lect_int

The sequence of events when an interrupt happens is:

· the main program is being executed

· an interrupt (hardware signal)  is requested by some external device

· the interrupt is ignored until the current instruction has been completed (up to 174 clocks on 68000)

· instruction pointer is saved in the stack (IPOLD points to the next instruction of main program)

· program status is saved

· IP is loaded with interrupt service routine, ISR, address (interrupt vector)

· ISR is now executed and interrupts are disabled to avoid re-entrancy

· ISR saves program context (CPU registers)

· ISR resets hardware that created interrupt (EOI_REG, external flip-flop, status register of PI/T...)

· ISR services the interrupt (read keyboard, read A/D, write to USART,...)

· ISR restores program context reloading CPU registers

· ISR re-enables interrupts

· return from interrupt restoring IPOLD (RETE)

· the normal program is resumed from the instruction immediately after the last instruction completed before servicing the interrupt.

The effect is like calling a special subroutine, that is, an interrupt is like a subroutine called by the hardware.


Where is the interrupt service routine?

OK, I have been interrupted. Now the CPU asks the hardware: 'What do you want me to do'? In other words: 'Where is the interrupt service routine?'

There are three basic ways of doing this:

· the interrupt pin has an address associated with it and ‘calls’ that address, i.e., changes the program counter to that address (this is the way the TMS320C50 DSP does it)

· the interrupt pin has an address associated with it and reads an address from it, i.e., changes the program counter to an address read from a pre-specified place in memory

· The CPU reads a vector issued by the hardware in response to an interrupt acknowledge and uses it to consult a table of ISR addresses.

The second and the third approach are very much used nowadays. Let’s detail the third approach, which is the most flexible (and most interesting from the point of view of a hardware designer).

Vectored interrupt response

The CPU asks this question ('Where is the interrupt service routine?') to the hardware by issuing an interrupt acknowledge, and the hardware answers the question by placing an interrupt vector number on the data bus. The CPU uses the interrupt vector number to find out where the interrupt service routine is.

The address of the interrupt service routine is read from a table of addresses from the position pointed by 4*vector number.


Interrupts for the PC under MS-DOS:


The IBM-PC also has a vector table in memory, and each interrupt vector also takes four bytes. The vector table should also be programmed using a BIOS call. The IBM-PC has an interrupt controller chip (8259) that can mask individual interrupts and which has an internal flip-flop that has to be reset every time an interrupt is acknowledged. In essence what you have to do is:

1)  Save the current interrupt mask (8259);

2)  Unmask the interrupt you want to use (8259)

3)  Save the old ISR vector;

4)  Load the address of your ISR on the interrupt vector table;

5)  In your ISR save all registers you are going to use;

6)  In your ISR don't forget to reset the 8259 by issuing an EOI (end-of-interrupt);

7)  In your ISR don't forget to reset any external hardware flip-flop that generated the IRQ;

8)  In your ISR don't trust the data segment or the stack. All you can trust is the code segment you are in (the ISR code segment). Make sure you load the data segment before you write things to memory (unless you use segment override);

9) In your ISR restore all registers saved before returning;

10)  In your ISR issue a STI before IRET to re-enable interrupts;

11)  Before returning to MS-DOS, restore the old interrupt mask of the 8259.

12)  Before returning to MS-DOS, restore the old ISR vector.


SAVINT3:


MOV
AH,35h

; BIOS CALL TO GET INTERRUPT VECTOR


MOV
AL,0Bh

; ASSOCIATED TO INTR3


INT
21h


; GET OLD INTERRUPT VECTOR INTO ES:BX


MOV
INT_OFF,BX
; SAVE OLD ISR OFFSET


MOV
INT_SEG,ES
; AND SEGMENT

ENABI3:


IN
AL,21h
; GET CURRENT INTERRUPT MASK


MOV
OLDIM,AL
; SAVE INTERRUPT MASK


AND
AL,0F7h
; ENABLE INT3 (CLEAR BIT 3)


OUT
21h,AL
; WRITE BACK TO 8259 INTERRUPT MASK

SETINT3:


MOV
DX,OFFSET ISR
; PROGRAM THE INT3 VECTOR


MOV
AL,0BH

; for the INTR3


MOV
AH,25H

; BIOS CALL TO SET INTERRUPT VECTOR


INT
21h


; do it!

RESET_8259:


MOV
DX,20h
; ISSUE END_OF_INTTERRUPT TO RESET FLIP-FLOP IN THE 8259 


MOV
AL,20h
; INTERRUPT CONTROLLER CHIP OF THE IBM-PC COMPATIBLES


OUT
DX,AL
; SEND EOI TO EOI_REG (I/O ADDRESS 20h)

RESTORE:



MOV
AH,25h

; BIOS CALL TO SET INTERRUPT VECTOR


MOV
AL,0Bh

; ASSOCIATED TO INTR3


PUSH
DS


MOV
DX,INT_OFF
; BRING OLD ISR OFFSET BACK


MOV
DS,INT_SEG
; AND SEGMENT


INT
21h


; GET OLD INTERRUPT VECTOR INTO ES:BX


POP
DS


MOV
AL,OLDIM

; AND RESTORE THE OLD INTERRUPT MASK


OUT
21h,AL

; OF THE 8259 INTERRUPT CONTROLLER


MOV
AX,4C00h

; AND GO BACK TO MS-DOS (FUNCTION 4Ch IN AH)


INT
21h


INTERRUPT SERVICE ROUTINE

ISR:


CLI



; DISABLE INTERRUPTS - JUST IN CASE... I'M SUPERSTICIOUS!


MOV
CS:OLDSS,SS

; SAVE OLD STACK SEGMENT


MOV
CS:OLDSP,SP

; AND OLD STACK POINTER


MOV
CS:OLDCS,CS

; LET US USE OUR ISR CS FOR A TEMPORARY ISR SS


MOV
SS,CS:OLDCS

; LOAD SS FOR ISR


MOV
SP,OFFSET CS:NEWSP
; AND A NEW STACK POINTER TOO

;




; NOW WE CAN USE OUR ISR STACK!


PUSH
DS


; WHEREVER IT WAS, SAVE IT


PUSH
AX


MOV
AX,SEG FLAG

; BRING OUR DATA SEGMENT


MOV
DS,AX


; INTO DS


POP
AX

;


PUSHA



; PUSH ALL REGISTERS INTO OUR ISR STACK


CALL
RDSTATUS

; RESET INTERRUPT FLIP-FLOP ON LSI320C25 BOARD


CALL
DIS320


; DISABLE INTERRUPTS FROM LSI320C25 BOARD


MOV
DX,EOI_REG

; ISSUE END_OF_INTTERRUPT TO RESET FLIP-FLOP IN THE 8259 


MOV
AL,20h


; INTERRUPT CONTROLLER CHIP OF THE IBM-PC COMPATIBLES


OUT
DX,AL


; SEND EOI TO EOI_REG (I/O ADDRESS 20h)


MOV
SI,OFFSET FLAG
; I AM USING THIS FLAG TO TELL THE MAIN PROGRAM THAT AN 


MOV
AL,99


; INTERRUPTION HAS OCCURRED. FLAG = 0 => NO INTERRUPT


MOV
[SI],AL


; FLAG = 99 => INTERRUPT HAS OCCURRED


POPA



; RESTORE ALL REGISTERS


POP
DS


; INCLUDING DATA SEGMENT


MOV
SS,CS:OLDSS

; STACK SEGMENT


MOV
SP,CS:OLDSP

; AND STACK POINTER


STI



; RE-ENABLE INTERRUPTS (YES, ON THE PC YOU HAVE TO DO IT)


IRET



; RETURN FROM INTERRUPT

;

OLDCS
DW
0

OLDSS
DW
0

OLDSP
DW
0


DW
64 DUP(?)

; OUR LOCAL STACK FOR ISR ENVIRONMENT

NEWSP
DW
0

;

; And, in the data segment…

FLAG

DB
0

; changes to 99 in ISR

