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AN99235 discusses how to configure the base timer of an S6E2HG (FM4) series MCU to generate a PWM signal

with a variable period and duty cycle. A code example using FM4-120L-S6E2HG starter-kit is included to
demonstrate this operation.
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3.1 Configuration Flow Chart

1 Introduction

Pulse width modulation (PWM) is a general function for house-hold and industry applications such as power
management, lighting, and motor control.

Most ARM® Cortex®-M4 based microcontrollers have a base timer that can be used to generate a PWM signal.

This application note discusses how to use the base timer of an S6E2HG (FM4) series MCU to generate a PWM
signal with a variable period and duty cycle. This application note covers the principle of PWM generation, definition
of related registers with base timer, flow of configuring the PWM timer mode, and a code example of configuring the
running modes (one-shot mode, continuous mode, restart enable mode, restart disable mode, etc). The sample code
and illustrations based on the starter-kit (FM4-120L-S6E2HG) are included to demonstrate this operation.

2 PWM Principle

Each channel of the base timer can be used as one of the four kinds of timers: 16-bit PWM timer, 16-bit PPG timer,
16- or 32-bit reload timer and 16-or 32-bit PWC timer. In this application note, 16-bit PWM timer mode is used to
generate a PWM signal.

The generation of a PWM signal using the base timer of an S6E2HG series MCU works by comparing the register
values with the 16-bit down counter. The period of PWM is determined by the PCSR register, which stores the initial
value of 16-bit down counter. When the counter value is equal to zero, an underflow interrupt is occurred, and the
value in PCSR is transferred to the 16-bit down counter. The PWM duty cycle is determined by the PDUT register.
When the counter value is equal to the value in PDUT, the polarity of the PWM waveform is inverted.

WWW.CYpress.com Document No. 001-99235 Rev. ** 1


http://www.cypress.com/

{

J

2 me SO

(Y PHESS

PERFORM

i

FM4 S6E2HG Series MCU - 16-Bit PWM Using a Base Timer

Figure 1. PWM Principle Explanation
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2.1 Base Timer Mode Select

The base timer function can be set as a 16-bit PWM timer, 16-bit PPG timer, 16/32-bit reload timer, or a 16/32-bit
PWC timer using the FMD2, FMD1, and FMDO bits in the Timer Control Register (TMCR). Table 1 provides an
overview of each selectable timer function.

Table 1.Relationship Between Mode Setting and Timer Functions

Settings of FMD2,FMD1, Function
And FMDO bits
0b000 Reset mode
0b001 16-bit PWM timer
0b010 16-bit PPG timer
0b011 16/32-bit reload timer
0b100 16/32-bit PWC timer

The PWM timer consists of a 16-bit down counter, a 16-bit data register with a period set buffer, a 16-bit compare
register with a duty cycle set buffer, and a pin controller.

The period and duty cycle data are in a buffered register and therefore can be rewritten while the timer is operating.

When triggered, the 16-bit PWM timer starts countdown from the period set value. First, it outputs a LOW pulse.
When the 16-bit down counter matches the value set in the PWM Duty Set Register, the output inverts to HIGH. After
this, the output inverts again to LOW when a counter underflow occurs. This sequence can generate waveforms with
any period and duty cycle.

2.2 Pin Allocation for PWM

Select the pin and its corresponding base timer. This example uses the pin P3A (TIOAO_1); therefore, set the output
for TIOAO as described in Table 2.

Table 2. [bit 3:2] TIOAOE: TIOAO Output Select Bit

bit3:2 Description
Reading Reads out the register value
Writing 00 Does not produce output for BT-chO-TIOA (initial value)
Writing 01 Uses TIOAO_O as the output pin of BT-chO-TIOA
Writing 10 Uses TIOAOQ_1 as the output pin of BT-chO-TIOA
Writing 11 Uses TIOAO_2 as the output pin of BT-chO-TIOA
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2.

w

Clock for PWM

Perform the following sequence:

1. SetHCLK.
2. Set PCLK1 (which is connected to HCLK).
3. Setthe PWM timer (which is connected to PCLK1).

Set the HCLK (base timer). HCLK is a clock for the macro connected to the AHB bus. The clock frequency can
be set between 1/1 and 1/16 of the frequency of the master clock.

The following code sets the base clock frequency to 80 MHz:

FM CRG->BSC PSR f.BSR = lu;

The Base Clock Prescaler Register (BSC_PSR)

Set the frequency division ratio of the base clock per Table 3.
Table 3. [bit 2:0] BSR: Base Clock Frequency Division Ratio Setting Bit

Bit2 Bitl Bit0 Description
0 0 0 11

0 0 1 Ya

0 1 0 1/3

0 1 1 Ya

1 0 0 1/6

1 0 1 1/8

1 1 0 1/16

1 1 1 Reserved

®  Set the APB1 bus clock (PCLK1). PCLKL1 is a clock for the macro connected to the base timer bus. The clock
frequency can be set between 1/1 and 1/8 of the frequency of the base clock.

The following code sets the APB1 bus clock frequency to 20 MHz:
FM CRG->APBC1l PSR f.APBCl = 2u;

APBC1_PSR sets the APB1 bus clock frequency division ratio as listed in Table 4.
Table 4. [bit 1:0] APBC1: APB1 Bus Clock Frequency Division Ratio Setting Bit

Bit2 Bitl Description
0 0 1/1(Initial value)
0 1 Yo

1 0 Ya

1 1 1/8

®  The Timer Control Register (TMCR) controls the PWM timer. Set bit14:12 CKS3 to CKSO (count clock selection
bit).
The following code sets the PWM clock frequency to 5SMHz:

TMCR f.CKS = 1lu;
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Select the count clock for the 16-bit counter, as described in Table 5.
Table 5. [bit 14:12, TMCRZ2: bit8] CKS3 to CKO

CKS3 | CKS2 | CKS1 | CKSO Description

0 0 0 0 PCLK1

0 0 0 1 PCLK1/4

0 0 1 0 PCLK1/16

0 0 1 1 PCLK1/128

0 1 0 0 PCLK1/256

0 1 0 1 External clock (rising-edge event)
0 1 1 0 External clock (falling-edge event)
0 1 1 1 External clock (rising-and-falling edge event)
1 0 0 0 PCLK1/512

1 0 0 1 PCLK1/1024

1 0 1 0 PCLK1/2048

Others Setting disabled

2.4 PWM Control Register

2.4.1 Timer Control Registers (TMCR)

Timer control register (TMCR) determines the function of base timer, sets the polarity of PWM output, sets the output
as continuous pulse or one-shot pulse, enables or disables restart, and so on..

®  The following code sets the PWM continuous pulse output:
TMCR_f.MDSE = Ou;

The mode selection bit (MDSE) selects continuous pulse output or one-shot pulse output.

®  The following code disables the external trigger:
TMCR f.EGS = Ou;

[bit 9:8] EGS1 and EGSO are trigger input edge selection bits.

These bits select a valid edge for input waveforms as an external start cause and set the trigger condition, as
summarized in Table 6.

When the initial value or "Ob00" is set, the timer is not started by external waveforms because this setting
indicates that no valid edge is selected for input waveforms.

Table 6. [bit 9:8] EGS1, EGSO0: Trigger Input Edge Selection Bits

Bit8 Bit9 Description
0 0 Trigger input disabled
0 1 Rising edge
1 0 Falling edge
1 1 Both edges

®  The following code sets the normal output mode:
TMCR_f.PMSK = Ou;
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The pulse output mask bit (PMSK) controls the output level of the PWM output waveforms, as described in Table
7.

Note: When output polarity specification bit (OSEL) of Timer Control Register (TMCR) is set to inverted output,
setting PMSK to "1" masks the output with HIGH.

Table 7. [bit 10] PMSK: Pulse Output Mask Bit

Bit Description

o

Normal polarity

[EnY

Inverted polarity

®  The following code sets the output polarity, as described in Table 8:
TMCR_f.OSEL = 0u;

Table 8. [bit 3] OSEL: Output Polarity Specification Bit

Bit Polarity | After Reset Match in Duty Underflow
0 Normal LOW output 5 {
1 Inverted HIGH output i 5

®  The following code sets restart enable as listed in Table 9:
TMCR_f.RTGEN = 1u;

The restart enable bit (RTGEN) enables restart by a software trigger or trigger input.
Table 9. [bit 11] RTGEN: Restart Enable Bit

Bit Description
0 Restart disabled
1 Restart enabled

®  The following code enables the count operation:
TMCR_f.CTEN = 1u;

The count operation enable bit (CTEN) enables the operation of the down counter.

When the counter is in an operation-enabled status (the CTEN bit is ‘1’), writing ‘0’ to this bit stops the counter.

®  The following code starts software triggering:
TMCR_f.STRG = 1u;

STRG: is the software trigger bit.
When the CTEN bit is ‘1’, writing ‘1’ to the STRG bit enables software triggering.
The read value of the STRG bit is always ‘0’.
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2.4.2 PWM Cycle Set Register (PCSR)

The following code sets the PWM period:

((volatile FM_BT_PWM_TypeDef*) FM_BTO0_PWM_BASE)->PCSR = 999; /*PWM period = (1+999) * 0.2us =
200us*/

The PWM Cycle Set Register (PCSR) is a buffered register for setting the PWM period. Transfer to the Timer
Register is performed at startup or underflow.

When initializing or rewriting the PWM Cycle Set Register, be sure to write to the PWM Duty Set Register after
writing to the PWM Cycle Set Register.

Access the PCSR register with 16-bit data.

Set the period using PCSR register after setting the PWM function using the FMD2, FMD1, and FMDO bits in the
TMCR register.

2.4.3 PWM Duty Set Register (PDUT)

2.4.4 S

The following code sets the duty cycle:

((volatile FM_BT_PWM_TypeDef*) FM_BTO_PWM_BASE)->PDUT = 499; /*Duty cycle = (1+499) / (1+999) =
50%*/

The PWM Duty Set Register (PDUT) is a buffered register for setting the duty cycle. Transfer from the buffer is
performed at an underflow.

When the value of PDUT is equal to the value of PCSR, an all-HIGH pulse is output under normal polarity and an
all-LOW pulse is output under inverted polarity.

Do not set a value that makes PCSR < PDUT. The PWM output becomes undefined.

Access the PDUT register with 16-bit data.

Set the duty cycle using PDUT register after setting the PWM function using the FMD2, FMD1, and FMDO bits in
the TMCR register.

Calculate the real value of period and duty cycle: (PWM clock frequency = 5 MHz, PWM clock cycle = 0.2 ps):

B PWM period = (1 + m) * PWM clock cycle = 200 ps (m: PCSR value, configure it to 999 in the sample project)

o Duty cycle = (1 + n) * PWM clock cycle / PWM period = 50% (n: PDUT value, configure it to 499 in sample
project)

Note: Setting the PDUT register to ‘0’ cannot get LOW output, To get LOW output, consider using the PMSK bit

in TMCR register (set PMSK to 1).

tatus Control Register (STC)

The following syntax sets the interrupt enable:
STC_f.TGIE = 1u; /* TGIE is the trigger interrupt request enable bit */

STC_f.DTIE = 1u; /*DTIE is the duty match interrupt request enable bit*/
STC_f.UDIE = 1u; /*UDIE is the underflow interrupt request enable bit*/
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PWM Configuration

Configuration Flow Chart
This section presents the flow chart of the PWM timer operation as Figure 2, and then introduces the four PWM

modes, lists the register to be used, and provides the code to configure the register.
Figure 2. PWM Timer Operation Flow Chart
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3.2
3.2.1

PWM Operation Mode

Continuous Operation, Restart Enable Mode

PwmInitOutput () ; // Set basetimer IO port
// Initialize interrupt
stcPwmConfig.pstcPwmIrgEn = &stcIrgEn;
stcPwmConfig.pstcPwmIrgCbhb = &stcIrgCb;
stcPwmConfigl.pstcPwmIrgEn = &stclrgEn;
stcPwmConfigl.pstcPwnIrgCb = &stcIrgCb;
Bt ConfigIOMode (&§USER BT, BtIoMode0); // Set requested I/0O mode
// Initialize PWM timer
stcPwmConfig.enPres = PwmPreslDiv4; // PWM clock = 5MHz @ PCLK=20MHz
stcPwmConfig.enMode = PwmContinuous; //Continuous mode
stcPwmConfig.enExtTrig = PwmExtTrigDisable; //Software trigger
stcPwmConfig.enOutputMask = PwmOutputNormal; // Normal polarity
stcPwmConfig.enOutputPolarity = PwmPolarityLow; // Low polarity
stcPwmConfig.enRestartEn = PwmRestartEnable; // Enable restart mode
stcPwmConfig.pstcPwmIrgEn->bPwmTriglrg = 1; //trigger interrupt request enable
stcPwmConfig.pstcPwmIrgEn->bPwmDutyMatchIrg = 1; //duty match interrupt request enable
stcPwmConfig.pstcPwmIrgEn->bPwmUnderflowIrg = 1; // underflow interrupt request enable
stcPwmConfig.bTouchNvic = TRUE; // NVIC (Nested Vectored Interrupt Controller) setting
Bt Pwm Init (&USER BT , &stcPwmConfig); // Initialize PWM function of BT
// Set cycle and duty value
Bt Pwm WriteCycleVal (&USER BT, 999); // Cycle = (1+m)*PWM clock cycle = 200us
Bt Pwm WriteDutyVal (&USER BT, 499); // Duty = (1+m)*PWM clock cycle = 40us
Bt Pwm EnableCount (&USER BT); // Enable count operation
Bt Pwm EnableSwTrig (&USER _BT); // Start triggered by software
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From this code (for the configuration of the registers), you get a 5-kHz and fifty-percent-duty-cycle PWM from pin
P3A, as shown in Figure 3 and Figure 4. Thus, PWM works at continuous pulse output and in enable restart mode.

\
l|Ila'.

Figure 3. 5-kHz, Fifty-Percent Duty Cycle PWM from Pin P3A (Period = 200 ps)
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In this mode, if a trigger occurs twice and retriggering occurs during operation, the waveform appears as shown in

Figure 5.
Figure 5. PWM Operation Timing Chart (Continuous Operation, Restart Enable Mode)
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Figure 6 illustrates the waveform if the timer is restarted by triggering in continuous operation.

Figure 6. P3B in Continuous Operation, Restart Enable Mode (Duty Cycle = 20%)
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3.2.2 Continuous Operation, Restart Disable Mode
If you want to select "restart disable” mode, configure the restart enable bit (RTGEN) as shown in the code below.
Keep the other code unchanged.

[ stcPwmConfig.enRestartEn = PwmRestartDisable; // Restart disable mode ]

In this mode, if trigger occurs twice and retriggering occurs during operation, the waveform appears as shown in
Figure 7.

Figure 7. PWM Operation Timing Chart (Continuous Operation, Restart Disable Mode)
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Figure 8 illustrates the waveform if the timer is triggered twice and restart is disabled in continuous operation.

Figure 8. P3B in Continuous Operation, Restart Disable Mode (Duty Cycle = 20%)
M 1.00 s

0 )

||/ 8005

3.2.3 One-Shot Operation, Enable Restart Mode
If you want to select "on-shot" mode, configure the mode selection bit (MDSE) per the code below. Keep the other

code unchanged.

[ stcPwmConfigl.enMode = PwmOneshot; // One-shot mode ]

In one-shot operation, a single pulse of any width can be output using a trigger. When restart is enabled, the counter
is reloaded when an edge is detected during operation.
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In this mode, if trigger occurs twice and retriggering occurs during operation, the waveform appears as shown in

Figure 9.
Figure 9. One-Shot Operation Timing Chart (One-shot Operation, Restart Enable Mode)
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Figure 10 illustrates the waveform if the timer is triggered twice and restarted during one-shot operation

Figure 10. P3B in One-Shot Operation, Restart Enable Mode (Duty Cycle = 20%)
M 1.00s

oV
AD. 000V

|/ 400ps

3.2.4 One-Shot Operation, Disable Restart Mode
If you want to select "one-shot, restart disable" mode, configure the mode selection bit (MDSE) and restart enable bit

(RTGEN) as below. Keep the other code unchanged.

stcPwmConfig.enMode = PwmOneshot; // One-shot mode
stcPwmConfig.enRestartEn = PwmRestartDisable; // Disable restart mode

14
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Figure 11. One-Shot Operation Timing Chart (One-Shot Operation, Restart Disable Mode)
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Figure 12 illustrates the waveform if the timer is retriggered and restart is disabled in one-shot operation

Figure 12. P3B in One-Shot Operation, Trigger Restart Is Disabled (Duty Cycle = 20%)
M 1.00s

|/ 400Ms

This application note covers the principle of PWM generation, the definition of related registers with base timer, the
flow of configuring PWM timer mode, the code example of configuring different work mode (one-shot mode,

Summary

continuous mode, restart mode, restart disable mode, etc).
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