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What is DDR5?
DDR5 is the newest RAM available for Lenovo ThinkSystem servers. The DDR means “double data rate”,
and the “5” means that this is the fifth generation of this type of RAM. New generations are released
approximately every five years, with the original DDR RAM released in 1998.

Double data rate indicates that this type of memory performs two transfers per clock cycle. For example,
DDR4-3200 memory performs 3200 MT/s, or MegaTransfers per second, with a clock speed of 1600 MHz.
Since a transfer is 64 bits, or 8 bytes, wide, this memory can also be described as PC-25600, indicating a
peak transfer speed of 25,600 MB/s, or 25.6 GB/s.

Figure 1. Double data rate memory

Comparing DDR5 to DDR4
DDR5 memory differs from DDR4 in many ways, including the following: 

Higher performance
The most important improvement in DDR5 is performance. Where DDR4 has an upper limit of 3200
MT/s, DDR5 starts at 4800 MT/s, and will ultimately scale to 6400 MT/s and likely beyond.

In addition, where DDR4 has a single 64-bit wide data channel per DIMM, DDR5 has two 32-bit data
channels which can operate independently. The burst length – the number of data transfers made in
a single operation – has been doubled in DDR5. These two changes mean that a DDR5 DIMM can
fulfill twice as many CPU requests as a DDR4 DIMM in a given time, lowering latency and making
DDR5 more efficient. Other changes, beyond the scope of this introduction, have also increased the
speed of operation of DDR5.
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Lower power
DDR5 memory uses 1.1 V compared to the 1.2 V used by DDR4. This approximately 20% decrease
in power will help reduce power consumption in servers and will generate less heat that needs to be
removed from the system.

In addition, voltage regulation is now performed on the DIMM rather than on the motherboard,
making it more efficient, more scalable, and less electrically noisy. RDIMMs (registered DIMMs), will
use a 12 V input to the voltage regulator, whereas UDIMMs (unregistered DIMMs) will use 5 V.
RDIMMs and UDIMMs cannot be mixed in a system.

Higher capacity
DDR5 can use densities of up to 64 Gb DRAMs in a single-die package (SDP), where DDR4 maxes
out at 16 Gb DRAM in an SDP. Higher device capacity translates to higher capacity DIMMs. DDR4
DIMMs can have capacities of up to 64 GB (using SDP), and DDR5 SDP-based DIMMs quadruple
that to 256 GB.

Note that 3DS (3D stacked) DIMMs, with 3D stacked memory chips, allow 256 GB or even 512 GB
capacity for DDR4 memory. The same technology will allow up to 2 TB DDR5 DIMMs. 3DS and
regular DIMMs cannot be mixed in a system.

More robust data integrity
DDR5 introduces an automatic on-die single-bit error correction (SEC) that fixes possible errors
before outputting data to the controller. Error correction continues to the system level, where each
DDR5 channel consists of 32 data bits and 8 ECC (error checking and correction) bits, compared to
64 data bits and 8 ECC bits for the single-channel DDR4.

DDR5 also supports an error check and scrub (ECS) function that allows early detection of possible
DRAM failures to avoid or reduce downtime. ECS reads data and repairs it if required, then writes
back the repaired data. The number and location of repairs is logged.

A feature called post-package repair allows a spare data area to be swapped in to replace a faulty
data area.

DDR5 DIMMs that implement ECC are available in two types: 10x4 and 9x4. 10x4 means that the
full 40 bits, 32 data plus 8 ECC, are implemented in each channel. In 9x4 DIMMs, each channel
consists of 36 bits, 32 data bits plus 4 ECC bits. Since fewer ECC bits reduces the error detection
and correction capability of these DIMMs, servers will likely use only 10x4 DIMMs. Non-ECC DIMMs
have only the 32 data bits per channel, and will only be used in end-user devices.

Granularity
DDR4 DIMM sizes follow a 1, 2, 4 … progression – there are 16, 32, 64, and 128 GB sizes, but
nothing in between. DDR5 DIMMs will have intermediate capacities as well, so, as an example, 48
GB and 96 GB DIMMs will be available.
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Different connector
DDR4 and DDR5 are physically compared in the figure below. The labeled parts of the DDR5 image
include several abbreviations. SPD Hub is the Serial Presence Detect hub, which identifies the
module and measures its temperature. The PMIC is the Power Management IC.

Figure 2. Major components of the DDR5 DIMM. Image courtesy of Kingston Technology
Corporation; used with permission.

As noted already, DDR5 uses a different operating voltage than DDR4, has a different architecture,
and has the key slot in a different location. These factors make DDR5 and DDR4 physically and
electrically incompatible.

Advantages of DDR5 For Customers
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Advantages of DDR5 For Customers
Adopting DDR5 has several advantages for customers.

Performance – Now and in the Future
DDR4 has reached the limit of its performance. Initial DDR5 offerings are faster and more efficient
than the latest DDR4, and will be even faster as technology improves. In addition, since the memory
types are incompatible, choosing DDR5 means that the host must be a newer design, making it
more future-proof than a design that uses DDR4.

Capacity
DDR5 memory supports larger RAM devices than DDR4, giving a maximum conventional DIMM
capacity of 256 GB. With 3D stacking, DDR5 DIMM capacities of 2 TB are possible. This is important
for environments such as in-memory databases. Higher capacity DIMMs will allow servers to support
much larger total memory capacity, with 16 TB for 8 DIMM slots as an example. In addition, the
intermediate DIMM sizes mentioned above (48 GB and 96 GB) will allow customers to tailor system
memory to their needs with a more granular approach.

Lower Power Consumption
Lower power consumption at the single DIMM level is not very significant. For large data centers with
hundreds of servers and thousands of DIMMs, the lower power consumption can be important. Not
only do the DIMMs themselves consume less power, but less power is needed to cool them. The
energy saved can make a sizeable difference over time.

Supported by Newer Lenovo Servers

Lenovo ThinkSystem V3 servers support DDR5 memory, both , with fourth generation Intel Xeon
Scalable or AMD EPYC processors, . This includes servers with Intel and AMD processors, and in
the rack, tower, ultra-dense, and mission-critical families. The high performance of DDR5 memory is
needed to keep pace with newer processors, especially those with high core counts.
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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 2023. All rights reserved.

 

This document, LP1618, was created or updated on November 10, 2022.

Send us your comments in one of the following ways:

Use the online Contact us review form found at:
https://lenovopress.lenovo.com/LP1618
Send your comments in an e-mail to:
comments@lenovopress.com

This document is available online at https://lenovopress.lenovo.com/LP1618.
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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®
ThinkSystem®

The following terms are trademarks of other companies:

Intel® and Xeon® are trademarks of Intel Corporation or its subsidiaries.

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