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Introduction

Over the past four decades, the evolution of computing has followed a familiar
pattern: new applications drive demand for higher performance, which in turn
fuels advances in memory technology. Early personal computing systems brought
RAM into homes and offices, enabling increasingly sophisticated software. The rise
of mobile devices and hyperscale cloud infrastructure extended these demands to
global scale environments.

Today, however, the industry has entered a fundamentally different phase. The
rapid emergence of Agentic Al systems—autonomous, multi-step reasoning
models capable of planning, memory retention, and tool orchestration—has
transformed the nature of data center workloads. Unlike earlier Al/ML pipelines
that were largely batch-oriented, agentic systems operate in persistent,
interactive, and memory-intensive loops, continuously ingesting, processing and
generating data.

These new workloads are not only scaling in size but also in complexity. They
require:

e Long-lived memory contexts spanning multiple inference cycles

e Real-time access to large knowledge bases and vector stores

e High concurrency across distributed inference engines

e Tight coupling between CPUs, GPUs/accelerators, and system memory

As a result, main memory has re-emerged as a critical performance bottleneck
in Al infrastructure. Feeding modern CPUs and Al accelerators efficiently now
depends as much on memory bandwidth, capacity, and latency as on compute
capability.

In this environment, DDR5 has become the foundational memory technology for
general-purpose system memory, complementing high-bandwidth memory (HBM)
in heterogeneous Al platforms. DDR5’s architectural innovations enable it to

meet the rapidly evolving requirements of agentic Al workloads, hyperscale cloud
services, and next-generation enterprise systems.
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The Evolution of DDR: Enabling
New Compute Paradigms

The history of DDR memory reflects the broader trajectory of compute evolution.
Early DDR generations increased throughput through innovations such as dual-
edge clocking and deeper prefetch architectures. Subsequent generations
expanded capacity, improved power efficiency, and introduced architectural
features to better support parallelism in modern workloads.

DDR4, introduced in 2014, aligned well with the rise of cloud computing, providing
higher densities and improved bank group architectures to support multi-core
processors and virtualized environments.

DDR5, formally introduced in 2020, marked a significant inflection point. It was
designed not merely as an incremental upgrade, but as a platform capable of
scaling with data-centric and Al-driven computing models. By doubling bandwidth,
increasing device density, and improving channel efficiency, DDRS5 laid the
groundwork for today’s Al infrastructure.

Today, DDRS5 is no longer an emerging standard; it is the mainstream system
memory backbone in Al servers, supporting CPUs that orchestrate complex
workloads around GPUs, Al accelerators, and disaggregated memory tiers.

The defining trend shaping memory requirements today is not simply data growth,
but the behavior of Al systems themselves.

Agentic Al workloads differ from traditional Al/ML in several important ways:

Persistent Memory Utilization

Agent-based systems maintain evolving state across interactions, requiring rapid
access to large in-memory datasets and context windows far exceeding traditional
inference workloads.

Explosive Concurrency

Hyperscale deployments run millions of concurrent inference sessions, each
demanding low-latency memory access and predictable performance.
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Mixed Workload Profiles

Modern data centers must simultaneously support training, fine-tuning, retrieval-
augmented generation (RAG), and real-time inference—each with unique memory
access patterns.

Data Movement as the Bottleneck
Increasingly, system performance is limited not by compute, but by the ability to
move data between memory and processors efficiently.

These trends reinforce a key architectural reality: system memory must scale in

bandwidth, capacity, and efficiency in lockstep with compute. DDR5 addresses this
need by evolving DRAM across all three dimensions simultaneously.

Data Center Evolution: DDR5 DIMMSs Advance Server Performance



DDR5: Memory Solution for Al
Infrastructure

DDR5 introduces a set of architectural changes that directly address the demands
of modern Al workloads.

At a fundamental level, DDRS5 delivers significantly higher bandwidth, scaling

from initial speeds of 4.8 GT/s to 9.6 GT/s, enabling much faster data movement
between memory and processors than DDR4. This increase is essential for feeding
data-hungry CPUs coordinating Al pipelines.

Equally important is the increase in DRAM density, which enables substantially
larger memory footprints per server. For agentic Al workloads that rely on large
working datasets, embeddings, and context storage, higher capacity DIMMs
translate directly into improved performance and scalability.

DDR5 also introduces a dual independent channel architecture per DIMM,
improving memory access efficiency and enabling better parallelism. This is
particularly valuable in multi-threaded and highly concurrent Al inference
environments, where memory contention can limit throughput.

Power efficiency remains a critical consideration as data centers scale. DDR5
reduces operating voltage while introducing on-DIMM power management via
integrated PMICs. This shift enables more precise power delivery and contributes
to improved energy efficiency at scale—a key factor in Al infrastructure
economics.

Finally, DDR5 enhances system-level intelligence through improved telemetry and
communication. With integrated hubs and faster management interfaces, systems
gain better visibility into thermal and operational conditions, enabling dynamic
optimization—an increasingly important capability in Al-driven data centers.
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DDR5 vs. DDR4 RDIMMs

In this section, we take an in-depth look at the top seven most significant
specification advances made in the transition from DDR4 to DDR5 RDIMMs.

1. DDRS5 Scales to 9.6 GT/s

While DDR4 RDIMM s topped out at 3.2 GT/s at a clock rate of 1.6 gigahertz (GHz),
initial DDR5 delivered a 50% bandwidth increase to 4.8 GT/s and is scaling to

as high as 9.6 GT/s in 6th Generation RDIMMs. New features, such as Decision
Feedback Equalization (DFE) were incorporated in DDR5 to enable higher /O
speeds.

2. Lower Voltage Keeps Lower Power Manageable

A second major change is a reduction in operating voltage (VDD), and that helps
offset the

power increase that comes with running at higher speed. With DDR5, the DRAM
and registering clock driver (RCD) voltage drops from 1.2 V down to 1.1 V.
Command/Address (CA) signaling is changed from SSTL to PODL, which has the
advantage of burning no static power when the pins are parked in the high state.

3. New Power Architecture

With DDR5 RDIMMs, power management moves from the motherboard to the
DIMM itself. DDR5 RDIMMs have a 12-V power management IC (PMIC) on DIMM,
enabling improved granularity of system power loading. The PMIC distributes the
1.1V VDD supply, helping with signal integrity and noise with better on-DIMM
control of the power supply.

4. DDR5 vs. DDR4 Channel Architecture

DDRS features a new DIMM channel architecture: DDR4 RDIMMs have a 72-bit
bus, comprised of 64 data bits plus eight ECC bits. With DDR5, each RDIMM has
two channels. Each of these channels is 40-bits wide: 32 data bits with eight
ECC bits. While the data width is the same (64 bits total), having two smaller
independent channels improves memory access efficiency.

In the DDR5 RDIMM architecture, the left and right side of the DIMM, each served

by an independent 40-bit wide channel, share the RCD. In DDR4, the RCD provides
two output clocks per side. In DDR5, the RCD provides four output clocks per side.
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5. Longer Burst Length

DDR4 burst chop length is four and burst length is eight. For DDR5, the burst
chop and burst length will be extended to eight and sixteen to increase burst
payload. Burst length of sixteen (BL16), allows a single burst to access 64 bytes
of data, which is the typical CPU cache line size. It can accomplish this using only
one of the two independent channels. This provides a significant improvement in
concurrency and with two channels, greater memory efficiency.

6. DDR5 Supports Higher Capacity DRAM

A sixth change to highlight is DDR5’s support for higher capacity DRAM devices.
With DDR5 RDIMMs, the server or system designer can use densities of up to 64
Gb DRAMs in a single-die package. DDR4 maxes out at 16 Gb DRAM in a single-die
package (SDP). DDR5 supports features like on-die ECC, error transparency mode,
post-package repair, and read and write CRC modes to support higher-capacity
DRAMSs. The impact of higher capacity devices obviously translates to higher
capacity DIMMs. So, while DDR4 DIMMs can have capacities of up

to 64 GB (using SDP), DDR5 SDP-based DIMMs quadruple that to 256 GB.

7. A Smarter RDIMM with DDR5

The DDR5 server DIMM chipset replaces the DDR4 SPD IC with an SPD Hub IC and
adds two temperature sensor (TS) ICs. The SPD Hub has an integrated TS, which
in conjunction with the two discrete TS ICs, provides three points of thermal
telemetry from the RDIMM.

With DDR5, the communication bus between chips gets an upgrade to 13C
running 10X faster than the 12C bus used in DDR4. The DDR5 SPD Hub handles
communication from the module to the Baseboard Management Controller
(BMC). Using the faster I3C protocol, the DDR5 SPD Hub reduces initialization time
and supports a higher rate of polling and real-time control.

Thermal information, communicated from the SPD Hub to the BMC, can be used
to manage cooling fan speed. DRAM refresh rate can now be more finely managed
to provide for higher performance or higher retention, and if the RDIMM is
running too hot, bandwidth can be throttled as needed to reduce the thermal
load.
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Design Considerations for DDR5
Systems

While DDR5 enables significant performance gains, realizing its full potential
requires careful attention to system design.

Higher data rates and lower voltage levels introduce new signal integrity
challenges across both data and command/address paths. Designers must ensure
robust signal transmission across increasingly complex PCB layouts, particularly in
multi-DIMM configurations.

Power delivery is another critical factor. With power management shifting onto
the DIMM, system architects must carefully design the power delivery network to
ensure stable operation under dynamic workloads typical of Al inference.

Thermal management also becomes more important. As memory bandwidth
and utilization increase, DIMMs generate more heat, requiring advanced cooling
strategies and real-time telemetry to maintain optimal performance.

These challenges underscore the importance of advanced memory interface
solutions that can enhance signal integrity, reduce system complexity, and enable
reliable operation at scale.

As agentic Al systems continue to evolve, memory requirements will only intensify.

Larger models, longer context windows, and more autonomous workflows will
drive demand for even higher capacity and bandwidth.
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Harnessing the Advantages of DDR5 for RDIMMs

Fortunately, DDR5 memory interface chips significantly improve signal integrity for
the command and address signals sent from the host memory controller to the
DIMMs. The bus for each of the two channels goes to the RCD and then fans out
to the two halves of the DIMM. The RCD reduces the loading on the CA bus that
the host memory controller can access.

The expanded chipset including PMIC, SPD Hub and TS enable a smarter RDIMM
which can operate at the higher data rates of DDR5 while remaining within the
desired power and thermal envelope.

SPD Hub

Temperature

Sensor Registering Sensor
Clock Driver

Rambus DDR5 Memory Interface Chips

Rambus offers complete DDR5 Server RDIMM chipset solutions so designers can
harness all the advantages of DDR5 while dealing with the signal integrity and
power challenges of higher data, CA and clock speeds. Rambus chipsets support
RDIMMs designs for operation at 4800 MT/s to 9600 MT/s.

As a renowned leader in signal integrity (SI) and power integrity (Pl), Rambus has

over three decades of experience enabling the highest performance computing
systems on the market.
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Conclusion

The data center has evolved from a hub for cloud computing into a platform for
intelligent, autonomous systems. At the center of this transformation is memory.

Agentic Al workloads are redefining performance requirements, placing
unprecedented demands on system memory for bandwidth, capacity, and
efficiency. DDR5 rises to meet these challenges, providing the architectural
foundation for next-generation servers and Al infrastructure.

As the industry continues its transition toward increasingly intelligent and
autonomous computing systems, DDR5 will remain a critical enabler—bridging the
gap between compute and data, and powering the next wave of innovation in the
data center.

For more information, visit
rambus.com/memory-interface-chips
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