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Terms and Abbreviations
This document uses the following terms and abbreviations.

GTM
ATOM
TOM
CMU
TIM
CCuo
Ccu1

Generic Timer Module

ARU connected Timer Output Module

Timer Output Module

Clock Management Unit

Timer Input Module

Clock Counting Unit 0 (Count and Compare Unit 0)
Clock Counting Unit 1 (Count and Compare Unit 1)

Associated Errata and GTM Versions

This document uses the following GTM versions and related errata.

GTM 3.5
GTM 4.1

GTM-1P-517,519,520,522,525,526
GTM-1P-517,519,520,526
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1 Introduction

The ARU-connected Timer Output Module (ATOM) in the GTM is capable of generating complex PWM output signals
with different duty cycles and periods. To meet the requirements of different application scenarios, duty cycle, period can
be dynamically adjusted and switched.

This application note describes how to use the ATOM internal trigger mechanism to implement different types of PWMs
and switch dynamically between them in the ATOM SOMP mode. In general, these applications can also be realised by
the Timing Output Module (TOM) using a similar internal triggering mechanism.

Section 2 gives a definition of the PWM types and further explains the different descriptions of the behaviour in the GTM4
and GTM3 specifications as well as how these PWM types can be implemented according to the relevant descriptions in
the GTM4.1 specification.

Section 3 describes the architecture of the ATOM PWM generation, including the ATOM sub-module, the CMU sub-
module, and the AEI bus. This section describes the basic configuration and related functions of these submodules and
shows how to set up these submodules.

Building on Section 3, Section 4 presents application specific examples, including the generation of 100% and 0% duty
cycle PWMs, and the dynamic switching of 100% or 0% duty cycle PWMs between other PWM types and further explains
the related errata.
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2 General information

2.1 PWM type definition

There are five types of PWM that will be used in this application note: left-aligned PWM, right-aligned PWM, center-
aligned PWM, 100% duty cycle PWM and 0% duty cycle PWM.
The following table shows how they look:

PWM types

Left-aligned PWM
period
Right-aligned PWM
period
Center-aligned PWM
(depending on signal level SL)
: : Oor
period (SL=0) period (SL=1)
100% duty cycle PWM
(depending on signal level SL)
7 I L
Or .
period (SL=0) period (SL=1)
0% duty cycle PWM
(depending on signal level SL) _ [ _| I_
period (SL=0) or period (SL=1)

Table1 - PWM types

2.2 Statements in GTM Specification

In order to generate the various types of PWM mentioned above, and even to enable dynamic switching between them,
ATOM internal triggering mechanism is used, which is described in the GTM specification.

In the GTM4.1 specification, the section ATOM_2780 describes the output behaviour of ATOM channel x when ATOM
channel x operates in SOMP mode, the counter is configured in Continuous Counting Up Mode and the counter register
ATOM[i]_CHI[x]_CNO0.CNO of channel x is reset by the trigger signal coming from another channel or the assigned TIM
module (configured by ATOM[i]_CH[x]_CTRL_SOMP.RST_CCUO =1). With this specified configuration, the ATOM chan-
nels can be used generate the various types of PWM.

This ATOM output behaviour can also be found in the GTM3 specification which is in the Continuous Counting Up mode
subchapter of the ATOM Signal Output Mode PWM(SOMP) chapter. Additionally, due to misleading information in pre-
vious versions of the GTM specification, many more detailed descriptions have been added to the GTM4.1 Specification,
and separate Errata (GTM-IP-517, 519, 520, 522, 525, 526) have been published to clarify the details of various scenarios
according to the description in the section ATOM_2780 of the GTM4.1 specification. So, this subchapter provides an
overview of the current content of ATOM_2780 of the GTM4.1 specification V1.40 and compares it to the content in the
GTM3 specification. The functionality described in the specification is explained below.

V1.0 - 29.11.2024 - ME-IC/PRM-IP
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The Figure 1 shows the indeed behaviour of ATOM_OUT[x:x] operating in SOMP continuous counting up mode when
the counter register ATOM[i]_CH[x]_CNO.CNO of ATOM channel x is reset by the trigger signal coming from another
channel or the assigned TIM module (configured by ATOMI[i]_CH[x]_CTRL_SOMP.RST_CCUO =1), which is textually
described in the ATOM_2780 of the GTM4.1 specification.

ATOM_2780(with MAX = number of selected CCM[i]_CLK_RES cycle between two trigger signals, and other signals
explanation can be found in the ATOM setup subchapter of the Appnote) :

e ATOMI[i]_CHI[x]_CNO0.CNO counts from 0 to MAX-1 and is then reset to 0 at the falling edge of the trigger input
signal ATOM_CH_TRIGIN[x:x] or EXT_TRIGIN_S.

e |f ATOM[i]_CHI[x]_CNO.CNO reaches ATOM[i]_CHI[x]_CM1.CM1, an edge to 'ATOM[i]_CHI[x]_CTRL_SOMP.SL
is generated.

e If ATOM[i] _CHI[x] CNO.CNO reaches ATOM[i] CH[x] _CMO0.CMO0, an edge to ATOM[i] CH[x] CTRL_SOMP.SL is
generated.
ATOM([i]_CH[x]_CMO0
ATOM][i]_CH[x]_CM1
ATOM([i]_CH[x]_CNO

ATOM_OUTI[X:X] for sL=0

ATOM_OUT[x:X] forsL=1

R e b Y S

| | | | |
| | | | |
| | | | |
ATOM_CCUOTC[x]_IRQ I | I | I
| | | | |
| | | | |
ATOM_CCUI1TC[x]_IRQ I | I | I |
enable ATOM_CH_TRIGIN[x:x] or ATOM_CH_TRIGIN[x:x] or
channel EXT_TRIGIN[x:X] EXT_TRIGIN[x:X]

Figure 1-PWM Output behaviour with respect to the ATOM[i]_CH[x]_CTRL_SOMP.SL bit in continuous counting
mode if ATOM[i]_CH[x]_CTRL_SOMP.RST_CCUO0=1

The description of this feature in GTM3 specification is similar to that in GTM4 specification. The GTM3 specification
describes this feature as follows: CNO counts from 0 to MAX-1 and is then reset to 0 by trigger signal. CMO defines the
edge to SL value, CM1 defines the edge to ! SL value. With this foundational feature, the ATOM can generate not only
left/right/centre aligned PWM but also 100% and 0% duty cycle PWMs directly at the application level.

The specification provides explicit configurations for achieving 100% and 0% duty cycle PWMs. In the GTM3 specifica-
tion, it states that if CMO = 0 and CM1 = MAX, the output SL has a 100% duty cycle and if CMO > MAX, the output !SL
has a 0% duty cycle, regardless of the value of CM1. This description is further refined in the GTM4 specification and
detailed in the Errata, specifically in section ATOM_2780 of the GTM4 specification, where individual bullet points out-
line each case. The results are illustrated separately in Figure 2 and Figure 3.

© Robert Bosch GmbH 2024. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications . _ . _
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ATOM_2780:
e If ATOMI]_CH[x] CM0.CM0=0 and ATOM[] CH[x] CM1.CM1>MAX, the output is a pulse of
ATOMI[i]_CHIx]_CTRL_SOMP.SL for the period MAX (i.e., 100% duty cycle PWM signal).
ATOM[i]_CH[x]_CM1 > Max
ATOM][i]_CH[x]_CM0 =0
ATOMIi]_CHI[x]_CNO
ATOM_OUTI[x:X] for sL=0
ATOM_OUT[X:X] for sL=1 ‘
ATOM_CCUOTC[X]_IRQ
ATOM_CCU1TC[X]_IRQ
enable ATOM_CH_TRIGIN[x:x] or ATOM_CH_TRIGIN[x:x] or
channel EXT_TRIGIN[x:X] EXT_TRIGIN[x:X]
Figure 2 -100 % duty cycle PWM signal
o |f ATOM[i]_CHI[x]_CMO0.CM0>MAX and ATOM[i]_CHI[x]_CM1.CM1=0, the output

is JATOM[i]_CH[x]_CTRL_SOMP.SL (i.e., 0% duty cycle PWM signal).

ATOM][i]_CH[x]_CMO > Max

ATOM[i]_CH[x] CM1=0
ATOM[i]_CH[x]_CNO

ATOM_OUT[x:X] =1 for st=0

ATOM_OUT[x:X] =0 for st=1 ]

ATOM_CCUOTC[x]_IRQ

ATOM_CCU1TC[X_IRQ

ATOM_CH_TRIGIN[x:x] or ATOM_CH_TRIGIN[x:x] or ATOM_CH_TRIGIN[x:x] or
EXT_TRIGIN[xX] EXT_TRIGIN[x:X] EXT_TRIGIN[x:X]

Figure 3 -0 % duty cycle PWM signal

Additionally, when dynamic switching between different PWM types, the points outlined in ATOM_2780 of the GTM4
specification should be considered, as they are not precise mentioned in the GTM3 specification. Spec Errata(GTM-IP-

519 and GTM-IP-526) have been created to address these points. These special cases are also separately shown in
the Figure 4 and Figure 5.
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ATOM_2780:

e As soon as ATOM[] CH[x] CNO.CNO reaches the value of ATOM][] CH[x] CM0.CMO while
ATOM[i]_CHIx]_CM1.CMT1 is equal to ATOM[i]_CH[x]_CMO0.CMO0, an edge to ATOM[i]_CH[x]_CTRL_SOMP.SL
is generated at the output or the output remains at ATOM[i]_CH[x]_CTRL_SOMP.SL level depending on the
former level of the output (ATOMI[i]_CH[x]_CMO0.CMO has higher priority). Please note that this configuration is
not suitable for generating 100% duty cycle.

ATOMI[i]_CH[x]_CMO0 = CM1 ﬁ I'_,_,_.—'—'IIH_H_'_

ATOMI[i]_CH[x]_CNO

ATOM_OUTIX:X] for sL=0

ATOM_OUTI[X:X] for sL=1

ATOM_CCUOTCI[X]_IRQ

ATOM_CCUI1TC[X]_IRQ

enable ATOM_CH_TRIGIN[x:x] or ATOM_CH_TRIGIN[x:x] or
channel EXT_TRIGIN[x:x] EXT_TRIGIN[x:x]

Figure 4 -Output behaviour when ATOM[i]_CH[x]_CM0.CMO is equal to ATOM[i]_CH[x]_CM1.CM1

e If ATOM[i]_CH[x]_CMO0.CMO is set to MAX, an edge to ATOM[i]_CH[x] CTRL_SOMP.SL is generated at the out-
put at the very end of the current period or the output remains at the ATOM[i] CH[x] CTRL_SOMP.SL level,
depending on the previous level of the output. Be aware that this applies even if the value of
ATOMI[i]_CHI[x]_CM1.CM1 is updated to 0 for the new period (ATOMIi] _CH[x]_CMO0.CMO has higher priority).

ATOMI[i]_CH[x]_CMO = MAX
ATOMIi]_CH[x]_CM1

ATOMI[i]_CH[x]_CNO _,I’_'I'I

ATOM_OUTI[x:X] for sL=0

ATOM_OUTI[X:X] for sL=1

ATOM_CCUOTC[x]_IRQ

ATOM_CCU1TC[x]_IRQ

enable ATOM_CH_TRIGIN[x:X] or ATOM_CH_TRIGIN[x:x] or
channel EXT_TRIGIN[x:X] EXT_TRIGIN[x:X]

Update ATOMI[i]_CH[x] CM1=0
Figure 5 -Output behaviour when ATOM[i]_CH[x]_CM0.CMO is equal to MAX and ATOM[i]_CH[x]_CM1.CM1 is
updated to 0

After updating ATOM[i]_CH[x] CM1.CM1 to 0, the conditions that ATOM[i] CH[x] CNO.CNO reaches the value of
ATOM[i]_CHI[x]_CMO0.CMO0 and ATOMIi]_CH[x]_CNO.CNO reaches the value of ATOMIi]_CH[x]_CM1.CM1 occur at the
same point in time. In case ATOM[i]_CH[x]_CNO.CNO reaches ATOMIi]_CH[x]_CM1.CM1, an edge
to !ATOMI[] CH[x] CTRL_SOMP.SL should be generated. However, due to the higher priority of
ATOMIi]_CHI[x]_CMO0.CMO, the output will generate an edge to ATOM[i]_CH[x] CTRL_SOMP.SL level or remain at the
ATOM[i]_CHI[x]_CTRL_SOMP.SL level at the point when ATOM[i]_CH[x]_CNO0.CNO reaches ATOMI[i]_CH[x]_CM1.CM1
and ATOM[i] _CHI[x] CMO0.CMO0 at the same time.

© Robert Bosch GmbH 2024. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications . _ . _
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3 ATOM PWM generation architecture

3.1 Overview

For the flexible PWM generation a bunch of GTM-IP submodules are needed which are configured over the configuration
interface and which can run independently further on. The CMU generates the clock prescalers for the PWM counter.
The PWM parameters are directly loaded into the ATOM via AEI Bus by the configuration interface. The ATOM channel
x acts as a master channel not only to generate a PWM output signal, but also to provide the trigger for following slave
ATOM channels. The architecture overview is shown below in Figure 6(ATOMO channel 0 as Master channel, ATOMO
channel 1 as slave channel as an example).

CMU|_CMu_cLko_

ATOMO ATOMO_CHO_OUT _
(as Master channel) ] I— I—
—
K_ -~ _. ______ ._ -
AEI-BUS:PWM Trigger signal resets : PJR?(d I Pﬁxg(d I
.. |::> the counter of slave I : :
charateristic channels | | |
| |

ATOMO_CH1_OUT |
(as slave cqennel) m

Channel enable Trigger in Trigger in

Figure 6 -ATOM PWM generation architecture overview

3.2 CMU setup

The CMU provides the clock for the PWM counters inside of the ATOM channels. The resolution of the PWM generation
can be configurated by the GTM system clock and the CMU. The default frequency of the cluster clock is 200 MHz(with
GTM_CLS_CLK_CFG.CLS [0] _CLK_DIV=0b01, 200 MHz at GTM 4). Additionally, the cluster clock could also be con-
figurated to a frequency of 100 MHz (GTM_CLS_CLK_CFG.CLS [0] _CLK_DIV= 0b10). Considering that different appli-
cation scenarios require different resolutions, the global clock divider(GCRG) and CMU_CLKx(CRG) can be configured.

© Robert Bosch GmbH 2024. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications . _ . _
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CMU
EGU
3 CMU_ECLKx
—> :
CLS_CLK | | .| GCRG > CRG CMU_CLKO
" " 5 CEU_CLKX
sub_inc2 CMUKCLKS
—> Lot
sub_incl CMU_CLK?
—_— >
FCRG
5 CMU»_FXCLKX
L

Figure 7 -CMU architecture overview

In this application, the CMU_CLK_RESO is used for the ATOM modules and configured with 100 MHz. The configuration
is shown in the following code sequence(Note: The TOM module uses the CMU_FXCLKXx):

// configure the cluster clock without divider (GTM_CLS _CLK_CFG.CLS [0] CLK_DIV= 0b01)
GTM.CLS[0]. ARCH.CTRL = 0x0;
GTM.CLS[0].ARCH.CLK_CFG = 0x1;

//configure the global clock divider GCLK=1
GTM.CLS[0].CMU.GCLK_NUM =1; // set global clock divider GCLK=1
GTM.CLS[0].CMU.GCLK_DEN=1 ;

//configure the CMU_CLKO divider with GCLK= 1 and set the CMU_CLK_RESO with T00MHz
GTM.CLS [0]. CMU.CLK_0_CTRL = 1; // GCLK/2 = 100MHz
GTM.CLS [0]. CMU.CLK_EN = 0x00000002; // Enable CMU_CLKO

For a detailed description please refer to the CMU Configuration Registers Description and corresponding submodule
chapter(Clock Management Unit(CMU) Chapter) in the specification.
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3.3 ATOM setup
ATOM channel architecture is shown in the following Figure 8 (ATOM_2544 of the GTM4.1 specification V1.40).

Figure 81 ATOM Channel Architecture in SOMP Mode

pATOM_CH_TRIGOUT[x-1:x-1]
ATOM_CH_TRIGIN[x:x]

EXT_TRIGIN[x:x]
CCM[iL_CLK_RES B Lcu_sac_m | L SL_SR ‘

cigl.EXT_FUFD 4

> o

tam BV
ATOM_FUPD(x:x) o RS >l 5 t
ATOM_UPEN[x:x] - - B r
_:E— ATOM Channel [ MUX 11:1 - L CLK_SRC l L ] |
D4

1] SEL_CMU_CLKEN

ATOM_RSTENO_CH[xx]

cigl.OSM_TRIG

ATOM_QUT_Tlx:x]

£ 24 L

cigl.EXT_TRIG i,

L

) ]

. 1

¥
t-gl.RST CCuo o

. . I )
ccuo I
ATOM_THiG_CCUD | SRO=CNO |

cfgl.sL
cfgl .TRIG_PULSE
cigl.SRO_TRIG o o

cfgl UDMODE 2,

7
ATOM_OUTEN[x:x]
ATOM_ENDIS[x:x]
cfgl.FREEZE

only for [x=1, 3, 5]7]

cigl BITREV

> T BITREV

ATOM_OUT[x:x]
1
T cfg2.0L

rising edge
R detection

cigl.EXTTRIGOUT

ccul :
> 01 | Arom_Tais_ccus & sou

cfgl TRIGOUT

channel [x]

Larom_cu_ TRIGOUT[x:x]

LUT [[aTom_Tri_ccuo | Arom_TRic_ccut result

. . ) 0 0 SOUR/Q
RS: Resolution Synchronizer notictgl 1)

o 1
cfgl: ATOM[i]_CH[x]_CTRL 1 B e
cfg2: ATOM[i]_CH[x]_STAT 1 1 HLSL

Figure 8 -ATOM channel architecture

To generate and switch various types of PWM more than one ATOM channels are needed. The first channel acts as a
master channel to trigger the other channels which act as slave channels. In this application note, the ATOM channel 0
operates as master channel and generates a trigger output signal ATOM_CH_TRIGOUT [0:0] that is connected to
ATOM_CH_TRIGIN [1:1] to trigger the slave channel ATOM channel 1. This function is only applicable in ATOM SOMP
mode.

In the Master channel ATOM channel 0, Count and Compare Unit 0(CCUO) counts ATOM[0] CH[0] CNO.CNO based on
the selected CMU_CLK_RESx and compares it with ATOM[0] _CH[0]_CM0.CMO0 while Count and Compare Unit 1(CCU1)
compares it with ATOM[0]_CH[0]_CM1.CM1. When the counter value is equal to the compare value
ATOMI[0]_CHI[0] _CMO0.CMO, the counter register ATOM[0] CH[0] CNO.CNO is reset and ATOM_TRIG_CCUO signal is
raised, which can be sent out as ATOM_CH_TRIGOUTIO0] trigger signal to the following slave channel ATOM channel
1(configured by ATOM[0]_CH[0]_CTRL_SOMP.TRIGOUT = 1).
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In the Slave channel ATOM channel 1, when the configuration bit ATOM[0]_CH[1]_CTRL_SOMP.RST_CCUO = 1, the
counter ATOM[0] CH[1] _CNO.CNO can be reset when it is triggered by the trigger signal ATOM_CH_TRIGIN[1:1] or when
it is triggered by the external trigger signal EXT_TRIGIN of the assigned TIM channel x (defined by
ATOM[0]_CH[1]_CTRL_SOMP.TRIGOUT). This functionality should ensure that the master channel ATOM channel 0
and the slave channel ATOM channel 1 could have the same period and are able to run synchronized.

Different with Master channel ATOM[0]_CH[0]_CM1.CM1 in ATOM SOMP mode, which is used to set the PWM pulse
width, and ATOM[0]_CH[0] _CMO0.CMO0, which indicates the PWM period, the slave channel ATOM[0]_CH[1]_CM1.CM1
is used to set the value for the first edge inside the PWM period, and ATOM[0] CH[1] _CMO0.CMO is used to set the value
for the second edge inside the PWM period. Additionally, the value of Master channel ATOM[0] CH[0] CMO0.CMO could
be used as MAX value when the same CMU_CLK_RESx is selected by the slave channel ATOM channel 1. (The defini-
tion of MAX is given in the Spec as follows: “MAX = number of selected clock cycle between two trigger signals”)

An example for a configuration of the ATOM is shown in the following code sequence:

//Configure the ATOM channel 0, 1 with FUPD to update the clock resolution and SL
GTM.CLS[0].ATOM.CHI[0].CTRL

0x01000002; // SOMP mode, TRIGOUT=1

GTM.CLS[0].ATOM.CHI[0].CTRL_SR = 0x0; // CMU_CLKO, SL=0
GTM.CLS[0].ATOM.CH[1].CTRL = 0x00100002; //SOMP mode, RST_CCUO=1
GTM.CLS[0].ATOM.CH[1].CTRL_SR = 0x0; // CMU_CLKO, SL=0
GTM.CLS[0].ATOM.AGC.FUPD_CTRL = OxA; //Enable FUPD
GTM.CLS[0]. ATOM.AGC.GLB_CTRL = 0x00000001; // set Host trig to update
GTM.CLS[0].ATOM.AGC.FUPD_CTRL = 0x5; //Disable FUPD

//Define output PWM parameters of channels

GTM.CLS[0].ATOM.CH[0].CMO = 200; // Period = 200 (MAX = 200)
GTM.CLS[0].ATOM.CH[0].CM1 =100; // Pulse Width
GTM.CLS[0].ATOM.CH[1].CMO = 150; //Edge to SL when CNO = 150
GTM.CLS[0].ATOM.CH[1].CM1 = 50; //Edge to !SL when CNO = 50

//Enable ATOMO CHO and CH1
GTM.CLS[0]. ATOM.AGC.OUTEN_STAT
GTM.CLS[0]. ATOM.AGC.ENDIS_STAT

0x0000000A; // outputs 0 and 1 enable

0x0000000A; // channels 0 and 1 enable

In addition to setting the CMU module correctly, it must be considered that the CMU_CLK_RESx is selected as clock for
the channel counter of the ATOM channel only after the first update from the shadow register
ATOMI[i]_CHIx]_CTRL_SR.CLK_SRC_SR. Therefore, this example uses ATOM[i]_AGC_FUPD_CTRL configuration to
update the clock resolution and SL signals and it should be performed before setting the operation register or shadow
registers. For a detailed description please refer to the ATOM Configuration Registers Description and corresponding
submodule chapter(ARU-connected Timer Output Module (ATOM)) in the specification.
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4 Application examples

Since the GTM is not able to generate a third edge according to the specification at the end of the cycle or at the cycle
update, from an implementation point of view we are not able to perform a seamless dynamic switching of the duty cycle
(at runtime) in some specific cases. Therefore, this application note provides an application-level solution with an imple-
mentable example application.

Besides that, users can also obtain constant high and constant low PWM waveforms by changing the value of SL. In this
Application Note, SL=0 is used to achieve a 100% duty cycle PWM (constant low) and a 0% duty cycle PWM (constant
high).The following is an overview of all use cases in this application note.

Sub- Use case description Effect errata

chapter

4.1 100 % duty cycle PWM generation

411 Dynamic switching between 100% duty cycle PWM and other aligned PWM types

41.2 100 % duty cycle PWM generation based on GTM3 specification GTM-IP-519
GTM-IP-520

4.2 0 % duty cycle PWM generation

4.2.1 Dynamic switching between 0% duty cycle PWM and other aligned PWM types GTM-IP-526

4.2.2 0 % duty cycle PWM generation based on GTM3 specification GTM-IP-525

4.3 Switching between 100 % duty cycle PWM and 0 % duty cycle PWM GTM-IP-522

44 Special behaviour: Pipeline registers are within the trigger chain GTM-IP-517

Table 2 — User cases overview

41 100 % duty cycle PWM generation

As shown in Error! Reference source not found. 3, the output behaviour based on the description ATOM_2780 of the G
TM4 specification(when ATOM[i]_CH[x]_CMO0.CMO is equal to 0 and ATOM[i]_CH[x]_CM1.CM1 is set to greater than
MAX) is able to correctly generate the PWM with a 100% duty cycle PWM. The modified configuration code (based on
the code in the chapter3.3 ATOM setup) is shown in the following code sequence:

//Configure the ATOM channel 0, 1 with FUPD to update the clock resolution and SL=0

...Same sequence as in subchapter 3.3

//Define output PWM parameters of channels

GTM.CLS[0].ATOM.CH[0].CMO = 200; // Period = 200 (MAX = 200)

GTM.CLS[0].ATOM.CH[0].CM1 =100; // Pulse width
GTM.CLS[0].ATOM.CH[1].CMO = 0;
GTM.CLS[0].ATOM.CH[1].CM1 = 201; /[ CM1 > MAX

//Enable ATOMO CHO and CH1

...Same sequence as in subchapter 3.3
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With the above shown configurations, the slave channel ATOM channel 1 can generate the PWM with a 100% duty cycle.
The simulated waveform is shown as below in Figure9. In addition, this configuration can also be used to switch the
output behaviour from 100% PWM to other PWM types and in the contrary direction.

| N

|

1

|

= ———— 1
o | |
x
i

=== I

| | After enabling the thannel(AGC_ENDIS={),
an edge/to ATOM[O]_CH[T]_CTRL_SOMPSL is generate
(100% duty cycle PWM), —

Figure 9 -Waveform for 100 % duty cycle PWM(CM1 > MAX and CM0=0)

41.1 Dynamic switching between 100% duty cycle PWM and other alignhed PWM types

The simulated waveform is shown as below in Figure10, which indicates that the PWM type can be correctly switched
from centre aligned PWM/left aligned PWM/right aligned PWM to 100% duty cycle PWM (SL=0) and also in the contrary
direction.

—— 1 T 1 100% duty cycle 1 ———To0% duty cycle —— T00% duty: cvclé
100% duty cycle PWM PWM PWM PWM

Centre aligned PWM Left aligned PWM Right aligned PWM

Figure 10 -Expected output during dynamic switching between aligned PWM and 100 % duty cycle PWM

The PWM configuration code is shown in the following code sequence (MAX = 200 as an example):

//Configure the ATOM channel 0, 1 with FUPD to update the clock resolution and SL=0

...Same sequence as in subchapter 3.3
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//Define output PWM parameters of master channels
GTM.CLS[0]. ATOM.CH[0].CMO = 200; //Period = MAX
GTM.CLS[0].ATOM.CHI[0].CM1 100; //Pulse width

//Configure the slave channel with 100% PWM with CM1 > MAX, CM0=0
GTM.CLS[0].ATOM.CH[1].CMO = 0;
GTM.CLS[0].ATOM.CH[1].CM1 = 201; // CM1> MAX

//Enable ATOMO CHO and CH1
GTM.CLS[0].ATOM.AGC.OUTEN_STAT
GTM.CLS[0].ATOM.AGC.ENDIS_STAT

gal_wait(5);

0x0000000A; // output 0 and 1 enable
0x0000000A; //channel 0 and 1 enable

GAL_INFO("Switching 100% PWM with CM1 > MAX, CM0=0 to centre aligned PWM");

GTM.CLS[0].ATOM.CH[1].SRO = 150;

GTM.CLS[0].ATOM.CH[1].SR1 = 50;

GTM.CLS[0].ATOM.AGC.GLB_CTRL = 0x00080000; // UPEN enable
gal_wait(5);

GAL_INFO("Switching centre aligned PWM to 100% PWM with CM1 > MAX, CM0=0");

GTM.CLS[0].ATOM.CHI[1].SRO = 0;
GTM.CLS[0].ATOM.CH[1].SR1 = 201;

gal_wait(5);

GAL_INFO("Switching 100% PWM with CM1 > MAX, CM0=0 to left aligned PWM");
GTM.CLS[0].ATOM.CHI[1].SRO =100;
GTM.CLS[0].ATOM.CHI[1].SR1 = 0;

gal _wait(5);

GAL_INFO("Switching left aligned PWM to 100% PWM with CM1 > MAX, CM0=0");

GTM.CLS[0].ATOM.CHI[1].SRO = 0;
GTM.CLS[0].ATOM.CH[1].SR1 = 201;
gal _wait(5);

GAL_INFO("Switching 100% PWM with CM1 > MAX, CM0=0 to right aligned PWM");

GTM.CLS[0].ATOM.CHI[1].SRO = 0;
GTM.CLS[0].ATOM.CHI[1].SR1 =100;
gal _wait(5);
GAL_INFO("Switching right aligned PWM to 100% PWM with CM1 > MAX, CM0=0");
GTM.CLS[0].ATOM.CH[1].SRO = 0;
GTM.CLS[0].ATOM.CH[1].SR1 = 201;
gal _wait(5);

41.2 100% duty cycle generation based on GTM3 specification

1. Referto GTM-IP-520

In the GTM3 specification, the output is SL = 100% duty cycle if CM0=0 and CM1=MAX. This configuration is redefined
in GTM4 to generate 100 % duty cycle PWM for the slave channel, ATOM[i]_CH[x]_CM1.CM1 of the slave channel must
be greater than MAX and not equal to MAX. The simulation waveform in the Error! Reference source not found. 11 shows t
he output behaviour of the slave channel ATOM channel 1 when switching between 100 % duty cycle PWM and other
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PWM types. In this simulation, ATOM[0] _CH[1]_CM1.CM1 is set to MAX and ATOM[0]_CH[1]_CMO0.CMO is equal to 0 to
generate the 100 % duty cycle PWM.

)% duty cycle PWM

Figure 11 -Unexpected output during dynamic switching between aligned PWM and 100 % duty cycle
PWM(CM1=MAX and CM0=0)

Compared to the correct simulation waveform in the Figure 10, which is shown in the subchapter 4.1.1, the output
behaviour shown in the Figure11 is not as expected when switching from 100% duty cycle PWM to the centre aligned
PWM. Therefore, to avoid potential problem, it is mandatory to set ATOM[i]_CH[x]_CM1.CM1 to a value greater than
MAX to generate a PWM with 100% duty cycle. This is in addition described in the errata GTM-IP-520.

2. Referto GTM-IP-519

In the GTM3 specification, if CM0=CM1, the output switches to SL if CNO=CM0=CM1 (CMO has higher priority). Because
CMO has a higher priority, when CNO reaches the values of CM0O andCM1 at the same time, the output will remain at SL
level or generate the edge to SL level. With this function it should be possible to generate 100% duty cycle PWM and
even switch from any PWM type to 100 % PWM.

Comparing to Figure 9 and the subchapter 4.1, the waveform in the Figure 12 shows how is the ATOM outputs really
behave when ATOM[i]_CH[x] CMO0.CMO is equal to ATOMIi]_CH[x]_CM1.CM1 (e.g., ATOM[0] _CH[1] CMO0.CMO0=
ATOM[0]_CH[1]_CM1.CM1=100) to generate the 100 % duty cycle PWM. The edge occurs inside the first period as soon
as ATOM[i]_CHI[x]_CNO0.CNO reaches ATOM[i]_CH[x]_CMO0.CMO and therefore this condition is not suitable for generat-
ing a 100 % duty cycle PWM because the change does not happen at the end of the period but within the period.
Therefore, please use the ATOM[i] _CH[x] CMO0.CMO0 = 0 and ATOM[i]_CH[x] CM1.CM1 > MAX for setting 100% duty
cycle in Continuous Up Count mode with RST_CCUO=1.
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|
| jEEEn

an edge SL is not generated until CNO reaches €MT[(=CM0=100).

prerpted untl CND ¢

After enabling the c#annel (AGC_ENDIS=1),

Figure 12 -Waveform for 100 % duty cycle PWM(CM1=CMO0)
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The output behaviour when switching between aligned PWM type and 100 % duty cycle PWM using CM1=CM0 is shown
in Figure 13. Compared to the correct behaviour in Figure 10, the output behavior is not as expected when switching
from right aligned PWM to 100% duty cycle PWM and after the enabling the channel.

Right aligned PWM

lo 3
s ©

Figure 13 -Unexpected output during dynamic switching between aligned PWM and 100 % duty cycle PWM(CM1=
CMO0)

4.2 0 % duty cycle PWM generation

In the Error! Reference source not found.4, the ATOM is able to generate the 0% duty cycle PWM based on the descrip-
tion ATOM_2780 of GTM4 specification (when slave channel ATOM[i] _CH[x] CM1.CM1 is equal to 0 and
ATOM[i]_CHI[x]_CMO0.CMO is set to greater than MAX). The PWM configuration code is shown in the following code
sequence (MAX =200 as an example):

//Configure the ATOM channel 0, 1 with FUPD to update the clock resolution and SL=0

...Same sequence as in subchapter 3.3

//Define output PWM parameters of channels

GTM.CLS[0].ATOM.CH[0].CMO = 200;

GTM.CLS[0]. ATOM.CH[0].CM1 = 100;
GTM.CLS[0].ATOM.CH[1].CMO = 201; //CMO > MAX
GTM.CLS[0].ATOM.CH[1].CM1 = 0; //CM1 =0

//Enable ATOMO CHO and CH1

...Same sequence as in subchapter 3.3

The simulated waveform is shown in Figure 14. The constant output with inverted SL is over the whole period, which
means 0 % duty cycle PWM. It indicates that with corresponding configuration of GTM4 specification, the slave channel
ATOM channel 1 can correctly generate a PWM with 0 % duty cycle.
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|
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|

|Afterenabling the channel(AGC_ENDIS=1),
an edge to !ATOM[i]_CH[x]_CTRL-SOMP.SL is generated.
(0% duty cycle PWM).

Figure 14 -Waveform for 0 % duty cycle PWM(CM1 = 0 and CMO > MAX)

4.21 Dynamic switching between 0% duty cycle PWM and other aligned PWM types

This subchapter shows how can correctly perform the switch between centre aligned PWM/left aligned PWM/right aligned
PWM and 0% duty cycle PWM. The 0% duty cycle PWM configuration which is used in subchapter 3.2(when
ATOM[i]_CHI[x]_CM1.CM1 is equal to 0 and ATOMIi]_CH[x]_CMO0.CMO is set to greater than MAX) is used to switch the
output behaviour. The simulated waveform is shown as below in Figure 15.

Centre allgﬁe::l PWM | | | T Left aligné-::l PWM I I | I R\gl‘it allg-n-:ad PWM |
0% duty cycle 0% duty cycle 0% duty cycle | 0% duty cycle

PWM PWM = PWM

Figure 15 -Expected output during dynamic switching between aligned PWM and 0 % duty cycle PWM

The PWM configuration code is shown in the following code sequence (MAX = 200 as an example):

//Configure the ATOM channel 0 and 1 with FUPD to update the clock resolution and SL=0;

...Same sequence as in subchapter 3.3

//Define output PWM parameters of channels

GTM.CLS[0].ATOM.CH[0].CMO = 200;
GTM.CLS[0].ATOM.CH[0].CM1 = 100;
GTM.CLS[0].ATOM.CH[1].CMO = 201; //CM0> MAX
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GTM.CLS[0].ATOM.CH[1].CM1 = 0; //[CM1 =0

//Enable ATOMO CHO and CH1
GTM.CLS[0].ATOM.AGC.OUTEN_STAT = 0x0000000A; // output enable

GTM.CLS[0].ATOM.AGC.ENDIS_STAT = 0x0000000A; // channel enable
gal_wait(5);

GAL_INFO("Application: Switch 0% PWM with CM0 = MAX, CM1 = 0 to center aligned PWM
type ");

GTM.CLS[0].ATOM.CH[1].CMO0 = 200;

//Set the value of (A)TOM[i]_CH[x]_CMO0.CMO to MAX instead of greater than MAX
//Due to the fact that GTM4.1 or older cannot create three edges in one period
//This happens also with SL=1 during the 100% duty cycle PWM switching to the center

aligned PWM, please switch 100% duty cycle PWM with CM1 = MAX, CMO0 = 0 to center
aligned PWM type

GTM.CLS[0].ATOM.CH[1].SRO = 150;

GTM.CLS[0].ATOM.CHI[1].SR1 = 50;

GTM.CLS[0].ATOM.AGC.GLB_CTRL = 0x00080000; // UPEN enable
gal_wait(5);

GAL_INFO("Application: Switch from center aligned PWM type to a 0% PWM with CMO >
MAX ,CM1 = 0");

GTM.CLS[0]. ATOM.CH[1].SRO = 201;
GTM.CLS[0].ATOM.CHI[1].SR1 = 0;
gal_wait(5);

GAL_INFO("Application: Switch from 0 % PWM with CM0 > MAX,CM1 = 0 to a left alighed PWM
type ");

GTM.CLS[0].ATOM.CH[1].SRO
GTM.CLS[0]. ATOM.CH[1].SR1

100;

1
o

gal_wait(5);

GAL_INFO("Application: Switch from left alignhed PWM type to a 0 % PWM with CM0 > MAX,

CM1 = 0");
GTM.CLS[0]. ATOM.CHI[1].SRO = 201;
GTM.CLS[0].ATOM.CHI[1].SR1 = 0;

gal_wait(5);
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GAL_INFO("Application: Switch from 0 % PWM with CM0 > MAX, CM1=0 to a right alighed PWM
type");

GTM.CLS[0]. ATOM.CH[1].SRO
GTM.CLS[0].ATOM.CH[1].SR1

0;
100; //Refer to GTM-IP-526 Workaround1

gal_wait(5);

GAL_INFO("Application: Switch from right aligned PWM type to a 0 % PWM with CM0 > MAX,
CM1=0");

GTM.CLS[0]. ATOM.CH[1].SRO

201;
GTM.CLS[0].ATOM.CH[1].SR1

1
o

gal_wait(5)

To achieve the expected output, CMO0 is set to 0 when switching from 0 % duty cycle PWM with CM0 > MAX, CM1=0 to
right-aligned PWM type. The reason is as follows:

There are two ways to configure the PWM parameters to generate a right aligned PWM (with SL =0):
1. ATOM[i]_CHI[x]_CM1.CM1 = value < ATOMI[i]_CH[x]_CMO0.CMO0 = MAX
2. ATOM[i]_CHI[x]_CM1.CM1 = value > ATOM[i]_CH[x]_CMO0.CMO0 =0

if ATOM[0] CH[1] CMO0.CMO is set to MAX to generate the right aligned PWM, an edge to
ATOM[0]_CH[1]_CTRL_SOMP.SL is generated at the output at the very end of the current period or the output remains
at the level configured in ATOM[0] _CH[1]_CTRL_SOMP.SL, depending on the previous level of the output(described in
the errata GTM-IP-526). In this case if ATOM[i]_CH[1]_CM1.CM1 is updated to O for with the end of the period, then the
edge to !SL is missing. The SL will be executed with one period delay. This unexpected behaviour can be seen in the
waveform in Figure 16.

0% duty cycle PWM

Figure 16 -Unexpected output during switching between the right aligned PWM and 0 % duty cycle PWM

After the update of the shadow registers to the operation registers the output of ATOM channel 1 stays at SL and the
edge occurs one period later. In the errata GTM-IP-526 this unexpected behaviour is described. In addition, there are
two hints available in the errata which should help the user to handle avoid this unexpected behaviour at the output of
ATOM channel 1. The second approach (ATOM[i]_CH[x]_CM1.CM1 = value > ATOM[i]_CH[x]_CMO0.CMO0 = 0) is used in
the chapter 4.2.1 to correctly switch PWM type between the right aligned PWM and 0% duty cycle PWM, which is also
the recommend way written in the GTM-IP-526 workaround. With this configuration the output behaviour is as expected
during switching the PWM types.
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4.2.2 0 % duty cycle PWM generation based on GTM3 specification

In the GTM3 specification, the output is !SL = 0% duty cycle if CM0 > MAX independent of CM1. This configuration is
redefined in GTM4 to generate 0 % duty cycle PWM for the slave channel, ATOM[i]_CH[x]_CM1.CM1 of the slave channel
must be 0 and ATOM[i]_CH[x]_CMO0.CM0>MAX. Because in the slave channel, the counter ATOM[i]_CH[x]_CNO0.CNO
needs to reach ATOM[i] CH[x] CM1.CM1 at first, and then the edge to inverted ATOM[i] CH[x] CTRL_SOMP.SL can
be generated at the output. But this behaviour is not as expected that the output should always remain constant within
the period at invert signal level, which means 0% duty cycle PWM.

The waveform Figure 17 shows the wrong behaviour in the case of ATOM[i] CH[x] CM0.CM0O > MAX and
ATOM[i]_CHI[x]_CM1.CM1 !=0 (e.g. ATOM[0] _CH[1]_CM1.CM1=5). The inverted SL edge occurs inside the period when
ATOM[0]_CH[1]_CNO.CNO reaches ATOM[0] _CH[1]_CM1.CM1. Therefore, this condition is not suitable for generating a
0 % duty cycle PWM. This wrong description in the GTM3 specifications is described in the errata GTM-IP-525.

Figure 17 -Unexpected waveform for 0 % duty cycle PWM(CM1 != 0 and CMO > MAX)

To avoid this scenario, it has to be ensured that ATOM[i]_CH[x]_CM1.CM1 = 0 with the beginning of the new period
(recommended with a synchronous update) when you want to switch to a 0 % duty cycle directly with the beginning of a
new period.

4.3 Switching between 100 % duty cycle PWM and 0 % duty cycle PWM

In the GTM4 versions up from v4.1.0-0CO, the slave channel output is switching the PWM type between 100 % duty
cycle and 0 % duty cycle as specified. The following simulation waveform in Figure18 shows the correct behaviour.

annel(AGC_ENDIS=T]._ |
e - - -

| 100% duty cycle PWM

t
PWM)

0% duty cycle PWM

Figure 18 -Output during switching between 100 % duty cycle PWM and 0 % duty cycle PWM
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The PWM configuration code is shown in the following code sequence (MAX =200 as an example):

//Configure the ATOM channel 0 and 1 with FUPD to update the clock resolution and SL=0

...Same sequence as in subchapter 3.3

//Define output PWM parameters of channels

GTM.CLS[0].ATOM.CH[0].CMO = 200; // MAX=200
GTM.CLS[0].ATOM.CH[0].CM1 =100;

GTM.CLS[0].ATOM.CH[1].CMO = 0; //CM0=0
GTM.CLS[0].ATOM.CH[1].CM1 = 201; //CM1>MAX for 100% duty cycle PWM

//Enable ATOMO CHO and CH1
GTM.CLS[0]. ATOM.AGC.OUTEN_STAT = 0x0000000A; // output enable
GTM.CLS[0].ATOM.AGC.ENDIS_STAT = 0x0000000A; // channel enable
gal_wait(5);

GAL_INFO("Application: Switch from 100 % duty cycle PWM with CM0=0,CM1 > MAX to a 0 %
duty cycle PWM with CMO > MAX , CM1 = 0");

GTM.CLS[0]. ATOM.CHI[1].SRO = 201; // Switch to a 0 % duty cycle PWM
GTM.CLS[0].ATOM.CHI[1].SR1 = 0;
GTM.CLS[0]. ATOM.AGC.GLB_CTRL = 0x00080000; // UPEN enable

gal _wait(10);

GAL_INFO("Application: Switch from a 0 % duty cycle PWM with CM0 > MAX CM1 =0toa 100 %
duty cycle PWM with CMO = 0 and CM1 > MAX");

GTM.CLS[0]. ATOM.CH[1].SRO
GTM.CLS[0].ATOM.CH[1].SR1

0; // Switch to a 100 % duty cycle PWM
201;

gal_wait(5);

However, in early GTM devices (GTM4 v4.1.0.0A0 to 0B1, GTM3, GTM2 and GTM1), when switching the PWM type
from a 100 % duty cycle PWM to a 0 % duty cycle PWM, an edge is missing at the slave channel output. This unexpected
behaviour is specified in GTM-IP-522. If the same configuration as above is applied to the mentioned GTM versions to
switch the PWM type between 100 % duty cycle PWM and 0% duty cycle PWM, the edge to inverted SL appears one
period delayed after the update. This is an unexpected behaviour and can be seen in the following simulation waveform
in Figure 19.
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Figure 19 -Unexpected output during switching between 100 % duty cycle PWM and 0 % duty cycle PWM for
GTM v4.1.0.0A0 to 0B1 and older devices

The reason is that at the time of the update (at the end of the period), the ATOM[i]_CH[1]_CMO0.CMO is equal to zero
while ATOM[i]_CH[1] CM1.CM1 is also equal to zero. Due to the higher priority of CCUO, the output will remain at SL.
To fix this unexpected behaviour, GTM-IP-522 provides 2 available workarounds. They are shown with code examples
here:

1. Set CM1 to MAX using an asynchronous write access to GTM.CLS[0].ATOM.CH[1].CM1 in the period before the
change to a left-aligned or 0 % duty cycle PWM

// Set the PWM parameters to 100% duty cycle PWM
GTM.ATOMI[0].CH[1].SR0.U

0;
GTM.ATOMI[0].CH[1].SR1.U

201;

gal_wait(5);
// Set the PWM parameter to 0% duty cycle PWM with asynchronous update of CM1 to MAX
GTM.ATOM[0].CH[1].CM1.U = 200;

GTM.ATOM[0].CH[1].SR0.U = 201;

GTM.ATOM[0].CH[1].SR1.U = 0;

With this configuration the edge occurs immediately after the update and the output behaviour is as expected. The related
simulation waveform is shown below in Figure 20.

##

1°° After ensbling the-cRannellAGC _ENDIS= ;

(100/ duty cycle PWM)

(0 /u,dmv cycle PWM)

After updating the CM0“and|CMH1, »’///‘l S
an edge to/ATO'M[l] CH[1]_ICTRL SOMPSfls generate ////’/

1201

Figure 20 -Expected output during switching between 100 % duty cycle PWM and 0 % duty cycle PWM

2. Using ATOM[0]_CH[1]_CMO.CMO = 0 and ATOM[0]_CH[1] CM1.CM1 > MAX and toggled
ATOM][i]_CHI[1] CTRL_SOMP.SL to generate the 0% duty cycle PWM (only applicable for GTM 4.1 devices)
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// Set the PWM parameter to 100% duty cycle PWM
0;
201;

GTM.CLS[0]. ATOM.CH[1].SRO
GTM.CLS[0]. ATOM.CH[1].SR1

gal_wait(5);

//Set the PWM parameter to 0 % duty cycle PWM by toggling the SL with a synchronous update
GTM.CLS[0].ATOM.CH[1].CTRL_SR = 1<<11;

0;

201;

GTM.CLS[0]. ATOM.CH[1].SRO

GTM.CLS[0].ATOM.CH[1].SR1

4.4 Special behavior: Pipeline registers are within the trigger chain

In the ATOM module, for GTM3 and GTM4, there may be a pipeline/synchronization register between the ATOM channel
3 and ATOM channel 4 and between the TOM channel 7 and TOM channel 8 in each cluster. This register may cause a
delay in the trigger chain between the triggering channel and the triggered channel. Whether the pipeline register is
present depends on the device configuration variable (A)TOM_TRIG_INTCHAIN (indicated by the bit
CCM[i]_HW_CONF.(A)TOM_TRIG_INTCHAIN), users can read the value of the CCM[i]_HW_CONF register to make
sure that. For example, if the value in ATOM_TRIG_INTCHAIN is 4, then a pipeline register is present. When the value
in ATOM_TRIG_INTCHAIN is 8, then no pipeline registers between channel 3 and channel 4 is present.

Besides that, the pipeline register also exists between the ATOM modules in different clusters, for example between
ATOM 0 and ATOM 1.Also this register may cause a delay in the trigger chain when the triggered channels are in different
clusters than the triggering channel. This delay depends on the device configuration variable ATOM_TRIG_CHAIN (indi-
cated by CCM[i] HW_CONF.ATOM_TRIG_CHAIN). The delay exists after every N cluster (N = ATOM_TRIG_CHAIN).
The user can read the value of the CCM[i]_HW_CONF register to determine between which ATOM instances a pipeline
register exists.

In this use case, here is an example for the case that ATOM channel 0 is the master channel and triggers the slave ATOM
channel 7. Please note in addition that the triggering channels and all the triggered channels must have the same
SEL_CMU_CLKEN/CCMI[]_CLK_RES like described in the specification4.1 in Chapter 28.8-point number 7.

With the described background about the pipeline/synchronization register, here it is described what are the effects of
this pipeline register inside the trigger chain. Under specific conditions, a missing edge on output signal (A)TOM_OUT
occurs. The conditions therefore are:

e The cluster clock is equal to the system clock
(Configuring GTM_CLS_CLK_CFG.CLS [0] _CLK_DIV= 0b01)

e The selected CMU_CLK_RESx has a divider factor of more than 1 related to the cluster clock
(e.g., CMU_CLK_[0] CTRL =1 which means a divider factor of 2)

e The value of ATOMIi]_CH[x]_CM1.CM1 for the triggered channel is smaller than 2
(e.g., ATOM[0] CH[7] CM1.CM1 =1)

e Slave channel ATOMIi]_CH[x]_CMO0.CMO0 > ATOM[i]_CHI[x]_CM1.CM1

Configure the ATOM channel 1 and channel 7 PWMs under the same above conditions. the code sequence for the
configuration code is shown below.
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// configure the cluster clock without divider (GTM_CLS_CLK_CFG.CLS [0] _CLK_DIV=0b01)

GTM.CLS[0]. ARCH.CTRL = 0x0;

GTM.CLS[0].ARCH.CLK_CFG = 0x1;

//configure the CMU_CLKO divider with default global clock divider GCLK=1

GTM.CLS [0]. CMU.CLK_0_CTRL = 1;

GTM.CLS [0]. CMU.CLK_EN = 0x00000002; // Enable CMU_CLKO

// divider factor of more than 1

GAL _INFO(“Use Force update to switch to initial clock resolution for Channel 0,1,7 \n”);

GTM.CLS[0].ATOM.
GTM.CLS[0].ATOM.
GTM.CLS[0].ATOM.
GTM.CLS[0].ATOM.
GTM.CLS[0].ATOM.
GTM.CLS[0].ATOM.
GTM.CLS[0].ATOM.
GTM.CLS[0].ATOM.

CHI[0].CTRL = 0x01000002;
CH[0].CTRL_SR = 0xO0;
CH[1].CTRL = 0x00100002;
CH[1].CTRL_SR = 0xO0;
CHI[7].CTRL = 0x00100802;

AGC.FUPD_CTRL = 0x800A;
AGC.GLB_CTRL
AGC.FUPD_CTRL = 0x4005;

= 0x00000001;

// SOMP, TRIGOUT

// CMU_CLKO

// SOMP, RST_CCUO0=1
// CMU_CLKO

//SOMP, RST_CCUO=1

// host_trig

GAL_INFO("Define output PWM parameters of channels \n");

GTM.CLS[0].ATOM.
GTM.CLS[0].ATOM.
GTM.CLS[0].ATOM.
GTM.CLS[0].ATOM.

GTM.CLS[0].ATOM.

CHI[0].CMO = 5;
CH[0].CM1 = 3;
CH[1].CMO = 4;
CH[1].CM1 =1;
CH[7].CMO = 4;

// Slave channel ATOM[i]_CH[x]_CMO0.CM0 > ATOM[i]_CH[x]_CM1.CM1

GTM.CLS[0].ATOM.

CHI[7].CM1

//Enable ATOMO CHO and CH1, CHY
GTM.CLS[0].ATOM.AGC.OUTEN_STAT = 0x0000800A; // output enable
GTM.CLS[0].ATOM.AGC.ENDIS_STAT = 0x0000800A; // channel enable

gal _wait(10);

= 1; // CM1 for the triggered channel is smaller than 2

And the waveform of output behaviour in the Figure 21. This waveform shows that there is a delay between the master
ATOM channel 0 and slave ATOM channel 7 and this delay is not present between the master ATOM channel 0 and the
slave ATOM channel 1. The reason is that the pipeline register is present in the trigger chain of ATOM channel 7, but it
is not present in the trigger chain of ATOM channel 1. This delay leads to the fact that the output of ATOM channel 7
cannot generate the inverse SL edge when the above-mentioned conditions are fulfilled.
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Edges are/missing in ATOM CH7

Figure 21 -Output behaviour in triggered channel when a pipeline register in the trigger chain is present and the
specified conditions are fulfilled

To avoid this potential problem, there are workarounds available in the errata GTM-IP-517. It is recommended to use
channels without a pipeline/synchronization register within the trigger chain between the triggering channel and the trig-
gered channel if this is possible for the application.

If it is not possible to use channels without pipeline/synchronization registers in the trigger chain, the workaround 2 and
workaround 3 are also valid. For the case that (A)TOM[i]_CH[7]_CM1.CM1 = 1, the order of the edges has to be switched
by inverting the signal level and switching the values for (A)TOM[i] _CH[7] _CMO0.CMO0 and (A)TOMI[i]_CH[7] _CM1.CM1.
It must be noted that also in this case the configuration for 0 % duty cycle is still (A)TOM[i]_CH[x] CM1.CM1 = 0 and
(A)TOM[i]_CHI[x]_CMO0.CMO > MAX.

An example for this workaround is shown in the following code sequence. Here it can be seen that the ATOM channel 1
is configured like it is intended based on the specification. For the ATOM channel 7 the workaround is applied to achieve
the same output as for ATOM channel 1 which is configured with the standard configuration without workaround.

GAL_INFO(“Use Force update to switch to initial clock resolution for Channel 0,1,7 \n”);
GTM.CLS[0]. ATOM.CH[0].CTRL

0x01000002; // SOMP, TRIGOUT

[
GTM.CLS[0]. ATOM.CH[O0].CTRL_SR
GTM.CLS[0].ATOM.CH[1].CTRL
GTM.CLS[0].ATOM.CH[1].CTRL_SR

0x0; // CMU_CLKO

0x00100002; // SOMP, RST_CCUO0=1

0x0; // CMU_CLKO
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GTM.CLS[0].ATOM.CH[7].CTRL
GTM.CLS[0].ATOM.CH[7].CTRL_SR

= 0x00100802;

=1 << 115

GTM.CLS[0]. ATOM.AGC.FUPD_CTRL = 0x800A;

GTM.CLS[0]. ATOM.AGC.GLB_CTRL

= 0x00000001;

GTM.CLS[0]. ATOM.AGC.FUPD_CTRL = 0x4005;

//Define output PWM parameters of channels

GTM.CLS[0].ATOM.CH[0].CMO
GTM.CLS[0].ATOM.CH[0].CM1
GTM.CLS[0].ATOM.CH[1].CMO
GTM.CLS[0].ATOM.CH[1].CM1
GTM.CLS[0].ATOM.CH[7].CMO
GTM.CLS[0].ATOM.CH[7].CM1

//Enable ATOMO CHO and CH1, CH7

//SOMP, RST_CCU0=1
// CMU_CLKO , SL=1

// host_trig

GTM.CLS[0]. ATOM.AGC.OUTEN_STAT = 0x0000800A; // output enable

GTM.CLS[0]. ATOM.AGC.ENDIS_STAT = 0x0000800A; // channel enable

gal_wait(10);

The following waveform in Error! Reference source not found. 22 shows the correct output behaviour with the above s
hown configurations and the usage of the workaround 2a. For the case that slave channel (A)TOM[i]_CH[i]_CM1.CM1 =

0, with the workaround 2b  ATOM][i]_CH[7]_CM1.CM1

must be set to the original application value of

ATOM[i]_CHI[x]_CMO0.CMO0 while ATOM[i]_CHI[x]_CMO0.CMO has to be set to MAX. Additionally ATOM[i]_CH[7]_SR0.SR0
has to be set to MAX. An example for this workaround is shown in the Figure 23.

© Robert Bosch GmbH 2024. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications V1.0 - 29.11.2024 - M E'|C/P RM-1P

for industrial property rights.



GTM-IP Application note: AN034 - Dynamic Switching Among Various PWM Types

After enabling the chapnels
(AGC_ENDIS=1),

wenn CNO reaches 1,
an edge to ISL|is genegrated

TGO kP PO O e GO PR R

T

Figure 22 -Output behaviour in triggered channel when a pipeline register in the trigger chain is present and
workaround2a is applied
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Figure 23 -Output behaviour in triggered channel when a pipeline register in the trigger chain is present and
workaround2b is applied
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Another possible method to avoid the missing edge at the output is to change the clock divider with
GTM_CLS_CLK_CFG.CLSJ[j]_CLK_DIV and CMU_CLK_[x]_CTRL to achieve that the CMU_CLK_RESx works as same
clock as cluster clock. Compared to the CMU setup code in Chapter 2.2, CMU_CLK_RESO can still work at 100 MHz by
setting GTM_CLS_CLK_CFG.CLS[j]_CLK_DIV = 0b10 and GTM.CLS[0].CMU.CLK_0_CTRL = 0.

GTM.CLS[0].ARCH.CTRL = 0x0;
GTM.CLS[0].ARCH.CLK_CFG = 0x2; //cluster clock = 100 MHz

//Configure and run CMU

GTM.CLS[0].CMU.CLK_0_CTRL = 0; // GCLK/1 = 100MHz
GTM.CLS[0].CMU.CLK_EN = 0x00000002; // Enable CMU_CLKO
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