Demo 11 - Interrupts Study - With Different Priority Levels
|

Introduction:

The interrupts INTO, INT1 and INT3 are considered for study purpose. Multiple interrupts are

considered with priority levels.

Hardware:

Here 3 interrupts, INTO, INT2, and INT3 are considered in the study.

To each interrupt line, a push button switch is connected. Hence 3 push button switches are
connected to the port lines P45 (INTO), P17(INT1) and P33(INT3).

Each interrupt uses one LED and one toggle switch in its service routine. For this purpose 3
LEDs are connected to the Port lines P10, P11 and P13. Similarly 3 toggle switches are connected

to the port lines P13, P14 and P15.

The toggle switches and LEDs related to each interrupt is shown below:

Interrupts Toggle Switches LEDs
(Push Button Switches)

INTO (SW18) P13 (S1) P10 (LED2)
INT1 (SW19) P14 (S2) P11 (LED3)
INT3 (SW20) P15 (S3) P12 (LED4)
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Connections:

 LEDs
1stLED ->P10
2nd LED ->P11
3rdLED ->P12

« Switches

Pushbutton Switch 1 -> P45 (INTO)
Pushbutton Switch 2 -> P17 (INT1)
Pushbutton Switch 3 -> P33 (INT3)
Toggle Switch 1 -> P13
Toggle Switch 2 -> P14
Toggle Switch 3 -> P15

Functional Description:

Three interrupts INTO, INT1 and INT3 are considered for this study. All these three interrupts are
set with three different priority levels.

These interrupts are provided with the relocatable vectors. Each interrupt has a separate control
register, using which the priority level is set. Priority level is set low for INTO which is 1. Priority
levelis 2 for INT1 and 3 for INT3.

Interrupt Mechanism:

All peripheral function Interrupts are maskable interrupts. Maskable interrupt has a bit, | flag, in
the Flag register to enable or disable the interrupt. Each maskable interrupt has a separate
register, Interrupt Control Register to set a priority level for that interrupt. Seven levels of priority
can be provided for the maskable interrupts individually.
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Interrupt Sequence.

Flag register has a bit called | Flag which enables or disables the maskable interrupt. It should
be set to 1 to enable the maskable interrupt.

If an interrupt occurs during execution of an instruction, the execution of current instruction is
completed and then the processor determines its priority. If the interrupt has higher priority, then

the control is then transferred to the new interrupt sequence from the next clock cycle.

If an interrupt occurs during execution of either the SMOVB, SMOVF, SSTR or RMPA instruc-
tions, the processor temporarily suspends the instruction being executed, and transfers control

to the interrupt sequence.

The interrupt sequence:

1. The CPU gets interrupt information (interrupt number and interrupt request priority level)
from the address 0x0000. The control then clears the IR bit of the corresponding interrupt

control register to 0. User need not clear this bit.
2. The Flag register is saved to stack
3. Thel, D, and U flags are cleared to 0.
4. The CPU’s internal temporary register is saved to the stack.
5. PC is saved to stack.

6. The interrupt priority level of the accepted interrupt is set in the IPL bits of the Flag register.
This indicates that another interrupt of higher priority can occur during the service of this

interrupt.

7. The start address of the relevant interrupt routine set in the interrupt vector is stored in the
PC.

Once the interrupt sequence is completed, the micon will start executing the first instruction in

the service routine.
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Interrupt Response Time:

The interrupt response time indicates a time taken for the controller to enter into the service
routine after an interrupt is requested.

When an interrupt occurs, the controller completes the execution of the current instruction ((a)
in the figure). This time depends on the instruction being executed. The DIVX instruction takes a
maximum of 30 cycles.

Then the controller takes a time for the interrupt sequence ((b) in the figure), which is 20 cycles.

The interrupt response time of the controller is 50 cycles at the maximum and it may less
than that depending upon the instruction being executed.

Interrupt request generated  Intermupt request acknowledged

s {L & Time,

[nstruction in
interrupt routine

Instruction Intemupt sequence

\‘___--

(a) 20 cycles (b
fanun] -

Intemrupt response time

(a) A time from when an interrupt request is generated till when the instruction then
executing is completed. The lenath of this time varies with the instruction being
executed. The DIVX instruction requires the longest time, which is equal to 30 cycles
Cwithout wait state, the divisor being a register).

(b} 21 cyvcles for address match and single-step interrupts.

Priority level:

All peripheral function interrupts are maskable. For each interrupt, priority can be set separately
using a separate register. Since three bits are used, 7 levels of priority (1 to 7) can be used.

Condition 1:

If two or more interrupts, which has different priorities occur at the same time, in the resolving
sequence, the interrupt which has highest priority will be serviced first. The remaining interrupts
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will be kept pending. After completing the service of the highest priority interrupt, the pending
interrupts will be considered.

Then the interrupt which has higher priority among the pending interrupts will be considered and

serviced.
Condition 2:

While servicing an interrupt, if an interrupt with a higher priority occurs and at the same time the
I-bit is enabled in the Flag register, the new interrupt will be serviced. After completing the new
interrupt, the service of the current interrupt will be completed.

Condition 3:

If two or more interrupts occur at the same time and if they have same priority set using the
ILVLO to ILVL2 bits. A hardware priority resolver (The interrupt priority resolution circuit) is avail-
able in the controller which helps to resolve the priority of the maskable interrupts. The priority

levels in the hardware is as follows:

Compare 0 - Highest Priority
INT3

Timer Z

Timer X

INTO

Timer C

INT1

UART1 Reception

UARTO Reception

Compare 1

A/D Conversion

UART1 Transmission

UARTO Transmission

SSU/IIC Bus

Key Input - Lowest Priority
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Pricrity Leval of Each Intarrupt

Lewel O ot vty HiRESE
| Compars 0 I— ,‘
| T H
l Timer | o
| Timer X |—
| -
l Timer C 1+
| T H
| UART1 Recsive H
I UARTO Recsive I_ Fricrity of penpharal function intsmupts
(if pricrity levels are same)
l Compars 1 1+
l AJD Conversion | o
| LUARTA Transmit H
| LIARTO Transmit =
l 55U /G bus!" 1+
I Ky Input - L
Lovwest
| IPL
Intsrrupt tlevel
jmgwgntﬁg& a?grral
l I flag I D—‘_\ Irbsrrupt
recuest
[ Address Maich } acknowtedged
| Watchdog Timer |
| Oseillation Stop Detection |
l Voltage Monitor 2 |
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Registers used:

INTOIC - Interrupt Control Register for INTRO
INT1IC - Interrupt Control Register for INTR1
INT3IC - Interrupt Control Register for INTR3
INTEN - External Input Enable Register

TXMR - Timer Y,Z Mode Register

TYZMR - Timer Y,Z Mode Register

INTOF - INTO input filter select register

Interrupt control register for INTO (INTOIC)

bif b b b B3 B2 b1 HD

o Symbol Address After Reset
IMTOIC 0050h M OX000E
Bit Symbal Bit Marme Function R
hterrupt Rrionty Leval Selact Bit bl B ]
LV L0 000 Laveal Oiintarrupt disable) =
001 Lavel 1
010 Level 2
. 011: Lavel 3
Lt 100: Lovel 4 RN
101 Lavel &
110: Level &
VL2 111 Laval 7 R
nterrupt Raquast Bit U Raquests no interupt ]
IR 1: Requests interrupt R
Holarity Switch Bit® U: Salects faling edge
FOL 1: Salects rising edge® RW
— Feserved B TR ]
F e H'-"ll
(b5)
— Maothing is assignad. When wrte, setto “07.
(b7-bE)  |When read, its content is indeterminate. -

HOTES
1. Only <07 can be w rittzn to the IR bit. (Do notwrite “17.)
2. To rewrita the interrupt control register, rew rite it w hen the interrupt request w hich & applicable for its register is not
generated. Referto 12,56 Changing Interrupt Control Registars.

3. [ the INTOPL bit in the INTEM register is set to 17 (both adges), satthe POL bit to °0° (selacts falling aedge).

4. The IRbit may ba satto “17 (requasts intarrupt) w hen the FOL bit is rewrittan. Refer to 12.5.5 Changing Intarrupt
Factor.

Using Interrupt Control Register for INTO (INTOIC), the interrupt priority level for INTO is selected

as 1 along with the falling edge for sensing.

€@ SetILVLO bit to 1 to select the priority level as 1.

€ POL bitis set to 0 to define falling edge sensing.
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Interrupt Control Register for INT1 - INT1IC.

Bit symbol Bit name Function =1
ILWLD Intarrupt priomty leval
salect bit {1}
: Level O {Interrupt disabled)
o Leveld
ILVLA O Lewvel2
D Level 3 R
00 Lewvel4
o Lewel 5
ILvL2 : Level &
© Level 7 R
IR Intarrupt request it 0o Intermupt not requested 1
1: Interupt requested R
—_— Mathing Is assigned.
CET-bd When write, sat to “0”. When read, Its content Is Indeterminate. —

For INT1, the interrupt control register INT1IC is used. The value loaded is 0x02. INT1IC = 0x02.
- priority level 2 is selected for INT1.

The interrupt control register for interrupt INT3 is INT3IC. The INT3IC is similar to the register
INT1IC.

The data setin INT3IC is
INT2IC = 0x03 - priority level for INT3 is 3

Input Filter Select Register - INTOF.

INTO input filker salact registar

o I

@ 1 :Fllter wiih 11 samping
1 0 Filler wilh E samping

oW, W T LT
¥ ¥ ¢ Symbol Address Alter resel
IRl INTOF O1E® HOOHHO00E

]
[
]
HEH IETET Bil name Funclion R
1 — ]
E 1] INTOFD NT inpul fiter salact bit a0 Mo likar [=1re]
i
1
i

eEEEEEE s —-————

====1 INTOF1 1 1 Filler with bz sampiag | BV
Raserved O Selln T
______ =) i R
Hething ks assknad.
(703 Ehhige -

When writs, st to 507, If read, it contant is noeterminata.

No Filter is selected for INTO interrupt.
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Timer C Control Register 0 - TCCO.

b7 bE b5 b B3 B2 b1 HD

0 Symbol Addrass After Reset
TCCD 094hR h
BT Syl BT Marme Function =
Timer & Count Sart B U Stops counting
TCono 1 Starts counting R
Timer € Count Source Select Bt bz 1
ToOM 0o0:f R
01:fa
1032
T2 1 1: fRING-fast =
INT3 Inte dCa o
Too03 nternpt an plure 00 : Riing edge (=00
Polarity Select Bit! 2 01: Faling edge
10 : Both edges
Too04 1 1: Donot set =
— Resarvad Bit Sat o 0’ F
(b5} b
INT3 Interrupt Request Genaration 0 INT2 Interrupt i generatad
; it2,3] ) i
Too0g Timing Sekect Bit 5:.fI'I3|'II'I:II'IlEII'Il;|- w ith Timar C count =
17 INT2 Interrupt & generated w han
INT3 intarrupt is inputt*!
TCOoT INT§ Intar.n.lpt and Capture Input 0 INT2 =
Switch Bit! 1: fRIMNG128
NOTES :

1. Change this bit w hen the TCO00 bit i sat to “07 (count stop).
2. The IR bit in the INT3IC register may be set to° 17 requests intarrupt) w hen the TOCO3, TCO4, TCO0E and TCCOT
bits are rew riten. Rafer to 12.5.5 Changing Interrupt Factor.

3. When the TCC13 bitis set to°17 {output compare mode) and IMNT3 intarrupt & input, regardless of the
setling value of the TCCDE bit, an interrupt request & generatad.
4. When using INT3 filker, the INT3 interupt is generated synchronizing w ith the clock for the digital filtter,

For INT3, the rising edge is selected using TCCO register.
Set Bits TCC03 and TCCO04 to O for rising edge sensing.
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External Input Enable Register (INTEN).

Extamal input enable register

AT bt b& M bl b¥ k1 LD

ojlajojalalo Symbol Addrass Aftar ragat
T ™ INTEN 096 001
| [
| [
| P Bit symbol Bil nama Funclion RV
i i 4] INTOEM IMT inpul enablz bt 0 : Disabled W
i i 1 : Enabled
| i
! ! m— -
! Lawad IMTOFL  |INTO Input polarily select b2 [0 @ One edge )
: 1 : Both edges R
i
| —
! b7 -hz) et et oo RV

hotess:

1. This bit must b2 set whila tha INTESTS Bt in tha PUM ragisler 1s sal o 07 {one-shol igger disabled).

2. Wwhan sating the INTOPL bit to *1° (salecling bolh anges), the POL bil Inthe INTOIC must ba satbo 0" |
saleching aling edgs).

2. The IR GitIn 1ha INTOIC registar may ba set o =1 jrtarmpt requasted) whan tha INTOPL bt I resriien.
Realer 1o e paragraph 19.2.5 "Changing Inamupl Facior n ihe Usage Moks Rekrencs Bock.

INTOEN bitin INTEN register is setto 1 to enable INTO interrupt.

Timer X Mode Register (TXMR).

bi" b6 b5 b B2 K2 B ED

Symbol Address After Reset
TXMR 00BER a0k
[ B Symbol B Fame Funchion =
Opearating Mode Salact Bt 0w w
T<moDo |1 00 Timer made o pulse period measurement (=10
made
0 1: Do not set
TXMODI 10 BEvent count moda =
1 1: Pulse width measurement mode
INT1/CMTRO Polarity Sw itch |0 : Rising edge )
ROEDG | pie 1 : Falling edge R
Timer X Count Start Flag® |0 Stops counting ]
X5 1 : Starts counting R
THOCNT F3_T/ICHTRO Salect Bit Function varies depending on operating moda R
Operating Mode Salect 0 ; Other than puke period measurement mode
<Mooz |Bit2 1 : Pulse period measurameant madsa =10
TXEDG Active Edge Reception Hag JFunction varies depending on operating mads AW
TXUND Timer X Underflow Flag Function varies depending on operating mode o

MOTES :
1. When using INT1 interrupt, sekect modes other than pulse oufput mode.

2. The IR bit in the INT1 2 register may be sat to “17 (requests interrupt) w han the ROEDS bit is rew ritten. Refer to

12.5.5 Changing Interrupt Factor.
2. Refer to 14.1.6 Precautions on Timer X for precautions on the TXS bit.

For INT1 the rising edge is selected using TXMR register.
Set bit ROEDG to O for rising edge sensing.
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Software Description:

Here we study the interrupt operations using the examples.

Example 1 - Higher priority interrupt INT1 is serviced during the service of INTO.

1. During the initialization of interrupts, the priority level of interrupts are set as follows using
IPLV2 to IPLVO bits. To each interrupt a push button switch is connected.

1.INT2 - Highest priority
2.INT1
3. INTO - lowest priority

For each interrupt an LED, a push button switch and a toggle switch are used. The toggle
switch and the LED helps to identify the interrupt. Keep all toggle switches at 0 level.

2. Press SW18to activate interrupt INTO. In the interrupt service an LED (LED2) will be switched
ON. The control will come out of the service routine only if toggle switch S1 gets a 1 level.
Since the level of the switch is set at 0 level, the control stays in the service routine itself.

3. Now press SW19 to use interrupt INT1. Now INT1 is serviced and LED3 will be ON. INT1 is
serviced because INT1 has higher priority than INTO. In the service routine of INT1 the LED3
will be switched ON.

3. Change level of S2, (the switch connected with INT1) to 1. The LED3 will be switched OFF.
The flow of control comes out of INT1 service and now it stars servicing INTO.

4. Change level of S1to 1. The LED2 will be OFF. The control comes out of INTO service and
it goes to main routine.
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Example 2- Lower priority interrupt INTO is not serviced during INT1 service.

1. Intheinitialization of interrupts, the priority level of interrupts are set as follows using IPLV2
to IPLVO bits. To each interrupt a push button switch is connected.

1. INT3 - Highest priority
2.INT1
3.INTO - lowest priority

For every interrupt, an LED, a push button switch and a toggle switch are used. The toggle
switch and the LED helps to identify the interrupt. Keep all toggle switches at ‘0’ level.

2. Press SW19 to interrupt the controller using INT1. In the interrupt service routine, LED3 is
switched ON. The program control will come out of the service routine only if the switch S2
is set at 1 level.

3. Now press SW18(INTO) which has a lower priority than INT1. INTO will not be serviced be-
cause it has a lower priority.

4. Change level of S2 to 1. The LED3 will be switched OFF. The control comes out of INT1
service and now pending interrupt INTO is serviced and hence LED2 will be switched ON.

5. Change level of S1to 1. The LED2 will be switched OFF and the control comes out of INTO

service.
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The functions in the file “Demo011.C” and short descriptions are listed below:

Functions Description

Main routine which initializes the

main micon and the Interrupts INTO, INT1
and INT3.
MCUInitialize Initializes Micon

Initializes INTO, INT1 and INT3 with

Initialize INTO, INT1 and INT3 o .
priorities 1, 2 and 3 respectively.

Process INTO interrupt Interrupt senvice routine for INTO.
Process INT1 interrupt Interrupt senvice routine for INT1.
Process INT3 interrupt Interrupt senvice routine for INT3.

FRONTLINE
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Program Flow:

Main Program:

FRONTLINE

ELECTRONICS

=

y

Initialize Micons main clock

1. Turn off Ring Oscillator
2. Main clock = fosc

A

Initialize Port Lines

1. P10 to P12 as output port
2. P13 to P17 as input port

Initialize Interrupts
1. Set Falling edge and
Priority level 1 to INTO

2. Set Rising edge and
Priority level 2 to INT1

3. Set Priority level 3to INT3

4. Enable Interrupts

www.MightyMicons.com
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Interrupt INTO service Routine:

C INTO Service Routine)

y

Switch on LED connected
to P10 (LED2)

Is Switch S1 (P13)
=1

Switch off LED connected
to P10 (LED2)

Y

Return Interrupt
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Interrupt INT1 service Routine:

C INT1 Service Routine)

y

Switch on LED connected
to P11 (LED3)

Is Switch S2
(P14)=1

Switch off LED connected
to P11 (LED3)

Y

Return Interrupt
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Interrupt INT3 service Routine:

C INT3 Service Routine)

y

Switch on LED connected
to P12 (LED4)

Is Switch S3
(P15) =1

Switch off LED connected
to P12 (LED4)

Y

Return Interrupt

Execute the Study:

These examples help to study the priority levels of the interrupt mechanism.
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Use Topview Simulator to Verify the Design.
Open the project Demo1l in the R8C/Tiny System Simulator using Open Project option from
Project menu. The project window opens up along with the Demo1l.c file. Use Build option

from Build menu to compile the project. An output window captures the compiler ouput.

Use Project -> Download Project from main menu to download the .mot file into the simulator’s
memory for simulation.

ANGO - RBC/Tiny System Simulator
File Project Memory Yiew Run Buid BreakPoint SingleStep Window Help

o P P B | N Y =8 W I o ] e S S | 2|mIE

@rrok BEEE
= [ Demoil 1/ / ~
= C Source Files 2z /% Study of Mulcilevel Interrupts using INTO, INTi and INT3 "
Dematl.c 3 ) ) i
Frector.c 4 /% In the interrupt system when an interrupt is being serviced and if "
Hea 5 /% a higher priority interrupt occurs, then the higher priority interrupt *
e 6 /% will be serviced. “
Tnitsct.c 7 /% If & lower priority or Same priority interrupt ocours, it will be T
Inkpra.c & /% serviced only after completion of che current interrupt. w
Resetpro.c g = wf
10 /* To study this principle, 3 interrupts are used with different " 0
11 /% priority levels. *
iz /% INTO - Level 1 - lowest prioricy "
13 /% INT1 - Level 2 - higher prioricy than INTO =
14 /% INT3 - Level 3 - highest prioricy "
15 /% o
16 /#* LED Connections:-— w
I T af
18 /# LEDL —-»> P10 w
18 /# LEDZ -> P11 ot
20 /% LED3 -» P1Z w
z1 /® ot
2z /% 3witch Connections:- w
23 JF mmmmmmmmmmmmmmee e af
24 /% Push Bucton Swirchl —> P45 [INTO) "
25 /% Push Button Switche -> P17 [INT1) =
26 /% Push Bucton Swirchd —> P33 [INT3) "
z7 /F ot
28 /% Toggle 3witchl -> P13 "
29 /% Togyle SwitchZ -> Flg o/
30 /* Toggle Switch3 -» P15 ks
31 /F ot
32 /% Example 1 - Higher priority interrupt (INT1) is serviced "
33 /% during INTO service o/
34 /W w
35 /% 1. Press P45(INTD) switch, LED1 will be ON in the interrupt service routine 7/
36 jw and the control will come out of the service routine only " v
< | >
COLE 0000422 (00126H) Byte(s) 7]
The walue of option function sslect registsr is FFH 3
<< Linking Completesd »»
Converting to S Record(MOT) Format
Load Module Converter {lmc30) for R8C/Tiny, M16C-60 Series Version 4.01.01.000
Copyright (C) 2005, Renssas Technology Corp.
and Renesas Solutions Corp.. 411 Rights Reserved
<¢ Convertion Completed »:
<< Building Completed »>
l A4
< | >

Ready REF211B4 Mo Breakpoint Set WyC:10331 684 On-Chip Low Speed/a

Connect point LEDs to the port line P10 to P12 using LED module setting, connect three push
button switches to the port lines P45, P17 & P33 and connect three numbers of toggle switches

to the port lines P13 to P15. Open the LED and Keyboard window and arrange them as shown for
better visibility.
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@) SANGO - RBC/Tiny System Simulator
Ele Project Memory %iew Run Build BreakPaint SingleStep indow Help

T T T O N oo e T e e 2

PI_0 PI_1 P2

| Matrix Keyboard and Keys

Keys - Momemtary Type
P1_7 ‘ P3_3 | P45 ‘

Keys - Toggle Type
F'173=[I‘ P174=I]| F'175=[I‘

Executing From DC174H. ., RSF211B4 Mo Breakpaint et MJC:25015646 External Clack

Down load the program using Download Project command in Project menu.
Run the program using Go command in Run menu.
Example 1 - Higher priority interrupt(INT1) is serviced during INTO service.

1. Press P45(INTO) switch, LED1 will be ON in the interrupt service routine and the control will
come out of the service routine only if switch toggle switch at port line P13 level is 1.

2. Now press P17(INT1)switch. INT1 is serviced and LED2 will be ON.

3. Change level of toggle switch at port line P14 to 1. The LED2 will be OFF. The control comes
out of INT1 service and now itisin INTO.

4. Change level of toggle switch at P13 to 1. The LED2 will be OFF. The control comes out of
INTO service.

FRONTLINE
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. ___________________________________________________________________________________________________________________|
Example 2 - Lower priority interrupt(INTO) is not serviced during INT1 service.

1. Press push button switch at P17(INT1), LED2 will be ON in the interrupt service routine and

the control will come out of the service routine only if toggle switch connected at P14 level is
1.

2. Now press push button switch P45(INTO0). INTO will not be serviced because it has a lower
priority.

3. Change level of toggle switch at P14 to 1. The LED3 will be OFF. The control comes out of
INT1 service and now INTO is serviced and hence LED1 will be switched ON.

4. Change level of toggle switch connected to portline P13 to 1. The LED1 will be OFF. The
control comes out of INTO service.
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