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INTERRUPTS

Interrupts provide a mechanism of transferring control from a foreground process (the current executing program) to an Interrupt Service Routine. When such a transfer is initiated by the hardware in response to special internal or external conditions, a hardware interrupt is said to have occurred. External hardware interrupts are generated by peripheral devices and are the main mechanism used by these devices to get the attention of the processor. Certain external hardware interrupts are maskable in that they may be disabled by clearing the Interrupt enable flag (IF) in the flags register. External hardware interrupts that cannot be disabled by clearing IF are called non-maskable interrupts. Typically, non-maskable interrupts are hardware events that must be responded to immediately by the CPU. An example of such an event is the occurrence of a memory or I/O parity error.

Internal hardware interrupts are hardware interrupts that are generated internally to the processor, generally on the occurrence of an error condition. A software interrupt occurs when an INT instruction is executed. With a software interrupt, the type of the interrupt is specified in the INT instruction. With hardware interrupts, the type of the interrupt is supplied by the interrupting hardware. In both cases, when an interrupt occurs, the addresses specified in the related interrupt vector are used to set the CS and IP registers with the starting segment : offset address of the associated interrupt service routine. It is this routine which performs whatever functions necessary is servicing the interrupt. The same sequence of events as was explained for the mechanism of the INT instruction, happens in the case of hardware interrupts.

There are 256 possible interrupt types available on the IBM PC with certain of these reserved for various system purposes, and certain available for user-defined interrupt service routines.  
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External Interrupts

The external interrupt facility is used in the IBM PC to alert the processor that a peripheral device requires the CPU’s attention. The 8086/8088 microprocessor has two control lines that can signal interrupts. The lines are designated as INTR (Interrupt Request) and NMI (Non-maskable Interrupt). Maskable interrupts use the INTR signal line, and non-maskable interrupts use the NMI signal line.

Maskable Interrupts (INT 08H to INT 0FH)

All I/O devices are connected indirectly to the INTR control line, through the 8259A Interrupt Controller chip. The 8259A has eight interrupt lines leading into it, labeled IR0 to IR7. Each line is connected to the interrupt request pins of a particular I/O device. The following table shows the interrupts controlled by the 8259A:

	
	INTERRUPT#
	DEVICE

	IRQ0
	08H
	Timer chip

	IRQ1
	09H
	Keyboard

	IRQ2
	0AH
	Reserved

	IRQ3
	0BH
	communications

	IRQ4
	0CH
	Serial interface (communications)

	IRQ5
	0DH
	Disk

	IRQ6
	0EH
	Diskette

	IRQ7
	0FH
	Printer


When an I/O device generates an interrupt, it asserts its IRi input to the 8259A. The 8259A in turn asserts the control line INTR on behalf of the I/O device. This arrangement allows the 8259A to enforce priorities if several I/O devices generate interrupts at the same time. Device 0, the timer, is given the highest priority. Device 7, the printer, if one is present, is given the lowest priority. The numbers 0, 1, 2, 3, 4, 5, 6, and 7 are called the interrupt levels of the I/O devices.

After the 8259A asserts the INTR line and the CPU notices this assertion, the CPU, if the Interrupt enable flag is set, asserts the interrupt acknowledge line (INTA) in the control bus. This signal informs the 8259A that the CPU is willing to accept the interrupt. After receiving the signal, the 8259A will send to the CPU the interrupt level of whichever device has requested the interrupt (or, if there were several such devices, whichever device the 8259A decided should be given priority). The CPU determines the location of the Interrupt Service Routine of the hardware interrupt it is servicing from the interrupt level number.

When an I/O device interrupt arrives while another is being serviced, the 8259A holds the interrupt until completion of the current interrupt. The 8086/8088 signals the 8259A that it has finished servicing an interrupt by placing an end of interrupt (EOI) character (20H) in the 8259A’s interrupt command register (located at Port 20H). After receiving the EOI signal, the 8259A can request the servicing of another interrupt, if any is pending. The 8259A is designed such that once it sends an interrupt request to the CPU, by asserting the INTR line in the control bus, it will not send an interrupt of lower or equal priority until it receives the EOI code.

Disabling maskable interrupts

Maskable interrupts can be disabled by clearing the Interrupt Enable Flag. This can be done by the instruction CLI (Clear Interrupt enable flag). To enable maskable interrupts, the instruction STI (Set Interrupt enable flag) can be used. It is also possible to disable interrupts associated with individual I/O devices by accessing the interrupt mask register in the 8259A. This register is accessed through port 21H. The interrupt mask register allows enabling or disabling of interrupts in each of the eight lines labeled IRQ0 to IRQ7. A bit value 0 indicates that an interrupt line is enabled, whereas a bit value 1 indicates the line is disabled.
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Example: To disable line for printer interrupt (IRQ7) without affecting the settings of the other lines, execute the instructions:



IN  AL ,  21H



; Read interrupt mask register



OR  AL  ,  10000000B


; set bit 7



OUT  21H ,  AL



; modify the interrupt mask register

8086 PORT I/O 

Input/Output devices are connected to the system bus through interfaces. Interfaces contain 8-bit or 16-bit registers called ports. A typical interface may have three or more ports associated with it:

1. A control port, the setting of which determines if the interface is to send or receive data.

2. A data port, which holds the data to be transmitted or the data received.

3. A status port, which provides status information about the interface.

Any interface will have at least a data port, but the functions of status port and control port may be combined into one port for a simple interface. Sophisticated interfaces may have several control and status ports. A data port may be for input, output, or input-output.

The 8086/8088 uses 16-bit addresses to address I/O ports. Since 16 address lines are used to address I/O ports, the 8086/8088 address space consists of 65536 I/O ports with addresses ranging from 0000H to 0FFFFH. The 8086/8088 signals that the address on the address bus is for an I/O port instead of a memory location by switching the IO/M control line to the 1 logic line. The control lines IORC (Read I/O port) and IOWC (Write I/O port) determine whether a read or a write operation is to be performed.

It is possible to use the IN and OUT instructions to handle I/O directly at the port level. The IN instruction transfers 8-bit or 16-bit data from a port to the AL or the AX register respectively. The OUT instruction transfers 8-bit or 16-bit data from the AL or the AX register, respectively, to an 8-bit or 16-bit port. Each of IN and OUT instructions has two forms: fixed-port format, and variable-port format. In fixed-port format, the port to be addressed is specified by an 8-bit address that is located in the instruction itself. Instructions using fixed-port format have the form:


IN   AL  ,   PortNumber


;  AL   (   Data8    from Port whose address is PortNumber


IN  AX  ,   PortNumber


; AX   (   Data16    from Port whose address is PortNumber


OUT  PortNumber ,  AL


;  Port  (  Data8   from AL to Port whose address is PortNumber


OUT PortNumber ,  AX


; Port  (  Data16  from AX to Port whose address is PortNumber

where PortNumber is a constant in the range 00H to 0FFH, specifying a port address. With this form, up to 256 ports can be addressed. For the 8-bit fixed-port I/O instructions, the 8-bit port address is zero-extended into a 16-bit address.

In the variable-port format, the port address is specified by a 16-bit address located in the DX register. In this case all the 65536 ports can be addressed. Instructions using variable-port format have the form:


IN   AL  ,   DX


;  AL   (   Data8    from Port whose address is in DX


IN  AX  ,   DX


; AX   (   Data16    from Port whose address is in DX


OUT  DX ,  AL


;  Port  (  Data8   from AL to Port whose address is in DX


OUT DX ,  AX


; Port  (  Data16  from AX to Port whose address is in DX

Example1: Write instructions to output the data FFH to port ABH.


MOV  AL  ,  0FFH


OUT  0ABH ,  AL

Example2: Write instructions to output the data FEH to an output port with port address B000H.


MOV  DX ,  0B000H


MOV  AL ,  0FEH


OUT  DX ,  AL

Example3: Write instructions to read data from two 8-bit ports at addresses AAH and A9H respectively, and then output the data as a word to a 16-bit port with address B000H.


IN  AL  ,  0AAH


; AL  (   Data8    from Port 0AAH


MOV  AH ,  AL


; AH (   Data8    from Port 0AAH


IN  AL  ,  0A9H


; AL  (   Data8    from Port 0A9H


MOV  DX ,  0B000H

; DX  (  Port address 0B000H


OUT  DX  ,  AX


; Port _0B000H  (  AX

Parallel and serial ports

There are two types of I/O ports: parallel and serial. Thus, an I/O device can be interfaced to a computer with either a parallel or a serial connection. The former transmits several bits in parallel, while the latter transmits only one bit at a time. Parallel ports are usually used to connect nearby devices. Serial connections are common for many types of devices, and a given computer may have several serial ports.

Some common port addresses

The keyboard interfaces the computer through ports 60H (keyboard data port), 61H (the keyboard control port), and port 62H (the keyboard status port). The speaker is controlled by the same 8255 chip that is used to control the keyboard. Bits 0 and 1 of port 61H, the keyboard control port, are wired to the speaker. The parallel printer adapter LPT1 interfaces the computer through ports 3BCH (printer data port), 3BDH (printer status port), and port 3BEH (printer control port). The serial port COM1 has ports from 3F8H to 3FFH. The 8253 timer chip has port 40H to port 43H. 

