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410 Memory Systems: Cache, DRAM, Disk
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FIGURE 10.1: Multiple DRAM devices connected to a processor through a DRAM memory controller.

memory system in terms of system storage capac-
ity, operating data rates, access latency, and sustain-
able bandwidth characteristics. It is therefore of great
importance that the organization of multiple DRAM
devices into larger memory systems be examined in
detail. However, the absence of commonly accepted
nomenclature has hindered the examination of DRAM
memory-system organizations. Without a common
basis of well-defined nomenclature, technical articles
and data sheets sometimes succeed in introducing
confusion rather than clarity into discussions on
DRAM memory systems. In one example, a technical
data sheet for a system controller used the word bank
in two bulleted items on the same page to mean two
different things. In this data sheet, one bulleted item
proclaimed that the system controller could support
6 banks (of DRAM devices). Then, several bulleted
items later, the same data sheet stated that the same
system controller could support SDRAM devices with
4 banks. In a second example, an article in a well-
respected technical journal examined the then-new
i875P system controller from Intel and proceeded
to discuss the performance advantage of the system
controller due to the fact that the i875P system con-
troller could control 2 banks of DRAM devices (it can
control two entire channels).

In these two examples, the word bank was used
to mean three different things. While the meaning

of the word bank can be inferred from the context
in each case, the overloading and repeated use of
the word introduces unnecessary confusion into
discussions about DRAM memory systems. In this
section, the usage of channel, rank, bank, row, and
column is defined, and discussions in this and sub-
sequent chapters will conform to the usage in this
chapter.

10.2.1 Channel

Figure 10.2 shows three different system control-
lers with slightly different configurations of the DRAM
memory system. In Figure 10.2, each system con-
troller has a single DRAM memory controller (DMQC),
and each DRAM memory controller controls a single
channel of memory. In the example labelled as the
typical system controller, the system controller con-
trols a single 64-bit-wide channel. In modern DRAM
memory systems, commodity DRAM memory mod-
ules are standardized with 64-bit-wide data busses,
and the 64-bit data bus width of the memory mod-
ule matches the data bus width of the typical per-
sonal computer system controller.! In the example
labelled as Intel i875P system controller, the system
controller connects to a single channel of DRAM with
a 128-bit-wide data bus. However, since commod-
ity DRAM modules have 64-bit-wide data busses,

!Commodity memory modules designed for error correcting memory systems are standardized with a 72-bit-wide data bus.
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Chapter 10 DRAM MEMORY SYSTEM ORGANIZATION 411

the i875P system controller requires matching pairs
of 64-bit wide memory modules to operate with the
128-bit-wide data bus. The paired-memory module
configuration of the i875P is often referred to as a
dual channel configuration. However, since there is
only one memory controller, and since both memory
modules operate in lockstep to store and retrieve
data through the 128-bit-wide data bus, the paired-
memory module configuration is, logically, a 128-bit-
wide single channel memory system. Also, similar to
SDRAM and DDR SDRAM memory systems, standard

Direct RDRAM memory modules are designed with
16-bit-wide data busses, and high-performance sys-
tem controllers that use Direct RDRAM, such as the
Intel i850 system controller, use matched pairs of
Direct RDRAM memory modules to form a 32-bit-
wide channel that operates in lockstep across the two
physical channels of memory.

In contrast to system controllers that use a single
DRAM memory controller to control the entire mem-
orysystem, Figure 10.3 shows that the Alpha EV7 pro-
cessor and the Inteli925x system controller each have
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FIGURE 10.2: Systems with a single memory controller and different data bus widths.

64
o
X & 64
o £
)
(O
£z

D-RDRAM

DMC

DMC

HPQ Alpha
EV7 processor

Two Channels: 64 bit wide per channel

Two Channels: 64 bit wide per channel

FIGURE 10.3: Systems with two independent memory controllers and two logical channels of memory.
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