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Explain 8253 microprocessor with diagram

The 8253 microprocessor, commonly known as the Programmable Interval Timer (PIT), is a vital
peripheral component used in microprocessor-based systems for generating accurate timing and
control signals. It plays an essential role in tasks such as event counting, generating precise time
delays, and managing system operations that require timing accuracy. In this comprehensive article,
we will explore the architecture, working principles, features, and applications of the 8253
microprocessor, complemented by a detailed diagram to aid understanding.

Overview of 8253 Microprocessor

The Intel 8253 is a programmable interval timer introduced by Intel in the early days of
microprocessor development. Its primary function is to provide timing services with high precision,
which makes it suitable for applications like clock pulse generation, event counting, and system
synchronization.

Features of 8253 Microprocessor

Understanding the features of the 8253 helps in grasping its significance in microprocessor systems:

- Contains three independent 16-bit timers/counters (Timer O, Timer 1, Timer 2).

- Each timer can operate in various modes, such as mode 0 (interrupt on terminal count), mode 1
(hardware retriggerable one-shot), mode 2 (rate generator), mode 3 (square wave generator), and
mode 4 (software triggered strobe).

- Supports programmable mode operation via control words.

- Uses a read/write interface for loading data and control words.

- Operates with a clock frequency, typically connected externally.

- Provides compatibility with microprocessors like 8085, 8086, and others.

Block Diagram of 8253 Microprocessor
Below is a simplified diagram illustrating the basic architecture of the 8253 timer:
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Timer O Timer 1 Timer 2 Status Register

| Counter/Mode | | Counter/Mode | | Counter/Mode | | Status |

| Register | | Register | | Register | | Register |

Explanation of Diagram Components:

Vol. 2021, Issue 10

- Control Word Register: Used to set modes, select counters, and define operation parameters.
- Timers/Counters (0, 1, 2): Each has a counter register and mode control, functioning

independently.

- Status Register: Provides status information about the timers, including their current mode and

count status.

Working Principles of the 8253 Microprocessor

The operation of the 8253 involves initializing timers through control words and data, followed by

counting or generating timing signals based on the configuration.

Initialization Process
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- Loading Control Word: The microprocessor writes a control word into the Control Word Register,
specifying the operation mode, counting method, and which timer to configure.

- Loading Count Value: The microprocessor writes the initial count value into the selected timer's
counter register.

- Starting Operation: Once configured, the timer begins counting based on the external clock
pulses.

Timer Operation Modes

The 8253 timers can operate in several modes, each suited to specific timing tasks:

- Mode 0O (Interrupt on Terminal Count): Generates an interrupt when the count reaches zero.
- Mode 1 (One-Shot): Produces a single pulse after a trigger.

- Mode 2 (Rate Generator): Used for generating a frequency or rate.

- Mode 3 (Square Wave Generator): Produces a square wave with a specified frequency.

- Mode 4 (Software Triggered Strobe): Sends a strobe signal when triggered via software.

How the Timer Counts
The timer counts down from the initial value loaded into its register. When the count reaches zero,

depending on the mode, it can generate an interrupt, toggle a line, or produce a pulse. The counting
process is synchronized with an external clock signal, making it highly accurate.

Programming the 8253 Microprocessor

Programming the 8253 involves writing specific control words and count values to its registers. The
typical steps are:

- Select the Mode and Counter: Write a control word to specify which counter to configure and
how it operates.

- Load Count Value: Write the initial count into the selected counter's register.

- Start the Timer: The timer begins operation based on the configuration, generating signals as
needed.

Sample Control Word Format:
| Bits | Description |
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| 7-6 | Select Counter (00, 01, 10) |

| 5-4 | Read/Write Mode (00, 01, 10, 11) |
| 3-1 | Operating Mode (0-5) |

| O | BCD/Binary Mode (O for binary) |

Applications of 8253 Microprocessor

The 8253 is widely used in various systems for timing and control:

- Generating clock pulses for microprocessor systems

- Event counting (e.g., counting pulses from external devices)
- Creating precise time delays in embedded systems

- Generating square wave signals for communication protocols
- System timing and synchronization tasks

Advantages of 8253 Microprocessor

- Programmable and flexible for various timing tasks
- Supports multiple modes for different applications
- Provides high accuracy and reliability

- Compatible with many microprocessors

Limitations of 8253 Microprocessor

- Limited to specific clock frequencies
- Requires external connections for clock signals
- Not suitable for very high-frequency applications

Conclusion

The 8253 microprocessor, with its versatile features and precise timing capabilities, remains a
fundamental component in microprocessor-based systems. Its ability to operate in multiple modes,
coupled with programmability, makes it suitable for a wide range of applications requiring accurate
timing and event counting. Understanding its architecture, working principles, and programming
techniques is essential for embedded system designers and electronics enthusiasts.
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By studying the diagram and detailed functionalities discussed, engineers can effectively incorporate
the 8253 timer into their projects to achieve reliable and accurate timing operations, contributing
significantly to the performance and stability of embedded systems.

8253 Microprocessor: An In-Depth Review

The 8253 microprocessor, more accurately known as the Intel 8253 Programmable Interval Timer
(PIT), is a crucial component in the realm of digital systems, embedded applications, and early
computer architecture. Designed to generate precise time delays, periodic interrupts, and event
counting, the 8253 has played a significant role in the evolution of microprocessor-based timing
control systems. Its robust architecture, versatility, and ease of integration have made it a staple in
many computing and automation environments. This article aims to provide a comprehensive
overview of the 8253 microprocessor, including its architecture, working principles, features, and
applications, supplemented with diagrams for clarity.

Introduction to 8253 Microprocessor

The 8253 microprocessor, commonly called the Programmable Interval Timer, was developed by
Intel in the late 1970s. It was designed to work alongside microprocessors like the Intel 8080, 8085,
and later models, providing accurate timing and counting functionalities. The 8253 is essentially a

set of three independent timers, each capable of generating customizable timing signals for various
purposes such as clock pulses, event counting, or generating precise delays.

Block Diagram of 8253

To understand the internal structure and working of the 8253, let's look at a simplified block diagram:

| Control Word Register |

| (Selects mode, counter, etc.) |

| Counter O | Counter 1 | Counter 2

| (Timer 0) | (Timer 1) | (Timer 2)
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Diagram Explanation:

- The Control Word Register is used to select the operation mode for each timer.

- Each timer (Counter 0, 1, 2) is a separate 16-bit counter that can be programmed
independently.

- Each counter includes its own latch, counter register, and output control.

Functional Overview of the 8253

The 8253 is designed to provide three independent programmable timers:

- Counter/Timer 0: Often used for system clock or timing functions.
- Counter/Timer 1: Typically used for system events or auxiliary timing.
- Counter/Timer 2: Frequently used for speaker tone generation or other auxiliary functions.

Each counter can operate in several modes, including:

- Interrupt on Terminal Count (Mode 0)

- Hardware and Software Triggered Strobe Modes (Mode 1) and others
- Rate Generator (Mode 2)

- Square Wave Generator (Mode 3)

- Software Triggered Strobe (Mode 4)

- Hardware Triggered Strobe (Mode 5)

The versatility of modes allows the 8253 to be used for a wide range of timing applications.

Working Principle of the 8253

The operation of the 8253 involves a few key steps:
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- Programming the Timer: The microprocessor writes a control word into the control register,
selecting the counter and mode of operation.

- Loading the Counter: The desired count value is loaded into the counter's data register.

- Counting and Output Generation: The timer counts down from the loaded value to zero,
generating output pulses or signals based on the mode selected.

- Output Signal: The output pin produces a pulse or square wave, which can be used to trigger
other hardware or generate delays.

Note: The counters are typically loaded in a 16-bit format, but data transfer can be done in 8-bit
chunks, depending on the programming mode.

Modes of Operation
Each of the three timers can be configured into six different modes. Here?s a brief overview:
Mode O: Interrupt on Terminal Count

- Counts down from a specified value to zero.

- When zero is reached, an output pulse is generated.

- Used for precise delays.
Mode 1: Hardware Triggered Strobe

- Starts counting upon a hardware trigger.

- Generates a strobe pulse when countdown completes.
Mode 2: Rate Generator

- Used to generate a fixed frequency pulse.

- Commonly used in clock generation.
Mode 3: Square Wave Generator

- Produces a square wave of a specified frequency.

- Useful for timing signals and clock pulses.

Mode 4: Software Triggered Strobe
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- Initiated by software command.
- Outputs a single strobe pulse.

Mode 5: Hardware Triggered Strobe
- Triggered by hardware event.
- Outputs a strobe pulse when triggered.
Pin Configuration and Signal Description
Understanding the pin configuration is vital for implementing the 8253 in a circuit:
| Pin Number | Pin Name | Description |
|---momemmeeee |---mmmrmmmmneee |--mmmmmrmm oo
| 1 | GND | Ground connection |
| 2 | VCC | Power supply (+5V) |
| 3| OUTO | Output from Counter O |
| 4 | OUT1 | Output from Counter 1 |
| 5| OUT2 | Output from Counter 2 |
| 6 | GATEO | Gate input for Counter O |
| 7| GATEL1L | Gate input for Counter 1 |
| 8 | GATEZ2 | Gate input for Counter 2 |
| 9 | CLKO | Clock input for Counter O |
| 10 | CLK1 | Clock input for Counter 1 |
| 11 | CLK2 | Clock input for Counter 2 |

| 12 | CS | Chip select |
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| 13 | WR | Write enable |

| 14 | RD | Read enable |

Note: The actual pin configuration may vary depending on the package type.
Programming the 8253

Programming the 8253 involves writing control words and data to its registers:

- Control Word Format:
| Bits | Function |
R R — |
| 7-6 | Select counter (00 = Counter 0, 01 = Counter 1, 10 = Counter 2) |

| 5-4 | Read/Write mode (00 = Latch count, 01 = Least significant byte, 10 = Most significant byte, 11
= Both bytes) |

| 3-1 | Operating mode (0-5) |
| O | BCD/Binary mode (0 = Binary, 1 = BCD) |

- Example: To set Counter O in Mode 3 with binary counting, you?d write an appropriate control
word, followed by the count value.

Applications of the 8253

The 8253 has been used extensively in various applications:

- System Timing: Generating system clock signals.

- Event Counting: Counting external pulses or events.

- Frequency Generation: Producing precise clock signals.

- Delay Generation: Creating accurate delay periods.

- Frequency Measurement: Used in conjunction with other circuitry for measurement.
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Advantages and Disadvantages

Pros

- Programmable in multiple modes.

- Independent operation of three timers.

- Simple interface with microprocessors.

- Accurate and reliable timing.

- Widely supported and well-documented.

Cons

- Limited to certain frequency ranges.

- Requires external circuitry for some applications.

- Outdated technology in modern systems.

- No built-in memory; must be programmed explicitly each time.

Conclusion

The 8253 microprocessor, or more precisely, the Intel 8253 Programmable Interval Timer, remains a
foundational component in digital timing applications. Its versatile modes, ease of programming, and
reliable operation made it indispensable in early computer systems and automation devices.
Although newer microcontrollers and digital timers have superseded its role in many applications,
understanding the 8253 provides valuable insights into the evolution of timing circuits and
microprocessor interfacing. Its architecture and working principles continue to serve as educational
tools and foundational knowledge in digital electronics and embedded systems design.

In summary, the 8253 microprocessor exemplifies the ingenuity of early digital timer design, offering
programmable, reliable, and flexible timing solutions that laid the groundwork for modern digital
timing circuitry. With its clear architecture, diverse modes, and straightforward programming, it
remains a vital chapter in the history of digital electronics.

QuestionAnswer What is the 8253 microprocessor, and what is its primary function? The 8253
microprocessor is a programmable interval timer used in computers and embedded systems to
generate accurate timing signals, manage delays, and control events. It provides three independent
16-bit timers that can be configured for various timing and counting applications. Can you explain
the basic block diagram of the 8253 microprocessor? The basic block diagram of the 8253 includes
three independent timers (Timer O, Timer 1, Timer 2), a control word register, and data interfaces.
Each timer has its own counter and control logic, and the control register is used to set modes of
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operation. The data bus interfaces allow programming and reading of counters. How does the 8253
microprocessor work in terms of its operational modes? The 8253 operates in various modes such
as Mode 0 (interrupt on terminal count), Mode 1 (hardware re-triggerable one-shot), Mode 2 (rate
generator), Mode 3 (square wave generator), and Mode 4 (software triggered strobe). These modes
determine how the timers count and generate output signals based on configurations set via control
words. What are the key components highlighted in the diagram of the 8253 microprocessor? The
diagram highlights key components such as the control word register, three independent timers
(Timer O, Timer 1, Timer 2), counters, and data bus interfaces. It also shows the connection to the
system bus and the output signals generated by each timer. How do you program the 8253
microprocessor using its diagram and control word? Programming involves sending control words to
the control register via the data bus to set the mode, counting type, and binary or BCD counting.
Then, the counters are loaded with initial count values through specific data lines. The diagram
illustrates how these control signals are routed to configure each timer appropriately. Why is the
8253 microprocessor considered important in timing applications, based on its diagram? The 8253's
diagram shows its ability to generate precise and flexible timing signals through its three
independent timers, each capable of operating in multiple modes. This versatility makes it essential
for applications requiring accurate timing, event counting, and waveform generation in digital
systems.
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