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OVERVIEW

Innovations in memory infrastructure are poised to sig-
nificantly improve the performance and cost effective-
ness of mainstream data center applications. Business
applications are under significant pressure to collect,
analyze, store and deliver time-sensitive value to end
customers while simultaneously driving down costs.

These applications are drawing upon large quantities of
global data sources — sensor data, historical data,
location data, and customer-specific data — all of
which must be scrutinized in real time. Memory infra-
structure innovation is occurring along two vectors:
near memory innovations and far memory innovations.

Near memory innovation improves business applica-
tion performance by driving up the number of SoC and
CPU memory channels, and improving the bandwidth
of those individual memory channels while enabling
innovative and lower cost memory technologies to be
connected seamlessly to the SoC.

Far memory innovation delivers shareable pools of
memory resources that both drive up aggregate system
memory utilization (and therefore drive down cost), and
improve application performance as arrays of SoC
devices can simultaneously operate on the shared
memory pool. Memory infrastructure encompasses a
broad range of new and emerging media types and
interface technologies.

A broad range of silicon SoC devices, including main-
stream CPU processors, application-specific artificial
intelligence (Al) devices, network processors, and
other Application Specific Standard Products (ASSP),
can all benefit from innovations in memory hierarchy.
Multiple examples of new memory interface technol-
ogy, such as Open Memory Interface (OMI), Compute
Express Link (CXL), and Gen-Z, have emerged. SoC
devices adopting these memory interface technologies
can increase the number of independent memory
channels while using far fewer SoC pins and therefore
reducing the cost of SoC packaging. These new inter-
face technologies also are media independent. System
builders can change the cost and performance profile
of their deployed equipment by changing the type of
media connected to these SoC interfaces. This type of
SoC memory direct attachment is called near memory
technology.

This white paper focuses on the Open Memory Inter-
face (OMI) and how it addresses the needs of near
memory.

INTRODUCTION TO OPEN MEMORY
INTERFACE (OMI)

The Open Memory Interface is an industry standard. It
contains the memory semantics subset of the full
OpenCAPI 3.1 standard from the OpenCAPI
Consortium.

Overcoming the Challenges of Parallel
Memory

Silicon devices using traditional parallel attached
DRAM memory channels cannot continue adding more
channels to meet their workload requirements. This
product provides a standards-based serial interface so
silicon devices can add 4X the number of channels.
Secondly, silicon devices with traditional parallel
attached DRAM memory cannot support multiple types
of memory media with different cost and performance
metrics. OMI provides an abstraction layer so that sili-
con devices can attach different types of media, such
as to DDR4 DRAM memory, in this case.

OMI Ecosystem

The key ecosystem elements for broad use of Open
Memory Interface (OMI) by CPU and SoC developers
are in place. The key elements include design IP, veri-
fication IP, open standards, and memory component
suppliers. On IP — the OpenCAPI Consortium provides
royalty-free Host and Target IP, as well as sponsors
compliance activities that foster interoperability. Com-
mercial verification IP is available from multiple
sources. Since OMI is an open industry standard, mul-
tiple firms, including Microchip, can develop semicon-
ductor products in this emerging memory infrastructure
market. DRAM and Storage Class Memory suppliers
can utilize these standard semiconductor products and
mount them alongside their memory components to
build industry standard memory module solutions for
servers and other types of end market equipment.
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BENEFITS OF THE SMC 1000

The SMC 1000 provides three key benefits:

 Increased Memory Bandwidth:

- OMI requires approximately 75 signals plus
power/ground pins per memory channel
while traditional parallel DDR memory chan-
nels require up to 300

- OMI therefore delivers up to 4 times the num-
ber of memory channels in the same package
size

* Memory media type independence:

- OMI provides a standards-based abstraction
layer above the downstream media type and
speed (such as DDR, LPDDR, storage class
memory, etc.)

- CPUs and SoCs utilizing OMI can therefore
utilize different media types without changing
their OMI interface on the SoC

* Lower Solution Cost:

- OMI enables CPU and SoC builders to
reduce their die cost, package cost, and IP
costs, and overall R&D cost

FIGURE 1:

Bandwidth Improvements

OMI improves memory bandwidth by enabling the SoC
to increase the number of memory channels and there-
fore increase the memory bandwidth. For example, if
traditional DDR4-3200 memory channels that utilize
upwards of 300 pins can deliver 25 GB/s, an OMI mem-
ory channel that utilizes upwards of 75 pins can deliver
the same 25 GBY/s. Therefore, the SoC can utilize four
OMI memory channels in the same pin count and
deliver upwards of 100 GB/s of memory bandwidth.

The diagram below compares a traditional parallel
DDR SoC to an equivalent pin count SoC using serial
memory technology such as OMI.

Today
High pin Count DDR Interfaces
Limit # of Memory Channels

288 pin DIMM

4

DDR Controller

288 pin DIMM 0 DDR SoC

Parallel DDR ~ DRAM

D o

Memory Controller
Moves Outside SoC

Next Generation
Media Independence
4 x Memory Channels

84 pin DDIMM
84 pin DDIMM 84 pin DDIMM
[ I 84 pin DDIMM
I =
H
a
[=]
c
oM OMI oM  om oMl < & H
g 3
a
c
oM — G
3
SoC ]
om ———» &
s
&
B
3
oMl DRAM  Storage Class Storage Class
Memory #1  Memory #2
>

DS00003192A-page 2

© 2019 Microchip Technology Inc.



Media Independence

The SMC 1000 translates OMI Load/Store memory
commands/data into DDR4-3200 commands/data.
Future similar products could translate that identical
OMI Load/Store memory commands/data into other
media types such as alternative DDR technology
(LPDDR, GDDR) or storage class memory, which may
have very different physical interfaces and timing
requirements compared to traditional DRAM.

Security

Security is a key product requirement for semiconduc-
tor products. Silicon security ensures not only the integ-
rity of your data, but also prevents denial-of-service
attacks. The SMC 1000 8x25G utilizes an on-board
processor for control plane operations with associated
firmware. Microchip has included integrated proven
hardware root-of-trust so CPU and SoC builders can
validate the authenticity of the SMC 1000 8x25G
device. In addition, the SMC 1000 8x25G supports
secure firmware boot and secure firmware updates to
ensure the authenticity of the associated firmware
image.

Latency

Microchip has innovated to deliver an exceptionally low
latency product. Everything from the OMI SERDES,
OMI protocol, DDR memory controller and DDR PHY
have been implemented to minimize delay through the
product.

Data center application workloads require OMI-based
DDIMM memory products to deliver the same high-per-
formance bandwidth and low latency results of today's
parallel-DDR based memory products. Microchip’s
SMC 1000 8x25G features an innovative low latency
design that delivers less than 4 ns incremental latency
over a traditional integrated DDR controller with
LRDIMM. This results in OMI-based DDIMM products
having virtually identical bandwidth and latency
performance to comparable LRDIMM products.

LATENCY INASYSTEM

Under typical operation, many load/store commands
are in-flight and are being queued in the memory con-
troller — which in this case is queued in the SMC1000
8x25G. In this case, the only difference in latency
between a native traditional parallel DDR memory and
an OMI based memory is the OMI SERDES delay back
to the SoC, which is just under 4 ns.

The following table compares the read latency of an
LRDIMM vs a DDIMM, including the DRAM. Write
latency is not impacted.

TABLE 1: READ LATENCY OF LRDIMM
VS DDIMM
Read (ns)
LRDIMM 41.5
DDIMM (Loaded) 45.4
Power

In addition, the SMC 1000 8x25G also provides auto-
matic low-power modes. When the traffic to the mem-
ory is low, the OMI interface automatically reduces the
number of active lanes from 8 down to 4 or even 2. In
a system with 16 channels of DDR, utilization of
low-power modes could add up to 12 watts of power
savings.

IMPLEMENTATION OPTIONS FOR
SERIAL MEMORY

There are several options available for solution provid-
ers. The most accessible is the DDIMM form factor.
There are options to implement planar applications and
NVDIMM-N applications as well.
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The DDIMM Form Factor

SMC 1000 based DDIMM is available from SMART
Modular, Samsung Electronics, and Micron in the 1U
and 2U DDIMM format.

FIGURE 2:

DDIMMs will be available in at least 16 GB, 32 GB,
64 GB, 128 GB and 256 GB sizes.

The diagrams below show the relative physical size of
a 1U DDIMM vs a DDR4 LRDIMM.
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The 1U DDIMM is 85 mm wide and 30.35 mm the from
edge connector to the top of the DDIMM. It utilizes the
SNIA-SFF-TA-1002 84-pin connector, with 22 signal
pins, as well as power pins. It contains the SMC 1000
OMI 8x25G serial to parallel memory controller, a

FIGURE 3:

power management controller, regulators, SEEPROM,
SPI Flash and the DRAMSs. It has components popu-
lated on both sides. The 2U DDIMM has the same
width and interface connector but is 67.85mm in height.
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By comparison, a DDR4 LRDIMM is approximately
133 mm wide and 31 mm high and utilizes a 288-pin
connector.

Planar Applications

Planar, or chip-down applications are also supported.
The SMC 1000 can connect up to four rank loads and
two and four-high 3DS per rank. A planar application
with commercial off-the-shelf RDIMMs can easily be
realized.
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FIGURE 4:
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NVDIMM-N Support

An alternative planar application would be to leverage
industry standard NVDIMM-Ns behind an SMC 1000.
This would enable an OMI interface to the
NV-DIMM-Ns. NVDIMM-N is a non-volatile memory
product. It provides high-speed load/store access to
DRAM, and also contains a non-volatile NAND. When
power goes down, data in the NVDIMM-N's DRAM
must be flushed to the NAND. Microchip's product pro-
vides functionality to ensure that all data/commands
are flushed to the NVDIMM-N in scenarios like this.

SMART MEMORY PRODUCTS FROM
MICROCHIP

Current Serial Memory Products from
Microchip

Microchip provides industry standard serial memory
controller products.

TABLE 2: ORDERING INFORMATION
Orderable Part Product Name SOC Interface Memory Interface Packaging
Number

PM8596A1-FEI SMC 1000 8x25G

x4/x8 25 Gbps OMI

72 b DDR4 3200 MT/s 17x17 mm FCBGA

Commercially Available DDIMMs Utilizing
Microchip Products

The following is a preliminary partial list of DDIMM com-
mercial products available from memory module com-
panies utilizing the Microchip SMC 1000 8x25G.
Contact the vendors below to get the most up to date
list.

TABLE 3: DDIMMS
Vendor Orderable Part Number Form Factor Memory

Samsung Electronics M353A2K40DB0O 1U 16 GB DDR4
Samsung Electronics M354A4K40DB0O 2U 32 GB DDR4
Samsung Electronics M354A8G40AB0O 2U 64 GB DDR4
Samsung Electronics M354AAG40M30 2U 128 GB DDR4
SMART Modular SR2047DD420425HC 1U 16 GB DDR4
SMART Modular SR4097DD440425HA 1U 32 GB DDR4
SMART Modular SR4097DE420425HC 2U 32 GB DDR4
SMART Modular SR8197DE440425HA 2U 64 GB DDR4
Micron To be announced
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Future Memory Infrastructure Products

As aleader in Memory Infrastructure, Microchip is plan-
ning a variety of enabling technologies to support both
near and far-memory applications. To learn more,
please contact Microchip, or visit our Memory Products
page:

www.microchip.com/smartmemory
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicity or otherwise, under any Microchip
intellectual property rights unless otherwise stated.

For information regarding Microchip’s Quality Management Systems,
please visit www.microchip.com/quality.

Trademarks

The Microchip name and logo, the Microchip logo, Adaptec,
AnyRate, AVR, AVR logo, AVR Freaks, BesTime, BitCloud, chipKIT,
chipKIT logo, CryptoMemory, CryptoRF, dsPIC, FlashFlex,
flexPWR, HELDO, IGLOO, JukeBlox, KeeLoq, Kleer, LANCheck,
LinkMD, maXStylus, maXTouch, MediaLB, megaAVR, Microsemi,
Microsemi logo, MOST, MOST logo, MPLAB, OptoLyzer,
PackeTime, PIC, picoPower, PICSTART, PIC32 logo, PolarFire,
Prochip Designer, QTouch, SAM-BA, SenGenuity, SpyNIC, SST,
SST Logo, SuperFlash, Symmetricom, SyncServer, Tachyon,
TempTrackr, TimeSource, tinyAVR, UNI/O, Vectron, and XMEGA
are registered trademarks of Microchip Technology Incorporated in
the U.S.A. and other countries.

APT, ClockWorks, The Embedded Control Solutions Company,
EtherSynch, FlashTec, Hyper Speed Control, HyperLight Load,
IntelliMOS, Libero, motorBench, mTouch, Powermite 3, Precision
Edge, ProASIC, ProASIC Plus, ProASIC Plus logo, Quiet-Wire,
SmartFusion, SyncWorld, Temux, TimeCesium, TimeHub,
TimePictra, TimeProvider, Vite, WinPath, and ZL are registered
trademarks of Microchip Technology Incorporated in the U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any
Capacitor, Anyln, AnyOut, BlueSky, BodyCom, CodeGuard,
CryptoAuthentication, CryptoAutomotive, CryptoCompanion,
CryptoController, dsPICDEM, dsPICDEM.net, Dynamic Average
Matching, DAM, ECAN, EtherGREEN, In-Circuit Serial
Programming, ICSP, INICnet, Inter-Chip Connectivity, JitterBlocker,
KleerNet, KleerNet logo, memBrain, Mindi, MiWi, MPASM, MPF,
MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK, NetDetach,
Omniscient Code Generation, PICDEM, PICDEM.net, PICKit,
PICtail, PowerSmart, PureSilicon, QMatrix, REAL ICE, Ripple
Blocker, SAM-ICE, Serial Quad 1/0, SMART-1.S., SQI,
SuperSwitcher, SuperSwitcher II, Total Endurance, TSHARC,
USBCheck, VariSense, ViewSpan, WiperLock, Wireless DNA, and
ZENA are trademarks of Microchip Technology Incorporated in the
U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in
the U.S.A.

The Adaptec logo, Frequency on Demand, Silicon Storage
Technology, and Symmcom are registered trademarks of Microchip
Technology Inc. in other countries.

GestIC is a registered trademark of Microchip Technology Germany
1 GmbH & Co. KG, a subsidiary of Microchip Technology Inc., in
other countries.

All other trademarks mentioned herein are property of their
respective companies.
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