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Design Optimization Techniques for Double Data Rate SDRAM
Modules

Abstract
Just as PC133 SDRAM has gained widespread acceptance in high performance computing
systems, Double-Data-Rate (DDR) SDRAM is fast becoming the memory technology of choice
in computing systems from Internet servers to personal notebooks This new memory standard
has moved to a source-synchronous architecture to increase memory system bandwidth.  In a
source-synchronous design both data and clock are sent from a transmitter to a receiver. The self-
timed nature of this type of architecture allows for higher data-rates and bandwidth to be
achieved across the memory interface.

This paper will discuss the timing specifications and supporting ICs that comprise the DDR
standard.  In addition, the paper will give system designers insight into possible design
enhancement techniques that result in improved module timing and reliability.

Introduction
Over the past decade, system memory bandwidth has continued a steady climb, achieving over
1GByte/sec with the introduction of PC133 memory in 1998.  Processors in the not to distant
future will easily surpass 1GHz operation.  This type of processing power has spurred
revolutionary developments that will continue to push memory systems faster and faster.

Even today’s developments in chipset and motherboard design have pushed beyond the
bandwidth of conventional (PC100/PC133) SDRAM; the next stage of evolutionary migration
for standard DRAMs is double data rate (DDR) SDRAM.  By taking an evolutionary approach to
doubling memory bandwidth incremental product costs have been well contained.  This sets the
stage for widespread market acceptance of products with the right cost vs. performance tradeoff
for main memory in platforms such as PC desktops, servers, and workstations.

Double Data Rate SDRAM
Many similarities exist between DDR
SDRAMs and standard SDRAMs, these
include packaging, command / address
protocols, and connector design.  These
similarities leverage off existing
infrastructure and allow for the same test
equipment, handlers, and back-end
support.

Figure 1 is a block diagram of a typical
PC266 main memory system, suitable for
PC desktops, workstations, and servers.
There are variations to this diagram, based
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on the number of modules supported by the system, the type of module system (non-buffered,
registered, or both), and the designer’s choice of clock topologies.  For the majority of desktop
systems only one command / address bus is required. As the memory size is increased, multiple
address / command buses are required or a single one needs to be multiplexed, in order to meet
system timing requirements.  The controller chip is the PC North Bridge, and it provides
communication and control to the PCI adapter bus, the AGP bus, the microprocessor host bus,
and to the main memory.

Command, address, and data signals are routed to the dual in-line memory modules (DIMM)
from the motherboard chipset.  The data signals include series resistors on the DIMMs and on
the motherboard near the first DIMM socket, and are parallel terminated to VTT after the last
socket.  The data signals are double data rate and transfer on both edges of the clock signals,
while the command/address signals will only switch on the positive edge of the clock signal.
The DDR SDRAM input specifications allow command / address signals to be received as either
SSTL-2 or 2.5V LVCMOS signals.

SSTL-2 stands for Series Stub Terminated Logic and has been defined and standardized within
JEDEC.  Although it is applicable for many different applications, SSTL-2 has been optimized
for the main memory environment, which has long stubs off the motherboard bus due to the
DIMM routing traces.

The SSTL-2 specification requires adequate output drive so that the parallel termination schemes
can be implemented effectively.  This is important for high-speed signaling, since it allows
proper termination of the bus transmission lines, reducing signal reflections.  The result is
improved signal quality, higher clock frequencies, and lower EMI emissions.  Series resistors are
incorporated in the SSTL-2 signaling technology for main memory applications.  The data lines
on the DIMMs use 22Ω stub resistors near the connector contacts to improve the signal integrity
of the system.  These resistors can be very effective in dissipating any reflected wave energy
traveling along the module traces and isolating the module stubs from the main memory bus.

SSTL-2 inputs are typically a differential pair common source amplifier with one input tied to
the VTT  reference.  This type of circuit provides excellent gain and bandwidth.  The topology
also works to minimize variation in the threshold voltage over process, voltage, and temperature
variations.  The result is that smaller input voltage swings can be used reliably.

The advantages of source synchronous
timing can be seen in the waveform
diagrams in Figure 2 which show basic
“read” operations from memory.  The
use of a data strobe signal to self time
data arriving back at the memory
controller tightens the timing
equations sufficiently to effectively
send or receive data on both edges of
the differential clock.  Even though the
DDR memory chips both use a CAS
latency of 2 cycles, the DDR memory
system, with the same basic clock rate,
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