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Unit IV : General purposes programmable peripheral devices ( 8253), 8254 programmable interval timer, 
8259A programmable interrupt controller & 8257 DMA controller, USART, serial I/O & data Communication . 

------------------------------------------------------------------------------------------------------------------------------------------------ 
Programmable Interval Timer 8253/8254: The generation of arbitrary time delay precisely using software 
routine programs is difficult and becomes the software overhead. The Intel’s programmable counter/timer 
device (8253) generates accurate time delays and the microprocessor becomes free from this task and 
minimises the software overhead. The internal architecture of 8253 is shown in Fig 4.1. It has the following 
features. 

(i) It has 3 independent 16-bit presettable down BCD or hexadecimal counters, with a maximum counter 
rate of 2.6MHz. 

(ii) All the 3 counter can be independently programmed to maintain them simultaneously and controlled 
by control word register. 

(iii) The 8-bit data bus buffer is connected with microprocessor to transmit and receive the data, through 
the execution of IN or OUT instruction. 

(iv) The read/write logic controls the direction of the operation and selection of the counter or control 
word register. 

(v) It is possible to read easily on line without disturbing the clock input to the counter. This facility is 
called as “on the fly” reading of counter. 

 
 

The A0 and A1 pins are the address pins which are used to address 
internally the mode control word register and three counters. The 8-bit 
control word data is written by microprocessor into the control word 
register and control the specific counter. The CLK, GATE and OUT pins 
are available for each of the three timer channels. A control word must 
be written into respective control word register by the microprocessor 
to initialise each of the counters of 8253 to decide its operating mode. 
The 8253 can be operated in six different modes. All the three 
counters can be operated in any one mode or they may be in different 
modes of operation at a time. 
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Fig.4.1 : Internal Block Diagram of 8253/8254 Programmable Interval Timer 
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Operating Modes of 8253:  
Its three counters can operate in one of the six different modes of operation. 

(i) Mode0 (Interrupt on terminal count) 
(ii) Mode1 (Programmable monoshot) 
(iii) Mode2 (Rate generator) 
(iv) Mode3 (Square wave generator) 
(v) Mode4 (Software triggered strobe) 
(vi) Mode5 (Hardware triggered strobe) 

The control word register bit format and its value will decide the mode of operation of 8253. The bit definition 
of control word is as shown in Fig.4.2. 
 
 

 
Mode 0: This mode is called as interrupt on terminal count. In this mode the output is initially low after the 
mode is set. The count value is loaded into the counter and then starts decrementing the count value after 
the falling edge of the clock. Once it reaches to the count value i.e., count value zero, the output goes high 
and remains high until the new count or CWR is reloaded. 
Mode 1: This mode is called as programmable one-shot mode. It can be used as a monostable multivibrator. 
The duration of the oscillations can be decided by the count loaded in the count register. 
Mode 2: This mode is called as rate generator or divide by N counter. The value of N is loaded as the count 
value, after N clock pulses the output becomes low only for one clock cycle. The count N is reloaded again the 
output becomes high and remains so for N clock pulse. 
Mode 3: This mode can be used as a square wave rate generator. When the count N loaded with even, then 
half of the count the output remains high and for the remaining half it remains low. If the count loaded is odd, 
the first pulse remains high and then half the value high and then low. 
Mode 4: This mode is named as software triggered strobe. When the count is loaded into the count register, 
the output goes high. On terminal count, the output goes low for one clock cycle, and then it again goes high.  
Mode 5: This mode is called as hardware triggered strobe. The strobe signal is generated in response to an 

SC1 SC0 RL1 RL0 M2 M1 M0 BCD 

D7    D6    D5    D4    D3    D2    D1    D0 

Fig.4.2 : Control Word Register Format and Bit Definitions 

SC1  SC0  Operation 
 0      0     Select Counter 0 
 0      1     Select Counter 1 
 1      0     Select Counter 2 
 1      1     Illegal  
 
 
 

RL1  RL0  Operation 
 0      0     Latch Counter for ‘On The Fly’ reading 
 0      1     Read/Load Least Significant Byte only 
 1      0     Read/Load MSB only 
 1      1     Read/Load LSB first then MSB 
 
 
 

M2  M1  M0   Selected Mode 
 0      0    0        Mode 0 
 0      0    1        Mode 1 
 0      1    0        Mode 2 
 0      1    1        Mode 3 
 1      0    0        Mode 4 
 1      0    1        Mode 5 
  
 
 
 
 

 D0 – 0 – Hexadecimal Count 
 D0 – 1 – BCD Count 
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externally generated signal. Once the counter is loaded, the output goes high, after the terminal count is 
reached the output goes low. 
 
Interrupts & Interrupt Service Routine: 
The word ‘interrupt’ means break the normal sequence of operation, perform the important other sequence 
of operation and then continue with the previous operation. Interrupts in 8086 microprocessor breaks the 
normal execution of sequence of instructions, serve the requesting device. The program which is used to 
serve the requesting device is called Interrupt Service Routine (ISR). Once the execution of ISR is completed, 
the control is transferred back again to the main program which was being executed at the time of 
interruption.  
In any computing system, there are many devices connected to monitor some of the physical parameters. 
8086 microprocessor has two pins to handle the interrupts, i.e., NMI and INTR. The NMI is a non-maskable 
interrupt input pin, which cannot be disabled by any means. The INTR interrupt is a maskable interrupt input 
pin, which be masked using the Interrupt Flag (IF). There are 256 types of interrupts handled by 8086 
microprocessor. When more than one interrupt occurs at a time, then an external chip called programmable 
interrupt controller is required to handle them. 
 
Interrupts of 8086: The 8086 microprocessor interrupts are classified into two types: 

(i) Software Interrupts   (ii)  Hardware Interrupts 
(i) Software Interrupts: there are 256 software interrupt instructions INT N, were N has a value from 0 to 255. 

(INT 0 to INT 255). These are further classified as 
  (a) INT 0 to INT 4 are reserved for dedicated operation. 
  (b) INT 5 to INT 31 are reserved for the particular operation of the system. 
  (c) INT 32 to INT 255 are used by the user. 
(ii) Hardware Interrupts: The two pins NMI and INTR are used to connect the I/O devices to communicate with 

the microprocessor.  
(a) NMI : It is a non-maskable vectored interrupt pin with positive edge triggered pin. This can not be 

disabled by any means. It can be used in emergency situations of system design. The ISR for this 
interrupt is stored in the interrupt vector table. This has highest priority. 

(b) INTR : It is a maskable interrupt through which the I/O device is connected. Whenever an external 
device send the request,  

 
Interrupt Cycle: The interrupts are classified into two types, one is external interrupt and the other is internal 
interrupt. An external device interrupts the processor from outside is called external interrupt. The internal 
interrupt is generated internally by the processor circuit, or by the execution of an interrupt instruction. 
In case of external device interrupting the CPU at either NMI or INTR pin of 8086, while the CPU is executing 
the instructions. The Fig.4.3 shows the interrupt sequence of 8086 and Fig.4.4 shows the structure of 
interrupt vector table. Following are the steps during the interrupt cycle. 
(i) The CPU first completes the execution of the current instruction. The IP is then incremented to point to the 
next instruction.  
(ii) The CPU then acknowledges the requesting device on its INTA pin if it is non-maskable interrupt. otherwise 
it checks the interrupt flag (IF), if the IF is set, the request is acknowledged otherwise ignored. 
(iii) After acknowledgement, the CPU computes the vector address based on the type of interrupt which is 
passed to the interrupt structure of the CPU. 
(iv) The contents of PSW is pushed to the stack & then contents of IP & CS are pushed to the stack which are 
required to continue the execution after completion of ISR execution. 
(v) The IF flag is cleared (reset) & also trap flag is cleared. The control is then transferred to the ISR for serving 
the interrupting device.  
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(vi) The new address of ISR is found from the interrupt vector table and execution of the ISR starts.  
(vii) After completion of ISR, the main IP, CS & PSW are restored and the main program execution continues. 

 
 

 
 
 

ISR CS 
 ISR IP 
 

ISR IP 
 

ISR CS 
 

0000:0000 

Reserved for two byte 
instruction INT TYPE 

Fig.4.4: Structure of Interrupt Vector Table of 8086 
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Fig.4.3 : Interrupt Response Sequence 
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Programmable Interrupt Controller 8259A: A programmable interrupt controller is able to handle a number 
of interrupts simultaneously. It takes care of the type of interrupt and its priorities. The 8259 was designed to 
operate only with 8-bit processors, 8259A is compatible with both 8-bit and 16-bit processors. The internal 
block diagram of 8259A is shown in Fig.4.5 below. The function of each of the block is described as follows: 
(i) Interrupt Request Register (IRR): The interrupts at IR0 to IR7 input lines are stored in the IRR register in 

order to serve them on the priority basis. It can handle 8 interrupts at a time. 
(ii) In-Service Register (ISR): This register is used to store the interrupts which are being served and keeps 

track of the requests being served. 
(iii) Priority Resolver: The priority of the interrupt requests appearing at a time is determined by this unit. The 

IR0 has the highest priority and IR7 has the lowest priority in the fixed priority mode, however it can be 
altered by programming in rotating priority mode. The highest priority interrupt request is served first.  

(iv) Interrupt Mask Register (IMR): This register stores the bits required to mask the interrupt inputs. IMR 
operates on IRR to resolve the priority. 

 
(v) Interrupt Control Logic: This block communicates with microprocessor and manages the acknowledge 

signals to serve one of the eight interrupt requests. It accepts the interrupt acknowledge (INTA) signal and 
release the vector address on to the data bus to serve. 

(vi) Data Bus Buffer: This is a tristate bidirectional buffer, which interface internal bus of 8259A to  the 
processor system data bus. Control words, status and vector information is passed through data buffer 
during read or write operation. 

(vii) Cascade Buffer / Comparator: This block stores the ID of all 8259A when more than one 8259A is used in 
the system. The I/O pins CAS0-CAS2 acts as output pins when 8259A is used as master, the same pins acts 
as input pins when the 8259A is used as slave. 

(viii)  Read / Write Control Logic: This circuit accepts & decodes commands from processor. This also allows 
the status of the 8259A to be transferred on to the data bus. 
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Fig.4.5: 8259 Interrupt Controller Block Diagram 
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Interrupt Sequence in an 8086 System: The interrupt sequence in 8086 microprocessor when used with 
interrupt controller 8259A 
(i) The IR lines which are requesting will set the corresponding IRR bits. 
(ii) The priority resolver of 8259A resolves the priority and sends an INT signal to processor. 
(iii) The processor acknowledges with INTA pulse. 
(iv) After receiving an INTA signal, the highest priority ISR bit is set and the corresponding IRR bit is reset. The 

8259A does not drive data bus during this period. 
(v) The 8086 will initialise a second INTA pulse. During this period 8259A release an 8-bit pointer on to data 

bus from where it is read by the processor. 
(vi) This completes the interrupt cycle. The ISR bit is reset at the end of second INTA pulse if automatic end of 

interrupt (AEOI) mode is programmed, otherwise ISR bit remains set until an EOI command is executed at 
the end of interrupt subroutine. 

 
 
DMA Controller 8257: The internal architecture of 8257 DMA controller is as shown in the Fig. 4.6 below. This 
controller has four DMA channels, which can be used independently for DMA data transfer through these 
channels at a time. The DMA controller has 8-bit internal data buffer, a read/write logic unit, a control unit, a 
priority resolving unit along with a set of registers. 
(i) Register Organisation of 8257: The DMA controller performs its operations over four independent DMA 
channels. These four channels of 8257 has pair of two 16-bit registers, DMA address register & terminal count 
register. Also, there are two common registers for all the channels, mode set register & status register. These 
ten registers are selected using A0-A3 address lines. 
(a) DMA Address Register: Each of the channel has one DMA address register, which stores the starting 
address of memory location from where the DMA operation has to start. The device access this address to 
transfer the block of data. 
(b) Terminal Count Register: It a 16-bit register used to ascertain that the data transfer through a DMA 
channel stops after the required number of DMA cycles. This register should be appropriately written before 
the actual DMA operation starts. The lower order 14-bits of the terminal count register are initialised with 
binary equivalent number. The bits higher order two bits indicate the type of DMA operation. 
(c) Mode Set Register: This register is used to enable the DMA channels individually and to set the various 
modes of operation. The channel should not be enabled till the DMA address & terminal count register 
contains valid data. 
(d) Status Register: The status register of 8257 indicate the status of each channel. The lower order 4-bits 
contain the terminal count status for the four channels. The bit set, indicates that the specific channel has 
reached the terminal count condition.  
(ii) Data Bus Buffer : The 8-bit, tristate, bidirectional buffer interfaces the internal bus of 8257 with external 
system bus. 
(iii) Read/Write Logic : In the slave mode, this block accepts the I/O read or I/O write signal, decodes the 
address A0-A3 and accordingly selects the register. In master mode, this block generates the IOR and IOW 
signals to control the data flow. 
(iv) Control Unit : This unit generates the required control signals to control the sequence of operations. AEN, 
ADSTB, MEMR, MEMW, TC & MARK along with address lines A4-A7 in master mode are generated. 
(v) Priority Resolver: The priority resolver resolves the priority of the four DMA channels depending on the 
mode of operation set during programming. 
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Programmable Communication Interface  8251 USART: 
8251 is a Universal Synchronous and Asynchronous Receiver and Transmitter compatible with Intel’s 
processors. This chip converts the parallel data into a serial stream of bits suitable for serial transmission. It is 
also able to receive a serial stream of bits and convert it into parallel data bytes to be read by a 
microprocessor. 
Basic Modes of data transmission 
a) Simplex 
b) Duplex 
c) Half Duplex 
a) Simplex mode : Data is transmitted only in one direction over a single communication channel. For 
example, the processor may transmit data for a CRT display unit in this mode. 
b) Duplex Mode : In duplex mode, data may be transferred between two transreceivers in both directions 
simultaneously. 
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Fig. 4.6 : Internal Architecture of 8257  
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c) Half Duplex mode : In this mode, data transmission may take place in either direction, but at a time data 
may be transmitted only in one direction. A computer may communicate with a terminal in this mode. It is 
not possible to transmit data from the computer to the terminal and terminal to computer simultaneously. 
 
Architecture of 8251 USART: The data buffer interfaces the internal bus of the circuit with the system bus. 
The read / write control logic controls the operation of the peripheral depending upon the operations 
initiated by the CPU. C / D decides whether the address on internal data bus is control address / data address. 
The modem control unit handles the modem handshake signals to coordinate the communication between 
modem and USART. The transmit control unit transmits the data byte received by the data buffer from the 
CPU for serial communication. The transmission rate is controlled by the input frequency. Transmit control 
unit also derives two transmitter status signals namely TXRDY and TXEMPTY which may be used by the CPU 
for handshaking. The transmit buffer is a parallel to serial converter that receives a parallel byte for 
conversion into a serial signal for further transmission. 

 
 
The receive control unit decides the receiver frequency as controlled by the RXC input frequency. The receive 
control unit generates a receiver ready (RXRDY) signal that may be used by the CPU for handshaking. This unit 
also detects a break in the data string while the 8251 is in asynchronous mode. In synchronous mode, the 
8251 detects SYNC characters using SYNDET/BD pin. 
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Fig.4.7 : 8251 USART Internal Architecture 
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