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Executive Summary
This Major Qualifying Project provided Atmel Corporation with a robust behavioral model of their newest innovation in Flash memory devices, a complete design for five main functions of the device, and a tutorial for future designers.  Atmel can use these items to provide additional services to their customers, as well as improve their current design techniques.  

Atmel Corporation, founded in 1984, is a worldwide leader in the design and manufacture of advanced semiconductors, including logic, nonvolatile memory, mixed signal and RF integrated systems.  Atmel manufactures more than four million integrated circuits per day, with nonvolatile memory accounting for nearly half of the products manufactured.

Arising out of a need for memory devices that fit between the requirements of serial-interface EEPROM devices and standard Flash memory, DataFlash® products were designed to easily and efficiently handle large amounts of frequently changing data.  These devices ideally address the needs of digital voice storage, digital image storage, and text/data storage applications such as digital answering machines, digital image storage, and PDA data storage. 

The device that was designed in this project was the AT45DB041C Serial DataFlash® memory device. This device is comprised of four megabits of flash memory, two 264-byte SRAM buffers, and a control logic block. The interface of the chip includes a serial input and output, a serial clock, and several control pins such as chip select, write protect, and reset. The basic functions of this device include reading and writing to the buffers, and reading, programming, and erasing a page in main memory.  

Most of the hardware design at Atmel, including DataFlash®, has been done manually.  However, due to the advancements in semiconductor technology, hardware has become more difficult to design and the Atmel engineers have come to the realization that existing hardware systems, such as computers, can improve the design process for the next generation of devices.  This project will allow Atmel to modify their current design strategies to make use of Verilog design.

Verilog is a hardware description language that was used for this project.  Due to the increasing complexity of hardware design in recent years, schematics with logic gates have become virtually useless.  Verilog design, however, allowed the designers of this project to describe a system in a wide range of levels of abstraction, and at the same time, take advantage of computer-aided design.  In the preliminary phases of this project, Verilog was simply used as a language for digital hardware simulation.  As the project progressed, however, synthesis tools were used to create the logic for an actual device.       


The design process used in this project consisted of three phases.  First, the Verilog source code was written and compiled to verify correct syntax.  Next, simulation verified that the system was correct according to functional and timing specifications.  Simulation was useful because it allowed for error detection without actually fabricating the hardware.  The designers of this project were able to fix errors during simulation by editing the code with only a few keystrokes, whereas if the hardware had already been laid out, it would have been time-consuming and costly to make any changes to the design.

The final phase of this project involved the use of synthesis tools to create a hardware model from the Verilog description.  Synthesis is the compilation of high-level behavioral and structural Verilog statements into a flattened gate-level netlist that can be used to either lay out a printed circuit board, fabricate a custom integrated circuit, or program a programmable device, such as an FPGA, CPLD, PLA, etc.

The first module developed in this project, a behavioral model of the device, did not involve any hardware layout.  Rather, this model was used to simulate the behavior of the device.  This design underwent rigorous testing through the use of testbenches and simulation tools to verify correct functionality.  This model can be used by Atmel customers to verify the device’s compatibility within a specific system before purchasing the device.  It also allows customers to not only be aware of the characteristics of the device but also to be able to provide feedback to Atmel about its implementation.    


Next, a synthesizable module was developed to model the internal control logic of the device.  Five main functions of the device were developed, including main memory page read, buffer to main memory page program, page erase, buffer read, and buffer write.  These five functions constitute the primary behavior of the device and can be used in the future to implement the remaining functionality.  This module can also be used by Atmel to optimize the current design for the device.  Furthermore, the design process used in this project will provide Atmel with improved design techniques on future projects.    
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