2-1.0 Enable SAR Black M
[T 125t SARADC T Enable The S48 MUX I
[] 12-bit SAR ADC 2 Enable The SAR ADC 4
epassaref EpassAref-1.0 Precondition Time |0

PowerUpTime |0
Power Down If ldle  []

) MSB Cycles Use 1 clock cycles per conversion B
?) Half LSB O
) Number Of Channels6
¥ Connections

Communication
~ Digital
> Timer, Counter, and PWM (TCPWM) 0
> Timer, Counter, and PWM (TCPWM) 1
System

7 & | @ &bit Divider 1 clk [USED]
(2) Clock Frequency ) 9.8 MHz

Channel 0

Channel 1

Channel 2

Channel 3

Channel 4

Channel 5

Figure 26 SAR2 global configuration in device configurator tool

Figure 27 shows the parameters and values for SAR2 channel_4 and channel_5 configutation in the device
configurator tool.

v Channel 4 Vv Channel 5

() Channel Name [channel 4 (2) Channel Name [channel_s
e = ) Enabled %]
(2) HW Trigger TCPWM 2) HW Trigger TCPWM
(2) Trigger Input <unassigned> 2) Trigger Input <unassigned>
(2) Trigger Output <unassigned> (7) Trigger Output <unassigned>
(2) Trigger Chanel Input & @ TCPWM1] Group[0] 16-bit Counter 0 out 1 (M_TIMER) [USED] (2) Trigger Chanel Input & | @ TCPWMI1] Group(0] 16-bit Counter 1 out 1 (V_TIMER) [USED]
(2) Voltage Range Trigger Output | <unassigned> (2) Voltage Range Trigger Output | <unassigned>
(2) Channel Done Trigger Output | <unassigned> (2) Channel Done Trigger Output | <unassigned>
(2) Debug Freeze Input <unassigned> ebug Freeze Input <unassigned>
(@) Priority o (@) Priority [o
(2) Preemption Type Abort ongoing acquisition, do not return ) Preemption Type Abort ongoing acquisition, do not return

| ) Group End [=] | ) Group End |
(?) Output Trigger Type Pulse (?) Output Trigger Type Pulse

| @ Input @ @ P6i6] analog (CYBSP_POT) [USED] I @) Input & | @ P6[0] analog [USED]
(2) Enable External Analog Mux [ (2) Enable External Analog Mux  []
(2) Precondition Mode No Precenditioning (2) Precondition Mode No Preconditioning
(2) Overlap Diagnostic Mode No Overlap or SARMUX Diagnostics (2) Overlap Diagnostic Mode No Overlap or SARMUX Diagnostics
(2) Sample Time (Aperture) [s () Sample Time (Aperture) 6

(2) Selection Of Calibration Values  Regular (2) Selection Of Calibration Values Regular

(2) Result Data Alignment The data is right aligned in Result[11:0] (@) Result Data Alignment The data is right aligned in Result{11:0]
(2) Sign Extension Unsigned (2) Sign Extension Unsigned

(2) Post Processing Mode | No Post Processing 7) Post Processing Mode [No Post Processing

(2) Averaging Count &1 (2) Averaging Count a1

(2) Shift Right [o ) Shift Right 0

(2) Positive Reload &o (2) Positive Reload 550

(2) Negative Reload &0 ) Negative Reload 50

(2) Range Detection Mode Below Low Threshold (Result < Low) (2) Range Detection Mode Below Low Threshold (Result < Low)
(2) Range Detect Low Threshold IO (2) Range Detect Low Threshold ]0

(2) Range Detect High Threshold |65535

ange Detect High Threshold 65535

Figure 27 SAR2 channel_4 and channel_5 configuration in device configurator tool
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Figure 28 shows the parameters and values of TCPWM timer configuration for SAR channel_4 in the device

configurator tool.
Resource Name(s) Personality Al | v Overview
Vv Analog ) Configuration Help n Timer - nter (TCPWM mentation
v Programmable Analog v General
(4 12-bit SARADC 0 SARZ-1.0 ) TCPWM Version (5 TCPWM_ver2

[J 12-bit SAR ADC 1

[ 12-bit SAR ADC 2

[ epassaref

Communication
Vv Digital
> Timer, Counter, and PWM (TCPWM) 0
v Timer, Counter, and PWM (TCPWM) 1
v [1] Group 0

EpassAref-1.0

M 1TcPwM[1) Group[0] 16-bit Counter 0 |M_TIMER

Timer - Coruin(}

v TCPWM(1] Group[0] 16-bit Counter T [Y_TIMER

[J TCPWM[1] Group[0] 16-bit Counter 2

[] TCPWM(1] Group[0] 16-bit Counter 3

[ TCPWM(1] Group[0] 16-bit Counter 4

[J TCPWM(1] Group[0] 16-bit Counter 5

[J TCPWM(1] Group(0] 16-bit Counter 6

[ TCPWMI1] Group(0] 16-bit Counter 7

[ TCPWMI1] Groupl0] 16-bit Counter 8

[ TCPWM[1] Group[0] 16-bit Counter 9

[] TCPWMI1] Group(0] 16-bit Counter 10

[ TCPWM(1] Group(0] 16-bit Counter 11 |tc

[ TCPWM1] Group[0] 16-bit Counter 12 tc

[J TCPWM(1] Group(0)] 16-bit Counter 13

[ TCPWM(1] Group0] 16-bit Counter 14 [tc

[ TCPWM(1] Group(0)] 16-bit Counter 15

] TCPWMI1] Group(0] 16-bit Counter 16 |tc

[] TCPWM(1] Group[0)] 16-bit Counter 17

Timer - Counte

(2) Clock Prescaler Divide by 1

(2) Counter Resolution ) 16-bits

(2) Run Mode Continuous

(2) Count Direction Up 1
2) Period (32768

(2) Compare or Capture Compare [

v Compare
(2) Enable Compare 0 Swap []

?) Compare |16334
2) Enable Compare 1 Swap []
7\‘ Compare 1 |16334

Vv Interrupt Source

?) Overflow & Underflow []
ompare 0 & Capture 0 []
(2) Compare 1 & Capture 1 []

2

@) Trigger 1 Signal

Vv Inputs
(2) Clock Signal & | @ 8bit Divider 0 clk (PWM_CLK) [SHARED]
(2) Count Input Disabled
(2) Stop Input Disabled
(2) Reload Input | Disabled
?) Start Input Disabled
Vv Trigger Outputs
(2) Trigger 0 Event Disabled
?) Trgger 1 Event Compare 0 Match

& | @ 12-bit SAR ADC 0 tr_sar_ch_in[4] (MY_SAR) [USED]

Figure 28 TCPWM Timer configuration for SAR channel_4 in device configurator tool

Figure 29 shows the parameters and values of TCPWM Timer configuration for SAR channel_5 in the device

configurator tool.
Resource Name(s) Personality Al |V Overview
v Analog (2) Configuration Help Open Timer - Counter (TCPWM) Documentation
v Programmable Analog v General
[ 12-bit SAR ADC 0 MY_SAR SAR2-1.0 (3) TCPWM Version (%) TCPWM_ver2

[ 12-bit SARADC 1

[ 12-bit SAR ADC 2

epassaref pass_0_aref

Communication
v Digital
Timer, Counter, and PWM (TCPWM) 0
v Timer, Counter, and PWM (TCPWM) 1
v TCPWM[1] Group 0

EpassAref-1.0

Timer - Counte

TCPWM[1] Group([0] 16-bit Counter 0 |M _TIMER i
TCPWM[1] Group([0] 16-bit Counter 1 |Y_TIMER q

[[] TCPWM[1] Group[0] 16-bit Counter 3

[ TCPWM[1] Groupl0] 16-bit Counter2 |tcpwm_1_g

[] TCPWM(1] Group(0] 16-bit Counter 4

[] TCPWM[1] Groupl0] 16-bit Counter 5

[0 rcpwMm[1] Group[0] 16-bit Counter 6

[[] TCPWM[1] Group(0] 16-bit Counter 7

[] TCPWM[1] Groupl0] 16-bit Counter 8

[J TCPWM[1] Group[0] 16-bit Counter 9

[] TCPWM(1] Group[0] 16-bit Counter 10 |t

[ TCPWM[1] Groupl0] 16-bit Counter 11

[ TCPWMI1] Group([0] 16-bit Counter 12

[C] TCPWM[1] Group(0] 16-bit Counter 13 |tcpw

[] TCPWM(1] Groupl0] 16-bit Counter 14

wm_1

[ TCPWM[1] Groupl0) 16-bit Counter 15

wm_1

[] TCPWM(1] Group[0] 16-bit Counter 16|tcpwm _1

[] TCPWM(1] Group[0] 16-bit Counter 17 |tcpwm _1_.

v Compare

Clock Prescaler Divide by 1

Counter Resolution (%) 16-bits
‘5" Run Mode ‘Ccmtinuous
(7) Count Direction Up

Period 11_6384
(2) Compare or Capture Compare

(2) Enable Compare 0 Swap []

(?) Compare

) Compare 1

?) Enable Compare 1 Swap O

[e192

[e192

Vv Interrupt Source

(2) Overflow & Underflow []
(7) Compare 0 & Capture 0 []
(2) Compare 1 & Capture 1 []

Vv Inputs
(2) Clock Signal & @ 8 bit Divider 0 clk (PWM_CLK) [SHARED]
(2) Count Input Disabled
Stop Input Diisrablrerd’
Reload Input WDisabIerd
(2) Start Input Disabled
v Trigger Outputs
‘L}) Trigger 0 Event Disabled
(2) Trigger 1 Event Compare 0 Match

® | @ 12-bit SAR ADC 0 tr_sar_ch_in[5] (MY_SAR) [USED]

(7) Trigger 1 Signal

Figure 29 TCPWM Timer configuration for SAR channel_5 in device configurator tool
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3.3.3 Example program for triggering ADC conversion by TCPWM timer

Code Listing 3 demonstrates the example program for Figure 25.

Code Listing 3 Example of triggering ADC conversion by TCPWM timer

/* SARO interrupt configuration structure */
const cy stc_sysint_ t SARO_IRQ cfg = {
.intrSrc = ((NvicMux3 IROn << 16) | MY SAR CH4 IRQ),
.intrPriority = 7u
}i
/* SAR1 interrupt configuration structure */
const cy stc sysint t SAR1 IRQ cfg = {
.intrSrc = ((NvicMux3 IROn << 16) | MY SAR CH5 IRQ),
.intrPriority = 7u
}i
static bool sar(0 _isr set = false;
static bool sarl isr set = false;
int main(void)
{
cy_rslt t result;
uintl6_t sarOResult4 = Ou;
uintl6_t sarOResult5 = 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 */
printf ("\x1b[2J\x1b[;H");
printf(ll*‘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*‘k*‘k\r\n");
printf ("XMC7000 MCU: TCPWM Timer trigger two ADC channels conversion\r\n");
printf(ll*‘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*‘k*‘k\r\n");
/*Analog resource initialize*/
init_analog_resources();
/* Initialize Timer using the config structure generated using device configurator*/
Cy TCPWM Counter Init (Y TIMER HW, Y TIMER NUM, &Y TIMER config);
Cy TCPWM Counter Init (M TIMER HW, M TIMER NUM, &M TIMER config);
/* Enable the initialized Timer */
Cy TCPWM_Counter_ Enable (M _TIMER HW, M TIMER NUM) ;
Cy TCPWM_Counter_ Enable (Y TIMER HW, Y TIMER NUM) ;
/* Then start the counter */
Cy TCPWM TriggerStart Single (M TIMER HW, M TIMER NUM) ;
Cy TCPWM TriggerStart Single(Y TIMER HW, Y TIMER NUM) ;
for (;;)
{
if (sar0_isr set)
{
sarOResult4 = Cy SAR2 Channel_ GetResult (MY_SAR HW, 4u, NULL);
printf ("sarOResult4d = %d \r\n",sarOResultd );
sar0_isr set = false;
}
if (sarl_isr_set)
{
sarOResult5 = Cy SAR2 Channel_ GetResult (MY_SAR _HW, 5u, NULL);
printf ("sarOResult5 = %d \r\n",sarOResult5 );
sarl isr set = false;
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}

static void sar0_interrupt_handler (void)
{
/* Check if End-Of-Scan trigger has occurred. If yes, set sar0 isr set flag to true
if (Cy SAR2 Channel GetInterruptStatus (MY SAR HW,4u) == CY SAR2 INT GRP DONE)
{
sar0_isr set = true;

}

/* Clear the interrupts */
Cy_SAR2 Channel ClearInterrupt (MY SAR HW, 4u ,CY SAR2 INT_GRP_DONE) ;
}

static void sarl_interrupt handler (void)
{
/* Check if End-Of-Scan trigger has occurred. If yes, set sar0 isr set flag to true
if (Cy_SAR2 Channel GetInterruptStatus (MY SAR HW,5u) == CY_SAR2_ INT GRP_DONE)
{
sarl_isr set = true;

}

/* Clear the interrupts */
Cy_SARZ_Channel_ClearInterrupt(MY_SAR_HW, 5u ,CY_SARZ_INT_GRP_DONE);
}

[ KKk kK ok ok ok ok ok ok K ok K ok K ok ok ok K ok K ok ok ok ok K ok K ok K ok ok ok K ok o ok ok ok ok K ok K ok K ok ok ok K ok ok ok ok ok ok K ok K ok K ok ok ok K ok ok kK k ok Kk Kk

* Function Name: init analog resources

Sk ek K K kK ok kK kK o K ok Kk KK Kk kK ok ko K ok K ok kK K ok ok ok ok ok ko K ok K ok ok Kk o ok ok ok ok ok ok ok K o K ok K ok Kk ok kK ok kR kK ok K
* Summary:

* This function initializes analog components - CTBM, SAR ADC and CTDAC

*

* Parameters:

*  wvoid

*

* Return:

*  void
*

*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*k*/
static void init analog resources (void)
{

/* Variable to capture return value of functions */

cy_en_sarZ_status_t status;

/* Initialize SARO */
status = Cy_ SAR2_Init (MY_SAR HW, &MY SAR config);
if (CY _SAR2 SUCCESS != status)
{
CY_ASSERT (0) ;
}

/*Enable SARO*/
Cy SAR2 Enable (MY SAR HW);

/*Configure and register SARO channel4 interrupts*/
Cy SysInt Init (&SARO_IRQ cfg, sar0_interrupt handler);
NVIC ClearPendingIRQ((IRQn Type)SARO_IRQ cfg.intrSrc);

/*Configure and register SARO channel5 interrupts*/
Cy SysInt Init (&SAR1_IRQ cfg, sarl interrupt handler);

NVIC ClearPendingIRQ ((IRQOn Type)SAR1 IRQ cfg.intrSrc);
NVIC_EnableIRQ((IRQOn_Type) NvicMux3ﬁIRQn);

/*Initialize SARO channel 4%/
Cy_SAR2 Channel Init (MY_SAR_HW, 4u, &MY_SAR channel_ 4 config);
/*Initialize SARO channel 5%/
Cy_SAR2 Channel Init (MY_SAR_HW, 5u, &MY_SAR channel 5 config);

/*Set SARO channel 4 interrupt mask*/
Cy_SAR2 Channel SetInterruptMask (MY SAR HW, 4u,CY SAR2_INT GRP_DONE) ;
/*Set SARO channel 5 interrupt mask*/
Cy _SAR2 Channel SetInterruptMask (MY SAR HW, 5u,CY SAR2_INT GRP_DONE) ;

*/

*/
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Note: The highlighted sections of the code snippet are not explained in this application note. For details,
see the architecture reference manual [2].

34 Simultaneous starting of TCPWM timer by SW trigger

This section explains how an SW trigger simultaneously starts multiple TCPWM counters.

3.4.1 Use case description of simultaneous starting of TCPWM timer by SW
trigger

Figure 30 shows an example application of SW trigger in XMC7200. In 120-degree commutation control, three
TCPWM 16-bit Motor Control counter channels 0, 1, and 2 are triggered simultaneously by SW.

In this case, channel 0, channel 1, and channel 2 represent U-phase, V-phase, and W-phase respectively.

Figure 31 demonstrates the operation. The connection between trigger MUX Group 4 and TCPWM 16-bit motor
control counter is illustrated in Figure 32. For more details on TCPWM, see the TCPWM chapter of the
architecture reference manual [2].

Trigger
Multiplexer
Reload TCPWM#0 > UH
(16-bit for Motor) » UL
Software
Command TCPWM#1 > VH
Register (16-bit for Motor) » VL
TCPWM#2 > WH
(16-bit for Motor) » WL
Period = 10kHz

Figure 30 Example of SW trigger in XMC7200

Reload

» Time

10kHz {100us) 10kHz (100us)

U-Phase
Counter

V-Phase

TCPWM#0,1,2 2 Counter

(16-bit for Motor)

W-Phase
Counter

- > Time
0: Counter Start

Figure 31 Example operation: Simultaneous starting of TCPWM timer by SW trigger
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Triggers Group Inputs
MUX Group 4

Triggers Group Inputs
MUX Group 5

Trigger Multiplexer ] Counter0
99 p 0 o 0 L
g 1
12 TCPWMO_ALL_CNT :
4 _TR_IN[0:11] tr_all_cnt_in[0] 5 16-bit counter
tr_all_cnt_in[1] 7
i 2] » 6 Capture0
tr_all_cnt_in
M allentin2
SW Command tr_all_cnt_in[11] ’ —D_> Count
(PERI_TR_GR4_TR_CTL[0:11]) it » 11
‘ D—> Reload
TCPWM1_ALL_CNT | ‘
12 — Stop
| _TR_N[OLY wallennie] | D’
tr_all_cnt_in[17]
; - [18]~ 13 Start
tr_all_cnt_in
Hpal allentinsl f
SW Command tr_all cn.t nze) | Capturel
(PERI_TR_GR5_TR_CTL[0:11]) i » 23
[ §
L
[
[ I SW Command
T (TCPWMO_GRPO_CNTO_TR_CMD)
———————————— Ft+4--F
| Capture0 }
} Count |
| Reload —— } TCPWMO_GRPO_CNTO_TR_IN_SELO register
R — 1a
;’ 7777777777777777 -
| Start ! Select
} Capturel ———— | TCPWMO_GRPO_CNTO_TR_IN_SEL1 register

Figure 32
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Triggers must be set to implement this application. Figure 33 lists the procedure for setting the trigger.

=

v

Disable TCPWM#0,1,2 (16-bit
Motor)

L]

Configure TCPWM#0,1,2 (16-bit for
Motor) for PWM Mode

v

Set Compare Value of Compare0
for TCPWM#0,1,2 (16-bit Motor)

v

Set Compare Value of CCO_BUFF
for TCPWM#0,1,2 (16-bit Motor)

v

Set Compare Value of Comparel
for TCPWM#0,1,2 (16-bit Motor)

v

Set Compare Value of CC1_BUFF
for TCPWM#0,1,2 (16-bit Motor)

v

Enable TCPWM#0,1,2
(16-bit Motor)

v

Configure SW Trigger
- Select Activated Trigger
- Select Trigger Group
- Set Activated Trigger as Edge
Sensitive Trigger
- Configure Activated Trigger Output
Trigger
- Activate Trigger

v
=

Figure 33
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The configuration for the SW trigger in Step (8) is described as follows:
Trigger Multiplexer setting

Table 15 lists the values to be set for PERI_TR_CMD.GROUP_SEL (=i) and PERI_TR_CMD.TR_SEL (=k). This table
is extracted from the XMC7200 datasheet that provides the trigger group and output trigger.

Table 15 Trigger outputs of MUX Group 4 of XMC7200
Output (“k”) ‘ Trigger label ‘ Description
MUX Group 4: TCPWM_OUT (TCPWMO to P-DMAO trigger multiplexer)
(0:11 TCPWM_ALL_CNT_TR_IN[0:11] All counters trigger input ]

For the trigger group outputs table of each series, see the device datasheets [1].

Figure 34 shows SW triggering the TCPWM counter.

PERI_TR_GR[i] TR_CTL[k].TR_SEL

SW Input SW Output
Input Trigger j —»| Trigger Trigger =~ ————% TCPWM_ALL_CNT_TR_IN[O]
Qualification Qualification
A A
PERI_TR_CMD.ACTIVATE
PERI_TR_CMD.GROUP_SEL = 4 0
PERI_TR_CMD.TR_SEL =0 ‘
PERI_TR_CMD.TR_EDGE =1 1
I L

PERI_TR_CMD.TR_OUT SEL=1

Figure 34 SW triggering TCPWM counter

The following describes how to initiate the timer of TCPWM counter.

1. Activated trigger selection:
PERI TR CMD.TR SEL = 0:Outputtrigger TCPWM ALL CNT TR IN[0] (k=0)
PERI TR CMD.GROUP SEL = 4:MUX Group 4 of group trigger (i=4)
PERI TR CMD.TR EDGE = 1:Edge sensitive trigger

2. Specifying activated trigger:
PERI TR CMD.OUT SEL = 1:Outputtrigger

3. Activate SW trigger:
PERI TR CMD.ACTIVATE = 1
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3.4.2 Configuration

Figure 35 shows the parameters and values for TCPWM configuration in the device configurator tool.

Peripherals Pins Analog-Routing System Periphel - P ;
Enter filter text... TE®B &g T
Resource Mame(s)
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“~ Programmable Analog
[C] 12-bit SAR ADC 0 pass_0_sarade
[ 12-bit SAR ADC 1 pass_0_sa

[ 12-bit SAR ADC 2
[] epassaref
Communication
~ Digital
 Timer, Counter, and PWM (TCPWM) 0
1 Group O
TCPWMI[0] Group[0] 16-bit Counter 0
] TCPWMI0] Group[0] 16-bit Counter 1]tcp
] TcPwM([0] Group[0] 16-bit Counter 2|t
v TCPWMI[0] Group 1
D TCPWMI(0] Group(1] 16-bit Counter 0|t
D TCPWMI(0] Group(1] 16-bit Counter 1|

w

Value

() Enable Compare 0 Swap[_]

() Compare 0

16384

(7) Enable Compare 1 Swap[_]

() Compare 1
~ Interrupt Source

16384

() Overflow & Underflow []

(#) Compare 0

(2) Compare 1
v Inputs

(@ Clock Signal

)

Count Input
Kill O Input
Reload Input

) Start Input

) Swap Input

) Kill 1 Input

AR

=)

v PWM Output Polarity
[ TCPWMIO] Group[1] 16-bit Counter 2 |tc| () Invert PWM Output
’ TCPWM([0] Group 2 (2) Invert PWM_n Output
Timer, Counter, and PWM (TCPWM) 1 ~ PWM Disabled Qutput
Systemn () PWM Disabled Qutput
~

Outputs

?) PWM (line)

(7) PWM_n (line_compl)

O
O

& | @ 8 bit Divider 0 clk [USED]
Disabled
Disabled
Disabled
Disabled
Disabled
Disabled

O
O

High Impedance

<unassigned>

<unassigned>

(2) Trigger 0 Signal

Terminal Count
@ TCPWM[1] Group[0] 16-bit Counter 0 reload (PWM_U) [USED]
& @ TCPWM(1] Group[0] 16-bit Counter 1 reload (PWM_V) [USED]
@ TCPWMI1] Group[0] 16-bit Counter 2 reload (PWM_W) [USED]

(#) Trigger 1 Event

Disabled

Figure 35 TCPWM configuration in the device configurator tool

Figure 36 shows the parameters and values for three units TCPWM configuration in the device configurator tool.

Peripherals  Pins | Analog-Routing  System  Peripheral {i P} [Enter filter text Jo |5
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Resource Name(s) (2 Run Mode Continuous
v Analog ) Dead Time Clocks [100
Programmable Analog (@ Immediate Kill O
Communication o Peri
~ Digital ) Enable Period Swap (]
Timer, Counter, and PWM (TCPWM) 0 @ Period |65535
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~ TCPWMI1] Group 0 v Compare
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TCPWM[1] Group[0] 16-bit Counter O -
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TCPWMI1] Groupl0] 16-bit Counter 1 > Enable Compare 1 Swapl]
TCPWMI1] Group[0] 16-bit Counter 2 Y — [32758
] TCPWMI1] Group[0] 16-bit Counter 2  Interrupt Source
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] TCPWMI1] Groupl0] 16-bit Counter 5 ?) Compare 0
] TCPWMI1] Groupl0] 16-bit Counter 6 @) Compare 1 [}
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[] TCPWMI1] Groupl0] 16-bit Counter 11 ?) Reload Input Rising Edge
[ TCPWMI1] Groupl0] 16-bit Counter 12 Reload Signal & | ® TCPWMIO] Groupl0] 16-bit Counter 0 out 0 (PWM_S) [SHAREL
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, () PWM Disabled Output | High Impedance
] TCPWMI1] Groupl0] 16-bit Counter 20 « Outputs
[] TCPWMI1] Group[0] 16-bit Counter 21 i
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Figure 36 Three units TCPWM configuration in the device configurator tool
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3.4.3 Example program for simultaneous TCPWM timer start by SW trigger

Code Listing 4 shows the example program for Figure 33.

Code Listing 4 Example of starting TCPWM timer simultaneous by SW trigger

/* PWM U, PWM V, PWM W CCO interrups configuration structure */
const cy stc_sysint t PWM U _cfg = {
.intrSrc = ((NvicMux3 IROn << 16) | tcpwm 1 interrupts 0 IRQOn),
.intrPriority = 7u

}i

const cy stc sysint t PWM V _cfg = {
.intrSrc = ((NvicMux3 IROn << 16) | tcpwm 1 interrupts 1 IRQOn),
.intrPriority = 7u

}i

const cy_stc_sysint_t PWM _W_cfg = {
.intrSrc = ((NvicMux3 IROn << 16) | tcpwm 1 interrupts 2 IRQOn),
.intrPriority = 7u

}i

//A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A
* Function Definitions
*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*A*/
int main (void)

cy rslt t result;

/* Initialize the device and board peripherals */
result = cybsp init () ;
if (result != CY_RSLT_SUCCESS)
{
CY ASSERT(0);
}

/*Enable global interrupt*/
__enable irqg();

/*Initial the BSP user LED1, LED2, LED3*/

Cy GPIO Pin Init(CYBSP USER LED1 PORT, CYBSP USER LEDl PIN, &CYBSP USER LED1 config );
Cy GPIO Pin Init(CYBSP USER LED2 PORT, CYBSP USER LED2 PIN, &CYBSP USER LED2 config );
Cy GPIO Pin Init (CYBSP_USER LED3_PORT, CYBSP_USER _LED3 PIN, &CYBSP USER LED3 config );

/*PWM_U Dead Time Mode initial*/
if (CY_TCPWM SUCCESS != Cy TCPWM_PWM Init (PWM_U_HW, PWM U_NUM, &PWM U_config))
{
CY_ASSERT (0) ;
}
/* Enable the PWM U */
Cy_TCPWM_PWM_Enable (PWM_U_HW, PWM_U_NUM) ;

/*PWM_W Dead Time Mode initial*/
if (CY TCPWM SUCCESS != Cy TCPWM_PWM_Init (PWM_W_HW, PWM W _NUM, &PWM W_config))
{
CY_ASSERT (0) ;
}
/* Enable the PWM W */
Cy TCPWM PWM Enable (PWM W HW, PWM W _NUM) ;

/*PWM V Dead Time Mode initial*/
if (CY TCPWM SUCCESS != Cy TCPWM PWM Init (PWM V_HW, PWM V NUM, &PWM V config))
{
CY ASSERT (0) ;
}
/* Enable the PWM W */
Cy TCPWM PWM Enable (PWM V_HW, PWM V NUM);

/*Register and enable PWM U, PWM V,PWM W interrupts*/
pwms_interrupt initial();

/*PWM_S PWM Mode initial*/
if (CY TCPWM SUCCESS != Cy TCPWM_PWM_Init (PWM_S_HW, PWM_S NUM, &PWM S config))
{
CY ASSERT (0) ;
}
/* Enable the PWM_S */
Cy TCPWM_PWM Enable (PWM_S_HW, PWM_S NUM);

/* Then start the PWM_S to synchronous PWM U, PWM V and PWM W */
Cy_TCPWM_TriggerReloadOrIndex Single (PWM_S_HW, PWM_S_NUM) ;

for (; ;)
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Code Listing 4 Example of starting TCPWM timer simultaneous by SW trigger

{

}
}

static void pwms_interrupt initial (void)

{
/*Configure and register pwm u interrupt*/
Cy_SysInt_ Init (&PWM U cfg, pwm u_interrupt handler);
NVIC_ClearPendingIRQ ((IRQn Type)PWM U cfg.intrSrc);

/*Configure and register pwm v interrupt*/
Cy_SysInt_Init(&PWM_V_cfg, pwm_v_interrupt handler);
NVIC_ClearPendingIRQ ((IRQn Type)PWM V_cfg.intrSrc);

/*Configure and register pwm w interrupt*/
Cy_SysInt Init (&PWM W _cfg, pwm w_interrupt handler);
NVIC ClearPendingIRQ((IRQOn Type)PWM W cfg.intrSrc);
NVIC EnableIRQ((IRQn Type) NvicMux3 IRQn);

}

static void pwm_u_interrupt_handler (void)
{
/*toggle user LED1*/
Cy_GPIO_ Inv(CYBSP_USER_LED1_ PORT, CYBSP_USER LEDl_PIN);

/*clear the counter CCO compare interrupt*/
Cy TCPWM ClearInterrupt (PWM U HW, PWM U NUM, CY TCPWM INT ON CCO);
}

static void pwm_v_interrupt handler (void)
{
/*toggle user LED1*/
Cy GPIO Inv(CYBSP _USER LED2 PORT, CYBSP USER LED2 PIN);

/*clear the counter CCO compare interrupt*/
Cy TCPWM ClearInterrupt (PWM V HW, PWM V NUM, CY TCPWM INT ON CCO);
}

static void pwm_w_interrupt_handler(void)
{
/*toggle user LED1*/
Cy GPIO_Inv (CYBSPiUSERiLED37PORT, CYBSPiUSERiLED37PIN) H

/*clear the counter CCO compare interrupt*/
Cy TCPWM ClearInterrupt (PWM W _HW, PWM W NUM, CY TCPWM INT ON_CCO);

The highlighted sections of the code snippet are not explained in this application note. For details, see the
architecture reference manual [2].
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Table 16 Glossary

Terms Description

MUX Multiplexer

ov Overflow

P-DMA (DW) Peripheral direct memory access

SARADC Successive approximation register analog-to-digital converter
SCB Serial communications block

SW Software

TCPWM Timer, Counter, and Pulse Width Modulator

UH U-phase PWM waveform output

UL U-phase PWM complementary waveform output
VH V-phase PWM waveform output

VL V-phase PWM complementary waveform output
WH W-phase PWM waveform output

WL W-phase PWM complementary waveform output
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