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PREFACE

PREFACE
Purpose The purpose of this document is to specify the usage of the Timer
interface.
Organization This document includes the following:

* Introduction
* Usage of Timer Interface
* Example of Timer Operation

e Timer Driver Function

Notation Here explains the meaning of following words in text:
Note Explanation of item indicated in the text
Caution Information to which user should afford special attention
Remark Supplementary information

Related document The following tables list related documents.

Reference Document

Document Name Version/date | Author Description
S19265EJ1VOUMO0_ASMUGIO.pdf 1stediton | NECEL fﬂzﬁelo User's
S19268EJ1VOUMOO0_1chip.pdf 1st edition NECEL | 1 Chip User’'s Manual
S19266EJ1VOUMO0_TIMER.pdf 1st edition NECEL | Timer User's Manual
S19907EJ1VOANOO_GD.pdf 1stedition | NECEL | GD Spec
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Disclaimers

The information contained in this document is subject to change without prior
notice in the future. Refer to the latest applicable data sheet(s) and user’'s manual
when designing a product for mass production.

No part of this document may be copied or reproduced in any form or by any means
without the prior written consent of NEC Electronics. NEC Electronics assumes no
responsibility for any errors that may appear in this document.

NEC Electronics does not assume any liability for infringement of patents, copyrights or
other intellectual property rights of third parties by or arising from the use of NEC
Electronics products listed in this documents or any other liability arising from the use of
such products. No license, express, implied or otherwise, is granted under any patents,
copyrights or other intellectual property rights of NEC Electronics or others.

Descriptions of circuits, software and other related information in this document are
provided for illustrative purposes in semiconductor product operation and application
examples. The incorporation of these circuits, software and information in the design of a
customers’ equipment shall be done under the full responsibility of the customer. NEC
Electronics assume no responsibility for any losses incurred by customers or third parties
arising from the use of these circuits, software and information.

While NEC Electronics endeavors to enhance the quality, reliability and safety of NEC
Electronics products, customers agree and acknowledge that possibility of defects thereof
cannot be eliminated entirely. To minimize risks of damage to property or injury (including
death) to persons arising from defects in NEC Electronics products, customers must
incorporate sufficient safety measures in their design, such as redundancy;, fire-
containment and anti-failure features.

Note)

1.

“NEC Electronics” as used in this document means NEC Electronics Corporation and also
includes its majority-owned subsidiaries.

“NEC Electronics products” means any product developed or manufactured by or for NEC
Electronics (as defined above)

All trademarks or registered trademarks are the property of their respective owners.
Registered trademarks ® and trademarks™ are not noted in this document.
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Chapter 1 Introduction

1.1 Qutline

This document introduces how to use the timer interface of EMMA Mobilel, including the following
functions:

® How to set general operation of timer (start, pause, resume and stop).
® How to set watchdog.

The timer module (ATIM) is a programmable timer counter that enables 32-bit counting (1 to
OXFFFFFFFF).

About the details of functions please refer to “CHAPTER 1 OVERVIEW” of EMMA Mobilel Timer
user’s manual.

1.2 Development Environment

® Hardware environment of this project is listed as below.

Table 1-1 Hardware Environment

EMMA Mobilel evaluation board (PSKCH2Y- - NEC Electronics
S-0016-01)
PARTNER-Jet ICE ARM M20 Kyoto Microcomputer Co. Ltd

® Software used in this project is listed as below.
Table 1-2 Software Environment

GNUARM Toolchain V4.3.2 GNU
WJIETSET-ARM V5.10a Kyoto Microcomputer Co. Ltd

Application Note S19894EJ1V0OANOO
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2.1 Timer Overview

Chapter 2 Usage of Timer Interface

Open clocks

v

Reset release

v

Set count clock

v

Set count out value

v

Enable interrupt

v

Start timer

v

Get timer configure

v

Timer interrupt handler

End

Figure 2-1 Timer Operation Overview
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2.2 Timer Details

(). Open clocks.

The related registers are as follow:
ASMU_GCLKCTRL3ENA;

ASMU_GCLKCTRLS;

(2). Reset release.

The related registers are as follow:
ASMU_RESETREQI1ENA,;

ASMU_RESETREQ1;

(3). Set count clock.

The related registers are as follow:

ASMU_DIVTIMTIN;
ASMU_TIOTIN_SEL;
ASMU_TI1TIN_SEL;
ASMU_TI2TIN_SEL;
ASMU_TI3TIN_SEL;
ASMU_TGNTIN_SEL;

The Timers have 3 clock source, PLL3, 32K, 32.768K. And a wide range of counting is possible
by using a combination of input frequency and timer count settings. The following table shows
setting examples. The term [seconds] in this table refers to the interval at which the TOUT signal

is asserted.
Table 2-1 Calculation of Timer Count
TIN Timer Count Setting Value
(Input Frequency) 0000_0000H 0000_FFFFH FFFF_FFFFH

30.52 * 105°° 131071.99

32.768 kHz 2 [seconds]
[seconds] [seconds]

* E-9 * E-3

15.616 MHz 64.04 * 10 4.20*10 275.04

[seconds] [seconds] [seconds]

Expression: (1/TIN) * (Count setting value + 1).
Example: 1/32.768 kHz * (0000_FFFFH + 1) = 30.52 * 105° * 65536 = 2 [seconds].

Application Note S19894EJ1V0OANOO
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(4). Set count out value.

The related registers are as follow:
TIM_xxx_OP;
TIM_xxx_CLR;
TIM_xxx_SET,

Note:

xxx = TIO/TIL/TI2/TIS/TWO/TWL/TW2/TW3/TGO/TGL/TG2/TG3/TG4/TGS.

(5). Enable interrupt.

The related registers are as follow:
SEC_ITO_IENS1;
INTC_ITO_IENZ;

(6). Start timer.

The related registers are as follow:

TIM_xxx_OP;

(7). Get timer configure.

The related registers are as follow:

TIM_xxx_SET,
TIM_xxx_RCR;

(8). Timer interrupt handler.

The related registers are as follow:

INTC_ITO_IIR;
SEC_ITO_IDSS1;
INTC_ITO_IDS1;
TIM_xxx_OP;

Application Note S19894EJ1V0OANOO
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Chapter 3 Example of Timer Operation

The following contents show 2 examples about timer interface:
® How to set the general operation of timer
® How to set watchdog about timer.

Application Note S19894EJ1V0OANOO
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3.1 Example of General Operation

3.1.1 Operation Flow

v

Initialize TIO
[ em1_timer_init(); ]

Resume TIO
[ em1_timer_resume(); ]

v

v

Start TIO
[ em1_timer_start(); ]

Delay some time,
then stop TIO
[ em1_timer_stop(); ]

v

v

Delay some time,
then pause TIO
[ em1_timer_pause(); ]

Get TIO configure
[ em1_timer_get_config(); ]

v

Get TIO configure
[ em1_timer_get_config(); ]

Check TIO stoped?

Yes

Check TIO started?

Yes

Start TIO
[ em1_timer_start(); ]

Delay some time,
then get TIO configure
[ em1_timer_get_config(); ]

Check TIO interrupt?

Yes

Y
Check TIO paused? ©3

No

Call interrupt handler
[ em1_timer_int_ti0(); ]

\ 4

> End

Figure 3-1 Example of General Operation
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3.1.2 Operation Detail

(2). Initialize TIO.
The process calls the “em1_timer_init()” function.
The “em1_timer_init()” function finishes the following functions for TI0:

® Open TIO_TIN.
ASMU_GCLKCTRL3ENA[0] = 1b;
ASMU_GCLKCTRL3[0] = 1b;
ASMU_GCLKCTRL3ENA[0] = 0b;

® OpenATIM_PCLK.
ASMU_GCLKCTRL3ENA[14] = 1b;
ASMU_GCLKCTRL3[14] = 1b;
ASMU_GCLKCTRL3ENA[14] = 0b;

® Reset TIO.
ASMU_RESETREQ1ENA[O] = 1b;
ASMU_RESETREQ1[0] = Ob;
ASMU_RESETREQIENA[0] = 0Ob;

® Reset release TIO.
ASMU_RESETREQIENA[0] = 1b;
ASMU_RESETREQL1[0] = 1b;
ASMU_RESETREQ1ENA[O] = Ob;

® Set the divisor of PLL3.

ASMU_DIVTIMTIN = Divisor;
“Divisor” is an input value. Details about how to set the “Divisor” please refer to the “Chapter
3.2.49 Timer clock frequency division setting register” of EMMA Mobilel ASMU/GIO user’s
manual.

® SetPLL3to TIO clock.

ASMU_TIOTIN_SEL[1:0] = 00b;
Details about how to select clock source, please refer to the “Chapter 3.2.44 TIO_TIN/TWO_TIN
setting register” of EMMA Mobilel ASMU/GIO user’s manual.

® Stop TIO.
TIM_TI0_OPJ[2:0] = 000b;

Application Note S19894EJ1V0OANOO
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(2). Start TIO.
The process calls the “em1_timer_start()” function.
The “em1_timer_start()” function finishes the following functions for TI0:

Enable TIO.
TIM_TIO_OPJ[0] = 1b;

® Clear the internal timer count registers of TIO.
TIM_TIO_CLR[1] = 1b;

® Set value setting register of TIO.
TIM_TIO_SET = setting_value;

“setting_value” is input timer register value at which the timer counts out.

®  TIO interrupt.

irg_hook[54] = interrupt_handler; /I “irg_hook” is interrupt function vector table. “54” is
TIO interrupt number.
SEC_ITO_IDSS1[22] = 1b; // Disable TI0 secure interrupt.
INTC_ITO_IDS1[22] = 1b; // Enable TIO interrupt mask.
INTC_ITO_lIR[22] = 1b; /I Clear TIO interrupt source.
SEC_ITO_IENS1[22] = 1b; /l Enable TIO secure interrupt.
INTC_ITO_IEN1[22] = 1b; /I Disable TI0 interrupt mask.
® Start TIO.
TIM_TIO_OP[2:0] = 111b; // Enable TIO and TOUT signal, Start TIO.

(3). Delay some time, then pause TIO.
The process calls the “em1_timer_pause()” function.
The “em1_timer_pause()” function finishes the following functions for TIO:

® Pause TIO.
TIM_TIO_OP[2:0] = 101b; // Enable TIO and TOUT signal, disable start TIO.

(4). Get TIO configure.
The process calls the “em1_timer_get_config()” function.

The “em1_timer_get_config()” function finishes the following functions for TIO:

® Get TIO configure.
Countl =TIM_TI0_RCR,; / TIMERO real count read register

If register TIM_TIO_RCR is not equal to 0, start TI0 successfully.

Application Note S19894EJ1V0OANOO
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(5). Delay some time, then get TIO configure.
The process calls the “em1_timer_get_config()” function.
The “em1_timer_get_config()” function finishes the following functions for TIO:

® Get TIO configure.
Count2 =TIM_TI0_RCR,; / TIMERQO real count read register

If Countl is equal to Count2, pause TIO successfully.
(6). Resume TIO.
The process calls the “eml_timer_resume()” function.

The “em1_timer_resume()” function finishes the following functions for TI0:

® Resume TIO.
TIM_TIO_OP[2:0] = 111b; // Enable TIO and TOUT signal, Start TIO.

(7). Delay some time, then stop TIO.
The process calls the “em1_timer_stop()” function.

The “em1_timer_stop()” function finishes the following functions for TIO:

® Disable TIO interrupt.

irg_hook[54] = NULL,; /I “irg_hook” is interrupt function vector table. “54” is
TIO interrupt number.
SEC_ITO_IDSS1[22] = 1b; // Disable TI0 secure interrupt.
INTC_ITO_IDS1[22] = 1b; /I Mask TIO interrupt.
® Stop TIO.
TIM_TIO_OP[2:0] = 000b; // Disable TI0 and TOUT signal, Stop TIO.

(8). Get TIO configure.
The process calls the “em1_timer_get_config()” function.
The “em1_timer_get_config()” function finishes the following functions for TIO:

® Get TIO configure.
Countl =TIM_TI0O_RCR,; /I TIMERO real count read register

If register TIM_TIO_RCR is 0, stop TI0 successfully.

(9). Start TIO.
This process is the same to process (2), please refer to it.

Application Note S19894EJ1V0OANOO
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(10) Call interrupt handler.
If TIO interrupt occurs, call interrupt handler “em1_timer_int_ti0”".
The “em1_timer_int_ti0” function finishes the following functions for TIO:

® Disable TIO interrupt.
SEC_ITO_IDSS1[22] = 1b; // Disable TI0 secure interrupt.
INTC_ITO_IDS1[22] = 1b; /l Mask TIO0 interrupt.

® Clear TIO interrupt source.
INTC_ITO_lIR[22] = 1b; I/l Clear TIO interrupt source.

® Enable TIO interrupt.

SEC_ITO_IENS1[22] = 1b; /l Enable TIO secure interrupt.
INTC_ITO_IEN1[22] = 1b; // Disable TIO interrupt mask.

Application Note S19894EJ1V0OANOO
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3.2 Example of Set Watchdog

3.2.1 Operation Flow

Initialize TWO
[ em1_timer_init(); ]

v

Start TWO
[ em1_timer_start(); ]

v

Enable watchdog
[ WDT_INT_RESET[0] = 1; ]

System reset? Yes

No

Print error message

End «——

Figure 3-2 Example of Set Watchdog

About the timer function, please refer to the “Appendix A Timer Driver Function”.
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3.2.2 Operation Detail

(2). Initialize TWO.
The process calls the “em1_timer_init()” function.
The “em1_timer_init()” function finishes the following functions for TWO:

Open TWO_TIN.
ASMU_GCLKCTRL3ENA[10] = 1b;
ASMU_GCLKCTRL3[10] = 1b;
ASMU_GCLKCTRL3ENA[10] = 0b;

® OpenATIM_PCLK.
ASMU_GCLKCTRL3ENA[14] = 1b;
ASMU_GCLKCTRL3[14] = 1b;
ASMU_GCLKCTRL3ENA[14] = 0b;

® Reset TWO.
ASMU_RESETREQ1ENA[4] = 1b;
ASMU_RESETREQ1[4] = Ob;
ASMU_RESETREQIENA[4] = 0Ob;

® Reset release TWO.
ASMU_RESETREQIENA[4] = 1b;
ASMU_RESETREQL1[4] = 1b;
ASMU_RESETREQ1ENA[4] = 0b;

® Set 32K to TWO clock.

ASMU_TIOTIN_SEL[17:16] = 10b;
Details about how to select clock source, please refer to the “Chapter 3.2.44 TIO_TIN/TWO_TIN
setting register” of EMMA Mobilel ASMU/GIO user’s manual.

® Stop TWO.
TIM_TWO_OP[2:0] = 000b;

(2). Start TWO.
The process calls the “em1_timer_start()” function.

The “em1_timer_start()” function finishes the following functions for TWO:

® Enable TWO.
TIM_TWO_OP[0] = 1b;

® Clear the internal timer count registers of TWO.
TIM_TWO_CLRJ[1] = 1b;

Application Note S19894EJ1V0OANOO
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® Set value setting register of TWO.
TIM_TWO_SET = setting_value;
“setting_value” is input timer register value at which the timer counts out.

® TWO interrupt.

irg_hook[58] = interrupt_handler; /I “irg_hook” is interrupt function vector table. “58” is
TWO interrupt number.
SEC_ITO_IDSS1[26] = 1b; // Disable TWO secure interrupt.
INTC_ITO_IDS1[26] = 1b; // Enable TWO interrupt mask.
INTC_ITO_lIR[26] = 1b; /I Clear TWO interrupt source.
SEC_ITO_IENS1[26] = 1b; /l Enable TWO secure interrupt.
INTC_ITO_IEN1[26] = 1b; // Disable TWO interrupt mask.
® Start TWO.
TIM_TWO_OP[2:0] = 111b; // Enable TWO and TOUT signal, Start TWO.

(3). Enable watchdog.
This process set watchdog register.

® Enable watchdog reset.

WDT_INT_RESETI[0] = 1b;
When the TWO counts out, the system will reset, or there is something wrong with TWO.

Application Note S19894EJ1V0OANOO
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Appendix A Timer Driver Function

A.1 Timer Driver Function List

The following table shows the timer driver interface functions:

Table A-1 Timer Driver Function List

Class Function Name

Function Detalil

eml_timer_init

Initialize the timer.

eml timer_start

Start the timer.

eml_timer_stop

Stop the timer.

eml_timer_pause

Pause the timer.

eml_timer_resume

Stop the timer.

eml_timer_get_config

Get configure of timer.

eml_timer_int_tiO

TIO interrupt handler.

eml_timer_int_til

TI1 interrupt handler.

eml_timer_int_ti2

TI2 interrupt handler.

eml timer_int ti3

TI3 interrupt handler.

Driver - -
eml_timer_int_twO

TWO interrupt handler.

Function : -
eml_timer_int_twl

TW1 interrupt handler.

eml_timer_int_tw2

TW?2 interrupt handler.

eml timer_int_tw3

TWS3 interrupt handler.

eml_timer_int_tgO

TGO interrupt handler.

eml_timer_int_tgl

TG1 interrupt handler.

eml_timer_int_tg2

TG2 interrupt handler.

eml_timer_int_tg3

TG3 interrupt handler.

eml_timer_int_tg4

TG4 interrupt handler.

eml_timer_int_tg5

TG5 interrupt handler.
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A.2 Timer Driver Function Detail
A.2.1 Initialize Timer
[Function Name]
eml_timer_init

[Format]

DRV_RESULT em1_timer_init(uchar timer_num, uchar tin_src, uint div);

[Argument]
Parameter Type I/O Detail
timer_num uchar I Timer number
tin_src uchar I Timer clock source
div uint I PLL3 divisor

[Function Return]
DRV_OK: The function executes successfully.

DRV_ERR_PARAM: The input parameter is error.
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[Flow Chart]

No

heck the parameter valid~

Open TIN and ATIM_PCLK
[ASMU_GCLKCTRL3ENA,;
ASMU_GCLKCTRL3;]
Reset timer
[ASMU_RESETREQI1ENA,;
ASMU_RESETREQ1; ]
Reset release timer
[ASMU_RESETREQI1ENA,;
ASMU_RESETREQ1; ]
Set divisor
[ASMU_DIVPWMPWCLK;]

Timer count
clock is PLL3?

Set timer divisor

[ASMU_DIVTIMTIN; ]
Set timer count clock
[ASMU_TIyTIN_SEL;
ASMU_TGnTIN_SEL; ]

Set timer count clock
[ASMU_TIyTIN_SEL;
ASMU_TGnTIN_SEL; ]

Stop timer |
[TIM xxx_OP;] |

End

A

Figure A-1 Initialize Timer

Note: y=0,1, 2 or 3.
xxx = TIO/TIL/TI2/TIS/TWO/TWL/TW2/TW3/TGO/TGL/TG2/TG3/TG4/TGS.

[Note]

(1). Check the parameter valid.
The number of timer should not exceed the max number.
The clock should be in the selectable clock source.
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A.2.2 Start Timer
[Function Name]
eml_timer_start

[Format]

DRV_RESULT em1_timer_start(uchar timer_num, uint setting_value);

[Argument]
Parameter Type I/O Detail
timer_num uchar I Timer number
setting_value uint I Timer setting value

[Function Return]

DRV_OK: The function executes successfully.

DRV_ERR_PARAM: The input parameter is error.
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[Flow Chart]

heck the parameter valid~

Yes

Enable timer
[ TIM_xxx_OP; ]

v

Clear timer count
[ TIM_xxx_CLR; ]

v

Set count out value
[ TIM_xxx_SET; ]

v

Mount interrupt
handler and
enable interrupt
[SEC_ITO_IDSS1;
INTC_ITO_IDS1;
INTC_ITO_IIR;
SEC_ITO_IENS1;
INTC_ITO_IEN1; ]

v

Start timer
[ TIM_xxx_OP; ]

Note: xxx = TIO/TIL/TI2/TI3/TWO/TWL/TW2/TW3/TGO/TGL/TG2/TG3/TG4/TG5.

[Note]

(2). Check the parameter valid.

End «

Figure A-2 Start Timer

The number of timer should not exceed the max number.
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A.2.3 Stop Timer

[Function Name]

eml_timer_stop

[Format]

DRV_RESULT em1_timer_stop(uchar timer_num);

[Argument]
Parameter Type I/O Detail
timer_num uchar I Timer number

[Function Return]

DRV_OK: The function executes successfully.

DRV_ERR_PARAM: The input parameter is error.
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[Flow Chart]

eck the parameter valid? No

Yes

Unmount interrupt
handler and
disable interrupt
[ SEC_ITO_IENS1;
INTC_ITO_IENZ1; ]

v

Stop timer
[ TIM_xxx_OP; ]

End «

Figure A-3 Stop Timer

Note: xxx = TIO/TIL/TI2/TIS/TWO/TWL/TW2/TW3/TsGO/TG1/TG2/TG3/TG4/TGS5.
[Note]

(2). Check the parameter valid.
The number of timer should not exceed the max number.
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A.2.4 Pause Timer

[Function Name]
eml_timer_pasue

[Format]

DRV_RESULT em1_timer_pause(uchar timer_num);

[Argument]
Parameter Type I/O Detail
timer_num uchar I Timer number

[Function Return]
DRV_OK: The function executes successfully.

DRV_ERR_PARAM: The input parameter is error.
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[Flow Chart]

eck the parameter valid~ No

Yes

Pause timer
[ TIM_xxx_OP; ]

End

Figure A-4 Pause Timer

Note: xxx = TIO/TIL/TI2/TI3/TWO/TWL/TW2/TW3/TGO/TGL/TG2/TG3/TG4/TG5.
[Note]

(1). Check the parameter valid.
The number of timer should not exceed the max number.
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A.2.5 Resume Timer

[Function Name]
eml_timer_resume

[Format]

DRV_RESULT em1_timer_resume(uchar timer_num);

[Argument]
Parameter Type I/O Detail
timer_num uchar I Timer number

[Function Return]
DRV_OK: The function executes successfully.

DRV_ERR_PARAM: The input parameter is error.
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[Flow Chart]

eck the parameter valid? No

Yes

Resume timer
[ TIM_xxx_OP; ]

End -~

Figure A-5 Resume Timer

Note: xxx = TIO/TIL/TI2/TI3/TWO/TWL/TW2/TW3/TGO/TGL/TG2/TG3/TG4/TG5.
[Note]

(1). Check the parameter valid.
The number of timer should not exceed the max number.
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A.2.6 Get Timer Configure

[Function Name]

eml_timer_get config

[Format]

DRV_RESULT em1_timer_get_config(uchar timer_num, uint *pRCR);

[Argument]
Parameter Type I/O Detail
timer_num uchar I Timer number
pRCR uint * @] Timer count register

[Function Return]

DRV_OK: The function executes successfully.

DRV_ERR_PARAM: The input parameter is error.
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[Flow Chart]

heck the parameter valid~ No

Yes

Get timer count
read value
[ TIM_xxx_RCR; ]

End «

Figure A-6 Get Timer Configure

Note: xxx = TIO/TIL/TI2/TI3/TWO/TWL/TW2/TW3/TGO/TGL/TG2/TG3/TG4/TG5.
[Note]

(). Check the parameter valid.
The number of timer should not exceed the max number.
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A.2.7 Timer TIO Interrupt Handler

[Function Name]
eml_timer_int_ti0
[Format]

void em1_timer_int_tiO(void);

[Argument]
None.
[Function Return]

None.
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[Flow Chart]

eck the parameter valid? No

Yes

Clear interrupt source
[ SEC_ITO_IDSS1;
INTC_ITO_IDS1;
INTC_ITO_IIR;
SEC_ITO_IENS1;
INTC_ITO_IEN1; ]

End «

Figure A-7 Timer TIO Interrupt Handler
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