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The evolution of computing technology is anchored in the development of the microprocessor, a

single-chip semiconductor device that performs the functions of a central processing unit (CPU).

Among the most significant milestones in this evolution is the Intel 8085, an 8-bit microprocessor

introduced in 1976. Despite the advent of high-speed multi-core processors and advanced

microcontrollers, the 8085 remains a fundamental pillar in engineering education. Textbooks such

as "0000 to 8085: Introduction to Microprocessors for Engineers and Scientists" by P.K.

Ghosh and P.R. Sridhar have become definitive resources for understanding the granular

mechanics of computer architecture. This guide provides an in-depth technical analysis of the

8085, exploring its internal architecture, instruction set, timing cycles, and practical engineering

applications.

The Historical and Technical Significance of the 8085 Architecture

Before delving into the specificities of the 8085, it is essential to understand its lineage. The 8085

was an enhancement of the 8080A, designed to be more efficient by requiring only a single +5V

power supply, whereas its predecessor required three different voltages (+5V, -5V, and +12V). This

shift simplified system design significantly, paving the way for more compact and reliable industrial

controllers.

The 8085 is characterized as an 8-bit microprocessor because it can process 8 bits of data at

any given time. It features a 16-bit address bus, allowing it to access up to 64 KB (2^16 bytes) of

memory. For engineers, the 8085 represents the perfect balance between simplicity and

complexity, offering a clear view of how hardware and software interface at the lowest level.

Internal Architecture: The Blueprint of Logic

The architecture of the 8085 is divided into several functional units that work in tandem to execute

instructions. Understanding these components is critical for any developer working with assembly

language or embedded system design.

1. The Arithmetic Logic Unit (ALU)

The ALU is the heart of the microprocessor where all computational and logical operations occur. It
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performs addition, subtraction, AND, OR, XOR, and bit-shifting. The results of these operations are

typically stored in the Accumulator (A Register), which is an 8-bit register central to almost all

data manipulation.

2. The Register Array

The 8085 includes a variety of registers that serve different purposes:

- General Purpose Registers: There are six 8-bit registers (B, C, D, E, H, and L). These can be

used individually or as 16-bit register pairs (BC, DE, HL) to store 16-bit addresses or data.

- Program Counter (PC): A 16-bit register that holds the memory address of the next instruction

to be executed.

- Stack Pointer (SP): A 16-bit register used to manage the stack memory, which is essential for

handling subroutines and interrupts.

- Temporary Register and Flag Register: The Flag Register (Status Word) consists of five

flip-flops that indicate the status of the ALU's last operation (Carry, Auxiliary Carry, Zero, Sign,

and Parity).

3. The Flag Register (Status Word) Breakdown

The flag register is an 8-bit register, but only five bits are used. These flags are vital for conditional

branching (jumps):

- Sign Flag (S): Set if the most significant bit (D7) of the result is 1 (negative).

- Zero Flag (Z): Set if the result of an operation is zero.

- Auxiliary Carry (AC): Set if there is a carry from bit D3 to D4 during an addition (used for BCD

arithmetic).

- Parity Flag (P): Set if the result contains an even number of 1s.

- Carry Flag (CY): Set if an operation results in a carry-out or a borrow-in.

Timing and Control: The Pulse of Execution

Control signals are the nervous system of the 8085. The Timing and Control Unit generates

signals synchronized with the system clock to coordinate the movement of data between the

microprocessor and peripherals.

Machine Cycles and T-States

Execution of an instruction consists of one or more Machine Cycles. Each machine cycle is further

divided into T-states (Clock periods). A typical instruction fetch cycle takes 4 T-states, while data

read/write cycles usually take 3 T-states.
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Machine Cycle Type T-States Function Description

Opcode Fetch 4 or 6 Microprocessor identifies the

instruction from memory.

Memory Read 3 Data is transferred from memory to

the CPU.

Memory Write 3 Data is transferred from the CPU to

memory.

I/O Read 3 Data is accepted from an input

device.

I/O Write 3 Data is sent to an output device.
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The Multiplexed Address and Data Bus

To reduce the pin count, the 8085 uses a multiplexed bus system. The lower 8 bits of the address

bus (A0-A7) and the 8-bit data bus (D0-D7) share the same pins (AD0-AD7). The Address Latch

Enable (ALE) signal is used to demultiplex these signals. When ALE is high, the pins carry

address bits; when ALE is low, they carry data bits.

The Instruction Set Architecture (ISA)

The 8085 instruction set is classified into five functional categories based on the nature of the

operation performed.

1. Data Transfer Instructions

These instructions move data between registers or between memory and registers. Examples

include  (Move),  (Move Immediate),  (Load 16-bit register pair), and  (Load Accumulator directly

from memory). Importantly, these instructions do not affect the flags.

2. Arithmetic Instructions

This group includes operations like , ,  (Increment), and  (Decrement). The 8085 also supports

16-bit addition using the  instruction, which adds a register pair to the HL pair.

3. Logical Instructions

Logical operations such as  (AND),  (OR), and  (Exclusive OR) are performed bitwise. These are

essential for masking specific bits in control applications.

4. Branching Instructions

These alter the flow of program execution. They include unconditional jumps () and conditional

jumps (, , , ), which depend on the status of the flags. Subroutine calls ( and ) also fall into this

category.

5. Machine Control Instructions

These involve controlling the state of the processor itself. Common commands include  (Halt),  (No

Operation), and  (Disable/Enable Interrupts).

Interrupt Management in the 8085

Interrupts allow the microprocessor to respond to asynchronous external events. The 8085 has five

hardware interrupt pins, ranked by priority:

1. TRAP: Highest priority, non-maskable. Used for emergency power failures or critical system

errors.
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2. RST 7.5: Edge-triggered, maskable.

3. RST 6.5: Level-triggered, maskable.

4. RST 5.5: Level-triggered, maskable.

5. INTR: Lowest priority, maskable. Requires an external device to provide the opcode for the

interrupt service routine (ISR).

The maskable interrupts can be controlled using the  (Set Interrupt Mask) and  (Read Interrupt

Mask) instructions, which also facilitate serial I/O communication through the SID and SOD pins.

Memory Interfacing and Stack Operations

Efficient memory management is crucial for engineering applications. The 8085 uses a linear

memory space of 64KB. This space must be partitioned between ROM (Read Only Memory) for

storing the permanent program and RAM (Random Access Memory) for temporary data storage

and the stack.

The Role of the Stack

The stack is a reserved area in RAM used for temporary storage. The Stack Pointer (SP) tracks

the top of the stack. When a  instruction is executed, the address of the next instruction (PC) is PU

SHed onto the stack. When the subroutine finishes, the  instruction POPs that address back into

the PC. This mechanism allows the processor to return to the main program flow seamlessly.

Practical Implementation: Interfacing with the Outside World

A microprocessor in isolation is of little use. To perform meaningful work, it must interface with

peripherals. Common interfacing components include:

- 8255 Programmable Peripheral Interface (PPI): Provides I/O ports for connecting LEDs,

switches, and sensors.

- 8259 Programmable Interrupt Controller (PIC): Expands the interrupt handling capabilities.

- 8254 Programmable Interval Timer: Used for generating accurate delays and square waves.

- 8279 Keyboard/Display Controller: Simplifies the management of user interfaces.

Case Study: A Simple Temperature Control System

Consider an engineering scenario where an 8085 is used to maintain a room's temperature. An

analog temperature sensor is connected to an ADC (Analog-to-Digital Converter), which is then

interfaced with the 8085 via an 8255 PPI. The assembly program periodically reads the digital

value of the temperature. If the value exceeds a predefined threshold (stored in a register), the

8085 sends a signal through an output port to trigger a relay that turns on a cooling fan. This
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simple feedback loop demonstrates the power of the 8085 in industrial automation.

Troubleshooting and Common Failure Modes

When designing or repairing 8085-based systems, engineers often encounter specific challenges:

1. Bus Contention

This occurs when two devices attempt to drive the data bus simultaneously. It is usually caused by

faulty address decoding logic or incorrect timing in the  and  signals.

2. Stack Overflow

If a program has too many nested subroutines or excessive  operations without corresponding s,

the stack can grow beyond its allocated RAM space, overwriting critical data or program code. This

leads to erratic system behavior or crashes.

3. Power Supply Ripple

Because the 8085 is a sensitive semiconductor device, excessive noise or ripple in the +5V DC

supply can lead to logic errors or reset loops. High-quality decoupling capacitors are essential near

the Vcc pin.

Comparative Analysis: 8085 vs. Modern Alternatives

While the 8085 is largely obsolete for consumer electronics, comparing it to modern

microcontrollers (like the AVR or ARM Cortex-M) highlights how much the field has progressed.
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Feature Intel 8085 (Classic) AVR (e.g., ATmega328P) ARM Cortex-M4

Word Size 8-bit 8-bit 32-bit

Clock Speed 3-6 MHz Up to 20 MHz 100+ MHz

Architecture Von Neumann Harvard Harvard/Modified

Instruction Set CISC-like RISC Advanced RISC

On-chip Peripherals Minimal Extensive (ADC, PWM,

SPI)

Comprehensive
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Conclusion: The Educational Legacy

The study of the 8085 microprocessor is not merely a historical exercise; it is a fundamental rite of

passage for computer scientists and electrical engineers. Textbooks like P.K. Ghosh's "0000 to

8085" provide the theoretical framework necessary to understand more complex systems. By

mastering the 8085, one gains an intuitive grasp of how high-level code is translated into electrical

pulses, how memory is mapped, and how timing determines the efficiency of a system. As we

move toward an era of increasingly abstract computing, the lessons learned from the 8085 remain

as relevant as ever, serving as the bedrock upon which the future of embedded systems and IoT is

built.
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