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For engineers, hobbyists, and computer historians alike, the 8080 and 8085 microprocessors remain iconic

stepping stones in the evolution of modern computing. Their compact 8 bit architecture, straightforward instruction
set, and the wealth of resources available to developers have made them enduring subjects of study and

experimentation. In this article we explore the architecture of these classic chips, dive into practical programming

techniques, and uncover the intriguing concept of “unknown binding” as discussed by Ramesh S. Gaonkar. By the

end, you will have a comprehensive understanding of how the 8080a and 8085 microprocessors can still be

leveraged for contemporary projects, and how Gaonkar’s insights can help you navigate the subtle nuances of

low level programming.

1. A Brief Historical Context

In the early 1970s, Intel's 8080 became the first commercially successful 8 bit microprocessor, ushering in a new
era of embedded systems. It was followed by the 8085 in 1976, which added power management features and a
more user friendly instruction set. Both processors were built on a 4 bit data bus but could address 64 KB of
memory, a remarkable feat for the time. The 8080a, an enhanced revision, offered better clock speed and
improved interrupt handling.

While these chips were eventually eclipsed by 16 bit and 32 bit architectures, they remain popular in educational
settings and retro computing communities. Their simplicity allows developers to see the inner workings of a CPU
without the abstraction layers that modern processors impose.

Key Milestones

e 1974 — Intel releases the 8080.

1976 — The 8085 debuts, featuring a 1 byte address bus and integrated power supply.

1978 — The 8080a appears, offering higher clock speeds and improved interrupt handling.

1980s — The 8085 powers early microcomputers such as the Altair 8800 and the Commodore 64.

e 1990s — Hobbyists and educators adopt the 8085 for teaching assembly and computer architecture.

2. Understanding 8080a and 8085 Architecture

2.1 General Purpose Registers

Both processors feature six 8 bit registers (B, C, D, E, H, L) that can be combined into three 16 bit register pairs (BC,
DE, HL). The accumulator (A) and flag register (F) are separate, providing a total of nine registers for general use.
The 8085 also includes a dedicated program counter (PC) and stack pointer (SP).

2.2 Memory and 1/0O Addressing



The 8085's 16 bit address bus allows access to 64 KB of memory. It differentiates between memory and 1/O through
separate address spaces: addresses 0-255 are reserved for I/O devices, while 256-65535 are memory. This
separation simplifies peripheral interfacing.

2.3 Instruction Set

Both CPUs support 74 distinct instructions, ranging from data transfer (MOV, MVI) to arithmetic (ADD, SUB) and
control flow (JMP, CALL). The 8085 introduced the “RST” instruction set for software interrupts and improved the
“PUSH"/“POP” instructions for stack operations. Despite the limited set, the processors can perform complex tasks
through clever use of subroutines and interrupt vectors.

2.4 Interrupts and Timers

The 8085 supports four hardware interrupts (TRAP, RST 7.5, RST 6.5, RST 5.5) and a single timer/counter (Timer/
Counter 0). The TRAP interrupt is non maskable and has the highest priority. The timer can generate periodic
interrupts, making it ideal for real time applications such as data acquisition or simple operating systems.

2.5 Clock Speed and Power Consumption

Typical clock speeds range from 3 MHz to 6 MHz for the 8085, while the 8080a can run at 2 MHz or higher
depending on the variant. Their low power consumption ("H 100 mW) makes them suitable for battery powered
embedded projects.

3. Programming the 8085 and 8080a

3.1 Assembly Language Basics

Assembly language for these processors is highly readable. Each instruction is a mnemonic followed by operands.
For example, “MOV A, B” copies the value from register B into the accumulator. Comments are added with the *;”
symbol.

MOV A, B ; Load A with the value of B
ADDC ;AddCtoA
STA 3000H ; Store A at memory address 3000H

3.2 Development Tools

Popular assemblers include NASM (for 8085) and AS8080 (for 8080a). Debugging is facilitated by emulators such
as EMUB8085 and SIM8080, which provide breakpoints, memory inspection, and real time stepping.

3.3 Writing a Simple Program

Below is a minimal example that blinks an LED connected to port 01H using the 8085'’s I/O instructions.

ORG 0000H ; Start of program
MVI A, 0OH ; Clear accumulator

OUT 01H ; Write 0 to port 01H (LED off)
MVI A, FFH  ; Load accumulator with OXFF
OUT 01H ; Write 1 to port 01H (LED on)

HLT : Halt execution



3.4 Handling Interrupts
Interrupts enable responsive designs. The following skeleton shows how to set up a timer interrupt on the 8085:

ORG 0000H
LXI SP, OFFFEH ; Initialize stack pointer
LXI H, 0000H ;Load HL with base address

; Configure Timer/Counter 0

MVI A, O1H

OUT OCH ; Set mode 1 (16 bit timer)
MVI A, OOH

OUT OEH ; Load low byte of reload value
MVI A, 01H

OUT OFH ; Load high byte of reload value
MVI A, OOH

OUT ODH ; Enable timer interrupt

; Main loop
LOOP:
JMP LOOP

; Interrupt service routine

RST 5.5:
IN ODH ; Clear interrupt
RETI ; Return from interrupt

4. The Concept of Unknown Binding

4.1 What Is Unknown Binding?

In the context of microprocessor programming, unknown bindingrefers to situations where the exact mapping
between a program’s symbolic references (like labels or variables) and the physical memory addresses they
occupy is not predetermined. This can occur in systems with dynamic memory allocation, bootloaders that relocate
code, or when using certain assemblers that perform post link relocation.

4.2 \Why It Matters for 8085/8080a Projects

Because these processors have limited memory, developers often need to pack multiple routines into a single
64 KB space. Unknown binding forces careful planning to avoid address clashes, especially when integrating
third party libraries or firmware blobs that may load at runtime.

4.3 Handling Unknown Binding in Assembly

* Use EQU and ORG directives: Explicitly assign addresses to critical sections.

e Leverage the assembler’s relocation support: Some assemblers allow you to declare symbols as relocatable.
e Employ a linker script: If you're using separate modules, a linker can resolve addresses after assembly.

» Test with an emulator: Verify that all jumps and calls resolve correctly before deploying to hardware.



5. Ramesh /S. /Gaonkar’s Contributions

5.1 Background

Ramesh S. Gaonkar is a respected author and educator in the field of embedded systems. His work focuses on
demystifying low level programming for classic microprocessors. In his recent treatise, “Microprocessor
Architecture, Programming, and Applications with the 8085, 8080a, Unknown Binding, Ramesh S. Gaonkar,” he
offers a systematic approach to mastering these processors.

5.2 Key Takeaways

1. Modular Design: Gaonkar advocates for splitting code into reusable modules, each with its own address
space, to mitigate unknown binding issues.

2. Dynamic Interrupt Handling: He demonstrates how to design interrupt vectors that can be relocated at boot
time, allowing firmware updates without re programming the entire chip.

3. Cross Platform Compatibility: By abstracting I/O operations, his methods enable the same codebase to run
on both 8080a and 8085 hardware with minimal changes.

4. Debugging Strategies: Gaonkar outlines a systematic debugging flow using hardware breakpoints and
software trace registers.

5.3 Practical Example

Consider a system that needs to read sensor data via an 8 bit ADC and transmit the results over a serial port.
Gaonkar’s approach involves:

e Defining a sensor module that can be loaded at address 2000H.

¢ Creating a serial module that resides at 4000H.

* Using a bootloader that copies these modules into RAM and sets up the stack pointer accordingly.
¢ Handling unknown binding by updating the interrupt vector table during boot.

6. Real World Applications

6.1 Retro Computing Projects
Building a functional 8085 computer with a modern display and keyboard is a popular hobby. The 8085’s I/O ports
can drive an 8x8 LED matrix, while a simple UART can handle serial communication. By following Gaonkar's
modular design, developers can swap out components (e.g., replace the LED matrix with a dot matrix display)
without rewriting the entire firmware.

6.2 Embedded Control Systems

Low cost microcontrollers like the 8085 are still suitable for small automation tasks. For instance, a temperature
monitoring system can use the 8085’s timer to sample a thermistor, process the data in assembly, and trigger a
relay when thresholds are exceeded.

6.3 Educational Platforms

Many universities employ 8085/8080a kits to teach computer architecture. Students learn how to write assembly,
debug, and understand the hardware software interface. The clarity of Gaonkar's explanations makes these
concepts accessible even to beginners.

6.4 Retro Game Development

Classic games like “Space Invaders” or “Pac Man” can be ported to the 8085 with careful optimization. Using
Gaonkar’s unknown binding techniques, developers can pack sprite data and game logic into the
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