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Chip Handling Guide

Precaution against Electrostatic Discharge

When using semiconductor devices, ensure that the environment is protected against static electricity:

1. Wear antistatic clothes and use earth band.

2. All objects that are in direct contact with devices must be made up of materials that do not produce static
electricity.

3. Ensure that the equipment and work table are earthed.
Use ionizer to remove electron charge.

Contamination

Do not use semiconductor products in an environment exposed to dust or dirt adhesion.

Temperature/Humidity

Semiconductor devices are sensitive to:

e Environment
e Temperature
e  Humidity

High temperature or humidity deteriorates the characteristics of semiconductor devices. Therefore, do not store or
use semiconductor devices in such conditions.

Mechanical Shock

Do not to apply excessive mechanical shock or force on semiconductor devices.

Chemical

Do not expose semiconductor devices to chemicals because exposure to chemicals leads to reactions that
deteriorate the characteristics of the devices.

Light Protection

In non- Epoxy Molding Compound (EMC) package, do not expose semiconductor IC to bright light. Exposure to
bright light causes malfunctioning of the devices. However, a few special products that utilize light or with security
functions are exempted from this guide.

Radioactive, Cosmic and X-ray

Radioactive substances, cosmic ray, or X-ray may influence semiconductor devices. These substances or rays
may cause a soft error during a device operation. Therefore, ensure to shield the semiconductor devices under
environment that may be exposed to radioactive substances, cosmic ray, or X-ray.

EMS (Electromagnetic Susceptibility)

Strong electromagnetic wave or magnetic field may affect the characteristic of semiconductor devices during the
operation under insufficient PCB circuit design for Electromagnetic Susceptibility (EMS).
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S3FN41F_Application Note_REV1.00 1 Introduction

Introduction

1.1 Overview

This document describes about the external interrupt of S3FN41F. It includes the configuration to use the external
interrupt and the example.

1.2 General Description

S3FN41F has 16 external interrupt pins (EXIO to EXI15). The maximum number of external interrupt to enable at
the same time is eight.

e 16 external interrupt pins (EXIO to EXI15)

e Selectable external interrupts (up-to eight)

e Support falling/rising edge

e Interrupt enable/disable control

The external interrupt can be used to execute any specific operation or wakeup from low power mode when the
external event is detected. The signal to trigger external event should be asserted through EXI (External Interrupt
Pin). Refer to chapter 26.5 External Interrupt Input Characteristics in S3FN41F user's manual for the detailed
condition of external event signal.

1.3 Reference

You can download the related document and example code from Samsung web site.
http://www.samsung.com/global/business/semiconductor/product/microcontroller/detail?productld=6784&iald=804

e S3FNA41F User's Manual
e S3FNA41F Board Manual

o External Interrupt Example (Software)

SAMSUNG ELECTRONICS 10 @"’
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2 External Interrupt

External Interrupt

2.1 EXI Pin Configuration

As you can see, a pin can be defined as one function pin among maximum 4 functions. If you want to use the
external interrupt, input pins for external event signal should be configured as EXI function by IOCONF register
before enabling each external interrupt. You can set the target function, external interrupt, using the mode

registers IOCONF_MLRO/1, IOCONF_MHRO/1).

EXI0 pin configuration

IOCONF_MLRO « 01'b << 30 (Write 01'b into I00_15 FSEL field to assign as F1 function)

EXI11 pin configuration

IOCONF_MLRO « 10'b << 12 (Write 10'b into 100_6_FSEL field to assign as F2 function)

EXI8 pin configuration

IOCONF_MHR1 « 11'b << 6 (Write 11'b into 101_19 FSEL field to assign as F3 function)

Table 1  External Interrupt Pins

10 Group 0/1 Function Number FO F1 F2 F3

Pin Number I00x.y_FSEL[1:0] 00'b 01'b 10'b 11'b
13 100.6_FSEL[1:0] PO_6 PWMOFF EXI11 ADTRG
18 100.7_FSELJ[1:0] PO_7 SSPRX0 VLCD1 EXI12
19 100.8_FSEL[1:0] PO_8 SSPTX0 VLCD2 EXI13
22 100.11_FSELJ[1:0] PO_11 TPWM2 COMO EXI14
23 100.12_FSELJ[1:0] PO_12 TCAP2 coM1 EXI15
24 100.13_FSEL[1:0] PO_13 TCLK2 COM2 TPWM2
25 100.14_FSEL[1:0] PO_14 COP COM3 TPWM3
26 100.15_FSELJ[1:0] PO_15 EXIO COM4_SEGO PWMO
27 100.16_FSELJ[1:0] PO_16 EXI1 COM5_SEG1 PWM1
35 100.24_FSEL[1:0] PO_24 TCLK5 SEG9 EXI2
38 100.27_FSEL[1:0] PO_27 TCLK6 SEG12 EXI3
39 100.28_FSELJ[1:0] PO_28 TCAP6 SEG13 EXI4
53 101.1_FSEL[1:0] P11 USARTRXO0 SEG18 EXI5
54 101.2_FSEL[1:0] P12 USARTTXO0 SEG19 EXI6
70 101.18 FSEL[1:0] P1_18 AIN9 COP8 EXI7
71 101.19_FSEL[1:0] P1 19 AIN10 COP4 EXI8
72 101.20_FSEL[1:0] P1 20 EXI9 OPO_P TPWM7
74 101.22_FSELJ[1:0] P1_22 EXI10 OP0O_O TPWM1

SAMSUNG ELECTRONICS
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S3FN41F_Application Note_REV1.00 2 External Interrupt

2.2 External Interrupt Mapping

If you choose which external interrupt you use, you should register target external interrupt to CM_WCRO or
CM_WCR1 (Wakeup Control Register 0 or 1). You can register up-to eight sources from WSRCO to WSRC?7.

Table2 CM_WCRO (from WSRCO to WSRC3)

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16 (15 14 13 12 11 10 9 8

~
o
(4]
I
w
N
=
o

WEN3
EDGE3
RSVD
WSRC3
WEN2
EDGE2
RSVD
WSRC2
WEN1
EDGE1
RSVD
WSRC1
WENO
EDGEO
RSVD
WSRCO

Table3 CM_WCR1 (from WSRC4 to WSRC7)

31 30 29 28 27 26 25 24|23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8

=
o
(4]
I
w
N
=
o

WEN7
EDGE7
RSVD
WSRC7
WENG6
EDGEG6
RSVD
WSRC6
WEN5
EDGES5
RSVD
WSRC5
WEN4
EDGE4
RSVD
WSRC4

To enroll target external interrupt, you should fill out three fields in CM_WCRO0/1 (Wakeup Control Register).

Name Description

E Il ke- lection Fiel
WSRCx xternal Interrupt/Wake-Up Source Selection Field
Refer to the below table.

Edge Type Selection Bit

EDGEXx 0 = Rising edge trigger selected (for external event or interrupt)
1 = Falling edge trigger selected (for external event or interrupt)
External Interrupt/Wake-Up Enable/Disable Control Bit

WENXx 0 = The edge trigger selected by EDGEX bit disable

1 = The edge trigger selected by EDGEX bit enable
NOTE: x=0,1,2,3,4,5,6,0r7

SAMSUNG ELECTRONICS
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S3FN41F_Application Note_REV1.00 2 External Interrupt

WSRCXx field should have one among 16 external interrupts. The corresponding value is included in the below
table.

e When mapping EXIO onto WSRC7
WSRC7[4:0] of CM_WCR1 <« 00000'b (Write 00000'b into WSRC7 field )

e When mapping EXI15 onto WSRCO
WSRCO0[4:0] of CM_WCRO « 01111'b (Write 01111'b into WSRCO filed)

e When mapping EXI8 onto WSRC4
WSRC4[4:0] of CM_WCR1 « 01000'b (Write 01000'b into WSRC4 field)

Table 4  External Interrupt/Wake-Up Sources and Pin Assignment

WSRCx[4:0] External Interrupt Pin Information
00000 EXIO P0.15/EXI0/COM_SEGO0/PWMO
00001 EXI1 P0.16/EXI1/COM_SEG1/PWM1
00010 EXI2 P0.24/TCLK5/SEGY9/EXI2
00011 EXI3 P0.27/TCLK6/SEG12/EXI3
00100 EXI4 P0.28/TCAP6/SEG13/EXI4
00101 EXI5 P1.1/USARTRX0/SEG18/EXI5
00110 EXI6 P1.2/USARTTX0/SEG19/EXI6
00111 EXI7 P1.18/AIN9/-/EXI7
01000 EXI8 P1.19/AIN10/~/EXI8
01001 EXI9 P1.20/EXI9/OPO_P/TPWM7
01010 EXI10 P1.22/EXI10/0OP0_O/TPWM1
01011 EXI11 P0.6/PWMOFF/EXI11/ADTRG
01100 EXI12 P0.7/MISO0/VLCD1/EXI12
01101 EXI13 P0.8/MOSIO/VLCD2/EXI13
01110 EXI14 P0.11/TPWM2/COMO/EXI14
01111 EXI15 P0.12/TCAP2/COM1/EXI15

SAMSUNG ELECTRONICS 13 W
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2 External Interrupt

The external interrupt number (EXIn) doesn't have relation with the wakeup source number (WSRCx). WSRCO
can have something among 16 external interrupts (from EXIO to EXI15). And the interrupt of WSRCx becomes
WIx. In other words, the interrupt of WSRCO (WSRC1/WSRC2/WSRC3/WSRC4/WSRC5/WSRC6/WSRC7) is WIO
(WIL/WI2/WI3WI4/WI5/WI6/W17).

EXI0
M WSRCO WI0
EXI1 R\\%\\\\‘ |
AN
EXI2 T\\\{&%‘\V ’
\\““\ < < WSRC1 Wit
X N, S, e
PN e
R /7
X4 N S SIS
_aaae S EXZTTHAZ
SO NS KT F0Gy 7 777——3  WSRC2 wi2
SRR AL
X SRS RS &7 755
B SOE RS T A LS
RSSTSK IAXA KOG 2555
EXI6 NP e W Sl >»:«,€3@:W\
SO E I\
S RIS~ ) WSAGS wi3
K HESRISKET K 2K
EXI7 RS i\‘:%&(?%&%zfvi@%‘/
> X &R
X
EXI8
WSRC4 Wi4
EXI9
EXI10
WSRC5 WI5
EXI11
EXI12
WSRC6 wie
EXI13
EXI14
WSRC7 w7
EXI15
Figure1l Mapping between WSRCx (WIx) and EXIn
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2.3 External Interrupt Enable

If the mapping between EXIn and WSCRXx is completed, let's think WIx as the same name of EXIn. WIx is one-to-
on correspondent with WSCRXx.

e EXIN:n=0,1,2,...,14,0r15

e WSCRx,WIx:x=0,1,2,3,4,5,6,0r7

You can enable or disable Wix interrupt (EXIn interrupt) using CM_WIMSCR register. To use the interrupt, also
you should enable the interrupt vector for the corresponding interrupt source. WIO interrupt has the separated
vector (WSIO, the IRQ number is 6.) Other WIx interrupts have the common shared vector (WSIx, the IRQ number

is 31). So when you enable WIO interrupt, WSIO (IRQ6) should be enabled. Other WIx interrupts should be
enabled with WSIx (IRQ31) interrupt vector together.

See the below figures. That shows the relation between registers for the control interrupt and each interrupt vector
control register.

e  WIO Interrupt - WSIO Interrupt Vector (IRQ6)
e WI1/2/3/4/5/6/7 Interrupt — WSIx Interrupt Vector (IRQ31)

NVIC_ISER/ICER
IRQ6
CM_WIMSCR.WIO CM_WMISR.WIO » NVIC_ISPR/ICPR WSI0

CM_WRISR.WIO
CM_WICR.WIO

External Interrupt Trigger

Figure 2  WIO Interrupt and WSIO Vector

SAMSUNG ELECTRONICS 15 @"’
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CM_WIMSCR.WI1

CM_WMISR.WI1

External Interrupt Trigger CM_WRISR.WI1 clear

CM_WICR.WI1

CM_WIMSCR.WI2

CM_WMISR.WI2

External Interrupt Trigger

cw_wcnwz

CM_WICR.WI2

CM_WIMSCR.WI3

CM_WMISR.WI3

External Interrupt Trigger CM_WRISR.WI3 clear

CM_WICR.WI3

NVIC_ISER/ICER

IRQ31
CM_WIMSCR.WI4

NVIC_ISPR/ICPR WSIx

CM_WMISR.WI14

External Interrupt Trigger

CM_WICR.WI4
CM_WMISR.WI5

CM_WRISR.WI5 clear

CM_WICR.WI5

CM_WMISR.WI6

CM_WIMSCR.WI5

External Interrupt Trigger

|

CM_WIMSCR.WI6

External Interrupt Trigger clear

CM_WMISR.WI7

CM_WIMSCR.WI7

External Interrupt Trigger CM_WRISR.WI7 clear

CM_WICR.WI7

|

Figure 3  WIx Interrupt and WSIx Vector
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2.4 External Interrupt Handler

In external interrupt handler, you should clear the pending interrupt as like other interrupt handler. It can be done
by writing "1" into each interrupt bit of CM_WICR register. Also additional operation can be added by your system
application. The below table is one of the simple example.

Example1 External Interrupt Handler

void CSP_WSIOHandler (void)
{

CSP_CM SET WICR (CMO, CM WIO); /* Clear WIO interrupt pending bit */

void CSP_WSIxHandler (void)
{

isr flag = CSP_CM GET WMISR (CMO);
if ((isr flag & CM WIl)== CM WI1) CSP_CM SET WICR(CMO, CM WI1);
if ((isr_flag & CM WI2)== CM WI2) CSP_CM SET WICR(CMO, CM WI2);

’

if((isr flag & CM WI3)== CM WI3) CSP_CM SET WICR(CMO, CM WI3

(

(

(
CSP_CM SET WICR(CMO,

(

(

(

’

if((isr_flag & CM WI4)== CM WI4) CM_WI4);
if ((isr_flag & CM WI5)== CM WI5) CSP_CM_SET WICR(CMO, CM WI5);
if ((isr flag & CM WI6)== CM WI6) CSP_CM SET WICR(CMO, CM WI6);
if ((isr flag & CM WI7)== CM WI7) CSP_CM SET WICR(CMO, CM WI7);

’

SAMSUNG ELECTRONICS 17
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2.5 External Interrupt Configuration

The below figure includes the register information to control when you want to use the external interrupt. And it
shows the overall flow from the configuration to pending clear.

Generate interrupt handler (ISR)
CSP_WSIO0Handler
CSP_WSIxHandler

v

EXI pin configuration
IOCONF_MLRO/1
I[OCONF_MHRO/1

v

Configure EXI interrupt source
CM_WCRO
CM_WCR1

v

Clear status bit (RISR, MISR)
CM_WICR

v

Enable target interrupt -+ (a)
CM_WIMSCR
¢ It is possible to enable interrupt
(a) after enable IRQ vector (b).

Enable IRQ Vector ++(b)
(NVIC_ISER)

i

Waiting for the external event.

riggered external signal?

Jump WSix Handler
automaticllay

Check pending source
Jump WSIO Handler — The external event occurred. CM_WMISR/CM_WRISR

automatically ¢

Clear interrupt pending YES NO Clear interrupt pending
CM_WICR CM_WICR

L Return from ISR Return from /SHJ

Execute the next instruction
continuously

END

Figure4 Flow Chart for External Interrupt

SAMSUNG ELECTRONICS 18 W
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You can find the detailed description about each register from S3FN41F user's manual and ARM's manual.

o Refer to chapter 14. I/O Configuration of S3FN41F user's manual

— IOCONF_MLRO/1
— |OCONF_MHRO0/1
o Refer to chapter 6. Clock & Power Manager of S3FN41F user's manual
- CM_WCRO0/1
- CM_WIMSCR
- CM_WICR
- CM_WMISR
- CM_WRISR
e Refer to chapter ARMv6-M Architecture Reference Manual

- NVIC_ISER

SAMSUNG ELECTRONICS 19 @"’
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3 Example

Example

This section provides the external interrupt example using the S3FN41F evaluation board.

3.1 Hardware

This example needs POWER, H/L Gen, LED, and Wakeup Source parts basically. Also if you want to watch the
display through UART, include USART2 part.

MMI S0e] usa | anc | wekeup ource_
- Il ——g LS00 | L
: —
S e metn [] e o
e el i
| 252 |l
Nt ViV i :% W] -
— 1 =3 =
[ _T&: 2
et T :l:lj._ o e
= (mEEs T HER
« :B& = =-:-3.' ‘
" Bl -] = e e
-[?:} m'éu = @ - ': [Q? &
m. sk a-mzﬁmhun -
f:|_ () | T I [o]]
| lulks _D : yluuunuuunnt 'ﬁ:]:l
m m RESET

‘RS—485 USARTO/1 | OPAMP

Figure 5

Block Diagram of S3FN41F Evaluation Board
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3 Example

Each part should be controlled according to the following guide.

H/L Gen part

— Connect between WAKEUP and L in J62
Wakeup Source part

— Connect between WAKEUP and EXIO in J61
— Connect between WAKEUP and EXI10 in J61
4 x LED part

— Connect J63 jumpers

USART2

— Connect between P1.8_RX and UART in J53
— Connect between P1.9 TX and UART in J54
— Connect to PC comport through P3 (Baud-rate 19200bps)

POWER

R S

LEY Y
.

15

Led 8J g ¢
11ttt d ll”'

31111
sssavgus

RENANRRERAANN

(00 NTEw

(a) is the part to generate external interrupt event signal using sw17

(ERANE AN P

Figure 6 Board Condition for Example
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3.2 Software

This example uses EXIO and EXI10 pin. EXI10 interrupt is remapped to WIO interrupt by writing EXI10 value to
WSRCO. EXIO interrupt is remapped to WI1 interrupt by writing EXIO0 value to WSRC1. Simply it can be described
as like this.

e P1.22 - EXI10 > WSRCO —» WI0O —» WSIO

e P0.15 - EXI0 > WSRC1 —» WI1 — WSIx

Example 2  1/0O Configuration Function

void CSP_IOFunctionConfigure (eGROUPy iogroup,U8 T port, U8 T function)
{
U32 T temp = 0;
U8 T new port =0;
if (iogroup == GROUPO )
{
if (port <16)
{
temp = CSP_IOCONF_GET MLRO (IOCONFO) & (~(IOCONF_FSEL MASK << (2*port)));
CSP_IOCONF_SET MLRO (IOCONFO, temp| (function << (2*port )));

else
{
new_port= port-16;
temp = CSP_IOCONF_GET_ MHRO (IOCONF0) & (~(IOCONF FSEL MASK <<(2*new port)));
CSP_IOCONF_SET MHRO (IOCONFO, temp| (function << (2* new _port )));
}
}
if (iogroup == GROUP1 )

{
if (port <16)
{
temp = CSP_IOCONF GET MLRI (IOCONFO) & (~(IOCONF FSEL MASK << (2*port)));
CSP_IOCONF_SET_MLR1 (IOCONFO0, temp] (function << (2*port )));

else
new port= port-16;

temp = CSP_IOCONF_GET MHRI (IOCONF0) & (~(IOCONF_FSEL MASK << (2*new port)));
CSP_TOCONF_SET MHRI1 (IOCONFO, temp| (function << (2* new_port )));
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Example 3  EXI10 (WIO) and EXIO (WI1) Interrupt Configuration

/* External interrupt configuration - EXI10 */

CSP_IOFunctionConfigure (GROUP1, 22, IOCONF F1); //P1.22 is defined as EXI10 (Function 1)

source0 = CM WSRCO (CM_WSRC EXIO) |CM EDGEOQO|CM WENO; //WSRCO setting value

CSP_CM SET WCRO (CMO, source0); //WI0 interrupt is configured as EXI10 interrupt
CSP_CM SET WICR(CMO,CM WIO); //Clear WIO interrupt status

CSP_CM_SET WIMSCR(CMO,CM WIO) ; //Enable WIO interrupt

CSP_NVIC_SET ISER(NVICO, 0, NVIC_INT6); //Enable WSIO interrupt vector for WIO interrupt

/* External interrupt configuration - EXIO */

CSP_IOFunctionConfigure (GROUPO, 15, IOCONF F1); //P0.15 is defined as EXIO (Function 1)

sourcel = CM WSRCI (CM WSRC EXI10) |CM EDGE1l|CM WEN1; //WSRC1 setting value

CsP_CM_SET WCRO (CMO, CSP_CM GET WCRO (CMO) | sourcel) ; //WI1l interrupt is configured as EXIO interrupt.
CSP_CM SET WICR(CMO,CM WI1); //Clear WIl interrupt status

CSP_CM_SET WIMSCR(CMO,CSP_CM GET WIMSCR(CMO) |CM WI1); //Enable WI1l interrupt

CSP_NVIC SET ISER(NVICO, 0, NVIC INT31); //Enable WSIx interrupt vector for WIl interrupt

If the external interrupt configuration is completed, the external interrupt can occur by the signal to be asserted
through EXIO or EXI10 pin. In this example, WI1 and WIO interrupts occur at the same time because event signal
triggered by SW17 is connected with both EXIO and EXI10. But the WIO interrupt handler will be served first. The
reason is that the default priority of WIO0 interrupt vector (WSIO = IRQ6) is higher than WI1 interrupt vector (WSIx =
IRQ31).

Let's execute this example. After reset, the configuration is done. If that is completed, you can see the message to
be displayed until (a). At this time, four LEDs turn on. If there is no SW17's push, there will be no change any
more. Because the microcontroller is waiting for the external interrupt trigger signal. Let's push the switch button of
SW17. You can see the result to be done by the external interrupt handler. That is (b) and (c). These are sent
while microcontroller serves each interrupt handler operation. If you see all message as like the below, this
example execution is finished. To notify the end, all LEDs will blink.

S3FHUIF, Cortex-MB, Flash 256KB, SRAM 32KB
External Interrupt Example

Evaluation Board Condition for This Example.
Connect J63 jumpers fFor 4xLED.

Connect between WAKEUP and L in J62.

Connect between WAKEUP and EXIB in J61.
Connect between WAKEUP and EXIM18 in J61.

Completed the configuration both EXI® and EXI18.
EXI18-->WSRCO{WIB), EXIB-->WSRCA{WI1)

Press SW17 to generate external interrupt. (g,
LR MLl e {b,
ISR _WI1

Figure 7 The Execution Message Through UART

SAMSUNG ELECTRONICS 03 W



	S3FN41F
	Important Notice
	Trademarks
	Chip Handling Guide
	Revision History
	Table of Contents
	List of Figures
	List of Tables
	List of Examples

	1 Introduction
	1.1 Overview
	1.2 General Description
	1.3 Reference

	2 External Interrupt
	2.1 EXI Pin Configuration
	2.2 External Interrupt Mapping
	2.3 External Interrupt Enable
	2.4 External Interrupt Handler
	2.5 External Interrupt Configuration

	3 Example
	3.1 Hardware
	3.2 Software


