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With network line rates steadily increas-
ing, memory density and performance are
becoming extremely important in
enabling network system optimization.
Micron Technology’s RLDRAM™ and
DDR2 memories, combined with Xilinx®

Virtex-4™ FPGAs, provide a platform
designed for performance.

This combination provides the critical
features networking and storage applications
need: high density and high bandwidth. The
ML461 Advanced Memory Development
System (Figure 1) demonstrates high-speed
memory interfaces with Virtex-4 devices and
helps reduce time to market for your design.

Micron Memory
With a DRAM portfolio that’s among the
most comprehensive, flexible, and reliable
in the industry, Micron has the ideal solu-
tion to enable the latest memory platforms.
Innovative new RLDRAM and DDR2
architectures are advancing system designs
farther than ever, and Micron is at the fore-
front, enabling customers to take advan-
tage of the new features and functionality
of Virtex-4 devices. 

RLDRAM II Memory
An advanced DRAM, RLDRAM II mem-
ory uses an eight-bank architecture opti-
mized for high-speed operation and a
double-data-rate I/O for increased band-
width. The eight-bank architecture enables

RLDRAM II devices to achieve peak
bandwidth by decreasing the probability of
random access conflicts.

In addition, incorporating eight banks
results in a reduced bank size compared to
typical DRAM devices, which use four.
The smaller bank size enables shorter
address and data lines, effectively reducing
the parasitics and access time.

Although bank management remains
important with RLDRAM II architec-
ture, even at its worst case (burst of two at
400 MHz operation), one bank is always
available for use. Increasing the burst
length of the device increases the number
of banks available.

I/O Options
RLDRAM II architecture offers separate
I/O (SIO) and common I/O (CIO)
options. SIO devices have separate read
and write ports to eliminate bus turn-
around cycles and contention. Optimized
for near-term read and write balance,
RLDRAM II SIO devices are able to
achieve full bus utilization.

In the alternative, CIO devices have a
shared read/write port that requires one
additional cycle to turn the bus around.
RLDRAM II CIO architecture is optimized
for data streaming, where the near-term bus
operation is either 100 percent read or 100
percent write, independent of the long-term
balance. You can choose an I/O version that
provides an optimal compromise between
performance and utilization.

The RLDRAM II I/O interface pro-
vides other features and options, including
support for both 1.5V and 1.8V I/O lev-

els, as well as programmable output imped-
ance that enables compatibility with both
HSTL and SSTL I/O schemes. Micron’s
RLDRAM II devices are also equipped
with on-die termination (ODT) to enable
more stable operation at high speeds in
multipoint systems. These features provide
simplicity and flexibility for high-speed
designs by bringing both end termination
and source termination resistors into the
memory device. You can take advantage of
these features as needed to reach the
RLDRAM II operating speed of 400 MHz
DDR (800 MHz data transfer).

At high-frequency operation, however, it
is important that you analyze the signal driv-
er, receiver, printed circuit board network,
and terminations to obtain good signal
integrity and the best possible voltage and
timing margins. Without proper termina-
tions, the system may suffer from excessive
reflections and ringing, leading to reduced
voltage and timing margins. This, in turn,
can lead to marginal designs and cause ran-
dom soft errors that are very difficult to
debug. Micron’s RLDRAM II devices pro-
vide simple, effective, and flexible termina-
tion options for high-speed memory designs.

On-Die Source Termination Resistor
The RLDRAM II DQ pins also have on-
die source termination. The DQ output
driver impedance can be set in the range of
25 to 60 ohms. The driver impedance is
selected by means of a single external resis-
tor to ground that establishes the driver
impedance for all of the device DQ drivers.

As was the case with the on-die end ter-
mination resistor, using the RLDRAM II
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on-die source termination resistor elimi-
nates the need to place termination resistors
on the board – saving design time, board
space, material costs, and assembly costs,
while increasing product reliability. It also
eliminates the cost and complexity of end
termination for the controller at that end of
the bus. With flexible source termination,
you can build a single printed circuit board
with various configurations that differ only
by load options, and adjust the Micron
RLDRAM II memory driver impedance
with a single resistor change.

DDR/DDR2 SDRAM
DRAM architecture changes enable twice the
bandwidth without increasing the demand on
the DRAM core, and keep the power low.
These evolutionary changes enable DDR2 to
operate between 400 MHz and 533 MHz,
with the potential of extending to 667 MHz
and 800 MHz. A summary of the functional-
ity changes is shown in Table 1. 

Modifications to the DRAM architec-
ture include shortened row lengths for
reduced activation power, burst lengths of
four and eight for improved data bandwidth
capability, and the addition of eight banks
in 1 Gb densities and above.

New signaling features include on-die ter-
mination (ODT) and on-chip driver (OCD).
ODT provides improved signal quality, with
better system termination on the data signals.
OCD calibration provides the option of tight-
ening the variance of the pull-up and pull-
down output driver at 18 ohms nominal.

Modifications were also made to the mode
register and extended mode register, including
column address strobe CAS latency, additive
latency, and programmable data strobes.

Conclusion
The built-in silicon features of Virtex-4
devices – including ChipSync™ I/O tech-
nology, SmartRAM, and Xesium differential
clocking – have helped simplify interfacing
FPGAs to very-high-speed memory devices.
A 64-tap 80 ps absolute delay element as well
as input and output DDR registers are avail-
able in each I/O element, providing for the
first time a run-time center alignment of data
and clock that guarantees reliable data cap-
ture at high speeds.

Virtex-4 devices. The ML461 system,
which also includes the whole suite of ref-
erence designs to the various memory
devices and the memory interface genera-
tor, will help you implement flexible, high-
bandwidth memory solutions with
Virtex-4 devices.

Please refer to the RLDRAM informa-
tion pages at www.micron.com/products/
dram/rldram/ for more information and
technical details. 

Xilinx engineered the ML461
Advanced Memory Development System
to demonstrate high-speed memory inter-
faces with Virtex-4 FPGAs. These include
interfaces with Micron’s PC3200 and
PC2-5300 DIMM modules, DDR400
and DDR2533 components, and
RLDRAM II devices.

In addition to these interfaces, the
ML461 also demonstrates high speed
QDR-II and FCRAM-II interfaces to
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FEATURE/OPTION DDR DDR2
Data Transfer Rate 266, 333, 400 MHz 400, 533, 667, 800 MHz
Package TSOP and FBGA FBGA only 
Operating Voltage 2.5V 1.8V
I/O Voltage 2.5V 1.8V
I/O Type SSTL_2 SSTL_18
Densities 64 Mb-1 Gb 256 Mb-4 Gb
Internal Banks 4 4 and 8
Prefetch (MIN Write Burst) 2 4
CAS Latency (CL) 2, 2.5, 3 Clocks 3, 4, 5 Clocks
Additive Latency (AL) No 0, 1, 2, 3, 4 Clocks
READ Latency CL AL + CL
WRITE Latency Fixed READ Latency – 1 Clock
I/O Width x4/ x8/ x16 x4/ x8/ x16
Output Calibration None OCD
Data Strobes Bidirectional Strobe Bidirectional Strobe 

(Single-Ended) (Single-Ended or Differential) 
with RDQS

On-Die Termination None Selectable
Burst Lengths 2, 4, 8 4, 8

DDR 2

SDRAM DIMM

DDR SDRAM

DIMM

FCRAM II

QDR II 

SRAM

RLDRAM II

DDR 2

SDRAM

DDR SDRAM

Table 1 – DDR/DDR2 feature overview

Figure 1 – ML461 Advanced Memory Development System


