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Data transfers made to and from a SDRAM DIMM use a synchronous clock signal to establish timing. For
example, SDRAM memory transfers data whenever the clock signal makes a transition from a logic low
level to a logic high level. Faster clock speeds mean faster data transfer from the DIMM into the memory
controller and finally to the processor, or PCl adapters. However, electromagnetic effects induce noise,
which limits how fast signals can be cycled across the memory bus.

Double data rate (DDR) memory techniques increase the data rate by transferring data on both the rising
edge and the falling edge of the clock signal. DDR DIMMs use a “2x” prefetch scheme so that two sets of
64-bit data are referenced simultaneously. Logic on the DIMM implements multiplexing so that the two 64-
bit results (plus ECC bits) appear on each of the rising and falling edges of the clock signal. Thus, two data
transfers can be performed during one clock period.

DDR2 is the new generation of DDR technology. The primary benefit is the potential for faster throughput.
Currently DDR2 operates at data transfer rates starting at 400 MHz (the upper limit for DDR) and 533 MHz.
Support for 667 MHz and 800 MHz transfer rates is expected in 2005.

In addition, the DDR2 improves the power consumption of the DIMM because it works on a lower voltage.
DDR operates at a range of 2.5 to 2.8 V, whereas DDR2 only requires 1.8 V. DDR2 consumes less power
than DDR and offers a higher range of throughput because it has halved the speed of the memory core
(thereby reducing power consumption), but offsetting that by doubling the number of prefetches from the
memory core to the I/O buffers (from 2 to 4). This is shown in Figure 1 below.
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Figure 1: Comparing DDR and DDR2 at the same external frequency

The lower frequency at the memory core means less power consumption and the ability to increase data
density (and therefore capacity), and increase speeds as manufacturing technology improves.

The physical pin count of the DIMMs has also changed, meaning that the two standards are not compatible.
DDR has 184 pins and DDR2 has 240.

The following table shows the specifications of the current DDR and DDR2 DIMMs.

Type Name Bus speed DDR transfers Peak throughput
DDR PC1600 (PC200) 100 MHz 200 MHz 1.6 GBps
DDR PC2100 (PC266) 133 MHz 266 MHz 2.1 GBps
DDR PC2700 (PC333) 167 MHz 333 MHz 2.7 GBps
DDR PC3200 (PC400) 200 MHz 400 MHz 3.2 GBps
DDR2 |PC2-3200 200 MHz 400 MHz 3.2 GBps
DDR2 |PC2-4300 266 MHz 533 MHz 4.3 GBps
DDR2 |PC2-5300 333 MHz 666 MHz 5.2 GBps

More detailed SDRAM specification information can be found at
http://developer.intel.com/technology/memory/

As shown in the figure above, when comparing DDR and DDR2 at the same external frequency (400 MHz
dual-edge), the throughput is the same. In addition, due to the internal core frequency of DDR2 being half
that of DDR, there is more scope to increase frequencies and therefore increase the bandwidth of DDR2.
However, the lower memory core frequency means longer latency time, the time it takes to set up the
request for data transfer.

The end result of this is that at DDR2 lower frequency of 400 MHz, which is the DDR upper frequency, the
two technologies offer equal throughput but DDR2’s latency is worse. However, as DDR2 increases in
frequency (DDR has practically reached its limit), throughput will increase and latencies will equalize.
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Notices

Lenovo may not offer the products, services, or features discussed in this document in all countries. Consult your
local Lenovo representative for information on the products and services currently available in your area. Any
reference to a Lenovo product, program, or service is not intended to state or imply that only that Lenovo product,
program, or service may be used. Any functionally equivalent product, program, or service that does not infringe any
Lenovo intellectual property right may be used instead. However, it is the user's responsibility to evaluate and verify
the operation of any other product, program, or service. Lenovo may have patents or pending patent applications
covering subject matter described in this document. The furnishing of this document does not give you any license to
these patents. You can send license inquiries, in writing, to:

Lenovo (United States), Inc.

8001 Development Drive

Morrisville, NC 27560

U.S.A.

Attention: Lenovo Director of Licensing

LENOVO PROVIDES THIS PUBLICATION "AS IS” WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESS OR
IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF NON-INFRINGEMENT,
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. Some jurisdictions do not allow disclaimer of
express or implied warranties in certain transactions, therefore, this statement may not apply to you.

This information could include technical inaccuracies or typographical errors. Changes are periodically made to the
information herein; these changes will be incorporated in new editions of the publication. Lenovo may make
improvements and/or changes in the product(s) and/or the program(s) described in this publication at any time
without notice.

The products described in this document are not intended for use in implantation or other life support applications
where malfunction may result in injury or death to persons. The information contained in this document does not
affect or change Lenovo product specifications or warranties. Nothing in this document shall operate as an express
or implied license or indemnity under the intellectual property rights of Lenovo or third parties. All information
contained in this document was obtained in specific environments and is presented as an illustration. The result
obtained in other operating environments may vary. Lenovo may use or distribute any of the information you supply
in any way it believes appropriate without incurring any obligation to you.

Any references in this publication to non-Lenovo Web sites are provided for convenience only and do not in any
manner serve as an endorsement of those Web sites. The materials at those Web sites are not part of the materials
for this Lenovo product, and use of those Web sites is at your own risk. Any performance data contained herein was
determined in a controlled environment. Therefore, the result obtained in other operating environments may vary
significantly. Some measurements may have been made on development-level systems and there is no guarantee
that these measurements will be the same on generally available systems. Furthermore, some measurements may
have been estimated through extrapolation. Actual results may vary. Users of this document should verify the
applicable data for their specific environment.

© Copyright Lenovo 2025. All rights reserved.

This document, TIPS0455, was created or updated on November 3, 2004.
Send us your comments in one of the following ways:

e Use the online Contact us review form found at:
https://lenovopress.lenovo.com/TIPS0455

e Send your comments in an e-mail to:
comments@lenovopress.com

This document is available online at https://lenovopress.lenovo.com/TIPS0455.
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Trademarks

Lenovo and the Lenovo logo are trademarks or registered trademarks of Lenovo in the United States, other
countries, or both. A current list of Lenovo trademarks is available on the Web at
https://www.lenovo.com/us/en/legal/copytrade/.

The following terms are trademarks of Lenovo in the United States, other countries, or both:
Lenovo®
xSeries®

The following terms are trademarks of other companies:
IBM® is a trademark of IBM in the United States, other countries, or both.

Other company, product, or service names may be trademarks or service marks of others.
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