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

 

GTM    Generic Timer Module 

ATOM    ARU connected Timer Output Module 

TOM    Timer Output Module 

CMU    Clock Management Unit 

TIM    Timer Input Module 

CCU0    Clock Counting Unit 0 (Count and Compare Unit 0) 

CCU1    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-IP-517,519,520,522,525,526 

GTM 4.1               GTM-IP-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) 

period (SL=1)period (SL=0)
Or

 

100% duty cycle PWM 
(depending on signal level SL) 

 

period (SL=0) period (SL=1)
Or

 

0% duty cycle PWM 
(depending on signal level SL) 

period (SL=0) period (SL=1)
Or

 

 
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]_CH[x]_CN0.CN0 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_CCU0 =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. 
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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]_CN0.CN0 of ATOM 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_CCU0 =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) :  

 

• ATOM[i]_CH[x]_CN0.CN0 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. 

 

• If ATOM[i]_CH[x]_CN0.CN0 reaches ATOM[i]_CH[x]_CM1.CM1, an edge to !ATOM[i]_CH[x]_CTRL_SOMP.SL 

is generated. 

 

• If ATOM[i]_CH[x]_CN0.CN0 reaches ATOM[i]_CH[x]_CM0.CM0, an edge to ATOM[i]_CH[x]_CTRL_SOMP.SL is 

generated. 

 

     

ATOM[i]_CH[x]_CM1

ATOM[i]_CH[x]_CM0

ATOM[i]_CH[x]_CN0

enable

channel

ATOM_CCU0TC[x]_IRQ

ATOM_CCU1TC[x]_IRQ

ATOM_OUT[x:x] for SL=0

ATOM_OUT[x:x] for SL=1

ATOM_CH_TRIGIN[x:x] or 

EXT_TRIGIN[x:x]

ATOM_CH_TRIGIN[x:x] or 

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_CCU0=1 

The description of this feature in GTM3 specification is similar to that in GTM4 specification. The GTM3 specification 

describes this feature as follows: CN0 counts from 0 to MAX−1 and is then reset to 0 by trigger signal. CM0 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 CM0 = 0 and CM1 = MAX, the output SL has a 100% duty cycle and if CM0 > 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. 
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ATOM_2780: 

 

• If ATOM[i]_CH[x]_CM0.CM0=0 and ATOM[i]_CH[x]_CM1.CM1>MAX, the output is a pulse of 

ATOM[i]_CH[x]_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

ATOM[i]_CH[x]_CN0

enable
channel

ATOM_CCU0TC[x]_IRQ

ATOM_CCU1TC[x]_IRQ

ATOM_OUT[x:x] for SL=0

ATOM_OUT[x:x] for SL=1

ATOM_CH_TRIGIN[x:x] or 
EXT_TRIGIN[x:x]

ATOM_CH_TRIGIN[x:x] or 
EXT_TRIGIN[x:x]

 

Figure 2 -100 % duty cycle PWM signal 

 

• If ATOM[i]_CH[x]_CM0.CM0>MAX and ATOM[i]_CH[x]_CM1.CM1=0, the output 

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

 

ATOM[i]_CH[x]_CM0 > Max

ATOM[i]_CH[x]_CM1 = 0

ATOM[i]_CH[x]_CN0

ATOM_CCU0TC[x]_IRQ

ATOM_CCU1TC[x]_IRQ

ATOM_OUT[x:x] =1 for SL=0

ATOM_OUT[x:x] =0 for SL=1

ATOM_CH_TRIGIN[x:x] or 
EXT_TRIGIN[x:x]

ATOM_CH_TRIGIN[x:x] or 
EXT_TRIGIN[x:x]

ATOM_CH_TRIGIN[x:x] or 
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:  

 

• As soon as ATOM[i]_CH[x]_CN0.CN0 reaches the value of ATOM[i]_CH[x]_CM0.CM0 while 

ATOM[i]_CH[x]_CM1.CM1 is equal to ATOM[i]_CH[x]_CM0.CM0, 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 (ATOM[i]_CH[x]_CM0.CM0 has higher priority). Please note that this configuration is 

not suitable for generating 100% duty cycle. 

 

ATOM[i]_CH[x]_CM0 = CM1

ATOM[i]_CH[x]_CN0

enable

channel

ATOM_CCU0TC[x]_IRQ

ATOM_CCU1TC[x]_IRQ

ATOM_OUT[x:x] for SL=0

ATOM_OUT[x:x] for SL=1

ATOM_CH_TRIGIN[x:x] or 

EXT_TRIGIN[x:x]

ATOM_CH_TRIGIN[x:x] or 

EXT_TRIGIN[x:x]
 

Figure 4 -Output behaviour when ATOM[i]_CH[x]_CM0.CM0 is equal to ATOM[i]_CH[x]_CM1.CM1 

 

• If ATOM[i]_CH[x]_CM0.CM0 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 

ATOM[i]_CH[x]_CM1.CM1 is updated to 0 for the new period (ATOM[i]_CH[x]_CM0.CM0 has higher priority). 

 

 

ATOM[i]_CH[x]_CM1

ATOM[i]_CH[x]_CN0

enable

channel

ATOM_CCU0TC[x]_IRQ

ATOM_CCU1TC[x]_IRQ

ATOM_OUT[x:x] for SL=0

ATOM_OUT[x:x] for SL=1

ATOM_CH_TRIGIN[x:x] or 

EXT_TRIGIN[x:x]

ATOM_CH_TRIGIN[x:x] or 

EXT_TRIGIN[x:x]

Update ATOM[i]_CH[x]_CM1= 0

ATOM[i]_CH[x]_CM0 = MAX

 

Figure 5 -Output behaviour when ATOM[i]_CH[x]_CM0.CM0 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]_CN0.CN0 reaches the value of 

ATOM[i]_CH[x]_CM0.CM0 and ATOM[i]_CH[x]_CN0.CN0 reaches the value of ATOM[i]_CH[x]_CM1.CM1 occur at the 

same point in time. In case  ATOM[i]_CH[x]_CN0.CN0 reaches ATOM[i]_CH[x]_CM1.CM1, an edge 

to !ATOM[i]_CH[x]_CTRL_SOMP.SL should be generated.  However, due to the higher priority of 

ATOM[i]_CH[x]_CM0.CM0, the output will generate an edge to ATOM[i]_CH[x]_CTRL_SOMP.SL level or remain at the 

ATOM[i]_CH[x]_CTRL_SOMP.SL level at the point when ATOM[i]_CH[x]_CN0.CN0 reaches ATOM[i]_CH[x]_CM1.CM1 

and ATOM[i]_CH[x]_CM0.CM0 at the same time.  
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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(ATOM0 channel 0 as Master channel, ATOM0 
channel 1 as slave channel as an example). 
 

 

CMU

ATOM0_CH0_OUT
(as Master channel)

CMU_CLK0

ATOM0

ATOM0_CH1_OUT
(as slave channel)

AEI-BUS:PWM 

charateristic

Period 
MAX

Channel enable

.

.

.

CH0

CH1
.
.
.

Period 
MAX

Trigger in 

Trigger signal resets 
the counter of slave 

channels

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.  
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CMU
EGU

CLS_CLK CMU_CLK0

CMU_FXCLKx

FCRG

5

3 CMU_ECLKx

CMU_CLK6

CRG

CMU_CLK7sub_inc1

sub_inc2

CMU_CLKx5

GCRG

 

Figure 7 -CMU architecture overview 

 

In this application, the CMU_CLK_RES0 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_FXCLKx): 

 

// 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_CLK0 divider with GCLK= 1 and set the CMU_CLK_RES0 with 100MHz  

GTM.CLS [0]. CMU.CLK_0_CTRL = 1;       // GCLK/2  = 100MHz  

GTM.CLS [0]. CMU.CLK_EN     = 0x00000002;  // Enable CMU_CLK0  

 

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 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(CCU0) counts ATOM[0]_CH[0]_CN0.CN0 based on 

the selected CMU_CLK_RESx and compares it with ATOM[0]_CH[0]_CM0.CM0 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 

ATOM[0]_CH[0]_CM0.CM0, the counter register ATOM[0]_CH[0]_CN0.CN0 is reset and ATOM_TRIG_CCU0 signal is 

raised, which can be sent out as ATOM_CH_TRIGOUT[0] 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_CCU0 = 1, the 

counter ATOM[0]_CH[1]_CN0.CN0 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]_CM0.CM0, 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]_CM0.CM0 is used to set the value 

for the second edge inside the PWM period. Additionally, the value of Master channel ATOM[0]_CH[0]_CM0.CM0 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.CH[0].CTRL       = 0x01000002;      // SOMP mode, TRIGOUT=1 

GTM.CLS[0].ATOM.CH[0].CTRL_SR    = 0x0;  // CMU_CLK0, SL=0 

GTM.CLS[0].ATOM.CH[1].CTRL       = 0x00100002;      //SOMP mode, RST_CCU0=1  

GTM.CLS[0].ATOM.CH[1].CTRL_SR    = 0x0;      // CMU_CLK0, SL=0 

 

GTM.CLS[0].ATOM.AGC.FUPD_CTRL  = 0xA;    //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].CM0           = 200;   // Period = 200 (MAX = 200)  

GTM.CLS[0].ATOM.CH[0].CM1           = 100;   // Pulse Width 

 

GTM.CLS[0].ATOM.CH[1].CM0         = 150;  //Edge to SL when CN0 = 150  

GTM.CLS[0].ATOM.CH[1].CM1          = 50;          //Edge to !SL when CN0 = 50  

 

//Enable ATOM0 CH0 and CH1  

GTM.CLS[0].ATOM.AGC.OUTEN_STAT  = 0x0000000A;  // outputs 0 and 1 enable 

GTM.CLS[0].ATOM.AGC.ENDIS_STAT  = 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 
ATOM[i]_CH[x]_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-
chapter  

Use case description  Effect errata 

4.1 100 % duty cycle PWM generation   

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

4.1.2 100 % 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 

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

 

Table 2 – User cases overview 

 

4.1 100 % 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]_CM0.CM0 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].CM0           = 200;    // Period = 200 (MAX = 200)  

GTM.CLS[0].ATOM.CH[0].CM1           = 100;   // Pulse width  

 

GTM.CLS[0].ATOM.CH[1].CM0           = 0; 

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

 

//Enable ATOM0 CH0 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. 

 

 

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

 

 
 

4.1.1 Dynamic switching between 100% duty cycle PWM and other aligned 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. 

 

 

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].CM0            = 200;   //Period = MAX 

GTM.CLS[0].ATOM.CH[0].CM1            = 100;    //Pulse width  

 

//Configure the slave channel with 100% PWM with CM1 > MAX, CM0=0  

GTM.CLS[0].ATOM.CH[1].CM0            = 0;  

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

 

//Enable ATOM0 CH0 and CH1  

GTM.CLS[0].ATOM.AGC.OUTEN_STAT  = 0x0000000A;  // output 0 and 1 enable  

GTM.CLS[0].ATOM.AGC.ENDIS_STAT  = 0x0000000A;  //channel 0 and 1 enable  

gal_wait(5);  

 

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

 

GTM.CLS[0].ATOM.CH[1].SR0            = 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.CH[1].SR0            = 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.CH[1].SR0            = 100;    

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

gal_wait(5);  

 

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

GTM.CLS[0].ATOM.CH[1].SR0          = 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.CH[1].SR0          = 0;  

GTM.CLS[0].ATOM.CH[1].SR1          = 100;  

gal_wait(5);  

 

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

GTM.CLS[0].ATOM.CH[1].SR0          = 0;  

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

gal_wait(5);  

 

 

4.1.2 100% duty cycle generation based on GTM3 specification 

 
1. Refer to 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]_CM0.CM0 is equal to 0 to 

generate the 100 % 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. Refer to GTM-IP-519 

 

In the GTM3 specification, if CM0=CM1, the output switches to SL if CN0=CM0=CM1 (CM0 has higher priority). Because 

CM0 has a higher priority, when CN0 reaches the values of CM0 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]_CM0.CM0 is equal to  ATOM[i]_CH[x]_CM1.CM1 (e.g., ATOM[0]_CH[1]_CM0.CM0= 

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]_CH[x]_CN0.CN0 reaches ATOM[i]_CH[x]_CM0.CM0 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]_CM0.CM0 = 0 and ATOM[i]_CH[x]_CM1.CM1 > MAX for setting  100% duty 

cycle in Continuous Up Count mode with RST_CCU0=1.  

 

 

Figure 12 -Waveform for 100 % duty cycle PWM(CM1=CM0) 
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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.    
 

 

Figure 13 -Unexpected output during dynamic switching between aligned PWM and 100 % duty cycle PWM(CM1= 
CM0) 

 

 
 
 
 
 
 

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]_CH[x]_CM0.CM0 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].CM0          = 200;  

GTM.CLS[0].ATOM.CH[0].CM1          = 100;  

 

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

          GTM.CLS[0].ATOM.CH[1].CM1          = 0;      //CM1 = 0 

 

//Enable ATOM0 CH0 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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Figure 14 -Waveform for 0 % duty cycle PWM(CM1 = 0 and CM0 > MAX) 

 
 

4.2.1 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]_CH[x]_CM1.CM1 is equal to 0 and ATOM[i]_CH[x]_CM0.CM0 is set to greater than MAX) is used to switch the 

output behaviour. The simulated waveform is shown as below in Figure 15. 

 

 

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].CM0          = 200;  

GTM.CLS[0].ATOM.CH[0].CM1          = 100;  

 

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

 

//Enable ATOM0 CH0 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].CM0          = 200;  

//Set the value of (A)TOM[i]_CH[x]_CM0.CM0 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, CM0 = 0 to center 

aligned PWM type  

      

GTM.CLS[0].ATOM.CH[1].SR0          = 150;  

GTM.CLS[0].ATOM.CH[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 CM0 > 

MAX ,CM1 = 0"); 

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

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

gal_wait(5); 

 

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

type  "); 

GTM.CLS[0].ATOM.CH[1].SR0          = 100;  

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

gal_wait(5); 

 

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

CM1 = 0"); 

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

GTM.CLS[0].ATOM.CH[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 aligned PWM 

type"); 

GTM.CLS[0].ATOM.CH[1].SR0          = 0;  

GTM.CLS[0].ATOM.CH[1].SR1          = 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].SR0          = 201;  

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

gal_wait(5) 

 
To achieve the expected output, CM0 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]_CH[x]_CM1.CM1 = value  < ATOM[i]_CH[x]_CM0.CM0 = MAX 

2. ATOM[i]_CH[x]_CM1.CM1 =  value > ATOM[i]_CH[x]_CM0.CM0 = 0 

if ATOM[0]_CH[1]_CM0.CM0 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 0 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.  

 

 

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]_CM0.CM0 = 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]_CM0.CM0>MAX. Because in the slave channel, the counter ATOM[i]_CH[x]_CN0.CN0 

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.CM0 > MAX and 

ATOM[i]_CH[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]_CN0.CN0 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 CM0 > 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 v4.1.0-0C0, 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. 

 

 

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].CM0          = 200;   // MAX=200 

GTM.CLS[0].ATOM.CH[0].CM1          = 100;  

 

GTM.CLS[0].ATOM.CH[1].CM0          = 0;             //CM0=0  

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

 

//Enable ATOM0 CH0 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 CM0 > MAX , CM1 = 0"); 

GTM.CLS[0].ATOM.CH[1].SR0          = 201;   // Switch to a 0 % duty cycle PWM 

GTM.CLS[0].ATOM.CH[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 = 0 to a 100 % 

duty cycle PWM with CM0 = 0 and CM1 > MAX"); 

GTM.CLS[0].ATOM.CH[1].SR0          = 0;   // Switch to a 100 % duty cycle PWM 

GTM.CLS[0].ATOM.CH[1].SR1          = 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]_CM0.CM0 is equal to zero 

while ATOM[i]_CH[1]_CM1.CM1 is also equal to zero. Due to the higher priority of CCU0, 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.ATOM[0].CH[1].SR0.U = 0;  

GTM.ATOM[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. 

 

 

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

 

2. Using ATOM[0]_CH[1]_CM0.CM0 = 0 and ATOM[0]_CH[1]_CM1.CM1 > MAX and toggled 

ATOM[i]_CH[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  

GTM.CLS[0].ATOM.CH[1].SR0          = 0;  

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

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;  

GTM.CLS[0].ATOM.CH[1].SR0          = 0;  

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

 
 
 

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/CCM[i]_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: 

 

• The cluster clock is equal to the system clock 

(Configuring GTM_CLS_CLK_CFG.CLS [0] _CLK_DIV= 0b01) 

 

• 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) 

 

• The value of ATOM[i]_CH[x]_CM1.CM1 for the triggered channel is smaller than 2  

(e.g., ATOM[0]_CH[7]_CM1.CM1 = 1 )  

 

• Slave channel ATOM[i]_CH[x]_CM0.CM0 > ATOM[i]_CH[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_CLK0 divider with default global clock divider GCLK=1   

    GTM.CLS [0]. CMU.CLK_0_CTRL = 1;       // divider factor of more than 1  

GTM.CLS [0]. CMU.CLK_EN     = 0x00000002;  // Enable CMU_CLK0  

 

GAL_INFO(“Use Force update to switch to init ial clock resolution for Channel 0,1,7 \n”); 

GTM.CLS[0].ATOM.CH[0].CTRL       = 0x01000002;      // SOMP, TRIGOUT 

GTM.CLS[0].ATOM.CH[0].CTRL_SR   = 0x0;      // CMU_CLK0 

GTM.CLS[0].ATOM.CH[1].CTRL       = 0x00100002;      // SOMP, RST_CCU0=1 

GTM.CLS[0].ATOM.CH[1].CTRL_SR  = 0x0;      // CMU_CLK0 

GTM.CLS[0].ATOM.CH[7].CTRL       = 0x00100802;      //SOMP, RST_CCU0=1 

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

GTM.CLS[0].ATOM.AGC.GLB_CTRL   = 0x00000001;  // host_trig 

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

 

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

GTM.CLS[0].ATOM.CH[0].CM0          = 5;  

GTM.CLS[0].ATOM.CH[0].CM1          = 3;  

GTM.CLS[0].ATOM.CH[1].CM0          = 4;  

GTM.CLS[0].ATOM.CH[1].CM1          = 1;  

 

GTM.CLS[0].ATOM.CH[7].CM0          = 4;  

// Slave channel ATOM[i]_CH[x]_CM0.CM0 > ATOM[i]_CH[x]_CM1.CM1  

GTM.CLS[0].ATOM.CH[7].CM1          = 1; // CM1 for the triggered channel is smaller than 2   

 

//Enable ATOM0 CH0 and CH1, CH7  

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

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

gal_wait(10); 

 

 

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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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]_CM0.CM0 and (A)TOM[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]_CH[x]_CM0.CM0 > 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 init ial clock resolution for Channel 0,1,7 \n”); 

GTM.CLS[0].ATOM.CH[0].CTRL       = 0x01000002;      // SOMP, TRIGOUT 

GTM.CLS[0].ATOM.CH[0].CTRL_SR   = 0x0;      // CMU_CLK0 

GTM.CLS[0].ATOM.CH[1].CTRL       = 0x00100002;      // SOMP, RST_CCU0=1 

GTM.CLS[0].ATOM.CH[1].CTRL_SR  = 0x0;      // CMU_CLK0 
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GTM.CLS[0].ATOM.CH[7].CTRL       = 0x00100802;      //SOMP, RST_CCU0=1 

GTM.CLS[0].ATOM.CH[7].CTRL_SR   = 1 << 11;     // CMU_CLK0 , SL=1  

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

GTM.CLS[0].ATOM.AGC.GLB_CTRL   = 0x00000001;  // host_trig 

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

 

//Define output PWM parameters of channels  

GTM.CLS[0].ATOM.CH[0].CM0          = 5;  

GTM.CLS[0].ATOM.CH[0].CM1          = 3;  

GTM.CLS[0].ATOM.CH[1].CM0          = 4;  

GTM.CLS[0].ATOM.CH[1].CM1          = 1;  

GTM.CLS[0].ATOM.CH[7].CM0          = 1;  

GTM.CLS[0].ATOM.CH[7].CM1          = 4;  

 

//Enable ATOM0 CH0 and CH1, CH7  

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]_CH[x]_CM0.CM0 while ATOM[i]_CH[x]_CM0.CM0 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. 
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Figure 22 -Output behaviour in triggered channel when a pipeline register in the trigger chain is present and 
workaround2a is applied 

 

Figure 23 -Output behaviour in triggered channel when a pipeline register in the trigger chain is present and 
workaround2b is applied 

 



  

 

GTM-IP Application note: AN034 – Dynamic Switching Among Various PWM Types 30 | 34 

V1.0 - 29.11.2024 - ME-IC/PRM-IP  
© Robert Bosch GmbH 2024. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications 
for industrial property rights. 

 

 

Another possible method to avoid the missing edge at the output is to change the clock divider with 

GTM_CLS_CLK_CFG.CLS[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_RES0 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_CLK0  
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6 General Information about this document 

6.1 LEGAL NOTICE 
© Copyright 2008-2024 by Robert Bosch GmbH and its licensors. All rights reserved. 

 

"Bosch" is a registered trademark of Robert Bosch GmbH. 

 

The content of this document is subject to continuous developments and improvements. All 

particulars and its use contained in this document are given by BOSCH in good faith. 

 

NO WARRANTIES: TO THE MAXIMUM EXTENT PERMITTED BY LAW, NEITHER THE INTELLECTUAL PROPERTY 

OWNERS, COPYRIGHT HOLDERS AND CONTRIBUTORS, NOR ANY PERSON, EITHER EXPRESSLY OR IMPLIC-

ITLY, WARRANTS ANY ASPECT OF THIS SPECIFICATION, SOFTWARE RELATED THERETO, CODE AND/OR PRO-

GRAM RELATED THERETO, INCLUDING ANY OUTPUT OR RESULTS OF THIS SPECIFICATION, SOFTWARE RE-

LATED THERETO, CODE AND/OR PROGRAM RELATED THERETO UNLESS AGREED TO IN WRITING. THIS SPEC-

IFICATION, SOFTWARE RELATED THERETO, CODE AND/OR PROGRAM RELATED THERETO IS BEING PRO-

VIDED "AS IS", WITHOUT ANY WARRANTY OF ANY TYPE OR NATURE, EITHER EXPRESS OR IMPLIED, INCLUD-

ING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICU-

LAR PURPOSE, AND ANY WARRANTY THAT THIS SPECIFICATION, SOFTWARE RELATED THERETO, CODE 

AND/OR PROGRAM RELATED THERETO IS FREE FROM DEFECTS. 

ASSUMPTION OF RISK: THE RISK OF ANY AND ALL LOSS, DAMAGE, OR UNSATISFACTORY PERFORMANCE OF 

THIS SPECIFICATION (RESPECTIVELY THE PRODUCTS MAKING USE OF IT IN PART OR AS A WHOLE), SOFT-

WARE RELATED THERETO, CODE AND/OR PROGRAM RELATED THERETO RESTS WITH YOU AS THE USER. TO 

THE MAXIMUM EXTENT PERMITTED BY LAW, NEITHER THE INTELLECTUAL PROPERTY OWNERS, COPYRIGHT 

HOLDERS AND CONTRIBUTORS, NOR ANY PERSON EITHER EXPRESSLY OR IMPLICITLY, MAKES ANY REPRE-

SENTATION OR WARRANTY REGARDING THE APPROPRIATENESS OF THE USE, OUTPUT, OR RESULTS OF THE 

USE OF THIS SPECIFICATION, SOFTWARE RELATED THERETO, CODE AND/OR PROGRAM RELATED THERETO 

IN TERMS OF ITS CORRECTNESS, ACCURACY, RELIABILITY, BEING CURRENT OR OTHERWISE. NOR DO THEY 

HAVE ANY OBLIGATION TO CORRECT ERRORS, MAKE CHANGES, SUPPORT THIS SPECIFICATION, SOFTWARE 

RELATED THERETO, CODE AND/OR PROGRAM RELATED THERETO, DISTRIBUTE UPDATES, OR PROVIDE NO-

TIFICATION OF ANY ERROR OR DEFECT, KNOWN OR UNKNOWN. IF YOU RELY UPON THIS SPECIFICATION, 

SOFTWARE RELATED THERETO, CODE AND/OR PROGRAM RELATED THERETO, YOU DO SO AT YOUR OWN 

RISK, AND YOU ASSUME THE RESPONSIBILITY FOR THE RESULTS. SHOULD THIS SPECIFICATION, SOFTWARE 

RELATED THERETO, CODE AND/OR PROGRAM RELATED THERETO PROVE DEFECTIVE, YOU ASSUME THE 

COST OF ALL LOSSES, INCLUDING, BUT NOT LIMITED TO, ANY NECESSARY SERVICING, REPAIR OR CORREC-

TION OF ANY PROPERTY INVOLVED TO THE MAXIMUM EXTEND PERMITTED BY LAW. 

DISCLAIMER: IN NO EVENT, UNLESS REQUIRED BY LAW OR AGREED TO IN WRITING, SHALL THE INTELLEC-

TUAL PROPERTY OWNERS, COPYRIGHT HOLDERS OR ANY PERSON BE LIABLE FOR ANY LOSS, EXPENSE OR 

DAMAGE, OF ANY TYPE OR NATURE ARISING OUT OF THE USE OF, OR INABILITY TO USE THIS SPECIFICATION, 

SOFTWARE RELATED THERETO, CODE AND/OR PROGRAM RELATED THERETO, INCLUDING, BUT NOT LIM-

ITED TO, CLAIMS, SUITS OR CAUSES OF ACTION INVOLVING ALLEGED INFRINGEMENT OF COPYRIGHTS, PA-

TENTS, TRADEMARKS, TRADE SECRETS, OR UNFAIR COMPETITION. 

INDEMNIFICATION: TO THE MAXIMUM EXTEND PERMITTED BY LAW YOU AGREE TO INDEMNIFY AND HOLD 

HARMLESS THE INTELLECTUAL PROPERTY OWNERS, COPYRIGHT HOLDERS AND CONTRIBUTORS, AND EM-

PLOYEES, AND ANY PERSON FROM AND AGAINST ALL CLAIMS, LIABILITIES, LOSSES, CAUSES OF ACTION, 

DAMAGES, JUDGMENTS, AND EXPENSES, INCLUDING THE REASONABLE COST OF ATTORNEYS’ FEES AND 

COURT COSTS, FOR INJURIES OR DAMAGES TO THE PERSON OR PROPERTY OF THIRD PARTIES, INCLUDING, 

WITHOUT LIMITATIONS, CONSEQUENTIAL, DIRECT AND INDIRECT DAMAGES AND ANY ECONOMIC LOSSES, 

THAT ARISE OUT OF OR IN CONNECTION WITH YOUR USE, MODIFICATION, OR DISTRIBUTION OF THIS SPEC-

IFICATION, SOFTWARE RELATED THERETO, CODE AND/OR PROGRAM RELATED THERETO, ITS OUTPUT, OR 

ANY ACCOMPANYING DOCUMENTATION. 

GOVERNING LAW: THE RELATIONSHIP BETWEEN YOU AND ROBERT BOSCH GMBH SHALL BE GOVERNED 

SOLELY BY THE LAWS OF THE FEDERAL REPUBLIC OF GERMANY. THE STIPULATIONS OF INTERNATIONAL 

CONVENTIONS REGARDING THE INTERNATIONAL SALE OF GOODS SHALL NOT BE APPLICABLE. THE EXCLU-

SIVE LEGAL VENUE SHALL BE DUESSELDORF, GERMANY. 

MANDATORY LAW SHALL BE UNAFFECTED BY THE FOREGOING PARAGRAPHS. 
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