Demo 10 - Interrupts Study - 8 bit Up/Down Counter
|

Introduction:

The interrupts INTO and INT3 are considered for this study. A software counter is designed and
the counter is incremented by one in the INTO interrupt service routine. The counter value is
decremented by one in the INT3 interrupt service routine. Point LEDs are used to display the

count value.

Study Hardware:

A software counter is initialized in the program. For displaying the count value, 8 numbers of
point LEDs are connected to the port lines, P10 to P17.

Two Push button switches are connected to INTO(P45) and INT2(P33) lines to trigger interrupt
sighals to the micon. The program is designed in such a way that the counter is incremented in

the INTO service routine and the same is decremented in the INT3 service routine.
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Circuit:
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Connections:

e LED
1st LED ->P10
2nd LED ->P11
3rdLED ->P12
4th LED ->P13
5thLED ->P14
6thLED ->P15
7thLED ->P16
8thLED ->P17

 Other Connections
Pushbutton Switch-> P45 (INTO)
Pushbutton Switch-> P33 (INT3)

Functional Description:
Interrupt Mechanism:

All peripheral function Interrupts are maskable interrupts. Maskable interrupt has a bit, | flag, in
the Flag register to enable or disable the corresponding maskable 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.

Interrupt Sequence.

Flag register has a bit called | Flag which enables or disables the corresponding maskable
interrupt. It should be set to 1 to enable the 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 interrupt sequence from the next cycle.
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If an interrupt occurs during execution of any of these 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 registers are 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 this interrupt sequence is completed, the micon will start executing the first instruction in

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

Interrupt request generated  Intermupt request acknowledged

i Time
Fal 5 r
Instruction Intemrupt sequence  Instruction in
interrupt routine
d (a) 20 cycles (b) 4
fintunl] -
Intemupt 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 DIVE instruction requires the longest time, which is equal to 30 cyvcles
(without wait state, the divisor being a reagister).

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

The INTO interrupt works on the falling edge and the INT3 works on the rising edge. These
interrupts fall under the relocatable vector table area. Each interrupt has a separate control
register, using which the priority level is set. Priority level of 1 is set for INTO and the priority
levelis 2 for INT3.

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

If an interrupt occurs during execution of an instruction, the execution of current instruction is
completed and then the processor determines its priority. Control is then transferred to the
interrupt sequence from the next cycle. If an interrupt occurs during execution of either the
SMOVB, SMOVF, SSTR or RMPA instructions, the processor temporarily suspends the instruc-

tion being executed, and transfers control to the interrupt sequence.
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Registers used:

INTOIC
INT3IC
INTEN
TCCO
INTOF

Interrupt Control Register for INTO
Interrupt Control Register for INT3
External Input Enable Register
Timer C Control Register 0

INTO input filter select register

Interrupt control register for INTO (INTOIC)

bi BE b b B3 B2 b1 KD

o Symbaol Address After Resat
IMTOKC 00500 XA IOX000E
Bit Sy bl Bit Marme Function Ry
hterrupt Frichty Leval Selact Bit b b1 B B ]
1LY L0 000 Laval Oiintarrupt disabla) =
001: Level 1
010: Lavel 2
. 011: Level 3
VL 100: Level 4 R
101 Lavel &
110: Laveal &
ILvLz 111 Level 7 R
nterrupt Request Bit U: Hequests no interupt L
IR 1: Raquests interrupt RiA
Holarity =w itch Bt U Salects taling ad
POL rity =w Ite I. ects faling & gE-?. R
1: Salects rising edge!
— Fesarved B St to 0
¥ Ru\.l
(b5)
— Mathing is assigned. When write, set to “07.
(b7-biE)  JWhen read, its content is indetermirate. -
MOTES :
1. Only “07 can be w ritien to the IR bit. (Do notw rite “17.)

2

T rew rita the intermupt control register, rew rite it w han the intarnpt request w hich i applicable for its register is not
generated. Referto 12.5,6 Changing Interrupt Control Registers.
If the INTOPL bit in the INTEM register is set to “17 (both edges), setthe POL bit to *0" (sdacts falling edoa).

The IR bit may b satto “17 frequests intermupt) w hen the FOL bitis rewritten. Refer to 12.5.5 Changing Interrupt
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.

€ Set ILVLO 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 INT3 - INT3IC.

Bit symbol Bit name Function =1
ILVLD Intarrupt priomty leval .
salect bit i ot R
000 Level O (Interrupt disabled)
© Lewveld
ILWL1 O: Level2
Level 3 R
00 Leveld4
T Lewvel &
ILvL2 o Level &
o Lewvel 7 =0
IR Intarrupt request it 0o Intermupt not requested 1
1: Interupt requested R
_— Mothing Is assignad.
(BT b When write, sat to “0°. Whan read, Its content 1s Indeterminata. -

Similarly for interrupt INT3, the control register INT3IC is used. The value loaded is 0x02. Here
priority level 2 is selected for INT3.

INTO Input Filter Select Register - INTOF.

b

[

IMTO input filter s=lect registar
]

bhS b4 81 B2 b1 W

Symbol Aikiress Aller resa
INTOF 1Ew HOXXHOO0E
it symbol Bil nama Funclion R
—_— M m
INTOFD INTW inpul fiter salact bit a0 Mo fikar =1l
0 1 Filter wilh 11 samping
e 1 0 Filler wiih & samping
INTOF1 1 1 Filler wilh =z sampling | B
= Reserved bl &l o 1 -

Mothing ks assignad.

(b7 -h3) When writs, set to <07, If read, it contant is noelernminata.

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.

Extemal input enable register

AT bt b& M bl b¥ k1 b

ajagojajalo S','ml:d Arklrass Aftar rasal
r — INTEH D096 s
! I
! I
! {1 Bisymbal Bl name Funchion R
| i 4 INTOEM | IMTO Inpul @nablka bi 0 : Di=abked w
i i 1 : Enabled
! i
i : INTOPL [T Inpul potarily select ME [0 © One edge
H LS ¥ ,
: 1 : Both edoas R
!
! -
Resarvad bil Sel 1o O
! {b7-b2) ' R

hictes:

1. This bit must b2 56t whike ha IMTESTS BN the PUM raglster 1s sat o 07 (one-shol ngger disabied).

2. Wwhan satling the INTOPL bit to *1° (sakecling bolh acges), the POL bit Inthe INTOIC must ba sat o 0 |
saleclingfallng e,

3. The IR Bitin 1ha INTOIC registar may ba sst 1o =17 griarmupt requasted) whan tha INTOPL bt i resrien.
Raler [0 Iha paragraph 19.2.5 “Changing Inamupt Facioe N ihe Ussge Noks Rekranes Bock

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

Software Description:

When the push button switch connected to INTO is pressed, an interrupt occurs. Interrupt is
triggered during the press of the key, which indicates that the interrupt is falling edge sensitive.
A software counter is maintained and the count gets incremented and displayed on the point
LEDs.

When the switch connected to INT3 is pressed and released, second interrupt occurs. Interrupt
occurs during the release of the key, which indicates that the interrupt is rising edge sensitive.
The same counter gets decremented and displayed on the point LEDs.
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The functions in the file “Demo010.C” and short descriptions are listed below:

Functions Description

Main routine which initializes the

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

Initialize INTO and INT3

Initializes INTO and INT3 with
priorities 1 and 2 respectively.

Process INTO interrupt

Interrupt senvice routine for INTO.
Counter is incremented and
displayed on Point LEDs.

Process INT3 interrupt

Interrupt senvice routine for INT3.
Counter is decremented and
displayed on Point LEDs
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Program Flow:

Main Program:

=

y

Initialize Micons main clock

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

Y

Initialize Interrupts
1. Set Falling edge and
Priority level 1 to INTO
2. Set Rising edge and
Priority level 2 to INT3
3. Enable Interrupts
4. Initialize a Counter

FRONTLING

www.MightyMicons.com




Demo 10 - Interrupts Study - 8 bit Up/Down Counter

Interrupt INTO Service Routine:

C INTO Service Routine)

y

Increment Counter

Y

Display Counter on
Point LEDs

A\

Return Interrupt

Interrupt INT3 service Routine:

C INT3 Service Routine)

y

Decrement Counter

Y

Display Counter on
Point LEDs

A\

Return Interrupt
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Execute Study:
The 8 bit counter value is displayed on the Point LEDs.

Press the switch connected to the INTO pin. An interrupt occurs and the incremented count gets
displayed on the LEDs.

Press the switch connected to the INT3 pin. An interrupt is activated and the decremented count
gets indicated on the point LEDs.
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Use Topview Simulator to Verify the Design.
Open the project Demo10 in the RBC/Tiny System Simulator using Open Project option from
Project menu. The project window opens up along with the Demo10.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.

(@)SANGO - RBC/Tiny System Simulator

fle Froject Memory Wiew Run Build BreskPoit SingleStep Window Help

o e Pl P i P =i ez | s o e 2 e 3 2 | Fred | EE] jﬂiﬂ =
©rror - 10]x] Blbenois

= Dematn 1 ERARRERATER RN AR SRR TR AT AR AR AR AR RS ARG RS R AR RS AR AR TERAT A ~
= (B C sourcs Files 2 /7 Study the Interrupt facility - INTO and INT3 interrupts "
Demati.c N s
vector.c 2 o
Heap.c 5 /¥ L software counter (UpDown Counter) is maintained and the *
x " 6§ /7 walue will be incremented for INTO and decremented for INT3 Interrupts "
Initsct.c 7 /% Point LEDs are used to display the Counter value. *
Tntprg.c g8 s "
Resetpra.c 8 /* LED Connsction:- *
10 /7 e "
11 /* 1st LED -> P10 *
12 /* 2nd LED -» P11 *
13 /* 3rd LED -» P12 *
14 /* 4th LED —» P13 * b
15 /* 5th LED -» P12 *
16 /* &th LED —» P15 *
17 /* 7th LED -> P1g *
18 /* &th LED —» P17 *
18 *
20 /7 Other Connections:- kG
21 /¥ mmmmmmmmmmmeee */
22 /* Pushbutton Switch -» P45 (INTO) w
23 /¢ Puskbutton Switch -> P33 (INT3) *
24 /7 "/
25 /¢ Fromtline Electronics P Lud, India *
26 /7 www.HightyMicons.com w
BT AR AR TR AT AR AR AR AR RS SRR AR RS R AR RS KA R AR SRR AR AR AR AR SRR TR
28
23 #include "sfr_rBelalb.h”
30
31 void ImitializeIntOIntdivoid):
32 void NCUInitialize (void);
EES
34 unsigned char Counter;
EH
36 void main(void) v
< | >
& output mEE)
CODE 0000378(00174H) Bvte(s) ~

The valus of option function selsct register is FFH
<< Linking Completed 5>

Converting to S Record(MOT) Format

Load Module Conwerter (1lmc30) for REC/Tiny, M16Cs60 Series Version 4 01.01.000

Copyright (C) 2005. Eenesas Technology Corp
and Renssas Solutions Corp.. All Rights Reserved

<< Convertion Completed >»

|<c Building Completed >>

|

< | >

Ready RSF211B4 Mo Breakpoint Set MC:26290633 On-Chip Low Speed/8

Connect point LEDs to the port line P10 to P17 using LED module setting and connect two push
button switches to the port lines P45 and P33 to generate interrupt signals for INTO and INTS3.
Open the LED and keyboard window and arrange them as shown for better visibility.

FRONTLINE

www.MightyMicons.com




Demo 10 - Interrupts Study - 8 bit Up/Down Counter
|

© SANGO - RBC/Tiny System Simulator [HEE

File Project Memory Wiew Run Buid BreakPoint SingleStep Mfndow Help
i iR P i i Y 2o o o ] S S i ol s - ]

O O O O O O O O DCDDQ . 9 10 : MV - = #1H RO

EEX

PI0 PIL1 Pl2 P13 PlL4 PS5 PLE PL7 ncoos 6E FD JHE 0C009H
ocaan Fa RIS
oco0E 7E 9F 50 00 BSET 0.000AH
ocata o7 08 06 a0 HOv B #08H, 01D
ocote o7 28 07 00 HOV.B #28H, CH1
ocoia 7E 8F &2 10 BCIR 2. 000CH
ocoiE 7E 9F 3C 00 BSET 4.0007H
ocaze 7E 8F 50 00 BCIR 0. 000AH
ocoze ] RIS
ocaz? s HOE
ncnze 57 00 04 HE B nanam
ocaze 72 FF 00 04 E1 0D MOV B D400, F1
ncnat Fa RIS
ocog2 XF 00 04 DEC.B n400E
cnas 72 FF 00 04 E1 00 MOV B 40w, Pi
ocoze F3 RIS
ncnac o7 FF E3 00 HOY B #FFH UL
oco4n 72 FF 00 04 EL 00 HOV.B 0400H, P1
= o o ocnds EB &5 FOIR T
oco4s £7 01 5D 00 HOV.B #OLH, INTOIC
Kevsphomemian/llvag ocosc EB 51 FSET T
P33 Pas 0CO4E B7 96 00 MOV.B #0, INTEN
cast 7E 8F D3 04 BCIR 3.0094H
ocoss 7E BF D4 04 BCIR 14.00940
ocass EB &5 FCIR T
ocose o7 02 SA 00 HOV.B #O2H, INTIIC
ocasE EB &4 FSET T
coat 7E 9F BO 04 BSET 000960
ocaes F3 RIS
oces EC FD PUSHH RO.R1.R2 R3.AD. A1 FB
0coss ED EF POFH RO,R1,R2,R3,AD, A1, FB
ocoea FB RETT
ocosE s HOP
coec EC FD PUSHH RO,R1,R2, R3,AD, A1 FB
0CosE ED EF POFH RO,R1,R2,R3,AD, A1, FB
oca7o FB RETT
oco7L s HOP
ocaza EC FD PUSHH RO,R1,R2,R3, A0, A1 FB
ocoTe ED EF POFM RO,RL,R2,R3,AD, A1, FB 3
Ready RSF21LB4 Mo Breakpeint Set wiciza012110 Extermal Chack

Down load the program using Download Project command in Project menu.
Run the program using Go command in Run menu.

Now all the LEDs connected to the port P1 will be in off condition to indicate the binary value for
“00H". To increment the counter value give one interrupt pulse to INTO by pressing the push
button switch connected to the port line P45. To decrement the count value give one pulse to

INT3 interrupt using another push button switch.
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In Topview Simulator there is another facility provided in the I/O window to generate interrupt

clock input pulses to the timer inputs. You can also this facility to generate interrupt signals.

H| Input/Output Levels

Part 1
Input Levels
Fir [t =l FEfo =l Pmsfo =[FPefo ~m3fo ~rz2fo «r1fo =lrPofo +]
Output Levels
Port 3
Input Levels
paz [0~ Pas [0 | pas [0~ pag [~
Output Levels
Port 4
Input Levels
pa7 [0 x| pag [0 x| pas [Puse~] Paz [0 -]
Output Levels
Clack/Interrupt Inputs
IMTO ‘ ‘ INT3/ TCIM ‘ ‘ ‘ ‘
Analog Inputs
| |
) )
L I8 00 0000000 0 \ L I8 00 0000000 0 \
| |
] ]
I L0000 000 0000000 0 \ I L0000 000 0000000 0 \
Analog Reference [Vref] Setting
Voltage = 5.00V
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