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In this chapter:
o Types of Memory
o« Memory Testing

o Validating Memory
Contents

» Working with Flash
Memory

Memory

Tyrell: If we give them a past, we create a cushion for their
emotions and, consequently, we can control them better.

Deckard: Memories. You're talking about memories.
— the movie Blade Runner

In this chapter, you will learn everything you need to know about memory in
embedded systems. In particular, you will learn about the types of memory you
are likely to encounter, how to test memory devices to see if they are working
properly, and how to use Flash memory.

Types of Memory

Many types of memory devices are available for use in modern computer systems.
As an embedded software engineer, you must be aware of the differences between
them and understand how to use each type effectively. In our discussion, we will
approach these devices from a software viewpoint. As you are reading, try to keep
in mind that the development of these devices took several decades and that there
are significant physical differences in the underlying hardware. The names of the
memory types frequently reflect the historical nature of the development process
and are often more confusing than insightful.

Most software developers think of memory as being either random-access (RAM)
or read-only (ROM). But, in fact, there are subtypes of each and even a third class
of hybrid memories. In a RAM device, the data stored at each memory location can
be read or written, as desired, In a ROM device, the data stored at each memory
location can be read at will, but never written, In some cases, it is possible to
overwrite the data in a ROM-like device. Such devices are called hybrid memories
because they exhibit some of the characteristics of both RAM and ROM. Figure 6-1
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provides a classification system for the memory devices that are commonly found
in embedded systems. ‘

DRAM SRAM NVRAM Flash EEPROM EPROM PROM Masked

Figure 6-1. Common memory types in embedded systems

Types of RAM

There are two important memory devices in the RAM family: SRAM and DRAM. The
main difference between them is the lifetime of the data stored. SRAM (static RAM)
retains its contents as long as electrical power is applied to the chip. However, if
the power is turned off or lost temporarily then its contents will be lost forever.
DRAM (dynamic RAM), on the other hand, has an extremely short data lifetime—
usually less than a quarter of a second. This is true even when power is applied
constantly,

In short, SRAM has all the properties of the memory you think of when you hear
the word RAM. Compared to that, DRAM sounds kind of useless. What good is a
memory device that retains its contents for only a fraction of a second? By itself,
such a volatile memory is indeed worthless. However, a simple piece of hardware
called a DRAM controller can be used to make DRAM behave more like SRAM.
(See the sidebar “DRAM Controllers” later in this chapter.) The job of the DRAM
controller is to periodically refresh the data stored in the DRAM. By refreshing the
data several times a second, the DRAM controller keeps the contents of memory
alive for as long as they are needed. So, DRAM is as useful as SRAM after all.

When deciding which type of RAM to use, a system designer must consider access
time and cost. SRAM devices offer extremely fast access times (approximately four
times faster than DRAM) but are much more expensive to produce. Generally,
SRAM is used only where access speed is extremely important. A lower cost per
byte makes DRAM attractive whenever large amounts of RAM are required. Many
embedded systems include both types: a small block of SRAM (a few hundred
kilobytes) along a critical data path and a much larger block of DRAM (in the
megabytes) for everything else.
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